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Ob1iast xapaKTepUCTHKA paboThi

AkTyansHocTth npobjeMsl.

Jlyumreit Ha ceromHs TeopHeli, ONMUCHLIBAIOMIEH pa3/IMYHbIe SBJIEHUS, IIPOHCXO/S-
IMe IIPH CTOJIKHOBEHHH YaCTHIL BRICOKUX HEPrHil, ABJIseTcd TaK Ha3blBaeMasl CTaH-
Japthas Mogens (CM) B3auMozieCTBUS 9IeMEHTaPHBIX 4acTHI. B Tedenne mnocel-
HHUX JBaUATH [ISTH JIeT IPOBOJMINCE MHOTOYHCIICHHBIE SKCIIEPHMEHTSI TI0 [IPOBEePKe
CM Ha yCKOpUTeIsaX BHICOKMX SHEPTHHA U B IIPeJesIaX TOUHOCTH 3THX SKCIIEPIMEHTOB
He 6bUI0 OGHAPYKEHO HU OJHOrO pacxoxkaeHus ot upegackasanuit CM. C nossienu-
eM HoBbIx yekoputenelt (LHC, ILC, CLIC) hoapaserca BoamoxHocTh mpoBepru CM
C TOYHOCTBIO & 1%, 4TO NpelmosaraeT BBIIOJHENHE TEOPETHUYECKHX PACIeToB C elle
Gonbuteit TourocTbio (< 0.3%), 4T06BI He BHOCHTD JOMOJHUTEILHYIO CHCTEMATH -
CKYIO [IOTPEIIHOCTD IIPU CPABHEHUH Pe3Y/IbTATOB SKCIIEPHMEHTOB C IIpe/ICKa3aHUAMIT
TEOPHH. ’

OnHUMH M3 HpOILEccoB, IPeACTABIAIONMX 6obmIoft nuTepec A hU3MYIecKoil
nporpammel 6yaymmx sxcrnepumentoB ATLAS u CMS na yckopurese nporonos LHC
H JJIs IPOBOMMMEIX B HacTosIee BpeMa sKkciiepuMentos D0 u CDF Ha Konnaiinepe
Tevatron, rje CTAJIKUBAIOTCA [IyYKU IIPOTOHOB U AHTUIIPOTOHOB, SIBJIAIOTCS [IPOLIECCH
Tuna Jpemna~fua 3apsKeHHOro U HEATPaJIbHOTO TOKOB, Ha3blBaeMble TAKiKe TIPO-
IleccaM OJHOYHOTO poxkaeHus W u Z 6ozonos: pp — W + X — (Ey,(vy,9) + X,
=Y Z+X = (7, 9)+ X, pp - WELX — Eup(vy,9)+ X, pp — 7, Z4+ X —
£7€% (7, g)+X . DTH npoueccs JIerko PerucTpUpPYIOTCA B JeTeKTopax (6oJIbline Iore-
PEYHBIE UMITYJIBCHI JIEIITOHOB M NOTEPSHBIH HONepevHbIi UMILYJIbC) U UMEIOT GoJIbInoe
ceyennte: Ha LHC maa poxxnerus W 30 nb, jyis Z 3.5 nb. Ilpennsuonnoe usygenue
STHX IIPOLECCOB HCIOJIb3YeTCsl J1JIA OIlpe/e/IeHHs IIAPTOHHLIX DYHKIHI pacIpeeJIe-
HUs1, yTOYHEeHHs 3HaueHuit mapameTpos My, sin? 8¢/ Ty, I'z, MoHUTOpHHTS cBETH-
MOCTH YCKOPHUTess M KaIubpOBKH JeTeKTopos. s noctikenus TpeGyeMoii TouHo-
CTH HeoOXoauMo ydecTb aiiekTpocsiabble u QCD MmonpaBKu U UX B3aMMHOE BJUsHUE.

Corytacao CM' IOMHMHUDYIOIMM KaHAJIOM Daclafia TON-KBapKa fBJAETCA IIPO-
necc ¢ — bW ¢ ornocurenbHoil BepostHocThio 99.9%. B cBoio ouepenn, oTHO-
CUTeJIbHAs BeposTHOCTh pacnafa W-6030Ha Ha 3apsiKeHHBIM JIENITOH U HeHTPUHO
Br(W* — (*y,) = 11%. Takum o6pa3oM, NOJY/IENTOHHEIE Dacnajbl t — by,
(¢r = e*,ut,7) cocraBisioT NpUOIN3UTENLHO TPETh BCEX PAcIaloB TOI-KBApKa.
OcTaBIIasCs YacTh IPUXOLUTCA Ha KBAPKOBbIe pactanpl ¢ — bud, t — bcs, npumep-
Ho 110 33% Ha KBapKoByIo mapy. IIpelsuoHHOe BEIMUCTEHNE IONPABOK K 3HAYEHUAM
UIMPHH JIAHHBIX PACIAJOB IO3BOJHT YTOUHHTH 3HadeHHe IlapaMerpa Vj, MaTpuIibl
Ka66uto-Kobasmmu-Mackasa.

Cpencteom 11 HanboJsiee TOYHOIO U NOAPOGHOro CpaBHEHU I1pe/ICKa3aHuil Teo-
PHH C Pe3yJIbTaTaMH SKCIIEPMMEHTOB B HacTosdmee BpeMs dBisioTcs Monte-Kapimo
reHEpaTOPH! COOBITHH C eJAMHMYHBIM BECOM, NPeICTaBIAIMe OO IIPOrpaMMEL,
MOJIEJIMPYIOIME PealibHbIE IPOLIECCHI, MPOMCXOAIIHME IIPH CTOJKHOBEHUH YACTHII Bbi-
coxux sHeprufi. Takne n3BecTHBle nporpaMMbl Kak PYTHIA u HERWIG MonenupyioT
IPOILECCH CTOJKHOBEHHs aPOHOB M JIENTOHOB Hambosiee moapoOHO, yYuThiBas 06-
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pa3oBaHHe IIaPTOHHBIX JHBHel, aJIpOHH3AIMIO U pacla, 06pa3yIolmUXcs aJpOloB.
B ocHOBe uX JIEKUT Tak Ha3BIBAEMBIH >KECTKHH MPOIECC CTOJKHOBEHHS IIapTOHOB
THna 2 — 1, 2 — 2 umu 2 — 3 119 KOTOPBIX H3BECTEH KBaJIpaT MaTPHYHOTO 3Jle-
mernTa. Ho 1y19 MHOIMX npoleCcCOB MATPHUHBIH 3JIEMEHT IOCYHMTAH JIMIIL B GOPHOB-
cxoM npubmpkenun. Jnda ydera 3¢heKTOB BBICIINX IOPSIKOB MOXKHO HCIIOJIb30BATh
MomnTte-Kapsio reHepaTopbl, KOTOpblE TeHEPUPYIOT COBBITHS JIMIIb A8 KeCTKUX Ipo-
L[ECCOR, HO C Y4eTOM HeOOXOJUMBIX [IOIPABOK. JTH COOBITHS MOT'YT OBITh 3allUCAHb] B
aitnbl, KOTophle NepenatoTcs A o6paboTku B MorTe-Kapio reneparops! obmero
Ha3HAYCHHS.

B cdepe pacueTor pajuanpoHHBIX HONPABOK JJIsS KECTKUX IIPOLECCOB €CTh IO
TpeOHOCTE B Pa3BUTHH KOMIIBIOTEPHBIX HHCTPYMEHTOB JJIA UX aBroMaru3aunnu. Ha
JIaHHBI! MOMEHT B MHPE eCTh HECKOJIBKO KOMIIBIOTEPHBIX CHCTEM, IIO3BOJISIOIINX IIPO-
BOJUThL TAKHE€ PAcHeTh! Ha OJHOIETIIEBOM yPOBHE TOYHOCTH B aBTOMATHYECKOM HJIH
II0JIyaBTOMATH4ECKOM PeXXKHUMe. ITO TaKue cucreMsl Kak FeynArts, GraceLoop. O6-
cyxkaaeMas B nuccepTaiu cucreMa SANC — 9T0 KOMIbIOTEPHAS CHCTEMA. [JIS IOJTY-
ABTOMATHYECKHX BBIMHICIEHHN PeaTICTHYHBIX U [ICEBI0-HAOIONaeMBbIX [JI Pa3IHy-
HBIX [IPOLIECCOB B3aUMOJEHCTBUS 3JIEMEHTAPHBIX YaCTHI| Ha OJIHOIETJIEBOM ypPOBHE
TOYHOCTH J,1s1 9KCIIEPHMEHTOB Ha YCKOPHTEJSX.

[IpoBenennoe ucciegoBanne MpeciaeAOBANIO CJIEAYIOINE IeTH:

1. paspaboTaTb BerUHCIMTENbHYIO cpey A QCD BeIuuciieHuit B paMKax cUCTe-
Mbl SANC;

2. BBINONHHUTB pacueT ofanonerieBbix QCD nonpasok K mpoueccaM Tuna Jpenna—
HHa,;

3. BBINOJHUTB pacyeT ofHoneTAeBbIX QCD 1 3meKTpocnabhix MONPaBOK JJ1d Ipo-
11€CCOB OUHOYHOIO POKJEHHA {-KBapKa M €ro paclajia Ha KBapKH C y4eTOM
KOHEeYHOH MHPHUHDI {-KBAPKA;

4. cozmaTh bopTpaHHBIE MOAYJM, PEATU3YIONME Pe3YJIBTATH BbIYUCICHHUIL, JJIs
ucnosb3oBanus B MonTe-Kapio reneparopax.

Hayunaa noBusHa paGoTbl.

.

¢ C moMonipio cucrembl SANC Boruuciens: QCD ojHonerniesbie aekTpoctabiie
IIONPABKK K CeYeHUsIM rpoueccoB Tuma Jlpemna-fHa 3apsikeHHOro u Heit-
TPaJIbHOrO TOKOB. BbIJIO IIPOBEIEHO CPaBHEHHE C PE3YIILTATAMH, IOy YeHHBIMH
HE3aBUCHMO U OJHOBPEMEHHO JPYTHMH IPYNIIAMH IPH OAMHAKOBBIX BXOJHBIX
apaMeTpax, KOTOpoe IIOKA3aJI0 XOpolilee COIVIACHe 3THX PE3ybTaTOB.

SnekTpocnabble ONPaBKH OBUTH Yke BKJIIOUEHBl B CHCTEMY DaHee, IIOITOMY
ceiffuac B OZIHOM Kofie peasn30BaHbl ofHoBpeMeHHO QCD m snexrpociabble
MIOTIPABKHM JJIs1 ntpoleccoB Tuna Jpenna—Slna.

S

¢ Briuncnens QCD u asekTpocnabble [MONPABKH IJIsI MPOLECCOB OQUHOYHOTO
poXJeHus {-KBapKa M €ro pacrnala Ha KBapKH ¢ y4eTOM KOHCYHOH HIMDHHBI
t-KBapKa.

¢ PeaymuzoBan obnmil MeTon BBIYMCIIEHHUS] BCIIOMOraTeNbHBLIX (GYHKIM J Tuma
IMaccapuno-BenbTMana 1711 IPoOLIECCOB OMMHOYHOIO POXKIEHUS {-KBApKa H €ro
pacnaja Ha KBapKH.

ITpakTnyeckas IEHHOCThL pPaboOThI.

PezynrraTnl quccepranuu HalyT CBOE-IIPHMEHEHUE NPU BHIYUCCHHH BKJIAJ0B
nponeccos CM B sxcnepumentax ATLAS u CMS o npeuusuonnoii nposepke CM
U MOMCKY HOBOH (usuku Ha yckopurene LHC.

OcHoBHBIE PE3YJIbTATH], BBIABATAEMbIE IS 3aI[UTHI:

1. PaspaboTala u pealu3oBaHa BHIYUCIUTENbHAS NPOLEAYPHAS CPEla B CHCTEME
SANC mns QCD cekropa.

2. Tlony4enn! aHasmTHdYeckue Bbipaxkenust B cpege SANC maa QCD nmonpasok
I1st mpotteccos Jpenna—¢Ha o KaHajaaM 3apsyKeHHOTO H HeATPAJIbHOIO TOKOB
pp = WE+ X — Fu(y,9)+ X, p5 = W+ X — Ly, 9) + X, pp —
YWZ+X = 0 (v,g)+ X, pp = v, Z+X — £7£(y,9) + X Ha KBapk-
TNIAPTOHHOM YDPOBHE C YYeTOM MAacChl KBADKOB M NapaJlieabHo B MS cxeMe.

3. BroepBrle co3jiaHbl aHAUTUYECKHE B (POPTPAHHBIE MOAYJHM JIsI BBIYHCIIEHHS
QCD u EW ognoneT/ieBEIX MONPaBoK JJ1s poneccos Jpenna—SHa Ha axpon-
HOM YpOBHe.

4. PeanuzoBan obummit MeTOH, BLIYHCIEHUS BCIIOMOTaTeNbHBEIX QYHKIHHA J Tuma
IMaccapuno-Bensrmana gi1a npoueccos: ¢ — bud, ud — tb, bu — td.

5. B MynpTHKaHaJIbHOM HOMXOMAE BLIYHCIICHBI OJHOIETIIEBbIE 3JICKTPOCaabhble Mmo-
1paBKU 1j1s npoueccos: t — bud, ud — tb, bu — td. Cosganbl aBTOHOMHbBIE
aHAJIUTHYECKHE MOMAYJH IJIsl MX BBIYUCJIEHUS.

Anpobauusa paboTbi.

OcHoBHBIE pe3Y/IbTATH! AUCCEPTALMN TOKISABIBANIICE U 0BCYKAATHCH HA CeMH-
nape Jla6opatopun Teopernueckoit ®usuxu uM. H.H.Boromotosa OUAN (14 masn
2010 r.), na Pa6ouux Cosemanusix no ¢pusugeckoit nporpamme ATLAS (14 anpens
u 22 nexabps 2006 r., 24 nexkabps 2008 r. u 12 Mas 2009 r.), Ha cosemanuax ATLAS
Monte-Carlo Generator meeting 8 CERN (12 aexabpsa 2006 r.), CALC2006 (Iy6-
Ha, 15-25 mona 2006 r.), CALC2009 (dy6ua, 10-20 momns 2009 r.), u ACAT2008
(Curunnst, 3-7 Hos6ps 2008 r.)

IIy6nuxkanun.

Mo pesyabTaTaM AuccepTanuy OMyGIMKOBaHO MATh CTaTell B BeAyNIMX perleH3H-
PYeMbIX XKypHaJax, ofuH npenpunt |hep-ph] u 1Be paGoTH B Tpymax KoHbepenmuit.
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O6beM u cTpyKTypa OUCCEpTaIdH.
JluccepTanus COCTOMT M3 BBEJIEHUS, ISATH IJIAB U 3aKJIOYeHHA, HAIICYaTaHa Ha
128 cTpannnax, coaepKuT 22 pucyHKa, 77 6HbrorpaduiecKux CChUIOK.

Copep:kanne paboTsl

Bo BBefieHNH 0UepYeH KPYT HCCIEAYEMBIX IPpobJyeM, KpaTKo ¢hOopMyIMpOBaHbl UC-
Ho/Ib3yeMble METO/bI U Pe3yJILTaThl, oMydeHHbIe B JuccepTannu. [Ipuseneno coaep-
JKaHUe JUCCepTaliy 110 TJIaBaM.

B mepsoii riaaBe guccepTallii ONHCHIBaeTCs paciuiuperue cucreMbl SANC ma
KX ]I pacueros. Hajo oTMeTHTB, YTO HCTOPUYECKU CHCTEMa pa3BHBAJACh Tak, YTO
cHaYaIa ObLIM PA3BUTHI aJTOPHUTMBI M COOTBETCTBYIOIHA KOMIIBIOTEPHBIN KOA JJIA
K31 u 9C pacueros. [losxke mp1 cozfamu cpeny KXJI Bbranciennit B paMKax CHCTe-
mbI SANC u ¢ eé nomommpio Hagamu BorunciaaTs KX NLO nmonpasku K mponeccaM.

Bout nanucan Habop npouenyp Ha a3bike FORM 11151 aHATMTHYeCKOro BBIYHCIIe-
Hus cocTaBHBIX 6710k0B KX ]I, Takix Kak cobcTBeHHbIE SHEPIUH KBAPKOB H I'JTIOOHOB,
BEPIIHHBL ¢ BAPTYaJIbHBIMU [VIIOOHAMH M COOTBETCTBYIOIN{Ee KOHCTAHTHI IIepEHOPMH-
pOBOK. DTH 6stokn HaxomaTcs Ha yposHe QCD Precomputation cucreMsr.

[maBa 3akan4yuBaercs OOCY’KJEHHEM TECTHPOBAHHS HOBOH Cpelbl Ha pacderax
MPOCTERINNX pacnagoB 6O30HOB HA KBapKH.

Bo BTOpO#1 riaBe omuceiBaeTca pacueT oxHometsaeBbix KX mompaBok mms
npoueccoB Jpenna—5ina, 3apsaKeHHOro U HEATPAILHOTO TOKOB. 3J€Ch PACCMOTPEHBI
KBapK-aHTHKBAPKOBBIA KaHAJI COBMECTHO C KBAPK-IVIIOOHHBIM U IJIIOOH-aHTHKBap-
KOBBIM KaHaJlaMH Ha NMapTOHHOM ypoBHe. PaboTasi ¢ MacCHBHBIMH KBapKaMH, MbI
PeryJIIpH30BalM KOJUTMHEeapHbIe PAaCcXOJUMOCTH MaccaMi KBapKoB. Jlis nzbexxanus
JIBOMHOTO y4eTa KOJUTHHEAPHBIX PACXOJUMOCTEM, yYTEHHBIX B (DYHKUHAX IIaDTOHHBIX
pacnpe/ie/ieHu i, IPHMEHSIETCS] COOTBETCTBYIONIAas cXeMa UX BblduTaHuil. Jlis sToro
MBbl CPaBHHJIA AHAJUTHYECKHE PE3YIbTATH MACCHBHON CXeMBI BHIYHCJIEHHI ¢ aHaJIO0-
CHYHBIMU Pe3yILTATaMH [OJTyUeHHBIMH B MS cXeMe, BHIMHCIEHHBEIMH B T-MEDHOM
dazoBoM obbeme. TakuM 06pa30M MBI BBIIETHIIH HJIEHBI, KOTOPBIE HEOOXOAMMO BbI-
YeCThb U3 Pe3yJIbTaTa MACCUBHOIO pacyeTa.

B KoHIIe I1aBBI IOKa3aHBI IPUMEPH! KUHEMaTHYeCKHX paclipelielleHui Ha aJipoH-
HOM ypoBHe. MbI IIpHBe/IH 3J1eCh CPaBHEHHE HAlllMX Pe3yNbTaTOB ¢ COOTBETCTBYIO-
muMu pesynbratamu nporpaMMmel MCEFM, eMm. Puc.1, 2. .

JlJ1s1 IpakTHYeCcKOro IIpUMeHeHHs TaKKe HeOOXOLHMO T0DAaBHTH K 3TUM pe3yib-
TaTaM NAPTOHHBIE JIMBHH. DTO MOXKHO CHEJATh C MOMOINBIO M3BECTHBIX IIAKETOB
PYTHIA n HERWIG. Hy:xHo 0TMeTUTD, YTO y4eT JIMBHel yOHpaeT npoBaj Ha pac-
Ipe/ieJIeHUH Bo3Jie pe3oHaHca Ha Puc. 1.

OHoneTeBbIe 3/eKTpocaabble NONPaBKy K npolteccaM Jpemna—Sua 6u1mu BKITIO-
4eHbl B cucTeMy SANC panee. 9T paciersl 6bUTH TIIATEILHO IPOBEPEHDI IPH CPAB-
HEHHH C Pe3YJIBTATAMU JPYTUX IPYIIL

B tpetneil riaBe auccepramyuu omucaHsl pacnansl ¢ — bfif{. B pamkax cu-
ctembl SANC 6butn Beruncsens KX ]I u 9C nonHble, o{HONETIIEBbIE TIONPABKH JIJIS
ITHX PACIIaJOB.
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Prc. 1: PacripemiesieHre IO IIONEPEYHOMY UMIYJAbCY pt AU 3apsyKeHHOTO TOKa
Hpenna—na.

Hanomuum, yro B SANC MBI Beersia BBIYIC/ISEM OJHONETIEBYIO aMIUTUTYAY [IPO-
ecca KaK aHHHTUIALMIO B BAKyyM CO BCeMH 4-MMIIynbcaMi BXojsmumu. [lomyya-
eMble TaKuM o6pazoM hopMbaKTOPH A aMILIHTYAL npolecca thid — 0 mocie
COOTBETCTBYIOIHMX I1I€PECTAHOBOK apTyMEHTOB MOT'YT ObITh MCIIOIB30BAHBI JJIs OITU-
CaHHs OJIHOINETIIEBBIX TIOTIPABOK K ITPOLIECCaM OJMHOYHOTO POXKJEHHS TON KBapKa,
T.e. S-KaHaJ1a ud — tb u t-kanana ub — dt.

Ob6cyxnenune IC nopaBoK Gostee feTAIbHO, T.K. B 3TOM CIIyyae OHH GoJlee cokK-
nele 110 cpapHenmio ¢ KXJI. Paccmorpena npofrema Bhijenenuas K31 Bknama 13
nosiHo# JC monpaBKy.

3aTeM IIpUBeIeHb! YHCIEHHbIE PE3yTILTAThI, IOy YeHHbIe ¢ TOMOIIbI0 MonTte Kap-
710 nHTerpaTopa. Met usyunm nesasucumocts OC u KX/JI nonpasok ot mMaccsr my,
9TO TOBOPHT 0 coryIacuu ¢ Teopemolt Kunommrer-JIu-HaysuGepra. Taksxe Mul rmpo-
JemoHCTpHpoBaiH 3¢ dexT yyera mmpunsl W B 9C BKIaJe U Nepsble pe3ysbTaThl
I10 y4Y€eThl INMPHHBI TOI KBAPKA.

Bruto nponenano monpo6uoe ucceoBatie UCIOIb30BAHUSA PATHYHEIX KACKAJ-
HBIX MIPHOHKEHUH B YUC/IEHHBIX pacderaX. Ero menblo 6u170 npoBepHTH BO3MOX-
HOCTB HCIIOJIb30BAHUST Pa3/IMIHBIX CTPOHTENBHBIX 6JI0KOB, BeIYHCIeHHsIX B SANC, B
coznanui MonTe Kapsio MHCTPYMEHTOB JIJIs CJIOXKHBIX PEALHBIX IIPOIECCOR. Bhiyn
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Puc. 2: Pacnpenenenne no MHBApHAHTHOM Macce JIENITOHHOH Iapbl B HEHTPAJILHOM
Toke Jpenna—flna.

HCCIeIOBAHBI KaCKaj, ¢ y3KOH IMMPHHOH, KacKaJ ¢ KOMIUIeKCHOM Maccoit W u no-
JIIOCHOe IpubsnrkeHue. PasHHIa MeXXIy KacKaJHBIMU NPUOIHKEHUSAMH U ITOJHBIM
OJIHOIIETJIEBBIM pacyeToM Mokasasa 3ddekT IC GOKCOB, KOTOPhIE OTCYTCTBYIOT B
KackaJax. TeM He MeHee OHA JOBOJIBHO MaJjla U MOXKHO HAOIIONATH XOpPOIlee CorJia-
CHE KaCKa{HbIX NPUGIMIKEHUI C TIOJTHBIM PacieTOM. A

Haunbonee Ba’KHBIM B HCCJIENOBAaHMM HPUOJIMIKEHHBIX METOLNOB MOXHO HA3BATD
HU3y'IeHHe MOJIIOCHOTO MPHOJIMKEHUs, T.K. OHO IIpellcTaBifgeT coboit nuddeperm-
aNbHYIO PEasIU3allMIo IMUPHHB! Pachafa. DTO B CBOIO OYepeib JOIYCKAET FreHEePAIMIO
coOpITHit B KACKaIHOM IPHOIHM>KEeHHH.

JaJiee npeicTaB/IeHB! PE3YIBTATHI IO HCIIOIB30BAHUIO CXEMBI PETYJISPU3aIul HH-
(bpaKpacHBIX PacxoJuMOCTeil, CBA3AHHEIX C U3TydeHHeM U3 {-KBAPKA, KOMILIEKCHOM
Maccoil t-kBapka B 9C nonpaskax. Pe3ynbTaTel cpaBHEHUS 3TOTO MOAXOMA U CTaH-
JaprHoro noaxona B cucreMe SANC nokasansl B Tabmunax 1-5,

Bce pesysbTaThl s KaHAJIOB POXKIAEHUA {-KBApKa IIOKA3aHbl HA IIAPTOHHOM

[

<

[Bon—(.1490949(2) T'sB

,=0
E, TsB| 107! 1072 1073
[ Tloop 0.159503(1) | 0.159495(2) | 0.159499(7)
5 6.981(1) 6.975(1) 6.978(5)

T, #0
[Tloop 0.160736(2) [ 0.160784(2) | 0.160787(8)
] 7.810(1) 7.841(2) 7.842(5)

Ta6muna 1: mommas BopeoBckas W ommomeTsesas mupuebl [Bo™ u Tl g 3B u
OTHOCHTeJIbHAS ONHOIETVIEBas MonpaBka ¢ B % 1y pacnaga t — b+ ut + 1.

['Porn—().4472847(7) ['sB

I,=0
E, 3B | 1071 1072 1073
[Hoop 0.47922(1) | 0.47920(1) | 0.47918(1)
5 7.139(1) | 7.135(1) | 7.131(3)

L, #0
[Tloop 0.48293(1) | 0.48312(1) | 0.48311(1)
5 7.969(1) |8.012(1) |8.010(2)

Tabmuma 2: nonHas BopHoBckas u omHomneyieBasg mpuusl ['Bo™ y ! g 9B u
OTHOCHTE/ILHAS OfiHONeTIeBad noupaska & B % ana pacnaga t — b+ u 4 d.

v/3=7000 I'sB, 0%°™=2.23520503(4) b6
;=0

w 1073 107 1077

alloop | 1.5917(1) | 1.5917(2) | 1.5919(1)

) -28.79(1) | -28.80(1) [ -28.78(1)
[;#0

&Toop T'1.5815(1) | 1.5895(2) | 1.5895(2)

) -29.25(1) | -28.89(1) | -28.89(1)

Tabmua 3: nonaHbie BopHOBCKME M OAHOIETIIEBHIE CeYeHH B $H6 U OTHOCHTELHBIE
ofiHOIleT/IeBbIe Nonpasku & B % ang npouecca &+ d — £+ b.

YPOBHE. PeByJ'ILTaTbI AJId 3apad0BO COIIPA?KEHHLIX KaHaJlIOB OJJMHAKOBLI:
b+i—t+dub+u—t+d(cm Tabmmy 4);b+d —-f+uub+d — t+a (cm.
Tabmuny 5).

W3 cpaBHeHHs BUAHO, 9TO yIeT ITHPHHBI -KBapKa Aaet sdexT B 1 % 11 pacna-
ZoB t-kBapKa U nopstaka 0.1 % Juist paccMOTPEHHBIX KAHAJIOB OAMHOYHOTO PO IEHHS
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5=7000 I'sB, 0c?°™=50.82423111(8) n6
=0

10~° 1077 10-8

Tloop 1°55.696(2) | 55.697(2) | 55.697(2)
9.586(3) | 9.588(4) | 9.587(4)
[, #0
TP ['55.613(1) | 55.639(2) | 55.640(2)
) 9.428(3) |9.474(3) | 9.476(4)

SIENES

Tabmuna 4: nonuble BOpHOBCKNE U OMHONET/IEBBIE CeHeHUs B IO U OTHOCHTEJIbHBIE
ofiHOIeT/IeBble nonpaBku & B % npouecca b+ u — ¢+ d.

V/3=7000 I'sB, ¢B°™=50.72449055(7) 116
tho

1070 107 1078

% | 55.581(2) | 55.583(2) | 55.580(2)
9.575(3) | 9.578(4) | 9.572(4)
T,#0
61°op 55 495(2) | 55.527(2) | 55.528(2)
5 9.404(3) | 9.467(3) | 9.469(4)

(=% Qé gl

Tabmuua 5: nonHble BOPHOBCKHE M OMHONETIIEBBIE CEUEHUA B 110 U OTHOCUTENLHBIE
oJHOMeTeBbIe nonpasku ¢ B % npouecca b+ d — ¢ + 1.

t-KBapKa.

B 4eTBepToii rnaBe IiccepTaliy pacCMaTPUBAETCS OAXOM K aHAJIUTHYECKOMY
COKDAIIEHIIO MACCOBEIX U nHbPaKpacHsX currynsprocrelt B 9C nompaskax.

B cranpaprHoit peaykuuu IlaccapuHo-BesibTmana [yisi 4-X TOYEUHBIX OGOKCOB-
ckux ¢pyHKIUH ¢ BHyTpeHHUMH (POTOHHBIME JIMHUAMH, COEINHAIOUIMMH [[B€ BHEIIHUE
JMHUM HA MAacCOBOH IIOBEDXHOCTH BO3HHKAeT MH(PAKPACHO M MAaCCOBO CHHIYJIAD-
nas Dy dbyuxuus. Panee npu pacuerax DC monpasok K npoueccy ff — ZZ(ZA)
B cucteme SANC 6bl1 Npe/ijIoyKeH YHHBEPCAJBHBIN IIOAXOM, K BBIMUCIEHUIO TAKUX
jguarpaMM. 31eck 06CYKAaeTcs, KaKk 3TOT Moaxon paboraer B KaHanax t — bf) f_{,
fib— tfi u fifi — tb (fi — 6esmaccoBblit (epMHOH), BBEICHB! U BEIMMCIIEHBI BCIIO-
MoraTesbHbie DYHKIMK Jj(;z(w 4) ~

Casasp Mexkay MHGPAKPACHO CHHTY/APHOH dyHKuneil Dy U BCroMorare bHbIMU

d
dbysxmsmu J A(VCJ(W Ay AAeTCsl OCHOBHBIMHU COOTHOIICHHAMH, TOYHBIMH II0 MaCcCaM:

Jaw (Q?, T?; mp, my, ma, my, My,) =
(MZ + Q®)Do(—m3, —m?Z, —m2, —m2, Q*, T?; 0, my, My, my)
+Co(—=m?, —m2, Q% My, mg, 0) — Co(—m2, —mZ, T? mg4,0,ms),
(@, T my, my, may, my, M) = .
(M3, + Q) Do(—m§, —mZ, ~mZ, —m}, Q*, T% My, my, 0,m,,)
+Co(—m2, —m2, Q% 0,my, My) — Co(—m?2, —m2, T?% m,, 0,m,).

(1)

3arem u3 dynxuuit Jaww ) BHLIENAIOTCA CHHIYJIAPHOCTH IO MaccaM JePKHX
KBapKOB 1 Macce b-kpapka. Ilocite 3Tolt npolieypht OCTa0TCs “BBINTEHHBIE” BCIIO-
MoraTtesbHble QYHKUUN Jopp, Joubsup, KOTOPBIE HE CONEPXKAT CHHTYJISIPHOCTEN M BbI-
ParKaloTCH Kak JIMHelHble koMOnHayy JorapudmoB u junorapudmos. Beeng stu
dbynkmun, Mpl T0Ka3aaH, mpexjae Bcero, 4ro 9C YacTbh OJHONET/IEBBIX NONPABOK
cBOGO/IHA OT MACCOBBIX CHHTYJISIDHOCTE(l M, KpOMe TOrO, JOCTHIVIH Xopolle# cTa-
OUIBHOCTM M CKOPOCTH YUCIJIEHHBIX DACcUeToB.

[IpuBesem Npumep BBHIMUCIEHHONH DYHKUMH JUIS S-KaHAJIA OMUHOYHOrO POXKIEHUS
t-KBapKa.

Judtb (Q2, T2;mt, Mw) —

subsub

1 (@ D o Aw : 2
gl () 1 () - () 1 <o)

1 P? m?2 Q?
—— _|-m(- 1 N . A
+T“rm%’[ “( T2+Azw> “<T2+m%> 1“(RW)1“( T2+m%>

T24+m2 1 1
Li t —Li
+ 12( m? 1+Tzw> 2 (1+rtw>+C(2)]

. _ T?+mi —ie QP+ MZ —ie
tw — sz y w = M‘?V
Ay =mi— M2, P2=Q*+ M2 —ic

Brlpaxenne umeeT KOMIAKTHBIR BUI U CONEPXKHT IIPOCTHIE JorapidMbl U JMIIOra-
pUdMBL.

AnanuTnyeckue BEIYHUCIEHNS 3TUX QYHKIMI KOHTDOIMPOBAIUCEH YHCIIEHHO PO-
Bepkoit ¢ makeroMm LoopTools.

B nsaToii ryi1ase quccepTauy 00CYKI3ETCH KOMITBIOTEpHOE NporpaMMuoe obec-
IleYeHHe, UCHOMNb3YIOLee Pe3y/IbTaThl PACCMATPHBAEMBIX PACcYeTOB.



PesynbraThr agaiuTHYeCKUX BBITHC/ICHUE 118 HacTeil cedeHHH MPoueccoB U -
puH pacnanos npegcrapinsiorcs B SANC B Buge Crangaprapsix SANC FORM moxy-
neit (SSFM). Kaxkaprit Monysas — 370 nporpamMma Ha sisblke FORM, ncnosbsyiomas
SANC FORM cpeny. s xaxmoro FORM Monyns cucrema cosgaer cOOTBETCTBY-
romuit kox Ha sa3pike FORTRAN — Crangapraent SANC FORTRAN moxnyns. Bee
3TH MOJYJIH COXPAHSIOTCS B 6a3e NAHHBIX MPOEKTa, KOTOPas JOCTYIHA Yepe3 COOT-
BeTcTBYIomM KinenT. [Toap30BaTesIb MOXKET HCITOHATD BCEe KOJBI B UHTEPAKTHBHOM
peXxuMe, XOTs 9T0 U Tpebyer dacto Gosbiroro pecypca Bpemenn CPU. I'aBHas ponb
FORTRAN mopyrneii — 3TO UCHOJIb30BAHUE UX B HE3aBHCHMBIX IIPOIDAMMHBIX IIPO-
JyKTaX Kak B paMkax npoekra SANC, Tak ¥ B IporpaMMHOM ofeclie4eHuH JPYTUX
HCCJIeI0BATENILCKIX PYIIIL.

FORTRAN wmonynu npencrasastores B Buge FORTRAN nakeron. 9tu makeTst
obecrienBaOT HeOOXOAUMYIO cpeny Jis He3aBucuMoi oT cuctembl SANC paboTn
monynelt. Kaxxnpit nmaker — 9To mporpaMma Jyuisi pacdeTa CedeHuil IIpolieccoB Ha
IIAPTOHHOM yDPOBHE WJIM IMHPHH pachnanoB. VX riaBHoe HasHaueHHE [IPOHJLIIOCTPH-
poBath ucnons3opanrne SSFM. XoTs UX MOXKHO UCMOJb30BATD A5 CPABHEHUS pa3-
JINYHBIX PaJUAlHOHHBIX [IOIIPABOK Ha HapTOHHOM ypOBHE.

Ha ocose FORTRAN moayneii 6blmn Takke cozgaisl MotTte Kapio renepaToph
He B3BellleHHBIX coObrTit st nponeccoB JIpenna—$Ha, 3apsizkeHHOro ¥ HeHTpasb-
HOT'O TOKOB, Ha aIPOHHOM yDOBHE.

Taxxxe B oTHe/bHbIC aKeTHl COOPAHbI BRIMHCACHHBIe QYHKIMH Jawwa). Tlake-
TBI COLEPKAT UCXOLHBIA Ko caMuX (DYHKIMH M JEeMOHCTDHDPYIOT HX CDaBHEHHE C
nakeroM LoopTools.

B 3akiirouennu cOpMyIHpPOBaHbl OCHOBHBIE PE3Y/ILTATHI JUCCEPTALINH, BBIIBH-
raeMble JIs 3aIAThI.
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