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EapaweHKOB B.C., 3HHOBbeB r.M. P2-3879 

YHHT8pHD-CHMMeTpH'IH8H TeOpHH MHO>KeCTBeHHOrO 06pa30B8HHH 

'18CTHU 

npeano>KeHa CT8THCTH'!eCK8H Moaenb, B KOTOpol! '18CTHUbl paCCM8TpHB8-

JOTCH KBK qneHbl SUa -My nbTHnneTOB, a nepeXO):lbl B03MO>KHbl nHWb Me>Kay 

COCTOHHHHM H, COOTBeTCTBYJOWHMH 0):1HH8KOBbiM HenpHBOJ:lHMbiM npeacTaBneHHHM 

rpynnbi SUa • noapo6ao paccMoTpeHbi npoueccbJ p- p H p- n aHHHrH-

nHUHH B llOKOe H HeynpyrHe IT,± p B38HMOael!CTBHH B o6naCTII 3Heprlll! 

T > 1 GeV • 

OpenpHHT 06be.nHHeHHoro HHCTHTyTa H,nepHbiX HCCJie.nosaHHit. 
,ll,y6Ha, 1968. 

Barashenkov V.S., Zinovjev G.M. P2-3879 

Uni tary- Symmetry Theory of Multiple Particle Production 

A statistic model has been suggested in which the particles a re I 

I 
considered as terms of SU a- multiplets and the transitions are possible! 

only between the states which correspond to the same irreducible 

representations of the su 8 group. The p -pand ji-n annihilations at 

rest and inel astic IT :t. p interactions in the energy range T > 1 GeV are 

c o nsidered in detail. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1968 
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1. BBe.aeHHe 

HaKorrneHHan K HacTonmeMy speMeHH aKcrrepHMeHTanhHan HH~opMauHn 

naeT Jl0CT8TO'"IHO rronHyJO K8pTHHy HeyrrpyrHX B38HMOJleHCTBHH aneMeHTapHbiX 

'"18CTHU rrpH BbiCOKHX aHeprHnx. Mo}I(HO LlYM8Tb, 'ITO aTa KapTHHa ocTaHeTcn, 

ITO-BHJlHMOMy, HeH3MeHHOH BITnOTb JlO o6naCTH 3HeprHH ITOpHJlK8 HeCKOnbKHX 

COTeH ras 
11 •21• 

0JlHOH H3 H8H6onee xapaKTepHbiX oco6eHHOCTeH HeyrrpyrHX B38HMOJleH­

CTBHH B BbiCOK03HepreTH'"IeCKOH o6naCTH HBnHeTCH MHO}I(eCTBeHHOe o6pa3o­

B8HHe HOBbiX '"18CTHU. Y}l(e rrpH 3HeprHHX T"' 10 ras x) B OJlHOM 8KTe Heyrr-

pyroro 11- N HnH N-N 

BbTe '"laCTHUht, rrpH nanbHeAweM ysenH'"!eHHH aHeprHH T '!Reno '"laCTHU B KO­

He'"!HOM COCTOHHHH B03pacTaeT rrpH6nH3HTenbHO K8K T1
/ 

4 
H rrpH T "" 1 QQQra s 

COCTaBnHeT y}l(e 15-20. B OT)lenbHblX K8Hanax peaKUHH '"18CTHU MO)KeT pO)K­

Jl8TbCH B HeCKOnbKO pa3 6onbwe. 

C 3TOH TO'IKH 3peHHH MO}I(HO Jl0CT8TO'"IHO ysepeHHO YTBep)KJ:l8Tb., 'ITO 

n106an 6ynyman TeOpHSI HeyrrpyrHX B38HMOJleHCTBHH ITO He06XOJlHMOCTH )l0n)KH8 

HMeTb CT8THCTH'"!eCKYJO ITpHpOJly. 

Docne TOr'O K8K 6htno OTKpb!TO nsneHHe MHO}I(eCTBeHHOH reHepaUHH '"18C­

THU rrpH Bb!COKHX 8Hepr'HHX, TeopeTHK8MH rrpe)lnO}I(eHO 6onbWOe 'IHCnO pa3nH'I­

HbiX CT8THCTH'"IeCKHX MOJleneli. HeyrrpyrHX B38HMOJleHCTBHH aneM€HT8pHblX '"18C­

THU. EcnH He C'"IHT8Tb rrepBOH8'18nbHbiX MO)leneif, OCHOBbiB8BWHXCH H8 O'IeHb 

rrpOCTbiX H, C COBpeMeHHOH TO'IKH 3peHHH, BeCbM8 rrpHMHTHBHbiX rrpeJliTOnO}I(e­

HHHX 0 CBOHCTB8X narp8H)KH8HOB CHnbHbiX B38HMO)leHCTBHH, TO BCe TeOpHH 

x) 3necb H ae3,ae nanee T-KHHernqecxBR s neprHH HBneTBJOILleii qaCTlfUbt a 
n. c . K. 
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MHO~eeTBeHHOrO pO~UeHHg qaeTHU B 3HaqHTenhHOA eTeneHH HMe~T ~HOMe­

HOnOrHqe eKH H xapaKT ep H eonep~aT onpeneneHHOe qHeno npOH3BOnhHhlX na­

p a MeTpos, non6HpaeMhiX H3 epasHeHH.Il e aKenepHMeHTOB. 

Cym eeT BeHHO HM e Tb B BHUy, qTO K8~U8.11 KOHKpeTH8.11 MO.z:tenb B 38BH­

e HMOe TH OT TOrO, K8KHe qepTbl paeeMaTpHB8eMoro .IIBneHH.Il Bbi6paHbl B Hell. 

K 8 K Oe H OB Hhie, H MeeT eso~ eneuHcjJHqeeKy~ o6naeTb npHMeHHMOeTH. noaTo­

M Y epasH e HH e MoneneA H, oeo6eHHO, Bhi6op "nyqmeA" H3 HHX enenyeT npo­

H3BOUH T h e 6onbmOH oeTOpO~HOeTb~. HanpHMep, KOr.z:ta B KOHUe 40-X ro.z:tOB 

BblgeHHnOeb , qTo eT8T HeTHqeeKag MO.z:tenh MHO~eCTBeHHOrO pO~UeHH.Il qaeTHU 

¢epMH He o6'b.lleHgeT pgna sa~HbiX .z:teTaneA npoueeea HeynpyrHx B38HMone A­

eTBHA, KOTOpbie nerKO H e eTe eTBeHHO 06'b.lleH.Il~Te.ll B MO.z:tenH nepH~pHqec­

KHX B38HMOUeHeTBHH , HeKO T Opbie cjJH3HKH eTanH B006me HrHOpHpOB8Tb MO.z:tenb 

¢ epMH, Torna KaK s neiieTBHTenbHOCTH aTa Monenb H Monenh nepHcjJepHqec­

KHX B38HMOUeHeTBHH HMe~T pa3nHqH ble o6naeTH npHMeHHMOeTH H eyme eTBeH-

Ho nononHg~T npyr npyra. 

C ToqKH 3peHHg aHanH3a s ee B03paeTa~mero qHena a KenepHMeHTanh­

HhiX U8HHblX 0 HeynpyrHX B38HM OU e H e TBHgX qaeTHU, none3HO HM e Th npoeTy~, 

nyeTb na~e eeehMa rpy6y10 , Mon enh, KOTopag 6bma 6bi e n oeo6Ha naTh nocTa -

TOqHO H8Ue~Hble OUeHKH H OTBeT hl H8 BOnpOCbl, noe TO.IIHHO B03HHK8~mHe B 

xone nonroTOBKH 3KenepH MeHTOB H npH HX o6pa60TKe. B 3 TOM OTHOmeHHH 

seebMa yno6Ha eT8THeTHqeeKa g MO.z:tenb MHO~eCTBeHHOrO pO~UeHH.Il qaCTHU 

¢epMH , noeKOnbKY OH8 n03B Onge T npoeTO paeeqHTbiB8Tb T8KHe B8~HeAwHe 

xapaKTepHeTHKH HeynpyrHX B38HMO.z:teiieTBHH, K8K paenpeneneHHe no MHO~eeT-

seHHOeT H pO~U8~WHXe.ll qaeTHU, epe.z:tHHe HMnynhCHbie eneKTpbl 3 THX qaeTHU 

H HX epeUHHe yrnOBbie paenpeneneHH.Il B na6opaTOpHOA eHeTeMe KOOpUHH8T . 

Monenb ¢epMH noeTaToqHo YHHBepcanhH8 H OnHebiBaeT B38HMO.z:teACTBHg qae-

THU eaMblX pa3nHqHbiX eop TOB: eTOnKHOBeHHg HyKnOHOB, rr-N H K-N 838-

HMO.z:teiieT sHg, 8HHHrHngUHOHHbie npoueeebi H T.U . B TO ~e BpeM.Il C TeopeTH­

qeeKOH T Oq K H 3peHH g 3 T 8 MO.z:tenh gsngeTC.Il H UOeTaToqHo o6weA, nOCKOnhKY 

nono~eHHOe B ee oeHOB Y CT8THCTHqeeKoe npH6nH~eHHe MO~HO ecjJOpMynHpO­

B8Tb H a g 3biKe S-Ma TpHqHoA TeopHH paeeegHH.Il. 

0.z:tH8KO e o e T O gHHe eTaTHeTHqeeKOA MO.z:tenH nonroe speM.Il OCTasanoeb 

seeb Ma He gC Hhi M. P a 6oTaMH MHOrHx asTopos (eM. o63ophi /4-7 /) 6binO no­

Ka3aHo, q T o yqeT seero nHwh onHoro pe3oHaHca N * ( I = 3/2, J .. 312, 
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M= 1236 Mas) B KB"'IeCTBe r:pOMe)l(yTO"'HOrO COCTOSIHHSI H 0/J.HOrO HOBOrO na­

paMeTpa ("a¢¢eKTHBHOH nocTOSIHHOH CBSI3H" K-Me30HOB A~ 0,1) no3so­

nSieT nony"'HTb COrnaCHe CO CpeJJ.HHMH XapaKTepHCTHKBMH HeynpyrHX 1T - ·N 

H N- N B38HMOJJ.eHCTBHH BO BCeH o6naCTH yCKOpHTenbHbiX SHeprHH T> 1 raa. 

B uacToSimee speMSI noMHMO N* H3BeCTHO MHoro apyrHX pe3oHaHCos, B 

TOM <mcne uenbiH pSI/J. AOCT8TO"'HO AOnrOJKHBYIDHX ITHOHHbiX pe30H8HCOB C MeHb­

IDHMH M8CC8MH. EcTeCTBeHHO, CTBTHCTH"'eCKH 6onee nocneJJ.OBBTenbHO 6binO 

6bi yqecTb H 3TH pe30H8HCbl B Ka"'eCTBe npoMe)l(yTO"'HbiX COCTOSIHHH, TeM 

6onee, "'TO yqeT HX OK83biB8eTCSI COBepmeHHO He06XO/J.HMbiM JJ.nSI Cornacosa­

HHSI C OITbiTOM CTBTHCTH"'eCKHX pac"':eTOB N -N 8HHHrHnSIUHH, HO llOJJ.06Hoe 

paccMOTpeHHe B cnyqae 11- N H N -N B3aHMOJJ.eACTBHH npHBOJJ.HT K cymecT­

BeHHOMY 38BbiiDeHHIO CpeJJ.Heli MHO)I(eCTBeHHOCTH p0)1(/J.810InHXCSI "'IBCTHU. 

KaK noKa3anH noapo6Hbie pac"'eTbi ua aneKTpOHHbiX MamHHax, B paMKax 

H3BeCTHOH CTBTHCTH"'eCKOH MOJJ.enH yCTp8HHTb 3TH rrpOTHBOpe"'IHSI HeB03MO)I(­

HO. KpoMe Toro ueo6xoJJ.HMOCTb yqeTa orpoMuoro "':Hcna auepreTH"'eCKH B03-

MO)I(HbiX pe30H8HCHbiX KaHanOB, ITO KOTOpbiM MO)I(eT rrpoTeKBTb HeynpyrHH 

npouecc npH BbiCOKHX aueprHSIX, npeacTaBnSieT 6onbmHe Bbi"'HCnHTenbHbie TpyJJ.­

HOCTH. TpyAHOCTH 3TH eme 6onee B03paCTyT, eCnH B TBKOH CT8THCTH"'eCKOH 

MOJJ.enH y"'eCTb B03M0)1(HOCTb pO)I(JJ.eHHSI CTp8HHbiX "'18CTHU. 

3TH npOTHBOpe"'HSI H 38TpyJJ.HeHHSI CT8THCTH"'eCKOH TeOpHH MHO)I(eCTBeH­

HOrO pO)I(JJ.eHHSI "'BCTHU MO)I(HO B 3H8"1HTenbHOH CTeiTeHH ycTpaHHTb, ecnH Mo­

aenb o6o6IDHTb C yqeTOM HJJ.eH YHHTapHOli CHMMeTpHH CHnhHbiX B38HMOJJ.eH­

CTBHH. B nocneayiOIDHX pa3aenax 6yJJ.eT noapo6uo paccMoTpeua yHHTapuo­

CHMMeTpH"':HaSI CT8THCTH"'eCK8SI TeOpHSI MHO)I(eCTBeHHOrO o6pa30BBHHSI "'IBC­

THUj 6yJJ.yT Clj>OpMynHpOBBHbl npH6nH)I(eHHSI, HCITOnh30B8HHble B STOH MOJJ.enH, 

OITHCBHB TeXHHKa Bbi"'HCneHHH H KpBTKO H3nO)I(eHbl pe3ynhT8Tbl pacqeTOB pa3-

nH"'HbiX xapaKTepHCTHK HeyrrpyrHX B3.8HMOJJ.eHCTBHH. 

2. YHHTBpHo-CHMMeTpH'lHBH CTBTHCTH'leCKBH reopHH 

MHO~eCTBeHHOTO po~aeHHH 'l8CTHU 

KaK H3BeCTHO /8-10/, rronHbiH ua6op orrepaTopos, ueo6xoJJ.HMbiH ans'l 

0/J.H03H8"1HOro OITpeaeneHHSI COCTOSIHHH JJ.BHHOro, HeiTpHBOJJ.HMOrO npeJJ.CTBB-

iieHIHI rpynnbi su ( 3) , COCTOHT lf3 

r \~ () 
•· l.i 
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3 2 
G , F , I, I 

3 
, Y , 

npH'IeM co6cTBeHHhie aHa'leHHSI onepaTopoB Ka3HMHpa G 3 
H F 2 SIBnSIIOTCSI 

"BHelllHHMH" KBBHTOBbiMH 'IHCnaMH COCTOSIHHt!:, YKB3biBBIOIJlHMH 1 K npellCTaBne­

HHIO KBKOt!: pa3MepHOCTH 3TH COCTOSIHHSI npHHBLine*aT, nnsr 3THX *e Uenet!: 

"!BCTO npHMeHSIIOTCSI 'IHCna p H q ('IHCna BepXHHX H HH*HHX HHLleKCOB 

y TeHaopoB, cooTBeTCTBeHHo), Co6cTBeHHbie 3Ha"!eHHSI *e onepaTopoB nonHo-

ro H30TOTIH"!eCKOrO CTIHHB , ero TpeTbet!: npoeKUHH I3 H rHnepaapsr-

LIB y SIBnSIIOTCSI "BHyTpeHHHMH" KBBHTOBbiMH 'IHCnaMH 1 pa3nH'IBIOIJlHMH COC-

TOSIHHSI BHYTPH LlBHHOrO npellCTaBneHHSI, IT03TOMy, ecnH paCCMBTpHBBTb 'IBC­

THUbi1 npHHaLine*BlllHe HeKOTOpblM cynepMynbTHnneTaM rpynnbi SU ( 3) 1 TO 

HX MO*HO 3BllBTb' ket -BeKTOpaMH BHLlB 

I p, q , I, I 3 y > = IN; I, I 3' y > ' ( 1 ) 

TIOCKOnbKY Cy!JleCTByeT COOTBeTCTBHe Me*llY 'IHCnaMH ( p, q ) H paaMep-

H OC TbiO npeLICTaBneHHSI N , IT OCKOnbKY COCTOSIHHSI 1 COOTBeTCTBYIOIJlHe npsr-

MOMY npoH3BeLieHHIO npeLicTaBneHHH D(p1 , q
1

) x D (p2' q 
2 

), npeo6paayiOTCSI, 

B0061Jle rOBOpSI, no HeKOTOpOMY npHBOLlHMOMY npellCTaBneHHIO rpynnhi SU ( 3), 

TO 3TH COCTOSIHHSI MO*HO CBeCTH K cynepTI03HUHH COCTOSIHHt!:, npeo6pa3yiO­

IJlHXCSI no HenpHBOLlHMbiM npeLICTaBneHHSIM onpeLieneHHOt!: pa3MepHOCTH, .fiCH01 

'ITO COCTOSIHHSI, COOTBeTCTBYIOIJlHe npSIMOMy npOH3BelleHHIO LlBYX npellCTaBneHHi!:1 

MO*HO 3BllBTb C06CTBeHHbiMH 3HB'IeHHSIMH LleCSITH nHHeJ.l:HO He3aBHCHMbiX KOM-

MYTHPYIOlllHX onereTopoB 

3 3 2 2 
G 1 ,G 2 ,F 1 ,F 2 ,I

1
,I

2
,I ,I32'Y1,Y2 (2) 

rLie HH*HHe HHLleKCbi 1 H 2 paanH"!aiOT onepaTophi nonHoro Ha6opa LlBYX paa­

nH"!HhiX npeLICTBBneHHJ.l:, 0LlHBK01 eCnH BBeCTH onepaTop CyMMBpHoro YHHTap­

HOrO CllHHa, TO Bbi6op onepaTOpOB MO*eT 6b!Tb TBKHM: 

G3 F2 F2 
, , 1 

2 , F
2 

,G ,G 2 ,I,I 3 ,Y. (3) 
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QqeBHDHO, npasna, "'TO 3TOT Ha6op HBnHeTCH HenonHblM, T8K K8K TIO cpaB­

HeHH!O c Ha6opoM (2) '3 HeM He xsaTaeT onHoro onepaTopa. 3To nonmKeHHe 

COOTBeTCTByeT TOMy, "'TO npeDCTaBneHHe, XapaKTepH3yeMOe ODHH8KOBbiMH 

"!HenaMH p MO~~T eonep~aTbCR B npHMOM npOH3BeDeHHH DBYX npen-

eTasneHHH 6onee qeM onHH pa3, flo3TOMY s Ha6op onepaTopos (3) BKnJOqa­

JOT eme neeRTbiH onepaTop r, pa3nH"'aJOIUHH Me~ny npeneTasneHHHMH onHHa­

Kosoli pa3MepHoeTH. CnenyeT 3aMeTHTb, "'TO 3TOT onepaTop r He conep*HT­

CR BHyTpH rpyTITibl npeo6pa30B8HHH SU ( 3) • 

Bee 3TO TI03BOnHeT Tenepb 38TIHe8Tb BeKTOp COCTOHHHH DBYX "18CTHU 

B cnenyJOIUeM BHne: 

I p. q ; p 1 • q 1 • p 2. q 2 ; I. I 3' y. y > • ( 4) 

rne y -eo6e TseHHOe 3Ha"'eHHe onepaTopa r, Y"'HTbtBaR Tenepb, "'TO, eornaeHo 

SU ( 3) - e HMMeTpHH, see qaeTHUbi, TipHHanne~alUHe K Of'HOMY H TOMY ~e 

cynepMynbTHnneTy, HMe!OT ODHH8KOBY!O Macey, ODHH8KOBOe 6apHOHHOe "'HC-

no, ODHH8KOBblH eTIHH J H ODHH8KOBY!O npOeTpaHCTBeHHY!O "'eTHOCTb, MO~-

HOM PO*DeHHH qaeTHU e TO"'KH 3peHHH S -M8TpH"'HOH TeOpHH pacCeHHHH, 

0DHHM H3 OeHOBHblX npennono*eHHH npH aHanH 3e e TaTHCTH"'eCKOH MO-

nenH e TIOMOIUb!O S -MaTpH"'HOH TeOpHH pacceRHHH HBnReTCR npennono*e-

HHe 0 eTaTHCTH"!eeKOH He38BHeHMOeTH BTOpH"'HbiX "18CTHU, KOTOpOe COCTOHT, 

K8K H3BeeTHO, B TOM, "'TO B Bhlpa~eHHH ~nH KBanpaTa S -MaTpHUbl HeT HH-

K8KHX HHTep!jlepeHUHOHHbiX qneHOB, Yl na~e 6onee TOro, K8*DbiH MaTpH"'Hblif 

3neMeHT S -MaTpHUbl, TipHBODHIUHH K o6pa30B8HH!O n "18CTHU B KOHe"'HOM 

eOCTOHHHH, QJ8KTOpH3yeTCH Ha pHD COMHO*HTeneJi, cpeaH KOTOpb!X Bb!DenSI­

JOTeH !jlaKTOpbt, y"'HTbJBaJOIUHe pa3nH"'HbJe 3aKOHbl coxpaHeHHSI, Y"'eT *e pa3-

nH"!HbiX 38KOHOB eoxpaHeHHSI CBODHTCH B 3aaaqe paeceSIHHH K Tpe60B8HH5IM 

HHBapHaHTHOeTH 8MTinHTYD npoueCCOB OTHOCHTenbHO pa3nH"!HbiX rpynn npeo6-

pa30B8HHH - rpynnbt flopeHua, rpynnbl SU ( 3) , sceso3MO*Hb!X KanH6posoq­

HblX npeo6pa3osaHHH H T,n , TaK, HanpHMe~, oenenosaTenbHbiH yqeT H3oTo­

TIH"!eeKoli eHMMeTpHH 3neMeHT8pHb!X qaeTHU BblllleyTIOMRHyToro npennono*e­

HHR 0 C T8THeTH"!ee KOH He38BHCHMOCTH np BODHT K TOMy, "'TO sepOSITHOCTb 
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Heyrrpyroro B3aHMOaeACTBHH C o6pa30BaHHeM D ~aCTHU 6yaeT paBHa CyMMe 

BepOSITHOCTeH pS!aa KaH,9.JIOB, BKnaa KOTOpbiX orrpeaenSieTCSI He TOJlbKO <jla30BbiM 

06'beMOM, HO H "'H30TOITH~eCKHM Be/oM" pn (I) • 

Y ~HTbiBaH YHHTapHyJO CHMMeTpH!O ~aCTHU H COXpaHHSI OCHOBHOe rrpearro­

JIO~eHHe TeOpHH ~epMH 06 ycTaHOBJieHHH CTaTHCTH~eCKOrO paBHOBeCHH B no­

peHUOBCKH C~aTOH o6naCTH CHllbHOro B3aHMOaeACTBHH, MO~HO nony~HTb Bbl-

pa~eHHe anSI BepOS!THOCTH nepexoaa H3 Ha~aJibHOro COCTOSIHHSI, OTBe~aJOmero 

rrpeaCT8BJieHH!O ( p , q ) rpyTITibl SU ( 3 ) , B KOHe~HOe COCTOSIHHe, coaep-

~amee n ~acTHU,B cneayJO!lleM BHJJ.e / 11-13/: 

S n 

W (E ;p,q)=V (Eo)--Un(p,q;n1o'"a'"1)~n(Eo)' 
n 0 n G n (5) 

rae EO -TIOJIHaH 9HeprHH B CHCTeMe UeHTpa Mace CTaJIKHBa!O!llHXCSI ~aCTHU, 

IlpOCTpaHCTBeHHbiH <jJaKTOp V n ( E O) HMeeT BHa TaKOH ~e, KaK I{ B npe~HeH 

Moaenlf 
13 •4 •61 

Vn(Eo)=(AVo)n-1 4 1 3 
,v =- 77( --) 

0 3 m 77 

2 p. E 
1 0 ,A 

2 2 2 
E 0 +~t 1 -IL2 ( 6) 

IL1~!l2 

3aecb m 
77 

- Mace a " -Me3oHa, a IL 1 I{ JL 2 - MaCChi CTaJIKifBa!O!llHXC SI 

~aCTifU, ~aKTOp ~ n( EO ) npeaCTaBnSieT C060H TIJIOTHOCTb ypOBHeH B KOHe ' IHOM 

COCTOHHI{I{ I{ aaeTCSI npe~HI{M Bbipa~eHifeM 

n 

~ < E > = r ... fli < ~ 
n 0 • 

1= 1 

_. -+2 n -+ 

fi )li( E-.~ yfi+Mi) n dfi, 
1=1 i=1 

{ 7) 

HO C y~eTOM Toro, ~TO ~ilCTHUaMH .. T errepb 6yayT cynepMyJihTHTIJieTbl rpyn-
~ 

Tibl su ( 3) • a M; 6yayT MaCCaMH 9 TI{X BTOPH~HhlX "~aCTifU " H f;- HX 

HMITYJibC8MH, Cpa3y ~e cneayeT OTMeTHTb, ~TO ITOCKOJibKy rrpH Bbi~HCJieHHH 

aHepreTH~ecKoro seca ~ n ( E 
0

) s Ka~eCTBe Mace "qacnm" Mi 6epyTCSI 

cpeaHHe MaCChi cyrrepMyJibTI{ITJieTOB, TO, eCTeCTBeHHO, MOaenb 6yaeT nyqme 

BCero rrpHMeHHMa B TOM o6naCTH, rae ITOJIHaSI 9HepPH511 KOTOpaSI 3aTpa'IHBa­

eTCSI Hq o6pa30B8HHe HOBbiX ~aCTifU, 3Ha'IIfTeJibHO rrpeBOCXOaHT 9KCrrepHMeH-

T8JlbHbie pa3HOCTH Mace qacTHU s cyrrepMynbTHrrneTax. O'IeBHJJ.Ho, 'ITO 
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ITO'ITH nn~ aCeX cyrrepMynbTHITneTOa 3TO ycnoaHe rrpaKTH'leCKH nocT8TO'lHO 

XOpOlliO abJITOnH~eTC~ y)Ke rrpH 3HeprH~X, 6onblliHX HeCKOnbKHX faa, T.K. 38 

HCKnJO'leHHeM OKTeTa ITCeanoCKan~pHblX Me30HOa M8KCHM8nbHble p83HOCTH M8CC 

'l8CTHU CO CpenHHMH M8CC8MH cyrrepMynbTHITneTOa HeaenHKH. 

<t>aKTOp CITHH8 S n HMeeT ITOnHOCTbiO rrpe)KHHH aHn, T.K. ace 'l8CTHI1bl 0 

axon~He a cyrrepMynbTHITneT, HMeiOT onHH8KOabiH CITHH J , IT03TOMY 

n 

n n (2J i + t>. 
i = 1 

(8) s 

<t>aKTOp )Ke TO)KneCTaeHHOCTH G n , HMe~ rrpe)KHHH aHn 

G =n 'nR! ••• 
n a' ,..., (9) 

HeCKOnbKO H3MeHHn conep)K8HHe. Y!MeeTC~ a aHny, 'ITO CeH'I8C C'IHT8IOTC~ 

TO)KnecTaeHHblMH cyrrepMy nbTHITneTbl, o6nanaiOIUHe onHH8KOabiM CITHHOM, 

rrpocTpaHcTaeHHOH 'IeTHOCTbiO H 6apHOHHbiM 'IHCnoM. B pac'IeTax Ill • 13 I, 

rrpoaonHalliHXC~ H8 OCHOae 3TOH MonenH, Y'IHTbiaanHCb OKTeT 6apHOHOB C 

rronO)KHTenbHOH 'IeTHOCTbiO, neKarrneT 6apHOHHbiX pe30H8HCOa C rronO)KHTenb­

HOH 'leTHOCTbiO, OKTeT rrceanocKan~HblX Me30HOa C 0TpHU8TenbHOH 'IeTHOCTbiO 

H OKTeT aeKTOpHb!X Me30HOB C OTpHU8TenbHOH 'leTHOCTbiO. Y'leT TOnbKO nHlllb 

3THX cyrrepMynbTHITneTOB Ca~38H C TeM, 'ITO OHH C'IHT8IOTC~ XOpOWO ycTa-

HOaneHHb!MH, T.e. nn~ HHX XOpOlliO abiiTOnH~IOTC~ H3aeCTHbie M8CCOBbie COOT­

HOllleHH~ fenn-MaaHa. Eonbma~ Macca npyrHx 6apHOHHbiX H Me30HHbiX pe3o­

HaHcoa, H3BeCTHblX a H8CTO~ee BpeM~, B cnyqae HX yna'IHOH KnaCCH¢lHK8-

UHH no rrpencTaeneHH~M su (3) /14/ T8K)Ke BITOnHe MO)KeT 6biTb Y'ITeHa 

a paCCM8TpHaaeMOH MOnenH. 

<t>opManbHO OCHOaHOe Bblp8)KeHHe nn~ aepo~THOCTeH o6pa30B8HH~ D 

'l8CTHU a KOHe'IHOM COCTO~HHH (7) OTnH'I8eTC~ OT COOTBeTCTayiOIUero Bbipa­

)KeHH~ a rrpe)KHeH CT8THCTH'IeCKOH MOnenH 
14•61 

TOnbKO 38MeHOH 'H30TOITH­

'leCKOrO aeca' H8 'yHHT8pHbiH Bee' U (p,q; n
10

, D 
8 

, n
1 

) , rne D
10 

,D
8 

H 

D I - 'IHCno neKarrneTHbiX, OKTeTHbiX H CHHrneTHbiX ''laCTHU", COOTBeTCTBeH­

HO, rrpH'leM ~CHO, 'ITO D = D lO + D I +D l. 'YHHT8pHbiM aeCoM' U n(p, q) Mbl 

H83biaaeM 'lHCnO pa3nH'lHblX B03M0)KH0CTeH nony'IHTb onpeneneHHOe Hen~H-

BOnHMOe npencTaBneHHe (p,q) nocpencTBOM npHMoro npoH3BeneHHH n 

cynepMynbTHITneTOB KOHe'IHOrO COCTO~HH~ 
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~~) @ ... {8)(3,0),@ (1,1) 0:··®0.1), 0,<~,0)(9 ... @(0,0) 

(10) 
n 10 n e n 1 

O'IeBHAHo, 'ITO onpe.neneH»e "yH»TapHoro aeca" Un(p,q) H3 pR.na Kne6-

wa-fop.naHa B».na ( 10) CBR3aHO BCero n»Wb C TeM 06CTORTenbCTBOM, 'ITO 

,[\0 CHX nop BCe H3BeCTHbie 'IaCTHUbl H pe30HaHCbl KnaCCH<flHUHpOBanHCb TOnb­

KO no npe.ncTaaneH»RM (3,0), (1,1) H (0,0). EcTeCTBeHHO, 'ITO B c~y'Iae pac­

CMOTpeHHSI 27-nneTa !IJaKTOp Un ( p 1 Q) 6y.neT onpe.nenRTbCR H3 npOH3BeAeHHR, 

co.nepJKawero n 27 COMHOJKHTeneii: (2,2) H T,n. 

8 CTaTHCTH'IeCKOli: Mo.nenH MHOJKeCTBeHHOI'O pOJKAeHHH 'IaCTHU, Y'IHTbiBaB-

wel!: TOnbKO H30TOITH'leCKYIO CHMMeTpH!O, <jlaKTOp "H30TOITH'IeCKOI'O BeCa
6 

AnSI 

KaJKaoro KOHKpeTHOI'O KaHana peaKUHH He 3aBHCen OT I 3 1 a 3aBHCen TOnb-

KO OT 3aBHCHMOCTb YHHTapHOI'O Beca TOnbKO OT BHeWHRX KBaHTOBblX 

'IHCen p H Q anH KaJKAOI'O KOHKpeTHOI'O KaHana peaKUHH HMeeT MeCTO 

H B HOBOH MO.nenH, KpoMe TOI'O, "yH»TapHbiA Bee" 3aBHCHT H OT TOI'O, KaKHe 

cynepMynbTHnneThl H B KaKOM KOnH'leCTBe HMe!OTCSI B KOHe'IHOM COCTOHHHH, 

3aBHCHMOCTb "yHHTapHOI'O Beca" OT 'IHCna CHHrneTOB MOJKHO He yKa3biBaTb 1 

T,K, HCHO, 'ITO r::o6aaneHHe n1060r0 HX KOnH'IeCTBa 3Ha'IeHHH "yHHTapHOI'O Be­

ca" He H3MeHHT, 

nocKonbKY anSI acex npaKTH'IeCKH HHTepeCHbiX cny'Iaea Ha'IanbHOe coc-

TOSIHHe npeACTaBnHeTCH ABYMH OKTeTaMH, TO peaKUHR MOlKeT HATH TOnbKO 

'lepe3 Te ITpeaCTaBneHHH, KOTOpble COAepJKaTCH B npRMOM ITpOH3BeaeHHH ABYX 

OKTeTO~HaH ITOnHbiA H30TOITii'IeCKHH CITHH H rHnep38pR.n Ha'IanbHOI'O COCTOH­

HHH, He06XOAHMO BbiHCHHTb 1 'Iepe3 KaKHe KaHanbi HAeT peaKUHH, 3aTeM npo­

BeCTH pac'IeT aepoSITHOCTH npouecca .nnH KaJK.noro KaHana (npe.ncTaaneHHH) 

B OTaenbHOCTH H HaHTii nonHy!O BepOSITHOCTb peaKUHH CyMMiipOBaHHeM BepOSIT-

HOCTeli: BCeX aonyCTHMbiX KaHanoB (p,q) • Tor.na 

2 tr n ( E 
0

) = I k 1 P, qJ( I, I 3 , Y) W n ( E 0 ; p, q ) , 
( p ,q l 

( 11 ) 

2 
rae K03<jl!IJHUHeHTbl k(p, q}(I, I , Y) onpeaenHIOT OTHOCHTenbHblti BeC 3aaaH-

HOI'O COCTOHHHH (I, I 
3

, Y ) B KaHane, COOTBeTCTByJOWeM npeacTaaneHHIO 
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2 
(p,q) .B Ta611.1 npHBe11eHbi 3Ha'ieHHH Ko<~<P<PHUHeHTOB k(p,q) (1,1 3 , Y) 111151 

Ha116011ee HHTepeCHbiX C11y'iaeB B3aHM011eHCTBH51 qaCTHU. 

Bee npe11bi11ylUee paccMoTpeHHe MHO)KeCTBeHHoii: reHepaUHH qacTHU npo­

B011H110Cb B paMKaX CTaTHCTH'leCKOH M011e11H, Y'lHTbiBa!OlUeH TO'iHY!O SU ( 3) 

CHMMeTpH!O, HO y)Ke CylUeCTBOBaHHe B OT11e11bHblX C11y'la51X 3H8'lHTe11bHblX pa3-

HOCTeH MaCC y 'laCTHU, BX0115!lUHX B 011HH H Te )Ke cynepMy11bTHII11€Tbi, yKa-

3biBaeT Ha TO, 'ITO yHHTapHa5! CHMMeTpHH B 11€HCTBHTe11bHOCTH HapyllleHa. 

EcTeCTBeHHo 11YM8Th, 'ITO pea11bHa.si 11HHaMHKa rrpouecca 3Ha'iHTe11hHO C110)K­

Hee TOH, KOTOpa5! C11e11yeT H3 'IHCTO CTaTHCTH'leCKHX C006pa)K€HHH H rpyn­

llOBbiX CBOHCTB CH11bHbiX B38HM011ei!:CTBHH, B 'laCTHOCTH, H3 y)Ke Bblii011HeH­

HbiX paHee cTaTHCTH'leCKHX pac'leTOB /6,71 H3BeCTHO, 'ITO "<~<P<PeKTHBHbie 
llOCT05!HHbie CB5!3H" TT - H K -Me30HOB CH11bHO pa311H'ia!OTC5!, llpyi"'HMH C110-

BaMH, B (7) He06X011HMO IIOIIbiTaTbC51 y'leCTb pacwerr11eHHe "<~<f><f>eKTHBHblX 

nocT05!HHbiX CB5!3eii: u pa311H'lHbiX copToB pO)K11a!OlUHXCH 'iaCTHU. 13 <PeHoMe­

H0110I"'H'lecKoii: CTaTHCTH'leCKOH TeOpHH MHO)KeCTBeHHOI"'O p0)1{11eHH51 'laCTHU 3TH 

llOCTOIIHHbie annpOKCHMHpy!OT HeH3BeCTHY!O HaM 'laCTb B MaTpH'iHblX 311eMeH­

TaX H MOI"'yT, B006lUe I"'OBOp5!, 3aBHCeTb OT COpTa 'i8CTHU. 011HaKO 111151 HaC 

C€H'l8C cymeCTB€HHbiM 5IB115!eTC5! TO, 'iTO 3Ta 'laCTb B M8TpH'iHblX 311eMeH­

T8X cna60 38BHCHT OT 3Hepi"'HH, 'ITO H !103B0115!eT H8M 3aMeHHTb ee KOHCTaH­

TOH, 

~3B€CTHO, 'ITO B npe)KHHX pac'leTaX H8 OCHOBe CTaTHCTH'leCKOH M011e-

11H 11115! KaHa110B c yqacTHeM K -Me30HOB BB011H11C5! 110!1011HHTe11bHbiH "pe­

)I{YlUHH" cpaKTop ( napaMeTp) A.. 0,1, c noMOlUh!O KOToporo y11aBa110Cb B HeKo­

TopoM CMblC11e COI"'11aCOBaTb pac'leTHbie 11aHHbie BepO.siTHOCTH o6pa30BaHH 51 

cTpaHHbiX 'laCTHU c 3KcrrepHMeHTa11hHbiMH 11aHHhiMH. B cTaTHCTH'iecKoi!: Mo-

11enH, Y'lHTbiB8!0lUeH TO'IHY!O SU ( 3) -CHMMeTpH!O, T8K)Ke OKa3biBaeTC51, 'ITO 

paC'l€THOe Ce'leHHe p0)1{11eHH51 CTpaHHblX 'laCTHU npeBbllU8€T TO, KOTOpOe Ha6-

11!0118eTC5! H8 3KCriepHMeHTe. nocK011bKY B CH11Y COXpaHeHH5! CTpaHHOCTH pO)K-

K -Me30HOB, H11H )Ke K -Me-

30Hbi Bcer11a II05!B11H!OTCH rrapaMH KK , Mbi y'lTeM pacmen11eHHe u <~c!Jc!JeK-

THBHOH IIOCT05!HHOH CB5!3H" 11HlUb 111151 K -Me30HOB, ll1151 3TOI"'O, KaK H B 

"k 
npe)KHHX pacqeTax, BBe11eM B Bbipa)KeHHe ( 16) o6pe3a!OlUHH MHO)KHTe11b A , 

I"'11e D k -'IHC110 p0)1{11a!OlUHXC51 B peaKUHH K -Me30HOB , a B€11H'iHHa IIOCTO-

5!HHOH A ll0116HpaeTC 51 H3 CpaBHeHH51 C 3KCIIepHMeHTOM, n 01106Hoe BBe-
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nk 
aeHHe MHO~HTenR A anH peaKUHi!. C Y'l8CTHeM CTp8HHblX 'l8CTHU MO~HO 

paCCM8TpHB8Tb K8K HeKOe HapyweHHe yHHT8pHOi!. CHMMeTpHH, CBOaHWeeCH K 

yqeTy paanH'lHH BO B3aHMoaeH:CTBHHX rr - H K -MeaoHOB. He HCKnJO'leHo, 

'ITO HCIIOnb3yeM8H B MOaenH KOHCT8HT8 A MO~eT aaTb HeKOTOpy!O HH$Op­

M8UH!O 0 KOHCT8HTe CpeaHeCHnbHOro j'l38HMOaelfcTBHH, HapywaJOWero SU ( 3)­

CHMMeTPHIO. IIOCKOnbKY OUeHKH S TOH KOHCT8HTbl, IIOnY'leHHble H3 M8CCOBblX 

$opMYn 
1151 A .. 0,04 , O'leHb 6nH3KH K aHa'leHHHM A , HCIIOnbayeMbiM B 

HaweH: MoaenH anH cny'laH rr- N aaaHMoaeikTBHli ·A ... 0,06 H anH N- N 

rHnHUHH A .. 0,034. 

8HHH-

npH H3y'leHHH HeyrrpyrHX B38HMOaei!.CTBHH B paMK8X H3nO~eHHOi!. aaecb 

CT8THCTH'leCKOif MOaenH 6binO paCCMOTpeHO BnHHHHe ewe oaHOrO s<jxpeKT8, CBH-

38HHOrO C HapyweHHeM CHMMeTpHH - S <P$eKT8 cp - W CMeWHB8HHH / 9,16/, 

B paCCM8TpHB8eMOH MOaenH y'leT S TOrO s<lJ$eKT8 MOr 6b! OK838Tb BnHHHHe 

Ha TaKyJO Ba~HYJO xapaKTepHCTHKY Heyrrpyroro rrpouecca, KaK rronHoe ceqe-

HHe po~aeHHH CTp8HHbiX 'l8CTHU. 3TO HCHO H3 TOro, 'ITO ¢ -Me3oH pacrra-

aaeTCH rrpeo6naaaJOWHM o6pa30M Ha rrapy KK , a w -Me30H pacrraaaeT-

CH B OCHOBHOM H8 TT -Me30Hbl. 0'leBHaHo, 'ITO y'leT 'l8CTHUbl B CT8THCTH'leC­

KOH MOaenH B Ka'leCTBe CHHrneTa HnH ~e{I= Y=0)-KOMIIOHeHThl OKTeTa cy­

IUeCTBeHHO He paBH03Ha'lHhi. OaHaKo rrpoBoaHBIIIHHCH B pac'leTax anH rr- N 

B38HMOaeH:CTBHH yqeT cp - W CMeiiiHB8HHH C yrnoM 0 = 39040• OK838n 

BeCbM8 cna6oe BnHHHHe H8 HHTepeCyJOIUHe H8C XapaKTepHCTHKH HeyrrpyrHX 

B38HMoaeliCTBHH, 

3. "YHHTapHbiH Bee'' H CIIOC06bi era Bbi"lHCneHHH 

KaK y~e OTMe'lanOCb Bb!We, Hallie OCHOBHOe Bbipa~eHHe (7) anH Be-

pOHTHOCTH o6pa30B8HHH n 'l8CTHU B KOHe'liiOM COCTOHHHH q>opManbHO OTnH-

'laeTCH OT COOTBeTCTBYJOIUero Bbipa~eHHH B rrpe~HeH CT8THCTH'leCKOH TeOpHH 

nHWh aaMeHoH: "H30TOIIH'lecKoro Beca" Ha "yHHTapHbiH Bee·· Un(p,q). nos ­

TOMY Mbl ceH'l8C 6one~ rroapo6HO Bb!HCHHM CMbiCn STOro q>aKTOpa H yKa~eM 

paanH'lHhie crroco6hi ero Haxo~aeHHH. 

PaccMoTpHM Ha rrpHMepe aayx'laCTH'lHOro yrrpyroro pacceHHHR, KaKHe 

orpaHH'leHHH HanaraeT Tpe60B8HHe SU ( 3) - HHB8pHaH;rHOCTH H8 BHa 8MIInH-
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TyJJ. peaKUHH. 0pOJJ.OmKHTb 3TO paCCMOTpeHHe B C8MOM o6meM BHJJ.e H8 cny­

'I8H HeynpyrHX B38HMOJJ.eHCTBHH C PO*JJ.eHHeM n '!8CTHU He npeJJ.C T8BliSieT 

3aTeM HHKBKHX TPYJJ.HOCTeA. Opea.nono*HM, 'ITO B peaKUHH 

'I8CTHUbl a b 

SU(3) 

, C H d TipHH8JJ.lle*aT HeTipHBOJJ.HMbiM npeJJ.C T8Bl!eHH-

SIM rpynnhi • Tora.a Tpe6osaHHe SU ( 3) -l'lHBapHaHTHOCTH npHBOJJ.HT 

K TOMy, 'ITO 8MTI1IHTYJJ.bl peaKUHH J1.01l*Hbl 6b!Tb YHHT8pHbiMH HHB8pll.8HT8MH 

H1IH HH8'Ie: . on epa TOp CT01IKHOBeHlH! S ( M8TpHU8 p8CCeSIHHR) J1.01l*eH KOMMy­

THpOB8Tb C yHHT8pHblM CTIHHOM, 3H8H, K8K H 8'!81lbHOe H l{OHe'!HOe JJ.BYX'I8C­

TH'IHOe COCTORHHR p831IO*HTb TIO COCTOHHHRM He11pHBOJJ.HMbiX npeJJ.CT8B1leHHH, 

nonyqaeM 

<cdlSlab>= l: l: <n,m,y,na,nbl na, m a' n b' mb >X 
m, n,y m ',n :Y 

( 12) 

x < n , ' m , ' y , ' n e ' n d I n e ' m e' n d , m d > < n , ' m , ' y ' n c' n d I S I n ' m, y' n a' n b > ' 

ra.e D 0603H8'!8eT COBOKyTIHOCTb BHeillHHX KB8HTOBhlX 'IHCeli 

o603H8'!8eT COBOKYI1HOCTb BHyTpeHHHX KB8HTOBbiX 'IIiCeli J ,I 3 ' y 

p H q , m 

H3BeCTHo, 

'ITO HHB8pH8HTHOCTb S OTHOCHTe1lbHO 110LirpyTITibl SU ( 3) BHL18 SUI (2) X Uy(l) 

( KOTOp8H RBliSieTCR, TIO-BHAHMOMY, AeHCTBHTel!bHOH rpynnoii. CHMMeTpHH CHllb­

HbiX B38HMOJJ.eHCTBHH) Tpe6yeT, 'IT06bt B ffYl!b He o6pamaliHCb TOl!bKO Te 

aneMeHTbi ( 12), y KOTOpb!X m = m ' • OoKa*eM Tenepb , 'ITO Tpe6osaHHe 

SU ( 3) -HHsapHaHTHOCTH npHBOJJ.HT ewe H K paseHCTBY ll = n ' • H3 Tpe6o-

B8HHSI SU ( 3) -HHBapHaHTHOCTH cnea.yeT, 'ITO onepaTopbi Ka3 HMHpa G 
3 

H F 2 
T8K* e AOl!*Hbl KOMMyTHpOB8Tb C S -MaTpHneA, T.e. 

[ F 
2 

, S ] .. ( G 
3 

, S ] = 0 . 
(13) 

835IB MaTpH'IHbiH 3l!eMeHT OT 3THX KOMMyTaTOpOB MelKllY COCTOSIHHSIMH TeMH 

JKe, qTo H B ( 12), nonyqaeM AB8 COOTHOilleHHSI: 
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nk 
aeHHe MHO~HTeng A ang peaKUHH C yqaCTHeM CTpaHHbiX '!aCTHU MO~HO 

paCCMaTpHBaTh KaK HeKoe HapyweHHe YHHTapHOH CHMMeTpHH , CBOAgweecg K 

yqeTy pa3nH'!Hg BO B3aHMoaeii:CTBHgx TT - H K -Me30HOB. He HCKnJO'IeHo, 

'ITO HCIIOnb3yeMag B MOAenH KOHCTaHTa A MO~eT AaTb HeKOTOpy!O HH$Op­

MaUHIO 0 KOHCTaHTe CpeaHeCHnbHOro l'\3aHMOAelfcTBHg, HapywaJOWero SU ( 3)­

CHMMeTPHIO , IIOCKOnbKY OUeHKH 3 TOH KOHCTaHTbl, nonyqeHHbie H3 MaCCOBbiX 

$opMYn 
1151 A"' 0,04 

' 
O'IeHh 6nH3KH K 3Ha'!eHHgM A , HCIIOnb3yeMbiM B 

Haweii MoaenH ang cnyqag TT -N B3aHMoaelkTBHH ·A.., 0,06 H ang N- N 

rHnWHH A .. 0,034. 

aHHH-

npH H3y'IeHHH HeynpyrHX B3aHMOAeHCTBHH B paMKaX H3nO~eHHOH 3AeCb 

CTaTHCTH'!eCKOH MOAenH 6binO paCCMOTpeHO BnHgHHe ewe OAHOrO s!jxpeKTa , CB51-

3aHHOro C HapyweHHeM CHMMeTpHH - 3$$eKTa cp - CLJ CMeWHBaHHg / 9,16/, 

B paccMaTpHBaeMoii MoaenH yqeT sToro s$$eKTa Mor 6bi OKa3aTb BnHgHHe 

Ha TaKyJO Ba~HYJO xapaKTepHCTHKY Heynpyroro npouecca, KaK nonHoe ceqe-

HHe pO~AeHHg CTpaHHbiX '!aCTHU. 3TO gcHO H3 Toro, 'ITO ¢ -Me30H pacna-

aaeTcg npeo6naaa10WHM o6pa30M Ha rrapy KK , a w -Me30H pacrraaaeT-

C51 B OCHOBHOM Ha TT -Me30Hbl. 0'!eBHAH0 1 'ITO y'IeT 'I8CTHUbl B CT8THCTH'IeC­

KOH MOAenH B Ka'IeCTBe CHHrneTa HnH ~e ( J = Y = Q) -KOMIIOHeHTbl OKTeTa cy­

IUeCTBeHHO He paBH03Ha'IHhi. OaHaKo rrpoBOAHBIIIHii:cg B pac'!eTax, ang rr- N 

B3aHMOAeHCTB~H yqeT cp - CU CMeWHBaHHg C yrnoM 0 = 39040• OKa3an 

BeChMa cna6oe BnHgHHe Ha HHTepeCy!OIIIHe HaC XapaKTepHCTHKH HeyrrpyrHX 

B38HMOAeHCTBHH, 

3. "YHHTBpHbiH Bee'' H CIIOC06bi era Bbi'lHClleHHH 

KaK y~e OTMe'!anOCb BbiWe 1 Hallie OCHOBHOe Bbipa~eHHe {7) ang Be-

pogTHOCTH o6pa30BaHHg n qaCTHU B KOHe'IHOM COCTogHHH <f>OpManbHO OTnH-

'IaeTCSI OT COOTBeTCTBYJOIUero Bbipa~eHHSI B npe~HeH CTaTHCTH'!eCKOH TeOpHH 

nHIIIb 3aMeHOH "H30TOIIH'IeCKoro aeca" Ha "yHHTapHbiH Bee " un (pI q) . nos ­

TOMY Mbl celfqac 6one"l IIOAp06HO Bbi51CHHM CMbiCn 3TOro <flaKTOpa ~ yKa~eM 

pa3nH'!Hhie cnoco6hi ero Haxo~aeHHSI, 

PaccMoTpHM Ha npHMepe ABYX'IaCTH'IHOro ynpyroro pacceSIHHSI, KaKH e 

orpaHH'IeHHSI HanaraeT Tpe60BaHHe SU ( 3) - HHBapHaH;rHOCTH Ha BHA aMnnH-
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(' 

"· 

[ F
2 

( p ', q ', ) - F
2 

( p, q ) ] < n ', m ', y ', n c, n dl S I n, m, y, n a, n b >= 0 

[ G 
3

( p ', q ') - ·G
3 

( p, q)] < n/ , m ' , y ', n c' nd I S I n, m, y, n a' n b > = 0 · 
\14) 

/ 
\13 STIIX COOTHOWeHIIli: BIIIU1 'ITO M8Tpii'!Hble SJieMeHTbl S -MaTpiiUbl He 

paBHbl Hymo TOJihKO B TOt cJiy'!ae , KOI'Aa F 2
(p,q )= F 2

(p',q111 cil(p,q)=G
3
(p',q'), 

a S TO, KBK 113BeCTHO, ~3MO:IKHO TOllbKO, eCJIII p = p ' II q = Q' 

TaKIIM o6pa3oM, Mbl rrony'!IIJIII, 'ITO Tpe6oeaHIIe SU ( 3) -IIHBapllaHTHoc -

Til AJISI 8MITJIIITYA peaKUIIH npHBOAIIT K TO My 1 'ITO B03MO:>KHblMH CT8HOBSITCSI 

JIHWb Te nepeXOAbl Me:>KAY H8'18JlbHblMH II KOHe'!HblMH COCTOSIHHSIMII, KOTOpb!e 

COOTBeTCTBYIOT OAIIH8KOBbiM HenpiiBOAHMblM npeACT8BJieHHSIM ( p, q) 1 T.e. 

( 12) nepeiiHWeTCSI B T8KOM BHile: 

<cdiSI ab> :r < n, m, y , n a , n b 1 n a' mb, n b , m a > x 
n,m,y 

( 15) 

x<n,m,y', nc,ndlnc,mc,nd,md><n,m,y',nc,nd IS! n,m, y, na ,nb>. 

E cn11 Tenepb npeanono:>KHTh, 'ITO 'laCTIIUbi a b C H d SIB-

JISIIOTCSI KOMITOHeHT8MH OKTeTOB, TO BCe npeAhlllYWIIe pe3yJihT8Thl IIpHBOilSIT 

K TOMy , 'ITO BCei'O B03MO:IKHhl 8 8MITJIIITYA 

( 0, 0 ) .. ( 0 , 0 ) ( 1, 1 ) 1 .. ( 1, 1 ) 1 (1, 1) .. (1, 1) (1,1) .. (1, 1) 
1 2 2 1 

( 16) 
( 1,1),_ .. (1, 1) 1. ( 3,0) .. (3, 0 ) (0,3) -. ( C,3) ( 2, 2) .. ( 2, 2 ) , 

T BK KBK 113BeCTHO / 33 / • 'ITo psra Kne6wa-fopnaHa ansr npsrMoro npoii3Bene-

HHSI ABYX OKTeTOB IIMeeT BHA 

(1,1) ~(1.1)=(0,0)+(1,1)1 +(1,1)2+(3,0) +(0,3)+ (2,2). (17) 
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HcHo, 'ITO 113 3TIIX BOCbMII aMnniiTya He3aBIICIIMbiMH 6yayT TOnbKO ceMb anSI 

paCCMaTpiiBaeMO~ ynpyro~ peaK!liiH, T.K. BCneaCTBIIe HHBapHaHTHOCTH OTHQ­

CHTenbHO o6pameHHSI BpeMeHH 6yayT paBHbl Me>Kay co6oil: aMnnHTyabi ( 1 1 1) 1-

(1,1).! H (1,1)2- (1,1)1. 

OrpaHH'IeHaeM Ha qacno aMnnHTya Morno 6bi TaK>Ke cny>KHTb B03MO>K-

Hoe CyiUeCTBOBaHHe TaK Ha3biBaeMOH R -HHBapHaHTHOCTH CllnbHbiX B3aHMQ-

aeil:cTBIIH 
1111 • R -oTpa>KeHHe onpeaenSIIOT o6bi'IHO KaK onepa!lHIO HHBepCHH 

aecoabiX aaarpaMM. HcHo, 'ITO aTy He coaep>KaiUyiOCSI B rpynne SU ( 3) one­

pa!lliiO MO>KHO IICUOnb30BaTb anSI TOT'0 1 'IT06b! pa3nH'IaTb npeaCTaBneHHSI ( 1 1 1 ) 1 
11 (1,1) 2 , T.K. anSI caMoconpSI>KeHHbiX rrpeacTaaneHHH (2,2), (1,1)

1
, (1,1)2 

II (0,0) COCTOSIHIISI B !leHTpe BeCOBOH a11arpaMMbl SIBnSIIOTCSI C06CTBeHHOH <jlyHK-

uneil: R 1 Ilpii'IeM C C06CTBeHHbiM 3Ha'IeHHeM, paBHbiM eaHHIIUe anSI rrpea-

CTaBneHIIH (2,2), (1,1) 1 II (0,0) II paBHbiM (-1)- an~ npeaCTaBneHIISI (1,1)2-

noaTOMy CyiUeCTBOBaHHe R -HHBapllaHTHOCTH aarrpemano 6bi rrepexoabi Me>K-

ay OKTeTaMii C pa3Hb1Mii liHaeKCaMIIo OaHaKO B HaCTOSIIUee BpeMSI He CyiUeCT-

ayeT rroaTaep>KaeHail: R -IIHBapHaHTHOCTH cHnbHbiX B3aHMoaeil:CTBHil: /18/. -=~ 
EcnH Terrepb rrorrbiTaeMCSI o6o6IU11Tb (15) Ha cnyqail: Tpex qacTHil a Ko­

He'IHOM COCTOSIHIIH, TO SICHO, 'ITO BCe aMilnHTyabi THna ( 16) 6yayT o6naaaTb 

HeKOTOpO~ pa3nii'IHOH KpaTHOCTbiO, npH'IeM, eCnll 3 Ta TpeTbSI 'IaCTHUa TaK>Ke 

6yaeT KOMilOHeHTHOH OKTeTa, TO KpaTHOCTb aMnnHTya 6yaeT npeaCTaBnSITb 

C060il: Kp8THOCTb, C KOTOpoil: COOTBeTCTBYIOIUee rrpeacTaaneHHe BCTpe'IaeTCSI 

B PSIAY Kne6ma-fopaaHa anSI rrpOH3BeaeHHSI Tpex OKTeToB. EcnH >Ke aTa TpeTbSI 

'IaCTHUa 6yaeT npiiHaane>KaTb aeKarrneTy, TO KpaTHOCTb 6yaeT pasHa KpaT­

HOCTH COOTBeTCTBYIOIUHX npeacTaaneHIIH B pSiay Kne6ma-fopaaHa anSI (1,1) X 

X ( 1,1 ) X ( 3,0) • npH yaenii'I8HHII 'IIICna 'IaCTHU B KOHe'IHOM COCTOSIHIIII Ha-

XO>KaeHIIe KpaTHOCTII COOTBeTCTByiOIU8f'O KaHana CBOaHTCSI npOCTO K Bbi'IHC-

neHHIO KpaTHOCTji. COOTB8TCTBYIOIU8f'O rrpeacTaBneHHSI ( p, q ) B pSiay Kne6-

rna-fopaaHa anSI npOH3BeaeHHSI 'IHCna npeaCTaBneHHH, paBHOf'O 'IIICny 'IaCTHU, 

paCCMaTpHBaeMbiX B KOH8'IHOM COCTOSIHHH. 1:1 "yHIITapHbiH Bee" Un (p,q) 011-

peaenSieTCSI KaK KpaTHOCTb, C KOTOpoil: COOTB8TCTByiOIUee rrpeacTaBneHHe (p,q) 

BCTpeqaeTCSI B pSiay Kne6rna-fopaaHa anSI IlpSIMOf'O rrpOH3BeaeHHSI COOTBeT­

CTBYIOIUHX rrpeaCTaBneHIIH. 
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TioeKOnbKY B HaeTOHmee BpeMH AnH KnaeeH¢HK aUHH qaeTHU Henonh3Y~T-

e g TOnbKO npeneTaBneHHH (0,0), ( 1,1) H ( 3,0) rpyiiiibl SU ( 3 ) , TO HeHO, 

qTo B03MO*Hhle KaHanhl peaKUHH orpaHHqeHhl TOnbKO rrpeneTaBneHHHMH, Ha 

KOTOpbie pa3nara~TeH npoH3BeneHHH (1,1)@ (1,1) H (1,1) €) (3,0). K TOMY 

*e paeeMOTpeHHe IlpOUeeeOB e yqaeTHeM qaeTHU H3 AeKarrneTa npaKTHqeeKO­

ro HHTepeea He npeneTaBnHeT, II03TOMY Henonh3yeTeH TOnhKO Ha6op KaHan oB 

( 16). 

~3 (15) enenyeT , qTo eenH 3a¢HKeHpOBaTb HaqanbHOe eoeTOHHHe, T. e. 

eenH 3aAaTb aaqanbHbie qa e THllbi BeKTOpaMH 11,1 ; · I,J
3

,Y>H 11.1;1',1;, Y >, 

TO B KaqeeTBe B03MO*HhlX KaHanOB peaKUHH rrpHAe TeH paeeMaTpHBaTb He Bee 

KaHanbi (16), a TOnbKO Te H3 HHX, B KOTOpbiX eonep*H Teg eoeTOHHHeiJ': J;:Y>7 

y KOToporo 

I" =I' +J 
3 3 3 

Y"=Y'+Y 

H nnH H30TOIIHqeeKOPO errHHa I" 3TOPO eoe TOHHHH BbiiTOnHHeTeH Hepa-

BeHeTBO TpeyrOnhHHKa 

II-1'1 <I"< I+ I' . 

TaK, HaiTpHMep, B enyqae JT+ -p B38HMOileiicTBHH eoeTOHHHe J.,3/2,1 =3/2,Y =1 

eonep*HTeH TonhKO B rrpeneTasneHHHX (3,0) H (2,2) pgna Kne6rna- r opnaaa 

( 1,1 )€) (1,1) • 3HaH 3TO, MO*HO Terrepb 6bieTpO BbiqHenHTb "yHHTapHblH Bee" 

U n ( p 1 q ; n lO 1 n
8 

) nng enyqag, eKa*eM, TpeX qae THU B KOHeqHOM eoe'fOH­

HHH, rrpHHanne*amHx K OKTeTaM . CooTseTeTsy~mHlf pHn Kne6rna-ropnaHa 6y­

neT 

(1,1)Ell(1,.1)0(1.1)= 2{0,0) + 8(1,1 )+ 4{3,0)+4(0,3)+ 6{2,2) +2(4, 1)+2(1,4)+(3,3 ), 

a KpaTHOeTH, e KOTOpbiMH BXOJlHT B 3 TOT PHil rrpeneTasneHHH (3,0) H (2,2), 

ll 6ynyT HeKOMbiMH YHHTBpHbiMH BeeaMH, T. e . Un ( 3,0; D 10 =0 ; D 8 = 3 ) = 4, 

a U 
3 

( 2,2; n 
10 

= 0; n 8 = 3) = 6 . 

BhiHeHHB eMbien ¢aKTopa "yHHTapHoro seea"', Mbi o6aapy*HnH, qTo nnH 

ero BbJqHeneHHH He06XOAHMO yMeTb HBXOAHTb pgn Kne6rna-ropnaHa THrra ( 10). 

3Ty 38/laqy MO*HO pernaTh, HarrpHMep, Herronb3YH XOpOWO H3BeeTHy~ TeXHH-
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KY BeCOBblx nHarpaMM npencTaBneHHSI H cxeMy Wnall:3epa /19/ 3aMeTHM, '!.TO 

3TOT MeTOLl MOlKHO npHMeHHTb LinSI BCeX HeiTpHBOLIHMblX npeLICTaBneHHH rpyn-

ITbl SU ( 3) , a He TOnbKO LinSI npeLICTaBneHHH HCITOnb3yeMOH rpynnbl 'BOCb-

MepH"'.HOrO nyTH~. 

0LIH8KO, KBK yJKe OTMe"'.anOCb, ITOCKOnbKY npaKTH"'.eCKH HHTepec npen­

CTBBnSieT HBXOJKLieHHe TOnbKO pS!LIB Kne6rua- ropnaHa BHL18 ( 10), TO B8lKHblM 

SIBnSieTCSI HBXOJKLieHHe npOCToro Cl10C06a penyKUHH TOnbKO LinS! npOH3BeLieHHH 

(p,q)~(1,1) H (p,q ) <i)(3,0 l Hcnonb30BaHHe TeXHHKH BeCOBbiX LIHarpaMM 

H cxeMbl Wna ll:3epa no3BonSieT nony"'.HTb noBonhHO npocToe npaBHno nnSI pe­

LIYKUHH npSIMOrO npOH3BeLieHHSI ( p, q) ® ( 1, 1) . 3TO npaBHno, CTpOrO Ll0-

K838HHOe B ( 10) 1 ITOK83blB8eT, 'I. TO B penyKUHH np SIMOrO npOH3BeLieHHSI 

( p, Q) (><)(1 ,1) conepJKaTcSI cnenyJOruHe HenpHBOLIHMbie npencTaBneHRSI: 

(P+2, q-1) 

(p+ 1, q- 2) 

(p+l,q+1) 

(p-1,q-1) 

(p-l,q+2) 

( p-2,q+1) 

( p,q) 

OLIHOKpaTHO, ecnH TOnbKO q "0 ; 
OLIHORpaT HO, ecnH TOnhKO q" 0 HnH q "' 1 ; 
0LlHOKp8THO; 

OLIHOKpaTHO, ecnH TOnbKO p "0 H q"O 
OLlHOKpaTHO, ecnH TOnbKO p " 0 ; 

OLIH0Kp8THO, ecnH TOnbKO p " 0 IWH p " 1 

LIBYKPBTHO, ecnH TOnbKO '"0 H Q"O; 
OLIHOKpaTHO, ecnH TOnbKO p=0 

He COLieplKH TCSI COBCeM, ecnH p = q = 0 . 

l1cnonb30BBHHe aToro npocToro npaBHlla no3BonRno HaM Bbi"'.HCnHTh yHH-

TapHble Beca · Un( p, q) n nSI npoR3BeneHHSI necSITH OKTeToB. Pe3ynhTBTbi 

3THX Bbl"'.HCneHHH npHBeneHbl B Ta6nHue II , H3 KOTOpOH BHLIHO, '!.TO 3H8"1.e-

HHSI Un (0,0) , H8"1.HH8SI C D = 3 paBHbl 3Ha"'.eHHSIM Un ( 1,• 1) LinSI npe-

LlblLlYIUero 3Ha"'.eHHSI D 3Ta 38KOHOMepHOCTb SIBnSieTCSI c n eLIC TBH8M TOrO , 

'!.TO npeLICTaBneHHe ( 0,0} MOlKHO nony"'.HTb H3 npSIMOro npOH3BeLieHHSI ( p, q) 0 
@1,1)TOnbKO B TOM cnyqae, eCnH (p,q) T8KlK8 HBnSieTCSI OKTeTOM. Pa-

BeHCTBo uYHHTapHhlX BeCoB, nnH npencTaBneHHH (3,0) H (0,3) MOlKHO ner-

KO ITOHS!Tb, eCnH o6paTHTb BHHMBHHe HB TY CHMMeTpHJO B npaBHne ( 18), C 

KOTOpOH pa3nH"'.Hbie npeLICTaBne HHSI BXOLIS!T B peLiyKUHJO ( p, q) 0 ( 1, 1) • 

AHanorR"'.Hoe npaBRno MOJKeT 6biTb ycTaHoBneHo 121 1 H nnSI penyKUHH 

( p, q) €)( 3,0 ). 3necb 6ynyT conepJKa TbC SI cnenyJOIUHe HenpHBOLIHMble npencTaB-
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(p + 3 , q) OAH OKpaTHO ; 

( p+2 , q-1} OA H OK p a T HO, ecnH q " 0 ; 

( p+l, q -2) OAH OK pa T HO, eCnH q" 0 HJlH q " 1 ; 

(p,q-3 ) OAHOKpaTH O, eCJlH q"O H JlH q" 1 HJlH q" 2; 

(p+l,q+ l ) OAHOKpaTHO, ecnH p" 0 ; ( 19 ) 
( p, q) OAHOKp8TH01 ecnH p" 0 H q" 0 ; 

(p- l , q- 1) OAHOK pBTHO, eCJlil p" 0 HJlH q" 0, 1 ; 

(p -l,q+ 2 ) OAHOKp B THO, eCJlH p" 0, 1 i 

(p-2, q+1) OAHOKpBTHO, eCJlH p " 0, 1 H JlH q" 0 ; 

(p - 3, q+3) OAHOKpBTHO, ecnH p " 0,1,2 • 

3 T O npaBHJlO TI03BOJ1SieT TIOJly'lHTb "yHHT8pHble Beca " A ilS! MHOf'O'l8C T H'lHbiX 

peaKuRI c AeKanne T aMR, B Ta6n. III npaaeAeHbl "yaaTapHbJe a eca" npoR3-

BeAeHHH C y'laCTHeM OAHOf'O H ABYX AeKar!JleTOB. XapaK T e pROfi 'lepTOfi T a6-

ilHllbl III SIBJlSieTCSI TO, 'ITO AilS! peaKUHfi C OAHHM Ae K a nne TOM "yHHT apHblli 

Bee" AilS! KaHana (1,1) C OBTiaAaeT C " yRHTapHhlM BeCOMv Ail S! KaRailOB (3 ,0 ) 

H (0,3) B Ta6ilHUe II AilS! BCeX 3 Ha'leHHH D , 3TO SIBilSieT'CSI cneAC TBH­

eM T Of'O, 'ITO npeACTaaneHHSI (3 ,0) H (0,3) B peAyKUHH (p,q) (29(L l ) B CTpe-

'l8IOT CSI llpH YMHOlKeHHH TeX lKe npeACTaBJleHRii , npH Y MHOlK e HHH KOTOpb!X H8 

(3 ,0) B peAyKUHH ( p, q) Q ( 3, 0) BCTpe'laeT CSI rrpeAC T 8 BJ1 8 HHe (1, 1). 

~ 

Coaepme HHO o'leBRAHO, 'ITO rrpRBe A eHHble B Ta 6 nRuax II R III 3Ha'le-

HHSI "yHRTapHb!X B eCOB " MOf'Y T 6b!Tb HCTI OJ1b30B8Hbl llpH H3Y'l8HHH B CeX rrp a K­

TH'l8C KH HHTepeCHb!X rrpou eCC OB Heyn pyr RX B38HMOAefiCTBH H 'IBCTHU B paM­

KaX CTaTHCTH'leC KOH MOAe JlH. BbiAene HH e orrpeA e ile HHblX 'laCTHU B H8'l8Jlb HOM 

COCTOSIHHH llpll.BOAHT llpOCTO K TOMy, 'ITO M bl, Y 'lHTbiBaSI COXpaHeHHe 6 a pHOH­

HOf'O 'IHCna, AOJllKHbl Bb16paTb HYlKHbie 3Ha'l e HHSI " yHRTapHblX BeCOB" H 3 C OOT­

BeTCTBYIOIUeH Ta6JlHUbl ( ecTeCTBeHHO, B rrp e Aenax TeX 3Ha'leHHH II , II lO 

AilS! KOTOpb!X 9TH Ta6JlHUbl COCT8BileHbi). 
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4. PacnpeaeneHHe BTOpH'lHbiX 'fBCTHil no 38pHay H 

rHnep38pRay B YHHT8pHO-CHMMeTpH'lHOH CT8THCTH'feCKOH TeOpHH 

KaK H3BeCTHO, npH nepeMHO*eHHH asyx npeacTasneHHA pa3MepHocTe~ 

s N 1 N 2 -MepHOM npocTpaHc Tse npOH3BeAeHHSI MO*HO Bbi6paTb 

B KaqeCTBe 6a3HC8 HnH npOH3BeAeHHH BeKTOpOB COCTOHHHH THll8 (1),HnH *e 

BeKTOpbl THll8 ( 4) pa3nlfqHbiX HenpHBOAHMbiX npeACT8BneHH~, COAep*BIIIHXCSI 

B npHMOM npOH3BeAe HHii paCCM8TpHB8eMb!X npeACTasneHHA rpynnbl SU ( 3) . 

3TH AB8 Ha6opa OpTOHOpM!ipOBBHHbiX 6a3HCHbiX BeKTOpOB CBH38Hbl yHHTBpHbiM 

npeo6pa30B8HHeM. Y CnOBHe nonHOTbl CHCTeMbl COCTOHHHA ( 4) 6yaeT HMeTb 

BHA 

~ ln,m; n',n",y >< n,m,n',n",yl=l. 
n,m,y (20) 

YMHO*BH o6e C TOpOHbl 3TOrO paseHCTB8 H8 BeKTOpb! COCTOHHHSI THll8 ( 10), 

fn',m'>fn",m">= ~ ln,m,n', n ", y > < n, m, n ', n ': y I n ', m ', n '', m "> . 
(21) n,m, y 

3TO COOTHOIIIeHHe H OnpeaenHeT nepeXOA OT OAHOrO Ha6opa 6a3HCHbiX BeK­

TOpOB K apyroMy, a Koa<jl<jJHUHeHTbi nepexoaa 

<n,m;n',n", yJn',m',n",m " > 
(22) 

6yayT Koa<jl<jlHUHeHTBMH Kne6IIIa-fopaaHa rpynnbi SU ( 3) • EcnH npOH3BOnb-

Hbie <jl83bl BHyTpH H30TOll!fqeCKHX MynbTHnneTOB Me*AY H30TOllHqeCKHMH 

MynbTHnneTBMH <jlHKCHpOB8Tb, cor naCHO ycnosHHM /10/, TO K03<jl<jlHUHeHTbl 

npeACTBBnHIOT C060IO BeiiieCTBeHHbie MBTpHUbi, H TOraa pa3nO*eHHe, o6paT­

HOe (21), 6yaeT coaep*aTb Te *e Koa<jl<jlHuHeHTbi Kne6IIIa-fopaaHa, qTo H 

(21). 

ro aneMeHTa, MO*HO nonyqHTb Toraa anH sepoHTHOCTH npouecca MHO*ecT-

seHHoro o6pa3osaHHH 
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W "' I < n , m , ... , n , m , a I M I n, m, n ', n ", y, a . > 1
2 

n 11 nnf 1 

(23) 

I ~ I , , f3 , , I Ml , , I 2 
= .... <n ,m , ... ,n ,m n,m,n,n ,y, ><n,m,n ,n ,y, af,a n,m,n,n ,y,a.> , 

{3 11 nn . 1 

rae a - BCe KB8HTOBbie "'lHCna, Tpe6yiOlUH eC 5! an5! OIIHC8HH5! "'l8C THU B 06bi"'l­

HOM rrpOCTp8 HCTBe. 0TCIOaa, cornaCHO CT8 TH CTH"'leCKOH rHIIOTe3e , rrony"'lae T-

C5!, 'ITO 

w .. F(a):£ 
n f {3 

2 
I< n 

1
, m 

1
, ••• , n n' m n In, m, n ', tl '', y, {3> ·1 , 

(24) 

rae y>Ke Bbipa>KeHHe rroa 3H8KOM CYMMbl He 38BHCHT 1 eCTeCTBe HH 0 1 OT KOH­

¢HrypaUHH B p -IIpOCTp8HCTBe H npeacTaBnHeT C060H KB8Ap8T K 09¢¢HUH­

eHT8 Kne6wa-1opuaHa. M3 (24) Torua cneuyeT, 'ITO Bepo5!THOCTh o6pa3o­

BaHH5! B K8KOM-nH60 KaHane "'laCTRU C onpeue neHHbiMR 3Ha"'leHH5!MH C' TpaH­

HOCTH H30TOIIH"'leCKOrO CIIHHa H 3ap51Aa, HaiipHMe p, 

+ ITO IToP 7T 

IT+ IT+ ITO D 

IT+IT+K 0 A 0 

rr+p-+ 
rr+ IT+ K+ :£ 

rrony"'IHTC5! YMHO>KeHHeM CT8THCTR"'leCKOrO Beca AaHHOrO KaHana ~ n ( E o) 

Ha KBaupaTbl COOTBeTCTBYIOinRX K09¢<IJHUHeHTOB Kne6ma-fopA8H8 rpyiiiibl 

SU ( 3) • M3BecTHo, 'ITO K09¢¢HUHeHTbl ¢aKTOpH3YIOTC5l Ha KOa¢¢HUHeH-

T bi Kne6ma-1opuaHa rpynnbi SU(2) 

H8lliHX 0603Ha"'leHH5!X rrony"'IHM: 

H Ha H30CKan5IpHbie <IJaKTOpbl 1 T.e. B 

<n,m, y; n 
1

, n
2

1 n 
1

, m 
2

; n
2

, m
2 

>=C(I, I', I", I 3 ,I; , I ;' )U(n, m, n ', m ', n ", m ", y ~(25) 
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rae C (I, I ', I", 1
3

, I '
3 

, 1;' - Kos<jJ<jJHUHeHTbi Kne6ma-fopaaHa H3o-

cnHHOBoJ:i rpynnbi SU(2) , a U(n,m,n',m',n",m",y)- H30CKan5IpHbie <jlaKTOpbi 1 

He 3aBHC5IlllHe OT TpeTbHX KOMITOHeHT H30CITHHOB. nosTOMY 1 eCnH He HHTepe­

COBaTbC5I 3ap5IaOBblMH pacnpeaeneHH5IMH qaCTHU, TO CneayeT HCITOnb30BaTb 

nHlllb R30CKanRpH&Ie qacTH Kos<jJ<jJHUHeHTOB Kne6ma-fopaaHa. 

QqesHaHO, qTo ycnelllHOe npHMeHeHHe YHHTapH0-CHMMeTpHqHoJ:i CTaTHC­

THqeCKOJ:i TeOpHH MHO~eCTBeHHOrO po~aeHH5I qaCTHU K aHanH3Y CyllleCTByiD­

lllHX 3KCnepHMeHTanbHbiX aaHHblX ITO HeynpyrHM B3aHMOaeJ:iCTBH5IM npH BbiCO­

KHX 3HeprH5IX B 3HaqHTenbHOH CTeneHH CB5I3aHO C ycnelllHbiM pellleHReM 3a­

aaqH BbiqHcneHHR Kos<jJ~HUHeHTOB Kne6ma-fopaaHa anR npoHaaeaeHHR 6onb­

moro qHcna npeacTaBneHHJ:i H aa~e He KOS<jJ<jJRUHeHTOB, a TOnbKO HX H30CKa­

n5IpHbiX qacTeJ:i. PemeHHe sToJ:i aaaaqH B CMbiCne nonyqeHH 51 npOCTbiX aaMK­

HYTbiX <jlopMyn anR cnyqaR npRMoro npoH3BeaeHH5I 6onhmoro qRcna npoHa-

BOnbHblX npeacTaBneHHH SU ( 3) oqeHb cno~HO, HO B p®e qaCTHbiX cny-

qaeB TaKHX1 HanpHMep, KaK YMHO~eHHe H8 OKTeT HnH aeKanneT, ITOCTpo-

eHbl 
120• 21 1 

npoCTbie anre6paHqecKHe Ta6nHUbi H30CKan5IpHbiX <jlaKTopoB, nonb-

3YRCb KOTOpblMH, yaaeTC5I nonyqHTb KBa):lp8Tbl H30CK8n5IpHbiX <jlaKTOpOB 1 KOTO-

pble R npHBeaeHbi B Ta6nHuax IV B DpRno~eHHH. 

npH BbiqHcneHHH H30CKan5IpHblX qJ8KTOpOB, cneaySI Ta6nRUe /20,21/, 

npHXOJ:IHTC5I nonb30BaTbC 5I HX aByMSI lllHpOKO H3BeCTHblMH CBOHCTBaMH I 101 • 

1+1 "-1' 
IJ(p,q; 1, 1;p:q';l, Y,I", Y': 1', Y') "'x(-1) U (1,1; p,q; p: q ',1 ':Y ",I,Y,I', Y'), 

(26) 

rae X = ± 1 B cooTBeTCTBHH c Bbi6opoM <jla3, npRqeM X He 3aBHCHT OT 

BHyTpeHHHX KB8HTOBblX qHCen npe):ICTaBneHH5I1 a onpeaenSieTCSI TOnbKO qHC-

naMH (p,q), (p', q'), (1,1) 

t/ 2 c p , + 2 q, + 2 p + q) + 1, + t! 2 y, 

U(n', 1,1, n, I', 1", I, Y", -Y, -Y')=(-1) x 

(27) 

N(p,q)(21'+ 1) 
] 1/ 2 U ( n ; 1, 1; n' ; I, I', I" , Y , Y ' , Y " ) , x(---------------

N(p', q') (21 + 1) 
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rae I ", Y , -H30TOTTH"leCKHH CTTHH H rHnep3apSJa, COOTBeTC TBeHHO, H3 npea-

c T aRn P.HIHI ( 1.1). a N fp. q ) H N ( q 'q ')- oa3MeDHOC TH rrnP.llCTARnP.Hnli ( p _ q) 
H ( p , ' q , ) • /_..- / 

/' t p, q) 

LlnSJ Bbl"lH CneHHblX BepOS!THOCTeli OTaenbHblX KaHanoB R n (I, y ) He-

ynpyroli pea KUHH C o6pa30BaHHeM n -"laC THU B KOHe"lHOM COCTOSIHHH(I,Y), 

eCTeCTBeHHO, BblllOnHSJeTCSI paBeHCTBO, noao6Hoe TOMy, KOTOpOe HMeeT MeC­

TO B MoaenH, Y"lHTbiBaBweli T OnbKO H30TOTTH"leCKY!O CHMMeTpHIO, eCnH )Ke Be-

pOSITHOCTH He HOpMHpOBaHbl Ha eaHHHUY 

I 
t p . q) 

R (1, Y) 
n 

U n ( p, q ) ' (28) 

(I • y) 

rae CyMMa 6epeTCSI ITO BCeM KaHanaM C pa3nH'-IHbiMH "laCTHUaMH 1 aonyCTHMbiMH 

B aaHHOM npeacTaBneHHH ( p, q) cpHKCHpoBaHHbiMH 3Ha"leHHSJMH I H Y Ha-

"lanhHoro COC TOSIHHSI, a U n ( p, q) _:YHHTapHblH Bee'" aaHHOH peaKUHH B npea-

CTaBneHHH ( P, q). 

ITonh3ySJCb T a6nMueA IV 1 Heo6xoaHMO TTOMHHTb , "'TO npH nepexoae OT 

paCCMOTpeHHSI COCTOSIHHH SU ( 3) - npeacTaBneHHH K "!aCTHUaM cneayeT npH 

HaXO)KAB HHH BepOS!THOCTeH OTaenbHhlX KaHanOB B cny"lae "laCTHU pa3HhlX COp­

TOB y"leCTb , ecTeCTBeHH0 1 BCe B03MO)I{Hble nepecTaHOBKH 3THX "laCTHU Me)KAY 

COC TOSIHHSIMH (I , Is , y ) aaHHOrO KaHana. ITpeACTaBnSITb Hy)KHO TOnbKO 

"!aCTHUhl , npHHaane)K8WHe oaHHaKOBhlM npeaCT8BneHHSIM . 

5. H eyrrpyrHe 11 -N B38HMoaeifcTBHH rrpH BbiCOKHX 3HeprHHX H 

N -N BHHHrH JIHUHH B rroKoe B yHHTapHO-CHMMeTpH"lHOH c r a THCTH"leCKoif 

T eOpHH MHO)I{eCTBeHHOrO pO)I{aeHHH "l8CTHU 

~ y B 3 TOM pa3aene 6yayT Kpa TKO H3nO)KeHhl OCHOBHhle 

± 
pe3ynhTBTbi 

paC"!eTOB pa3nH"!HhlX xapaK T ephC THK HeynpyrHX " -p B38HMOAeHCTBHH B 

o6naCTH 3HeprHH AO T = 10 r3B H HyKnOH-aHTHHyKnOHHOH aHHHrHnSIUHH B 

TTOKOe B p8MK8X HOBOH MOAenH / 11-13 / . 

B bi"lHCneHHbie 3Ha"leHHSJ cpeaHeli MHO)KeCTBeHHOCTH n pO)KAaiOWHX-

CSI "!aCTHU 6nH3KH K 3KC n epHMeHT8nhHblM 3Ha"leHHSIM KaK AnSI tr+ - -p , TaK 

H AnSI " - p B38HMOAeHCTBHH H O"leHb cna6o H3MeHSIIO TCSI npH B8pbHpOB8-
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HHH nocTOSIHHoii A 

HO 6hinO 6bi BeCTH npH A = 1 • npH Bbi'IHCneHHH D H cpeaHeH MHO-

--+ 
lKe CTBeHHOCTH 38pS!lK e HHbiX 'I8C THU D - BhiaenSinHCb KaHanhi, COaeplK8IUHe 

T/ - H cu -Me30Hbl, T.K, 0 :-IH pac naaaiOTCSI B OCHOBHOM Ha 60nbiUee 'IHCnO 

'I8CTHU, 'IeM apyrHe pe30H8:-ICbi 0 npHHaanelK8IUHe K TeM lKe, 'ITO H T/ - H 

cu -Me30Hhi, cynepMynbTHnneTaM.. llnSI onpeaeneHHSI sepoSITHOCTeii pacnaaos 

pe30H8HCOB HCI10nb30B8nHCb HX 3 KCnepHMeHTanbHhie . 3Ha'IeHHSI 1221 • 3acny­

lKHB8eT 6hiTb OTMe'IeHHblM TOT <jlaKT, 'ITO cornacHe 3KCnepHMeHT8 H TeopHH 

-+ 
HBnSieTCSI H8MHOrO ny'IIIIHM anSI D- , 'IeM anSI CpeaHeii MHOlKe CTBeHHOCTH 

D , pac'IeTHbie 3H8'IeHHSI KOTOpOH npH6nH3HTenbHO H8 10-20% BbiiUe 3K-

cnepHMeHT8nbHbiX, 0AH8KO nocneaHHe He SIBnSIIOTCSI 3KCnepHMeHT8nbHb!MH Be-

nH'IHH8MH B noanHHHOM C MbiCne 3Toro cnoaa, T,K, BCe OHH nony'IeHbl H3' H3-

-+ 
1dElpeHHbiX 3H8'IeHHH D- C nOMOIUbiO HeKOTOpb!X OUe HO'IHbiX npeAnonOlKeHHii 

o cooTHOIIIeHHH 3apSilKeHHhiX H HeHTpanbHhiX qacTHU I 1 I. EcTeCTBeHHO, cor­

nacHe 3 KCnepHMeHT8nbHbiX H TeOpeTH'IeCKHX 3H8'IeHHii 

y6eAHTenbHbiM. 

-+ n- SIBnSieTCSI 6onee 

C 3 KcnepHMeHTOM xopomo cornacyeTCSI TaKlKe sepoSITHOCTb o6pa3osa­

HHSI 3Be3A C pa3nH'IHbiM '!HCnOM nyqeii , Bbl'IH C neHH8SI AnSI cny'IBSI Heynpyro­

ro 1T-- p B38HMOAeiiC TBHSI, flnSI CornaCHSI TeopeTH'IeCKHX p8C'IeTOB BepOSIT­

± 
HOC TH o6pa30B8HHSI CTp8HHbiX 'I8CTHU B HeynpyrHX fT - p B 3 8HMO.Q e HCTBHSIX 

c 3 KCnepHMeHTOM 3Ha'leHHe napaMeTpa A Bbi6paHo paBHhiM 0,06. 

l-1 3y'leHH e llOBe AeHHSI OT.QenbHblX KaHanoB HeynpyrHX fT t - p B 3 8HMO.QeH­

CTBHii 110K83biB8eT, 'ITO pe3ynbT8Tbl paC'IeTOB .[InS! MHOrO'I8CTH'IHbiX KaHan O B 

xopowo c ornacyiOTCSI c 3 KcnepHMeHTOM, pa3HornacHe c 3KCnepHMeHTOM HMeeT 

MeCTO nHWb ,QnSI KaHanOB C He6onbiiiHM 'IHCnOM 'I8CTHU H B o6naCTH ManhiX 

3 HeprHH, 

HyKnoH-aHTHHyKnoHHaSI aHHHrHnSIUHSI B noKoe HnH npH HH3KOH KHHeTH­

qecKoii 3HeprHH SIBnSieTCSI O'IeHb noaXO.QSIIUHM npoUeCCOM .[InS! nposepKH CTe ­

neHH 38KOHHOCTH OCHOBHbiX npe.QnOnOlKeHHH CT8THCTH'IeCKOH MO.QenH, 3TO c ne-

nye T npelKne scero H3 Toro, 'ITO B npouecce a HHHrHnSIUHH BhiaenSieTcSI KOnH­

qecTBO 3 HeprHH, .QOCT8TO'IHOe .[InS! o6pa30B8HHSI 6onbillOrO 'IHCna Me30HOB, a, 

C . .QpyrOH C TOpOHbi, npoueCC 8HHHrHnSIUHH B 3 TOM cnyqae HQeT CO 100% -HOH 

HeynpyroCTbiO, T,K, po:lK J~aiOTCSI TonbKO 6o30Hhi. HaH6onee ynHBHTenbHbiMH 

p e3ynbT8T8MH 3KCnepHMeHT8nbHOrO H 3 y'IeHHSI HyKnOH-8HTHHyKnOHHOH 8HHHrH-
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JlHUHH B ITOKOe 6hlJlH BCeraa BhlCOKBH MHO.eCTBeHHOCTb BTOpH'IHhlX ITHOHOB 

H cpaBHHTen&HO HH3KaH BepoHTHOCTh o6pa3oBaHHH K -Me3oHoB. 

3TH HBH6onee BB*Hhle xapaKTepHCTHKH BHHHrHJlHUHH B ITOKOe, paCC'lH­

TBHHbie B paMKBX YHI1TBpHO-CI1MMeTpH'IHOfi CTBTilCTH'leCKOfi TeOpl111 MHO*eCT­

BeHHOro po•aeHI1H '!BCTI1U, yaaeTCH CornaCOBBTb C 3KCnepHMeHTOM 1 B3HB 

3HB'leHHe ,\ = 0,034. C sKcnepHMeHTOM Hennoxo cornacyiOTCH TaK•e pe-

3yn&TBThl pBC'leTOB BepOHTHOCTefi MHOrO'!BCTH'!HbiX KBHBJlOB, KBK llJlH p -p 

BHHI1ri1J1HUHH, TBK H llJlH 11-p BHHI1r11J1HUH11. llJIH KBH8J10B C MBJlblM 'li1C-

JlOM BTOp11'IHblX '!BCT11U, KBK 11 B cnyqae TT- N 

C 9 KCnepi1MeHOM He HB6J1IOUBeTCH. 

B38HMOUefiCTBI1fi, COrJ1BCI1H 

npi1BeUeM UJlH Cp8BHeHI1H pe3yJ1bTBTbl p- p BHHI1ri1J1HUI1H, nony'leHHble 

B OITI1CBHHOfi MOUeJ111 1 11 pe3yJ1hTBTbl 1 ITOJ1y'leHHbie B MOUenH KBBpKoii23,24~ 

WHpOKO o6Cy>KUBIOWefiCH B J1HTepaType. 

38KIIIO'leHHe 

B 3BKJ1IO'!eH11e OTMeTHM, 'ITO cpaBHeHI1e pe3yn&TBTOB pacqeToB p a3J111'l-

Hh1X XBpBKTepHCTHK Heynpyr11X B3BHMOUefiCTBI1fi, npOBeUeHHblX B paMKBX YHI1-

TapHD-CHMMeTpH'IHOfi CTBTHCTH'leCKOH MOlleJlH MHO>KeCTBeHHOrO pO)K[Ie HHH 

'!BCTHU C 9KCITepHMeHTOM, IT03BOJ1HeT CUeJ18Tb BbiBOll, 'ITO 9TB MOUeJ1b 1 cy­

WeCTBeHHO ynpOCTHBWBH CTBTHCTH'leCKHe pac'leTbl H llBBWBH CITOC06 ITOCJ1e­

llOBBTeJ1hHOrO y'leTa CTpBHHbiX 'IBCTHU B CTBTHCTH'leCKHX MOUeJIHX, HBJlHeT­

CH sqxjJeKTHBHblM Me TOll OM p8C'leTB peBKUHH C 60JlbWHM 'lHCJlOM '!BCTHU. nOll­

qepKHeM, OllHBKO, 'ITO pe'lb ITpH 9TOM MO*eT HllTH JlHWb 0 CpeUHHX BeJlH'lH­

HBX, TBK KBK CTBTHCTH'leCKHH ITOUXOll HB 60J1blllee npeTeHUOBBTb He MO>KeT. 

npHMeHeHHe YHHTBpHD-CHMMeTpH'IHOH CTBTHCTH'leCKOH MOUenH, OKB3BB­

weeCH CTOJlb ITOJ1e3HbiM npH 8HBJlH3e HeynpyrHX B38HMOUefiCTBHfi B o6naCTH 

9HeprHH llO 10 rsB, BCTpeTHT , ITO-BHllHMOMy, npH 9HeprHHX > 100 rsB Te 

*e TpyUHOCTH , 'ITO H nepBOH8'!8J1bHbiH BBpHBHT MOUenH 4>epMH , T . e. Heo6-

XOUHMOCTb y'leTa 60Jlbll!Oro 'lHCJlB KBHBJ10B 0 HOBbiX cynepMynbTHITJleTOB, KD­

TOpbie HeCOMHeHHO ITOHBHTCH, H T.n. nosTOMY COOTBeTCTBYIOlliHM llYXY TOrO 

paCCMOTpeHHH, KOTOpoe 6b!Jl0 npOBeUeHO, HBHJlCH 6bi yqeT B03MO*HOrO cy­

weCTBOBBPHH 6onee Bb!COKHX CHMMeTpHfi 9J1eMeHTBpHbiX '!BCTHU, 'ITO CHOBB 
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ll03B01IH110 6bi, llO-BHAHMOMY, CyiUeCTBeHHO ynpOCTHTh paC'leTbl H A81IO B03-

MO:>KHOCTb nocnenoBaTellbHO y'!eCTb COXpaHeHHe HeKOTOpb!X KB8HTOBbiX 'lHCen. 

B aToM CMbicne secbMa npHBneKaTellbHa cxeMa SU ( 6 ) -CHMMeTpHH aneMeH­

TapHbiX '!BCTHU. OnHaKo npocToe o6o6meHHe CTBTHCTH'!eCKoti. MonenH c y'!e­

TOM SU ( 6) -CHMMeTpHM H8T81IKHB8eTC5I Ha pSIA cepbe3Hb!X TPYAHOCTeH H 

CB5!38HO C HCll01lb30B8HHeM p5IA8 COBepmeHHO HeonpaBA8HHb!X npennOllO:>KeHHH. 
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T a 6 ~ H U a I 

8Hat~eHHH Koa<IxlJHUHeHTOB l~) ('l,'l,,'() )UIH 1t N, N N 
B3aHMO~e~CTBH~ H aHHHrH~HUHH SHTHHYKHOHOB 

11 p e ~ eTa B ~ e H H e (? ,'\f (O,O)(I,I)I(I,I)2(3,0) (0,3) (2,2) 

- 9/20 I/4 

- 3/IO __ Jj6 
- 3/IO I/6 
I/4 I/10 I/2 

27 

I/2 - I/2 
j]2··-_-· -172 
- I/4 I/20 

-
- I -------- ~ 

-' I -
If§_ __ I/6 I/5 
1/6 IJ6 I/5 
- - 3/20 



T a 6 JI 11 rt a II 

3HaqeHi1R 11 YHMTapHoro Beca" U" ( P' , '\- ) ,&JIH npOH3Be,&eHHH 
OKTeTOB 

u" (o,o) 1fn{1, 1} Un(~,o) U.,(o,3) V., (t,Z) 

2 I 2 I I I 
3 2 8 4 4 6 
4 8 32 20 20 33 
5 32 145 roo 100 180 
6 145 702 525 525 999 
7 702 3598 2856 2856 5570 
8 3598 19180 15834 15834 32284 
9 19180 105910 90390 90390 173766 
10 I059IO 585546 5III79 5III79 1088220 

~ 
T a 6 J1 11 It a w 

3HaqeHMH "YlfMTapHoro Beca" Un ( P , CJ, ) .&JHi npoH3Be,&eHHit 
OKTeTOB 11 ,&eKaiTJieTOB 

lfn (o,o} lf, ( 1, I) Unl3,0} U"nlo, 3) v,. (.t,~} 

n,o = I 
2 0 I I 0 I 
3 I 4 4 2 5 
4 4 20 17 I2 27 
5 20 roo 85 70 ISO 
6 IOO 525 45I 400 855 .. 
7 525 2856 2406 23IO 4881 
8 2856 I5834 I4084 12762 29020 
9 I5834 90390 83062 78507 I68830 
IO 90390 5270I3 486462 465583 I035447 

n,o = 2 
2 0 0 0 I I 
3 0 2 2 2 ·~ 

4 2 12 I2 IO 22 
5 I2 70 66 56 126 
6 70 400 374 330 341 
7 400 2310 2I66 1886 4432 
8 2310 12762 12032 II562 26445 
IO 7350? 465583 448846 422700 973'63 



ITP~~OIEHHE K TAERMUE IY 

3AeC» npHBeAeHH BepoHTHOCTH KOHeqHHX COCTOHHH« (KBaApaTH H30-
CK81IHpHIDC ([laKTOP.QB) YHOroqacTHqHHX peaK!Ufl (IJIH J"±p -B3BIDlO­
Ae£!CTBHit ( ::J •3]2~ y a I H J •I/2, Y •I) H N Jl -aHHHrHJIH-
!UfH ( :J •I; y =OJ 

nna CJiyqaH Tpex "qaCTH~n (OKTeTOB) B KOHeqHOY COCTOHHHH 9 
T.e. HS/8) ® {8} rtJ {8} 

J = I; Y = 0 

(.7,,Y,) (~,>;) ( ~ t ~) {27} {IO} {Idf} {a} 
(I/2,I) (I/2, -I) (I, p) 0,3646 0,4456 0,4456 0,5313 
(I/2, I) (I/2, -I) (0, 0) 0,2572 0,2022 0,2022 O,I290 
(I, 0) {I, 0) (I, 0) 0,0871 O,I203 0,1203 0,1853 
{I, 0) (I, 0) (0, 0) O,I264 O,II67 O,II67 0,0817 
(I, 0) (0, 0) (0, 0) O,I647 O,II52 O,II52 0,0727 

J • 3/2; Y=I 

(J,,Y,) (~,'>:) (~,):;) {27} {IO} 

(I/2, I) (I, 0) (I, 0) 0,4643 0,54I7 
(I/2, I) {I/2, I) (I/2, -I) O,I%4 0,2083 
OI/2, I) {I, 0) {0, 0) 0,3393 0,2500 

J a I/2; y .. I 

( ), ' Y. ) ( .{ ' ~ ) ( ~ ' >: ) [27} [loY (8.} (K~} 
(I/2, I) (I, 0) (I, 0) 0,2540 0,302I 0,4365 0,3802 
{I/2, I) (I/2,I) (I/2,-I) 0,2446 0,29I6 0,3292 0,2042 
(I/2, I) (I, 0) (0, 0) 0,3553 0,3I25 0,!875 0,3000 
(I/2, i) (0, 0) (0, 0) O,I46I 0,0938 0,0468 o;rr56 
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Jl,JUl C.JIY118ll Tpex r"qaCTHI\';; (p;eKanJieT H )J;B8 OKTeTa) B KOHeqHOII 
COCTOllHHH, T.e. HS IO) d!J t8} ®{8} 

(~,Y,) 

(3/2, I) 
(I, 0) 
(I, 0) 
{3/2, I) 
(3/2, I) 
(3/2, I) 
{I/2,-1) 

(~,r;> 

(I/2, I) 
(I, 0) 
(0, 0) 
(I, 0) 
(I, 0) 
(0, 0) 
(1/2, I) 

(~,>;> 

(I/2, -I) 
(I/2, I) 
{I/2, I) 
(I, 0) 
(0,0) 
(0, 0) 
(I/2, I) 

:J = I/2; 

( .7, 'Y,) ( ~' ~) ( ~' >;) 
(3/2, I) (I/2, I) (I/2,-I) 
(3/2, I) (I, 0) (I, 0~ 
(3/2, I) (I, 0) (0, 0) 
(I. 0) (I, 0) (I/2, I) 
{I, 0) (0, 0) {1/2, 1) 
{I/2,-I) (I/2,I) (I/2,1) 

{27} 

0,2877 
O,I750 
0,0856 
0,2392 
O,I437 
0,033I 
0,0357 

Y=I 

{27} {IrrJ 
O,I358 0,29I2 
0,0764 O,I475 
O,I636 O,I%5 
(I/2,1) 0,3682 
0,0%0 O,II65 
0,1600 0,0825 

[IO} 

0,3I55 
O,I537 
0,0565 
0,3204 
0,0744 
0,0402 
0,0393 

{8.} 

0,25I8 
0,3I86 
O,III2 
0,:1;658 
0,0744 
0,0592 

[8~} 

0,1333 
0,2000 
0,2000 
O,I848 
0,0500 
O,I333 



llJIH C~aH qeTHpeX "118CDiln (OK!l'e'lOB) :S KOH611HOil COCTOHHHH, 
T.e. HS f8). {8} f) {8} GP {8} 

:1 •3/2; Y •I 

( :1, ' Y, ) ( ~ ' ~ ) ( ~ ' ~ ) ( 71'' ~ ) {27} {IO} 

(I/2, I) (I/2, I) (I/2, -I) (I, 0) 0,3769 0,3905 
(I/2, I) (I, 0) (1,0) (1,0) 0,2447 0,2:915 
(1/2,I) (I,O) (I,O) (0,0) 0,2I29 O,I748 
(I/2,I) (I/2,I) (I/2,-1) (0,0) 0,0900 0,0789 
{I/2,I) (I,O) (0,0) (0,0) 0,0755 0,0643 

7 • I/2; Y • I 

( J; , Y,) ( ~ , ~ ) ( ~, ~ ) ( -'t , ~) (.!1} (to-:J {I,} (~} 

(1/2,I) (I/2,1) (I/2,-I) (I,O) 0,30I6 0,3530 0,3750 0,2858 
(I/2,1) {I/2,I) (I/2,-I) (0,0) 0,2004 O,I833 O,I452 0,1784 
{I/2,I) (1,0) (I,O) (1,0) 0,!371 0,!614 0,2340 0,1860 
{I/2,I) {I,O) (I,O) (0,0) 0,2403 0,2030 0,1765 0,2336 
{1/2,I) (I,O} (0,0) (0, 0) 0,0934)0,0791 0,0557 0,0872 
{1/2,1) (0,0) {~0) (0,0) 0,0272 0,0202 0,0136 0,0290 
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Jl;n.R cnyqa.R 'lleTblpex 11 '11acnux 11 ({e}arrneT H TpH oKTe:ra) B KoHe'IIHou 
COCTO.RHHH, T.e. H3 {_ IO! ~ {81 ® 8 ® {81 

'] = 3/2; "( = I 

(l~ t '<) ( l~, '(1.) ( 'J~, '(,) ('J4 ' '(,_) \. 27} {IO} 

(3/ 2,1) (I/2,1) (I/2,-I) (I,O ) .0,3144 0,3510 
(3/2,1) (I/2,1) {I/2,-I) {0,0) 0,0951 0,0800 
(3/2,1) (1,0) (1,0) (1,0) 0,0994 0,1320 
(3/2,1) {I,O) {1,0) {0,0) 0,1007) 0,0771) 
(3/2,1) (1,0) (0,0) (0,0) 0,0205 O,!l215) 
(3/2,1) (0,0) (0,0) (0,0) 0)0071 0,0040 
(1,0) (1/2,1) (I/2,1) (1/2,-1) 0,0604 0,0642 
(1,0) (I/2,1) (I,O) (0,0) 0,0644 0,0561 
(I,O ) (I/2,1) (0,0) (0,0) O,OISO 0,0135 
(I, O) (I/ 3,1) {I,O) (I,O) 0,1321 0,1214 
(1/2,-I) (1/2,1) {I/2,1) {1,0) 0,0639 0,0541 
(1/2,-I) (I/2,1) (1/2,1) (0,0) O,OI76 . 0,0157 
(0,-2) (I/2,1) (I/2,1) (1/2,1) 0,0094 0,0094 

J = I/2 ; "( = I 

( Jt 'y1 ) ( 'J~, )'2.) (1?. ,'(!)) 04 ''(.) t271 \ro•J \8.1 \ 8el 
(3/2,1) (I/2,1) (1/2,-I) (I,O) 0,!890 0,2431 0,3146 0,203! 
(3/2,1) (I/2,!) (I/2,-I) (0,0) 0,07!3 0,0775 0,0646 0,0783 
(3/2,1) (1,0) (I,O) (I,O) 0,0500 0,07!6 0,1227 0,0722 
(3/2,1) (1,0) {I,O) (0,0) 0,0740 0,00116 0, 0875 0,1058 
(3/2,1) (I,O) (0,0) {0,0) 0,0294 0,0280 0,0250 0,0333 
(1,0 ) (1/2,1) 1/2,1) (I/2,-I)O,IIOO O,lJ774 0,07!9 0,0678 
(I,O) (I/2,1) (I,O) {0,0) O,li47 O,IU4I 0,1008 0,1205 
(I,O) (I/2,1) (0,0) {0,0) 0,0267 0,0200 0,0134 0,0249 

(1,0) (I/2,1) (I,O) (I,O) 0,1606 O,I39I O,II23 O,II57 
(I/2,-1)(1/2,1) (1/2,1) (1,0j o,roor 0,0841 0,0630 0,0881 
(1/2,-I)(1/ 2, I) (1/2,1) (0,0) 0,0535 0,0451 0,0313 0,0583 
(0,-2) (1/ 2,1 ) (I/2,1) (I/2 ,1) 0,0207 0,0225 0,01.87 0,0326 

:1 :2 



T a 6 n H u a 5 

Pacnpe~eneuze no qycxy 3apazeHHHX ~acTHU BH~Hcneuuwx B uo~eBH 
KB8pKOB, B yHHT8pHO-CHUUeTpHHOI CTaTHCTH~eCKoA UO~eBH H ua6nm~aeuue 
aKcnepzueuTanHHe aua~euza 

o nyqel t•x- rx-i.• "(."+i[.- 'I: 2Xt'2i- ll.·~-~ ~~ nyn« 

llo~en:o 
KB~pKOB 12,9 0 7,4 22,3 25,6 28,5 3,! O,I 
(% 
SKcnepz- 3,2± 0,32± 7,8± 34,8± 5,8± !8,7± 2!,3± 3,8± 
Me~T ±0,5 ±o,o3 ±o,9 ±r,2 ±o,3 ±o,9 ±I,I ±o,2 
~~-
Yunapuo-
CIDOI6TpH~-

3,9 1,25 6,7 42,4 5,0 !6,6 !8,3 I H8H CT8THC-
THli6CK8H 
uo~en:~>(%) 
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