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/112/ " 

ocne pa OT TeOplUI YHHT8pHOll CliMMeTpli!I '6biCTp0 p83BHBaeTCSI li npn-

HOCHT 6on&mHe ycneXH, 8Ta TeOpli!I B03HHKna K8K paCW!IpeHHe TeOp!Ili !I30TOUHqe

CKOii CHMMeTPHH li K8K MO.QHcpliK8UH!I CTaporo B8pll8HT8 YHHT8pHOfi C!IMMeTpliH 1 npe.Q

/3-5/ 
no~eHuoro B pa60Tax · • 

HaCTOSIW8Sl .QHCCepTaUH!I UOCBSIWaeTCSI HeKOTOpbiM BCCne.QOB8HH!IM 1 CB!I381IHbiM 

C :Teopneii CHMMeTpliH aneMeHTap!Ib!X qacTHU. JlnccepTaUBSI COCTOHT H3 Tpex rnaB. 

B nepaoi!: rnaae (§§ 2-7) paccMaTpBBBIOTCSI HeKOTOpbie cneJlCTBBSI 1!3 CHM-

/1 2/ /6-8/ . 
MeTpHfi SU(3) I H u (616) • rnaBHOe MeCTO y.QenSieTCSI npHMeHeHI!IO 3THX 

CXeM K aneKTpOM8I"HHTIIOMy B38HMOlleficTBHIO, B § 2 npHBe.QeHbl HeKOTOpbie CBe.Qe-

HBSI1 KOTOpbie noua.r:~o6nTcSI,B nocnenyromux naparpacpax, 

/9/ 
B § 3 nayqaroTCSI aneKTpoMartmTHbie pacna.Qbi aeKTOpHbix Meaonoa 

p 0 ---. IL + IL -·( e + e -·) 

r/> - IL+·IL -·(e+ e-) 

cu--op+f!-(e+e-) 

/1 10/ . 
a paMKax cxeMbi SU (3). Cnenyg aaTopaM pa6oT 

1 
1 Mbl npennonaraeM1 qTo 

( 1) 

(2) 

(3) 

aeKTOpHbie Me30Hbl yHHT8pHOI"O ·OKTeTa B38HMO)lefiCTBYIOT C TaKHMH ~e COXp8HSIIO-

WHMHCSI TOK8MH
1 

qTQ H H30BeKTOpHblfi li H30CKangpHblfi aneKTpOM8I"HII THb!e TOKHo· 8TO 

U03BOnSieT .CBSI38Tb M8TpHqHble aneMeHTbl .Q8HHb!X p8Cll8.QOB C M8TpllqHblMH aneMeH-: 

T8MH Jl!I8I"p8MM C06CTBeHHOll anepi"!IH COOTBeTCTBYIOWHX BeKTOpHbiX Me30HOB, Ebtnll 

H8ll)leHbl S!BHble Bblpa~eHHSI Jlnll BepO!ITHOCTefi j:JaCU8JlOB ( 1 ) - ( 3) 1 B KOTOpble BXD-
. 2 2 

.QSIT KOHCT8HTbl CBSI3H g 1 gc:b H KOHCTaHTbl nepeiiOpMHpQBKH M8CCbl tJ. M , tJ. M -t.O • 
p 1111 + p 'I' 

B § 4 paCCM8TpliB8eTCSI pallH8UHOIIIIbiii pacna.Q 1 - Me30HOB, KOTOpble 

+' 
HeJlaBHO 6wnH o6uapy~eHbi, .f{cuo1 qTo 1 -Me30IIbi MoryT pacnaJ:taTbCSI ue ua .QB8 1 

a ua TPH (nnH 6onbwe) nceanocKanSipuwx Meaoua. Ot:~uaKo, ecnH HX Maccw Hello-
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-CTaTO'IHO BenH!m, TO B OOlibWHHCTJ:\8 cnyqaeB yKa3aRHbl8 paCII8llbl 3HepreTH'I8CKH. 

3anpemeHhl, 11 B TaKIIX cny'laSIX 3acny)!{IIBaeT BHIIMBHIIH 11x panlla!liiOHHhrii p~cnan 

+ -
1 ----. 0 + y. 

(4) 

Ebinll HalineHhl OOWII8 Bb!pa)!{eHIIS! nnsr BepOHTHOCTII pacnana (4), a TaK)!{e COOTHo

.W8HIIS! Me)!{ny wnpnHaMII pa3nii'IHhiX rrponeccoB B p&MKax cxeM SU( 3) 11 SU( 6) np11 

+ - ' 
pa3Hb!X npeniiOI10)!{8HIIS!X 0 npHHBni18)!{HQCTH 1 -Me30HOB K TOMy !liiii IIHOMY MYIIbTII-

+ 
IIIIeTy II Ilpll pa3HbiX Ilp8lliiOII0)!{8HHSIX 0 C -'leTHOCTII· HeiiTpaiibHhlX 1 -Me30HOB 0 

nony'leHHbl8 peaynbTaThl naro; neKOTOpyiO B03MO)!{HQCTb lliiS! KIIaCCI!IpHKa!lllll HQ

Bb!X HaliJl8HHbiX 1 + -M830HOB. 

B* 

B § 5 
_ _r_: 

/12/ 
BbiBOllHTCSI npaBana cyMM lliiH KOHCTaHT CBS!311 G (B*, BP) , + . 
. 1 -
5apllOH, B -· -· 5apHOH1 p - 0 Me30H1 B paMKaX CIIMMeTpllli 2 . 

rAe 

SU(3) 

H 

2 
u ( 6, 6) C yqeTOM MIIHIIMaiibHOI'O HapyweHHSI. -HaitneHHbie COOTHpWeHIISI COIIOCTaB

/13/ 
IISIIOTCS! CO 3H8'18HIISIMII KOHCTaHT CBS!311, B3S!Tb!MII ll3 paOOTbl • 0Ka3biBaeTCS!, 

•,To 3TH 3Ha'lennsr xopowo ynoBneTBOpSIIOT nalinenHhiM npli'BnnaM cyMM (OTKnonenne 

- /14/ 
COCT8Bnli8T B cpenHeM _2,5%). Cpen11 IIOIIy'ISHHbiX COOTHOW8HIIll eCTb 

-./6y( Y* .. IIT)"'v+y(N* .. NIT)+-./y(E* .. EIT) (5) 

v y ( Y* ... A IT) "'-./ 1_ y ( Y* -> I rr) , 2 . 
(6) 

KOTOphle CBSI3hiBaiOT rrpnBeneHHhle wllpll~hl na5niOnaeMbiX pacnanoB. CoOTHowenne (5) 

XOpOIIlQ YllOBIISTBOpS!eT 3KCIIepiiM8HT8libHbiM JlaHHhiM1 a COOTHOW8HH8 (6) - HeCKOlib-

KO Xy)!{e. 

Ycnex TeOp~ll ~HIITapnoli CIIMM8Tpllll YCIIIIIIBaeT IIHTepec K 113Y'I8HHIO 3II8KTpo

p0)!{ll8HIIS! II 9II8KTpOMal'HIITHOI'O pacnana 6apiiOHHbiX pe30HaHCOB. 3To o6ycnQBII8HO 

TeM, 'ITO, H3yqag 3TH IlpO!l8CChl1 MO)!{HO Ilpll IIOMOWII TOli .IIIIH IIHOii CX8Mbl CHMMeT

PIIII CYllllTb 0 CTpyKType 3II8KTpOMal'HIITHhiX ljlopMijlaKTOpOB 6apll0HOB. 

B § 6 BbiBOllllTCSI o5mne Bb!pa)!{8{_lllH lliiSI C8'18HIISI 9II8KTp0pO)!{ll8HIIll II BSpOS!T-

3 . /15/ 
HOCTB 3II8KTpoMal'HHTHOI'O pacnana ~· - 5apiiOHHOI'O pe30HaHC8 • B 'laCTHOCTH, 

nng nponecca 
+ 

e+p--.N*+e (7) 

Mbl HM88M CII8llYIOW88 BblpaJKeHIIS JliiSI JlHijl¢epeH!lH8libHOI'O C8'J8HHSI B CIIy'lae CIIM

MeTpllll U (6 ,6): 

4 

rAe 

du -· df dO 
2 

...!.. < ~-) 2 I fL f < k 2 )1
2 ~.2. I 1 + <in P + m 

9 41T p E: f k 2 
. N* 1 

2 
2 2 k 

.l +'( +-
1 2 2 

4 
mo 

lr-
1 + ~rosO J 

EN* 

aCt -( 0 
) 

2 . 2 

fL H f ( k 2 )- Mal'HHTHbiii MOM8HT II Mal'HIITHblit ( C8KCOBCKIIJi) cjJopMi 
p 

TOHa, m P - Macca rrpOTO!!a, 

f
2 

- 3Heprng 3IIeKTpona B 

EN* H m N*- 3Heprnsr n Macca N~-6apli 

Ha'laiibHOM II KOH8'1HOM-COCTOSIHIIS!X, k ~ 

Mblii IIMIIYIIbC
1 

m
0

- Cp8llHSIS! MaCC8 6apllOHHOI'O MyiibTIIIIIIeTa. nocKOIIb 

ll3MepeH B llOBOnbHO WllpOKOii OOIIaCTH nepenaB88MhiX IIMrryiibCOB, MO )!{H 

Cp8BH8HH8 BblpaJKeHHH (8) C llM810WHMHCH 3KCIIepllM8HTaMII 110 3II8KTpOJ: 

IT -Me30noB. gcno, 'ITO cpaBnenlle Hy)!{nO npoBonnTb B o6nacTn pe30H 
. /16/ 

poJKnenllH. Ehmn B3HThl 3KCnepnMenTanbHbie ce'ISHIIH 113 pa5oTbi n : 

2 "/17/ f(k ) 113 pa60Thi · • 0Ka3hiBaeTcsr, 'ITO. ljlopMyna (8) naeT xopowee c• 

oTnowenn~ ce'lennli. .OnnaKo ona naeT npaaiiiibHbre a6coniOTHbre 3Ha'leHD 

TOIIbKO npn m
0 

.. 1900 0::!:.0,2) MaB. 
/18/ 1+ 3+ . 

B § 7 paccMaTpnBaeTCH pacnan 6apllOHOa ( T' n 2· ) H 1 

(Q- H 1-) C o5pa30BaHII8M 3II8KTpOHHO-II03itTpOHHOli .napbl B paMKaX CX 

HalineHbl Bb!paJK8Hllll nnll 3HepreTIIitecKoro crreKTpa KOH8'1Hb1X oapnoHa J 

KOTOphie MO)!{HO 

Hbre JlaHHbre no 

IIHTII'ISCKHli BHJl 

H8IIOCpenCTB8HHO cpaBHHTb C OIIhiTOM1 IlpHBII8K8SI 3KCII( 

MarHHTHOMY ljlopMijlaKTopy rrpoToHa f (k 
2 

) • Ecnn JKe r

f (k 2 ) i' 
1 

TO H3 IIOIIy'leHHhiX Bblp8)!{8HIIli MO)!{HO Bhl'IHCII. 

BepoHTHOCTb pacnana. 

HaKOH8ll
1 

CIIeJlyeT OTMSTHTb, "'TO HHTepeCHble pe3yiibTaTbl IJO 3II8 

. /19-22/ 
HOMY B3aiiMOJlelicTBIIIO 6brnn TaK)!{e nony'leHhi B pa60Tax na oc 

KBapKOB. 

BTopaS! rnaBa JlllCCepT8llHH IIOCBS!WaeTCSI H8KOT0pb!M BOrrpocaM1 C: 

. - /23/ 
Teopaeli yHnTapHbiX npencTaBneHIIII neKoMnaKTHOli . rpynnhr · • KaK n: 

pble cxeMhi penHTIIBH3~llHII SU( 6) (SL ( 6, C) ana U( 6, 6) necoBMeCTIIMh 

YHHTap!!OCTII S -MaTpltllhi. Ona xopowo npllMSHHMhi K BepWIIHHhiM ljly1 
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yK838HHbie paCIIS!Ibl SHepreTII'IeCKII 

BHIIMBHIISI IIX PB!IIIBUIIOHHblll Pl;iCllB!I 

(4) 

pacrra!la (4), a TaK*e COOTHo-

p&MKaX cxeM SU(3) II SU( 6) rrpii 

TOMy IIllii IIHOMY MyllbTII

-~eTBOCTII·BeATpallbBhlX 1+-Me30HOB, 

B03MO*BOCTb !IllS! Kll8CCH~HK8UHII HQ-

!IllS! KOHCTaHT CBSI3H G (B*, BP) , I"!le 

0 "ife30H, B paMKBX CHMMeTpllfi SU ( 3) 

-Hafi!leHHble COOTHpWeHHSI COIIOCTaB

/13/ 
paooT&I • 0Ka3&IBaeTcn, 

HBH!IeHHblM l!pSBHllBM CyMM ( OTKllOBeHHe 

COOTHOWBHIIll eCTb/
141 

(5) 

y ( Y* .. l: !") ' (6) 

e 

pacrrB!IoB, CoOTaoweaae (5) 

COOTHOWeHHe (6) - aeCKOnh-

IIHTepec K 113y~eHHIO 3lleKTpo

pe30H8HCOB, 8To ooyCllOBlleHo 

CIIMMeT-

·ce~eHHSI SlleKTpOpO*!IeHHSI II BepOSIT

/15/ 
pesoaaaca • B qacTHOCTII, 

(7) 

eannal!baoro ce~eHHSI B Clly~ae CHM-

.J 

~ 

du _, 
d t dO 

2 

1 r 2 
2 _, < -·l I~ f < 

9 4,. p 

2 2 k
2 

l 1 +"f 2 +y 
4 

mo 

k
. 2 12 m f c· 2 ) ____e_,_2, ·( 1 + mP+ mN*) 

E t 2 ,] • 

. N* 1 k 

ll(t2:-f:) 

t 02- t 1 oosO J 
1 + 

EN* 

(8) 

I"!le p. II f(k 2 )- MSI"HHTHblll MOMeHT II MBI"HIITHblll (caKCOBCKIIll) ~pMcjlaKTOp rrpo
P 

Toaa, m - Macca rrpOToaa, EN* 11 m N*- saepriin n Macca N.+ -6apaoaa, t a 
p • 1 

t
2 

- Saepi"HSI SlleKTpOHB B Ha~allbHOM H KOHe'lHOM COCTOSIBHSIX, k ~ rrepe!laBBe-

Mhlll HMIIYllbC, m O - Cpe!IHSISI MBCCB oapJIOHHOI"O MyllbTIIl!lleTa, nocKOllbKY f ( k 
2

) 

t' II3MepeH B !IOBOllbHO WIIpOKOll 06ll8CTH rrepe!ISBSeMblX IIMrryllbCOB, MO*HO l!pOBeCTH 

CpaeaeHHe Bblpa*eHHSI (8) C HMeiOWHMHCSI 3KCrrepHMeHT8MH IIO SlleKTpOpO*!teHHIO 

" -MesoaoB. Hcao, 'ITO cpaBaeane BY*HO npono!IIITb B oollaCTH pesoaaacaoro 

/16/ 
pO*!IeBIIn. E&mn B3SIThl sKcrrepaMeHTallbBl>Ie ce~eann H3 paooT&I n saaqeann 

2 /17/ ' f(k ) 113 paoOTl>I • 0Ka3&IBaeTcn, ~To ~opMylla (8) !laeT xopowee corllacHe !IllS! 

oTaoweau~ ceqeanii, O!IHBKO oaa !laeT npaB!illlbHb1e a6colliOTHl>Ie saa'leann ceqeaai!. 

TOnhKO npn m 
0 

.. 1900 (1 ±_0,2) Msn. 

/18/ 1+ 3+ 
B § 7 paccMaTpanaeTcn pacrra!l 6apHOHOB ( T' 11 2 . ) 11 Me30HOB 

(0- H 1-) C OOp830BBHHeM 3lleKTpOHHO-II0311TpOHHOfi .rraphl B paMKBX CXeMbl U (6,6). 

Hai!.Aeltl>I Bbipa*eaHn !IllS! saepreTH'leCKOI"O crreKTpa Koae~IthlX 6ap11oaa n Mesoaa, 

KOTOpble MO*HO HeiiOCpe!ICTBeHHO cpBBHHTb C OllhlTOM, llpl!BlleKBSI 3KCrrepnMeHTBnh

Hb!e Jlaaahle no MaraHTHOMY ~opM~aKTopy npoToaa f (k 
2

) • EcllH *e Mbi 3HBI'JM aaa

llHTH'leCKHii BHJl f (k 2 ) , TO H3 l!Olly'leHHblX Bhlpa*eHIIH MO*HO Bhl~l!Clll!Tb l!OllfiYK'. 

BepOSITHOCTb paCl!B!IBo 

HaKoaen, clleJlyeT OTMeTIITh, 'ITO HHTepeca&Ie pesyllbTSTbi IJ.O slleKTpoMarauT- • 

/19-22/ 
HOMY B381IMOJleiiCTBHIO Ohlllll TBK*e l!Olly'leHhl B paoOTaX HB OCHOBe MOJlellH 

KBapKOB, 

BTopan rllana JlHCcepTBilllll nocBnwaeTcll aeKOTOpbiM norrpocaM, cnroaHHbiM c 

• • i!. /23/ K 
TeOplleli yHHTapHbiX rrpe!ICTBBlleHIIll aeKOMIISKTHO . I"pyl!l!bl · • BK 113BeCTHO, CTB-

phle cxeM&I pellnTHBH3BiliiH SU(6) (SL (6,C) HllH U( 6, 6) aeconMeCTHMb1 c ycllOBIIeM 

yHHTSpHOCTII S -MaTpllllbl, 0ItH XOpOWO rrpnMeHIIMbl K BepWIIHHblM ~YHK!lHllM ll 
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~OpM~aKTOpaM, B TO BpeMR KaK ~ng npouecCOB pacceRHHR B 60HbWHHCTBe cnyqaeB 

OHH ~a!OT npe~CKa3aHHR, H8COBMeCTHMbie C SKCnepHMeHTanbHbiMll · ~aHHbiMllo }lng 

nocTpoeang nocne~oBaTeni.aoil: Teopnn pemiTHBH30BaHaoil: cnMMeTpnn SU (6) ayJKHo · 

HCnOHb30BaTb TaKyro rpynny G , qTo, c o~aon cTopoHhi, oaa co~epJKana 6hi o~ao-

po~ayro rpynny nopeaua H rpynny su (E) KaK no~rpynUbi, a C ~pyroif CTOpOHbi, 

o6biqHbie qeTbipexMepHbie HMTIYHbChi qaCTHu peannaoBanu 6hi aenpnBO~IIMhle npe~-
. /32/ 

cTaBneang. Ehmo ~oKaaaao ·, qTo ecnu Mhi n Yrpe6yeM, qTo6bi: a) cywecTBOBB.nn 
.J 

rpynnhi G , B KOTOpbiX cneKTp co6cTBeHHbiX aaaqea11il: onepaTopa saeprl!l! orpaau-

qea CH113Yi 6) cneKTp MaCC 6bin ~IICKpeTHbiM; B) BCe KBaHTOBble. qn:cna, OnHCbiBaio

IIll!e COCTORHHR qaCTHU, 3a llCKnroqean:eM TpeX KOMUOH8HT CKOpOCTII, 6binll 113MepHMbi 

~ng. aa6nro~aTeng, aaxo~gweroc g B noKoe OTHOCI!Tenhao qacTHuhr, TO rpynna G 

~onJKHa DbiTb nonynpRMbiM npOH3Be~eaneM rpynnhi nyaHKape p n rpynnhi BHY-

, co~epJKameil: aeKOTopyro no~rpynny SL (2, C) • Ebmo Tpeaaeil: CllMMeTpHH S 
·/33~4/ - -TaKJKe ~OKa3aHO , qTO B TeOpHH CllMMeTpHH C TaKOH rpynnon G ycnOBHe 

YHHTapHOCTH S - MaTpiiUbl co6nro~aeTCR H MOlKHO BBeCTI! noneBble onepaTOpbl Ta

KIIM o6pa30M, qTo6hi I!Mehacb HOpManbHaR c'BR3b MelK~Y CUIIHOM H CT8TllCTHKOif. 

B § 9 . nanaraiOTcg ocaoBHble nonOlKeHllR np11 Knacci!~HKaunn qacTnu no yau

TapHbiM {oeCKOHeqHOMepHb!M) npe~CTaBneHI!RM rpynnhi BHyTpeaaeif CHMMeTpHH S 

npa STOM ObinH IIOKa3aHbl ~Ba SKBHBaneHTHbiX CUOC06a: nonb30BaTbCR 6a3HCaMH, 

COOTB8TCTBYIOIUHMH 3aBI!CRWHM OT HMnynbca p MaKCI!ManbHblM KOMllaKTHbiM 

no~rpynnaM sc (p) rpynnhi s unn JKe nonb30BaTbCR ~ng BCex nMnynbCOB 6aan:-

C8MH, COOTB8TCTBYIOIUHMH O~HOif ll TOil: JKe o6meif MaKCHManbHOif ~OMnaKTHOif no~

rpynne S c • BTopoil: MeTo~ Tpe6yeT aail:TH BbipaJKeane MaTpnqaoro sneMewra Ko-

ae'laoro npeo6pa3aBaHHR rpynnhi SL ( 2, C ) ~ng ee yanTapHbiX npe~cTaBneann. 

TaKnM o6paaoM, npeJK~e 'leM nay'IHTb cnencTBH.Il Teopnn cnMMeTpnn c rpyn-

non G Mbl AOnlKHhi peWHTb HeKOTOpbie OCHOBHbie 3al(a'ln, CpellH KOTOpbiX: 

H3y'leHI!e HenpHBOllHMbiX YHI!TapHbiX npe~CTaBneanil: HeKOMIIaKTHOif rpynnhi BHy

TpeHHeif CHMMeTpHll H HX .pacmenneHHR Ha IlpRMYIO CyMMY Henpn:BOllHMbiX KOH8'1HO

MepHbiX npe~cTaBnean:if MaKCHManbHOif KOMnaKTHOif nonrpynnhi rpynnbi S ; 

Bbi'Incneal!e MaTpH'IHbiX aneMeHTOB KO!Ie'IHhiX npeo6pa30Ba!lnif rpynnhi SL(2, C) 

~ng ee yanTapllbiX npe~cTaBneani!:. 

3Tn aa~a'ln: pewaroTcR B nocnenyromnx naparpa~x {§§ J0-16) ~ng rpynnhi 

SL(n,C) • 3necb aeo6xonaMo OTMeTHTb, qTo Teopng yaaTapHbiX ·npe~cTaane!IHif 

6 

.f 
( 
·r 
I 

,··, 

'i 

1,' 

I 
I' 
11 

f) 
I 
~ 
l 
!. 

I 
l 
.f 

rpynnhl SL (n, C) nonyqa.na· nona 

Teopi!R renb~aa~a ll Hail:MapKa m 
TO'IKII 3peHHR. O~!laKO MeTOltt IICI 

CKHX npHnOJK8HIIif. 3~eCb JKe Mbl I 

6onee y~o6HbiM ~ng ~n3H'IeCKux·n 

B nengx annrocTpamm aawero MeT 

yanTapHhie npencTaBneHJI.Il KOTopo 

KaaeqaaMepHbie npencTaBneHI!.Il rp 

Jln.11 rnaBaoil: cepn:a aTn: aenpHBO~ 

rnnh6epTOBOM npocTpaaCTBe DA 

HbiX f ( z 
1

, z 
2

) cTenean o~aopon 

uenoe nn11 nonynenoe 'lncno, p -

G H G ' '9KBHBaneHTHbl, ecnn 
vp v p 

COOTBeTCTBYIOIUHif COCTORHIIIO. CO C 

vp 
jvp;jfl>---.£ (z

1
, 

lfl . 

lp 
-1 -z-z-- 1-l 

.:(z
1 

z +Z z) l' (-1: 
2 d . 

~ 

• :( Z I) 

B § 12 
/23 36/ 

Bb!BO~IITCR ' B 

KOHe'laoro npeo6paaoBaHII.Il g~; SL 

g-

u lvp;ifl>. 
q 

:£ 
l , ,., 

TaK KaK BCRKyro MaTpuny g ~ SL · 

rJte U I , U 2 - y(H:~~pH~l)e yHIIMO~~ 

BpameHHIO, £ = O £ ll COOTB 

(X 
3 

, X -1. ) , TO ~OCTaTO'IHO 

PeaynbTaTOM s!BnReTC.Il 

' 



pacCeSIHIISI a 50RbWHHCTae cnyqaea 

naHHbiMII • .llnsr 

HyJKHo · 

oaa conepJKana 5bi onao

a C npyroil CTOpOHbi, 

5hl aenpnaonnMbie npen-

n :trpe5yeM, 'IT05bi: a) cywecTaoaann 

aaa'I~Hnil onepaTopa aaeprnn orpaan-

a). ace KaaHTOabie 'IHCna, OnHCbiaaio

KOMnOHeHT CKOpOCTH, 6binii H3MepHMbl 

qacTHUb~ TO rpynna G 

P a rpynnbi aey-

nonrpynny Sl (2, C) • Bbmo 

c TaKoii rpynnoil G ycnoane 

aaecTn noneable onepaTOpbi Ta

MeJKny CUIIHOM II CTllTHCTHKOHo 

sr npn Knaccn~nKaunn '!aCTHU no yan

rpynnbi aHyTpeHHeii CHMMeTpHH S 

CllOC05a: nORb30a8TbC5I 5a3HC8MH, 

MaKCHMaRbHbiM KOMnaKTHbiM 

oaaTbCli nnsr acex HMnyRDcoa 6aan

MaKcnManbaoii KOMnaKTHOH non-

eane MaTpn'!Horo aneMeHTa Ko-

Teopnn cnMMeTpan c rpyn-

CTaRnARnii HeKOMnaKTHOH rpynnbl BHy

CYMMy HenpnaonHMbiX KOHe'IHO

nonrpynnbl rpynnbi S ; 

npeo6paaoaaanii rpynnbi SL ( 2, C) 

Teopag. YHHTapHbiX ·npencTaaneHI!II 

. 
' '1 

l .. t 
r 

l 
I 
~ 

) 

rpynnhl Sl (n, C) . . . ns1 
nonyqnna nonaoe paaanTae a pa60Te feRD¢aana a HailMapKa • 

Teopasr renh~aHna a Hail:MapKa 5IBR5IeTC5I CTporoil Teopaeil c MaTeMaTn'IeCKOH 

TO'IKH apeaasr. OnaaKo MeTon. acnonbayeMbiH a ax pa5oTe, He yno6eH nnsr ~naaqe

CKHX npnnoJKeHaii. 3necb ·JKe Mbi acnoRDayeM npyroil MeTOn, KOTOpbiii oKa3biaaeTcsr 

5onee yno5HbiM nnsr ~H3H'!eCKIIX npanoJKeHaii, a. HMeHHO MeTon onHoponHbiX ~yHKUHH. 

B uensrx annrocTpauna aawero MeTona 5onhwee MeCTO y nensreTcsr rpynne SL (2, C), 

yHaTapHbie npencTaaneaasr KOTopoil, a TaKJKe pacwenneane aTax npencTaaneanil ~a 

KOHe'!HOMepHbie npencTaaneaasr rpynnbi SU (2) paCCMaTpnaaiOTC5I B § § 10, 11. 

llnsr rnaanoil cepnn 9TH aenpnaonnMbie yanTapHbie npencTaaneanll peannayroTCSI B 

ranh5epToaoM npocTpaHcTae D>. onaoponHbiX ~YIIKUnil nayx KOMnneKCHbiX II.I'!PeMeH

HbiX f(z 1,z 2) CTenean onaoponaocTn A=(v+.!f--1,-v+f--1), rne v- nro5oe 

uenoe ann nonyuenoe qncno, p - nro5oe neiicTBnTenhHOe qncno. llaa npencTaaneansr 

G n G , ,aKanaaneHTHbl, ecnn v '= -·v, p '=-p • .,. vp v p BaancHbiii aeKTOp lvp; J~t > 
COOTaeTCTayiOWHH COCTOSIHHIO CO cnnHOM a npoeKuneil cnaaa It , nMeeT ann: 

lvp;j~t>-.fvp(z 1 ,z 2 )= ~!(2j+1)(i+~t)i(j4·~t)!(j+-v)!(j-v)!lYa 
ll! vrr . 

lp 
- - --1-J d -1 

.:(z z 1 +z z 2
)

2 ! (-1) ld!(i-~t-d)!(v+~t+d)!(j-v-d)!l .; 
I 2 d . 

(9) 

V +~t+'d J -1!- d I d 2 J-V-•d 
• : < z 1 > c :-. 2 > <Z' > cz- > 

/23 36/ . vp 
B § 12 abiaonnTcsr ' BbipalKeHne nnsr MaTpn'IHoro aneMeHTa D , , (g) 

l #!I J fL 
KOHe'!HOro npeo5paaoaaansr g~. Sl (2, C) , KOTOpb!H onpenensieTCli KaK 

u 1 vp; i~t > g 

TaK KaK BCHKyiO MaTpiiiiY 

g-+ u 
g 

""' vp . ( ) L . , , . 
"-' D , , g 1 vp ; j fL > • 

l , ~t' . l #!I J It. . 

g ~ SL (2,C) MOJKHO npencTaanTh B anne g=u 1 ru 2 , 

( 10) 

rne U I , U 2. - y(H:~~pH;I)e yHHMOny~gpHbie MaTpHIIbi, COOTaeTCTayiOIUne TpeXMepHOMy 

apawermro, £ = 0 £ n cooTaeTcTayeT 'IHCTOMY apaweanro flopeaua a v nnocKocTn 

(x 3 , x 4 ) , To nocTaTO'IHO orpaHH'IHTbCH aaxoJKneaneM TpnbKO D p , ,(r). · 
. ll!ll It 

PeaynhTaTOM sranSieTcsr 

7 



vp 
D l/Lil 'IL •(£)., 

" u 8/L/L, 1 •I (2j+1 )(2 j '+ 1 )( j + IL)! ( i-Jt) !(j+V) !(j -v) !(J '+!L) !( j '-!L) !(J'+v)! (j ~v)!t 
li+i '+ 1 ). 

d+d' 
. ! (-1) 

(d+·d '+!L+v)!(j+j'- 4- d'-!L-v)! 

.P:. d, d !d '!(j-!L-d) !(i'-!L-d') !{v+~t+d )! (v + /L+ d ')! (j- v~ d)! (j'- v- d ')! 

2 ( 2 d'+/L+V+l +. I: •) j 4 
l F(j'+1+-f,d+·d'+~t+V+1;j+J'+ 2; 1-E ) 

B § 13 pacc~aTpnaaeTCSI rrpocTpaHCTBeHHOe oTpaJKeHne P nnsr rpyiiiibi 

si. ( 2, C) • Ebrno rroKa3aHo, 'ITO non neficTaneM P TOllbKO IlpOCTp8HCTB0 

f)(V-1,-V-l)(p= O) 

B ce6st, rrpnqeM qeTHOCTH 

MHOlKRTeneM (-1) I • 

nnn rrpocTpaHCTBO o
1
.:e__1 .:e__11(v = 0) 

2 • 2 
6a3RCHbiX BeKTOpOB f l/L OTliH"!8!0TCSI MeJKny co6ol\ 

rrepexonnT 

vp 

.. 

0T KaHOHR"!eCKOI'O 6a3RC8 flit (z I, z 2 ) Mbi rrepexonnM B § 14· K npyrOMY 

6a3ncy, aneMeHTbi K:OToporo SIBliSIIOTCSI o6o6meHHbiMH crrnnopaMn nnll rpyiiiibi SU(2,C): 

1-V 
I. {-l)s 

s=O 

•• z bJ-V 

fb lb't •. bl-V(zt, z2)"' 
ala2··· al+·v 

!p 
- 2--1-J+s b b b 

(j-v)!(j+v)!(2j-s)! (z za) S8 1 
•• 8 "z •• z z s+l 

a al a,. as+l 0 !#' 
s!(j-v-s)! (j+v-s)!(:?j)! (12) 

MaTpR"!Hbie aneMeHTbi nnst aTnX o6o6meHHbiX cmmopoB Bb!Bonsr<rcsr B § 15. 

MeTon, pa3B!!TbiU B rrpenbrnymnx rraparpa<Pax niisr rpynrrbi SL ( 2, C) , 3aTeM 

o6o6maeTCSI B § 16 nnSI n3y"'eHHII yHnTapHbiX rrpencTaaneanl\ rpynnbi SL (n,C ). 

Ebmll nocTpOeHbl B l!BHOM anne rnaBH8SI H9Bb!pOJKneHH8SI CepRSI ll rnaBH8SI M8KCll-

ManbHO Bb!pOlKneHH811. CepllSI, 

TpeTbSI rnaBa. nnccepTall_HII nOCBSIIJlaeTCSI !13Y"'eH!I!O 8H8lll!Tll"'eCimX CBOUCTB 

ll CBOUCTB nepeKpeCTHOil CIIMMeTpll!! 8MIIlii!Ty.iJ. paccel!Hllll. ll aeplllliHHbiX lPYHKUllll 
/37/ u 

B paMK8X TeOpllll CliMMeTp!!ll C 6eCKOHe'!HblMII MYllbTJ!IIli9T8Mll •. B STOll rnaae 

8 

paCCM8TpiiB8eTCs{ T8KlKe CBSI3b Mel 

nlleT8Mll ll KB8HTOBOll Teopnefl no; 

BHyTpeHHelt CllMMeTpHH paCCMaTpE 

OCTBlOTCSI B Clllle T8XJKe ·ll · B 061Jlm 

llpeJKne "!eM npncTynnTb K n< 

Hbl noCTpOKTb B liBHOM BRne,6a3HC 

no xOTopbiM xnaccn<Paunpy!DTCll a1 

M8XCllM8llbHY!O XOMnBXTHy!O nonrpy 

CTpOeH : .KaHOHR'IeCXHll 6a3HC1 COOT 

npn n3y'leHHn aeplllllH n aMnnaTyn 

CTBenno acnollb30BaTb 6a3ac, cooT 

683l!C Mbi. 1183-biBaeM <Pli3B"!eCKHM 6 

Ebmo nOK838HO, 'ITO . 3TOT 6a3HC n• 

BOnllTCSI 38Mena 

rne 

-a 
z z 

a 

P'"P!Lu/L, 

- z (- ip 
a m 

(u 

(tt)ab- 3lleMeHT.bi M8Tpl!U llaynn 

B pe3yllbTaTe nonyqaeM 

. . 
blb2 

fa a ••• 
I 2 

b · J-v 
J-V 

a (p) .. I 
J + II s=O 

(-1) 

" . 
s 

(a, b) 

I . bl 
(-...E.,) ••• (-

m 0
1 

3TH cminopbr ynoaneTBOpSIIOT ycnoE 

" c.!!.·>~e 
m b 

k 

hi•••. 

fa: I •• 



l'p'(i)= 

1\ 
)( j + p)! (j-p) !(j+v) !(j -v) !(j'+p) !(j '-p) !(j'+v) !(j ~v)!t 

(d+·d '+p+v)!( 

')!(v+!l+d)! (v+'p+·d ')!(j -v-d)! (J'-v-d')! . ..J 

' 
(j'+-1+·

1
: ,d+·d'+!l+v+l;j+'J'+ 2; l-E

4
) 

oTpalKGHHe P Jlmi rpynnbi 

p TOnbKO npOCTP8HCTBO 

D
1
..:e.__

1 
..:e.__ll(v = 0) nepexOJlHT 

2 • 2 
f l/l oTnH'IaiOTCH MelKJly co6oli 

Mbl nepeXOJlHM B § 14· K JlpyrOMY 

n'o6o6meHHbiMH cnaHopaMH JlnH rpynnhi SU(2,C): 

~ • b l - V ( z I ·, Z 2 ) = 
• al+"V 

-bs+l bl b"z ··Za z 
So ·•

0
a a +1 J+v (12) al a s 

CllHHOpOB BblBOJlSITCH B § 15. 

naparpa<jlax JliiH rpynnbi Sl ( 2, C) , aaTeM 

ynnTapnbiX npeJlCTanneHHli rpynnhi SL (n, C). 

rnaBH8H H9BblpOlKJleHH8SI cepHH H rnaBH8H M8KCH-

8H8niiTH'I9CKHX CBOllCTB 

pacCeHHHSI II: BepmHHHblX <jlyHKUHll 
/37/ _. 

6ecKoHe'!HbiMn MynbTnnneTaMn • · B STOll rnaae 

8 

paCCM8TPHBaeTCH. T8KlKe CBH3b M9lKJlY Teopn:eli CHMMeTpHH C 6eCKOHe'!HbiMH MynbTH-

' 
nneTSMH II: KBSHTOBOH _Teopn:eli nonS!. l!nSI npOCTOTbl H3nOlK9HHSI B KaqeCTBe rpynnbl 

BJIYTpeHReli CHMMeTpHH paccMaTpHaaeTCH rpynna SL (2,C). CJlenaHHbie BbiBOJlbi 

OCT810TCSI B CHne T8KlKe II: · B o6meM cnyqae. X 

npelK)le '!eM npHCTyTIHTb K H3yqeHHI01 J'!epmHH_ H 8MllnHTyJl pacceHHHH, Mbl )lOnlK

Hbl TIOCTpOIITb B SIBHOM Bl1Jl9 6a3HCbl YHHTapHbiX npeJlCTaaneHHli rpynnbi SL(2,C), 

no KOTOpbiM Knaccn<jlnunpyroTcSI sneMeaTapHbie 'IaCTHIIbi. rpynna· SL (2,(::) co.QeplKHT 

MaKCnManbHYIO KOMnaKTJIYIO no.Qrpynny SU (2) • B npeJlhlJlymHx naparpa<jlax 6hln no

CTpoea ::Ka.B:OHH'Iec~rnll 6aanc, coOTaeTCTBYIOmnli peJlyKIIHH SL(2,C)::J SU(2) • 0Jla8.Ko 

npH Hay'l:eHHH aepmxa 11 aMnnHTYJl pacceSIHHSI OKaablaaeTCH 6onee yrio6ao HenocpeJl~ 

CTBeHHO HCTIOnb30BaTb 6a3HC, COOTBeTCTByiOmHli peJlyKIIHH Sl(2,C) ::J SU(2) • 8TOT 
. - p 

6a3HC Mbl. H83-biBa9M <jln3H'IeCKHM 6a3HCOM, llOCTpOellHIO KOTOporo TIOCBHmaeTCSI § 17 • 

Bhmo )lOKaaaao, 'ITO ·STOT 6aa11:c nonyqaeTCSI na BbipalKeHHSI (12), ecJIH a neM npo-

BOJlHTCH 3aMella 

(-.!i_)b 
m a 

·" . 
Z :;a -- Z (- .:t..>: • :zb 1 Qb 

a a m b a 
( 13) 

r.Qe 

" a a ... cr.. . a .. 
( a 4) b ~ (a 4 ) b = 0 ab' (a) b "'-{d} b =-I (a) ab ' (14.). P"Ppap' 

~ ~ 
(a).,b- sneMeHTbl MaTpHII naynH a 

B peaynbTSTe nonyqaeM 

b 1 b 2 ••• b J -v 
f l -v s 

lp 
" ·• --1-J+s 

(j-v)!(j+v)!(2j-s)! (z (-~)~. zb) 2 a a •.. a (p)• I ( -1) 
I 2 J + v s=Q s! (j-v-s)!(j+V-sf!(2j)! , a m b 

s 
(a, b) 

c-.!l·> i,l 
m "I 

." bs 

(-!L)a Z as+l _m s 

8Tn cnnHopbi YJlOBneTaopHIOT ~cnoa.HIO 

" <.!E...)~ e 
m b 

k 

b !•. • b k" • • bl-V ( p) = 0 
f · a~ ••• al+V a 1 •• • < 

9 

Z a zb"+ I 
J+V 

(15) 

- b z J ·-v 

(16) 



KOTOpoe 03HSlJaeT, lJTO OHH Olli!Cb!BSIOT COCTOSIHI!Sl C orrpeneneHHblMB Clli!HSMH. ni0-
6oii aneMeHT x ( z) na rnnh6epToaa npocTpaHcTaa, peanaayromero naHHoe yan-

P , 

Tapaoe rrpencTaaneane rpynni>I SL (2, C), MOJKHO npencTaBHTh B ae:ne: 

X (z)=!. 
p l 

a1a2 ••• a1+v b 1b 2 ••• b!-v( ) 
X. • • (p) f p , 
- b 1 b 2" •• b l -v a1 a 1". ~a!+ v 

(17) 

npH'leM Koa<jJ<jJBUHeHTbl X~~~ 2"" "(p) acerna MOlKHO Bb!6paTb TSK, lJTOObl OHH ObUIR. 
• J' b1b2··· . 
CHMMeTpH'lHblMH OTHOCBTenbHO HHA_eKCOB KSlKJlOI'O TRIIS H YJlOBneTBOpSinH yCnOBHlO ,· 

aaanoi'HlJHOMY (16). 

B § 18 pacCMaTpHBaeTCSl CTpyKTypa aepmHHHb!X <jJyHKUllll H MaTpH'lHb!X aneMeH-
a a • .-. ( ) 

TOB npouecc~ pacceSIHHH~ 3TH aenB'lHHbl Bb!palKSlOTCH 'lepe3- KOMIIOHeHTbl Xb:b: ... p • 

anSI npOCTOTbl paCCMSTpHBSeTCSl TpeXnRHellHOe B38HMOJleUCTBHe HeKOToporo 6eCKo

HelJHOI'O MYnbTHnneTa C CHHI'lleTOM. TipnaeneHbi SIBHbie Bb!pSlKeHHH JinH MSTpH'lHbiX .. 
aneMeHTOB < j 

2
IT (p 

2
, p 

1
) I ·j 

1 
> , coerraeTCTayromnx nepexonaM J, 1 __. j 2 MeJKJty 

COCTOHHHHMH C HHlKHHMH CIIHHSMH. J1MeeM 

nnH uepexona jl=0-+j2=0: 

2 2 1 a+v'a 2-1 
<Oir(p2,p1)10>=fo(p1,p2,k2) 2 In z ,q,(k)x*(pz)x(p1), 

2v' a -·1 a-v' a -1 
(18) 

- nnn nepexona j 1 = 1 --> j 2 = 0: 

<Oir(p2,p1)11>=fo(p:,p:,_k2) !im3·[1- a In a+.y";::;-·]. 
a-·1 2ya 2 -1 a-ya 2-1 

(19) 

</> (k)x*(p2)VIL(pl )p21L.' 

nnH rrepexona i 1 ~ ~-12=~: 

1. 2 1 -- ~ 
< ..11 r < P , P > 1 :_ > = r < p 2 , p , k 2 > < v' a+v' a2 

-1 - v' a-v' a 
2 

- 1 > • 
2 2 1 2 I> 1 2 2 (a+ 1) v' a 2 - 1 . 

c/>(k)i(p 2)1/1 (p1) (20) 
3 . 1 

- nnH nepexona j 1 = 2'--. j 2 = T : 

<..!.lr(p2 ,p 1)11.>=f" (p 2 ,p 2 , k 2
) 

1 <v'a+va 2-1-v'a-v'a 2-1)· 
2 · 2 " 1 2 2im(a+·1) 2 ya 2 -1 

.:q,(k)i(p2)t/lp(p1-) p21L (21) 

/ 

10 

rne 

pbl, 

¢(k)- BOnHQBOH <jJyHKUHH CHHI'lll 
. ( p p ) 

a=-~•. 
'm2 

TaKHM o6paaoM, aapHJlY c npof 

B!ICS!illiiMH OT JlliHSMIIKH I1pOUeCCOB, E 

IIOnHOCTblO orrpenensieMbie CBOUCTBSM 

nanaiOT OObllJHb!MH SHSnRTIIlJeCKllMII "c 

pHil• "'TO KSCSeTCH KHHeMaTH'leCKIIX 

BI!ny 3SMeHbl- nay (rrpn nepeXOJle I13 

TOlJHO 3SMeHHTb te-(p 1-p
2

) 2 US 

B <jJnanqecKoii o6nacTn coarneT~TBYJ 

npononJKaTh. 

ann nponecca yrrpyroro paccen 

0 + .!., - 0 + -.L nMeeM cnenyromnii Me 2 . 2 
M(q1,p1; 

3 v"Zm 2 - A(s,t) [ y211' -
. 2 2 

(4m 7 t)yt(t-4m ) 

rne A (s, t)~ HeKOTOpSS! HUBapnaHTHI 

uecca n o6nanaroman o6hilJHbiMn ana 

MeTHTb, 'ITO <jJH3IllJeCKHe SMllnHTYJl: 

Cl>opMyna (22) TaKJKe l10K83biBBeT 

TO B paCCeS!Ullli rr -Meaoua aa ay: 

ae.rcTnyeT neiicTBHTenPJIOCTn:. TaKn:M 

B paMKax nanolKeHHOii cxeMbi aeo6xo, 

nneT. 

B § 19 paccMaTpHnaeTcH CB!I3h 

· m;eTaMn n KBaHTOnoii Teopneii nonn. 

ua KaJKnoro 6ecKOHe'lHoro MynbTnnne 

Hb!X (nnn T~H30pHbiX) KBSIITOBSH!IbiX 

aeyHn:TapHb!M rrpencTanneiin!IM onuof 

B rrocnenueM rraparpa<jle nayqa 

mnx rra~arpa<jlax peaynhTBTOMII n noa 

11oro nsanMoJieiicTBH!I. Pann rrpocTOTJ 

11 



cocTOSJHall c onpeneneHHOIMa cnnHaMa • .llro

npocTpaHCTBa, peana3yromero nasaoe ysa

"MOJKHO npe.QCTaBaTb B Bane: 

v b1b2 ••• b,_y ' 
(p) f (p), 

-v . a1 a 2 ••• aJ+v 
(17) 

ncerAa MOlKHO Bbt6paTb TaK, 'lT06bi OHa 6bUIH . 
KaJKnoro Tana a ynoBneTBopSina ycnonn!OJ, 

1..-~mo .BepmaHHbiX cpyHKUR:ii ll MaTpa>rHbiX aneMeH

B a ·•· ( . BbipaJKaiOTCll >repe3 · KOMIIOHeHTbl )( b 1b• 2 p ). 
" 1 2" •• 

B3aHMO.Qe:iiCTBae HeKOTOpOI'O 6eCKD-

SlBflbie BblpalKeflllll ):{ng MaTpll'lHbiX 

OOTBeTCTBYIOWRX nepeXO.QaM J. 1 - j 2 

l1MeeM 

MeJKlly 

1 In a+ya2-1 ·¢(k)x*(p2))((P t)' (18) 
2v a2-·1 a-ya2-·1 

a I a+v71"' ---- n----~~~-

(19) 
1-

2ya2-1 a-ya 2-1 

x*<Pa > v ~t (p 1 > P2~t. • 

1 -- -~ 
) (ya+ya2 -1-ya-ya 2 -1)• 

2(a+l)ya 2 -1 · 

k)i(p 2)1/1 (p1) (20) 

• " 2--: 
2im(a+·1)2vaa-1 (ya+va -1-va-va2-1)· 

(k)i(p2 )t/1, (p ) p 
r 1 21! ' (21) 

·rne 

pbl, 

<f (k )- BOnHOBOll 
( p p ) 

a=-~•. 
m2 

TaKnM o6paaoM, 

WHKUHll caarneTa, f (p 
2 

, p 
2

, k2
) 

1 2 
npoa3BOnhHbie cpopMcpa:K;To-

HapllJ:tY C npoa3BOnbHbiMH cpOpMij;la.KTOpaMa f (p 2 , p 2
, k 2 ) , 3a-

1 2 " 

BRCllWIIMll OT .QaH8MliKR nponeCCOB, BOplllllHbl CO.QeplKaT KaHeMaTH'tOCKBO cpaKTOpbl, 

nonHOCTbiO OnpenenSIOMblO CBOiicTBaMa CHMMOTpHIIo .ll:nHaMJI'tOCKHO cpOpMcp8KTOpbl 06-
• " 

na.Q~IOT 06bi'tHbiMH aHanRTII'tOCKHMII CBOllCTBaMH li CB.OfiCTBaMH nepeKpeCTHO:ii CIIMMeT-

p!III• liTO KaCaOTCll KHHeMaTH'teCKIIX cpaKTOpon,· TO OHII YllDBneTBOplllOT 06bi'tHDMY npa

Bliny 3aMeHbl noy (npn nepeXOAO !13 KaHana paCCellHI!ll B KaHan aHHIII'I!nSIUI!II AOCTa

TO'tH03aMeHI!Tb te-(p
1
-p

2
)

2 Ha s:-(p
1

+·p
2

)
2
·) 1·HO DHII onpenenmoTCS!TOnbKO 

B ¢na:n>reCKO:ii o6nacTn coarneT~Tnyromnx nponeccon JI :ax nenb3S! anannTn>reCKH 

npononJKaTb. 

~ng nponecca ynpyroro pacceSIHllll cnnrneTa Ha cnnnopnoft >racTnne 

0+..!..·-0+·-L nMeeM cnenyromHll: MaTpn>rRbi:ii aneMeHT: 2 " 2 
M(q1,p1 ;q2,p2)o: 

=A(s,t) /2m
3 

[y211' 2 -t+yt(t-4m 2 )~y2m 2 -t.:_yt(t-4m 2)].;(p )1/l(j.p ), 
2 2 " 2 1 

(4m 7t)yt(t-4m ) · 

rne· A (s, t).,. HeKoTopag nanapnaHTHall aMnnnTyna, onpenenmomaSICH nnnaMnKoll: npo

uecca n o6nanaromall o6bi'tHbiMII aaannTn>recKnMn cnoll:CTBaMH. 3necb naTepecno OT-

MeTHTb, 'iTO cpll3H'IeCKHe aMnnnTyllhi ae anannTH'IHbi no t n annance neMaHa. 

<l>opMyna (22) 

TO B paccemum 

TaKJKe noKa3biBaeT, 'ITO ecnn 11 -Me3oH n.BnSIEITCll cnnrneToM, 

11 -Me3oaa Ha HyKnose nongpa3au:ng panaa Hynro, 'lTD He cooT-

ne.TCTByeT nell:cTnnTenbliDCTn. TaKnM o6pa3oM, npH KnaccncpnKaunn 1T -M030HOB 

B paMKaX H3nOlKOHHO:ii CXeMbl He06XOAifMD TaKJKe IICIIOnb30B8Tb 6eCKOH9'IHbiH MynbTH-

nneT. 

B § 19 paCCMaTpl!BaOTCll CBll3b MeJKAy C!IMMeTpne:ii C 6eCKOHe'IHbiMB MynbTH-

. nneTaMn n KBaHTonoll: Teopnett non g. HanaraeTCll cxeMa 
134•381, n KDTopoll: · qac.;rnUbi 

!!3 K8lKADI"O 6eCKOHO'IHOI"O MynbTRnneTa O!IaCbiB.aiOTCll 6eCKDHO'IHblM 'IHCnOM CIIHHOp

Hb!X liWII TeH30pHblX) KBaHTOBaHHbiX none:ii, npeo6pa3yiOII!IIXCSI UO KOHe'iHOMOp!IblM 

HeyHnTapHbiM npencTanneHallM DAIIDpOAHDll rpynnbl nopeHua • 

B nocnenneM naparpacpe n3y>raeTCll CBll3b MOJKAY nony>reHHbiMK B npeAOIAy

mnx na!Jarpa¢ax pe3ynhTaTaMa n BD3MoxmocTbiO nocTpoennn narpaHJKIIaaa· noKanb

Horo naanMo.tiell:CTBIIll. Pann npocTOTbl paCCMaTpnnaeTCSl Tpexnrmeilnoe B38HMO.Qeil-
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! 

CTBae Mf,:nKny qacTanaMa H3 MynbTarrneTa c 11 .. 0 a neKoTophlM canrneToM. B 

'18CTHOCTH
1 

'18CTb narpan~aHa1 COOTBeTCTByromaR B38HMOJleHCTBaro TpeX '!8CTHU 

co crrnnoM 0, B x - rrpencTaBneaaa paBna: 

i'lnt (x)=f·:¢(x)lx*(x)r(Dx<x)l, (23) 

rne 

.J 

c = k-

k 

~ 
n=O 

b+t: 
~ (-1) 

a=O, b:e:O 
k t:+l a-=-;-· -2-· 

"' 

"" k 

r <0> = ~ ct: 0 
k=O - -a a 2 

(--+--·) 
axp. axp. 

o .. 

2c (2c-1)!! 

( n )(2dfl)2t:+c m2kb! c!(k-n)! 

r(a+.J.·) r (1-2b) 
2 

r(a+L-b)r(l-2b-k+ n) · 
. 2 

narpaHJKaaH B38HMOJleHCTBHH (23) COJleplKHT 6eCKOHe'!HOe 'IHCnO rrpOH3BOJlHbiX 1 KOTQ-

pb!e B03HHKaroT HMeHHO H3-38 Tpe60B8HHH CHMMeTpHH, TipH'IHHa HX B03HHKHOBeHaH 

3aKnroqaeTCH B cnenyromeM. 3neMeHTapnhle 'lacTaUhi, BXonamae B KaJKJlhlH 6ecKoHe'l .. 

HbiH MynhTnrrneT. rpylliibi SL ( 2, C) , Knaccn¢nuapyroTc a rro nerrpnBOJlHMbiM rrpencTaB

neHHRM Manoft rpyrrrri>I SU(2) P • llnn orrncannR aTHX '!aCTau B paMKax KBaHTOBOli 

Teopan, rron.11 Mbi nonJKHI>I BBeCTa 6ecKone'!noe 'IIIcno crrnnopoB EaprMana-Bnrnepa 

ala2 ••• am 
1/1 , (x) 

{31{32 ••• {3n 

1 f I ( + l al a r! .. a lpx . ( -l a a . a.., 1 2 2 "'-:-m 1/1 {3"' R.m(p)e + 1/1 R d 2"~~\p)e-P"'Io(p +m )8(po)d4p.(24) 
2rr t~--'2""~--'n ~"t~'-'2""~--'n 

TIOCKOnbKY 'laCTHUbl C OIIpeneneHHb!Mll CIIHHaMII o6pa3yroT K8HOHH'!eCKHH 6a3IIC 1 

cooTBeTCTByromnii 3aBHCHilleli oT p penyKUIIn SL( 2, C)::J SU (2) P, 'J:'O MaTpn'!HbiH 

6 
. ..__ .t. ( ±J a ••• a ( ) 

:meMeHT rrpeO pa30B8HHH ..-ypbe-KOMIIOHeHT IIOneBbiX onepaTOpOB 'I' I m p 
{3l'"'{3n 

rron nelicTBIIeM X >; SL (2, C) H !!MeeT BHJl 38BIICHT OT p 

I±Jal ... am -1 " a1 ... am,ol ... of C±Jy1 ... y 
x.p f3 "' (p)X =- x"' "' (±p) "'a a k(p), 

1 ' " I" n . k • f I" I ' " I" n' y I ' " y k I .. • f (25) 

12 

a 1 a ... 
a caMB .rroneBDie orrepaTOphl 1/1 R J. 

. '~--'1~-'2'" 
30BaHHro, KaCaromeMyCR IIpOH3BOJlHhlX. BCe 

.MOJKeT 6I>IT b HHBapiiaHTHbiM OTHOCIITenb. 

TOM cnyqae,.Korna on coneplKHT 6ecKone 

IIpH'IIIHa B03HHKHOBeHnR 6eCK~HB'IHOro 'IH• 

.c_g B TOM, 'ITO HeKOMIIaKTHaR rpyrrna CH~ 

npeo6pa3oBallnii: . KBaHTOBilHHhlX rronea, on: 

noli rpynni>I, TaKIIM o6pa30M, BDICmae en 

Mil neCOBMeCTHMbl C 06bl'!Hb1Mll noKanbRb 

na CIIMMeTpnii npenCTaBnneT co6oii rp: 

aapaaHTHOCTb OTHOCHTenbHO 3TOH rpyUUbl 

B38BMOJleHC:TBHR, 

OcHOBHbie pe3ynbT8Tbl naccepTaUHH a: 
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c v = 0 n neKoTOJlhiM cnnrneToM. B 

l.ntvt'R2TCTBYIOmaH B3aHMO.QeiiCTBHIO TpeX qaCTHU 

(23) 

"" k 
= l: Ct-0 

k=O - .. .J 
a a 2 

(-+--) 
axil axil 

(2c-l)!! 
r(a+-1-)r(l-2b) 

2 

(2df-1)2k+c m2kb! c!(k-n)! r(a+1..-b) r (l-2b-k + n) -
- 2 

6eCKOHe'lHOe 'lHCnO npOH3BO.QHhiX, KOTQ

CHMMeTpHHo Tlpn'laHa nx B03HHKHOBeHUH 

'lllCTHUbi, BXO~RmHe B Ka)K.Qblll 6eCKOHe'l,. 

Knaccn¢nunpyroTCH no aenpHBO.QHMbiM npe.r:~cTaa

onncannH 3THX 'laCTHll B paMKaX KBaHTOBOll 

'lncno cnnaopoa BaprMaaa-Bnrae·pa 

2 ••• ;· (x) 
n 

lpz :1.1-la1a 2;,,""- ) -lpz I"( 2 2)0( o)d4 (24) 
+ ., f3 f3 .. • (3 -\ p e u p + m p p. 

I 2 n 

HblMII CllHHllMU o6paayiOT KllHOHl!'leCKUii 6a3HC, 

· peayKuuu SL ( 2, c)~ SU ( 2) P , 'J:'O MllTpH'lHbiii 
.t. (±)a ••• a ( ) 

OMIIOHeHT noneBbiX OIIepaTOpOB 'I' I m p 
f\--·f3n 

llBHCHT OT p H HMeeT BU.Q 

al ... a ,ol ... or l±)yl ... yk (p) 
m · (±p) i/J o 0 ' 

1 • • • {3 n' Y 1 • ' • Y k 1 • • • f (25) 

12 

.. 

a caMn _nonenble onepaTOpbi t/J_;1
1
aJ:·:.: (x) no.QaepraiOTCH aenoKanhH.OMY- npeo$pa-_ 

30BllHHIO, KacaromeMyCH npOH3BO.QS:hiX. BCeX UOpHJ:IKOB~ narpaH)KHaS: B3aHMO.QeiiCTll'SI 

.MO)KeT 6b!Th HHBllpHaHTS:biM OTHOCHTenbHO npeo6pll30BllHHSI TllKOrO. pO.Qll TOnbKO .B 

TOM cny'lae,, KOI".Qa os: co.r:~ep)KHT 6ecKoHe'laoe 'lncno nponaaoaHbiX.- Hl!a'le roaopsl, 

llJlU'lHHa B03HHKHOBeHHH 6eCK~He'lHOI"O 'lHCna llpOB3BO.QHblX B-narpaS:)KUllHe 3aKnroqaeT

·CH B TOM, 'ITO HeKOMllllKTHllH rpynna CHMMeTpBSI smnneTCSI rpynnoii H';nOKanbH~IX 

npeo6pa30BllHHA KBllHTOBSHHhlX noneii, OUBCbiBaromnx 6eCKOHe'lS:ble .MYnbTlmneTbl .QllH-

aoii rpynnbi. TaKnM o6paaoM, Bblcmne cuMMeTpun c 6ecKOHe'lHhlMH MYnbTHUneTa~ 

MB HeCOBMeCTHMbi C 06bl'JS:hl~B nOKanhHblMH CBOHCTBaMB KBaHTOBaHHb!X noneli. fpyn-

na cnMMeTpuu npe.QCTaanneT co6oii rpynny aenoKanbHhlX npeo6paaoaaaun, n ua-

aapuaaTS:OCTh OTHocuTenbHO aToil rpynnbi Tpe6yeT caoeo6paaaon l!enoKaJn.aocTa 

B3llBMOJleHCTBBH. 
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