OT nepeBogYUKA

Kuwura mBenckoro ¢pusuka T. Cbecrpanna mocBsiieHa mpodiieMe MOHTe-KapJIOBCKOTO MOJIEJTH-
pOBaHUsA TPOIECCOB B3aMMOJIEHCTBUA dIEMEHTAPHBIX YaCTHUIl BbICOKUX IHEPTUil U CONepKUT
oTcaHye BepCuil Ype3BbIUaliHO MOMYJIAPHBIX TeHepaTopoB coobiTuit PYTHIA 5.6 u JETSET 7.3.
DapsAny ¢ TpaIWIUOHHON TacThio, comepzKalietl pasdbop TpOrpaMMHBIX JIEMEHTOB U PYKOBOI-
CTBO TIO MCIOJIb30BAHWIO T€HEPATOPOB, B KHUTE TOCTATOTHO MOAPOOHO W Ha JTOCTYITHOM SA3bIKE
0bOpUCOBAHBI OCHOBHBIE (BU3WIECKUE WIEN, UCIIOIb30BaHHBIE TIPU CO3MTAHUN TeHEpPaToOpoB. Ta-
KO TIOXOM OCODEHHO aKTyaseH IJisfd TeX, KTO TOJbKO HadWHaeT padoTarh B 00JacTw (PU3UKN
BBICOKMX HEpruil u mepes mepBoil ke MONBITKON 3alycKa reHepaTopa JIOJXKeH cpa3y yCBo-
UTh MHOXKECTBO HOBBIX uieil m nouaTuit. Kpome Toro, pam 3aTpoHYTHIX BOIPOCOB KacaeTcsd
HecranmapTHOl ("HeycrosBinefica”) Gbusnkm, Mo KOTOPOH B HacTosAllee BpeM#A MPAKTHIECKN
OTCYTCTBYET JInTepaTypa y4eOHOTO TIaHa: POXKIEHUE JIEMNTOKBAPKOB, HapyIlleHnme ~ TOPU30H-
TaJbHON CHMMETPUHU TOKOJEHWH, MOIeTh TEXHUIBETA U TIP. XOTH 3TU TTPOOTEMBI OCBEIIEHbI
IOCTATOYHO KPATKO, B KOHIE KHUTY TMPUBOIUTCA OOIMIMPHBIN CHUCOK JIMTEPATYPBI, COMEpIKa-
muit cChIJIKN Ha HOBeHIne OpurHHAJbHBIE KYpPHAJIbHBIE CTAThU W 0030PBI, TaK 9TO B CJIydae
BO3HWKHOBEHNU T KaKNX-JTuOO HEACHOCTeW 3alHTEPECOBAHHBIN UMTaTesh BCETIa CMOXKET HalTh
OTBET HACTOJIBKO TOIPOOHBIN, HACKOJIBKO OH CaM 3aX0UeT YIIIyOJIATHCA B CYTh ITPODJIEMBI.

I'ereparop PYTHIA sABisAercss aKTUBHO pa3BHBarolleiicd IporpaMMmoil, HCIIOIb3yeMoil BO
MHOI'MX Hay4dHBIX HeHTpaX MHpa U nojiepzxusaemoil Eppomneiickoil opranumsanueil sgepHbBIX
ucesenosaruii (IIEDD ). DosTomy ecrectBerHo, 9TO 3a MECTh JIET, TPOIIEANINX ¢ MOMEHTA BHI-
xoma B cBeT Bepcuit PYTHIA 5.6 w JETSET 7.3 1 cOOTBETCTBYIONIErO IIPOTPAMMHOIO PYKOBOI-
CTBa, IPOU30IIE/T PAI W3MEHEHNU , OTBEeTaroInX 3allpocaM HOBBIX (PU3MUECKHUX KCIIEPUMEHTOB
1 OTpaskKalollnX Y/IydlleHe Halllero HOHMMaHUsA 0a30BBIX NPUHIWUIIOB: oboraTH/Iach pu3nKa,
JIeKalllad B OCHOBE T€HEepaTOPOB, IIOABUINCH HOBBIE IIPOTPaMMHBIE 3JIEMEHTHI U OBLIH yOpaHbI
HeKoTopble cTapble. (ODHAKO MBI PENIMIN OCTAaHOBUTHCA WMEHHO Ha 3TOIl BEPCHH PYKOBOI-
CTBa, 1O Py NpUYMH. OepBasi, U OCHOBHas, 3aK/OYaeTcsi B TOM, 9TO, IO CJIOBaM CaMOI'O
T. Cbecrpanma, »To onmcaHue ABJAETCSA HamOOJIEE MOJHBIM M 3aKOHYEHHBIM JOKYMEHTOM IIO
CPaBHEHUIO CO BCEMI TPEIBIIYIINMI 1 TOCTETYONMMA (171# GoJlee HOBBIX BEPCHit B HACTOANIIH
MOMEHT BOOOIIEe He CYNIeCTBYET HUKAKOll JOKyMEeHTaIWl, KpOMe IOJHOIO CIUCKa IIPOM3BEICH-
HBIX M3MeHeHHI ).

Bropasa mpuwumnra — Oosiee 0biero xapakTepa. JOCKOIBKY CTPYKTYpa MPOTpaMMBbl TIMa-
TeJIbHO TPOIyMaHa W OIpeNedeTcs MPUHIIUIOM ~OTKPBITOCTH JJIs BO3MOMKHBIX W3MEHEHUH
1 TpUHIATOM ~(HaKTOPU3AIUHN — 3a/a9l B HECKOJBKO OOJIee MEJIKUX, PEIaeMbiX 0 OTAEIbHO-
CTHU, He TPEICTaB/IsAeT 0co0OTO Tpy/la BHECTH MPAaKTHIECKH JIIOOblEe M3MEHEHWs, Kacarollnecs
KaK JIMHaAMUKW B3aWMOIEHCTBUA, TaK W CBOHCTB YacTUIl, pacnaIoB, (pOPMUPOBAHUA apPOHOB 1
T.1. Taxk 910 M0 Tex mop, MOKa MBI BEPUM B CIIPABEIINBOCTH HA30BBIX (DU3UIECKUX TPUHIIUTIOR
reHepaTopa, a UMEHHO, B CTAHIAPTHYIO MOJIEb 3JIEKTPOCTadBIX B3anMOMeHcTBUN 1 MpuMeHn-
MOCTh KBAHTOBON XPOMOIWHAMWKW [IJIf OIMCAHWA IIPOIECCOB CUJIBHBIX B3amMmomeiicTBuit mpu
BBICOKIX HEPIUAX (a B 2TOM TOKa YTO HET OCHOBAHWH COMHEBATHCH), CXeMa MOIENPOBAHUA
mpotteccoB B PYTHIA 6ymer paboTarh, 3a WCKJIOYEHWEM, OBITH MOYKET, HEKOTOPBIX HeTaJtlelt,



KOTOpBbIE MOXKHO MEHATH, He Tporas mesoro. CienoBaTebHO, OCHOBHAA TacTh M3JIOKEHHOTO B
KHUTe MaTepuaJia elle T0JIT0 He ycrapeeT ' MOpaJbHO .

To e MOXKHO cKa3aTh W O MPOTPAMMHOM peasm3aliuu TeHepaTopa. 9 pu dajbHedemM pas-
BUTHUU TIPOTPAMMBI, pasdyMeercs, OyIayT MOOaBIATHCA MWW YOMPATbes HEKOTOPBIE 3JIEMEHTHI
(korOTH, 00lIMe OJIOKM, TOAIporpaMMbl). Bo3MoxHO nake, 4To reHeparop OyIeT Tepenmcan
Ha 36K CHU, 9TO MO3BOJUT ~Pasrpys3uTh OMEPATUBHYIO MaMATh KOMIBIOTEPA U YIPOCTHUTH
orepanny ¢ ooumMu 6JjoKaMu (TaKas TPOIeIypa NMeeTcs B MIaHax aBTopa MPOrPAMMbI), HO
B JIIOOOM cJTydae 3TO He PaspylIuT OOIIYO CTPYKTYPY W MPUHITUI B3aNMOIEHCTBUSA PA3THTHBIX
qacTel MpOTpamMMBbl.

Bkpatiie ocHOBHBIE U3MeHEHUA 110 cpaBHEHUIO ¢ BepcuaMu PYTHIA 5.6 u JETSET 7.3, onu-
CAaHHBIMU B KHUTE, TAKOBHI.

e B nauvase 1998 r., Kak 3aKOHOMEPHBIN U TaBHO OXKMIABIIUHCA UTOT PA3BUTUA MPOTPAMM,
mosBmIach Bepcrusa PYTHIA 6.1, obbemumsionias reaeparopbl PYTHIA u JETSET B ommy
nporpamMmmy. CooTBeTCTBEHHO, Bce MMeHa MOAIPOrpaMM i obumx 6,J0K0B JETSET U3MeHn-
JIMch: mepBbie nBe 6ykBhI B uMenax LU — PY. Takxke obume 6ok mannsix LUDATA
n PYDATA 6b1in oobenunensl B onwna non HassanneM PYDATA.

e Brurtouenuve B PYTHIA cynepcuMMeTpUYHOTO PaClIUpEHnsA CTaHIAPTHON Momenn B3au-
MogmeficTBuit (3 TOKOJIEHNA JIEBBIX W MPaBbIX CKBAPKOB W CJIENITOHOB, B MPEITOIOKEHIT
CMEINBAHUA JIEBBIX U TIPABBIX COCTOSHUN JJIs TPETHETO TMOKOJIEHNA CPEePMUOHOB, KaJIl-
OpUHO, UTIOMHO 1 [IBa Iy0JieTa cyleprnapTHEPOB XUTTCOB). D PU BBEIEHUN CYTIepIapTHEPOB
KOJIBI TacCTUI] ObLIIN HECKOJHBKO U3MEHEHBI U PACIIUPEHBl 10 ceMU3HadHbIX. JlobaBsrenb
HOBbIE HAaHHBIE MO cylepHapTHepaM: KOHCTAHTBI B3auMonelcTBU:A, Macchl, LIMPUHBI, Ka-
HaJIBl PACIaJOB U JIp. XapaKTEPUCTUKHU, KaK i OOBITHBIX dacTwuil. (OOTBETCTBEHHO,
BBEJIEHbI HOBbIE KJIIOYM /1A YIIPABJAECHWA 3TUMU JaHHBIMU U HOBBIE TOANPOrpaMMbl TeHe-
panuy coOBITHH ¢ cymepmapTHEpaMy U UX MOCJIeayolnelt oopaboTKu.

® D OBBble BOSMOXKHOCTH IJIf OMUCAHUA YP- U yy-B3amMmometictsuit. B orsimame ot mpexamx
Bepcuit, Haumnaas ¢ PYTHIA 5.7, poToH MOKeT OBITH CTPYKTYPHBIM U B3anMOeicTBOBATD
Tepes CBOU (- M g-KOHCTUTYEHTHI JIMOO TI0 MOJIEJTH BEKTOPHON TOMUHAHTHOCTHU € BKJIaTaM7
ot obmenos p° u . Dpu aToM, pasyMeercs, coxpatdeTcs aJbTepHaTHBa B3aUMOIeicTBIA
TOYETHONONOOHBIX HOTOHOB (TMpAMBIe HOTOHBI), & TaKKe BO3MOKHOCTD CMEIINBAHTA BCEX
BKJIQJIOB € COOTBETCTBYIOUIMMU BECAMU.

o Ob6HOBJIEHBI CTPYKTYpHBIE (DYHKIINE MTPOTOHA W (POTOHA B COOTBETCTBUU € HOBBIMU TTapa-

merpusammamn (CTEQ3L,3M,3D, GRV94L,94M,94D, SaS).

e DoBad yJydllleHHas cxeMa (pparMeHTAllnn TUIa ~ HONKOPH i POXKIEHWS OapUOHOB,
yuer SU(6)-BecoB 11st pasindHbIX KBAPKOBBIX KOHMUTYpaIIuii.

L] BELILELHI/IG BCEX pPEaJIbHBIX TMMEPEMEHHBIX C ILBOI71HOI71 TOYHOCTBIO.

Dpu mepeBolle MBI PEIUIN OCTaBUTh HEKOTOPBIE ClenupuIecKre BbIpaKeHUs, KOTOPHIE,
XOTS W CIUTAIOTCA ZKAPTOHOM € TOUYKU 3PEHUs CTPOTOTO JINTEPATYPHOTO CTUJIA, HO MPU ITOM
SABJIATOTCA ODIEYTTOTPEOUTETFHBIMI B cpefle (PU3UKOB U, KPOME TOTO, TOYHO W KOPOTKO XapaK-
TEPU3YIOT CyTh ABJIEHUA (HAIPUMe]p, CJIOBO ~OpeHInHT” 3aMeHAeT BechMa IJIMHHOE BhIpakKeHne
7OTHOCHTETbHAA BEPOATHOCTD paciajia JacTHIbI Mo JaHHOMY Kauamy” ). Takzke Mbl mo3BosH-
s cebe 3aMEHUTH B TEKCTE YCTapEBIINE CCHIIKU Ha OPUTHHAJIBHOE TPOTrPaMMHOE PYKOBOICTBO
B [[E9DD’e na amgpec muaroit WWW-crtparnumusr T. Cvectpanma B Yuausepcutere 1. JlyHma,



MOCKOJTBKY B HACTOsIllee BpeMsa UMEHHO Ha 3TOH CTpaHUIe COMepKUTCA caMas MoJTHas THPOP-
Mals O MpoTpamMMe.

B saxsroderme MHe X0Te0Ch ObI BBIPA3WTh OJIATOMAPHOCTD BCEM TEM, KTO CIIOCOOCTBOBAJ
BBIXOIy B CBeT »Toli KHUTH. B mepByto odepens, 1o — aBTop Kuuru 1. Cbecrpann n CERN
Computer Program Library, mobesro mpemocTaBuBIiime HaM MpaBa Ha W3JaHUE PYCCKOTO Tiepe-
Boma Kuurw, u .M. 3apybun, KoropoMy MprHAIIEKUT MepBOHATAJbHA UIEd TAKOTO TEpeBoIa
1 KOTOPBIft BCAYECKH CIIOCOOCTBOBAJT OCYIIECTBIIEHUIO 3TOTO TPOEKTA € CAMBIX MTEPBBIX MIArOB 1
ITO PEIIEHnsA BOIPOCOB, CBA3AHHBIX € M3ITaHWEM. €3 ero MOIIepKKN U TMONCTHHE Hemcaeprae-
MOTO OTNITUMU3Ma 3Ta paboTa, HaBepHOE, HUKOTIa He Oblia OBl MOBeleHa 10 KOHIIA.

DaboTa ObLTa BBIMIOJIHEHA B paMKaX HayJIHON MPOTPAMMBI MO PEJIATUBUCTCKON sAmeproit ¢u-
suke Jlaboparopun BbIcOKUX sHepruit OObEeNVHEHHOTO WHCTUTYTa ANEPHBIX UCCIETOBAHUN, 1
Hay4dHbI pykoBomuTess JIBYD sasemyrommuit ornerom GPUAD 7 Jlyora” axam. A.M. Dannun n
nupextop JIBD mpod. A.J. MamaxoB ¢ sHTY3Ma3MOM U 3aWHTEPECOBAHHOCTHIO OTHECIIUCH K
nee W3MaHNsA KHUTH U TOCTOAHHO OKa3bIBAJM BCECTOPOHHIOK MOJIED KKY.

A 6maromapro mupekiuio OO0benMHEHHOTO WHCTUTYTA ANEPHBIX UCCIETOBAHUN U JIMIHO TUPEK-
Topa wi.-kopp. DAY B.I. Kagsresckoro n Butie-gupexTopa wi.-Kopp. JAD A.9. Cucaksana,
MpPeIOCTAaBUBINNX HAM BO3MOZKHOCTH BBIMTYCTUTHh KHUTY Kak u3manue QU AN.

A ouens mpusHaresbra K.d.-Mm.H. 9.B. CraBury, KoTOpHIH TPOYNTAT PYKONUCH W CAETAT P
MOJIE3HBIX 3aMeUYaHUll U MCIpaBIeHn .

9 aKOHeTI, MHe XOTeJIOCh ObI cKa3aTh MHOTO TeTLTbIX cJ10B Moemy My Ky C. [lImaroBy 3a MHOTOUYN-
CIIeHHBIe 0OCY XKIEHNA PA3/IMTIHBIX Terajell mepeBoia n CyIecTBEHHYO TIOMOIIb B 0OPMJTEHNN
ODJIOKKN U KHUTH B IIEJTOM.

M. Casuna
1998 r.



Ot aBTOpPa

Dporpammbl PYTHIA n JETSET WHTEHCUBHO WCIOJIB3YIOTCA I T€HEpAIny cOObITHH B (hu3m-
Ke BBICOKMX 3HEpPTUil Mpy ONMCaHUM MPOIECCOB MHOKECTBEHHOTO POKIEHWA B CTOJKHOBEHMAX
3JIEMEHTAPHBIX YacTull. B dacTHOCTH, 3TO BKJIIOYAeT KeCTKHe B3aUMOJIEHCTBUA B CTOJIKHOBE-

HIAX €+

€7, pp W ep, a TaKxkKe HEKOTOpPble APYTHe CJydam. 9 POrpaMMbl TpeIHA3HATEHBI 114
TeHepaIuu MOJTHBIX COOBITHH, T.e. mafoT OoJiee MeTabHYIO KapTUHY, €M Mbl HaOJIOmaeM B
9KCIIEPUMEHTE, B paMKaxX Halllero moHnMaHu#A (pyHIaMeHTa bHoM (pusuku mporeccos. Muorme
KOMTIOHEHTBI TPOTPAMM TIPEICTABIAIOT COOOH OpUTHHAJIBHBIE UCCJTETOBAHNS B TOM CMBICJTE, ITO
OHU OBLIIN CO3/TaHbl U PUMEHAIOTCA [IJIA U3YIeHNs ABJIEHWH 3a paMKaMy CTaHIapTHONW MOJIEJIH.
DecMoOTpsA Ha pas3Iudue B MEPBOHATATHLHOM 3aMbicjie, TporpaMMbl PYTHIA u JETSET HbIHe da-
CTO UCMOJIB3YIOT BMeCTe, TTO3TOMY UMeeT CMbICJI U TTPE/ICTABIATD UX BMecTe, He Aejiad CIUIIKOM
JKECTKUX pasrpaHnyeHuil.

Ob6e mporpaMMbl UMEIOT [IIMHHYIO UCTOPUIO, W B CBET YIKe BBIILIO HECKOJBKO OMUCAHUI.
Depsoe onucanue nporpamMM PYTHIA /JETSET nosBusioch Gojiee MATH JIET Ha3al. 3a 3TO Bpe-
M OBLIO clesTaHo OOJThIIOe 9WCJIO T0OaBIEHNN U W3MeHeHWH. YKOBOICTBO MO MPUKJIATHON
JacT OBLTO ODOPMIIEHO B BHIIE COMPOBOKIABIIUX MPOTPAMMY KOMIBIOTEPHBIX (PaiijioB, B TO
BpeMs#A Kak (pU3mdecKas TOKYMEHTAINA OTCYTCTBOBAJIA. B HaCTOAIIEM ONMMCAHNT A TTOCTAPATOCh
0bpUCOBaTh COBPEMEHHOE TTOJIOKEHNE eT.

Bamedy, OTHAKO, UTO TaHHOE OMUCaHNE HOCUT CKOpee MpeaBapuTeIbHbIN XapakTep. 9 pocbba
IpU UCIIOJIb30BAHUN HacTodAllel Bepcuu nakera JETSET cebliaThbes Ha

T. Sjostrand, Computer Physics Commun. 39 (1986) 347;
T. Sjostrand and M. Bengtsson, Computer Physics Commun. 43 (1987) 367,
a TIPW UCIOIh30BaHNN MakeTa PYTHIA Ha
H.-U. Bengtsson and T. Sjostrand, Computer Physics Commun. 46 (1987) 43, kak u panee.
[ereparopbl cOOBITHH YaCTO UMEIOT PEIyTallio ~UepHBIX AMMKOB”; TPEANOIaracTCs, ITO
9TO OTMCAHNE TTOMOKET BaM TOHATE, YTO Ha caMOM JeJjie MPOUCXOANT BHYTpH mporpamm. Takoe
HOHUMaHIE MOXKET TPEICTaB/IATh OCOObIH MHTEpec /s HOBUYKOB, KOTOPBIE HE MMEIOT T0CTa-
TOYHOTO OIBITa B 9TOH obJacTu. 3ech ciejaHa MONbITKAa CTPYKTYPHPOBATH OIMCAHUE TakK,
qTOOBI KasKJIBIH pasfnes MOXKHO ObLIO OBl MPOYNTATh HE3aBUCUMO OT JIDYTHX, W BBl MOXKETe
BBIOMpATh TOJBKO WHTEPECYIOle Bac pasiesibl. ¢ mocrapaioch cOXpaHuTh BMecTe (PU3UKY W
KOMMEHTapUW [IJIs MOJIh30BaTe/ell TaM, T/le 9TO pasyMHO, U TO TOYXKe ABJIAETCH HOBIIECTBOM
B U3JIOKEHWN O CPABHEHWIO ¢ MPEIBIIYIIAMEA BepcusaMu. JI0Oble OT3BIBBI MO MOBOLY TOTO
MOJXO/Ia W APYTUX ACIEKTOB TOJIBKO MPUBETCTBYIOTCS.
31ech MHe XOTeJIoch Obl OTMETHTH GOJIBIIOE YUCIO JITOAeH 3a WX BKJIA B CO3TaHUE W pas3-
paboTKy mporpaMM. XaHc-YHO DEHTCCOH — pofoHavYa bHUK TporpaMMbl PYTHIA, U B TedeHue
MHOTHX JIeT MbI paboTa/in mapasielbHo Haj pa3paborTkoii »Tol mporpammbl. Marc Denrccon
~ TJIaBHBIH aBTOp aJropuTMa MapTOHHOTO JiBHA. Do Aumepccon u ['écra ['yeradcon mrumm-
UPOBAJTH CO3TaHUe JIYHI-MOIEIN W CHJIBHO MOBJIUANA Ha pasBUTHE MPOrpaMM Ha HadabHOM
stame. KoandecTBo maapbHeHIUX 3aMedanuii 10 IporpaMMaM, Oy IeHHbIX OT MoJIb30BaTe e,
CJIMITKOM BEJIUKO, YTOOBI OTMETUTD WX 3/1€Ch, OTHAKO MbI UPE3BbIUaiiHO OJIaroIapHbl BCeM, TTPH-
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CJTABIIIUM CBOW OT3BIBBI. €3 3TOTO HalMCAHWe MPOTPAMM TaKOTO OObeMa W CJIOKHOCTH OBLIO
OBl HEBO3MOIKHO.

MopasbHas OTBETCTBEHHOCTH 3a BCE OCTABIIKMECS OMIMOKY JIEKUT e TuKoM Ha MHe. OmHako
CTOUT OTMETHUTD, UTO HTOT MPOAYKT ~YHUBEPCUTETCKOTO Mupa’ paclpocTpaHsercs ~KakK eCcTh
T.e. B CBODOJIHOE TOJTh30BaHUE OecIaTHO, 0e3 Kakux-TrnOo 0bs3biBatomx rapantuit. U Bce-
r/1a TTOMHUTE,9TO TPOTPAMMBI MPENCTABIAIOT coDOl He MepTBBI HAOOP YCTOABIIMXCS WCTHUH,
a TOJIPKO OIMH W3 BO3MOKHBIX TOIXOIOB K MpobjieMe MHOXKECTBEHHOTO pPOKIEHWA B (pusnke
BBICOKHUX »Hepruil Ha mepeaHeM Kpae COBPEMEHHBIX UcCaeoBaHuii. DyabTe KPUTHIHD!

DTO TporpaMMHOe PYKOBOICTBO, a TakKiKe Bce Bepcuu mporpamm PYTHIA /JETSET, comnpo-
BOKTaeMble KOMMEHTAPUAME 00 OOHOBJIEHUAX U YCOBEPIIEHCTBOBAHWAX, MOZKHO B3ATh € Moel
mmanolt WWW-crparunst B Yausepentere 1. Jlyuna (IlIsemus) mo anpecy:
http://thep.lu.se/tf2/staff/torbjorn/Pythia.html
i o ftp-ampecy
ftp thep.lu.se/pub/LundPrograms/Pythia.

T. Sjostrand
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I'maBa 1

BBenenue

MuoxecTBeHHOE pPOKJIEHTEe YacTUIl — HamboJlee XapaKTepHas OCOOEHHOCTh cOBpeMeHHOW (u-
3UKU BBICOKUX »Hepruit. Ceromns nabiomaeMble MHOKECTBEHHOCTH YaCTUIl MOTYT TOCTHTAThH
TeCATKOB U COTEH, a Ha OYIYIINX YCKOPUTEJIAX 3TO UUCJIO ellle Bo3pacTeT. Bermmecku mo MHO-
KECTBEHHOCTH OOHAPY KUBAIOTCA B CTPYAX, T.€. B CTYCTKAX IPOHOB (MM TPOAYKTAX pacmaia
aJIPOHOB ), POMUBIIMXCA TP (PPArMEHTAIINN KBAPKOB 1 TITIOOHOB.

1.1 XapakTep IpolecCOB ITPU BbBICOKUX IHEPTUAX

B nepBoMm mpubsinzkeHnn Bee MpoIecchl IMEFOT TPOCTYIO CTPYKTYPY Ha YPOBHE B3aUMOIEHCTBIA
MeX Ty (PyHIaMEeHTaJIbHBIME O0bEKTaMU TPUPOILI, T.€. KBaAPKaMMW, JIENTOHAMHA 1 KaJIubpoBOU-
HBIMU OO30HAMMU. D alpuMep, MHOTOE MOXKHO MOHATH O CTPYKTYPE alpoHHbIX coObiTuit Ha LEP

tem — 7% = g¢. DonpaBku K »Toil KapTHHEe MOIYT ObITh pasie-

3 7 CKeJIeTHOTO  TpoTecca €
JIEHBI TIPOU3BOJIBHO, HO IOCTATOYHO YI00HO, Ha TPW OCHOBHBIX KJIACCA.

Bo-tiepBbix, mpucyTCTBYIOT MOAMMDUKAINY THITa TOPMO3HOTO W3JIYyUeHUs, T. €. UCITyCKaHWe
B KOHETHOM COCTOSHWN TACTUI] TPU BETBJIEHUAX THUTIA € — €Y Wi ¢ — ¢¢g. Bemencrsue saadm-
TEJIbHOCTH KOHCTAHTHI CUJIBHBIX B3amMOMeWcTBUl iy, a TaKiKe W3-3a BJIUAHUA TPEXTITFOOHHOM
BEPIIIHBI, SMUCCUA KBAPKOB W TJIIOOHOB OCODEHHO ycHIIeHA. 03TOMY MBI TOBOPUM O ~ JIMBHAX
MapTOHOB” , T7le OMWH HAYabHBIN MapTOH MOZKET HaTh MBI MyToK MapTOHOB B KOHETHOM CO-
CTOSTHUU. IMUCCHA TAPTOHOB TaKKe MOKET IaBaTh OULYTUMBIH 3¢ ]ekT B mpoleccax CTOTKHO-
Berns ete™ u ep. O6beM monpaBoK Ha TOPMO3HOE HM3JIydeHNe yHUBEPCaJeH, T.e. ONpee/saeTcs
He JeTaJAMEU W3y9IaeMOro TIPOIecca, a OJHUM WM HECKOJbKUMHU KJIIOYEBBIMU MapaMeTpaMi,
TaKWMU, KaK MaciTad meperaBaeMoro B IpoIecce MMITYJibca. | akme yHUBEpCAJbHBIE TTOMPaB-
KN MOKHO BKJTFOUUTDH 1O MPOW3BOJBHO BBICOKWX TTOPAIKOB, MCIOJb3Ys BEPOATHOCTHBIN A3BIK.
Tak:ke MOXKHO BBITOJTHUTD TOYHBIE BHITUCIEHNA TTOMPABOK HAa TOPMO3HOE M3JTyUeHUE TTOPATOK
3a TMOPATKOM IO TEOPUH BO3MYIIEHWH, OMHAKO TaKWe BBIUUCIEHN OBICTPO CTAHOBATCHA HETIPH-
eMJIEMO CJIOKHBIME, & OTBETHI, COOTBETCTBEHHO, TPOMO3IKUMI.

Bo-BTophix, MBI nMeeM ”ucTUHHBIE” TOMPABKU BBICIIUX MOPAIKOB, KOTOPHIE BKJIIOTAIOT Ie-
TJIEBBIE THATPAMMBl I W MATKNE  9YacTH YIOMAHYTHIX BBIIIE TUarpaMM THITa TOPMO3HOTO W3JTY-
YeHn A — KOMOWHAIINT, HeOOXOIMMBbIE JI5 yCTPaHEHNA HEKOTOPHIX PACXOIUMOCTENR. D PU MOJTHOM
ONMCAHUY HETh3A OTPAHUIUBATHCA TOJTBKO TOPMO3HBIM M3JIYI€HUEM, KaK 3TO 3[IeCh U IIPEIITO-
Jlaraercs. ) eobXoanMble BBIUUCIEHU 110 TEOPUN BO3MYIIEHUH OOBITHO OU€Hb CJIOKHBI; TOJIBKO
MHOTAa BCTPEUAIOTCA PE3YJIbTAThl, KOTOPbIE BKJIIOUAIOT OoJiee UeM OJIMH HETPUBUAJBHBIN ITO-
pAMOK, T.e. 0OoJlee deM OJIHY TMeTJIEBYIO nmarpamMmy. Kak y»ke ObLIO CKa3aHO BBIIIE, TaKne
OTBETHI OOBITHO OYEHBH IPOMO3IKH, HO HEKOTOPBIE PE3YJIBTATHI JOCTATOYHO TTPOCTHI, NW3BECTHBI
1 TPUMEHATOTCH; B YaCTHOCTH, 3TO Oerylmasd KOHCTAHTa (s, WM TOTMPABOYHBIN KO3(DpuiimeHT
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1 + a,/m + -+, B HapumaJbHBIX WMpHHAX KaHaI0B pachnata Z° — qq. Jns mecnenosanuit ¢
BBICOKOM TOYHOCTBIO pelllaiolllee 3HaUYeHUEe MMeeT y4eT MeTJEBbIX JIMarpaMM, XOTHA OHUM MUMeroT
He3HaYuTebHOe BJIMAHNE Ha KadyeCTBEHHbBIE aceKThl IMPOIeccOoB MPU BBICOKMX HEPruAx.

B-TpeTbux, KBapKum ¥ TJTIOOHBI HaXOMATCSA B cOCTOAHWN KoHpalinmenta. B aByx mpenbimy-
WX MTYHKTaX MBI MCITIOJIH30BAIN A3BIK TEOPUU BO3MYIIEHUH, 9TOOBI OMMcaTh B3anmMomeiicTBre
KBApKOB, JIETTOHOB W KaJTUOPOBOYHBIX DO30HOB Ha KOPOTKUX paccrogHusAX. [l sentonos u
OecIBETHBIX DOO30HOB 3TOT #A3BIK mocTarodeH. (OmHAKO I KBAPKOB U TJIIOOHOB OH TOJIZKEH
OBITH JOTIOJHEH HEKOTOPBIM MEXaHW3MOM AIPOHU3AINK (TIPOTecc, OOBITHO MOIpas3iendeMblii
Ha (pparMeHTalnnio U paciaibl, B pe3ybTaTe KOTOPOTO IBETHBIE MAPTOHBI POPMUPYIOT CTPYH
OeCIBETHBIX AIPOHOB, (DOTOHOB U JIENTOHOB). ITOT TPOIECC BCe elle He MOHAT U3 MepBBIX
MPUHIINIOB U HOJIKEH OCHOBBIBaTbCcA Ha Momenax. (C ommoit ctopombr, 3deKThl agpoHn3a-
[IIU TOJABJIAIONIE BEJNKN, TaK TaK MHOYKECTBEHHOCTb UIET WMEHHO OTCIoma. 9o, ¢ JIPYroi
CTOPOHBI, TOJTHBIN TTOTOK HEPTUH B COOBITUU TIPW BBICOKUX YHEPTUAX OMPENETAETCA B OCHOB-
HOM TIepTypOATUBHBIME MPOIIECCAMI € MaJIbIM JTOMOJTHUTETBHBIM pa3sMa3bIBaHNEM, BbI3SBAHHBIM
aJpoHMW3aImel. D 0ITOMY MOKHO BBIONpATh pasHble YPOBHU aMOWTINii, HO, B 1I€JIOM, TeTaIbHbIe
NCCIIETOBAHNSA TPEOYIOT U TeTaIbHOTO MOIETNPOBAHMIS.

D pocrasg KapTwHA, ¢ KOTOPOW MBI HAUaJIl, TEEPh CTAHOBUTCA 3HATUTETHHO HOJIee CII0KHON
— BMeCTO JIBYX KOHEUHBIX MAPTOHOB MBI MMEEM COTHIO KOHEUHBIX dacTuil. 3wadasbuas dhu-
3UKa He WCUIe3jia, OHAKO CKeJEeTHBIE MPOTEecChl ~OMench 1 HEMOCPEICTBEHHO yIKe He BUIHBI.
Do3TOMY TIpAMOe cpaBHEHUE MEKIy Teoprell W 3KCIEPUMEHTOM B JIYUIleM CJIydae SBIIAETCH
CITOKHBIM, B XyAlIIeM — HeBO3MOKHBIM.

1.2 TI'emepaTopbl cOOBITHIA

U umenno 3mech, Kak clacaTeSbHBIN KPYT, BOSHUKAIOT reHepaTopbl coobrtuii. [less renepa-
TOPOB COOBITHI — WCIIOH30BATh KOMIBIOTEPHI, YTOOBI T€HEPUPOBATH CTOJTKHOBEHUS CTOJb ZKe
eTaIbHO, KaK TIPW HAOJIONEHNN € TIOMOIIBIO COBEPIIEHHOTO IETEKTOpa. ITO [ejlaeTcs He B
OJIMH 3aXO0JI, & € TOMOIIbIO ~(paKTopu3anun’ TOJTHON 3a1a9r B HEKOTOPOE UMCJI0 KOMIIOHEHTOB,
¢ KazKJIbIM U3 KOTOPBIX MOZKHO CIPABUTHCSA € Pa3yMHONW TOYHOCTHIO. B ocHOBHOM 9TO 03Havaer,
UTO KECTKUH POIece UCMoTb3yeTCs KaK BXOMHOM MJIs TeHepalny TOPMO3HBIX TOMPABOK, & pe-
3yJIbTAT 9TOTO MefCTBUSA OCTABJIAETCA IS QIPOHW3ANUU. DTO 3BYUUT HECKOJBKO TIPOIIE, TeM
mejlaeTcd — B IIPOTUBHOM cJIydae »Ta KHUKKa OblTa ObI 3ameTHO TOHBINe. (OQmHaKo OCHOBHa:A
UIes OCTaeTCsA: ecJIU TOJTHAs 3aada CJANIIKOM CJI0XKHA [IJIf PElleHWs ¢ XOIy, HYKHO TOIbI-
TaThbCAd TOMENTHh €€ Ha MEHbINe 3aadl MpPUeMJIEMBIX TpPOTopIuil. Do3ToMy B HacTosAlIeit
MPOTIey pe TeHepAINy OOJTBITNHCTBO MIATOB ITPUBOIAT K BETBJIEHUIO OTHOTO O0bEKTa B /IBa WJIN,
o Kpaitueit Mepe, B 0UeHb HEDOJIBIIIOE TUCJIO OOBEKTOB, KaK/IbIil W3 KOTOPBIX, B CBOIO OYepelb,
UMeeT MPaBO BETBUTHCA. O PU ITOM MOy IAETCH OTPOMHBIT 00beM BbIUMCIeHUH, GOTBIad IacTh
KOTOPBIX, OJTHAKO, TI0 CBOEl MPUPOJIe eCTh TIOBTOPEHUE W MOKET OBITH MPETOCTABIEHO KOMITBIO-
Tepy.

Kax crenyer u3 HasBaHW#A, BBIXOIHBIE JaHHBIE TEHEPATOPA COOBITHUH MOTKHBI OBITH B popMe
7 cobBITHH” ¢ TeM XKe CpeTHWM TOBeIeHneM 1 (DIYKTYalllsaME, 9TO U IJI5 PeaJbHbIX TaHHBIX.
B mammbix duyKTyanun BO3SHUKaIOT OJjlaromaps Jeskallell B OCHOBE TeOpUU — KBAHTOBOMN Me-
xaHuke. B rermeparopax mcmnosbsyercsa meton Morte-Kapiio miis otbopa Bcex cyIIecTBEHHBIX
MepeEMEHHBIX B COOTBETCTBUU € ZKEJTAEMBIMU PaClpeleeHnAMI BEPOATHOCTH, W TEM CaMbIM
obecrreunBaeTCs CJIyIaiHOCTH B OKOHYATEbHOM cOObITUM. (JUeBUIHO, 9TO TO BJIETET 3a COOOi
HEKOTOPYIO MOTEPIO MWHPOPMAINN: KBAHTOBasd MeXaHWKa OCHOBBIBAETCH Ha aMILTUTYyIaX, a He
Ha BEPOATHOCTAX. TeM He MeHee 0UeHb PEIKO MHTEP(EPEHITNOHHBIE ABIEHNA (13 W3BECTHHIX)
MPOABJIAIOTCS TaK, 9TO HE MOTYT OBITh M3JI0KEHBI Ha BEPOATHOCTHOM HA3BIKE. 9 03TOMY 3TO He



6ostee craepIKUBatollee MPUOINKEHIE, TeM MHOTTE JIpyTHe.
a3 MOABUBIINCH, TEHEPATOP COOBITHH MOXKeT OBITh WCIOJIH30BaH MO-PA3HOMY.  DO-
BUIMMOMY, IMATH BayKHEHIINX HallpaBIeHU#l TpuMeHeHnd cienytollue:

® /1aTh (pU3UKaAM OMIYIEHIe, KAKOTO TUMa COOBITU MOYKHO OKUIATh WJIH HATEeATHCA HalTn
U ¢ KaKOi 9acTOTOl;

® KaK TOMOIIb B pa3paboTKe HOBOTO METEKTOpa, TaK UTOObI paboTa JeTeKTopa Oblila OmTH-
MU3UPOBAHA € YIETOM JIPYTUX OTPAHWIEHN /18 W3y I€HN T KOHKPETHBIX (DU3UIECKIX CIle-
Hapues;

® KakK MpWOOp JIsA BBIPADOTKW CTPATETWH aHAJM3a, KOTOpad MOJIKHA MCIOTb30BATHCS LI
pPeasIbHBIX JTAaHHBIX, IPUIEM ONTUMU3UPYIOTCS YCJIOBUS CUTHAJ /DOH;

® KaK MeToJ OleHKH MOIPaBOK Ha aKCeITaHC, KOTOpbie HYKHO yYecTh Ipu obpaboTKe mep-
BUYHBIX JaHHBIX /A BBIICJICHU CUTHAJIA ~HUCTHHHONW (U3UKH;

® Kak ymoOHas 000JIOUKa, BHYTPHW KOTOPOH Hab/FOIaeMble SBJIEHUA WHTEPIPETUPYIOTCA €
nosutnit pyHIaAMEHTAJTBHON Teopun, Jlexallell B OCHOBe Tpollecca.

I'me reneparop BIuCBHIBaeTCs B MOJTHYIO IEMOYKY aHasm3a »Kcrmepumenta! B 7peambHoit
KW3HU Ha YCKOPHUTEJe OCYIIEeCTBIISETCA B3anMoeticTBue. DosydeHHble B pe3ybTaTe cOObI-
THS PETUCTPUPYIOTCS TEeTEKTOpaMu, U, TOcJe TMEPBUIHOTO OTOOpA, 3alUCBIBAIOTCA Ha JIEHTY
cucTeMolt cbopa MTaHHBIX. 3aTeM MPOBOINTCA PEKOHCTPYKIUA COOBITHUI, T.€. CUTHAJIBI 3JIEKTPO-
HUKW (¢ TIPOBOJIOYHBIX KaMep, KaJOPUMETPOB 1 BCETO OCTAIbHOTO) MEPEBONATCA B MH(MOPMATINIO
0 Tpoliecce, KOTOPYIO yKe MOYKHO WCIIOJIh30BaTh B MporpamMMax oopaboTku maHHBIX. Takum
obpa3oM, MbI IMeeM HaOOp TPEKOB A 3apAKEHHBIX JaCTUIl, BbIIEJIEHNe SHEPTUN I Heli-
TPaJbHBIX, WK, B UACAJTBHOM CJIydae, MOJHYIO WHMOPMAIND 00 UMITyIbCaX W THIAaX TacTHIl.
OcHOBBIBasiCh Ha >TUX ~OUNIIEHHBIX TAaHHBIX, MOYKHO MPUCTYIaTh K (pU3maeckoMy araan3y. B
mupe MonrTte-Kapsio posib yckoputess B reHepaliuu coOBITUN TPUHUMAIOT Ha cebs TeHepaTopPbhl
cOOBITHI, OTMCaHHBIE B 3TOM TEKCTe. D OBeIeHNe JacTUIl, TOJYIEHHBIX ¢ TOMOIIBIO TeHEPATOPA
cOOBITHH, B JeTEKTOpax, T.e. Mepecederre odbeMa JeTeKTopa, 3aKpydnBaHue TPEKOB B Mar-
HUTHOM II0JIe, pa3BUTHeE JIUBHEN B KaJOopuMeTpax Wi yTeKaHWe B MIEJIU W T.II., MOIEIUPYeTCH
TakuMu mporpammamu, kKak GEANT. Tpanunmorto, sTa mMoC/IeIH;As TeATETFHOCTh HA3hIBAETCH
MOJIETUPOBAHIEM COOBITHH, ITO HECKOJIBKO HEYIAdHO, TAK KaK CKOPee TH CJIOBa OTHOCATCH K
TOMY, 9TO MBI Ha3blBaeM TeHepalineit coObITuil. Dosiee ymobHOe olpeesieHne — MOIeTMPOBaHIEe
IeTeKTopa. B mmeaJsbHOM cJiydae BBIXOIHBIE TaHHBIE TAKOTO MOIETUPOBAHUA WMEIOT TaKon
Ke opmar, KaK W peasbHble TaHHbBIE, MOJyIeHHbIE TIPU KCIEPUMEHTE, TTOITOMY OHU MOTYT
OBITH TIPOIYIEHBI Tepe3 Ty JKe MEMOUKY PEKOHCTPYKIUU COOBITHH U PU3MIecKOro aHaan3a, ¢
TeM UCKJIIOUEHUEM, ITO 3/I€Ch MBI 3HaeM, KaKUM [TOJIZKEH OBITh ~MPaBUJIbHBIN OTBET U MOKEM
BUIETH, HACKOJBKO XOPOIIO MBI OCYIIECTBIIAEM MOIEINPOBAHUE 3TUX MTPOTECCOB.

Ws-3a Toro, 9T0 mjiA BBIMOTHEHUA TOJHON IMEMOYKN MOIETMPOBAHUA TETEKTOpPAa W PEKOH-
CTPYKIIH cOOBITUH TpedyeTcs OUeHb MHOTO BPEMEHU, IaCTO JETaeTcsa  OBICTPBIN ¥ ITeleBbIil”
aHaJM3, B KOTOPOM 3THU IIaTrd MPOIYCKAOTCA TOJHOCTHIO WK, 1o KpaiiHell Mepe, 3aMeHAOTCA
OYeHb YIPOIIEHHBIME TPOIENYPaMi, KOTOpble TTPUHIMAIOT BO BHUMAHWE TOJBKO T€OMeTphUe-
CKWi aKcenTane TeTeKTopa n Apyrue TpuBua bHble 3(hdexTh. Takmm 00pasoM, MOKHO UCITOThb-
30BaTh BBIXO/IHBIE JaHHBIE TeHEPATOPA COOBITUH HEMOCPENCTBEHHO T (PU3NIeCKUX N3bICKAHU.

Bompekn Breuarsistonieit cymme paboT u MeTaTbHBIX BBIYUCIEHUN TTO-TIPEKHEMY CYIIECTBY-
eT MHOTO TIPOOeJIOB B HAIlleM TOHUMAHWH MOJTHON CTPYKTYPBI COOBITUA. 03TOMY IPOIEIypa
HallMCAHWsA TeHepaTopa TMPWBOINT K BHIOOPY, UTO BKJIFOYATh W KakKWM oOpasoM. B mammyd-
[IeM cJIydae MOYKHO WCIIOJIh30BaTh Pasdpoc MexIy pe3ysIbTaTaMU, MOJTYIeHHBIME ¢ TOMOIIHIO



Pa3JITIHBIX TEHEPATOPOB, JIJIA ONMEHKN BCTPEYAIONINXCA 3ech HeonpeneaeHnocTel. OcHOBHbBIE
MpuOIMKEHNA OYIyT 0OCYKIAThCA HUZKe, HO yKe 31eCh CedyeT OTMETUTh, YTO OOJTBITHHCTBO
13 HUX CBA3AHO C MOJHBIM MpeHebpekKeHneM HeTPUBUATbHBIMI 3(PPEeKTaMu BBICIINX TOPIIKOB.
9 09TOMY MOXKHO TOJIBKO HAJIEATHCSA, ITO TPUBUATbHBIE JaCTU BBICHINX TTOPAIKOB TaIyT XOPO-
Ilee OMUCcaHme, COryIacyfolleecs ¢ KcrnepuMerToM. Kcerarwm, B OOJBIINHCTBE CJIydaeB KazKeTcH,

49TO 2TO ﬂeﬁCTBI/ITeJIbHO TaK; HallpuMep, IJId aHHUTWJIATNN €+

€~ ToJy9YaeTcs OYeHb XOpOollee
corJtacre pe3yIbTaTOB MOMEJMPOBAHNA € KCIIEPUMEHTATbHBIME TaHHBIM.

9 e0bXOMMMOCTD UATH Ha KOMIIPOMUCCHI TPUBOIUT K OTHOMY OOIIEMY IMOJOKEHUIO: Hallu-
caHUe XOPOIIETo TeHepaTopa COOBITHH ecTh MCKYCcCTBO, a HE TOUYHAA HayKa. JOITOMY He HAJ0
CIIETIO BEPUTH pe3yJIbTaTaM, MOJYIeHHBIM ¢ JII000To TeHeparopa coObiTuil. Beerma meobxomnn-
MO CIIeJTaTh HECKOJIBKO TEPEKPECTHBIX MpoBepoK. BmobaBok, mpm paboTe ¢ KOMIBIOTEPHBIMI
MporpaMMaMy B TECATKN TBHICAT CTPOK MpodsIeMa 3aKJio9IaeTcsa HE B TOM, €cTh Jinm ~OJioxu’ B
mporpaMme, a B TOM, CKOJIBKO UX W HACKOJBKO KPUTUIHO UX MECTOHAXOKIEHWE. JoJiee TOro,
TeHePATOPBI COOBITUI He MOTYT pacleHWBAThC KaK BCECHJIbHBIE WJIN CIHOCOOHBIE TaTh WHTEJ-
JIEKTyaJTbHbIE OTBETHI Ha TJIOXO TOCTABJIEHHBIE BOTIPOCHI; 3IPABBIT CMBICJT B CY K/IEHUAX W HEKO-
TOpOe TIOHNMaHIe TeHepaTopa ABJIAIOTCH HEOOXOIUMBIMI MPENIOChLIKAMY [IJIS €r0 YCIIeIHOTO
MCTIOJIB30BAHWA. DO BCE K€ BOMPEKHU TUM OIPAaHUIEHUAM TOIXO, OCHOBAHHBIH Ha TeHepaTopax
cOOBITHH, ecTh HanboJIee MOIIHBIN HHCTPYMEHT U3 WMEIOIINXCs B HAIIEM PACIopsiKeHnN, KOrIa
MBI XOTUM TMOJIYUUTh AETAJTbHOE W PEATUCTHIHOE OMUcaHUe (PUIUIECKUX TPOIECCOB, MMEOIIX
MeCTO Ha KoJTalilepaX BBICOKUX PHEPTUH, CYMECTBYIONINX UM TJIAHUPYEMBIX B OYIYIIEM.

1.3 99poucxoxgenme nporpamm JETSET m PYTHIA

C ropmaMu TOABUIOCH MHOJKECTBO reHepaTopoB cobbituil. O630p 1o reneparopam mis ete” B
tesiom u st LEP B wacrnoctu moxuo watitu 8 [Kle89, Sjo89], niist BbicOKOIHEPreTUIHON aapoH-
anportnoii (pp) dusuxknm — B [Ans90, Sj692], a mia dusuku ep — B [HERI2]. Msr ampecyem
quTarTess K 3TUM paboTaM 3a JOTMOJHUTEbHBIMU AeTaJAMEI U CChLIKaMu. B manHOM TekcTe
OyIyT ONuUcaHBbI IBE TECHO CBA3aHHBIE MporpamMmbl, JETSET u PYTHIA.

JETSET mHaumHaJach B KOHIIE CEMUIECATHIX TOIOB € yCHJIUH Tpynmbl (DU3UKOB U3 yHUBEP-
cutera B ropone Jlyun (Isenns) no ocmbicsiennio mpomecca agpornsannn [And83]. Tak Ha-
3bIBaeMas MOJeNTh CTPYHHOI (bparMeHTanny Oblla pa3BUTa Kak TOUHAad U JeTaTU3MpPOBAHHAA
0boJT0UKa, BHYTPHU KOTOPOH HaJIbHOMEHCTBYIOMINM ciIaM KOHGaHMeHTa pa3penieHo pacipee-
JIATH HEPTUIO W apOMaThl TapTOHHON KOHMUTYpaIuu B MEPBUIHBIX aJIPOHAX, KOTOPbIE MOTYT
Tajiee TMOCIeI0BATEBHO paclalaThbca. JTa MOIeTh, M3BECTHAA KaK JIYHIOBCKAadg CTPYHHAA MO-
ITeJTb WITH, KPATKO, JIYH/I-MOJIEJTh, COfepKala MHOKECTBO CIENNPUIeCKNX TPeICcKa3aHmii, KOTO-
poie 6butn onTBep K IeHbl marnibiME ¢ PETRA u PEP, ordero moness 6b1ta mmmpoko mpuHsATA.
JIyHIOBCKasi cTpyHHasi MOJNENh U CETOHs — Hambojiee TIIATEHbHO pa3padoTaHHad W MIHPOKO
UCTIOJIb3yeMas MOJIeTb 3 UMEeONnXcsA B HallleM pacropsizxennn. OQHa fABIAETCS CEPIEM TTPO-
rpamm JETSET /PYTHIA.

st Toro urobsl npenckasars (popmy cobbituii ra PETRA /PEP u usyuuts npouecce dpar-
MEHTAINH B AeTAJIAX, HY KHO OBLIO HadaTh € TAPTOHHBIX KOHMUTYpaluii, KoTopble 3aTeM ¢par-

MEHTUPYIOT. SOSTOM}/‘ 6bIJIEL BKJIIOYE€HaA I'€HEPald IMMOJTHBIX aJIPOHHBIX coOpITHIi €+

€, BHaJaJe
OCHOBaHHas Ha MPOCTOM OOMeHe v W MaTpudHbIX ajemenTax KX/l mepBoro mopsmgka, a 3atem
pacIiimpennas 10 MOJTHOTO oOMena <™ / VARS n3sayderueM B nepBoM mopsanke K9/l u marpuanbix
amemenToB KX/JI Broporo mopsanka. Cpasy 6b110 0bectiedeHo 3HATUTETBHOE THCJIO CEPBUCHBIX
MpOrpaMM, OT pacHedaTKn COOBITHH 10 HAXOKIEHUA CTPYIi.

K cepenwne BochbMUAECATHIX TOAOB CTAJIO ACHO, YTO TOAXOI Ha OCHOBE MATPUUYHBIX 3JIEMEH-

TOB JOCTUT IIPEAECIOB cBoell IToJIe3HOCTH B TOM CMBICJIE, YTO OH YK€ HE 6BIJI crrocobeH IIOJTHOCTBIO



OTMCaTh JTaHHble 0 MHOTOCTpPYiiHON Tomomornu. (9 o3aHee NCIOTb30BaHTE ONTHMU3UPOBAHHON
TEOPUM BO3MYUICHUHM MPUBEIIO K BO3POXKJIEHUIO MOAXONA MATPUYHBIX 3JIEMEHTOB, HO TOJBKO
NJIA HEKOTOPBIX YaCTHBIX CIy9aeB.) DO03TOMY OB Pa3sBUT TMOIXOM MapTOHHBIX JIMBHEH Kak
aJbTepHATUBAa MaTPUYHBIM sjemenTam [Ben87al. Kombunanms mapToHHBIX JUBHEH U cTpYH-
HOW pparMeHTanm OKa3aJgach OUeHb ymadHoll u chopMmpoBasa OOUH TOAXOM K OMUCAHIIO
aJPOHHBLIX cobbITuit Z°.

B mociennawne romsr JETSET OBbLT TOBOJIBHO CTAOMJIBHBIM W3IEJIMEM, COAEPIKAIINM TeThipe

_|_

[JTaBHBIX 00OJTacTé — pparMeHTaIlnio, TapTOHHBIE JTUBHU, TEHEPAIIIO COOBITHI €T e™ U mporpam-

MBI O6HIGFO Ha3Ha4YeHM .

+€_*CO6BITI/IHX npruigaJ/ aKTyaJIbHOCTD ITOIIBITKE pacClln-

Ycmex crpynHON dparMeHTannm B €
pUTH 3Ty 0DOJIOUKY U MCCIIETOBATH BO3ZMOKHBIE (DU3IUIECKHTE CIEACTBUA. D O>TOMY OBLIO HAITH-
CaHO MHOKECTBO JAPYIUX MPOTPAMM, KOTOpble KOMOMHUPYIOT 3aBHUCAIIEE OT TIPOTECca ONMCAHIe
KECTKUX B3amMogmelicTsuit ¢ obureit obostoukoit pparmentarmu JETSET. 9 porpamma PYTHIA
pasBWBAJIACh W3 PAHHWX MCCJIETOBAHWI TIO MPOTOH-TIPOTOHHON TporpaMmMe Ha (DUKCHPOBAHHOMN
MUIIEHN 1 ObLJTa OPUEHTHPOBAHA TJIABHBIM 00pa30M Ha CTPYHHBIE CXEMBI.

C TedenmeM BpeMeHU WHTEPEC CMECTMIIC B 00JTacTh OoJlee BBICOKWMX »HEpPTUil, BHaTaIe N3-3a
mycKa KoJitalimepa SppS, a mosxe — npu BosHuKHOBeHUN poekTo SSC u LHC, mox simsanmem
3HAUNTETHHOTO KostndecTBa pabounx copemmanuit 8 CIITA u Espone. Dbiau mobassiensr mapToH-
Hble JINBHU /1A U3JIyUEeHUA B KOHETHOM COCTOAHUU € UCTOJIb30BaHmeM mporpamm JETSET, a
B HAJaJbHOM COCTOSAHUEU — C WCMOJb30BaHmeM PYTHIA, miis dero ObLIa CIENnabHO Pa3BUTa
Kortenius ~obparuoli sBosonnu” [Sjo85]. Taxxe 6bl1a pazpaborana 060/09Ka 11 COOBITHI
¢ MUHUMAJIbHBIM 0T6opoM [SjO87a] u miist HeXOMHBIX COOBITHI.

BropbiM ritaBHBIM W3MEHEHWEM CTAJIO BBEIEHUE PACTYIIErO YhCIa KECTKUX TPOIECCOB, B
paMKax cTaHIapTHON Momesn u 3a Helt. OcobbIit ymop 6bLT caeIaH Ha TTOUCK XUTTCOB CTaHIapT-
HOW MOJIeNTM B Pa3/IMIHBIX IMalla30HaX MacC W B PA3/IMIHBIX KaHaJaX € yIEeTOM BO3MOZKHBIX
(pOHOBBIX TIPOIECCOB.

Yacrh mporpammuoll JIOTUKHU, pa3sBUTAafA 1A KECTKUX MPOIECCOB, HAa CaAaMOM Jejle MaJjo 3a-
BUCUT OT BBIOOpA HATAJBHOTO COCTOAHUA, MOCKOJIBKY CYIIECTBYIOT CTPYKTYpHBIE (DYHKITUH Ha-
JAJTbHBIX TTAPTOHOB W YACTUIL. D O3TOMY MOABUJICH CMBICJT PACHIUPUTH TPOTPAMMBI, OBIBINTE

te™ m ep. DTOT Ipolece 3aBePUIIIICA

TOJIBKO TEHEPATOPOM Pp-B3amMoieficTBUl, M1 paboThI ¢ €
toabko B 1991 romy, B ouepennoil pas MpUIITOPEHHBIH AKTUBHBIM OOCY KIIEHUEM PA3THIHBIX
aCIeKTOB TTPOOJIEMBI Ha MHOTOUYUCJIEHHBIX PabOINX COBeNlaHnAX. B HacTosAtlee Bpemsa PYTHIA
TTOJTZKHA paboTarh OIMHAKOBO XOPOIIO MPW BBIOOPE Pa3INYHBIX THUIIOB HAIabHBIX ITYIKOB.

D ONBITKY BKJIIOUEHN T HOBBIX MPOIIECCOB W YTy UIIeHN T MOIEJIMPOBAHNSA Y 7Ke M3BECTHBIX HEC-
KOHYaeMbl. D 03TOMY paboTa MPOIOIKAETCH TOJTHBIM XOTOM.

Xotsa JETSET moka 4to dopMabHO He3aBucuMa oT PYTHIA, ¢ TogaMy WX CBA3b OKPeEILIa,
1 TpaHUIla MeXIy JBYM:A IIporpaMMaMi CTAHOBUTCA Bce Oosiee m OoJiee MCKYCCTBEHHOM. e
cIIyaaiiHO OHU TIPEICTABIEHBI 3[IECh BMECTE: 3TO CIOCOD m3beKaTh TOBTOPEHU S OI€HD HOTBIIIOTO
obbema MaTepmasia. B KadgecTBe TJIaThl 3a 3TO HMPUIETCA OOCYIUTH HEKOTOPBIE PA3IUIUA B

dustocodpumn.

1.4 OO0 »TOM OIIMCAHUU

Kak mbt Bunesu, JETSET u PYTHIA HaunHa/ MCh KaK BeCbMa UIE€0JOTNYeCK MOTUBUPOBAHHBIE
MPOTPAMMBI, Pa3BUTBIE IJIA TOCTATOYHO AETAJTbHOTO M3ydeHWs crelnpUIecKnX (pu3nIecKux
mpobIeM ¥ TOJIYUeHns ACHBIX TIPENCKa3aHuil 1A sKeIepuMeHTaIbHBIX BendnH. Korma ObI-
JIO OCO3HAHO, YTO HECOBEPIIEHCTBO PKCIEepUMeHTa MOXKeT 3aTPOHYTHh OCHOBHBIE Tpe/CcKa3aHusd,
MPOTPAMMBI OBLITU CIEJAHBl JOCTYTHBIMU 1A MCIOJIB30BAHUA SKCIepUMeHTaTopaMu. Takum



obpa3oM, cTajgo BO3MOKHBIM THOKOE McCIeoBaHIe Mojiestelt ¢ 6oIbiell cTelenbio eTaIbHOCTH.
Co BpemMeHeM aKIIeHT MePEMECTUIICA OT W3HAYAJIbHON CHJIBHON MPUBA3KY K CIelnaabHoll dhpar-
MEHTAIIMOHHOI MOJIeST B CTOPOHY ONMMCAHUA MHOXKECTBEHHOTO POXKJIEHUA YACTUI TPU BHICOKUX
9HEpPTUAX B 1esioM. (COOTBETCTBEHHO, MCIIOJb30BaHWE PACIIPUIIOCh OT TIPOCTOTO CPABHEHUA
TaHHBIX CO cHennpUIECKIME TPEICKA3aHNAMI MOJIEN 10 IIMPOKOTO TTPUMEHEHUA I TTOHW-
MaHUs BO3MOYKHOCTe HeTeKTopa, W3BJIEeUEHN TOMPABOIHBIX KO3(DPUIMEHTOB Ha aKCelTaHC, a
TaKKe IJIsA TpelcKa3saHns XapakTepHolt (pU3mKy Ha OYIYIINX YCKOPUTEIAX BBICOKUX dHEPTUIL.

XoT# umeosiornsas MeHee OUE€BUIHA, TeM HE MeHee oHa npucyTcTByer. OHa He ABJIAETCSA YHU-
KaJTbHOM, CBOMCTBEHHOW TOJIBKO OOCYIKIAaeMbBIM 371€Ch MpOTpaMMaM, a MPHUCYIa JII0OOMY TeHe-
paropy cobwITuit mim, mo Kpaitueit Mmepe, JTF060My reHEPATOPY, KOTOPBIN MBITAETCA MATH TAJThITe
MPOCTOTO CKEJIETHOI'O ONMUCAHUA KECTKUX MPOIEccOB Ha mapToHHOM ypoBHe. Uneonorusa mpu-
CYTCTBYET TIpW TPUHATHU W MPOTycKe psana geraseii. Kak (moTeHIma bHbIR) MOIb30BaTENTH
MIPOTPAMMBI BBI TOJIZKHBI OTTACAThCA TOTO M MOKeTe c(POPMUPOBATH Ballle COOCTBEHHOE MHEHUE
He TOJIbKO O TOM, Y€MY BEpPUTb, & YeMy HeT, HO U TaKzKe O CTeleHU JIOBepUA K AAHHOMY Tpei-
CKa3aHUIO, T.e. HACKOJIBKO HEOMPENETEHHBIM OHO MOKeET ObITh. JETSET n PYTHIA B ocobeHHO-
cTu OOTaThl B TOM OTHOIIEHWH, TOCKOJIBKY CYIIECTBYET 3HAUNTETHbHOE TUCIIO MyOIuKanuit, rie
HanboJlee cyliecTBeHHadA (Pu3nNKa 00bACHAETCA BechbMa TeTa bHo. PakTrdeckn, 3amatda MOKET
ObITH ODOpaTHOW — HaliTH CyUlecTBEHHYIO MH(MOPMAIINIO BO BCEX BO3MOKHBIX MECTaX. ) 03TOMY
OJTHa U3 TJIABHBIX IeJiefl HacTOSAIIEero onucaHusa — cobparh Kak MOKHO OoJibille WHQOPMAIINn
B OIHOM MecTe. M3-3a MWPOTHI OXBATBIBAEMBIX MPOOJIEM BOCIPOUW3BEIEH HE BeCh MaTepHall,
HallJeHHbI B cHennaabHbIX CTaThAX, HO, IO KpaliHell mepe, 37ech ero NpuBeJeHo JOCTATOYHO
IJIA TOTO, 9TOOBI MOHATH ODIIYIO KapTUHY W y3HATh, [/l MOKHO HaliTu meraJin.

Taxum 0bpazom, HacToAlEe ONMUCAHUE TTPU3BAHO HAKOHEI-TO 3aMEHUTH TPEIBIIY T TIKJT
OMTyOJIMKOBAHHBIX (DU3UIECKUX OMUCAHUN W MPOTPAMHBIX pyKoBOACTB. OIHAKO MBI elle He pe-
WIUJTH ATy 3324y B OJHOM oObeMe. D paBuiibHbie cChbIKU Ha JETSET — [Sjo86] u [Sj687], a Ha
PYTHIA — [Ben87]. Jlanbuefimme yrounenus Morsin Ol BKIIOUATh cjioBa Bpoze ~Mbl uciosib-
syem JETSET, Bepcus X.x u PYTHIA, Bepcus Y.y”.

Dymnbre JM0be3mbl, He cebltaiitech Ha JETSET/PYTHIA Kak #a ”HeonybaukoBannoe” | "gact-
HOe coobienne” , i "TOTOBUTCSA K OMyOJINKOBaHUIO : Takwe (ppasbl TOJIBKO CO3MTAIOT HEHY K-
Hyfo TyTaHuily. Kpome Toro, moMHUTE, 9TO MHOYKECTBO YaCTHBIX (DUSMIECKUX TPUITOKEHUH
OTIMCAHO B OTIEJbHBIX MYOINKAIAX.

B JOIIOJIHEHNE K CbI/I3I/ILI€CKOMy O630py HacTodllee OIMMCaHNeE TaKzKeE COAEPZKNUT ITOJTHOE PYKO-
BOICTBO HOJIA NBYX IIpOrpaMM. Takne PYKOBOICTBa BCETIa O6HOBJIHJH/ICI) n paciIpoCTpaHAJINCH
BMeECTE C IIporpaMMaMN. 903TOMy Ha HepBbIﬁ B3TJIA MbI HE IPpENCTABUJIN 3J€CH HUYETO HOBO-
I'o. OILHELKO 6BIJIEL ceJlaHa MONbITKa CIPYIIIMPOBaTh MaTe€pHraJl B 6OJII)IH€I71 JIOTUYECKON CBA3MU C
KOHKPETHBIMI CbI/I3I/ILI€CKI/IMI/I HpO6JI€MELMI/I7 qeM 9TO 6BIJIO COeJIaHO B MIPEAbIAYIINX U3TaHNAX.

Cront cuenats HeEOOTBINIOE TTPEMyTIPEXKIEHTE. D ACTOAIIee TPOrPAMHOE OTTUCAHIE TOBOJIHHO
UITMHHO W, KOHETHO, HEe MOJKET OBITh ~TOIJIONIEHO 3a OJNH MPUCecT. ITO dazkKe U He HyIKHO,
TaK KaK BCe KJIIOYU U TapaMeTPhl CHaOKEHbI pa3syMHBIMU 3HAYEHUAMEI MO YMOJTIAHIIO, OCHO-
BAHHBIMEU Ha MTOCJIETHIX TEOPETUIECKUX pa3paboTKax U CBEKUX IKCIEPUMEHTATbHBIX TaHHBIX.
Kax maunmnatroutuit mosap3oBaTesib, Bl MOYKeTe TPOUTHOPUPOBATH MPUIYIIUBBIE ONIUHE U TPO-
CTO TOHATH TPOTPAMMY € MUHUMAJTHHBIMU IEPEMOHUAME. D O037Ke, KOorjma HabepeTech ONbITA,
MOZKHO OIPOOOBATH Te OMINU, KOTOPhbie KaXKyTCA TOJIe3HbIMI. BrosHe BepoATHO, ITO HE OIUH
MOJTH30BATEb HUKOTIa HE UCIOIb3yeT Hojlee 9acTh TOCTYITHBIX BO3MOZKHOCTEN, XOTA BO3MOZK-
HO TaKzKe, 9TO B HACTOAIIEH BEpCUU OTCYTCTBYIOT KOHKpPETHbBIE WHTEPECYIOIIne BaC MPOIECcChl 1
ommuu. YTo Kacaercs BTOPOro, TO MBI IJIAHUPYEM MPOIOJIKUTH Pa3spabOTKy HOBBIX ONINM, a
TakKe 0becrednTh OOJIBIIYIO0 ~OTKPBITOCTH  MPOTPAMM I BHECEHUS KOHKPETHBIX IIPOIECCOB,
MHTepecyIoIINX MoIb30BaTeTelt.



1.5 Kuaura >kaJjob

Bceerna ciemyer moMHUTD, 9TO TO He KOMMEPUECKUH TPOIYKT, PA3BUTHIN W MOJIIED KUBAEMBIH
npodeccnonagaMu. D ampoTUB, 3TO MPOAYKT  YHUBEPCUTETCKOTO MUpa’ , W3HATATIBHO PA3BUTHIH
HECKOJTBKIME GU3nKaMu (B OCHOBHOM, aBTOPOM HACTOAMIETO OMMCAHUA) JJIA CBOUX COOCTBEH-
HBIX HYKI U TIPEIOCTABIEHHbBIN ApyTuM (pusnkaM ~KaK ecTh , OecIIaTHO. D 03TOMY HeE HaeTcs
HUKAKUX TapaHTUH MpaBUIbHOTO (DYHKINOHUPOBAHUSA TPOTPAMM WMJIW TOCTOBEPHOCTH (pusmte-
CKWUX pPe3yJIbTaToB. B KOHIE KOHIOB, 9TO Ballle €S0 — BEPUTH TAHHOMY pPe3yJIbTaTy WJIH HET.
O06braHO 5TO TpebyeT cpaBHEHUA KaK € aHAJIUTHIECKAME Pe3yIhTaTaMi, TaK U ¢ pe3yabTaTaMu
IPYTUX TIPOrpaMM WU TOTo u Apyroro. Jlaxke Takoe He siBIgeTCA TUIYIIOCTHIO: HAIPUMED, €CJTH
omubKa ciejlaHa B BBIYUCIEHUN MATPUIHOTO 3JIEMEHTa IJIs TaHHOTO TpoIllecca, 3Ta OMnOKa
pPacCIpoCTpAHUTCA Ha aHAJIUTUIECKUE PE3YJIbTaThl, OCHOBAHHbBIE Ha TEPBOHATATBHBIX BBITUCIIE-
HUX, U Ha BCe T€EHEPATOPHI COOBITHUH, KOTOPBIE, B CBOIO OUEPEb, UCIOTB3YIOT OMyOIMKOBAHHBIE
dopmymer. B smoboM ciydae He cymecTBYET 3aMeHBI 3IpABOMY CMBICITY (DU3UKA.

9TO He 3HAYUT, OTHAKO, ITO BBl TMOJHOCTHIO TIPEIOCTABIEHBI caMOMy cebe B pabore ¢ mpo-
rpaMMOif, 3a KOTOPYIO HUKTO HE UYBCTBYeT cebs OTBeTcTBEHHBIM. Jlesarorcss MOmBITKE TTpo-
BEPUTH MPOTECCHI IO BO3MOKHOCTU OoJiee TIIATeIbHO, HAMNCATh MPOTPAMMBbI, KOTOPBIE 3allli-
IIEHBI OT OIMMOOK, W CHAOINTh WX JeTajbHOW W akKKyparTHOl mokymenrtarmeii. Bcee sTo moka
MOJITEPKUBAECTCA € TOJTHBIM pPa3MaXoM W THOKOCTHIO, TOTOMY 9TO (PU3UKaA MOJIZKHA YIAUTHI-
BaTh JIFOOOE CTOJIKHOBEHWE WHTEpecoB. Kcim TeM He MeHee HalieHbl KaKue-JInOo OIMOKN MJIn
HEACHOCTH, MOXKaJylicTa, HampaBbTe ux MHe 10 Tejedony +46-46-222 48 16 wim mo e-mail:
torbjorn@thep.lu.se. DyayT npeanpuUHATHI Bce yCuIus, 9TOOBI pa3pemnTh TPOodTeMbl B pa3yM-
HBIE CPOKW, CUMUTasg, ITO 3TO TOMAEPKKa APYTOTO UeSIOBEKA, KOTOPBI MMeeT TaKyKe W WHbIe
00A3aHHOCTN.



I'maBa 2

Pusuveckuii ob630p

B sToit ritaBe MBI TOMBITaeMCs 1aTh 0030p OCHOBHBIX (pusmueckKmx ocoberuocTeit PYTHIA u

JETSET. [letasu 6ymyT obCyKI€HBI B MOCIEIYIONINX TJTaBaX.

,HJIH OIIMCaHU: TUIIUIHOTO COOBLITH S IIPU BBICOKUX DHEPIUAX T€HEPATOP coOpITHIi JOJIZKEeH

colepzxKaTb HECKOJIBKO CbI/I3I/ILI€CKI/IX acIekToB. KEcjam MBI monbITaeMcs cJleJoBaThb >BOJIIOIINI

coOBITHA B HEKOTOPOM HO,ILO6I/II/I C BpEMEHHBIM TTOPAINKOM, 2THU DTallbl MOXKHO CYMMHUPOBATh

CIIEIYTONIM 0OpPA30OM.

1.

7.

Brauasie nBe mydkKoBBIE YacTUIIBI UIAYT Ipyr K apyry. Kak mpasuso, Kaxiad dacTHiia
XapaKTepusyercss HaDOpOM CTPYKTYPHBIX (PYHKINH, KOTOPBIE OIMPENeSIAI0T TapTOHHYTO
CTPYKTYPY B Te€pMUHaX apoOMaToOB U dHEPreTUYecKUX pacipeleaeHuii.

Onwa mapToH W3 KaK oM MyIKOBOW JacTUIbl, MHUTIUUPYONUH TapTOHHBIN JIMBEHD, HATN-
HaeT MoCJIeI0BaATeTbHOCTh BeTBACHWH TUIa ¢ — ¢g, KOTOpbIe JTaloT JIUBEHDb B Ha4aJbHOM
COCTOAHUM.

90 OIHOMY KOHETHOMY HMapTOHY OT KazKIOro M3 ABYX JUBHEH BCTYIAIOT B KECTKHH ITpO-
1ecc, B KOTOPOM POKIAETCS HEKOTOPOE KOJUIECTBO BBIXOIAINNX MapTOHOB, OOBIUHO —
nBa. TakoBa mpupoma »TOTO Ipolecca, KOTopas OImpeHessieT OCHOBHBIE XapaKTepUCTHKI
COOBITHUA.

BILO6ELBOK BbBIXOOAIINE TTapTOHbI TaKzZKe MOT'YT BETBUTHCA, NaBad JIMBHN B KOHEYHOM CO-
CTOAHNMN.

Korna wannmatop uBHA BHIOWBaeTCA W3 My9IKOBOM TaCTHUIIBI, OCTAETCA MTYyUIKOBBIN OcTa-
TOK. DTOT OCTATOK MOYKeT WMeTh BHYTPEHHIOI CTPYKTYPY W IBETHOW 3apsil, KOTOPBIH
NPUBA3BIBACT €ro K OCTAJIbHOMY KOHEUYHOMY COCTOAHUIO.

Mexanmsm xkoudaitamenta KX/ obecniednBaer, 910 BBIIETAONNE KBAPKHA U TJTFOOHBI HE
HabII01af0TCA B CBODOIHOM BuIle, a PPATrMEHTUPYIOT B OECIBETHBIE aIPOHBI.

Muorue u3 CI'€HEPUPOBAHHBIX aJIPOHOB HGCTEL6I/IJII)HBI n B ILELJIBHGﬁIHGM pacliagatoTCA.

90 CorJIallEHNIO, TOJITBKO KBapKW U TJVIFOOHBI CHUTAOTCA IMapTOHaMWM, a JIEIITOHBI 1 CbOTOHbI

— HeT. ,HOBGILGHHOG pare] EL6CypILEL, 9TO pas3dejieHne MOZKET IMPUBECTU K HECKOJIBKO FpOMO3ILKOI71

TEPMUHOJIOTNN. CJIGILOBELTGJIBHO, MBI XOTeJIn OBI TaM, [LO€ 3TO HE UMEET 3HAYECHUA, TOBOPUTH

00 sstekTpoHe mian (hboToHe B “HMapTOHHONW CTPYKTYype 3JIEKTPOHA, CBAJMBAA B OTHY KYTy Be-

TBJIEHUA € — €Y W BeTBJeHus TapTOHHBIX JuBHeH Tuma g — gg u T.11. C 310l oroBopKoOit

AeJIEHNE Ha CEMb ITYHKTOB OTHOCHUTCA K B3ELI/IMOIL€I71CTBI/IHM MEZKNYy JIEITOHaMM, MEZKIY JIEIITO-

HOM ¥ aJApPpOHOM M MEZKIY ABYMA aJpOHaMMU.
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B CJIEAYIOIUX pa3desiaX Mbl OXBaTUM BbIIIECYIIOMAHYTBIE CEMb aCIIEKTOB HE B TOM ITOPAIKE,
KaK OHHI 6BIJH/I IIpUBENEHDBI, & TaK, KaK OHW IIPOABJAIOTCA TpPpHU HUCIIOJIHEHUU IIporpaMM, T.€.
HadWHaA € ZKECTKOI'O IIpolecca.

2.1 2KecTKue npomnecchbl 1 CTPYKTypHbIe (pYyHKIINHA

B JETSET mocTymHBI TOJILKO [Ba JKECTKUX TIpolecca. JepBblit m ocnopHoft — ete™ — ~*/Z°.
Bmecy "x7 B 4* mcmosibsyercsa mjisi obo3HadeHUs TOro pakra, 9T0 (DOTOH HAXOMWTCHA HE Ha
MacCOBOM MOBEPXHOCTH. DTO Pas3Indue TOCTATOYHO BaXKHO, MOTOMY 4YTO (POTOH Ha MacCOBOI
HOBEPXHOCTH HE MO¥KeT pacHajarbes. Komeuno, Z° rakxke MoxKeT ObITH He Ha MacCOBOM 1o-
BEPXHOCTH, HO 3/IeCh Pa3/Udue MeHee CYIIeCTBEHHO (cTporo rosops, Z° Bcerma He Ha Macco-
Boif moBepxHOCTH). Brocsemcrsum Mbl OyaeM HCIoIb30BaTh ~* He BCerla, HO 00A3aTehHO B
Tex caydasx, KOTJa MPOIece KMHEMATHIECKN 3allpeller I TacTUll ¢ OlpeIeSIeHHON Maccoit.
KBapk ¢ B KoHeuHOM cocTostHUM €Te™ — v* /7% — ¢ MmoxeT ObITh u, d, s, ¢, b maw t; apomar B
Ka K/IOM COOBITHY BBIOMpaeTcs cJaydaffHbIM 00pa3oM B COOTBETCTBUU € OTHOCUTEHHBIMU BEPO-
SATHOCTAMU, BBITUCJIEHHBIMI JIJIA TaHHOTO 3HavueHus sHeprun B cucteme [IM. Brioderno takxe
YIJIOBOE paclipelesieHne KOHedHbIX map ¢¢. CTpyKTypHBIX QyHKIHU 3mech He TpedyeTcs.

Bropoit mporiece JETSET — mporpaMMa TeHepalny KOHETHBIX COCTOAHIH ¢gg, §¢y, B COOTBET-
CTBUU € BEPOATHOCTAME paciiafa KBapkonmes 177, tuma Y. cxonsa w3 umeroruxcs mpemesion
Ha Maccy TOT-KBapKa, TOTIOHUN pacmagaeTcs CIUIIKOM OBICTPO JIS TOTO, YTOOBI 3TU TTPOIECCHI
MpeNcTaBIIAIN KaKoi-To WHTepec, 1, TaKUM 00pa30M, HOBBIX TIPUMEHEHU T 3/1eCh He OKMITaeTCH.

PYTHIA maet ropasmo 6obImmit BEIOOpP € MOYTH COTHEH Pa3/ImIHBIX KECTKUX MPOIECCOB.
Onm MoryT OBITH KJTACCHPUIUPOBAHBI MHOKECTBOM PAa3JIMIHBIX CIIOCODOB.

Onwe BapraHT OTBeYaeT KJIacCuPUKAINN 110 KOJUIECTBY 00BHEKTOB B KOHETHOM COCTOSHUM:
MBI TOBOPHUM O TIporieccax 2 — 1, 2 — 2. 2 — 3, u T.1. DTOT aCHeKT CYIIeCTBEH ¢ TOUKHU 3pe-
HUS TTPOrPAMMUPOBAHUA: OOJIBIIE TaCTHI B KOHETHOM COCTOAHUU — OoJiee cJIOKHOe (a3oBoe
MPOCTPAHCTBO U, CJIEIOBATEJIBHO, Bech mpoitiecc Teneparmu. Paxtudeckn, PYTHIA onTuMusm-
poBaHa s mpoiteccoB 2 — 1 mw 2 — 2. B HacrodAllee BpeMs He CYIIECTBYET OONIETPUHATO-
ro MOIXOJa [IJIA TIPOIECCOB € TPEMS WJIN OOJIBIIUM YUCIOM JacTUIl B KOHETHOM COCTOSHUM,
a WMeeTCsT TOJIBKO HECKOJBKO Pa3/ImIHBIX MEXaHW3MOB, MOJIOTHAHHBIX K MOJIFOCHOW CTpYKTY-
pe amarpaMM KOHKPETHOTO KJlacca. JTO MOYKET pacCMaTpWBaThesA KaK TJIaBHOE OTpaHWYIeHwe,
1 WHOTMA »TO meficTBuTe bHO Tak. (OQIHAKO 9acTO MOXKHO TMPOIBWHYTHCH [TOCTATOYHO IAJIEKO
TOJBKO € OHOW WJIM MBYMsA YacTUIIAMU B KOHETYHOM COCTOAHUHU, TaK KaK JIUBHU TOOABJIAIOT
HEOCTAONYI0 aKTHBHOCTh. Ta KacCH(PUKalWs BpeMeHaMU MOZKeT cOMBaTh ¢ TOJIKY, Tak
KaK S-KaHAJbHBI pe3oHaHC paccMaTpUBaeTcA KaK OMWHOYHAA YacTHIla, dasKe ecJn OH Tpell-
moJiaraeTcd Beerfa paclaJafoluMca Ha JIBE JacTUIBI B KOHEYHOM COCTOAHUHU. Tak, mporecc
tem — WTW™ = ¢1¢ 14272 xnaccudpunmpyerca Kak 2 — 2 mpolecc, XOTA paccMOTpeHne
pacmama mapbl W-6030HOB BKIIIOYAET TMOJHBIN MaTpuaHbIl s71eMenT 2 — 4.

€

Hpyroit BapranT KiaaccmpuKanny yInThIBaeT (pu3nIecKuii crieHapuii. DTOT BapwaHT — TJIaB-
Hasg TeMa TUiaBbl 8. MOXKHO BBIIEJUTD CJIENYIONINEe OCHOBHBIE TPYIIITLI TTPOIIECCOB.

o /Kecrtkwme npornecesr KX/, T.e. g9 — qg.

o Msrkume mporeccsr KX/I, Takme, Kak qudpaknnoHHOE U yIPYTOE paccesHre n COOBITUA €
MUHUMAaJIbHBIM OTOOPOM.

e DoxKIeHNe TAKEIbIX apOMaToB, T.e. g — (1.

® DpamMoe poxaenne (pOTOHOB, T.e. ¢J — G7.
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o Qoropoxnenue, T.e. g — ¢q.
o lurybokoneymnpyroe paccesune, T.e. gl — gl.

e Yoxmerne W/7-6os0H0B, mponecchl tuma ete™ — 4% /7% yike cymecrBytomee B JETSET,
w qq — WIW=.,

L] CTELHILELPTHELH MOIEJIb POKIEHNA XUTTCOB, B KOTOpOﬁ XUTTChbI JOCTATOYHO JIETKUE U, CJIE-
AOBATEJIbHO, MOTYT pacCMaTpUBaTbCAd KaK PE30HaHCHI.

® D pollecchl paccesHNsA KaTHOPOBOUHBIX 0030HOB, Takme, Kak WIW — WW . rne xurre tax
TAKENI U MIMPOK, YTO PE3OHAHCHBIN 1 HEPE3OHAHCHBIN BKJIAbI IOJIKHBI PACCMATPUBATHCA
BMecTe.

L] SO)KILGHI/IG HECTaHIaPTHBIX XUTTCOB B paMKaX CHOEHapud IBYX ILy6JI€TOB XUTTCOB € TpeEMA
HeﬁTpaﬂbeIMI/I U IBYMA 3apAZKEHHBIMU YaCTUIaAMM.

e DoXIeHWe HOBBIX KaJUOPOBOUHBIX GO30HOB, TaKUX, Kak /.
o Doxkienne GepMUOHOB T€TBEPTOTO MOKOJIEHNUSI.
o DoKIeHWE JIETTOKBAPKOB.

L] SI)OHGCCIDI7 He OIInCbIBacMBble CTELHILELpTHOﬁ MOI€EJIbIO, T.€. IIpOUECChl, MAYIINE Y€PE3 KOH-
TaKTHOE B3ELI/IMOIL€I71CTBI/I€ nJjim CEKTOP CI/IJII)HOB3ELI/IMOILGI71CTByIOHH/IX KELJH/I6pOBOLIHbIX 0o-
30HOB. STI/I C€Hapun HE BCEra IMOABJIAIOTCA KaK CaMOCTOATEJIbHBIE IIPOLHECCHI 1 MOI'YT
CbI/IprI/IpOBELTB KaK oIyl IMpUuBENEHHBIX BbIIIE ITPOIECCOB.

3mech He TpennosaraeTcsa OXBATUTH BCIO MHTEPECHYIO (PU3NKy. 2 ambosee 3aMeTHO OTCYT-
CTBUE POKJIEHWA U Pacrajga CylnepcuMMeTPUIHbIX JaCTUIL, 1a 1 MHOTHE IpyTre npuMepbl. Kpo-
Me TOr0, B paMKaXxX U3ydaeMblX ClleHapUeB TPUCYTCTBYIOT BKJIAIbl He OT BCeX JIUATPAMM, & TOJb-
KO OT Haubosiee BasKHBIX U/HJIM UHTEPECHBIX. BO MHOIUX cJydasx MCIOJNb3YIOTCA PasIudHble
MpUOJIMKEHNSA I KOINPOBAHU MATPUIHBIX 3JIEMEHTOB.

Ceuenne HEKOTOPOTO TIporiecca 1) — k 3amaeTcd Kak

Fijsh = / da: / day [H (1) [2(22) 6jmsr - (2.1)

3mech & ecTh cedeHme KECTKOTO aJlpOHHOTO Tpotiecca. s mporeccoB co MHOTUMEU dacTHIla-
MU B KOHEUYHOM COCTOSAHUH €r0 CJIedyeT 3aMEHUTh WHTETPAJIOM IO pa3peleHHOMY (ha30BOMY
POCTPAHCTBY [IJIf BCEX KOHEUHBIX cocrosumit. B mammom caydae f(x) cyTh CTpYKTYpHBIE
QyHKIINU, KOTOPBIE OMUCHIBAIOT BEPOATHOCTH HAWTW MapTOH ¢ BHYTPHU IIYYKOBOW TacTHIIBI @,
r7le TApTOH ¢ HECeT HOJII0 T MOJIHOTO UMITYJIbCa ¢. Da CaMOM Iejie, CTPYKTYpHble (PYHKIINN
3aBUCAT TaKzxKe OT HEKOTOPOro MacliTaba MMIyJbca ()%, KOTOpblil XapaKTepusyer KecTKHH
npotecc.

CrpyxrTypHble GYHKINE HanboIee 1acTO UCHOJIb3YIOTCH 1A aIpOHOB, HATIPUMED, I TTPO-
ToHa. AIPOHBI IO CBOEH CYITHOCTH — COCTaBHBIE OOBEKTHI, TOCTPOEHHBIE 3 KBAPKOB M TJTIOOHOB.
Besencrsue Toro, aTo Mbl He 110 KoHIa nornMaeM KX /1, nu3siredenne cTpyKTypHBIX QYHKIINAN U3
MEPBBIX TPWHITAIIOB MOKa HEBO3MOIKHO, XOTHA OIPEIESIEHHBIN Tporpece ObLT clieJTaH MPU UCce-
moBanuax KXJI ma pemerxke. CienoBaresibHO, HEOOXOMIMMO TIOJIaTaThCsAd Ha TapaMeTPU3AIlNN,
re MCHoJb3YIOTCA KCIepUMeHTaIbHble TaHHble B COYETAHUM € YPAaBHEHUAMM IBOJIIOLUMU IO
Q? nns dpuKcanuu CTpYKTYPHBIX (DYHKIUHA. DAI0M pasHLIX IPYIH TEOPETUKOB ObLIN BBEICHBI



cOOCTBEHHBIE TTapaMeTPU3allii, OCHOBAHHbBIE Ha HECKOJHKO Pa3Indaloninxca Habopax TaHHBIX
1 HEKOTOPBIX BAPUAIUAX B TEOPETHIECKUX TTPETOTOKEHUAX.

Do u m1s pyHIaAMEHTATbHBIX JaCTHIl, TAKUX, KaK 3JEKTPOH, YI00HO BBECTH CTPYKTYpPHBIE
dbyurmum. Takum obpasom, dyukmma f£(x) mapaMeTpusyeT BEPOATHOCT TOTO, UTO 3JIEKTPOH,
KOTOPBIfI ydacTByeT B JKECTKOM TIpoIlecce, HECeT OJI0 T HadaJbHOW »HEPTUM, B TO BpeMsd
KaK OCTaJibHas dHEPTUA yXOAUT B BUIe ussiyderus ((HOTOHOB) B HaTaJIbHOM COCTOAHWUM. IKo-
HEYHO, TaKOe W3JIydeHUe MOIJIO Obl OBITH CIeTaH0 JacThio JKECTKOrO B3amMoieiicTBU:, omHa-
KO TIOIXOJ, OCHOBAHHBIN Ha CTPYKTYPHBIX (PYHKIUAX, TOpa3mo Oosiee ymobeH. D pum HEOOXO-
IUMOCTHU B3amMogelicTsue ¢ pyHIaMeHTATIbHBIME 3JIEKTPOHAMI BOCCTAHABIUBAETCH BBHIOOPOM
(2, Q%) = §(x—1). OTmerum, 4To B TPOTUBOMNOJIOKHOCTD CJIyUatO [/1s IPOTOHA CTPYKTYPHbIE
QYHKIINT 3JEKTPOHOB BBIUUCIAIOTCA U3 MEPBBIX MPUHIIUIOB W PEIyIUPYIOTCA 10 yKa3aHHOM
Boie o-gpynxnun npu Q% — 0.

DITEKTPOH MOZKET OBITh CTPYKTYPHBIM, T.€. COAEpIKaTh (DOTOHHBIE MeT i, a (POTOH, B CBOIO
odepelb, MOXKET COJlepKaTh KBAPKHU U TUITOOHBI. BHYTpeHH#AA cTpYyKTypa (hOTOHA 10 HEKOTOPOit
CTETIEHN TIPEICTABIAET MPOdIIEMyY, TaK KaK (POTOH COMEPKUT TOUETHYIO FacTh, MOIIATOIIYIOCH
BBIUUCIIEHUAM TI0 TEOPUU BO3IMYIIEHW, W HEBBIUUCIAEMYIO 9acTh B OOJACTH TOMUHUPOBAHUA
BEKTOPHBIX ME30HOB. Takum 0bpa3zoM, 0OBIYHO CTPYKTYpHBIe (bYHKIUU (POTOHOB MapamMeTpu-
3yIOTCA TaK Ke, KaK U B cJIy9ae aJIpOHOB. 2 OCKOJIBKY 3JIEKTPOH, B KOHETHOM CU€eTe, COMEP KIT
KBApKWU U TUIOOHBI, KecTKue mpotecckl KX/ tuma gg — ¢g mposABIsAtoTCA HE TOIBKO B Pp-
paccesiinu, wo u B ep ("crpykrypHoe doropoxmenne”) u ete” (7 nByxdoronubie cobbiTus ¢
NBOTHOM cTPyKTYpoit”). DomxXod Ha OCHOBE CTPYKTYPHBIX (DYHKIWH yIpolaerT MOBTOPHOE Mc-
MOJTh30BAHUE OTHOTO U TOTO K€ JKECTKOTO TPOoIecca B Pa3INIHBIX KOHTEKCTaX.

CyurecTByeT TakKe U Apyras BO3MOKHOCTH obobiienus. [IBa nporecca, q¢ — v* /7, usyua-

eMbIil B a[pOHHBIX CTOJKHOBEHUAX, U €Te~ — v* /7 wmsyuaemsbrii B et

€7 -CTOJIKHOBEHUAX, Ha
r *

caMOM JleJie eCTh JacTHble cjiydan Gojiee obiiero nporecca ff — ~*/Z, rne [ oznagaer ¢yu-

TaMEeHTAJbHBIH (hepMUOH, T.€. KBapK, JENTOH Win HeliTpuwHo. Kak mpasusio, cedenne mporecca

ABJIACTCH CYMMOM 0 HECKOJIBKUM DPA3IUUHBIM HAaYa bHBIM COCTOAHUAM, T.e. uu — /7 u

dd — v*/Z B ciydae ajipOHHOTO CTOJKHOBEHU#A. DTOT BUI CyMMEUPOBAHUA BCErIa IEJACTCA TI0

YMOJTHaHIIO, HazKe KOoTrda HE YIIOMWHAETCA ABHO B HaCTOAIIEM OIMMCAaHWU.

2.2 I/IB.TIy‘IeHI/Ie B HAYAJIBHOM M KOHCYHOOM COCTOAHOUN

B so6om mporiecce, copepiKalieM BETHbIE 1/ WU 3apaKeHHble OObEKTHI B KOHEYHOM COCTOs-
HEW, U3/1yYeHre [JII0OHOB 1 /Ui (POTOHOB MOKET NaTh OOJIbIIIE TTONPaBKK K MOJTHON TOMOIOruu
coOBITHI. DadmHasd ¢ OCHOBHOTO TIporiecca 2 — 2, 3TOT BUJI TOMPABOK TMPWBOINT B KOHETHOM
COCTOSTHUU K TOMOJIOTHAM Buma 2 — 3, 2 — 4 u T.i1. C pocTOM MaKCHMAJTbHOW HOCTUZKUMOM
YHEPTUN, KECTKOe U3JIydeHre TaKOTO pofa IpuobperaeT Bce DOJIbllee 3HAUEHMe TI0 CPABHEHUIO
¢ MEeXaHW3MOM (PparMeHTAIUN TTPU ONPENeIEHUN CTPYKTYPBI COOBITH .

CymrecTByeT mBa TPaAIUIIMOHHBIX TTOAXO/Ma K MOIETUPOBAHUIO TEPTYPOATHBHBIX MOMPABOK.
DepBbIit — 5TO METOII MATPUIHBIX 3JIEMEHTOB, B KOTOPOM BBIUNCIAIOTCs quarpaMmMbl Pefrrmana
MOPANOK 3a MOPAIKOM. B mpuHInme, 310 mpaBUIbHBIN MOAX0H, KOTOPBIH yUNTHIBAET TOYHYIO
KOHEMATHUKY, TTOJHYIO0 WHTEPQEPEHIINo I CIUPAJbHYIO CTPYKTYpy. EnmacTBeHHas mpobdiiema
3aKJII09aeTCd B TOM, YTO TPYJIHOCTb BBIYUCJEHWI HapacTaeT B BLICIINX TMOPAIKAX, B YaCTHO-
CTH, IJIA TeTJIEBBIX AuarpaMM. ToJbKO B UCKITIOUUTESBHBIX CIydasix nMeercs Oojee deM OHa
MOJTHOCTBIO BBIUUCIIEHHAA TETIIs, a 3a9acTyiO0 Mbl HE UMeEM B PACIOpsKEeHUN BOOOIIe HI OTHON
netsieBoit monpasku. (C Ipyroft cTOPOHBI, MBI IMeEM KOCBEHHOE, HO CUJIBHOE CBUIETETHCTBO
TOTO, YTO, peaJbHO MHOYKECTBEHHOE U3JIydeHnue MATKUX [JIFOOHOB UrpaeT 3HaUYMTEeIbHYIO POJIb
B CO3MaHUU CTPYKTYPBI cOObITHA, HammpuMep, Ha LEP, uro ycranasmuBaer mpenesn npuMeHnMo-



CTHU TIOJIXOa MAaTPUIHBIX 3JIEMEHTOB. BestemcTBre Toro, 9T0 (ha3oBoe MPOCTPAHCTBO, TOCTYITHOE
71 U3JyYeHUd TJIFOOHOB, pacTeT ¢ MaKCUMaJbHOW JTOCTUAKMMOI sHeprueil, A3bIK MaTPUUHBIX
9JIEMEHTOB CTAHOBUTCA BCE MEHee TMOIXOAIINM IJIsi ONUCAHUSA TOJHOW CTPYKTYPBI COOBITUA
pu OoJtee BBICOKUX »HepruaX. OIHAKO MOBENEHNE PA3JIOKEHNA B PAI IO TEOPUH BO3IMYIIEHMH
YIIYHIIaeTCs ¢ POCTOM PHEPTUHU W3-3a BIAUAHUA Oeryiieli a;. Kak ciemcrsue, onmcanme WHKJTIO-
3UBHBIX BEJIUYINH, HAIPUMED, CTATHCTHKA XOPOIIO celapupyeMbIX cTpyi, TOJIKHO 0becreanBaTh
6osee HajleKHBIE PE3YJIHTATHI.

Bropoit BosMoKHBI{l MOIX0 — MapTOHHBIE JIUBHU. B 1aHHOM cilydae TPOU3BOJIBHOE YUCIIO
BETBJIEHN OHOTO TapTOHa B [IBa WJIM OOJIbIE TTAPTOHOB MOTYT OBITH OOBETMHEHBI [JISA IT0-
JIyIeHUA ONMUCAHUA MHOTOCTPYHHBIX cOOBITHH Oe3 olpenesIeHHOTO BEPXHETO TIPeIesia Ha TUCIIO
Y9IaCTBYIONINX MAPTOHOB. TO BIIOJIHE BO3MOYKHO, TaK KaK MCIIOJb3YeTCs He BhIpasKeHWe I
MOJTHOTO MAaTPUIHOTO 3JIEMEHTa, a TOJbKO MPUOINKEHU, MOy IeHHbIe YIIPOIIEHNEM KHHEMa-
TUKW, HHTep(hEPEHTTNOHHBIX BKJIAIOB U CIUPAJTHHON CTPYKTYPBI. Takum obpasom, oXumaeTcs,
4TO MapTOHHBIC JTUBHU JIaJIyT XOpolliee oNMucaie BHYTpeHHell cTpYyKTYpbl cTpyil, XOTA TpUHIIN-
NMaJIbHO JUBHEBbI OAX0 UMeeT OTpaHnYeHHYTO TPeAcKa3aTeJ bHYIO CUTY 114 BBIX0O/1a XOPOIIO
cemapupyembix ctpyii (T.e. 2/3/4/5-cTpyfHBIX CTPYKTYDP). Da MpaKTUKe JUBHEBBIE TPOTPAMMBI
MOTYT MCIOJIb30BaThCA 14 OMUCAHUA SMUCCUN KEeCTKUX DJIFOOHOB, B 4aCTHOCTH, B Tpolleccax

+€_—ELHHI/IFI/IJIHHI/H/I. SGCMOTPH Ha 3TO, JIMBHEBOE OIIMCaHUE HE ABJIACTCA OIITUMAJIBHBIM IIJIA

e
orrperniesieHn s abCOTIOTHOTO 3HATEHUS (v,

Urak, nBa momxofa sABIAIOTCA BO MHOTUX CJIy9asix B3aWMOIONOTHAOIIMMEI, 1 00a TpPUHHA-
THI K UCTOJTb30Barmio. OQIHAKO, W3-3a TPOCTOTHI M THOKOCTH, TTPENMYIIECTBEHHO UCTIOIb3yETCH
ONIINA TMAPTOHHBIX JIMBHEN, B TO BpeM#A KaK ONIMA MaTPUYHBIX 3JIEMEHTOB NpUMeHAeTcd A
onpenesieHnd (vg, YIJIOBBIX pacipeneseruil crpyil, n3ydyeHnd oT TPEeXTIIOOHHBIX BEPIIUH U TTPO-
UUX CHENMUAJbHBIX uccjienoBanuit. OQueBUmIHO, KOHEUHasA IEJb — UMeTh OIMCAHWe, B KOTOPOM

TapMOHWYHO COYETAIOTCA JIyHHInEe YepPThl obonx II0XOO0B.

2.2.1 MarpuuHble 3JIeMEeHTHI

Marpudnbie 3J€MEHTHI TPUMEHAIOTCHA, B YacTHOCTH, B peajmsanuu 1mo JETSET mporecca
ete™ = v*/7° = qq.

Hsg KOJl-usnydenns B Ha4aJIbHOM COCTOAHUU OBLIO TIPUHATO OMUCAHUE B TIEPBOM TTOPAIKE.
9TO O3HAYAET, 9TO COOBITUA pa3IeSA0TCA Ha JBA KJacca: COOBITHA, B KOTOPBIX TP 3HEPTUN
BBIIIIE HEKOTOPOH MUHUMaJIbHOMN u3Tydaercs ¢poror, u Ge3 Hero. B mocsennem Kiacce MATKwe 1
BUPTYaJIbHBIE TTOMPABKN ~CBAJIEHBI BMeCTe U ONpenedaioT 3(hdeKT, KOTOPhIli BepeH I OTHOM
nerau. JTor noaxon orauuno paboras mpu sueprusx PETRA/PEP, #o okazancs e ciumkom
XOPOIIUM /15 pacipeneaenuii Boiusu nuka Z°, T.e. B 0b1acTu, Tae cedenue ObICTPO U3MEHAETC s
1 TOYHOCTH HUCIE3AET.

Hnsa KX/I-usmydenus B KOHETHOM COCTOAHWE UMEETCH HECKOJIBKO OMIHU. DO YMOTIAHIIO
9TO — MaPTOHHBIN JIMBEHB, HO TacTO TaKyKe WCIOJIb3YETCA W ONIMNA MAaTPUIHBIX 3JIEMEHTOB.
9 pu onpenesienun 3- u 4-cTPYHHBIX COOBITHUH BBOAUTCS yCJIOBUE, ITO JTIOOBIE IBA MapTOHA MMe-
0T WHBAPUAHTHYIO Maccy Oojibiile HeKoTopoit mosm »Hepruum B cucteme [IM. Tpexcrpyiitbre
COOBITHS, KOTOpbIe HE YIOBJIETBOPAIOT 3TOMY TPeOOBaHWUIO, MOOABJIAIOTCA K IBYXCTPYHHBIM.
CretoBaTesTbHO, OMIUA MATPUIHBIX JIEMEHTOB MMEPBOTO MOPANIKA, KOTOPasd COMEPKUT TOTBKO
3- u 2-cTpytiiHble cOOBITHSA, HE TPUBOANT K HEOTHO3HATHOCTU. BO BTOpOM MOpsNKe, TIe paccMa-
TPUBAIOTCA TaKkKe U 4-cTpyiiable cOOBITHSA, TJIaBHBIN BOIPOC — YTO J€JaTh ¢ TEMHU COOBITHAM,
KOTOpBIE HE TMPOXOIAT Mo ycaoBuio otbopa. B 3aBucmmoctn oT BBIGOpa cXEMBI PEKOMOMHAIIN,
B KOTOpPOU /1Ba OJM3KUX MapTOHA MOTYT CJIMBATHCA B OMWH, MOJIYIAIOTCA Pa3INIHbIE COOBITHUA.
Buaunt, nuddepeHnuaibHoe cedenne BO BTOPOM MOPAIKE CTAHOBUTCS TIPEIMETOM HEKOTOPOi



nuckyccnu, u JETSET, meficTBUTETbHO, COMEPKUT JIBE PA3JTMTHBIE PeaSTM3allN.

Damporus, PYTHIA He comepKUT KaKUX-JTHOO MOJTHBIX MAaTPUIHBIX 2JIEMEHTOB BBICIINX 10~
PAIKOB €O BKJTFOYEHHBIMU METJIEBBIME MOMPAaBKaMu. KCTh HECKOIBKO CJIYUIaeB, IIe MaTpUIHbIe
9JIEMEHTBHI BBICIITUX TOPSIKOB BKJIOYEHBI Ha YPOBHE DOPHOBCKOTO MPUOIUKEHNA. JACCMOTPHUM,
HalpuMep, ciydaii obpasoBarus W mpm cTOJIKHOBEHWN aJlpOHOB, COMEpIKAIUil B HU3IIEM ITO-
psanke mpouece g — W. Dpu MHKIIO3MBHOM ONucaHMu A0OGaBOYHBIE cTpyH oTaadum orT W
MOTYT T€HEePUPOBATHCHA MapPTOHHBIME JUBHAMU. PYTHIA cOmMEpKUT TaKKe [IBa MPOIECca BTO-
poro mopsanka: qg — Wq' u g4 — Wg. Ceuenns »stux npoiieccoB pacxomsarcs mpu pp — 0.
B sToit obsractu mpaBmIIbHO OBIIIO OBl yUecTh METJIeBble MOMPABKU, KOTOPbIe HE COMEPIKATCH
B PYTHIA. B 3aBucumocTu ot usmaeckoro npemHasHadeHns MOXKHO HCIOJb30BaTh PYTHIA
OJTHUM 73 ABYX CrocoboB. B obsacT MasibIx p| MpeamouTuTeTbHON ABJIAETCH OMINA MaTPII-
HBIX 3JIEMEHTOB HU3IIETO TOPSIKa ¢ MapTOHHBIMU JUBHAME. 9 alpoTwuB, Mjis oOpasoBanusa W
pu OOJIBININX P JUBHEBBIN TOIXOM CIUIMIKOM HETOUEH, I9TOOBI MaTh MPABMJIBHOE CEUEHUE; BIIO-
6aBOK MeXaHW3M 0TOOpa coOBITHUl oueHb Hea(hpeKTUBEH. 3/Mech DoJlee BBITOMHO TEHEPUPOBATH
COOBITIS B TTEPBOM TOPAIKE, a 3aTeM JT0OABJIATH JIMBHU IJI5 ONMMCAHNSA TOTMOJTHUTETHHOTO bostee
MATKOTO W3JTyIEHUH.

2.2.2 DapToHHBbIE JIUBHHA

Dasnesienre n3IyYeHUA Ha JUBHU B HATabHOM U KOHETHOM COCTOSHUU TTPOU3BOIHHO, HO OUEHD
ymobro. CylIecTBYIOT CHTYaIIH, Tle TO yMecTHO: HampuMep, mpormecc ete” — Z° — g co-
nepxEuT Tobko KX I-usmyuenne B koneurom cocrosgaun (KD/-usmydenne, onHako, BO3SMOKHO
KaK B Hava/JbHOM, TaK M B KOHETHOM COCTONHWM), TOT/a Kak mporecc qq — Z° — ete™ co-
nepxuT Tosbko KX/I-m3imyuenne B HaUabHOM COCTOSHUU. AHAJIOTHIHO, pasIudue MeKITY
U3JIyYeHuEeM, UIYIIIM OT ¢ W OT ¢ ABJISAETCA MPOW3BOJBHBIM. B TesioM, mpumnucanue m3Jjryde-
HUS JaHHOMY MaTepWHCKOMY MapTOHY €CTh XOpollee TPUOINKEHNE I U3JTyIEHUA B y3KOM
KOHYCe BIOJIb HAIlpAaBJIEHUA [IBUKEHUA HTOTO MapTOHA, HO He JIA MIWPOKOYTJIOBOH »Muccum
MeXy HalpaBJIEeHUAMI IBYX CTpyl, Korma, Kak OXuIaeTcs, OyIayT CyIecTBEHHBI 3(DeKThI
naTepdEepeHInm.

B nuBHAX B HaYaJ hbHOM W B KOHETHOM COCTOAHUHU CTPYKTYpa 3alaeTcd B TEPMUHAX IIe-
pexonoB a — be, a umenno, € — ev, ¢ — q9, ¢ — qY, § — gg u g — qq. Kaxnaeiii us
5TUX TIPOIECCOB XapaKTepU3yeTcs AnpoM pactiersierns P,_u.(2). BeposaTrocts mepexoma mpo-
nopimona bta uHTErpany [ P,p.(2)dz. 3radenwe z, BpIOpaHHOe IJIA Tepexoia, ONMCHIBAET
pasmesienne sHEPTUN MeKIy nodepHedt dacTuteli b, 3abupatotieil 100 HEpTUN 2, U T09epHel
qacTutelt ¢, mosydatolieii octatok 1 — z sHeprunm gacturpl ¢. ChopMUPOBABIINCH, TOUepHTE
JacTUIBI b U ¢, B CBOIO OUepeh, MOTYT BETBUTHCH, U T.]I.

Kaxxapiit mapToH XapaKTepusyeTcs HEeKOTOPBLIM MAacIITaboM BEPTYaJbHOCTH ()%, KOTOpLIiH
maeT TpubJIM3UTETHbHOE OIIYIEHNe YIOPANIOYEeHNs IO BpEMEHW B KacKale. B JuBHAX B Ha-
YaJIbHOM COCTOAHMHU 3Hadenue Q% 3aMeTHO Bo3pacTaeT ¢ NPUOJUKEHHEM K caMOMY IPOIeccy
KECTKOIO paccesAHus, B TO BpeMs KaK B JIUBHAX B KOHeUHOM cocToAnuu Q% ymenbiiaercs. DBo-
JTIOTIW A JTMBHA OTCEKAETCS TIPU HEKOTOPOM HUZKHEM TpeneabHOM (Jo, 00braHo paaoM 1 [»B msa
KX/l-usnyaenus. Taxoit ke mMacurrad obpe3aHus MCIOTb3YETCA U yCTPAHEHUS PACXOINMO-
cTell TTpU W3JIYyIeHNT MATKAX TJIFOOHOB B Apax paciierienns. (UBepXy BBOIUTCA MaKCHMAThb-
HBbITT MaciTad ()4, TPUBAIBIBAIONINY JTUBEHb K cAaMOMY YKEeCTKOMY mpoteccy. CBsA3b MeKIY
Q) mar M KHHEMATHKON JKECTKOTO paccedHUsA HE SABJIAETCH ONpeNeeHHON, U 3TOT BBIOOD MOKeT
CUITHHO TOBJINATH HAa CYMMapPHOE KOJIMIECTBO XOPOIIO CelapupyeMbiX cTpyii.

DecMOTpsA Ha MHOKECTBO ODIINX UEPT, MEXAHW3MbI JINBHEN B HATAJIbHOM I KOHETHOM COCTO-
SHUW Ha CaMOM JIeJle BeCbMa Pa3JIUIHBI W OMUCHIBAIOTC HUZKE PA3IEbHO. DO UCTOPUIECKITM



OpUYrHaM JIMBHA B HAYaJbHOM COCTOAHUN MOABUINCHL B JETSET, a B KoHeuHOM — B PYTHIA.

JIUBHU KOHEYHOrO COCTOAHUA BpeMeHUNogo0Hbl, T.e. m? = E*—p? > 0. DosToMy B KacKae
nepeMenHtas sBosonun (Q? cpasbBaerca B JETSET ¢ m? BeTBAIIErocs NapToHa, OIHaKO 3TOT Bbl-
Gop He ABJIAETCH eIMHCTBEHHBIM. DadnHas ¢ () . HadaJbHBIN TapTOH 3BOJIIOMOHNDPYET BHES
no (J? 1o Tex mop, HoKa MPOUCXOIUT BeTB/eHue. Boibpannoe sHadenue (Q? ompenesnser mMaccy
BeTBANIErocsA MapToHa, & 2 B AApe paclleljieHusd — pachnpeneseHne sHepTruu mapToHa MeXKy
ero modepunmu dactuiiamu. OQHE MOTYT, B CBOIO OUYEPENh, SBOOINNOHIPOBATH BHU3 ¢ MaKCH-
MaJbHON BUPTYaJbHOCTBIO, TeNeph YiKe onpenesideMoil KuHeMaTuKoill, jaJjgee, 10 Tpelie/bHOro

sHadenud (Jo.

B KX/I-nuBHAX mONpaBKu K KapThHHe JUAMPYIONero sorapudma (T.H. KOTepeHTHBIE 3-
(beKTHI), IPUBOAAT K yIOPATOTEHINIO MOCTENYIONX aKTOB N3JIyUeHNA ¢ TOUKN 3PEHUA YMeHb-
WAMONIAXCA YIJIOB. JTO He CJIeAyeT aBTOMaTUYeCKH M3 OrpaHMYeHNsA Ha yIIOpAJ0YeHne Mace, a
BBOJIUTCHA KaK JOMOJHUTEIhHOE YCJIOBUE Ha pa3pellleHHble aKThl M3J1y9eHus. Y IJI0BOE YIOopsi-
JoUeHre He BJIMAeT Ha W3JydeHue ¢poToHoB. Kpome Toro, MoKHO MOJYyYNTh HETpUBHAJIbHBIE
KOPPeJIAIIE MEKy a3uMyTa bHBIMI YIJIAaME B pa3IMUHBIX IIepeXoax, HEKOTOPhIE M3 KOTOPBIX
BBEJIEHBI KaK OIIMUK. JaKOHEI, TeOpeTHUYecKuil aHa/m3 ABHBIM 00pa30M Npeno/araer BhIOop
Macmtaba as = as(pl) = as(2(1 — z)m?), 4To ycTaHOBIEHO B MpOrpaMMe MO YMOTIAHHIO.

Mexanusm u3iydeHns B KOHETHOM COCTOAHUM NpuMeHserca B cucteme [IM mis mportecca
JKECTKOTO PacCeaHus. 2 OoJHad SHEPIU U HMIIYJIbC JKECTKO pacCerBaIONIeHics cCCTEeMBI COXPaH -
I0TCH, KaK W HalpaBJeHne BHIXOIANINX TapTOHOB (B JaHHO! cucreme). B ormmawe ot nuBHel B
KOHEYHOM COCTOSHUM, JUBHE B Ha9aIbHOM COCTOAHUHU ABJIAIOTCA MIPOCTPAHCTBEHHOIOIOOHBIM.
9TO 03HaTAET, UTO B MOCIETOBATEIHHOCTH TIEPEXOIOB ¢ — be, KOTOPBHIE BOCXOIAT OT MHUIIAATO-
pa JIMBHA K KeCTKOMY TIpolieccy, 9acTulbl a u b nveror m? = E? —p? < 0. Croponnnit mepexon
JJIA 9acTUIBI ¢, KOTOpas He yJIacTBYeT B KECTKOM paccedHNUW, TTPUBOJUT K MOMEIIEHTIO Ta-
CTUIIBI Ha MaCCOBYIO MOBEPXHOCTH WMJIM IMPHOOPETEHUIO BpeMEHHUIOI00H0H BUpTyaabHocTH. B
mocJIeTHeM ciIydae OoT Hee pa3BHBAETCA BPEMEHHUIOTOOHDIN JIMBEHD, JOCTATOUHO MOXOKUH Ha
n3JIydeHre B KOHETHOM COCTOAHNN, KaK OBLIO ONMMCaHO BbIle. B mepBoM mpubImKeHnnm 3BO-
JIOIU S TJIAaBHOM IIPOCTPaHCTBEHHOIOMOOHON BETBH XapaKTepHU3yeTcs MepeMEHHON BOJIIONNN
(Q? = —m?, Ha KOTOpYIO HaJ0KEHO YKecTKOe YCJIOBHMe HapacTaHWA ¢ JIIBHEM, T.e. QZ > QZ
DoImpaBKu K »TOH KapTUHE MOACUNTAHbI, HO B PYTHIA, B OCHOBHOM, OTCYTCTBYIOT.

WNsnyderne B Ha9a/bHOM COCTOAHUN PETYIHPYETCA ¢ IIOMOIIBIO CXeMBI 00paTHON HBOJIOIIH.
B »ToM momxome BBIOOP KECTKOTO paccesHms OCHOBBIBAETCA Ha MCIOIb30BAHUU IBOJIIOIUOHT-
PYIOUINX CTPYKTYPHBIX (PYHKIWH, UTO 03HAYaeT, UTO BCe MHKJIIO3UBHBIE 2(DPEKTHI U3y ICHNA
B HaJaJbHOM COCTOSHHUH YK€ BKIOUECHBI. DTO IeaeTcs, HadWHas ¢ ABYX BXOMAIIAX MapTO-
HOB B KECTKOM B3aWMOIEHCTBUM, MPOCIeRKNBAHIEM JIHBHEH ~0obpaTHO 1O BpeMeHu , Ha3ald K
IBYM HHUIHaTOopaM JimBHel. [IpyruMu croBamu, MOJIYYIUB MapTOH b, MBITAIOTCA HAaWTH MapTOH
@, KOTOPBIfl COBEPIIMI Mepexon B b. D0O3TOMY IBOJIONUA IPU MOHTE-KapJ/IOBCKOM MOIEINPO-
BaHUN paccCMaTpUBACTCA B MOCIEIOBATE/IHHOCTH YMEHBIMAIOIINAXCA TPOCTPAHCTBEHHOIOTOOHBIX
BUpTYyasbHOCTeH (Q? 1 pacTyIux goseit uMmysibca r. BeTBiieHne Ha fBe YacTHIIBI yIIOPAI0UEHO
ob1eit mocIe10BaTeTbHOCTIO cHIKatommxesa Q2.

B onucannom Bbimie popMamsMe HET peaabHOro Pas/Iimdus MeXIy H3JIyderHuneM (pOoTOHOB
1 TJIFOOHOB. Da caMOM Jiejie HeKOTOpbIe IeTa/ii OTJINYaloTcA, KaK OyaeT oObsiACHEHO Jajee B
riase 6.

Nsnyuenne B Ha9aJ/bHOM I KOHETHOM COCTOSHUU CIBUTaeT KUHEMATUKY MEPBUIHOTO KeCT-
KOTO B3amMoJleficTBuA. B riIyboKoHeylIpyroM paccesHHE »TO o3HadaeT, 9To 3HaueHus r u (7,
KOTOPBIE MOTYT OBITH M3BJICUYCHBI U3 MMIIYJIbCa PacCesHoro JIEITOHa, He COIVIacyloTca ¢ M3Ha-
JaJIbHO BBIOpaHHBIMEU 3HadeHUAME. B mporieccax ¢ OOJBIIMMI p; 9TO O3HAUAET, UTO MMEIOTCSH
COOBITHSA He ¢ IBYMS IPOTUBOIOJIOKHO HAIPABICHHBIMI CTPYAME U CKOMIIEHCHPOBAHHBIMI P ,



a obsramarorme OoJtee CII0KHOM TomosoTHEH. D 039TOMY 2P PEKTHI OT JTFOOBIX TEPBOHATATBHBIX
OTpAaHWYEHN CMa3bIBAIOTCSA, M B 9TOM 3aKJII0TAETCA HETOCTATOK MOIXO0/Ia, OCHOBAHHOTO Ha Iap-
TOHHBIX JINBHAX.

2.3 9D ydKoBBbI€ OCTAaTKMH

B anpoH-aIpoHHBIX B3aMMOIEHCTBUAX AJITOPUTM W3JIYUYEeHWA B HAYaJbHOM COCTOAHWU PEKOH-
CTPYHUPYET IO OTHOMY WHUIMATOPY JIUBHS B KayKION MyIKOBOW JacTure. DTOT WHUIHATOD YHO-
CUT TOJIPKO 9acTh TOJHOM »HEPTUN MydKa, OCTaBJIAA TOCse cebs MyIKOBBIN OCTATOK, KOTOPBIi
3abWpaeT OCTATBHYTO »HepTuio. [[Jid TpoTOHHOTO MyYKa KBapK-UHUIIIATOP U OCTABUT 3a COOOI
IUKBAPKOBBIN MyYKOBBIN OCTATOK ud € aHTUTPUILIIETHBIM IIBETOBBIM 3apsanoM. (remoBaresbHo,
9TOT 1BETHOM OCTATOK CMJILHO CBA3aH ¢ WHUIMATOPOM, YHACTBYIOUIMM B YKECTKOM B3anmMojeii-
cTBUU, W 0Opa3yeT dacTh ONHONW W ToOl ke pparmMenTupyfoeit cucrembr. [lasee, Kak 0O6bIIHO,
WHULIMATOPY JIMBHA TPUIUCHIBACTCA HAYAJJIbHBIM MONEpedYHbIl MUMITYIbC, YUUTHIBAIOUIMN IBU-
JKeHre KBapKOB BHYTPH HAIabHOTO aJpOHA, KaK 3TOTO TPedyeT MPWHINIT HEOTPEIeTeHHOCTH.
ITOT Hada bHBIN k| BRIOMpaeTCA B COOTBETCTBUU € HEKOTOPBIM MTPUEMJIEMBIM pAcCIpeneeHneM,
1 OT/Iaqa, 10 TPEINOJI0KEHNIO, 3a0UpaeTca Y IKOBBIM OCTATKOM.

Hacro ocrarok Oostee CJIOKEH, HApUMep, WHUIHATOP ¢ OCTaBJIsAeT 3a coDOW TTPOTOHHYTO
OCTATOYHYIO cUCTeMY utd B OKTETHOM TIO IIBETY COCTOSHUN, KOTOPOE MOKET OBITH yI0OHO pas-
JIeJIeHO Ha IBETHOM TpunnerHsil KBapK W IBETHON aHTUTPUIIIETHBIN IUKBapPK, KaXKIblii 13 Ko-
TOPBIX CUJIBHO CBA3aH € KECTKUM paccegnueM. [lyis 3aganmsa pacnpenesieHus SHEPTUN MeKITY
TUME JIBYMA OOBEKTAMU W UX OTHOCUTEIHHOTO TOMEPETHOTO MMITYJIbCA BBOMATCH HOMOJTHE-
TeJIbHBIE CTEMEeHN CBOOOIBI, KOTOPBIE HE MOTYT OBITH MOHATHI W3 MEPBBIX PWHIIUTIOR.

prOHIGHHO MOZKHO OXKHUIaThb, YTO cobpITHE ep nMeeT TOJIbKO OIWH quKOBbIﬁ OCTaTOK, a
+
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€~ ero He mMeeT. ITO He BCeTla BEPHO, B YaCTHOCTH, B3amMojelicTBUe Yy — ¢ B
_|_

cOOBITHE €

cobplTm €T e ocTaBUT IIYYKOBBIE OCTAaTKHN €

_|_

u e~ , a B3auMmonaeiicrsue ¢ — gg B CTPYKTYPHOM

* 7 ommE ¢/¢ B KaKmIoM ocTaTKe.

doTopoxkneHn B cOOBITUN €T €™ OCTaBUT TOCTE cedsA OINMH €
CooTBeTCTBYIOIIIE YCIOKHEHNS MOTYIAlOTCA TPU (POTOPOKIEHUN B COOBITHAX €p.

Ects m npyroit mcTOUHWK TMyYKOBBIX OCTATKOB. Kciam cTpyKTypHBIE (DYHKIINU UCTOTB3Y-
OTCS JIJIA ONpelesieHns BHYTPEeHHel CTPYKTYPBI 2JIEKTPOHA, KaKag-TO 9acTh OT HaJaJbHOM
9HEPTHUH HE UCIOJIb3YETCs B KECTKOM COYIapeHWH, a CBA3BIBAETCHA € U3JIyIeHWEM B HaTasb-
HOM cocTogHWE. JIuBeHDb B HaTaJIbHOM COCTOAHUU UCIOJIB3YETCA IJIA TOTO, YTOOBI TTIPOCIENNTH
9Ty BOJIIOIUIO M PEKOHCTPYUPOBATh HAYAJbHBIN 3JIEKTPOH TEPEI TEM, KaK ITPOU30IILI0 KaKoe-
aubo msmaydernme. OmHAKO M3-3a MPOIENYPHI 0OpE3aHUs MOKHO ~HETOCIUTAThCsA HEKOTOPOi
MaJjolt JacTn HadaJbHON »Hepruu. C mApyroii cTOPOHBI, BBI MOXKeTe OTKJIIOUUTH U3JIydeHUe B
HaJaIbHOM COCTOSHWW, OTHOBPEMEHHO COXPAHWB [IJIf CTPYKTYPHOTO 3JIEKTPOHA CTPYKTYpPHBIE
dyukmuu. B obowx cirydasx ocTaonascs sHEPTHA TePelaeTcss OINHOTHOMY (DOTOHY ¢ HYJIEBBIM
MOTTEPETHBIM UMITYJIbCOM, KOTOPBIfI MHTEPIPETUPYETCs 3aTeM B TOM Ke IyXe, 9TO U~ HaCTO-
e’ My9KOBbIE OCTATKH.

Ho cux mop MBI TpemmnoJiarajn, 910 KaXKIoe COOBITHE COMEPKUT TOJBKO OIHO JKECTKOEe
B3amMoJlelicTBIe, T.e. KaX/1ad HadaJbHas TacTUIA COMEPKUT TOJHKO OIMH TapTOH, KOTOPHIH
MPUHUMAET yIacTue B KeCTKOM IPOIlecce, a BCe OCTaIbHbIE KOHCTUTYEHTHI IIPOXOIAT HAaCKBO3b,

+€_ mjinm e€p, OIHaKO HeE O6H3ELT6JII)HO CITpaBEIJINBO

He M3MEHUBIINCh. JTO BEPHO JJIA COOBITHH €
IS aIpOH-aIPOHHBIX COyAapeHuil, m, TaKuM 00pa3oM, BEPOATHOCTh HECKOJBKUX B3amMoeli-
CTBUH B OTHOM U TOM K€ COOBITUU He MOYKET cUmTaThca mpeHebpexumo masolt. B mpunnmme,
9TU JOMOJHUTESbHBIE B3aUMOAEHCTBUA MOTYT BO3PacTaTh, TaK KaK MapTOH U3 OAHON My4KOBOM
JaCcTUIIBl MOXKeT pacceATbCA Ha HECKOJbKMX Pa3/IMYHbIX MapToHax W3 ApYyroif, mjm moTomy,

YTO HECKOJIBKO ITapTOHOB U3 KEL)KILOﬁ quKOBOﬁ HJacCTUObl YIaCTBYIOT B OTIEJIbHBIX PaCcCEAHMAX



2 — 2. Bo3smoxubBI 00a BapwaHTa, OTHAKO, ¢ TOUKN 3pEHN s KOMONHATOPUKH, MPEIIOUTHTETbHEE
MOCJIeTHUN, KOTOPBIT W ABJIAETCA MEXAHU3MOM, TPUHATHIM B PYTHIA.

Homunupytomme cegernna KX/ 2 — 2 pacxomsarcs npum p; — 0 m ObicTpo mamatoT mpu
60X py. BeposATHO, ceueHns HU3UINX TOPIKOB TEOPUN BO3ZMYIIEHUH OYIyT MOMpPaBJIEHbBI
pu MaJIbiX p) 3¢ dexTamMu MBeTOBON KOTepeHTHOCTH: OOMEHHBIN TUTI0OH ¢ MAJIBIM P UMeeT IT0-
MePETHYIO BOJHOBYIO (DYHKITHIO W TTO3TOMY He pa3jindaeT WHIMBUIyaIbHBIE IIBETOBBIE 3apsIbI
NIBYX CTAJIKUBAIONINXCA AJIPOHOB; CJIETOBATETBHO, OH MOTYBCTBYET TOJIBKO CPEIHU 1MBETOBOI
3apsan, wcaesarouuit mpu p; — 0. Besenctsue sToro B mporpaMmy BBemeH HEKOTOPBIH -
pexTuBHBIH MacuITad P ,i,, HIZKE KOTOPOTO cedeHne M0 TEOPUU BO3IMYIIEHUH TTPenoIaraeTcs
WM HYJIEBBIM, WM CUJIBHO TTOMaBIeHHBIM. V3 sKcliepuMeHTa AJIA Py pip TOIYIaETCH 3HATEHTE
nopanaka 1,5-2,0 ['3B.

Takum o6pasoM, IJid THIUIHOTO cOOBITHA ~“minimum bias” (¢ MUHUMAIbHBIMEI Y CIIOBU -
MU Ha 0TOOp) MOJKHO OKHUIaTh, UTO HAWIETCA OIHO WIIN HECKOTBKO COOBITHH pacCesHus Mpi
MaciTabe TMOpAIKa WM HEMHOTO OOJIBINE P i, XOTSA U IS COOBITHH ¢ OOJBIIUME P TaKzKe
BO3MOXKHBI JIOTIOJTHUTETbHBIE aKThl PAaCCEAHNA TIPU JaHHOM Maciitabe. BepoaTHOCTh MMeETH He-
CKOJTBKO paccesHuit ¢ OOJIBIIUME P B OIHOM COOBITHN MaJjia, TaK KaK cedeHue ObICTPO MalaeT
€ pOCTOM pj .

D oHVMaHIEe MHOTOKPATHOTO PAaCCEsHUS /10 CUX MOP ABJIAETCH MPUMUTHBHBIM, U TaKe IKC-
MepuMeHTaIbHbIE TOKa3aTeJbCTBA TOTO, 9TO OHO CYIIECTBYET, TOCTATOTHO CJIADBI. 203TOMY
PYTHIA comepKUT HECKOJBKO PA3IUIHBIX OMIUil, B 9acTHOCTH, OIHY TPUMUTHBHYIO, YCTAHO-
BJIEHHYTO 110 yMoJrdanuio. OUIuu oTImdaoTcs TaK:Ke U [0 OTHOIIEHWIO K Bompocy ~sddekTa
mbeecTaja’: pacTeT JIM BEPOATHOCTH TOMOJTHUTESbHBIX B3aWMOIENCTBUN B COOBITHE, COMEp-
JKallleM JKecTKOe B3amMoJIeficTBIe o CpaBHEHUIO ¢ He COMEPIKAIIINM TaKOBOTO!

2.4 @parmeHTanUsd

Teopus Bosmytiennit KX /I, chopmynmupoBantas 11 KBApKOB 1 [VTFOOHOB, CIIPaBEIINBa Ha Ma-
JIBIX PacCTOAHUAX. Da 6osbinx paccroannax KX/ craHoBuTCA cHIbHOB3aMMOIEHCTBYIOINIEH,
u Teopus Bo3MylueHuil ne paboraer. B pexume kondaiimmenTa 1MBeTHBIE MapTOHBI Mpeobpa-
3yIOTCsA B OeclBETHBIE aJPOHBI, a MPOIEece MPeobpa3oBaHms Ha3bIBACTCA aJpOHU3AlMedl mm
dparmenTanueti. B aToM ommcaHuM MbI OCTaBJIAEM TEPBBIH TEPMUH /I KOMOMHAIWEH (hpar-
MEHTAIIIU W TOCJEIYIONIEro pactaia HecTaOUIbHBIX JaCTHIIL.

Dporece pparMeHTalnn ele He MOXKET ObITh MOHAT W3 MEePBbIX MPUHIIUIIOB, HAUNHAs ¢ Jia-
rparkurana KX /1. 910 ocraBiasger ¢cBOOOTHBIM MyTh s Pa3BUTHA MHOXKECTBA (DEHOMEHOIOTH-
qeckux Mogesieil. OObIYHO pas3uIaioT TPU OCHOBHBIX HAIPABICHUsA: CTPYHHas (bparMeHTalns
(CP), mesapucnmas dpparmentamms (DP) u kaacrepras Ppparmertanysa (KP), xorsa cymecTsy-
€T MHOTO BapMaHTOB W THOPUIHBIX Mojeseh. fABssch TOJBKO MOJEIAMEI, HI OHA U3 HUX He
MOZKET TIPETEHI0BATh Ha ~WCTUHHOCTH , HO HEKOTOPBIE U3 HUX MOTYT OBITH JIydiine 00OCHOBAaH-
HBIME, 9eM Apyrue. Jlydine#t sBiasercs Ta, 4To HalleJeHa Ha BHYTPEHHIO COMIACOBAHHOCTD,
Xopolilee TpecTaBIeHre CYyIEeCTBYIONNX TaHHbIX W UMeolas MPeIcKa3aTe/IbHyIo CUIY B ellle
HEU3YUCHHBIX 00JIaCTAX WU [IJIA PE3yIbTaToOB pH OoJiee BBICOKUX IHEPTHUAX.

JETSET BHyTpeHHEe cBA3aHa CO CTpyHHOHN (dparmentarmeii B (bopme TpaIuiimoOHHON JTyHI-
mMomean. Oumust cTpyHHOH parMeHTallui BKIIOYEHA 10 YMOJYAHWIO /I BCeX MPUMEHEHUH
JETSET/PYTHIA, oiHaKO CYIIECTBYIOT TaKKe OIMIIUU HE3aBUCUMON (pparMeHTallui, TTPUMEH -
IOIIAecs TOTA, KOTJa Hy KHO HCCJIENOBATh MPOABICHIA CTPYHHBIX 2(PPEKTOB.

Bee coBpementbie Momein (pparMeHTaIME UMEIOT BEPOATHOCTHYIO U UTEPATUBHYIO TIPUPO/TY.
DTO O3HAYAET, UTO Mpoliece (pparMeHTall KakK TaKOBOW ONMUCHIBACTCA B TEPMEUHAX OIHOTO WJTH
HECKOJIBKHUX TPOCTHIX OCHOBHBIX BETBJICHUH THIA TPy — aJpOH + OcTaTodYHas CTPYs, CTpyHA



— AIIpOH + OCTaTOYHas cTpyHa ¥ T.1. g Kaxkmoro mepexona 3a1afoTcs BEPOATHOCTHBIE Tpa-
BILJTa, POXKIEHN HOBBIX apOMATOB U paclpeieseHrs SHEPTUN U UMITYJIbCa MEXKTY TTPOLYKTaMu
dparmenTanm.

Yrobbl mOHATH pparMeHTallMOHHBIE MOJIEJIN, TOJEe3HO HadaTh ¢ mpocTefiniefl BO3MOK-
HOl CcHCTEMBI — € CHHIJIETHOTO IO IBETY 2-CTPYHHOro cOOBITHA ¢, POKIeHHOro mpm ete™—
aHHUTHIIATINN. 3neck ucciaenoBanua KX /I ma pemrerke maror obocHOBaHME KapTUHBI JTHHEHHOTO
KoHpaiiiMenTa (B OTCYTCTBIE TWHAMUYIECKNX KBAPKOB), T.€. YHEPIU, 3alaceHHAA B IIBETOBOM
oJie MEKIY 3apfAIOM W aHTU3apAIOM, PAcTeT JTUHEHHO ¢ pas3leeHrneM 3apaI0B, ecin MpeHe-
Opedb KYJOHOBCKUM TJIEHOM. DTO COBEPIIEHHO OTJimdaeTcd oT Tunudnoro K9/[-moBemenus u
CBA3AHO ¢ MpUCyTcTBUEeM TpexTiioorHoit Bepimabl B KX /. Oprako getasm aToro mporecca etie
HEIOCTATOTHO XOPOIIO U3YIEHBI.

9 pemmosioxkenre o JUHeHHOM KOoH(palHMEHTe 00eCeTnBaeT CTAPTOBYIO TOUKY B CTPYHHOMN
mMonesnn. Korma ¢ m ¢ ABUZKyTCA IPYT OTHOCUTENBHO Apyra OT oOIlelt TOUYKW poXKIeHu#d, hu-
3mvYecKads KapTUHA COCTOUT B TOM, UTO TPyOKa IBETOBOTO TIOTOKA BBITATUBAECTCA MEKIY ¢ W .
Dorepednbie pasMepbl TPYOKHW W THITMIHBIE pa3Mepbl aapoHoB — mopsanka 1 ¢pm. Ecam tpybra
MpeoiaraeTcs OTHOPOIHON o Beell AIMHE, TO 9TO aBTOMATUIECKH MPUBOINT K KOH(MalHMeH-
Ty ¢ JUHEHHO PacTyIINM MOTeHInAJIoOM. 14 moTyaenns JTOpeHT-nHBAPUAHTHOTO U MPUINHHO-
rO ONMUCAHUA TMOTOKA YHEPTHUN € yIETOM JIMHEHHOTO KOH(MaliHMeHTa JIyTIile BCero UCIOIb30BaThH
dopMam3M TUHAMUKE 0E3MacCOBOM PESTATUBUCTCKON CTPYHBI €3 MONepeTHBIX cTelenel cBoOO-
nbl. MaremaTudeckn ofHOMEpPHASA CTPYHA MOYKET CIUTATHCS MTapaMeTpU3alueil oToKEeHNS OCr
MIJIMHIPUIEeCKH CUMMETPUIHOW TpyOKW moToKa. W3 aJpoHHON CHEKTPOCKONNN W3BJIEKAETCH
cTpYHHas KOHCTaHTa, T.€. »HEPrUs Ha €IUHUILY IJIUHBI, U oHa paBha £ ~ 1 ['9B/dm. Beipaxe-
Hue "be3MaccoBas’ HECKOIBKO HEBEPHO: Kk 3((PEKTUBHO COOTBETCTBYET ~MaCCOBOH MIOTHOCTH
BJIOJTH CTPYHBI.

Temeps maBaiite obparmMes K mpoteccy dpparMerTanun. Korma ¢ m ¢ IBUKYTCA IPyT OT
IIpyTa, HEpPIusd, 3allaceHHas B CTPYHE, BO3pACTaeT, M CTPyHa MOKeT 000OpBAaThC € POKIEHUEM
HOBO Tapbl ¢'¢’', Tak 4TO cUcTeMa PACIICIIAETCA Ha IBe CUCTEMbI, CHHIVIETHBIX 110 IBETY: ¢q
u ¢'q. Ecim waBapmanTHas Macca JIOO0H W3 MOJSYUEHHBIX TaKUM 0OPAa30M CTPYH TOCTATOTHO
BeJIMKA, TPOUCXONAT HaJibHellme pa3spbiBbl. B JIYyHIOBCKOW CTpYHHOW MOMEH MPOIlece pas-
pBIBa CTPYHBI MIPOJOJIKAETCA 0 TEX TOpP, MOKa aJIPOHBI OCTAIOTCA HAa MacCCOBOW MOBEPXHOCTH,
7 Ka Kbl aJpOH COOTBETCTBYET MAJIEHBKOMY KyCOUKY CTPYHBI ¢ KBADKOM Ha OTHOM KOHIIE 1
AHTUKBAPKOM Ha IPYTOM.

D pu refepalnny mapbl ¢'¢° B TOYKe pa3pbiBa CTPYHbI JIYHIOBCKasd MOJE/b 00palllaeTcs K uiee
KBAHTOBOMEXAHNIECKOTO TYHHETUPOBAHUA. ITO MPUBOINT K HE3ABUCAIIEMY OT apoMaTta Tayc-
coBOMY crekTpy mo p; map ¢'¢q'. Tax Kak cTpyHa IpenoaracTcsa He UMeolell momepeaHbix
BO30Y K JIeHW, 9TOT P JOKAJIBHBIM 00pa30M KOMIIEHCHPYETCA MeXKIy KBAPKOM U aHTHKBAPKOM
mapbl. DOJHBIN p| agpoHa co3MaeTcA W3 BKJIAJOB MO P OT KBapKa W aHTHKBapKa, KOTOpbHIE
dopmupytor anpor. B 310 ommcanme TakikKe MOYKHO BKJIIOUNTH HEKOTOPBIH BKJIAI OT TEPTYP-
O6aTUBHOW >MUCCUN OU€SIb MATKAX TJIFOOHOB.

Kaprtuna rynresmpoBanus mpenoiaraeT mogaBIeHne 00pa30BaHUs TAKETBIX KBAPKOB — U :
d:s:ca~1:1:0,3:107". 3uauur, crenyer oxKumaTh, 4To 04apoBaHHLIH U GoJlee TsKesble
KBapKWU OYIyT POKIATHCA HE B Mpollecce MATKON pparMeHTannm, a TOJbKO B MepTypOaTUBHBIX
mepexoax mapTOHHOTO JIUBHA § — ¢(.

Korna kBapk m aHTUKBapK, paclo0oKeHHbIE ~ 0 COCENCTBY  Ha CTPYyHE, OObEeINHAIOTCA 1T
dopMupoBaHUA ME30HA, HEOOXOIIMO 3a71aTh aJITOPUTM BBIOOpA MEKIY PA3JIUIHBIME Pa3peleH-
HBIMI BO3MOYKHOCTSME, B OCOOEHHOCTH MEZKIY MCEBIOCKAIAPHBIMEI M BEKTOPHBIMI ME30HAMI.
Tyt cTpyHHas MOmesh HE CJAUIIKOM CHJIbHA B MPEICKa3aHuAX. Ja KadeCTBEHHOM YPOBHE OXKI-
maeTcAs OTHOIIeHWe | : 3 U3 ydeTa 9mcjia CIUHOBBIX COCTOSHUN, YMHOKEHHOTO Ha HEKOTOPBIH



HOPMUPOBOYHBIN KO PHUIUEHT BOIHOBOH (DyHKINE, KOTOPBIH 0OTBEeTaeT 3a MOJaBICHUE TiKe-
JIBIX COCTOAHUIA.

Kpome Toro, MexanwsM TYHHEJWPOBAHWSA MOZKET OBITH UCIOJIB30BAH Jid (DOPMUPOBAHUIA
6apuoHOB. DTO 110 cUX TOp cjiabo m3ydeHHas obIacTh. B mambosiee TPOCTOM U3 BO3ZMOKHBIX
MOJIXOMIOB AUKBAapK B IBETHOM AHTUTPUILIETHOM COCTOAHWHN PAacCMaTPUBAETCs KaK OOBITHBIN
AHTUKBAPK, TaK UTO CTPYHA MOKET Pa3phIBAaThCA Ha KBaPK-aHTUKBAPKOBbBIE WJTH aHTUINKBAPK-
IMKBapPKOBBIE TTaphbl. JoJjiee CIOXKHBIH ciienaputt — "MoOmKopH” , TIoe TUKBApKN KaK TaKOBBIE He
CYIIECTBYIOT, & BMECTO 3TOTO OHA 3a APYTOH pOKIAtOTCA KBapK-aHTUKBAPKOBBIE Mapbl. IJTa
MocJIeTHAA KapTUHA TaeT MeHee CTPOTYIO0 KOPPEJIATINIO o apoMaTaM U WMITYThbCHOMY TTPOCTPaH-
CTBY IJid DapmoHa W aHTHOAPWOHA, COCTABJIAIONINX TTapy.

B mestom, pasaudHble cTpyHHBIE Pa3spbiBbI TIPUINHHO Pa3beINHEHBI. DTO O3HAYAET, TTO
MOYKHO OIUCBHIBATH Pa3pbIBBI B JIIOOOM YIO0OHOM TOp#AIKe, HAIpUMep, ¢ KBApPKOBOTO KOHIA
BHYTPb. DOITOMY JIOTHTHO BBIHACATH CJIEIYIONIYIO NTEPATUBHYIO cxXeMy (pparMeHTaIluu. 2 pe-
MTOJIOKUM, YTO HadaJbHbIM KBapK ¢ IBUKETCA BIOJH OcU +2z, a aHTUKBApPK — B TPOTUBOTIOJIO K-
HOM HampasJsienun. Me3oH ¢g; obpasyeTcs BeJIEICTBUE POKIEHWS Mapbl ¢y, TPUIEM KBapK
¢ ocTaeTcs HeclapeHHBIM. Temepb MOXKeT 00pa3oBaTbCs BTOpas TMapa (afs, 1aB HOBBI ME30H
G2G2, ¥ T.1. Da KaKIOM IIary oopasyooumiics aIpoH 3adupaeT HEKOTOPYIO OO SHEPTUN U WM-
MyJIbCa. DTOT IPOIECC MOZKET MPOIOIKATHCA IO MOJTHOTO MCIEPIaHsa YHEPTUN, ¢ HEKOTOPBIMUI
M3MEHEeHUAMY BOJIM3M KOHIIA CTPYHBI € ¢, 9TOOBI 00eCTIeTnTh TPaBUIbHOE 3HATEHTE CyMMapHOH
SHEPIrUM U UMITYJIbCA.

Onmrako BBIOOp HavdasIa pparMeHTAINN ¢ KBAPKOBOTO KOHIIA ABJISAETCA TPOU3BOIBHBIM. 9 PO-
mecc (pparMeHTaIuu, OMUCAHHBIN MTPY WHUMHAJU3AIMNE OT KOHIA CHCTEMBI C ¢, TOJIKEH OBIThH
9KBUBAJEHTHBIM. JTa ~JIEBO-TIpaBasi CUMMETPUSA OTPAHUIMBAET pas3pelreHnyo gopmy hyHK-
mn dparmentaryun f(z), Toe z ecTh J0JsA WMIYJIbca Ha CBETOBOM KoHyce F + p, (+ nos
G-CTPYU ¥ — [JIA G-CTPYW). De3yJbTUpYToliad JyHIOBCKad CiMMeTpraHas GyHKIns dpparMen-
Talliy MMeeT Ba CBODOIHBIX TMapaMeTpa, ONpeNessseMbIX CPaBHEHNEM € 3KCIEePUMEHTATbHBIMI
JAHHBIMHU.

Heranu cTpyHHOH cXeMbl cTaHOBATCA GoJlee CJIOKHBIME, €CJIH OT O0IIell TOUKM TBUAKYTCS
HECKOJTBKO MapToHOB. [ls cobbiTus ¢gg cTpyHa HATATHBAETCA OT KOHIA ¢ ¢ Yepes3 ¢ K KOHILY
¢ ¢, T.e. TJIIOOH [JaeT W3IHUh CTPYHBI ¢ HEKOTOPOii »Heprueli  nMmyabcoMm. Beremcrsue storo, K
DTIOOHY TIOJXOJIAT Ba KyCcKa CTPYHbI, I OTHOIIEHUE TJIIOOHHOW K KBApKOBOW ClJie HATHAKEHUA
CTPYHBI PABHO 2, TUCITY, KOTOPOE MOXKHO CPaBHUTH ¢ OTHOIIEHHEM omepaTopos Kasmmupa nis
usetHbIX 3apAnoB No/Cp=2/(1 —1/NZ) =9/4. B aToM 1 B HEKOTOPBIX IPYTHUX OTHOIIEHUAX
CTpYHHas MOJeNTb MOXKeT paccMaTpuBaThes Kak BapuanT KX/I, B KoTopom umesio mBetos N¢
He paBHO 3, a GeckonedHo. OrmernMm, 9T0 Ko>hOUIMEHT 2 He 3aBUCHT OT KWHEMATHIECKOH
KOH(UTYpaIni: MeHBIIH YyToJa pacTBOpa MeXIY ABYM#A MapTOHAMU COOTBETCTBYET MeHbIIel
NJTAHE CTPYHBI, BHITAHYBIIeHcA 3a eIWHUIY BPEMEHW, U yBEJUIEHUIO MOMEePETHON CKOPOCTH
KycKa CTPYHBI, KOTOpasg TOYHO KOMIIEHCUPYET W3MeHeHWe 3HAUeHWs IJIOTHOCTH HEPIUH Ha
eTMHUILY JJTMHBI CTPYHBI.

Crpyna qqg dbparmentupyer 1o Bcelt miuae. B mepBoM mpubIMKEeHWEN TO O3HATAET, UTO
ecTh OfuH (PPArMeHTUPYIONINH KYCOK MEXKIY ¢ U ¢, a BTOpoit — Mexny g u ¢. Onus agpon ~cu-
IUT BepxXoM Ha JBYX KycKax CTPYHBI, T.e. B Tpelesax TFooHHOTO yryta. OcTasbHble 9acTUIIbI
POKITATOTCA KaK B CJIydae JIBYX IIPOCTBIX CTPYH (¢, XOTH CTPYHBI CMEIIEHBI TI0 OTHOIIEHWIO K
rnobanasrol cucreme [IM. Dpu merasbHOM paccMOTpeHUU IBWKEHWE CTPYH U (hparMeHTallns
YCIHOKHAIOTCSA W3-3a TOABJIEHWA IOMOJHUTETBHBIX obJiacTell CTpyH B pe3yJibTaTe 3BOJIIOINN
CUCTEMBI BO BPEMEHW. ITU MOMPABKN OCODEHHO BAKHBI I MATKUX U KOJIMHEAPHBIX TITI0O-
HOB, TaK KaK OHU 0DecIevdnBaiOT IJIABHBIM TEpeXol MeXKIy COOBITUAMME, TlIe TaKoe U3JTydeHue
nMeeT MeCTO, W COOBITHAMEU Oe3 Hero. D03TOMY CTpyHHas dpparMeHTanns —  uHpaKpacHO-



GesomacHas’ MO OTHOIIEHUIO K WCIYCKAHWIO MATKUX U KOJIMHEAPHBIX TUTFOOHOB.

st cobpITrii, BKIOIAIONINX MHOTO MAapTOHOB, CYIIECTBYET HECKOJBKO BO3MOKHBIX TOTIO-
JOTHi YIOpATOYeHn s BIOIb CTPYHBL. B KadecTBe mpumMepa MOKHO PaccMOTPETh ¢qgigz (TTo-
OHHBIE WHIIEKCHI 3/I€Ch WMCIOJIb3YIOTCHA, ITOOBI TIOMETHUTD [IBa PA3JIUIHBIX BEKTOPA MUMITYJIbCa
TJTFOOHOB ), TJ€ CTPYHA MOZKET COeIWHATH MOCJeNOBATENBHOCTH TAPTOHOB ¢ — ¢1 — 2 — G W
q— g2 — g1 — q. Marpuunbie 3/ieMeHTBI, BbIUKUCIAEMbIE TIO TEOPUN BO3IMYIIEHUHN, colepxKaT WH-
TepdepeHTINOHHBIE TJIEHB MEKTY STUME IBYMSA BO3MOKHOCTAME, O3HAYATOIINE, ITO IIBETOBOM
MOTOK He BCETIa XOPOIIo onpenernen. K caacThio, nHTepdEpEHINOHHBIE YIEHBI BXOIAT € KO-
dburtmentom nonasnerus 1/NZ, tne No = 3 — 4mcsio HBETOB, a 3HAYUT, MOTYT OBITH HaliI€HbI
pENenThl MPUOIUKEHNA. DociIeqHee 3aMevdanre: B apryMEHTAIlN O BayKHOCTU TBETOBBIX ITO-
TOKOB €CTh MOJTIAJIUBOE MPEIIOJIOKEHTe, YTO OOMEHBI MATKIMU TJTIOOHAMU HE TEPEMEITNBAIOT
HavaJbHbIe IIBETa MapTOHOB; MOXOXKe, YTO 9TO TAK, OJHAKO 3TO MMOKa He JTOKa3aHo.

2.5 Dacuaabl

DOJTBIIMHCTBO YACTUIl, POKIEHHBIX TPU (PparMeHTAllNN, HECTAOUIBHO U TTOCIEIOBATETHHO Pac-
majaeTcs B HaOJOdaeMble CTaOUIbHbIE (MM KBa3WCTAOMIIbHBIE) FaCTHUIBI. JO3TOMY BasKHO
BKJTFOYUTDH BCe YACTUIIBI € WX MTPABMIBHBIMI MaCCOBBIME pACIPENEIEHNAME U CBOMCTBAME pac-
mama. XoTd (bU3WKa 37ech 3aTParnBaeTcas BeChbMa MOBEPXHOCTHO, 3TO JejIaeTCAd MEHee TPH-
BUAJBHO, U€M TOBOPUTCH: CYIIECTBYET MHOYKECTBO KCIIEPUMEHTAJbHBIX TaHHBIX, HO €CTh U
pobestbl. s oTapoBaHHBIX ME30HOB HEOOXOINMO OObEINHUTH W3MEPEHHbBIE IKCKITIO3UBHBIE
BEPOATHOCTH PACHAIOB ¢ HEKOTOPBIME WHKJIIO3UBHBIMU PacCIIpele/IeHIAMEI 10 MHOKECTBEHHO-
CTHU JJI51 TOTO, 9TOOBI MOy IUTh COTJIACOBAHHBIN 1 pa3yMHO MOJTHBIH HAOOp pacla HbIX KaHAJIOB,
UTO TPENCTaBIAeT cOOOH mocTaTouHO mesuKaTHYO 3amady. Jlis b-Me30HOB B aIpOHHBIX pac-
magax A0 CUX TOP UCIOJb30BAIUCH TOJBKO TOCTATOYHO MPOCTHIE OIEHKN THITa BBIUUCIEHUA
paspelrerHoro obbemMa ha3oBOTO TPOCTPAHCTBA.

Kax mpaBusio, nmpemmnostaraeTcs, 9To TPOIYyKTHI paciafa paBHOMEPHO paclpeneseHsl 1o da-
30BOMY TPOCTPAHCTBY, T.e. HeT HUKAKOW TWHAMUKNA B WX OTHOCHUTEIHHBIX paclpereeHmsX.
Onmmako BO MHOTHX CJIydadgX HEOOXOMMMBI JOOABOUHBIE TPETIOIOKEHN A, HAIPUMED, 1A TOTY-
JIEITOHHBIX PACIaoB OYapOBAHHBIX W b-aIpOHOB TpedyeTcs BKJIIOYNTH MPABUIbHBIE MaTPII-
HBIE 3JIeMEHTHI. JacTUIbl MOTYT POKIATHCA MOJIAPU30BAHHBIME, ITO TIPUBEIET K HEM3OTPOITHO-
CTHU pacipenesennii s TpoayKToB uX pactana. Muorme w3 stux sdphekToB He peasm3oBaHbI
B mporpamme. Qaxrtwdecku, mHGOPMAINA O CIUHE HE YIUTHIBAETCSH BOBCE, HO MOXKET OBITH
MOJTHOCTBIO PEKOHCTPYUPOBaHA TPU HEOOXOIUMOCTH.

OO0braHO peanusalus paciagoB ocyliecTBiageTcs B JETSET ¢ mcmoJsib3oBarmeM Habopa Ta-
OJTUT, B KOTOPBIX 3aIaHbl BEPOATHOCTH W MOIBI pactaga. B PYTHIA cymmectByer peasnsaiims,
HCTIoIb3yeMas 1A ocoboro mmepeuns wactum: Z°, WE, HO, 70, W' H' A°, H* RO ¢, (*
u jentoksapka Lg. Bmecre Mbl HasbiBaeM nX pesoHancaMy, OTJIMHYAA PEAJU3ANUIO ~ PACIaloB
qactut’ B JETSET oT peasmsaruu ~ pacrnaioB pesoHancoB” B PYTHIA. Komeuno, 310 TOJBKO
BOIIPOC TEPMUHOJIOTUHU: TaKasd dacTHIla, KaK p, TOKe MOKeT OBITh Ha3BaHa PE30OHAHCOM. Je30-
Hatic B (PYTHIA) xapakTepusyercs TeM, 9To TaplyaibHble IUPWHBI U BEPOATHOCTH PaclaloB
(OpeHIMHTH) IS PasJIMIHBIX KAHAJIOB BBIUUCIAIOTCA THHAMUYECKH, Kak QYHKINA meficTBu-
TeJIbHON Macchl JaCTHUIIBI. ) O3TOMY HE TOJBKO 3a/IaeTCd W3MEHEHUE BEPOATHOCTH paciaia o
3aJaHHOMY KaHaJ 1y [J18 M3MeHeHn s HOMUHAIbHOW Macch H Y co 100 mo 200 ['>B, #Ho n A5 xXWUIT-
ca ¢ puKcmpoBaHHON HOMWHAJIbHOMN Maccoli, ckaxkem, 200 ['3B, coorBeTcTByOIIAM BEPOATHOCTD
pacmaia MeHsAeTCs BO BCeM Halla3oHe 3HaUeHuil neficTBuTesbHON Macchl, HarpuMep, ot 190 mo
210 I'sB. B wactrOCTH, 5TO CyliecTBEHHO M 0OpabOTKN HOCTATOTHO MIUPOKUX PE3OHAHCOB U
B OKOJIOMOPOTOBBIX 00s1acTsAX. UTOOBI TMOMXOM, MOMOOHBIH ommcaHHOMY, paboOTaJI, COBEPIIEHHO



HEOOXOIMMO UMETh EPEHOPMUPYEMbIe BBIPDaKEeH! JIA BCEX MapluaJbHbIX MUPUH, ITO SABJIA-
eTcd OMHOW W3 MPUYUH, TOYEMY COOTBETCTBYIONIA peajin3alnsa He OymeT Takol xe, Kak IJisd
OOBITHOTO AJIPOHHOTO Pe30HaHCa THTIA p.

Tunuunble TPONYKTHI pacnajia pe3oHaHcoB m3 PYHTHIA — KBapKu, JIENTOHbBI, APYyTHe pe-
soHaHchl, Hanpumep, W — qqg, H® — WTIW~. B pacnagax Ha KBapKu aBTOMaTHUYECKU 10~
GaBJIATOTCA TTAPTOHHBIE JIMBHU, 9TOOBI aTh OOJiee PEATMCTHIHYIO MHOTOCTPYHHYIO CTPYKTYPY;
TaKKe MOYKHO OPraHM30BaTh M3JIydeHUe OT JENTOHOB. Kcim, B ¢BOIO ovYepelb, MPOIYKThI pac-
majia TOYKe SABJIAIOTCA pe3oHaHcaMMU, CJIEYIOT madbHelimme pacmansl. Yacto mHbOpManmo o
CTITMHE MOYKHO M3BJI€Yb U3 BbIPDAKEHUN /I MAaTPUYHBIX 3JIEMEHTOB pacliajla PEe30HAHCOB, B OT-
JIYre OT CTAHIAPTHON CUTYAIMy MPHU paciaiaX OOBITHBIX JacTHUIl. JTO O3HAYAET, 9TO YIJIOBbIE
pacupenesieHns A IBYX paclialoB Iapbl pesoHarco W1TW ™ mpaBumipbHO CKOppeMpOBaHBL.
Ecnn ke nadopmammio o ciuHe W3BJI€Yb HEJIb35A, TO PE3OHAHCHI CIUTAIOTCA PACTATAIOIIITMUCH
M30TPOITHO.

Tom-xBapk mpemcrasisier ocobyto mpobiemy. sHadaapHbIN aJropuT™M OCHOBAH Ha TIPE-
JIOKEHUN, ITO {-KBapK — JOJTOXKUBYIIUH, TaK 9TO TOM-aJIPOHBI ycIeBaloT c(hOPMUPOBATHCA B
mpotiecce (pparMeHTAINH, & 3aTeM paclaIafoTcs 1Mo ciaabomy Kanaay. OmHAKO I TPUHATHIX B
HacTosAlllee BpeMs 3HAYeHU MacChl TOM TOJYYaeTCsA, YTO 3TO MPEANOJIOKEHTe HEBEPHO, U Tpe-
Oyercs paccMaTpuUBaTh paciaji TOM-KBapKa rmepen ¢pparmenTanueii. B aToMm cMmbicsie Tom-KBapK
TTOJTIZKEH PAacCMaTPUBATHCA 1O AHAJIOTUN € BBIIEYTIOMIHYTHIMI PE30HAHCAME. OKa UTO 3TO He
cITeJTAaHO, OJTHAKO BO3MOIKHO, 9TO 3TOT >(PeKT He CJUIIKOM CUJIBHO BJIMAeT Ha (pU3WIecKue
pe3yJIbTAThI 15 OOJIBIIMHCTBA YKCIEPUMEHTATHHBIX TPUTOKEHTI.



I'maBa 3

O630p nporpamMmm

DTOT paszfesl CONEPKUT Pa3THIHYI0 HHPOpPMAIUO. JepBasd JacTbh ecTh KpaTKuii 0030p mpe-
npiayumx sepeuit JETSET u PYTHIA. Bropas 9acTh comep:KuT KOMaHIbI A1 YCTAHOBKH IIPO-
rpaMM I olucanne ooiel pumocopuu, KOTOPoit PYKOBOACTBOBAINCH aBTOPDI IPH UX CO3TAHNN.
3nech Ke comepKHUTCA WHPOPMAIUA O TOM, KaK CJeayeT UhTaTbh 3TO PYKOBOIACTBO. 1 perhs,
1 TOCTEHAA, 9aCTh COMEPIKUT HECKOIbKO MPUMEPOB KOPOTKHUX HMPOTPaMM I HIIIOCTPAILAH
obuiero ctusisA paborbl ¢ nakeramu PYTHIA /JETSET, a Tak:Ke HavdaJbHYIO UH(OPMAIUIO O
TOM, KaK ¢JIefyeT WHTEePIpeTHpoBaTh MHMOPMAIIIIO, COIEpKAILYIOCAs B pe3yabTupylouieit pac-
medaTke. JOCAEOHAA JIacTh TJIABHBIM 0Opa3oM OpHEHTHPOBaHa Ha HOBHUKOB M MOKET OBITDH
IpoIyIena 6ojee ONBITHBIMEA MOJIb30BATEISIMA.

Tak xax mporpammbl JETSET m PYTHIA B HacToslllee BpeMs BechbMa TECHO CBI3AHBI 1
MOCTEIEHHO OOBEAUHAIOTCA, OHI PacCMaTPUBAIOTCA BMecTe B 3ToM onncaimu. OaHako OHE Bce
elle BBICTYIAIOT KaK OTIe/IbHbIe IPOrPaMMBl ¢ HECKOJIBKO Pa3HbIMEU CTHIEM 1 aKIICHTaMH.

JETSET moABUIach paHblle W HOJOKMAIA HaTa/ 0 MEJOMY CeMeHcTBY JyHI-TEHEPATOPOB CO-
oprTuit. Oma MoxkeT OBITH pasmelieHa Ha ABe dacTr. (OcHOBHas 9acTh MpencTaBigeT coboii
makeT MOAMpPOrpaMM I (pparMeHTalluu CTPYii, paclagoB YacTHIl, HapTOHHBIX JUBHEHR B KO-
HEUHOM COCTOAHHUHU, a TaKzkKe MOANpPOrpaMM aHau3a COOBITHH W APYTHUX HOJH30BATEIbCKAX
IPUIOKEHN . DTOT MaKeT MOKET HCIOIb30BAThCA s JTI0O0TO KECTKOTO IIpoliecca, obecIedn-
Bas YHUBEPCAJIHHOCTH OCHOBHOTO CTPYHHOIO MEXaHU3Ma, TO €CTh IPEIIOI0KEHI, ITO IPOIECC

te™-, Tak U pp-coOBITHI,

CbpaFMeHTELHI/H/I CYHIECTBEHHO OAWH N TOT XK€ IIpHU pacCMOTPEHNN KaK €
n 9TO pa3jmdud OJdAd BRKJIIOYAEMBIX ITPOLIECCOB MPUCYTCTBYIOT TOJIBKO Ha MapTOHHOM YPOBHE.
STOT ITaKeET UCIIOJIb3YETCA HE TOJIbBKO BCEMU OCTAJIBbHBIMU ITPpOTPaMMaMI ceMelicrBa ” JIyHIL”, HO
TaKzK€ 1 MHOT'MMH APYTUMU IIporpaMMaMM, HallUCaHHBbIMU IJIAd MCCJIE€NOBaHNA CHGHI/IC})I/ILIGCKI/IX

mporecco. MeHbinas yacth JETSET — remeparop coobITrii et

6_—ELHHI/IFI/IJIff[H;I/H/I7 B COOTBETCTBUHM
¢ TOJIXOIOM TapTOHHOTO JIMBHA WJIN MATPUIHOTO 3JIeMeHTa. JporpamMma JETSET MOTHOCTHIO
3aMKHYTa.

Dporpamma PYTHIA ObLTa co3mana [Jid TeHepAlWH JKECTKUX WM MATKAX MPOIECCOB MPH
Te -, ep- m pp-
cronkHOBeHuit. PYTHIA — bostee cTpyKTYpUpOBaHHAA MpOTpaMMa IO cpaBHEHWIO ¢ JETSET,

CTOJIKHOBEHUN JIEIITOHOB, alIpPOHOB U1 CbOTOHOB n OIITUMU3IUNPOBaHa MOJIA €

npencrasiisAolnieil u3 cebsi cBOGOMHYIO COBOKYITHOCTH TOAIPOrPaAMM, KOTOPBIE MOKHO OObemIn-
HATH U KOMOMHUpOBaTh Mo KesauHuio. B PYTHIA BHavYa/le HYKHO YCTAaHOBUTH KOJI JKeJTaeMO-
rO TIPOTECCa, U TOCJIE 3TOTO BCE COOBITUA OYIyT T€HEPUPOBATHCSI B COOTBETCTBUU € 3aTaHHOMN
cienmpuKanmeif. D porpamMma TaKKe COIEPKUT O0mmUpHYO Onbimorexky muddepeHnna bHbIX
ceveHmit JKeCTKUX MOMPOIIECcCOB, OMOIMOTEKY CTPYKTYPHBIX (DYHKIINH, MEXaHU3MbBI TeHEePAIun
MpoIleccoB U 00pabOTKU JIUBHEN B HAYaJbHOM COCTOAHUU W IYIKOBBIX OCTATKOB. JETSET mc-
MOJTh3YeTCA IJIs TeHepallny JTWBHEH B KOHETHOM COCTOAHWW, (PparMeHTallmy W pachama. B
MPUHIAIE, HIKAKUX JIPYTUX BHEITHUX OMOIMOTEK MOJIh30BaTE IO HE Tpebyercs, omHaKo obec-
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MEeYNBAECTCA TOCTYI K BHEITHUM OUOJIMOTEKAaM CTPYKTYPHBIX (DyHKITHI.

JETSET, a wmHorma Takke m PYTHIA, mcmosib3yercss B OOJIBIIOM KOJUYIECTBE ITPOTPAMM,
HAMCAHHBIX JAPYTUM JIIOIbMU. 3ech MBI HE CTaHEM IIPWBOINTH WX MOJHOTO CIHUCKA. JOJIb-
MITHCTBO 3TUX MPOTPAMM CO3/IaBAJIOCh B KaKOW-JIMOO OlpenesienHoll Kostadbopannn s BHY-
TPEHHUX HY K], 1 TIO3TOMY OHU HE MMEIOT IIMPOKOTO PACTIPOCTPAHEHUA. D WKe MBI TaeM CIUCOK
HECKOJIBKUX TTPOTPAMM M3 TPYIIIBI ~JIYHI , KOTOPbIE MOTYT WMETh HECKOJIBKO OoJiee MHMPOKOoe
IMpuMeHeHne. DU OfHa W3 HUX He CBA3aHa € paboToll aBTOpa HACTOAIIETO OMUCAHUI, TaK UTO
BCE BOIIPOCHI JTOJIKHBI a/IPECOBATHCS COOTBETCTBYTOIINM JIUIAM.

e ARIADNE — TeHepaTrop OWIMOJHHOTO W3JIydUeHU#dA, HamumcaH, B ocHoBHOM, L. Lonnblad

[Pet88]. [lumoss mpencrasiisier aabTepHATUBHYIO (DOPMYJUPOBKY JUBHEH B HadaJ bHOM
U KOHEeYHOM cocTosHnu. JETSET mwian PYTHIA MOTYT MCHOJIB30BATHCA [IJIf TE€HEPAIINN
JKECTKUX TPOoIteccoB, a JETSET — maa bparMeHTalnm.

e AROMA — TeHepaTrop TIPOIECCOB JIEMITOPOKIEHUA THAKEIBIX apoMaToB, HAINUCAH
G. Ingelman u G. Schuler [Ing88]. Ucnoabsyer JETSET mist dpparmentanuu.

e FRITIOF — rerepatop aJIpoH-aIpOHHBIX, aIpOH-ATEPHBIX U AIPO-AMTEPHBIX CTOJTKHOBEHMH
— [Nil87], koropsiit ucnonb3yer PYTHIA Kak reHeparop MPOoLeccoB KECTKOIO PAccesHus i
JETSET — mois dparmentanuu. B Hacrosiiee Bpems 3a pa3spaboTKy MpOTpaMMBbl OTBETAET
H. Pi.

e LEPTO — reneparop coOBITHl JENTOPOKIEHNA, HaMcanHbili, B ocHoBHOM, G. Ingelman
[Ing80]. /Taer mapronmbie KoHbUTYpalun Tpu TIIYOOKOHEYIIPYTOM PACCEAHUE B COOTBET-
cTBUU ¢ pAnoM BosMmozxkHocTelt. Ucmonpsyer JETSET mia dbparMeHTan u, KpOMe TOTO,
nMeeT JTOMOJHUTETBHYIO OO TTapTOHHOTO JINBHA, OCHOBAaHHYO Ha PYTHIA.

e LUCIFER - reneparop doropoxnennus, nanucanibii G. Ingelman u A. Weigend [Ing87a].
910 Monudukanus bostee panHett Bepcun PYTHIA, u B Helt ucnosbsyercsa JETSET.

o TWISTER — rerepartop, MOIEIUPYIONMH BKJIAIBI OT BBICIINX TBUCTOB, HAlMCAHHBIN
G. Ingelman [Ing87]. Dro rakxke monudukarusa Gonee pauneil Bepcuu PYTHIA, ucnosb-
sytoiasd JETSET.

3.1 I poiiecc coBepllIeHCTBOBAHUS IIPOrpaMm

W JETSET, u PYTHIA B HacToslee BpeMs — TOBOJBHO cTapble W YCTOABIINECH TPOTPAMMBI, HO
OHU 10 cUX mop HacTolamBo yiydimaorcsa. [gs JETSET pasButue ObLIO 0COOEHHO OBICTPBIM
Ha paHHell cTaJnm, 1 K HaCTOANIEMY BpEMEHN MpoTrpaMMa JOCTUTIIA OMpeleIeHHOrO Mpeesa, a
TEeMTI BHOCUMBIX M3MEHEHUH 3HAIWTETbHO CHU3WICA. aobopor, PYTHIA HempepbIBHO pa3Bu-
Bajach 3a MOCJEIHNE TOMBI, W 0 CHX MO 3aMeTeH HajibHelunit poct, xoTa Hambosiee obimasn
CTPYKTypa B HAaCTOAIIEE BPEMs yIKe YCTAaHOBJIEHA.

DaHbIlle, M0 TOABJIEHNUSA 3JIEKTPOHHONW TOYTHI, HOBBIE TTPOTPAMMBI PACTPOCTPAHIINCH He-
qacTO, W HOMEpPa BEPCUit COOTBETCTBOBAIN MPUHIINIUATHHOMY CKAIKY BBIUUCIUTEHHBIX BO3-
mMozkHOcTelt. Ceromus mpotiecc pas3BuTus 6ojee HENPEPBIBHBIN, I TaKOB JKe MPOIECC Pacipo-
cTpaHEHUs HOBBIX Bepcuit. B dacTHOCTH, BBeleHME HOBOTO MpOIlecca WU OCOOEHHOCTH YacToO
oOpMIIEHO B BIle KOPOTKOTO MpUMeYaHWsA, €C/I He BOSHUKAET HUKAKUX TPOOJIEM COBMECTH-
MOCTH TIPEKHETO COMEPIKAHNA CO BHOBb BKJIIOYEHHBIM. ) O3TOMY HOMeEpa Bepcuit m moaBepcuit
He cofiepsKaT TOJHYI0 UCTOPUI0 W3MEHEHUA MPOTPAMM; KPOMEe TOTO, CYIIECTBYET OIIN TaThl
MOCJTETHETO M3MEHEHUA U XapaKTEPUCTUKY TTOIBEPCHT.

Hns marnsagroctn, B Tabiumax 3.1 n 3.2 nepeducsiensbl ocHOBHBIE ~oMDUIHAIbHBIE BEpCUU
JETSET u PYTHIA cOOTBETCTBEHHO, ¢ HEKOTOPBIMU KPATKUMU KOMMEHTAPUAMIU.

Taxkum obpasom, Bce Bepcun, mpenmiectByoine JETSET 6.3 w PYTHIA 4.8, moi&HBI cun-



Tabmauma 3.1: OcnoBuble Bepcuu JETSET, ¢ maToiff WX MOABJIEHU:A, W3TaHHBIM PYKOBOI-

CTBOM 1 OCHOBHBIMHW M3MEHECHUAMMN 110 CPaBHEHUIO C MIPEABIAYIIVNMI BEPCUAMU

Domep Hara Dybsukarus | OcHOBHBIE HOBIIECTBA WJIU YJIyUIIEHN
1 Dosabps 78 [SjoT8] CTPYH! OT OT/IETbHBIX KBapKOB
2 Mait 79 [Sjo79] CTPYH! THAKEJBIX apOMATOB
3.1 Asryer 79 - 2-cTpyfiHble cOOBITUA B €T €™, mpenBapuTeIh-
HBIH 3-cTpyWHBIN aqropuTtm
3.2 Ampess 80 [Sj680] 3-cTpyiiHble COOBITUA B €Te™ ¢ MOTHBIME
MaTPUIHBIMU 3JIEMEHTAME, PACIIAL
TonoHuit — ggg
3.3 Asryer 80 — 6osee MATKWI CIEKTp (pparMenTarum
4.1 Ampess 81 — poxmenne 6aproHOB U (hbparMeHTAIIN A
IMKBapPKOB, YeTBEPTOE MOKOJIEHNE KBAPKOB,
MHOTOCTPYHHBIE CHCTEMBI
4.2 Dosa6ps 81 — JusuKa MpyU MaJTBIX 3HAUEHUAX P
4.3 MapTt 82 [Sj682] 4-cTpytiabie cobbitua u KX/I-ctpykrypa
B ete”
Nromnb 82 [Sj683] MOJITPOTPAMMBbI aHAJTI3a COOBITHU
5.1 Ampess 83 — yJIydllenHas cxeMa CTPpyHHOM
dparmenTanuu, cuMMeTpudHags GparMeHTaIln,
nonoe KX/[-onucanme Bo BTOpOM MopsAIKe
s ete”
5.2 Dosabps 83 — CXeMa COXPaHeHUsA MMITYJIbCa NI MOJen
He3aBUcHMO pparMenTaIu, U3JIydeHne
(poTOHOB B Ha9aJILHOM COCTOAHUE B €te™
5.3 Mait 84 — MOJIeNTh " TIOKOPH™ IJIs1 POKIAEHUA OapUOHOB
6.1 HuBapp 85 — mepecTpyKTypUpOBaHTe OOIIIX OJIOKOB,
MapTOHHBIE JIUBHU
6.2 Oxtsa6pn 85 [Sj686] obHapyKeHme ourmboK
6.3 OxTsa6ps 86 [Sj687] HOBasd cXeMa MapTOHHBIX JIUBHEH
7.1 Deppastb 89 — HOBBIE KOJIBI JaCTUIl U CTPYKTYPa OOIIIX
6JI0KOB, OOJThIlTee KOJMIECTBO ME30HOB,
Yy dIIeHHbIE PacHaibl, THHOPMAII O
BepIITHE, MOIETh abeJIeBCKOTO TJTIOOHA,
apderTh Doze—DifHITeliHA
7.2 Dosa6ps 89 — OCTYTI K HOBBIM CTAHIAPTHBIM OOIIIM
6J10KaM, m3JIydenne (POTOHOB B JINBHE
7.3 Mait 90 [>T0 onucanue] | pacuupentroe obeceyeHne Ay HecTaHIapT-

HBIX YaCTHI]




Tabmuma 3.2: OcuoBHble Bepcuu PYTHIA, ¢ maToli UX MOABJIEHUs, W3TaHHBIM PYKOBOI-

CTBOM ¥ OCHOBHBIMHW M3MEHECHUAMMN 110 CPABHEHUIO C MIPEABIAYIIVUMI BEPCUAMU

Domep Hara Dybsukarus | OcHOBHBIE HOBIIECTBA WJIU YJIyUIIEHN
1 Hexabps 82 [Ben84] CUHTE3 TPeIIeCTBYOUINX TPpOorpaMM
(CoMPTON, HIGHPT n IASSANDRA)
9 -
3.1 —
3.2 —
3.3 Deppasb 84 [Ben84al CTPYKTYpHBIE PYHKIIUA €
HapyIIeHreM MaclITaOHON MWHBapUMAHTHOCTH
3.4 Centsbpn 84 [Ben85] 6os1ee 5 peKTUBHBIN BHIOOD KMHEMATUKN
4.1 Hexabpp 84 MapTOHHBIE JUBHU B Ha9aJbHOM U
KOHeYHOM cocTosannu, W u 7
4.2 Wronb 85 MHOTOKpPaTHbIE B3auMojIeficTBIA
4.3 Asryer 85 nporieccel WW, W7, 77 u R
4.4 Dosabps 85 npoteccel YW, vZ, vy
4.5 HuBapp 86 poxaenue H°, nudpaxnmonnoe u
yIpyroe paccesHue
4.6 Mait 86 yIJIOBad KOppeadAlusa B pacnagax
napbl PE30HAHCOB
4.7 Mait 86 nponecchl poxaenns 2/ uw HT
4.8 HuBaps 87 [Ben87] epeMeHHbIf TPUTIeTbHBIN TapamMeTp
B MHOTOKPATHBIX B3anMoOeiicTBUAX
4.9 Mait 87 mponecc gH™T
5.1 Mait 87 MaCCUBHBIE MaTpUYHbBIE 3JIEMEHTDBI JIJ14
TAKEITBIX KBAPKOB
5.2 Wronn 87 paccesHIe TPOMEKYTOIHBIX OO30HOB
5.3 OxTa6pn 89 HOBBIE YaCTUTIBI W KOJIBI TTOITPOIIECCOB,
HOBas CTPYKTypa 001IuxX OJIOKOB,
HOBBIN aJITOPUTM KMHEMATHIECKOTO 0TOOpA,
HEKOTOPBIE JENTOH-JTENTOHHbIE
1 JIENTOH-aJIPOHHbIE B3anMoaeficTBuA,
HOBBIE TIOJITPOIIECCHI
5.4 Wronn 90 $-3aBUCUMOCTD HIUPUHBI pe30HaHCa,
pe30HaHCHI HE Ha MacCOBOM TTOBEPXHOCTH,
HOBBIE TIPOIIECCHI, HOBbIE CTPYKTYPHBIE
dyHRIII
5.5 HuBaps 91 yJIydlIeHHble €T e~ U ep-CTOJKHOBEHWA,
HECKOJTbKO HOBBIX MPOIECCOB
5.6 Centsopb 91 | [5T0 onucamnme| | peopraHu3oBaHHbIe CTPYKTYpHbIE (DYHK-
W, HOBbIE TIPOIIECCHI, OIpeesaeMble
MOJIb30BATEJIEM, BHEIIHUE TTPOIECCHI




TaThbCAd yCTAPEBIIMMEU, U TTO3TOMY OHW HUKAK He MOMIepXKuBaroTcA. Tak Kak pusmdeckue ms3-
MeHenus B JETSET ObLIM He CIWIIKOM PalMKaJ bHBIMEU TpHU THepexome oT 6 K 7 Bepcuu, TO
mepeKsIodenne Ha | BEPCUIO C TEJIhI0 MPOBENeHns OoJlee PaCIIMpEeHHBIX UCCIeTOBAHUN MaJsIo
aTo mact. IBosonns PYTHIA Oblia Oostee ObICTPOIt, U Bepcusa H comep KUT OOJIbIlle HOBBIX OCO-
HernHoctelt 1o cpaBHeHmio ¢ Bepcuett 4. 8. OmHaKo A TPAJAUTIUOHHBIX TPUKJIAIHBIX TTPOTPAMM
ellle MOJKHO WCIIOJIb30BaTh KoMOmHanmio PYTHIA 4. 8 mw JETSET 6. 3.

7 Bepcusa JETSET u 5 Bepcusa PYTHIA pa3sBuBaJIuch MapaJiieIbHO, TaK KaK MHOTO TIPOIECCOB,
00aBJIEHHBIX B OoJlee MO3MHUX Bepcuax PYTHIA, UCTOIB3YIOT XapaKTePUCTUKNA TacTHUIl, TPHU-
CYTCTBYIOIIE TOJIBKO B 3TOW M MOCTENYIOMnX BepcuaxX JETSET. D03TOMY ecTh dMIUPUIECKOe
npaBmwio, 4To codetanne JETSET Bepcuit 7. 1 w 7. 2 u PYTHIA Bepcum 4. 9 - 5. 5 3amensercs
Ha TeKyllyo kKomMbuHammio JETSET 7. 3 mw PYTHIA 5. 6. Dpu TaKoM MOBBIMIEHUN BBITUCITH-
TeJIbHBIX BO3MOJKHOCTEN BO3ZHUKaeT OUeHb HeDOJIBIoe KOJIUIECTBO MPOOIEM COBMECTIMOCTH €
PAaHHUME BEPCUAME, B OTJINYNE OT Mpeablayiux noasepcuit JETSET 7 uw PYTHIA 5.

9 pempIIyIiie BEPCUU PYKOBOICTB COMEPIKAN TOAPOOHBIN Tepederb M3MEHEHUH OT OXHON
BEpPCUU K APYTOHl. DUKe MBI TPUBOIUM TOJBKO T€ W3MEHEHU A, KOTOPhIE TTOABMIINCH B OOJTBIITITH-
CTBe HETAaBHWX Bepcuii mporpamM. EKcum ABHO HUYETo He CKa3aHO, 3TH W3MEHEHUs He BJINAIOT
Ha COBMECTHMOCTD € TMPEKHUMHU BEPCUAMMU, a TOJIBKO T00ABIIAIOT HOBbIE ocobeHHOCTH. I3Me-
HeHU#A, cIe/laHHble Toce Hadaga 1992 roma, maiorcs ¢ maTolt »TWX M3MeHEHWH, a cae/TaHHble
paHbllle 3TOTO BPEMEHN HE OTMeTaloTcsi cOOCTBEHHOM maToii.

3.1.1 WNsmenenua B JETSET 7.3

Usmenenns or Bepcun 7. 2 K 7. 3, 10 CyIIeCTBY, BeCbMa HE3HAUNTEHbHBI I HE IOJIZKHBI BBI3BIBATD
Kaknx-aubo mpobsaem. Muorme m3 mob6aB/IeHHBIX 0CODEHHOCTEH Ha caMoM Iejie MCIOIb3yI0TCHa
He camoit JETSET, a TOJBKO TpHu BbI30Bax n3 PYTHIA.

e Dapamerp PARU(121), tan? 3 ns crienapusa poKIeHUsA 3apsAKeHHOIO XUTTCa MTOMEeHAICHA
Ha PARU(141), paBubIit tan (J; TakKe M3MEHWIOCh 3HAUYEHUE MMapaMerpa Mo yMOJTIaHUIO
(c 1 mab).

e Dapamerpsl PARJ(35) u PARJ(40) Goutbille He MCITOIB3YIOTCA B ONINAN ~ THOpUIHA JTyH-
noBckad cumMerpuarad + SLAC oBckasa GyHKINA pparMenTaInT; BMECTO 3TOTO UCIIOJIb-
syforca PARJ(33) m PARJ(38), Kak B cTaHIApTHON KOHIENIUHN JYHIOBCKOW (yHKIIAN
dparmenTanm.

® DBIIO BBEIEHO HECKOJHKO HOBBIX KAHAJIOB paclajia, M HEKOTOPble KaHAJbI CMECTUJINCH;
TaKuM 0Opa3oM, cTapble HOMepa KaHaJI0B pacliala W3MEHWINCh. ) OoCIelHee TAKOe U3Me-
Henne ObLIO caemano 3 MapTa 1991 roga, Tak 9To BaM HEOOXODUMO CaMHUM OTCJICKHUBATDH
nmeficTBUA Balell TporpaMMBbl, €CJI OHa ABHBIM 00pa30oM MCIOJIb3yeT HOMepa KaHAJOB 1
sABJIAEeTCA OoJlee cTapoit Bepcuet, veM yKa3aHO BBIIIe.

o Imsa wacTunsl ¢ konom 36 msmenusioch ¢ H? 20 ma AO.

® DoABMIACH BO3MOXKHOCTD BBIOUpaTh OoJiee MATKYIO (DYHKIUIO (PparMeHTAllNN [T T ZKe-
JBIX apoMaToB (charm- u BbIllE€) B COOTBETCTBUY € 3aJaHHBIM CTPYHHOW MOJESBIO pac-
npeneserrem Jayrepa (a la Artru - Mennessier, ¢ nanbrefitimv pacinpernem Moppuca).

e Dbla mobaBJIeHA TOAIPOrpaMMa I BEITUCIEHNA MOTPABOK K (lepy .

® ObL1 100aBiIeH JIenToKBapK L, Kak dactuia ¢ KomoM 39.

® DBLIN pacliipeHbl TapaMeTpU3allii KOHCTAHT CBA3W Jjid HecTanaapTaol momean 7/, W',
HO H?, A° H* u Lqg.

e JlenmToH Takke TMONYUNT BO3MOMKHOCTH W3JIydaTh (POTOHBI B KOHEYHOM COCTOAHUN (B
LUSHOW).

® DBIIO UCITPABJIEHO HECKOJIBKO HEDOIBIUX OIINOOK.
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Crenyforniue n3MeHeHIA ObLIN cAealbl ¢ Hadasaa 1992 romga:

21 deBpasisg: JTENTOH MOIYUMI BO3MOKHOCTD U3/IydaTh (POTOHBI B JUBHE, HHUIAAPOBAH-
HoM u3 LUDECY.

21 eBpasis: mOMOTHUTE/BHAS TPOBEPKaA Ha CTAINU, TIPEIIIECTBYTOMIEH KilacTepus3aliui,
B LUCLUS.

10 mapTa: msmeHeHune TpakToBkl B LUDECY KaHa/0B pacmama Tuma W1 — th.

13 ampesisa: KOppeKTHPOBKaA 3HAUEHWSA MO yMOJIIaHUO Kiloda MSTU(114).

13 mas: mpemocraBieHa BO3MOKHOCTH MOJaBIeHUs poxkaenus 1 u ', cm. PARJ(25) u
PARJ(26).

20 mas: dpuKcrpoBaHme OMMOKY TepernoTHenns meoit gactu B LUTABU miis pakTOpuah-
HBIX MOMEHTOB.

20 Mas: m3MeHenne crocoba Bhraucaennsa Macchl B LUTEST.

16 wmrons: mommdwmkarnusas LUHEPC, arobbl n3bexarh mpodsieM, BOSHUKAIONINX B 3alTHCH
UCTOPUN COOBITHA TIPU T€HEPUPOBAHUYN HAJIOKEHHBIX cOOBITHil B PYTHIA.

17 mrons: mobassena onmusa 16 xk LUEDIT.

17 utoHs: BKJIIOUYEHO MOJTHOE YTJIOBOE pacIipeieieHne Ijid 3-CTpYRHOTO cOOBITHSA B paMKax
MOJIEJTH 3JIEKTPOCIabbIX B3anMOMeHcTBUN B ONMIINN CKAJIAPHOTO TJIIOOHA.

26 moHA: BBEIEHWE JACTHUIIBI Niechpni C COOTBETCTBYIONINM KOIOM 38.

10 mrons: BBemerue MU paKImOHHOTO 0 / ,OO—COCTOHHI/IH KaK JacTHAbl ¢ kogoMm 110.

29 miosis: obecrevera oTMeHa YCTaHOBKH XpoHoJaorndecknx ykasareneit K(I,4) u K(I,5)
¢ napOopMalmell o0 MBETONOTOKe TP BhI3oBe LUSHOW myia dhoroHa.

31 wmiossa: obecreden TPOMYCK TPHU BBIYUCIEHUU CIABUTA WMITyJibca B LUBOEI mis map
HACTOJBKO OJIM3KUX, 9TO BO3HUKAIOT MPOOJIEMbl YUCIIEHHON TOTHOCTH.

2 ceHTADpPA: yJIydIlleH MaKcuMaJsbHbl Bec B LUDECY mia 7 — v;.

3.1.2 WNsmenenus B8 PYTHIA 5.6

Usmenenns or 5.5 k 5.6 Bepcunm BecbMa MaJibl, U JiIobas MporpaMMa, KOTOPas BBITOJIHAIACH C

UCIIOJIb30BaHNeM Bepcuu H. 5, Oymer Takke paborarh m ¢ PYTHIA 5. 6.

DeopraHm30BaHbl CTPYKTYpHbIE (DYHKIINU, TaK 9TO MOJIb30BaTebckuit maTepdeiic PYSTFE
3aMeHUJICH Ha KOMOBBIA TOCTYyl K TMakeTaMm cTpYKTypHbIX ¢yukinuii PDFLIB [Plo9dl],
PAKPDF [Cha92] u PHOPDF [Cha9l]. DosroMy miis mocTyma K COOTBETCTBYONINM HHTED-
detficam HYyKHO HallTH cTpOKM, HaunHatolmecs ¢ C!, B MEPBBIX ABYX CTOJONAX MCXOTHOTO
DOITIAD oBckoro daiima. Takxke msmennmnncs Kiaodun MSTP(51)-MSTP (58) nis cTpyK-
TYPHBIX (YHKIIIA.

Hobassena moamporpamma PYEVWT, mo3BosiAtoIIas mMoIb30BaTEIAM N3MEHATH BEC U cede-
HUs COOBITHII.

Hst uBHSA B Ha9aJbHOM COCTOAHUEU T0DaBJIeHA BO3MOKHOCTH pasButua KX/[-mwsHs,
00y CJTOBJIEHHOTO BHYTPEHHEH CTPYKTYpOli 3/IeKTPOHA.

HobaBieHa BO3MOMKHOCTH HaJUIUA BHYTpeHHero kK, [Js TapTOHOB B (POTOHE; CM.
MSTP(93).

Bo3MOKHOCTD TOTIOTHUTETHFHOTO W3MEHEH!s MacliTaba IJIsA MPOIeccoB TiTybOOKOHEYTIPY-
roro paccesnms; cM. MSTP(22) m MSTP(32).

Jobapjien MexaHU3M ycTaHOBKHM 3Hadenuit x u Q% paccesnnoro Jjenrtona B T1yGoKoHe-
YIPYTOM pPacCesHWN B COOTBETCTBUU C MMEPBOHAYAIBHO CTEHEPUPOBAHHBIMU, TO €CTh Me-
XaHU3M KOMITEHCAIINN CIBUTOB, BbI3BaHHBIX KX/[-w3mydennem B HaTa I bHOM U KOHETHOM
cocToAHUT. Dompobree cm. MSTP(23).



I/ICHpELBJIeHbI HEKOTOPbIE HE3HAYUTEJIbHBIE OIINOKIU.

Crenyforniue n3MeHeHU ObLIN cAealbl ¢ Hadasa 1992 romga:

21 AanBaps#A: mpolecc 73 WCIpaBJIeH Jid TepeolpeieeHnsa Macc, T.e. ecan W mosydaer
mMaccy Z, m HaobOpOT.

24 AnBapdA: BBeIeHWE BO3MOYKHOCTHU JMJIA TTOJb3oBaTesiell 3a7aBaTh BHEIIHWE TPOIECCHI,
a TakiKe crtocod OTpelesIeHrs MapTOHHBIX KOHMUTYpaIuil 114 TocIeayToleit 3BOTIOINN
JUBHA, (pparMeHTANN U Tak dajiee. CUM. omumcanme B pasmese 9.5.

18 despasis: BBemenue mporeccos 86 - 89 mus poxaenus J/1).

19 depass: 3amena sHadenus mo ymosdanuio PARP (41) wa 0.02.

21 deBpass: JENTOHBI MOJIYIAIOT BO3MOXKHOCTh U3JIy9daTh (POTOHBI B JIMBHE, WHUIIUUPO-
BantoM u3 PYRESD.

25 despasisa: BRIoUeHue 3Hadenus m; B PDFSET, BoisbiBaemoit u3 PYSTFU.

25 deBpasisa: Majioe U3MeHEHHUe U OIHON 3 mapaMerpusaruit Ditoka-Katina 8 PYXTOT.
10 mapra: BKIOYeHme 0011ero 6soka /LUDAT2/ B PYSTFU (HeoOX0nmMO 1T BCeX M3MeHe-
HUil, HadWHAA ¢ U3MEeHEHUdA, TaTupyemMoro 25 dheBpasis).

25 MapTa: (pUKCHpPOBAHUE ONMOKN TPHU BHI3OBE MAPTOHHOTO JIMBHSA JJI BHEIITHUX MTPOTIEC-
COB, OTIpeeSIAEMBIX TTOJTb30BATEIIEM.

0 KaK paspelnreHHOl MyYKOBOH TacTHUIBI (HCIONb3yeTcs, HApuMeD,

3 ampesia: BBemenme T
NJIA TIPENCTaBIEHIs Y B MO BEKTOPHON TOMUHAHTHOCTH ).

5 Mas: HEeKOTOpble JIOTMOJHUTETbHBIE BOZMOKHOCTH IJIA ONpele aeMbIX MoIb30BaTeIeM
IIPOIECCOB, OCOOEHHO 00paboTKa OIIMOOK.

13 masd: wusMmeHenme nocTyna K HOBON Bepcuu PHOPDF ¢ mepeonpenesieHneM MacchuBa
apomatoB, pacimmpentoro or (0:5) mo (-6:6).

13 mas: BBemeHme mpocToil rayccoBOit TapaMeTpU3allny TEPBUIHON BEPIIMHBI COOBITHS,
cm. MSTP(151).

2 MIOH:A: YCOBepIICHCTBOBaHUE CXeMbl Il coxpatenus post facto smauenuit x u Q? B
IIyOOKOHEYTIPYTOM pacCesHUN.

16 mrons: BBemenme BbrsoBa LUEDIT(16) B PYEVNT mjis peKOHCTPYKITUU HECKOJBKUX TTO-
TEpPSAHHBIX TETMOYEK B UCTOPUH COOBITHUA.

22 wioHs: BBEIEHUWE MapaMeTPU3aluu MOJHOTO cedenns yp B PYXTOT. D pu BoiOOpe Bapu-
AHTOB MOZKET MCIOJIb30BaThCs IepeMeHHasd MSTP(30).

23 uwroHA: WCHpaBJeHWe ONNOKM, KOTOpas TaBaJia CJWIIKOM OOJIBIIYIO CKOPOCTH paciajia
CyIIlepcMMMeTPUIHON XUrTcoBoil dacTuipl Ha 7177,
24 mioH:A: BBEIEHNE TTPOCTOTO OMUCAHUA MHOTOKPATHBIX B3aUMOIEHCTBUH B ~yp-COOBITHAX,
¢ WCTOJTh30BAHUEM TAaKOTO Ke (hpopManm3Ma, Kak B caydae pp.

29 wrons: BKJTOUeHte TIpotiecca 149, g+¢g — Miechni- JBa OCHOBHBIX cBOOOTHBIX TapaMeTpa
eCcThb Macca Nyeehn; B PMAS(38,1) m mocrosnnas pacmama F. 8 PARP(46).

3 wroJIsA: pacimpen mporece 77, TaK 9TO OH paboTaeT TaKzKe W IJIA TTPOHIOJIBHOTO paccesi-
mrsa W onmHoro 3Haka, To ectb WHW+T — WHW+,

6 mioJA: TOTOTHNTE/IbHOE m3MeHeHne MacinTaba MSTP (22) =4, paspelrenHoro mis riaybo-
KOHEYTIPYTOT'0 pacceAHNd MapTOHa B BOJIONMMOHNPYIONIEM JTUBHE.

6 utond: mMommdmKamms MomenupoBanug HT Tax, 9ToObI BKIIOUNTH KOHCTAHTHI CBA3H €
KBapKaMn HHUKHETro TWha B Tmporecce 161, a TakKe ydecTh MOmpaBKWm K Macce KBapKa
HUKHETo TuTa B mpotieccax 143 m 161, moa mocaennero — B COOTBETCTBUM €O 3HAUEHUEM
MSTP(37).

7 wmroJis: UCIpaBJIeHTe oumbrm B MSTP(13)=2 (3HaquI/Ie HE II0 yMOJIanI/HO) OIInU



PYSTEL, m3-3a KOTOpO# CTPYKTypHBbIE (QYHKINU MTapTOHOB BHYTPU JIEKTPOHA UMEJIN
ommmOKy B 3HaveHuu Ha 10-20%.

o 7 mrosisA: caenano Oostee »(PPEKTUBHBIM TPUMEHEHTE N3BECTHBIX OTPAHUIEHWH Ha TICEBIO-
obrcTpoThl B PYCKIN.

e 7 mWioJiA: BBeleHUe oniuu 3 npu BbizoBe PYFRAM, mosBoJistoleil JIeTKO CMECTUTHCH B CH-
cremy [IM ampomnHoii momcucTeMbl B COOBITAN JIENTOH-aIPOHHOTO B3amMOIeic TR

o 8 WIOJIA: BBEIEHUE MapaMeTpusaluit 115 yupyrux u audpaKInoOHHBIX ceIeHIH 1 mapame-
Tpa HaKJIOHa B yp-Tiporieccax. Taxxke BBemeHbl HOBBIe omiuu MSTP(30)=0 u MSTP (31)=0,
¢ TTOMOIIIBIO KOTOPBIX BBl MOKETE YCTAHABIMBATH BAllll COOCTBEHHBbIE 3HAUEHWUSA CETEHMUI.

o 10 mroa: BBemeHMe abCOTFOTHO HOBOTO MeXaHW3Ma TeHEepPAIUu YIPYTuX U Aud paKImoH-
HBIX coObiTuii. Temeps pacmpenerenme o TMepeMeHHON ¢ MOmeUpyeTcs JIydIle, I pas-
pellleHHbIft MaccoBbItl ceKTp nudpaKIMOHHBIX COCTOAHUN OmycKaeTca 10 DoJlee HU3KOTO
peesibHOro 3HaueHns. Da3pelleHbl HadadbHble y-IydKku, u p°, poxKIeHHbIR B mpolecce
tuna yp — p°p, paciagaeTcs aHU30TPOIHO.

e 6 aBrycra: msmenenume PYREMN tak, aToObI TpOBEpKa IO Macce OocTaTKa He JAejIaJiach B TeX
CJIy49adAX, KOrJla OCTaTOK OTCYTCTBYeT.

e 7 aBrycra: m3Mmenennme PYREMN Tak, 9ToOBI paclpe/esieHne sHEPTUN [IJId OCTaTKa CTPYK-
TypHOTO (DOTOHA OCYIIECTBJIAIOCH KaK B CJIydae COOTBETCTBYIONIETO ME3OHHOTO OCTATKa;
T.e. KJou MSTP(92) u cBA3aHHble ¢ HUM 3HaueHus PARP Terepb MPUMEHAIOTCA TaKz&Ke 1
K (POTOHHOMY OCTaTKYy.

o 8 aBrycra: m3menenue PYSTFU u PYSTEL Tak, 9TOOBI OCYIECTBIIAJIC TOCTYT K (DOTOHHBIM
cTpYKTYypHBIM byHKIIAM PDFLIB, BBeneHHbIM B HemasHell Bepcun 3.00. UTobwr wcmosrsb-
30BaTh 3Ty OCOOEHHOCTH, HYXKHO TOJ0KNUTH MSTP(56)=2 u BBiOpaTs Habop w3 PDFLIB
B MSTP(55). Kak m pambiie, HyKHO HaliTh cTpokm, HaumHaoumecs ¢ C!, B KOTOPBIX
OIMCAaHBI COOTBETCTBYIOIINE BHI3OBHI.

e 12 aBrycra: 3amaHBl pas3jNIHBIE pacCIIpele/IeHns MOPCKUX u- W d-KBapKoB m3 PDFLIB.
Takxe paspemrena ommusa MSTP(57)=0 mias PDFLIB.

e 13 aBrycra: seemenue VINT(231) Kax MuHUMaJ/bHOrO 3Hadenus (Q? njsa nabopa cTpyK-
TypHbIX GyHKINi (He ncnombsyercs B PAKPDF win PHOPDF).

e 31 aBrycra: m3menenne PYKMAP miis 2 — 3 mpotieccoB Bo n3bexanne mpobieM IucIeHHOTO
cJeTa.

o 6 ceHTAOpA: 3aMeHa MapaMeTPW3AIUU TOJHOTO cedeHus ~yp Ha HOByo 1o JloHHaun—
Jlanmmody.

3.2 YcTraHOBKAa IIporpamMm

CytecTByeT HECKOJBKO ~aBTOPCKUX —HUCTOYHWKOB mporpamm.  Master”-komum mporpamm
PYTHIA /JETSET Bcex cyUIeCTBYIONMIUX B HAcTOsAllee BpeMs Bepcuil BILIOTH 10 caMoil mocsen-
Heit, obbenuusoneit PYTHIA u JETSET B OmHO TeJT0€e, ¢ TOJTHBIMU (POPTPAHOBCKUMHI KOTaMU
MpPOTpaMM, TPOTPAMMHBIMI PYKOBOJACTBAME U KOMMEHTAPUAMEI 000 BCEX M3MEHEHUIX CBOOOITHO
MOYKHO B3ATbH 110 ajpecy:

http://thep.lu.se/tf2/staff/torbjorn/Pythia.html.

(mepconasmprags WWW-crparuia asropa nporpammer 1. Chectpata B yausepcurere T. JlyHm).
Daxopdiasics 3nech urdopMalusa o nporpamMmmax PYTHIA /JETSET saBsisieTcs Hanbosee MoJ-
HOW U TIOCTOAHHO OOHOBJIAETCH.

Dra madopMaIma TOCTYIIHA Takke 1o ftp-ampecy:

ftp.thep.lu.se/pub/LundPrograms/Pythia



Kpowme Toro, ¢popTpanoBckue Kombl mocaenanx Bepenit mporpamv PYTHIA u JETSET u mocsen-
HUf BapmaHT TPOrPaAMMHOTO pPyKoBomcTBa (T.e. Bepcmm PYTHIA 6.1 — B HacTodAlee BpeMms )
6e3 KoMMeHTapumeB 00O BCEX TPOILIBIX BEPCUAX U W3MEHEHUAX pasMellaloTcs Ha cepBepax B
[MED9’e u Pepmutabe n 0OHOBJIAIOTCA TPW BBIXOME B cBeT HOBOM Bepcuu. (CooTBeTCTBYyIOININE
azpeca:

http://fnpspa.fnal.gov/megen/lund /lund.hitml
hitp://www.irb.hr/~cern/pythia_html3/node2.html

9 porpaMMBbl HallMCAHbBI TTOJTHOCTHIO Ha cTaHmapTHOM POITIDAD 77 u mOMKHBI BBITOJTHATE-
cs Ha Jobott DBM ¢ takmm KoMmmigTOpoM. D03TOMY, B MTEPBOM TPUOJINKEHNN, KOMITUIAIINA
MpOrpaMM OJIZKHA OBITH TPOCTOTH.

K coxastennto, sKcmepuMeHTBI ¢ OOJTBIINM KOJTUIECTBOM PA3ITUIHBIX KOMIUJIATOPOB HAOT
OIOVWH W TOT ZKe pe3yabTaT: MCIOJIb30BaHNe ONUNil NJIA MOoJyYeHNA ONTUMU3MPOBAHHBIX KOIIOB
Ha jlesie JaeT OMMOOTHBIN Koz (HampuMmep, orepalnnyt BHYTpH HHUKJI0B DO mepemeraoTcs Ha-
PYXKY W CTaBATCA Tepeld HUMH, OJHAKO IPH 3TOM HEKOTOpble NepeMeHHble yCTaHaBIUBAIOTCA
Hempasuabho). CrienoBarenbHo, 00Nl cOBET TAKOB: HYKHO WCIOJB30BATh HU3KUH yPOBEHD
omtumusaiuu, tuna OPTIMIZE(2) na IBM, /NOOPT na VAX, u T.n. Obparute BHUMaHME, 9TO
qacTo TaKasd YCTaHOBKa He JeJlaeTCs 10 YMOJIIaHUIo.

Tonsko ma Apollo, kaxercs, cyuecTByeT TTpobieMa HECOOTBETCTBUA CTAHIAPTHOTO
PODTHAD 77 mpu obpaborke bechopmaTHON 3ammen W Bo3Bpare, Kak mesaercs B RLUGET
u RLUSET. 9Tu moamporpaMMbl He SABJIAIOTCH HEOOXOIUMON JacThiO caMOTO TeHepaTopa COOBI-
tuit, m mosToMmy RLUGET u RLUSET HOJTKHBI OBITH XOPOIIIO TPOKOMMEHTUPOBAHBI, WK K€ HY JKHO
ACKaTh aJbTepHAaTHBHOE pelleHne.

Omnepatopsr SAVE BKJTIOUeHBI B cooTBeTcTBUU €O craHmapTHbIM PODTIAD om. Ommako
TaK Kak OoJbIMHCTBO OOBITHBIX DBM BhImOsHATOT SAVE 6€3 mpobieM, 3Ta 9acTh 0CODEHHO He
TPOBEPAIIAC.

Bce ycTaHOBKY 1O YMOTYAHWIO JIJIA YACTUIL U JAJIA XapaKTEPUCTUK MpOoIecca COXPAHAIOTCA B
BLOCK DATA LUDATA mmst JETSET, mw 8 BLOCK DATA PYDATA — nyist PYTHIA. DTu mommporpam-
MBI [OJIZKHBI 0053ATE/IHHO JIMHKOBATHCA ¢ OCHOBHON TTpOTpaMMoil 1151 HOPMaJJIbHOTO (PYHKITIO-
HUPOBAHU IPYTUX MOANPOTpamMM. Ja HEKOTOphiXx IBM s10 He BBITOTHIETCSA aBTOMATHYEeCKN
1 TOJIZKHO OBITH CIIeJTAHO JIMTHO BaMU, B YaCTHOCTH, ecyit JETSET w PYTHIA moamepRuBaroTca
KaK OMOIMOTEKN, U3 KOTOPBIX MOAMPOTPAMMBI TOJIZKHBI 3aTPyKaThCsA MO0 Mepe HEOOXOIMMOCTH.
B »roit cBaA3u MBI 0OOpaliiaeM Ballle BHUMaHUE Ha TO, ITO OMOJIMOTETHBIH MTOIXO/T He TaeT KaKuX-
JIOO CYIIECTBEHHBIX MPENMYIIECTB MO CPABHEHWIO € 3aTPy3KOl MaKeTOB B IEJOM, TaK KaK Mpn
OOBITHOM 3amycKe B JIFOOOM cjydae OyIeT MPAMO WU KOCBEHHO BBI3BIBATHCH OOJIBIIMHCTBO
TTOIITPOTPaMM.

Tak xkax B HacTOAIIEE BPEM T OOJTBITNHCTBO UCTTOIb3yeMbix DBM — 32-x 6butHbBIE, TO TOTHOCTH
BBIUUCIIEHUN OOIIENpPUHATAaA. DOITOMY HEKOTOPBIE KOIBI TOJIKHBI 3aMUCHIBATHCA € IBOWHOMN
TOYHOCTBIO. B KadecTBe sMIUPUYECKOTO MpaBmiia, epeMeHHble TBONHON TOYHOCTH MMEIOT Ha
MecTe TIepBOro CMMBOJIa D, HO MMeeTcsa W HEeCKOJIbKO MCKJIIOUYEHMI.

Jlist npuKJIagHbIX TporpaMM B objactu odeHb Bbicokux suepruii, tuna LHC/SSC, upu-
MeHeHme OOBITHOW TOUHOCTH [Jis JiIoOol peasbHON TepeMmennoit — mpobiema. Torma mMoxer
BO3HUKHYTH HEOOXOIMMOCTE MOJTHOCTHIO MEPETUCATH TPOTPAMMY, TO ecTh moMecTuTh IMPLICIT
DOUBLE PRECISION(A-H,0-Z) B Hada/ie KaXIOf HMOAMpOrpaMMbl I W3MEHHUTDH BCE BEIIECTBEH-
Hble KOHCTAHTBI Ha 3HAYEHU:A ¢ IBOWHON TOYHOCTHIO. B HEKOTOPBIX cilydadX BO3MOXKHBI HeKe-
JlaTeJIbHBIE COKpallleHns. Damnpumep, Ha [BM onmmsa xomnuisaropa AUTODBL mjis aBTOMATHIe-
CKOTO YIIBOEHWSA TOTHOCTU PabOTaeT MPEKPACHO TOJBKO IJIA JYeTHBIX 3HATYEHUN TEThIX ducelt,
MPeIIIeCTBYONNX BEIECTBEHHBIM drc/IaM B O0IIIX OToKax. DosToMy B JETSET HYKHO BBECTH
NOTIOJTHITETHHYTO TENTyTo epeMernyo (ckaxem, NPAD) mpsamo nocie N B obuiem Gioke LUJETS,



a B PYTHIA — mononmuTenpHyio menyto nepemenuyio (MSEPAD) mocsre MSEL B obiiem Giioke
PYSUBS. 9 pu 3TOM HEKOTOPBIE KOIBI peabHO OYIYT HaBAThCA ¢ KBAIAPYTOJBHON TOTHOCTHIO.

TecroBas nmporpamma LUTEST Brifogaercst B makeT JETSET. OHa BBITOJIHEHA KaK TTOMITPO-
rpaMMa, Tak 49TO Bbl JOJIZKHbLI 3allyCTUTh OCHOBHYIO IIPOIpaMMy

CALL LUTEST(1)
END

9ra mporpamMma OyIIeT TeHepHpOBaTh MIECTHCOT COOBITUH Pa3IWIHBIX THUIIOB € YY€TOM psAlia
yenoBuii. Fegm JETSET 6blita yeTaHOBJIEHA HETPABUIBHO, TO 9TO, BEPOATHO, TIPUBEIET K aBa-
puiiHOMY OTKa3y IpOorpaMMbl, WK, O KpaiiHeil Mepe, OyIeT TeHepUpPOBATHCA P ONTHOOTHBIX
cobprtuii. Torma »Tto GymeT ABHO OTMedeHO B BBIBOIE, KOTOPBI B MPOTUBOIOIOKHOM CJIY-
qae OyleT comeprKaTh TOJBKO HECKOJBKO pPacledaTok MO BBIOOpKaM cOOBITHH W TabIUIbI ©
KOJTaMU Pa3INIHBIX MOJTYyIeHHBIX JacTuIl. dTOOBI OTKIIIOUNTH BBIBOJ HOPMAJbHBIX COOBITUH 1
mocentedi Tadbaunpl, ncnoab3yiite LUTEST(0) Bmecto LUTEST(1). OxomuarenpbHBIH Hoacuer
obHapy JKEHHBIX OITMOOK MTOJIKeH maBarh ().

Amnanormaro, TecroBag nmporpamma PYTEST noctaBidercsa ¢ maketom PYTHIA. Bor momkabr
3aIlyCTUTh ITPOTPaMMy

CALL PYTEST(1)
END

Kax u Boitre, Bapwant PYTEST (0) 6ymer maBaTh MeHee OOIIUPHYIO pacnedarky. B xome BBITOJI-
HEHUA TTPOTPAMMBI HE [TOJIKHO BO3HUKATh HUKAKUX OIINOOK.

3.3 ®Puigocodus, ncnojaplzyeMasa IIpu HOCTPOECHUN
nporpaMm

O6cy xmaemble 3nech mporpammvbl Morte-Kapsio mocrpoensr Kak Bemomble cucrembl (slave
systems), T.e. TIOJIb30BaTEh IOJKEH HAlMCATh OCHOBHYIO Tporpammy. M3 Hee pasmudubie
IporpaMMbl BBI3BIBAIOTCA [JIsl BBIIIOJIHEHUA YaCTHBIX 3a/1a4, [IOCJIe Yero yipaBJ/ieHue cHOBa Iie-
pemaeTcsa OCHOBHOW porpaMMe. 9 eKOTOPBIE U3 3TUX 3a/1a9 MOTYT ObITh BeChMa TPUBUAJTHHBIM,
1 TOCTATOYHO ~ BBICOKOYPOBHEBBIE” MTPOTPAMMBI MOTYT IIPOU3BOANTH OOJIBITOE TUCIO BBI3OBOB
noamporpaMm. MHOrHe nmporpaMMbl He TpeIHa3HAuYeHbl 114 HETOCPEICTBEHHOTO BbI30BA TTOJIb-
30BareseM, a TOJIBKO 4epe3 IporpaMMbl BbIcOKoro yposus, tuna LUEXEC, LUEEVT, PYINIT
nim PYEVNT.

B ocHoBHOM 3TO 03HaYaeT, 4TO CYIIECTBYET TPU MYTH, IO KOTOPBIM BbI B3auMoJielicTByeTe ¢
mporpamMmamu. Bo-TiepBbIX, ycTaHaBIMBasA TepeMeHHBbIE 00X OJOKOB, BBI OMpeesgeTe, Kak
IporpaMMbl JOJIZKHBI BBIIOJIHATH YacTHblE 3aa4d, T.6. KaKue MOAIPOLECChl NOJIXKHbI PeHepHU-
poBarbes (s PYTHIA), KaKoBBI IpeanosaraeMble MacChl 9acTUll, KaKie KOHCTAHTBI CBA3M
TTOJTZKHBI UCTTOIB30BAThCA, KAKOBBI CleHapUn (PparMeHTallnd U TaK [1ajiee ¢ COTHAMUI ONINN o
mapamMeTpoB. Bo-BTOpBIX, TpHU BBI30BAaX MOMIPOrPAMM Bbl HAUWHAETE TEHEPUPOBATH COOBITHSA TI0
MpaBUIaM, yCTaHOBJIEHHBIM Bbilile. OOBITHO B TOAIPOrpaMMe CYIIECTBYET HECKOJIBKO apryMeH-
TOB, KOTOPBIE CBA3AHBI C METAJTAMEU (PU3NIECKON CHTyallnu, HApUMep, ¢ sHepruell B cucreme
MEHTpa Mace, TpeanosaraeMol B coobiTum. B-TpeTbux, BbI TakkKe MOXKeTe 3arigHyTh B 00Ut
6s10k LUJETS 151 TOTO, 9TOOBI W3BJIEYh WHMOPMAIUIO O CTEHEPUPOBAHHOM COOBITHUY, WU K€
BBI MOJKETe BBI3BATH pa3IUIHble (PDYHKINN U TOAITPOrPAMMBI IJIs JaJbHEHIIEro aHam3a.

Cremyer oTMeTHTh, 9TO XOTA B IEeHTPE BHUMAHU HaXOMUTCA (PU3MIECKOE COMlepIKaHme, TTa-
ket JETSET/PYTHIA colepkuT BecbMa OOUIMPHBIH HAOOp BCIOMOIATEIbHBIX CEPBUCHBIX TIPO-
rpaMM. JalleeMcsd, ITO 3TO 0OeCHeIuT BaM yIOOHYIO pabodyio cpemy, B KOTOPOi He TOJBKO



TEHEPUPYIOTCA COOBITHA, HO T/Ie TaKZKe MOKHO BBITIOJHUTH PAI TMOCTIEAYIONINX MPOIENYD, CBA-
3aHHBIX € aHAJIU30M coObITHi#. KoHedHO, MpM MeTaJbHBIX MCCIETOBAHUAX MOYKET BOSHUKHYTH
HEOOXOIMMOCTD TPUBA3ATh BBIXOMHBIE TaHHBIE MPAMO K MPOTPAMME MOIEJTUPOBAHUA KaKOM-
JIMOO YCTAHOBK.

Obiiee mpaBUII0 — BCE MPOTPAMMBbI UMEIOT MIECTUCUMBOJIbHBIE NMeHa, HaunHaoumecs ¢ LU
nig mporpamm JETSET u PY — nna PYTHIA. Vmeercsa Tpu mcKItoueHnsa Kak MO JIJIWHE, TaK U
o TPaBWIIy O HadaJbHBIX cuMBosiax: KLU, PLU u RLU. /IBe mepBbie (DyHKIIUU TECHO CBA3AHBI
¢ marputtamu K u P B obmtem 6s10xe LUJETS, mocsiequss HadnHaeTcsa ¢ R, 9T00BI TTOMIEPKHY Th,
UTO 3Ta MOAIPOrPaMMa €CTh TeHEPATOP CJIydaliHbix dnces. MmeHa obumx GJOKOB TaKXkKe Iie-
CTUCUMBOJIbHBIE U HauuHatorcsa ¢ LU u PY.

B Bompoce mannmanusanuu JETSET u PYTHIA BemyT cebsi coBceM TO-PasHOMY. DOJIBIIITH-
cTBO TporpaMM JETSET paboTaioT 6e3 KaKOH-TH00 MHUIIATN3AIAN (33 UCKIOUEHNEM OTHOTO
TOJTHKO TIpenonokenns o mpucyTcTsun BLOCK DATA LUDATA), T.e. KaKoe COOBITHE U KaKIas
3a/ada cToAT 0bocobstenno. Texyime mepeMentbie 061ero GJIOKA MCTOIB3YIOTCH /T BBITOJ-
HEHUA 3a/1a9 110 ONpeleIeHHBIM TPABMIAM, U 3TH IPABMIa MOTYT MEHATHCA OT OIHOTO COOBITUA
K IpyroMy 6e30 BCAKUX mocsencTBuil (Mim gazxe BO BpeMs eHepalui OJHOTO U TOTO Ke COOBI-
tus). [eneparop ciydailHbIX drces WHUIUUPYETCH MPH HEPBOM OOpallleHUN, HO 9TOT MOMEHT
odesunen. CiremoBaTesibHO, IBe MporpaMmbl B JETSET — LUEEVT (1 HEKOTOpBIE TIPOTPaMMBbI,
ero BbI3bIBaeMbIe) n LUONIA B mesom ABJIAIOTCA €IUHCTBEHHBIMH, COAEpIKalliMHA HEKOTOpbIe
9JIEMEHTHl MHUTNAIN3AINN 1 UMEIOIIMI HEKOTOPBIE TTPEMMYIIECTBA B CJIydae, €CJin COOBITUA
TEHEPUPYIOTCA CBA3AHHBIM 00pa3oM.

Daobopot, B PYTHIA ouryTuMbiit 00beM WHUIINATM3AINN BBITTOIHAETCA TIPW OOpAIEHUN K
nporpamme PYINIT, a 3aTem Bce coObITHs, creneprupoBatfble PYEVNT, ciienyoT mpaBuiaM UTphl,
ycTaHOBJIEHHBIM B Hetl. CitemoBaTesibHO, TTepeMeHHbIe 00X OJTOKOB, 3aTal0IIIe NCIOIb3yeMble
METO/IBI, JOJKHBI OBITH olpenescHbl mepen obpaitenneM K PYINIT u 3aTeM He ITOJIKHBI H3Me-
HATHCH, 38 HEKOTOPBIME UCKIIOUYeHAMI. KOHEeYHO, BIIOSTHE BO3MOKHO OCYIIECTBUTH HECKOJIBKO
obpartennit K PYINIT 3a OIWH TPOTOH MPOTPAMMBI, OJTHAKO 3TO TMOTPedyeT 3HAUUTETbHBIX 3a-
TpaT BpeMeHNU W He MPAKTUKYeTCA IJIA KazZKIOTO HOBOTO COOBITHUA.

Kpowme manmcanms 3arosioBka, Mafolero KOPOTKYIO WHMOPMAINIO 00 WHUIINAIH3AIINT, Pac-
mevaTky coollrennit 06 ommbKax, ecjnm 3To HeoOXOIUMO, W OTBETOB Ha SABHBIE 3AITPOCHI IJIA
pacmevyarKky, Bce 3aadn B IIpOrpaMMax BBITOJTHAIOTCH ~0e3 KomMmeHTapueB” . Bes Bbixommasn
wHGOPMAIINA HApaBJIAeTcAs Ha JOTHIECKOe YCTPOHCcTBO, MpoHyMepoBaHHOoe B MSTU(11) (mo
yMOJTIaHuto — 6), u Ballell 3ajadell ABIAETCA OTKPBITH 3TO YCTPOHCTBO m/id 3amucu. Fama-
crBeHHoe uckJiovdenne cocrasiisaioT RLUGET, RLUSET u LUUPDA, rae no o4eBUAHBIM IpUYUHAM
HOMepa BXOJIAININX U BBIXOAANNX (halljIoB OMpenedorcs Ipu KakIoM obpalleHnn. 31ech Bb
ONATH-TAKU JOJKHBI IIPOBEPUTH, YCTAHOBJICH JIM MPABUIBHBIH JOCTYTI K YTEHUIO /3alucy.

9 porpaMMBbl TTpeebHO Pa3HOCTOPOHHU, HO I€Ha, KOTOPYIO MPUXOINTCH 3allJIATUTD 3a 3TO
— HaJmane GOJIBINOTO UUC/Ia PETYJIUPYEMBIX TTapaMeTPOB W KJIIOUell M1 pas/ImdHbIX PeKIMOB
paboThI. DU OTHOMY TTOJIH30BATENIO HIKOTIa He TIOTpedyeTcs MoTHBIH Habop TOCTYIHBIX OMIINii.
Tak Kak BceM 3THM MapaMeTpaM U KJIOYaM MPUCBOEHBI pa3yMHble 3HAUEHUA 110 YMOJYaHUIO,
HET MPUINHBI OECTIOKONTHCA HACTET 3TOTO.

Doka He 3adABJIEHO obOpaTHOE (MM He OYEBUIHO W3 KOHTEKCTA), BCe KJOUM W MapaMeTphl
MOTYT U3MEHAThCA HE3aBUCHMO APYT OT apyra. (CJieayerT OTMEeTHTh, OIHAKO, UTO €CJu OBLIO
U3MEHEHO TOThKO HECKOIBKO KiTfoUel (apaMeTpoB ), 5TO MOKET TIPUBECTH K HCKYCCTBEHHO BO3-
HUKIIEMY TLJIOXOMY COOTBETCTBWIO ¢ MaHHBIMEU. MHOTWE paccorsiacoBaHWa 9acTO MOTYT OBITH
ACIOpaBJIeHbl TOCJICHOBATEC/IBHON IepeHacTpOoKo#l HEKOTOPBIX IpYIUX MapaMeTpoB MOIE/IH, B
YaCTHOCTH, T€X, KOTOPbIE OBLIN OHAKIBI OTPEIESIEHBI 1T0 CPAaBHEHNIO ¢ TaHHBIMU B KOHTEKCTE
HEKOEeTo CIleHaphs. OallpuMep, A aHHUTWIANAN €Te” TaKas IepeHacTpoiKa MOJKET CBA-



sbBarh onuH mapamerp KX/ (o mam A), npomonbhyio GyHKIIIO GparMeHTannn 0 cpeaHumii
MOTTePeIHbIfl UMITYJThC hPparMeHTaIInN.

9 porpaMMBbI coflepKaT MHOKECTBO TPOBEPOK, TPEOYEMBIX JIITs 33 JaHHBIX MTPOTIECCOB, HATIPHU-
Mep, 94TO apoMaThl, olpedeseHHble AJId CUCTeM CTPYl, IMeIoT CMBICI, YTO 3HEePTUA JOCTaTOYHA
IJIS apoHu3aIum, npoctpatcTBa namsaTu B LUJETS gocrarodro m 1. 1. Ecim uro-to maer
HEBEPHO 1 MPOrpaMMa MOZKET 3TO OTJOBUTH (OUEBUIHO, UTO 3TO He BCETIa BO3MOXKHO), COO0-
nienre o0 omumbre Oy/eT HamedaTaHo, a aHAJIU3 COOTBETCTBYIONIETO COOBITUS TTPOBOMUTHCH He
OymeT. Do B cepbe3HBIX cJIydadxX MporpaMMa BBLIETaeT. JOKa HeT coodblleHuit ob ommbdkre Ha
BBIXOJIE, HE CTOUT W3y4aTh IMpaBUIa TPOBEPKH ONINOOK, HO €CJIN XOTs ObI OJTHO TaKoe coodIeHne
MOABUTCA, TO 3TO JIOCTATOYHBIN CUTHAJ TPEBOTU JIJIA IPUBJIEYEHNA BHUMaHUA. [aKiKe WHOrIA
nevaratoTcd mpenynpexaeruds. OHU MeHee cephe3HbI, W OBITHBIN TOJb30BATEh MOKET, XOTS
U OCMOTPUTEJIBHO, COBEPIIATh KaKWe-TO MefCTBUA MPOTUB TIPABMJI, HO BOOOIIE WMEET CMBICT
MPEeNIPUHATH YTO-TO € YIETOM HTUX COODIMEHWH. ) eqararoTca TOJBKO TepBble HECKOJIBKO TIpe-
IyTpexRIeHut, 3aTeM TporpaMMa ~ yCIOKOUTCA . D0 yMOJTIAHUIO TPOrpaMMa yCTaHOBJIEHA Ha
OCTAHOBKY UCIIOJTHEHU A TTOCJIE TECATH OIMTUOOK, TIOCTIE TeTaTH MTOCJIETHETO OMMOOTHOTO COOBITHUA.

Cront momuepkHyTh, UTO HE BCe OIMMOKM MOTYT OBITH OTJIOBJEHBI. B wactHOCTH, OmWH
13 XUTPBIX BOMPOCOB, UTO CJIYUUTCH, €CJIN UCTOIb3YyETCA TEeJTOUNCIeHHas MepeMeHHas obIe-
ro GJIOKa MW apTyMeHT HOoamporpaMmbl ((BDyHKINN), 3HaUYeHHe KOTOpOil He ompenesero. B
HEKOTOPBIX OOpallleHnAX K MOAIporpaMMaM OyIeT OCYIIECTBIATHCA OBICTPBI BO3BpaT, HO B
OOJBITMHCTRE CITyIaeB MOCTENYIONINe IeficTBUS MOJTHOCTBIO HETTPEACKA3yeMbI 1, 3a9acTYI0, CO-
BepiileHHO (artaabHbl. 10 XKe caMoe TPOUCXOMUT I MEOTNCTEHHBIX TePEMEHHBIX, KOTOPBIM
MIPUCBOEHBI 3HATEHNU 3a MpefeaaMi pu3ndecKoi odmacT. 37ech JOCTATOTHO OTHOTO TPUMeEpa:
ecain PARJ(2) onpeneseno Kak Koo uimenT nogasienus s/u, ero snadenue >1 Ha caMoM Je-
Jle He JacT OoJiee OOMITBHOTO POKIIEHUS S TI0 CPABHEHMUIO € U, a MPUBEIET K MepeKadKe MpoIecca
B POXKICHWE ¢. DOITOMY: MOJH30BATE/H, OYyAbTE OTUTETHHDI!

3.4 CorJaliieHus Mo 3TOMY PYKOBOJICTBY

B sTOoM pyKoOBOICTBE MCMOMB3YIOTCS HEKOTOPBIE YCJIOBHBIE 0003HaUYeHNs. Bce mMeHa MOMITPO-
rpamMm, o0Iire OJIOKY 1 TlepeMeHHbie HaOpaHbl 3aryIaBHBIMEI OYKBaMU ~ PaBHOITHPUHHBIM  Ipud-
toMm (\tt, ecom ucnonbzoBars monaTna WIEX’a o mpudrax), nanpumep, MSTP(111)=0. Dpu-
MepBbI TPOTPaMM TaKKe HabpaHbI 2TUM HIPUHTOM.

Ecnn mepemennas obimero 6j0Ka mMeeT MHOXKECTBO 3HAUEeHWH B Hadaje BBITTOJTHEHUHA, TO
3HAUEHUE MO0 yMOJYAHUIO COXPAHAETCss B OMHON W3 moamporpamMm Osoka mawHbiXx LUDATA u
PYDATA. Takoe sHadenme mo yMosrdannio oObraro yKasbiBaerca ~(D=...)” cpasy mocye nmeHn
mepeMeHHol, HallpuMep:

MSTJ(1) : (D=1) Bbibop cxembl pparMeHTAIIN.

Bce nepementbie B 06mnx 6okax JETSET (3a 0deHb HEGOJBIINM KOJTUIECTBOM MCKJITFOTE-
HIH, YKa3aHHBIX ABHO) MOTYT CBOOOTHO M3MEHATHCA OT OIHOTO COOBITHA K IPYTOMY WJIU JarKe
B mpenegax obpabOTKM OIHOTO M TOro Ke coobiTusa. B obmmx 6/iokax PYTHIA mostoxenme
6osee cyiokHOE. 3HaUeHUsA OOJIBIIOTO KOJMIECTBA KJIIOUEll U mapaMeTpoB UCIOb3YIOTCA Y IKe
npu Bbr3oBe PYINIT u He MOTYT M3MEHATHCA TOCJE 3TOT0. DTa MpodIeMa YIOMIHAETCH B TIpe-
aMOyJie K COOTBETCTBYIOIINM ODIIMM OJTOKaM, KOTOpbIe, B 9acTHOCTH, 0bo3HaudatoTcs /PYPARS/
u /PYSUBS/. Jlna mepeMeHHBIX, KOTOpBIE BCe K€ MOTYT H3MEHATHCA OT OTHOTO COOBITHA K
npyromy, mobasisgerca sHak ”(C)” nmocae 7(D=...)".

OObITHO BHYyTpeHHIE TIepeMEHHBIE TTPOTPAMMBI XPAHATCA B OTIETIBHBIX 00X OJIOKAaX 1 Mac-
cUBax, HO B HECKOJIBKUX CJIyUasX TaKWe BHYTPEHHUE TTepeMeHHbBIe TIOABIAIOTCA CPETN MaCCHBOB
KJTOUel 1 TapaMeTpPOB, TIIaBHBIM 00pa30M, M0 NCTOPUIECKNM TpUIrnHaM. 1orma gegatorcs 00o-



snavenns: ' (R)” — 07 mepeMeHHBIX, KOTOPBIE BBl MOJKETE 3aX0TETh IPOUECTh, MTOTOMY UTO OHI
cofiepKaT TMOTEHIMAIBHO WHTepecHyto mHpopMarmio, n 7 (1)” — 1A BHYTpeHHUX MepeMeHHBIX.
Du B TOM, HI B IpDyTOM CJIydae 3TH [epeMeHHble He MOI'YT ObITh M3MEHEHbI BaMHu.

Dpu onmMcaHUM KJfoUa Mepedrc/IAoTcs BapuaHThl 3HaYeHUil, KOTOpble OH MOZKET ITPHHU-
MaTh, HallpHMep:
MSTJ(1) : (D=1) Bbibop cxembl pparMeHTaINN.

=0 : HeT BooOIlle HUKaKoil ¢gpparMenTaium cTpyii.
=1: cTpyHHadA (pparMeHTaIuA COTJIACHO JIYHI-MOJIEJIH.
=2 He3aBucnMas (pparMeHTaIlusa B COOTBETCTBUU €O 3HAUYEHUAME, 3aJaHHBIMU B

MSTJ(2) w MSTJ(3).
Ecau o1 menosnssyere si06oe suadenne, orsmanoe ot 0, 1 wim 2, pesyabrarsl OymayT HETpen-
cKazyeMbiMu. BosmelicTBUe make MOMKET OBITh Pa3/IMIHBIM B Pa3HBbIX YacTAX MPOTPAMMBI, B
3aBUCUMOCTH OT MOPAJIKa, B KOTOPOM ONpeNe/dtoTcda BapuaHThl.

Bbr Takyke MOJTKHBI caMU CJIEIUTH 3a BBIOOPOM (DU3UIECKN TTPUEMIIEMBIX 3HAUEHUH mapa-
MeTPOB: He JejlaeTcsd HUKAKUX MPOBEPOK Ha pa3pelleHHble IMana30Hbl epeMeHHbIX. Mbl npu-
BOJIMJIM TIPUMeEP TaKoil cuTyaluy B KOHIE MPeIblIyllero pasjesa.

D oampoTrpaMMBbl, KOTOpPBIE BbI, KaK OXKHUIAeTCs, OylIeTe UCIOIb30BaTh, 3aK/JIIOUYEHBI B MpH-
MOYTOJIbHBIE pAaMKW, BHYTPU KOTOPBLIX CONEPKUTCA HaszBaHUe MOANPOrpaMMbI:

CALL LULIST(MLIST)

DTO CONMPOBOKIACTCA OIMUCAHNEM BXOIHBIX MJIM BBIXOIHBIX HapaMeTPOB. Ja3Indne MeEKIY
BBOJIOM W BBIBOIOM SIBHO HE OTMEYEHO, HO OHO HOJIZKHO OBITh OUYEBUIAHO W3 KoHTeKcTa. Pak-
THYEeCKH, MOMAIPOrpaMMBl aHa/3a COOLITHA Hmaparpada 15.2.7 Bo3BpalllaioT 3HAYCHUA IMOCIE
00paboTKM, a BCe OCTaJbHbIe NMEIOT TOJBKO BXOIAIINE IIepeMeHHbIe.

D oNIporpaMMBbl, IpeaHa3HaueHHble TOJbKO /I BHYTPEHHETO MOIb30BAHNA, He BBIICIAIOT-
csa B IpAMOYTobHble paMKknu. OaHako 3mech MbI OyIeM HCIOIb30BaTh PaMKH /IS BCeX OOIIIX
OJIOKOB [IJId YI000INTAEMOCTH.

3.5 Dagayo paborsl ¢ JETSET

B kadecTBe mepBOro MpUMepa MPEInoIoKIMM, 9TO Mbl XOTUM MUCCIEN0BATh POKIeHNe 2-X cTpyil
ot cuctembl uu ¢ sHepruett 20 ['3B. Utober caesmarsh 910, HAMUIIEM OCHOBHYIO TTPOTPAMMY

CALL LU2ENT(0,2,-2,20.)
CALL LULIST(1)
END

1 BBITTOJTHUM 3Ty TIPOrpaMMYy, CJIMHKOBaHHYIO BMecTe ¢ JETSET. Dommporpamma LU2ENT crre-
[UAIBHO TIPeTHASHATAETCA A 3aJaHnA IBYX BXOMOB (CTPYH Mim qacTuir). DepBblii apryMeHT
(0) — KoMaHIa O BBHITIOJHEHNN hparMeHTalNK 1 paciaja TPAMO TOCe TOT0, KakK ObLIN 33 aHbl
BXOIIBI, BTOPOfi U TpeTuii TOBOPAT O TOM, UTO 3TH IBa BXOHa ecTh u (2) w u (—2) u mociaeanHmii
— 0 ToM, UTO »Heprus mapbl B cucteme [IM pasma 20 [5B. Docre BbimosHEHNs TPOrpaMMBI
BO3HWKAIOIIEEe B pe3yJibTaTe cOObITHE coxpaHseTca B obiiem Osoke LUJETS. Dra madOpMalns
MOTOM MOZKET OBITHh MpoUnTaHa MojIb3oBaTesieM. B camoit LU2ENT He ocylecTBIIsieTCA BBIBOIA
HUKaKO# mwHdOpMaIum, KpoMe cTPOK 3aroJIOBKa

The Lund MONTE Carlo - JETSET version 7.3 \\
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KOTOPbIe TOABIAIOTCA OIUH Pa3 [Jid KasKI0To BblMoJIHeHnA JETSET.

Bropasa komanma, LULIST, obecriedanBaeT MpOCTYIO BU3YAJIbHYIO WHTEPIPETAINIO WHMOpMar-
nn, coxpatennoli B LUJETS. Apryment (1) yKasblBaer, 9To JTOJIZKHA HCIOIB30BAThCA KOPOTKA
Bepcus UTOroBoil pacmedaTky, KoTopasd HOAXOAUT AJid IIPOCMOTpPa pe3yJIbTaToB IPAMO € d9KpaHa
tepmmHasia ¢ 80 cTosdmaMu. DTO MOXKET BBITVIANETh TaK, KaK MOKa3aHO HUKE:



Event listing (summary)

particle/jet  KS KF orig p_z P-y pP_Xx E m

1 (u) A 12 2 0 0.000 0.000 10.000 10.000 0.006

2 (uv) Vv 11 -2 0 0.000 0.000 -10.000 10.000 0.006

3 (string) 11 92 1 0.000 0.000 0.000 20.000 20.000

4 (rho+) 11 213 3 0.098 -0.154 2.710 2.856 0.885

5 (rho-) 11 -213 3 -0.227 0.145 6.538 6.590 0.781

6 pi+ 1 211 3 0.125 -0.266 0.097 0.339 0.140

7 (Sigma0) 11 3212 3 -0.254 0.034 -1.397 1.855 1.193

8 (Kx+) 11 323 3 -0.124 0.709 -2.753 2.968 0.846

9 p”- 1 -2212 3 0.395 -0.614 -3.806 3.988 0.938

10 pi- 1 -211 3 -0.013 0.146 -1.389 1.403 0.140
11 pi+ 1 211 4 0.109 -0.456 2.164 2.218 0.1401
12 (pi0) 11 111 4 -0.011 0.301 0.546 0.638 0.135
13 pi- 1 -211 5 0.089 0.343 2.089 2.124 0.140
14 (pi0) 11 111 5 -0.316 -0.197 4.449 4.467 0.135
15 (Lambda0) 11 3122 7 -0.208 0.014 -1.403 1.804 1.116
16 gamma 1 22 7 -0.046 0.020 0.006 0.050 0.000
17 K+ 1 321 8 -0.084 0.299 -2.139 2.217 0.494
18 (pi0) 11 111 8 -0.040 0.410 -0.614 0.751 0.135
19 gamma 1 22 12 0.059 0.146 0.224 0.274 0.000
20 gamma 1 22 12 -0.070 0.155 0.322 0.364 0.000
21 gamma 1 22 14 -0.322 -0.162 4.027 4.043 0.000
22 gamma 1 22 14 0.006 -0.035 0.422 0.423 0.000
23 p+ 1 2212 15 -0.178 0.033 -1.343 1.649 0.938
24 pi- 1 -211 15 -0.030 -0.018 -0.059 0.156 0.140
25 gamma 1 22 18 -0.006 0.384 -0.585 0.699 0.000
26 gamma 1 22 18 -0.034 0.026 -0.029 0.052 0.000
sum: 0.00 0.000 0.000 0.000 20.000 20.000

(MasrerbKIe TTpOGESTBI MeKILY CTONOIaME 00y CITOBJIEHBI HEOOXOINMOCTHIO MPUCTOCAOINBATHCA
K Qopmary »toro Tekcra.) B cronbue particle/jet mepsbie mBe cTpokm comepikar mHMOpMa-
IO O MEePBOHAYAJBHBIX JacTHIaX % W U, IJe 3HAUOK aHTUIACTUIBI 3aITUCBIBAETCH Kak &~
I »KOHOMUHU MecTa B OoJiee NIWHHBIX mMeHaX. lmena B Kpyribix ckobkax, tuma ~ (u)” u
7(u )” o3HAYAIOT, UYTO TU CTPYW Ha CAMOM JIeJie TOJIKHBI (PparMeHTHpPOBaTh, T.€. B KOHETHOM
cocTosTHUT OYIyT HAOIIOIAThCA HE 3T JaCTUIIBI, & TO, ITO MOJYIUTCSA B pe3ysIbTare mpoIecca
anpormsaruu. CTpym cOXpaHAIOTCHA, TaK UTO MOYKHO UCCIIEIOBATh UCTOPUIO COOBITHA. Takixe
3aMeThTe, 9T0 crosben KF (Koi apomara) COmEpXKHUT 2 B TEPBOH cTpoke W —2 — BO BTOPOIi.
DTH KOIbI W O3HAYAIOT HAa CaMOM [eJjie Hajumdnme u u U, cM. LU2ENT, a mMeHa 3aluCBIBAIOTCS
TOJIBKO yIOOCTBA pay TPHU ITPOCMOTPe BBIXOMHON nHbopMaruu. A u V 6sirKe K KOHILY CTOJIOA
particle/jet obosHagaroT Hava O W KOHEI CTPYHBI (MM KJIacTepa, WM CHCTEMBI B CXeMe HE3aBN-
cuMoli (pparMeHTAIN ) 1T MapTOHHON CHCTEMBI; JTFO0ble TTPOMeKY TOTHbIE BXOIAIINE TACTHIIB,
IpUHAITeKAIIe K 3Toi Ke cucTeMe, OyayT obo3HadaThca I B 3ToM cTosOIe. (DTO OTBedaer
YHCTO YESIOBEUECKOMY BOCIIPUATHIO CTPETKH BBEPX-BHU3 . )

B crosibiie orig HysM 03HAYAlOT, YTO ¥ W % — JIB€ HadasbHble dacTuipl. Cremyrolnas cTpo-
Ka, HOMep 3, o3HadaeT (parMeHTalnio CTPYHHON CHCTeMbl ut KaK [eJoro W B CTOJIONe orig
comepKUT 1, TaK KaK MEPBBINl mapToH 3TO# cTpyHHON cucTeMmbl — Bxom HOoMep 1. Hactuubr B



ctpokax 4 - 10 mmeroT HavasbHBIN HOMEp 3, 9TO O3HAaYaeT, UTO OHU TOJYyYafoTCA MPAMO TTPH
dparMenTanuu »Tolt CTPYHBI. Dpu PparMeHTAlnn CTPYHBI HECYIIECTBEHHO, MPOUCXOINUT JIN
JacTUIAa OT Y- WJIN OT U-KBapKa. ITO CTpYHHasd CHCTEMA PAcCCMAaTPUBAETCA KaK OJIHO IeJIoe, 1
naer pt, p~, ot X0 K**, p~ u 7. Obparure BHMMaHMe, 4TO HEKOTOPbIE UMEHa 9aCTHI] OIATh
3aKJIIOYEHBl B KPYIJIble CKOOKHU, 9TO YKa3biBaeT Ha TO, UYTO HTU YACTUIBI HE TTPEICTABIEHBI B
KOHEYHOM COCTOAHUM, a OyIyT paclalaTbcs gasblie. Takum obpasom, 7~ B crpoke 13 u 70 B
cTpoke 14 mMetoT HadaJTbHBIM HOMEP 5, YTO TOBOPUT O TOM, UTO OHI TTPOUCXOIAT W3 paciaia p -
B cTpoke H. ToJbKO 9acTUIbl ¢ UMeHaMU, He 3aKJIIOUeHHBIMI B KPYTJIble CKOOKM, OCTAIOTCA B
KOHIIE [eNouK: (pparMeHTalys/pacial, u, cJIeIoBaTebHO, HAbJIOTAIOTCH IKCIEPUMEHTATBHO.
QaxTugecknit KO COCTOAHMA, WCIOIb3YEMBIH 7T TOrO, 9TOOBI pa3indaTh KJIacchl BXOIOB, da-
erca B cTosiote KS; Koabl ¢ HoMepaMu B auarasone | - 10 coOTBETCTBYIOT BXOIaM, OCTAIONINMCH
1 B KOHETHOM COCTOSHUU, a ¢ HOMepamu, oospuimmu 10, — TeM, KoTopble (GpparMeHTHpPOBaIN
WJIY paclaJluch.

Crosbtsr ¢ p_X, p_y, P_Z, E U m He HYXKIAOTCA B IOTMOJHUTEIHHBIX 00bAcHeHUAX. Bee
UMITYJTbChI, HEPTMU W Macchl natorca B [»B, T.K. cKopocTh cBeTa TpUHUMaeTcs paBHOM
¢ = 1. Obparure BHWMaHUE, 9TO PHEPTUA U UMITYJIbC COXPAHAOTCA Ha KaKIOM Iare Mpo-
necca ¢parMenTanum/pactaga (XoTsA CyUECTBYIOT ONINK, ThAe 3To He Tak). Och z Jaer BbI-
TleJTEHHOE HallpaBJIeHWe, BIIOJb KOTOPOTO IBUKYTCA MEepBOHAYAIbHBIE TApPTOHBI. ) OCTETHASA
CTpPOKa TpelHa3HadYeHa [JisA ObICTPON MPOBEPKHW Ha MpeIMeT TOTO, 9TO He CJIYyIUIOCh HUIErO
HenpenycMoTpenHoro. OHa comepKuT cyMMapHBIH 3aps, CyMMapHBI UMIYJIbC, SHEPTUIO 1
MHBapPUAHTHYIO MacCcy BCEX YaCTUIl B KOHIIC LENOYKU aJpOHU3alluK, W 9TU 3HaAUYCHUA HOJIZKHDI
HaXOINTHCA B COMVIACUU ¢ BBOAUMBIME apryMmeHTaMu LU2ENT. (PakTuaecki, 0ObITHO Ha BBIXO/IE
OYIyT TOABIATHCA MPENyIPERITEHN, €CIU CJIYINTCA ITO-HUOYIb OOpaTHOE 3TOMY, HO 3TO —
TeMa JIJIA JPYTOTO PasToBOPA. )

9 puBeNeHHBI TpUMep TPUOIU3UTETHHO TEMOHCTPUPYET, KaKasd MH(MOPMAINA TOJIKHA CO-
IepZKaThCA B 3alUCH COOBITHS, HO HE TO, KaKad ee 9acTh COXPAHAETCH. DTO JIYUIEe BUIHO TIPH
ncrob3oBannn (opmara co 132 cromdmamMu 11 pacnedaTk cOOBITHH. 3amycTuM, HampuMep,
CJIEIYIOULYIO IIPpOrpaMMy

CALL LU3ENT(0,1,21,-1,30.,0.9,0.7)
CALL LULIST(2)

CALL LUEDIT(3)

CALL LULIST(2)

END

rae 3-ctpyiinoe cobbitue dgd remepupyercsa B HMEPBOMl cTpPoKe W paclevdaTbiBACTCA BO BTOPOIL.
9Ta pacmedaTka OymeT cogepKaTh Unc/ia, KOTOpble HEIIOCPEICTBEHHO OBLIN COXpaHeHbl B 00IIeM
oJsioke LUJETS

COMMON/LUJETS/N,K(4000,5) ,P(4000,5),V(4000,5)

Taxum obpasom, ais gactutst I swadenne K(I,1) maet wadopmaIiuio o ToM, pparMeHTIpoBasIa
JIW CTpyA WM 9acTHila WIu Ke pacraiach, K(I,2) maer xom wactursl, K(I,3) — Hada bHbIH
Homep (orig), K(I,4) w K(I,5) — nosummu mpoiyKToB (pparmenTainn/pacnana, u P(I,1) -
P(I,5) — muMIyJIbc, HEPTUIO W Maccy. UWCI0 CTPOK B TEKYIIEM BBITIOJHEHUN OMPENesIsAeTCs
snavenuem N, T.e. 1 < I < N. Marpuna V comepkuT nH(MOPMAIUIO O BEPIITHAX PaCIaIoB;
LULIST(3) mosXkHa WCIOJIH30BATHCA € YIETOM 3THX 3HadeHWH. BaXno BbIyuwTh mpaBmiia, B
COOTBETCTBHM € KOTOPBIMHI coxpamseTcs nadopmarma B LUJETS.

Tperbs cTpoka B mporpaMme WITIOCTPUPYET APYTYIO BaKHYIO 4epTy JETSET: MOKHO TpHU-
BJIEUD P TOAIPOTPAMM [IJIf W3MEHeHUs (opMaTa 3aIluch COOBITHA TOCe €ro TeHEepalln.



Taxum obpaszom, LUEDIT(3) Oymer mmepeMeniaTh Bce COOBITHSA, 3a UCKITIOUEHUEM CTaOMITHHBIX 3a-
PsAXKEHHBIX YacTULl, JaBad pe3ysabTal THUIla TOro, YTO Iojgydaercsd npu BropoM Bbr3ose LULIST.
DoJtee TTPOABUHYTHIE BO3MOKHOCTH COMEPKATCA B MOAMPOTPAMMax THIA KJIACTEPU3AINN WIN
BBIUUCIIEHUA C(PEPUTHOCT.

Kpowme 3agannsa BXOIHBIX apryMeHTOB MPU BBI30BaX MOAIPOTPAMM, yIpaBJIeHUEe BBITOJIHE-
HueM JETSET MOXKeT OCYIIEeCTBIAThCA TIpH oMol odmux 6,j0koB LUDAT1, LUDAT2, LUDAT3 u
LUDAT4. D0 yMOJTIaHUIO BCeTIa 0DeCcIIednBaOTCs pa3yMHble 3HAUEHNA. ) 0JTb30BATEbh MOKET,
PN JKeJaHUN, OTKITIOUUTD BCE pachaibl dacTutl, mojaoxus MSTJI(21)=0, uin yBeaudnTh T0JTIO
s/u npu Ppparmenrtanun, nojgoxus PARJ(2)=0.40. D10 mO3BOJIAET UCHOIb30BaTh JETSET Kak
qpe3BblUaiiHo YyBCTBUTEJBHBIN K JeTadaM IIpolecca WHCTPYMEHT, HallpuMep, 114 BbIUuc/Ie-
Hus (poHA K HEKOTOPOMY MHTEPECHOMY (PU3MIECKOMY IPOIIECCY, OMpeneTaeMOMY 3HATeHU AMM
KJIrodell 1o yMOJT9aHITO.

B kauecTBe mocsI€IHETO, TOTYPEATUCTUYECKOTO TTPUMEPa, PACCMOTPUM CIIEKTP O MoTepey-
+ +e‘,rﬂepL
TTOJTZKEH OTPENESTATHCA OTHOCUTEHHO Ocu chpepudHocTr. I pu ucnoiab3oBannn maketa HBOOK

HOMY UMITYJIbCY py dacTull 77 mupu »Heprun 91.2 I'5B B cobbirum annurnisanmm e
(Bepcus 4, crennTe caMi 3a BOSMOKHBIMI PAa3JUdUAMI B BEPCUAX WU CIENNMGUIECKIX yCTa-
HOBKaX) I MOCTPOEHNA THCTOTPAMM TIOJIHAA [TPOrpaMMa MOTJIa Obl BBITJIAIETh TaK:

C...0Obmue 6yoKH.
COMMON/LUJETS/N,K(4000,5) ,P(4000,5),V(4000,5)
COMMON/PAWC/HMEMOR (10000)

C...llesepBupoBaHne NAMATH IJIA THCTOTPaMM U KOMAaHIAa Ha 3alloJHEHHUE.
CALL HLIMIT(10000)
CALL HBOOK1(1,’pT spektrum of pi+’,100,0.,5.,0.)

C...Yucno reHepupyemMex cobuTuit. luKI mo CoOBHTHAM.
NEVT=100
DO 110 IEVT=1,NEVT

C...TeHepanusa cobuTrua. l[lacnedyaTKa IepBOro COOHTHA.
CALL LUEEVT(0,91.2)
IF(IEVT.EQ.1) CALL LULIST(1)

C...OnpeneneHue ocH CPepHUIHOCTH U BpalleHHe COOHTHUA OO COBMEIleHHA
oCcH CPepHUUIHOCTH C OCBN Z.
CALL LUSPHE(SPH,APL)
CALL LUEDIT(31)

C...lurn mo BCceM HacTHNIaM, y4eT TOJBKO pi+.
DO 100 I=1,N
IF(K(I,2).NE.211) GOTO 100

C...Buunucnernue pT and samoJHeHHe T'HCTOTpPaMM.
PT=SQRT(P(I,1)**2+P(I,2)**2)
CALL HF1(1,PT,1.)

C...KoHen mukma mo 4YacTHIAM M COOBTHAM.
100 CONTINUE



110 CONTINUE

C...CooTBeTCTByNIlad HOPMHPOBKA U INeYaTh THCTOTPaMMEH.
CALL HOPERA(1,’+’,1,1,20./NEVT,0.)
CALL HISTDO

END

Usyuas a1y mporpaMmy, OMpodyHiTe MOHATH, ITO TTPOUCXOIUT Ha KazZKIOM IIare, U BBITOJTHUTE
ee, 9TOOBI POBEPUTH, Kak 3To paboraeT. [yig »Toro BaM HYKHO TPOCMOTPETH COOTBETCTBYTO-
e pa3iesibl HACTOSAIETO OMUCAHUSA W MOMBITATHCA HAMCATh CBOIO COOCTBEHHYTO TTPOTPAMMY.

3.6 Dagayo paborel ¢ PYTHIA

Dabota ¢ PYTHIA mosxkaa 661Th OoJiee cTporo opranmsoBaHa, deM ¢ JETSET, Tak KaK HEOOXO-
IMMO BHadYaje WHUIUUPOBATH MPOIEIyPY T€HEPAINU W TOJIBKO 3aTeM TeHEPUPOBATH COOBITHUA,
1 HEJIb35A CBOOOIHO M3MEHATDH KJIIOUN U MTapaMeTPhl B XOJIe BBITTOJTHEHUA TPOTPAMMBI. ) 09TOMY
TOYHOCTH TOJTYUYEHHBIX PE3YJIbTATOB HANPAMYIO 3aBUCUT OT 3aJIaHHOW CTPYKTYPBI ITPOrPaMMBbI.
Taxkum obpazom, pabora ¢ PYTHIA MokeT OBbITH pasiesieHa Ha TPU STalla.
1. Dran wHUTWAIA3ANANA. 3I€Ch ONPENETAIOTCS BCe OCHOBHBIE XapaKTEPUCTUKEN OYIyIIero
mpotiecca TeHepalnui. B 3ToM paszesie colepKUTCsA caeayolias WHQOPMAaIInsi.

o Obuine Os10KM, TTO MeHbBIEH Mepe cJIeayIollne, a BO3SMOXKHO, U HEKOTOPbHIE ellle:
COMMON/LUJETS/N,K(4000,5) ,P(4000,5),V(4000,5)
COMMON/LUDAT1/MSTU(200) ,PARU(200) ,MSTJ(200) ,PARJ(200)
COMMON/PYSUBS/MSEL ,MSUB(200) ,KFIN(2,-40:40) ,CKIN(200)
COMMON/PYPARS/MSTP (200) ,PARP (200) ,MSTI (200) ,PARI(200)

e Boibop TpebyembIxX TPOIECCOB. DeEKOTOpPOe KOJMIECTBO (PUKCUPOBAHHBIX ~MEHIO”

IUIA TIOMITIPOIIECCOB MOZKeT OBITH 3a/JlaHO BBIOOPOM pa3/nmdHbIX 3HadeHwi MSEL, HO
npu MSEL=0 310 MOXKHO caenaTh ~a la carte”, mcmosb3ys HOMepa TOMITPOIECCOB.
DanpumMep, eciim HYKHO CTeHepupoBaTh mporiecchl 14, 18 u 29, 310 MOXKHO caesarh
TaK:

MSEL=0

MSUB(14)=1

MSUB(18)=1

MSUB(29)=1

e Bnibop kunemaTnuecknx orpanmdennti B MaccuBe CKIN. Dampumep, 11 TOTO, 9TOOBI

CTeHepUpPOBaTh Mpollece KecTKoro paccesguusa ¢ 5 [»B < p; < 10 3B, ucnosssy-
FOTCS OTPAHUIeHU

CKIN(3)=5.

CKIN(4)=10.
K coxanennto, nsyuenne B HadalbHOM U KOHETHOM COCTOSHUM OyIeT HaBaTh CIBUT
KNHEMATUKHU JKECTKOTO paccesHus, mejiasd 3ddeKTsl OT orpaHnveHnit MeHee Tpe-
ckasyembivu. (CJteoBaTesIbHO, BCETa HYZKHO OY€Hb OCTOPOKHO TOAXOIUTH K Ha-
JIOKEHWIO OrpaHmveHnit, 4ToObl He oOpe3aTb HUKAKNX JKeJTAeMBbIX KOH(PUTYpalinii
cOOBITHIIA.

o Onucanme UCXOMHOTO (PUIUIECKOTO CIIEHAPUs, HATIPUMED, /I Macchl TOT-KBapKa.



e Bribop mabopos cTpyKrTypHbix (pyHKIUH, onpenenenne Q% u mpoune moapoGHOCTH
Ipolecca TeHepalnn.

e Brikmiouenne dacteil reneparopa, He HY XKHBIX JJ15 JTAaHHOTO MOJIETUPOBAHWA, HATTPU-
Mep, (pparMeHTaIUn ST UCCIETOBAHNN Ha MapTOHHOM YPOBHE.

o Ununuammsamusa mporenypbl TeHepaIun coObITHA. 31ech YCTaHABINBAETCA KIHEMA-
THKa, OOHApY JKEHHBIE MAKCUMYMbI (D PEPEHNTNATBHBIX CETeHN , UCTIOTb3YIOIIIeC s
B TTOCJTENYTOIIEM MOHTE-KapJOBCKOM MOIEJMPOBAHUN (CM. HUZKE), a TaKzKe BBITOJI-
HAIOTCA IPYTHE TTOTOTOBUTE/TbHBIE 3adaun. Vaunmnannsanus seimosnsgercs PYINIT,
KOTOpadA JIOJKHa BBI3BIBATHCA TOJIBKO TIOCJE TOrO, KaK 3Ha4YeHWA BceX Kirodell u
mapaMeTpoB BBIIlE YCTAHABJIMBAIOTCA Ha HYXKHbIE 3HaUeHuA. JOSKHBI OBITH OIpe-
NeJTERbI CHCTeMa OTcUeTa, MyIKI 9acTull 1 >Hepris B3anMopeiictsusa (B [2B).

CALL PYINIT(‘CMS’,’p’,’pbar’,1800.)

o Jlio6oit npyrott Hawa bHBIN MaTepuras, TpedyomuiicA MoIh30BaATENO, HAPUMED TO-

CTPOEHNe TUCTOTPaMM.
2. lluks renmepammm. 31mech TEHEPUPYIOTCSA W AHAJIU3UPYIOTCH 3aJaHHBIE COOBITHA. ITO
BKJTIOYaeT B cebsi ciemyrolue aeticTBusi:
o [eHepalus ciIenyromero coObITHA TPH BBI3OBE
CALL PYEVNT

® DevarTh HECKOJBKUX COOBITUH I MPOBEPKH TOTO, UTO BCe padoTaeT, KaK 3allTaHu-

POBaHO, ¢ TTOMOIUILIO
CALL LULIST(1)

o AHaym3 MpeNcTaBIAIONINX UHTEPEC CBOWCTB COOBITHUSA, MTPOBOANMBIN WU TIPU HETO-
CPEICTBEHHOM CUYUTHIBaHWE mHpOpMarmu 3 obimero 6soka LUJETS, wiin ¢ MCmoshb-
30BaHMeM pAJa CEPBUCHBIX moamporpamm B JETSET.

o Coxpanenne coObITH#t Ha aucKe, Win wHTEpdENc 118 MOIETNPOBAHNA TETEKTOPA.

3. Docnaennuit atan. CTaBATCA 3a0a9m:

® Dacrmedarka TaDJIUIBI BBIBEIEHHBIX CEUYeHWH, TOJYIEHHBIX B pe3yJbTaTe MOHTe-
KapJioB-

CKOT'O MOJEJINPOBAHNA, C ITOMOIIBIO KOMaHIhI
CALL PYSTAT(1)

® Devarh IMCTOrpPAMM U JPYTOif BbIXOMHONW mHMOpMaIny, HeOOXoInMotl morb30oBaTe-
JIIO.

YUTobbl TPOUIITIOCTPUPOBATH 3TY CTPYKTYPY, IpefacTaBuM cebe, HapuMmep, 9T0 TpedyeTcs
cMOTeTMpoBaTh poxiaenne XurrcoB ¢ suepruedt 300 I'sB. Dpu ucnonpsosanuu PYTHIA mpo-
rpaMma, TO3BOJIAIONIAA TTOJTYIUTh 9TO-HUOY/Ib TOI00HOE, BBITVIAINT CJIETYIONITM 00pa3oM.

C...0bmue 6yoKHU.
COMMON/LUJETS/N,K(4000,5) ,P(4000,5),V(4000,5)
COMMON/LUDAT1/MSTU(200) ,PARU(200) ,MSTJ(200) ,PARJ(200)
COMMON/LUDAT2/KCHG (500, 3) ,PMAS(500,4) ,PARF(2000) ,VCKM(4,4)
COMMON/LUDAT3/MDCY (500, 3) ,MDME(2000,2) ,BRAT(2000) ,KFDP(2000,5)
COMMON/PYSUBS/MSEL ,MSUB(200) ,KFIN(2,-40:40) ,CKIN (200)
COMMON/PYPARS/MSTP (200) ,PARP(200) ,MSTI (200) ,PARI(200)
COMMON/PAWC/HBOOK (10000)

C...Yucno remepupyemMbx cobuTuit. Hiwuu OJIA COOTBETCTBYWIMX IPOINECCOB.
NEV=1000
MSEL=0



MSUB(102)=1
MSUB(123)=1
MSUB(124)=1

C...Bubop Macc t u H u HUHeMaTHYeCKHX OTpaHHYeHHU Ha MaccCH.
PMAS(6,1)=140.
PMAS(25,1)=300.
CKIN(1)=290.
CKIN(2)=310.

C...ToNBKO NIpH MOLENHPOBAHHU MECTKOTO IPOLECCA: BHKJIKNYCHH HEHYKHEE 3afadl.
MSTP(61)=0
MSTP(71)=0
MSTP(81)=0
MSTP(111)=0

C.../HHUKANK3aUNA U NeYaTh NapUUANLHHX WHPHH.
CALL PYINIT(‘CMS’,’p’,’p’,16000.)
CALL PYSTAT(2)

C...Bu30B medaTu THCTOIpaMM.
CALL HLIMIT(10000)
CALL HBOOKl(l,’Higgs mass’,50,275.,325.,0.)

C...TeHepanua coburua. [laccMoTpHUM CHadasla HECHOJIBKO COOHITHI.
DO 200 IEV=1,NEV
CALL PYEVNT
IF(IEV.LE.3) CALL LULIST(1)

C...luwn mo wacTumaM A HaXOWOEHHA XUTTCOB M THCTOTPAMMHDPOBAHHA HX Macc.
DO 100 I=1,N
100 IF(K(I,2).EQ.25) HMASS=P(I,5)
CALL HF1(1,HMASS,1.)
200 CONTINUE

C...llevaTr ceueHH#t U THCTOTpaMM.
CALL PYSTAT(1)
CALL HISTDO

END

Dponeccsr 102, 123 u 124 — Tpu ocHOBHBIX ucToYHMKa xurrcos (g9 — H, ZZ — H u
Ww — }1) MSUB(ISUB)=1 — KoMamia [/ BKJIIOUeHns mpoiiecca ISUB. 3mauennme Kiioda
MSEL=0 oTKJIf09aeT JTFOObIE TTPOIECCH POXKIEHU YACTUIl; Tajiee MOKHO chOpMUPOBATH ~ Me-
HIO” W3 JKeJIAaeMBIX TIPOIECCOB, NCIOJIb30BY A cOOTBeTCTBYoNMe 3Hadennsa MSEL. Komanmnnsr PMAS
yCTaHaBJIMBAIOT 3HaUEHNA Macc TOIl KBapKa W XUITca, a nepeMenHble CKIN — KemaeMbIil Macco-
BBIft TMamma3oH I XUrrea. XUITe ¢ HoMuHa bHOM Maccoit 300 ['5B dhaktugeckn nmeer 1oBOTE-
HO TIUPOKOE pacipeieseHne Mo Macce OpefiT-BUTHEPOBCKOTO THTa. 3areM mayT Kiodn MSTP,



KOTOpPbBIe TOJIKHBI N3MEHATh MPOolenypy reHepallliy, B JaHHOM cJIydae — BBIKJIIOYaTh M3JTyde-
HYe B Ha9aJbHOM W KOHEYHOM COCTOAHWM, MHOTOKPAaTHBIE B3aNMOJIEHCTBAA I ITy4YKa CTpy#d u
g parMenTaIuio, Tak, ITOOBI OCTAJICA TOJHKO ~MAapTOHHBIN cKejteT” KecTKOTo mporecca. Bbi3os
PYINIT wannmasmsupyer PYTHIA, najlee HaXonATcA MaKCUMYMBbI C€Y€HU, 3aHOBO BBIUMCJIA-
IOTCA CBOfCTBa pachaia XUITca (KOTOpbIe 3aBUCAT OT Macchl Xurrea), n T.1. CBoficTBa pacmana
MOIYT OBITH pacredaranbl 3 PYSTAT(2).

Bryrpu xaxkmgoro mukJsia BoisbiBaeTcs PYEVNT mist remeparnmm coobitusa u LULIST(1) mjis
nevarn. Wudopmarus, ncnosnbsyemas LULIST (1), — 3amuch coObITHSA, cOXpaHEHHAs B 0OIIEM
6sioke LUJETS. 3nech naxoqutcs nHpOpMAIs 000 BCEX CTeHePUPOBAHHBIX JacTHIAX, KaK MPO-
MeJKyTOYHBIX, TaK I KOHEYHOI'O COCTOAHNA, cojleprKallasd JaHHble OTHOCUTE/ILHO BRAa YacTHALl 1
XPOHOJTOTTHN cOOBITHA (MaccuB K), IMITY/IbCOB dacTull (MaccuB P) 1 BepiimH poxKaeHus (MaccuB
V).B [IAKJIEe TT0 BCEM CTeHEePUPOBaHHBIM JacTuiiaM oT 1 go N xurrcsl umeroT Ko K(I,2)=25, a
nx Macca coxpamsgerca B P(I,5).

Docite TOTo Kak Bce coOBITUA creHepupoBanbl, PYSTAT (1) maer pestome o Uucyie cOOBITHIA,
TTIOJIYYeHHBIX B Pa3/IMIHbBIX pa3pelleHHbIX KaHa/laX, U BbIBEICHHBIX CeUYeHMAX.

st mporpaMMBbl, TIPUBEIEHHO BBIlle, THITHIHA pacledaTKa COOBITIA MOTJIa ObI BBITJISAIETH
CIIEIYTONIM 0OpPA30OM.

Event listing (summary)

I particle/jet KF p-2z P-y pP_Xx E m

1 !p+! 2212 0.000 0.000 8000.000 8000.000 0.938
2 lp+! 2212 0.000 0.000 -8000.000 8000.000 0.938
3 !g! 21 -0.505 -0.229 28.553 28.558  0.000
4 'g! 21 0.224 0.041 -788.073 788.073 0.000
5 Ig! 21 -0.505 -0.229 28.553 28.55 0.000
6 !'g! 21 0.224 0.041 -788.073 788.073 0.000
7 'HO! 25 -0.281 -0.188 -759.520 816.631 300.027
8 IW+! 24 120.648 35.239 -397.843 424.829 80.023
9 !'w-! -24 -120.929 -35.426 -361.677 391.801 82.579
10 let! -11 12.922 -4.760 -160.940 161.528 0.001
11 'nu_e! 12 107.726 39.999 -236.903 263.302 0.000
12 !s! 3 -62.423 7.195 -256.713 264.292 0.199
13 !c™! -4 -58.506 -42.621 -104.963 127.509 1.350
14 (HO) 25 -0.281 -0.188 -759.520 816.631 300.027
15 (W+) 24 120.648 35.239 -397.843 424.829 80.023
16 (W-) -24 -120.929 -35.426 -361.677 391.801 82.579
17 e+ -11 12.922 -4.760 -160.940 161.528 0.001
18 nu_e 12 107.726 39.999 -236.903 263.302 0.000
19 A 3 -62.423 7.195 -256.713 264.292 0.199
20 c~ v -4 -58.506 -42.621 -104.963 127.509 1.350
21 ud_1 A 2103 -0.101 0.176 7971.328 7971.328 0.771
22 d v 1 -0.316 0.001 -87.390 87.390 0.010
23 u A 2 0.606 0.052 -0.751 0.967 0.006
24 uu_1 vV 2203 0.092 -0.042 -7123.668 7123.668 0.771

sum: 2.00 0.00 0.00 0.00 15999.98 15999.98



DTa pacrmedarka COOBITHH HETUIUIHO KOPOTKasds, JacTUIHO W3-3a TOTO, UTO HEKOTOpPHIE
cTOJTOIBI WHMDOPMAIIUT OBLITN CABUHYTHI IJI5I TOTO, 9TOOBI MPUCTOCOOUTHCA K (POpMaTy 3TOTO
TEeKCTa, a 9acTHIHO W3-3a Toro, 910 Bce KX /I-u3myuenne B HaTaIbHOM U KOHETHOM COCTOSHUM,
BCs HETpUBHWAJbHAA CTPYKTYpa cTpyi# u Bca pparMenTanus ObLIIN BBIKJIIOUEHB! TP TeHEPAITNT.
CremoBaresibHO, OCTaJICA TOJIBKO CKeJeTHBIH mportecc. B cTrpokax 1 m 2 cToAT mABa BXOMAIINX
mapToHa. B cTrpokax 3 mw 4 — 3Tu Ke BXOAAININE MapTOHBI TEPEl BKIIOUEHUEM W3JIYIeHUs B
HaJaIbHOM COCTOSIHUU, a B CTPOKax H u 6 — mocse 3toro. Tak Kak w3JydeHnme BBIKJIIOYEHO, B
9TOM CJIydae COCTOSHUS COBMAA0T. B cTpoke 7 cToOUT XUITC, MOy IeHHBIN IPU ¢¢-CAUAHAN, B
81 9 — mpomyKThI ero pacnana, a B 10 - 13 — mponyKThl BTOpUYHBIX paciialoB. Bce st cTpokn
TafOT pe3toMe 00 MCTOPUM COOBITHSA, W MMEHa JaCTUIl OKPYIKEHBl METKaMU B BUIE€ BOCKJIMIIA-
TeNbHBIX 3HAKOB (9T0 Takke oTpaikaercs B K(I,1) Komax, KOTOpBIE 3/1€Ch He TPUBOIATCH).
B crpoke 14 u mmKe cTOAT WacTuUIbl, (PaKTUIECKN MOJYIEeHHBIE B KOHETHBIX COCTOSHUAX: B
crpokax 14 - 16 cToAT 9acTuiibl, KOTOpPbIE BIIOCIENCTBUN PACTATaioTCsA, U UX MMEHA OKPY KEeHbI
CKOOKaMu, a B MOCJEIYIONINX CTPOKAX CTOAT YAaCTUIIBI U CTPYHU, OCTABIIUECSH B KOHIIE, BKJIIO-
Yasd W MydKoBble ocTarku. (foma e BKJOUaeTCA W pAl HepparMeHTHPOBABIUX CTPYH, Tak
Kak ¢pparmenTanus OblTa BBIKITIOUeHA. (OBIUHO pacredarka COAEPKHUT Ha HECKOJIBKO COTEH
cTPOK OoJibllle, T.K. MPUBOAATCA UACTUIIBI, TOJyUIeHHbIE TPU (PpPArMEHTAINN, W TPOLYKTHI UX
pacmama. B mocsensett cTpoke mpuBeIeHbl 3HAUYEHWS MOJTHOTO 3apA/ia W UMITYJIbCA, UCIOTb3Y-
eMble KaK yIo0Has MpoBepKa Ha IIPEIMET TOTO, UTO He CIYIUI0Ch HUUIETO HENPEIBUIECHHOTO.
DepBbIit cTOIOEI pacedaTkn — TOJIBKO CIETIUK, BTOPOH MaeT WM FacTUIBI U WH(MOPMATIIIO
OTHOCUTETTHHO COCTOAHWA U CTPYHHON KoHdurypamnn (A w V), TpeTuil — Koj apoMaTa qacTHIbI
(KOTOPBIH MCTOMB3yeTCA JIA OTpeNe/eHna NMEHH ), U CJIeIYTolIne CTOMOIBI TafoT KOMIOHEHTHI
IMITYJTbCA.

Onroft u3 ocHOBHBIX TTPObJIEM sABIIsIeTCA 2(PPEKTUBHOCTD KHHEMATHIECKOTO 0TOOpa. 9 pe-
cTaBbTE, HAIPUMep, UTO Bac WHTEpPECYeT POKIEHUE OJMHOTHOTO / ¢ TOMEPETHBIM WUMITYJIb-
com bostee 50 ['3B. Ecnu momeitathest crenepupoBaTh BHIOOPKY COOBITHH WHKITFO3UBHBIX /, TO
OCHOBHOM nmarpammoil poxnenus Oymer qq — 7, HO OOJIBIUINHCTBO COOBITHH OYIyT MMETh Ma-
JIble TIOTIepeTHble MMITYJIhChI, U UX Tpuaercs oropocuts. Omaako Joboe xKejtaemMoe coObITHE
MOZKeT OBITH CTEHEPUPOBAHO € TIOMOIIBIO MEXaHU3Ma U3JIyUEHUA B HAUAJbHOM COCTOAHUHU, KO-
TOPBIT TO3BOJIAET TTOJTYUIUTH MOTEPETHBIE UMITYJIbCHI LI BXOAANINX ¢ U ¢. D paBla, BEJTUIUHA
IMITYJTbCa, Oy IeHHOTO TPU UCTOIb30BAHNN TAaKOTO MeXaHW3Ma, He MOZXKET OBITh olpeesieHa
3apaHee. DOITOMY IJisA yBernwdeHns 3(PPEKTUBHOCTH HYKHO 0OOpaTuThcA K IpolleccaM OoJiee
BBICOKOTO TOPSANKA q¢ — Zq W g4 — Z g, TIle yKe caM KeCTKUN TOIIPOIece Olpeaesiser 3Ha-
YeHUe MOTEPETHOTO UMITYThca /. DTOT MOMEPETHBIN NMITYJIbC MOXKET UMETh JII0boe KestaeMoe
3HaYEHUe, HO TPHU ITOM, ONATH-TaKW, M3JIyIeHre B Ha9aJIbHOM W KOHETHOM COCTOSHUU OyIeT
cMa3bIBaTh O0IIyI0 KapTuHy. Keim ycramaBimBaercsa orpanumdenue Ha Beqwawry py B 50 [»B
IJIA TEHEPAIUU KeCTKOTO TIpolecca, To cobbiTus, rae / mosydarn Toabko 40 5B u3 xkectroro
mpotiecca, a OCTaJIbHOE T0OpaJT ¢ U3JIyIeHneM B Ha9a bHOM COCTOAHNN, OymeT mpomytneno. Cire-
TOBATEJIbHO, OYIYT HEMPABUIBHO ONPEIETATHCA HE TOJTBKO CETEHUA TPOIECCOB, HO, BO3MOKHO,
TaKKe W TUIMUYIHBIE paclpeneeHns s cOObITu. D03TOMY HeoOXOanMo HallTh HeKuit mpue-
MJIEMBIH KOMIIPOMECC, 3a/1aB CTapT IIPOIELYPHI TeHEpaInn co 3Hadenns, ckaxem, 30 [9B, econ
U3BECTHO, YTO OUEHDH MAJIO COOBITHUH HUZKE TOTO Mopora MOTYT (BbJIyKTyHpPOBaTh 10 3HadeHns H0
['sB. Koneuno, GosbimacTBO cOOBITHUH He OYAyT comepkaTh / co 3HadeHUAMEI, Oosbimmmu 50
[B. De uckmroueH0, 9TO0 MOKET UCIOIB30BATHCA TOJIBKO OIHO COOBITHE U3 MECATH, a WHOTIA
ObIBaeT 1 elre Xy xKe.

BagacTyio OBIBaeT, 4TO, €CJIM TPYIHO YCTAaHOBUTHh KHHEMATHUKY, IPOIIE YCTAHOBUTL COCTaB
apoMaToB JIJIA Tpoliecca. B aHamM3e XUITCOB, HaIpUMeEp, MOXKEM paccMaTpUBaTh pacrajl
H° — Z°Z°, rne xaxnpiit Z° — ete™ mwum ptu~. CrenoBaresbHo, HEOOXOAMMO 3alpeTHTD



Bce ocTasbHble KaHabl paciata H® u Z° u perynuposars Bennuuny cedenuil Tax, 4Tobbl ydu-
TBIBAJIOCH 3TO W3MeHeHWe. Bcee »To0 mOBOIBHO TpocTo cresiath. (QIHAKO e/l BMECTO 3TOTO
XOTUM, 4TOOBI OAMH pachaj, OCyIlecTB/AIcs 110 Kanaay Z° — c¢, ¢ D-Me30HOM, POKIalomnmM
JIETITOH, TO TIPW 3TOM HE TOJHKO BO3HWKHET MpobsieMa pa3/ImdHbIX BepOATHOCTeH pacmamga 1o
JETTOHHOMY KaHAJIy JUIA pasandubix [ (410 o3Hadaer, 910 GparMeHTanns u o6paboTKa pac-
maga OymyT bostee pasBA3aHbl APYT € IPYTOM ), HO TaKKe OyIeT MPOUCXOIUTh JOMOTHUTETbHOE
mapHoe poKIeHue cC TPU IBOJIIONUKN TAPTOHHOTO JIMBHA € BEPOATHOCTBIO, KOTOPad ABJIACTCHA
HEU3BECTHOW 3apaHee. DO3TOMY MPAKTUIECKN HEBO3MOYKHO 3a/1aTh MOl pachana [) HempoTu-
BOPETUBBIM 00Pa30M.



I';maBa 4

Metoabl mogenupoBanusa Moute-KapJiio

KBanToBasi MexaHWKa BBOIUT KOHIIENIINIO CIyIaffHOCTH B TOBeIEeHUN (PU3UIECKUX TTPOIECCOB.
HocTonHCTBOM TeHEpPATOPOB COOBITHI ABJIAETCA TO, UTO TA CIAYIAWHOCTH MOYKET MOIETUPO-
BaThcA Tpu momolnn MetomnoB Monte-Kapio. Dpw Hanmmcanum reHepaTopa aBTOPBI MPOTpaM-
MBI TOJIZKHBI TIPOSIBUTH HEKOTOPYIO W300peTaTeIbHOCTD, YTO0B HaliTn Hanbosee »hheKTUBHBIN
nyTh /LI MOIAEJIUPOBAHUA TPUHATOTO pacipeesienns BepoaTHocTu. JleTajabHoe onncanme BO3-
MOZKHBIX METOIOB YBEJIO OBl HAC CJIMIIKOM JaJIeKO, TaK 9TO B 3TOMN TJIaBe MPEICTABIEHBI TOJIBKO
HEKOTOPbIE U3 HamboJee JacTo UCIOIb3YEMBIX TOIXOMI0B, YIIOMUHAEMBIE B TOCTEAYIONINX TJIa-
Bax. DOIAPOOHOCTH MOKHO HaliTu, Hampumep, B [Jam80).

D peke Bcero, OTMETUM CYIIECTBOBAHIE TeHepaTopa cJiydaitabix duces. On aBiagerca dpop-
TpaHOBCKOW (byHKIIMEl, KOTOpasd, KaK 3TO cJIeIyeT U3 Ha3BaHWA, BbIIaeT dncjio K B auamasone
Mexay 0 u 1, Takoe, 4TO COOTBETCTBYIOIIEE paciipenesenne 3Hadenuit [ — paBHOMepHOe B JTaH-
HOM JMalla3oHe, W pa3JIndHble 3HadYeHUA [I He KoppesmpyiorT. ['eHeparop ciaydaliHbIX yucelt,
nCIoib3yeMbiit B JETSET, ommcan B KOHIE 3TOH TUIaBbl, M MBI OTJIOKUM €To 00CYXKIeHne 10
9TUX TOP.

4.1 BbibopKu o pacopeneieHHusIM

DaccMoTprM Hanbostee OOIILYIO CHTYalno, Koraa HaM u3BecTHa GyHKIuA f(1), KOTOpas ABJIA-
eTcs HEOTPUIATETHbHONW B Pa3peNIeHHOM TUAMA30HE T8 Tppip < T < Tpge. MBI XOTEM BBIOpATH T
7 cygaitabiM 06paszomM” Tak, YTOOBI BEPOATHOCTH TAHHOTO 3HAYEHWA & ObLIA MPOMOPIHOHAIHHA
f(z). Oyakuna f(x) Moxer 6bITh PyHKIHMEH (pparmenTanm, nuddepeHnInaTbHbIM ceaeHTeM
WK JTIOOBIM IPYTUM paciipeneeHueM.

Brech He HYKHO TMpenoararh, 9T0 WHTerpas nid f(x) ABHO HOPMUPOBAH Ha €IWHWILY: B
COOTBETCTBUY € MOHTE-KapJIOBCKOM TPOTENypoil BBIOMpAETCA TOJHKO OIHO MPUHATOE 3HATEHUE
T, ¥ HOPMUPOBKa He Gurypupyer ABHO B KOHEYHOM pesyibrare. WNuorma murerpan or f(x)
nMeeT caMOCTOATETbHOe (PU3MIEeCKoe 3HaUeHWe KaK dacTh IMOJHOTO B3BEIIEHHOTO 3HAYEHMUS,
KOTOPYIO HYKHO HCKJIIOUNTH. JACCMOTPUM, HAIpUMep, caydail, Korma T MpeNcTaB/IfgeT OIHY
W HECKOJTBKO TlepeMeRHBIX (pa30Boro mpoctpatcTsa, n f(x) — nuddepennnanbhoe cedenne;
TOr'/Ta WHTETrPAJI UMeeT CMbBICJI TTOJTHOTO CeYeHns M3ydaeMoro npoiecca. B sTom ciaydae 3amada
MOHTE-KapJIOBCKOTO MOIEJIUPOBAHUA €CTh, BO-TIEPBBIX, CTEHEPUPOBATH COOBITHSA IJIs1 HACTOATIIE-
O MOMEHTaA BPEMEHU W, BO-BTOPBIX, BBIUUCINTD TOJHOE cederre. QOCyKIEHIE 9TOTO BaKHOTO
npuMepa OTJI0KUM 10 pasiena 7.4.

Ecawn moxwo Haliti mepoobpashyio F(x), KoTopas WMeeT N3BECTHYIO 0OPATHYIO (DYHKIIITO
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F~Y(z), To ¥ MoXKHO ompenesuTh caeaytoum obpasom (Meror 1):

Tmazx

/; flz)de =R fla)dx

min T'min

— 1= F (F(2min) + ROF (2 m) — F2min))) - (4.1)

Y TBepKIeHre MEePBOfl CTPOKN 3aKJOTIaeTCA B TOM, 9T0 mosa R obiet miomanm moa KpuBoit
f(2) nonmxma pacronararbes cieBa oT x. OoHaKO penKo ObIBaeT, YTO WHTEpeCYIole Hac (HyHK-
U7 HACTOJBKO ~XOPOIIN , YTOOBI HTOT MeTOI paboTaj. DO03TOMY HEOOXOIUMO HCIIOJIb30BAThH
bosIee CJTOKHBIE CXEMBI.

WNHorma MoXKHO TpPUMEHATH cCllelnabHbIE YJIOBKU. DJAaCCMOTPWUM, HAIpUMep, TeHEepATHio
pacnpenenerns Laycca f(z) = exp(—z?). Dra GyHKINA HEmHTErpupyeMa, HO €CJH MBI KOM-
OVHUpYyeM ee ¢ TaKUM JKe TayCCOBBIM paclpeleieHueM 10 BTOPOH MepeMeHHOW Yy, TO MOKHO
clleJTaTh IpeodpasoBaHme K MOJIAPHBIM KOOPINHATAM

f(z)dz f(y) dy = exp(—z® — y*) dr dy = rexp(—r®)dr dp , (4.2)

U TOTJa paclupeieNeHns 1Mo ' U ¢ MOTYT ObITh JIETKO CreHepUpOBaHbI MO OTAEJbHOCTH M CHOBA
oObeIMHe b, YTOOBI MOMYYNTh pacnpenesenne no r. OJIHOBPEMEHHO MBI TOJIYYaeM U pacipe-
JeJIeHne 10 Y, KOTOpOoe TaKKe MOZKET HCIOJIb30BaThCd. DITO OUeHb YJ0OHO /s TeHepalun
MOMepeYHbIX UMITYJIhCOB TTpHU (pparMeHTalnn, Tak Kak pakKTHIecKr B 2TOM CJIydae Mbl JOJIKHBI
MOJIYYNTh JIBE MOMEPEYHBIX CTEIIEHU CBOOOIBI.

Ecaw wsBecren makcumywm f(x) takoit, urto f(x) < fiee B paccMarpmBaeMoM IHanasoHe
3HaYeHNH ¥, TO MOYKHO WCIOJIB30BATh MeToj ~monaj—He nomai’ (MeTon 2), KOTopblii Beerna
Oymer maBaTh MPaBUJIbHBIA OTBET.

1. Beibupaem = ¢ He4eTHOI BEPOATHOCTHIO B pa3pelleHHOM JIHMala3oHe, TO €CTh T = T i, +

R(xmax - xmm)
2. CpasuuBaem (HoBoe) R ¢ orwowernueM f(x)/ fuar; ecnmm f(2)/ faee < R, TO 3HAUeHUE ¥
OTKJIOHAETCs1, U BO3BpallaeMcs B IMYHKT | /JIsi HOBOI MOMBITKH.

3. Vnave moc/reree 3HaveHne ¥ cOXpaHAeTcsl KaK OKOHYATEbHBII OTBET.

Beposatrocts, 910 f(2)/ frner > R, mpomopumonanbha f(x); crenoBaTesbHO, pacmipeeenne
COXpaHeHHBIX 3HaveHuil x mpaBuibHoe. IPPEKTUBHOCTH ITONO METOa, TO €CTh CPEIHASA Be-
POATHOCTH TOTO, UTO 3HadeHme x Oymer coxpareno, pasHa ([ f(x)dz)/(fmaw (Tmar — Tmin))-
Meton mpuemiteM, eciii 3TO YUCIO HE CIUIIKOM MaJio, TO €cTh ecnn f(x) He CIMUIKOM CHITBHO
duaryrTympyer.

Odenp gacto f(x) mMeer y3Kne TUKM, TaK UTO HENb3HA JazKe ONPENENUTh fuq,. OOuH mpu-
Mep TaKoro sBjeHns — (PYHKIMA ¢ 0COOEHHOCTHIO BHE pa3pelleHHoilt obacTi, BTOpoii mpumep
~ YHKIUA ¢ €TUHCTBEHHON UHTETPUPYEMOH 0COOEHHOCTBIO Ha TPAHULAX Ty U/ UTH T ppgy. L O-
IJla MOKHO HCIOJIb30BaTh Mpeobpa3oBaHme ITepeMeHHbIX /1 TOrOo, 4TOOBI cae/arTh (DyHKIIO
Gosee tnankofi. Takum obpasom, yrkuus f(x), pacxonduaaca kak 1/x opu & — 0, ¢ Tpin
okoJj1o 0, MOKeT B IIepBOM NPHUOIMKEHNN 3aMEeHATHCA HEKOTOPOil MOCTOAHHON BeJMYMHON Tpn
npeobpa3oBaHUn K nepeMenHoft y = In x.

B kauecrBe 06wedt crparernn npeobpaszoBaHus MepeMEHHBIX MOZKHO paccMaTpuBaTh KOMOM-
HallMfo METOIOB | 1 2, clienyfolnM o6pasoM. 9 PeanooKIM, 9To cyliecTBYeT (BpyHKIuA ()
takasi, ato f(x) < g(x) BO BceM paccMaTpUBaeMOM AnanasoHe 3HadeHnd ©. 3mech g(x) BHIOU-
paercs Kak “mpocTasn’ HYHKIWA, I KOTOPOH W3BeCTHBI TepBoobpastas ((x) m obparras eif
byrkmus G1(z). Torna ucnosmpsyem meron 3.

1. Beibupaem @ B cooTBeTCTBUM ¢ pacmpeneserneM ¢(x ), Ncnoab3ys MeTon 1.

2. CpasumBaem (HoBoe) sHadenne R ¢ ormomwenumem f(x)/g(x); ecmm f(x)/g(x) < R, TO

3HaueHne OTKJIOHAETCH T, M BO3BpAllaeMCsa B IMYHKT | /IJIsi HOBOI MOMBITKH.



3. Vnaue B KauecTBe oTBeTa COXpaHAETCH MOCJIEIHEe 3HaUEHNE T.

D pHU 3TOM Ha [ePBOM Ifare BBIOMpAeTCH & ¢ BepoATHOCTHIO ¢g(1) de = dg(x), a Ha BTOPOM Iare
5TOT BBIOOP coxpatsdercsa ¢ BepoaTHocThiO f(2)/g(x). Torma mosHas BepOATHOCTH BHIOODA
3HAYEHNA & €CTh Pe3yJbTaT JABYX 1IaroB, To ecTh f(x)dx.

Ecan f(x) nmeer HeCKOTBKO Y3KMX THUKOB, METON 3 MOXKHO HCIONB30BaTh [JId KaXkKIOTO
MKa OTJeJbHO, HO TYT HeNlb3d HaliTn Takyio GyHKImo g(2), KoTopas oXBaThbiBasa Obl Bee MK
OIHOBPEMEHHO ¥ MPHU 3TOM MMeJIa Obl 0OpaTuMyto epBoobpasHyto. OIHaKO ITPEeINoIoKIM, YTO
MoXKHO Halitn dynkumio g(x) = Y, gi(x) Takyto, aro f(x) < g(x) Bo BceM paccMaTpuBaeMOM
nrarnasone @, n Bce PYHKIWMN ¢;() HeOTpUIATeSbHbIE U TPOCTHIE B TOM CMBICIIE, YTO MOXKHO
HaliTn obparmMble nepBoobpasHble. B aToMm ciydae paboraer metorn 4.

1. Beibupaem ¢ ciydaiiHbiM 0Opa3soM ¢ OTHOCUTEIhHON BEPOATHOCTHIO, ONpeIe/IsieMoil mHTe-

rpajgamu

/x T () de = Gyl ) — Gilamin) - (4.3)

min

2. [ly1st 0TOOGpaHHOTO ¢ WCIIOIh3yeM MeTos | [/ HaXOXKIEeHUs X, TO eCTh
T = Gz_l(Gz(wmm) + R(Gz(wmax) - Gz(xmm))) . (44)

3. CpasumBaem HoBoe R ¢ ornomenuem f(x)/g(x); ecmu f(x)/g(x) < R, To 3Hauenme x
OTKJIOHAETCs1, ¥ BO3BpallaeMcs B IYHKT | JJIs HOBOJ MOIBITKY.

4. Nnaue B KauecTBe OTBeTa COXpaHAETCs TOC/IEIHEe 3HaUeHNe T.

DTOT MeTon ecTh TPUBHMaJ/bHOE paclIMpeHre MeToja 3, rje ark 1 m 2 rapaHTHPYIOT, 4TO, B
cpeIHeM, KazKioe 3HaUeHrne ¥ BHIOPAHO B COOTBETCTBUN C pacipeneserueM ¢(x): mepBbiii uar
BBIOMPAET ¢ ¢ OTHOCUTENbHOM BepoaTHOCTHIO [ ¢;(x) d, Ha BTOPOM BBIOHpaeTcs & ¢ abCOTIOTHON
BepoaTHOCTBIO ¢;(2)/ [ gi(x)dx (970 emmHCTBEHHOE MeCTO, Tie HYKHO CIeTaTh MPABUIHHYTO
HOPMUPOBKY ); O3TOMY KOHEUHBIH TPOIYKT ecTh ¢;(x), m cymMMa 1o BeceM ¢ naer g(x).

Nrak, MBI MOy YMIIH TIOAXOM, KOTOPBIil ABIAETCA JOCTATOTHO MOIIHBIM /15 GOJIBIIOTO KOJTH-
YecTBa Pa3IMIHbIX TpobaeM. B obuiem ciywae, mis dbyukimnm f(), KOTOpas nMeeT HECKOIbKO
U3BECTHBIX y3KMX ITMKOB, OCHOBHOE IIOBEJEHME /s KasK/I0ro MHKa OTAEIbHO MOKHO OIHCATh
OJTHOM WJTH HECKOTBKIME TTPOCTHIMI (DYHKINAME ¢; (), K KOTOPBIM N00aBIAIOTCH ApyTHe ¢; ()
JIJIsL TOTO, 9TOOBI ONUCaTh MoBemeHne (PYHKIME JaJJeKO OT ITUKOB. D OJXOIAIINM BHIOOPOM OTHO-
CUTEJIbHBIX cTeTeHell 1A PasHbIX ¢; MOKHO HafiTu (pyHKINO ¢( 1), KOTopad XOPOIIO ONMCHIBAET
obitee nosenenve f(x), n, TaKUM 0OPA3OM, TOIYINTH MOHTE-KAPJIOBCKYTO TIPOLEYPY € PasyM-
1oil »(pPeKTUBHOCTHIO.

OcHOBHOE OTIOTHUTETLHOE OCI0KHEHIE BO3SHUKAET B CJIydae, KOTda & ABJIAeTCs MHOIOMep-
HoOli epemennoli. OOBIIHO MpoGIEeMa cBA3aHa He CTOIBKO ¢ camoii f(x), cKOIbKO ¢ Tpolie-
Jypoii onpenesierns TpaHull (pa30BOro IMPOCTPaHCTBa, KOTOpasd MOXKET CTaTh OYeHb CJI0JKHOI.
Ecim rpannnsr pakTopusyroTces, TO MOXKHO BBIOpaTh TOUYKH (Da3s0BOro MPOCTpaHCTBa, Orpa-
HUYHBAOIINE KejJaeMyto 00acTh. B mpoTtuBHOM citydae o0acTh MOMKeT OBITh OrpaHMYeHa
CTOPOHAMU MHOTOMEPHOTO (THIED )IPAMOYTOJbHIKA, TJI€ TOUKH BBIONPAIOTCA B IPEIeTax BCETO
NPAMOYTOJbHUK®, HO COXPaHAIOTCA TOJBKO B TOM CJIydae, eCJIM OHU JIeKaT BHYTPH pa3perieH-
HOW 0OJTacTh. DTO MOYKeT MPUBECTH K CyllecTBeHHON morepe 3dbdextuBHocTr. Onpeneserue
IPaHNUI, pa3pelieH ol 00IacTh 4acTo ObIerdaeTcs Mpy UCIOJb30BaHIN TPeoOpa30oBaHms TTepe-
MEHHBIX.

CyuiecTByeT nBa OCHOBHBIX MeTOla OOpallleHust ¢ MHOTOMEPHBIMHU MEpeMEHHBIMU, KOTO-
pble OTJIMYAIOTCA IPYT OT JpyTa PsAZoM OCOOEHHOCTeH. DepBblii MeTol OCHOBaH Ha aH3a-
e GaKToOpu3aINy, TO €CTh JeaeTcsa TMONbITKa HaliTh GyHKIHO ¢(X), KoTopad BCIOLY GOJb-
me f(X) m Koropas Moxer G6biTh daxropusobana B ¢(x) = g (x;)g® (xs)---g™(xy), rue



X = (X1,Xz,...,Xn). 3mech Kaxaas ¢U)(x;) Moxer, B cBOIO 0uepeib, ABAATbCA CYyMMOH (yHK-
i gl(] ), Kak B MeToze 4 Bbilte. BHavase KaxkIoe ©; 0TOMpaeTca HE3aBUCHMO, & TOTOM HCTIOJb-
syercs ortHolerne f(X)/g(X) nd onpenesenns, COXpaHATh JIH JaHHYIO TOUKY.

Bropoit mMeTon mosieseH B TOM c/ydae, ec/iu IPaHUIBI pa3pelieHHol 001acT MOryT ObITh
3ammcaHbl B popMe, TJle MaKCHMaJIbHbI IuanasoH r; W3BECTEH, pa3pelleHHbIl auama3oH Ty
3aBUCHAT TOJIBKO OT Ty, JAWala30H T3 — TOJBKO OT Ty W Ty, W Tak Jajee JI0 T, JUalla30H KO-
TOPOii MOJKET 3aBUCETh OT BCEX IPEeIIIeCTBYIONMX MepeMeHHbIX. B aToM ciiydae MOKHO HafiTn
dbyHKIIO ¢(X) Takyfo, 9TO OHa WHTEIPUpyeMa IO MEPEMEHHBIM OT X9 JO &,, U B PE3yJbTaTe
MHTErpUpOBaHWA MOJIydaeTcs npocTas (PYHKIMUA Ty, B COOTBETCTBUH ¢ KOTOPOil oTOMparoTcs
3HAUEHUA T1. DOCIEe 3TOr0 Ty BHIOMPAETCsi B COOTBETCTBUN € paclpeleeHneM, KOTOpoe Telephb
3aBYCHUT OT T U IPOMHTErPUPOBAHO IO T3 - T,,. B 9acTHOCTH, N3BECTEH paspelleHHbI qranas3oH
JUIA Tg. D Poleaypa MPOIdOJIKAeTCs NI BCeX MepeMeHHbIX BILIOTh 10 T, TJe Tenepb QpyHKIus
3aBUCUT OT BCEX MPENNIECTBYIONX 3HadeHNd «;. B KoHIe mpolenypbl CHOBa WCIOIb3yeTCA
orHotrerne f(x)/g(x) mus coxpaHeHus WM OTOpACHIBAHNA JTaHHON TOUKI.

4.2 AJjaroputm BeTO

D pobiema Tuma ’paamoaKTUBHOTO pachaia’ OdYeHb 00Ilasd, B 9aCTHOCTU, TaKOe OMUCAHUe WC-
MOJIB3YETCA TIPU TeHepallui apTOHHBIX JIMBHEH WM B MeXaHU3Me MHOTOKDATHBIX B3anMoeti-
creufi 8 PYTHIA. [lnsa mpobsiem Takoro Tuha mMeeTcs ofHa MepeMeHHas {, KOTOPYIO MOKHO
TPAKTOBaTh KaK ONpeesieHne OCH BPEMEHH, M0 KOTOPOH YHOPAMOUYeHBI Pa3IUIHbIe COOBITHS.
BeposatHocTh nMers ”cobbiTie” (pactai sapa, BETBIEHUE MapTOHOB) 3a BpeM#A ¢ OMUCHIBAET-
ca ynkumeit f(t), KoTopas ABIAETCA HEOTPUIATETHHON B M3ydaeMOM IMala3oHe 3HATEHMH
t. OmHako »To MHBapWaHTHOE BbIpajKeHUE I BEPOATHOCTH HU3MEHICTCSH B COOTBETCTBUU C
JIOTIOTHUTETHHBIM TPeDOBAHUEM, UTO UTO-HUOYIh MOKET MPOU30HTH 3a BpeMs ¢ TOJBKO B TOM
cllydae, ecJim 3TO He MPOU30ILITo B Goslee panHuii mepnon Bpemern ¢ < ¢. (DepBudnoe A1po He
MOZKET PacliacThes ellle pas3, ecJIi OIUH paclal yiKe MPOnu30Ile/T; KOHETHO, TPOAYKThl pacraia
MOTYT CHOBa PACMacThCdA, HO 3TO YiKe IPYToit BOIpOC. )

BeposTHOCTH TOTO, UTO HUUYTO HE CJAYUUTCA 10 BpeMenW f, Bbipakaercs (yrxumeit N (1)
n nuddepeHnuaabHol BEpOsATHOCTHIO, ONpefe/doleli, 4To YTo-HUOYIb CAYIUTCA 3a BpeMs {
P(t). OcHoBHOe ypaBHEHUE TOTIA

P(t) =~ = A (4.5)
t

JIist mpocTOThI MBI GyIeM TIpefnoJiararh, uTo mporecc Hauutaerca B ¢ = 0 ¢ N (0) = 1. Dro
ypaBHEHNe MOKeT OBbITh JIEFKO pelleHo, ecyin 3aMeTuTh, 9410 dN /N = dIn N:

N (1) = N(0) exp {— / LR dt’} — exp {— / LR dt’} , (4.6)
1, TaKuM 00pa3oM,
) P(1) = f(t)exp{— / LR dt’} | (47)

Has f(t) = ¢ 910 HUYTO WHOe, KaK IMUPOKO M3BeCTHAA (HOPMYJIa NJIA PATHOAKTHBHOTO pacia-
na. B wactHOCTH, N71A MasIbIX 3HaUEHUT BpeMeHN MCTUHAAA BEPOATHOCTD pactaia P (1) xopolo
oTpefeNisaeTca BKIQIOM TOJBKO OT f(1), TaK Kak 9KCIOHEHIMATbHBI MHOKHUTETH OJIN30K K €1~
uutie. s 6osbinx ¢ 9KCIOHEHITNATbHBIT MHOKUTEb 00eCeTnBaeT OBICTPBIN cra, KOTOPbIi
rapanTupyer, 4ro P({) HUKOIIa He TpeBbIIaeT eNUHNIbI, Hake ecian narerpan ot f(1) pac-
XOIUTCA. DTOT MHOXKUTEh MOYKHO TPAKTOBAaTh KaK BEPOATHOCTH, ITO HUYErO HE CJIYIUTCH B



MePUOJ BpEMEHN OT HYJIEBOTO MOMEHTA 10 KOHETHOTO 3HAYeHWsA . Da A3bIKEe TMapTOHHBIX JINB-
Hell 3TO BbIpakeHNe MPaKTUIeCKN COBIAIaeT ¢ TaK Ha3blBaeMbiM dpopmbarTopom Cymakosa.

Ecau f(t) nmeer mepBoobpasHylo, mis KOTOpoil m3BecTHa obparHas (YHKINA, TO JETKO
BBIOpATH 3HAUEHU: ¢ KOPPEKTHBIM 0OpPa30M:

[Py = N (O) = N (1) = 1 —exp {- [ rw) ah=1-r, (4.8)
rne peueHneM ABJIAETCA
FO)— F(t)=InR —> t=F(F(0)—InR). (4.9)

Ecaun f(t) Hemocrarouno ”xoporias” HYHKIWA, MOKHO CHOBA MOMBITATHCA HAWTH JIydIIyto
dbyurmmo g(t), ¢ f(t) < g(t) nna Beex t > 0. Ograko MeTon 3 ¢ atum ¢(t) He GymeT paborarh,
TaK KakK He OyIeT MpaBUIbHO YUUTHIBATHCH BJIMAHNE 3KCIOHEHINATIBHOTO MHOKUTENA B P(1).
BmecTo »TOT MOKHO MCIOJIB30BaTh TaK Ha3bIBAaeMBbIil aJlfOPUTM BETO.

1. Daunmaem c 2 =0 m tg = 0.

2. HMobasnsiem 1 x 1 u BuGEpaem {; = G71(G(¢;-1) — In R), To ecthb cormacuo ¢(t), HO ¢

orpaHWYEHWeM, uTO ; > ;1.
3. CpasuuBaem (HoBOe) R ¢ otrHomenuem f(t;)/g(t;); ecw f(t;)/9(t;) < R, 10 BO3BpalmaeMcs
B IIYHKT 2 711 HOBOH MOIBITKY.

4. Nnaue t; coxpaHseTcsi KakK KOHEUHBIH OTBeT.

BosmozkHO, Ha mepBblil B3/ He cCOBCEM OYEBHJIHO, ITOYEMYy 3TO paboTaer. DacCMOTPUM,
OIHAKO, pa3/InuHble CIOCOObI, KOTOPBIMHU MOKHO BbIOpaTh olpenenenHoe BpeMs (. Bepost-
HOCTh TOTO, 4TO cpaboTaja NepBas yKe MONbITKa { = (i, TO ecTh He OTKJOHAINCH HUKaKNe
pPOMeKyTOYHbBIE 3HaYeHUs |, 1aeTCs BbIpaKeHneM

Po(t) = esp |~ ["gttyar} oty 2 = payep [ [gyar) (1.10)

g(1)
Te BpeMeHHas »KcrnorerTa oT ¢(1) mogBisgerca us yp.(4.7) B IPUIOKEHNN K ¢, U OTHOIIEHUE
f(t)/g(t) maer BepoATHOCTH TOTO, UTO 3HaUeHMe  MpuHUMaercsA. Temeph paccMoTpuM cirydaif,
KOTJIsl OJTHO TTPOMEKYTOUHOE BpeMs (| OBLIO OTKJOHEHO, W { = {5 ObLIO NMPUHATO TOJBKO Ha
BTOPOM Iare. JTO JaeT

Pu(t) = /Ot dt, exp{—/otl () dt’}g(tl) [1 - f(tl)] exp{—/tg(t') dt’} POEACKENIRT

g(h) ty g(t) 7

rae HepBbIﬁ 3KCHOH6HHI/IELJIBHBH71 MHOZKHTEJIb C g(tl) aeT BEPOATHOCTDh TOI'O, YTO CHa4daJla OBbI-

JIO BBIOpAHO 3HavdeHWe 1y, BhIpasKeHWe B KBAJPATHBIX CKOOKaX TaeT BEPOATHOCTH TOTO, UTO fq
BITOCJIE/ICTBUH OBLIO OTKJIOHEHO, CJIEMYIONIAs 9acTh OMPENesIsaeT BEPOATHOCTh, YTO BHIOMpaeTcs
t = 13, cTapTys CO 3HAYEHNA {{, W NOCJTeTHUII MHOXKHUTEJIb OTBedaeT TOMY, 9TO 3TO 3HadeHne 1
ObLTO coxpaHeHO. Bce 3TO BbIpaKeHWe B I€JIOM WHTETPUPYETCH MO BCEM BO3ZMOKHBIM ITPOME-
KYTOUYHBIM 3HAUEHUAM BpeMeHU ty. Bce aKCIOHEHTBI BMecTe MafoT WHTErpaJl o WHTEPBAJIY OT
0 mo t, B TouHOCTH KaK B Py, n KO>PDUIMUEHT 1JId MOCTETHETO TPUHIMAEMOTO IlIara TOT Ke
caMblIif, TaK 9TO

Pu(t) = Po(t) [ dialg(ts) — F(11)] (112

9710 BbIpakenue obobiaercsa. B Py HyXKHO paccMOTpeTh [Ba MPOMEKYTOUHBIX Bpemenun, () <
ty <t; <13 =1, u Torma

Pa(t) = Polt) /Ot dty [g(t1) — f(t1)] t dty [g(t2) — f(t2)]

t1
2

= 2oty ([ o) - senar) (4.13)



DocileHee pPABEHCTBO IMPOIIE BCETO TOHATH, €CJIU PAacCMOTPETh TaKKe ajibTEPHATUBHYTO
obmacts 0 <ty <ty < ¢, rme t; u ty MEHATOTCA POJIAME, & WHTETPAJI MMEET TaKOe JKe 3HaTeHle,
KaK U B paccMaTpuBaeMoit obsactu. Dpu mobabiieHnn ABYX obJtacTell, 0qHAKO, WHTETPAJIBI O
t1 u ty pasBA3BIBAIOTCA W CTAHOBATCH PaBHBIME IpYyT Ipyry. B obimem ciygae, mis P; mpo-
MEKYTOUHBIE BpEMEHa { MOYKHO YHOPIOUNTH ¢! Pas/ImIHBIMU CHOCOOAME. DOITOMY TTOTHAI
BEPOATHOCTH TPUHATUS 3HAUEHUA { Ha JIFOOOM IIare ecTh

Py = LR =0y g (ot - sear)

= e {= [[owrarhesp{ [ o) - pear)
_ f(t)exp{— / LR dt’} , (4.14)

YTO JaeT JKeJTaeMblil OTBeT.

Ecsm mponiecc mosizken ObITh OCTaHOBJIEH TP HEKOTOPOM MacUITale 4., TO €CTh €CJIN XOTHM
oty anth 10010 N (¢, ) coOBITHIL, Toe Boobllle HUYEro He CJIYIHIOCh, 3T0 TpeboBaHMe JIETKO
BKJIIOYATHh B aJITOPUTM BETO: HYZKHO flejlaTh WTepalyui 110 BO3pacTafoUMM 3HaYeHWAM f, KaK
OOBIYHO, W OCTAHOBUTH IMPOIECC B TOM CJIydae, ecjii He ObLI0 HaifileHo HIKaKUX pa3pelieHHbIX
EePEexXoIoB Tepe ¢, .-

O6praro f(t) Takke ecTb DYHKIWA TOMOTHUTENbHON TTepeMenHoli @. MeTombr mpemirecTsy-
IOIIETO pa3/iesa JIErko 06o0IIaroTes Ha 3TOT CJIydail, e/ MOKHO HaliTh MOAX0AAILY 0 (DyHKIIFO
g(t,z) ¢ f(t,x) < g(t,x). Oyaxumsa ¢(t), Wcmoab3yeMas B aJTOPUTME BETO, €CTh WHTErPAJ OT
g(t,x) mo x. Kaxmerit pas mpu BbIOOpe t; TaKk:Ke BBIOUpAETCH U ¥4, COTTacHo ¢(t;, ) dx, m TouKa
(t, ) mpuHUMaeTcs ¢ BepoaTHOCTBIO f(t;, 2;)/g(ti, x;).

4.3 T'eHepaTop ciay4daliHbIX YHcCeJ]I

Coszfanne Xopolero n KOMIIaKTHOTO TerepaTopa (MeeBIo)caydaifHbIX ducest — TaJeKo He TPUBI-
aJibHas 3aada. JodToMy JETSET TpaJWIMOHHO OCTaeTCAs B CTOPOHE OT 3Tol 00JIacTh, Ipemo-
cTaBJiAA TOJBKO mporpammy RLU Kak mHTepdelic, ¢ MOMOIIHI0 KOTOPOTO TOJIb30BATEh MOKET
BBI3BIBATH JTHOO BCTPOEHHBIN, JTMO0 BHEITHUI TeHepaTop CJIyYaliHbIX ducesT B 3aBUCUMOCTH OT
COOCTBEHHBIX HY K.

e oUeHb MaBHO OBLI JOCTUTHYT TPOTPECC B CO3MaHWN KOMIAKTHBIX T€HEPATOPOB € 0OJIb-
HWIUME TePUOJIaMU U APYTUMEU XOPOLIUMEU cBoficTBamu; cM. 0630p [Jam90]. Dostomy Tekyuas
BEPCUA CONIEPKUT TE€HEPATOP CIYYalHBIX YMcesl, OCHOBAHHBIN Ha aJrOpUTMe, TTPEIIoKEHHOM
Marsaglia, Zaman u Tsang [Mar90]. Dra nporpamma nosixkua paborarh Ha J000H MalluHe ¢
MaHTHCCOM, cocTaBidAoNledl mo Kpalineilt Mepe 24 nndpsi, To ecTh Ha Beex 32- (uam 6ostee) GuT-
HBIX KOMTboTepax. Onpenesssach OMMHAKOBBIM HaTaJIbHBIM COCTOAHIEM, TTOCTIEI0OBATETHHOCTD
TakKe OyIeT UIEHTUIHA Ha Pas3TUIHBIX MamnHax. QIHAKO 3TO He O3HAaJIaeT, 9To, CKakKeM, Ha
IBM u VAX Gymer moJsiydena onnHaKOBas MOCTEI0OBATEBHOCTh COOBITHH], TaK KaK pasTmIHad
0bpaboTKa OMMOOK OKPYTJIEHWS B YHUCJIEHHBIX ONEpalnaX OyIeT MPWBOINTH K CJETKa OTJIH-
YAIOUIMMCH pPeaJIbHbIM 3HadYeHUAM. TakKke K PacXokKIEHWIO MOXKeT TPUBECTH ONTUMU3AIINA
koma. IKpome mpobsem, CBA3aHHBIX € ompenererneM n kommpoBanmeMm RLU Kak QyHKINHU, a
He KaK MOJITPOrpaMMbl, €INHCTBEHHOE pa3jnyne Mexkny KoaoMm B JETSET M KOIOM, JTaHHBIM
B [Jam90], 3ak/ouaercss B TOM, YTO HCIOJIB3YIOTCH HECKOJBKO Pa3IUYAIONINeCs aJTOPUTMBbI,
rapaHTHUpYIolne, 9To caydaiinoe uncsio He paBHo 0 wian 1 B mpemesax MallUHHON TOYHOCTH.

l'eneparop umeer nepuos Gosee yem 10*° u BosmoxuocTs noayuurs nmouru 10% pasnuanbix
1 HeMepeceKaronXcA MOCTeNoBaTeIbHOCTE, OTOOpaHHBIX OT HAaJaJbHOTO TEJIOTO 3HATEHWA.



[lena mcmop30BaHus TeHEPATOPA ¢ TAKUM OOJIBIITUM MTEPUOIOM OTIPEIESIAETC TeM, ITO COCTOA-
HIE TeHepaTopa B TaHHBI MOMEHT HE MOYKET OBITh OMUCAHO €INHCTBEHHBIM TEIBIM 3HATeHTEM,
a Tpebyer mpubsmmsutessao 100 cioB. DeKoTOpble W3 HUX ABJIAOTCHA PEAJbHBIMU GUCIaMU
1 TO3TOMY HETPaBUIBHO TPENCTaBIAIOTCA B mecaTudrol dhopme. CrremoBaTesibHO, OOBITHAA
nporenypa, KoOTopas leraeT BO3SMOXKHBIM Tepe3allyCcK I'eHepalliy OT 3HaYeHU:dA, 3aIllMCaHHOTO
Ha BBIXOJE TIOCTIE BBITTOJHEHNA, B JTAHHOM cJIydae HeyIoOHa. O PU WCIOJIb30BAHUU OUOIMOTEK
CERN coxpanstorcsi 3Ha9eHns cJIydaiffHbIX dwcesT, CTeHePHPOBAHHBIX € HadaJa IPOTETYPHI.
C »TuMu cOXpaHEHHBIMU 3HAYEHUAME TIPU CJEIYIONEM MIPOTOHE TeHEPATOp MOXKeT ~TepecKa-
KNBaTh  Ha COOTBETCTBYIOIIUE CIydaflHble 3HaUeHWsA. o porpamma JETSET OYeHb ITUPOKO U
MHTEHCUBHO MCIIOJIh3YyEeT TeHepaTop CJIydaifHbIX ducest: obbraHo nmopsaka 30% mosHoro Bpeme-
HU BBITTOJTHEHUA TPATUTCA Ha ero paboty. M3-3a »TOro mosloBMHAa BpEMEHHBIX 3aTpaTr 0bycsIo-
BJIEHA aMUHUCTPUPOBAHUEM BBI3OBOB (DYHKIHUI, a BTOpas MOJOBUHA OMpeNeIeHHO CBA3aHa €O
CKOPOCTBIO aJITOpUTMa. DO3TOMY ITlepecKaKuBaHue BIIepes 3aHsaao Obl 15% mosHoro Bpemenn
HaIa/IbHOTO MPOTOHA, TO €CTh CJUIIKOM 3aTAHYJIO ObI TIPOIENYPY.

Bwmecto »Toro 3mech BBIOpaHo mpyroe peierme. [[Be cnernmumasibHble TPOrpaMMBI 0OeCIETH-
BAIOT UTEHWE U 3aINCh COCTOAHUA TeHepaTopa cIydaiiHBIX duces (MIoc HeKoTopas WH(OopMa-
1A 00 WHUIHAIN3AINE TTPOTIETYPhI) TOCTEN0BATETHHBIM 00pa3oM B (Bhaill B MAIIMHHBIX KOTAX.
Qaiis, ncmosb3yeMblit 11 9TOM 1esn, MoJIKeH ObITh 3aaH MOJIb30BaTeIeM M OTKPBITHIM 1A
urenns u 3anucu. COCTOAHME 3alUCHIBAETCA KaK €IWHOe Tesoe B cBobomHoM dopmare. B daitn
MOZKHO 3alTICBIBATH TPOM3BOJIBHOE UNCJIO COCTOAHUMN, W 3aluch COOBITUS TPU HEOOXOIUMOCTHU
MOZKHO Tepenucarh. Torma MK TeHepanny COOBITHA MOT OBl BBITVISAIETH CJIETYIONIIM 00pa3oM.

1. CoxpaHuTh cocTofgHme reHepaTopa B (afise (Mcmoab3ysa Habop GJlaroB myHKTa 3 HUKE).

2. CrenepumpoBath coObITHE.

3. Usyuuts cobbiTHe Ha Hajgmdne OMMMOOK WJIN APYTUX MPUUNH, U3-33 KOTOPBIX MOXKET TI0O-
TpeboBaThCsA TMOBTOPHAA TEHEPAINsA; eCJIN HET OMMOOK, TO YCTAaHOBUTH (hJIar mepe3alncu
MpeIBIIYIIETr0 COCTOAHUA TeHEPATOpa, B MPOTUBHOM CJIydae yCTAaHOBUTEH (hJIar A1 co3Ia-
HUA HOBOI 3amucu.

4. Ilwks 3aMbIKaeTca B TyHKTe 1.

Dpu Taxoit mporuenype B daiiste Oymer comepKaTbCAs COCTOAHUE, MPEMNIECTBYIONEE KAXKTOMY
MpodIEMATIIHOMY COOBITHIO. AJTbTepHATUBHBIN TOIXOI MOXKET 3aKJII0Iarhcd B TOM, UTOOBI
COXpaHATH cocTosiHme depe3 Kaxable 100 codobrruit mim Gosee. Kowmewro, eciim cobbiTusA BIIO-
CIIEICTBUN 00PabaThIBAIOTCSA TPHU MOMIEJTMPOBAHWE [IETEKTOPA, BBl MOJKETE COXPAHATH TaKzKe
IpyTre HabOphl COOBITMIA.

B momosiHenme K i1y KeOHBIM TTOANTPOTpaMMaM UMeeTcs ODImit 610K, KOTOPBIHf comepKuT
COCTOSIHUS TeHepaTopa W IOCTYIeH Jisfd oopaboTKu B ciaydae HeobxommmocTu. B dactHOCTH,
HavalJIbHOE 3HadeHWe cocToAHmA mo ymosdanuto — 19780503, m 310 3HaYeHME OTIMYAETCH OT
sHavenns mo ymomdanmio Marsaglia/CERN — 54217137. EcTh BO3MOKHOCTH W3MEHHUTH 3TO
3HaUeHWe Tepel] HavyajoM T'eHePalln CIydaiiHbIX YucesT W OCYIIECTBUTh BBIHY KIIEHHYIO MO-
BTOPHYIO WHUIHAJN3AIIIO B cepelnHe MPOTOHA ¢ JIFOOBIM JKeJJaeMbIM HOBBIM 3HadeHmeM. BHy-
tpu JETSET/PYTHIA nauua n3anus TakKe MOXKeT ObITh CBA3aHa ¢ CAMBIM IEPBBIM COOBITH-
eM, CTeHEPUPOBAHHBIM B IIPOTOHE, TaK WHOTIA MOZXKET ObITh HEOOXOIMMO CTEHEPHPOBATH OIHO
ODOBITHOE CODBITHE TIEPEl YTEHNMEM COXPAHEHHOTO COCTOAHWA MJIfA TOTO, UTOOBI CrEHEPUPOBATH
KOHKpeTHOe MHTepecyfoliee coobitre. B rexyiueit sepcun PYTHIA HeKOTOpBIE OMIIME B MeXa-
HI3Me MHOTOKDATHBIX B3amMoelficTBUl collepiKaT 3JeMeHT HEONPeleeHHOCTH, YTO O3HAadaeT,
UTO MOZKeET OBITh HapyIleHa MOCJIeI0BaTETbHOCTh COOBITHIA.

D yIKHO 3aMEeTUTh, 9YTO, KOHETHO, TIOABJIEHNE TTaKeTa TEHePATOPOB CIIyIaiffHbIX duces BHYTpH
JETSET HuKouM 00pa3oM He yCTpaHAeT BO3MOYKHOCTH MCIOJIb30BAHUA APYTUX TporpaMm. Ber
JIETKO MOYKeTe BO3BPATUTHhCA K CTApOMYy TOAXOmdy, rme RLU HWYTO mHOe, Kak mHTepdeiic misa



IIPOU3BOJIBHOI'O BHEITHETO I'€eHEPATOPa CﬂyqaﬁHbIX qucesr; HallpuMep, AJIA BbI3OBa ITPpOTpaMMbl

RNDM Bce, 4TO HYXKHO cleJjaTh, 3TO HAlUCATh:

100

FUNCTION RLU(IDUM)

RLU=RNDM (IDUM)
IF(RLU.LE.O..0R.RLU.GE.1.) GOTO 100
RETURN

END

SELKGT regeparopa CﬂyqaﬁHbIX quceJsr COCTONUT U3 CJIENYIOUINX qacTel.

R = RLU(IDUM)

ITazunadenue: rereparys (MceBno)cydaiiibx dnces R, pacipeneseHHBIX PABHOMEPHO B JIMa-

IDUM:

mazore 0<R<1, To ecTh 3a MCKITTOIEHTEM KOHEUHBIX TOUEK.
GUKTUBHBIH BXOTHON apryMeHT; 0obraHo pasen (.

CALL RLUGET(LFN,MOVE)

ITasuauenue: obecneumBaer C6pOC TEKYIIETO COCTOAHUA TeHepaTopa CﬂyqaﬁHbIX quceJl B OT-

LFN:

MOVE:

meJTbHBIH (baili, mCmoIb3ysi MaIIMHEBIE KOl /1A PEATbHBIX U TeJIbIX duces. 1od-
Hee, B (ailsl 3anmchiBaeTcs TMOJHOE comepkanme obimero 6sioka LUDATR, 3a MCKITIO-
yeranem MRLU(6).

(smormgeckoe nmsa daiina) uMs daiiiga, B KOTOPHIH cOpackiBaeTcs COCTOAHNE. DTOT
badisn Hy KHO cBA3ATHh ¢ NCTHHHBIM (aiftoM (comepKalimM MalliHHbIE KOIBI) 1 TTPO-
CHEeNNTh, 9TO0BI 3TOT dailst OBLT OTKPHIT LI 3alWCH.

obecrreanBaeT BHIOOD, MOOABUTH JTU B (paiii HOBYIO 3alUCh WITH CII€JTATh TTEPE3allNCh.
O6braHO UcoB3yI0TCA TOBKO omiun 0 mw —1.

100aBUTH HOBYIO 3aluch B KOHeIl daiia.

3aMeHa ocaenHell 3anmcy Ha HOBYTO (To ecTb caesaTh BACKSPACE mrepen Hosoit
3aIUCHIO).

CMECTUThCA Ha3al Ha n 3anuceil coObITuit mepen HoBolt 3ammcbio. Bee 3ammcu
Tocsie HOBOM cTHparoTcs, TO eCTh TOCJeHAe N CTapblX 3amucell cTrparoTcd 1
nobaByigeTcs OHA HOBAA.

CALL RLUSET(LFN,MOVE)

IlasHaueHne: YTeHUE COCTOSHUA regeparopa CﬂyqaﬁHbIX qucesr, OT KOTOPOT'o MOZKHO OoCcylle-

LFN:

MOVE:

CTBJIATH MOCJIENYIONLYIO TeEHEPAIINIO. JTO COCTOAHIE TOJIZKHO OBITH COXPAHEHO TEpe]]
BbI30BOM RLUGET. Conep:kuT nosayto nadopMalmio n3 odirero 6;ioka LUDATR, 3a nc-
Kouennem MRLU(6).
(;mormgeckoe nmsA daiiaa) umsa daiiga, U3 KOTOPOrO UNTAETCA COCTOAHUE. DTOT
daitin HyXKHO CBA3aTh ¢ UCTUHHBIM (aiiioM, TpenBapuTesbHO 3alNCAHHBIM Tepe]]
BbI30BOM RLUGET, u mpocsiennTh, 9TOOBI TOT (paiiyi ObLT OTKPBIT IJI5 ITEHUA.
MOCJIeIOBATEIBHOCT UTeHUs1 3anuceil B dafise. D pu HyIeBOM 3HATEHUN 3alUCH T~
TafoTCA OHA 3a JIPYTON I KaK/I0TO HOBOTO BBI30Ba, & HEHYJIEBBIE 3HAUEHUA MOTYT
MCTIOJIB30BAThCA 1A CMEIIEHNs Ha3all U BIIEPE, WU, HAIpPUMeEpP, BO3BpAIIEHUA K
TeM JKe HaJaJbHBIM COCTOAHUAM HECKOJBKO pas.

IUTATh CIEMYIIYIO 3aIUCh.



+n: MEePECKOYUTD BIIEPE Ha N 3amucell mepen dteHneM Habopa cOcTOsAHUN TeHepa-
TOpa CAydallHbIX duUceT.
= —n: CMECTUThCA Ha3aJl Ha N 3alucell mepen YTeHneM.

COMMON/LUDATR/MRLU (6) ,RRLU(100)

ITasHaveHUe: cOMEPKUT COCTOAHNSA TEHEPATOPA CIyIalHBIX UNCEN B JT000H MOMEHT BpeMeHn
(mcnompsyercs nsa csasu Mexkay RLU, RLUGET u RLUSET), a Takke obecrnedqnBaeT
TTOJTH30BATEIA BO3MOYKHOCTHIO WHUTIMAJIM3AIMNN PA3TUIHBIX TTOCTET0BATEThHOCTEH
cIIyIafiHbIX 9ucesT U yIUTBIBAET, CKOJBKO OBLIO CTEHEPUPOBAHO THCEJT.

MRLU(1): (D=19780503) mesoe umcio, KOTOpoOe OTMpPeeAeT, CKOTHKO BOSMOKHBIX MOCTETOBA-
TeJIbHOCTEN OymeT MHUIMUPOBAHO B cilemyforteM Bbr3oBe RLU mpu MRLU(2) =0. Das-
perrenrbie 3Havenna 0< MRLU (1) <900 000 000, ragasbHOoe 3navenne B Marsaglia (I/I
B oubsmoreke CERN) — 54217137, 3nadenwe MRLU (1) Heb34 U3MEHUTH HU B OIHOM
u3 mporpamm JETSET.

MRLU(2): (D=0) ¢uar naummaansanmm, mogaraeMbiii | mpu mepBoM BbisoBe RLU B Iporowe.
DoBTOpHAA WHUIMAIN3ANNA TeHEPATOpa CIIyIaiiHbIX dmcesl MOXKeT OBbITh clejlaHa B
cepennHe TporoHa, ecsu mojoxuTh MRLU(2) = 0 Bpyunyo. Kpome Toro, xKaxmbit
pa3, koma caerank MRLU(3) mocturaer suaderus 1000000000, on omsath cOpachiBa-
ercs Ha 0, 1 3HaUeHNE MRLU(2) yBeJImunBaeTca Ha 1.

MRLU(3): (D=0) cuerumk KoJmdecTBa CJIydaiiHBIX THCES, CTEHEPUPOBAHHBIX € Hadasa IIPO-
rona. Bo m3bexanme mepemnosiHeHU TTPU TeHEPAIUU OYeHb OOJIBIIOTO KOJIUIECTBA
qmcen
MRLU(2) UCIOb3YeTCA KaK ONMCAaHO BBIIIE.

MRLU(4), MRLU(5): coorBercTByeT 197 m J97 6mbimorekn [IEDD; qacts cocTosmus remepa-
Topa.

MRLU(6): (D:()) TeKylllasd MO3UINA, TO €CTh YHACJI0 3anucei CcOOBITHII TTOCJIe HadaJlia BBITOJIHE-
Hus B daiine; ncrnonpsyercs B8 RLUGET u RLUSET.

RRLU(1) - RRLU(97): maccuB U 6mbimorekn I1[ED; qacth cocrosanmsa remeparopa.

RRLU(98) - RRLU(100): C, CD m CM bubsmorexku 11EDY; mepBoe 3Hauenme — 9acTh cOCTOAHUA
reHepaTopa, ABa MOCIETHNX — KOHCTAHTDI, BBIUYUCICHHABIE TTPU WHUITNATIA3AIIAN.



I'maBa 5

3alnuch COOBITUA

Bammch cOOBITHS — OCHOBHOE XPaHWIHIE WH(MOPMAIINN O JacTUIaX, CTEHEPUPOBAHHBIX B TEKY-
meM coObITum: 06 apoMarax, UMITYJIbCcaX, NCTOPUU COOBITHS, BEPIIUHE POKIEHUA. ITa TIaBa
UrpaeT BayKHYIO POJIb B MOHWMMAHUN PabOTHI MPOTPAMMBI: He3 Ha JTeKalllero TTOHUMAHIA TOTO,
qeM ABJIAETCS 3aIlnch COOBITUS W KaKUM 0Opa3soM coxpaHsgeTca mHMOpMAIN, OeCCMBICIEHHO
MBITAThCA MCIOJTB30BaTh JETSET minm PYTHIA. 3anuch cobbITusa coxpanseTcs B obireM OJ10-
ke LUJETS. Douru Bce BBI3OBBI MPOTPAMM, OCYIIECTBJIAEMBIE MOIH30BaTEIEM, MOTYT paccMa-
TPUBATHC KaK BBIMOJTHEHNE HEKOTOPOTO MeficTBUSA B 3alnCH COOBITU: BBITTOJEHIE TeHEPAIINN
HOBOTO COOBITHA, pa3pellleHHas (pparMeHTallns MapTOHOB WMJIM PACHalbl JaCTUIl, CMEIleHre B
JPYTYIO CUCTEMY OTcYeTa, BHeceHue B pacledarKy, ITOUCK KJJacTepoB W T.1I.

B sroit rmase Mbr omuireMm Koabl apoMmaros dactutl KF, obmmit 610k LUJETS 1 B 3aK/II0UeHEE
cllestaeM HEKOTOpble KOMMEHTAPUN OTHOCUTEHHO POJIM 3alUCH COOBITUA B MPOTPaMMax.

Hmst ociabiienns HECTBIKOBOK MeXKIy Pa3InIHBIMU TeHepaTopaMu coObITHi ObLTa paspa-
b6oTaHa CTaHIapTHaAs CTPYKTYpa obirero 6soka sanucu cobbitus HEPEVT. Do mcTopmyaecKmM
MpUINHAM CTaHIapTHBIE O0IIIe GJIOKU He MCIOIb3YIOTC HETIOCPEICTBEHHO B JETSET, HO B Ta-
KeTe MOCTaBJISAeTC MporpaMMa Tpeobpa3oBaHrsa B CTAaHIAPTHBIN GopMar, KoTopas olnrcaHa B
KOHIIe 3TO TJIaBhI.

5.1 Koapsl yacTuil

B mporpamme Bcromy WCIOIb3yIOTCA HOBBIE KOIBI TacTHUIl, NMpUHATHIe HemaBHO Particle Data
Group [PDGS88] u ynmomunaembie B Tekcre kak KF-kompl wactum. D1ty Koubl 10JKHBI OBITH B
COBEPIIIEHCTBE M3BECTHBI TPAMOTHOMY TIOJTb30BATEITTO.

ObparuTe BHUMaHUe, 9YTO B TEKCTE €CTh HECKOJBKO HecorytacoBanuit mexmy KF- uw PDG-
KOIaMH. ITO BBI3BAHO TPUBHAJIbHON ommbKoi medarn mjis ()~ Gapmwona B PDG Tabammax —
HET HUKaKNX COMHEHUH B MPaBUJIBHOCTH 3HadeHns Koma 3334. Jlpyrwe mecorsiacoBaHus mpomc-
XOIAT W3-3a PA3HOM WHTEPIpETAINN TPABUJI U COTVIAIEHNH, NCTIOJIb30BAHHBIX MPU pa3paboTke
cTaHIapTa. IJTHU IpaBuia 0dpasytor ocaoBy u3 PDG-rabmun u, nesasucumo, tabmaun JETSET.
(Koneuro, Moe gacTHOe MHEHUE 3aK/IIOUAETCA B TOM, UTO A CJIENYTO MePBOHATAIBHBIM COTJIa-
uennaM, a PDG orkimonsercs ot anx.) ObHadeRKWBaeT, 9TO 3TO He JOJIKHO UMETH OOBIITX
MOCJIENICTBIN, TaK KaK HECOBIAIEHUS OTMeYeHBI TOJIBKO [JIf PEIKO POKIAIONINXCA TacTHIl.
Kax 681 Tam #HE OBLITO, IMEETCA CIUCOK M3BECTHBIX HECOOTBETCTBUIL:

1. PDG me paspemraior poxaenus 1, KOTOpbii B JETSET BKJIIOUYeH ¢ KomoMm H51. DrtoT
koj 3apesepsuposad B PDG mms yop, 9acTuisr, koTopad B JETSET TOABIAETCA € KOIOM
10551, (Msr npucsanBaeM 7. Kom 441, 9T0 WITIOCTPUpPYET OCHOBHOE pas3sinmdme: f Hc-
MOJTH3YTO TOTIOJTHUTETHHYIO TIOBTOPHYTO MHMDPY IJIA ONpeneeHus MyIbTUILIETA B TIEJTOM,
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He3aBWCUMO OT TOTO, HallIeHbl JI 9KCIEePUMEHTATIBHO BCe JACTUIIBI JaHHOTO MYJIHTHILITE-
ta mwin HeT; PDG, co cBoelt cTOpoHbI, HE pe3epBUpPYIOT MECTO IJIs JacTUIl, KOTOpPbIe, KaK
HaM U3BECTHO, TOJIZKHBI CYIIECTBOBATE, HO ellle He ObLIN 0OHAPY KEHbI, I9TO O3HATAET, ITO
YITeHbI OJIHOTO MYJIbTHUILIETa He OYIyT HAXOIUTHCH B OIHOM MeCTe.)

2. PDG me paspemator cymectBoBanme hy., KoTopsiit mpenctasier 8 JETSET ¢ komom 10443.
Dostomy Y1c B PDG nmeer kon 10443, a 8 JETSET — kom 20443, (31ech Tak&Ke ToTydaeTcs
CUTYyalns, TPOKOMMEHTUPOBaHHAaA B MYHKTe | BBIIIE. )

3. Dazjuunbie yCJIOBHbIE 0OO3HAYCHUs sl GAPUOHOB €O CIHHOM 1/2, comepiKalux OJuH
TAZKEIBIH apoMar (dapMm, GOTTOM, TOI), OAWH CTPAHHBI apoMaT W OAWH JerKuih (u min
d). 3mech cymecTBYIOT nBa cOCTOAHM, HanpuMep, = u =.f, oba ¢ apOMaTOBBIM COCTa-
BoM csu. Do anajgorun ¢ A - ¥ mapoit, JETSET ucHonb3yeT yMeHblIatomuiicsa HopsimoK
CIIEIOBAHUS apOMATOB I HoJiee TAKETOTO COCTOAHUA W OOpPATHBIN MOPANOK CJIETOBa-
HU IBYX OOJIee JIETKUX apOMaTOB JJIs BTOPOro cocTosiuus, a PDG-TabIuisl ncmoib3yoT
IPOTHBOMOJIOKHOE cortaiienne. Takum obpasom, B JETSET =1 umeer ko 4232, a =/t -
4322, B 1o Bpems kKak B PDG Komsl mambr ¢ TOYHOCTHIO 10 HAOOOPOT.

B kakmom m3 ciiydaen, OMUCAHHBIX BBINIE, MBI HE COOMpaEMCs TPOBOINTH HUKAKMX W3MEHEHU
B JETSET, aT00b! npuatu K coryacuto ¢ PDG.

Kombr KF meymobubr mjisi mpsAmMoro XpaHeHus 3HadeHUN Macc, JAHHBIX 110 paclajiaM WIn
IPYTUX CBOMCTB YacTWIl, TaK KaK OHU CIWIIKOM JJIMHHBI. BMecTo HUX B Iporpamme MCIOJIb-
3yforca cxarble Komabl KC co smagermamu mexay 1 u 500, rme Hambostee 9acTo UCIOIb3yeMble
JACTUIIBI UMEFOT COOCTBEHHBIE KOIBI, HO OOIBITMHCTBO OAPWOHOB, COMEPIKAIINX TAXKEbIE apo-
MaThl, TPEICTaBIeHbl OO 00Ielt rpymnmoii. OOBITHO cKaThle KOMBI MCIOJB3YIOTCA TOJBKO
B HEKOTOPBIX MecTaX BHYTPW TPOTPaMMBl W WX 3HaYeHWA He aKTyaJbHBI IJIA TTOJTb30BaTes .
9 pu HEOOXOTMMOCTH BCETIa MOYKHO TTOJTYIUTh COOTBETCTBUE MeZXKIy KOIAMU, UCTIOIb3y A PYyHK-
o mpeobpasoBarusa LUCOMP, KC = LUCOMP (KF). Bce cka3zammoe BbIllie 03HaYaeT, 9TO BBl He
MTOJIKHBL 3anoMuHaTh Bee Kombl KC. Horma ObiBaeT HOCTATOTHO 3HATH, UTO 3HAUEHUA KOMOB,
mvenbinx 80, naa KF- uw KC-dbopmaros cosmamator.

Uwmena wactur, npuBeneHHble B TaOaMIIaX, B 3TOH TJIaBe COOTBETCTBYIOT MOJIYIEHHBIM U3
nporpammbl LUNAME, koTopas ucnosibsyercs, Hanpumep, B LULIST. ['pevecKkue ciMBOJIBI COBITa-
JTAfOT € MPUHATHIM HAITUCAHIEM TPEIECKIX OYKB TTOJTHOCTHIO, ¢ 3aryIaBHBIME TEPBBIMU OYKBaMI,
COBIAIAIONINME ¢ TPEIECKUMU 3arIaBHBIMU OyKBaMu. B obiieM Bue nMsa JacTUIIBI COCTOUT U3
CIIeTTyTOIINX JacTel:

%97

1. OcHOBHOEe WMs KOPHSA BKJIIOUAET NJ1A GOJTBIIMHCTBA Me30HOB co crmaoM 1 (L = 0)

777 1T HEKOTOPBIX 6apuoHoB co crmHOM 1/2 (Tme mMmeror-

u 6apUoOHOB O CIWHOM 3/2 U
¢ JIBa COCTOAHW, KOTOpble HyKHO pasauuarh, Hanp. A - XY). Dpasmra obosHaueHust
TS TAKETbIX OaPMOHOB HAXOMATCA B COOTBETCTBUY ¢ onmybOukoBanuabiMu B 1986 1. PDG
[PDG86]. [luisi Me30HOB ¢ OpOUTATHHBIM YIJIOBBIM MOMEHTOM, PABHBIM €IUHUIIE, HCIIOIb-
syforea cumBossl K (D, By ...) 101a Me30HOB ¢ cyMMapHBIM CIIHHOM KBapKOB, PABHBIM
0, uw K* (D*, B*,...) — 1Jiad cyMMapHOTo CliiHa KBapKoB 1; coramrenwe nyisa ~*” MoxeT
37ech cJerka OTJInIaThcd OT ncnosbsyemoro 8 PDG.

2. Jlrobble HUKHWE WHIEKCHI OTAEIIAIOTCA OT KOPH 3HaKOM ~ . [l TaKeTbIX apOHOB Tak
OTMEYAeTCs IOTOJTHUTETbHOE 0D0O3HAUEHNE TAKEIOTO apoMarta, Colep KaHne KOTOPOTro He
cBolicTBeHHO caMomy KopHfo. [l mukBapka Tak 0bO3HaUaeTCs CIIUH.

3. Ucnonbsyercsa cumBos "~ (mnm cioBo “bar”, cm. MSTU(15) ) nyia aHTHIACTHIBI BO BCEX
cIIydadx, KOTJa pasudne MeXKIy dacTurell m aHTwdacTurieifl He 3alaHo MO 3HAYEHUIO
3apsa.

4. YkaspiBaeTca 3HaueHwe sapsama: ++, +, 0, —, wim ——. 3apAn He TPUBOAUTCH A
KBApKOB W INKBApPKOB. ) eKOTOpble HeHTpasbHBIE TaCTHUIIBI, KOTOPHIE OOBITHO YKa3bi-



Tabmuma 5.1: Koabl KBapKOB 1 JIEITTOHOB

KF | Uma | Damacanuwe || KF | Uma | Danrcanne
1 d d 11 e~ e-
2 u u 12 Ve nu_e
3 S s 13 | p= mu-
4 c c 14 vy nu_mu
5 b b 15 T~ tau-
6 t t 16 Vs nu_tau
7 | 1 17 1 x~ chi-
8 h h 18 Uy nu_chi
9 19
10 20

BafoTcA Ges 0, 3mech TaKkKe He MMeEOT MHIEKCA 3apdAia, (HampuMmep, HeHTpUHO, g, ¥ W
JMaroHa bHBIE IO apoMaTtaMm Me3oHbl, Kpome 70 u p®). Obparmre BHUMaHWe, UTO s
npoToHa 1M HefTpOHA yKa3biBaeTcsd 3apsAl. XOTd 9TO — HECTAHIAPTHBIN BU/I, 9TO TTOJIE3HO

BO W3bekaHUe HemopasyMeHull Mpu MPOCMOTpe paciedaTKu COOBITHS.

Duxe ciaenyer crumcok KF-wkomos wactmn. Crnumcok He mosioH, Gosiee oOUIMPHBIH MOZKeT
Ob1THh oIy der Komanmott CALL LULIST(11). YacTursl crpynnupoBaHbl BMeCTe, U JJIA KaK oM
IPYIIBI ONMACAHBI OCHOBHBIE NTpaBuyia. BeaKmit pas, Korja cyliecTByer OT/esbHasg aHTHIacTHIIA,
efi mator Tor ke KF-kom co smakom munyc (mpuHmMad Bo BHEHMaHWe, 9To Koasl KC Beerma
TOJIOZKATETHHBI ).

1. KBapkwu u senrtomsr, Tabmauma H.1.
DTa rpymma cOmepKUT OCHOBHBIE ~CTPOUTEbHBIE OJIOKU MaTepwu , PACIOJIOKEHHBIE IO
MOKOJIEHNAM, W HUKHIE GJIEHBl CTabblX M30/1y0/IeTOB NMMeT MeHBIIH Koz (TakuM obpa-
30M, d TpemuiecTBYeT u, BONPEKM TOPAIKY B MpenblayinXx Bepcusax JETSET). Takxe
BKJTFOUEHO TeTBEPTOe MOKOJIeHne (PEePMUOHOB IJIsI BO3SMOKHBIX OYAYIINX CCHLTOK. Ko-
IIbI KBAPKOB MCIOJIB3YIOTCH KaK CTPOUTETbHBIE OJIOKN LI TMOJIYIeHNs KOMTOB THKBAPKOB,
MEe30HOB U DApMOHOB HIUKe.

2. KamubpoBounbie 6030HBI 1 ApyTre (hyHIaMeHTaIbHble O030HBI, Tabiua 5.2.
DTa rpyla BKJIOYAET BCe KaJUOPOBOUHBIE W XUTTCOB OO30HBI CTAHIAPTHON MOmesH, a
TaKKe HEKOTOpble OO30HBI, MOABJIAIONNECH B PA3JIUIHBIX PACHIIPEHUAX CTaHIapTHOM
MoOZIesTH.  DocsenHue He oxBadenbl cTaHmapTHbIMU PDG-komamu. OHE cOOTBETCTBYIOT
ofHOMY JonoJHuTe bHOMY Go30my Tpynmsl U(1) u oqHOMY IOMOJHETEILHOMY GO30HY
rpynnst SU(2), aybiery XUrrcos, cKaasapHOMY WU TPUHAJIEKAIIEMY [IBETHOMY OKTETY
TEXHU-1), CKaJAPHOMY JIenTOKBapKy Lq u ropusonranspHoMy Kanmubposounomy Gosomy R
(HapylIeHre CHMMETPIT MeKY MOKOJEHNAMMI ).

3. CBobomHoe MecTo.
Dosunum 41 — 80 B HacToslee BpeMs He UCHOJIb3YIOTCA. B OyayliemM oHE MOTJIH OB
MCTIOJIB30BATHCHA, HATIPUMED, IJISA CYTEePCUMMETPUIHBIX TTAPTHEPOB YACTUIL BBIIIE WX JJI5
HOBOH (pUW3WKM APYTOTO BUIaA. B HacTosllee BpeMs OHU — B BallleM PACIOpsKEHU.

4. Dazauunble clelraJbHble KOIbl, TabImria 5.3.
B MoHTe-Kap/IOBCKUX BBITHCJIEHUAX BCerga HEOOXOIMMO WMETh KOMIbI, KOTOpbIE HE OTBe-
TalOT HU OTHON OTpeIeSTEHHOM JacTIle U UCITOIb3YIOTCA U OTPEIeSIeHN S TET0N TPYIITTbI
MOTOOHBIX TACTHIL TP 00pabOTKe PacHaIoB WK IIPH OTPEIeSIeHNN HadaJ bHBIX TPOTYKTOB
pacmama. ITH KOMBI, KOTOPBIE OMATh-TaKU SABJIAIOTCA HECTAHIAPTHBIME, PACIOIATAIOTCH



Tabmuma 5.2: Komsl KaJmOpOBOYHBIX W APYTUX PYyHIAMEHTATBHBIX OO30HOB

KF | Uma | Damacannwe || KF | UMma | Danucanne
21 g g 31

22 o gamma 32 7"° Z’0

23 | Z° Z0 33 | 2 Z'0

24 | W+ W o+ 34 | W't W+
25 | H° HO 35 | H"® H’0

26 36 A° A0

27 37 H* H+

28 38 | Ntechni | eta_techO
29 39 Lq LQ

30 40 | R° RO

B mosutuax 81 — 100. D exoTopble U3 HUX He MPUCYTCTBYIOT B 3allUCH COOBITUA, U TIOITOMY,
COOTBETCTBEHHO, MPUHAIIERKAT TOJbKO K Tpymme KC-komos.

5. Kompr mmkBapkoB, Tabanma 5.4.
JWKBapK, CKOHCTPYUPOBAHHbBIH U3 KBAPKOB ¢ KOJAMU ¢ U ], T/Ie 1 > J, U UMeOIInHi moJTHbI
CTTUH §, UMeeT KOJI

KF = 10001 4+ 100) + 2s + 1, (5.1)
TO €CTh TMO3WIIAA JTEeCATKOB OCTaB/IeHa He3amoHEHHON (CM. KOIBI 6apmoHOB HUXKe). De-
KOTOpBIe U3 Hambojiee 9acTo MCIMOIb3yEMBIX KOIOB Tepednciiensl B Tabsute 5.4. B mpo-
Tabauma 5.3: Daznwanble crennaabHble KOIbI

KF | Damucanume | 3nauenne

81 | specflav | Apomar-creKkTarop; UCIOJIb3yeTcs B pacledaTkaX MPOIyKTOB paciaia

82 rndmflav | Coygaiiasiit u, d, nim s apoMar; BOSMOKHBIN MPOIYKT pacraia

83 | phasespa | DpocToif W30TPONHBIN pacmal, ompenesaeMbiii (ha3soBbIM 00bEMOM

84 | c-hadron | Undopmanns o pacnaie IEPBUIHOTO TapM-aIpOHA

85 | b-hadron | Uudopmannun o pacnaie IEPBUIHOTO DOTTOM-AIPOHA

86 | t-hadron | Uudopmannm o pacnaie IEPBUTHOTO TOM-aIPOHA

87 | l-hadron | Uudopmannn o pactaie TEPBUIHOTO aIpOHa HUKHETO THTIA

88 | h-hadron | Uudopmanun o pacmaie TEPBUIHOTO aIpOHA BEPXHETO THUIIA

89 Wvirt Bupryasabaeiit W B cirabbix pacmanax ¢, [, h wim y

90 diquark | Da3oBbiit Ko M1 WHGOPMAINT O TBETe TUKBapKa

91 cluster | DaproHHas cucTeMa MpHU KJIacTepHON dparMeHTalnm

92 string DapToHHAsA CUCTEMa MPU CTPYHHON (parMenTanun

93 indep. DapToHHAsA CHCTEMa MPU HE3aBUCHMOM (bparMeHTaImm

94 CMshower | YeThIpexuMIirysibc BpeMeHUTOTOOHON JTMBHEBON CHCTEMBI

95 | SPHEaxis | Ocw cobbitus, matinenras B LUSPHE

96 | THRUaxis | Ocb cobbitus, matinenmas 8 LUTHRU

97 CLUSjet | Crpy# (kiacrep), Halizenras B LUCLUS

98 CELLjet | Crpy# (kisacrep), Halizenras B LUCELL

99 table Tabnuta, mosyaennas w3 LUTABU

100




Tabmuma 5.4: Koapl aukBapkoB

KF | Uma | Danucanme | KF | Uma | Danrcanme
1103 | dd; dd_1
2101 | udg ud_0 2103 | ud; ud_1
2203 | uuy uu_1
3101 | sdg sd_0 3103 | sd; sd_1
3201 | sug su_0 3203 | suy su_1
3303 | ssy ss_1

rpaMMy BKJTFOUEHBI BCE OCHOBHBIE COCTOAHUA ITUKBApKoOB co crimHoM 0 m 1.
Coorserctytomuit KC-kom pasern 90 v B OCHOBHOM WCIIOJTb3yeTCHA 15 XpaHEHNA 3HaTe-
HUA [IBETOBOTO 3apjia.

Kompr MesonoB, Tabauisr 5.5 n 5.6.

MesoH, cocrosumii 13 KBapKa ¢ KOJIOM { W aHTUKBapKa € KOIOM —j, J # 1, U C TIOJTHBIM
CITUHOM S, UMeeT KOJI

KF = {100 max(i,j) + 10 min(i,j) + 2s 4+ 1} sign(i — j) (—1)mex@) (5.2)

Ob6parnTe BHUMaHUE Ha TOTOJHUTENbHBIH 3HAK ~—”, KOTOPBIH BOSHUKAET, ecsin boJtee Tsi-
JKeJTBIH KBapK — HUKHETO TUMA. JTO HAXOAUTCH B COOTBETCTBUU € MIPWHATHIM PA3THIHEM
MeXKIy dacTulieit m anrumdactuneii, manosiM B Review of Particle Properties 3a 1986 r.
[PDGS86]. Do o3mauaer, Hampumep, 9T0 B-Me30H comep:KUT b-aHTHKBapK, a He b-KBapk.
HwmaronajibHble MO apoMaTaM COCTOAHUA TO JOTOBOPEHHOCTU CJIEIYIOT B MOPAIKE BO3-
pactanus Maccbl. (CTaHZapTHOE MpaBWJIO 3amlucu TocaenHedl mudpsl B Bume 2s + 1 Ha-
pyuraercs naa K&K -cucremsr, tie stor e pasern 0, u 3To coryialieHne MpUBOIUT K
CMEITaHHBIM COCTOAHUAM i B-Mesona. /i1 6ostee BBICOKOPACTIONOKEHHBIX MYTbTHILIE-
TOB ¢ TaKWM ZKe CIIMHOM (parajbHble BO30Y KIeHW:) nonuchiBatorcsa shadenus 110000,
+20000, w T.71., obecrreanBarOIINe TOTOJHUTETHFHOE HEOOXOINMOE PA3InIne. o) EeKOTOPhIE
3 HamboJIee 9acTO UCIOIb3YEMBIX KOIOB [TAfOTCH HUKE.

B nporpamMmmy BKJTIOUEHBI BCE OCHOBHBIE COCTOAHUA TICEBIOCKAIAPHBIX U BEKTOPHBIX MYITh-
THILIETOB, Tabauma H.5.

Tak:ke BKJIIOYEHBI OCHOBHBIE COCTOAHUA ME30HOB ¢ OPOMTABHBIM YTJIOBBIM MOMEHTOM
L = 1, tabauna 5.6: oaWH MCEBIOCKAJIAPHBIN MYJIBTUILIET, OMPEIETAIONINN ME3OHBI €
TOJTHBIM CIIMHOM KBapKoB, pasubiM 0 (L = 1,5 = 0 = J = 1), u onun oTmeabHbIH
CKaJIAP, OJWH TCEBIIOBEKTOPHBIN M OIWH TEH30DPHBIN MYJIBTHUILIET, TOJYYEHHBIH 118 Me-
30HOB € TIOJHBIM CIUHOM KBapKoB, pasubiM | (L = 1,5 =1 = J = 0,1 win 2), rme J
— BeJIMYWHA, TPAIUIUOHHO Ha3biBaeMasd CIUHOM Me30Ha S. 31eCh He YUUTBIBAETCH HU-
KaKoe CMeINNBaHWe MEKIY IBYM#A IMCEBIOBEKTOPHBIME MYJIbTHILIETAMU. DokKasyiicTa,
obpaTuTe BHUMaHWE Ha TO, UYTO HEKOTOpBIE UJIEHBI 3TUX MYJbTUILIETOB 0 CUX IMOpD He
obHapy JKEHBI U BKJIIOUEHBI B PACCMOTPEHWE TOJIHKO Ha OCHOBAHWW HAIUX MpENCTaBIeHNH
O Teopu; 3JIEMEHTApPHBIX JacTull. Jlajke 115 W3BECTHBIX UIEHOB MYJIBTHUILIETOB HHQOP-
Mallis, Kacalollaacsa Macchl, IUPWHBI, KAHAJIOB paclaja BechMa HETOJTHAA.
CoorsetctBytoie KC-KoIbl ME30HOB, NCTIOJIb3YEeMbI€e /1 OPTAHM3AINH TAaHHBIX O Maccax
7 pacnajgax, pacrnosaraoTca Mexay 101 m 240.

Konpbr 6apmonos, Tabmuta 5.7.

DapuoH, cocTOAMMN W3 KBApKOB i, J U k, ¢ 1 > j > k., U TOJTHBIM CIITHOM S, TMEET KOTT

KF = 1000i 4+ 100 + 10k +2s + 1 . (5.3)



Tabmuma 5.5: Kombr Me30m0B, dacTh 1

KF | Umsa | Danucanue | KF | Umsa | Danucanme
211 | «* pi+ 213 | pt rho+
311 | K° KO 313 | K*° K*0
321 | KF K+ 323 | K+t K*+
411 | D* D+ 413 | D** D*+
421 | D° DO 423 | D*° D*0
431 | DF D_s+ 433 | Dt D*_s+
511 | B° BO 513 | B B0
521 | Bt B+ 523 | B*t B*+
531 | BY B_s0 533 | B B*_s0
541 | BF B_c+ 543 | BiF Bx_c+
11| =° pio 113 ] p° rho0
221 n eta 223 | w omega
331 | o eta’ 333 | ¢ phi
41 | ne etac 443 | J /¢ J/psi
551 | eta b 553 1 Y Upsilon
661 | eta_t 663 | O Theta
130 | K9 K10
310 | K¢ K_S0
Tabmuma 5.6: Kombr Me30mH0B, 9acTh 2
KF | Uma | Danucamue KF | Umsa | Danucamue
10213 | by b_1+ 10211 | ag a 0+
10313 | K9 K_10 10311 | Ki° K*_00
10323 | K K 1+ 10321 | K3t K*_ 0+
10413 | Df D_1+ 10411 | Dyt D*_0+
10423 | DY D_10 10421 | D° D*_00
10433 | DY, D_1s+ 10431 | D D*_Os+
10113 | by b_10 10111 | a§ a_00
10223 | h h_10 10221 | f3 £.00
10333 | h{’ h’_10 10331 | 1 £7.00
10443 | kY. h_1cO 10441 | X9, chi 0cO
20213 | af a_1+ 215 ag a2+
20313 | K3° K*_10 315 | K3° K*_20
20323 | K;F K*_1+ 325 | K3t K*_2+
20413 | D7F D*_1+ 415 | D3t D*_2+
20423 | Dy° D*_10 425 | D3P D*_20
20433 | Dif D*_1s+ 435 | D3t D*_2s+
20113 | af a_10 115 ad a_20
20223 | Y £.10 225 9 £.20
20333 | f° £7.10 335 | £’ .20
20443 | 9. | chidco | 445 | x| chi_2c0




Tabmuma 5.7: Koapr 6apuoros

KV | Uma | Damucanme | KFP | Uvma | Danmucanue

1114 | A~ delta-
2112 | n no 2114 | A° Deltal
2212 1 p p+ 2214 | AT Delta+
2224 | ATt Deltat+
3112 | X7 sigma- 3114 | ¥ Sigma*-

3122 | AY Lambda0

3212 | X° Sigma0 3214 | X0 Sigma*0
3222 | X Sigma+ 3224 | ¥*F Sigma*+
3312 | =7 xi- 3314 | =~ Xi*-
3322 | =° Xi0 3324 | = Xi*0
3334 | Q° omega-

4112 | X° Sigma cO || 4114 | ¥:° | Sigma* cO
4122 | A | Lambda_c+
4212 | X7 Sigma c+ || 4214 | X*T | Sigma* c+
4222 | ¥+t | Sigma c++ || 4224 | ¥t | Sigma¥ c++

4132 | =2 Xi_cO
4312 | =P Xi’ _c0 4314 | = Xi*_cO
4232 | =F Xic+

4322 | =IF Xi’ _c+ 4324 | =Xt Xi*_c+

4332 | Q° Omega cO || 4334 | Q° | Omega*_cO
5112 | Xy Sigma b- || 5114 | X[~ | Sigma*_b-
5122 | A} | Lambda b0
5212 | X} Sigma b0 | 5214 | ;% | Sigmax b0
5222 | X | Sigmab+ || 5224 | X;F | Sigma* b+

Ucknrouenne cocTaBisAioT GapuoHbl €O CIUHOM 1/2, cocroslue u3 KBApKOB TPEX pas-
JIMIHBIX apOMATOB, TIle 1Ba Oojlee JIETKWX KBapKa (OPMEUPYIOT MUKBapK co croumHOM ()
(A-omobHBIe GapmoHBT). 31mech MOPANOK CIedoBaHusA j u k 0OpaTHbI, 9T0 0becmednBaer
MPOCTOTY pasIMIeHNsa TaKUX OapMOHOB 1 DAPMOHOB, B KOTOPBIX /iBa OOJTee JIETKMX KBapKa
obpasoBasl TUKBapK co cnuHoM | (X-1ogobHbBIe GapHOHBI ).

st ampoHoB, comepKallux TAKeJble apoMaThl, mMeHa KopHeit ectb Lambda wmum Sigma
— [T aJIpOHOB € ABYMsI U- WK d-KBapKamu, X1 — [IJIf aIpOHOB € OJTHUM KBapPKOM TaKOTO
tuma, 1 Omega — /15 aIpOHOB, HE cOMepKaluxX U- Uil d-KBapKOB.

DeKoTopble U3 HamboJee TacTO UCIOJb3YeMbBIX KOMIOB matoTca B Tabsmie 5.7. B mpo-
rpaMMy BKJIIOUEHBI BCe OCHOBHBIC COCTOAHUS MYJIbTUILIETOB GApUOHOB co crnuHoM 1/2 u
3/2.

Coorsetctytoiime KC-kompr, ncmosbsyemMbie 1151 OpraHU3allni JaHHBIX O Maccax W pac-
magax, Jexar B guanazone mexay 301 mw 400, m mekoTOpbIe MO3UIINT OCTAJINCH HE3aIoJI-
HEHHBIMU.

. Hudpaknnonnbie coctosnms, Tabanma 5.8.

DTH KOIbI He SABJIAIOTCA CTAHTAPTHBIMEU: OHU OBLIN OIIPENeJIeHBI MO0 aHAJOTUHU, KOTO-
PYIO HY)KHO UCIOJIB30BATH IJ1:A 0003HaUeHUA TudPaKIUOHHBIX cocToAHnl B PYTHIA, Kak
JaCTh UCTOPWH COOBITHA. DepBble IBe WM TPU MudPhl TAIOT COCTAB apOMAaTOB, a TOCE-
Hss, paBHad (), 0003HaTaeT HECKOJIBKO HEOOBITHBIN XapakTep Koma. B mporpammy ObLim



Tabmuma 5.8: Kombl andpaKIHOHHBIX COCTOAHMH

KV | Danmucanue 3nagenve

110 | pidiffr0 | Judpakmmonnsie 1°/p® /v-cocTosrns
_I_

210 | pidiffr+ Hudbpaxnmontbie m1-cocToaHNA
2110 ndiffr Hudpaxinmortbie n-cocTOAHNA
2210 | pdiffr+ Hudbpaxinmortbie p-cocTOAHUA

BBEIEHBI TOJBKO YeThIpe KOa.

9. Usoboamble cxarbie Koabl. Dosumuu 401 — 500 B MaccmBax Macc W pacmagoB OCTaBJICHBI
cBODOIHBIME. 37ech MOJIb30BAaTEb MOXKET MOMECTHTH Ji000H HOBBIH B 9acTHIL, mepe-
Bemsa mx oobranbie Kombl KF, sHauenmsa KoTophix OYAYT, O Beell BEPpOATHOCTH, OOIbIIE
10000, B 6osee ymobmbie KC-kompr aisa Mace m mHMOpMaIlUi O paclalaX. Ja3MelleHHe
TOJIZKHO OCYIIECTBIATHCA ¢ moMollbio (pyukmnm LUCOMP.

5.2 @opmMaT 3anIuCcHh COOBITHA

DosHad nHGOPMAEA O KaZKIOM HOBOM CT€HEPUPOBAHHOM COOBITUU COXPAHAETC B 00IIEM OJI0-
ke LUJETS, KoTOpbiii, TakKmM 00pa3oM, (hopMEUpyeT 3amuch coObITull. 3mech Kaxkaas CTPY s WK
JacTHIla, KOTOpasd TMOABJIAETCA Ha HEKOTOPOH cTaamm (pparMeHTallnnd W B IMENOYKe pacia-
0B, OyIeT 3aHUMaTh OIHY CTPOKY B MacCHBE. Da3JIMIHbIE KOMIOHEHTBI 3TOH CTpOKW OymyT
cofepKarh UHMOPMAIIUIO OTHOCHTEIBHO TOTO, ABJIAETCH JU 00beKT crpyeil/dactuueil, ucro-
PUIO POXKIEHWs, HacTosdllee cocTogAne (pparMeHTHpoBaIa/paciaiachk Wl HET), TaHHBE 00
AMIyJIbce, dHePrAu W Macce, a TaKxKe ITPOCTPaHCTBEHHO-BPEMEeHHYIO TO3WINI0 BEePIINHBI PO-
®nennsa. Obparute BauManue, 910 BeKTopbl K(I,3) - K(I,5) u P, V MOTYT UMeTh clennaIbHOe
3HaUeHe 1718 HEKOTOPBIX OTpeIeIeHHBIX TPUIoKeRnil (HanmpuMep, onpeneseHns chepuaHOCTH
W KJTACTEPHOTO aHan3a), KaK OMMCaHO B COOTBETCTBYIONINX Pas3iesax.

Nudopmarus o6 ncropum codbbitus, coxpargemas B K(I,3) - K(I,5), Takxke He ITOJIKHA
BOCIIPUHUMATHC OYKBaJbHO. B Iemoduke pacaoB 9acTuIl onpeiesieHne MaTepUHCKONR TacTUITBI
OCYTIECTBIIAETCA JIETKO, HO OMHUCAHUE TMpoTecca pparMeHTaIlun OOJIbIE CJTOKHO. ) epBUTHBIE
aJIPOHBI, pOKIafouuecs pu (pparMeHTAlNN, TOJYIaloTcAs W3 CTPYHBI B IEJOM, a HE U3 OT-
NeJbHBIX MapToHoB. [lake Korma cTpyHa He BKIIOYaeTcs B HCTOpHio cobbiTus (cM. MSTU(16) ),
yKa3aHWe TMapTOHOB I alpoHa MOYXKET BBECTH B 3ab/IyKIeHWe. Jampumep, B cOOBITUN (g
mapToHbl ((q) YKa3BIBAIOTCH IJIA aIpPOHOB, KOTOPbIE MOIYYMINCH TTPH GparMeHTalll ¢ COOT-
BETCTBYIOIIEro KOHIa CTPYHBI, COTJIacHO ciaydaliHoll mpomenype, MCIOJb3yeMoll B IIporpaMMe
dparMenTanun. D WKAKHE JACTUIBI HE CBA3BIBAIOTCA € €. ITO PEIKO COIVIACYETCHA € BU3YATb-
HBIM BlledaTJIeHWeM W He MCIIOJIb3yeTcs.

O6rnit 610k LUJETS yBemmauBaJsics co BpeMeHeM U B HaCTOAIIIH MOMEHT MOZKET COIEP KaTh
4000 BxomoB. ITa Mudpa MOKeET MOKa3aThCA OECCMBICIIEHHO OOJIBINON, HO PeaTbHO MPEIbIIY-
mwit mpemest 2000 YacTo mocTUTAJIC TPU U3y YEHUH TPOTECCOB ¢ DOTBIINMY 3HATEHUAMY P JJI5
yeranoBok LHC u SSC. Dosbiioe KosmmgecTBO BXOMOB 00YCIOBIEHO T€M, 9TO 3alNCh COOBITUA
CONEPIKUT He TOJbKO KOHEeYHble JacTHUIBI, HO TaKKe BCe TMapTOHBI W aIPOHBI ITPOMEKYyTOUYHOTO
3BeHa, KOTOpPbIE BIIOCJEICTBAN 0Opa30Bal JTUBHU, (PPArMEHTHPOBAJIN UJIN PacHanch. Briro-

Vs camprit mpocToil c1mocob

COKpall€eHnA pa3Mepa 3allucul COOBITHA MOXKET COCTOATH B BBIKJTFOUEHWN PacliadoB 7T0 — IIOJIO-

HaloTCA TaKzZKe BCe Cl)OTOHbI7 IIoJIiyHaromumecAa B pe3yJjibTaTe pacliaga T

Kermu MDCY(LUCOMP(111),1) = 0. Takxke obparnTe BHHMaHHIe, 9TO HEKOTOPBIE IIPOPAMMBbI
tuma LUCLUS u LUCELL mcrmoIb3yI0T CBOOOMHYIO MaMATh MOCJIE 3alUCH COOBITHSA KaK PabodIyto



O6JIELCTI). Tem nHe MeHee, I3SMEHNTh pa3sMeEp O6HIGFO 6JIOKEL Ha HECKOJIBKO CTPOK BBEPX MJIN BHU3

JOCTATOYHO JIETKO: HYZKHO TOJIBKO CIO€JIaTh FJIO6ELJIbHyIO 3aM€HY B O6HI€M 6JIOK6 1 N3MEHUTb

smnadenne MSTU (4) na mHoBoe. Ecim momxmno menosb3obarbes 6osee 10000 cTpok, To HEOOXOIIMO

I3MEHHUTD TaKzKe 3alich o 1BeToBoH mHpopMarnm, cm. MSTU(5).

COMMON/LUJETS/N,K(4000,5) ,P(4000,5),V(4000,5)

Ilasnauenue: CONEPZKUT 3allUCh CO6I>ITI/IE[7 TO €CTh IOJIHBINA meped€enb BCEX MMapTOHOB U HaCTHUIL

N:

K(I,1):

= 15:
= 21:

B TEKYIIEM COOBITHM.
YUCTO CTPOK B MaccuBax K, P u V. 3aHATHIX TeKymuM coObiTreM. N HerpepbIBHO
ODHOBJIAETCSA, TTOCKOJIBKY OCYIIECTBIIAETCSA ONpeeseHne TTepBOHATAIbHON KOHPUTY-
panuy 1 0OpaboTKa (bparMeHTalnny U pacnaioB. B majgbHeliliieM KOHKpeTHOE 91CIIO
HapTOHOB/YacTHll, ycTanoBjierntoe Mexay | u N, obosnagaercs I.
KOJI TEKYIIETO COCTOAHUA TapToHa/YacTUIbl, coXxpaHeHHOro B cTpoke. (cHoBHOE
MPaBUJIO 3aKJIo9aeTcd B TOM, 9TO Koibl 1 — 10 cooTBeTcTBYIOT CyNIECTBYIOIINM B
HacTosdllee BpeMs MapToHaM/JdacTUllaM, B TO BpeMs Kak OOJIblIne 3HAYeHUs KO-
JIOB OTBEYAIOT TTapTOHaM/9acTUIaM, KOTOPBIE YZKe He CYIIECTBYIOT (pacnasnch miin
dbparMeHTIPOBANN) WM HECYT APYTO B WHGOPMAINE O COOBITHN.
cBOOOTHAA CTPOKA.
HepacHaBIIasgcsa JacTuila mwin HedparMeHTHPOBABIIasA CTPY:, BO BTOPOM CJTy-
qae CTPYsA MOYKeT OBITh €IUHCTBEHHOW MW TOC/IeHell W3 CHCTeMBl CTpPYit.
HeparMeHTHPOBaBIas CTPY A, KOTOPad COMPOBOKIAETCA HECKOTBKUMEI CTPY-
AMU B ONHON M TOH Ke CHUHIVIETHOH IIO IBETY CUCTEME.
HeparMeHTHPOBaBIas CTPY CO cllelna bHOl nHpOpMaIell 0 MBETOBOM IO~
ToKe, coxpamnennoii B K(I, 4) mw K(I, 5), Tak 4To cocedme 1O CTpyHE map-
TOHBI MOTYT CJIETOBATh HE IPYT 3a APYTOM, a B CBOOOITHOM TOPAIKE B 3aITUCH
COOBITH .
JacTHIa, KOTOpas MOXKET pacliacThCd, HO He B Mpelesax pa3pelrreHHoro 00b-
eMa BOKPYT NepBUYHON BepUINHBI.
JacTUlla, KoTopad HOJIXKHa pacnacTbea Opu cienyiolleM BbizoBe LUEXEC mpu
JNaHHOM DPACTIOJIOKEHNN BEPIIMHBI (3TOT KOJI YCTAHABIMBAETCA TONBKO MOJTh-
30BaTesIeM).
pacaBIasgcs JacTuIa Uil (PparMeHTHPOBABIIAs CTPY, BTOpasi MOKeET OBITh
equHCcTBeHHON cTpyell mian nocsaenteil us cucremsl cTpyid, cm. =1.
g parMenTHpOBaBITad CTPYH, KOTOpPas COMPOBOKIAETCSH HECKOJBKUMEU CTPYH-
MU B TOI JKe CHHTJIETHOM 110 1BeTy cucreMe, cM. =2. Jlamee B-me3zon, Koropsbrit
pacmagaercs Kak B (mmm HAODODOT, B-Mes0H, KoTopEIT pacmagaeTcs Kak B,
ms-3a B - B cMellmBaHn ) 0603HATAeTCsA TUM KOIOM, a He =11.
CTpYs, KOTOpas ObLTa YHUUTOKEHA B 3aIUCH, KOTJA UCIOJIb30BAJIACh CIIEIH-
aJibHasi WHPOPMAINA O MBETOBOM TOTOKE TIPH MEPECTPONKe CUCTEMBI CTPYIi,
CcM. =3.
TTapTOH, KOTOPBIN COBEpIINMJ WENOYKYy NepexoloB B ITaJbHellline MapTOHBHI,
(ecam co crenmmaapHOl WHPOpPMaIHeil 0 IBETOBOM TOTOKE, TO CM. =3).
JacTHIa, KOTOPasd pacrnaigach (Ipn BMEIIaTeIbcTBe TTOIb30BaTENA), CM. =5.
CTPOKU JOKYMEHTAINH, UCIOJb3yeMble I CKaTOW 3aluch UCTOPUN COOBITHIA
B HavaJle 3alliCU COOBITHA.
cTpoka ¢ nadopMmaruetl, Kacamwolieics onpeneerns cpepuaHOCTH, TPacTa WK
pesyJbTara paboThl MOAMPOTPAMMBI TIONCKA KJIaCTEPOB.



K(I,2):
K(I,3):

K(I,4):

K(I,5):

P(I,1):
P(1,2):
P(1,3):
P(I,4):

32:
41:

BBIBOJI TabJIMIIGI, creHepupoBantoli B LUTABU.
obbennnenne (B HacTOAIIEee BpeMA OCYIIECTBIEHO He MOTHOCTHIO).
9TH KOJbl HUKOT/Ia He UCIOJIb3YIOTCA B COOTBETCTBUU C TTPOrPAMMOil, 1 MO3TO-
My OOBIYHO Ha HUX He BJINAIOT HUKAKWe AeficTBUA, TPOU3BOIMMBIE C 3aMNCHIO
cobbITn#A, Tnma Be3oBa LUROBO, LULIST m mporpaMM aHajm3a COOBITHA (Tic-
KJIIOYEHUE COCTaB/IAIOT HeKOoTopble Bbi30Bbl LUEDIT, Korna ¢cTpoKH cMellaloTCAd,
a He yOAJIAfOTCs). DO3TOMY 3TH KOIbI MOTYT OBITH TOJE3HBIMEU B HEKOTOPBIX
caydadx.
KF-kon maprona/gactuiisl, Kak onucano B pasmiese 5.1.
HOMED CTPOKH POIUTETHCKON TacTUIBI WU CTPYH, ecjin u3BecTHO, wHade (. Obparu-
Te BHUMAaHUE, 9TO OTHECEHUE YaCTUIIBI K JTaHHOM cTpye B cucTeMe cTpyit HepusndHO,
1 TpUBEIEHHOE 3/IeCh 3HAUEHTE HY JKHO MOHMMATh TOJIBKO KaK OlpelesieHne crocoda,
KOTOPBIM OBIJIO CTEHEPUPOBAHO COOBITHE.
ODOBITHO HOMED CTPOKHU THepBO#l mouepHett gacTuribl; paBen ( [ HepacIaBITHXCS
TaCTUTL WK HePAarMeHTHPOBABIIUX CTPYii.
Hmsg K(I,1) = 3,13 win 14 BMeCTO 9TOTO CTPOKA COMEPKUT CIENNATHHYTO WHMOP-
MalMio O [BETOBOM TTOTOKE (TOJBKO /I BHYTPEHHETO TTOJIb30BAHNSA) B BUJIE
K(I,4) = 200000000 * MCFR 4+ 100000000 * MCTO + 10000 * ICFR + ICTO,
rne ICFR u ICTO mator HOMepa cTpOK MapTOHOB, OT KOTOPBIX W K KOTOPBIM, CO-
OTBETCTBEeHHO, HampasJien 1BeroBoit motok; MCFR u MCTO Brawase pasuast 0 u
YCTAHABJIMBAIOTCA PaBHbIMEU |, KOT/Ia COOTBETCTBYIOIIAA I[BETOBAA CBA3b IPOCIIE-
KUBaeTcs B Tpolienype nepectanoBki LUPREP. (Bun sammen mMoxer ObITH m3MeHeH
B MSTU(5).) llBeroBas mosummsa 01" MoKeT yKasblBaTh MapTOH, KOTOPBIH OCy-
HIECTBUJI MEPEXO]T B TEKYIIU MapToH, WU MapTOH, CO3IaHHbIN BMecTe ¢ TEKYIIUM
MapTOHOM, HO € COTJIACOBAHHBIM AHTHUIIBETOM, B TO BpEM#A KaK TO3UIUA K= OOBITHO
yKa3bIBaeT TMapTOH, B KOTOPBIH meperres TeKyunit mapron. Takum obpasom, mias
BBENIEHN T HadaIbHOW IBETOBON KOHPUTYpAINU OOBITHO UCTIOIb3YETC TOTBKO JacTh
"o1”, B TO BpeMs KaK 9acTh 'K 100aBJIAETCA B COOTBETCTBUN C TPOTPAMMON TPH TTO-
CJIEIYIONEM BBI30Be 7T Pa3sBUTHA TapPTOHHOTO JTUBHA (1A W3y IeHNs B KOHETHOM
COCTOSTHWM; [IJIA U3JTy9€HNA B HAYQIbHOM COCTOAHNY MCIOIb3YETCA IPYTOif METON).
IIpumeyanue: o6bITHO OOJTBIIMHCTBO MOIb30BaTe el HUKOTIA HE MCITOTb3YIOT TOU-
HBbIE TPABUJIa COXPaHEHN A WHPOPMAIINY O IBETOBOM TIOTOKE, TaK UTO 3Ta WHQOpPMa-
[N TPUMEHAeTCs TJIaBHBIM 00pa3oM IJjisi BHyTpeHHuX testeit. OaHako, Korma ecTb
HEOOXOIMMOCTD OTIPEIESTNTH TOT MOTOK, PEKOMEHIYETCH MCIOIb30BATH TPOTPAMMYy
LUJOIN, Tak KakK MpPU 3TOM YMEHBIIAETCsH BEPOATHOCTD CIIEAaTh OIIMOKY.
ODOBITHO HOMEpP CTPOKW TocsenHell mouepHeit dacTuib; pasen 0 118 HEpACTaBITHXC S
TaCTUTL WK HePAarMeHTHPOBABIIUX CTPYii.
Hrsa K(I,1) = 3,13 mwim 14 BMeCTO 3TOTO COMEPKUT CIENUATbHYI0 WHMOPMAIIHIO O
[BETOBOM TIOTOKE (TOJBKO [ BHYTPEHHETO MOTh30BAHNA) B BUIE
K(I, 5) = 200000000 * MCFR + 100000000 * MCTO + 10000 * ICFR + ICTO,
rie [CFR u ICTO nator HOMepa cTpoK MapTOHOB, OT KOTOPBIX W K KOTOPBIM HIET
aatunser; MCFR 1 MCTO Brauase pasusl 0 u ycranasauBaiores Ha 1, KOrma cooT-
BETCTBYIOIIas IIBETOBaA CBA3b IIPOC/IEKUBACTCs B IIpolenype nepecranosku LUPREP.
Haspueitiee obcykaennme cm. B K(I1,4).
Py, UMITYJIbC B T-HampaBienun, B [2B/c.
Py, UMIIYJIbC B y-Hampasaernu, B [2B/c.
p., UMIIYJIbC B z-HampaBienun, B [2B/c.
K., »ueprus, B ['5B.



P(I,5): m, macca, B [B/c?. B napToHHBIX JTUBHAX ¢ IPOCTPaHCTBEHHONOJIOOHBIMI BUPTY-

aJIbHOCTAMM, TO ecTh Korga Q% = —m? > 0, P(I, 5) = —Q.
V(I,1): a-KoopamHaTa TOUYKHU BEPIIUHBI POXKICHUI, B MM.
V(I,2): y-KoopamHaTa TOUKH BEPIIWHBI POKICHUA, B MM.
V(I,3): z-KoopamHaTa TOYKH BEPIINHBI POKICHUI, B MM.

V(I,4): Bpemsa poxmenus, B Mm/c (& 3.33 x 10712 ¢).

V(I,5): Bpems kusHm gacTuubl, B MM/c (& 3.33 x 107'? ¢). Ecam pacmam wacTuisl Bbi-
kioder, To V(I,5) =0. Crpora ¢ K(I,1) =4, 10 ecTh YacTulia, KOTOpasd MOZKET
pacmacTbes TOJBKO 3a MpeleaMid pa3pelienHol 00/1acT, IMeeT COOTBETCTBYIOIIEe
menyJeBoe 3uadenne V(I,5).

B orcyTcTBUE 3i1€KTpUYecKUX W MArHWUTHBIX MOJeH W APYTruX BO3MYIIEHUN Bep-
mwHa pacrnafga VP HecTabWIIbHONW 9acTUIBI MOXKET OBITh paccanTaHa Kak
VP(§) = V(I,j)+V(I,5)*P(I,j)/P(I,5),j =1—4.

5.3 Kak paboraer 3anmuch cOOBITHSA

BELHI/ICI) coOpITHA — TJIaBHOE XPaHWJINIILE I/IHCl)OpMELHI/H/I o coopiTnu. B OEMoOYKeE I'€HEPpalu OHa
HUCITOJIB3YETCA KaK "mamATKa’ O TOM, YTO yzZKe€ 6bIJIO BBIIIOJIHEHO 11 4YTO €lle OCTacTCa caeJiaTb.
,HJIH HY XK ITOJIb30BaTETA obecreuen JOCTYIT K I/IHCl)OpMELHI/H/I HE TOJIbKO O KOHEYHOM COCTOAHNM,
HO TaKXKe 11 K I/IHCl)OpMELHI/H/I O MMpeAlIeCcTBYOUINX COOBITUAX.

5.3.1 I pocToii npumMep

st moHuMaHuA TOTO, KaK paboTaeT 3ammnch COOBITUA, MOYKHO UCIOJIB30BATh MPUMED U3 pas-
mesia 3.5. Dpu Ber3oBe LU2ENT s reHepalinu (G-Tapbl KBAPKU COXPAHAIOTCSI B CTPOKax 1
u 2 3ammcu coobITHA cooTBeTCTBeHHO. VH(bopMarua o mMBeTe CUCTEMBI ONPEIEIAETCT U3 TOTO
dakTa, 9TO KBApKMU POKIAIOTCA BMECTE W COCTABJIAIOT IBeTOBON cuuriieT. Cuerawk N Takxe
n3MeHseT 3HaueHue Ha 2. Da HyJIeBol CTaann yHasiserTcs paHee CTeHepUpPOBAHHOE COOBITHE.
Nudopmarus B crpokax | w 2 mepenuchiBaercs, HO CTPOKa 3 TMO-TIPEKHEMY COIEPZKUT BCE, ITO
CBA3AHO C TPEMIIECTBYIONNM COOBITHEM. DTO He MMeeT 3HaueHu#dA, TaK Kak N yKasbiBaeT, Tie
”Ha caMoM AeJsie’ HaXOIWTCs KOHell 3alliCH.

D pu BBI30Be LUEXEC ABHO (TOJIb30BaTEs €M) MM KOCBeHHO WHUIMIpYeTca LU2ENT, pacema-
TpUBAaETCA TEPBBI BXOM, KOTOPBIH oOmpenesisercs KaK MepBasd CTPYS CHCTEMBI. JOTOM Tak
JKe HaxXOIUTCA BTOPOH BXOmH, W OHEH 0ba BMecTe 0Opa3yloT CUCTEMY CTPYiH, KOTOPYIO MOZKHO
dparmenTupoBath. PparMenTEpyONYIO ' CTPYHY BKJIIOYaeM B CTPOKY 3, a MPOIYKTHI (par-
MEHTAlN coXpansaforca B crpokax 4 — 10 (B 9TOM KOHKPETHOM cjIydae). DpH 3TOM ¢ U q B
MEPBBIX JIBYX CTPOKAX OTMETAIOTCH KaK (pparMeHTHPOBABINTE, U TO JKe€ caMoe I CTPYHBI. Ja
sroit cranuu N = 10. BayTpm nporpaMMbl uMeeTcs ApYyTroil cUeTUnK co 3HaYeHneM 2, KOTOPbIi
yKa3bIBAaeT, HACKOJBKO TUIYOOKO MO YPOBHAM M3yUasI0Ch COOBITHE B 3AIIWCIH.

3HaveHme 3TOr0 BTOPOTO CUETUNKA MOCTEITEHHO YBeJIUIUBaeTcsA. Fcsim BXOI B COOTBETCTBY-
ollell cTpoKe MOKeT (PparMeHTHpPOBAaTh WU PaclalaThbCsd, TO BBITOIHAETCA (DparMeHTals
WM paciaj. 9D poiayKThl (pparMenTalun/pacinaia 100aBIA0TCA B KOHEIl 3amuc coobiTus, u N
ODHOBJIAETCA COOTBETCTBEHHO. BX0m Takke oTMedaercst Kak obpaboTaHHBIN. D ampumMep, KoTaa

paccMaTpWBaeTcs CTPOKa 3,  CTPYHHBIR BXOI 3Tol CTPOKHU OKasbiBaeTca (hbparMeHTHPOBaB-

UM, U HUKakuxX nefictsuit e npennpunumaercsa. Ctpoxa 4, pt, Moxer pacnactbes B w0
TPOAYKTHI paclaia coXxpanatorcda B cTpokax 11 m 12, m cTpoka 4 oTmMedaeTca KaK pacmaBITnii-
csl OOBEKT. 3aTeM MOXKeT OCyIIeCTBUThCA paclal BXxoma H. Bxom B crpoke 6, w1, sBagercs

cTabMIIbHOM JacTuiedi (110 YMOTIaHUO), U MO3TOMY MPOIYCKaeTcA 6e3 M3MeHeH!H.



B mauaste mpotecca BXOmbl OOBITHO HecTabWIIbHBI, n N pacTeT ObICTpee, UeM 3HAUEHUE BTO-
poro cuerdmKa, mpum oOpabOTKe BXOIOB. DOTOM BCE YBEJIMUNBAIOMIAACH TOJIA BXOIOB [TaeT
cTabm/IbHbIE KOHEUHBIE TTPOAYKTHI, U POJU MEHAIOTCSH — 3HAYEeHWe BTOPOTO CUETIMKa pPACTET
obicTpee. Korma 3HaveHns o0OWX CUYETUMKOB COBIAIAIOT, TOCTUTAETCS KOHET[ 3alUCh COOBI-
THS, U TPOTIECC MOKeET OBITh ocTaHOBJIEH. Bee HecTabmIbHBIE OOBEKTHI yiKe PpArMeHTHPOBAIIN
WM pacianch, OTHAKO MH(MOPMAINA O HUX COXPAHWIACh B 3AMUCH COOBITUS JIA MPOCTOTHI
paccMOTpeHNA UCTOPUH COOBITHUS.

BamersTe, uTo LUEXEC BIIOJTHE MOKHO BBI3BATh U ellle pa3. [orma BTOpOil CIeTINK HaunHAeT
YBEJIMYUBATh CBOE 3HauYeHHe ¢ caMOro HadaJia, HO IO CaMOI'0 KOHIIa BBLIIMOJHEHUA HUYETro He
MPOUCXOIUT, TaK KaK Bce OOBbEKTHI yxke obpaboTanbl. VIcK/IOUeHWE COCTABIAIOT CUTYyallUH,
KOTJIa TPW MMOBTOPHOM 3allycKe OBLITN W3MEHEHbI HEKOTOpBIE KJIIOUHW. 2 allpUMep, eCJIi pacial
7% ObLT BLIK/IIOYEH B IEepPBOM aBIIOJHEHUM, HO BKJIIOYEH BO BTOPOM, TO Bee m°, HaXOmsluecs B
3aICH COOBITHSA, OYAYT pacmaaarbca MPU MOBTOPHOM BbizoBe. QIHAKO OMHAKIBI PACTIABIIAACH

0

HacCThUla HEe ABJIAETCA 77Hep»ELCH»ELBIHGIL/'ICE[”, TaK YTO €CJIM 7T~ OIIATb IIOJIO2KHTb CTEL6I/IJII)HBIM n

BbI3BaTh LUEXEC B TpeTwit pas3, HW49ero He Ipon30iIeT.

5.3.2 9Ipumenenue B PYTHIA

st c7T0KHOTO W pa3sBETBJIEHHOTO cOOBITHSA, creHepupoBaHHOTO B PYTHIA, LUJETS paboraer
6osee "yTOHUEHHO  , XOTA ODIIME TMTPUHIINATIBI OcTatoTca TpeRanMu. LUJETS MnpoKo WCmoTb3y-
erca B PYTHIA u B mommporpamMmmax JETSET; meficTBUTE/IbHO, OHa ODecIedImBaeT CBA3YIOIIee
3BEHO, TIO3BOJIAA MCIOJb30BATH OOIIHE CJIyKeOHBbIe TTporpaMMbl JETSET ¥ [1Jid TeHEpalnn co-
oprTuit B PYTHIA. Dacmedarka 3amnucu coobitrsa u3 PYTHIA HaunHAeTCsA ¢ HECKOJBKUX CTPOK
pe3roMe, MMEOIINX ONpelleIeHHbI BUA JJA JaHHOTO MOASJNPYEeMOro KeCcTKOTro ITpolecca W,
TaKWM 00pa3oM, He ONMUCAHHBIX B MPEIbIAYIIEM KPATKOM 0030pe. DTa 9acTh 3alMCU COOBITUA
paccMaTpuBaeTca HUZKe.

B GompmmaCcTBE ciydaeB m30 Beell 3ammcu cOOBITHS TIPENCTABIIAIOT WHTEPEC TOJIBKO TTap-
TOHBI ¥ YaCTUIBI B KOHEYHOM COCTOAHUMN. ,Z[JIH MSTP(125) =0 3anmch cOOBITUA HAUYMHAETCA C
MapTOHHONW KOH(MUTYpAINK, Oy IEHHON Moc/e KeCTKOTO B3amMOIeicTBI, pasBUTHA JINBHEH
B HAaYaJbHOM U KOHEYHOM COCTOAHUHU, MHOTOKPATHBIX B3aWMOJeHCTBUN W 0OpabOTKM IIyIKO-
BBIX OCTAaTKOB. apTOHBI OObEIMHEHBI B CUHIJIETHBIE IO IBETY KJIACTEPBI U YHOPITOTIEHBI B
COOTBETCTBUU ¢ TpeboBaHWeM CTpyHHOU (dparmerTannn. Takke B 3Tolf dacTw 3ammcum cOObI-
TUSA TPUCYTCTBYIOT (POTOHBI W JIENTOHBI, TOJyUEeHHbIE KaK 9acTh JKECTKOTO B3amMomeicTBu:A
(HampuMep, oT qq — gv WaM Ul — 70 — ete™). DTu HavasbHble BXOIBI MOABJIAIOTCH € YKa-
saresieM K(I, 3) =0, a mpomayKThl Tocsenytoleil ¢pparMenTanum u paciala UMeOT 3HaYeH! s
K(I, 3), yKasplBalolle Ha POIUTETBCKYIO CTPOKY.

Crammapraas qOKyMeHTaIus, morydaemas npu MSTP(125) =1, BK/TFOUaeT HECKOJIBKO CTPOK
B HadJaJle 3alUcHl COOBITHA, KOTOPbIE COMepKaT KPaTKuii 0030p BceX MMEBIIUX MECTO IIPOIec-
coB. Hmcsi0 Memosib3yeMbIX CTPOK 3aBUCUT OT XapaKTepa KeCTKOTO TPollecca U COXpaHAeTcH B
MSTI(4) nnis Tekyiero cobbitusa. Bce stm ctpoku mmeror K(I,1) =21. [lisa Bcex mporeccoB
cTpoku 1 m 2 comepKaT ABa BXOLAIINX alpoHa. I pu pacrnedarke ¢ LULIST 9T ABe CTPOKHU OT/Ie-
JISTOTCA OT CJIENYIONINX TTOC/IETOBATEBHOCTBIO CUMBOJIOB ~======" i ya00CTBa MPOITEHNUA.
Hst nudppakImOHHBIX U yIPYTUX COOBITUH TBA BBIXOIANINX COCTOAHIA YKA3BIBAIOTCA B CTPOKAX
3 u 4. Bo Bcex ocTalbHBIX clydadX CTPOKU 3 U 4 comepiKaT IBa NapTOHa-WHUIIMATOPA TaPTOH-
HBIX JIMBHEH B Ha9aJbHOM COCTOAHWH, a CTPOKM H W 6 — KOHeIHbIe TPOAYKTHI 3TUX JUBHER, TO
€CcTh TMapTOHBI, YIaCTBYIOIINE B KeCTKOM B3amMopeticTBun. C BBIKITIOUEHHBIM U3JIy9YeHUEM B
HavaJIbHOM COCTOAHUN CTPOKHU 3 1 ), a Takxke 4 u 6 coBmanaror. ma npocroro 2 — 2 mpotiecca
KECTKOTO paccessHus CTPOKU 7 U 8 JaloT JBa BBIXOAANINX MapTOHA/YaCTHIbI TTOCTE KECTKOTO



B3aMMOJIeficTBIA, TIepell pa3sBUTHEM JIMBHeW B KOHeYHOM cocTosuuu. J[laa 2 — 2 mporeccos,
HIYIINX depe3 IpoMeKyTOTHble pesonancel Trma v~ /7%, W+ wmn H°, pesonamncer coxpansiores
B CTpOKe 7, a JBa BBIXOIANINX MapToHa/dacTuiibl — B cTpokax 8 u 9. B Hekoropbix ciryuasx
OJINH W3 3TUX MapTOHOB WK 00a, B CBOIO OYepelh, MOTYT OBITh PE30HAHCAME, TaK UTO CJIETyTO-
masf mapa CTPOK J00aBIIAETCA A MOCTEIYIONIMX pactaaos. Fcinm pacmaa TaHHOTO pe30HaHCa
BBIKJIIOUEH, TO HUKaKWe MPOAYKTHI paclala He MPUBOMATCA HU B B HAYaJIbHOM pe3foMe, HU B
mocJrenytorelt obbraHOM pacmedarke. BesAkuit pas mpm BHeceHWW MapTOHOB B paclevaTKy OHIU,
[T TIPOCTOTHI, CIUTAIOTCA HAXOIANINMUCSA Ha MaccoBol moBepxHOcTH. OIHAKO YIMTHIBAETCA W
BJIMAHIE U3JTyIEHUA B HATabHOM COCTOAHWE Ha BEJIUUNHY 3HadeHuil >pPeKTUBHBIX Mace IJIsd
darTuueckn (parmMeHTEpyIOlNleil MapTOHHON KoH(MUTYypammu. eaM30BaAH TaKiKe CIIENnab-
wbiit cayuait cauanua WHW ™ waun Z°7° 8 HO. Torma supryanbasie W niun 7 sanuchiBaioTcs B
crpokax 7 u 8, H® — B crpoke 9, a 1Ba KOHEUHBIX KBapKa, UCIYHIEHHLIX GO30HOM, — B CTPOKaX
10 m 11, kak TpOAYKTHI pacmafa xurrca. lak kKak W u 7 mpocTpaHcTBEHHOTOMOOHBI, TO (hak-
THYecKr (pUTYypHUpyIolee B paciedarke 3HadeHHe Macchl JJIs HUX ecTh —v/—m?. Dacrnedarka
3aICu COOBITHA 3aKAaHIUBAECTCA CTPOKOMN, cocTodAtlell U3 CHMBOJIOB ~======

9 ecKOJIbKO MMPUMEPOB HUKE MPOACHAIOT U3JI0OKEHHYIO BbIlle KapTuny. [lmns equwHcTBEHHOTO
I PaKIMOHHOTO COOBITU PP — PyifrP, 3AIUCH COOBITHA OyIeT HAYNHATHCA C

I K(I,1) K(I,2) K(I,3)

1 21 2212 0 Bxomawwrit p

2 21 -2212 0 BxomaAww|it p

========================= pa3Jle/IUTe/bHad CTPOKA; MOABJIAeTCA B pacledaTkax
3 21 27 1 BeIXOAAWME D gip,

4 21 -2212 2 BBIXOOAUIWHA D

Tunuanomy 2 — 2 KeCcTKOMY MpoIleccy OTBeYaeT pacliedaTKa BUIa

I K(I,1) K(I,2) K(I,3)

1 21 2212 0 Bxomawwrit p

2 21 -2212 0 BxomaAwwmit p

3 21 2 1 u-KBapkK W3 BXOJAIIETO P

4 21 -1 2 E—KBapK U3 BXOIAIIETO D

5 21 21 3 Iepexod U B g B KECTKOM pacCeanuu

6 21 -1 4 10T Ke d B KECTKOM pacceAnun

7 21 21 0 BpIXOOAMI g IOCJIE XKECTKOrO pacceAHu st
8 21 -1 0 BrIXOIANIMA d mocste xkecTkoro paccesuunsa

Ob6paruTe BHUMaHUE, UTO TaM, TIe 3TO Xopolno onpenensercs, koa K(I,3) comepKuT uH-
g opMaImo OTHOCUTETHFHO MPOUCXOKIEHN TAaHHOTO TapTOHA, B 9acTHOCTU, B IIPUMEPE BBIIIE
[JIIOOH B D CTPOKe MOMedeH KaK TOJIYUeHHBI M3 u B CTpOKe 3, KOTOPBI, B CBOIO ovepelb,
HaXOIUJICA B COCTaBe MPOTOHA U3 cTPoKK 1. B 3TOM KOHKpeTHOM mpuMepe MOZKHO CBA3ATH pac-
CEAHHBIN g B cTpOKe 7 ¢ BXOIAININM TJIIOOHOM B CTPOKE H, HO B ODIIEM CJIydae 3TO HEBO3ZMOKHO
ObLTO OBI clenaTh (HampuMep, B ciiydae gg — gg). B KadecTBe 3aKIIOUMTETHHOTO MpUMepa
pacemorpum WHW-cnusanune 5 H°

I K(I,1) K(I,2) K(I,3)



1 21 2212 0 mepBbI BXOmAUIWHA P

2 21 2212 0 BTOpOH BxXOmAIHIT P

3 21 2 1 u wm3 mepsoro p

4 21 21 2 g u3 BTOPOIO p

5 21 2 3 U nocjie U3JIy4YeHUs B Ha4aJIbHOM COCTOAHUU

6 21 -4 4 mepexon g B C

7 21 24 5 mnpocTpaHcTBeHHOMOMOOHBIH W™, mcmyckaeMbril u-KBapKoM
8 21 -24 6 TmpocTpaHcTBeHHONMOMOOHBIH W™, mcmyckaeMbIit C-KBapKOM
9 21 25 0 xurrc-6o3oH, poxaenubiit npu cananun WTW™

10 21 1 5 mepexon u B d ¢ menyckanmem W+

11 21 -3 6 mepexol € B § ¢ ucnyckannem W™

12 21 23 9 mepsbiit Z°, nonyuennniit npu pacnage H®

13 21 23 9 sropoit Z°, monyuenubiit npu pacnage H°

14 21 12 12 1. oT pacmaia mepsoro 7°

15 21 -12 12 7, oT pacmaja mepsoro Z°

16 21 5 13 b-xBapk oT pacmamia BTOporo Z°

17 21 -5 13 B—KBapK oT pacmaja Broporo Z°

Docite CTPOK, colepKallluX HadaJbHYI0 WHMOPMAINIO, 3alUCh COOBITHA WMEET TaKo# Ke
Bu, Kak jyisg MSTP (125)=0, To ecTh cHadaja UAET MapTOHHAA KOH(MPUTYPAIUA, KOTOPAA TOJIK-
Ha (PparMeHTUPOBATH, a TOCTE PA3IeUTETbHON cTPOKN ~====== " ¢JIeIyI0T MPOIYKTHI TOCITe-
IYIONMX aKTOB (pparMeHTannu u menodkn pactmanoB. Omaako metka K(I,3) mas mapToOHOB,
a TaKiKe JIETTOHOB 7 (POTOHOB, TOJIYIEHHBIX B JKECTKOM B3aUMOMEHCTBUU, Teleph O3HATaeT
HOMED CTPOKHM B BepXHell YacTw pacrmedaTku. B 9acTHOCTH, My4YKOBbIE OCTATKM MMEIOT METKH
1 mam 2, B 3aBUCHMOCTH OT TOTO, KakKoil HadasbHON BXomdAmiell dacTwWile OHW TMpPWHAIIEKAT, a
MapTOHBI, UCITyCKaeMble B JTUBHAX B Ha4aJbHOM cocTogHUM, UMetoT MeTkn 3 uin 4. Bo BTopom
IpuMepe BBIIe TapTOHBI, POXKIEHHBIE U3TyYeHIEM B KOHETHOM COCTOAHWM, OYIyT UMeTh METKN
7 u 8; 371ech, KaK BCerja, HyKHO TOMHUTH, YTO OTHECEHIE YaCTHUIIbI KOHKPETHO K CTPOKe 7 WJIn
8 He ompenesieno. B Tperbem mpuMepe mapTOHBI OT M3JIyUYE€HUA B KOHEYHOM COCTOAHUU TMOJY-
Jarorcsa Kak or naptoroB 10 m 11, Tak m or maproroB 16 u 17, 1 JOMOJHUTETBHO TPUCYTCTBYET
napa HelTpuHO-aHTHHEHTPUHO B cTpokax 14 u 15. [lomosHuTe s bHbIe Maphl TAPTOHOB, KOTOPBIE
MOJTYJaloTCA TTPA MHOTOKPATHBIX B3aWMOJIeMCTBUAX, He OTMedaloTca HUKAK, TO €CTh IJid HUX
K(I,3)=0.

CymiectByeT ellle w TperThsa ommus Buma pactedarku, MSTP(125)=2, ¢ MOMOIIBIO KOTOPOU
MOYKHO TIPOCITIETNTDh XPOHOJIOTHIO TTEPEXOIOB MapTOHOB B HAYaJbHOM W KOHEYHOM COCTOAHWM,
BKJTIOYas BCE [TETAJIN OTHOCUTEHHO IIBETOBOTO MOTOKA. ITa MHPOPMAIWsA He ObLIa ONTHMUI3H-
poBaHa IJid HEMOCPEICTBEHHOTO MCIIOIH30BAHNA, W aBTOPHI He PEKOMEHIYIOT ee IpUMeHeHne B
OOBITMHCTRBE CJIydaeB. O PU BBIOOpE 3TON OMINN HadabHbIE CTPOKU 3AMUCH COOBITUS UMEIOT
Takoil ke BUI, 9TO W BBIIIE, W TOMOJHEHBI MycThIMU cTpokamu, K(I,1)=0, mo cTpokum HOMEp
20 (310 3HavYeHWe MOKHO M3MeHUTh B MSTP(126) ). Daunnas co cTpoku 21, KaKIbii MapToH ¢
K(I,1)=3, 13 wiu 14 nosBisgeTca ¢ KOHKpeTHOH nH(pOpMaIueil o MBETOBOM TOTOKE B MO3MIIH-
ax K(I,4) w K(I,5). Hmsa obsraroro 2 — 2 mportecca IBa BXOAANINX TapTOHA, YIaCTBYIOIINX
B JKECTKOM pacceAHWHN, cOXpaHeHbl B cTpoKax 21 m 22, a mBa BBIXOOAMINX — B CTPOKax 23 m
24. llBeToBBlE TMOTOKW MeXKIy PTUMU MapTOHAMHU BBIOMPAIOTCHA COTJIACHO COOTBETCTBYIOIINM
OTHOCUTEIBHBIM BEPOATHOCTAM B TEX CJIYYaAX, KOTJa BO3MOMKHBI HECKOIBKO aJlbTePHATUBHBIX
koudurypammit, cm. maparpad 8.2.1. Ecianm numeercs mssiydenne B HaUaJbHOM COCTOAHUH, [IBA



maprona B crpokKax 21 m 22 xommpytorca B cTpokm 25 m 26, OT KOTOPBIX JWBHU B Hadab-
HOM COCTOAHUU PEKOHCTPYUPYIOTCHA MO3TAHO B obparHO# mocsienoBaresbroct.  Ucetopus”
MEPEXONIOB UUTAETCA € yIETOM TOTO pakTa, 4To s mepexoma ¢ — be xomst K(I1,3) misa b u
¢ YKa3bIBAIOT HOMEp CTPOKW «. TakK KaK JUBHU DPEKOHCTPYUPYIOTCS B OOpAaTHOW MOCJIemI0Ba-
TEJIBHOCTH, 3TO (PaKTUIECKN O3HAUAeT, UYTO MapTOH b JOJIKEH CJIEIOBAaTh B pacledarke Mepen
MapTOHAMU @ U ¢, U, CJIEMOBATEbHO, UMEeTh yKa3aTeslb Ha CTPOKY HuxKe cebsa. Bpemerumomod-
HBITT TapTOH ¢ TaK:Ke MOYKeT WHUIMHPOBAThH BPEMEHUIIONOOHBIE JIUBHE. T'orma cHOBa JIMBHEBBIH
MapTOH WU TTapa MapTOHOB KOMUPYETCA B KOHEI PacledaTKd W OCYIIECTBIIAIOTCA TOCTET0BA-
TeJIbHBIE TIepexonnl ¢ — de, ¢ d u e, moaydeHHbIME U3 ¢. Macchl BpeMeHUTTo00OHBIX TTaTPOHOB
B COOTBETCTBYIONIEM Bue coxpansaorca B P(I, 5); mId MpOocTpaHCTBEHHOMOIOOHBIX TapTOHOB
COXpPAHATOTCA 3HAUEHNA —+/ —m?. Docyie 3TOTO pasfiesia, COIepKallero BCe Mepexobl, CIeIyeT
KOHeYHasd MapTOHHad KOH(MUTYpaIWsa, COOTBETCTBYIOMNM 00pa30OM COTJIACOBaHHAA IO MBETY, 1
MPOIYKTHI TOCTenytoleil (pparMeHTaIln U TMEeTOYKN PaclaloB, KaK OOBITHO.

5.4 Crangaptr HEPEVT

Hamubrit Habop ob6mmx 6JJOKOB OBLT pa3paboTaH W COTVIACOBBIBAJICA B paMKaX MPOEKTa (PU3u-
yeckux ucciaenosanuii LEP 1989, cm. [Sj689]. DToT crammapr ompemesser Takylo cTPYKTYDY
3aICh COOBITU, KOTOpas MOJIKHA 00eCTIETUTh TPOCTOE B3auMOIeHcTBIE MEXKIY Pa3ImIHBIMI
reHepaTopamMu cOOBITHI.

st cormacoBanus PYTHIA /JETSET ¢ aTolt ctangapTHON cTpyKTypoli 3anucu coObITH TTpU-
ILTOCH OBI TTPOAETATh CJAUITKOM 00Ny I0 paboTy. HUTo 6ostee BaKHO — CTaHIAPT KacaeTCA TOJIb-
KO TaKWX BEJIUYIUH, KOTOPBbIEe MOTYT OBITH ONpeIeSIeHbl HEIBYCMBICJEHHO, TO €CTh HE 3aBUCAT
OT KOHKPETHON WcImosb3yeMolt mporpaMMbl. Takum obpa3som, HET HUKaKOW HEOOXOMUMOCTH B
nHMOPMAIINY O TIBETOBOM MOTOKE B MOJIEJIAX, OCHOBAHHBIX Ha CTPYHHOW dparMeHTaInuu, u T.1I.,
TaK 9TO BCETIa MOXKHO T00aBUThH CTaHIapTHBIE 00IIMe OJIOKU ¢ TOTOTHUTEHbHON nHpOpMATIT-
eft 0 cobpITUI. DO03TOMY B HACTOsIIEe BpeMs MPWHATHIA MOIXOM 3aKIOIAETCA B TOM, ITOOBI
COXpaHUTh 3anuch cobbitus ¢ LUJETS u ucnosb3oBarh mporpamvy LUHEPC miis mpeobpasoBa-
HUS 3alucy cOOBITUS B CTaHIapTHBIH BuI u 0bpaTHO. BestencTBre HECKOMBKO OTJIMIAIOIIETOCH
coflepzKaHme IBYX 3allucell, B Ipolleype mepeBoa CylecTBYIOT HEKOTOPbIE JIBY CMbICTIEHHOCTH.
Dosromy LUHEPC mosiKHa WCIOIH30BATHCA ¢ HEKOTOPBIME TIPETOCTOPOKHOCTIMI.

B sTroM pasmeste BHadase ONMUCHIBAeTCS HOBBIN CTAaHIAPT CTPYKTYPBI COOBITHA, CIEdys B
u3JI0KeHnr HauboJiee BaXKHBIM IIyHKTaM B [Sj689]. Dociie sT0T0 pasbupaeTcs MOANPOTrpamMMa
peodbpa3oBaHUA U OOrOBAPUBAIOTCAH CIEMIMPUIECKIE HEOTPEIETEHHOCTH U OIPAaHUIEHU .

CrammaprTaas 3amuch COOBITHA COMEPKUT WH(MOPMAIUIO, COXPAHAIOIIYIOCA B JIBYX OOIIHX
6sokax. Bropoit w3 Hux mpennaswaden A mHPoOpManuu o cnuHe. Tak Kak B JETSET »Ta
nHpOpMaIa HIKOTIa IBHO HE UCIOJb3YeTCs, COOTBETCTBY O 001t 6JI0K 37ech HE OMUCHI-
BaeTCH.

st Toro 9106 clresTaTh KOMIIOHEHTHI CTaHapTa OoJtee pasInINMbIMI B TIOJTb30BATETHCKIX
mporpaMmax, Bce mMeHa comepkar Tpu ciMBosta HEP (or High Energy Physics).

PARAMETER (NMXHEP=2000)
COMMON/HEPEVT/NEVHEP ,NHEP , ISTHEP (NMXHEP) , IDHEP (NMXHEP) ,
JMOHEP (2,NMXHEP) , JDAHEP (2 ,NMXHEP) , PHEP (5,NMXHEP) , VHEP (4 ,NMXHEP)

Ilasnauenue: CONEPZKUT 3allNCh coOBITHA B Cl)OpMELTe7 HE 3aBHUCAIIEM OT KOHKPETHOT'O MOHTE-
KapJIOBCKOI'O Treneparopa.



NMXHEP:

NEVHEP:

>

NHEP:

0:

MaKCHMaJIbHOE KOJTIMIECTBO BXOIOB (TapTOHOB/ YacTHUIL), KOTOPOE MOXKET COXPaHATh-
ca B obriem 6s10ke. 3nadenne 1o ymosrdanuio 2000 MoxkeT ObITH U3MEHEHO.
ODOBITHO TWCJIO COOBITHH, HO MOYKET UMeTh CHelralbHble 3HAUEHWs, COTTACHO OIN-
CAaHWIO HUKE:
qnCa0 cOOBITHH, TOCTENOBATEIBHO YBETMIUBAONIEEcHs Ha | MPU KayKIOM BbI-
30B€ OCHOBHOM MpOTpamMMBbl TeHeparuu cOObITHSA, HadWHad ¢ | [JId TepBOTO
MOJTY 9€HHOTO COOBITHUA.
[T TPOTPAMMBI, KOTOpad HE YIUTBIBAET UUCIIO COOBITHH, momobuo JETSET.

-1: creliaJbHaA 3allCh TPU WHUIIMATIN3AINHT; HE UCTOb3yeTcsa B JETSET.

-2: crelnaJbHasg KOHeUHasA 3allich; He UCIoJb3yeTcsa B JETSET.

darTHIECKOEe YMCITO BXOIOB B TeKylleM coObITum. Bxombl pacmosaraiorcs B TEPBBIX
NHEP mo3ummsax cooTBeTcTBYoNmMX MaccuBoB HiizKe. Muaexe IHEP, 1< THEP < NHEP,
HCTIOJIb3YyeTCsl HuZKe 71 0D03HATEeHNsA TaHHOTO BXO/IA.

ISTHEP (IHEP) : ko cocrosnus s Bxoma LHEP, co caemyiommMn 3HaUeHIAMM:

0:
1:

nycToit BXom.

CYIEeCTBYTOIINT BXOM, KOTOPBIH He paciagaercs win He pparmentupyer. Omm-
CBIBAET OCHOBHOM KJTacc BXOIOB, TPEICTABIAONINX ~KOHEUHBIE COCTOSHUA ,
[OJIy4YEeHHDBIEC U3 PeHeparopa.

BXO/T, KOTOPBIN pacmagaercsa Win (pparMeHTUPYeT U TTO3TOMY He MPUCYTCTBYET
B KOHEYHOM COCTOSHUU, HO COXpaHAeTCA I WHMOPMAIum 06 NCTOPUH COOBI-
THA.

CTPOKa 3aluch, He 3aBUcAIlas OoT uctopwn cobbitusa. Moxker comepxarh, Ha-
IpAMep, JIBe BXOIAINX JacTHAIbBI, W T.1.

4 - 10: He ompeleseHbl; COXpAHEHB! 1A OYAYIINX CTaHIapPTOB.

11 - 200: ocraB/ieHbl B paclOpsKeHUE IOJb30BaTes]d NJA HYXK] KOHKpeTHOR Impo-

rpaMMBbl; 9KBUBAJEHTHBI HYJIEBOW CTPOKe IJIs1 JII00OMH Ipyrolt mporpaMMbI.

201 -: ocTaBJIEHBHI B PacliopAazKEHNN TTOJIb30BaTE/Id, B HaCTHOCTHU, IJIA ITPOCJIEZKMBa-

HHU:A COOBITHA B HNETEKTOPE.

IDHEP (IHEP) : muenTudpuKalmsa JacTull coriacio craggapty PDG. Hersipe momo/rHETEIBHBIX

koma 91 — 94 BBemeHBI A1 TOrO, YTOOBI ¢Ie/IaTh UCTOPHUIO COOBITHA DoJiee TMTaeMOit,
cM. paszmen H.1 um ommcamnme MSTU(16).

JMOHEP (1,THEP) : yKa3aTeJib TTO3UINH, T/le COXpaHeHa MaTePUHCKaA JacTUIa. SHaAUEHUe PABHO

0 JJIA HaYdaJIbHBbIX BXOHJOB.

JMOHEP (2, THEP) : yKa3saTesib TO3UIUU BTOPOW MaTepumHCKON dactmibl. Korma cyurecTByer

TOJIBKO OfIHa MaTepUHCKasd dYacTHUIlla, JOJKHO KCIOIb30BaThesa 3Hadenme (0. B
JETSET Bxoabl ¢ Komamu 91 — 94 — enmHcTBEHHBIE, JIONMYCKAOIIAE CYIIECTBOBAHIE
IBYX MaTepuHcKnX dacTui. (CocTaB apoMaToB 2THX OOBEKTOB, & TaKiKe IeTasIi
pacmpeneseHus IMIIYJIbCOB JOIKHBI OMPEIeTAThCA U3 PACCMOTPEHUA MaTePUHCKAX
IapTOHOB, TO €CTh ABYX maprorHoB JMOHEP (1,IHEP) m JMOHEP (2, IHEP) ajis KjacTe-
pa WK JUBHEBON cumcTeMbl, W anamna3ona JMOHEP(1,IHEP) - JMOHEP(2,IHEP) mis
CTpyHHON WIn He3aBUCUMON pparMenTaIny TapTOHHONR CHCTEMBI.

JDAHEP (1,THEP) : yKa3saresib mO3UIUN TepBoii modepheit yactuibl. FKemwm Bxon crabuiten, 3To

3Ha4Y€HUE paBHO 0.

JDAHEP (2,IHEP) : yKa3zaTesb MO3HUIUHU THoceanelt nodepreil wactunsl. Ecim Bxom crabmiiem,

910 3Hadenne pasro (. CumTaercs, 4TO HOUEpHHE TACTHIIBI COXPAHAIOTCA IMOC/IE-
IOBaTeIbHO, TaK, UTOOBI TMOJHBIM amamaszorn JDAHEP(1,IHEP) — JDAHEP(2,IHEP)
cofepiKaJ JoUepHre YacTHIBL. JTa IepeMeHHas TOJKHa yCTaHaBJIUBATHCA TaK-
JKe B TeX cIydasgx, KOrJa eCTh TOJAbKO OfHa JouepHsAs JacTHIla, KaK B pacriagax



K° — K%, takum o6pasoM, 9ToOBI CBA3b OT TIEpBOH JovepHeil YacTUIbI K MocsIe Het
paborasa odeBumHBIM 00paszom. (OBIYHO [TOYEpHUE TACTHUIBI COXPAHAIOTCHA TTOCITE
MaTEPUHCKNIX, HO PU 0OpaTHO BOTIONNY W3/IYI€HNA B HATaIbHOM COCTOAHUN MO-
KeT pealin30BbIBaThCA MPOTUBOIOJIOKHBIN MOPANOK, TO €CTh MaTePUHCKNE YaCTAIBI
pacroJjiaraforcs HuzKe JoYepHux. lakzKe B 3TOM cJiydae JABe JOYEPHUX YacTUIIbI MO-
TYT He cJIefoBaTh APYT 3a APYTOM, & PA3MeSIAThCA B 3alUCH COOBITHUA.

PHEP (1,IHEP): mummysbce B a-Hanpasjenuu, B [9B/c.

PHEP (2,IHEP) : ummysbce B y-Hanpas/ienuun, B [9B/c.

PHEP (3,IHEP) : mummyJsbc B z-Hampasienun, B [2B/c.

PHEP (4,IHEP): »meprus, B 1»B.

PHEP (5, IHEP) : macca, B FaB/cz. st TpocTpaHCTBEHHOTIOMOOHBIX TAPTOHOB MOZKHO HCIIOJTh-
30BaTh OTPUIATESBHYIO Maccy, cormactHo PHEP (5, THEP) = —/ —m?.

VHEP (1,IHEP) : mojioKeHUe BEPIINHBI POKIEHUA T, B M.

VHEP (2, THEP) : mojioKeHne BEPIIUHBI POKIEHU Y, B M.

VHEP (3, IHEP) : mojioKeHue BEPIIUHBI POKIEHUA 2, B M.

VHEP (4, IHEP) : Bpems poxnenus, B MM/c (& 3.33 x 107!2 ¢).

DTUM 3aKaHIMBaeTCA KpaTKoe omucanue crangapra. B JETSET kak waTepdeiic obecredn-
BaeTca nporpaMmMa LUHEPC.

CALL LUHEPC(MCONV)

ITazuayenue: npeobpasopamnne 3amucu coobitua n3 LUJETS B HEPEVT u obparHo.

MCONV : HallpaBJIeHne TTPeObPA3OBAHTA.
= 1: nepesonut 3anuch LUJETS B sanucs HEPEVT, ocraBiisa opurunasj LUJETS wme-
TPOHYTBIM.
= 2: nepesonut s3anuch HEPEVT B sanucs LUJETS, ocraBisa opurutasj HEPEVT me-
TPOHYTBIM.

9 peobpa3zoBaHUe UMITYJIHCOB TPUBUAIHHO: TO UCKIIOUNTEHHO BOTIPOC W3MEHEHUs YIIOp -
nodenns wHueKcoB. HpopMmanms oTHOCUTETBHO BEPIIUHBI ABJIAETCS HECKOJIBKO HOJIEe CITOK-
HOI; TOTOTHUTETbHBI TATHIN KOMIOHEHT, pefcTaBiaertbili B LUJETS, MoxkeT OBITH JIETKO BOC-
CTAHOBJIEH M3 IpYyToit mHMOpPMAIIE A1 HecTabMIbHbIX JacTuil. OIHAKO HEKOTOPBIE U3 PaCIIn-
PEHHBIX BO3MOIKHOCTEN, NMPeIocTaBIAeMbIX 3TUM KOMITOHEHTOM, THUIa BO3MOXKHOCTH paccMa-
TPUBATh PaCHabl B IIPEIeSiaX OMPEIeSIEHHOTO TPOCTPAHCTBEHHOTO 0ObeMa TIPH TTOCIETY OIIIX
BBI3oBax LUEXEC, He MOTYT HCIONB30BaTbCA TIPH ABOWHOM mepeBome (IpAMOM W OOpaTHOM).
Kompr wactum K(I,2) m IDHEP(I) maeHTHYHbBI, TaK KaK OHE OCHOBaHbI Ha Komax PDG.

9 aKOHeTl, HeTPUBUAJIBHYIO TTPOOJIEMY COCTABJIAET TEPEBOI KOIOB COCTOAHUI W MCTOPUU CO-
obiTus. 9 pu nepeBone LUJETS 8 HEPEVT Ttepsierca nadopMarus o mBeToBoM motoke. C mpyroit
CTOPOHBI, TPEOYETCs OMPENESTUTH MO3UIINIO BTOPON MaTEPUHCKON TaCcTHUIIBI, €CJIN OHA CYIIEeCTBY-
eT; TO BJIMAET TOJbKO Ha cTpoku K(I,2) = 91 - 94. Takxe, gs crpox ¢ K(I,1) = 13 mm
14 1pebyetcsa ompenesuTh yKasaresan modepanx dactui. OmHako B obIlmeM ciiydae TepeBOI
LUJETS B HEPEVT He [0JIKeH TPEICTABIATH OOJBINON MPOOIEMBI, I BMEIIATETHCTBA TTOTb30Ba-
Tesisi He Tpebyerca. (Mbr npennomaraem, uro B JETSET yCcTaHOBJIEHO 3HAUEHUE MO yMOJTIAHTIO
MSTU(16) =1, mHaUe BO3HUKAIOT HEKOTOpPBIE HECOOTBETCTBUA € MPENIOKEHHBIM CTAHIAPTHBIM
OTMCAHUEM MCTOPUU COOBITHA. )

9 pu mepeBome HEPEVT B LUJETS mrdopmMaiiusa o BTOpoli MaTEpPUHCKON dacTHIle TepsaeTcs.
JItobbre xompr IDHEP(I), He paBuble 1, 2 miu 3, mepeBomsaTcsa B K(I,1) =0, Tak 9TO BCe BXO-
bt ¢ K(I,1) > 30 adpdextuBHO TepAtoTCA Tpu MpAMOM W 0OpaTHOM TepeBoje. Bcee Bxomwl ¢



IDHEP(I) =2 mepesomsarca B K(I,1) =11, tak aro Bxomel Tuma K(I,1) = 12, 13, 14 naum 15
He onpenesisaoTcsa. TakuM 06pa3oM, OTCyTCTBYeT Jitobasd WH(OPMAIns O IBETOBOM TTOTOKE IIJIs
dparmenTupoBasimx maptonoB. [lias maprowos ¢ IDHEP(I) =1, To ecTh HedparMeHTHPOBAB-
WX, TPUMEHAETCSA pasleSleHne TapTOHHONW CHCTeMBbl Ha OeclBETHBIE 0OBHEKTHI, KaK Tpebyercs
miA mocyenyoiielt ¢pparmentanun. Torma camraeTcs, 9TO MapTOHBI COXPAHIIOTCHA MOCTIETO-
BaTeJbHO BIOJb cTpyHBI. OOBIUHO TpW 2TOM CTpyHa HadWHaerTca B q(q)- miam qq(qq)-Bxome,
HATATHBAETCSA MeZKIy HECKOJBKUME MPOMEKYTOUHBIMI TUIFOOHAME W KOHYaeTcA B q(q)- mim
qq(qq)-sxome. Yactumpl B 3TOH MOCTETOBATETHHOCTI MOKHO MEPECTABIATH 0e3 KaKmX-J1mbo
HeOJTATOTPUATHBIX MOCIEICTBUN, TO €CTh MOCJIETOBATETHHOCTD U — g — Y — U OYIeT WHTEPIPeTH-
poBaThCs KaK U — g — U CTPyHA IUTIOC JTOTMOJTHUTETbHBIN POTOH. 9 pUHUMAETCHA, UITO 3aKphITad
DJIIOOHHA MEeTJIA COCTOUT U3 IIOCJIe10BaTeIbHOCTH [VIIOOHOB, U CTPYyHa HaTAHYTa OT IIOCJICIHEr0
[UTI0OHA K TTepBOMY. B ITPOTUBOTIOIOKHOCTD 3TOMY paccMaTpUBAeTCH CIydail OTKPBITON CTPYHBI,
KOT/la TOABJIEHTE JTIOO0H TacTUIbl, HE SBJIATONIEHCA TUTIOOHOM, CUTHAJIU3UPYET 00 OKOHTaHUN
TUTFOOHHOM TeTJin. D ampuMep, TOCTIEI0BATETFHOCTh € — € — g — g MOKET WHTEPIPETUPOBATHCH
KakK eguHasd YeTbIpeXIVIIoOHHadA MeT/IA, B TO BpeMs KaK IIOC/IeI0BATEJAbHOCT & — & — Y — g — &
OyIEeT cOCTOATH U3 IBYX 2-TUTFOOHHBIX CHCTEM.

Ecaw rakas uHTepperalys (He ABIAONIAACA eTUHCTBEHHOI ), BaM He HPaBUTCA, TO MOYKHO
BHECTU IIONpaBKu, HalpuMep, ucnob3yda LUJOIN naa toynoro ompenesieHu:A, KaKue HapTOHDI
U B KaKoOW TOCIIeNTOBATENbHOCTH JTOJKHBI OBITh OObednHeHbl B CTpyHY. Bbisos LUJOIN (mom
5KBUBAJIEHTHON TIPOrpaMMbl) TakKe HeOOXOAMM B TOM cJiydae, KOrJa HYZKHO HCIOTh30BATH
LUSHOW ny1s pa3sBuTHUs JIUBHEH OT HECKOJbKUX IapTOHOB.

1 mpaKTHYecKNX IPUIIOKEHNI Hy KHO 3aMETUTh, 4To B JETSET €' e -coObIThs, B KOTO-
PBIX Pa3BUBAJINCH JINBHU, HO HE TIPOU30ILIa (PparMeHTaIls, COIepKAT TapTOHBI, YIOPAITOIeH-
Hble KaK B CJIyd9asx BbIlle, TakK, 9To0BI mpu mepeBome B HEPEVT u oOpaTHO He yHUUTOXKAJIach
BO3MOYKHOCTH TPOBECTH (PparMeHTAIno MPocThiM Bbi3oBoM LUEXEC. /Iyt kecTKux B3anmMomedi-
cTBUit B PYTHIA 3T0 ycjioBHE TaKiKe BBIIOJHAETCA, XOTA B CIleHAPUM MHOTOKPATHBIX B3aMMO-
nmeficTBUH MOTYT BOSHUKHYTH ITPODJIEMBI, KOT/Ia HECKOIBKO 3aKPBITHIX gE-TEeTe/Th TOABIAIOTCH
HEMOCPENCTBEHHO NIPYT 3a IPYTOM, U, TAaKUM OOpa3oM, WHTEPIPETUPYIOTCH KaK eIuHas MYJIb-
TUTJTIOOHHAA TIETJIA TOC/e MPAMOTO 1 00PaTHOTO TTEPEBOIA.



I'staBa 6

2Kectkue nporneccol B JETSET

Dporpamma JETSET MomenupyeT mABa xKecTKux mportecca. (OcHOBHOW WHTepec MperncTaBiIseT

tem — 4*/7Z° — qq. KX/I-mompaBKu BBICHINX MOPAIKOB MOYKHO MOJYHYHTD, WC-

npotecc e
MOJTb3Y A MEXaHW3M TMapTOHHBIX JIMBHEN WM MaTpUYHbIE 3JIeMEHThI BTOPOro nopsaaka. /lerasm
9BOJTIONMH TTapTOHHOTO JWBHA HafoTcsA B TwiaBe 10, a 3Ta T1aBa mocBAIIEHA MATPUIHBIM 3JI€MeH-
TaM, BKJIIOYasd pesioMe ajgroput™ma JETSET mia usiyderus (pOTOHOB B Ha9aJIbHOM COCTOAHUM.
Jlnst MmomenupoBarus potiecca ete” — v* /7Y — qq MOXKHO TaKyKe HMCHOJIb30BaTh PYTHIA, HO
ToTa OyIyT HETOCTYITHBI OTIIINH MATPUIHBIX 2JIEMEHTOB BTOPOTO TOPAIKA U BOSMOKHOCTH BBeE-
JIeHU s TOJAPU3AIMY BXOIAIINX My4dKOB. TakkKe 37ech OMUcaHbl HEKOTOPBIE APyTIHe Pa3/imdaus
MeXKIy OBYM#A aJropuTMaMu.

Bropoit kectruit mportece, comepxamniuiica 8 JETSET, — pacnan Y B ggg ninm vgg, — MPOK-
OMMEHTHUPOBaH 3/1€Ch OTHOCUTEJHHO KPaTKO.

OcHoBHBIE CCBLUTKHT A 2TOM rJTaBbl -

[Sj683, Sj686, Sjos9]. 6.1  CoOBITHS AaHHUTHISIIINA B KOHTHHYYMe

+€_—ELHHI/IFI/IJIHHI/H/I B aJAPOHHBIX COOBITHAX CONEPZKUT pdald KOMIIOHEHTOB!: S-

Onmcanme e
3aBUCHMOCTE TTOJTHOTO CEYEHUs W COCTAaB apoOMaToB, MYJIbTHCTPYHHBIE MAaTPUIHBIE 3JIEMEHTHI,
YIJIOBYIO OPWEHTAINIO COOBITHI, TOPMO3HOE u3JiydeHne (POTOHOB B HAYAJBHOM COCTOAHUHU W
BJIMAHIE TIOJIAPU3AIIE 3JIEKTPOHA B HadabHOM cocTosganm. (CyliecTByeT MHOKECTBO (OPMYI,
BBIBEJIEHHBIX /1A CJIydasd 6€3MacCOBBIX BBIXOMANINX KBApKOB. [lJid KaiKaoro m3 KOMIOHEHTOB
HUZKe MBI HAUHEM 00CY XKIeHUe ¢ DE3MaccOBOTO cJIydasd, a 3aTeM TTOKakeM, KaK = MPUCIoCOOUTs”

TEOPpUIO OJIA CJIydad MaCCUBHBIX KBAapKOB.

6.1.1 Ceuennsa 3jieKTpociiaboro B3amMoaeiicTBHUsI

B cranmaprHoi Momean ¢pepMIOHBI IMEIOT CJICAYIONINE KOHCTAHTHI B3auMOAeicTBIA (ILELHBI s
TIEPBOTO HOKOJIGHHH):

e, =0, v, =1, a, =1,
€e = —1, ve = —1 + 4sinOy, ae = —1,
ew = 2/3, vy = 1 — 8sin?fy /3, a, =1,
ea=—1/3, vq=—1+4sin’0w/3, aq= —1,

rjge € — SHGKTpI/ILIGCKI/Iﬁ 3apdnd, v 1 ¢ — BEKTOPHad N aKCHaJIbHad KOHCTAHTbI CBA3U C ZO. 9Hepre—
T49ecKasd 3aBUCUMOCTb OTHOIICHM A CJIEL6OFO HeﬁTpaﬂbHOFO TOKa K 2JIEKTPOMAalrHUTHOMY Ha€eTCA

BBIpaskKeHmeM
1 S

4sin?Oy cos2Oy s —m2 + imyly '

x(s) (6.1)
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rme s = E? . B JETSET mapamerp cMemmuBanus sin’fy, a tax:xke macca Z° my u muputa
'z paccmarpuBafoTesi Kak KOHCTAHTBI, 3a/laBaeMble MOTb30BaTesieM (B To BpeMsa Kak PYTHIA

HETTOCPENCTBEHHO BBIUUC/IACT S-3aBUCUMOCTD HH/IpI/IHbI).

+ I e~ OOBIYHO HETTOJIAPU30BaHbl, Mbl BKJ/IIOYWJ/IN BO3MOZKHOCTH

_|_

XoTs BXOAdAllne TMYYKU €
HOJIAPU3AllUE TyYKOB B coorBeTcTBUM ¢ hopmasusmom [Ols80]. Takum obpasom, Bxoasiiue e
I e~ XapaKTepusyloTca mosapusanueit P B cmereme mokos gacTm:

P* = Pis* + Pip* | (6.2)
FILGOSP%:SII/I—ISPI%:Sl,COCBfBbIO

+\2 _ 32 32
(PF)" = (P3)" + (PL)" <1, (6.3)
Bnecs 8% — euHIUHbIC BEKTOPDI, HEePHEHINKYIAPHbIC K HalpaBaeHuam nydxos pT. Jlis ompe-
TeJeHHOCTH MBI BBIOHpaeM IPaBOBUHTOBYIO CHCTEMY KOOpIHHAT ¢ Pt = (0,0,F1) u cranmapt-
HBIM TTOTIEPETHBIM HAIPABIEHTEM TOMAPU3AIIAN (TePIEeHINKYIAPHO TIIOCKOCTH CHCTEMbBI HAKO-
MATENBHBIX KOJIET YCKOPUTEIH ) 8t = (0,£1,0), 9To COOTBETCTBYET 3HAUEHUAM A3MMYabHO-

ro yriaa ¢t = £+7/2. B KadecTBe cBOOOIHBIX HapaMeTpoB IIPOrpaMMbI ocTabiageM Pp, Pr

Pr=\/PfPruAp=(pt +¢7)/2.

Jlnst Gesmaccooro K3/l-cmydas BepoATHOCTH mpousBecTH apoMar { mpomopruoHadbHa €7,
T.€. BepOHTHOCTB HpOI/I3BeCTI/I KBapK BerHeFO THUIIa B qupre pa3a 60JIb1He, qgeM KBapK HHN K-
HeTro THUIla. B CaMOM HU3IIeM HOpHLLKe KSH OJ1A 663MaCCOBOFO Cﬂyqaﬂ COOTBeTCTByIOHH/Ie
oTHOCHUTehHbIe BepoaTHOCTH mafores [Ols80]

he(s) = €2(1—PfPr)ef + 2e. {ve(l — P Pr) —al(P; — P]j')} Ry(s)ervr +
+ {02+ a2)(1 = PFPD) = 2vea(PL = P f (o) {of +aif . (6.4)

rie Ry (s) osHagaer pearphyto dacTh Y(s). Boipaxenne mis he(s) 3aBUCHT OT 3HAUEHWA $ W OT
IIPONONIBHOMN TTOMAPHU3ANE TyIKOB T HeTpUBHATBHBIM 00pPa3OM.

Torna ceyenme mpomecca ete™ — v* /70 — ff MoKeT GbITh 3aMUCaHO B BUIE
Ara?
o1(s) = — FBels) (6.5)

rie Ry maeT oTHOIIEHWE CeYeHNA TAaHHOTO TIPollecca K CEUeHNIo B caMOM HuslieM nopaake K9 /1
AJIA IIpouecca ete™ — M+M_,
Rf(S) == NC RQCD hf(S) . (66)

QaxTop N¢ = 3 yUIHTBIBaeT 4nCIO IBETOB, HJOCTYNIHBIX IJId Hapsl 4. Rgep YIUTHIBaeT IIeTJle-
Bele KX/I-mompasku k cedenmto. s ny adpdextuBabx apomaros (00bIaHO Nyf = 5)

Qg (& 2
Raen ~ 1+ 2 4 (1.986 — 0.115m,) (?) T (6.7)

B MS-cxeme nepernopmuposkn [Din79]. O6parute sumvanme, uto Roep He BAMAET Ha OTHOCH-
TeNbHBIH COCTaB apoOMaTOB KBapKOB W MpencTaBifger nepudepuiiabiii narepec B JETSET. (s
Jentonos Muoxurtean No u Rgep H0KHBL oTcyTcTBOBaTh, T.e. No Roep = 1, HO stenTonmble
KOHEUHBIE COCTOAHNA He reHepupytorcsa B JETSET.)

9 pu npenebpexkernn 3 dextamu ot Boiciux monpasok KXJI w KD/l mompasku mis mac-
CUBHBIX KBapKOB JAlOTCA B TEPMUHAX CKOPOCTH vq KBapKa ¢ Maccolt my, vq = (/1 —4m?/s,

caemyommM obpazoMm. BKiiag oT BEKTOPHOTO KBapKOBOTO TOKa B fir (IPOMOPIHOHANBHBIN €7,



efug WM UF) YMHOXKaeTcs Ha Moporobiil Koadduunent v, (3 — vfl) /2, a BKJIaJ 0T aKCHaJIbHOTO
ToKa (MIPOMOPINOHANBHbIH af) yMHOKaeTcsA Ha vg. XoT# BKJIIOUEHMEe Macc KBAPKOB B (POPMYJTBI
yMeHblraeT nojHoe cedenne, KX /[-mompaBku nepBoro mop#aaka IafoT KOMIEHCUPYIOIIne BKJTa-
nel [Jer81]. Takum 06pasoM, MOKHO OKIIATH, YTO OMMH MHOKHUTEH ¥y JTOJIKEH NCIe3HYTh. B
HacTodAllee BpeMsA B ITporpaMMe JTOCTYITHBI TOJIbKO OMIIUHU, KOTOPbie WM YUYUTBIBAIOT TOPOTOBbIe
G aKTOpBI TOJHOCTHIO, WITH HE YAUTBIBAIOT BOODIIIE.

Tak Kak Bce IATb KBapKOB sABJIAIOTCA JETKUMEU B Maclitabe Macchl Z°, mpobiema yuera
Macchl KBapPKOB He TIPENICTaB/IseT peaJbHOTO MHTepeca mis npoteccoB #Ha LEP. Onnako wmero
crabble MOTPaBKN BaXKHbI, B YaCTHOCTH, W3-32 TOTO, UYTO OHU W3MEHSAIOT MapIUaJTbHBIIO ITHPUHY
b-kBapka, B orJumdme OT KBapKoB derbipex Apyrux apomaros [Kiih89]. DYukakue momobmbie
2P deEKTHI B HacTOAlIee BpeMs He BKJIIOUYEHBI B TIPOTPAMMY.

6.1.2 MarpuuHble 3jieMeHThI mepBoro nopsaka KX/

KX/I-monpaBku mmepBoro nopsAaka K mporeccy et e — ¢q JaloT BepOATHOCTh M3/1yYeHNs TITF00-

te~ — qqg. MarpwdHbIii 3J1eMEeHT yI00HO 3aIcaTh

Ha OT WA {, T.€. BEPOATHOCTD MIPOIECcca €
B TepPMUHAX MACIITAOHBIX dHEPTETHIeCKNX TepeMeHHbIX B cucreMe [IM cobbitus 1 = 2E,/ Eep,
ty = 2F5/E., n a3 = 2E,/E.,,, 1 + 29 + x5 = 2. s 6e3MaccoBbIX KBapKOB MaTpPUIHBLH
ssreMeHT ecTh [El76]
2 2
1 do Qs ]+ x5

0'_0 dl’l dl’g - % CF (1 — 1’1)(1 — 1’2) ’ (68)

rae op — cedenue B caMoM HusieM nopsake, Cp = 4/3 — coorBercTByiomuil nBeToBoit dpaxrtop,

1 KWHEMaTUIecKu paspeiierrad obdimacth ecth 0 < x; < 1,1 = 1,2,3. Kunemaruuecku mepe-
MeHHas T IJIA IapToHa Kk cBA3aHa ¢ MHBAPHAHTHON Maccolt m;; IBYX APYIHX IIapTOHOB ¢ U )
22— 1
coOTHONTeHHeM Y;; = mi;/EZ, =1 — xp.
KoncranTa cuiibHOro B3auMoIelicTBUA (r; B IEPBOM TIOPANIKE TaeTCA BbIpasKeHNEM

127
(33 — 2n,) n(QP/ 1)

a,(Q%) = (6.9)

O6praro Q% = s = E? ; mMbl BepHeMcs K 1pobsieme onpenenerns Q? auxe. Yneno apomaros
ny pasuo ATk miag LEP-npunoxenwii, tak uro sHadernune A onpenenserca Kak As (B TO BpeMms
KaK, Hal[pUMep, B UCCJIEIOBAHNAX 110 HamOoJiee TITyOOKO HEYIIPYTOMY PaccesHUIO UCTOTb3yeTC
A4, Tak Kak »HEPTUs A STUX IKCIEPUMEHTOB HAXOMWTCH HUZKE TTOPOTa POKIEHUA OOTTOM-
apoMara). 3HaUeHUA (s YPEryINPOBAHBI 1A 3SHAUEHUH HEPTUH, OTBETAONIIX TOPOTaM POZKIe-
HIA apoOMaToB, TO €CTh IPW M3MEHEHWUN N 3HadeHne \ TaKiKe M3MEHAETCHA COOTBETCTBYIONUIM
obpa3zoM. D03TOMY Ha MOPOTOBBIX PHEPTUAX WIMEHAETCs TPON3BOMHAA (vs, & HE caMa (.
Yrobbl oTnessATh 2-cTpyiiHbIE COOBITUA OT 3-CTPYHHBIX, MOJIE3HO BBECTHU TTapaMeTphl pa3pe-
HIEHWS CTPYH. DTO MOXKET OBITH BBITOJTHEHO HECKOJIBKUME PA3JIMIHBIME crtocobaMm. 9 ambostee
u3BecTHBIE — Y- U (€,0)-Tpotenypbl. Mbl paccMOTPUM TOJBKO MPOTENYDY BBEIEHUA OTpaHmTIe-
HUl Ha Yy, KOTOpas ABJIAETCA €IMHCTBEHHON MCIOJb3yeMoil B mporpamme. 3iech 3-TTapTOHHaA

KOH(DUTYpaId Ha3bIBA€TCA 2-CTPYHHBIM COOBITHEM, €CIn

2

m
rg%%n(yij) = H;lin ECQZL <y. (6.10)

Ceuenne B ypasaenun (6.8) pacxomnres midg xp — | wiam @9 — 1, HO ecsim BRIIOUUTH MTPO-
maraTop MepBoro MopAnKa U BEPIIMHHBIE MONPaBKMU, B CEYEHUU MOABIACTCA COOTBETCTBYIOUIAA



0CODEHHOCTD € TPOTUBOIOJIOKHBIM 3HAKOM, TaK 9TO TOJHOE cedeHre OynaeT KOHETHBIM. O pu
AHAJTUTUIECKIX BBIUUCIEHUAX CpellHee 3HadeHme 000t " xoporrelt” Benanubl O ecTb

1 . d arton
(Q) = —lim | Q(2parton) o sparton(y) + Q(xz,ef@)iagp :

Ttot Y—+0 Yij >y dz; dry

r7ie Jiobasi ABHASA Y-3aBUCHMOCTD Ucde3aeT B mpeaeste y — 0.

B morTe-KapIoBCKoil TporpaMMe Heslb3s paboTaTh ¢ OTPUIATETbHBIMI 3HAUEHUAMI TOJTH 2-
CTPYHHBIX cOOBITI, CTenOBaTETbHO, HEOOXOINMO BBECTU (PUKCHPOBAHHOE HEHYIIEBOE TIPEIETb-
Hoe 3HadeHne y B pa3oBaM IPOCTPAHCTBE 3-CTpyHHBIX cobbiTnii. Meercs skcnepuMeHTaTbHOE
CBUIETETHCTBO HEOOXOIMMOCTH BBIOOpA MAJIOTO MPENebHOTO 3HATEHU S Y, TO €CTh BBIOOpa GOITh-
wott mosm 3-crpyiiabix coobrtuit. s LEP-npunoxenuit pekomermyemoe sanadenne — y = 0.01,
KOTOpOE SIBJIAETCA OTHOCUTEHHO MAJIBIM, HO BCE K€ COXPaHAeT MOJOKUTETbHOe 3HAUEHUE T0-
am 2-ctpyiabix cobbrtuii. Torma misa as, = 0.12 ¢ mosabiM yaerom KX /I-mompaBok 1o BTOpOro
nopAnKa BKJIOUNTENBHO (CM. HUZKe) Nom KoHuUrypammii, cocroaumx u3 2 : 3 : 4 crpyii
npubmmsuTenbro oyayt 11% : 77% : 12%, coorBercrBeHHO.

Opmmako cienyer 3amMeruTh, urTo KD/[-usmydenne B HaUaJbHOM COCTOSHUN MOYKET WHOTIIA
CYIECTBEHHO TMOHW3WTE 3Hepruio B cucteMe [IM, T.e. yBenuunrh 3HaUeHUE (vy. D PU HTOM TO-
JIs 3-cTpyHHBIX COOBITHI MOYKET cTaTh OOJIbIE €IMHUIIBI, €CJTM OCTABUTH 3HaUEHUe TIpemesia ¥,
pasroe 0.01, st rakux cobbituii. Dosromy npu sueprusx PETRA/PEP snauenus y mosxub
6b1Th HecKoJIbKO Oostbiie (0.01. B momosiHeHMe K BBeIEHMIO OTpAaHUYEHUA Ha Y MPOTpaMMa CO-
JIEePKUT OrpaHUveHUe Ha 3HaUeHUe MHBAPUAHTHON Macchl m;; ABYX JIIOOLIX IapTOHOB, KOTOPOE
ODOBITHO MOJTKHO ObITH Oosbie 2 [9B. D10 orpanmuenne cooTBeTCTBYET (PAKTUIECKOMY CJTHA-
HUIO IBYX OJIM3JI€KAINX MapTOHHBIX CTPYH, T.e. B 3TOM ciydae oOpabOTKa IBYX OTIETBHBIX
MapTOHOB OblTa OBl W3IWINHEN BBUIY PasMbITHA W3-3a Mocaenyforeit (pparmMenTammm. Tak Kak
MaciTab MaccoBbIX orpanutderuit |/yF., obbIaHO cylecTBEHHO GOIBIINIA, 2TO NOMONTHATEbHOE
OoTrpaHWYeHre TPUCYTCTBYET TOJIBKO [IJIA COOBITHH TPU HUSKUX SHEPTUAX.

st MmaccuBHBIX KBapkoB BKJyan ot KX /I-usnyuenus cierka ymenpinaercs [lof78]:

1 do _ %CF 22 + 23 _4m(21< 1 1 )
oo dxq dzsy 21 (1 —aq)(1 —a9) s 1l—2; 1 —ay
B Zm?l 1 n 1 B 4mfl ( 1 1 )2 (6.12)
s (I —21)? (1 —xy)? s2 \l—27y 1—a9 ’

Kpowme toro, dasossiit 0bbemM 115 U3IydeHNs OTPpaHUIeH B COOTBETCTBUHU ¢ TpeboBaHMEM

(1 —a)(1 —a2)(1 — a3) > m_?l ‘

(6.13)

Hmns b-xsapka mpu snepruax LEP »1tu mompaBku nmeficTBuTe I5HO MaJTHI.

6.1.3 Marpudnble 3JIeMeHTHI JJIA 4-CTPpyHHBIX COOBLITHH

Bo BropoM mopsanke KXJI mobapisitoTcs OBa HOBBIX THUIa coObITHi, ete™ — qqgg m ete™ —
qqq'q. Ceuenns 4-cTpyHHBIX COOBITHH PACCUNTHIBAIUCH HECKOJIBKUMEU TPYIIAMU TEOPETUKOB
[Ali80a, Gae80, ElI81, Dan82], koropble MOIYUUIH COIJIACOBAHHBIE DE3YJIbTATHI. JOJIYUECH-
Hble (DOPMYJIBI CJIUIIKOM JJINHHBI, YTOOBI TPWBOINTH WX 3/1€Ch. B omHOM m3 BbramcseHuit
[Ali80a] siBHO BRJIIOYATHCH Macchl KBapKoB, HO B JETSET colepiKarcs TOJIBKO OGe3MaccoBbie
Bhipazkenus, Kak npunsato B [El81]. 3nech yriosas opuenrarus cobbiTus Oblia BhIOpaHa Tak,
9TOOBI OCTAJINCh TMATH HE3aBUCUMBIX BHYTPEHHUX KWHEMATUIeCKuX mepeMeHHbX. OHEU MOTYT



OBITH CBA3AHBI C WECTBIO Yjj~ W TETHIPHM Yjijr-TePEMEHHbIMM, ;i = my; /s = (pi + p;)?/s u
Yijk = mi/s = (pi + pj + pr)?/s, B TePMUHaX KOTOPBIX TAIOTCA MATPUUHBIC 3/TEMEHTDI.

D epBoHavYaJbHbBIE BBIUUC/IEHUS OBLIH CHEJaHbl /18 YUCTOrO Y-00MeHa; HeJaBHO OBLIO 110~
kazano [Kni89], uto pacryumii monosHUTEIBHBI BKIa B cederne ete” — qqq'q obycmoBien
aKcHaJbHol dacThio Z°. YueT »Toro 4seHa He BKJIOYEH B HPOIpPaMMy, HO, K CHacCTbIO, 3TOT
BKJIaJl KOHEYEeH 1 MaJl.

DpuHUMasd BO BHUMaHME, YTO CHOCOO HaTAKEHWs CTPYHBI, TO €CTh TPYOKH IBETOBOTO I10-
TOKa Tpu (pparMeHTalluy, He ABJIACTCH eINHCTBEHHBIM [JIA Qg COOBITUA, M/ (qEg COOBITH
UMEFOTCS CJIEYIOIIUe JBe BO3MOKHOCTH: ( — gy — g —  WJIN  — g3 — g — (. 3HaHWEe IBETOB
KBapKOB U TJIIOOHOB, TIOJIyUYEeHHOE B COOTBETCTBHU C TeOpHel BO3MYIIeHUiT, He OyaeT obeciredun-
BaTh OJIHO3HAYHOCTH OINpeleeHns HaTsKeHUs CTPYHbI, KaK TOJbKO JBa TJIIOOHA OY/yT MMETh
pasHbIi 1BeT. BepoATHOCTH peanusanmyu Takoro cobbitusA nomsassiera dgaxrtopom 1/NZ = 1/9.
Mo2KHO MM TTOJTHOCTBIO TIpeHeOpedh ITUMI BKJIaJaMu, WM COXPAHUTh UX /I BBIOOpa KWHE-
MaTUYECKUX YCTaHOBOK, a NP BbIOOpe cocTaBa cTpyHBI omycTuTh [Gus82]. Mbl ucnosbzoBastu
MOCJIETHION TIPOIIEAYPY. D pU CPaBHEHUN ABYX BO3MOKHOCTEH MOJIYYMIN PACXOKICHNE TTOP -
ka 10 - 20 kondwurypanny n gaxe MeHbIlee 3HaUeHHE — IJIs TOJHOTO cedeHus 4-cTpyiHoro
COOBITHA, TaK YTO ¢ MPAKTHUECKOH TOYKHM 3pEeHMs 3TO He MPeicTaB/IAeT ocoboil mpob/remMsbl.

151 Gostee BBICOKMX MOPAIKOB PE3yJIbTaThl 3aBUCAT OT CXEMbl IEPEHOPMUPOBKY; Mbl BE3[e
6ymeM mcmosb3oBath MS. B nomosHeHme K 3ToMYy BBIGOPY MOMKHO HCIIOIB30BATh HECKOIHKO
pasauIHBIX POPM I Vs, KOTOpbIE 3KBUBAJEHTHBI APYT APYLY B JaHHOM MOpPAIKE, HO OYIyT
OTMYAThCA B Gosiee BbICOKUX TopsiaKax. Mbl BeiGpasau pekomenayembiii crangapt [PDGSS]

127 153 — 19n; In(In(Q?/A3))

Q) = 3 o (@A) ' T B3 2ny  n(Q2/AZ)

(6.14)

6.1.4 MarpuuHble 3JIeMeHThl BTOPOT'O MOPAAKA AJisI 3-CTPYHHBIX
coOBITHI

Kax m B mepBoM mopsiKe, TOJHOE BBITUCIEHNE BO BTOPOM TMOPAIKE COMEPKUT BRJIAIBI W3-
JIydeHusA OT O0OOMX peasTbHBIX MapTOHOB, a TaKyKe MOMPaBKM K BEPIIMHAM B3aWMOIEWCTBUA 1
K TIpomaraTopam. OMpaBKU W3MEHAIOT 3HadeHus cedeHutt 2- m 3-cTpyiiapix cobbituit. Xors
BHaYajIe UMEJINCh HEKOTOPBIE PAcCOTIACOBAHMUSA, TETEPh BEJNINHA MEeTJIEBBIX MOMPABOK CUNTA-
ercs ycranossennoit [ElI81, Ver81, Fab82]. Dosromy npu aHauTudecKux BoIYUCICHUAX MOKET
HCTIOJTB30BATHCH COOTBETCTBEHHO paclinpeRHas mpotenypa yp. (6.11) mrsa moboit ”xoporreii”
nepeMeHHO.

D pu MOHTe-KapJIOBCKOM MOJETUPOBAHUEN COOBITUH OMATH HEOOXOINMO HAJTOKUTH HEKOTO-
poIft KOHeUHBIN KpuTepuit paspenieHus cTpyil. DTO O3HAUAeT, ITO UETHIPEXTAPTOHHBIE COOBI-
THSA, KOTOpPbIE HE YIOBJETBOPAIOT TAHHOMY OTDAHWIEHUIO, MOJIKHBI OBITH MepepacipeneeHbl
B KJIAcC 3- WU 2-cTPYHHBIX cOOBITHH. DTa 00JIacTh B MPONLIOM HEOTHOKPATHO OOCYKTasIach
[Kun81, Got82, Ali82, Zhu83, Gut84, Gut87, Kra88], u no cux mop 31ech OTCYTCTBYET MOJTHOE
corutacme. (UKopee Bcero, eIUHOTO MHEHUA O TOMY BOIIPOCY HUKOTHA He Oy/IeT TOCTUTHYTO,
TaK KaK WMeIOTCA MefiCTBUTEhHO HEOTHO3HATHbBIE MMYHKTHI B MPOIEIype, CBA3AHHBIE C TEOpe-
TUIeCKUMU HEOTIPEeTEHHOCT M.

B mporenype HastoKeHNA OrpaHUYeHNA Ha Yy JIFOObIE IBa MapTOHA ¢ MHBAPWAHTHOMN Maccoi
m?j < yFE?  nomKHBI ObITH OObeIMHEHBl B OfWH. EcIu MpocTo 106aBUTh FeThIPEXUMITYIbCHI,
TO TOJIyYeHHad cyMMa OYIET COOTBETCTBOBATH MAPTOHY € MOJOKUTESbHON Maccoll, a WMeHHo, ¢
nepBoHadabHoOl M. OnHaKO IeT/IeBble MONPaBKU JAIOTCH 11 KOHEYHBIX Oe3MaCCOBBIX IIapTO-
HOB. DOPTOMY IJIsl TOTO, YTOOBI 0becednTh (TacTUIHYI0) KOMITEHCAIINIO BIAI0B OT PEATbHBIX
YeTHIPEXTTAPTOHHBIX W BUPTYAJIbHBIX TPEXTTAPTOHHBIX COCTOAHUN, HEOOXOMNMO W30aBUTHCH OT



"HEHYKHON~ Macchl IeTBIPEXTAPTOHHBIX COCTOAHUN. 9 PaAKTUIECKN UCIOJb3YIOTCA HECKOTBKO
cxeM pekoMmOmHalmu, Kotopble umetor nassanusa K7, "E0”, "p” u "p0” [OPA9l]. B cxeme
"E”-tuna sueprus oObeIUHUBIINXCA MapTOHOB HaeTca F; = F; + I;, 1 MOXKHO OTpPeryJupo-
BATh TPEXUMITYJIBCHI COOTBETCTBYIONINM 00pa3oM. Daoboport, B cxeme ~p”-Tuma 100aBIAIOTCH
TPEXUMILYJIbCBL Pij = Pi + Pj B PErYIHPYIOTCA 3HAYCHUA SHEPIUU. DTHU IPOLEIYPbl IPUBOIAT
K Pa3JIMTHON TOMOJOTHH 3-CTPYHHBIX cOOBITHH, 1, KaK CJAEACTBUE, K pa3IndHbIM nuddepeHn-
AJTBHBIM CETEHUAM 3-CTPYHHBIX COOBITHH BO BTOPOM TTOPHAIKE.

B kaxmoit cxeme i BO3SMOKHBIX COTJIACOBAHWH OCTaeTcsi psl TOYeK, B YaCTHOCTH, B
clIydae, Korfa obbeImHeHre Maphbl OJIM3/IeKAlINX MTapTOHOB HaeT coObITHe, He MMerolee (qg-
CTPYKTYPY apOMaTOB.

JETSET comepKuT /iBa aJbTEPHATUBHBIX BBIMOJHEHWSA MPOIETyPhl BO BTOPOM TOPAIKE LI
3-crpyitabix cobbrruit, GKS w ERT(Zhu). Do ncropudaecknm npuauHam mepBoiil BHIOOD MCIOITH-
3yeTcd 1Mo yMOJTIAHUIO, HO (DaKTHIECKN B HACTOAIIEE BpeMs peKoMeHTyeTcs BTopoit. locTymab
TakKe JIpyrue mapameTpusallii, BbIIOTHAoNMecs BMecte ¢ JETSET, cm. [Sjo89, Mag89].

GKS-Bwi60p ocnosan na GKS-suruncienusx [Gut84], B KoTOpbIx ObLIM HCTpaBIeHbI HEKO-
Topble U3 nepBoHadaabHbix ommbok B FKSS [Fab82]. GKS-dopmymast umetor npeumytiectso B
MpeICcTaBIeHNN TTOTTPABOK BTOPOTO TOPAIKA B aHAJIUTUIECKOM BUIE, depe3 PYHKINUA Ty, Ty U
npenent y. OnHaKO, KakK CEronHsA MPU3HAETCA BCeMU (1 aBTOPaME TOTO BBHIOOPA B TOM dHCJIE),
37eCh TPOMYIIEeHbl HEKOTOPbIE BaKHbIE UJIEHBI, U TTOITOMY 3TU MATPUIHBIE 2JIEMEHTHI He CJIEIy-
eT BOCIPUHUMATH CJIUIIKOM cepbe3Ho. Takum o6pa3soM, 3TOT BBIOOD COXPaHIETCs, B OCHOBHOM,
IUTA COBMECTHMOCTH € TIPEIBIIY M BEPCUAMIU.

ERT(Zhu)-rereparop [Zhu83] ocrosan na marpmanbix siementax ERT [ElI81] ¢ monTe-
KapJIOBCKOl Tporieaypoit pekombunaiuu, npemioxennolt Kunszt [Kun81] u paspaboranuoii
Ali [Ali82]. OcHoBHOE HPEUMYIIECTBO TOr0 BLIOOPA — HpEICTaBICHUE MOMPABOK B YIOOHOM
mapamMeTpudeckoM Bue. Jliisa mpakTudeckux MpuiIoKeHnli TilaBHOE OTpaHnIeHne 3aK/TI0TaeTC
B TOM, UTO TIOMPABKHU MAIOTCA TOJHKO JJIfA TUCKPETHBIX 3HadYeHui mapamMerpa mpemera Y, a
nmenno, g y = 0.01, 0.02, 0.03, 0.04, n 0.05.

OcHOBHOI TTOIXOIT COCTOUT B CJIEAYIOIIEM. Je3 KaKoW-JInbo ToTepr OOIHOCTH TTOJTHOE cede-
Hue 3-cTpYHHBIX COOBITUH BO BTOPOM TOPSAIKE MOYKET OBITH 3alMCAHO € TTOMOIIBI0 ~ (PYHKIIAN
ornorerns” R(X,Y;y), onpenensemoii depes

1 dokt o Qs
———— = —Ay( X, V)1 + —R(X,Y; A
o0 dX dY T 0( 9 ){ + T R( ” 7y)} ” (6 5)

rne X = ) — &y = ¥q— 25, Y = T3 = 2,4, 0p — aIPOHHOe cedeHne B HU3IIeM mopsanke, Aq(X,Y)
— cTaHIapTHOE cedeHne 3-cTpYHHBIX cOOBITHII B MepBOM Top#AlKe, cM. yp. (6.8). Dpu MoHTe-
KapJIoBCKOM mHTerpupoBatnn sHadenne R(X,Y';y) seraucisgerca B ounax (X, Y), u pesyaprar
nmapamerpusyercs npocroii dynkuumeit F(X,Y;y).

Yrobbl MOMYyIUTH MOJTIO 3-CTPYHRHBIX cOOBITHH BO BTOPOM TOpAIKE, OBLIO BBEIEHO MaJIOe
npenesbHoe 3Hadenne yo = 1077, D puHEMAIOCh, UTO UeThIpexXNapTOHHbIC COOBITHA, KOTOpHIe
He yIOBJIETBOPAIOT 3TOMY OIPAHUIEHNIO, MOTYT OBITh (YaCTHYHO) CKOMITEHCHPOBAHBI aHATHTH-
YecKW BKJIAJIOM OT BUPTYAJIBHBIX 3-CTPYHHBIX COOBITHUI, TaK, 9TO MOJTy9IaeTca ~ peryapu30BaH-
HBITT BUPTYyabHBIH BKJIAI B JOJTIO 3-cTpYHHBIX coObiTumit. s mamHOTO BBIGOpA Tpemesa y B
JusmaeckoM nuamaszore y > Yo UMEETCA TOTMOTHUTEbHBIN ~MATKNUN BKJIAL OT YeThIpeXIap-
TOHHBIX COOBITHI, KOTOPBIE YIOBJIETBOPAIOT TIPENENY Yo, HO HE TIPETETY Y.

DbLta crerepupoBata Gosbiiad Bbibopka (9000000) deThpeXmapTOHHBIX COOBITHI BHYTpPH
obnactu, onpenessgeMott mpenenom yo. s cobbiTuit, KoTOpbIE He YIOBIETBOPIN Hojlee cTpo-
TOMY OTpaHWYEHWIO Y, TTapa MapTOHOB ¢ HanMeHbllell HHBapmaHTHOW Maccolt obbennHsIach B
2P beKTUBHYIO cTPYIO, Ucoab3ya ~ pl”-cxeMy peKoMOMHAIINM, T.€. HOOABJIAINCH TPEXUMITYTh-

cbl Pij = Pi + Pj, Macca 0ObeIMHEHHON Iapbl IPU BBIYUCICHIN 3HAUYEHUA SHEPIUU TI0JIaralach



paBHoil HYJTI0, F;; = |pi + Pj|, @ 3aT€M BCe UeTHIPEXUMITYJIBCHI JOMHOKAINCH Ha 001t Koadh-
dutmenT MIA cOXpaHEeHUA MPABUJIBHOTO 3HadeHus >Heprun B cucteme [[M.

Dpu Berancaernn Gyrknuii nonpasok O(a?) GbLTE TPUHATH HEOOXOTUMBIE MTPETOCTOPO K-
HOCTW TIPU yd9eTe 3HAKOB apoOMaTOB B MpOIlecce peKOMOWHAIIME. apa, COCTOAIIAA U3 KBapKa 1
[UTFOOHA, OObeIUHAIACh B OIWH KBApK ¢ TaKWM K€ apoMaToM, KaK y Ha9aJbHOTO KBapKa, /IBa
[UTFOOHA OObeIUHAINCH B OIWH, U T./I. B HEKOTOPBIX CIydasix TPU CTPYU B KOHETHOM COCTOAHUN
He 0Opa30BBIBAIN CTAHIAPTHYIO 4g-KoHMUryparuio. BepoaTHOCTh TaKWX COOBITHH cOCTaBJIA-
sta Menbiie (.5 OT TIOJTHOTO Cedenns gaske Jisd HanboJiee CTPOrUX UCIOIb3yEeMbIX OrpaHUIeHn .
st stux "He-qqg” KOHEUHBIX COCTOAHWN pacipeiesieHre apoMaToB (, U g OBLIO BBITOJTHEHO
ciyaatiabiM 06pasom.

Cymma 7 peryiagapusoBaHHBIX BUPTYadbHbIX  (Obl10 crerepuposano 1 000000 3-cTpyiinbx
cOOBITHI ¢ BecaMi, BBIYUCIEHHBIMEI BO BTOPOM MOPSAAKE) U “MATKHX  TOMPABOK, HOPMUPOBAH-
Hasd Ha cedenne 3-CTPYHHBIX COOBITHI B MepBOM MOpsAiKe, Oblaa 3aradbysnmposata B (X,Y)-
IJTIOCKOCTH, pasiesrernoit Ha ouubl pasmepom (.05 x 0.05. DoBenerune mosryaeHHON TakKuM 0Opa-
3oM byaKIIE K annporkcuMmupyercs 12-mapamerpudeckoit dbyurimedt F,

F(X,Yiy) = pr+pX?4+ps X' 4 (ps + ps X2)Y + (ps + pr X?)Y? +
(ps + poXH)Y? + P /(X2 = Y?) 4+ pi /(1 = Y) + pra/ Y. (6.16)

DapaMerpsl p; npuBeneHs B [Sj689).

6.1.5 Cxema reHepanud COOBITHS O MATPAIHOMY 3JIEMEHTY

D porpaMma COMEpKUT OTIe/IbHBIE TapaMeTpPU3allny OTHOUIeHuA R mojHbIX cevenwnit mis 3-
CTPYHHBIX COOBITHU B TIEPBOM U BO BTOPOM TOPAIKE U OTHOIIEHUs R Myt 4-cTpyHHBIX cOOBITHIH,
Bce Kak (PYHKIUN Y (C o5, BBIIETEHABIM B BUIE COMHOXKWUTENA). ITH TapaMeTpU3alun OBl
MOJTY9€HbI CJIEYIONNM 0Opa3oM:

e J-cTpyiiHbIl MAaTPUUHBIN 3/J€MEHT MEPBOTO MOPAIKA ABJIAETCH MOUYTH aHAJTUTHIECKN WH-
TErPUPYEMBIM; TTPU PA3yMHOM yCeUYeHUN WIEHOB PANAa B Pa3JIOKEHUN TOCTe WHTErPUPO-
BaHUA OBLIIO MOJIYIEHO HECKOJBKO MAJIbIX KOHEUHBIX BEJTUIUH.

o GKS marpugmbie s71€MeHTHI BTOPOTO MOPAIKA LA 3-cTPYHHBIX COOBITHI OBLIN MTPOWHTE-
rpupoBabbl A 40 pa3IudHBIX 3HaUYEeHUI Tpenesa y, PaBHOMEPHO pacIlIpelleIeHHbIX IO
Iny mexny maumenburum suadenuem y = 0.001 u kunemarudeckum npemenom y = 1/3.
s kaxmoro saadenus y Obiio crenepuposano 250000 Togek dhazoBoro mpocrpaHcTBa,
paBHOMepHO pactpenenenubix mo dIn(l — z;) = dx; /(1 — x;), ¢ =1,2, u B Kaxmoii ToU-
Ke BBITUCJIAIOCH OTHOIUIEHUEe R BO BTOpOM mopsAmKe s 3-cTpyiiabix cobwbrtuit. Torma
TTOJTZKHBIM 00pa3soM OTHOPMUPOBaHHAA CyMMa BecOoB B Kaxkmoh m3 40 Touek y ammpokcu-
muposastack mogmaoMamu 1o In(y~! — 2). [ms ERT(Zhu) marpuasbx s/eMeHTOB Ipw
MOHTe-KapJIOBCKOM WHTEIPUPOBAHUN WCIIOAb30BaIach mapamerpusannd yp. (6.16) nois
OATH JOCTYIHBIX 3HaYeHU y.

o Orromrenne R miis 4-cTpyHHBIX cOOBITHUH TTOTYIaJIOCh 9UCTEHHBIM WHTETPUPOBAHIEM, OT-
neabHo 11 qagg u qqq”’q cobbiTuii, mo 60JbiIo# BEIGOPKE TOUEK (Pa3soBOrO MPOCTPaHCTBA
i 4-cTpyiiabix KoH(MUryparuit B mpemesiax obsactu, 3amasaemoit y = 0.001. Kaxnas
TOYKa KJIaCCH(PUINPOBAIACH B COOTBETCTBUAN ¢ (DAKTUIECKIM MUHUMYMOM Y JIJTS JTIOOBIX
IBYX TapTOHOB. Te ke caMble cOOBITUA MOTJIH OBl TOTIA NCTIOIB30BATHCA /151 OOHOBJIEHM 5
3HavYeHW cyMMapHBIX BecoB g 40 pa3/imIHBIX OIEHOK, COOTBETCTBYIONUINX 3HAYEHUAM
Y, paBHOMEPHO pacipeneierHubiM 1m0 Iny mexay y = 0.001 u kuHEMaTwdecKuM mpeme-
aom y = 1/6. @akrudyecku, Tak KaK CyMMbl BECOB IJis OOJIBIUIMX 3HAUCHUN Y MOITYUa-
0T BKJIQIBI TOJIBKO OT HECKOJBKUX TOUeK (Pa3oBOTO MPOCTPAHCTBA, ObLIA CTEeHEpUpPOBa-



Ha JOTOJHUTENbHAA (MeHbIIasA) BBIOOPKa COOBITHI ¢ OONBIIMME 3HATEHUAMNI TIPETea Y.
CymMapHbIe Beca, TOJIKHBIM 00pa3oM OTHOPMHUPOBAHHBIE, TOT/A MapaMeTpU3yIOTCA Mo-
muromamu 1o In(y ™! —5). Kak okasasock, TpyIHO HOJYYHTh eIUHBIN Xopournii Gut s
BCETO /TMalla3oHa 3HadeHunil y, mosToMy BhIlle 1 AnKe 3Hadennsa y = (.018 ncnonp3yiorcsa
pasjnyHble TapaMerpusainni. B mepBbIX peasmsanuax MpoOrpaMMbl B MapaMeTpU3alnn
g qq'qQ yUUTBIBAJIICh TOMBKO deThIpe apoMaTa (', TO ecTh BTOpPHYHBIe bb-maphl He
TeHEPUPOBAIUCH, HO 3T0 ObLT0 ncnpasiero mis LEP-mpumoxennit.

9& CTadn T'€HEPpalu KazKI10€ cobpITHE TpaKTye€TCd KaK HE3aBUCUMOE, 9YTO O3HA4Ya€c€T, YTO
3Ha4Y€HNAd &g U Yy MOTYT USMEHATHCA OT cOOBITIA K COOBITHIO. I'maBHbIe 1Iarm 30€Ch CJIENYIoIueE.

1. Omupenensercs 3Hadenne Y, KOTOPOe HY JKHO UCIOIb30BaTh B TEKYIEM cobbitun. Fesm a1o
BO3MOYKHO, 3HAUEHNE 3a/IaeTCH MOIb30BaTeIeM, HO CYIECTBYIOT TaKKe JTOMOJTHUTETbHBIE
OrpaHUYeHrs Ha 3aKOHHOCTH WCIIOTh30BaHW:A BBIOpaHHO# mapamerpusannn (y > 0.001
nna GKS, 0.01 < y < 0.05 nqa ERT(Zhu)) w nomonautenbHoe TpeGoBaHme (M3MeHs-
eMoe TOJTh30BaTesleM ) MIHIMYMa abCONOTHOTO 3HAUYeHWA WHBAPUAHTHON Macchl cTpyi
(91O OTpaKaeTcA Ha W3MEHEHWN 3HadeHU#A mpenesia y us-3a >dpdexton KD/ l-usmyaenns
B Ha9aJbHOM COCTOAHUN).

2. Borumcnsercsa snadenme .

3. Jlns nmaHuBIX 3HAUYCHUNR Yy W 5 ONPENENsercs OTHOCUTEJbHBIH cocras 2/3/4 crpyu.
DTO mocTUTAeTCA € WCHMOJH30BAHUEM MMapaMeTpudeckux (pyHKUuil y mas mosteit 3- u 4-
CTPYHHBIX COOBITHH, YMHOKEHHBIX Ha o5 B HyKHOI cremenn. B ERT(Zhu), roe nckomoe
OTHOIIIEHTE 151 3-CTPYWHBIX COOBITH BO BTOPOM MOPAIKE TOCTYITHO TOJBKO IJT5 HECKOIhb-
KX 3HaYeHui# Y, TPOMEKYTOUHBIE Pe3yIhTAaThl TMOJYyUIatoTCs JIMHeWHON nHTepmossneit
OTHOIIEHWs foJiefi BO BTOpOM ¥ B mepBoM mopsanke. Jlomau 3- u 4-cTpyHHBIX cOOBITHIH
HOPMUPYIOTCA Ha W3BECTHBIE AHAJUTUIECKNE BBIPAXKEHUA [JIA TTOJHONW OTHOCHTETHHOM
BEPOATHOCTH COOBITHA BO BTOPOM MODAIKE, TO e€CTh meiarca Ha Rqgep u3 yp. (6.7).
D aKoHel, M0JIA 2-CTPYHHBIX cOOBITHH TOJydaeTcss W3 TPeDOBAHWSA COXPaHEHUA TOJTHOM
BEPOATHOCT.

4. Ecnnm xomMOWHAINUA 3HAYEHUN Yy W oy TaKOBa, 9TO cyMMma mojelt 3- m 4-cTpy#HbIX coObI-
Tuit OOJIbIIE eTMHWIIBI, TO €CTh J0JIs 2-CTPYHHBIX COOBITUH TOTydaeTcsi OTPUIATETHHBIM
YUCIIOM, TO 3HAUeHWe Mpenesa Y HYKHO YBETWIWTh (I JaHHOTO COOBITHA) W HadaTh
Mpollecc CHOBa € MYHKTa 3.

5. llemaercs BBIOOp MeKIy TeHeparmeit 2-, 3- mwim 4-cTpyHHBIX COOBITHI B COOTBETCTBUU C
OTHOCUTEIbHBIME BEPOSTHOCTAM.

6. s remeparun 4-cTpy#HBIX KOHQUTYpalnit cHagaa HEOOXOINMO CIeIaTh BHIOOD MeKITY
qqeg m qqq”’q coOBITHAME B COOTBETCTBUE € OTHOCUTENBHBIME (TTapaMeTpU30BaHHBIMIE )
MOJTHBIMU CEIEHUAME. DOTOM BBIOMpaeTcs ToUKa (Pa3soBOTO MPOCTPAHCTBaA, B KOTOPOi
BBIUnCIseTcAa nudbepeHInaibHoe cedeHne, CpaBHIBAEMOe ¢ MapaMeTPUIeCKuM MaKCH-
MaJabHBIM BecoM. FEciam Touxka ¢hazoBOro MpocTpaHCTBA OTKJIOHAETCH, TO BHIOWpAETCH
HOBasi, MOKa He OyIeT TMoJydeHo TpuemiieMoe 4-cTpyiiHoe cobbiTue.

7. Jlas 3-cTpyiiabix KoHpUTYpannii cHadaa BeIOUpaeTcs TodKa (PasoBOro MPOCTPAHCTBA B
COOTBETCTBUW € CeUIEHWEM B MepPBOM TopaAnke. Jlis »To#t ToUKN BBIYUCTAETCH BEC

o
W(xlva; y) =1+ ?R(xlvx% y) (617)

Bnecs R(xy,x9;y) naerca B anamutudeckoM e mig GKS [Gut84] u B Bume mpubiu-
xennol mapamerpusannu F(X,Y;y) yp. (6.16) nma ERT(Zhu). Crosa mcmonbsyercs
nunelinas waTepnonanua F(X,Y;y) nina npomexyrounsix suadennti y. Bec W cpasnu-



BaeTC:Aa ¢ MaKCHUMaJIbHBIM BECOM

o
Wmax(y) =1 + _Rmaﬁv(y) ” (618)

s

KOTOpPBIHT ompenesngeTcsa 3apaHee B UNCIEHHOM BUIE W COOTBETCTBETCTBYIOMINM 00Opa3oM
mapamerpusyerca. Keian Touka (pazsoBOro mpocTpaHcTBa OTKJIOHAETCs, TEHEPUPYETCs HO-
Basd, W T.1.

8. MaccuBHble MaTpuTHbIE 37eMeHTHl BTOporo nopsaaka KX /I Henocrynus B JETSET (x0Ts
ecTh O A HepBoro mopsAnka). OnHako ecsin 3- uim 4-cTpyiiHble COOBITHA, OMpee-
JIEHHBIE BBIIIE, BHIMAIAIOT W3 00JacTu (Hha30oBOrO MPOCTPAHCTBA, Pa3peIreHHoN IjIsa Mac-
CHBHBIX KBapKOB, COOBITHE OTKJIOHAETCA 1 cauTaeTca 2-cTpyhubiM. (Crnocob samanus me-
PEMEHHBIX Y;; U Yk A1d 4-cTpyHHBIX cOOBITIH ¢ MacCHBHBIMI KBapKaMU He eIUHCTBEHEH,
TaK 9TO 37eCh HAJIUIECTBYET HEKOTOpas cBOOOMIA, obecrednBaronias PasyMHYIO CITUBKY
¢ ompeneseHmeM s 3-CTPYHHBIX coObITHiE.) DTa Tpoleaypa, KaK W3BECTHO, TaeT He
OXKIMTaeMOe TTOJTHOE MacCOBOE TO/IaBJIeHNE, a TOJIHKO Pa3syMHOE MepBoe MPHO/InKEHNE.

9. Daxowner, ecu cobbITHE KIacCHPUIUpPyeTca KakK 2-CTpyHHOe, KaK 9TO OBLIO 3a1aHO W3-
HaJa/IbHO WJIU MOTOMY, 9TO HapYIIAIOTCA OTPAHNIEHN s Ha MacCUBHOE (pa30Boe TPOCTPaH-
cTBO 3-  4-cTPYHWHBIX COOBITHI, MPOTECC TeHepallny TPUBUAJIEH.

6.1.6 OnTuMHU3UPOBAHHAA TeOPUA BO3MYIIEHUM

Teopetndeckn moKa3aHO, UTO MOMPABKHU BTOPOTO MOPAMKA K CEIEHUIO 3-CTPYHHBIX COOBITHH
GosIbIIIMe. D 03TOMY JIOTUIHO OBLIO OBl OXKWMIaTh, 9TO TOMPABKU TPETHETO MOPAIKA — TaKZKe
6ombime Mt 4-cTpyHHBIX coObITuit. [leficTBUTENBHO, SKCITepUMEHTAIBHO MOy IeHHAA 1O 4-
cTPYHHBIX cOOBITHI 6OJTbIE 3HAUEHNUA, TPEICKA3aHHOTO Teopuel BO BTOPOM TOPAIKe (¢ yIeToM
5P deKToB 0T hparMeHTaIn), ecn 3HAUeHNe (v; ONpele/eHo Ha OCHOBAHNY 3HATEHW JOJIT 3-
cTpyhubIx cobbituit [Sj684a, JADSS).

EnuncTBennbiit mocsieroBaTeIbHBIN TyTh PEMINTH 3TY MPOOJEMY — MpAMOe BBIUUCIEHUE C
YIETOM cJIenyomux mopaakoB. OIHaKO 3To BechbMa TpyIHAs 3a/lada, TakK I9TO HEOOXOINMO pac-
CMOTPETHh BO3MOIKHBIE YIIPOIIEHWA. D alpuMep, MOKHO TOMPo0OBaTh MUHUMEU3WPOBATH BKJIa-
Ibl OT 6osiee BBICOKUX TOPSIKOB MOAXOMANINM BbIOOpOM MaciiTaba mnepeHopMupoBKu [Stell]
— 7OoNTUMU3UPOBAHHAS TEOPUA BO3MYIIEHUN . DTO 3KBUBAJIEHTHO IPYTOMY BBIOOPY MaciiTaba
(QQ? B oy, KOTOpbIil, B IpUHIKIe, He 0bd3aH 3a0aBaThCs eIUHCTBEHHBIM obpaszoM. B camom me-
Je, craHmapTHoe 3HadeHne Q% = s = K2 Gosblie, ueM ecTecTBeHHBI dpusmaecknii MaciTad
U3JIyYEHUA TJIIOOHOB B COOBITUAX, HAONUl, 9TO GOJBIIMHCTBO TUTFOOHOB HeHCTBUTENTHHO MAT-
Kne. J03ToMy MOXKHO ObLIO Gbl BBIGpaTh mpyroft mMacmtab, Q* = fs, ¢ f < 1. O(a,) nos
3-cTpy#HBIX coOBITHUHl MOMKHa ObLTa OBl pacTW TMPW TAKOM W3MEHEHWH Maclitaba, W TaK XKe
TTOJTIZKHO OBLTT0 ObI BecTn cebs amciio 4-cTpyHHBIX cOOBITHi, BK/IOYas Te, KOTOPhbIE KOJLIATICH-
pyioT B 3-crpyituble. OpHako meTsieBble MOMPaBKU 3aBUCAT OT MaciiTaba (Q* M KoMIeHCHpPYyIoT
MOTTPABKMU BBIIIE, aBasi OOJIBIIUI OTpUITATETbHBIN BKJIA B IOJTIO 3-CTPYHHBIX COOBITHI.

BosMozkHOCTB BBIOOpA ONTUMI3MPOBAHHOTO MaciiTaba f B MporpamMMe OCyIIeCTBIIEHA CJIETY-
oM obpaszom [Sj689]. D pennonoxum, uro muddepeniuaibiasi 10 3-CTpyHHbIX cOOBITHI
1A MaciTaba Q% = s naerTcs BhIpasKeHueM

Ry = ria, +ryal (6.19)

e Rs, vy w ry — QYHKINYT KUHEMATUIeCKUX TEPEMEHHBIX Ty U To U Hpelesa Y, KaK OMIMCcaHO
BbilIe. Dpu BbbOpe apyroro macmitaba Q2 = fs Ans KOHCTaHTBI CBA3U I0JA 3-CTPYHRHBIX
COOBITII TOJTKHA U3MEHUTHCA Ha

rg = r’lo/s + 7“20/52 , (6.20)



rae ry =1y,

33—2nf1
— 1n

Tra (6.21)

/
Ty =72+

u o) = as(fs). Tak Kak MBI pacrosareM TOJBKO OOPHOBCKUM UJI€HOM IJiA 4-CTPYHHBIX KOH-
durypanuit, 3mech 2(pPeKTH U3MEHEHT MaclITabda MOy IaioTCs TOJbKO OT N3MEHEHUA B KOH-
CTaHTe B3amMONEHCTBHA. ) aKoHell, ceueHune 2-cTpyHHbIX COOBITHH MO-TIpeKHEeMY MOXKET OBITh
MOJIyYeHO KaK pas3Huila MEKIAY TOJHBIM cedeHHeM W CYMMOR cedeHuit nis 3- m 4-cTpyiHbIxX
COOBITHIH.

Ecan B mporpaMme mcmosrb3yeTcs ONTUMA3UPOBAHHBIN Macuitad, TO 3HAUEHUE IO yMOTIa-
muto — f = 0.002, KoTropoe sBJseTCA MPEANOYTUTENbHBIM TIPU UccaenoBanuax, cM. |[Bet89].
(PakTudeckn, TaKKe MOXKHO WHCIOTb30BaTh COOTBETCTBEHHO ONTWMU3NPOBAHHBIA (hakTop
Rqep, yp. (6.7), HO Torma coorBeTcTByfollee 3HadeHme [ BBHIOMpAETCH HE3aBUCUMO W ellle
OnmzKe K eIWHUIE.) YCIIeX B ONUCAHUM ToJell MHOTOCTPYHHBIX KOH(MUTYypannii He mOIKeH
3aCTOHATH TOT (PAKT, 9TO ITOT METOJI €llle CONEPKUT HEKOTOPble HEOTHO3HATHOCTH (HAIEIOCh,
IPEOTOIMMBIE ), U JIIOOBIe BBIBOJIbBI, Ha HEM OCHOBAHHBIE, TOJKHBI OBITH MPUHATHI ¢ HEKOTOPOI
OCTOPOKHOCTBHIO.

Onma crnenvanbHas mpobiieMa, cBA3aHHAA € UCIOJb30BAHWEM ONTUMU3MPOBAHHON Teopun
BO3MYIIEHUH, COCTOUT B TOM, 4TO nubdepeHnnarbHas 10158 3-CTPYHHBIX cOOBITUI MOKET cTaTh
OTPUIATETHHON B GOJIBIION 0bMacTn (Ha3oBOro MpocTpaHcTBa (X, X3). ITa MpobdieMa yKe Cy-
[IeCTBYET, 1O Kpalinelt Mepe, B mpuHInie, mayke Ao Macimtaba f = 1, Tak Kak ry He 0y-
TeT TapaHTUPOBAHHO MOJOKUTEHHO onpenesier. JleficTBuTessbHO, B 3aBUCHMOCTH OT BBIOOpPaA
nperfesia Yy, 3HAUEHUA iy U CXEMBI PEKOMOWHAIINN MOYKHO MOJIYIUTh HEOOBINYIO 00JIacTh, B
KoTOpoli mudbepeHImaibias 108 3-cTPYHHBIX coOBITUil OymeT oTpuiaTesbHa, A MOJHOTO
BBIpaKEHUA BTOPOTO MOPAIKA. DTa 00JIacTh COCPENOTOTeHa BOKPYT (qg-KOHPUTY palinii, rie ¢
1 { pacIoJIoKeHbl OJU3KO JIpyT K APYTY B OTHOM MOJIYIIAPUU W ¢ — OTIEJIBHO B JIPYTOM, TO
ecth 11 & a9 & 1/2. JlocTrarouno oueBUAHO, YTO MOMPABKU BTOPOIO MOPAIKA TOJKHBI OBITH
oTpuliaTeIbHbIME B 2Toll obsactu [Dok89]: q u G B Qg-cOCTOAHUU HAXONATCH B CBA3ZAHHOM
[IBETHOM OKTETHOM COCTOSHUU, W IIBETOBAA CUJIa MEXKy HUMW HOCUT XapaKTep OTTAJIKUBAHWA,
YTO MPUBOIUT K OTPUIATETHHOMY BKJIA/Iy BTOPOTO MOPAIKA.

Onmako, Kak TONBKO [ CTAHOBUTCS MEHbBIIE €IWHUIIBI, Iy TOTydaeT OTPUIATebHBIN BKITAI
ot uiena In f, m obstacts oTputaTebHbIX MM PEPEHNNATBHBIX CeTeHNN yBEININBAETCH, OCO-
OeHHO TOCJIe ydeTa W3MeHeHuii B KOHCTaHTe «z. B paMiax reHepartopa cobwiTHil, rme Bce
COOBITHS TPENNOIATAIOTCA TPUXOAANINME € €IUHUIHBIM BECOM, OUYEBUIHO, HEBO3IMOZKHO MO-
eJIMPOBATh OTPHUIATESbHBIE CEUeHNA. DOITOMY B MPOTPAMMe 3Ta MpodJIeMa peliaeTcs Tak:
3-cTpyiifble cOOBITUA B 00JTACTAX OTPUIIATETHHBIX TudhepeHITnaIbHBIX cedeHml BOODIIe He Te-
HEPUPYIOTCH, a HOJIA TaKNX KOH(MUTYpaIii B 00/1aCTAX TOJTOKUTETBHBIX CEUeHNN yMEHBITaeTC A
Ha HEKOTOPBI TOCTOAHHDBIN KO>(DPUIIMEHT, BHIONpaeMblil TaK, YTOOBI IOy IUTh HY KHOE MTOJTHOE
IUCTO 3-CTPYRHBIX cOOBITHI. DTO ciefcTBhE Crmocoda paboThl TPOrpaMMbl, KOT/Ia cHadas a Ha
OCHOBAHNN 3HAYEHU MWHTETPAJTHHON HOJM 3-CTPYHHBIX cOOBITHUI, B KOTOPOH MOTOKNTETHbHBIE 1
oTpUIaTebHbIe BKJIAIBI CKIAIBIBAIOTCA € HYKHBIM 3HAKOM, PellaeTcs, KaKoe cOObITIe HY JKHO
CTeHEepPUPOBaTh, W TOJHKO IMOTOM BBIOMpAeTCsi KHHEMATHKA.

Jauubiit MOIX0M, OCHOBAHHBIN Ha HAIleM MOHUMAaHUN (DU3UIECKUX OCHOB ITPOMCXOIKIEHIA
OTPUIATEHHBIX 3HAUEHUN cedenHnii, pa3syMeH Tak XKe, Kak 1 JitoOoli IpyToit, o Kpalineii Mepe, B
paccMaTpuBaeMOM TOpsaKe Teopun BosMmyleHnit. OmHaKo B TAaKOM MOIXOIE MOZKHO MOy IUTH
3abaBHBIE PE3yIbTAThl [IJId MAJIBIX 3HadeHU f, Kak ObL10o Habfomero kostaboparmeii OPAL
[OPA92] nast acuMMeTpun sHEPreTUIECKUX KOPPEJIAIHii.



6.1.7 VYrioBas opueHTAIAS

B To Bpemsa Kak umcTbiil y-obMen maer mpocroe 1 + cos? @ pacnpenesienue A HalpaB/IeHMs
BoTeTa ( (1 q) B qq-cobbitum, Z°-obmen w +*/Z°-unTepdepernuns MpuBOAAT K acHMMETPHHI
BblLIIeTa Blepen—Ha3al. Fciam BBecTn

hi(s)u = n2e, {ae(l — PPy — vl P — P]j')} Ry (s)eras
+ {2veac(1 = PFP]) = (02 + a2)(PL = PF)} ()P veas (6.22)

TO YIJUIOBOE€ paclipeleJicHue NJiAd KBapKa HacTCA BbIpazKEHNEM

do

m o he(8)(1 + cos® Of) + 2h¢(s) cos Oy . (6.23)

YrsioBasi opueHTalus 3- WK 4-cTpYyHHOTO COOBITHSA MOKET OBITH ONMcaHa ¢ TOMOIIBIO TPEX
YTJIOB Y, 8 1 o; MJ1st 2-cTpyHHBIX COOBITHH HYKHBI TOJBKO § 1 (p. D0 OTHOIIEHNIO K CTaHIapTHOM
OpUEHTAINY ¢ (|, HAIPABJICHHBIM MO OCH 47z, U {, JekKalUM B IJIOCKOCTH Lz ¢ p, > 0, mpo-
U3BOJIbHASA OPUEHTAIN MOYKET OBITh JTOCTUTHYTa BPAIIECHUAME —+Y MO a3sUMyTaJbHOMY YIJIY,
+6 — mo mosiApHOMY W 4+ — MO a3sUMyTaJIbHOMY, B OTHOM W ToM ke nopsake. Jluddepen-
[UaJbHbIE ceueHus, BKJodaonme 3ppeKThl caboro B3auMOAeHCTBUA W MPOU3BOJIBHBIC TT0-
JIAPU3ANUN BXOMANINX TIYYKOB, MpUBENEHB it 2- u 3-crpyiinbix coobrtuit B [O1s80, Sch80).
Mgt wcmonbsyem dopmanusm [Ols80] ¢ x — 7 — x u o~ — —(¢ + 7/2). Desynprupyiolme
bopMyJIbI Upe3BbIYAfiHO IPOMO3IKHI, HO MOTYT MPUMEHATHCA HEMOCPEICTBEHHO MOCIe BBIOOPaA
BHYTpeHHeH KoHPUryparmun cTpyi. 4-cTpyfHbie COOBITUA paccMaTpUBAIOTCS TTPUOIUKEHHO KaK
3-crpyfifbie, obbennHsas ABa TIOOHA B (qgg-coobitum U q u q B qqq'q-coObITUE B OXHY 2(-
(BPEKTUBHYTO CTPYTO. DTO 0O3HATAET, UTO HEKOTOPBIMHI YIJIOBBIMI AaCHMMETPHUAMHE TIpeHebperaeTc st
[Ali80a|, Ho aBTOMaTHYecKH BKIIIOUYAIOTC 2(DDEKTh ¢J1abblX B3auMOAeHCTBUN. D pUHEMaeTcs,
4TO 3-CTpYHHbBIE COOBITHSA BO BTOPOM TOPAJIKE UMEIOT TaKylo JKe YIJIOBYIO OPUEHTAINIO, KaK 1
B TIEPBOM, HEKOTOPBIE PE3YIbTaThl U3yUeHUs 5TOH mpobsieMbl MOryT ObITh Halinenst B [Kor85).
Hastee, popMy bl OGBITHO OTBEYAIOT OE3MACCOBOMY CIYUAI0; TOJIBKO I 2- U 3-cTpyhubix K9 JI-
COOBITHH JTOCTYMHBI MacCOBBIE TIOMPABKH.

LmaBubiii 9bdexT mis yraoBbIX pacupeneeHuii My IbTUCTPYHHBIX COOBITUH TTPOABIACTCS
B PasMBITHH pe3yJibTaTa B CaMOM HU3IIEM IMOPAIKE, T.e. YMEHBIICHUN JIOObIX MPOABICHUH
AHU30TPONUU B CUCTEMaX ¢ 2 CTPYAMHU. D PU BKJIIOUECHUHU ONIIAN MapTOHHOTO JIUBHI 3a/aHa
TOJTBKO OCh HAYaJbHOH (G-KOHMUTYpalun. ocjeayiollee passutue jduBHsa de facto BemeT K
Pa3sMBITHIO OCH CTPYH, XOTsA He 00A3aTEJIHHO B MOJHOM COIVIACHH € MPEICKa3aHUIMU MOJIE/TH
MaTPUYIHBIX JIEMEHTOB /I MYJIbTHCTPYHHBIX COOBITHIA.

6.1.8 W3aydeHune B HAUAJIBHOM COCTOSIHUH

Usnyaenne ¢porora B HaTaIbHOM COCTOAHUN OBLIO BKJIIOUEHO B COOTBETCTBUU € (POPMATHIMOM

[Ber82]. Dpu arom Kaxmoe cobbitue jubo BoOOlIEe He COMEPKHUT (POTOHOB, JTUOO COMEPKUT

TOJBKO OJIMH, TO €CTh 3TO — HE>KCIIOHEHNIWAIbHOE ONucaHme B mepBoM mopsanke. (OcHoBHaA
dopmya IiA ceueHn A WIJIYIeHns KeCcTKIX (POTOHOB eCTh

2

do Qe s L+ a7

— = In——1] ——

dzx., T m2 T

oo(3) (6.24)

The ., — JOJIs HEPIUN MydKa, npuxoidAmadcs Ha dporoH, § = (1 — x,)s — KBaapar sHeprun
B cucteme [IM amponHOlt TomcucTeMbl W 0y — OOBIYHOE cedeHMe AHHUTUJIANNN IS TaHHOTO



3HaUeHuA sHepTuu. B dacTHOCTH, BHIOOD apOMaTOB B CTpPYyE MOJIKEH OBITH BBITTOJHEH B COOT-
BETCTBUU C OKUTAEMBIMI 3HATEHU MY BEPOATHOCTEN MJIs TAaHHOTO 3HadeHus sHeprun. Cederue
pacxomuTesa A &, — 1 u x, — 0. DepBadg pacXomInMOCTh CBA3aHa ¢ TeM, 9TO 0g nMmeeT 1/§-
ocoberHoOCTh (MoToc, oTBevarolnii peasbHoMy GoTory) nisa § — 0. Bepxree orpanndenue Ha
3HaY€HUe ., MOYKeT ObITh BBIOPAHO TaK, YTOOBI yIOBJIETBOPUTD YCJIOBUAM IJIf SKCIEPUMEH-
TaJbHON ycTaHOBKU. BTOpas pacxoamMocTh — OCOOEHHOCTH, CBA3AHHAA ¢ MATKUME (POTOHAMIU,
KOTOpas JTOJIKHa KOMIIEHCHPOBATHC B CEUEHUN TIPOIEccOB Oe3 M3JIydeHnsi. Do3ToMy TpeboBa-
uue .. > 0.01 6b110 BEIOpaHO TaK, YTOOBI HOJIA KECTKUX (POTOHOB ObLIa ObI MEHbBIIIE €IMHUIIBL.
B momnom cedennu yurensl BKJaubl or ¢doToHoB ¢ ., < 0.01, mapany ¢ BepUIMHHBIME IIO-
MpaBKaMU 1 TOMpaBKaMi Ha TOJAPU3AINIO BaKyyMa (1714 apOHHON BaKyyMHON TOIAPU3aIni
HCTIONB3YETCA MPOCTas TapaMeTpusalns CIoKHBX dhopmyr [Ber82]).

CrexTp KecTKUX (POTOHOB MOIKET OBITH MPOWMHTETPUPOBAH AHAJIUTUIECKHU [JIA TIOJTHOM
CTPYKTYPBI v* /7 -06MeHa, BK/TIo9ast BKJIaIbl OT WHTep(epeHINI Pas/JIndHbIX YJIeHOB, TTPH Y CJI0-
BUU, YTO He IePeceKaslnch IOPOrH POKICHIA HOBBIX apOMATOB U BKJIAJ oep B ceYeHne MOXKET
OBITH AMPOKCUMHUPOBAH HEKOTOPOH KOHCTAHTOH BO BCEM pa3peleHHOM Auanas3oHe 3sHaYeHui S.
QaxTugeckn, TOPOroBbie 3PPHEKTH MOTYT OBITH YITEHBI CTAHIAP THBIMI METOIAMI OTKJIOHEHWS,
MEHOW TOTyYeHNs He TOYHOTO BBIPAXKEHU:A /1A CeUeHWA B aHAJIUTUIECKOM BUIE, & BBITOJIHE-
"I 5P HEKTUBHOTO MOHTE-KapPJIOBCKOTO WHTETPUPOBAHNA TapAJIIebHO ¢ OOBITHON TeHepalineit
cobbiTuit. B nonosmenue k ., HyKHO BBIOpATh NMOJIAPHBIA yrout 0., U a3suMyTaJbHBIA yTOJ (.
dotonos. [lanee, mis opueHTAINN aIpPOHHON CHCTEMBI HYKHO cIeJlaTh BBIOOD, KaK TOJIZKEH

* wnwm e,

paccMaTpuBaThesA (POTOH: KaK U3JTydaeMblit e
9 pu TaKkol TpaKTOBKE He YIMTHIBAETCS W3JIydeHne (DOTOHA B KOHETHOM COCTOSHUM, a TaK7Ke
nHTepdeEPEHTINA MEKITY M3IyIeHreM B Ha9aJIbHOM W B KOHETHOM coctoaHuu. QopMysibl miisa

et

e~ — putp~ He MOryT OBITh IIPOCTO MEPENCcaHbl I CIydas BHIXOMLANINX KBapKOB, TaK KaK
KBapKW KUBYT OY€Hb KOPOTKOE BpeMs:d Tepej MpeBpallleHneM B aapoHbl. [Ipyroe ympoiienne
3aKJTIOYAeTCA B TOM, UTO TOJTHOCTHIO TIpeHebperaeTcs 3 deKTaM MOTAPU3ANNT BXOIANINX Ty I~
koB et T.e. He BKT09aeTcsa 3pDEKTUBHBIN ¢IBAT a3MMYyTaIbHBEIX pacipeeenntt poTOHOB I
yMeHBIIEHNEe TTOIAPU3AIINN. D apaMeTPhl, ONMCHIBAIOININE TTOIAPU3ANNIO B IIPOTPaAMMe, TOJIKHBI
BOCIIPUHUMATHCS KaK 3 ek TuBHa TOJAPU3AINA, OCTABIIAICH MOCIe U3y IeHNA B HAaTaIbHOM

COCTOAHNU.

6.1.9 AabTepHaTUBHBbIE MATPUYHbIE 3JIEMEHTHI

D porpaMma COmEepKUT ABa HaDOpa AJbTEPHATHBHBIX MATPUIHBIX JIEMEHTOB — IJIs MOIEN
BEKTOPHOTO abesIeBCKOTO TUIFOOHA W IS MOJIENH CKAJIAPHOTO TurtooHa. QdeBumaHO, 910 00e 3Th
aIbTEpPHATHl yiKe NCKITOYEHBI MOJYIECHHBIMA 3KCIEPUMEHTATbHBIMIA JTaHHBIMI W He MOTYT WC-
MOJTh30BATHCA TPU MOCTPOEHUH TOCTENOBATETBHON TEOPUN CUJIBHBIX B3amMoelicTBuit. 9 03To-
MY COOTBETCTBYIOIINE MaTPUUIHBIE 3JIEMEHTHI BKJIIOUYEHBI B ITPOTPaAMMY CKOpee ¢ IeJThbIo TTpoe-
MOHCTPHUPOBATH, HACKOJIHKO XOpoIio XapakTepuble ocobennoctr KX/ MoryT ObITH m3MepeHBI
9KCITEePUMEHTATHHO.

st Momesm BEKTOPHOTO abeIeBCKOTO TUII0OHA JOCTYIHBI MAaTPUIHBIE 3JIEMEHTBI BTOPOTO
mopsanka. OHE JIETKO TOJMyYatoTcd W3 CTaHIAPTHBIX MaTpUIHBIX sjemenToB KX/l momcra-
HOBKOI COOTBETCTBYIOIUX TPyNnoBbix uncen Kasumupa: Cp = 4/3 — 1, No =3 — 0 u
Tr = n/2f — 3ng. Marpuanble s1eMeHTHI HepBOTO MOPAIKa CofepKaT ToabKo (', MO2TOMY
cranmapTHble pe3yabrarhl KX/ B mepBoM mopsaKke MOTYT OBITH BOCCTAHOBJIEHBI YMHOKEHIEM
a, wa koaddunuent 4/3. Bo Bropom nopsake zamena Ng na 0 o3Hauaer, 4To B3auMojeii-
CTBUE g — g OTCYTCTBYeT B aDeJIeBCKON Mojesn, a nsMeHenne 1 r COOTBETCTBYET yBEJTMIEHUIO
KOHCTaHTBI B3auMoAelcTBuA i g — q'q, T.e. yBeJIMUEHUIO 101 (' q -COObITHA.



DompaBKN BTOPOTO TOPAIKA K [T0J€ 3-cTPYHHBIX cOOBITUH OKa3bIBAIOTCA OOJBIIUME U OT-
PUIATETBHBIMI — €CJIN (v AlIPOKCUMUPYETCA TaK, YTOOBI MOJYUUTH MPABUIBHYIO OO 4-
CTPYHHBIX cOOBITHl, TTpecKa3zantoe 3HaueHne qud dbepernrnaabaoil 101 3-cTpYHHBIX COOBITHH
OyIeT OTPUIATENBHBIM TIOUTH BCIOLY B MJIOCKOCTH (1, ¥2). OcTaeTcs HEACHBIM, COXPAHUTC JIH
Takoe HepU3nIecKoe TOBEIeHNe PN yUeTe MOMPABOK BBICIINX MOPAIKOB. DBLIO OTMEIEHO, ITO
IIOJIST MOZKET OBITh cAe/TaHa MO0 KUTETHHON MOIXOMANIIM BEIOOPOM MacliTaba, Tak Kak o, ~ oe-
KUT” B IPOTUBOIIOIOKHBIX HalpaBieHusx B abesesckoit monesu u 8 KX/ [Bet89]. Do Mmoxmo
BUIETHh HemocpeacTBerHo u3 yp. (6.21), tie wien 33 = 11 N¢ orcyTcrByer B abeseBCKoit Mome-
JIA, W 3aBUCAIHII oT MaciiTaba 9jeH MeHAeT 3HaK. B mporpamMme HEIOCTYITHBI OIIUH BHIOOPaA
ONITUMU3NPOBAHHOTO MacCIITaba I TAKOH MOIEN. D 03TOMY BBl MOJKETE UCTIOIb30BATH CJIETY-
OIIIe aJbTEePHATUBBI: TEHEPUPOBATH TOJIBKO 4-cTpyiiHbie COOBITUA, MU TIPEHEOPETh TOMTpaBKa-
MU BTOPOTO TOPAIKA A 3-CTPYRHBIX, MU YCTAHOBUTH 3HAUEHUE TOJU 3-CTPYHHBIX COOBITHIA,
paBHOe HYJIIO (TaK, 9TOOBI TEHEPUPOBAINCH TOIBKO 2- 1 4-cTpyiifbie cobbrtns). OObIHO can-
TaeTcs, IYTO HambOIBINMH WHTepec TMpeIcTaB/IsaeT mepBasd aJbTepHATUBA, TaK KaK MO YIJIOBBIM
(1 apoMaToBBIM) pacrlpeneseHnaM 4-cTpyHHBIX cOOBITHI MOMKeT OBITH MPOBEPEHA CTPYKTYpPa
KX]JI. Takxe obparwre BHUMaHWe, 9TO HE BKJIIOUEHA ~TpaBUIbHasd Oeryimas KOHCTaAHTA O}
OXKUITAeTCA, ITO BBI OyIeTe MCIOH30BaTh OMIINIO, TIIE (v TAETCH TTOCTOIHHBIM TUCIOM.

Momesns ckaJIApHOTO TUTtoOHaA ellle TaJibille OT PEATbHOCTH , 9eM MOJIEeNTh BEKTOPHOTO abe-
JIEBCKOTO, TaK KaK Pa3sHOTJIACHSA € 3KCIEPUMEHTOM MPOABIAIOTCS YKe I MATPUIHBIX dJI€MEH-
TOB 3-cTpyitabix cobbTuii [Lae80]:

2
do x5

dl’l dl’g > (1 — l’l)(l — 1’2)

(6.25)

re BKJIIOYaeTcs TOIbKO Y-00Men. Axcuasbhas dacTh Z° qaeT HecKobKo OTIHYaioytocs (hpop-
MY pacipeneseHrs; 3T0 BKIIOYEHO B MPOTPAMMYy, XOTSA U HE TPUBOIUT K OOJIBIINM OTJIMIUM.
Yriosas opueHTanusA BKIoYaeT noaryto v /Z%-unrepdepernnio [Lae80], Ho ocHoBHOI WHTepec
mpezcTaBager Tonogaorus 3-crpyiinbix cobbrtuii [E179]. Dukakue nompasku GoJiee BHICOKUX T10-
PAIKOB He BKJIIOUEHBI. 3€Ch TaKKe PEKOMEHIYeTcs MCIOJIb30BaTh OMIMUI0 (DUKCHPOBAHHOTO
3HaYEeHUA vy, TAaK KaK NPaBUIbHBIN ydyeT MONmpaBOK HEIOCTYIIEH.

6.2 Dacnaapl yepe3 MPOMexKYTOYHbIE PE30HAHCHI

Ob6rapyKero 60/IbIIoe KOMHIeCTBO Pa3IMIHBIX BO3MOKHBIX KaHaIo0B pacaa Taxemnoro JT¢ =
17 ¢ obpasoBanmeM MTPOMEKYTOUHBIX pe3oHancoB. (enmasabHbIT HHTEpeC MPEICTAaBIAIOT pac-
ma/bl B TPW TVIFOOHA WJIW JBA TJIIOOHA U (POTOH, TaK KaK OHU JAOT YHUKAJIBHYIO BO3MOIKHOCTD
U3y9IUTh BBIOOPKY ~amcTo TUEOOHHBIX  cTpyit. [lis sroift menm Oblma cosmana crermasbHasd
MOJITpOTpaMMa, HallMcaHHas B TO BpeMs#, KOTIa OKWIAJT0Ch OOHAPYKeHMe TOTOHU TIPU SHEP-
ruax PETRA. Onnaxo, kak teneps usBectHo, Macca Tonorus 6osbiie 100 ['5B, n momunupytor
cabble pacmabl, TaK 9TO TON-KBApK OYIEeT cjaabo pachmalaThcA Mmepel 0Opa3soBaHMEM CBiA3aH-
HOTO COCTOAHUA — TOMOHWHA, W COOTBETCTBYIOIIAsA MOAMPOTPaMMa HE MOYKET HCIOJIb30BATHCHA
Ui ommcannsa Torm-apoMmarta. C Ipyroft cTOPOHBI, CBA3AHHOE COCTOAHUE TapM-apOMATOB MMeeT
CITUIIIKOM MaJIyI0 MacCy W He MOYKET OBITh OMMCAHO Ha A3BIKE CTPYH. DO03TOMY eIMHCTBEHHOE
IpUMeHeHne TOAIIPOrPaMMbl, BEPOATHO, 3aKJII0TAETCA B OMUCAHAN .
Marpuansiii amemenT nig qq — ggg (B camom Husimem nopsanke) [Kol78]

1 d 1 1 - 2 1 - 2 1 - 2
Tggg  _ _ ( :1;1) + ( _:1;2) T (7:1;3) , (6.26)
Ogge 1 dzy T2 —9 Tos3 1173 T1%9
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rae, Kak u npexnie, ¥; = 2F;/E., B cucreme IIM cobbiTus. D10 XOPOIIO ONpPENeSeHHOE BbI-
paxenne 6e3 ocOOEHHOCTER THTTA BCTPETAONNXCA B (g MATPUIHBIX 3JIeMeHTax. B mpunne,
37ech BOOOIIe He HYKHO BBOAWTH HUKAKUX OTPAHUIEHWH, XOTS MO MPUINHAM, CBA3AHHBIM C
yIpolleHneM YUC/IeHHBIX BBIYACITEHN, Mbl BBOIUM IIpellesT i Ha KOHTUHYYM CTeHepUPOBaHHBIX
cTpyii, TaK 9TO Bce COOBITHA, HE yIOBJIETBOPATOININE FTOMY TIPEEITY, PACCMAaTPIBAIOTCA Kak ¢-
dexTuBHBIE gg-cOOBITUA. [l gge-coOBITHH MHBapUaHTHAA Macca KakKIol gg-cucTeMbl JOJTKHA
ObITH He MenbIne 2 [5B.

Hpyroit maTepecHsbIit nporecc — qq — gL, NOJYUYEHHBIN 3aMeHOll I'0OHA B (4 — ggg
dgoToHOM. DTOT TpoIlEcC UMeeT TaKylo Ke HOPMUPOBKY CEUeHUs, KaK W MPOIecC BBIIE, ecJIu,
Hampumep, ¥y otTHocuTcs K (orory. OrHouenue cedenuii mporeccos ectb [Kol78]

0'ng 36 e(zlaem
= -4 . 6.27
Oggg 5 as(Q?) ( )

BILGCI) €q — 3apdall TAZKEJIOTO KBapKa, I B Ka4eCTBC MaciITaba B Qg 6BIJIEL BbI6pELHEL MaccCa IIpO-

MEKYTOUYHOIO cocTOAHUA. Hciim Macca cucTeMbl OT/IaYl g¢ MeEHbIlle HEKOTOPOro MPelesibHOTO
sHaveHns (o ymosdanuio, 2 ['5B), cobbitue oTkionseTcs.

B npencrasiiennoil peasmsanuu yrioBas OpUEHTAINA gEE- U YEE-CUCTEM [AaeTCH I CO-
Ebrtus Tuna ete” — 4* — npomexyrounbiii pesonarc [Kol78] (¢ BO3MOKHOCTBIO BKIIOUCHU S
5P HEKTOB MOMAPUBALIN Y TKOB), T.€. cjabble 3(hdeKThI He BKIOTAIOTCA, TaK KakK OHW He3Ha-
gyureabHbl 10 10 I'sB.

B pamkax Teopum BO3MYyIIeHHI MOXKHO 3aJaTh IBOJIIOIMUIO JIUBHA OT JIOOOIO W3 IBYX CO-
crograuit Boimre. Ommako s Y daszoBoe TPOCTPAHCTBO i ITOMOJHUTEIHHON 2BOIIONNAN Ha-
CTOJIBKO OTPAHUUIEHO, UTO (PAKTUIECKH OT TAKOTO BBIOOpaA MOIYyUAaETCA MaJio TOJKY. 9 O3TOMY
MBI He peKOMeHIyeM BKJ0YaTh 3Ty omimio. MexaHusMm reHepalinu JIMBHA TIPU 3allycKe OT
~Ygg-KOHPUTYypalny padoTaeT Tak, 9TO »HepTus POTOHA HE MEHAETCHA. ITO O3HATAET, 9TO B
HacTosAIIee BpeMs He UMeeTcCs HUKAKOH BO3MOKHOCTH MCIOIb30BAaTh JIMBHU, YTOOLI ITPUBECTH
TeopeTndecKuil creKTp GpoTOHa B JydUIlee COrvIache ¢ PKCIePUMEHTATbHBIMI JTaHHBIMIA.

Da sA3BIKe CTpYyHHON (bparMeHTalny gge-COCTOAHNE COOTBETCTBYET 3aKPBITON TPEYyTOJbHON
CTpyHE ¢ TpeMsA IVII0OOHAMHU B yIJaX. DOCKOJbKY MapTOHBI CMEMIAIOTCA OT ObIell TOYKU po-
KOCHU, CTPYHHBI TPEeyTOIbHUK pacTAruBaeTca. Tak Kak (poTOH He IpHHUMAeT yUacTHe BO
dparMenTaium, ygg-coOCTOAHIE COOTBETCTBYET ABOWHOMN cTpyHe, HATAHYTON MeXK Ty TBYMHA TJTIO-
OHaMM.

6.3 DoamporpamMmbl U 0o0IHe OJIOKU ITepeMeHHbIX

_|_

6.3.1 T'enepamnusi ¢ e -coOBITHII B KOHTHHYYMe€

+€_—CO6BITI/H71 B KOHTHUHYYME IIOJIb30BaTEJ/Ib 06pamaeTCH TOJIBKO K

O6pruno I TeHepalny €
ontHOM mormporpamme — LUEEVT. JIpyrue moamporpaMMbl, OliicbiBaeMble HUXKe, a TakKe LUSHOW

(cm. pasmen 10.4) BeisbiBatoTcs n3 LUEEVT.

CALL LUEEVT(KFL,ECM)

tem — 4*/7° — qq — TapTOHHBIH JMBEHb —

ITasHaveHUue: TeHepanws TMOJHOTO COOBITHUA €
anpoubl B coorBeTcTBUN ¢ KX /I-ceuennsamu u ¢ yaerom 3 PhekToB caadoro B3ammMo-
nefictBusA. B KadecrTBe aJibTepHATUBBI MAPTOHHBIM JUBHAM JOCTYIHBI MaTPUYHBIE
9JIEMEHTBI BTOPOTO TIOp#AIKa IJIsA TeHeparmun qq + qqg + qqeg + qqq’'q’.

KFL: apoMaThl CTeHEePpUPOBAHHBIX COOBITHUI.



= 0: CMECh BCEX PA3PEUIEHHBIX apOMaTOB B COOTBETCTBUU C BEPOATHOCTAMU POZKIE-
HUA 5TUX apOMaTOB.

1 - 8: nepsruHble KBapKM MUMEIOT TOJIBKO YKasaHHbIf apomar KFL.

ECM: nojHasd >Heprud B cucteme [[M.

SamedaHue: 9 pu KakKIOM BbI30BE TEHEPUPYETCHA OTHO COOBITHE, KOTOPOE SABJIAETCH HE3ABUCH-
MBIM OT TTPEBIAYIINX, 38 OJHUM UCKJIIOUeHneM. Kenm BKITIOUAIOTCA painalliOHHbIe
MOMpaBKu, (popMa CHEKTPa KECTKUX (POTOHOB PACCINTHIBAETCA MOBTOPHO TPU Ka-
#&moM BbrzoBe LUXTOT, 9T0 OOBITHO BBITOJTHAETCH, TOJBKO eciu m3Mensercs KFL,
ECM unu MSTJ(102). Ckaxem, msmenenue Macchl Z° B cepenuie IpOroHa TOJIK-
HO COIIPOBOXKIATHCA BLI30BOM IoJIb3oBaresaeM nporpaMMbl LUXTOT uiiu BHYy TpEeHHUM
BBI30BOM, KOTOPBIfl MOKHO OpPraHW30BaTh, HapuMep, mojgoxus MSTI(116) =3.

SUBROUTINE LUXTOT (KFL,ECM,XTOT) : BBIUWCJIAET MOJHOE al[pOHHOE CeUeHte, BKITIOTast TTOPO-
U POXKIEHNA KBapKOB, ciaabbie 1 KX /-3 dexTnr, moggpusannio myIKoB u paana-
[IMOHHBIE TIOMPaBKW. B mpoliecce BBIYUCTAIOTCSA U COXPAHAIOTCH TTepeMenHble, HeoO-
XOIUMBIE )i 0OpabOTKM M3JIYIeHUs KECTKUX (POTOHOB.

KFL,ECM: kKak mja LUEEVT.
XTOT: pacueTHOe TOJTHOE cedeHne B HO.

SUBROUTINE LURADK(ECM,MK,PAK,THEK,PHIK,ALPK): TeHepupyeT W3JIyUeHUE MKECTKUX ~ B
HadaJIbHOM COCTOAHWN.

SUBROUTINE LUXKFL (KFL,ECM,ECMC,KFLC) : remepupyer apoMaThl MEPBUUHBIX KBAPKOB B TOM
cJlydae, KOTJa 3TO He ONpeeIeHO MTOJIb30BaTelIeM.

SUBROUTINE LUXJET(ECM,NJET,CUT) : ompezenser qucyio ctpyii (2, 3 win 4), KoTopbie M0TK-
HBI OBITH CTeHEPUPOBAHbI B IpeIeaX KHHEMATHIecKN PaspelleHn ol obracTn (Xapak-
TepusyemMoii CUT= y.,;) ¢ UCTONB30BAHNEM MOIXO0Ma MATPUIHBIX JEMEHTOB. 31ecCh
HEOOXOIMMO CJIEINTH 3a TeM, IYTOOBI Bce BEpOATHOCTH Jiexkaan Mexmay 0 u 1.

SUBROUTINE LUX3JT(NJET,CUT,KFL,ECM,X1,X2): remepupyer mepeMeHHble BHYTPEHHETO NM-
MyJIbCa IJIs 3-CTPYWHBIX cOOBITUH (g B COOTBETCTBUH € MATPUIHBIMU 3JI€MEHTAMUI
KX/I mepBoro nm BToporo mopsiaka.

SUBROUTINE LUX4JT(NJET,CUT,KFL,ECM,KFLN,X1,X2,X4,X12,X14): l'enepupyer mepemen-
Hble BHYTPEHHEr0o UMITYJIbca /s 4-cTpyHRHbIX coObITHil (qgg manm qqq’'q B cOOTBET-
CTBUM ¢ MaTpuaHbIMU 37eMerTamu KX /I Broporo nopsanka.

SUBROUTINE LUXDIF(NC,NJET,KFL,ECM,CHI,PHI): onuchiBaeT YIJIOBYIO OPUEHTAINIO CTPYii.
B nepsom mopsamake KX /I ucnosbsytores mosasie opmystbt KDL win corabeix B3a-
UMOJIelicTBUI; BO BTOPOM TOPsAIKe 3-CTPYHHBIE COOBITUA CANTAIOTCH WMEFOIINME Ta-
KYIO K€ OPUEHTAINIO, KaK B TIEPBOM, U 4-cTpyHHbIE COOBITUA TPUOINKEHHO OTCHI-
BaloTcA KakK J3-cTpyinbre.

6.3.2 DommporpamMma AJjis pacmajoB Yepe3 pe30HAHC

Doanporpamma LUONIA obecrieqmBaeT pacmabl TAZKEIBIX TPOMEKYTOTHBIX PE3OHAHCOB B TPHU
[UTFOOHA WJIU B TUIIOOHA U (POTOH, KOTOPBIE SBJIAOTCA TOMUHUPYIOMNMIE He(DOHOBBIMEU Pac-
magamMu 1.

CALL LUONIA(KFL,ECM)

ITasnauenue: Momeampyer mporecc e

e~ — v* — 1~ mpoMexyTOuHBI pe3oHaHc — (ggg i
ggy) — JIMBEHb — AIAPOHBI.

KFL: apoMaT KBapKa, (POPMHUPYIOUIETO PE3OHATHC.



0: TeHEPUPOBATH TOJBKO EEE-COOBITHA.

1 - 8: reHepupoOBaTH EEE- U EEY-COOBITHA B CMECH, ONPEIesTAeMOotl KBaIpaTaMu 3ap -
o apomatoB KFL. QObwsraro KFL= 5 uin 6.
ECM: noiHasd >Heprud B cucreme [[M.

6.3.3 Ob6mmue 6/I0KH TTepeMeHHBIX

te~-mommporpaMmMax, COXpaHAITCA B 00IIEM

Kompr cocTosmmit m mapaMeTphl, HCIOIb3YEMBIE B €
6s0ke LUDAT1. DToT obumii OJIOK COmepKUT TaK:Ke Dojiee 0bIre KOIBI COCTOAHUN W mapame-

TPphl, OIINCaHHBIE B IPYIOM MECTE.

COMMON/LUDAT1/MSTU(200) ,PARU(200) ,MSTJ(200) ,PARJ(200)

ITasHaveHue: obecrednBaeT JHOCTYT K PALY KOIOB COCTOSHUN U MTapaMeTpOB, PETYJINPYIONIX

_|_

BBITIOJTHEHUE €7 e -IOAITPOTrpaMM.

MSTJ(101): (D=5) maer tun KX/I-mompaBok, HCHONB3YeMBIX A COOBITHI B KOHTHHY-

yMe.

= 0: TEHEPUPYIOTCA TOTBKO (((-COOBITHUA.

= 1: reHepupyoTcsa coobitusa q + qqg B coorBercTBun ¢ KX /I B mepsom mopsmke.

= 2: refepupytorTcs cobbitusa qq + qqeg + qqeg + qqq’q B coorBercrBum ¢ KX/I Bo
BTOPOM IIOpAIKE.

= 3: refepupytorcs cobbitusa q + qqg + qqegeg + qqq’'q’, Ho 6e3 mompaBoK BTOPOTO
MopAnKa K 110Jie 3-CTpYyHHBIX cOOBITH.

= b: BKJTIOYAETCS TTapTOHHBIN JIMBEHH OT Tapbl MEPBUYHBIX (q, MTOAPOOHEE CM.
MSTJ(41) - MSTJ(49).

= -1: TeHEPUPYIOTCA TOJBKO (qg-COOBITHA (€ MCIONb30BAHNEM MATPUTHBIX 3JTeMeH-

TOB KaK OJIA =1) Tak Kax He YUUTBbIBa€TCA USMEHEHNE COCTaBa apOMaTOB N3-3a
MaCCOBbBIX OFpELHI/IquI/Iﬁ " paiallMOHHbIE TTIOITPaBKMU, 2Ta OIIINA HE ITpEIHa3Ha~-
Y€Ha OJId MOJIYUYEHNA TOYHBIX KOJIMYECTBEHHBIX 3HaYeHUN.

= -2: TeHEePUPYIOTCA TOTHKO cOOBITIA (Ggg 1 qqq'q (Kak midg =2). D penynpexkienne
KakK JJid onnuu =-1.

= -3: TeHEPUPYIOTCA TOIBKO (qgg-cobbiTnsa (Kak nia =2). CM. TpemynpexkieHne
oida =-1.

= -4 TeHEePUPYIOTCA TONBKO (qq q-cobbiTnsa (Kak madg =2). CM. Tpemynpexkienne
oida =-1.

Sameuanue 1: MSTJ(101) mcnonb3yercs Takxke B LUONIA, ¢

< 4: geg 4 7ge-cOOBITIS TEHEPUPYIOTCA B COOTBETCTBUN ¢ MATPUIHBIMI 3JI€EMEHTAMUI

caMoOTO HU3IIETO MOPAIKA.

> 5: BKJTFOYAETCS MTapTOHHBIN JIMBEHb OT MepBUIHON KOH(DUTYpalnn ggg mim g,
monpobree cMm. MSTJ(41) - MSTJI(49).

SamedaHue 2: 3HaUEHUA IO YMOJTIAHWUIO TapaMeTpPoB (pparMeHTalnn OBbLIM BBIOpAHBI
TaK, 9TOOBI MporpaMMa XOPOIIo paboTaja B MOAXO/Ie MapTOHHOTO JINBHSA BbI-
mre.  Ecium wmenmosb3yercs Jobas Apyras ONNWSA WJIW €CJu TapTOHHBIN JIu-
BEHb WCMOJB3YETCA B MOJE HE MO YMOJTUIAHWIO, MOYKeT BO3HUKHYTH HEODXO-
IUMOCTB TlepeHacTpoiiku mapameTpos (parMentarnuu. B kadecTBe mpumepa
3aMeTUM, YTO TOJXOJ MaTPUIHOTO 3JTeMeHTa BTOporo mopsaaka (MSTJ(101)
=2) npu »nepruax PETRA/PEP naer myquiee onucanwe, Korma mapaMerps a
n b cumMeTpraHOi pyHKINE dparMeHTalnl UMeloT 3HadeHuss: ¢ = PARJ(41)



=1, b = PARJ(42) =0.7, u mmpuHa pacrpeneeHns MOTMEPETHOTO MMITYThCa
o = PARJ(21) =0.40. B mpummume, Tak:ke HyKHO U3MEHHUTH TapamMeTp 00b-
enunenns PARJ(33) =PARJ(35) =1.1, 94ToOBI COXPaHUTDH ILJIOCKOE ILJIATO IIO
OBICTPOTE, HO ecsi 00 9TOM 3a0BITh, TO 9TO HE MPUBEIET K CJAUIIKOM OOJTBITIM
ormmauam. g TRISTAN- unu LEP-npumoxennit, kak oxumaercs, HyKHO
M3MEHUThH MapaMeTPhl MOIX0Ia MATPUIHOTO 3JIEMEHTA €TIle OOJTBIIE, TTOOBI BOC-
MPOUW3BECTH HOMOJTHUTETbHBIE 2(P(PEKTHI OT MATKNX TJIFOOHOB, HE OXBadeHHBIE
B 3TOM TIOAXOJIE.

MSTJ(102) : (D=2) BKitoueHne c1abbix 3¢ dekron (Z°-06Mer) 115 poKIeHUs apOMaTOB, YTII0-
BOH OpHWeHTallny, cedeHuii u /I W3/ydeHns (POTOHOB B HadabHOM COCTOAHWUN B

COOBITHAX POXKIEHNA B KOHTUHYYME.

K9]1, o ecth He BRIIOUatOTCA HUKaKUe cjiabble 3 heKTh.

BRJTIOYAIOTCA c1abbie 9PheKTHI.

Kak =2, Ho npu uHunmaiusanuu B LUXTOT mupuna Z° paccuuTbiBaercsa mjis
sHaderntt sin?fy, o, Macc KBapKos 1 Z° (BKJTIOYasA TOPOTOBbIE MHOKUTENN
TOT- W GOTTOM-apOMaTOB N7id HedeTHbIX MSTJ(103) ), yanuThiBasg TPU MOTHBIX
MOKOJIEHUA, W pe3yJIbTaT coxpanseTcs B PARJ (124).

MSTJ(103) : (D=T7) maccoBbie 3(pPeKTH B MATPUIHBIX 3JIEMEHTAX MPOILECCOB POKIEHI B KOH-
turyyme, B gopme MSTI(103) = My + 2M, + 4Ms, tne M; = 0, eciim Maccbl He
yunrbiBatorcsa, u M; = 1, ecam yauTbiBatoTcs.

Mli

MQZ

Mgi

MOPOTOBBITT MHOKUTENh 1A POKJIEHNS HOBOTO apoMaTa B COOTBETCTBUH € pe-
3yJIbTaTaMu CTaHIapPTHOW MomIesn;

BEPOATHOCTD W3JTy9UeHNs TUTIOOHOB (MpuMeHsdAercsa Toibko A |[MSTJI(101) | <
1, nHaUe HUKaKMe MaccoBble 3hPEKTH He YIUTHIBAIOTCA );

YIJTOBas OpMEHTAINA cOOBITHA (MpuMenHsAeTcs ToabKo Aya IMSTI(101) <1 u
MSTJ(102) =1, wHade HUKaKue MaccoBble (D DEKTHI He yINTHIBAIOTCH ).

MSTJ(104) : (D=5) umcio paspelieHHBIX apoMaToB, TO €CTh apOMaToB, KOTOPBIE MOTYT DO-

MSTJ(1

KIOaTbCd B KOHTHHYYME B CJIyYa€, KOoTda JOCTATOYHO YHEPIUN. SpI/I n3MeHneHnn

3HavueHuA Ha 0 paspeliaercss poxkIeHWE TOM-apoMaTa Bbile mopora, u T.7. Obpa-

THTe BHUMaHWE, 9TO B (qq q-cOOBITUAX BO BTOPUYHON Tape, mosydatolieficss mpu

Pa3BaJi€ IJIFDOHa, IMOABJIAOTCA TOJIBKO IMEPBBLIE ITATH apOMaTOB.

0:

-1:

05): (D=1) ¢parmenranns w pacnaz npun Bersose LUEEVT u LUONIA.

HeT BbI30Ba LUEXEC, To ecTh TOJIBKO TOAXO MAaTPUIHOTO 3JIEMEHTa M-I 00-
paboTKa TapTOHHOTO JINBHA.

ocyiecTBgeTcs Bb30B LUEXEC s BBITOIHEHNA (pparMeHTalul U MeMOUKn
pacnangos.

et BbI3oBa LUEXEC, a TakKe KoJllalica MaJIblX CTPYHAHBIX CUCTEM B OHY WUJIHU
nBe gacTutbl (B LUPREP).

MSTJ(106): (D=1) yrsoBas opwenranus B LUEEVT u LUONIA.

MSTJ(1

0:

1:
07): (

cTaHIapTHA:A OPUEHTAINA COOBITUH, TO €cTh ( — MO OCH +2z W q — 10 OCH —Z
WJIN B TIIOCKOCTH T2 € P, > 0 171 cOOBITHI POKIEHUA B KOHTUHYYME, U €1€283
WK Ygo€3 — B IUIOCKOCTH T2 € gy WK Y — 1O OCU +Z I COOBITHY POKITEHM
MTPOMEXKYTOUYHOTO pe3oHaHca.

clydaliiasd opueHTalnA B COOTBETCTBUU ¢ MaTPUUYHBIMU 3JIEMEHTaAMU.

D=0) paauainonHble MOMPaBKN K COOBITHAM POKIECHNA B KOHTUHYYME.

HeT HUKaKUX paJIdallMOHHBIX MOMPaBOK.
paInannoHHble TOMPABKA B HATahHOM COCTOAHUN (BKJIIOYasA crabble adhdex-
T g MSTJ(102) = 2 usm 3).
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MSTJ(108): (D:2) BBIYNCTIEHIE Oy A7 aJbTEPHATUBHBIX MATPUUYHBIX JTEMEHTOB. 3ravenusa
MSTU(111) m PARU(112) aBTOMaTHUUECKHU TEPEIUCHIBAIOTCA IpH Bhi3oBax LUEEVT u
LUONIA, cooTBETCTBEHHO.

= 0: uKcrpoBamnoe 3HaueHme (vg, Kak gafmo B PARU(111).

=1 Bcerma ucnosbsyerca ¢dopmysia Iepsoro mopsainka ¢ Aqep, 3alaHHBIM B
PARJ(121).

= 2: UCTOJIb3yeTcsi GpopMyJsia MEPBOTO WJIM BTOPOTO TOPAIKA, B 3aBUCHMOCTU OT

suavenusa MSTJ(101), ¢ Aqep, 3amannsim B PARJ(121) niu PARJ(122).
MSTJ(109): (D=0) maer Bo3sMOKHOCTh BBIOOpa MaTpudaHbIX jeMeHToB KX/ mnm mHerkoTophIx
aJTbTEPHATUBHBIX Mofesetl. De ucrmosb3yercs npu sBoJrtorun JuBH:A, MSTJ(101) =5,
KOTIa BMECTO 3TOIl ONINKM MOZKHO MCIoJIb3oBaTh MSTJ(49).
= 0: crangapTHBI crierapuit KX/1.

1 MOJIEJTb CKAJIAPHOTO TUTIOOHA. 1'akK KaK B TOM CIleHapUW HETOCTYIHBl HUKa-
K¥e TTONpPaBKA BTOPOTIO MOPAIKa, 3Ty OIIHWI0 MOXKHO HCIOJIb30BaTh TOJIBKO €
MSTJ(101) = 1 mum -1. Takxe obpaTuTe BHUMaHWE, 9TO YIJIOBOE paclpee-
JIeHUe [T COOBITUA B TIEJIOM JaeTCsA TOMBKO IJIA CIydas ooMeHa (pOTOHOM (TO
eCcTh He YIUThIBAIOTCA HIKaKue cjabbie 3(MeKTh), 1 He BKIOTAIOTCA HIKaKIe
MOTPABKN K CeTeHUIO OoJlee BBICOKUX TOPIKOB.

= 2: Teopusa BEKTOPHOTO abeeBCKOTO TJIIOOHA, € IBETOBBIMU KO3 DUIHEHTAME
Cr=1(=4/38 KX]I), No =0 (=38 KX]I) u Tp = 3n; (= ns/2 B KX]I).
Ecaw Be6path o gpelian = (4/3)aqep, cedenne 3-cTpyiHbix cobbiTuil 6ymeT Ha-
XOmuThesA B comvtacum ¢ npenckasannem KX/I, m ormwaus 6ymyT TOMBKO s
4-cTpyiiabix coobrTuit. Onmmsa MSTJ(109) =2 mosiKHa BBITOIHATHCA CO 3HAUE-
auaMu 1Mo ymoadanmio MSTJ(110) =1 uw MSTJ(111) =0; mpym HEOOXOAUMOCTH
9TU TepeMeHHbIE OYIYT MEPENUChIBATHCA B TIPOIPAMME.
IIpenynpexxkaeHue: mompaBKyl BTOPOTO MOPAIKA TalOT HACTOIBKO OOJIBINON
OTPUIATEBHBIN BKJIA/l B CedeHre 3-cTPYHHBIX COOBITHI, UTO BeCh ClieHapuii
CTAHOBUTCH COMHUTETbHBIM. UTOOBI ONIIME BTOPOTO MOpAIKa paboTain Be3Je,
cederne 3-cTpyHHBIX cOOBITHI HYKHO BPYUHYIO YCTAHOBUTH B TOYHOCTU PaB-
HBIM HYJTTO 118 MSTJ(101) =2. BosmoxHo, 3/1€ch JIytIile HemoIb30BaTh OO
MSTJ(101) =3, XOT# 3TO TaKKe He Oy/IeT MOCJIeIOBATEbHON MpoIemy poit.

MSTJ(110): (D=1) BBIGOp BKJIAI0B BTOPOTO MOPALKA B JOJIO 3-CTPYHHBIX COOBITHIA.

= 1: GKS marpudgmbie 371eMeHTBI BTOPOTO TOPSAIKa, TO €CTh CTapbili cTaHIapT
JETSET.
= 2: mapamerpusanua Zhu marpuunbix sgementoB ERT, ocnoBammas ma mpo-

rpamme Kunszt m Ali, 10 ects (B HcTOpHUUecKOl TOCTENOBATENBHOCTH )
ERT/Kunszt/Ali/Zhu. Dapamerpusanus nocrynua misa y = 0.01, 0.02, 0.03,
0.04 m 0.05. 3Bmadenus BHe »TOTO AMamla30Ha TOMEIIAIOTCA Ha OJIHKaWIIyIo
TpaHuIly, a BHYTPHW DTOTO JHala3oHa MoJydaloTca Junaeifnolt maTeprosdanmeit
MeXKTy IBYMs CaMbIMU OJTM3KAME TOUKaMu. Tak Kak 3Ta IpOIeaypa TOBOJTHHO
MPUMUTHBHA, PEKOMEHIyeTCAa paboTaTh MPU OIHOM U3 3HAUEHU, OlpemesTeH-
HbIX Bbme. ObpartuTe BHUMaHWE, UTO IJIA TOH ONIINN HETOCTYIHBI HUKAKNE
napamerpusanun abemeckoit KX/I.

MSTJ(111): (D=0) wcmosb30Batme ONTUMUSHPOBAHHON TEOPUN BOSMYIIEHUH I/ MaTPUIHBIX
3JIEMEHTOB BTOPOTO MOPAIKA (MOKET HCIONb30BaThCA TaKKe IS MATPUIHBIX dJe-
MEHTOB TepPBOTO TOPIKa, HO TOTHa 3TO Oy/IeT COOTBETCTBOBATH TPUBUAIHLHOMY
YMHOKEHUTO apryMeHTa vy ).

= 0: He UCIOJIb3yeTcs Mpoledypa onTumusanny; Q2 = E? .
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ONTMMU3UPOBaHHBI MacmTab (Q? BbOMpaerca B Bume Q* = fE? |

rre
f =PARJ(128) nnusa orHouienus R B monnom cevennu u f =PARJ(129) mis mo-
s 3- w 4-cTpyHiHBIX cOOBITUA. DTO 3HaUEHUE [ BBOINTCA Uepes3 (; U UJIEH, TTPO-
nopumoHa bHBIH o In f. DarmanbBaloTca HEKOTOPBIE OrpaHUYeHN s ONTHMU-
3UpOBaHHBIN TakuM obpaszom ~3-cTpyiiHbiii” BKIam B R camTaeTcs TMOJTOKE-
TenbHBIM (71 PARJ(128)), mosiHas m0sis 3-cTpYHHBIX COOBITHI He IOJIKHA
ObITh oTpunaresnbroil (A PARJ(129)), m t.a. OnmHako He NaerTcs HUKaKOif
rapaaTun, 9To nuddepennraabaas 1018 3-CTpyHHBIX cOObITH He OymeT oT-
putiareapHoll (1 GyIeT oTceKaThes B Hysle) B HEKOTOPOi obmacTi (3T0 MOKeET
cayautbes u mag f = 1, #Ho Takume cobbITHA moctarodro penkn). Paxrmde-
CKH ToJIydeHHble 3Haderus [ coxpansaiorcs B PARJ(168) u PARJ(169), co-
oTBercTBeHHO. Ecnm ucnonbsyercs onTUMmU3MpoBaHHbIE MaciiTab (Q%, 3Hade-
Hie Aqep (M o) TakKe MOMKHO ObITh msMerneno. [l swauennsa f = 0.002
oblTo mokaszatno [Bet89], uro Aqep = 0.100 B maer pasywmmoe cormacue;
s Oeryiielt KOHCTAHTBI (ry BO BTOPOM TOPSANIKE HYZKHO M3MEHUTH MTapamMer]p
PARJ(122). Obparute BHUMaHUE, 9TO TaK KaK ONTUMU3UPOBAHHBIN MaciiTad
(Q? uHorna MozKer ObITh HUKe IOPOTa POXkKAeHU dapMa, 3(PPEKTUBHOE YICI0
apoOMaTOB, MCIIOIb3yEMOE B /g, TOJIZKHO OBITH paBHBIM 4. Ecin Bee ke okasbl-
BaeTcsA, 9TO HEOOXOIMMO UCIOIB30BaTh 5 apomMaros (daktuaeckin oba BHIGOpa
paboTaloT OAMHAKOBO XOPOIIO), HYKHO MoToKuTh MSTU(113) =5.

MSTJ(115): (D=1) moxymenTtarms cOOBITHH DPOKIEHNUA B KOHTHHYYME WJIN depe3 MPOMeKY-

TOYHBINA PE30HaHC B MMOPpAIKE YBEJIMYECHUA ITOJTHOTHI coOprTHril.

COXPAHATOTCA TOJIBKO MApPTOHHBIH JIMBEHD, (PparMeHTHpPOBABIINE MAPTOHBI 1
creHepUpOBaHHasA AJIpOHHaA cucTeMa B obieM 6sioke LUJETS.

TaKzKe COXPAHAIOTCA M3JTydeHHble (POTOHBI (/1A COOBITUI POKIEHNA B KOHTH-
HyyMe).

TaKzKe COXPaHAITCA TTePBUYHDBIE ete™ (c K(I,1) =21).

TaK:Ke COXPaHAIOTCA ooMerHble y mam v /7° nyst cobbITuil poKmeHns B KOH-
THHYYMe U TPOMeXKYTOTHOE COCTOAHNE IJid pOoKIeHus pesonanca (¢ K(I,1)
=21).

MSTJ(116): (D=1) wHuWIHaM3aUsA TTOJHOTO CeYeHUA W CIEKTPA W3JIYyIeHHBIX (DOTOHOB TP

BbI30Be LUEEVT.

HeT WHANRAIN3alAu; 3Ta ONIWA He MOXKeT MCIOJb30BaThCcd BMecTe ¢ palua-
IVMOHHBIMA TIOITPaBKaMMU.

BBIUNCAAETCA TIPU IIePBOM BBI30BE WIN BCAKMWN pa3, KOTJa U3MEHAIOTCA 3Hade-
aug KFL mw MSTJ(102) wim ECM cranoBuTca 6osbire PARJ(139).
BBIUNCAAETCA TPHU KaKIOM BbI30OBeE.

BCe BBITHUCJIAETCSA MMOBTOPHO TIPU CJIENYIONEM Bbi3oBe, HO MSTJI(116) Bmocsten-
CTBUN aBTOMaTWYECKN TojaraeTcad =1 AJIsd WCIOJTh30BaHUA B TOCTEAYIOUINX
BBI30BaX.

MSTJ(119): (I) mpoBepser meobxoaMMOCTh TIOBTOPHON WHUTIHa m3ann LUXTOT.

MSTJ(120) : (R) tum cobbITrs poXKIAeHN:A B KOHTHHYYMe, CTEHEPUPOBAHHOTO ¢ OIIINel MaTpmd-

1}
= W N -

HOI'O 3JIeMeHTa (ILJIH JINBHA PE3YJIbTAaT BCETOa KaK IJIdA =1)

qq.

qqg-

qqgg ot abenesckux (K9D/I-momobHbIX) TpadoB B MATPUTHOM 3JI€MEHTE.

qqgg oT HeabesIeBCKIX (TO eCTh comepKAlNX TPEXTIIOOHHOE B3anMoaelicTue )
rpadoB B MaTpUIHOM 3JIEMEHTE.
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= 5: qqq'q’.

MSTJ(121): (R) duar, ycramaBauBaeMmbiii, ecam mpu mocjaenHeM BbizoBe LUX3JT mosrydmaoch
oTpUIaTe/bHad BeJwdnHa 1A auddepeHnuaabHoro cedernd. CoOBITUA TPU HTOM
TTPOAOJIKAIOT TeHepUPOBaThCA, HO, BO3MOXKHO, HE B COOTBETCTBHAM C JKeJaeMbIM
pacrpenesnerreM (OTHOIIEHNe cedeHnii mojaraeTcsa PaBHBIM HYJIO B 00JIacTAX OT-
pPUIATEBHBIX cedernit, n muddepeHnmaibias 1078 B 00JACTAX MTOJIOKUTETHHBIX
cedeHnit BBIUUCIAETCA MOBTOPHO, UTOOBI MOJYUNTH ~MPABUIBHYIO TOJHYIO TOJIO
3-CcTpYHHBIX cOOBITHIR).

PARJ(121): (D=1.5 I'>B) sHauenune A, ucnosp3yemoe npu BHIYUCIEHUN (5 B TIEPBOM TOPAIKE
ILIA aJIbTEPHATUBHOIO MATPUUIHOTO JIEMEHTA.

PARJ(122): (D=0.5 I'sB) sHauenue A, wcmosb3yemoe TPy BHIYUCIEHUN (s BO BTOPOM TOPAIKE
ILIA aJIbTEPHATUBHOIO MATPUUIHOTO JIEMEHTA.

PARJ(123): (D=91.2 I'sB) macca Z°, ucnompsyemas B mpomaraTopax B cIydae ydeTa cJIabbix
adpPpexToB.

PARJ(124): (D=2.4 I'sB) ummpuna 7°, ucnosb3yeMas B mpollaraTopax B cjlydae yueTa caabblX
apderToB. 3HaUEHNE TTepe3annchiBaeTcs Py NHUIHa m3anuu, eciaun MSTJ(102) =3.

PARJ(125): (D=0.02) y.y+, MEHUMAJIbHOE 3HAUEHNE KBaIpaTa MaclITadNpOBaHHOM WHBapUAHT-
HOI Macchl JTIOOBIX ABYX TAPTOHOB B 3- WK 4-CTPYHHOM COOBITUHN; OCHOBHOE 3aIaBa-
eMoe MToJIb30BaTelIeM orpaHnderrne Ha MaTpAYHbINA a71eMenT. PARJ (126) obecreunBa-
eT MOTOJIHUTEIbHOe orparmdenue. /1 KaK/I0To HOBOTO COOBITUA TOTOJTHUTETHHO
MpoBepAETCsA, ITO CYMMa MOJHBIX fMoJielt 3- 1 4-cTpyHHBIX COOBITHI He TpeBBINIaeT
eIUMHUILY; €CJIN 3TO HE Tak, TO 3(DPeKTUBHBIN Tpemest y OyIeT TUHAMUIECKN yBeJIn-
qnBaThca. PakTuueckme 3HaUeHnUsA npenesa y coxpangiorcs B PARIJ(150), cobbitre
3a COOBITHEM.

PARJ(126): (D=2. I'>B) munnmasbHas nHBapHaHTHAA Macca JFOOBIX IBYX TTAPTOHOB B 3- MJTH
4-cTpyHHBIX COOBITUAX; TOMOJHUTETBHOE OTpaHUYeHNe K Tpenesy Boie. Vcmoss-
3yeTcsd TJIaBHBIM 00pa3oM B TeX cJIydasdX, Korja W3JIydenre (POTOHa CyIIEeCTBEHHO
MOHWKAeT HEPTUIO B aIpoHHO cucteme [[M.

PARJ(127): (D=1. [IB) ucnosssyercsa kKak ’3amac TPOIHOCTH IS MAJBIX CHHTIETHBIX
o MBETY CTPYHHBIX cucTeM, cM. PARJ (32), ocobenno mis Macchl q B qq'q-
COOBITHAX U MACChl g¢ B YEEZ-COOBITUAX € POKIEHWEM TIPOMEKYTOTHOTO PE3OHAHCA.

PARJ(128): (D=0.25) ontumusuposanubrii Mactad Q* niaa KX/I-orHomenuss R nias onmmu
MSTJ(111) =1 maercs dopmynoit Q* = fE? | tme f = PARI(128). Do pasiamaHbIM
npuanHaM PaKTUIECKN UCIOJIb3yeMoe 3HaueHne [ MOKeT ObITh OOJIbIE HOMUHATh-
HOTO; B TO BpeMs Kak PARJ(128) maer mommbajibHoe 3Hadenme, PARJ(168) maer
darTHIECKOE 1T TEKYIIETO COOBITHA.

PARJ(129) : (D=0.002) ontumusupoBarubiit Macurab Q* nss nosedt 3- u 4-cTpy#fHBIX cOObITHI
nutst onmmu MSTJ(111) =1 maercst dopmynoit Q* = fE? | rne f = PARI(129). Do
PA3JIMIHBIM TpUINHAM (DAKTUIECKH UCIOTb3yeMoe 3HaUeHne [ MOZKeT ObITh OOJIbIIe
HOMUHAJIBLHOTO; B TO BpeMs Kak PARJ (129) maeT HoMuHabHOe 3HadeHne, PARJ (169)
maeT paKTUIecKoe I TEKYIIETO COObITHA. JHAUYeHWe 10 YMOJTIAHUIO 3a/IaHO B
coorBeTcTBHU ¢ TpemyioxennubiM Bethke [Bet89].

PARJ(131),PARJ(132): (D=2%*0.) mpomosbHble TOIAPUIAIIT P]j' u P, BXomaAmux myukos et
ne .

PARJ(133): (D=0.) monepeunas momspusanus Pr = \/Pj Py, ¢ P m Py — nonepeanbnvm

+

MOJIAPU3aIUAMN BXOOANINX IIYYKOB €' U e .

PARJ(134): (D=0.) cpenHee HampaByieHne TOMEPETHON TOJAPUIANNNA BXOIAUIX et u e,

Ap = (T 4+ ¢7)/2, tae ¢ — a3suMyTaJIbHBIH Yo/ MOJAPU3AIAN, TPUBOAAIIEH K



caBury Ha Ay pacrpenesenuit crpyii mo .

PARJ(135): (D=0.01) MurumMas bHas NOJIA SHEPTUN MydKa, IPUXOMANIAACA Ha (POTOH TIPH W3-
JYYEeHUN B HAYaIbHOM COCTOAHUN; OOBITHO HUKOTIA He MEeHAETCA (€C/In T0 3HAUeHe
YMEHBIIUTD CJUMIKOM CHITHHO, TOJIA COOBITUI, comepKalluX n3J1ydeHHbIil (boToH, Oy-
ner 6oJbllle eNUHUIBI, YTO TPUBEIET K MPodIeMaM ).

PARJ(136): (D=0.99) makcuMaabHas M0 sHepTUH (POTOHA MPW U3JIYyIEHNN B HATAJTBHOM CO-
CTOSTHUT; MOKeT OBITh M3MeHeHa P HeOOXOIUMOCTH YIeCTh (DaKTHIECKUE YCIOBU S
TpUTTEPA A TEeTEKTOPa (Ho 3HaYeHNe Beerma NOJIJKHO OBITh Oosbire PARJ (135) )

PARJ(139): (D:0.2 FaB) MaKcrMaJbHOEe OTKJIOHeHUe [.,, OT COOTBETCTBYIONIErO 3HAUEHWA
npu nocsaenneM Bbr3oBe LUXTOT, Bbillle KOTOPOIO OCYILECTBJACTCA HOBBIH BBI3OB,
ecom MSTJ(116) =1.

PARJ(141): (R) snauenme R, T.e. OTHOIIEHWe CeUeHUs COOBITHH KOHTMHYYMa K CEUEHUIO PO-
KJIEHWS MIOOHHBIX TTap B caMOM HU3IIEM MOp#AIKe, Kak mgaeTca besmaccoBoit K9/
(yMHOMKeHHas Ha TPU CyMMa KBaIpaToB 3apAIOB aKTHBHBIX KBapKOB, BO3MOKHO,
MOIUMUIIPOBAHHAA [IPU yIeTe MOTAPUIALINN ).

PARJ(142): (R) snauernue R ¢ yaeroMm apderToB oT Mace KBapkoB (maa MSTI(102) =1) u-usm
5dderToB 0T crabhix mpomaratopos (s MSTI(102) =2).

PARJ(143): (R) snauenme R xak s PARJ(142), Ho Briatodas KX/l-mompaskwm s
MSTJ(101).

PARJ(144): (R) snauenume R xak mis PARJ(143), HO IOMOTHUTENHHO BKJIIOYAA MOMPABKHA OT
W3JIyYEHU S cbOTOHOB B HaYaJIbHOM COCTOAHUN (eCJH/I MSTJ(107) =1). Tak Kak mo-
poroBbie 3(h@EKThl I TAKETBIX apoMaTOB TAl0T HEWHTETPUPYyeMble aHaTUTHIE-
CKW BKJIaJbl, HaYaJIbHOE 3HAYECHNE PARJ(144) obHOBAAETCA B TeUCHUE IporoHa s
VIIYUIIEHU A TOYHOCTH BBIYMCJIEHUI.

PARJ(145) - PARJ(148): (R) abcomorHble BeqmumHbl cedennii B HO A PARJ(141) --
PARJ(144) Bbiie.

PARJ(150): (R) Texyiuee suadenune »>pheKTUBHOTO Tpeesa A MATPUIHOTO TEMEHTA Yeyt
KakK gaercs B PARJ(125) ,PARJ(126) ¢ yueToM TpebOBaHUsA HEOTPHUIATEIbHBIX cetde-
Huit myid 2-, 3- u 4-cTpyfAHBIX cOOBITHH]. De UCmob3yercss B MapTOHHBIX JTUBHIX.

PARJ(151): (R) smauenume ECM sneprum B cucreme [IM mpu mocsiennem sursose LUXTOT.

PARJ(152): (R) rexyumii BK/Ia MepBOTO MOPANKA B JOJIO 3-CTPYHHBIX COOBITHI; M3MeHAeTCA
PN y9eTe MAacCOBBIX MOMPABOK. )€ MCIOIb3yeTCH B TAPTOHHBIX JIMBHAX.

PARJ(153): (R) rexyumii BK/Ia7 BTOPOro MOpPAAKa B JOJIO 3-CTPYHHBIX COOBITHI; N3MeHAeTCA
PN y9eTe MAacCOBBIX MOMPABOK. )€ MCIOIb3yeTCH B TAPTOHHBIX JIMBHAX.

PARJ(154): (R) rexyumii BK1a7 BTOPOro MOpsAAKa B JOJIO 4-cTpYHHBIX COOBITHI; M3MeHAeTCA
PN y9eTe MAacCOBBIX MOMPABOK. )€ MCIOIb3yeTCH B TAPTOHHBIX JIMBHAX.

PARJ(155): (R) Tekymas nomsa 4-cTpy#HBIX cOOBITHI, OTHOCAUAACA TOJBKO K (qq'q-
cOOBITHAM (a He K (qgg); M3MEeHAETCA TIPU yIeTe MacCOBBIX MOMPABOK. D€ MCIOITh-
3yeTcA B IMapTOHHBIX JIMBHAX.

PARJ(156): (R) umeer mse dynkunm npu ucrnosmbsosanun KX/ Bo Bropom mopsanke. s
3-cTpy#HBIX cOOBITHI TaeT OTHOIIEHNE CEYeHNs BO BTOPOM MOPSAIKE K TTOJTHOMY Ce-
YeHUI0 3-CTpYHHBIX cOOBITHI B manHOll KuHemaTumdeckoit Touke. [laa 4-cTpyiirbix
cOOBITII TaeT OTHOIIEHE MOTMMPUIINPOBAHHOTO cedeHns 4-cTpyHHBIX cOOBITH, TTO-
JIyIEHHOTO B TIpeHeOpeKeHN WHTEePPEPEHITNOHHBIME IJIeHAMMT, /118 KOTOPBIX IBE-
TOBOI TIOTOK IIJTIOXO OTIPENiesIeH, K TTOJTHOMY HEMOIUQUIIMPOBAHHOMY, Tle oba cetve-
HUS BBIYWCJEHBl B TAHHON KHHEMATHIECKONW TOUKe. e MCIOJIb3yeTcs B TMapTOHHBIX
JIMBHAX.

PARJ(157) - PARJ(159): (I) mcmosmbsyioTcs 0pu BBIYUCIEHUN CEeYeHWH JIA TOTO, YTOOBI



BKJTFOYUTH MaCCOBBIE TTOPOTOBbIE (P PeKTHI B cedenne u3iydeHHoro ¢dporona. Co-
XpaHATCA Da30BOE CedeHtre, INCI0 CTEHEPUPOBAHHBIX COOBITHH U TMCJIO COOBITHIA,
IJTA KOTOPBIX HE MCIIOJb30BAINCH OTPAHUIEHNU .

PARJ(160): (R) HoMuHaIbHASA TOIA COOBITHH, KOTOPbIE TOIKHBI COTEPKATH W3y IeHHbIH (Po-
TOH.

PARJ(161) - PARJ(164): (I) mator dpopmy crekTpa U3IyIeHHBIX (POTOHOB, BKIOUA CTabbie
apPpexTh.

PARJ(168): (R) dakTudeckoe sHadenne [ mis TEKyUEro cOOBITHA B ONTUMEISHPOBAHHON Teo-
pun Bosmytenuit misa R; cm. MSTJ(111) m PARJ(128).

PARJ(169): (R) dakrudeckoe sHauerme [ mad TEKYIUEro cOOBITHA B ONTHMESHPOBAHHOIN
TEOpWH BO3IMYIIEeHWH mis moselt 3- m 4-cTpyiiuabix codbrtumit; cm. MSTJI(111) m
PARJ(129).

PARJ(171): (R) JOJIA CeYEeHNs, COOTBETCTBYIOUad BKJIaldy OT aKCHaJIbHOTO B3anMOIIEHCTBUA
mapbl KBapKOB € TTPOMEZKYTOUHBIM +*/7Z"; HeoGXommMa s MaTpUIHOTO dJIeMeHTa
3-cTpy#HHBIX cOOBITHH B MOmen abesIeBCKOTO TUTIOOHA.

6.4 ODpumephnl

_|_

Ob6braroe cobbITHe €T e -aHHUTUIATNN B KOHTHHYyMe ¢ sHeprreli 40 ['9B B cucreme [IM mozker

OBITH TIOJTYIEHO TIPU BBI3OBE
CALL LUEEVT(0,40.)

9 pu TOM TeHEPUPYETC (G-COOBITHE € YIETOM CJIa0BIX 5(h(PEKTOB, COMPOBOKITAEMOE PA3BUTHEM
HapTOHHOIO JIMBH#A U 00paborkoit dpparmentanuu/pacnanos. Omxrako nepen Bbizosom LUEEVT
MOYKHO W3MEHWTH PHAJMl 3HaUYeHul 1Mo ymomadanuio, Hanpumep, MSTI(101) =2 — 9100BI HCITOE-
30BaTh MaTPUUHBIE 3JIeMeHTHI BToporo mopsamaka KX/I, mpemcrasistomme cMmech cobbiTuit qq,
qag, qqeg n qqq’'q, MSTJ(102) =1 — uTobBI yuuThiBaTh TOJbKO K9 /I-s3pPpextnr, MSTI(104)
=6 — 4TOOBI pa3pelnTh TakzkKe reHepanuio tt, MSTJ(107) =1 — 4TOOBI BK/IFOUNTH H3/IydeHHE
dborora B HawaabHOM cocTosHMU (¢ obpaborkoii Z°-momoca), PARJ(123) =92.0 — 4T0GbI W3-
Menuth Maccy Z°, PARJ(81) =0.3 — uTo6bl U3MeHUTD 3HadeHnue A Jjid NapTOHHOTO JUBHA WK
PARJ(82) =1.5 — 9T0OBI M3MEHUTH OTPAHUYEHNA Ha MApPTOHHBIN JUBEHb. Kcaum yuuThiBaeTcs
n3syderne (boToOHA B HATAJIBHOM COCTOAHWN, HEKOTOPbIE OTPAaHNIEHNA TPUMEHAIOTCS SIS TOTO,
9TOOBI 0DeCcTIeunTh TEHEPANIO COOBITHH TTPU Pa3HBIX dHEPTUAX, /1A PA3HBIX 3HATEHUH Macchl
7° u 1.0, DTH orpaHMYeHKs BBOIATCA 110 IPUYUHAM, CBA3AHHBIM He ¢ 3(pPeKTUBHOCTHIO cYeTa,
(momosTHUTEThHOE BpeMsi, HY KHOE [IJ7If TOBTOPHBIX BBIUMCIEHIH KOHCTAHT MPH KaZKIOM BBI3OBE,
MaJjo), a ¢ BeIaucIerneM cedernnii (cM. PARJ(144)).

DOJIBIIMHCTBO MTapaMeTPOB MOTYT OBITh U3MEHEHBI HE3aBUCUMO APYT OT npyra. OQmHaKO ecsrn
U3MEHUTH TOJBKO OJUH HJIM HECKOJIbKO MapaMeTpoB/KJIodell, To He CTOUT YIUBJIATHCH, KOT/Ia
coryacre ¢ 3KCIIepIMeHTaJbHbIMNI JaHHBIMI MOJYYNTCA TIJIOXAM, HallpUMeP, CPpeITHAA aJponHad
MHOKECTBEHHOCTD Oy/IeT CJMIITKOM HU3KON WJIN CJIMIIKOM BBICOKOHN. 9 03TOMY OOBITHO HEOOXO-
MO TIEPEHACTPOUTD OJIMH MapaMeTp, CBA3aHHbIN ¢ onucanneM mepeHopmupyemoit KX/I tuma
s mu A, omWH W3 ABYX MapaMeTpoB ¢ U b JIYHIOBCKOW cuMMeTpudHON (hyHKINN hparMenTa-
mn (Tak KakK OHM CUJIBHO CKOPPETMPOBAHbI, 3a9acTyi0 HET HEOOXOMMMOCTH MepeHACTPanBATh
ux 0ba) 1 cpeaHnii monepeTHblii HMIYJIbC hparMeHTaln — CM., HalpuMep, 3aMedanue 2 B ON-
caamu MSTJ(101). B ciydae meTasbHBIX WCCIETOBaHWE MOKET TOHAIOOUTHCA TMEpPEHACTPONKa
Tayke OOJIBIIETO THCJIa TTapaMeTPOB.

TpexrTrooHHBI U TITIOOH-TITI00H-(DOTOHHBIN pactaabl | MOTYT MOIAETUPOBATHC IPU BBI3OBE



CALL LUONIA(5,9.46)

K COXKAJIEHUTO, IJId peaJIbHbIX 3Ha4YeHU MaCcCOBBIX Ipenesion Toll-apoMaTa 3Ta IMoJIIporpaMMa

He MpeACTaB/IAeT WHTepeca TPU W3y IeHUr TOmoHnA (OyayT TOMUHUPOBATE cJIabble pacIabl).

Tunnunas IporpaMMa OJid aHaJI3a coOpITHil €

MOZKET BbIIVIANETDH CJIEOYIOINM 06pa30M:

te -anmurmranym npu >aeprum 100 B

COMMON/LUJETS/N,K(4000,5) ,P(4000,5),V(4000,5)
COMMON/LUDAT1/MSTU(200) ,PARU(200) ,MSTJ(200) ,PARJ(200)
COMMON/LUDAT2/KCHG(500,3) ,PMAS(500,4) ,PARF (2000,VCKM(4,4)
COMMON/LUDAT3/MDCY (500,3) ,MDME (2000,2) ,BRAT(2000,KFDP (2000,5)

MDCY (LUCOMP(111),1) =0 !
MSTJ(104) =6 !
PMAS(6,1) =48. !
MSTJ(107) =1 !

PARU(41) =1. !

DO 100 IEVENT=1,1000 !
CALL LUEEVT(0,100.) !
IF(IEVENT.EQ.1) CALL LULIST(2) !
CALL LUTABU(11) !

CALL LUEDIT(2) !
CALL LUSPHE(SPH,APL) !
IF(SPH.LT.0.) GOTO 100 !

CALL LUEDIT(31) !
IF(IEVENT.EQ.1) CALL LULIST(2) !

CONTINUE !
CALL LUTABU(12) !

100

YcnoBue crabunbHocTH pil
[lazpemeHue reHepallHl Toll-apoMaTa
ll3MeHeHNe 3HaYeHHUA MaCCH TOI
BrnnieHNe H3/Iy4eHHA B HadYalbHOM
COCTOAHUHU

Bubop nuHefHOH 3aBHCHMOCTH OJIA
chepHUHOCTH

Ipyrue menaeMble H3MeHEHUA
NHunuanusanua aHajlu3a CTaTHCTHHU
HuKa mo cobHTHAM

T'enepupoBaTh HOBOe COOHTHE
[lacmeyaTaTs IIepBOEe COOHTHE
CoxpaHUTh COCTaB YacCTHII
CraTHCTHKa

Y6paTh pacnapanmuecsa YacCTHIE
Ananus nuHeliHON cdepHUHOCTH
ClumKoOM MHOTO YacTHI B COOHTHH IJIA
ycneuno#t paboru LUSPHE (pemwo)
OpueHTanua cobHTHA BOOJL OCH BHIIE
[levaTer mepBoro ob6paboTaHHOTO COBHTHUA
3anoJHeHHe CTaTHCTHUKHU

! AHasius TpacTa

JanvHelmuil aHaJMH3 CTATHCTHKH

[leyaTsr cocTaBa YaCTHII
CTaTHCTHKA
[leyaTr aHaJlu3a CTATHCTHKH



I'smaBa 7

I'enepanus nporieccoB B PYTHIA

O xectrux mporeccax B PYTHIA u cmocobe, KOTOPBIM OHU T€HEPUPYIOTCH, MOXKHO CKa3aTb
MHOTO€e. D 03TOMY MaTepuaJl ObLI paclpelesiel Ha TpU TJaBbl. B maHHOW TulaBe mpeacTaB/IeHa
dustocodus, gexkalas B OCHOBE CXeMbl TeHEPAIINN COOBITU. ) PUBOINTC 0DODIEHHOE OMuca-
HUe, collepiKalliee, OTHAKO, HEKOTOPOe KOJIMIECTBO CIIENNaIbHBIX cJIydaeB. B ciemyroreit Tita-
Be TEPEUNCIIAIOTCSA CYIECTBYIOIINE TTPOIECCHI, ¢ HEKOTOPHIMU KOMMEHTAPUAMEI OTHOCUTETHHO
MPUKJIQTHBIX TIPOTPAMM U OTpaHUYIeHUl. D aKOHET[, B TpeTbell TiIaBe OMMCHIBAIOTCH TTPOTPAMMBI
reHepalliy W KJIFOUN o0IIero 0JIoKa.

I'maBa maumHaercss ¢ 0630pa CTPYKTYPHBIX (DYHKIHU, COMPOBOKIAEMOTO TeTATH3MPOBAH-
HBIM OINUCAHUEM CXEMBI TeHePAIuu MPOCcThiX 2 — 2 m 2 — 1 KecTKUX MpOoIeccoB, BKJIOTaAd
mapbl pesoHaHcoB. J[lastee ciieayfoT HEKOTOpble KOMMEHTAPUU OTHOCUTEHHO OOJiee CITOKHBIX
KOH}UTy parmi.

7.1 CrpyKrypHble pYHKIINHA

Crpykrypable Gyuxumn f(x,)*) mapaMeTpusyioT BepOATHOCTh OOHApPYIKEHWA TMapTOHa i C
moJiett sHepruyM MyvYKa &, KOTIa MyIKoBasd JacTUIa ¢ KECTKO PACCEeNBAETCH € BUPTYATbHOCTHIO
@*. O6bruHO WCIOB3YeTCA B3BelleHHas ¢ MMIyJIbcoM KoMbuHamws x ff(x, Q?), nis Koropoii
OGBIUHO GepeTes yeIoBHe HOpMUpPOBKY Y ; fo di v fi(x, Q%) = 1. Q*3aBUCHMOCTD CTPYKTYPHBIX
GyHKINN BIYUCIAETCA IO TEOPUU BO3MYIIeHWH, cM. maparpad 10.3.1.

Crpyxrypable pyuknum B PYTHIA mpucyTcTBYIOT BO MHOXKeCTBE (POPM, KaK OMIMCAHO HUKE.

7.1.1 DapuoHbI

st mpoToHOB cylecTBYeT OOJIBIIIOE KOJWIECTBO HADOPOB CTPYKTYpHBIX dyHKIWH. OHE MO-
JAydenbl (pUTUPOBAHUEM KCIEPUMEHTAIBHBIX JaHHBIX € YYeTOM YCIOBUA, 4TO ()?-3aBUCHMOCTD
COOTBETCTBYET CTaHIAPTHBIM ypaBHeHUAM 3BoJTor KX /1. Do ymomaanuio B PYTHIA BRITIOUa-
erca nabop EHLQ 1, KoTopsiit Ha ceromuANIANT TeHb HECKOJIBKO yCTapesI, HO BCe ellle TPeKPacHo
paboraeT B TexX ciydasx, KOrma He TpebdyeTcs BBICOKON TounocTu. Kpowme aToro, cyimecTByeT
EeBATH APYTUX HAOOPOB. D OJHBIN CIUCOK TPUBOINTCSA HUZKE:
e raGopst EHLQ 1 u 2 [Eic84].
e rabopst DO 1 u 2 [Duk82].
o Yernipe nabopa MT [Mor91]. Ouu orsewator nabopam 1 - 4 B panneii Bepcuu; MT?2
coorBeTcTByeT S1 omybsmkoBamuoro patee ommcarus, MT3 — B2, MT4 — E, a MT1 ne
BKJTIOYAJICS B TIPEIBIIYIILYIO BEPCHTO.

e raGopsr GRV LO u HO [Gli90].
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U3 »tux mabopos EHLQ, DO u GRV LO — cTpykrypHBble QDyHKIINT B TJIABHOM TOPSAIKE pas-
noxenus 1o Teopun BosMymennit KX/, B To spemsa kak MT u GRV HO orsewator NLO MS-
cxeMe (B CIIEIYIONEM 3a [JIABHOM Mopsnke). Tak Kak B MpOrpaMMy BRIIIOUAIOTCH MATPUIHbBIE
9JIEMEHTHI TOJTBKO B OOPHOBCKOM MPUOJIMKEHNN, HET HUKAKWX MPUUINH MCIIOJTB30BATh CTPYK-
TypHble QYHKINUU GOJee BBICOKUX MOPAIKOB — BO3HUKAOINAsd B pe3yJ/ibTare KOMOWHAIWA B
JTFO0OM ciTydae OyIeT BBITUCIATHCA ¢ TOTHOCTHIO 0 TITABHOTO MOpAIKa. (Da caMoM Jesie HeKo-
TOpBIE TOMPABKHU BBICIINX MTOPATKOB BKJIFOIAIOTCSA TPHU UCIOJTb30BAHIT MEXAHU3Ma MapTOHHBIX
JWBHeH, HO He CYILIeCTBYeT HHKAKOTO TOYHOTO COOTBETCTBUS. )

B obopoT Bce Bpems BBOIATCA HOBBIE HADOPBI CTPYKTYPHBIX (DyHKIuUil. Darrelt oCHOB-
HOM 3anaueli ABIAETCA ObecevdeHne BOSMOKHOCTH HocTyMa (nHTepdeiica) K 3TUM HOBBIM JTaH-
HBIM. D03ToMy PYTHIA maer mOCTyI K ABYM BHEITHUM OMOIMOTEKaM CTPYKTYPHBIX (PYHKIINH,
PDFLIB [Plo91] w PAKPDF [Cha92]. Depsas w3 stux 6ubnmorek mpencrasiger coboli HacTo-
SMLYTO HITUKJTIONEINIO TPAKTHIECKN BCEX CTPYKTYPHBIX (DYHKIINH TTPOTOHOB, TPEIJIOKEHHBIX €
Hadasa 70-X TOMOB, a BTopasd 6ubIMOTEKa COMEPKUT BHIOOPKY HamboJsIee yIaTHbIX CTPYKTY PHBIX
dyuknit w3 ”moaHoro Habopa”. Tak xKak naTEepdeich BKIIOYEHBI B 9UCJI0 CTAHIAPTHBIX TOCTa-
BJIAEMBIX KOJOB, HEKOTOPBIE BBI30BBI TporpamMM PDFLIB u PAKPDF 6yayT TpOKOMMEHTHPOBAHBI
HUXKe, BO m3bekaHme mMpobJieM ¢ HeOolpeleeHHbIMI BHEITHUME CCBLIKAMMT, €CJIH 3TU OuOJImo-
TeKr He ObLIN CIMHKOBaHBI. [akike HeoOXoamMmo obpaliaTh BHUMaHWE Ha TO, 9T0 B PYTHIA
He TTPOBEPAIOTC PE3YJIbTAThI, MOJIYIeHHbIE TIPU BBI30Be BHEIIHeH OnbImoTeKn, HO Mpenorara-
ercsd, 9TO JajkKe pa3syMHbBIe OTBETHI OYIyT OTKJIOHATHCHA, €CJIN OHU OYIyT HAXOMUTHCH 3a IIpe-
JeaMy HOMHHAJIBHOTO JMana3oHa s3HaveHuil (x,Q?) miasa mamHoro Habopa. Tosmbko HaGOPHI,
MPUXOIAIINE HETIOCPENCTBEHHO ¢ PYTHIA, 6yIyT COOTBETCTBYIOIIMM 0OPa30M W3MEHATHCA IJIs
MOJTy9eHU S TPUEMJIEMBIX OTBETOB 3a TpeelaMi UX HOMUHAIHHONW 00JTacT 3HaTeHn .

CrpyxrTypHble (PYyHKIIUN HERTPOHOB TOJIYIAIOTCA W3 TIPOTOHHBIX 0OpallleHreM W30CITIHA, TO
ects fi = fyu fi = f1.

D porpamma paboTaer U ¢ BXOAAMUMU HydKaMu paga rumeponos: AY, M=%+ =70y O~
3mech, Mo CyIIeCTBY, HET HUKAKON »KcrmepuMenTaabHoll nHpopMalnm. DTa BooOpakaeMas CH-
Tyalnss MOXKeT OBITh WCIOJIb30BaHa MPU CO3IAHUN Mojesiell, B KOTOPBIX BaJIEHTHBIE S-KBapKU
ObHapY JKUBAIOTCA TIPW OOJIBIINX CPETHWX 3HAUYEHUAX T, 9eM BaJIEHTHBIE U- U d-KBapKW, W3-3a
6ombIelt Macesl s-KBapka. OQIHAKO TUTIEpOHHBIE Y IKHN ABJIATOTCH MAJIOUCITIOIB3YEMON TacThio
MPOTPAMMBI, BKJIIOYEHHOW TOJBKO I HEKOTOPBIX cHelnpUIecKuX WCCTeTOBAHUE. D 03TOMY
MPUHUMAETCA TPOCTOR MOMXO0I, B KOTOPOM YCpemHeHHad CTPYKTYpHas (DYHKIUA BAJEHTHOTO
KBapKa umeeT BUT fyu = (f) 4 + fi,q)/3, W B cooTBeTcTBUM C Helf pacmpenendoTca Bee
BaJIEHTHBIE KBapKu B rutiepore. CTpyKTypHBIE (DYHKIINT MOPCKIX KBAPKOB U TJIIOOHOB TTPWHE-
MafOTCA TaKUMU JKe, KaK B TpoToHe. B 3Toft mportenype MOKeT WCIoIb30BaThCs JTI000H HabOp
MPOTOHHBIX CTPYKTYPHBIX PYyHKIIHI.

7.1.2 Me30HBI 1 POTOHBI

HauubIX 118 cTPYKTYPHBIX (DYHKIINN ME30HOB HEIOCTATOYHO, TaK UTO CYIIECTBYET BeChMa He-
6OJIBIITOE KOJIMIECTBO PasIMIHBIX HAaOOPOB, I TONbKO 11A 7. B PYTHIA comepikaTcs HabGOpPLI
crpykrypubix dyuxinuii Oysuca 1 u 2 [Owe84], koTopbie B TedeHUe NTUTEILHOIO BpeMeHE Obl-
JIM TIO CYIIECTBY €IWHCTBEHHBIMEU B OOpallleHWu. DepBblii W3 HUX BKJIOYaeTca B PYTHIA mo
yMoTganuio. B mociientee BpeMs MOsABUIIOCH GOJIbIIee KOJMIECTBO HOBBIX Habopos. OHu co-
nepxkarcsa B PDFLIB u, ciieoBaTe/ibHO, MOTYT UCTIOJb30BaThca B PYTHIA Tak XKe, KaK OITUCAHO
BBIIIE JIJ15 TPOTOHOB.

D abopbl CTPYKTYPHBIX (PYHKINH 115 (OTOHOB OBLIN MOy IEHBI IO AaHAJIOTUN € aTIPOHAMIU;
TTOTIOJTHUTETHHOE YCJIOKHEHTE TMPOUCTEKAET W3 HEOOXOIMMOCTH BPYUHYIO yCTaHABJIUBATH CO-



OTBETCTBHUE MEK/y MOJE/IbIO BEKTOPHOH TOMUHAHTHOCTH W TpeOOBaHWEM MEPEHOPMUPYEMOCTH
HETTPOTUBOpEUNBLIM obpasoM. B PYTHIA comepikutcs Habop cTpyKTYpHBIX (GyHKIHHE Drees-
Grassie [Dre85], koropbiii BKJIIOYaeTcs mo ymomadanuio. Kpome Toro, mMeeTcs HOCTYT K OU-
oamorekam PDFLIB[Plo91] w PHOPDF [Cha9l]. Bersossr PHOPDF mpoKOMMEHTHPOBAHBI B TTPO-
rpaMMHOM daiiie, momodHo ciiydato BbI30Ba Oubimorek PAKPDF w PDFLIB 115 moJtydeHus
CTPYKTYPHBIX (DYHKIHH TTPOTOHA.

7.1.3 JlenTtoHBI

B ottame ot cirydas aapoHOB, HET HUKaKO#H HeoOXOINMOCTH BBOINTH KOHIICIIHIO CTPYKTYPHOT
dbyuRIME 115 TenToHOB. JIemToH MOXKeT paccMaTpuBaThCsa KaK TOUEUHO-TIOMO0HAs JacTUIa, a
U3JIydeHne B Hada bHOM COCTOAHUE MOZKET ObITh BBEICHO ~BPYUHYIO” TPH MOMOIIN MAaTPUIHBIX
9JIEMEHTOB GoJiee BBICOKUX MOpAAKoB. OXHAKO MOAXOM CTPYKTYPHBIX (DYHKINH JaeT HECKOJIBKO
YIIPOIIEHHOE, HO OY€Hb 2KOHOMUYIHOE onmucanue »(PQPeKToB U3IyUeHns B HauaJbHOM COCTOMHUH
JJTs1 JTIOOOTO KECTKOTO MpOoIlecca, B TOM YHC/Ie W JJis TaKOro, JIjid KOTOPOTO MOMPaBKH BHICITHX
HOPAIKOB HE BBIUUCIATOTC.

B PYTHIA npemcraBienbl CTPYKTYpHbIe (DYHKIUU JJis 2JEKTPOHOB, HO HE s MIOOHOB,
TO ecTh B HacTosAmee Bpems fi(x, Q%) = §(x —1). [lna a1eKTpora TaKKe BIOIHE MOKHO
HCIIONTb30BaTh PocToli moaxon "GeccTpyKTypHOro” €, T.e. momoxkuth f£(x, Q?) = §(x — 1), Tme
€ HeceT TOJIHBI MepBOHAYABHBIH UMITYJThC.

DIEKTPOHHBIE CTPYKTYPHbIE (DYHKIMN TOTHOCTHIO BBIUUCIAIOTCA W3 MEPBBIX MPUHIIAIIOB,
HO MOTYT HCIOJIB30BAThCA Pa3IMdHble cTellenn mpudiaukenus. QopMyJibl I cTPYKTYPHBIX
dbyurumit 8 PYTHIA GasupyioTcss Ha OMUCAHUN, COAEPIKAIIEM BTOPOH MOPAIOK MaJOCTH B HKC-
HOHEHIHAJbLHOM passoxkenun, cM. [Kle89]. D pubnusurenshoe nosenenue crpyKTypHOl byHK-
[IUU JTAeTC s

Fele, Q) m S - )
200em 2

Dra dopma — pacxonAlasics, HO HHTETPUPYEMasi P £ — 1, TO ecTh JIJId 3JIEeKTPOHA, COXPaH -
OIETO OOJTBINTYIO YacTh PHEPTUN. D P IUCIEHHBIX pacderax IJIsd T, O9eHb OJU3KAX K eINHUTIE,
CTPYKTypHas GYHKINA Bpydnyto oOHynsgeTca miis x > 0.999999. u ee snadenme B 310l obacTn
npubaBisercsa K 3Hadermio B obmactu 0.9999 < x < 0.999999, tak uro moOSIHAA ILIOMAIb IO
KPUBOH COXpaHAeTCs:

fi(w, Q%) 0 <z <0.9999
(2. 0? _ ) 10097 e 2
(f£(2, Q%) ot = T 7 Je(#:Q%) 09999 < & < 0.999999 (7.2)
0 > 0.999999 .

Depexoipl € — €y, KOTOPbIE OTBETCTBEHHBI 3a CMATUEHHE CTPYKTYPHOM dbyHKINN f£, TakxKe
TafOT yBeJWYIeHre MOTOKa (POTOHOB. B KecTKux mporeccax, MOPOKIAIONIX (POTOHBI, CTPYK-
TypHasd GYHKIUA [T MOKET UCIOIb30BAThCA s OMUCAHUS [IOTOKA KBUBAJEHTHBIX (DOTOHOB.
DQopmysia, ucrnosibyyeMas B MporpamMme, ABJIAETCA TPOCTBIM BbIpayKeHUEM IEePBOTO TOPAIKA.
CylecTByeT HeoIHO3HAYHOCTh B BbIGope MaciTaba (2, Bblllle KOTOPOro IOJKHO BKJIIOYAThCH
usaydenne. VuBapnantHas dopma (110 yMOTIaHUO) €CTh

eml I - 2 2
c ull ?) In Q—

2 x m?

file, Q%) = (7:3)



3mech MpUHUMAETCH, ITO BCE OMpENeseTca OIHUM TTapaMeTpPOM, a IMEHHO MaclITabDOM KeCT-
KOTO B3aWMOJIECTBYSA, W ITO MaclITad mepexoa € — €y OrPAaHuINBAETCHA, KaK YKa3aHO BBIIIe,
MaciTaboM xkectkoro B3anMopeticrsusa. [lnsa gucroro KX /- win K9/I-nmuBHa aTo — melicTBu-
TeJIbHO TOYHOE COOTBETCTBUE, cM. maparpad 10.1.3, HO B Apyrux ciaydasx 3TOT BBIOOD MOZKeT
He ABJIATHCA ONTUMAJbHBIM. B wactHOCTH, My1s (GOTOPOKIEHNA HAMIYIIINM BBIOOPOM MOZKET
ObiTh asnbrepHarushas gopma [Ali88]:

Fo(e, Q) = Qe L2y, (Gl L)) (7.4)

2m x mZx

Brech Q2 ecTh olpese/semMoe o/b30BaTe/IeM orpaHnIeHne 11 KHHeMaTHIecKoro Inana3oHa
pacceaHHOTO 3JI€EKTPOHA, KOTOPBIN CIUTAeTCA MOJIYIeHHBIM B Tporiecce (potopoxmenus. Obpa-
TUTE BHUMAHUE, YTO Mbl Teleph UMeeM JIeJIo ¢ ABYMsA PasIudHbIMK MaciiTabamu %, oqun us3

KOTOPBIX CBA3aH C CaMUM ZKECTKUM ITOAIIPOMNECCOM U MOABJIAECTCA KaK IIapaMeTp CprKTypHOﬁ
2

max*

dyHKIINU, a ApYTOH CBA3AH € paccessHuEM 3JIeKTpoHa U hburypupyer B ()

B caygae crpykTypHBIX B3amMmomelicTBuit Tuma (bOTOPOKIECHUA WM Y~Yy-B3auMOomecTBuA
HYJKHO BKJIFOUATh CTPYKTYpHBbIE (DYHKIUW I KBAPKOB W TJIFOOHOB, COMEPIKAIINXCH BHYTPU
CTPYKTYPHOTO 3JIEKTPOHA. e CYIECTBYET HUKAKUX OMYOJIMKOBAHHBIX paboT 1o Habopam
CTPYKTYPHBIX (DYHKINI, T/e pe3yIbTaThl IPAMO 0DeCIIednBalOTCs B TEPMUHAX CTPYKTYPHBIX
dbyHKuMH KBapKOB U IJIIOOHOB B 3JIEKTPOHE. DOITOMY B Mporpamme [  TOJyUYeHbl YUCTEHHOMN
CBEPTKOI B COOTBETCTBUU ¢

Ldx x
frola Q) = [ =2 pie Q1) £, | @7 (7.5)

vy vy

¢ ff Buma Kak obcy KIaaoch BhINTE. 9eobXOIMMOCTh BBITOJHATh THCICHHYTO CBEPTKY MesaeT
3TY OIEHKY CTPYKTYpPHOH (byHKIMK Oosiee MeIIeHHO 10 CpaBHEHUIO ¢ IPYTUMU; CJIEIOBATE b
HO, ee Hy’KHO BKJIIOY9aTh TOJBKO I/ MCC/IeIOBaHmil, CBA3AHHBIX CO CTPYKTYPHBIM (POTOPOKIE-
HETEM.

Mo2KHO IOy YUTh CTPYKTYPHYIO (DYHKIHMIO TIO3UTPOHA BHYTPH 3JIEKTPOHA, KOTOpasA TaKKe
ABJAETCA U CTPYKTYpHO# (byHKIMEH MOPCKOro »JIeKTpoHa, CBEPTKOM ABYX IEPEXOIOB € — €7
u vy — ete™; pesyaprar ecth [CheT5]

1 (e 2 14, 4,
=512, lnm—z—l - (g—x —g:zj —|—2:1;(1—|—:1;)1n:1;) ) (7.6)

D aKoHel, TporpaMMa TaKKe COIEPKUT CTPYKTYPHYIO (DYHKIHWIO momepednoro W™ BHYTpu
aJIEKTPOHA

. 5 Cem 1 L4+ (1—a)? 2
= In|{l4+—1] . .
fW(x’ ¢ ) 21 4dsin?0y T " + m%/v (7 7)

7.2 KwuHeMaTuka v ceyeHUs B3aMMOJCHCTBUA g 2 — 2
IIPOIleCCOB

B srom pasmesie Mbl HauMHaeM oOlMcaHUe MPOIEcca BBITUCIEHNA CeUYeHN ¢ YYeTOM KUHEMaTH-
vecknx orpanmdenuti. [lynsa npumepa paccmorpum ciydait 2 — 2 mporiecca n OyIeM CInuTarh,
UTO YACTUIBI B KOHETHOM COCTOAHUEN O€3MacCOBBIE. 037Ke MBI PACHIIPUM PacCMOTPEHWE Ha
KOHedHble (DUKCHPOBAHHBIE MACChl U Ha PE3OHAHCHI.



DaccMOTpUM JIBe BXOIANINE MyIKOBbIe JacTuiibl B cucreMme [IM, kaxmas ¢ sHeprueit Fpey,, .

2

heam - KAXKIBIL U3 IBYX HapTo-

Torma xkBagpar nosHoit »ueprum B cucreme UM ects s = 45
HOB, yYacTBYIOUINX B KE€CTKOM B3aMMOJeHCTBUHN, HeceT He MOJHBIN MMITYJIbC MyYKa, a JIOJTO

UMITyJIbCa 1 U T9, COOTBETCTBEHHO, TO €CTh OHU MMEIOT YETBIPEXUMITYJIbChHI:

P11 = Ebeam(xl;oaovxl) )
P2 = Eheam (2250,0, —23) . (7.8)

DeT HUKaKUX TPUINH TOMEIaTh BXOIAIINE TTapTOHBl Ha MAacCOBYIO MMOBEPXHOCTH, TO €CTh 3a/a-
BaTh BPEMEHUTIONOOHBIE BXOIATINE TETHIPEXBEKTOPHI, TaK KaK TapTOHBI BHYTPHU YaCTHUIIHI BCerla
BUPTYAJIbHBI W, TAKIM 00pa3oM, IPOCTPAHCTBEHHOTOMO0HBI. ITH TPOCTPAHCTBEHHOMIOTOOHBIE
BUPTYAJbHOCTH BBOIATCA KaK YacTh ONMUCAHWA TMAapTOHHOTO JUBHA B HAaYaJIbHOM COCTOAHUM,
em. maparpad 10.3.3, #Ho mHe BimsAOT Ha hoOpMATU3IM TOTO pasiesa. FIMHCTBEHHBINH TpuMep
CUTYalluW, T/ie HyKHO TOMeIaTh NapToH Ha MacCOBYIO MOBEPXHOCTD, 3TO BXONAUINN MTYyYOK Jie-
IITOHOB, HO JIajKe U B 3TOM cJIydae He3MaccoBoe KMHEMATHIECKOe ONcanre OyIeT aleKBaTHBIM,
noka sHeprus B cucteMe [IM mpaBuIbHO BBIYUCIAETCA ¢ YIETOM Macc.
NuBapmanTHOE 3HaUYeHWE KBaJIpaTa MacChl IBYX MAapTOHOB ONpenesideTca Kak

$=(ps —I—pg)2 = 21295 . (7.9)

Bwmecto 1 n x5 gacTo menonab3yor T u jaubo y, aubo Tp:

>

T =TT = — ; (7.10)
s
1 1
= —In— 7.11
y=gn— (7.11)
Tp =T — To . (7.12)

Kpowme 2y u 29, HYKHBI ellle JIBe NepeMeHHbIe JIJIA OMMCaHn:A KMHEeMAaTUKn pacceanunsd 1 4+ 2 —
3 4+ 4. Onmolt U3 >TUX TMEPEMEHHBIX ABJIAETCA a3UMYTATBHBIN YTOI ¢ pacceAHNA B MJIOCKOCTH,
MEPIEHIUKYIAPHON ocH My dKa. JaclpeeseHue Mo TOMY YTJIy BCerya NW30TPOIMHO I HEMOJIs-
PU30BAHHOTO BXOMAIIETO TYTKa YaCTUIl W He OyIeT paccMaTpuBaThes B masibHelimem. [pyras
mepeMeHHas MOYKET BBIOMpPAThCs Kak é, NOJAPHBINA yros dactunbl 3 B cucreme [IM xkecrroro
paccesnnda. TpaauiimOHHO UCIOJIb3YETCA MTepeMeHHasd

A

~ S N
t=(p1—ps)’=(p2—pa)’ = —5(1 —cos b)), (7.13)

¢ 8, ompenesitennbiM BhIle. Brocsemnctsun Mbl Oymem umcnosb3oBats u ¢, u §. Takike obObraHO
OTIPENENTAIOT U,

. S A
i=(p1—pa) =(p2—ps)’ = —5(1 + cosd) , (7.14)

HO ﬁ He ABJIseTcd He3aBUCUMO HepeMeHHOﬁ7 TaK KaK
f+i4+a=0. (7.15)

Ecom ABE€ BbIXOOANINE HaCTUIbI MMEIOT MacCChl 13 U 174 COOTBETCTBEHHO, TO HYETBIPEXNM-
IYyJIbChlI B CUCTEME HM ZKeCTKOI'o B3ELI/IMOIL6171CTBI/IH HarOTCA

) + g By sin 6,0, :I:g Baycosb | | (7.16)

$+ (m2—m32

P34 = 2\/§




rie

m2 m2 2 m2 m2
P31 = - =2 42 (7.17)
S S S S
Torna { u @ 3aMeHsIOTCS Ha,
N 1 N
t,u= —5{(§—m§—mi)$§ﬁ34cos0} , (7.18)
C
SHi+a=m2+m?. (7.19)
Ceuenne B3aumonelicTBus ajis nporecca 1 + 2 — 3 + 4 MoKeT 3aluchbiBaTbcsA KaK
A ) L dé
o= ///dilh dry dt fi(z1,Q7) fol2, Q) 7
dr . do
= ///7dydtflflfl(l'hQz)fzwz(l'zaQQ)%- (7.20)

Boi6op Macmraba ()? HeomHoszHaueH, U B IporpaMMe JaHO HeCKOJbKO BapuaHToB. Jlis Gesmac-
COBBIX BBIXOIANINX YaCTUIL IO YMOJTYAHWUIO KBaJIpaT MOMepevHoro UMITYIbca

Q* = % = Zm?é - (7.21)
S
n3MeHdeTcd Ha
2 Lo 2 Lo 2 ~2 Loy 2 ti — mZZA
Q"= 5(”%3 + mu) = §(m3 + m4) +pL = §(m3 + m4) + TBS ) (7-22)

KoTra BBOOATCA Macchl. MaccoBbiii witeH BbIOMpaercs Tak, UTO JIJIdA M3 = My = M BbIpaXkeHne
pelynmupyeTcs 1o Kbajpara nomnepednoit Maccol, Q% = mi = m? + pl.

dé/dt ects muddepenmuansioe cedenue paccesHns Kak (ByHKIIA KHHEMATHICCKIX TIepe-
MeHHBIX §, 1 u .

Db PeKTUBHOCTH pabOTHI yCKOPUTEJIA U3MEPAETCs B TEPMUHAX CBETUMOCTH L, KOTOpas mpH-
MO TTPOTIOPIINOHAIbHA IUCJTY YaCTUIl B KaZKIOM OaHTIe U 9acToTe mepecedenns bandelt u obparHo
MPOTTOPIIMOHATbHA BeJIMINHE IOl OaHdell B ToUKe cTOJKHOBeHu:A. 151 mportecca ¢ o, man-
HoM B ypasreruu (7.20), nuddepeHnmanbrasi CKOPOCTh COOBITHA gaeTcs oL, 1 aucao coObITnif,
cOOpaHHBIX 3a JAHHBIH HEPUO BPEMEHH, €CTh

N:a//;dt. (7.23)

SporpaMMa BbIHuCJIA€eT HEe YMCJI0 CO6I>ITI/IIL/'I7 a TOJIBKO MHTETpaJIbHbIE CEHEHM A B3ELI/IMOIL€I71CTBI/IH.

7.3 JDoxKaeHue pe30oHaHCOB

Cawmpit mpoctoit crmocod mosTydeHns pe3oHaHca — TO HWCHOJb30BaHWe 2 — | mporecca. Ecan
pacmasl pe3oHaHCa HE paccMaTpUBaeTcs, TO (bopMyJia Ui CeUeHWs POKIEHUSA pe3oHaHca He
3aBUCUT OT { M UMeeT BUJL

o= [ [Ty fis(e0.Q) foralea. Q) 5(5) (7.24)

T



Bnech pusmka comepxutcs B cevernnn 6(5). Macurrab Q? o6braHO TpUHEMaeTcs paBHBIM () =
3.

B ny6imkyembix paboTax cedeHWs dacTO JAIOTCA B MPUOJIUKEHUU HYJIEBOH MIMPUHBI, TO
ectb 6(8) o< (8 — m%), toe mp — Macca pesoHaHca. Fcm BBecTH MacliTad Macchl TR = my/s,
5T0 OyJIeT COOTBETCTBOBATH JeTbTa-PYHKIWMN O(T — TR), KOTOPasi MOXKET UCIOJb30BATHCA 1A
B3ATU WHTErpasia mo 7.

OnHako 0OBIIHO fe/TaeTcst Apyras Bellb — 0-pyHKIHA 3aMEHACTCS COOTBETCTBYIONIMM OpeiT-

BUTHEPOBCKUM pacClIpeleJICHNEM. ,HJIH pPe30HaHCa C HH/IpI/IHOﬁ FR 9TO IOCTHUrAETCA 3aMeHON
S m RF R

S(r — l
(r =) = T (s —m%)? + I'4m%

(7.25)

B »roit dpopmyste mmpuHa pesonanca I'r ecTh KoHcTaHTa.

Yaydmennaoe ommcanne pOPMBI pe30OHaHCa ITOIYYaeTcs, eCu claeslaTh IMUPUHY 3aBHCsiIeii
or § (MHOrMA TaKKe BBOAMTCIH 3aBUCMMOCTDH HIMPUHBI U OT MAacChl, Tak KakK § He BCerma maer
Maccy pesoHarca), cM., HanpumMep, [Ber89]. B mepsom mpubsmxkennn, 370 3HAUNT, 9TO BhIpaKe-
wue ['pmp nonxno samenstbes wa $U'p/mp. s aydmeit Tounoctn B mporpamMmy BBOIUTCSH
Besnmania Hp(8), n GpefiT-BUTHEPOBCKOE PACTIpeesieHne 3aliChiBAeTCA Kak
s Hp(sT)

o7 —7r) = - (s7 —m%)? 4+ HE(s7)

(7.26)

Qaxtop Hp BBIUHCcIgeTca KaK CyMMa IO BCEM BO3MOKHBIM KaHaJaM KOHETHBIX COCTOAHMUIH,
Hr =3 :H ](%f ), Kassii kana pacmaia MOXKeT UMeTh COOCTBEHHYIO S$-3aBUCHMOCTD, CJIETYIO-
M 00Pa30M.

Dacrna Ha napy dpepmuonos, R — ff, He 1aeT HHKaKOTO BK/aja HUKE HOPOTa POKICHIA
9TOH mapbl, TO ecTh A § < 4m3. Boime mopora [ ](%f ) MPOTTOPIIMOHAJIEH §, YMHOKEHHOMY Ha
noporoBeiit MHOKHTE b F(3 — (3%)/2 B coryuae BEeKTOpPHOTO pe3oHaHca co cmuHOM 1, 3% — st
aKCcHaJIbHOTO BEKTOPHOTO pe3oHaHca, U [3° — IJid pe3oHaHca ¢ HYJEBLIM CIHHOM. 3ech 3 =
/1 —4m3/é. Jlns pacniana na Hepabble Macchl, Hanpumep, ajis paciaga W7 ucnosbsyores
COOTBETCTBYIOIIUE, HO HOJIee CIIOKHbBIE BhIPAKEHUH.

s pacraga Ha mapy KBapkoB B H ](%f ) prmoTaercs yHUBepcaJbHad MOMpaBKa MePBOTO TT0O-
pANKa Ha CHJIbHOE B3amMoelicTBue B Buje cOMHOXKUTENA | + a,(8)/m. DonpaBKu BTOPOro mo-
pAIKa 9acTO NW3BECTHBI, HO OHW NUMETOT criennpuIecKnii BUIT I KaK/IOTO PE30HAHCA 1 TTOITOMY
He BKmodatorcs. Cyutecryer onuus nis v/ Z° /7/°-pesoratcos, rie noporosbie 3ppeKThr, 06-
YCIIOBJIEHHBIE 0OPA30BAHIEM CBA3AHHOTO COCTOAHWA (¢, TPUHUMAIOTCSA BO BHUMaHUE HEABHO, B
CMBICITE CPENTHETo, cM. ypasHenue (8.7).

Js npyrux KaHaJ oB pachiaia (He B Tapbl (PePMIOHOB) $-3aBUCHMOCTD OOBITHO OOJIee CIIOK-
Has. Dampumep, pacnan H°® — WTW™ umeer mapruajbHyio IUPUHY, IPOIOPHUOHAIBHYIO 52,
¢ noporosbiM (akropom 3. Tak Kak Xurrcel ¢ my < 2mw Bce elle MOIYT pacHajaTbes MO
9TOMY KaHaJTy, QaKTUIECKN I MOy IeHNA TPABMIbHOTO PEe3yJIbTaTa HEOOXOIMMO BBITIOTHUATH
AByMepHOoe mHTerpuposanue mo WE 6pefiT-BUrHEpOBCKIM MaccOBBIM pacIpeefenusaM (1 3To
NOJIKHO OBITH BBITIOJIHEHO B UMCIEHHOM BUIE, 10 KpaliHeil Mepe, dactuano). K caacTbio, Xurr-
CBI JIeTde 2myy TOCTATOYHO y3KU, TaK 9TO WHTETPAJ JOJIKEH BBIUUCIATHCA TOJIBKO ~OIWH pa3 u
HaBcerma” MpU MHUIHATU3AMAN (TorMa Kak GOJBITMHCTBO IPYTUX MapliaTbHBIX IIHPIH TOJ K-
HBI BBITUCTATHCA 3aHOBO BCAKHUI pas, Korfa 310 Heobxommmo). Kanasbl, KoTOpble comepzkar
meTsiv B gumarpaMmax, Tuna H — ¢g, TakiKe maroT cJI0KHOE MOPOTOBOE MOBEIEHME.

Boipakenue mis KOHCTAHTBI B3aWMMOIEHCTBUA B 3J€KTPOCTaAbOM CEKTOpE OOBITHO Teperu-
cBIBaeTcAd B TePMHUHAX Mace KaJHOPOBOYHBIX GO30HOB, (v, U sinfyy, To ecth MHOXuTETH Gp
3aMEHATOTCH COTTIACHO

V26 = — 2o (7.27)

sin?fw miy



Ecan rak samucarh, TO MOKHO BBIYUCIUTD TONPABKE K ey [[K1€89] u u cooTHECTH MX Besnan-
oy ¢ MaciTabom §. Takmm obpaszom, COOTBETCTBYIONINE KO3(M(DUIMEHTHI TOMPABOK OT IIETE/Ih
5JIEKTPOCIAbOro B3auMOIeicTBIA pas/aralorTcs mo mapamerpy mwy/my. B Hacrosiuee Bpemst
OTCYTCTBYET BO3MOKHOCTH BbIUMCICHNA HONPaBoK K sin’fy. JIIsg XUITCOB KOHCTAHTBI CBSA-
31 ¢ pepMUOHAMHU ITPOMOPIIMOHAJIBHBI MaccaM (PepPMUOHOB; T Macchl TaKkKe COOTHECEHBI C
MacIITaOoM §.

B sakmaodernne 3aMeTnM, 9TO $-3aBHCHMOCTD MOZKET BBOAWTLCSA B BbIpayKeHus s H ](%f )
HECKOJIBKIMHI Pa3HbIMEU CIOCO0AMU, W W3 3TUX BhIpazkeHnii mojaydaerca moanbiit (paxkTop Hp.
Takxke obpaTuTe BHUMaHWe, UTO, 3a MCKJIIOUEHHEM WieHa (ST — m¥%)? B 3HaMeHarese Opefir-
BUTHEPOBCKOH (pOPMBI, HUTIE He IPUCYTCTBYET HOMUHAIbHAA Macca pe3oHaHca 1mpy: Be3le BBO-
aures paKTUdecKas Macca pe3oHaHca V.

Ecmm paceMmarpuBatoTcs TOIBKO pachalbl B KOHKpeTHoe KoHedHoe cocrosnme f, to Hpr B
3HaMeHaTe e OCTaeTCsT CYMMOI TIo BCeM pa3pelleHHbIM KaHa aM paclaia, HO IHCTHTETb COIep-
JKUT TOJBKO wieH H ](%f ) JIS TAaHHOTO KOHEYHOT'O COCTOSHIA.

Ecnm paccmarpuBaercs ogHOBpEMEHHO IIPOIlece pOXKIECHAA U pactama ¢ — R — f, To 3mech
IpeanoaaracTcsa OINHaKoBas $-3aBUCUMOCTD s B3amMmometfictsusa ¢ — R um R — 1, To ecTb
B IIEpBOM NPHOJMKEHUH CYIIECTBYET CHMMETPHUA MeXKIy KOHCTAHTaMU CBA3M /A pe30Hamca
B Ha9aJIbHOM W B KOHETHOM COCTOSHHUH. O3TOMY B IIpOrpaMMe cedeHHe B3auMOIeHCTBUA &
3alUChIBACTCA B BUJE

T HR() HY ()

(7.28)

S>
1
oy
1
[y
&
%

ar () 2y 70
H’Z A H N
b3y =127 WO AW (S (7.29)
(8 —miy)* + Hy (3)
rIe )
K3 A A aem S
HP(s) = HY(s) = 2eml) (7.30)

24 sin’hy 5
Ecau ucenenyiorces spdpekTbl OT HECKOJIbKUX HaYa IbHBIX U /UM KOHEYHBIX COCTOAHUL, TO HY K-
HO IIPOCTO IMOJCTABJIATH COOTBETCTBYIOIICE CYMMUPOBANAE B THCIATED.

Onnako anamorust mexmy H ](%f ‘w H ](;) He MOYKeT 3aXO[UTh CJUIIKOM a/TeKO. DTH JBa CJIy-
Yasd pa3/JndaloTCA B HECKOJbKUX BasKHBIX acleKTaX. Bo-1epBhIX, BOSHUKAIOT IBETHbBIE KO-
IUeHThl: pacnal R — qq ycunuBaercs uperHbIM (akTopom No = 3, B To BpeMs Kak qq — R,
Haobopot, momasssgerca dpakropom 1/Ne = 1/3. Bo-sropsix, xkoaddurtment 1 + as(s)/m mo-
NpaBKK MEPBOTO MOPAAKa /115l KOHEYHOTO COCTOSHMA JOJKEeH 3aMeHAThCA Ha Oosiee CJIOKHBII
MHOXKHUTEb K /15 HadaJbHOTO COCTOAHUA. DTOT KO3(hpUIMEeHT 0OBIYHO HEN3BECTEH, MU N3~
BeCTeH (B TEPBOM HETPUBUAJBHOM TOPAIKE), HO CJIUIIKOM IJIHHEH, YTOOBI BKJIOYATH €ro B
nporpaMmy. B-Tperbux, BXomslme mapTOHBI, KaK MpaBUjIo, IPOCTPAHCTBEHHOMOTOOHBI. 90~
5TOMY TP PACCMOTPEHNU POJKIEHUs pe3oHaHCa BCe TMOpOroBble Koa(p(UIMEeHTHI TTo1aBIeHIs B
BBIPAKCHUAX /1A KOHETHOTO COCTOAHHA HE COBIAJAIOT € COOTBETCTBYIOUINMH BbIParKCHUAME
I HadaJabHOro. B cymme, anamorus H ](%f ) ](;) [JTaBHBIM 0Opa30M TI0JIe3Ha KaK JABOHHasd
poBEpKa HEIPOTHBOPEYMBOCTH, B TO BpeMs KaK JBa 3TUX MpPOIecca OOBIYHO BBIYHCIAIOTCS
no ormenbHocru. Mekmodenue cocTaBiiser IeTseBas CTPYKTypa, BKalodaeMasd B gg — H® u
H° — gg, KoTopas Komupyercs TOJIBKO OIUH Pas.

D eKoTophIil MHTEepec NpeacTaBisgeT paccMoTpeHme Hab/ogaemolt popMbl pe3oHaHca TIpn
BKJIIOYeHn >(PPEKTOB OT CTPYKTYpPHBIX (pyHKIMIA. B anpoHHOM cTOJKHOBEHWH B MEPBOM MpH-
OTMZKeHNN ToBeIeHre CTPYKTYPHBIX (PYHKINH rpy6o onuchiBaeTca Kak f(a) o< 1/x nia mMambrx
x — 70 obbacHser, modeMy f(x) samenserca wa xf(x) B yp. (7.20). C npyroit cTopoHsr,



CTPYKTYpHBIe (DYHKINE YMHOXKatoTca Ha Koadduiuent /7 npu uarerpupoBaruu 1o (has3oBo-
My mpocTpatcTBY d7/7, cM. yp. (7.24). Dpu cBepTKe ¢ OPEHT-BUTHEPOBCKUM pacipeneeHneM
BO3HWKAIOT [1Ba 3(dderta. DepBblii 3aK/0TaeTCA B TOM, UTO PE30HAHC B I1€JJOM HAKJIOHAET-
cA: XBOCT paclpeeseHnsi, OTBEeTaONmi MaJIbIM MaccaM, MOJTHIMAETCH, & XBOCT, OTBEYAONIH
OOTBIIMM MaccaM, omyckaercs (momasisgercs). Jpyroit adgderr sakmodaeTcsa B ape3Bbaaii-
HOM YJJTWHEHUN MaJIOMaccoBOTO xBocTa pesonanca: mpu 7 — 0, yp. (7.28) ¢ Hp(8) o § naer
G(8) o § < T, 9TO TOUHO KOMIeHcUpyeT Koaddurment 1 /7, ymomany i sbiure. MHTErpas mo
y [dy = —InT, cienoBareibho, gaeT JIOTapuPMHUIECKYIO PACXOIUMOCTh PACIPEICTICHU I
pesonanca npu T — 0. fAcrHo, uTO TOTIA HEOOXOAMMO paccMaTpPUBATh MOBEIEHNE CTPYKTYPHBIX
dbyuaxnuit 6omee mogpobro. i He caMIIKOM MasbX (Q? ypaBHeHHA »Bosionnn (paKTHIeCKn

IPUBOJAT K CTPYKTYPHBIM (DYHKIIUAM, pacTyliuM ObicTpee, e 1/, obbrano ¢  f(x) oc 2707,

1, caegoBaTeIbHO, JAIOIIM PACXOIUMOCTh 7 0% BhlpasKeHus I cedeHusA. B KoHednom cuere
9Ta PACXOIUMOCTH PETYJIAPU3YETCHA IPU MPUOINKEHUT K TPAHUIIE PA3PENIEHHOTO Pa30BOTO MTPO-
cTpafcTBa, To ecTh Hp(8) mamaer ObicTpee, deM §, a TaKiKe 3a CI€T MeHee KPYTOTO MOBEIEHUA
CTPYKTYPHBIX QYHKIH IpH Maabx & aaa Q2 ~ 5 — 0.

Bropuwarbiit muKk mpm MaJbIX T MOXKeT [1aBaTh OOJIbIllee 3HAUEHUE JIJIf CEUEHUsHA, KOTOPOe
BIIOJTHE MOJKET KOHKYPHUPOBATH HaiKe € BEJUIUHON OOBITHOTO MHKA OKOJIO 3HAYEHWS HOMMU-
HaJTBHOW MacChl. ITOT ciiydail, Hanpumep, peanusyercs npu poxaerauun W. Taxoit nux wmu-
Kora He HaOJIfonasIcs »KCIepuMeHTaIbHO, HO 3TO U He yIWBUTE]bHO, TaK KaK (POH OT APYTHUX
MIPOIIECCOB TIOMABIIAET €r0 Mph MabiX §. Takum 0bpa3soM, JIETTOH ¢ MOTEPETHBIM UMITYJTHCOM
MOp#AIKa OTHOTO MJIN HECKOJIbKUX ['9B, BeposaTHee Bcero, IponcxoauT OT paciaia 09apOBaHHO-
ro mwim 6oTToM-aapoHa, a He or ~ W7 ¢ maccoit Heckosbko [3B. DosTomy Korma mcenemyercsa
pOKIeHme pe30HaHCa, BaKHO YCTAHOBUTH OIPAHNYIEHUA HA MacCy PE30HAHCA B COTJIACHUU € IKC-
MepUMeHTAJIbHBIM ONUcaHueM, 10 KpaiiHeit mepe, B mepBoM mpubsmkenun. FEeciaum 3Toro HeT,
To mH(pOpPMAIUA O CeUeHUN, daBaeMasd MPOTPAMMOil, MOXKET OYeHb OTJINYATHCA OT peasibHOM
CUTYaITNH.

B et e -cronknroBerUsAX cTpyKkTypHas GpyHKunsA f© mmeer tuk B x = 1, a me B x = 0. Cury-
alus, cJaeqoBaTelbHO, IPOTHBONOIOKHAA, €CIl paccMaTpuBaTh, Halpumep, poxienune Z° Ha
YCKOpHUTEJIe TIPU HEPTUAX BBINIE My XBOCT paclpeleseHns, OTBETAONINT MaJIbIM 3HAUEHU AM
Mace, TOMaBJIAETCA, a BBICOKUM, — HA0OOPOT, MOTHIMAETCs, W TPUCYTCTBYET OCTPBIH BTOpMH-
HBITI UK B 0OJTACTH HOMUHAJIBHOW »HEPTUN yCKOpUTesds. B aToM ciydae TakKe HEOOXOIMMO
[IpU ONUCAHUN CeYeHUl BBOANUTH MTOTIOJHUTEIbHBIE TIEHBI, OTBeUatolne nHTepdepeHn ¥~ un
7°.

B 2 — 2 nporeccax, riue poxgaercsa Hapa pesoHatcos, Hanpumep, ete™ — ZOHO, cevenus
MOYTH BCerfa JAf0TCA B MPUOINKEHIN HYJIEBOH MIUPUHBI 1Jid pe3oHancoB. [[Be 3amembr Tuma

1:/5(m2—m%)dm2—>/%(

HUCITOJIB3YIOTCA OJId BBEAEHNA MaCCOBBIX pacnpeﬂeﬂeﬁm‘/’l AJI4 IBYX MacCC pe30HaHCOB, TO €CTb M3

r
AR dm? (7.31)

2 22 2.2
m? —m%)? 4+ I'gmy

u m;. B dopmysne mp — HoMuHaTbHAA Macca W m — dpaKTHUecKn BhIOpaHHasd. Torma mHTErpaJt
1o (a3s0BOMY TIPOCTPAHCTBY Ty, 1 U B yp. (7.20) pacumpsercs m BKIIOYaET TaK&Ke m3 W m3.
Db PeKTH 3aBUCHMOCTH MHUPUHBI OT MACCHI TOJIBKO JaCTUIHO MPUHUMAIOTCA BO BHUMAHWE TPU
3aMeHe HOMUHAJIBHBIX Macc m3 W m3 B BbIpaxeHun do/ flf Ha (PaKTUIECKN creHEPUPOBAHHBIE
(Tak Ke, HapUMep, KaK B COOTHOIIEHUN MeZK Ty { u cos f), Torna Kak MUPUHBI BBITUCIAIOTCH
JJIs HOMUHAJIBHBIX Macc. DTO 3KBUBAJEHTHO TpocToli 3amene ['pmp wa $I'p/mp B unciaure-
ae yp. (7.25), Ho He B 3HaMenarese. Kpome Toro, He BOCIPOM3BOANTCH TOJHAA MOPOTOBAS
3aBUCUMOCTD, TO €CTh KO(PDUIUEHTHI, 3aBUCAIINE OT (3.

Der HWKaKOW OCOOEHHONW MPUWYMHBI [IJId HEMPENOCTaBJIEHNSA TOJHOW MaccoBO# 3aBUCHMO-

CThu, Kpowme ILOHOJIHI/ITGJIBHOﬁ pa6OTbI n HOTp66JIeHI/IH BpEMEHMN, H606XOILI/IMOFO HJIA KazKIJ0I'o



nponecca. MakTUHecKn, MaTpuaHbIe 3aeMenTs ana ff — (v*/Z°)(v*/7°) conepxar momHbIe
BbipaxkerusA. C Apyroif cTOPOHBI, BbIpaKeHWA /I8 MaTPUUYHBIX 3JIEMEHTOB, NPHUBEIEHHbBIE B
JIUTEPATYpe, 4acTO JOMYCTAMBI TOJBKO B TOM CJydae, KOTJa Pe30HaHChl HAXOMATCH IOYTH Ha
MaccoBOii TOBEPXHOCTH, TaK KaK HEKOTOpbIE JMarpaMMbl ONyCKalOTCd. DalpuMep, IIpOoIece
qq — € Ve v, nomunupyer nan g — W™ W korna kaxmas u3 aByX map JE€NTOHOB OIH3Ka
o Macce K myy, HO B OOIIeM CjIydae MPUCYTCTBYIOT TaKzKe BKJIaJbl, HAIpUMep, OT IIPOIECcCOB
tuna qq — Z° — ete™, conpooxkmaemoro et — b, W u Wt — Fv,. Docnenammm Bramavu
npeHebperaloT B CeUeHUAX, JaHHBIX B IPUOJNKEHNN HYJIeBOi IUPUHBIL.

D porecchl ¢ OJHUM PE30HAHCOM B KOHEYHOM COCTOAHHUU W JAPYTUM OOBIYHBIM MPOIYKTOM,
Hanpumep qg — WT¢/', obpabarbiBaioTest B TOM Ke Jyxe, u4To U 2 — 2 Opolecchl ¢ ABYMs
pe3oHaHCaMU, 3a MCKJIIOUeHNEeM TOT0, YTO TOJBKO OJHY Maccy HeoOXOIMMO BbIOpaTh 110 OpefiT-
BUTHEPOBCKOH (opme.

7.4 Bpruuciieame cedyeHUmn

B nporpamme miia renepannu 2 — 2 mpolecca MCIOJb3YIOTCA MEepEMEHHBbIE T, § U 2 = COS g,
Hms 2 — 1 mpotecca 1o mepeMenHOt 2 MOKeT OBITH MPOBEIEHO HE3ABUCUMOE WHTETPUPOBAHTIE,
1, CJIETOBATEIHHO, HET HEOOXOMMMOCTI YIUTHIBATH 3Ty TMEPEMEHHYTO PU T€HEPAIINN JKECTKOTO
mpoliecca, 3a MCKJTIOUYeHneM TOTO cJIydad, KOT/Ia OTPaHMIMBAETCA Pa3pelleHHbI YTUIOBO ara-
ma30H pactanos. [ myakoB GeccTpyKTYPHBIX JIENTOHOB, TO ecTh mid f£(x) = d(x—1), MoxHO
POBECTH HE3aBUCUMOE WHTEIPUPOBAHUE MO TepeMeHHbIM T 1 /uiau y. Mbl moroBopum 060 Bcex
TUX CHEMUAJbHBIX CJIyIadX B KOHIE pas3lesa, a 37eCh COCPEeTOTOUNMCH Ha ~ CTAaHIapTHBIX
2 —2m 2 — 1 npormeccax.

IIpocTtbie 2 — 2 mpomneccsl

B nyxe pasmenra 4.1 mbl xoTuM BBIGpaTh MpocThle (PYHKIMN, TPUOIU3UTENBHO MOAETHPYFOIIIe
UCTUHHYIO T-, Y- U Z-3aBUCHMOCTh CE€YeHHs. B 9acTHOCTH, MOUTH BCe CJEAYIOUINe W3 KHHe-
MaTHUKHM MUKHA JOJKHBI MPEICTaBIATHCA OTIETbHBIMI WI€HAMU B MPUOTU3NTETbHBIX (POPMY-
nax. KEcam 210 Moxker ObITH JOCTUTHYTO, TO OTHOUIEHHE TPaBU/IbHBIX 3HadeHMil cedeHmit K
NpUOIM3UTETHHBIM HE OyIeT CJAUIIKOM CHIbHO (PJIYKTYHpPOBaTh, YTO ODECIIEUUT ITPUEMIIEMYIO
3P PEeKTUBHOCTH MOHTE-KapJIOBCKOT'O MOJIETMPOBAHM.

CrenoBaresbHO, TepeMeHHble TEHEPUPYIOTCA COrNacHo pacupenerenusam h.(7), h,(y) n
h.(z), Toe obbraHO

h=alyel o |1 G !
T it Iy7t Iy7(r+7r) Iy (st —m%k)2 4+ T'im5
Cy 1 Cg 1
— — 7.32
Is (1 +71r)  Ts (s7 —m%)2+ mul% ( )
(8] Co C3 1
H. = = — Ymin = \Ymaz — = 1 > 7.33
oY) L@ y)+2@ w+%mmy (7.33)
Ha(2) cl ey 1 n c3 1 Cyq 1 Cs 1 (7.34)

ZZT T, a— 2 13G+Z+I_4(G—Z)2+I_5(G+Z)2

3mech KaKIbll WJIeH WHTETPpUpPYETCA OTIETHHO ¢ TPUMUTHBHON obpatumoli ¢yHKInel; Takoe
He3aBUCUMOe TeHepUpOBaHUe T, § U 2 ecTh CTaHIapTHaA 3ajada, Kak onucano B ryase 4.1. [la-
Jlee MBI OTTUCHIBAEM TIOAPOOHOCTH CXEMBI, BKITIOUas 3HadeHme Koa(DPUInenTos ¢; u Z;, KoTopbie
pasauyatored A8 T, Y U 2.



DepBas oTobOpamHas HepeMeHHas ecTh 7. JmamaszoH paspeleHHbIX 3Ha9eHud T, < 7 <
Tmar B OCHOBHOM OOYCJIOBJIEH PAIOM OIIpeHessieMbIX IoJIb3oBarereM Tpedbopamuit. Orpanm-
JeHNd Ha paspelleHHbl MaccOBBIN AMANA30H MPAMO OTpayKalTcs Ha T, OTpaHWYeHns Ha P
BJIUAIOT KOCBEHHBIM 00pa3oM. DepBble IBa wWieHa B h, NpeaHasHadaioTCsa IJid 00eCIedeHns
TJTaTKOCTH T-3aBUCHMOCTH B OCHOBHOM [JIf TIPOIIECCOB, KOTOPBIE HE MOJYYAlOT BKJIAIOB OT S-
KaHaJIbHBIX PE30HAHCOB. TaKiKe 9THM yUNTBIBACTCA S-KaHAJbHBIH 0OMEH MeXK Iy, IO CYIIECTBY,
Oe3MacCOBBIMI JacTUIaMu (Y, ¢, JerKne KBapKW W JIEMTOHbI), TaK KaK MpHU 3TOM He TOJIYda-
eTcs HUKaKUX OTIAEIbHBIX NMHKOB [Jif HEHYJIEBBIX 7. DOCIedHne 4eThipe djaeHa B h, oTBeda-
0T MHKaM B CEYCHUAX OT POKICHUA PE30HAHCOB. ITH YCIOBUA BKJIIOYAIOTCH, TOJIBKO KOTIA
9T0 Heobxommmo. KaKaplit pesoHanc MpeacTaBIfeTCd ABYMSA JacTAME, IepBasg CJIYKHAT /I
ommcanusa WHTepdEepeHny TruarpaMM, JafoliumX pacxoguMoctd npu 7 = (0, a Tak:Ke Bapmha-
AN CTPYKTYPHBIX (PYHKINH, a BTOpas — IJid HETOCPEICTBEHHON allpoKCUMallul pe3oHanca K
OpeliT-BurnepoBckoil dopme. Dukame uugekcesl R 1 R obosHagalor 3HaUeHUs, OTHOCAIINEC
K JIBYM pe30HaHCaM, ¢ Tp = m%/ s. B mHacrosliee BpeMsa nMeercs TOJBKO OJIWH TIPOIECC, Tie
UCTOJTb3yEeTCA TOJHaA CTPYKTypa € ABYMA pe3oHaHcaMW, a WMEHHO ff — ’y*/ZO/Z’O. Bo Bcex
IPOYUX CJIYIasAX WM OIWH, WU 00a Pe30HAHCHBIX MHKa He MPUHUMAIOTCA BO BHUMAHME.

Kunemaruuecku paspeleHubiil quana3on smadeHuil y sasucut or 7, |y| < —%ln T, W BBI
TaK:Ke MOKeTe HaKJIadblBaTh JOMOJHHUTEIbHbIe orpafnumdeHusa. CiremoBaTeIbHO, pa3pelleHHblii
IUATA30H Ypmin < Y < Ymar BBIOHpaeTcsa TOJBKO IOCTE BBIOOpa 3HaUYCHHUA T. JepBble IBa
4aena B h, ONpenesAloT MIOCKOCTD A Y-3aBUCUMOCTH; JJIA IPOIECCOB, KOTOPbIE ABJIAIOTCH
CHIMMETPHYHBIMA B CMBICJIE OTPaxKeHUs § ¢+ —YY, OHH B CYMMe OYIYT OJTHOCTHIO ONPEIe/IATD
IJIOCKHUH Y-CIEKTP MEXIY YCTaHOBJEHHBIMEU TpaHuIlaMu. B mpummumne, ObLIo OBl €CTECTBEHHO
BBECTHW pa3fesieHne Ha IIBe MOJYIIJIOCKOCTHA: OAWH WJIEH 3aJaeT TOJYIJIOCKOCTH IJIA TOJIOKU-
TEJBHBIX ¥, & BTOPOH OTBEUaeT CHMMETPUUIHBIM OTpHUIATEbHBIM Y. OIHaKo TOTda BTOPOH wIeH
He YIOBJIETBOPAET YCJOBUIO TTOJOKHUTENbHOCTH. TaK UTO UCHOJb3yeMble YCJIOBUA Y — Ypmin W
Ymae — Y JAIOT TY K€ CBOOOMY B OMUCAHNN, HO P 9TOM OTBEYAIOT TPEOOBAHUIO TOJIOKATEIb-
moctu. Tperuit wien ompenesnser muk B obgact y = 0 ¥ gaeT cABUT CTPYKTYPHBIX (pyHKIINIH
OTHOCHTEJIBHO 3TOll 00/1acTH.

DaszpeleHHblil NHBapUaHTHBIN AWala3oH 3HadeHud z = cosf ectp —1 < z < 1. Onna-
KO OOJIBIIMHCTBO CeYeHUN pacxoamTcs mid z — £1, Tak 9TO HeoOXommMa KaKasf-HuOyIh pe-
rynapusaruga. OQOBIYHO TpeOyIoT, 9TOOBI BBIMOIHAIOCH YCJIOBHE Pi > Pimin, KOTOpPOE IIpe-
obpasyercsa B 22 < 1 — 4p2me [(T8) nna chaydas 6e3MaccOBBIX BBIXOMANMX YacTWI. [ak
KaK OrpaHiYeHms 3aBUCAT OT T, BBIOODP z IIPOM3BOAUTCA IOCJTE BbIOOpa 3Hadenus 7. Jo-
MOJIHUTEIbHBIE TPpebOBaHUA MOLYT ellle OoJiee OrpaHMYWTh AWana3oH. B dacTtHoctm, orpa-
HAYEHUE HaA Pl nae MOXKET PACHICILIATH pa3pelleHHble 3HadeHus z Ha ABe 00JacTH, TO €CTb
Zemin < 2 < 2 o WA Zgmin < 2 < 24 mar. I8 Hepacllemidonerocsa anama3ota CyuecTByer
YCIHOBUE Z_ oy = Zymin = 0. JlJ1s1 6€3MaccOBBIX BBIXOAAMNX YacTUIl mapamerp ¢ = | B h,,
TaK YTO MATH YJIEHOB 3a/al0T IMJIOCKOCTb 10 YIVIy M ONPENeJISIoT nuku 1o 1/ f, L/a, 1/ 2 u
1/1)2, COOTBETCTBEHHO. /151 HeHyJIeBbIX 3HadeHmit Macc nmeem a = 1 + 2m§mi/§2. B stom
caydae, CJIEIOBATEIbHO, W3 (PU3UIECKUX COOOpaKeHU# MOCTYIIEH MOJTHBIH Auala3on 3HadeHni
—1 <z <1, crammapTHble OCOOEHHOCTH tw PETYIAPU3YIOTCA MaccaMi M3 W My.

Hns xaxmoro wiena Koapuimentsl Z; MpeacTaBIAoOT coboli MHTErpasbl OT HEKOTOPOi
GYHKIMT, KOTOpBIE YMHOMKAIOTCA Ha COOTBETCTBYIONINE KO>(MD(PUIMEHTHI ¢;; TaKUM 00pa3oM,

d max
h,: Ilz/—Tzln<T ),
T Tmin

dr 1 1

2 . ’
Tmin Tmaz

HampuMep:




1
hy : Il = /(y — ymm)dy = §(ymax — ymln)2 ;
hz : Il — /dZ — (Z—max - Z—min) + (Z—I—max - Z—I—min)7

=/ gy (e i 0 = Eei) ) (7.35)

a—=z (@ — z_ o) (@ — 2 min)

KoasdpdunuenTst ¢; HopMupytoTes Ha eIUHHAILY B cyMMe 11 b, by u b, no ornensnoctu. Oun
IMEFOT TTPOCTYIO WHTEPIPETAIINIO KaK BEPOATHOCTHU IJIs KaK/IOTO U3 UJIEHOB, KOTOpPBIE HYKHO
MCIIOJIB30BaTh MPHU MPEIBAPUTETLHOM OTOOpE T, Y U Z, COOTBeTCTBeHHO. l3Menenme Besmam-
HBI CEUEHNUs TI0 BCEMY pPa3pelieHHOMY (pa3s0BOMY MPOCTPAHCTBY MCCJIENYETCs TPHU BBITTOTHEHUN
mpotenypbl nHUIHAIn3anun PYTHIA 1 OCHOBBIBAeTCA Ha 3HAHWW ¢;, ONTUMU3NPOBAHHBIX TaK,
4TOObI HaBaTb GpyHKuUU A, hy 1 h,, HawIydmaM oOpa3’oM ONUCHIBAIOLINE HOBEIECHUE B IEJIOM
UCTUHHOTO CedeHus. Damnpumep, Ko3dduimenT ¢, B h; T0KEH UMeTh HauOOJIbIee 3HAUEHIE
B 00JTaCTH Macchl pe30HaHCa, ITOOBI MOJYYNUTh MPAaBUILHOE MOBEIEHIE MTOJHOTO CETeHNU .

Touku daszoBoro mpocTpaHcTBa, TPOTECTUPOBAHHBIE TTPU WHUITHAIN3AINN, TOMEIIATOTCH HA
CETKY € UMCJIOM TOYEK B KasKIOM M3MEDEHUN, 3aJaHHBIM UUCJIOM YCJIOBUH B COOTBETCTBYIOIIEM
BbIpakeHUn h, m ¢ mo3unumell KasKIOH TOUKM, 3aJaHHON CpeIHUM 3HAYeHUWeM paclpeeeHus
OJIHOTO M3 4/ICHOB. Dalpumep, pacupeiesenue dr /T JaeT cpesion TOUKY «/TminTmar, & AT/ 72
— 2TminTmaz [ (Tmin + Tmaz ). TaK Kak paspelienHble AMana30oHbl 3HAUEHUH Yy W Z 3aBUCAT OT
BBIODAHHOTO 3HAYEHUSA T, TO HYKHO ONpENeIATh CPEeHe TOUKN I STUX ABYX ITePEMEHHBIX.

Tak kak Habop ToUeK (ha30BOTO MPOCTPAHCTBA, AHAJIUIUPYEMBIH TP WHUTHATASAIIIH, OT'Pa-
HUI€H, TO HabOp ~ONTUMAJIbHBIX KO3 (DUIUEHTOB ONpeIeseH He eINHCTBEHHBIM 00pa3soM. Do-
3TOMY, N3 coobpaskenuii besonacroctu, 40% obuiero Beca pacnpenessercs paBHOMEPHO MeK Ly
BCEMU pa3pelleHHbIME ¢;, a ocTaBiunecs 60% pacupemnesasiores B COOTBETCTBUU € OTHOCUTE b~
HOU TIpemoaraeMoil BaKHOCTHIO, ¢ YIETOM YCJIOBUSA, 9TO HUKAKOH KO>(DPUIMEHT He TOJTKeH
TaBaTh OTPUIIATETbHBIN BRJTA.

Docite TOTO, KaK OBLI clleJTaH TPeIBAPUTENbHBIN oTOOp T, ¥y W 2z, HEOOXOIMMO HallTH Bec
COOBITHS, KOTOPBIH MCIOJb3YeTCs I TOTO, YTOOBI OMPENeSTNTh, COXPAHUTD JTH 3TO COOBITHE
WITH HYKHO TeHEpUpOBaTh apyroe. Mcmombsys coorromrerne di = § 354 dz /2, ypasnernne (7.20)
MOYKHO 3allicaTh B BUIE:
do
di
_ E/hT(T)dT/h (y)dy/h (2)d= s z1fi(21, Q%) 2 fa(x2, Q%) id_a

s Y ? 2ho(7) hy(y) 2h.(2) 7 di

™ B34 32 dsé

= B Tth(T) hy(y) QhZ(z) :1?1f1(=’1?17Q )Jizfz(l'z,Q ) . P

7= ///d%dy égMd”lfl(l’hQ2)$2f2($27Qz)

(7.36)

Bo Bropoit crpoke xKoapdunment 1 = h,/h, Ob1 BBeleH N Mepe3alucu UHTErpaja mo 7 B
TepMUHaX (PA30BOTO TMPOCTPAHCTBA eNMHNTHOTO obbeMa: [ h.(7)dr = 1 cormacHo cooTHOIIE-
HUAM, TPUBEICHHBIM BbIlIe. AHAJIOTHIHBIM 00Opa3soM TO Ke [IeaeTCs U Jjisg WHTErpaoB 1o Y
u z. Kpowme Toro, mcnonbsytorcs Muoxutenn | = §/(1s) u 1| = 7/ nna Beinenenus Gespas-
MepHoro ceuenns (§%/7)d6/ di. CMblca mocsentell CIPOKH 3aK/IIOUAeTCA B TOM, 4T0 ¢ T, § U Z,
BBIODAHHBIMU B COOTBETCTBUM C BhIpaxkenuaMmu h.(7), hy(y) n h.(z), cedenne mosydaerca Kak
ycpemHenne moCIe/IHETO BhIpaskeHns 10 BeeM coObIThAM. Tak Kak Bce h BHIOMpaJCh TakK, UTO-
Obl JaBaTh €IUHWIHBIH 0ObeM, HeT HeOOXOMMMOCTH YMHOKATh BbIpaskeHre Ha MOJHBIH 00beM
dbazoBoro mpocrpamcTsa.

Kak MoxkHO BUAETH, cedernme /s JaHHOTO MOHTE-KapJIOBCKOTO COOBITUA JaeTcs Kak Mpo-
JIYKT 9eThipex Ko3(PPUIMEHTOB CJIEIYOIIM 00pas3oM:



1. Koapdpuumenr 7/s, KoTopbiil sBiasgercs obUM s BeeX cOOBITHH, Taer pasMepHOCTh
nosiHoro ceuenus B 1'9B72. Tak Kax KoHeuHoe cedeHue naeTcsa B MO, clofa TaKiKe BKJIIO-
yaercsa Koaddunment npeobpazopanusa 1 B2 = 0.3894 6.

2. 3arem BBOAUTCHA ~AKOOWAH , KOTOPBI KOMIIEHCHPYET Mpeodpa3oBaHUe OT HAYAJIHHOTO K
KOHETHOMY 00beMy (hasoBOrO MPOCTPAHCTBA.

3. Bec crpykrypHO#t DyHKIUEN, Oy YeHHBIH 13 OMOIMOTEKN CTPYKTYPHBIX (bYHKIINT, comep-
Kametica B PYTHIA win BHeurneil. 3HadeHUs r; W To TOJYUEHBI U3 T U Y € TTOMOIIBIO
COOTHOIIIEHNA 12 = /T exp(Ly).

4. Daxomner, bespasmepHoe ceuenne (5% /7) d5/ df — BesTmamHa, KOTOpasA TOTKHA KOIAPOBATH-
¢ IS KayK/IOTO TMpollecca OTHEBbHO U B KOTOPOH comepRuTcsas (pusmyeckas CyIHOCTH
mporecca.

Kowneuno, miis mosyueHns cedenns Mpu MOHTE-KapJIOBCKOM MHTETPUPOBAHUT He 0053aTe b
HO WCMOJIB30BaTh BBIpAKEHWE U3 TocjenHeil ctpokn. BroJsiHe MOXHO TaKKe HMCIIOIB30BaTh
HermocpencTBeHHo ypasrerne (7.20), orbupas Touku ($Ha30BOTO MPOCTPAHCTBA PABHOMEDPHO IO
T,y U | U IPOBOLA MOHTE-KapJOBCKOE B3BEIIEHHOE yCpeIHeHHe. SICHO, UTO TO 3HAUNTETHHO
6osee TIpocTOH MeTOm, HO TEHON ero MCIoIb30BaHusA MOTYT OBITH CHIIbHBIE (DIIYKTYAIMN Beca
MHINBUIYAJTBHBIX COOBITHUH. D ampumep, ecJi cedeHne COMepPKUT Y3Kuit pe3soHanc, HeOOIbIoe
KOJITIECTBO TOUYEK (PAa30BOTO MPOCTPAHCTBA, TEHEPUPYIONINXCA B 00IaCTH PEe30HAHCA, MOy TaT
GosIBIIIe Beca, B TO BpeMs KaK OcTaJibHble — HET. O pU Halllell MpoTieiype pe3oHaHc OyIeT BKJTIO-
qarbca B Koahuument A (7), TaK 9TO GOJBUINHCTBO COOBITHH OYIYyT reHepUPOBATHCH BOKPYT
COOTBETCTBYIOIIETO 3HAUEHUA TR (BCIENCTBUE MPUCYTCTBUA h, B YHCIUTETE BbIPAKEHWA s
(ba30BOTO MPOCTPAHCTBA), HO ITUM COOBITHAM HasHadaeTca Ooslee HU3KWH, OOBITHBIN Bec (M3-3a
npucyTcTBusA Koaddutmenta 1/h, B Boipakenun mis Beca). Tak Kak 3HaueHnA BECOB PIYKTY-
UPYIOT MEHBIIE, TO TOCTATOYHO BBIOPATH MeHbIlee KOJMIECTBO TOUEK (Pa3sOBOTO MPOCTPAHCTBA,
HEOOXOIMMBIX IJTs1 TIOJTyYeHUA TTPUEMIIEMO OIeHKN CedeHN .

B nporpamme cedenme moTydeHo KaK CpeiHee 1Mo BCEM CTE€HEPUPOBAHHBIM TOTKaM (Pa3oBOTO
mpoctparcTBa. (OQIHAKO peasibHO TepelaHHble TOJb30BATETIO COOBITUA [TOJKHBI UMETh €Ii-
HUIHBI Bec (OTIINA ¢ B3BEIIEHHBIMU COOBITUAMNI CYUIECTBYET, HO He TTPUMEHAETCA B OCHOBHBIX
HalpaBJIeHNAX WCCAENOBaHUiT). D03TOMY PN WHUIMATU3AINN TTOCTe TOTO, KaK OBLIN Ompe-
TTeJTeHBI KOa(DPUIMEHTRI ¢;, COBEPIIAETCSA MONCK BHYTPU pa3peleHHoro oobemMa a3oBOTo Mpo-
CTPAHCTBA [IJIA HAXOXKIECHUA MAaKCIMYMa BBIpDAKeHUs 14 Beca B TOCJIEIHEN CTPOKe ypaBHEHU A
(7.36). Torna mpw mocsemyiolieii TeHepanni coObITHH BHIOpaHHaA TOUKa (Pa30BOIO MPOCTpaH-
CTBa COXPAHAETCH ¢ BEPOATHOCTHIO, PABHOI BeCy B TOUKE, MOIEJIEHHOMY Ha MaKCHMaJThHBIH Bec.
Tonapko Takme TOUKE (Ha30BOTO MPOCTPAHCTBA PACCMATPUBAIOTCH [Tajlee U TEHEPUPYIOTCH Kak
3aKOHUEHHBIE COOBITHA.

DONCK MaKCHMMyMa HadWHAeTCA ¢ BBIUUCJIEHUA BECOB Ha TOW Ke caMoif ceTKe TOYeK, ITO
UCTIOJIb3YeTCs I onpeneserns KoadduinmeHTos ¢;. Touka ¢ caMbiM BBICOKIM BECOM HCITOJThb-
3yeTcsd KaK CTapTOBasg TOUKa IJIA MONCKa MaKCUMyMa. B HeyZadHBbIX cIydTadx MOKHO MOy IUTh
CXONIMMOCTD K JIOKAJTBHOMY MaKCUMYMYy, a He K TiiobasbHOMY. s yMeHbIlerns pricka B TaKoi
CUTYAIMHN WCIOTh3yeTCH TOUKA CETKI CO BTOPBIM 10 BEJIMINHE BECOM [IJIA €Ile OTHOTO TTOUCKA.
Docite MHUTMAIN3ANNY TPU TEHEPAIINN COOBITUA TI0 YMOJTIaHWIO TpELypek Iatolnee cooole-
Hue OyJeT JaBaThCsd KaKIbIi pas, Korja BeIOMpaeTcss ToUKa (HPasoBOTO MPOCTPAHCTBA ¢ BECOM,
GOBIITIM MaKCHMAJIBHOTO, U TOTAa MaKCUMAaJIbHBIN BEC PETYJIUPYETCH € YIETOM HOBBIX TaHHBIX.
DTO 3HAYUT, ITO COOBITHS, CTEHEPUPOBAHHBIE PAHBIIIE TOTO, UMEIOT HECKOJBKO ONTNOOTHOE pac-
npemneserue B (a3’oBOM MPOCTPAHCTBE, HO €CJIU MaKCUMaJbHOe HapyIIeHWe TOCTATOTHO MAaJo,
TO 3Tu 3P PeKTh OYIYT HE3HATUTETHHBIMI. a ONEHKY CeUeHUs He BJUAET HU OITHO U3 STHUX
coobpazKeHNli, Tak Kak MaKCHMAJbHBIH Bec He BXOAWT B ypasHeHwue (7.36).

,HJIH 2 — 2 IponeccoB ¢ MIEHTUYHBIMU HYaCTUIaMW B KOHEYHOM COCTOAHUIN CI/IMMeTpI/IquIﬁ



koaddunment 1/2 ABHO BKIIOUaeTca B Konme purdncaenus dé /di. B xoneanom cedenmu Koad-
dutimeHT 2 BOCCTaHABINBAETCA W3-3a WHTETPUPOBAHUA TI0 MOJTHOMY (PAa30BOMY TPOCTPAHCTBY
(a He mo mostoBHHE ero). Takwm 00pasom, He HYKHBI HUKaKWe CHENUAJbHBIE CPEICTBA MPU
HHTETPUPOBAHUE 10 (Pa30BOMY TIPOCTPAHCTBY.

7.4.1 DoxKJeHUEe PE30HAHCOB

Urak, mbt paccmoTpesu mpoctoit 2 — 2 caydait. B 2 — 1 mportecce orcyTeTByer mHTErpast mo t,
u nuddepennnanbhoe cedenne do/dt samensercs na 6(8). Cedernne Temepb MOKHO 3aINCaTh
KaK

o= [ [ dysfiten @) eafufon @) 509

— g/hT(T) dr/hy(y) dy $1f1(1;12,h?2;?2i(ya§2,622) g&(S)

T 1

= — a1 fi(z1, Q) za fol e, QP é&é . 7.37
e Q) s Q1) 2600 (797

Taxum obpasoMm, cTpyKTypa Ta Ke caMasd, HO 9acTH, CBA3aHHBIE C Z, OTCYTCTBYIOT, W POJIb
GespasMepHoTO cevenns urpaet (§/m)a(8).

Ecim nnanasoH paspelleHHBIX YIJIOB paclalla pe3oHaHCa OrpaHMYIHBAETCHA, HaIlpUMep, Tpe-
HoBaHIeM, 9TOOBI IPOLYKTHI pacliafa MMeJIH MIHIMAIbHBI MonepedHblil MITyIbC, TO 3 dex-
THBHO »TO IpeobpasyeTrcss B OrpaHMYeHUsA Ha IIepEMEHHYIO 2 = cosd) nas 2 — 2 mporecca.
Daznmune 3aK/049aeTcd B TOM, YTO YIVIOBasd 3aBUCHMOCTH paclajla pe3oHaHca TpHBUAJIbHA,
U, cjaemoBaTeIbHO, 3aBUCAIMI OT z K03 pUIMEHT MOKeT OBITh JIerKo BhlumciaeH. Jlma pe-
30HaHCa co cnmHOoM (), KOTOphIl pachagaeTcs M30TPOIHO, COOTBETCTBYIOIIUII BEC €CTh IPOCTO
(z—mar — Z—min) /2 + (Z4maz — Z4min)/2. lis monspusoBanHOTO pe3oHaHca CO CIMHOM | MMeeM

g(Z—max - Z—min) + g( +mazr Z—I—min) + %(Z—max - Z—min)S + g(Z—I—max - Z—I—mm)3 . (738)
Tak Kak paspelleHHbIil TNanasoH z MOKET 3aBUCETh OT T U/ Y (5TO TOTydaeTcs TTPH HATO-
KEHUW OTpaHmIeHnil Ha p) ), 3TOT K03 DUIIERT TOTKEH BHIUNCTATHCH /1A KazKI0H OTAeTbHON
TOYKHI $Ha30BOTO MPOCTPAHCTBA 1 BKIfOUAThcA B ypasHernne (7.37).

Huist 2 — 2 mpotieccoB, The ofHa WK 06e JaCTUIbI B KOHEUHOM COCTOAHUN SBJIAIOTCI pe-
30HaHCaAMU, HYKHO JOMOJHUATENIBHO CAeaTh OTOOD Mo Macce s KaXkIoro pe3oHaHca, CM. Y.
(7.31). Tak Kak paspelleHHbIE IUAA30HbI T, Y U 2 3aBUCAT OT M3 W M}, BBIOOP Macc NOJIKEH
[Pe/IIIecTBOBATh BHIGOPY JAPYTHUX MepEMEHHBIX (ha30BOrO MPOCTpaHCTBa. Tak Ke Kak u JIpyrue
epeMeHHble, Macchl He BBIOUPAIOTCS OTHOPOIHO O Pa3pelieHHOMY JIHalla30Hy, a pacipeaes-
forcs B cooTBeTcTBUU ¢ pyHKIUAMHE hy (m?) dm?, ¢ Kommercupytomnm MHOKHTEMeM 1/ /1, (m?)
B " arobmane”. QOyHKIIMOHAIbHAA 3aBUCAMOCTH, KaK OOBITHO, UMeeT BT
a1l mrl'r Co 1 cy 1

han(m?) = e

_z;(mz—m%)z—l—m%F% T,  Tsm? I, m*’

(7.39)

Omnpenestenne nHTerpaia Z; aHAJOTUIHO TPEIbIAyIeMy ciaydato. Koaddunments: ¢; e HaAXO-
IATCSA € TTOMOIIBIO ONTUMU3AINNT, & 3aatoTcd 3apanee; o0braHO ¢; = 0.8, ¢co = ¢3 = 0.1, ¢4 = 0.
fcro, uto Korzma ¢a3oBbIil 06beM U cedeHWe He 3aBUCAT OT M3 W M5, ONTHMaJbHBIM BBIGOPOM
OyIeT MoJOXKUTh ¢; = 1, a Bce ocTajibHble ¢; PaBHBIMU HYJIIO, U TOLAa MHOXKUTEIb 1/h,, B
” Akobmane” OyIeT TOYHO KOMIEHCHPOBaTh OpefiT-BUrHepoBCKuii Mk B ypasHenun (7.31) nms

CedYeHM . BTOpOﬁ n TpeTI/Iﬁ YJIEHBI OTBE€EYAOT BO3MOZKHOCTHU TOT'O, YTO CE€YEHNE HE y6bIBEL6T C



TaKolf CKOpOCThIO, KaK JdaeTcsi MHBapUaHTHBIM OpelT-BUTHEPOBCKMM paclipenesrenneM. B gact-
HOCTH, TpeTuil 4ieH oTbedaeT BO3MOKHOCTH HaJIMYKsl BTOPUYHOTO KA IpU MaJIblx m?, B ayxe,
HEMHOTO TTOJI0OHOM 00Cy 2K1aeMOMY BbIIIE POZKIEHUIO pe3oHaHca B 2 — | mporeccax.

YeTBepThIft 4/IeH HCTOMb3yeTea TObKO Ayt potiecca ff — (v*/7°)(y* /Z°), tne Boipaxe-
HUe I/ TIpollaraTopa Y TapaHTUPYeT, 9TO cedeHre MMeeT CyIeCTBeHHbBI BTOPUYHBIN MUK TpH
m? — 0. CienoBaresbHo, 31ech BHIOOP ocyllecTaserca Tak: ¢; = 0.4, ¢; = 0.05, ¢z = 0.3 u
cq = 0.25.

DeCKOIbKO ClHelnaJbHbIX TPIOKOB BKJIIOYAETCHA MJIA TOrO, 9TOOBI YJIydmuTh 3(PPeKTrn-
HOCTh, KOIJla Ha pa3pelleHHbI Iualla3oH MacC pPe30HAHCOB HaKJIaJIbIBAlOTCA KUHEMaTHYecKue
WJIW TOJTb30BaTeIbCKIE OrpaHUYeHns . DalpuMep, ec/I POKIAETCA Tapa Pe30HaAHCOB ¢ OUHa-

tem — WTW~, mcnonbsyercsa orpaHmdenne,

KOBBIMU WJIN COIMIPAZKEHHBIMU 3apdldaMM, THUIIa €
qTO 60JI€6 JerKuii m3 ABYX PE3OHAHCOB HOJIZKEH NMETHh MacCCy MEHbIIE, 9EM ITOJIOBNHAa 3HAYECHU A

sHepruu B cucreme [IM.

7.4.2 DYy4YKH JIEITOHOB

D YUK JIENTOHOB OJKHBI 00pabaThiBaThCs CIIOCOOOM, HECKOJIBKO OTJIMYHBIM OT OIMCAHHOTO
Bbie. Takzke HYKHO pa3/mdaTh JIENTOH, /11 KOTOPOIO BKJIIOYAIOTCA CTPYKTYpHBIE (DYHKIUH,
1 JIETITOH, KOTOPBIft 0bpabaThiBaeTcss Kak OeccTpyKTypHAasi, TOUeTHONOMO0HAT TacTUIa. o) eod-
XOZLUMBbIe U3MEHEHIA OHY U Te Ke 1yid 2 — 2 1 2 — | Ipolieccos, Tak KakK CTEleHb CBOGOIBI {
He3aTPOHYTa.

Ecnm onmu Bxoasumii mydok coaepKuT OeccTpyKTYpHBIE JIEITOHBI, TO COOTBETCTBYIOIIA
cTpyKTypHas (pyHKIUA penynupyercsa 1o o-pyHKIuM. IJTa (PYHKIHA MOKET HCIOJIb30BaThC
[IPU HE3aBUCUMOM WHTEIPUPOBAHUE 1O mepeMentoit y: d(xy2 — 1) = 6(y + (1/2)In7). Creno-
BaTeJIbHO, TIepEMEeHHbIe T W Z HYKHO BBIOPaTh COIVIACHO COOTBETCTBYIOIIMM PaCIpeIeTeHI M
¢ KOMIEHCUPYIOIUMEI BECOBBIMI KO3 DUIMEHTAME, U TOJIHKO OIHY CTPYKTYPHYIO (DYHKIHIO
HYZKHO BBIYMCJIATD SBHO.

Ecim 0ba Bxomsmmx mydka comepzKar OecCTpyKTYpHBIE JIENTOHBI, TO TIepeMeHHble T W Y
umeroT TpuBHaabHblil Bua: 7 = 1 mwy = 0. Beca crpykrypHBIX DyHKIHII MCIe3a10T TOJTHOCTHIO.
st 2 — 2 mpomecca ocTaeTcs TOJbKO CIej1aTh BBIOOD z, a Ajs 2 — 1 mporecca Bce MOJTHOCTHIO
OIIpeJIeIEHO, TO €CTh CeYeHUe eCTh IIPOCTO YUC/I0, KOTOPOE 3aBUCHT TOJBKO OT 2HEPITUH B CHCTEME
[IM.

JList cTpYKTYPHOTO 2JIeKTpoHa cTPYKTypHas (GyHKIus f& CHIbHO pacxomurcs npu = 1.
DTO BAMAET Ha T- W y-paclpeie/eHns, KOTOpble ILIOXO OMUCHIBAIOTCH JIIOOBIM W3 UJIEHOB B
h.(7) mmm hy(y) B mpotieccax ¢ BzamvometicTByommvME €. (Dporeccs, KOTOpble BK/IIOYAIOT,
HaIpUMep, coflepKanue ¥ B €, BCe JKe XOPOIIO MOIeUPYIoTeA, Tak Kak f$ ObIcTpPo pacTeT mpn
MaJbIxX &)

Ecawm obe cTpykTypHbBle GyHKINE pacxomarcsa B 1, To Beipaxenue mid h.(7T) B ypaBHEHUN
(7.34) yBesnmuuBaeTca Ha ONWH JOMOTHUTENbHBIH wieH h,(7) o« 1/(1 — 7), ¢ KoapPpunnenTamn
cr m Iy, onpenesieHHbIME, KaK U Tpexkie. JacXoAMMOCTh Ipn 7 — | HomaB/isgercs B COOTBET-
CTBUW ¢ Hallell mpotenypoil peryaspusalun 1is CTPYKTYPHBIX DYHKIIH [ caemoBarebHo,
MBI JIOJIZKHBI paccMaTpuBaTh TOJbKo T < 1 — 2 x 1076,

CooTBercTBEHHO, BhIpazKenue 1 b, (y) ymHOKaeTca Ha dakrop 1/(1—exp(y —yo)), Korma
*, m ra daxrop 1/(1 — exp(—y — yo)),
KOTTa BXOJANINE MydoK HOMep 2 COCTOHT W3 CTPYKTYpHBIX ef. B ete -cromxnosenmax mpu-

BXOIANINN TMyJ0oK HOMEep | cOCTOMT M3 CTPYKTYPHBIX €

CYTCTBYIOT 00a YCJIOBU:A, a B €p — TOJBKO onHo. Kosddurmment yo = —(1/2)In 7 ecrs wHBa-
pHAHTHBIH KuHeMarudecKuil mpenes nuanaszona y, |y| < yo. U3 ompenmenenus y u yo Jerko
BUIETH, UTO IBa yCJIOBHUA Bbile coorBeTcTBytorT 1/(1 — 1) m 1/(1 — x3), u, Takum obpaszom,



CHOBa, PEryJApH3yIOTCA HAIIUM IIpEeIesoM IJisf cTpyKTypHoi dyukmnn. CremoBaTebHo, 0bIa-
CTAMY WHTeTPUPOBaHUA ABIAIOTCA Yy < yo — 1076 — nya mepsoro unena ny > —yo+ 1076 — na
BTOPOTO.

7.4.3 CwMmenianHble IPoOIEeCChl

B dbopmynax ceuennmit, JaHHBIX J0 CHX HOP, MBI IIpeIHAMEPEHHO OMYCTUIN CYyMMEIPOBAHHE IO
Pa3pEIICHEBIM BXOMAINMM apoMaTaM. DampumMep, mporece ff — Z° Ipm aIpoHHOM CTOJIK-
HOBEHHUHN IOJIydaeT BKiambl o ut — Z°, dd — 7°, s5 — 7°, u rak majee. DTH BKJIAIDI
B IPHUHIIAIIE BCe ONHONW IPUPOIBI W OMUCHIBAIOTCA B OOHON m Toi Ke hopme, HO OTIHIAIOT-
¢l BECOM CTPYKTYPHBIX GyHKIUiT 1 (0OBITHO) HECKOTBKIME KOHCTAHTAMU CBA3W B MaTPUIHBIX
9JIEMEHTaX KECTKOTO MPoIecca. DO0ITOMY YI0OHO TeHepUpPOBATh TU WICHBI OTHOBPEMEHHO CJIe-
IVIOUUM 0Opa30M:

1. Boibupaercs Touka ¢pazoBoro mpocTpancTBa U BHIUACIAIOTC Bee 00IIre Koa(PpPUIIEHTHI,
CBA3AHHBIE C 3TUM BBHIOOPOM, TO €CTh ~AKOOWaH U OOIINe JacTH MaTPUIHBIX 3JIEMEHTOB
(manpumep, nis Z° a1o GasucHoe GpelT-BUTHEPOBCKOE pachpeesenue, 3a UCKIoUeHneM
JacTH, CBA3AHHON ¢ HaTabHBIM apOMaToOM ).

2. BoisbiBaercs ombianoTeKa cTPYKTYPHBIX (PYHKIUR IJ15 TeHEPUPOBAHIA BCEX CTPYKTYPHBIX
byHKIM ¢ COOTBETCTBYIOMUMY 3HAUCHUAMY T U ()? /1A IBYX BXOIANINX ITYYKOB.

3. Oprammsyercs MUK/ MO ABYM BXOIAIIMNM apoMaTaM I JacTUIl CTAJKHUBAIONIIXCA Iy U-
koB. Jlms Kakmoro paspelmenHoro nHabopa BXOIMINMX apOMaTOB COCTABJIACTCA IIOJTHOE
BbIpaskeHme IS MaTPUUHOTO JIEMEHTa ¢ WCIOJJIb30BaHMeM OOIINX dacTell W KOHCTAHT
cBsA3ell, 3aBUCAIIMX OT apoMaToB. Bce 310 yMHOXKaeTcs Ha obuue K03 pUuiineHThl 1 Beca
CTPYKTYPHBIX (DYHKIIAH /I MOy UEHNAA B3BEUICHHOTO CEUEHMA.

4. Kaxmas paspelieiias KOMOWHAIIAA apOMaTOB COXpaHAETCA KakK OTHCIbHBIN BXOI B Ta-
OsuIle BMecTe ¢ BecoM. Kpome Toro, BBIUMC/IAECTCA CyMMapHBIH Bec.

5. Touka daszoBoro mpocTpaHCTBa COXPAHAETCSA WM OTKJIOHAETCA MPH CPABHEHWH CyM-
MapHOTO Beca ¢ MaKCHMaJbHBIM BECOM, IOJYUYEHHBIM NpH WHUIHa u3amuu. Momrre-
KapJIoBCKOe MHTEIPUPOBaHNE ceUeHnii TakzkKe 6a3supyercs Ha cyMMapHOM Bece.

6. Ecim Touka coxpamsercs, TO BIOMpaeTCcs OHa U3 pa3pelleHHbIX KOMOMHaImii apoMaToB
C OTHOCHTEJIbHBIMI BeCaMU, COXPaHeHHBIMEI B 00IIel Tab/rmie.

Boob1iie, apoMaThl B KOHEUHOM COCTOSHUHU JILOO MOTHOCTHIO OMPEIETAIOTCA Hada bHBIM CO-
CTOAHUEM, HallpuMep, KakK B ¢¢ — (¢, WAl aDCOJIIOTHO He 3aBUCAT OT HEro, HalpuMep, KaK B
ff —=7° = f'f. 9u B TOM, HI B IPYTOM CIIydae He HYZKHO OIPEIeSATh apOMaThl KOHETHOTO
COCTOAHUSA TPH BBIYUCICHAN CEUCHHsA. DTO HEOOXOIMMO TOJBKO B MOCTAETHEM CJIydae IJIf TO-
ro, YTOOBI BKJIIOTUTDH MOJHBIH BeCOBON KO3 (PUIMEHT, KOTOPHI yUNTHIBAET CyMMapHBIH BKJIaI
OT BCEX MOIEIUPYEMBIX KOHEUHBIX COCTOAHUN. DampuMep, eClIi H3YdaeTcs TOJBKO IIPOIECce
7° — ete™, To coorBercTByfOIMH BecoBoit Koadpdunment ecth mpocto e /Ty Ecim Bbimos-
HeH 0TOOP KUHEMaTHKH U BXOIAIIMX apoOMaToB, TO BBIXOIAIINE apOMaThl MOI'YT ObITh BbIOpaHbI
C COOTBETCTBYIOIUME OTHOCHTEIbHBIMI BEPOATHOCTIMA.

B mexoTOphIX mpolieccax THIIA ¢¢ — ¢ pa3pelieHo HeCKOJIbKO Pa3InIHbIX IBETOBBIX TOTO-
KOB, KazKIblli ¢ cOOCTBEHHON KHHEMAaTHUIECKONH 3aBUCHMOCTBIO /I Beca MAaTPUUIHOTO dJIeMEHTa,
cm. maparpad 8.2.1. Tax Kak Kaxaplii IBeTOBONH MOTOK JaeTcs KaK OTIAEIbHBIN BXOI B Ta-
OsIuIe, YIOMAHYTOR BBINIE, TO B WTOTe Ha BXOAE COHEPIKUTCA MHPOPMAINA O ABYX BXOMAIIIX
apoMaTax, WHIeKce IIBETHOTO MoToKa # Bece. i mpumsATol Toukm hpa3oBOTO MPOCTPAHCTBA
I[BETOBO MOTOK BLIOMpaercs TaKUM Ke CIOCOOOM, YTO ¥ BXOIAIIUE apOMaThl.

B mporpamme tak:ke paspelieia cMelliaiiasd TeHepallnsa IBYX WK 0oJiee aDCOTIOTHO pa3JIiHd-
HBIX TIpotieccos, Tama ff — 7Z° u g§ — gg. B »1oM ciryuae Kazxapiil mpomece HHNIHATA3APY€TCA



OTNIEJTBHO € COOCTBEHHBIM HabOpOM KO3(hDUINEHTOB ¢; U Tak mgagee. MaKcuMyMBbl, MOy IeH-
HbIE [IJIA PA3/IMIHBIX ceUeHull, TaloTcs B OMHUX U TEX JKe eIUHUIAX, /Take KOTIa PasMePHOCTh
(ba30BOrO MPOCTPAHCTBA pa3nTHa. (DTO IPOUCXOIUT TTOTOMY, ITO MBI BCET/IA BBITTOTHAEM Ipe-
obpasoBaHme K (HpazsoBOMY IPOCTPAHCTBY eIUHNIHOTO obbema, [ h(7) ,dT = 1, u n.1.) Dosromy
BBINIIEYTTOMAHYTas cXeMa TeHepallny JOJIKHA OBITh 0000IIeHa CITEMYIOMINM 00Pa30M:

1. Beibuwpaercs onwa m3 paspeleHHbIX TTPOIECCOB, ¢ OTHOCUTEHHON BEPOATHOCTHIO, TaHHOMN
MaKCUMaJIbHBIM BECOM JIJIA 3TOTO MPOIlecca.

2. Mmercs Touka ¢a3oBOTO MpocTpaHCTBA ¢ WCIOJb30BaHNeM pacripenenennii h,(7) n T.1.,
ONITUMU3NPOBAHHBIX JIJIA TOTO KOHKPETHOTO TIPOIECCA.

3. Borumcnsercsa obmmit Bec mjisi ToOUKEM (ha30BOTO MPOCTPAHCTBA, CHOBa ¢  sAKOOMaHamu
MaTPUIHBIMU 3JIEMEHTAMI U Pa3pEIIeHHBIMI KOMOWHATIUAMI BXOIANINX apOMaTOB, KOTO-
pble crenuduIHbl 118 TaHHOTO MPOIlecca.

4. Touka coxpaHAeTcs ¢ BEPOATHOCTHIO, JaBaeMol OTHOIIEHHEM (aKTHIEeCKOTO K MaKCH-
MaJBHOMY Becy TIpoliecca. Fcjim TouKa OTKJIOHAETCs, TO HYKHO BEPHYThCA K Imary | u
BBIOpATh HOBBIN IpoIecce.

5. Ecau Touxa ¢a3zoBoro mpocTpaHCTBA MPUHUMAETCH, TO MOXKHO BBIOpATh apoOMaThl U cre-
HEPUPOBATH COOBITHE MOJTHOCTHIO.

HAcro, mouemy 310 paboraer: XOTA TOUKEH (a30BOTO TMPOCTPAHCTBA BBIOMPAIOTCHA [IJIA paspe-
[IEHHBIX MPOIECCOB € OTHOCUTEBHBIMI BEPOATHOCTAMMI, TaBAEMbBIMI MaKCHMAIbHBIMI BECAMI,
BEPOATHOCTD, UTO TOUKA MPUHUMAETCH, TPOMTOPIHOHATbHA OTHOIIIEHNTO (DaKTUIECKOTO K MaKCH-
MaJbHOMY Becy. B mrore coxpamsemas BEPOATHOCTD [JIA JAHHOTO MPOIlecca MPOMOPINOHATIbHA
TOJBKO cpemHeMy u3 (hpaKTUIeCKUX BECOB, U JI0Das 3aBUCHMOCTH OT MAaKCUMAaJbHOTO Beca yXO-
JIAT.

7.5 2—3m?2— 4 nporecchol

Buyrpennue anroputmbl PYTHIA njis obpaborkn 2 — 1 n 2 — 2 mpomeccoB JOCTaTOYHO U30-
HIpEHHBI 1 (PYHIAMEHTAIbHBL DeJIb3A CKa3aTh TOIO K€ OTHOCUTEIbHO I'eHEPally JKEeCTKHUX
IIpolleccoB paccesgHus ¢ Oojlee YeM ABYMsA YacTUIAMU B KOHCYHOM cocToAHMM. uciio mepe-
MEHHBIX (ha30BOr0 IPOCTPAHCTBA OOJIbIIE, W IIOITOMY TPYyIHEe HaXOIUTh U NIPeoOpa3oBbIBATH
JlaJIblIe BCE BO3MOXKHBIE IIMKHU B CCUEHUAX METOJIOM CMEIeHHOTO BbIOopa To4eK (ha30BOIo Ipo-
crpatcTBa. Kpome TOro, BbIpajKeHUA HJid MATPUYHBIX 9JIEMEHTOB 2 — 3 IPOIECCOB OOBIYHO
JIOBOJIBHO JIJIMHHBL. D 03TOoMy PYTHIA comepKuT BecbMa orpanmdentoe uncio 2 — 3 u 2 — 4
IIPOIIECCOB, W MOYTH KasKIbIi Ipoliece ABIAETCHA BECbMa CIHENNAJIbHBIM CJIydaeM. JOITOMY He
CJIMIIKOM MHTEPECHO 00CYXKIATh 37eCh IOIPOOHOCTH, M MBI JAIUM TOJIbKO OYeHb KpaTKuil o0-
it 0630p.

Ecsm macca xurrca He Masa, TO IPEICTABIAIOT HHTEPEC B3aUMOIEHCTBIA MEKIY IPOIOIIb-
HBIMI KajnOposounbiMu Oosonamu W u Z. B nporpammy BkiItogaercsa 2 — 1 mporece tuna
WiW, — H® u 2 — 2 mponecc tuma WIW; — Z979. Depsuiit npumensercs, xorma HO
elle IPUEMIIEMO y30K, TaK YTO IPUIOIHO PE30HAHCHOE ONUCAHWe, a BTOPON IperHasHavacTcs
JIJIAL BBICOKUX HEPIUil, Ille JOJIZKHBI yYUTBIBATHCH PA3INYHble BKIadbl. TakK Kak B IporpaMmy
He 3aJ10KeHbl cTpyKTypuble dyuxiuun Wy, uin Zj,, conepiKaluxcsa BHYTPU aIpOHOB, Ha3ucHoe
JKECTKOe paccesHne, JOTOJHERHOe Hepexomamn ¢ — ¢ W n ¢ — qZp, noixnao >ddeKTuBHO
nasarh 2 — 3 u 2 — 4 nporecesl. QQHAKO €CTh BO3MOYXKHOCTD HE3aBUCUMOIO IIPEIBAPUTEIIHHOTO
HHTErPUPOBAHUA 0 yIVIaM pacCeAHHBIX KBAPKOB U IO IepeMEHHOM, onuchIBalolell pacipee-
nenne sueprun, anamutndecku [Cha8b]. Jlpyrue xuHemarndeckume mepeMeHHbIE BBIOMPAIOTCS
TOJIBKO TI0CJIe IPUHATHA COOBITHA. DTO BKIIOUaeT B cebsd masbHelmnit orbop mpon3BOIbHBIX



nepeMeHHbIX 10 OTAETbHOMY IUKJTY.

9 03TOMY B UTOTE HEOOXOINMO BBECTH TOJIBKO OIHY JTOMOJHUTEHHYTO TIEPEMEHHYTO TIPU TEP-
BUYHOM oOTIpeesieHnn (ha30BOro mpocTpaHcTBa, KOTopas BhIOUpaeTcs B Buiae §', KBajpara WH-
BapUaHTHON Macchl TOJTHOTO 2 — 3 mitu 2 — 4 mpotiecca, B TO BpeMs KakK § OmpeneseT KBaJIpaT
MHBApWaHTHOW Macchl BHyTpennero 2 — 1 mim 2 — 2 mportecca. DepeMeHHas Yy XapaKTepu-
3yeT TOJHBII mpoliecc, TaK KakK B3BelleHHble CTPYKTYpHBIC QYHKIINU COCTaBIAIOMNX KBAPKOB
JTOJIZKHBI IMETh BUIL T12 = =7 exp (+y). Depemennas t XapaKTepusyeT BHYTpeHHUl mpoliecc,
1, TaKuM 06pa3oM, He Hy:KHa s 2 — 3 npotieccoB. Boibop mepementoit 7/ = §'/s Bbinosnser-
¢ mocJie BeIOopa T, HO mepes Beioopom y. Jliist my et s pextuBHOCTE 0OTOOD OCyIeCcTBIIAETCA
0 B3BEIIEHHBIM pacrpeneneHnam B (aszosoM mpoctparctse [ h(7') dr’, Tie

al el-1/7P 1

(7! U=77) o
(T ) Il T IQ 7'/2 —I_ IS 7—/(1 - T/)

(7.40)

B CTaHIOapTHOM IIpeacTaBJIEHNN. KOSCbeHHHGHTbI C; OIITUMHU3UPYIOTCA TIPpU MHUOWAJIU3ATINUN.

_|_

Unen c3, pacxomsammiicss npu 7' & 1, ucmosb3yercs TOabKo s et e -crosknoBennii. Buioop

hr TpybO COOTBETCTBYET MOTOKOBOMY MHOKHUTEIO JIJIA MPOIOJIHFHOTO KaTMOPOBOUHOTO DO30HA,

KOTOpBIth mMmeeT (opmy
T T T
(2 m(Z)2(1-7) )

Moz rerkoro H sdpdexktunoe W-nipubsinzkenue, onucanHoe BBIIIe, pa3pyllaeTcs, W HeoO-
XOJINMO BKJIFOYATh TOJTHYIO CTPYKTYPY Marpuuaroro sjaeventa — q¢ — qq'H® (ZZ-crmsnue) u
q¢' — ¢"¢""H° (WW-comsnme). 3nech coxpaHAIOTCA MepeMeHHble T/, T U Y, KOTOpble BBIOMpa-
I0TCA B COOTBETCTBUH €O CTAHIapTHBIME TMporeaypamu. Macca XurTca omnpenesier BOOp T;
obpruno H macronbko yskuil, 4To pacupenenenue T AeficTBUTENLHO CBOTUTCA K O-(pyHKIMM.
Kpowme Toro, majst Tpex 4acTUI] B KOHEUHOM COCTOAHUE (Pa3oBbIfi 0ObeM 3alnchiBaeTCs Kak

5 1 d3p» 1 2 d993 d994
- ) (27t —pi—p2) = e dp} dp? d 42
g (27T)3 QEZ ( Tr) (p3+p4+p5 pl p2) ( ) 4 )\J_34 J_-?) 2 J_4 2 y5 9 (7 )

TIe Ajzq = (m134 — mzL3 — sz)2 — 4m13mi4. Beixomsiime KBapku moMedeHbl WHIEKCaAMU 3
n 4, a BbIXOILHHII/Iﬁ XUITC — MHAEKCOM 5 SELCHPG,HGJIGHI/IG 1o yIiy @ c49uTaceTcd U30TPOITHBIM,
a JBa IMONEPEYHBIX MMITYJIbCa BbI6I/IpELIOTCff[7 C y9€TOM HEKOTOPOI'O NpEABaApUTEJIbHOTO 3HaHWA
B da IIpoIIaraTopoB W/Z B BbIpazKe€HNAX OJId Ce“IeHI/If’I7 B COOTBETCTBUMN C paclpeneJicHunAMUI
hi(pl)dpl, roe

a e 1 e 1
I, Lymp+pl Is (mh+pl)

¢ mp — Maccoit W uim 7, B 3aBUCHUMOCTH OT TIpoliecca, u npu ¢; = ¢ = 0.05, ¢ = 0.9. B

hJ_(pi) = ) (7'43)

npefeax OrpaHWIeHnll, TaHHBIX OTOOPOM IPYTUX MEpPEMEHHBIX, paclpeieseHre M0 ObICTpoTe
ys BbIOmpaercs paBHOMepHbIM. (cTaeTcd cienaTh TOCTeTHUH BBIOOP, KOTOPBIH 00YCIOBIEH
NBOTHOM HEOMTHO3HAYHOCTHIO 3HAUEHNA OOMEHHBIX TPOIOJBHBIX WMITYJIBCOB TapToHoB 3 1 4 (¢
MaJTbIMIT MOAMMUKAIAAME B TOM CJIydae, ecau OHM MaccuBHbI). OTHOCHTETHHBIN Bec MOXKeT
OBITH TIOJIYI€H TOYHO W3 CAaMOTO BUIa MATPUIHOTO 3JIEMEHTA.

ABTOPEI He HallLIN HEKAKOTO XOPOIIIeTo BEIbopa 171 dhas3oBoro obbena mporecca gg — 2 bb.
CremoBaTesIbHO, TOT TIPOIECC HE MOKET OBITh HOCTATOTHO TPOCTO creHeprpoBad B PYTHIA.
B macrostiee BpeMs IS 9TOTO HEOOXOMWMO MCIIOJB30BaTh OasucHbIN (popmainsM 2 — 2 mpo-
meccos, Toe cucteMa b 4 b cmerema paceMarpuBaercs Kak sddextupubit ”pesonanc”. Torma
BHIOGIpatoTes e Macchl, Z° — cormacHo ypasuenmio (7.39), m b+ b — cormacHo pacmpenenenuio
dm?/m?. O6a "pacnasa’ TPUHUMAIOTCS W30TPOIMHBIMU B COOTBETCTBYIOUIEH CHCTEMe TTOKOA W



TafoT deThbipe (bepMUoHa B KOHETHOM COCTOSHUN B TEX MEPEMEHHBIX, B KOTOPBIX OMpEIeIeHBI
MaTpUIHBIE 3JIEMEHTHI. Kpome Toro, BRIOMpAOTCAs T, Y U Z MO CTAHIAPTHBIM TpaBUIaM IJI5d
2 — 2 mpotieccos.

7.6 Dacnajabl pe30HAHCOB

O6paboTKa pacrmagoB pPe30HAHCOB OCYIIECTBIIAETCA B ABYX PA3/IMIHBIX moamporpamMax. CraH-
napTHad obpaboTKa pacmaga (B LUDECY) MOMKeT WCIOMB30BATHCA A 000N HecTabMIbHOM
JACTUIIBI, KaHAJBI pachala BhIOWpPAroTcAa ¢ (DPUKCHPOBAHHBIMEU BEPOATHOCTAMMI, U paclpenese-
HUS TI0 yIJIaM paciajia OOBITHO BBIOWPAIOTCA M3OTPOIHBIME B CHCTEME TIOKOA pPE30HAHCa, CM.
naparpad 13.3. Dostee yrondennas obpaborka (B PYRESD) mcrosb3yercs MO yMOJTIaHUIO 15
PE30HAHCOB, creHepUPOBaHHBIX B PYTHIA; ee Mbl 3/IeCh 1 OTTUCHIBAEM.

7.6.1 Cxema pacmajga

B magase obpaboTku paciaga paccMaTpUBAIOTCA IIPOIECCHI, Talolne OIIH MJIH IBa pe3oHamca,
tua q¢ — Wt n q¢g — Wtq wm q¢ — WHTW™ coorBercrserno. Ecnm mmveer mecto mo-
cjlemuuil caydail, To pacmal IBYX PE30HAHCOB paccMaTpHUBaeTcCdA MapaJtljie/IbHO (B OTJINYNE OT
LUDECY, rme B JaHHBIT MOMEHT BpeMeHH MOXKeT paclalaThCcA TOJTBKO OTHA qaCTMua).

CrauaJia BbIOMpaeTcsa KaHaJl pacllala KaKIOro pe3oHaHca B COOTBETCTBUHU € OTHOCHTE/Ih-
HBIM BecoM H ](%f ), KOTOPBIH, KaK OMMCAHO BBIIIE, BBIYUCAACTCA s (PaKTHICCKOR Macchl pe-
30HamHCa, a He /I8 HOMAHAJIBHON. D OoporoBbie KOd(PMUIUEHTHI, CIEI0BATEIBHO, YINTHIBAIOTC
MOJTHOCTHIO, W KaHaJ bl aBTOMATHUIECKH BBIKIIOUCHBI HIKe Topora. QOBITHO Macchl ITPOIYKTOB
pacitajia Xopollo olpeiesieHbl, HO, HallpUMep, B pacriagaxX THUIla HY - WTW™ HeobxommmMo Bce
JKe BBIONpATh Macchl MPOAYKTOB. ITO HEJACTCA B COOTBETCTBUM € IBYMsA OpefiT-BUTHEPOBCKIMEI
pacupejieJleHuAMY THUITa TaHHBIX B YPaBHEHUAX (7.31), YMHOKEHHBIME Ha TOPOTOBBIH Koo -
[IAEHT, 3aBUCAIIAN 0T 00enx Macc.

BareM BBIOMPAIOTCs YIJIBI pacliafa pe3oHaHca, paclpeIe/ieHus 0 KOTOPBIM H30TPOIHEI B
cucreMe moKos. OOBIUHO MOCTYIEH MOJHBIN Aualia3oH yIJIOB paclaia, Ho B 2 — 1 mporecce
Ha yIJIbl pachiaja NepBOHAYaJbHOTO Pe3oHaHca MOLYT HaKJIaJAblBAThCA OUPAHUYEHUA ITOJTH30-
BaTe/isA, HApUMeEp, Ha p; IPOAYKTOB pacmamga. C ydeToM 3HAUEHUH YTJIOB KOHCTPYHUPYIOTCH
YeThIPeXUMIIYJIbCHI TPOAYKTOB paciiajia, KOTOPbIE 3aTeM CMeIlAloTCA B HY KHYIO CUCTEMY OTCYe-
Ta. Kak nmpasusio, npuHUMaeTCs, 9TO MaTpPUUIHbBIE 3JIEMEHTHI /I KBAPKOB 1 JIEITOHOB JTAIOTCs
ML HyaeBbIX Macc. CJieoBaTeIbHO, BEKTOPBI YeThIPEXUMITYIbCOB, CO3TaHHbIe Ha TOH cTaInm,
dakTHIeCKH ABIATOTCA OE3MaCCOBBIMMI /I BCEX KBAPKOB 1 JIEIITOHOB.

Tenepb MOXKHO BBIYUCIATH MaTpUIHBbIE 3JIeMeHTHI. [ mporecca tuna g — WHwW- —
etu, {4V, MaTPpUYHBIA 2/1€eMEeHT ecTh GYHKIMA 9eTHIPEXUMITYIHCOB ABYX BXOIAIINX (PEPMHUOHOB
1 deThbIpex BBIXOIANNX. Bepxiee orpamuuernne A Beca cOOBITHA MOXKET OBITH IMOJIYYEHO U3
BEJIMUNHBI CeUEHUsA /I Oa3mCHOTO IpoIecca ¢q — W"’W_, KaK yiKe IPUMEHATIOCHh IPH BhIOOpE
nMITyabcoB aByx W. Ecam B3BemmBamme majo HeyTadHbIl pe3ysbTaT, TO BBIOMPAIOTCS HOBBIE
VIJIBI pacialia, v Ipoleaypa BhIIOJHACTCA NTepaluaMy 10 MOJTYyYeHUA TPUeMJIeMOro 3HaUYeH .

OcHoBBIBasich Ha MPUHATOM HabOpe YIJIOB, KOHCTPYHUPYIOT MPABUIbHBIE UeTHIPEXUMITYIb-
CBhI TIPOLYKTOB paciiaja, BKIOYAONIne MacChl (PDePMUOHOB, KOTOPBIMI paHee IPeHeOPEragoch.
KBapkn m jlenToHbl B KOHEYHOM COCTOAHWKM MOTYT H3JIy9aTh, JJIA 3TOTO UCIOJb3YETCsS CTaH-
JTapTHBI MeXaHW3M JIUBHEOOpa30BaHmsA, ¢ MaKCHMaJIbHON BUPTYaJbHOCTHIO, OIpEeHesIaeMoi
Maccoll pesoHaHca.

B HexkoTophIX pacmaiax poKIAOTCA HOBBIE PE30OHAHCHI, KOTOpPBIE, B CBOIO OYEpENh, MO-
ryT pacmagarbes. OQIHOBpEeMEHHO paccMaTpHBaeTcs TOJBKO ONHa pe3oHaHCHasd Iapa, TO eCThb



HEeJIb35 BKJIIOUNTH KOPPEJIANNN OT OJHOBPEMEHHOTO pacliala TPeX MWW OOJIBIIETO KOJIIIe-
CTBa pPE30HAHCOB. TO, (PAKTUIECKU, BCE, 9TO HYKHO B HacTOAIIee BPEMs: B IMpOIEcce THUTA
qq — Z°H° — Z°W+tW~ — 6 depmuonos Geccnmrosocts HC rapantmpyer, ato pacmamsr W
He cBA3aHbl ¢ pacnagom Z° (Ho He mpyT ¢ npyrom).

7.6.2 Ob6cyxxagenue ceueHAH

SHaveHme cedeHnA I TTPOTECCa, KOTOPBIT BKIIIOYAET POXKIEHUE OTHOTO MJIH HECKOJIBKIX PE3O-
HAHCOB, BCET/Ia YMEHbBIIAETCA, KOT/Ia YINTHIBAIOTC KaHAJbI, HE pa3pelieHHble (IaraMu moJTb-
30BaTesIsA. ITO TPUBUAIBHBIN Pe3yIbTaT 1A OIUHOTHOTO S-KaHAJIBHOTO PE30OHAHCA, CM. ypaB-
Herwe (7.28), HO ecTh MPUOIUSUTENHHOE COOTBETCTBUE TaKKe W B CJIydae, eCIl BKIIOUAeTCHA
HECKOJIBKO yPOBHeH pacmaioB pe3oHaHca. ) pU WHUIHAJN3ANNN BBIUNCIAETCH U COXPAHIETCH
OTHOILIEHNE MeXKy paspelleHHoll mosb3oBaTesieM WUPUHONR 1 HOMUHAJJIbHO BO3MOKHON, HauM-
Hasd ¢ CaMBIX JIETKWX PE30HAHCOB W BBINIE. DalpuMep, BHadase HaXOIATCH Ko3(hDUImeHTs!
nonmasyerns miA pacmanoB W1 m W™, KoTopble He TOKHBI OBITH OIMHAKOBBIME B CJIydae,
HalpuMep, pasperierroro pacmaga W' Tonbko B kBapku, a W™ — TOJBKO B JIENTOHBL. OTH
Koo pumenTs BMecTe BBoAATCA Kak Bec Kamasa H° — WTW™, xoropslil, Takum obpasom,
yMeHbllIaeTcd 10 3HAUYMMOCTH B CpaBHEHUN ¢ IPYTUMU BO3MOXKHBIMY KaHaJlaMU paciiajia XUTrTrea.
DTO TaKiKe oTpasKaeTcsd Ha camMoM BecosoM Koaddunmente HY, korma ommm Kanasbl HOJIHOCTHIO
OTKPBITHI, IIPYTHE — MOJHOCTHIO 3aKPBITHI, 1, HAKOHEIl, HEKOTOpbIE, TOI0O0HO YKa3aHHOMY BBIIITE,
~ OTKPBITBHI, HO ¢ YMEHBIIEHHBIM BEcOM. DaKoHell, Bec A nponecca qq — Z°H Boranciser-
¢ KakK IpoayKT BecoBblx Koaddunuentos Z° u HY. Da »sror Bec ymHoKaeTcs crammapTHOE
cedeHue mporecca.

Tak Kak orpaHuveHMe Ha pas3pellleHHble MOIbI paclajia yKe BKIIOUYEHO B ceUeHNe JKECTKO-
ro TpoIecca, CMeITMBaHe Pa3INIHbIX THUIIOB COOBITH! OYeHb YIPOIIAeTCs, W BBIOOD IEmovex
KaHaJI0OB paclajia MPOU3BOANTCs HermocpencTBenHo. OmHaKo 3a 9TO MPUXOAUTCHA TIaTuTh. Bee
K03 DUIMEHTH MOIaBIEHN, BRIIUCIEHHbIE TPU WHAMNAIH3AINN, OTHOCATCA K PE30HAHCAM €
HOMUWHAJbHBIMEI 3HATEHUAME Macc. Jamnpumep, Ko3dduimenT mogaBierns A W BbITHCIIA-
eTcd i HOMUHAIbHONW Macchl W make Torma, KOrma 3ToT Koa(hUIneHT Mo3Ke UCTOTIb3yeTCa
[pU ONMUCAHWN pachaia Xurrca c »aeprueit 120 5B, e mo kpaiineit mepe oqua W 6ymer po-
KIAThCA ¢ Maccolt Huzke »Toro 3nadennsa. OmHako HaM He W3BECTEH HUW ONWH CJIydali, e 3TO
MpuOIMKEHTe TMeJIO ObI KaKie-HuOYIb cephe3Hble HeKeTaTe/IbHbIE TOC/IEICTBIA.

9 porienypa B3BEIIWBAHU PabOTAET MTOTOMY, ITO UUCIO PESOHAHCOB, KOTOPOE HYKHO TTOJTY-
IUTHh TPAMO WM TIPH MOCTEIYIONNX paciagax, MOKeT ObITh ONpeneseHo PEKYPCUBHBIM 0Opa-
30M yXKe B Hadajle. ITO He cpaboTaeT [Jid JacCTHUIl, KOTOPble MOTYT TOJy4YaTbCsd TaKzKe Ha
6osee TO3MHUX CTAAUAX, THUIA PA3BUTUA MapPTOHHOTO JIMBHA WJIN (pparMeHTallun. 2 arpuMep,
DP-Me30HBI MOIYT poKIaThcs U Ha IO3AHUX CTaIUAX HENOYKU TeHepallii COOBbITUA B HEH3-
BECTHOM 3apatee KOoJM4YecTBe, TaK 4YTO Helb3d BBECTH KOMIIEHCUPYIOUIUE Beca, HallpuMep, Ipu
mpeobIagalHni paciagtoB ToJbko B mHK™.

D yIKHO 3aMETUTh, ITO 3TOT K03 PUIIMEHT MOTABIEHNS He CBA3AH ¢ OMUcaHneM caMoit dpop-
MBI pe3oHaHca, TIe HOJIKHa UCIOJb30BaThCA MOJHAA MUPUHA PE30HAHCA. JTa ITUPUHA OCHO-
BbIBaeTCA Ha CYMMe BCeX BO3MOKHBIX MOJ paclajia, a He TOJbKO MouenupyeMbix. PYTHIA
MO3BOJIsIET TaKKe M3MEHATh OCHOBHOW pusmueckuit ciieHapuit, HampuMep, BKJIOYATh pacial
7° Ha HeHTPUHO YeTBEPTOro MOKOJECHU.

O6braro BBIUMCTIEHNE KO3 DUINEHTOB MOIaBIEHNA ejlaeTcsa HemocpencTBenno. OQmrako
I/ paclaloB Ha Iapy OIMHAKOBBIX 110 3apsly WM CONPIKEHHBIX pesoHamcos Tuna Z°7Z° win
WHW~ MoKHO BBIOpaTh KOMOMHAIMI TaKUM 00pa3oM, 9TO BeC Iapbl He (paKTOPU3YeTCHA /I
BECOB MPOIYKTOB KaKIOTO PE30HAHCA 110 OTIEHbHOCTH. UTOOBI OBITH TOTHBIM, JIFOOOMY KaHAJTY



paciajia MOXKHO MPUCBOUTH CeMb Pa3/IMYHBIX KOZOB COCTOAHUSA:
e —1| : HecymecTByIOIlasg MOJa pacialia, TMOJHOCTBIO BRIKJIIOUEeHHasA W TTOTOMY He TpecTa-
BJIAIONIAA 118 HAC HUKAKOIO MHTepeca;
CyUIecTBYIOMMI KaHasa paciajia, KOTOPbIf B JaHHBIT MOMEHT BBIKJIIOUEH;
BKJIIOUEHHDBIN KaHaJT;

0
1
2 KaHaJT, BKJIIOYEHHBI IJId 9acTul, HO BBIKJIIOUYEHHBII IJId aHTUYaCTHUIL;
3 KaHaJT, BKJIIOYEHHBI AJId aHTUn49acTuI, HO BBIKJIIOUYEHHBII IJIAd 9aCTHUIL;
4

KaHaJT, BKJIIOYEHHBI AJIA4 OOHOI'O U3 ABYX PE30HAHCOB;

5 @ KaHaJ, BKIOYEHHBIN AJI4 APYTOTO W3 3TUX JIBYX PE30HAHCOB.

Ommunm 4 m 5 TIaBHBIM 00pa30M JaHBI /I8 OMUCAHWA COCTOAHUA B W"’W_—Hape, riae ongnH W
pacmagaeTcs Ha adpoHbl, a APYTOil — Ha JIEIITOHBI, KOTOPOE, TaKIM 00Pa30M, OIICHIBACT CJIyUal,
rne WT nmm W™ pactagaeTcs Ha alpOHBI.

D penedbperas HeCyHIECTBYIONMME KaHaJlaMHi, MOYKHO CYUTaTh, U9TO KaKIbHl KaHasl IIpu-
HaIeKAT OTHOMY M3 BBINIEYKa3aHHBIX KJIacCcoB. Kcam MBI 0003HaYUM MOJHYIO OTHOCHTEIb-
HYIO BEpPOATHOCTH paclafa [0 KaHaJ y THIa ¢ KakK r;, TO 3TO Ipeobpa3yercs B TpeboBamme
ro+ri+ret+rstrystrs =1 (eCJH/I HEeKOTOpbIe KaHaJIbl yKe He MMEIOT yYMEHbIIeHHbBIH Bec
BCJICICTBIE OTpaHUYeHUN Ha MOC/JIEIyIONIne MeMouKH paclala, W TOra cCyMMa OyIeT MeHbIIe
em/IHI/IubI). st ommHOUHOM YacTUIBI BecoBOH K0a(pPUIUEHT ecTh 7'y + 79+ 7y, a I8 ONHHOIHOMN
QHTUIaCTUIBI 71 + 73 + ry. Jl18 mapbl MIeHTHYIHBIX PE30HAHCOB MOJIHBI Bec ecTh

(re +7r2)? 4 2(ry + r2)(ra + 75) + 2rsra (7.44)
a JTA TTapbl pe30HaHC—aHTHPE3OHAHC, COOTBETCTBEHHO,

(ry+72)(r1 +73) + (2r + ra+r3)(ra +15) + 20574 (7.45)

7.7 Ipoliecchl, He ONMHUCHIBalOIUECs 110 TeOpUU
BO3MYILI€HUM

9 e60JThIII0Ee KOJIMIECTBO MPOTECCOB HE MOKET OBITH ONMMCAHO TaK, KaK 9TO OBLIO C/IeJTaHO BBIIIE.
9TO Te MPOTECChl, KOTOPBIE 3aBUCAT OT JIeTaJbHOMN aIpOHHON BOJHOBOW (DYHKIIUU U TTOSTOMY He
MOTYT OBITH BBIYUCJIEHBI CTPOTO O TEOPUH BO3MYIIEHNH (XOTA TeOpusa BO3MYIIEHNH 3adacTyto
MOKeT 0becreqnBaTh oblee PYKOBOACTBO). UTO mpeKae BCero B CBA3KM € 3TUM BCIOMUHAETCS
— 9TO YIIPyToe paccesHue, TN PAKIUOHHOE paccesHrne i cOOBITAA ¢ MUHIMAIBHBIM OTOOPOM IO
MOPOTY B aJIPOH-AIPOHHBIX CTOJTKHOBEHWAX, HO TAKOE OMUCAHNE MOYKET TPUMEHATHCA TaKKe 1
IS TIPOTECCOB Yp- U YYy-B3auMometictsuii. Ouumcanme >TUX TPOIECCOB BECbMa OTJIMIAECTCA IO
CTPYKTYpe TI0 CPaBHEHUIO ¢ IPYTUMU IPOIeccaMu, KakK 3To o0bsAcHsaeTcs masee. Momenn s
cOOBITHI ¢ OTOOPOM TIO TIOpOry HOApobHO 0bCyKIaoTca B maparpade 11.2, K KoTopoMy MBI H
OTCBUTaeM 3a HaJbHEHIINMI TTOAPOOHOCTAME IO TIOBOY 3THUX MPOIIECCOB.

B ampon-ampoHHBIX B3aumMOmefcTBUAX TOJHOE APOHHOE CEUEHUE Oy BBIUUCIAETCH Kak
dbyukuus sueprun B cucreme [IM ¢ ucnosbsoBanuem mapamerpusanuu Jinoka-Kaiina [Blo85].
Tot ke caMbIit TTOIXOM WCIOIB3YETCA TTPU BBIYNCIEHUN CEUEHUA YIPYTOTO PACCEAHUS T¢f, B TO
BpeMs# KaK CeUeHNUs MPOIECcCOB OMMHOTHON U ABOWHON mudpaknnm o,y U 04y TOJTYIAIOTCH € TTO-
Molibio ansana l'onbsanoca [Gou83]. Ocraercs TosbKO HenudpakIUOHHOE, HEYIIPYTOE CeUeHUE
Opd COOBITHH ¢ MUHUMAJBbHBIM OTOOPOM, TO €CTh TPUHUMAETCS, ITO

Otot = Ocl + 0sd + 0dd + Ond (7.46)

[Menrpanbras nudpakinns 1o cuxX mMop He BKJIOYATIACh B PACCMOTPEHHE.



CymiecTByfomime mapaMeTpU3alny B 0OJACTH BBICOKWX 3HEPTUil TPUMEHSIOTCA TJIAaBHBIM
obpaszoM K pp- u pp-B3ammomelictBuro. [is Toro 4Todbl mMMETh XOTh KaKylo-HUOYIh CTapTO-
BYIO TOYKY JIJIs APYTUX IPOIECCOB, MPWHUMAETC, UTO BCe OAPUOHBI WMEIOT OIHW U Te IJKe
ceveHus, U 3aMeHa GapuoHa MMOHOM JacT MOCTOAHHBIH Koaddurment 2/3. fcHo, uro »ro He
COBCEM TIPABUJIBHO: HAM YK€ U3BECTHO, UTO OApMOHBI, KOTOPbIE COMEepPIKAT CTPAaHHBIE KBapKH,
NMEeIOT MEHbIIINEe CeUeHNn s , 9eM He coflepZKalllie TAKOBBIX. KcJim HYKHBI U UMEIOTCS O PYyKO
Jy4llire napaMeTpU3alluy, UX MOXKHO IIPOCTO BKJIIOYMTH B noaunporpammy PYXTOT.

st yp-cobbituit, rme (oToH B3amMomelcTBYeT MOM00HO alpOHY B CMBICJIE MOIEN BEK-
TOPHON TOMUHAHTHOCTH, MO YMOJIAHWIO TTapaMeTPU3allns MOJTHOTO CeUeHUA MPUHUMAETCH O
Donnachie n Landshoff [Don92]. Ceuenue nis ynpyroro npomnecca yp — p’p mapamerpusyercs

KaK (5) 008
ouls s :
o008 (5 4
Ttot(S) 0.058 <1F3B2) ’ (7.47)

Ha OCHOBaHWUU 3HadeHui, npenckasanubix Schuler u Terron [Sch92]. Bsumy orcyrersus ro-
6ol mpyrofi mHpOpMAIUE cedeHne ONMHOUHON MUQPAKINU TPUHAMACTCI PABHBIM YIIPYTOMY,
a IBONHONW Muppaknuyu — OIHONW TPETH TOTO 3HAUEHU. DOCJEIHee CIEAyeT U3 COOTHOIIEHSA

[Gou83]
_ ) (7.48)

M5t mpotieccoB, yKa3aHHbBIX BBIIIE, HEJIb3 s HCIOIb30BATh OOBITHYIO CTPATETHIO CMEITHBAI A
cOOBITHH. D peKie Bcero, TakK KakK W3BECTHDI UX IOJTHBIE CEUEHN T, MOKHO BHIOpATh COOTBETCTBY-
oI Ipoliece BHaYa e, M 9TOT BBIOOp ocTaHeTcss Hem3MeHHbIM. [ pyrumu cjioBamMm, ec/ii BHIOOD
KHHEeMaTHIeCKIX MepEeMEeHHbIX OBLI HEeyIadHBbIM, He OYIeT OCYIIECTBIATHCA BO3BPAT M BBHIOOD
HOBOTO IIpoIecca CIIocoDOM, HCIOIb3yeMbiM B maparpade 7.4.3. Bo-BTopbix, HEBO3ZMOKHO HaJIO-
JKeHne HIKaKNX OrpaHmIeHnii Ha pa3pelleHHble BXOIAINE MU BBIXOIAINE apoOMaThl: €CIu He
obecreunBaeTCs JOMOJTHATEIbHaA WH(OpMaIs, 3To OyIeT AeaTh BeCh CIeHapwil MI0X0 ompe-
IeleHHbIM. B-TpeTbux, He peKoMeHIyeTcss CMeIlnBaTh TeHepalliio 3THX MPOIECCOB ¢ JTIOOBIMI
IPYTAME: OOBITHO APYTHE IMPOIECcChl NMEIOT HACTOJBKO MaJIble CeUeHns, YTO OHU B JIIOOOM CJTy-
Jae TOYTH HUKOTIA He OyIayT reHepupoBarhes. (Mbl 3mech nekirodaeM ciaydan ~HCXOTHBIX 1
" HaJIOKEHHBIX  COOBITHI, TIe cMelnBanme 0becedeno n JasKe ABJIAeTCA MEeHTPAIbHON JacThio
dbopmanmsma, cM., coorBeTcTBernHO, 11.2 w 11.3.)

CobOBITHA YIPYTOTO paccesanns, OTUHOTHONR W ABOMHON mudpaKinm IMeIOT OOHY U Ty Ke
OOIIYIO CTPYKTYPY: Hepelada MMITYJIhca ¢ 0T BXOMAIIETO aIpoHa K BHIXOAAIIEH crucTeme (aapoHy
WM BO3OY K IEHHOMY COCTOSAHUIO) MAeTCA PaclpeneseHneM

exp(Bt + Ct?) , (7.49)

rne B — snepubiit mapamerp HakioHa, (' — mapaMeTp KpuBusHbl. [laa ympyroro paccesuus B
BBIUUCIISAETCA € UcTob3oBanmeM mapamerpusainun Block mw Cahn, a ¢ maxomurcs mo mpocroit
mapaboJte, moTyaenHol buTHpoBaHMEM 3HAUEHU pU pasHBIX »HePTUAX, paccunTanubix Block
n Cahn B momesm Chou-Yang [Blo84], Bkmmouas Taxxke suHadenwe C' = 5 ['5B™* usmepennoe
uHa [SR. D pu 6oabimx sHeprusx sHadeHune C' 0OBITHO TOJIOKUTEIHHO, TO €CTh CINTAETCH, ITO
BbIpasKeHUe BbIllle He UMeeT CMbIcja Mpu 3HadeHusnx |t|, 6ompumx B/2C. B aroli obmactu
HEOOXOIMMO UCITOIB30BaTh OoJiee TIOJTHOE ONMCaH’e, TOTMa KaK B TEKYIIell peajn3alun TpwH-
MaeTcs, UTO cedeHme 37ech paBHO Hymo. ClenoBarenbHo, peanusanus B PYTHIA He moJIKHA
paccMaTpuBaThCs KaK 3aKOHUYCHHBIH TeHepaTop yIPYroro paccesHus.
st vp-B3auMomelicTBUA ANEPHBIN MapaMeTp HaKJOHA TapaMeTpUu3yeTca Kak

B=921"24+0.5I%"%1In (0.25 ['5p 2 s) , (7.50)



YTO ABJAETCHA YIPOleHHol Bepcueit Gpopmbl, mannoil B ceblike [Sch92], a mapamerp KpuBu3HbI
(' mpuHUMaeTcAs paBHBIM HYJIO. [paauiimoHHO, B JyXe MOIEJIU BEKTOPHOW TOMUHAHTHOCTH,
nponecc vp — p°p paccMaTpuBaeTcs KaK IPOIECC YIPYIOro pacCesHus.

s nudpakimoHHOTO paccesdHIsA pacipeleseHne o ¢ ecTh KBaJIpaTHBI KOPEHb pacipeme-
JIeHUsl 11 yopyrux coobituii, 1o ectb B u €' cHoBa ymMHOKaioTesa Ha koadduiuent 1/2. s
Kaxk 10t mudpaKInOHHON CHCTeMbI BBOAUTCA TOMOJTHUTETbHBIN Koaddutment dM?/M?, nato-
umit maccy M Bo30YyKIEHHOTO COCTOAHUA. JepBOHAYAJIBHO [BE MW TPU NepemeHHble ¢, M7
u M} BBIOMparoTCsA HE3aBHCHMMO IPYT OT IpyTa, B MpejesaXx BCEro paspelleHHOro aualasoHa.
Onmrako MyJIBTHILIET TEPEMEHHBIX, KOTOPBIE OKa3bIBAIOTC BHYTPEHHE KNHEMATUIECKN CBA3aH-
HBIMU, OTKJIOHAETCA W TEHEpUpPYeTCs HOBBIM B TON Ke TodKe. DTO MPUBOAUT K HEOOIBITOMY
CIABUTY CpejiHeli Besimuunbl |{| Bepen u K MofaBJIeHUIO XBOCTOB paclipeleseHuli, OTBeUalonnx
OOBITIM 3HAYEHUAM MACC, I MU PAKIUOHHBIX CUCTEM, KOTOPBIM HeJIb3sA mpeHebpedsp.

pY, chopmuposanmbii nepexomom ¥ — p° B ynpyrom mian nupaKIMOHHOM paccesHun,
OOBITHO TPOJIOTHHO TOJAPU30BAH, U MOITOMY MPUHUMAETCH, 9TO YIJIOBOE PACIpPeIeSIeHne pac-
nmaga p° — 7t7~ nponopumonanbho sin® §, TIe BEITEIEHHAA OCh JaeTcs HalpaB/eHHeM TBHKe-
Hust pP.

9 puHUMaeTCcH, UTO MacCOBBIN creKTp nudpakinmoHHOll cuctembl Haunmnaercs wa 0.2 1B
BbIIIe Macchl Bxomsmelt yactunpl, unn Ha 0.2 ['»B soime macent p® misa sxomsmero v. Jlerkas
nudpakInoHHas CUCTEMA, JIA KOTOPOil pasHWIla MekKIy coOCTBEHHOW Maccolt m Maccoif BXo-
nsiteit vactursl Menblie | [9B, cauraercs pacmagarouieticss ©30TPOITHO B COCTOSAHUE ¢ IBYMS
gactumamu. (CremoBarebHO, ONMHOYHBIE pe3oHaHCHBIE Nu(ppaKInoHHbIEe cOCTOAHNA Thma AT
CAWTAIOTCS HE CTEHEPUPOBAHHBIMU TOYHO, a OMUCAHHBIMU B CPEIHEM, PA3MBITOM CMBICIIE.

HDostee MaccuBHas AUQPAKIMOHHAA CUCTEMa BIIOCIENCTBUU 0OpadaThiBaeTcs KaK CTPyHa
KBAHTOBBIMU YHCJIaMU T€PBOHAYAJIBHOTO afpoHa. [ak KaK TOUYHBIH xapakTep ~momepoHa’,
KOTOPBIM OOMEHWBAIOTCA aIPOHBI, HEM3BECTEH, TO BKJIIOIAIOTCA IBa BapwaHTa. B mepBoM mpu-
HUMAaeTCH, ITO TOMEPOH CBA3AH € BAJIEHTHBIMI KBApPKaMI, TAK YTO CTPYHA HATATUBAECTCA TIPAMO
MeZKTy B3aNMOJEeHCTBYIOMINM KBAPKOM 1 OCTATKOM B BHJIe TMKBapKa (aHTHKBapKa) B Audpak-
IIMOHHOM cocTofgHNN. Bo BTOpOM BapmaHTe B3amMoJieficTBIE TTPOUCXONNUT € TJTFOOHOM, U 00pa3y-
erca ”BoJlocOTIONOOHaA KOH(DUTYpaIns, B KOTOPO# ¢cTpyHa HATATHBAETC OT KBapKa K IJIIOOHY,
a y&K OT HETo — K AWKBAapPKY (aHTHKBAPKY ).

Unmeercs skenepumenTaibias TOAIepKKa Iy bosee cIoKHbIX cienapues [Ing85], B Koro-
PBIX TOMEPOH UMeeT MapTOHHYIO MOACTPYKTYPY, UYTO MOKET MPUBOANTH, HAIPUMED, K POKIIe-
HUIO CTPy! ¢ DOJIBIINM 3HAYEHWEM p| B paccenBarorielica cucteme. QO0munit MexaHU3M, Korma
CIIEKTP TMOMEPOHA HAJIOXKEH Ha TTOMEpOH-TPOTOHHOE KEeCTKoe BamMoJeficTBre, He TOCTYIEH B
PYTHIA'. Omnako npu paccMorpenun coObITHA A1 (PUKCUPOBAHHOIO MHBAPUAHTHOIO 3HaUe-
HU S HEPTUU TOMEPOH-TIPOTOHHON CHCTEMBI TIOMEPOH MOKET TIPEICTABIATHC, CKAZKeM, THOHOM,
1 MOYKHO 3aMEHUTHh CTAaHIapTHBIE THOHHBIE CTPYKTYPHBbIE (DYHKITNHN U BBIPAKEHIA IJT5 MTOJTHOTO
CeveHrs Ha MPOUW3BOJIBHYIO XKeJTaeMyto MapaMeTpU3alliio I TOMEPOHA.

!B 1996 r. BbmwIa B cBer mocienmag Bepcusa nporpamvbl POMPYT, namucamnmas P.Bruni, A.Edin u
G.Ingelman, uconpsytomas PYTHIA 5.7 u JETSET 7.4 u Momeaupyomas COOBITHA KECTKOTO AUPPaKIIHOHHO-
ro paccegHud. B mporpaMmy BKIIIOUEHBI pa3/iMdHble HAOOPBI CTPYKTYPHBIX (DYHKIUH TOMepPOHA, MOy IeHHBIX
duTHpoBanmeM HOJBIIOTO KOJMIECTBA dKCIepuMeHTaAbHBIX HaHHbIX ¢ DESY n Tesarpona B @epmuiad. Kon
MPOTPAMMBI M TeKCTOBBIN haiis, comepxkamuii onucannme Ka0Yeill W ynpaBagonux onmuil, cBOGOMHO MOIKHO
B3ATH IO AJIPeCy:
http://www3.tsl.uu.se/thep /pompyt/ (ITpum. nep.)



I'taBa 8

Pusuveckue npoiieccbl B PYTHIA

B »roit ritaBe Mbr epeunciiumM pusmIecKme Mpoiecchl, KOTOpbie TocTynHB B PYTHIA, u BBemeM
[SUB-komp1, KOTOpBIE MOTYT HCIOJIB30BAThCA IJIA BBIOOpA JKeJTaeMbIX MPOIECCOB. J3MIeCh XKe
nejlaeTcA Pl KOMMEHTapUeB OTHOCUTEHHO BKIIOUAEMBIX (DU3MIECKUX CIIEHAPUEB, B YaCTHO-
CTHU, KacaoIMXCsA MUCXOMHBIX MPEINOIOKEHNH 1 00/TacT X MPUMEHUMOCTH. B KOHIle TUraBb
MpUBeNEeH KPATKuii 0630p WHTEPECHBIX TPOIECCOB Ha YCKOPHUTETAX.

8.1 Cxema KiJaccm@PHUKAIIUU IPOIECCOB

B PYTHIA comepxuTcs mmpoknii BBIOOp GpyHIaMEHTATbHBIX IPEBECHBIX 2 — | m 2 — 2 mpotiec-
COB CTQHIAPTHON MOZIE/H (3JIEKTPOCTabbIX U CHIBHBIX ), I 00ECIETNBAETCA JOCTYIT K OOITBIIOMY
KOJIMYECTBY He TTPeCcTaBJIEHHbIX, OHAKO UMEIOIINX WHTepec IJiA uccaenoBanuii. Kpome Toro,
BKJTOTAIOTCA HECKOJIBKO MPOIECCOB ¢ MUHUMATbHBIM OTOOPOM TI0 MOPOry (MOH00HO yIpyroMy
paccesHmIo), TeTIeBble N GOKC-IHarpaMMbl, 2 — 3 IpeBecHble TMarpaMMbl I HEKOTOPOE KOJI-
YecTBO MPOIIECCOB 3a paMKaMu cTaHIapTHON Momenu. Kiaccudukains He Beerya e TmHCTBEHHA.
9 potiecc, KOTOPBIft UAET TOJIBKO depes s-KaHaJlbHOe COCTOsHIE, Kaaccupuimpyercs Kak 2 — 1
nporecc (Hampumep, q — v*/Z° — eTe™), Ho ceyennme 2 — 2 mpolecca BIOJHE MOMKET CO-
NepKaTh BKJIAIBI OT S-KaHAJBHBIX AMarpaMM (gg — gg HOJy9aeT BKJIAAbl OT g9 — ¢* — gq).
Takzxke B mporpamme 2 — 1 m 2 — 2 mpoliecchl HHOTIA MOTYT OBITH COBMEIIEHBI ¢ mByMsA | — 2
nepexomamu s Qopmuposanusa 3¢ dexruBHoro 2 — 3 mim 2 — 4 npomecca (WTW~ — H°
copmetntier ¢ ¢ — ¢"WT u ¢’ — ¢"W™ u naer pesyaprupyroumii mpomece qq” — ¢"¢"H).

MoxHo BBIOMpATh KOMOWHAIIMIO MOIEUPYEMBIX MOJIPOIECCOB, & TAKKe BIIOCTIEICTBUU CO-
XpaHATh HHPOPMAIIIIO O TOM, KaKO# TOMIporiecc (PaKTUIECKN BRIONPAJICH B KazKIOM COOBITHUH.
C »roft 1esbio Bee TMOMIpoIiecchl MporyMepoBanbl B cooTBeTcTBuUn ¢ [SUB-komamu. Cromcok
BO3MOXKHBIX KOJOB maercs B Tabiuiax 8.1, 8.2, 8.3 u 8.4. TosbKo mporieccsl, oTMedeHHbIE 3HA-
KoM 4”7 B mepBOM cTOJIOIE AeficTBUTEHHO TIPENCTABIEHBI B IPOTPAMMe B HACTOAIIEE BPEMA.
Xotsa [SUB-kompr mepBoHatabHO paspadaThIBAINCh ¢ COOTIOMEHNEM JIOTHIECKOW CTPYKTYPHI,
MBI JTOJIZKHBI TPU3HATH, UTO MOCTEAYIOlIne pa3pabOTKM TPOrpaMMbl IPUBEIN K HCKaKEHIIO
9TOM CTPYKTYpBI. DallpuMep, HOMEpPa TIPOIECCOB 1A POKIEHWA XUTTCA BBOMATCH CHAPY KU,
JaCTUIHO KaK CJIEICTBUE TTePBOHATAIbHON KJTACCHPUKAINN, TaCTUIHO TOTOMY, ITO OIHOBpE-
MEHHO ¢ 5THMHU BO3MOKHO CYIIECTBOBAHWE U APYTUX MEXAaHU3MOB 00pa30BaHW A, KOTOPBIE MOTYT
OBITH OOHapPyKEHBI B JIIOOOM HEWCCIETOBAHHOM cefidac ceKTope B3amMmomeiicTBuit. D osToMy B
OyIoyIeM CMCOK HEKOTOPBIX MOIIPOIECCOB OJIZKEH OBITH PEOpTaHW30BaH. B Temarmueckmx
ONMCAHUWAX TaOJIUI, TPUBEIEHHBIX ajlee B TEKCTE, MPEICTABIIAIONINE THTEPEC TPOTECCHI TTOBTO-
pstorcsa B OoJiee JIOTHIHOM TOp#AIKe. Kcjim BBl XOTUTe HaliTh KaKo#-TO KOHKPETHBIH Tporecc,
TO TIpoiie GyAEeT OTHICKATh €ro TaM.
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Tabmuma 8.1: Kompr mommporieccos, 9acTh 1. DepBoiil cToJIOEN cogepKAT 3HaK ~+~ I Tpe-
CTaBJIEHHBIX B IIPOrpaMMe MIPOIECCOB M IIPOOEs 1A TeX, KOTOphIe TOAbKO MpeaBuiATca. Bro-
poit maer ISUB-kox mommpotiecca, a TpeTnii comepKUT OlIcaHne Ipolecca. D ocae Huit cToaberr
TaeT CCBLIKM Ha pabOThl, 13 KOTOPHIX OBLIN B3ATHI 3HAUEHNA COOTBETCTBYIONNX CeUeHUM. Do-
npobHee ¢M. TeKCT

Kom | Doamporece Ccplka
a) 2 — 1, npeBecHbrii
+ 1| fifi = /7" [Eics4]
+| 2| fifi > W [Bic84]
+ 3| fifi = 1O [Eicsd]
4| AWT — W
+ 5| Z°7° — H° [Eic84, Cha85]
6| ZOW+ — W+
7 WtW- 70
+ 8| WHtw- — H° [Eic84, Cha85]
b) 2 — 2, apeBecHbrit
+ 10 fzf] — fzf] (K@ﬂ) [Ing87b]
+ | fify — fif; (KXH) [Com77, Ben84, Eic84]
+ | 12| fifi = frfr [Com77, Ben84, Eic84]
+| 13| fifi—= g9 [Com77, Ben84|
+ | 14| fifi = gy [Hal78, Beng4]
+ | 15| fifi = gZ° [Eics4]
+| 16| fif; = gW?t [Fic84]
17 fzﬁ — gHO
+ | A8 | fifi =y [Bers4]
+ | 19 fifi = AZ° [Eic84]
+ | 20| fifj WY [Eic84, Sam91]
21| fifi = yHO
+ | 22| fifi = Z2°7° [Eic84, Guns6]
+ | 23| fif; = ZOWT [Eic84, Gun86]
+ | 24| fifi = 2°0° [Bers4]
+ | 25| fifi > WHW- [Eic84, Gun86]
+| 26| fif, > WHH" [Eics4]
27 | fif: — H°H®
+ | 28] fig— fig [Com77, Ben84]
+ | 29 fig = fiv [Hal78, Beng4]
+| 30| fig— £iZ? [Eic84]
+| 31| fig = fiW* [Eic84]
32| fig — f;H°
+ 1 33| v = Jig [Duk82]
+ | 34\ foy—= fiv [Duk82]
+| 35| fiv = RZ° [Gab86]
+ | 36| fiv = fiWT [Gab86]
37 fi’}/ — fiHO
38 | fiZ° = fig
39 fZ'ZO — fi’}/
40 fZZO — fZZO




Tabmuma 8.2: Kombl moamporieccos, 9acTh 2

Kon

Domarmporecc

CcplitKa

++ 4+ ++

+ +

41
42
43
44
45
46
47
48
49
50
51
52
33
54
35
56
57
38
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

0) 2 — 2, mpeBecHBI (BO3MOKHO)
i — [W+

[i2? — fil°

fWT — firg

[iW* = fiy

FW* — f,7°

fWT — LW

SW* — fH°

fH® = fig

fill® = firy

SO — fi7°

Sill? — frW

SHO — fiH°

99 = filx

97 = fufk

g7° = fif

gW*t = fife

gH® = fi.fi

vy = Jefu

VL0 = fif

YW+ = fiufk

FHY — Jefx

7070 = fifx

7°WT — ]E[fk

Z°H = fif

WHW= = fifi

WHH? — fifi

HOH® — f fi

99 — 99

vy — WTW-

YW — Z0W+

7°7° — 7°7° (mponosbHbiIit)
7°7° — WHTW~ (nmpononbHbrii )
Z°Wt — 7ZO°WT (npononbHbrii )
7Z°H° — 7Z°H°

WHW™ — ~y

WHW~ — Z°7° (npomosbHbrii)
WHWE — WHW# (mpomombubrit)
W+HH — WHHO

H°H® — H°H°

[ComT77, Ben84]
[Duk82]

[Bar90]

[ComT77, Ben84]
[Kat83]

[Kun87]
[Abb8T]
[Abb8T]
[Dob91]

[Ben87b]
[Dun86, Bar90a]




Tabmuma 8.3: Koapl moamporieccos, 9acth 3

Kom | Doamporece Ccplka
B) 2 — 2, IpeBecHbIll, MacCuBHbIE KBaPKI
B KOHEYHOM COCTOSHUN
+ 82 | g9 — Q. Qx [ComT79]
+ 83 | figi — fiQk [Zer9()]
+ 84 | gv — Q. Qx [Fon81]
+ 85 | vy — Fka [Bar90]
+ 86 | g9 — J /g [Bai83]
+ 87 | g9 — Xocg [Gas87]
+ 88 | g9 — X1cg [Gas87]
+ 89 | g9 — Y2cg [Gas87]
r) mpotecchl “minimum bias”
+ 91 | yupyroe paccesrue [Blo85]
+ 92 | ommHounas audpaxims [Gou83, Blo85]
+ 93 | mBotiras mudparims [Gou83, Blo85]
94 | menTpasbHas qudpakiua
+ 95 | pokaeHne ¢ MaJIbIM P [Sj687]
n) 2 — 1, nerus
101 | gg — Z°
+ | 102 | gg — H° [Eic84]
+ | 103 | vy — H° [Dre89]
e) 2 — 2, GoKc-amarpaMma
+ | 111 | fif; — gHC [E1188]
+ | 113 | gg — gH° [E1188]
+ | 114 | g9 = vy [Con71, Ber84, Dic88]
+ | 115 | g9 — gy [Con71, Ber84, Dic88]
116 | gg — ~Z°
117 | gg — 7°7°
118 | gg — WTW~—
19 | vy — g9
K) 2 — 3, npeBecHbIil
+ | 121 | gg — Q. Q. H° [Kun84]
+ | 122 | Gigi — QQiH° [Kun84]
+ | 123 | fif; = f:f;H° (ZZ cnusawe) [Cah84]
+ | 124 | fif; = fifi B (WTW™ comsmme) [Cah84]
+ | 131 | g9 — 7°Q: Qs [Eij90]




Tabmuma 8.4: Koapr moamporieccoB, 9acth 4

Kom | Doamporece Ccplka
3) TIPOIIECCHI 38 PAMKAMU CTAHIaPTHON
Momesn, 2 — 1
+ | 141 | fifi = 4/2°/2° [ALt89]
+| 142 | fif; = W [A1£89]
+ | 143 | fif; — H* [Gun87]
+| 144 | fifi = R [Ben85al
+ 145 Qigj — LQ [Wud86]
+ | 147 | dg — d* [Bau90]
+ | 148 | ug — u* [Bau90]
+ | 149 | 99 = Ntechni [Eic84, App92]
+ | 151 | fifi = H® [Eic84]
+ | 152 | gg — H"? [Eic84]
+ | 153 | vy — H"? [Dre89]
+ | 156 | fif; — A° [Eic84]
+ | 157 | gg — A° [Eic84]
+ | 158 | 4y — A° [Dre89]
1) TIPOIECCHl 33 PaMKaMU CTaHIapTHOM
Momenu, 2 — 2 m 2 — 3
+ | 161 | fig — fRHT [Bar88]
+ | 162 | gg = (Lg [Hew88]
+ | 163 | g9 — Lglqg [Hew88, Eic84]
+ | 164 | Gigs = LqLq [Hewss]
+ | 165 | fifi = frfrx (wepes v*/7°) [Eic84, Lan9l]
+ | 166 | fif; — fufi (qepes W) [Eic84, Lan9l]
+ | 171 | fif; — Z°H" [Eic84]
+ | 172 | fif; — WTH? [Eic84]
+ | 173 | fif; = fif;H? (27 comsmme) [Cah84]
+ | 174 | fif; = [ifi B (WTW™ cousinane) [Cah84]
+ | 176 | fif; — Z°A° [Eic84]
+ | 17T | fif; — WTAC [Eic84]
+ | 178 | fif; = fif;A° (ZZ cnusawe) [Cah84]
+ | 179 | fifi = [ifvA° (WTW™ comsmme) [Cah84]
+ | 181 | gg — Q,Q,H"® [Kun84]
+ 182 q:q; — QkaH/O [Kun84]
+ | 186 | gg — Q. QrA° [Kung4]
+ | 187 | qiq; — QkaAO [Kun84]




B nambrefimem, f; obosrHagaer byHIaAMEHTATBHBIN (EPMUOH ¢ apOMATOM I, TO €CTh JTFOOOH
us u, d, ¢, s, t, b, 1 (bepvuon HuxHero THMA), h (depMuon BepxHero THHA), €7 |, Ve, (17, Uy,
77, vy, X~ unu v,. CoorBercrBytomuil antudgepMuon oboznadaercs a;. B HECKOJBKUX cJIydanx
HEKOTOPBIE KJIacchl (PEPMUOHOB ABHO MCKJTIOYAIOTCH, TaK KaK X aHHUTUJIATINS HE TaeT ¢ WJIh 7
(mampumep, He cylecTByeT mpotecca et e” — gg). Korma BKIIIOYAIOTCA MPOIECCH TOJBKO I
KBApKOB, XOTs JIEITOHBI TaKKe MOTYT yIaCTBOBATH B 3TOM IIPOIECCE, MCIOIb3yeTca 0Do3HaTe-
uue ¢;. Jlenton obosHavaercs Kak {; B HECKOJIBKUX CIIydadX TaK Ke 0003HaYaeTcs u HeHTpUHO.
B mpomeccax, rme macchl pepMHOHOB BKJIIOTAIOTCSA B MATPUUIHBIE 3JIEMEHTHI B ABHOM Buje, F
MCTIOJIb3yeTcst 1 0003HadIeHusT TPOn3BOIbHOTO dhepMuona, u (), COOTBETCTBEHHO, — KBapKa.
Apowmartsl, cyliecTBOBaBIINE B HAIabHOM COCTOSHUM, 0DO3HAUAIOTCA ¢ W J, a MOABUBIINECS B
KonedHoM — k m [.

st Kakaoro OTIesTbHOTO BKITFOUEHHOTO 3apsAKEHHOTO KaHajla CONPAKEHHBIN 1o 3apsimy
KaHaJI TaKzKe BCeryla cUMTaeTcd BKJIFOUEHHBIM, U B IIpolieccax, BKIodaomux W, mompasyme-
Baercsa Takxke u W™. Besne, rme npucyrersyer Z°, cunraercs, 4To TakiKe IPUCYTCTBYIOT HH-
TepdepeHnnonHbIe YteHbl ¥* u /7% (Ho pw 3TOM CylecTBYeT BO3MOKHOCTD MX OTKJIFOUEHN] 5T
10 KeJIAHWIO TI0JTh30BaTes ). D paKTUIecKH, ToaHasA ¥~ /Z -cTpyKTypa BKIIOIaeTcsA TOJBKO B
nonnponeccel 1, 22 u 141; naa napyrux npomeccos B Hacrosulee Bpems Z° He comepKur ~*-
Braana. CoorsercrBento, 70 obosnavaer mosublil HaGop v*/Z° /7" (nnm ero nommHoKecTBO).
Taxkwum obpasom, obo3HaTEHNE Y UCTIOTB3YETCA TOJBKO /11 POTOHA Ha MacCOBOM MOBEPXHOCTH.

B mocnennux crosbiax TabIUIl TaHBl CCHLIKN Ha pabOThI, W3 KOTOPBIX OBLIN B3ATHI (hOp-
MYJIBI 1151 cedenutt u np. WHorma »To cchlIKM Ha OpUTHHAJbHBIE PaDOTHI TIO TeMe, WHOTIA —
TOJIBKO yKasaTesnm MecTa, rae popMyJIbl TafoTcs B Hambosee ymobHOM min moctymHOM hopme.
9 pocuM W3BUHUTH HAC T€X, KTO TaKyKe yIaCTBOBAJ B BBIUMCTEHUAX MATPUIHBIX 3JIEMEHTOB, HO
He ObLT yIOMAHYT HaMu 37ech. OIHAKO MpocuM Bac He 3a0BIBATh, UTO 3TO OMUCAHUE HE ABJIAET-
¢ 0030poM TI0 (PU3UIECKIM TIPOTECCAM, a BCETO JIUIID TaeT YUTATEAM BO3MOKHOCTH Y3HATH,
9TO (PAKTUIECKN COMEPKUTCA B TporpamMme. B HEKOTOPBIX cirydaax bOpMYJIbI OBLIN TTOTY T€HBI
aBTOpamu. Kpowme Toro, dacto GOpMyJIbl, TaHHBIE B JUTEpPAType, ObLIH 0OOOIIEHBI aBTOPAMK
IUTA CJTyIaeB BRIIIOUEHNA TPUBUATBHBIX MOMPABOK Ha W3JIydeHne, OpefiT-BUTHEPOBCKIX paciIpe-
NeJTERnii ¢ 3aBUCUMOCTBIO MUPUHBL 0T § (M. maparpad 7.3),  T.1.

Crenytoliime pasmesibl cofeprKaT HEKOTOPbIE MOJIE3HbIE KOMMEHTAPUN OTHOCUTEHHO ITTPO-
[IECCOB, MPENCTABIEHHBIX B MpOTpaMMe, CTPYIIUPOBAHHBIE TT0 (PUIUIECKUM WHTEpPEcaM, a He
nocienoarebto o [SUB- mim MSEL-komam (mogpobree o MSEL-Kome cm. maparpad 9.2). [la-
forcs passmanble Komabl ISUB u MSEL, KoTOpble MOTYT HCIOJIB30BATHCA TIPU MOIAETIUPOBAHUT
pasmaHbIX Tpynn noamnporeccoB. [SUB-kombl, mamfble B cKOOKax, 0003HATAIOT TUIT TIPOIEC-
COB, KOTOPBIE OTHOCATCA K JTaHHON 0bslacTu PU3UKN He HETIOCPEICTBEHHO, a TOJHKO KaK JacThb
6os1ee o0IIIero KJiacca B3amMoIeficTBUl. ) eKOTOphble OUEBUIHBIE TPUMEDDBI, TUIA BO3MOKHOCTH
TeHEPUPOBATH CTPYW [Jis JIIOOOTO Tpollecca, He ONMCHIBAIOTCH MOIPOOHO.

B tekcre BpeMs OT BpeMeHN yIOMWHAIOTCS CIENNAJTbHbIE KJTIOUH WU TapaMeTphl, KOTOphle
IMEeOT YaCTHBIE 3HAUYEHWs IJIA KaKJIOTO OTIEeJbHOTO Tpolecca. Bce 3Tu KITIOYH TOIPOOHO
ONCaHbl B pasfese 9.3 u ymoMuHatOTCA 37eCh TOJBKO JIJIfA TOTO, 9TOOBI 1aTh OoJiee TOJTHBIN
nepevderb BO3MOKHOCTEN, MTOCTYIHBIX A Pa3IndHbIX moarnpoteccoB. OmHaAKO 3TOT mepeveHb,
pasyMeercsi, He NCIEPIBIBACTCA YKA3aHHBIMI HUZKE BO3MOKHOCTAMI.

8.2 KX/I-mpoiiecchl

B sTom pasmesie Mbr 00Cy K TaeM UCKIIOUNTETHHO pacceAHNE TBETHBIX MapTOHOB — MPOTECC THUTTA
ete™ — v*/7° — qq Takxke Tpamunuonto HasbiBaeTcAd KX/I-cobbITnem, HO B TaHHOM OMMCaHUN
VUUTBIBAaETCA Kak pozxaenune v*/7°.



8.2.1 Crpyn B KX/I-mponeccax

MSEL = 1, 2
ISUB =
I qiq; — qiq;
12 4G — Qe

13 4:qi — g9
28 qig — qig
53 99 = qkqk
68 g9 — g9

Croma He BRKJIIOUAIOTCHA SIBHO HU TPOIECCHI OoJiee BBICOKMX MOPAIKOB, HU KaKWe Obl TO HE
OBLITO TIEeTJIeBBIE MOMPABKN BBICIINX TOPAIKOB K 2 — 2 mporteccam. Onaako dbaxTwdeckn mpn
yuere KX/I-u3znyuennsa B Ha4aJ/bHOM M KOHEYHOM COCTOAHUMU, CTAPTY# € BhIIIEyKAa3aHHbBIX ITPO-
[eCCOB, MOXKHO T€HepUpOBaThb MHOTOCTpPYHHBIE coOBbITHsA. (UeBUIHO, UTO CTEMEHb PA3BUTUA
JWBHA (YUCIO BETBJIEHNH) 1T MHOTOCTPYHHBIX cOOBITHII He oNpenesfeTcs Mad KazKIOro COo-
OBITH S, OCOOEHHO /I XOPOIIO BBIIEJIAEMBIX CTPYIi.

OcHoBaHHag Ha CTpyHHOW Teopum cxeMma dpparMeHTAllNN THUTA JIYHI-MOIETN TPUBOINT K
HEOOXOIMMOCTH BBIYUCIEHU CeTeHUN NI pa3IUIHBIX IIBETOBBIX TOTOKOB; TaKWe BBIUNCIEHU A
ObLtn caenanbl B [Ben84] u orsimaatorcs o 0ObIUHBIX BBIYHCICHUE HaTuIneM HHTep(EePEHITHOH-
HBIX 4JIeHOB TopaAnaka 1/NZ. Do yMOIYaHUIO >TH Y/IeHbl He YYUTBHIBAOTCH; OJHAKO OHM MOTYT
OBITH BBEIEHBI B pacCMOTpEHUe Mpu cooTBeTcTBYfomeM m3Mernerun MSTP(34). B stom ciyuae
nHTepdEePEHTNOHHBIE WIEHB! TAf0OT BKJIAIBI 11 PA3JINIHBIX [[BETOBBIX TTOTOKOB B COOTBETCTBUH
€ TTIOJIFOCHON CTPYKTYPOR 3TUX YJIEHOB.

B kagectBe mpummepa paccMoTpuM momrnporece 28, gg — ¢g. DOJIHOE CedeHue IJIs HTOTO
mpotiecca, MOJTy9IeHHOE CYMMUPOBAHUEM U BO3BElEHWEM B KBaJpar (pefHMaHOBCKHX S-, f—, n
U-KaHAJIbHBIX numarpamm, ecTb [ComT7]

2(1 i3 4§+ﬁ 1 (8.1)
12 9\a 8 ' '

(O6wnit koadpdunnent wa?/5* onyckaercs.) cnob3ys TOXKAECTBO s MaHIETbCTAMOBCKHX
mepeMeHHBIX B Ge3MaccoBoM ciiydae, § + ¢ + ¢ = 0, 3T0 MOKHO 3aIucaTh B BUJIE:

2+a* 4[5 a
12 9\ s

(8.2)

C apyrofi cTOpOHBI, ceUeHUs IJId ABYX BO3MOMKHBIX [[BETOBBIX MOTOKOB 3TOTO TOIIPOIECcca
ecth [Ben84]:

A 1 212—2 — 3 ;
9\ 2 3
4 ( 8 3

[IBeToBas xoudurypamus A orBedaeT ciydaro, KOTIa NCXOTHBIH BETHONW ¢ aHHUTHIIUPYET € aH-
TUTIBETHBIM ¢, UCIIYCKas MBETHON ¢, 1 HOBas IBETHaA-aHTUIIBETHAA KOH(PUTYPAIINA BOSHUKAET
Ui ¢ ¥ ¢ B KOHEYHOM cOCTosAHUM. B 1BeToBOl KoHburyparmun B paccMaTpuBAIOTCA TOTOKN aH-
THUTIBETHBIX TUTFOOHOB, HO He TIPOUCXOIUT oOMeHa MeK Iy TMBeTHbIME ¢ 1 g. ObpaTuTe BHUMaHIE,
ITO TH JIBE MBETHBIX KOHMUTYPAIUN UMEIOT PA3TMIHYI0 KHHEMATHIECKYIO 3aBUCUMOCTD. s
MSTP(34)=0 akTuIecKu HCIOJb3YIOTCA BBIPAKEHUs [IJId CeUeHUll ¢ yIeTOM WMEHHO TaKWuX
MBETHBIX KOH(UTYpalnii.
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882+ 42 4[5 4
9 {2 9\a 3

(8.4)

Orimane sToro Beipaxenus or naxuoro B [Com77] sakimovyaercs B Haguduu uuTepdQEpeHInm
MeXTy IBYMA KOH(UTYPAIUAME IBETOTOTOKOB, KOTOPas ONUCHIBAETCH CJIATAEMBIM

182+ a2
9 {2

1 5TOT BKJIad MO2XKeET OBITH €CTECTBEHHBIM 06pa30M Pa3neJieH OJid IBETOBbLIX ITOTOKOB An B:

b (8-5)

12
92
14
942"

Torma mis MSTP(34)=1 ucnosnb3yerca cranmapraoe KX]I-Bbpaxenue masd MaTpUIHOTO 3Je-

A

(8.6)

MEeHTa € Y9IeTOM BKJIQJOB OT JBYX IBETOBBIX KOH(MDUTYpalmii, KaK OMUCAHO BBIIIE. ) OMOOHbBIE
IPOIEAYPhI MPUCYTCTBYIOT TaKKe W JIIA Apyrux nommpoieccos KX/I.

Bce MaTpudmble 271eMeHTBI B 9TOM TpyIITe TaHbl AJ1A GE3MacCOBBIX KBAPKOB (XOTA KBAPKHU B
KOHETHOM COCTOAHUI, PasyMeeTcs, MOMEIIAIoTCA Ha MacCOBYIO TIOBEPXHOCTD). Kak ciencrsue
9TOTO, ceUeHus pacxonarcsa mpu p; — 0, u Tpebyerca Kakaa-HUOYnb perynaapusaiusi. QObrTHO
MpeIoIaraeTcs, YTO Bbl CAaM¥ YCTAHOBUTE JKejlaeMoe 3Ha9eHue Pl ,;, B CKIN(3).

D oBBII apoMaT, poXKIeHHbI B anHuTIIIAIIROHHOM Tiponiecce (ISUB = 12 u 53), onpenensercs
paspelleHHbIMY apoMaTaMU IJ1dA IIpollecca pacllellJICHUA IJII0OHa B Iapy KBapK—aHTUKBapK; CM.
kJiiou MDME.

8.2.2 Taxxejable apoMaThbl

MSEL =4, 5, 6, 7, 8

ISUB = _
81 Gigi — Q. Qx
82 g9 = QpQx

Boipaxkenusa A MaTPpUUYHBIX 3JEMEHTOB B 3TON TPYIIe OTIUYAIOTCA OT COOTBETCTBYIO-
WX BbIpakKeHUl B Ipylllle, pacCMOTPEHHOHR Bbllle, TeéM, YTO B HUX IPaBUJ/IbHO YYTEHBI MacCChl
KBapKoB. Kak cirencTBue, cedennss KoOHeTHB! pu p; — 0. Do3TOMYy HET HEOOXOIMMOCTHU Ha-
KJIQIBIBaTh KaKUe-HUOY/Ib CIENUabHbIe OTPAHIMIEHTA.

HBa mporiecca, yKa3zaHHbIe 3/1eCh, ABJIAIOTCA TOMUHUPYIOIMIUMEI JUAarpaMMaMy caMOTO HU3-
KOTO TIOpAIKA B aPOHHBIX CTOJTKHOBEHMAX; HECKOJIBKO IPYTHUX IWarpaMM THUHa Ipolecca 83,
KOTOPBIHT BazKeH IJIs TAKEJIOTO TOI-KBapKa, elle OYIyT YITOMUHATHCA TTO3KeE.

CrenepupoBaHHBIH apoMaT ONPENETAETCS caMbIM TAKETBIM apOMaTOM, Pa3PENIEHHBIM 111
mporecca pacllelJieHns IJII0OHa B Tapy KBapK—aHTWKBapK; cM. Kiod MDME. Korma wcrnosib-
3yercsa omHa w3 ommuit MSEL, MDME aBTOMaTHIecKHN ycTaHaBInBaeTcs mporpammoii. Obpature
BHUMAaHUE, YTO ONHOBPEMEHHO pa3pelIcHO POXKICHHUE TOJIbKO OLHOIO THAXKEJIOro apomara; eCJu
JKe BKJII0UaeTcs DOJIbIle OJHOTO apoMaTa, TO T€HePUPOBATHCA OyIeT TOJIBKO CaMBbIil THKehIH
(B otnmame ot caryuas ISUB = 12 u 53 Bbiure, Ti1e 0MHOBPEMEHHO OBIJIO PA3PENIEHO TPHUCY TCTBIE
OOJThIIIEe OTHOTO THAKEIOTO apoMaTa).

9 poltecchl HU3IIETO TOPAIKA, YKa3aHHBIE BBINIE, TAfOT TOJBKO OIWH MCTOTHWK POZKITEHUS
TAZKEJIBIX apoMaToB. 1sKesible KBapKHM TaKyKe MOTYT UMETh CTPYKTYpHbIE (DYHKIUU [IJId 3Ha-
yenus (Q?, paBHOro MacwTaby KECTKOIO B3aUMOJEHCTBUA, YTO IPUBOIUT K IIPOIEccaM THUIIa



Qg — Qg, Tax Ha3BIBaeMOMY BO30YIKIEHUIO apoMara, WM K BO3SHUKHOBEHUIO TTEPEXOIOB 1A
rmoora ¢ — QQ U pasBUTHIO MWBHA B HadasbHOM WM KOHEYHOM cocTOAHHH. (DaKTHdecKwH,
MOCKOJTBKY »Heprus B cucteMe [IM yBesmmauBaeTcs, 9TH pOIEcchl CTAHOBATCS BazKHee TIPOIec-
COB HM3IIETo MOPsAIKa /I POKIEHWA TAKEI0ro apomMara. B kadecrse mpumepa, Toabko 10%
Bcex poxmaeMbix b mpu snepruax LHC momywaercs ms mporieccoB, ommcbIBAaeMBIX THArpaM-
MaMu HU3IIEro Topsaka. KapTuHa maxke ellle XyiKe i C-KBapKa, W TOJBKO [Jif t-KBapKa
OTHOCHTE/IbHaA BEPOATHOCTh POKIAEHNA Oymer nopsaka wian Bbiue 50%. DosroMmy npu sHepru-
ax LHC/SSC cnennasnbibie mpoliecesl, OMUCaHHbIE B 9TOM TOAPA3Ieie, NPEIcTaBIsgI0T HHTEPEC
TOJTIBKO /1A TOT-apoMata (¥, TOTeHIna hHO, — I KBAPKOB Y€TBEPTOTO MOKOJIEHN A ); MOMPABKI
6oJIee BBICOKUX MTOPATKOB 3/I€Ch MOTYT OBITH YUTEHBI 100aBIeHreM 5(h(PEKTUBHOTO MHOKUTE A
K, 3a uckouenneM, BO3MOKHO, HEKOTOPBIX pedkux obsractelt dpazoBoro mpoctpancTBa. J[laa
c- 1 b-KBapKOB, HAPOTHB, HEOOXOINMO CHada a CMOIETNPOBATH MOTHYTO BEIOOPKY COOBITHH (B
Ipenesiax KeJaeMblX KHHeMaTnIecKuX OrpaHIIe i), i TOIBKO TTOCIIe 3TOTO COXPAHATH COOBI-
TUs POXKACHUA b/C U3 MPOIECCOB HUBIIETO MOPsIKa, BO30Y KICHUA apoMaTa UK PACIUICIICHU 5T
rirfoora. Q4YeBUIHO, UTO TO MPEANPUATHE MOKET TTOTPeOOBATH MHOTO BPEMEHMU: XOTs BEPOAT-
HOCTH JIJIA COOBITHA ¢ OOJTBIINM P comepkKarh (1o KpaliHeii Mepe) onHy ¢- win b-mapy J0BOJBHO
BeJIMKA, OOJIBIIMHCTBO TAZKEJIBIX apOMATOB HECYT MaJIEHbKYIO OJTIO MOJTHOTO P MOTOKa CTPYi
1 TIOTOMY He BBIZKWBAIOT M3-3a HAJUYINA OOBITHBIX 3KCIIEPUMEHTATIbHBIX OrpaHuIeHnu .

Kcrarn ckasarh, HE TOJIBKO [JId IuarpaMM HEU3IIETO MOPAIKAa MOTYT T€HEPUPOBATHCHA CO-
OBITHA € TapaHTUPOBAHHBIM COEpZKAHUEM TAXKEJTOro apoMara. TaKKe MOYKHO T€HEPUPOBATH
mportecc BO30YKIIEHWSA apoMaTa CaMOCTOATETBHO, B 0E3MaccOBOM TMPUOIUKEHWH, WCIOJIb3Y
ISUB = 28 u coorBercrByfomiyo ycrtanoBky maccuBa KFIN. Omrako He cyulecTByeT HUKAKUX
TPIOKOB JJIsl TOTO, YTOOBI BBIHYINTH TJIIOOH OCYIIECTBJIATEH MEPEXON B Mapy KBapKOB He3 BBeme-
HUS HeKeTaTebHOro 0Tbopa cobbITuil mo mopory.

Ceuenne 1151 Tapbl TAKETBIX KBAPKOB BOJIM3U MOPOTA MOYKET U3MEHATHCA COTJIACHO (hop-
myaam [Fad90], car. MSTP(35). Doporosbie 3¢ dexTsl m3-3a dbopmmposanusa cpasamroro QQ-
COCTOSIHUST YUUTBIBAIOTCA KaK pPasMBITHE, B cpelHeM cMbicje. Torma MHBapHAaHTHOE cedeHre
YMHOZKaeTcd Ha KBaJIpaT BOJTHOBON (DYHKIIMN HAUAJJHHOTO COCTOSHUA. B KaHase IMBETHOTO CHH-
rJeTa 3TO JaeT yCUJIEHUE MPOTEcCa:

X(s) 4 e

= , 1ie X)) = = , 8.7
1 — exp(—X(y) =353 (8.7)

TOTda KaK B KaHaJI€ IBETHOI'O OKTETAa MMEETCA IMMOoAdaBJIEHNE IIPOIECCa

[ (0)[?

X, lrma
TE(0))2 = (8) Xgy = ——2 . 8.8
| (0)] exp(—X)) — 17 HIEAE T g &} (8.8)

Kos>dbdutment oy B 9TOM BBIpaKeHUN COOTHOCUTCHA € MACHITaDOM 3Hepruu GOPMUPOBAHUS CBS-

3aHHOTO COCTOSHWS U BBIOWpAETCA HE3ABMCUMO U3 OJTHOTO U3 CTAHIAPTHBIX CeUeHUN POKITEHNU .
9 pucyTcTBIE TTOPOTOBOTO MHOXKUTENA BIUAET Ha TOJHYIO CKOPOCTh, a TaKiKe Ha KHHeMaTHde-
CKUe pacrupelesieHns.

Mpar HamoMuHaEM, ITO TAXKESIble apOMaThl B TeKyIel peain3sannn pparMeHTUPYIOT TpeKIe,
TeM pacrmagatorcs. B wacTHOCTH, TpUHUMaeTCs, YTO (POPMUPYIOTCH U BIIOCTEICTBUEN paciiaia-
IOTCS OIHU W Te JKe TOT-aJIpoHbl. [lyia pactpenesneruit cobbITrii 5T0 OOBITHO TPUBOIUT TOJIBKO
K MapruHaJbHBIM 3¢ dektam. OTHAKO €CTh OIHO CJIEICTBUE: KOTMa HEKOTOpPbIE KaHAJBI pac-
majla perylaMeHTupytoTcd coorBeTcTByommMu MDME-Kanasamu, cedenmne KecTKOro npoiiecca He
U3MEHeTCs, B OTJNYNE OT CJIydas cTaHZapTHOH oOpabOTKM pesoHaHcoB, cM. maparpad 7.6.2.
CremoBaresibHO, BEPOATHOCTH POKIEHWSA B 3aaHHBIX KaHAJaxX TOJIKHBI ObITh BBICTABJIEHBI
BPYUHYIO, YTOOBI MTOJTYIUThH MPABUIBHYIO BEJIMINHY CETEHUA.



8.2.3 J/y-uacTunsl

ISUB =
86 g9 —J/vg
87 99 = Xocg
88 99 = Xicg
89 99 — Xaeg

Da3IMUIAlOT TPU OCHOBHBIX UCTOUHUKA POXKIeHUsA J/1).

1. Dacman B-me30HOB 1 6apmoHOB.

2. Da3BUTHE MapTOHHOTO JIMBHSA, KOTJA - M C-KBaApKH, POKICHHBIE B CMEKHBIX MEpPEXoax
(HampuMep, g — gg — €CCC) BBIXOMAT € HACTOIBKO MaJIoff MHBaApUaHTHON Maccoli, 4ro
mapa KOJIJIATICUPYEeT B OIHY TacTHUILy.

3. DpsaAmMoe poxKIeHWe, TIe c-KBapKOBad TETJIA ONpeNesseT KOHCTAHTY CBA3W MeKIy Habo-
POM TJIIOOHOB ¥ CBA3AHHBIM CC-COCTOSHUEM. axOANNecs BBINE COCTOAHUA, TUMA X,
MOI'YT BIOCJIEACTBUE pacnanarbes B J /1.

B »ToM paszesie qaioTcs OCHOBHBIE TPOIECCHI /ISl TPEThEro UCTOYHUKA, MpelHa3HaueHHbe
T TIPUJTOKEHWH K aIpPOHHBIM CTOJTKHOBEHWAM B CJIydae HEHYJIEBBIX MOMEPETHBIX NMITYJ/IHCOB
— B npenese p; — () HEOOXOMMMO BRKJTIOUNTH psAd 2 — | TPOIEccoB W perysisipu30BaTh Pacxo-
IUMOCTH B 2 — 2 nmarpamMmax Boitie. ComeprKarTeabHbIN 0030p (DUSUKE FTUX SABIEHWH MOKHO
nafitn B [Glo88] (samerum, onHako, uTo BbIGOp MaciiTaba (Q? TaM OTIMYAETCH OT IPUHATOTO B
PYTHIA.

8.2.4 Co6piTHs ¢ MEHEMAIBHBLIM 0T60pOoM (minimum bias)

MSEL = 1, 2
ISUB =

91 ympyroe pacceanmne

92  ommuounas AudpPaKINsd

93 nBolinas mudpaxius

95 poxmenme ¢ MaJIBIM 3HAUYEHUEM P

DTH mporecchl KpaTKO 0OCyKHaloTcsa B pasmeste 7.7. B macrosinee Bpems oHE TJIaBHBIM
0bpa3oM HUCTOIB3YIOTCA B aIPOHHBIX B3aNMOIEHCTBUAK, XOTS MOTYT TPUMEHATHCSA TaKiKe U B
~p-B3anMOAecTBUAX, B ONIINN, TIe BXOAANINH GOTOH cunmraeTcsa cTpyKTypHBIM, MSTP(14)=1.
Dacuimperune 10 Yy-B3auMOIERCTBIA, OTHAKO, HEBOSMOKHO, T.K. HEBO3MOKHO U3MEHATH 3HEpP-
ruio (bOTOHA OT COOBITUA K COOBITHIO, KaK 3TO TpedyeTcs IJisi KOPPEKTHOTO MOMETNPOBAHUA
doTopoKIEHTA B €p-B3aMMOTIeHCTBUAX.

D eorpenesIeHHOCT NCXOAAT U3 pAda UCTOTHWKOB, HAIPUMEp, W3-3a pa3Holl mapaMeTpusa-
[N TIepeMEHHBIX B ceueHnAX. Kpome TOro, MoJe/impoBaHe 3HaYeHUll mepeMeHHoM t cesrano
JTOBOJIBHO TIPUMUTHBHO. B cilydae yrpyroro paccessHus CTPYKTYpa BBIOpAHHON aIpOHHOMN cucTe-
MBI MOZKeT ObITH peryJiapusoBana ¢ momolisio MSTP(101). o cux mop ms cobbrtuii ympyroro
paccegHUA CTPYU ¢ OOJBUINME 3HAUEHUAMI P HE BKJIOTAJINCH B PACCMOTPEHME.

Doampotiecc 95, coOBITHA € MAJBIMU P, , ABJIAETCA B HEKOTOPOM pOJie YHUKAJBHBIM B TOM
CMBICJTE, UTO HEJIB35 OMPENETNTh HIKAKYo (pU3UIecKn 0OOCHOBAHHYO TPAHUILY IS BEJTMINHBI
pL B cobbrtun. Xora KX]/I-mpormeccsr 2 — 2 ¢ 6ompiumu p; pOPMATbHO WCKJIOUEHBI, He-
KOTOpBIE CTEHEPUPOBAHHBIE COOBITHA MOTYT OBITH KJTaccupUIMPOBAHBI KaK MPWHAIIEKAIITE K
9TOM TPYIITIEe, CO CIIEKTPOM P , COOTBETCTBYIOIINM BBIOOPKE COOBITHT ¢ MIHIMAJTHHBIM OTOOPOM.
Toawsko ¢ ommuett MSTP (82) =0 moamportiecc 95 6ymeT BbIIaBaTh CTPOTO COOBITUS € MAJIBIME P ,
KOTOpBIE, BO3MOIKHO, HE OY/IyT COMOCTABUMBI ¢ KAKUMHU OBl TO HU OBLIO 3KCIEPUMEHTATbHBIMI
TaHHBIMEU. DI ONIUH CYNIECTBYET A TeTaJIU3allui CTPYKTYPhI COOBITUH ¢ MaJBIMU P, CM.,



B gactHocTH, MSTP(81) m MSTP(82). [laapHeiimme moapobHOCTH O MOIEIH ¢ MEHIMAIbLHBIM
otbopom cm. B pasmeste 11.2.

8.3 KammbpoBouHble GO30HBI 3JIEKTPOCIaboro
B3aMMOIeMCTBUA

B »1om pasmese paccmarpuBaercss poxiaenue u (msm) oomer v, Z° m W* KanmnbpoBOIHBIMI
6030HaAM¥, OTIIEJIPHO U B Mapax. 1eMy MpOmoJbHOTO paccedHNsa KaJUnOPOBOTHBIX OO30HOB TpH

BBICOKUX SHEPTIUAX PacCMOTPUM ITO3ZKE€, B pa3aeie, KacarlleMcd XI/IFFC—6O30HOB7 TaK KaK IIpHu-
CYTCTBUE NJIN OTCYTCTBUE XUTTCOB MPUBOIUT K 6OJII)HH/IM Pa3InIUAM.

8.3.1 I pambie POTOHBI

MSEL = 10
ISUB =
14 qqQ; — g7
29 qg — gy
114 gg — v~
115 gg — gv

Dpu cTOTKHOBEHWAX aapoHOB mpotecckl [SUB = 14 u 29 sBisAoTcs riIaBHBIME HCTOYHU-
KaMU poXKIeHus oanaodHbIX v, ¢ [SUB = 115, natoutnum momosHuTeIbHBIH BKJTA, KOTOPBIH B
HEKOTOPBIX KUHEMATHIECKNX ODJIaCcTAX MOXKEeT CTaTh cylmecTBeHHBIM. Jliia poxmenus ~y-map
BKJa1 oT mporecca ISUB = 18 gacro momassen sriragom ISUB = 114.

Hpyroit nctodnuK mpaAMBIX (POTOHOB — TOPMO3HOE M3JIyU€HNE BXOMANIETO WM NCXOMAIETO
KBapKa.)TOT TIPOIECC [TOJKEH YIUTHIBATHCA OIHOBPEMEHHO ¢ HMapTOHHbIMEU JuBHAME KX/I.
B mpotecce pasBuTus BpeMeHUIOMOOHOTO TMapTOHHOTO JIUBH:A, TO €CTh B TOCJEIHEN CTaIun
JIMBHEOOPA30BaHWsA W B 00JIACTH HAIaJbHOTO COCTOAHUSA JINBHA U3JIydeHUe (POTOHOB MOZKET
ObITH BKJIIOUEHO ¢ moMolbio MSTJ(41). @oToHHOE W3JIydeHme OT TPOCTPAHCTBEHHOIOTOOHBIX
obmacTtelt 11 BXOIANINX KBAPKOB 3/I€Ch HE BKJIIOTAETCH, HO 3TOT 3(]eKT He [T0IKEH UMETh
OOBINIOTO 3HAYEHUA I POKIEHUA € TIPUEMIIEMO OOJBIINMY 3HadeHuAMu p,. Usoyderue
BXO/TAIIETO JIEKTPOHA BKITFOYAETCS B TUIABHOE JIOTapuPMUIecKoe TprO/InKeHne.

Ilpenynpexnenue: cedenns Bsanmoneiicrsus s suadennit [SUB = 114 u 115 (em. BbI-
lle) CTAHYyT OY€Hb CJIOKHBIMU, MEIJIEHHO BBIUNCIAEMBIMEI U HEYCTONINBBIME, €CJIU BKIOTATE
MOJTHYIO MacCOBYIO 3aBUCHMOCTH [IJIf KBAPKOB. DOITOMY [IJIf MacC KBApPKOB MHOTO HUKE Mac-
mraba § WCIOJb30BaAHUE YIIPOIIEHHBIX OE3MACCOBBIX BBIpAKEHWH TaeT TOBOJBHO TOUHOE TIPH-
ommkenne. (OoHAKO WMeeTcas APYToil HAOOP MMOIMYCTUMBIX UHCJIEHHBIX COOTHOUIEHUN MeKITY
Pa3/ITIHBIME UJI€HAMU B MACCUBHBIX MATPUIHBIX 3JIEMEHTaX B OOJIACTU pacceAHUA Ha MaJlble
yruibl. CBsA3aHHBIE ¢ 3TUM ABJEHHEM MPOOJIEMBI IO CUX MOp HE paccMarpuBasnch. Mmerorcs,
CJIe[IOBATEIbHO, [IBa BO3MOJKHBIX PEIIEHUsA. epBoe: Be3le UCIOJIb30BaTh Oe3mMaccoBbie (op-
MYJIBI. D poTrpamMMa TOT/Ia CTAHOBUTC ObICTpee, a UWC/IEHHOE BbIpaXKeHne — YCTOWIWBBIM, HO
TOTa OHO He aeT XapaKTepHOTo MpoBasa (00yCIOBIEHHOTO NecTpyKTUBHON nHTepdepeHneii)
Ha BepxHeM mopore. B 3Toill nporeaype mo yMOJTYaHWIO TEKYyIIee YNC/IO apOMATOB PaBHO TATH,
HO €70 MOYKHO M3MEHATH, ncnoib3ysa MSTP(38). /Ipyras BO3MOKHOCTH COCTOUT B TOM, UTOOBI
OTOpachIBaTh 3HAUEHNA yIJIa pacceAHnA JJiA KeCTKoro npomecca, cM. CKIN(27) m CKIN(28),
TaK KaK YUCJICHHAs HeyCcTONUYMBOCTH HaumHaeTcs B oOJacTH, rie | cosf| 6iu30K K emuHuie.
D pu PTOM TaKiKe HeoOXOAMMO M3MeHHUTD 3Hadenme MSTP (38) ma 0.



8.3.2 PoropoxkeHue u yy-pu3UKa

MSEL =4, 5, 6, 7, 8

ISUB =
33 g7 = qig
54 g7 = qkTy

84 g7 — QiQy
Doutn peasbHbI GOTOH MMeeT KaK TOUETHO-MONOOHYIO dacTh (GeccTpyKTypHBIH (HOoTOH),
TaK W aJPOHOMOIO0HY0. DTO 3HAUUT, UTO MOKHO BBIIEJINTH HECKOJIBKO KJIACCOB MTPOIECCOB.

1. Dporeccsl, mepedunciIerHble BbIIEe, BO3MOKHBI, KOTIa (POTOH B3amMOMEHCTBYET KaK TO-
JeuHasd JacTHIa, T.e. BeIeT cebsa MomobHO KBapKy WU JIETTOHY.

2. Korma doron mefictByeT mMogo0HO aIpoHy, T.€. CIUTAETCSH WMEFOIINM MapTOHHYIO CTPYK-
TYPY, BO3MOZKHBI TTapTOH-TTAPTOHHBIE B3aUMOMEHCTBUA ¢ OOJIBIINME 3HAUEHUAMUT P , VIKe
onmcannble B maparpadax 8.2.1 u 8.3.1.

3. AnponoronobubIit (hOTOH MOKET TaKiKe MOPOKIATH HKBUBAJIEHT MPOIIECCOB ¢ MUHUMAb-
HBIM 0oTOOpOoM Taparpada 8.2.4. DTH TocTeqHUe TMPOIECCH 0 CUX TOP BHITOJIHAIUCH
TOJIBKO TS 7 P-B3aUMOAEHCTBUA, HO HE I Y7y. D POCTOl 3aMeHO MOYKHO MCITOTh30BaTh

Y~ 1o ke camoe, uto p°, 1 TO Ke camoe, 4TO o-

onuuio wP-1myuKa, B IpUGIUKEHUN, YTO T
TOH B MOJEJIN BEKTOPHOW HOMUHAHTHOCTH. UTOOBI m3bekaTh MBONHOTO ydera mpolecca
MyHKTa 2, CM. BBIIEe, HEOOXOAUMO MCI0Jb30BaTh MSTP (82)=2; MOMOTHNTEIHHO PEKOMEH-

nyercsa mogoxuTh MSTP(92)= 2 un 3.

D portecchl MyHKTOB | W 2 MOTYT MOIEJMPOBAThCA KaK ¢ (POTOHHBIM MTYIKOM, TaK U C IJIEK-
tporubiM. Jliis doToHHOTO MyUKa HEOOXOMWMO MCIOJb30BaTh ommmuio MSTP(14), utober “1re-
peKIToIaThCAa’ MeXKIy TOUEeTHO-TOMOOHBIM U CTPYKTYPHBIM (POTOHOM, T.K. HEBO3ZMOYKHO MO-
eJIMPOBATh [IBa HaDOpa MPOIECCOB OIMHAKOBBIM CIIOCODOM. DJIEKTPOH IO YMOJTIAHUIO HE CO-
nepxuT dororoB. CitemoBaresibHO, HEOOXOMMMO TOJOKUTE MSTP(11)=1; KpoMme TOrO, TOJIKEH
nCIoJb30BaThea KJtod MSTP(12)=1 mis TOro, 9To0bl MOy IUTh KBaPK-TJIFOOHHBIE CTPYKTYPHbBIE
dyukmun aias dborona. s ssiekTpona ABa BUIA TPOIMECCOB MOTYT T€HEPUPOBATHCA BMECTE, B
otimaue ot dhorora. Obparurte BHUMaHWEe Ha TO, UTO MOANporiece 34 comepKUT KaK paccesHne
3JIeKTpoHa Ha (POTOHe, TaK M paccesHue KBapka (BHYTpu (HPOTOHA B CTPYKTYPHOM 3JIEKTPOHE)
Ha (POTOHE; MPOIIeCcC MOKET OBITh BKJIIOUEH ¢ MOMOIIbI0 MaccuBa KFIN.

B Hacrosiiee BpeMs HEBO3ZMOKHO OTMKMCATh aIpPOH € KaKUM-JINOO BHYTPEHHUM COIEP KaHTEM
oToHOB. D03>TOMY HU OIWH U3 TIPOIECCOB aIPOH-ATIPOHHBIX CTOJKHOBEHUH HE COOTBETCTBY-
eT B TOYHOCTH AeficTBUTENbHOCTH. B ep-CTOJIKHOBEHMAX 3JEKTPOH MOMKET WCIYCKaTh MOYTH
peasibHBIH (POTOH, KOTOPBITE MOKET B3amMOIeficTBOBATh TOUETHO WJIU OBITH CTPYKTYpHBIM. B

_|_

et eT-CTONKHOBEHWAX BO3MOKHBI TOUedHble (OeCCTPYKTYPHBIE) TIPOIECCHl JIHOO TTPOIECCHI, CO-

AepKallne OOHY WJIN OBE aJPpOHHbIE ITETJIN.

D porecc H4 rerepuUpyeT cMech KBAPKOBBIX apOMATOB; HOMYCTUMBIE APOMAThI PACIIPEIEITAIOT-
cs ncxons us 3Hadennit MDME values mis ritooHa. 9 poitece H8 MOKeT TeHeEpUpPOBaTh W KBAPKO-
BbI€e, U JIEITOHHBIE TTapbl coryiacHo 3HadeHuto MDME nist boroHa. D poreccst 84 u 85 BKIIOTAIOT
BApPUAHTHI 3TUX MATPUIHBIX 3JIEMEHTOB € y9eTOM (PEPMUOHHBIX Macc, HO 3/I€Ch MOYKET OITHO-
BPEMEHHO TEHEPUPOBATHCA TOJHKO OIWH apoMaT. ITOT apoOMaT SBJIAETCA CAMBIM ~ THKETBIM
13 paspelrennblX I TJII00Ha 1 (POTOHA, cOOTBETCTBeHHO. Tak Kak Jrentorubie KF-kombr mmyT
mocsie KBapKOBBIX, OHU CUMTAfOTCA ~TaAKesgee” (eCim OHW paspelleHbl), U WIYT HepPBBIME 10
CTapPIUINHCTBY.



8.3.3 TI'myGoKoHeympyroe paccesiHHe

MSEL = 1, 2, 35, 36, 37, 38

ISUB =
10 fzf] — fkfl
83 qf; = Qufy

9 potecchl TUIYOOKOHEYTIPYTOTO pacCesHNsA, TO €CTh (-KaHaJbHBI 0OMEH KaJIuOpPOBOTHBIMI
6030HAMT JIEKTPOCIAb0TO B3aMMOIEicTBI A, TPAIUIINOHHO CBA3BIBAIOTCS € B3aUMOIEHCTBUAMMI
MeKIy JeTTOHaMU U HeRTpUHO U agpoHaMu, HO mpoiiecchl 10 m 83 MOTYT cTob XKe yCIenrHo
IPUMEHATHCA W JTA ((-PACCEAHNA B IPOHHBIX CTOJKHOBEHWAX (C ceUeHWeM, 3HATUTETHHO
MEHbBIIM, deM iz coorBercTByiomnx KX/I-nmpoueccos). B npumenennn k Bxomsaumm ete™-
mygakam, mpotecc 10 coorserctByer Bhabha-paccesmmuro.

Jns mpotiecca 10 yunThiBafoTes BKIaIbl oT obMeros v, Z° w W, Britoyas nrTepdepenuio
mexkny v u Z°. Moxer ucnosbzobarbes Kiiod MSTP(21), ecsin ecTh KeJjlaHHe OrPaHUYUTLCSA
TOJTbKO HEKOTOPBIMI W3 BKJIaJI0B, HAPUMeP, TOJIbKO HEeNTPaIbHBIM NIN 3apAKEeHHBIM TOKOM.

B npunnume, x — mepemenHas riiyOOKOHEYTIPYTOTO paccesHNs — TOYHO COOTBETCTBYET Be-
qudure @ B PARI(33) mum PARI (34), oT KOTOpOH 3aBuces BXOAAUMH aapoH, T.K. Q> = —f =
-PARI(15). Ogmako TaK Kak n3JIyYeHne B HaYaJbHOM N KOHEYHOM COCTOAHUN MOKET CIBUTATh
UMITYJIBCHI CTPYH, OHO MOYKET W3MEHATHh W WMITYJIBC pacceaHHOTo JenToHa. (remoBaresbHoO,
3HaYeHnsd MepeMeHHBIX = u ()? He coxpaHsiorca. B MSTP(23) cymecTByeT ommus, Jaioliasd
7 06paTHYIO 2BOJIONUIO cOObITHA” TaK, YTOObI coXpaHaauch ¥ 1 (J, HO Ta ONIUA elle OYeHb
MPUMUTHBHA U HE [TOJIKHA BOCIPUHUMATHCSA CJUIIKOM OYKBaJIbHO.

D porecc 83 — sKBEBasIeHT mpolecca 10 ToapKo 11 obmerna WE, Ho ¢ BKIIoUeHHON B MaTpud-
HBIT 9/TeMEeHT Maccoil TAXKeToro KBapKa. B aIpOHHBIX CTOJKHOBEHUAX 3TO TJIABHBIM 00pa3soMm
TIpeacTaBIdeT MHTepec PN POKICHAN OYeHb TAKEJOTO apoMaTa, Ile BO3MOKHOCTh POKICHIA

TOJIBKO OAHOI'O TAZKEJIOTO KBapKa, a HE ITapbl HpeO6JIELILEL€T 110 KHHEMAaTYE€CKIIM COO6pEL)K6HI/IHM.

8.3.4 Doxkjaenue ofuHOIHBIX W /7

MSEL = 11, 12, 13, 14, 15, (21)

ISUB = _

1 fzf] — 7*/Z0

2 fzf] — W+
15 fzf] — gZO
16 f;f; - gW+
20 f; = AWT
30 fig — [:70
31 fig — ka+
35 fiy — £,7°
36 fi’}/ — ka+

131 gg — 7Z°QxQ,

DTa rpymma coCTOUT U3 MPoTeccoB 2 — 1, TO ecTh POKIEHUA OTUHOIHOTO pe30oHaHCa, U U3
mporeccoB 2 — 2 (pe3oHaHc MOy YU OTJady OT CTPYH Wil (POTOHA). D pUBEIEHHBIN 31ech XKe
npotecc 141 paccmarpuBaeTca maJiee B ApYTOM MecTe.

ECJII/I BKJIIOYUTH JINBEHDb B HaYaJIbHOM COCTOAHUM, TO ITPOLECCHI 2 — 1 TEHEPUPYIOT HOITOJI-
HUTEJIbHBIE CTPYH; CIEIOBATETHHO, YTOOBI W30€KaTh MBOMHOTO ydaeTa, COOTBETCTBYOIIHTE 2 — 2
Ipouecchbl HE JOJIZKHBI BKJIFOYATHCA. OCHOBHBIM IIPaBUJIOM ABJIAETCA NCIIOJIb30OBaHUE 2 — 1 Ipo-



[EeCCOB LISl MHKJIIO3UBHOTO poxkaerus W /7, To ecTh TaM, riae 00beM aHaJu3upyeMbIX cOOBITHUH
umeer 3HaueHue pp < myy/z, (rme, Kak OXRUmaeTcH, MapTOHHBIN JMBEHDb ~COCTY KUT XOPOIIYTO
cyx6y”). B ciyuae cnenmanbubix wccnaenopanuii poxmerus W /7 mpuw 60bIINX 3HATEHWAX
HOIICPEYHBbIX MMIIYJILCOB Ha/JlM4yWe MapTOHHLIX JIMBHEH HPUBOAUT K HEBO3MOXKHOCTU OIECHUTD
qncso cobbituit. B aToM citydae sydiie HaunHATH ¢ MATPUIHBIX JIEMEHTOB 2 — 2 MPOTECCOB 1
MOTOM JT00ABJIATH TMapTOHHBIEe JIMBHU. QIHAKO MATPUUIHBIE 3JIEMEHTHI 2 — 2 MPOIECCOB PACXO-
narces aada p; — 0, u T0TOMY HeJTb3s MCIOJIh30BaTh 00JIaCTh MaJIbIX 3HAUEHWH MOmepeTHbIX
IMITYJIbCOB, MHaTe MOYKHO TOJYINTh HepU3nIecKue 3HaAUEHUsA cedeHnit. o) pobiieMa IBOWHOTO
yueTa BO3HUKAET He TOJBKO B mpotieccax poxkaerus W /7 B aIpOHHBIX CTOJKHOBEHUAX, HO TaK-
e U B TIporecce, TogobHoM eTe” — Z%y, KoTophlil, 0ueBHIHO, ABAAETCA YacThIo HOMPaBKH Ha
u3JIydeHne B HauaJbHOM COCTOAHUM K mpolieccy eTe™ — Z°, nonyuennoit s MSTP(11)=1. Do-
TOOHO POKITEHUTO 7 COBMECTHO € aIpPOHHBIME CTPYAMU, TIPOItece 2 — 2 MOJIKEH NCIOTb30BAThCH
TOJBKO M1 00JTacT OOJTHIINX 3HAUEHWH MOTIEPETHBIX UMITYJTHCOB.

Donmponece 1 poxaerns Z° BiodaeT MosHyo HHTepdhEepeHInoHHY 0 cTpyKTYpY 7™ /7% ¢
nomotpio MSTP(43) Bbl MozKeTe BBIOpaTh POXKIEHUE TOJIBKO Y™, TOAbKO Z° WM HOJHOCTHIO
v*/7°. D10 ke Bepro U nya Z'O-nonmponecca 141; ¢ momourpto MSTP (44) MosKeT OBITH BBIOpaHa
mobas Kombunarus v, Z° u 7/°. Taxum obpazom, noanponecc 141 ¢ MSTP (44)=4, 1o cyliecTsy,
9KBUBaJIleHTeH Tommporeccy | ¢ MSTP(43)=3; omrako mporecc 141 Brifouaer B cebsi TakKe 1
BO3MOYKHOCTh paclaja udepes xurrc-6osonnl. Z°, KoTopblit mossisercsa B mpomeccax 15, 30 u
1316, B macTodAlee BpeMaA He CONEPXKUT BKIaga OT Y.

Ob6parute BHEUMaHWE, UTO TIpolece | ¢ eIUHCTBEHHO pa3peleHHBIM KaHaJIoM q — Y~ —
(T(~, uzydaeMblil B 06/1acTH CYIIECTBEHHO HUKe Macchl Z°, TpaJuIMOHHO Ha3bIBAeTCs IIPOIec-
com Hpemma—fArma. Dror mocsiennuit mpoiece, cJIeI0OBATEIBHO, HE TOABIAETCH MO OTIETHHBIM
3ar0JIOBKOM, HO MOZKET OBIThH MOJIYUeH TMOAXOAAIIell yeTaHOBKOM KiTodelt u mapaMeTpos.

9 pottecc, TOTOOHBIH fifj — vWT, comepKuT orpaHUdeHme, 9TO 7 MCIIYCKAETCs B Ha9aJ bHOM
COCTOAHMM, B TO BpeMsd KAaK BO3MOXKHOCTb U3JIyHYeHWA B KOHEYHOM COCTOAHUU OT MPOIYKTOB
pacnaga W sBHO He BK/IOUaeTcs (HO MOKET OBITH IOJydYeHa HEABHO € TTOMOIIBIO MEXaHU3Ma
MapTOHHBIX JWBHEN), 1, KPOMe TOTO, HUKaK He MPEICTaBIEHbI PA3INTHbIE YCIOBUA MHTEepde-
penruu. CrenoBaTebHO, HEOOXOMNMBI HEKOTOPBIE TTPETOCTOPOKHOCTH TIPU WCIOJTH30BAHUN;
CM. TaKiKe ommcanme B maparpade 8.3.5 aHAJIOTHIHON cuTyanny A1 MpoTecca POKIEHUA map.

Hmns 2 — 1 mpoteccoB MofenupoBanne 6pefiT-BUTHEPOBCKOTO TMHKaA JOJIKHO BKJIIOYATH B
cebs $-3aBUCUMOCTD NIUPUHBI PaclpeleseHrs, KOTopasd 00ecednT yiIydiieHHoe oTncanme Ghop-

MBI pactpenesenns. PaxTuaeckn, ¢ TOUKU 3peHns (POPMBI pacIpeesienns, Iporece | momxeH

obecreunBaTh 60JI€6 TOYHOE MOIEJINPOBAHUE coOpITHIi €+

_|_

€T -aHHUTUIIATINM, YeM cllelnaibHad
ete -cxema poxaenus B JETSET (cm. pasnen 6.1). Onnako BeposATHO, uTo s (POTOHOB,
POKAEHHBIX B JIMBHE B HAYAJIbHOM COCTOAHWU, paclipelesieHue 1Mo py Bee ke Jydlle MOJeTupy-
ercs ¢ TMOMOIIbIo nmognporpamMm JETSET. /Ipyroe pasamune 3akitodaerca B TOM, 4T0 JETSET
MO3BOJIsIET TOJNBKO poxkjerne v*/7° — qq, B To BpeMs Kak mpolecc | cOmepyKnuT IOIOJIHI-
TesibHO KaHaubl v*/7Z° — (Y0~ m ~*/7° — vv. T'eHepanms napTOHHBIX JUBHell W omucanme
dparMenTanuu OAMHAKOBBI B 00enx mporpaMmmax, Ho PYTHIA He paboTaeT HEMOCpPEICTBEHHO €

MaTPUIHBIMU 3JIEMEHTAMU TIEPBOTO U BTOPOTO MOPAIKOB, M0m100HO JETSET.

DoUTH Bce MPOTECChl B 3TOM TPyIIe MMEIOT TPaBUIbHBIE YTJIOBBIE paclpeleeHns IJId 0~
caenytouux pactnangos W /7 — ff. Uckmodyenue — nporece 36, tae B HacToslIee BpeMs paciia-

tem — eTe 7% MoxkeT MomeupoBaThes ABYMs

a1 W NIprHUMAIOTCS W30TPOITHBIMEA. ) POTIECC €
Pa3JIMIHBIME CITOCODaMM. 2 EePBBIH CITOCOD 3aKTI0TaeTCA B UCIIOIb30BAHUE CTPYKTYPHBIX (DYHK-
it MOPCKUX KBapKOB BHYTPHU €, TO €CTh PAaCCMAaTPUBAETCA CXeMa € — ¥ — €. ITO MOKHO
pean3oBaTh, Hapsmy ¢ OObIYHBIM poKienueM Z°, ucnonbsys nopmpotece 1 ¢ MSTP(11)=1 u

MSTP(12)=1. Torna Bxusan mopsagka mau Berme 5.0 06 misa sHeprum et e”-cronkuoserus H00



['sB cpasuum ¢ npasuiabibiM sHaderrem 6.2 06 [Hagdl]. B kauecTBe ajdbrepHaTUBBI MOKHO
HCIOIB30BaTh mporecc 35 ¢ MSTP(11)=1 u MSTP(12)=0.

Yrobbl OXBATUTH OCODEHHOCTH B HAIIPABJIEHWN BIEPE, PETY/ISAPUIYEMYIO 3HAUEHUEM Mac-
CBI »JeKTpoHa, HeobxoanmMo ycTanoBuTh CKIN(3)=CKIN(5)=0.01 — ucmoyb30oBaHme MEHBIIIX
3HavueHuit OymIeT TOJHKO 3aMeJIAThH BHITOJHEHNE TPOTPAMMBbl, HE3SHAUINTEIHHO YBEJTMINBAT Ce-
YeHne. D pu 3TOM MOJIYUNM JIJIA cedeHns 3HadeHne 5.1 nb, koropoe onsaTh-Taku Ha 20% HuKe
NpaBUJILHOIO, HO T.K. 37lech TeHepupyeTcs pacnpenesenue pi ajas Z°, To 3ToT BapuaHT Hpejl-
ToYTUTeJbHee.

B mporecce 36, fy — W#, MOTYT BOSHEKHYTH COOTBETCTBYIONIHE TPOOIEMbL; OKIAIACTCA,
yTO md ete -paccesHUA BIepel aMIIUTYHa Hpolecca ey — vW cTaHOBUTCA paBHOM HyJIIO
(HyJIeBOe M3JTydenne), a 3T0 3HAUUT, 9To auddepeHnnaTbHoe cedeHre B3anMoIeficTBIA PaBHO
uymio npu p; — 0. CienoBaresbHO, MOXKHO HUCIOIB30BAaTh 3HAYEHWA MO YMOJIAHUIO IIJI5
CKIN(3) u CKIN(5) B ¢Te™-paccesnun u NoayduTh BeJUUUHY CeUeHUA, OIN3KYIO K MPaBUILHOMN.

EnuscrBenusiii netnHHbi mpotiece 2 — 3 TaKiKe BKIIOYAETCA B 3TOT Kjacc (gg — 7°QQ
¢ TIOJTHBIMU MAaTPUIHBIMU JIEMEHTAMU, COMEPZKAIINME MACChl). Jojiee CIOKHbIE BBHIPAZKEHN
i (Ha3zoBoro obbeMa W JIIA MATPUIHBIX 3JIEMEHTOB [IeJTAIOT 9TOT TPOIECC Upe3BbIUaliHo Me-
mieHHBIM. Fejm BBIOpaTh apoMaTr KBapKa pPaBHBIM b, MOXKHO MOJYIUTH BayKHBIN (DOH B mC-
CJIeJOBAHNAX B MYJbTUILJIETHOM KaHalle NPHW 3HaYeHWAX SHEePTUU B3anMoIeficTBIUA TopAlKa
Macchl XUTTC-0030Ha. 3HaUeHUA KBaPKOBBIX apoMaroB xpauaTca B KFPR(131,2); mo ymosrda-
o 5 = b. KumemaTwka mpoliecca mpencrabieHa B TepMuHax pactafa Z° B QQ-cueremy,
MOTYT HCIIOJTB30BAThCs BCe OOBIUHBIE KMHEMATHIECKNE OTPAHWIEHUs [IJIf TPOIEcCcoB 2 — 2,
BRTIogaa CKIN(43) w CKIN(44) nia OrpaHWYeHNA AWalla30Ha 3HadYeHWl WHBapWaHTHON Mac-
cel QQ-cucrembr. Kpome Toro, TOMBKO AJIA 3TOTO IIpolecca MOLYT HCIOIb30BAThCA KIIOUH
CKIN(51) - CKIN(54) mpwm ycTaHoBKe OnWala3oHa 3HaYCHUR p; HBYX KBapKOB; TaKiKe OKUIa-
ercs, uro nus Z° sHavenus ycranasaupatorcsa B CKIN(3) - CKIN(4). Tak Kak HeT Ipolenypbl
ONITUMU3AIINAN TTPY UCCTIETOBAHUT TIOJTHOTO MHOTOMEPHOTO (Pa30BOTO TPOCTPAHCTBA, TOMYCTUMO-
TO B 9TOM TIPOIlecce, MAKCUMAJIbHBIN YPOBEHB ONNOOK MOXKeT OBbITh BechbMa OosrbiimM. B atom
cIIydae MoJIe3HO ¢IeSTaTh IPEIBaAPUTETbHOE MOIETNPOBAHIE, OIMEHNTH ODIIYTO BEJTMIIHY OITMOKT
U WCIoab30BaTh ormmmio MSTP(121)=1 B 0OCHOBHOM npolrecce BbIYUCJICHAN].

8.3.5 Dapuoe poxaenne W /Z

MSEL = 15
ISUB =
22 £t = (v /2°)(v [ Z2°)
23 fzf] — ZOWt
25 ff; - WtwW-
69 vy — WTW-
70 AW — ZOWT

B aToM pasnesie Mbl B OCHOBHOM paccMmarpum poxkierue nap W /7 B pesysbrare (pepMUOH-
ELHTI/ICbepMI/IOHHOﬁ AHHUTUJIANINN, HO BKJIIOYUM TaKzKe€ IBa IIpolecCa, B KOTOPbIX B Ka4d€CTBE
Hav9aJIbHBIX HaCTUI, BBICTYIIAQIOT ITYYKHN ")//W 9&CC€HHI/I€ ABYX KELJII/I6pOBOLIHbIX 6030HOB7 TO €CTb
nponecce! Tuna WHW= — Z97° rak cyuiecTBeHno 3aBUCUT OT IPUHATOIO ClleHapUs BKIIOUCHU S
XUTTC-D030HOB, UTO PTOT CJiydall paccMaTpuBaeTcss OTHebHO B maparpade 8.4.2.

HJIH BCEX TIPOLECCOB, MPUBENEHHBIX BbIIIE, CEHEHMA B3ELI/IMOIL€I71CTBI/IH ITOJTYHEHBI B HpI/I6JII/I—
KEHNN Y3KOI'O ITMKa, HO 3a CHET BKJIIOYECHUA B 6p€I71T—BI/IFH€pOBCKyIO HIVUPUHY 3aBUCUMOCTHU OT
MacCChl ITOJTHad IHWPUHa MMNKa YBEJIMYNBAECTCHA. OILHELKO H€O6XOILI/IMO IIOMHUTDH, 9TO IOPYyIUe Ka-
HaJIbl p€aKlnMn, HE BRKJIIIOYEHHBIE B 2TO pacCMOTpEHUE, MOTYT daBaTbhb CBOM BKJIa/Jd B O6JIELCTE[X7
nasekux or Maccbl W /7. Dra mpobiieMa 0cobeHHO BaKHa, €CJIU B KOHETHOM YeThIpexhepMUoH-



HOM COCTOAHUN HECKOJTBKO apOMATOB COBMAIAIOT. JaccMOTpUM, Hanpumep, eTe™ — utu~ v, v, .
Taxkoe KoHedHOe cocTosHMe OyIeT colepiKaTh BKIaIbl He TOJBKO U3 00JIaCTH MPOMEZKYTOUHBIX
tem = 70 = utum,

+ +70 +, o + T Wt = 7outy . Koo
pasBuBatommxcs gasee mo cxeme ut — pt7% — pto, v, wm pt — v, — vty Kpo

snagennit Z°7° u WHW™, Ho Tax:ke, Halpumep, U U3 IPONECCOB TUIIA €

Me TOTO, HYKHO PacCMOTPETh Bce BapWaHThI mHTepdepeHtmu. Tak Kak 3TO He BBITOJIHEHO,
MOJTH30BATENIO TIPU BBIOOpe MHTepecyiolleil ero 0bIacTn HEOOXOMINMO CaMOMY pellarTh, KaKne
2P DEKTHI HE MPENCTABIAIOT MHTEPECA I KaKUMU BKJIaJaMi MOYKHO TTperebpeds. Qdenp dacto,
HaIpUMep, XOTAT Oy IUTh MacCy Hapbl JIEMTTOHOB Ha BBIXOME, OJM3KYIO K My, B TAKOM CJIydae
P4 IPYTUX BO3MOZKHBIX MTPOIECCOB HeCYlIeCcTBEH.

Cperm TIpoTieccoB, Tepednc/IeRHbIX BhIlTe, Tlepshiit nMeer mommyto fif; — (y*/7°)(v*/Z°)
CTPYKTYPY W TIOJyUeH TpAMBIM 00001meHneM (Gopmysr B pabore [Gun86] (BBIMTOTHEHHBIM aB-
TopoM). KoHeUHO, BEPOATHOCTD CYIIECTBEHHOCTH BKJIAOB OT HEPACCMATPUBAEMBIX MPOIECCOB
YBEJIMINBAETCH, B YaCTHOCTH, €CJIN Y* — OUeHb JIETKUH, I €CTh BO3MOKHOCTH TOPMO3HOTO W3JTY-
yenus dporora. MoxHo mcrnonb3osarh MSTP (43), uToObl BoccTaHOBUTDL cobbiTie Z° 7B dmcToM
suze”, To ects Tosbko [;f; — Z°7Z°. B nporeccax 23 u 70 paccMarpuBaercs TOIBKO BK/a Z°.

D oJTHBIE YTJIOBBIE KOPPEJANNN BKJIIOYAIOTCSA [JI MEPBBIX TPEX MPOIECCOB, TO €CTh B pe-
30HAHCHBIN pacmal BKJIOYaeTcd TOJMHBIN 2 — 2 — 4 MaTpUIHBIN 3/JeMeHT, W yIUTbIBaeTca
v* | 7°-unrepdepentmsa B nponecce 22. B mociennux AByX mpoleccax B HAacTOsAIIee BpeMs He
coxpamsgercsa HuKakoil uudopmaiuu o crute, To ecth W /Z-6030HbI pacnalaloTesi U30TPOITHO.

Msr HamoMuwHaeM BaM, UTO AHAMa30H Macc IBYX PE30HAHCOB MOYKET yCTaHABJIUBATHCH C
momortbio mapamerpos CKIN(41) - CKIN(44); 7o ocobeHHO yHIOOHO, HAIpUMeEp, eCIu Hy JKHO
BBIOpATH OJIMH PE3OHAHC TMOYTH Ha MaccOBOH MOBEPXHOCTH, a JPYroii — HeT.

8.4 DoxKIaeHme XUrrconB

Wspannas dacth Becex mporieccoB B PYTHIA 3aBUCHT OT POXKJIEHWA XUTTCOB B TOW miIm WHOMN
dopme. MHOKecTBEHHOCTD cuTyannii 00yc/IoBIeHa TOTPEOHOCTHIO paccCMaTPUBATH POXKIEHUE
B pesyJibTare HeCKOJIbKHUX Pa3JIMYHBbIX MPOIECCOB, B 3aBUCMMOCTH OT Macchl XUITCa W TUTIA
YCTAaHOBKH. JoJiee TOTO, MPOTpaMMa COIEPKUT TOJHBIN clleHapuii POKIEHNA IBYX MYJIbTHILIE-
TOB XUTTCOB, KaK MPEIJIOKEHO, HallpuMep, B MUHUMAJIbHOM CYTepCUMMEeTPUYHOM PaclliupeHun
crargaprroii Momenn (MCCM). [lanbreiiree obcy K aeHme pasduTo, HECKOIBKO MPON3BOIBHO,
Ha HEOOJIBINOE KOJMIEeCTBO PA3JINIHBIX CIIEHAPUEB.

8.4.1 Jlerkme Xurrchbl CTaHJApPTHON MOJe/n

MSEL = 16, 17, 18
ISUB =



24 fzﬂ — 7Z9H°
26 fzf] — WHH°
102 gg — H°
103~y — H°
111 fzﬂ — gHO
112 fig — fZHO

113 gg — gH°

121 g9 — Q kaHO

123 ff; — £f;H ( Z°Z°-camsnwe )
124 £f; — f6HY ( WHW™-commsnme )

B »Tom maparpade MBI 06cyKgaeM poKIeHHe NOCTaTOYHO JIETKUX XUITCOB ¢ MacCoii mpu-
mvepro 700 ['»B mim mmke, Tak 9ro 4TO mpmbImMKeHWEe MaJoil NMMPUHBI ABJIAETCS XOPOIIUM.
Duxe 400 5B, xoreuHo, He OymeT HIKaKnX MpobJIeM, HO BBIIIE TPUOINKEHNe MaJIoil IIMpUHBL
(y3KOTO TIMKa) TIOCTENEHHO MepecTaeT paboTarh.

OcHoOBHBIE TTPOTIECCHI POKIEHNSA B aIpOHHBIX cTOJKHOBeHUAX — 102, 123 u 124, To ecTh gg-,
7°7°- u WHW -ciusnue. B nociennux aByx mpoleccax HeoOXOMUMO TaKzKe ydecTh U3/IydeHue
mpocTpancTBeHHONO0N00HbIX W /Z-6030H0B 13 KBapKOB, KOTOPOE B UTOrE JIaeT Mpolecchl 2 — 3,
pa3obpaHHbBIE BHIIIIE.

HaJtee, poriecchl, nMelolNe MEHbIIINE CeYeHNA B3auMOAeicTBIA, MOTYT TTPEICTaBIATh WH-
Tepec n3-3a OoJIee TPOCTHIX CUTHAJIOB (TIPOCTOTH MAEHTU(DUKANN COOBITH ). DampuMep, mpo-
neccnl 24 u 26 renepupyior Z unu W smecte ¢ H®. Dponeccest 3, 121 u 122 renepupyior TsKesble
apoMaThl.

D porttecc 3 comepKUT BKIAIBI OT BCEX aPOMATOB, HO OH MOJTHOCTHIO MOIaBJIEH TOIITPOIIECCOM
tt — HY us-3a BK/Iama oT CTPYKTYpHOH (DYHKIUM MOPCKHX TOI-KBapKOB. DTOT IIPOIECC XOPO-
110 W3BECTEH W MCTOJIb3YeTCA JIJIA ONEeHKN CeUeHnsA POKIAEHWA XWUTTCOB, TOCTE YeTO Pe3yIbTar
MOYKHO CPaBHUTH CO 3HAUEHUEM CEUEHUHA, MOJTYIEHHBIM OOJIee TIaTeTbHBIMEI BBITUCIEHUAMT,
OCHOBaHHBIMU Ha nopmpotiecce gg — tTH? (121). Dasnuune Mexiy >TUMEU ABYyMs CJIydasMu
3aK/IF09aeTcs B TOM, 9TO B Iporecce 3 t m { mobaBisrorcsi Kak JIMBEHh B Ha9aJbHOM COCTOs-
HUU, B TO BpeMs Kak B 121 mcrmosib3yercs MOTHBIT MaTPUUIHBIT 3/IeMeHT. D JIaToll 3a TOIHOCTH
BBIUUCIIEHUN SABJIAETCA MeJIEHHAs 0 CPAaBHEHWO ¢ IPYTUMU TIPOIEccaMu padoTa TPOrpaMMbI
(M3-3a CITOKHOCTH BBITHUCIEHNA MHOTOMepHOTO (hazoBoro obbema B mporecce 121). Cremnopa-
TeJIbHO, HAIO TBAZKIbl MTOIYMaTh, IPEKIe TeM NCI0Ib30BaTh TOT mpotecc. Kak oObIIHO, eciin
BKJTIOUUTH U 3, u 121, Oymer nBoitHo#t yaer cobbituii. D potecc 122 mo crpykType momodben 121,
HO MeHee BaKeH.

Donmporiecc Tuna 113 ¢ XUTTCOM, TMOIYYAIONIM OTHady OT CTPYH TJIFOOHOB, TaK:Ke s dpek-
THBHO T€HEPUPYETCs ¢ MOMOIIBIO moAmpotecca 102 ¢ HeoOXOAUMBIME MOIPaBKaMu B HaTaIbHOM
COCTOAHUMN; TaKUM 00Opa3oM, UTOOBI M30erKaTh MBOWHOrO yduera KaK [Jig Caydas pPOKICHU
7P /W maparpacd 8.3.4, >Tw moampoIecchl He MTOKHBI BKIIOYAThCA OJTHOBPEMEHHO. 9 POIIece
102 nmoJriKeH MCMOMB30BATHCA MCKIIOUYUTENTBHO JIIA POXKIeHNs XurrcoB, a 111-113 — nnsa ana-

JIN3a BbI60pKI/I XHUI'TCOB C 6OJII)IHI/IMI/I SHaYEHNAMN IMONMEPEIHOTIO NMITYJIbCA.

Dpu et e -aHHUTUITATINT COBMECTHOE poXKIeH1me HO u Z° (Homlpouecc 24) 0OBITHO TOMWHU-

pyeT BGm3M mopora, B To Bpema Kak Z°Z% m WHW -camsnwme (npomeccer 123 u 124) npeot-
JIAIAlOT TIPW BBICOKWX 3Heprusax. I porecc 103, yy-causnme, MOKeT MpEeAcTaBIATh UHTEPeC, B
JaCTHOCTH, KOTJa BO3MOZKHO TOPMO3HOE M3JIydeHre U oOpaTHOe paccesHne (poToHa.

Bbixon XurrcoB oueHb CUJIBHO 3aBUCUT OT Macchl. B mpwHIuWNe, 1jid TPaBUIbHOCTHA BbIUW-
CIIeHWH mporpaMMa TaeT BO3MOYKHOCTh YCTaHaBJIMBATh 3HaueHUe (paKTUIeCKOW Macchl XWUTTca,



a He TOJIbKO HOMUWHaJIbHOe 3Haderre. QIHako WHOTIa MOTYT OBITH BasKHBIMU MOMPABKU BBICIITNX
MOPAIKOB, & OHW He TTOJTHOCTHIO OTHO3HAYHBI, M., Hanpumep, MSTP (37).

Tak Kak xurrc ectb gactuia co cnunom (), To pacnaj msorponubiit. B mporeccax pacmana
muma H° — WTW~™ — (4 dbepmmona) Browatorcs yriiosble Koppeasmun. B mponeccax 24 u
26 nna pacmanos Z° mw W* yrioBble pacmpeneseHns Tak:Ke BKIFOYCHB TOKHBIM 00Da3OM.

8.4.2 Taxeijible XUTTCHI CTAHJAAPTHON MOEJIH

ISUB =
5 7°7° — H°
§ WHW- — H°
71 7°7° — 7°7° (npomosbHbIe)
72 7°7° - WtW~™ (mponosbHbie)
73 Z°WT — Z°WT (mponosbabie)
76 WTW™ — Z°Z° (mponosbabie)
77 WTWE - WTW# (nponosnsmbre)

Dporecchr 5 n 8 — mpoctasg 2 — 1 Bepcmsa TPOIECcOB, TOCTYMHBIX Temepb B 123 m 124
¢ mosiHoft 2 — 3 kmHemaTukoil. [liaA ManbIX 3HaUeHWIT Macchl XWTTca MpOIecchl H U 8 JAfOT
HeBepHbIE BEJTUYNHbI ceUeHU N 1 He TOJIKHBI UCITOJIb30BAThCA, B TO BpeM:A KaK MPU UCCIIeTOBAHNN
POKIEHUA TAKETBIX XUTTCOB TTOJIyYaeTcsA Xopoliee coriiacue Mex1y 2 — 1 u 2 — 3 ceueHUAMN.

Donnponeccs 5 u 8, VV — HY orercrsennbie 3a Bkjan B npomeccer V'V — V'V’ naior
IIJIOXO€ TIOBEJIeHNE ceUeHUl Py BBICOKUX 3HEpruAX. 3mech V obo3HadaeT TPOIOJIbHBIH TTpO-
MeKYTOUHBIH Kaanbpobounbit 6030H, Z° wmn WE. DTy cuTyanmio MOKHO HCIPaBUTh TOIHKO
BrJIIOUeHneM Beex V'V — V'V! nmarpamm, Kak »To cienano B moanporieccax 71, 72, 73, 76 u
77. B wactHocTH, Toampotiecckr 5 u 8 maioT (PUKTUBHBIN BBIOPOC B MacCOBOM paciipeleeHun
XUTTCOB B 0bsacTu 0osibinx Macc. OTHAKO €CJI 3TOT XBOCT OTOPOCUTH, TO MOJYUUTCH OUEHB
Xopolilee coryacie TOJMBKO MEXKIY S-KaHAJbHBIMU ArarpaMMaMi (TTOAIporecchl 5 1 8) u moJ-
HBIM HaOOPOM THarpaMM (ToAmpotiecchl 71 u T./1.): 11 HOMIHATHHOTO 3HAUEHNA MACChl XUTTCA
300 (800) I'sB orbpacsiBanme snavenuii seiime 600 (1200) B coxpanser 95% (84%) mosHoTO
CeUeHN A U OTIMIAeTCA OT TOUHOTO Bhramcaerns Toabko Ha 2% (11%) (uncna nis snepruit SSC).
B cBsA3w ¢ »TUM, ctemoBaTeIbHO, HET HUKAKOW HEOOXOMUMOCTH WCIOJIh30BATEH TTOMITPOIEcCHl 71
M T.JI., KOTJa BIIOJIHE MOZKHO HMCIIOJIb30BaTh MOJNPOIecchl H u 8.

Hmns mommportecca 77 cymutectByer ormmus, cM. MSTP(45), mo3Bosidonias BBIOMPATH KOM-
OUHAIIMIO 3apsAI0B paccemBatommxca W: OIMHAKOBBIN WM TPOTUBOIOJIOKHBIN 3HAK 3apsia
(cooTBeTCTBYTOIINI 3HAKY XUTTCA MO YMOJIAHUIO).

D pottecc 77 COMEPKUT PAcXoAUMOCTh Tipn p; — () W3-3a BKJIAIOB OT Y-OOMEHOB. DTO MPHU-
BOIWUT K (PUKTUBHON PacXOIMMOCTH TOJTHOTO CeYeHMUs, TaK KaK MpUOJIMKeHrme TPOCTOH cTPYK-
TypHOW (QYHKINU He TPUMEHUMO K paccegHmio mpomoiasaoro W B aTom mpemese. [laa storo
mpotiecca, cJIeI0BAaTETbHO, HEOOXOIIMMO BBECTH OTPDAHUIEHIE, HATIPUMED, Py > M.

s mogmpornteccos 71, 72, 76 w 77 sriodena omnmusa MSTP (46), 94To0BI OJIH30BATETH MOT
BBIOPATH TOJIBKO S-KaHAJbHYIO AMarpamMmy; TOTIa 3TO OYIeT, 1O CYIIeCTBY, KBUBAJIEHT IO~
mpotiecca 5 WM 8 ¢ COOTBETCTBYIOMIMME paclialHbiMu Karadamu (1o ects Z°7Z° mmm WTW ™),
YCTaHOBJIEHHBIMEU ¢ TOMOIIbIo MDME. Dazsimdane 3akIi09aeTcs B TOM, 9T0 OpefiT-BUTHEPOBCKUit
pe30HaHC B MOAIpoIeccax 5 U & COAEPKUT 3aBUCUMOCTH IUPUHBI OT MaccChl, B TO BpeMs Kak
HWIWPUHA B MoAmporeccax 71 - 77 BbIUMCIAeTcs ¢ HOMUHAJIbHBIM 3HAYEHMEM Macchl XUITCA; a
TaK’Ke TOMpaBKy OoJiee BBICOKOTO MOpP#AIKa K MUPUHAM OOJiee TOTHO 00pabaThIBAIOTCA B TTOJ-
npotieccax 5 u 8. Jlanee, B moanpornieccax 71 - 77 npunumaercs, uro sxonsumit W /7 6611 Ha
MaccOBOIl TTOBEPXHOCTH, € COOTBETCTBYIOIINMYI KWHEMATUYECKUMU MHOXKUTEIAMEU, B TO BpeMsd
Kak B mpotieccax b u 8 W/Z — npocrpancrsentononobusiii. Bee 210 npuBoaut K pasanduio B



3HadeHnax cedennii B 1.5 pasa.

B orcyrerBue xurrca cektop paccesHus TpoaoibHbIX 7 m W cTaHeT cuibHOB3anMOIeRCTBY-
oM pu sHeprusx soire 1 TaB. Monenu, npengnoxennsie Dobado, Herrero u Terron [Dob91],
KOTOPBIE OIMUCHIBAIOT 3TOT pasfiess PU3NKM, BKIIOUYEHBl KaK aJIbTePHATHBHBIE MATPUIHbBIE JIe-
MEeHTBI Jis TommporteccoB 71, 72, 73, 76 u 77 u Bweibupatorcs B MSTP(46). C Touku 3peHmsA
obteft cxeMbl KJTacCHPUKAIUN TOAMPOIECCOB, 3TOT BUI MOJeNell TOJKEH, COOTBETCTBEHHO,
BKJTIOYATHCA KaK OTIIEJbHBIE TOANPOTecchl ¢ Komamu 6osibiie 100, HO wcmorb30BaHue aTbTepHa-
TUBHBIX MaTPUIHBIX 3JIEMEHTOB MO3BOJIsAET Hostee 3PPEKTUBHOE MHOTOKPATHOE MCITOTh30BaHIE
CYIIECTBYTOIIETO KOJIA.

9 pu COOTBETCTBYIOIIEM BBIOOpE TTapaMETPOB TaKKe MOZKHO MOJIETMPOBATH POKIEHUE TEXHU-
p.

B nacrositiiee BpeMs B mporpaMMy He BKJIIOUEHO pacCesHIe MOTEPETHBIX KaInOPOBOTHBIX HO-
30HOB, a TaKKe CMeITaHHOe TOMEPETHO-TIPOIOIbHOE paccesnre. Kak oxumaeTcs, 3T BUIBI pac-
ceAHnsA OyyT MeHee BaKHbIME IPU BHICOKHX dHEPrusAx u He 6yayT comepxars HO-pesonancubiit
MUK, OJHAKO He CJieyeT HAaAeAThCHA, ITO HTU BKJIAIBI OYIYT COBEPIIEHHO HE3HATUTETBHBI IO
BEJIMIWHE.

DMIUpUIecKoe MPaBUJIO: TIporecchl 71 - 77 He MOJIKHBI UCIOJIB30BATbCA [JIA 3HAYEHUH
naBapuanTHO Maccel V'V Huxe 500 ['5B.

D POAYKTHI paciajia MpoIoIbHOTO KaJIHOPOBOTHOTO DO30HA COMEPIKAT MPABUIbHBIE YIIOBbIE
pacrpeneeHus.

8.4.3 DacHmimpeHHBIl CEKTOp HEUTPAJIbHBIX XHUITCOB

MSEL = 19
ISUB =
HO H/O AO

3 151 156 fif; = X
102 152 157 g9 — X
103 153 158 ~yy—= X
24 171 176 fif; = 7Z°X
26 172 177 ff; - WX
123 173 178 fif; — £if; X (Z7 causnwe)
124 174 179 f; — 66X (WTW™ cnnsmnue)
121 181 186 gg — QrQ. X
122 182 187 q;q; — QrQ.X
ISUB =
(141) £, — ~/2°/27°
B PYTHIA comepxutTcs crieHapuil poXKIEHUA ABYX TyOJIETOB XUTTCOB: IBE HEHTPabHBIX
CKaJIAPHBIX YacTulibl 25 u 35, onHa HeWTpasibHad TCeBIOCKaJApHad 36 m mayOser 3apsrKeH-
wbix gactun +37. (KoHedHO, 2TH 9acTHIBl MOTYT TaKiKe CBA3BIBATHCA ¢ COOTBETCTBYIOUINMI
COCTOSTHUAMM XUTTCOB B GOJIBIIEM MYJIBTUILIETE). DO COTNIAIIEHNIO, MBI OyIeM 0003HATaTh 00~
nee jerkuil ckanapubii xurrc HY, a Gonee Taxensiit H® — 210 oTnmuaercs or cornalenus B
MUHUMAJIBHOM CYTePCUMMETPUTHOM paciiupernu cranmpaptaol momern (MCCM), roe merkumit
xurrc obosuHadaerca h®, a Gosee Taxkensiit — H, Ho mozposuT HaMm HasbIBaTh XUITC Hemdybser-
roro cuenapusa HC. Dcepnockamapbrit xurre obosraden Kax A, a sapsmxenmbrit mybrer — HE.
DoKIeHMe 3apAKEHHOTO Ay0seTa 00CcyKIaeTcsi B CJIedyolieM maparpade.
Dsn npoueccos gy HY nybnupyercs niaa H u A°. B tabiune, npusenentoii Boliie, yKa3aHo
coorseTcTBre MexKay 3HauenusMu [SUB: nepsbiit cron6en komos ISUB coorsercrsyer X = HP,
sropoit — X = H, tperuit — X = A°. O6parure BHuManue, 4To, Kak OkKHUIACTCHA, HEKOTOPbHIE



13 3TUX TIPOIECCOB BOOOIE HE MMEOT MecTa M3-3a MCIEe3HOBEHWsS OOPHOBCKWX UI€HOB. MbI
BKJTFOUUJIN UX JJIs THOKOCTH MOIEJMPOBAHUSA TIPOIECCOB B ODOPHOBCKOM WU JIIOOOM JIPYTOM
MpUOTHKEHTT.

D eKoTOopble TPOIECCHl CTAHIAPTHONR MOIeHN, BKIIIOYAOIINe CeKTOP XUTTCOB, BOOOIIe He CO-
OTBETCTBYIOT BBINIEOTTUCAHHON cxXeme. DTO, B 9acTHOCTH:

e 5 1 8, KOTOpbIe BO BCeX cIydadAX Telepb 3aMeHWINCh Ha 123 m 124;

o 71,72, 73,76 u 77, B ciydae, ecJin OTCYTCTBYIOT JIETKIe XUTTCh. Torma 3To MOXKHO pac-
CMATPUBATh KaK JIOMOJTHEHNE K CIIEHAPUIO, OMUCAHHOMY BbIIIE, ¢ HECKOJIBKUME JIETKUMEI
XUTTCAMU; 1

e 111, 112 w 113, KoTOpbIe ONMMCHIBAIOT XBOCT paclpeleSIeHUA MOJTYUeHHBIX XWUTTCOB 1A
GOBIIX 3HATEHUN TMOMEePETHOTO UMITYJIbCa I MEHee WHTEPECHBI /118 OCHOBHBIX HCCJIEN0-
BaHuil.

B npomeccax 121, 122, 181, 182, 186 u 187 raxenblit apoMar 10 YMOJYaAHUIO CIYUTAETCH TOTI-
KBapKOM (€IMHCTBEHHO TPENCTaBIAIONIMM WHTEPEC B CTAHIAPTHON Momenn), MpubnKeHHasn
CTPYKTypHas PYHKINA KOTOPOTO, BOZHUKaoMasA B mpotteccax 3, 151 u 156, Hammenee HameKHA
¢ TOUKW 3peHusA BepHOTO 3Hadenus. OmHAKO 115 3TOTO pAda MPOIECCOB MOXKHO W3MEHUTH 3Ha-
JeHrme KBapKOBOTO apoMara; a1 Kaxaoro ISUB-koga »1o 3nadenue 3amaerca B KFPR(ISUB, 2).
DTo MOKeT OBITH yMECTHBIM IIPH YBeJWYeHHH POn bb-cocTosmnmsa, T.e. ecam tan3 > 1 B
MCCM.

Do ymonuanumio na H® maxjagpiBarorcs obbIuHble orpaHMyeHns cTaHIapTHOH MoIenn Ha
3HadeHue Xurrca, B To Bpemsa Kak na H® u A° orpannvenus maxnanpiBatorcsa B PARU(171) -
PARU(178) u PARU(181) - PARU(190), coorsercrsernno. Orpanndenus nia H'O u A® ne nmeror
o1 cobol HIKAKOTO TUIYOOKOTO (pU3MIeCKOTO OCHOBAHUA, HO yCTAHABIUBAIOTCH TOJBKO U3 TEX
coobpaskeHmt, 9TOOBI He OBLITO aBapUWHOTO OTKa3a MPOrPAMMBI BCJIEICTBAE OTCYTCTBUA KaKUX
OBl TO HU OBLIO OTpaHWdeHul. BbI MOJIKHBI, c/IeIOBATEIBHO, CAMW YCTAaHABJIMBATD JKeaeMble
orpaHMYeHys 3HadeHUil B 3aBUCUMOCTH OT TOrO, XoTUTe Ju Bbl Momenuposarb H'C mmm A°.
Orpanmuenua na HY Taxike MOryT m3MeHATbCA (B PARU(161) - PARU(165)), ecin 3HadeHme
MSTP(4) ycraHaBIMBaeTCsA paBHBIM 1.

Dpu MSTP (4)=2 macca H® (B PMAS(25,1)) u 3nauenue tan 3 (B PARU(141)) mcnosb3yores
pU BbIBEIEHUN 3HAYEHUN Macc APYrUX XUITCOB, a TaKxkKe BCeX KOHCTAHT CBA3W JJIA XWUIT-
coB. PMAS(35,1) - PMAS(37,1) mu PARU(161) - PARU(195) mepemmchiBaiOTCA COOTBETCTBEH-
Ho. Bee ucnosnbsyembie coorHotenus noyudensl B 6oprosckoM npubsuxkennn MCCM [Gun90].
B macrosinee BpemMs BBbIYHMCIEHBI TOMPABKU K 3TUM 3HAUYEHUAM, U, KaK W3BECTHO, OHU HE TPU-
BeJIN K 3HAUYWTETbHBIM W3MEHEHNAM BOSHUKAOIIER B pe3ysibTaTe peHOMeHOMOTN. B KoHedaHOM
cdeTe, y4yeT MOMPABOK MOKET BKJIIOYATbcA KaK JIOMOJHUTEbHAA ONINA, OJHAKO B HacTOAIlee
BpeMA 3TOTO HE CIEeJIAHO.

Ob6parnTe BHIMaHME, YTO pa3pelleHbl He Bce KOMOUHauu my u tan 3; TpeboBaHme KOHETHOM
maccol AY Hastaraer orpanudenue

tan? 3 — 1
< 8.9
mpg mZt H2ﬁ + 17 ( )
WJIN, YKBUBAJIEHTHO,
tan® 3 > mzt i (8.10)
my —mg

Ecau 510 ycioBume He BBITIOHEHO, TO OyIeT aBapWiiHbIl OTKa3 MPOTPaMMBI.

Dporecc 141 mMoxkeT TaKyKe HUCMOTB30BATHCA JIJIA TOTO, UTOOBI MOMEIMPOBATH MPOIECCHI
7° — HA% u Z° — H®A® coBmecTHOro poxmenus HeRTpaabHbIX XUrrcoB. Tor daxT, 4To Mbl
31ech ucnosbsyeM 7Y, 1erko urnopupyercs Ju6o HalucaHHeM HOIXONANINX YCJIOBUH HCUe3HO-
BeHUsA, IU00 ycTanoBkoil omnmmu MSTP (44)=4.



D axoner, boJlee TAKebIEe XUTTCHI MOTYT paclalaThbcs B Oojiee JIeTKWe B Ipolieccax THUIa
A% — 7Z°H® wan HT — WTHC, ecnu onu paspeuennl KunemMaTudecku. Taxue MOmbl BK/IIOYa-
FOTCA KaK 9acTh 00Iero Habopa pacialHblX KaHAJIOB, U BKJIAIbI OT HUX MOTYT yBEJININBATHCH,
ecJIn OTOPOCUTh HEMHTEPECYIOIINE B TaHHBIHT MOMEHT KaHAJIbI.

8.4.4 CekTop 3apAKEHHBIX XUTTCOB

MSEL = 23
ISUB = _
143 fzf] — H

161 fig — ka+
(141) £, — ~/2°/27°

D porpaMMa COIEpPIKUT clieHapHil CylecTBOBaHNA 3apAKeHHoro aybsera xurrcos, HE. Dror
ny6steT MokKeT BXoauTh B MyabTuIIeT XurrcoB MCCM-momenu, cMm. mpenbiaymnii maparpad,
I BKJTIOIATHCA IO JIIOOOMY IPYTOMY clleHapuio. Dapamerp tan (3, KOTOpBIli BBOIUTCA TaKzKe
IUTA U 715 OTpaHuYeHul Ha 3apAKeHHbIN 1ybJteT, ycranaBinBaeTca B PARU(141).

Da30BBIH TTOATIpOTIECcC A POKIEHUA 3apAKEHHOTO MTyOJeTa B aIpPOHHBIX CTOJTKHOBEHWAX
— ISUB = 143. Opmako »ToT mpoliecc MOJaBJICH IPOIECCOM tb — H* u saBucut ot BBIOOpA
CTPYKTYpHON DYHKINE t-KBapKa. 9 amiydinuil pesybTar obecrednBaeT mommnporece 161, fg —
f'H* (to ecth, daxTuaeckn, bg — tH). Crenosarenbro, peKoMerIyeTcs ncmomb3osarh 161,
a He 143; ucnosib3oBaHme Ke 00OUX TIPOIECCOB TPUBENET K TBONHOMY yUeTy.

B nonmponecce 141 pacnan v*/Z°/7° — HTH™ npuBoamT K poKmeHHIO Taphl 3apszKeH-

te~-cronkroBeHnMAX. Dactam v* B HTH™

HBIX XWUTTCOB. TOT TPOIECC OCOOEHHO BaiKEH B €
OTIpeliesisieT 3apsA/l XUTTCOB eIMHCTBEHHBIM 00Pa3oM, B TO BpeMs KaK OTDaHWYEHWs Ha pacial
7° perynupytorcsa ¢ nomotibio PARU(142), a na 7Z'° — PARU(143) coorercrBenno. ®parment,
cBaA3aHHbI ¢ 70, MoxKer BbIK/IIOYAThCs, Haopumep, ecau MSTP(44)=4. Obbrunbtit Z°, To ecrhb
gacThma ¢ KomoM 23, He MoxKeT pacmamarbca ma HYH™.

OcHOBHOW TOTEHIUAJIHHBIN WCTOUHUK POXKIEHUS 3apAKEHHBIX XUITCOB — paclall TOI-
KBapKa. JTa BO3MOMKHOCTH aBTOMATHUYECKHM He BKJ/IOYaeTcd, HO pacHaJHbi KaHaa t — bHT
obecrieunBaeTCs, W TOJB30BATE/b MOYKET caM BBIOpaTh JKeJaeMyio BEPOATHOCTH paclaia Mo
JAHHOMY KaHaJy OTHOCHTEJbHO CTaHAapTHOrO paclagHoro Kanamda t — bWT. Crenepu-
pOBaB JTIOOBIM CIOCOOOM TOT-KBapK, BIIOC/ISICTBUE MOMKHO OCYHIECTBHTH ero pacman B HTE.
Tak kKax pacrmagbl TOM-KBapKa OCYIIECTBJIAIOTCS € MCIOJb30BAHMEM MexXaHm3Ma (pparMeHTa-
uu /paciaa, a He TeHepalueli JKecTKoro mporecca, cedenue poKIeHus Tol-KBapKa He OyaeT
YMEeHbBIIaThCs TOJIBKO TOI/a, KOTma BK/IfoueH pacman t — bHT. Tak uTo Bam mpmmeTcs BbrYn-
CIATH CeUeHme MIJIA Balllero TTpollecca, OCHOBBIBAACH Ha MOJHOM CEUYeHWH W 3aJaHHON BepoAT-
HOCTH pacrafa, cM. maparpad 7.6.2.

8.5 dPusukKa 3a paMKaMM CTaHJApPTHOU Moj1eju

Yucsto BOSMOKHBIX CIIEHAPUEB 33 PAMKaMU CTAHIAPTHON MOIEJH, IO CYIIECTBY, OECKOHETHO,
HO MHOTTE U3 HUX COMepKaT MacCy ODIIMIX acleKTOB. DalpuMep, B psile PasIndHbIX Momeed
MOTYT BO3HUKaTh HOBBIe KauOpoBounbie bosonbl W’ u 7/, CirenoBaresibHO, UMeeT CMBICH TT0-
MBITAThCSA TaK BBIOpATh HEOOJBINOE UMCI0 OA3MCHBIX KJIACCOB YACTHIL € JIOCTATOYHO CJIAOBIMI
OTpPAHUYIEHUAME, YTOOBI TPU TOAXOAANINX 3HAUEHUAX TapaMeTPOB ObLIIa BO3MOKHOCTH U3yIaTh
GOJIBIIIOE KOJIMIeCTBO PAa3HbIX clleHapreB. Mbl yiKe Bume i onH TaKoi TpuMep B paciimpeHHOM
CEeKTOpe XUITCOB, CM. BbIlle. B »ToM pasmese obcyKIaeTcsi HECKOIBKO APYTUX TPUMEDPOB He-
crangapTHOil dpusukn. QUeBUIHO, 9TO, KPOME PACCMOTPEHHBIX HUKE, MOKHO OBLIO BKIIOUNTH



MHOTO JAPYTUX IPUMEPOB, HO OTHO cpa3y Opocaercs B Iyla3a — OTCYTCTBHUE MPOIECCOB POKIEHU A
cynepcummerpuunbix dactuil. OcHopHol mpuumHOil AB/IAETCA GOJbIIOE KOIMYECTBO YacTHIL,
MPOLECCOB, BO3MOKHBIX MacCOBBIX MOKOJIEHU U paciagHbiX HMeToveK.

8.5.1 YerBepToe mokKoJjienne (hpepMHOHOB

MSEL = 7, 8, 37, 38

ISUB =
2 fzf] — W+
81 qiq; — QrQy,
82 g9 = QrQy
83 qif; = 1@y

84 g7 — QxQy

D epCIeKTUBBI CYIIECTBOBAHNA TE€TBEPTOTO TIOKOJEHNA B HACTOAIIEe BPEMSA BECbMa COMHU-
TeJIbHBI, HO B MporpamMme obecliedeHa BO3MOYKHOCTh T€HEpPAIMH COOTBETCTBYIOIIETO apoMaTa.
DakTrvecKn, YeTBEPTOE TOKOJIEHTE BKITIOYAETCA Ha PABHBIX OCHOBAHUAX € TIEPBBIME TPEMA MPH
MSTP (1)=4. CienoBaresibHO, /IJId TEHEPAINE apoMaTa MOTYT HMCIIOJIb30BaThCs, KPOME yKa3aH-
HBIX BBIIIE, W JIPYTHE MPOIECcchl, HAPUMED, ¢ KaJINOPOBOUYHBIME OO30HAME, BKJIIOUAA HECTAH-
naprabiit Tuna Z°. Mbl He craHeM IOBTOPATDH 31eCh OMUCaHUe HEKOTOPBIX AelicTBuil, KoTopoe
ecTh B IPYTOM MecTe, HaITpuMep, KaK yCTaHaBJINBATh KeJlaeMblit apoMaT B mporeccax 81 - 85.
ObparnTe BHUMaHWE,9TO I8 yI00CTBAa MOKHO ycTaHoBuTh CKIN(1) w apyrue cOOTHOUIEHUA U
OTpAaHWYEHNs TaK, 9TOOBI Macca CTeHepUPOBAHHOTO KaJaubpoBOUHOTO O030Ha ObLIa ITOCTATOY-
HOMW U151 POKIEHNA TpedyeMoro apoMara; B IIPWHIIAIIE, TPOTpaMMa CIIPABUTCA U €3 3TOro, HO,
BO3MOZKHO, 3& CHeT OYeHb MeJIEHHOTO BBITTIOJTHEHW .

8.5.2 I oBble KAJIHOPOBOYHBIEe HO30HBI

MSEL = 21, 22, 24
ISUB =_

141 foZ — ’)//ZO/Z/O

142 fzf] — W't

Donmponece 141 ¢ Z° comepxur monnyto v /7Z°/7/° narepdepeHIMORHYIO CTPYKTYPY /s

mapbl gpepmumonos. C momoribio MSTP(44) MOKHO BBIOpATh TOJBKO OIWH BKJIAJ, HAIpUMep,
or 7. Bsaumoneiicrsusa 70 ¢ KBapkaMu U JlenToHaMM MOLYT ycTaHaBauBaThcs B PARU(121)
- PARU(128). Bocemb kiatoUeil cOOTBETCTBYIOT BEKTOPHBIM U aKCHAJbHBIM TOKaM KBapKOB
HUZKHETO W BEPXHETO TWIA, JIEMITOHOB W HEWTPWHO, COOTBETCTBEHHO. O yMOJIIAHUIO, TAKOEe
olMcaHie COOTBETCTBYET cTaHmapTHOH Momenn Z°, ¢ akcuasbHolt KoHcTanTol B3amMomeiicTBIA
ay = 1 u BexropHoit vy = ay — 4de; sin?fy. 'DTo MPWBOIWT K IIMpUHE pe3oHaHca, KOTOpad
JUHEHHO pacTeT ¢ Maccoif. D pu MOAXOAINIEM BhIOOpe MapaMeTPOB MOYKHO MOIETUPOBATH JITO-
Goit npuayMannbiit Z/0-cienapuil ¢ moaHBIMI UHTEPQepeHITMOHHbIME >(bheKTaM B ceUeHUAX 1

B 1995 r. Bpmmia B ceer mporpamma SPYTHIA, cymepcmMMeTputHoe pacumperme PYTHIA Bepcunm 5.7.,
HanucanHas S.Mrenna, Koropas paboraer Takke U CO BCEMHU TOCTEAYIONUMA BEPCUAMHA, a HadwHasd ¢ Bepcun 6.1
»Ta TpoTrpaMMa BKJIOUeHa B PYTHIA B KadecTBe cocTaBHOM dacTu. Tak 4To 3aMHTepeCcOBAHHBIN MOJIB30BATEH
MOZKeT UJIN UCIOJIb30BaTh HOBBIE Bepcul, HadnHasd ¢ 6.1, wian paborars ¢ camoit SPYTHIA | xon koTopoit moxkHO
CBOOOMIHO B3ATH IO AJIPECY

http://thep.lu.se/tf2/staff/torbjorn/Pythia.html (ITpum. nep.)



pacriaIHbIMKU YTJIOBBIMU PaclpeaesleHl AMU.

Bsanmoneitctsue B pacmagnom kaname 720 — WTW~™ onpenenserca B PARU(129) -
PARU(130). Mpsr umeem meso ¢ CHIBHBIM B3amMOIEHCTBUEM, KOTOPOE OIpeNesseT CKOPOCTb
peaknny (BEpPOATHOCTH Mpoliecca). Do yMomdanuio PARU(129)=1. cooTBETCTBYeT paclInper-
HOll KasmbpoBouHoit Momesn [Alt89], korna ncnosnbsyercs nponece Z° — WTW™ ¢ korcranTol
B3aMMOJIeHicTBHA, NTOMHOKeHHOH Ha Koadduument miy/ma,. B pesymbrare moaywaem map-
nuaabayio mupuny Z° B »ToM KaHaje, KoTopas ONATb-TaKu JjuHeiino pacrer. Eeau sror
K03 UImEHT OTCYTCTBYET, TO TPHU YCJOBUU Tpomopimonaabroctn PARU(129) m%, / m%v o-
JAydaeM HaplHuaJbHyIo IUPUHY, KOTOpas MMeeT 3aBUCUMOCTD IIATOM crenenu oT Macchl 70, M.
"reference model” [Alt89]. Mokmo cebe mpemncTaBuTh, 4TO paclagHoe YIJIOBOE pacipeieeHue
nMeeT 3HAUUTETHHO DoJtee DOTATYIO CTPYKTYPY, T€M Ta, UTO OTPEIeAETCA OTHIM MapaMeTpoOM
PARU(130).

Hpyrue mMompl pacnana BKmodator Kapasa Z'° — ZOHC, npenckasanusiit B psane mopesei,
COXPaHAIONIMX JIeBO-TIpaByto cumMerpuio (cm. PARU(145) u pabory [Coc91]), w HekoTOpbIe
IpyTHe KaHaJoB pacliafia ¢ Xurrcamu, cM. maparpad 8.4.3 n 8.4.4.

W'# B monmporecce 142 He comepKuT HuKaknmx Hepecedennit ¢ W crammapTHOl Momesw,
HO Ha MpaKTHKe 3TO He JOJIKHO ObITh orpanudenneM. Bsaumoneticrsue W' ¢ KBapkaMu u Jier-
ToHaMu ycTaHaBanBaercsa B PARU(131) - PARU(134). CHoBa MOKHO YCTaHOBUTH BEKTOPHOE M
aKcuabHOE B3aWMOeHcTBIE, OTACTbHO I (- U {1v,-KaHaJoB paciaja. 3HadeHUs M0 YMOJI-
JaHUto cooTBeTCTBYIOT (V — A)—cTpyKType craHmapTHO# Momenn W, HO MOTYT W3MEHATHCHA
IS BBIYUCIEHUN MO MUPOKOMY Kpyry Mopeseil. Bo3zMOKHBIM orpaHudeHueM ABJIA€TCH TO,
qro B Marpuie Kabubbo-Kobasaimm—Mackasbl cMmemuBanne KBapKOB BBOIWTCA TaK ¥kKe, KaK 1
B crangapTHOM Momenn W.

Koncranrta cBsasu misas W/ — Z°W wmoxer yCTaHaBJIUBATHCsA ¢ momolnbio PARU(135) -
PARU(136). Jlajiee »TOT KaHaJl paccMaTpUBAeTCs aHAJOTWIHO 7'; B 9acTHOCTH, B3amMOmeli-
CTBUE TI0 YMOJIYAHUIO CHOBA OTHOCUTCH K ~PACHIUPEHHBIM KaauOpoBouHbiM Mopeasm” [Alt89].
W' — WH? kana takxke BKJIIOYaETCH , IO aHAJIOTHAN C 70 — ZOHO, cMm. PARU(146).

R-6030H (kox gactuis 40) momampotecca 144 mpencraBiseT OoUH 13 BOSMOKHBIX ClIeHAPEB
[T TOPU30HTAIHHOTO KaTHOPOBOYHOTO DO30HA, TO €CTh YaCTUIIbI, OTBETCTBEHHOM 3a MPOIlecchl

B3auMOIEfCTBIA MexKI1y IOKOJIeHHAME, obycaaBaubaoieil npomeccsl, nogobuse sd — RY —

/,L_e"'.



DKcImepuMeHTaIbHbBIE OrPpaHIYeHIs Ha W3MeHeHrne apoMara HeHTpaJbHBIMA TOKAMHU BBIHY-
JKIAI0T TaKoll 6030H OBITH HOBOJIBHO TAKedbIM. l'akas MoIIesh onucaHa B [Ben85a].

8.5.3 JlenTokBapKmu

MSEL = 25

ISUB =
145 qigj — LQ
162 qg — (Lq

163 qq — LQ LQ
164 qiq; — Lqlq

Boriire mpuBeeHo HECKOIBKO MPOTECCOB, € MOMOIIBIO KOTOPBIX MOYKHO T€HEPUPOBATH JIETITO-
KBapKu. B HacTosiinee BpeMs mporpaMMa obeciednBaeT poKIeHTe TOTbKO OTHOTO JIEMTOKBAPKA
(qactuupl ¢ KomoM 39), obosnagaemoro Lq. JlenTokBapk moHMMaercs Kak dacTHIA, HECYIIAs
OJTHOBpPEMEHHO crielnprIecKre KBapKOBbIE U JIEMTOHHBIE KBAHTOBBIE UNC/A W MO YMOJIIAHUIO
coCTOAIIAA W3 U-KBapKa ¥ 3JIEKTPOHA. ITU apoOMaThl COXPAHAIOTCHA, TO €CTh MPOIECC THUTA
ue” — Lq — di, ne paspeuen. 910 ycaoBue ABJIAETCA HEKOTOPBIM OIDAHHYEHUEM, HO 31€Ch
mpecTaB/ieHa TOJTHKO OfHa W3 DOJIBIIOTO KOJWIecTBa Bo3MOKHOcTell. CnuH enTokBapKa mpu-
HUMaeTcd PaBHBIM HYJTIO, TaK 9TO pPachall OyIeT W30TPOITHBIM.

XoTs MOKHO TeHEPUPOBAThH JIEMTOKBAPK TOJBKO OTHOTO THUIA, apOMaT MOYKEeT W3MEHATHCH
MPOUW3BOJIBHO, TaK, UYTOOBI MMETh BO3MOYKHOCTH WCCIENOBATH Pa3/IMdHbIE BapHaHTBI. Apomar
JIEITOKBApKa OTIpeNeiAeTcss KBAPKOBBIMU U JIETITOHHBIME apoMaTaMW, 3aIaHHBIMU B CIHCKE
MOJI pacmaioB. Tak Kak paspelleH TOJbKO OINH KaHaJ paclala, TO KBAPKOBBIH U JIENTOH-
HbIH apoMaThl coxpafsgiorcs B KFDP(MDCY(39,2),1) uw KFDP(MDCY(39,2),2) cOOTBETCTBEHHO.
AnponHas cocTaBJisAOlNasd — BCETa TOJIBKO KBapK, HO BTOPOH MapTHEP MOKET OBITh KakK Jie-
MITOHOM, TaK W aHTHUJIETITOHOM; 3aps/l COMPAKEHHOTO MapTHEPA aBTOMATHIECKN OTIPEIeSIAeTCs
MporpaMMoli. 9 pu WHUMHAIU3AINN 3apA] BHOBb BBIUUCIAETCA KaK (DYHKIUA OMpPEIeeHHOTO
apoMara; UMs JENTOKBapKa TaK:Ke repeornpenessercs mo iy "LQ_(q) (1)", tme dburypupyer
Texkymmit apomar kBapka (q) m jenrtona (1).

Lq — qf Bepumaa comepKUT HeolpeneTeHHbIH mapaMeTp (FOKaBCKYI0 KOHCTAHTY CUIBHOTO
B3aMMOIeficTBI A ), Ha KOTOPBIH BIMAET U MUPHHA JENTOKBAPKA, 1 BEININHA CETeHN I BXO-
IANIX TUarpaMM pPOKIEHWA. SHAYEeHWe 3TOro MapaMeTpa MOKeT m3MeHaAThca B PARU(151).
Omupenenenne PARU(151) coorsercrbyer Koaddurmenty k [Hew88], To ects A*/(4Ta.,,), rae
A — Korcranta cuibHol cBasu FOkaswr [Wud86]. Ob6parure BHUMaHEE, 4TO, TaKUM 0Opa3oM,
BbIpazKeHne B PARU(151) KBaJIpaTUIHO IO KOHCTaHTE B3amMoAehHcTBUA.

JlenmTokBapK, BEPOATHO, MOJKEH OBITH HOCTATOTHO MHOJTOKUBYIIUM, ITOOBI ycleTh (bpar-
MEHTHPOBATH B ME30HHOE TN ODAPUOHHOE COCTOAHIE, KOTOPOE BIIOCJIEICTBUN paciaigeTcs. Bee
9TO JTOBOJIBHO YTOMUTETBHO 00pabarhiBaTh, a MO3TOMY BCera MPUHUMAETCH, ITO JEMTOKBaPK
BHaUaje pacrajaeTcsd, a 3aTeM (pparMeHTUPYET. DTO MOXKEeT MPUBOINTH K HEKOTOPBIM OIINO-
KaM TIPW TeHepalnn cOOBITH, HO He MOJIKHO CUJIBHO BINATH Ha PE3YJIHTAT 3aKITIOUUTETHHOTO
aHaTI3a.

B mporpamwme stenrtokBapk 06pabarhiBaeTcAa KaK PE30HAHC, TOJTHKO HECYIINH ellle U IBETOBOMH
3apsfi. D pHU 3TOM HeOOXOIUMBI HEKOTOPBIE MPEIOCTOPOKHOCTH, B TaCTHOCTH, HE pa3pelraeTcs
ZIefaTh JIEMTOKBApK CTAOMIBHBIM pu m3MeHerHun MDCY (39, 1) mim MSTP(41): B »ToM cJiydae
majbHelras 0bpaboTKa OyIeT TPOU3BOAUTHCA € TTOMOIIBI0 JETSET, MMeroIiell 1e10 co cTabniTb-
HBIMI 9acTUIIAMI, KOTOPas OyIeT mbiTaTbca PpparMeRTHPOBATH JENTOKBAPK (KaK 9TO JAeTaeTcs
¢ JTIOOBIM TIBETHBIM OOBEKTOM), 1, BEPOATHEE BCETO, ITO TMPUBENET K aBAPUHHOMY OTKa3y ITPO-
TpaMMBI.



8.5.4 BHyTpeHHss CTPYKTypa KBApPKOB U aHOMAaJIbHbIE

B3aHMOﬂeﬁCTBHH
ISUB =
20 ff; = yW+

165 ff; — fif), (wepes v*/7Z°)
166 ff; — f,.f; (wepes W* )

B mporpamme mpucyTcTByeT HEKOTOpPOE KOJIUYIECTBO IMPOIECCOB, TPEICTABIAONINX cOOOMH
aHOMAJIbHBIE ¢ TOYKM 3PEHUs CTaHIapTHOHW Momenn B3anMomelicTBua. OHE MOTYT BKJIIOIATHCH
mpu MSTP(5)> 1; MSTP(5)=0 mo yMOJT9aHUIO COOTBETCTBYET CTaHIAPTHON MOIIEJIH.

B mpomiecce 11 u 12 xBapKoBas MOACTPYKTYpPa OMUCHIBAETCA B M30CKAJIAPHON MOIEJIN, ONN-
chiBatolelt B3auMomecTBus TOJIbKO JeBbix TokoB [Kic84] mpu MSTP(5)=1, ¢ XapaKTepHbIM Mac-
mrabom A, samanubiM B PARU(155) (mo ymomaanmio 1000 ['9B) u swakom n uaTepdepertnon-
"oro 4jiena B PARU(156) (Ho YMOJYaHWIO +1; aJbTepHATHBHOE 3HAUEHNE —1). B Takoit momesm
IPUHIMAETCHA, 9TO TOJBKO U- U d-KBapKi MMEIOT BHYTPEHHIOI CTPYKTYPY (10 Kpaiireii Mepe,
Ipu JaHHOM MaciiTabe »Hepruii); mpu MSTP(5)=2 ycsioBHe Haaudus BHYTPEHHEH CTPYKTYDHI
BKJIfO9aeTCA T4 B3aUMOAeCTBAA BCeX KBapPKOB.

D porecchr 165 u 166 B 00IIeM sKBWBAJIEHTHBI IpoTieccaM | U 2, TO €CTh 3TO — paclinpente
Ha caydaii oomera emte u v*/Z° u W% cooTBeTCTBERHO, HO paclimperme, Jafollee HecKOIbKO
MeHbIIle BO3MOKHOCTeH (HEeT 3aBUCHMOCTH IIMPUHBI OT MacChl U T.0.). DPUIHHON TaKoro y-
OJIMPOBAHUNA CJIYKUT TO, 9TO (POPMaII3M 00pabOTKU PE30HAHCOB B Tporeccax | u 2 He MOXKeT
OBITH JIETKO pacIUIUper 10 BKIOUEHNA APYIUX (KpoMe S-KaHaJbHBIX ), AnarpaMm. B mporeccax
165 m 166 remepupyeTcsa TOTBKO OAWH TEeKYIIWI apoMaT KOHEYHOTO COCTOAHWA; €Tr0o 3HadeHme
IOJIKHO ycTaHaBauBaThcs B KFPR(165,1) u KFPR(166,1), coorBercrBenno. /i mporecca
166 3amaeTca apoMar HUKHETO THIA, U TpOrpaMMa OyIeT TeHepUPOBaTh BEPXHUN apoMaT TOTO
JKe TOKOJIEHUA. D0 YMOJIaHWIo, KOI JacTull paBer 11 B obomx cjiydasdX, TO €CTh KOHETHbBIE
cocTosHnA — ete™ u etu, (e"7.). Dpu swadenun MSTP(5)=0 mosydarorcsa pe3yJbTaThl, COOT-
BeTCTBYIOIINE cTaHIapTHON Momeru, MSTP(5)=1 maeT yHOMWHABIIYIOCSA BBIIIE U30CKAIAPHYIO
MOJIeJIb B3aUMOJIeMCTBUA JIEBBIX TOKOB (B KoTopoil mportecc 166 He maeT BKJIELILEL), n MSTP(5)=3
BKJTIOTAET MOJIETh ¢ HeCOXPAHAIIeHcA CIMpabHOCTRIO (B KOTOPOH YIUTHIBAIOTCA 00a TpoTec-
ca) [Eic84, Lan91]. Bo Bcex Monensx Bbillle MpUHUMAETCH, ITO TOIBKO U- U d-KBapKu nMe-
0T BHYTPEHHIO CTPYKTYpPY; ¢ MSTP(5)=2 mnu 4, cOOTBETCTBEHHO, UJIE€HBI, OTBETCTBEHHBIE 32
BHYTPUKBapKOBOe B3aMMOoAelcTBIAe, BKJIOYAIOTCA T4 BCeX KBapKOB B HadaJbHOM COCTOAHWN.

DapamMeTpbl B3anMOAeicTBI ycTaHABJIUBAIOTCH, Kak U BhIlie, B PARU(155) u PARU(156).

Ob6parure BHWMaHMe, 4TO Tpotecchl 165 m 166 omumesiBatorTcss Kak 2 — 2 IPOIECCHI, B TO
BpeMs Kak 1 1 2 — kax 2 — 1. Dro 3HauuT, 4To no ymosdanuio Maciitab Q? B CITpyKTYpHBIX
bYHKIMAX ecTh p’ J/1s TePBBIX MPOIECccoB U & — /I BTOPBIX. UTOGBI yCTaHOBUTH COOTBETCTBHE
MeXTy 9TUME ABYMS CJIYIadgMU, peKOMeHIyeTcs moaoxnTh MSTP (32) =4, 9T0bbI HCTIOIb30BATh
§ Kak MaciTab TakxKe 1 JJis mporeccoB 165 u 166.

B npomecce 20 niia poxpenus napbl W7 MOKHO yCTAaHOBUTH aHOMaJIbHOE 3HAYEHWMe Mar-
HUTHOrO MoMeHTa it W B PARU(153) ( =n=kr—1; tme k =1 - 3Havenne B cTaHIApPTHON
Mogenn). D poliece poxKaeHnsa obpabarbBaercs mo dopmytam [Sam9l], B To BpeMs Kak pacra
W B Hacrosllee BpeMmsa He 3aTparuBaercsa. Deobxommmo yctaHoBUTh MSTP(5)=1 misa Taroro
paciImpenns.



8.5.5 BozbyxXaeHHbIe (pepMHOHHBIE COCTOSTHUS

ISUB =
147 dg — d~
148 ug = u”

Do clieHapuio BHYTpeHHENH CTPYKTYpbl KBAPKOB TaKyKe MOTYT CYIIECTBOBATH Y3KWE PE30-
HAaHCHBIE COCTOAHWA KBAPKOBBIX U JIEMITOHHBIX BO30yxKmenmnii. FEcaum MSTP(6)=1, To nmpu wHE-
N3N TeHePAIUN CTAHIaPTHOTO YeTBEPTOTO MOKOJeHuA (hepMUOHOB 3Ta OMIUA OyIeT
OTIPENENTATh POXKIEHNE BO3OYKIEHHBIX COCTOAHWN TEPBOTO MOKOJNEHN#, (a He OOBITHBIX Te-
TBEpPTOro), cocroAmmx u3 gactut d* (xkox 7), u* (8), e* (17) mw v*. (18) co cnmuom 1/2. Tax
KaK TPHU 9TOM TepBOHavdabHasd NHMOPMAINA O IETBEPTOM TOKOJEHWH OYIET TOTepsiHa, TO ero
HeJIb35 OyIeT TeHepupPOBaTh B TOM K€ CaMOM BBITIOJTHEHUHU TTPOTPAMMEBI.

Texymas peanmsanus COTEPKUT TOJHKO KAJHMOPOBOUHBIE B3aWMOIEWCTBUA, TO €CTh HET
HUKAKUX KOHTAKTHBIX B3ammopeficrsuii. Koncrants Bsanmonefictsus f, f' w f, nns rpynm
SU(2), U(1) u SU(3) samaiorcs B PARU(157) - PARU(159), mapamerp maciitaba A — B
PARU(155); Bbl TaKyKe€ MOKeTe M3MeHATb 3HaueHus Macchl {* B 3aBUCMMOCTH OT TOrO, 4TO
BbI Kejtaere u3yduth moapobro [Bau90]. [lis pacnamoB cylmecTByOT cJieiyrole Iporecehb:
Q= qg, ¢ = qy, ¢ = qZ° wim q* — ¢'WE. JI1a poxkeHns B HacTodAIIee BPeMs IPeTycMo-
TPeH TOJIbKO OJWH TPOoIlecc — KBapK-TJIIOOHHOE CIIMAHUE.

8.5.6 Texuunser

ISUB =
149 gq — Ntechni

Cuenapuit TexHWIIBETAa — AJTBTEPHATHBHBIN OOBITHOMY XUTITCOBY MEXaHU3MY TPUOOPETEHM S
maccsl W- u Z-6030namu. Texuurnsernas KaanbpoBodnas rpymnma anajgornana rpymme KX/ n
maeT OoTaThIft CIIEKTp TEXHUME30HOB, COCTOAININX U3 TEXHWKBAPKOB. 1 pW TEXHUIINOHA UTPAFOT
POJTh TIPOIOJIBHBIX KOMIOHEHT W- 11 Z-0030HOB, a OCTaJIbHbIE COCTOAHUSA PEATUIYIOT OTAETIbHBIE
qacTutbl. Jo cux mop HeT MOSTHOCTBIO PeaTuCTUIHON MOIESIN, TaK 9To JIobasd (heHOMEHOTOTH A
JIOJIZKHA TTPUHUMATbCA TOJBKO KaK yKasaTeJlb HOBBIX ABJIEHUI, HO He MOITBEpKIeHNe TEOPUH.

B maparpade 8.4.2 obcyxmanauch mpotecchl 71 - 77, HEKOTOpBIE OMIUH KOTOPBIX MOTYT MC-
MOJTH30BATHCA IS MOJIEJTMPOBAHN S CIIEHAPHUA € TEXHU-pP-PE30OHAHCAME B PACCEAHUH MTPOIOTBHBIX
KaJTMOPOBOTHUX OO30HOB.

3mech Ke MBI pacCMOTPHUM IPYTOif mpotiece, poKIEHNE TEXHU-1). DTa JacThla UMeeT HyJle-
BOMl CITWH, ABJIAETCSA CUHTJIETHBIM COCTOAHUEM OTHOCUTEHHO KAJNOPOBOTHON TPYIIIBI JI€KTPO-
caaboro s3aummonetictsus SU(2)x U(1), Ho Hecer 3ap#l MBETOBOIO OKTeTa. ITO — OJHA U3
BO3MOYKHBIX TEXHU-T-TaCTUIl; UMsA ~TEXHU-1)” TPUHATIEKUT cXeMe KIacCUuPUKAIIHT, WCIOTh3Y-
eMoii He BCeME aBTOPaMIU.

KorcrauTsl cBA3H TexHW-1) ¢ OOBITHBIME (DEPMUOHAMEU 3aBUCAT OT UX MacC. DOITOMY IO-
MEHEpYIolias Moma — tt (ecau oma paspemena). Bemmdumma napamerpa B3auMopeficTBus nis
POKIEHNA depes ¢g-cIuaHme Tpybo cpaBHEMa co 3HadeHHmeM B Kaase bb. CremoparenbHo, B
aJIPOHHBIX CTOJKHOBEHUAX TIpeobiiaaeT POKIeHre depes geg-c/InAnme, Kak B mpotecce 149.

/Ba OCHOBHBIX CBODOIHBIX TTapaMeTpa — Macca TEXHU-1) U TIOCTOAHHAA paciama Fr. Docuen-
H:AS BXOAWT BO BCe TMaplinajbHble MUPUAHBI B BUIe Koa(hpuimenTa 1/ (FW)Q. Takzxe oHa BHMAET
Ha BEJIMYWHY ITOJTHOTO CeYeHMA, TaK KaK CcedeHre MPOMOPIAOHaIbHO MapUiaJibHON mupuHe gg.
F. samaerca B PARP (46) 1 nMeeT 3HaYeHTE IO yMoTgaaunio 123 ['>B (3T0 3HaUYEeHNE IIPEICKa3aHo
B HECKOJIbKHUX MOILGJIHX).



8.6 OcHoBHBIE ITPOIIECCHl HA YCKOPUTEJIAX

B npempinyiiem pasmere Mbl yiKe 00CY KM, IJI51 KAaKIX TPOIECCOB CYIECTBYIOT OTpaHTIeHISA
Ha BO3MOKHOCTDH TOJYYEHUA TPaBUJIbHBIX PEe3yabTATOB MPU MCIOJIb30BAHUN PA3IUIHBIX MOJC-
seit.  aBafiTe TTOBTOpUM HEKOTOpPBIE OCHOBHBIE TOJIOKEHWHA, KOTOPbIE HEOOXOINMO TOMHUTH
mpu paboTe Ha Pa3HBIX yCKOPUTEJIAX.

8.6.1 etTe -CTOIKHOBEHUS

OcHoBHON aHHUIUIANMOHHBIA mpouecc — HoMmep 1, eTe™ — Z° rme dpaxruuecku BK/IOUeHa
nosiHasA wHTepdepeHInonHad cTpyKTypa v*/Z%. DToT mpomecc MoKeT MCMOIb30BAThCA € JI0-
CTATOYHON CTeNeHbIo JOCTOBEPHOCTH ITOJYYaeMbIX PEe3yJIbTaTOB 1A 3HEePrAU B3anMomaeficTBIA
B cucreme UM npubnusurensuo 4 1B u swime, 1o ecrs ma DORIS/CESR, PETRA/PEP,
TRISTAN, LEP u mo6om 6ynyiem sureiinom yckopurere. (HTobbl mccemoBarh 0071acTh
ke 10 9B, Bam, ograko, npugercsa msMeHuTs 3Hadenre PARP(2) ). DToT mpotecc 1o yMoJI-
ganuio uaer npu MSEL=1, To ecTb Korga Bbl HUYETro He U3MEHsIEeTe CaMOCTOATE/IbHO.

PDponecc 141 comepxur obmen Z'°, Bkiodas mosnyio uaTepdepeHuo co cTaigapTHbIMUI
’y*/ZO—BKJIaLLaMM. Dpu snavenuu MSTP(44)=4 7/°-pparMeHT BLIKIIOYAETCA U OCTACTCA TOJIBKO
cTaHTapTHBIH obmen ~*/Z°. Jlaxke B »TOM cjrydae mpolece Mojie3eH, TaK KakK ¢ ero MOMOIIBIO
MOKHO MozenupoBars, Hampumep, ¢Te” — HYA?. Tax kax H® moxker sarem pacnamarbes B
7°7°, xanan pacnaga obpranoro Z° 8 HYAY, dbusuyecku copeplienno oTaenbHbiil, TeXHHUECKN
OyIeT cMemmnBaThcd ¢ APYTUME. B dacTHOCTH, 3TO puWBeneT K MyTaHUIIE TPH TOMBITKE YCTAHO-
BUTbH pacajl IepBoHadaibHoro Z° BHadaJle OJHIM CIocoboM, a 3aTeM apyrum. B arolt curyamuu
MOZKHO ObLI0 Gbl 1CII0/Ib30BaTh 70 B KadecTse 00bI4HOro Z°, HO IPUCBOUTL €MY OTIHUUTEIbHY IO
METKY.

te~ — T He cymecTByeT KaK caMOCTOATEIbHBIN mpomecc B PYTHIA, HO MOMKeT

D porecc e
MoTeTupoBaThca ¢ momolibio LUONIA, em. pasgest 6.2.

Da LEP2 n mammuax ¢ erie 6ostee BbICOKOH sHeprmeil mpocToif s-KaHa bHBIH mpotecc 1
Gyler mofapJseH Apyrumu nponeccamu, tuna ete” — Z97°% u ete™ — WTW™, 1o ectb mpomnec-
camu 22 m 25. DTm mporecchl BKIOYAOT cTpYKTYpy €te” — (v*/Z°)(v*/Z°), uto osmauaer,
4TO cedeHme OyJeT CHHTYJIAPHBIM, eciu OyIeT paBHa HYJIO Jiobasd us Mace v*/Z°. Dosromy
HeOOXOMMO BBECTH OIPAHWYEHUA Ha MACChl (9TO MPUMEHAETCA W B IPYTUX MpoIeccax, THUIA
ete” = WHW-).

D0 YMOTIAHWIO [IJIA 3JIEKTPOHOB MPUHUMAETCHA, UYTO OHU YIaCTBYIOT B KECTKOM IIPOIecce,
nMest TTOJTHYTO 9HEPTHIO, TO ecTh KD /l-u3yuenne He BKIIIOYaeTcsi B HadalbHOE COCTOAHUE. DTO
OYeHb TOJIe3HO, TaK KaK JacTO HYKHO PAcCINTarTh  WIeaJbHblE  COOBITUHA, K KOTOPBIM BITO-
CIEICTBUY HOOABJIATOTCA TOTpaBKu. Jljid mpakTuaecknx TPUKIIAIHBIX TIPOrPaMM MPU pacdeTe
ceveHMt W I TOTydeHns Buda cOOBITUl 00A3aTeIbHO HAMO BKITIOUATh 2(P(DEKTHI W3y IeHn
B HAYaJbHOM COCTOAHUHU. ITO Aeraerca m npum BRirouerHnn MSTP(11)=1, Korma paccMarpuBa-
ercsd 3JIeKTPOHHAA CTPYKTYpHasa (PYHKIUA 15 OTpele/IeH s IMITYJThCa PEATHHOTO B3anMOometi-
tem — 470
reHepUpYTcA aBTOMaTHdYecKu. e ogHOBpeMeHHO ucmoJib3yeTcs mpoltiecc 19, 3To mpusemer

CTBYIOUIIETO 3JIEKTPOHA. 903TOMy PaiallMOHHBbIE TIOIIPpaBKW K IIpOLECCY 1 Tuma e

K IBOMHOMY y4eTy U3JIyUYCHU:.

D asmare BHYTpEeHHEN CTPYKTY PhI 2JIEKTPOHA TaKKe MPUBOIUT KO B3aMMOIENCTBUAM MeKITY
goToHAMU W OTKPBIBAET TOPOTY TEJOMY DALY 77Y-TPOIECCOB, KOTOPBIE OMUCHIBAIOTCSA B TTapa-
rpade 8.3.2. B wacrrocTu, mpu MSTP(12)=1 (boTOHBI MOTYT UMETH CTPYKTYPY, TO €CTh HOJIKHBI
B3aMMOJIEficCTBOBATh HE TOJHKO KaK TOUETHONOMOOHBIE JaCTHUIIBI, HO U KaK aJIpPOHBI ¢ MapTOH-
HOM momcTpyKTypoii. Torma MoXKHO paccMaTpuUBaTh IeJIbIH PANL MPOIECCOB aPOH-aIPOHHBIX



CTOJTKHOBEHUH (3a MCKITFOUEHNEM MPOIECCOB ¢ MUHUMAJBHBIM OTOOPOM ), THIIa yIIPYTOTO W JIN-
QPaKIMOHHOTO pacceaHNA.

Dosusna nporpamm PYTHIA /JETSET 3ak/iodaercs B HAJIUUUU [TPOLECCOB, KOTOPBIE BKJTIO-
JaloT pOKIEHWE aJPOHOB TeM WU WHBIM crocoboM. BemencTsue 0600mennit u3 apyrux
obiacTelt MOCTYIMHBI HEMHOTHE IOJTHOCTBIO HeaApOoHHBIE Tpolecchl. 1o Bhabha-paccestne

te~ — eTe™ B mpomecce 10 n mapHoe poxaenne ¢poToHOB B Ipotecce 18, eTe™ — . Onpraxo

e
obpaTuTe BHUMaHWE Ha TO, UTO OXKUIaeMas TOIHOCTH NP MOIETUPOBAHUU THUX MPOIECCOB B
PYTHIA bymer cyliecTBEHHO MeHbBIIe, 9eM TP MOIEJMPOBAHNUN ¢ TIOMOIIBIO CIIENNATN3nPOBAH-
HBIX TTporpaMmM. C oHOW CTOPOHBI, He yUTEeHBI 3(hPEKTHI OT TETETh JIEKTPOCTADOTO B3anMO-
netictBus. C npyroit cTOpOHBI, HUTIE HE TPUHATO BO BHUMaHUE HAJUYINE MACCHI ¥ JIEKTPOHA,

UTO O3HAUAECT HEOOXOMMMOCTH BCeTIa HaJlaraTh HEKOTOPbIE YCJIOBUA Ha MIHIMAJIbHOE 3HATCHHE
pPL.

8.6.2 JlenToH-agpoHHBIE CTOJIKHOBEHUS

D pobiemMa TPUKIAIHBIX TPOTPAMM B €P-CTOJKHOBEHUAX OOCYKIaJach B HeTaBHEM OTYETe
[Sj692D).

Jlenron-aapoHHbie CTOIKHOBEHUSA TI0 YMOJTIaHUIO — NIyOoKoHeynpyroe paccesmue fq — ('q/,
npomecc 10. On Brmogaer oomen 12 /7°/ W ¢ mosHoit urTepdepennnetl, Kak OMECcaHo B Tapa-
rpade 8.3.3. Wsnydenne or BXomAlleli JeNTOHHON BeTBU MOXKeT BKIodarhea (MSTP(11)=1) u
BBIKTIOYaThea (MSTJ(41)=2). BamerhbTe, UTO I N3MEHEHNA SHATEHUH & I (Q? paspeleno Kax
K9]I-, rak n KX/I-usnydaenne (0T e- 1 -BeTBell COOTBETCTBEHHO), B TO BpeM#A KaK CTaHIapTHBIN
MOJIXOIT B JIUTeparype AomyckaeT Toibko KD /[-usmyuenne.

B Tepmunax cedenwuit B3ammoelicTBusa OoJtee BaXKeH HaDOp IMPOIECCOB, CBA3AHHBIN ¢ do-
TOPOKIEHUEM, KaK € MPOCTPAHCTBEHHOMOMOOHBIMEI, TaK W €O CTPYKTYPHBIME (DOTOHAMIU, CM.
naparpad 8.3.2. Kax m gnsa caydas ete”-mydkoB, IOAIpomecchl ¢ MUHIMAIbLHBIM OTOOPOM
OTCYTCTBYIOT, HO 3aTO JOCTYIEH TOJHBIN HAOOP aIpOH-aIPOHHBIX MPOIIECCOB.

8.6.3 AnpoH-afpOoHHBIE CTOJIKHOBEHUS

Do ymomaanmio ato — KX/I-poxknenmne ctpyit B 2 — 2 mporeccax, cm. maparpad 8.2.1. Tax
Kak muddepennnaabaoe cedenne pacxoaurcd npu p; — 0, Heo6X0IMMO HAJIOKUTH yCJIOBUE Ha
caMoe HUKHee 3HadeHre nMIyJibca. OOBITHO Ta BeJWIWHA yCTAHABINBAETCA CAMUM IOJIH30-
BatesieM B CKIN(3). Ecim CKIN(3) BbiOWpaercsa MeHBIIM, YeM 3HadeHre nopanka 2 9B (cm.
PARP(81) w PARP(82)), T0 BKJIFOTAIOTCA TaKKe COOBITUA ¢ MaJIBIMI TTOMEPETHBIME MMITYThCa-
mvu. Cederme 0Opas3soBaHUsA CTPYHW PETYJIAPUIOBAHO MPU HUSKWUX P, TaK UTO [IJIA MOJYIEeHUs
[JTAIKOTO OObemuHeHNs obsacTell ¢ OOTBIIUME W MAJIBIMEU p; CM. JajbHelillee ommcanme B
pasmere 11.2.

D pu mamerernn CKIN(3) ckauoK B 3HAUEHUU CEUEHUA W3-3a MEPEXOIA OT OIHOTO CIIEHAPU S
K IpyromMy OyIerT BecbMa BEJUK: IMPU BBICOKUX SHEPIUAX AJPOHHBIX CTOJIKHOBEHWH cedeHwme
obpasoBaHusA CTPYHl 1A BEJIUIUHBI P i MeHee HecKoJbKUX ['9B MoxkeT moctuus cyriecTBer-
HO OOJTBIIUX 3HAYEHUl, TeM UTOTOBOE CeUeHIe HEYIIPYTOTO paccedHusd. fCHO, 9TO 3TO epyHIa;
CIIETOBATENTHHO, JTIOO0E 3HATEHWE P ;i JOJIKHO BHIONPATHCA HACTOIBKO OOJIBIITIM, YTOOBI cede-
HIe 00pa30BaHUs CTPYHU COCTABJIAIO TOJHKO UaCTh TTOJHOTO CEUeHWsA, NHATE HYKHO MOJTOKUTH
PLmin = 0 M UCTIOJIB30BaTh MOJHOE OMMUCAHUE.

Ecan suibpano snadenne MSEL=2, TO BKJIIOTAIOTC TaKZKe U MPOIECCHl YIIPYTOTO U Auppakx-
[IMOHHOTO paccesiHus, cM. maparpad 8.2.4. OmHako MomeImpoBaHUE 3TUX MPOIECCOB TOBOJIBHO
OPUMUTHBHO U JIOJIZKHO WMCIIOJIb30BaThCA He JJIA CIEeNUAJbHBIX UCCIEIOBaHMA, a TOJTBKO IJid



OIIEHKM, HACKOJBKO 3THU TPOIECCHl MOTYT TMOPTUTH CTATHCTUKY B KJacce HeTm(PaKIMOHHBIX
cOOBITII TUTA COOBITH ¢ MUHUMAJIbHBIM OTOOPOM.

B agpoHHBIX CTOTKHOBEHMAX MOYKET MOJIEINPOBATHCA HAMOOJIbIIeE KOJMIECTBO TTPOIECCOB,
TaK KaK BeCh 00beM mporteccoB PYTHIA MoXkKeT HHUIIUUPOBATHC s KBapKaMu wiin rirooraMu. Q-
HaKO WMEIOTCs orpaHnvenus. B HacToslee BpeMs MbI He BKJIIOUaeM HUKAKUX (POTOHHBIX WJIN
JIEITOHHBIX CTPYKTYPHBIX (PYHKINH, 9TO O3HAIaeT, UTO MPOIlecc THUTa Yq — Y HETOCTYIIEH.
Dosee Toro, BosMoxHOCTh Z%- 1 WE-B3anmoneticTsus B mporeccax Tana 71 - 77 GbLTa peainso-
BaHa Ha allllapaTHOM yPOBHE, W 3TO 3HAYUT, UYTO HET MEPBOHATAIBHON 00pabOTKM CTPYKTYPHBIX
bynkmmit Z° w W,

AKIIEHT B ONUCAHUT TPOIIECCOB AIPOH-AIPOHHBIX CTOJKHOBEHU B OCHOBHOM J€JIA€TCA B pac-
JeTe Ha BBICOKOPHEPTETHIECKNE aPOHHBIE KOJLTAfiIephl. 9 porpaMMa MOKET HCIOJIb30BATHCH
TaKKe M B CJIydae reOMeTpUH (PUKCUPOBAHHON MUIIEHW, HO MOJIE/Th MHOTOKPATHBIX B3anMOIeli-
cTBUi TOT/Ia paspyliaeTcs W He TOJIKHA MCIOJIb30BATHCA. 9 PEIes TPUMEHUMOCTH TTPOTPaMM-
HOTO obecrievenusi jeRuT B obstactu mopanka 100 I'sB. Duxke sToro 3sHaueHns pekoMeHIyeTCH
mos10kuTh MSTP(92)=3 myig moydeHns TPUEMIEMOTO KOJMIeCTBA JaCTUIl My IKOBOTO OCTaTKa
B OTCYTCTBUE MHOTOKPATHBIX B3amMopeiicTBuil.



I'smtaBa 9

IIporpammusblie siaementsl PYTHIA

B npempimyimx nByx riiaBax o0CyKIaJMch (BU3MIECKHE TPOIMECCH M CXEMbBI T€HEPAIUU COObI-
tutt 8 PYTHIA; 3mech Ke MBI pacCMOTPUM TIPOTPAMMbBI T€HEPAIINN COOBITHH U ONMuIleM obIme
6s10ku epeMerHbIX. OIHAKO TOAMPOrPAMMBI U TIEpEMEHHBIE, CBA3AHHBIE C JIMBHAMI B HaTa Ib-
HOM ¥ KOHETHOM COCTOAHWH, Ty IKOBBIMU OCTATKaMu, (pparMeHTalnell 1 pacuaIoM paccMOTPIM
HIKe, B COOTBETCTBYIOIINX TJIaBaX, Kacalolmxcsa 3Tux TeM. [lajiee, B cuily pana nctopuiecKux
MpuInH, OOJIBITOE KOJIMIECTBO PETYINPYEMBIX KOHCTAHT CBA3W 3aaHo B obiieM Osoxe LUDAT1
B JETSET, a He B KaKoM-HuUOYIb 0biem Osioke B PYTHIA; 3Tu mapaMeTpbl OMUCHIBAIOTCA B
pasmere 14.5.

B »Toit TitaBe mHdOpManus, Meree BakHaads 1A 3(ddeKTUBHOTO npuMenenns PYTHIA, mo-
MellleHa B KOHIIE. D O3TOMY PacCMOTpeHWMe HAUMHAETCH € OCHOBHBIX MOIMPOTPAMM TeHEpallnn
COOBITHI U ONMUCAHUS OCHOBHBIX OOIINX OJIOKOB TTEPEMEHHBIX.

DoJIe3HO pas3andarTh TPHU 3Talla HOPMAJIBHOTO BBIMOJIHEHWS 3aadd € MOMOIIbIo PYTHIA.
Da mepBOM »Talle, WHUMMAIU3AINN, ONpenesseTca obmmuit xapaktep 3amadn. MwuHuMmywm, 310
Tpebyer crenudUKAIUN BXOIANINX aIPOHOB U BKJIIOYAEMBIX sHepruil. D pu cBobome meficTBuit
MOJTH30BATEN ST TaKyKe BO3MOJKHO BBIOpaTh CremmpuiecKne KOHETHbIE COCTOAHUA W 3a1aBaTh
psn mompobHOCTel Tocsenytollell rTeHepanun coObITHH. DTOT Iar 3aKaHINBAETCH BBI30BOM
PYINIT, KoTOpasdg WHUMUUPYET HECKOJIBKO TTEPEMEHHBIX COTVTACHO 3aJaHHOMY HabOpy 3HadeHHil.
Bropoit aTam cocTouT w3 0OcCHOBHOTO MUKJIA TPOIELYP HA/l COOBITUAMMI, 1A TEHEPAIUT KazKI0TO
HOBOTO cOOBITH BbI3bIBaeTcss PYEVNT. DTo cobbITHE TOTOM MOYKET aHAJIU3UPOBATHCH € UCITOIhb-
30BaHUEM WHQMOPMAINW, 3aJaHHON B psme odumx OJIOKOB, W HAKOIIEHHON CTATUCTUKH. a
MOCJIETHEM dTalle JTEMOHCTPUPYIOTCS MOJTyYeHHbIE PE3YIbTAThl. DTO MOXKET OBITH BBITOJTHEHO
6e3 BBI3OBa KaKWX OBl TO HU ObLT0 TTomporpaMM PYTHIA. Onrako n3 PYSTAT MOKHO TTOTY9UTH
MOJIC3HBIA CIIUCOK ceYeHUN /1A pa3/IMYHbIX HOAIPOLECCOB.

9.1 OcHoBHBIE TOAOPOTrPaAMMBbI

Nmetorca mBe mommporpamMmbl, KOTOpble BaM HYKHO 3HaTh: PYINIT njid MHUIIMAIU3AINU W
PYEVNT m1s1 TIOC/TEIYIONIEro POKIACHUA KazKI0ro HOBOro coObITHsA. Kpome TOro, dacTo OBIBAET
MOJIE3HBIM U3BJIEKATH CEUEeHUs B3amMOefcTBUA u apyrue Buabl nHpopmanun u3 PYSTAT. Tpnu
NIpyTHe ONMucaHHble 37ech mporpamMMbl, PYFRAM, PYKCUT u PYEVWT, nMmeroT OoJstee CHEMua n3npo-
BaHHOe Ha3HadeHue.

CALL PYINIT(FRAME,BEAM,TARGET,WIN)

IlazHavyeHue: MHUIMUPYET TPOIENYPY TEHEPAIIWH.
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FRAME

CUMBOJIbHad TEpEMEHHaA, HCIOJIb3yEMad MOJIA OIpeleJ]IECHUA THUIla SKCIIEpUMEHTA.

(CI/IMBOJIBI BEPXHETO U HUZKHETO PETUCTPOB MOT'YT CBO6OILHO CMGIHI/IBELTBCH).

|ICMS|I

IIFIXTII

IIUSERII

IINONEII

BEAM, TARGET
BOJIBI BEPXHETO 1 HUKHETO PETUCTPA MOTYT CBOOOIHO CMENMBATHCA ). AHTHIACTHIHI

WIN

9KCIEPUMEHT JIA cTaJKuBatommnxcsa nydkos B cucreme [IM ¢ mmmysibcom va-
CTHUIL Iy9Ka B HAIIPaBJICHAN 2 W UMITYJIbCOM YacTUI, MULIEHN B HallpaBJIeHUN
—z.

KCIIEPUMEHT Ha (PUKCUPOBAHHON MUIIEHN, C UMITYIHCOM JaCTHI] TYIKa B + 2
HallpaBJICHUN.

MoJTHasA C€BOOOA ONPENeTATh TUI 3KCIEPUMEHTa, 3alaB WMITYJIbC TacTHI]
nyuka B P(1,1), P(1,2) n P(1,3) w mumenu B P(2,1), P(2,2) n P(2,3)
B obmrem 6;10Ke LUJETS.

He OyIeT TPOUMCXOIUTh WHUMHNAIU3AINNA HIKAKUX MePEMEHHBIX, KPOMe IIIN-
pPUH pe30HAHCOB W HEDOJIBIIOTO KOJUYIeCTBa APYTUX TMEPEMEHHBIX, HE 3aBUCH-
WX OT THTA MPOTecca. D PHU TOM 3HadeHnn Bb30B PYEVNT He MOXKeT BITO-
CJIEICTBUY UCTIOIB30BATHCA IJIA TEHEPAIINT COOBITH, TaK ITO 9Ta OMIIN TJIaB-
HBIM 00pa3oM TperHa3HAaYaeTcs I TeX, KTO 3aX0deT KOHCTPYUPOBATH CBOU
coOCTBEeHHBIE COOBITUS, HO TIPU TOM WMETH TOCTYII K HEKOTOPBIM CPEICTBAM
PYTHIA. B »roit onmmu BEAM, TARGET u WIN mapaMeTpbl (pUKTUBHBL.

CHMBOJTbHBIE TIepEMeHHbIe 1A OlpeneseH s JacTull mydka u Mutrenn. (Cum-

”

MOTYT obo3HadaThcA Tpw oMol ~~” wuian ~bar” B KoHile nMeHmn. Takke MOKHO

”» n

omyckaTh 3Ha90K (7_”) mpamo mocsre "nu” B mMeHax HeWTPUHO U 3apAn HEHTpoHA 1

TTPOTOHA.
"e-" 3JIEKTPOH.

"ot TO3UTPOH.

nu.e Ve.

nu_en Ve.

Ilmu_ll //L_-

" /u—l—'

numu : v,.

nu_mu~~ V.

"gamma" : HOTOH (peasbHBIH, TO €CTh Ha MacCOBOH MOBEPXHOCTH ).
”piO” 7.[.0‘

||pi+|| at.

Ilpi_ll 7-[-—

"n0Q" HelTpoH.

"n~0" aHTHHEeHTpOH.
"p+" IIPOTOH.

"p~=" : aHTUIPOTOH.
"LambdaO" : A-rumepom.
"Sigma-'" : X -THHEpPOH.
"Sigma0" : Y°-runepos.
"Sigma+" : X T-rumepon.
"Xi-" : Z7T-rumnepoHx.
"Xi0" : Z%rumepos.
"Omega-" : ()™ -rumepoH.

olpenesAeT HEPrUio CUCTEMbI, TOYHOe 3HadeHue 3apucut or FRAME.

FRAME=’CMS’ : mosHas »Heprus cucteMbl (B [2B).

FRAME="FIXT’ : wmMmmysbc gactul nydka (B [9B/c).



FRAME="USER’ : wmnpopMalma IpuHAMaeTca u3 P, cM. BBIIIe.

CALL PYEVNT

IlasHadeHue: reHepalis OJHOTO COOBITHA THIA, ONpeNeaseMoro BbisoBoM PYINIT. (9to
OCHOBHas IIporpaMMa, KOTopas BbI3bIBacT pAll APYIUX MOANPOrpaMM 1A pelleHus
crennuIecKnx 3a1ad. )

CALL PYSTAT(MSTAT)

IlazHaveHMe: BBIBOI CTATUCTUKM JJIA TOMEPETHBIX ceUeHU, MMPUH pacnagoB, BepodTHOCTel
IIPOLECcCOB IO pa3HbIM KaHaJaM, KOAOB cOCTOANUN U 3HavyeHui mapamerpoB. PYSTAT
MOZKET BBI3BIBAThCs B Jit0Ooe BpeMsi mocse Bbi3oBa PYINIT, HampuMep, B KOHIIE BbI-
MOJTHEHWA [IJIA TaHHOTO COOBITUSA, WK K€ BOODIIe He BHI3BIBATHCS.

MSTAT : crmenudukanus KegaeMolt nHPOPMAIINT.

=1 mevaraeT TabJIUILY, CKOJTBKO CTEHEPUPOBAHO COOBITHN PA3INIHBIX BUIOB U PHU-
BOJINT COOTBETCTBYIOIINE cedeHns. Bce 3HaueHUA MaHbl ¢ yaeToM 3] deKToB
orpaHM4cHU, HalaracMbIX 11oJIb3oBarejieM B PYKCUT.

=2 : mevaraeT TabJIUILY PEe30HAHCOB, MOJTYIEHHBIX MPHU BBITOJHEHNN TPOTPAMMBI, €
nx komamu dactun KE w Bcemu paspemrenabivu Kanagamu pacmanos. (On-
HaKO ecjim 9ucjio mokoJieHnit B MSTP (1) paBHO 3, TO KaHAJIBI, BRKJIIOYAOIIIE
YeTBepTOE MOKOJIEHTe, He TafoTcs). Jld Kakaoro KaHasa pachaia JaHbl TO-
panKoBbii HoMep Kaxasa (IDC) w3 tabmuisr pacnanos JETSET, naplunaibHasd
MIWPWHA pachiajia, BEPOATHOCTh pachaa Mo JaHHOMY KaHay u 3¢ deKTuBHaA
COOTBETCTBYIOIaA BEPOATHOCTH (€M B COOBITHE HEKOTOpHIE KaHAJbl OBLIN
HCKJTIOYEHBI OTH30BATENEM ).

=3 : mevaTaeT TabJIUIY ¢ paspelleHHbIM JKECTKIM B3auMOIeHCTBIEM JTs apOMAaTOB
KFIN(I,J) gacTui mydka ¥ MUIICHH.

=4 : mevaraer Tabsuy KuHeMarTndeckux orpanumdenuit CKIN(I), ycTaHOBJIEHHBIX
[IOJIb30BaTeeM 14 TEKYILEro BLIIIOJIHCHU .

=5 : mevaraeT TabJmIy Beex 3HaueHuit Komos coctosuuit MSTP(I) u mapaMeTpoB
PARP(I), UCHOJIB3YEMBIX B TEKYIIEM BBITOJTHEHIH TPOTPAMMBI.

CALL PYFRAM(IFRAME)

ITazuavenue: mpu HEOOXOIMMOCTH TPEOOPA3OBBIBACT COOBITHE B PA3JIUUHbBIE CHCTEMbI OTCUETA.
IFRAME : coOBITHE JOJIKHO CMEIIAThCA B CICAYIONYIO CHCTEMY OTCUeTa:

=1 CUCTeMa oTcdeTa olpenesadeTrcsa oab3osaresieM Npu Bbrzose PYINIT.
=2 : cobeitre B cucteme [IM mis Bxomsaumx wacTur.
=3 : cucrema [IM mmsa amporHON wacTw cOOBITHA JIENTOH-aIPOHHOTO B3amMOmIed-

ctBusi. [maBEBIM 0O6pasoM mpemHasHAaTaeTCA MJIA TIYOOKOHEYTIPYTOTO pacces-
HUs, HO MOYKeT TaKzKe MCIOJIb30BaThesA Miid (poTopoxkmennsa. OQbparure BHU-
MaHWe, 9TO U JIENTOH, U BCe (POTOHBI, M3TyTaeMble JIETTTOHOM, OCTAIOTCA B pac-
mevaTKe COOBITHSA W JOJIZKHBI OBITH OTIEJIEHBI, €CJIT BBl XOTHTE WMCCIETOBATH
TOJIBKO aJPOHHYIO MOJICUCTEMY.

CALL PYKCUT(MCUT)




Ilasnauenue: HJaeT BO3MOZKHOCTb OT6pOCI/ITb OaHHBINA Ha6op KMHEMATUYIECKUX ITEPEMEHHDBIX

MCUT

0
1

Ha paHHell cTaany MpOIeNyphl TeHepalnu (mepen BBIUUCIEHIEM CedeHui), dTOOb!
HE TPAaTUTh BPEMs Ha POKIEHWE HEHYXKHBIX cOOBITHI. DommporpamMma He Oymer
BBI3BIBATHCHA, €CJIN BbI He moTpebyeTre »Tor0 yeTanoBkolt MSTP(141)=1, takKe OHa
HUKOT/Ia He OyIeT BBI3BIBATHCH, €CJI HEOOXOINMO K TOMY YK€ TeHepUpOBaTh COObI-
THA ¢ MEHUMAJIBHBIM O0TOOPOM (BKJTfodad YIpyroe n AudpakioOHHOe pacCesHue ).
QukrusHas mommporpammva PYKCUT BKIfOUaeTcss B MPOTPAMMHBIH paiisr, 9Tobbl n3-
OexKaTh HEONPeIEIEHHBIX BHENTHNX CCHIIIOK, KOT/Ia MOIIMPOTrpaMMa He NCIOJIb3YeTC .
dutar, obozHaUaOUUNl pe3ybTAT ONPEIETAEMBIX TOJIb30BAaTEIEM OTpAHIIe-
Hut.

cOOBITIE TOJIZKHO OBITH COXPAHEHO W CTeHEPUPOBAHO B MOJTHOM OObeMe.

cOOBITIE TOJIZKHO OBITH OTKJIOHEHO, U CTEHEPUPOBAHO HOBOE.

Samedanue : npu 0THOPE MOKHO UCIOIB30BaTh NWH(MOPMAIINIO, COMEPZKAIYIOCA B pAlle Tepe-

MeHHBIX MaccuBoB MINT m VINT B obrmem Ostoke PYINT1. DommporpamMma, BKITO-
YeHHas HeMOCPEICTBEHHO B MPOTPAMMHBIN (aiil, unTaer mepeMeHHbIe, OlpeIesTeH-
Hble Tpu BbI30Be PYKCUT, m BBIYHC/IAET HEKOTOpBIE m3bpaHHbie BeawdwHbl. (CoOT-
BETCTBYIOIaA pacledaTKa pe3yibTaToB BBHITUCICHHH CONEpPIKUT THUIl HOIAIpoIecca

') cos§ m HeKoTOpbIE ApYrUe BeJTUIUHDI.

ISUB, E.., 8, t, 4, p1, x1, T2, Tp, T, Y, T
9 eKOoTOphIe U3 HUX He MOAXOIAT [IJIA PacCMaTpPUBAEMOTO IIPOIecca U HOJIKHBI OBITDH

HCKITIOYeHb! (yCTaHOBKOM 3HaYeHMWs, paBHOTO HYJIIO).

CA1l PYEVWT(WTXS)

IlasHaueHue: mo3BOIAET y4decTb BEC CE€HEHUA CO6I>ITI/IE[7 O6yCJIOBJI€HHbII71 THUITOM ITponecca n

KIHEMATUKON KecTKOTo paccesumnsa. CylecTByer MBa pasndHBIX peXNUMa WCIOTh-
30BaHNs, ONMNCBIBACMbBIX HUZKE.

Hst MSTP (142)=1 npuHuMaeTcs, 9TO MO YMOJIIAHUIO cedeHne Mpoliecca TPaBuIbHO
maerca B PYTHIA, HO ecTh JKeJlaHWe T€HEPUPOBATh COOBITHSA, CMeEIleHHBbIE B CITe-
nnduaeckyio obaacTsh (ha3zoBoro mpocTpancTBa. lak Kak WIXS ompemesnser Ko3(h-
JutmeHT, Ha KOTOPBI YMHOKAETCA MHBAPUMAHTHOE cedeHre TIpU BhIOOpe THTIa TOI-
mpoliecca W KMHEMATUKHU, CTeHEPUPOBAHHOE COOBITHE YUUTHIBAETCH ¢ KOMIIEHCHUPY-
forrM BecoM PARI(10)=1./WTXS, KOTOPBIH [TOIKEH MCIOIH30BATHCS TIPH 3ATIOJTHE-
HUY TUCTOTpaMM M T... B tabnume PYSTAT (1) ceyeHuns He M3MeHEHbBI (c TOYHOCTBHIO
N0 CTATUCTUIECKNX ONIMOOK) MO CPABHEHWIO €O CTAHIAPTHBIME BEJUINHAMHI Cede-
HUH, HO OTHOCUTETBHBIH cOCTaB COOBITUI MOYKET MEHATHCHA, U HEOOXOIUMO CJIEIUTD
3a TeM, 9TODBI CyMMa cedeHWH He MpeBbICUIIa 3HAUEHWe MOJTHOTO cedeHus. [u-
MUYIHBIH TpUMep MCIOb30BAHUA HTOH ONMIINM: XOTWM YJIYYIINTh BBIXOI COOBITHI ¢
OOBITIMU TTIOTEPETHBIMU UMITYJIHCAMU; TOT/Ia BEC COOBITHA MOMKET OBITh 3alaH Kak
WTXS= (pL/pio)? (¢ pLo — HEKOTOPBIM (PUKCHPOBAHHBIM 3HAUECHUEM ).

Danpotus, aada MSTP (142) =2 npuHuMaeTcs, 9TO NCTUHHOE CeTeHNe Oy IaeTCs Tpn
yMmHOKeHun Ha Ko3bddunment WIXS. CitemoBaTesibHO, creHEPUPOBAHHBIE COOBITHS
BXOMIAT € €IMHWIHBIM BECOM, KaK OOBITHO. ITa OIIUA TaeT 3HAUEHUA CeIeHwUH,
dakTUIECKN PKBUBAJEHTHBIE OCHOBHBIM, KOTUPOBAHHBIM B PYTHIA, HO maeT 06OJIb-
YO0 THOKOCTh: HET HEOOXOIMMOCTHU TEPETPAHCINPOBaTh Bcto PYTHIA.
Doamporpamma He OyHdeT BBI3BIBATHCA [JIs 3HAYEHUN KIFOYa, OTJIHMIHBIX OT
MSTP(142)> 1, a TaK:Ke eCJIW [TOJIKHBI TEHEPUPOBATHCA COOBITUS ¢ MUHIMAJTHHBIM
otbopoM (BKJTfodad yrpyroe u anmdpakimonnoe paccesnue). [lamee, Ha pesyiib-
TUpYIOLINe ceYeHNA HUKOrIa He BJNAeT HOMOJHUTEJbHOE MHOTOKPAaTHOE B3anMO-



neticreue. @urruBHas mommporpammva PYEVWT BKJTfO9aeTca B TIpOrpaMMEBIH daifit,
9TOOBI M30€KaTh HEOMPENEIEHHOCTH BHEITHUX CCHIJIOK, KOTIa TMOAIIpOrpaMMa He 1c-
TTOJIb3yeTCA.

WTXS: MHOZKWTETb 15 OOBIYHOTO CeueHns COOBITHA; yCTaHaBIMBaeTcA (MOIb30BaTETEM)
npum BbI3oBe PYEVWT.

3ameuanue: cMm. saMmedanue kK nporpammve PYKCUT(MCUT).

IIpenynpexxkaeHue: Beca MPUMHCHIBAIOTCA TOJBKO COOBITHAM JKECTKOTO PacCesHUsA. e cy-
MIECTBYET HUKAKOTO clocoba ydecTh Bec COOBITHSA I paclipelesieHnii JuBHed B
HaJabHOM W KOHETHOM COCTOSHUU, (bparMEHTAIlNN U APYTUX aCIEKTOB COOBITHA.

9.2 Kioun njis BeiOopa THUIA COOBITHUI T
KHHEeMaTUIeCKNX OrpaHnYeHu

Do ymosganuio, ecsim PYTHIA BBITOMHAETCS IJIs1 apPOHHBIX CTOJKHOBEHW!, T€HEPUPYIOTCH
Tobko 2 — 2 mporeccst KX/, cocrositime n3 xecTkux B3anMomeiictBuit ¢ py ., = PARP(81),
¢ TIpoTleccaMy W3 0DJIACTH MAJIBIX P, , HTOOABIEHHBIMU [IJIf TOTO, YTOOBI TOJYINTHh BEPHOE 3Ha-
YeHre MOJTHOTO (MapaMeTpU30BAaHHOTO) ceueHns HeyNpyroro HeAndpaKImOHHOTO B3anMOei-
CTBUSI.

B ete-cronkHOBEHUAX O yMOTUaHUIO pokaatorcsa /7, a B ep — mpucyTCTBYeT TOJIBKO
riybokoneynpyroe paccesiaume. C momoribio obirero 6,10ka PYSUBS MOXKHO BBIOpaTh [JIs TeHe-
panuy Apyroii mpolece WM KOMOMHAINNO TporieccoB. TakKe MOXKHO OTPaHUYINTH TE€HEPAIIHIO
cOOBITHH 11151 KOHKPETHOIO BXOJSAIIETO MapToHa/9acTUIlbl B KecTKoM B3auMozehicrsun. Yacto
9TO aBTOMATHIECKN OTPAHWIMBAET TaKzKe W apOMaThl B KOHEUYHOM COCTOSAHUH, HO B ITPOIECCAx
TUla poxaeHus pesonancos uiu Hosoro KD/ /KX]I-apomara MOy T HCIIOIB30BATHCA KIIOUH B
JETSET; cm. maparpad 14.6.

Maccus CKIN MoOKeT WCIOJIb30BATHCA IJIA HAJOKEHUSA crelnpUIecKnX KHHEMATHIECKTX
orpaHWYeHnit. 37ech MBI JIOJKHBI MPEIyIPENnTh, UTO, €CJIN KWHeMaTuIecKue MepeMeHHbIe
TaK7Ke TPOXOIAT depe3 ycaoBus oTbopa, BpeMs reHepallni cOOBITUA MOKeT CTaTh OUeHb DOJIb-
mrM. B kKputndeckux cirydasx, Korma KUHEMATHIeCKH HETOCTYITHAA 00J1acTh MTOYTH COBIATAET
co BceM (ba3OBBIM TIPOCTPAHCTBOM, IMKJI Te€HEPAINU COOBITU OyIeT MpakKTUIecKn OecKOHed-
HbIM. [eHeparus pe3oHaHCOB 2 — | BBITOSHAETCS B TepMWHAX MEPEMEHHBIX § W Y, TaK UTO
mmana3onbl 3Haderuit CKIN(1) - CKIN(2) m CKIN(7) - CKIN(8) MoryT mpom3BOJIHHO OIpa-
HUYMBaThCA Oe3 cyliecTBenHoll motepn Obictponefictsus. [l 2 — 2 npoueccos mobaiAercs
cos f Kak TpeTbs mepeMeHHasA TeHepallni, U, TaKuM obpasoMm, auamason CKIN(27) - CKIN(28)
MOZKET JOMOJTHUTETFHO OIPAHUINBATHCH O€30 BCAKON OMacHOCTH.

Db dexThl n3TyUeHnA B HAYaJIbHOM U KOHETHOM COCTOAHUE He BKJIIOYAIOTCH, TaK KaK B Ha-
CTOsITIee BPEMS IJT5 HUX HEM3BECTHBI YCJIOBUA OTOOpa KMHEMATUKHI JKECTKOTO B3anMOIecTBUA.
D 09TOMYy TOUHBIE KHHEMATHIECKNE OTPAHMIEHN s, KOTOPBIE TOJIKHBI OBITh HAJIOKEHBI HA ITPO-
mecc TeHepannu coObITUi, pasMbiThl Kak KX]I-mwsmydenmem, tak w dparmentamnueil. Duxe
clIeryeT HECKOJIBKO MPUMEPOB TaKuX 3(hdeKTOB.

o llzyderume B HA9aJIbHOM COCTOAHWE MOIPA3yMEBAET, 9TO KaXKJbI M3 IBYX BXOMIAIIIX
MapTOHOB TPHU B3auMomelicTBUU mMeeT HeHyJeBol p, . 7KKecTko paccemBaromascs momcu-
cTeMa, TaKuM 00pa3oM, TOJTYIaeT Pe3yIbTUPYIOMNi TTOIepeTHbIli NMITYJIbC U BpallaeTcs
B ILJIOCKOCTH, TIEPIEHINKYJIAPHON HallpaBJIeHUIO MyYka. B 2 — 2 mporeccax 0OBITHO CJTy-
JaeTcs TaK, 9TO OJIMH W3 PAacCEAHHBIX MapTOHOB YBEJIMUNBAET CBOW pi, B TO BpeMs Kak
pL IPYTOTO TMapTOHA YMEHBITAETCH.

o Tak Kak MeXaHU3M JIMBHA B HATAJIbHOM COCTOAHUHN TPUIUCHIBAET MTPOCTPAHCTBEHHOTOIO0-



HYIO BUPTYaJIbHOCTD BXOMIAIIEMY TTAPTOHY, ONPEIEIEHNs & KaK IO SHEPTUH U WMITYJThCa
GOJIbIIIe HE COBIAIAIOT, U TIO3TOMY B3aUMOIEHCTBYIONIA TOICUCTEMA MOZKET MOy IUTh pe-
3yJIBTUPYIOIIEE MPOIOTHHOE CMEIIEHTEe, CPABHIMOE € OKMIAEMbBIM, TaBaeMOe MEXAHIT3MOM
MapTOHHBIX JIUBHET.

o ll3yderne B Ha9aIbHOM COCTOSHUU [TaeT IOMOJHUTEbHBIE CTPYU, KOTOPbIE B KPUTUUIE-
CKUX CJIy9agX MOTYT BBI3BaTh OIIMOKY MPU BBIIEIEHUH CTPYH, MOJIYIEHHBIX U3 KECTKOTO
B3alMOIeHCTBIA.

o ll3yduerne B KOHEYHOM COCTOAHWE TaeT TOMOJHUTESbHBIE CTPYH, KOTOPbIE Pa3MBIBAIOT
pPe3yIbTUPYIOILYIO KapTUHY OCHOBHOTO 2 — 2 pacceanus. Ompenesienne MATKIX CTPYi He
eIUHCTBEHHO. DHEPTU CTPYU CTAHOBUTCHA 3aBUCUMOM OT criocoba maeHTH(OpUKAIINN CTPYH,
HAIpUMep, OT TOTO, KaKOl MCIoIb3yeTcsa pasMep KOHyca CTPYH.

® D pu ONUWCAHWN TTYIKOBOTO OCTAaTKa 3aaeTcs TepBOHATaIbHOE 3HaAUEHHe k| , KOTOpOe TaK-
JKe TIPUBOIUT K PE3YJIBTUPYIONIEMY CIBUTY P JKECTKO B3anMOIeRcTBY O TTOMCHCTEMBI;
OJTHAKO, 3a UCKJTIOUEHUEM 00JIaCT HU3KUX 3HEpTuil, 3T0T 3 hekT HesaMeTeH U3-3a W3y~
YeHuA B HAYaJbHOM COCTOSHUW. 2 yIKOBBIE OCTATKN TaKKe MOTYT IaBaThb TOMOJTHUTE -
HBITT BKJTaL B ' epTypOaruBHble” COOBITHS.

o Oparmenranus OyaerT MPUBOIUTH K paclImpernto mpoduiielt cTpyil n BHOCHTEH Heolpee-
JIEHHOCTH B paclIpeliesienns cTpyil u olpeesienne BeJTUIUHBI SHEPTUH.

D pu aHa/mM3€e cOOBITHI B Mpeesax TaHHOTO OKHA 9KCIEPUMEHTATHHO OMpPEIeIEHHBIX TTepeEMeH-
HBIX BBl JOJIKHBI TaK BBIOMPATH TH MpeHesbl, YTOObI HUKaKne COOBITUA HE OBLIN MPOITYIIEHBI.
Hpyrumu cjtioBaMu, OTpaHWIeHNsA TOJIKHBI BBIOMpAThCsA TaK, UTOOBI B MomaeupyeMoii obira-
CTHU JINIITh HEe3HAUNTEJbHAS JacTh COOBITUH MepeHOCUIach CHapY KM BO BHYTPEHHIOK 00J1acTh.
HYacto 370 MOKET MPUBOAUTH K HU3KOM 2(P(PEKTUBHOCTH € TOUKH 3pEHUA AeHCTBUTETHHO TPE-
CTABJIATONINX WHTEPEC TeHEPUPYEMBIX coObiTuil. UM. Takxke pasmer 3.6.

Kpowme nepemennbix, 3amanubix B PYSUBS, is TOYHOTO ONpeesieHnas WHTEPECYIOIIETO Bac
COOBITUA MOZKHO TaKzKe HMCITOJb30BaTh oommit 6ok PYPARS. OO0 »THX BO3MOKHOCTAX CM. CJle-
Iytomnii maparpad.

SaMeTuM, 9TO W BBINIE, U BIOCIEICTBUU UCIOJb3YIOTCA CJEAYIONE 0003HATEHNU I

IJId4 BHYTPEHHUX ITEPEMEHHDBIX KECTKO paCCeI/IBELIOHleﬁCH IIOACHCTEMbBI 1 vEY AJId TIEPEMEHHBIX

AN

B cucteme [IM cobwiTusa B 1mesom.

COMMON/PYSUBS/MSEL ,MSUB(200) ,KFIN(2,-40 40) ,CKIN(200)

ITasHaveHMe: TO3BOIAET MOIH30BATENIO 3AITY CKATh TPOTPAMMY € JTIOOBIM JKeJTAeMBIM TTOIMHO-
JKECTBOM TTPOTIECCOB JTMOO OTPAHNINBATh apOMAaThl MJIN KWHEMATUKY. Fcu 3sHaveHn s
o yMOJTIaHuto, 0bo3HaueHHble HUKe (D=...), He yIOBIETBOPAIOT BAC, OHW JTOJIKHBI
OBITH W3MEHEHBI TTepes Bbi3oBoM PYINIT.

MSEL : (D=1) kmrou s BbIOOpA MeKIY TOJHBIM yTIpaBIeHIEM TOJIb30BaTEEM I HEKOTO-
PBIM KOJTUYECTBOM TTPEIBAPUTETHHO 3aIPOTPAMMUPOBAHHBIX BapUAHTOB.

=0 : XKeJjlaeMble IMOANPOLEecChl JOMXKHBI BKIoYarbeda B MSUB, To ecThb Bce Ha ycMo-
TpeHUe TOJIb30BaTe .

=1: B 3aBUCUMOCTHU OT BXOMAIIMX YACTHUIl UCIOTb3YIOTCA Pa3IUYHble BaPUAHTHI.
Jlenron - nenron: poxmerne 7 nan W (ISUB = 1 nin 2).
Jlenron - aapon: ruybokoneymnpyroe paccesnue (ISUB = 10).
Anpon - ampon: KX/l-mpomeccst ¢ Gompummu p; (ISUB = 11, 12, 13, 28,
53, 68); MOMOJHITETHHO BKJIOUEHA TeHepala COOBITHH ¢ MaJbIMU P, €CJIn
CKIN(3) < PARP(81) msnm PARP(82), B saBucumoctu ot MSTP(82) (ISUB = 95).



MSUB :

10 :

11

12
13
14 .
15

16 :
17
18 :

19 :

21

22 :
23 :
24
25 :
35:
36:
37:
38:

Ecnn srittowatores mpoitecesbl ¢ MaJIbIMI P, , TO IpyTue orpanndenns CKIN ne
MCTIOJTB3YTOTCA.

Crpykrypabiii poron (MSTP(14)=1) paccunrbiBaercs Kak aapoH. Ecian Goron
canTaeTca OECCTPYKTYPHBIM, TO BOSMOZKHBI CJIEIYIOIINE CIIYTan:

®oron - senToH: KoMITOHOBCKOe paccesnue (ISUB = 34).

®oron - ampon: ¢doron-napronnoe pacceanune (ISUB = 33, 34, 54).

®oron - doron: poxnenne mapbl dpepmuoros (ISUB = 58).

kKak MSEL = 1 s mpoIeccoB JIETITOH - JIENITOH, JIENTOH - aJIpOH U OecCTpyK-
TypHOro Qotona. [l mporeccos aapoH - anpor (BKI09ad cTpYKTypHbe (o-
TOHBI) TIPUCYTCTBYTOT Bee mporecckl KX/, a Takke mporecchl ¢ MaabIMu P,
onMHOYHAA W ABOfiHad mudpakimsa n ynpyroe paccesaue (ISUB = 11, 12, 13,
28, 53, 68, 91, 92, 93, 95). Orpanndenus CKIN 31ech He WCTOIB3YIOTCA.
POXKIEHTE 0IaPOBAHHBIX TaCTHUIL (CT) ¢ MACCHBHBIMU MATPUIHBIMI 3T€MEHTaMI
(ISUB = 81, 82, 84, 85).

poxierne GorroM-dactuil (bb) ¢ MacCHBHBIME MaTPUIHBIMU 3JTeMEHTaMI
(ISUB = 81, 82, 84, 85).

poxaenue Ton-dactull (tt) ¢ MaccuBHbIME MaTpuaHbIME 25eMenTamu (ISUB =
81, 82, 84, 85).

poxjeHre apomMaroB HuKHero tumna (1) ¢ MacCUBHBIMU MaTpUIHBIMU dJTeMeEH-
ramu (ISUB = 81, 82, 84, 85).

poxieHre apoMaros BepxHero Tuna (hh) ¢ MaccHBHBIME MaTPUIHBIME dTEMEH-
ramu (ISUB = 81, 82, 84, 85).

npsambie dhoronnr (ISUB = 14, 18, 29).

poxnerne Z° (ISUB = 1).

poxaerne W (ISUB = 2).

poxnerne Z° + crpysa (ISUB = 15, 30).

poxaenne W + crpys (ISUB = 16, 31).

napHoe POKICHWE B PasJuIHbX Kombuaamuax v, Z° m W* (sa nckmouennenm
yv; em. MSEL = 10 (ISUB = 19, 20, 22, 23, 25).

poxnerne H (ISUB = 3, 102, 103, 123, 124).

HOZ0 wnw HOW= (ISUB = 24, 26).

poxnerne HY, komGuauposanHoe ¢ et e -ananrnnsammeii (ISUB = 24, 103, 123,
124).

poxnerne H?, H® u A° 3a uckiarouennem maproro poxnenns (ISUB = 24,
103, 123, 124, 153, 158, 171, 173, 174, 176, 178, 179).

poxnerne Z° (ISUB = 141).

poxaenne W (ISUB = 142).

poxaenne HE (ISUB = 143).

poxaenue R® (ISUB = 144).

poxnenne Lq (mentorsapka) (ISUB = 145, 162, 163, 164).

OIMHOYHOE poKIeHne 6oTTOM-KBapKa ¢ oomerom W (ISUB = 83).

OIMHOYHOE PO IeHne Ton-KBapKa ¢ oomenom W (ISUB = 83).
OIMHOYHOE POKIeHne apoMara HizkHero Tuna ¢ oomenom W (ISUB = 83).
OIMHOYHOE POKIeHNe apoMara BepxHero tuma ¢ oomerom W (ISUB = 83).

(D=200*0) maccus s3anaercs, Korma MSEL=0 (nsa MSEL> | sHadYeHUA COOTBETCTBY-
OIMX BXOMOB ycTaHaBiuBaioTca B PYINIT); HyKeH 1Jis BBIOOpa MOIMHOKECTBA Te-
HEpPUPYEMBIX TpotieccoB. Y mopsmodenne cienyer [SUB-komam, nanasiM B pasmese
8.1 (¢ KOMMeHTapuAMT, TPUBETEHHBIMI TaM Ke).



MSUB(ISUB)
MSUB(ISUB)

0 : IIOAITPpOIECC NCKITIOYAETCA.

1: IIOAIIpoHeCcC BKJIIOYAETCA.

3ameuyanue: npu MSEL=0 snauenue MSUB ycTaHaB/IMBaeTCa MOJIb30BaTE/IEM U HUKOTIA He

KFIN(I,J)

I
J

I3MEHAETCS B XOJIe BBITOJHEHUA mporpaMMbl PYTHIA. Ecian BBl XoTHTE 00D~
eIUHATH HECKOJIHKO Pa3JIUUHBIX ~ MOABBIIOJIHEHIR , KaKIoe ¢ COOCTBEHHBIM
Bbr3oBoM PYINIT, B onHO BbINOJIHEHHE, TO Bbl JOJIZKHBI IIOMHUTH IIPaBUJIO: He-
JIb34 He TOJBKO BKJIIOYATh HOBBIE HMPOIECCHI Tepe KaKIBIM HOBBIM BBI30BOM

PYINIT, HO TaKKe M BBIKJIIOYATh CTapble, KOTOPbIE OOJIbIE He HY KHBI.

obecrreanBaeT BHIOOPOTHOE BKJTIOUEHNE U BHIKTIOUEHNE BKJIAIO0B B CEUEHUE JKECT-
KOT'O B3aUMOICHCTBUS OT Pa3IMYHBIX BXOMALUIMX MapTOHOB/dyacTuil. B komOuuamnuu
¢ KJTI0YaMI PacliaioB pe3oHaHcoB B JETSET Tak:Ke MO3BOJIAET YCTAHABINBATH OTPa-
HUWYEeHUs Ha apoMaTbl, MOABIAIOUIMECA B KOHEYHOM COCTOAHUM.
1 — na gacTunsr mMydka 2 — A4 9acTAILI MUTICHH.
HyMepyeT apoMmarh! corytacio KF-komam; ecm. pasmes 5.1.

KFIN(I,J) = 0 : HapTOH/qaCTMHa BBIKJIIOYAETCA.

KFIN(I,J) = 1 : mapron/dacTuiia BKJIIOYACTC.

3ameuaHue: 1o YMOJTHaHUIO BKJIFOYEHBI BCE 3HAYEHUA, KPOME J=O, KOTOpOE€ HE MMeeT

CKIN

CKIN(1),

CKIN(3),

CKIN(5)

CbI/I3I/ILI6CKOFO 3Ha4YCHI .

KHHEMATHIeCKe OTPAHNIeHN s, KOTOPBIE OMPENEIAIOT 001acTh (ha3oBOrO MPOCTPaH-
CTBa, BHYTPHU KOTOPOH TeHepUpyroTca coObITHaA. JIOSKHBI ycTaHaBIMBATHC TIOJIb-
30BaTesieM mepen Bbi30BOM PYINIT. DeKkoTopble orpaHWvdeHns — ~ allllapaTHble” , HO
GOBITMHCTBO — poTpamMMupyeMbie” . AmmapaTHble OTPAaHNIEHNs CBA3AHBI ¢ CAMU-
MU KHHEMATHIECKIMU TTEPEMEHHBIME, MCIOIb3YEMBIMU B MPOIEIype BBIOOpa cOObI-
TS, U TMEIOT HEe3HAUUTETbHOE BO3elicTBre Ha >(PPEKTUBHOCTD TPOrPaMMbL. ) au-
6ostee Bakmbie n3 HUX — CKIN(1) - CKIN(8), CKIN(27) - CKIN(28) m CKIN(31)
- CKIN(32). "9 porpammupyembie’ OTpaHUIeHNs TOJKHBI YIUTHIBATHCA TPU 0TOO-
pe KMHeMaTHIecKWX MePEMEHHBIX, I B pe3yJIbTaTe IPOIece reHepalun coObIThuil B
3aTaHHBIX 00JTacTAX (ha30BOrO MPOCTPAHCTBA MOZKET CTaTh MEIJIEHHBIM. B KpuTu-
TeCKUX CAydasx JOCTyImHOe (ha30Boe TPOCTPAHCTBO MOKET OBITH HACTOTBKO MAJTBIM,
YTO TPW TTOMOIIH TIPOTENYPhl MAaKCUMU3AINY HEJIb3A OyIeT HallTh HU OJHON TOUKM
paspelenHOTo MPOCTPAHCTBa (XOTA Tae-HUOYIh W OYyIYT CYHIECTBOBATH HECKOTHKO
JMOCTYTHBIX MaJIblX obOJacTeli), m MO3TOMY BBIKIIOTATCA HEKOTOPbIE MOMMPOIECCH!
JmbO Tpom3olieT aBapuiiHoe MpeKpalleHne Beex paboT.
CKIN(2) : (D=2.,-1.) amamasoH paspelleHHbIX 3SHAUEHUH 11 = V4. Ecnu CKIN(2) <
0., To BepxHee orpaHUYeHre HEAKTUBHO.
CKIN(4) : (D=0.,-1.) nwmamasoH paspelleHHBIX 3HaUYeHUN P NJIA KECTKOTO 2 —
2 mpotecca ¢ MOMEePeTHBIM UMITYJIBCOM P, ONPEIESEHHBIM B CHCTEME MTOKOA IJIs
KecTKoro B3ammogpelictBusa. Fesm CKIN(4) < 0., BepXHee orpaHuyeHe HEAKTHBHO.
Js mporieccoB, KoTopble pacxoiarcsa B mpenese p; — 0, (em. CKIN(6) ), CKIN(5)
obecreunBaeT JomOJIHUTENbHBIe orpanndenus. Orpammdenns CKIN(3) u CKIN(4)
MOTYT TaK’Ke MCIOJb30BaThca A 2 — | — 2 mporeccoB, OTHAKO TP 9TOM Macchl
MPOIYKTOB OyIyT HEM3BECTHBIMI U CIUTAIOTCA PABHBIMU HYJIIO IPU OTOOpE cOOBITTIA.
QaxTwaecknit TramasoH P IJIA MAaCCUBHBIX TTPOAYKTOB, TAKUM 00pPa30M, CMeIaeTcs
BHI3 OTHOCUTEIHHO HOMWHAJIBHOTO.

(D=1.) MembIIee 0 BeTMUMHE OTpaHUYeHe Ha MIHIMAaJIbHOE SHAUEHTE P JTOMOJI-
HuTesbHO K CKIN(3) BbIlle, I/ TIPOIeccoB, pacxoadiinxcsa B mpenese py — 0 (cm.
CKIN(B)).



CKIN(6) : (D=1.) xectkue mpomecchl 2 — 2, WAyIIe TOTHKO Yepe3 TPOMEKYTOTHBIN pe-
30HaHC (TO ecTh 2 — | — 2 mpotecchl), KAaccnUIUPYIOTCA KaK PacXoNAlinecs
B mpemesie p; — 0, ecsim ofgHa WM 00e KOHEUHBIE YaCTUIBI WUMEIOT Maccy m <
CKIN(S6).

CKIN(7), CKIN(8) : (D=-10.,10.) nmamason paspelieHHBIX OBICTPOT Y = Y™ I paccenBaro-
utetics mopcucreMbr B ccteMe [IM cobpitus, toe y = (1/2) In(x1/x2). (Docie Takoro
oTIpeliesIeHn s IEpEMEHHYTO HY KHO 0003HAa9aTh Y™, HO W3-3a YaCTOTO yHOTpedseHn A
NJIA KPaTKoCTH B paszese 7.2 oHa 0003HAYAETCs TPOCTO Y.)

CKIN(9), CKIN(10) : (D=-10.,10.) awmamason (mcTHHHBIH) OBICTPOT MPOAYKTOB 2 — 2 WJIH
2 = 1 — 2 mporteccoB, ¢ MaKcuMaJsbHOM OblcTpoTOfl, ompemesientoit B cucteme [TM
cobbITn#A, TO ecTh max(y;, y;). O6parute BHUMaHNE, 9TO A5 OBICTPOT YIUTHIBAETCS
3HaK, TO ecTh ecm y5 = 1wy = —2, o max(y3,y;) = 1.

CKIN(11), CKIN(12) : (D=-10.,10.) amanmasoH (MCTWHHBI}) OBICTPOT IJIA MPOAYKTOB 2 — 2
mwim 2 — 1 — 2 mporeccoB, ¢ MEHIMAJbHON OBICTPOTOM, OTpemesleHHON B cucTemMe
M cobwrtus, To ectb min(ys,y;). Taxnm obpasom, u3 TpeGOBaHWA HETPOTHBOPE-
ypBocT CKIN(11)< CKIN(9) m CKIN(12)< CKIN(10).

CKIN(13), CKIN(14) : (D=-10.,10.) nmama3oH paspeleHHbIX TCEBIOOBICTPOT NI TTPOLYKTOB
2 = 2wumm 2 — 1 — 2 mporeccoB, ¢ MaKCUMaJIbHON MTCEBIOOBICTPOTOMN, OTTpeTesTeH-
Holi B cucreme 1IM cobbitus, To ecth max(n;,n;). Obparnte BHUMaHUe, UTO yIH-
TBIBAETCH 3HAK TICEBIOOBICTPOT, TO ecTh ecnm 05 = 1 uw nf = —2, To max(ni,n;) = 1.

CKIN(15), CKIN(16) : (D=-10.,10.) nmama3oH paspelieHHbIX TCEBIOOBICTPOT NI TTPOLYKTOB
2 = 2umm 2 — 1 — 2 mporeccoB, ¢ MUHUMAJBHON MCEBIOOBICTPOTOMN, OTIpeTesTeH-
Holi B cucteme [IM cobprrus, To ects min(ni,n;). Takum obpasom, s TpeboBanms
mnenporuBopeunBocTr CKIN(15) < CKIN(13) um CKIN(16) < CKIN(14).

CKIN(17), CKIN(18) : (D=-1.,1.) nmamason sHaueHuii cos#* s TPOIYKTOB ¢ HAMOOTHIIIM
cos0* B2 — 2 mmm 2 — 1 — 2 mporteccax, omnpenesiennbiM B cucteme [IM cobbrTus,
TO ecTh max(cos 5, cos 07).

CKIN(19), CKIN(20) : (D=-1.,1.) nmamason sHaueHuii cos #* Na MPOAYKTOB ¢ HAMMEHBIIIM
3HaveHueM cos 0* 8 2 — 2 wim 2 — 1 — 2 mporleccax, OIpeneIeHHBIM B CHCTe-
me IIM cobpitus, To ects min(cos 83, cos 85). U3 tpeboBatns HEMPOTUBOPETNBOCTI
CKIN(19) < CKIN(17) m CKIN(20)< CKIN(18).

CKIN(21), CKIN(22) : (D=0.,1.) amanason sHadenuii x; A naproHa | (co CTOPOHBI MydKa
W B HAMPABJIEHNN +2), yIaCTBYTOIIETO B KECTKOM B3aWMOJIEHCTBIN.

CKIN(23), CKIN(24) : (D=0.,1.) nuanason sHadeHuii L3 114 TapToHa 2 (CO CTOPOHBI MUTIEH
W B HAIPABJIEHNN — 2 ), YIACTBYIOIIETO B JKECTKOM B3aMMOJIeHCTBHUL.

CKIN(25), CKIN(26) : (D=-1.,1.) nuamason snadeHuii dpefiHMaHOBCKON MepeMeHHON X5, Te
Tp =T — Ty,

CKIN(27), CKIN(28) : (D=-1.,1.) nmamason sHaueHnii cos 0 JLJIS KECTKOTO 2 — 2 paccesHus,
rie ) — YTOJT pacCeAHNA B CUCTEME TTOKOA JKECTKO B3amMOoIeicTBYoIIel moIcucTeMBbI.

CKIN(31), CKIN(32) : (D=2.-1.) amanason sHadenuii m’ = \/?, rme m’' — mosHas mMacca
Tpex- WM IeThIPEXTACTUIHOTO KOHETHOTO COCTOSAHUA B 2 — 3 mim 2 — 4 mporiec-
cax (B orsmdwme ot m, onpenenenHoli B CKIN(1) u CKIN(2) m orBeqaroleil omHoO-
i aByxdactuanoii cucreme). Ecnm CKIN(32) < 0., To BepxHee orpaHuvdeHne Heak-
THUBHO.

CKIN(35), CKIN(36) : (D=0.-1.) amamason sHadeHwit |f| — —f g 2 — 2 [IPOLIECCOB. 3a-
MeTUM, 9TO /I [J1yOOKOHEeyIpYroro paccesHus »TO HU 4TO MHOe, KaK MaciiTab ()2
B Tpefiesie, KOT/la W3/IyIeHreM B HadaJbHOM U KOHETHOM COCTOSHUN TpEeHeOperaoT.
Ecau CKIN(36) < 0., To BepxHee orpaHuvieHne HEAKTUBHO.



CKIN(37), CKIN(38) : (D=0.,-1.) nmamason suadenuii |t| = —4 mag 2 — 2 npoteccos. FEemm
CKIN(38) < 0., To BepxHee orpaHUIeHre HEAKTHBHO.

CKIN(41) - CKIN(44) : (D=12.,-1.,12.,-1.) nuamason sHadeHUH Macc IBYX (MM OIHOTO) pe-
30HAHCOB, MOJYYEHHBIX B ~WCTUHHOM 2 — 2 Tpolecce, TO €CTh WAYIIEM TOJHKO
Yepes ONMHOUHBIH s-KaHaJbHBIN pesonanc (2 — 1 — 2). (Takme mporeccsr 060-
3HavaloTca 2 — 2 B Tabanmax pasiesia 8.1). TosbKO gacTuIlbl ¢ MUPUHON BHIIIE
PARP (41) paccMaTpWBaIOTCs KakK Pe30HAHChl U IpoBepsfoTcs Ha orpanudenns CKIN;
YACTUIIBI ¢ MEHbIIel MMPUHON MOMeITatoTcs Ha MaccOBYIO MOBEPXHOCTH 0De3 KaKux
6b1 To HE ObLTO Oorpanmvenuii. Touwmas mHTepnperarus mepemerubix CKIN 3aBucut
OT apoOMaTOB IBYX TOJIYIEHHBIX PE30HAHCOB.
st neyx pesonancos tuna Z°W* (nomyuennbix B mponecce fI’ — Z°WT), koropsre
He WIEHTUIHB W He ABJIATOTCA aHTUIACTAIIAMU APYT AJA IpyTra, mMeeM
CKIN(41)< my < CKIN(42).u
CKIN(43)< my < CKIN(44),

TIe My U Mg — MacChl CTEHEPUPOBAHHBIX PE30HAHCOB, WHIEKCHI | m 2 ompenendioTcs
MOPAIKOM, B KOTOPOM OHU [TaHBI B CHEMU(DUKAINT TEHEPUPYEMBIX ITPOIECCOB.

1 IBYX MIEHTUYHBIX pesoHancos Tuma Z°Z° waum njis nByX pe3oHaHCOB, ABJIIO-
muxcA aaTndactunamu, tuma WT W™, nmeem BMecTo 3Toro

CKIN(41) < min(my,mz) < CKIN(42), n

CKIN(43) < max(my,my) < CKIN(44).

Kpowme toro, stobbie orpanmdenns, ycrarnaBamBaemble B CKIN(1) wmiam 8 CKIN(2),
OYEBUIHO, BJINAIOT Ha BBIOOD Macc pe30HAHCOB.

Sameuanue 1: Eciu MSTP(42)=0, To HET HUKAKOTO Pa3sMBITUA 3HAUYEHUA MaCcChl, 3HaUe-
Hus CKIN He maioT HUKakoro addekrta (To XKe camMoe KacaeTcs TacTHIl, MMeo-
IIUX CJMITKOM MaJTyio [ITPUHY ).

Sameuanue 2: Ecim CKIN(42) < CKIN(41), »To 3HaunT, uTo orpanndenue CKIN(42) me-
aKTUBHO; aHaJorndno, ecian CKIN(44) < CKIN(43), torna CKIN(44) meaKTHB-
HO.

Sameuyanue 3: Lciim orpannyenns aKTUBHBI U PE30HAHCHI UIEHTUYHBI, TO TapaHTUPYeET-
cs, ato CKIN(41) < CKIN(43) m CKIN(42) < CKIN(44).

Sameuanue 4: /15 nIeHTUIHBIX PE30HAHCOB HEBO3MOKHO TPEIBAPUTEIHHO BHIODATH,
Kaxoif u3 peszoHancoB Oyner 6osee JerKuM; e, Hanpumep, onut Z° noxen
pacmacTbes B JIEMTOHBI, a IPYTOl — B KBapKW, He MMeeTCA HMKaKOTO MeXaHn3Ma
IUIA TOTO, YTOOBI TapaHTUPOBATH, UTO Mapa JENTOHOB OyIeT WMETh MEHBITYTO
Maccy, ¥eM Tapa KBapKOB.

Sameuanue 5: Orpanndenns CKIN mpuMeHAIOTCS KO BCEM OIMYCTUMBIM 2 — 2 Tpoliec-
caM OIMHAKOBO, 9TO MOZKET OBITh HEKeJTaTeTbHBIM, €CJI HECKOIBKO TTPOIECCOB
TEHEPUPYIOTCA OTHOBPEMEHHO. D O3TOMY HEOOXOINMO COOIIOIAaTh HEKOTOpPHIE
IPEIOCTOPOKHOCTH MPH UcHoib3oBann CKIN(41) - CKIN(44). Dosb3oBare-
JIAM PEKOMEHIyeTcs CODII0aTh OCTOPOYKHOCTh TaKzKe W B JIPYTHUX CJIydadX.
DanpuMep, ecIu HyKHO paccMoTpeTs pactan Z° Tombsko B bb, To yeranoska
Irama3ofa 3Hadennit Mace 2-8 1B #me Oymer xopouieit uaeeit.

Sameuanue 6: B npunmumne, mporpaMma T0JKHA padoTaTh IJid JTIOOBIX 2 — 2 mpolec-
COB C Pe30HAHCAMI B KOHETHOM COCTOSHWN, HO 0 CUX TTOP 3TO OBLJIO TTIPOBEPEHO
TOJIBKO IJIs TIpotteccoB 22 — 26, TaK 9TO U € 3TOH CTOPOHBI HEOOXOINMBI HEKO-
TOpBIe TTPETOCTOPOKHOCTH.

CKIN(45) - CKIN(48) : (D=12.,-1.,12.,-1.) nmamason paspelleHHBIX 3HAYEHUH Macchl ABYX
(MW OIHOTO) BTOPMYHBIX PE3OHAHCOB, MONYyYeHHBIX B 2 — 1 — 2 mpoteccax (Tu-



ma gg — H® — 7Z°7°), wim maxe B 2 — 2 — 4 (mam 3) npomeccax (momoGHO
qq — Z°H° — Z°W*tW~). O6parure BHnMaHme, uTo 3Tn orpanmderns CKIN Bius-
0T TOJIBKO Ha BTOPUUHBIN pe3oHaHC; MepBUUHBIH onpenenen sHaderuamu CKIN (1),
CKIN(2) m CKIN(41) - CKIN(44) (KOCBEHHO, KOHEUHO, BBIOOD MACCHl TEPBUIHOTO
pe3oHaHca BIWAET Ha pa3pelleHHBIH MaccoBbIfl nnamason A BTOpumaHOrO). Ka-
Kie JacTUIlbl OyIyT paccMaTpUBaThCA KaK pe3OHAHCHI, onpenessercs B PARP(41);
JACTUIIBI ¢ IMUPUHON MEHBIIE 3TOTO 3HAYEHNA aBTOMATUIECKH TOMEITAIOTCH Ha Mac-
COBYIO TOBepxHOCTHh. (uTyanns anajgorndHa omnmcanuoil Bbimre s CKIN(41) -
CKIN(44). Torma mjas ABYX HEMICHTUUHBIX PE30OHAHCOB WK [JIf PE30HAHCOB, He
SABJIATOMINXCA aHTUIACTHIIAMI JIPYT IpyTa, IMeeM

CKIN(45)< my < CKIN(46).u

CKIN(47)< mq < CKIN(48),

TJle My U My €CTh MacChl IBYX CTEHEPUPOBAHHBIX PE3OHAHCOB, MHIEKCH | 1 2 ompe-
eJIATOTCA TMOPAIKOM, B KOTOPOM OHW JaHbl B crelnn(pUKaIlnl KaHAJIOB pachajia B
mporpamme (cM., HaTpuMep, NaHHble Ha Bhixome PYSTAT(2) mwim LULIST(12)). s
NMBYX WIEHTUIHBIX UJIN ABJIAONINXCA aHTHIACTAIIAMI PE30OHAHCOB BMECTO 3TOTO TO-
JIyqaeM

CKIN(45) < min(my, my) < CKIN(46), u

CKIN(47)< max(my,my) < CKIN(48).

Sameuanusa 1 - 5: Bce anasormano ciaydaro CKIN(41) - CKIN(44), paccMOTpEeHHOMY
BBIIIIE, ¢ HEKOTOPBHIME TPUBUATHHBIMI U3MEHEHU AM.

Sameuanue 6: YcraHoBKa OrpaHWYeHUil Ha Maccy BTOPUIHOTO pe30HaHCa BO3MOZKHA B
TFO00M 13 KaHAJOB PaspelleHHbIX TUIoB (cM. Bbie). OmHAKO 0 cuX TOp
toabko npoteccst H? — Z97° u H® — WTW™ 6bLau HOIHOCTHIO BBIIOIHEHb,
TaK 9TO JJIs HUX MOZKHO BBIODATH TMPOM3BOJIBHOE 3HAUEHUE MACCHI, PACIoIara-
follleecsi HUKe TMOpoTa WHBAPUAHTHON Macchl. [lisa Apyrux BO3SMOKHBIX pe3o-
HAHCOB JIIOOble OTpaHUYEHNUA, CIeJITAHHBIE Ha pa3pelleHHblli MaccOBbIf auara-
30H, HE OTPaKafOTCA B 3HAUEHNN CEUEHUA B3aUMOJENCTBUA; U Iajlee He PEKO-
MeHIyeTcs BBIOMpaTh TaKuWe MacCOBBIE OKHA, KOTOPBIE EJTal0T HEBO3MOKHBIM
pacmaj Ha MacCOBOM MOBEPXHOCTU. IDTH OTPAHUIEHUA OYIYT OCTaDIEHBI B CIle-
IIYIOIIUX BEPCUAX.

CKIN(51) - CKIN(56) : (D=0.,-1.,0.,-1.,0.-1.) nwamasoH paspelleHHBIX MOMEPETHBIX M-
MyJIbCOB B UCTUHHOM TIporiecce 2 — 3. B Hacrosliee BpeMs cymuecTBYIOT IBa Pa3Ind-
HbIX BapuanTa. /s momnponecca 131 py mepsoro mponykra (Z°) ycranaBauBaercs
B CKIN(3) u CKIN(4), B To BpeMs# Kak Jjid KBapKa W aHTUKBapKa IJd 3HATEHUH P
nMeeM
CKIN(51) < min(p,q,pig) < CKIN(52), u
CKIN(53) < max(p,q,pig) < CKIN(54).

Otpunarespias Beamunna CKIN(52) m CKIN(54) osmadaeT, 9TO COOTBETCTBYIO-
e orpaHMueHus HeaKTuBHbL. Jis mommpomeccos 121 - 124 m ux HO- u A°-
skeuBasenTos (173, 174, 178, 179, 181, 182, 186, 187) CKIN(51) - CKIN(54) croBa
COOTBETCTBYET AUAIa30HaM P I PAaCCEAHHBIX MapTOHOB, HO B MOPAIKE CJIEIOBa-
HISA 9acTull, To ecth CKIN(51) - CKIN(52) 3amafoT orpaHmIeHus IJId PacCesHHoro
mapToHa mydka, a CKIN(53) - CKIN(54) — mnsa maproma mumrenm. CKIN(55) m
CKIN(56) ycraHaBiuBaioT orpaHudeHys Ha p, /s AJis Tperbero npoaykra, HY, To
ectp 3radenns CKIN(3) u CKIN(4) He BAUAIOT Ha 3TOT mporecc. Tak Kak p; XUIT-
ca He ABJISAETCA OTHON M3 TEPBUYIHO BHIOPAHHBIX TEPEMEHHBIX, JIFOObIE OTPDAHUIEeHN 5
MOTYT TPUBOIUTH K YMEHbIIEHNO 3(P(PEKTUBHOCTH MOHTe-KapJIOBCKON MpPOTEeny phI,



B To BpeMms Kak CKIN(51) - CKIN(54) mjis »THX IPOIECCOB ABJIAIOTCA ~ allllapat-
HBIMU T HE Taf0T KaKUX-JMO0 HeXKeTaTeTbHbIX 2(M)EKTOB.

9.3 OOmue KJIOYA ¥ IIapaMeTpPhl

O6mmit 6,10k PYPARS cOmepKWUT KOMBI COCTOSIHUS W TapaMeTphbl, KOTOpPbBIE DPETYIUPYIOT -
QeKTUBHOCTD TpOrpaMMBbl. Bce OHE MMEIOT pasyMHBbIe 3HAUYEHU:A MO0 YMOJIAHUIO, TaK ITO He-
OTIBITHBIN TIOJIB30BATEh TOHAYAY MOKET MpeHeOpedh UMU W MCCIeI0BATh TMOJTHBIN Muama3soH
BO3MOYKHOCTEl TMOCTETIEHHO. 2 eKOTOphble W3 Kiodell u mapaMerpoB B PYPARS OynyT ommcaHb
o3ze, B IVlaBaX, KacalolUXcs JIUBHEH U IIYyYKOBBIX OCTaTKOB.

COMMON/PYPARS/MSTP (200) ,PARP (200) ,MSTI (200) ,PARI(200)

ITazuayenue: obecmeunBaeT JOCTYI K KOJaM COCTOAHUN M MapaMeTpaM, PeryIupyIonmM sh-
peKTUBHOCTD TporpaMMbl. Ecinm 3HadeHus Mo yMOIUAHUIO, HEKE 00O3HAUCHHBIE
(D:. .. ), Bac He YIOBJIETBOPAIOT, OHU HOJIKHBI OBITH M3MEHEHDBI MepEl BBI30BOM
PYINIT. Uckntouenus, TO ecThb NepeMeHHbIE, KOTOPble MOI'YT M3MEHAThCA A Ka-
KJIOTO HOBOTO coObITH#A, obosHavatores (C).

MSTP(1) : (D:3) MaKCHMaJbHOe YUCJIO TTOKOJeHnil. ABToMaTHYecKn ycTaHaBImBaeTcss < 4.

MSTP(2) : (Dzl) BBIYWCJIEHAE (/g IJIA KeCTKOro B3anMoeiicTBuA B moanporpaMve ULALPS.

=0 : 3HaUeHne «; (PUKCHPOBAHO W PABHO 3HaUEHWIO Kifoua PARU(111).
=1: Oeryias KOHCTaHTa (s B TIEPBOM MTOPHAIKE.
=2 Oeryiasg KOHCTaHTa (vs BO BTOPOM TIOPAIKE.

MSTP(3) : (D=2) Bnibop snauenus A B o mius MSTP(2)> 1.

=1: mapametrp A ompenenserca 3HadermeMm Kitoda PARP(1) muisd KecTKUX B3am-
MogeticTBuit, kitoga PARP(61) — miisi mpocTpaHCTBEHHOMOMOOHBIX JUBHEH u
PARJ(81) — O/ BpeMEHHIOJOOHBIX. DTO 3HaueHme A paboraeT mjsa dmcIa
CYIIECTBYIOIINX apOMAaTOB, PABHOTO 5 JJIA JKECTKOTO B3aWMOIEWCTBUA UMCIIO
apoMaTOB MOKeT m3MeHAThcsa B MSTU(112).

=2 : 3HavueHne A BBIOWpaeTcA B COOTBETCTBUU € MapaMeTpu3anueil cTpyKTypHBIX
dyukmuit, To ectb A pasma 0.20 B moa EHLQ1, 0.29 I'sB ana EHLQ2,
0.20 I'sB g DO1, 0.40 I'sB gasa DO2, 0.187 B gma MT1, 0.212 I'sB mgas
MT2, 0.191 I'sB gna MT3, 0.155 I'9B aaa MT4, 0.22 I'sB goa GRV1, 0.16
I'5B nna GRV2 u .o, Crpykrypable dyarnnnm dbepyTresa w3 oubsmorek PDFLIB
n PAKPDF (BbIOOp KOHKPETHOTO BUIa CTPYKTYPHBIX (DYHKIMH ONMpemensercs
sHavennamu MSTP(51), MSTP(52)). Bribop Bcerna nesaeTcs W3 BO3MOMKHBIX
HaDOPOB CTPYKTYPHBIX (DYHKIHUH [1JIdg MPOTOHA, W Ha HETO HE BJIMAET BBIOOD
CTPYKTYPHBIX pyHKIUH 17151 poToHOB M TMOHOB. Bee smadenus A, mepeun-
CJIEHHBIE BBIIIIE, COOTHOCATCHA € TIPENNOTOKEHNEM O CYyHIECTBOBAHUEN TOJIBKO 4
apomaroB, m MSTU(112) ycTaHaB/IMBAETCA COOTBETCTBEHHO. ITO 3HadeHme A
UCTIOJIB3YeTCsT W [IJIA JKECTKOTO pacCesHus, W I W3JIyIeHnus B HaTa bHOM
1 KOHETIHOM COCTOSHUU. PU HTOM TO-TIPEKHEMY OCTAETCH HEOTHOZHATHOCTH
B BBIOOpe mapamerpa (? (cm. MSTP(32), MSTP(64) u MSTJ(44)). D10 3Ha-
genne A mcmosibsyercs Takke s MSTP(57)=0, HO 3/mech pa3yMHee BBIOpATH
MSTP (2)=0, 9To 6yIeT COOTBETCTBOBATH OTCYTCTBUIO M3JIYIEHNSA B HATATHHOM
1 KOHETHOM COCTOSHW.

MSTP(4) : (D=0) obpaboTka ceKTOpa XUTTCOB, MPENMYIIECTBEHHO HEHTPaTbHBIX.
=0 : BepinHa B3aumoneiicrsus ¢ HO naercs crangaprhoil Mogesbio, B To BpeMs Kak
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BepinHbl B3aumonehicrsus ¢ H® u A% nosknb onpenensTbes mob3oBaresemM
B PARU(171) - PARU(175) m PARU(181) - PARU(185), cOOTBETCTBEHHO.
MOJTH30BATENb [TOJIZKEH OIPENEIATh B3aNMOIEHCTBIE )i BCEX TPEX XHUTTCOB,
nna HY — B PARU(161) - PARU(165), u mnag H® u A° — kax ykasbBasoch
BBIIIIE.

macca H° B PMAS(25,1) u snauenue tan 3 B PARU(141) ncmonb3yiorcsa Ajis
porancrennsa mace HO, A® u H* u pepumn ssamvoneiicrsua maa HY, HO, A°
u H*, ¢ yuerom cooTHOIIeHN T MITHIMAILHOTO CyTIepCIMMeTPIIHOTO paciimpe-
HES cTaHZapTHON Mozeau B bopHoBckoM mpubsuzkerun [Gun90]. Cyirecryio-
i€ MaCChl U TTapaMeTPhl B3aUMOIeCTBI A TePENNCHIBAIOTCSA KaK MTPOU3BOTHBIE
Besimamabl. CMm. maparpad 8.4.3, Tae comepKuTca obCyKIeHne orpaHuIeHni
IJTA TTapaMeTPOB.

KaK =2, HO UCIOJIb3YIOTCA COOTHOIIEHNS ¢ yIeToM ofHol metiu. B macrosiiee
BpeMs# 3Ta ONIKNA He paboTaer.

MSTP(5) : (D:()) HaJImYne aHOMAJIbHBIX B3amMoAelcTBUI B IIpomeccax.

0
>1

OTCYTCTBYIOT.
MpecTaBIeHbl Be3le, TIe 3TO BBIMOJHUMO. JOAPOOHOCTH cM. B Taparpade

8.5.4.

MSTP(6) : (D=0) ucrosp3oBaHme TpOrpaMMbl T€HEPAIINT T€TBEPTOTO TIOKOIEHNA (HPePMUIOHOB
IUTA MOJIEJTUPOBAHUA TPYTUX THUTIOB (PEPMUOHOB.

HeT APYTWX THUTOB, €CTh CTaHIapTHOE YeTBEPTOe MOKOJEHMe.
BO30y K IeHHbBle (DEPMUOHBI, KaK MPEICTaBIeHO B CIIEHAPUN BHYTPEHHEH CTPYK-
TYypbI TTAPTOHOB; cM. Taparpad 8.5.5.

MSTP(11) : (D=0) wucnompsoBaHme 3JIeKTPOHHON CTPYKTYpHOW HYHKINK B ete™ u ep-
B3auMoneii-
CTBUSX.
=0 HET, T.€. JIEKTPOH HECET BCIO PHEPTUIO My JKa.
=1 €CTh, T.e. 3JIEKTPOH HECET TOJBKO YacTh HEPTWH IIYyYKa B COOTBETCTBUU C
oTipeiesIeHneM JIEKTPOHHONW CTPYKTYPHON (PYHKIINN; TAKUM 00Pa3OM, yIUTHI-
BaroTcA (P PEKTH TOPMOIHOTO M3JIYIEeHNA B HAUAJTbHOM COCTOSHMWM.
=2 2P EKTH U3TYyUIeHNA I JaCTUIl Ty9Ka BKJIOYAIOTCSA B BUIIE TTPOCTON afl-
npokcuMatny 3(PpdeKTUBHON 3J1eKTpoHHON cTpyKTypHOil dyHKImm: f(x) =
N ¢ (1—:1;)b, rme a = PARP(11),b = PARP(12) u N — HOpMUPOBOYHBIIT MHOKI-
Tesb, BBEIEHHBIH, 9T00BI chenarh nHTerpai f(x) pasabiM enununie. Cpemnee
sHavenne x ecth (v) = (1 +a)/(2+ a +b).
= 3: 2P dEKTHI W3JTyIeHNs I 9acTUIl Iy9Ka W TOPMO3HOE U3JIydeHUe yIUTHIBA-

I0TCA TPUOINKEHHO, ¢ MCIOJb30BaHNEM TTapaMeTPU3alii Kak B =2 ¢ 3¢ dex-
TuBHbIM b =PARP(12)+3/2, tne 8 = (20, /) (In(Q?*/m?2) — 1) — obbrunbiit
K0P DUIHEHT, CBA3AHHBIN ¢ TOPMO3HBIM W3JTY IeHUEM.

MSTP(12) : (D=0) ucnosmpsoBanme cTpyKTYpHBIX bYHKIHH e~ ("MOpcKux”, TO ecTh U3 € —

v — e), et, KBapka u IIOOHA NJIA ONUCAHUA BHYTPEHHEH CTPYKTYPBI 3J€KTPO-

Ha.

He MCIOIb3YIOTCA.
ncrnosbsyores npu MSTP(11)> 1. Crpykrypable QyHKINNT KBAPKOB W TJIIO-
OHOB TIOJTYIE€HBI UUCJIEHHON CBEPTKON pacipemesienns (POTOHOB BHYTPHU JIEK-
TpoHa (KOTOPOe OlpeneaeTcs CIEKTPOM TOPMO3HOTO I3y denns MSTP(11)=1)
¢ KBapKaMW W TJIFOOHAMU, COMEpZKAIUMUCA BHYTpU Kaxkmaoro (orona. 1pe-
6yeMaf{ qucaeHHasd TOYHOCTh yCTaHaBJIMBACTCA B PARP(14). Tak xak 3nech



MSTP(13)

MSTP(14)

1]
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MIPOBOIUTCA UUCJIEHHOE WHTETPUPOBAHUE, ITa OMINA TpPeOyeT JIA BBITOJTHE-
HUT HAMHOTO OOJIbIIIE BpEMEHN, TeM o0bITHAaA OeHKa CTPYKTYpHOM (byHKITIH,
1 [OJIZKHA WCIOJTh30BATHCA B MCCIIETOBAHNAX TOJIBKO TIPHU HEOOXOIMMOCTH.

(D=1) BbBIGOp 3HAUEHUA ()?, BBIlIE KOTOPOTO 3JEKTPOHBI MOTYT M3/1y4aTh (hOTO-
HBI; BJINAET Ha HOPMUPOBKY CTPYKTYpPHBIX (DYHKIMI Mopckux e~ , et +, KBapKoB 1
[JTIOOHOB, COJIeP KalluXca BHYTPHU JIeKTPOHA.

(Q? cumraeTcsa apryMeHTOM CTPYKTYpHO# (DYHKINM, U HYy:KHOe 3HaYeHUe 3a/1a-
erca Macimtabom Q? xectkoro Bzaumoneiicrsus. CienoBaTesibHO, CTPYKTYP-

Hble (GYHKIUN mponopiuroHaabHbl In(()?/m?). Takoii BeGOp HamboTee cooT-

_|_

BETCTBYET CJIyHarO € € -aHHUTHJIANN.

HYKHOe 3HaUeHNe yCTaHABIMBAETCA COTTIACHO OTPENeIEHHOMY TTOJb30BaTeIeM
2 sajanHoMy B PARP(13). CtpyKTypHbIe (DyHKIMI CUHTAIOTCA TIPOTIOPIII-
onaspubvu In((maz?/m?2)Q (1 —x)/x?). Dror BEGOP HanboOIEE COOTBETCTBYET

IponeccaM Cl)OTOpO)KILGHI/IE[7 rae 2JIEKTPOH CHUTACTCA HEAETEKTUDPYEMbBIM, TO
2

max*

ecTh CIyYalo paccesHUs MPU MaciTabax MeHbire ()

(D=1) samaer cTpyKkTypy BXOAALIETO POTOHA Ty UKa NI MUIIEHN (37€Ch YIUThIBa-
foTcs He POTOHBI, cofepIKAIInecs BHYTPHU 3JIEKTPOHA, & TOJTbKO (DOTOHBI, 3aTaHHbIe
KaK apryMeHT Ipu Bbisose PYINIT).

JoTOH cumTaeTcAs TOUETHOMOMOOHBIM, TO €CTh MOYKET y9acTBOBATb TOJIBKO B
mpotieccax, KOTopble cofepkar Bxonammnii ¢poron, tuma [SUB = 33 - 36.
(OTOH cunTaeTCAs MMEONUM BHYTPEHHIOI CTPYKTYPY; TO €CTh MOYKET B3amMO-
NelicTBOBATH HETOCPENCTBEHHO Yepe3 COCTABJAOININE €r0 KBAaPKU U TITIOOHBI
(B mpomeccax tuma [SUB = 11 - 31).

3ameuyanue: B HacTodllee BpeEMA OTCYTCTBYET BO3MOZKHOCTH CMEIIWBaHWA IBYX THUIIOB

MSTP(21)

MPOIIeCcOB, BO30YKIaeMbIX (POTOHOM, B OTHOM BBITTOJTHEHWH TPOTPAMMBI.

(D=1) xapakrep pepMIOH-PEPMUOHHOTO pacceAHNA, MOIETUPYEMOTO B MPOTIECcce
10 mpu t-kKaHaIbHOM OOMEHE.

BCe BBIKJIIOUEHO.
i * ] 70- W

TIoJIHaA cMeCh HefiTpaJabHBIX U 3apAKEeHHBIX TOKOB.

TOJIBKO HeHTpaJbHBIA ~-TOK.

TOJBKO HeliTpaabHblil Z°-ToK.

TOJTbKO HeHTpadabHbie ™ / 7°-toxm.

TOJIBKO 3apsKeHHbIe WE-roku.

(D=0) crenmanbHas oTMeHa OOBIMTHOTO ONpeeseHns (¥, ucnoab3yeMas B crydae
MaKCUMaJIbHOM ?BOJIFOIMN MapTOHHOIO JIMBHA. O peaHa3HadaeTCs JJIA ONMCAHWs
[JTyOOKOHEYIIPYTOro paccessHus B JIENTOH-aIPOHHBIX COOBITUAX, cM. pasaes 10.4.

(D=0) nasa rmyboroneympyroro paccesuusa (mpotecchl 10 u 83) »ra ommus mo-
3BOJISIET COXPaHUTh 0e3 m3MeHeHHi 3Hauenus r u (Q? B HavaabHOM U KOHEUHOM
COCTOSIHUY [IJIs 3JIEKTPOHA, YIaCTBYIOIIETO B JKECTKOM pPaCcCesiHUM.

HeT HUKAKUX MPOLELyp KOPPeKIuu, To ecTh x 1 (J? paccesHHoro »/aeKTpoHa
OT/IMYAIOTCA OT HepBOHavYaIbHO CreHepHPOBaHHbIX 3HadeHuit x u (2.
koppeknnsa post facto, To ecTh W3MeHeHWe MMITyJIbca 3JIEKTPOHA TIPHU yUeTe
KX /I-n3nydenns B Ha9aIbHOM 1 KOHEYHOM COCTOAHUM, MEPBOHAYAJIBHOTO 3HA-
veHus k) W pe3yabTaToB 0OpPabOTKM MYyYKOBOTO OCTaTKa KOMIEHCHPYETCs Ie-
pepacupenesieHueM 3HadeHuil UMYy IbCOB 3JIEKTPOHA M aJpoHa B KOHEYHOM CO-
CTOAHUH.

SamedaHue: 1A 9acTU COOBITHH KOppeKIins OyaeT HeyTadHoll, 1 TaKne COOBITUA TOJK-

HBI OBITH OTOPOIIEHBI (M BMECTO HUX CTeHEPUPOBAaHBI HOBbIe). Ominmsa Koppek-



MM HEeOJHO3HAYHA W He JIOJI2KHA BOCIHPUHUMATHCA CJUIIKOM Becepbesd. s
oYeHb MaJeHbKHUX 3HadeHuil (Q? BenuunHa x He coXpaHAETCsa TOYHO JazKe IO-
cJie »Tol#l mpouemypbl.
MSTP(30) : (D=1) napamerpusaius cedeHus yp W TapaMeTpbl HakaoHa. W3 jgureparypsr
GepeTcsi TOTBKO TOJTHOE cedeHne, OCTaTbHOe Da3upyeTcs Ha YaCTHBIX OIEHKaX.

=0 : BCce JIOJTKHO OBITh YCTAHOBJIEHO BaMW CaMOCTOATEIHHO B PARP(21) -
PARP(26).

=1 : pacuer cedennii corstacio Donnachie u Landshoff [Don92].

=2 : pacuer cedyenuii no merony rpynnst CERN-HERA [PDG8S].

MSTP(31) : (D=1) mapamerpusamnus MOJTHOTO W yIPYTOTO CedeHWH, ANepHbBIH mapaMeTp Ha-
knona B u kpusustaa C' [Blo85].
=0 : BCce JIOJTKHO OBITh YCTAHOBJIEHO BaMW CaMOCTOATEIHHO B PARP(21) -
PARP(26).
Block-Cahn ¢ut 1 nns cegernus, dbut 1 gisa mapamerpa HaKJIOHA.
Block-Cahn dut 2 nns cegernus, dbut 1 aisa mapamerpa HaKJIOHA.
Block-Cahn dut 3 nns cegernus, dbut 1 aisa mapamerpa HaKJIOHA.
Block-Cahn dut 6 nns cegernmus, dbut 2 a1 mapaMerpa HaKJIOHA.
=5: Block-Cahn ¢ut 8 nns cegernus, dbut 2 a1 mapaMerpa HaKJIOHA.
Sameuanue: butsl 1 - 3 a1 cevenusa u 1 miad mapameTrpa HaKJIOHA HE YIUTHIBAIOT
pe3yJIbTaTOB COBPEMEHHBIX W3MepeHuit Ha SppS, a uTht 4 - 5 114 cedeHus u

1}
= W N -

2 115 TapaMeTpa HaKJIOHA — YUNTBIBAIOT.

MSTP(32) : (D=2) onpenesnenne (Q? B 3KeCTKOM paccesHun [ Ipoleccos 2 — 2; 11 pozKie-
HIsA pe3oHaHcoB (Q? Beeryla BHIOMpaeTcs Tak, 4TOOBI OBLIO § = Mm%, T1e mp — Macca
pe3oHaHca.

Q? = 2510/ (82 + 12 + 4?).

Q* = (m1, ‘hmiz)/Q

= min(—?, —u).

: Q? = 3.

: Q* = —i.

MSTP(33) : (D:()) BKJTIOUEHNE MHOKHNTEJIA K B cedeHWs JKEeCTKNX IPOILECCOB IJIsI TTapTOH-

1}

g W N
Q
[\]

TapToH-
HBIX B3aumMouaeiicTBuil (To €CTh JIJ1d BXOMANINX KBApKOB U PJHOOHOB).

=0 : He BKJIIouaeTcsd, To ectb K = 1.
=1 ncrosib3yercs obmunii koaddunment K, samannsiit 8 PARP(31).
=2 : HCTIONTB3YIOTCA pasandnble KoahduimenTs 11a o0branbix (PARP(31) ) u nBet-

HbX (PARP(32)) nmarpaMM aHHUTHIIATINN.
3 koaddurment K naercs capurom aprymenta QF B o, a; = ag( PARP(33) Q).
MSTP(34) : (D=0) mcmosb3oBatue nHTEPMEPEHITMOHHBIX IT€HOB B MATPUIHBIX I€MEHTaX 15
KX/I-tipormieccos, cm. maparpad 8.2.1.
=0 : BBIKJTIOUAIOTCA (TO €CTh MAaTPUUHBIE 3JIEMEHTHI CTPYHOIIONO0HON Teopun).

=1: BKJTIOYAfOTCA (CTaHIapTHBIE MaTpudHble ameMenTsr KX /).
Bameuanue: misa omnmun MSTP(34)=1, To ecTh [JId BKJIIOUEHUA WHTEPMOEPEHITHOHHBIX
qJIeHOB, TW YJIEHBl paclpefeseHbl MeKIy Pa3IndYHbIMIA BO3MOXKHBIMA IIBET-
HBIMU KOH(UTYPAIUAMEI COTJIACHO TIOJTIOCHONW CTPYKTYpe MAaTPUIHBIX dJT€MEH-

TOB IIJIS PA3JIMIHBIX IBETHBIX KOHMUTYparuii.

MSTP(35) : (D=0) moporoBoe moBemenne B Mpolleccax POKIEHUA TAKETOTO apomara, T.e. B
nporieccax ISUB = 81, 82, 84, 85, a Tak:ke njis pacnanoB 7Z u 7Z'. DecrammapTHbie
OTIMIINY TJIABHBIM 0Opa30M TIpelHasHaYaloTCsA IJIs TOM-apoMaTa, HO TaKzZKe MOTYT MC-



MSTP (36)

MSTP (37)

gg — g7-

MOJTb30BaThCA (¢ MEHbIIE CTENeHbIo HAe KHOCTH TEOPETHIECKUX MpencKasanmii)
A ¢ u b-apomaros (i Z m 7/ MOTYT WCTOJB30BAThCA TOJTBKO IS TOM- 1 GO-
Jlee THAKEBIX apOMaTOB). JOPOrOBble MHOKHUTENN faforTcsa ypaBHeruasMu (8.7) u

(8.8).

MoBeNleHre KaK JJ1s MaTPUIHOTO 3JIEMEHTa B HU3IIEM TTOPAIKE.
yCUIIeHIe WU TToTaB/ieHne BOJIM3N mMOpora, B COOTBETCTBUU € TBETOBOW CTPYK-
Typoii mpotiecca. 3HaUeHUe (vs, TOABIAIONIEECH B TIOPOTOBOM MHOXKUTeTe (He
COBIAMAONIee ¢ (5 B HU3IIEM TOpAIKe s 2 — 2 Tporecca), PUKCHPOBa-
HO B PARP(35). DoporoBbIii MHOKHUTED, WCIOIb3yEeMbIHl B cOOBITAN, 3a1aH B
PARI(81).

KaK =1, HO «vg, TOABJIAIONIAACA B MOPOTOBOM MHOZKUTEJE, BHITUCIAETCH € ap-

rymenTom Q% = mQ\/(m —2mq)? + 1. 3Bnecs mq — HoMuHAIbHAA Macca
TAKEJOr0 KBapKa, 'q — LIMpuHa paclpenesicHUsA TAKEJIOr0 KBapKa U m —
HHBapUaHTHAA Macca I1apbl TAKEJIbIX KBapKoOB. JHadeHUe ' TOJIKHO ObITDH
3a7aH0 ToJIh30BaTesIeM B PARP(35). DepenopmuposKa o, a1a Masaoro (Q* ma-
ercsi B MSTP(36).

=2) mepeHOpMHUPOBKa ' B npenese ()* — 0 1y MOPOTOBOrO MHOKHUTEJ S, OT-

Bedaiomiero onmuu MSTP (35)=2; cm. MSTU(115) — mepedenb BO3MOKHOCTEH.

(D=1) BrUTIOUeHME TOMPaBIEHHBIX 3HAUEHNIT Macc KBApKOB B KOHCTaHTaX CBA3M
TS TIPOTIeccoB pozKjenus HelirpasbHoro xurrca (qq — H°) u ero pacmama (HY —
qq). Takzxe BO3MOKHO BKJIIOUEHNE TIOMPABIEHHBIX MAcCC 1A POKIECHNA U pacraia
3apAKEHHOTO XUITCa, HO B 9TOM CJIydae UMEIOTCS B BUAY TOJIBKO KBapKH HIUKHETO
TN, T.K. 0OBIYHO KBapK BEPXHEIo THIIa — 3TO TOI-KBapK, ¢ t mymy.

MOMPAaBKN K MaccaM He BKJIOYAIOTCH, TO €CTh WCIOIb3YIOTCA (DPUKCHPOBAHHBIE
MacChl KBADKOB B COOTBETCTBUU €O 3HAUCHUAME, 3aJaHHBIMI B MaccuBe PMAS.
BKJTIOUEHIE MOMPABOK K MaccaM, Te HadaJbHOE 3HAaYeHNe MacChl CIUTAETCS
oTipelieSIEHHBIM B MaccuBe PMAS; Tpu 5TOM apryMeHT W3MeHAETCA B IMana3oHne
oT (Jo, 3amammoro B PARP(37), yMHOKEHHOTO Ha Maccy KBapKa, 10 (), ompe-
TTeJTIAEMOTO Maccoit Xurrea.

=5) BRJIIOUEHNE TTeTeh OT MaCCHBHBIX KBapKOB B OOKC-IHArpaMMBbl gg — Yy U

mporpaMma OyIeT IJisg KazKI0ro apoMaTa aBTOMaTHIeCKN BBHIOMpaTh Oe3Macco-
BOe MPUOJIMKEHNEe 1A JIETKAX KBapPKOB U MOJHYIO MaCCUBHYIO (POPMYJIHPOBKY
IJIA TAXKEJTbIX KBAaPKOB, pas3iesidd KBapKW Ha JIeTKWe U TAKeJble B 3aBUCUMO-
cTi 0T (paKTHIecKoro Maciuraba S.

mporpaMMa Besie OyIeT MCIoIb30BaTh 0e3MaccoBoe MpHOINKeHne, CUnTasi,
gTo B MSTP (38) BKITIOYarOTCA TEeTIN O€3MacCOBBIX KBapKOB HECKOJIBKIX COPTOB
(OILHELKO — He OoJIbIIIe 8). O6pruno memoab3yercsa =5 IJid BKIIOUEHHA BCEX
KBapKoOB 110 b, 1 =6 11 BKJIIOUEHI ellle 1 t-KBapKa.

Ilpenynpexnenue: mig =0 MOXKeT BOSHUKHYTH UYWC/IEHHA:A HEYCTOWYMBOCTH TIPU pac-

MSTP(41)

0
1

CeAHUN Ha MaJjble YIJIBL. DOPTOMY IOJIb30BATEIAM PEKOMEHIyeTCs yCeTaHa-
BiauBaTh CKIN(27) u CKIN(28) Tak, 4TOOBI HMCKIIOIATH HTOT AMAIla30H yIJIOB
paccesHnns, He Beerma MpeacTaBIAIoNIil mHTepec.

(D=1) rmaBmbIif K0 1714 Beex pactanos pesonancos (Z°, WE, HO, 70 W' H"|

A° H*, Lq, RO, 4%, u*, ...).

BBIKJITOY€HBDBI.
BKJIIOYE€HBI.

Sameuanue: ms1 MSTP(41)=1 MOKHO TaKzKe BBIKJIIOTATH Paclalbl OTICIbHBIX PE30HAH-



COB TIPU MCIIOJIb30BAHNN KJIIOYa MDCY(KC,1) B JETSET. Onmako TakK KakK 3Ha-
yenana MDCY mepesanucbiBatoTcsa npu BbizoBe PYINIT, KOHKpeTHBIN pe3oHaHc
JIOJIZKEH BBIKJIfOYaThcA IHocJge Bbi3oBa PYINIT.

IIpenynpexkaeHue: Dacmall JeNTOKBapKa HE MOJIKEH BBIKITIOUATHCH, €CIIN TO3Ke TTPEI-

MSTP (42)

=0
=1
MSTP (43)

1]
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MSTP (46)

(D

MoJTaraeTcsi pa3pelrnTh Takofi pacman (¢ LUEXEC); cM. maparpad 8.5.3.
=1) obpaboTka Macchl B 2 — 2 TIpolieccax, Iie PE3OHAHCH B KOHETHOM COCTO-

HIUW NMeoT KoHeunyio mupuny (cM. PARP(41)). (De ucnonbsyercs nyisa poKIeHUA

OIMHOYHOI'O S$-KaHaJIbHOTO pE€30HaHCa, e MacCCa ITOABJIAECTCA B CE€HEHUU ABHO, U

MOTOMY PE30HAHC BCera BbIOWpaeTcs ¢ IMPUHOI).

(D

HaCcTUIIBl TOMEIIAIoTCA Ha MacCOBYIO TTOBEPXHOCTD.
Macca TeHEPUPYETCsA B COOTBETCTBUN € paclpereserueM Jpefita—Buraepa.
=3) obpaborka Z°/y*-mHTepdepeHmy B MaTpUIHBIX 3/eMeHTax. Jlo cux mop

BBITTIOJTHEHA TOJIBKO IJIA ITPOIECCOB 1m 22, B OPYyIrux mponeccax To, 9YTO Ha3bIBacTCA

7°, neficturenbro ects TosbKo Z°, Ge3 BKIama Y*.

(D

(D

(D

TOJBKO ¥™.

Toabpko Z°.

nosaasn Z°/y*-crpykrypa (¢ uaTepdepentmeii).

=7) 7/°/7° | y*-uurepdepenuns B MAaTPUIHBIX JTEMEHTAX.
TOJIBKO ™.

Toabpko Z°.

Toabko 7.

tosbko Z°/~* (¢ marepdepentueii).

tonbko Z'°/~* (¢ maTepdepentmeii).

tonbko Z'°/7° (¢ unaTepdepenuneit).

nosaas Z'°/7° [y*-crpykrypa (c naTepdepenuneir).

=2) crpykrypa WW — WW (ISUB = 77).

tombko WTWT — WHW+ y W- W~ — W-W~,
tobko WTW— — WHW—,

Bce KoMOmHarnn 3apsaxeHHbix WW — WW.

=1) crpykrypa VV — V'V' (ISUB = 71 - 77), toe V — nponosbHbiii Kaanbpo-

BOYHBII OO30H.

TOJTHKO S-KaHAJbHBIE OOMEHBI XUrTcaMu (eciu oHn cyitectByfor). C »Tofi orn-
nmeit monmporeccsl 71 - 72 mw 76 - 77 6ymyT, 1o cyIecTBY, >KBUBAJEHTHBIMI
nofnporeccam 5 1 8, ¢ COOTBETCTBYIOIMMI KaHAJTaMU paciaia (To ecTh TOJBKO
Z°7° wmm WHW ™), yeranosnenubivu 8 MDME. OnHako onmcanue, mosrydeHHOe
[T TIOAIIPOITECCOB 5 U 8 B TOM cJIydae, BechbMa CJI0XKHO; cM. maparpad 8.4.2.
BCe ImarpaMMBbl, jaforime BKiags B V'V — VIV,

TOJTHKO JMarpaMMbl, He BKJIIOYatolne OOMEeH XUTTCOM (B $-, {- WIN u-KaHaJle);
TOTJIa »Ta OIINA daeT WHBAPWAHTHOE IMOBEIeHWE B cJIydae, e HUKaAKOTO
XUITCa HE CYIIECTBYeT, BKJIIOYas HepU3mIecKne Hapy e YHUTAPHOCTH TIPH
BBICOKUX PHEPTUAX.

CUITHHOB3aNMOIEHCTBYOMIasA XUTTCOMono0Has wmomeias Dobado, Herrero u
Terron [Dob91] ¢ nopmuposkoit Padé. Obparurte BHUMaHUE, YTO IJIs UCTIOIb-
30BaHUA 3TOHl oNmuUy HEOOXOINMO yCTAHOBUTH 3HAUEHIE MacChl XUTTCa OOJThITe
20 T»B (1o ecth PMAS(25,1)=20000.). Dapamerp v 3anaercs B PARP(44) u
He JIOJIZKEH M3MEHATHCS.

KakK =3, HO ¢ yHUTapusanueil K-Marputibr.

cunbroB3anMopetictsyomas KX /I-momobras wmomensr Dobado, Herrero n



MSTP (47)

Terron [Dob91] ¢ mopmuposkoii Padé. Dapamerp v samaercs B PARP(44) u
He MOJIKEH M3MeHAThcA. DbPeKTuBHasd Macca TEXHU-p B TOH MOIETN 3a1a-
erca B PARP(45); mo ymosraanuio ora pasHa 2054 [»B, xax oxumaercs miis
Tpex TEXHUIIBETHBIX TaCTHUI] Ha OCHOBAHUU TTPUOIUKEHISA TTPOMOPINOHATBHOTO
YBEJIMIEHNsT 3HATEHNA MacChl OOBITHOTO p.

KakK =5, Ho ¢ yauTapumsanneii K-marpumpl. Tak kak PARP (45) — mo-mpekHeMy
napaMeTp MOJIeJTH, 3TOT TUI YHUTAPU3allll He BbI3bIBAET pe30HaHCa MPU 3Ha-
yeanu Macchl PARP (45).

(D=1) (C) yrnoBas opuenTanmsa TpoIyKToB paciasa pesonancos (Z°, W HO 7/,

W%, u T.J.), KaK JJIA ONWHOYHBIX, TaK W JJIfA POKIEHHBIX B Mape (Kak B pacraje

1)

0 ~N O U W N -

9

10 :

H) mmbo B KoMOHHAIIN ¢ OTMHOYHBIM KBapPKOM, [JIFOOHOM WM (POTOHOM.

HE3aBUCUMBIH pacmaji KaXkKI0ro pe3oHaHca, n30TpolHblil B cucteme [IM peso-
HaHca.

KOppeJiInpoBaHHble paclajiHble YIUIOBble paclpelieleHUusA B COOTBETCTBUM € Ma-
TPUYHBIMU dJI€MEHTAMHA.

(D=1) BBiGOp cTpyKTYpHOIl GyHKINE TPOTOHA; cM. TaKkxke MSTP(52) .

EHLQ nabop 1 (Monudunnmposantas sepcus 1986 roma).
EHLQ nabop 2 (Monudunnmposantas sepcusa 1986 roma).
Duke-Owens mabop 1.

Duke-Owens ®abop 2.

Morfin-Tung Bwi6op 1.

Morfin-Tung wabop 2 (wmm S1).

Morfin-Tung wabop 3 (wnm B2).

Morfin-Tung wabop 4 (wmm E).

Glick-Reya-Vogt LO mabop.

Glick-Reya-Vogt HO nabop.

3amMeuyaHue: Tak Kak Bce ITapaMeTpu3alyl UMEIOT HEKOTOPYTO O6JIELCTI) IITPUMEHNMOCTH,

MSTP (5

1

2)

CTPYKTYpHBIE (PYHKINKE CUATAIOTCA PaBHBIME CONHUIEC NPH 3HAUCHHAX QQ,
JIeKallnX 3a IpefeaaMu o0JacTh, MOKpbIBaeMoil JaHHON mapaMeTpu3amuei.
DKCTPaAmOIANAA A MaJbIX 3HaYeHui x ocymiecTiaserca B PARP(51).

(D=1) BBIGOp GubIMOTERN, coMepiKalleli CTPYKTYPHYIO (QYHKINIO TPOTOHA.

BHYTpeHH:AsA 6ubanoreka PYTHIA, co ¢TpyKTYpHBIMU (PYHKIUAME, ONpEIesisi-
eMbIMU coTstacto MSTP(51) BhIle.

oubsmoreka PDFLIB [Plo91], co snadenmem PDFLIB MODE, 3ajaHHBIM B
MSTP(51).

oubsmoreka PAKPDF [Cha92], ¢ PAKPDF 100*IPAR+ISET, 3aiaHHBIM B
MSTP(51). 3mauenne ISET BIoJIHE MOXKeET OBITh OTPHUIATEIBHBIM.

Sameuanue: 4TOObI WCIOIB30BATh ONIUNA 2 W 3, HEOOXOAUMO OOECHEUNTh BBI3OBDI

PDFLIB 1 PAKPDF coorBercTBeHHO B moanporpammax PYINIT u PYSTFU. Kak
9TO CeJIaTh, YKa3aHo B caMoM (POpTpaHOBCKOM daifisie; uiuTe cTpoKu, Hadu-
Hatotmecs ¢ C! B MEPBBIX ABYX CTOJIOMAX.

IIpenynpexnenue: /[isa saenranx 6ubsmorek cTpyKTypHbIX hyHKIN PYTHIA He mpo-

MSTP (53)

1

Bepser, cooTBercTBYeT Jiu MSTP(51) momycTuMoMy KOy W CYIIECTBYIOT JIK
cHenmajbHBIE OTpaHWYeHWd Ha T U ()? 1714 mamHOTO Habopa, UTOOBI He yuu-
TBIBAJINCH 3aBEIOMO HEBEPHBIE 3HAUEHNA. DTO HajaraeT Ha MOJb30BATEA 10~
MOJIHUTEJIBHYIO OTBETCTBECHHOCTD.

(D=1) BBiGOp cTpyKTYpHOl pyHKINE THOHA; cM. Takxke MSTP(54) .

Owens nwabop 1.



=2 : Owens Habop 2.
MSTP(54) : (D=1) BoiGop Gubmmorexn, cogepKaiiel cTpyKTypHYo GYHKINIO THOHA.
=1 : BHYTpeHHAsA Onbmoreka PYTHIA co cTpyKTYypHBIME (DYHKITUAMEI, OTTPETeTeH-
HbIMU corjiacHo MSTP (53) Bhimre.
=2 : oubmoreka PDFLIB [Plo91] ¢ PDFLIB MODE, 3amanusivm B MSTP (53).
SamedaHue: 9TOOBI WCIOIH30BATh OIIIMIO 2, HEOOXOINMO obecrednTh BBI30B PDFLIB B
nonnporpaMmax PYINIT w PYSTFU.
IIpenynpexnenue: Cm. mpenynpexnenue mis MSTP (52).
MSTP(55) : (D=1) BeiGop crpykrypHoii dpyrkmmn dporona; cm. takxke MSTP(56). B nacros-
liiee BpeMs He UMeeTCs HUKAKWX JAPYTUX BApUAHTOB JJIA 9TOTO KJIIOTA.

=1 : Drees-Grassie.
MSTP(56) : (D=1) Bwibop OubsmoTexn, comepKalleil CTpyKTYpHYO GQYHKINIO (HOTOHA.
=1 BHYyTpenHsAsa oubmmoreka PYTHIA co cTpyKTypHOU (dyHKIUEl, OpenesleHHOM
corytacio MSTP (55) Bhimre.
=2 : oubmoreka PDFLIB [Plo91], ¢ PDFLIB MODE, 3anamtbiv 8 MSTP(55).
=3 : oubsmoreka PHOPDF [Cha9l], ¢ PHOPDF 100*IPAR+ISET, 3agaHHBIMU B
MSTP(55).

SamedaHue: 9TOOBI WCIOTB30BaTh OMIWE 2 W 3, HEOOXOIUMO ODECTeTNTh BHI3OBBI
PDFLIB m PHOPDF coorBercTBeHHO B mnoamporpammax PYINIT, PYSTFU u
PYSTEL.

IIpenynpexxkmeHue: cM. BbIllle A CTPYKTYPHBIX (DYHKINN TPOTOHA U THOHA.

MSTP(57) : (D=1) BBIGop Q*-3aBUCHMOCTH CTPYKTYpPHBIX (DYyHKIH. DTa OMIUA TPUMEHAETC
TOJTBKO K CTPYKTYPHBIM (DYHKIIMAM MPOTOHA, MHOHA W (POTOHA, BBISBIBAEMBIM U3
PYTHIA win PDFLIB, HO He n3 PHOPDF.

=0 : CTPYKTYpHBIE (DYHKIINU BBIUUCIAIOTCS 118 HOMIHAJIBHOTO 3HATEHU S HIUKHETO
npenena ()2, T.e. He 3aBUCAT oT (°.
=1 : UCIosb3yeTcs NapaMeTpusanus (Q*-3aBucuMOCTH.

MSTP(58) : (D=min (6,2x MSTP(1))) MakcuMa bHOE UNCIO KBAPKOBBIX apOMATOB, MCIIOIb3Y-
eMoe TIpU BBIYUCIEHNN CTPYKTYPHBIX (QYHKINH, 1, cJIeI0oBaTebHO, IPU TeHepaIun
MPOCTPAHCTBEHHOMOMOOHBIX JIMBHEN B HaUabHOM cocToAHUNU. e HekoTopbie pac-
npenesierns (0coObeHHO M1 t-KBapKa) OTCYTCTBYIOT B TTapaMeTPU3aIin, BHIOpaHHOT
B MSTP(51), TO OHHU, OYEBUIHO, ABTOMATHIECKN MCKITIOTATOTCH.

MSTP(61) : (D=1) (C) rmasusrii kmou maa KX/I- u K9/l-usnydenns B HadaabHOM COCTOA-
HUW.

=0 : BBIKJIIOYEHO.
=1 BKJIFOYEHO.

MSTP(62) - MSTP(65) : (C) ellie HeKOTOPbIE KON I H3JIYIEHNA B HATAJTbHOM COCTOAHNN;
cm. pasmen 10.4.

MSTP(71) : (D=1) (C) rmasusiii xmoa mra KX/I- w KD/l-usnydenns B KoHeIHOM cOCTOA-
HUW.

=0 : BBIKJIIOYEHO.
=1 BKJIFOYEHO.
SamMeuaHue: TONONHUTENbHbIE KIOUN (HAIpUMep, I CTaHIapTHOIO/KOT€pPEeHTHOTO
nuBH#A) narbl B MSTJ(41) - MSTJ(49) w PARJ(81) - PARJ(88), cM. pasmen
10.4.
MSTP(81) : (Dzl) TJIaBHBIN KJOY IJIA MHOTOKPATHBIX B3aWMMOJeHCTBUIA.
=0 : BBIKJTFOUIEHBI.
1

BKJIIOYE€HBI.



MSTP(82) - MSTP(83) : ellle KIOUN /I MHOTOKPATHBIX B3amMopeiicTuil, cm. pasmen 11.4.
MSTP(91) - MSTP(93) : kuiounm mjis 0OpabOTKM IIYIKOBOIO ocTaTKa, cM. pasmen 11.4.
MSTP(101) : (D=1) (C) crpykrypa mudpakinoHHON CHCTEMBI.

1 JeTANINA Bepen INKBapK —+ B3anMOJIEHCTBYIOUINI KBapK.

=2 JIeTAIH Briepen TMKBapK + KBapK, OKyTaHHBIH 0OJIaKOM TJIFOOHOB W B3anWMO-
JeficTByromnil yepes HUX.

MSTP(102) : (D=1) (C) pacman p°-me3oHa, poxmerHoro mpu ~ymupyrom” paccesHHE Ha BXO-

JAIeM 7, Kak B yp — pUp, Win Opu Bo3OYKIEHUN alpoHa B Pe3yjbTaTe coylape-

HUA.

=0 : s p° paspelrer M30TPONHLIH pacmaf momobHo p°, POKIEHHOMY B JTIO60M
JIpyroM Ipoliecce.

=1: pacnan p° — 7T7TT gaH ¢ YIJIOBBIM paclpeieseHueM, MPONOPIUOHa/IbHbIM

sin’# B cmcTeMe TOKOH, TIe Ochb z BLIOHpaeTCA MO HaIPaBJICHHIO IBUKCHNA

pY. Dacman p® Torma maH KakK HacTh ¥KECTKOLO Hpolecca, TO eCTh KakK JJisd
MSTP(111)=0.

MSTP(111) : (D=1) (C) ruaBHbIil Ka09 07a dparMeHTalni W pachaia, BBITOJTHAEMBIX TP

BbI30Be LUEXEC.

=0 : BBIKJIIOYEHO.
=1 : BKJIIOYEHO.
= -1 BBIOMPAIOTCS TOJIBKO KHHEMATHIECKHE IepeMeHHbIe I JKECTKOTO PacCesHusl,

TO €CTh He ONpefesAloTcs HUKAKHe CTPYW. ITO MOJE3HO, HAlpuUMep, Mpu
BBIUWCIIEHIN ceTeHd B3amMoielicTBus (MHTErpupoBanieM mo MeTomay MomTe-
Kapiio) 6e3 #e0OXOIMMOCTI MOIETUPOBATH COOBITHA; WHMOPMAIHS, Oy TeH-
Hasg ¢ PYSTAT (1), mpu »ToM OyneT mpaBUIbHOL.
MSTP(112) : (D=1) (C) ko4 orpanudenuii Ha HapTOHHbBIE COOBITH A, BINAET HA IPE3BbIIAiHO
MaJIyTO 9acTh BCEX COOBITHIA.
=0 : HeT HUKaKNX OrpaHudeHui (MOKeT UCIOIh30BAThC TOIBKO TTPH HE3aBUCHMOI
dbparmenTalyy, o Kpaiiteil Mepe, B IPUHITHATIE).
=1: CTpYHHBIE OIpaHWIeHnsA (Kak 0ObIIHO Tpebyercs s pparMeHTAlnN ).
MSTP(113) : (D=1) (C) nepecuer sHavdeHuUl >HEPIUN MTAPTOHOB MCXOMA U3 BEJUUMHBI UX MM-
MyJI5COB W MACC, BBITIOJIHAEMBIN HETIOCPEICTBEHHO Tepe (pparMeHTarme s Toro,
9TOOBI KOMITEHCHPOBATh, B 9aCTHOCTU, HEKOTOPBIE UHCJIEHHbBIE TTPOOJIEMbI, BOSHIKA-
follle TTPW BBICOKAX dHEPTUAX.
=0 : He BBITTOJTHACTCH.
=1: BBITTOJTHACTCA.
MSTP(121) : (D=0) Bbruncienne Ko>pPUIHEHTOB TPU KWHEMATHIECKOM OTOOPE 1 MAaKCUMY-
MOB T GepeHITnaTbHBIX cedeHnii 11 BRKIIOUEHHBIX MOAIPOoleccoB (Mob3oBaTeeM
WIIH TI0 Y MOJTIAHMUIO ).
=0 : HEW3BEeCTHBI; BBIYUC/IATH TPA WHUIHAJIN3AINN.
=1: HEW3BEeCTHBI; BBIYACTATH NIPA WHATAAJIR3ANAN, OJHAKO MOCJe TOTO, KaK Mak-
CUMaJTbHOE 3HaueHne OyeT MoIydeHo, OHO yMHOXKaeTca Ha PARP(121) (310
MOZKeT OBITH TOJIE3HBIM, €CJTU B TIPEIBIIYIIEM BBIMOJHEHUN TOTO K€ CaMOro
BUTa HAOJTIOAJIOCh PACXOKIEHE ceUeH , 00y CITOBIEHHOE COOTBETCTRBY IOIIITM
MHOZKITETEM ).
=2 U3BECTHBI; KO3 DUIUEHTH KHHEMATHIECKOTO 0TOOpa 3aaHbl MOJTh30BATEIEM
B COEF(ISUB,J) (J = 1 - 20) B obiiem 60ke PYINT2, a MaKCHMYyMBI COOT-
BeTCTBYIOIIEro nudepeHnnasbHOTO ceUeHns, YMHOKEeHHbIE Ha AKOOMaH, — B
XSEC(ISUB, 1) B obmem OJsoke PYINTS. 9To mOJIKHO BBIMOJHATHCA NJIA Ka-



KJIOr0 BKJIoueHHOro noanpoiecca ISUB nepen maunumammsanueii, ¢ cyMmmoi
Beex 3Havennit XSEC(ISUB, 1), kpome ISUB = 95, sagannoit 8 XSEC(0,1).
MSTP(122) : (D=1) coobienns 06 MHUIIATN3AMAN 1 HAXOKIEHUN MaKCHMyMOB g deper-
IUaJbHBIX cedennii (cM. Takxke MSTP(127)).

=0 : HeT HUKAKWX COOOIIeHMI .
=1 : KpaTKoe coobIIeHne.
=2 : IeTasibHOE COODIeHne, BKIOUIAoNee yKa3aHme BceX MaKCIMYMOB.

MSTP(123) : (D=2) peakuns Ha HoJy9eHHBIE PACXOIUMOCTH TIPW ToAcYeTe M hepertmalb-
HOTO CeYeHNA.

=0 : reHepanys MpeKpalaeTcs, i MedaTaeTcs CoobIIeHre.
=1 reHepanms MpoIoIKaeTCs, U ledaTaeTcs coobIeHne NI KasK 1ol ciemytomeit
GoJtee CHIIBHOIN pacXoaMMOCTH.
=2 Kak =1, HO TaKyKe U yBeJMYeHNe 3HaUeHNA MaKCUMyMa.
MSTP(124) : (D=1) (C) cucrema misd mpencraBieHns COOBITHA.
=1 Kak onpenesnderca B PYINIT.
=2 cucrema [IM mis Bxopstumx gacruim.
MSTP(125) : (D=1) (C) mokymeHTHpOBaHWe MapTOHHOTO MpOIEcca, MOAPOOHEE  CM.
pasmerh.3.2.
=0 : nedaTaercs TOJbKO OKOHUYaTesbHas KOHPUTYpallus CTPYH/dacTHll.
=1 JIOTIOJTHUTEIHHO TTedaTaeTcsi KOPOTKOe pe3foMe JKeCTKOIO IIPOoIecca.
=2 MOJTHOE ONMUCAaHMEe TPOMEKYTOUHBIX 1IaroB pa3sBUTHA TapTOHHOIO JIMBHIL.

MSTP(126) : (D=20) umcio cTpoK B Hadase 3aluch COOBITUH, KOTOPBIE PE3EPBUPYIOTCH s
nHGOpPMAIE 00 WCTOPUH COOBITUA; CM. pas3fes H.3.2. DTo 3HaUeHUWe HUKOTIA He
TTOJIZKHO YMEHBIIAThCsA, HO BIIOCIEICTBUN MOYKET OBITH YBEJIUTIEHO MPU BKIIOUEHUN
6oJIee CITOKHBIX TPOITECCOB.

MSTP(127) : (Dzl) medaThb 3aroJIOBKa (HOMep BEPCUY W TOCJIEIHIASA TaTa I/I3M6H6HI/IH) LI
BBIXOJIHOTO (haiisia.

=0 : He BBIIIOJIHEHO.
=1 3aroJIOBOK IedaTaeTcd HIpu nepsoM BbizoBe PYINIT, nys KoToporo asroMaTu-
YeCcKN yCTaHaBIMBaeTCA 3HaAYEHNE MSTP(127)=O).

MSTP(128) : (D=0) coxpaHeHune KOIWMN 3alICH O TPOAYKTAX pacaia pe3oHaHca B pasiesre 10
KYMeHTAIny B 3amncu coObITu:A, a nadopManni o MaTepuHckoii gactute (K(I,3)),
oTBedalollell JTaHHBIM TTPOLYKTaM paciaia (IpuBeIeHHON B OCHOBHOW 9acTy 3alici
cOOBITHA) — B KOTIMY pasjiea JOKYMEHTAIW.

=0 : nHpOpMaINA O MTPOAYKTaX 3alaiHa TaKKe U B pas/iesie TOKYMEHTAINN, 1 O Ka-
JKJIOM TIPOAYKTe, 3aJaHHOM B OCHOBHOM pasfelie, MMeeTCs COOTBETCTBYIONIaAd
3alich B pasjiesie TOKYMEHTAlNN (B3alMHOE COOTBETCTBHE).

=1: nHpOpPMAIA O MPONYKTAaX 3alaHa TaKKe U B pasese TOKYMEHTAIINN, HO B3a-
UMHOE COOTBETCTBUE YCTAaHABJIUBAECTCA TOJBKO MekKy WHMopMarmeil o mpo-
JYKTaxX W paclaBlleMcA pe3oHaHce, 3aJaHHOIl B OCHOBHOM pasiele.

=2 : TPOAYKTHI He 3aJaloTcd B pasfesle JNOKyYMeHTAlluW, B3anMHOE COOTBETCTBUE
ycTaHaBJIUBaeTcsAs MexIy mHbopMarueil 0 TpoIyKTax W paclaBIIEMCH PeE30-
HaHce, 3aJaHHOMl B OCHOBHOM pasniesie.

MSTP(129) : (Dzl()) A HaxXOXKJIeHWd MaKCUMyMoOB cedeHmit 2 — 3  mporeccoB
(ISET(ISUB)=5) Kaxmasd ToUKa (Hpa3oBOTO MPOCTPAHCTBA B KOOpAWHATAX T, Y W T’
IpoBepAeTcsa B
MSTP(129) mepexomoM B apyrue (caydaiiHbIM 0Opa30oM BBIOpaHHBIE) KOOPIMHATHI
A onpenenenns >PdeKTUBHOIO MaKcuMyMa B Koopanmuarax (7, y, 7).



MSTP(131)

MSTP(132)
MSTP(141)

=0
=1
MSTP(142)

MSTP(151)

MSTP(181)
MSTP(182)
MSTP(183)
MSTP(184)
MSTP(185)

PARP(1)
PARP(2)

PARP(11),

(D:()) [VIaBHBIM KJIIOY /I HAJJOKEHHBIX COOBITHI, TO €cTh /I HeCKOJIbKHUX He-
3aBUCHAMBIX IPOH-aAPOHHBIX B3aMMOIeHCTBUI, creHepUPOBAaHHBIX B OJHOM U TOM
JKe TepecedeHun MyYKOB, ¢ COOBITHAMME, CACAYIONNX APYT 3a JIPYTOM B 3alllCH CO-
OBITHA.

BBIKJIIOUEH, TO €CTh OTHOBPEMEHHO TeHEePpUPYETCs TOJIHKO OIHO COOBITHE.
BKJIIOUEH, TO €CTh HMPUCYTCTBYET HECKOJIBKO COOBITHI B OaHOM 3ammcnm coOBI-
s, Wadopmaius oTHOCHTEIHHO CTEeHEPUPOBAHHBIX IIPOIIECCOB MOXKET OBITH
n3BJedena w3 MSTI(41) - MSTI(50).
- MSTP(134) : emle KJIIOUYM OJIs COOBITUH MHOTOKpPATHBIX B3aWMMOIEHCTBHM, CM.
pasmer 11.4.

(D:()) BBI30B PYKCUT B 1emouKe reHepaliii COOBITHN /1A BKIIOUCHIS 3 aHHbIX

noJIb30BaTeJIeM OTpaHuYeHnld.
He BBI3BIBAETCA.
BBI3BIBAETCA.

(D:()) BBI30B PYEVWT B memouke TeHepalnn COOBITUH 1A TMOJIYIeHIA COOBITH

¢ BecoM JImOO [Jis W3MEHEHWs CTaHIapTHBIX cedennii. DompodbHee cM. OINUCAHEE

PYEVWT B pasmeste 9.1.

He BBI3bIBAeTCA.
BBI3BIBAETCS; paclIpeeSleHns cOOBITUll o MomImpoIieccaM  KHHEMATHIeCKIM
mepeMeHHBIM YMHOKatoTCA Ha Koadduriment WIXS, 3amanHbiil MoIb30BaTEIEM
npu BbI3oBe PYEVWT, HO cOOBITHA YUMTBIBAIOTCSA € KOMIICHCHPYIOIIIM BECOM
PARI(10)=
1./WTXS, Tak 9TO pe3yIbTUPYIONINE 3HATEHUs cedeHnt He M3MEHATOTCA.
BBI3BIBAETCS; cedeHne yMHOKaeTcsa Ha ko3 duiment WIXS, 3aTanublil TOIb-
30BareseM Ipu BbrzoBe PYEVWT.

(D=0) BBOIUT cMelleHMEe TTOTOKEHT A TEPBOHATATHHON BEPIIUHBI COOBITHIA.

HET CMEIIEHN, TO eCTh MEPBUIHA BEPIINHA KaK/IOTO COOBITHSA PACIoIOKEHa
B HavaJie KOOPJINHAT.

€CTh CMellleHne, ¢ TayCCOBBIMHU paclpeleSIeHusAME OTAeJbHO TI0 T, Y, 2 W I.
CooTBeTcTBYIOIIME MUPUHBI TAYCCHAHOB [TOJIKHBI OBITH 3aganbl B PARP (151 -
PARP(154). DaJjo)KeHHbIe COOBITHA TaKzKe IMOJIYYIaloT OTAeIbHbIe MepBUUIHbIe
BepiiuHbl. [l Gosee csToKHBIX HopM Tpoduiid MydKa (HampuMmep, pacipo-
CTPAHAOUIETOCHA B HANPABJIEHUN Z B 3aBUCHMOCTH OT t) He IPerycMOTPEHO HI-
Kakoro obecrrevenns. QOparnte BHUMaHUE, YTO OOJIBINON MOMepedHbIil pasMep
mydYKa B KOMOMHAIUM ¢ HEKOTOphiMEU omimsamu MSTJ(22) MoKeT IpUBECTH K
TOMY, 9TO OOJIBITOMY KOJIMIECTBY TaCTUIL BOOOIE He Oy/IeT paspellen pacial.

(R) HOMep Bepcnmm PYTHIA.

(R) HOMep monBepcn PYTHIA.

(R) rox mocnemnero nsmenenus PYTHIA.

(R) mecamn nocnenmero msmenenns PYTHIA.

(R) nenp nocnenmero nsmenenuns PYTHIA.

(D=0.25 I'>B) nomunanbroe 3nadenmne Aqep, UCTOIb3yEMOe T BBITUCIEHNA (v5 B
KecTKOM paccesann (M. MSTP(3) ).

(D=10. I'>B) Mmunnmanbhas sHeprus Bzanmonelictsus B cucreMe [IM cobbitns Kak
[IeJIOTO, KOTOPYIO TIpOrpaMMa JOMyCKaeT MPU MOIETNPOBAHU.

PARP(12) : (D=0., -0.67) xoadduumenTs yunThBaONeH U3IyUeHNe TyTKa 3¢-
dexTuBHON 3JeKTpOHHON cTpyKTypHOU dyHKIMm, cm. MSTP(11)=2. Ytobsr ra-
PAaHTUPOBATH COOTBETCTBYIOILYIO HOPMUPOBKY, HEOOXOMMMO, 9TOOBI 00a 3HAUEHWA



PARP(13)

PARP(14)

PARP(21)

PARP(11) m PARP(12) Ob1m Gousibitie -1; mpakTnvecKku, 3HadeHnA MeHble (rpy6o)
-0.95 me pexkomenmytoTcA.

(D=25. TI'»B?) snauenme Q2 ., KOTOpoe ycTaHABJIMBAETCH IIOJH30BATENEM [IJI
OTIpeesTeHn s MaKCUMAJIbHOTO 3HAYEHNA UMITYJIbCa, Pa3peIieHHOTO /11 (POTOPOZK Ie-
HISA IpH Wcmoab3oBamun omiun MSTP(13)=2.

(D=0.01) mpm uwmcIeHHOM WHTErPUPOBAHUN CTPYKTYPHBIX GyHKUU KBapKa u

[JTFOOHA BHYTPH 3JIEKTPOHA, BBIUUCIIEHUE IMTOCJIETOBATETHHBIM IeJIEHIEM MOMOIaM
[IPEPHIBAETCS, €CJU JIBe BeNUINHBl B cooTHouleHnn |new-old|/(new-+old) Gosbire
PARP(14). CyulecTBYIOT amnmapaTHble OTpAaHUYEHNs Ha HUKHUNW W BEpXHUN mpe-
TTeJTBI, COOTBETCTBEHHO, IJIs 2 U 8 JleJIeHmuii.
- PARP(26) : (D=6 *0.) ceyenns m mapamMeTpbl HaKJIOHA, KOTOPBIE TOIb30BATETH
yCTaHaBJIUBACT CAMOCTOATEThHO, Korma MSTP (30)=0u MSTP(31)=0. Ecym ncmonp3y-
IOTCS 3THU OIIINH, TO, 1o Kpaiiueit Mmepe miiss PARP(21) u PARP(25), HyKHO 3a7aBaTh
HeHYJIeBble 3HAUEHN s, WHade BO3MOKEH aBapuUUHBIN oTKa3 mporpaMMbl. Bee sHave-
HUs OepyTCs B 3aBUCUMOCTH OT sHeprun B cucteme [[M mis Tekytmero BuImoTHEHNA,
TO €CTh 3HEpreTHIecKas 3aBUCIMOCTD TTapaMeTPOB He HY KIaeTCs B olpeneTeHnn (B
oTmYe 0T 6a30BBIX MapaMeTpu3alnii, 33 aHHBIX B MIPOTPAMME ).

PARP(21) : mosHOE cedeHmE Oy B MO.

PARP(22) : ympyroe cedemnne oo B MO.

PARP(23) : ceuemnnme ogmHouHol mudpakinm o,y B MO.

PARP(24) : ceuennme ABofitoii mudpakinm oy B MO.

PARP(25) : smepHbiii napamerp Haksgona B B ['9B™!; cm. ypasmenne (7.49).

PARP(26) : mapamerp xpususabl C' B ['9B™%; cm. ypasrenne (7.49).

PARP(31)

PARP(32)

PARP(33)

PARP(35)

PARP(36)

PARP(37)

PARP(38)

PARP(39)

PARP(41)

(D=1.5) obmwuii mHOKWUTETH K B MU GepeHITnaTbHOM CETeHIN KECTKOTO TapTOH-
mapToOHHOTO Trpotiecca Mg MSTP(33)=1 win 2, 3a UCKITIOUYEHUEM TrarpaMM ¢ aHHU-
raTAnreil mBeTa B IMOCHeTHeM cIydae.

(D=2.0) cmeumanpubrii MEOKUTETs K B MU PepernasbHOM CeTeHIn KeCTKOTO
mpoliecca ¢ aHHUTIIATIIEN TBeTa, BKJIOYasd pOKIEeHNe pe3oHaHca, ada MSTP (33)=2.

(D=0.075) ma ator Ko dbUNMEHT yMHOKaeTcs OOBIYHBIH MacmTad Q* B oy Tpn
KecTKOM B3ammojelictsun miia MSTP (33)=3. Dd derTuBnbiit MHOKUTEH K, TTOITY-
YeHHBIH TakuM 0Opa3oM, HaXOMUTCsA B coryiacku ¢ pesysabraramu [E1186).

(D=0.20) ycranaBiamBaeT 3HaUEHWE (v5, KOTOPOE UCIONB3YETCHA B BHIPAKEHUH T
MTOPOTOBOTO MHOXKUTEJIA B MPOTIECCe POKIEHNA TAKeJIOro apoMara, MSTP (35)=1.

(D=0. I'sB) ummpuna ['q TaxKen0r0 apomara, anasmsupyemoro B mporeccax [SUB
= 81 niwm 82; wcmosb3yeTca B MOPOTOBOM MHOKHUTeSE, Korma MSTP (35)=2.

(D=2.) nama MSTP(37)=1 peryaapusyer TOUKY, B KOTOpOii 3amaercs (BpUKCHPO-
BaHHas WHBapUWaHTHasd Macca KBapKa, PpUTypupyollad B KOHCTAHTE CBA3U XWUTTCA;
Macca KBapKa € YIeTOM TIOMPaBOK CUYUTaeTcs coBHamafolneil ¢ bukcmpoBanuoil B
5TON TOUKE, TO €CTh M yynning(PARP (37) Xmyp) = M.

(D=0.70 I'>B?) kBanpar BosHOBOH (dyHKIME B HadasbHOM cocTosuum, |R(0)[?

b
s BosHoBol dyukiuu J /. Ucnombsyercs nms nporecca 86, cm. [Glo8S].

(D=0.006 I'>B*) kBanpar npousBogHO BONHOBOI (YHKINE B HAYAJILHOM COCTO-
aaun, |R'(0)]*/m?, nas Bosrosoit dpyrkumm .. Vcenombsyercs st mpomeccos 87,
88 u 89, cm. [Glo88].

(D=0.020 I'sB) wmcnonbsyeTcs mpw reHepamnmu Macchl Pe30HAHCA; TOJBKO PE30-
HAHCBHI ¢ TMOJTHON mupuHoit 6ostee PARP(41) renepupyiorcs 1o OpefiT—BUTHEPOBCKOMH
dbopmyite (ecnm 310 paspentero B MSTP(42)), Torma Kak GoJiee y3Khe Pe30HAHCHI
MOMEIIAIOTCA Ha MACCOBYIO TTOBEPXHOCTD.



PARP(42) : (D=2. I'>B) MmurumasbHas Macca pesoHaHca, paspelleHHas TPU BBITUCITEHIN MO
woit mupunsl pacnaga HY B Z°Z° unu WYW~™ nnsa cayuaes, xorma H® macronbko
JerKui, uTo 1o Kpafineli Mepe omun Z/W BbIHYKIEH HAXOMUTHCA Ha MacCOBOM 11o-
BepxHOCTH. Mcmonmp3yercs Takke B 0OIIEM ciIydae [IJis MPOBEPKU 3HAUEHUN MUHU-
MaJIbHOTO 3HaUeHusA Macchl pesonanca. OOparwre BHUMaHWE, 9TO HEKOTOPHIE 3Ha-
geHna CKIN Tak:ke MOTYT HaKJaJIbIBaTh JIOMOJHUTEbHbIE OIPAHUYEHWS.

PARP(43) : (D=0.10) mapamerp TOYHOCTH, WCTIOIB3YEMBIH TIPH YHCIEHHOM WHTEIPUPOBAHWT
UIMPUHBI KaHaJla pachiafa ¢ OJHuM (1o KpaiiHell Mepe) MPOLYKTOM, HaXOMAUINMCH
Ha MacCOBOI TTOBEPXHOCTH.

PARP(44) : (D=1000.) mapamerp v B Momenn cuiabho Bzanmomelicrsyrommnx Z/W (Dobado,
Herrero u Terron [Dob9l1]).

PARP(45) : (D=2054. IsB) sddexrupHbiii MaccoBbIii mapaMeTp TEXHU-p B CHJIBHO B3alMO-
nefictyiomedi momeau Dobado, Herrero u Terron [Dob91]; em. MSTP(46)=5. Do
usmIecKuM TpUIMHAM He T0JI7KeH Bhiomparbesas meHbiuM | T»B u Gosbiimm 3ma-
YeHUA M0 YMOJYaHUO.

PARP(46) : (D=123. I'>B) xomcranra pacnama I, Kotopaa sxomuT Kak 1/F,* Bo Bce maprm-
asbHbIe MUPUHBI pactiaga Texuu-n [Eic84, App92].

PARP(51) : (D=1.) ecam crpyKTypHble YHKINN NI JETKAX apOMATOB TOJKHBI OBITH IKC-
TPATOJNPOBAHBI IO 3HAYEHNH T, MEHBININX, YeM B 00JIaCTH, TOKPBITON TapaMeTpu3a-
UAME, TO [JIA HUX IpUHUMaeTCs nopegenne suga 7, ¢ b = PARP(51). Pra onuns
Tpebyer mysa cebsi TOJBKO HAOOPOB cTPyKTYpHBIX (yHKIuit mporona FHLQ u GRV,
KOTOpbIe ABJIAOTCA BHYTpeHHUMU 11 PYTHIA.

PARP(61) - PARP(65) : (C) mapamerpbl M3JIydeHHA B HAYAJIBHOM COCTOAHWE, CM. DpasIest
10.4.

PARP(71) : (C) mapamerp W3JIydeHWs B KOHETHOM COCTOAHUMU, cM. pasmen 10.4.

PARP(81) - PARP(88) : mapameTphl /jisd MHOTOKPATHBIX B3anmMopelicTBuit, cm. pasmern 11.4.

PARP(91) - PARP(100) : mapaMeTphl mjig oOpabOTKU MyIKOBBIX OCTATKOB, cM. pasmest 11.4.

PARP(102) : (D=0.28 I'sB) maccosbiii cmekTp mndpakInoHHBIX COCTOAHUN (B OTMHOTHOM
U IBOMHOM InmdpPakIMOHAOM PACCEeAHNN) HadIMHAETCHA ¢ MUHUMAJIHHOTO 3HAUEHUA
PARP(102) misi Macchl 9acTHUIbI, BO30YKIEHHON Tpu coymapenun. B srtom cirydae
BXOJANINUI ¥ cunTaeTcs uMmeionmmM Maccy p°.

PARP(103) : (D=1.0 I'sB) ecim macca mudpakimontoro cocrosans Merbine PARP(103) (mpu
5TOM OHa BbIIle MAacChl YaCTUIBI, BO3OYKIEHHON TP COyIapeHu), COCTOSHIAE BhI-
HYZKJIEHO pachajaTbcsd M30TPOIMHO MO KaHAJy ¢ IBYMA YacTUIAMU B KOHEYHOM CO-
croguuu. B »ToMm ciayuae pxonsmuil v cunraerca umerommum macey pP. Ecaun sna-
YeHWe MacChl BBIIIE 3TOTO TOPOTaA, UCMOIb3yeTca CTaHIaPTHBINT MeXaHW3M CTPYHHOI
dparmenTarnuu. BoiHyKIeHHBIH TBYXTacTUIHBIH paciall BBITTOTHAETCA TaKkKe JId
MSTP(111)=0.

PARP(111) : (D=2. I'sB) ucnoassyercsa mamis onpenesenns MUHIMAIBHOTO 3SHAUEHNA WHBAPN-
aHTHOM MaCcChl OCTATOTHON aTIPOHHOMN CHCTEMBI (TO €CTh KOT/a B3anMOIeHCTBYOIINe
MapTOHBI YAAJUIINCE), 3aBUCAIUIEH OT MacC MEPBUYHBIX aJpPOHOB M OTAEJUBIINXCH
MapTOHOB.

PARP(121) : (D=I1.) Ha »T0T KO>dOUIMEHT YMHOKAIOTCA MaKCUMYMBI, HalieHHbIE ¢ TOMO-
HIHIO TIPOIELYPHI TIEPBOHATATIBHOTO TONCKa MaKcuMyMoB, pu MSTP (121)=1; obbru-
HO
PARP(121) 3amaeTcd KaK TPOAYKT BCEX TOJYUEHHBIX MHOKUTeNEH, comepIKalimx
pacxomuMocTn (KaK OTHOIIEHIe KOHETHOTO MAaKCHMAaJIbHOTO 3HAUeHNs K Hada bHO-
MY MaKCHMAJIbHOMY 3HAUEHWIO) [IJIf JTAHHOTO MPOTECCa.



PARP(122) : (D=0.4) moss mosHO# BepoATHOCTH, TpUXOAAlladca Ha Kod]pduinents COEF,
NOCTYTIHBIE s JaHHOW TepeMeHHOM, (ocTaBIagcs dacTh pacrupereeHa COTTacHO
pesyabTaraM onTuMu3annun PYMAXT).

PARP(131) : mapameTp Hjif HaJOXKEHHBIX coOBITHUi, cM. pasmesn 11.4.

PARP(151) - PARP(154) : (D= 4%0.) (C) peryaupytoT NpWHATHI TeoMeTpudecKuii pasmep
nydka. Jlgsa MSTP(151)=1 KoopawHATHI T, Y, 2z U t MePBUIHON BEPITUHBI KazKIOTO
COOBITHS pacIpeneseHbl TT0 JeThipeM He3aBUCUMBIM Tayccmanam. [llwpwabr s1mx
rayCcCmaHOB JTAOTCA GeTBIPHMS COOTBETCTBYIONINME TTapaMeTpaMu, Te TTePBbie TPH
U3MEPAIOTCA B MM U YeTBEPThIH — B MM/c.

PARP(161) - PARP(163) : (D=2.20, 23.6, 18.4) BeqwumHbl KOHCTAHTHI pachaia (OTOHA
f&/Am B BekTOpHBIE Me30HBI p°, W U .

9.4 O6bmasa mHpoOpMaNUa O COOLITUM

Docite rereparuu cobbiTrsA pu BbI3oBe PYEVNT mH(pOpMAIUs OTHOCHTETBHO 3TOTO COOBITHS
coxpansgerca B MaccuBax MSTI m PARI obuiero Gsoka PYPARS (9acTo KOMUPYETCs TMPAMO €O
3HaveHn#t BHYTpeHHWX mepeMeHHbIXx MINT u VINT). [lanbrefiras wadopMalms coxpansierca B
MOJTHOM 3amucy coOBITUA; cM. pasmes H.2.

Yacts nHpOpMANT TPpUMEHNMa TOJBKO K HEKOTOPBIM TTOMIIPOIECCaM; TI0 YMOJIaAHUIO T4
BCEX TOIIPOIECCOB, K KOTOPBIM »Ta WH(POPMalWsa HEIPUMEHNMa, yCTAaHABJINBAETCA 3HATEHIE
0. Obparure BHUMaHUe, UTO, MO00HO orpanmderHusM CKIN, omumcaHHBIM B pasmesie 9.2, KuHe-
MaTHudecKne mepeMertble (KpoMe TeX cIydaeB, Tie ABHO He YCTAHOBJIEHO MHade) OTHOCATCA K
mpolieccaM KeCTKOTO PacCesHUs 10 BKJITOUeHNA 3(h()eKTOB B HaTabHOM U KOHETYHOM COCTOSA-
HUN.

COMMON/PYPARS/MSTP (200) ,PARP(200) ,MSTI(200) ,PARI(200)

ITasnavenue: maet nHPOPMAINIO OTHOCUTETHHO MOCTETHETO CTEHEPUPOBAHHOTO COOBITHA WJIH,
B HEDOJIBIITOM KOJIMIECTBE CIy9IaeB, HAKOIJIEHHONW B TeUeHUe BHIMOJTHEHNSA CTATUCTHU-
K.
MSTI(1) : ompenesser oot TUI TOMITpOIEcca, KOTOPBI nMeeT MecTo, corstacHo [SUB-komy,
mannoMy B pasmgese 8.1.
MSTI(2) : Bearmii pas, Korma samanusa MSTI(1) (coBmectro ¢ MSTI(15) m MSTI(16)) memo-
CTATOYHO JIJIs OTIPEIeSIEHN s TUIa TPoIlecca eINHCTBEHHBIM obpasom, MSTI (2) obec-
MEeYNBAET YHOPATOUIEHIE PA3INIHBIX BOSMOKHOCTEH. DTO 0COOEHHO aKTyaJIbHO 1A
ONMCAHWS PA3JIMIHBIX TOTOJOTHH IBETOBBIX MOTOKOB, TOIYCTUMBIX B 2 — 2 TpoIiec-
cax KXJI. C 7 = MSTI(15), 5 = MSTI(16) u k£ = MSTI(2), uMeroTcs CJeaylollne
BO3MOZKHOCTH, TI0 KJlaccuduKrannonHoli cxeme [Ben84] (em. maparpad 8.2.1):
ISUB =11, 1 = j, qidi = di;;
k =1 : uBernas Koudurypamns A.
k = 2 : uBernas Koudurypamnns 5.
ISUB =11, i # j, q;q; — d:q;;
k =1 : enuHcTBeHHAaA BO3ZMOKHOCTH.
ISUB = 12, q;q; = quai;
k =1 : enuHcTBeHHAaA BO3ZMOKHOCTH.
ISUB = 13, q;q; — gg;
k =1 : uBernas Koudurypamns A.
k = 2 : uBernas Koudurypamnns 5.



ISUB = 28, q;g — q.g;

k =1 : uBernas xKondurypamms A.
k =2 : uBernas xKondurypamnns B.

ISUB = 53, gg — q/q;

k =1 : uBernas xKondurypamms A.
k =2 : uBernas xKondurypamnns B.

ISUB = 68, g9 — gg;

k =1 : uBernas xKondurypamms A.
k =2 : uBernas xKondurypamnns B.
k =3 : uBernas xoudurypamusa C.

ISUB = 83, fq — f'Q (t-kanamabubiii oomen W; 3mech k onpenesser He pasinaHble [BeT-

MSTI(3)

MSTI(4)
MSTI(5)
MSTI(6)
MSTI(7),
MSTI(10)
MSTI(11)
MSTI(12)
MSTI(13)
MSTI(15)

MSTI(17)

MSTI(21)

MSTI(25)

MSTI(31)

MSTI(41)

MSTI(42)

Hble KOH(MDUTYPAIN, a Pe3yIbTaT 0TOopa, IPON3BEIEHHOTO TOIb30BaTETEM );
k=1 : taxensiii apomar () poxkIaercs co cTOPOHBI | (dacTuIpl TydKa).
k=2 : taxensiii apomar () poKIAETCA CO CTOPOHBI 2 (TACTHUIHI MUIIEHN ).
9HUCIO TTAPTOHOB, POKACHHBIX B KECTKUX B3aWMMOAEHCTBUAX, TO €CTh YUCIIO N, WC-
MOJTh3YEMOE B 2 — N MAaTPUIHBIX 3JIeMEHTAX; WHOTIa paBHO 3 win 4, Korma ba3ucHbIi
2 = 1 mmm 2 — 2 mporiece ObUT YCIIOKHEH NByMsA | — 2 Ha9aJbHBIME TEPEXOTaMU
(momobHo qq’ — qq""H?).
IUCII0 JOKYMEHTAIMOHHBIX CTPOK B HadaJsie obiero ostoka LUJETS, KoTopble HafoTcs
npu K(I,1)=21; g MSTP(125)=0 »To umcyo pasmo 0.
TUCTO COOBITHI, CTEHEPUPOBAHHBIX B TEKYIIEM BBITTOJTHEHUH.
TEeKyIlasd CHCTeMa KOOpAMHaT coObIThA, cM. MSTP(124).
MSTI(8) : HOMEp CTPOKH HJIA JOKYMEHTAIINN BBIXOIMAIIX TapTOHOB / YJacTUIL B IIPO-
meccax KeCTKOTO paccednmusa 2 — 2 mwan 2 — 1 — 2 (ecam »1a wHOpMaIms He
HYy’KHa, ycTaHoBuTe 3Haderne 0).
1, ectmt MaKCUMyM cedeHUA MMETT YIBTPAPUOJIETOBYIO PACXOINMOCTD B TEKYIIEM
cobbrtum, u (), ecm HeT.
KF-kox apomara nyis gacTuisl mydka (cToposa 1).
KF-kom apomara njis 9acTIlbl MUIIEHN (CTOpOHA 2).

, MSTI(14) : KF-xompl apoMaToB [IJis MHUIIAATOPOB JIUBHEH B HaTaIbHOM COCTO-

HUU CO CTOPOH 1n 2, COOTBETCTBCHHO.

, MSTI(16) : KF-xompr apoMaToB A/ BXOIAINNX TAPTOHOB B KECTKOM B3anMoeii-

ctBum ¢ 1 m 2 cTopoH.

, MSTI(18) : diaru, cUrHAIU3UPYIOIINE, YTO YACTUIIA CO CTOPOHBI | min 2 pacces-

Jachk audpaxnuonto; 0, ecanm »To He Tak, 1, ecanm Tax.

- MSTI(24) : KF-xompr apoMaroB A1 BBHIXOIANINX MapTOHOB B JKECTKOM B3amWMO-
meticrBun. Ymeao pakTHIECKH MCIOAb3YEeMBIX MO 3aBUCAT OT IIPOIECCa, CM.
MSTI(3); Hencrob3yeMble KOHETHbIE TTO3UINHN YCcTaHaBmBaoTcsa Ha (.

, MSTI(26) : KF-xompr apomMaToB TPOMYKTOB paclala OJWHOYHOTO S-KaHAJIBHOTO

pe3oHaHca, POKIEHHOTO B KecTKOM B3amMometictsuu. Ucmonmbsyores TombKo mTpu
MSTI(3)=1, eci; paspelleH paciaj pe3oHaHca.

! UUCJI0 KECTKUX WJINW TTOJTYKECTKUX pacceAHuil, NMeBIINX MeCTO B TEKYyIIeM CO-
OBITHY B CIlEHAPUU MHOTOKPATHBIX B3amMOIeHCcTBUI; 3HadeHUe 3TOH ONINN HYKHO
ycTaHOBUTE Ha () 11 COOBITHH ¢ MAJIBIMU TTOMEPETHBIMU WMITYJTHCAMI.

: UUCJIO0 HAJOKEHHBIX COOBITHH, CreHEepUPOBAHHBIX MU TMOC/IeIHEM Bbi3oBe PYEVNT
(BKJTIOTasA caMoe TepBoe, ”KecTKoe” , COOBITHE ).

- MSTI(50) : ISUB-komer misa cobwituit 2 - 10, creHepupoBaHHBIX B CIIEHAPWH Ha-
soxkeHubIx coowrTuit.  ISUB-kom mepBoro cobwbitus 3amaerca B MSTI(1). Ecmm



MSTI(51)

MSTI(52)

PARI(1)

PARI(2)

PARI(9)
PARI(10)

PARI(11)
PARI(12)
PARI(13)
PARI(14)
PARI(15)
PARI(16)
PARI(17)

PARI(18)
PARI(19)
PARI(20)

PARI(21)

PARI(22)
PARI(23)

PARI(24)
PARI(25)

MSTI(41) Menblue 10, 3amosHAETCA CTOJIBKO TO3UINHN, CKOJIBKO MMeeTCH HAJOKeH-
wbix cobbituii. Ecam MSTI(41) 6ompine 10, Herkotopoe ancio ISUB-komos Hurne ne
OyIeT TPUCYTCTBOBATH.

: 0bbrano (0, HO paBHO 1, ecsim pu BBI3oBe PYUPEV Takoe coObITHme He MOYKET OBITH
CTeHEpPUPOBAHO U BO3BpallaeTcd. DompobHee cM. KOHeT pasmesia 9.5.

CUETYUK 71 HOMepa KOHMUTYpaIun TEKYIIEero cOObITHA, KOTopas OblTa BO3Bpa-
lIeHa W3-3a HeyIadn B TPUMEHEHI MeXaHn3Ma reneparuu coobrtuit. [Lmsa mpuaaThix
cobbITHi 5TO 3Hadenme Beerma (), HO CIETINK MOJKET MCIOJIb30BATHCA TaKiKe BHYTPH
PYUPEV 11 TpOBepKM Ha BO3HUKHOBEHUE aHOMAJIBHBIX COOBITHI. DompobHee cM.
KOHeT paznena 9.5.

¢ ITOJTHOE MHTETrPpaJIbHOE CE€HYEHUE [JIA MCCJIENYEMOIrO IITpouecca, B MO. STO 3Ha4dYeHUEe

IIOJIYHa€eTCA KaK pe3yJjibTaT KMHEMAaTUYECKOI'O OT60pEL IJId ZKECTKOr'o IIpolecCa n
ITO2TOMY BBIYHNCJIAECTCA C ﬂyqﬂleﬁ TOYHOCTbBIO OJIA 6OJII)HI€FO KOJIMYIECTBa CreHepupo-
BaHHBIX COOBITHIL. BHEL“IGHI/IG7 3a1aHHOE 31€Ch, YIUThIBACT BCE COOBITHA ¢ TOYHOCTHIO
0 ONHOT'O, CI'€HEPUPOBAHHOI'O IMOCJIEIHUM.

: ormomutenne PARI(1)/MSTI(5), To ecTh OTHOIIECHHE MOJIHOTO HHTEIPAJIBHOTO Ccetde-

HUS W 9UCJIa CTeHEPUPOBAHHBIX COOBITHH. ['mcTOrpaMMBbl, TOSyUeHHBIE M1 COOBI-
T ¢ €IUHUIHBIM BECOM, JOJIKHBI YMHOXKATHCA Ha 3TOT KOd(PDUIUEHT B KOHIE
BBITIOJTHEHWA 715 peodpas3oBaHus pe3yabTaroB B MO. s MSTP(142)=1 MSTI(5)
3aMeHseTcsa cyMMoli, ymMHOKenHoi ma 3Hadenne PARI (10). 'merorpamMmbr Torma 3a-
MOTHATOTCA cOOBITHAMI ¢ BecoM PARI(10) mid KaykIO0TO W YMHOXKAIOTCA B KOHIE
Ha PARI(2).

: Bec WTXS, usBirekaembrit mpu Bbi3oBe PYEVWT myrsa MSTP (142) > 1, unaue 1.

: Kommencupyrommnit Bec (1.)/WTXS, oTHocaumiics K cobbrtnam npu MSTP (142) =1,
nradve 1.

Eep, 1O ecTb mosiHas sHeprus B cucteme [[M

S, TO ecTh KBaJpar »Heprun B cucteme [[M

m = /§, TO ecTh Macca CHCTEMBI, YIACTBYIOMIEH B KECTKOM DPacCeAHNH.

KecTKOro moamnpotiecca (2 — 2 wam 2 — 1).
KeCTKOro moamnpotiecca (2 — 2 mmm 2 — 1 — 2).

> > 0

Ul KecTKOTO Tofmpotiecca (2 — 2 nian 2 — 1 — 2).

: pL KecTKoro mommpotiecca (2 — 2 miaw 2 — 1 — 2), BBIUNCIEHHBIH B cucTeMe
MOKOA JIJIA KECTKOIO B3auMOJIelcTBUA.
: p% kecrkoro nmommpomnecca; cm. PARI(17).

m’, Macca cJIOKHOTO TPeX- WM 9eThIPEXIaCTHIHOTO KOHETHOTO COCTOAHUA B 2 — 3
w2 — 4 mporeccax (Torma Kak m, nanrad B PARI (13), 31ech cOOTBETCTBYeT Macce
OJTHO- WJIH ABYXIacTHIHOTO cocToanus). Uz xumemarukn m < m' < FE.,.

5" = ' cm. PARI(19).

: () KecTKOro TMOIPOTIecca.
MSTP(32).

: () KecTKoTo TIofmpoliecca; cM. PARI(21).

: () cmenmmduueckoro moamporecca kecTkoro paccesaus. Cosmamaer ¢ PARI(21)
s 2 — 1 wnm 2 — 2 nponeccos. st 2 — 3 wau 2 — 4 npoueccos causuus W /7
ompenesigeTcsa 3HadeHneM Macchl W / 7., a ns noanpotieccoB 121 u 122 — 3sHaveHnem

Touroe olpenejeHne 3aBUCUT OT IIpolecCa, CM.

Macchl TAKEJI0oro KBapKa.
: (Q? cenmdudecKoro moIpoIecca JKecTKoro paccesnns; cM. PARI(23).

: 3HaueHUme (), ompemesiAfollee MaKCUMaJIbHYIO BUPTYAJIbHOCTh B MTAPTOHHBIX JIUB-
HAX. DaBHgercsad PARI(23), KpoMme ciydas MpOIECCOB TUIYOOKOHEYIIPYTOTO pacces-



HuA moas MSTP(22) > 1.

PARI(26) : snadenue (Q? B HapTOHHBIX JUBHAX; cM. PARI(25).

PARI(31), PARI(32) : mons UMIIYJIbCa T WHHUIUATOPOB MTapTOHHOTO JIMBHA HAaYaJIbHOTO CO-
CTOAHUA €O CTOPOHBI | W 2, COOTBETCTBEHHO.

PARI(33), PARI(34) : mosisg mMIyJibca T, YHOCHMAasd TapTOHAME TIPU KECTKOM B3amMOomedi-
CTBUU, KaK, HAIPUMep, MPUHUMAETCA B CTPYKTYPHBIX (DYHKIHAX.

PARI(35) : definmanoBcKas mepemMennas &, p = ¥1 — £9 = PARI(33) — PARI(34).

PARI(36) : 7 = §/S = 21 19 =PARI(33) x PARI(34).

PARI(37) : y = (1/2)In(xy/x2), T0 ecTh OBICTPOTA MOACUCTEMBI, YyYacTBYTOIIEH B KECTKOM
paccegrmnm, B cucteme [IM cobbiTust xKak mesoro.

PARI(38) : 7' = A’/S = PARI(20)/PARI(12).

PARI(39), PARI(40) : mepBoHaua/bHOE 3HaUeHWE k) IJIA IBYX IIYIKOBBIX OCTATKOB.

PARI(41) : cos é, rie g yroust pacceanus B 2 — 2 (win 2 — 1 — 2) mporeccax, onpeaesenHbrif
B CUCTEMeE TOKOA TOACUCTEMBI, YUACTBYIOIIEH B KECTKOM paccesHUN.

PARI(42) : x,, TO €CTb J0OJIA TOMEPETHOTO UMITYIbCA [IJIA TOIIPOIecca KeCTKOTO pacCceAaHNn ,
T = Qﬁj_ /Ecm .

PARI(43), PARI(44) : w3 W ¥4, TO €CTh JOJN TPOHOJHHBIX KOMIIOHEHT HMIIYJIbCOB IBYX
paccesAHHBIX TapTOHOB B Amanasone —1 < xy < 1, B cucteme IIM cobbitusa Kak
eJIOTO.

PARI(45), PARI(46) : x3u x4, TO €CTh JIOJTM HEPTUN ABYX PACCESHHBIX TAPTOHOB, B CHCTEME
[IM cobbitus Kax mesioro.

PARI(47), PARI(48) : y3 u yj, TO €CTb OBICTPOTHI IBYX pacceAHHBIX TapTOHOB B cucreme [ITM
COOBITHS KaK IeJIOTO.

PARI(49), PARI(50) : n3 u 1), TO €CTb TICEBIOOBICTPOTHI IBYX PacCeAHHBIX MApTOHOB B CH-
creme [IM cobbiTus Kak 1mesoro.

PARI(51), PARI(52) : cosf; u cosf;, To ecTb KOCHHYCHI HOJIAPHBIX YIVIOB IBYX PacCeAHHBIX
mapToHoB B cucrteMme [IM cobbiTusa Kak tesioro.

PARI(53), PARI(54) : 03 u 0}, To ecTb MOJAPHBIE YIUIBI IBYX PACCEAHHBIX MapTOHOB, OIIpe-
nenernbie B quamnasone 0 < 6* < 1 B cucreme [IM cobbiTsA Kak 1eJ10r0.
PARI(55), PARI(56) : asuMyTaJbHbIE YIVIbI ¢ U @) IBYX PACCEAHHBIX MAPTOHOB, OIpPEIe/IeH-

Hble B nuamnasone —7m < ¢* < m B cucreme [IM cobbitus xak mestoro.

PARI(61) : ko3ddunmenT yBeJUIeHNs IMCIa MHOTOKPATHBIX B3aUMOIefCTBIY B TEKYIIIEM CO-
OBITIM. DOJIBIIIOE 3HATEHNE COOTBETCTBYET IMEHTPAJBHOMY CTOJKHOBEHUIO, MaJIEHb-
Koe — mepudepuIecKoMy.

PARI(65) : cyMMa MOMEpPETHBIX MMITYJIbCOB TTAPTOHOB, CTEHEPUPOBAHHBIX B CAMOM JKECTKOM
B3aMMOJIENiCTBUN B COOBITHM, MCKJIOYad M3JIyIeHNE B HAYaJIbHOM W KOHETHOM CO-
CTOAHUHU, TO ecTh 2X PARI(17).

PARI(66) : cymMMa MOMEpPETHBIX UMITYJIBCOB BCEX TTAPTOHOB, CTEHEPUPOBAHHBIX B CAMOM KECT-
KOM B3aWMONIEWCTBUEM B COOBITUM, BKJIOUasd W3JIyIeHNe B HATAJIbHOM W KOHETHOM
COCTOSTHUMU, TIPOMYKTHI paclalia Pe30HAHCOB U 3HAUEHUA MePBOHATAIBHBIX K .

PARI(67) : cymMMa IMOMEpPETHbIX UMITYJIbCOB TAPTOHOB, CTEHEPUPOBAHHBIX B KECTKUX B3AMMO-
OeficTBUAX, WCKIIoYad caMoe KeCcTKoe (CM. PARI(GS)) W WCKJIIoYad M3JIyUYeHre B
HaJalbHOM W KOHETHOM COCTOSHUW. € paBHA HYJO TOJBKO B CIEHAPUN MHOTO-
KpaTHbIX B3auMoncicTBuil.

PARI(68) : cymMMa MOTEPETHBIX UMITYJIbCOB BCEX MAPTOHOB, CTEHEPUPOBAHHBIX B JKECTKUX B3a-
MMOEeHCTBIAX, MCKITI0Tasi camoe KecTkoe (¢cM. PARI(66) ), Ho BKIIfOTas W3y deHne
B HA9aJbHOM U KOHETHOM COCTOAHWW. e paBHa HYJIO TOJIHKO B CHEHAPUU MHOTO-
KpaTHbIX B3auMoncicTBuil.



PARI(69) : cyMMa IOTEPEeTHBIX UMITYIHCOB BCEX TTAPTOHOB, CTEHEPUPOBAHHBIX B JKECTKUX B3a-
mvopeiicteuax (PARI(66) + PARI(68)), n Bcex MapTOHOB M3 MYIKOBBIX OCTATKOB.

PARI(71), PARI(72) : cymma mojeft mMmmyabca &, TPUXOAANINXCA Ha WHUINATOPOB MAapTOH-
HOTO JINBHA B HAYAJBHOM COCTOSHUU €O CTOPOH | W 2, MCKJIIOYasg CaMOe KeCTKOe
B3amMoJielicTBre. e paBHA HYJIO TOJIBKO B CIEHAPUU MHOTOKPATHBIX B3amMoeii-
CTBHIA.

PARI(73), PARI(74) : cymMma moJieli UMITyJIbca &, TPUXOAANINXCH Ha TAPTOHBI, YIaCTBYOIIE
B JKECTKOM B3aMMOJIEWCTBUM, CO CTOPOH | W 2, MCKJIIOYasi CaMOe KECTKOe B3aulMO-
nmeficTBWe. e paBHA HYJIO TOJBKO B CIeHAPUN MHOTOKPATHBIX B3amMOIeHcTBUI.

PARI(75), PARI(76) : 3HaueHue x mjis (POTOHA, KOTOPBIH MepeXOaUT B KBAPKN WU TJIIOOHBI,
T0 ecTh ¢ myisa B3anMomeicTsusa KX/I- m K9/I-kackamoB B Ha9a/IbHOM COCTOSHUM.

PARI(77), PARI(78) : 3madeHme Y [Jid MYYKOBBIX OCTATKOB, PACIICIIAIOMINXCA B IBa 00D-
eKTa, JIJIA OTNMCAHWS Paclpee/enns sHeprun Mexay HuMu (eM. MSTP(92) u T.1..);
pasuo 0, ecin HeT HEOOXOAMMOCTH B pa3OuMEeHUN.

PARI(81) : 3Hauenmue TOPOTOBOTO MHOKHUTEJIA (yCI/IJIeHI/IfI I HOILELBJIGHI/IH) B IOCJIETHEM CO-
OBITHY POKIEHWSA TAKEJIOTo apomarta; cM. MSTP(35).

PARI(91) : cpenmsas MHOMKECTBEHHOCTD T HAJIOKEHHBIX coObITHil, cm. MSTP(133). Ucmonn3y-
eTcda ToJbKO mid MSTP(133)=1 ninm 2.

PARI(92) : daxTmueckas CpelHAsA MHOKECTBEHHOCTH (n) MpU TeHEpAIn HAJOKEHHBIX CO-
OBITHIT; TTOJTydaeTcs TPU OTOpAChIBAHUU COOBITHH ¢ HYJIEBON MHOKECTBEHHOCTHIO U
OTCEeYEeHNN XBOCTA, OTBEYAIOIIETO DOJTBIINM 3HAYeHNAM MHOKecTBeHHOCTH. Vcmoss-
3yercs TobKo aisg MSTP(133)=1 mam 2.

PARI(93) : mus MSTP(133)=1 BeposATHOCTH TOTO, UTO MPHU TEpeceIeHN My IKOB BOODIIE Oy-
IIyT TEHEPUPOBATHCA HAJIOXKEHHBIE COOBITUA, TO €cTh OyHeT mo KpaifHeit Mepe omHO
aJIpOH-aIpOHHOEe B3ammoselicTsue; s MSTP(133)=2 BepoATHOCTH TOTO, UTO TIPH
MepeceveHn MyIKoB Oy/IyT TeHepUpPOBaThCs HAJIOKEHHBIE COOBITHE ¢ OTHUM aIPOH-
aJIPOHHBIM B3aMMOMIEHCTBUEM JKEJTAaeMOTO PEIKOTO TUIIA.

9.5 Kak BKJIIOuUNTh BHelllHUe 1mpolrieccbl B PYTHIA

Decmorpsa Ha Gosbinoit HaAbOp MporeccoB, MPUCYTCTBYOMNX B PYTHIA, fCHO, UTO 9HUCJIO OT-
CYTCTBYIOIINX [aske OOJIbIe, W CO BpEMEHEM 3Ta CUTYallus, BepoATHO, yxymmurca. meercsa
HECKOJIBKO TIPUYNH, MO0 KOTOPBIM HepeasbHO TpeboBaTh or PYTHIA 7yHUBEpCATIbHOCTH . DTO
1 KOJIMIeCTBO BpeMeHM, TpebyeMoe 151 BBITOJTHEHNA TTPOIEcca BCETO-HABCETO OTHUM aBTOPOM
PYTHIA. D10 BpeMs cpaBHUMO €O CKOPOCTHIO MOCTYILIEHNA HOBBIX PE3YJIbTATOB MO CEUEHIAM,
MOJIYI€HHBIX BBITUC/IEHIEM MaTPUUIHBIX 3JIEMEHTOB pasHBIMU HAaydHbIME rpymnmamu. J[pyras
MpUYINHA — B HACTOAIIee BPEM: JIITMHA TTOJTYTaeMbIX BbIpAaKeHUH 1A MaTPUIHBIX 3JI€EMEHTOB
CITUIIIKOM BeJIUKa, M IMPOTpaMMa TOJYIUTCs odeHb 60binoit. T'perbsa npuanta 3ak/fogaeTcs B
TOM, 9TO (pa3oBoe MPOCTPAHCTBO It 2 — 1 m 2 — 2 TPOIeccoB MOKET YCTaHaBJIMBATHCA pa3
1 HaBcera JIJIs BCEX MPOIECcCOB OJIarofaps ITOCTATOYHO TMOKOMY MeXaHW3MYy, TOTJa KakK Mpo-
Mecchl ¢ OOJTBIINM KOJIMIECTBOM YaCTUIl B KOHETHOM COCTOSHUN MeHee MPOCTHI 15 TeHEPAIIN.
Yrobsr moctuasb mpueMieMoit 3(hPeKTUBHOCTH, HEOOXOINMO TTPUCITOCOONTH TIPOIELYPY BhIOOpa
¢azoBOTO TPOCTpPaHCTBA K AWHAMUKE TAHHOTO MPOIecca W K JKeJaeMbIM 3KCIIePUMEHTATHHBIM
OrpaHUICHU SIM.

Ecnn xemaembrit moamportecec oTcyTCTBYeT, OH MOXKeET BKJIoUarhca B PYTHIA Kak ~BHeI-
uuit”. B sTom pasmese Mbl onmiiieM, KaK MOKHO OITPENIENTh TAPTOHHBIE COCTOAHNA HEKOTOPOTO
KOJTTIECTBA MTPOIIECCOB KECTKOTO PacCedHUA B MMOIb30BaTEbCKOM 001eM 6sioke. PYTHIA 6ymer
YUTATh 3TOT 00NN OJTOK U MT00ABIATEH JIUBHU B HAUAJbHOM U KOHETHOM COCTOAHUU, TYTKOBHIE



OCTATKWM U MCXOIHBIE COOBITHU, (DPPATMEHTAINIO U PACTabl, T.€. TEHEPUPOBATH COOBITHE TaK JKe
moIpoOHO, KaK OObITHO. BBl MoKeTe Takike WMCIob30BaTh PYTHIA 1151 CMEUTUBAHWA COOBI-
TUH pa3/JuIHBIX BUIOB W COXPAHEHUA CTATUCTUKU IO CeYeHUAM. Bbl TOJTKHBI TPEIOCTABUTH
BBIpaKEHUS JI MATPUIHBIX 3JIEMEHTOB, TeHepaTop (hpa3oBOro MPOCTPAHCTBA U 00ECTIETNTh CO-
XpaHeHne wHMOpPMAIUN O cOOBITUN B 00IIeM OJIOKE.

Onmrako BHaYaJIe MaJeHbKIH KOMMEHTapHii. 9 eKOTOpoe KOJUIECTBO MPOIECCOB MOTYT OBITh
MHTEPIPEeTHPOBAHBI KaK TPUBHAIbHBIE MONMDUKAIINN yIKe CYIECTBYONINX. 2D alpuMep, BB XO-
TUTe HOOABUTH HEKOTOPOE KOJIUIECTBO HOMOJHUTETBHBIX UJIEHOB, OTBEYAIONNX KOHTAKTHBIM
B3amMoOeficTBUAM, K MaTPUUYHBIM 3JeMeHTaM 2 — 2 TpolleccoB, cojlepkKatimmca B PYTHIA.
B s1oM ciydae Her HEOOXONMMOCTH TPUMEHITH MEXaHW3M, OMUCAHHBIN HUXKE, a TOCTaTOq-
HO WCMOJIB30BaTh moanporpamMMy PYEVWT, 3amarolyto TOMOJTHUTETbHBIA BeC COOBITHA, OIpe-
eJIAeMblll KaK OTHOIIeHWe MOAuUIIPOBAHHOTO K MepBOHAYATHOMY dud bepeHnaIbHoOMYy
cevennio. Fecym BbI ncnosbsyere onmmto MSTP (142)=2, 9TOT Bec paccMaTpUBAEeTCH KaK dacTh
"UCcTUHHOTO” CceYeHWs, W TeHepalus W3MEHAETCA COOTBETCTBEHHO. Jojiee (yHIaMeHTaIbHbe
BO3MOYKHOCTH BKJIIOUEHNUs BHEIIHETO TIPOIEcca MPeIoCTaBIIAT IBE TOAIPOrPAMMBL U OIIH 00-
uwit 610K, onmcanHble HuKe. Bce mmena comepxkar UP (cokpainenne ot User Process). Ecmm
BBl XOTHUTE BKJIIOYUTH HOBBIM TIpollecc, cHadasia BBl JOJIZKHBI BHIOPATh HEUCIIOJIb3YeMbIli KO
noamnpotiecca [SUB, cm. Tabmuimer B pasgese 8.1. Dampumep, B HacTosAllee BpeMs Kombl 191
- 200 He acconmMUpOBaHBI HU ¢ KaKUMU MPOIeccaMy, W JOTUYHO MCIOJIb30BaTh 3TO MECTO LA
pasMelleHn s HOBOTO TIPoliecca. ITOT KO U ~3aroioBoK” mportiecca (mroc SIGMAX, onncaHHbIiH
HIZKe) TOJKHBI 3a1aBaTbcad B PYTHIA TP BBI3OBE TTOAITPOTPAMMBI

CALL PYUPIN(ISUB,TITLE,SIGMAX)

mepen Bbi3oBoM PYINIT. TITLE mMoKeT OBITH JI1000H CHMMBOJIBHON cTpokoil mammHoi 1o 28
CHMBOJIOB, HallpuMep

CALL PYUPIN(191,’g + g -> t +tbar+ gamma’,SIGMAX)

Boisos PYUPIN coobimaet mporpamme, uto mporece [ISUB cymiectByer, a He To, 9T0 BBl XOTHUTE
€ro TeHepUpPOBaTh. JTO [leJTaeTCs, KaK M [IJid OOBITHBIX MPOIleccoB, ycTaHoBKoi MSUB(ISUB)=1
nepen BbrzosomM PYINIT.

Ecnn magamacy memouka reHeparuu coobiTuit n BbsbiBaeTcss PYEVNT, u3 Hee MOKHO 0Opa-
marbca K momanporpammve PYUPEV, KOTopyio MpemocTaBiIseT MoIb30BaTe/ib U B KOTOPOit BHIOW-
paercs cienyioliee coobitne. (PurruBHas kormsa PYUPEV Bk/fodena B Komell PYTHIA; BIo-
CJIEICTBUY B 3aBUCUMOCTH OT THUIIa Balllero KOMIbIOTepa Bbl MOXKETe IIPOKOMMEHTUPOBATL 9TY
KOTIWIO TIPH JIMHKOBKE. ) DapaMeTphbl BHI30Ba:

CALL PYUPEV(ISUB,SIGEV)

roe ISUB maercsi PYEVNT, a SIGEV HOJIZKHO OBITH BBIUHCICHO (CM. HI/DKe) W BO3BPAILEHO
B PYEVNT. Ec/tnt uMeeTcs TOJIBKO OJIMH OlpenesigeMblil mob3oBareseM mpoiecc, 7o BBoj ISUB
U3JINIIEH, THade HeOOXOINMO BBITIOJHATH MEPEXO K COOTBETCTBYIOIIEMY MTPOTIECCY.

Depemennas SIGEV maer nudpepeHmaibHOE cedenre TEKYIIETO COOBITU, YMHOKEHHOe
Ha (Pa30BbIfl 00bEM TEHEPUPYEMOTO COOBITH, B MO. DTO O3HATAET, UTO B Ipelese TeHepallnn
GOIIBIIIOTO KOJIMIecTBa cOOBITHI cpentee 3HadeHre SIGEV maer MOTHOE ceUeHre MOIETNPYEMOTO
mpotiecca. 3uadenne SIGMAX, BBemerntoe B PYTHIA mpu Bbr30Be PYUPIN, npuHUMaeTcs Kak MaK-
cumasibHoe 3nadenne SIGEV. Cobpitus 6yayT npuHUMAThCA ¢ BepoAaTHOCTHIO SIGEV/SIGMAX, TO
ecTh TpUHATHE /OTKIOHEHNE cOOBITHH B cOOTBETCTBUN ¢ nuddepeHnnaibHbiM cederHueM OyaeT



npousBoguThesi PYEVNT, a He mosib3oBaTesieM. DTO 3HATHUT, 9TO BCE COOBITHUHA, TOJyUIEeHHBIE B
KOHIIe, OYIyT WMeTh €IMHUYIHBIN Bec, U MOJIH30BATEI0 He HYZKHO BOJIHOBATHCHA IO TIOBOIY CO-
OBITHIT ¢ PA3/IMIHBIME BECaMU. JTO TaKKe MO3BOJIAET TeHEPUPOBATH HEKOTOPBIE TTOMITPOIECCHI
COBMECTHO, B HYXKHOI cMmecH.

Ommako cymiecTByeT MaJeHbKkuii Tpiok. Hmddepennmanbioe cederime 0OBITHO TMeeT pac-
XOINMOCTH B HECKOJIBKIX 00JacTAX (Pa30BOTO MPOCTPAHCTBA, TaK UTO CPEIHAA BEPOATHOCTH
OPUHATHASA COOBITH <SIGEV> / SIGMAX maja. B sTom ciydae HeoOXoAMMO HalTH HMOIXOIAIIMH
Habop mpeobpaszoBaHuii KoopanHaT (ha30BOTO MPOCTPAHCTBA, IJId KOTOPBIX COOTBETCTBYIOIIIM
obpazoMm mpeobpasoBannoe auddepenualibioe ceuerne OyaeT NMeTh JIydlliee MOBeIeHTe.

Bo wusbexanme mescHocTelt, 3mech mana Oosiee dbopmasibHas Bepcusa ABYX maparpados,
paccmotpertbix Boie. Omupenerum dX — nuddepernmarn pazoBoro MpoCTpaHCTBa, HAPH-
Mep, A mpomecca 2 — 2. dX = dxy dry di, toe ¥y W x5 — IOMM WMITYJIbCA, TEPEHOCHMbIE
IBYM#A BXOLAIMME HAapTOHAMI, W { — MaHIeJbCTAMOBCKas IepeMeHHad pacceAHms. Tak-
ke onpenenum do/dX — nuddepeninanbioe cedenne mpoiecca, Hampumep, s 2 — 2
do/dX = Y fi(x1,Q%) fi(x2,Q?) dé;;/di, o ects muddepennmanbHoe ceuenme COTEPIKUT
CTPYKTYpHBIE (DYHKIINM U MATPUIHBIE 3JEMEHTHI MPOTECCa KECTKOTO pACCEAHUHA, MPOCYMMIU-
pPOBaHHBIE IO BCEM pa3pelleHHBIM BXOMAMNM apoMaraM ¢ u j. Torma dusmdueckoe cedenne
rerepupyerca Kak o = [(do/dX)dX, tne waTerpas Gepercd 1Mo paspelreHHOMY (HazsoBOMY
MPOCTPAHCTRY. O POIEypa TeHepalll COOBITUA COCTOUT U3 BbiOopa X omHOpomHO Besme B dX
u oterku Beca do/dX B »10li Touke. SIGEV Teneps npocro SIGEV= do/dX [dX, 1o ectb nud-
depentnabHOE ceveHne, YMHOKEHHOE Ha paccMaTpuBaeMbiii hba3oBwiit ob0beM. fAcHo, 1o pm
yCpeaHeHnn o OOJIBITOMY KoJmdecTBY cobbiTuit SIGEV macT mpaBmiibHOE 3HaUEHUE JKeTaeMO-
ro cedenns. FEcam SIGEV takke mmeeT 6otbinoit pasdpoc 3HavdeHUit, ero MOXKHO MOmpoboBaTh
mpeobpas3oBaTh K HOBBIM MepeMeHHbIM X', re coOBITHS Terepb BHIONPAIOTCs COOTBETCTBEHHO B
dX' u SIGEV=do /dX' [dX'.

IIpenynpexnaenue. Baxno, uro Toukn X meficTBUTETBHO CAMTAIOTCH paCIpeneeHHBIMI
OTHOPOJTHO B TIpeJIesiaX paspelieHHoro (hbasoBOro MpoCcTpaHCcTBa (160 HAIO TPABUIBHO YIUTHI-
BaTh BCe AKOGMAHBI IPeobpasoBanmil). DampuMep, /IS ONUCAHHOTO BHIME CIydas, L1, Ly U |
IOJIZKHBI OBITH pachpenencHbl oanopoano B mpemeiax 0 < a1 < 1, 0 <z < 1, mw —s < t < 0,
¢ monubM azoBbiM obbemoM [ dX = s. Cedenme He OymeT paBHO HYJIO TOJBKO BHYTPH
busuueckoll 061acTH, OlpenengeMofl yeaoBueM —saary < | (nsa GesMaccoBoTo cirydasi), T.e.
BEPOATHO, UTO >(PDEKTUBHOCTH MeToza Monre-Kapmo 6yner uuskoit. Omnmaxo ecim BBIOpaTh
spadenue { ToabKO B amamasone —§ < ¢ < 0, 6ymyT mpeobiagaTh IpenMyLecTBEHHO MaIbie §,
TaK KaK MJIOTHOCTD BBIODAHHBIX 3HAUEHIH { TaM OyIeT GO/IbIION. De3 HCmoMb30BaHMA KOMIIECH-
cupyiolero AKodmama 3/ s GysieT Moy IaThes HEMPaBUIbHLIH OTBeT. TaKkzKe MOKHO cTapToBaTh
¢ ¢asoBoro mpocrpancrBa Tuna dX = drq drg c{(cos f), rie orpaHWYEHNA He 3aBUCAT IPYT OT
npyra (passassanb). Koneuno, mepeMennast cos ) MOKeT IpeobpasoBbiBaThCsA 06paTHO B f, 3Ha-
deHme KOTOPOH TOrMa Beerma GyIeT B HYKHOM quamasone —§ < ¢ < 0. Camo mpeoGpasoBamie
31eCh JaeT HeoOXOIMMBIN AKOOMaH.

Ecnm Bam HemsBecTHa Besmmunmna SIGMAX, BB MOXKeTe 3a/laTh HEKOTOPOE OYeHb MaJIEHbKOE
3HaveHne (HO OOJTbIIIe HY IS, OMHAKO) U CIesTaTh TPOOHBIH 3amyck mporpaMmmbl. Korma mporpam-
Ma CTaJKuBaeTca ¢ coobiTuamu ¢ SIGEV> SIGMAX, meuaraeTcs mpemynpexatoliee coodIeHne,
KOTOpoe TaeT HOoBoe 3HaueHme SIGMAX, mcmosibsyemMoe mporpammoii B masbHefitrem. Obname-
KHUBaeT, YTO TaKue MaKCUMaJIbHble HapYUIeHUs MOABIAIOTCA TOJIbKO B HadaJlle BBIIIOJIHCHU A, a
MOTOM CHUTYAIUsA CTaOUIN3UPYETCA 0 HEKOTOPOTO YPOBHHA, KOTOPBIH B TAKOM cJIydae MOKeT
HICIOIb30BaThCsA KaK HadaJIbHbIH /14 BTOPOrO, TOYHOTO BBIIIOJIHCHU .

Ecan 8b1 XO0THTE OTKIIOHATH MWW TPUHUMATH COOBITUA CAMOCTOATEIHHO, TTPOCTO MOJTOKUTE
SIGEV, paBHoe SIGMAX. Dpu 3TOM cOOBITHA He OYAYyT OTKIOHAThCA PYTHIA (32 WCKIIOUEHTEM



clydaeB KaKUX-HUOYIb WHBIX HapyUleHUH 17a 3Tux cobbituii). Ecam SIGMAX maer mpaBu/ibHOE
3HaUEHNUE TOJTHOTO CEUeHNA TPOIecca, CMEIMBAHNE COOBITHT € APYTUMHE TTPOIECCAMU TaKKe Oy-
IeT mpeKkpacHo pabotarh. Kpome oTkiToHEeHUs COOBITHI, BBl TaKKe MOKETE 3a/1aBaTh COOBITUA
€ HEKOTOPBIM BecoM. B »ToM cirydae Bbl MOKeTe BKIIIOUYNTH B BBITIOJTHEHIE TOJIBKO OJIMH MPOIIece
ISUB, tak kax mporpamma e 6yIeT 3HATH, KaK CMEIIMBATh PA3IUIHBIE BUIBI COOBITUH, 1 BBI He
CMOZKeTe MCIOJb30BaTh PYTHIA miis Habopa cTATUCTUKU IO CEUYEHUAM. ) OITOMY BBI MOKETE,
HarpuMep, ToJoKRuTh SIGMAX = SIGEV = 1 u ucmoJib30BaTh obUINit OJIOK U5 TTepeCchLIKN Beca
cOOBITUA W Apyroii nrdopMammu 13 Balieii moamporpaMmbl PYUPEV B OCHOBHYTIO IpOTpaMMy.

Kpome moBroproro obpatienus K 3nadermio SIGEV 1/ KaxkKI0T0 cOOBITHA HeOOXOINMO TaK-
JKe TIOBTOpHOE oDpalllelne K CaMOMY COOBITHIO. DTO BBITOJTHAECTCA € IIOMOIIBIO 00IIero OJI0Ka

COMMON/PYUPPR/NUP ,KUP(20,7) ,PUP(20,5) ,NFUP,IFUP(10,2) ,Q2UP(0:10)

DepBas JacTh TIPAKTUIECKI COOTBETCTBYET CTaHIapTHOMY (opMaTy cOOBITHA B 00IIeM 0J10-
ke LUJETS, cM. pasmest 5.2, XOTd U ¢ HEKOTOPBIME yTpoliennamu. 3Hadenne NUP maer umciio
JACTHI, BKIIOYAEMBIX B IPOIECC, TIe YacTUIla MOKET ObITh KBapKOM, JICITOHOM, KaJHOpPOBOT-
HBIM OO30HOM WM UEeM-TO ellle. JepBble ABa MO3UIUN — IIPOCTO HABE BXOIANMX TaCTHUILI B
JKECTKOM paccesnnu, a nocjennue NUP-2 — Boixomsnme dactunbl. JLia xaxmoit gactunst I ¢
1 < I< NUP 3amaeTcs caeayionas HH(OpMallid:

KUP(I,1) : oObraHO mOJTKHO paBHATHCA 1. OmHAKO, €CITU TOJIOKHUTE 3Ty MTePpEMEHHYIO PaBHOM
2, To OyIeT COOTBETCTBOBATH BBOAY MPOMEKYTOUHBIX COCTOAHNN, KOTOpbIE He 00-
pabarbiBatorcsi PYTHIA, a BKIIOYAIOTCA TOJSBKO IJIA TOrO, 9TOOBI cleiarh ¢popmar
3aIlICH COOBITHA OoJiee IPOCTHIM IS UTCHHS.

KUP(I,2) : Kom apoMmaTa YaCTHI[, TO €CTh ABYX BXOIANINX MapTOHOB MjidA I = 1 u 2, U BBHI-
xXomsaumx dactut aaa 1> 3. Koabl apomaros ects crammaptible KF, kak B jrro6om
APYrOM MecTe TTPOTrPaMMBbl.

KUP(I,3) : MOKeT UCIOJb30BAThCA 15 YKA3aHUsA MO3UINY MATEPUHCKON TacTUIBI TIPU pac-
magax. Takas mHpOpMAIA ONATH-TAaKH MOMKET CHeJaTh 3alUch JIyUIle UNTacMOii,
HO Ha CaMOM JeJie He SABJsAeTcA HeoOXOAMMOl, TaK UTO BIIOJIHE MOYKHO MOJOKHUTD
Bce KUP(I,3)=0.

KUP(I,4) : mjs IBETHOTO HMapToHa B KOHEYHOM COCTOAHHUHU JaeT MO3UINIO MapTOHa, OT KOTO-
poro ujeT 1BeTOBOM TOTOK; WHade pasHa (.

KUP(I,5) : mjd aHTHIBETHOIO TapTOHa B KOHEUHOM COCTOSAHUHU JAaeT TO3UIINIO IapToHa, OT
KOTOPOTO WAEeT aHTHUIBETOBOM TOTOK; WHade paBHa 0.

KUP(I,6) : mjs IBETHOTO MapTOHa B HAUAJILHOM COCTOAHNN HaeT IMO3UIINIO MapToHa, K KOTO-
POMY HUIeT 1IBeTOBOM TOTOK; WHade paBHa (.

KUP(I,7) : mjas aHTHIBETHOIO MapTOHa B HAaYaJIbHOM COCTOAHUN JaeT HMO3UIMIO MapToHa, K
KOTOPOMY WAeT aHTHUIIBETOBOM TOTOK; WHade paBHa 0.

PUP(I,1) : p,, TO €CTh T-KOMIIOHEHTA WMITYJIHCA TACTHUIIHI.

PUP(I,2) : p,, TO €CTb y-KOMIIOHEHTA UMIIYJIbCA HACTHUIIBL.

PUP(I,3) : p., TO €CTh z-KOMIOHEHTA WMITYJIbCa TaCTHUIIHI.

PUP(I,4) : FE, TO ecTb »Heprus YaCTHUIDI.

PUP(I,5) : m, TO ecTh Macca JaCTHIIBI.

Docse TOro KpaTKOro pe3foMe MbI MPOHOJIKIM paccMoTperune bojiee moapodHo.

Hmst Toro 91008l TpoMILTIOCTPUpPOBaTh Tpodbemy mokymenTtarmmn B KUP(I,1) u KUP(I,3),
paccMOTpUM caydail poKIeHu A W+ nero pacrmaia B ua, (BO3M0>KH0, KaK 9acTb OoJee CJIOKHOTO
Hpouecca). HacTuiibl B KOHEYHOM COCTOSHUM U3BECTHBI — U U H, Tak uTo WT BooOmEe me
HYZKHO 3a/aBaTh, HO €CJIU 9TO CIeJaTh, TO 3alllCh COOLITHA OyaeT Dosiee TMTaeMOR. D 0ITOMY



nobasagerca WT ¢ KUP(I,1)=2. (Ecmm W Gyner mobasisarhea ¢ KUP(I,1)=1, mosxke 310
Oyner obpabarbiBarbes PYTHIA /JETSET, BesiecTBIE Yero BOSHUKHET CUTYAIlUsA, KOTIa Pacal
W 6yner paspemwren eute pas.) Ecam sanmucs, o W naxonutes B crpoke 3, a 06 u u d - B crpokax
4 1 5, cOOTBETCTBEHHO, majiee MOKHO moaoKnTh KUP(4,3)=3 u KUP(5,3)=3 /s TOro, YTOOBI
yKa3aTh, 970 U i d B cTpokax 4 u 5 mostyaens! w3 pacmama W1, yKasamnoro B cTpoke 3.

Koioa MSTP (128) njis 3aIaHHbIX HOJIb30BaTeIeM MIPOIECCOB IeficTBYeT Tak Ke, KaK W L1
OOBITHBIX, TO €CTh 3alNCh O TPOAYKTaX paclala pe3oHaHca MOKET TTPOU3BOIHHO OMYCKAThCHA U3
TTOKYMEHTAIIMOHHOTO pa3iesia 3alucy COOBITUA, U YKa3aTe/  XPOHOJIOTUN COOBITIA MOTYT yCTa-
HaBJIMBATHCA HEMHOTO mo-fnpyromy. WMudopmanus, comepxkalnasicsa B mporpaMme Ha ceff cuer,
naxonutcsa B KUP(I,3); npu 3Ha9eHUN TOM epeMeHHON, OTIIMIHOM OT HYJIf, PacCMaTPUBAETCH
pacnan pe3oHaHca € COOTBETCTBYIOIINMA NTPOAYKTaMN.

Nudopmatius o 1BETOMOTOKE 71 IBETHBIX YaCTHIl (KBAPKOB, [UIIOOHOB, JIEMTOKBAPKOB, . . . )
HeoOXomMMa JJIA TPAaBUJIbHON YCTaHOBKM TMapTOHHBIX JinBHelH m dbparmentanun. Waorma mo-
JKeT TMPUCYTCTBOBATH OOJIHIIOE KOJTUIECTBO PAITUIHBIX MBETHBIX KOHMUTYpauil 11 OITHOTO 1
TOTO e TpoTecca, Kak obcyxkaasoch B maparpade 8.2.1. Bamre mesto, bymere i BbI BKIIOYATH
BCE BO3MOJKHBIE IIBETOBBIE TIOTOKU B COOTBETCTRBYIOIIEH cMecu, HO IO KpaiiHeil Mepe HEKOTOpOE
KOJITIECTBO TBETHBIX KOH(PUTYpalnit BBl JTOJKHBI OyIeTe 3a1arh. JacCMOTPUM, HaIpuUMep,
cayqait g(1) + g(2) — q(3) + q(4), rme unmercesr 1 - 4 naror nosurmio B Maccuse. OdeBumHo,
9TO ( MOZKET TOJydaTh [BET OT JIIOOOTO W3 ABYX TJIFOOHOB, TaK UTO CYHIECTBYIOT (MO Kpaii-
Heif Mepe) IBe BO3SMOKHOCTH. Ec/u IBET ¢ MepeHOCHTCA OT TUIF0OHA 1, TO 3TOT hakT MOKHO
ormmcarh, moigoxuB KUP(3,4)=1 (uuraeTca Kak ’TIBETOMOTOK OT MaproHa | K maprony 3”). B
coorBeTcTBrn ¢ 31UM KUP(1,6)=3. WTak, 1BeToBOl TOTOK onuckiBaeTcs nBakiael. [lastee, aH-
THIBET Teleph IMEePEeHOCHTCA OT MapToHa 2 K maprony 4, To ecth KUP(2,7)=4 u KUP(4,5)=2.
DTO TIOJTHOCTHIO OTIPEIeSIAeT BETa ( U (, HO He ABYX TII00HOB. PakTuvuecKy, MBET B HAUAJTbHOM
cocrosiann ~anauruaupyer” Mexay g(1) m g(2), To ecth aHTHIBET ITIOOHA | W IBET TUII0OHA 2,
4TO MOKeT ObITh 3ajano Kak KUP(1,7)=2 u KUP(2,6)=1. /Ipyrumu cjoBamu, 1BeT/aHTUIBET
MapTOHA B HAYaJIbHOM COCTOSHUN MOZKET UATH K MapTOHY B KOHETHOM COCTOSHUU WJIU K APYTO-
My MapToOHy B HadaJ bHOM cocrosinun. (COOTBETCTBEHHO, IBET/aHTHUIBET MapTOHA B KOHEYHOM
COCTOSTHUU MOZKET MPUXOINTH OT MapTOHA B HAYAJIBHOM COCTOAHWE WJIU OT JIPYTOTO MapTOHA
B KOHETHOM COCTOAHWM. 9 PUMEp TOCeIHel BO3MOKHOCTH — pactan W, mwiu, B bostee obieM
cllydae, pactal Jobol dacTullpl, ABAoneiics mBeToBbiM cuarieToM. (Takum obpasom, smech
IpesicTaBIeHa TpeTha (K IBYM Bbillle) mBeroBasd Koudurypammsa gg — H® — qq, rme mser me
mepegaeTcsa gepes XUITC, a TedeT M0 OTAETBHOCTH MeZKIy IBYMS TUIFOOHAMU U MeXKIy ¢ ¥ q.)

CoxpaHenne UMITYJIbCOB TOJIZKHO BBITTOJTHATHCA HETIOCPEICTBEHHO, HO 3/1€Ch HEOOXOIITMO Clle-
JlaTh HeKOoTopble KomMMeHTapuu. Jlaike ecqim Bbl mpm BbizoBe PYINIT xoTuTe reHepUpPOBATH
coOBITHS B cucTeMe (DUKCHPOBAHHON MWIIEHN WU B JIIOOON IpyToil crucreme, ompemenseMoit
BaMU CaMOCTOATETBHO, B TPOMEKYTOUHOM 3BeHe PYTHIA Oymer Bce Ke paboTaTh B cHCTEMe
M nByx BXOOANMX MyYKOBBIX YaCTHIl, ¢ TEPBBIM MIyYKOM, IEPEMENIAIONIMMCH B HAITPaBJIEHNN
+Z, ¥ BTOPBIM — B HAIPABJEHUN —Z. DTa JKe CUCTeMa OJIZKHA UCIOIb30BATHCA I 3aTaHIs
UMITYJTBCOB TIpollecca. Kpome Toro, nBa BXOMAINMX TMapTOHAa B cTpoKax | m 2 mpuHUMaloTCA
6e3maccoBbiMu. (CJteoBaTEIbHO, TTAPTOHBI B HAYAJIHHOM COCTOAHUU XapaKTEPU3YIOTCA TOJIBKO
nBym# suepruamu P(1,4) u P(2,4), ¢ P(1,3) = P(1,4), P(2,3) = -P(2,4) (Bce ocraib-
Hble 3HAUYEHWA CUNTAIOTCA PaBHBIMU HYJIIO). B omperesieHnE »HepTUU, WMIYJBCOB M Macc B
KOHETHOM COCTOSHUE CYIIECTBYET cBOOOMIA, HO MOJIKEH BBITOJHATHCA 3aKOH COXPAHEHUS T€ThI-
PEXUMITYJIBCOB B HAYaJbHOM M KOHEYHOM cocTodgHUHU. Bce mmmnysibebl matorcsa B 9B, ckopocth
cseta ¢ = 1.

Bropas wacts obimero 6si0ka PYUPPR mcmosb3yercs OjIsl 3afaHus JUBHEH B HadabHOM M
KOHEYHOM COCTOAHUH, CJICIYIONIIM 00Pa30M:



Q2UP(0) : macmTab ()? 1714 IWBHA B Hada bHOM COCTOSHUN.

NFUP : THUCIO0 Tap MapTOHOB, COCTABJMAIONIAX JIMBEHD B KOHEUHOM COCTOIHUM.

IFUP(IF,1),IFUP(IF,2) : MO3UINK ABYX IMapTOHOB JIMBHEBOH Maphbl B KOHEUHOM COCTOHNM,
roe nmanekc IF mensiercst or 1 no NFUP.

Q2UP(IF) : macmTab Q% n/s JUBHA B KOHEYHOM COCTOAHUU /I Hapbl HapToHoB ¢ IF, nsme-
HATOMAMCA KaK OBLIO YKa3aHo BBIIIE.

Feam Bam BoOOIIE He HYKHBI HUKaKWe JIMBHU, BBl MOXKETE TOJOXKNUTH MSTP(61)=0 u
MSTP(71)=0, u Torma BaM He HY:KHO 3aJaBaTh 3HaUeHUsA IIEepEeMEHHBIX Bhilre. B obuieM, BpiOOD
MaciiTaba (Q? He eUHCTBEH, 1 I09TOMY BKJIIOYAETCA HEKOTOPOEe KOJIMYECTBO JTOMOIHUTEIbHBIX
npenmnoiokennii. Tak Kak JUBHE Haf0T 100aBKY K MapTOHHOMY CEUEHUIO TPU 3HAUEHUAX Macce
ke MacinTaba %, BbiOpamnoro sbiie, Q2UP NoIkKHO GLITH IOPsAAKA BEITMYMHLI OrpaHUde-
Huit Ha PaszoBoe MPOCTPAHCTBO, ITOOBI O0ECTIETNTH TOCTATOTHO TVIAIKOE CITUBAHUE TTapTOHHOMN
TaCTH, OTPEIeSAeMOil MAaTPUIHBIME 3JIeEMEHTAMU, ¢ BKJIaJoM oT JmBHell. Vmeerca webosib-
o€ KOJIMIECTBO CIy9aeB, /I KOTOPBIX BBIOOP MPOCT. D PU pacraie JO0TO s-KaHaJIbHOTO
GecBeTHOTO cocToARMA, Tuma WT, Macmrab (Q? nTUBHA B KOHEYHOM COCTOAHUE OIIpe/le/ldeT-
cd TOJBKO KBaJpaTOM Macchl pesoHanca. [lnma w3nydeHus HavaIbHOTO COCTOAHUA 3HAYEHUE
Q2UP(0) HO/IKHO ObITH IPUMEPHO TEeM ¥Ke caMbiM, 4TO U MaciuTab %, mcmosbsyembrit mis
OIEHKW CTPYKTYPHON (DYHKIINU B JKECTKOM IIPOIIECCE, ¢ TOTHOCTHIO J0 HEKOTOPOro Koadhuiu-
eHTa nopsaka ennaunbl. (Hacto nisa sToro KosdduimenTa BHIONpaeTcs 3HadeHne 4, ecn Balll
MacTad cTpyKTYpHON (DYHKIIMN — YTO-HUOYIb THIa KBaIpaTa MOMEePeTHOTO MMITYThCa, TTPOCTO

noromy, uto m?* umeer mop#AmOK 4p? )

DBosTIONNA MapTOHHOTO  JINBHA (DaKTUUIECKW TaKKe MOKeT BKJIOUaTh m3JydeHne (hoTo-
HOB OT KBapKOB W JIETITOHOB, €CJIN KJIIOUN IJIs JINBHA YCTAHOBJIEHBI MPABUIBHO. 2 EBO3MOKHO
3a/1aTh TOJIBKO OJIHY YaCTHUILy B MacCUBaX, OMMCAHHBIX BBIIIE, TAK KaK TOTJa HEBO3MOKHO ITO-
JIyIUTh 3aKOH COXPAHEHU: >HEPTUU W WMIyJbca B JimBHe. (IHAKO BIOJIHE MOYKHO IMOJIYIUTH
mapy, TIe TOJIbKO OIHA U3 ABYX YaCTUIl TaeT JIMBEHBb. JalpuMep, B KOHETHOM COCTOSHUHU g7
TOJBKO TJTFOOH yYacTBYeT B 0Opa30BaHWW JIMBH:A, a (POTOH MOZKET TEPATH PHEPTUIO, WCIyCKad
npyrue pOTOHBI, TaK 9TO CTAHOBATCH BO3MOZKHBIMU TUTFOOHHBIE TTEPEXOIBI.

B HacTodllee BpeEMA HEBO3MOZKHO BKJIIOYUTH MEXAHU3M JH/IBH606pEL3OBELHI/IH AJIA KOHEYHOI'O
3- mwn 4-9acTUIHOTO cocTOAHUsA. B aToMm cJiyda€ JINBHU MOT'YT ILO6ELBJIHTBCH Ha 60JI€6 HO3ILHGI71
CTaJun. SOSTOM}/ H606XOILI/IMO IIONEJINTh YaCTUIBI Ha ITapbl, 1, BOSMOZKHO, COE€JIaTh TakK, 4TOOBI
HEKOTOPbBIE YaCTUIIBI (OCO6€HHO 66CHB€THBI€) HE y4dacTBOBaJIl B O6pa3OBELHI/H/I JuBHEIL.

BbI BoIbHBI MCTTOTB30BaTh JITOOBIE HEOOXOIMMBIE BaM TTPOTPAMHBIE CPEICTBA B MOATPOTPAM-
Me PYUPEV, u 0OBITHO He OYIET OCYUIECTBIATHCA HUKAKOTO KOHTAaKTa ¢ OcTajJbHON PYTHIA, 3a
NCKIIOUEeHneM OTMcaHHoro Bhime. QmHaKo y Bac TaKKe €CTh BO3MOYKHOCTH MCIOJb30BATH He-
KOTOpBIE yiKe nMerolnecs mporpaMmbl. OqHa TpUB/IeKaTeTbHAS BOSMOKHOCTD 3aK/II0IAETCA B
TOM, ITOOBI UcTob30BaTh PYSTFU 1151 BBIYUCIEHNA CTPYKTYPHBIX (DYHKIUH; TTPU 9TOM MOTYT
MCIIOTB30BATHCA CTaHIapTHbIEe Kitoun PYTHIA 1y mepexoa K Pa3/ImYHbIM MapaMeTPU3aIuaM.
Us apyrux BosmokHelt MOXKHO mcnosib3oBaTh RLU miid reHepannu ciaydaiiabrix dncest, ULALPS
i Bbraucenns o, ULALEM nist Bramcsienus Oeryiiefi KOHCTAHTBI (e, U, BO3MOIKHO, €Ile
HEKOTOPBbIe TPOTPaMMBI.

Mper 3akaHImBaeM >TOT pasies oOCyKIeHneM HEKOTOPBIX aHOMAaJbHBIX cuTyaruii. B mero-
TOPBIX CIydasix MOXKeT MoTpeboBaThcs B3ATH peltenne w3 PYUPEV mpu ocTaHOBKE TMKJIa TeHEpa-
U7 COOBITHA. DTO, HAPUMED, MOKET CIIYIUTHC, €CJIN KOH(MDUTYPAINHT COOBITUA CIUTHIBAIOTCH
u3 daiina, u mocturaercs Kower 3Toro daiiia. Moxkuo monpobosars mosmoxuth SIGEV=0, KO-
r71a ciaydaercs Takas cuTyarnus. Torma PYEVNT 6ymer otOpackiBaTh cOOBITHE, KaK B MPOIEType
B3BENINBAHNA MaTPUIHOTO 3jeMeHTa. OnHako 3arem PYEVNT Oymer reHepmpoBaTh IPYToe CO-
OBITHE, UTO IPUBOIUT OOBITHO K HOBOMY 3ampocy PYUPEV, Tak 4To B IeficTBUTEHHOCTH 9TO He
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BBIXOJ U3 NUKJIa. BMmecro 3Toro HyxHO nosjoxuTh NUP=0. Fciam nporpamMma cTaJKHBAeTCHA €
9TUM 3HAYEHWEM BO BpeM# TIOBTOpPHOTO obpaitiernsa K PYUPEV, To Oymer ocyIecTBIsAThCA BBIXO]T
u3 PYEVNT Ge3 mpupallleHus cIeTIWKOB [JIs INCIa CTeHePpUPOBAHHBIX cOOBITHH. DTO mermaercs
IpU MPOBEPKE 3TOTO yCJIOBWA B BallleM OCHOBHOM IIMKJI€ TEHEPAIINU COOBITHA, MPU MPOCMOTPE
mi NUP, ot MSTI (51); mocJieiHsAs IepeMeHHas yCTaHaBJINBaeTCsa Ha |, ec/im HUKaKoe coObIThe
He OBLIIO CTeHEePUPOBAHO.

MoxeT TakkKe CJIyIUTHhCHA, 9TO ONpeeseHHas MoJIb30BaTe/leM KOH(MDUTYPAIHs HE TPOXOINAT
re-Hubyab B IPyroM MecTe mpu BbizoBe PYEVNT. D ampumep, nHOTIA HEBO3ZMOXKHO BBITIOJTHUTH
mporenypy obpabOTK! MydKOBOTO OCTaTKa, W TOT/IAa COOBITHE KECTKOTO B3amMOmeHcTBUA OT-
KIIOHAETCS W TEHEPUpYeTca HOBOE. ITO CAYUIaeTcs W ¢ OOBITHBIM (He OINpenesleHHBIM MO/
30BaTesIeM) COOBITHEM 1 OOBIYHO ABJIAETCA CIEACTBUEM BKIIOUEHWS W3/IYIEHUA B Ha9aJbHOM
COCTOAHUMU, KOTOPOE OCTABJAET CJWIIKOM MaJIEHbKYIO SHEPTHUIO [JI:A MYyYKOBOIO ocTarKa. [cinm
CHOBa 3aJaTh TOT XK€ CaMBbIil IIpollecc KeCTKOTO pacceAHNs, BBECTH M3JIy4YeHne B HadaJIbHOM
COCTOSTHUU ¥ TIOTBITATHCA 3aIlyCTUTH MPOIETypy 00pabOTKN MyIKOBOTO OCTATKa, BO3MOKHO, BCE
npekpacHo 3apaboraeT. VMeeTcs BOSMOKHOCTH WCIOIH30BATh 3TOT MIAHC CJIEIYIONIM 00pa3oM.
MSTI(52) cumTaer, CKOJBKO pa3 MporpaMMa He cMOrya 0bpaborarh MaHHYIO KOHQUTYPAIHO
JKECTKOTO paccesrus. FKciu Bbl obpaimaetech K PYUPEV ¢ mHenysteBbiM 3HadenmeM MSTI (52), 310
O3HaJYaeT, UYTO TMOCJEeNHAA KOHMPUTYPAIUA He MPOILIa. DOCKOIbKY COMepKIMOe 00IIero HjioKa
PYUPPR He W3MeHAETCH, IJIs HTOTO COOBITUSA MOZXKHO CIesarTh APYTYIO MOMBITKY. DarpuMep,
CTPOKa

IF(MSTI(52) .GE.1.AND.MSTI(52).LE.4) RETURN

B Hadaje PYUPEV Oymer maBaTh [0 IATH MOMBITOK IS KazKIOTO COOBITH; TIOCTE HTOTO, KaK
00bIuHO, OyaeT TenepmpoBaTbcsa HoBoe. (bpaTnTe BHUMAaHWE, UTO CUCTUNK UHUCIA COOBITHH
I3MEHAETCS TPHU KaK ol HoBoit monbiTKe. [o/1sa Heymadnbix KOHGUTYpaluit qaeTcsa B HAKHEH
cTpoke Tabauibl PYSTAT(1).

Bce ckasanmoe BbIllle OTHOCUTCSA K OYEHb PEIKUM CUTYAIMAM (MeHblHe OIHOTO COOBITHAS Ha
COTHIO), KOTOPBIE, CTPOrO TOBOPS, He ABIAIOTC OIMIMOKAMI; HallpuMep, OHH He IIPUBOLAT K IO~
SIBJICHUIO KaKUX-JIU00 coobIIenuii ob ommbKax Ha BbIXoae. FKeau moABIAIOTCA TpeayIpe kK IeHns
7 coobieHns 06 ommbKax, MOJOOHBIX TEM, 9TO IIporpaMMa He MOHIMAaeT KOMbl apOMaTOB MJIH
He MOXKeT BOCCTaHOBHUTD I[BETOBBIE IIOTOKH, HTO BBI3BAHO MCKJIIOUUTEIHHO BAIUMK OIIMOKa-
MU W 3ajjaHueM HellpaBWJIbHBIX 3HAUYeHWil, U MpeaocTaBJIeHne HeCKOJIbKUX MOMBITOK 14 TaKNUX
COOBITHIT HUUEeMy He ITOMOZKET.

9.6 [Ipyrue momamporpaMMbl U o0IITe OJIOKH

Beoriire yke 6b111 onrcaHbl MOATPOTPAMMBI 1 00IIIe OJIOKU, ¢ KOTOPBIMI BBI OyIIeTe Heocpe/I-

CTBEHHO UMeTh festo. CylecTByeT psal APYTUX TOAMPOrpaMM 1 o0IINX OJIOKOB, KOTOphie HUTIE

He OBbLIM OmmcaHbl U cefigac OYIyT KpaTKO PacCMOTPEHBI 37ech Pajll 3aKOHYEHHOCTH OIMCa-

HUA.

SUBROUTINE PYINKI (CHFRAM,CHBEAM,CHTARG,WIN) : mHMIHa IH3alNA KHHEMATAKE, 33 aHHOMi
JOBYMA BXOOAUINMA YaCTUITAMUA.

SUBROUTINE PYINRE : wHuWnw@a usanus MUPUH U >PPEKTUBHBIX MMUPWH PE3OHAHCOB.

SUBROUTINE PYXTOT : sblumciieHue NapaMeTPU30BaHHBLIX CeYeHUH: mosaHoro, IOBoMHOHN nu-
dpakmmm, onuaOTHON MU PAKIUN U YIPYTOTO PACCEAHUA, I PA3JINIHBIX SHEPTHH
U CTaJIKUBAIOUIUXCs adpOHOB.



SUBROUTINE PYMAXI : HaxoKieHEe ONTUMAIbHBIX Koa] durmerTos COEF mis otbopa KnHeMa-
TUYeCKUX TTEPEMEHHBIX 1 OTIpee/leHne MaKCUMyMOB TP pepeHnaTbHbIX CeTeH T,
YMHOZKEHHBIX Ha AKOOMAHBI, JIA KaK/IOTO W3 BKITFOYEHHBIX TOIIPOIIECCOB.

SUBROUTINE PYPILE(MPILE) : olpenesIcHNEe YNCIa COOBITH MHOTOKPaTHBIXHBIX B3anmMonei-
cTBUH, TO €cTh COOBITHUI, TOABIAIONINXCA B OTHOM U TOM K€ TEpPEcedeHnn Iy IKOB.

SUBROUTINE PYRAND : remepalusa BeJUYMH, XapaKTCPU3YIOUIUX JKECTKOE paccedHue Ha map-
TOHHOM YPOBHE Ha OCHOBAHWN COOTBETCTBYIONINX MaTPUYHBIX 3JIEMEHTOB.

SUBROUTINE PYSCAT : ompenesienre apoMaTOB BBIXOOANIMX YaCTHUIL M YCTAHOBKa KMHEMaTUKN
7 TBETOTOTOKOB IPH KECTKOM pPacCesHNN.

SUBROUTINE PYRESD : paspellenue paclaloB Pe30HaAHCOB, BKJOYasl LEMOYKHU ITOCJIEI0BATE/Ib-
HBIX pacnajoB W MapTOHHBIE JTUBHN.

SUBROUTINE PYMULT(MMUL) : rTeHepallns MOJTY KECTKUX B3aUMOIeHcTBU cOTTacHO hopMaITI3-
MY MHOTOKPaTHBIX B3anmMoeficTBmil.

SUBROUTINE PYREMN(IPU1,IPU2) : mobaBjleHHe ocTaTKa MUIIECHN U BKJTIOYEHHe mepBOHAYAII b-
HBIX 3HadYenuii k| .

SUBROUTINE PYDIFF : obpaboTka coOBITHH muppaKIMOHHOIO W YIPYTOro paccesHus.

SUBROUTINE PYDOCU : BbluncjieHue cedeHU@l mIpoleccoB, OCHOBaHHOE Ha TeKylled MoHTe-
KapJIoB-

CKOM CTaTHCTUKe, U coxpaHeHue wHdopMarum o coobiTun B MaccuBax MSTI u PARI.

SUBROUTINE PYWIDT(KFLR,SH,WDTP,WDTE) : BbIUmcJIeHVe MUPUH U 3D PEKTUBHBIX MINPUH Pe-
30HaHCOB.

SUBROUTINE PYOFSH(MOFSH,KFMO,KFD1,KFD2,PMMO,RET1,RET2) : BbIUmc/IE€HTE
MapluraabHBIX MUPUH B KaHaJ aX He Ha MacCOBON MOBEPXHOCTH W BBIOOD CKOppe-
JMPOBAHHBIX MacC HJIA Tapbl PE30OHAHCOB.

SUBROUTINE PYKLIM(ILIM) : BBIYHCJIEHWE pa3pelIeHHBIX KHHEMATUIeCKUX MTPEIEsTOB.

SUBROUTINE PYKMAP(IVAR,MVAR,VVAR) : BbIumc/IeHMe 3HaYeHWA KHHEMaTHUIecKoOll nepeMeH-
HOI, KOT/la OHA BBIOMpAETCs MJIs OIHOTO W3 TMPOCTHIX (DpParMeHTOB.

SUBROUTINE PYSIGH(NCHN,SIGS) : Bwiumcienne audpepeHnnaabHoro cedenns (yMHOKEHHO
ro Ha COOTBETCTBYIONUH AKOOWAH) IJid JTAHHOTO TMOANpOIecca U KIHEMaTHIeCKIX
YCTaHOBOK.

SUBROUTINE PYSTFU(KF,X,Q2,XPQ) : Bblumc/IeHWe CTPYKTYpHOU GyHKunm (yMHOKEHHOMH Ha
x, To ectb x f;(x,()?)) nns mpousBosbHON YacTHIb (pacnosHaHHOH PYTHIA). Dom-
IporpaMMa uMeeT cJIedyIollne clleInaJan3npoBanable TapaMeTPHhI.

KF : apoMat uccienyemoit yactuibl cornaacio KF-komy.

X BeJINIWHA T, JIA KOTOPOW BBIUWCIAETCA CTPYKTypHas (PYHKIIWA.

Q2 : MaciiTab (Q?, mpu KOTOPOM BLIMUCIACTCA CTPYKTypHas (PYHKIMA.

XPQ : MaccuB pasmeprocTu XPQ(-25:25), KOTOpBIit comepKUT BBIUNCTIEHHBIE CTPYK-

Typhble Gyrkmmn v f;(z, Q?). KOMIOHEHTBI i ymOpPSIOYEHBbI COTIACHO CTaH-
maptabiM KF-komam; xpome Toro, momosiauTesbao B mosunuax 0 m 21 maxo-
JATCA TITFOOH (B CHJTY MCTOPUYIECKUX TIPWIHNH).
SUBROUTINE PYSTEL(X,Q2,XPEL) : BbIUmCJI€HUE CTPYKTYPHON (DYHKIIUU 3JIEKTPOHA.
SUBROUTINE PYSTGA(X,Q2,XPGA) : BbIumcjeHue cTpyKTypHOi pyHKINU (HOTOHA.
SUBROUTINE PYSTPI(X,Q2,XPPI) : BbIUmcJI€HUE CTPYKTYPHON (DyHKINU MHOHA.
SUBROUTINE PYSTPR(X,Q2,XPPR) : BbIUmcJIeHUE CTPYKTYPHON (DyHKIIUU TPOTOHA.
FUNCTION PYHFTH(SH,SQM,FRATT) : BBIYHCJIEHIE IOPOTOBOTO MHOMKUTEA A1 POKICHAT To-
JKEJIOTO apoMaTa B MaTPUIHBIX 3JTEMEHTaX.
SUBROUTINE PYSPLI(KF,KFLIN,KFLCH,KFLSP) : obOpaboTKa aIpOHHOTO OCTaTKa WU OCTaT-
Ka, TOJIYIeHHOTO, KOT/a MapTOH, YIacTBYIOIIMH B KECTKOM paCcCesHWN, BbLIETe



u3 obJracTu B3amMoneicTBISI.

FUNCTION PYGAMM(X) : Bwrumcsienne obbranoii ['(x) dynkumm (mcmonbsyemoli B HEKOTOPBIX
mapaMeTpPU3aIAX CTPYKTYPHBIX QyHKImM).

SUBROUTINE PYWAUX(IAUX,EPS,WRE,WIM) : BbIUHCJIEHWE [BYX HOMOJHUTETbHBIX (DyHKIHH
Wi u W,, noasasatommxca B BbipaKeHnAX g cedennit B PYSIGH.

SUBROUTINE PYI3AU(EPS,RAT,Y3RE,Y3IM) : BbIUKC/CHHE JOMOJIHUTENbHON GyHKIUT [3, M0~
ABJIATONIEHCA B BbhIpakKeHnaxX njia cedenuii B PYSIGH.

FUNCTION PYSPEN(XREIN,XIMIN,IREIM) : BbIuucjeHUE peabHON U MHUMON JacTu (DyHKIIUN
Crenca.

SUBROUTINE PYQQBH(WTQQBH) : BBIUHCICHHE MaTPHUHBIX 3JIEMEHTOB [ HOBYX IPOIECCOB
gg — QQH u qq — QQH".

BLOCK DATA PYDATA : nmaer pasyMHble 3HaYCHUA 10 YMOJYaHUIO BCEX KOHNOB COCTOAHUN U ma-
paMeTpoB.

COMMON/PYINT1/MINT (400),VINT(400)

ITasHaveHue: oObeqUHAET MHOKECTBO TETBIX U PeabHBIX 3HAUEHWH MepeMeHHBIX, NCIOTh-
3YeMBbIX BHYTPH MPOrPaMMBI BO BpeMdA MHANWAIN3alAW W-WJIW CTaIu¥ TeHepalnn
COOBITHS. DTU TTepeMeHHbIe He TOJIKHBI M3MEHATHCS TMOJTHb30BATEIEM.

MINT(1) : ompenesiger obuuit TUI TOMAIIpOIEcca, KOTOPBI nMeeT MecTo, corstacHo [SUB-komy,
mannoMy B pasmgese 8.1.

MINT(2) : BcArmii pas, Korma ycranoBkE Kifoda MINT(1) (Bmecre ¢ MINT(15) n MINT(16))
HEIOCTATOTHO /I ONpeIeseHus THIIa Ipolecca eIuHCTBEeHHBIM obpasoM, MINT (2)
obecrieunBaeT yHopsiIoveHre pa3/ImaHbIX BO3MOKHOCTel, cm. MSTI(2).

MINT(3) : 4mcJIO TAapTOHOB, MOJYIYEHHBIX B KECTKUX B3aUMOMEHCTBUAX, TO €CTh UUCIIO 1, UC-
MOJTh3YEMOE B 2 — N MaTPUIHBIX 3JIeMEHTaX; WHOTTa paBHO 3 win 4, Korma ba3ucHbIi
2 = 1 mwnm 2 — 2 mporiece OBLT yCIOKHEH AByMsA | — 2 HaYaJbHBIMEU TEPEXOTaMu
(TI/IHEL qq/ s q”q’"HO).

MINT(4) : [mcsio JOKYMEHTAIMOHHBIX CTPOK B HadaJle obiero 6yioka LUJETS, KoTophle marorcs
mis K(I,1)=21; pasro 0 mma MSTP (125)=0.

MINT(5) : [mcyio coOBITHUl, CTeHEPpUPOBAHHBIX B TEKYIIEM BBITIOJTHEHU.

MINT(6) : Tekylias cHUCTeMa oTcUeTa g coObIThsA, cM. MSTP(124).

MINT(7), MINT(8) : HOoMep CTPOKH i HOKYMEHTAIIMH BBIXOIAINIAX ITapTOHOB / JacTHUIL, B
JKECTKOM pacCesHun Jjid mporeccoB 2 — 2 winm 2 — 1 — 2; pasuer 0 B J1000M
JPYTOM cJjydae.

MINT(10) : 1, ecimu MaKCUMyM Ce€UEHUA UMeEET YIbTPaUOIETOBYIO PACXOINMOCTh B TEKYIIEM
cobbrtum, u (0, ecu HeT.

MINT(11) : KF-kom apomara Njis 9acTHIBI cO CTOPOHBI TydKa (cTopoHa 1).

MINT(12) : KF-kom apomara [Njis 9acTHIBI CO CTOPOHBI MUIIEHN (CTOpOHA 2).

MINT(13), MINT(14) : KF-kompl apoMaroB A/ MHUIMATOPOB JHUBHEH B HAaUaJILHOM COCTOS-
HUW CO CTOPOHBI | W 2, COOTBETCTBEHHO.

MINT(15), MINT(16) : KF-kompr apoMaToB /s BXOHANIX MapTOHOB B KE€CTKOM B3amMometi-
CTBUH €O CTOPOHBI 1 m 2.

MINT(17), MINT(18) : cuUrHAIU3UPYIOT O Ipou3oleniiemM nudpakIInOHHOM paccessHNN IaCTH-
IIBI CO CTOPOHBI | U 2; mMmeror 3Haderue (), ecu He OBLIO paccedHusA, U 1, ecsu ObLITO.

MINT(19), MINT(20) : oTMevaloT HaJU4IMe B HAUAJTHHOM COCTOSHUHU CTPYKTYPHOTO 3JIEKTPO-
Ha co ctoponbl | wim 2; 0, ecsim HET CTPYKTYPHOTO 3JIEKTpoOHA, 1 1, ecIm ecTh.

MINT(21) - MINT(24) : KF-kompl apoMaToB IJis BBIXOIAIIMX TaPTOHOB B JKECTKOM B3aHMO-



ﬂeﬁCTBI/H/I. Yucao CbELKTI/I“IGCKI/I HNCITOJIb3YEMBIX HO3I/IHI/II71 3aBUCHAT OT IIponecca, CM.

MINT(3); KOHeUHBbIE HEMCIIOIb3yeMble TTO3UINHN ycTaHaBmBaoTcsa Ha (.

MINT(25), MINT(26) : KF-komn apoMaToB MPOIAYKTOB paclalga OJINHOUYHOTO S-KaHAJIbHOTO

MINT(31)

MINT(35)

MINT(43)

1}
= W NN -

MINT (44)

pPe30HaHCa, POXKIAEHHOTO B XKECTKOM B3ELI/IMOIL€I71CTBI/H/I. MCHOJIB3yIOTCH TOJIBKO KOI'Ja

MINT(3)=1, u paspelen pacia pe3oHamca.
UUCTO KECTKUX WM TOJTY KECTKUX PaccessHuit, MMEBIINX MECTO B TEKYIIEM COObBI-

TN B CO€HapUn MHOTOKPaTHBIX B3ELI/IMOILGI71CTBI/H71; PaBHO 0 HJIA cobprTHil ¢© Ma.JIbIMI

pPL.

B UCTUHHOM 2 — 3 mponecce, re OHa YaCThulla — pPpE€30HaHC ¢ KaHaJIOM pacliala,

BBIOpaHHBIM Tiepert BbrzoBoM PYRESD, 5Ta omiins 3aJaeT HoMep KaHasa (B HyMeparun
/LUDAT3/).
MINT(41), MINT(42) : Tunm BXopgliel JacTUIBI NMydKa WA MUIIEHH; 1 — I JenToHa u

2 — s anpona. QPOTOH yumMTBHIBaeTcsd KaK JIEIITOH, €C/IM HE MMeeT CTPYKTYPbI
(MSTP(14)=0), n KaK aapoH, ecau wMeer (MSTP(14)=1).

KOMOUHAIMA BXOIAIMX YacTHI Mydka u Mumlend. OOTOH yUHTHIBaeTCA KaK
A POH.

JICIITOH Ha JIECIITOHE.
JIETITOH Ha aIpOHE.
aIPOH Ha JIEIITOHE.
aIPpOH Ha aJpOHeE.

Kak MINT(43), Ho (pOTOH YUUTHIBAETCSA KaK JIETTOH.

MINT(45), MINT(46) : cTpyKTypa BXOIANINX YaCTHI] Ty9IKa 1 MHUIICHH.

=1

MINT (47)

MINT(48)
MINT(49)

MINT(50)

HET HWKaKOW BHYTpeHHell CTpYKTypbI, TO €CTh 3JIEKTPOH min (POTOH HeceT
MOJTHYTO 3HEPTUIO MyYKa.

oTIpelesieHbl CTPYKTYPHBIE (DYHKITIH, KOTOPbIE He SABJIAIOTCA PACXOMANINMIICS
mpu ¢ = 1, TO ecTh 1151 AI[POHOB U CTPYKTYPHBIX (POTOHOB.

oTIpelesIeHbl CTPYKTY pHBbIE (PYHKIINN, KOTOPBIE SBIATOTCH PACXOMATUMUCH TTPH
x =1, To ecTb NJIA 3JTE€KTPOHOB.

TUTIBI KOMOWHAINN CTPYKTYPHBIX (DYHKIUH BXOMANMX YaCTUIl MydIKa W MUIIE-

HI1.

HeT HUKAKUX CTPYKTYPHBIX (PYHKIUH HIU /1A 9acTUIl MydKa, HI /g TacTHIl
MUIICHH.

CTPYKTYpHBIe (PYHKIINN 3a0aHbl A1 YaCTHI, MAIICHA, HO He /11 JaCTHIL Iy Y-
Ka.

CTPYKTYpHBIe (PYHKIIAN 3aIaHbl JJI8 YacTUI] IydKa, HO He 111 JaCTHI] MAIIe-
HU.

CTPYKTYpHBIe (PYHKIUN 3aJaHbl 111 TacTHAIl W MydKa, I MAIIEHHA, HO He 0be
OIHOBPEMEHHO PacXOIAIInecs Ipu & = 1.

CTPYKTYpHBIe PYHKIUHT IJIA YaCTHI IyIKa I MUIICHH, 00e pacXOooAlInecs Ipn
x=1.

O6IH€6 YUCJIO BKJTIOYEHHBIX ITOAITPOTECCOB.

YUCJI0 BKJIIOYEHHBIX MOANPOIEccOoB, KpoMme YIPYroro paccedHusd, OAMHOUHOIM,

IBOWHON W TeHTpa bHONl mrdpaKIum.

KOM6I/IHELHI/IH BXOOANTIVX YacTUl, OJd HWU3yYeHNA MHOTOKPAaTHBIX B3ELI/IMOILGI71—

CTBUIA.

ITOJTHOE C€YEHNE HEN3BECTHO; CJIEN0OBATEJ/IbHO, HUKAKNE MHOT'OKPaTHbBIE B3aUMO-
,HeﬁCTBI/IH HEBO3MOZKHBI.
ITOJTHOE C€YE€HUE MU3BECTHO; CJIENOBATEJIBHO, MHOI'OKPATHBIE B3ELI/IMOIL6171CTBI/IH
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MINT(51)
=0
=1

MINT(52)

MINT(53)
MINT(55)

MINT(56)

MINT(57)

MINT(61)

=0
=1
= 2
MINT(62)
=0
=1
MINT(65)

=0
=1
MINT(71)
=0

=1
MINT(72)
MINT(73)
MINT(74)
MINT(81)
MINT(82)

MINT(83)

MINT(84)

MINT(91)

BO3MOZKHBI, €CJIN BKJIIOYEHBI.

BHYyTpeHHUl dJrar 1 oTOpachlBaHNA HEYIadIHBIX COOBITHU.

HET MpodIeM.
HeyTaTHOe COOBITHE; HYKHO TeHEPHPOBATh HOBOE.

BHYTpeHHU{ cueTank mis qucia cTpok (B /LUJETS/), ucrnomb3yeMbix meper pac-
CMOTPEeHNeM MHOTOKPaTHBIX B3anMoIelcTBI.

BHYTpeHHU{ cueTank mis qucia cTpok (B /LUJETS/), ucrnomb3yeMbix meper pac-
CMOTPEHNeM TTYYKOBBIX OCTATKOB.

caMbIii TsAZKeJbIfi HOBBIN apoMat, BKIOUeHHBIH 1151 mpotteccoB KX/I, ocobernno
apomar miis reneparmu npotecco [ISUB = 81, 82, 83 umm 84.

caMbIii TAKeTBIH HOBBIN apoMart, BKJI0UeHHbIH 11s mpotieccoB KD/I, ocoberno misa
ISUB = 85. Ob6parure BauManme, aro B orudue ot MINT(55), cambiil TsaKe bl
apoMar 3eCh MOYKeT OBITh JIEMTOHOM ¢ caMbiM bostbimM KF-komom.

IUCII0 HEYTaTHBIX MOMBITOK 00paboOTKU MyYKOBOTO OCTATKa; IPW MTOBTOPHOM MOJIe-
JUPOBAHUN Pa3BUTNA HOBOTO MapPTOHHOIO JIMBHA W JIJTA IIYYKOBOTO OCTATKa MCIOJb-
3yeTcs OJlHa W Ta YKe OCHOBHadA KMHeMaTWdecKas yCTaHOBKa. B OCHOBHOM mMCHONTb-
3yercs AJis POKICHH JICITOHOB, KOra 3HadeHus ¥ U (Q IOKHBI COXPaHATHCL.

BHYTpEHHUI KJIIOY NJ1A IPOLeAy Pbl BhIYUC/ICHU A IMUpUH pe3onancos B PYWIDT njisa

)70 mm % 70 ] 7°.

He 3aBUCUT OT apOMaTOB B HATAJIBHOM COCTOSHWM.
YUIUTHIBAET TAaHHBIE apOMAThl B HATAJIbHOM COCTOSHUM.
YUIUTHIBAET TAaHHBIE apPOMAThl B KOHETHOM COCTOSHMWM.

BHYTPEHHUI K109, MpUMeHseTcs Ipy MHUMra n3auy mupunbt HO.
MCTIOIB3YIOTCH MUPUHBI pacnanoB B 77" non WW?*, paccautanuble mpexKIe.
BBIUUCIAIOTCA MUPUHBI pacnanos B 27" nnu WW™ nyia rexyieit Mmacchl XUrrca.

BHYTPEHHUN KJI0Y [JIA YKa3aHUA WHUNHAIN3AlNN Oe3 OIpelesleHHoll peak-
IIUN.

HOpMaJIbHAfA WHUIIMAJIA3AINA.
WHUTIMAJW3alnA ¢ napaMeTpoM ‘none’ npu Bbisoe PYINIT.
: prar CHHTYJIAPHOCTH TEKYIETO Mpotiecca B mpenese p; — 0.
HECWHTYJIAPHBIT Tpoliece, TO ecTh WAy depes S-KaHaJIbHbBI pe3oHaHC W
¢ 060MMHI TTPOAYKTaMu, UMEIOMIMI Maccy Bbitre CKIN(6).
CUHTYJIAPHBIH Tpotiecc.

YUCSIO S-KaHAJIbHBIX PE30HAHCOB, NMAIONIMX BKJIAJ B CEUEHUE.

KF-kom mepBoro s-kanasbHOTO pesonanca; (), ecJim HET HU OTHOTO.

KF-kom Broporo s-kanasbHOTO pesonanca; (), ecJim HET HU OTHOTO.

TUCTIO0 OTOOPAHHBIX COOBITUH MHOTOKPATHBIX B3amMOIeHcTBUI.

MOPATKOBBITT HOMEp paccMaTpUBAEMOTO B HACTOAIIEE BpeMsA COOBITHSA MHOTOKPaT-
HOTO B3aWMOIeHCTBUA.

YUCIO CTPOK B 3AIUCH COOBITHA, yZKe 3all0OJTHEHHOE TIPEeIBaAPUTETHHO PACCMOTPEH-
HBIMU COOBITUSAME MHOTOKPATHBIX B3amMometicTBuii.

MINT(83) + MSTP(126), TO ecTh UHCJIO CTPOK, yIK€e 3AMOJTHEHHBIX MPEIBAPUTETb-
HO PACCMOTPEHHBIMU COOBITUIMM TLTIOC IUCIIO CTPOK, OCTABJIEHHBIX CBOOOIHBIMY T
TTOKYMEHTAINN COOBITHU .

1 — ns mentor-agponHOTo coOBITUA U 0 — B JTI060M ApyToMm ciydae. Wcmombsyercs
I OTIpenesIeHNsT BO3MOYKHOCTHA BBI3OBa PYFRAM(3).

MINT(101), MINT(102) : obbruHO 1, HO paBeH 3, Korma CTPYKTYpHBIH GoToH (noABaAtoIIIiiCHA

Ha CTOpOHE 1 nm 2) MOZKET MPpeEACTABIATHCA KaK JIIO6OI71 3 TPpEX BEKTOPHBIX ME3OHOB
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MINT(103), MINT(104) : KF-kompl nByX BXOHANIMX YACTHUI[, TO €CTh TO K€ caMoe, UTO I
MINT(11) u MINT(12). Uckmrouerune — Korma cTpyKTYpHBIH (DOTOH TperncTaBiisercs
BeKTOpHBIM Me3oHOM (p°, w mm ¢). Torma maercsi Ko BEKTOPHOTO Me30Ha.

MINT(105) : HaboOp WCIOIb3yeMBbIX MapaMeTPU3ANNii TOJHBIX CcedeHui. Dasen 1 muia
Donnachie-Landshoff u Schuler-Sjostrand mapamerpusamuit, w 0 — Bo Bcex ocTasib-
HBIX CITyJasix.

VINT(1) : K., sueprusa B cucreme [IM

VINT(2) : s (: Eczm) KBaJIpaT MacChbl MMOJTHOW CHCTEeMBbI.

VINT(3) : Macca 9acTHIIBI IIy9IKa.

VINT(4) : mMacca 9aCTHUIILI MUIIEHMU.

VINT(5) : WMIyJbc 9acTUlbl MydKa (1 mutienn) B cucreme 1M

VINT(6) - VINT(10) : 0, o uw B mus spaimenns u caura cuctembl [IM mo orHomenmio x
3aaHHOI I10JIb30BaTE/IEeM CHCTEME.

VINT(11) : Toin.

VINT(12) : Yoin.

VINT(13) : cos Gmm IJI COS (9 < 0.

VINT(14) : cos Gmm IJI COS 0 > 0.

VINT(15) : 2% . .

VINT(16) : 7/ .
VINT(21) : 7.
VINT(22) : .

VINT(23) : cosé.

VINT(24) : ¢ (a3suMyTaibHbIH yTrOJI).

VINT(25) : a2.

VINT(26) : 7.

VINT(31) : Toue-

VINT(32) : Yo

VINT(33) : cos Gmax IJI COS 0 < 0.

VINT(34) : cos Gmax IJI COS 0 > 0.

VINT(35) : 2% . .

VINT(36) : 7/ .

VINT(41), VINT(42) : monsa wWMIyJibca T, YHOCHMAas TTapTOHOM MPHU JKECTKOM B3amMomedi-
CTBWH, UCIOJIb3yeMasd, HalpUMepP, B CTPYKTYPHBIX (PYHKIIAAX.

VINT(43) : m = \/37, Macca JKeCTKO paccemBafolieiics MOICHCTEMBI.

VINT(44) : § xkecTkoro moamporecca (2 — 2 win 2 — 1).

VINT(45) : { KecTKoTro nofanporecca (2 - 2wmwm 2 — 1 — 2 ).

VINT(46) : @ kecTkoro mommnporecca ( 2 — 2 mmm 2 — 1 — 2).

VINT(47) : py &ecTKoro mopmpotiecca (2 — 2 mau 2 — 1 — 2), To ecTh NOTEePeTHbIN UMITYJTbC,
OlIpeleJICHHBIN B cHCTeMe TOKOs MPOIecca PaccesHus.

VINT(48) : ﬁi JKecTKoro mofamporecca; cM. VINT(47).

VINT(49) : 1/, Macca CJI0KHOTO TpeX- WU YeThIPEXIacTUIHOTO KOHEUHOTO COCTOAHM B 2 — 3
nm 2 — 4 mpoteccax.

VINT(50) : & = /% cm. VINT(49).

VINT(51) : () kectkoro mporecca. Tounoe onmcanme 3aBUCAT OT IIpoiiecca, cM. MSTP(32).

VINT(52) : Q? xecrkoro mpomecca; cm. VINT(51).

VINT(53) : Komeunoe 3Haudenue () B mpoiecce Kectkoro paccesannsa. CoorBercrByer VINT(51)
s 2 — 1 wnm 2 — 2 nponeccos. s 2 — 3 uan 2 — 4 npoueccos causnus W /7



VINT(54)
VINT(55)

VINT(56)
VINT(57)
VINT(58)
VINT(59)

VINT(61),

VINT(63),

VINT(65)

VINT(66)

VINT(67),

VINT(71)

VINT(73)
VINT(74)
VINT(75)
VINT(76)
VINT(80)

olIpeesIAeTcss MacuITaboM Macchl W/ 7., a nyia noanportieccoB 121 un 122 — maccoii
TAZKEJIOTO KBapKa.

: KoHeuHoe 3HaueHne ()? B mporecce KecTKoro paccesnus; cM. VINT(53).

: MacinTad (), mermob3yeMblilt Kak MaKcrnMaJ/bHad BUPTYaIbHOCTh TAPTOHHOTO JINB-
Hia. DasHserca VINT(53), Kpome MpoIeccoB TUIYOOKOHEYIPYTOTO pacCesHUs MTpU
MSTP(22)> 0.

: Macmrab (Q? B napronnoMm JusHe; cM. VINT(55).

! 3HaYEeHUe .y NI KEeCTKOTO ITpollecca.
© 3HAYEHUE (v; JIIA KECTKOIOo Ipolecca.

sin@ (cm. VINT(23)); mcmonb3yercsa mid YIydlUleHns YUCJeHHON TOTHOCTH TpH
YIOPYTOM ¥ TuPAKIHOHHOM PacCesHUM.

VINT(62) : HOMEWHaJbHBIE 3HaUeHUs m> (TO ecTh Ge3 yuera 3(bPeKTOB W3TyYeHn T
B HAYaJbHOM COCTOAHUN) IJIA JBYX BXOJAIINX MapTOHOB B KECTKOM B3amMomeli-
CTBUN.

VINT(64) : noMmMuHasbHble 3HaueHus m? (6e3 yuera >¢PeKTOB U3IyUeHUs B KO-
HETHOM COCTOAHWN) NI ABYX (WJIM OIHOTO) TTapTOHOB,/9acTHIl MOC/Ie KECTKOTO B3a-
nMoneficrsus.

: Pinit, TO €CTH TIOJHBINT HOMUHAIHHBIH aOCOTFOTHBIN UMITYJIBC IBYX BXOJAIINX Hap-
TOHOB B K€CTKOM B3aWMMOAEWCTBUN, B UX CACTEMe ITOKO4.
¢ Dfin, TO €CTb HOTHBI HOMUHAJIBHBIH aOCOTIOTHBIR UMIIYJIbC ABYX IIaPTOHOB IIOCTIE
KEeCTKOTO B3aUMOAEVCTBUA, B X CUCTEME ITOKO4.

VINT(68) : Macca JacTHIBI IydYKa W Muilenn, amajgornaro VINT(3) n VINT(4),
3a UCK/IIOYeHreM 3ajalusa Bxopsulero v ¢ Maccoit p°, w uam ¢. Ncnonssyercs nis
MOZIEIMPOBAHUsA IPOLECCOB YIPYLoro paccesnus yp — p°p U IPYyrux HOJOGHBIX
TTPOIIECCOB.

. Plmin Tpotiecca, To ecth CKIN(3) miau CKIN(5), B 3aBUCUMOCTH OT TOTO, KOTOPBIH
3 HUX OOJIbIe, U OT CHHTYJIAPHOCTH TIpoliecca B mpemneste py — 0.

: 3HadeHHe T = m2/3 IJIA TIEPBOTO CTEHEPUPOBAHHOTO pe3oHanca; cM. MINT(73).

: smauenue ml'/s nus mepBoro crenepupoBanHHOro pesonarca; cm. MINT(73).

: 3HadeHHe T = m2/3 IJIA BTOPOTO CTEHEPUPOBAHHOTO pe3oHanca; cM. MINT(74).

: suauenue ml'/s ns Broporo crenepupoBaHoro pesonarca; cm. MINT(74).

nonpaBouHblil Ko dutinent (Boranciaenubiii 8 PYOFSH) niid cedeHus pesoHaH-
COB, POXKIEHHBIX B 2 —» 2 Tpolleccax, ecJIi MacCOBBIN IWarna3oH MOJHON OpefT-
BUTHEPOBCKOM (DOPMBI 3a/laH OIrpaHUIEHUAMN HAa MaCCy, YCTAHOBJEHHBIMU CAaMITM
TTOJIb30BaTeIeM
(CKIN(2), CKIN(45) - CKIN(48)).

VINT(81) - VINT(84) : mepemeHnHble cos f u o ncTuHHOTO 2 — 3 TIpOIecca, TIe OINH TPOIYKT

VINT(85)

VINT(91)

VINT(98)

SABJIAETCA PE3OHAHCOM, BCJIEICTBUE Tero 3(hPeKTUBHO MoTydaeTcs mpotece 2 — 4.
DepBble B TepeMeHHble cos ) U ¢ ONUCHIBAIOT pacliall pe3oHaHca, ApyTue IBe —
s dekTuBHYIO crcTeMy, chOPMUPOBAHHYIO OCTABIIUMUCH ABYMS TaCTUIIAMHA.

, VINT(86) : momepedHble UMITYJIbCHI B ICTHHHOM 2 — 3 Tpoliecce; TMepBbIf 3a1aH

B VINT(47) (a0 pacman Z° 5 gg — 7Z°QQ), a Menbumit n 601b1mi U3 ABYX APYTHX
zanaeTca coorBeTcTBerno B VINT(85) u VINT(86).

, VINT(92) : maer Oe3pasMepHbili KO>(DPUIMEHT MOIaBIEHNA, YIUTHIBAIONIII

yMeHbIIIeHNe BeJTMYnHBl CeYeHns /I paspelreHHbX KaHaaos WTW™ wmm W~ W™
map, COOTBETCTBEHHO, B TOM K€ caMOM CMbIcye, B KakoM WIDS(24,1) maer 310 msa
mapst WTW—,

CyMMa 3HadYeHUH VINT(100) nua TEKYIIETO BBITTOTHEHNA.



VINT(99) : Bec WTXS, monydennbiii npu Bbr3oBe PYEVWT myrs MSTP(142) > 1, mraue 1.

VINT(100) : xowmmencupyfoiuii Bec 1./WTXS, ¢ KOTOPBIM HOJIKHBI Oparhcs COOBITUA TPHU
MSTP(142)=1, mraue 1.

VINT(101) : moJtHOe cedeHue.

VINT(102) : ympyroe cedemnue.

VINT(103) : ceuenme ommHOUHON AndppaKkiimu.

VINT(104) : ceuenwme aBoitnoii amdpaxirmi.

VINT(105) : cedenwme MeHTpabHONW MudpaKium.

VINT(106) : mHemmdpaKIHOHHOE HEYIIPYTOE CeUeHNe.

VINT(107) : mjisi cOOBITHS BEPOSATHOCTH TOTO, UYTO HAa CTOPOHE MUIIEHW NMeeT MeCTO OIMHOY-
Hasd Tudpaking (a Bce OCTaIbHOE — Ha CTOPOHE IyUKa).

VINT(108) : orHolleHme MaKcuMmyma Habomaemoro andepeHnnalbHOro ceUeHns K MaK-
CUMYMY TPHUHATOTO I TeHepalnun coObITus MudhepeHnaibHOrO CeUeHnA; CM.
MSTP(123).

VINT(109) : oTHOIIeHWe MUHUMYMa HabJIIOTAaeMOTO ceueHnsa K MaKcuMyMy nuddepeHinarb-
HOTO CeYeHUsi, MPUHATOTO I TeHepalny COOBITUH; MOKET cTaTh OTPUIIATETHHBIM
TOJBKO B TOM CJIydae, €CJIM HEMPABUIBHO BKJIIOUEHBI CEUEHUA.

VINT(111) - VINT(116) : msa MINT(61)=1 maer KkmHeMaTudecKue KoM GUIIEHTHI 111 pas-
JUYHBIX BapUaHTOB POXKIEHNA ’y*/ZO nn ’y*/ZO/Z’O, miis MINT(61)=2 maer cymmy
BECOB KOHEUHBIX COCTOSHUN 1A TeX YK€ caMbIX cJIydaeB; Ko3>(pDUIUEHTH TatoT-
¢ B coelylolleM HopsafKe: 4ucThit ooMen v, v* — Zl-unrtepdepenmus, v* — 70-
unaTepdepentus, uncrori oomen Z°, Z° — Z-untepdepentua n uncrorit oomen Z°.

VINT(117) : mmpuna Z°; Heobxommma B v* /70 /7/%-poxnernn.

VINT(121) : simepHbIfi mapameTp HakJoHa B B f—pacnpeﬂeﬂeHMM WA IupPaKInoOHHOrO 1
YIPYTOTO pacCesHUA.

VINT(122) : mapamerp kpuBu3Hbl (' B pacrpeneseHun t s nupaKInOHHOTO U YIPYTOTO
paccesHMA.

VINT(131) : mosroe cedenne (B MO) IJIA MOAMPOIECCOB, Pa3pelleHHBIX B CIEHAPUH MHOTO-
KpaTHBIX cOOBITHIT B COOTBETCTBUU ¢O 3HadeHMeM MSTP(132).

VINT(132) : 7 =VINT(131) xPARP(131), cm. PARI(91).

VINT(133) : peasbHO Momenupyemoe suadenue (n) = >, [ P;/ >, P;, 1o ectp 1 <i < 200 (mom
MeHbliee), cMm. PARI(92).

VINT(134) : BesmumHA, CBA3AHHAA € BEPOATHOCTHIO UMETH COOBITHE TIPU MEPECETeHUun My -
KoB; pasua exp(—n)Y;m/i! ana MSTP(133)=1 u exp(—n)>,;n'/(1 — 1)! nma
MSTP(133)=2, cm. PARI(93).

VINT(138) : BeawuumHa MOPOTOBOTO MHOXKUTEJ S (yCI/IJIeHI/IfI I HOILELBJIGHI/IH) B IIOCJIETHEM
COOBITUY POKIEHUS TAXKeIOoTo apomata; cM. MSTP(35).

VINT(141), VINT(142) : Beawumna & /I8 UHAIAATOPOB MapTOHHOIO JUBHA B CaMOM JKECT-
KOM B3anMOeHcTBUN; UCTIOTB3YETCA LI ONpeIeIeHns YacT SHEPTUN, OcTaBIelics
IJI MHOTOKPATHBIX B3amMoeticTBuii.

VINT(143), VINT(144) : Y, 1—x; misa Bcex cOOBITHH paccesHU; NCIOMb3yeTCA I KaKI0TO
HOBOTO pacdera BEJMYINHBI & TPHU BBIYUCIEHUN CTPYKTYPHOHN (DyHKIINNT MHOTOKpPAT-
HOTO B3aWMOIeHCTBUA.

VINT(145) : olleHKa TOJHOTO TapTOH-TapPTOHHOTO CEYEHUs IJIsi MHOTOKPATHBIX B3amMOmedi-
cTBUi; mcmosb3yercs ayisg MSTP(82) > 2.

VINT(146) : obmumit mompaBoUHbIHl KoadduimenT f. mis BEPOATHOCTH MHOTOKPATHOTO B3am-
MomeficTBuA; ncnosb3yerca nia MSTP (82) > 2 (pasen e(b) B ypasuenun (11.17)).

VINT(147) : cpenHee TepeKpbITHe aJIPOHOB; WCIOJb3yerca niaa MSTP(82)> 2 (Heobxommmo



na otenku e(b), em. yp. (11.17)).

VINT(148) : ko>pDUIUEHT yCUIEHUA /15 TEKYIIETo cOOBITUS B BEPOATHOCTH MHOTOKPATHO-
ro B3amMoelicTBUA, ONpeNeeHHbI Kak (PaKTuIecKoe MepeKphITre, ToIeJIeHHOe Ha
cpemree; ncnobsyercs mius MSTP(82) > 2 (pasen e(b) B ypasuenun (11.17)).

VINT(149) : orpanumvenHnme Ha 3HAUYEHUE :Jc2L LI MHOTOKPATHBIX B3ammojelicrsuit.  [lna
MSTP(82)< 1 pasHo 4p?, . /s, nas MSTP(82)> 2 pasHo 4p3 ,/s.

VINT(150) : BepoATHOCTH COXpaHeHWs JaHHOTO COOBITHA B CIEHapPUU MHOTOKPATHBIX B3aHMO-
nmeficTBuit, ompenesisemas ~ opmparTopom” Cymakosa.

VINT(151), VINT(152) : 3HadeHme CyMMBI T IJif BCEX IMapTOHOB IPH MHOTOKPATHOM B3am-
MOJIEICTBHUU.

VINT(153) : Tekyimee 3Haderune nuddepeHnaIbHOTO cedenns, mojaydennoe n3 PYSIGH; uc-
MOJTh3YETCA TOJBKO B CIEHAPUU MHOTOKPATHBIX B3amMomeiicTBuii.

VINT(155), VINT(156) : snadenue = (HOTOHa MpHU Mepexoie B KBApK UJIN TJIIOOH, TO €CTh T
npu B3anmopetictsun Mexmy KX /- n K9/l-kackamamu B HaUaJbHOM COCTOAHUM.

VINT(157), VINT(158) : mepBoHada/jbHble 3HaUeHWsA k , 3aJaHHbe A ABYX IIYYIKOBBIX
OCTaTKOB.

VINT(159), VINT(160) : smHadenme Y [Jisg IMyIKOBOTO OCTaTKa, pa3lde/AfoNierocs Ha ABa 00b-
eKTa, KOTOPOe OIUCBHIBAET pacilpeneseHie SHEPIIN MeKILY STHMI 00beKTaMi (CM.
MSTP(92) w T.11.); paBHO 0, €c/ii HET HUKAKOTO DA3IesIeHN .

VINT(161) - VINT(200) : cymMMa KBaIpaToB MaTPHIHBLIX 3JieMeHTOB Kabuboo-Kobasim—
MackaBbl )i TaHHOTO pa3pelreHHOTo apoMaTa. Je3yJIbTaThl 3aaloTcsa B (popMaTe
VINT(180+KF) 115l KBApKOBBIX U JIENITOHHBIX apOMATOB 1 aHTHAPOMATOB (KOTOpbIE
He JTOJIZKHBI OBITh TeMU Ke cambiMi; cM. MDME(IDC,2)). /lis sentoHoB aTH K03dh-
JutmeHTH OOBITHO PABHBI €IMHMUIIE.

VINT(201) - VINT(220) : [mOTMOJIHUTEbHBIE TTepeMeHHble, HeoOXOMUMbIe TIpu BhIOOpe (aszo-
BOTO TIPOCTpaHCTBa s 2 — 3 mporeccoB ¢ ISET(ISUB)=5. Dwuxke muIekch 1, 2
n 3 OTHOCATCS K PaCcCEeAHHBIM MapToHaM |, 2 W 3, 3a WCKJIOYEHUEM OIpeneeHn s
mepeMeHHON ¢ TeTBIPEXUMITYIIbca ¢1 + G2 — §1q5q5. Bee Kunemarndeckue mepemen-
HBbIE OTHOCATCS K BHyTpeHHell KmHeMaTnKe KOHETHOTO COCTOSHUS € 3 TacTUIaME,
KHHEMaTHKa CUCTEMbI KaK IEJ0r0 OMUCHIBACTCA T/, ¢y W MaCCOBBIM pacipeie/ieHueM
NJIA 9acTuibl 3 (pe3oHaHca) T.

VINT(201) : m;.

VINT(202) : p?,.

VINT(203) : .

VINT(204) : M, (Macca YaCTHUIBI-TTEPEHOCYNKA B3ELI/IMOILGI71CTBI/IH).
VINT(205) : Bec s BbIOOpa pil.

VINT(206) : ma.

VINT(207) : p2,.

VINT(208) : .

VINT(209) : M, (Macca YaCTHUIBI-TTEPEHOCYNKA B3ELI/IMOILGI71CTBI/IH).
VINT(210) : Bec s BBIOOpa pzu.

VINT(211) : ys.

VINT(212) : Y3mae-

VINT(213) : €= +1; Boibop MeRIy ABYMs 3€pKAJIbHBIME pelenuamu 1 <> 2.
VINT(214) : Bec, cBA3AHHBIH ¢ BEIOOPOM €.

VINT(215) : ¢, = (¢ — q})*

VINT(216) : t3 = (q2 — ¢4)*

VINT(217) : 3HadeHUe MPOU3BEIEHNS T€THIPEXBEKTOPOB 1.



VINT(218) : 3HadUeHWE MPOU3BEIECHNA IETHIPEXBEKTOPOB (2.
VINT(219) : 3HadUeHUE IPOU3BEIECHNA TETHIPEXBEKTOPOB (.

VINT(220) : \/(mil2 —m3, —ml,)? —4m3, m3,, rme m 2 — NONepedHas Macca CucTe-
ot )

VINT(221) - VINT(225) : 6, ¢ u @ nua Bpautenus u cupura cuctembl [IM B cucremy 1M
aIpoHHOM "momcucTeMbl” B JIEITOH-aIPOHHOM COOBITHUM.

VINT(231) : macmrab Q2. s TeKyliell ycTaHOBKM CTPYKTYPHOH (pyHKINH.

VINT(241) - VINT(270) : cedeHus orheabHo nas p’-, w- U ¢-BKJIALOB B MOIEIH BEKTOPHOM
JOMUHAHTHOCTH I/ cTPYKTypHoro dorona. Depsble 10 snavenuit ornocsares x p°,
BTOpBie 10 — K w, n mocsienuame 10 — K ¢. Jl1s Kax ot Tpymmbl IPUBOMUTCSA Ta JKe
nuadopmanusa, uro u 8 VINT(101) - VINT(107), Ho TaMm OoHa maHa JJIf CYMMBI BCEX
Tpex BEKTOPHBIX Me30HOB. JlomosHuTeIbHAA BOChMass TO3UIUA B KaKIoi Tpytme
aeT TMapaMeTp Hakjgowa B mias "ympyrux” cobertuii, cm. VINT(121), a mocsremnmue
JIBE TO3UIINN HE WCIOTb3YIOTCH.

VINT(271) : muis coObIThit cO CTPYKTYPHBIM (POTOHOM JIae€T OTHOIIEHHUE TTOJTHOTO cederuns v.X
K nosiHoMmy cedenuto m°X, rae X — gacTula MUILICHHU.

COMMON/PYINT2/ISET(200) ,KFPR(200,2),C0E(200,20) ,ICOL(40,4,2)

ITasnaveHue: comepKuT HHPOPMAIINTO, HEOOXOIUMYTO 1A >(PPEKTUBHON TeHEPAIINT DA~
HBIX TIOIPOIIECCOB, KOHKPETUIUPYET THUII CXEMBI TeHepalnn n KoahpunnenTsr AKo-
ou. Taxxe 3amaer paspelrennble KOHMUTYPAINN IBETOMTOTOKOB. ITH ITepEMEHHbIE
He JOJIKHBI U3MEHATHCA TOJIb30BaTeIeM.

ISET(ISUB) : 3amgaeT THI CXeMbl OTOOpa KHUHEMAaTHIECKHX IMEePEeMEHHBIX /1A IMOIAIpoIecca
ISUB.
: yupyrue, TudpakIinoHHble U HI3KO-pP | ~IIPOIECCHI.
mporecckl 2 — 1 (He3aBUCUMO OT HOCTENYIONIX PACTAIOB ).
2 — 2 mpotecchl.

2 — 3 mpomneccwr (tuma qq’ — q”q""HO).

2 — 4 mpoueccwr (tuna qq’ — q"q"WHTW-).

"weruHEbIE” 2 — 3 IPOIECChI, OINH METO/I.

1}
D Ol W N, O

"wermHEbIE” 2 — 3 Tpolecchl, IpyToii MeTod; B HacTOsAIllee BpeMsA OIpeaesIeH

TosbKO Tporece gg — Z°QQ.

=9 : 2 — 2 Opu MHOTOKPATHBIX B3amMomelicTBUAX (p Kak KHHeMaTmdecKasd mepe-
MeHHa).

= 11 : onpeneasgeMblil ToJIb30BaTeIeM ITPOoIecc.

= -1: BITOJTHE ”3aKOHHBIN  TIporiece, KOTOPBIH, OMHaKO, He ObLIT BBITOJHEH.

= -2 : mneonpenenennniit [SUB-kom mpomecca.

KFPR(ISUB,J) : KF-xomer mpoxykTos mporecca B3aunmoneiictsus ISUB. Ecan umeercs Tosrbko
OIIMH TPOAYKT, Mo3uiua J=2 — mycrad. TakKe NpUHAMAETC, UTO KBApKH U JIETl-
TOHBI, TIOJTaraeMble 0e3MacCOBBIMI MIPH TMOACYETEe MATPUUHBIX 2JIEMEHTOB, 00O3HaTa-
orcsa 0. OcHoBHOE HasHadeHne, TaKIM 00pa3oM, ecTh UACHTU(MUKAINAA POKICHHBIX
pesomancos (Z°, WE H° u .1.).

COEF (ISUB,J) : k0>(pUInEHTHI, NCIOIb3yeMble B AKOOMaHaX 1A YCKOPEHU S MPOTENLY Pl OT-
6opa KHHEMATHIECKIX TEPEMEHHBIX. Jojlee TOIHO, (bopMa ceUeHns TaeTcsa CyMMOit
IJIEHOB € PAa3JIMIHBIM TIOBEIEHUEM, I WHTETPAJI IO BCEMY pa3pelreHHOMY (a3s0BOMY
MPOCTPAHCTBY PaBeH eIuHUIEe /1A Kaxkaoro wiena. COEF mafoT oTHOCHTETbHBIE Be-
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POATHOCTHU OJIA BKJIQAOB OT KazKIOI'0 U3 3TUX YJIE€HOB, HOpDMUPOBaHHbIE TakK, 4TOOBI

cyMMa K03 PUIMEeHTOB 11 KaKIOH WCIoTb3yeMolt TTepeMeHHOM paBHAIach eINHNI-

me. OOparuTe BHUMaHWe, 9T0, Kakne KO3 OUINEHTH AeficTBUTETBHO UCIOIb3YIOT-

Cd, 3aBUCHUT OT IIpolecca.

ISUB CTaHIapPTHBIN KO TOIIIPOLeCcCa.

J=1 IIOBeleHNe IO 7 BUIA 1/7’.

J = nosejieHue no T Buma 1/72.

J=3 noseferne no 7 Buna 1/(7(7 + Tr)), toe TR = m%/s — 3HaUeHWe T pe3oHaHca;
UCIIOJIb3YeTCs TOJbKO I POKIECHUSA pe30oHaHCa.

J =4 noBejleHue 10 T Bua GpelT-BurHeposckolt dopmbr 1/((1 — TR)? + v3), Tae
TR = m%/s — 3HaueHWe T pesoHaHca U YR = mpglgr/s — macurab mMacchr,
YMHOKEHHBIl Ha IIUPHUHY; UCIIOJIb3yeTCs TOMbKO I/ POKIEHUSA pe30oHaHCca.

J =25 noseferne no TBuna 1/(7(7 + 7)), Tme Trr = m%//s — 3HaUEHWE T BTOPOTO
pe3oHaHCa; UCIOJIb3yeTCsi TOIBKO /s OTHOBPEMEHHOTO POKIEHNA IBYX Pe30-
HAHCOB.

J =6 noBejleHne 110 T BHIa BTOpoit 6pefit-suraeposckoit dhopmbr 1/ (7 — 7r)2 4+ v3),
Te Trr = M%, /s — 3HaYeHne T BTOPOTo pe3oHaHca U Ypr = mpi g /s — MacTab
Macchl, YMHOKEHHBI Ha MIMPUHY; HCIIOJIb3YETCHA TOJIBKO /I OTHOBPEMEHHOTO
POYKIIEHUsA BYX pe3oHaHcoB, Tuma ~*/7° /7.

J =17 noBesiervie mo 7 Buga 1/(1— 7); mcmoab3yercsa TOJBKO TOTA, KOTIa 00€ CTPYK-
TypHbIe (DYHKIUN pacxogdaTcs mpnu v = 1.

J =28 YCJIOBHE Ha Y BAIAA Y — Ymin-

J=29 YCJIOBHE Ha Y BAIOA Ypmay — Y-

J =10 : ycaosue Ha y Buma 1/ cosh(y).

J = 11 : ycaosue Ha y Buga 1/(1 — exp(y — Ymar ) ); MCHONB3YETCA TOJBKO TOTIA, KOTIA
cTpyKTypHas (PYHKIMA JaCTUIBI MydKa PacXOAuTcs npu x = 1.

J =12 : ycaosue Ha y Buga 1/(1 — exp(Ymin — ¥)); UCTONB3YETCH TOTHKO TOTIA, KOTIA
cTpyKTypHas (PYHKIMA MHUIIEHN PacXOAUTCA npu = 1.

J = 13 : z = cosf oT6upaeTcs paBHOMEPHO HA HHTEpBAJe MeKIY TDAHITHBIMI 3Hate-
HUSAMU.

J =14 : z = cosf or6upaercs 1 1/(a—2z), tne a = 1 4 2m3/rm3s?, ms u my — Macch
JIBYX 9acTHI, B KOHETHOM COCTOSHUM.

J =15 : z = cosf orbupaercsa ams 1/(a + z), ¢ a, Kak u BbIIIeE.

J =16 : z=cosl orbupaercs nuis 1/(a — z)?, ¢ a, Kak u Bbe.

J =17 : z = cosf orbupaercsa as 1/(a + 2)% ¢ a, kKax u BBIIE.

J =18 : 7' orbupaerca mua 1/7’

J =19 : 7' or6upaerca maz (1 —7/7') /7"

J = 20 : 7/ orbupaerca maa 1/(1 — 7'); ucnosnbsyercs, TOTHKO KOra 006€ CTPYKTYPHbBIE
dbyHKIME pacxomATcs pn v = 1.

ICOL : COMEPKUT WHMOPMAIINIO OTHOCUTETBHO PAa3JIUIHBIX TOMOJOTHH IBETOMOTOKOB B

JKeCTKOM 2 — 2 Trpotiecce.

COMMON/PYINT3/XSFX(2,-40:40),ISIG(1000,3),SIGH(1000)

ITasnaveHnue: comepkuT WHMOPMAIINIO OTHOCUTETBHO CTPYKTYPHBIX (PYHKIINN, cedennii moI-

IpoueccoB M pPa3/JIMYHBbIX OTHOCUTEJIBHBIX BECOB [IJIA KOHEYHBIX COCTOAHUIIA. STI/I

nepeMeHHbIE HE NOJIZKHBI USMEHATBHCA ITOJIb30BATEJIEM.

XSFX TeKyllne 3HAYeHNsA CTPYKTYPHBIX DYyHKINH f(2) co cCTOpOHBI TydYKa W MUIIEHN,



COOTBETCTBCHHO.

ISIG(ICHN,1) : Bxomammit HapTOH/ YaCcTHAIIa CO CTOPOHBI ITyYKa B KECTKOM B3anMMOIeCTBAN

LA paspelieHHOTo Kanasia HoMmep ICHN. Uwmcio kKaHasi0B, 3alOJTHEHHBIX COOTBET-
cTBytotelt madopmarueit, naercs NCHN, omHOM 13 mapaMeTpoB, BBITUCIAEMBIX Ka-
Kbl pa3 mpu Ber3oBe PYSIGH. Takum obpasom, Tosbko 1 < ICHN< NCHN xamaJsios
3aITOJTHAETCH COOTBETCTBYTOIIEH mwHMOpMarueti.

ISIG(ICHN,2) : BXOmAIINi MapTOH / YaCcTHIA CO CTOPOHBI MUIIEH! B JKECTKOM B3anmMonelcTBUMT

[T pa3pelenHoro Kaxasja HoMmep ICHN. Cm. Takike KOMMeEHTapuit BBIIIe.

ISIG(ICHN,3) : THUI I[BETONOTOKA IJIsA pas3pelleHHOro KaHajga HoMep ICHN; cMm.  cmmcox

MSTI(2). Cm. Takxke KomMMeHTapuii Bbime. Tompko mia “mommporecca” 96
ISIG(ICHN,3) ucrnoiab3yeTca TaKkKe TIPU Ipeobpa3soBanny NHPOPMAIINT O MTPABUITb-
HOM HOMepe moampotiecca (11, 12, 13, 28, 53 wiaun 68); 3Ta oniws NCHoIb3yeTcs NJis
nepeonpeneaeHus noamnporecca 96 B roboit n3 HEX.

SIGH(ICHN) : Bwrumcientnoe nudepeHnaibHoe cedeHre I paspelleHHoro KaHa a HOMep

ICHN, TO ecTh CTPYKTYpHBIE (DYHKIINU, YMHOKEHHBIE Ha 3HATEHTE MATPUTHOTO 3J1e-
MeHTa, 1A TeKyIleli KnHeMaTnIecKoi ycTaHOBKH (KpOMe TOTO, [IJIf YCKOPEHU A TPo-
Hecca TeHepaIn B OO0 KapTHHY BKIOYatoTcA KoadhuinnenTs akodmana). Cum.
Tak:Ke KomMmenTapuit gis ISIG(ICHN,1).

COMMON/PYINT4/WIDP(21:40,0:40) ,WIDE(21: 0,0:40),WIDS(21:40,3)

ITasnaveHue: 3amgaer maprumaibible U >(PPEKTUBHBIE TUPUHBI PACTAI0B 1A PA3JIUIHBIX pe-

30HaHCOB. STI/I nepeEMEHHbIE HE NOJIZKHbBI USMEHATBHCA ITOJIB30BATEJIEM.

WIDP(KF,J) : maeT mapumasbHble MUPUHBI PACTAIOB PE3OHAHCOB B pas/MdHble KaHAJIBI (B

KF

['sB), mpu yciaoun, 4o Bee pusmaeckn paspelieHHble KOHETHBIE COCTOAHNA BKJIFO-
YeHBbl.
cranmaprabiit KF-kom pacemarpuBaemoro pesonanca.
HyMepallnsa Pa3jNnIHbIX BO3MOKHBIX KaHaJIOB paclalioB 1JjisA pesoHaHca K,
KaK 3a1aHo B JETSET B obiem Ostoke LUDAT3, ¢ mepBBbIM KaHaJIOM Tpu J=1 u
T.JI.

WIDE(KF,J) : sanaer addekTnuBHbIe MUPUHBI PAcHaloB PE30HAHCOB B Pas/MdHble KaHABI (B

['sB), nefictBurenpro paspelennbie B TekyiieM BbinosHennn. Cocrognne ”BKIIOTe-
Ho/
BBIKJTIOUEHO  [IJIfA MOJI paclajia ycTaHaBauBaeTca Kiiodamu MDME B JETSET; cM.
pasmer 14.6.
HyMepyeT pasuyHble KaHaJIbl PAclajioB, BO3MOXKHbIe 1Jid pesoHanca KIF, kak
3amaro B JETSET B obuiem 6stoke LUDAT3, ¢ mepBbIM KaHaJ oM Tpu J=1, u T.n.

WIDS(KF,J) : Ge3spasmepnbiit K03(DPUIMEHT TOTaBIEHNA, KOTOPBIH ONpenessiercss Kak OTHO-

[IeHIe TOIHOM MUPUHBI BKIIOUEHHBIX KaHaI0B K IMOJIHOM MIIprHe BCeX BOZMOKHBIX

KaHaJIOB (JIJIs TTaphl PE30HAHCOB HYKHO 3aMEHWUTH IIUPUHY Ha KBAAPAT MIUPUHBI).

Cocrosinue ”BKIIIOUEHO/BBIK/IIOUEHO” 15 PA3IUIHBIX KaHAJOB yCTaHABIUBACTCSH

kodamu MDME B JETSET; em. pasmen 14.6. Undopmarus, comepxarasics 8 WIDS,

MCIOIb3yeTCs, HallpUMep, IIPU BBIUUCICHAN CedeHM.

1 : TmopaBJeHne IpH COBMECTHOM POKICHUN maphl pe3onamncos Buma KF. Korma cy-
HECTBYET aHTUIACTAIR, PaspellieHa KOMOMHAINA JacTHa-aH T IacTuIa (THIa
W*W™), mrade — Topko dactuna-dacruna (tuma Z°7Z°).

2 . T1ojaBieHne poxjeHus dacTuibl Buga KF, Korma ona poxmaercs ogHa MU

BMecTe ¢ JacTullelt npyroro BUaa.



J = 3 : nomaBjenme poxieHns anTudacTuilbl Buga KF, korma ona poxmaercs onmHa
UJIW BMECTe ¢ JacTulleit apyroro BHUIA.

COMMON/PYINT5/NGEN(0:200,3) ,XSEC(0:200)

ITasnavenue: samaer waMOPMAIINIO, HEOOXOMUMYTO /1A BHITUCIEHNA CeUEeHUA U YJIbTpahuo-
JIETOBBIX MaKCUMyMOB Aud bepeHInaaIbHOTO cedeHnsi. JTH TepeMeHHble He TOIKHBI
M3MEHATHCA TOJIb30BaTeIeM.

NGEN(ISUB,1) : KONWYECTBO MOMBITOK BhIIHCTeHNA T hEPEHITNATBHOTO CedeHns (YMHOKEH-
HOTO Ha Koa(hdunmeHTs Axobmana) aisa mommpotecca ISUB, ¢ NGEN(0,1), samato-
WM CYMMY 3THUX YHCe.

NGEN(ISUB,2) : KOJHYECTBO MONBITOK KHHEMATHIECKOH ycTaHoBKY i mommpotecca ISUB B
npotenype rereparun, ¢ NGEN(0,2), 3agaonmM cyMMy 3THX THCEJT.

NGEN(ISUB,3) : maeT KOJHYECTBO IONBITOK TeHepalum coOBITHA Tuia mommpoiecca ISUB,
¢ NGEN(0,3), 3samaioluM CYMMY 9THX YHCEJI. O0prano NGEN(ISUB,3) =
NGEN(ISUB,2), TO ecTh NpWU POKIEHUN COOBITUA OOBITHO MOZKET HMCIIOJIb30BATHCS
MpUHATaA KHHEMaTHIecKasd KOHPUTYPaIlnsi.

XSEC(ISUB,1) : BBIYWCIIEHHBIH MakcuMyM andpepeHnaibHoro cedeHns (yMHOKeHHbIH
Ha KO3 PUINEHTH AKOOWaHA) [JId PA3TWIHBIX BKJIFOUYEHHBIX ITOIIPOIECCOB, C
XSEC(0,1), 3amafolnM cyMMy >THX BEJUYNH (3a MCKJIFOUEHHEM MPOIECCOB € Ma-
aeivu py, ISUB = 95).

XSEC(ISUB,2) : maer cymmy auddepeHnnaabHbIX cedeHnii (YMHOKEHHBIX Ha AKOOWAHBI) 1715
touku NGEN(ISUB, 1) ¢dasoBoro mpocrpaHcTBa, MOJIYIeHHONW paHee.

XSEC(ISUB,3) : BBIUMC/IAET HWHTErpasibHoe cedenue s nommpornecca ISUB ma ocnoBanmu mna-
KOTLTeHHO 10 cux mop cratuctuku, ¢ XSEC(0,3), ZaoluM BEITUCIEHHOE TTOJTHOE Ce-
YeHwWe 714 BCeX BKIFOUEHHBIX TTOAITPOIECCOB (Bce B MO). DTo — ToUHaA WHMOPMAIHs,
mosydaeMasi mpu Ber3oBe PYSTAT(1).

COMMON/PYINT6/PROC(0:200)
CHARACTER PROC*28

ITazuaveHue: 3amgaeT CUMBOJbHBIC CTPOKH /1A Pa3JIMUHBIX BO3MOMKHBIX ITOIIIPOIECCOB; WC-
MOJIb3yeTCs MPH TedaTn TabJIwII.
PROC(ISUB) : mMeHa pa3/jHmIHBLIX moamnporeccoB corytacto ISUB-komam. PROC(0) o3madaeT Bee
[IPOLIECCHI.
D aKoHell, CYIEeCTBYeT P MOAIPOrpaMM M OOIINX OJOKOB ¢ MMEHaMM, HaTHHAIOIIIMUICH C
RK. OHu comepikaT BBITHUC/IEHTE MAaTPUIHBIX 3JIEMEHTOB JJId Tpolecca g¢ — 7qq, OCHOBAHHOE
Ha Iporpamme Donabaa Kiefica, ¢ HeKOTOpbIMEI MOIN(PUKAIIAMI.

9.7 D pumMephnl

D porpamma chopMrpoBaHa KaK MOTINHEHHAS CHCTEMa, TO €CTh BBI JIOJIZKHBI 00ECTIednTh TJIaB-
HYIO TIPOTpaMMy, KOTOpas BhI3bIBaeT moanporpaMMbl PYTHIA u JETSET 1/ BBITIOJTHEHUA KOH-
KPETHBIX 3a/1a9 W OCYIIECTBIIAET TPOIOJIZKEHTE MPoIlecca TeHePAllNy U KOHTPOJIb HAJl HUM.
Twunwaras mporpaMMa 1 aHaIn3a coObITHi cTosKHOBeHUA ¢ sHepruett 630 ['5B B cucreme
M ¢ muanmansasivm py 10 ['9B/c npu kectkom paccesimnm (u3-3a U3/IydeHUs B Hada TbHOM
coctosiaum, 3hdeKkToB (pparMeHTAINN U T./1. (PaKTHIeCKnit HUKHUN Tpemest p; OyneT pasMbiT



BOKPYT 2TOro 3HELLI6HI/IH) MOZKET BbIIVIANETDH CJIEOYIOINM 06pa30M:

COMMON/LUJETS/N,K(4000,5) ,P(4000,5),V(4000,5)
COMMON/PYSUBS/MSEL ,MSUB(200) ,KFIN(2,-40:40) ,CKIN(200)
COMMON/PYPARS/MSTP (200) ,PARP(200) ,MSTI (200) ,PARI(200)
! ycTaHOBKa BCceXx obmux 6JIOKOB Iepe-
! MeHHHX, KOTOPHM He OBUIM IPHCBOEHE
e ! 3HaAYeHUA NIO YMONYAHUN
CKIN (3)=10. ! mmwHU# npemen p_T
CALL PYINIT(’CMS’,’p’,’pbar’,630.) ! uHUIHANH3aLUA
e | HHUIHAJIHN3AlUA aHaJii3a CTATHCTHKH
DO 100 IEVENT=1,1000 ! mura mo cobHTHAM
CALL PYEVNT ! reHepanua cobuTHuA
IF(IEVENT.EQ.1) CALL LULIST(1) ! meuaTp mepBOTrO COGHTHA
| BCTaBKa MeJlaceMOl IIENMOYKH aHaJiu3a
e | mnAa Kawmoro cobHTHA
100 CONTINUE
CALL PYSTAT(1) | meyaThb cevueHuit
e | mOJBL30BATENLCKUII BHBOX
END



I'maBa 10

I/IBJIy‘—IeHI/Ie B HAY9aJIBHOM U KOHE€YHOM
COCTOAHUN

K nepBoragabHOMY TPOIECCY KECTKOTO B3aMMOIEHCTBUA MOTYT ITOOABIATHCA MOMPABKIL, 00-
VCIIOBJTEHHBIE W3JTy Y€HIEM B HATaIbHOM I KOHETHOM COCTOSHUN. ITO OOBITHO BHITOTHAETCA HA
A3BIKE MAPTOHHBIX JIUBHEH — TOIBKO 11 npotecca et e” — qq JETSET mpeiaraeT om0 Ma-
TPUIHOTO 3JIeMeHTa (ONMncaHHyto B pasjese 6.1). AnropuT™bl, ncnoib3yemMble NJid TeHepalnmi
JWBHeH B HAYAIHHOM 1 KOHETHOM COCTOAHUU, PAa3/IUIHBI, U TOTOMY HIUZKE OMUCHIBAIOTCA 1O
OTIETHHOCTH, HAYMHAA ¢ KOHIENTYAJTbHO OoJlee TPOCTOTO cIydad KOHETHOTO COCTOAHUA. Depe
5TUM JaeTcsd HEKOTOPOe KOJIMIECTBO OOIINX 37T€MEHTOB.

['nmaBras ccblika 1O JMBHAM B KOHEYHOM cOCTOAHWE — pabora [Ben87al, a mo jauBHAM B
HadaIhbHOM COCTOAHUN — [SjO85].

10.1 9SBoJjgaronusa JIUBHA

B mostHO# 3ammcn coObITHSA JIMBEHD MOYKET BBITVIALETh KaK MTOCJIET0BATEBHOCTE 1| — 2 mepe-
X0moB @ — be. a HaspIBaeTcd MarTepuwHCKON wdactuieit, a b u ¢ — nBymsa nodeprumu. Kaxmas
MOYEepHAA JacTHUIa TaKKe CBOOOIHO MOYKET COBEPIIATh aHAJOTHIHBIN TTEPEXOI Ha CJIETYIONEM
BUTKEe, TaK 9TO MOJKET Pa3sBUBAThCA IPEBOBUIHAA CTPYKTYpa. MbI Oymem mcmosbp3oBarh 000-
3HavUeHue MapToH MJid BceX OOBEKTOB &, b W ¢, BXOIANUX B MPOIECC MEpPEXoia, TO €CTh He
TOJIBKO 1A KBAPKOB U TUTFOOHOB, HO TaK e JIJI5 JIEMTOHOB 1 (hOTOHOB. B mporpammy BKJTIOUTEHBI
mepexonsl q — g, g —» g2, & — qq, q — q7 u { — {~. QoroHHBIE TIEPEXOIBI, TO €CTh ¥ — ({
u v — (0, 10 cux mOp He BKJIOYAJINCH, TAK KaK OHH JIOCTATOYHO PEIKIL.

10.1.1 YpaBHeHHs BOJIIOIUANA

B dbopmysmpoBke TUBHA KWHEMATHKa KaKIOTO MTEPEXoIa TaeTcda B TEPMUHAX ABYX TePEMEHHBIX
(Q? 1 z. DT HepeMeHHble MOXKHO HHTEPIPETUPOBATh HECKOIbKO [O-Pa3HOMY, U, 1eAcCTBUTENbHO,
9TO OCHOBHAs 00JIaCTh OTJIMYNH B MPOrpaMMax, UCIOJb3YEeMbIX TIPU MOIEJIUPOBAHUU B (PU3UKE
BBLICOKUX aHepruii. (Q? mMeer pasMepHOCTh KBapaTa MacChl U CBA3BIBACTCA €O 3HAYCHUEM MaCChl
WM TOMEePeYyHoro MMIyJbca Mepexofa. z jaeT paclpeiesierue goJeit sHepruum U UMIyJIbca
YACTUTIBI ¢ MEKITY ABYMs TOYEPHUMUI TacTUIAME, T MapToH b IpuHUMAET 00 2, a TapTOH
¢ — nosto 1 — z. Jlaa ompenesiennss KWHEMATUKN HEOOXOINM TOTOJTHUTETHHO a3WMYTaIbHBIH
YTOJ (o pacupenesienns b BOKPYT HalpaBJIeHUs ¢; OOBITHO paclpeieseHre 10 ¢ CIUTAeTCH
M30TPONMHBIM, XOTA CYHUIECTBYIOT ONIINMYU 11 HEM3OTPOIHBIX pacipeneseHunii.
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BeposATHOCTD 115 MapTOHA COBEPIINTH TEPEXO TACTCA YPABHEHNAMNI IBOJIIONNT (TaKKe Ha-
spBaeMbiMu DGLAP — ypasrenusvu Joxumnepa—I'pubosa—J/Iumarosa—Ambrapenin—2apusu
[Gri72, Alt77]). Ynobro mpencraBuTh

_ d@*
-5

rne A ects KXJI-macmrad obpesanus A misa og. Komeuno, stor Bb16Op B OOsTBIIEH CcTemeHn

T =1n(Q%/A?) = dt =dIn(Q? (10.1)

npenrasHavden s JusHelt KXJI, HO MoxkeT mcmosib3oBarhes Tak ke xopoino n mia K9JI-
nuBHelt. B repmurax nByx mepemenubix ¢ u z nudepeHuat BepoaTHocTH dP A TapToHa a
COBEPIINUTH TTEPEXO]] TETepPh eCTh

dP, = bE O;—; Pype(2) dt d= . (10.2)

)

3mech cymMMa aeTcd O BCEM pa3pelleHHbIM MepexoiaM, HallpuMep, g KBapKa q — (g u
q — qv. Koaddunnent o paBen o, mas K9/I-nepexonos n o, nia KX /I-nepexomnos (s
BBIUWMCIIEHIH TP HEKOTOPOM MOIXOIAIIEM MaciiTabe, CM. HUZKE).

Anpo pacumennenns P,_p.(z) ecTh

1+ 22
Pyogg(z) = CF? )
(1 —2(1—-2))?
Pg—>g9(2) = Nc Z(l _ Z) ;
Pg—ma('z) = Tr (22 + (1 - 2)2) )
1+ 22
Pogy(2) = Zﬁ )
1+ 22
Proiy(2) ¢ T (10.3)

¢ Cp =4/3, No =3, Tp = ny/2 (10 ectp B Tg maer Bryan 1/2 kaxmpiii paspeureHabii qq-
apoMar), a e, U € — KBaJIpaTbl 3/JeKTPHICCKOro 3apsa (4/9 — mia KBapKOB BEpXHEro THIIA,
1 / 9 — 1A KBapKOB HUAKHEro Tnma u 1 — s JIeHTOHOB).

Yurarenn, sHAKOMbIE ¢ aHATUTUICCKAMI BBIUUCICHUAMI, MOTYT YAUBUTHCH, TOUEMY OILY-
uieHsl 3HaK 47 u §(1 — z) wrensl B Aapax paciiemaenus B yp. (10.3). Dru anensr obecmean-
BAlOT COXpaHeHUe YHePTUU U HYKHBIH apoMaT B aHAIUTHUECKUX ypaBHeHUAX. COOTBETCTBYIO-
as mpobjieMa TPUBHAIHHO PEIlaeTcs B MOHTE-KapJIOBCKUX MporpaMMax, IJie pa3BUTHE JIMBHS
MPOCJIEKUBACTCA BO BCEX MOAPOOHOCTAX W TJIe apoOMaT W 4eTBIPEXUMITYIbCHI COXPAHAIOTCA BO
BpeMsT KaskIoro mepexona. Kpome Toro, HeoOXOINMO HaK/Ia biBaTh OTPaHUUCHISA Ha pa3pelieH-
HBIH AUana3oH paclielyieHus z JJIs UCKJIIOYCHWs CHHTY/ISAPHBIX obJIacTell, cOOTBETCTBYIOIINX
U30BITOYHOMY POKICHUIO OUEHB MATKAX TJTFOOHOB.

Takxe obparure BHUManUe, 9T0 P, ,,(2) maetcs snech ¢ koadpdunnentom Ne, B T0 BpeMs
Kak wHOTHa BosHUKaeT Koadpdumment 2N, Takoe pasnodTenme BOZHUKAET TOTOMY, 9TO KO-
HETHOE COCTOAHUE COMEPIKNT IBa MAEHTHIHBIX TapToHa. C HOPMEUPOBKON Kak Bbiie, P, p.(z)
HHTEPIPETUPYETCA KaK BEPOATHOCTH COBEPIIECHU Mepexo/ia JIjisd mepBoHaYaIbHOTO MapToHa d.
C apyroii cTOPOHBI, 3TO BbIpasKeHIEe TaKKe MOKET OMUChIBATh BEPOATHOCTH TOTO, UTO TApPTOH b
pPOKITACTCA ¢ oJIel SHEPTUN Z. DOUTH BCe sAIpa BBILIE MOTYT UCIIOIb30BATHCSA, HE H3MEHAAChH, ¢
yaeroM odeBunHoil commverpunt Py_yp.(z) = Punya(l—2). g g — gg, onaako, moJiHaA BEPOAT-
HOCTh Ha#TH TJIIOOH C J0JIel PHEPIUN 2 paBHa CyMMe BepOATHOCTEH HalTH B TAKOM COCTOSHUH
HepBYIO WK BTOPYIO JIOYEPHIO YaCTHILY, U 9TO JaeT B ABa pasa Goabinnilt Koadhuiment.



10.1.2 PopmdakTop CymakoBa

DepemenHas ¢ BHIMOTHAET PYHKIINIO, AaHAJOTHIHYIO BpEMEHU TIPW Pa3BUTUU JuBHA. [aa sws-
Hell B KOHEeYHOM COCTOAHUM { BBIHY XKJIeHa TTOCTENeHHO YMeHbIIaThCA TP yIAJEHUT OT MOMEHTa
JKECTKOTO paccesAnusd, a JJid JUBHell B HavaJ bHOM COCTOAHWHU — TMOCTETIEHHO YBeTUIUBATHCA MTPpHU
PO KEHNT K MOMEHTY JKECTKOTO pacCesHus. DTO He 3HAUUT, UTO OTIEJbHBIN MapTOH MTpPO-
XOIUT depe3 Auaa3oH 3HaYeHWH ¢ KaKIblil TapTOH B KOHIIE CBA3BIBAETCA € (DUKCHPOBAHHBIM
3HaYEHUEM f, U MPOIENypa IBOJIONUN €CTh TOJBKO crmocod BBIOOpa 3TOTO 3HAUEHUsA. [OJIBKO
MHOZKECTBO MapTOHOB LI DOJIBIIIOTO KOJIMIECTBa COOBITHH 9BOTIOIMMOHNPYET HETPEPBIBHO ¢ t,
CM. KOHIETIUIO CTPYKTYPHON PyHKIINM.

Hns nanHOTO 3HAUYeHU:A { MBI ONpee/igeM HHTErPaJl BEPOATHOCTH MEePEXoIa Mo BCEM paspe-
EeHHbIM 3HaYeHUuAM z,

Z4(1) C'gbe

Toe(t) = / dz 2 p () . (10.4)
z_(t)
NuBapuanTHas BEpOATHOCTL TOTO, YTO MEPEXO/L IPOUCXOIUT B MaJoM dHalla3oHe 3HadueHui | o,
naercs oy, Loype(t) 01, M IO2TOMY BEPOATHOCTD OTCYTCTBHA U3JIydenns ectb 1 =33, Ty ype(t) 0.
Eciin aBosmionns naprona a HauMHaeTcA B ' MOMEHT BpeMenu’ lg, BEpOATHOCTh, 9TO MapTOH
He coBepUIMJI IIepexofa B ’6oJiee MO3IHEE MOMEHTHI BpeMeHn” | > {y JaeTcs pesysibTUupyloleil
BEPOATHOCTHIO TOLO, YTO TO He OBbLIO BBIIOJHEHO B JIOOOM U3 MaJblX MHTEPBAJIOB 01 MeKIy
to m t. Jpyrumu cinoamm, mosaras 6t — (), TOIy9HM »KCIOHEHIMAIbLHYIO 3aBUCAMOCTD IIJIA
BEPOATHOCTH OTCYTCTBUS IEPEXOIIOB:

t
P sraneing (Lo, 1) = exp 4 — /t At S Tone(t') § = Sa(t) . (10.5)

b,c

Taxkum obpazom, pakTudecKas BEPOATHOCTb, 9TO MEPEXOJ ¢ MPOUCXOIUT TIpH ¢, maeTcs

d a d no—branchin t 7t !
P, _ Pro—branching (to, 1) _ ZIa—ﬂ)c(t) exp _/ dt’ Zl'a%bc(t’) ) (10.6)
dt dt be t b,c

0

DepBblit KO3 PUINEHT ecTh MHBapUaHTHaA BEPOATHOCTD MEpexoia, BTOPOil OIpeIe/saeT mo-
JaBJieHne, o0y CIOBJIEHHOE COXpaHEHNeM ITOTHOM BEPOATHOCTH: €CJIH MMapTOH YIKe COBEPIIHT TTe-
pexon npu ¢’ < ¢, oH He MOKeT GoJIblle coBeplllaTh Tepexofa pu . ITa PYHKIHUSA — HU 9TO
MHOe, KaK ?KCIOHEHIIMaIbHbIH MHOKHATE/Ib, 3HAKOMBIl 10 paJnoakKTHBHOMY pachaiy. Ja s3bl-
Ke MapTOHHBIX JINBHEN IKCIOHEHINANbHBIH MHOKITETD Sq(t) = Pho—branching (to, 1) Ha3BIBAIOT
dbopmdarropom Cymakosa [Sud56].

Yropsgouerne B TepMUHAX YBeJUIeHUs { BBIIIE COOTBETCTBYET JIMBHAM B Ha9ahbHOM CO-
crogany. [{is nuBHEH B KOHETHOM COCTOMHUMN BOJIONNA WIET € HATATBHOTO ¢4, (OTpEIess-
€MOTO MOMEHTOM ZKEeCTKOTO paccefHNsA) K MEHBIIMM 3HadeHUAM {. B sTom ciydae maTETpas
or to mo t B yp. (10.5) m (10.6) sameHseTcss MHTETPATOM OT ¢ MO lqp. TaK Kak, MO CO-
riramennto, (opmdarrop CymakoBa Mo-TpeKHEMY ONpPEIeAseTcs OT HUKHETo Tpenesa tg, TO
ecTh JlaeT BEpOATHOCTh TOIO, YTO, HauMHas ¢ MOMEHTa (, ITapTOH He OyJeT coBeplIaTh Mepexo-
JIOB €O 3HAYEHMAMU HUZKe npeena tg, KoadppuimeHT oTcyTeTBrs mepexona (pakTUIecKn paBeH
pno—bmnching (tm(wa t) = Sa(tmaﬁ)/sa(t)-

Mp1 obpaliaeM Ballle BHUMaHWe Ha TO, YTO CTPYKTypa BbILe MMeeT BU, 0OCYZKIaBIIniics
B pasgene 4.2. D03TOMy B MOHTe-KapJIOBCKOM MOJEJIMPOBAHUN TapTOHHBIX JIMBHEH MIMPOKO
UCIIOJIb3YeTCs aJlOPUTM BETO.



10.1.3 CootrBercTBHE MacHITalby »KeCTKOTO pacCesTHHsA

2
+ap AJIA TTAPTOHHOTO

(BOSMOZKHO, JAPYTOM) IJIs JUBHA B

SBOJIIOHI/IH 110 Q2 HadWHaeTCcd ¢ HEKOTOPOTO MaKCUMaJIbHOI'O 3HAYEHUA Q

JINBHA B KOHEYHOM COCTOAHUN U 3aBEpUIacTCA IIpH znax
2

max
ITapTOHHBIX JuBHel He rapaHTHUPYET colJlachda € pe3yJibTaTaMW BBIYUCJIEHNA MaTPpUYIHBIX 3JI€-

HadabHOM cocTosHWM. B obimem ciydae () He m3BecTHO. JleficTBUTEIbHO, TaK KaK A3BIK
MEHTOB BBICIITUX TOPAIKOB HU JJIA aOCOIOTHBIX 3HAYEHWH, HU IJ151 HOPMUPOBAHHBIX, HE WMe-
eTcsa HUKaKOTO eIMHCTBEHHO BO3MOZKHOTO peleNTa Jif ~ Hamiydiiero’ BbOopa. B mpurmmme,
Q) oy DOJIKHO MMETD MOPAIOK MaciITaba KeCTKOTO PAcCesiHUs, TO eCTh HanOOIhITas BUPTYaTh-
HOCTb [TOJIZKHA OTBEYATh JKECTKOMY PACCEAHUIO, M TTapTOHHBIE JTUBHU B HATAJIbHOM U KOHETHOM
COCTOSTHUU JTOJIZKHBI COMEPKATH TOJTBKO BUPTYAJIBHOCTH MEHbBIE 3TOTO 3HATEHNA. ITOT JKe pe-
3yJIbTAT MOYKeT ObITH MOJIYIeH U P TOYHOM ydUeTe: B 2 — i AuarpaMMax MPOIECChl JKeCTKOTO
paccesgHUA 2 — 2 MOTYT BBIOMPATHC HECKOJBKIMU PATHIHBIMEI CIIOCOOAMU, HO €CJIN TOJIZKHBI
TeHEPUPOBATHCA BCE BO3ZMOZKHBIE TIPOIECCHI, TO ceueHune Oymer yuareHo nBakmabl. CJremoBaTesib-
HO, HYKHO omnpeneiuTs 2 — 2 "xectkuit’ (parMeHT 2 — n AuarpaMMbl KaK cOIlepKalluit
HanOOJIBIITY IO BUPTYAJTHHOCTb.

Koneuano, mpobstema nBofiHOTO yUueTa HECKOIBKO 3aBUCUT OT TOTO, KaKne TMPOIecchl haKkTu-
YecKN TeHepUpPYIoTca B mporpamMMe. ey paccMarpuBaeTcs KOHEYHOE COCTOAHME (g B aJIpOH-
HOM CTOJIKHOBEHUH, TO 3Ta MPOOIEMa MOKET BOSHUKHYTH B PE3YJIbTAaTe M3JTYIeHNs B KOHETHOM
COCTOAHUU OT (Q-Ilapbl, WK pacllellJIeHUA IVIIOOHa B (q-Iapy, WK 10 MHOXKECTBY APYIUX IIPHU-
YUH, TaK 9TO OMAaCHOCTH MBOMHOTO ydera odeHb peasbHa. ( APyrolt CTOPOHBI, PACCMOTPUM
POXKIEeHNE ¢ MaJbIMU py, Tpotiecc penna—fnra poxKineHns nap JENTOHOB ¢ MAJIbIMU MaccaMu
COBMECTHO € JIBYM#A KBapKOBBIMU cTpysaMu. Takoil mpollecc B TPUHIINAIIE MOMKET Pa3sBUBATh-
cd ¢ WCIMycKanmeM ™ OT KBapKoOBO# BeTBM, ¢ KBapK-KBaApPKOBBIM paccedHmeM, ABIATONIIMCH
KecTKUM B3amMopeticTsuem. OmHaKo Tak KaK 3TOT IIPOIECC HE BKJIIOYAETCHA B MPOTPAMMY, He
cylllecTBYeT HUKakoil (pakTudeckoil omacHOCTH (B 9TOM ciiydae) ABOWHOTO ydeTa, W MOITOMY
MacIITad BOJIONUN MOJKET BBIOMpPATHCA OOJIBIINM 3HaUeHUA Macchl mapbl [pesma—dua, mo
Kpalinell Mepe, 10 HEKOTOPO# cTemnenu.

s 6onbmuncTBa 2 — 2 Iporeccos paccesins B PYTHIA MaciiTab Q% KecTKoro paccesnus
BBIOMpaeTcs cyremytomnM obpasom: Q7. . = p? (Korma dacTHIBI KOHETHOTO COCTOAHEA Gesmac-
COBBbIE, MHaYe MOOABIAIOTCA Macchl). B JIMBHE B KOHEYHOM COCTOSHWH, The () CBA3BIBAETCHA €
Maccoil mapToHa NpU THepexoje, /A MoNepedHblX UMIYJIbCOB B JIMBHE HOJIKHO BLITTOIHATHCA
yeaosue p; < (/2. DodTOMy yCaoBUe, YTO p) JTUBHA OyIeT MEHBIUIUM P JKECTKOIO PaccesHus,
rpy6o coorBercTByer Q% = 4Q3. ., KoTopoe mpemmosaraeTca 1o yMoJadaHuto. B mpuHImIe,

Ui JINBHEH B HAYaJIbHOM COCTOSHUU OTPAHWIEHWS HEMHOTO OTJMYIAIOTCH, HO HE HACTOJBKO,
9TOOBI BO3HUWKAJIA HEOOXOIUMOCTH BBIOOPA APYTOTO () 1y

D oJIOKEHNe YIIYUIIaeTCsA IJid JUBHEH B KOHETHOM COCTOSHUN MPHU paciajie Jo0oi dacTuiibt
— nperosoro cunriera tuna Z° mwam H°, nubo xak wacru kecrkoro 2 — 1 — 2 mponecca, Ju-
60 KaK-TO ellle B KOHETHOM COCTOAHUU. 10rma MbI 3HAeM, 9TO ()4 TOJTZKHO PABHATHCA Macce
JacTuIlbl. TaKKe MOKHO COrIacoBATh IBOJIIOINIO TAPTOHHOTO JINBHA € PE3YJIbTaTaMy BbIIUCIe-
HUA MaTPUYIHOTO 3JIEMEHTa MEePBOro MopAaKa. B mporpaMMe 3To BBITIOJTHEHO B TTPEANONIOKEHNN,
UTO pe30oHAaHC WMeeT CITWH, PABHBIN eNWHWIle, W 9TOT MOIXOI, KaK M3BECTHO, paboTaeT OYeHb
xopomro s~ /7°. Dror MexaHWSM He MaeT abCONIOTHO BEPHBIX Pe3yJIbTaTOB s HYJIEBOrO
comna HY, Ho u B »ToM ciIydae Bce Ke obecrnednBaeT I0CTATOYHO XOpollee ollucatue.



10.2 JIuBHM B KOHEYHOM COCTOSHUU

JIUBHE B KOHETHOM COCTOAHNHI BPEMEHHIOIOOHEI, TO eCcTh Bee BUpTyaabhoctn m? = B* — p? >
0. MakcumanbHast paspellleHHas BeJUINHa BUPTYAIbHOCTH ()2 ycTaHABJIMBAETCS MPOIECCOM
JKECTKOTO paccedHud, U jlajee BUPTYaJbHOCTh YMEHbIIAeTCA MPHU KaKJIOM CJIeyIollleM epexoe
710 HUZKHETO Tpeflesia 3HaueHnsA (QF. DTOT Mpesest UCIoIb3yeTcs IJId peryIapu3alii MATKIX
W KOJIJIMHEAPHBIX PacxXoguMocTell B BbhIpaXKeHUW JJIA BEPOATHOCTU U3JTYUEHUA.
OcHOBHBIE epTHI JIUBHEBOTO ajroput™a B JETSET cjenyromuue.
o OcHOBHOI aJTOPUTM 3aluCH — YJIyUIIEHHOTO, KOT€PEHTHOTO BUIa, TO €CTh € YIJIOBBIM
yHIopAI0YeHueM.
o Moxer mcrosib3oBaThecsA JJ1A MPOU3BOJIBHON HadaJIbHOW Mapbl TApTOHOB WJIM, PEaJTbHO,
NJIA JTF00OTO OTHOTO, ABYX MW TPeX JaHHBIX 00bEeKTOB (BKJIIOUA aJpOHBI U KaJIHOPOBOY-
Hble OO30HBI), XOTA TOJBKO KBapKW, TJIFOOHBI 1 JIENTOHBI MOTYT WHUIHIPOBATH JTHBEHb.
e Dapy JMBHEBBIX MAPTOHOB MOKHO 3a/laBaTh B JIIOOON cucTeMe, HO PBOJIIONUA BBITOJTHA-
ercsa B cucrteme [IM nuBHeBBIX YacTwil.
® DHepPIrusa U UMIYJIbC COXPAHAIOTCA TOTHO Ha KarK/IOM Ilare Mmporecca JNBHeoOpa30BaHM .
e Ecin wmavambras napa — qq win (T(7 (mosydarouiascs npu pachajfa pe3oHaHca), TO
UCTIOIb3yeTcd JONMOJHUTEbHad MeTOINKa OTKJIOHEHWA B MEPBOM Iepexoie KaxKIoro U3
NIBYX TIePBOHATAIBHBIX TTAPTOHOB, TAK 9TO BOCIPOU3BOAUTCA Mud bepeHInaaibHoe ceaene
caMoTo HU3KOTO TOPAMKA C 3 CTPYAMM.
e B mocrenytoinx mepexomgax HaJIOKeHO YIJIOBOE yHOpsgodenne (KorepeHTHbIE 3D HeKTH ).
o MoryT BrRITIOTaTHC: 2(PPEKTHI CIUPATHHOCTH TUTFOOHA, TO €CTh KOPPEJIAINNA MEKITY TLI0C-
KOCTAMM POXKJEHUA W pachajia TJIIOOHA.
e llcnosb3yeTcs BbIpasKkeHWe a TEPBOTO TOpsAKa ¢ MacmTaboM ()*, samanHBIM (MpUO/IHE-
KEHHO) KBAPATOM TOMEPETHOTO MMITYJIbCa TTepexoia. Do yMosdanuio Aqep, KOTOPbIH
He IOJIKeH IPUHUMATheA paBHBIM Aypg, pasen 0.4 ['sB.
® Do YMOJIIaHUIO TTAPTOHHBIN JIMBEHD OTKJ/IIOUaeTCsA Mpn 3HadeHnn Macchl 1 [3B.
Hamee ciemyer 6ostee metajgbHOE OTMMCAHITE.

10.2.1 BrIibop nepeMeHHOH 3BOJIONUHA

B nusnesom asropurme JETSET nepementasi sposonuu (Q? cBAszana ¢ KBaIpaToM Macchl HapTo-
Ha TIpw lepexogie, () = m? nus nepexona a — be. Kax cnencrsue, ¢ = In(Q?*/A?) = In(m?2/A?).
Taxoit BbIGOp ()* HE emMHCTBEH, W ApYTHe MPOrpaMMbl cofepiKaT apyrue onucanusn (HERWIG
ucnonbsyer Q* ~ m?/(2z(1 — z)) [Mar88], m ARIADNE ucnosbsyer Q* = p2 =~ z(1 — z)m?
[Pet88]). C macmrabom (), 3amaBaeMbIM Maccolf, HUKHUN mpenes (Jo COOTBETCTBYET TOl Mac-
ce. Donee Touno, B KX /I-muBre mapamerp (Jo mcmonb3yercs /s BbiBoma 3 heKTUBHBIX Macc

1
Megg = 50,
2 1 2

Mea = \[Mg + 760, (10.7)

rie mq BBIOMpAJINCh KaK TUIMYHBbIE TEKYIINe 3HAYCHUA MacC KBapKOB. JapTOH MOXKET COBEpP-
WWTh MePexoll, ecjiu Macca 1o KpaliHell Mepe He MeHbllle CyMMBbl Macc caMoil Jerkoil mapsbi,
KOTOPOl paspellieHo poxaeHune Npu pacnaje mapToHa, TO €CTh CyllecTBYeT MUHUMaJIbHOE 3Ha-
YeHWe MACChl, TPU KOTOPOM BO3MOKEH Tepexo]l

Mmin,g = 2Tneﬁ,g — QO )

Mimin,g = Meffq + Meff g 2 QO . (108)



DT 3HAUEHWA MACC MCIOIB3YIOTC A TOyIeHNs OrpaHnIeHnil Ha paspelieHHbIl Trnamna3oH
snagennit Q? u z. OnHaxo ecsiu GLLIO pellleHo, YTO MapTOH He MOXKeT copepllaTh NajbHefimue
MEPEXOIBbI, TO OH MOMEIIAeTCss Ha MacCOBYIO MOBEPXHOCTH, T.€. TJIFOOHBI ~B KOHETHOM COCTOS-
HUN Oe3MaccoBBIE.

Korna Brimodaercs Takke msmydenne (pOTOHOB, OTIebHO HaeTca (o mia KD /l-aactu sms-
H#, 3HaYeHHEe KOTOPOro TOYHO Bocupoussoaut maciitab KXJI [Sj692¢]. Do ymosmuanuio nsa
MaciTaba (Jo BbiOMpatoTca paBabiME 1 uMetoT 3Hadenue 1 [3B. Ecau a1o He caemano, To misa
n3aydeHns (POTOHOB OyeT paspeleH OoJjiee HUSKUH Tpeest, 9eM I W3JIyIeHns TJII00HOB. B
9TOM cJIydae paspelieHHbI Irama3oH z 1id u3jiydeHus (HOTOHOB Oymer OOBUINM, YeM I
[JTFOOHOB, W B KOHIIE BOJIIONNN JIUBHA OYIET paspelero TOJbKO U3ayderrne POTOHOB.

Nsyaenne (poTOHOB ¥ TTIOOHOB OTJIMIAIOTCA CYIIECTBEHHO B TOM, 9TO (POTOHBI MOABJIIAIOTCS
KaK (pU3WIecKne TacTUIbl B KOHETHOM COCTOAHWM, TOTa KaK TJTFOOHBI HAXOMATCA B KOH]aH-
mMenTe. QnHAKO 11 n3IydeHns (POTOHOB OT KBApKOB y/IepZKUBATOIINe CUJIBI, AeficTBYIOIIe Ha
KBapK, MOTYT 0becriednBaTh 3 PeKTUBHBIH TpeIest n3/iydeHns (OTOHOB TP 3HATEHUAX, DOJTb-
WX Macchl 'TOJOTO” KBapka. MaATKme m KosuinmHeapHble (DOTOHBI MOTYT TaKZKe HMCIYCKAThCH
3apAKEHHBIMI aIPOHAMU B KOHETHOM COCTOSHWW; COOTBETCTBUE MEKY U3JIyUEeHHEM OT KBap-
KOB ¥ OT aJpPOHOB #ABJISETCA BechbMa TOHKOW TPOOJIEMOl, U TOITOMY MBI He OYIEM TTBITAThCHA
YCTaHOBUTH TIPOUCXOKIeHTe (POTOHOB B MATKOM 00J1acTH.

s wsnydenus GOTOHOB OT JIENITOHOB HET HEOOXOMWMOCTHU 3aaBaTh Ipemes W3JIydeHu
MTOMEUMO TOTO, UTO TAeTCsH MAccOll JTeToHa, HO MBI COXPAHAEM 31€Ch TOT K€ TOIXOJ, UTO U IJIA
KBApKOB: BO-TIEPBBIX, MpOrpaMMa He TpeTHa3HadeHa 1A BBIMOJHEHNS BBICOKOTOTHBIX MCCIIe-
NOBaHUI POKIEHNA Tap JIEMTOHOB (Te TaK:Ke Halo OyIeT BKIOTATE yCI0BIA WHTepdepeH
MeXKy W3JIydeHreM B HA9aJbHOM W KOHETHOM COCTOAHWM); BO-BTOPBIX, OOJIBIIMHCTBO JKCITe-
PUMEHTAIBHBIX MPOTEIYP OYAET BKIIIOUATh SHEPTUIO KOJIHHEAPHBIX (POTOHOB B 5D (PEKTUBHYTO
YHEPTHIO JIENTOHA B KOHETHOM COCTOSHUM.

10.2.2 Bruibop nepeMeHHO# pacHiellJIeHAS HEPTHAHA

MexanmsM u3aydeHns B KOHETHOM COCTOSHUU BCETma onnckiBaeTcsa B cucrteme [[M kectroro
paccesgHUsA, OOBITHO IJIsi TAPbl POXKIEHHBIX IBOJONMOHUPYIOMNX TapTOHOB. VHOTIA MOXKeT
CIIYIUTHCH, UTO MAPTOHBI CHOBA BO3BPAIIAIOTCA B HEIBOIIOIMOHWPYIONIEE COCTOSHUE, KaK B
mpotiecce q — 7Y, TI€ TOJHKO TUIFOOH B KOHETHOM COCTOSHUU 3BOJIIONMOHUPYET, a SHEPTHUA
boToHA M3MEHAETCA B COOTBETCTBUM € TePEXONoM TuTooHa. (Kcim ocTaBuTh TOTBKO 5TOT 9BO-
JTIOTIMOHUPYIOIINY TAapTOH W He TPOTraTh OCTAJbHBIE, OYIET HEBO3MOXKHO COXPAHUTH HEPTUIO
W UMIIYJIbC B CIydae MacCHBHOTO TapToHa.) Takwm obpasoM, mepen HadagoM IBOJIONNE Ta-
pa mapTOHOB CMelaeTcs 10 OTHOIUIeHWIo K uX obelt cucreme [IM w moBopaumBaeTcs BOKPYT
och z. DO OKOHYAHWUW TIPOIecca JTUBHEOOPA30BAHUA MOJTHBIN MapTOHHBIN JIMBEHD BpAlllaeTCa 1
cMelaeTcs oOpaTHO K MePBOHAYAJIBHON cHcTeMe TTaphbl TapTOHOB.

UnTtepnperamus nepeMeHHON pacilelieHus SHEPTUN 1 UMITYJIbCa 2 He eIUHCTBEHHA, 1 (haKk-
TUYeCKHU TPOoTpaMMa MPEeIOCTaBIgET BOSMOKHOCTH BBIOOPA MEKIY TeTBIPHM S PA3TUIHBIMEI Ba-
puantamu [Ben87al, "nokambubiv” u " riobadbHbiM” OMUcaHUEM 2z, OObEIMHEHHBIM ¢ ~orpa-
HUYeHHOW wim ~HeoTpaHWdeHHON »Bosonmeit. Bo Bcex wueThipex BapmaHTax mepeMeHHas 2
WHTEPIPETUPYETC KaK I0Jd sHeprun, 10 ectb By = 2K, w £, = E, (1-z). Dpu Beibope "0~
KaJTbHOTO  ONWCAHWSA Z IOJIA SHEPTUHU OMPENEAETCA B CUCTEME MOKOA MATEPUHCKOTO TapTOHa
a. D peamodTuTesibHee Mpyroit BeOOp — "riobasabHOe” omnmcaHme, B KOTOPOM 3HEpPIUsA Bceria
Borancsserca B cucteme [IM kecTkoro paccesrums. DTu nBa omucaHWs HAXOIATCH B COTTIACUU
[T TIEPEXOI0B MapTOHOB, TMOABJIAIONINXCA TPAMO U3 MPOTECca KECTKOTO PacCesHNs, TaK Kak
JKECTKOe paccesiHme caMo 1Mo cebe paccMaTpuBaeTcs KaK ~MaTepWHCKUi mporece” s mepBOro



MOKOJIEHWA TapToHOB. Dampumep, B Z° — qq Kanubposounsiit 6030 Z° paccMaTpuBaercsa Kak
MaTepruHCKad YacTUIa 11 U (, JayKe ecJIu Iepexol He odpabdaTbiBaeTcsa ¢ MCIOJIH30BaHM-
eM MexaHm3Ma JuBHeoOpasoBanus. ~ JlokasbHoe” u ”riobasbHOe” ONWCAHWA PACXOMATCH IJISA
MOCJICIYIONINX EePEXOI0B, IHe A~ TIobaIbHOr0” OMMCAHU CYIIECTBYET BO3MOMKHOCTH DoJiee
IPOIOJIKATETHHON 2BOIIONNAN JIHBHA.

B nepexosie a — be KuHeMaTrdecKn pa3peleHHbll Inana3ol 3HadeHnit z = z,, 2 < z < 24,
naercs

_ L miom? ] Vm2 —m? —m2)? — dm2m}
=+ 2 m2 E, m2

(10.9)

Dpu "orpanwdenHo” SBOIONNN OTPAHWIEHNSA, TaHHBIE BBINIE, YAUTBIBAIOTCA B MPOIIECCE IBO-
monun. OrpaHndeHns Ha Macchl Mg p U Mg o UCHOIB3YIOTCH JIJIA OLNPEIesIeHNn MaKCHMaTh-
HOTO pa3peleHHoro Irarma3oHa z, B Ipenerax KOTOPOTO BBIOMpAETCH z, BMECTe CO 3HAUYeHUeM
m,. D pu mocJenyolei »BoTIOIE b U ¢ pa3pelerbl TOJbKO Tapbl My U M., A1 KOTOPBIX yiKe
TOJTHOCTBIO OTIpelle/IeHbl OTPaHIIenna Ha z,, yp. (10.9).

st ”HeorpanuaeHHON SBOIONNN, KOTOPAad TPEANOUTATEIbHEE, MOKHO CTApTOBATH € MTPHU-
HATHA JTOYEPHUX TaCTUIl OE3MACCOBBIMU, TaK UTO pas3pelleHHbI!l nrama3on z

1 a
x= g 1+ |ga|9(ma — Momina) ¢ (10.10)
rie () — mwarosas dyukmuA, f(x) = 1 nqna ¢ > 0w §(z) = 0 qna ¢ < 0. Kwunemaruka

(0)

pacraga B JBe O€3MacCOBble YaCTUIBI € YeThIpEXBEKTOPaAMU P, 1 pgo) Torma mpocrta. Takum
obpaszom, my U M. OYIyT 3a7aBaThCs TPU MOCTETYTOIIeH SBOIONNN, TOJTBKO €O CJIETYFOTIIME
orparndenuamM: my < F,z,, m. < (1 — z,)E, mw my + m, < m,. QakTwdeckn, MaccuBHbIe
IETHIPEXBEKTOPHI MOTYT OBITH OMpeNeeHbl Kak

pre =y £ (PO — pi7my) | (10.11)
e
m2 + (—mim?) — /(m2 — mi —m?)? — 4m?2m}
Fhe = (Zmim?) ~ o ) a (10.12)
m

a

Hpyrumu cjioBaMu, 3Hadenme 2z, B HEKOTOPOM CMBIC/Ie WHTEpPIpeTUpyeTca 3anoBo post facto.
Camo coboit pasymeercsi, "HeoTpaHWIeHHAas OIINA pa3pelracT COBEPIIATh OOJIbIee KOJITe-
CTBO TEPEXONIOB, UeM ~orpaHudeHHas . B mociemyroieM obcyKIeHUN MBI OyIeM KacaTbhes
TOJBKO ' TJI0H6ATFHOTO, HEOTPAHIMIEHHOTO BBIOOpA OMMCAHUA Z.

10.2.3 epBble Iepexoibl U COOTBETCTBYIOIHAE MATPUUYHbBIE
3JIEMEHTHI

SBOJIIOHI/IH B KOHEYHOM COCTOAHUN OOBIYHO HAUYMHAECTCA C HeKOTOpOﬁ HepBOHELqELJIbHOﬁ ITapbl

2

naptoroB 1 + 2 npum 3Havenun Q7 ..,

oTipeieJTEeHHOM KakK yzKe obcyKmasoch Bbimre. Korma
paccMaTpWBAETCs PBOJIONUA TMapToHa |, TpUHUMAETCsA, 9TO TMapTOH 2 0e3MaccoBBIfl, TaK 9TO
SHEPIUA U UMITYJIbC MapToHa | ABIAIOTCA TPOCTHIMU (DYHKIMAMEA MacChl (M YCTAHOBIEHHON
sreprun B cucreme [IM mapbr), u mosToMy paspelieHHbI TUanasoH IJid MepeMeHHON paciie-
nerns z; naercd yp. (10.10). CoorBercTBEHHO, MAPTOH 2 SBOTIOMUOHUPYET B MPEITTOJOKEHTH,
9TO TapToH 1 6e3MaccoBbIil. Docite TOro Kak 00OMM TapTOHAM TIPUCBOUIIN MacChl, MOYKHO OTIpe-

AEJINTh ITPpaBUJIBHBIE 3HAYEHN A NX 3H€p1ﬂI/II7I7 KOTOpbIE 6yILyT MeEHbIIE IIEPBOHAYAJIBHO IMTPUHATHIX.



CrnienoBaresibHO, pa3pelleHHble Iuana3’oHbl Z COKPATUIUCh, W MOKET CJIYYUThCH, 9TO HEKOTO-
pPOMY Tlepexojly NPUCBOMIN 3HaUYeHUe z CHapyzKh 3TOTo amala3oHa. Kcim 3To Tak, TO MapTOH
3BOJIIOIMUOHNPYET BHNU3 IO 3HAYEHWAM MaCChl OT OTKJIOHEHHOTO 3Ha4eHUs; ecjan oba 3HaueHWs
2 OTKJIOHATOTC, JaJjiee 3BOJIOIMOHNPYeT mapToH ¢ bosibiueil Maccoii. Takike MoEKeT c/iydnTh-
csl, 94TO CyMMa My W My Oosbine, uem sHeprus B cucreme [IM, Torma onsATh 3BoOINOHUPYET
napToH ¢ Gojblreii Maccoif, crmyckasich 1Mo 3HaAYEHUAM MacChl. D POBEpKa W CJELyFOlii mar
9BOJIIOIUK BBITOJTHAIOTCA 710 TeX op, IoKa He OymeT HalinieH npuem/emblii Habop my, mg, 2y W
Z9.

DTa mpoleaypa ecTh pacliupeHne aJropuTMa BETO, TJe MpeIBapuTebHOe BHIYNCIEHNE pas-
pelIeHHOro Arala3oHa 2 MONpaB/IgeTcs MpU OTKJIOHEHNH HEKOTOPOTO KOJIMYeCTBa MEPeXooB.
OnHako HyzKHO obpallaTh BHUMaHWEe Ha TO, 9TO aJTOPUTM BETO COBEPIIEHHO HEIPUTOAeH /I
COBMECTHOM 2BOJIIONNI TI0 IBYM TT€PEMEHHBIM (1M1 W My ), W MO3TOMY TPUCYTCTBYET HEKOTOPAs
PEIONpPENeeHHOCTh. DTO ABHO BUIHO IPH BLIOOPE TTapTOHa, KOTOPbIH Oymer majee 3BOJTIONI-
OHUPOBaTh, ec/iu 00a 3HaYeHNs 2z HEJOMyCTHMbI MM €CJIM CyMMa MaccC CJUITKOM BeJIMKa.

st mapbl KBapKa U JilenToHa 1 + 2, mosydatouefics npu pacmnajge GeclnBeTHON 9acTHIbI,
HepBbIe TePexXobl COOTBETCTBYIOT MaTPUIHBIM 3/IEMEHTaM IT€PBOTrO MOPAIKa B ABHOM BHIE I
pacnagoB KaJaubGpoBOUHBIX 0O30HOB. JTO TaKyKe BBLINOJIHEHO, Hampumep, njid pacmamon HO,
KoTtopbiit mMeer crimi 0, a He 1, W 17151 KOTOPOTO, B IPUHIIAIE, TTO3TOMY HECKOJIBKO OTJIMIAIOTCS
MaTpPUIHBIE 3JIEMEHTHI.

CoorBercrBre Gasupyercs Ha OTOOpasKeHUM TepeMeHHBIX MapTOHHOIO JIMBHA Ha (pa3oBoe
IIPOCTPAHCTBO 3 cTpyl. Doxmenme cobbitua ¢ 3 crpysmu, tuna v*/Z° — q(p1)q(p2)g(ps), Ha
A3BIKe JINBHA O3Ha4YaeT IePexo]] Yepes3 MPOMEsKYTOUHOE COCTOSHIE, TJIe WIN (, WU  HaXOIUTCs
He Ha MacCOBOi MoBepxHOCTH. [lJ1si mepBoro ciaydas Torga mMeeMm

m? = (p1+ps)’ = B, (1 —22)
E1 1 1

:E1+E3:$1+$3:2—$2

z

(10.13)

rne x; = 28;/E,,. Cnyuaii usnydenus or q nosydaercs samenoit 1 <+ 2. Bwipaxenue njs

pacilenIeHns TapTOHHOTO JIUBHA B TepMuHax m” u 2, yp. (10.2), Moxer, ciemoBaresbHo, GBITH

Mpeodpa30BaHO B CJIEMYIONIY0 T PepeHnnaabHy0 CKOPOCTh A 3 cTpyii:

1 dO‘pS B g 1 %
o drydry 27 F(l—xl)(l—xg)
1— 2 1 — 2
SR e (L) 21y (L) , (10.14)
I3 2— a9 T3 2—x

r7le TepBBIl djIeH BHYTpU (PUTYPHBIX CKOOOK COOTBETCTBYET U3JIyUEHWIO OT KBapKa, a BTOPOi
— ot anTuKBapka. COOTBETCTBYIOIIEE BhIpAKEHNE Ha A3bIKE MATPUIHBIX 3JIEMEHTOB

1 dO'ME g 1

- =C R A 10.15
o drydrs 27 d (1 —a)(1 — a2) {:1;1 + :1;2} ( )

C xkuaeMaTudeckKnM 0TO0OpoM B JETSET BbIpaKeHue JIs MAaTPUIHOTO 3JIEMEHTA BCETIa MEHbIITE,

qeM JiiA mapToHHOTO JuBHA. (CllemoBaTebHO, MOYKHO 00pa30BBIBATH JIMBEHb, KaK OOBITHO, 1
JIOMHOZKATh Pe3yJIbTaT Ha JOMOTHUTEIbHbIH BecoBoil Koaddunuent doyp /dops, KoTopbiii maet
OTHOIIIEHTe BbIpaKeHui#t B GpUTYypHBIX cKOOKax. Kcim mepexon OTKJIOHAETCH, 3BOJTIOMIA TTPO-
TOJIZKAeTcst OT OTKJIOHEHHOTo 3HavueHns ()? Brepen (aqropuT Bero). D polemnypa B3BEUINBAHY
IPUMEHAETCH K IEPBOMY TIEPEXOIY 1 JIJIA ([, U JJIA q, B KaKIOM cIydae ¢ (HOMUHAIBHBIM ) [IPei-
MOJIOZKEHIEM, 9TO TIPU TOM HU OJWH JPYTOii MapTOH He COBepIIaeT Tepexoia (HU modepHMii,
HI CECTPUHCKI), TaK 9TO IPUTOAHBI cooTHOIeHns yp. (10.13).



Ecau BmecTo TimtooHa HUCITyCKaeTCA Cl)OTOH7 CKOPOCTh M3JIydeHUA AJIA ITapTOHHOI'O JIMBHA

maercs
1 dUPS . Aem 1 o
o drydry 27w (1 —a)(1 —a2)
y s I —x 1_|_< Ty )2 +21—:1;2 1+< T )2 (10.16)
6 - _— 6_7 - - .
a 23 92 _ T q T3 9 _ Ty ”
a uepes MaTpudHbie s/1eMeHThl [Gro8l]
1 doyg Qem 1 1 —ay 1_$2)2 , ,
o - —eg——— . 10.17
o dxy dxy 2 (1 —21)(1 — 29) (eq X3 “a T3 (:1;1 + $2) ( )

DomobHO cJlydaro W3JAydYeHWs [JIIOOHOB, MOJKeT MpPUMEHATbCA BecoBoii KoahdummeHT
doyg/dops, Korna nepsonauanbubiit (¢) wmm G(f) nermyckaer dboton. A HeHTpaabHOTO pe-
3oHaHca Tuma Z°, Te ez = —eé,, BBIpaKeHus BbIlle ympollatorcs u Koadgdunment doyg/dops
CTAHOBUTCH TaKUM K€, KaK /I W3JIyYeHNs [JTFOOHA.

D0 cpaBHEHHIO €O CTaHIApTHOM OOpabOTKOH MaTpHYHBIX 3JIEMEHTOB MMEETCA HeDOJIbIIoe
KOJIM9ecTBO pasjuunii. [1ist uBHs aBTOMaTndeckn yaurhbiBaercsa dpopmpakrop Cymnakosa n oy,
ABsmfoasca pyHKneil Macitaba p2 nmepexona. Takke B JIMBHE BCeM MapTaHOM pas3pelraeTcs
3BOJIIOIMOHNPOBATH JaJbllle, 9TO O3HadaeT, UYTO MHBapuaHTHas KHMHEMaTHKa, MpWHATas I
CpaBHEHWA ¢ MaTPUIHBIMU 3JIEMEHTaMK, W3MEHAETCs TTOCASIYIONMME epexoiaMi, HallpuMmep,
>HepTUsA MapToHa | yMeHbLIaeTcd, Korja HapToHy 2 HasHadaroT Maccy. Bce »Tu adgdexTn
umeroT popMaThbHO OoJlee BBICOKMI MOPAIOK, W MO3TOMY He BJIMAIOT Ha cpaBHEHNE Pe3yIhTaToB
B IIEPBOM TOPAIKE. JTO HE 3HAYHUT, YTO HEOOXOAMMBbIE MONPABKH MaJihl, HO KCIIepUMeHTa bHbIe
pe3ysIbTaThl 00OIPAIOT: MaHHBI MOIXOM JaeT TOT JKe pe3ysbTaT, 9TO W BBIYUC/ACHNE B ABHOM
BUJe MaTPUIHBIX 3JIEMEHTOB BTOPOIO TOPAIKA /JISA ONMCAHUA poKaeHus 4 crpyii.

10.2.4 Jociieayoniue BeTBJIeHU U YIVIOBOe yIOpsIOUYeHHne

DBoMOINA JTUBHA (MOYTH) BCera BHIMOMHACTCH A Tapbl TapTOHOB JJIA TOTO, U9TOOBI 0bec-
MEYUTh COXpaHEHUE HEPTUN W UMITYJIbCa. Da MEePBOM IIare 3BOJIONNN /IBa TEPBOHATATIBHBIX
nmapToHa copeplnatoT nepexonabl | — 3+ 4 u 2 — 5+ 6. Kak onucano Bblllle, KUHEMaTHYeCKHe
OTpPAHUWYIEHNs CBA3BIBAIOT MEKIY coOOW paspellleHHble TMala30Hbl My, My, 29 U Z1. Ja BTOPOM
rare »BOJTIOTIMOHUPYET mapa 3 + 4 u, oTaesbHo, mapa b + 6. DaccMOTpUM TOJBKO TEPBYIO mapy
(BTOpas ToJTydaeTcs TPUBUATBHBIMI N3MEHEHUAMMT ). D apTOHBI MMEFOT HOMIHATHHYTO HaTa Th-

(0)

HYIO 9HEPTHTO E:(go) = Fizun By = Ei(1 — z1) n MakcuMaIbHyTo paspelieHnyo BUPTYaabHOCTD
Mnaz,s = mMin(my, Eéo)) U Mypgr,; = min(my, Eio)). DepBoHAYAJbHO HapPTOHBL 3 U 4 >BOJIIOIH-
OHUPYIOT TO OTIAEJTBHOCTH, TaBasd 3HAUEHUA MacC Mz U My W MEPEMEHHBIX PACIHIeIIeHNsA 23 1
zg. Ecam ms 4+ my > myq, onue u3 maptoHoB 3 wian 4 ¢ HanboIbIINM OTHOIIEHTEM 1M /M may
sBosTformornpyeT naiee. C sroro Momenta yp. (10.11) memompsyercs njisa mosydenns mompa-
BOK B 3HaueHUsAX »Heprutt K3 u F,, n 3HaUeHne z mpoBepAeTcs Ha HEMPOTUBOPEINBOCTh. FKcin
MepPeXol TOJKeH OBITh OTKJIOHEH W3-3a TOTO, UTO W3MEHEHUe HEepPIUU MapTOHa MTOMEIAeT 2
CHapy KW pa3pelleHHoro anaa3oHa, TapToH 3BOTIOMHOHNPYET majbiine. B aToit mpouemype Mo-
JKeT BBITOJHATHCHA HECKOJBKO UTEpAIWil 151 9BOIIONNN IBYX HOUEPHUX TapTOHOB YaCTUIBI 3
1 IBYX — 9acTUlbl 4 U T.JI., TTOKa 1A KayKI0ro TapToHa He OYIeT MOCTUTHYT TpeaesT SHaTeHni
MAaCChI My, 1 OTMa TAPTOH TTOMEIaeTCs Ha MAaCCOBYIO MOBEPXHOCTD.

Mognesns, onrcannas BbIlle, TPOU3BOANT TaK Ha3bIBaeMble CTAHIaPTHBIE JTUBHU, KOT/Ia Mac-
CBI CTPOTO YMEHBIIAIOTCA MPU pa3BUTUU JUBH:A. OTHAKO YTIIBI 9MUCCHN YMEHBIIAOTCA TOTBKO



B CMBICJIE CPENTHETO 3HATEHW, UTO O3HATAET, UTO JlayKe JTOBOJIBHO ~MO3IHUE MEPEXOIBI MOTYT
TaBaTh MapTOHBI MO OOIBIIUMEI yTylaMu. TeopeTwdecKne UCC/IETOBAHNS He MOKAa3bIBAIOT, KaK
510 MOKHO ucnpasuth [Mue8l], Ho maior, uTo >PpdeKkThl HapyieHns UHTePhEPEHIUE BETUKN B
0bJIacT HEYHOpATOIEHHBIX YIJIOB SMUCCHU. B ovueHb Xopoliem mepBoM TpubIMKEHNN 5TH TakK
HasblBaeMble 3D DEKTH KOTePEHTHOCTH MOTYT TPUHUMATHCA BO BHUMaHWE B MPOrpaMMax Irap-
TOHHBIX JIUBHeH mpu yduere TpeOOBaHUA CTPOTOTO YIOPAMTOUEHUSA MO MEPE YMEHbIIEHU YTJIOB
SMUCCHH.

D dexTsr KoreperTHOCTH W3BecTHBI yiKe 3 KD/1. Oun asHo Bumnsl B adpdexte Uymaxkosa

[Chubb], obrapy KeHHOM MPU U3yUYEHUN BBICOKOIHEPIHUHBIX KOCMUUECKUX Y-JIydell, HajeTaro-
IUX Ha sAJepHYIo MullleHb. Kcau 4 KoHBepTUpyeTcs B IIOYTH KoJMHeapHylo mapy e¢te™ B

_|_

SIMYyJIbCUU, € U e Ipu X NIyTEIMECTBUN Y€EPE3 9IMYJIBCUIO NOHU3SUPYIOT aTOMbI U TalOT TTOYEP-

* U e~ Torma elle HaXOIATCA

_|_

Herne. OnHako BOSM3M TOUKW KOHBEPCHUW MOYEpHEHUE MaJio: €
OJIM3KO IPYT K IPYTY, TaK 9TO aTOM He OIIYIIAeT BO3MEHCTBUA OT WHIMBUIYATbHBIX 3apAI0B €
1 €7, a 9yBCTBYET TOJBKO CyMMapHBIH 3apsAm mapsl, Oyusknit K Hy 0. ToIbKO Mo3IHEe, KOTIa

+ me - PacxogATCA Ha pacCTOAHNE 6OJII)IH€ TUITMTYHOT'O aTOMHOT'O paluycCa, MOZKET MPONUCXOINTH

e
MOHM3AINA JIBYyMA YacTUIaMU HE3aBUCUMO JIPYT OT JIpYTa.

Doxoxasa curyanus ectb u B KX/, Ho 3mech ona bostee cji0KHa, TaK KaK IJIIOOHBI TIEPEHO-
CAT ellle U IBeT. DalpuMep, IPHU Mepexoie (o — (g MapTOHbI U g TPENCTABIIAIOT coDOi mapy
[BeTHAA-AaHTUIIBETHAS JacTHUIIa, U TO3TOMY (| U g HE MOTYT UCITYCKaThCA HA PACCTOAHWUN, OOJTb-
reM 0bJTacTU HEKOTEPEHTHOCTH TUTIOOHA. D3 (PeKT IKPAHUPOBKN TOJKEH YMEHBIIATh 3MUCCHIO
MATKIX TJIFOOHOB: TaK KakK MATKUI TUIFOOH (MCITY CKaeMbIii oI OOTBIIMME YIITaMi ) COOTBETCTBY-
eT DOJIBIIION [JIMHE BOTHBI, MATKUHN TUTFOOH HE CIIOCOOEH IYBCTBOBATH OTIE/IbHBIE IBETHBIE 3P -
IBI ( U g, & TOJIBKO 3apAl (o. LaK 410 MATKEi 1ioor ¢ (B 0bactu Oy . > 4 ) cKOpee MOKHO
TPaKTOBaTh KaK MCHYIIEHHBIH (o, a He cucTeMoil ¢-g. Kcam paceMarpuBaTh TOTBKO dMUCCHIO,
CBA3AHHYIO C (| WM €, XOPOIIUM TTPUOIHKEHIEM ABJIAETCSA TOJHOE HapyllleHne HHTepgepeHInm
B 0OJTACTAX YBEJIMINBAIOMINXCA YIJIOB PACKPBITHSA, TPU TOM, UTO MapPTOHBI W3JIyIafOT HE3aBW-
CHMO JIPYT OT ApyTa BHYTPW OOJACTH YMEHBIIEHUA YTI0B PacKpuITus (fy, < Oy 1 Oy < 0,4),
r7e 10 3HaAYeHUAM a3uMYyTaJIbHBIX YIJIOB MPOBeEeHO ycepenuenue. JleTanam cxembl 1BeTHOW WH-
TepdepeHTIny MTPOABIAIOTCA B a3UMYTaJIbHO HEOITHOPOIHONW BEPOATHOCTH SMUCCHUH.

Da TmepBble MEepPeXOIbl JIUBH HE BJINAET TPeDOBAHUE YIJIOBOTO YIIOPAIOUEHN, TaK KaK 9BO-
JgrorusA npoucxoquT B cucteMe [IM mapbl nmepBoHavasbHBIX MapTOHOB, I'/e TEPBOHAYAIbHBIH
yrosa pasern 180°, um Jtoboit yros OymeT BO BCAKOM CJydae MEHBIE 3TOrO; IIPU 3TOM BMECTO
MaTPUIHOTO 3JI€MEHTa MCIOMb3YEeTCA COOTBETCTBYIOIIA MPOenypa (TaM, Te 3TO TPHUTOIHO).
BriocnemerBun KazKaplit yrosl pacKpbITUA CPAaBHUBAETCHA € COOTBETCTBYIONIUM 3HAUEHUEM 1A
npealecTBYIONero nepexoia B JUBHE.

s mepexona a — be kuneMaTudeckoe MpudINKEHTE

o DAY Ple ma(l — z4)z ! + ! :—1 -
Eb Ec a a/~a Eaza Ea(l — Za) Za(l — Za) Ea

0, (10.18)

UCTIONB3YETCH UIA TOMYIEHUA yToIa PAacKPhITHA (3T0 B JIIOOOM CIydas ecTh TOT Ke YPOBEHb
IpUOIMKEHN A, ITO U TOT, B KOTOPOM OBLITO ¢lIeIano yraoBoe yropanodenue). C 0y, nis mepexona
b, BEIYUCIECHHBIM aHAJIOTHIHBIM 00pas3oM, TpeboBamne #, < #, MoxKeT OBITH CBEIEHO K

(1—2z)  1—2,
>

zpmi m2iz,

(10.19)

Tak Kak POTOHBI He yIOBJIETBOPAIOT yCJIOBUIO YTJIOBOTO YHOPATOUYEHNs, TTPOBEPKaA HA BbI-
MOJTHEHTE HTOTO YCJIOBUS HE TPOU3BOMUTCA B clIydae ucmyckanmsa ¢dporora. s rrroona, me-
MycKaeMoro B mepexojie mocje (poToHa, YTOJI SMUCCUU OTPAHTIMBAETCS MPEIITIeCTBYONINM 3Ha-
gennem KX/I-mepexoma B jiuBHE, TO ecTh (POTOHHBIN YTOJ SMUCCUN HE BBOIUTCS.



10.2.5 JIpyrue acuekThl JJUBHSI B KOHEYHOM COCTOSIHUH

DITeKTpOMarHUTHasA KOHCTAHTa CBA3W JJIA U3JIyUYeHWs (POTOHOB Ha MaCCOBOW MOBEPXHOCTH
Qe = e (Q* = 0) ~ 1/137. ]I KOHCTAHTBI CUJIBHON CBA3M IOCTYITHBI HECKOJBKO Bapw-
AHTOB, MO YMOJYAHUIO (rs(p3 ) ecTh BBIpasKeHWe MepBOro MOpAIKa, TIe pi OlpelesseTcs Tph-
GnmsuTeTbHBIM BbIpakeHueM pi & z(1—z)m?. MccnenoBanne BIUAHNSA TOMPaBOK K OCHOBHOMY
BbIPAJKEHUIO Ha KOHEUHbIH pe3ysIbTar MOATBEpKIaeT PAaBOMEPHOCTh TaKoro Bbibopa [Amal0].
Jlpyrue BapuaHThl: (PUKCHpOBaHHOE 3HaUEHUEe a5 U as(m?).

Dpu BHIGOpE MO YMONYaHWIO p Kak MaciuTaba B <, BBOAATCHA JajbHEiIne orpaHudeHns
Ha paspelrenHoe (hpa30Boe MPOCTPAHCTBO JIA W3JIYIeHUs IJII0OHA, He MpeIcTaBIeHHbIEe HII B OTI-
nuAx ¢ BbUKCUPOBAHHBIM iy uin ¢ ag(m?), au s K9/l-nmusas. MunumanabHoe TpeGoBatue,
rapaHTUpYIOIIee XOPOIIO OMpeIesIeHHy o o, ecTh p) /A > 1.1, Ho nonomauresbio JETSET Tpe-
Oyer, arobbl pi > QQo/2. DTO nocientee TpeboBaHUe HE ABIACTCA HEOOXOAUMBIM, HO HMEET
CMBICJT, KOT/Ia Py TPUHUMAETCH KaK IIPEIMTOITUTEbHBIN MaciTab mpoliecca mepexoia, B OT-
JuYne, HalpuMep, OT M. ITO yMeHbIIaeT pa3pelleHHbIl Nramna3on z MO CPABHEHUIO ¢ THCTO
KNHEMATHIECKIME OTpaHnIeHuAMI. Tak Kak mpenest p; He 3a1aeTcs 1Jid n3/iydeHns GOTOHOB,
OTHOIIIEHTE TOJTH U3y IEHHBIX (DOTOHOB K W3JTy IEHHBIM IJTIOOHAM OT KBApKa YBEJTMIMBAETCS MIJ15
MaJIbIX 3HA9eHUl BUPTyaJbHOCTEN MO cpaBHEHUIO ¢ OKUIAHUAMI; Ha CAMOM JIeJIe 3TO YBEJH-
YeHne B 3HAUYWTEIbHOW CTEeleHr KOMIEHCHPYeTCs TPHU BBIYUCIEHWHN TTOMPAaBOK K Gz, KOTOPOE
nmeficTByeT B MPOTUBOTIOJIOKHOM HAllpaBJIeHNU. |JTaBHBIM CJIEICTBUEM, OTHAKO, ABJIAETCH TOT
JaxT, ITO CIMEKTP PHEPTUU TJIIOOHA PACTET 10 OECKOHETHOCTH B mpemese (Jo u ObICTpO cragaer
[T HEPTUHl HUZKe 9TOTO 3HAIEHNU s, TOrIa KakK cekTp (OTOHA MPOXOIUT BCe 3HATEHUA BILIOTH
IO HYJIS.

DaHee OBLIO CKa3aHO, UTO paclperesieHns 10 a3UMyTaJIbHBIM yIJIaM B TTepexoiax BhIOWpa-
FOTCSA W30TPONHBIMU. B MpWHITNIIE MOKHO BKJTIOUNTH, KaK OIIINN, HEKOTOpPbIE 2(PPEKTH MO~
pU3alny TJI00HA, KOTOPhIE Maf0T KOPPEJIANNIo MEKIY MOIaMU POXKIEHNA W paclalia TJII0OHA,
TaK 9TO Mepexol g — g¢ MPEnMYIIeCTBEHHO OyIeT UMeTh MECTO TPU POKIEHUN TJII0OHA, B TO
BpeMsi KaK JIJ1s paciala npeobsanaet ¢ — qq. Popmysasl natorcs, nanpumep, B ceblike [Web86]
KaK TpocThie (PYHKINN BEJUIUHBI Z B BEPIINHE POKICHWA TJIIOOHA W BEJWIWHBI 2 TP TEpe-
Xofle TJII0oHa. 3ech Takxe 3(PQPEKThI KOTEPEHTHOCTH BEMYT K a3sUMyTabHO HEM30TPOIHBIM
pacupenenenusm [Web86], koropbie BRJIOYatoTcs Kak HadbHeliine onmun. B oboM ciaydae
pacipemeseHne 1Mo a3UMyTaJbHON mepeMeHHOW ( cHadajla BBIOMpAETCAs U30TPOMHBIM, TOTOM
BBIUUCIISAETCA BeCOBOH K03 duiimenT, 00y CcJIOBIeHHbIN Tossipusatneil n spdheKTaMi KOTepeHT-
HOCTW, W 3HaYeHUe ( MPUHUMAETCHA WU OTKJOHAeTcA. B cilydae OTKIIOHEHUS TeHepUpyercs
HOBas o, W TaK [ajee.

XoTs OOBITHO 2BOJTIONNA HAYWHAETCs, KOT/Ia B KOHEYHOM COCTOSHUN TIPUCYTCTBYET Mapa
MapTOHOB, UMEETCsI HEKOTOPOE KOJMIECTBO TPUMEPOB, KOT/Ia JIMBEHD TAOT OINH UJIN TPHU MapTo-
Ha. Kcim ecTh TOIBKO OMH MapTOH, HEBO3MOKHO YIOBJIETBOPUTH 3aKOHY COXpAHEHWSA HEPTUN
1 UMIyJIbca. B »ToM ciiydae BBIOOp meraeTcs B MOJIB3Y COXPAHEHUA SHEPTWH W HAlpPaBJIEHUA
CTPYH, & BEKTOP WMITYJIbCa YMEHBIMAETCA PN MPUOOPETEHUN MACCHI W3JTyIAONINM MTapTOHOM.
”CucreMa TOKOs , UCTOJIb3yeMasi, HalIPUMep, B ONpPENeIEHUN 2, IPUHUMAETCA KaK TPOU3BOTH-
Has CHCTEMa I CTPYH.

B pacmamax T — ggg m mpyrux MepBUYHBIX TPEXTAPTOHHBIX KOH(MUTYPAIUAX OCTAETCH
mpobeMa, KaK WHTEPIPETHPOBATH PACIIEIJIEHNE HEPTUN B TTEPEMEHHBIX Ty U Ty B Oe3Mac-
COBBIX MAaTPUIHBIX 3JIEMEHTAaX IJIs MAaCCUBHBIX TPEXUacTUIHBIX KoHpuryparuii. Mbr memaem
MIPOW3BOJIbHBIN BBIOOD COXpaHEHUA SHEPTUH 1A KayKI0TO TMapToHa, 9YTO O3HATAET, 9TO OTHOCH-
TeJIbHBIE YTUThI MEXKTy TepPBOHAYAIBHBIMI MapTOHAMU W3MeHsoTcA. MaccuBHBIE TPUILIETHI 3a
mpeeaMy pa3peleHHoro ga3oBoro MPOCTPAHCTBA OTKJIOHATOTC, W 9BOJIONNS MTPOIOIKAETCH.

B saksouenne By KHO OTMETHTH, UTO €IIle IBe MOJIEJIN JTUBHS MOTYT BKJIFOYATHCs KaK OIIIN.



DepBasg — MOJEIb CKaJAPHOTO [JIIOOHA, B KOTOPOH #AIpo mepexona ( — (g 3aMeHsIeTcs Ha
Pyqe(z) = 2(1 — z). KoHcranTsl ¢BA3Y IVIIOOHA I § — ¢ U & — (q OBbLIM OCTaBJIEHBI Kak
cBOOOIHBIE TapaMeTphl, TaK KaK OHU 3aBUCIAT OT IIBETOBOH CTPYKTYPBI, NPUHATON B MOIEJIN.
D potiecebl GoJlee BBICOKOIO MOp#AIKa TUMA g — g MOTYT 3HAUMTEIbHO U3MEHATH BEJUIUHY
KOHCTAHTBI CBA3U U XapaKTEPUCTUKE TIpoliecca, HO OHU Clolla He BKJoYatorcs. Bropas momess
~ BekTOpHBIH abeseBckuit rioon. B »Toli onuuu mepexonbl g — gg OTCYTCTBYIOT, a g — (q
VIYUIIeHbl. Jojlee TOUHO, B Anpax paciiersenus, yp. (10.3), uncaa Kasumupa usmensrorcs
craenytonwm obpazom: Cp =4/3 — 1, No =3 = 0, Tp = ny/2 — 3ns. Dpu ucnoap3oBaHun
moboft u3 »Tux onuuil HaJIo OCO3HABATH, YTO, B MPUHIIUIE, TaKKe TOJKEH U3MEHATHCH P
JIPYIUX KOMIOHEHT, OT BBIUUCJICHU (vg 10 KOHUENHU (hparMeHTAlUN B HEJOM. D O0ITOMY He
HYZKHO OTHOCUTHCH K 9TUM OIIHAM CTUIIKOM CEPbE3HO.

10.3 JIuBHM B HAYAJIHHOM COCTOIAHUU

AstropuT™ JIUBHA B HaYa lbHOM COCTOAHWN B PYTHIA He HacTOJIBKO COBEPIIEHEH, KaK [IJIA JINB-
HA B KOHEYHOM COCTOAHUN. ITO TPOUCXOIUT TACTUIHO TTOTOMY, UTO W3JIyUeHre B HadaJbHOM
COCTOAHUN MEHee U3YIeHO TeOPETUICCKH, 4 YaCTUIHO MOTOMY, 94TO 3a1ada IIPOrpaMMUPOBAHU
Ooslee cloXKHa W HEOTHO3HaYHa. Bce Ke, KaK M3BECTHO, TpOrpaMMa B COCTOAHUN IaTh TIpHe-
MJIEMO XOpOIllee ONUCaHNe CYMIECTBYIONNX JaHHBIX, THIIAa CBOMCTB poxaeHus Z° B aJpOHHBIX
CTOJKHOBeHUAX [SjO85].

10.3.1 CTpyKkTypa JUBHA

DBICTPBITT alpOH MOYKET PacCMaTPUBATHCA KaK 0OJJAKO KBa3WpeasbHBIX MapTOHOB. AHaJoTHd-
HO, OBICTPBIN JIENTOH MOXKET PacCMaTpPUBATHCA KaK OKPYKEHHBIH 00/lakoM (bOTOHOB ¥ TTapTO-
HOB; B IpOTpaMMe 3TH [IBa MPEIIIOJOKEHNA HAXOIATCSA B PABHOM IMOJOXKEHUU, HO 37€Ch MBI
BBIOWpaeM al[pOH B KadecTBe MpuMepa. B KaKIblfi MOMEHT OTIEJIbHBIM MapTOH MOYKET WHU-
[IUPOBATh BUPTYATBHBIN KacKall, BBIIOJHAA MEPEXOM B P MAPTOHOB. DTOT KacKal MOZKET
ONCHIBATHCA B TEPMUHAX IPEBOBUIHON CTPYKTYPBHI, CO3MaBasi OOJIBIIOE KOJMIECTBO TOCTETY-
OIIX TepexonoB a — be. Kaxmomy mepexoay COOTBETCTBYET HEKOTOPBIH OTHOCHTETbHBIH
MOTTePETHBINl MMITYJIhC IJIS ABYX JOYEPHUX FaCTUIl. Da A3BIKE COXPAHEHWS TeThIPEXUMITYTh-
COB B KazKIOW BEPIIUNHE 3TO MOIpa3yMeBaeT, UTO Mo KpaiiHe#l Mepe onmH U3 mapToHOB b mian
¢ JOJIZKeH UMeTh IIPOCTPaHCTBEHHONON00HYIO BupTyaabHocTh, m? < 0. Tak Kak mapToHbl He
Ha MaccOBOH TMOBEPXHOCTH, KacKall KUBET KOHEUHOE BPEMsI Mepe/l HOBBIM MEePEXOI0M, KOTOPBIH
OCYTIECTBIIATOT JACTHUIIH KacKala, NMEeOIne MaKCIMaJIbHyI0 BUPTYaJIbHOCTb.

7KecTkoe paccesnme, HapuMep ri1yOOKOHEYTIPYTOE JIENTOPOKIEHIE, Ta€T BOSMOKHOCTD 1C-
cIIeTOBaTh aJIPOH B TaHHBII MOMEHT BpeMeHM. ) poOHas JacTUIla, TO €CTh BUPTYaIbHbBIN (DOTOH
B clIydae JIENTOPOKIEHUA, MOKET ~TyBCTBOBATH (DIIYKTyallnd B COCTOSHUU AIPOHA JIO Mac-
mraba ()? kecTKoro paccesnus. Taxum o6pa3oM, IPoOHbIE YaCTHIBI 1A Pa3IMIHbIX 3HaUeHU
(Q? cnocobubl "uyBerBoBaTh” pasaUuHble TapTOHHbIE CTPYKTYPhI ajpoHa. V3MeHenue mapToH-
Holf cTpykTyphI ¢ ¢ = In(Q?/A?) maercs ypaBHEHUAME 3BOJTIOIMH

dfy(z,t) da’ ;o\ Qabe x
T = 0 S P () (10.20)

fi(x,1) ecTb mapTOHHBIE CTPYKTYPHBIE (DYHKIWHN, JAONINE BEPOATHOCTD JJIA MapTOHa i Tepe-
HOCHTDL JIOJIIO T THOJTHOTO UMITYJIbCa, eCJIM BUPTYaJbHOCTh HCCJIeIyeMoro ajpoHa pabHa (2.
Poispe(2) maerca B yp. (10.3). Kak u npexne, agp. ecth oy nua KX/-nmusasa n o, — amsa

K9]I-nmusns.



Yp. (10.20) Tecro caszano ¢ yp. (10.2): dP, onuceiBaeT BEPOATHOCTH MePeEXOIa ITaHHOTO
maproHa a (B mapToHbl b u ¢), df, orBedaer maproHaM b oT mepexomoB mapToHoB ¢. (B mpuH-
nuie, BhIpasKeHwme df, TakkKe TOJKHO COMEpPIKaTh OMYINEHHBIN 3/1ech TJIeH i MapTOHOB b,
COBEPIIAIONINX MEPEXOJT; STOT UJIEH BayKEH IJIA BOJIONNN CTPYKTYpHOH (DyHKIUU, HO HE TpU-
CYTCTBYET ABHO B TOM CJiydae, KOU[a MbI icmobsyeM yp. (10.20).) AbcomoTHas 3aBHCHMOCTD
aJIpOHHON CTPYKTypHOU (DYHKIIME He MOKET OBITh NpelcKaszaHna B mepeHopmupyemoit KX]/I, a
JoJ1KHa OBbITh NapaMeTpH3oBaHa, HauMHas ¢ HEKOTOpOoro sHadeHus (o, ¢ ()?-3aBUCHMOCTBIO,
onpenensemoit yp. (10.20). Hocrynuble mapamerpusannn obcykaatoresa B pasgene 7.1. Jlemn-
TOHHBIE U (POTOHHBIE CTPYKTYPHBIE PYHKIINNT MOTYT OBITH TOJTYUEHBI TOYHO, HO JIJIA MTPOCTOTHI
0bpabaThIBAIOTCA TPOTPAMMOLl OTMHAKOBBIM 00Pa30M €O CTPYKTYPHBIME (PYHKIIUAME aIPOHOB.

Ecnn xectroe B3ammoielicTBre ecTh paccesinre TapTOHA HE U3 BXOMIAIIETO aJIPOHA, TO KO-
repenTHocTh” Kackafa paspyiiaercs [Gri83]: mapronbl He MOryT GoJIbIe BBICTYTIaTh KaK WHIU-
maTophl JuBHeH. B 3TOM mosyKiaccrmdeckoM ommcaHUW MapTOHBI Ha ~ TJIABHOW BETBU TTOCIIE-
JTOBATEJIBHBIX MEPEXOIOB, KOTOPBIE BEIYT MIPAMO OT MapTOHA-UHUIIHATOPA K PACCETHHOMY ITap-
TOHY, HE MOTYT CHOBA WHUIIMUPOBATH KACKaJI, IPU TOM, 9TO (BbJIYKTyaIluu Ha ~ OOKOBBIX BETBIX
9TOM TMEMOYKN MOTYT MCUe3aTh. YIOOHOE OMUCAHUE TOJyTIaeTcs P 3aaHuU MTPOCTPAHCTBEH-
HOTIO/TOOHOM BUPTYaJbHOCTH IJIA MapTOHOB Ha TJIABHOW BETBHU, TaK YTO MApTOHBI Ha MOOOTHBIX
BETBAX MOTYT HaXOINThCA Ha MaccoBOil moBepxHocTn. Tak Kak meperaHHbI UMITYIbC KECTKO-
TO TIpoIecca MOKeT OMECTUTH PACCEAHHBIN TApTOH Ha MAaCCOBYIO TTOBEPXHOCTD (MM TazkKe TaTh
eMy BPEMEHUTOIO0HY IO BUPTYaJbHOCTh, TaK UTO CTAHET BO3MOYXKHONW WHUITMAJIN3AINA JTUBHI B
KOHETHOM COCTOSIHWN), TO TapaHTUPYeTCsd, ITO HUKaKhe MapTOHBI He MMEIOT MPOCTPaHCTBEH-
HOTIOZIOOHOH BUPTYAJBHOCTH B KOHEYHOM cocToanun. (B peanproil cutyarmmm sdbdpekTh KOH-
daitrMenTa, 0OIEBUIHO, TPUBOIAT K TOMY, UTO MapPTOHBI TOJIZKHBI OBITH HE COBCEM Ha MaCCOBOM
MOBEPXHOCTH.) Kcnm HUKaKoe KecTKoe paccesHne He MMeIO MeCTa, TPOCTPaHCTBEHHOMOI00-
Hasd BUPTYAJIbHOCTH MapTOHA MPUBOIUT K TOMY, UTO KacKal OyIeT pa3BUBaThcs masibiie. Tak
KaK BUPTYaJbHOCTH UCCJIEIyeMOro KacKala HeCeT OMUHOUHBIN MapTOH, MOKHO TOJIOKHUTE TTPO-
CTPaHCTBEHHONIONOOHYIO BUPTYaJbHOCTh 3TOTO IlapToHa paBHON MacimiTaby Q? Kackama, Kak
9TO JejaeTcs, HalpuMep, B ypaBHeHUAX sBosonun. /lagee, TpeboBaHme KOT€pEHTHOCTH TaeT
rapafTuio [Gri83, Bas83], uro sHauenus Q% 1/1si MapTOHOB TJIaBHOM HEMOYKH CTPOTO YIOPI0-
yuBaloTCs, U Hanbosblnee 3Hadenue (Q? GIM3KO K IIOPOrY JKECTKOLO PaccesHus.

B nocaentee Bpems Oblin usydens pasbhefinme adgderror Koreperraoctu [Cial7], ¢ wact-
HBIMU TIPUIOKEHTAMI, KaCAIOIMMUCA CTPYKTYPBI MAPTOHHBIX JIUBHEN TP MaJIBIX T. DU OIUH
13 3TUX TOTOJHUTETHHBIX 3(b(PEeKTOB HE BKIOUEH B TEKYIINN aJITOPUTM, 3a UCKIIOUEHUEM He-
KOTOPBIX [TOCTATOYHO TPUMUTHBHBIX OTIINI, KOTOPBIE HE CHUMAIOT TIOJHOCTHIO MPODIIEMY.

BmecTo paccMoTpeHus IpeBOBUIHON CITPYKTYPHI, Ile Bce BeTBU 0O0pabaTbIBaIOTCs Ha PaBHBIX
OCHOBAHUAX, ~ IEMOKPATHICCKIM 0Opa3oM’, KacKall PEIyIHPYeTcs A0 OMHON IMOCIeI0BATEIb-
HOCTH TIePEXoIoB a — be, Thoe mapTOHBI ¢ W b HaXOmATCs Ha IVIaBHON BETBH ¢ IIPOCTPAHCTBEH-
HOTIOI00HOM BUPTYabHOCTHIO, mab < 0, B To BpeMs KaK HapTOHBI ¢ HAXOMATCA Ha MaCCOBOMH
TOBEPXHOCTH 1 HE COBEPIIAIOT MEPEXOIOB. (D 037Ke MBI OyIeM BKIIOYATH BOSMOKHOCTH TOTO, 4TO
MapTOHBI ¢ MOTYT MMETh TI0JIOKUTETbHBIE BUPTYaJbHOCTH, m? > (), 4TO MpUBEIeT K MOABJICHITO
BPEMEHUTIOIOOHOTO MAPTOHHOTO JIMBHA B KOHETHOM COCTOAHME Ha MOOOUHBIX BeTBAX.) Takoe
ycedeHne Kackala BO3MOKHO TOJHKO TOTIa, KOIMa M3BECTHO, KaKoi mapToH (paKTHIECKH yUa-
CTBOBAJI B JKECTKOM DPaCCEAHHWH: W30 BCEX BO3ZMOKHBIX KaCKadOB, BEPTYAJHHO CYIIECTBYIOIIIX
ML BXOIAIIETO aIpOHa, KECTKoe paccesnne OyIeT BhIOUpaTh MMEHHO STOT.

YT06bl MOMYUUTH, HalpuMep, IpaBUIbHyio Q*-sBosonuio cTpyKTypHOil (QyHKINM, cylie-
CTBEHHO HEOOXOIMMO, 9TOOBI Bce BETBU KacKala 0OpabaThIBAINCH JIeMOKpaTndecku. B mMomTe-
KapJIOBCKOM MOJEINPOBAHUN TIPOCTPAHCTBEHHOTIOMOOHBIX JTUBHEN 5TO — TUlaBHas IIpOOJIEMA.
Ecnu »Bostonns moJTHOro Kackajia Ha caMOM JleJie JTOJIZKHA TTPOUCXOIUTh OT HEKOTOPOT'O MAJIOro



(Q3 1o BemauHBI ()%, COOTBETCTBYIONIEH KECTKOMY paccesHmIo, HeT HIKAKOH BO3MOKHOCTH B TO
JKe caMoe BpeMs# TOTHO 3a7aTh KWHEMATUKY, TaK KaK BUPTYaJbHOCTH PA3JIMIHBIX MAPTOHOB HE
MOZKET OBITh OTpeNiesiena 10 BIOOpa 3HATEHU I, OTBETAIOIIETO JKECTKOMY PACCEAHUIO. D OITOMY
TaKadg cxeMa ~ SBOJIONNN Biiepen TpebyeT p#Ama TOMOJHUTETbHBIX pabounx TpokoB. [lasee,
[pU TaKOM TIO/IXOJe He W3BECTHO, HAPUMED, 3HAUCHUE § TOACUCTEMbI KECTKOTO PacCesHus 10
Tex Mop, MOKa He BBIMOJHEHA BOJIONNA, UITO O3HATAET, UTO HBOJIONUA B HAUATHHOM COCTOS-
HUU U JKECTKOE paccesHue MOJIKHBI BBIOMPAThCs COBMECTHO, a 3TO He TaKad YK TpUBWAJbHaA
3a1aua.

Bumecto aToro Ml ucnosnbsyem noaxon obpartol ssosonun” [Sj085], B KoTopoMm cHadasa
BBIOWpAETCH MOMEHT BpPEMEHU, OTBEYAONN KECTKOMY paccesHUo, a 3aTeM BOCCTAHABJIMBA-
eTcd TapTOHHBIN JTUBEHB, KOTOPBIN 2TOMY MPEIIIecTBOBAI. JTa PEKOHCTPYKINA HAUNHAETCH €

MOMEHTa 2KeCTKOI'O B3ELI/IMOILGI/ICTBI/IH mpn MacirTabe Q 1 ITOTOM HIarl' 3a HIaroM nepemMeniacT-

maxr?
cs "Hazan no BpeMenn” K MeHbIIIM (2, 10 MHUIMATOPa HapTOHHOTO JUBHA U HUZKHETo Ipeiesa
Q3. Dra npoleaypa BO3MOKHA, €U MPU BHIGOPE MOMEHTa JKECTKOTO PacCessHus MCIOTb3Y0T-
csl BOJIIONMOHHbBIE CTPYKTYpHbIe hyHKINN, Tak Kak f;(2, Q) BKIOYAOT B ce6si cyMMUpOBaHUe
o0 BceM TIPeNbICTOPUAM [JIf MapTOHHOTO JINBHA B HAYaJbHOM COCTOSHUU, KOTOPBIE MOTYT
B KOHIIe TMPUBECTU K B3amMOelficTBUIO TapTOHa ¢ Ha YPOBHE KECTKOro paccegHusA. Tak dTo

OCTaeTC:da TOJIbKO BbI6pELTb Hy)KHbIﬁ oponece n3 JaHHOT'O Ha60pa.

10.3.2 I poaoiibHAA PBOJIIONHUS

Ypasaenus »sosonnn, yp. (10.20), BeIpakaioT TOT GakT, 9TO B Te€UeHHE MAJOTO TOJOKNI-
TeJIbHOTO MHTEpBaJia BpeMeHu di mMeeTcs BEpOATHOCTh A HapToHa « ¢ mojeli mmmyibca @’
COBEPIINTH Tepexo B mapTor b ¢ @ = za’ w B apyroit mapron ¢ ¢ @’ —x = (1 — z)a’. Coorser-
CTBEHHO, IPU 0OpaTHON IBOJIONUE B TeYEHIE OTPUIIATETHHOTO TIPOMERKYTKa di mapToH b MoxeT
"BepHyThcsa obpaTHO” B mapToH a. OTHOCHTE/IbHAA BEPOATHOCTH dP, TaKOTO COOBITHA HaeTcsd
orrotrerneM dfy/ fp. Uenombsys yp. (10.20), nomygaem

dfb(x t l’ t) Oabe x
aPy = = 1l Z/ ) o P (;) . (10.21)

Cymvupys 3dbdexT, HaKOIeHHBI 0T MHOTUX MaJIbIX TpHUpallenntt df, moayTaeM 3KCIOHEHIN-

aJTbHYIO0 BEPOATHOCTD IIJIA OTCYTCTBUA W3Tydenus (mepexona). CrrenoBaTeslbHO, MOKHO OIpe-
e uTh popMPpaKkTop

B e /d_:z;’fa(x’,t’) Qape(t) (1)
Sp(2, tmae, 1) = €xp /t dt ; P 5 P, "

x, 1)

tmas Oape () 2 fo (2!, 1)
= — dt/ / d s — Pa c 7 1 22
P /t az,c: : 27 = (Z) l’fb(l',t/) ’ ( ! )

JTAIONAH BEPOATHOCTD TOTO, UTO MAaPTOH b OCTAETCA €O 3HAUYCHUEM T OT t,,4, 00 T < 1oz

D OJIE3HO CPABHUTH TO € COOTBETCTBYIONINM BbIpaKEHUEM JJIA TIPAMON HBOJIOIUHU, TO €CTh
¢ Sq(t) Byp. (10.5). Danbosee odeBuIHOE pA3INIREe — MOABIEHNE CTPYKTYPHBIX QYHKINI B Sp.
CrpykTypHble PYHKIUE OTCYTCTBYIOT B S,: BEPOATHOCTH LI JTAHHOTO MapTOHA ¢ COBEPIIUTH
Mepexo/l He 3aBUCUT OT TJIOTHOCTH TMapTOHOB a wiau b. CTpyKTypHble YHKIUET B Sy, € APY-
rOff CTOPOHBI, BBIPAXKAOT TOT (AKT, ITO BEPOATHOCTH JIA TapTOHA b MPUXOMUTH U3 TMEPEXoa
MapTOHA @ MPOMOPIMOHAIbHA TUCTy TapTOHOB @, HAXOMANINXCSA B aJIpOHE, W 0OPATHO MPOITOp-
nmona bHa dnciy mapronos b. Taxkum obpasom, mpucyTcTBue f, B TOKasarese S, TapaHTHpPYET
MPaBUJIBHBIA y9eT MapTOHHOTO COCTaBa allpoHa. D allpUMED, eCJTU TPHU JKECTKOM PacCessHUN BbI-
OupaeTcsd TUIIOOH, KOTOPBIN 3BOJIIOIMUOHUPYET ~Ha3aml , OoJiee BEPOATHO, UTO ITOT TJIFOOH OBLI



UCITyIIEH U, 9eM d, ecJIi BXOAAIINUil aJIpoH ecTh IPOTOH. AHAJIOTMYHO, €C/IU IPHU KECTKOM pPac-
cesTHUU BLIOMpaeTcsA TAZKe b apoMaT, 3HaMeHaTeIb [, Oymer mcdesaTh P 3HAYEHNN IOpora
POXKIEHNA TAXKEJOro apoMaTa, 9TO O3Ha9aeT, 9TO IOABIHTEerpajbHOE BBIparKeHUe PacXOIUTCHA
u caMo S) McYe3aer, TaK 4TO HUKAKOTO TsKEJIOro apoMaTa He OCTaeTCd HEZKE II0POora.

Hpyroe paznmame Mexmy S, u S, €cTb TO, 9T0 AAPO paciienyienns Py, ,(z) noasagercs
¢ HopmupoBkoit 2Ng B S, u ¢ Ng B S,, Tak KaK POXKIAIOTCA [IBa TJIOOHA, HO TOJIBKO OIUH
pacragaercs npu nepexoje.

1A BoccTaHOBJ/IEHUs MapTOHHOIO JIMBHA B OOpaTHOM IIOPAIKE JOCTATOYHO 3HATH Sj. [l
KazKJIOoT0 Mepexona ¢ — be HyKHO ONpPeNenTh TPU BEeJIUINHBI: 3HaUeHne { Tepexoa (KoTopoe
ompeiesseT MPOCTPaHCTBEHHOIOM0OHYI0 BUPTYalIbHOCT (JF mapToHa b), apoMar mapToHa a 1
epeMeHHYIO pacllelIeHns z. JTa HHMOPMalusd MOKeET OBIThH II0JIydeHa CJIELYIOIIM 00pa30oM:

1. Eciau napron b npuHMMaJ y9acTHe B XKECTKOM paccessHUU MJIN COBEPIIIII IEPEXO B IpyTHe

[NapTOHBI IPHU 3HAYEHWH 1,4, , BEPOATHOCTH TOTO, YTO b OBLIT POXKIEH IIpn Hepexone a — be,
oTBevalolleMy MeHbIIeMY i, ecTh
APy _dSb(:L',tmax, oy 2 fo (2!, 1)

_ ) _ be(')
T 7 = ;/dz o Piye(2) ACRA) Sp(, tmae, t) - (10.23)

Ecam suxkaxoro nepexoa HE 6BIJIO 06Hapy>KeH0 BbIIIE MTPEJC/IBHOIO MUHNMAJIbHOTO 3Ha~

YeHns g, UTepaluy MpeKpallaioTcs, W MapToH b MPpUHIMaeTCs GE3MacCOBBIM.
2. [l maHHOTO MOMEHTa ¢ OTHOCHUTEbHBIE BEPOATHOCTH JId Pas/IMYHBIX pa3pelleHHbIX
epexonoB a — bc JaloTcs MHTErpaJaMi 10 2 BBIIIE, TO €CTh
! !
/dz GQarll) pp (o) Tal@sD) (10.24)
2m € f b(x ) t)
3. DaKoHell, ¢ W3BECTHBIMHU ¢ U @, paclpeie/leHIe BEPOATHOCTH 110 TepeMeHHOIl pacienie s
z=ua/x' = xp/x, NaeTcA MONBIHTETPATBHBIM BbIpazkeHweM B yp. (10.24).
Kpome Toro, pacnpenesnenne mo asuMyTaabHOMY YIJIY ¢ IJIS Tepexojia BhIOMPaeTCs U30TPOII-
HBIM, TO €CTh HUKakne 3(PpQeKThl CluHa M1 KOTepeHTHOCTH He BKJIIYAOTCH.

Docte BoIGOpa 1, @ W z 3aJada IPUHUMAET CTaHJapPTHBIM BHUJ M MOXKET OBITh BBITIOJTHEHA
¢ TIOMOIIBIO AJATOPUTMa BETO. D PU PTOM HMCIOJB3YIOTCHA BEpXHHUE N HUMKHHE NpeIe/Ibl 3Haue-
HUIT CTPYKTYPHBIX (DYHKIMI /15 HaXOKIEHWA TPOCThIX (PYHKIIMI, KOTOPbIe ABIAIOTCH BCIOILY
OOJTBIIMME TIOJIBIHTETPAJIbHBIX Bbipakenuii B yp. (10.24). OcHoBbIBagch Ha >THX TPOCTHIX
BbIpaKEHHUAX, MOYKHO MPOBECTH HMHTErpUpOBaHWE IO 2 W BbIOpaTh 3HaYEHWA {, a W 2. ITOT
HabOp TOr/a MPUHUMAETCS ¢ BECOM, 3aJaHHBIM OTHOIIEHHEM NPaBU/IBHOTO MOABIHTErPAJbHOIO
BeIpakenns B yp. (10.24) K mpocromy ucmosib3yeMoMy TpubsmKernio. Tak Kak CTPYKTYpHbBIE
byHKIMEM, KaK TpaBUiIO, He UMEFOT IIPOCTOH aHaIUTUIecKOl (popMbI, HEOOXOIMMO COBEPIIUTH
HeKnii TPIOK, 9TOObI HAfiTh MpUeM/IEMO XOPOIIHe MPeaesbl CTPYKTYPHBIX (DYHKIHI. 9 eobxoam-
MO TaKKe HCIOJIb30BaTh pa3JMIHbIE ITPEINOJOKEHNA /15 BaJEHTHBIX W MOPCKHX KBapKOB W
cOBITIOIATH 0COOYI0 OCTOPOIKHOCTH BOJM3M MOPOTOB poXKIeHusA apoMaros ([Sjo85]). DiaekTpoH-
Has CTPYKTYpHas (PYHKIMA Befer cebst Mo-IpyroMy, HexKen cTpyKTypHble (byHKIINU aIpOHOB,
U JOJIZKHA PacCMaTpUBAThCA OTIAETBHO.

BaMedaHUe OTHOCHTETHLHO W3/1y9eHUsA MATKAX TJIIOOHOB. D OMUHAIBHO AUAla30H WHTErpa-
da o z B Sy ecth ¢ < z < 1. Duxknuii npenesn coorsercrsyer x' = x/z = 1, npu KoTtopom
CTPYKTYpHBIe (DYHKIIUY 3aHY/IAIOTCA, TaK YTO 3/1€Ch He BOSHUKAeT HUKAKHUX IIpodJIeM. Da Bepx-
HeM Ipenesie z = | BbIpaKeHUA A Afep paclielieHus Py ,g.(7) u Py, pacxomaTcs. DTO
0COGEHHOCTh MATKHUX TJIFOOHOB: 2HEPIHs, TepeHOCuMas NCITyCKaeMbIM TJIFOOHOM, YMEHbBIIAeTCst
o myns, r, = ¢ —x = (1 —z)2’ = x/2(1 —2) — 0 nua z — 1. Yrobbl BEMHCIATD UH-
TErpasT Mo z B Sy, MOACTABIAETCA BEPXHUN TPENEN Zpe, = /(2 + ), TO €CTh BKIIOYATOTCA



TOJTBKO TEPEXOAbl € 2z < Zpge A Sy, 37€Ch T, — Majoe 9ucjao, OObITHO BhIOMpaeMoe Tak,
9TOOBl PHEPTHUA IIIOOHA Tg\/S/2 > x.4/5/2 = 2 I'sB. Cpennee snauenne »sHeprum, yHOCHMOI
[JIIOOHAMM B [IMAa3oHe T, < &, PN JaHHBIX 3HAUEHNAX ¢ OT 1, 710 15, MOXKET OBITH BBIUNC/IEHO
[Sjo85]. DakoHel, 3HAUEHNE 2 MOKET OBITH BHIOPAHO TAKUM 0OPA3OM: 2 = Zhard(Zsoft(tas 1h)), TIIE
Zhard — TEPBOHATAJIBHO BBIOPAHHOE 3HAYEHHE 2, & Zs, — KOAPMUINEHT MOMPABKN Ha W3JIyIeHTe
MATKHX TJIIOOHOB.

ot KD JI-nuBHel MaaocTh (v, 0O3HAYAET, YTO MOJKHO UCIIOIb30BATh MEHbBIINE TIPEIeThHbIe
3HAYEHU s Oe3 BOSHUKHOBEHU Y CUJICHHOTO U3y ICHUA. D O0dTOMY UCIOIb3yeTcss PUKCHPOBAHHOE
MaJloe TIpefiesibHOe 3HadeHne x., > 107°% mus mekmodenws obacTw OueHb MATKHX (POTOHOB.
Kak yxe obcyxaanoch B pasmgese 7.1.3, sjeKTpoHHas cTpyKTypHas (HDYHKIUA OTKIIOYACTCS
npu T, < 1 —107°, mo mpwumHaM, CBA3aHALIM ¢ YHCIEHHBIM CIeTOM, TaK UTO IBa OTpaHNTICHU
OJIM3KO TOAXOMAT APYT K IPYTY.

9 penenbubIit MaciiTab (Jg MoxKeT BoiOupaThesa oraenbuo miis KX /- u KD /l-nusneit, Takxe,
KaK B CJIydae M3JIyIeHn s B KOHETHOM COCTOAHNN. 3HadeHu#A 1mo ymoadanuo — 1 ['3B u 0.001 I'>B
COOTBETCTBEHHO. D epBoe 3HAUYCHWE eCTh TUIHIHOE 3HAYeHNe MacChl apoHa, HUXKE KOTOPOTOo
U3JIydeHne He OXKMUIAeTCsA B IPUHIIAIE; BTOPOE UMeET MOPI0K MacChl 3JIeKTPOHA.

O6wbraro K9/1- w KX/I-muBau He cMmemmBaioTcs. 9 anbojiee W3BECTHBIE MCKJIIOUEHUA —
crpykryproe doropoxaenue (B €p) u cTpyKTypHbie 2v-cobbitus (B ete™), To ecTh juBHEBBIE
[PEIbICTOPUE THUMA € — ¥ — . 3HadeHusA ()? He NOKHBI YIOPAJOYMBATLCA IIPU B3aUMO-
NefcTBUAX, TO ecTh HOCAeIHUil e — ey Iepexo BIIOJHe MOXKeT uMeTh Gosbliee 3Hadenune (Q2,
4eM TIepBBIf  — g, ¥ Mepexol ¥ — ( He UMeeT CTPOTOH WHTepIpeTaluy MapTOHHOTO JIMBHS
B MOJIECJI BEKTOPHOH TOMUHAHTHOCTH s (POTOHHOW CTPYKTYpHOU (BYHKIUU. IDTU MpodIIe-
MBI B HACTOAIIEEe BPEMs TOJHOCTHIO He PEIIeHBI. JoJjiee TOro, Ha OCHOBAHUU T, BBIOPAHHOTO
NJIA TTapToHa (KBapKa WM [UIFOOHA) TP KECTKOM PACCEAHNN, BHIONPAETCA &, OINH pa3 W Ha-
BCerga B amanasoHe & < &, < |, B COOTBETCTBUU C paclpenesieHneM, TaHHBIM B yp. (7.5).
Daprounbiii KX/I-muBenb Torma mpoc/iekKuBaeTCs Ha3aJl OT MOMEHTa KECTKOTO PacCesnms K
UHUIATOPY JUBHSA TIpH lg. De JeslaeTcss HUKAKUX MOMBITOK BocmpowsBecTr moaHbii KX/I-
JWBEHb, HO UCTIOb3yeTca 00paboTKa Iy IKOBOTO ocTaTKa (cM. pasmen 11.1) nysa HaxoxaeHus q
(nmw g) ocTarka, KOTOPbIH coorBeTcTBYeT ( (min g) wannmaropy KX/I-mwBH#A, ¢ 2/eKTpoHOM,
paccMaTpuBaeMbIM OTHECIBHO, KaK BTOPOH MyYKOBBIH OCTATOK.

10.3.3 DomnepedHasi PBOJIIONHUS

Boitre Mbl Buae I, 4T0 MOKHO OMpeNeuTh HEIOUYKN TePEX0I0B MapTOHOB OT MOMEHTa, JKEeCTKOI'O
paccessHIsA 10 MOMEHTa BpeMeHHU, KOTOPOMY OTBeYaeT BOJIHOBas (DYHKIMsA HadabHOIO BXOMIs-
mero agpona mpu MaaoMm Q%. TakiKe MOKHO oIpenenTh BCe apoMaThl HapTOHOB 1, BUPTYa/lb-
Hoctrn (Q? m monm »Heprmu r. OnHaKo ToYHad KHHeMaTHdecKad WHTEepIpeTallns HepeMeHHOil
T He eIMHCTBEHHa. JIJIs MapTOHOB ¢ MaJbIMH BUPTYaJbHOCTAMI W MONEPEYHBIMI MMITYJThCaMU
BCe onmcannsa PpakKTHIECKH COBIAIAOT, HO Pa3JInInsa MOI'YT MOABIATHCA IJIS TEPEXOI0B BOIU3N
MOMEHTa, KECTKOTO pacCesHus.

B K9/I nepsoro nopsaka [Ber85] u mekoropwix npocrbix KX /I-momensx [Got86] moxmo
MOKa3aTh, 9TO ~KOPPEKTHBIN BBIOOP €CcTh ~S-TTONX0I . D pu 9TOM TpedyeTcs, 9TOObI § = T9x1$
B MOMEHT KECTKOTO paccesHusA W JoGof mpyrolt MoMeHT, To ecth $(Q?) = x1(Q?) 22(Q?) s,
The &1 W T3 — 3HAYEHUA & JBYX CTPYKTYDPHBIX MapTOHOB (OT KazKIOW M3 BXOMAMINX TTyUKOBBIX
wacTui) pu gaHHOM (%, D paKTHUecK:m 3TO 03HAYAeT, YTO MPHU Mepexole ¢ TepeMeHHofl pac-
WIETUICHNs 2 Pe3yJIbTUPYIOllee 3HaYeHre § TOIKHO yBenuuBaThes Ha Koadduiuent 1/z npu
obpaTHOI PBOMTIONINN. DTO TaKKe 0O3HAYaeT, YTO IePEXObl Ha IBYX BXOANIMX BETBAX JOJIKHBI
YepenoBaThcs B OQHON MOHOTOHHOM HOC/IeI0BaTeIbHOCTH 3HadeHuit Q? n/s mepexonos.



Jns peKOHCTPYKIMKM TOJHOW KWHEMATUKHM B 3TOM IMOJIXO/e HYKHO HadWHATh € MOMEHTa
JKECTKOTO pacCesHus, I KOTOPOTO § BBIOMPAETCHA B COOTBETCTBUU € MATPUIHBIM 3JIEMEHTOM
KECTKOTO paccesHusA. IPpu 0OpaTHOH >BOJTIONMK BoccTaHaBauBatoTes Q2 = —m? u Q2 = —m}
IBYX B3amMOMeHCTBYIOMINX TTAapTOHOB. 2)epBOHAYAJIBHO IBa MapTOHA PACCMAaTPUBAIOTCH B UX
obmeit cucreme [IM, kak npuxomnsmme ¢ Hanpassennit +z. Torma BeKTOPBI Y€THIPEXUMITYJTHCOB

NMET HEHYJIEBbIE KOMITOHEHTHI
b _$E(01-0)
’ 2\/§ Y
(5 + Q1Q3)* — 40507
43 ’

¢ (ptp2)? =5

Ecmn, ckaxem, Q3 > Q3%, 1o nepexon 3 — 1 + 4 nmaprona 1 stBisieTcsi caMbIM OJIM3KEM K
MOMEHTY JKECTKOTO pPacCesHUsA W BOCCTAHABIUBAETCH MEPBBIM. UeTBIPEXUMITYIBC P3 W3BECTEH,
P4 = P3 — P1 ABTOMATUIECKN W3BECTEH, TaK KaK MMEIOTCH UeThIpe CTelmeHnm cBoOOmbl. Takas
GOpMYITUPOBKA COOTBETCTBYET TPUBUAIHLHOMY OIPENETEHUIO a3UMYyTAJTbHOTO yIJIa BOKPYT OCH
Z. DepeMeHHas pacllelieHns 2 I 3 — | + 4 BepImHbl HAaXOAUTCA B TO JKe caMoe BpeM:,
uro u ()7, m obecreunBaet orpannuenue (ps+ py)? = §/z. BupryamprocTs ()3 naercs obpaTHOIL
sBOJTIONNEN TTapToHa 3.

OcraeTcs ompenesiuTh OTHY CTENEHB CBOOOMIBI, KOTOPasd CBA3BIBAETCA € BO3MOIKHOCTBIO A
mapToHa 4 WHUIUUPOBATH BPEMEHUITOMOOHBI TapTOHHBIM JUBEHb, TO €CTh € BO3MOYKHOCTBHIO
UMeTh OTJIMIHYIO OT HyJid Maccy. MakcmMaabHOe paspellieHHoe 3HAadeHWe KBalparTa MacChl

mfnw 4 COOTBETCTBYeT KoJlTuHeapHoMy nepexony 3 — 1 + 4. Ucnonbsys BbipaKeHus

s1=8+Q5+Q7,

53 = Z +Q3+ Q% ,

r3 = 1/s2 — 40307 , (10.26)
IIoJTyHaeM

My = gy~ Q= @4 (10.27)
2
KOTOpOe B clenuaJbHoM ciaydae (3 = 0 pemynupyercs mo
) Q¢ E E

M aw 4 B Q3 S0 3102 (10.28)
DTH orpaHMYEHNA Ha 114 YACTO KHHEMAaTUIeCKue, KpOMe 3TOro, KorepeHTHbIE (P eKThl TaKKe
MOTYT HaKJIaIbIBaTh JaJibHENIINe OTpAaHNIeHNA Ha BETUIUHY M gy 4. CYIIECTBYIOT HEKOTOPBIE
OIIMM TaKOTO THIIA; MO YMOJYAHUIO, JIOMOJHATE/TLHO HEOOXOMMMO MOTpe6oBaTh, 9TOOB M3 <
(Q?, To ecTh ObLITa MEHbIIE TPOCTPaHCTBEHHONOMOOHON BUPTYa bHOCTH CECTPUHCKOTO MapTOHA.

9 pu JaHHOH MaKCHMaJbHONW BHPTYaJbHOCTH MEXaHI3M JINBHEOOPa30BaHUSA B KOHETHOM CO-

CTOAHNHN MOZKET MCIIOJIb30BAaThCA JIA PAa3BUTUA MOCJICAYIOUNIETO KaCKala, BRJ/IIOYaA CbELKTI/ILIG—

2

tmaz, - OBOJIONMsA BbINOHAETCA B cucteme M nByx

ckoe 3HaueHme macchl mi, 0 < mi < m
7 CTPYKTYpPHBIX  TapTOHOB, TO €CTh MapToHOB | m 2 B mepexome 3 — 1 + 4, u mapton 4 npu-
HIMAETCs IMEIONIAM HOMUHAIBHYIO Hepruio F,o, , = (1/z — 1)v/3/2. (Ecau mapron 4 mveer

HEHYJEBYIO MacCCy My UWIHN 1My, BOSHUKAIOT HECyEeCTBCHHDBIC I/I3M6H6HI/IH.)



Ucnonbsys coorromerne m3 = (ps — p1)?, MOKeM Tenepb HafiTh UMITyJIbc TapTOHA 3

B 1
SNA
1
P23 = 2— {33 - 2E3E2} s
pzl

92 _ 2 2 2 2
pi73 = {mfnax74 _ mi} (8183 —I_ rlr?’)/ T?Q(Ql —I_ QS —I_ m4)
1

B
y St Qiomil

(10.29)

Tpebosarne, urobbr m3 > 0 (mmm > mfc NJIA TAKETBIX apoOMaToB), HaJaraeT orpaHude-
HUe Ha paspelleHHble 3HaUeHWsA z. JTO OrpaHWYeHHe He MOJKeT BKJIoYaThcsd B BBIOOD QF,
KaK 3TO OBLIO OBl JIOTWYHO cJleIaTh, TaK KaK OHO 3aBHCHT Takke oT Q5 m ()3, KoTopble He-
U3BECTHBI B »T0T MoMeHT. JloBosibHO penko (mopsnka 10% ot Bcex cobwbiTHii) reHepupyeTcs
Hepa3pelleHHoe 3HaUeHne z, W MOYTH BCera 3TO CJIydaeTcsa IJIA OTHOTO W3 IBYX OJimzKaifimmx
K MOMEHTY JKecTKOro B3ammojgeficTsus nepexonos: mis Q3 = 0 yp. (10.28) mmeer perenme
s 2z < 8/(8 4 QF — @Q3), uro naer Gostee cepbesHoe orpaHUYUEHNe Ha MaJjble § 1 Oosbime (7.
CremoBaresibHO, €IUHCTBEHHBIM CBOOOTHBIM OT MCKaXKEHU CIocobOM TpecTaBIeHnsA KacKala
SABJIAETCA TIOJTHAS TepelesTKa 3aHOBO JII0DOTO KacKala B HAYaJbHOM COCTOAHWUW, IJIs KOTOPOTO
BO3HWKAET TaKad IPodJIeMa.

s 3aBepirenrns peKOHCTPYKIUN 3 — 1 +4 BepIIMHBI TIOJICUCTEMA, COCTOAIIAA U3 TAPTOHOB
3 u 2, cMelllaeTca B CUCTEMY MOKOA W BpalllaeTcd [JId MPUIAadl TapTOHaM 3 U 2 HallpaBJIeHUA
BIIOJTh HampaBjeHutt +z. Dapronsl 1| m 4 Temepb JIETAT B MPOTUBOMOJIOKHBIX HAPABIEHUAX
U UX ToTepedHble (OTHOCUTENBHO OCH COOBITHA) MMITYJIbCH KOMIeHcHpytforcsa. Korma paccma-
TpUBaeTCA CJIeAyIollas BEpIINHA, PYU POKICHWN TMapToHa 3 WM 2 ToicucreMa 3 - 2 Oymer
BBITIOTHATE (DYHKIWIO cHCTEMBI | - 2 BBIllle, HAIPUMEp, POJIb § = S13 B (POpMyJIax BBIIIE Te-
nepb urpaer Sz = S12/2. BHyrpennss crpykrypa cuctemsl 3 - 2, To ecTh nepexon 3 — 1 + 4,
He TOABJIAETCS HUTIE B MPOIECce BHIMOJHEHNA, T.€. CHUCTEMa CTAHOBUTCA ~OeccTpyKTypHOMH .
DTO oTpajkaeTcda TOJBKO B MOCJIEIOBATEbHBIX BPAIIEHNAX U CMENEHUAX, BO3BPAIIAIONINX HO-
Bble KOHEUHBIE TOUKM B WX OOIIYIO CHCTEMY TOKO#A. Takum obpasoM, TMOAcHcTeMa YKECTKOTO
paccesgrusa | - 2 UMeeT TONMEPETHBIH UMITYJIbC U 0DIllee BpallleHne TMOACHCTEMBI KaK I1eJI0TO.

Doclie psla WaroB IBa caMbIX TTOCIEIHIX TapToHa UMEOT BUPTyabHoCTH Q2 < Q3 m mpo-
mecc JTHBHEOOpa30BaHNA 3aBepllacTcd, KOHEUHBIM TOYKaM IIpHcBamBaioTcd s3Hadenwsa (97 = 0.
C TOYHOCTHIO IO MAJIBIX TOTPABOK M3-3a HEHYJIEBBIX MEPBOHATAIbHBIX 3HaAUeHWH k) , 0OCy K Ta-
eMbIX B pasmese 11.1, mociiennee cMmelerme 6yaeT MepEHOCUTh MTapTOHbI n3 cucTeMbl ux [[M B
obmyto cucremy [IM, rre sHadeHUs & 118 caMBbIX MOCTEIHNX TAPTOHOB TaKZKe COTJIACYIOTCH €
olrpe/ie/IeHNEM Ha CBETOBOM KOHYCeE.

10.3.4 JIpyrue acueKThl JJUBHS B HAYAJILHOM COCTOSAHHUU

B dopmynax sbime (Q? umcnosb3oBasicd KakK IapaMeTp s (v, a He TOJbKO KaK IPOCTpaH-
CTBEHHONOMO00HAsA BUPTYaJbHOCTh ITAPTOHOB. DTO TOJBKO OIHa BO3MOYKHOCTb, M, (PaKTHIECKH,
BBIYMCJIEHNE MEeT/JIEeBbIX MOMpaBOK yKa3blBaeT Ha TO, YTO COOTBETCTBYIOUIMH IMapamerp I o
e Q% a pi = (1 — 2)Q? [Bas83]. DepemenHas p, uMeeT WHTEpPIPETAINIO TTOMEPETHOTO M-
IyJIbca, XOTs 3TO BEPHO TOJIBKO T mepexona a — be, ¢ a u ¢ — 6e3maccoBbiMu n Q* = —mj,
U ¢ z, UHTEpIpeTupyeMoii Kak [0/ dHeprurl U WMIyJIhca Ha CBETOBOM KOHyce. B mporpamme
as((1 —2)Q?) ucnonpsyercs Mo ymosdanuio. JlelicTBUTEBHO, €C/IN MOy MaTh, MOJHBIH JTHBEHD
MOZKeT MHTEPIPeTHPOBAThCs, CKOpee, KaK 3BOJTIONHA [0 p? , a He 1o Q2.

Kak Buanm, mcmosb3oBaHue aJropuTMa JUBHA B Ha4aJbHOM COCTOSHUM TIPUBOUT K HEKOTO-

POMY CMEUICEHNTIO U BPAUIEHWIO ITOJCUCTEMbBI ZKECTKOI'O pacCEeEAHMA. SOJIHOG OIlMCaHne KOHEYHOI'O



COCTOSTHUS eJTaeTCs ellle bostee CIIOKHBIM MTPY TO0ABIEHIHN N3y YEHUA B KOHETHOM COCTOSHMM.
B npunrmune, »To ycaoxueHne BrogHe (PU3NIECKOE, HO MOTYT BO3SHUKATh TaKrKe HEKEaTe Th-
Hble obounble 3ddekThl. OnunM 3 Takux 3PPeKToB, 00CY KITaeMbIX B pasmere 9.2, ABIAET-
cs 3aTpy/IHEHUE MPU TeHepaIluu COOBITHA ¢ HEKOTOPBIMU CIEMUpUICCKIMEA KHHEMATHICCKIMI
YCIOBUAME, TaK 9TO KHHEMATWKa ~cMa3aHa W Jaze, WHOT/IA, HEOTHO3SHATHA.

CrenmapHblii  caydali  mpefcraBifer TUIyOboKoHeympyroe paccesume (['99) B ep-
cTONKHOBeHUAX. Dpu ['DD snavenus x u Q? ompenensiorcs B TepMUHAX HalpaBJICHUsA K
SHEPIUN PACCEAHHOTO 3JT€KTPOHA, W, CJIENOBATENBHO, OJIHO3HAYHO (KpOMe CJiydas W3JIydeHns
(POTOHOB B KOHETHOM COCTOAHME OJM3KO K HaIpPaBIeHUIo »/eKTpora). Oarako JuBHE HE B
Ha4vyaJbHOM, HM B KOHEYHOM COCTOAHWN He COXPaHAIOT KUHEMATUKY PaCCEeAHHOTO 3JIEKTPOHA,
clenoBaTe/bHo, u 3Hadenus x 1 Q? npu I'DD usmensTcs. B npunnumne, 3To cOBEpLUICHHO 3aKOH-
HO, € OTOBOPKOM, UTO TOT[a TOJIZKHBI UCTIOIB30BATHCA IPyTHe HAOOPBI CTPYKTYPHBIX (PYHKIINIH,
OTJIMYAIOIINECs OT BBIBEIEHHBIX U3 HAHHBIX TO ['D9), Tak KaK OHU OCHOBBIBAIOTCA Ha KUHE-
MaTUKe PacCedHHOTO JIENITOHA, a OOJIbllle HUYero He yUNTHIBAIOT. B KadecTBe ajbTepHATUBBI
MOZKHO paccMaTpuBaTh cXeMbl JUBHEOOPa30BaHusl, KOTOPbIe OCTaB/IAIOT T U (Q? HensMeHHbIMU.
B cxeme [Ben88| obecneunBaiorcs meTaausupoBaHbie U3MEHEHU, UTO JIETAeT BO3ZMOKHBIM CO-
XpaHeHue 3TUX 3HadeHul B caydae, ecjid U3JIyYeHrneM OT BXOIAIIEro U MCXOIAUIero 3JeKTPoHa
npeHebperaoT, HO TOT MEXaHU3M He BKJIIOUYEH B TEKYIIyio Bepcuio PYTHIA.

Kax omnmusi, DpucyTCTBYET IPOCTOH MeXaHU3M, KOTOPbIil M03BoJIgeT coXpanuTh x u Q? mpu
ncrosib3oBannn > dertoB nzayuenua KX/, u takxke ydera mepBoHaYaJbHBIX 3HadeHUN k|
1 Pe3yJIbTaTOB 00pabOTKU MyTKOBOTO OCTATKa, CIEMYIONIM 00pa3oM. DOcCje TOTO KaK JIMBEHD
OBLIT CTEeHEPUPOBAH, I€THIPEXTMITYTHC PACCEAHHOTO JIETTOHA U3MEHAETC B COOTBETCTBUN € OKI-
JaeMbIM Ha OCHOBaHWUM HOMMUHAJIBHBIX 3Hadenuit v u (Q?. AsuMmyTasbHbIR yroa Ajs JenToHa
COXpaHsAeTcd TPHU PErYJINPOBAHNN 3HAUEHUS MOTMEPETHOTO nMIyJibca. Vsmyaenne dporonos ot
JIEITOHHON BETBU [TaeTcd He MOJHOCTHIO, TO €CTh MPUHUMAETCH, 9TO PHEPTUsA (POTOHOB B KO-
HEeYHOM COCTOSHUN J00aBIAeTCA K HEpIUE PaccesHHOTO 3JIeKTpOoHa MpH ompemesenun z u ()
(10 OOBIUHAA TPOLEAYpa A ONpeneseHns CTPYKTYPHON DyHKINN).

Usmenenne TpexuMmiyabca COOBITUA €O CTOPOHBI JIENTOHa COAJTAHCHPOBAHO MapTOHAMHU B
KOHEYHOM COCTOAHUN Ha CTOPOHE apoHa, UCKIIoYasd MyYKOBBIM ocTaTOK, HO BKJIIOYAd BCe ap-
TOHBI JINBHEN B HAYAJbHOM 1 B KOHEYHOM COCTOAHWMN. BelmmdmHa cIBUTA TPEXUMITYIIbCA, TPUHU-
MaeMOr'o KaXK/IbIM TapTOHOM, MTPONOPIMOHAIbHA €0 TePBOHAYAJIBHOMY UMITYJIbCY Ha CBETOBOM
KOHYCe B HallpaBJIEHUN BXOJIAIIETO JIENITOHA, TO €cTh [V F p, s aJpoHa, NBUXKYIleroca B £+ Ha-
MpaBJIEHUU. JTa MPOIledypa rapaHTHPyeT cOXpaHeHe NUMITYJIbca, HO He sHepruu. B mocsremmem
clIydae HeoOXOMMMa OfHa JTOMOJTHUTETbHAA CTEMeHb CBOOOIBI, KOTOpad TPaKTyeTcs KaK Mpo-
TTOJTBHBINT IMITYJTHC WHUIIHATOPA JUBHSA B HATAJIbHOM COCTOAHUU. DTOT WMITYJIHC U3MEHAETCH, &
B COOTBETCTBUU € TUM U3MEHAETCA M COCTOAHNE TapPTOHOB B KOHEYHOM COCTOAHUU €O CTOPOHBI
aJipoHa Ha Te Ke [OJU 3HAUYeHWl Ha CBETOBOM KOHYCe, UTO W BBIlIe (OCHOBaHHBIE Ha MEPBO-
Hada bHBIX UMIyIbcax). CoxpaHeHWe sHepTHE TpebyeT, YTOOBI WTOTOBOE M3MEHEHWe SHePTHi
mapToHa B KOHEYHOM COCTOAHWHU IJIIOC U3MEHeHWe dHEePruu JenToHa PaBHAJIOCh M3MEHEHUO
SHEPTUN WHUIIMATOPA JINBHA. DTO yCJIOBUE TaeT UTEPATUOHHYIO MPOIEIyPY [IId HAXOKIEHU A
3HaYeHUA CIBUTAQ UMIYJIbCa WHUIIMATOPA.

Wnorna mporenypa MoxkeT HapymaTbCd. DalpuMep, MOXKET OBITh PEKOHCTPYUPOBAH WHU-
muatop ¢ x > 1. Ecam takoe ciyumioch, sHadenus x 1 (Q? coObITUA COXPAHAIOTCHA, HO reHe-
pUpPYIOTCS HOBBIE JINBHW B HAYAJbHOM W KOHETYHOM COCTOAHUHU. OCJE MATH TaKWX OTKA30B
cOOBITIE TTOJTHOCTBIO OTOPAKOBBIBAETCH, U TpeOyeTcsi HoBad KHHEMATHIECKasd yCTAaHOBKA.

Doxamyiicra, obparuTe BHUMaHWE HA TO, U9TO YeTHIPEXUMITYIbCHI TTAPTOHOB MPOMEKYTOU-

HOTO 3BE€HA B XPOHOJIOTUN JINBHA HE PETYJIUPYIOTCA. DOITOMY TPHU pacliedaTke MOTHON XPOHO-
JIOTUW COOBITHA HET HYZKIBl COXPAHATH SHEPTHUIO U UMIIYJIbC B Mepexoiax JUBHIA. JTO HECOOT-



BETCTBUE IIpKU H€O6XOILI/IMOCTI/I MOZKHO YyCTaHOBUTD.

SPGILCTELBJIGHHELH BbIIIE CX€Ma HE NOJIZKHa IIPpUHUMAaTbCA 6yKBELJII)HO7 a, CKopee, HaHa I10

KOHTpacTy C 6OJII)IHI/IM KOJIMYIECTBOM YK€ TPUCYTCTBYIOUINX Ha PbIHKE CJOZXKHBIX CXEM. Ee

MOZKHO MCIIOJIB30BaTh IIpU MIPOBEIECHUN I/ICCJIGILOBELHI/II7I7 IIPU3BaHHBIX PEUWIUTH BOITPOC, BJINAECT

JIV BUJT BBIODAHHON CXeMBbI COXpaHEHUsA Ha Hab/IIogaeMyo (pU3nKYy.

10.4 DoanporpaMMbl U obmie OJIOKM IMepeMeHHBIX

B stom pasnesie Mbl CO6pELJH/I I/IHCl)OpMELHI/HO OTHOCHUTEJIBHO TOI'O, KaK HCIIOJIb30BaTh ITOIIIPO-

I'paMMBbI JH/IBHGO6pEL3OBELHI/IH B HaYaJIbHOM 1 KOHEYHOM cocTossHumM. M3 Hux HELI/I6OJI€6 MHTEPECHA

LUSHOW nnist m3j1y4denusa B KOHEYHOM COCTOAHWHW, TaK KaK IMPW BbI30BE OHa MOKET JaBaTbh OIpe-

TleJTEHHBIE TIOJIb30BaTeeM KOH(MUTYpalliy TapTOHHBIX JInBHeH. Damporus, PYSSPA HacTOIBKO
”crsterena” ¢ obielt cTpyKTypoit cobbiTua B PYTHIA, 9TO nMeeT MaJjioe IpUMeHeHne B KadecTBe

AaBTOHOMHOI IIporpaMMBbI.

CALL LUSHOW(IP1,IP2,QMAX)

ITasHaveHue: TeHepupyeT BpPEMEHUOMOOHBIH MapTOHHBIN JIMBEHBb, CTAHIAPTHBIA WM KO-

IP1 > O,

IP1 > O,

IP1 > O,

QMAX

TepeHTHBI.  DDPEKTUBHOCTD TPOrpaMMbl perysupyercs Kirodamu MSTJI(41) -
MSTJ(49) m mapamerpamu PARJ(82) - PARJ(84). Jlnsa coxpaHenms cTpoK, CO-
mepKaimx uHdopMauio o IBeTonoroke, mosumuu K(I,4) m K(I,5) mOIKHBI
OBITH TPABMJIBHO OPTaHW30BAHBI I MapTOHOB JIMBHA. BHyTpm TOAIporpaMm
JETSET/PYTHIA 2T0 BBINOJIHEHO aBTOMATUUECKH, HO TIPU UCIOTH30BAHUY BHELIHUX
MporpaMM HeoOXOInuMa OTIpeIeSIeHHads OCTOPOKHOCTD.

IP2 = 0 : TeHepalWs BPEMEHUIIOIOOHBIX MAPTOHHBIX JUBHEH 1A MapTOHA B CTPO-
ke IP1 B obmem O6soxe LUJETS, ¢ MakcmMaJibHON paspelierroit Maccott QMAX. Ecmm
MODIN30CTN €CTh TOJBKO OIWH MapTOH, TO HEBO3MOYKHO OITHOBPEMEHHO COXPAHUTD
1 HEPTUIO, U UMIIYJIbC: MBI 3/IeCh BBIOMpaeM cOXpaHeHWe >HEPTUN U HalpaBJIeHTe
CTPYH, B TO BpeM#A KaK MPOIONBHBIH NMITYJIbC (0 OCH CTPYM) HE COXPAHAETCH.

IP2 > 0 : TeHepallld BPEMEHUIOTOOHBIX TAPTOHHBIX JIMBHEH 1A ABYX TApTOHOB B
crpokax IP1 u IP2 B obmem 6sioke LUJETS, ¢ MakKcuMaIbHOM paspelreHHol Maccoi
T KakK1oro mapToHa QMAX. D pwu »BoJIONNN JIUBHA [1Ba MapTOHA CMEIAOTCA B WX
cucremy M. Dreprus m uMmysIbc cOXpaHAIOTCA [IJId Mapbl TapTOHOB, HO HE IJIfA
KazK/I0TO o oTnesibHocTH. ONWH W3 IBYX MapTOHOB MOZXKET 3aMEHATHCH HEW3JTYda-
folelt actuielt Tuma (HoToHa WKW IUKBAapKa; dHEPTUA W UMITYJIBC HTOW TacTHUIIHI
OyIyT TOTIa W3MEHATHCA TaKWM OOpa3oM, 9TOOBI COXPAHATUCH TTOJTHAA SHEPTUSA W
AMIIYJIbC.

IP2 < 0 : reHepalus BPEeMEHUNOTOOHBIX MapTOHHBIX JuBHel nid -IP2 (fe 60sb-
e 3) mapToHoB B cTpokax IP1 , IP1+1, ...IPI-IP2-1 B obuiem Gioke LUJETS, ¢
MaKCUMaJIbHON pa3pelieHHON Maccolt s xKaxmoro naprona QMAX. [lefictBus mmsa
IP2=-1u IP2=-2 coOOTBETCTBYIOT BCEMY, YTO OIUCHIBAJIOCH BbIIIE, HO AOIOJHUTEIHHO
MOZKET WCIIOb30BaThcA IP2=-3 mjdA reHepalnm 3BOTIONNH, HaYMHAONIEHCA ¢ Tpex
3alaHABIX TapTOHOB (Hampumep, mis | — ggg). Torma Tpw maproHa cMenlaroTCs
B cuctemy ux [IM, sHeprus coxpangercsa g KaKI0ro MapToHa MO OTIAEJbHOCTH, a
AMIIYJIbC — JIJIA CUCTEeMBI KaK IeJI0oTO.

MaKcHMMaJbHaA paspellleHHas Macca MapTOHa-MHANWATOpa JIMBHA, TO €CTh HadaJlb-
HOe 3HadeHNUe /A Tocsenyfolieii sposronnn. (Kpome Toro, Macca OIMHOYHOTO Tap-
TOHa He MOZKeT MPeBBIaTh 3HaYeHNs 3HePruu 1 Macca NapToHa, ITprHaIIeKallero
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ILELHHOﬁ cucreMe, He MOZKET IIPEBbIITATh WHBAPUaHTHYIO MacCy CI/ICTGMBI.)

SUBROUTINE PYSSPA(IPU1,IPU2) : reHepuwpyeT IIPOCTPAHCTBEHHOMOIOOHBIE JTUBHI B HATAIb-
HOM COCTOAHWMN.

COMMON/LUDAT1/MSTU(200) ,PARU(200) ,MSTJ(200) ,PARJ(200)

ITasHaveHue: obecrednBaeT MOCTYI K PALY KOMOB COCTOAHWH U TTapaMeTpOB, KOTOPBIE pery-
JupyioT 3bPeKTUBHOCTD padoThl JETSET. DOJIBIIMHCTBO TapaMETPOB OMMCHIBAETCS
B pasnene 14.4; 3mech mpencTaBaeHbl TOJTBKO cBA3anAble ¢ LUSHOW.

MSTJ(41) : (D=1) Tun nepexomoB, pa3pellieHHBIX B JUBHE.

0 He paspelleHbl HIKaKWe MepexoIbl BOODIE, TO eCTh JINBEHD BBIKITIOIAETCS.
=1 : KX/I-nepexonbl 115 KBAapKOB U TJTFOOHOB.

2 TaKKe BKJIIOUEHO m3JiydeHne (pOTOHOB OT KBAPKOB W JIEMTOHOB; POTOHBI CUNU-
TAfOTCA HAXOMAMNMICT HAa MAacCOBON MOBEPXHOCTH.
MSTJ(42) : (D=2) pexum mepexoia i BpeMeHUTTOTOOHBIX JIHBHET.

=1 : CTaHJIAPTHBIA MEepPexo/l, TO eCTh Ge3 YIIIOBOrO YIIOPAIOYeHU .
=2 : KOTePEHTHBIH Mepexol, TO ecTh ¢ YIJIOBBIM YHOPATOUCHIEM.
MSTJ(43) : (D=4) BeiGop ommcanus z B mepexoe.
=1 : NOJIA dHeprun B~ ponnTesbekoii” cucreme nokos (7 I0KadbHOe orpaHudenHoe”
OTIMCAHWE).
=2 : JIOJIS PHEPTUH B CHCTEMe TTOKOs POIUTETbCKON JacTHIbl 115 Oe3MacCOBBIX J10-

YepHNX YacThll, ¢ dHepTHell 1 MMIIyJIbCOM, TepeCUNTaHHbIMI JJI8 MaCCHBHBIX
(7 moKasbHOE HeorpaHWdeHHOe” ONMCAHTE).
=3 : nosisA sHeprun B cucreme [IM mmBHeoGpasytoinx naproros (”riobasbHoe orpa-
HIIeHHOe” ONMUCAHNE).
=4 : nmosig »aeprun B cucteme [IM simBHEOOpasyONINX MapTOHOB 1A HE3MACCOBBIX
JOYEePHUX YacTHIl, ¢ 3Heprueil 1 NMIIYyJIbCOM, ITepeCINTaHHbIM 15 MaCCUBHBIX
(" rsioGabHOE HeoTpaHuIeHHOe” OMCaHNe ).
MSTJ(44) : (D=2) Bwibop maciutaba s AJIs JTUBHS.
=0 : ukrcnposammoe B PARU(111) 3Hauenne.
=1: Berancasgercs nisa Q* = m?/4, m ecrtb Macca pachafarolierocs maproHa, A
onpenesiero B PARJ(81) (ecTecTBeHHBIN BBIOOD 1A CTAHIAPTHBIX JTUBHEH).
=2 : Boraucssercs nusa QF = z(1 — z)m?, o ecrs, rpy6o, p; mepexoma, A ompese-
Jeno B PARJ(81) (eCTeCTBeHHbIﬁ BbI60p JJIsT KOTePEHTHRIX JII/IBHeﬁ).
MSTJ(45) : (D=5) makcuMaJbHbBI apoMar, KOTOPbHIi MOMKET POKIaThbcdA B JINBHE g — (T;
TaKzKe ACIOJIb3yeTCA 114 olpeleleHna MaKCIMaJIbHOIO YNcIa aKTUBHBIX apOMaTOB
B s B MTAPTOHHOM JIUBHE (37€Ch MUHUMAJIbHOE THCIO apOMaToB — 3 ).
MSTJ(46) : (D=0) BO3MOXKHOCTH BKIIOUEHW: a3MMyTaTbHO-HEOTHOPOIHBIX paclpereeHuii
JJId TIepexolioB B JIMBHE.
=0 : pacrpeneseHns M0 a3uMyTaJTbHOMY YTJTy BBIOMPAIOTCA M30TPOMHBIMI.
=1: pacipeeseHue Mo a3MyTaJIbHOMY YIJIY BBIOMpaeTcsi HEM3OTPOITHBIM B paciia-
Ile TJII00OHA, UTO 00YCJIOBJIEHO 3aBUCAINeH 0T KHHEMATHKY 3(PPEKTUBHON MO -
pusaimeit TiIOOHA. e paboTaeT Jid CKaJAPHON MOMesn, COOTBETCTBYTOIIEH
ciiyygato =0.
=2 : pacrpemeseHne Mo a3suMyTaJbHOMY YIJIY BbIOWpaeTcs HEUW3OTPOITHBIM B pac-
majie TI0oHa, 9To 00yc/IoBIeHo WHTepdeperimeii ¢ GinKaiimmm cocenom (mo
BeTy). De paboraer i abeTeBCKOro TUIFOOHA.
=3 : pacipeeseHue Mo a3MyTaJIbHOMY YIJIY BBIOMpaeTcsi HEM3OTPOITHBIM B paciia-



MSTJ(47)

= 2
MSTJ(48)

PARJ(81)

PARJ(82)

PARJ(83)

e TUII0OHA, 9TO 00y CI0BIIeHo TToaApusalueil (=1) u uatepdepentneii (=2). e
paboraer miis abesIeBCKOTO TUIIOOHA, KaK B =1. De paboTaer misd cKaJaaApHON
MOIeJIN, KaK B =2.

(D=1) nompaBkn K 3-MapTOHHOMY MAaTPHYHOMY 3JIEMEHTY HU3IIETO MOPAIKA MTPO-
neccoB qqg, qqy, (T{~y wmm (v, mIs mepBoro mepexoma JII060ro HagahbHOTO Hap-
TOH& B JIUBHE.

HET HUKAKNX TOMPaBOK.

HOIIpaBKM BKJIIOYAIOTCA BCAKHUN pa3, KOIa paccesHHble TapTOHBL ecThb qq, {T(~
nan L.

MOTTPAaBKN BKJIIOTAIOTCS BCET/IA, KOTa JIMBEHh HATMHAETCA € IBYX TapTOHOB.

(D=0) Bo3sMOKHOCTD 3aaHIA MaKCHMAJIBHOTO YIJIA I EPBOTO MePeXo/a B JINB-
He.

HeT HUKAKOTO BbIJIEJIEHHOI'O MaKCHMaJIbHOTO YTJIA.
MaKCUMaJIbHBIH yros mam B PARJ(85) Hj1s OHUHOTHOIO HapTOoHa-MHUITATOPA
n B PARJ(85) m PARJ(86) — mjis mapbl MapTOHOB.

(D=0) BosMOKHOCTH W3MeHEHUsA BEPOATHOCTE TEPEXOIOB B COOTBETCTBUN € He-
KOTOPBIMU aJIbTEPHATUBHBIMI MOJeTAME (0OpaTuTe BHUMAHUE, UTO IBOJIONUA IO
(QQ? 115 o BIIOJIHE MOKET OBITH Pa3/IUuHON /1A STHX MojeJsieil, HO B paclopsKeHun
I0JIb30BaTe A HaXoauTcda ToJIbKo onrmda MSTJ (44)).

crangapTabie KX/I-mepexompr.

MEPEXONIBI B COOTBETCTBUH € TeOpuell cKaJsipHOTO TUII0OHA, TO €CTh B AIpax
pacllenyenns B ypaBHEHNAX SBOJIONNH OMYIIEH 00N MHOKUTETD 5/ (27),
Pisge = (2/3)(1 — z), Pysye =PARI(87), P,_qg =PARJ(88) (m1sa Kaxmoro
OTIETHHOTO apoMara). KOHCTAaHTHI B3auMOmeHCTBUA IJIA TUIIOOHA OBLIN OCTa-
BJIEHBI KaK CBOOOIHBIE TTapaMeTpPhl, TaK KaK OHU 3aBUCAT OT MPWHATON IBETO-
BOif cTpyKTyphl. ObOparnTe BHUMaHWE Ha TO, UYTO TaK KaK OOBEKT €O CITTHOM
0 pacnamaercs W30TPOIHO, AJIpa PaCIIeNJIeHnA TJTI00OHA He collepkKaT HUKaKoit
Z-3aBUCHMOCTH.

MEPEXOJIBI B COOTBETCTBUH € Teopreli adeJIeBCKOTO BEKTOPHOTO TUTIOOHA, TO €CTh
BeTOBBIE KOa(pdulmenTsl n3MensAorcs (mo cpasrernio ¢ KXJI) caemyrommm
obpaszom: Cp =4/3 =+ 1, No =3 = 0,Tpr = 1/2 — 3. Obparure BHUMaHNE Ha
TO, 9TO, KaK OXKWIaeTcsd, abejleBCKasd MOJESIb He COIEPIKUT HUKAKMX 3P dex-
TOB KOTEPEHTHOCTH MEZKY TUII0OOHAMM, TaK UTO OOBITHO HYJKHO MCIIOJb30BATH
MSTJ(42)=1 u MSTJ(46)= 0 uwan 1. Takxe oxmmaercs, 9T0 o, OYIET pacTh ¢
yBesmuenneM MaciiTaba %, a He yMeHbINaThCA. DUKaKOH Takoll ommum mjis
(s He TIPENyCMOTPEHO; caMasd Ofm3Kasd 1Mo cMbiciay ommusa — MSTJ(44)=0, To
ecTh (PUKCHPOBAHHOE 3HAUEHUE.

(D=0.40 I'sB) sHauenne A, ucrnosbpsyeMoe MpW BBIAUCIEHUN (v I TTAPTOHHBIX
nuBHel (cm. MSTJ(44)).

(D=1.0 I'sB) npenen swadenuit WHBapUAHTHON MACCHl My, B MAPTOHHBIX JIMB-
HAX, HUKEe KOTOPOro NapTOHbI He u3aydatorcsa. nsa Q? = pi (MSTJ(44)=2)
PARJ(82) /2 momoJiHUTE/NbHO daeT MUHUMAJbHBIH TONepedHbIi UMITyIbe Py Tepe-
xona. Bo m3bexanme mosyueHns GeCKOHEUHBIX 3HAUEHWH vy HEOOXOIMMO BCETIa
nveTh PARJ(82)> 2xPARJ(81) mus MSTJ(44)> 1 (370 aBTOMATHYeCKH MPOBEPH-
ercs B mporpamme, u 2.2xXPARJ(81) mpmHEMaeTcsa KaK caMoe HU3KOe JOCTHIKIMOE
3HAYEHTE).

(D=1.0 I'sB) npenen swadenunit WHBAPUAHTHON MacChl My, UCIOJb3YEMbIH 115
n3yderns (pOTOHOB B MapTOHHBIX JmBHAX. DyHrinmsa PARJ(83) Gumska K pyHK-
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PARJ(85),

PARJ(87)

PARJ(88)

mnn, Beimostasgemott PARJ (82) mna KX /I-nepexomnos, HO 3mech a priori HeT HIKaAKOTO
TpebOBaHMsA HACIET TOTO, ITOOBI TU IBAa 3HATEHUS COBITAIAJIN.
PARJ(86) : (D=10.,10.) MakcuMasbHblEe 3HAUEHUA YIJIOB PACKPBITHA, Pa3peler-
HBbIE [IJIA TTePBOTO TIePEXoia B TapTOHHOM JimBHE; cM. MSTJ(48).

(D=0.) xoHcTanTa B3aMMOIEHCTBUA g — ¢ B MOJEJHU JIMBHA OT CKaJIAPHOTO
riaooHa, cM. MSTJ(49)=1.

(D=0.) xoHcranTa B3awMomelcTBUA g — (q B MOIENW JIUBHA OT CKaJIAPHOTO
TJIFOOHA (ILJIH KOHEUYHBIX KBaPKOBBIX COCTOHHMI‘/I), cM. MSTJI(49)=1.

COMMON/PYPARS/MSTP (200) ,PARP(200) ,MSTI(200) ,PARI(200)

ITasHaveHue: obecredmBaer MOCTYI K KOIaM COCTOAHUN W mapamMeTpam, KOTOPBIE PETyJIUupy-

MSTP(22)

1]
D W N RO

10T 2P deKTUBHOCTH paboThl PYTHIA. DOJBIIMHCTBO MapaMeTPOB OMUCHIBAIOTCSA B
pasnesie 9.3; 3mech TpUBOIATCA TONBKO cBA3amHble ¢ PYSSPA n LUSHOW.

(D=0) cmenmanapras oTMeHa OOBIYHOTO ()*-ONUCAHUA, UCTIOTB3YEMOTO /I IBOJTIO-
AW TTAPTOHHOTO JIMBHA. DTa ONIIA BAKAET TOJbKO Ha mporecckl 10 u 83 (ruryboko-
HeyTpyroe paccesnne) 1 TOIBKO Ha JIENTOH-aIPOHHbBIE COOBITHA.

WCIOIb3YeTCA oNncaHne, JaHHoe B MSTP(32).
ucnoabsyerca Mactab ' Q2. 1o ecrb —i.
ncnompsyerca Mactmrab ['99 W2, to ecrs (—1)(1 — )/

nenompsyerca Mactmrab I'99 Q x W, 1o ects (—1)y/(1 — z)/z.

ucnosbsyercs mMacitad Q*(1 — ) max(1,In(1/2)), Kak 3amaHO0 MATPUIHBIME
ss1eMeHTaMu nepBoro nopsnka [Ing80, Alt78].

SaMeuaHue: B BceX PTUX BapmaHTaX (PaKToOp MHOKECTBEHHOCTH 3agaeTcsa B PARP(67) u

MSTP(61)

=0
=1

MSTP (62)

MSTP (63)

PARP(71), KaK # OOBIUHO.

(D=1) rnasweii wxmoa pna KO- u KX/l-usnydenus B Ha9aJbHOM COCTOS-
HUU.

BBIKJTIOYEHO.
BKJTIOYEHO.

(D=2) mamoxenwe TpebGOBaHIH KOTEPEHTHOCTH MPH IBOTIONUN MTPOCTPAHCTBEHHO-
MOTOOHOTO MapPTOHHOTO JIUBHSI.

HI OIHOTO TPebGOBaHms, TO eCTh HeT yIopALoYeHns 110 3HadeHnaM Q% u yriam.
sHadenns (Q? B BETBAX CTPOro YHOPANOUUBAIOTCA, YBEJUUUBAACh ~B Halpa-
BJIEHWN JKECTKOTO B3amMOmelcTBUA.

3HaueHns ()° W YIJIBI PACKPBITHA WCIYCKaeMbIX ITapTOHOB (Ha MaccoBoil mo-
BEPXHOCTH WJIM BPEMEHUTIOAOOHBIX) CTPOTO yTOPATOUYEHBI, YBEININBAACH ~ B
HaIllpaBJIeHnn  KEeCTKOTO B3amMOmelcTBUA.

(D=2) crpykTypa acconmmpoBaHHBIX BPEMEHUMOTOOHBIX JIMBHEN, TO €CTh JIUB-
Hell, THUTIMITPOBAHHBIX U3JTyIeHIEM OT BXOIAIINX TPOCTPAHCTBEHHOIOTOOHBIX TTap-
TOHOB.

He paspellleHbl HUKaKue JIMBHU, TO €CTh WCIYIIEHHbIE TapTOHbI TTOMEIAI0TCs
Ha MaCCOBYIO TIOBEPXHOCTb.

JINBEHb MOXKET Pa3BUBAThCA TOJBKO ¢ MaKCHMAaJIbHOW paspelleHHol BpeMeHu-
MO/TOOHON BUPTYATBHOCTBHIO.

JINBEHDb MOYKET Pa3BWBATHCA € MaKCHMAJbHOW paspeliennoil BpeMeHumomo00-
HOM BUPTYyaJbHOCTbIO Mau ¢ PARP(71), yMHOMKEHHBIM Ha 3Hadenue (Q? s
MPOCTPAHCTBEHHOIOTOOHOTO TTapTOHA, POXKIEHHOTO B TOH XKe caMoli BepliumHe,
¢ JIIOOBIM OoJiee CHITBHBIM OTPaHUIeHTEM.



MSTP (64)
=0
=1
= 2

MSTP (65)

MSTP(71)

PARP(61)

PARP(62)

PARP(63)

PARP(64)

PARP(65)

PARP(66)

PARP(67)

PARP(68)

PARP(71)

(D=2) BBIGODP s U (J* B MPOCTPAHCTBEHHONOMOOHBIX TAPTOHHBIX JIHMBHAX.
as bepercs Kak pukcrpoBamioe 3Hadenne B PARU(111).
Q5 BHIUUC/IAETC B IEepBOM IopsIKe ¢ apryMmenToMm PARP(63) Q%
(s BBIUUCJIAETCA B MEPBOM TOPAIKE € apryMEHTOM
PARP(64) k7 =PARP(64) (1 — 2)Q?.
(D=1) obpaborka n3sydeHns MATKUX TITFOOHOB TIPH SBOJIFOIII TPOCTPAHCTBEHHO-
MOTOOHOTO TTAPTOHHOTO JIUBHSI.
MATKAMU TJIFOOHAME MOJTHOCTBIO TIPEHeOperaeTcsi.
M3JIyU9eHre MATKUX TUTIOOHOB CYMMUPYETCH M BKIIIOYAETCH BMECTe ¢ KEeCTKUM
n3IyderHneM Kak 3 QexTuBHbIN CIBUT Z.
(D=1) rmaswsrii kiaoa mug KDJI- nw KX/-usnydenns B KOHETHOM COCTOAHUN.
BBIKJTIOYEHO.
BKJTIOYEHO.

(D=0.25 I'5B) sHauenne A, ucnomabpsyeMoe B TPOCTPaHCTBEHHOIOTOOHOM TTAPTOH-
HOM JuBHe (cM. MSTP(64)). D10 3HaUeHNe MOKeT MepesanuchBaThes, cM. MSTP(3).

(D=1. I'sB) s> dpextusnpiii mpenen snavennii () nan k; (cm. MSTP(64)), Huke
KOTOPOTO He paspeleHa 3BOIONN TPOCTPAHCTBEHHOOTOOHBIX TAPTOHHBIX JIMBHET.

(D=0.25) nHa aT0T KO>(PPUIHEHT TPU SBOJTIONNHT TPOCTPAHCTBEHHOTIOTOOHOTO JIHB-
Hs YMHOXKAeTcs BUPTYaJbHOCTH (Q? maproHa; HpuMeHseTcs KakK MacliTab B o, 1
CTPYKTYPHBIX pyHKINAX mis MSTP (64)=1.

(D=1.) na 310T KO’ DUIIEHT TPU IBOJIONNY TPOCTPAHCTBEHHOTIOTOOHOTO TMap-
TOHHOTO JINBHA YMHOKAETC WCIOIb3yEeMBbIHl KaK MacIITad dBOJTIONNN KBAIPAT TOIe-
pedHoro mMIyJ/Ibca ki ; MpUMeHsAeTcsA Kak MaciTab B o U B CTPYKTYPHBIX (PYHKIHAX
i MSTP(64)=2

(D=2. IsB) s Ppexrunas Murnmaspias sHeprus (B cucreme [IM) Bpemernuro-
MTOOHOTO TTapTOHa WJIW MapTOHA, HAXOMANIETOCA Ha MacCOBOW TTOBEPXHOCTH, HUCITY-
[IEHHOTO B MMPOCTPAHCTBEHHOOIOOHOM JTMBHE; cM. Tak:ke PARP(66).

(D=0.001) sdpPpexTuBHBIft Gostee HU3KHMIE mpemen Ha | — z B MPOCTPAHCTBEHHO-
MOTOOHBIX JIMBHAX, [OMOJHUTESBHO K OTPAHWYEHUIO0, MOIpa3yMeBacMOMY B
PARP(65).

(D=4.) ma »1or KO3 duIMEenT yMHOKaeTcA MacmTab (Q? KecTKOro paccesHUst
(M. MSTP(32)) ams ompeleseHns MaKCHMAJbHOW paspeleHHoN BUPTYATbHOCTH
MIPOCTPAHCTBEHHOMOMOOHBIX JIUBHEN. e MpuMeHsAeTcs K S-KaHaJIbHBIM Pe30HaHCaM,
rje MaKcuMaJbHas BUPTYaJbHOCTD Olpefesisdercs 3HadeHneM m?.

(D=1E-3) muxknuwuii npenesn snavernii () Njia TPOCTPaHCTBEHHOMOTOOHBIX JTHBHEN
K9/I.

(D=4.) ma »1or KO3 duIMEenT yMHOKaeTcA MacmTab (Q? KecTKOro paccesHUst
(M. MSTP(32)) ams ompeleseHns MaKCHMAJbHOW paspeleHHoN BUPTYATbHOCTH
BPEMEHUTIONOOHBIX JIUBHEH. De IPUMEHIeTCA K S-KaHAJIbHBIM pe30HaHCaM, I/le MaK-

CUMaJIbHaA BUPTYAJbHOCTD OIIPENC/IACTCA 3HAYCHUEM m2.
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IIlyukoBbIe ocTaTKM U MCXOJHbIE
COOBITU A

Kaxnasa BxonsAas mydKoBasg YacTHUIla MOZXKeET JaBaTh MYyYKOBbBIN OCTATOK, KOTOPbIH He yda-
CTBYeT B M3JIyYEHUU B HAYaJIbHOM COCTOAHUU WJIM B Tpollecce KeCTKOro paccegnusa. Kenm we
yKa3aHo 00paTHOe, OCTATKU HEOOXOIUMO PEKOHCTPYUPOBATH U COEMHUTD € OCTAJIbHBIME COOBI-
TuAMU. B aapoH-aIpOHHOM CTOJIKHOBEHWM HAJW4Ke CTPYKTYPBI ¥V ABYX BXOIAIINX ITYYKOBBIX
HacTUll TPUBOAUT K AOTOJHUTETbHONR BO3MOKHOCTH JJId HECKOJBKUX MapTOHOB Maphl ajipoHOB
HE3aBUCUMO YIacTBOBATh B JKECTKOM WJIHU MTOJTY JKECTKOM PacCesHUN, T.€. K~ MHOTOKPATHBIM B3a-
uMosIelicTBUAM . DTO MOJKET HaBaTh BeChbMa 3HAUUTEIbHBIN BKJIAl B CTPYKTYPY ~ HCXOITHOTO
cobObITHS” , a CJIEMOBATESIBHO, U B MOJHYIO MHOXKeCTBEHHOCTh. 1 HakoHerr, mpm BBICOKON cBeTH-
MOCTH YCKOPUTEJA CYUIECTBYET BO3MOKHOCTh HECKOJIBKNX CTOJKHOBEHUN MEXKIY PasiiudHbIMU
My 9IKOBBIME JaCTUIIAMU [IJI OTHOTO MepecedeHrs IYIKOB, TO €CTh HaJloXKeHue cobbituii. Bee
TPM YKa3aHHBIX aclleKTa BJINAIOT Ha OKOHYATEeIbHYI0 KapTUHY Tpollecca CTOJKHOBEHUA YacTHI]
1 OMUCBIBAIOTCA MO OYEPENN, ¢ aKIIEHTOM Ha BTOPOM, T.€. Ha MHOTOKPAaTHBIX B3anMOJIeHcTBUAX
B mpegesiax OJIHOTO aPOH-aJIPOHHOTO CTOJKHOBEHUA.
OcHoBHast ccblIKa Ha MOJEJM MHOTOKPATHBIX B3auMomehcrBuil — [Sjo87al

11.1 D ydKoBble OCTAaTKHU

C moMoIIbio aJropuTMa M3JIYIeHHs B HaYaJbHOM COCTOIHHE MOXKHO PEKOHCTPYHPOBATH OJI-
HY JacTUIY-WHUIIMATOpP JIMBHA B KaK/IOM TTydKe. (ECJH/I W3JIyIeHrNEe B HaJaJbHOM COCTOAHUH
He BKJTIOYEHO, TO WHHIIHATOP €CTh BXONATINN MapTOH B JKECTKOM B3ELI/IMOILGI7ICTBI/II/I.) Bmecte
IBe JaCTUIB-MHUIAATOPa OOPUCOBBIBAIOT TOACHCTEMY B3amMOAECHCTBHA, KOTOpas COAEPIKUT
BCe TMapTOHBI, YIACTBYIONINE B JIUBHAX B HaJaJJbHOM COCTOAHWN, B JKECTKOM B3amMOIeilicTBUN T
B JIUBHAX B KOHeYHOM cocTognnn. QcTajbHble YaCTUIbI Jal0T ABa IMYyUYKOBBIX OCTaTKa, KOTOPHIE
B IIePBOM NPHOJMKEHIN YIUTHIBAIOTCA B HEM3MEHEHHOM BHIE, T.€. He 3aTparuBaiOTCs IIPOIECc-
COM KEeCTKOT'O B3auMoneHcTBUA. (9p06ﬂeMa JIOTOJHUTEIbHBIX B3anMoaeiicTBuit obcy Kaaercs
B CJIETYTONIEM pa3ILeJIe.)

Onucanme cTpyKTYpbl MYYKOBOTO OCTaTKa COAEPIKHUT HEDOJIBIIOE KOJUUIECTBO KOMIIOHEHT.
BrauaJe, 3a/1aB coctaB apomMaToB (66CHB6THOI71) MMYYKOBOW YacTHUIILI W apoMaT W IIBET TMapToHa-
WHUIIATOPA, MOKHO PEKOHCTPYHUPOBATh apoMaT M IBET MyYKOBOTO ocTaTka. MHorma ocratok
MOXKEeT TPEICcTaBIATHCA B BUIE TOJHKO OOHOTO TMapTOHA WJINW JTWKBapka, HO 9acTO OH HOJIKEH
OBITH TOApa3meseH Ha [IBa Pa3/IMIHbIX 00beKTa. B mocienmem ciaydae HEOOXOTUMO pacipee-
JINTH 9HEPTHIO W UMILYJIHC OCTaTKa MEKIY dTUME IBYM: obobekTamu. M3-3a depmu-mBuxenns
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UMITYJThC K|, KOTOPBIH MTOJKEH KOMIICHCHPOBATHCI COOTBETCTBYIOMINM 3HAUYCHUEM WMITYJIbCa
JUTS y9KOBOTO OCTaTKa. e/ ocTaToK pasie/ieH Ha JBa MapToHa, TaKkKe MOKET MMEThCs
OTHOCHUTEIBHBIH MOMePEeYHBIH UMIYJIbC. DaKOHEIl, MOJHAs dHEPIUsA U UMIYJIbC TOJKHBI CO-
XpaHAThCA. B mepBoM NpubOIMKEHUEH >TO TapaHTUPYeTcs B Ipefesax KaxkIoro ocrarka o
OTIENBHOCTH, HO B KOHIIE HEOOXOMMMa HEKOTOpas obliasd KOPPEKTHPOBKa /I KOMIECHCAIINN
nepBoHAYAJIBHOTO k| U MPOU3BOIBHON »(PPEeKTUBHON Macchl MyYKOBOTO OCTaTKA.

DaccMOTPUM BHaYase TPOTOH (MJTH, ¢ TPUBHAIBHBIMU U3MEHEHWAMI, JTF000H 1pyrol GapuoH

W aHTHOAPHOH ).

e Ecin nmaprom-muummMaTop ecTh u- WM d-KBapK, OH CUMTAETCA BAaJCHTHBIM KBAPKOM, a
MYyYKOBBIH OCTATOK €CTh TUKBapK, TO ecTh ud Wi uu, B MBETHOM aHTUTPUILIETHOM COCTO-
suaur. OTHOCHTETbHBIE BEPOATHOCTH JJIA PA3JINUHBIX 3HAUCHUH clinHa TUKBapKa I1afoTcs
B npegesie HepesnaTusucrckoli SU(6)-mMomenu, To ecTb IPAMOro MPOU3BEACHUS TPYIIITBI
apomaros SU(3) na counosyto rpynny SU(2). Takum obpasom, ud cocrout us 3/4 udy
u 1/4 udy, a uu — Beerga TONBKO U3 UU;.

® UHUITATOP-TJIIOOH JAET s MY IKOBOIO OCTaTKa COCTOAHME IBETHOIO OKTeTa uud, KoTopoe
HOJpa3/Ie/AeTCs B IBETHOW KBAPKOBBIH TPUILIET U IBETHOW TUKBAPKOBBIH aHTHTPUILIET.
SU(6) naer coorsercrByionue KoadduiuenTs noapasaesnenus: 1/2 — nas u + udg, 1/6
~ s u+udy u1/3 — g d 4 uuy.

® MOpPCKOW KBapK-WHUIMATOD TUMA $§ JaeT B ocTaTKe uuds 4eThIpeXKBapKOBOE COCTOIHUE.
B PDG-cxeme KopupoBatus apoMaToB 1 IIporpaMMax pparMeHTaIllui He MPEeLy CMOTPEHO
TaKOe COCTOSIHEE, TOATOMY OHO MOAPA3AEIACTCA B ME3OH ILIIOC TUKBAPK, TO €CTh gaeT 1 /2
s uS+udg, 1/6 — mas us+udy u 1/3 — aoa ds+uuy. Eciu onpenesensr apomarst Me3ona,
TO BBIOOD ME30HHOTO MYJIBTHILIETAa OCYHIECTBJIAETCH KaK IIPHU CTAHIapPTHOM OMUCAHWUN
dparmenTanm.

e DakoHell, aHTUKBapK-WHUIHATOD THUIA § JaeT B ocTarke uuds 4eThIPEXKBAPKOBOE COCTO-
SHUE, KOTOPOoe TIo/IpasieseTcsa B GaproH TIoc KBapK. 1ak Kak B IepBOM MPUOINKEHIH
napa s§ MoJIydaercs MpH Mepexoie ¢ — $§ [JI0OHa, TTPUHAJLIeKAIIEro IBETHOMY OKTETY,
noapasesenne uud 4+ 8§ He paspelieHo, Tak KaK OHO COOTBETCTBYET OeCIBETHOMY COCTOsI-
muto s5. CrieoBaTesibio, UMEIOTCs caeayomiue BosMoxuoctu: 1/2 nys udgs+u, 1/6 — miist
udys +uwm 1/3 - nas uuys + d. Dapuon dopmupyercs mo oaHON U3 TUX BOZMOKHOCTEN
JUTS JTAHHOTO COCTaBa apoOMaToOB ¥ CIMHA JUKBapKa B COOTBETCTBUE ¢ OTHOCHTE/IHHBIMI
BEPOSATHOCTAMMU, UCIOJIb3YyeMbIMI TpH dpparMenTaiinu. meiorcss apryMenTsl B OIb3Y
BBEJICHUA JIOTOJTHUTETLHOTO BECOBOTO MHOKWUTENIA TPHU pacdeTe Yucja OapUOHHBIX CO-
CTOAHUM, JTOCTYINHBIX s JaHHOW KOMOWHAIMM AUKBApK ILIIOC KBApK, HO 3TO He OBLIO
BKJTIOUEHO B TIPOTPAMMY.

Obpaittaer Ha cebs BHUMAHWE TYHKT, UTO J0O00H Uu- miin d-KBapK, CIUTAIONUNCA BBITIEIIITITM
U3 30HBI MOPAIKA pa3Mepa MPOTOHA, aBTOMATHIECKH TPaKTyeTcs KakK BaJeHTHbIH. fcro, aTo
9TO — HEPEATNCTUIHOE TIPENNOI0KEHNE, HO U HE TaKOe IIOX0e, KaK MOTIJIO Obl TIoKa3aThcsd. B
JaCTHOCTH, He Hallo 3a0bIBaTh, YTO CIEHAPU TYyUKOBOTO OCTaTKa MPUMEHIETCA K WHUIHATOPY
JIUBHST B HAaYaJIbHOM COCTOAHWE B Maciitabe 3navdenuit (Jo ~ 1 ['9B u gnsa x, obbrano smavm-
TeJIbHO OOJIBIINX, YeM T TIPU KECTKOM PAacCesHUU. )O03TOMY BKJIAT MOPCKUX KBAPKOB OOBITHO
HECYIIEeCTBEHEH.

[t ME30HHOTO TTYIKOBOTO OCTaTKa AeHCTBYIOT Te JKe MpaBmiia, HO HECKOJBKO YITPOIIEeHHbIE,
TakK KakK TyT HET AUKBAPKOB MK GAPWOHOB, KOTOPBIE HEOOXOAUMO MPaBU/IbHO yuecTh. Takum
00pasoM, BaJIEHTHBIH WHUIHATOP-KBapK (aHTWKBApK) daeT B MYYKOBOM OCTaTKe aHTHKBApK
(KBapK), TIFOOH-UHUIATOP JaeT BAJEHTHBIE KBAPK N aHTHKBAPK, MOPCKOT KBapK (aHTUKBAPK )
naeT Me30H (KOTODBIH COMepKUT TapHBIi K MOPCKOMY TapTOH) TIIOC BaJeHTHBI aHTHKBapK
(kBapK).



Cutyanms mias cTpyKTypHoro ¢porona eime 6ojiee mpocTasi, 9eM IS Me30Ha, TakK KaK He
HyZKHO Je/IaTh pa3/imdue MeKIY BaJeHTHBIM W MOPCKHM apoMaroMm. Takmm obpa3zom, J1roboii
WHUIIATOP-KBApK (QHTUKBApK) JaeT B OCTaTKe, COOTBETCTBEHHO, aHTWKBapK (KBapK), a TITfo-
OH HaeT KBapK-aHTHKBapKOBYIO mapy. OTHOIIEHWs BKJIAIOB Pa3/IMIHLIX COCTaBOB KBapKOBBIX
apoMaToB B TOCJETHEM cJIydae TPUHIMAIOTCA TTPOMOPINOHATIBHBIMI 6(21 JITA JIETKUX apoMaToB,
TO €CThb 2/3 OJida u + U, 1/6 —mna d —I—E, u 1/6 ~ I S + 5. D pu HeOOXOTUMOCTH TaKiKe MOKHO
BBIOpaTh OCTATOK B BUIE ONUHOTHOIO IJIIOOHA.

Ecaw HeT HUKaKoro W3IydeHWs B Hada bHOM COCTOAHUM, 3JIeKTPOH (mim, B Gosee obuiem
cIydae, JIETTOH WM HEHTPUHO) He JaeT HUKAKOTO MYyYKOBOTO OCTaTKa. 9 PU BKIIOUEHNH W3JTy-
JeHNA OKMTAeTCs, 9TO PN PEKOHCTPYUPOBAHNN WHUIIMATOPA JIMBHA BOCCTAHABINBAETCSA OJIW-
HOYHBIH 5JI€KTPOH, HECYIIIH TOTHYIO SHEPTHUIO Y YKOBOH TaCTUIIBI. DTOTO He IPOUCXOIUT B TOM
cliydae, HAITPUMeD, eCJIM JIMBEHb B HAYaJIbHOM COCTOAHWN WMeeT MaJloe TpeleIbHOe 3HaueHne
MaclITaba N3/IydeHnA, TaK KaK W3/IydeHre Tpy MaJIblx 3Hadennax (2 ne mogenupyercsa. /lamee,
MO 9UCTO TEXHUIECKUM TPUINHAM CTPYKTYpHasA (DYHKINA seKTpora fe(x, QQ) OTKJIIOYaeTC s
mpu x = 1 —107%. D10 03mAUaeT, YTO Beerja IpK BKIIOUEHNN U3/Iy9IeHHA B Ha9aJbHOM COCTOS-
HUM 110 Kpaiiteii Mepe nomns 107° sneprum mydka 10/13KHa YHOCHTBCA OTUHOUYHBIM (DOTOHOM IO
HalpaBJIeHAIO MyYKa 111 TOTO, 9TODBI YIecTh 3TO HeMoae upyemoe m3iaydenne. Pusnka 3mech
HECKOJIbKO OTJIMYAeTCsA OT CTaHZapTHOW KOHIENINH IIYIKOBOTO ocTaTKa, HO 00paboTKa ocylie-
CTBJIAETCS IO TAaKOMY K€ MPHUHIUIY. 9 YUIKOBBIE OCTAaTKH TaKKe MOTYT BO3ZHUKATDH IPH yUeTe
CTPYKTYPpHOR (PYHKIIAN 3JIEKTPOHA, HO BBIKIIOYCHHOM U3JIYUEeHNN B HadaJIbHOM cocTosnmm. C
KOHIEITYAJIbHON TOYKHU 3PEHUsI, 9TO MPOTUBOpEUNe, TaK KaK CTPYKTYpHasdA (PYHKIINA BOSHUKA-
eT KaK CJeACTBHUE W3JIyUeHnA B Ha9aJ hbHOM COCTOAHUN, HO MHOTIA Takasd KOMOWHAINsA ObIBaeT
mosesnoii. B sakmodernne, Tak kKak K9 /I-u3nydenne me ObLI0 BKIIOUEHO B COOBITHA €O CTPYK-
TYPHBIMHI 3JIEKTPOHAMMI, B 9TOM CJIydae TakzKe HeoOXOTUMO 00EeCIIeTnTDh 3alaHne IporpaMMoii
9P HEKTUBHBIX MYUKOBBIX OCTATKOB.

Baganme IyIKOBOIO OCTaTKa BHYTPH 3JIEKTPOHA B JTIOOOM W3 IEPEIUCICHHBIX BBIIIE CIyUacB
OCYIIECTBJIACTCA CICAYIONIM 00Pa30M.

® e -UHUIINATOP JaeT Y-OCTaTOK.
~-MHULMATOP JaeT € -OCTaTOK.

_|_

eT-MHUIAATOp JaeT € + € -OCTaToK.

q(q)-mHuEIMAaTOp maeT octaTtok G+ e~ (q+e7).
g-MHHAIMATOp HaeT ocTaToK g + e~ . CylecTByfoT apryMeHThl B MOJIb3y TOIO, 9TO IpH
06paboTKe TydKOB (POTOHOB (CM. BBIIIE) OCTATOK TOJKEH OBITH TIpecTaBIeH B BIUIE

q+ q+e”. Omnako B HacTosAllee BpeMs IporpaMMa He obecrieunBaeT oOpabOTKY Tpex
0ObEKTOB IJIAA yYKOBOI'O OCTaTKa.
C moMoupro MEXaHU3MOB YKECTKOIO paccessHusA U U3JIyYeHns B Hada/JbHOM COCTOAHWY MHUIIAa-
TOpY JIMBHA NPUCBAUBAHTCA HEKOTOPas IOJIA T YeThIPpEeXUMITYJIbCca Iy YKOBOH YaCTHUIIBI, a J0JIs
1 — npucBanBaercs ocraTky. Kcam ocTaToOK cOCTOUT U3 ABYX 00HEKTOB, 3Ta SHEPTHUA 1 UMILYJIhC
KaKnM-1100 00pa30oM JOJIKHBL ObITh pacnpenesieHbl Mex Ly Humu. Jlis amekTpoHa pacmpene-
JIEHWe TIPOBOINTCA W3 MEePBBIX NMPUHIIAIOB: €CJIN, HallpuMep, HHUIIMATOPOM SABJIAETCS (|, TO 3TOT
( OBLIT TTOJTYUeH B OCIENOBATETHHOCTH TTEPEXOIOB € — ¥ — (|, TIE & PACTPENETAETCHA COTTIACHO
cepTke B yp. (7.5). CrenoBaresibHo, ocTaToK q moJydaer gosto Y = (x., — x)/(1 — ) mosmwoi
SHEpPIWH OcTaTKa, a € — 100 1 — X.
st Apyrux Imy9YKOBBIX OCTATKOB paclpeieeHne aoJefl sHeprum 1mo mepeMeHHoH Y Hewns-
BECTHO W3 TIE€PBBIX IPUHIINIOB W BHIONPAETCA B COOTBETCTBUE ¢ HEKOTOPOH IOIXOIAIIEH TTapa-
meTpusanneii. OObIYHO JaHbI HECKOJIHKO Pa3JIMYHBIX OIIHI, KOTOpble MOKHO yCTaHaBIUBATH
OTIEeJTHHO [IJTs Iy YKOB GapMOHOB 1 ME30HOB 1 JIJIsl OCTATKOB aJIpOH + KBapK M KBapK -+ IMKBapK
(nmw aHTEKBapK ). B onHOM MpemesbHOM cilydae nMeeM WHBApUAHTHOE TIPABIIIO yUeTa, TO €CTh



SHEPIT A pasieaeTcs MOPOBHY MKy ~BaJeHTHBIMI TapToraMu. Dampumep, P(y) =2 (1—y)
NJIA IO SHePTHH, TpuHIMaeMoit q B (q + qq)-ocratke. B Ipyrom mpemespHOM ciiydae MOKHO
MCIIOJIB30BaTh HEPABHOMEPHOE paclipeiesleHne TUTa CTPYKTYPHON (DyHKINHU, TIe KBApK TPIHI-
MaeT MEeHBIYIO JacTh PHEPTUN, a TUKBAPK — OOJIBIIYI0. DO YMOTIaHWIO, A OCTaTKa ( + qq
OCYTIECTBIIAETCA 3TOT THUI PacIIpeIeSIeH s,

1 _ 3
P(x) o b Ol ; (11.1)
\/ X2 + sz'n
¢ Cmin = 2(mq)/Eermn = (0.6 13B)/E.,,, obecrieanBatomimm Golee HU3KOe TpeNebHOE 3HaTE-

uue. B obmiem, Gostbitas HEPAaBHOMEDPHOCTH B pacCIIpe/le/IEHNN SHEPTHHN OTBETaeT MeHbInel 00-
1116171 MHOXKEeCTBEHHOCTH HpI/I CbpaFMeHTaHI/H/I quKOBOFO OCTaTKa. ECJII/I HE pa3peﬂleHbI MHOI'O-
KpaTHbIe ]33a,I/IMO,I[eﬁCTBI/If[7 H606XOIH/IMO nMeTb 60ﬂee paBHOMepHOG paCHpeILeJIeHI/Ie OJ1A TOFO7
LITO6bI HOJIyLH/ITB 3Ha4YeHe MHO)KeCTBeHHOCTI/I7 6JII/I3KO€ K aKCHepI/IMeHTaJIbHOMy. SpI/I HaJI-
qunm HepaBHOMepHOFO paCHpeILeJIeHI/IH nMeerTcsa HpOCTpaHCTBO OJ1A FeHepaHI/H/I 60JIBHI€I71 HOJIHOﬁ
MHOZKeCTBEHHOCTI MHOTOKPATHBIX B3amMojelicTsuii [Sj687al.

M myuka pOTOHOB ¢ ocTaTKOM ( + q TlepeMeHHas Y BbIOWpaeTca TaKuM 0Opa3oM, ITOOBI
6BIJIO COOTBETCTBHUE Me3OHHOMy OCTaTKy.

Spe)KLLe geM HCIIOJIB30BaThb HepeMeHHyIO X OJ1A paCHpeILeJIeHI/IH 3HaquHﬁ I/IMHyJIBCOB Me-
Ky OObeKTaMU OcTaTKa, HEOOXOINMO TaKKe pacCMOTPETH MPOBJIEMY MepBOHAYATBHOTO ki .
Kaxmomy w3 mapTOHOB-WHUIIMATOPOB MpUCBAaWBaeTcs 3HadeHUe k), paBHOE HYJIIO IJIA CTPYK-
TYpPHOTO »JIeKTpoHa Wian (POTOHaA, pachpelesieHHoe Mo l'ayccy mim moKasaTesbHON (DyHKITIHN
NJIA alpoHa, a TaK:Ke A KBapKa WM [JIOOHA BHYTpH (OTOHA (KOTOPHIH, B CBOIO OUYepels,
MOZKeEeT HaXOANTbCA BHyTpI/I aJIeKTpOHa). SpI/I 9TOM IIOJCHUCTEMa B3a,I/IMOI[eI71CTBI/IH cMellaceTCA U
BpamaeTCf{ nu3 HpHHHTOﬁ 0 CUux HOp CI/ICTeMbI7 riae KEL)I(ILBII?'I I/IHI/IHI/I&TOP HaHpaBJIeH IO OCH1 :i:Z,
B CI/ICTeMy7 riae I/IHI/IHI/IaTOpr nMernT HepBOHaanIbeIe 3Ha4YeHM A kJ_. CHOBa, I/IMHyJIBC oTdadn pJ_
COOTHOCHUTCA C OCTaTKOM. ECJII/I OCTaTOK COC'I‘a,]EH’IOIL/'I7 BeCh I/IMHyJIBC oTdadn HpI/IHI/IMaeTCH OI[HOﬁ
nu3 I[ByX HaCTUIL OCTa,TKa,7 a UMEHHO TOI717 KOTOpaH Ha A3BbIKE HEKOeTO B006pa>KaeMOFO pacme—
IIJIeHUA ABJIAETCA CeCTpI/IHCKI/IM HapTOHOM I/IHI/IHI/IaTOpa. SaHpI/IMep, OJ1A FJIIOOH&-I/IHI/IHI/I&TOP&
(paCCManHBaeMOFO KaK HaXOI[HHIHﬁCH BHE quKOBOFO HpOTOHa) BeCh I/IMHyJIBC oTdadn HOJIy—
JaeT OJMHOYHBIN KBapK (HO He TMKBApK ), Tak KakK MOYKHO [PEICTaBUTH Goslee PAHHUI Tepexo
qo — (g HMZXKe IpeesIbHoro Macitaba JuBHA (Yo ¢ pig, = 0. OnHako, KpoMe TOro, IBYM IIy4KO-
BBIM OCTaTKaM MO2X2KHO HpI/IHI/IC&TB OTHOCI/ITGJIBHBIﬁ pJ_, KOTOprﬁ HpI/I 9TOM BcCerla BbI6I/IpaeTCH
KaK /I (;q;-Iapbl TPpU OMUCaHuN (PparMeHTaInH.

DepeMeHHas Y WHTEPIPETUPYETCA KaK paclpeleseHne SHEPTUN W UMITYJIbca Ha CBETOBOM
KOHYCe, TO ecTh I + p, — Uid TydKa, MepeMellalolerocs B Hanpasjiedun +z, u I/ — p, — niid
quKa B HpOTI/IBOHOJIO)KHOM HaHpaBJIeHI/H/I. SOCJIG KOHCprHpOBaHHH I[ByX HOHepequIX MacCC
miq1 U 1mj o COCTaBHOI'O OCTaTKa IIOJIHa:A HOHepeqHaf{ MaCCa MO2KeT OHpe,HeJIHTBCH KaK

2 2
My Miz (11.2)
X L —x

ecJTl OCTaTOK | — TOT, KOTOpBIft MpWHUMAET T0JT0 Y. BBIOOp omucanus Ha cCBETOBOM KOHYCE IIJIs
Y O3HavaeT, YTO OMUcaHne ecTh WHBAPWAHT OTHOCUTEJHHO MPOJOJbHBIX CABUIOB, W, CJegoBa-
TeJIbHO, HE 3aBUCHUT OT PHEPTUN MydIKa HEMOCPENCTBEHHO. 3HavueHue X BOIU3N MHBAPUAHTHBIX
rparut 0 win | TpuBOAUT K HEpHEMIIEMO DOJIBIIOMY 3HAUEHUIO M| LI OCTaTKa. ) O03TOMY
NPOBOAUTCA ITOMOJHUTEbHAA MPoBepKa Ha MpeaMeT TOTOo, UTO 3HaudeHue m,  ocTaTKa MeHb-
e, YeM WHBapuWaHTHad »Heprus octatka B cucreme [IM, (1 — 2)F., /2. Ecam a10 He Tak, 1o
BBIOWpaeTCs HOBOE 3HAUEHWE Y W HOBBIN OTHOCUTESbHBIN TOMEPETHBIH UMITYJTHC.



WNmeetcst mu oguH mapToOH ocTaTKa WU [IBa, MOIEpedHas Macca ocTaTKa He JOJIKHa paB-
HAThcA | — T, YMHOXKEHHOMY Ha Maccy IYyYKOBOM YacTHIbI, TaK KaK IIPH 3TOM HEBO3MOKHO
COXPaHUTDh PHEPIUIO U UMIIYJIHC B KaXKIOM OCTATKE 110 OTAEIHbHOCTH. D OITOMY CJEIyeT Imepera-
COBaTh PHEPIHUIO U UMILYJIHC MEKIY MYy IKOBBIMI OCTaTKaMP KaKIO0M M3 IBYX BXOMANINX Iy TKbIX
JaCTHUI. DTO MOJKHO OCYIIECTBUTH, BHITOTHUB (MAJIBIH) MTPOTOTHHBIN CIBAT CHCTEMBI KaKI0TO
ocrarka. Tak KakK MMeOTCd ABe CTeleHU CBOOOIbLI CMEIleHUs, 10 OMHON Ha KaKOblli OCTaToK,
1 IBa OrpaHUYeHHs Ha >HEPIUIO W Ha MIPOJOJbHBIR UMIIYJIHC, PEIIeHre CYIIECTBYET M MOZKeT
OBITH HalllleHo.

D pH HEKOTOPBIX OOCTOATENIHCTBAX OIMH IIYIKOBBI OCTaTOK MOKET OTCYTCTBOBATDH WJIH
IMeTh OUYeHb HU3KYIO 9HEepPruio, a APYroifl mpu 3TOM OBITH Oojee CIOKHBIM. I pUMeEp TaKoii
CUTYyallny — IJIyOOKOHEYIIPYTOe paccesfne B €p-CTOJKHOBEHUAX, TIe JEKTPOH He JTaeT HUKa-
KOTO OCTaTKa JinOo, BO3MOIKHO, TOJIPKO HI3KosHepretndeckuii (poron. Torma mescro, Kak cba-
JIAHCHPOBaTh ABa MYYKOBBIX OCTaTKa OTHOCHTEIbHO ApyT Apyra. ClemoBaTesibHO, €CJITH OINH
MYYKOBBIH OCTaTOK mMeeT sHepruio nmke (.2 sHeprum mydIKoi JacTUIlbl, TO €CTh eCJIN MapTOH-
naumraTrop uMmeet x > 0.8, To mBa caBuUra, HEOOXOAMMBIX IJIA TapaHTHPOBAHHOIO COXPaHEHN
9HEPIUN U UMITYJIbCa, BBIIOJIHAIOTCA Ha IPYTOM Iy IKOBOM OCTAaTKe U Ha MOICHCTEME B3auMometi-
ctBusA. Ecim Ke mMeeTcs 0OCTaTOK ¢ COBCEM MaJIoi aHepTHeli, TO 3HaUeHNA SHEPTUH U NMITYIHCa
[IPHUCBANBAIOTCA HETIOCPEACTBEHHO COCTABIAIONIAM OCTaTKa, TaK 9TO COXPAHIAETCA COOTBETCTBY-
olllasg KOMOWHAIINA Ha CBETOBOM Konyce F &+ p,, HO He »Heprus WU UMIYJIbC IO OTACIbHOCTH.
Ecim oba mydKoBBIX OCTaTKa MMEIOT MaJIyiO 9HEPIUio, HO BCE-TaKH CYIIECTBYIOT, HE CMEIIAeTC s
TOT, KOTOPbIHl umeeT Gosiee HU3KOe 3Hadenue my /K.

11.2 MHorokpaTHble B3aUMOAENCTBU A

B s1om pasmesie MBI TIpefcTaBIIgeM MOIEJb, NCIOJIb3yeMyto B PYTHIA mpu onncaHuu BO3MOK-
HOCTW JIJIs HECKOJIBKUX TIap MapTOHOB yYacTBOBATh B JKECTKOM B3aWMOIEHCTBUW TIPU OTHOM
aJIPOH-AIPOHHOM CTOJKHOBEHWH. Takme B3amMOIeficTBISA MOTYT JTaBaTh BKJIAI B TTOJTHOE Cede-
HIe, B 9aCTHOCTH, JJIA COOBITHI ¢ MadbiMu pi. (DTa Ke MOIeTh MOKET WCIOMb30BATHCA 1A
OTMCAHUA yp-coObITHi, Korma (HOTOH B3amMomelicTByeT Kak aapoH.) M3 camoit mocraHoBKM
pobIEMBI BUIHO, 9TO 9TO JIajeKo He pocTasd 3agada. PakTuaecku, BO BCEM MpoIlecce TeHepa-
nu cOOBITHSA HU OHA 00JIaCTh HE W3yUeHa TakK IJIOXO0, KaK 3Ta. BeA KOHIENns MHOTOKPATHBIX
B3amMOJIeficTBI, B TI€JIOM BeChMa CIIOpHAA, COIEPKUT TPOTHBOPETN ST FKCIIEPUMEHTATHHBIM BbI-
Bomam [AFS87].

Cuenapuif MHOrOKpaTHbBIX B3aumoeficTsuii, npencrasiennsiii B8 [Sj087a), Obu1 nepsoli nera-
JIM3UPOBAHHONW MOJIESbIO B 9To obstacTu (PU3WKE, W OH 0 CUX TTOP OCTAETCHA OTHWM U3 OUEHB
HeOOTBIIIOTO KOJIMIeCTBa TOCTYIHBIX clieHapueB. Mbl 6yaem 3/mech paccMaTpuBaTh ABa XOTh 1
CBA3AHHBIX JIPYT € IPYTOM, HO CAaMOCTOATEJSbHBIX CIIEHAPWsA, OIHY ~MPOCTYI0  MOMETh U OIHY
yenoxuerayto. QakTuaecku, HE OfHa U3 HUX HE ABJIAETCA Ha CAaMOM JIeJie TTPOCTOM, 9T0 MOKeT
cIleJTaTh MOJIENTN HeTTPUBJIEKATETbHBIMUI I MCTOJb30Barna. QmHaKO MUp aapoHHON (pU3UKN
HA CaMOM JieJie CJIOXKEH, W eCJIM Mbl U OIINOeMcs, TO YK CKOpee BCero IpH UCIOIb30BAHUN
CITUIIIKOM VIIPOIIEHHBIX Mojeseif. Kpome Toro, OmBIT, MOJYIeHHBI Mpr paboTe ¢ MOMENhIO,
3aKJTIOYAoNiics Kak B HEyIadaxX, TaK U B ycllexax, MOJKeT UCIOIb30BaThCsAd KaK PYKOBOICTBO
[IpU pa3BUTHE OOJiee MeTaJIM3NPOBAHHBIN MOIEJIH.

Daia 6azoBasg dpumocodus OyIeT 3aKII0TATHC B CIEAYIONEM. D OJTHAS aMILIUTY I TTapTOH-
MapTOHHBIX B3amMofeiicTBu#t Kak (QYHKINA MOMepedHoro mMIyiabca p; cautaercs KX/I-
nmepeHopMupyeMoti. 910, pasymeercs, MeHCTBUTETBHO TaK IJIsA JOCTATOTHO OOJIBIINX 3HATE-
HUN py, HO MBI PACHIUPUM TPAHWUIIHI TEPEHOPMUPYEMOCTH TApPTOH-TAPTOHHOTO pPacCesHUSA B
0b7acTh MaJTbIX 3HadeHn p). OoHAKO 37Mech HEOOXOINMO BBECTU PETYJIAPUIAINIO PACXOINMO-



cTu cevenus miiA p; — 0, Koropas OymeT maBaTh HaM OCHOBHOW CBOOOMHBIN mapaMerp MOIIEJIH.
Tak xKak KaxIbIft BXOAAINN aIpoH — COCTaBHONW OOBEKT, CAETaHHBIN 13 GOIBIIOTO KOJTMIECTBA
MapTOHOB, MOJIZKHA CYIIECTBOBATH BO3MOZKHOCTH B3aWMOJENCTBUSA HECKOJBKUX Map MapTOHOB
MIpPU CTOJTKHOBEHWN JBYX A/IPOHOB. Ja3yMHBIM OyIeT clieslaTh IMPENNoI0KeHNe, 9TO Pa3TmTHbIe
HapHble B3aWMOICHCTBUA MMEIOT MECTO TI0 CYIIECTBY HE3aBUCUMO JIPYT OT ApyTra, W MOTOMY
YUCTI0 B3aUMOMIENCTBUH B COOBITHN HaeTcsi paclpereeHneM 2 yaccoHa. DJTO U ecTh cTpaTerus
"mpocToro” clieHapus.

Kpowme toro, ampombl He TOJIBKO COCTaBHBIE, HO TaKiKe W ~ paclpocTpaHeHHble” OObEKTHI,
UTO O3HAYAET, UTO CTOJKHOBEHUS TPONCXOMAT KaK B MEHTPAJIbHON, Tak n B OoJtee mepuepuii-
HBIX OOJTacTsaX. B To e Bpewms, MpemosioKeHne O TYacCOHOBCKOM XapaKTepe paclpeneeHs
TTOJTIZKHO (DUKCUPOBATH OTMIETBHO KaKIIbIH TPUIETbHBIN TapaMeTp, U paclpeneseHne B pie
B3aMMOJIefiCTBUN TOIKHO YUIUPATHCA W3-3a Pa3sMBITUA TIPHUIETbHBIX MapamMeTpoB. Bemnmunma
YIIUPEHUs 3aBUCAT OT MIPUHATOTO paCIpeeseHns TJIOTHOCTH MaTEPUU BHYTPU CTATKIBAIONIIX-
csa aaponoB. B 7ciaoxuOM” clleHapuy mpencTaB/IeHbl pa3InIHbIE PAcIIpeIeSIeHns TTJIOTHOCTH.

11.2.1 SasoBoe cedyeHHue

Ceuenne KXJI nnsa xecrkoro 2 — 2 mpolecca Kax GpyHKIMsA Macirtaba p gaeTcs

d ) d&k it
=% [da [ dan [ di filen Q1) filan @) S -] (103)
Pl i ik dt S

eM. pasgen 7.2. C »3Toro MOMeHTa MbI HESIBHO MIPUHUMAEM, UTO ~ KECTKOCTH  IMPOIECCOB HaeTCH
MacimTaboM p; paccesgaus. JLisa menoab3oBanus 3Tolt GOPMYIIBI IPH MAJTBIX 3SHATEHUAX P He-
00XOMMMO CIIeTaTh Pl OTOBOPOK. O PU MAJIBIX P OCHOBHOMN BKJIAJ B WHTETPAJT JAafOT 3HAUYEHU S
3 0bJAaCTW MaJibIX T, T/le MOBelleHre CTPYKTYPHBIX (DYHKIHUHM MI0X0 W3YTEeHO TeOopeTmdecKn
(mpemenbHOe penKe-TOBeIeH e, TPOOIEMbI TLIOTHOCTH yIakoBK U T.1. [Lev90]) u mo cux mop
HEe W3MEPEHO. DO03TOMY pas3IudIHble HAOOPBHI CTPYKTYPHBIX (DYHKIIH MOTYT JaBaTh pa3THTIHBbIE
YUCJEHHBIE PE3YJIbTATHI 118 WHTepecytolleil Hac PeHOMEHOJIOTHN. D OBOJ 1A BOJTHEHUS TIpe-
NOCTABJIAOT TaKsKe MOMPABKI BBICIINX MOPAIKOB TpH pacdeTe cTpyil (K -MHOKNITENN), KpoMe
ToOff, 9TO 0OYCJIOBIEHA TAPTOHHBIME JITBHAMU, — OTHON TIPOCTOM OTIIIH, KOTOPas TTO3BOJIAET HaM
ONIEHMBATh (vs B TIPOIECCe KECTKOTO PaccesiHns P ONTUMU3MpoBaHHOM Macurtabe ag(0.075p3 )
[E1186].

CequMe KECTKOT'O paccedHnA BbIITE HEKOTOPOT'O HAaHHOTO P | iy JAa€TCA BbIPpazKEHUEM

s/4 do
Ohar min ) — —d 2 . 11.4
ralpinin) = [, o} (11.4)

Tak kax nuddepennmanbhoe cederne pacxoqutes Kak (rpy6o) dp? /pl, Ohard TakKe pac-
XOOUTCA OJAA Popmin — 0. MBI MOXKEM CpaBHUTH 3TO ¢ IIOJHBIM HEYIPYTUM, Hemrd paKIHOHHBIM
ceaerneM 0,4(s) (ynpyrie u qudpakiinoHHble COOBITHA He BKIIOUAIOTCH B PACCMOTPEHTE B HTOM
paszene). [l qOCTUTHYTBIX B HacTOAIIee BpeMs sHePTHil yCKopuTeneit 0pqrd(PLmin) CTAHOBUT-
CA CPABHUMBIM C Tpq IPU PLpmin & 1.5 —213B. D10 He npuBoInNT K NPOTUBOPEUUAM: Tpypg DAET
He aJpOH-apPOHHOE ceueHre, a NapToH-TTapToHHoe. KasKIblil 13 BXOAALIMX aJPOHOB MOKET Pac-
cMaTpUBaThCA KaK IIy4Y0K MapTOHOB ¢ BO3MOKHOCTHIO HECKOIbKUX IIapTOH-IIAPTOHHBIX B3aMMO-
neficTBuit mpu "TpoxoKaeHun” aIpOHOB IPYT Yepes ApYyTra. Da 3TOM A3BIKE Thard(PLmin)/Tnd(S)
JaeT IIPOCTO CpelHee YUCJIO NapTOH-IapTOHHBIX paccesHuil Oad cOOBITHA CO 3HAYEHUAMU BbI-
II€ P min, U TO YUCJIO BIOJHE MOXKET OBITH OOJIbIIEe eIWHUIBI. XOTA BBEIEHNE HECKOJIBKIX
B3anMoelicTBuil Ha COOBITHE ABJAAETCA €CTECTBEHHBIM CJIEICTBUEM pa3pelleHns MaJiblX 3Ha-
YEeHUH P min (W, CITEIOBATENBHO, GOIBIINX Tjgprd), TO HE TaeT PENIEHUA MPOOJEMbBI PACXOIN-
MOCTH O hard(PLmin) TPH PLmin — 0: cpemree § paccesHUs YMEHbIIAETCA MEIJTEHHEE C P min,



qeM yBeJMUMBaeTcA YUC/I0 B3auMoaelicTBull, TaK 4To 3HaYeHue MOJHON MHBAPUaHTHON sHepruu
pacceAHHBIX TTAPTOHOB CTAHOBUTCH PABHBIM OECKOHETHOCTH. DO3TOMY CYIIECTBYET MpEees, 1Mo-
JIYYEeHHBIN TPY 3alaHUU COOTBETCTBYIONINX MHOTOTAPTOHHBIX KOPPEIUPOBAHHBIX CTPYKTYPHBIX
JyHKINH BHYTpH aIpoHa. ITO He ABJIAETCA JacThIO cTaHIApTHOTO mepeHopMupyemoro KX /I-
dbopmanmmsma, u, caenoBareabio, He BXoauT B yp. (11.4). DpakTuaeckn KaKeTcs, UTO TaiKe
KOppEeJIMPOBaHHBIE CTPYKTYPHBIE (PYHKIINN 00ECTIETNBAIOT CIUIIKOM cJIaboe OrpaHuvIeHne, T.€.
MPUBOIAT K KapTUHE COOBITHSA, B KOTOPOM CJIMIITKOM MaJia 3HepTusd, IPUXOIANadca Ha 00/1acTh
MaJIbIX YIJIOB IJid CTPYHU.

DoJtee BEPOSITHO, 9TO MPUUNHON Hawdus 3>(h(PEKTUBHOTO Mpeesa ABJIAETCH TO, 9TO BXO-
MIATIIE aPOHBI €CTh HefTpasbHbIE 1O MBeTy 00beKThl. (JremoBaTesibHO, KOTaa p; OOMEHHOTO
[UTFOOHA CTAHOBUTCHA MaJIbIM, a MollepevdHas IJINHA BOJIHA, COOTBETCTBEHHO, DOJIBIION, TUTFOOH He
MOZKeT OOJThIlle TyBCTBOBATh WHIWBUIyaJbHBIE IIBETHBIE 3apsAabl, 1 3 heKTUBHOE B3anMOomedi-
CTBUE YMEHBITAETCA. JTOT MEXAHU3M HE HAXOIUTCH B poTUBOpednn ¢ mepernopmupyemoii KX/
1 BBIYUCJIEHUAME, BCETA BBIMOJHAEMBIMHU B MTPEIITOJIOKEHITN PACCETHUA CBOOOTHBIX MapTOHOB
(a He MapTOHOB BHYTDPHW aIPOHOB), HO W HE MPETOCTABIAET HaM MHMOPMAINN OTHOCHUTETHHO
Toro, Kak B pamMkax KX/l MoxkHO obecreqnTh TOHUMAaHUE B TeTaIaX PabOTHI TAKOTO MEXAHMI3-
Ma ocsiabiteHns B3amMmoelicTBusA. B mpocToit Momesn ncnoib3yercs MpeanosioKeHne 0 pe3Koi
rpaHUIle TPU HEKOTOPOM 3HAYEHUN MAcCIITada Pj i, B TO BpeMsA KaK B CJIOKHOM CIeHapUU
paccMarTpuBaeTcs Gosee UKW mepexon Ha TpaHuIle o0IacTh B3auMomaeicTBUA.

11.2.2 I pocTasa mojeirb

B cobbiTuu ¢ HecKOJBKUME B3auMoJeficTBUAME yIOOHO deaTh yrnopsamodenue. JIorudaro BbI-
OpaTh OCIEIOBATEIIBHOCTD pacCessHuil B opsiake ymenblienus r) = 2p) [ F.,,. Takum obpa-
30M, "mepBoe” paccesHme caMoe KecTkoe, ¢ “nociaenyoummMu’ ("BropsiM”, "TpeThumM” U T.1.)
COOTBETCTBEHHO GoJiee MATKUMK. BaKHO MOMHHUTH, 9TO 2Ta TEPMUHOJOTUA HUKOUM OOPa30M
He cBs3aHa ¢ MpeicTaBieHneM O (PU3UIECKOM BPEMEHU, — MBI HHUYETO He 3HaeM o HeM. B
MPUHIIATIE, BCE TTPOUCXOIAININE B COOBITUEN PACCEAHN TOMKHBI OBITH TaK WM WHAUE CKOPPEJIH-
poBaHbl TpebOBaHWEM COXpaHeHWs apoMaTta JIsd MapTOHOB KayKIOTO BXOJIIIEro aJpoHa, W, B
MeHbBIIIeH cTelneHn, MHBAPUAHTHOCTHIO OTHOCHTEIHHO PasInIHBIX KBAHTOBO-MEXaHUICCKUX (h-
dbekToB. OaHako Mpu ycpeaHeHur Mo BeeM KOHMDUTYPAIUAM MATKAX MapTOHOB TOJIZKHA MTOJTY-
qarbes cranmapraas (eromenosorus KX/ aas xkecrkoro paccesnus, HapuMep, B TEPMHUHAX
CTPYKTYPHBIX (PYHKIHUH. D pu BHIOOpE MOCTEAYIONMX aKTOB PACCEAHU MOTYT BBOIUTHCH (-
(beKTBI KOpPesAIIN, N3BECTHBIE WM BBIYUCIEHHbBIE, TIPU YCIOBUN, 9TO ~Tpensiayiine” (6ostee
KeCTKIE) aKThl PacCeAHNsA yKe N3BECTHBI.

DpU W3BECTHOM TIOJHOM CEYeHUN KECTKUX B3aUMOMEHCTBUN  Ohard(PLmin), @ TaKkKe
Ohardnd($) HEYIPYTUX, HeIndPaKIMOHHBIX COOBITHI, CpelHee THCIO B3anMOAeHCcTBUI Ha CO-
OBITHE €CTh MPOCTO OTHOWIEHWE N = Ohard(PLimin )/ Ona($). MBI cTapTyeM ¢ TIpeanosioKeHns, 9To
BCE CTOJTKHOBEHUA aIPOHOB >KBHBAJEHTHBI (HET 3aBUCHMOCTH OT MPUIETHHOTO TapaMerpa),
U UTO Pa3IMYHbIC TapTOH-TTAPTOHHBIE B3aWMOJCHCTBUI MMEIOT MEeCTO abCOMIOTHO HE3aBUCHMO
IpyT oT japyra. Yweso paccesuuii Ha coOBITHE TOIMA PACHPEIEIACTCA TO D YaCCOHY €O CPE-
auM 7. QurupoBanme 10 SKCIEPUMEHTATBLHO MOJTYUCHHBIX JTaHHBIX M0 MHOKECTBEHHOCTH TaeT
PLmin = 1.6 1B, kKoropomy coorBercrByer n & 1. Jlia MoHTe-KapJaoBCKOH TeHepaluu THX
B3anMOIEHCTBUI TTOJIE3HO ONpENe/ T

flon) = —— 22 (11.5)

opa(s) dry

¢ do/dx ), nonydenupim o anagoruu ¢ yp. (11.3). Torma f(x,) maer mpocTo BepoATHOCTDH



MMeTb TapTOH-TapTOHHOE B3auMoAeiicTBUE ¢ X TPU YCJIOBUU, YTO JBa aJpoHa ydacTBYIOT B
Heund paKIMOHHOM, HEYIIPYTOM CTOJTKHOBEHMW.

BeposaTHOCTH TOTO, 9TO caMoe KeCcTKoe B3anMojeicTBIe (¢ caMbIM GOJIBIINM & ) TIPOMCXO-
JUT TIPU X1, Telepb JaeTcd BbIpaKeHuem

f(:zjn)exp{—/;l f(:z;l)dxl} , (11.6)

TO €cTh MHBAPMAHTHON BEPOATHOCTHIO MMETh paccesiHie TPH &1, YMHOKEHHON Ha BEPOATHOCTH
e MMeTh HUKAKOTO PacCeAHus IPHU T, OOJBIMUX T 1. DTO yiKe 3HaKoMas HaM SKCIOHEHIH-
aJtbHasg PYHKIUA 114 PaguoaKTHBHOTO pacliaa, ¢ KOTOPOH MBI CTaJKUBAJIICh, HAIPIMEp, IPH
paccMOTpEeHUH TapTOHHBIX JuBHel B maparpade 10.1.2. Wcmombsys Ty Ke MeTOOUKY, 9TO H
IIPU TOKa3aTesIbCTBE aJropuT™Ma BeTo (paszen 4.2), mojaydaeM BEPOATHOCTh NMETh i-€ pacces-
HUE IpU X < i1 < -+ <Xy <1

1 i—1 1
Flan) ——— ([ seaes)  eof-[ raiyarl ). (11.7)
(Z — 1)’ r; T
SOJIHELH BepOHTHOCTb nMeThb pELCCefIHI/Ie HpI/I JaHHOM $J_, HNUCKJIFOYaAa HepBOG7 BTOpOG nJim JHO60€
NIpyToe paccesHre, OYeBUIHO, CKIaIbBaeTcA TakK, 4T00BI cHOoBa masarh f(x,). Taxmm obpa-
30M, hopMaIn3M MHOTOKPATHBIX B3aWMOIefcTBUN cOoXpaHAET TPaBUIbHOE MEPEHOPMUPYEMOE
Boipakenne KX/I mis BeposTHOCTH paccesHUS MPH JIOOOM 3aTaHHOM & .
C ITOMOIIBIO I/IHTGFpELJIEL

1 '\ d! 1 s/4 o .
Ple)= [ J@l)dely = —— [ = —dp} (11.8)
%) O'nd(S) s[4 APy
0 F-1
(rme MBI mpuHUMaeM, ato F(x)) — oo mag ¥y — 0) u ero o6paTHOTO 3HAUEHU A 3a1aeTc
nTeparmoHHads MPOIEIypa TeHEPAINN ENOYKN paccesdHuit 1 > w1 > x19 > -+ > 2!
-1
L1, = F (F(wj_i_l) —thi) . (119)
Bnecy R; — ciaydaiinble dnc/ia, paBHOMEPHO paclpeneiennbie B naTepBaie Mexay 0 u 1. Mre-
palmonHas IenovYka HaunHaeTcda ¢ (PUKTUBHOTO T o = | W 3aBeplmaeTcs HIPH I;, MEHBIIEM
T1min = 2PLmin/Eem. Tax xak F' u F~' He mosydeHbl aHaIMTHYECKH, WCIIOIB3YETCS CTaH-

MapTHBIH aJITOPUTM BETO [JIs Te€HEPAIUU TTOJHOTO Habopa 3HaYeHu# T, U3 KOTOPOTO B KOHIE
OCTAIOTCA TOJBKO HeKoTopble. IKpome pl Bo B3amMomeHcTBEE TakiKe HEOOXOMMMO TeHEpHpPO-
BaTh JIPYTOH apoMar W KHHEMaTHIecKre epeMeHHbIe B COOTBETCTBUN € JAHHBIME MaTPUIHBIMK
9JIEMEHTaM.

B To Bpemsa Kak oOBIUHBIE CTPYKTYpHBIE (DYHKIIUH MCIOIB3YIOTCA IS CaMOTO JKECTKOTO
paccesHu#A, A4 BocmponsBenenusa cranmaptaoit KX /I-dernomeromorny mpu mocaenyonmx ak-
TaX paccesHus CTPYKTYpHbIE (PYHKINN TOJKHBI 3aBUCETh OT BCEX MPENIECTBYONNX SHATEHMH
& 7 BBIOpAHHBIX apoMaToB. MBI He mMeeM cTOJIBKO WH(MOPMAIIUT O BOJHOBOW (DYHKIIUHU aIpoHa,
9TOOBI pacIpocTpaHuTh (HOpPMaU3M Ha CJIydall HaCTOJIHKO ODIINX paclpeaesieHnit BepoATHO-
ctu. Jljs Toro 9robel yuecTh yiKe UCIOMBb30BaHHYIO B OOJlee KECTKUX aKTaX paccedsHusA
9HEPTHIO, PN BBITUCJIEHUN CTPYKTYPHBIX (PYHKIINN TPUMEHAETCH TOT K€ TMOIXOI, 9TO M PaHb-
e, HO T; 3/IeCh — He TpelkKHee 3HaUeHWe JIA (-TO PACCesHHOTO MapTOHA, MPUHAIJIEKAIIETO
aJIpOHY, a MepecanTaHHasd BeJTUIHA

o= (11.10)
=17

o



9To cTaHmapTHaA MPOIENypa B Halllell mporpaMMe; Mbl HCIIPODOBAIN HECKOJIBKO BApPUAHTOB U
He TTOJTyIUJIN CYUIECTBEHHBIX OTIIMIWH B pe3yabTupyioieit pusmaeckolt KapTuHe.

Has qacti exp(—F (21 min)) aHATUSUPYEMBIX cOOBITHI He OyaeT HUKaKnX aKTOB KECTKOTO
paccesHUs BBIIIE T | i, TIPU UCTIOTH30BAHIN WTEPANOHHON mpotenypsi B yp. (11.9). Cienosa-
TeJIbHO, HEOOXOINMO TaKKe WMETh MOIENb [IJIf OMUCAHUA TOTO, 9TO IPOUCXOMIUT B COOBITUX
Oe3 (mosty ) KecTKUX B3amMoeiicTsuii. CaMblii TpocToif BOSMOKHBIH cTOCOO TeHepaInn COOBITH
COCTOUT B TOM, UTOOBI MPOU3BECTH OOMEH OUeHb MATKUM TJTIOOHOM MEXKY JIBYMH CTAJIKHBAIO-
UIIMUCA aIpOHAME. Je3 (TepBOHAYAIBHOTO) BO3IENCTBIA Ha paclpeneleHns NMITYJIbCOB TTap-
TOHOB ”apPOHBI CTAHYT OObEKTAMU, MPUHAJIEKAIIIMEI TBETHOMY OKTETY, a He OECIIBETHBIMU.
Ecan paccmarpuBatoTes TOTbKO BaJeHTHBIE KBAPKM, COCTOSHIE IBETHOTO OKTeTa OApUOHOB MO-
KeT OBITH PacIlelyIeHO B IBETHBIE KBAPKOBBIN TPUILIET W AWKBAPKOBBIN aHTUTpHUIIET. Torma
i 6apUOH-O0APMOHHBIX CTOJIKHOBEHWH TOYUINM ABYXCTPYHHYIO KapTUHY CO CTPpYHAMU, HATHA-
HYTBIMI KaXKJIasd OT KBapKa OJHOTO OapmoHa K AUKBAPKY IPYTOTO. DapHOH-aHTUOAPUOHHOE
CTOJIKHOBEHUE OyIeT maBaTh OJHY CTPYHY, HATAHYTYIO MEXK/IY KBApPKOM U aHTUKBApPKOM, U
IPYTYIO — MEXKIY TUKBAPKOM U aHTHUIUKBAPKOM.

B kecTrOM B3amMoIeficTBUM THCJIO BO3SMOYKHBIX CTPYHHBIX KOH(DUTYpalnii erte 60IbIne,
MOJIOKEHTE MOJKET CTaTh COBCEM YK CJIOKHBIM, KOT/Ia JIJIs COOBITHA TaHbl HECKOJIBKO aKTOB
JKECTKOTO paccesHus. B dacTHOCTH, cTpyHHas KOH(MUTYpallls Temepb 3aBUCUT OT OTHOCHU-
TEJTBHOTO pa3sMeIeH s IBETOB (B KayKIOM apoHe MHINBHIYaThHO) MapTOHOB, yIaCTBYIOUINX B
paccegamr. OTHOCUTETBLHO TOTO BOMIPOCA BOOOIIIE MAPUT MOJIHAN HEACHOCTh. V, 9T0 coBceM yiK
IIJTOXO0, CTaHIapPTHOE Onucanme pparMeHTAlly CTPYHBI HEOOXOIMMO PACITUPUTD JI18 0OpabOTKM
cOOBITHI A, T/l IBA WU OOJIee BAJIEHTHBIX KBAPKOB OBLIN OTIIETIEHBI OT BXOIAIIETO aIpOoHa pas-
TEeJTbHBIMEU B3aUMOAEHCTBUAME. D O3TOMY MBI 37€Ch MPUHUMAEM, ITO TTOCJIE CAMOTO JKECTKOTO
B3auMoJieficTBIA Bee TTocjenytolre B3anMoaelicTBuA NputaiieKar K OJJTHOMY U3 Tpex KJIacCoB.

® DaccesHue gg — gg THIA, C ABYMS IJIIOOHAMU B OECIIBETHOM COCTOSHUM, TaK 9TO IBONHAA
CTpYHa HAaTATUBAETCA MPAMO MEKIY IBYMHA BBIXOAANINME TJIFOOHAME, HE CBA3AHHBIME C
OCTaJIbHON cucTeMO.

® DaccedHue gg — gg, HO MPUCYTCTBYIOT IIBETOBBIE KOPPEANUH, TaK UTO KaKIbIH TITIOOH
coenmHAETCA CTpYHOM ¢ omHuM w3 bostee ”panuux . U3 pasmuaabix cmocoboB coeqmHeHMs
[IBETOB TJIIOOHOB BBIOMPAETCs TOT, KOTOPBIi MUHUMU3WpPYeT obllee yBeJMIeHre ITNHBI
ctpyHbl. Takolt BBIOOP MPOTUBOMONOKEH TIPEIBIIYIIEMY, KOTOPBIH (Ipy6bo) cooTBETCTBYeT
MaKCUMU3AIUU TTOJTHOW IITMHBI CTPYHBI.

® Daccesanue gg — (q ¢ OecrBeTHONW Tapoil B KOHETHOM COCTOSHUU, TaK 9TO OIHA CTPYHA
HATATUBAECTCA MEKY BBIXOMANINME ( U q.

90 yMOITIaHUIO 3T TPU BO3MOKHOCTH TTPUHUMAIOTCA paBHOBepoATHBIMU. OOpartuTe BHUMAHUE,
9UTO JJISA TIOJTHOTO KOJIMIeCTBa COOBITHUl, TTOPOKIATONINX CTPYIO, COXPAHAETCH €T0 HOMUHATbHOE
3HaUYEHUe, TO €CTh PacCesHUsA THMa (g — (g BKJOYAIOTCA B ceUeHHe, HO B M300pazkKeHun
CTPYHHON KOH(MDUTYPAIUT 3aMEHAIOTCA CMeChio gg- U q-cobbiTnii. TosibKo caMoe KecTKoe B3a-
UMOJIeliCTBUE TapaHTUPOBAHHO TaeT IIYyYKOBBIE OCTATKW, COEIMHEHHBIE CTPYHAME. e CJIeIyeT
BOCIIPUHUMATD TaKOW MOIXOJ K OIUCAHUIO TBETOBBIX TTOTOKOB CJIUIIKOM BCEPBE3, T.K. 3TO OUe-
BUIHOE YIIpOIleHne, HO o0Ilasg KapThHA HE TOJIKHA CHJIBHO 3aBUCETh OT BAIEro KOHKPETHOTO
BBIOODA.

Tak Kak KapTWHa paccedHUA gg — €€ UM ({ HE OCTAETCs HEM3MEHHOW TPHU BKIIOUEHUN
JUBHeH B HAYAJbHOM W KOHETHOM COCTOAHUU, U3JIyUEeHUE BKJIOTAETCHA TOJBKO I CaMOTO
JKECTKOTO B3aWMOJIEHCTBUA. D PaKTUIeCKN Ke HeT HUKAKOW MpoOJIEMBI: KPOMe CaMOTO ZKecT-
KOTO B3aUMOJIeCTBI A, KOTOPOE MOZKET OBITh JKECTKUM U W3-3a YCJIOBUH 3al1yCKa 9KCIIePUMEHTA,
Kpalifie MaJIOBEPOsITHO UMETh HACTOJIBKO KECTKOe paccesiHue MapTOHOB, 9TO W3JIyIeHUe UTPaeT
CYIIECTBEHHYTO POJTh.



,HJIH coOBITHA C MHOTOKPaTHBIMI B3ELI/IMO,IL€I71CTBI/IHMI/I O6pa6OTKEL IIYYKOBOT'O OCTaTKa HE-
CKOJIBKO MOILI/IC})I/IHI/IpyeTCH. CHELLIELJIEL TreHepupyeTrcd KecTKoe pacceaAnmne BMeECTe ¢ JIMBHAMU B
HavYaJIbHOM M KOHEYHOM COCTOAHMU, a 3aTEM JIIO6BI€ JOITOJTHUTEJIbHBIE MHOTOKPAaTHbIE B3aUMO-
ﬂeﬁCTBHH. Toabko ToCTE 5TOTO O6pa6aTbIBELIOTCH IIYYKOBBIE OCTAaTKHU, CBA3aHHBIE C ITaPTOHaAMUM-
MHUOUaTOpaMM CaMOT'0 ZKECTKOI'O paccedHUudA, ¢ UCITIOJIb30BaHUEM TOI'O ZKE€ CaMOI'0 Me€XaHHn3Ma,
4TO U IpeXKae, 3a UCKIIIOYEHNEM TOI'O, YTO 2HEPTUA U UMITYJIbC, YK€ YHECEHHBIE N3 ITYYKOBBIX
OCTAaTKOB, TaKzKe€ BKJ/IIOYAIOTCA TIPpU IMOCJIENYOIMX B3ELI/IMOIL€I71CTBI/IHX.

11.2.3 Mojenb ¢ U3MeHAONIAMCA TPUANEIbLHBIM IIapaMeTpoM

o »Toro myHKTa TPUHUMAJIOCh, YTO HAYaJIbHOE COCTOAHWE OIHO M TO K€ [IJIfA BCEX CTOJIK-
HOBEHUI aJpOHOB, B TO BpeMsdA KaK Ha caMOM Jiejle KarKIoe CTOJKHOBeHUWe XapaKTepusyercsd
TaKKe W3MEHSONMMCH MPUIETbHBIM TapamMeTpoM b. B witaccmaeckom mpemeste sToro ommca-
HUs b MOJIZKeH WHTEPIPETUPOBATHCA KaK PACCTOAHWE TIPU HAMOObIeM cOMKeHnn, a He Kak
Dypre-peobpazoBanme [Iad HeperaHHOro nMiysibca. Masoe sHaderume b coorBeTcTByeT 60IH-
IOMY TIEPEKPBITUIO ABYX CTAJKUBAIOIINXCA aPOHOB, U, CJIEIOBATETBHO, OO BEPOATHOCTI
MHOTOKPaTHBIX B3anMomelicTBuii. D ampotus, 6osbiioe b oTBeTaeT OTCYTCTBUIO COTTPUKOCHOBE-
HUs 1 OOJIBIION BEPOATHOCTH TOTO, UYTO HUKAKUE MapPTOH-TAPTOHHBIE B3aWMOIENCTBUA BOOOIIE
He UMeloT MecTa.

s KomudecTBEHHOIO ONUCAHUA KOHIENINN TEPEKPHITUA aJIPOHOB MOXKHO CYUTATh, YTO
pacrnpe/ie/ieHne BelllecTBa BHYTpH aapoHa cdepudeckn cummerpudno, p(x)d?x = p(r) d®x.
s mpocToThI TaKoe XKe MPOCTPAHCTBEHHOE paciipeiesieHlie TPUHIMaeTcsa JJ1sA BCeX TUTIOB TTap-
TOHOB W [IJIfA WMMYJIHCOB. Boobiie 661710 mempoboBaHO HECKOJIBKO Pa3INIHBIX paclpeneeHii
MaTepuu BHYTPHU aJIpOHa, U MOYKHO UCIOJb30BaTh Jitoboe 3 HuUX. MBI Ke 37ech cOCPemoTOTNM
BHUMaHWe Ha OJHOM NpelebHOM cjiydae — JIBONHOM rayccuate

1—-p 2 ¢ 2
p(r) o a—:f exp _a_% + a—% exp _a_% . (11.11)

DTO COOTBETCTBYET paCIpPEIESIEHNI0 ¢ MaJeHbKOW OCHOBHON obJtacThio paimyca Gy W comep-
Katelt moso [ Beelt aapoHHOW MaTepuu, BJIOXKEHHOW B OOJIbINWN aIpoH pammyca di;. B To
BpeMs#A KaK ¢ MaTeMaTHIecKol TOUKN 3peHusi ynobHelt nMeTh cOBIaIeHne TEHTPOB ABYX TayCCH-
aHOB, peabHOM PU3MIEeCKON KapTuHE XOPOIIO COOTBETCTBYET HAJIUINE TPEX HETEPeCEKATONIX-
cA OCHOBHBIX obJtacTell, oTpazkatolilee IPUCYTCTBUE TPEX BAJEHTHBIX KBAPKOB, COBMECTHO HECY-
WX TOJTI0 [} UMITyJibca TIPOTOHA. B KadecTBe aJlbTepHATUBBI MOYKHO PAacCMaTPUBATh JKECTKOE
SMPO AlIpOHA, OKPYIKEHHOe OOJTAKOM MHOHOB. ITH MOIPOOHOCTH BJIMATOT, TJIABHBIM 0OpPa30M,
Ha TMpecKa3aHnsA OTHOCUTEIbHO pachpenesiernit mo ¢ npu ynpyrom paccesuuu. Jlina onpene-
JICHHOCTH TIO yMOJTYaHuto Obliin BoiOpanbl sHaderus 3 = 0.5 u ay/a; = 0.2. DyxKHO OTMETHUTD,
9TO 3Ha4YeHWe ITOJTHOTO PAaCCTOAHNA ¢ HUATHE B MOCJIEIYIONINX BBIUNCICHNAX He BBOIUTCA, TakK
KaK Heympyroe, HeauQpaKkIMOHHOe cedeHre 0,,4(s) GepeTcs 3 TUTepaTyphl, a He BBIYUCTAETCA
o p(r).

Do cpaBHEHUIO ¢ ApyruMu bopMaMu pacipeneseHnil, THita MPOcTOro raycca, TBORHON Tayc-
craH maer Oosrbinve (PIYKTyallnn, HAIPUMeD, B paclpeleleHnn MHOKEeCTBEHHOCTH COOBITHUi ¢
MUHUMAaJIbHBIM OTOOPOM: HUCJIO CTOJKHOBEHUH, B KOTOPBIX [IBa A/Ipa MePEKPBIBAIOTCH, CHIBHO
YBEJMIUBAETCA TIO0 CPABHEHUIO € KOJUYIECTBOM CTOJIKHOBeHU Ge3 mepexpoitusa. CylrecTByer
TakkKe 3PPeKT YCJIOBUSI MIHIMAJIBHOTO OTOOpa: JKECTKHUe TIPOIECCHl Hosiee BEPOATHBI 1A TIe-
PEKPBIBAIONINXCA fAIep, TAKUM 00Pa3oM, JKECTKOe paccesHre CBIA3BIBAETCSA ¢ OOJiee BBICOKIM
YPOBHEM MHOTOKDATHBIX B3aWMOMEWCTBUH. TO HaeT OIHO W3 BO3MOKHBIX O0bACHEHUN I
9KCIIEPUMEHTATBHO HabTI0maeMoro ~ad dekTa mhemecrata’ .



st cTOTKHOBEHMSA ¢ TIPUTIETBHBIM TTapaMeTpoM b TPOMHTErpupoBaHHOE TI0 BPEMEHU Tepe-
kpoeitue O(b) pacpenesiennii BellecTBa B CTATKUBAONINXCA AIPOHAX ITa€TCH BhIpaKEHTEM

Ob) o [ dt [ & pla,y, =) pla+b,y, 2 +1)

(1- 8y B2 28(1—5) AU &
— —— — — — —— . 11.12
= 2a? P 2a? + ai+ a3 P aia + 2a3 P 2a3 ( )

[\ )

9 €0OXOIMMOCTD NCTOTH30BAHI CMEIIEHHBIX pacipenesennii p(X) o0yc/ioBIeHa COOTBETCTBY O
[IAM MaCIITabOM TPeodpasoBaHus z- U (-KOOPIWHAT.

Odesunno, aro nepexpbitiie O(b) TecHo cBA3aHO ¢ 3iiKoHATOM ()(b) onTHUECKUX MoesTelh.
Mpsi coxpanuM pasmesbHOE TIPEICTAaBIEHNe O TOM W IPYTOM, TaK KaK (DU3HIECKUN KOHTEKCT
HECKOTbKO oTiimdaercs: ()(b) Gasupyercs Ha KBAHTOBO-MEXAHWIECKOM DACCETHUN BOJH B IO~
TeHInaJe 1 OOBITHO UCTIOIb3YeTCs [IJId OMMMCAHNA YIIPYTOTO PAcCeAHNA apOHa KaK IeJI0ro, B TO
BpeM#a Kak O(b) mosy9aercs 3 BIOJHE KJIACCHIECKOTO MPEICTABIEHUA O TOUETHO-TIONOOHBIX
MapTOHAX, PaclpeleIeHHbIX BHYTPHW ABYX CTAJKHBAIOMINXCHA aIpoHOB. Kpome Toro, B »THX
IBYX (popMasim3Max Mo-pa3sHOMY pean3yeTcs HOPMUPOBKA W SHEPTeTHIECKAas 3aBUCHMOCTD.

s 6onbinero mepekpbitusa O(b) Gosee BepoATHO B3amMomeficTBIEe MeKIy TapTOHAMU B
NIBYX CcTaJKUBafommxcsa aaporax. PakTwaeckn, TOJIKHO BBITTOIHATHCA JITHEHHOE COOTHOIIEHTE

(n(b)) = kO(b) , (11.13)

rne n = 0,1,2,... — cdeTYnK uncga B3aumMoecTBUil MpW Mpoxoe ABYX aJIpOHOB Ha PaccTo-
suunm b npyr ot apyra. KosddurmumenT mponopnroraabHOCTH Kk CBA3aH €O 3HAYEHWEM MTapTOH-
MapTOHHOTO CeYeHWs W YBEJINUUBAETCA ¢ POCTOM 3Heprun B cucreme [[M.

s KaKa0ro TaHHOTO TPHUIIETBHOTO MapaMeTpa YUCI0 B3auMoIeicTBIN TPUHIMAETCH pac-
mpefeeHHbIM 0 D yaccoHy. Kcim pacrpernesienne BellecTBa WMeeT XBOCT Ha OECKOHETHOCTH
(KaK maer MBOJHOM rayccman), TO MOTYT OBITH HOJY9eHBI COOBITHA € TPOM3BOTHHO GOTBITIMM
sHaveHuAMT b. [[1s TOro 4TO0ORI MOTYIUTh KOHETHBIE TIOJHBIE CeUeHn s, HEOOXOINMO TTPUHATH,
UTO KaKJi0e COOBITHE COMEpPKUT IO Kpalifell Mepe OIHO TMOJTY KecTKoe B3ammoeiictsue. Torma
BEPOATHOCTD JIJIA ABYX &JPOHOB yIaCTBOBATH B CTOJKHOBEHUU € TIPHUIETHHBIM TTapaMeTpoM b
pasHa

Pint(b) =1 — exp(—(n(b))) = 1 — exp(—kO(d)) , (11.14)

B COOTBETCTBUU C HyaCCOHOBCKOﬁ CTaTUCTUKOIL.
TOFILEL cpegnee 9ncJjio B3ELI/IMOILGI71CTBI/H71 Ha coOBITHE C IpUOeJIbHBIM ITapaMeETPOM b ecTb

RGO kO(b)
(n(b)) = Pint(b) 1 —exp(—kO(b))’

(11.15)

rie 3HaMeHaTe/ b obecreunBaeT oTOpachiBamme map alpOHOB, MTPOXOMAIINX Oe3 CTOJKHOBEHUSI,
TO ecTh ¢ 1 = 0.

Cootrolterne (n) = Opard/0nd BCTPETATOCH PaHee T CPEIHETO TNCTa B3anModeicTBI Ha
HeandpakIHonHoe, HEYIPYToe COOBITHE. D PHU YCPEIHEHUH IO BCEM IPHUIIEIHHBIM TapaMeTpaM
3TO OTHOIIEHWNE COIEPKUT CJEIYIONIYIO NCTUHY: BBeldeHWe TepeMeHHBIX MPUIEeIbHBIX TapamMe-
TPOB MOZXKET MPUBECTH K OOJBIIEMY UNCIY B3aWMMOIEHCTBHN B ONHUX COOBITHAX W MEHBIIEMY
— B JIPYTUX, HO HE BJIUAET HA Ohapg WIH Opg. JlJ1d epBOTO ceveHUs 3TO TaK MOTOMY, 9TO BbI-
qucieHna B paMKax rnepeHopmupyemoit KX/ 3aBucsaT TOJBKO OT MOJHOTO TOTOKa MapTOHOB, a
NI BTOPOTO Bee ompenensgerca Koucrpykimedi. Uarerpupys yp. (11.15) no b, momygaem

(n) = J(n(b)) Pint(b) d?b [ kO(b) d*b _ Thard
TP #h T exp( kOB B o

(11.16)



Takum obpasom, mis mavibix O(b), Operd M Opdy € Ohard/0na > 1, Bcerma MoxHO Halitu k (B
YUCIIEHHOM BUJIE) MIPU PEIIEHNN TTOCTEIHETO PABEHCTBA.

Dpu sTOM WHTepecHa He abcomrorHas Hopmuposka O(b) cama 1o cebe, a TOJBKO ee OTHO-
CUTEbHOE M3MEHEeHUe ¢ MPUIeTbHBIM mapaMerpoM. (CJenoBaTesibHO, TTOJIE3HO BBECTH ~ KO3(]-
dbutment yumpennsa” e(b), KOTOPBIH KaanbOpyeT BEPOATHOCTH B3aMMOIEHCTBUA I COOBITUA €
MPUIETbHBIM TapaMeTpoM b 1Mo cpaBHEHUIO CO CPEIHUM 3HaUYeHUEM, TO €CTh

((b)) = kO(b) = ¢(b) (EO(b)) . (11.17)

Omnpenenenne cpemrero (kO(b)) ecTh BecbMa TeNMKaTHBIH BOTIPOC, TakK KakK CpeHee THUCIIO B3a-
uMomeficTBuit Ha cOOBITHE TPaKTyeTcs B COOTBETCTBUI ¢ TpeGOBaHMeM, YTOOBI KaykKI0e COOBITHE
cofiepzKaJio 1o Kpaitieii Mepe oHo B3anmopefictsue. OmHaKO MOKHO JaTh W TOUHOE ONPEIe/Ie-
Hue [Sjo87a).

s wssectanix gynkunmii e(b), f(x1) mpocrasg Momeah MoKeT GbITH 0000IIeHA TO

Flzs,b) = e(b) flzy) . (11.18)

Takum obpaszom, Tporenypa THBAPpUAHTHON TeHEpaAINy 3aKJII0TaeTCA B TOM, 9TOOBI BBIOpaTh b B
cooTBeTCTBUE ¢ (Pa30BBIM IPOCTPAHCTBOM d2b, HaliTh oTBeuarollee 3ToMy 3Hadenue €(b) u 06b-
eTMHUTH 910 Bee B f(x1,b0) B dpopmasmsme mpoctoii Momenn. Ecin rerepupyercs mo Kpaiinedi
Mepe OJTHO JKEeCTKOe B3auMofelicTBUe, TO COOBITHE COXPAHAETCs, B TMPOTUBHOM cJIydae HyKHO
NCKaTh HOBOE 3HAUYEHUE b. DTOT aJITOPUTM TIPEKPAcHO paboTaeT IJisd paclpeesiennii BelecTBa
aJIpoHa, 3aHYJIAIONINXCA 3a TPaHnIlell HEKOTOPOTO paanmyca, TaK 9TO HccaeayeMoe (pasoBoe mpo-
crparcTBo d*b Komeuno (orparmueno). Tak Kaxk ?To He TaK s W3ydaeMbIX paclipeleseHuH,
npujgercd ciesiarh Mmo-Ipyromy.

Do anagorun ¢ yp. (11.6) MOKHO 3a1aTh BEPOATHOCTh HAXOKIEHUA COOBITHA CaMOTO JKeCT-
KOTO paccesHus npu = 1. [ KaKIoro npuiesbHoro napamMmeTpa 1mo oTaeIbHOCTI BEPOATHOCTh
UMeTh B3amMmoJelicTue ¢ @y naerca f(xy,b), m 9T0 HYKHO YMHOKHUTH Ha BEPOATHOCTH TOTO,
9TO COOBITIE He COMEPKNT HUKAKMX B3amMomelictsuit ¢ 2/, > x ;. Torma momHoe pacmipenesre-
HUEe BEPOATHOCTH

dphardes 1
Wxnt = f(x11,0) GXP{—/M1 S, 0) dl‘l}

1
— E(b) f(x11) exp {—e(b)/ £ dx;} . (11.19)
T11
Eciu B kakoii-To MOMeHT 0O6paboTKa 9KCIMOHEHITHAIbHON (DYHKIINN MpeKpaliaeTcs, TO pacipe-
nejerus Mo b w x)q PaKTOPU3YIOTCA U MOTYT BLIOMpAThCs HE3aBUCHUMO JIpPYT OT JIpyra. B
qactHocTH, KX/I-paccesame ¢ 6oapimMu py wiau JI00oe Ipyroe KecTKoe paccesnrne MOKeT
BBIOWpATHCA ¢ JI00OM KemaeMoil i 9TOTO Mpoliecca KHHEMATHKOMN, a Mocie 9TOTO MOXKET 3a-
ITaBaThCs HEKOTOpasd MOAXOIAINAA ~ KECTKOCTh X11. lemeph ¢ b, BBIOpaHHBIM B COOTBETCTBUN
¢ e(b) d*b, MOXKHO BBIYUCIUTH OIMYUIEHHYTO SKCIOHEHTY W MOJYYHTh COOBITHE € BEPOATHOCTHIO,
POMOPIHOHATBHON 2TOMY BBIPAKEHUIO. DadnHas ¢ 11 BHIOPAHHOTO B3auMOJEHCTBUA, MOKET
TEHEPUPOBATHCS TOCIETOBATEILHOCTD GoJlee MATKNX 3HAYCHUH &) ;, OMATH-TaKl KaK B IPOCTOH
MOJIENN, UCTONb3Y A n3BecTHYO GyHKIMO f(2,,b). DTa mocienoBaTebHOCTh MOKET OBITH ITy-
cTolf, TO ecTh cOOBITHE MOXKET He COjlepKaTh HUKAKUX JabHeHInX B3auMomeicTBuii.
Nnrepecto moHATH, KaK paboTaeT BBIMICOMHCAHHBIH aJropuT™. Dpu BbIOOpe b B cOOTBET-
creun ¢ e(b)d*b, To ectb O(b) d?b, mepBudHOe pacmpenesieHre Mo b MaKCHMAJIbHO CMENIEHO B
00TacTh MAaJIbIX TPUIETbHBIX MapaMeTpoB. e mepBoe B3amMolelcTBIe KecTKoe (1o BbI-
Oopy WM cIydaiifo), WHTerpajgbHOe cedeHne Ui 3HaUeHWH BBINIE X1 Majo, W IKCIOHEHTA



mouTH paBHa emmauie. CiemoBaTebHO, IPOIEaypa OTKIOHEHIA odeHb »(PpeKTuBHA I BCEX
CTAaHIapPTHBIX JKECTKHX IIPOIECcCOB B IporpaMme, W HdarxkKe MOMKHO 0e30 BCAKHX IOCTEICTBHUI
BOODIIIE OMyCKaTh B3BEUIMBAHIE ¢ PKCIIOHEHTON. DOMbIINE 3HaTCHUA e(b), BEPOATHO, NOJKHBI
IPUBOINTH K TeHepaIui OOJIBIIOrO KOJIUIECTBA MOCIEAYIONNX Oolee MATKAX B3aMMOICHCTBIAN.
Ommako, ecam mepBoe B3amMomeiicTBIe HekKeCcTKoe, PKCIOHEeHTa yiKe He OIM3Ka 10 3HaUEHMIO
K eIUHNIe, U OTKIOHAECTCA OOJIBIIOE KOJUUIECTBO COOBITHH. TO HMOHMKaeT >(P(PEeKTUBHOCTD
reHepalimy cCOOBITHH ¢ MEHIMAILHBIM oTOopoM. Tak Kak sKcrmoHeHInaIbHass (PYyHKIIAA ITPOITOP-
IIMOHaJIbHA e(b), OOJTbIIIEe 3HAYCHWA e(b) NPUBOAAT K YBEJIMYCHUIO BEPOATHOCTH OTKJIOHCHWA,
a BO3MOJKHOCTH IPUHATHA COOBITUA OOJIbIIE [IIA MaJIbIX e(b). Hst cobprTmii, rme camoe KecT-
Koe B3amMomelicTBIe — Bce paBHO MATKOE, paclpeneseHne mo b, caegoBaTelbHo, CMENaeTcs B
00JTacTh OOJTHIINX 3HAaYCHUH (MGHBIHI/IX e(b)), 1 BEPOATHOCTDH ellle Hojee MATKAX B3amMOIeti-
cTBUit MaJia.

s BeIUMCIIEHNA KCIIOHEHIIMAJIbHOTO MHOYKUTENA TPOTPaAMMa BBITTOJIHAET TPeIBAPUTEb-
HYIO TaOyaa1mio WHTerpada f(x)) B cTaauu WHANWATX3AINN, a Jajee pH TOCTenyfolnX Bhl-
MOJTHEHWAX HaKaIJINBAeTCA MOHTE-KapJIOBCKasd CTATUCTUKA 1A 3TOro mHTerpata. CeTka 3Ha-
YeHuil | KOHIIEHTpUpPYyeTcss B oDJIAaCTW MaJiblX T, T/le 3HadeHWe mHTerpaJa Oosibimoe. s
BBIODAHHOTO 3HAYEHUA ¥ 1 WHTerpasi f(x)) modydaerca mHTepmodnneil. Docae YMHOKEHUA
Ha U3BecTHBIH Koo duiimeHT e(b) MOKHO HaliT W 3KCIOHEHINAIBHBIH MHOKUTET.

B sTom pasmesie He mesia/och HUKAKUX TIPENOJOKEHWH OTHOCUTESHHO (POPMBI CIIEKTpa
do/dp,. Kak u mns ciaydas He3aBUCHMOTO (He W3MEHATOMIETOCH B 3aBUCHMOCTH OT HEKOTO-
PBIX TTepPEMEHHBIX) TPUIENBHOTO TapaMerpa, MOKHO HCIOTb30BaTh TPAHUIY paclpere/eHns
pW HEKOTOPOM 3aJaHHOM 3HAYEHUU P ,.in. OIHAKO Temepb I KazkKIOoro COOBITHA Tpebyer-
cs HaJM9me 110 KpafiHell Mepe OJHOrO B3aMMOIEHCTBUA, B TO BpeMs KaK NMpeke coObIThsA 0e3
B3aMMOEHCTBII TaKyKe COXpaHAINCh, U 1A HUX nojgarain p; = 0. Do Tak Kak HE3CTEeTHIHO
coBepiIaTh HOJIBIIOE KOJUIECTBO 0OpallleHuil, mpeanosarafolinX o3 TaHbIi BO3BpaT, TO 4acTh
BpeMeHH (0T ) KeCTKIe B3anMOAecTBIA MOTYT ObITh Oostee MATKIMEI. MarpudaHbie 371eMeHThbI
pacxomarcs (rpy6o) Kak ay(pl ) dpt /p| npu py — 0. CrenoBaresbHO, OHE MOTYT GBITH PEryJIsi-
PU30BaHbI cIedyfoluM obpasoM. Bo-mepsbix, mis KommneHcamun 1/pl -mosenerns MaTpudambie
3JIeMEeHThI yMHOKatoTca Ha Koaddunment p| /(pt + p,)?. Bo-Bropbix, apryment pi B oy 3a-
MeHseTcs Ha P + P WK, IPU BKIIOYEHIH onun K -MHOKHUTeIs, IpecTaBIeHHoN paHee, Ha

0.075p2 0.075(p2 + p,)-

C TakuMU 3aMeHaMU TOJIyYaeTcs HempepbiBHbIH crnektp py ot py = 0 no K., /2. Jna
pL > pio UMeeM cTaHIapTHOe ceveHne nepenopmupyemoit KX /I, a snavenus p; < plog cuiib-
HO TomaBjeHbl. Macuitab pjg, KOTOPBI Temepb SBJIAETCA TJIABHBIM CBOOOIHBIM MapaMeTpoM
MOJEJN, TTPAKTUIeCKN CTAHOBUTCA BEJIWYMHON TOro Ke MOpAIKa, YTO W 3HAUYEHWE T'PAHUIIBI
pacipeneneus Py ,i,, To ectb 1.5 — 2 I'3B.

Ecan misa rmooHoB ¢ Gosbimodt AInHON BOJITHBI B3anMOJIEHCTBIE OC/Tad/IeHo U3-3a OeciBeT-
HOTO XapaKTepa aJpOHOB, W TONepedHasds CTPYKTypa aJIpPOHOB TPUHUMAaETC:A He3aBucAllel or
SHEPIUU, TO €CTECTBEHHO TaKiKe CUUTATh, 9TO P min M Pro He 3aBucAT oT sHeprun [IM anpon-
HOTO CTOJIKHOBeHW#A. Jlid mpuiiesbHOTO mapamMerpa B HE3aBUCHMON MOIETH 3TO MPEKPaCcHO
paboraer, penynupys Bce COOBITUA O MBYXCTPYHHBIX € MaJIBIMU TOMEPETHBIMU WMITYJThCaMU
npu ymenbiternu sHeprun [IM. Jlna monenu ¢ nmepeMeHHBIM TPUIIETBHBIM MTapaMeTPOM BeCh
hbOPMATI3M MeeT CMBICI, TOTBKO €CIH Ohard > Opd, CM., Hampumep, yp. (11.16). Tak xax
0,4 HE UCIE3AET C YMEHBIEHNEM SHEPTUHU, & Ojyyd PABHO HYJIIO TIPW (PUKCUPOBAHHOM P g, ITO
3HQ9YUT, UYTO 3HAUYEHUE P)o JTOJKHO YMEHBIIAThCA, €CJI 3HadeHrne SHepTUH OMycKaeTcda HUKe
HEKOTOPOTO 3aJaHHOTO TOpora. Jojee  W3OMIPEeHHY MOJEeb 3TOTO pa3lesia MMeeT CMBICT
MPUMEHATHh MPU KOJIAlIepHBIX PHEPTUAX, a IpHU OoJlee HU3KUX SHEPTUAX OHA HE CJIUITKOM
XOPOIITO TTOIXOAUT AJIA TPUKJIAIHBIX TTPOTPaMM.



11.3 DajoxKeHue cooObITUM

SpI/I BBICOKOIT CBETMMOCTH KOJIJIELﬁILGpEL nmMeerTrc:Ha He O4€eHb 6OJII)IHELH BEPOATHOCTH TOT'O, YTO IIpHU
OJHOM M TOM ZzK€ IIepeceHCHUN ITYYKOB IMOJTYHYUTCA HECKOJIBKO Pa3de/JIbHbBIX coOpITHIi B3ELI/IMOILGI71—
CTBUA aIpOHOB (TELK Ha3bIBa€cMO€ HaJIOZKeHHNe CO6bITI/H71). B HYaCTHOCTH, 2TO MOZKET BO3HUKATH

Ha Oymymmx pp-ko/afizepax tuma LHC mam Ha et

e~ -KoJLmafiiepax ¢ BBICOKUMU CKOPOCTAMIE
yy-cToaKHOBeHNU{E. B HacTodAllee BpeMs MporpaMma cofepKUT O, TIPUTOIHYIO TOTBKO NI
aJIPOH-aIPOHHBIX CTOJIKHOBEHMIH, Tie HECKOJIBKO COOBITHH MOTYT T€HEPUPOBATHCA 1 MOMEIIATh-
cA ONIMH TOCJIE IPYTOTO B 3amuch coObitnsA. TakimM 06pasoM, ecTh BOSMOKHOCTh MOIENNPOBATEH
TOJTHOE THCJIO POKIAIONMXCH TacTUIL, KOTOPBIE PETHCTPUPYET TETEKTOP.

D porpaMme HYKHO 3a7aTh MPENNOIaraeMylo CBETUMOCTh Ha TepecedeHne My dKoB, BbIpa-
KeHHYI0O B MO™'. DpHm yMHOXXEHWH Ha ceueHEWe M3YyJaeMblX HAJTO0KEHHBIX COOBITHH O 3Ta
BeJIMUMHA JaeT CpelHee YNC/Io CTOTKHOBEHWH Ha MepecedeHne MydKOB, T. ITH HaJlOKeHHbIe
COOBITHA CIUTAFOTCA COOBITUAME € MUHUMAThHBIM OTOOPOM, €O BKJFOUEHHBIME HJIN BBIKJTIO-
YeHHBIMI TUPPAKITHOHHBIMEI U YIPYTHME COOBITHAME (¥ TaJbHEHIINM MocIeT0BaTeTbHBIM Te-
neHneM nudPaKIMOHHBIX COOBITHH Ha OJAMHOYHBIE W ABOWHBIE). DTO 3HAUWUT, UTO Opije MOKET
PABHATHCH Opop, Otor — Oel WIIH Opop — Ol — Ogif fr. IKAKYTO U3 OTIINH BBIOPATE, 3aBUCHT OT JTE€TEKTO-
pa: GOJBIIMHCTBO JETEKTOPOB HE CIIOCOOHBI PETUCTPUPOBATH YIPYTOE PP-PaccesHie, i TOITOMY
W3JIUIITHE TEHEPUPOBATH ITOT B cOOBITHIH. KpoMe TOro, MBI yIUTHIBAEM BO3ZMOKHOCTH OIHOTO
B3aMMOJIECTBIA PENTKOTO BUa, KOTOPOE MOXKeET OBITh BBIOPAHO TMOJb30BaTETeM. De MMeeT-
cA HUKAKUX ONIWMH TS TeHepalln ABYX ~pPEIKnX’ COOBITHH B ONHOM M TOM K€ TepeceveHn;
OOBITHO BEPOATHOCTH TAKOTO POJa COOBITHH MaJIa.

Ecaw rerepupyrorcs TONbKO COOBITHA ¢ MEHUMAJIBHBIM OTOOPOM, TO MPU BKIIOUEHUN Cede-
HI, OTBEYAIOIIET0 TOTHKO OMHOMY TUITY B3aWMOIeCTBIHN, 9ncI0 cCOOBITH Ha OHO TIepeceveHe
MY9IKOB pacipeneseHo o JYacCcoHy €O CPETHUM 3HaUYeHWeM 77, BBIaucIeHHbM Bbiire. Parrn-
YecKH, TTporpamMMa GyIeT MOJeTnpoBaTh TONBKO Te Mepecedenns My IKOB, I MPOUCXOIUT 0
Kpaiifieii Mepe 0HO COOBITHE, TO €CTh He PaccMaTpUBAeTCs M0JA eXp(—7) mepecedenuii ¢ Hy-
neBbiMu cobbiTuaMu. CremoBarebio, (PaKTUIECKN TEHEPUPYETCA CPEHee TUCII0 HATO0KEHIH
cobprruii (n) = /(1 — exp(—")).

Teneps paccMorpmM ApyTolf HpemebHBIN caydaii, KOTma MpennosaraeTcs HaJndue Ofl-
HOTO PEIKOTO COOBITUA, ¢ CEYEHUEM O qpe, SHATUTETHHO MEHBIINM, €M Ope, TO €CTh [ =
Orare/ Opite < 1. BepoATHOCTH TOTO, UTO Mepecedenne My IKOB OyIeT 1aBaTh ¢ COOBITHI, TpIIeM
OJIHO — PEIKOro BUIA, TOLIA €CTh

i —i—1

P; = f1exp(—n) T frexp(—m) (

SR (11.20)

NHBapuanTHOE TTyaccOHOBCKOE paciipeliesienre TOMHOKaeTcA Ha Koa(DPUIMenT moaasieHus f,
TaK KaK OIHO W3 COOBITHH PEIKOro, a He OOBITHOTO BUIa, U Ha KO3 @UIIMEHT 7, Tak Kak Jitoboe
u3 ¢ cobbiTuilt MoxeT ObITH penkuM. Kak BuIHO U3 ypaBHEHWA, paclpereeHne BEPOATHOCTI
Terepb OYIET MyacCOHOBCKUM JIjif ¢ — l: B MepecedeHrr MyYIKOB, KOTOPOE MOPOMIUIO OIHO
pemKoe cobbITre, MHOKECTBEHHOCTh TOMOJTHUTETbHBIX HAJOKEHUN cOOBITH pacipenesera mo
D yaccoHy €O CpeIHUM 3HaYeHUWeM 7. DOJIHOe CpedHee UUCJIO COOBITHil, TaKuM oOpa3oM, ecTb
(n) =m+ 1.

fcro, 9TO MUTA TTPOTIECCOB ¢ TTPOMEKYTOTHBIMI CETEHUAMMT, T Orgre/ Tpile = 1, CPeIHEE aUCTO
cOOBITHI Takke OyIeT MMeTh TPOMeXYTOTHOEe 3HAaUeHUe, W MPU 3TOM HeTb3fA CIUTaTh, UTO
TOJBKO UTO OIHO cOOBITHE OBLIO ~pemkoro” Tuma. Mbl He OymeM paccMaTpwBaTh CUTyaIldn
TaKOTO THTIA.

Doxamgyiicra, obparnTe BHUMaHWE Ha TO, U9TO B TeKyllell peaJim3aliuu Bce COOBITUA CIH-
TAIOTCH CTEHEPUPOBAHHBIMU B OIHOW W TOl Ke BepIIWHEe. 9 PU MOMAETUPOBAHUU PACIIPOCTpaHe-



HIs B TTPOCTPAHCTBE CTAJKUBAOIINXCA MTYIKOB BaM MPHUIAETCA CaMOCTOATEBHO 3a/1aBaTh TOUKN
B3auMOAeHcTBIA 1 TpebyeMoe cMelleHne KazKI0ro OTIeIbHOTO COOBITHA B IPOCTPAHCTBE W BO
BpEMEHN.

D pU HUCIOIb30BAHUU OIINNA HAJOKEHUA COOBITHH OCHOBHOE OIpaHHYcHUE 3aK/II0TacTCsa B
TOM, UTO 3allUCh COOBITHH MOYXKET CTaTh CJIMIIKOM IJIMHHONW MIPH pPacIoIOKEHNN HECKOIbKIX
COOBITHI OIHO TOce APYTroro, Tak UTO OYIeT HcUYeplaHo CBOOOMHOE IMPOCTPAHCTBO B OOIIEM
6sioke LUJETS. MoxkHO yBeqmdauTh pasMepHOCTH obirero 6Jioka, cm. MSTU(4) m MSTU(5), O
TOJIbKO 110 Besmanibl mopsaaka 20 000 mosumuil, Yero mmoraa MokKeT ObITh U He JOCTATOUHO.

D0 MpaKTHIEeCKUM MPpUIAHAM IIporpaMMa HaeT pas3pelleHHble 3HaueHns 1 TOJAbKO 10 120.
Dacrpeniesienne MHOKECTBEHHOCTH OTCeKaeTcs idA 3HadeHuit, 6omapmmx 200, (mim Korma Be-
POATHOCTH MMeTh JaHHYIO MHOMKeCTBeHHOCTh yHasa Huxke 107°%, 4ro mpomexommt ObIcTpee).
MaJible MHOKeCTBeHHOCTH ¢ BepoATHocTaAME Huxe 1076 Taxxke oTcekarorcs.

11.4 OO6mme 6/10KM IIepeMeHHBIX

Cpenn mporpamMm, MCHOJIB3YEMBIX I T€HEPAINN MYTKOBBIX OCTATKOB, MHOTOKPATHBIX B3al-
MOIelicTBUH U HAJIOKEHWA COOBITHI, HU ONHA He TpelHasHadeHa IJIA WCIOJIb30BAHUA B aBTO-
HOMHOM DPeXUME. D O03TOMY €IMHCTBEHHBIN CIIOCOD PEryJIMpOBAHNA 3TUX aCIIEKTOB PeaTn3yercs
qepes mepemMenHbie obIrero 6sioka PYPARS.

COMMON/PYPARS/MSTP (200) ,PARP(200) ,MSTI( 00),PARI(200)

ITasHaveHue: obecrednBaeT JHOCTYT K PALY KOIOB COCTOSHUN U MTapaMeTpOB, PETYJINPYIONIX
apdexTuBHOCT, PYTHIA. DOJBUIMHCTBO MapaMeTpoOB OMHUCHIBaeTCA B pasmeste 9.3;
3/1eCh TIPEeICTaBJIeHbl TOJIBKO OTHOCAUIAECA K IMYYKOBBIM OCTaTKaM, MHOTOKPaTHBIM
B3aMMOJIENCTBUAM U HAJIOKEHWIO coObITUil. Kemm sHadeHUs mo yMoTdanuio, HUKE
obosnauennbre (D=...), Bac He ycTpamBaroT, OHU TOJKHBI OBITH W3MEHEHBI (IJIf
Beex cobbITuil cpasy) mepen Bbi3oBoM PYINIT. Uckmodenns, To ecTh mepeMeHHbIe,
KOTOpBIE€ MOTYT U3MEHATHCA [IJId KazKI0ro HOBOTO coObITHA, obosHadeHbl ().

MSTP(81) : (Dzl) TJIaBHBIN KJOY IJIA MHOTOKPATHBIX B3aWMMOJeHCTBUIA.

=0 : BBIKJTIOYEHbI.
=1 BKJIFOYEHBI.

MSTP(82) : (D=1) crpykrypa MmuOroKparHbix B3anmonefictsuit. na KX I-mporeccos, ymops-
MTOYIEHHBIX 110 YMEHBIIEHUIO 3HATEHUN P 10 P nin; TAKKE BJIWAET Ha BBIOOP CTPYK-
TYPbI OIHOIO KECTKOTO/MOJTY KECTKOTO B3auMOIeicTBIA.

=0 : mpocTas IBYXCTPYHHAA MOIETh 0e30 BCAKUX KECTKUX B3amMmometicTBuii.

=1: MHOTOKpaTHBIe B3aMMOAEWCTBUAA, MMeEoIINe OJHY W TY K€ BEePOATHOCTDH IJIA
BCeX COOBITHI, ¢ TpaHuUIlell pacpenes e us P, i, 3agannoit B PARP(81).

=2 : MHOTOKpaTHBIe B3aMMOAEWCTBUAA, MMeEoIINe OJHY W TY K€ BEePOATHOCTDH IJIA
BCEX COOBITHH, € HETPEPBHIBHBIM TIPOIECCOM TIEPECTeTa CEUEHU TTPHU TOCTUKE-
nnn pro =PARP(82).

=3 : MHOTOKpaTHBIe B3aNMONEHCTBAA ¢ U3MEHAOINMCA TPAIEJbHBIM apaMeTpoM
7 TIepeKPBITHEM I'ayCCOBBIX paclipeeSileHuil aTpOHHON MITOTHOCTH, ¢ HellpephliB-
HBIM [TepeCcIeTOM CeUeHns MPHU JOCTUReHnn p g = PARP(82).

=4 : MHOTOKpaTHBIE B3almMOIeficTBINA ¢ M3MEeHAUINMCA TTapaMeTpoM B3anmMomeii-
CTBUA W TIepeKpBbITHEeM JTBONHBIX T'ayCCOBBIX paclpelesleHnil aapoHHONl IIIOT-
mocTH, manfabix B PARP(83) u PARP(84), ¢ HelIpepbIBHBIM IEPECUETOM CEUCHIA
Ipy JocTUReHun pg =PARP(82).



Sameuanue 1: g MSTP(82) > 2 u CKIN(3)> PARP(82) ceuenns, moaydeHHbIE U3
PYSTAT (1), MOTYT OBITH CJWIIKOM GOJIBIIMMH, TaK KaK (/15 MOBBIIERNA 5-
(bEeKTUBHOCTH cUeTa) B CeYeHUA He BKIIOYAETCH KOd(DPUIMEHT BEPOATHOCTH
TOTO, 9TO JKECTKOE B3amMojelicTBue — MefiCTBUTETBHO caMOe JKECTKOE B COOBI-
tun. OH, OTHAKO, BKJIIOUAETCSA NP BBIOOPE COOBITHSA, TaK UTO CTEHEPHPOBAH-
HBbIe COOBITHA TPABUJIBHO pactpenesensbl. [lis saavenuit CKIN(3), Gosbimmx
PARP(82), »T0 mepecTaeT OBITH TPOOIEMOT.

Sameuanue 2: smadenumsa PARP(81) u, B ocobermocTn, PARP(82) 4yBCTBUTEIBHBI K BhI-
Gopy cTpyKTypHbIX pyHKInit, Agcp U Ip., B TOM CMbIC/IE, 9YTO U3MEHEHUE STUX
epeMeHHBIX BT K U3MEHEHUIO Y CTAHOBKN CKOPOCTH MHOTOKPATHBIX B3aNMO-
nmeficTBIi, KOTOpoe HEOOXOANMO CKOMITEHCHPOBATh ITepenacTpoiikoit PARP (81)
s PARP (82) B ToM citydae, eciim TpedyeTcss OCTaBUTh CTPYKTYPY MHOTOKPAT-
HBIX B3amMoIelicTBril Tol ke camoii. Bemmuwna PARP(81), IpruHIMaeMad 110
YMOJTIaHUIO, HE MPOTUBOPEUNT APYTUM 3HATEHWAM TI0 yMOJIAHUIO, TO €CTh
EHLQ wabopy 1 crpykrypubIXx GYHKIUH U T.7. 9 PU WCHOJTH30BAHUU OIIINAH
MSTP(82)=2 - 4 sHauenue 1Mo ymosdannio PARP (82) MOIKHO HCIIOIb30BATHCA
BMecTe ¢ MSTP(2)=2 u MSTP(33)=3 . DTu KJIIOUN JOJKHBI YCTaHABINBATHCSH
MOJTH30BATETIEM.

MSTP(83) : (D=100) uncio Touek (pa30BOro MPOCTPaHCTBA B HEKOTOPOM 3aJaHHOM O0beme,
creHepupoBaHHbIX MeTomoM MonTe-Kapio mpu mannmamusanuu (8 PYMULT) MHOTO-
KpaTHBIX B3amMomelicTsuit miaa MSTP (82) > 2.

MSTP(91) : (D=1) (C) mepBonauansbHoe pactupenenerne k; B amporne. Cm. MSTP(93) njs

doromna.
=0 : HEeT TepBOHAYAIBHOTO kj .
=1: rayccoBO paclpelesieHne ¢ MupuHOi, 3amannolt 8 PARP(91), u BepxHUM mpe-
neaoMm PARP(93).
=2 : 9KCIIOHEHIIHAJbHOE paclipeesieHue ¢ MUpuHOH, 3anannoit 8 PARP(92), u Bepx-

nnM npenersom PARP(93).
MSTP(92) : (D=4) (C) pasmesenue sHeprun B ocTaTKe aIpoHa UK CTPYKTypHOTO poTora. [lo-
JIS PHEPTUN X, IPUHIMAEMON OIHUM U3 IBYX 0OBHEKTOB, IPHU YCJIOBUAX, OTTUCAHHBIX
B PARP(94) - PARP(98), BoIOWpaeTCs B COOTBETCTBUH € PA3JTUIHBIMU PaciIpeiesie-
HUAMW, TaHHBIMU HUZKE. 30€Ch Cpipn = 2(Mq) [ Eem = 0.6 9B/ E.,.

=1: 1 st Me30Ha WM CTPYKTYPHOTO (DOTOHA, 2(1 — X) mig OapuoHa, TO €CTh
IIPOCTHIE TIPpaBUJIa IIOACYETA.

=2 : (k4 1)(1 = x)*, ¢ k, nammsv B PARP(94) - PARP(97).

=3 : KaK =2 715 pasOmeHus ocTaTka Ha aJPOH U CTPYIO, HO IIPOMOPINOHAIBHO

1 — )/ \v2+ 2. s pasbuenns octaTKa Ha IBE CTPYH, ¢ k. TAHHBIM B
X X min P pyn, )
PARP(94) mnu PARP(96).

=4 KakK =2 115 pa3sOMeHms ocTaTKa Ha aJIpOH W CTPYIO, HO IIPONOPIUOHAIBLHO
(1 — x)¥/\/X% + c2,;, nna pasbuennsa ocTaTKa Ha IBe CTpyHW, ¢ k, TaHHBIM B
PARP (94) uym PARP(96).
=5 : KakK =2 115 pa3sOMeHms ocTaTKa Ha aJIpOH W CTPYIO, HO IIPONOPIUOHAIBLHO
(1 —)F/(x? + ¢2,;,)Y? nna pasbuenns ocraTka Ha jiBe CTPYH, ¢ k, TaHHBIM B
PARP(94) unm PARP(96), u b, mannsim B PARP(98).
MSTP(93) : (D=1) (C) pacmpeznesnenue nepsoradasbioro k; s (poToHa WM Ke NJIA OIHOM
13 BXOIANINX YaCTHIL BHYTPHU CTPYKTYPHOTO 3JIEKTPOHA.
=0 : HeT MepBOHaYaJbHOTO K .
=1: rayccoBO paclipeliesieHue ¢ MupuHOi, 3agannolt 8 PARP(99), u BepxHUM mpe-



nesoMm B PARP(100).

9KCIIOHEHIIHAJbHOE paclipeesienne ¢ mupuHoii, 3anannoit 8 PARP(99), n Bepx-
nuM npenersoMm PARP(100).

"crenennan” 3asucumoctb: dkT /(ki, 4+ k1)?, ¢ kio, nanabiM B PARP(99), u
BEPXHUM TIpenesioM kj , manabiM B PARP(100).

"crenennan” saBucumocth: dki /(k?, + k7)), ¢ kio, manEbiM B PARP(99), m
BEPXHUM TIpenesioM kj , manabiM B PARP(100).

"crenennan” 3asucumoctb: dki /(ki, + k1), ¢ kio, marmbiM B PARP(99), m
BEPXHUM TIPENESTOM k| , OTIPENETAeMbIM P | JKECTKOTO mpottecca wiiun PARP(100),
B 3aBUCHMOCTHU OT TOTO, KaKasdg BEJININHA MEHBIIIE.

3ameuanue: g onuuii | w 2 Beamumna PARP(100) He mMeeT OOMBIIOrO 3HaUYECHUA, TaK

MSTP(131)

MSTP(132)

MSTP(133)

0

Kak PARP(100) >PARP(99). Ommaxo omnmun 3 i 4 cOOTBETCTBYIOT paciipeieie-
HUAM € OECKOHETHBIM <ki>, ecJTu cIeKkTp k| HeOTpaHWUEeH, U TO3TOMY BeJIMINHA
PARP(100) 115 TOJTHOTO pacrpeesleHns UTPaeT TaKyio Ke BaKHYIO POJIb, KaK
u PARP(99).

(D=0) raBubIi KTIOY 11 HAJTOKERNA COOBITHI, TO €CTh HECKOJBKIX HE3aBUCH-
MBIX aJPOH-aAPOHHBIX B3aMMOJeHcTBU, CreHepupOBaHHBIX B OJHOM M TOM K€ IIe-
pecevueHn MyIKoB, ¢ COOBITHAMMT, PACIOJIOKEHHBIMEI OIHO TOCTE APYTOro B 3aIlUCH
COOBITHUA.

BBIKJTFOUEHO, TO €CTh OJTHOBPEMEHHO TE€HEPUPYETCS TOJIHKO OIHO COOBITHE.
BRJTIOYeHO. HpOpMATIIIO OTHOCHTETHFHO cTeHEPUPOBAHHBIX TPOIIECCOB MOZKHO
matiTw B8 MSTI(41) - MSTI(50).

(D:4) IIPOIECCHI, KOTOPbIE BKJIIOUAIOTCS I HAJIOKEHNA cOObITHH. DepBoe co-
OBITHE MOJKET YCTaHABJIUBATHCA MOJHOCTHIO IIPOM3BOIHHO, UCIOIb3YA KIOUN B 00-
mem 6j10ke PYSUBS, a Bee TOCTEAYIONIne COOBITU HOJKHBI IMETh OINH ~HUHKJIIO3MB-

Iponece, KOTOprﬁ JaeT OCHOBHOI BKJIa B C€YE€HUE, B COOTBETCTBUU € O A-

MM, OITNCaAaHHBIMUW HUZKE. SOSTOM}/‘ TaKIIM 06pa30M HEBO3MOZKHO CT€eHEPUPOBAaTh IBa
PEOAKNX coOBITHA B OIINNN HaJIOZKEeHW:A coOprTHril.

ToIbKO Tpotiecchl ¢ MaiabiMu py (ISUB = 95). Qaxtuaecku Moesib, Onuch-
BafoIas POKJIEHWE ¢ MAJBIMU p), — OfHA W Ta YK€ IJIs TeHEepallll JKECTKUX
1 HaJIOXKEHHBIX COOBITHH, Kak maercs B MSTP(81) u T.a. 9DTO 3HAYUT, 9TO B
mporieccax ¢ HaJIOKeHWeM COOBITUI HesABHO MOTYT T€HEPUPOBATHCHA W CTPYH C
GOBITIME P .

pOXKIEHTE ¢ MaJIBIMI p) + Tipotiecchl aBofinoii nudpakumum (ISUB = 95 u 93).
poXKeHme ¢ MaJbIMu p; -+ ABoitHas mudpakinusas + oanHOUHAS AUQPAKITHA
(ISUB = 95, 93 u 92).

poXKeHme ¢ MaJbIMu p; -+ ABoitHas mudpakinusas + oanHOUHAS AUQPAKITHA
+ yOpyrue mpoIecchl, TaK 9TO BCE BMECTE COOTBETCTBYET ITOJTHOMY alpOH-
anportomy cedernnio (ISUB = 95, 93, 92 u 91).

(D=0) pacmpenesnene MHOKECTBEHHOCTH HAJOKEHHBIX COOBITHIA.

BBIOWpPAETCH TTOJIb30BATENEM TIEPET KaK IbIM Bbi30oBoM PYEVNT, ¢ 3aganneM 3Ha-
yeuns MSTP(134).

IyacCOHOBCKOE paclipeesieHre MHOKeCTBEHHOCTH B ITOJTHOM YHncJie HaJlOZKeH-
HBIX COOBITHH. DTO pasyMHOe pacIpeiesienre PHU YCIOBUH, ITO HabOp KJTIoUeit
s TepBoro cobbiTuA B PYSUBS maer Te e caMble MPOIECCHI, KOTOPbIE TOI-
pasymeBatorcs B MSTP(132). B atom citydae cpemtee uncyio coObITui Ha OTHO
HepecedcHre IIyYKoB eCTb I = 0O, .X PARP(31), rume o, — cymMma cedenuit
pa3pelennbIX MpolteccoB. Tak Kak TMepecedeHns ITYIKOB, KOTOPble BOOOIIe



He IaloT HUKAKWX COOBITHH (€ BEPOATHOCTBIO eXp(—T)), He MOTENUpPYIOTCH,
dbaxTHUecKky cperee dncao Ha Bb3oB PYEVNT ecth (n) = 7/(1 — exp(—7)).
CMelleHHoe paclpeneeHne, KOTOpoe XOpollo paboTaeT B TOM cjydae, Korja
OITHO W3 TEHEPUPYEMBIX COOBITHI CIMTAaeTCs MpUHAIIeKAIIIM KIacCy cOOBITHI
¢ cedeHmeM, 3HaUYNTETbHO MEHBIIMM, YeM IIOJIHOe aJpoHHOe cedeHme. Icn
Orare — CEUEHNE TAKOTO PEIKOTO TIpoliecca (MM cyMMa cedeHWi HeCKOJbKIX
PEIKUX TIPOIECCOB), M Ope — CEUEHWE PA3PENIEHHBIX MPOIECCOB (3aTaHHBIX B
MSTP(132)), 1o ompeneanm 7T = 0pieX PARP(131) u f = 0p4re/0pite. Be-
POATHOCTH, YTO OJIHO NEpecedeHune MyYKOB OyJeT maBaTh ¢ COOBITHI, Torja
P; = fi exp(—n) 7' /il, To ecTh MHBapWAHTHOE TTYaCCOHOBCKOE DACIpeiesTeHne
mofaBseHo (axkTopoMm f, TaK KakK OIHO u3 coOBITHll OymeT pemkum, a He da-
CTBIM, U YMHOYKaeTCA Ha KO>PPUIMUEHT 7, TaK KaK JI000e U3 1 COOBITUl MoZKeT
ObITH penkuM. MomempyroTes TOIbKO Te IepecedeHnsi My 9KOB, KOTOpPbIe JafoT
no KpaiiHeii Mepe ogHO coObITHE TPebyeMoro peikoro THIa, U paclpeaeeHne
BBIIIIe HOPMUPYETCHA COOTBETCTBEHHO.

SamedaHue: 1Mo MpaKTUIECKNM TpUIHHAM Tpedyercs, arobsl T < 120, To ecTh 9TOOBI B

MSTP(134)

PARP(81)

CpeHEM B TIEpecedeHnn MyIKOB He colepKaJsioch bostee 120 Hast0KeHWH cOOBI-
Tuii. DacipenesieHrne MHOKECTBEHHOCTH oOpe3aeTcs [Jid 3HadeHu, GOIhIImX
200, wiM Korja BepoATHOCTH /s MHOMKECTBeHHOCTH yhasa Huxke 107°, uro
npoucxoquT ckopee. MaJible MHOKECTBEHHOCTH ¢ BepoATHOCTAME HuxKe 107°
Tak:Ke obpesarorca. Cm. tak:ke PARI(91) - PARI(93).

(D=1) BribpaHHas MoOTH30BATEEM MHOKECTBEHHOCTD, TO €CTh 00Illee Tnc/Io Ha-
JIOJKEHHBIX COOBITHUll, TeHEpUPYeMBIX TpHU cJiemyfoiieM BbizoBe PYEVNT. Moxer 3a-
TaBaThCA [IJIA KaKIOTO HOBOTO COOBITHUS, HO MOJIKHA HAXOAUTHCA B muamasoHe | <
MSTP (134) < 200.

(D=1.45 I'sB/¢) sddekTuBHBII MIHUMATBHBIN TTOMEPETHBIH UMIIYIBC Py min A
MHOTOKPaTHBIX B3auMoaeicTBuil ¢ MSTP(82)=1.

3aMeyaHue: 3HadeHUE IO YMOJJTHaHUIO U3MEHEHO 110 CPpaBHEHNIO € UCITOJIB3YEMBIM 1O CHUX

PARP(82)

nop B PYTHIA Bepcun 5.3 (1.60 ['9B/c¢), mo e n3-3a Kakoro-nmmbo msmMeHeHUs
Gu3mKHI, a TPOCTO MOTOMY, UYTO 06paboTKa «y A Ha moporax poXIeHUA apo-
MAaTOB YJIYUIIIIach, 9TO MPUBEJIO K YMEHBIIEHNTO (v [IJTA MAJIbIX 3HATEHW P |
UTO W HYKHO CKOMIIEHCHPOBATH.

(D=1.70 I'sB/¢) macmtabd peryaspusaium creKTpa MOMEPedTHOT0 UMITYJIbCa P
OJ1d MHOTOKPaTHBIX B3aWMMOJIeHCcTBUN € MSTP(82) > 2.

3amMeuyaHue: 3HaUeHUE IO YMOJTHaHIIO 3aMEHEHO IO CPaBHEHUTIO € UCITOJIB3YEMBIM paHEe

B PYTHIA Bepcum 5.3 (2.00 [9B/¢), mo npuumuam, yKasaHHBIM BbIIIe s
IpeIbIIYIIEro MyHKTA.

PARP(83), PARP(84) : (D=0.5, 0.2) mapamerpsl TPUHATOTO JIBOWHOTO TayccoBa pacipenese-

PARP(85)

PARP(86)

HUS TJTOTHOCTH BHYTPHU CTAJKMUBAIOIIMXCA aJIpoHOB 1A MSTP(82)=4, B dopme, 3a-
narHoit B yp. (11.11), To ecth ¢ ampom pammyca PARP(84) or obuiero paamyca,
copepikaliero moaio PARP(83) mosmolt aapoHHONH TIOTHOCTH.

(D=0.33) BepoATHOCTD HOTOJHUTENBHOTO B3aUMOIEHCTBIA NBYX TTIOOHOB B (op-
MaJIm3Me MHOTOKPATHBIX B3amMOJeficTBIl ¢ Koppesdtueli mo nuBeTy s ~OsmKaii-

o 9

mux coceefl” B MMIYJIBCHOM IIPOCTPaACTBE.

(D=0.66) BepoATHOCTD HOTOJHUTENBHOTO B3aUMOIEHCTBIA NBYX TTIOOHOB B (op-
MaJIm3Me MHOTOKPATHBIX B3amMoelicTBuii, mubo Kak onucano B PARP (85), mubo kak
3aMKHyTad TitooHHas mersid. OQcraBiiagcs 9acTh CIUTAETCA COCTOAIIEN W3 KBapK-
aHTMKBapPKOBBIX ITap.



PARP(87)

PARP(91)

PARP(92)

PARP(93)

PARP(94)

PARP(95)

PARP(96)

PARP(97)

PARP(98)

PARP(99)

PARP(100)

PARP(131)

, PARP(88) : (D=0.7,0.5) B cooTBeTCTBUM ¢ TIPENNOJOKEHTEM O JIOMUHUPOBAHUI

BKJIaJI0B OT BaJIEHTHBIX KBapKOB IIPU MaJIblX 3HAUEHWAX MOMEPEeYHBIX MMITYJIhCOB,
BBOJIUTCS BEPOATHOCTH 3aMEHbBI gg-PACcCeAHUs ¢ COOTBETCTBYIONIMM MHBapUaHTHBIM
cedeHmeM Ha (q; TpUMeHsgeTca ToabKo s MSTP(82)> 2. BepoarHocth mapame-
tpusyerca B Bume: P = (1 — (p2 /(p? + b*)?), tne a = PARP(87) u b = PARP(88) x
PARP(82).

: (D=0.44 I'>B/¢) (C) mupuna rayccoBa pacipeneeHis sHAYeHNA TepBOHATATHHO-
ro k; BHYTpH agpora nys MSTP(91)=1, to ects exp(—ki /o?) ki dk) c o = PARP(91)
u (k3 ) =PARP(91)2

: (D=0.44 TI»B/c) (C) mapamerp MWHUPHHBI >KCIOHEHIMAIBHOIO paclpeese-
HUsS 3HA9eHUWs TepBOHadaJ bHOTO k| BHYTpu ampona s MSTP(91)=2, To ecTb
exp(—ky/o)ky dk; ¢ o = PARP(92) m (k1) = 6x PARP(92)% Takum obpasom,
HYZKHO TIOJIOKUTh

PARP(92)Q¢PARP(Ql)/\AgIUHITOFO,qTO6B[O6eCHeqHTb HEIPEPBIBHOCTH CITHBAHA
C OIIIUeN BbIlIE

: (D=2. I9B/¢) (C) Bepxuuii mpenes njs pacnpenesenns 3sHaTeHNA TTEPBOHATAb-
HOro k| BHYTpH aJIpOHA.

: (D=1.) (C) nma MSTP(92) > 2 »Ta oniius gaeT 3HaUeHNe TapaMeTpa k i cydas,
KOIJla OCTATOK Me30Ha WJIH CTPYKTYPHOTO (DOTOHa pacllenisieTcs Ha aBa (pparMeHTa
(KaKme MMEHHO — BBIOMpPAETCH CIIyIaliHbiM 06pa3soM).

: (D=0.) (C) nma MSTP(92) > 2 »Ta oniius gaeT 3HaUeHNe MTapaMeTpa k i crydas,
KOI'JIa OCTaTOK ME30Ha WJIU CTPYKTYPHOro (bOTOHA PacCIIeIIAeTcs Ha MEe30H U CIIeK-
Tatop, pparMeHTUPYIONil B cTPYO, ¢ X, JAIOUIAM J0JII0 SHEPIUH, TPUHIMAEMY IO
ME30HOM.

: (D=3.) (C) nma MSTP(92) > 2 »Ta oniins 1aeT 3HaUeHNe TapaMeTpa k i cydas,
KorJla HYKJIOHHBI OCTAaTOK paclelIAeTcs Ha IUKBapKOBBIH W KBapKOBbI (par-
MEHTBI, ¢ Y, JAfOIIIM IOJIIO SHePTHH, IPUHIMaeMyto KBapKoBoil (obpasoBasiielics
B pesyJibTaTe pparMeHTalnu KBapKa) cTpyeii.

: (D=1.) (C) nma MSTP(92) > 2 »Ta oniius gaeT 3HaUeHNe TapaMeTpa k i cydas,
KorJla HYKJIOHHBIH OCTaTOK paclienisiercs Ha OaproH M KBapKOBYIO CTPYIO I Me-
30H M JIUKBApKOBYIO CTPYIO, C X, JAIOIIUM IOJTFO SHEPTUH, TPUHIMAEMYy 0 KBapKOBOT
cTpyeil Wiam Me30HOM, COOTBETCTBEHHO.

: (D=0.75) (C) maua MSTP(92)=5»1a onmus gaeT GasucHoe 1/x*-nosenenne pactpe-
TeJTeHU s TapaMeTpa paciienierns, ¢ b = PARP(98).

: (D=0.44 I'sB/¢) (C) mapamerp mupuHbl pacipeneseHns 3SHaTeHNA TTePBOHATA b
HOTO k) BHYTpE (OTOHA; TOUHOE 3HAUEHUE 3aBUCHT OT BhiOOpa Besmanabl MSTP (93)
(cm. PARP(91) u PARP(92) Bhie).

: (D=2. I9B/¢) (C) BepxHumit mpenes pacupeneseHis 3HaYeHNA TePBOHATATBHOTO
k, BayTpm oToHA.

: (D=0.01 M6™') B cueHapuw HaJTOKEHUA COOBITHH MaeT MPUHATYIO CBETHMOCTD B
OIHOM TepeceueHnn Iy YKOB, TO €CTh €CJIM TTOANPOIEece UMeeT CeueHre o, TO CpeIHee
qncI0 cOOBITHU 5TOTO THTTA Ha OTHO TIEepecevdenne My IKOB paBHO 7 = o X PARP(131).
Snavenne PARP(131) MOKHO Oy IUTh, Pa3e/nB HHTETPAJbHYIO CBETUMOCTD B Te-
YeHWe JaHHOTO BpeMeHW (CKaiKeM, 3a | CeKyHIy) Ha 9mc/Io MepecedeHuii myIKoB,
KOTOPBIM 3TO COOTBETCTByeT. Tak Kak mporpamma Oymer reHepupoBaTh He GoJiee
200 mamoxenuit cobbiTHUil, TO TpPOM3OIiTET aBAPUNHBIH OTKA3 MPOIELYPhl MHUTIHAII-
3arnmu, ecau 1 bosbime 120.



I'maBa 12

PparmeHTal s

Ocnosnas onmus dparmentanuu B JETSET/PYTHIA — cTpyHHAs JIyHI-MOIE/b, HO TaKKe HMe-
FOTCS U ONMIUY He3aBUCUMON (bparMeHTaln. DTU TOCTIEIHTE ONINN He cJIelyeT BOCIPUHUMATH
CITUIIIKOM BCEPhe3, TaK KaK XOPOIIIO N3BECTHO, ITO He3aBUCUMas pparMeHTaIns He TPeIcTaBIId-
eT cobolt Toc/IenoBaTETbHYIO aJIbTEPHATURY, XOTA WHOTIA TH OMIIUU MOTYT OBITH TOJIE3HBIMMI
npu cpaBHeHUN 3(PDEKTUBHOCTH CTPYHHON (bparMenTanui ¢ KaKo#-HuOYIb IpyToH cXeMOi.

Bech marepumas mo dbparMeHTanmm pasfesieH Ha YeThIpe YacTH CJIEIYomuM odpa3soM: B
MEPBOM pa3Jielie ONMMChIBAETCA CXeMa BBIOOpa apoMaToB, o0IIa A1 0OOMX MOIXO0I0B, BO BTOPOM
ONUCHIBACTCSA CTPYHHAS CXE€Ma, B TPEThbeM — cXeMa He3aBUCUMON (pparMeHTaln, a YeTBePThIi 1
3aKJTIOIUTETBHBIN pa3Ies comepKuT nHMOPMAIITIO OTHOCUTETBHO HEKOTOPBIX BTOPOCTETIEHHBIX
BOIIPOCOB.

Jlyun-monens dpparmentanun onucana B [And83], rae npencTaBieHbl Bece OCHOBHbIEC UJIEU U
CyMMEDPOBaHbl MaTepuasbl Gosiee pannux crareil [And79]. Oxnako B 0630pe OTCYyTCTBYIOT -
TaJTu TIpoltecca GparMeHTallnn CHCTEMbBI MYJIbTHIIAPTOHHBIX CTPYH, U 1TO 3TOMY BOIIPOCY MOZKHO
obpartuThes, B yacTHOCTH, K [S]084]. Takxke 3mech He paccMarpuBaeTces MeXaHU3M ~HOMKOPH”
s pokaenus Gapuonos, cM. [And85]. Dosmbie 0630pbl 10 MoAEAM (bparMeHTAIMN MOKHO

mafitu 5 [Sj688, Sj689]. 12.1 BbnIbop apomaroB

U B crpynHO#i, U B He3aBUCHMON MOAEAX (pparMeHTAIINT NCTIOIb3YeTCsT NTEPATUOHHBIN MTOIX0T
[IpU OMUCAHUU TIporiecca pparMeHTallnn. D pr 3aJaHHOM HA9aJbHOM KBapKe ¢ = (o CIUTAETCH,
YTO TTapa HOBBIX KBAPKOB ¢ POKIAETCA ¢ TAKMUME 3HAYEHUAMHI apOMATOB, 9TOOBI MOKHO ObI-
710 chOpMEPOBATH ME30H Goq; (TIPU 5TOM 1 OCTABJIAETCA CBOOOTHBIM). DTOT (; MOKET, B CBOTO
odepenb, COCTaBUTh ME30H € KBAPKOM (, OT CJIeMyfollell mapbl, U Tak mgajee. Takmm obpasom,
Wi (PYHKIIMOHUPOBAHUSA CXEMBI HEOOXOIMMO 3a1aTh OTHOCUTEIbHBIE BEPOATHOCTH POZKIIEHMU S
PasIUIHBIX BO3MOKHBIX Hap (;q,, ull, dd, s§ I T.J. U OTHOCHTEIbHBIE BEPOATHOCTH TOTO, UTO
NaHHas KOMOWHAIHS TTapbl KBApKOB (;_1{; (POPMHUPYET OnpeneeHHbI Me30H, Hanpumep, T+,
pT unm mroboe mpyroe dpusmUecKoe cocToAHEE.

B JETSET mpunuMaeTcs, 9TO 3TH /IBa acleKTa MOTYT ObITh (haKTOPU30BAHBI, TO €CTh TTO
MOZKHO CHadasla BBIOpaTh mapy (;q; 0e3 ydera TpeboBaHuil Ha paspelnentbie Gu3nIecKne co-
CTOAHWMA Me30Ha, a MOTOM JaHHadA KOMOWHAIMA apOMaTOB ([;—1(; OTHOCUTCA K ONpEIeTeHHOMY
ME30HHOMY COCTOAHWIO ¢ TIOJHON BEPOATHOCTBIO, PaBHOM eauHuIe.

12.1.1 ApomaThl KBAPKOB H IOoIllepevYHbie HMMIYJIbChI

s poxmenna cBA3AHABIX Map KBAPKOB W aHTHKBAPKOB (;{;, TPUBOIAIIETO K Pa3pbIBaM CTPY-
HbI, B JIVH/I-MOJIEJI MCIOJb3yeTcs Wjlesd KBAaHTOBOMEXaHWYECKOro TyHHeJMpoBaHuA. Keam ;
7 ; He UMeIoT HUKaKoil mo/IHofl Macchl WM MOIepedHOro MMITYJbca, B cJIydae K/IaccHdecKoil
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usuKT mapa MOYKeT POKIATHCA B OMHON TOUKe, a 3aTeM KBAPKHU PACTATUBAIOTCHA MOJEM IPYT
oT npyra. Fenm XKe KBapKn MMEIOT Maccy W-WIHM HOTepevdHbIl NMITYJIbe, TO ¢; M {; JTOJKHBI PO-
KIAThCA Ha OTPEIESIEHHOM PACCTOIHUN APYT OT IPyTra TaK, YTOOBI SHEPTUA TOJIA MEKIY HIMI
peodPa30BbIBAIACH B CYMMY IBYX TOMEPETHBIX MACC M) . DO IpaBUIaM KBAHTOBOW MeXaHUKN
KBapKI MOTYT POKIAThCA B ONHOM TOUKe (/1A YIOBIETBOPEHN KOHIETIINN JTOKAJTBHOTO COXPa-
HEHWs apoMara), a Mocje POKIEHNA TYHHEJINPOBATh B KJIaCCUIeCKN paspelleHHyto obaacth. B
TepMHHaX [IOJIHOM molepedHoll Macchl M| KBapKOB (; U {; BEPOATHOCTb TYHHEJMPOBAHUA Ha-
eTcA BblpazKeHuem

mm? mm? i

=exp|——]exp|——""=] . (12.1)
K K

exp | —

DQakTopusalnd MOMEPETHOTO UMIYIbCAa U MACCOBBIX YJIEHOB MTPUBOIUT K HE3ABUCAIIEMY OT
apoMaTa raycCoBOMY CHeKTPY IJIf p, U p, KOMIIOHEHT (;q, Hapbl. Tak Kak cTpyHa cunTaercs He
nMerotietl momepevHbIX BO30Y KIeHuit, 9TOT p) MOJIZKEH JOKAJIbHO KOMIEHCHPOBATHCA MEKY
KBApKOM W aHTHUKBAPKOM Tapbl. 3HaYeHWe P IJIs Me30Ha (;_1(; JaeTcAd BEKTOPHON cyMMOoi
3HaueHuil p; coOCTaB/IAIOUIMUX ero KBapKoB (;_ U {;, YTO JaeT rayCCUaHbl 110 p; U p, ¢ LIMPHUHO
V2 or KamI0ro KBapKa.

B pamkax nepenopmupyemoit KX/l kectkoe paccedHue CBA3aHO € M3JIyYEeHUEM TITIOOHOB,
MPUBOMIAIIEM K BKJIa/IaM BBICIIUX MOPAIKOB B 3HadeHUe p); Npu PpparMeHTaIlluu. ITO MOIKET
CIIYZKUTH 00bACHEHTEM TOTo (haKTa, 9TO IKCIePUMeHTAIbHOe 3HadeHne (P ) HECKOIBKO BBIIIe
3HAUEHNU A, TTOJTyIa€MOTO TIPH UCTOJb30BAHNE (DOPMYITBI, TaHHOW BHIIIIE.

Qopwmyita TakkKe MOIpa3syMeBaeT MOIaBJIeHTEe POKICHNA TAKETBIX KBAPKOB U @ d @ S : ¢ R

1:1:0.3:107, Yapm- u 6osee TaKeIble KBApKK, KaK OKUAaeTcs, He OYAyT POKIATHC IPU

MATKON (parMenTanuu. Tak Kak TIpenckasaHHOe TOJaBJIEHE apOMATOB HaeTCA B TEPMUHAX
Macc KBapKOB, 3HAUEHNA KOTOPBIX, KaK MMeYaJbHO W3BECTHO, OY€Hb TPYIHO BHIOPaTh (HYKHO
Jim 6paTh 3TU 3HAUEHUA U3 aJredpbl TOKOB, WM K€ 3TO 3HAUEHWs MacC KOHCTUTYEHTOB, WJIN,
MOKeT OBITh, HeUTO cperee? ), TOAaBIEHNE POKIECHNA S§ OCTaBIEHO KakK CBOOOIHBIN mapaMeTp
B nporpamme: ut: dd: s§ = 1: 1: 5, e no ymomuanuio v, = 0.3. Uwmeercss mo kpaitneit
Mepe KadeCTBEHHOE COTJIache IKCIEPUMEHTATHHOTO 3HAUEHUA € TEOPETUIECKUM. JOXKJIEHTe
Bcex Gojiee THAKEJBIX apoOMaTOB TOJHOCTHIO UCKJIIOUEHO B Tpollecce pparMeHTaIllnn W MOKeT
MTPOMCXOIUTH TOJBKO B PE3yIbTATE dBOJIONUHN JIMBHA.

12.1.2 SoxKaeHue Me30HOB

Docite GUKCHPOBAHUA OMpPENEEHHBIX apOMATOB (;_1 U {; JTeJaeTcA BBIOOP MEKIY BO3MOKHBI-
My MysabTuILIeTaM. OTHOCHTEBHBIH cOCTaB PA3/IMIHBIX MYJIBTUIIETOB HE TA€TCA U3 TMEPBBIX
MPUHIIAIIOB, a 3aBUCUT OT merajell mporecca dbparMenTanuu. B HeKOTOpoM TpHOIMKEHUN
OXKUTaeTCA He3HAUUTEIbHAA TOJIA COCTOAHWH ¢ palnajbHBIMU BO30YKICHUAMEI WU HEHYJIe-
BBIM OpPOUTAJIBHBIM YTJIOBBIM MOMEHTOM. YUeT cIMHa TOT/a JaeT OTHoleHwe 3:1 s ocHOB-
HBIX COCTOSHUN BEKTOPHBIX U CKAJISAPHBIX MYJbTUILIETOB. D epeKPhITHE apTyMEHTOB BOJTHOBBIX
yHKIUH TPUBOAUT K OTHOCUTETBHOMY POCTY HOJIN HOJIEe JIETKUX MTCEBIOCKATAPHBIX COCTOAHMM
[And82].

B mporpamMmy BKJITOUEHBI HIECTh ME30OHHBIX MYJIBTHILIETOB. Icanm mcnosb3oBarh Hepess-
TUBUCTCKYIO CXeMY KJIaCCH(PUKAINN, KOT/Ia ME30HBI COCTOAT U3 BAJEHTHBIX KBAPKOB U UMEOT
ciwH S W BHYTpeHHUH opOuTa bHbIN yriioBolt MoMeHT L, n dpusndeckuii cnime s obo3HATaeTCs
J,J =L+ S, BO3MOKHBI cJIeAyIONINe MYJTbTHIIIETHI:

o L =0,5=0,J=0: oObITHBIN MYJIHTUILIET MICEBIOCKATAPHBIX ME30HOB;

o L =0,5=1, J=1: oObraabIli MYJIBTUILIET BEKTOPHBIX ME30HOB;

o L =1,5=0,J=1: My pTumier akCuaJTbHbIX BEKTOPHBIX ME30HOB;



o L=1,5=1,J=0: MmyspTuIeT CKAJAPHBIX ME30HOB;

o L=1,5=1,J=1: emtle omun MyJbTHUIIET aKCHAJbHBIX BEKTOPHBIX ME30HOB;

o L=1,5=1,J=2: MmyJpTuIjier TEH30pHBIX ME3OHOB.

Kaxnpiit My IbTHILTET cOMEpKUT TOMHBIN Habop 8 X 8 cocTosAHMl, BKIIOUYEHHBIX B MTPOTPAMMY,
XOTS MHOTHE W3 COCTOAHWH MOTYT HUKOTIA PEabHO He TOABIATHCA. IIeCh OBLIN CIeTaHbl
HEKOTOPbBIe YIIPOIIEHNA; HApUMeED, He BKJIIOYEHO CMeINBaHNE MeXKIY NIBYM:A aKCHaJbHBIMU
BEKTOPHBIMU MYJIBTUTIIIETAMMU.

B mporpamme BHauasie BhIOMpaercs 3HadeHwme cruHa S, paBHoe 0 mwiam 1. 910 mesaercs
B COOTBETCTBUMU C TTapaMeTPU30BAHHBIMYU OTHOCUTEJbHBIMU BEPOATHOCTAMU, TI€ BEPOATHOCTH
UMeTh 3HaueHue CIuHa, paBHOe 1, Mo ymMosmdanuio pasha 0.5 mjid Me30Ha, COCTOANIETO TOJIBKO
u3 u- n d-xBapkos, 0.6 — ms comepkaitero takxke s-KBapk u (.75 — M1 comeprKaliero c- min
bosee TAKeIble KBAPKH, B COOTBETCTBUN € TIPUBEIEHHBIMU BBIIIIE TOBOTAMU.

Do yMosTaanuio TpuHUMaeTcs 3Haderrne [, = (), TaK 9TO POKIAIOTCH TOJBKO MCEBIOCKAIAP-
Hble U BEKTOpHble Me30HbI. [l1a BK/ItoYeHns 3Haderusa [ = 1 MOIYyT MCIOIB30BATbCA UYeThIPe
mapamMeTpa, u3 KOTOPBIX OIWH HaeT BEPOATHOCTH TOTO, 9TO cocTofAHme ¢ S = () mMeeT Takxe
L =1, octasbHble TPU OMPENEAIOT BEPOATHOCTH, 9TO cocTosinme ¢ S = 1 umeer L =1 u J =
0, 1 niom 2.

Jlis uaroHaJbHBIX 110 apoMaTaM Me3OHHBIX cocTosmuit uil, dd u s§ TakxKe HEOGXOTUMO
BKJTIOUUTDH CMEITMBaHe B PU3NIEeCKIEe ME3OHBI. DTO BBITIOJHEHO € UCTIOIb30BAHIEM MTapaMeTpi-
3alli’, OCHOBBIBaOIelicsa Ha yrilax cMelmBanus, npusenernoit B Review of Particle Properties
[PDG88]. B wacrHocru, BHIGOPDI 0 YMOTYAHUIO COOTBETCTBYIOT

1 — 1
n= §(uﬁ—|— dd) — —=s5 ;

SS

1 _
n= §(uﬁ—|— dd) +

o &‘H§

w= (ut + dd) ;

Sl

_I_
¢ =55 . (12.2)

0 n— 77/ cCucreMe HE YIUTBhbIBa€TCAd pa3/IMdMe B MacCaX, U OKa3bIBa€TCA,

CnenoBaresibHo, B T
!

YTO TaKoe TMPUOIMKEHNEe TPUBOIUT K MTepeolleHKe BBIXOIa 1) [ALEQQ]. DemaBHO OBLIN TIPEIIo-

KEHbI MapaMeTphbl, obecreunBalole JOMOJTHATETbHOE TOdaBICHIE 1)- U 1)'-COCTOAHUNE MEeTOIOM

"rpy0boit cuib”.

12.1.3 Doxkgenme 6apUOHOB

Doxerre 0APUOHOB MOYKHO ODECTIednTh HAUTPOCTERIIMM 0Opa3oM, MPUHSAB, UTO JII0OOH apo-
MaT (; B CXeMe BBIIe MOKET MPEICTaBIATh KBapK WM aHTUAUKBAPK B IIBETHOM TPHUILICTHOM
cocroganr. Torma MOXKHO HCIOJIH30BaTh OCHOBHONH MeXaHW3M, pacCMOTPEHHBIH BbIIIE, ¢ 10-
GaBJIeHIEM BEPOATHOCTH POXKICHUA Pa3IUIHBIX Tap AUKBApKOB. B mpumimme, mMmeercs Mo
OHOMY TIapaMeTpy IJIsd KaXkKIoro JUKBapKa, HO e/ TMO-MPEKHEMY CUUTAeTCsH, 9TO KBAHTO-
BOMeXaHUUYecKoe TYHHeIUpoBaHue maer »(PQeKTuBHOE onrcanue mpoiecca (pparMeHTalu, TO
MOZKHO HCIIOJIh30BaTh MacCCOBBbIe KO>(PMUIUEHTHI JI/Id COKPAIICHUA UUC/Ia MapaMeTpoB. D Po-
rpamMMa UCIOIb3yeT TPU OCHOBHBIX Koa]puiimeHTa:

® OTHOCHTEJIbHYIO BEPOATHOCTH BhIOOpa JIMKBapKa qq, a He (;

® JIONOJTHUTEIHHOE TTOIaBIeHIEe, CBA3AHHOE € COIepKaHNeM CTPaHHOTO KBapKa B JIUKBapKe

(cBepx 0OBITHOTO (baKTOpa MOJABIEHUA S/U Ys); W



® TIOJaBJIEHTE COCTOAHUN TUKBAPKOB €O CIIMHOM | IO OTHOIIEHNIO K 3HaueHnAM crmHa 0 (mo-
MOJTHUTETBHO K KO3 DUIMHEHTY 3 YBEJMIEHNA TOTH COCTOAHUN O CTUHOM 1, TIOJTy TaeMoM
[PU ydeTe ducIa CIHHOBBIX COCTOAHMI ).

HomomauTe ibHbIH haKTOp MOJABJICHU CTPAHHBIX TUKBAPKOB BO3HUKAET M3-3a MPUCYTCTBUA B
sKcrnoHenTe (pOpMyJIbl TYHHEIMPOBAHUA 3HaYeH!sA m?, a He m, TaK 4To IoJaBJleHIe TUKBapKOB,
coflepIKallnX CTpaHHbIe KBAPKH, U MOJaBJICHIE OTACIbHBIX CTPAHHBIX KBAPKOB He (haKTOPU3Y-
eTcH.

Briogaiorcss TOJBKO JiBa MYyJIbTHILIETa OAPUOHOB, TO €CTh CYIHIECTBYIOT BO30Y KICHHBIC
coctoguusa ¢ L = 1. /IBa mymbrumnsiera:

e S=.J=1/2: SU(3) "oxrer” (B MOTHOM CIIEHAPUN C Y€THIPHMA apOMATaMU B IIPOTPaMMe

nocTynHbl 168 cocToanmii);

o 5 =.J=3/2: SU(3) "nekymuer” (120 cocrosuuii B mporpamme).

B ortsimune oT ME30HHOTO CJIydast, pa3TuaHble KOMOMHAIMNT apOMATOB UMEIOT Pa3IudHbIe THC/Ia
paspeleHHbIX COCTOARMIT: /1A i BO3MOMKHO ToJbKO coctogrme ATY, rorma xak uds moxer
narb A, X0 wnn N,

Baskmoe orpanudenue maet ToT (hpakT, UTO OAPUOH €CTh CUMMETPUIHOE TPEXKBAPKOBOE CO-
CTOAHEE B TPEHEOPEKEHUN TBETOBON CTEMEHbIO CBODOIBI. DOITOMY KOTa KBapK W IUKBApK
COCTMHATOTCH, 00pas3ys GapuoH, X KOMOWHAIMS B3BEIIUBACTCIH ¢ YIETOM BEPOATHOCTH TOTO,
YTO OHU 00Pa3yIoT CUMMETPUIHOE TPEXKBAPKOBOE COCTOAHME. I POTPaMMHAs Peau3alis HTO-
ro TPWHIINIA 3aK/JI09aeTcsi B TOM, 9TOObI CHadaja BBIOpaTh AUKBApPK CJIyUaliHBIM 00pa3oM,
BKJIIOUNB (PAaKTOPHI MOJABJICHUA CTPAHHOCTH W 3HAUCHWs CIOUHA |, ONucaHHble BBINE, a 3a-
TeM y4ecTh BeC BBIOPDAHHOTO AUKBapKa, MPOMOPIHOHATBHBIH 4UCTy NJOCTYITHBIX COCTOMHUH 115
JaHHOW KBapK-INKBAPKOBOH KOMOMHAIINU. DTO O3HATAET, 9TO, €CJTH Obl He OBLIO PaKTOPOB 10~
NaBJIeHNs Tpy TyHHenpoBatui, Bee coctoanna B SU(6) (mpamoe mponssenenne apoMaToBoii
rpyrmnst SU(8) wa cnimrosyto SU(2)) 56-mmerax 66111 GbI OIMHAKOBO 3aceeHHbIME. KoHeTHO,
TaKzKe MOTYT POKIaThcsAd W Oojiee TsKesble DapUOHBI, HallpuMep, npu (pparMeHTanu crpyi
C-KBapKOB, HO XOTs CXeMa KJIacCU(PUKAIUN JaCcTHIl, UCTIOIb3yeMas B IpOrpaMMe, OCHOBaHa Ha
SU(16), 10 ecTh cOmEepKUT BOCEMb apOMATOB, BCE BOZMOKHBIE KBAPK-THKBAPKOBBIC KOMOUHA~
uu MoryT ObITh cBazambl ¢ SU(6) ¢ npus/iedernreM apryMeHToB 0 cuMMeTpun cocrosnuii. Kak
B cJlydae POKICHWUSA ME30HOB, MOYKHO OBLIO OBl MpENcTaBUTH ABHOE NaJibHelllee MogaBIeHne
GoJiee TAKETBIX 6apuoHoB co cruHoM 3/2. OaHako MbI He cCYUTaeM, YTO BBEICHUE TaKOrO Mo/1a~
BJICHU A TIPUBENET K CYIIECTBEHHBIM 3 deKTaM, Tak KaK 3Had9eHne pacllellIeHns Mace 6apuoHoB
ele MeHbIIle, YeM JIJIsI ME30HOB.

B ciydae oTK/IoHEHUs BBIOMpaeTcss W MpoBepsaeTcs HOBBIH AUKBapK, U T.7. COoOTBETCTBYIO-
as TPOTEIypa UCTIOIb3YeT A W JIJIA BBIOOpa KBapKa Mmoc/e odpa3oBaHms JUKBapKa Ha MPEIbl-
ayteMm tare. CooTBETCTBEHHO, MU 0OCY KICHUE KaK KBapKa, TaK W JIUKBapKa apoMar JTOJKEeH
OBITH BBIOpAH 3aHOBO. DTO MOTJIO ObI €TaTh YTOMHUTEIHHBIM ITIPOIECCOM, TaK KakK IIPHUILIOCH
ObI TaKKe OTKJIOHUTDH aJIPOH, POKICHHBIH Ha MPEIbIAYIeM IIare. 9 pakKTUIeCKU OTKJIOHIETCS
TOJTBKO TOCJEIHAs creHepupoBaHHas Mapa KBapKOB WM AWKBapkKoB. Ommbka, mojydaemMast
[pU TaKOM TIOIXOJe, MaJla.

Dostee obIIas cxeMa /s poXKaeHus GapruoHoB — Mexanusm ~nonkoph” [And85], B koTopom
JUKBApKN KaK TaKOBble HUKOT/Ia He 00pa3ytoTcs, a OapuoOHbl TOABJIAIOTCA B pe3yabTare Moce-
JTOBATEIHHOTO POKIIEHUA HECKOIBKUX (;q,-ap. Kapruua Oymer ciemytoleii. 9 peamomoKnM,
YTO HaYaJbHBblEe KBAPKU ¢ — KpacHbiil (1) u q — anTtukpacHbiii (7). OObraHO HOBadg mapa (1q;,
poxgaemMas B moJie, Oymer TaKzxKe 17, TaK, 9T00bI §; COeIMHAJICA ¢ KOHIIOM (, 1 Haobopot. Obpa-
3yIoTCA JIBe OT/esbHBbIe CHHTIIETHBIE O MIBETY CHCTEMbI (q; 1 (1q. MHOTHA mapa q1q; MOKeT
OBITH, HampuMep, ¢g (g = 3elenbiit), 1 B 3TOM cJiydae OTCYTCTBYeT >(DDEeKTUBHBIH BETOBOM
3apdAm, AefcTBYOMMH Ha ¢ WM G;. DOPTOMY TaKasd Mapa, HE MOJydas HEPTUN OT TOJA, B



ODBITHOM CJTydae MOTJIa OBl CyIIeCTBOBATh TOJBKO KakK (puiykryanusa. Feam ¢ cMemaercs K ¢, a
q, — X G, To adpexTUBHOE TIONIE, OCTAIOMeecs MY (; 1 q;, ecTh bb (b = curme; g+r = b, ecn
CYIIECTBYIOT TOJBKO TPUILIETHI MO TBETY). B 2Tol MeHTpasbHON 00/1acTi MOKET POKIATHCS
JTOTIOTHUTETbHAA Tapa (2(y, TIE (2 TENEph MPUTATHBAETCH K (1, & (, — K (;, 0€3 OCTAIOIIETOCA
MeXTY (2 U {y IBETOBOTO TOJIA. Kcm 6osblile HUIero He cjayduTcs, TO chopMupyroTcs 6apmoH
B w3 q1, q2 T HEKOTOPOTO (4, POKIEHHOTO MEKIY | U (|, I aHTHOApHOH B 13 q, 4, ¥ Js, TO €cTh
B u B 6ynyT caMbIME GIM3KEME COCEIAME B IeToUKe, pa3ie/eHHLIME IBYMA IHapaMi KBap-
koB. Konkpernee, q; Oymer mosydarh HEPTUIO OT (3 [JIA BBIXOIA HA MAaCCOBYIO MOBEPXHOCTH,
u OymeT BOCIPOU3BONUTHCA (POPMYJIa TYHHETNPOBAHUA 1 3(DPEKTUBHOTO (1(2-TUKBAPKA.

OnHako HHOTJIA MOYKET HUMeTh MECTO POKICHHEe HeCKOJIbKHX Map 1BeToB bb Mexmy q
n ;. OpU HAJIWIWW [IBYX BEPIINH POXKIEHUA (2(y; U (303 MOKeT c(hOPMUPOBATHCA TEH-
TPaJbHBI ME30H (53, OKPYIKEHHBIN OApMOHOM (4(1(2 W AHTHOAPUMOHOM q53q;(s. MBbI Ha3BI-
BaeM 10 BM B-xonduryparmeif 1,14 Toro, IT06BI OTIMYATh 3TOT cIydail oT q4qiqs + Gyq;Ts
BB-xoudurypanun sbrmre. gxa BMB Gapuonsl B u B pasiefeHbl TOJIbKO OZHON KBapK-
AHTWKBaPKOBOH Tapoii, B MPOTHBONOIOKHOCTE NBYM HapaM nia B B-xorndurypamum. OTro-
cuTesNbHas BepoATHOCTH miis B M B-kondurypamun omnpenesnsdeTcs MOTaBICHEEM, CBA3AHHBIM
CO CJIEIYIOMNM ODCTOATETHCTBOM: HAXOMATCA JH (1 U y JOCTATOYHO HajeKo IpyT OT Apyra,
9TOOBI MeKTy HUMU MOT chOpMUpoBaThcsa Me30H. CTporo roBopsi, MOJKHBI OBITH BO3MOZKHBI
taxxe Koudurypaunnn tuna BMMB, BMMMB u T.1., HO BEPOATHOCTb UX CYLIECTBOBAHUA
B Halllelt Momesim ovdeHb Maja. Jlasee, Tak Kak OOJIbIIE MacChl COOTBETCTBYIOT OOJTee ILITIH-
HBIM KYCKaM CTPYHBI, TO MPENMYIIMECTBEHHO POKIAIOTCSA MCEBIOCKAJIAPHBIE, a HE BEKTOPHBIE
Me30HBL Kem BKIIOYeHBI ToIbKO BB- 1 BM B-cocTofHus, W €cIn BepOATHOCTh POKICHUA
BEKTOpHOTO Me30Ha M He TomaB/IeHa TOMOJTHUTENBHO, TO TOTYIAIOTCA IBE TaCTUIHO KOMITEH-
cupyfolinecs OmMOKN (Tak KaK BEKTOPHBIE ME30HBI OOBITHO paclaJaloTcds B IBa WJIN DoJiee
TCEBIOCKAJAPHBIX ).

CremoBarestbHO, apOMATOBAsA UTEPAIIMOHHASA TIPOIELYPA B IIEJIOM COTEPZKUT CIIEAYOIINE BO3-
MOZKHBIE TIOIIPOIECCH (TUTI0C, KOHETHO, COOTBETCTRYTOIINE UM 3apAT0BOCOTPAKEHHbIE):

e 1 — g2 + (q1T,)-Me30H;

* 1 —= Qs + (41923 )-Gapuon;

® d19s = Ty + (41923 )-Gapuon;

® 192 — 193 + (q2T3)-Me30H
¢ OTpaHUIEHNEM, UTO MTOCJEIHNI TPOTIECC He MOKET OBITH TTPOIOJIKEH IJT5 TOJTY IeHU T HECKOTb-
KX ME30HOB MeKy OaprOHOM U aHTHOApUOHOM.

K coxasmenuto, pesyabTupyolias MoIeSb POKIEHNA OAPUOHOB NMeeT OTPOMHOE UUCJIO TTa-
paMeTpoB, KOTOPhIe MOTJIH OBl OMPENeTATHC MOIEbIO TOJBKO B TOM CJTydae, ecIu Obl 3HaUeH! A
Macc KBapKOB U JIMKBAPKOB OBbLIN JOCTOBEPHO U3BecTHBI. MBI yKe yIOMUHAIN OTHOLIEHUs S /U
u qq/q; nocaennee mojKHO ObITh yBeauwdeno or 0.09 mo 0.10 mas momesu "nonkopr”, Tak
KaK MeHbllle oblllee TUCI0 BO3SMOKHBIX OapMOHHBIX KOH(UTYpalmii B 3ToM ciydae (dacTuia,
poxmaemasn Mexny B u B, momkna 65ITh TONbKO MesonoMm). [t momenn "nomxopn” mHeo-
XOIMMBI TaKle Ke HapaMeTPhl, KaK B MOJeJH IUKBapKOB, IpH onucanun B B-Kordurypamnn.
s BM B-xoudurypanun Hy KHO 6paTh KBaJIpaTHLIH KOpeHDb 3 Koa( dUIneHTa Io1aBIeHN,
ec TaHHBI Ko3(hQUIHeHT HCIoIb3yeTcsa TOIbKO IJIA ofHoro s B m B, HampuMep, ecin
B conmepxut "amkBapK” (iqy co cmmHOM 1, a B — mmKBapK q,q; co cmmioMm 0. Jlomomamn-
TeJbHBIE TTapaMeTPhl JaloT OTHOCHTeNbHYI0 BepOATHOCTH obpasobanua B M B-xondurypamnn,
rpy6o pasmyio 0.5 (m1s BB no-npexmemy octaerca smadenue 0.5), pakTop momasIenus po-
Kaenus crpamnoro Mesona M mewxny B m B (OTHOCHTETbHO BEpOATHOCTH POKACHWA Gosee
JETKNX HECTPAHHBIX Me30HOB) 1 (PAaKTOP TOJaBIEHWA POKIEHWA Maphl s§ (M0 OTHOUIEHUIO K
utt) mexay B u B 8 BM B-xondwuryparmu. 3HaTenys mapaMeTpoB 1Mo yMOJTIaHTIO IOy TeHbI



KoMOUMHaImell sKeImepuMeHTaIbHBIX HAOIIONEHU 1 BHYTPEHHNX MpeacKasaHuil MoIesn.

B mMomenn mUKBapKOB OKUIAETCH, YTO POXKIEHHBIN TUKBAPK UMeEET TaKoe kKe paclpeeseHne
110 HOTIepeTHOMY UMITYJIbCy, Kak 1 KBapK. lns BM B-kondburypalun cuTyannd He HACTOIBKO
OYeBUIHA, HO HaMU ObLJIa OCYIIECTBJIEHA MPOBEPKA YTBEPIKIEHU, UTO PA3JMIHBIE BO3MOKHO-
CTHU [TAfOT IPe3BBITAfiHO CXOMHBIE pe3yIbTaThl. B mporpaMMe oCyIIecTBIIEH CJIEYONUil BBIOOD:
HyJIeBOH TIOJTHBIH MoMepedHblif HMITYJIbe 1A (1 q,-Tlaphl, pasaendeMoll #a B n B, u cTanmapr-
HBITT TAyCcCOB CIEKTP € JIOKAJHHBIM COXpAaHEHWEM WMITYJIhCa — JJI BCEX OCTAJIBHBIX mMap. ITO
osHagaeT, uto B u B mMeroT p,, HecKoppenaupoBanbie mig B M B-xondurypannm (wacTma-
HO) aHTHKOPPETUPYIOIINe B BB-xordurypannu, ¢ TeM ke cpeIHHM 3HadeHHeM IIONepedHOro
UMITYJTbCa MEPBUIHBIX OAPUOHOB, UTO U [IJIf MEPBUIHBIX ME30HOB.

WNuorna konewHolt TOYKOM CTPYHBI ABJIAETCA HEe OMHOYHBIN TapTOH, a TUKBAPK MW aHTHI1-
KBapK, HalpUMep, B cIydae, KOTIa U3 MyYKOBOH dacTHIbl (IPOTOHA) OBIIT BHIPBAH OIWH KBapK.
Tyt MOXKHO GBLTIO OBl PACCMOTPETH MOCTATOYHO CJIOXKHBIE PE3YIHTUPYIONNE CXeMbI pparMer-
raruu. Onna takas cxema [And81] 6su1a nocrynna B 6-if Bepcun JETSET, HO OTCYTCTBYET B
7-#1. BmecTo »TOro B KadecTBe OCHOBHOM CXeMBbI UCIIOJIb3YETCH MEXaHU3M POKIEHUA Taphl JIH-
KBApKOB, ONMUCAHHBIA Bhimie. Takum obpasoM, (q-IUKBApK Ha KOHIE CTPYHBI (PparMeHTHpyeT
TaK, KaK ecJim OBl (( POKIATINCH B TOJIE COTJTACOBAHHO C ( apOMaTOM, TO €CTh I 00a KBapKa
MTaHHOTO AWKBapKa BXOMIAT B COCTaB OJIHOTO OGapWOHa, WK Ke cHadasa (POPMUPYETCH Me3OH,
coflepKaluit OMH W3 KBApKOB, a JIPYTOifi KBapK COMEPKUTCA B ODapmoHe, POKIAIONMEMCH HA
cJlelIyIolleM 1iare.

12.2 CrpyHHas ¢pparMeHTannsd

Urepamuonnas mportenypa MOXKET TaKKe UCIOJIb30BAThCA JIJIf APYTUX acleKTOB (bpparMeHTa-
U, DTO BO3MOZKHO TIOTOMY, UTO B CTPYHHOW CXeMe pa3IndHble TOUKH Pa3pbIBOB CTPYHBI W3-3a
pPOXKIeHUs (q-Tap TOJIZKHBI OBITh pa3lesieHbl WHTEPBAJaMU ¢ YIETOM COXPAHEHUs TPWHITHIIA
MPUINHHOCTH. O pUHUMAasg BO BHUMAaHWE, IYTO MPOCTPAHCTBEHHO-BpEMEeHHAA KapTUHA B CHCTEME
[IM TtakoBa, 9TO MemJIeHHBIE YaCTUIBI (B cepelnte cucTeMbl) (POPMUPYIOTCA MEPBBIMU, YIOP -
JIoYeHre 3aBUCUT OT JIOPEHIEBBIX CIBUTOB CUCTEMBI OTCYETa 1, CJIeJoBaTeIbHO, HESKBUBAJIEHTHO
B Pa3HBIX CHCTEMAX. DOITOMY MOJKHO CIesaTh YI0OHBIH BHIOOp 3aIlycKa UTEPAIMOHHOTO MTPO-
1ecca ¢ KOHIOB CTPYHBI B HaIIpaBJIeHUN K cepeanHe.

Cxema cTpyHHOI (parMeHTAUU TOBOJBHO CJIOXKHA IJI51 0A30BOTO MYJIBTUIIAPTOHHOTO CO-
CTOSTHUS. D O3TOMY IJIA YIIPOIIEHNA 00CY XK IEHNA Mbl HATHEM € TIPOCTOTO ({-TIPOIecca, a ITOTOM
PacCCMOTPUM YCIIOKHEHNE CXEMBI TP MOABIEHNN TOMOTHUTENbHBIX [IIIOOHOB. (JTa pasbmBKa
MaTepuraJsia BBITIOJHEHA [T0 YWCTO TEeIaroTnIecKuM COo0pakKeHuAM, T.e. I Jydinei ToHnMae-
MOCTH, a B TIpOrpaMMe NMeeTCsH eMHBIH aJTOPUTM ODIIEro HasHATEHNA ).

12.2.1 Pysknua dparMeHTAIIAA

Dyerh q — crpym B cucteMe [IM ¢ kBapkKoM, IBUKYIINMCS B HAIIPABIEHUN +2, T aHTUKBAPKOM
— B HampaBJileHun —z. Mbr 0b6cy T BbIllle, 9T0 MOKHO Ha9aTh UTEPAIINIO aPOMATOB OT (-KOHIIA,
TO ecTh BBIOpaTh (1q,-1apy, chopMupoBaTh aapoH (q, u T.1. Takke OBLIIO OTMEUEHO, UTO UC-
MOJTh3YETCA MEXaHU3M KBAHTOBOTO TYHHEIUMPOBAHMU A, 0OECTIETNBAIONINT 3HATEHTE TTOTIEPETHOTO
AMIyJIbca P IJId KaKOol HOBOIl poxKmeHHOMl mapbl ¢;q;, IpHYeM p; JIOKaJIbHO CKOMICHCHPO-
BaH MeXKIy (; U (; Iapbl, I UMEIOTC:A TayCCOBBI pacHpefeeHuA IO p, U p, 10 OTIECIbHOCTH.
B nporpamme 310 peryiampyercsa OIHUM TapaMeTpoM, KOTOPBIH TaeT cperHeKBaIpaTuIHbIil p)
KBapKa. DOlepednble NMITYJIbChI aIPOHOB MOTYyYAl0TCA KaK CyMMa p) KBapKOB-KOMIIOHEHT (;
U Q;,q, DIe JUKBApK paccMaTpuBaeTcs KaK OTICIbHBIH KBapK.



OCTELGTCH OIIpENEJINTD SHEPTIUIO N HpOILOJIbeIﬁ UMITYJIBC allpOHa. cDELKTI/ILIGCKI/I7 n3 3THUX
nepeEMEHHbBIX TOJIBKO OJHa MOZKET OBITH BbI6pELHEL HE3aBUCHNMO, TaK KaK UMITYJIbC aJIpOHa BbIPpa-
KaeTcCA 9epe3 onpele/]ICHHOE 3HaAYEHNE HOHepeqHOﬁ MacCChbl aIpOHa 1M | ,

(E+p)(E—p.) = B> —p. =mi =m* +p, +p, . (12.3)

Dpu Wrepanuyu oT KBapKOBOIO KOHIA (€ yIeToM TpeGOBaHWA MHBAPHAHTHOCTH OTHOCHTE]HHO
MPOIOJBHBIX CMEIIEeHNHl 1 HEKOTOPBIX IPYIUX cooOpasKeHWi) BbIOUpaeTcs mepeMeHHas z Kak
nonsa E 4+ p., nepenannas aapory (OT MOTHOTO TOCTYITHOTO 3HAYEHNA). D PU OTUIETJIEHUT aIpo-
HOB oA F+p, (n ' —p,), ocrarolasics Ais TOCTENYTOIINX IaroB, YMEHbIIAETCH CIIELYIOTIM
0bpa3oM:

(E+p2)new = (1= 2)(F 4 p2)ota

2
m
E_znew:E_zo_—J_
(£ —p:) (£ = p2)ota S+ o

Oyuxmsa ¢parmentammn f(z), KoTopas BbIpakaeT BEPOATHOCTD BHIOOPA TaHHOTO 3HATEHW

(12.4)

Z, B TIPUHITATIE MOKET OBITh TPOU3BOIBHOMN; HECKOJIBKO TaKWX BHIOOPOB MOTYT UCIOIB30BATHC S
BHYTPH TIPOTPAMMBI, CM. HUIKE.

Ecau, kpome toro, Tpebyetcs, 9100bI TIpoitece pparMeHTaInN B MEJTOM BBITIIAIE OIMHAKO-
BO, HE3ABWCHUMO OT TOTO, ¢ KAKOTO U3 KOHIIOB (| WJIN  BBITOJHAIACh UTEPAINOHHASA MTPOTIEIYPa,
T.e. TIPUCYTCTBOBAJIA ~JIEBO-TIPABas CUMMETPUsA , BHIOOD, MO CYIIECTBY, CTAHOBUTCH €INHCTBEH-
ubiM [And83al): synnosekas cummerpudnas GyHKIEA dpparMeHTann,

1 1 — 2\ bm?
1
F(z) o< =z (—) exp | — : (12.5)

z z z
Nnmeercst enmHCTBEHHBIN TapaMeTp a JJIs KaXKI0ro apoMara, Tae HHICKC « 0O3HadaeT ~ cTapbiii”
apoMaTr B UTEPaIMOHHOM Iipoliecce, a [ — "HOBbIH~ apomar. OOLIENPUHATO CUUTATH BCE Uy g
OMMHAKOBBIMU, U TOTJA MOJYYaeTCs YIPOIIEHHOE BBIpaKeHHe

F(z) o< 2781 — 2)% exp(—bm? /2) . (12.6)

B nporpamMme MOXKHO 3a71aTh TOJIBKO JIBAa PAa3JIMYHBIX 3HAUYEHUA «, IJIA POKIEHUA Mapbl KBap-
KOB U JIMKBApPKOB; MO YMOJIYAHWIO TPUHUMAETCA, YTO T 3HAUEHUA OIMHAKOBBI. Kpome Toro,
nMeeTcs mapaMeTp b, KOTOpBIil ABJIsA€TCA YHUBEPCATBHBIM.

9 e0bXOIMMO OTMETHTH, UTO ABHAA MaccoBad 3aBUCHMOCTh B f(z) mompasymeBaer Gosee
KeCTKYI0 PYHKINO (pparMeHTaIun 1Jid 6oJIee TAKEbIX aIPOHOB; aCHMIITOTHIECKOE TIOBEIEHTE
CpenHero 3HavdeHmns z AJid TAMKEJIBbIX aJpOHOB ecThb

1+a

(z) ~1—
bmzL

(12.7)
K coxanenuto, okasbiBaeTcsi, 9TO 3Ta 3aBUCHMOCTh MPEACKa3biBaeT HECKOJBKO Oojiee KecTKmii
crnekTp /1 B-Me30H0B, 4eM peasbHO HaO/IOIaeMblil B 9KCIIepUMEHTe.

Js Gyaymumx cChlIOK MBI TaKKe obpalllaeM BHUMaHWe, 9TO TpowsBonHasd f(z) maeT pac-
pezieienne BEpoATHOCTH M0 WHBApUAHTHOMY BPEMEHU T pachaia BepliuH (;q,. B Tepmumax
[' = (k7)? 10 pacnpenenenne

P()dl' < T'* exp(—bl")dl", (12.8)

¢ TeMu Xe @ 1 b, 9TO W BHIIIIE.
CytecTByeT MHOTO pa3HbIX ApYTuX PyHKINN pparMeHTalny, 1 HEKOTOphie 3 HIX JTOCTYTI-
HBbI KaK OIIINHU B IporpaMMe.



o Dapamerpusanus Punbna-Petinmana [Fie78],
F(z)=1—a+3a(l —2)*. (12.9)

Bnavenne o ymosrdaruio ¢ = (.77 mcmob3yeTcs TOJBKO 1 OOBIUHBIX aIpOHOB, COIEp-
Kammx u-, d- u s-KBapKwH.

o Tak Kak mMerOTcA yKa3aHWsA Ha TO, 9TO (opMa BBIIE CUIbHO pacxomutcs npu z = 0,
BMECTO Hee MOKHO UCTOJIb30BaTh (PYHKIINIO TUIA

F(z)=(1+c)(1 - 2) (12.10)

o 3HavueHuA HaOIIOIAEMBIX BEJIUIUH IJI5 dapM- U OOTTOM-aJIPOHOB fACHO YKa3bIBAIOT Ha
moTpeOHOCTH B OosTee KecTKOM pyHKINT hparMeHTany 1151 TAKeTbIX apoMaTos. Camast
JIydllas U3 U3BECTHBIX MOMoOHBIX (ByHKImi — (dopmysa Derepcona u ap. [Pet83]

1
(-I-r=)

rae €g — cBobomHbIil mapaMerp, BBOAUMBLI [J1s MOJaB/IeHIA POKIECHIA apoOMaTOB B BUIIE

F(z) x (12.11)

cg o< 1/m.
e Tak Kak »Ta aJbTepHATHBA HEOE3YIIPETHA BCIENCTBIE TOTO, 9TO (POPMa BhIIIIE PACXOIUTCH
npu z = 1, BMECTO Hee MOKHO MCIIOTh30BAThH

F(z)=(14¢)z. (12.12)

e Bowler [Bow81] mokasas, ato B mpenesnax momenu Artru-Mennessier [Art74] Hammawe mac-
CUBHOTO KBapKa Ha KOHIIEe CTPYHBI, 00/IaJatolero Maccoit meg, IpUBOANT K MOIM(DUKAIIAN
cuMMeTpUaHON PYHKINYN PparMeHTallnl U3-3a TOIO, YTO OOJIACTh CTPYHBI, OIpaHUYeHHa L
MACCUBHBIME TOYEHUHBIMK KBapKaMMU, CpaBHHBaeTCA ¢ 6€3MacCOBBIM aHaJoroM. B mpun-
nune, Mopesns Artru-Mennessier npumenseTcsa TOJBKO IJIf KJIAaCTEPOB € HEIPEPbIBHBIM
MacCOBBIM CIIEKTPOM U He COIEPZKNT UaeHoB ¢ ¢ (To ecth ¢ = ). OnHako ObLTO MOKa3aHO
[Mor89], uro mis IHCKPETHOTO MacCOBOTO CIEKTPa MOKHO OCTaBUThH >((DEKTUBHBIN wIeH
¢ @. DO3TOMY B IIPOrPaMMe HCIO0Ib30BaIOCh IPUOIU3UTEIBHOE BhIpaKeHue N1 hyHKINN
F(z) ¢ a-3aBucmvocthio:

1 1 —2z\% bm?

F(z) x ——z" (—) exp | ——=) . (12.13)
Zl—l—rQme = =

B npurnnme, mpenckasbBaiock, 9T0 rg = 1, HO 1A BO3MOKHOCTH TUIaJKON 9KCTPATIOJA-

mn 3To# (POPMBI K JIYHIOBCKON CHMMETPUIHON MOKHO BBIOMPATh g OTHEIBHO IJIA C-,

b- n t-agponos.

12.2.2 OO0begmHeHHEe CTPYi

Qopmyna Bbie Naa f(z) Opu paclIenieHnn CUCTEMBI CTPYH B aIpoH TUIIOC OCTATOUHASN CH-
cTeMa UMeeT CUJTY TOJBKO TOorfa, KOrda Macca ocTaTKa Oosbimasd. Fegm 6b1 agroputv dpar-
MEHTAlIUK KMCTIOIb30BaJCcd 1O KOHIA Ha BCeM MYTH OT ( A0 (, TO Macca IMOocJedHero ajpoHa,
KOTOpBItt popMupyeTcsi Ha G-KOHIIE, TOJTHOCTHIO OMpeNeaiach Obl U3 COXpAHEHUs >HEPTUU U
UMITYJIbCa, W aJIpOH He MOT Obl HaXOIWThCA Ha MaccoBOil moBepxHocTH. B Teopum msBectHO,
KaK YAIUTBIBATh Takue 3PMEKTHI, HO pe3yIbTupyroiine GopMyabl aDCOTIOTHO HE MOAXOMAT IJI
MOHTEe-KapJIOBCKOIl peasnsaliuu.



D paKTUIecKoe pelleHne 3Tol TPOOIEMBI COCTOUT B TOM, YTOOBI BBITIOIHATH (pparMeHTAIINTO
¢ 00oMX KOHIIOB U @, TaK, 9TOOBI I KazI0TOo HOBOTO Ilara B Tpollecce pparMeHTAIlnNl OCY-
MIECTBJIAICA CIIydafiHbiii BBIOOD, CO CTOPOHBI KAKOTO KOHIIA [TOJIZKEH JIeTaThCs 3TOT miar. Fein
rar OCylecTBIAETCA OT (-KOHIIa, TO 2 WHTEPIpeTupyerca KakK mojda octapiuelica I+ p, cucre-
Mbl, HHaUe 2 WHTePIpeTupyercsa Kak nojd F/ — p, niis mara oT ¢-KoHila. B HekoTopoit Touke, B
KOTOPOIl ocTaBlllasics Macca CUCTEMbl CTAHOBUTCA MEHBIIE OIPEAe/ICHHOrO 3HaYeHUA, IpUHUMa-
eTcsdA, 9YTO Ha CJIEOYIOIIeM IIare poXKIaloTcd IBa KOHEYHBIX aJpoHa, a He alpOH U OCTaTOYHasd
cucrema. Tak Kak HYKHO BBIOpaTh UMITYJIbCHI IBYX, a HE OIHOTO apOHA, UMEETCH MOCTATOU-
HO€e KOJIMYIECTBO cTeneHell cBOOOMBI 114 BHIOOPA MTOTHOCTHIO COXPAHIONNXCS 3HATeHNH TOTHOMN
SHEPTUN U UMIIYJIbCA.

Macca, mpu KoTOpO# ocTaHaBINBaeTCA OOBITHBIN Mpollece (pparMeHTAur 1 POPMUPYIOTCH
7IBa KOHEUHBIX AJIPOHA, (DAKTUIECKN HE ABJIAETCH CBOOOIHBIM TTapaMeTpOM MOJENH: OHa 3a-
TaeTcAs B COOTBETCTBUW ¢ TpeboBaHMeM, UTOOBI CTPYHA Be3le BBITVIAE]Ia OIUHAKOBO, TO €CTh
9TOOBI TTPOCTPAHCTBO OBICTPOT JIA MBYX KOHETHBIX aPOHOB, ABYX BHYTPEHHWX WJIU OITHO-
rO BHYTPEHHETO W OHOTO KOHETHOTO aIpPOHOB OBLIO OMMHAKOBBIM B JTFODOM MecTe B TpoIllecce
dparMenTanUU. DOITOMY Macca, OTBeYAIONad OKOHIAHWIO TTporiecca (pparMeHTaIlny 1T JaH-
HOW YCTaHOBKM TapaMeETPOB ONPEEsIsieTcs B OTIETbHOM BBITOTHEHNN. Kean mapameTps dppar-
MEHTAIMN U3MEHAIOTCS, TO TpedyeTcss HeKOTopasd MepeHacTpoiika, HO Ha MPaKTHKe pa3yMHBIE
3aMeHBI MOTYT OBITH CIeJTalbl U Oe3 3TOoro.

DaccMoTpuM Tpotiece bparMeHTalll, B KOTOPOM yIKe MTPOW3OIILIO OTIIETIeHe Psla aIpo-
HOB OT KOHIIOB ( U {, X BblIE/IN/Iach OCTaTOYHAA CUCTeMa (;(;. Ecnm a1y cucremy pasopsarh
POXKIEHNEM TTaphl (,q,,, TO 3Ta Tapa OYIET cYnTaThcd KOHeUHOH, 1 OynyT pOpMUPOBAaThCA IBa
HOCJIeIHUX apoHa d;q, U (nJ;, ec/n

((E —I_pz)(E - pz))remaining = Wrzem < anm . (1214)
W oin paccuuTbIiBaeTCA COIJIACHO
Wonin = Wning + mqi + mq; + kmg,) (1 £6) . (12.15)

Bmecs W,,;,9 — ocHOBHOI cBOGOMHBIN TapaMeTp, 00biaHO Topsiaka | ['3B, onpenensemsbrit Tak,
9TOOBI JaBaTh POBHOE IJIATO 1O ObICTpOTE (OTHETHHO IJIA KayKIOTO THUIA TACTHI); MPU HTOM
3HAUEHNUE M0 YMOJIIAHUIO k = 2 COOTBETCTBYET MOJHOMY YIeTy Macchl KOHETHON maphl. Takxke
MOZKHO WCITOJTb30BaTh MeEHbBINE 3HATEHNA, B 3aBUCHMOCTH OT TOTO, KaKnWe KPUTEPUH MCIIOJIb-
3YIOTCA IS ONpeesieHus ~ HamTydinero” obbennnenus menoukn q u q. Muoxurens 1 £ 4,
3HaYEeHNEe KOTOPOTO M0 YMOJIIAHUIO paBHOMEPHO pactpeaesiero mexmay 0.8 u 1.2, obecmeunBaet
pasmbitue 3uaderns W,;,, Bo m3bexaHue paspbiBa U HEPUINIECKOTO oOpe3aHUA B pacipe-
MTeJTEHUY TT0 WHBAPWAHTHOW Macce MBYX KOHETHBIX aJPOHOB. Da3yMeeTcCs, 3TO paclpeeseHue
OyIeT HECKOJIBKO OTJIMIAThCA OT PACIIPEIEIEHU T JTI00BIX IBYX CMEKHBIX aJIPOHOB B JIIOOOM IpY-
rOM MecTe CTpyHBI. BesemcrBue momaBieHus XBOCT, OTBETAIONINH OUeHb OOJIBIINM 3HATEHUAM
Macc, OyIeT oTCyTCTBOBATE; MPHU ABUZKEHUU B CTOPOHY HUKHETO TIpeesia OYIeT yMeHbIIaThCs
KOJTTIECTBO COOBITHH, B KOTOPBIX IBa aIpoHa 00pa3yloTcs B TMOKOE OTHOCUTENBHO APYT APYTa.

DTa mporeaypa He paboTaeT TaK YK€ XOPOIIO I TAKEIBIX apoMaToB, TaK KaK OHa He
MOJTHOCTBIO YUUTHIBAET Hojiee KeCcTKYo (DYHKIMIO (pparMeHTaIu. D 03TOMY, B JOMOJTHEHTE K
MIPOBEPKE, TPOBOIUMON BBIIIE, BBITOJTHAETCA €Ille OHA TTPOBEPKA IJIs JapM- 1 OoJiee THKEThIX
apoMaToB, ciemyfornM obpasoM. Ecim mpoBepka BbIllle pa3pelaeT poxiaeHne HOIbIIero Iucia
YacTull, TO (POPMUPYIOTCH TAKENbIll aIpOH (;J,, U OCTATOK (,{;. 3HaY€HUE 2 B PaspelleHHOM
Jnana3one, TO eCTh 10J#A ocTatoulelica I + p,, Koropad MoKeT ObITh TepefaHa aIpoHy (;q,,,
TTOJIZKHO JIeZKaTh TaJileKo OT TIpeaeSbHbiX 3Haderuit 0 u 1 n3-3a HaIU9Ins onpeneseHHol Macchl
Y i{,-CUCTeMbl 1 HEKOTOPOH MUHUMAJbHON MACCBI Y (,{;-CUCTEMbL. D PeIesbHble SHAUeHUs



dbusuyeckoro auanasoHa z MOJIyYaloTCs, KOTIa (,{,;~CUcTeMa COCTOMT TOJIbKO U3 OJTHOM YacTu-
1B, UMeIolLelt B TOM cJlydae XOPOUIo OlpelleSIeHHYTO MoNePedHyo Maccy m(f). U3 3navenns z,
MOJIy9€HHOTO ¢ TpuMeneHrneM (hYHKITIN (pparMeHTaIuu /15 TTPEIeSIOB, OTBETAIONINX OeCKOHe -
HBIM 3HAYEHUAM dHEPTUN, EPecUIuTaHHOe 3HAUeHe 2’ MeXKIy STUMU MpeIe/laMi Oy daeTcs B

cJIeAYTONIeM BU/IE:

2
) 2 2 2 02 2 02
r_ Lin 1ny Lin 1ny Lin 1ny
S=o i et e e 2e - D (1216)

(0)

!
D0 3HAYEHUIO 2’ MOKHO PacCYMTarb (PaKTHUECKYIO HOIEPEUHYIO MACCY M, > M, ; CHCTEMBI
4nq;. s Gonee yem oHOl YaCTUIBI, POKIEHHON U3 TON CUCTEMBI, TOJKHO BHITOJHATHCS

TpeboBanme
2

M, = (1= =) (W2, = T ) > (g + Woino)* + 07 (12.17)
Ecmm »To me Tax, To cumTaercs, 9To cucTeMa (,q; hopMHUpYeT TOTHKO OfIHY HacTHILY.

CiteficTBHEM TIPOIIEAYPBI, OMUCAHHON BbINIE, ABIsAETCA TOT (PaKT, UTO MPU MTPUOTUKEHIN
K GecKOHETHOMY Mperesly 1o »Heprum, W T.K. (yHKuna (gparmentannu f(z) pacxonwres B
npu z = 1, Gosiee BepoATHO, 4TO B »TOl obsacTu OYAYT POKIATHCA TOJIBKO JIBE dacTHIbl. B
YACTHOCTH, JJIsA ti-CHCTeMbl, THIe 0XKuIaeTcsi o4eHb OONbIIoe 3HaYeHne (Z), COCTOAHNA ¢ IBYM
KOHEUHBIMI YacTHIIAME Oy/IyT TOMHUHUPOBATH B OOJIACTH CYIIECTBEHHO BBIIIE MOPOTa. 2 POIie-
Jypa BbIIe ObLIa TOCTPOeHa TaK, YTOOBI IO ABYX 9acTHIL PACCUNTHIBAIACH HEMOCPEICTBEHHO
u3 pacnpenenerns f(z) n (MpuGIUSHTETHHOTO) MAcCOBOTO CIEKTpa, HO 3TO HE €IMHCTBEHHbIH
crrocob. DA IPYTUX UCIPOOOBAHHBIX AJIbTEPHATUB /I CUMMETPUIHON JIyHIOBCKOH (hyHKIINN
bparMeHTAIIY TAIOT, IO CYIIECTBY, TOT YK€ CaMblli pe3yJIbTaT, ¢ TeM pa3JIudueM, 9TO IpyTHe
dbyuRIIE pparMeHTaIE MOTYT OBITH OOJIee TyBCTBUTEIBHBIMI K JIETAJIAM MPOIEcca.

9 PEoNIOKIM Telephb, YTO /IBa KOHEUHBIX aJIpoHa yiKe BBIOpaHbl. Fcu momnepednas macca
ocTaTKa MEHBIIIe CyMMBbI MOMEPEYHBIX MacC JBYX KOHEUHBIX apPOHOB, TO BCA IEMoUYKa (par-
MEHTAIINU OTKJIOHAETCHA, W MPOIEAypa MOBTOPAETCSA OT KOHIOB (¢ U (. DTO HE MPUBOIUT HU
K KaKOMY CYIIECTBEHHOMY CIBHUTY, TaK KaK pelleHre, OTKJIOHATh WU HeT Iernouky (gpparMeH-
Talli, 3aBUCUT TOJBKO OT TOTO, YTO MPOUCXOANUT Ha CaMOM IMOCTE[IHEM Iare U OMPeaeseTcs
3abupaHueM Ha ITPEATOCIeTHEM MIare CJAUIIKOM GOIBIIOT0 KOJMIECTBA IHEPTHUM, T.€. HE 3aBUCHT
oT cobBITHUll Ha GoJlee paHHWX IIarax.

Ecsu, ¢ apyroii cTopoHbI, Macca ocTaTKa JIOCTATOYHO BEJNKa, TO UMEIOTCH IBa KHHEMaTH-
YeCKH Pa3peIIeHHbIX pPelleHrs 11 IBYX KOHETHBIX apPOHOB: JIBa 3€PKAIbHBIX OTOODaKEHU S
B CHCTEeMe TOKOs ocTaTKa. Kpome Toro, BBIOOP MEkKIy PTUME IBYMS PEIICHUAME TaeTCH B
COOTBETCTBUN € TPEOOBAHWEM HEMPOTHBOPEUYUBOCTH U MOXKET OBITH OCYIIECTBJICH IPU U3y ICHUN
cTpyi#t ¢ GECKOHEUHBIMI SHEPTUAMEU. BepoATHOCTH 00PATHOrO YTOPAJIOYEHUs, TO €CTh KOIJa
yIOpsI0YeHre o ObICTPOTe U TI0 apoMaTaM He COTJIACOBAHBI MeZKIy coboil, mapaMeTpusyercs
B BUJIE

preverse —

1 (M)d (12.18)

2 Wrem
Has cumMeTpraroit pparMenTannn yoopaaodenne, Kak oXuIaeTcsa, Oyaer Bce Dosee u bostee
CTPOTHM IIPH BKJIIOYEHUN Bee DoJiee MaCCUBHBIX YacTHIl. B mporpaMme mosToMy CIUTAECTCH, ITO
d — dynxuua mace, d = do(m i, + my,;)?, toe do — cBobonHbIil mapaMerp.

Korma BkiIodaercs TakKe poKAeHHE OapMOHOB, BO3ZHHUKAIOT HEKOTOpPBIE CHENI(pUICCKUE
npobstembl. Chauasia paceMoTpuM cutyanuio g BB. JlomycTuM, B WHBapHaHTHON WTepalm-
OHHON cXeMe BHAJIM OT CEPEeIMHBbI COOBITU yiKe MMeeTcsa KBapK, W HYKHO BBIOpaTh ANKBapK



COOTBETCTBYIOINIETO apoMaTa WM KaKyIo-HUOYIb IPYTYIO0 MOAXOIANLY0 KoHpUTypaino. B iro-
GoM cirydae BHIOOD HOBOIO apoMara MOYKeT ObITh BBIMOJIHEH ¢ yaeroM gucsa cocroanuii SU(6)-
MYJIBTHUILIIETOB, TOCTYIIHBIX [IJIA KBapK-IUKBapKoBoi KoMOmHanuu. OXHAKO I Caydasi, KOTIa
nocaenHuit pasphiB (,q, €CTh aHTUINKBAPK-IUKBAPK, Beca A (POPpMUPOBAHUA (;q,, 1 (,,J; BBO-
IATCSA B OHO U TO Ke BpeMmsA. Mbl He 3HaeM, KaK MOKHO PEIUTh 3Ty MPolJIeMy; B IIpOrpaMMe
CIIEJIAHO CJIeyTolllee: MCTOIb3YIOTCA Beca, KaK OOBbIYHO, HjidA Oapuona (;q, MpH BBIOOpE (), a
3aTeM cHucTeMa (,(, paccMaTpuBaeTcsa KakK 3ajaHHad. Heam (,q; oKasbBaeTcsA aHTHIMKBAPK-
IMKBapKOBON KoMOWHaImell, TO OTKJIOHIETCA BCA IMernodKa (parMeHTaIlnu, TaK KaK HaM He
M3BECTHO, KaKUM 00pa3oM (hOpMHUPOBATH COOTBETCTBYIOININE aPOHBI. D OM00HasA TTPOLIEMa BO3-
HUKaeT (U pelraerca B mMojobHOM Xe myxe) nisa BM B-xondurypanmu, B Kotopoit B (momw F)
yiKe BBIOpaH KaK TPeThsA U MOCJEIHAA JaCTUIla, U HY KHO CTeHEpUPOBATh OCTAJbHBIE ABE. O pU
9TOM HEOOXOIMMO PacCMOTPETHh BCE BO3MOZKHBIE MyTH (POPMUPOBAHUA aJIPOHA TAHHOTO 3BEHA
MEMOYKN KaK OapuoHa.

Xots# B mipotenype o0beInHEHNA HY JKHO YINTHIBATH HEKOTOPBIE TPAKTHIECKIE KOMITPOMIIC-
cbl, TOT paKT, 9TO OObEINHEHNE UMEET MECTO B PA3HBIX YaCTAX CTPYHBI B Pa3HBIX COOBITUIX
O3HadYaeT, UTOo, 10 CYIIECTBY, B KOHIE HE OCTAETCA HUKAKUX BUIAUMBIX 3(PEKTOB.

12.2.3 JIBu>KeHHe BIOJIbL CTPYHBI M mH(pPpaKkpacHasi CTAOMIHLHOCTD

HasaiiTe Temepb obcyaInM CTPYHHYIO MOTIESb (bparMeHTAllNy TTPOCTON (q-cucTeMbl cTpyit. Yro-
OBI TTIOHATDH, KaK 3TU PE3YJIHBTATHI MOKHO ODOOIINTH 11 TPOU3BOIBHBIX CUCTEM CTPYH, cHavda a
HEOOXOIMMO U3YUNUTh ABUZKEHNE MapTOHOB BIOJIH CTPYHBI B TOM CJIydae, KOrma (bparMeHTalns
He TpoucxoauT. B masbreliiieM Mbl OyneMm mpeamnoaraTh, 9T0 KBAPKU W TJTFOOHBI — O€3Macco-
BbI€, HO BCe apTyMEHTBI MOTYT OBITH 00ODIIEHBI Oe3 0CODBIX TPODBJTEM U Ha CJIydall MacCHBHBIX
KBapKOB.

s qG-cobwbitusi, pacemarpuaemoro B cucteme [IM ¢ momnoit snepruett W, mapromsr Ha-
YUHAIOT TEPEMEINATHCA B TPOTUBOIOIOKHBIX HAIPABIEHUAK, TEPEHOCH TTOJIOBUHY SHEPTUH Ka-
KIIBIH. DOCKOJBKY OHU JIBUKYTCH 0OOCOOIEHHO, WX PHEPTUS U UMITYJIbC MEPETAIOTCs CTPYHE.
Korna mapromsl ypassorces aApyr orT apyra Ha paccrosuue W/k, Bes aHeprusi napToHOB 3a-
maceHa B CTPYHE. DapTOHBI TOT/Ia Pa3sBOPAIMBAIOTCH W HAUYMHAIOT COMKATHCA € OOpATHBIMU
[0 HAMTPABJIEHNWIO W PABHBIMU O MOIYJIIO TEPBOHAYATBHBIM BEKTOPAME WMITYJIbCOB. ITO CO-
OTBETCTBYET TOJIOBWHE IOJTHOTO Mepuoia ABUKEHUA CTPYHBI; BTOpas MOJOBUHA IIPOIECca ITO-
BTOpsETCA 3epKaJbHBIM oTObpaxKennmeM. [lia manprefimmx obobIeHnit Ha MyJIbTHITAPTOHHBIE
CHCTEMBI JaeTcs yaoOHOoe oMcaHie HEPIUN U MOTOKA UMIyJibca B TepMutax ~renos” [Art83],
MHPUHUTE3MMAJTHHBIX TAKETOB TeTBIPEXUMITYJIBCOB, MEPETaHHBIX TapTOHAMU cTpyHe. ['eHbr ¢
p. = F, mcnyckaemble W3 KOHIIA (| Ha HAUaJbHOW CTAIWW IBWKEHUS CTPYHBI, OyIyT IBUTATHCH
B HAIIPABJIEHUN ¢ CO CKOPOCTHIO CBeTa, a T€HBI € p, = — F, ucnytieHHble u3 q, OYIyT ABUTATHCA
B HaIlpaBJIeHUN (. TakuM 0Opa3soM, B 9TOM MPOCTOM cJIydae HalpaBJIeHNe IBUKEHUA T€HA TPO-
TUBOIOJIOKHO HAPABJIEHWIO IBUKEHUA CBOOOMTHON TaCTUIIBI € TAKUM K€ TeTHIPEXUMITYTHCOM.
910 00YCJIOBIIEHO HATAKEHUEM CTPYHBL. Fcim cuctema cTpyit paccMaTpuBaeTcs He B CHCTEME
[IM, paboTtaer mpaBmI0, IO KOTOPOMY JTFOOO0# MapTOH MTPOU3BOINUT TEHBI € I€THIPEXUMITYTHCOM,
MPOTTOPIIHOHATBHBIM CBOEMY UeTHIPEXUMITYJIBCY, & HallpaBJIeHTe IBUKEHM S JIFOOOTO TeHa TaeTcs
HallpaBJIEHNEM UMITYJIbCa BCTPETHBIX TEHOB, TO €CTh T€HOB, UCTIYIEHHBIX TAPTOHOM W3 JIPYTOTO
KOHIIA OTIpeleSTeHHOM JacTn cTpyHbl. Korma ( Tepser BCIO HEPTUIO, TEHBI OT , KOTOPbIE PaHb-
e He MOTJIN 3a/iep KaTh ABUKEHUE (, HATMHAIOT HATAJIKUBAThCA HA HETO, W ( OTTATUBAETCH
0obpaTHo, B Ipolecce ABUKEHUA ~coompas’ TeHbl . Korma ( m q BCTpedaioTcsi BHOBD, OHI Y Ke
MOJTHOCTBIO OOMEHSAJTNCH TeHAMU 0 CPAaBHEHWO ¢ HAadaJIbHOW cuTyarueti.

3-cTpyiiroe cobbITHE (g N3HATATHHO OTBEUAET CTPYHHON KOH(UTYpAIlNK, KOTIa OJINH KYCOK



CTPYHBI HATATHBACTCA MEXKIY ( U €, a BTOPOH — MeKay ¢ 1 . Takum o6pa3oM, TeHbI OT g TEKYT
K q n . CoOTBETCTBEHHO, TeHBI U ( TEKYT K g. Korma rifooH TepseT BCIO HEPTUIO, TEHBI
g TPOJIOJIKAIOT MepeMelaTbess 060cobenHo 1 hOpMUPYIOTCA B 7~ CPEIHIOI 0071acTh’ MOJTHOMN
CTPYHBI, COCTOANLYIO U3 TEPEKPHITHA TeHOB q 1 q. JIBe "Bepmmubl”, pasmensronine Tpu 00IacTh
CTPYHBI, HE CJIEyET TPAKTOBATh KaK TUIIOOHHBbIE KHHKU: OHI HE HECYT HUKAKOTO WMITYJIhCA.

Ecan 661 »Ta Tperba obsacTh (popMEpoOBaIachk BO BpeMeHa, OOJIbIINE XapaKTepHOTO Bpe-
MeHU (bparMeHTally, 3TO He TOBJIUATIO Obl Ha paclpele/ieHre SHEPTUH MeKIY Pa3InIHbIM
JaCTUIIAMA. DTO BEPHO B TIpelesie BBICOKUX PHEpPruil IJIsi XOPOIIO BBIIEIAEMBIX MTapTOHOB.
9 a00opoT, M MaJofl PHEPTUN TJII0OHA TPEThA 00JIACTh CTPYHBI TOABJIAETCA PAaHO, W 00IIasd
CTpYHHadA KOH(MUTYpAIua CTAHOBUTCA MCTHHHO 2-cTpyiHOMOMOOHOM, TaK KakK TpeTbsa 00JIacTb
CTPYHBI COCTOUT W3 TEHOB (| W ( W MO3TOMY BeleT cebs B TOYHOCTH KaK CTpyHa, HaTAHYTasd
HEMOCPENCTBEHHO MEXKIY ( U (. B Tpemese HyJeBOTO 3HAYEHWS SHEPIUU TUIIOOHA [IBE HATa Ib-
HbIe 00JTaCTH CTPYHBI KOJLTATICHPYIOT, W BOCCTAHABJIMBAETCA OOBIUHBIN ciyaait 2-x crpyit. [lma
KOJIJIMHEAPHBIX [UIIOOHOB, TO €CTb Korma O, (mmm fg,) Mas, cTpyHHas KOH(MUTYpalud TakkKe
CTAaHOBUTCH 2-cTpyiiHononobnoii. B wacTHOCTH, KOHEIl CTPYHBI ¢, CABUTAACh Ha PACCTOIHUE
Pq/K, TepHET TeHBL, TlepelaBasd UX CTPYHe, I TOLa Ha PACCTOAHNN Pg /K MepBbI KyCOK CTPYHBI
cobmpaeT TeHBI OT g, a BTOPOH — TepensIydaeT 3T TeHbl. B mejoM cTpyHa COCTOWT W3 TATH
pasmaHbIX obstactell. OKoOHUATEbHBIT pe3yIbTaT TPUOIU3UTETHHO TaKOM: cTpyHHas KOH(U-
rypalnus BBIIVIAINT, KaK ec/Ii Obl CYIIecTBOBAJI TOJBKO OIWH HapTOH ¢ »Heprueil |py + Pgl,
OIATH BOCCTaHaBIWBaeTcA NPOCTOR ciydail ¢ 2 crpyamu B mpenese O, — 0. ITn cpoiicTBa
NIBUKEHWS CTPYHBI OOBACHSAIOT, TOUEMY CXeMa CTpyHHON (parMenTanuu obJragaer cBOHCTBOM
nHppPaKpacHON cTAOMIBHOCTU OTHOCUTEHHO U3JTyIeHUA MATKIX MM KOJJIMHEAPHBIX TTI0OHOB.

Obcyxmenne 3-cTpyHHBIX COOBITHI MOKHO OOOOIINTEH W Ha CIydall IBUKEHWS BIIOJb CTPY-
HBI € KOHIAMEU ( W ¢ ¥ TPOW3BOJBHBIM UNCJIOM TTPOMEKYTOUHBIX TJIIOOHHBIX 3BeHbeB. [l
n TapTOHOB W, COOTBETCTBEHHO, N — 2 TUIIOOHOB MCXOIHAsA CTPyHa COCTOUT W3 n — | dacTteti.
Kaxnpiit pas, Korma onnH u3 MepBOHAYAJBHBIX TJIFOOHOB TepsAeT »HEPTU0, GOPMUPYETCH HO-
Basg 00JlacTh CTPYHBI, OTpaHWYeHHas TMapoi ~Bepund . Korma momosHUTETbHBIE ~BEPITHHBI
BCTpedaroTCA APYT ¢ APYTOM, cTapble 0OJAaCTH CTPYHBI MCUE3AOT, W POKIAIOTCA HOBasd, Tak,
4TOOBI MOJIOBUHA IIepUofa CTPYHBI comepxKana 2n’ — 6n + 5 pasauunbix obaacreil. Kaxmyio
3 3TUX obJlacTell MOKHO TPAKTOBATh MPOCTO KaK MOCTPOEHHYIO U3 HAKJIAIBIBAIONINXCA IPYT
Ha Ipyra (IBUAKYIMXCA B TPOTHBOMOIOKHBIX HATPABJIEHNAX ) TEHOB OT IBYX TTEPBOHATATBHBIX
MapTOHOB B COOTBETCTBUW € XOPOIIO ONPEIETeHHBIMI TTPABUTAMI.

12.2.4 @parmMeHTANUsA MYJIbTHOAPTOHHON CHUCTEMBI

DosHBI MexaHU3M, HeOOXOMMMBIH 115 (pparMeHTalluy My IbTUIAPTOHHON CHCTEMBI, OU€Hb CJI0-
KeH, OH olucaH MoapobHo B [Sj684]. Dpemiaraemas HUXKe cxeMa He SBJIACTCH 3aBEPIICHHOM,
HO OHa M He TakK cjJoxkHa. OCHOBHas NeJb MPHUBJIEYEHHUA HTOM CXEeMbI — JIOBECTH 10 YUTATes
MBIC/Ib, YTO CYUIECTBYET JIOPEHIIEBCKHUH KOBapMaHTHBIH aJrOpUTM /i 00pabOTKH ITPOU3BOJIb-
HOil mapTOHHO! KOH(UTYpammun, HoO HeOOXOAMMBbIH MexaHI3M OoJlee CJI0KeH, YeM B KJacTepHOit
WM He3aBUCUMOil pparMenTainm.

DacCMOTPUM N TAPTOHOB, YNOPATOYEHHBIX BIOJb CTPYHBI U CBA3aHHBIX YeThIPEXUMITYJIb-
camu, q(p1)e(p2)e(ps) - - g(pn—1)q(p,). DadanbHas cTpyHa TOrda COTEPKUT N — | OTHAETHHBIX
KyCcKoB. KyCcOK cTpyHBI MeKIy KBapKOM M OJIMKafINM TJTFOOHOM B IPOCTPAHCTBE YeThIPEXMM-
MYJIbCOB OIPaHWYEH € OJIHOIN CTOPOHBI YETHIPEXUMITYIHCOM pg_l) = p1, a ¢ apyroit — p) = p, /2.
Muozkurens 1/2 Bo BTOpoM BbIpakKeHUN BOZHUKAET U3-3a TOTO, YTO [JIIOOH PACIPENEsIAeT CBOIO

2

YHEPTHUIO MEXKTY IBYMA Kyckamu cTpyHbl. Uamexkcer ”+7 u 7 —" o3HauatoT HampaBjeHWe K ( 1
Q-KOHITy, cooTBeTcTBeHHO. (Clenyonmit Kycok cTpyHBI, CINTas OT KBAPKOBOTO KOHIIA, OTPAHM-



(2) (2) (n=1)

4eH py = p2/2 u p’ = p3/2, u Tak nasee, M MOCJAENHErO KycKa MMeeM o = p,_1/2 m

p(_n—l) = p,.
(@)

Hmst Toro aTobb asropuT™m paboTasi, BasKHO, ITOOBI BCe py’ paclojarajnch Ha CBETOBOM
KOHyce, TO ecTh p(ji)Q = (. Tak xKak TITOOHBI H€3MaCCOBBIE, TO 3/I€Ch TOJIBKO IBa KOHETHBIX KBAP-
Ka MOTYT CO3[1aTh MpobJieMy. 31mech Tpebyercs Mporenypa Aad KOHCTPYUPOBAHNSA BEKTOPOB Py
IUIA KaKIIOTO U3 [IBYX KOHIIOB OOJIACTHU, OTPEIeAeMbIX KaK JIMHeHHble KOMOMHAIINT U3 CTa-
PBIX pi U TOH e 00JIacTi ¢ TaKUMU KO3 PUMueHTaMn, 9TOObI HOBble BEKTOPHI JI€KaIl Ha
cBeToBOM KoHyce. DaKTuUyecKu, 3TO COOTBETCTBYET 3aMeHe MacCMBHOTO KBapKa B KOHIIE KyCKa
CTPYHBI Ha 0e3MaccoBBIli KBapK B KOHIIE HECKOJBKO HOJee IITMHHOTO KycKa. 3a HCKIIeHneM
puUKTHBHON 100aBKM, KOTOpas B JIOOOM cJIydae MOJHOCTHIO YXOINT Ha POXKIEHUE THAKETOTO
aapoHa U3 TAXKEJIOro KBapKa, IBUKEHUe CTPYHBI OcTaeTcd HEM3MEHHBIM TPU TaKo# omnepalniu.

D pu HeNMpepbIBHOM [BWKEHWN CTPYHBI, KOT/la ¢ TEYEHWEM BPEMEHU MOABJIAIOTCSH HOBBIE
obacTu, mepsbie (o BpeMeHN BOSHUKHOBEHNA ) TaKie 00J1acTil MOKHO TPEICTaBUTh OTPaHNIeH-

() (%)

HBIMHU I€TBIPEXBEKTOPAMI, COCTOAIINMHI W3 OTHOTO Py’ W OTHOTO p. , ¢ j U k, He 0OA3aTETIHHO
UAYIUME TP, DanpuMep, B COOBITUN (g TPEThsA 00JIacTh CTPYHBI OrpaHudeHa pg_l) n p(_B).
Da bosiee TO3IHUX IIarax BOJTIONAN CTPYHBI TAKKe MOYKHO MOJYIUTh 0OJacTH, OrpaHuIeHHbIe
BEKTOPAMHU, CICJTaHHBIMU U3 ABYX Py WA ABYX p_ UMIYJIbcoB. Takwme 00acT BOSHUKAIOT, KO-
[/la KOHEUHBIH KBapK MOTEPAS BECh MEPBOHAYAIBHBIA UMITYJIHC, TOJTYUUT UMITYJIbC OT TUTFOOHA
U Terepb CHOBA MCIYCKAET TaKOo# Ke MMIYJIbC. D PAKTUUCCKH HTUMU 00JACTAME MOYKHO IMpe-
HEOpedh. D0dTOMY B H%qorpaMMe paccMaTpUBAIOTCA TOJHKO KYCKH ¢ BEKTOPAMHE, CIACTAHHBIME
13 mapbl UMITYJIbCOB (p_ﬁ),p(_k)).

Homyctum, 910 00J1aCTH CTPYHBI MOKHO YHOPATOUUTH B aDCTPAKTHON IIOCKOCTH mapame-
TpoB, T (J, k) — MHIEKCHI TTap 9eThIPEXNMITYIHCOB — OTPEIEITAIOT TTOJOKEHNe KazK 0l 0bacTn
o IBYM OCAM KoopauHat. B »Toil miockoctu mporenypa ¢pparMeHTalinm MOXKeT ObITh OIica-
Ha KaK IOCJeTOBaTebHOCTD 1Iar0B, HATMHAIIMXCA B KBapKOBOM KoHIe, rme (j,k) = (1,1),
U 3aKaHUMBAIOUINXCA B aHTHKBapKoBoM, Tie (7,k) = (n — 1,n — 1). Kaxnprii uar canraer-
cA OT BEPIINHBI POXKIEHUs ~cTapoit” mapbl ¢;_1q;_; [0 BEPIIWHBI POKIEHWA ~HOBON mapbl
q;q;, ¥ KYCOK CTPYHBI MeXKIY STUME IBYMSA pas3pbIBAMU TIPEICTABIAET coDOH aIpoH. DeKo-
TOpBIE MIArW MOTYT JeJaThCs B Mpeaeax OIHOH U Tol Ke objlacTi, B TO BpeMs Kak JIpyrue
MOTYT MMeTh OJHY BEpIIMHY B OfHON obsacTu, a Apyryto — B japyroii. Tpebosanme memnporu-
BOPEUUBOCTH HaPAY ¢ COXpaHEHUEM »HEPIUU-UMITYIhca TUKTYET, YTO 0bJIacTh 3HadeHu j u k
BEPIINH yTIOp#AJI09YeHa B MOHOTOHHOMN MOCIETOBATEILHOCTH, W MOJTOKEHUA BEPIINH MOHOTOHHO
YIOPAJTOYEHBI BHYTPH Kak1oh obact. YeThIpexuMITy Ibe KasKI0To aIpoHa MOKHO IOy IUTh
U3 3HaUYeHUH UMIysIbcoB pi (p_), TPOEKTUPYS PACCTOAHIE MeXKIy CTapoii m HOBOH BeplImHOM
Ha ock J (k). Ecnm nons gerwipexummysibea pji), OpUHATA aJIPOHOM, 0OO3HATACTC x(jz), TO
HOJTHBI 4eTHIPEeXUMITYTHC apOHa JAeTCs

J2 N ko ) . . .
p=3" PP + 3 @B qop ek g elink) gy elik) gy elk) o (12.19)
J=h k=k

NJIA ara u3 oomactu (Ji, k1) B 0bmactd (g, ko). D pu HeoOXOMIMOCTH :L'Sf) MOZKeT OBITH TTOJIO-
KeHa paBHOW enuuune mis j; < j < Jo, U TO Ke BEPHO JJIs ™.

Dapswl (pg, py) — TOMEpedHble UMITY/IBCHI, POKIAaeMble TIPH JABYX PA3pPhIBaX CTPYHBI, a Mapbl
(éz,€,) — UETHIPEXBEKTOPDI, MEPIEHINKYIAPHBIE HATIPABIEHUAM CTPYHBI B 0OJaCTAX, COOTBET-

CTBYIOIIUX pa3pbiBaM CTPYHBI:

éé]k)? — él(/]k)Z - 1 7
eUR () — é;{fyf)pg) _ é;{f;)p@ —0. (12.20)



Tor dgakT, 4To aIpoH HOJKeH GLITh Ha MaccoBofl mosepxHocTH, p* = m?, HaKjaIblBaeT

OTpaHUWYeHre Ha MECTO CTPYHBI, I/l MOXKeT ObITh HOBBIN pa3pbIB, MPHU YCJIOBUHU, UTO CTapbIit
yZKe U3BeCTeH, B TOUHOCTH KakK Kak yp. (12.3) ompenesger 310 B TPOCTOM CJIydae ¢ 2 CTPYAMIM.
OcraBiragcs cremenb cBOOOMIBI, KaK W MpeXk/Ie, HOJKHA onpenendaThesa pyHkneit pparmenTa-
mn f(z). UaTepnperanns z Xopolo olpeaesieHa TOMbKO I/ Hara, TOJHOCTHIO HaXOIAIEroCs
B OJTHON M3 HAYaJIbHBIX OOJTacTell CTPYHBI, OTHAKO TOTO HE HOCTATOYHO. B ciaywae ¢ 2 crpyamu
3HAYEHUA 2 MOTYT OBITH CBA3AHBI C MHBAPUAHTHBIMU BpEMEHAMU PA3PBIBOB CTPYHBI CJIETY FOIIIM
obpasom. Depemennas [ = (kT)?, ¢ k — HaTAKEHNEM CTPYHBI U T — WHBAPUAHTHBIM BpeMeHeM
MeXKy BEepUIMHON pOXKAeHWA TMapTOHOB M TOYKON paspbiBa, YIOBJETBOPAET MTEPAIMOHHOMY
COOTHOUIEHUTO BUIA

FOZO,

mJ_z

Fi = (1 — ZZ) Fz—l + (1221)

i

Bmecy ['y maer sHaveHme B KOHIEBBIX TOUKax q U q, a 1';_; u ['; — smavenwns B crapoit m HOBO
TOYKaX PaspbiBa, Ille NOJKEH POXKIaThcA aJpOH ¢ MolepedHoit Maccoil my;, U 3HaUYeHneM 2; Ha
i-M 1rare, BHIOPAHHBIM B cOOTBeTCTBUU ¢ f(z;). VHBapmaHTHOE BpeMsA MOXKeT OBITH OIpenese-
HO OIHO3HAYHO 10 TPAHUIAM MeXKIy Pa3MIHBIMEI OOJTACTAMEU CTPYHBI, TaK 9TO I MYJIbTH-
CTPYHHBIX COOBITHI TTepeMeHHas z MOYKeT WHTEPIPETUPOBATHCA TOJBKO KaK BCIOMOTAaTeTbHALA
nepeMeHRHas, HeOOXOINMas s olpeneseHns ciaenyollero snadenus . (s npoussonwoii or
JIYHIOBCKOH cumMmerTpranoit byHKIIN dpparMeHTanny nepeMenHas || MOABIA€TCA ecTecTBEH-
HBIM 00pa30M, TaK ITO BBIOOP HE TaK MPOU3BOJIEH, KaK 3TO MOXKeT moKasarhes.) Orpanudenuii
Ha Maccy u [' BMecTe ocTaTOYHO Ui ONpenesieHns, TIe TOJKEeH BBIONPAThCA CJIeMy IOt pas-
PBIB CTPYHBI, IPU MCHOJIH30BAHUU WTepalnoHHOl cxembl. PaxTuyuecKu, ocraeTcss HEKOTOpasd
HEOTIPeNeSIEHHOCTD, He BJINAONIAA Ha OOIIYI0 KapTHHY.

AsropuTM 0bHApPY KEHUS CJIEIYIONIETO pa3pbiBa TOTIa paboTaeT MpUMepHO Tak. Buibupaert-
cd allpoH, p; W 2z W BblUKC/IAeTcH cllenyiollee 3nadenne I'. Eciau crapwiit paspbiB HaxoauTes B
obmactu (j, k), m HOBBIl pa3spbiB TaKiKe CIMTAETCA HAXOMANMMCHA B TOH Ke 0OJTACTH, TO Orpa-

Huderns Ha m’ u I’ MoryT 66ITh HepedopMyIupoBaHbl B TepMUHAX ToJedt xg) u l'(_k) TTOJIHBIX
JeThIPEXUMITYJIHCOB pgf) u p(_k), nepefanHbIX aJIpOHY:
M? = ¢ + 02:1;3{) + 03:1:(_) + c4:1;E|_):1;( ) ,

Bmech K03dHUIUenTH ¢, — eficTBUTEHHO TPOCTHIE BBIPAKEH S, IOy YaeMble TIPU BO3BEIEHUN
B kBagpar yp. (12.19), a d, — HeckonbKo Gosiee CIIOXKHBIE, T.K. OHU 3aBUCAT OT MOJOKEHUA
CTaporo paspbiBa CTPYHBI, HO U C,, U d, MOYKHO BBIYUCIUTH B HBHOM Bume. Taxkum obpasom,

(7)

OCTaeTCdad CHUcCTeMa ypaBHeHI/II/I C IBYMA HEN3BECTHBIMU l'_|_ n l’ OTCyTCTBI/IG KBaIpaTUIHBIX

(1)2

1JIEHOB OOYCJIOBJIEHO TeM, 9TO BCE Py 0, To ecThb BBIGOPOM (GOPMYITUPOBKN 3adadn HaA
cBETOBOM KOHYce. U3 MBYX BO3SMOKHBIX pellleHuil cnmcTeMbl ypaBHeHWH (ycTpaHerne onHol Tre-
peMeHHOl TaeT ypaBHEHWE BTOPOH CTENeHn A Ipyroit) ofHo — HedU3mIecKoe N MOKET OBITh
OTBEpPTHYTO cpasy. [Ipyroe pelienne nposepsaeTcs Ha IpeIMeT TOTO, PACIOTIATAOTCA JI 3HAUe-
HUS T4 BHYTpHU (DU3UIECKN pas3peleHHol 061acTi, To ecTh BEPHO JIU, 9TO CyMMa 3HAUEHU Tt
TEKYIIEro Iara n yi:Ke HaliJeHHbIX 3HaueHU Ha TpedblAyIInX [Iarax MeHbllle eTuHuIbl. Fcim
9TO TakK, TO peliieHue Halineno. Ecim #HeT, 9T0 MOKeT OBITH TOTOMY, UTO pa3pbiB HE MOKET MTPO-
I/I3OI71TI/I BHYTPH U3ydaeMoli 0bJIacTh, TO €CTh MOTOMY, 9TO CHCTEMa ypaBHEHWI ObLTa pelreHa
(TR

i T HepaBMWIbHON  0bJIacTh. D 03TOMY HYKHO W3MEHUTh WHIEKC j WK k Ha OJINH Iar BbIIIe,
TO €CTh TepefiTn B clenyomyto, oumKatiyo obracts cTpyHbl. B »Tolt HOBO 0b/TacTH MOKHO



HalmcaTh HOBYIO cHcTeMy ypaBHeruit tuma yp. (12.22) ¢ moBbiMu KosdduiimeHTamMn. 9D oToM
HAaXOJINTCSA W MPOBEpAETCA HOBOE peIleHne, U TaK Jajee, OKa He OyneT nHaiimero dbusmaeckn
mpueM/eMoe pelileHre. UeThIpeXuMIy/Ibe aJIpoHa Torla jJaeTcs Bbipakennmem Tuma (12.19).
DaliTeHHBI pa3spBIB ONpeesisseT HadaJ bHYIO0 TOUKY [JIf HOBOTO IIara B IemovdKe (pparMeHTa-
[N, U TaK J1ajee 10 3aKII09NTeTbHOTO OObeTMHEHNSA B cepeIHe, BBITIOTHAEMOTO, KaK B CJIydae
¢ 2 CTPYAMU, ¢ HE3HAUNTESTHHBIMU N3MEHEHMAMMA.

12.3 DezaBucumana pparMeHTaAINA

Donxon Hesapucnmoil dparmentanun (DP) orHOCHTCA K Hadary ceMumecaThix romos [Krz72]
U TIOJIy9mJI [IHPOKoe pacipocTpaterue mnocie crarbu Puibma u Peitumana [FieT78]. Bnocsen-
crBun P mocsTy Kuta OCHOBOW 1A IBYX IIMPOKO WCIOIH3YEMBIX MTPOTPAMM, 0a3upyONIIX

wa pannux marHbx ¢ PETRA/PEP — Hoyer [Hoy79] u Ali [Ali80]. JETSET nwmeer B Bume

ormuii (He Mo yMOJYaHUIO) UHPOKAil BHIGOp agropuTmMoB JP.

12.3.1 PparmeHTaAIusd OTAeJIbHON CTPYH

B anropurmax 9@ npuanMaeTcs, 9To pparMeHTaNA TPOU3BOIBHON CHCTEMBI TAPTOHOB MOKET
OBITDH OlMcaHa KakK HeCBA3Has CyMMa HE3aBUCUMBIX TPOIeayp pparMeHTalni Ka K IoTo mapToHa
0 OTHEJBHOCTH. D POIECC JIOJIKEH BHIMOMHATHCA B cucteme [IM Bceft cucremsr ctpytt, rme
och (bparMeHTAlMN KaXkKI0W cTpyW Olpemesifgercs HallpaBIeHneM IBUKEHUs MapTOHa B ITOM
crucTeme.

AHaJOTHIHO c/Tydato CTPYHHON (pparMeHTaInu MOKeT WCIOIh30BAThCA NTEPATTMOHHBIN aH-
3all 114 ONMMCAHUSA TOCTIEI0OBATETLHOTO POKIEHNS aPOHOB OTHOTO 3a APYTUM. 9 PEITOIOKNM,
YTO KBapK TOCJE yIacTHsA B HEKOTOPOM JKECTKOM TpOIlecce HeceT XOPOIIO OMpeNeeHHOe KO-
JIMYECTBO PHEPIUH W MUMIYJIbca. [Ora cTpys OT 3TOr0 KBapKa (| pasfesfgeTca Ha aJIpoH
1 CTPYIO OcTaTKa (1, MO CYIIECTBY, KOJUIMHEAPHBIX APYT APYTy. ApomaThl HOBOTO KBapKa 1
aJIpOHa BBIOWPAIOTCA IO CXeMe, OMMCAHHON BBIIE. DaclpelesieHne 3HePTUN 1 UMITYJIbca Me-
KLy 9THMU YacTAMU TaeTcA HEKOTOPBIM pacipeneseHneM BepoaTHocTn f(z), Tme z — nosis,
nepedantad aapony, a (1 — z) — momsa crpyfinoro octarka. CTpyfiHBIH ocTaToK cUmMTaercs
YMEHBIIEHHON Komunell mepBoHavaIbHON CTPYW B HEKOTOPOM cpelHeM cMbicie. Takmm obpa-
30M, TIPOIECC TTOCIETOBATETHHOTO OTIIETIEHUA aPOHOB MOYKET MPOMCXOINTHh nTeparmuamu. B
JacTHOCTH, (PYHKIWA f(z) cauTaercs OIMHAKOBOW Ha KazKIOM IIare, TO €CTh OHa He 3aBUCHT
oT ocraforelica mou sHeprum. Feim z wHTEpIpeTHpyeTcs KaK JI0JIs CyMMBI HEPTUHU U TIPO-
TOJTBHOTO WMITYJTbCa CTPYU OTHOCUTEIHHO Ocu F + pr, TO 3TO TPUBOANT K POBHOMY ILIATO B
HeHTpasbol obactu 1o mneesmpobbicrpore dn/dy niis GOJBIINX HAYAJbHBIX YHEPTUiL.

QynuKkIUu GparMeHTaIInT MOTYT OBITh BHIOPAHBI U3 CIIUCKA, TPUBEIEHHOTO BHIIIE JJI5 CTPYH-
HOU (bparMeHTallNy, U IPU TOM TI0 YMOJTIaHUIO Oy /IeT BHIONpaThCs JTYHIOBCKAA CHMMETPUIHAS
yuKIMA PpparMeHTaInn.

OObruHas WHTEPIpeTAINUA 2 O3HAYAET, YTO BHIOOP 3HaUeHu:A z, OJu3Kkoro K (0, COOTBETCTBYET
JacThlle, IBUKYIIelica Ha3al, To ecTh uMmerotnet py, < 0. Vmesto 661 cMbIcsT pa3pemnTs TOIBKO
poxmeHme dacTwil ¢ pr, > 0, HO Torma OrpaHWYeHns, HajlaraeMble HEMOCPEICTBEHHO Ha 3HaTe-
HUSA z, pa3pyUInin Obl MHBAPWAHTHOCTH OTHOCUTEIBHO TPOIOJIBHBIX CMEIIeHNH. 9 anTydimmii
c1rocob 3aKTI0UaeTcss B TOM, YTOOBI pa3pelnTh Bce 3HAUEHUA 2, HO B Hpollecce pparMeHTallnn
OTKJIOHATH aJpOHBI ¢ pr, < 0. D pu 3TOM apoMar, MOTePEeTHbIlt UMITYJIbe U F + pr, TepeHocHMbIe
TaKUMU ajgpoHamu, 'Tepsorcsa . CpenHas sHEPTU TOCTIeIHel CTPYU TPU TaKOM crtocobe TToTy-
qaeTcs MPUOJM3UTETHHO BEPHO, ¢ pasMbiTueM B 1 - 2 ['9B orHOCHTETBHO cpenmero snadenns.



Onmmako TPOMOJIbHBIN UMITYJIbC CTPYH YMeEHbBITAeTcA, TaK KaK cTpysA mpuobperaer ¢ deKTnB-
HYIO Maccy B mpotecce dpparmenTanun. s ciaydas nByx ctpytt aTor 2pdeKT He mposABseTcH,
mo Kpaitneit Mepe, B cpenHeMm, T.K. UMIYJIbC KOMIEHCUPYIONIETO MapTOHA ¢ MPOTHUBOIOJIOXKHOM
CTOPOHBI TaKyKe yMeHbIIaeTCA.

B nmomonnenme K JIOKAJIbHOMY COXPaHEHWIO apoMaTa MPH PacHIeTIeHUH (;{; TaKzXKe MIpH-
HUMaeTCcsA, YTO MMeeTcd JIOKaJIbHOe coXpaHeHue MONepedyHoro UMIYJibca, T.€. py Mmapbl q;q; B
[EJTOM CIUTAETCA PABHBIM HYJIIO. 3HAUEHU P CTPYU ( CAUTAIOTCA paclpeneeHHbiM o [ayccy
0 JABYM TIOTIEPETHBIM CTEMEHAMN CBOOOIBI MO OTAEJBHOCTH, W MOTMEPETHbBI UMITYJIhC aIpOHa
aeTcs CyMMOMH MOTIePETHBIX UMITYJTHCOB 00Pa3yIoInX €ro KBapKOB.

B pamkax cxembr DO He mMeeTcs HIKAKOTO YHUBEPCAIHHOTO PeTenTa A1 0opaboTku (hpar-
MeHTaruu rioorHol crpyn. OaHa W3 BO3MOKHOCTEH COCTOUT B TOM, YTOOBI 0OpAIIATHCH € Ta-
KOl cTpyelf TOUHO TaK e, KaK ¢ KBAapKOBOI, BhIOMpas HaTa bHBIN apoMaT KBapKa CJIydaiiHbIM
obpasoMm ms u, T, d, d, s U §, yIUTHIBag OOBIUHLIN (haKTOp MOIaBIeHHA s-KBapKa. lak Kak
MpernoiaraeTcs, 9T0 TJIIOOHHAS CTPYA (PparMeHTHpyeT Oojlee MATKO, 9eM CTpys OT KBapKa,
To GyHKINA (PparMeHTaInn MOYKeT OBITh BbIOpana mpom3BosbHO. Jlpyroft momxonm sakmoda-
eTcA B pacllelJIeHUW CTPYU g B Mapy NapasuleSibHBbIX M { ¢ paclpeaeseHneM sHepTUu MeXK Ty
KOMIIOHEHTaMU, HallpUMep, KaK B cJlydae nepexoia g — (q B paMrax nepenopmupyemoit KX/I,
10 ecth ¢ f(2) o< 22 + (1 — 2)%. Dpu xemamun GyHKIU DparMeHTAIINN MO-TIPEKHEMY MOJKET
ObITH BbIOpaHa He3aBucuMo. Jlasiee B J1I0OOM M3 MEpeUUCIEHHBIX CIydaeB 3HAUEHUE P TpPH
g parMenTanuum MOXKeT OBITh BHIOPAHO TakK, YTOOBI MMETH PA3TMIHBIE CPEIHNE 3HATCHUA.

12.3.2 ®parMeHTAUsA CUCTEMBbI CTPY#

B cucreme ¢ 6osibiimM KOJTHIECTBOM CTPYH KaKaad W3 HUX (pparMeHTHpyeT HesaBucuMO. Tak
KaK KajK7gas CTPYs M0 OTIEIbHOCTH He YIOBJIETBOPAET 3aKOHAM COXPAHEHU apoMaTa, sHePTUN
1 WMIYJIbca, TO 3TO K€ BEPHO W [JiA Beell cucTeMbl cTpyii. D 03TOMY MO OKOHYAHUU TeHepa-
N7 UCTIOJIB3YIOTCA CHEMUAJbHbIE AJITOPUTMbBI [IJIA WCIPABJIEHUA TOJOXKeHnA. Boibop momxoma
BJIUAET, TJIaBHBIM 0Opa3oM, Ha GhopMy cOOBITHI U omnpeneeHue o [Sj684al.

Bormipocy coxpanenus apomara OOBITHO YIIeJIA€TCSA He CIUIIKOM OOJIbIOe BHIMAHME, 1 TTPel-
JlaTaeTcs BCETO OfHA cXeMa KOMIEHCAIuu. ociie (pparMeHTalluu BCeX CTPYH, BBITOJTHEHHOMN
Ui KaKI0W CTPyW OTIeJIbHO, DAL HAadabHBIX apOMaTOBBIX COYETaHUH, TO €cTh UUCIO U-
KBApKOB MUHYC THCJIO U-KBAPKOB U T.Jl. CPABHUBAETCA ¢ HADOPOM apOMAaTOB B KOHETHOM COCTO-
sunn. B ciygae nucbasamca »TUX 3HaYEHNH UCKITIOYAIOTCA apOMAThl, JAONINE aIPOH ¢ CAMBIM
MaJIbIM TPEXUMITYJIBCOM, W TPOU3BOJAUTCA TMOBTOPHAs OlleHKa. Hciam ocrtatomutics nucbaaanc
MOZKHO CKOMITEHCHPOBATH TOAXOIAIINM BBIOOPOM HOBBIX apOMATOB [IJI TOTO aJIpOHa, TO BHIOU-
patoTcA COOTBETCTBYIONINE aPOMAThI, W BBIUUCIIAIOTCSA HOBbIE 3HAUEHNA MACChl U SHEPTUU. ) pU
9TOM COXPaHAETCA 3HAUEHNE TPEXUMITYThCa MEPBOHATAIBHOTO apoHa. KTl UCKITIOUeHnA apo-
MaTOB aJIPOHA C CAMBIM MAJIBIM UMITYJIbCOM HE TOCTATOYHO, TO MCKJIOYAIOTCA apOMaThl aIpOHa
CO CJIEIYIONINM TT0 BeJIUNIUHE 3HATeHNEeM UMITYJIbCa, U TaK JaJjiee, ToKa He OyaeT ToTydeHa 10-
cTaTodHas cBODOMA I MaHeBpa, MOCJIE Tero HeOOXOIMMBbIE apOMaThl BHOBb OObETWHAIOTCH
ciaydatiaeiM obpasom, dpopMupysa HOBBIe aaponbl. Wuorma Tpebyercs co3maTh ONHY TOTOJIHU-
TeJIbHYIO TTapy (;q;, KOTOpas BbIOMPAETCH ¢ yIeTOM OOBITHBIX 3HaYeHuil BepoATHOCTENR.

st coxpaneHus »HEPTUU U WMITYJIhca OBLIO M300pETEHO HECKOJBKO Pa3IMmIHbIX cxeMm. B
ontoit u3 nux [Hoy79] Tpebyercs joka/ibHoe coxpaHeHue 3HAYCHUs MOMEPEUHOIO UMIYJIbca B
npemesgax Kaxao# cTpym Tak, 9TOOBI KOHEUHBIN BEKTOpP MMITYJIbCa CTPYW BCETIa ObLI TapaJi-
JleJTeH BEKTOPY MMITYJIbcAa COOTBETCTBYIONIETO MapToHa. Torma MOXKHO TepecdnTaTh TPOHOJIb-
HBbIE UMITYJIbCHI 718 OTHEJIbHBIX JacTUIl B KasKIOH CTpye, TaK 9TO OTHOIIEHNE TePeCTnTAHHOTO
TaKUM 0Opa3OM WMITYJIbca CTPYM K HUMITYJIbCY HAYaJbHOTO MapToHa OyIeT OIWHAKOBBIM IIJIf



Bcex cTpyil. Tak KaKk MMIyJIbChbl HaYaJbHBIX MAPTOHOB B3aMMHO KOMIIEHCHPOBAJINCH, TO TaKOe
JKe YCJIOBUE MOJIZKHO BBITOJHATHCA JIJIA TOJYUEeHHBIX aapoHoB. Koadpunmentsr, Ha KoTOpbIE
YMHOZKAIOTCA UMITYJIbChI, MOTYT OBITH BBIODAHBI TaK, 9TOOBI 3HAUEHUE PHEPTUU TaKiKe IMOJTY-
Yasjock mpaBuwibHbiM. B apyrom nogxome [Ali80] HyKHO cMecTUTH cOOBITHE B CHCTEMY, TJle
MOJTHBIN WMITYJIbC aIpOHa PaBeH HYJIIO. D OCJE 3TOr0 COXpaHeHMe SHEPTUH MOZKHO 00ecIednTh,
YMHOKWB TPEXUMITYJIHCHI BCEX TACTUIl Ha HEKOTOPBIH o0t KoadputimenT.

Yucsto BO3MOKHBIX cxeM beckoHedHO. B mporpamme mpemcTaBiieHbl IBe CJIEMYIONINX OTITIHT.
B nepsoit cragasa HyKHO CMECTUTH BCE TPEXUMITYJIbCHI YAaCTUIl TaK, ITOOBI MOJTHOE 3HAUEHUE
IMITYJIbCa PABHAJIOCH HYJIIO, U TIOCTE 9TOTO YMHOKWUTH BCe 3HAUEHUA Ha Te Ke Kodhduimen-
, 9TO U BBIMIe. B mpyroi#t HyXKHO CMeCTHTh BCe TPEXUMITYJIbCHI TaK, 9TOOBI [JId KazKIOh
JaCTUIIBI 3HATYEHNE MMITYJIbca OBLIO ObI MPOMOPIIMOHAJIHHO TPOIOJIHHON Macce B HallpaBJIEHUN

ThbI

HECKOMITCHCUPOBAHHOCTH HWMITYJIBCOB, a 3HaUCHHUE TOJTHOTO WMITYJIbCa BBIOMpPAECTCS B COOTBET-
CTBUU ¢ TpeOOBAHUEM COXpaHEHUs UMITYJIhca 1 KoadhduimenTaMu, Kak u patbliine. Kpome Toro,
nMeeTcs BBIOOD, KaK TPAaKTOBAaTh BBIIeJEHHBIE IBETOBBe cuHTIeTH (Tnma qq u q”q B qqq”q’

CO6bITI/II/I) — IO OTOEJIbHOCTU MJIN KaK €INHYTO 6OJII)IHyIO CUCTEMY.

Cepbesnas KoHIENTyaJbHad cj1adocTh mnpudimkerns P sakmodaeTcs B HapyIIeHUH
JIOPEHTI-UHBAPUAHTHOCTU. De3yJIbTaT MPoIenyphbl pparMeHTAllN 3aBUCUT OT BBIOpaHHON cu-
cTEMBI KOOPIIWHAT, 1 pobJieMa cBOAUTCA K TpeOOBAHUIO OCyIecTBIeHN s (bparMeHTallly Beeria
B cucreme [IM. D10 sBIsAETCS TIOCTEMOBATETBHOM TIpOTIENY POt M1 2-X cTPYHHBIX cOOBITHH, HO
1A MYJbTUCTPYMHBIX 3TO — TOJBKO TeXHUYECKad YJIOBKA.

Onmrako HYZKHO OTMETHTh, 9TO CYIIECTBYET JIOPEHI-THBAPUAHTHOE 0DODIIEHE MOIETN HE3ar-
BUCHMOM (pparMeHTanny, B KOTOPOM UCIIOJIb3YIOTCA OT/IETbHBIE CTPYHBI ~TJTFOOHHOTO ¥ ~KBap-
koBoro” Tunos, Montvay cxema [Mon79]. KsapkoBas crpyHa XapakTepusyercs OObIUHOMN T10-
CTOAHHON CTPYHBI K, & IVIIOOHHAA CTPYHa CIATaeTCA MMerolllell TOCTOAHHYTO Ke. Lemm kg > 2k,
TO »HEPTreTUIeCKHU BBITOIHO Pa30pBaTh TWIFOOHHYIO CTPYHY Ha ABa KBapKa U UCIIOJIb30BATH OOBIT-
HYIO CTPYHHYIO JIYHI-MOIEeSb. B mpoTtuBHOM citydae miis qqg 3-cTpyifHOTO coObITUs Tpum pas-
JWIHBIX KYCKa CTPYHBI O0BETUHATOTCA Ha OJHOM CThiKe (BepuHe). [{nHaMuKa Tolf BepuInHb!
OTIpeessieTcss CyMMapHBIM Bo3eticTBIeM Ha Hee HATAKEHUN TPeX COOTBETCTBYONNX CTpyH. B
JaCTHOCTH, BCET/Ia MOYKHO CMECTHUTH COOBITHE B CHUCTEMY, TI€ CTHIK HAXOIUTCA B MOKOE. ITa
cUcTeMa XapaKTepu3yeTcsa MHOTWME YepTaMU cTaHIapTHON wHBapmanTHOW D® Tpex crpyii;
KpOMe TOTO, TIpaBmibHasi 00paboTKa aBTOMATWIeCKH obecrevdnBajia ObI cOXpaHeHWe apoMara,
uMIyJIbca u Hepruu. K cokajieHuio, momoOHas MPOCTOTa TEPAETCs MPU W3YIeHun COOBITUi
¢ HECKOJIBKUMU TJIFOOHHBIMU cTpysaMu. B obimem ciiydae Kaxmoe coObiTHe OymeT comepzKarh
HabOp Pa3/IMIHBIX CTBIKOB, MPUBOAAININX K TOJUMONIHON dopMe ¢ HECKOTBKIMEI KBAPKOBBIMUI
1 TUIFOOHHBIMU CTPYHAMU, ~TMPUKJIEEHHBIMI K CKEJIETHBIM TJIFOOHHBIM CTPYHAM.

Hns nmonyueHns HaYaJbHOTO MPENCTABIEHUA O TOM, YTO 3HAYUT TAKOW BUJI CXeMbI 1A 3-
crpyliHbIX cobbITuit B et e™-croKnoBennsAx, MoKeT GbITh MPEIOoKeH CASAYIONMil OueHb yIpo-
HIEHHBI MeTon 00paboOTKM, UCTOB3YIONIH cXeMy, yKe 00ecledeHHY 0 TOIIPorpaMMoli He3a-
BucuMott dpparmenTtanun. CUuTaercs, 9TO BCe CTPYHBI CHCTEMBI COENMHAIOTCH B OTHOM U TOM
Ke cTbike. Torma cucremy oTcdera, B KOTOPOH 3TOT CTHIK HaXOIUTCA B TTOKOE, MOKHO HalTh
MIpU TIOMOIIN UTEPATMOHHON TTpotenypbl. OKasbiBaeTcs, ITO UTEPAINNOHHAA cXeMa HeyCTOW -
Ba MPU BOSHUKHOBEHUW TAPTOHA ¢ (MOYTH) HYJIEBBIM UMITYJIbCOM B CHCTEME TIOKOA CThiKa. Tak
KaK TaKo# MapTOH B JIIOOOM cjIydae He BJIUAET HA MPOIOIHHOE IBUKEHWE CTBIKA, 3(DPEeKTIB-
HOe HaTAKeHWe CTPYHBI YMeEHbIIaeTcs JIMHEWHO M1 MapTOHOB ¢ MMITYJIbcaMu MeHblre 2 [3B.
Korna cucrema nmokos maiineHa, Bce mapTOHBI (PParMEeHTUPYIOT HE3ABUCUMO B 9TOH cucTemMe. De-
3yJIBTUPYIOMMH TPOAYKT cMelaeTcs obpaTHo B cuctemy [IM mms (BBIGopovHOrO) coXpaHeHms
apomara, UMIYJIbCca U SHEPruu.

Bropas konmnentyasibras ciiabocts 9P — mpobiieMa KoJTnHeapHBIX pacxogumocTeii. B kap-



THHE NapTOHHOTO JTMBHA, KOTa KBapK MU [JTFOOH HaYMHAeT BETBJIEHNE B HECKOJBKO CKOJIIMMU-
POBaHHBIX MapTOHOB, He3aBUCHMasA pparMEeHTallns OJHOTO MapToHa MJIN KOJIJIMHeapHOTro GaHva
JaeT BeCbMa pPa3/IMYHble Pe3yJIbTaThl, B YaCTHOCTHU, OOJIBIIYIO MHOZKECTBEHHOCTh ajpOHOB B
HOCJIeTHEM CJIydae. DTO MPUBOAMUT K TOMY, YTO HYKHO KOHCTPYMpPOBaTh JApyroii Habop (pyHK-
it pparMeHTAlNy B CIydae JUBH:A, YTOOBI OXBATUTHh W 3Ty TpobaeMy (JTOKadbHasd MapTOH-
anporHad ayaabrocTh [Dok89] rorma 6ymer coorercTtBOBaTh f(2) = §(2 — 1)).

12.4 JIpyrue acneKTbl (pparMeHTAIN

DaccMOTPUM Tellephb IBa acleKTa, Kacalolmecs obenx cxeM dpparMeHTallni, Kak cTpyHHOM, Tak
1 He3aBUCUMOIL.

12.4.1 CwucreMbl ¢ MaJIOU Maccou

WNuorna crpyifinad cucreMa nMeeT CJIMIIKOM MaJIyio WHBAPUAHTHYIO Maccy [JId UCIOJTb30BAHUA
OOBITHBIX cXeM (pparMeHTalny cTpyil. DTo 0cobeHHO cepbesHas mpobiieMa TTPU PAcCMOTPEHUN
JUBHel, TaK KakK aBa OJM3Jexkaliux mepexofa Tuma ¢ — ¢ q MoryT mpusectm K obpa3oBa-
HUIO TTPOMEXKYTOTHON MaJIoMacCOBO CUHTJIETHOH MO MBeTy cucTeMbl. lorma mepen oOBITHOM
dparmenTaruetl HyKHO BKJIIOYUTH HeOOA3ATETbHBIN TOMOTHUTEBHBIN ITar, YTOOBI OTJIOBUTH
cuTyaruu Takoro Buma. CHadasia ompeesifercs 3HaUEHNE Macchl IJIs CHCTEMBI CTpy# ¢ camoit
MaJioft MHBapMaHTHON Maccolt MUHYC 3HAUeHWe MacChl KOHEUYHBIX KBaApKOB. cim 3To 3HaveHme
TaK7Ke OKa3bhIBAETCH CJIUIIKOM MAJIBIM I (PparMeHTAIl CTPY i, TO OCYIIeCTBIAETCH TOMBIT-
Ka paclIelJIeHnsa CUcTeMbl Ha JBa apOHA ¢ POXKIEHWEM HOBOW mapbl (,q, (C (,, BHIODAHHBIM
COTJTACHO CcTaHTapTHON cxeme dpparMeHTallny, TaK, 9TO pa3pelleno, HalpuMep, TaKkKe obpa-
30BaHMe JAMKAPKOB) W TPABWJIBHBIM Y9IE€TOM 3aJaHHBIX apOMaTOB KOHEUHBIX KBapKOB. Fcim
CyMMa MaccC JIBYX TaKUM 0Opa3oM TOCTPOEHHBIX aJPOHOB MEHbIIe MOJTHOW MWHBaApPUAHTHON Mac-
Chbl, TO BBITIOJIHAETCA MPOCTON M3OTPOMHBIM IBYX4YacTUUHbIN pacrnan. Fcim ke Her, TO KoHeU-
HbIe apOMaThl OObENNHAIOTCA B OWH aIPOH. 3aTeM HaXOMUTCA MapTOH (WM aapoH), KOTOPHIH
[pU yaeTe BMECTe ¢ CUCTEeMOMl cTpy# mMeeT HanbOIIBINYIO WHBAPUAHTHYIO Maccy. OcCJIe 3TOrO
BBITIOJTHAETCA MUHUMaJIbHAA Tlepeada YeTbIpexuMITyIbca, KOTopasd nepeMeliaeT aJIJpoH Ha Mac-
COBYIO TIOBEPXHOCTD, OCTABJIAA MacCy MapTOHA HEM3MEHHON. 2 Ocje 3TOT0 MOKHO CHOBA MCKAaTh
cucteMy cTpyi#l ¢ Masoif Maccoft u, pw HEOOXOMWMOCTHU, TPOIOJKATh WTEPAINN TTPOIELY PhI,
ONMCAHHOM BBINIE. DTa yHpOINeHHas MPOIeIypa MOKET paccMaTpUBAThCA KaK ~ KJacTepHasd
dparmenTarua mig 6eMHBIX, TO €CTh KJacTep W CTPpyHa € MaJioll Maccolf paccMaTpUBatOTCH
KaK Oojiee-MeHee OHO U TO Ke.

12.4.2 SDddekT Joze—diiHIMTEHHA

B mporpamMmy mo yMosTdaHWio BKJIOUEHaA ONINA JIJIA TPYOOTro MomaennpoBanusa s¢ddekta Joze—
Ditnretina. [lerampuas ¢usnuka 3aech He TaK XOPOIIO W3BecTHa, ¢M. Hamnpumep, [Lor89].
D pengaraeTca alroOpUTM, KOTOPbI €cTh HedTo OoJiblllee, 9eM MPOCTO MapaMeTpu3alns (Tak
KaK [IeTAfoTCs 09eHb crelnndpuiecKue MPenookKeHns i OMYIeHNs ), I Bce Ke MeHblllee, deM
WCTUHHAA MOIeNb (Tak Kak dpyHIaMeHTalbHads (PpUsndeckas KapTUHA JTOBOJbHO HedeTKast). B
9TOH cxeMe (bparMeHTalWs MOXKET WATH KaK OOBIUHBIM ITyTEeM, TaK W Yepe3 pachall KOPOTKO-
KuUByIell dacTuiibl Tuma p. Torma mo ouepeny paccMaTpUBAIOTCH Mapbl MIEHTHIHBIX TacTHII,
ckaxem, 1. Boramcasercs snauenne (;; mapbl @ u j,

Qij = \/(pz +p;)? —4m? (12.23)



r7le m — MOJHas Macca JacTHIl. JOoCje 3TOTO Hallo HallTh MeHbIee Q;] TaKoe, 9TOObI [1JIid
OECKOHEUHOT CTAaTUCTUKN OTHOIIEHHe cMelleHHoTo pachpenesnerns Cy(()) K HATaIbHOMY pac-
npeneseruto () onpenensaaock Obr Tpebyemoit mapamerpusanueit. Popma MoxeT OBITH BHIOpaHa
B BUJEe dKCIOHEHTHI MM TayccuaHa,

Co(Q) =1+ Adexp(—=(Q/d)"), r=1wnm?2. (12.24)

(PakTudeckn, pacrpeieseHne IOMKHO OMYCTUTHCH TyTh HUKE €IWHUIBI MPU 3HaUYeHnAX ()
BHe 00acTi 0603e-pocTa, A COXpaHEHNA MOTHON MHOMKECTBEHHOCTH.) cam MHKITIO3WBHOE
pacipenesieHre 3Hadenunil ();; cauTaeTcsa 3aBUCALINM TOJIBKO OT (a3oBoro obbema, 1o Kpaitueit
Mepe, TPH MaJIOM OTHOCHTE/LHOM MMILyJIbce, Torna, ¢ d°p/E o« Q*dQ//Q* + 4m?, sHayeHne

/

ij HaXOIUTCA KaK pElI€eHNE YPaBHEHU A

/Q” Q*dQ Q*dQ
0 QP+ 4m? 0 VO +4m?

Nsmenenue ();; MoxKeT ObITH HepeBeneHo B 2 MEKTUBHBIN CABUT TPEXUMITYJILCOB IBYX YacTHIL,

“ C5(Q) (12.25)

ecJTU UCIOJIb30BaTh JIOMOJHUTETFHOE OrpaHNYIEHNe, UTO 3HAUEHUE TOJTHOTO TPEXUMITYIhCa Ka-
Kyott mapsl He u3mensiercsa B cucteme [IM cobertus. Tosbko mocite TOTO, KaK BBITUCIEHBI BCE
CIIBUTY WMIIYJIBCOB TTap OTHOCHUTEHHO MEePBOHAYAIBHBIX WMITYJIHCOB, BBITOJTHAETCH (DaKTHIe-
CKUil CIBUT MMIIYJIBCOB BCEX TaCTHIl Ha CyMMapHOEe BBIUUCIEHHOE 3HAUEHWE. ) OJHAA SHEPTUS
COOBITHS B TIPOIECCE HECKOJIBKO YMEHBIIAeTC s, 9TO KOMIIEHCUPYETCA TTOBTOPHBIM BBITHUCJIEHN-
eM BCeX BEKTOPOB UMITyJbcoB B cucteme [[M. Daxoner, Bo300HOBIAETCA TIENb pacmaIos OoJtee
TOJITOKUBYIINX TacTHI] THIA T'.

3mech HYXKHO HaTh IBa KOMMeHTapusa. DdderT Doze—IiiHIITeiHA UHTEPTIPETUPYETCA TTO-
UTH KaK KJIacCcmdecKas cumiia, TeficTByolas Ha ~KOHETHOE COCTOsAHWEe , a He KaK KBaHTOBO-
MexaHmIecKui >pdeKT M5 aMIUITITYIBI POKIEHNA. DTO HE KPEHo, a TOJbKO aH3all, TPWHA-
THIft 77151 ympolleHus Bbraucaennit. Kpome Toro, Tak Kak paccMaTpUBAIOTCH TOJIBKO TapHble
B3amMoJielicTBI A, orleHKn 5(hPEKTOB, CBA3AHHBIX € TPEMS WK OoJTee OIM3KO PACIONOKEHHBIMI
JacTUIAMK, 3aBBIIIAIOTCH. (Dosiee ToUHbIe, HO U Tpebyiolme GoIblile BpeMEHN METOIBI MOTYT
ObiTh Hafimensr B [Zaj87].) Takum obpasom, HadasbHOE A MOMKET BHIOMDATHCHA MEHBIINM, 9€M
oxumaemMoe Ha Bbixome. C ApyTo#l cTOPOHBI, MHOTO TTap B COOBITHM COMEpPZKUT MO KpaitHeit me-
pe OHY YacTUIly, POKIEHHYIO B HEKOTOPOil BTOPUUHON BepiimHe, momobHo pacmamy D. DTo
yMeHBITaeT J0JII0 TTap, KOTOpble MOTYT TaBaTh BRI B aPpdeKT Doze—IDiHITeliHA, U, TAKIM
obpa3oM, yMeHbIIaeT TTOTEeHIINAJIbHBIN CUTHAJI. DO03TOMY 3Ta OIINA TOJIKHA MCIOJb30BATHCHA
OCTOPOYKHO, M TOJBKO KaK TepBoe Tpub/IMKeHne Tpu omucanuu »Ppderta Doze—IHIITERHA.



I'maBa 13

YHacTunpel u pacnaabl

Yactutsr — cTrpouTesbHbIE OJIOKH, 3 KOTOPBIX KOHCTPYHUPYIOTCA COOBITHA. MBI 3/1€Ch NCTIOTB3Y-
eM CJIOBO " JacThiia’ B CaMOM ITHPOKOM CMBICTIE, TO €CTh BKJIOYaA MapTOHBI, PE3OHAHCHI, aIpO-
HBI I TaK JaJiee, TOATPYIIBI MbI OyIeM ONMuCchiBaTh HUKe. Kaxmas dacTruiia XapaKTepu3yeTcs
HEKOTOPBIMU UNCJIaMU, TUMA 3apAda U Macchl. Kpome Toro, MHOTHE YaCTUIIBI HECTAOWITHHBI 1
pacmamaroTca 3a HEKOTOPBIH TPOMEKYTOK BpEMEHNU. Ta TJIaBa COMEPIKUT 0030p cocTaBa U He-
KOTOPBIX TTIPUHATHIX CBOMCTB 9acTUIl, BKJIIOIEHHBIX B MporpamMmy. B wactHOCTH, 00CY K ImaeTcs
0bpaboTKa pacmaioB. eKOTOpble CBOWCTBA TacCTHUI U PACITAIOB COCTABJIAIOT 9acTh OMUCAHUA
JKECTKOTO TIPOollecca, W MO3TOMY ITPUBEIEeHbl B r1aBax 6, 7 u 8.

13.1 CocTaB yacTuil

Yrobbl omucaTh M TEKYIIYIO, U MOTEHITHATBHYIO OyIyIyto pusnuKy, TpedyeTcs psAml pasmaHbIX
qactuil. COUcoK HEKOTOPBIX YacTWIl, HapALYy € UX KOmaMu, JaeTca B pasmese H.l. Dosromy
37ech MBI aKIEHTUpYyeM BHUMaHUE Ha OOIIUX MOJOKEHUAX, He Kacasich meraseii.

B nporpammy BKJIIOUEHBI YeThbIpe MOJIHBIX MOKOJIEHNA KBAPKOB W JIENTOHOB, XOTHA PE3YIIh-
tatbl ¢ LEP onpenenenno roBopaT o TOM, YTO TOJIBKO TPHW U3 HUX PeAJbHO CYIIECTBYIOT B
Mpupoje. e nMeeTcs HUKaKO#W cTaHIapTHON TEepMUHOJIOTHN i1 Y€TBEPTOTO MOKOJIEHU; MbI
ncrosib3yeM | 115 KBapKOB HUWZKHEro Twma, h — i KBapKOB BEPXHErO THUIA, X — JJIA JIell-
TOHOB W v, — IJiA HeliTpuHo. KBapKm MOTyT poxXmaTbCd OTIHEIbHO MWW B IIapax; MOCJIeIHHe
HA3bIBAIOTCA AUKBAPKAMU W XapaKTepU3YIOTCHA COMepKaHWeM apoMaTOB W 3HaUYeHUeM CIIWHA.
JMKBapKm Bcermga CUYNTAIOTCA HAXOMAUMMEUCA B IIBETHOM aHTUTPUILIETHOM COCTOAHUMN.

3 uBeTHBIX KBAPKOB (1 TMKBAPKOB) MOKHO (hOPMUPOBATH HEHTpaThHbIE TTO IBETY AAPOHBI.
BkJttodeHbI 11ecTh MOJTHBIX MYJIHTHUILIETOB ME3OHOB U JIBa — OapmoHOB, cM. pasmen 12.1. Kpowme
toro, K% n K¢ paccmarpupatorcs kak oTaempHble qacTuibl, noaydatoumecs mpu ~pacrane” K°
n K (momw, MHOTIA, POKIEHHBIE HEMOCPEICTBEHHO).

Hpyrue gactuiibl cTaHIapTHON MOIEN eCTh TUIIOOH g, (DOTOH 7, TPOMEKYTOUHBIE KAJTHOPO-
Bounble 6o3ombl Z° 1 W* u xurre cramnapraoit Mmogerm HC. DectammapTHble 9acTHIB BKIIOTa-
[0T B cebs JOMOMHUTE/IbHBIE Kaaubposounbie 6030mbl 20 1 W'E . nonosnsurenbibie XUrre-6030HbI
0, A® u H*, nenroxsapk Lq m ropmsonTamsubiit Kamnbposounsrit 6osomn RC. Taxke Moo
MCIIOJIB30BATh KOJBI YaCTUIl MTOCJTETHETO, YETBEPTOTO TOKOJIEHNA (DEPMUOHOB /1A MTPEICTaBIIe-
HUS BO30YKIEHHBIX COCTOAHUN KBApKOB W JIEITOHOB, * m (*.

C TouYKM 3peHUs WCHOJB30BAHUA BHYTPHU MPOTPAMM UACTHUIIBI MOXKHO pPa3lenTh Ha TPH
KJlacca, YaCTUIHO TePEKPBIBAIOIINXCA JIPYT € IPYTOM.

1. Dapron — obiree ompeesienne JTIOO0TO OOBEKTA, /I KOTOPOTO MOKHO OMPENETUTH BOJTHO-

BYIO QYHKIINIO, KaK [IJIA BXOMAIIEH MyIKOBON UaCcTHUIIBI, W KOTOPBIHI MOYKeT ydacTBOBAThH
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B JIUBHAX B HAYAJbHOM W KOHETHOM COCTOSHUW. DTO OMpeNeseHre BKIIOUAaeT JaCTUIIh,
KOTOpBIE OOBITHO CUUTAIOTCA TMAPTOHAMMU, TO €CTh KBAPKHM U TJIFOOHBI, & TAKKe JIETTOHBI
n GoToHbI. B HEKOTOPHIX caydasx APYyrue TacTUIbl TaKZkKe MOTYT KJIacCHPUIIPOBATHCH
KaK MapTOHBI B 9TOM CMBICJIE.

2. De3oHaHC — HeCTAOWIThHASA TACTUIA, TOJTYIaeMasi KaK JacTh KECTKOTO Mpoliecca, W TaKKe
SABJIATONIAACST TaCThIO KECTKOTO IMpoIecca B ciiydae, Korma obpaboTKa paciaia Ocylie-
CTBJIAETCSA KaK OOBITHO. DaplinaJibHble NIHPUHBI PE3OHAHCOB BBIUUCIIAIOTCSA MO TEOPUU
BO3MYIICHUH, W TTO5TOMY MOYKHO IWHAMHUYECKH TMEPECUUTHIBATH CeUCHUE POKICHU Kak
dbYHKIMIO Macchl pe3oHaHca. Je3oHaHcaMU CUUTAIOTCA 9acTHIBL Thla Z° 1 ApyTrux Mac-
CUBHBIX KaJIMOPOBOTHBIX 0030HOB U XUTTcOB. (Ufofa He BKITFOYAIOTCS aPOHBI ¢ HEHYIEBOM
MUPWHOL, THTa p, KOTOpble HA3bIBAIOTCA ~HECTAOWITHHBIMU aJIPOHAME .

3. AnpoHbI, TO ecTh Me30HBI U OAPUMOHBI, POXKTaeMble B IMpoliecce (pparMeHTaIlluu TPU BTO-
PUUHBIX pacrmajax Wi KakK 9acTh 00pabOTKU My9IKOBOTO OCTaTKa, HO HE HEOCPEICTBEH-
HO KaK 9acTh KECTKOIO Tpoliecca (KpoMe HECKOJBKIX CIeNNaTbHbIX caydaeB). ATpOHBI
MOTYT OBITH CTAOMJIBHBIMEU WK HecTaOMIbHbIME. CedeHne pOKIEHNA CINTAETCH HEBBIUN-
CIIAEMBIM B paMKaX TEOPUU BO3IMYIIEHWH U MOKET PeryJupoBaThca cBOOOMHO. JlemToHs
n QOTOHBI, POKIEHHBIE B pachnajax, TaKzkKe TPUHAIIeRKAT K 9TOMY KJIaccy.

OO0braHO TOnpasmesienre, MPUBEIEHHOE BBIIE, 0DIETIaeT MOHNMAHNE U AT BO3MOKHOCTD
yIpaBJIeHNA BXOIHBIMEU TaHHBIME TIporiecca. OQmHaKo cjenoBanme »To# KiaccubuUKaum i
POKIeHUsT TOM-KBapKa 1 (PepMUOHOB UETBEPTOrO TOKOJIEHUSA MOZKET MPUBECTH K HEKOTOPOMY
OecropAIKy, KaK yKe YIIOMUHAJIOCh B maparpade 8.2.2. D pobiileMa cOCTOUT B TOM, UTO TOTI-
KBapK TpaKTyeTcd He KaK KaK Pe30HaHC, a pparMeHTUPYET B aJIpOHBI, KOTOPBIE BIIOCTIEICTBUN
pacmamaroTca. DTOT MOAXOM OB pa3syMHBIM B MPOIILIbIE TOIBI, KOT/Ia Macca TOM-KBapKa CInTa-
Jlach BechbMa MaJiolt 1Mo coBpeMeHHBIM MoHATHAM. QIHAKO MPU UCTOIB30BAHUN TEKYIUX OTpa-
HUYeHU Ha 3HaYeHNe Macchl IOy daeM, 9To (pparMeHTalud U paciall TOT-KBapKa MTPONCXOIAT
IIPU COTTOCTABMMBIX BPEMEHHBIX MaciiTabax, n 06paboTKa cTaHOBUTCA Bee Goslee TpymHOI (cM.,
HampuMep, [Sj692a] OTHOCHTENBHO PA3IUIHBIX TPUKUIOUHBIX MoJeseli). Dadnuas co 3Hade-
HuA Macchl opaaka 120 ['3B, Bpemsa pacnaga Ton-KBapka CTAHOBUTCH HACTOJIBKO MAJIbIM, YTO
HUKaKWe TOM-aIpOHBI BOOOIE He yCHeBatoT chOPMUPOBATHCA, W TOT/A OMMCAHWE TOI KaK HC-
TUHHOTO pe3oHaHca ObLTo 661 Hambosiee COOTBETCTBYIONINM, € YI€TOM HEKOTOPBIX YCJIOKHEHMI,
BBI3BAHHBIX HAJMIWEM I[BETOBOTO 3apsiia. B Oymyiiem Mbl HaMepeBaeMcs OOeCedTnTh OO
TAKOTO BUIa. 2 OABJIEHUE MPOMEKYTOUHBIX TOM-aIPOHOB B ONUCAHUN HE OU€Hb CUJIBHO BJIUIET
Ha (PopMy cOOBITHA, TaKe IJI:A OUYeHb TAKEJIOTO TOM-KBapKa. [JlaBHOE cilefcTBIe 3aK/II0TaeTCa
B TOM, 4YTO BKJIOYEeHWE TOJBLKO HEKOTOPBLIX MOJI paciajia TO-KBapKa He yMeHbIIaeT cedeHue
POKIEHNs, B OTJIMYUE OT CJlydas pesoHancoB Tuna Z° mpu obpaborke B PYTHIA.

13.2 Macchbl, HIMPUHBI 1 BpeMeHa >KHU3HU YaCTHIL

13.2.1 Macchol

Maccol KBapKOB HE 0CcODEHHO XOopouio olpenejIeHbl. B IIporpamMme H606XOILI/IMO HNCIIOJIbB30BaTb
JBa BIIJa MacCC — 6JIOKOBBI€ (KOHCTI/ITyeHTHbIG) 1 TOKOBbIE (B3HTBI€ n3 ELJIF66pr TOKOB). SepBbIG
3HaY€HNA YMECTHBI IJId OIIpeENe/ICHUA KUHEMATUKN ZKECTKUX ITPOUECCOB (H»ELHpI/IMep7 B g¢ — Cﬁ)
1 KOHCTaHT CBA3U € XUTTCOM M ITODTOMY HEMMOCPENCTBEHHO BJINAIOT Ha BEJIMYUNHY CEHYEHNA. STI/I
3HaY€HNA COXPaHAIOTCA B CTaHIapPpTHOM MaCCHUBE PMAS. SJIOKOBBIG MacCChl UCIIOJIB3YIOTCA OJIA
IMOJIYHEHU A MacCC aJAPOHOB N COXPaHAOTCA OTIAEJIbHO B MaCCUBE PARF. Mur IOOOEP ZKUBAEM 3TO
pa3jandue OJjid IMATH IMEPBLIX apOMaTOB, MCIIOJIb3YAd CJIEAYIOINE 3HAYECHUA 110 YMOJTYaHNIO:



KBELpK TokoBas Macca SJIOKOBELH MaccCa

d 0.0099 I'>B 0.325 1B
u 0.0056 I>B 0.325 1B
s 0.199 1B 0.5 I'»>B
c 1.35 I'>B 1.6 1B
b 5.0 I'>B 5.0 I'>B

Hns Ton- m KBapKOB 4eTBEPTOTO MOKOJEHUA pa3jinvdre He TaK BayKHO, TaK YTO MUCHOJIb3yeTCs
TOJBKO OnuMH Habop 3HavdeHuit Macc, a mMmenno, PMAS. Macca Tom-kBapka MO YMOTIAHWUIO —
120 I's>B. DsokoBbIe Macchl i IUKBAPKOB OIPENEIEHBl KaK CyMMa MacC COOTBETCTBYIONINX
KBapKOB. [UTFOOH Bcerna cunuTaercs Oe3MaccOBBIM.

Macenbt wactur B ciydae, Korma onu usBecTHbl, B3aThl u3 [PDG8S]. ['unorernueckue wa-
CTHUIBI THUTIA I€TBEPTOTO TMOKOJEHNA (PePMIOHOB U XUTTCOB PaciipeHHol cTaHIapTHON Momesn
IMEeOT HEKOTOPBIE pa3yMHbBIE 3HAUYEHWS 110 YMOTIAHWIO, B CMbIc/Ie WH(OpMAaInm, KOTopott pac-
moJstaraeT (pU3MKa B HACTOSAIIEE BPEMSA, U B TPEIIOJIOKEHIH, UTO MOUCK OYIeT OCYIEeCTBIATHCA
B He CJIUIIKOM OTHaJIEHHOM OyIyIieM. 31ech MpeNrosiaraeTcs, YTo Bbl OyIeTe BXOINTh U W3Me-
HATH 3HAYEHUS [0 YMOJIAHUIO B COOTBETCTBUN € COOCTBEHHBIM MHEHHEM B HadaJle TPOTOHA.

D oJTHOE THCJIO aIPOHOB B IIPOTpPaMMe OUe€Hb BEJINKO, IPUIeM MHOTHUE elle He OOHapy JKEeHbI
(momobHO wapM- u 60TTOM-OaproHaM), a IpyTHe MOTYT U He CYIIeCTBOBATh PEATHHO (aIpPOHBI
YeTBEPTOro TOKOJIEHNs:). B dacTHOCTH, B MOCTeqReM ciIydae ObLIO Obl Upe3BHIYAiiHO MOTe3HO
uMeTh POPMYITBI ST BBIYUCIEHN ST Macchl alpOHa BHOBb Ka Kbl pas, KOrla W3MeHAeTCs Mpel-
moJlaraeMasi Macca KBapKa. 2 03TOMY MacChl BCe ellle He OOHapy KEeHHBIX Me30HOB 1 DapUOHOB B
clIydae HeOOXOMMMOCTH TMOJIYyIaoTCA € MCIOIb30BaHneM 3HaYeHUH O/T0KOBBIX Macc. [ssa sroit
tesin npuMensiorcs dhopmystsl Tuia [DeR75]

m:mo—l—Zmi—l—kmﬁzw, (13.1)

; i<y T
TO €CTh OJIWH TIOCTOSHHBIN WJIeH, CyMMa 1O OJIOKOBBIM MaccaM W TJIeH, OTBETAlOIIMi CITIH-
CTIMHOBOMY B3aWMMOJIECTBUIO [IJId KaKI0# Mmaphl KBAapKOB B allpOHE. DOCTOSHHBIE Mg U k
HoJTyYeHbl (PUTHPOBAHUEM OT U3BECTHBIX 3HAUCHUH Macc, paccMaTpUBasg ME30HBI 1 OapUOHBI IO
otnesbHOCTH. JIJ151 ME30HOB ¢ OpOMTAIBHBIM YTJIOBBIM MOMeHTOM [, = 1 cOuH-cimHOBOE 3alie-
IIJIEHTE CINTAETCSA HyJIEBBIM, U (PUTUPYETCH TOJBKO Mg. TaK 7Ke MOXKHO ONPEIenTh ~OJIOKOBBIE
Macchl IUKBapKOB” | UCIO/b3y s (HbOPMYJIbI BbIlIE, ¢ k, BBIYUCICHHBIM s 2/3 Gapuona. 3Hade-
HUS 110 YMOJTIaHWTO:

MynabTumnser mo k
TICEBIOCKAIIAPHI M BEKTOPHI 0. 0.16 I'>B
akcmaiabHble BeKTOphl (S =0) 0.50 5B 0.
CKAJIAPDI 0.45 I'sB 0.
akcmaigbHble BeKTOphl (S = 1)  0.55 ['3B 0.
TEH30PBI 0.60 I'>B 0.
H6apuOHbI 0.11 I'sB  0.048 1»B
NTKBapKA 0.077 I'>B  0.048 I'>B

Nmeercs OJHO UCKJIIOYEHNE N3 ITpaBUJIa — HeﬁTpaﬂbeIe 10 apoMaTaM M€E€30HbI, TO €CTb COCTOA-
HIA TAZXKEJBIX KBaAaPK-aHTUTKBAPKOBBIX IIap. ,HJIH KazKIJor'o TaKOro Me€30Ha MacCCa OIIpeEac/Id€TCA
MHANBUOYAaJbHO, U TYT HYZKHO ﬂeﬁCTBOBaTb ¢ U3BECTHOI IMOKOCTBIO.

13.2.2 IIlupuHbl pacmnajgoB

IHI/IpI/IHEL pacliala BBIYUCJIIACTCA B pPaMKaX TEOpUN BO3MyHl6HI/H71 IJId TEX PE3OHaAHCOB, KOTO-
PbI€ TMOABJIAIOTCA B PyTHIA Ipu UCIIOJIb30BaHUN MEXaHNU3Ma I'€eHEpalllun KECTKOI'O ITponecca.



[[lupuna wmemomb3yeTcsa Tpu BBIOOpE Macc B JKECTKUX IPOIeccax COTJIACHO PEeTATUBUCTCKOM
dopmyte Dpetita—Buraepa. B bosbitom KosmdecTBe mMporeccoB MMpHHA MOKET 3aBUCETH OT S,
cM. pasmen 7.3.

Mg mMace apyrux gacTur], Kak oDCYyZKIaJIOCh 10 CUX TOP, OBLIN YCTAaHOBJIEHBI 3HAUEHUA,
paBHble HOMWUHAJIBHBIM, TO €CTh YIIWPEeHNe MacC OTCYTCTBYeT 1A KOPOTKOKWBYIIMX YacCTHIL
tuma p, K* mmw A. Onucars dbopMy pesoHaHca p Topasmo TpynHee, deM, Hampmmvep, dopmy Z°,
TaK KakK MOporosbie 3(hpeKThl 1 HenepTypOaTUBHbIE ABJIEHNA UCKAKAIOT WHBAPUAHTHYIO POp-
My. 3HadeHre MacChl p OTPaHWIEHO CHU3Y U3 pachala p — T, a TaKkKe, HallpUMep, U3 pacrnaia
¢ — pm. B HeKoTOpBIX IemovYKax pacialoB BO3HUKaeT MpobJieMa HECKOJIHKUX BBIOOPOB 3Ha-
JeHuilt Macc, CBA3AHHBIX MeKy coboli, HapuMep ay — pm, TIe as TaKKe NMeeT TOCTATOUHYTO
MIWPWHY. ) aKOHEIl, MMEIOTC HEKOTOPBIe Upe3Bbldaiinble cirydan, momobuo fy, KoTopsiit nMeer
HOMUHAJIbHYIO Maccy HEKe nopora KK m xBocT pacnpenenenus, npomosiKaromuiica 3a mopor,
9TO ObecrieunBaeT HEHyJIeBoe cedernme pacmana B KK-kanase.

C ygeToMm »TUX 1 HEKOTOPBIX JIPYTUX MIPUMEPOB He OBLITO ¢Ie/TaH0 HIKaKOW MOTBITKE 0becIie-
YUTH MOJTHOE OolucaHre. BMecTo 3TOTo MCIosib3yeTca YIIPOILIEHHOe OUcaHle, KOTOPOe TOJZKHO
OBITH TOCTATOYHBIM IJT51 OTIPEIeSIeHN s OOIIero pa3MbITHA COOBITUH M3-3a MAaCCOBOTO YIIUPEHNU S,
HO KOTOpOe, BO3MOZKHO, He ABJIAETCA NOCTATOYHBIM JIJIA AeTaJbHOTO U3yYeHNA KOHKPETHOTO pe-
30HaHCA. DO3TOMY TI0 YMOTIAHUIO aIPOHBI MMEIOT MACCOBBIE PACIIPENEIEHN B COOTBETCTBIH €
HEPEIATUBUCTCKOM OpefiT-BurHEpoBCKoit (hopmoit

1

P(m)dm (m = o) £ T2/4 d

m . (13.2)

JlemToHbI U pe3oHaHCHI, KOTOpbIE He OBLIN 00PabOTaHBI AKKYPATHO € UCTIOIb30BAHIEM MEXAHI3-
Ma TeHepaInn KeCTKUX TPOIECCOB, PaClpelesieHbl B COOTBETCTBUN € PEJIATUBUCTCKON (hopMoit
Ipetita- Buraepa

1
P(m?) dm? dm?* | (13.3)

(m? —md)? + mil?

mo u [ ecTh HOMUHaAJBHAA Macca W MUPUHA JACTUIBI. JpelT-BUTHEPOBCKasd (popma cHMMe-
TPUUHO yceKaeTcs, |m — mg| < §, ¢ §, IpOU3BOJIBHO BBIOPAHHBIM JIJIsl KayKI0M JacTUIBl Tak,
9TOOBI He BO3HUKJIO HUKAKWX MPOOJIEM B pPaCHaIHBIX Iemodkax. MoKHO BBIKIIOUUTE yuInpe-
HIE MacChl, a TaKyKe HUCIOJIb30BaTh BCIOMY KaK HEPEJATUBUCTCKYIO, TaK W PETATUBUCTCKYTO
OpeiiT-BurnepoBckme (POPMBI.

9 pobaema fy 6buTa 7 perrena” m3MeHeHEM Macchl fy Tak, 9TOOBI OHa ObLTA TYTH BBIIIE TOPOTA
KK, u pacmpenesienne nmeso moutn mHyJseByto mupuny. Torma kuaemaruka pacmanos fop — KK
pPa3syMHO XOPOIIIO MOIEJIUPYETCs. D PU 3TOM Macca fy mostydaercs cuiikoM GOBINON B KaHaJ e
fo — 77, HO »TO He WMeeT PeasbHOTO 3HAUEHWs, TaK KaK B JAHHOM CJydae OHA CYIIECTBEHHO
BBIIIIE TTOPOTA POKIEHUA MaphI.

13.2.3 BpemeHna >XW3HH HeCTAOMIbHBIX YACTHII

HAcwo, gTo BpeMs KW3HW U MIWPWHA pacliajia JacTUIBI OOpaTHO MPOTOpInoHa bHbl. o mpak-
TUYeCKUX TPUJIOKEHNH, OIHAKO, Jobas JacTuila ¢ HeHYJIeBO# MMpuHON paciaga JOCTATOTHO
OJIM3KO K BEPIINHE CBOETO POKIEHW He MPecTaB/ifeT HUKAKUX mpobiieM mis oOpaboTKm ¢
TOYKU 3pEHWA BPEMEHU KU3HU. JOITOMY B MpOTpaMMe TH JIBa acleKTa paccMaTpPUBAIOTCH
o orAe’abHOCTH. Jl7A dacTun ¢ HEHYJIeBbIM HOMUHAJbHBIM WHBAPUAHTHBIM BPEMEHEM KU3HU
70 = (7) akTHUIECKOe BpeM#A KUSHU TOJTYyTAeTCHA B COOTBETCTBUN ¢ (HPOPMYJIOH

P(r)dr < exp(—7/70) dT , (13.4)



TO eCcTh JJIA pacnajia MPUHATA MPOCTad SKCIOHEHITNAIbHAA 3aBUCUMOCTh. ['aK KakK mporpamMmma
MCIIOJTh3yeT €NWHUIIBI W3MepeHuil, rme cKOpoCTh c¢BeTa ¢ = 1, a MpoCcTpaHcTBEHHBIE pa3Meph
VKa3bIBAIOTCA B MM, To (paKTHIEeCKH Pa3sMEpHOCTh €Ty eCTh MM, a To — MM/c & 3.33 x 107!? c.

Ecaw gactuna poxmaercs B Bepiimie v = (X, t) ¢ nmmysiscom p = (p, E) n Bpemenem xuswn
T, TTOJIOKEHNE BEPIIWHBI paciaia maetcs (hopMyJtoi

vV=v+T1—, (13.5)

r7ie m — Macca JacTUIbl. JOITOMY OOBITHO MOIKHO, € YUETOM IMEPBUIHOTO B3amMOmelcTBuUA,
KOHCTPYHUPOBATh BCE BTOPUUHBIE BEPIIMHBI MapaJsIeSibHO ¢ 00bIaHON 00paboTKol pesonaHca.

Qopwmyita BbIllle HE YIUTHIBA€T HUKAKUX 3(PEKTOB OT ITeTEeKTOpa, TUIAa MATrHUTHOTO TTOJIA.
9 09TOMY MOZKHO OCTAHOBUTH METOUKY PACTAIOB B HEKOTOPOW MOIXOIAIIEH TOUKE U ITepeHecTn
BCIO TIOCJIENYIONIYTO 00pabOTKY pachafga B MPOTPAMMYy MOIEeJIUpOBaHUA geTekTopa. MoxkHO
BBIOPATH yCJIOBWE, UTO FacCTUIAM Pa3PEIIeH PACall TOJTbKO B TOM CIydae, ecJii NX HOMIHAJTbHOEe
BpEMsI JKU3HU To KOpode, YeM HEKOTOpOoe 3allaHHoe 3HavdeHWe, WU e/ BepliimHa pacriajia X'
HAaXOINTCSA BHYTPU HEKOTOPOTO CepmdecKoro Win MUINHIPUIECKOTOo o0beMa BOKPYT TOUKHU
poOXKaeHUA.

13.3 Dacuanni

B mporpamme ncmosib3yercs HECKOIBKO Pa3InIHbIX BUIOB 00pabOTKN Pacla/ioB, B 3aBUCHMOCTH
OT TIPUPOIBI paciaia. 37ech He 00Cy KIAIOTCH pACalbl PESOHAHCOB, KOTOPBIE TPAKTYIOTCA KaK
JacTh KECTKOTo Tpoliecca.

13.3.1 CuapHble U 3JIEKTPOMATHUTHBIE pacHajibl

Dacmaapl aIpoHOB, colepiKamux ~obbraHble” u-, d- W $-KBapKW, Ha IBe WU TPU TaCTHUIIHI
U3BECTHBI, W CEYECHUs COOTBETCTBYIOMUX mporeccoB Moxuo Hafitu B [PDG88]. Mbr obbruno
MpernoiaraeM, YTO UMITYJIbCHBIE pAcIpelesieHus onpeneasaorca (pa3oBbiM obbemoMm. Wmeer-
¢ HECKOJIBKO MCKJTIOUeHWH, Korma pa30oBbIil 00beM ecTh YMHOKEHHOE Ha MAaTPUIHBIN 3J1€MEHT
BBIpazKeHre, BBITVIAIAIIEE CJIETYIONIIM 00pa3oM.

+ 0

,HJIH w- " ¢—M63OHOB paciiadbl Ha 7T T OIIpENETIAIOTCA MaTPUYHBIMU dJIEMEHTAMU BU A

|M|* o [prt X pr [P (13.6)

The Pr — WMIYJIbCHl THOHOB B CHCTeMe MOKosA pacnana. (DakTwdaeckn 3mech 3akoimpoBaHa
HECKOJIBKO Ooslee NJITMHHAA JIOpEHI-MHBapuaHTHas (hopMa BbIpaKeHNs, TPUBETEHHAA BBIIIE. )

DaccMoTpuM TenoUKy pacmanoB Py — P+ V — Py + Py + P;, te P — niceBmocKkasiapHbre
Me30HBI, a V — BeKTOpHBIe. 3Iech YIJIOBOE paclpelesieHne Id paciana V B cucTeMe MOKOA
ecTh

|M|? o cos® Oy (13.7)

rie Opy — yroan mexny Py u Py, Kiacewaeckuit mpumep — pacrag D — K — Krnr. Ecoun Py

3aMeHnTH Ha v, TO YIJIOBOe paclpele/eHne paciiafa V 6yaeT MpolmopIroHaIbHo sin® fo,.

_|_

B nanurnesckux pacnagax, w0 miam n — eTeTy, Macca m* napsl ete” orbupaercs coraacHo

d *2 2m2 m*2 3 1
P(m*?) dm™® 1+ — 1— . (13.8)
m*2 m*2 er,n (m?) _ m*2)2 + m/ZJF/ZJ



DocaenHIM COMHOXKUTEIEM, KOTOPbI ecTh nponararop p° U3 Mojead BEKTOPHOH TOMUHAHT-
HOCTH, MOKHO IIpeHebpeub I/s pacliaia 7°. Docse Bpibopa m* yrjoBoe pacipeieserue mapbl

_|_

et e nmaercs BbIpazKE€HUNEM

(M oc (m™ = 2m2) {(pper ) + (prpe-)? | + 42 { (ppet ) (pype) + (Pypet ) + (P ) }
(13.9)
Kpowme Toro, psam mpocTsix pamamgoB, BKIIOTAONINX OOJee TAKeEIble alpOHHbIE PE30OHAHCHI,
HaIlpuMep, Zg — A;"W_ wim B*~ — B7y moxkHO 0bpabaThIBaTh MO AHAJIOTHH C JIPYTUMN
ABYXYaCTUYIHbBIMI pacliadaMU.

13.3.2 Ciaabble pacunajgbl O9apOBAHHBIX aJpPOHOB

OuapoBaHHBIE AIPOHBI UMEIOT MACCy B TPOMEKYTOTHOM [IHWara3oHe, Tie BINAHUE WHBAPUAHT-
Horo (V' — A) MaTpmaHOTO 3JeMeHTa €1aboro pacrhaia 9acTUIHO, a He MOJTHOCTHIO OTPaKeHo
B KHHEMATWKe YaCTUIl B KOHETHOM COCTOAHWUH. DO3TOMY OOBETMHAIOTCHA Pas3IUIHBbIE CTpaTe-
rur 00paboTKM pacmanoB. Mbl HadHeM ¢ aIpOHHBIX PacCIaIoB U MOCIETOBATETHHO PACCMOTPUM
MOJTYJTETITOHHBIE.

Jlnst werbipex ”ocHoBHBIX” owapoBaHHBIX amaporos, DT, DY D u At yxe wsBecten psn
3HaUeHull BepoATHOCTel pacmagoB MO PasIUIHBIM KaHajgaM. ll3BecTHble 3HaUeHUA cedeHmit
OB OObENMHEHBI ¢ Pa3yMHBIME MTPEINOIOKEHNAMEI, YTOOBI CKOHCTPYHPOBATH OOJTee WIn Me-
Hee TOJTHBbIE TaDJIUIBI BCeX KaHaJI0B IJid JaHHON MHOXKecTBeHHOCTH. [l aIpoHHBIX pacmaIos
D° u DY, rie usBecTHO 1OBOILHO MHOIO KaHAaJIOB, 3TO 3HaYCHUE MOMKET ITOXOIUTD /10 HeThIpex
aIpoHoB, B To BpeMms# Kak miaa DI u AY — tonbko no aByx. DTH aapoHbl MOTYT ObITH pe30HAH-
camu, omobHo p 1 K*, 910 03Havaer, 9T0 (paKTUIeCKad MHOKECTBEHHOCTh MOXKET OBITH BBIIIIE
HOMUWHAJBHON. DTO TaKKe O3HATAET, ITO HKCIEPUMEHTATHHO U3MEPEHHOE 3HAUEHNE BEPOATHO-
cTHu, ckaxeM, mid Krm-kamasma pacmaia, B mMporpaMme MpeNcTaBJIEHO BKJIAIaMU OT TIPAMOTO
Krr-kanama u ot Kocsenuwix, Tuna K*m u Kp. Dosromy, Ha mepsbiit 31/, Tabuiia pacia-
noB B JETSET uMeeT He CJIUIIKOM GOJIbIIoe ¢XOACTBO ¢ Toli, uto mana B [PDGS8S]. B ciyuae,
KOT/Ia OTIPEIESIEHO COJepKaHue apoOMaTOB B KOHETHOM COCTOSAHUH, MPOIYKTHI PaclpeleseHbl B
COOTBETCTBUH ¢ (Pa30BBIM OOBEMOM.

Us-3a ciennbuku BBITIOSTHERN A BHITUCIEHNT B TpOTpaMMe BaKHO BKJIIOUNTH BCE pa3pelreH-
Hble KaHaJIbl PaClaIoB JIJId JaHHONW MHOYKECTBEHHOCTH. TOTma KaHaJ bl ¢ MHOYKECTBEHHOCTHIO
60IbIIle 33 JaHHONW MOTYT OBITH TTOJIyUEHBI B COOTBETCTBUH € MPOCTOH cxeMo#t KOMOMHUpOBaHU A
apoMaToB. DampuMep, B pacmage D1 obbransit kpaprosbit coctas — sdud, roe ommn d — crek-
TATOPHBIH KBapK, a OCTaJbHBIE TOTYyIAlOTCA W3 CJIabOT0 pachaia c-KBapka. KBapK-crmeKkTarop
TaK:Ke MOYKeT aHHHTHIHpOBaTh, Kak B pacmage DI — ud. Dostomy coctaB apomaros, He-
O0XOMMMBIH [IJIs POKIEHUsT OTHOTO WJIN IABYX allpOHOB, MOJIZKEH ObITHh 3ajaH BHadasde. Hcian
HYKHO CTEHEPUPOBATH OOJIBIE aIPOHOB, 3TO O3HATAET, ITO HYKHO ITPOM3BECTH HOBBIE apOMaT-
AHTHAPOMATOBBIE Taphbl U OOBEINHNUTH WX € CYIMIECTBYIOUINME apOMaTaMU. ITO BBITOTHAETCH
TaKWM JKe 00pa3oM, KaK mpu obpaboTKe apoMaToB B Ipoliecce pparMeHTaIlnn.

DoJtee TIOAPOOHO, UCTIOTB3YETCA CJIEAYIONIAA CXEMA.

1. Cuauasa suibupaercsa suHadenue muoxecrsennocti. [as D® u DY 310 oznavaer maru-

W MIeCTUIACTUIHBIE COCTOAHMUA B COOTBETCTBUE € 3aJaHHBIME BEPOATHOCTAMH, a ayisa DT
win AT MHOXKecTBEHHOCTD BBLIGUpPAETCs COMIACHO PACIPENECHIIO, OMMCAHHOMY HUZKE.

2. OnvH W3 HECMEKTATOPHBIX apOMaTOB BBIOWpPAETCA CIAyUalHBIM 0Opa3soM. ITOT apoMar

MOKeT ~pparMeHTHpOBaTh B AJPOH TLIIOC HOBBIM OCTATOYHBINR apoMar, WCIOJIb3YSA aJl-

TOPUTM TeHEpaIny apoMaToB, KaK I CTaHZapTHOW cTpyHHOUW (dbparMeHTannm, pasmes
12.1.



3. Urepammu mpomosiKaioTcs I0 TeX MOp, MOKa He OCTaHeTcs CTeHePUPOBaTh TOJHKO OINH
WIN IBa aApoHa, B 3aBUCHMOCTH OT TOTO, ABJACTC JIU IepBOHAUAILHOE THCIO apOMATOB
PaBHBIM IBYM MJIH 9eThIpEM. Ja KarkKIOM Ilare OIuH ~HecapeHHbIH” apoMaTr 3aMeHACTC
IPYTHM, TaK KaK aapoH ~OTHICIIAETCA , W TUCIO HeCHapeHHbIX apoOMaTOB COXPAHIETCH.

4. Ecmm mmeroTcsa nBa apomMaTa, OHH OObEIMHAIOTCA, (pOPMUPYS MOCTeannit agpon. FKcmaum
IMEIOTCS JeThipe apoMara, TO CIydafiHbiM 0oOpa3oM BBIOMpaeTcs OIHO U3 ABYX BO3MOIK-
HBIX 00beINHeHnil B 1Ba KOHEYHBIX afgpona. s ompemesierus THIa aIpOHOB HCIOIb3Y-
I0TCsA TaKhe Ke MpaBU/Ia g apoMaToB, KaK W NPH O0ObeIMHEHUN IBYX KOHEUHBIX apo-
MaTOB B JABYX CTPYIIX.

5. Ecim cymma Mace IpoIyKTOB paciaia O0JIbllle Macchl paciagaiolieficsa 9acTHIbl, TO Bb-
OpaHHbIii apoMaT OTKJIOHAETC, W IPoIiece HaumHaeTcs cHOBa, ¢ myHKTa 1. QOBIUHO BbI-
GupaeTcsa HOBOe 3HadeHMe MHOKeCcTBeHHoCTH, 1 TobKo A D® u DT coxpansercs crapoe
3HaYeHue.

6. Kak Tombko ompemessercsa mpueMIeMbiii HabOp aIpOHOB, OHH PACIPEIETIAIOTCA B COOT-
BETCTBHUH € (Pa30BBIM OOHEMOM.

B pesynbTare mosygaeM KapTHHY psga MIapTOHOB, IBUKYIIIXCA 000COOIEHHO I pparMeHTupy-
IONIAX MTOYTH KaK CTPYH, HO ¢ MMIIYJIbcaMi HAaCTOJbKO MaJIbIMHU, UTO PAaCCMOTPEHNA TTOBEICHIA
CHCTEMBI B TepMmHaxX (pa30BOTO 00bEMa JOCTATOYHO I OMUCAHUA CPEIHETO MOBEICHUSA MM-
MyJIbCHOTO paclpeieennsd. DOomobHO caydalo CTpYHHOR (parMenTamum, A8 KOHEUHBIX apo-
MaTOB BEPOATHOCTH OOBEAMHEHWs APYT ¢ APYTOM HOJIKHA paBHATHCA HyJI0. Bmecro »Toro
MEKIy HEMHI POKIAIOTCSA HOBBIE IMapbl apoMaToB. TakKzKe HyKHO obpallaTh BHEMaHHe Ha TO,
UTO, XOTA BEKTOPHBIE W IICEBIOCKAJIAPHBIC ME30HBI POKIAIOTCA ¢ OOBIYHON /I HUX OTHOCH-
TEeJIbHON BEPOATHOCTHIO, COOBITHA ¢ OOIBIINM KOJUIECTBOM BEKTOPHBIX ME30HOB OYIYT, IO Beeii
BUIUMOCTH, ITaBaTh IIPOTHBOPEUNA B IIpollecce TeHepallny Ha mmare H. DddexkTuBnas KapTuHa
IOPTOMY COIAEPZKNT CMEIIEHNEe B CTOPOHY JETKUX JaCTHIL, OCOOEHHO 151 OOJIBIIITX MHOKECTBEH-
HOCTel.

MioKecTBEHHOCTD BBIOMpPAETCA B COOTBETCTBUN ¢ pacipeneienneM ['ayceca, mMerommnmM meHTp

B TOUKE € + Ny /4 u mmpumy /¢, ¢ HOCTeIHIM MaKCHMaIbHBIM 3HAYCHUEM, TIOJTY Y€HHBIM OKPY-
[JIeHIeM [0 caMoro OJIU3KOoTro Imejoro. Kak yrmoMmHa/IOCh BBINIE, 3HAYCHUE /I YUCIa KBAPKOB
Nng ecTb 2 nu 4, un

(13.10)

rjle m — Macca aJpoHa, a €; U Cy MOJO0paHbI TaK, 9TOOBI JTaBaTh pa3syMHOE ONMUCAHUWE 3Ha-
YeHWl MHOXKeCTBeHHOCTH. Bcerna cyliecTByeT HUKHWUI TTpenes Jid paspelleHHbIX 3HauYeHui
MHOKECTBEHHOCTH; €CJIN 3HaYeHe MeHbIIIe 3TOT0 TOpPOoTa, TO BHIOOD MHOKECTBEHHOCTH OCYIIe-
cTBIseTCA moBTOpHO. Tak Kak AByXdacTUYHbBIE pachalbl ABHO mepednciaenbl maas DT u AT,
A HAX MAHUMAJIbHad MHOXKECTBEHHOCTHh paBHa 3.

SHaveHnsa BEPOATHOCTEN pacrmagoB MO Pa3InIHBIM KaHaJ aM [IJId TOJTyJIeNTORHBIX PAaclaioB
TafOTCA B IIPOTPaMMe B sIBHOM BUJE IJIA BCEX TEThIPEX 00CY KIAeMbBIX 3/IeCh JacTHIl, TO €CTh He
HY KHO TIPUMEHATD MPOIENypy 00paboTKI apoMaToB, aHAJIOTMIHY IO MEXaHU3MY CTpYHHOM dpar-
MEHTAINH, TPU OMUCAHUN COCTaBa apOMATOB. DTO HE O3HATAET, OJTHAKO, 9TO BCE ITH 3HAUEHUS
W3BECTHBI; /1A KaHAJOB ¢ DOJlee BHICOKMMU MHOZKECTBEHHOCTAME BKJIIOUEHO HEKOTOPOE Pa3yM-
HO€ KOJIMYECTBO MPEIoI0KeHN, OCHOBBIBAIOUINXCA Ha 3HAHUM MHKITIO3UBHBIX TOTYJIENTOHHBIX
cedeHuil pacrnalioB M 3KCKJIIO3UBHBIX cedeHmnil pacnajoB AJid HU3KUX MHOXKECTBEHHOCTel.

B nostysienTorHBIX pacrnagax olMcaHne UMITYJIbCHBIX paclipeleseHuil JenToHoB 1 HelTpu-
HO B COOTBETCTBUU ¢ (PA30BBIM OOBEMOM [TaeT HENpaBUJIbHBIE pe3yJIbTaThl. BmecTo »TOTO HMC-
nosb3yeTca mpoctoii (V — A) MaTpudHbIi 2J0eMeHT T MPeIebHOrO CIydasd, Koroa MaccaMit
MPOJIYKTOB paciiajia MOXKHO MpeHeOpetsb, U UMITYJIbChl KBAPKOB MOYKHO 3aMEHUTH WMITYJThCaMU



agpoHoB. B wactHocTH, B pacmame H — (Tuv,h, rme H — ogapoBaHHBI aapoH, a h — OOBIYHBII
AAPOH, AJid pacupeneseHnil mMpoayKTOB UCIOIb3yeTca MATPUYHBIN s/1eMeHT

|M* = (prpe)(popn) (13.11)

De coBceM ACHO, KaK MOKHO 00001 Th 3Ty (bOopMyJ/Ty Ha cIydail HECKOJBKUX apOHOB B KOHEY-
HOM COCTOSHMHM. B mporpamme B TakKWX CJIydasX HCIIOJIb3YETCHA TOT yKe MaTpPUUHBIA 3/IEMEHT,
TOJIBKO Py, 3aMEHAETCHA Ha MOJIHBI 9eThIPEXUMITYJIhC BCEX aJIpOHOB. DTO MPUBOANT K IIpEMYyIIe-
CTBEHHOMY POZKIEHMIO ¢ MaJloii MHBapuaHTHOM Maccoil 11 aapOHHON CHCTEMBI 0 CpaBHEHMIO
C ONMCcaHWeM, OCHOBBIBAIOIIEMCA Ha MHBapHaHTHOM (pa30BOM OOBEME.

Nmeercsi HECKOJIBKO OYapOBaHHBIX aJPOHOB, THIA =, 1 {)., KOTOpbIE pacnaJaloTcs 1Mo CJia-
O6oMy KaHaJly, HO TH paclajbl HaCTOJbKO PEIKHe, 9YTO O HHUX M3BECTHO CpaBHUTEHHO He-
MHOro. Jljis Takmx aIpoHOB WMCIOB3yeTcs YHpOIleHHasd oblias oOpaboTKa dapM-paclaiosB.
J1st aIpOHHBIX pacnaloB JaeTcs TOJBKO cojeprKaHue KBapKOB, a MHOKECTBEHHOCTb U COCTaB
apoMaTOB BBIOPHpPAIOTCA CJIydaifHbIM 00pa30M, KaK yiKe ONMCHhIBaJIoCh. JI/Is mosymenToHHbBIX
pacnagoB NPUHUMAETCs, 9TO POKIAETCA TOJbKO ONMH aJpOH, TaK YTO MPOCTO NMPUMEHAETCH
(V — A) marpuasbIii s/1eMeHT.

13.3.3 Caabbie pacnajabl 7-JIeNTOHA

Hmst T-7enTtora TPUWBOANTCS MOJHBIN CITICOK KaHAJOB paclalia, KOTOPBIH BKIOUAeT KaHaJIbl
BILIOTH 10 MATUIACTHIHBIX KOHETHBIX COCTOAHUIN, HEKOTOpBbIE U3 KOTOPBIX MOTYT OBITH He-
cTabMTBHBIMU U BIIOCJIEICTBUU PACIaIaThCcs, daBas elne OOBINYIO MOJTHYI0 MHOKECTBEHHOCTD.
Us-3a obutenssectHolt "3araaku 7, TO ecTh daKTa, 9TO IKCIEPUMEHTATBHO U3MEPEHHAA CYM-
Ma 3HadeHu# BepOATHOCTeH pacmaioB JIA PKCKJIIO3WBHBIX PEaKInii MEHbINe 3HAUEHWs JI5
MHKJTIO3UBHON peakiuu, Takas Tab/mia He MOXKeT ObITh MOCTpOeHa TOJHOCTHIO B COTJIACUU C
PDG-namabivn.

9 POIYKTHI JIENTOHHBIX pacmanoB 7~ — v.{ Uy, the { ecTh € Win (i, pacripeneseHbl B COOT-
BETCTBUU CO CTAaHIAPTHBIMEU V' — A MaTpUIHBIME 3JIeMEHTaMU

| MI? = (p-ps,)(pepo ) - (13.12)

(CoorBeTcTBYOUINH MAaTPUIHBIN 2JI€MEHT MOJKHO TaKzKe HCIONb30BaTh W B pacmagax (i, HO
OOBITHO (¢ CUNTAETCA CTAOMITBHBIM. )

B ampommbIX pacmagax T aIpoHBI U U, PACIpeleseHbl B COOTBETCTBUH ¢ (Pa30BBIM 00bEMOM,
YMHOXKEHHBIM Ha ¥, (3 — x,), tme x, = 2E,/m,; B cucreMe TOKo#A T. ITO BbIpaKeHWe Taer
CHEKTD Vr, npefcKasannbiii w3 (V — A)-popmannsMa Ha TapTOHHOM YpPOBHE, W MPEICTABIIAET
u3 cebs MOMBITKY yUecTh, 9TO I, YHOCHT OOJIBIIYIO JOJTIO UMITYJIbCa, IeM 3TO HaeTcs (Pa3soBBIM
00DbEMOM.

Bepositro, cambrit 60tbInol HeTOCTATOK 00pabOTKM pacIaoB T 3aKIIOUAETCA B TOM, 9TO He
BKJTIOYAIOTCA HUKaKwe 3(hDEKTHI MOTAPU3ANNN, TO €CTh CINTAETCSA, ITO T BCET/Ia paclalaeTcs
n30trponHo. OOBITHO 2TO HE COOTBETCTBYET WCTHWHE, TaK KaK T POXKIAETCHA MOJTAPU3OBAHHBIM B
pacmamge Z° w W*,

13.3.4 Ciaabsle pacuaabl b-agpoHoB

SGILELBHO Ha4daJla MMOCTYIIaTh HEKOTOpaA I/IHC})OpMELHI/IH 06 OTAOCJIBHBIX 3HaYCeHMAX ceyeHmin pac-
IIaJ0B IOJIA B—ELILpOHOB. B HacTodllee BpEMA OIMNCaHNE TaKUX IMTPpOUECCOB Pa3yMHO YVITPOIULEHO. B
YaCTHOCTH, HE YCTAHOBJIEHbI HUKaAKNE 3HAYEHN A BepOHTHOCTeﬁ PacliagoB IO PAa3JIMYHBIM KaHa-
JIaM IIJTAd KazKI0TO aJpoHa IO OTAEJIbHOCTH, 1 BMECTO YuCTOMN CHGKTELTOpHOﬁ MOIeJIN CHUTAETCA,



YTO paclialbl b—KBELpKEL OIMHAaKOBBI IJId BCEX aJpPOHOB, U €IMHCTBEHHOE Pa3/IN4YNE B KOHEYHOM
COCTaB€ apoOMaTOB MOJIyHaeTCA OT CIIEKTATOPHOI'O KBapKa. 90 CpaBHEHUIO C pacCllaJlaMi YapMa,
MaTpUYHbBIE 2JIEMEHTHI CJIEL6OFO pacliala MMEIOT HECKOJIbKO 6OJII)IH€€ 3HaY€HUE NJI1d aJlPOHHBIX
KaHaJIOB pacliala.

B monymentonnbix pacmamax b — ¢/7Tp c-KBapK 0O0beqUWHAETCH € AHTUKBAPKOM ILJTH
MMKBaPKOM-CIEKTATOPOM, (OPMUPYH OIUH AJIPOH, COTJIACHO CTAaHIapTHON mporemype dbpar-
MEeHTAIMh. JO’ITOMY MOJHBIH mpotecc ectb H — hl{™Dy, tne H — GoTTOM-aHTUME30H WJIN
6oTTOM-0aproH (HATTOMHIM, YTO B — ampoH, KOTOpBIH comepKuT b-KBapK), W 1718 IMITYJTBCHBIX
pacnpenesennit ucnogab3yercd MaTrpuaHbIA 3JeMeHT

|M* = (prp, ) (pepn) - (13.13)

3mech oATH TpeHedperaeTcs MaccaMu MPOIYKTOB B MATPUIHOM 3JIEMEHTE, HO paciiajl Mo KaHa-
JIy 77U, HOHABJICH 1O CPABHEHUIO C € Te U (1~ Uy, B COOTBETCTBUY C OKHUIAEMBIMEI MaCCOBBIMUI
spdextamu. Durarkme KIKM-niomasiiennbsie pacmanst b — ul™ 7y B HacToAlllee BpeMs He BKJIIO-
JAIOTCA.

B anpommbix pacmamgax, szanpumep, b — ¢dil, c-kBapK 00beINHAETCA CO CMEKTATOPHBIM apo-
MaToM, (pOPMUPYA OTAEIbHBIN aIpoH, W TOCTE 3TOTO UMITYJIbCHBIE paclpeleeHns aIpoHa 1
IBYX KBApKOB MAIOTCA COTJIACHO TOMY YK€ MaTpPUIHOMY 3JEMEHTY, 9TO u Bbilre, ¢ {~ < d m
Uy <> W. 3aTeM pacCUUTHIBaeTCA WHBaApUaHTHA Macca JIBYX KBapKoB. e 3Ta Macca moJryda-
eTcsa HacTOJIBKO MaJjiolf, YTO M3 CHCTEMBI He yHaeTcs cpOopMUpOBaTh IBa alpoHa, ABAa KBapKa
O0BEMUHAIOTCSA B ONWH alpOH. KCJIM WCmoIb3yeTcs Takol Ke TOMXOmd, Kak Ipu obpaboTke
aJIPOHHBIX PACIaIoB TapMa, TO TOCEe BBIOOpa 3HATEHUsT MHOKECTBEHHOCTH (POPMUPYETCH P
aJIPOHOB, W UX WMIIYJIbCHI PACTIPEIESEHBI B COOTBETCTBUN € (DA30BBIM O0BEMOM. DAa3HUIIA 3a-
KJo4YaeTcd B TOM, YTO 37€Ch 09apoBaHHble MPOIYKThI pacnaja pacrnpene/ieHbl B COOTBETCTBUYN
¢ (V — A) MarpmaHbIM »JIeMEHTOM, & OCTaJIbHbIE aPOHBI CANTAIOTCA paclHpereTeHHbIMI 30~
TPOIHO B cHCTEMe MOKOoA, TOrJa KaK B paciallaXx dapMa Bce aJIpoHbl pacipeneseHbl U30TPOIHO.

Ob6parnTe BHUMaHWE, 9TO C-KBapK W KBapPK-CIIEKTATOP CYUTAIOTCA (POPMUPYIOMIUME OITH
[IBETOBOM cuHTIIET, a cuctemMa du — npyroit, otneseHHbiit or mepBoro. Taxkum obpasom, Tpemno-
JlaTaeTcs, 9To MepBOHAYAIbHBIE 1IBETa B 0A30BOM JKECTKOM IIPOIECCe COXPAHAIOTCA JTydllle, TeM
B pacrmagax dapma. OQgHaKO MHOTaA 3TO He Tak, W ¢ BepoATHOCThIo mopsanka 20% nepBudHble
BeTa " TepepacipenesaoTea’ Tak, 9To0bl cU 00pas3oBbBay onnl cuHIeT. (B mporpamme s1o
NOCTUTAeTCA M3MEHEHWeM MOPAIKa, B KOTOPOM HafoTCsA MPOAYKTHI pacmiaia.) B gacTHoCTH, B
pacmaze b — ¢S€ MOKeT 06pa30BaThCA CUHIJVIETHOE TI0 TBETY KOHETHOE COCTOAHWE CC, KOTOPOe
yepes HEKOTOPOoe BPEMs MOKET KOJLIAICUpoBaTh B J/1).

—0 —0
(BOfB )-m (BngS )-CHCTEMBI CMENMBAIOTCA Tepel PacmaZoM. akas onmuns BRIOUEHA B
IpOrpaMMy. DOITOMY € BEPOATHOCTHIO

T

o) (13.14)

.2
Prip, = sin

B Moxer pacnagarbes 1mogobHo B, 1 HaobopoT. DapaMeTpbl CMEIINBAHUA 0 YMOIYAHUIO €CTh
xq=0.78 (B°- EO)—CI/ICTGMG naz, =108 (BY - ES)—CHCTGMG.

CsoiictBa pacmamga B-Me30mH0B 1 6apmoHOB COXPAHAIOTC I~ UacTUIBI € KOIOM 85. DTa
YaCTHUIA COAEPIKUT ONUCaHUe pachala cBOOOIHOIO b-KBapKa M MHCTPYKIIMIO IO OIIPele/IeHUIO
clleKTaTopHOTO apoMara coryacio KF-komy KoHKpeTHoro pacnamatoiierocs aapoHa. OmgHako
[P KeJaHUU KaykKIOMY aJIpOHY MOYKHO IPHUIMCATh OTAEIbHBIHA CIIMCOK KaHaJIOB paclaja.



13.3.5 Ciaabble pacuajgpl t-aJJpOHOB U apOMAaTOB YETBEPTOTO
MMOKOJIEHU A

Kak yxe obbscuamoch B pasmerne 13.1, TAKeable KBapKW CIUTAOTCA (PpPArMEHTUPYIOMIAME
mepes pacmajoM. ITO He 00A3aTebHO BEPHO, HO OOBITHO 3TO HE MTOJIKHO UMETH OOJIBIIOTO
3HavueHudA. B dacTHOCTH, caMm pacmall odpabaTblBaeTcs TaK, KaK ecJu Obl TAKebI apoMar
ObLT CBOOOJTHBIM, U JIJT KBapKa-CIIEKTATOPa OCTaBaiach ObI HEKOTOpAS [TOJIA PHEPTUN aJIPOHA.
Marpuanbiii s1eMenT paciaja, ucnosnbsyemsrit pasa Q — qff, ectb

((pe + pp)? — miy)” + m Ly

Bmech () MOKeT TIpencTaBiIsaTh t wiu JTI060H KBapK 4eTBepTOro moxkosenus, | m h. Docye tpu-
BUAJBHON 3aMeHbI JIENTOH Y JaeT Takyio xe dopmyny. Dapa T — depmuonn us pacramza W
(KBapKWM WJIK JIEMTOHBI). D porpaMMa yauThiBaeT > heKThl oT mpornaratopa W s moboii pas-
HUIIBI Macc Mg — Mg, ¢ OIHUM YCJIOBHEM: BBIOOD apoMara ( OCYIIECTBJIAETCA B COOTBETCTBUU
¢ YCTAHOBJIEHHBIMU CEUEHUAMEI paclajia 1Mo JaHHBIM KaHaJaM, U, TaKIM 00pa3oM, He YIUThI-
BaeTcd OTHOCUTEbHOe yBesmdentne spderkta KKM-ogasnenns ¢, 06ycaoBIeHHOE MacCOBBIM
spdextamu. Omrako >ToT >(PPeKT urpaer BaXKHYIO POJIb TOJIHKO B 0DJIACTH OKOJIO TOpPOTa
poxmenuss W, Hampumep, mpu my &~ my pacrnai t — s Oyaer ycusaeH 1mo cpaBHeHuo ¢ t — b.
C npyrolt cTopombI, Moporosbie (GpaKTOpbl BK/IOUaIOTCA Mpu BbIGope mapbl depmuonos {f or
pacmaga W.

Cucrema, comepiKaias KBapK-CIIEKTATOP, YacTO Oy/IeT UMETh CJUIIKOM MAJIyI0 MacCy LI
dparmenTanuu "B myxe” cucrembl cTpyi. B Takmx ciaygasx dbopmupyercs omHa dacTHIla €
TAHHBIM COCTABOM apOMaTOB, ¢ BEKTOPOM WMIIYJIbCa, OMPENeIseMbIM CyMMOM IMITYJTHCOB IBYX
KBapKoB. Tak Kak »HepPrus YacTUIBI IPU TOM Oy/IeT UMeTh HEIPaBUIbHOE 3HATEHWE, IMITYTh-
CBI IPYTUX CTPYH WK JIEMTOHOB B paclalle cJlerKa W3MEHIOTCS, 9TOObI 00ecednTh coXpaHeHne
nostHoft sHeprun. (KoHedrno, mis pacmamgoB y He CyUECTBYET HUKAKWX CIEKTATOPOB M, TAKUM
00pa3oM, HUKaKol 0OpabOTKI TaKOTO THIIA. )

ff-mapa or pacraza W MOKeT daBaTh JUBEHDb, TO €CTh HCIYCKATh TJIOOHBI 1 (POTOHBI CO-
[JTACHO CTAHIApPTHOMY AJTOPUTMY JIMBHA B KOHETHOM COCTOAHWH, BKJIIOUAd YIeT MATPUIHBIX
9JIEMEHTOB MTEPBOTO MOPAIKA. Je3YIbTUPYIONIAad cucTeMa cTpytt pparMeHTupyeT OOBITHBIM Me-
tonom C® — macca 31ech HACTOMBKO Besimka, 9to ommcarme CP paboraer xoporrmo. Tombkro
odYeHb penko Macca W MOKeET MoJIydaThca HUKE TOpoTa POXKIECHUA Maphl YaCTUIl; TaKhe KIHe-
MaTudecKre KOH(UTY AN OTKJIOHATOTCA.

13.3.6 Ipyrue pacuajbl

st mporttecca 0bpasoBaHus pe3oHaHca €O CIUMHOM | U €ro MoCJIeMyIoIIero paciaia Ha mapy Je-
[ITOHOB KaHAJIbI PACIAIOB IPUBOIATCA B ABHOM Buie. AIpOHHBIE paciaabl J /¢ Mogeaupyiores
¢ WCTOIB30BAHMEM CXEMbI T€HEPAIUU apOMAaTOB, MpelcTaBJIeHHol misa dapm-agpornos. [aa T
BKJTAJ] aJPOHHBIX PACIAI0B B TOJHYIO MIUPUHY MOJIYIaeTCsa TOJBKO OT OJHOTO KaHaJla pacrmaia
B ({-TTapy, a OCTa/JlbHOE TIPUXOMWTCA HAa KOHEUHBIE COCTOAHUA CgE WM €Y, ¢ MATPUIHBIMU
sJIeMeHTaM, B3ATHIME U3 yp. (6.26). 1, W n, TakKe MOTYT pacmagaTbca B Mapy gg, KoTopas
BriocsteicTBUE pparmernTupyet. B pacnamax T u 1, TapTOHB! MOTYT ITaBaTh JUBHE Hepes dpar-
MeHTalmel, Ho »HepTUs CJAUMKOM MaJja 1Jid 00pa30oBaHUs JIUBHS, TPOM3BOIAIIETO Oy TUMBIH
adpexr.

O6paboTKa pacmaioB TOMOHUSA W JIPYTUX TAKEIBIX MPOMEKYTOIHBIX COCTOIHUN B HACTOHA-
lee BpeMs He BBIMTOJTHEHA HAa COOTBETCTBYIONIEM YPOBHE W HE TOMWTCH JIJIA JTIETAJTbHBIX UCCIIe-
moBaHuit TakmxX adderTon. Cremys oOMIENPUHATOMY TOIXOMY, BHaUYAJE MPOUCXOIUT CJIaOBIH



pacman t uiam t, a 3areMm ocyuiecTBisAeTcsa (pparMeHTallus U pachall POKIEHHOIO aHTHTOI- HJIH
TOT-aIPOHA.

s pesonancos tuna Z°, WT mnn H smagenus BepoATHOCTell pacmagoB IO PasImuHbIM
KaHajaM TafoTCA 10 YMOJTYAHWIO. O pU WHUMHAJU3AI PYTHIA 5TH 3HAUEHUA 3aMEHIOTCS
MCTUHHBIME 3HAUSHWAMH, BLIYUCISHBIMI 1A 3adanubx Mace. Jag Z° w W nveercs crabas
3aBUCUMOCTh OT HPUHATHIX 3Hadenuit Macc, a ansa HO, manporus, maccosbie adpdexTn Besn-
kn. PaxTwgeckn, BEpOATHOCTH PACHAIOB MOXKHO W3MEHUTH, WCIOJIb3YA OpefiT-BUTHEPOBCKYTO
dopmy, B myxe, npuaaroMm B PYTHIA mpu obpaboTKe pe3oHaHCOB. D03TOMY 00paboTKa pe-
30HaHca B JETSET 1O YMOJTYaHUIO OOBIYHO HE TaK TOJ€3Ha, W ee cjenyeT m3berarh (Kpome,

tem — 47 /7° — qqronucanus). Korma aro ucnosbsyercs, KaHas OT-

KOHEYHO, CTaHIAPTHOTO €
OupaeTcs cOTJTACHO TaHHOMY (PUKCHPOBAHHOMY 3HATEHWIO BEPOATHOCTH pachaia. Fcim pacma
MPOUWCXOIUT B Tapy (q, KBapKW MOTYT [IaBaTh JIUBHE, 00pas3ys CUCTEMY MapTOHOB, KOTOpasd

BITOCJIE/ICTBUY (DparMeHTHpPYeT.



I'maBa 14

IIporpammusblie siemenTtsl JETSET

B »roit ritaBe MbI cobpasin wHMGOPMAIINIO OTHOCUTETHHO OOJIBITHHCTBA TPOTPAMM ¥ 00X OJI0-
KOB TIEpEMEHHBIX, cojmepkanuxca B JETSET. DeKoTopble MOMEHTBI 0OCYKIAIOTCSA B JIPYTOM

MeCTE€; B YaCTHOCTHU, 3TO IIPOT'paMMbl I'€¢HEpalln €+

€~ -CTOJIKHOBEHW, MapTOHHBIX JuBHel u
MporpaMMBbl aHam3a coobiTuit. B a10il TtaBe akieHT mestaeTcs Ha PaCCMOTPEHWUN MTAKETOB IJIA

CbpaFMeHTELHI/H/I " pacClialoB 1 Ha YTUJINTaX O6HIGFO Ha3HaYeHUA, TUIla paclledaTKI coOprTHril.

14.1 Omnpenenenne HaYAJIbHON KOHPUIypallud U BLIOOP
repeMeHHbIX

JT106y1o HavabHyt0 KOH(UTYPAIUIO CTPY s/ JacTUlla MOKHO ONPEIESUTh, UCTIOIb3Y s YCIOBHbIE
0bo3HavUeHnsd, MPUHATHIE JIA 3aIUCH COOBITUA, CM. pasfes 5.1. DTa 3amada ympoiaercs s
pAla 9acTO BO3HUKAIOUINX CATYAIN, KO NCIOJTb3YIOTCA ITPOrPpaMMBbl Ollpelle/IeHns TapaMe-
TPOB TIpOIlecca, ONMCaHHble HUKE. )e0OXOINMO OTMETHTh, UTO OOJIBIIMHCTBO MOJIh30BaTe el
He BXOIAT B MPAMOM KOHTAKT ¢ TWMHU TpOrpaMMaMW, TaK KaK yIIpaBJieHme 0epyT Ha cebs
porpaMMBbl OoJtee BBICOKOTO ypoBH#A, ocobenno LUEEVT u PYEVNT.

9 ecKOJIBKO BBI30BOB TIPOTPaAMM MOTYT OBITH OObeNnHeHbl B crenuduKkanuu. B ciydae, Ko-
[Jla TOCTaTOYHO OHOTO BBI30Ba, MOJIHAA HENOYKa (pparMeHTalli/paciagoB MOKET MOIEIUPO-
BAThCA OIHOBPEMEHHO. ) pU KazKIOM BBI30Be OOHOBJIsfeTcs 3HadeHme N B mocsemmedl cTpoke,
UCTIOJIb3YeMOe I MOy IeHn s HHPOPMAIINY O BBI30BE, TaK UTO €CJIN JIeTaeTCsd HECKOTBKO BhI-
30BOB, TO JOJIKHO 0DECIIeTnBaThHCA yBeInIeHne 3sHadennsa 1P, min xe sHaderne N Brocaencrsun
TTOJIZKHO OBITH TEpeoIpenesieHo BPYIHYO.

D porpamma LUJOIN odenb moJie3Ha TPHU ONPEIETEHNN IBETOBBIX MOTOKOB 1A DOJTee CJTOK-
HBIX TAPTOHHBIX KOH(UTYpAIwii; Ipu MOMOIIK 3TOH MPOrpaMMBbl MOKHO 0DONTH BechbMa HETPH-
BUaJIbHBIE TpaBua A ycraHoBkr 3uadenutt K(I,4) u K(I,5), comepxanux wHGOPMAITIO O
IBETOBOM ITOTOKE.

D porpamma LUGIVE maeT BO3MOKHOCTH PETYJINPOBAHUA U TOKYMEHTHUPOBAHUA MHOKECTBA
PA3JINIHBIX TIEPEMEHHBIX B OOIIIX OJIOKAX.

CALL LU1ENT(IP,KF,PE,THE,PHI)

ITasnavenue: m0b0aBIAET OMMH BXO/, OTBEYAONUI cTpye UM JacTUIE, B 3alUCh COOBITHA.
IP : OOBIUHO — HOMED CTPOKH JJisi cTpyu/dactunbl. meeres nBa MCKIOUeHU .

Ecnm IP=0, To ucnomnbsyercsa crpoka HoMep | u BoIsbiBaeTcs LUEXEC.

Ecau IP < 0, To mcmomb3yercsa crpoka -IP ¢ komom coctosnusa K(-IP,2)=2 a He

278



cTpoka 1; TakuM 0H6pa3oM, MOXKeT OBITH TOCTpOeHa CTpyiHHasd cucTeMa MpU 3aIloJI-
HeHUuM BcexX, KpoMe nocjienteii, crpyit ¢ IP < 0.

KF : KOJI apoMara ¢Tpyu/dacTuIbl.

PE : sHeprus cTpyn/dactulbl. FEciu PE MeHbIle Macchl, TO CTPys/dacTulla CUUTACTCH
nokodAleiics.

THE, PHI : [(OJApPHBIA U a3UMyTaJbHbIH YIUIBI AJ1s BEKTOPA UMIYJIbCAa CTPYH/YaCTHIIbL.

CALL LU2ENT(IP,KF1,KF2,PECM)

Ilaznadenue: 106aBiafgeT IBa BXOAa B 3alNCh COOBITHA (cucTeMy W3 2 cTpyil mim oBe OT-
NeSTbHBIE TACTHIIH ).

IP : OOBIUHO — HOMEp CTPOKH i MepBOH CTPyH/9acTUlbl, sl BTOPOH HOMEp CTpOKU
oymer IP + 1. meercs aBa MCKIIIOYCHUS.
Ecnu IP=0, To ucnonbsytorcs ctpoku 1 m 2 u BbisbiBaeTcsas LUEXEC.
Ecomm IP < 0, 1o mcnombsytorcs crtpokm -IP m -IP + 1 ¢ KOIOM COCTOAHUA
K(I,1)=3, cBaA3aHHBIM cO crelnuduaeckoli nadopMarmeil o mMBeTe IJisA TeHepaIun
MapTOHHOTO JIUBH: TpU BbI30oBe LUSHOW. Dpu XKeTaHWEM 371€Ch MOYKHO 0OECTEIUTDH
BBI30B LUEXEC (yMeCTHO TOJIBKO IJis CTPYif).

KF1, KF2 : KOJIbI apOMATOB IJIs IBYX cTpyil/dacTutr.

PECM : (= E.m) TONHAA HEPIHA CUCTEMBI.

Bameuanue: sueprus maercs B cucreme [IM ¢ nepsoit crpyeii/gacrureit, Boiieraoneii B +2
HalpaBJICHUU.

CALL LU3ENT(IP,KF1,KF2,KF3,PECM,X1,X3)

Ilaznadenue: 106aBiafgeT TPU BXOJa B 3amuch coObITH#A (cucreMy m3 3 CTpYH WM TPH OT-
NeSTbHBIE TACTHIIH ).

IP: OOBIUHO — HOMED CTPOKH [IJIsl HepBOH CTpYH/4acTullbl, a IJIsd ABYX APYTUX HOMEpa
oynyt IP + 1w IP + 2. lmeeTcsa nBa UCKITIOUEHUA.
Ecnu IP=0, To ucnomb3ytorecs ctpoku 1, 2, 3 u Bei3biBaeTcsa LUEXEC.
EcouIP < 0, To mcnonb3ytorcsa cTtpoku or —-IP no -IP + 2 ¢ KOJIOM COCTOAHUA
K(I,1)=3, cBaA3aHHBIM cO crelnuduaeckoli nadopMarmeil o mMBeTe IJisA TeHepaIun
MapTOHHOTO JIUBH: TpU BbI30oBe LUSHOW. Dpu XKeTaHWEM 371€Ch MOYKHO 0OECTEIUTDH
BBI30B LUEXEC (yMeCTHO TOJIBKO IJis CTPYif).

KF1, KF2, KF3 : KOJIbI apOMATOB JIJIsl Tpex cTpyii/dacTuir.
PECM : (Eem) TONHAA SHEPTHS CUCTEMBI.
X1, X3 : z; = 2E;/F.,,, T0 ecTh yIABOCHHas 10JIs TOJHON »HEPTUE, NpUHATasA - cTpyeil.

Takum obpaszom, x9 = 2 — x1 — &3, U ee He HYKHO 3aJaBarTh oTae/biHo. Qbparnte
BHUMaHUE, YTO He Bce KOMOMHAINK T'; HaXONATCA BHYTpU (pU3NUECKOH paspelieHHol
00JTaCTH.

Bameuanue: sHeprus maercsa B cucteMe IIM B mmockoctn xz, ¢ mepBoit cTpyeii, BlIeTaoMEH
B +2 HampaBJeHnum, u TpeTbeil, mmerotnieit p, > 0.

CALL LU4ENT(IP,KF1,KF2,KF3,KF4,PECM,X1,X2,X4,X12,X14)

ITasHavenue: m0baBjIAeT YeThIpe BXO/A B 3aIMCh COOBITUA: crucTeMy u3 4 cTpyit wian deTsipe
OTIeThbHbIe YAaCTUIBI (UK, 1/d coObITuil ¢qq'q', nBe cucremMbl U3 2 cTpyif).
IP OOBIUHO — HOMED CTPOKHU [JIs TEPBOH CTPYH /9acTHUIIb, a NJid TPEX OCTAIbHBIX HOMepa



cTpok matorcs IP + 1, IP + 2 u IP + 3. llmeercsa Ba MCKJTIOUEHU .

Ecnu IP=0 , 1o mcnomab3ytorcsa ctpokn 1, 2, 3 m 4 McIOIb3YIOTCA U BbI3bIBAETCHA
LUEXEC.

Ecnm IP < 0, To mcnomnb3yorcs ctpokn or -IP mo -IP + 3 ¢ KOAOM COCTOAHUA
K(I,1)=3, cBaA3aHHBIM cO crernuduaeckoit nadopMalmeli o nBeTe IJIs TEHepAINH
MapTOHHOTO JIUBH: TpU Bb3oBe LUSHOW. Dpu KesTaHWEM 371€Ch MOYKHO OOECTEIUTh
BBI30B LUEXEC (yMecTHO TOJIBKO [Jis cTpyif).

KF1, KF2, KF3, KF4 : KOJIbI apOMATOB [IJIs YeThIpex cTpyi/dacTul.
PECM : (= E.p) TOHASA SHEPTUA CHCTEMBI.
X1, X2, X4 :  a; =2F;/E.,, 10 ecTb yaBOeHHas 0Js dHEprUuu, NpubATas i-i crpyeit. Ta-

KM 00pa3oM, T3 = 2 — &1 — T9 — T4, U €e He HYKHO 3a71aBaTh OTIEbHO.

X12, X14 : T = 2pip;/ Eczm, TO €CTh IIpOom3BedeHHe BEKTOPOB YETBIPEXUMIIYJIBCOB IJIs
cTpy# ¢ W j, HOJIKHBIM 0Opa3OoM OTHOPMUPOBAHHOE. ) PU U3BECTHBIX 3HATEHUAX
Macc JIpyroe BbIpaxKeHWe I &;; MOXKeT ObITh IOJIy4eHO, WHCIO/Ib3ysd HaHHbIE I;
u z;;. ObparuTe BHUMaHWe, 4TO HE BCe KOMOMHAIWM Z; U Z;; HAXOUATCA BHYTPH
Jusmaeckoit pasperrenHol 0bIACTH.

3ameuyanue: »sHeprusa naerca B cucreme IM, ¢ mepoit cTpyeil, BbuleTatolIell B 42 Hampa-
BJIEHUU, U YeTBepTOH cTpyeil, pacnosaratolelicsa B miockoctu xz ¢ p, > 0. Bropasa
crpys oyner umets p, > 0 u p, < 0 ¢ paBHOM BEPOATHOCTBIO, & TPETbA CTPYA TOJIZK-
Ha MMeTh 3HaUeHNe NMITYJIbCa, KOMIIEHCHPYIOIIee 3TOT p, (9T0 OTBevaeT cydaiiHoMy
BBIOODY MEKIY IBYMS BOSMOKHBIMU CTEPEON3OMEPAMN).

CALL LUJOIN(NJOIN,IJOIN)

ITasnaveHue: oObenuHAET Pl TPEIBAPUTETHHO 3aIaHHBIX TAPTOHOB B CTPYHHYIO KOH(U-
rypamuio. JepBoHavYabHble TAPTOHBI HYKHO daBaTh ¢ Komamu coctogamit K(I,1)=
1, 2 mnm 3. BrnocnencTBum Bce MapTOHBI UMEIOT COCTOAHUA € KOJIOM 3, TO €CTh lla-
foTcsA ¢ ToJiHOM mHMoOpMalmeit 0 MBETOBOM TMOTOKE. DO CPABHEHUIO € MAapTOHHON
CUCTEMOM, ONpeneeHHON OOBITHBIM Ty TEM, 1A TaPTOHOB HET HEOOXOTMMOCTH BO3-
HUKaTh B TO Ke caMoil moc/iemoBaTeIbHOCTH B 3aIiCH COOBITHSA, B KAKOW OHU WIYT
BIIOJIb CTPYHBI. TakKe MOXKHO BbI3BaTh LUSHOW 1715 BceX MJIM HEKOTOPBIX BXOIIOB,
dopmupyrommx crpyny B LUJOIN.

NJOIN : 9mcJI0 BXOIOB, KOTOpPBIE TOJIZKHBI OBITH OObETMHEHBI OTHON CTPYHOI.

IJOIN : oaHOMEpHBIH MaccuB pa3Mepa, 1o Kpalineit mepe, NJOIN. Depsbie uncia B NJOIN —
MO3UTINN OOBETNHAEMBIX MTAPTOHOB, TaHHBIE B TOM TOPSIIKE, B KOTOPOM ITTapTOHBI
pacroJjiarafoTcs BIOJb CTPYHBI. csu cucrtemMa cOCTOUT TOJHOCTHIO U3 TIJTIOOHOB,
CTpyHa 3aMKHYTa U COCOUHIACT IOCJAEeIHUN BXOM € IepBbIM.

3aMedaHUA: 3 OJMH BBI30B MOXKET OBITH OIpeieieHa TOTBKO OlHA CTPYHA (TO €CTh OINH TIBe-
TOBOfi CHHIJIET ), HO BBI CBOOOIHBI MCIIOTH30BATH JTF0O0E KOMMIecTBO BBI30BOB LUJOIN
IUIA TAHHOTO cOOBITHA. 9 porpaMma OyIeT TPOBepsTh, MMEET JIU CMBICT yKa3aHHAdA
MapTOHHAsA KOH(MUTYpallsa, U He OYIeT OCyIecTBIATh HIKaAKuX IeficTBUl, ecu 9To
He BbImoJiHeno. (QOpaTnTe BHUMaHWE, OIHAKO, UTO MEPBOHATATBHO OCMBICIIEHHAS
MapTOHHAA KOHPUTYpPAINsa MOYKET CTaTh He WMeFollell cMbIcjia B TOM CJIydae, ecJim
HEKOTOPBIE TTAPTOHBI B KOHMUTY paIiuu ObLIN 00beIUHEHBI TOBTOPHO, B TO BpeM#A KaK
NIIpyTHe OCTAaBJIEHBI O€3 M3MeHeHu .

CALL LUGIVE(CHIN)




ITasHaveHue: ycraHoBKa 3HadeHUil J00OH MepeMenHol, comepaietics B obieM OJIO0Ke
LUJETS, LUDAT1, LUDAT2, LUDAT3, LUDAT4, LUDATR, PYSUBS, PYPARS, PYINT1,
PYINT2, PYINT3, PYINT4, PYINT5, PYINT6. 910 BBIOJHEHO OOJiee THOKUM CITO-
coboM, TeM TpsAMoe BKJIOUeHne OOIIX OJOKOB B MPOTPAMMY TIOJb30BATEN; TIPH
3TOM TTPOBEPEHBI TPAHNIIBI MaCcCUBOB, 1 CTapble N HOBbIC 3HAYCHNA 1A U3MeHAeMON
TepeMeHHo! 3anmmcanbl Ha BBIXOE IJIA CCBLITOK.

CHIN CUMBOJIbHOE BbIpakenue juHON He Oosiee 100 cuMBOIIOB, comepiKaliee Tpebyemoe
n3MeHeHne TepeEMeHHBIX, 3alcanioe B (popme
variablel=valuel; variable2=value2; variable3=value3...
ObparnTe BHUMaHWE, 9TO MOYKHO 3aJaTh MPOU3BOJIHFHOE UNCJIO MWHCTPYKIHUN B OI-
HOM BBI30BE, €CJIN Pa3JeUTh UX MOJTyMHOTOTOUNEM, M 9TO B JIFOOOM MeECTe MOZKET
ObITH BKJTIOUeH 1pobest. Variable ¢ MoxkeT ObITh J1t00OH OTIEBHON TTepeMeHHON B
obuwx 6mokax JETSET/PYTHIA, a value 7 mo/:KHO OBITH TpaBUIbHOTO THTIA (1IEJT0E,
peasibHOe WM CHMBOJIbHOE), €3 TOMONHUTETbHBIX 3aMedanuii. VHmekcs MaccuBa
1 3HAYEHUA HYKHO TaBaTh B SABHOM BHJE, TO €CTh HE MOYXKET OBITH MMepeMEHHBIX
BEJINIWH B WX cOOCTBEHHOM otpenesennn. Vckmodenne cocraisger caydail, Korma
MePBOMY WHIEKCY MOYKET MPEIecTBOBAaTh C, MOKa3biBasi, ITO WHIEKC TOJIKEH ObIThH
mepesenen ¢ obpranoro KF ma cxkarsiit KC-kom ¢ momompio Bbrzoa LUCOMP; sT0
paspelieno mesiath 1 MaccmBoB KCHG, PMAS, MDCY u CHAF. Ecsu value 1 omyteno,
HalpuMep, B KOHCTPYKINKU variable= , To TeKyllee 3HadeHUe OYIET HalledaTaHO
Ha BBIXOJE, HO caMa NepeMeHHas He M3MeHUTCA.

3ameuyaHue: MpOBepKa IPAHUI] MAcCUBa BBIMOJHEHA Ha allllapaTHOM YPOBHE B 3TOfl mporpam-
Me. DOPTOMY €cJTH TTOJIb30BaTeIEM MPOU3BEIEHB HEKOTOPhIE M3MEHEHN Pa3MepOB
MaccuBoB B MSTU(3), MSTU(6) m-uam B MSTU(7), HaCKOJIBKO 9TO pas3spelieHo u3 Ipy-
TUX COOOpasKeHUl, 5T M3MeHeHNA He OyayT yanThiBaThcs B LUGIVE. OnHaro o6braHO
9TO He JOJIZKHO OBITH MpodIeMOii.

14.2 ®usudeckue nporpammsel B JETSET

Pusnaeckne TPOrpaMMbl COCTABIAIOT OCHOBHYIO YacTh JETSET, HO "He BUAHBI OJIH30BATEIIO,
TaK KaK ecjIu OblLia ompeneseHa Hada bHasd KOH(MUTYpaIlns CprI‘/'I/ YaCcTUIL, W 3HaYeHUA Tapa-
METPOB TI0 YMOJIUAHIIO OBLIN W3MEHEHBI Ha KejlaeMble, TO eINHCTBEHHOe, ITO HYKHO c¢Ie/IaTh,
970 BbI3BaTh LUEXEC 11 MOAEIMpPOBAHUA TOJHOR IMemouky (pparMeHTallll U PaclaloB. 9o-
9TOMY OOBITHBIH MTOJIb30BATE/bh He UMEET Je/ia HEIOCPEICTBEHHO ¢ KaKIMU-IN00 ITporpaMMaMu
U3 4uc/a ONUCAHHBIX B »TOM pasneiie, Kpome LUEXEC.

CALL LUEXEC

ITasnaveHue: ympaBjeHue menoIkoit pparmenTanun u pacianos. LUEXEC MoxkeT OBITh BbI-
3BaHa HECKOJIbKO pa3, HO Ipollefypa NaJbHefIINX BBI3OBOB MOXKET ITOBJIUATH Ha
BXOJIBI, KOTOpBIE ellle He Oblin obpaboTabl (Wim, 6oslee TOTHO, KOTOpHIE MMEOT
I < K(I,1) < 10). DeobXomIMMOCTh B HEOTHOKPATHBIX BBI30BAX MOZKET BO3HUK-
HYTb B TOM CJIydae, ec/IU TOJb30BaTeseM ObLIO m100aBIeHO OoJiblllee KOJTUIECTBO
cTpyH/JacTull WK eciu 9acTUIlbl, paHee PaccMaTpPUBABIIHECH Kak cTaOUIIbHbIE, Te-
mepb MOJIKHBI pacinamarbes. JleficTBus, KoTopble OyayT TPENNTPUHATEI TP BBI3OBE
LUEXEC, MOryT OBITH OCYIIECTBJIEHBI W TpHU OOpamtennn K obimm 6sokam LUDATY -
LUDAT3, B 4acTHOCTH, YCTAHOBKOI COOTBETCTBYIOIINX 3HaveHmit MSTJ.



SUBROUTINE LUPREP(IP) : mepecTpamBaeT KOHEUHbBIE TPOMYKTHI TAPTOHHOTO JIMBHA (OTMe-
gentble K(I,1)=3) mocsienoBaresibHo Mo CTpyHaM; TakkKe (TPH COOTBETCTBYIOMIEM
BBIOOpE) paspelraeT MaJoCTPYHHBIM CUCTeMaM KOJITalCupoBaTh B IBe WJIM OIHY
TACTUIIBI, B TOCTETHEM CJIydae — ¢ SHEPTHel U UMITYJIbCOM, KOTOPBIH HYZKHO ~mepe-
pacrpeneuTs’ MekKIy APYTUMU CUCTEMaMU B COOBITUU; TaKKe IelaeT MPOBEPKY,
UTO, HATIPUMED, apOMaThl OECIIBETHBIX CHCTEM UMEIOT CMBICJ.

SUBROUTINE LUSTRF(IP) : BbInoJiHAET (hparMeHTAINIO TPOU3BOJIBHON cTpyHHON cucTeMbl B
GecriBeTHBIE OOBEKTHI B COOTBETCTBUH C JIYHIOBCKOW CTPYHHOH MOmesbio (pparMeH-
Tanuu. B OOJBUINHCTBE OTHOIIEHWH, 3Ta TporpaMMa — camo cepaiie JETSET.

SUBROUTINE LUINDF(IP) : BbImoJsiHsAeT pparMeHTannto cTpyHHON crcTeMbl B COOTBETCTBUN
¢ MOJIEJTHIO HE3aBUCUMON (pparMeHTaIlnu W, PN KeJJaHUuHU, 0becreanBaeT MEXaAHI3M
COXpaHeHWs PHEPTUHU, UMITYyJIbCa U apoMara. lakikKe 3/1ech paccMaTpuBaercs (bpar-
MeHTAlnA eTMHCTBEHHON CTpyW, He TpWHaIeRallel K cucreMe cTpyil (KOHeTHO, ¢
JusmaecKoit TOUKM 3peHus, 3T0 — epyHIa, HO WHOTIa TAKOe OMUCAHNe MOKET OBITh
VIOOHBIM JIJIA BBIOJTHEHUA OTNPETETEHHBIX 3a1a4 ).

SUBROUTINE LUDECY(IP) : BbIIOJHAET pacmanbl YacTUIl B COOTBETCTBUM € M3BECTHBIMIU Be-
POATHOCTAMM PacIiadoB WJIW MCIOJb3YA Pa3JndHble MOJeJN, B 3aBUCAMOCTHA OT Ha-
IIero HbIHEITHEro ypoBHA 3HaHuil. 18 pasiamaHbIX MPoIeccoB BKIIOYEHBI pasHbie
COOTBETCTBYIOUINE MaTPUWYHBIE 3JIEMEHTHI.

SUBROUTINE LUKFDI(KFL1,KFL2,KFL3,KF): TreHepupyeT HOBBIfl KBapKOBBIH WU ITUKBapPKO-
BBIft apoMaT U KOMOMHUPYET €ro ¢ CYIIECTBYIOMINM apOMaTOM [IJIs TOTO, ITOOBI TT0-
JIYYUTH aIpOH.
KFL1 : BXOOAIMANA apoMar.
KFL2 : TTOTIOJTHUTETbHBI BXOmAIHU apoMar, HapuMmep, M1 (POPMUPOBAHUA KOHEU-
HOW TacTHUIBI, KOT/a apOMAaThl MOJHOCTBIO ompenesieHbl. (ObIUHO 3HAUEHUE
paBHO HYJIIO.
KFL3 : cTeHepUpOBanHbIil apoMart; 3Hadenne pasro (), ecin KFL2 OTJIMYIHO OT HYJIA.
KF : MOJTy9eHHBIN afpoH. 3Hadenne pasHo (), ecsiu 9T0-HUOY b TOIILIO HETIPABUITHHO
(HampmMep, TOTyInIach TPOTUBOPETNBAA KOMOUHAIINA BXOMAIINX aPOMATOB).

SUBROUTINE LUPTDI(KFL,PX,PY) : maerT TOmepedHBIHl WMITYJIbC, HApUMep, IJIsA mapbl q,
poOXKAEeHHON B IBETOBOM IIOJI€, B COOTBETCTBUM € HE3aBUCUMBIMU I'ayCCOBBIMU pac-
OpegeIeHUAMEI IO Py U Dy.

SUBROUTINE LUZDIS(KFL1,KFL3,PR,Z) : reHepuUpyeT MPOMOJIbHYIO CKENIMHTOBYIO TIEpEMEH-
HYTO z TIpU (pparMeHTAIN CTPY i, WK B COOTBETCTBUN € JIYHIOBCKOW cCMMeETpUIHOM
dyukneit pparmenTanuy, WK TpU JTFOOOM IPYTOM BBIOOpE.

SUBROUTINE LUBOEI : BritouaeT aderT Doze-DifHimrelina B COOTBETCTBUN € TIPOCTON TTa-
paMmeTpusaiueil. Do yMOJTUaHWIO Ta MpOTpamMMa He BbI3bIBaeTcsa. Hceam HyKHO
cIleJTATh BBI3OB, HTO BBITIOJHAETCS TOCTE OCYIIECTBIEHNA PACITAIOB KOPOTKOKUBY-
[IUX PEe30HAHCOB, HO Mepel pactanoM moiaroxkuBymnx. Cm. MSTJ(51) - MSTJ(52).

FUNCTION ULMASS(KF) : maer Maccy mapToHa/9acTHUIIbL.

SUBROUTINE LUNAME(KF,CHAU) : mpucBaWBaeT MM HapTOHY/dacTuiie (BbIIaeT CTPOKY BHIA
CHARACTER CHAU%*16).



FUNCTION LUCHGE(KF) : yMHOXKaeT 3aps#il NapToHa/9acTUIlbl Ha TPH.

FUNCTION LUCOMP(KF) : maeT ciKaTbIil KoI HapTOHa/qaCTMHH KC ngnsa mammoro KF-xoma,
KaK Tpebyercs I ompefeeHns BXoJa B TabInaxX Mace U BEPOATHOCTEH paciagoB
mo JaHHOMY KaHaJsy. Taki:ke mpoBepseT, paspemnien ju ganubiii KF-kom dakrrae-
CKH (To €CTh M3BECTEH JIM B COOTBETCTBHU C HporpaMMof/I), n BhIgaeT (0, eciim Her.
Ob6parure BanManme, uTo KF MoKeT ObITH MOTOKUTETHHBIM WM OTPUIIATE/THHBIMI,
B TO BpeMs Kak pesyiabTupyionmit Kog KC mukorma me ObIBaeT OTpUIIATEIbHBIM.

SUBROUTINE LUERRM(MERR,MESSAG) : coxpamseT 3HaUeHNA OIINOOK M BCTPEUAIONINXCA IIpe-
IyTpeRIeHuil, TeTaTaeT cCOODIIEHN s O HUX U IPEPBIBAET MPOTPAMMY B CJIydae CJIUII-
KOM OOJTBIIIOTO KOJIUIECTBA OIINOOK.

FUNCTION ULANGL(X,Y) : BBIYHCJIAET yTOJ IJIA KOOPIAUHAT T U Y.

BLOCK DATA LUDATA : gaeT 3HaUeHHA IO YMOJUAHHUIO I IMEPEMEHHBIX OOIIMX OJOKOB
LUDAT1, LUDAT2, LUDAT3, LUDAT4 u LUDATR.

14.3 Amnaam3 coOBITHA U NPOrpaMMbl pacledaTKu
pe3yJibTaToB

Docite Bbr3oBa LUEXEC creHepmpoBaHHOE COOBITHE coxpaHsgercs B obuieM 6sioke LUJETS, u a1y
nHPOPMAIINIO MOXKHO WCIOJIH30BATh 1A MOJIYUeHus JToboi xkemaeMolt dpusndeckoit mepemen-
Hoti. CobBbITHe MOYKHO BpalllaTh, CMEIIATh WU pacledaTblBaTh, a JaHHBIE 0 JaCTUIAM TaKZKe
MOZKHO pacredararh min n3MennTh. C momornbio ¢pyuknnit KLU n PLU 3HaUeHUA HEKOTOPHIX Ta-
CTO BOSHUKAOIINX TEPEMEHHBIX MOTYT OBITH TOJTyUeHBI Hostee mpocTo. Kak ommcano B pasmeste
15.2.7, Tak:Ke MOXKHO BBITIOJIHUTH OOJlee MeTATbHBIH aHa m3 GOPMbI COOBITHUA.

CALL LUROBO(THE,PHI,BEX,BEY,BEZ)

IlasHadeHue: BHITONHAET BpAIIEHUA W JIOPEHIEBCKIE TTPEOOPa30BaHUA (B TOM MOPAIKE, B
KaKOM BBI3BIBAETCH ) MMITYJIBCOB CTPYii/9acTuIl 1 KOOPANHAT, ONMpeeIAIONINX 00
JKeHre BEepIIWH.

THE, PHI : craHZapTHBIE MOJAPHBIE KOOPAWHATHI f, (o, 3amaloline HallpaBJIeHNE BpAlEHUA
BEKTOpa MMITYJIbCa, TepBOHaYaJbHO HAITPaBJIEHHOTO 110 OCH 7.

BEX, BEY, BEZ : maer HampaBJieHue u 3HadeHue (3 111 npeobpasoBanus Jlopenta, Tak, 9To
mepBoHaYa/IbHO TIOKOUBIIasics dactuta oymer umers p/E =8 snociencrsum.

SamedaHue: MTpeodOPA3OBAHWIO TTOABEPTAIOTCA BCe BXOMbI OT | 1o N, ecim HUXKH:AS U BEPX-
H:AS TPaHMIBl He 33Jal0Tcs ABHBIM oopasom B MSTU(1) m MSTU(2) mianm ec/im KOIbI
cocroauamit K(I,1) <0.

CALL LUDBRB(IMI,IMA,THE,PHI,DBEX,DBEY,DBEZ)

ITazuaveHue: BHITOIHACT BpallleHus U IpeodbpasoBanms Jlopenta (B TOM TOPAIKE, B KaKOM
BbI3bIBELeTCH) VMIIYJIbCOB CprI‘/'I/ YacTUI, 1 KOOpAWHAT, ONMPEeIe/IAIONNX TTOJ0KEeHNE
BEepPUWIWH IJIA ONIpele/IEHHOTO AUalla30Ha BXOOOB € NBOWHON TOYHOCTBIO T BEKTOPa
cmenennd. ABisercs sxomom B LUROBO 1 B OCHOBHOM TIpe/iHa3HaUeHa J1JId BHYTPEH-
HETO UCIIOJb30BaHUA.

IMI, IMA : [mama3oH BXOHOB, HMOABepTaioimxcsa mpeobpasobanmio, IMI < I < IMA.



THE, PHI cTaHIapTHBIE TMOJAPHBIE KOOPIWHATHI f, (o, 3aIaioline HallpaB/ieHne BpAlleHU A
BEKTOpa UMILyJIbCa, IepBOHaYaJ bHO HallpaBJICHHOTO IO OCH 2.

DBEX, DBEY, DBEZ : maeT HalpaB/ieHue u 3uadenue (3 mis npeobpasoBanus .Jloperta, Tak,
YTO MepBOHAYAIBHO MOKOWBIIasca dacrtulia Oymer umers p/E =8 Buocnencrsuu.
BHaveHnsA JAOTCA ¢ ABOWHON TOTHOCTBHIO.

Sameuanue: Bce BXoAbl ¢ Komamu coctosamii K(I,1) > 0 B TpebyemMoM mmalia3sone MoaBep-

raroTcAa HpeO6pa3OBaHI/IHM .

CALL LUEDIT(MEDIT)

ITasumauenune:

HNCKJ/IIOYaeT HeCTEL6I/IJIbeI€ NI HENETEKTUPDYEMbBIE CprI/I/LIELCTI/IHbI 13 3alliCcln

cobprtus. Taxke MoxkHO mcmosib3oBaTh LUEDIT mjis TOTO, 9TOOBI COXPAHATH 3altac-

Hble KON 3ammcu cobbiThli (ocobenHo mHMOPMANNo O MepBOHAYaIbHON TapTOH-

HOW KOHMUTYpAIWn), KOTOPble MOTYT WCIOIb30BATHCSA, HAIPUMED, JJIA TOTO, UTO-

OBl IPOTOHATH Pa3JINIHBIE cXeMbl (hparMeHTallnn 1A OJHON m To#l Ke mapTOHHOMN

KOH(UTYpaIii. 2 aKOHEIl, COOBITHE, KOTOPOE OBLIO TTPOAHATU3IUPOBAHO € TTOMOIIHIO

LUSPHE, LUTHRU wsim LUCLUS (cM. pasnest 15.2.7), MoKeT BpaliaThes 10 COBIATEHUA

ocH COOBITHA C HallpaBJIEHUEM OCH 2.

MEDIT : coobiaeT, KaKoe JeficTBre JOJIKHO BBITOJIHATHCA.

= 12

nycroit maccus K(I,1)=0, n crpokn mokymentannu (K(I,1) > 20) orcyTcTBy-
ior. OcraBiiuecs cTpyHu/9acTUIbI CMelIeHbl B Hadasio obiiero 6yioka LUJETS, u
3HavueHne N cOOTBETCTBYMOUIMM 00pas3oM m3MeHeHo. Vcropus cobbiTus mpn
9TOM Tepsercs, TakK uTo mHpopMmarmsa, coxpamennas B K(I,3), K(I,4) u
K(I,5), bosbllie He HyXKHAa.

Kak = 0, HO, KpoMe TOro, VIAJsAloTCs Bce CTPYHU/UacTUllbl, KOTOPbIE
dbparmentupyior/pacnagatorca (K(I,1) > 10).

KakK = 1, HO TaKKe yIaJAIOTCs Bee HeHTPUHO U HeM3BECTHBIE YacTHIIBI (TO eCTh
ckareii Kog KC= 0).

KaK = 2, HO TaKKe YIaJfAfOTCA BCe He3apsiKeHHble OeclBETHBIE JaCTUIBI 1
OCTABJIAIOTCSA TOJMBKO 3apsAKeHHBle cTabuiIbHble (W HedparMeHTHPOBABIITE
MapTOHBI, €cu (pparMeHTaIsA He OblIa BHITOTHEHA ).

Kak = 0, HO TaKKe yJaJIsioTcs BCE MapTOHBI, KOTOPBIE COBEPIIAIOT MTEPEXOL]
B MapTOHHOM JIMBHE, & TaKKe BCE PACTAAONINECs TacTHUII; OCTAIOTCH TOJIb-
KO (parMeHTHpOBaBIad TapTOHHA KOH(MUTYpAIWA U JaCTUIBI B KOHETHOM
COCTOSTHUT.

youpatorcs crpoku ¢ K(I,1) < 0. UWndopmarmsa o6 ncropun cobbitns (B
K(I,3) - K(I,5)) OTHOCHTCS K OCTABIIMMCH BXOIAM.

youpatorcs crpoku ¢ K(I,1) = 0. Wndopmarmsa o6 ncropun cobbitns (B
K(I,3) - K(I,5)) OTHOCHTCS K OCTABIIMMCH BXOIAM.

ybupatorcsa crpoku ¢ K(I,1)=11, 12 unu 15, kpome m0b60it crpokn ¢ K(I,2)
= 94. Undopmarms 06 ucropun cobbitus (B K(I,3) - K(I,5)) oTHOCHTCA K
OCTaBIIMMCS BXOIaM. B 9acTHOCTH, MOZXKHO MONBITATHCH ITPOCTENUTH TTPOUC-
XOXKIEeHNe TOUEePHUX TacTHIl, /I KOTOPBIX MAaTepUHCKasd JacTUIa paciaIach,
"BBepx’ IO 3alUCH COOBITUA BILJIOTH IO OCTABIIMXCA HEYIaJeHHBIMHU BXOIOB.
ybupatorcsa crpokn ¢ K(I,1) = 13 mm 14, a takxke srobas crpoka ¢ K(I,2)
= 94. Undopmarms 06 ucropun cobbitus (B K(I,3) - K(I,5)) oTHOCHTCA K
OCTaBIIMMCS BXOHAaM. B 9acTHOCTH, MOXKHO TOMBITATHCA TPOCTETUTE TPOUCKO-
KJIeHTe TIOJTyYEHHBIX CTPYH depes3 BCIO UCTOPUIO PA3BUTHUA MaPTOHHOTO JIMBHA



J0 TapTOHa-MHATNATOPA.

youpatorcs crpokn ¢ K(I,1) > 20. Undopmaiusa o6 ucropun codbITHA (B
K(I,3) - K(I,5)) OTHOCHTCA K OCTABIIMMCH BXOIAM.

TTPOM3BOJINTCA TONBITKA PEKOHCTPYKIMA OTCYTCTBYIONIEro yKa3aTeld Ha pac-
TMaBUIYIOCA YacTUILy IJ1d JOYEePHUX YacTHUIl ¢ TOMOUIbIO yKasaTesael NJId MaTe-
PUHCKON TacTHUIIBI Ha MPOAYKTHI paclaia. o pobiieMa OTCYTCTBYIONINX yKa3ar-
Teseit 0OBITHO BO3HUKAET IPH HeOOXOANMOCTH ncHoab3oBarh K(I,4) m K(I,5)
T Tepenadn nHMOPMAIIT O IIBETOMTOTOKE.

cOXpaHsgeTcd 3alacHas KOMUA CTPOK TEKYIell 3amumen coObITUA, Comep KallnX
Bce HapTOHbI/ JacTHUIbI, B HUKHeH wdactu obuiero Osoka LUJETS (3T0 JeJia-
ercsd, HallpUMep, IJI TOTO, 9TOOBI CIACTU TEPBOHATAIBHYIO WH(POPMAIIIIO O
mapToHax mepen BbrzosoM LUEXEC).

HapTOHbI/UaCTUIIbI, COXPAHEHHbIC B HUMKHEH YacTW 3alucu COOBITUS /s =
21, TOMeIaTCcsAs CHOBA B HAYAJIO 3alliCH, a Tpeabiayinad nHMOpMAud Tpn
5TOM CTHUPAETCs (1A TOTO, HAPUMED, ITOOBI MCIOIB30BaTh PA3INIHBIE CXe-
MBI (pparMeHTalN 714 TeX Ke MapTOHHBIX Korduryparmit). Tak kak Konus B
HUZKHeH JacTn 3anmcn coObITHSA He 3aTPArnBaeTcsl, MOXKHO CIeJIaTh TOBTOPHBIE
BBIZOBBI JIJid = 22.

[HEePBUYHBIE TTAPTOHBI/YaCTHIbI B HAYAJIe 3allUch COOBITHA OTMEYAIOTCH KaK He-
g parMeHTHPOBABIIIE WM TOJTyUYeHHBIE B pe3yjIbTaTe pacliaia, W 9UcJIO BXO-
0B N U3MeHAeTcsi COOTBETCTBYIOMINM 00pa3oM. ITa OMINA ABJIAETCH 3aMeHOMN
KoMmOuHanuu = 21 mioc = 22, Korja HUKakas ¢pparMeHTarus/pacai mpo-
JYKTOB He TPEANIeCTBYIOT HIl OJHON U3 MepBOHAYAIbHBIX MapTOHOB/YacTHUIL.
Bpalenue caMoil nyimuno#t ocu, onpenenennoit 3 LUSPHE, LUTHRU uyu LUCLUS,
IO COBMEIIEHNA € OChIO 2, @ BTOPOI IO BEJIMYMHE OCH — € ILIOCKOCThIO x2. ma
LUCLUS 5710 MOXKeT OBITh Hajlee CBEIEHO K BBIOOPY HAIpaBJIEHUA +2 W TLIOC-
KocTr xz ¢ x > 0, cooTBeTcTBEHHO. 31ech TpebyeTrcs, YTOOBI 5TH TPOTPAMMBI
BbI3bIBaJINCh Iepen BbizosoM LUEDIT.

B ocnoBHOM TnipennasnavdaeTca A LUSPHE w LUTHRU; naer masmbhelimnee cme-
lIeHe COOBITUA B IOMOJTHEHNE K ToMy, 9To maerca B = 31. "Tonkasa” cTpys
B 3aJaHHOM HampaBjeHnn z > ( ¢ HaUMEHBIIWM CYMMapHBIM P, JeJIEHBIM
Ha KBaJpaTHBI KOpeHb W3 YHUcjIa YacTUll, BpalllaeTcda B —+z mojylrapun. B
POTUBOTIONOKHOM mosyuiapuu (z < 0) crpys B Hampasyierun & > 0, KoTopasd
uMeeT HambosblIMi cymMMapubiil |p,|, Bpamaercs B kBagpanre z < 0,2 > 0.
Bmech Takke Tpebyercs mpenBapuTebHbitt Bbr308 LUSPHE mym LUTHRU.

CALL LULIST(MLIST)

ITasumauenune:

MLIST :
=0

pacmedarka coObITHi, WHMOPMAIINT IO CTPYAM U JacCTUIAM WU TEKYIINX 3Ha-

HeHuil apryMeHTOB.
onpenesiger, YTo JIOJIKHO BHOCUTHCA B pacledaTKy.

nevyaTaeTcA 3aroJoBOK ¢ HOMEPOM BEPCUH TPOrpaMMBbl U TocjiegHell naTolt BHe-
CeHMA M3MEeHeHUWi; B OCHOBHOM NpUMeHAeTcd IJid BHYTPEHHEro MCIoJab30Ba-
HUA.

aeT TPOCTYIO pacledaTKy 3aluch TEKYIIETro COOBITUA O KoJIoHKaM B 80-
KOJIOHOY-

HOM (popMmaTe, TTOAXOMATIEM [T YTEHN A WHPOPMAIINT HETOCPEICTBEHHO € TEP-
MUHaJIa KoMIbioTepa. I Kakmoro Bxoma maercs cjieayioias nHPOPMaIrs:



11

12

HOMep BXoma I, nM# maproHa/9acTuiisl (M. HUXKe), Kou coctoanusa (K(I,1)),
kon apomara KF (K(I,2)), Homep mareputckoii ctpoku (K(I,3)), Tpu mpoek-
AW BEKTOPA UMITYJIbca, sHeprusa u Macca (P(I,1) - P(I,5)). Ecau MSTU(3)
OTJIMYIHO OT HYJIsA, CTPOKH, WIYIIHE HETOCPEICTBEHHO MOCIE 3alUch COOTBET-
CTBYIOIIETO COOBITH, TaK7Ke BHOCATCHA B pacledaTKy. 3aKIIOUNTETbHAS CTPO-
Ka COMepKUT MH(MOPMAIUIO OTHOCUTETBHO MOJTHOTO 3apsia, UMITYIbCa, dHEP-
WU ¥ WHBAPUAHTHON MacCh

Vmsa gacTuibl MOKHO TIOJTYYUTh, ¢lejiaB BbI3oB mporpamMbl LUNAME. /liia Bxo-
na, KoTophiit pacmamaercs/dpparmentupyer (K(I,1) = 11 - 20), 310 nMs na-
eTcd B KPYIJIBIX CKOOKax. DomobHo sToMy cTpokm mokyMmentanmu (K(I,1)
= 21 - 30) uMetoT UMEHA, 3aKIOUYEHHBIE MeKITY BOCK/INIATETbHBIMEI 3HAKA-
mu (...1), a uHpOpPMAIINA OTHOCUTENBHO OCH COOBITHA/CTPYN 3aKJIIOUEHA B
yrutoBble cKOOKM (<...>). Eciaun mocnennuii cumBost B umenn ecth 77, TO 31O
TOBOPHUT O TOM, 9TO MOJTHOE MM OBLIO yCcedeHO, ITOOBI MPUCIIOCOONTHCH K 3a-
TaHHOMY (OpMaTy, HO TO cIIydaeTcs OUeHb pemako. /i1 mapToHOB, KOTOphe
pacriostaratores Broab crpyubl (K(I,1) = 1,2, 11 nawn 12), B KoHIe KOJIOH-
KW, comepikallell mMsa mapToHa, mTaHa WH(OPMAINA O PACITOIOKEHNN IIBETOB
Ha CTpyHe: A — JJIs TIepBOTO BXOIa CTPYHBI, I — 71 BCEX MPOMEKYTOIHBIX 1
V — [JiA TTOCJI€THETO.

Mo#&HO BCTaBJIATH CTPOKM, COCTOAIINE TOJTBKO M3 MOCTEIOBATETBHOCTER CM-
BOJIOB ====== 9TO0BI OTIEJUTH IPYT OT APYyTa Pa3UIHbIE CEKINN B 3aITNCH
cobbrTusA, cM. MSTU(70) - MSTU(80).

maeT OoJiee ODIMUPHYIO paclevdarKy 3alicu TeKylero colObitus B 132-
KOJIOHOYHOM (popMaTe, MOAXOIANIEM I TPUHTEPOB WU pabodnX CTaHINI.
Mg Kaxkmoro Bxofa maeTcs ciemyfolias wH(oOpMalus: HOMep BXoma I, uMs
mapToHa,/dacTuibl (€ NOTOJHEHUAME, KakK OMUCAHO A = 1), KOI COCTOMHUA
(K(I,1)), xom apomara KF (K(I,2)), Homep marepunckoii crpokn (K(I,3)),
yKasaTesn TPOIyKTOB pachaia nin mBerosoro motoka (K(I,4), K(I,5)), pu
MPOEKITNY WMITyJIbca, sHeprud u Macca (P(I,1) - P(I,5)). Ecam MSTU(3)
OTJIMYIHO OT HYJIA, TO CTPOKU, UAYIINE HEMOCPEICTBEHHO TIOCTE 3AlMCH COOT-
BETCTBYIOIIETO COOBITUA, TaKkKe BHOCATCA B pacledarKy. SaKJIOUnTeTbHasd
CTPOKa COMEPKUT WHPOPMAIWIO OTHOCUTETBHO IMOJTHOTO 3apAda, UMITYJIbCA,
SHEPTUN W WHBAPUAHTHON Macchl. 3€ch TaKyKe MOZXKHO BCTaBJIATH CTPOKM,
coflepKallime TOJTHKO CHUMBOJIBI ======

TaeT pacledarKky TaKoro XKe BUa, 9TO U = 2, HO € JIOMOJTHUTETBHON cTPOKOMH
I KaKJIOTO BXOma, cojepikalieil mHpOPMAlWio O MOJOKEHUN BEPITUHBI 1
Bpemenn poxmerns (V(I,1) - V(I,4))u, nid HecTaOMIBbHBIX TaCTHIl, NHBA-
puanTHOE BpeMms kKusuu (V(I,5)).

JaeT TMPOCTYIO paclevarky BceX KOIOB MapTOHOB/YacTHIl, ONPEIE/ICHHBIX B
mporpamme, ¢ Komamu KF # cooTBeTcTByOIMMI WMEHAMW FacTHUIl. Dacie-
JaTKa CTPYNIUPOBaHA TIO BUIAM YaCTHIl B TMOPSAIKE BO3PACTAHUS B IIpemesiax
KazKIIoll TpyIbI.

JaeT paclevyaTky BCeX MapTOHOB/YacTUll U JAHHBIX MO paclalam, UCIOIb3y-
eMBbIX B porpamme. Kaxapiil mapTol/dacTuiia mpeacTaBjieH oaHol CTPOKOif,
comepxaieit KF-kom, cxarwrit kon KC, nMsa gacTuipl, nMsa cOOTBETCTBYIO-
el aHTUIACTUIBI (€CIU MPUCYTCTBYET), 2JEKTPUIECKIi U BETOBON 3apsl
(coxpanenubrii B KCHG), Maccy, MINPUHY pe3oHaHCa W MaKCHMAJIbHYIO IMIUPUHY,
cpellHee MHBapUAaHTHOe BpeM#A KkusHu (B PMAS), a Takzke nHMOPMAINIO O TOM,
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ABJIAETCA JIU dacThila cTabmibHol (B MDCY). DemocpencTBento mocsie nHdop-
Malli O J9acTulle cjeayeT maHdopMalua o KaHaJlax pacrnafa. Kaxmaprii Kamas
pacraia Moy 9aeT 1o OIHOM CTpoKe, cofepKaiieil Homep Kanasa (IDC, cauThi-
BaeMbili w3 MDCY ), K/TF0OY BKJTIOUEHO/ BBIKJIIOUEHO 1A KaHasla, THIT MaTPUIHOTO
ssieMenTa (MDME), BEpOATHOCTD paciajia Mo maHHoMy Karasy (BRAT) u mpomyk-
THI paciaia (KFDP). Quar MSTU(14) MoXKeT WCIOJIb30BaThCA NI YCTaHOBKH
MaKCHUMaJbHOTO apoMara, IJId KOTOPOro JesaeTcsa pacledaTKa OTIeTbHBIX Ka-
HAJIOB paclaja [IJid pasHblX JacTUll. 3HadeHre Mo yMoadanuio (= 0) orBedaer
onpenenennio Kanaiaos mo oraeabroct (KC> 100, ecm KF> 0). Jlnsa co-
xpaHeHus (GopMara BBIBOIA PE3YITHTATOB MOIBI PACIAIOB TAKEJBIX aIpPOHOB,
ompelesleHHble OTHOBPEMEHHO (a He MO OTHENBHOCTH), HUKOTda He pacleda-
teiBatorcs; oHn nMeroT KC-kombr 84 — 88, comepikallime COOTBETCTBYIOILYIO
nHMOPMAIIHIO.

JaeT CIUCOK TeKylmX 3navenunit aprymentos MSTU, PARU, MSTJ n PARJ n mep-
BbIX 200 Bx0m0B B PARF. D10 TOJI€3HO 115 TPOBEPKH B CJIydae, KOrIa 3HaUeHI
0 YMOJTIAHUIO OBLIN W3MEHEHBI B TEKYIIEM BBITTOTHEHNUN.

CALL LUUPDA (MUPDA,LFN)

ITasumauenune:

MUPDA

a€T BO3MOZKHOCTDb UBMEHATH XapPpaKTEPUCTUKU TaCTUILL (MELCCy7 HIVPUHY, BKJTIO-

JeHre /BBIK/IOYEHE PaclagoB W Tp.) WK COXPAHATh HECKONBKO Bepcuii m3Me-
HEHHBIX XapaKTepPUCTUK s crenmduaecKnx mesell (Hampumep, A W3ydeHus C-
apomara).

onpenenser BUI MpealpHHIMAaeMOro JefiCTBIA.

pacmevdaTbiBaeT TaOJIUIly XapaKTEPUCTUK TacTUI], KOTOPYIO BBl MOKETe TOTOM
pemakTupoBaTh Ha mocyre. Jlisa obbranoil pacmedaTku TaHHBIX 10 paciajgam
MOYKHO mcmosb3oBaTh LULIST(12), HO TIpU TOM HE MOJIYUUTCH BHECTU HY K-
Hble M3MeHEeHNA XapaKTEePUCTUK W 3aCTaBUTh MPOTPaAMMYy CHOBA CUWTATH ITO.
Hmns kaxmoro cxkaroro koma apomara KC = 1 — 500 meuaraercs omHa cTpo-
Ka, comepxamiag KC (I5), ocHoBHOe, T.e. 0e3 yKasaHU#A 3apala W p., IMA
qactuibl (2X,A8) B CHAF, snexrpudeckuii (I3) u mperosoii (I3) sapambl, oT-
JUTre KOIOB YacTUIbl 1 anTuaacTuinl (I13) B KCHG, maccy (F12.5), MaccoByio
umpury (F12.5), MakcuMasbHoe yimpenne (F12.5) n cpelHee WHBapUaHTHOE
BpeMm# KusHE (2X,F12.5) B PMAS, a TakzKe KJIOY BKJIIOUEHO/BBIKITIOUEHO 1A
pacmamos (I3) B MDCY(KC,1). Docie crpokn KC cremyer mo onHoii crpoke
Ha KaKObIl BO3MOKHBIN KaHaJ paclana, cogepKalleil Kombr MDME (5X,2I5),
BEPOATHOCTH pachialia Mo maHHoMy Kanasay (5X,F12.5) B BRAT w kom KFDP
NJIA TPOAYKTOB pactaa (5I8) ¢ HyJIEeBBIM CMEIeHNEM, eCJTH UCII0 TTIPOLYKTOB
pacmaga MeHble 3.

dTeHrne XapaKTepUCTUK YacTHUIl, paclevdaTaHHbIX Tprh = 1, a 3aTeM oTpenak-
TUPOBAHHBIX BaMW, W TOCJIEIYTOIIee NCMOTb30BaHNe 9TUX TaHHBIX B TEKYIIEM
BBITIOJTHEHWH. UTeHWe BBITIOHAETCA B yCTAHOBJIEHHOM (bopMmaTe, 9TO O3HATa-
€T, UTO BBI JOJIZKHBI COXPaHATH (POPMAT KOMIOB, OMUCAHHBIA A1 = 1, B mpo-
necce penakTupoBanus. lesraercsa paAm mpoBEpPOK Ha IpeaMeTrT TOro, PasyMHO
JIV BBITJIAAT BBOAUMBIE TaHHBIE, W TledaTaeTcA TpelypeKIenne, ecsin 3TO He
Tak. Kcim coobimaercs, 9410 B JaHHOM KaHaJe pachajia He COXPaHIETCS 3a-
P, 9TO TOJIKHO OBITH BOCIIPUHATO CO BCel Cepbe3HOCTHIO. O PENyIpeKIeHN A



LFN

THUIla TOTO, YTO pachal ABJAAeTCA Hepa3pelIcHHbIM KUHeMaTu4ecKu, He ABJIA-
FOTCS TAaKUMU CEPbE3HBIME, KaK U COOOIIEHUSA O TOM, UTO KOHKPETHYIO MOIY
pacnaga Hejb3:d BKJIOYUTDH, [IOKa HE yBeJaudeHa Macca YaCTULb.

nevaTaeT TeKyllne XapaKTepUCTHKW YacTUI, KaK CTPOKMW JTaHHBIX, KOTOpPBIE
moryT pepakTuposBarbcsa B BLOCK DATA LUDATA njist HOCTOAHHOIO 3aMelleHust
MaHHBIX. OTa ONIUA MpedHasHadeHa TOJBKO IJIsi aBTOpa MPOTPaMMBI, a He
JIJ1s1 IoJIb30BaTe e,

JIOTMYeCKOoe NMMA cbaf/ma, B KOTOprﬁ HJaHHble OOJIZKHBI OBITH 3allMCaHbl njim m3 Ko-

TOPOTro HOJIZKHbI 9UTAaTbCA. ()“IGBI/IILHO7 4YTO HYZKHO cOeJjiaTh 3TOT cbaf/m JOJIZKHBIM

06pa30M OTKPBITBIM [OJId YTEHUA WJIN 3allUCH (TELK KaK ollpele/icHue NMeH CbaﬁJIOB
3aBHUCHUT OT THIIa KOMHBIOTepEL).

KK = KLU(I,J)

ITasumauenune:

I>0, J=

= 10

=11
= 12

Aa€T Pa3/IMYHbIE TEJIOYNCJIEHHBIE XapaKTEPUCTUKHN coOpITHA. O6paTI/IT6 BHU-

MaH7e, 9T0 MHOTHe ormmnu (B wactHocTH, I > 0, J > 14) oTHOCATCA K WCTOPUE

cobbITHs 1 He OyayT paborarh mocse Bb3oBa LUEDIT.

5

CBOI'7ICTBEL7 oTHOCANIMECA KO BCEMY COOBITHIO.

N, obIitee IMCIO CTPOK B 3AIIACU COOBITHUS.
obliee YUCsI0 TapTOHOB /YacTHIl, OCTAIOUIUXCH TTocae (pparMeHTalu U pacia-

Ja.
YTPOEHHBIH TONHBIH 3apAn ocTaromnxcs (cTabMIbHBIX) TAPTOHOB 1 JacTHIL.

CBOI7ICTBEL7 oTHOCANIMECA KO BXOAY B CTPOKE HOMED I B 3anmcu coObITHA.

K(I,1) - K(I,5), 10 ecTh KOmBI cocTosnuii maprona/gacruisl KC, Kombl
KF u nndopmanus o mepBUIHBIX [IBETOBBIX MOTOKaX WJIM IPOAYKTaX paclaa.
YTPOEHHBIH 3apsi napToHa/dacTHIlbL.

1 — s ocTaBiIerocs B KOHEYHOM COCTOAHNK BXoma, 0 — I pacmaBIIerocs,
¢dparMeHTHPOBABIIErO WK TOKYMEHTAIMOHHOTO BXOIA.

KF-xox (K(I,2)) nms ocrasuierocs Bxoma, 0 — mjid pacmasirerocs, (pparMen-
THPOBABIIETO WK JTOKYMEHTAINOHHOTO BXOIA.

KF-xkon (K(I,2)) I TTapTOHA (To eCTh 14 BXOJa, He ABJIAIOUIETrocA Hel-
TpaJibHOM o TBeTy wacTutielt), 0 — NJId 9acTHIbL.

KF-xox (K(I,2)) mug gacTuipl (To ecTh NjiA HEHTPAJIBHOTO 10 MBETY BXO/a),
0 — s mapToHa.

cKaThlit Ko apomara KC.

Ko 1IBeTOBOM midopmarnn, 0 — 11 OeCIBETHBIX COCTOAHUM, | — I/ MBETHOTO
Tputiera, (—1) — madg aHTUTpUITETa W 2 — 1A OKTETA.

apoMar ”caMoro TAKeNoro” KBapKa WM aHTWKBapKa (TO ecTh KBapKa ¢ Hal-
OOTTBIIMM KOJIOM) B aJIpOoHe WM INKBapKe (BKJfoYad 3HAK MUHYC [IJIf aHTH-
kBapka); 0 — B JIIOOOM IPYTOM ciIydae.

HOMEp MOKOJEHHUsA. D YUKOBBIE UAaCTUIBI WKW BUPTyaJbHbIC YacTHIIBI, OT-
Bedalolme 3a oOMeH MpHu B3amMmomelicTBum — mokojenne (0, mepBUUHbBIE
CTPYH/YacTulbl — TMoKoJeHrne 1, u T.7., 1obaB/isis mo 1 Ha KaXaoM Iare Ie-
nouku dpparMeHTaInn /pacnaios.

HOMEp CTPOKHU JacTHUIIBI MPEIbIIYIIETo MOKOJEHNA (BXOIbI MOKoJeHnA () HTHO-
puUpyIOTCH).

pPaHT aIpoHa B COOTBETCTBYIOIIeH cTpye. ~DaHr O3HATAET MOPHAIOK CJIETO-
BaHUsA B IPOCTPaHCTBE apoOMaToB, TaK YTO alpOH, COAeprKalluil mepBUUHBIH
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18

apoMaT CTPYH, UMeeT paHr 1, KoTopbiil yBenmmamBaeTcs Ha 1 AJ18 KazkKI0TO Ia-
ra JaJjibllie Mo MOPAIKY apoMaroB. Bce MpoayKThI pacmaia HacAeoyIOT paHT
cBoell pOANTEIbCKON JacTUIbl. D pUHAMAas BO BHUMAaHHUE, UTO adpPOHBI IEPBO-
ro pamra B KBapKOBOH cTpye BCera XOpOIIO OIIpedeseHbl, ompenesenne 60-
Jlee BBICOKHX PaHTOB CYIIECTBEHHO TOJIBKO I HE3aBUCHMON (pparMeHTallnm
KBapKOBBIX cTpyil. B apyrux ciaydasx pair oTHOCHTCA K MOPAIKY, B KOTOPOM
dakTHIECKH TPON3BOANTCA MOACINPOBAHIE, U He IIPEICTaBIAET OOJIBIIOTO WH-
Tepeca.

HOMep MOKOJIEHMA TIOCe KoJIalica cTpyinoil cumerembl B ommy dactuiy; 0 —
NJIA BXOA, MOJYYeHHOTO He B pesysbrare Kosutamnca, u (—1) — misa Bxoma ¢
mensBecTHol uctopueii. Yacruma, chopMupoBanmas B pe3ysabTare KoJjlialca,
IPUHAIIECKAT K TOKOJICHUIO 1, 1 HOMep MOKOJICHU YBEININBAaeTCA Ha KazKIOM
Hrare pacuaja.

YUCTO  MPOAYKTOB  pacmafoB/dparMentanuu  (ompeleseHHOe TONBKO B
000011IeH-
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20

22

HOM CMBICJTe s (pparMeHTaIn ).

MEPBUYIHBIA I[BET [Jid JIUBHEOOpasyfolrero mapToHa; () — BO BceX OCTAJbHBIX
CIIydadx.

MEePBUYIHBI aHTUIBET IJIs JIMBHeOOpasymolero maprora; ) — BoO BceEX OcTasIb-
HBIX caydadx.

MO3UIINSA JTOYepHETO IBETa IJid JUBHeoOpasyfoliero maptona; ( — BO Bcex
OCTAJIbHBIX CIy4Yasdx.

MO3UIINSA TOYepHEro aHTHUIBETa JIsA JUBHeoOpasytoliero mapTona; 0 — Bo Bcex
OCTAJIbHBIX CIy4Yasdx.

PP = PLU(I,J)

ITasumauenune:

I> 0, J=

= 17

= 20

=21

= 22
= 23
= 24
= 2b

aeT pPa3JIMYHbIE ﬂeﬁCTBI/ITeJIbeIG 3HaY€HNA OJIAd XapaKTEPUCTUK coOpITHA.

O6parute BHEUMaHWEe, 9T0 HekoTopble ommmu (I> 0, J = 20 - 25) mpexie Bcero

npeqHasHaueHbl 114 aHa u3a cTpyit B ux cucteme [IM u Tpebyror BhI30Ba LUEXEC
NI TeKylell HadaJbHOl KoH(UTypallul MapTOHOB/YacTHIl, HO MPH TOM CaMbli

nocaenHuit BbizoB LUEXEC He noJizKeH cjienoBaTh 3a BbizoBoM LUROBO.

-4

-5

CBOI'7ICTBEL7 oTHOCANIMECA KO BCEMY COOBITHIO.

CYMMa Py, Py, P» U I, COOTBETCTBEHHO, /IJIA BCEX CTAOMIIBHBIX OCTABIINXCH
BXOJIOB.
MHBapUaHTHAas Macca CTAaOMIBHBIX OCTABIINXCSA BXOJIOB.
CyMMa 3JIEKTPUYECKUX 3apAT0B CTAOUIBHBIX OCTABIINXCS BXOIOB.
cBoficTBa, OTHOCAIIMECH KO BXOIY B CTPOKE HOMEp I B 3amucu COOBITHS.
P(I,1) - P(I,5), 10 ecTh OOBIUHO — Py, Py, Pz, £ ¥ m cTpyU/aacTuiis.
K TPUICCKUT 3apsam €.
2 _ 2 2 2
KBasipaT uMIyThea |p|? = pZ + py + p;.
MOJLYJTh UMITyJibca |p|.
2 _ 2 2
KBaJpaT MOMePeTHoro NMIYIhea pi = p; + p;.
HOMEPETHBIH UMITYJIBC P .
" 2 _ 2 2 2
KBaJIpaT TolepevHoft Macchl m7 = m* + p; + pj.
Honepednas Macca M .
14 :  moaApHBI yrom § B panuanax (o 0 1o 7) WK TpasLycax, COOTBETCTBEHHO.
16 :  asuMyTaJbHBIH Yro ¢ B paamaHax (0T —7 JO ) WM I'PaIycax, cOOT-

BETCTBEHHO.
uetnnHasn osicrpora y = (1/2) In((E + p.)/(E — p.)).

OBICTPOTA Yy, TOJTYUEHHAS B IIPEIIION0KEHUH, YTO YaCTHIA ABJIAETCSA ITMOHOM,
IpW BBIYUCIEHIN sHeprun F, mcmoab3yemoii B hopMy.ie BbIlle, 3alnchiBaeMoii
gepes (CIMTAONMHCA N3BECTHBIM) UMITYJIBC P.

ncesnobbictpora n = (1/2) In((p + p.)/(p — p-))-

nossA uMmybea ¥, = 2|p|/W, tme W — nosnnas »sHeprus HadagbHONW KOHU-
rypamuu crpyii/dacTui.

xp = 2p, /W (deiinmanoBcKast mepeMeHHAA &, €CITH CHCTEMA YaCTUL N3y TaeTCH
B cucreme [IM)

] = 2pJ_/W

sy = (B4 p)/W.

z_=(E—p.)/W.



14.4 OOmme KJIIOYA U apPTryMEHTEI

O6mnmit 6;toxk LUDAT1, a takzke LUJETS, BepoATHO, HamboJIee TOCTYIIHBI MTOJIb30BaTe 0 JETSET.

BILGCI) IIO0JIb30BaTeJIb MOZKET BO BCEX HOILpO6HOCTf{X 3a1aTb, 9YTO HOJIZKHa&a O€JIaTh IIporpaMMa,

€CJIN peEXKUM pa6OTbI 110 YMOJTHaHHUIO €TI0 HE YIOBJIETBOPAECT.

COMMON/LUDAT1/MSTU(200) ,PARU(200) ,MSTJ(200) ,PARJ(200)

Ilazuadyenue: paer 1OcTyn K PALY KOIOB COCTOAHWI M apTyMEHTOB, KOTODPbBIE PErYJIUPYIOT

MSTU (1),

MSTU(3)

MSTU (4)

MSTU(5)

MSTU(6)
MSTU(7)

MSTU(10)

=2

MSTU(11)

BBITIOJTHEHIE TTporpaMMbl B 1iesioM. MSTU u PARU cBsi3aHBI ¢ TPUKJIQIHBIME (PYHK-
OVMAME, a TaKzxkKe TaloT HeCKOJbKO TapaMeTpoB CTaHIapTHON Momenw, B TO BpeMsA
kak MSTJ u PARJ ompenesnsfoT OCHOBHBIE (DU3MIECKUE TOJOKEHNA. ) EKOTOPHIE TTe-
pemennble u3 LUDAT1 onucanbl B ApyroM MecTe, a 3[1eCh HIPUBOAATCA TOJILKO CChLI-
KN Ha COOTBETCTBYIOIINE PA3IEsIbl. JTO, B JaCTHOCTH, OTHOCUTCH K OOJIBITUHCTBY
KOHCTAHT CBA3M, B OCHOBHOM HCIOJb3yeMblX B PYTHIA, KOTOpble ONMUCHIBAIOTCH B
cJIegyIoleM paselie.

MSTU(2) : (D:(),O) MOTYT HCIOJIb30BaThCA OJA 3aMEeHbl 3Ha4YeHWA HUKHETO W
BepxHero npenesos (06srauo 1 u N) mpu mefictBrn LUROBO 1 B 60THIIMHCTBE BHI30BOB
LUEDIT u LULIST. BuoBb ycranasimBatorcsa wa 0 npu Bbizoe LUEXEC.

(D=0) uncso cTpok ¢ HomosHETEbHON WHpOpPMaIUell, CTOAMNX TOCTe CTPOKM
N. Buosb ycranaBimBaerca wa (0 npu BbizoBe LUEXEC mam LUEDIT, Korja yiasieHbl
qaCTHALDI.

(D=4000) uuciao cTpok, mocTymHBIX B 001eM Goke LUJETS. D10 3HavYeHMe BCe-
I/la U3MEHIeTCA B cJydae, KOTJa pasMepHOCTH MaccuBOoB K u P ObLINM m3MeHEHbI
OJIb30BATEJIEM, HO BO BCEX JIPYTUX CJIyYadX 3TO 3HaUYeHUe TporaTh Hesib3Aa. Makcu-
MajbHasd paspenierras Beananaa — 10000, ecom sHavenune MSTU(5) Takxe He OBLIO
M3MeHeHO.

(D=10000) wcmoab3yercsa mpu KOHCTPYHUPOBAHWUN CrielndUIecKoil nHMOpMaIm
o IBeToOnoTOKe, coxpanenmoi B K(I,4) m K(I,5) maa K(I,3) = 3, 13 mm 14.
Ocnosnas dpopma nisg j = 4ummud — K(I,j) = 2x MSTU(5) xMCFR+ MSTU(5)?
xMCTO+ MSTU(5) xICTO+ICFR, ¢ mpumeuannmem Kax B pasmese H.2. D PHU 3TOM
Bcerma moKHO0 ObITh MSTU(5) > MSTU(4). Da 32-paspsanmoil Maimnie 3HaUCHU
MSTU(5) > 20000 moryT mpuBecTr K mpobsieMe MepENoTHEHNs, U UX cJenyeTr usbe-
raTh.

(D=500) qucio xomos KC, moctymabix B MaccuBax KCHG, PMAS, MDCY u CHAF;
U3MEHETCs, eCJT Pa3MEePHOCTH TUX MacCUBOB OBLIN M3MEHEHHI.

(D=2000) wwcsio KaHAIOB PacIanoB, JOCTYIHBIX B MaccuBax MDME, BRAT u KFDP;
U3MEHETCs, eCJT Pa3MEePHOCTH TUX MacCUBOB OBLIN M3MEHEHHI.

(D=2) macca maprona/dacrumpl B mporpamMmax samnosinenns (LULENT, LU2ENT,

LU3ENT, LU4ENT).

IpenoIaraeTcs, 4To Macca paBHa HYJTO.
coXpaHsAeTcA Mponu3BoNbHOe 3HadeHre Macchl B P(I,5). (9T0 MOKeT MCIONb-
30BaThCs, HallpUMep, IPH ONNCaHUM KHHEeMaTUKH HapTOHOB HEe Ha MaCCOBOM
TOBEPXHOCTH ).
Macchl HaXOAATCA 110 TabJIMIaM Macc, Kak OOBITHO.
(D=6) nHomep daiina, B KOTOPBIH 3aMMCHIBAIOTCA BCE PE3YIBTATHI TOCTE BHI-
MOJTHEHU s TIPOTPaMMBbI. 3/I€Ch BBl CaMU OTBEYaeTe 3a TO, YTOOBI COOTBETCTBYIONIMIT
aiin Takzke ObLT OTKPBIT IJIs BBIBOJIA.



MSTU(12)

=0
=1
MSTU(13)

=0
=1
MSTU(14)

MSTU(15)

=1
= 2
MSTU(16)

(D=1) megars 3arososka (yKasbiBaeTCsa BEpPCUA U MOCTETHAA TaTa W3MEHEHNA)

B BBIXOTHOM dpaiie.
He TeJaTacTCs.
mevaTacTCs.

(D=1) meuars nrGoOpManUE 0 3HAUEHUAX MEPEMEHHBIX, N3MEHEHHBIX TP BbI-
3ose LUGIVE.

HUKaKasg wHMoOpMaIua He odecrredInBaeTCH.
nHpOpPMAINA MeYaTaeTcs P CTAHIAPTHOM BBIBOJIE.

(D=0) ecm »10 3HAUEHME OTIUIHO OT HYJIA, TO OHO JTaeT MAaKCHMAJIBHBIH apo-
Mat, IJ1s KOToporo Bb30B LULIST(12) Oymer maBaTh XapaKTePUCTUKEN TaCTUIL LIS
BO3MOXKHBIX aJpoHOB. Dpu MSTU(14) = 5 mevyararoTcs TOJBKO W3BECTHBIE AIPOHBI.
Ecaw = 0, medartatorcs TOTBKO CIENHUATBHO BHIIETEHHbIE JacTHUIBI (TO €CTh W
KF< 100, nmw eme nw KF> 100 u KC> 100).

(D=1) BBIGOp CHMBOJIOB, MCHOTB3YEMBIX B MMEHAX YacTHIl I 0003HATEHW
aHTH4YacTull; noaBJagercda B pacinedarkax LULIST uiwn B npunoxenuax LUNAME.

CIMBOJI THJIbIa =~ .
cumBosT bar”.

(D=1) BBIGOp yKasareseil Ha MATEPUHCKYTO YACTUIY /1A TacTHUIL, TOJYIEHHBIX
mpu (pparMeHTAIN TapTOHHOW CUCTEMBI.

BCe TIEPBUYHBIE YaCTUIIBI CUCTEMbBI OTMedeHbl B cTpoke ¢ KI' = 92 unm 93 nna
CTPYHHON WIn HesaBuUCHMOM (pparMeHTaI, COOTBETCTBEHHO, W B CTPOKE €
KF =91, ecniu crpyitHas cucreMa mMeeT HACTOJIBKO MAJIYIO MAccCy, 9TO BBIHY-
KJleHa paclajaThes B OMHY WK JBe JacTuilbl. [[Ba (1im 6osibine) nHUTAATOPA
JINBHA JIMBHEBOIN MapTOHHOMN crcTeMbl oTMedenbl B cTpoke ¢ K = 94. Bxomwr ¢
KF = 91 — 94 TakKe comepxaT yKasaTeJl Ha IPeIIIecTBYIONINE TapTOHBI, TAK,
110061 Bxombl ¢ KF = 91 — 94 coctaBiifim cOOTBETCTBYIONIYIO 9acTh UCTOPUN
COOBITH .

xord crpokn ¢ KF = 91 — 94 npucyrcrByoT m comepkar npaBUIbHbIE YKa-
3aTesiM Ha MaTepWHCKYIO W JoYepHUWe JacTHUIIbl, OHU He HAfOT COOTBETCTBYIO-
YO 9aCTh UCTOPUH COOBITUS, T.K. TaCTHUIII, TOJTyIaeMble TP (DparMeH Tl
CTPYHBI, OTMeYEHBI HEMOCPEICTBEHHO B CTPOKe, colepKalleil oInH W3 ABYX
KOHEUHBIX MapTOHOB CTPYHBI (B 3aBUCHMOCTH OT TOTO, ¢ KaKOTO KOHIIA CTPY-
HBI OHU OBLIN TTOJIYIeHBI ), JaCTHIIBI, Oy IeHHBIE B Pe3yIbTaTe He3aBUCHMOIL
¢ parMenTaIun, OTMEIEHBI B CTPOKE ¢ COOTBETCTBYIONINM MTAPTOHOM, OT KOTO-
pOTO OHU OBLIIN TTPOU3BEIEHBI, TACTHUIIHI B MAJIOMACCOBBIX CHCTEMAX OTMETEHbBI
B CTPOKE € COOTBETCTBYIONINM KOHETHBIM TAapPTOHOM, a WHUIINATOPHI JTUBHA OT-
MeYeHBbl B CTPOKE MIJIA MTepBOHAYAJIbHON TacTHIIRI, HaXOAWBIIelca Ha MaccoBoOit
MOBEPXHOCTH. Y KasaTejn Ha [TOYepHEUE JacTUIbl TaKkKe 00xomsaT Bxombl KF
= 91 — 94. Dpu He3aBUCHMO pparMeHTAIUN HYKHO, YTOOBI TTAPTOH BOODIIE
He TTPOW3BOANIT HUKAKNX JacTHUIl, W TOTJa Ha MecTe yKa3aTesell Ha godepHue
JacTutnl cTout ().

IIpumeuanue : MSTU(16) He TOIKHO M3MEHATHCA B MPOIECCe MEKTY TeHeparumeil coobITrs

MSTU(17)

1]
(@]

n TpaHCJIANWel 3amucn 3Toro cobbiTus mnpu Bbr3oBe LUHEPC, Tak Kak 3TO MOZKeT
MPUBECTH K OMIMOOUHON TPAHCIANNN UCTOPUN COOBITHA.

(D=0) onums# nys coxpanenns snadennit MSTU(90) u nadopMann OTHOCHTE Th-
HO 3Ha4YeHU# 2z Opu pOXKOECHUM TAXKEIIBIX apOMaTOB.

MSTU(90) BHOBB yCTaHaBIMBaeTCA Ha HOJb TpHW KakKaoM Bbrzose LUEXEC. DTo

pasymHuoe petierne, ecsii LUEXEC BBI3bIBaeTCA TOJBKO ONWH pa3 3a cOOBITHE,



MSTU(19)

MSTU(21)

MSTU(22)
MSTU(23)
MSTU(24)

KaK 9TO OOBIYHO U OBIBAET, €CJIM TOJIBKO BBl CAMOCTOATEHHO He BBI3bIBaeTe
LUEXEC.

Bor nonxkuabsr Kaxabrit pa3 ycraHaBJ/INBaTh MSTU(90) Ha HOJIb CAMOCTOATETHHO
mepen KasKIbIM HOBBIM COOBITHEM. )TO COOTBETCTBYET CHUTYallWW, KOT/a LI
OJIHOTO COOBITHSA MOZKET HeaThCs HeCKoJIbKO BbI3oBoB LUEXEC, To ecTh Korma
BBI obOpailaeTech HemocpencTBenno kK LUEXEC.

(D=0) mpenymnpexmerne mpu ycraHOBKe HepU3MIECKWX 3HAUYEHUH apoMaToB

npu Bbr3oBe LU2ENT, LUSENT muian LU4ENT.
BBIIAETCA TpeaylpekIeHne.
He BBbIaeTcda HUKaKuX mpenynpexmaenuii; MSTU(19) BHOBb ycTaHABJINBAETCH
Ha () mpW KayK7AOM BBI30BE OTHOW W3 3TUX MPOTPaAMM.

(D=2) nposepka Ha HaJMYMe BOZMOXKHBIX OIMMOOK B XOI€ BBITOJHEHUA TTPO-
rpaMMbl. Q9eBUIHO, YTO HET HUKAKOM rapaHTUN ~BBLIABIUBAHUA BCEX OIMIMOOK, HO
MOYKHO HafiTW HEKOTOpBIE W3 HamboJlee TPUBUAIBHBIX OMIMOOK, BOSHUKIINX 110 BUHE
TTOJIb30BaTEJIA.

obHapy JKeHWe ONMOKN He MPUBOANT K KaKUM-JINOO HEMEIJIEHHBIM TefcTBUAM,
TaK 49TO IIporpaMMa MONbITaeTCsA ¢ Hell CIpaBUThCA, YTO MOXKeT O3HaJdaTb,
HallpuMep, 3alNKJINBaHue BBITIOTHEHNA.

KOH(MUIYpAIUU NapTOHOB/YacTUL] TIPOBEPAIOTCHA Ha BO3MOXKHBIe omubOKu. B
clIydae BOSHUKHOBEHUA MPOOIIEM HeIaeTCs BBIXOI U3 TOAIPOTPAMMBL, KOTOpad
TaeT TIJTIOXON pPe3yJIbTaT, HO TeHepalns coObITus mponosKaercs. s mepsoit
OIUOKY TeTaTaeTcs coOOIIeHre; TIOCIIE HTOTO HE MOABIIAETCA OOJTbIEe HUKAKIX
coObIIIeHII.

KOH(MUIYpAIUU NapTOHOB/YacTUL] TIPOBEPAIOTCHA Ha BO3MOXKHBIe omubOKu. B
cllydae BO3SHWKHOBEHU TIPOOJIEM HeIaeTcsi BBIXOM U3 COOTBETCTBYIOMIEH MO~
mporpaMmsbl, a Totom u w3 LUEXEC. Dociie 3TOro BBl MOKETE UCIIPABUTH OIIIO-
Ky ¥ TIPOJOJIKUTH BHITIOJHEHME, chesiaB Apyroit Bei3o LUEXEC. /lna nmepsoit
OIMOKN TeYaTaeTcsi COOOIIEHNE MOC/e TOTO, KaK OBLIO pacledaTaHo MOCIe-
Hee cOOBITHE W OCTAHOBJIEHO BBITIOJTHEHNE.

(D=10) MakcuMaIbHOE YNCTO TeTaTaeMbIX OIIIOOK.

(1) mrmexc gmcma ourMGOK B BBITOIHEHNU.

(R) Tum camoit nocienseii ommOKT B BBITONIHEHNN; TTPUYNHA, 1O KOTOPOH €O-
ObITHE He OBLIO TIOJTHOCTHIO CTEHEPUPOBAHO. YCTAHABIMBAETC 3aHOBO MPU KaZKIOM
sbr3oBe LUEXEC.

HET HUKAKWUX OITMOOK B BBITTOJTHEHUMN.

TOCTUT/IM KOHIIA, WJIN 3allMcbiBaeMas WHPOPMalWsa HAXOANWTCH BHE MaMATH
LUJETS.

HEU3BECTHBIN KO apoMara uin HedusniecKas KOMOMHAIINSA KOIOB; TaKZKe MO-
JKeT OBITh BBbI3BaHa OIMMOOTHON mHpopMamueil 00 odbeanHeHNI TapTOHOB B
CTPYHY.

YHEPTUA WU Macca CJIUIIKOM MaJjia, WU YCTaHOBJIEHBI HepU3MIecKne 3HaTe-
HUA KAHEMaTUYeCKNX ITepeMeHHbIX.

mporpaMma ~ 3alliKJIIach .

WMITYJIBC, HEPTUA WM 3apAll He COXpaHAeTcA (XOTA paspelleHbl OMMOKE To-
pAIKa MalIMHHOM ToUHOCTH Bhramcaernnii, cM. PARU(11) ); BBITUCIAETCH TOITb-
KO TIOCJTE TOTO, KaK COOBITHE OBLIIO TOJHOCTHIO CTEHEPUPOBAHO, U HE TTPUMEH A-
eTcsd, KOT[la MCIOJIb3yeTcsi He3aBucuMas pparMeHTaIns 6e3 cCOXpaHeHUs M-
IIyJIbCa.



=6 ommbKa BBI30Ba BHEITHETO TTakeTa s (pparMeHTaIln/pacialo (HampuMep,
nporpaMm st ete”).

=7 BBOJIL TPOTHBOPEUMBBIX JTAaHHBIX M0 YacTuiiaM B LUUPDA (MUPDA = 2) wium apy-
rag cBasaniad ¢ LUUPDA mpobiema.

=8 mpobsemsl B Oostee epudepuiiHbIX CEPBUCHBIX TTPOrpaMMax.

=9 : pasJImaHble ApyTue TPOOIEMBI.

MSTU (25): (D=1) neuars npenynpexmennii u coobieHmii.

=0 HUKaKWe TPeIypeRKIeHna He medaTaioTCs.

=1 BHadUaje mevdaratorcs npemynpexmenns MSTU(26), mocite dero 0oJiblile HUKA-
KIX COOOIIEeHNl He TOABIAETCA.

MSTU(26) (D=10) MakcuMaIbHOE 9MCIO MedaTaeMbIX TPEIyTpeK IeHu.

MSTU(27) (1) manexe anesma mpeaynpeRaeHIH TPU BBITOTHEHNN.

MSTU(28) (R) Tun camoro mocsienHero naHHOTO TPENYIPEKIEHNA, ¢ KOTAMI, aHaJOrmd-
apiMu MSTU(24), HO MeHee cephe3HOTo XapaKTepa.

MSTU(31) (I) yncJio BeI30BOB LUEXEC B maHHOM BBIIOJTHEHUU.

MSTU(32) (I) amcmo BxomOB, coxpaHeHHBIX Mpu BbsoBe LUEDIT(-1).

MSTU(33) (I) ecimr ycranossiero wa 1 nmepen BersoBom LUDBRB, To BekTOpbI V (11s Habopa
JacTHIl, KOTOPble HY KHO BPAIIATh/CMEIaTh) yCTaHaBINBAOTCA Ha () Tepe BBIToI-
HenueM Bpaiierusi /eMenienus. MSTU(33) cuoBa ycramaBiauBaercs Ha 0 mpu BBI3OBE
LUDBRB. De meficrByeT mpu Bhi3oBe LUROBO.

MSTU(41) - MSTU(63) :  KJIFOYH [JIf TPOTpaMM aHaJm3a coObITH, cM. maparpad 15.2.7.

MSTU(70) (D=0) ancio cTpoK, cOCTOAUWMX TOTHKO W3 3HAKOB PABEHCTBA (=====), KOTO-
pble BCTaBJIEHBI B pacliedaTKky coObITH#A, moJydennayio m3 LULIST(1), LULIST(2)
miu LULIST(3), 9T00BI OTHEIUTh APYT OT ApYTa pasHble paslesibl B 3aIUCH COObI-
s, MakcrMaJibHOe UMCIo TaKuX cTpok pasmo 10; em. MSTU(71) - MSTU(80).
YcranaBauBaeTcsa 3aHOBO npu BbizoBe LUEDIT ¢ aprymentamu () — 5.

MSTU(71) - MSTU(80) :  HOMepa CTPOK, HUKe KOTOPBIX BCTABJIEHBI CTPOKU, COCTOAIINE
TOJTHKO 13 3HAKOB paBeHCTBa (====== ) B pacmedarke coObTHA. [locTYIHBI TOTBKO
nepsbie 10 pasperrennbix mosuruit MSTU(70).

MSTU(90) YUCITO AIAPOHOB, COMEPIKAIINK TAKETbIH apoMar (dapM- wim bostee TAKeNbIH),
CTeHEPUPOBAHHBIX B TEKYIEM COOBITUU, [IJIA KOTOPBIX TO3UIUU B 3AMUCH COOBI-
T coxpansatorca B MSTU(91) - MSTU(98), a BesmuwHa z npu (bparMeHTaInl —
B PARU(91) - PARU(98). CoxpaHseTcs He GosIblile BOCbMU 3HadeHWH (0OBITHO 3TO
He TPUBOAUT K KaKMM-JIn00 mpobsieMam). 3HadeHUe z He MOMKET OBIThH COXpaHEHO
NIIA TAKEJBIX CTeHEPUPOBAHHBIX aJpOHOB, KOTJa CTPYHA WMeeT HaCTOJIbKO MaJTyio
Maccy, 9To KOJJTallCupyeT B OMHY WJIW JBE YAaCTUIIBI, a TaKXKe B cJIyJae, KOTIa aapoH
moJTydaeTcd Kak OflHa W3 IBYX KOHEUHBIX JacCTHUIl Ipu pparMeHTalnn CTpyHbl. FKesn
MSTU(17) = 1, To MSTU(90) moJiKeH KaXKIblli pa3 yCTaHaBIUBATHCA BaMU Ha HOJb
mepes KaXkIbIM HOBBIM COOBITHEM, €CJIU 3TO HE BBITTOJTHEHO aBTOMATUIECKH.

MSTU(91) - MSTU(98) : mepsbie MSTU(90) mosunmii 3amoIHAIOTCA HOMEPaMI CTPOK aIpo-
HOB, COJIEPZKAIUX TAXKEJIbIE aPOMAThI, CTEHEPUPOBAHHBIX B TEKyIeM coobrtum. (M.
MSTU(90) mia mosydenms momoJHUTENbHON mHbopmaruu. Obpature BHUMaHUE,
aT0 nHpOpMarus mopTuTcs pw BbizoBax LUEDIT myis ommuit 0 — 5 u 21 — 23; omma-
KO BBI30BBI ¢ ommusaMu 11 — 15 paborator.

MSTU(101) - MSTU(118) : KJIIOYH, CBA3aHHBIE ¢ KOHCTAaHTaAMU CBA3M, cM. pasmen 14.5.

MSTU(161), MSTU(162) :  wunH]OpManms:A, WCIOIb3yeMas B MporpaMMax aHaJM3a COOBITHA,
eM. maparpad 15.2.7.

MSTU(181) (R) HOMEp Bepcnm JETSET.



MSTU(182)
MSTU(183)
MSTU(184)
MSTU(185)

PARU(1)
PARU(2)
PARU(3)
PARU(4)
PARU(5) :
PARU(6) :
PARU(11)

PARU(12)

PARU(13)
PARU(21)
PARU(41)

PARU(91)

PARU(101)

MSTJ(1)
=0

= 2
MSTJ(2)

—

(R) HOMep monBepcnn JETSET.
(R) rox nmocnennero nsmenenus JETSET.
(R) mecamn nocnennero nsmenenus JETSET.

R) nenb nocnentero nsmenenus: JETSET.

(R) m ~ 3.1415927.

(R) 27 =~ 6.2831854.

(D=0.1973) ko> unnent nepecuera nsa 5B~ — by waw v~ — B.
(D=5.068) xoapbunnent nepecuera nsa Gy — B~ wm 5B — dut.
(D=0.3894) ko>ppunment nepecuera nysa B2 — M6 wnmm m6~! — B2,
(D=2.568) koapbunnent nepecuera nasa m6— 9B~ wmm ['5B* — M6~

(D=0.001) orHOCHTENBHASA OWMOKA, TO €CTh BEJNINHA HECOXPAHEHUA NMITYJTHCA
1 >HEPTUU, AejeHHas Ha MOJHYIO HEPTUO, MO/ KOTOPOW CJIedyeT MOHMMAaTh ITPO-
OJIeMy, OTHOCANIYIOCH K TOYHOCTH MAIIWHHBIX BBIUUCIEHUN, a He BO3SHUKHOBEHIE
Kakoii-mm6o dusmaeckoli ommbkn (cm. MSTU(24) = 5).

(D=0.09 T'>B?) appexTnBHOE OrpaHUeHre Ha KBaIpaT Macchl, HUKE KOTOPOTO
MapTOHBI MOTYT OOBEIUHATHCSA IJI5 YIPOIEHNAs KHHEMATUKN cTpYHHON dhparMerHTa-
mn (M3-3a OTPaHUIEHHON TOTHOCTH MAlIMHHBIX BBIYUCIEHNH).

(D=0.01) »dpPpexTuBHOE OrpanHUUeHne Ha YIUIBI B pajnaHax isd o0beTMHEHNA
MapTOHOB, UCIOJIb3yeMoe BMecTe ¢ PARU(12).

(I) maer mosmyto »Hepruro W misi mepBoro mokoseHWsA CTPYil/9acTuil mocse
BbI3oBa LUEXEC; ucnosibsyercs ¢ dpynrnmett PLU mia I> 0, J= 20 — 25.

- PARU(63) : mapamMerphl [ HpOoTrpaMM aHajm3a cOOBITHA, cM. maparpad
15.2.7.
- PARU(98) : mepsbie MSTU(90) mosunmit 6yayT 3alo/THEHBl 3HAUCHIAMEI 2 L1

JparMenTaINN, UCTOIB3yEMBIMI BHYTPHU TPOTPAMMBI TIPW T€HEPAIINN AIPOHOB, CO-
NepKaIINX TAKeTble apoMaThl ((PYHKINA T TTepeBoia >THX 3HadeHnl B pakTrde-
CKW€e HEPTUN U UMITYJIhChI HaOJTIOTaeMbIX aJIpOHOB €CTh CJI0KHas (PYHKINA OT KOH-
dburypannm crpyssl). Yacruma co sHadenmeM z, coxpanenHbiM B PARU (1), mosrkHa
HaXomuThcA B crpoke MSTU(i) sammenm cobwbitmsa. Cm. MSTU(90) m MSTU(91) -
MSTU(98) mJis MOJIYUeHns TOTMOJTHUTETbHON NHPOPMATINT.
- PARU(195) : pasIuYHbIe KOHCTAHTHI CBA3SH U TapaMeTPhl, CBiA3aHHBIEe ¢ HIMMU,
cM. pasmen 14.5.
(D=1) BBIGOp cxembl dparMeHTaINN.
BOODIIE HET HUKAKOW pparMeHTalny Aad cTpyii.
cTpyHHas QpparMeHTaInsd B COOTBETCTBUN € JYHIOBCKOW MOIETBIO.
HesaBucuMas gpparMenTannsa coracio cuemudukammm B MSTJI(2) mw MSTJ(3).
(D=3) cxema dparmenTanny TIIOOHHBIX cTpYil Mpu HesaBucnMmoii dparmenTa-
IIUN.
CAWTAETCH, ITO TUIIOOH (PparMeHTHpPyeT MOI00HO u-, d-, S-KBapKy WJIW aHTH-
KBapKy.
KakK = 1, HO 3Ha9YeHWs MpoaobHbIX (cM. PARJ(43), PARJ(44) w PARJ(59)) u
nomepedHbx (M. PARJ(22)) KOMIOHEHT MMITyJibca TIPY 3aMeHe KBapKa Wi
AHTUKBapKa Ha TVIFOOH MOTYT OBITH ONpEeIeeHbl IO OTHETbHOCTH.
CAWTAETCH, UTO TJIIOOH (PparMeHTHpyeT MomoOHO Tmape, coctodtieit w3 u-, d-,
S$-KBapKa W COOTBETCTBYIOIIETO aHTUKBApKa, U pacllell/IeHre SHePTUN TUTFOOHA
MaeTcs B COOTBETCTBUU ¢ (PYHKIHEH paciernienns AJTbTapesiin—2) apu3m.
KaK = 3, HO CBOWCTBa MpomosbHbIX (cM. PARJ(43), PARJ(44) u PARJ(59))
u monepedHbx (cM. PARJ(22)) KOMIOHEHT MMITYJIbCa MPH 3aMeHe KBapKa



MSTJ(3)

AaHTUKBapKa Ha [JIFOOH MOT'YT OBITH olpenesjJaeHbl 1o OTIEJIbHOCTH.

(D=0) omnmmn coxpanenus s>HEPIUW, WMIYJIbca W apoMaTa MpH HE3aBUCUMOT

dparmenTanuu. Beakuit pas, Korma HuKe MpenrnoiaraeTcs cOXpaHeHne MMITYJIbca,

TaKzKe€ HEABHO IMMPUHUMAECTCA U COXPaHEHUE SHEPTUU 1 apOMaTa.

- 10

HET HUKAKOTO ABHOTO COXPaHEHUA BEJIUUIUH JIOOOTO THUIA BHIIIE.
JACTUIIBI MMEIOT PACTPENESIEHN 0 WMITYyJIbCaM B COOTBETCTBUH € CO CBOUMUT
sHEPrUAME (IpybO KBUBAJEHTHO CMelleHno cobbiTrsa B cucremy [IM). Do
AHAJIOTUYHO TIOIXO/Y, UCIosb3yeMoMy B mporpamme Ali [Ali80].
TACTUTIBI UMEIOT PacIIpeIeSIeHNs M0 UMITYJIbCaM B COOTBETCTBUU CO 3HATEHTEM
MPOIOJTHHON Macchl, BBIUUCIAEMON 110 HAMPaBJIEHUIO aCHMMETPHUH pacipee-
Jenuit.
JACTUTIBI UMEIOT OIMHAKOBBIE PACIpeIesIeHIs 0 NMITYJTbCaM.
MoTTepevdHbIe UMITYIhChI CKOMIEHCHPOBAHBI B KaKI0# OTIe/IbHON cTpye, a mpo-
TTOJTBHBIE UMITYJIbCHI TIEPECTUTAHBI TaK, ITOOBI OTHOIIEHNE UMITYIHCOB KOHEU-
HOU CTPYH 1 HAUaJTbHOTO MAapTOHA OBLIO OMMHAKOBBIM 1A BCEX CTPYH cOOBITHSI.
DTO aHAJOIMYHO MOIXOMY, Ucnob3yemomy B mporpamme Hoyer [Hoy79].
TOJIBKO apoOMaT COXpaHAETCA ABHO.

Kak = 1 - 5, 3a UCKJIIOYEHUEM TOTO, YTO BBIIIE HECKOJIBKO CHHTJIETHBIX
IO TIBETY CUCTEM, KOTOPBIE CJIEIOBAIN HETIOCPEICTBEHHO APYT 3a APYTOM B pac-
nevqarke cOObITHA (HAIpUMep, ¢Gqq), TPAKTOBAINCh Kak OTHA CUCTeMa, TOTIa
KaK 37IeChb OHW PAcCMaTPUBAIOTCH KaK OTIeJbHBIE CHCTEMBI.
He3aBuUcuMas (parMeHTaIus, Mpu KOTOPOW COXPaHAIOTCA TaKzKe YaCTUIIH,
IBUKYIUECS Ha3al OTHOCUTETbHO HAIpaBJIEHWA CTPYW, W, TAKAM 0Dpa3oM,
omubKa paccoTSIAaCOBAHNA 3HAUEHUN PHEPTUN U UMITYJIbca MOXKET OBITH 0OJTb-
urof.
(D=1) BBIGOp TMpomosbHON (yHKINN dparMeHTalnl, Onpeneaolnell, KaKyto

YaCTh IOJIHOM JHEPTHUU 3a61/1paeT BHOBb CO3ILELHHBH71 alIPpOH.

JIYHIOBCKasg cuMMeTpudHas yHKIuA dparmMentannm, cM.  PARJ(41) -
PARJ(45).

BBIOOD pasWIHBIX (DYHKIHUN PparMeHTanm 118 KaZkK/I0T0 apoMaTa B OT/IE b
moctu, cM. PARJ(51) - PARJ(59).

ruOpuIHas cxeMa, TIe 1A JETKUX apOMaTOB BBIOMPAETCH CAMMETPUIHA JTy H-
noBckasd GyHKIngA (= 1), a 1d 9apM- 1 GoJiee TAKETBIX apoMaToB GopMa MoO-
JKeT BBIOWPATHCA OTIAETBHO JIA KayKI0T0, HAlPUMep, B COOTBETCTBHUH ¢ (DYHK-
et SLAC (= 2).

JYHIOBCKadA CUMMeTpudHad (QYHKUuA (pparMeHTany (= 1) s TAKETbIX
KBapKOB, W3MeH#AoIIasAcA corytacHo baymepockoil (Artru-Mennessier, Morris)
POCT-

pPaHCTBEHHO-BPEMEHHON KapTUHE 3BOJIIONNE CTPYHBI, cM. PARJ(46).

Kak = 4, HO ¢ BO3MOYKHOCTHIO WHTEPIOIANNN K OayIepOBCKON M JIYHIOBCKOMN
KapTHHaM IO OTIeJIbHOCTH A1 ¢, b m t; cm. PARJ(46) - PARJ(48).
(D=2) BBIGOp MOme N POKIEHNA OGaproHa.

HET HWKAKOTO TapHOTO POKIEHWs OapWOHa-aHTHMOapmoHa; HAJIaJIbHBINA TH-
KBapK TPAKTYyeTCs KaK OIHO IEJIOe.

paspeleno mapHoe poXKIeHNe TNKBapKa-aHTUANKBAPKa; TUKBAPK TPAKTyeTcs
KaK OJTHO IIEJIOE.

paspeleno mapHoe poXKIeHNe TNKBAPK-aHTUINKBAPKA, ¢ BOSMOKHOCTHIO IIJIs
IUKBapKa PACHIEIUIATHCA TO CXeMe ~ MOTKOPH .



MSTJ(13)

MSTJ(14)

MSTJ(22)

KaK = 2, HO, KpOMe TOI0, poxKieHue O0apUOHOB IIEPBOIO paHra MOXKET OBbITh
monaBsieHo gpakropom PARJ(19).
(D=0) renepanus momepevTHOrO WMITYIhca I KOHETHOTO KBapKa B CTPYe, MO~

JIy4eHHO#l OT OTHeJIbHOrO KBapKa, WM /1A KOHEYHbIX KBAPKOB B ¢g-cTpyiiHoit cu-
creMe (JIJTs MHOTOCTPYHHBIX COOBITHI MpemoaraeTcs, 9To I KOHEYHBIX KBapKOB
MOTIEPETHBI MMITYJTHC PABEH HYJIIO).

HeT HUKaKOTO IIONepedYHOro UMILYJIbCa /1A KOHEYHBIX KBapKOB.
KOHEUYHBbIE KBAPKU TIOJYUIAlOT MOTEPETHbIe UMITYJIHCHI TTOTOOHO OOBITHBIM TTa-
paM g, pOKIEHHBIM B 1IBeTOBOM mose (cM. PARJ(21)); B 2-cTpyiiHBIX cucTe-
MaxX KOHEUHBbIe KBapKH MOJIYIAOT COOTBETCTBYIOIIMM OOPA30M CKOMIEHCHPO-
BaHHDBIE MOIEPEYHbIC UMIIYJIbCHL.

(D=1) obpaborka cwHIIeTHOH 1O BTy CcTpYyiiHON cHcTeMBI ¢ MaJsioff WHBapU-

aHTHOH Maccoii.

He colsToaeTcs HUKAKUX MPETOCTOPOKHOCTER, ITO O3HATAET, UTO BIOCJIE-
CTBUW MOTYT BOSHWKHYTH 1mpobsiembl B LUSTRF (msim LUINDF).

MaJIbIM CTPYMHBIM cHcTeMaM pa3pelleHo KOJLITAllCUpoBaTh B ABe MWW, €CJTH 1
Ha 3TO HE XBAaTaeT Macchl, B ogay dactuily. QOOBITHO Bce MaJIOMaccoBbie CTPYii-
HBIE CHCTEMBI 00pabaThIBAIOTCA TaKUM 0OPa30M, HaUMHASA € CAMBIX JIETKUX, HO
HEKOTOPBIE CHCTEMBI OCTAIOTCA HEOOPaOOTAaHHBIMI; HAPUMED, Tapbl INKBaPK-
aHTUINKBapPK €O 3HaYeHWeM Macchl HMXKe NBYXYaCTHYHOTO TOPOTa POKICHUA.
cnenuaJbHad oA O BeizoBa LUPREP, rie ne mpnHATO HUKaKUX Mep IIpeo-
cropoxkHOCTel (Kak n B = 0), HO, KPOME TOTO, HE [eJTaeTcs HIKAKIX TIPOBEPOK
Ha IpUCYTCTBUE MaJIoMaccOoBbIX cucreM; To ecThb LUPREP Tosibko nepecrpausa-
€T IBeTHBIe CTPYHBI.
(D=0) BepoATHOCTD POKIEHUA HOBBIX aPOMATOB.

COTJTACHO CTAHIAPTHON JIYHIOBCKOW TapaMeTpusannu, KakK maetca B PARJ(1)
- PARJ(20).

COIVIaCHO BEPOATHOCTAM, 3adaHibiM B PARF(201) - PARF(1960); obparute
BHUMaHWe, 4TO 371eCh HeT HUKaKNX 3HadeHUWi IT0 YMOJIYaHWIO, TO €CTh 3Hade-
Husi PARF MOJIZKHBI OBITH YCTAHOBJIEHBI BAMEU CAMOCTOATETBHO. 2 O-TIPEKHEMY
MOZKeT WMCIOJIb30BaThca Kjarod MSTJ(12) misa YCTaHOBKH crocoba POXKOeHN A
H6apuona, ¢ Tolt pasuurnett, uro MSTI(12) = 2 37ech MO3BOIAET MOTYIUTDH TTPO-
M3BOJIBHOE TMCIIO ME3OHOB MEKIY OapHOHOM 1 aHTHOAPMOHOM (Tak KakK Bepo-
ATHOCTH Tpolecca NUKBapK — Me30H -+ HOBBINM AWKBapK CUNTAETCA He3aBUCA-
el OT TPEIBICTOPHN ).
(D=2) tun pacnamoB gacTuIH.

BCEe paclaibl 3allpelleHbl.

JacThIia, ompeneleHHas Kak HecTabmibHasi ¢ MDCY-BEKTOpOM W KOHKpET-
HBIMI KaHaJJaM@ paclajia, MOYKeT paclalaThbcsd B ITIpeaesiax o0JacTh, TaH-
mHott B MSTJ(22). Docste pacmaia JacTUIBI MTPOIYKTH MOTYT 0Opa3OBBIBATH
CTPYH, KOTOPBIE BIIOCJEICTBUN (PPATMEHTUPYIOT B COOTBETCTBUU €O 3HATEH-
eMm MSTJ(1).

KaK = 1 3a MCKJIIOYEHWeM TOTOo, 4TO NJid cTPYHHON cucTeMbl gq, TTOJTy9eHHol
mpu pactaze (Hanmpumep, 1 B-Me30Ha), Bcerla 3ajaHa cTpyHHas dparMer-
Tann#, a He Apyrue sHadenus MSTJ (1) (»To o3HaTaeT, 9TO MMITYJIbC, SHEPTUA
W 3apAJ COXPAHAIOTCA [PU PAcHae).
(D=1) orpanndenus Ha NJIMHY pachaia g GaCTHIBI, KOTOPOH paspeleH pac-

maa coryacHo 3HauenmaMm MSTJ(21) u MDCY.



=1 : JacTHIla, Olpele/eHHas Kak HecTabmIbHas, Beerma paciagacTcs.

=2 JacTUIla paclalacTcs TOJBKO B TOM CJIydae, KOT[da CpedHee MHBapHaHTHOE
BpeMs KusHm O6osbire PARJ(71).

=3 : JacTUIla PaclalacTcs TOJbKO B TOM CJIydae, KOra BeplinHa paclaja HaxXo-
IWTCA B Ipeneiax paccrosnns PARJ(72).

= 4: JacTHUIla paclagaeTca TOJbKO TOTIa, KOUa BEpIIrHa paclala HaxXOINTCA B

npefesax MUINHIPUIECKOro obbeMa pammyca PARJ(73) B miockoctn xy u ¢
nymaoi +PARJ(74) 1o ocu z.

MSTJ(23) : (D=1) Bo3sMOKHOCTH Pa3BUTHA JUBHA OT Hapbl ¢, TOJYIEHHON KaK MPOILYKT
pacmana.
=0 : HeT HUKaKWX JIUBHEH.
=1: KaXXAbll pa3, Korga Koa MaTpUYHOIO 3JeMeHTa AJis AaHHOrO KaHaJtla paclla-

na MDME(IDC,2) = 22,23 nsm 33, 1Ba TepBbIX MPOAYKTa paciaia (ecanm OHu
ABJIATOTCA TTAPTOHAMI) MOTYT JaBaTh JUBEHb, KaK CUHIJIETHAA 110 IBETY TO-
cucTeMa, 1 MaKCUMaJibHad BUPTYAJIbHOCTb OlpelesideTcs 3HaYeHneM WHBapu-
AHTHOW Macchl Taphbl.

MSTJ(24) : (D=2) maccor qacrut.

=0 HCTIOTB3YIOTCSA TUCKPETHBIE 3HAYCHUSA MaCC.
=1 PETHUCTPUPYEMBIE YaCTUIII IMEIOT MAaCcCOBbIE PACTIPEIESICHNUS ¢ UPUHOT, ompe-
nmejteHHOM BekTOpoM PMAS. mosiyueHHON 13 ycedeHHO# OpefiT-BUTHEPOBCKOM
dbopmbr, aureiinoil mo m, yp. (13.2).
=2 : Kak = 1, HO BCe cTaHmapTHbIe 60301 ((dakTHdecKn, Bee dacTuinl ¢ |[KF| <
100) nmetor GpefiT-BUTHEPOBCKIE pacipenesieHs, KBAIPaTHIHbe M0 M, KakK
HOJTYYaeTCs U3 MPOTaraTopoB.
=3 : Kak = 1, HO JIJIsl BCEX YaCTHUI] UCTIOJIb3yeTcs OpelT-BUurHepoBeKas gpopMa, KBa-
npartuanad o m, yp. (13.3).
MSTJ(25) : (D=l) sxmouenne mponaratopa W+ B monosiienue x crangapTHoMy ~6ecKoned-
HO TaAKesoMy” (V — A) MaTpuaHOMY 3JI€EMEHTY €1aboTo B3anMOIeHCTBIA B paciaIax
t-, I- mim h-xBapka m y-jenTona.
=0 : He BKJTIOTAETCH.
=1 BKJITOYAETCA.
MSTJ(26) : (D:()) BKJIIOYeHne cMemmBanus B - B B pacmangax.
=0 : He BKJTIOTAETCH.
=1 : BKJIIOUAETCS, ¢ TapaMeTpaMi CMelnBanns, JanabiMu B PARJ(76) u PARJ(77).
CMmermmBaiue B paciajiaX HUKaK CIEUAJIbHO He OTMEYaeTC .
=2 : BKJTIOTaeTcsd, Kak m = 1, o B(B), pacnagaomuitcs kak B(B), ormedaercs
kak K(I,1)=12 (a He KaK obbraro, K(I,1)=11).
MSTJ(41) - MSTJ(49) : KJIFOUN JJIA BPEeMEHUIIONOOHBIX MapTOHHBIX JIMBHEH, cM. pasmes
10.4.
MSTJ(51) : (D=0) BrmOYenme 3 dekTa Doze-DiiHuITeiHa.
=0 : 2P deKT He BKIIOTAETCH.
=1 : 2P PeKT BKIIOUAETCH B COOTBETCTBUU € KCIHOHEHIMAIHHON TapaMeTpu3alii-

eli C5(Q) = 1+PARJ(92) X exp(—Q/PARJ(93)), rme (5((Q)) maer oTHOIIe-
HUEe 91c/a JacTHll, CTeHEPHPOBAHHBIX €O 3HaUeHWeM () ¢ yIeToM BJIMAHUS
apderTa Doze-DitHInTeliHA, K COOTBETCTBYONIEMY 3HAUEHUIO 0€3 yUeTa 3TO-
ro sdgpdekTa, a OTHOCHTETbHBI UMITYJIbC () OmpenesseTcs 3 COOTHOIIEHU A
Q*(p1,p2) = —(p1 — p2)* = (p1 + p2)* — 4m?. Yactunsl ¢ ummpunoii, Gosbireit
PARJ(91), cumTaiorcss UMEIOIUME JOCTATOTHO BpPeMeHH Mepell paclaloM, TaK



MSTJ(52)

MSTJ(91)

MSTJ(92)

MSTJ(93)

PARJ(1)

PARJ(2)

PARJ(3)

PARJ(4)

PARJ(5)

PARJ(6)

PARJI(7)

91O /1A HUX 3P PEKT TOMKEH pAacCMaTPUBATHCA.

5P derT BRIOTaeTCA B COOTBETCTBUN ¢ TayccoBoil mapamerpusanneit Ca(Q)) =
14+PARJ(92) x exp(—(()/PARI(93))?), ¢ HpUMeYaHWAMH W KOMMEHTADHIMH,
KaK U BBIIIe.

(D=3) wmcno gacTul pasaWaHBIX THUIOB, I KOTOPBIX TOJKHBI BKIOTATHCHA
Go3e-3MHIITERHOBCKIE KOPPeJIALNY, pacojaraomuxcs 0o nenouke 7, 7=, 7% KT,
K=, K% K9, n u n/. 3Hauenne no yMoTUaHWIO COOTBETCTBYET BKJIIOUEHWIO BCEX
muonos (71, 77, 7 ), sHauenme 7 — BKJIIOUEHWIO TaKKe W BCeX KaoHOB, W 9 —
MaKCUMaJbHOMY YUCJTY TaCTHIL.

(I) dmar nas remepamum Ta0OHHON cTpym ¢ ommumamu MSTI(2) = 2 uawm 4
(nmeer 3Hadenwe = 1 uam = 0).

(I) daar, ykassiBafoumii, aro mMeercs mapa ¢¢, ¢¢ WA TPUIIET ¢gg, TOTY-
gerrble B LUDECY, myid KOTOPBIX MOXKET pa3BWBAThcA JIMBEHD; pasen 0, ecqm HeT
HUKAKOH TMaphl WM TPUILJIETa, paBeH HOMEDPY BXO/a MEPBOTO MapTOHA, €CJIN Ta-
pa e cTBUTEBHO CYIIECTBYET, W HOMEPY BXO/a MEPBOTO MapTOHA CO 3HAKOM =~ —
ecJIu TPUILIET AeficTBUTETHHO CYIIECTBYET.

Y

(I) kjtoa g geftcrsus ULMASS. BHoBb ycranaB/mmBaercsa Ha (0 mpu KazKaoMm
BbI3OoBe ULMASS.

obbIaHOE neficTBue.

Macchl JerKuX KBapkos (d, u, s, ¢, b) 3amatorca B PARF(101) - PARF(105),

a me B PMAS(1,1) - PMAS(5,1). Macchl ZUKBapKoOB HAlOTCA KaK CyMMa Macc

KBapKoOB, 0e3 cJlaraeMoro, YYUTHIBAIONIETO CIUHOBOE pacllelIcHue.

kak = 1. [omommurenbnbie mocrosmnble wienbl PARF(121) u PARF(122) co-

IepzKaT BBIpasKeHMs, 3aBUCAIIAE OT MacC KBapKOB W AUKBApPKOB, COOTBET-

CTBEHHO.

(D=0.10) P(qq)/P(q), nomasienne poxIeHns Tapbl AMKBapK-aHTHINKBAPK B
[[BETOBOM TIOJIE TI0 CPABHEHUIO ¢ POKICHUEM KBapK-aHTHKBAPKOBOH Taphbi.

(D=0.30) P(s)/P(u), monaBieHme poxKIeHUA TTap S-KBapKOB B TTOJIE TIO CPaBHe-
HUIO ¢ POKJIEHUEM Taphl U- WIH d-KBapKOB.

(D=0.4) (P(us)/P(ud))/(P(s)/P(d)), nomaBieHne poXRIeHWA CTPAHHBIX -
KBAapKOB, JIOTIOJTHUTEIHHO K OOBITHOMY MOJABJICHUIO CTPAHHBIX KBAPKOB.

(D=0.05) (1/3)P(udy)/P(udy), nonasienne TMKBAPKOB €O CIMHOM | MO cpaBHe-
HITO ¢ TuKBapKamu co cnmaoM 0 (omyckas kKoadduimenT 3, BOSHIUKAOWMI 0T yUeTa
CITAHA).

(D=0.5) mapamerp, ompeneiAOUIH OTHOCUTETBHBI BBIXON OGAPWOHOB I
kondurypamutt BMB u BB B momenun “nonkopn”, rpybo oleHHBaceMbIff Kak
P(BMB)/(P(BB)+ P(BMB)) =PARJ(5) /(0.5+PARJI(5)).

(D=0.5) nonosHUTeTHHOE TTOMABIIEHNE TPY HAJWIUY Tapbl 8, pasfensdomeli B
u B B xoudurypammn BM B.

(D=0.5) nomosiHETETHHOE MTONABIEHNE TIPH HAJINIAN CTPAHHOTO Me3oHa M B KOH-

burypammn BMB.

PARJ(11) - PARJ(17) : nmapaMeTpbl, OIPeIeIAIONIe CIINH MEe30HOB.

PARJ(11) : (D=0.5) — BepoATHOCTH TOTO, UTO JIETKUH Me30H (comepzKalmii TOJBKO

u- m d-xBapkm) mMeer cnuH | (BepoATHOCTH WMeTh crnmi 0 Torma Oymer 1-
PARJ(11)), ecaim oH GBI TIOYUeH MpH dhparMeHTalNn.

PARJ(12) : (D=0.6) — BepoaTHOCTH TOTO, UTO CTPAHHBIH Me30H MMeeT crmH 1.

PARJ(13) : (D=0.75) — BepoATHOCTH TOTO, YTO TAPMUPOBAHHBIH WM GOTTee TAKeEbII

ME30H MeeT CIuH 1.



PARJ(14) : ( D=0. ) - BepoATHOCTH TOTO, YTO Me30H co crnuHOM 0 poXKIaercs ¢

Op6I/ITELJIbeIM YTJIOBBIM MOMEHTOM, pPaBHBIM 1, 1 MOJTHBIM MOMEHTOM, PaBHbBIM

1.

PARJ(15) : (D=0.) — BepoATHOCTH TOTO, UTO ME3OH CO CIMHOM | POKIaeTCs ¢ Op-
OUTAIBHBIM YIJIOBBIM MOMEHTOM, PaBHBIM |, W MTOJTHBIM MOMEHTOM, PABHBIM
0

PARJ(16) : (D=0.) — BepoATHOCTH TOTO, YTO ME30H €O CMUHOM | pokKmaercsa ¢ opou-

TaJIJbHBIM YIJIOBBIM MOMEHTOM, PaBHBIM 1, " MOJTHBIM MOMEHOM, pPaBHBIM 1.

PARJ(17) : (D=0.) — BepoATHOCTH TOTO, UTO ME3OH CO CIMHOM | POKIaeTCs ¢ Op-

6I/ITELJII)HBIM YTIJIOBBIM MOMEHTOM, PaBHBIM 1, n TTOJTHBIM MOMEHTOM, PaBHBIM

2.

Ilpumeydanue : OKOHYATEbHBIN Pe3yJIbTaT JIJIA 3HAUEHU, IPUBEIEHHBIX Bbillle, ¢ 1 =

PARJ(18)

PARJ(19)

PARJ(21)

PARJ(22)

PARJ(25)

PARJ(26)

PARJ(31)

PARJ(32)

PARJ(33)

11, 12 mawm 13, B 3aBUCUMOCTH OT COJIEPIKAHUA apoOMaTOB, CJICTYTIONINA:

P(S=0,L=0,J=0)=(1—PARJ(1)) x (1 — PARJ(14)),
P(S=0,L=1,J=1)=(1—-PARJ(i)) x PARJ(14),
P(S=1,L=0,J=1)=

PARJ(i) x (1 — PARJ(15) — PARJ(16) — PARJ(17)),
P(S=1,L=1,J =0) =PARJ(1) x PARJ(15),
P(S=1,L=1,J =1) =PARJ(i) x PARJ(16),
PS=1,L=1,J 2) = PARJ(1) x PARJ(17),

roe S — "ucTuHHBIH’ COUH KBapKa, n J — MOJHBIA YIIOBOH MOMEHT, OOBITHO
Ha3blBaeMblil CIIMHOM Me30Ha S.

(D=1.) nomonauTenbHBIH KO3DOUIMEHT MTOTABIEHNA, Ha KOTOPBIH YMHOKaeT-
cst obbranbiit SU(6)-Bec nyis 6apuoHoB co cruHoM 3/2, U KOTOpbIii, ciienoBarebHo,
npusogut K Hapyuenuto SU(6)-cumMerpun B fomosiHeHne K IUHAMAYECKOMY Ha-
pylierunio, moapazyMmeBaemomy B PARJ(2), PARJ(3), PARJ(4), PARJ(6) u PARJ(7).

(D=1.) monomuuTenbHBI KOI(PDUIIEHT TTOTaBIEHNA GAPUOHOB, Ha KOTODBIH
YMHOKaeTcs 0OblUHasA BEPOATHOCTh POKIACHUA TUKBapK-aHTUIUKBAPKOBOM mapbl,
KOTOPBIH BJIMAET TOJHKO Ha HapylIeHHe CMMMETPHUH I8 OMNKAAIINX K KOHILY CTPY-
HBI TAPTOHOB, OCTaBJIAA APYTHE YIACTKH CTPYHBI He3aTpoHyThiMu. Mcmombsyercs
TOJIbKO mjig MSTJ(12) =

(D=0.35 I'sB) sHauenme o B rayccoBBIX paclpeIeseHnAX TOMEPETHOTO MMITYTh-
ca 10 Py U p, JJIA NEPBUYHBIX aPOHOB.

(D=1.) oTHOCHTEeNBHOE yBeNMUeHNE MOTEPETHOTO NMITYJIbCa B CTpYe TUIIOOHOB,
moaydennoil mpu MSTJ(2) = 2 mam 4.
(D=1.) mononuuTenbHBIH KO>DOUINEHT TOTABIEHNA AT POKIECHUA 1) TPH

dparMenTauu; ecjau 1 OTKJIOHAETC:, TO T€HEPUPYETcAs HOBadA Mapa apoMaToB 1
dopMupyeTcs HOBBIN aapOH.

(D=1.) nmonomruTenbHBIH KO>DGUINEHT TOXABIEHNA NIA POKIEHUA 1) TPH
dparmenTaiuu; eciu 1’ OTKIOHAETCs, TO TEHEPUPYETCA HOBas Tapa apoMaToB W
dopMupyeTcs HOBBIN aapOH.

(D=0.1 I'sB) npenenproe snauernne sneprun W, , HIXKe KOTOPOro OCTaHABIIN-
BaeTCsA TeHepalnsd OTAETbHON cTpyH (BHIOUpaeTcsi MeHbllle Macchl OHA /1A TOTO,
9TOOBI He TPOMYCTUTh HUKAKUX aIPOHOB B HAPABJIEHUN BIEPEN).

(D=1. I'sB) npu nobaBiernu Macc KBapKOB MCIOTb3YETCs KakK MUHUMAJTbHASA
TTOTTy CTUMast HepTrs OecIBETHOW cTpyHHOM cucTeMBbl.

- PARJ(34) : (D=0.8 I'sB, 1.5 I'»B) npu nobGasiennn macc KBapKOB ITafoT
mpeebHOE 3HAUEHUA HEPTHUH, HUKE KOTOPOTO OCTaHaBJIWBaeTcs (parMeHTaIns



PARJ(36)

PARJ(37)

cTpyitnoii cucreMbl, 1 GOPMUPYIOTCA IBa KOHETHBIX aapoHa. OOBIUHO MCIOJIb3YyeT-
csa PARJ(33), kpome ciydas MSTI(11) = 2, xKorma ucmosib3yercs PARJ(34).
(D=2.) nmaer 3aBHCHMOCTH OT Macchl KOHEUHOW Mapbl KBAPKOB [JIA OIperese-
HIAS TOUYKH OCTAHOBKH TIporiecca pparmentaruu. CUIBHO KOPpEIupyeT ¢ BHIOOPOM
PARJ(33) - PARJ(35).
(D=0.2) pasmbiTie 3HAUEHNA SHEPIUN B TOUKE OCTAHOBKIL.

PARJ(38) - PARJ(39) : (D=2.5, 0.6) matoT BEpOATHOCTH YHOPAMTOIEHUA IBYX KOHETHBIX

PARJ(41),

PARJ(43),

PARJ(45)

aJIPOHOB 0OPATHO MPOMOPIIMOHATBHO WX ObIcTpoTaM coryachHo yp. (12.18), tie dy =
PARJ(39) nga MSTJ(11) # 2, u d =PARJ(39) mma MSTJ(11) = 2.

PARJ(42) : (D=0.5,0.9 I'>B™2) nator mapameTpsl ¢ u b ciMMeTPUIHON JTyHIOB-
ckofi pyukmm Gparmentamyu At MSTI(11) = 1 (m MSTI(11) = 3 — 11 OOBIYHBIX
aJIPOHOB).

PARJ(44) : (D=0.5, 0.9 I'>B™2) mator mapameTpbl ¢ W b, yIOMAHYTHIE BBIIIE,
IUIA CIENNATBbHOTO CJIydas TeHepallil CTPYW TJIIOOHOB W He3aBUCHMON (bparMeHTa-
i 1ol ctpyu npu MSTI(2) = 2 wim 4.

(D=0.5) Besmunna, Ha KOTOPYTO, KaK TPEANOJaraeTcs, yBenmanBaeTca s¢hdex-
TUBHBIN TapaMeTp ¢ B JIYHIOBCKON cuMMmeTpudHo# GyHKINNT pparMeHTaIln, 3aBu-
catelt or apomara, IO CPaAaBHEHUIO ¢ OOBITHBIM 3HAUEHUEM ¢ TIPU POXKIEHUN TUKBapP-
koB. Komkpernee, kak maxo B yp. (12.5), a, pasern PARJ(41) mpu paccMoTpeHUn
dparmentanun KBapka u paBen PARJ(41) + PARJ(45) — mpm dpparMeHTannm au-
KBapKa, ¢ COOTBETCTBYIOIUIMM BBbIDAXKCHUEM A (g, 3aBUCAILIUM OT TOIO, ABJIAETCH
JIV BHOBbB CO3JIAaHHBI 0ObEKT KBAPKOM WM JAUKBAPKOM (71 OTIETbHON TIIIOOHHOIN
cTpyH, crerepupoBannoit mpw MSTJI(2) = 2 wim 4, Hyx)kHO 3amenuTs PARJ(41) Ha
PARJ(43)). B momenn "nonkopt” Me30H, POKIEHHBIH MeXKIy GapMOHOM 1 aHTHOa-
pPHUOHOM, UMeeT a, = ag = PARJ(41) + PARJ(45).

PARJ(46) - PARJ(48) : (D=3"l.) wmommdurammsa TyHIOBCKOH cUMMeTpUIHON (QYHKINKT

gparMenTaIIUN 1A TAKETBIX KBAPKOB, CTOANINX Ha KOHIAX CTPYHBI, COTJIACHO pe-
nenTy Saysepa, mocrynHas npu BbiOope MSTJ(11) = 4 wim 5. Dacupenesenne
naerca B yp. (12.13). Ecau MSTJI(11) = 4, To rg = PARJ(46) mid Bcex apoMaToB,
a ecyim MSTJ(11) = 5, 1o r. = PARJ(46), r, =PARJ(47) u ro = PARJ(48) nya Tom-
n 6osiee TAKeIbIX apoMaToB. PARJ(46) - PARJ(48), rakuMm obpa3oM, obecrednBa-
0T BO3MOYKHOCTH WHTEPIOJIANNN ~IUCTOr0” OayIepoBCKOTO pacipeneseHus ¢ r = 1
K 00braHOMY JyHHIOBCKOMY ¢ r = (. JlomosHuTeIbHBIE U3MEHEHUA, ClIeJTAaHHBIE B
PARJ(43) - PARJ(45), aBTOMaTHYECKH YUUTHIBAIOTCA P HEOOXOIMMOCTH.

PARJ(51) - PARJ(58) : (D=3*0.77, 5*0.) naror YeThIpe BOZMOKHBIX CIOCOOA TTApAMeTPH-

PARJ(59)

PARJ(61)

sannn yHKIwM dparmentamyun aia MSTI(11) = 2 (m MSTJ(11) = 3 mud gapm-
u Gostee TAKeTBIX apoMaToB). Pparmentanns Kaxkmoro apomara KF moxer ObTh
BBIOpaHa 10 OTAEHHOCTH; I NUKBapKa UCIOIb3YETCH apoOMaT CaMOTO T:KeJOTO
kBapka. /s ¢ = PARJ(50 + KF) mapaMeTpusaliuu JaloTCs CJIETYONIIMEI BhIpazKe-
HUSIMT:
0 <c< 1: Qefinvan—Puipn, f(z) =1 — ¢+ 3¢(l — 2)%;
—1<e¢<0: SLAC, f(2) =1/(2(1 = 1/z — (—=c)/(1 — 2))?);
¢ > 1: MakcumasbHoe 3HaueHme gocruraerca npu z = 0, f(z) = (1 — z)
¢ < —1: MakcuMaJbHOe 3HaueHue mocrturaercs npu z = 1, f(z) = 2771,

(D=1.) samensier PARJ(51) - PARJ(53) 1uis [IIOOHHOM CTPYH, CTEHEPUPOBAH-
moit mpu MSTJ(2) = 2 umm 4.
- PARJ(63) : (D=4.5, 0.7, 0.) mapaMeTpU3yIOT HEPTETUIECKYIO 3aBUCHMOCTD
MEPBUTHOTO PacIpelesieHns MHOKECTBEHHOCTH B (pa30BOM MPOCTPAHCTBE PacIaia.



PARJ(64)

PARJ(65)

PARJ(66)

PARJ(71)

PARJ(72)

PARJ(73)

PARJ(74)
PARJ(76)
PARJ(77)
PARJ(81)

PARJ(91)

PARJ(92)

PARJ(93)

DepBble IBa 3HAUEHUA COOTBETCTBYIOT ¢ 1 ¢z B yp. (13.10), a nociennee maer mo-
MOJTHUTETbHBIN YJI€H B BBIPAXKEHUW I MHOMKECTBEHHOCTU, OTIMIAIONINNACH 1JIs
Pa3JITIHBIX KOHKPETHBIX PACIIaIoB.

(0.003 IB) muHUMambHasA KUHETHYeCKasd »HePrud B pacmagax (7samac mpod-
HOCTH” JIJTA 9UCTEHHBIX OMIMOOK, CBA3AHHBIX ¢ TOUHOCTHIO BBIUUCIEHUIH).

(D=0.5 I'sB) macca, kKoTopasd, B JTOTOJHEHE K Macce KBapKa WM INKBapKa-
CTIEKTATOpa, CUNTAaeTcAs He yJacTBYMOIel B craboM pacrajie TAKEJIOro KBapKa B
aJIPOH.

(D=0.5) orHOCUTENNbHAA BEPOATHOCTH TepepacipeneeHus IBeTa mpu GhopMu-
POBAHUNU IABYX CHHTJIETHBIX COCTOAHWH W3 TPOAYKTOB pachaia. o PUMEHAETCH TOThb-
ko myig MDME(IDC, 2) = 11 — 30, To ecTb mjasa obJacTH MaJIbiX Macc B (pa30BOM
MPOCTPAHCTBE paclaa.

(D=10 MM) MakcHMasIbHOE CpelHee MHBAPUAHTHOE BpeMs KU3HU A JacTHIL,
KOTOPBIM pa3pelien pactasn B ommuu MSTJ(22) = 2. Ecam ucnonbsyercs sHadeHne
no ymosuanuio, o K% A, X7, YT =7 =% u Q7 cuuratorcs crabusnbibivu (B 10-
MOJTHEHIE K TeM YacTHIlaM, KOTOpble OOBITHO PacCMaTPUBAIOTCH KakK CTaOU/IbHbIE),
HO C- U b-aJpOHBI TO-TIPEKHEMY PaCHaIafOTCH.

(D=1000 MM) MaKcHMaabHOE PACCTOAHIE OT TOUYKHU POKIEHWA 0 MECTa, B KO-
TOPOM TPOUCXOIUT paspeleHubiii pacta, s ommun MSTI(22) = 3.

(D=100 mMm) MakcHMaIBHBI pagnyc TUIMHIPUIECKOH obmactu p = /@2 + y2
OT TOYKW POKIEHUSA IO MECTa, B KOTOPOM TIPOUCXOIUT pa3pelleHHbIil pacta, 1is
ormmuu MSTJ(22) = 4.

(D=1000 MM) MakcuMa bHOE PACCTOARNE 7 OT TOYKH POKIEHW O MECTa Pac-
manga g MSTJ(22) = 4.

(D=0.7) napamerp cmemmBanus x4 = AM/T 8 (B? - EO)—CI/ICTGMG.

(D=10.) mapamerp cvemmupanusa v, = AM/T' 5 (B - BY)-cucreme.

- PARJ(88) : mapamMeTpbl IJ1s BPEMEHUTOTOOHBIX TapTOHHBIX JUBHEH, cM. pas-
ner 10.4.

(D:0.020 FaB) MEHIMaJIbHOE 3HaUeHne MupuHbl dacTullbl B PMAS (KC,2), BbI-
e KOTOPOTO CUYUTAETCHA, UTO PACIAIbl TacTHUIBI PACCMATPUBAIOTCA TEPEN yIETOM
apderTa Doze-DitHmretina.

(D=1.) nHommHambHa# BenmumHa 3¢ derra Joze—iinmTedina mia = 0, cm.
MSTJ(51). Dr1oT mapamerp, gacTo 0obO3HATAEMBIl A, XapaKTepusyeT BeJUINHY He-
KOTEPEHTHOCTH B IMPOIlecce POKIEHUA JacTullbl. 3-3a yrpoleHHOW KapTUHBI, 1C-
MOJTh3yeMolt 1J1s omucarus »dpderTa Doze—IHHINTENHA, B JaCTHOCTH, /171 3PderTa
OT Tpex OJIM3JIeKAINNX WIEHTHIHBIX JacTHUIl], (PaKTHIECKOoe 3HAUEHWE A LI MOJIe-
JIUPYEMBIX COOBITHH MOXKeT ObITh OOJIbIlle TaHHOW BEJTMINHBI.

(D=0.20 I'sB) pasmep obmactn Biausnusa >dpdexra Dosze-DiiHuITelHA, BbI-
pakeHHBINT 4depe3 mepeMmernuyio (), cm. MSTJI(51). Dosiee mpuBbIYHAA pasMep-
HOCTh maerTcs [Jjis paauyca R obbema poxpenus: R = h/PARI(93)~ 0.2
pmx>B/PARI(93) =
PARU(3) /PARJ (93).

14.5 KoHcTaHTBI CBA3U

B »Tom pasnesie ConepzKUTCA I/IHCl)OpMELHI/IH OTHOCHUTEJIbHO IBYX IIPOrpaMM BbIYUCJICHUA IIOIIPa-

BOK K g I Ogypyy, @ TAKZKE BBIUYNCJIEHUA OPYTUX KOHCTAHT CBA3U AJIA CTaHOAPTHBIX U HECTaHIaPT-
HBIX YaCTHI] (CTELHILELPTHBIX B CMBbICJIE — OIIMCBbIBACMbIX CTELHILELpTHOﬁ MOIEJIBIO 3JI€KTpOCJIEL6bIX



B3anMozeficTBuit). XOTs mepBOHAYAIBHO TOT pasfesl cofeprKasl TOJIbKO OMMCaHue MPIJIOKe-
Huit JETSET, BIOC/TEICTBAN B HETO OBLIN BKJIIOUEHBI MAaTEPHUAJIBI, KacaOIINecss HecTaHIapTHOMN
Jusuku, m mosTOMY cefiac sTa nHPOpMaIUA TakKe Hojee nHTepecHa 1 npuioxkeruit PYTHIA,
a He JETSET. D03TOMY BCe MaTepuaJIbl, COIEPKAIINEC 3/I€Ch, ¢ TAKUM K€ YCIEXOM MOTJIH ObI
OBITH TpeNCcTaBJIEHbl Tle-HUOYIh B JIPYTOM MeCTe 3TOTO PYKOBOICTBA. ECKOJbKO KOHCTAHT
CBA3M, TefcTBUTETHbHO, TOABIATOTCA B MaccuBe PARP, cm. pasmen 9.3.

ALEM = ULALEM(Q2)

ITasHaveHue: BBIUUCIAET OETYIIYIO KOHCTAHTY CBA3H B 3JIEKTPOMATHUTHBIX B3UMOIEHCTBUAX
Q. Ucnombsyembie Boipaxenus onucanbl B [Kle89], Takxke cm. MSTU(101) u
PARU(101).

Q2 : 3HadYeHKe HepeJainHoro UMIyabca (2, I/ KOTOPOTro BBIYUCIACTC ey, .

ALPS = ULALPS(Q2)

IMTazHayenune: BoruncasAeT GEIYILYTO KOHCTAHTY CBsA3M B CHJILHOM B3amMojefictBuu o,. Bbi-
pazKeHUs MePBOTO W BTOPOTO TopsAdKa matorca B yp. (6.9) u (6.14). Cm. onuumm B
MSTU(111) - MSTU(118) u PARU(111) - PARU(118).

Q2 : 3HadYeHKe HepeJaiHHoro UMIyabca (2, I/ KOTOPOro BBIYHCIIACTCI (.

COMMON/LUDAT1/MSTU(200) ,PARU(200) ,MSTJ(200) ,PARJ(200)

ITasnavenue: obecrednBaeT MOCTYI K PALY KOMIOB COCTOAHUN M TapaMeTPOB, KOTOPHIE Pery-
JIUPYIOT BBITIOJTHEHTE TTPOTPAMMBI B TIEJIOM. 3I€Ch OMUCAHBI TOJBKO OMINU, CBA3aH-
HBbIE ¢ KOHCTAHTAMU CBA3WU; ODIlee ONMMCcaHe MOKHO HalitTu B pasmese 14.4.

MSTU(101) : (D=1) nportenypa BEIMUCTEHUA ey € UCTOTH30BaHIEM ULALEM.
=0 : Qe CUMTAETCA TMOCTOAHHON, TAHHON B PARU(101).
=1 Qlepn M3MeEHACTCS U1 pasHbIX (%, ¢ yueToM HonpaBoK oT (bepMUOHHBIX MeTelb

(e, p, 7, d, uy s, ¢, b).
MSTU(111) : (Dzl) BBIUUCJCHUE (5 ¢ UCToJb3oBanneM ULALPS. 3nadenue nepesanncbiBa-
ercsa npu BbizoBax LUEEVT, LUONIA uniu PYINIT B cooTBeTcTBHM ¢ KeJlaeMbIM I1JIs
KOHKPETHOI'0 M3ydaeMOoTro IIpollecca.

=0 : Qs — TmocTosIHHAsA, paBHad PARU(111).
=1: ydeT TMONPaBOK MEePBOTro MOPAIKa A 0.
=2 : yd9eT TMONPaBOK BTOPOTO MOPAIKa LA .
MSTU(112) : (D=5) HOMUHaBbHOE YMCIO apOMATOB, YIUTHIBAEMBIX B BBIPAKEHUN /1A (g
npu onpeneigerun A.
MSTU(113) : (D=3) MuHUMaTPHOE TMCITO aPOMATOB, YUNTHLIBAEMBIX B BBIPAKEHUN A (s,
em. MSTU(112).
MSTU(114) : (D=5) makcuMaIbHOE TUCTO APOMATOB, YINTHIBAEMBIX B BBIPAKEHUN A (s,
em. MSTU(112).
MSTU(115) :  (D=0) obpaborka ocobeHnOCTell B BbIpaKeHUn 11 oy mpu Q% — 0.
=0 : pacxomures Kak 1/1In(Q?*/A?).
=1 : cmATYerne pacxoxaenus no 1/1In(1 4+ Q%/A?).
=2 : 3aMopazKuBaHue sposonun no Q2 nuke snadenus PARU(114), To ecTb adpdex-

TUBHBIH mapameTp obpesanus ecth max((Q)?, PARU(114)).
MSTU(118) : (1) ameso apomaroB n ¢, onpeeseHHOe I UCTIOTh3YEeMOe [P MOCTETHEM BbI30BE



ULALPS.

PARU(101) : (D=0.00729735) epy, 2T€EKTPOMATHUTHAA KOHCTAHTA CBA3M JIJIA HYJIEBOTO 3Ha-
YeHUA MePeTaHHOTrO MMITYJIbCa.

PARU(102) :  (D=0.229) sin®fy, yroa c1aboro cMemmBaiusa B CTAHIAPTHON MOMETH B3am-
MoJeiicTBuii.

PARU(108) : (1) smavenwe o.,,, MoaydeHHOE MpW MOCTENHEM BbisoBe (GyHKIn ULALEM.

PARU(111) : (D=0.20) mocrosnnoe 3HaveHme 5, 3anarHoe B ULALPS mpu MSTU(111) = 0

(a TakKe B TapTOHHBIX JUBHAX, KOTHA (v CIUTAETCHA TTOCTOAHHON).

PARU(112) :  (D=0.25 I'sB) snadenwe A, ucromnbsyemoe npu Bbrauciaennn oy B ULALPS. Do-
10610 MSTU(111), 5To 3HaUYeHHe Tepe3allichiBA€TCA MIPH BBI30BaX (PU3UICCKUX TIPO-
TpaMM, W TTO3TOMY ABJIACTCA 9UCTO HOMWHAJbHBIM.

PARU(113) : (D=1.) wucronpsyercsa mis ompeneseHrs MOPOrOB POKIEHWA apoOMaTOB MPU
3P PEKTUBHOM YHCIIe apoMaTOB, HOABIAIOUIEMCH B BBIPDAYKEHUY JIJIA (r;, PABHOM 1.
Jl1s mopora ucnosbsyercs Boipaxenne Q? =PARU(113) xmg, riae m, — Macca KBap-
Ka. 3HaueHWe MOZKET Mepe3aluChiBaThCsA TIPU BBI3OBE KaKoW-HUOYIb (busmaecKoit

TTPOTPaMMBI.

PARU(114) : (D=4 FaBQ) sHauenne ()%, HUIKe KOTOPOTO (ry CUMTAaeTCs KOHCTAHTOH I/is
MSTU(115) = 2.

PARU(115) : (D=10.) makcumagbHOe 3HaUYeHWE (5, KOTOPOE OyaeT BbimaBarh ULALPS; wic-
MOJTh3YETCA TIPU TOCTeTHEM OOpAIEeHUH I TOrO, YTOOBI M30eKaTh ocobeHHOCTE .

PARU(117) : (I) snagenme A (cBsAsanHOe ¢ >dDdeKTUBHBIM dncaoM apomaros MSTU(118)),
noJjiy4yeHHoe Ipu nocjenneMm sorzose ULALPS.

PARU(118) : (I) BemumHa o, MosTyUerHaA TIpU TOCTeqHEM Bhi3oBe ULALPS.

PARU(121) - PARU(130) : KOHCTAHTBI CBA3M HOBBIX /' nya dbepMHOHOB 3HaYeHHA IO

YMOJTYAHUIO JNAIOTCsA 3HAYEHUAMU COOTBETCTBYIOIMX KOHCTAHT cBA3M ¢ Z° cTa-
TapTHOH MOJe/H, B IpeanoaoKernn, 9To sin*fy = 0.23. O6paTuTe BHEMAaHUE, UTO,
HampuMep, mupuia Z'0 conep:KuT KBaapar 3HaYeHUsA KOHCTAHTHI CBA3M M 3aBUCHT
KBaApaTUYHO OT 3HaYeHUuil HuKe.

PARU(121), PARU(122) : (D=-0.693,-1.) BekTOpHa# M aKCHATbHAA KOHCTAHTHI CBA3N
KBapKOB HHUZKHero Tuma ¢ £,
PARU(123), PARU(124) : (D=0.387,1.) BekTOpHas W aKCHaJbHAA KOHCTAHTHI CBA3N

KBapKoB BepxHero tuma c¢ £,

PARU(125), PARU(126) : (D=-0.08,-1.) BekTOpHa#A W aKcHaTbHad KOHCTAHTHI CBA3N
nentonos ¢ Z".

PARU(127), PARU(128) : (D=1.,1.) BekTOpHa# W aKcHaTbHaA KOHCTAHTHI CBA3N Hell-
tpuHo ¢ Z"°.

PARU(129) : (D=1.) maer KoHCTaHTY CBA3M TIpolecca 7 — WHW—. PARU(129)
YMHOZKaeTcs Ha KOHCTAHTY CBA3H cTaHmapTHOH Momermn nys (40 — WHIW =) x
(myw /m’y)? ¢ yueToMm 0OBIMHOTO IOIABJIEHN IO Macce. DTO JaeT MaplualbHyTo
wupuny Z° — WTW ™, koropas yBeauuuBaercs OPONOPIUOHAILHO Macce
z".

PARU(130) : (D=0.) xapakTepusyer yrjoBble paclpeeseHns TPOIYKTOB pacraja
W. B menouke pacmamos Z° — WTW~ — 4 depmuona npennosaraercs,
ITO YIJIOBOE pacipeneserue OymeT cMechio, B KoTopoit mosis 1-PARU(130) or-
BedaeT TAKOMY K€ YTJIOBOMY paclpelesleHuio I JeThipeX KOHEUHBIX (ep-
MHOHOB, KakK mis pacmaga Z° — WHTW™ (cMmech momepedHbIx m mpomosb-
ubix W), a mosisi PARU(130) oTBedaeT yIJIOBOMY pacipeneeHiio 1T paciaia

H° — W*TW~ (upononbabie W).



PARU(131) - PARU(136) : KOHCTAHTHI cBA3W ¢ HOoBbIMEH W/ i; I pepMUOHOB 3HAUCHUA
O YMOTUAHWIO JAIOTCA 3HAUEHUAMEI KOHCTaHT ¢BA3u ¢ W ctanmapTHol Momenn (1o
ectb m3 (V-A)-monenn). O6parnre sanvanme, uTo, manpumep, mmpura W'E comep-
KWUT KOHCTAHTY CBA3W B KBaJIpaTe W 3aBUCUT KBAIPATUIHO OT 3HAUYEHUN HUKE.

PARU(131), PARU(132) : (D=1.,-1.) BekTOpHas W aKcHaJbHad KOHCTAHTHI CBA3N
KBapK-aHTHKBapKoBoit mapsl ¢ W'F; mamee ymHoxaeTca Ha obbramble KKM-
K0P PUIUEHTHI.

PARU(133), PARU(134) : (D=1.,-1.) BekTOpHa#A M aKcWaJbHaA KOHCTAHTHI CBA3M Ta-
pBI JtenTon-HeifTpuHo ¢ W'E,

PARU(135) (D=1.) maer KoHCTaHTY CBA3M IJIs TpoOIEcca W'* — Z9W=*. PARU(135)
YMHOKaeTCs Ha KOHCTAHTY CBA3M cTanmapTHoit monemn maas (WE — ZOWE)x
(mw /miy)? ¢ yaerom oGBITHOTO TOMABJIEHUA MO Macce. DTO JaeT Maplnalib-
myto mmpury W' — ZO9W*, koropas pacter mpomoprnmoHaabHo Macce W'

PARU(136) : (D=0.) xapakrepusyeT yrioBOe paclpelesieHne TPOILYKTOB pacraia
W't = Z9W#* — 4 dbepmuona. DpefnonaraeTcs, 4To YII0BOE Pacipeie/eHe
B pactianax W/Z 6yner cmecnio, ¢ noseli 1-PARU(130), coorBercTBYyIONIEH Ta-
KOMY K€ YTJIOBOMY pPacIlpelesIeHuIO IJId YeThIpeX KOHETHBIX (PepMIOHOB, KaK B
W* — Z°W# (emech monepednsix n mpomosusix W/ Z), u noneit PARU(130),
COOTBETCTBYIONIEH TakoMy Ke pactpenesenuio nis HE — Z°W* (mpomomn-
weie W/7).

PARU(141) : (D=5.) mapamerp tan 3 B cuieHapunm OBYX IyOJI€TOB XWUITCOB, TO €CTh OTHO-
lIeHTe 3HATeHn BAaKyyMHBIX cpelHnX. Biuser Ha cOOTHOIIEHNe I Macchl U KOH-
CTAHTBHI CBA3U B CEKTOPE XUTTCOB.

PARU(142) : (D=1.) naer xomcranty cBasu s Z° — HTH™, Koropas NpuHEMAaeTcs
pasHoif PARU(142) X (koncranta cBsasu MCCM nna Z2° — HYH™).

PARU(143) : (D=1.) maer koucranry cBazu na 4° — HTH™, Koropas NmpuHEMaeTcs
pasHoif PARU(143) x (koncranta csasu MCCM nna Z2° — HYH™).

PARU(145) : (D=1.) kBagparuunsii koaddunument B mapunaabhoii mupune 20 — 7Z°H°

B 7 JIEBO-TIPABO-CUMMETPUIHON  MOJIEJIN, KOTOPBIH, KaK OKUIAeTCs, PABEH eINHUIE

(em. [Coc91]).

PARU(146) : (D=I1.) mapamerp sin(2«), BBoINTCA KaK KBaJpaTWIHbBII MHOKHUTETb B TTap-
nnassroft mupnne W'E — WEH® 5 7 neso-npaso-cuvverpuamoit” momenn (c.
[Coc9l]).

PARU(151) : (Dzl.) MHOZKHATETHh B BhIpakKeHUN T KBaapaTa IOKaBCKOW KOHCTaHTBI CBA3W
B Lo — ¢gl, u, cooTBeTcTBEHHO, B Haplnaibioll mupute Lg u cevenuax nis gl — Lg
u IpyTux mpoiieccoB. KoukperHee, )\2/(47T) =PARU(151) Xy, T.€. COOTBETCTBYET

koaddunuenty k [HewSS§].

PARU(153) : (D=0.) amoMa/bHbIi MAarHUTHBIH MOMEHT WHin=r—1,tmen=0 (k=1)
— 3HaYeHme B CTaHIapTHON MoIesn.

PARU(155) : (D=1000. I»B) wmacurtab B3amMoneHcTBU#A, YUUTHIBAIOUIETO BHYTPEHHIO
CTPYKTYPY KBapkos, A.

PARU(156) : (D=1.) sHak wHTepdEPEHIMOHHOTO WileHa MeXKIy cedeHneM B CTaHIapTHOI

MOJIENTN W IJIEHOM, OTBEUAOUINM HAJMINIO BHYTPEHHEH CTPYKTYPhl KBapKOB (mapa-
MeTp 1); MOZXKeT TTPUHUMAThH 3HadeHns +1.

PARU(157) - PARU(159) : (D=3*1.) BenumumMHa KOHCTAHT CBA3M IJIs B3aUMOIEHCTBUA €
yuerom cummerpun SU(2), U(1) u SU(3), coorBercrBento, B clieHapul Bo30y-
xkaennoro dgepmuona; em. [, f' u f; [Bau90].

PARU(161) - PARU(168) : (D=5%1.,30.) MHOXKWUTETN, KOTOPblEé MOTYT WCIOIH30BATHC



JJ1s U3MeHeHH s 3HadeHuil 1o yMordanuio KoneranT csasu ¢ HY 8 PYTHIA. O6parute

BHUMaHUE, 9TO 3TN KOSCbeHHHGHTbI BXOOAT KBaJIpaTWUYHO B MaplWaJibHbIE ITNPUHBI.

BHELLIGHI/IH 110 YMOJTHaHIIO COOTBETCTBYIOT 3HAYEHNAM KOHCTAHT CBA3U B MCCM

PARU(161) KomcTanTa cBssu HO ¢ KBapKaMI HUKHETO THITa.

PARU(162) KomcTanTa cBssu HO ¢ KBapKaMW BepXHero THIa.

PARU(163) KoHcTaHTa cBsA3n HC ¢ jrenmTonamm.

PARU(164) komcTanTa cBssu HC ¢ Z9.

PARU(165) KoHcTaHTa cBssu HY ¢ W,

PARU(168) :  xomcranta cBasu H® ¢ H* B yy — H° nernax, 8 MCCM pasna sin( —

a) + cos(28) sin(8 + a) /(2 C0820w).

PARU(171) - PARU(178) (D=7*1.,0.) MHOXuUTeSN, KOTOPbIe MOTYT MCIIOJb30BATHCA 1A
U3MEHEeHUs 3HaYeHui 10 yMOJYaHUIO KOHCTaHT cBsA3u [ 0 5 PYTHIA. Obparure
BHUMAaHUE, 4TO 3TH K0P PUIUEHTHI BXOAAT KBaIPaTUYHO B HaplUaabHble IHUPUHBL.
Snadenus mo ymoadanuio m1yisg PARU(171) - PARU(175) cOOTBETCTBYIOT 3HAUCHUIAM
KoHcTaHT cBsasu, nanubiv i H® 8 MCCM (¢ omaum my6/ieToM XUTTCOB), M IO-
9TOMY He TOAXOIANNM I ABYXIYOJETHOrO ClleHapusa. SHaYeHUs M0 yMOTIAHIIO
B 9TOM CJIy4ae HOJIZKHbBI ObITh U3MEHEHbI BaMH CaMOCTOATEIbHO COOTBETCTBYOIUUM
obpaszoM. Tak:ke HO/KHBI ObITh M3MEHEHBI [IBa IOCACIHUX 3HAYEHUs [0 yMOJIda-
HUIO; 1)1 HUX npuBoasATcs Beipakerus 8 MCCM, uTobbl moKa3aTh HOpMUPOBOYHbBIIH

K02 puIment.
PARU(171) komcranTa cBssu HC ¢ KBapKaMW HUKHETO THIIA.
PARU(172) komcranTa cBssu HC ¢ KBapKaMW BEpXHETro THUIla.
PARU(173) KoHcTaHTa B3 H'O ¢ memromam.
PARU(174) komcranTa cBssu H'® ¢ 79.
PARU(175) KoHcTaHTa cBsizu H™O ¢ W,
PARU(176) kouctanta cBasu H'O ¢ HYH® 8 MCCM pasra cos(2a)cos(f + a) —

2sin(2a) sin(f + ).
koucranTa cBasu H'O ¢ AYA° B MCCM pasna cos(23) cos(8 + a).
korcranTta casu ' ¢ HE 5 yy — H" nernax, 8 MCCM pasna cos( —
a) — cos(2/3) cos(B + a) /(2 cos*Ow).
PARU(181) - PARU(190) (D=3%1.,2%0.,2*1.,3*0.) MHOXKHUTeJN, KOTOPBIE MOTYT HCIOIB30-
BaThCs /1 U3MEHeHUs 3HadeHnil 1o yMordanuio KonctanT cBsasu nis A° B PYTHIA.

PARU(177)
PARU(178)

Obparure BHIMaHME, 9TO 3TH KO3 PUIUEHTH BXOAAT KBAIPaTHIHO B MapliaIbHble
IUPHUHBL. 3HadeHns mo ymoadanuio miasa PARU(181) - PARU(183) cOOTBETCTBYIOT
sradenuaM, tanaeiM a8 H° 8 MCCM, u mosToMy He TTOIXOIAIINM /18 ABYX1y01er-
HOTO CIleHapHus. 3HAUCHUA IO YMOJIAHHUIO B 2TOM CJIy9ae HOJIKHBI OBITh M3MEHEHbI
BaMI CaMOCTOATEIBHO COOTBETCTBYIOMNM obpasom. PARU(184) u PARU(185) mosx-
HBI PaBHATHCA HYJIO Ha YPOBHE IPEBECHBIX IHArpaMM, M OHH TaK W yCTAHOBJICHDI;
HOPMUPOBKA 3TUX KOHCTAHT CBA3M COOTBETCTBYET HOPMHUPOBKE, MCIIOIb3YEMOM I
Hwu H®. Taxxe m0o/JKHBI OBITh N3MeHEHBI U APYyTHe 3HAUCHN MO0 YMOJTUaHUO; /I
HUX TpuBoaATCs Bhipakerus B MCCM, aTobsr mokasarh HOpMUPOBOUHBIH K03(hdu-

IIACHT.
PARU(181) KoHcTaHTa cBa3n AY ¢ KBapKaM¥ HUZKHEro THIIA.

PARU(182) KoHcTaHTa cBasu A’ ¢ KBapKaMu BepxHero THTA.

PARU(183) korcTanTa cBasu AY ¢ memromamu.

PARU(184) komcranTa cBssu A% ¢ Z9.

PARU(185) KoHcTanTa cBssu A° ¢ W,

PARU(186) kouctanTa cBazu A° ¢ Z°H (umm Z* ¢ A°HP), 8 MCCM pasna cos(f—a).



PARU(187) koucTanTa cBsasu A ¢ Z°H" (wmw Z* ¢ A°H’), 8 MCCM pasna sin(f3 —
a).

PARU(188) kak PARU(186), Ho KoHcTaHTa cBasu ¢ £, a ne ¢ Z°.

PARU(189) kak PARU(187), Ho KoHcTaHTa cBasu ¢ £, a ne ¢ Z°.

PARU(190) koHcTanTa cBssu A° ¢ HE B vy — A° nernsx, pasua 0 58 MCCM.

PARU(191) - PARU(195)
U3MeHeHUA 3HadeHntl KomcTaHT cBasu ¢ HT B PYTHIA. B HacTosmee Bpems mc-

(D=4%0.,1.) MHOXuUTeIN, KOTOPbIe MOTYT WCIOIb30BATHCA A

mosb3yercsa ToJibko PARU(195). CM. KoMMeHTapum BHIIIIE.
PARU(195) KoHcTaHTa cBsizu HE ¢ WEHO (momw W*E ¢ HiHO), B MCCM pasHa

C(;s(ﬁ — a).

14.6 [Ipyrue mapaMeTpbl 1 XapaKTEePUCTUKH YaCTUIL

Crenytorue obime 6JIOKU TPEICTABIIAIOT, TO-BUINMOMY, Oostee iepudepuitubIit maTEpEC, 3a M-
KJodenreM MaccuBa MDCY, KoTopbiit obecniednBaeT BBIOOPOTHOE TIOIABJIEHIE PACIAIOB TACTHUII.
Takke akTyaJ bHBI 0OpAllleHNA K TO3UINAM MacCUBa, COMEPIKAIIETO MACChl TacTHUIl, AT 3aa-
HUA 3HaYEHUT Macc elle He oOHapyKEHHBIX dacTul] (Hampumep, K PMAS(6,1) — misd samanus
Macchl TOM-KBapKa).

COMMON/LUDAT2/KCHG (500,3) ,PMAS(500,4) ,PARF (2000) ,VCKM(4,4)

ITasnaveHue: obecrednBaeT TOCTYI K KOHCTaAHTAM U ITapaMeTpaM, UCTIOIb3yeMbIM T 00pa-
OOTKM YUC/Ia apOMATOB, U K XapaKTePUCTUKAM JacTHUIL/TapTOHOB. XapaKTePUCTHKH
XPaHATCS 1A 9acTuIL co cxkaThiM KomoMm KO, a #e ¢ momabiM komom KF. D anomura-
eM BaM, 9TO IJIs1 TOTO, YTOOBI y3HaTh 3uadenne KC, Hy KHO nCIOIb30BaTh (DYHKITIIO

LUCOMP, to ectb KC = LUCOMP (KF).

KCHG(KC, 1) YTPOEHHBIH 3apsii JyacTulbl/mapTona s cxkaroro koma KC.
KCHG(KC,2) nrdopMalmsg o IMBeTe Iy cxkaroro Koma KC.

=0 : OecuBeTHas YacTUIA.

=1 KBapK MJIM aHTHIAKBaPK.

= -1 aHTUKBapK MK IUKBapPK.

=2 : TJIFOOH.

KCHG(KC,3) pasjan4une ajis YacTHUIhI / aHTMYacTUIBl I cikaToro xKoma KC.

=0 : JacTHUIa TMeeT CBOIO aHTHIaCTHUILY.
=1 : CYUIECTBYET HEUAECHTHIHAA aHTHIaCTHIIA.

PMAS (KC,1) Macca JacTulisl/maprora m (B [B) mnsa cxkaroro xoma KC.

PMAS(KC,2) moJHas HIMPUHA r (B I'>B) moJaraeMo-
0 CHMMETPHIHBIM OpefT-BUTHEPOBCKOTO MaCCOBOTO PaCHpedeeHNusA I CKaTOTO
koma KC.

PMAS (KC,3) MaKcuMa/IbHoe oTKIoHeHre (B [9B) or swadenus PMAS (KC, 1), mpu KOTOpOM

OpeliT-BUTHEPOBCKOE paciipesiesierne Bhilre obpesaercs. (Vcmombsyercsa B pacmamax
JacTUIbl, HO He B PYTHIA mpu 06paboTKe pe3soHaHCOB; cM. mepeMertbie CKIN)
PMAS (KC,4)
MM, TO eCTh T JJaeTcA B eIWHNTaX 3.33 X 10712 ¢.
PARF(1) - PARF(60)
POKIEHNN MUaroHAJbHBIX IO apoMaTaM Me30HOB. J3HAUEHUS COXPAHAIOTCA B TPYII-

cpeHee BpeMs KW3HU T 115 cKaroro Koma KC, mpu aToM ¢T m3MmepsieTcs B
TAafOT TTapaMeTPU3aINio I CMEMNBAHUA apoOMaToB dd-uu-ss Tpu

nax mo 10 115 mwecTn MyJIbTUILIETOB: MCEBIOCKAIAPOB, BEKTOPOB, aKCHaJbHBIX BEK-
TopoB (S = 0), ckaIApoB, akcnaIbHBIX BEKTOPOB (S = 1) 1 TeH30pOB, cM. Taparpad



12.1.2, B cnenytouiem nopanake. B npenenax KaxXmolt Tpymirel mepBbie IBa YUCIa OT-
HOCATCH K apOMATOBOMY COCTOAHMIO dd, BTOPbIE IBa — K wil, CJAEIYIONNe 1Ba — K 85,
a TIoCJIe[THIe YeThIpe He ucrnoib3ytoTcd. Jlomycrum, ncnosbsyercsa mapa dmuces p; u
p2. Torma BepOATHOCTD MOIyUYNTh cOCTOAHNE ¢ HauMeHbIIUM KojmoM KF ectb 1 — py,
BEPOATHOCTD [IJIA CPENHEro 3HaUeHUsA — (p; — p2), ¥ BEPOATHOCTH s HanOOIbIIe-
ro KOJia — Py, T.€. Py €CTh BEPOATHOCTH MOJIYUNUTH JII0OOH W3 IBYX OOJIee TsAKeTbIX

apoMaToB.

PARF(61) - PARF(80) : naior SU(6)-Bec apomara miisi poxkiaenus bapuona co cuuroMm 1 /2
win 3/2 u3 JaHHONW MUKBAapK-KBApKOBOW KOMOWHAIMU. e MOJKHBI U3MEHATHCS
MOJTH30BATETIEM.

PARF(101) - PARF(108) :  comepiKaT Macchl IepBBIX ATH KOMIOHERT: d, u, s, ¢ u b (WMeH-

HO B TaKoW MOCTeIOBATeTbHOCTH, T.e. CHU3Y BBEPX B KayKIOM MOKOJEHWUN), KakK
OHU UCTIOJIB3YIOTCHA B MaCCOBBIX (POPMYJIax; 3TN 3HATEHUA HE TOJIKHBI N3MEHATHCA.
Hns ¢, 1 mw h xonupytorcs Tekylinme 3HaIeHUsT Macc, cOXpaHeHHbIX B PMAS(6,1) -

PMAS(8,1).

PARF(111), PARF(112) : (D=0.0,0.11 I'sB) mOCTOAHHBIE TITEHBI B MACCOBBIX (POPMYITAX I
TAZKEJTBIX ME3OHOB 1 OAPMOHOB, COOTBETCTBEHHO (€ AMKBapKOM, mafolumm 2/3 Gapu-
OHa).

PARF(113), PARF(114) : (D=0.16,0.048 I'sB) xoadpdurmentsr, KoTopbie BMecTe ¢ KO-

ummentamu Kiredbuia-'opaona n MaccaMm cOCTaBIAIONINX KBAPKOB OIPEHEIAIOT
paciielyienne Macchl, 00YCJIOBJICHHOE CINH-CIUHOBBIM B3amMOIAEHCTBUEM /I Ts-
JKEJIbIX ME30HOB M 0apHOHOB, COOTBETCTBEHHO. Docaequuit KoahuImenT Taxxke
HCIOIb3YeTCs I pacllellIeHns MeK Iy AnKBapKaMu co crmaom 0 m 1.

PARF(115) - PARF(118) : (D=0.50,0.45,0.55,0.60 ['sB) mocrosiHtble MaccoBble UIEHBI, T0-
OaBJigeMble K MaccaM KBapKOB-KOHCTHUTYEHTOB [IJIs TOTO, UTOOBI MOJYIUTDH MacCy
TAKEIBIX ME30HOB ¢ OpOUTAJIBHBIM YIJIOBBIM MoMenTOM [, = 1. YeTnipe umcsia co-
OTBETCTBYIOT 3HAUECHUAM JIJIfA MICEBIOCKATIAPHBIX ME30HOB €O cImHOM (), CKaJIApHBIX,
[ICEBIOBEKTOPHBIX W TEH30PHBIX ME30HOB €O CIHHOM 1, COOTBETCTBEHHO.

PARF(121), PARF(122) : (D=0.1,0.2 I'sB) nocrosrtble deHbl, KOTOPBIE 3aBUCAT OT Mac-
ChI KBapKa W IUKBapKa, COOTBETCTBEHHO, B ONpPEIE/IeHUH Pa3pelieHHoro ¢pa3oBoro
IPOCTPAHCTBA IJIA PaclagoB UacTUILI B TapTOHDI.

PARF(201) - PARF(1960) : (D=1760%0) orHOCHTE/BHBIE BEPOATHOCTH POKIECHNA apoMa-
ToB mysa ommuum MSTJ(15) = 1; ompemessAioTcsa BaMHU CaMOCTOATEIBHO Iepen Ka-
JKIIBIM BBI30BOM JETSET.
WNunexc B PARF mMmeer cxkaryio popmy
120 + 8SO0x KTAB1+25x KTABS+KTAB3.
Bnecs KTABI ecth cTapoe 3madenne apomata, olpeaesieHHoe IpeabicTopueil ¢ppar-
MerTannu, a KTAB3 — HoBbIii apoMaT, BRIOMpaeMBbIil ¢ COOTBETCTBYIOINIEH OTHOCH-
TeJTbHO BEPOATHOCTHIO (KpOMe caMoii TocsIe el qacTuIlbl, poKIatolleiics mpu cIm-
aann aByx crpyit, korma u KTABI1, w KTAB3 wussecrnnr). Onpenenesbl TOIbKO
HambosIee YacTo BO3HUKAOLUIME KBapKu/IUKBapKH, umeromue koabl 1 = d, 2 = u,
3=s5,4=¢,5=0,6=1,7=ddy, 8 =udy, 9 =udy, 10 = uuy, 11 = sdy, 12 = sd;,
13 = sug, 14 = suy, 15 = ss1, 16 = cdy, 17 = edy, 18 = cup, 19 = cuy, 20 = esg,
21 = ¢sy, 22 = ce¢y. Taxkum 0bpaszoM, TH KOMOWHAIUU SIBJIAOTCH €TUHCTBEHHO
BO3MOJKHBIMI TP POKICHUN HOBOTO apoMaTa; [IJisg CIydaifiioro craporo apomarta
He U3 9TOro CIHUCKa OYIYT MCIOIb30BaThCA OOBIUHBIE OTHOCHTE/IBHBIE BEPOATHOCTH
POKICHU apOMaTOB.
st 3aaHHBIX Ha9a bHBIX W KOHETHBIX apOMaTOB aIPOHbBI, POKIAIONIAEC Ha IPO-



MeZKYyTOTHOM JTalle, BCera onpeaesenbl. (9 adaabHblii 1 KOHETHBIH THKBAPKN 37€Ch
OTBEYAIOT POXKIEHUIO IO CIEHAPUIO TOTKOPH TTPOMEZKYTOTHOTO 3B€HA ME3OHOB Me-
&y GapuoHoM u aHTHOapwonom). [lonommurensusii nareke KTABS xapakrtepu-
3yeT CIIUH aJIpOHA:

0 = nceBmocKadApHbI Me3zoH uin A-nonobubiit Gapuon co ciuuom 1/2,

1 = BekTOpHBIH Me30H wau Y-110M00HBIH Gapuon co cruHoM 1/2,

2 = TeH30pHbIH Me30H uiau GapuoH co cnuHoM 3/2.

([lo1s HEKOTOPBIX PENKO BOZHUKAIOUINX MYJIHTHUILIIETOB ME3OHOB HEJIb3A BBECTH Ta-
KYIO TTapaMeTpHU3alnio. )

Ob6parure BHMManme, 9To HeKoTOphie KoMOmuamuu KTAB1, KTAB3 u KTABS we
COOTBETCTBYIOT (pusmaecKnM dacTuiiaM (A-momoOHbBIf GapHOH TOJIKEH COMepKaTh
TPU KBapKa PasIMIHBIX apoMaToB, Y-MOJOOHBIN — 1o Kpaiifeil Mepe nBa), W BBl
TTOJIZKHBI CJIEANTH 3a TeM, ITOOBI COOTBETCTBYIOIIME BXOIbI PARF OBbLIH mycTBIMHU.
CytecTByeT OHO HOMOJTHUTETBHOE OCTOKHEHMe B ToM ciaydae, Korma KTAB3 u
KTABI obosnauator onus u tor ke apomar (oosrarno KTAB3=KTABI, #o s
MWKBapKa cBoboma opmenTaryn ciwia MoxkeT maath KTAB3=KTABI1+1): torna
JOJIKEH MOIydaThes HefiTpabHbIA 110 apoMaraM Me3oH, u cocroguus dd, uti u s§
OyIyT cMenmBathes (Gostee TAKeTblE apOMATOBBIE COCTOAHNA He TeHEPUPYIOTCA U
MOTOMY He CO3[afoT HUKAaKuX mpobiem). Jlmd Takux ciydaeB oObIYHOE 3HaUEHUE
KTAB3 maer mosHyto BepOATHOCTD POKIEHWA JIOOOTO W3 BO3MOKHBIX ME30HOB, a
KTAB3=23 naet oTHOCHTEBHYIO BEPOATHOCTH POKIEHUA CAMBIX JIETKUX ME3OHHBIX
cocroanuit (77, p°; ay), KTAB3=24 — orHOCHTEIBHYIO BEPOATHOCTD CPETHUX ME30H-
HBIX cocTosnuit (1, w, {7), m KTAB3 = 25 — orHOCHTETbHYIO BEPOATHOCTD CAMBIX
Taxkenwix (1, ¢, f1°). ObpaTuTe BHUMaHWE, YTO, /I IIPOCTOTHI, 3TH OTHOCUTETbHBIE
BEPOATHOCTH CUYUTAIOTCA ONMHAKOBBIME HE3aBUCHMO OT TOTO, UMEIOT JIM HadaJ bHbIH
" KOHEUYHBIN AMKBApK OJIMH W TOT K€ CIUH WKW HET; OJIHAKO MOJHad BEPOATHOCTD
BITOJTHE MOYKET OBITH Pa3IMIHOM.

B kauectBe 0bIilero 3amedanums, cymmy 3Hadenuit PARF miis mamnoro KTABI1 wne
HYKHO 00A3aTeIbHO HOPMUPOBATH Ha €IMHUILYy, TaK KaK IIporpaMma OyIer Haxo-
IIATh CYMMY COOTBETCTBYIOIIUX BECOB U MPOBOIUTH HOPMUPOBKY B COOTBETCTBUM C
sTuM 3HaueHnmeM. 1o ke Kacaerca Becos mig KTAB3=23 - 25. D1o mpusomur K
TOMY, UTO MOKHO HCIIOJIb30BaTh OIHY OOIIyI0 ycTaHOBKY 3HadeHuit PARF m mpocto
MEPEKITIOIATHCA MEKIY Pa3InIHBIMI MOIaMU POXKIeHUA OdapmoroB B MSTJ(12).

VCKM(I,J) : KBaIpaT MaTPpUIHOTO 3JIEMEHTA JIJIS MAaTPHUIIHl CMEITNBAaHUA apoMaToB Kabubbo—
Kobasmm—Mackasr.

I: MHIEKC BepXHel KOMITOHEHThI TOKOJIEHNs, TO ecTh | = u, 2 =¢, 3 =tu 4 = h.

J WHIEKC HUKHel KOMIIOHEHTHI TIOKOJIeHsA, TO0 ecth 1 =d, 2 =5, 3 =bu 4 = 1.

COMMON/LUDAT3/MDCY (500,3) ,MDME(2000,2) ,BRAT(2000) ,KFDP(2000,5)

ITazuavenue: obecrnedmBaeT JOCTYI K JaHHBIM U apaMeTpaM IJIsA paclalfoB JacTHIbL. B
qacTHOCTH, TepeMmerubie MDCY (KC,1) MOTYT MCIIOB30BAThCA I BKJIIOUEHUA WJIN
BBIKJIIOUCHIA paclata JaHHbIX dacTnil, a MDME(IDC,1) — I/ BK/IIOYCHUS WA BBI-
KJIIOYeHNsT KOHKPETHOTO KaHaJla pachaja [Ijd dacTuibl. Jl1d KBapKoB, JIETTOHOB
7 KaJnOpPOBOUHBIX OO30HOB BKJIOUEH P KaHaJOB paclala, He pa3pelieHHbIX I
YaCcTHI Ha MacCOBOW TTOBEPXHOCTH, CM. MDME(IDC,2) = 102. DTum KaHaJ bl B Ha-
cTodAlee BpeMsA MCIoJb3ytoTca He B JETSET, a B npuioxkenusx PYTHIA. /lannbre
ILJI TacTUIl COXPaHAIOTCs co cxkaThiM KomoM KC, a e ¢ momnsiM KF. D amommmaem



BaM, 9TO IJIsi TOrO, 9TOOBI y3HaTh 3Hadenme KC, HYKHO HCIOTB30BaTh (DYHKITIIO
LUCOMP, T.e. KC = LUCOMP (KF).

MDCY (KC,1) : KJIIOY, OIIpEeNe/IAtonnii, paspellet JIn pacial A1 YacTUIIbI CO C2KaThIM KOIOM

KC.

HJacCTUIe HE pa3pe€lleH paciial.

=1 HacTHUIe paspelleH pacram (eCJH/I HIKe olpeneneHa HHGOPMAINA O pacraie
JaCTHUIIBI ).

MDCY(KC,2) : olIpeesIsaeT MO3UINIO B TabIUIe KaHa 0B paciaia IjIa dacTuibl ¢ Komom KC.
Dasen 0, ec/im HUKaKme KaHaJIbl paciiaia He ObLIN OIpemesIeHbl.

MDCY(KC,3) : JaeT oblee UMC/I0 KaHaJIOB pachaia, OMpeIeJeHHbIX /I8 TacTHIIBI ¢ KOIOM
KC, mesaBucumMo oT TOro, OBLIN JIM 3aJaHbl HEHYJIEBbIe BEPOATHOCTH paclaga IIo
BceM KaHaJaM minm HeT. Takmm obpas3oM, KaHa bl paclala HaXOOATCA B MO3UIUAX
oT MDCY (KC,2) mo MDCY(KC,2) + MDCY(KC,3) - 1.

MDME(IDC,1) :  Kuou Br/IIOYeH /BBIKIIOUEH NJ1s KOHKpeTHOro Kanasa pacnaga [DC. Kpo-
M€ TOro, HEKOTOpbIe KaHaJbl MOTYT OBITh OCTaBJIEHBI BHIOOPOUHO OTKPBITHIMIL; 9TO
HaxXoO/INT HEKOTOpbIe cllelna/ibHble TMpuMeHeHus B PYTHIA um B HacTodAllee BpeMsA
e ncmoab3yerca B JETSET. DddeKTuBHbIe BEPOATHOCTH paclata IO pasInTHBIM
KaHaJlaM aBTOMaTUYeCKH ITepecYuThIBAIOTCA, €CJTN TOJIbKO HEKOTOPbhle KaHaJbl OCTa-
IOTCS OTKPBITBIMEU. DTO BJIMAECT TaKzKe U Ha CeUeHns Ipolecca; cM. maparpad 7.6.2.
Ecnn smagernme MDCY (KC, 1) paspeliaer pacma/i TaHHON JaCTHIIBI, TO IO Kpalineit me-
pe OIMH KaHaJ I JOJIKEH OBITH OCTaB/IeH BaMH OTKPBITHIM. CIIMCOK KaHaJI0B paciaia
¢ texkymnmu 3uadennamu IDC mMoxer 6b1mh mossyden w3 LULIST(12).

= -1 MOJla pacraja 3a pPaMKaMW CTaHOapTHONH MoIesin, KoTopad IO YMOJTYaHUIO
cauTaeTcsd HecyimecTByfomieii. QOOLIYHO 2Ta OIIUA UCIOIH3YETCs I/ PaclaloB
¢ BKJIFOUEHUEM YeTBEPTOro MoKoJeHus nian H +

= KaHaJI BBIKJIIOYEH.

=1 KaHaJ BKJIIOYEH.

= KaHaJ BKJIIOYEH JIA 9acTHIl, HO BBIKJIIOYEH /I aHTUYacTHIl. TakK:Ke KaHas
BKJTIOYEH 114 YaCTUIIbI, COBIAatollell co cBoell anThudacTuleil, T.e. cuTyanus
»KBUBaJIEHTHa = 1.

=3 KaHaJ BKJIIOYEH JIA aHTHYIaCTUIL, HO BBIK/IIOYEH A JacTull. Tak:Ke KaHa
BBIKJIFOYEH /1A YaCTUIIbI, coBITagarollell co cBoell anTuyacTuieil.

=4 IpU POKIEHUN Tapbl OJMHAKOBO WJIM ITPOTUBOIIOJIOXKHO 3apAKEHHBIX Pe3o-
HarcoB B PYTHIA, ckaxem, H® — WTW ™, niobomy U3 »TuX pe3soHaHCcOB MO
OTAEJTBHOCTH pa3pellaeTcd paciial B COOTBETCTBUU CO CBOell TpyIoil KaHaJIoB,
HO He 0OOMM OJHOBpeMeHHo. Kc/Im ABe YacTHIBI mapbl pas/JIndHbl, TO KaHaJl
BRIodern. OQanako BHyTpu JETSET »Ta OMIUA O3HATYAET TOJHKO TO, ITO KaHaJ I
BBIKJIIOYUEH.

=5 KakK = 4, HO OJid KaKJIO0T'0o U3 JIBYX PE30HaHCOB CYUIeCTBYeT CBOA He3aBUCUMAd

rpyfma KaHaJgoB, TaK YTO B ITape Pe30HaHCOB, OJIMHAKOBO WJIN ITPOTUBOIOJIOK-
HO 3apAKEHHBIX, pacaj JI00T0 pe3oHaHca MOXKeET OBITh ONpeeseH He3aBw-
cumo. e 1Be acTuibl B mmape pas3jimdHbI, TO KaHaJ BBIKIOUYeH. BHYTpn]
JETSET 5Ta ollua 03HaYaeT, YTO KaHaJ BBIKJIFOUEH.

Ilpenynpexnenue: nBa 3HadeHusA -1 u 0 BBINIALAT TOXOXKNUMHI, HO Ha CaMOM Jlejie BeChMa

pPa3/IMIAOTCs 0 CBOEMY AeficTBUI0. DU B TOM, HU B IPYTOM CJIydae HE MPOUCXOIUT
reHepanuu cOOBITUH 1O COOTBETCTBYIONIEMY KaHAJIy, HO BO BTOPOM cJIydae KaHaJl
BCe XK€ YUNUTHIBAETCHA MPU TOACIeTe TOJHOM MUPUHBI pe30HaHCa, W, TAKIM 00pa3oM,
BJIMAET U Ha MOIEJUPYEMOE paclipellejieHre, U Ha cedeHme Ipollecca mpu pabore



PyTHIA. 3navenne (0 cooTBeTCTBYeT KaHaJly, KOTOPBIf MBI CIUTAaeM CYIIECTBYIO-
UM, JayKe ecJii B HacTodAllee BpeM:A OH BBIKJIIOYEH, B TO BpeMA KakK -1 TOJTZKHO
MCTIOTB30BATHCA [IJId KaHAJIOB, KOTOPble, KaK Mbl ToJaraeM, He cyllecTBYIOT. B
YaCTHOCTH, TpeIylpex)IaeM, YTO HEOCTPOYMHO yCTaHaBJIMBaTh IJid TeHepalnu Ka-
HaJIOB deTBepTOro ToKosIeHns 3Hadenne 0 (a He -1), Tak Kak B HacTosdlllee BpeM#
nporpamMias MOJAepKKa JJIA YeTBEPTOrO MOKOJIEeHNA BechbMa MaJla.

SameuaHue: Dazauune, IJIs TeX CJIydaeB, Kormga oba BBIOOpa MMEIOT CMBICT, MEXIy WC-

MDME (IDC,

=11

= 12

= 13

= 14

= 15
= 22

oJTb30BaHMeM 3Hadenwit 2 w 3 wiam 4 mw 5 3aksafovaeTcas B TOM, 9TO BTOPOil BBI-
60p aBTOMATWYIECKHU BKJIIOYAET MPOTUBOIOJNOKHO 3apsiKeHHble COCTOAHWNSA, HAPHU-
vep H® — WHW~ — etv.du nnn due™ ., a mepBeIii — TOIBKO OTHO W3 HUX. Dpn
BBIYUCJIEHUN TTOJTHON BEPOATHOCTH paclaja 3TO JaeT OTJAnYne B 2 pasa.
2) :  wmadoOpMarms o crennabHOl 06paborke Kanata pacnama [DC ¢ ucmosbso-
BaHMEM MaTPUYHOIO 3JieMeHTa. B [omosHeHre K cXeMe HUKe MPUMEHAIOTCH CIIelln-
aJbHBIE TTpaBMJIa JJId MTOPAIKA, B KOTOPOM JIOJIZKHBI CJIeIOBATh MPOAYKTHI paciajia,
TaK, 9TOOBI MAaTPUIHBIE 3JTEMEHTHI 1 IBETOBOM TTOTOK 00pabaThIBAINCh HaIITE KAIINM
00pa3oM.
HeT HUKAKOTO y9eTa MATPUIHBIX 2JIEMEHTOB; TAPTOHBI N YaCTATILI KOMUPYTIOTCA
HETOCPEICTBEHHO B 3allMCh COOBITUA € YI€TOM MMITYJIbCHBIX pacipeneseHutl B
¢a30BOM TTPOCTpAHCTBE.
W u ¢ pacmagatorca B Tpu mmoHa, yp. (13.6).
manurnesckuit pacman m° wim n B yete, yp. (13.8).
MCIIOJTh3yeTcA JIIA pachagoB BEKTOPHOTO Me30Ha B ABa MCEBAOCKAIAPHBIX, Ta-
eT HEW3O0TPOITHOE YIJIOBOE pacipeseseHre Tpu pachaie coryacHo yp. (13.7).
DTy ONIUIO HYKHO UCIOJIB30BATh TOJIBKO TaM, TJI€ 3TO YMECTHO.
pacmaj gepes pe3oHaHC co CUHOM | Ha Tpu TUTFoOHa Win (OTOH U [IBa TUTFOOHA,
yp. (6.26). [imoonbl BriocaeacTBUm MOTYT HaBaTh JuBHU, ecan MSTJ(23) = 1.
rerepanus Ga3oBOTo o0beMa, TOCTYITHOTO [IJId alpOoHOB, 13 (a30BoOro obbeMa,
JIOCTYTTHOTO JIJTA KBapKOB.
Kak = 11, HO TOJTbKO Yepe3 pe30HaHChl, ¢ ONIHueil OTAe/ThHOTO N3MEHEHNA pac-
npenesenna MHOKECTBEHHOCTH.
Kak = 11, HO mosyd9atorcs 1o Kpaiifeil Mepe Tpm agpona (mosesHo, Korma
JBYXYaCTUIHBIE PACTIAIbl 3a0af0TCA ABHO).
KakK = 11, mo mojsiydalorcs 1o Kpaifieil Mepe dernlpe alpoHa.

KakK = 11, Ho mojsiydalorcs 1o KpaiiHeil Mepe IATb alpOHOB.

- 30 : rerepanus Ga3oBoro obbeMa aIpoOHOB W3 TOCTYIMHOTO I KBAPKOB, CO
3HaUYEeHnEM MHOKeCTBeHHOCTH, paBabiM MDME (IDC,2)-20, T.e. or 2 mo 10.
nBa mian Hojiee KBAPKOB W TacCTHUI] UMEIOT PACIPEIeSeHNsT B COOTBETCTBUH C
dazosbiM o0bemom. Ecaum ecth Tpu miim H6ostee TPOMYKTOB paciaia, TO TO-
CJIETHNN W3 HAX ABJIAETCA KBAPKOM-CIIEKTaTOPOM, TO €CTh HaXOINTCA B ITIOKOE
OTHOCWUTEJIBHO pacliaBllerocsa agpoHa.
(G- WU gg-Tlapa WMeeT YIJIOBOE paclpelesieHne B COOTBETCTBUU € (PA30BBIM
00beMOM U MOYKET HaBaTbhb JnBeHb, ecim MSTJ(23) = 1.
tputier ¢X ¢, tae X sABIAeTCA TUIIOOHOM WKW OeclBETHOW dacTurell; mocsen-
HAA JacTuia (¢) canTaercs MoKoAlIelics OTHOCHTENFHO PACTIABIIETOCH aIPOHA,
a JIBe TepBbIX dacTulbl (¢ 1 X ) MOTYT maBarh JuBeHb, ecnim MSTJ(23) = 1.
cabbiit pacmam, TIoe pacipelesieHns JacTHIl TOJYIaloTCH B COOTBETCTBUU C
}a30BBIM 00BEMOM, YMHOKEHHBIM Ha KO3(PDUIUEHT, IOy IEHHBIH 13 0XKuIa-
eMo#t POPMBI UMITYJIBCHOTO CIEKTPa JIsA IIPAMOTO TPOIyKTa c1aboro pacrmama



42

43

44

45

46

84 -

101

102

(vr B pacmaze 7).

MaTPUIHBIH 3JIeMEHT cJIab0OTO pacajia Jid KBapKOB U JIEITOHOB. ) POMLYKTHI
MOTYT OBITH KBapKaMW WJINW alpOHAMU, a TaKyKe JIEMTOHAMU [IJId HEKOTOPBIX
KaHaJIoB. [eam cucreMa-crieKTaTop COCTOUT W3 KBApKOB, TO OHA CUUTAETCH
KoJuTancupytolielt B onny dactuiy. Bupryaabnbiit W pacnanaerca wva KBapku,
KOTOpble KOHBEPTHPYIOTCA B YacTHUIIBI, MMeEOIINe pacupelesleHns B COOTBeT-
cTBum ¢ Pa3oBbIM oObemMoM B cucteMe mokos W, kak B = 11. DpenHasnada-
ercd [JId T, C- U b-KBapKOB.

Kak = 42, #Ho eciim W pacmamaercs B KBapKW, TO OHI OYIYT TTOABIATHCH B BUIIE
CTpY# mim, AJis MaJIbIX Macce, KOJJIAIlCMPOBATh B ONHO- WM ABYXYaCTUYHYIO
CICTeMY.

MaTPUIHBIH 3JIEMEHT cJ1ab0To pachaia IJid KBAPKOB U JIEMTOHOB, T/l CHCTEMa-
CIICKTaTOp MOZKET KOJLJIAIlCUPOBaTh B OAHY YacTHUIy B c/lydac MaJiofl mHBapu-
aHTHOW Macchl. Fejm mepBble aBa mpoayKTa paciajia — mapa ¢q, To OHH MOTYT
aTh TAapTOHHBIN JBeHb, ecaun MSTJI(23) = 1. DpemHasHavdaerTcs IJIA TOIM-
KBapKa ¥ BBIIIEe, HO B 3HAUUTEJIbHON cTelleHn 3aMenAeTcd caenyronleil onnneii.
ciaburit pacnan g — W' nin { — Wy, tne W pernctpupyercs Kak MpoayKT
pacmasa m BIocHencTBuu obpabarbiBaercs mnpum MDME=46. Ytobwr oTyimanTh
oT ero oT OOBITHBIX W Ha MaccoBol MOBepXHOCTH, mCHOJb3yeTcsa Kom KF=
+89. Macca Bupryassnoro W BbiOupaercs B COOTBETCTBUU €O CTaHIAPTHBIM
MaTPUIHBIM 3JIEMEHTOM €JIaDOTO paclajia, YMHOXKEHHBIM Ha mpomaratop W

(nms MSTJ(25) = 1). Bceero moxer OBITH IBa WM TPH TMPOAYKTa paclaja;
ecJIu TpeTuil ABJIAETCS CIEKTATOPOM, TO OH cunTaeTca mokoanmmcs. Crcrema-
CIIEKTATOpP MOYKET KOJIATICHPOBATHh B OJHY YaCTHUILy. O pelHa3sHAIaeTCsA I
TON-KBapKa W BhILIE.
pacman W (KF = 89) B ¢¢’ wnu {1y ¢ oTHOCHTETHHBIMI BEPOATHOCTAMHE, OTIpe-
NeJTAeMBIMI KOHCTAHTaM$ CBA3M (coxpaHeHHbIMU B BRAT), yMHOKEHHBIMI Ha
nuHaMuIecKuit KosdummerT ot $ha3zoBoro odbeMa, 3aBUCAIINH OT TEKYIIETO
sHavenns Macchl W. B pacmame nosmydaercsa mpasuibhoe (V' — A)-yriioBoe
pacrpeesenne, ecim n3BeCTHO Tporcxokaenne W (TaxKenbiii KBapK Wiim Jre-
ITOH). DO3TOMY 3TO COOBITHE MOKHO TPaKTOBATh KaK BTOPOIf IMIar pacmaia ¢
MDME=45. Dapa ¢ MOKeT BIIOCJEACTBUY JIaBaTh JIMBEHD.

0oTOOparKeHme paciagoB JaHHONW JacTHUIIBl Ha MOl paclajia TEPBUIHBIX
¢, b, t, | mmm h, onpenenennnie g KC=84 — 88.

HE COOTBETCTBYET KaKOMYy-IubO KaHaJly paclala, a TPaKTyeTcs KakK pasie-
JUTenbHadA CTPoKa B pacledaTKe MPOAYKTOB paclala B IpedllecTByoleM Ka-
Haje. Tak xkak maccuB KFDP MoXKeT cofepiKarTh TOJBKO MATH ITPOIYKTOB pac-
Majga B OOHOM KaHaJle, ¢ TIOMOIIBIO 3TOTO KOJa MOYKHO OIpele/INTh KaHaJbl ¢
KOJITIECTBOM TTPOIYKTOB paclalia /10 JeCATH. 3/IeCh HE Pa3speliaeTcs CTaBUThH
HECKOJIBKO pa3lIe/INTEIIbHBIX CTPOK APYL 3a APYIOM.

HE COOTBETCTBYET KaKOMY-THOO KaHaJIy pachiaia I JacTHUIIBl Ha MacCOBOM
MOBEPXHOCTH (MJIW MOYTH Ha MacCOBOH MOBEPXHOCTH ), TO3TOMY COOTBETCTBY-
olllasi BEPOATHOCTh pactaia paBaa (. OmHako mjid 9acTUIbI HE Ha MacCOBOM
MOBEPXHOCTH 3Ta MOJa paclaja pa3pelieHa. [id BKIOUeHUA 3TOro KaHaJa
HapAIY ¢ IPYTUMHU MOTYT UCTOJTb30BaThC s Kirtoan MDME(IDC, 1) miisg Toro, 94To-
OBI pa3pelnTh WK 3aIPETHTh 9T KaHAJBI [IJI5 JKECTKUX MPOTIECCOB, I CETeHU
MIPOIIECCOB MOJIKHBI BBIUUCIATHCA OTAETBHO. O allPUMeD, MEPEXO Y — Ul He-
BO3MOYXKEH /18 0e3MaccoBOTO (POTOHA, HO ABJIAETCSA paspelleHHbIM KaHAJIOM B



et

€ -aHHUTWJIAINN.

BRAT(IDC) : JmafoT BepOATHOCTH pachaja Mo TaHHOMY Kaxasy (Gpenumurm). B mpusimme,
cyMMa 3HadYeHU# BeposATHOCTell 1Jis BeexX KaHaJsloB AJIs NaHHOW 4YacTULbL JOJIZKHA
paBHATHCA enmunie. (QOHAKO TaK KaK B MporpaMMe BCeTla BBIUUCIAETCH CyMMa
3HavYeHull BepoATHOCTeH pacafa 11 KaHaJIoB, OTKpbITHIX B MDME(IDC,1), u obec-
MeYNBAETCA COOTBETCTBYIONIAsA HOPMUPOBKA, BaM He HYKHO 0DecriednBaTh 9TO B AB-
HOM Buje. (9 pu BbisoBax LUUPDA(2) medaTatorcs MpenynpekIeHns B TeX caydadx,
Kor'Za cyMMa He paBHa ¢IMHUIE, HO 3TO AejaeTcd TOJbKO KakK IIOMOILb I0JIb30BaTe-
10 B 00Hapy Kerun ommboK. ) [lia kananos pacmnama ¢ MDME(IDC,2) > 80 sHaueHus
BRAT pUKTHUBHBI.

KFDP(IDC,J) : cOmepkKWUT TMPOAYKTHI PACIaIoB B PA3/JMIHBIX KaHAJaX, ¢ TATHIO MO3UITHAMI
J= 1 -5, 3ape3epBUpoBaHHBIME /1j1d Kaxkaoro Karnaga [DC. D poaykTer pacmama na-
T noctie ctaigapraoro KF-xkoma nuia crpyit m wactuil, u mocjaeaHne mycTble Mmo-
3UIUN OTBEYAIOT HyJeBbIM 3HadennaM. Obparute BHUMaHme, uTo omiusa MDME(IDC
+ 1,2) =101 maeT BO3MOKHOCTH YIBOEHUA MaKCUMAJIbHOTO KOJUIECTBA TTPOLYKTOB
pacmaza B TaHHOM KaHaJie oT 5 1o 10, TaK 9To MATH MOCJIETHUX TMTPOIYKTOB COXpa-
asrorcss 8 KFDP(IDC + 1, J).

COMMON/LUDAT4/CHAF (500)
CHARACTER CHAF*8

ITazuavenue: obecnednBaeT JOCTYI K IMEPEMEHHBIM CUMBOJIHHOTO THIIA.
CHAF : UMeHa YaCTHUIL (3a HCKJIOUYEeHNEeM 3HaUYeHU I 3apfma) B cooTBeTcTBUU ¢ KomoM KC.

14.7 Ya3Hble KOMMEHTApPUU

B npempinyiimx pasmesiax Mbl paccMOTPEJIH OIUU U TTepeMeHHBIE /1A TOIIPOrpaMM, paboTaro-
WX OTHOBPEMEHHO. JTO, KOHETHO, BaZKHO, HO JIJIf TOTO, YTOOBI TIOJTHOCTHIO MCITOTH30BATh BO3-
MOZKHOCTHU TTPOTPAMMBI, HEOOXOINMO TaKiKe TMOHUMaTh, KaK OCYIIECTBJIAETCA B3anMomeiicTBme
Pa3JIMIHBIX FacTell MporpamMMbl. DTO TaKas Bellb, KOTOPYIO HEJb3A M3YyIUTh, TOJBKO dWTad
PYKOBOJICTBO, W TPUXOIUTCH HUCIOTB30BATh MeTOM TPob 1 OUMOOK. DTOT pasies COmepKUT
HEKOTOPBIE MTPUMEPHI OTHOUIEHUN MeKIy TOAMporpaMMaMu, OOIIMMEI OJOKaMU ¥ MapamMeTpa-
mu. Takike 3mech comepKaTcas KOMMEHTAPUH OTHOCUTEHHO MPODIEM, KOTOPBIE PEAJTbHO MOTYT
HWKOTa He BOSHUKHYTH, HO, TeM He MeHee, Bce JKe T0JIe3HO UMeTh WX OlucaHme.

14.7.1 BsaumojeiicTBue c mporpaMMaMu MOJAEJIAPOBAHUS
JIeTeKTOPOB

Odenb 9acTo TPOXYKIUA MTPOTPAMMBI (PUIUIECKOTO MOMETUPOBAHUA JIOJIKHA BITOCJIEICTBIH
7 cKapMITHBaThcsA  TPOTPAMMe MOIEJTUPOBAHUA TETEKTOPa. DO3TOMY HEOOXOIUMO 0OeCIednTh
nuTepdeiic Mmexmy obimm 6;10xK0M LUJETS u mporpamMmoli MOIeTnpoBaHuEM IeTEKTOpaA. 9 Pell-
MOYTHTEIbHEE OCYIIECTBUTD HTO € IMOMOIIBIO CTaHIapTHOro obilero ooka HEPEVT, cM. pasmet
5.4, HO WHOTIa 9TO MOKeT OBITh HeynoOHbIM. Femm mpounsBomutces Bbr308 LUEDIT(2), To ocTas-
[IWecss B 3alUCH COOBITUA BXOIBI TOUHO COOTBETCTBYIOT KapTHUHE, KOTOPYIO MOYKHO OBLIO ObI
HabJIIOIaTh € TIOMOIIBIO MI€ATBHOTO JETEKTOPA: BCE HEpACIaBIINeCH TaCTUIBI 38 MCKJTIOUEHT-
eM HeATpWHO. epeKoNMpOBKa 3HAUEHUN WMITYJIHCOB [TOJIKHA OCYIIECTBIIATHCA TPUBUATIBHO
(Tpu HEOOXOMMMOCTHT MOZKHO cestaTh Bb30B LUROBO [/i# BpallleHUs OT BHIOPAHHOTO HalpaBJe-
HUA Z K TPOM3BOJBHOMY HallpaBJIEHNIO, BHIOPAHHOMY KaK OCh JTETEKTOpa), W TaK Ke MPOCTO



BBITIOJTHAETCA TEPEKOIUPOBKA TacTUIl. B gacTHOCTH, ecjii MporpaMMa MOJETUPOBAHUSA JTETEK-
TOpa TaK:Ke UCIoIb3yeT cTanmapTHbie Konbl Particle Data Group, To Boobiiie He HYKHO mesiaTh
HUKaKUX MpeodbpasoBanuit. 9 pobiemMa Torma 3aK/I0YaeTcs B TOM, 9TOOBI BBIOpATh, JIA Ka-
KX YacTUIl paspelieHbl paclaibl, U KaK T0JIKHa HCIOJb30BAThCA MH(MOPMAIUA O BepIITITHE
pacrmaja.

Dacmaibl YaCTHUI PEryANPYIOTCA HECKOJIbKIME Kaodamu. CHadasia MOXKeET UCIOIb30BAThHC
raBHbIit Kaod MSTJ(21) mj1s onpemeieHus COCTOAHMSA BKIIOTEHO / BBIKJITOUEHO BCEX PaclialoB
(3mech XKe comepAKUTCA BBIOOP cXeMbl (pparMeHTaliin). 3aTeM HYKHO 3a/1aTh KeJraeMble MOIBI
pacmaja YacTHIbI, TO €CTh cOoTBeTcTBYyIomme Bxombl B MDCY(KC,2) m MDCY(KC,3) HOJIZKHBI
OBITH OTIIMUHBIME OT HYJIA A/ cxKaToro koma KC = LUCOMP (KF). DTo Bepmo 1jis Bcex OGeclBeT-
HBIX JacTHll, KpoMe HefirpuHo, GpoToHa, MpoToHa n HefiTpoHa. (DTo yrBepKIeHre haKTHIeCKH
He COBCEM BepHO, TaK KaK B HEKOTOPBIX CAyUadX MOTYT CYIIECTBOBATH ~JIUIIHEE MOIBI pac-
mamga miag MDME(IDC,2) = 102.) DoToM HyKHO Hcrosib3oBaTh Kiatod MDCY(KC, 1) s Kaxkmaod
paccmaTpuBaeMoil dacTunbl. M3 Bcex dacTHll ¢ onpeneeHHbIMI MOJaMU paciiajia TOJIbKO /,Li,
7, K* u K? no yMoTqaHmio cuuTaloTCA CTabMIbHBIMIE.

Daxoner, ecsn 3HadeHwe MSTJ(22) He paBHO 3HAYEHWIO TT0 YMOJIAHWIO 1, TO TaKkKe Ie-
JaeTcd IIpoBepKa Ha BpeM:A XKU3HKU YacTHUIBI Iepel TeM, KaK OCYLIecTB/AeTCA pa3pellcHHbI]
pacman. B camom mpocroMm anbrepHaTuBHOM ciydae (MSTJ(22)=2) cpaBHeHUE OCHOBBIBAETCH
Ha CpelHeM BpEMEHW XKU3HU, WU CT, U3MepsieMoM B MM. Takmm obpasoMm, ecium 3HaUeHUEe

—_—

orparnuenns PARJ(71) ectb (mo ymosmuanmio) 10 mm, To Bee pacmamsr K3, A, X7, XF =

’
EO m ™ BBIKJ/TFOYE€HBI, HO C- 1 b—qaCTI/IHbI IIO-TIpEKHEMY pacllaJatoTCHA. BHELLIGHI/IH CT MeHblIe

1 MM me onpenesensl. [na mByx ommuit MSTJ(22) = 3 winm 4 ompenesten cdepudecKuit mirm
MUJINHIpUIecKuii 00beM BOKPYT TEPBOHAYATIBHOTO COOBITHSA, U BCE PacCIallbl, NMeOIINe MECTO
BHYTPH TOTO 00beMa, NTHOPUPYIOTCA.

Kaxnpiit pas, Korma gacTuile B TPUHITUIE pa3pelieH pacial, TO ecTh BRJIToIerHbl MSTJ(21)
n MDCY, wHBapuWaHTHOEe BpeMs JKU3HU BBIOMpAeTcs OIWH pa3 [JIf BCEX BBIMOJHEHUN, W 3TO
3HadeHne coXpaHdaeTcA B V(I,5). Torna smauenme K(I,1) Tak:ke m3MeHseTca Ha 4. ,Z[JIH
MSTJ(22)=1 Takas YacTHIla TaK:Ke OYIeT pacHalaTbcs, HO HIPH TOM OHa MOZKET OCTaThCs B
3anucu coobiTusA. Torma MOXKHO Ha bostee TTO3MHeH cTaINK PACIIIPUTH 00BEM, BHYTPHU KOTOPOTO
paspellenbl paciaibl, U clesiaTh HOBbIH Bbr3oB LUEXEC, Mt TOro, 9TOOBI TOJTYYUTHh YaCTUIIH,
YIOBJIETBOP ATOTIINE HOBBIM, a HE CTAPbIM YCJIOBUAM paclala. B KadecTBe mpyroro BEIOOpa, KOILY
K(I,1) MOXKHO IPUCBOUTH 3HAUEHUE ), OTMETUB, UTO PACHAIBI TaCTHUIIBI OYIyT ONpeneeHbl Tpu
cienyonieM Bbizose LUEXEC, mpu MOJTOKEHNN BEPIIMHBI paciaia, 3aJlaHHoM (Mosb3oBaTeseM)
BeKTOpOM V.

DTO TO3BOJIUT MCIOJIB30BATh MPOTPAMMBbI paciaia JETSET B mporpaMMax MOIEIUpPOBAHM A
IeTEKTOPOB, cJIeayioimmM obpaszom. [lyia wactuier, KoTopas He pachajach Tepel BXOIOM B
NETEKTOP, TOUKa pachaa Mo-TpeKHEMY XOPOIIo openeieHa (B OTCYTCTBIE OTKIOHEHTIT SJIeK-
TPUIECKUMI WU MAarHUTHBIME To1aAME), yp. (13.5). Ecam npoucxonut B3anmoneiictue mepen
9TOH TOUKOI, TO TTpOrpaMMa MOIETMPOBAHIA TETEKTOPA OCTAHABIMBAETCSA U MTPOBOINTCA 0Opa-
6otka. Ecam xe HeT, TO 3HadeHme BekTOpa V 00HOBJIAETCs corytacHOo opmyse Boimie, K(I,1)
ycTaHaBJIMBaeTcs Ha D u BbIsbiBaeTcsa LUEXEC, marormas wabop MpOAYKTOB paciaia, KOTOpbIE
ONATH-TAKN MOTYT OBITH MPOCJIeKEHBI.

Crenytoliasi BOSMOKHOCTb COCTOUT B TOM, YTOOBI BBIHYKIaTh TacCTUIBI PACHaIaThCH IO
OTIpeieSTEHHBIM KaHaJIaM; 3TO MOKET OBITh OCODEHHO MHTEpecHO miid b- mim c-dbusuku. Beidop
KaHAJIOB, OCTaBJIAEMBIX OTKPBITBIME, OIIpee/ifgeTcs 3HadeHnaMu Kiodeit MDME(IDC,1) s
pacmagroro kanasa [DC (LULIST(12) wmcmosb3yercs s HOJy9eHWs MOMHONW pacrmedaTkn).
Mo#xHO OCTaBUTH OTKPBITHIMI OIUH WJIN HECKOJIBKO KAaHAJIOB; BO BTOPOM cJiydae 3(hpeKTuBHbIE
BEPOATHOCTH pachaja MO Pa3/IMIHbIM KaHajaM aBTOMATHIECKN MepecTNThIBAIOTCA Oe3 Ballrero



BMellIaTe/IbcTBa. T'aKyKe MOXKHO pas3jmydaTh KaHaJbl, KOTOPbIE OCTAIOTCA OTKPBITHIME JIA Ya-
CTUIl WU aHTUYACTUIl. BpeMena KU3HU He MEHAOTCA NMPU BBIKJIIOYEHUN HEKOTOPBIX KaHAJOB
pacmama. ObparwTe BHUMaHWE Ha TO, 9TO, TaK KaK BBIHYKIEHHBIE PACHAIbl MOTYT TTOBBICUTD
2P HEKTUBHOCTD JI HECKOJBKUX THUIIOB MCCIIENYEMBIX JaCTUIl, 3TO TaKKe MOYKET TPUBECTH K
HEOXKUTAHHBIM CIBUTAM, B YaCTHOCTH, KOT/Ia COOBITHSA MOTYT COHEpPKaTh HECKOJIBKO YaCTHUIL C
BBIHY JKIEHHBIMU paciajiaMu, cM. maparpad 7.6.2.

14.7.2 BreluncjieHne mapaMeTpoB

9D eTpUBMAIBHBIN BOIPOC TpPENCTABIAET cOOOM TpobIeMa 3aMaHnsA 3HATEHWH TapaMeTpoB, KO-
TOpBIE UCIOJB3YIOTCA TPU MOIEJUPOBAHNN. IHAUEHWA MO YMOJTIAHUIO, COXpaHAEMBIE B MTPO-

te~-cTonkHOBeHMAM B Ipenenax mo 30 I'»B,

rpaMMe, OCHOBAHBI Ha CPaBHEHUN € JTaHHBIME 10 €
¢ MCIOJb30BaHHEM KapTUHBI HapTOHHOTO JIMBHIA, COMPOBOXKITaeMoro (pparmentarmeii. Ecam
dparmenTanusa — geficTBATEIbHO YHUBEpCAIbHOE fABJIECHNE, KaK HaM XOTEJIOCh ObI IyMarh, TO
Te Ke caMble MapaMeTpbl ITOJKHBI TaKKe MCIOJIb30BAThCA HPH APYTHUX PHEPTUAX U B IPY-
rux mporeccax. KazkeTcs, 9To TaK OHO W €CTb, IO KpaliHell Mepe, 3TO cleyeT W3 aHaIn3a
mannbix ¢ LEP. Obparnte BHuMamnme, ogHako, 9TO BHIOOP MapaMeTpoB TECHO CBA3AH ¢ BHIOOPOM
TpakToBKH mepenopmupyemoiit KX /1. Ecian me ncnomb3yercs moaxon MaTpUIHBIX 3JI6MEHTOB, TO
Hamaydinee corsiacue ¢ manabivu 1A 30 [9B obecneunBaercsa s smauennit PARJ(21)=0.40,
PARJ(41)=1.0 mw PARJ(42)=0.7. Jljia ¢popManim3Ma MaTPUIHBIX JIEMEHTOB HE OKUIACTCA 0~
JIYUHUTD 3Ha9CHIA TTapaMeTpoB, He 3aBUCAIIIe OT 9HePIn, TakK Kak 3(pPEeKTUBHOE MIHIMAaJIHHOE
orpaHuYeHre Ha WHBAPHAHTHYIO MacCy IPH 9TOM 3aBUCHAT OT HEPIUHU, TaK Ke, KaK BeJHIHHA
addpexTa M3IyIeHIA MATKIX TJIIOOHOB U MapaMeTphbl pparMeHTallll. ) eCOOTBETCTBHUA B TPaK-
ToBKe mepenopmupyemoit KX/ tak:ke MOryT HpUBOANTH K MEJKUM Pa3JIAIHAM I8 pa3sHbIX
IIPOIIECCOB.

YacTo yIOMHIHAIOT, 9TO MOAEIb CTPYHHON (hbparMeHTalnl CONEePKUT OUeHb OOTaThiil CIIeKTP
mapaMeTpoB. ITO, KOHEUHO, BEPHO, HO HYKHO IIOMHHUTH, UTO OOJIBIIMHCTBO W3 HUX CBA3AHO C
apOMaTOBBIMI CBOMCTBaMM, 1 3ajada TPaKTOBKHU oOIIeH (BpopMBI COOBITHA B CHJIBHON CTEmeHn
dakropusyercsa. B mpumMenenmm K BBIIIECKA3aHHOMY TO O3HATAECT, ITO OOBIUHO HOCTATOTHO
paccMoTpeTh mapamerphl mepernopmupyemoit KX /I, tuma A B a;  moporoBoro 3HavueHns mepe-
NaHHOTO MMITYJIbca NJiA JUBHA (Jo (MM HEMOCPENCTBEHHO (s W Ymin, €CJIU WCTIOIB3YIOTCA Ma-
TPUUHBIE 3JIEMEHTHI), TapaMeTpbl ¢ u b JTYHIOBCKOH cuMMeTpuaHON GyHKINN GparMeHTan
(PARJ(41) m PARJ(42)) u mmpuny pacripenesenns Morepedroro nMmyabca (o = PARJ(21)).
Kpome Toro, mapaMmeTpnl a u b 0UeHb CHJIBHO CKOPPEIUPOBAHBI B COOTBETCTBUHU € TpeOOBaHM-
eM TOJIydYeHUsA IPaBUIbHOTO 3HaYeHUsA cpefiHell MHOYKEeCTBEeHHOCTH, TaK 9TO NP TUINIHOM X2
COOTBETCTBYIOIAsA pas3pelieHHas 00/1acTh eCTh OUeHb y3Kasd W OYeHb [JIUHHas HOJI0Ca, TPOT-
HyTas [0 InaroHaJ M OT MaJjblX 3HadeHwid map (a,b) mo Gosbmux. YTo Kacaercs mapaMeTpoB
apoMaToB, TO WX, KOHETHO Ke, elle DoJIbIle, HO GOIBIINHCTBO MOHATO Ha Ka9eCTBEHHOM YPOBHE
B paMKaX €INHOr0 MeXaHW3Ma — TYHHEJIBHOTO POKICHU Maphl apoOMaTOB.

Tak Kak HesaBucuMas pparMeHTallnsa UCIOAb3YeTca perke Mo CPpaBHEHHWIO CO CTaHIapTHOM
CTPYHHOM, TO HEOOXOANMO OTMETHTD, UTO apaMeTPhl 0 YMOTIAHTIO 3/IeCh He CJIMIIKOM XOPO-
IO COTIACYIOTCA ¢ PKCIEPUMEHTAJIbHBIMI JaHHBIMEA. DTO OCOOEHHO KacaeTcs cJIydas, Korma, B
JIOIOTHEHE K TpeboBaHmMio He3aBUCHMOR (pparMenTanum, Takke HaKJIaIblBaeTcsa TpeboBaHme
VCTaHOBKM ApyToii GyHKINE (hparMeHTalym, OTInIdHONH OT cTanIapTHOH (JIyHIOBCKOM cuMMe-
Tpudroit). B wacrHoCTH, OOpaTHTe BHUMaHWE, 9TO HAMIYIIINM 0OPa30M COTITACOBaHA C TOITY-
napHoli merepcornosekoii (SLAC) dynkuns GpparMenTannm T4KeI0r0 apoMaTa, OCHOBAHHAA Ha
dakTIIecKOM HabIIOTaeMOM CIIEKTPe. 9 PH MOHTE-KapJOBCKOM MOIECINPOBAHII TOTIA HY JKHO
HadmHaTh ¢ KaKUX-HUOYIh OoJlee JKECTKUX MPOIECCOB /I KOMITEHCAIIUN SHEPTHH, TOTeP AHHOM



pu W3JIy9ennn (POTOHOB B HAYaJIbHOM COCTOAHUHU W SMUCCUHU TJIIOOHOB. Tak Kak He3aBUCcHMasd
(dbparMeHTalMA He COXpaHAET KOJTMHEAPHOCTH (HAIpUMep, W3JIydeHre KOJIMHEAPHBIX TITi00-
HOB M3MeH#AET CBOHCTBA KOHETHOTO COOBITHA ), HACTPOHKA CYIIECTBEHHO 3aBUCHT OT BBHIOPAHHOMN
TpakToBKEU Tepenopmupyemoit KXJI. Omrako mocTymHBI Bce mapameTpbl, HEOOXOIUMbIE I
HaCTPOWKYU MoJe/n He3aBUCUMOM (bparMeHTalnm.

14.7.3 CspolicTBa 4acTHIL

Macchl HamboJstee 9acTO MCIOIb3YEMbIX TacTUIl OepyTesa u3 Tabant. [1sa HeKOTOPBIX peaKux c-
u b-aIpoHoB U /I aIpOHOB, CoAepKaIINX Oosee TAKETIbIe apoOMaThl, 3TO OBLIO ObI HEYTOOHO, 1
BMECTO MacCOBBIX (POPMYJI HCIOIb3YIOTCA BhIpaKeHNA, OCHOBBIBAIOIIIEC Ha KBAPKOBOM COCTa~
Be. i m3BecTHBIX KBapKoB d, u, S, ¢ U b Macchl, HCHOIb3yeMble /I HTol mesn, pakKTHIecKn
coxpanstorca B mosumuax 101 — 105 sektopa PARF, a me 8 PMAS. 910 o3HavaeT, 9T0 Macchl B PMAS
MOTYT CBOOOTHO M3MEHATHCA BaMU HIPH MOAN(MPUKAIIN COOTBETCTBYIONINX 3HAYCHUN B 3alliCH
COOBITHA. 9 PH TOM He OYIeT MPONCXOANTh HUKAKUX HeKeJaTeJbHBIX N3MEeHeHuN »TuxX 3Hade-
HUiE B JTFO60M IpyroM MecTe. (3aMeTmMm, 94To, TaK KakK MaccoBble (DOPMYJIBI OOBITHO COmepKaT
YJIeHBl TOPAIKa 1/m OT CHUH-CIHHOBOTO PACUICIICHU, 31eCh HEOOXOMUMO BBOIUTH TOJBKO
OTJIMIHBIE OT HYJIA 3HAUEHNA MacC KOHCTUTYeHTOB). Takum obpasoM, He HYKHO TporaTh 3Ha-
JeHWs Macc, coxpanertbie B PARF. [liis Gostee TsKe bIX apoMaToB (t- 1 BBIIIE) BeeTna MCTOb-
3ytoTcs Tekylime 3nadenns PMAS. Jl1a »Tux apoMaToB onpenesieHbl TOJIbKO OTHAeTbHbIE aIPOHBI,
npecTaBJisAtolnne cobott HeliTpaabHble MO apoMaraM coctogamsa — 17, O, hy, yo, x1 1 y2. Caeno-
BaTe/IbHO, TOJHOE M3MEHeHne, HallpuMep, 3HaueHnsa Macchl t B mporpaMMe TpebyeT n3MeHeHI
snagenmii PMAS(6,1) , PMAS (LUCOMP(661),1) , PMAS (LUCOMP (663), 1), PMAS (LUCOMP(665),1) ,
PMAS (LUCOMP(10661) , 1), PMAS (LUCOMP(10663) ,1) m PMAS(LUCOMP(20663),1). Tak kax
Kpafifie TAKeIble IUaroHaJbHbIE IO apoMaTaM COCTOAHUA OOBITHO He POKIAIOTCSA Hph dpar-
MEHTAIlH, TO He CJIYIUTCA HUUEro CTPAIIHOTO, €CIH MBI ~3adymeM’ O TOM, 9TO HUX MAacCCh
U3MEHUJIUCD.

Jst GoIbIIMHCTBA TacTHIL KaHaJ bl paclala Olpeae/enbl Mo oTaeabHocTr. OmHako Tak Kak
nMeeTcsa DOJIIIoe KOJINIECTBO aIpOHOB, COMEP KAIUX TAKEIbe apOMaThl, ¢ OOIUME CBOWCTBaA-
MH paclajia, TO ObLIO BBEIEHO HECKOJIBKO ~ICEeBIOYACTHUI] 1A Oa30BBIX paclaloB. 2 ambosiee
JacTo WCTIOJb3yeTcss KaHaJ 8D JJid paclajioB TOM-aIpoHOB, COMPOBOXKTaeMblit 84 mns pacma-
OB dapM- U 86 — 1Jig OOTTOM-aIpOHOB. DOITOMY BMECTO AIUHHOIO CIHCKa KaHajoB paciajia
gacTumbl Tuma BT mMeeTcs ToabKO onuH KaHaJs pachiana’, KOTOPBIH ABIAETCS WHCTPYKIIH-
eif 1o MCIOJTHh30BAHNIO XapaKTEePUCTHK paciajla A8 dacTuilbl 85. KBapKoMm-crekTaropoMm s
6a30BbIX KaHaJIOB pacHafa cunMTaeTcsa Jerkuii kpapk B BY, To ects u. DosroMmy mjs Toro,
ITOOBI M3MEHNTH XapaKTEPUCTHKH BCeX €Iabo pacmaJalommuXxcs B-alIpoHoB HYKHO H3MEHUTDH
TOJTHKO ONMH Habop BeposATHOCTeH pactanoB. (KoHeuHO, BBl MOIIN OBl CKOMUPOBATH OOIILYTO
Tabsmiy pacmangoB B A Kaxmoit oTnenbHol B-vactuibl, mcmosib3ys LUUPDA, u moc/ie »Toro
U3MEHATDh XapaKTePUCTUKHI 110 OTAEIBHOCTH. DO B TAKOM CJIydae BbI JOJIKHBI IOMHUTDH, 4TO B-
ME30H COIEPKUT KBapK 13; MO3TOMY WHOTA KaHAJBI JTOJKHBI OBITH 3apAI0BOCOID AKEHHBIML. )
B c-cextope cpoiicra pacmamos DT, DO, DY u A} onpenmesneHbl Mo OTAEJBHOCTH, W TOJBKO
penKme YacTHIbI THIIA =, PAaclaJaloTcs B COOTBETCTBHAM ¢ 0A30BBIM ONMCAHUEM, KaK JaHO /I
[ICEBIOYACTHIEL 84. D 02TOMY HOJIHOE W3MEHeHe TabIUIbl PACIaloB TapMIPOBAHHBIX aIpOHOB
OCYIIECTBJIAECTCS DoJiee cJI0KHO, deM B b-cekTope. s Tom- n boJtee TAKEBIX aIpOHOB pacial
MOJKeT OBITh HAaCTOJBKO OBICTPBIM, UTO HUKaKHe aIpOHBI BOOOIIE He POKIAIOTCH, HO €CIH HTO
BCe-TaKH MPOMCXOIHUT, TO MOAXO0 0a30Bol MCEeBIOTACTHIIB JaeT XOpollee MPHO/INKEHHIE.

B mporpamme ecth MecTo JJiA BBEIEHUS TOTOJHUTETbHBIX HOBBIX YaCTHUIL. XOTSA 3TO U He
COBCEM TPUBMAJBHBIN TpOIEecc, OH Bce Ke JTOCTYIEeH PATOBOMY ToJib30BaTento. B ocHoBHOM



MpoIlecc COCTOUT m3 Tpex mmaroB. (CHadasla HYKHO 3aaTh MeXaHW3M TeHepalluu. IJTY TeHe-
palio BIIOJIHE MOKHO OCYIIECTBUTH B Apyroit mporpamme, tuna PYTHIA uin B HEKOTOPOM
HallMCAHHOM TOJb30BaTeIeM PUJIOKEHNN, Te NCIOJIb3YIOTCA MaTPUIHbBIE 3JIeMeHThI 114 BbI-
6opa KecTKOro Tporecca. B 3ToM ciiydae HOBas dacTHila yiKe CYIIECTBYET B o0IIeM OJIOKe
LUJETS mpu Bbi30Be JETSET. DoBasd dacTUila — ME30H, ODAPWOH WJIN TUTFOOOJIT — TaKKe MOYKET
OBITH YacThbio Tporiecca (parMentaruu, u npu >ToM LUKFDI Hesb3s W3MEHUTH COOTBETCTBY-
oM obpasom. YacTuma TakzKe MOXKeT BOSHUKHYTH KaK ITPOMAYKT paciaja HEKOTOPOH yiKe
CYIeCTBYTOIIEH TacTUIh, U TOTIa TaHHbie o pactnanam B /LUDAT3/ Heb3s1 OymeT paciiupuTh;
OYeBUIHO, YTO NPU 3TOM TakiKe m3Mmenserca LUDECY.

Bropoii mrar saxsodaercsa B 06yUeHNN TPOrpaMMBbl paclio3HaBaHWIO HOBOH wacTuribl. Fcim
ncrnosbsyercss kon KF B mmamasome ot 41 mo 80, To 00 3TOM aBTOMATWIeCKH M03a00THT-
cAd caMa TporpamMma, B dacTHocTH, cxkarbit kom KC 6ymer cosmamars ¢ KF. Ecom myxmo
BBECTH TIEJIYIO TOcaenoBaTeTbHoCTh dactuil ¢ KF-komamm, mapasie sbHBIME KOmaM OOBITHBIX
Me30HOB/GapHOHOB (MYJIBTUIIET CYTEPCUMMETPUIHBIX ~ME30HOB”, CIeJaHHbIN, CKaKeM, n3
cKBapKa ¥ aHTWKBapKa), TO Mpuaerca usMeHnTh LUCOMP misi TOro, 9ToOBbl BKIIOTATE OTOOpa-
Kenne »>1mx 3nadenutt KF B Hemcrmonssyembie B Hacrosmiee Bpems kombl KO, mampumep, B
nuamazone 401 — 500. Takoe oTobpaxkeHue mporpaMma MCHOJb3YeT JIS TOTO, ITOOBI WHTEP-
nperupoBarh HaHHbIl KIF-Kom Kak mMmeromnii cMbICT.

Da TpeThbeM U MOCETHEM IIare HyKHO OMpENeTnTh CBOWCTBa 3ToH HOBOW dacTuibl. Takum
obpazom, nH(MOPMAIIIIO O 3apsile JacTUIbl HyKHO maBaTh B KCHG, 0 Macce, MWpWHE W BpeMeHN
Kmsam — B PMAS, mvma gactuupl — B CHAF m pmammble mo pacmamam — B maccmBax MDCY, MDME,
BRAT u KFDP. 90T mpotiecc ymobHee BCETO BBITTOTHUTD, Nco b3y LUUPDA (1) mjis Toro, 9T0OBI
MOJIYIUTh TabJIUILY XapaKTePUCTUK TacTHUIl, KOTOPbIE 3aTEM MOTYT OBITh W3MEHEHBI U BIIOCIIE-
CTBUU cUWTaHbI 0OpaTHO ¢ momoisio LUUPDA(2). OGparure BHUMaHWE, 9TO XapaKTePUCTHKH
TACTUIL TOJIKHBI 3aaBaThes 1 cxkaroro koma KC, a me mma KF.

14.8 I pumepnbl

Crpys u-kBapkoB c sHeprueii 10 5B, BouteTatoas mo HapaB/IeHno +z, TEHEPUPYETCH TPU
BbI3OBE

CALL LU1ENT(0,2,10.,0.,0.)

ObparnTe BHUMaHWe, 9TO [IJIdA TaKOW OTHEIBHOW CTPYW He BBIMTOJTHAETCH TpebOBaHWE COXpa-
HEHUA DHEPIUU, UMITYJIbCa WM apoMara. B cxeMe TeHepallny TaKiKe POKIAIOTCA YaCTHUIBI €
OTPUIATEBHBIM P,, HO OHU aBTOMATUIECKN OTKJIOHAIOTCHA, ecian ToabKo MSTJ(3) He paBHO —
1. XoT# Takolf mporecc 4acTo UCIOIb30BAJICA paHbIlle, B HACTOAIIEE BPEM: BBIOOD TeHepAIIHH
OJIHOM CTpyW He TIpefcTaBIfgeT DOJIBIIOTO HAYIHOTO WHTEPECA.

DampumMep, B caydae JENTOPOKIEHNS TUMMIHAA CUTYallls MOTJIa ObI BBITJVIAIETh TaK: U-
KBapK, BBIJIETAIONINI B HATIPABJIEHUN +2, I OCTATOK MUIIEeHN Udy, IO CYIIEeCTBY, HaXOMAINNACA B
nokoe. (Takoit mpotecc MokeT MonenpoBaThes B PYTHIA, HO 37eCh MBI TOKa3bIBaeM, Kak cie-
JIaTh 9TO HEMOCPEICTBEHHO. ) DaBepHoe, caMasd TTpocTasd MPOlelypa eCTh TeHepallns mpolecca B
cucreme [IM. BriocsiemcTBun MOKHO BBITTOJTHUTD CMellleHne B jabopaTopHyto cuctemy. Ciemo-
BaTesIbHO, ecsin sHeprus B cucteme [IM ects 20 ['5B u cmemenne 3, = 0.996 (coorBeTcTBYONIEE
xp = 0.045), To memaeM BHI3OB

CALL LU2ENT(0,2,2101,20.)
CALL LUROB0(0.,0.,0.,0.,0.996)



Kowreuano, ctpyn Moryim 6B TaKKe ONMpeneaThesa i (PparMeHTHPOBATh B JTabopaTopHOil cucTeme
IpHU BbI3OBE

CALL LU1ENT(-1,2,223.15,0.,0.)
CALL LU1ENT(2,12,0.6837,3.1416,0.)
CALL LUEXEC

Ob6parnTe BHUMaHUE, ITO 37€Ch TUKBAPK MUIIEHNU TOJIKEH IBUTATHCA B OOPATHOM HAIlpaBJIEHUN
¢ B —p, = my(l —xp) nad Toro, 9T00B MOTYINTH MPABUIBHYIO WHBAPUAHTHYIO MacCy s
CUCTEMBI. ITO, OTHAKO, TOJHKO apTedakT UCIOJb30BaHNA (DUKCHPOBAHHON Macchl DUKBapKa
IS TIPEICTABJIEHNA MEHATOIIENCA Macchl OCTATKa MUIIEHN U HE UMeeT HIKAKOTO 3HAUYEeHUS [
dparmenTarnuu. Eciu TpebyeTcs moayInTh 3alich COOBITUA, BHITVIAIAILYIO ~ Oy e’ , MOKHO
cIleJTaTh Tak:

CALL LU1ENT(-1,2,223.15,0.,0.)
MSTU(10)=1
P(2,5)=0.938%(1.-0.045)

CALL LU1ENT(2,2101,0.,0.,0.)
MSTU(10)=2

CALL LUEXEC

Cobwitue uug c »ueprueitr 30 I'sB, tne F, = 8 "B u Ey; = 14 1'3B, momesmpyercs mpu
BBI3OBE

CALL LU3ENT(0,2,21,-2,30.,2.%8./30.,2.%14./30.)

CobbITne maeTcss co CTaHIApTHOW OpuWeHTalmell u-KBapKa 1O ocW +2, a U HaXONWTCA B KBa-
npante (—z,+x). Obparnre BHIMaHNIE, 9TO apOMaThl TPEX MAPTOHOB MOJKHbBI JaBAThCA B TOM
JKe TopAIKe, B KOTOPOM OHU CJIEAYIOT BIOJIb CTPYHBI, ecjin paboTaeT Omius cTpyHHO! dpar-
MeHTarmu. TakKe 3aMeTbTe, UTO JJIA 3- U, OCOOEHHO, 4-CTPYHWHBIX COOBITHI He BCe YCTAaHOBKHU
KIHEMATHIECKIX TIEPEMEHHBIX & HAXOAATCA BHYTPHU KMHEMATHIECKN pa3pelnernoit obractu da-
30BOTO IIPOCTPAHCTBA.

OdueBnaHO, 9TO BCe 3HAUEHUS MEPEMEHHBIX B KaKOM-JIHOO 00IIeM OJI0OKe MOTYT OBITH H3Me-
HEeHBI, €CJN BKJIOYNTH COOTBETCTBYIONINE YCJIOBUA M3MEHEeHWA B HallMCaHHYIO ITOJIb30BaTesleM
[JIaBHYIO TporpaMMmy. B KadecTBe aJibTepHATUBBI MOYKET MCIOJIb30BaThcA mporpammva LUGIVE,
BBIJJafolasA TTPA BBITOJHEHNN W3MeHeHHble 3HaYeHnA MocJe HeKOTOPBIX JOMOJTHATETbHBIX TPO-
BEPOK Ha TPAHWIIBI MACCHBOB. [akuM oOpa3oM, IPW BBI3OBE

CALL LUGIVE(’MSTJ(21)=3; PMAS(C663,1)=210.;CHAF(401)=funnyino;’//
& PMAS(21,4)=")

smnadenne MSTJ(21) OymeT msMeHATHCA Ha 3, 3Hauernne PMAS (LUCOMP(663) ,1) = PMAS(136,1)
— na 210., sHavenne CHAF (401) — ma "funnyino”, u 6ymer pacredaTbiBaTbca TEKYIIEE 3SHATEHIE
PMAS(21,4). Tak Kak cTapble U HOBble 3HAUEHNA W3MEHEHHBIX ITapaMeTPOB pacledaTbiBalOT-
cAd Ha BBIXO/E, TO MOYKHO TPENJIOKNUTH YIOOHBIN TIyTh MTOKYMEHTHPOBAHUS 3HAYEHUN He T10
YMOJTIaHUIO, WCIOJTb3YEMBIX B JaHHOM mporone. C Ipyroff cTOPOHBI, ecn MepeMeHHas TacTo
U3MeHseT CBOe 3HadeHre, TO BBIBOI Pe3yJIbTUPYIONETro oObeMa TaHHBIX MOKET OBITh HeXKesa-
TeJleH, U Jajiee HyKHO PEKOMEHIOBATH MPAMOE HCIONb30BaHme OOIIX OJOKOB (BBIBOI TaKKe
MOKeT OBITh BBIKJIOUYeH, cM. MSTU(13) ).

OObr1tee mpakTUIECKOE TMPABMIIO 3aKIOUAETCAs B TOM, 9TO HU OIHA U3 (PUIUIECKUX TTPO-
rpamum (LUSTRF, LUINDF, LUDECY, u T.J1.) HUKOTZA He JTOJIKHA BBI3BIBATHCA HETIOCPENICTBEHHO, &



TobKO depes LUEXEC. DTa mporpaMMa MOKET BBI3BIBATHCSA HEOTHOKPATHO IJIs OIHOTO W TOTO
Ke cOOBITUA. D PU KaKIOM BBI30Be 00padaThIBAIOTCA TOJBKO Te BXOIBI, KOTOPBIM pa3pelrena
g parMenTaIUA WIN pachaj, ¥ HAIEro He TejlaeTca B MPOTUBHOM cirydae. Takmm obpasom,

CALL LU2ENT(1,1,-1,20.) | BHIOOJHHTEL TeHepauum 2 cTpy#l 6es
! dparmeHTanNHU

MSTJ(1)=0 ! 3ampeTuThs PparMeHTALUN CTPyH

MSTJ(21)=0 ! 3ampeTHUTh pachafsl YaCTHIE

MDCY (LUCOMP(111),1)=0 ! samperuTs pacmanm pi0

CALL LUEXEC ! HU4Yero He Ipou3oHmeT

MSTJ(1)=1 !

CALL LUEXEC ! cTpyu 6ynyT ¢parMeHTHPOBAThH,
! Ho He pacnagaTbCA

MSTJ(21)=2 !

CALL LUEXEC | pacnmanyTca Bce 4HacTHUH, KpoMe pi0

CALL LUEXEC ! HUYer'0 HOBOI'O He CJIy4YHTCHA

MDCY (LUCOMP(111) ,1)=1 !

CALL LUEXEC ! p10 pacmamyTcsa

Yacrwaroe wekitodenne w3 mpasusia Boiite — LUSHOW. OcHOBHasA 1esib ee BBI3OBa — IJId BHY-
TpeHHero ncrnosib3oBannsa LUEEVT, LUDECY u PYEVNT, Ho OHa MOJKeT TaKKe OBbITh BhI3BaHa HEITO-
cpenctBenno Bamu. QbOpaTnuTe BHUMaHWE, 9TO IPU HTOM JTOJIKEH MCIOTb30BATHCH CIENNATHHBIH
dopmar mia xpanenns nabopMaruu o mBeToBoM motoke B K(I,4) w K(I,5). [laa mpocTsix
coObITIIT MOKeT ObITH ciesial Bb30B LU2ENT, KoTopas mo3adoTuTcs 00 9TOM aBTOMATHIECKH,
€CJI TTPUCBOUTD IIePBOMY apryMeHTYy OTpHIaTesJbHOe 3HaYeHne.

CALL LU2ENT(-1,1,-2,80.) ! coxpamenue d ubar c ydueToM

! nHPopMalHUH O IIBETOBOM IIOTOKE
CALL LUSHOW(1,2,80.) ! o6pas3soBaHHe NApPTOHHOTO JUBHA
CALL LUEXEC ! mocienywmasa ¢parmenTaunus/pacnan

st 6ostee cJToXKHBIX KOHMDUTYpaIil Hy KHO nCob30BaTh LUJOIN.

Bceerna citenyer moMHUTH U TPUMEHATH XOPOIlee MPABUIIO: JIeJIaTh pacledarKy OIHOIO WJIH
HECKOJIBKIUX COOBITHH B TedeHre MPOTroHa, YTOOBI TPOBEPUTH, MPABMJIBHO JI padOTAeT MPOrpaM-
Ma. 9 PpHU BBI30BE

CALL LULIST(1)

OyIyT pacmedaTblBATHCA BCe YACTUIIBI ¢ yKa3aHWeM IOJHOTO 3HAYEHU: 3apsiia, UMITYJIbCa 1
SHEPTUN /1A CTAOWITHHBIX BXOIOB. O PHU CTPYHHON (pparMeHTalny >TH 3HAYEHW TOJIKHBI CO-
XpaHATHCA (0 OMMOOK TMOPAIKA MAIIMHHON TOIHOCTH), W TO K€ caMoe OTHOCUTCH K HE3aBH-
cuMoit (pparMeHTAIH, BBITOJTHATONIENCA ¢ OMHON n3 onmuil coxpanenns mMmmyabca. LULIST(1)
maeT bopMaT, B KOTOPOM JIaHHBIE YI0OHO pacrosiaraTh Ha sKpaHe 10 80 KOJOHOK, HO 3a 3TO TIPH-
XOIUTCA MJIATUTH OTCYTCTBUEM TIOJTHONW McTOpUHU coObITHsA. 9 pu BbI3oBe LULIST (2) momyvaercsa
6os1ee obimpHas pacmedarka, a LULIST(3) maer Tak:ke wHdoOpManmio o Bepinae. Kpome Toro,
TOCTYTIHBI HaJibHelinime onmum, Twira LULIST(12), KoTopasi maeT pacledaTKy XapaKTepPUCTUK
HaCTHII.

CobbITue B TOM BuIE, KaK OHO coxpaHsgercs B obiem 6s1oke LUJETS, OymeT comepikaTrh mep-
BOHAYAJbHBIE CTPYW W TOJHYIO TEMOYKY PaclaloB, TO €CTh TaKiKe HecTabu/IbHBbIE TacTUIIHI.
Ecan wcmomp3sytorcsa mapToHHBIE JUBHU, TO CyMMapHas WHPOPMAINA O MapTOHe BechMa 3Ha-
quTesSbHa: CHadaJsa PaccCMaTPUBAIOTCA MapTOHBI Ha MacCCOBOM MOBEPXHOCTH Nepeld IPOoleccoM



JnuBHEeOOpaszoBanms, mpu 3ToM cTpoka K(I,1)=22 comepKuT MOJHYIO 3HEPTUIO JIUBHEBOW TTO-
CUCTEMBbI, IIOTOM CJIelyeT MOoJIHadA UCTOPUA JIUBHA APEBOBUAHON CTPYKTYPbI, pa3BUBAIOLIETOCsT
¢ TexX ke HadaJbHBIX MapTOHOB (yKe He CUMTAONMXCA HAXONANIMMICA Ha MaccOBON MOBEPX-
HOCTH), W HaKOHeIl WIyT KOHEUHbIe TMPOMYKTHI JINBH:, YIOPATOUEHHBIE BIOIh HAPABICHUA
CTPYHBI. DTa IeTajbHasd 3allliCh COOBITHA TMOJe3Ha B OOJBIINHCTBE CIydaeB, HO €CITU HyKHO
OCTaBUTh TOJBKO KOHETHBIE TACTUIBI, TO JIMIIHIOK HHMOPMAINIO MOKHO yOparh Mpu BBI3OBE
LUEDIT. Takum obpa3om, HampuMep, IIpPHU BHI30BE

CALL LUEDIT(2)

Yy BaC OCTAHYTCA B KOHEYHOM COCTOAHWH TOJBKO 3apsAKeHHble U HelTpaJdbHble YacTUIILI, KpoMe
HeliTpruHO.

Nudopmarusa u3 LUIJETS MOKeT HCIONb30BATHCA HEMOCPEACTBEHHO /I UCCICTOBAHNA CO-
OBITHA. D EKOTOpPbIe TOJIE3HbIE TOMOJTHUTETbHBIE BEJIMINHBI, MOJIYIatoIecsa OTCIOIa, TUMA 3a-
psma u OBICTPOTHI, JIETKO MOYKHO MOJIYIUTh, ncob3ys Gyukinun KLU u PLU. Takum obpasom,
ssIeKTpuaecKiit 3apsn paser PLU(I,6) (/s mosydeHns 1MeJIoro sHa9eHnA Hy KHO B3ATH yTPO-
etiHoe 3Haderne KLU(I,6) ), n nctuiHas ObICTPOTa § OTHOCHTENBHO ocl z pasHa PLU(I,17).

Dsan BemomoraresbHbiX (MSTU, PARU) u (pusmaeckux (MSTJ, PARJ) Kutiodeil u mapameTpos
HaxonuTcss B obuieM Osoke LUDAT1. Bee oHm mMmeroT pasyMHBIE 3HAUEHU MO YMOTIAHUIO.
Hamuble Mo wacTuilaM coxpaHAtoTca B obmmx Osokax LUDAT2, LUDAT3 u LUDAT4. Ob6patute
BHUMaHMe, UTO maHHble B MaccuBax KCHG, PMAS, MDCY u CHAF coxpanstorcs He ¢ Komom KF,
a co cxkarbiM Komom KC. DToT Kom He HYKHO 3HATh HAW3yCTh, T.K. €0 MOYKHO TOJYIUTH C
OMOIIbIO KonBepcuonnoit ¢pyukimn LUCOMP, KC = LUCOMP (KF).

B Tabmunax 9acTHIl cTabMIBHBIMI CUMTAIOTCA CJIeAyIoline dacTHIb: ¢dortoH, et, p*, 7,
K%, K?, p, p, n, n u Bce meitrpuro. Onmako Bcerma MOKHO 3allPETHTh pactaf JioboH da-
CTHUIBI, TPUCBOUB cooTBeTcTRYIoMeMy MDCY HyJieBoe MiTH oTpHIaTeJbHOe 3HaYeHne, HallpuMep,
MDCY (LUCOMP(310),1)=0 mejaeT cTaOMIbHBIM Kg, a MDCY(LUCOMP(3122),1)=0 — A. Takxe
MOZKHO BBIOPATh YCJIOBUE CTaOMITBHOCTH TaCTHIBI IO CpETHeMY BpeMeHn KusHn (M. MSTJ(22))
WM Ha OCHOBAHWH TOTO, UMEET JIM MeCTO paclial B Mpefesax JaHHOTO c(hepUIecKOTo WITH IIH-
JIMHIPUIECKOTO 00beMa BOJIM3N TOUKU POKICHUA.

Monens crpyn @unbna—Peiiavana (PP) [Fie78] nocTymta mpw nemoahb30BaHIN B TTPOTPaM-
Me cremyfommx ommmit: MSTJ(1)=2 (HesaBucumas dpparmenTaims), MSTI(3)=-1 (coxpanenne
qactuil ¢ p, < 0; Heobsa3aremprad onuns), MSTI(11)=2 (BbiGop mpomosbHOl dyHKIMIN dpar-
MEHTAINK ¢ TTapaMeTpoM a, 3amanHoM B PARJ(51) - PARJ(53)), MSTJ(12)=0 (Her pokKIeHUsA
GaproHoB), MSTJ(13)=1 (naeT p, KOHEUHBIX KBAPKOB CTPYHBI KaK I KBAPKOB, POKIECHHBIX B
BeToBOM TosTe), MSTJ(24)=0 (Her yumpenus pesonatcos), PARJ(2)=0.5 (oTHoIIeHNe 8/ N5
poXIeHNA HOBBIX Tap ¢¢), PARJ(11)=PARJ(12)=0.5 (BepOATHOCTD [JIf ME3OHOB UMETH CITAH 1)
u PARJ (21)=0.35 (mmpura rayccoBOro pacipeieeHns TonepedaHoro NMITYJIbca). Kpowme atoro,
mo OP-pernenty MOKHO CTeHEPUPOBATH OTMEJIbHBIE CTPYH OT KBapkoB d, u u s. B mHacrosIee
BpeMmsa OP-kounentiua ”craHgapTHON cTpyn”, Mo Beell BUINMOCTH, OTMeEpPJIa, TaK 9TO 3HAUYEHU
BBIIIIE OJIKHBI PACCMATPUBATHCA CKOpee KaK MpuMep TMOKOCTU TTPOrpaMMbl, 9eM KaK PeaTbHO
ACTIOJIb3yeMasd MOJeb.

DamdaecTByeT TaKKe MUPOKNH aCCOPTUMEHT ONINH 118 He3aBUCUMO pparMeHTalnm, NHI-
nuupyemoli riaBaEbIM KitodoMm MSTJ(1)=2. B wactHoctn, miis MSTJ(2)=1 cTpys IJIIOOHOB CUH-
Taercs dpparMenTupyolel mogobHo TpoussosbHoi crpye d, d, w, U, s Win §, B TO BpeMs Kak
mis MSTJ(2)=3 witooH pacllelisgercs B mapy cTpyi ch, Uy MWW $S, OJIA KOTOPBIX >HEPIU:A
pacrpemnesseTcs B COOTBETCTBUU ¢ (DYHKIWEH paclierieHns AJTbTapesuiin—o apusm. O PUHE-
Masd BO BHIMaHWe, 9TO >HePIrrd, UMITYJIbC W apoMaT He COXPAHAIOTCA ABHO IPHW He3aBUCHMOI
dparmenrarum, 8 MSTJ(3) mocTymen psam omiuil, TapaHTHPYIONUX COXpaHeHne STHX 3HaTCeHNH



post facto. Dampumep, MSTJ(3)=106ymer cMelaTh coOBITHE, YTOOBI TAPAHTHPOBATH COXpPaHEHTEe
UMy Ibca, a 3ateM (B cucreme [IM) mmmysnbest OyayT ymMHOKaTheA Ha 00Ut Ko duiiment,
obecrreunBarominit coxpanenue sueprun. s onmum MSTJ (3)=4 ucrmosib3yercs METOIT pacTsKe-
HUA CTPYH IO MPOAOJTHbHOMY MMITYJIbCY BHOJB COOTBETCTBYIOUIEN OCH CTPYW IJId COXPaHeHWA
(pUKCHPOBAHHBIX 3HATEHUN YTJIOB MEKIY CTPYAMHA.



I'maBa 15

IIporpamMmbl anajin3a coObITHUI

Yrobbl ommcaTh CJIOKHBIE TEOMETPUU, BCTPEUAONINECH B MYJIbTHAIPOHHBIX COOBITUAX, OBLIT
BBeNleH pAJl crelnpUIecKnX BeJIUINH, KOTOPBIE TOJIKHBI TaBaTh oDIllee MpecTaBIeHe O CBOM-
CTBaX MTaHHOTO COOBITHUA, MpUYIeM TOJHas WH(POPMAINN O COOBITUN ~3amuTa’ B OTHOM WJIN He-
CKOTBKIX 3Hadennsax. (CyiectByeT ycrosapuniics Habop TaKWX BEJIUYUNH, WCIOJIH3YEMBIH M1
pasmaHbIX merelt. Muorre u3 HUX TOBOJIBHO CHEMUAJU3NPOBAHBI WM BOOOIIEe HUKOTIA HE Ha-
XOIAT TPUMEHEHNA, HO HEKOTOPBIE BIIOJHE CTAHIAPTHBI, U K HUM IMOJE3HO MUMETh CBOOOTHBIH
IOCTyT. Do3ToMy JETSET COHEpKUT pAI MPOTpaMM, KOTOpPbIE MOYKHO BBI3BATH IJIA JIHOOO-
TO COOBITUA U W3BJIEYh TpedyeMyto MH(MOPMAIUIO PN 0OPAIIeHNN HETTOCPEICTBEHHO K 3allCh
COOBITH .

D0 CMBICITY TH BEJWYWHBI MOKHO PA3Ie/INTh Ha TPU TPYIIBL. D epBasi COMePKUT MPOCThie
mapamMeTpbl GPOPMBI COOBITUA, THITA TpacTa U chepuIHOCTU. BTopasd — aJropuT™Mbl 0OHAPY Ke-
uus ctpytt. Tperbs — HEDOBIION TAKET CTATUCTUKU, COMEPIKAIIIH CMENTaHHY 0 THPOPMAIIHITO
O MHOKECTBEHHOCTAX U COCTaBe JacCTUIl, PaKTOPUATHLHBIX MOMEHTAX U YHEPTETUIECKUX KOPpe-
JIATAAX.

DU ofHa U3 MPEICTABIEHHBIX 3/I€Ch BEJIMYNH HE ABJIAETCS JIOPEHI-UHBApWAHTHOW. AHasms
OyIeT TpoBOMUTHCs B JIIOOOM cucTeme, B KOTOpO#t 3amano cobbitre. COOTBETCTBEHHO, BBI caMi
MOZKeTe PEINTh, YIOBJIETBOPAET JIM BAC CUCTEMA, B KOTOPOi OBLIN CreHepupOBaHbBI COOBITHUA,
WM 7K€ OHU [TOJIZKHBI OBITH MTpeIBAPUTETBHO CMEIIeHbl, HampuMep, B cuctemy [IM. Bor moxere
TaK’Ke BBIOpATh JaCTHIIBI, /1A KOTOPBIX HYZKHO ITTPOBECTU aHAJIUS.

15.1 ®Popma cobbITHUA

B »Tom pasmene mbl omuimeM mepemMenHble 001elt (popMbl cOOBITHsA: cHEPUTHOCTH, TPACT,
vomenThl Qokca-Bosbdpama, Macesl crpyii. DT BEJIUUNHBI ONPENETAIOTCA B IIPOTPAMMax
LUSPHE, LUTHRU, LUFOWO n LUJMAS, cooTBeTCTBEHHO.

Kaxmoe cobbITHe XapaKTepu3yeTcs BEKTOPaMU 9eThIPEXUMITYIbCOB JacTuil p; = (pi, i), ¢
1=1,2,--+,n — TOPATKOBBIM WHIEKCOM TaCTHUIIBI B COOBITHUMH.

15.1.1 Cdepnunoctb

Tensop cdhepuunocru onpenensercs Kak [Bjo70]

dopw
N Z:|Pi|2 7

Sh (15.1)
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rae o, 3 = 1,2,3 coorBercTBYIOT KoopauHaTaM &, y u z. C IIOMOIIBIO CTaHIaPTHOR POy PhI
nuaroHanusanun S’ MoKHO HalTH TPU COBCTBEHHBIX 3HAUCHUA A1 > Ay > A3, ¢ A\j +Xg+ A3 =
1. CdepuarocTs cobbITHA TOTTA ONMpeeIseTcs Kak

3

tax, 9Tobbr 0 < S < 1. CdepudHocTh, 1O CyLUIECTBY, €cTh 3HaAUYEHWe CyMMapHOTO pi IO OCH
COOBITHS; COOBITHE ¢ 2 CTPYAMHU COOTBeTcTBYeT S & (), a m3oTpomnHoe cobbiTue — S A 1.

Ammamaprocts A, ompenesisemas Kak A = %)\3, JexuT B numamasone suadenntt ) < A <
1. DTa BesmUUHa ONpeNeAeT MOMEPETHYI0 KOMIOHEHTY HMILY/IbCa BHE IUIOCKOCTH COOBITHAL:
nnockoe cobprrne mmeer A & 0, a msorponHoe — A & 1.

Moxno onpene/mnTs cOOCTBEHHBIE BEKTOPa Vj, COOTBETCTBYIOUINE TPEM COOCTBEHHBIM 3Ha-
JeHWAM A; TeH3zopa cepuaHocTr. BekTop Vi HasblBaeTca OChIO CHePUIHOCTH (M OCHIO CO-
OBITHA, €CJIN U3 KOHTEKCTa ACHO, UTO WCIOJb30BAIOCH MOHATHE C(PEPUIHOCTH), & MIOCKOCTh
chepuIHOCTI COOBITHSA OTpeNesigeTcss BEKTOPaMt Vi U V.

Tensop chepuunoCcTH KBagpaTUvdeH MO WMITYJIbCaM YacTUIl. DTO O3HAIAET, UTO 3HATEHUE
chepUIHOCTN W3MEHAETCs, ecIn OfHA JaCcTHUIla PACHIeIUIAeTCA B IBE KOJLUTMHEAPHBIX, KOTOPbHIE
pacpenesaiorT Mex Iy cobolt mepBoHada bHBIH uMIyabc. Takum obpasom, chepuIHOCTD MMe-

et mapaKpacHble pacxonuMmoctun B mepenopmupyemoit KXJI. Domesnoe 0bobienne Tensopa
-2 I}
> Ipil" % pi by
7
b
> pilf
7

rge r — IIOKa3aTeJlb CTelleHW OJIA I/IMHyJIbCHOﬁ 3aBUCHUMOCTH. Taxmm O6pEL30M7 3HaveHme r = 2

chepuaHOCTH:

Sl = (15.3)

COOTBETCTBYET OIpeeeHnIo c(PepuIHOCTH, a 1 = | maeT JuHeliHble BeJINYUHDI, BBIUUC/IAEMbIE
B epeHopmupyemoit Teopuu [Par78):

Zp?piﬁ
s _ T Pl (15.4)

B Z|Pi|

CobcrBennble 3HaYeHns U COOCTBEHHBIE BEKTOPAa MOIYT OBITH OIIpele/IeHbl TOUHO TaK iK€,
KakK Ipexie, nosToMy S m A Takxe ABIAIOTCA cOOCTBEHHBIMHU 3HadeHuAME. OHU He UMeIOT
HUKAKIX CTAHIAPTHBIX Ha3BaHUil; A OOBIYHO HA3bIBAlO WX JIMHEAPU30BAHHOMN cPepUaHOCTBIO
Slin ¥ JTUHeapU30BaHHOM amnanaprocTsio Ay,. B mreparype B KadecTBe cTaHIapTHBIX BMECTO
5TUX 3HadeHnil ncnonb3yores kombuHanmn [E1181]

C =3(AA2+ MAs + A2hs)
D - 27)\1)\2)\3 .

Kaxnas w3 »1ux BesmanH HaxoauTcs B ananasone Mexay 0 m 1. O6brano C ncosb3yercs myist
cucreM ¢ 3 ctpysmu, a D — ¢ 4, Tak Kak Besimunna C' paBHa HYJTIO /1 HIEAIBHOTO COOBITHSA € 2
crpysAMH, a [) paBHa HYJIIO /IS TIOCKOTO coObiTusA. Benmanna C' cBsA3aHa coO BTOPBIM MOMEHTOM
®oxca-Bomsdpamva (em. muxe), C =1 — H.

Takke MOKET MCIOJIb30BaThCsA Helle/10e 3HadeHne 1, Jalollee COOTBETCTBYONINe 3HaTeHU st
06001IeH Ol cPEepUIHOCTN U aljlaHAPHOCTH. XOTA MO COOOpasKeHUsAM MEPEeHOPMUPYEMOCTH
peanoYTHTeIbHee 3HadeHne r = |, u3BecTHO, 9To (pparMeHTalMoOHHbIH “1ym”, HallpuMmep, oT



QuIyKTyanuit momepeTHOro MMITYJibca OOJIbIe I FacTUI ¢ MaJBIMU WMITYJIbCAME, TaK 9TO
IUIA HKCIEPUMEHTATHHOTO OMpEeNeIeHuA OCH COOBITHSA JIyUIle UCIOIb30BaTh 3HaUeHUsA 1 > 1.
Ucnosrb3oBanme e CIUIIKOM OOJIBIIOTO 3HAYEHUA ', € APYTOHl CTOPOHBI, MTPUBOIUT K AKIEH-
TUPOBAHWIO Ha HECKOJIBKUX UACTUINAX € OOJBIIMMEU UMITYJIbCAME, UTO TPUBOINT K MOTEPE MH-
dopmarum. Do>TOMY HEYyIUBUTEHHO, UTO MPOMEXKYTOUTHbIe 3HaAUeHUs r B palione 1.5 mator
HAWTyqIuil pe3yIbTar pU ONpeNeeHuN OCH COOBITUA I 2-CTPYHHBIX COOBITHI, Thoe Teo-
peTrdecKoe 3HaUeHUme OCU COOBITHA XOpoIno omnpeneneno. OQmHako yBeIWdeHHE TOUHOCTH O
CpaBHEHUIO ¢ DoJlee TPAIUIIMOHHBIMEU BbiOOpaMu 7 = 2 Win r = | JTOBOJIBHO HE3HAUUTEHHO.

15.1.2 Tpact

Tpacr T onpenensiercs kak [Bra64]

Z In - pj
T = max — (15.7)

mi=1 3 pi

1 OCh TpacTa Vi JaeTcd MaKCHMabHBIM 3HAUEHUEM BEKTOpPA N. Jas3pelleHHbI Trama3oH 3Ha-
gyenuii 1/2 < T < 1, u 2-crpylinomy cobbituio coorsercrsyer 1' & 1, a uzorponuomy — T' & 1/2.

3mech MBI obpalllaeM BHUMaHIe Ha TO, 9TO 3TO He eIUHCTBEHHOE OIpeleseHne, CYIecTBY O
iee B guTeparype. OUpenenenns cOBIAIAIOT I COOBITHI, m3ydaembix B cucteme [IM, xorma
TeTeKTUPYIoTcA Bee dacTutbl. OIHAKO BhIpaKeHUe BUIA

ZQ(H - Pi) Pi Zei Pi
T =2 max —* !

=2 max ——
ml=t Y by =01 % Ipil

(15.8)

(vme O(x) — "wrarosas” ynkung, f(x) = 1, ecrm @ > 0, w f(x) = 0 B IPOTUBHOM cJiydae) JAaeT
pe3yJIbTaThl, OTJUYAIONIMECS OT PUBEIEHHBIX BBIIIE, €C/IN, HAIIPUMEp, TPUCYTCTBYIOT TOJbKO
3apsAKeHHble JacTUIlbl. UT00bI mM30eKaTh TaKuX MpodJIeM, MOYKHO ObLITO ObI TOJOXKUTE 1 >
1; 9acTo BBOAMTCA MOMOJHHUTE/bHaA (DUKTUBHasA JacTHlla, obecrnednBatolas OaJaHC MOJTHOTO
mMmyJbca [Bra79).

Yp. (15.7) MoKeT OBITH HepenucaHo B BUje

> €iPi
T = max

K
=+l Z pi|
K

(15.9)

(Oro MoKeT TaKzKe paccMaTpuBaTbhcd KaK pesy/bTar mpuMernerus yp. (15.8) kK cobbrtuio ¢
2n dacTWIiaMu, U3 KOTOPBIX N FacTUI] MEPEHOCAT UMITYJIbC Pi U N — UMIYJIbC —Pj, W, TAKIM
00pasoM, UMIIY/IbC aBTOMATHIECKH CKOMIIEHCUPOBaH.) Ecaum meiTaThes ONpenenTh BeTuIHHY
1 OCh TpacTa TaKUM CIIOCOOOM, TO HYKHO ObL10 Gbl IpoBepuTh 277! pasnuunbix KoMOuHanuii.
(Enwaunna B nokasarese crenenn (n — 1) obyciioBiena TeM, 9to sHadenne T He MeHAeTCA Mpu
3aMeHe €; — —€;.) DO03TOMY 3TOT MOAXO OBICTPO CTAHOBUTCA HempueMyeMbiM. CylecTByfoT
IpyTHUe TOYHble MeTOIbl, KOTopble TpebyioT mepebopa "Beero yuiib” 4n? KomOuHauii.

B JETSET peammsoBan 60siee OBICTpBIN ajbTepHATUBHBIN MeTOH, B KOTOPOM OCh TpacTa



IIOJIYHa€eTCA NTEPpaluAMU OT HAYaJIbHOI'O HAIIpaBJIEHW A H(O) COIJIaCHO

S e(n - py) pi
nl+t) = 1 (15.10)
S e - py) pi

i

(I'me e(x) =1 nna & > 0 m e(x) = —1 naa ¢ < 0). Jlerko nokasarb, 9T0 OTHOCHTE/TbHAA
BeJIMUMHA TpacTa HUKOLIa He 6ymer yMenbirarbes, 10T > TU) . @axruaeckn, o6bITHO MeTOI
cxomutca 3a 2 — 4 mrepannu. K coxkajgeHmro, 3Ta CXOINMOCTH — He 00A3aTe/bHO K UCTUHHOIM
OCH TpacTa, a, HHOT/a, — TOJbKO K JIOKAJIbHOMY MakcuMymy (yHkuuu Tpacta [Bra79]. Dam ne
U3BECTHO HUKAKOIO CII0c0oba M36e:KaTh TOH BO3MOKHON OIIMOKM, HO ee BepOHTHOCTb MOZKeT
OBITH IIOHMZKEHA, €CJIN Hepe6paTb HECKOJIBKO Pas/INIHbIX HadaabHbx oceli n(®. Dru ocu nl®
KOHCTpyupytoTca w3 n' dactun (Mo yMosdanuio, u3 4) ¢ caMbiMi GOJTBITAMEI UMITYJTBCAMI B
coGbITum, 1 2" ™1 cOOTBETCTBYIOMNX HATA IbHBIX KOMOUHALHH Y ; €; Pj HEPEOUPAIOTCS B HOPSIKE
cyreoBaHRA abCOMIOTHBIX 3Ha4eHWH MMITyJIbca. Korma ompeneseHHOe Ync/I0 HadaJbHBIX Ocell
naeT CXOMMMOCTh K OIHON m Toif Ke (Hammydinefi), aTa och W MPUHAMAETCHA B KadecTBe OCH
TpacTa.

B miockoctu, nepnenaukyaspuoit ocu Tpacta, riasaas och [MART9] Moxer ObiTh onpee-
JIeHa TaKUM 7Ke 0O6pa3oM, KaK U TPacT, TO €CTh

> n-pil
M, = max . (15.11)

[n|=1,n-v;=0 Z |p1|
7

Da MIOCKOCTU MOYKHO WCIOJIb30BaTh Oosiee 3(heKTUBHBIE METOIBl HAXOXKIEHWA OCH, UeM B
TpexmepHoM npocrpanctse [Wu79], ecsin TosIbKO, TIPOCTOTHI pajin, MbI HE UCTIOIb3YEM OMUCAH-
HBITT BBIIIE METON. 9 aKOHeIl, TPeTbsd, IOMOJHUTETbHAA OCh OIPEIEIAeTCss KaK MePIeHInKY-
JIApHadg K OCH TpacTa W TJIaBHOW ocw; 3HadeHume momosHerws M, paccamTbiBaeTcs, Kak JIsd
TpacTa U IJIaBHON och. DasHUIA JJIUH TJIABHOW W HOMOJTHUTETBHOMN ocell Ha3bIBaeTCA CILTIONIEH-
HocThio (oblateness), O = M, — M;. Bepxuuii npenes Ha CIUTIOMEHHOCTh 3aBUCHT OT BEJTHIHHB!
TpacTa TOBOJIBHO CIOXKHBIM 00pasoM. 2o, B obumx deprax, ) & () cOOTBETCTBYyET COOBITHIO,
CUMMETPUIHOMY OTHOCUTEJIHHO OCH TpacTa, a Oosibinme () — IMIOCKOMY COOBITHIO.

Kax u nyis ccpepuanocTr, JTeTKO MOKHO TOJTYIUTH 00OOIIEHTE 1A TPOU3BOIBHON MMITYJTbC-
HOM 3aBMCHMOCTH, 3aMeHsAs P; B (hopMystax Bbime Ha |pi|" ! pj. DTa BO3MOKHOCTH BKJTIOYEHA,
XOTS TOKa He HalllJla KaKOTO-JIM00 3KCIePUMEHTAJTHHOTO TPUMEHEHN 5.

15.1.3 Mowmentsl Pokca—Boandpama

Mowmentsr Pokca—-Bombsdpama Hy, [ =0,1,2, ..., [Fox79] onpenensiorcs ciaemyomum obpa3zom:

o = Z'p‘ L (15.12)
7]

’UZS

rae 6;; — yrosl pacKpbITUA IJid aJIpOHOB ¢ U j U [, — nonHasa HabiiogaeMast sHEPIus cOOBITUA.
O6parnTe BHUMaHWe, 9TO BKIIOUAOTCA TaKkKe aBTOKOppessanuu i = j. Pj(x) ecTb moawHOMBI
Jlexanmpa,



Pya) = 5 (32— 1),
Ps(x) = %(5:1;3 —3z),
Py(z) = % (352 — 302° +3) . (15.13)

B npenebpexennn maccamu gactut, Hg = 1. OO0mienpuiaTo HOpMUPOBaTh pe3yabTaThl Ha Ho,
Tak uto onpenessiores Hy = Hj/Hy w 1.0 Eciu B cobbiTum uMnysibc cCKOMIEHCUPOBAH, TO
Hi = 0. 2-cTpyiinbre cobbitus maior H; ~ 1 gnsa | — getnoro u &~ 0 gy [ — HedeTHOTO.

15.1.4 Macchl cTpyit

qaCTI/IHbI B COOBITUH MOZKHO Pa3neJinTh Ha OIBa KJlacca. HJIH KazKIor'o KJjiacca MOZKHO pacCHU-
TaTh KBallpaT I/IHBELpI/IELHTHOﬁ MacCChI, M12 n M22 Ecan snauenns HOILO6pELHbI TaKIIM O6pEL30M7
4TO CyMMa M12 + M22 MWHUMAaJIbHa, TO IBE MaCChl, ITOJIYHYEHHBIE TaKUM O6pEL30M7 Ha3bIBalOTCA
TAXKEJION W JIETKOM Maccoll CTpyu MH n ML. HOKELZ%ELHO, YTO 9T 3HAYEHUA XOPOIIO BEAYT cebs
B HepeHOpMpreMOf/I Teoprum [Cla79] B €+€_—ELHHI/IFI/IJIHHI/H/I TAXKETIad MacCCa CTpyH IIOJIyHaeT
BKJIad OT qqg—CO6bITI/H71 c 3 CTpydaMHU, €CJIn CHUTaTh, 9TO JIETKad MacCCa HE paBHa HYJIIO TOJIBKO
IIpu BKJIFOYEHNUN 4—CprI71HbIX coboprruit. B cmcreme HM coOBITI A BBITTIOJTHAETCA HEPABEHCTBO

B IporpaMMe OCYHIECTBJIAECTCA TTOApPa3Ac/JIEHNE YaCTUIl Ha OBE HOJIyCCl)epr7 pa3nesidgeMblie
IIJIOCKOCTBIO, HepHeHILHKyJIHpHOﬁ K ocn cobprrua. Kak m B cJiyda€ TpacTa, Tpe6yeTCf{ MHO-
T'O BpEMEHU OJIA HaXOKIEHUA TOYHOTI'O pElIeHNA. 903TOMy MOIL'YT MCIIOJIb30BATbhCA Pa3JIMYHBIE
cTpaTernm HpI/I6JH/I3I/IT€JIbeIX BBIUmCcaeHul. B IIporpamMMe OCh CCbepI/ILIHOCTI/I HNCITIOJIB3yEeTCA AJIA
BBITIIOJIHEHW A 6bICTpOFO moapa3ae/;IcHnd Ha OBa IMOoJyllapud, M, TaKUM O6pEL30M7 Ha OBE IIPpE-
BapuUTEJIbHBIE CTPYU. SOCJIG 9TOIo IJIA OILHOI71 3 9acCTul AejiaeTcd IMpOoBEPKa, Olpeac/IA0Nlad,
He 6yIL€T JIN CyMMa M12 + M22 YMEHbIIAThCA, €CJIN 3Ta HaCTHUIa 6yIL€T YUYUTBIBATbCA B IprFOﬁ
CTpye. Spoueﬂypa OCTaHaBJINBAa€TCA, KOT'la HE TTOJIYHaECTCAd HUKaAKNX CYHIECTBEHHBIX M3MEHE-
muii. Hacro ocraBasgercs IIeEpBOHaYaJIbHOE OlipenejceHmne, To €CTb OCh CCbepI/ILIHOCTI/I HaeT XOPO-
mee pasaesjaeHune. OILHELKO HeT MIOJIHOM TrapaHTUN HaXOXKIACHUA TPpaBUJIbHOI'O 3HAYEHMA, TaK KaK
IporpaMMa MOZKET OCTAHOBUTHCA HE Ha FJIO6ELJII)HOM7 a Ha JIOKaJIbHOM MWHUMYME.

15.2 OOb6napyxKeHne KJjIacTepoB

['nobaspabIe mapaMeTpbl cOOBITHS TUIA CPEPUTHOCTH MITH TPACTA MOTYT MCITOTB30BATHCS TOJTh-
KO TIPU OTIPENeSIEHUN OCH CTPYU [JTs 2-CTPYHHBIX COOBITHI, B KOTOPBIX CTPYW PACXOIATCH B ITPO-
THBOTOJIOKHBIE CTOPOHBI 3 onHoll Toukn (back-to-back korduryparmn). H1obs! onpeneanTs
WHIWBUIYaJbHBIE OCH CTPYH B COOBITUAX ¢ TpeM# WK Oostee CTPYAME WIIN ¢ IBYMSI (TITaBHBIMIE )
CTPYAMHU, He JIeKAIINMHI Ha OTHON MpAMOil, 0OBITHO MCIIOIB3YIOTCA KIaCTepHbIE aJITOPUTMbI. B
9TUX AJTOPUTMAaX COCEIHUE FaCTUIBI TPYIITUPYIOTCH BMECTe B MEPEMEHHOE UMCJIO KJIaCTEPOB.
Kaxnpiit kximactep mMeeT XOpoIo onpeneseHHoe HallpaBJIeHUe, 3a1aBAeMO€e COOTBETCTBY FOIINM
0bpa3oM B3BEIIEHHBIM yCpPEIHEHNEM 110 HAPABIEHIAM JaCTUI-KOMITOHEHTOB.

te - u B pp-pusnke, oTnmUIaIOTCA B

Kitactepabie aqropuT™Mbl, 0OBITHO MCIIOTB3yEMBIE B €
HECKOJIBKUX OTHOMUIEHUAX. (COOBITHSA TEPBOTO THUMA CINTAIOTCH ChepuIecKr CUMMETPUIHBIMIT,
TO ecTh HET HUKAKOW BBIIEJIEHHON OCH B TIPOCTPAHCTBE, M OOBITHO BCe TACTUIIBI YIUTHIBAIOTCH
B KaKOU-HUOY/b cTpye. B coOBITHAX BTOPOrO THIIA UCTOIB3YIOTCA aJTOPUTMBI IO BBIOOPY OCH

IIy49Ka B Ka4eCTBE€ BBIOCJIEHHOI'O HallpaBJC€CHUA, W HdaJle€ BBOAATCA TMEPEMEHHBIC, CBA3aHHBIE C



9TUM BBIOOPOM, THIa OBICTPOTHI W TMOMEPETHOTO WMITYJIhCa; KPOME TOTO, TOJHKO HEKOTOpasd
JacTh BCEX YaCTHI[ YUUTHIBAECTCH B CTPYAX.

910 oTpaxkaeT pasjudue B (pyHIaMEHTaJIbHON (U3WKe: B pp-CTOTKHOBEHUAX ITyIKOBBIE
OCTATKHM € MaJIBIMU TOTIEPETHBIMEI UMITYJIbCAME HE CBA3AHBI HU € KAKUMU KECTKUMU TIPOIEec-
caMU, a TOJIbKO JafoT HexKesaTeabHbI “1ym” B GoblMHCTBE »KcnepuMeHToB. (Komedwo,
JKECTKIEe TIPOIECCH TAKKe MOTYT [TaBaTh FacTHUIBI € MAJIBIMU MOMEPETHBIMI UMITYJ/IHCAMUT, HO
BEPOATHOCTH ITOTO ellle MeHbIIe, YeM A MATKUX WA TTOJTY KeCTKuX mporecco.) [lamee, Ku-
HEMaTHWKa KeCTKOTO MPOIlecca B XOPOIIEM MPUOIUKEHIH TOIPA3IesIAeTCs Ha HETIOCPEICTBEHHO
KECTKUH TOAIpoIiece, KOTOPBIH He 3aBUCUT OT U3MEHEHUs 3HAYeHUH ObICTPOTHI, 1 29 DEKTH OT
CTPYKTYPHBIX (DYHKIIHH, OMPEIEATONINX TOJTOKEHTE JKECTKOTO PACCEAHIA B IEJIOM O OBICTPO-
te. (CutemoBaresibHO, OBICTPOTA, A3WMYTAJbHBIA YTOJ W MOMEPETHBIN UMITYJIHC — TOIXOIAIINE
nmepeMeHHbIE JI5 ONMMCAHNSA KECTKUX ITPOIECCOB.

C nmpyroit cTOpoHBI, B cTaHIZapTHOM COOBITHH €T e -aHHurmaAnny cucrema IIM kecTkoro
mpotiecca OyTeT HaXOMUThCA TTOUTH B MOKOE, M OCh COOBITHA OyIeT PON3BOJIBLHO paclpeeieHa
B IIPOCTPAHCTBE, TO €CTh B 3TOM CJIydae HET BBIIEJEHHOTO HEMPABJIEHUA OCH, OMPEIEsIAEMOTO
BXonAIIME €. Besd TeHepallws 9acTHIl BBOMUTCH TOJIBKO B CBA3H € YKECTKIM TIOIIIPOIIECCOM.
15t HEKOTOPBIX TACTHUI MOTYT BOSHUKHYTH CJIOKHOCTHU TIPU TOMBITKE aCCOIUUPOBATE WX € OTIpe-
TleJTEHHOM cTpyeit, HO HeT HUKAKON MPUIMHBI HCKTIOUaTh KaKyo-JTu00 13 HUX U3 PacCMOTPEHNU .

STO HE O3Ha4YacT, 4TO BCErda Tp66y6TCf{ TaKo€ pa3leJICHUE. 2’)/—CO6BITI/IH B €+

€ MOI'yT UMETh
CTPYKTYPY € "TYUKOBBIMU W ~JKECTKO PACCEAHHBIMEU CTPYAME, IJI KOTOPO# MOYKHO HCIIOJTh-
30BaTh pp-OMUCAHUE. D Aa0bOPOT, TAKETYIO TACTUILY, TOJTYIEHHYIO B PP-CTOTKHOBEHUAX, MOKET

OBITH ITOJIE3SHBIM U3YYUTH B coOCTBEHHON cucTeMe IMOKOA C HNCITIOJIb30OBaHUEM €+

€ -aJITOPUTMOB.

HaJstee gacTuibl XapaKTepusyOTCA TOJBKO 3HAUYEHUAMEU CBOWX TPEXUMITYJIBCOB WU, AJlh-
TepHATWBHO, 3HAYEeHUWeM »Heprum u HampaBjermeMm. (JieoBaTe/IbHO, HE TejlaeTcd HUKAKUX
MPEIOOKEHNH OTHOCUTETFHO BUIa TacTUIBI WJINW [TayKe Macchl W 3apsama. (QUeBUIHO, 9TO
MIPU 5TOM JIOJIZKHBI UCTIOJIB30BAThCA DOJTee CIIOKHBIE KJTACTEPHBIE aJITOPUTMBI. 2 POIleIypa TaK-
JKe CTAHOBUTCA OOJlee 3aBUCAIIEN OT TeTEKTOpa, a TMO3TOMY MeHee TOAXOMsAIell aaa obimero
[IOJIb30BaHUL.

JETSET comepKuT IBe MpOTpaMMBbI 10 0OHapYKeHnto KJjactepoB. LUCLUS mpennasnadena
nna ete™, a LUCELL — mua pp. KaXkmas m3 HEX IpegocTaB/seT HEcKOJIhbKO BapUaHTOB LI

OCHOBHOI CXEMBI.

15.2.1 O6Guapy>KeHue KJIaCTepPOB B COOLITHAX THHIA ¢Te~

te -npumroxkeHul MCIONB3yfOTCA ¢ KOHIA 70-X TOJOB. OBLI

Knacrepubie anropurtmbl mis e
[PEIJIOKEH P pas3JundHbIX 10ax0a0B [Dor8l1], u3 Kotopsix Mbl 31ech Oy1eM 0bcy KIaTh TOJIBKO
OCHOBaHHBIE Ha TBONHOM OObEIMHEHUN. ) PU TAKOM IMOIXOJIE MePBOHAYAIHHO KazKIasd TacTHUIa
B KOHEYHOM COCTOAHUW paccMaTpuBaerca Kak Kjaacrep. Mcmomb3ys HEKOTOPYIO XapaKTeEpPHYIO
NAHY (Mepy paccTOAHNA ), HAXOMATCS IBA CAMBIX OTM3KIX KJlacTepa. FcIn paccTogHne MeK Ty
HUMU MeHbIIle HEKOTOPOTO MPEeNeTbHOTO 3HAUEHN A, TO IBa KJlacTepa 00beIuHAOTCA B oquH. B
9TOH HOBON KOH(UTYpAINK ONATH HAXOAATCA M OOBEINHAIOTCA ABA CaMbBIX OJIM3KUX KJiacTepa,
1 Tak JaJjee, TOKa BCE KJTacTephl He OYAYT pasieseHbl PacCTOAHUAME, OOTBITUMI TPEIETHHOTO
3HaveHUsA. KitacTepbl, ocTaollrecss B KOHIIE TTPOIENYPbI, YacTO TaKKe Ha3bIBAIOTCA CTPYAMU.
ObparnTe BHUMaHWE, 9TO TPU TAKOM IMTO/IXO/E KaXkK1ad OTIeTbHAd JaCTUIA TPUHAIIEKIT TOThb-
KO OJHOMY KJjiacTepy. Takike obparnTe BHUMaHWe, UTO MOJyIeHHAas B pe3ysbTare cTpyiiHasd
KapTWHa ABHO 3aBUCUT OT UCIOJb3YEMOTO MPEIebHOTO 3HadeHns paccToguus. OOBITHO TUCIO
KJIACTEPOB MOKET U3MEHATHCS OT COOBITUA K COOBITUIO, HO MHOTIA TTOJIe3Hee NMETh KJIaCTePHBIH
aJITOPUTM, COMepKalIui TTpeIonpeIeleHHoe 9ucao cTpylh (Hampumep, 3).



OdeBumHBI BBIOOD [IJIs MEpBI PACCTOAHWA — KBaJIpaT WHBAPUAHTHONW MAacChl, TO €CTh IJId
NIIBYX KJIACTEPOB ¢ U J PACCTOAHUE OIPeeaeTcsa Kak

mi; = (B + E;)* = (pi + py)° - (15.14)

(C TakuM Ke ycrexoM B KadecTBE MepPbl MOKHO OBLIO OBl MCIOTH30BATh MPOCTO 3HAUYEHWE MH-
BapUaHTHON Macchl, a He ee KBAJPAT; 3TO BCETO JIWIIb BOMpPOC ymobcrBa.) Daxtmaecknm xe
pAn mccrenoBatesei (BKIIOUas aBTopa) yKe JaBHO OMPOOOBAM 3Ty Mepy W OTKa3ajuch OT
ee WCIOJTh30BaHUA, TaK KaK OKa3aJloch, UTO TPHU 3TOM BO3HUKAIOT CEpPbe3HbIE MPOOIeMbl He-
YCTORIUBOCTHU. D pUIWHA XOPOIIO TMOHATHA: B MPUHIIUIE, TaCTHUIIBI CTPEMATCH OObETMHUTHCHA
B KJIACTEP, PACIOJOKEHHBIH OJIMKe MO WHBapWAHTHONW Macce K 0OJAaCTH MaJIbIX WMITYJIHCOB.
D poliecc KiacTepu3alliil MOTOMY OyIeT Ha9WHATHCA B MEHTPaJIbHONW obstacTu 1Mo ObIcTpoTe U
pPacCIpoCTPAHATHCSA Ha OKPAWHHBIE 00JIaCTH, OXBATHIBAA TaK:Ke W OBICTPBIE GACTHUIBI. ) OITO-
MY WCIOJIb30BAHUE Mephl WHBAPUAHTHOW MacChl MPUBOMUT K TOMY, UTO OYIET ITPOUCXOIUTH
KJTacTepu3alns He MeIJIEHHBIX YacTUIL BOKPYT OBICTPHIX (TII€e TOCTeIHIe TOMKHBI HAWITY GIIIM
00pa3oM aBaTh HalpaBIeHUA cTPYif), a OBICTPHIX YacTUI BOKPYT MeIJEHHBIX.

Hpyryto HeycTORIMBOCTD MOKHO HAOIIONATH TIPW PACCMOTPEHNN KJIACTEPU3AINN B TTPOCTOM
2-ctpytirom cobbitru. Ko Bpemernm, Korma KiaacTepusalins TOCTUTAeT YPOBHA TPeX KJIaCTEPOB,
HaUJIydIIni aJdropuT™M KJIaCTePU3AIUA MOKHO TTOJIYUYUTh, UCTIOIb3YA METOJ HaXOXKJIeHUA Tpex
MaJIOMacCOBBIX KJIACTEPOB, PACIPENEIEHHBIX CIEAYIONINM 00pa30oM: TI0 OTHOMY OBICTPOMY KJla-
cTepY BOKPYT KaKII0# CTPyHW ILIOC TPeTwil, MeIJIeHHbIN KlacTep TOcepeante. Da MoceTHeM
mrare »ToT TpeTuii Kiactep obbenwHsANcsAs Obl ¢ OTHUM W3 OBICTPBIX, ITaBasd B pe3yJibTaTe IIBa
KOHEUHBIX aCHMMETPUIHBIX Kjactepa. OIHAKO TpHU 3TOM OIWH KJacTep OyIeT comepKaTh Bce
MeJJIEHHbIe YaCcTUIbl, B TOM HMcJIe U Te, KOTOpble BU3YaJIbHO ONpenesdioTca KaKk mpuHaisie-
JKalllre K TPOTHBOMOJIOKHON cTpye. D03TOMY TpOCTOl Tporiecce MBOHHOTO obbennuenus Oes
BO3MOXKHOCTHU TepepacnpenesiaTh YacTUIlbl MeXKI1Yy KlacTepaMy, 1o Beelt BUIMMOCTH, He ABJIA-
eTcA ONTUMAJIbHBIM.

Deutenne, Hafinennoe aBTopoM [Sj683], cocTouT B TOM, YTOOLI HE HMCIIOJb30BATh UHBAPU-
AHTHYIO Maccy KaK Mepy paccTogHus. BmecTo sToro cTpys omnpemnessiercsa Kak HabOp TacTwHIL,
IMEFOTNX OTpaHWIeHHbIE 3HAUEHUs TMOMEPETHOTO UMITYIbCa OTHOCUTEIHHO OOIIell ochm cTpyu,
", CJIeIoBAaTeJIbHO, TaKzxkKe OTHOCUTEIbHO IpYyr npyra. ¢flcHo, 4TO »Ta KapTWHa CcJeayer u3
CTaHIAPTHON KapTuHbBI (pparMeHTalnn, HanpuMep, n3 cTpyHHOl (parmentanuu. Torma mepa
paccrogHuA d;; MeXKIy TBYMA JacTHIAMU (WM KJacTepaMi) ¢ UMITYJbcamMu P; W p; Oyaer
MMeTh KPUTHIECKYTO 3aBUCHMOCTH TOJHKO OT TOMEPETHOTO MMITY/Ibca (HO He OT TPOIOJbHBIX
WMITYJIBCOB).  IBIT mepedpaH pAn TakKuX Mep, W B KOHETHOM cUeTe IMOJIYyUIIach CJIemyfolasd
BeJIMYMHA:

4|pil sl _ 41pif* |psf® sin®(63/2)
[ps| + [pjl)? (Ipil + |ps])?

d; = 5 (Ipil Ips] — pi - pj) ( (15.15)

[N

J s Mastoro oTHOCHTENbHOTO yruta §;;, Te 2sin(6;;/2) ~ sin §;; u cos §;; ~ 1, 370 BBIpaxKeHe
YIIPOIIAETCSA 1O
. [P bl
S T

rie cUMBOJI 7 X7 O3HadaeT BEKTOpHOe mpoussefenue. Taxkum obpasoM, BUIUM, U4TO d;; B 3TOM

(15.16)

mpemese UMeeT TPOCTY0 (PU3MIECKYIO0 WHTEPIPETAINIO KaK MOTEPETHBI UMITYJIbC TacTHI] OT-
HOCUTEJIbHO HaIpaBJIEHNs, JAHHOTO CYMMON UMITYyJIbCOB ABYX dacTwil. B ormyimame oT mpubJim-
3UTEJIBHOIO BBIPAXKECHUA, ONHAKO, d;; He paBHO HYJIIO IJIA ABYX YacTHIL, JICKAIIUX Ha OITHON
IpAMOIL.



OcHoBHasi cxema — THIa IBOHHOTO OObEIUHEHWs, TO €CTh MEPBOHATAIBHO KaKIad TacTu-
Ia cYuTaeTcds KJIacTepoM 1o cBoelt nmpupome. Torma HaxomaTca HBa KiacTepa ¢ HaUMEHBITNM
OTHOCHUTEJIBHBIM paccroanueM d;;, u ecnnt dij < djpin, € djpj, — HEKOTOPBIM 3aJaHHBIM PaccTO-
SHUEM, IBa KJacTepa OObeTWmHAIOTCH, T.€. WX HUMITYJIbChl BEKTOPHO CKJIAIBIBAIOTCA U TAfOT
IMITYJIbC HOBOTO KJIacTepa. JTO TMOBTOPAETCH JI0 TeX MOp, TOKa PACCTOAHUE MEKIY JIFOOBIMT
IBYyM# KJlacTepaMy He CTaHoOBUTcA Oousblie dj,;,. KommuecTBo »THX KOHEUHBIX KJIACTEPOB U
UX WMITYJIbCBI TOTIA TIPENCTABIIAIOT PEKOHCTPYKIINIO HavdaJbHOW cTpyiiHON KoHbUTypamnnm, un
KazKaad dacTulla YYUTbIBAeTCA B OJHOM U3 KJIACTEPOB.

Onmmrako, 9T0OBI 5Ta cxeMa 3apaboTasia, HEOOXOIUMO YIeCTh ABa TOMOJTHUTETBHBIX YCIOBUA.
DepBoe: TOCJEe TOTO, KaK [IBa KJiacTepa OBbLIN OObeINHEHBI, HEKOTOpPBIE TaCTUIILI, TPWHAI-
JlezKalllie HOBOMY KJIACTEPY, Ha CaMOM Jejle MOTYT HaXOMUThC:A OJimkKe K APYTOMY KJacTepy.
CremoBaresibHO, TOCTE KaXKIOTO OOBEINHEHUS BCE TaCTHUIIBI B COOBITAN TOJIKHBI OBITH TEpe-
pacrpeneseHbl O caMbIM OJM3KUM [JIf HUX KJjacTepam. Jljsa 9acTuisl ¢ 3To 03HATAET, 9TO
JIOJIZKHBI OBITH BBIUMC/IEHBI W CPABHEHBI MEKIy c00O#l paccTosHmUA d;; IO BCeX KJIACTEPOB j B
cOOBITHM. D Ocse TOTO, KaK ObLIN PacCMOTPEHBI BCE TaCTHUIIbI, UMITYJIbChI KJIaCTEPOB TEPECTNTHI-
BalOTCA € yUEeTOM BCeX CIeJIAaHHBIX Mepepacipenesiennii. /s sKoHoMun BpeMenn urepannontas
npolueaypa pacnpeienennda Mo KiaacTepaM He TPOU3BOAUTCA 10 MOMEHTa TOJyYeHnd yCcToun-
BOHl KOHMUTYpalnm, HO, TaK KaK BCE TacTUIBI MEpPEPACIpeNe/afoTca Ha KazkKIOM Iare, TakKasd
nrepanug 3(HPEKTUBHO MTPOUCXONNT MapaslIeIbHO ¢ 00beInHeHneM KJjiacTepoB. TobKo B ca-
MOM KOHIle, Korma Bce d;; > dj,i,, NTEpalMontas IPOoleaypa IepepaclpeeIeHus CXOTUTCH,
HO C COXpaHEHWEM BO3MOKHOCTH IPOIOJIKUTH OObeInHeHe KJIACTEPOB B TOM CJIydae, eciin
HEKOTOPBIe d;; MOIYT cTaTh MeHbIIe d;,;, TOC/Ie IepepacpeneseHus.

MNuorma Moxer caydnThed, YTO OYEPENHON 1mIar rnepepacipenesieHns TPUBOIUT K TYCTOMY
KJIACTEPY, TO €CTh K TaKOMY, B KOTOPBIl He pacrpelnesieHbl HUKaKne 4acTUIbl. 1ak KakK Takoii
KJacTep umeer paccroanue d;; = 0 10 11060ro Ipyroro Kiacrepa, To OH aBTOMaTUIECKN YIaslsd-
eTcd Tpu ciaenymoieM oobennaennn. QmIHAKO MOKHO 3allycKaTh IIPOrpaMMy B pezxknMe, Koria
HYZKHO BOCCTAHOBUTb MUHUMAJIbHOE YMCJIO CTPYH. Kem 3TOT MUHUMYM TOCTUTAETCA ¢ OTHUM
MyCTBIM KJIACTEPOM, TO HAXOIUTCA YaCTUIA, KOTOpAasg WMEET caMoe OOJIBIIoe pPACCTOAHEE 10
9TOro KJlacTepa. Kutactep Torma paciiensiderca Ha ABa — COeprKalluil 3Ty MaKCUMAJIbHO yla-
JIEHHYIO 9aCcTHUIy W Ha OCTATOK. ) OCJE 3TOTO MPOIENypa Mepepacipeae/eHns TPOIoIKaeTCa
Mo-TpeKHeMY.

Bo-BTOpBIX, OOBITHO B COOBITUN TTOTYIaeTCA OOJIbIIAd MHOKECTBEHHOCTD, U €CJIU ¢ KazKIoh
JacTuilell B KOHETHOM COCTOSHUN OOpalllaThes, ¢ KaK OTIEJbHBIM KJIaCTEPOM, MPOTpaMMa CTa-
HeT OYeHb MEIJIEHHOM. D 03TOMY CTPOUTCA MeHbllee KOJUIECTBO KJIACTEPOB (I 0OBITHOTO

et

e~ -cobpitua — 8 - 12), Kak cTapToBad TOYKA JJIA UTEPAIWN BHIIIE, CIAETYIONIAM 0OpPa3OM.
D axoanTcsAs JacTUIa € caMbIM OOJIBIINM UMITYJIBCOM, U MOCJIE 3TOTO BCE YACTUIBI B Mpemessax
paccrosatus di; < dipit o1 Hee (dinie < djoin ) BMecTe ¢ TlepBoOil dacTuieil (popMUPYIOT OTHETbHbIH
KJTacTep. D POolenypa MPOIOIKAETCA A1 OCTABIIUXCA TacTUIl, He PaclpeleeHHbIX B 9TOT KJla-
cTep, 0 TeX Mop, MOKa BCE TacTHUIbI He OYIyT mcdepranbl. JacTUIBI B MEHTPATbHON o0IacTh
uMIysibeoB, |p| < 2d;,i, 00pabarbiBaOTCA OTAEIBHO; €CJU BEKTOpHAs CyMMa UX HMILYJIHCOB
nopsAnka 2d;,;;, To OHE MOTYT c(hOPMUPOBATh OIWH KJIAcTep, WHade OHU OCTAIOTCHA HEpacIpe-
MTeJTEHHBIMY B HadaJIbHON KOH(MUTyparuu. 3HadeHne d;,;;, €CJIU TOJHKO OHO PasyMHO MaJio, He
nMeeT HUKAKOTO (hU3WIECKOTO 3HAUYEHUA B TOM CMBIC/IE, UTO TOJYIaeTcs TaKasd Ke KOHeTHasd
KJTacTepHad KOH(MUTYpaIus, KaK ecjim Obl KajKIasd dacTulla IepBOHATAIBHO CINTAIACh KJTacTe-
POM: Ha 3TOM IIare KJacTepU3yITCs HACTOJIBKO OJIM3KIE JacTUIlbl, ITO OHU TTOUTH HEM30eKHO
JIOZKHBI TTOMAacThb B OJIHY W Ty Ke CTPYIo; KpoMe TOTO, polie/iypa nepepacipeesieHnd mo3Bo-
JIfeT UCIPaBUTH JIIOOYIO BOSMOKHYIO ONINOKY Ha Hojiee MO3MHUX IaraX WTEPaIln.

Taxum 06pa3zoM, PEKOHCTPYKIHUA CTPYH 3aBUCUT OT OJHOTO mapaMerpa, djq,, ¢ ACHBIM Or'pa-



HUYeHneM (pU3nIecKnX 3HaAYeHWH MOepedTHOTO NMITYJIbca ~ BeJIUIUHON paspertenus ctpyit”. B
npenebpeReHnn pa3sMbITueM OT hbparMeHTaln, d;; MeXKIy ABYyM:A KilacTepaMu paBHOM sHepruu
COOTBETCTBYET TOJIOBWHE WHBAPUAHTHONW MacChl IBYX MEPBOHAYAJIBHBIX MapTOHOB. Kciam mme-
ercd KeJlaHne BOCCTAHOBUTH TOJIBKO XOPOIIO BBIIE/IA€Mble CTPYH, TO HYKHO BBIOpATh OOIBIIOE
djpin, TAK KaK Majioe 3HadeHUe dj,;, MO3BOJIACT PA3NEUTb IBe OJIU3KHE CTPyu, HO, WHOLIA,
IeHOW MCKYCCTBEHHOTO JleJIeHrsA OfiHOM cTpyu Ha nBe. B gactHOCTH, 9Ta mpobieMa MOKeT BO3-
HUKHYTb I CTpyU b-KBapkoB. 3Hauenue dj,;,, KOTOPOE MUCIOIb3yeTcA i GUKCUPOBAHHON
BEJIMIWHBI pa3pellenns cTpyit, B TPUHITAIIE, HE TOJKHO 3aBUCETH OT YHEPTWH COOBITHUSA B CH-
creme [IM, xors spderTsl 0T dhparMeHTalINy MOTYT [TaBaTh ~ 3alllyMJeHne B BUIE JIOKHBIX
JIONOJIHUTEJIBHBIX CTPYH, YHC/I0 KOTOPBIX MEIJICHHO pacTeT ¢ [, niisa GUKCUPOBAHHOTO djyiy .
DoatoMy djsin = 2.5 1B 66110 npuemiiemo muisa sueprutt PETRA/PEP, wo ana suepruit LEP
1 BBIIIe TPeNNoUTuTETbHEe Oparh 3nadenne 3 — 4 [3B.

Da 3TOM MBI 3aKaHINBaeM OIMCaHWe TyIaBHOM ommuu mporpamMmbl LUCLUS. AnibTepHaTUBHBIE
BO3MOYKHOCTH COCTOAT, HAIPUMEp, B UCKIIOUEHNN IIara mepepaciipeiesle s, TO eCTh B NCIOJIb-
30BaHUU MPOCTOMH TPOIELYPHI ABOWHOTO 0O beIMHEHN A OE30 BCAKOTO TIEpepaciIpeTesIeH s TacTUIL
MeXKIy CTpyAME. (DTa OniusA BKIOUYeHa, IIABHBIM 00pa30oM, Kak CIocob MPOBEPKHU PeasbHOM
BasKHOCTHU Tepepacipeneienns.) [Ipyras agbrepHaTHBa COCTOMT B 3aMeHe MePBl PACCTOAHNA,
UCIoIb3yeMoli Bbillle, Ha ucnojb3yemyio B aaropurme JADE [JADSG).

Anropurm knactepusanun JADE npemcrasiiser coboit monbITKy T crmacTu’ WHBAPWAHTHYIO
Maccy B KadecTBe Mepbl. Mepa paccrosnus ompenernera Kak

QEZE](l — COS (9”)

vis

i (15.17)

E,;s ecTb mosiHas BuAMMas aHeprus cobbiTus. Vcnonb3obanue B sHamenarete B2 ) a ne E2
nejTaeT MepPY MeHee TyBCTBUTEbHOM K TToMpaBKaM Ha aKCENTaHC TeTeKTOpa; KpoMe TOro, BCJIe-
cTBHe Ge3pa3sMepHOro XapaKTepa Y;; XOPOLIO HCIOIb30BaTh IPH CPaBHEHUH PE3YJIbTATOB IIJIf
pasmaHbIX 3Hadenntt sHeprun B cucteme [IM. Onrako B KoHTeKkCcTe masbrelmx obcy &K meHu i
9Ta HOPMUPOBKA ABJISAETCA HETPUEMJIEMOTH.

Mepa y;; oueHb TecHO cBA3aHa ¢ MEPOW PAacCCTOAHWA, ITaBaeMOfl KBaJIpaTOM MAacChl: OHNI
COBIAIAIOT (¢ TOYHOCTBHIO 10 HOPMUPOBKN), ecan m; = m; = 0. Onxako maBaifiTe paccMOTpUM
mapy YacTHIl WKW KJIACTEPOB € HEHYJIEBBIMU WHINBUIYAJIbHBIMUI MaccaMu W (DUKCHPOBAHHOMN
mMaccolt mapsl. Torma 6osblilee 3HAUEHIE €CTh UMITYJIHC TTAPhl B 9MCTOM BHIIE, a MEHbIIIEe — Mepa
Yij. DTO, B HEKOTOPOM pojie, objlerdaeT KilacTepu3alnio ObICTPBIX YacTUIl U JejIaeT aJTOPUTM
MeHee HeCTaDUIBHBIM TT0 CPABHEHWIO ¢ OCHOBAHHBIM Ha MCTUHHOW WHBapWaHTHOW Macce.

Yenexu anroputma JADE xopotito m3BecTHBI: TOTyYaeTcss OUeHb XOPOIee cortache Me XKy
YHUCIIOM TTAPTOHOB, CTEHEPUPOBAHHBIX Ha YPOBHE MATPUIHOTO JIeMeHTa (Wi TTapTOHHOTO JIHB-
HA) W 9UCJOM KJIACTEPOB, BOCCTAHOBJIEHHBIX M3 aPOHOB, TaK uTo Takme acmekThl KXJI, kak
BBIUUCJIEHUE TIOMPABOK K (g MOTYT U3Y9aThCsd ¢ MUHUMAJIBHOW 3aBUCHMOCTHIO OT 3(hdeKTOB
dparmenTanuu. KoHeuHo, HETYBCTBUTETHHOCTD K 3P dekTaM pparMeHTaIlnn 3aBUCAT OT BbI-
6opa Momenu dpparmenTanum. IHPEKTH OT (PparMeHTANN MaJIbl B CTPYHHOW MOmesn, HO He B
clieHapuAX He3aBUCUMON (pparMeHTannm. XOTs He3aBucuMasd (pparMenTamms camMa mo cebe me
3aCJTy JKUBAET JTOBEPUA, 3TO MOKET OBITh PACIeHEHO KaK CUTHAJI MTPeIoCTepeKEHU .

3mech HyxHO 3aMeTnTh, 910 Mepa JADE Takxe e cBODOmHA OT HEKOTOPHIX HETOCTATKOB
POCTON MaccoBoii Mepbl (0e3 Tmepepacipenenennii), a MMEHHO — JacTUIBI, KOTOPbIE pasjeTa-
FOTCS B MPOTUBOTIOJIOKHBIX HAMPABIEHNAX, BIOJHE MOTYT OBITH O0bEINHEHBI B OIUH KJIacTep.
Dosromy, xorss JADE anaroputm — xopomuruii crocobd HaxoXKIeHUA YucsIa CTpyit, oH paboraer
XyZKe CTaHIapTHOTO ¢ Mepoi d;; NJif omnpeleseHns HampaBieHnii ctpyh u ux suepruii [Bet92).
Mepa d;; Takxke naer 6ojiee y3Kue cTPyH, KOTOPble HAXOIATCA B JIyUIIEM COIVIACHU € DKCIIEPH-
MEHTAJIbHBIMI HaOTIOIEHUAME CTPYHHONR cTPYKTYPHI.



Denasro Obu1 npemyoxken aaroputm lopama” [Cat91], koropsili paboraer aHaJOrMYHO
JADE, #O ¢ Mepoii paccrogrms
~ Zmin(Ef,E]Z)(l — cosb;;)
Yij = e

(15.18)

Domnobuo Mepe d;;, aTa Mepa oIpefeAeT HONePeYHbIl UMIYJIbC, HO §;; UMEeT TeOMeTPUIECKYIO
MHTEPIIPeTAINo KaK MOTEPETHbBIN MMITYThC Ooslee MATKOM YaCTHUIIBI OTHOCUTETBHO HAIPaBIEHU A
boJtee KecTKOM, B TO BpeMs Kak d;; — HONEPEYHBIH MMIYJIbC JII0OOH YacTUIIbl OTHOCHTEJIBHO
0DIIIero HaITpaBJIeHN s, TaHHOTO BEKTOPHOM cyMMmoli nMmysibcoB. JIBa ompenesenus HaxomaTcs
B COLJIACUU, KOT/Ia OIWH KJIacTep TOPa3l0 MATYE APYTOTO, TaK UTO KCIOHEHIUHATbHBIN POCT
MATKUX IJIIOOHOB, JOKa3aHHbIH 11 Mepbl llopama, nmeeT MecTo TakzKe U 11 d;;.

9 039TOMY OCHOBHOE pa3jimdne 3aKJII09aeTcsa B TOM, UTO cTaHmapTHas ommus LUCLUS mo3Bo-
JIfeT MejlaTh Tmepepacipeesienns, B To BpeMsa Kak ajaroput™ lopama — mer. CremoBaresbHo,
BBIUNCJIEHUA B TEPEHOPMUPYEMON TEOPUN Ha TTAPTOHHOM YPOBHE TIPOIIe MTPOBOIUTD € WCIIOIH30-
BaHWEM BTOPOrO ajroput™a. VMHOTIA TOT aJropuT™ mcmob3yeTcs TPHU TUCIEHHBIX OITEHKaX,
ecJI HYKHO OTIPEIeSINTh, HACKOJIBKO pPeaTbHO Tepepaclpee/leHns YIIyaliaioT coTyilache ¢ pe-
3yJIbTaTaMu UCXOIHOMN mepeHopMupyemMoit Teopuu. B gactHOCTH, €3 epepactpenesennit 6ymer
COBEPIIATHCA PEKOMOWHAIIN S, KOTOpas KakeTcsa ~Hauaydireil” Ha TeKyIleM Irare, gaxkKe KOrma
9TO BBIHYK/IaeT Bac COBEPINATh ~ XyIlire BBIOOpPHI Ha Tocienyomux marax. C MOMOIIBIO Te-
pepacupeneernii MOKHO WCIPABUTh OIMMOKN, BBI3BAHHBIE CJIUIIKOM JIOKAJBHBIM XapaKTepoM
MPOCTOH cXeMBbI TBOWHOTO OObETMHEHWA.

15.2.2 OOHapykeHHe KJIACTEPOB B COOBITHAX THHOA pp

D porpamma obHapyxkenus kiactepoB LUCELL cefivac cyllecTByeT B CBOEM IMepPBOHAUATHHOM
suge UAL [UAI83] u obbruno ucnosbsyercsa B pp-dbusuke. Ona ocHoBaHa Ha BBIGOpE MCEB-
TOOBICTPOTHI 1), a3WMYTAJbHOTO yIJIa ¢ U TMOIMEPETHOTO UMITYJIbca P B KadeCTBE OCHOBHBIX
mepeMeHHBIX. DTOT BBIOOD 0DCYyXKIaJicss B Hadasle TOTO pasfiesia, ¢ MONpaBKoii, 4To Oosiee
MpeNOUTHTEeTbHAA ¢ TEOPETUIECKON TOUKHU 3pEHUA MCTUHHAA OBICTPOTA MOJIZKHA 3aMEHATH-
cAd Ha TCEeBIOOBICTPOTY TIPHU BCTYIIEHNN B KOHTAKT € CHCTEMOW KOODIMHATHBIX TE€TEKTOPOB,
nMemlleics B peajibHOl KU3HHU.

B mMomesnm mpuwHWMaeTcs ycTaHOBJIEHHON ceTh IETEKTOPOB B IMalla3OHe ICEBIOOBICTPOT
In] < Mmar; MO A3UMYyTAJbHBIM yIJIaM TIPOBEIEHO pa3OUeHue Ha Pl OJUHAKOBBIX CEKTOPOB
(GUHOB), OXBATBIBAIONINX MOJIHbIH AMana3oH. JacTHIbl cOOBITHA OCTABIAIOT TPEKN B TOM ce-
i merekTopoB. [l Kaxmoit sduefiku B mpocTparcTBe (1),0) MOTEpETHBIE MMITYIbCHI YaCTHUII,
BXOIAIINX B 3Ty AYeNKY, CYMMUPYIOTCH, ONpeesiad MOJTHbI moToK [V B Adeiike.

HcHo, uTO MODENb ABJIAETCA OYEHDb TPUMUTUBHON B psjlle OTHOIIEHWH MO CpAaBHEHWIO C pe-
AJTBHBIM ETEKTOPOM. e yuTeHbl 3(PDEeKThl BIANAHUA MAaTHUTHBIX MMOJIel, T.e. 3apAKeHHbIe
JACTHUIIBI TaKyKe OCTABJIAIOT TPAMBIE TPEKW. Da3Mepbhl IeTEKTOpa He OMpeNesIeHbl; CIeI0Ba-
TeJIbHO, TIOJIOKEHWEM TEPBUYIHON BEPIINHBI U JTFOOBIX BTOPUUHBIX BEPIWH TpeHeOperaroT mpn
olpesiesieHNN AYeliKr, KoTopoit mpuHamie:kuT gactuiia. Macca TTOKOA 9acTUIl He YUUTbIBAET-
cs, T.e. (PaKTUIECKN UCIOAb3YeTCHa Py = 4/p2 + pf/, B TO BpeMs KaK B peaJbHOM IeTeKTope
HEKOTOPBble YacTHUIbl PaclaJaloTcsad MW aHHATWINPYIOT, YHOCA JTONOJHUTENbHOE KOIMYeCTBO
SHEPTUN.

YUrobbl yuecTh dHEPTETUIECKOE paspelleHre IeTeKTOpa, MOKHO BBECTH pas3MbiTre [ 1o
OWHaM. ITO BBHITOJHAETCA BBEIEHNEM rayCcHaHa ¢ IMEPUHON, IpoHopIuoHaabHoil /[, B JaH-
HoM Oune. [ayccman obpesaeTcd B HyJEe W IPW HEKOTOPOM 3aaHHOM 3HAUEHUU, MOy IEHHOM
IPU YMHOKEHWUN HEPa3MBITOTO 3HadeHnsA F| Ha HeKoTOpbIi KoadduimenT (o yMoTdannio, Ha



2). B kadecTBe ajbTepHATHBBI, MOKHO BBECTH PasMbIThe 3HadeHns F, a He £ . Jlnsa naxoxme-
HUuA [ mpuHUMaeTrcs, 9TO MOJHAaA >HEPIUA, BbIIEIUBIIAACA B JIaHHOW sAdeliKe, cocpenoToyeHa
B IIEHTpe, TaK UTO MOXKHO JejlaTh IpaAMoe u obparHoe mpeobpasoBanne F = E| cosh nepte,

HAuefika ¢ cambiM OosTbIIM 3HAUEeHWEM F/| cUnTaeTcs WHUIMATOPOM CTPYH, €CJIN 3HAUEHUE
E | sBwre mekotoporo mopora. " Kaumummar B cTpyo” onpemnesisieTcss KaK COCTOSIIMH W30 BCex
Adeek, HaXOMAUINXCSA B Iperesax obJacTn HEKOTOpOTo paanyca R B miockoctu (1,¢), TO €cTh
uMeromux (1 — Ninitiator)- + (9 — Cinitiator)> < R*. KoopamHaThl Beerma maroTcsi OTHOCHTENb-
HO TeHTpa sueifiku. Eciom cymmvmapras F| cTpym Bbille TpedyeMolt MUHUMAJIbHON sHEPTHN, TO
"KaHIWIaT B CTPYIO  TPUHUMAETCH, W BCE 3TU AYEHKU WCKIIOYAOTCA W3 TajlbHel1ero pac-
cMoTpenns. Fem ke HeET, TO KaHIUIAT OTKJIOHAETCHA. DTa MOCIEIOBATETBHOCTh HeficTBuit
MOBTOpAETCS Majiee IJIs ocTaBlelicsa siaefiku ¢ camoit Gosbinott ) w Tak maJiee, TIOKa HE oCcTa-
HeTcA HUKAKUX AdeeK, AJ1d KOTOPbIX BBITIOJIHAETCA yCJI0BUe UHAIIMATOpa CTPYH.

Yucsto peKOHCTPYUPOBAHHBIX CTPYH MOKeT, TAKUM 0Opa30M, U3MEHATHCA OT HYJIA 10 MaKCH-
MaJIbHOTO 3HAYEHMU S, Oy IaeMOT0 N3 TeOMETPUIECKIX COOOpaKeHN, TO €CTh CKOJBKO KPYTOB
pamnmyca R HeOOXOMMMO JJIf TOTO, U9TOOBI OXBATHUTH PA3PEMIEHHYIO MIOCKOCTh (17,¢). OObIaHO
TOJIBKO HEKOTOPAdA JIOJIA YacTUIl paclpeaesderca Mo CTPYAM.

Moz #Ho 661710 OBI paccMOTPETHh UTEPANMOHHBIN Mpollece pacipeneseHns cTpyil, HCmoIb3yTo-
mwit B3BEITeHHbIN Mo £ MeHTp cTpym i mosydeHns HOBOTO paamyca kpyra K. B rexyrmem
AJITOPUTMeE He COMEPKUTCA HUKAKNX MOMOOHBIX UTEPATUBHBIX 11aros. [liisa nmeamsHOTO pactpe-
neJTeHns cTpy it Tak ke ObLIO OB HEOOXOMNMO YIIYAIINTh 00pabOTKY TP TacTUIHOM HAJIO KEHUT
JIBYX KPYTOB.

BakII0UnTeIbHOE TEXHUIECKOe TTpuMedanne. KcTecTBeHHads peamsalius aJiTOPUTMa HaXO-
KIIEHUs suefiku OCHOBaHa Ha HAJUYIUHU JIBYMEPHOTO MaccWBa 3HadeHuit F, ¢ pasMepHOCTHIO,
COOTBETCTBYIOIIEN pPa3sMEPHOCTH CETH MEeTEKTOPOB. ) PU 3TOM OOJIBIINHCTBO AYEEK OCTAIOTCH
MyCTBIMU, B YaCTHOCTH, IJIsI COOBITHI ¢ HU3KOH MHOYKECTBEHHOCTHIO B MEJIKO3EPHUCTHIX KaJio-
pumerpax (fine-grained calorimeters). Daie peanusaiusa HeCKOIBKO HEOOBIYHA, TaK KaK s
A9k pesepBupyerca MecTo (coleprKaHie 1 TO3UIINA ) TOJBKO TOLa, KOTIa [JIA Hee TOKa3hl-
BaeTcsd, UYTO OHA HEMycTas. JTO O3HAIAET, UTO BCEe HEMYCThble AYeHKU TOTKHBI 00bEeINHAIOTCS
MU OTIpeNleSIeHN A, KaKne W3 HUX HaXOJATCs B Mpefesax Tpebyemoro pacctosuns R or moren-
[MIAJTHHOTO WHUIHATOPA CTPYHU. DOITOMY TaKOll airoputm paboraeT ObIcTpee OOBITHOTO, €CJIn
CPENHAS 3aHATOCTD sideeK HU3Kasd, U MeJIEHHee, eCJIN BBICOKAs.

15.2.3 Crarucruka coobITH#

Bce mporpammbl amasimsa coObITHi, onmcaHHBIE BBINIE, CO3MaHBI Ha OCHOBE CXeMbl ~event-by-
event analysis”, T.e. BoccTaHOBJIEHUW COOBITH!T KOHKPETHOTO THIIA € UCIOJIb30BAHUEM ITO/IXO-
NANIAX XapaKTepUCTHK (mepeMeHHbiX). OIHAKO COOTBETCTBYIOIINE BEJUINHBI TTOCITE WX Ha-
XOXKIEHNA BeChbMa YacTO HUCIOJIb3YIOTCSA LA ONpeleseHns MHKJIIO3MBHBIX paclpeneennit, a
TaKKe [IJIdg BBIOOpA OIpeNeseHHBIX KJIACCOB COOBITHI IJIA TOCTENYIOIEro aHa m3a. o alpi-
Mep, TPOrpaMMy OTIPEIeSIEHNA TPacTa MOKHO MCIIOTb30BaTh 1A HAXOKIEHNA WHKJIIO3UBHOTO
pactpenesnenus 1" win misg Beibopa coobrtuit ¢ T' < 0.9. /pyrue npunoxkenus, XoTs u onpene-
JisseMble IJIf OTIEeJIbHOTO COOBITHA, NMeeT CMBICJT 0OCYKIaTh TOJBKO B TEPMUHAX CPEIHETO O
6OBITIOMY duCITy cOOBITHH. Debosbiiolt Habop Takux mpuiIoxeHuit Haxoauress B LUTABU. Dta
MporpaMMa JOJIKHA BBI3BIBATHCA TTOCIIE KAKIOTO COOBITHSA /I HAKOIJIEHNS CTATUCTUKY W OJTNH
pa3 B KOHIE IJIA pacledarkn KOHEeTHBIX Tabsur. Komeduno, cpemm 6orarcTBa MpeacTaBUMBIX
BO3MOYXKHOCTel coOpaHHBIE 31€Ch MPENCTaBIAIOT TOJHKO MaJIyI0 9acTh, OTOOPAHHYIO MOTOMY,
YTO aBTOP B HEKOTOPBIX MyHKTAX HAIleJ [IJIg HUX HEOCPEICTBEHHOE MpUMEHEHNe.



15.2.4 MHOKEeCTBEHHOCTH B COOBITHAX

Ectb Tpu ciocoba cbopa mHbOpMAInm 0 MHOKECTBEHHOCTAX B COOBITUAX. DJEPBBIA TaeT cocTaB
apoMaTOB B KOHEYHOM COCTOAHUM B KECTKHUX IIpolleccax, HalpUMepP, OTHOCUTEbHBIN cocTan
dd/ut/ss/ce/bb B cobbiTuax ete -ammmrmaanmm. Kpome TOro, MOXKHO TOJIYYHTh pacpeiie-
JIEHWe TOJTHOM MHOYKECTBEHHOCTH TapTOHOB B KOHIIE 3BOJIIOINU MapTOHHOTO JIMBHA. Bropoit
c1rocob maeT WHKJIIO3UBHBIN BBIXOM BCEX TACTHIL, MTOJTYIEHHBIX B COOBITHAX, JTUO0 B BUIE MTPOMe-
KYTOUHBIX PE3OHAHCOB, JIMOO B BUE UACTUIL B KOHETHOM COCTOSHUU. 2 OCTETHUE MOIPa3Iessi-
eTcA Ha JacTUIIbI, TTOJTydeHHble TIPH (bparMeHTaIin (TTepBUIHbIe YacTUIIbI), W Ha POKIEHHbIE B
pe3ysbTare pPacnanoB (BTOPUIHBIE TACTHUIIR).

Tpetutt crocod maeT TabIUIY OTHOCUTETHHBIX BEPOATHOCTEN 11 9KCKIIO3NBHBIX KOHETHBIX
COCTOAHUI TTOCsIe TOro, KaK MPOU3OIIIN BCce pa3pellleHHble pacnaibl. 1ak KaK aHaJIU3UPYIOTCA
TOJIBKO COOBITHA, COMepZKallie 10 8 YaCTUIl B KOHETHOM COCTOSHUN, TO, OYEBUIHO, TPOTPaMMa
He TIpenHasHavYeHa /15 U3yIeHUs TOJHBIX COOBITHN TP BBICOKUX »Heprusax. (Camoe ocHOBHOE
MpUMeHeHne — aHAJTI3 MOJI paciiaja OT/IeTbHON JacTUIIBl. D alpuMep, TaHHbIE O pactalaM IJIsd
D-Me30HOB comeprKaT TaKKe KaHAJbI, HAolne HeCTaOUIbHBIE TacTUIBI THIIA P U 1), KOTOPBIE
BITOCJIE/ICTBUH PACIaaioTCA. D O0ITOMY JaHHOE KOHETHOE COCTOAHNE MOKET COMEPKATH BKJIIAIBI
OT HECKOJIBKIX MMETOIINXCA B TabJINIe KaHaJI0B pachaa; HanpuMmep, Knm us K*m u Kp, m Tak
naJee.

15.2.5 JDHeprernvdeckue KOppeasanun

Dneprerndeckue koppensmun (Energy-Energy Correlation) onpenenstorcs kak [Bas78]

2L E;
EEC(0) = Y, = 5(0—05) . (15.19)
2<] ms
a COOTBETCTBYOULad aCMMMETPUA — KaK
EECA(0) = EEC(r — 0) — (0) . (15.20)

0;; ecTb yros pacKpbITUA AJId ABYX YacTHUIl ¢ U j ¢ sHepruamu F; u F;. B npunnune, nopMuposKa
TTOJTIZKHA OCYIIECTBIAThCA Ha K., HO ecJu He BCe YacTHUIBI 3apEeTrUCTPUPOBAHBI, TO YIOOHO
HOPMUPOBATH Ha TOJHYO HADIIOTaeMyt0 3HePTUIO Fy;s. Y InThIBasg aBTOKOPPEIATUOHHBIT T/TeH
1 = 7, noanas KEC B coObiTuE paBHa euHUIE. DUK d-(DYHKIUN PA3MBIT BCICICTBAE KOHETHOM
wupuibl 6ura A B rucTorpamme, To ecTh 3aMerseTcs BKiaagoM 1 /A nys Guna, comepiKaliero
(92']‘.

@opmyJTbl BBINIIE OTHOCATCA K OTIETBHOMY COOBITHIO U JIOJIKHBI OBITH YCPEIHEHBI IO BCEM
COOBITUAM JJIA TTOIABJIEHNS CTATUCTUIEeCKUX (PIYKTyallnit U Moy de s TIaaknx (pyHKuit §.

15.2.6 dPakTopuaJibHbIe MOMEHTHI

QaxTopuabHble MOMEHTBI MOTYT UCIIOJIB30BATHCA 1A HAXOXKIEHUA (DIyKTyarnit B cCOOBITUAX
(intermittency) [Bia86]. DenaBHo GbLIN MPOBETEHBI MHOTOUMCITIEHHbBIE MCCITETOBAHNA, Kacato-
Hmecs »Tol 00JIacTr, W TMPEIJIOKEHbl Pa3IndHble BEJIUIUHBI 118 olleHKn ¢ derta. MbI 3mech
npeacraBjigeM TOJIbKO OIWH M3 OPUTMHAJIBHBIX PEelenToB.

s Beraucienns hpakTOPUATBHBIX MOMEHTOB TOTHBIE AMANAa30HbI OBICTPOT (MJIH TICEBIOObI-
CTPOT) W a3WMYTAJbHBIX YIJIOB pa3sOUBarOTCA Ha MOCTeIOBATEbHBIE OWHBI MEHBIIETO pasMepa,
1 U3yvaeTcs pacipeesieHre MHOKECTBEHHOCTH B KasKIOM OWHe. 9 PporpaMMa BBIUNCIAET TICEB-
TOOBICTPOTY OTHOCUTEHHO OCH Z; IPU JKeJIAHUU MOIKHO OBLITO OBl cHadasia HallTl OCh cOOBITHA,



HalpuMep, KaK OCh CPEepUIHOCTH WU TPacTa, a MOTOM BpallaTh COOBITHE IO COBIAIEHU OCH
¢ HaITpaBJIEHUEM Z.

DosHbIl Tranazon ObICTPOT |y| < Ymar (MM AMATA30H TCEBIOOBICTPOT |1)| < Npmay) W AWa-
Ha30H asMMyTaJbHbIX yriioB 0 < ¢ < 27 mompaspgenAloTcd Ha m, U M, OUHOB OIMHAKOBOI'O
pasMmepa. PakTHaecKy, TONHBIN aHAIN3 BBITOJIHAETCA TPUKIBL: OIUH pas ¢ My, = | n y (uam
n), mocjaenoBaTebHO pasfelennbiM Ha 1, 2, 4, 8, 16, 32, 64, 128, 256 un 512 6uHoB, oqWH pa3 ¢
m, = 1 ¥ nuanasoHoM ¢, paslleJIeHHbIM, KaK Bblllle, U, HaKOHell, OIUH Pa3 C 1M, = M, C pa3-
TleJTeHreM, KaK BBINIe, [IJId THalla30HOB 00EWX MepeMEHHBIX. 3aBUCAIINN OT MHOKECTBEHHOCTHU
n; B 6ute j i-it GpaxTOpUASbHBIN MOMEHT ONpelesideTcsa Kak

nj(n; —1)---(n; —i+1)
nn—1)---(n—1i41)

F; = (mym,)™ Z (15.21)

n = )_;n; ecTb MOJIHag MHOMKECTBEHHOCTh COOBITHA B paspelleHHBIX Tpefetax y (wim 7).
Bbrunciiennsa BBITOJTHEHBI 1JId MOMEHTOB OT BTOPOTO 0O MATOTO, Fo—Fy.

Bmecy F; onpeneserbr I OTHOTO COOBITUA U TOJKHBI OBITH YCPETHEHBI IO OOIBIIOMY -
cITy coOBITHUHl IJTs1 TMOJIy9eHrs pa3syMHO TVIAJIKOTO TOBeMeHusA. eI JacTullbl TeHepupyoTcs
ONTHOPOJHO 1 HE3aBWCHUMO COLJIACHO CTATHCTHKE )yaccoHa, To, Kak oxmmaercd, (F;) = 1 noa
BCEX MOMEHTOB W BCeX pa3MepoB OWHOB. Kcim ke gacTuibl JIOKAJIbHO KJIaCTEPU3OBAHBI, TO
darTOpUMaIbHBIE MOMEHTHI TOJIKHBI YBEJIUIUBATHCA TIPU YMEHBIIEHNN pa3MepoB OMHOB 110 Xa-
PaKTepHBIX pa3sMepoB KJacTepU3allnui.

15.2.7 DoamporpaMMbI B o0I1IHe OJIOKH IMepeMeHHbIX

[Mlects mommporpamm LUSPHE, LUTHRU, LUCLUS, LUCELL, LUJMAS u LUFOWO mafoT BaM BO3MOZK-
HOCTb OTIPENESISATh HEKOTOphIie oIne cBoticTBa (GopMbl cobbiTuA. Dommporpammva LUTABU BbI-
MOJTHAET CTATUCTUIECKUl aHaJ U3 [IJId pAda Pa3sTUIHBIX BEJUIWMH TUMA cOCTaBa JacTHIl, (ak-
TOPHUAJIbHBIX MOMEHTOB U 9HEPreTUYECKUX Koppesianuil.

Ob6parnTe BHUMaHME, YTO MO YMOJIIAHUIO B aHAJN3€ YIACTBYIOT BCE OCTAOIIIECT B KOHETHOM
COCTOAHUY MapPTOHBI/YaCTUIBI, 32 UCKIIOUCHUEM HEeHTPpUHO. DelTPUHO MOTYT ObITh BKJIIOUEHDI
yctanoBkoit MSTU(41)=1. Takxe 3amMerbTe, 4TO 3alaHHble och, coxpansgemblie B LUJETS, me
COOTBETCTBYIOT HUKAKMM YEeTBIPEXBEKTOPAM, U MO3TOMY CYIIECTBYET 0Obllee MpaBuUIo (¢ HEKO-
TOPBIME WCKJIIOUEHNAMNI ), 9TO OHW HE TOJIZKHBI BPAIATHCA WM CMEIATHCA B IPYTYIO CHCTEMY
KoOpAmHaT.

CALL LUSPHE(SPH,APL)

ITasHaveHUue: QuaroHaJM3yeT TEH30p WMITYJIbCa, TO €CTh HAaXOMWT COOCTBEHHBIE 3HAUEHUA
A1 > Ay > A3 ¢ cymmoit, paBHOI eqwHUIE, 1 cOOCTBEHHBIE BEKTOPA, COOTBETCTBYIO-
e >TUM COOCTBEHHBIM 3HATEHUAM.
Cremennas 3aBUCHMOCTh UMITyJIbca mdaeTca B PARU(41); sHadeHUWe O YMOTIAHUIO,
COOTBETCTBYIOIIee omnpenerennto chepuanoctn (PARU(41)=1.) maeT BeTWIUHBI, JIN-
HeliHble 1o uMIyJ/abcaM. Kakue UMEHHO 4acTUIlbl/TapTOHBI UCIOIb3YIOTCH MPU aHa-
Jm3e, ompenensercsa sHadennem MSTU(41).
SPH : %()\2 + A3), T0 ecthb cepuanocts (mas PARU(41)=2.).
= -1. : aHa/ U3 He BBHIMOJHAETCA, TaK KaK COOBITHE COMEpKAIO MEHbBIIE MBYX UaCTHIL
(nw MBe YacTHUIIb, HAPABIEHHBIE B TOTHOCTH B MPOTUBOMOIOKHbBIE CTOPOHBI,
U JIBa TIOTIEPETHBIX HAMPABIEHNA HEOTPEIEEHBI ).
APL : %)\3, TO ecTh amIaHapHOcTh (i PARU(41)=2.).



-1. : kaxk SPH=-1..

Sameuanue: ctpokn ot N+1 mo N+3 (or N-2 no N mus MSTU(43)=2) B LUJETS GymyT mocite

BBI30Ba COAEPIKATH CACAYIONLYIO HH(MPOPMAITIO:

K(N+i,1) = 31;

K(N+i,2) = 95;

K(N+1i,3) : 1, mamekc ocu, 1 = 1,2, 3;

K(N+i,4), K(N+i,5) = 0;

P(N+i,1) - P(N+i,3) : ¢-if cOOCTBEHHBINH BEKTOP, KOMIOHEHTBI &, Y U Z, COOTBET-
CTBEHHO;

P(N+i,4) : A;, t-e cobCTBEeHHOE 3HaUCHIUE;

P(N+i,5) =0;

V(N+1i,1) - V(N+1,5) = 0.

Taxxe B MSTU(62) maerca 4mcJo YaCcTHUIL, NCIIOJIb30BaHHBIX NPY aHaJIN3e.

CALL LUTHRU(THR,OBL)

Ilasnauenue: onpenejadaeT TpacT, INIaBHYIO U OOIIOJIHUTEJIbBHYIO OCH cOOBITUA T COOTBETCTBY-

THR :

OBL :

OI[e BEJIMIWHBI, BbIpakaeMble depe3 WMITYJIbChI, B UaCTHOCTH, TPACT W CILTIO-
HMIEHHOCTH 0 OCAM. Da 3(DPeKTUBHOCTD MPOrPaMMbl BJAUAOT 3HadeHus MSTU(44),
MSTU(45), PARU(42) u PARU(48). B uwacrroctn, PARU(42) maeT moKasaTesb CTele-
HU 7151 IMITYJTHCHON 3aBUCHMOCTH €O 3HAYEHWEM 1O YMOJTIaHWIO =1 ., COOTBETCTBY-
oM JinHelHo# 3aBucumMocTr. Kakue MMEHHO YaCTHILI/TaPTOHBI UCIOIb3YIOTC
pu aHaJIW3e, olpeaesisercs sHaderneM MSTU(41).

tpact (mias PARU(42)=1.).

-1. : aHaJIM3 He BBHIMOJHAETCHA, TTOTOMY 9TO COOBITHE COMEPIKAJIO MEHEE IBYX TacTHII.
-2. : ocrasuierocs mpocTpatcTBa B LUJETS (YacTudHO WCIOJIB3YEMOrO B KadecTBe

paboueli 00TacTi) HETOCTATOTHO /I BBHITTOJHEHNA aHATN3a.
CILTIOMIEHHOCTD 110 ocaAM (i PARU(42)=1.).

-1., -2. : kKak pja THR.

Sameuanue: ctpokn ot N+1 mo N+3 (or N-2 no N mus MSTU(43)=2) B LUJETS GymyT mocite

BBI30Ba COAEPIKATH CACAYIONLYIO HH(MPOPMAITIO:

K(N+i,1) = 31;

K(N+i,2) = 96;

K(N+1i,3) : 1, mamekc ocu, 1 = 1,2, 3;

K(N+i,4), K(N+i,5) = 0;

P(N+i,1) - P(N+i,3) : Tpact, IJIaBHasg W JOMOJHUTEIbHAA OCH OIA ¢ = 1,2 1 3;
P(N+i,4) : cOOTBETCTBYIOUIMH TpacT, TIaBHOE U HOMOJHATEIbHOE 3HATCHHE;
P(N+i,5) =0;

V(N+1i,1) - V(N+1,5) = 0.

Taxxe B MSTU(62) maerca 4mcJo YaCcTHUIL, NCIIOJIb30BaHHBIX NPY aHaJIN3e.

CALL LUCLUS(NJET)

IlasHaueHue: BoccTaHABINBAET IITPOU3BOJIBHOE YUCJIO Cprﬁ C HCIIOJIb30OBaHMEM MeETOJa KJla-

CTEPHOTO aHaJIN3a, OCHOBAHHOTO Ha 3HAYEHUAX UMITYJIbCOB TaCTHIL.

CylecTBYIOT IBE PasIUIHBIX MEPbI pacCTOAHUHA, cM. pasmes 15.2. Bwibop ommoit
u3 HuxX ocyulecTsiderca B MSTU(46). Macitab paccrosunus dj,,, BbIe KOTOPOTO
IIBa KJlacTepa yz&Ke He o0bennHsoTcsA, 00braHo maercs B PARU(44). B obmem ciy-



NJET

-2

qae djyi, MOKET U3MEHATHCA JJIA 0beceueHUsA BO3MOKHOCTH ONNCAHIA PA3JINIHBIX
7 paspelanlmx crocobnoctelt cTpyit’”; sHaderue mo ymordanuio 2.5 9B moBosbro
Xopolro moaxoauT Ay et e ~pusukn npu sreprum 30 — 40 ['3B. C agbrepraTuBHO
MaccoBoit Mepoit paccrosauus, PARU(44) MOKeT MCIOTB30BATHCA IS ONpeneeHn A
abCOJTFOTHOTO MaKCHMyMa Macchl Kjractepa, a PARU(45) — i ycTaHOBKHU MaciiTada,

2 rae Ecm — [IOJTHad MHBapUaHTHaA MacCCa paccMaTpHU-

T.e. ompenenenus y = m*/E? |

BaeMBbBIX YacTHIIL.
Cy1iecTByeT BO3MOKHOCTD IIPOIOJIKUTH HONCK KJIacTepa U3 yiKe OmpeaeeHHOM KOH-
duryparmun ¢ HOBBIM, Oojiee BBICOKHM 3HATCHHEM djom Py TPaBUIbHOM BBIOOpE
MSTU(48). B MSTU(47) MOXKHO TakkKe 3aJaTh MUHIMAJIbHOE TpeOyeMoe TmcIo pe-
KOHCTPYUPYEMBIX CTPYii; mpu oObequHEHNN 2TOH OIIUHU ¢ MCKYCCTBEHHO OOJIBIIIM
djom, MOKHO IIPOBOJIUTH PEKOHCTPYKIUIO 33JaHHOTO Yucaa CTPYIl.
Kakue umenno gactuibt / MapTOHBI UCIOJb3YVIOTCA IPU aHaJdn3e, onpelesideTca 3Ha-
qernreM MSTU(41), a Ipeamo/IoRKeHnsas OTHOCHTEIHHO MacC JacTHIL 3aJaf0TCsa 3Hade-
ausamu MSTU (42). Dapamerpst PARU(43) u PARU (48) pery/mupyior He pusndeckue, a
TeXHUYIECKHE JTeTAIN (OILHELKO ML COOBITHH ¢ BHICOKIME SHEPTUAME 1 OOJIHIION MHO-
JKECTBEHHOCTHIO MOZKET BO3HHKHYTH HEOOXOIMMOCTH BbIOOpa Oosbiero PARU(43)
ILIsI TOTO, ITOOBI MOJIYYIUTHh IIPUEMIECMOE BPEM I peKOHCprKHMM).
YUCJIO BOCCTAHOBJIECHHBIX KJIACTEPOB.
aHajn3 He BBIMOJIHIAETCA, MOTOMY 9YTO COOBITHE COIEprKaJio MEHbIIE, YeM
MSTU(47) (06b1qH0 1) YaCcTHIl, WJIW TaHHBIA MeToH aHaJdu3a He JOCTAaTOYHO
XOPOIII [JIs TIPOBEICHUA PEKOHCTPYKIIMI TpedyeMoro dnc/ia cTpyil.
ocrapierocs mpoctpatcTBa B LUJETS (4acTUIHO WCIOIB3YEMOTO B KadecTBe
paboueii 06J1aCT1/1) HeIOCTAaTOYHO NJIdA aHaJm3a.

SaMedyaHue: ecJIU aHaJIl3 BBINOJHEH ycemrHo, To OaJibHeMIada HHCbOpMELHHH IIoMellaeTCA B

MSTU(61) - MSTU(63) m PARU(61) - PARU(63). B wactnoctm, PARU(61) comep-
KWUT WHBAPUAHTHYIO MacCy MpPOaHAJM3NPOBAHHON CHCTEMBI, TO €CTh 3HATEHWE, UC-
oJIb3yeMoe TIpH olpe/ie/leHnn 3HaMeHares A y = m?/E? . PARU(62) maeT 06oGuieH-
HBITT TpacT, T.e. cyMMYy abCOJTFOTHBIX 3HAYEHWH MMITYJIbCOB KJIACTEPOB, TOIETEHHYTO
Ha CyMMYy WMITyJIbcoB dacTuil. PARU(63) maer MuHmMasbHoe paccroanue d (B p,
WM M) MeXKIy NBYM#A KJIacTepaMy B TOCTeIHel KiracTepHol KOHMDUTYpaini; 3Ha-
genne pasHo () B cydae TOJHKO OTHOTO KJIacTEPA.

Hanee, ctpoku or N+1 mo N+NJET (ot N-NJET+1 no N s MSTU(43)=2) GyayT nocie
BbI3oBa LUJETS comepKaTh cJIenyomnryto nHbOpMaImio:

K(N+i,1) = 31;

K(N+i,2) = 97;

K(N+1i,3) : i, HOMep cTpyH (CTpYM pasMellaloTcA B TOpAIKe YObIBAHUA abCOTIOT-

HOTO 3HAYEHUA UMITYJIbCa);
K(N+1i,4) : 9w@cio 9acTUIl, OTHECEHHBIX K CTPYe i

K(N+i,5) = 0;
P(N+i,1) - P(N+1i,5) : uwMIyJibc, PHEPTUSA U WHBApUAHTHASI Macca CTPYU i;
V(N+i,1) - V(N+i,5) =0.

Takxke mjs gacTuil, UCMOIb30BaHHBIX Tpu anainse, K(I,4)= ¢, tme I — HOMED
JaCTUIIBI, & ¢ — HOMep CTPYyHU, K KOTopoil Oblja oTHeceHa dWacTuia. lorma Hepac-
MaBIINECH HEWCIOJb30BaHHble dacTuibl nMmetoT K(I,4)=0. Uckiaouenue mesraercs
s ctpok K(I,1)=3 (KoTopbie B JTIOOOM ciTydae OOBITHO He TIPENCTaBIAIOT WHTEPeca
[IPH TIONCKe KJIACTEPOB), TIIe COXpaHAeTCA HETPOHYTON WHPOPMAIINA O [BETOMOTOKE
B K(I,4).



CALL LUCELL(NJET)

IlazHaveHue: npenocraBidgeT MOJTH30BATENIO YIIPOIUIEHHYO KJIACTEPHYIO MOAIPOTPAMMY B Y-

NJET

Xe UCIOJIb3YEMBIX B HACTOAIIEE BPEMs TIPU aHaIn3e cOOBITUH ¢ OOIBIIUME P .
HetexkTop cumTaercs OXBaTHIBAIOMINM 0OJIACTh TO TMceBIOObIcTpoTaM oT -PARU(51)
1o +PARU(51) u cermentupoBannbiM Ha MSTU(51) oAMHAKOBBIX IO BEJIUUNHE IICEB-
100bIcTpoTHBIX 1 MSTU(52) — a3uMyTalbHBIX OWHOB. DolepedHas »Heprus F| s
HEpACHaBIINXCA BXOIOB cyMMupyeTcsa B Kaxkaom omue. s MSTU(53), orsimaHOTO
OT HYyJIf, 3HaUE€HNE SHEPTUU PA3MBITO N3-3a KAJOPUMETpUIecKuX 3(hpeKToB, cBA3aH-
HBIX € paspeliaolieil crrocobHOCTHIO AYEEK. ITO Pa3SMBITUE BBITIOJHEHO B COOTBET-
CTBUU C TAyCCOBBIM pacipefeserueM; B ciaydae MSTU(53)=1 cpemmnekBaapaTudHOe
oTKJoHeHNe nng [/, pasro PARU(55) x+/I|, B ciyuae MSTU(53)=2 cpenmexpapa-
THIHOE OTKJIOHeHHe mis F paBHo PARU(55) x/E, tne E, u F Boipamens! B ['5B.
layccman obpesaercs B HyJle U B TOUKe, MTOJIYIEHHON yMHOKeHTEM Ha KO>(MOUIneHT
PARU(56) mpaBuibHbIX 3Hauennii F, winm F.

Bcee 6unbt ¢ £/; > PARU(52) cumTaroTcss BO3SMOKHBIMI UHUIHATOPAMU CTPYH U mpo-
BEPAIOTCA, B MOPAIKE YMeEHbIlIeHUA [/, Ha BBITOJHEHUE YCJIOBUA, HE MPEBBINIAET
au nonHadg ), cymmupyemas 1o AveiikaMm, yIaJIeHHBIM IPYT OT IPyra Ha PaccTosA-

Hute, He Oosbitee PARU(54) (pasmep cTpyn \/(An)2 + (Ap)?), sHaUeHnA, 3aTaHHOTO
B PARU(53). Ecsiu 5T0 Tak, TO BCe 3TU AYeHKE OMPENesIAIOT OIHY CTPYIO 1 HCKJIIOTa-
0Tcd U3 najibHeliiero pacemorpenusa. B ornmuune ot LUCLUS, 31ech He Bce YacTHUIIbI
06s3aTeIbHO OTHOCATCH K KakKol-mbo crpye. Kakume uMeHHO dacTHIbI/TapTOHBI
UCTIOJIB3YIOTCA B aHaJm3e, onpenesserca snadennem MSTU(41).

YUCITO PEKOHCTPYMPOBAHHBIX ¢TpYii (MokKeT paBHATHCA 0).

-2 ocraBierocs mpoctpatcTBa B LUJETS (4acTUdHO WCIOIB3YEMOTO B KadecTBe

paboueii 06J1aCT1/1) HETOCTATOUHO JIA MPOBEIeHNA aHaIM3a.

Sameuanue: ctpoku ot N+1 mo N+NJET (or N-NJET+1 mo N mmst MSTU(43)=2) B LUJETS 6yayT

ocJTe BBI30Ba COMEPIKATH CIIEAYIONY0 WHMOPMAIIHIO:

K(N+i,1) = 31;

K(N+i,2) = 98;

K(N+1i,3) : 7, HOMep cTpyH (CTpyM pasMellaroTca B MOPAAKE YMeHbIIeHnA ) );
K(N+1i,4) : 9m@c/Io 9acTUIl, OTHECEHHBIX K CTPYE i;

K(N+i,5) = 0;

V(N+i,1) - V(N+i,5) =0.

Hautee, nyisa MSTU(54)=1

P(N+i,1), P(N+1,2) = KOOpIAWHATHI 1] U @ TMeHTpa AYEHKU-THUTITATOPA CTPYH, TO
eCTh TeOMEeTPUIECKOTO MEHTPA CTPYU;

P(N+i,3), P(N+i,4) = KOOpAWHATHI 7] U ¢ B3BEIIeHHOTO ¢ K| TeHTpa cTpyH, TO
ecTh MEHTPa TATOTEHNA CTPYU;

P(N+i,5) = cymmapnas K| crpywm;

g MSTU(54)=2

P(N+i,1) - P(N+1i,5) : BeKTOp MMIYJibca CTPYHU, CKOHCTPYUPOBAHHBIN € MCIIOJIb-
30BaHUEM 3HadeHu# cyMMapHOit K| u KOOpanHaT 1) U ¢ TMEHTpa CTPYU, B3BEITEHHOTO
c I\, B BUne

(Pyypy, =, E,m) = E(cos ¢, sin g, sinhn, coshn,0);

u maa MSTU(54)=3

P(N+i,1) - P(N+1i,5) : BeKTOp WMIYJbca CTPYH, TMOJTYIEHHBIH TTPU BEKTOPHOM
CIIOKEHUU UMITYJIBCOB BCEX ATE€EK, OTHECEHHBIX K CTPYeE, B IPENNOI0KEHNN, ITO BCSA



E| BHOCHTCs B meHTp sAdelikm, a Macca ctpym B P(N+1,5) paccunmrana ¢ MCIOIH30-
" 2 _ 2 2 2 2

BaHWeM CyMMapHBIX 3HadeHU [ 1 p Kak m” = F* — pi — Py — P

Takzxke B MSTU(62) comepKUTCA IUCIO TaCTUIl, UCTOJb30BAHHBIX MIPU aHAJM3E, & B

MSTU(63) — 9mc/I0 YUTEHHBIX sSUeeK.

CALL LUJMAS(PMH,PML)

ITasHaveHMe: PEKOHCTPYKIUA COOBITHI €O cTpyAMEU GOIBINON 1 MaJioit Maccel. Memomb3yercsa

PMH

PML

YIPOUIEHHBIN aJiTOPATM, B KOTOPOM BBITIOJIHAETCA IPelIBapuTeSIbHOe pasieleHne co-
ObITHA B 1B TOTychephl ceTeHNeM, TePIeHINKYIAPHBIM oct cepuanoctu. Torma
OIHa W3 JacTHI, COOTBETCTBYIOIINX OJHOMY W TOMY 7K€ MOMEHTY BpeMeHW, IepeHo-
CUTCA B JIPYTYIO TOTycepy, €Csii MPU 3TOM YMEHbIIAeTcsAs cyMMa KBaJIPaToB Macc
IBYX cTpy# m¥ +m3. Dpouenypa ocTaHaBIMBaeTCs, KOTIa He Mo/TydaeTcsl HIKaKnX
NabHEHIINX CyIecTBeHHBIX m3Mernernuii (cM. PARU(48)). Yacro ciydaercs Tak,
YTO COXpaHsieTcs MepBoHada/bHoe 3HadeHne. Kakue UMEHHO YacTHUIIBI/TTApTOHBI
UCTIOJIB3YIOTCA TIPU aHam3e, onpenessercs sHaderneM MSTU(41), a Macchl 9acTHIr
narforcsa B MSTU(42).
Macca Taxesof crpyn (B ['2B).
ocrapierocs mpoctpatcTBa B LUJETS (4acTUIHO WCIOIB3YEMOTO B KadecTBe
paboueli 00TacTi) HETOCTATOUHO I MPOBEIEHNA aHA3A.
Macca Jerkoit crpym (B ['9B).

-2. : Kak ansg PMH=-2..

Sameuanue: Jocie ycremnoro Ber3oBa MSTU(62) comepKUT 9MCIO TaCTHIL, WCIOJTH30BAHHBIX

npu anaguse, a PARU(61) — wHBapmaHTHYIO Maccy MpPOAHAJIN3NPOBAHHON CHCTEMBI.
DocirenHee 3HAUEHNE TTOJIE3HO TPHU MOCTPOEHUN MACIITAONPOBAHHBIX MacC CTPYIi.

CALL LUFOWO(H10,H20,H30,H40)

ITasuadyeHue: BBINOJHAECT aHaIN3 COOBITUA ¢ HCIOAb30BAHIEM MOMEHTOB CDOKCEL*BOJII)CprLMEL.

H10
H20
H30
H40

H; wmowmenToB HOpMUpYylOoTca Ha camoit nepsbiit, Hy.  Kakue wnmenHo dvacTu-
bl / HAPTOHBI UCTIOJb3YIOTCA IPU aHaJU3e, onpeaessercs snadernem MSTU (41).
Hi/Hy. DaBen wyo, ecjid UMIYJIbLC CKOMICHCHPOBAH.

HQ/HO .

Hg/Ho.

H4/H0.

SamedaHue: 4nUCI0 TaCTHI, UCTTOIB30BAHHBIX TIPU aHaJm3e, gaercs B MSTU(62).

CALL LUTABU(MTABU)

ITasnaveHnue: obecriednBaer p#Ad ONNuit aHaw3a COOBITHUH, KOTOPBIE MOTYT OBITH WCIIOIH30-

BAHBI JJT51 KaZK/IOTO HOBOTO COOBITHUSI, U, IO TPeOOBAHMIO, BbIIaeT HAKOIJIEHHYTO CTa-
TUCTUKY. 9 PU ONpeNeeHIH OMMOOK WX OTHOCAT K HEONPEIeIEHHOCTH CPETHUX 3Ha-
qeHuil 115 Beelt BBIOOPKEM COOBITHH, a HE K pasMBITUIO OTHAEIbHBIX COOBITHH, TO €CTh
omnbKa yMeHbIIaeTcs o0PATHO IPOMOPINOHAIBHO KBAIPATHOMY KOPHIO W3 THCJIa
MpoaHaIM3nPOBaHHBIX coObITHi. 151 mpaBmibHOTO TpuMenerns LUTABU wHe morryc-
KaeTcs CBOOOIHOE CMeNINBAaHWe TMOKOJEHWH W aHaJ W3 Pa3/IndHBIX KJIAaCCOB COOBI-
THii, TaK KaK CYIIEeCTBYET TOJHKO ONWH HabOp cueTdmKOB crarucTuku. OmauwHOUTHOE
BBITIOJTHEHTE €llle MOZKET CO/IePKATh MOCTeN0BATETbHBIE ~MOIBBITOTHEHUA , MEKTY



MTABU

10
11

12
13

20
21

KOTOPBIM CTaTUCTUKa cOpachiBaeTcsa. Bearuit pas mpu anasnse cOOBITUS TUCTO WC-
TOJIB3YEMBIX qaCTMH/ HTapTOHOB TaeTCs B MSTU(62).
oTIpeniesisieT, Kakoe MelcTBWe MOJIZKHO OBITH TMPeanpuHATO. Bo Beex caydaax mo-
crnenusas nudpa, pasHag (0, yKasbBaeT, 9TO CIETINKN CTATUCTUKN [IJIA 3TON ONMInm
TTOJTIZKHBI cOPACBIBATHCA; TaK KaK CIETIMKEU COPACBIBAIOTCA B HadaJje BBITTOTHEHUA
(ycramoBkamu 3Hadenuii DATA), OOBITHO 9TO HE MCMOTB3yeTCA. Docrentasn nudpa,
paBHas 1, ompenenseT aHaJ M3 TEKYIIETO COOBITHSA B COOTBETCTBUU € YKEJTAEMBIMU
cBofictBamu. OOparwTe BHUMaHWe, UTO BO3SHUKAIOIIEE B pe3yJibTaTe JIefCTBUE MO-
JKeT 3aBUCETHh OT TOTO, KaK CreHEPWPOBAHHOE COOBITHE BPAIAJiOch, CMEIAJOCh B
IPYTYIO CHCTEMY KOODJAMHAT WU PETAKTHPOBAJIOCH TEPENl 3TUM BBISOBOM. ) aKo-
IJIeHHasA CTATUCTUKA BBIBOAUTCH B BUe TabJUIBI Hjid mocjenHetl mudpbl, paBHOM
2, miu crpysKaerca B obunit 670k LUJETS mia mocsenseit mudpsl, paBHO# 3. Do-
CIIeHASA OMNINA MOYKeT OBITh TOJIe3HA TPHU B3aUMOIEHCTBUN ¢ TaKeTaMu TpaduKm
TJTA BBIXOIHBIX TaHHBIX.

cOpoOC CTATUCTUKU IO MHOYKECTBEHHOCTH TTaAPTOHOB.

aHaJIM3 TapPTOHOB B TEKYIIEM COOBITHE (KJIacCHpUKAI O COCTaBy apoOMaToB

B JKECTKOM B3amMomelicTBum u obieMy qucay maproHoB). CocTaB apoMaToB

IpUHEMaeTCA onpeaeaeHiabiM Kak B MSTU(161) u MSTU(162); »Tu 3HadeHusA

aBTOMaTUYeCKH YyCTaHaBJ/IMBaloTcA, Halpumep, upu sbizoBe LUEEVT u PYEVNT.

maeT TabJIUILY I pachpeneseHns MHOKECTBEHHOCTH TTapTOHOB.

cOXpaHsgeT pacrpemeseHue

MapTOHHONW MHOXKecTBeHHOCTH cobbiTuit B /LUJETS/, mcmosnb3ys ciemyrouiuit

dopmar:

N = obiree 9mCIO pA3TUIHBIX OOHAPY JKEHHBIX KAHAJIOB]

K(I,1) =32

K(I,2) =99;

K(I,3), K(I,4) = mBa apomara;

K(I,5) = obuiee umcio HafigeHHBIX COOBITHH ¢ cocTaBoM apomaroB K(I,3) u

K(I,4):

P(I,1) - P(I,5) = orHOCHTEe/IbHas BEPOATHOCTH HAXOKICHUI ITAHHOTO CO-

cTtaBa apomaros u 1, 2, 3, 4 mim 5 MapTOHOB, COOTBETCTBEHHO, B KOHETHOM
COCTOAHUU;

V(I,1) - V(I,5) = orHOocHTeJbHasA BEPOATHOCTD HAXOXKICHMUA HAHHOIO CO-
craBa apomatoB u 6 — 7, 8 — 10, 11 — 15, 16 — 25 wm 60s1€ee gem 25 mapTOHOB,
COOTBETCTBEHHO, B KOHETHOM COCTOAHWH.

Kpowme toro, MSTU(3)=1u

K(N+1,1) = 32;

K(N+1,2) = 99;

K(N+1,5) = umcjo mpoaHaJ m3uPOBAHHBIX COOBITHIH.

cOpOC CTATUCTUKU IO COCTABY TACTHII.

aHaJIM3 COCTaBa YaCTUIL/TAPTOHOB B TEKYIIEM COOBITHH; BBINOJHACTCH TaKIKe
IJTA 9aCTHIL, KOTOPBIE BIOCJIEICTBIY PACTATA0OTCs, U (hparMEeHTUPYIOIIIX Tap-
TOHOB (€CJTN 3TO He ABJIAETCA HEBOSMOKHBIM 13-3a TIPEIIIECTBYOIIETO BBI30OBA
LUEDIT). HacTuibl MoapasiendfoTcs Ha HepBUIHbIE I BTOPUIHBIE, W TJTaBHBIH
OPUHIIUT 3aKJI0YaeTcA B TOM, YTO MEPBUYHAA YacTHIla — 3TO YacTHUIA, IO-
JlydeHHas TpU CTpyHHON bparMeHTalny, a BTOPUIHBIE TaCTHUIIBI MOy TafOTCs
IpPHU pacrajax APYTUX dacTul. Tak Kak HEKOTOpBbIe GacTHIBI (CKazKeM, TOI)
MOTYT paclalarThbcad Ha MapTOHBI, TO pa3judue He BCETIa JKECTKO (DUKCHPO-



22
23

30
31

32

33

BaHoO.
aeT TabJIMILY COCTaBa YaCTUIL B COOBITHAX.
cOXpaHsgeT cocTaB dacTuil B coObiTuaAX B /LUJETS/, mcmosb3ys ciemyrommii

dopmar:

N = gmc/i0 pas/ImIHbIX 0OHaPY )KEHHBIX THIIOB TaCTHII;
K(I,1) = 32;

K(I,2) =99;

K(I,3) = KF-xon gactuipr;

K(I,5) = obimee 9mc/I0 acTUIl U aHTUIACTHUI] JAHHOTO BUIA;

P(I,1) = cpemHee 9WCJIO MEPBUIHBIX YACTUIl HA COOBITHE;

P(I,2) = cpemHee 9nc/IO BTOPUYHBIX YACTUIl HAa COOBITHE;

P(I,3) = cpemHee 9nCJIO MEPBUIHBIX aHTUIACTUIL HA COOBITHE;

P(I,4) = cpemHee 9ncJIO BTOPWIHBIX aHTUIACTUIL HA COOBITHE;

P(I,5) = cpemHee MOJHOE YNCIO YACTUIL WM aHTUIACTUIL HA COOBITHE.
Kpowme Toro, MSTU(3)=1u

K(N+1,1) = 32;

K(N+1,2) = 99;

K(N+1,5) = 9mciio MpoaHaTU3MPOBAHHBIX COOBITHII;

P(N+1,1) = cpennss mepBUYHas MHOKECTBEHHOCTD Ha COOBITHE;

P(N+1,2) = cpefHAda KOHedHasd MHOZKeCTBeHHOCTb Ha CO6bITI/Ie;

P(N+1,3) = cpeHAA MHOKECTBEHHOCTD 3apAKEeHHBbIX JacThIl Ha cOOBITHE.
cOpoc cTaTucTuKu 1Mo PaKTOPUATBHBIM MOMEHTAM.

aHa 3 (PaKTOPUATHHBIX MOMEHTOB IIJIs PACIPEIeeHNsT MHOKECTBEHHOCTH B
Pa3JIMIHBIX OWHAX MO OBICTPOTE W asUMyTaJbHOMY yTuTy. Kakwme mMmeHHO wa-
CTUTBI (MW TapTOHBI) WCTOJB3YIOTCA B aHasl3e, ONpenedeTcs 3HaUeHneM
MSTU(41). Beibop Mexmy MCIIOIb30BaHWEM 3HAYEHWH UCTUHHON OBICTPOTHI,
MUOHHOM OBICTPOTHI WU TCEBHOOBICTPOTHI onpenenserca B MSTU(42). Ocpb z
CAWTAETCH OCHIO COOBITHSA; €CJIM TO HeKeTaTeTbHO, MOKHO HafiTu och CcOOBI-
T, HanpuMmep, ¢ moMmoinbio LUSPHE win LUTHRU u ucosib3oBarh LUEDIT(31).
Makcnvym (mmoHHOH, TceBIO-) OBICTPOTHI, KOTOPBIH ycTaHaBIMBaeT Orpa-
HOYeHUe Ha IMKaJy OBICTPOT WJIM 3KCIEPUMEHTAJIbHBIN aKcemTaHc, TaeTcs B
PARU(57).

mevarh TabJIUIBI J15 TEPBBIX deThipex (PaKTOPUAIbHBIX MOMEHTOB B Pa3JInd-
HBIX OMHAX IO TICEBIOOBICTPOTE U a3MMYTaJIbHOMY yTuTy. MOMEHTBI TTpaBUIBHO
HOPMUDYIOTCSA, TaK 9TO OHU OYIyT paBHBI eAWHUIE (€ TOTHOCTHIO O CTATHCTH-
gecKuX PIIYKTYaIwit) 1718 OTHOPOIHOTO U HEKOPPETNPOBAHHOIO POKIEHUA Ta-
CTHI] IO TIYaCCOHOBCKOM cTaTucTUKe U OYIyT yBEJWIUBATHCS IPH YMEHBITEHNN
pasMepa OWHa B ciaydae ~ HepaBHOMepHOTo  moBemenus. Qmmubka mpu ompe-
TTeJTEHUN CPETHETO 3HAUEHU OCHOBBIBaeTCA Ha (PaKTUIEeCKON CTaTHCTUIecKOn
BBIGOpKE (TO €CcTh He MCIONb3yeTcA HUKAKUX MPENNOIOKeHI i OTHOCHTENBHO
pacrpeneseHus I CBA3BIBAHUSA OMIMOKU CO CPETHUMU 3HAUEHUAMUI BBICIITX
MoMeHTOB). OOpaTnTe BHUMaHWe, 9TO I/1d OWHA MAJIBIX PA3MEPOB, TIe CPeTHA
MHOZKECTBEHHOCTh MaJla 1, CJIETOBATEbHO, (DaKTOPUATHHBIE MOMEHTBI TOJTHKO
B OU€Hb PENKUX CJIydadX He PaBEHbI HYJIIO, 3HAYEHNA MOMEHTOB MOTYT CHUJIBHO
QIIyKTYyrpoBaTh, U BhIIaBaeMasd OMIMOKa OYIET CIIUIIKOM MAaJIoff.

coXpaHseT 3HaUeHNs (PaKTOPHATbHBIX MOMeHTOB B /LUJETS/, ucosibsysa ¢op-
MarT:

N =30,cI = ¢=1-10, cooOTBETCTBYIOIINM pPa3sOUEHUIO OBICTPOTHOTO TUAIIA-
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sona Ha 2'7! Gunos, I = ¢ =11 — 20 - pasbuenuio asuMyTaJbHOTO JUAIa30HA

ma 27 6mHOB, W I = i = 21 — 30 — pasOmeHMIO AMATIA30HOB OLICTPOTHI U
a3UIMyTaJbHOTO yTiTa Ha 2'~ 2! Gunos;

K(I,1) = 32;

K(I,2) =99;

K(I,3) = umcyio GUHOB 1O OBICTPOTE;

K(I,4) = gmcsio OWHOB 1O a3WMyTaJIbHOMY YIIIY;
P(I,1) = pasmep OBICTPOTHOTO OWHA;

P(I,2)
r0, 9eTBEPTOTO U MATOTO (PAKTOPUATBHBIX MOMEHTOB;
V(I,1) = pasMmep a3uMyTaJbHOTO OWHA;

P(I,5) = (F3) — (Fs), TO ecTh cpenHee 3HAUEHUE BTOPOTO, TPEThe-

V(I,2) - V(I,5) = craructudeckue ommbkm s (Fy) — (Fs).
Kpowme toro, MSTU(3) =1 u

K(31,1) = 32;
K(31,2) = 99;
K(31,5) = umc/io mpoaHaJM3UPOBAHHBIX COOBITHI.

cOpOC CTATUCTUKU IO SHEPTETUIECKUM KOPPETATUAM.

aHaJ M3 »HepreTndeckux Koppessnuit KEC B texyiem coobitun. Kakue mmen-
HO YacTUIBI/TapTOHBI UCHOIb3YIOTCH B aHAJU3€, OMPENeIAeTcs 3HaYeHueM
MSTU(41). CobbiTus cumTaiorcs 3amganabiMu B ux cucreme [IM. Bec, coor-
BeTcTBYtOWUH nmape i u j, ects 2F;/E;vis?, rne E,;, — cymma »Hepruii Beex
MPOAHAJM3UPOBAHHBIX TACTHUI] B COOBITHN. DHEPTUU ONPENESIAIOTCA U3 M-
MyJIbCOB YACTHIL, C MaccaMu, OMpeIeeHHbIME COTJIacHO 3HadeHnsaM MSTU (42).
Crarneruka HaKalIMBaeTcs [JIsA OTHOCHTENIBHOIO YIvia 0, IpuHUMAIONIEro
sHavenns or 0 mo 180 rpamycoB, u MOHBIH AUana3oH 3HaAYEHUH TOIpas3Ies-
erca Ha 50 OWHOB.

mevdataer Tabsuiy sHepretudeckux koppessanntt KEC n acummverpun FECA
¢ ommOKamu. Onucanme ommbOOK HE €IMHCTBEHHO. B HameM moaxoie Kakmoe
cOOBITIE paccMaTPUBAeTCs KaK OTHO HAOJIOIeHre, TO eCTh paclpeiesienne i
FEEC v FECA monydero cyMMUPOBAHUEM TIO BCEM TapaM YacTHUIl B COOBITHM,
MOTOMY CpelHee 3HaUYeHWe W €r0 PasMBITHE IJI TAKOTO paclpeleeHns Bbl-
YUCTAIOTCSA B CTAHIAPTHOM peXuMe. DojydaeMas OInOKa, CJIeIOBATETHHO,
obpaTHO TIPOMOPINOHaIbHa KBAIPATHOMY KOPHIO U3 dnciia cobbituit. MoxHo
OBLITO OBI paccMaTpPUBATh KaKIYIO OTIEJBHYIO MTapy 9acTHll KaK OIHO HabJTo-
TleHme, 9TO 1ajI0 ObI HECKOJIBKO OOJTee HU3KME 3HATEHU s ONNOOK, HO TOTIa MbI
ObLI OBl BBIHYKIEHBI YIUTHIBATH CJOXKHYIO TPOIENYPY BHECEHUS MOMPABOK
Ui ydeTa HAJUIUA B COOBITAN Tap, KOTOPBIE CKOPPETTPOBAHBI MKy cOOOM
(1IBe JKecTKWe CTPYM MO 3aJaHHBIM YTJIOM APYT K JAPYTY OOBITHO COOTBETCTBY-
eT HeCKOJIbKUM TapaM, PacIOJIOKEHHBIM OTHOCUTENBHO APYT APYTa IO TeM
xe yriaom). Obparute BHUMaHWe, OIHAKO, UTO MPU HAIIEM MOIXOe KBaipar
omubku B KFE(CA-O6une MeHbIle CyMMBI KBAJIpPAaTOB OIIMOOK B COOTBETCTBYIO-
uem FEC-6une (Kak »To m H0KkHO ObITh). Takke obparnTe BHUMaHWE, 9TO
HEBO3MOZKHO OObEIUHUTD ONINOKN W3 IBYX OJIM3JI€KAIINX ONHOB BPYIHYIO, MC-
MOJTh3Y S HAaHHYIO WHQOPMAINO, TaK Kak OJm3/iexkaline OWHB KOPPETHPYIOT
(cHOBa TPUBHMAJBHOE CJIENCTBUE HAJIUIUA CTPYH).

coxpanset suaderns FEC u FECA 8 /LUJETS/, ucnions3ys (opmar:

N = 25;

K(I,1) =32
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K(I,2) =99;

P(I,1) = KFEC nnsa yroos mexay I-1u I, B enmraumax 3.6°;
P(I,2) = FEC pnsa yroos mexay 50-1 u 51-1, B enmraumnax 3.6°;
P(I,3) = FECA nns yrios mexny I1-1 u I, B enuaumnax 3.6°;

P(I,4), P(I,5) : HWXKHAA W BEepPXHAA TPAHUIBI YIJIOBOTO AWalla3oHa OWHA
I, BbIpaskeHHbIe B paguaHaX;

V(I,1) - V(I,3) : ommbkm mjs smadenuii FEC nw FECA, coxpaneHHBIX B
P(I,1) - P(I,3) (cm. =42);

V(I,4), V(I,5) : HUXHAA W BEepXH:;AsA TPAHMIBI YIJIOBOTO AWalla3oHa OWHa
I, BhIpaskeHHbIE B Ipajycax.

Kpowme Toro, MSTU(3)=1u

K(26,1) = 32;

K(26,2) = 99:

K(26,5) = umc/io mpoaHaJM3uPOBAHHBIX COOBITHIA.

cOpoC CTAaTUCTHUKN IO BCEM KOHEUHBIM COCTOSHIAM.

aHaJIm3 coCTaBa YACTHI, B KOHEUHOM COCTOAHMN B 3allMCH TEKYIIETO COOBITHA.
Takum ob6pasoM, B XOe BBITOJHEHI HaKallIABAETCsA CTaTHCTHKA O TOM, Kak
JaCcTO MOABIAIOTCA PA3JIHIHbIC KOHEUHBIE COCTOAHNA. AHAIU3UPYIOTCA TOTb-
KO KOHEUHBIE COCTOAHUA, CojepiKallne /10 8 YacTHIl, U WMeeTCH 3ape3epBi-
pOBaHHOE MPOCTPAHCTBO My He Gosee 200 pasandHbIX KOHETHBIX COCTOSHMI.
CobpITusA ¢ Hanboiee BHICOKUMI SHEPTUAME UMEIOT MHOKECTBEHHOCTH JAJICKO
3a 8, TaK YTO IJTaBHOE TTPUMeHEHNe 3TOTO MeXaHM3Ma COCTOUT B MCC/IETOBAHIT
9P PEeKTUBHBIX BepOATHOCTER paclafa Mo OIpemeJeHHOMY KaHaJly, MOy IeH-
HBIX JJI JaHHoil Momeanm pachaia, HalpuMmep, mid - win b-agpomos. Torma
LU1ENT MozKeT MCIOJIb30BaThCA IIJIA TeHepallii OJHON pacnalaloleiica 9acTu-
IIbI B OJIMH MOMEHT BpeMeHH, ¢ mocjeayomnm ataansom B LUTABU. B 3aBucu-
MOCTH OT TOTO, Ha KaKOM yPOBHE HYXKHO IPOBECTU McCaeNoBaHue, HEKOTOPhIe
pacmagbl YacTUIL MOTYT BBIKJIIOYAThCA, HAITpUMep, I1JId 70,

JaeT paciedyaTKy (He OoJThIIIe 200) KaHaJIOB, COMEPKAIIIX 0 8 JaCTHIL B KOHET-
HOM COCTOSIHWH, ¢ WX OTHOCUTEJbHBIMI BEPOATHOCTAMI pacraia. ¥ Iopsaaode-
HUEe OCYUIeCTBJIAeTCA 110 MHOXKECTBEHHOCTH, & B IIpefesax KaXJIoro 3sHadeHud
MHOZKECTBEHHOCTI — TT0 Top#AAKy BospacTanua KF-rkomos. KF-koapr gactui,
IpUHAIICKAIINX TaHHOMY KaHagy, JafoTCsa B MOPsIKe yOBIBAHMA.

coxXpaHAeT KOHeYHble COCTOAHUA W BEPOATHOCTU pachaja, HalileHHble B
/LUJETS/, uctions3ys dpopmart:

N = 9mcao pa3/ImYHbIX HAWJTEeHHBIX KOHEYHBIX COCTOAHMN (He OoJThIIIe 200);
K(I,1) = 32;

K(I,2) =99;
K(I,5) = MHOKeCTBEHHOCTb JaHHOI'O KOHEYHOTO COCTOAHUA, GUCIO MeXKITYy 1
n 8;

P(I,1) - P(1I,5), V(I,1) - V(I,3) : KF-romwl & wacTur mamHOro KoHeU-
HOTO COCTOSHUSA, peodpa3oBaHHbIE B BENIECTBEHHBIE UNC/IA, ¢ KOHETHBIMEI HY-
JIAMY JIJTS HEUCTIOJb30BAHHBIX TO3UIINI;

V(I,5) : »ddexTuBHAT BEPOATHOCTH paclaia /i TaHHOTO KOHEYHOTO CO-
CTOSHUA.

Kpowme Toro, MSTU(3)=1u

K(N+1,1) = 32;

K(N+1,2) = 99;



K(N+1,5) = 9mcsio TpOaHaIu3uPOBAHHBIX COOBITHII;

V(N+1,5) = cymMmapHas BEPOATHOCTh pacliafa IJIsi KOHEYHBIX COCTOIHUM, He
YKa3aHHBIX BBIIIE TOTOMY, YTO OHU COMEpIKAJU OOJIbIe 8 YaCTUIl WU TOTOMY,
aTo Bce 200 KamasioB yiKe MCIOIb30BAJINCH BBIIIE.

COMMON/LUDAT1/MSTU(200) ,PARU(200) ,MSTJ(200) ,PARJ(200)

ITasHaveHue: obecrednBaeT MOCTYI K PALY KOMOB COCTOAHWH U TTapaMeTpOB, KOTOPBIE pery-

MSTU(41)

MSTU (42)

= 2
MSTU (43)

MSTU (44)

MSTU (45)

MSTU (46)

aupyior 3gpdekTuBHOCTh JETSET. DOIBIIMHCTBO MapaMeTpPOB OMUCHIBAIOTCA B pas-

neste 14.4; 3mech paccMaTpUBAIOTCA TOJBKO CBA3AHHBIE ¢ TIOAIPOTrPAMMaMy aHAJTI3A

COOBITH .

(D=2) mapronbl/dacTuupl, WCIOJB3yeMble B TOANPOTpaMMax aHasmM3a COOBI-
tna LUSPHE, LUTHRU, LUCLUS, LUCELL, LUJMAS, LUFOWO w LUTABU (HCKJHOan
LUTABU(ll))

BCE TapTOHBI/YaCTUIILI, KOTOPBIe He (hparMeHTHPYIOT/pacialaiores.

BCe, 3a MCKJIIOYeHNEeM HERTPUHO W HEM3BECTHBIX TacTHII.

TOJBKO 3apsAKEHHbIE CTa0UIIbHBIE TaCTUIIBI TLTIOC JIIOOBIE ellle HeparMeHTH-
pOBaBIIKE TTAPTOHBI.

(D=2) npenmonoxkenns OTHOCHTETHHO MacC YacTHUIL, MCHONb3YEMBIX TIPU BBIUH-
ciaenun sueprun B? = p% + m? s sxonos B LUCLUS, LUIMAS u LUTABU (B mocren-
HEM cJIydae TaKiKe [IJIf BBIOOpa MCEBIOOBICTPOTHI, THOHHOMW MJIM MCTUHHONW OBICTPO-
TBI).

BCE JACTUIBI TPUHUMAIOTCH OE3MACCOBBIM.

BCe YACTUIBI 3a MCKJIIOUeHWeM (POTOHA CUUTAIOTCH UMEIONINME Maccy 3api-
JKEHHOTO TTHOHA.

MCTIOJIB3YIOTCA NCTUHHBIE 3HAUEHUA Macc.

(D=1) coxpanenue nrdopmarmu 06 aHaau3e COOBITHA (TITABHBIM 00pa30M, 00 0CAX
crpyit) B LUSPHE, LUTHRU, LUCLUS u LUCELL.

: coxpaHeHme WHMOpPMAInm 000 BCeX COOBITUAX MOCJTe 33JaHHOTO B MO3UIINAX OT
N+1 mo N+MSTU(3). Eciin HecKoJIbKO TOAIPOrpaMM UCTOIb3YIOTCA TTOCTET0BA-
TeJIbHO, BCA WHQOpPMAIInsi, KpOMe OTHOCAIIecs K BBI3OBY MOCenHel TOmMITpo-
rpaMMBbl, TTEPE3AMNCHIBAETCS.
coxpaHeHre UHPOPMAINE 000 BCeX COOBITHAX BMECTE € HATAJIBHBIM 3ajlaH-
HBIM, T.€. B KOHIE pacrnedarku coObITusA, ¢ N, MOIupUIupoBaHHBIM HY KHBIM
obpazom. Eciim HECKOTBKO MOATPOTPAMM HCIOIB3YIOTCH MOCTEI0BATETBHO, TO
TIOCTYTIHBI BCe OIpeNeIeHHbIE OCH.

(D=4) amciao cambix GBICTPHIX (T.e. ¢ caMBIM GOJIBIINM UMITYJIBCOM ) TaCTHIL, WC-
MOJTb3YEMBIX [IJI KOHCTpyHWpoBanus He Oosee dem 10 mambosiee momxomsAnnx Ha-
JAJTbHBIX KOH(MUTYpAIuil 118 OTpeesIeHns OCH TPacTa.

(D=2) umcno pasnmuHBIX HadaJbHBIX KOHMUTYpAluii BBIIIE, KOTOPbIE TOJKHbI
CXOIUTHCA K OTHOMY 1 TOMY Ke (Ham/IydiieMy ) SHaUeHIIO, OCIe Tero 5T0 3HaIeHe
MpUHUMAeTCH KaK paBUIbHAs OCh TpacTa

(D=1) wepa paccrosuus, wucnonb3yeMas [IiA OObeIUHEHNA KJIacTEPOB B
LUCLUS.

d;j, TO ecTb IPUOINZUTEIIBHO OTHOCUTENbHBL Tonepevnslit ummyise. Kaxmapiit
pa3, Korma [Ba KjacTepa OObEIMHAIOTCH, JacTHUIBI MTepepPacpeneaioTcsa B
TOT KJIacTep, K KOTOPOMY OHU Teleph OJIMKe BCETO HAXOMATCHA. ) PelesTbHOe
3HaveHue dj,;, coxpansgerca B PARU(44).
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MSTU (47)

MSTU (48)

MSTU(51)

MSTU(52)

MSTU(53)

MSTU(54)

Mepa paccTOAHMA KaK B =1, HO YacTHWIBI HUKOTTa HE TepepaclpenesaioTcs
MeZK Ty HOBBIMU CTPYAMMU.

mepa paccroanua JADE y;;, Ho uMerolas Takylo pasMepHOCTD, YTOOBI ee olpe-
JeJieHne MPUMEPHO COOTBETCTBOBAJIO 3HAYEHWIO TTOJTHON MHBaApUAHTHOM Macchl.
YacTumpl HIKOTIa He Iepepacipele aioTcsa MeKIY KIacTepaMi. 9 peaeibHoe
3HaUYCHUe PACCTOAHUIA Myy,;, COXpansgercsa B PARU(44).

Kak =3, HO ucnosb3yercsa Macuirabuposannoe paccroanue JADE y;; Bmecro
M. JpelesbHoe 3HAUCHUE Yy, cOXpandercs B PARU(45).

(D=1) MuwHUMaIbHOE YHCTO KJIACTEPOB, HEOOXOIMMOE IS TPOBENEHNA DPEKOH-
cTpyknum ¢ momolnrbio LUCLUS.
(D=0) pexmum paborsl moamporpammbsr LUCLUS.

MOWCK KJacTepa HauWHAeTCsa ¢ pabodero Kiaacrepa.

KJIACTEPBI, TOJYUCHHBIE B MPEIBIAYIIEM ITOUCKE B TOM K€ caMOM COOBITHM (c
MSTU(48)=O) JOJIZKHBI TPUHUMATHCA KaK HadaJbHadA TOYKA IJIA ITOC/IEeaYTo-
[eT0 O0bEeINHEHNA KJIacTepoB. B »ToM BBI30Be /I TOrO, UTOOBI He ITOJIY-
IATh HEKaKHX 3hdekToB, MaciTad oobeannerns B PARU(44) mim PARU(45)
ITOJIZKEH M3MEHATHCA. Ke/Iu Tpons30lIn H3MeHEHNA B 3aliCH COOBITHAA IMOC/Ie
mocstenHero Bbi3oBa LUCLUS, miim eciim m3MeHMJIach JT00as Apyras yCTaHOBKaA
mapaMeTpoB IMOMCKa KJacTepa, TO MOCJIeaYIONni pe3yabTaT OyIeT HellpemacKar-
3YEMBIM.

IUCTI0 OWMHOB 10 TICeBIOOBICTPOTE, Ha KOTOPBIE pa3lesieH AUala30H 3HaATeHWH Me-
&y -PARU(51) m +PARU(51); ucnosib3yercsa [Jid OlpeNe/ieHns pasMepa Adeiiku B
LUCELL.

IUCTIO0 OWMHOB MO a3MMYTAJbHOMY YTJTY, UCTIOIb3yEMOE IIJIs ONpeleIeHns pasMepa
Auefiku B LUCELL.

(D=0) pasmbITHE TOUHOTO 3HAUEHWA PHEPTUH, BBOAWMOE, Adelika 3a AdeiiKoi, B
LUCELL mjis MOMIEJITMPOBAHTA KAJOPUMETPUIecKuX 3(h(PEKTOB 2HEPTETUIECKOTO Pa3-
peluleHn.

HOKAKOTO Pa3MBITHA.

morrepevdHas »Heprus B Adelike [/| pasMmbITa Mo rayccmaHy €O CpemHeKBaIpa-
THIHBIM OTKIoHeHmeM PARU(55) x\/E |, rne I, maerca B ['3B. layccuman o6-
pesaetca Tak, 9T00bl 0 < K jneared <PARU(S56) X K 4.

KaK =1, HO 37ech pPa3MbITO 3HaUeHUe MOJHOW »Hepruu [, a He momepedHol
sHepruu ] .

(Dzl) ommpenenser Bua WHPOPMAIAA O PEKOHCTPYHPOBAHHBIX KJacTepax B
LUCELL, coxpanennoii B LUJETS B cOOTBETCTBAN €O 3HaYCHUEM MSTU(43).

BEKTOp P B KalK/JOl CTpOKE CONEpKUT 7] U (¢ /s FeOMEeTPpHYecKoro HadaJsla
CTPYU, ) U (p s B3BEIIEHHOTO NEeHTpa CTpY!W U [ ¢TpyH, COOTBETCTBEHHO.
BEKTOp P B KayK/Ioil cTpoKe comepKuT Oe3MaccoBoe IIpecTaB/IeHre YeThlpex-
BEKTOpa HallpaBJ/IEHUs CTPYU B BHE

(Pyypy, s, E,m) = E | (cos g, sin g, sinhn, cosh n, 0),

rJe 1 ¥ ¢ JafoT B3BEeLIeHHBI HeHTp cTpyu, a F| — HomepedHas >HEpPIUs.
BEKTOp P B KayK/0il CTpOKe cOMepzKUT MaCCUBHBIH YeThIPEXBEKTOD, MOJIYUeH-
HBIH [P CJIOKEHUH 0e3MacCOBBIX YeThIPEXBEKTOPOB i BCeX AdeeK, oOpa-
3YIOUIUX YacTh CTPYHU, U IOCIEAYIOUIEM BLIUUCACHUN Macchl CTPYH Kak m? =
E? —p2 —p? — p2. Jlna xaxpofi sdefikn cymmupyercs mosmnas F, u ocyme-
CTBJIAETCA TIpeobpas3oBaHue B MpeicTaBIeHne 6E3MacCOBBIX YeThIPEXBEKTOPOB
B TIPEIIIOIOKEHIN, YTO BesA )] BHOCHTCA B IEHTp sUeiiKm.



MSTU(61) : (I) mepswiii Bx0n miis XpaHeHns WHOOPMAIINT O PE3YIbTaTaX aHATM3a T TOCTE -
Hero coOBITHSA, MpoaHaan3upoBannoro B LUSPHE, LUTHRU, LUCLUS wm LUCELL.

MSTU(62) : (R) umcio gacTuir/mapToHOB, MCOMB3YEMBIX TIPU MOCTETHEM aHAIN3€e COOBITHA B
LUSPHE, LUTHRU, LUCLUS, LUCELL, LUJMAS, LUFOWO nom LUTABU.

MSTU(63) : (R) mpw BbI3oBe LUCLUS ompeseisfer 9ucao MpeiKkIacTepoB, CKOHCTPYIPOBAHHBIX
NI YCKOPEHUA aHasi3a (JI0J1KHO ObITh paBHo MSTU(62), ecoim PARU(43)=0.). Dpu
BbI3oBe LUCELL — umcJsio 3a1eificTBOBAaHHBIX s4YeeK.

MSTU(161), MSTU(162) : cUTHAJW3UPYIOT O MOJYIYEHUN TAKETBIX apOMATOB B TEKYIIEM CO-
OBITHW; MCTTOTB3YIOTCA Tpn aHagmse B LUTABU(11). 3nadenus MoryT paBHATHC: (),
yKa3bIBasd Ha OTCYTCTBUE OIHOTO WJIU BCEX TAKEITBIX apoMaToB B coObITuu. OOBITHO
yCcTaHaBJIMBAIOTCsA HoAnporpaMMaMu Bblcokoro yposus Tuna LUEEVT waum PYEVNT,
HO MOTLYT TaKiKe yCTaHaBIMBaThCA BaMW CaMOCTOATEJIBHO.

PARU(41) : (D:2.) MOoKa3aTeslb CTENeHn 1A MMNyJabcHol 3aBucmMocTn B LUSPHE; smavenme
0 YMOJTYAHUIO COOTBETCTBYET OIpeneseHuto cpepuaHocTn, =1..

PARU(42) : (Dzl.) NoKa3aTeslb CTeleHrn A nMnyabcHoil 3apucmMocTn B LUTHRU; snavenme
IO YMOJTHaHUIO COOTBETCTBYET ONpelesIeHII0 TpacTa.

PARU(43) : (D=0.25 I'sB) makcumanbHoe paccroanue d;,;; B LUCLUS mpu (popMupoBaHun Ha-
JAJTbHBIX KJIACTEPOB, WCIOJIB3YEMBIX I YCKOPEHUA PEKOHCTPYKIINU. J3HadeHue
mapameTrpa ecth p; misa MSTU(46) < 2 mw m mia MSTU(46) > 3. Ecau =0., He ocytie-
CTBJIAETCSA HUKAKOW TpenksacTepusanui. Feu xKe BRIOHpaeTcs cJIUIKOM DOJTbIoe
3HaUYEHNUe, TO Ha 3TON CTaINy MOYKeT TeHepUpPOBAThCA OOJIhIllee KOJTNIECTBO 00 bEIn-
HeHull, ueM 310 KestareabHo. OCHOBHOE TpUMEHEHNE HaXOMUTCH B 00JIACTH BBHICOKUX
HEPTH, T/e 00A3aTETHHO HY KHO UCTOIB30BaTh AJTOPUTM yCKOPEHNA PEKOHCTPYK-
N7, & MeJIKAe JeTad B KakKJI0OM KOHKPEeTHOM cjaydae He TaK BasKHBbI.

PARU(44) : (D=2.5I'sB) makcumasproe paccrognane dj,;,, HIKe KOTOPOTO paspeliaeTcs 00b-
equHATH aBa Kjgactepa B ogmi B LUCLUS. Ucnombsyercs gmsa MSTU(46)< 3, T.e. u

J1da py, 1 OJra MaCCOBOM MEPBI paCcCTOAHNA.
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PARU(45) : (D=0.05) MmakcuMaabHOE PACCTOAHUE Yjoin = mz/E HUZKe KOTOPOr'o pa3pelreHo
00benmHATh ABa KaacTepa B onwH B LUCLUS mia MSTU (46)=4.

PARU(48) : (D=0.0001) xpurepuii cxomumoctu nis Tpacra (B LUTHRU), 060061€HHOTO TpacTa
(B LUCLUS) mim oTHOCHTesIbHOTO m3MeHeHus m3, + mi (B LUIMAS). B Tom cayuae,
KOTJla M3MeHeHUe /I HEKOTOPOI'O 3HAYeHU:A MEKIY ABYMs UTepPAIUAMEU MeHbIlle
9TOTO MapaMeTpa, ITPOIecC OCTAHABIUBAETCH.

PARU(51) : (D=2.5) ompenenser MakcuMaIbHOe abCOTIOTHOE 3HAUEHNE TICEBIOOBICTOPOTHI, MC-
noJib3yeMoe 1A MopeaupoBanus gerekropa B LUCELL.

PARU(52) : (D=1.5I'sB) naer murumasbtoe sHauerne £ | s sdefiku, KoTopad paccMaTpi-
BaeTcA B KayecTBe NoTeHIUaJdbHOro nnunuaropa crpyu 8 LUCELL.

PARU(53) : (D=7.0 I»B) nmaer cymmaproe MWHUMaJbHOe 3HadeHWe [/ [Id COBOKYTHOCTH
AdeeK, paccMaTpUBaeMoll Kak cTpy4.

PARU(54) : (D=1.) naer makcumasibHoe paccrosnme R = \/(An)2 + (Ap)? o1 aAveiikn-

MHUIIATOPa [0 TPYIIIBI A9€€K IPH ITPOBEPKE, MOKET JTH 3Ta TPYIITa KBAJIuMUITIPO-

BaThCA KaK CTPYA.

PARU(55) : (D=0.5) mpm pasMbITUi 3HaYeHUA MOMEPETHON »Hepruu (MWW SHEPTUH, CM.
MSTU(53) ) B LUCELL, KastopuMeTpudecKas paspelraolias cocOOHOCTh ATefiKn mpi-
HuMaercs paphoit PARU(55) x+/E | (mmm PARU(55) x \/E) nna Fy (F), nannoi B
[»B.

PARU(56) : (D=2.) makcumMabHOe 3HaUEHTE KOFPDUIIEHTa, YIUTHIBAIOIIETO BANAHIE PITYK-
Tyauuil 3nadveHuil nonepeyHoil sHeprun uin Heprun B ganioll sdelike, Koria BKJIIO-



PARU(57)

PARU(61)

PARU(62)

PARU(63)

JaeTcs paspelrafolias cnocobHocTh KasopuMerpa B LUCELL (cm. MSTU(53)) .

(D=3.2) MmakcnvabHOe 3HAUEHTE OBICTPOTHI (MITH TICEBIOOBICTPOTHI, WJTH TTHOHHOIN
OBICTPOTHI — B 3aBucuMocTn or MSTU(42)), mcronbsyemMoe mpu aHasmse GakTopu-
aJibHbIX MoMmenTos B LUTABU.

(I) wuBapmanrTHas wmacca W cucremsl, mpoanasmsmposantoii B LUCLUS wim
LUJMAS, ¢ sHEpPTUAME, PACCINTAHHBIME COTJIacHO 3Hadennto MSTU(42).

(R) obobiennbiii Tpact, moTydeHHBIH MoCTE yememHoro BeisoBa LUCLUS, To ecTh
OTHOIIIEHUE CYMMapHOro UMITYJ/Ibca KJlacTepa K CyMMe UMITYJIbCOB YaCTHULl, BXOAAIINX
B KJj1acTep.

(R) mMurumabHoe paccrosume d MeXKIy AByMsA KJacTepaMu B HOCTeqHedl Kia-
cTepHON KOHMUTYpaIuu mocjie ycuemnaoro BbrsoBa LUCLUS; pasuo 0, ecm octasics
TOJIBKO OIIMH KJlacTep.



I'maBa 16

BbIBO,[[bI N 3aKJIIOYUTEJIbHbBIE
3aMedYaHunuAa

Dosroe onucanue TporpamMM PYTHIA /JETSET H0/1KHO ObLIO OBl COCTOATDH U3 YeThIpex dacTeli:
1. basucnoit ¢puaocodpny n TPUHIKUIOB, JEKAIUX B OCHOBE IPOTPAMM;
2. JeTaJabHO MPOopabOTaHHBIX (PUBMIECKUX CIIEHAPUEB CO BCEME HEOOXOIUMBIMU KOMITPOMIC-
caM¥ 1 TTPHUOJINKEHIAMI;
3. ommcaHUsA KOHKPETHOW KOMIBIOTEPHON peasim3allnil, BKIOYAIONET0 0OMEH U IIPOXOZKIe-
Hre JaHHBIX OT OHON MOMIPOrpaMMbl K APYTOH B XO[e BBHITOJHEHUA ITPOrPaMMbl, UMEHa,
BHYTPEHHNX HEPEMEHHBIX U KCIOIb3yeMble TPOTPAMMUCTCKIE ~TPIOKK , W, HaKOHETI,
4. pyKOBOICTBa IIO UCIOJIH30BAHUIO IMIPOTPAMMBI.
N3 »Tux derbipex MyHKTOB TOJBKO MEPBBIH OBLI BHIMOIHEH OTHOCUTEIHHO MompodHo. BTopoit
pean3oBaH He OJMHAKOBO IS BCETO OXBAaThIBAGMOTO MaTephaJja: OoJsiee YIIyOJIeHHO — /I
aCIIeKTOB, KOTOpble He 0DCYZKIaioTcs HUrme OoJIbIlle, B HeCKOJIbKO 0DODIIEHHO — B TeX obJIa-
CTAX, TOe YKe UMEIOTCH COBpeMeHHbIe 0030pbl U cTaTbi. 1 peruii IyHKT OTCYTCTBYeT BOBCE U
OCTaBJIACTCS UNTATETIO B KaUeCTBe YIIPakKHEeHNA IJId cCaMOCTOATETbHON pabOThI. 9 aKOHell, Te-
TBEPTHIN MYHKT B 3HAYUTE/IHHON CTEEHN BBIOMHEH, XOTA W TYT MOYKHO OBLIO OBl cIesaTh Pl
KOMMEHTapHeB, B JacTHOCTH, OTHOCUTEIHHO B3aMMOMECHCTBHUA Pas3IMUHbIX dacTell mporpamM.
N emie, camoe mocjiennee: HUKaKoe PyKOBOICTBO, Jajke caMoe ITIOJTHOE, He CMOYKEeT 3aMEHHTH
HEIOCPENCTBEHHOIO OIIbITa PabOThI ¢ IPOrPaMMOIi.

Dporpammbl PYTHIA /JETSET HenpepbiBHO paspabarbiBatorcs. Mbl ocozHaem GOJIbIINHCTBO
CBOUX VIIYVIIEeHU, HO HajeeMcs HaBepcTaTrh UX B OyIyIieM:

® JaHHble IO paclalaM JacTUIl TOJIKHBI OBITH M3MEHEHbI, B YaCTHOCTH, I8 B-Me30HOB;

® TOM-KBapK JOJIKeH o0pabaThiBaThca KaK ~ CBOOOMHBIN KBapK, KOTOPBIN TIperKIe pacia-
ITaeTCs, a 3aTeM aIpOHM3yeTcs, ¢ MoaHol 0bpaboTkoil pesomanca B PYTHIA;

o 5(deKTHI TOMAPU3AIUN TOTKHBI OBITH BKJIIOYEHBI B OOJIbIEe KOJHIECTBO IIPOIECCOB, B
YaCTHOCTH, IPU PACCMOTPEHUN POXKIEHUS U paclaia T;

® OTCYTCTBYET MHOTO IIPEACTaB/IAIONINX HHTEPEC MPOIECCOB; 1

® MacCOBBIE COOTHOIICHWs W CBA3U JOJIKHBI BK/IIOYAThCA He Ha OOPHOBCKOM ypOBHE B
MCCM gjis crienapus ABYX AyOJIETOB XUITCOB.

DTOT CIMCOK MOKHO ClIeaTh ropas3no AJuHHee (MBI TOUTH HaBepHAKa TPOIYCTUIIN Hanbosiee
IPUOPUTETHBIH s Bac mpotiecc). Eille oWH acekT Kacaercs obecredenns GOJIBIIETO KO-
TeCcTBa MPUMEPOB PAbOINX OCHOBHBIX ITPOrpPaMM IJIA psga CTaHIaPTHBIX MPHJIOKEHNH.

Kpome s1tux pusmdecKux acmekToB, TaKzKe BBI3BIBAIOT OECIOKORCTBO HEKOTOpbIE MpodIIe-

MBI IIPOTPAMMEUPOBAHNA. DaldpuMep, B CHIY UCTOPUUECKUX MIPUUUH, peabHO IMOUTH Be3Je
HCIOJb3yeTCss onuHapHas TOTHOCTh. ) PH CMEHICHHH K 60Jee BBICOKUM IHEPTHAM ITO CTAHO-
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BUTCA OOJIBIION TTPobIeMOit, TaK UTO JIOTHIHO OBLIO OBl ABUTAThCsA B CTOPOHY IIOBCEMECTHOM
YCTAaHOBKM ABOWHON TOYHOCTMH.

Takxe HeOOXOIMMO 3aMETUTh, ITO B HacTosAllee BpeMs mporpaMMbl JETSET nm PYTHIA cra-
HOBATCA HACTOJBKO B3aWMOCBA3AHHBIME, UTO, BO3MOYKHO, CKOPO IPHUIAETCA OObEIWHUTH UX B
OIHY MpOrpaMMmy. ITo OyIer, B 9aCTHOCTH, O3Ha4YaTh, UTO TEKYIIHE MPOrPaMMBbl TeHepallni

te~ B JETSET OyayT chejlaHBI 9acThio 6a30BOTO MeXaHW3Ma TeHepaluy mpolecca PYTHIA,

_|_

e
1 5TO MOBJIUAET, HAPUMEpD, HA ONINNA MAaTPUIHBIX 3JIEMEHTOB, TaK KaK €' e -COOBITUA ¢ map-
TOHHBIMU JINBHAMU yiKe HocTymHbI B PYTHIA. Obiee msmesime 6yaeT, BEPOATHO, HOCUTH WM
PYTHIA: xota JETSET — 60jiee cTapas U3 3TUX ABYX IPOTPaAMM, OHA UMeeT MeHee BhIpaKeHHY O
WHIWBUIYya bHOCTE. (Da Hee TaKiKe 9acTo cchlialoTcs Kak Ha mporpammy ~Lund”, xKoropas
B HACTOAIIEE BPEMs MPENCTaBIgeT cobOit Topa3mo GOBIIYI0 cMech MPOTPaMM, UeM 3TO OBLIO
patbiie.) B mpotiecce obbenuHeHNA TPOrpaMM, BEPOATHO, TaKkKe OymeT yOpaH psm omumii,
KOTOpBIe OOJThbIllEe He WCIOTh3YIOTCH.

Hpyrom Bo3MOKHBIM HoJiee TOJTOCPOTHBIM W3MeHeHeM OyaeT BBemerue 90 mporpaMMupy-
eMbIX (bOPTPAHOBCKUX 3JIEMEHTOB. B "gacTHOCTH, MOTJII OBl MCIIOIB30BATHCS JTAHHBIE MTPOM3-
BOJIHOTO THUMA JJI5 3aJaHUA 3aIUCH COOBITHA KaK OIHOMEPHOTO MaccuBa, Te KayKIbilh 2/TeMeHT
mpefcTaBisfger coDOf TacTUIly, a IeJsible U BellleCTBEHHBIE KOMIIOHEHTHI JAl0T apoMaT, HCTOPHUIO,
IMITYJIbC U BEPIIUHY POKIECHUA.

De ycTaHaBINBaeTCA HIKAKOTO OMPEIEIEHHOTO PACTIUCAHUA /1A OYIyIINX U3MEeHeHnH. 2 o-
MUMO BCETO MPOYEro, 3TO HE €CTh MOJIepKuBaeMoe mpodeccnonagaMy TPOTPaMMHOE U3/IeTHe,
a JacTh MPOeKTa (PU3NIECKUX MCCIETOBAHTT, BBITOJTHAEMBIX OMHUM desjoBekoM. (QUueHb dacTo
MPOUCXOINIIO TaK, UYTO W3MEHEHWsA B MpOTpaMMe BOSHUKAM KaK MPAMOM OTKJINK Ha pa3sBUTHE
odepenHoOl cTaany (PU3UIECKUX UCCJIETOBAHUN, TO €CTh MOJIyUeHne >KCIePUMEHTATbHBIX pe-
3yJIbTATOB W TIPOBEIEHNE MCCIENOBAHUN 1A OYIyIINX ycKopuTeseh. Daaeioch, 9T0 pa3sBUTHE
IporpamMMbl OYIET 1iaraTh B HOTY ¢ HOBBIMU OTKPBITHAME.
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IlognporpaMmmMbl 1 ob0IIKIe OJIOKM
IIepeMeHHbIX

CchlIKT, TPUBOINMBIE B 3TOM pasiesie, YKa3blBAIOT CTPAHUILY, ¢ KOTOPOH HAaUMHAETCHA OIuca-
HUe TTOIPOTPaMMBbl, (DYHKINH, OJI0Ka TaHHBIX, 00IIero H6JI0Ka TepeMeHHbIX W MaccuBa. Jlis
001X OJIOKOB TIEpEMEHHBIX TaKiKe JaeTcs nMs obimero Osioka. B ciydae, Korma HEKOTOpbe
KOMIIOHEHTHI MacCUBa OMUCHIBAIOTCA B JIPYTOM MecTe, JJid TUX KOMIIOHEHTOB JlaeTcA W OCHOB-
Has CChlIKA.

BRAT B LUDAT3 309 LUDATA 6JTOK TaHHBIX 280
CHAF B LUDAT4 310 LUDATR ob6mmit 6;10K 60
CKIN B PYSUBS 161 LUDBRB noamnporpamma 280
COEF B PYINT2 197 LUDECY moamporpamMmma 279
HEPEVT obutnit 6,10k 75 LUEDIT noamporpaMmma 281
ICOL B PYINT2 198 LUEEVT nmoamporpamma 92
IFUP B PYUPPR 186 LUERRM noamporpamma 280
ISET B PYINT2 197 LUEXEC moamporpamMmma 278
ISIG B PYINT3 198 LUFOWO moamporpamma 334
K B LUJETS 69 LUGIVE moamporpamma 277
KCHG B LUDAT2 304 LUHEPC moamporpamMmma 77
KFDP 5 LUDAT3 310 LUINDF noamporpamma 279
KFIN B PYSUBS 161 LUJETS obmmit 650K 69
KFPR B PYINT2 197 LUJMAS nmoamporpamma 334
KLU pyHKINAA 285 LUJOIN moamporpamma 277
KUP B PYUPPR 185 LUKFDI nmoamnporpamma 279
LULENT moamporpamma 275 LULIST mommporpamma 282
LU2ENT moamporpamma 276 LUNAME moamporpamma 279
LU3ENT noamporpamma 276 LUONIA mommporpamma 93
LU4ENT moamporpamma 276 LUPREP moamporpamMmma 279
LUBOEI moamporpamMmma 279 LUPTDI moamporpamMmma 279
LUCELL moamporpamma 332 LURADK mommporpamma 93
LUCHGE noamnporpamma 279 LUROBO moamporpamma 280
LUCLUS moamporpamma 331 LUSHOW moamporpamma 221
LUCOMP dpyHKIHA 280 LUSPHE noamnporpamma 330
LUDAT1 obutnit 6,10k 288 LUSTRF noanporpamMmma 279
LUDAT2 obunit 6,10k 304 LUTABU noanmporpamMmma 334
LUDAT3 obutnit 6,10k 306 LUTEST noanporpaMmma 38
LUDAT4 obutnit 6,10k 310 LUTHRU noamporpaMma 331

358



LUUPDA mmopmporpaMMa
LUX3JT moamporpaMMa
LUX4JT mmoagmporpaMMa
LUXDIF mopmporpaMMa
LUXJET mopmporpaMMa
LUXKFL mogmporpaMmMa
LUXTOT mmoamporpaMMa
LUZDIS moamporpaMMa
MDCY B LUDAT3
MDME B LUDAT3
MINT B PYINT1
MRLU s LUDATR
MSEL B PYSUBS
MSTI B PYPARS
MSTJ B LUDATIL,
OCHOBHAaA CCBLIKA
MSTJ(41) - MSTJ(49)
MSTJ(101) - MSTJ(121)
MSTP B PYPARS,
OCHOBHAaA CCBLIKA
MSTP(22)
MSTP(61) - MSTP(71)
MSTP(81) - MSTP(93)
MSTP(131) - MSTP(134)
MSTU B LUDATIL,
OCHOBHAaA CCBLIKA
MSTU(41) - MSTU(63)
MSTU(101) - MSTU(118)
MSTU(161) - MSTU(162)
MSUB B PYSUBS
N B LUJETS
NFUP s PYUPPR
NGEN B PYINT5
NUP B PYUPPR
P B LUJETS
PARF B LUDAT2
PARI B PYPARS
PARJ B LUDAT1,
OCHOBHAaA CCBLIKA
PARJ(81) - PARJ(88)
PARJ(121) - PARJ(171)
PARP B PYPARS,
OCHOBHAaA CCBLIKA
PARP(61) - PARP(71)
PARP(81) - PARP(100)
PARP(131)

284
93
93
93
93
93
93

279

306

307

190
60

159

178

292
222
94

165
224
224
240
242

288
339
300
341
160

69
186
200
185

70
304
180

296
223
98

175
225
243
244

PARU B LUDATI1,
OCHOBHAaA CCBLIKA
PARU(41) - PARU(63)
PARU(101) - PARU(195)

PLU pyHKImIA

PMAS B LUDAT2

PROC B PYINT6

PUP B PYUPPR

PYDATA 6/I0K HaHHBIX

PYDIFF nommporpamma

PYDOCU nmommporpamma

PYEVNT nommporpamma

PYEVWT nmommporpamma

PYFRAM nmommporpamma

PYGAMM pyHKITIA

PYHFTH dpyHKIIA

PYI3AU nommporpamma

PYINIT nmommporpamma

PYINKI nmommporpamma

PYINRE nommporpamma

PYINT1 oOmmnmit 010K

PYINT2 oOmmnmit Os10K

PYINT3 oOmmnmit Os10K

PYINT4 oOmmnmit Os10K

PYINTS oOmmnmit 010K

PYINT6 oOmmnmit 010K

PYKCUT oOmmnmit 010K

PYKLIM nommporpamma

PYKMAP nommporpamma

PYMAXI nmommporpamma

PYMULT nommporpamma

PYOFSH nommporpamma

PYPARS oOmmnit 010K

PYPILE nommporpamma

PYQQBH nmommporpamma

PYRAND nmommporpamma

PYREMN nommporpamma

PYRESD nommporpamma

PYSCAT nmommporpamma

PYSIGH nmommporpamma

PYSPEN ¢pyHKIIA

PYSPLI nommporpamma

PYSSPA nmommporpamma

PYSTAT nommporpamma

PYSTEL nmommporpamma

PYSTFU nommporpamma

165,

292
341
301
287
304
200
185
190
189
189
156
157
156
189
189
189
154
188
188
190
197
198
199
199
200
156
189
189
188
189
189
178
188
190
189
189
189
189
189
190
189
222
156
189
189



PYSTGA nmommporpamma
PYSTPI nommporpamma
PYSTPR nommporpamma
PYSUBS obmmii 6510k
PYTEST nommporpamma
PYUPEV nommporpamma
PYUPIN nommporpamma
PYUPPR obmmit 6510k
PYWAUX mommporpamma
PYWIDT nmommporpamma
PYXTOT nmommporpamma
Q2UP B PYUPPR

RLU dpyHKIMA

RLUGET mopmporpamMma
RLUSET moamporpaMMa

189
189
189
159

38
183
183
185
189
189
188
186

59

59

59

RRLU B LUDATR
SIGH B PYINT3
ULALEM (pynkmms
ULALPS ¢pyukmms
ULANGL pyuKms
ULMASS pymuKIms
V B LUJETS

VCKM B LUDAT2
VINT B PYINT1
WIDE B PYINT4
WIDP B PYINT4
WIDS B PYINT4
XSEC B PYINTS
XSFX B PYINT3

60
199
300
300
280
279

71
306
193
199
199
199
200
198



I/ICTOpI/IH IIPOUCXOZ2KJIECHNA Ha3BaHUA

"Tudusa”

B To Bpemsa Kak MponcxoXKIeHUE W CMBICJT HaszBaHusa ~JETSET” HOCTATOYHO MOHATHBI U OTpPa-
KatoT GyHKIMOHAIbHOE peIHa3HaueHe MporpaMMbl, HasBanne " PYTHIA” MoXKeT Hy KIaThCs
B HEKOTOPBIX Pa3biACHEHUAX.

Mudueckoe mpenanme riacut, 9T0 AMOIOH — OOT MyIpocT — YOUIT TIOXOXKee Ha IpaKoHa
MOTyJee Ty I0BuIle 1Mo uMeHn I udon Bou3u ropona /leasdwr 8 I'pertun. B osmamenosanme mo-
6enbl ATIOJIITOH OCHOBAJT XpaM Ha CKJIOHAX TOpPbI D apHac, moJyanBinii Hassanue [leabduiicknii
opakyJ1 (HasbiBaeMblii Tak:Ke Duduiicknm). Crola MOTIIN TPUXOIUTH JIIOIN, Tabbl Y3HATH BOJTIO
6oroB 1 BBl Ha Oyaytnee. QOpakyst urpass BaKHYIO POJIb U BO MHOTUX IPYTUX IpEBHETPEUECKIX
cKaszaHUAX, Hanpumep, o ['epaxse u mape Daurme.

Mud n peambHOCTH 37€Ch TPUIYIIUBO TEPEIIETAIOTCHA, OTHAKO D udutickuit opakys1 meii-
CTBUTEJIHHO CYIIECTBOBAJ yKe B HadaJle NCTOpUIecKo# »pbl B ['peruu n nmest Bceobiiee mpu-
3HaHME KaK BEPXOBHBIN pPETUTHO3HBIN 1TeHTp. HacTHbIE JTUIa U TOCOTHCTBA U3 PA3HBIX TOPOIOB-
TOCYIapcTB MPUXOININ KOHCYJIBTUPOBATHCA 000 BCEM, OT BOMPOCA W3JIEUEHNA OE3METHOCTH 10
BOIIPOCOB BOMHBI M MUpa. Da IeApble Japbl, MOCTYTABIIRe OT TPUXOAUBIINX UCKATh MYIPOCTH
60TOB, OBLTA MTOCTPOEHA W YKpallleHa TJIOIalb BOKPYT Xpama. MHOTHMe TocymapcTBa Ha CBOU
CPENICTBA CTPOUIN POCKOIITHBIE 3aJThI, B KOTOPBIX Ha Bceoblilee 0003peHne BhICTABIIAINCH CaMble
KpacuBble momapku. Crapyxkwu, Ha camoii mwiromamm, pactosaraica Omdaaoc — KaMeHb, 10
MPEIOIOKEHNTO, OTMETAONNi EHTp 3eMyTu 1 D UPUHCKIX UTp, BTOPHIX MO 3HATEHUIO TOCTIE
Omumnuiickux.

Bomipocsr crasusincs nepen nudueit — 7 kputeit” uwiam Cmpopoduntiedt” opakysa. Da caMoM
nejte TO ObLla MeCTHas JKEHIINHA, OOBITHO MOJIOfasd IEBYIIKa, 6e3 ocobolt pesurnosHoit mom-
roroBkn. Cumasa Ha TPEeHOXKHUKe, OHa BIBIXasla Mapbl € PE3KUM 3allaXOM, MPOCAUNBAIOIINECH
qepes pacllesITHy B 3eMJle. DTO MPUBOIMIIO €€ B COCTOSHME TPaHca, B KOTOPOM OHa BBIKPH-
KIBajla KaXyIInecsa CJIyIaiffHbIMU CJIOBa W 3BYKW. 3amadell "TpodeccHOHATbHBIX  KPETNOB B
Hembdax 6b1T0 3ammcarh 9T BHICKA3bIBAHUA W OTPETAKTAPOBATH WX B KadeCcTBe OPUIMIATBHBIX
POPOUYECTB OpaKyJ/ia, MPpUIeM JacTo B (hopMe MOIMbI, HATMCAHHOW COBEPIICHHBIM IIECTUCTH-
rbeM. O CYUIECTRY, TaKe 3T OTPEIaKTHPOBAHHBIE OTBETHI OBLITIO He JIeTYe NHTEePIPETHPOBATH.
Duduiickuit opakys1 TpuodpesT pernyTalnnio TMEHHO KaK [Tafolinii HeOTHO3HATYHBIE OTBETHI.

Dactpu BEyTpE [ perun mpwBesn B KOHIE KOHIIOB K 3aKaTy BJIACTH OPAKyJIOB I yMEHBIIEHIIO
X BJIUAHUA Ha KyJIbTYpPHBIE U MOJTUTHIECKHe coObITUA B cTpate. CepbesHbIit ymap ObLT HaHe-
ceH, KoTma opakyJs 3eBca AMMoHa 00baBmI Astekcarnpa Bemmkoro ecsimom 3eBca. Decmorps va
910, Dudutickuit opaxys TPOIOIKAT KATh U OBLIT 3aKPBIT TOJIBKO PUMCKUM MMIIEPATOPCKUM
mexperom B 390 . H.3. BO BpeMeHa, KOTJa XPUCTUAHCTBO O€3KAJOCTHO YHUITOKAIO JHOOYIO
pesuruosHyto onmosuino. Takum obpaszom, nmudus cIyXKmia IeJoBeKy W OOraM B TedeHue
MOJIyTOpa ThICAYETETHI].

Dostb Duuiickoro opaxkysia B UCTOPUN oTpazkeHa HamaydinmM odpasom B~ Uctopuax” 'epo-
TOTa, KJIACCHIECKOM 1 3aXBATBIBAIONIEM OMUCAHUU JIPEBHETO MUPa BO BpeMeHa BEJIUKON BOWHBI
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Mexkny rpekamu 1 nepcamul. Ocobenno snamenutT ciaydait ¢ nuamiickum mapem Kpesom. 3a-
MBIIJIAA BOMHY NPOTUB BBIABUHYBIIENHCA TEPCUICKON MMIIepUn, OH Pellinicd CIpOCUTh OpaKyJI
0 BO3MOKHOM WCXofe Tpencrosieit outssl ¢ apmuett Kupa. [Hapckoe moconmberso 8 Jembdax
MOJIYYUIIO TaKOi OTBeT:

Kpes, Xaauc nepetida, seauxoe wapcmeo pazpywum.

Bocnpunumas 310 Kak oberianue mobesl, maph cOOUpaeT cBoe BOMCKO, mepecekaeT MOrpaHnd-
HYIO PEKY XaJIic U MOJBEPTAETC COKPYIINTETHFHOMY MOPasKeHWIO, B pe3yIbTare KOTOPOTO €ro
[apCTBO OKa3bIBAeTCs 3aXBadeHHBIM. Korma mobemonocHbIl mapb mepcos Kup mossosiser Kpesy
MOCJIaTh MTOCOTBCTBO YIPEKHYTh OPAaKyJI, 00T ATIO/LIOH Yepes3 KPEIoB OTBEYaeT TeM HE MEHee,
YTO TPOPOTECTBO BEPHO TIPENCKA3AI0 KpYIleHne BenKkolt nMmmepun — cobctBenHolt Kpesa, — u
ITO JIFOAU CaMW BUHOBATHI, €CJIU MPEINOINTAIOT WHTEPIPETUPOBATh OTBETHI OpaKysa Ha COO-
CTBEHHBIN BKYC.

Ucropusa mporpamMmvbr PYTHIA He Tak IJIMHHA W BeJIMTaBa, KaK JIpeBHEE CKa3aHWe, OTHAKO
CYIIECTBYIOT HEKOTOPBIE COBMAIEHNA, U B 3aKJIOUEHNE 5 XOTeJ Obl 3aMeTuTh ciemymoiiee. Bor
TTOJTZKHBI OBITH OYeHb BHUMATEIHHBI, KOTIa (DOPMYJIIPYETE BOMPOCHE: JTIOObIe HEOTHO3ZHATHOCTI
UCIOPTAT moaydaeMbiit otBer. U BBI moskHBI OBITH elle OoJlee BHUMATETbHBIMI TPU WHTEP-
MpeTanny OTBETOB, B YaCTHOCTH, He BBIOWPATH YCTPAUBAIOIIYIO BAaC MWHTEPIPETAINIO, TTOKA He
paccMOTpPeHBI BO3MOIKHBIE aJIbTEPHATUBBI. ) aKOHEI, JaKe COBEPIIEHHBI OOr WMeeT CJIyT, KO-
TOpBIE BCETO JIUIID JIFOIU: JKPEIl MOYKET HEIOC/IbIIIATh BOCKJINIAHuA TUQUN U, KaK CJIeICTBUE,
BBITATh OIMUOOTHBIN OTBET; aBTOP K€ HACTOAIIETO OIMUCAHWA MOYKeT HeHaMEepPEHHO MOCAINTh
76s10x” B TIpOrpaMMe.

'Yyrarens MoXKeT y3HATH MEOTO HHTEPECHOTO O KyJIbTe AIIOJIOHA H BANAHIN OPaKyIoB Ha KYJALTYpY Jpes-
uelt ['penuu takxe us npexpacuoii kauru ®.M.Jlocera ” Mudosiorns gpeBHUX IPEKOB U PUMJIAH



