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1. B nsnecTaon, cTaamen y:lKe KnaccnqecKofi,pa6oTe 3nnnoTa 
111 

paccMaTpnnanocb ocTaToqaoe B3aHMoneftcTBHe B none cqiepnqecKH-CHMMeTpnq

aoro ocunnnRTopa. 3aepreTnqecKHH cneKTp Monenn cocTOHT ns onaoqacTHq

HbIX n BpamaTenbHb!X ypOBHefi. C npyroft CTOpOHbI, BO MHOrHx pa6oTax 

( 
/2,3/) . .. · 

aanpnMep, ncnonbsonanacb Monenb c napHbIM. H KBanpynonbHbIM oc-

TaToqHbIMH B38HMonenCTBHRMH B none noTeaunana HH/lbCCOHa HnH Bynca

CaKCOHa. llnR qeTHo-qeTHbIX Rnep co6CTBeHHbie qaCTOTbl npencTaBnRIOT 

co6oii cno:lKHYIO cynepno3HUHIO nnyxKB83HqaCTHqHbIX ll KonneKTHBHbIX ypoB

Heft. KonneKTHBHbie ypoBHH 06b1qao Tp8KTYIOTCR K8K BH6paUHOHHble ypOBHH 

o6o6meaaoft Monenn. TTpn aToM OTKnoaeanR yponaeft OT nx nono:lKeHHR, 

npencK83blB80MOro o6o6meaaofi MonenbIO, o6'bRCHRIOTCR aarapMOHHqHOCTbIO 

Kone6aHHfi ll npyrHMH npnqnaaMH. 0TMeTHM, qTo BH6pauHOHHblX yponaen 

HeT B Monenn 3nnHoTa. TTepeqncnHM B03MO:lKHbI0 npnqHHbl cymeCTBOB8HHR 

CTonb npoTirnopeqnaofi cnTyaunn: ·a) onaoqacTnqaag cxeMa B Monenn 3nnn

. OTa aeconepmeaaa; 6) B Monenn 3nnnoT.a 0TcyTcTBy10T cnapnnaTenbHbie 

CHnhI; .B) annnoTOBCKOe KBanpynonbHOe B38HMonefiCTBHe He CM0lliHBaeT coc

TORHHfi, npnaanne:lKamnx pasnnqJibIM o6onoqKaM. 

Uenb aacToRmefi pa6oTbI cocToHT B conocTaBneann Monenn 8nmrnTa 
/2 3/ 

co CTaanapTHOH pacqeTHOH MonenbIO ' •• 
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2. CcpopMym1pyeM OCHOBHbJe nono)KeHH5I annHOTOBCKOll: Monenu. Pac

CMOTpHM raMHnbTOHHBH ccpepHtJ:eCKH-CHMMeTpH•rnoro OCUHnnSITopa: 

H =-P 2 + (u 2 X 2 ' 
O k O k P1.: =a/ax1.: (1) 

fpynna CHMMeTpHH Ho ( TO ecTb MBKCHManbH85I COBOKYilHOCTb onepaTopoB, 

KOMMYTHPYIOIIIHX C ff ) H30Mopqma su3 • reaepaTOpb! 9TOll: rpyililbJ ' 0 

paBHhJ: 

T -iX, T 0 12 + = _l_ ( X + i X ) , , T =·(T )+ 
- 13 23 - + ..;2 

xij xipJ -X1P1• 

·x2+ x2 2+ 2 
Q =J__(------x2+p2- P 1 P 2 ), 

0 3 2 3 3 2. 

Q = [ T , Q ]= 
1 

[ p (p + i p ) -x (x +ix )] , 
1 + 0 y2 3 1 2 3 1 2 

Q =[T ,Q ]=J_•[(p +ip ) 2 -(x +ix )2], 2 + 1 2 1 2 l 2 

Q = (Q t. 
-µ. µ. 

KoMMyTaUHOHHbJe COOTHOIIIeHH5I Me)KJly 9THMH onepaTopaMI! npHBeneHbI 

B Ta6n. 1. 113 onepaTopoB Q µ. MO)KHO COCTBBHTb ennHCTBeHHyIO KBanpa-

TlltJ:HYIO KOM6HH8UHIO, 5IBnSIIOmyIOc5I CKanSipoM OTHOCHTenbHO rpyililbJ yrnoeo

ro MOMeHTa: 

? 2 2 

Q = 3 Q O + 2 'Q.; 1 Q I + ,Q,.;.2 Q 2 + 3 T 0 

4 

B MOJlenH 3nnHOT8 B npaByIO tJ:BCTb ( 1) Jl06aBn5IeTCSI 'ineH1 nponopUHO-

HanbHbJll: Q 2 

➔ 2 

H=H -xO 
0 

= (u 
0 

S -xQ 2 

0 
( 3) 

C npyroll: CTOpOHbI, 

KasHMHpa SU 3 • 

➔ 2 ➔ 2 
Q + T = C 2 , rne C 2 - KBanpaTHtJ:Hhiil: one pa Top 

c2 ecTb KOHCTaHTa, ·ecnu onepaTophI Qµ , T 1.: 

peannsy10T HenpHBOJlHMoe npencTaeneHHe SU 3 • B 9TOM cnyqae nMeeM: 
• f ' 

HIN, .\ µ , Kem > = [ N w_ 0 - x C 2 + x e ( f + 1 )] I N, ·.\ µ. , K em > • (4) 

3necb (,\, µ. ) onpenenSIIOT aenpHBOJlHMoe npencTaeneane 

H op61iTanbHb!ll: MOMeHT MeH5IIOTC5I' B npenenax 

S U 3; 'iHcno K 

e = K, K + 1, . . . , ·. ,\ npu K 10, 

f = ,\ , ,\ - 2, ... , 0 HnH 1 IlpH 

( 5) 
K = 0, 

K = µ. , µ - 2, · ... , 0 nnn 1 . 

(M hi BbI6panH Jln5I onpeneneHHOCTH ,\ > µ. ). QnepaTop C2 paBeH: 

C = 3 Q 
2 

+ 2Q Q + Q 2 Q + T 2 + 2 T T + 4 T . 
2 0 -1 1 .- 2 0 - + 0 

2 2 C = X k- P1.: 1 

( 6) 

- one-HaKoHeu, tJ:Hcno N ecTb co6cTBeHHoe sHatJ:em1e 

paTopa KasHMHpa nepeoro nop5IJlK8 rpynnhl su3 • 3aMeTHM, tJ:TO, 5IBn5ISICb 
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sneMeHTOM U 
3 

, C 1 He npHHanne}KllT 06epTbIBa10meii anre6pe . SU 
3 

• 

11s ( 4) BbJTeKaeT cymeCTBOBaHHe Ha6opa pOTaUHOHHblX nonoco~ npH lpHKCH

poBaHHblX ( X, µ) . · 3aMeTHM, 'ITO COOTHOllleHHH (5), ( 6) conep}KaT B. He-

HBHOM BH)le npennono}KeHHe, 'ITO onepaTOpbl Q ' Tk I naBaeMble COOTHO-
' µ 
111eHHHMH ( 2), peannsy10T caMoe o5mee npencTaBneHHe SU 3 • To, 'ITO sTo 

He TaK, cnenyeT XOTH 6b1 HS Toro, 'ITO «pyHKUHOHanbHblli 6aSHC npOHSBOllb-

HOrO rrpellCTaBneHHH SU3 .MO}KHO pe~nHSOBaTh Ha ellHHH'IHOil: c«pepe 
/4/ 

MHHHMyM IlHTH HSMepeHHil: 'Torna KaK 6asHC onepaTOpOB (2) peanusy-

eTCH · Ha TpexMepHoii c«pepe. TaKHM o6pasoM, rrpencTaBneHHe SU 3 nocpencT

BOM orrepaTOpOB ( 2) OTHOCHTCH K BblpO}K)leHHOii cepHH. llnH 9TOro npencTaB-

neHHH KBanpaTH'IHhiii n Ky6n<1Hb1il: · onepaT~phI KasHMHpa SU 3 HBnH10TcH 

pau110HanhHhIMH «pyHKUHHMH C 1 : 

1 2 C =-C -3, 
2 3 l 

C3=Q-2(Q~ -T/)+(Q~l-T~l)Q2-2Q_2QOQ2 +2Q_lQOQI + 

2 2 
+2(Q -T )Q +2(Q TT +T T Q )+2T QT -

0 0 0 - I O l -1 0 l -1 0 l 

-SQ T +4(T Q +QT )-SQ 
O O -1. l -1 I 0 

2 2 =--C(C -9). 9 I l 

flerKo BHlleTh, 'ITO rrpH penyKUHH SU 3 ➔ R3 HenpHBOllHt:,toe rrpencTaBneHHe 

SU 
3

, peanusyeMoe onepaTopaMH ( 2), conep}KHT Ka)Knoe sHa<ieHHe f TO'IHO OllHH 

pas, TO eCTb B STOM cny<iae naHHoe aenpHBOllHMoe npencTaBneHHe, SU 3 

conep}KHT TOllbKO OllHY poTaUHOHHyIO nonocy. TI09TOMY .llnH rronyqeHHH HE!CKOnh-

KHX poTaunoHHhIX nonocoK BHYTPH naaHoro. MynhTHrrneTa SU 
3 

npHXO!lHTCH 

OTKaSaTbCH OT HBHoro BH)la reHepaTopoB rpynnbl (2), coxpaHHB B TO }Ke 
! 

BpeMH KOMMyTaUHOHHbie COOTHOllleHHH Memny HHMH. 

6 

3. fl11HeapusyeM snnHOTOBCKHH raMHllbTOHHaH (3), TO eCTb saMeHHM 
➔ 

Q 2 cneny10meii KoM6nnau11eii: 

3 q O Q 0 + q l ( Q i + Q_ I) + t q 2 ( Q 2 + Q _2 ) • 

11meM onepaTOpbI X ( w) , TaKHe, <iTo: 

[H, X(w)l= w X(w). (7) 

YpaBHeHHe (7)·HMeeT TaKHe pe111eHHH: 

w = + X (w , w , w , 0), 
- l 2 3 

w =v'(3q -q)2 +q2 
I O 2 

l 2 2 ( )2 ( ) J2 
W 2 = -=_[ 4 q 1 + 4 q 2 ➔• 3 q 0 + q 2 + 3 q 0 + q 2 W I ] ' 

v'2 

w =-1-· [4~ 2 +4q 2 +(3q +q ) 2 -3(q +q )w ]J
2 

3 - l 2 0 2 0 2 I 

v'2 

51:BHhiii BHll onepaTopoB X ( w) naa B np11no)KeHHH I • BaKyyM onpenenHeM 

KaK co6cTBeHHhlll BeKTOp nuaeapHSOBaHHOrO raMHllbTOHHaHa C HaHMeHblllllM 

co6CTBeHHblM saa<ieHHeM: 

X(-lwl)IO>=O. 

BonHoBaH q>yHKUHH BOS6y)K)leHHoro COCTOHHHH C 9HeprHeii nlwl+n2w2+n 3 W 3 
n I n 2 n3 

paBaa: [X(w
1
)] [X(w

2 
)] [ X( w

3
).] \D>. qo' q1,q2 aaxon11M, noTpe-

6oBaB, 'IT06b! BaKyyM 6hm co6cTBeHHOll «pyHKUHeii H ll llBYX onepaTopoB, 
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OTBeqa10nm:x HyneBOH qacTOTe. TaKUM o6pa30M, nuaeapU30B8HHblll raMUnh-

TOHU8H conep)KUT TpU BU6pauuoHHbie MO/lb! C qacToTaMU w • w • w 
1 2 3 

II nae He3aBIICUMbie MO/lb! Hy11eaoii qacTOTbI. CTonh cunhHOe OTnuque CIJeKT-

poB co6cTBeHHbIX qacTOT rronHoro u mrneapU30B8HHoro raMUnhTOHU8HOB MO)K

HO OTHeCTU 38 cqeT cneny10nmx. llBYJC IIp!I'IUH:' 8) Me TOil nnHeaplI38IllIII He 

npuMeHUM K MonenII 3nnuoTa; 6) cymecTBy10T naa 6asnca ( O/lIIH us 

HUX rrpu6mi:)KeHHbIH), T8KUX, 'ITO B 0/lHOM U3 HIIX cneKTp '18CTOT raMUnhTO

HUaHa eCTh 'IUCTblll poTaTop, a B npyroM - 'IUCTb!ll BU6paTop. 

4. ITepequcnuM IIpH'll!HbI, IIO KOTOpb!M Monenb 3mmoTa HaM Ka)KeTCSI 

neynoaneTBOP~TenbHoii: a) oTcyTCTBHe KonneKTIIBHbIX aos6y)K/leHnii nepoTa

uuoHHoro THila; 6) KOHe'IHOCTb pOT8IlUOHHOH IIOnOCbI; B) /lnSI /l8HHOrO ( A/l) 

MynhTnrrneTa SU 
3 

ypoBHU C 0/lUHaKOBb!MH 3HaqeHHSIMU rronaoro MOMeHTa 

/lOn)KHbl HMeTh 0/lHY II TY )Ke 8HeprII!O, 'ITO ne cornacyeTCSI C 8KCIIepuMeH-

TanhHOll CUTyauueii; r) KOHCT8HTbl X , Bbl'IHCneHHbJe II3 OTHOCUTenbHOro 

rrono)KeHHSI MynbTUIIneToB cymeCTBeHHO pa3nU'I8lOTCSI. Bo3MO)KHO, 'ITO rrono

)KeHue B nayx nocnennux rryHKTax MO)KeT 6bITh 'IaCTU'IHO ucrrpaaneao 

B paMKax SU 
3 

• l1MeHHo, B rrpaay10 qacTh ( 3) no6aauM one pa Top, 

KOMMyTHpy10mnii C orrepaTopaMH yrnoaoro MOMeHTa II C/lBHra10muii poTallHOH

Hbie rronOCKH npyr OTHOCHTenhHO npyra: 

2 2 3 
Q _2 Q l + Q_ l Q 2 - 2 Q_ 2 Q O Q 2 + 2 Q_ 1 Q O Q l + 2 Q O + 

(8) 

+3(Q_1T1 +T-:-1 QI )-3Qo To -SQo 

B 9TOM cnyqae, 6asucHb1e BeKTOpbI 'rrpencTaBneHUSI SU 3 rrpu <finKcupoBaH-
➔ 

Hb!X (>.µ) pasnnqaIOTCSI co6CTBeHHb!MU 3JiaqeHUSIMH onepaTopoB T 2 

8 

. •'· 

T
O 

u orre paTopa ( 8); npouenypa nmi Bb1qucneHUSI co6cTBeHHbIX qiyHKUuii 
' /5/ 

orrepaTopa ( 8) naHa B • ilnSI annuoTOBCKUX Q µ co6CTBeHHbie 3H8'IeHUSI 

( 8) paBHbI: 

1 -
-Clf(f+l). 
3 

C npyroii cTopoHbI 1 HeB03MO)KHO rronyquTb 6ecKoneqny10 p0Tauucinny10 rronocy 

B paMK8X KOMIIaKTHbIX rpyrrrr. 

5. <PopManbHblll rryTb rrony•ieHUSI 6ecKoHe'IHOll poTaUHOHHOH rronOCbl 

COCTOUT B TOM, 'IT06b! 3aMeHHTb BXO/lSimHe B ( 3) UHCPHHHTe3HManbHbie reae-:-

paTOpbl SU 
3 

reuepaTopaMU HeKOMIIaKTHOll rpyIIIIbI, HaIIpUMep, reue-

paTopaMH SU(2, 1) • B 8TOM cnyqae rrpu penyKuuu SU 3 ➔ R 3 ecTecT-

BeHHb!M o6pasoM B03HHK8!0T 6ecKoHe'IHbie pOT8UUOHHbie rronOCbI. M bl 38UHTef 

COB8Hbl, 0/lH8KO, B TOM, 'IT06b! rrpoauamrnupoBaTb CBOHCTBa CUMMeTpirn CTaH 

napTHOll pacqeTHOll Monenn
12

•
31

• IToaToMy Mb! IIpHHHMaeM nnSI KBanpyrronb

HblX onepaTopoB Q µ o6bI'IHOe orrpeneneHue: 

" Oµ = I. a+ a 
1 J 

<i IQ Ii>· 
. /l 

3necb I i > - BOnHOBbie <pyHKuuu ccpepuqecKU-cHMMeTpuquoro ocunnnSITopa; 

Q /l - COCTaBneHHbie U3 neKapTOBb!X KOOPllHH8T KOMIIOHeHTbl TeHsopa 

BToporo paara c uyneBbIM cnenoM. B TpexMepuoM cnyqae HyneaaSI KOMnoae1 

Ta Teasopa paaaa: 

Q 1 ( 2 2) 2 = - X +y - Z • 
0 2 . 

HyneBaSI KoMnoueHTa onepaTopa KBanpyrronbHoro MOMeuTa nMeeT mm: 

Q 
O 

= I. a; a J <i I Q 
O 

I j > = (1,0, 0) + (-1 , 0, 0) + 

+ ( 0; O , 2) + ( 0 , O, -2) + 2 N - 2 L. + M . · 

9 



OnepaTopbI { · a , b , c ) paBHb1: 

(1,0,0)=v'(f+l)(f+l+.m) a+(f+l,m,n) a(e,m,n) ,· 

(0,0~2) =v':(n+l)(n+2) a+(e,m,n+2)a(e,m,n), 

N = n a+ (e • m n ) a ( e . m n ) , L = e a + ( e m n ) a ( £', m, n) , 

M=ma+(emn)a(fmn),· 

+ 
( ab c) = (-a, - b, - c) 

(rronpa3yMeBaeTC51 cyMM11poBaa11e no e, m, n ). l1H)leKCbl fm D pa3nH-

qaJOT co6CTBeHHbie BeKT0pb! B 1111mrnnp11qecKo:ll: CIIC_TeMe K00pJlllHaT: 

e. 
lfmn >= V 2nn!(f+m)! 

r2 +z2 m 
r_mexp(-

2 
)Le(r 2 )Hn(z)exp(im¢). 

llnnnHnpnqecKa51 ClICTeMa KOOp/l11H8T Bb!6paHa HCKnlO'lHTenbHO H3 coo5pa
ft 

)KeHHH yno5cTBa: Q µ Bbirn51)l51T B HHX nocTaTO'lHO. npocTo, 'lT05bI MO)K-

HO 6bmO y6e)lHTbC51 B 38MKHYTO_CTH reHepnpyeMoli Q µ ' s 0 anre6pb1. 

HBHbie .Bbipa;>KeHH51 nng. ·Qµ naHbI B npnno;>KeHnn II • HeKoMnaKTHoCTb no-. 

nyqaeMoli npn 9TOM anre6pb1 cnenyeT XOT51 6b1 H3 Toro, 'ITO onepaTop 

SO , .HMe51 HeorpaHH'leHHbie co6CTBeHHbie 3HaqeHH51 ( TaK K8K OH rrpo-

nopunoHaneH ocunnn51TOpHOMy raMHnbTOHHaHy) 1 He KOMMyTnpyeT C Q µ H 

noTOMy )lOn)KeH BXO)lHTb B. TY )Ke, 'ITO H Q µ , anre6py. A HanH3 KOMMyTa-

UHOHHbIX COOTHOUieHHH { Ta,6n. 2) noK83b!BaeT, 'ITO rpynna, reHepnpyeMa51 

Q µ 's O ' H30MOpqJHa HeK0MnaKTHOH rpynne s O ( 6, 1 ). B cnyqae. JlByMep

Horo OCUHllmITOpa COOT~eTCTBYIOIIIeli HeKOMnaKTHOH rpynnoli OK83bIBaeTC51 

10 

., 

S0(3,2) {rn6n. 3, np1rno;>KeHne III ) • B o5onx CnY'Ia51X Mb! rrpnX0)lHM 

K raMHnbT0Hl!aHy, C0CTaBneHH0MY 113 TeHepaTop0B HeK0MliaKTHbIX rpyrrrr: 
' . 

H =w S - X ii; Q µ 
0 0 { 9) 

. flosTOMY. lI0CTp0lIB 5a311C C00TBeTCTBy10I11e11 HeK0MHaKTH0:ll: rpylilib! II n11a

roHan113oBaB ( 9), Mbr M0;>KeM rronyq11Th co6cTBeHHbre 3Ha<JeHII51 II • Ea3lrc 

aeK0MilaKTHOM rpyrrnbI rronyqaeTC51 113 6a311ca C0OTBeTCTBYJOIIIeii: rpyllllb! 

" 5 /6/ IT BpameHIIII MeTO/:lOM, nono Hb!M lIClI0nb30BaJIHOMY B • pll 3TOM snepre-

Tll'leCKIIM cneKTp raMllnbTOHllaHa conep)KIIT Bee yrn0Bb!e MOMeHTbI, H8'111Ha51 

/7/ 
c HeKoToporo MIIHIIManhHoro e O • PaccM0Tpen11e noBeneHII51 MaTpII'l-

HbIX sneMeHTOB onepaTopoB Q µ lIOK83bIBaeT, 'ITO np11 e >> 1 JlOMIIHIIpyeT 

nocnenHnii: qneH n cneKTp nporropunoaaneH e2
, 

6. 3aMeTIIM, 'ITO S0(6,1) KaK rpyrrna HeIIHBap11aHTHOCTII raMHnbTO-

HllaHa ( 9) non;>KHa conep;>KaTb rpynny CIIMMeTpn11 .sToro raMnnhTOHHaHa. . 
C npyroii: CTOPOHbI, rpynrra CIIMMeTplIII raMllnbTOHllaHa, on11CbIB810Uiero BII5pt 

unn o5o5meHHOii: Monenn, H30Mopqrna SU 5 
181

• flocKonhKY SU 5 HeB03-

MO)KHO BnO)KIITb B so ( 6, 1) ' TO 3aKnJOqaeM, 'ITO raMHnbTOHllaH C o5bI'lHblM 

KBanpynonbHbIM B38HMO)leMCTBHeM, HO 5e3 cnapnBaTenbHoro He conep)KlIT 

KOne6aHHM 1 OnllCbIBaeMbIX o6o5meHHOIT MonenblO. 

/9/ 
Mb! npnxonnM, T8KIIM o5pa30M, K BblBO/lY, nonyqeHHOMy panee 

c. T .Een51eBb!M COBepUieHHO HHblM rryTeM: ecnn o5menplIH51Ta51 MO)lenb C nap-

Hb!M lI KBanpynonhHb!M OCT8TO'!Hb!MH B3aHMO)leMCTBll51MH B005me conep)KHT 

BH5pamrn o5o6meHHOM MonenH, TO 9TO ecTb pe3ynbTaT KOHKypeHUHII napHOM 

n KBanpyrronhHoli cnn. l1MeeTc51, onHaKo, n KoHTpapryMeHT: B Monenn c nap, 

11 



Hb!M H KBanpyrronhHb!M B3aHM0JJ.etiCTBHSIMH, HO 6es CM9WHBaHHSI o6ono'leK 
I 10/ 

BH6panutt H9T • 

ABTOP 6naronapeH.rrpo~. B.r.Cono~beBy sa II0CT0SIHHOe BHHMaHHe 

H HHTepec K P,a6oTe, 11.H. Muxattnoay - sa o6cy*neamr. 

Ilpuno,KeHHe 

OnepaTOpbI, 0TBe'la!Oll!He 'laCT0TaM 

6q 1 3q -q 
Cr)! 1 (i)2 ' W 3 

X( Ci) ) = T -T - -- Q + 0 2 
l + - 0 

(QI+ Q_l ) + 
Ci) 

Cr) l 

+~ (Q2+Q_2) ,, 
Cr) l 

+ 
X((i) )=T (T +T ) 

2 0 1 -1 

3.q0-q2+(.r)l 

4 q I 

+ 

+ [ q 1 + ( 3 q + q ) 3 q O - q 2 + Cr) I Q 1 -Q 
0 2 ] -1 

4ql Cr) + 
2 

3q -q +Cr) Q Q 
+ [ q 2 + a 2 i I 2 :-- -'2 

4 Ci) 2 

X((i) )=T +(T +T) 
3q -q-(.r)l 

0 2 - + 
3 0 l -1 4ql 

3 q0-q2 - Cr) l 
+ [ q l + ( 3 q O + ? 2) 4 q I 

+[q + 
2 

3q0-q2-(.r)l] 

4 

··"' 

O2-Q-2 

Cu 3 

Q l-Q_l 

Ci) 3 

12 

+ 

paBHbI: 

I 
I 

i 
~-, 
,f 

·, 
;; 

l 
i 
i 
! 
.I 

I(~ :~-
:t 
r 
i! 
I 

HyneiBoti qacT0Te 0TBe'lalOT onepaT0pbl, HM9l0ll!He BHll: 

II O Q O + 11 1 ( Q l + Q_ 1 ) + 11 2 ( Q 2 + Q :-2 ) ' 

I1pH'19M non,KHQ Bb!Il0nHSITbCSI C0OTHOW9HH9 

11 0 q l = 11 1 ( 3 q O - qJ + 2 II 2 q 1 • 

Ilpuno)IWHHe II 

Q O =(1,0, 0) + (-1, 0,0) + ( o;o, 2) + (0,0, -2) + 2N-2 L+ M, 

- - -
Q l = (0,1,1) + (0,1,-1) -(-1,1,1) -(-1,1,-1), 

Q2 =(0,2,0)+(-2,2,0)-2(~1,2,0), 
. . . -

Q: = Q_µ , [ Q µ. , Q II l = 0 , [ T + , Q O l = 3 Q 1 , 

[T_,Q1]=Qo ,,[To,Qo]=0, [T+,Q2 ]=0, 

[ T_, Q_2 ] = 0 , ' [ T + , Q 1 l = Q 2 , [ T - , Q 2 ] = 2 Q I 

T+ = (0,1,-1) + (-1, 1,-1), 

T_ = ( Di--1, l) + ( 1,-1, -1). 
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OrrepaT0pbI ( a, ,b , ·C ) , _BX0/lHIUHe B Q± 1 , Q± 2 , paBHhI: 

(0,1,-i) =v'n(f+m+l-) a+( e ,m+l, n-1) a(fmn), 

- + -
(1,-1,-l)=yn(f+l) a (e+ 1,m-1,n-l)a(fmn), 

(1, -2, 0 ) = v (f +1) (e +m) a+ ( e + 1 , m -2, n) a (f mn) , 

- ~-- + 
(0,1,1) =v'(f+l}{e+m+l)a (f,m+l,n+l)a(fmn), 

+ (1,-1,l)=v'(f+l)(n+l) a (f+l,m-1,n+l)a(emn), 

' - + 
(2,-2,,0) =v'(f+l)(f+2)a (f+2,m-2,n)a(fmn), 

(0,2,0) =v<f+m+l)(e+m+2)a+(e, m+2,n)a(f,mn). 

OrrepaTop S O HMeeT mrn: 

- + 
S

0 
=I(Zf+m+n+ l)a (fmn)a(fmn). 

OrrepaTOpbI L,M, N, ( a, b, c) reHepHpy10T HeKoMrraKTHYJO rpyrrrry SO ( 6, 1) 

(Ta6n. 2). 

TTpHno)KeHIIe III 

OrrepaTop S 0 
paBeH: 

S
0 

= ( e + 1- M) a+ (em) a (f m) 
2 ' 

( 3.1) 

OrrepaTop KBanpyrronhHoro M0MeHTa l!MeeT nBe K0MIT0HeHTbl: 
+ ;__ + -

Q =A + A - -12 T , Q = A + A - -12 T l I 2 V + · -1 l 2 V · -

14 

3necb MhI non0)KHnH: 

+ 1 - + 
· Al =z,J(f+m.+l)(f+m+2).a (e,m+2)a(fm), 

+ 1 ' + 
A =-,J f(f-1) a (f-2,m+2) a(f, m),, 

2 2 

T + ="' v: + 2 ( e + m + i) a+ (e- i, m+ 2) a ( e, m ) , 

++ + ·+ + 
A1 =(Ai)_,,A 2 :e(A 2 ), T_,,,(T+) 

( 3._2) 

llnH nony•WHHH 3aMKHyToii anre6pb1 onepaTopb1 ( 3.1), ( 3.2) cnenyeT norronHHTb 

cneny10IUHMH: 

-

T O = + m a + ( e m ) .a ( e m ) , 

( 3.3) 

A =v-1- f(f+m)a+(e-1,m)a(fm), 
0 2 

+ + 
Ao=(Ao). 

3nech (f m) 

Topa: 

Knaccll¢HUllpy10T co6CTB8HHbl8 ¢yHKUllll /lByMepHoro 0CUHnnH-

f I 1 m 
lfm>=v: . exp(--p2)pmLe(p2)exp(imp) 

(f+m)I 2 . , 

OrrepaTopbI (3.1) - (3.3) reHepHpy10T HeK~MrraKTHy10 rpynrry S0(3,2) 
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