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BBEllEHI1E 

B nocneaaee apeMH rnapoKoe pacnpocTpaHeHHe nonyqHn 

TaK H83b!BaeMblH HHKnJ03RBHblH nOAXOJl K HCCneaoaaHHIO 

npoueCCOB MHO)KeCTBeHHOrO pO)KAeHHH 'JaCTHU B CHnbHbiX 

B3aHMOJleHCTBHHX. 

3KcnepHMeHTanhHO H3BeCTHbie cneKTpbl no MHO)KeCTBeH-

HOCTif BTOpR'l'HbiX aapH)KeHHb!X 'l'aCTRU n ch , a TaK)Ke 

CpeAHHe 3Ha'JeHRH <no > MHO)KeCTBeHHOCTH HeKOTOpb!X HeHT-

panhHbiX "laCTHU npH aaaaHHbiX n c h n03BOnHIOT MO}lena-

p0B8Tb B eARHOM aHCaM6ne C06b!THH C nepeMeHHOH MHO

)KeCTBeHHOCTbi01 TO eCTb BOCnpOR3BeCTH ycnOBHH HHKni03HB

HOro no}lxoaa. DepBbiH mar B aTOM aanpaBneHHR 6bin cae
naa B pa6oTe IU , rJle reaepHpoBanach HHKni03RBHhle 

peaKUHH K8K CYMMa 9KCKni03HBHbiX peaKUHH, npoTeKaiOlliHX 

no MynhTHnepH~epHqeCKOH CXeMe. 

B aacToHrueH: pa6oTe onHCbiBaeTCH cacTeMa nporpaMM, 

n03BOnHIOlli8H MOAenapoaaTb ~a30Bb!H 06'beM H npOR3BOnb

Hb!e Moaena, ocaoaaHHbie aa nec·rHH"'HOH aaarpaMMe, B 

paMKaX RHKni03RBHOro noaxoaa. feHepHpOBaHHbie C06biTRH 

3anRChlB8IOTCH Ha MarHHTHhle neHThl B npHHHTOM ~OpMaTe 

( DST) • 06cny)KRBaiOlliaH nporpaMMa DISK noaaonHeT 

CTpORTb ni06bie pacnpeaeneHRH nony"leHHbiX ~H3R"leCKRX Be

nR"'HH. 

B nepaoM paaaene KpaTKO onHcaHbi ocHOBHbie anropaTMbi 

nporpaMM H rpaHRUbi ax npaMeHaMOCTa, B paaaene 2 npa

BOAHTCH XapaKTepHCTHKH1 nony"leHHb!e npH HCCneJlOBaHRH 

a~~eKTHBHOCTH nporpaMM. B TpeTbeM paaaene HnniOcTpapy-
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eTCSI pa6oTa rrporpaMM IIyTeM cpaBH8HHSI HeKOTOpb!X MOJle

nHpOBaHHbiX pacrrpe.neneHHll C 3KCIIepHM8HTanhHbiMH JlaHHbi

MH, HaKoaeu, B 4 pa3nene naaa KparKaSI nacrpyKUHSI nonb-

30BarenSIM no pa6ore c nporpaMMaMH INFORS H INMULT. 
B npHnoMeHHH noKa3aHhl ra6nnua H rpa¢HKH HeKorophlx 

HCnOnb3Y8Mb!X BenH'IHH, a TaKMe o6cyMJlaiOTCSI B03MO:lKHOC

rn nepexona K MonenHpoBaHHIO npoH3BOnbaoro XY -B3aH

MoneilCTBHSI. 

1. OCHOBHbiE AnfOPl1T Mbl DPOfP AMM. 
fPAHl1Ubl DPl1MEHl1MOCTl1 

OnHCbiBaeMhie nporpaMMbi INFO RS H INMUL T reae

papyiOT C06biTHSI C nepeMeHHOH MHOM8CTB8HHOCTb!O BTOpH'I

HbiX 'IaCTHU B H:HTepBane n tot OT 3 JJ.O 20, 0CHOBHOH anro

pHTM KOHCTpyHpOBaHH:SI C06biTHSI (Ha IIpH:Mepe TT- p B3aH:MO

JJ.8HCTBl1SI) 3aKniO'IaeTCSI B cneJJ.yiOIIIeM: 

1 Do 3aJJ.aHHOMY pacnpegeneHH:IO MHOM8CTB8HHOCTH 

BTOpl1'IHbiX 3apSIMeHHbiX 'IaCTHU dN I dn pa3birpbiBa-
ch 

8TCSI Dch -KOnl1'I8CTBO 3apHM8HHhlX nl10HOB + npOTOH, 

2. nng nony'IeHHOI'O 3Ha'IeHHSI nch no 3aKOHY Dyac-

COHa np11 3agaHHOM cpenHeM <no > ch pa3bii'pbiBaercSI 

n 0 -KOnH'I8CTBO HeilrpanbHb!X nHOHOB, 

3, B 3aJJ.aHHOM npoueHTe BC8X C06hlTHH BTOpH'IHhlH 

npOTOH 3aM8HSI8TCSI HeilTpOHOM, 

4, DpH MOJJ.enHpoBaHHl1 ¢a30Boro o6beMa Bee BTOpH'I

Hhle 'IaCTHUhl paBHOnpaBHhl H pa3hli'phlBaiOTCSI B noCTOSIHHOH 

nocne.noBarenbHoc TH. Dp a Mo.nennpoBaHH 11 MY nbTHnepn¢epH

qecKoil JJ.H:arpaMMbl ¢11KCHpyeTCSI nHJJ.HpyiOIUaSI 'IaCTHUa H 

HyKnOH Ml1lli8HH, OCTanbHb18 'IaCTUUbl nepeMeiiiHBaiOTCSI cny

'IaHHb!M o6pa30M, 

Docne onpeaeneHHSI KOnH'I8CTB8HHOI'O H Ka'IeCTBeHHOI'O 

COCTaBa C06biTHSI npOH3BO.llHTCSI p03b!I'pbllll BCeX KHHeMaTH

'I8CKHX napaMeTpOB BTOpH'IHhlX 'IaCTHU no anrOpHTMaM, 

Bbipa6oraHHbiM B pa6orax /3,4/ anSI nporpaMMbi INFORS , 
ll B pa6oTe /2/ npH MO.llennpoBaHUH MynbTHnepH¢epH'I8CKOH 

naarpaMMhi. 

DporpaMMbi INFORS H INMUL T MonenHpyiOT HHKni03HB

Hhle peaKUHH THna 
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17- +p(n) --> 17- + 

17++ ( 1 ) 
170 + ... 

p ( n) + 

B pacqerax MOMHO y'IHTbiBaTb ¢epMH-ABHMeHHe HyKnoaoB 

(npH MO,llenHpOBaHHH B3aHMO.ll8HCTBHSI Ha SI,llpax). 

B nporpaMMe INFORS npe.nycMorpeHhi naa cnoco6a 

HHBenHpOBaHHSI BeCOB - ynbTpapenSITHBHCTCKHH/3/ H He-

penSITHBHCTCKHH /4/~ AnSI ni06biX 3Ha'I8HHH 3Hepi'HH nep-

BH'IHOH 'IaCTHUbi, KpOMe TOI'O, B paC'IeT MOMHO BBO.llHTb 

HeKOTOpOe HCKaMeHHe ¢a30BOI'O o6beMa, a HMeHHO - Hapy

IIIaTb H30TporrHIO yrnoaoro pacnpe.neneHHSI BTOpH'IHhiX qac

THU H 3a,llaBaTb MaTpH'IHb!H sneMeHT, OTnH'IHbiH OT KOHCTaH

Tb!, 

B nporpaMMe INMUL T npnMeHeH HaH6onee s¢¢eKTH:BHbiH 

cnoco6 /2/ MO)lenHpOBaHHSI neCTHH'IHOH JJ.H:arpaMMbl -

YEK-2. DpH po3bii'pbiiiie no ::oroMy cnoco6y KH:HeMaTH'le

CKH:X napaMeTpOB BTOpH'IHhlX 'Ia~THU Heo6XOJJ.HMO Bhl'IHCnSITb 

pSIJJ. peKyppeHTHbiX liHTerpanOB, KOTOpbi8 SIBnSIIOTCSI ¢yHKUHSI

MH 3Hepi'HH H Mace nepBH'IHOH H BTOpH'IHhlX 'IaCTHU. liHTe

rpnpOBaHHe B03MOMHO TOnbKO 'IHCneHHbiMH MeTO,llaMH H 

rpe6yer MHoro BpeMeHH, Dpe.naapHrenbHOe ra6ynupoBaHHe 

,llaHHbiX ¢yHKUHH 3Ha'IHTenbHO yBenH'IHBaeT 6biCTpO.ll8HCTBHe 

nporpaMMbi, HO npHBO.llHT K He06XO,llHMOCTH rrpeHe6peraTb 

pa3HOCTblO MaCC 3apSIM8HHbiX H HeilrpanbHbiX nHOHOB H 

pa3HOCTblO Mace HyKnOHOB H,KpOMe TOI'0 0 HaKna.llbiBaeT 

orpaHH'IeHHe Ha HHTepaan 3Hepi'HH nepBH'IHOH 'IaCTHUbl 

H3-3a norepb B TO'IHOCTH npn HHTepnonSIUHSIX. B cyiiieCT

BYIOIUeM aapHaHTe nporpaMMbi INMUL T no.nroroaneHbi 

Ta6nHUbi nnSI 17N -B3aaMo.neilcTBHH B HHTepBane saeprHil 

OT 1 AO 100 fsB. 
B nporpaMMe 3anoMeH Ma TpH'IHbiH sneMeHT BH.lla lie pt , 

npH HCnOJlb30BaHHH MaTpH'IHbiX sneMeHTOB HHOI'O BH.lla nonb-

30BaTenb nporpaMMHpyeT COOTB8TCTBYIOIIIYIO ¢opMyny ( CM, 

pa3.nen 4). 
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2. XAPAKTEPl1CTl1Kl1 TIPOfPAMM 

l1CC.Tl8AOB8HH8 s¢¢eKTHBHOCTH nporpaMM npOBOAH.TIOCh 

A.Tl51 C.Tly'Ia51 17- p -B38HMOA8HCTBH51 npn 40 fsB/c, 'ITO 

n03BO.Tll:l.TIO COnOCT8BHTh pe3y.TlhT8Tbi MOA8.Tll:lp0B8HH51 C HM810-

lliHMl:lC51 8KCnepHM8HT8.TlhHbiMH A8HHbiMH, no.Tiy'IeHHbiMH Ha 

2-MeTpOBOH nponaHOBOH K8Mepe / 5/ o flOA s¢¢eKTHBHOCTh10 

nporpaMM noapa3yMeB88TC51 OTHOlll8HH8 'IHC.Tla C06biTHH, 

npOlll8AlllHX 6paKOBKy, K no.TIHOMy 'IHC.Tly reHepHpOB8HHhlX C0-

6biTHHo flonyqeHa 38BHCHMOCTh s¢¢eKTHBHOCTH OT MH0)!(8CT

B8HHOCTH BTOpH'IHhlX 'I8CTHU npH pa3.TIH'IHhlX ¢H3H'I8CKHX 

ycnoBH51X. Pacc'IHTaHhl TaK)!(e s¢¢eKTHBHOCTH, ycpeaHeHHhle 

no MH0)!(8CTB8HHOC TH, KOTOpbi8 Mbl H83B8.Tll:l "HHK.Tli03HBHbi

MH" • 

MeToa HHBenHpOBaHH51 BecoB, npHMeH518MbiH npn MoaenH

poBaHHH ¢a30BOrO npOCTp8HCTB8 B Hepe.TI51THBHCTCKOM rrpe

aene, OK838.TIC51 AOCTaTO'IHO XOpOWHM A.Tl51 HCC.TieayeMoro 

cnyqa51. 3¢¢eKTHBHOCTh nporpaMMbi INFORS MeH51eTC51 oT 

"'90% A.Tl51 MH0)!(8CTB8HHOCTH k BTOpH'IHbiX 'I8CTHU, paBHOH 

3, AO "' 50% npH k = 20, l1 HKJII03HBH851 s¢¢eKTHBHOCTh 

nporpaMMbi paBHa "'60%. PacnpeaeneHH51 oTHOCHTenhHbiX · 

B8COB C06biTHH B 8TOM M8TOA8 p03birpbllll8 npeACT8B.Tl8Hbl 

Ha pHC. 1 H 2. 

flpo6.TieMa HHB8JIHpOB8HH51 B8COB npH ~OA8.Tll:lp0B8HHH 

MYJihTHnepn¢epH'I8CKHX Moaeneti HB.TI51eTcH 6onee TpyaHoii. 

flpeAJI0)!(8HHbiH B pa6oTe / 2/ M8TOll, XOT51 H Han6onee s¢

¢eKTHB8H H3 BC8X cymeCTBYIOlliHX B H8CT05llli88 Bp8M51, BCe 

)1(8 H8llOCT8TO'IHO XOpOlll llJI51 60.TihlllHX MH0)!(8CTB8HHOC

T8H BTOpH'IHbiX qaCTHU. Ha pHc. 3 noKa3aHa aaBHCHMOCTh 

s¢¢eKTHBHOCTH nporpaMMbi INMUL T oT MHO)!(eCTBeHHOCTH 

ITpH H8K.TIOH8 p =7 B MaTpH'IHOM 8.Tl8M8HT8 BHA8 0 e pt 
(npoCT851 Jl8CTHH'IH851 llHarpaMMa) A.Tl51 llBYX 3H8'I8HHH K08¢

¢HUH8HTa v , HHBennpy10mero pacnpeneneHne no KBanpaTaM 

nepenaHHoro HMnynhca. BHnHo, 'ITO aaBHCHMOCTh oqeHh 

CH.TihHa5I; npenno)!(eHHbrti cnoco6 Manos¢¢eKTHBeH an51 6onh

WHX MHO)!(eCTBeHHOcTeL Pac'I~Thl, npoBeaeHHhle ll.TI51 TaKoro 

MaTpH'IHOrO 8.Tl8M8HTa B lllHpOKHX HHTepBa.TiaX 3H8'I8HHH 
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PHc. 3. 3aBHCHMOCTh a<PifleKTHBHOCTH 

nporpaMMhr INMUL T or MHO)KecrseH

HOCTH BTOpHqHbiX '18CTHU JlnSI pa3nHqHbiX 

HHBenHpyiOIUHX K0:34><l>HUHeHTOB V llpH 

p =7. CnnomHaSI KpHBaSI v = 0,01, 
nyHKTHpH8SI - V =0,1. 
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p( l :5: p :5: IO) H y(O :5: v ::;0,5), IIOKa3amt, 'ITO 

HHKJII03HBH8SI 9$PeKTHBHOeTb t ena6o 38BHeHT OT 9THX 

KoacpcpHUHeHToB. CpeJlHee 3Ha'leHHe < eoeTaBJISieT"' g>A>. 
TipH MOJleJIHpOB8HHH JlpyrHX JlHarpaMM e HeiiOJib30B8-

HHeM OIIpeJleJieHHbiX MaTpH'IHbiX 9JieMeHTOB 3H8'1eHHe HHKJII0-

3HBHOil: 9cpcpeKTHBHOeTH Beer]la MeHbiiie, 'leM JlJISI 
11

'l:HeToil:" 

JieeTHH'IHOil: JlHarpaMMbio 3Jleeb O'ieHb B8:1KHO IIOJl06paTb 

OIITHM8JlbHhie BeJIH'IHHbi p B MHO:IKHTeJie 

K' 
IM ! 2 

(2) 
lie pt 

BXOJlSIIUeM B Bbipa:IKeHHe JlJISI Beea eo6biTHSI (eM. cpOpMy-

ny (50) pa60Tbi / 2/ ). nnSI IIpOeTOH JieCTHH'l:HOH JlHarpaM

Mbi K ' "' l , rrpH apyrHX MaTpH'l:HbrX aneMeHTax Heo6xo

JlHMO eoOTBeTeTBYIOIUHM IIOJl60pOM 3Ha'l:eHHH p Jl06HB8TbeSI 

MaKeHM8JibHOro IIpH6JIH:IKeHHSI 9TOrO OTHOIIIeHHSI K IIOeTOSIH

HOH BeJIH'l:HHe. HeeneaoBaHHSI rrpoBOJlHJIHeb Ha MoaenH 

LPM /G/ e MaTpH'l:HhiM aneMeHTOM BHJla 

I M\ 2 
exp ( A ( t 

1 
+ t N ) 

2 
N -1 

pli ___ ) • (3) ~ -
!'? i = 2 .. 

rae t 1 H t N - KB8Jlp8Tbi IIepeJlaHHbiX H:MIIyJibeOB JIH:JlH:pyiO

IUeMy TT -Me30HY If HYKJIOHy eOOTBeTeTBeHHO, a Pli - rrep

IIeHJlHKYJISipHbie eoeTaBJISIIOIUHe HMIIYJibeOB Beex oeTaJibHblX 

'iaCTH:U; KoacpcpHUH:eHThi A H R paBHhi: 

-2 
A =1 ,5 (faBle) R =_!_ (faBie)

2
• 

4 
(4) 

3TH: H:eCJie]lOB8HHSI IIOK838JIH:, 'iTO IIOJl60pOM IIapaMeTpa p 
MO:IKHO IIOBbieHTb H:HKJIJ03HBHYJO 9cpcpeKTH:BHOe Tb B HeCKOJibKO 

pa3 ( t =4% IIpH: p =2 If f "' 1% IIpH: p =7) • 
LJ HeJIO eo6hiTH:H 1 9cpcpeKTHBHOeTb p03hirpbiiii8 KOTOpbiX 

HH3Ka ( < 0,2%), MO:IKeT OTJIH'I8TbeSI OT TOrO, KOTOpoe 

CJieayeT Ha erreKTpa MHO:IKeeTBeHHOeTH:, T.K. 'IH:eJIO eJiy'l:aH

HhiX H:eiibiT8HHH IIpH: 6paKOBKe IIO He06XOJlH:MOCTH KOHe'IHOo 

EeJIH y MOJleJIH:pOB8HHbiX eo6hiTH:H erreKTp MHO:IKeCTBeHHOeTH: 

10 

He eOBII8Jl8eT C HeTHHHbiM 1 IIpHXOJlHTeSI yBeJIH'l:HB8Tb 'l:HeJIO 

HeiibiT8HHH. Yao6Ho IIpHBeeTH 3Ha'l:eHHSI eKopoeTH Ha6opa 

eTa THeTHKH rrporpaMMaMH INFO RS H INMUL T B eaHHH

uax eo6hiTHSII'Iae. nnSI 38M CnC-6200 IIpH MOJleJIHpOB8HHH 

cpa30BOrO o6'heMa IIOJiy'l:aeTeSI OKOJIO 13QOQQ eo6hiTHHI'Iae, 

rrpoeTOH JieeTHH'l:HOil: JlHarpaMMbi - 1500-t20QQ eo6biTHHI'l:ae, 

IIpH MOJleJIHpOBaHHH MOJleJIH e JIHJlHPYIOIIIHMH qaeTHll8MH 

( LPM) - 500-t1000 eo6hiTHiilqae. Pa36poe JlByx rroeneaHHX 

3Ha'l:eHHil: o6yeJIOBJieH Bbi60pOM pa3JIH'l:HbiX napaMeTpOB1 

OIIHehiB8IOIUHX Jl8HHbie MOJleJIH. 

3. CPABHEHHE PE3YnbTATOB MOnEnHPOBAHHH 

C 3KCTIEPHMEHTAnbHbJMH nAHHbJMH 

nnSI HJIJIIOeTpaUHH pa60Tbi IIporpaMM Mbi IIpOB8JIH CpaB

HeHHe e 9KenepHMeHT8JibHbiMH HMIIyJibeHbiMH paenpeaene

HHSIMH BTOpH'l:HbiX IIpOTOHOB 1 TT + H TT- -Me30HOB 1 B03HHK8IO

IUHX B rr- p B38HMOJleil:eTBHH rrpH 40 faB I e 151 • CpaBHeHHe 

IIpOBOJlHJIOeb B p8MK8X HHKJII03HBHOrO IIOJlXOJla JlJISI eJiy'l:aeB 

MOJleJIHpoBaHHSI 'l:HeToro cpa3oBoro o6'heMa, MYJibTHrrepHcpepH

qeeKoil: JlHarpaMMbi e M8TpH'l:HbiM 8JieMeHTOM BHJl8 0 l' pt If 

JlJISI LPM -MOJleJIH, B KOTopoii 6biJI HeiiOJib30BaH MaTpH'l:Hhril: 

aneMeHT, orrpeJleJISieMhrii cpopMynoii (3). TionyqeHHhie pae

rrpeJleJieHHSI IIpeJleTaBJieHhl Ha pHe. 4, 5 H 6. 3KeiiepHMeH

T8JibHhlH HMIIYJibeHhlil: eneKTp IIpOTOHOB B 3Ha'IHT8JibHOH 

ereneHH HeTo'leH H3-3a MeTOJlH'IeeKHX TPYJlHOCTeil: HJleHTH

cpHKaUHH HYKJIOHOB B IIY3hlpbKOBhlX KaMepaX IlpH M8JlhlX H 

60JiblllHX HMIIyJibeax H MO:IKeT paeeMaTpHBaTbeSI TOJibKO K8K 

orrpeJleJieHHOe rrpH6JIH:IKeHHe K Jleil:cTBHTeJibHoeTH. H3 pH

eyHKOB BHJlHO, 'ITO H8HJIY'IIIIee eornaeHe e 9KeiiepHMeHTaJib

HbiMH Jl8HHbiMH JlJISI IIpOTOHOB IIOJiyqaeTCSI B MYJibTHIIepHcpepH

qeeKOM OIIHe8HHH, a eneKTpbi TT -Me30HOB JlOeTaTO'IHO XOpO

IllO OIIHChiBaiOTeSI H B paMKaX LPM -MOJleJIH. 0TMeTHM 3Jleeb 

cneJlyiOruee. He npeTeHJlYSI Ha cTporHil: TeopeTH'IeeKHil: aHa

JIH3 HHKJII03HBHbiX IIpOUeCCOB 1 Mbi MO:IKeM, 0JlH8K01 IlO]l'lepK

HyTb TO o6eTOSITeJibCTB0 1 'ITO OHH YJlOBJieTBOpHTeJibHO OIIH

ehiB8JOTeSI IIpOeTbiMH MOJleJISIMH, rrpeHMYIUeeTBOM KOTOpbiX 

SIBJISieTeSI M8JIOe 'IHeJIO IIapaMeTpOB. 
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PHc. 5. 3KcnepHMeHTa1IhHhLil: HMnynhCHhLil: 

ClleKTp 77+ -Me30HOB H3 77-p -B38HMO

neii:cTBHSl: npH 40 raB/c; cnnowaast KPH

Bast - MonenHpOB8HHe ~830BOPO o6~eMa, 

liiTpHXOB8HH8Sl: - neCTHH'iHast nHaPp8MMa, 

WTpHXnyHKTHpHast - LPM -Monenh. 

8 16 20 2Lj GEV/C 
PLAB. !K + 
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YOOD 

dN 
dP 

~DOD 

2000 

1000 

I 

p HC. 6. 3KcnepHMeHTanbHbiH HMnynhCHbiH 

cneKTp 7T- -Me30HOB H3 7T-p -B38HMO-. 

neiiCTBHH npH 40 rsB/c. CnnornHaH KpH

B8H - MonenHpOB8HHe !fla30BOI'O 06'beMa, 

lliTpliXOB8HH8H - MynbTHnepH!flepH~eCK8H 

Monenb, rnTpHxnyHKTHpHaH - LPM -Monenh. 

\ ,. ,, 
\ . 

l\ 
\ . I 
\ ~. I 
\ \ 
\ . 
' 'l ... , 
' '·""'" '- ...... .,: 

y 8 16 20 2Y GEV/C 
PLAB. 'it-

KpoMe Taro, BHllHO, ~To npH MonenHposaHHH HHKni03HB

HbiX peaKUHH MO)!(HO He BKni0~8Tb B COCT8B BTOpH~HbiX ~ac

THU B03MO)!(HbJe pe30H8HCbl H K8CK8llHO pacnanarornHeCH CHC

TeMblo 

4. KPATKASl I1HCTPYKUIUI ITO PAEOTE 
C ITPOfPAMMAMI1 INFORS, INMUL T 

llnH pa60Tbl C CHCTeMOH OllHCbiBaeMbiX nporpaMM Heo6-

XOllHMO B nporpaMMe INFORS(INMULT) aanaTb ycnoBHH 

MonenuposaHHH, a nnH nporpaMMbi DISK HanHcaTb non-

nporpaMMY nonhaosaTenH USER , B KOTopo:il: KOHCTpyu

pyroTCH Heo6xonHMbie pacnpeneneHHH, H aanaTb ycnosHH 

H8 llOCTpOeHHe H ne~aTb I'HCTOI'p8MMo 

LJaCTb nporpaMMbi, !flopMHpyeMaH nonb30B8TeneM, COCTO

HT H3 co6cTseHHO nporpaMMbi INFORS( INMULT) , B KoTo

poii aanaroTCH ycnoBHH MonenHposaHHH, H nonnporpaMMbi 

MATEL , rne B cny~ae aeo6xonaMocTu KOHCTpyapyeTCH 

M8TpH~HbiH sneMeHTo 

YcnoBHH pac~eTa aanaroTCH B co6cTseHHO nporpaMMe 

INFORS( INMUL T) H BKnro~aroT B ce6H cnenyromHe Mac-

CHBhl H nepeMeHHwe (Maccasw yno6Ho aanasaTb ~epea 
on epa Top "DATA'? : · 

1) CHARGE ( 9) - sKcnepuMeHTanbHbiii HnH TeopeTH~e-

CKH:il: ClleKTp MHO)!(eCTBeHHOCTH BTOpH~HbiX 38pH)!(eHHbiX ~ac

THU (9 3Ha~eHH:il: COOTBeTCTBYIOT n ch = 0,2,4,6 ••• nng 

TT-p C06biTHH H Deb= 1,3,5,7 ••• nng TT-n -B38HMOlleHCTBHH)o 

2) PIONO( 9) - cpenHHe aHa~eHHH ~ucna po)!(naromHXCH 

7T0 -Me30HOB ( 9KCnepHMeHT8nbHbie HnH TeOpeTH~eCKH9) nng 

K8)!(ll0I'O 3Ha~eHHH MHO)!(eCTBeHHOCTH 38pH)!(eHHbiX ~aCTHU. 

3) AJQR ( 20) - M8KCHM8nhHbie Beca nng 3Ha~eHHi1 non

HOM MHO)!(eCTB9HHOCTH OT 3 llO 20 ( nepBbie llB8 sneMeHTa 

He HCnonb3yroTCH). EcnH HX He06XOllHMO Bbipa60T8Tb B 

naHHOM pac~·eTe, To aHa cHa~ana "aaayngroTcg". EcnH )!(e 

OHH Bblpa60T8Hbl 3apaHee, TO 38ll810TCH HMeiOlUHeCH 3H8-

~eHHHo 

4) KEY ( 10) - ynpasnHromHe nepeKnro~aTena. 

15 



KEY 

1 

INFORS 

1 - RepenHTHBHCTCKOe 

HH:BemlpOB8RHe 

2 - ynbTpapenHTRBHCTCKOe 

RH:BenHpOB8HHe 

2 0 - 6e3 yqeTa ~epMH-~BH*e-

3 

4-8 

9 

10 

HHH 

1 - C yqeTOM ~epMH-~BR*eRHH 

O-IMI 2 =l 

1 MaTpRqRhLH ::meMeRT 

nonh3oaaTeng 

CB060~Rhl 

0 - ReT 38nHCH Bhl60pKR 

Ra MJl 

0 

eCTb 3anHCb Bbi60pKR 

ReT 3anH:CH pa6oqHX 

co6biTRii Ra MJl 

1 - eCTb 3anHCb pa6oqRX 

C06hiTHH 

INMULT 

cao6o~eH 

TO *e, qTO B 
INFORS 

oiMI 2 =DePt 

1 - MaTpRqHhiH 

3neMeRT nonb-
30BaTeng 

CB060~Rhl 

TO *et qTo B 
IN FOilS 

TO *~! qTo B 
INFORS 

5) SL(m -MaceRa p -Ko3~~RuHeHToa ~nH nHTR THnoa 

qaCTRU ( rr+, rr-, p, nO, n) B MaTpH:qRoM 3neMeRTe BR~a 1M 12 == 
== I1 e P t ( TonbKO B INMUL T) . -

SN ( 5) - MaCCHB K03~~RUHeRTOB ( ~ng nHTH THnoa 

qacTHU), npHMeRHeMhiX B cnoco6e YEK-2 ~ng HHBenHpoaa-

RHH pacnpe~eneRHH no nepe~aqaM ( TonbKO a INMUL T ) • 
6) TLIMIT - 3anac apeMeRR B ceKyR~ax (a ~ecHTRq-

HOii CHCTeMe) • 3a~aeTCH Ra 20-30 CeKyH~ MeRhllle 38K83a 

16 

apeMeHH B ynpaanmor.qeii KapTe (npHMepHo TaKoe apeMH 

yxo~HT Ha TpaHCnHUHIO nporpaMMbi H neqaTb pe3ynbTaToB). 

7) NSAMPLE - HHTerpanbHaH CTaTHCTHKa nng onpe-

~eneHHH MaKCHManbHhiX BeCOB ~ng KB*~OH MRO*eCTBeHROC

TH (o6bJqHO ~OCTaToqHo 10000 C06biTHii). 

8) NMODEL - Tpe6yeMaH cTaTHCTHKa reRepHpyeMbiX 

co6hrTHii. 

9) NPRINT - 3a~aeT neqaTb Ha3BaRHfi BTOpHqHhiX qac

THU ~ng C06biTHH C nop~KOBbiM HOMepoM, KpaTRhiM 

NPRINT • EcnH TaKag HH~OpMaUHH He HY*Ra, To NPRINT 
3a~aeTCH 6onblllHM, qeM NMODEL. 

10) PO - RMnynbc nepaHqRoii qacTHUhi B f38/c. 

11 ) N GO H N GT- KO~hi nepaH:qRoii qacTHUhi H RyKnoHa 

MRllleHH no DST. 
12) CHANGE - ~ong co6hiTHfi c nepe3apg~Koii HyKnORa. 

13) NCOLL- npH3HaK yqacTHHKa coTpy~RHqecTaa no 

UST. 
14) NTYPE - THn co6brTHH no DST. 
15) ASI- B nporpaMMe INFORS K03~~HUHeHT aHR30Tpo-

nRR yrnoaoro pacnpe.ueneRHH BTOpHqRhiX qacTHU (anH qHc

Toro ~a3oaoro o6'heMa paaeH 1 ) • 
KpoMe 3THX aenHqRR, ang pa60Thi nporpaMMhi Reo6xo

~HMO 38~8Tb B KaqeCTBe qH:cnOBbiX ~aRRbiX MaCCHB Ta6y

nHpOB8RHhiX KpHBhiX ~ng p03bii'pblllla KRReTHqeCKHX 3Hepi'HH. 

Heo6xo.uHMO noMRHTb, qTo MaccHBhi pa3Hhre anH pa3HhiX 

cnoco60B MO,!lenHpOBSRRH (RepenHTHBHCTCKOe H ynbTpapeng

THBHCTCKOe RHaenH:poaaRHe aecoa, cnoco6 YEK-2). 

3aMeTHM, qTo nporpaMMa nHllleT Ra neRTy C06hiTHH C 

BeCOM 1. 
EcnH Heo6xo~RMO 3anHCaTb co6hrTHH c 

MH BeCaMR ( T.e. 6e3 6paKOBKH) i TO H8il0 

*OPSHThi AJOR ( l .;- :Jl) =0 H nonO*HTb 

Rh!M HyniO. 

Ko.Uhi qacTHU no DST 

COOTBeTCTBYIOIUH

"3aRynHTb" Ma-

N SAMPLE paa-

+ -5, TT TT -6, p -7, TT0-8, n -9. 
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B 3aKmo'IeHHe MbJ 6naroaapHM B.r.rpalliHHa 3a nocTo5IH
Hhiii HHTepec K pa6oTe H MHOrO'IHCneHHbie o6Cy)Ka8HH5I, 
H .C.AHrenoBa - 3a mo6e3HO npeaocTaBneHHbie 6noKH, BO-
lllealliHe B nporpaMMY DISK , IO.l1.WenoHUeBa - 3a no-
ne3Hble COB8Tb! no MaTeMaTH'I8CKOMy o6ecne'!eHHIO npo

rpaMM, H.M.KanHTOHOBY - 3a 6onblliYIO noMOlllb B TeXHH'Ie
CKOA 'I8CTH pa60Thl. 

I1Pl1flO)I(EHI1E 

n. I. <llopMynbi H Ta6naua, acnonb3yeMbie npa po3birpbi
llle KHH8TH'I8CKHX 8HeprHA. 

a) MoaenHpoBaHHe <jla3oBoro o6'beMa. 

11cnonb3yeMbie crroco6bi MoaenapoBaHHSI <jla3oBoro o6'beMa 
OTnH'I8IOTC5I 38KOHOM p03hlrpwllla KHH8TH'I8CKHX 8HeprHA 

Tk -1 
HepenSITHBHCTCKHA cnoco6: 

Tk-1=Tk (k-1 , rae ~ _ 1 - KOpeHb ypaBH8HH5I 

a <jlyHKUHSI 

ck < .;k) 

Ck-1( 'i.-1) = 11 k-1 
c 3k -5 
"'k --

f d .; k .;k 2 ( l - (k) ~ 
0 

1 .a~ 

f d (k .; k 2 ( l - (k ) ~ 
0 

(5) 

Ta6ynapoBaHa anSI k = 2, .... 20. fpa<jJH'!8CKHA BHa TaKOH 
<jlyHKUHH noKa3aH Ha pHc. 7. 

YnbTpapen5ITHBHCTCKHA cnoco6: 

T k-1 = Tk V (k-1 

(k -l) .; k-2 
k-1 

3aecb H B (5) ak_
1 
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rae (k_ 1 - KopeHb ypaBHeHHSI 

k-1 
- ( k - 2 ) g k -1 = a k- 1 

(6) 

- cnyqaiiHoe '!Hcno. 
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DpH MOAenHposaHHH $aaosoro o6~eMa ynhTpapens:~THBH
CTCKHM CllOC060M He06XOAHMO Y'iHTbiSBTh TOT $aKT, 'iTO 

aa rpaHHuax $aaosoro npocTpaHCTBa seca co6hiTHH cTpe

MHTCH K 6eCKOHe'iHOCTHo nns:~ Sbi6opa M8:>KOpaHT HY:>KHO npo

seCTH aaanHa pacnpeAeneHHH secas H HCKniO'iHTh rpaHH'iHhie 
3H8'ieHHHo 

6) ITpH MOAenHposaHHH MynhTHnepH$epH'ieCKHX MOAene8 

Hcnonhaosanach $opMyna 

rAe 

Sk ( T k-1) = ak-1 Sk ( Tk) 

Tk 

sk < 1~) = f 
0 

2M k-1 d Tk-1 

M 2 
k-1 

2 
m 

a 

(7) 

S ( T ) 
k-1 k-1 (8) 

k = 3 .... 20 ) npH ycnOBHH, 'iTO s2 ( T 2) "" I. 

Pacc'iHTaHHbie aasHCHMOCTH noKa3aHbi Ha p11c. 8. DpeA

cTasneHHbre 3Ha'ieHHH AnH HarnHAHOCTH HOpMHpOSBHbi Ha 

sk ( T k ) max • KOTOpbre paSHbi: 

k 3 

S ( T) max7 50 
k k • 

k 9 

S ( T ymax77 ,20 
k k 

k 15 

S ( T ) max , 7 42 
k k 
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n.2. Bo3MO>KHOCTH pacumpeHH.H o6nacTH npwMeHeHH.H 

nporpaMM 

CymecTBYIOlllHe BapHaHTbi nporpaMM MO)lenwpyiOT ronhKO 

rr-N -B38HMO)leMCTBH5lo nn.H nepeXOJl8 K MO)lenHpOB8HHIO 
rr + N u NN Tpe6yeTC.H He6onhmoe H3MeHeHHe anropHTMOB 

H)leHTHqlHK8UHH BTOpHqHbiX qaCTHU B ITO)lllpOrpaMMe 

MONTEKA 
B cnyqae MOJlenHpOBBHH.H MynhTHrrepw~epuqecKoro NN -

B38HMO)leMCTBH5l1 KpOMe yK838HHOf'O H3MeHeHH5l, He06XOJlHMO 

nepecqHThlB8Th Ta6nHUhl peKyppeHTHhlX HHTerpanOB (8), 
38BHC5llllHX 1 B qaCTHOCTH 1 OT M8CChl rrepBHqHQM qaCTHUhlo 

nYITEPATYPA 

1. f.YI.KorrhrnoB, B.H.TieHeB, A.YI.WKnoscKaH. Coo6ll!eHH51 

OYIHYI, P1-7696, Ay6Ha, 1974. 
2. G.I.Kopy1ov, V.~.Penev, Yu.V.Tevzadze, 

A.I.Shk1ovskaya. Nuc1.Phys., B30, 
398 (1971). 

3. B.E.KoMonoBa, f.l,l.Korrbrnos. IlperrpHHT OYIHYI, 

P-2027, ny6Ha, 1965. 
4. B.E.KoMonoBa, f.YI.KorrbrnoB. TiperrpHHT OY!HYI, 

P11-3193. ny6Ha, 1967. 
5. A.Y .A6JlypaxHMOB H Jlp. ( CorpynHHqecrso: AnMa-Ara

Ey)larremr-Eyxapecr-BapmaBa-ny6Ha-KpaKos-MocKsa
CepnyxoB-C o~HH-TaiiiKeHT-T 6HnHc H-Y naH-Earop-XaHofi). 

TiperrpHHT OYIHYI, P1-7103, ny6Ha, 1972. 
6. W.Wojcik. Preprint DPh PE 73-10, Sac1ay, 

1973. 
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1. BeeoeHue 

B npe.IJ;LI.IJ;Y~Qeii pa6ore /2/ MLI HaWJIH yHHTapHLie npe.IJ;
craaneHHB GL (3,R) B npocTpaHCTBe npe.IJ;CTaaneHHii opTo
roHanLHoii rpynnLI. QenL 3TOro coo6IQeHHB - o6o6IQHTL 
HCDOllL30BaHHLie paHee MeTO,IJ;LI Ha YHHTapHLie npe,IJ;CTaBne
HHB rpynnLI G'L(4,R). 

rpynna G L ( 4, R) COCTOHT H3 acex llHHeHHLIX npeo6pa3o
BaHHii 'leTLipexMepHoro npocTpaHCTBa: 

X /l = a /l V X V , /l, 11 = 1, 2, 3 , 4 . 

Ee anre6pa co.IJ;ep:lKHT reHepaTopLI rpynnLI apa~QeHHii 
M .. =- MJ·,· H co6cTBeHHLIX nHHeiiHLIX npeo6pa3oBaHHii: 

I j • 

+- [M/lV ,M pr ] = o/lP ~>r - oW ~p - ( /1<->V ) , 

-f-[M/lV ,Rpr 1= o11 pRvp+owRvp -(/l~v), 

...L[R R ]=oM +oM +(/l~v). 
· /lV' pr /lP pv W pv .1 

IIocKonLKY rpynna 0 (4 ) BBnBeTCJI npBMLIM npOH3Be.IJ;eHHeM 
rpynni.I 0 ( 3 ) Ha rpynny 0 ( 3) , ee 6a3HC B npocTpaHCTBe 
npe.IJ;CTaBneHHB BBnBeTCB DpBMLIM DpOH3Be,IJ;eHHeM npocT
paHCTB npe.IJ;CTaBneHHB rpyDDLI 0 ( 3) . 

B cne.IJ;yromeii qacTH MLI nony'IHM BBHLIH BH.IJ; reHepa TO
pOD npe,D;CTasneHHB B 3TOM 6a3HCe H KllaCCH~HKauHW B03-
MO:lKHLIX npe.IJ;crasneHHii. HeKOTOpLie npoMe~yTO'IHLie BLI
Kna.IJ;KH ,IJ;llB Y.IJ;06CTBa BLIHeCeHLI B DpHnO~eHHe. 
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2. YHumapHble npeocmaeAeHUJI G L ( 4, R) 

06o6~aJI MeTo,D; HH,li;YllHPOBaHHLIX npe,D;cTaaneHHH I I/ , 
HCIIOJIL30BaHHLIH uaMH B rpyrrrre G L (3, R) /2/ , peaJIH3yeM 

npe,D;CTaBJieHHe B npOCTpaHCTBe <l!YHKllHH f( u) ( u ~ 0 ( 4)) 

g _., T 
g 

T f ( u) = a (k ') f( k '), 
g 

a h c d 
a( k ) = (k ll ) ( k 22 ) ( k 33 ) (k 44 ) ' 

/1/ 

k - BepXHJIJI TpeyrOJILHaJI Ma TPHUa, a Ma TPHllLl U 'H k' Ha

XO,D;JITCJI H3 pa3JIO:>KeHHJI 

ug=k'u'. 
PaCCMOTpHM CJiyqaii:, KOr,D;a g - CHMMeTpH'IHaJI MaTpHlla. 

CooTBeTCTBYIO~MH HH<l!HHHTe3HMaJILHLIMH onepaTopaMH JIB

JIJIIOTCJI R i k . BLI,D;eJIHM H3 HHX TeH3opuLiii: onepaTop T ~~
npeo6pa3YIOlllHH OTHOCHTeJILHO rpyiiiiLI 0 ( 4), KaK IIp.HMOe 

npoH3Be,D;eHHe TeH30pHLIX onepaTopoB nepaoro paura oT

HOCHTeJILHO COOTBeTCTBYJO~HX rpyrrn 0 ( 3) , BXO,li;JI~X B pa3-

no:>KeHHe rpynnLI 0 ( 4). H3BeCTHO, 'ITO JII06aJI <ilYHKUHJI f ( u) 

( u .r.;_ 0 ( 4) ) pa3JiaraeTCJI IIO OpTOHOpMHpOBaHHOH CHCTeMe 

<l!YHKUHH 

f (u) = 
------ ---·--- . r I r 2 

I ! v 2 C 1 + 1 y2C 2 + 1 b 
Cl,ml,nlC2,m2,n2 mlnlm2n2 

X 

ri < r2 ) x D e I , ¢ I , !/1 I ) D c e 2' ¢ 2 , !/1 2 
mfnl m2 ,n2 

/2/ 

BLI'IHCJIHM ,D;eii:cTBHe TeH3opuoro onepaTopa T 11 
ua 6a3HC 

pp 

I m I ' r I n l ; m 2 ' r 2 'n 2 > =N (a 'b ' c 'd ' m l 'rn 2 ) X 

4 

------ ----- r I 
X v 2 r l + 1 v 2C 2+1 D m n 

l l 

/3/ 
r2 

(tll ,¢I ,1/;l)Dm n (tl2,¢2,!/;2) 
2 2 

r ,D;e MHO>KHTeJIL N (a, b, c, d , m 1 , m 2 ) orrpe,D;eJIJieTcJI 

HH:>Ke H3 YCJIOBHJI YHHTapHOCTH. 

JIBHLIH BH,D; onepaTopoa T H H T _1/_
1 

orrpe,D;eneu B 

npHJIO:>KeHHH. HcnonL3YJI 6a3Hc /3/, uaxo,D;HM: 

ll l l 1 
T Jm 1 ,C 1 ,n 1 ;m 2' C2 ,n 2 >= ! ! [-

2 
(-m1 -m2 -

P P a=-l {3=-l 

r 
-a+b)C l+a ,ml+ l 

rl,l ;mll 

C2 +{3,m 2 +l 
c 

e2,l;m2,l 
Jm 1+1 ) 1+a,n 1+p; m2+1, 

N ( m 1, m 2) 1 ( b) 
r +f3,n2+P'> +- ml-m2-a+ X 

2 N ( m 
1 

+ 1 , m 
2 

+ 1) 2 

-l C1+a,ml 

xC o l· ml,-1 
L } ' ' 

r2 +f3,m2-l 
c 

r 2 , l ; m 2' -l 

N (m 1 • m 2) 1 m -1 , 
- l 

N ( m l -1 ' rn 2-1) 

£ l + a , n l + p ; m 2-1 , £ 2 + {3 , n 
2
+ p ' > + + (-m 1 + m 2 + C -d) X 

C1 +a,m 1-l 
XC 

rl,l;m1;-l 

r2 + {3. m 2+ l 
c 

C
2

,1;m 2 ,I 
N (m J ,m 2) Jm -1,Cta, 

1) I N(m1-1,m2 + 

. e , 1 N (m 1, m 2 ) 
n I+ p ' m 2 + 1' 17 f3' n 2 + p > + 2(m rm2+ c-d)N( 1 . -· x 

ml+ ,m2 

CI +a,mi +I 
XC 

rl,l;ml,l 

r2+f3,m2-I 
C Jm 1+ 1,C 1+a,n1 +P; m 2-1,C 2+{3, 

C2,I;m2 ,-I 

n
2

+p'> -+[2(1+k)-a{e 1+ 
a+ 1 
-·--)-
2 
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t 

/ E1 +a,m1 
' f3+ 1 )]x C 0 

-f3(E 2 + -r- E
1 

,l;m1, 
E2+f3,m2 lm1,E1+a, 

Co 1·m2,0 
L 2' ' 

01+ p; m2,E2+f3,n2+p')CE1+a ,nl+P 
E1,1;n 1'p 

E 2+{3,n2+p' 
C , X 

E
2

,1;n
2

,p 

X 
v (2 E1 + 0\~~2~ __ 1) 

,j(2(EI + a)+1)(2(E
2

+f3)+ 1) 

r.ne N (a,b,c,d,m ,m ) = N (mi,m 2 ). 
3,necb a, b, c, d - KOMnneKCHhle 'IHcna H 

1 
k=4(-a-b+C+d). 

/4/ 

On epa Top pacnnKeHHJI D = R 
1111 

B 3TOM npe,ncTaaneHHH 
.naaroHaneH 

1 
Dim ,E ,n ,m ,E ,n >=-.-(a+b+c+d)!mi,fi,ni ,m

2
£..,n

2
> I 1 I 2 22 1 ~ · 

Y cnoaae yHHTapaocTH npe,ncTaaneHHJI 

(T 11 , )+ ,.,(-1)P (-1)P, T I I ,,D+=D, 
pp -p-p 

npHBOAHT K ypaBHeHHJIM ~llJI HOpMbl COCTOJIHHH 

6 

1= 

a+ 1 fJ+ 1 
[a(f

1
+ )+f3{E 2-t --)+20+ k))* 

2 2 

a+ 1 
[a< e + --)+ f3U

2
+ 

1 2 
~)-2(1+k)) 

2 

l~'m2) 12 
N(m -1 m -1) 

( m 1 + m 
2
+ k 1 - 2) * 

m I+ m2 -kl 1 ' 2 

/Sa/ 

. I 

I 

N(m1,m2 ) 2 (m 1+m 2-k 1+2)* 
1--------- I = 

N(m 1 + 1, m2+1) m 1 + m
2

+ k
1 

r~e k 1 = a-b. 

N(m 1 ,m 2 ) 

N(m
1
-1,m

2
+ 1) 

1
_N( m ]'m_~2~) __ 

N(m 1 +1,m
2
-1) 

!2 (m 
1 

- m 2 + k 2 -2 ) * 
m1-m2-k2 

2 (mi -m -k + 2) * I = 2 2 

mi-m2+k2 

-(a+ b + c + d) = (a + b + c + d)*, 
rJle k2= c-d. 

3.necb aae~eHo coKpa~eHaoe o6o3Ha'leHHe: 

N ( m I , m 2 ) = N ( m I , m 2, E I , E 
2 

, a , b , c ,d ) . 

/56/ -, 

/6/ 

,l).nJI ynpo~eHHJI ypaaHeHHH aae,neM nepeMeHHhle g 1 = m I+ m2 ; 

g 2 = m 1 -m 2 .Tor~a N (m I,m 2 ) = N (gi) N (g 2) H cooTBeT
CTBYIO~He ypaBHeHHJI HMeiOT BH,n: 

N(g.) 2 (g.+k.-2)* 1-!... ___ I = --~--~---, 
N(g_ -2) g_ -k. 

I I I 

/7/ 

N(g i) 12 (gi-ki+2)* 
I 

N(g.+2) g.+k. 
I I I 

r.ne i = 1 , 2. 
YpaaHeHHJI /7 I ,nnJI N ( g i ) coana,naJOT c ypaaHeHHJIMH 
/23/ B 12 ,no:noMy KnaccaciJaKaUHJI npe,ncTaaneHHH G L(4,R) 
JIBllJleTCJI ••npJIMbiM npOH3Be,neHHeM_<• KnaccHciJHKaUHH DO 
G'L(3,R). 

,l].nJI acex npe~cTaaneHHH H3 ycnoaaii /Sa/, /56/ cne~yeT, 

1 + k = ip, a+b+c+d=iw, 
r~e p H w - ~eiicTBHTenbHhle. Cymec1ayeT acero .neaJITb 
cepaii npe~cTaaneHHH, o6o3Ha'laeMhiX D A i x D 1 i ( i,j = 1,2, 3). 
CepHJI D A· (a=1,2) Ha3biBaeTCJI 

a/ rna:Aaoii, ecna ka = 1 + i K a ·, 

7 
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6/ J];OllOJIHHTenLHOH, ka - Be~eCTBeHHOe, He paBHOe 

uenoMy; 

B/ ,II;HCKpeTHOii, ecJIH 2 ka - uenoe qHcno. 

TaK, B ".u;Ba)K.u;LI rnasHoii" cepHH ki =1+iK I, k 2 = 1 + iK 2 . 
B npe.u;cTaBneHH.IIX 3TOii cepHH cymecTsyeT qeTLipe HHBa

pHaHTHLIX llO,II;llpOCTpaHCTBa, HaqHHaJOID;HXC.II COOTBeTCTBeHHO 

C D;HKnHqeCKHX BeKTOpOB 

11 11 11 11 
JO,O ,0,0,0,0>, JO,O,O,"T,"2•n>, J2 ,2 ,n,0,0,0>,! 2 ,2 ,n I;2 ,--zna>. 

Ji:BHLIH BH)]; MaTpHqHLJX 3neMeHTOB npe,II;CTaBneHH.II cne.u;yeT 

H3 /4/, ecnH nono)KHTL TaM N ( m I, m 2 ) = 1. JlBHLlii BH,II; 

MaTpHqHLJX 3neMeHTOB OCTanLHLIX BOCLMH cepHii, HaXO)K

J];eHHe HHBapHaHTHLIX no.u;npOCTpaHCTB H 3KBHBaneHTHLIX 

npe,II;CTaBneHHH .IIBn.IIIOTC.II np.IIMLIM o6o6ID;eHHeM /2/ H npe.u;

CTaBn.IIIOTC.II qHTaTemo. 

ABTop 6naro.u;apeH B.H.OrHeBen;KOMY 3a npe.u;no)KeHHYIO 

3a.u;aqy H CTHMynHpyiO~He 06Cy)K,II;eHH.II. 

IJpUAOJICeHUe 

reHepaTOPLI GL(4, R) B npocTpaHCTBe ci>YHKD;Hii 

Ha no.u;rpynne 0(4) 

Cne.u;y.11 MeTo.u;y HH.u;yn;HpoBaHHLIX npe.u;cTasneHHii /I ·21, 
3anHweM npeo6pa3oBaHH.II G,L ( 4, R ) B KOHeqHoM BH.u;e 

Ha ci>YHKD;H.IIX OT OpTOrOHanLHOH MaTpHD;LI U c;. 0 ( 4): 

Tgf(u)=a(k ')f(u '), /Ill/ 

r.u;e sepxH.II.II TpeyronLHa.ll MaTpHn;a k H opToroHanLHa.ll 

MaTpHD;a u' HaXOJ];.IITC.II H3 pa3nO)KeHH.II 

g'=ug=k'u'. 
TaKoe pa36HeHHe MaTpHD;LI g B qeTLipexMepHoM npocTpaH

CTBe Ha BepXHIOIO TpeyronLHyJO H OpTOrOHanLHyJO BLIDOnH.H

eTC.II 3neMeHTapHO, C yqeTOM COOTHOWeHH.II OpTOrOHanLHOCTH 

u. • u. 
IS JS =oii 

~ 

I ... 

t 

I 

k ' 2 ' ' . = g • g ' 
44 4s 4s 

u' =g' (k' 
4s 4s 44 

)-~ 
'' 

k ' 2 ' ' ' ' k ' -I = g ·g -g ·g • ' 
33 3s 3s 3s 4s 44 

-I 
' [ ' ' ' ']I<' u3s = g3s -g4s • u4a • u 4a ·'33 /II2/ 

H T.,II;. 

k'2_,.,-, • u 
22-g2s g2s g2s 3s -g~ 

•U' -g' •U 
3a 2s 4s 

g' • u 
!h 4a, 

u ' = k ' -I ( ' 
2s 22 g2s -~ • u ' 

3a 
• u' 

3s - g:tz •U' •U' ) 
4a 4s /II3/ 

H T.,II;. 

He see 3neMeHTLI MaTpHn;LI u He3aBHCHMLI, oHa HMeeT 

1-onLKO 6 He3aBHCHMLIX 3neMeHTOB. IIapaMeTpH3yeM MaTpH

n;y 6 yr naMH 3iinepa: 

iMgPI iM IOI iM 3tf!I 
u = e e e 

i K 3¢ 2 i K I 0 2 i K3 t/1 2 e e e 

r.u;e BLI6paHo MaTpHqHoe npe.u;cTasneHHe .u;n.11 reHepaTopoB 

M. 
I 

_21 (--21 e. M + M "4 ), 1mn mn 1 

1 1 
K i = --,-(- 2 eimnMmn-M i4) 

i, m,n =1,2,3, 

HeTpy.u;Ho BLipa3HTL yrnLI 3iinepa qepe3 3neMeHTLI MaT

PHULI Ui k ; 

0 1 2 2 2 2~ 
cos - 1 = - [ ( u - u ) + (u + u ) + (u +U ) +(u -u ) 1: 

2 2 43 34 33 44 31 42 41 32 

9 
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() 1 2 -2 2 2~ 
cosT =2[(u43 -u34 )+ (u33+ u44J+(u4I +U 32) +(u3I-u4:J1; 

¢I = ar sin u 2I - u I 2 

2 
()I () 

cos-cos~ 
2 2 

¢
2 

= ar sin u 21 - u I 2 

2cos ~cos e2 
2 T 

t/;2 = arstn u43 + u 34 

2sin .fb sin~ 
2 2 

u 4I + u 32 
tj; = arcos 

I 
2 sin .!!...2 cos ~ 

2 2 

- ar cos u 32 - u 4I 

2 sin _(}_1_ cos ~ 
2 2 

arcos u 4I + U32 

2 
. ()2 () I 

sm 2-cos 2 
/II4/ 

+ arcos u 32 - u 4I 

2 sin -~ cos _!_2 
2 2 

- arstn u 43 + U34 
() () 

2 sin _l_ sin _2_ 
2 2 

IIocKonLKy 3aKOH npeo6pa3oBaHBJI k 'B u' a ypaaueHBB /Ill/ 
HaM B3BecTeH /eM. /II2-II3/ I, ypaaueHHe /II4/ no3sonJieT 
onpe,nenHTb 3aKoH npeo6pa3oBaHHJI yrnoa 3iinepa ¢1 , ... ¢ 2 • 

OrpaHH'IHMCJI nucllnunTe 3BManLHbiMH npeo6pa3oBaHBJIMH 
rpynn Ha cllYHKUHJIX f ( cp I , . .. tj; 2 ) . 3neMeHTapHb1MH, HO 
YTOMBTeJibHbiMH BbiKna,nKaMH nonyqaeM ,nH«<lcclepeHUHaJibHbiH 
onepaTop RI2 : 

i R 
12 

= sin () 
2 

[ _!_ cos ( tj; 
1 

+ t/; 
2 

) -. 1- a 0 + 
2 mn6

1 
I 

+..!..cos() sin() sin(tj; +t/; )ae - ~ctg() 
2 I 2 12 I 2 I 

X 

10 

~ 

., 

r 

x cos (tj;I +t/;2 )a¢I ]+sin() I [ ~ cos(tj;I + tj; 2 ) x 

x --. _1_ a tj; 
2 

+ i cos () 
2 

sin() I sin ( tj; I + t/J 2 ) a() 2 -
sm e2 

1 1 2 ()I 2 ()2 
- - ctg () COS ( tj; + tj; ) a cp 1 + - COS -- COS - X 

2 2 I 2 2' 2 2 2 

x[sin(¢I +¢
2 

+WI +,!t2 )(-a+b)+cos(¢I +¢ 2 +t/; I +t/; 2)x 

X (a cp +a cp ) ) + _l_ sin ~ sin 2 !.z ( sin ( cp - tj; + cp - tj; ) X 
I 2 2 2 2 I I 2 2 

(a-b)+cos(<f>I +¢ 2 -1,&I -•'r 2 )(-a¢I -a¢2 )]+ ~ sin 2()~ x 

cos~[sin(¢ -t/; -¢ -t/1 )(-c+d)+cos(¢ -t/; 
2 I I 2 2 I I 

..!-. )( 1 () . () 
-'1'2 -t/;2 acpl -acp2)]+ -Cos2_I Sln2......!_ X 

. 2 2 2 

x [ sin ( ¢ - tj; - ¢ -t/; )(- c + d)+ cos ( ¢ - ¢ 
2 2 I I 2 I 

- tj; - t/J )( - a ¢. + acp ) ) + 
4
1 sin () sin () X 

I 2 I 2 I 2 

x sin (•,'ri +0
2 

)(-a -b+c +d). /IIS/ 

Mbl BHTepecyeMCJI uenpHBOABMbiMB npe,ncTaaneHBJIMH 0 ( 4), 
KOTOpble peaJIH3YIOTCJI Ha <lJYHKUBJIX 
--- --- e e 

y 2 £ + 1 v 2 £ 
2 

+ 1 D I ( ¢ , () , tj; ) D 2 ( ¢ ,() , tj; ) 
I m 

1 
n I I l l m 2 n 2 2 2 2 

II 



- I m I , e I , nl , m 2 , e 2 , n 2 > 

(- ej ~ m i , n i :::;;. e i• i =1 ,2). 

YAo6uo pa3no:lKHTL a onepaTop R. i k ua uenpHBOAHMble 
TeH3opuble onepaTopbl T 11, (p,p' =1,0,-1): 

pp 

R = il(T 11 

I 2 2 I l 
_ 1 11 ). 

-1-1 

JIBHbiB BHA reuepaTopa R 12 /IIS/ no3BonReT uenocpeA-
CTBeuuo onpeAenaTf

1 
MaTpaqubJe :meMeHTbl T H , T2l_1 a, 

cneAoBaTenLuo, Tpp' B6a3ace im 1 ,e 1,n
1

,m
2

,e
2
,n

2
>. 
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