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1. B B e A e H H e 

8 nocne~Hee BpeMR npHBneKaeT K Ce6e BHHM8HHe TeOpHR 6eCKOH9'IHO

KOMnOH9HTHbiX ( 6,K,) nonell. /l,2 /, 3TO TeOpHR O~HOBpeMeHHO OmiCbiB89T 'l8C

THUbl C npOH3BOnbHbiM UenhiM HnH nonyuenbiM CnHHOM, O~H8KO OH8 He nameHa 

He~ocTaTKOB, HanpnMep, Kor~a MaccoBhifi cneKTP RBnReTc£ He nonHOCTbiO 
/3 4 5/ 

BbipmK~eHHhiM, HapymaeTCR ycnosne noKanhHOCTH ' ' • CosMeCTHoe ona-

caaae 'I8CTHU C pa3HbiMH CnHH8MH MO>KHO ocymeCTBHTb H nocpe·ncTBOM KOHe'I

HO-KOMnOHeHTHbiX (K,K) nonefi, l13-38 TOI"'01 'ITO 9TH non£ npeo6pa3yiOTCSI 

no aeyHHTapHbiM npencTasneHHs:tM I"'pynnhi SL ( 2, C )161 , coOTBeTCTBYIOIIIHe nHHa

MH'IeCKHe nepeMeHHbi9 1 T8KH9 K8K OnepaTOp 9H9pl"'HH, 38p~a H T,n. He HMe

IOT npaBHnbHOI"O cneKTpa, To >Ke C8MOe OTHOCHTCSI H K 6eCKOHe'IHO· KOMnOH9HTHbiM 

nonRM, KOTophie npeo6paayroTcs:t no HeyHHTapHbiM npe~cTasneHHs:tM rpynnhi 

SL(2,C) , B Tex cny'Ias:tx, Kor~a HMeeM ~eno . c KoKo nons:tMH, nyTeM Ha-

no>KeHHs:t ~ononHHTenbHbiX ycnOBHll (~.y) OT6paCbiB8lOTCSI HH3111He CnHHOBbie 

COCTOSIHHSI, 'ITO rapaHTHpyeT npaBHnbHblll cneKTp ~HH8MH'I9CKHX nep9M9HHbiX, 

KoHe'IHO-KOMllOHeHTHhie Teopnn 6ea Hano>KeHHs:t ~.y. o6cy>K~anacb B 

/4,5/, I"'~e 6bmo noKaaaao, 'ITO oHH s:tBns:tiOTCs:t noKanbHhiMH. B 111 nocTpoeH 

nal"'paH>KeB ljlopManH3M ~ns:t TeHaopHbiX nonefi 6ea ~.y. 

B HacTos:tmefi pa6oTe Mbi nocTpoHnH narpaH>KeB ljlopManH3M nonefi nony

uenoro cnHHa KaK ~ns:t ·K.K. nonefi, TaK H ~ns:t 6.K, nonefi (KoTophie npeo6-

paa yiOTCs:t no aeyHHTapHbiM npe~cTasneHHs:tM l"'pynnhi SL(2, C) ) 6ea oT6pachi

BaHHR CnHHOB, l13 a·TOI"'O lj!OpManH3M8 cnenyeT, 'ITO ~HH8MH'I9CKHe nepeMeH

Hbie HM9lOT npaBHnbHblll cneKTp, Mbl CTpOHM 9TOT ljlopManH3M T8KHM o6pa-

30M, 'ITO O~HOBpeMeHHO paCCMaTpHB89M, KaK K,K, nons:t, TaK H 6,K, 
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Kax n: B pa6oTe 
111 , a.necb Mbi cymecTBeHHo n:cnonbayeM onepaTOpbi 

npoeKTHpOB8HHHHa COCTOHHHH onpe.neneHHOI'O cnn:Ha S • npn: noMOIUH 9THX 

onepaTopoB none 'I'( x) paanaraeTcH. Ha nong onpe.neneHHoro cnHHa 'I' 
5

( x). 

3TH nong '1'
5
(x) npeo6paayiOTCH no HenpHBOltHMbiM npe.ncTaBneHHHM (m.,,s) 

rpynnbi nyaHKape, r.ne m ., -Macca nom1 'I' 
5 

( x) • Macchi m s MO)I{HO Bbi6-

paTh npon:aBonbHbiM o6paaoM. B cnyqae K.K. noneft TeopHH HBnHeTCSI noKanb

HOii He3aBHCHMO OT Bbi60pa MaCCOBOI'O cneKTpa • B 9TOM COCTOHT ee OT

nH'IHe OT 6eCKOHe'IHO-KOMnOHeHTHbiX TeopHft, r.ne, cornaCHO ! 3!, nong C MaC

COBbiMH cneKTp8MH HBnSIIOTCH HenoxanbHblMH / 4 ,5 / • 

CBo60ltHblft narp8H)I{H8H Bbi6RpaeM B BRAe CYMMbl CB060l{HbiX narpaH)I{H8-

HOB .nng noneft 'I' 
5 

(x) C nOltXOltHIUHM Bbi6paHHbiM 3H8KOM0 npn: 9TOM pac

CMaTpHBaiOTCH TOnbKO TaKn:e. narpaH)I{H8Hbl1 KOTOpbie npHBOltSIT K ypaBHeHHSIM 

nepBOI'O nopSIAKa • narpaH)I{H8H 51BnSJeTC51 HenoxanbHbiM OTHOCHTenbHO nong 

'I'( x) n:a-aa HenoxanbHOCTH onepaTOpbi npoeKTn:poBaHHH. 

B §2 o6cy)l{.naiOTC51 cnHHOPHbie nonSJ H npoexuHoHHbie onepaTopbi 

B §3 o6cy)l{.na16Tc51 ypaBHeHn:H nepBoro nopMKa JlnH nonH 'I'., ( x) , HH-

BapHaHTHbie OTHOCHTenbHO rpynnbi nyaHKape. npn: 9TOM M8CC0Bblft cneKTp 

MO)I{HO 38Knal{biB8Tb npOH3BOnbHbiM o6pa30Mo 

B §4 CTPOHTCSI narpaH)I{eB 4JopManH3M. npH 9TOM onepaTOp SHeprHii 

HMeeT npaBHnbHbifi cneKTp. nony'leHbi KOMMyTaUHOHHbie COOTHOIIIeHHSI lln51 no

neil; 0HH COrnacyiOTCSI C peaynbT8T8MH pa60T 
14 •51 • nn51 K.K. noneft ljJOpMa

nH3M OKa3b!B89TCH K8HOHH'leCKHM. nony'leHbl ypaBHeHUH ltBU)I{eHHSI B reft3eH-

6eprOBCKOfi· ljlopMe. 

J1, H8KOHeU1 B §5 06Cy)l{l{8IOTCH B38HMOJlefiCTBU51 non 51 qt (x) C TeH30p-

Hb!MH non51MH C llpHMOfi CBH3biOo 06Cy)KJl8IOTC51 B03MO)I{Hb!e TeH30pHble Benu

'IHHbl1 KOTOpbie nony'laiOTCSI H3 non51 'l'( X) • naH 06IIIUfi BHlt 4JyHKUUH pac

npocTpaHeHHH nong 'l'( X). nn51 B3aHMOAeiiCTBYIOIUUX K.K. noneft 'l'( X) npo

BepeHa noKanbH851 KOMMYT8THBHOCTb C TO'IHOCTbiO llO qneHOB BTOporo nopM

Ka no KOHCT8HTe B38HMOJlefiCTBH51. 
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2. CnHHOpHhie npe.ncTaaneHHH rpynnhi SL 
H onepaTOpbl npoeKTHpOB8HHH Ha COCTOHHHH C 

Mbx orpaHH'IHMCH paccMOTpeHHeM TonbKO noneft nonyu• 

neTBOp5IIOIUHX ypaBHeHHSIM nepBoro nopsmxa. KpoMe Taro 

TeOpHSI 51Bn51nacb HHBapHaHTHOH OTHOCHTenbHO npOCTpaHCTE 

B STOM cny'lae none .non)I{HO npeo6paaoBbiBaTbC51 no npsn11 

BOAHMbiX npe.ncTaaneHHH rpyniibi SL(2,C) 161, T.e. no Hei 

CTaBneHHIO nonHOH rpynnbl nopeHUa 

r (Dr', 

r.ne -T = ( 1/2, f 1l 

H 

T ( -1/2, f I ]. 

nng o603Ha'leHH51 HenpHBOltHMbiX npe.nCTaBneHHH rpynnhl SI 
MeHHTb. o6oaHa'leHHH fenb4JaH.na !61. 

nng KOHe'IHOMepHbiX npe.ncTaBneHHH SL(2' C) MO)I{HO 

H 0 ~0 • npH: n = 0 npeJlCTaBneHUe (2.1) COBna.naeT C Ol 

CKHMH CnUHOp8MH. 

HaM Ka)l{eTCSI y.no6Hee peanHaoBaTb 9TH npe.ncTaBneH~ 

po.nHoii ljlyHKUHH ig;. nocpe.nCTBOM 9TOI'O 6a3HCa HaM YJ. 

ellHHbiM o6pa3oM KaK K.K. TeopHIO, TaK 6.x. TeopHIO. B 9T< 

paHCTBO npe.ncTaBneHHii Dr , r= [ f
0 
,f ) · peanHayeT< 

WHKUHSIX KOMnnexcHoro fi. (2,C) cnHHopa (z
1
,z

2
). 

VI -V2 
¢ ( AZ ">..z 2 )= A A ¢ ( z 

1 
, z

2 
) , 

I'lle CTeneHH OltHOPOltHOCTH v
1 
,f 

1
+£

0
-1 H v

2 
.,f lf 

0
-1 

lt8 HMeeM .neno C KOHe'IHOMepHblMH npeltCTaBneHHSIMH I'p 

Mbi paccMaTpHBaeM no.nnpocTpaHCTBa E r npocTpaHCTBa 

COCTOSIT H3 OltHOpOltHbiX nonHHOMOB, CTeneHU OltHOpOltHOCTH 
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Icnonb3yeM onepaTopbi 

• TipH noMOntH STHX 

eneHHOI"O emma 'I' 5 ( x). 

npeACTaaneHHSIM ( m", s) 

aCCbl m 5 MO>KHO Bbi6-

opHSI SIBnSieTCSI noKanb-

1 9TOM COCTOHT ee OT-

18CHO 131 , nonSI c Mac-

CB060AHbiX narpaH>Klla

HaKOM. TipH 9TOM paC

IpllBOASIT K ypaBHeHllSIM 

biM OTHOCllTenbHO nonSI 

HllSI. 

moHHbie onepaTopbi 

AnSI nonSI 'I'" ( x) , HH

'TOM MaCCOBbi:li cneKTp 

TOM onepaTop aHeprn:li 

e COOTHOWeHllSI AnSI no

.[lnSI K.K. none:li !flopMa

HSI ABH>KeHllSI B re:li3eH-

nonSI 'I' (x) C TeH30p-

>>KHbie TeH30pHbie aenll-

5mn:li BHA !flYHKUllH pac

t.K. ~one:li 'l'(x) npo-

~neHOB BToporo nopSIA-

, '1 .. 

. l 

I 
I 

1 
1'--- l 

1 ·; 

I 
' 

1 

I 

2. CnHHOpHhie npe.ncTasneHHSI rpynnhi SL(2 , C) 
H onepaTOpbi npoeKTHpOB8HHSI H8 COCTOSIHHSI CnHH8 8 

Mbi orpaHH'IHMCH paccMoTpeHHeM 'I'OnhKO none:li nonyuenoro cnnHa, yAOB

neTaopHIOntHX ypasHeHHHM nepsoro nopsmKa. KpoMe Toro noTpe6yeM, 'IT06hr 

Teop.HH HBnHnaCb HHBapHaH'I'HO:li OTHOCH'I'enhHO npOCTpaHCTBeHHb!X O'I'pa>KeHHfi. 

- B aToM cnyqae none .nomKHo npeo6pa30BbiBa'I'bCH no npHMofi cyMMe Henpn-

BOAHMbiX npeACTasneHHfi rpynilbi SL(2,C) /6/, T.e. no HenpHBOAHMOMY npeA-

cTaaneHHIO nonHOH rpynnhl nopeHUa 

r ~ r ', 

r.ne -r= [1/2, r,l 
H 

r ' .. [ -1/2, £ l. 
I 

(2.1) 

.llnH o6oaHa'leHHH HenpHBOAHMbiX npe,ncTaaneHH:li rpynnbi SL(2. C) 6y,neM npn

MeHH'I'b- o6oaHa'leHHH fenh!flaHAa 161• 

.llnH KOHe'IHOMepHbiX npeACTaaneHHii: SL(2, C) MO>KHO nono>KUTb f 1•n+3/2 

H n >...0 • TipH n = 0 npeACTaaneHlle (2.1) coanaAaeT c o6bi'IHbiMH. AHpaKoB-

CKHMH CnHHOpaMH. 

HaM Ka>KeTCH YA06Hee peannaoaaTb 9TH npeAcTaaneHHH a 6aance o.nHo

po.nHo:li ~YHKUHH /OI. Tiocpe,nCTBOM STOI"O 6a3HC8 H8M y,naeTCH nocTpOHTb 

e.nHHbiM o6paaoM KaK K.K. Teopnro, TaK 6.K. Teopnro. B aTOM 6aance npocT

paHCTBO npeACTaaneHHH Dr , r= [ f 0 ,f ) peannayeTcH Ha o.nHopo,nHbiX 

WHKUHHX KoMnneKcHoro SL ( 2, C) cnnHopa ( z "z 2). 

(2.2) 

• ·B cnyqae, Kor-

.na HMeeM .neno c KOHe'IHOMepHbiMH npe.ncTaaneHHHMH rpynnhi SL(2, C) 

Mbl paccMaTpnaaeM no.nnpocTpaHCTBa E r npocTpaHCTBa Dr , KOTOpbie 

COCTOHT H3 OAHOpO.[{HbiX nonHHOMOB, CTeneHH OAHOpOAHOCTH 11
1 

, 112 • 
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I. 

.[lsyXKOMITOHeHTHbie naynHeBCKHe CITHHOpbi cp (x) H X(X) B STOM 6a3HCe 

npellCTaBnnroTCR KaK 

r.ne 

2 

¢(x,z)= ~ q,a (x)z 
a:t a 

2 'b ~ 
x(x,Z)= ~ X ( z., •. • r, c 

( =10 
2 

b,c=:t 

( 0 1). 
-1 0 . 

(2..3) 

Yllo6Ho npellCTaBHTb cnHHOpbi ¢ 
npellCTaaneHHRM T H r' KaK OAHH 

u X 1 KOTOpbre npeo6paayroTcn no 

6H -CITHHOp, 

(

¢(x,z)) 

'P(x,z)= x(x,z) . (2.4) 

npH npeo6pa30BaHHH H3 rpynnbi SL(2,C) 'P(x,z) npeo6paayeTcn KaK. 

[V(A)'P](x,z) ='P(x,zA), ·(2.5) 

I'lle V( A) - npe/lCTaaneHHe rpynnhr SL(2, C) 1 a A - KOMnneKcHan MaT

pHua BToporo nopnllKa c orrpe!lenHTeneM- 1 1 canaaHHan c rrpeo6paaosaHHRMH 

flopeHua cnellyromnM o6paaoM: 

All av = A all A *. 
·v 

OnepaTop npocTpaHCTBeHHOI'O OTpameHHn MomHo npellCTaBHTb KaK /1/ 

v(l. l = (o;, ) : (l. )· 
(2.6) 

6 

j 

: 

I'lle 

O(I )=expl i ..!.(zE_,_a_+ Z'c _a_)l. 
" ·2 az az 

nocKonhKY STH npellCTasneHun nannroTcn HeyHHTapHbiM 
!91 . 

cymecTayeT CKannpHoe npouaselleHHe , Ho Ann npellCTasnE 

-meCTByeT HHBapHaHTHan 6HnHHeHHan SpMHTOBan ¢opMa: 

I'P(x), 'P(x) I= f 'P*(x, z 1;z 2 )G(zl>z 2 ,w ~>"" 
2
)'P(x ,wl'w

2
)d 2 z

1
d 2 z

2
1 

3!lecb 

( 
[r'r) 

G(•,,,;w,,•,)= g:'l : (C=•'), 

Llnn KOHe'IHOMepHbiX npe/lCTaBneHHH g MOlliHO npe/lCT8BHTb 
V V k+m ( T,T] } l.-,2 (-1) 

g = ---- ~ ------~-------------- X 
v !v ! k,m=<> k! (v -k)! m! ( v -m)! 

1 2 I 2 

(k,m) (V -k ,v -m) 

xo (z
1
,z 1)o 1 2 

(z 2 ,z
2

)x 

(V
1
-k,V:f'm) _ (k,m) _ 

X o· (w , W ) 0 ( W , W ), 
I I 2 2 

31l9Cb 
(k,m) d k d m 

o (x,y)=--o(x)-o(y). 
ax k aym 

Llnn 6eCKOHe'IHOMepHbiX npellCTaaneHIIH HM9e'M
1 

cornaCHO /9/
1 

[r, r] i 2 

g ~(-) 
2 

-E~-} 
(zlw z-ZzWr) (

z w· -f +_I 
I 2-z \V · I T 

2 I 

KaK nerKo MOlliHo npoaepHTb 1 ¢opMa (2. 7) Jlnsr JlupaKOBCKc 
'P(x,z) llaeT: 
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fl X(X) B 9TOM 6a3HC9 

(2..3) 

pbie npeo6pa3yiOTCSI no 

(2.4) 

npeo6pa3yeTcSI KaK. 

(2.5) 

A - KOMnneKCHaSI MaT

HaS! C npeo6pa30B8HHSIMH 

0 npeACTaBHTh KaK /1/ 

(2.6) 

I 
j 

.. i 

1 

. I 
. i. 

'! 
i 

·l 

I 
'j 
l 
j 

j 

I 
-T 

. r 
'1. 
'1 

I 
' ' j. 
l 
j 

l 
' 

rAe 

8(1 s) "'exp I i ~(zf -t _a_+ z'c _a_) 1. 
·2 az az 

TIOCKOllhKY 9TH npeACTaBlleHHSl SIBliSIIOTCSl HeyHHTapHbiMH 1 JlliSl HHX .He 

!91 
cymecTsyeT CKaliSipHoe npoH3BeAeHHe , HO JlliSI npencTaaneHHSI r@r' cy-

. meCTByeT HHBapHaHTHaSI· 6H1IHHefiHaSI 9pMHTOBaSI <jlopMa: 

( 

0 g [T'r]) 

[Tr '] 
g 0 

(r=r'). G ( zl'z 
2 

; w 
1 

, w 
2

) = 

/10/ 
.UnSI KOHe'LJ:HOMepHbiX npeACT8Bll9HHH g MOmHO npeJlCTaBHTh B BHJle 

g [ r,r] = _1 _ v ~2 ( -1) k+m 
X 

v !v !k,m=<> k!(v -k)!m!(v -m)! 
1 2 I 2 

(2.8) 

3A9Ch 
(k,m) d k d m 

8 (x,y)=--8(x)-8(y). ax k aym 

.UnSI 6eCKOHe'LJ:HOMepHbiX npeACTaBlleHHH HMeeM, COI'118CHO /9/ 1 

[r, r] · 2 

g =(..!.) 
2 (2.9) 

KaK nerKo MomHo nponepHTh, <jlopMa (2. 7) JlliSI nnpaKOBCKoro . CllHHopa 

W(x,z) AaeT: 
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;r 

! 

1'1'(~ x(x)l==¢"(x) x.(~+xa(x)¢ (x). 
" a 

.LlnSI npe.QCTaBneHJifi (2,1) CyiUeCTBYIOT onepaTOpbl rJ1 
) 

cne.oyiOIUIIMH TpaHc¢opMaUJIOHHbiMH CBOiiCTBaMJI I 1,6 I; 

V(A)rP. v- 1
(Z)= A I(A)P.v r~ 

-I 
v (I .. > rP. v (I .. ) =gPP.rP.. 

, o6na.oaromJie 

(2.10) 

. 11 I 
B 6aauce O.QHOPO.OHbiX lPYHKUJiii onepaTOpbl r p. MO)I{HO npe.oCTBBIITb KaK 

(

0 

rP. = 

- - I P. a 
Z£ a C!Z 

g"fl. z Up. ( _!_) a:z 

0 
(2 .11) 

nocpe.QCTBOM 3TJIX onepaTOpOB MO)I{HO llOCTpOIITb IIHBapJiaHTHOe ypaBH9HJie 

nepBoro nopSI.LlKa 
161 

(i rP. aP. - K ) 'P ( x ; z) .. o. 

(2.12) 

B cnyqae, Kor.oa n == 0 , ypaBHeHJie ( 12.12) coBna.oaeT c ypaBHeHJieM .LlH':"' 

paKa. 

npe.QCTaBneHJISI rpyTITibl nyaHKape, B KOTOpble Henp!IBO.QHMbl9 npe.OCTaB

neHJISI r Ef)r' BXO.OSIT KaK npe.ocTaBneHJISI ee no.orpynnbi SL ( 2, C) , SIBnSI

IOTCSI B006IUe llpJIBO.QIIMbiMII. 0HJI paanaraiOTCSI Ha npe.QCTaBneHJISI CO CTIIIHOM 

S.;, 1/2,3/2 ••• 0 + 1/2 1 KOI'llB r KOH9'!HOM9pH09 H S= 1/2, 3/2 , .. 
Kor-.oa r - 6ecKoHe"'HOMepHoe npe.ocTaBne,HHe. Paano)l{eHJie aTor-o npe.ocTaB

neHJISI Ha H9llp!IBO.OHMbl9 npe.QCTaBneHIISI rpyllllbl nyaHKape MO)I{HO BbinOnHIITb 

npn TIOMOIUII npOeKUIIOHHbiX onepaTOpOB Ha COCTOSIHHSI CO CllHHOM S 

a . 
'P (X; z) == I n (-a ;, ; z ) 'P ( X) I (s = l/2, 3/2 ..... 

s 8 xr 
(2.13) 

8 

3.oecb 03H8"18IOT 3pMIITOBYIO ¢opMy (2.7) II 

a n (-;z,w)= 
s axiL 

0 

[r 'r'] (L; z,w) 
K p.. 

ax 

[ rT '] 

K 
s 

0 

<_a_. 
a xll ' z ' 

HBHbili BJI.O onepaTopoB K., · 6bm nonyqea B pa6oTe 141 .onSJ 

HenpJIBO.OJIMoro npe.ocTaB~eHJISI rpynnbi SL (2,C). Er-o Mbi n 

nmKeliJIJI, 

np!I npeo6pa30B8HIIH JI3 rpynnbi nyaHKape onepaTOpb 

npeo6pa3yiOTCSI KBK 

-1 

U (a , A) 'I'" ( x ; z ) U (a, A)= 'P., (A X+ a; z A) . 

3. YpaaHeHHSI IWSI "laCTHUbi orrpeneneHHoro en 

YpaBHeHJie (2.12) MO)I{HO aaMeHJITb lla CJICTeMy ypaBH 

(irP.a -K )'P (x·z)=O<s=-1-+ .. ·>· 
p. " s ' 2 

3necb K 5 -peanbHBSI KOHCT8HTa, HM9101U8SI pa3M9pHOCTb Ol 

8TH ypaBH9HIISI SIBnSIIOTCSI HliBapHBHTHblMH OTHOCHTenbHO rp~ 

MacCOBbifi cneKTp, COOTB9TCTBYIOIUHii CHCTeMe ( 3,1 ) 0 HM99T 

m = 
" 

K s 

s + ..L 
2 

Ecnu K,. c BoapacTaeT 6hiCTpee, "'eM nuueiiHo, TO, c 

Cne.oyeT, 'ITO MaCChi "18CTI!U paCTYT BMeCTe C pOCTOM CllHHl 
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)¢ (x) • .. 
~Opbl fp 

3/. 
, o6nallaronme 

(2,10) 

. /1 I 
<HO rrpellCT8BHTb K8K 

{2,11) 

rHBapHaHTHOe ypaBHeHHe 

(2,12) 

~JlaeT C ypaBHeHHeM nH-

HerrpHBOilHMbie rrpellCTaB

•pyrriTbl SLl2, C) , HBn.H

pellcTaBneHI:IH CO CITHHOM 

1epHoe II s = 1/2, 3/2, .. 
lO)KeHHe 9TOI'O rrpellCTaB

lHKape MO)KHO Bb!ITOJIHHTb 

lH CO CITHHOM S 

lz, 3/2, .. . . l 
(2,13) 

~ 

j' 

I 
I 

' I 
'! 

l. 

03H8'I8IOT 9pMHTOBYIO ¢opMy (2,7) 1:1 

a 
n. ( --; z , w) = 

axfl 

0 

[ r 'r'] 
K (-4,; z,w) 

axr· 

[rr '] a 
K (-,;z,w) 

~ axr 

0 

(2,14) 

.HBHbiit BHil onepaTopoB K,. · 6bin rrony'IeH B pa6oTe /4/ llJISI npoH3BOJibHOI'O 

HerrpHBOilHMOI'O npellCTaB~eHHSI rpynnbi SL (2,C). Ero Mbl rrpHBOilHM B npi:I

Jl0)K9HliH. 

npH npeo6pa30BaHlm H3 rpyrrrrbi nyaHKape onepaTOpbl ITOJISI lp"' ( x; Z) 

npeo6paayroTCSI KaK 

-I 

U (a , A) lJI,. ( x ; z ) U (a, A)= 1JI" ( A X+ a; z A) • (2,15) 

3. YpasHeHHSI nnSI qacTHUhi orrpeneneHHOI'O CIIHHa 

YpaBHeHHe (2,12) MO)KHO 3aMeHHTb Ha CHCTeMy ypaBHeHHii 

(ifiLa -K )'P (x·z)=O<s'=_-1-+ .. ·l· 
1L • • ' 2 

(3.1). 

3JleCb K,. -peaJibHSSI KOHCT8HT8 1 HMeiOII!SSI paaMep!IOCTb o6paTHOii llJllillbl, 

3TH ypaB!Ie!IHSI SIBJISIIOTCSI H!IBapHaHT!IblMH OTIIOCHTeJibHO rpynrrbl nya!IKape. 

MacCOBbiii cneKTp, COOTB9TCTBYIOII!Hfi CHCTeMe ( 3,1) 1 HMeeT Bl:lll: 

K" 

s + ..L 
2 

(3,2) 

EcnH K, c BoapacTaeT 6bJCTpee, 'IeM JIH!IefiHo, TO, cor nacHo (3,2), 

CJieJlyeT, 'ITO MaCCb! 'I8CTI!U paCTyT BMeCTe C pOCTOM CITH!Ia, 

9 



PeweHHR ypasaeanft (3.1) MO~Ho npeacTaBHTb B snae paano~eanft no 

onepaTopaM po~aeang H yHn'ITO~eHHR 

1 d3 m s 8 -lpx lpx 
'l',.(x; z)= -=-f-P_. __ }.;(a .fp)e u .fp;z)+h*,..(p)e v ,..(p;z)). (3,3) 

.I 3 pO . 'i( '=-s s(,' s(,' "<:. "<:. y(2l1) . V"s 

3aecb 
0 (s) (s) . 1 2 -.. 2 

P .. w-.. ,w-.. =vm +p 
p p s 

'ITO COOTBeTCTByeT TOMy, 'ITO ypaBHeHHR 

2 2 
{3,1) HM610T HeHyneBble peweHHR TOnbKO TOI'aa, KOI'aa rn,. =p /6/, H 

U 
8

' (p-+; z) V 
8 
~p; z) RBnRIOTCR HOpMHpOB8HHblMH peweHHRMH ypaBHeHHR 

(3.1) c nono~nTenbaoft n oTpnuaTenhHOfi saeprnefi, KOTopbre oaaospeMeaao 

RBnRIOTCR C06CTBeHHblMH ~yHKUHRMH onepaTopa CIIHHa H ei'O TpeTbefi IIpOeK

uneft C C06CTB6HHblMH 3Ha'leHHRMH S H ' (pacCMaTpHBaeM TOnbKO pe-
2 

WeHHR ypaBHeHHR (3,1) C p > 0 ) , ,Ung 9THX CIIHHOpOB HCIIOnh3yeM HOpMH-

pOBKY /l/ 

I "--0 ) :'\ o· _. 2 
lu,.6p')r u .. c<"P l=lv .. ,(p,r v .. c<P>I =(-1) . 8 "' 

(io) 
W ... · K p s 

m2 

" 
{3,4) 

,Ung onepaTOpOB a s( H b s( llpHHHMaeM 06bi'IHbl6 aHTHKOMMyTaUHOHHble 

COOTHOWeHHR 

[ 
-+ ... [ -+ ... ] ·(s) ... -+ 

a,.,(p),a.,,C(q)]+= h,((p),b,.,,,(q) +=wit. 8 ss'8 "' 8(p-q). (3,5) 

OcTanhHbie paBHbt 0. HMeR B snay ycnosne nonHOTbi orrepaTopoB npoeK-

THpOBaHHR 1 rrony'laeM: 

'l'(x; z)= }.; 'l' (x;z). 
s=l/2 8 

(3,6) 

10 

I 

.I 

I 
.1( 

l 

l 
~ 

~t 

4. flarpaHJKee 4JopMami3M cBo6oJtHoro non 

narpaH~HaH, H3 KOTOpOI'O rrony'laiOTCR ypaBHeHliR (3,1) I 

cneKTp saepi'HH an£ o6cy~aaeMbiX HaMn noneft gsnReTcR nono> 

aeneHHbiM, MO~HO. Bhi6paTb B BRae: 

s-t/2 
f(x)= }.; (-1) (i: I 'I' (x)f'Jl a 'P (x)I:-K :I'P (x) 'P (x) 

""' t/2 s. Jl 8 " " " 

rae : : - 3HaK HOpManhHOI'O IIpOH3BeaeHHR, 

Bapbnpyg sToT narpaH~naH n y'IHTbiBa£ npn _aToM nonac 

HhiX orrepaTopos, nonyqaeM 

s-t/2 JL 
}.; (-1) (if' a -K )'P (x) .. O. 

e=t/2 JL 8 s . 

npnMeHRR K ypaBHeHHRM ( 4,2) onepaTOpbl llpOeKTHpo~aHHR ll s 

'ITO ll 
8 

KOMMYTHpyeT C onepaTOpOM f' ll a Jl , IIOny'laeM yt 

H cnonhayn TeopeMy H eTepa na irarpaa~naaa ( 4,1 ) rrpH 

HHR {3,1), rronyqaeM Teaaop saeprnft- nMnynbca n 4-seKTop 

JIV e-t/2 
T (x)=}.; (-1) i: I 'I' (x)f'll a fl'P (x)l: 

s=t/2 " " 

H 
ll ,._ t/2 Jl 

J (x) = e }.; (-1) : I 'l' (x) f' 'l' (x) I : 
~=1/2 " " 

Ha ( 4,3) H ( 4.4) nonyqaeM onepaTophr saeprnn-nMnynbca n 

COXpaHRIOTCR: 

pl.! 

H 

=fd 3 x T
0

Jl(x)=}.; 
s=t/2 

3 d p 8 

J.~,}~ pop JL ,:_~ a:c(p) a,( W+h.,(:(i 

P· 

d3 s 
3 0 . p ... .... .... 

Q=fd xJ .(x).,;e }.;/ f - 0- }.; {b*,.. (p)b,.. (p)-a* Jp) 
s=t6_2 (s) p (=-s 8

':. 
8

':. " {,;' 

p=CU-+ 
p 
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lpx _. 
((p)e v,.((p;z)). (3 •3 ) 

iT TOMY 1 'ITO ypas!leHHSI 

2 2 
>I"aa. m,. =P 161

1 II 

pellie!IIIS!Mii ypaBH9HIISI 

KOTOpble OaHOBpeM9HHO 

t li ei"o TpeTbefi npoeK

:MaTp~tsaeM TOnbKO pe

poB IICllOnb3yeM HOpMii-

(3.4) 

8HTHKOMMYT8UiiOHHbie 

... ... 
(p-q). (3.5) 

HOTbl onepaTOpOB npoeK-

(3.6) 

4. narpaH>Kee 4JopMami3M CB060AHOI'O IIOnSI 

nai"p8H)I{Ii8H1 1{3 KOTOpOI"O nony'laiOTCSI ypaBH9HIISI (3,}) H anSI. KOTOpOI"O 

cneKTp 9Hepi"Iili anSI o6cy*aaeMbiX HaMii nonefi SIBnSieTcSI nonO)I{RTenbHO onpe

aeneHHblM1 MO)I{HO. Bb16paTb B BRae: 

e-I/2 
f>(x)= ~(-1) (i:l'l' (x)rlla 'l' (x)I:-K :l'l' (x)'l' (x)l:), 

e = I/2 
3 fl 8 

"' s " ( 4.1) 

I"ae • • - 3!18K HOpManbHOI"O npO!i3BeaeHHSI, 

Bapb!ipySI 9TOT nai"paH*IiaH 1t y'lliTbiBaSI npu. sToM nonHOTY npoeKUiiOH

HbiX onepaTopos, nony'laeM 

(4.2) 

npliM9HSISI K ypaBH9HiiSIM ( 4.2) onepaTOpbl npoeKTHpos'aHiiSI II e I liMeS! B suny; 

'ITO II,. KOMMYTiipyeT c onepaTopoM r fl a fl I nony'laeM ypaBH9HiiSI (3.1). 

Mcnonb3YSI TeopeMy HeTepa 1i3 nai"paH)I{IiaHa (4.1) npli y'leTe ypasHe

HiiSI (3,1), nony'laeM TeH3op sHepi"Iifi -RMnynbca 1t 4-seKTop TOKa: 

pv s-t/2 
T (x)= ~ (-1) i :l'l' (x)rll all'!' (x)l: 

s=t/2 
8 15 

(4.3) 

H 

fl e-I/2 fl 
J (x) = e ~ (-1) : I 'l' (x) r 'l' (x) I : 

~~~ " s 
(4.4) 

M3 ( 4.3) li ( 4.4) nony'laeM onepaTopbi sHepi"Iili-liMnynbca 1t TOKa1 KOTOpbie 

COXpaHSIIOTCSI: 

H 3 
3 0 ..,.. d p s ... ... ... ... 

Q, f d x J .(x) ='e ~1 f - 0- ~ ( b * r (p) b r (p)-a* lp)a r (p)). 
s=I

6
_2 (s) p (,._8 "'<::. 8<:, s ~' s <:, 

p=W-+ 

(4.6) 

p 
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I . 
I i . ' 

' 

I 1 

i 

, I 

I 
I I 

~I 

ilpH 9TOM Mbl B (4,3) If (4,4) 110/lCTBBHnH paanmKeHHe (3,3), ilpH rrony<re

Hiflf ( 4,5) If ( 4,6) Mbl BOCI10nb30B8nHCb T8K)Ke ycnOBH.IIMH HOpMHpOBKH (3.4) • . 

Bnrpa)KeHHe nn.~:~ onepaTopa aHeprnii (4,5) noKaanmaeT, 'ITO ero cneKTp. 

· SIBnSieTc.II nono)KHTenbHO onpeneneHHhiM. 

l1a ( 4.3) cnenyeT, 'ITO Benn<rnHnr: 

IS -t/2 2 
11

15 
(x,z) .. i(-1) . f '1'*,. (x;w)G (w,z)d w

1 
d 2 w

2 
(4.7) 

(s ,1/2, ... ) 

MO)KHO paCCM8TpHB8Tb KaK K8HOHH'IeCKH COI1p.II)KeHHhle HMrrynbCbl K rron.IIM . 

'l':s(x;z) 

l13 ( 3,6), HCI10nb3Y.II · 8HTHKOMMyTa TOpHbie COOTHOIIIeHH.II ( 3,5), nonyqaeM 

['l'(x;z),'l'* (y,w)l. ,j 
+ 

I (-1)"'-iARs (-ia 11 ;z,w)L'\(x,y, 

u 

s-t/2 <-

[rr (x;z),'l'(y; w)] =i(-1) R r 0 L'\(x-y;ms ). 
s + s 

2 
m 

IS ( 4.8) 

(4,9) 

3necb L'\(x;ms) - o6ni'IHa.II 4JyHKUH.II llaynn-ffopnaHa nn.~:~ CKangpHoro non.~:~ 

c Maccoii IDs 
~ 0 

0603Ha'leHHe r noKa3hiBaeT, 'ITO onepaTop r 0 
neil-

CTByeT Ha nepeMeHHhie z , conep)Kaiiinec.~:~ B R:s . 

l1cnonh3Y.H peaynhTaThi 141 • nMeeM: 

i{ [r,r] 
s 

(p;z, w) (p; z w) 

R =~u ,.(p;z)u*,. (p;w)= 
s (=-s s'::,. · s':> ~ [r, r '] 

K 8 (p; z, w) 
~ [r',r'] 
K s (p;z,w) 

< 
(4.10) 

3necb 

K ,K (p 2 =m 2 
). 

s " s 

RBHhiii BH/l onepaTopoB K s naH B llpnno)KeHnn. 

12 

l1a-aa Toro, 'ITO nn.~:~ K,K, noneii B onepaTop R., BX 

Hhie TOnbKO KOHe'IHOro 110p.H/lKa, 8HTHKOMMYT8UHOHHhie COOTHI 

cst.noKanbHhiMH. 8To He TaK nn.H 6.K. noneii 14• 51 • lloncT~: 
( 4,9) X O =yO , B rrpaBOii '18CTH nonyqaeM rrpOCTpaHCTBeHHYIO 

If ee 11pOH3BO/lHbie, Koa4J4JHUHeHTbi rrepen KOTOpbiMH .HBn.HIOTC.H 

.llJI.H K,K, rroneii BCTpe'laiOTC.H 11pOH3BO/lHhie TOnbKO KOHe'IHOrc 

naCHf> /
9 /, B 9TOM cny<rae 4JopManH3M .HBn.HeTC.H K8HOHH'IeCK 

l1a {3,6) n (4.5) cne.riyeT, 'ITO none 'l'(x;z) ynoBneT 

6eprOBCKHM ypaBHeHH.II JlB!f)KeHH.II 

i[P 11 ,'l'(x;z)],i a'l'(x,z) 

axiL 

0Hn nqKaanmaroT, 'ITO onepaTop aHeprnn-nMnynbca neiicTBUT 

reHepaTOpOM rrpOCTpaHCTBeHHO-BpeMeHHbiX C/lBHrOB, 

5, BsaHMo.ne:ikTayromHe nonSI 

3necb Mbl 06Cy/lHM HeKOTOpbie B03MO)I(Hble B38HMOJleiiC' 

nonyuenoro cnnHa c TeHaopHhiMH non.HMH, nn.H KOTOpnrx coxpa 

noKanbHOii KOMMYTBTHBHOCTH, llpn 9TOM Mbl orpaHH'IHBaeMC.II 

neiicTBH.HMH rrp.HMoii CB.Han. llono6Hoe paccMoTpeHne nenanocb 

EyneM paccMaTpnBaTb narpaH)Klf8Hhi B3aHMO!leiicTBH.H 

OTHocnTenbHo rpynrrhi SL(2,C) 

IL • • • IL 
flnt(x)=fl'l'(x)O 1 2 '1'(x)!<l> (x). 

11, .. ·112 

llt ... 11 2 
3neCb f -KOHCT8HTa B38HMO/leHCTBH.H, a 0 - CUMMe 

aop, ITOCTpoeHHhiii H3 onepaTOpOB r IL • MaKCHManbHbiii r 
0 /Lt ... ·Ilk , npu KOTOpOM ero KOMDOHeHTbi .HBn.HJOTC.H He3a: 

nen.HeTc.H npencTaBneHu.HMu rpymihi SL( 2, C) • HanpnMep, nn 

rrpencTaBneHn.H k = 1 . • Mo)KHO rroKaaaTb, 'ITO MaKcuManbi 

nn.H rrpellCTaBneHU.H [1/2 ,n +3/2]9(-1/2,!1+3/2] paBHO 2n+ 1 
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))Kemie (3.3). npn nony'le

noBHSIMH HOpMHpOBKH ( 3.4) • . 

:>Ka3biBaeT, 'ITO ero cneKTp. 

d 2w2 
(4.7) 

, ... ) 

eHHhie HMnynhCbl K nonsrM 

OTHOIIIeHHSI (3.5)' nonyqaeM 

,w)~(x,y, 
2 

m 
(4.8) 3 

(4.9) 

laHa ansr CKansrpaoro nonsr 

r, 'ITO onepaTOp r 0 
aefi-.. 

K [r, r] 
(p; z' w) 

w) 
"'[r, r 'J {4.10) 
K. (p;z,w) 

• 

J 

., 
I 
[ 
} 

I 

Ha-aa Toro, 'ITO ansr K.K. nonefi B onepaTop R" BxoasrT nponaBoa-

Hble TOnbKO KOHe'IHOI'O nopsraKa, aHTHKOMMyTaUHOHHbie COOTHOIIIeHHSI SIBnSIIOT

CSinOKanhHbiMH, 3To He TaK ansr 6.K. noneil 14• 51 • noacTaBnsm B (4.8) H 

( 4.9) X O =yO , B npaBOll 'laCTH nony'laeM npOCTpaHCTBeHHyiO aenhTa-~yHKUHIO 

H ee UpOH3BOaHbie, K09~~HUHeHTbl nepea KOTOpb!MH SIBnSIIOTCSI O!'paHH'IeHHbiMH • 

.[l.IISI K.K. nonefi BCTpe'laiOTCSl UpOH3BOaHhie TOnbKO KOHe'IHOI'O nopsrnKa, Cor

naCHf> /
9 /, B 9TOM cny'lae ~OpManH3M SIBnSieTCSl K8HOHH'IeCKHM. 

l13 (3.6) H (4,5) CnenyeT, 'ITO none 'l'(x;z) yaoBneTBOpsreT refi3eH-

6ep!'OBCKHM ypaBHeHHSI aBH)KeHHSl 

ll a'l'(x,z) i [ P , 'I' ( x; z)l = i ......;,..--l..;;;,.:..;:...:._ 

ax 
ll 

( 4.11) 

0HH ITOK83b!BlliOT, 'ITO onepaTOp 9Hep!'HH-HMnynhC8 nefiCTBHTenbHO SIBnsreTCSI 

reaepaTOpOM npOCTpaHCTBeHHO-BpeMeHHbiX CllBHI'OB, 

5. BaaiiMO,neficTBYIOlllHe nonH 

3necb Mbl 06cynHM HeKOTOpbie B03MO)I{Hble B3aHMOnefiCTBHSI K.K, nonefi 

nonyuenoro cnnaa c TeHaopHbiMH nonsrMn, nnsr KOTOpbiX coxpaHsreTcsr ycnoBHe 

nOKanbHOfi KOMMYT8THBHOCTH, npn 9TOM Mbl orpaHH'IHBaeMCSI TOnbKO B38HMO

nefiCTBHSIMH npsrMofi cBsra~. n oao6Hoe paccMoTpeane nenanoch B pa6oTe 110 1• 

EyneM paccMaTpHBaTh narpaH)KH8Hhl B3aHMoaeilcTBHSI, HHBapnaHTHhle 

OTHOCHTenhHO rpynnhi SL(2, C) 

.£ lnt (x) =f I 'l'(x) Oll 1 ••• ll 2 'I' (x) I <I> (x). 
/lloo•/l2 

(5.1) 

/ll ooo/l2 
3nech f -KOHCTaHTa EiaanMoneficTBHSI, a 0 - CHMMeTpH'IecKHH TeH-

aop, llOCTpOeHHbifi H3 on epa TOpOB r ll • MaKCHManbHb!il: paHI' K TeH30pa 

0 /ll "' Ilk , npH KOTOpOM ero KOMUOHel!Tbl SIBnSIIOTCSI He3aBHCHMbiM, onpe-

aensreTCSI npeacTaBneHHSIMH rpymihi SL( 2, C) • HanpnMep, nnSI anpaKoBcKoro 

npeacTaBneHHSI k = 1 • Mo)KHO noKa3aTh, 'ITO MaKCHManhHOe aua'leHne k 

ansr npeacTaBneansr [1/2 ,n +3/2]@[-1/2,n+3/2] paBHO 2n+ 1 • .LlnSI aToro 
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,, 
! ,, 
i 

if 
i!. 
'i 

:I 

r! 

' . 

! 
I 

ii j 

Hy}Kl!O HCII01lb30B8Tb HBHbiH Bll!l OIIepaTOpOB r fl ll 6a3HCHble BeKTOpbl IIpOCT

paHCTBa E K 11 I. 

YpaBHeHHSI, KOTOpbie II01IY'IBIOTCH H3 1181"paH}KllaHa ( 4.1) Ilpll BK1IIO'Ielllm 

B3811MOL(eHCTBHSI ( 5.2) 1 HMeiOT BHL(: 

n+l/2 s -I/2 fl fl .•. f1 f 
~(-1) {ira -K )'I' (x;z),.-f0 I 'P(x;z)lfl (x) (5.2} 

s=t/2 fl " 
5 

fll···flr 

171 
YpaaneHnH anSI Tenaopnoro nonH o6cy}Kaanncb B pa6oTe • 

I1cnonb3YH npoeKUHOHHbie onepaTopbi II,. , na ypaaneHHH (5.2J nony-

qaeM: 

fl 
(ir aP. 

Ecnn 

' s-1/2 flt•••fl 
( x ; z > = - ( -1) c t n " o -K )'I' 

" " 

. fl···fle 
!II (a ; z, w) 0 1 'l' ( x; z, w) Ill ( x) I f. 0 
·" fl 1 ···fle 

e 
W(x) <ll p. 

1
·:· p. e ( x) I 

( s=l/2 •.. n +112). 

(5.3) 

anSI s "" 1/2 ~·· , n + 1/2 , TOI"lla ypaanenne Hll !l1IH oanofi 'P,.(x;z) 

He SIB1ISieTCSI CB060!lHblM ll, KpOMe TOI"O; COI"118CHO (5.3) 1 OHII 38Ueii1ISIIOTCSio 

Pernenne ypaaneHnSI (5.3) MmKHO npeacTaBIITb KaK 

'I'., (x;z),.\l'sout (x;z)+f f d 4x'~R(x-x';m,. )x 

fl~·- fl e (5.4) xl R (a, 
S X 

; Z, W) 0 'l' (X'; W) lfJ 
p.l .. ·fl£ 

(x ') I. 

3aecb ~ R (x ; m,. 

coli m 

- 3aiia3]lbiB8IOIII8SI tPYHKUHH CK81ISipHOI"O II01IH C MaC-

" 
I1CII01Ib3YH IIpe!lCTaB1IeHHH (5.4), Mbl MO}KeM II01IY'II!Tb KOMMYTBUHOHHbie 

COOTHOIIIeHHSI !(1ISI B38HMO!leHCTBYIOIIIIIX II01Iefi IJis 

KOHCTBHTe B3aHMOJleHCTBIIH f . 

14 

B BUlle pa31IO}KeHHSI IIO 

{ 
. ! 

I .,, 

I 
I 

''I 

['l' (x;z),'P*,(y;w)] .. ['P 0 ut(x;z),'P* 0 u!(y;w)l + 
e s + s s ·+ 

+fA , 
"" 

(x,y;z,w)+ ... 

out 
llpnHIIMBSI !(1ISI 'l' 

8 
- KOMMYT8UllOHHble COOTHOIIIeHIISI !l1ISI CBOI 

nMeeM: 

s-I/2 

A ,(x,y;z,w)=io -(-1) fd 4 x'[~R (x-x~m .. )x 
ss ss . 

fl fl~-·fle · 
x!R·(a ,;z,w')O Ill (x')R(afl;w',w)l~(x'-y;m)+~ 

S X flt•"fl£. SX ·-c--~·1'! 

. fl fl1· .. fl£ fl 
xiR (a , ,w,w')O Ill fl fl (x)R (a, ;w', z) I ~ (x -

S X 1 "" e S X 

OnepaTop R,. anSI K.K. noneli coaep}KIIT npocTpancTaenno-ap 

JI3BOllHbie T01IbKO KOHe'IHOI"O IIOpSIL(Ka II II09TOMY A 5 SIB1ISieTC 

CKna!lbiBaSI ( 5.5) !l1IH s "' 1/2, ... , n + 1/2 1 nony'laeM KOI 

COOT HOIIIeHll SI !(1ISI II01ISI 'l' ( X ; Z) • ~YHKUIIIO paciipOCTpaHeHJIS 

MO}KHO Bblp83JITb qepe3 LlBYXTO'Ie'IHYIO tPYHKUIIIO 9TOI"O II01ISI 

So (x -y ; z, w) ""i < 0 I T ('I' (x; z) 'I'* (y; w)) I 0 > 

= i 8 ( x 0 -y 0) < 0 I 'l' (x; z) 'I'* ( y; w) I 0 > + 8 ( y 
0-x0

) < 0 I 'P*(y; w) ~ 

J1CII01Ib3YH II01IY'IeHHble B /4/ IIpe!lCTaB1IeHJIH LlBYXTO'Ie'IHbiX tP 

.'Ia eM: 

s-1/2 
(-1) f 

So (x-y;z,w)= ,.J;z(2rr)4 

R,. (pfl ;z,w)e-lp(x-y) 

d 4p 
p2 -m 2 -i £ 

s 
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5a3HCHbie BeKTOpb! I!pOCT-

aHa ( 4.1) rrpn BKmotJelmn 

'I' ( x; z) <P (x) ( 5,2) 
ll~-·llr 

171 
t6oTe • 

3 ypaBHeHHH (5.~) rrony-

I r 
'l'(x) <P fL ~·~· fL e ( x) I 
( s=l/2 •.. n +1/2). 

(5.3) 

1e Hli ansr OAHOII 'l',.(x;z) 

(5,3), OHii 3aUerrnHIOTCSI, 

, KaK 

: c (x ') 1. (5.4) 

cKansrpHoro nonsr c Mac-

onytJiiTh KOMMYTBUHOHHbie 

B anae paano•eunsr no 

~····· I .. 

['I' (x;z), '1'*, (y;w)] =['I' out (x; z), 'I'* ou; (y; w)l + 
e s + .s s + 

+fA ,(x,y;z,w)+ ... .... 
(5.5) 

out 
llpnHHMBSI ansr IJI 

5 
- KOMMYTBUHOHHbie COOTHOllleHiiSI AnH CB060AHbiX rroneft, 

nMeeM: 

s-t/2 

A,.,.,(x,y;z,w)=i0
55

'(-1) fd 4 x'[~R(x-x~m,. )x 

· ll llt-·llC . fL . . 
x I R ~ (a , ; z, w')O <P ( x ')R (a ; w', w) I ~(x'-y;m ) +~J:y-x';m )x 

X fL t'" fL c S X - ~-- ~ - S ( 5,6) 

XIR (a ll, ,w ,w')OfLt·" fLC ... ( ')R (all , ) I A ( , )l .., x , ; w, z u x -x ;m . 
s x fL I .,, ll c B x s 

OrrepaTop R,. ansr K.K. rrone:ll: coaep•nT rrpocTpaHCTBeHHO-BpeMeHHhie npo

naaoaahre TonbKO Koaeqaoro rropsraKa n rroaToMy As smnsreTcsr noKanhHbiM, 

CKnaabmasr ( 5.5) ansr s = 1/2, ... , n + 1/2 , rronytJaeM KOMMyTaunoHHbie . . 
COOTHOllleHiiSI Ami rronsr IJI (X j Z) • ~YHKUiiiO pacrrpocTpaaeHnsr rronsr 'l'(x;z) 

MO*HO Bb!p831iTb qepe3 ABYXTOtJetJHYIO !jlyHKUii!O 9TOro rronsr 

8
0 

(x-y ;z,w)=i <0 IT ('l'(x;z)'l'*(y;w))l 0 > 

=i 8(x 0 -y 0)<0 I 'l'(x; z)'l'*(y;w)l 0>+ 8 (y 0-x0
) <0 I 'l'*(y;w)'l'(x;z))IO>. (5,7) 

I1crronhaysr rronytJeHHbie B /4/ rrpeacTaaneansr aayxTotJetJHbiX ¢yaKun:ll:, rrony

.tJaeM: 

s-t/2 
(-1) 

S (x-y;z,w)= I'/ f 
c s=l 2 (21T )4 

-fp( X -y) 

R .. (pfL ; z,w)e 

p2 -m 2 -i c 
s 
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·I 

,IlpH nonytteHHH (5.8) H. (5.7) Mbl OT6pOCHIIH BCe KOHTaKTHbie ttneHbl 0 KOTO

pb!e nonyttaiOTCSI npH KOMMyTaUHH 0 -<PYHKUHH c onepaTopaMH R " • 

Ha (5.8) cnenyeT, ttTo npH n> 0 TeopHSI SIBnSieTCSI HenepeHOpMHpyeMoil:. 

A6Top Bbtpa:lKaeT rny6oKyiO 6naronapHOCTh D..H. EnoxHHueay, H.T. To

nopoay, X • .H. XpHCTOBY H D..U. CTOSIHOBY aa HHTepec K pa6oTe H ueHHbie 

yKa3aHHSI, a TaK:lKe K.B. PepHXY aa noMOIIlh npH o<jlopMneHHH pa6oTbi. 

flpHnO)I(eHHe 

D.nSI nocTpoeHHSI onepaTopoa npoeKTHpoaaHHSI n H onepaTopoa R s . 15 ' 

nocpe]lCTBOM KOTOpbiX Bbipa:lKaiOTCSI KOMMyTaUHOHHbie COOTHOIIleHHSI, HaM/He-

. o6xollHM SIBHbi:it BHil onepaTopoa K s • 8TH onepaTopbi 6binH nonytteHhi B 

pa6oTe / 4/ • .Qng paCCMaTpHBaeMbiX HaMH npe]lCTaBneHHH OHH HMeiOT BH.[(: 

[rr ] (1;0) 

K, . ( !'; z , w)"" ( z c w) L .. (p;z ,w) 
"' 

[r 'c.'] (1,0) 

K .. (p;z,w)=(zcw) L, (e.;z,w) ,.. 
[rr'] 

- (0 ,1) 
K B (p;z, w) =(z n w) L, (p;z,w) 

::;:::: ::=: • 
"' 

[r' r] (0,1) 

K " ( p ; z , w) "" ( w n z) L , (p;z,w), 
"' 

r~e 

Q,Q) . 
f 1 -a/2 f1-3/2 (l,Q) 

L.,, (_,p;z,w)=(z nz) (w~ w) p ... -112 

·(0,1) f1-3/2 fr-a/2 (0,1) 

L (p;z,w).,(zni') ( wn w) p s -t/2 " "' 

(a .{3 
3necb Pk (x) - nonHHOMbl .HK06H, a 

cos8=1- 2!zcwl
2 

(z~z){wriw) 

p p· 
n = all v7 
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{IT.1) 

{cos e) 

(cosO). 
(IT.2) 

. ,. 
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e KOHT8KTHbie qneHbi 0 KOTO

C onepaTopaMH R " • 

BnSieTCSI HenepeHOpMHpyeMOli, 

.ll,H, EnoXHIIUeay, H,T, To

HTepec K pa6oTe H ueHHbie 

,H O<jlOpMneHHH pa60Tbi, 

IHSI n .. H onepaTOP?B R .. , 
IIHbie COOTHOWeHHSI1 H8M/He

IepaTOpbi 6hmH nony'leHbi B 

:cTaBneHH:il: OHH HMeiOT BH.Il: 

(TI,l) 

(l,o) 

p 
~-112 (cos{) ) 

(0,1) 

p. -t/2 (cosO) 
cn.2) 

riw) 
"' 

• t .. 
I 

.I 
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P. • a p =-I-·· ax 
f1. 

fluTepaTypa 

I. D.Tz.Stoyanov and I.T.Todorov. Jorn.Math.Phys., 9, 2146 (1968). 

H. T. ToP.opoB. CTaTbH B c6opHHKe uBorrpOCbi Teopuu aneMeHTBPHbiX qac

THU ', .[ly6Ha ( 1968), 

2. G.F'eldman and P.T.Mattews , Ann. Phys., 40, 1.9 (1.966). 

Jla'? BoHr JlbrK, HryeH BaH Xbey. HP.epHaH cpH3H~a 6, 186, (1967). 

8. l,T,Grodsky and R.F.Streater. Phys. Rev,Letters 20, 695 (1968), 

4, l,T.Todorov and R.P, Zaikov. ICTP Trieste Internal report IC/68/50 

(1.968). 

· 5, H.D.l, · Abarbanel and F'risham. 

(1.968). 

Stanford preprint SLAC-PUB-390 

6. H.M. renbcpBHP., P.A. MHHJIOC H 3.H. Warrupo. "npeP.CTBBJieHHH rpyiiiibi 

BpazueHHH H rpyiiiibi flopeHua"', cpH3MBTI"H3, MocKBa (1958), 

7, P.n. 3ailKoB. Coo6weHHe OHHH P-4801, J1y6Ha 1969. 

B. J1,H, EnoXHHUeB, )f(::JTcp, 1..L 545 . ( 1947). 

9. H.M. renbr/JBHP., M.H. TpaeB, H.H. BHJieHKHH. 06o6weHHe cpyHKUHH T,5. 

• cpH3MaTrus, M ocKBa ( 1962). 

10. X.H. XprrcTOB H P.p. B c6opHHKe uBorrpocbi Teopuii aneMeHTapHbiX "lac

Tlfll ", J1y6Ha ( 1968), 

11. G,Kallen, University of Lund, Lund, pre print ( 1. 968). 

12. W.Bierler and 'K. W.Bitar. Nuovo Cim., £Q, 22 (1.968). 

Pyxonacb nocrynana B H3narenhCKHfi ornen 

30 !>!all 1969 rona, 

17 


