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§ I. B a e ~ e H u e 

8 nocne~HHe ro~y B CBB3H C ycneWHYM npuMeHeHReM rpynnhl SU(S) ~nB ODRCaHHB 

CRn&HO B3aRMO~eiiCTBYIOIIXRX 'laCTRil 3aM9THO B03pOC RHTepec K nORCICaM CRMM9TpRR
1 

KOTO-

• . ( Ill pall uY pacnpoCTpaRBnac& He TO/lbKO Ha a~p0Hhl1 HO H Ha nenTOHhl CM,
1 

HanpHMep, # 

,TaM JKe RMeeTCB 06WRpHall 6&6/lROrpacjiUB no STOMy Bonpocy), XapaKTepRhlM MOMeHTOM ~llB 
TaKoro po~a nonYTOK BBnR9TCB CTpeMn9HRe npRnRCaT& nenTOHaM onpe~eneHHhle 3Ha'leHRR 

'yHRTapHOi'o' CnRH8 1 H30TOnR'I9CKOro CnHH8 ( I ) R runepaaps~a ( Y ), 0~H8K01 npHHR

MSB BO BRRMSHUe cjlaKT OTCYTCTBRB CR/lbHhlX B38RMO~ei!CTBRII ~IlK nenTOHOB
1 
Tpy~HO noRRTb

1 

nO'I9MY STR '18CTHilhl ~0/llKHhl o6na~aT& nepe'IRC/l9HHhlMR KllaRTOBhlMR 'IHC/laMHo nosTOMy C 

caMOrO Ha'lana ~aHHhlll no~XO~ He Bhlr/lR~RT BnonHe norR'IeCKR 060CHOB8HHhlM, 

C ~pyroll CTOpoHhl1 cymeCTByeT B3aHMO~ellcTBRe1 R RMeHRO cna6oe, B KOTOpoM yqacT

ByiOT ace 'laCTHilhl, KaK a~p0Hhl1 Tall: H nenTOHblo npa STOM cna6oe B3aHMO~eiiCTBHe npORB

/lBeT 3aMe'laTen&RyiO yHHBepcan&HOCTb1 'ITO HaXO~RT CBOe BhlpaJKeHUe B aanRCH COOTBeTCTBYIO

mero narpaa*HaRa Kax npouaae~eHHR 'ToK x TOK', r~e 'ToK' HMeeT onpe~eneaay10 nopeHue

ay CTPYKTypy ( V - A -BapHaHT) R B · H3B9CTHOM CMhlOne CHMMeTpH'IeH no OTHOWeHHIO KO 

seeM 'laCTHJlaM. Cne~OBBTen&Ho, paayMHo npe~nonoJKHT&, 'ITO HOJBaB rpynna CHMMeTpuu, ~aJO

mas 06~e~RHeRROe ODHCaHue a~poHOB H nenTOHOB1 ~0/llKHa 6hlTb cjlya~aMeHTa/l&HhlM o6pa30M 

CBB38Ha CO cna6biM B38RMO~ellcTBH9M BCeX 'laCTHil1 KaK, HanpuMep, rpynna H30TOnH'I9CKOrO 

CnHHS SU (2) CBII3aHa C CH/lbHblM B3aHMO~eiiCTBHeM a~pOHOB, JlBHrSBCb B STOM Hanpasne-

HBH ~a.n&We1 Mhl ~0/llKRhl, BO-nepBhlX1 OT~enBTb B narpaHlKBaHe cna6oro B3aBMO~eiiCTBRB 

L,. Te 'lneRY1 KOTOphle R3BeCTHhl Hau6onee TO'IH01 3aTeM OnBCaT& RX CBMMeTpBIO 11, 

H8KOH911 1 nonhlTaT&CR pacnpOCTpaHBTb STy CRMMeTpHIO Ha OCTaBWYIOCB 'laCTb L w • noc

KO/l&Ky B HaCTORmee BpeMR Mhl llY'IWe 3HaeM nenToH-nenTOHHyiO KOMnOH9HTy ( L ft ) nar

paR*UaHa L w , To, cornacHo cKaaaHHOMY aywe, aawell aa~a'lell Tenep& asnaeTca uccne

~osaaue CBOIICTB CRMMeTpBB1 npORB/lBeM&IX nenTOH!3MH B Cll86YX B3aBMO~eiiCTBHRX, 3TO COC

TaBnReT co~eplKaHue ny6nuKyeMoll I 'laCTB uacTosmell pa6oT&J, Bonpocy, KacaJOmuecs cuM-

MeTpull a~poHOB a paccMaTpuaaeMoM acneKTe, o6cy~aJOTCR so 11 '18CTH. 

B MaTeMaTB'IecKoM oTHoweauu ~aHuas pa6oTa 6nua11:a 11: HeKoTophlM aaanorB'IHhlM uc
lllxxl 

C/le~OBaHHIIM1 UHTHpOBaHHhlM B 

xl Oaa co~eplKBT qneH&11 onac&IBaJOmue /l -pacna~. n?' K COJKaneuuJO, o6 BX cymeCTBOBaHHH Tall: JKe, KSK H 0 cymecTBOBSHHH caMoll pa-

60Tbl , aBTOp y3Han /lBWb nocne TOrO, KaK H8CTORIIX8R pa6oTa 6&1/la ~0/lOJKeHa Ha ceMHHS-
pe, 
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§ 2. 0(5) xax B03MOlKH8!1 rpynoa CHMM9TpHH D9DTOHOB 

HTaK, paccMoTpHM n9DTOH-n9oTOHHY~ qacTb narpaHlKHaHa cna6~x B38HMoneAcTBHA 

Lt.f • ~ 
..;2 

+ 
j,\ j,\ ( 2.0 

rne spMHTOBCXH CODpiiJK9RHlol9 OD9p8T0plol TOII:OII j,\ 
+ 

R j ,\ CTpoiiTCJI CT8Hll8pTHbiM o6pa-

soM H3 ooepaTopoB noneA 
p. -M930H8 0 309XTpoH8 H llBYX He11Tp¥HO: 

j,\• (;0.\vp.) +(;0.\"•) (2.2) 

+ - -j,\• !v
14 

O,\p.l+(v0 0,\e), (2.8) 

/2/ 
npHqQM 0,\ OTB9q89T ( V- A ) -cBJI3Ho r~pC99M R <l>aiiH6eprOM 6~00 38MQqQHO (eM. 

/3 4/ . 
T8XlK9 ' ), qTQ TOKR (2.2)-(2.3) H 309XTpOM8rHRTH~II TOK 

... 
j,\ •p.y,\p.+ey,\• (2.4) 

HHB8pH8HTHlol OTROCHT9DbHO op9o6p830B8HRII H9KOTOpoll rpyno~ U(2) '• oop9ll9D!I9MOII Cn9-

llY~IIlHM o6pa30M: 

(~)'•U(~) ( "" ) ' - u ( lip. ) 
"• "• 

(2.5) 

-- + - -- + 
(p.,el'•!p.,e)U , !v14 ,v.>'•!v14 .v.>u • (2.6) 

npellCT8BDIIII U ( 2) B BHl13 

U (2) • U (1) X SU (2), 
(2.7) 

MOlKHO p8CCM8TpHB8Tb OllHOD8p8M9TpHq9CXY~ rpynny U(l) xax rpynoy xana6poBoqHbiX 

np9o6pa3oBaHHII, cBII3aHHY~ c coxpaH9HH9M n9oTOHRoro 3apHna t • B· nanbaellweM npell-

x/ -- • ++ .... 
nonaraeTC!I , qro nn11 p. , e , vp. H 110 Bceraa • • 1 '· a nnH p. , e , lip. , "• 

COOTB9TCTB9HHO f •- 1 • 

x/ EcnH neoTOR8M o HOHC8Tb T8KH9 3H8q9HHH f , KOTOpbi9 CD9l1Y~ H3 rHnOTe3bi 

KoaooHHcxoro-MaxMyna/51;6/, TO BC9 nocTpoeHHII naaaoll pa6oT~ oo-npelKH9My oxa3~Ba~
C!I B03MOlKHhiMH npH aexoTopoll HX MOllHcPHXSUHH. ABTOP 6naronapea M.A. MapxoBy 38 uea

Hbie YX838HHSI no pllllY OTHOCIIWHXC!I C~l18 BOOpDCOB. 
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/2/ 
rpyooy su (2) 83 (2,7) Mbl 6yU9M H83biB8Tb BCD9ll 38 8BT0p8MH rpyoooll nenTOH-

HOrO CnHHS·, 8 XOMnOH9HT~ STOrO ·COHRS 6yneM 0603H8q8Tb nocp&llCTBOM t I , t I , t I 

Bbt6epeM npencTaBneaae, B xoTopoM npoexuHH c1 llH8rOH8DbH8 H paBH8 

t (~ 0) 
I • 0 -~ . 

3Ty BSDHqHHY eCTBCTBSHHO CBH3~B8Tb C I' -M930HH~M 38pllll0M 

neHHIO, SCTb 9llRHHU8 llDH I'- H "" 
' MHHYC 9llHHHU8 llD!I " 

OCT8DbH~X nenTOHOBo QqeBHllHO, 

t 
K - 11 + T 

K 

+ 

(2.8) 

11.1 II , xoTop~ , no onpeae-.. 
H Ill' H Hynb llDH 

(2.9) 

nocxODbXY K H t , cornaCHO cymecTBY~IIlHM sxcnepHM9HT8DbH~M ll8HH~M, COXpSHH ~-

CH roqao, TO 3TO lK9 OTHOCHTCII H K t I • Coxp8H9HH9 lK9 OCT8DbH~X XOMnOH9HT t -

COHRS SIIIHO H9 HM99T M9CT8 R3-38 CYW9CTBOB8HHH p83HOCTH MSCC II ny6n9T9 (~) x/ 

CnellOB8T9DbH0
0 

C CSMOrO aaqana CHMMSTpR!I neoTOHOB OTHOCRT9DbHO rpynn~ SU (2) MO-

lKST p8CCM8TpHB8TbC!I DHWb XSX OpH6DHlK9HH8Ho HocnellH99 0 OllH8X0 0 H9 03H8'189T 0 qTO 83 

STOll HapyWSHHOA CHMM9TpRH H9Db3!1 H3BJ!Qqb noD93H~X CD91lCTBRII ( cp. C T90pHell yHRTap

HOII CHMM9TpHH), He HCitDJOqSHO T8KlK90 qTQ MOlKST Olt838TbC!I nnOllOTBOpHbiM paccMOTp9HH9 

ll8lK9 6onee B~COKOII CHMM9TpHR0 'ISM ll8HH8110 TSK KSK opH STOM MOryT o6HapylKHTbC!I 6on99 

rny6oKH9 38ltOHOM9pHOCTH cna6~X B38HMOll911CTBHA neoTOHOB (cp., HanpHM9p, C TSOpHell 

SU(6)- CHMM9TpHH), Koaeqao, nepeXOll OT OllHOII CHMMSTpHH K llpyroll H9 HBnHSTC!I ax

TOM npOH3BOD8o a. llODlKBH OCHOBblB8TbCH H8 8H8DH39 CTpyKTyp~ MyDbTHDDSTOB, OTJieqSIOWHX 

HH3W911 CHMM9TpHHo 

B cBH3R c STHM paccMoTpHM nonpo6aee nenTOHHble ny6neT~ 

f • ( "- ) e 
(2.10) 

II • 
"I' 

( "• ) . (2.11) 

Mbl BRAHM, qTo B nepBbiii H3 HHX (f) BlltOllHT TODbXO 38p!IJK9HHbi9 qaCTHil~o opH'19M 38pHll 

Q • p8B9H -1 llDII BCSrO ny6neT8o nn11 lly6neT8 II HM99M0 0'1911HllH0 0 Q - 0 • 

C Upyroll CTOp0Hbl
0 

Q !IBDHSTC!I COXp8HII~WHMC!I XBSHTOBbiM qHCDOMo OTBeqa~WHM 

onaooapaMeTpHqecxoll rpyone xana6poBoqHbiX opeo6pa3oBaHHII UQ ( 1) • CnenoBaTenbHO, 

OODH811 rpyooa CHMM9TpRHo KOTOpOII COOTBSTCTBy~T MyDbTHOD9Tbi ( 2.10) H ( 2,11), SCTb 

rpyooa 
U f ( 1 ) X U Q (1 ) X SU (2) 

( 2.12) 

x/ Pa3HOCTb Mace "I' H 11
0 

noxa H9H3B9CTH8. 
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( anecb qepea U t (1 ) o6oanaqena paccMoTpeunas Bblwe rpynna nenTonnoro aapsnal. 

t{To6bi ny6neTbi ~ 2.1 0) H ( 2.11) BblCTynann B Teopuu 6onee CHMMeTpnqno, aaeneM 

acnoMoraTenbnoe KBBHTOBoe 'IHCno q , paanoe 

t q • Q + T 

Qqeannno, 'ITO nna r -qacTHU q •- " , a nns v -'laCTHU 

cTBenno, rpynna (2.12) Tenepb M0)((9T 6b1Tb aanncana KBK 

U f (1) X U q (1) X SU (2) • 

(2.13) 

q - ". CooTBeT-

(2.14) 

nocKonbKy nns BCex qeTbipex nenTOROB I& , e , vi& H V l• 1 , TO HH)f(9 COMRO)f(HT9nb • 
u t (1) RaMH apeMeRRO onycKaeTcs. B peaynbTaTe (2.14) npeapamaeTca B qeTblpexnapa-

M9TpH'19CKY~ rpynny 

U q (1) X SU (2) • I • 
(2.15) 

BcnoMHRaR Tenepb apryMeRTbl, KOTOpble npHBenH B CBOe Bp9M!I K nepexony OT CX9Mbl 

H30TOnH'I9CKHX MynbTHnneTOB K 'cynepMynbTHnneTaM' T90pHH yRHTBpROA CHMM9TpHH, 38-

MaRHHBO npennonO)f(HTb, 'ITO H a naRROM cnyqae M&I HMeeM neno c ReKoTopoA RapymeRnoA 

CHMM9TpHeA H 'ITO MynbTHnneT&I H V eCTb 'OCKOnKH' H9KOrO 'cynepMyn&THnneTa', 

BHyTpH KOTOporo 'IHCno q y)f(e H3M9HSI9TCR, RBnHRCb BM9CTe C KOMnOR9HTOA t 1 nHa-
x/ 

ronanbHhiM renepaTOpOM HOBOA rpynn&I G • nocxon&Ky HSM H3BeCTRO TOn&KO '19Tblpe 

nenTona, )f(enaTen&Ro, 'IT06bl sToT 'cynepMyn&THnneT' conep)((Bn nnw& qeTbipe cocTORHHR 

H cooTBeTCTBoaan nnaweMy npencTaaneHH~ G • TaKHM o6paaoM, Tpe6oaaRHR K ncKoMoA 

rpynne G cneny~wne: ee paRr non)f(eR paBRRTbCR nayM, a paaMepROCT& RHawero npen-

cTaaneRna - qeT&IpeM. Ecnll npennonaraT& no Tpannuun, 'ITO rpynna G KOMnaKTHa!l H 

nonynpocTas, TO nepeqncnenR&IMH ycnoBHRMH ORa onpenenseTCR c TO'IHOCT&~ no noKanb

Roro HaoMop<lmaMa. B qacTnocTn, ee MO)f(RO C'IHTaT&coananaJOrueA c 0(5) -necRTHnap<~

MeTpH'IecKoA rpynnoA opToroRan&RblX npeo6paaoaaRHA a 5-MepRoM aewecTBeRROM eaxnnuo-
xx/ 

aoM npocTpaRcTae • "1To6&I nanraT&ca nan&rue, RaM Reo6xonnM pan caenennA MaTeMa-

TH'IecKoro xapaKTepa o rpynne 0 (5) , ORB coo6wa~TCR B cneny~rueM naparpacjle. 

x/ 
11a nawero nocTpoenns RenocpencTBeRRO scno, 'ITO noRH)f(eRne G -cHMMeTpH11 

no CHMM9TpHH, OTB9'1a~rueA rpynne ( 2.15) t npOHCXOnHT, B 'IBCTROCTH1 npn BKn~'I9RHH 11'\eJC-
TpOMarRHTHOrO B38HMoneACTBH!I Me)f(lly f -nenTORBMHo 

xx/ 
fpynnoA noKanhRO H30MOpcjlnoil 0(5) RBnReTC!I CHMnneKTH'I9CKBSI r')1inna Sp(') • 

B nanbHeilweM Mbl HHOrna 6yneM non&aOBBTbC!I cjlopManH3MOM 9TOA rpynnbl 81. rene-
PBTOpbi Sp (4) H nepeCTBHOBO'IHbl9 COOTHOW9RH!I Me)f(ny HHMH BblnHCBRbi B 
nPI1!10)f(EH1111. 

'I' 

~ 

' 

§ 3. Hexorop&Ie caeneRHR H3 Teopnn rpynnbl 0(5) 

nycT& Sa (ll • 1,2,3,4,5) -aexTopbl aemecTBeRRoro eBKnnnoaoro 5-npocTpaacTBa. 

CoaoKynRoCTh npeo6paaoaaR&il anna 

npH yCnOBHH 1 'ITO 

llJ. • • ... a•a 

clet • • 1 , 

I 

I • •• akD • ll.t 
••l 

(3.1) 

(3.2) 

cocTaanseT rpynny 0 (5) • MaTpHUbl II• ... H o6paay~ 5-MepRoe ( aexTopRoe) npencTaane-

use rpynnbl. MaTpBUbl S cnaaopRoro npencTaaneRRR 0(5) onpenenRJOTC!I B3 COOTHOWe-

HBR 

-t 
s r. s - ••• r,. (3.3) 

x/ 
rue r. -n!ITb 9pMBTOBblX MaTpBil , ynoaneTBOpRIOWBX cnenyJOW9MY npaBBny 8HTBKOM-

MyT41lBR: 

r. r. + r. r.. - 211,.. , .... - 1,2 ..... 5 • (3.4) 

nocKon&Ky R8HMeHbW8!1 p83M9pROCTb nRTB B38RMHO 8HTHKOMMyTBpyiOWHX M8TpRU p8BR8 '18-

TblpeM, TO H8BM8RbW8!1 p83M9pROCTb MBTpRU S T8K)f(9 p8BH8 '19Tblp9Mo LlpyrRMB CnOBa-

M11, CDBROp 1/1 a , npeo6p83YIOWBACR C nOMOWb~ MaTpBU S 

a a {J 
1/1' - s{J 1/1 (3.5) 

BM98T MHRBMyM '19Tblp9 KOMnOR9RTblo I1M9HRO B 9TOM cnyqae (CMo K9H91l § 2) Mbl OT0)((

U9CTBn!19M ero c nenTOHRblM 'cynepuyn&rannerou', nonaraa 

.;a • o~) -r~~l (3.6) 

x/ 3pMBTOBOCTb r • t 0'19BHnRo, o6ecneqHBaeT BblnOnR9RH9 ycnoBH!I YHHTapROCTB UIUI 

M8TpRU S 
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B cany yHHTBP!fOCTH M8TpHll S npu npeo5p&30BaHHSIX (8.5) OCTaeTCSI HH88pH8HTHOA 

<j>opMa 

1/1 + 1/1 • 1/1* !/Ia . 
G 

Ooa-roMy llHp8K08CXH conpSilKeHHble 80nH08ble <j>yHXllHH I' 0 -: , VI' H V 
0 

8eHHO ROMeCTHTb 8 COCTOSIHHe THR& "'! T 0503H8'18SI 9'1'0 COCTOHHHe CHMBOnOM 

6yneM HMeTb 

1/la. (1/11'"'1 ·"'· '"'4). c;,; ,;, . v.). 

B HTore 803HHxaeT K8anpaTH'IH&SI <l>opMa 

;"' • ;G "'G 

(3.7) 

ecTecT--
"'G ,, 

(3.8) 

(3.9) 

x/ 
HH88pH8HTH8SI K8K OTHOCHTenbHO npeo5p&30BaHHit nop8Hll8 1 T8X H OTHOCHTenbHO npeo6pa-

3088HHA rpynnbl O(S). 

MaTpHnbt r llnH nanbaeAwero 6yneT yno5ao 8b15paTb cneny~wHM o5pa3oM: 

171 0 
r 1 • 178 x 171 • ( 0 -17,) . 1•1,2,3 I 

0 -1Gb) 
(3.10) 

r 4 • 171 X 17o • (117o 0 

0 170 
rl • 171 X 170 • ( 17o 0 ) ' 

1 0 
rne 17o • ( 0 1 ) , 17 1 (1•1,2,3) -MaTpHUbl Oaynn. Cnpa8ennnsocTb (8.4) nerxo npo-

8epaeTcR aenocpencT8eaao. KpoMe roro, c noMowb~ (3.10) MOlKHO y6ennTbCR T8XlKe B 

BbinOnHeHHH pS1ll8 COOTHOWeHHA. BbiTeXa~wHX H3 ( 3.4)! 

I 1 I 
r 1 • r1 •...• r, • 1 . 

spr,. rD • •B .. D 

spr,. - o . 
< 3.11 r 

T 

Tax KBK TpaacnOHHpOB8HHble MaTpHllbl rID ( H p88Hbl8 HM XOMnneKCHO CODpSilKeHHbl8 

r: ) yllG>8neT80pSI~T npelKHHM np88Hn8M 8HTHKOMMyT&llHH (3.4), TO, COrnaCHO '<j>yHll8-

MeHTanbHOit TeopeMe' OaynH, cyweCT8yeT npeo6p83088HH8 DOll06HSI 

r T r• r -I 
m • m • g m8' • 

(3.12) 

x/ B ( 3.9) nopeaue8cKHe HHlleKCbt cnnaopo8 ae 8b!DHC8Hblo 

8 

.. ,,. 

~ 
j 

~ 
I 

',, 

l 
L 

HeTpyllHO ycTaH08HTb, 'ITO 

-I 
8 -- 1 -r1 r4 •-1171 xl7 1 -r o -117~) 

-117 1 o ( 3 .18) 

J.13 COOTHOWeHHit (8.8) H (8.12) H8XOllHM0 'ITO 

-1 T -1 
(S ) • gSg 

(8.14) 

Cnell088TenbH0 0 npeo5p83088HHSI (8.5) OCT8BnSI~ HHB8pH8HTHOA ewe OllHY 6HnHHeAHyD <l>op

My 

T G ~ G ~ 
C,P,I{I> •<<P >aspl/1 •'aa~<P 1/1 • (3.15) 

G 
MaTpHua 'aafJ • ~~ 3llecb nrpaeT ponb MeTpnqecxoro TeH3opa. Ee CTpyxTypa (eM. 

( 3.18) ) yxa3blsaeT aa To, 'ITO paccMaTpH8aeMoe cnnaopaoe npencTa8neane 0(5) <!>aKTH-

qecxn co8nanaeT c HH3WHM npencTa8neaneM Sp (<6) (eM. OPHnO)f<EHHE). 

afJ 
C ROMOWb~ M8TpHU 

HHlleKCbl! 

'aG~ H b •-ha{J MOlKHO onyCK8Tb H DOllHHM8Tb CRHHOpHble 

~ 
1{1 G • b G~ ., 

G {Ja G~ 
"' • "'~ b ·-h "'~ 

Opn STOM <j>opM8 ( 3.15) 5ylleT MeHSITb C80A 8Hll! 

a{J a aa{J 
<,P.I/I)•hafj</> 1/1 •</> 1/la•-<Pal/1 •h <l>ai/I{J 

Tenepb paccMOTpHM reaepaTopbl rpynnbl 0 (5) • Ecnn 61rf • - 6b 

( 3.16) 

(3.17) 

- napaMeTpbl, 

onpenenH~wne n&THMepH&te no8opoTbl 8 nnocxocTHx ( kl) , TO npn ManbiX 161 HM9eM: 

(1DD) 

... D. B,.D + I It6"t "'"t 
Jr< 

G a G 

S ~ • IJfJ + l1r~l 6•f (M"f ){J 

(3.18) 

(3.19) 

AHTHCHMM8TpH'I8CKHe RSITHM8pHbi8 T8H30pbl :lll 1rf H M kf > K8lKllblit H3 KOTOpbiX COllep-

lKHT no 10 xoMnoaeaT, R8nH~TCH reaepaTopaMH 0 (5) 8 npencTa8neanax §. H .i cooT-
88TCT8eaao. Hx nepecT&H080'IHbte cooTaoweang xopowo H38eCTH&t: 
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[llikf ,lli_;,D]•I(8t• lilt.. +8t, lllm-8t...lb-8bllt..) 

(3.20) 

( npaBHnS KOMMYTSllHH BenH'IHH M rrf 
TpyOHO yCTAHOBHTb, 'ITO 

, O'IGBHOH00 aaanOrH'IHbl). 06bi'IHbiMH MeTOOSMR ae-

Mkf• -Jr<rtrt -re rt >, (3.21) 

OTKyna, npHHHMall BO BHHMSHHe (3.10), HaXOOHM: 

Mit • }•ttl <uo x u2> • l,k,t • 1,2,8 
ca.22> 

M --!..u1 x u0 ; .. 2 
(3.23) 

M.e•}u Xl1f t - 1,2. 3 ; (3.24) 

M 1t •-+ u 1 X l7f t -1.2 ,a (3.25) 

f lkf - SHTHCHMMeTpH'IeCKHII enHHH'IHbiii TeH30p) • 

CpaBHHBaSJ Tenepb (3.22) H (3.23) c oneparopaMH 11 H 'I , paccMaTpHI!laBWHMH-

CII B § 2, H Y'IIITbiBSII CTpyKTypy Myn&THnneTa (3.6), npHXOOHM K BbiBOOy, 'ITO 

( ~(7. 0) 
11 •flkf M tf • }(go x 171) • 0 ~11 1 (3.26) 

'I • M" • 
{-~uo 0 ) 
\ o ~ u0 

(3.27) 

CnenoBaTen&ao, rpynne nenToHHoro cnuaa SU (2) oTBe'laeT rpynna TpexMepHblX Bpame

HHA 0(3) t nellcTBYIOIIIall HS KOMDOHeHTbl "I •"I •"I 5-BeKTOpa "m ! a rpynna U'/(1) 

COBnanaeT C rpynnoll fiOBOpOTOB 0(2) B nnOCKOCTR (45). QqeBHOHO, 'ITO B rpynny 0(5) 

BbiOeneHHble HaMH nonrpynnbl 0(3) H 0(2) BXOOIIT B BROe DpiiMOrO npoR3BeneHHII 

0(5) ") 0(8) X 0 (2). (3.28) 

B o6oaaaqeHHIIX § 2 aToMy cooTBeTCTByeT 

G :> SU(2) x U'l(l). 

XoTSJ onepaTop&I (3.24) u (3.25) ae reaepupyiOT rpynn SU(2) , Mbl panu xpaTKOCTH 6y-

neM H83biB8Tb HX y - H p -CfiltHSMH COOTBGTCTBeHHO: 

10 

I 

I 

. 

M .t • Yt M af • Pt (3.29) 

HeTpynao npoBepHTh, 'ITO KaJKnoll ua nuaeiiHbiX KOM6uaauull 

~(:+ y), .. .. .. .. ... .. 
~ ( ~- y ) ~ (I + .p ) , ~ (I - p) (3.30) 

yJKe OTB3'1aeT HeKOTOpall rpynna SU (2) • 

B nan&aellweM oxaJKeTCII noneaH&IM paccMaTpHBaT& onepaTop i- (~1'~1 .~. ) .. .. 
paBHblll BeKTOpHOMy npoH3BeJleHHIO CfiHHOB Y H p I .. .. .. 

~ • [y X p J I ~ 1 • f lkf y t p f ( 3.31) 

C DOMOIIIbJO COOTHOWeHRII KOMMyTaURH (3.20) nerKO DOKa3aTb, 'ITO 

[~, . ,J. 0. 
... £e . ~. 1 • o • (3.32) [~1 • 1 1 l• o . 

.. 2 ... 
nocKOnblty onepaTOpbl Ia , I R '/ KOMMYTHPYIOT MelKOY C06oA, TO BMecTe C ~ R 

Jll!lyMII onepaTOpaMR Ka3RMRpa rpynnbl 0(5) OHH 06pa3yiOT nonHbiii Ha6op KBSBTOI!lbiX 

'IRCen, ltOTOpble B o6111eM cnyqae onpenenSJIOT COCTOIIBHe B pa CCMaTpRBSeMOit CXeMex/• 

(•Q) 
reaepaTopbl Ill r.t II B npencTaBneauu 2. MOlKBO BblpaaRTb qepea reaepaTOpbi 

Mkf 0 ecnH DOJlCTaBRTb paanoJKeBHII (3.18) H (3.19) B (3.3) H yqeCTb (3.11). 8 peayn&-

TaTe 6yneM HMeT&: 

(all) 

IIlii r.t II - ISp(Mtt M DlD ). 

B qacTHOCTH, reaepaTOpbl 1 1 R 

C.Q) 

1, • Ill •• II· 

(aD) 

'l·lll 4, II· 

'/ Bbll'n!IOIIT Tax: 

( 

0 I 0 0 0) 
-1 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 

(

0 0 0 0 0) 0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 I 

0 0 0 -1 0 

x/ HanoMBHM, 'ITO 'IHcno onepaTopoB 8 nonHOM aa6ope paBHo 
'lHcno napaMeTpoB rpynnbi, a t - ee paar. 

11 

N + t 
-,--

(3.33) 

(3.34} 

(3.35) 
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M&t mumM, 'ITO s paccMaTpasasweMcH no cax nop 6aaace ( x 1 ,x 1 , x1 , x 4 ,x 1 ) nHTHMeP-

noro npeJJCTaBnellaH KB8HTOBbte 'tacna ta a '7 He SIBnlUOTCH llHarOH8HbHblMH a, cneao-

saTeHbHOo ll8HHbtA 6aaae Henb3SI eqaTSTb ~H3H'!eeKaM, ~a3H'IeeKHA 6aaae 0 aaaroHanaay~wHA 

M8TpHUbl t 1 H '1 0 
o6paay~T KOMHOHeHTbl T6H30p8 

•a x 1- tx2 x1 -1x, 0 

X I + lxa -xa 0 x 1 - lx4 (3,36) 
A 

X • Xa. ra - I x 1 + 1x 4 0 -xa -x 1 + lzt 

0 •• +Is, -s1-lx1 •a 

ana, B 'TpanneTHoA' ~pMe, 

( 

XI 0'1 X 1 - lx 4 ) 

x 1 + 1x 4 -s1u1 

(3.37) X 

npa aTOM coaeplKBHHe Myn&TanneTa (8.37) no .. , 1 -cnany, t 1 R 'I cneay~mee (KsanTo-

soe qacno ~ HaM noKa He noHano6aTeH): 

Ta6naua 

C 0 e T 0 Sl H a Sl t(t+l) ta 
, 

x 1 -1x 2 2 1 0 

s 1 ~ ba 2 - 1 0 

xa 2 0 0 

s 1 - ls 4 0 0 -1 

x 1 - 1x 4 0 0 1 

11a {3,3) cnenyeT, 'ITO npa nHTHMepn&IX apameHHHx Tenaop (3.36) npeo6paayeTeH no aa.,. 

KoHy 

x. s :Xs-• 0 

Qqeaanno, 'ITO 

A II A I I 
det X" • ( s '

8 
) • det X • ( x 8 ) 

CKanHpnoe npoaasenenHe llBYX 5-seKTopoB x A 
H y 

12 

(3.38) 

(3.39) 

0 B eHny ( 3,11), T8KlK6 MOlKeT 

\., 

·''' 

... , 

A 

6MTb 38nHC8HO B TepMHHSX X H y 

Xa Ya • l(Sp(XY)o (3.40) 

Tenepb nepeAneM K paeeMOTpeHH~ 6HnHneAH&IX KOBapHSHTHbiX BeHa'IHH, KOTOphle B 

ll8HHOA exeMe MOlKHO noeTpOHTb H3 enHHOpoB rp H </> + o HeTpYilHO eoo6pa3HTb 0 'ITO ey-
x/ 

meeTsyeT TOnbKO TpH TSKHX B6nH'IHHhl 

1. cKanHp S • Kt/> + r/1 • K</>*a r/ta 

2, 5-aeKTop A •• "'/ r. r/1 • 
3. 0 8HTHeHMM6TpH'1HhlA 5-T6H30p T.,. -

HnB, eBMBOnB'!6eKH0 4 X 4 • 1 + 5 + 10 o 

1 + l -<1> [r ... r. r/1 
41 

(3 .41) 

(3,42) 

EenH e'IRTSTb nenTOHH&tA aapsux (eM, § 2) B eoeTOSIHHH rp p8BHhlM ellaHaue, 

TO B 
+ -

eny'lae ¢. • r/1 (eM. (3.8)) 

BeHeTBO f • 0 

BO seex COeTOSIHHSIX ( 3,41) 6ylleT BbtnOnH6HO pa

eOOTHOW6HHSI {2,9) H {2,13) npH06peTyT Ball: , B peayn&TaTe 'lero 

I( • ta (3.43) 

, - Q 0 
(3,44) 

+ 
KaK H BCHKaA 5-BeKTOp, aena'IHHY A 8 • Kt/> r. rp MOlKHO 381l8B8Tb B TeH30pHOA ~p-

Me ( 3,36) -( 3,37): 

II~ II 
( 

AI 0'1 

A1 + IA 4 

A1 -lA,) 
-AtO't 

(3.45) 

- II ty [¢.~ "'y -¢.* y "'p - KB >"' + r/tll<,-
1>; 11•11 I~ A~ (g -I ftlllo 

3anHehlB8ll 
y 

Ap B nonHOeTb~ KOHTpBapHaHTHOM BHile (ep, e (3,16)), nony'I86M 

8HTHeHMM6TpH'IHhlA nenpHBOilHMblA T6H30p 

AO'Y• tf>*ur/IY -tf>*yr/tu -KhO'Y (</>+r/1) (3.46) 

KOTOp&tA xapaKTepeH nnll ~opManH3M8 rpynn&t Sp(4) 
191 

o 0TMeTHM none3HOe COOTHO-

weHHe: 

x/ qHCneHHbte MHOlKHTenH B {3,41) BB61l6Hbl HSMH H3 eoo6palKeHaA yno6eTB8, 
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2 ¥ A~ 
A.; • "Sp ~~~) • "ha,9 hpA A If . (3.47) 

B saKnJO'IeHHe aToro naparpacjla Mbi paccMoTpHM HeKOTOpb!e .tiHCKpeTHbie onepauHH CHM

x/ 
MeTpHHo nocKO.JlbKY npeo6pa30B8HHH c del • = - I HCK.JliO'IeHbl c caMoro H8'18.Jl8 • TO B 5 -

npoCTpBHCTBe BeKTOpOB •a .tlonycTHMbl nHWb HHBepCHH qeTHOrO 'IHC.JlB ocei!, CBO.tiSIWHeCH 

x npoasaeneHHSIM noaopoToB aa yron " B COOTBeTCTBYIOIIlHX n.JlOCKOCTSIX, nerKO BH.tleTq 

'ITO npH aTOM OTpa)[(&HHJO OC&A C HOMepSMH 

BSHHe cnHHOpa ~ : 

m H D OTBe'laeT cne.tlyiOUlee npoe6paso-

~-- 'lr .. r. ~ 
(3,48) 

'1 - cjla30Bb!il MHO)[(HTQ.Jlb), 8 'laCTHOCTH, npH O.tiHOBpeMeHHOA HHB&pCHH 

•a ... -•a (a •1,2,8, 6) HM&&M: 

.p' • r 1 r2 r, r. ~ • r, ~ . ( 3.49) 

Y'IHTbiBSH (3.10), nerxo noxasaTb, 'ITO .ti.JlH nenToHoB (3.6) npeo6pasoBaHHe (3.49) aKBHBa-

neHTHO nepeCT8HOBKe 

T.e. COBH8Jl8eT C 

p. ... "p. ' 

e ... "•' 
/4 5/ 

D -npeo6pa30BaHH&M, paCCMOTpeHHb!M nH • • 

Ecna B nBTHM&pHoM • -npocTpaucTae oTpa)[(aiOTCH nnwb ocH 

'ITO 03HB'Ia&T 

~-. ;rt ra ~ . 

p. ... -p. 

e ... e 

"p. ... _.," 

" ... " • • 

(3.50) 

•t H •a , TO 

(3,51) 

(3.52) 

HaaapHaHTHOCTb narpaH)[(HaHa cna6b!X B38HMO.tleAcTBHA nenTOHOB OTHOCHT&.JlbHO npeo6paso

BBHHSI (3,52) H BbiT&KaJOWe& H3 He& COXpBH&HH& cneuHcjlH'I&CKOII 'MJOOHHOA 'I&THOCTH' 06Cy)[(
/9/ 

.tla.JlHCb B pa6oTe , 

x/ 3THM npeo6pa30BBHHSIM, O'leBHllHO, He.Jlb3SI COnOCTBBHTb onepaTOpb! S , TBK KBK 
cywecTByeT nHWb 5 aHTHKOMMYTHPYIOIIlHX 'I&TbipexpSI.tiHbiX MBTPHU, 

14 

Heo6xo.tiHMo SICHO noHHMaTb ( Mbl no~:t'lepxaaaeM aTo ewe pas), 'ITO a uaweA cxeMe 

CHMM&TpHH OTHOCHT&.JlbHO HHBepCHA ( 3,49), ( 3,51) H T,n, S!BnSI&TCSI np'!MbiM C.Jl&llCTBli&M Q( 5)

CHMM&TpHHo 

§ 4, TeasopuaH cTpyxTypa nenTOHHb!X TOKOB H narpaH)[(HaHa cna6oro 

BSaHMOlleilcTBHB. HapyweaaaH 0 (5) -cHMM&TpHH 

B § 2 6bi.JlO oTM&'I&Ho, 'ITO oTHOCHT&nbHO rpynnb! SU(2) cna6b!e nenToHHbie TOKH 

( 2,2) -( 2,3) H aneKTpOMarHHTHblil TOK ( 2,4) SIB.JlSIIOTCH CKanBpaMHo Bb!SICHHM T&n&pb, KaKOBbl 

T&H30pHbl& CBOi!CTBa 3THX B&.JlH'IHH OTHOCHTe.JlbHO rpynnb! 0(5) · C nOMOWbJO (3,6) J (3,8) 

H (3,]0) HaXO.'lHM 6&3 Tpylla, 'ITO 

~~- c;;o~ "p.) + (;o~v.). "~ cr, +ifc )0~~ (4.1) 

+ - - -~~ • lvp.O~p.l+<v.o~el ·"~cr,-tr4 10~~, (4.2) 

~~-- c;,~ p.) + c;,~ e) -"J;y~ ~ - rt-~r. r, ~ (4.3) 

0TCIO.tiB, npHHHMaSI BO BHHMaHH& (3.41) H (3,45), npHXOllHM K BblBOlly, 'ITO TOKH j~ 
+ 

Hj~ 

npHHall.Jl&)[(aT O.tiHOMy H TOMY )[(Q T&H30py rpynnb! 0(5) , npeo6pasyiOlll&MyCH no np&llCTaB-. .. 
n&HHIO §_ , a aneKTpoMarHHTHbiA TOK j ~ &CTb Cynepn03HUHH CKanS!pa ! H (45) -KOMno-

HeHTbl aHTHCHMM&TpH'IHOrO T&H30pa, npeo6pa3yiOW&rOCH no npHCO&.tiHH&HHOMy np&llCTaBn&HHJO 

.!Q. • npyrHMH cnoaaMH, a Bbipa)[(eHHH ( 4.42) nepaoe H Tp&Tbe cnaraeMb!e a npaaoll qacTH 

KaK 6bl OTB&'IaiOT 3.Jl&KTpoMarHHTHOMY B3aHMO.ti&IICTBHJO nenTOHOB, a BTOpoe cnara&MO& -

cna6oMy, 

Tenepb BblflHW&M nonHOCTblO T&H30p §. , KOMnOH&HTaMH KOTOporo S!BnHIOTCH TOKH ( 4,J) 

H (4,2) (cp. c (3,45)): 

( ,,., '· -•·) . ('·,·· ,. ) " J -

la +IJc -Jk O'k -1 0' 
k k k •1..1,8 ' 

(4,4) 

r~:te 

1. • "~ r. ~ 
(4,5) 

x/ 

t •I · npH'I&M 
D D (4,6) 

x/ MaTpHua 0>, • V~- A A , 'IT06bi ae sarpoMo)[(llaTb cjlopMyn, sll&Cb H ~:tanee onycxa-

eTCSI, YcnoaHe (4,6) BblflO.JlHSI&TCH 6naro~:tapH TOMy, 'ITO ot •Yo o>.l6 H r.+- r •. 
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.llnH T9H30p8 (4,4) R B9XTOp8 (4,5) Mbl BB9lleM o6mee H83B8HHe - XBRHTeT Cna6biX TOKOB, 

Kax BRllHO H3 ( 2,1), !l narpaHJKRaae cna6oro aaaRMOilellcTBRll nenToHoB, . npHHSITOM B HacToll

mee Bp9MSI 0 npellCTBBneHbl TOnbKO llBe KOMDOHeHTbl XBHHTeTa: 

L• • S 1 4 ' ' G + G ( 0 J -IJ ) ( 0 j -IJ) 
fl v2 J J •,ff" ~ J.+IJ4 0 . j1 +ij 4 0 

(4.7) 
G 

• ~ (J 1 -IJ4 )(j 1 +ij 4 ) 
y2 

G ( I 1 
--- l + J ) y2 4 I ' 

ToxR R j + R3-38 eaoell CTpyKTypbi (eM, ( 4,1) (4,2) ) B DHTepaType HMeHy~Tell 38-

pS!lKeHHbiMH TOKBMH, 8 H81Ilell exeMe 9TO H83B8HHe TeM 15onee onpaBilSHO, 'ITO B COCTOllHHllX 

THDB j I + lj 4 H J1 - lj 4 3apS!ll Q RMeeT ODpelleneHHOe 3Ha'!eHHe ( eM,TB6nHUY 

I B § 3 H ojlopMyny ( 3,44) ) He3aBHeHMO OT TOro, eTpORTell DR TOX XaK 6HDHHeiiHBSI KOM-

6HH81lHSI H3 1/J -nonell HDR ReT, .llnSI XOMDOHeHT jk (It •1,2,8), eornaeHO (3,44) B TOll 

JKe Ta6nuue I, 'I. Q. 0 H t enel!OB8Ten&H00 9TH XOMDOHeHTbl llODlKHbl OTBe'IBTb Hell-

TpBDbHbiM TOKBM, .llelleTBHTeD&HO, B TpexMepHOII '!BeTH BeXTOpa (4,5) 3aplllKeHHble neDTOHbl 

(l) eBH3biB8~TeSI TOilbXO e 38pS!lKeHHbiMH, a HeiiTpan&Hble (II) - e HeiiTpan&HbiMH: 

Jk. ""'rk"' 
•"(fl7kf 

17k 

""' ( 0 

1117 t"). 

0 

-17k 
lr/t • 

(4.8) 

06p8THM BHHMBHHe H8 TO o6eTOSITen&eTBO, 'ITO HeiiTp8DbH8SI '!BeT& XBHHTeT8 ena6biX TOXOB 

SIBDSieTeSI OllHOBpeMeHHO TpeXMepHb!M BeKTOOOM OTHOeHTeD&HO rpyDDbl SU (2) nenTOHHoro 

enHHB (eM, (4,8)), 3TOT ojlaXT 6ylleT Hrp8Tb B8lKHY~ poll& DpH p8eeMOTpeHHH BODpoea 06 

8/lpOHHbiX H911Tp8DbHbiX TOXBX BO II -oil '!BeTH ll8HHOII pa6oTbl, .llnSI llBD&Hellwero HBM 6y

neT Heo6XOilHMO HM9Tb SIBHbiii BHil aeex XOMDOH9HT KBRHTeTa j a · Co6Hp8S1 BMeeTe ( 4,8) 1 

(4,1) H (4,2) R Y'IHTbiBBSI (2,10)-(2,11), nony'laeM: 

J1 - "£<;e> + <¥>- <v" "• >- <v. "" >1 • 

la ·-Jr-l<;e>-<;1'>-<;l'"•l+<~.~~~~l], 

11 • "[(;l'l-(eel -<iii' "I' ) + <V: "• ll , 

l,. ft-£<;v") +(;v. )-(v" l'l-<ii. e)], 

J1 • "[<;v"l +<'ev0 l+!v" l'l+<;; •• l]. 
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(4.9) 

8 npel!ene TO'IHOII 0(5) -cHMM9TpHH '19TbipexojlepMHOHHbll! narp8HlKH8H B38HMOil9lleTBHSI 

D9DTOHOB1 DOeTp09HHblll H3 XOMDOH9HT XBHHT9T81 O'!eBHilHO, BbirDSIIlHT Tax: 

Ltt 
G' . a '7fF' ) • __!L__ s A A 

v• a 4y2 pJJ. (4.10) 

noneTBBDSISI e~ll8 ( 4,9) H DpHHHMBSI BO BHHMBHHe eOOTHOWeHHe <J>npua X/, HBXOilHM 6e3 Tpy-

n8: 

G -- -- --Ltf • ¥ [(~~~&Hv14 "I' )+(ee)(v0 110 ) + (jll')(ee)+(vl' "I' )(ii0 v0 ) + 

+<i4t><ii. "• l +!ee)(iil' "I' l + (4.12) 

+ "<;",~">+"!eel(eel +"<ii" "" >rv" 'ft > +"<v".v. x;. v.> .1. 

M&I BHllRM, 'ITO B llBHHOM B&IpaJKeHHR aeT qneaoa, oTBeTeTBeHHbiX 3a I' - paenan (9TH 

xx/ 
'IDBHbl eoxpaTRnne& 1 6naroll8PSI TOJKlleeTBaM ( 4,11)). CnenoeaTen&ao, '!eT&Ipex:ojlepMHOH-

Hblll narpaHlKRBH ena6oro B38HMOilelleTBHSI DeDTOHOB B HBWBM DOilXOil9 1 DOMHMO 0(5) 

RHB8pRaHTHoll '18eTR, o6H38Ten&Ho nonJKeH eoneplK8T& nononHRTen&H&Ie en8r8eM&Ie. EeTeeT

aeHHo RHTepnpeTRpOB8Tb 9TH en8r8eMble K8K B03MyllleHRe, H8pyW8JOIIlee eRMMeTpHIO OTHOeR

TBilbHO rpyDDbl 0(5) , Torll8 RX eTpyXTyp8 6yneT OllH03H8'1HO onpenenSITbeSI DpRHSITOll H8-

MH (eM, § 2) exeMOll H8pyweHHSI STOll eHMMeTpHH 

o(5lJSU(2l x u,m JUt
1 

O> x u,m (4.14) 

R Tpe6oB8HHeM1 'IT06bi Bee 'IBTblpexojlepMHOHHbiB B38RMOilelleTBHSI eTpORDHeb H3 XOMDOHBHT 

KBHHT9Ta ( 4,9), Tax, H8DpRMep, nepeXOll X eHMMeTpRR, eooTBeTeTByJOIIlell DOllrpynne 

g • SU(2) X U'l (1) , o6eene'IHBaeTeSI 38 e'!eT ll06aBneHRSI X (4,10) 'IDeHOB BHila 

• I 1 • .a a .a . 
uL• (j

4 
+ j

1
) , RDR, 'ITO 9XBHB8D9HTHO, uL • (J 1 + la + la) nony'leHHbill B 

pe3yn&T8Te 8 -HHB8pH8HTHblll D8rp8HlKHBH HMeeT BHll: 

G' 
Lf! • ,f2 

Ja + G a a - (J + ,a Yf ' la) 
(4.15) 

Cp8BHHB8H (4.15) H (4,7), 3aKnJO'I8eM, 'ITO o6hl'IHoe en86oe B38HMOllelleTeRe nenToHoB, 

ODHebiB89M09 narp8HlKHBHOM ( 4, 7) H DpHBOllSIWee, B 'IBeTHOeTH1 X p8eDBilY 

x/ HanoMHRM, 'ITO B TeopRR q -queen eooTaoweaRe <I>Rpna llDSI ( V - A 

TbipexojlepMHOHHOrO ~BRMOll,!!lleTBHSI '!,.MeeT ~ll: _ _ 

<rlt, .Pa ><.Pa .P, l •<r/1, rlt, ><r#a r#a l • <r#a r#a ><.P, .P, l · 

I' -Me30HB, 

) -BapHBHTB qe-

(4.11) 

xx/ 3aMeTRM, 'ITO Tax oro pona eoxpameHRH B narpaHJKHBHe ( 4,10) He npHBOllRT x no-

Tepe 0(5) -HHBBpHaHTHOCTH • .llelleTBHT9DbHO, 38DHeb1BaSI (4,10) B BHile,aaanorH'IHOM (3,47), 
H Y'IHTbiBaSI aHTHeRMMeTpHIO MaTpHilbl h ,(4,11) H (3,16), 15yl!9M HM9Tb 

, G' - >. - 17 (4,13) 
Lf! • __ (r/J, r/1 Hr/1

17 
r/1 ) , 

•vr " 
'ITO eOBDall89T e (4,12), 
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B narpaHJKHaHe '19Thlp.excjlepMHOHHOro B38HMO!l911CTBHH ( 4,15) HrpaeT pon& B03MYIII9HHH, llO-

HHlKal01119rO HCXOilHYIO 0(5) - CHMM9TpHIO llO I -cHMM9TpHH, ~CHO TaltJKe, 'ITO llpH 

G'•_O (4,15) COB1tall89T C (4,7), 8 HBHOM BHil9 llOCne llpHB91l9HHH llO!l06HblX 'ln9HOB 

narpaHJKHaH ( 4,15) 3allHCidBa9TCH cne:tiYIOIIIHM o6pa30Ml 

G - - - -L fl • ..._.[(I'll I' Hv8 e)+ (~t~8 )(vi' I'll+ 
y2 

+ 2G+G' _ _ 
~[(,..,l')(vl'l'l +(;;.,.)(;.ell+ 

+ G~ [<j;'~&><'e•l +<;I' vi' )(;• v. l +("')(;•.,• l + 
2 y2 

+ (i"eHii"' vi' l + "<iii'H~ +"(:.)(eel+" (;I' vi' l (;I' v,. ) + 

+ "<;;. v. )(;;. v. )] . 

( 4,16) 

± 
CnaraeMide a Depaoli XBanpaTHOII cxo6xe, . oTBe'laJOIIIHe aa pacDanhl 1' -Me30HOB H poll-

CTBeHHble HM llpOUeCCbl paCCeHHHH I' + II 0 .. e +VI' , I' +VI' ... + 110 R T.n., nepemnH H:a 

o6bi'IHOII. TeopHH B ll8HHYIO cxeMy 6e3 BCIIXOrO H3M9HeHHIIo tfneHid H3 BTOpoll K881lp8TH'IHOII 

CK06KH (4,16) T8ltlKe COil9piK8TCSI B 061d'IHOM narp8HlKH8He (4,7), HO BXOiliiT 8 llOCnenHRII 

C KOHCTBHTOII Tt , CoOTBeTCTBYIOIIIH9 llpOU9CCid ( pacceHHRe ell 0 , W0 , 1'V I' 

H T,Jl,) t H91lOCpencTB9HHO eme He H86IIIO!l8riRCbo Ha OCHOBBHRH ll8HHidX1 ltony'leHHbiX B H3-

89CTHblX sKcDepHMeaTax Koysaa H PaAHeca, MOJKHO cnenaT& Bbl8on, 'ITO 

1{;.1 <50. (4,17) 

OcTan&H&Je cnaraeMble 8 (4,16) OllHChlB8JOT Dpoueccld 'cna6oro' pacceHHHB neltTOHOB, HH

ayuupoaaHHhle HeiiTpan&HbiMH ToxaMH a, cnenoBaTen&ao, ae DpeacxaaldBaeMide o6bi'!Holl Teo

x/ 
pueA • nosToMy ax o6aapyJKeHHe DpeacTaansmo 6bl oco61dll HHTepec, 

Rocxon&xy ao6a8neaae 8 narpaalKHBH B38HMonellcTBHH 'lneHo8 

8bi!leneaHJO H3 neDTOHHOro 'cyJtepMyn&THJtneTa' rp a ay6neT08 

I I 
• (J, + J, ) 

f H II 

llpHBOilHT It 

t TO MOlKHO 

llpenltOnaraT&, 'ITO llpH STOM B03HHKaeT HeltOTOpOe p8CllleltneHHe M8CC t - H II - n91tTO-

HOB, 'iT06bl llOnHOCTbiO BldHCHHTb STOT BOilpoC0 H906XOilHMO ClteUH8n&HOe HCCnenOB8HHe t ICO

Topoe Mid aneCb llpOBOilHTb ae 6yneM1 orpaHH'IHBWHCb 'IHCTO ~eHOMeHOnOrH'IeCKHM p8CCMOT• 

peHHeM Maccoaoro pacmeJtneaHH B cnenyJOD;IeM Jtaparpa~e. 

li3y'I9HH9 TeH30pHbiX CBOIICT8 OltepaTOpa sneHTpOM8rHHTHOrO TOIC8 (4,3) fK83biB8eT 

Ha TO, 'ITO sneKTpoMarHHTHide B3aHMOUeiiCTBHH n~llTOHOB TOJKe llOHHJKaiOT 0(5) -cHMM9T-

x/ Cnoao 'cna6oe' Mbt anec& 83HnH B KBBhl'IKH, 'IT06hl non'lepKHyT&, 'ITO xoHcTaHTbt 

G H G' , aoo6me roaopa, He paBHbl MelKily co6oA. 
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pHIO, CnOUH ee K CHMM9TpHH OTHOCHTenbHO rpynnbl 8 (cp, C npHM9'1aHH9M H8 CTp, 6), 

npu STOM B nenTOHHOM 'cynepMynbTHnneTe' 06H3aTenbHO 803HHKaeT pacmenneHHe Mace f 
H V -"'BCTHU. 

nna nepexona OT 8 -CHMM9TpHH K CHMM9TpHH peanbHbiX nenTOH080 OT8e'!a10111ell 

rpynne Uta (1) X U '1 (l) ( CM, ( 4,14)) t 8 nonHblll narpaH>KHaH He06XOllHMO 889CTH llO

nonHHTenbHOe 803MyllleHHe tiL c nonxonBIIIHMH TeHaopHblMH C8ollcTBaMa. EcnH STO cna

raeMoe HMeeT '19Tidpex~epMHOHHYIO npHpony, TO H3 KOMnOH9HT KBHHT9TB JD OHO CTpOHT-

Cll OllH03HB'IHOl 

, I G" - - - -
tiL • <:__ ia ·--=-[(jil'lll'l'l + (ee)(ie) +(vi' vi' )(vi' vi')+ 

y2 4y2 

+<v. ~~. HV'. "• > +2<ii~&HV'. "• > + 2<e•Hv,. v" > 

(4,18) 

2(;")(;;" ..,,. l- 2(;eHV'. "• l-2IPI'Heel-

-2(;1' VI' )(;;
0 

11
0 

)1. 

MoJKHO OlKHilBTb, 'ITO 83BHMonellcT8He ( 4,1 8), CHHMBJOlllee 8blpo>Kneaae no l -CnHHy, HH-

nyuapyeT Ha6nJOnaeMoe pacmenneaae Mace MJOOHa H sneHTpoaa, 3aMeTHM, KCTBTR, 'ITO B pH-

/6 10/ - -
ne pa6oT ' narpaH>KRBHbl Tuna (~&l'l ( ee) , <ii~&Hiil' l H (ee)(;;'e) pac-

CMBTpH8BnRCb RMeHHO C uenbJO o6"bHCHHTb pa3nH'IH9 B MBCCBX fl. H e • 

OnaaHo 8 oTnH'IIIe OT paccMaTpHBBeMoro 8bJWe MeXBHH3Ma aapyweHHH 0(5) -cHM-

M9TpHH, KOrna Tpe608BHHe '19Tblpex~epMHOHHOII CTpyKTypbl B03MyllleHHH 6blnO CTporo 06H3B-

T9nbHblM1 nOCKOnbKY HHa'!e TeOpHH He npellCKa31d8Bna 61d I' -pacnaaa, 8 naaaoM cny'!ae 

8 TaKOM Tpe608BHHH Heo6XOllHMOCTH HeT, nosToMy 8M9CTO (4,!8) uenecoo6pa3HO paCCMaT

pHBaTb 83aHMonellcT811e 6onee npocToll cTpyHTypld, 8 'laCTHOCTH, no aaanoraa c SU(3)-

cxeMoll, MOlKHO npOCTO npennonOlKHTb, 'ITO 8 -cHMMeTpHSI nepeXOilHT 8 Uta (1) X U'7 (1)-

/2/ 
CHMM9TpHIO npH '8KnJO'!eHHH' p83HOCTH Mace 1' - e ( Cp, C ) , 

§ 5. Macco8a51 popMyna 

8 naHHOM naparpa<jle Mbl nony'IHM npH6nH>K9HHYIO MBCC08YIO cpOpMyny llnll nenTOH081 

l!CXOllll nl!Wb H3 npennonOlK9HHII, 'ITO nepBOHB'IBnbHaSI 0(5) -CHMM9TpHS1 Hapyweaa COr-

naCHO penyKUHH (4,14), npH STOM llnSI HaC 6yneT HeCylli9CT89HH01 -BH9CeHO nH MaCC080e pac

werrne!'IH9 8 nonHblll narpaHlKHIIH C CBMOrO HB'!ana HnH OHO HHilyUHp08aHO KaKHM-TO 83BHMO-

ll9iicTBH9M1 HapyW&IOIIIHM 0(5) -CHMM9TpHIO (cp, C paCCYlKll9HHSIMH 8 KOHU9 § 4), 

8 rrepaoM npa6nH>K9HHH Macco8blll onepaTop M H8nH9TCSI 6Hnl!H911Hb1MH 81dpa>K9HH-
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eM no neDTOHHbiM DOJt!IM 1/J H n09TOMY .llOJtlKeH CTpOHTbCH H3 KOMnOHaHT TeH30POB 

( 3,41 ) , coueplKalUHXC!I B npaaoll 'laCTR p83JlOlKeHHH ( 3.42) • C .apyroll CTOpOHbl1 Y'IHTb!BaH 

( 4,14), 3aKJtiO'IaeM, 'ITO UODYCTHMbl JlRIUb Te KOMnOHBHTbl H3 ( 3.41) 1 KOTOpbie RHBapRaHTHbl 

OTHOCHTeJthHO npeo6pa30BaHHll rpynnbl U,
1 

(1) X U~ (1) 

ueM HMeTb! 

B HTore, O'laBH.IlH01 6y-

(5.1) 
- - - d -

11- •1/J.P + lH!{Ir, .P+-c_.;r, r
1

.p + _.;r,r1 .p • 
21 21 

rne a , b , c npOH3BOJlbHble aemecTBeHHblB noCTOHHHble ( 'IHCJteHHble MHO-

>KHTeJtH aaeueHbl UJt!l Yll06CTBa) • OnycKaH 1/J -cjlyHKllRR R npHHRMaH BO BHRM8HRe (3,21) 1 

(3,26) H (3,27) 1 MOlKHO Bblpa3HTb MSCCOBbill onepaTop (5.1) '1epe3 .llHarOHaJtbHble reHepa

x/ 
TOpbi rpynnbi 0(5) 

M • • + bta ~ + ct1 + d ·~ • (5.2J 

.HeRO, 'ITO H3 3TOA rjlopMyJtbl HeJtb3!1 nony'IHTh KaKoro-JtH60 COOTHOWeHRH MelK.IlY M8CC8MR 

nenTOHOB, DOCKOJlhKY 'IHCJlO npOH3BOJlbHbiX nOCTOSIHHbiX B (5.2) paBHO 'IHCJty C8MHX nenTOHOBo 

E•.aHHCTBeHHbiA BbiBo.a, KOTopbiA cnenyeT OTC!Oila, cocTOHT B ToM, 'ITO ace qeTbipe nenToH-

Hbie MacChi, aoo6me roaopsr, pa3JtH'IHbl, 

3aMeTHM, 'ITO K TeM lKe pe3yJtbTaTaM npHBOilRT H Jlpyra!l pe.ayKilR!I 0(5): 

0(5l ::> u,1 !1l x su~ (2l ::> u11 x u~ Ul. 
(5.3) 

rne su~ (2) H30Mop<jlHS rpynna TpexuepHbiX apameHHA B nonnpocTpaHcTBe (3,4,5), OT-

HOCHTeJtbHO rpynnbl Uta (1) X SU~ (2) nenTOHbi, 0'19BRilH01 ol5p83YIOT Jiy15neTbl, ,BHyTpR 

KOTOphiX t a • conet , a 'I R3MeHHeTCH! 

1/t~-(t~l 1/t (e) • ( :.1 (5.4) 

TaKorO poua Jly6neTbl HeOUHOKpaTHO pacCMaTpHB8JtRCb B JtRTepaType/ 
11

•
12

•
61

, 

EcnH npOBOilHTb aHanorHIO MelKilY 0(5) H SU(8) 1 TO MOlKHO CKa38Tb1 'ITO 

peuyKUH!1(4,J4) COOTBeTCTByeT penyKUHH SU(3) no U -cnHHy, TOrna KaK (5,3) Ha-

DOMHHaeT penyKUHIO SU(8) no I -CnHHy, 

XoT!I 31lBCh HaM He noHano6HTCH o6masr Maccoaasr <jlopMyna, npHronHa!l nnsr onHcaHHH 

pacmenneHH!I Mace J1106oro 0(5) -MyJ1hTHnneTa1 Mbl DpHBBilBM ee B paCqeTe Ha 6ynymHe 

DpHJtO>KeHHH: 

x/ MaccoBbie <PopMyJtbi THna ( 5.2) llJt!l nenToHoB o6cy>K.[laiOTCH B pa6oTax
1 1

,
3

• 141 

'!eM 8/14/ paCCMOTpeHHB npoBOilHTCSI B paMKaX rpynnbl SU(.). 
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npH-

M • M0 +M 1 t 1 + M 1 ~ + 11 1 <ea -1 1 ~), (5.5) 

roe e 1 onpe.aensreTCH B (3.31). HeTpy.aHo y6enHTbcsr, 'ITO a npe.acTaBneHHH i 

e. - - 2ta ~ • (5.6) 

H nOTOMy COOTHOWeHHSI ( 5,~) H ( 5.2) 3KBRBaneHTHbl, 

/15/ 
OnepaTOp (5,5) CTpOHTC!I C nOMOIUbiO CTaHilapTHOll npouenypbl 0Ky6o H3 HHBa-

pHaHTHbiX OTHOCHTeJtbHO rpynnbl U t I (1) X U ~ (1) KOMnOHBHT TeH30pOB, B03HHK8101UHX B 
l-

npOH3B91leHRH MaTpHilbl reHep8TOpOB A I ( CM, ( n, 7)) Ha CaMy ce611, npH 9TOM B ynOM!I-

/8/ 
HyTOM npoH3Be.aeHHH1 HMeK>meM BH.Il 

10 X 10 • 1 + 5 + 10 + 14 + 85 + 35' (5.7) 

npHHHM810TCSI BO BHHMaHHe JtHIUb TpH nepBbl X 'IJteHa B npaaoll '18CTH, 

§ 6, KBHHTeT cna6b!X TOKOB R npOMelKYTOliHblll BeKTOpHb!ll 6030H 

CornacHo §4, cna6ble nenTOHHble TOKR npeo6pa3yK>TCH no npe.acTaaneHHIO §.rpynnbl 0(5),coc

TaBnHH BMeCTe KBHHTBT ( 4,4) -( 4,5), nocKOJtbKY §.He BCTb npRCOe.llHHeHHOe npellCTaBJteHHB rpyn

libl ( T8KOBbiM SIBJtHeTCSI npe.llCT8BJ1eHHe jQ ) 1 TO BeKTOpHble TOKR1 BXOil!IIURe B KBHHTeT 

A 
j, ( ll •1,2, ... ,5 ; A • 0,1,2,3) , He 06!!38Hbl tibiii! C01Cp8HHJ91URMRC!I H COOT8eTCTBeHHO 

npOCTpaHCTBeHHblP. tiHTerpaJtbl OT HX BpeMeHHblX KOMnoHeHT 

Q, • /J 0 
d

1
-; 

v ... 
(6.1) 

He reHBpRpyiOT rpynny 0(5) 0TCIO.Ila >KB CJ1BilyeT1 'ITO 8 .llaHHOll CXeMe H9Jtb3H 1 pacCylK-
A 

Jla!l 8 llyxe .HHra-MHJtJtCa, nony'IHTb B3aHMOJleliCTBHe TOKa j ( H , B KOHe'IHOM 
A ~ 

RTOre, TOKa j ll ) C HeKOTOpbiM BeKTOpHbiM 6030HHbiM noJteM, npeo6pa3YIOIUHMCH no 

npHcoenRHeHHoMy npe.acTa8neHHIO ~ • TaKHM o6pa30M, rHnoTe3a o cymecTBOBaHHH npoMe-

>KYTO'IHOrO W -M930Ha B cna6biX B3aHMO.aeliCTBHHX, <jlopMyJtHpyeMaH B paMKaX KanHti-

pOBO'IHOll TeopHH 8eKTOP!IbiX nonell, C TO'IKH 3peHH!I pa3BH889Moro nOilXOila Tep!leT C80e 

coneplK8HHe, 

Hawa cxeMa, o'leBHilHo, He 3anpemaeT, B38HMouellcTBHH jA .. C BeKTOpHbiM noneM, 

npeol5pa3yi01UHMC!I no npellCTaBJteHHIO ~. 0JlH8K01 eCJtH y'leCTb0 'ITO BCe H3BeCTHble H8 ce

rO.IlH!I 8eKTOpHble '18CTRUbl OT8e'ISIOT npHCOe.[lHHeHHbiM npellCT8BJ1eHHHM COOTBeTCTBYIOIUHX 

rpynn CHMMeTpHH H MOryT 6biTb 'nonyqeHbi' npHeMOM .HHra-MHJtJtCa, TO Bbi.IleJteHHOCTb B 

9TOM OTHOWeHHH KBRHTeTa 
BOB8RRH. 

1J -Me30HOB nopOlKl!SeT cepbe3Hble COMHeHR!I 8 ero cymecT-
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Tenep& BbiiiHWeM aeKOTOpb!e COOTHOWeHHa, Bb!Telt8101!1He H3 Tp8HCij>OpM81lHOHHbiX 

•• CBOliCTB 38pa)KeHIIhlX CIISI5b!X TOKOB H aneJtTpoM8l'HHTHOrO T.Oit8 j,), npu IISITHMepHbiX 

apameHHaX {3.1) onepaTOpbl J
8 

, O~eBHaHo, IIpeol5pa3yJOTCa IIO 381tOHY 

-I 
u l. u - -.. .. J ... {6.2) 

rae U • e 'J/kl. JJ.IIl-

M8TpHU8, aeliCTBYJOIII~a B IIpOCTp8HCTBe BeltTOpOB COCToaaull. npHHHMaa BO B(IHM8HHe 
•• 

TeH30pHble CBOIICTBe OIIepaTOpa aneltTpOM8l'HHTHOl'O TOK8 j ,1, { CM, { 4,3)), a T8K)Ke 

{2,13), {3.18), {3,21), {3.27) R {3,35), H8XOaHM 15ea Tpyaa: 

HnH 

•• I ,), ,), [f 10 d s , J ] • lJ , 
I f 

•• I ,), ,), 
[fJ

0 
d x , J ] •- lJ , 

f I 

.. I J [fjodx,J,~, •J,~,. 

•• I + + 
[fj 0 dx,J,~,l•-l,~, 

{6.3) 

{6.4) 

CMb!Cn nony~eHHhiX ljlopMyn aacTon&Jto npoapa~ea, ~To He uy)KJiaeTca B npacaeauu •. 

Mnt XOTHM nHWb noa~epltHfTbo 'ITO STH COOTHOWeHua, noao15ao. COOTHOWeHHaM KOMMYT8UHH 

B •an"el5pe ToKoa• cxe1< SU(S) 

onpeaeneHH&IX 'npaaun cyMM'. 

H SU(6) , MOryT 15b!Tb HCIIOIIb30B8Hbl ana IIOJIY'IeHHa 

§ 7 o' 3aKnJO~HTenbHble 38Me~8HHa 

Hawu nocTpoeaua noKa3&IB8JOT, ~To cnal5ble H aneKTpoMarHRTHble aaauMoaellcTsHa 

nenToaoa yaoaneTaopuTenbHbiM ol5paaoM onucblsaJOTCa a cxeMe Hapyweaaoll 0(5) - CHM-

MeTpHH, noaTOMY MO)KHO npeanonO)KHTb, 'ITO rpynna 0(5) 

JKe 88)1(HyJO pon&, KaKyJO rpynna SU(I) 

urpaeT ana nenToHos T&KYJO 
x/ 

urpaeT ana aapoaoa • 11 ecnu nenTOHbl Hen&-

351 BKIIJO~HTb B CXeMy YHHTapHOII CRMMeTpRR IIO npH'IRR8 OTCYTCTBRa y HRX 

x/ I 161 
8 aToll Csaau npeaCT8BIIa8T 150IIbWOII HHT8peC pai50T8 , B KOTOpoll 0(5)-CRM-

MeTpRa nenTOHOB B03HRK88T npR HHTepnpeT81lHR cnal5oro 83aRMoaeiiCT8Ra M8)KJIY RRMR K81t 
aljlljleltT8 HCitpRBJieRRa 1IpOCTp8RCTB8-BpeMeHR B M8nb!X OI5JI8CTaX. 3aM8THM1 ~TO II8~aH)KH-
8H 4- ljlepMHOHHOrO B3aHMOaeliCTBHa {4,16) H COOTBeTCTBYIOIIIRII narpaH)KR8H B/16 co

aepJKaT OaHH R Te )Ke 'lneHbl, HO C p83Hb!MR JtOaljllj>RUH8HT8MR, 
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CHnbHOl'O B38RMOaeliCTBHR, TO HMe8T CMbiCII, K8K STO y)Ke l5b!IIO OTMe'!eHO B § J, IIOIIbiTaTb

CSI p8CIIpOCTp8H'KTb nenTOHHYJO 0 (5) -CHMMeTpHIO H8 aapOHbl, IIOCKOnbKy nocnea!!He 

y~8CTBYJOT B cnai5&1X B38RMoaeliCTBHSIX. npu TaKOM IIOaXoae HaeR 'uepapXHH' B38HMOaellcT

BHll {''!eM Cna6ee B38HMOaeliCTBHe, TeM HH)K8 ero CHMMeTpHSI'), O'leBHJlHO, RBnReTCSI He-

npueMneMoll. 

AaTop Bb!palKaeT rny6oKyJO 6naroaapHOCTb B.A. Ap6yaoay, H.H. Aqacoay, c.c.rep

WTellay, A.B. EljlpeMOBy, A.A. noryaoBy, M.A. M apKoBy, P.M. MypaaRHy, n.s. 0KyHJO, 

B.B. Cepel5pSIKOBy, A.H. Taaxenuaae, H.T. ToaopoBy, A.T. $ununnoay H n.B. lllupKOBy 38 

nnoaOTBOpH&Ie aHCKYCCRRo 

nPHnO)I(EHHE 

feaep8TOpbl rpynnbl S p { 4) 

fpynna Sp(4) onpeaenReTCSI KaK COBOKYIIHOCTb npeo15pa30B8HHll '!eTblpexMepHoro 

Bel!leCTBeHHOl'O npOCTp8RCTBa, OC.TSBIISIIOIIIHX HHBapH8HTHOll cjlopMy 

a {J a 
(t/J. r/1 l • hatJ t/J r/J •t/J r/Ja ; a,{J • 1,2,3,4 {n.tl 

rae MeTpR'IeCKHII TeH30p h yaaneTBOpSieT Tpe60B8HHRM: 

ha{J 
afJ fJa ~ 

h fJa •- h • h ; deth • I ; h •- I • (n.2) 

KoaKpeTaoe npeacTaBneuue anH h Mbl BbifiepeM aaecb TO >Ke, ~TO H B § 3: 

0 0 0 -1 

-:·) - I o 0 I 0 

II• ... II-(.' I o -I 0 -Ia~ 0 
<n.3) 

0 0 0 

B ljlopManuaMe Sp(4) B cuny ycnoaull {n.l) R {n.2) reHepaTopbl rpynn&I u ee napaMeT-

. pbl HyMepyJOTCSI napoli CHMMeTpH'IHblX HHaeKCOB1 npofieraJOIIIHX ~eT&!pe 3HS'IeHHR, B TO Bpe-

MSI K8K B 0(5) anSI aToll uenu Hcnon&ayeTCSI napa IISITHMepHbiX 8HTRCHMMeTpH'IHblX HH-

aeJtCOB {eM, {3,18)-{3,19)), TaKHM o6pa30M, RHijlHHHTe3HM81IbHble ripeo6p830B8HHSI RMeJOT 

aua: 

&l 
S • 1 + I I 8kf A 

k,f 
lr.,l-1,2,8,4, 
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llpH'I9M 
tf h 

A • A 6tt • 6tt · 
<o.4) 

OepecTaHOBO'IHble COOTHOW9HHH llnH reaepaTOpoB A BhlrnBIIHT Tax: 

II •t It 1t 1l 1k 1• 1• lk If 
[A ,A"] • .!..!b A +b A +b'A"+b A ). 

I 
(0.5) 

HeTpy.llao ycTaHoBKT&, 'ITo B HR3WeM npencTaBneKRR j cnpaBennaBa tj)opMyna: 

· II a Gl I Gl I 
(A )fJ • b 3fJ +b /JfJ 

OllYCTHTb OJlHH HRII9KC y TeH30pa 
II 

A 

(0.6) 

1 TO B pe3yn&T8Te 
Ecna c ROMOW&Kl TeH3opa b 

llOny'IHTCH CM9W8HHblli TeHaOp 

TOpOB B CX9M8X SU(2) , SU(I) 

I 
AI 1 KOTOpblli llOnHOCTbiO aaanorR'IeH M8TpHU8M reRepa

/17/ H SU(6) (eM., aanpHMep, ) : 

( Ollep8TOpbl 

(3.29) ). 

.. 
I 

" 
,.. R p OllpeJleneHbl BbiWe p8B9HCTB8MH (3.26),(3,27) B (3.29) 
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