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B nocne,QHee epeMR 6blnH C,QenaHbl HeKoTopble nonbiTt<~o/1-7/pac
cMaTpHeaTb MO,Q€Jlb €,QHHO~ TeopHH 838HMO,QeHCTBH~ B paMKaX Ka

I1"'6pOB04HO~ TeOPHH, ocHoeaHHO~ Ha cyneprpynne SU(mln). B \..lacT

HOCH1, MO,Q€Jlb Kam-16poeo4Hoi:1 rpynnbl SU(5jl) paccMaTPI-1BaeTCR 

KSK B03MOmHaR €,QHHSR TeOpHR CJ.1JlbHOro J.1 3!1€KTPOCJ1a6oro B3SJ.1MQ

,Qei1cTBJ.1i.1. 
Mbl paCCt-18TpHBaeM 3,Q€Cb HeKOTOpbl€ CJ1€,QCT81t1R T8KOilf MO,Q€!1VI no 

6apJ.10H-H€COXP8HR~~J.1M pacna,QaM, KOTOpble, HSPRAY C ,QpyrHMJ.1, 

MOmHo GblllO 6bl HCn011b30BaTb KaK cpe,QcTea npoeepKI-1 pa3HbiX MO,Qe

neilr cynepo6DeAHHeHHR. 
B HaweH npeAbiAYw.eH pa6oTe/s/ npe,QcTaaneHvtR cyneprpynnbl SU(m!n) 

lii3Y4810TC.R Ha OCHOBe o6o6w,eHHbiX MaT pH~ renn-MaHHa {3 I, KOTQpbl€ 

B cny4ae SU(5[1) HMetOT BHA: 

{:l = ( A<,_s~) a 
0 0 

a-1,2, ... , 24 

f3 1=(--0) <,J .. 1.0 
T 

(3(:)=/l<l) 

- MSTpl-1~a C O,QHltiM HeHyJleBbiM 

3JleMeHTOM I Ha i -oM CTOJ16U.e 

a nocne,qHe~ cTpoKe, i=1,2, ... ,5 

f3 -ct· c !. 1 1 1 1 I 5 
h- Jag -·4'-4'-4'-4'-4 -4)' 

( 5) 
3,qecb l.lepea A a o6o3Ha4aiOTCR 06bi4Hble MSTPJ.1U.bl renn-MaHH.:i AilFI 

SU(5). 

/1/ 

B 6aaJ.1CHOM npe,qcTaeneHltlltl 6 M~ MO*eM ebl6paTb reHepaTopbl no,q-
rpynnbl SU(3) c , SU(2)w 1-1 J.neKTPJ.14eCKoro aapA,qa Q CileAYIO\l.IHM o6-

pa3oM: 

/2/ 

Cna6bli:1 nmepaapA,q Y w. ceRaaHHbl~ c Q ypaeHeHJ.ofeM 
Q=lw+ yw, 

vtMeeT BJ.1,Q: 2 w v 10 5 . 2 2 9 
Y ---Cv-f:l +f3 )=diag(---.--.--"-,1,1\0). 

4 3 15 . 24 3 3 3 

KaK 6blno noKaaaHo e/6.71. no,qxo,QFIL!tlt1Ml-1 npe,qcTaeneHJ.1FIMI-1 rpyn

nbl (SU(5j1),QJ1FI KBapKOB 1-1 nenTOHOB i!BJlFIIOTCFI npe,QCTSBileHl-1FI 16, 31 

lt1 32, KOTOp~e OnHCbiBaiOTCFI noJlHOCTbiO rpa,qyHpOBSHHO-aHTlt1CHMMeT

pi-14HbiMlt1 cn~t~HopaM~t~ eToporo, 4eTeepToro H nAToro /1-1IlJ.1 sblcwero/ 
paHra COOTBeTCTBeHHO: 

if>As·-(A,B)y\BA' 
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<#ABCD =-(A,B) <#BACD ..... 

<# ABCDE =-(A,B)\bBACDE • ... , 

rAe 
(A, B) ~ (-1)(A)(B) 

(A),(B) ..... 10 AflR 4eTHWX ~HAeKCOB 1,2,3,4,5 
1 AnR He4eTHOro HHAeKCa 6. 

no OTHOWeH~IO K peAYK~~~ SU(5!1) JSU(5)x U(1) H. rAe H- reHe
paTop, COOTBeTCTBy~m~~ MaTpH~e ~h• 3TH npeACTaBJleHHA HMe~T 
cneAy~ee paano~eHHe: 

16-lO(H=-! )+5(H=-~ )+l(H-- ~) 

31 = lO(H= _1. )+iii (H= -1)+ 5(H=-2)+ 5(H._l..) + 1 (H=- ~) 2 2 2 

32-!0(H=- 1~ )+WCH=- lfl+5(H.- ~ )+ll<H= -t)+ t(H=- &fl+l(H=- ~ ). 
TaKHM o6pa30M, KBapKH H Jl~nTOH~ MOryT 6WTb OTHeCeHW K paa

H~M K~MnoHeHTaM MY1lbTHn11eTa 16 KaK OAHO noKOJleHH~, HJlH MY11bTH
nneTa 31 H.mt 32 KaK ABa pa3Hb1X noKoneHHR o6bi4HOH MOAe11J.1 SU(5). 

PaccMoTpHM Tenepb 6aPHOH-HecoxpaHR~He pacnaAw s paMKax 
cxeMbl CHMMeTPl-IH SU(5Il). TaK KaK HaH6onee aa)f(HbiMH onepaTopaMH 
B 3¢¢eKTHBHOM raMHJlbTOHHBHe AnR ~THX np04eCCOB R811R~TCR onepa
TOpbl C MHHHMaJlbH0£1 paaMepHOCTbiO /9,10/ /'A C nOAXOAPIIQHMH K88HTO
Bb1Mt.1 4.HCilaMlo1/, 3TH onepaTOPbt MO>KHO nony4HTb t-13 '80(511) -HHBa
pHaHTHOrO 4eTbtpex$ePMHOHHOrO 83aHMOAeHcTBHR o6~Qero BMAa; 

f 
J( err= 

1
) g (£) :m BaB 1 

r,qe 
d -AIL C 
Jfl=</1 "e(fll)A</IBC /4/ 

AfiR npeACTdBileHHR 16, 
~ ABCD E 

Be1 ="' re<fli)A.PocsE /5/ 
AilR npeACTa&IleHHR 31, H 

a - ABCDE F 
Jfl = </1 •rf ({JI )A </JEDCBF /6/ 

AilR npeACTaeneHHR 32, 
'r€ - wecTHaAI..4aTb MaTpHI.I. .QHpaKa 1 , ·Y J.L', Y f.L·Yv , y5 , Y i Y P.. ; 1'1 (I) -
K03$~H~HeHT~, noRBilR~HeCR a cynepcneAe oT p1 ~K/st.: 

_ 8Tr{J1 fJK- ~ (I)OjK 
chi AflR 1=1.2 .... ,24,h 
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g(f) - HeKOTOp~e KOHCTaHTW. 

H3 /3/-/6/ M~Ho nony4HTb npas111na CYMM AnR w~p~H pacnaAa 
6ap~OHOB, KOTOp~e~ B006~e· rOBOpR, 6YAYT 3aB~C€Tb OT npeACTaa
Il€HHR KBapKOB Vi nenToHos a SU(5j1). 

a/ flpe,qcTaaneHHe 16. B 3To~ cnylo.4ae cotnac.Ho HA€HTH$HKaLV·H1 
/2/ 14M€€M CI1€AY~ee pacnpeA€11€HH€ KBapKOB Ill nenTOHOB: 

1 Cy 1 1 
"~f3"',j-f'a{3yuL ~~ •• "'v2 daL• II.& \ll?uaL. </Ja6 ::.!_j_daR, 

,;2 171 
1 c 

:3! -::ll ' 
y2 R 

3AeCb a , {3 , -y-1,2,.3 - uaeTHble SU(3) IIIHAeKcbl, C o3Ha4aer aap.A

AOBoe COnpR~eHHe,u , d , e , v- aHOKBapK, KaTOKBapK, QTpH

U8T€IlbHO 3aPR*€HHbl~ nenTOH H HeHTp~HO B Ka*AOM nOKOJleHHH co

OTB€TCTBeHHO. 
no ACT aamiR /7/ e /3/ H /4/, nony4aeM: 

H af3y ij- C [ - c -" - C " 
eft • ' ' uyL'Y" q if3L • gte 'Y q jaL + g2daLY yjL] + 

/8/ 
+L .. I+h.c., 

rAe qiL H fiL ~i=1,2) -SU(2)w - AY6JleTbf IleBOB14HTOBbiX KBapKOB 

H Il€nTOHOB, 

qiL·e ( ~ \ f iL"' ( ~ \ 

J ••• ! 03Ha4aeT 6apHOH- H IlenTOH-COXpaHJHOil4YIO 4aCTb, KOTOpaR HaC 

3AeCb He HHTepecyer. 
npH BbiBOA€ $OPMYJ1~ /8/ 6WJ10 HCnOJ1b30BaHO COOTHOW€HHe non

HOT~ AflR MaTpH~ {31/B/: 

r~(f3i)~(f3lfD•(-1)
0bJ8g- ~ 8~8b, 

a raKme TO~AeCTBa AilR cn~Hopoe ~~paKa c onpeAeneHHO~ cn~panb-

HOCTbKl: 
- - -c -c 

y5AL=+AL, ALBL=O, ALy y BL=O, AL·y~BL=-BRy~AR 
R R RR RIJ.VR 

np~ noMa~~ reopeM~ $~pua M~ MO~eM npeo6paaoaaTb /8/ K 6onee 

YA06HOMY B~Ay: 

+ 1 ... I+ h .c. 



YpasHeHI-1e /9/ nony~eHo Ail.A OAHOro noKoneHI-1.A. 0Ho MOmeT 6b1Tb 
nerKO o6o6~eHO AJl.A npOH3BOnbHOro ~Hcna nOKOJ1eHHH, a HMeHHO: 

11 a{3y ;j (abed) _ 0 0 
"err~' ' L [k 1 uaL(a)l,[b)·ii./3R(c)q.L(d)+ 

(abed) 1 JY 

(abed)_ c - c 
+k 2 q;aR (a)ljL(b)d/3L(c)uyR(d)]+!. .. l+h.c. 

/10/ 

11HAeKCbl a , b , C , d yKa3b1BaiOT HOMep nOKOJ1eHI.1.A. flOAXO,QRW,HM 
Bbi60p0M KOM61.1Hal\l-1H (acd) MQ}f(HQ nOJ1Y~HTb 1.-IJleHbl, OTBeTCTBeHHble 
3a 6apHOH-HecoxpaH.AIO~Itle npOL\eCCbl C L\8"" 0,1,2. It! OTCIO,Qa COOTHOWe
Hiti.A Me>K,QY WI-1Pt.1HaMI.1 pacna,qa, KOTOpble OKa3biBaiOTCR TaKVIMH )l{e, 
~TO 1.1 B TeOpl-11.1 o6beAI-1HeH1.1R /9-11/: 

tlnR pacna,qoe c D.S ... 0': 

f(p ~"o 1 +)= .l....rcn~rr -e+R) = -Lr (p ~ rr+V)= r (n ~rr0 i;'). 
R 2 2 

f(L" •K 0 1~)z2f(L0~K-I~). 

r (A~ K-e;) = r (A~ K0 i;'), 

- + + + rcA~rre )=f(:E ~~e), 

f (S 0 ~ K0 1+)=0. 
.On~ pacnaAOB c 1\S~ 2: 

r (L+ ~K+V )= 2f(L 0~K 0 v), 

r(E-~ TTi7;;) = 2f(C 0 ~ "
0V), 

f(L+~ K 0 l+)=f(S•~rr-l+).o. 

/12/ 

/13/ 

/14/ 

/16/ 

/17/ 

/18/ 

/19/ 

/20/ 

/21/ 

6/ npe,QCTaBI1eHJ.1e 31. KaK 6bii10 ynOM.AHYTO BbiWe' 3TO npe,qcTaB
JleHHe BKI1104aeT e ce6.A ,qsa noKoileHHR /o6oaHa4eHbl HH,QeKcaMH a 
J.1 b B nocJle,QyiOW,eM/ KBapKOB 1.1 JlenTOHOB, KOTOPble MQ)f{HQ pacnpe
,QeJlJ.1Tb no SU(5) no,QMYilbl-l-1n!leTaM KaK 

10 (a)+ 5 (a)+ 10 (b)+ 5 (b)+ 1 (b) /22/ 
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10 (a)+ 5(a)+ 10 (b)+ 5 (b)+ !(b) . 

np~-1 3TOM 

10: ,/, 
~ a(J66 

of 4566 

5: of 1 ct a666= 2 aR' 

I: of6666=VR• 

I of =-d ' 
a466 2 /3 aL 

0 5666 

/23/ 

/24/ 

noACTaBJlAFI /24/ a /51 1t1 /3/, nony1...1aeM nocne HeKoTopbiX npe
o6paaoaaHI-1ill: 

){err .,afJy ,li lk 1 l[q~R (a)PjL(a)ctJL(a)uyR (a)-ii~L(a)eR(a)qi~R(a)qj~~a)] 

/25/ 
+ k/qCR (b)1L (a)dgL(a)u R(b)-u CL(b)eR(a)qC (a) q (b)]+ 1a J ,.~ Y a lfjR jyL 

+ (a~ b) I + I ... 1 + h.c. 

AllA cny4aA /22/, 1-1 

){ , rr • , afJy, 1i I k 1 ('q ~ R(a)E i L (b)d~r}b)uyR(a)-ii ~ L(a) e R( a) <i 1~ £ a)q iyL (a)] 

/26/ 
+k

2
[qc (b)E (b)ct;'L(b)u R(b)-uc(b)eR(a)q~ (a)q L (b)]+ 

1aR JL fJ 'Y alr lfJR iY 

+(a-b)+ 1 ... I+ h.c. 
AilR cny~aR /23/. 

EiepA a H b KaK ABa nepBbiX nOKOileHHfl 

(a)~ u ,d,ve ,e , 

"MeeM "3 /25/: 

(b);§ c,s,vf..l. •f.L• 

){ a(Jy - -c -c -c -C -c 
elf -' I k 1 [ (ua~ eL -daR"eL) dpLUyR -uaL e R (u(JR dyL- d(JR uyL)] + 
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+ (u.-.c , dt-~ s • e- f1 ) t + 1 ••• 1 + h.c. 
H HS /26/: 

J{ eff = - (jC~ )]+ 
{3R yL 

/28/ 

+ (u+-~c • d .... -..s • e<--.JI. ) ! + 1 ••• 1 + h.c. 

nyCTb HaC HHTepecyeT pacnaA He048POBBHH~X 6aPHOHOB. Tor.qa 
H3 /27/ Ill /28/ MO~HO BH.qeTb, 4TO 4aCTb raMHnbTOHHaHa, OTBeT
CTBeHHaR aa 3TOT pacna,q, ~MeeT COOTBeTCTBeHHO Cne.qy~y~ apo
MaTHyiO SU(3) cTPYKTYPY: 

}{err~A[t2]1 eL- A[12)2 veL -'Arstlt~L+'Arst)2v~L + 

1 
+ flr 1211 e R - 2' 8 [31] 1~ R+ "' 

}{ 11 -G e -c 
1 

v _ _l_c ~ +l..c v e l12h L l12 2 eL r [3tlt L r [31]2 ~L + 

/29/ 

/30/ 

rAe A[t·]g •.•. -SU(3) cmtHOPbl TpeTbero paHraf aHTHCHMMeTpi114Hble 
nO HH,QJKcaM i , j , f - H6KOTOpaR KOHCTaHTa. 

Hcnonb3YR napaMeTPH3a4H~ BH,qa 

T T T f <M.fT[Ij]t I Bb>•a ''t;k 5•b + 'u£ ((3 ,if abc+Y aabc )(Ac)k. /31/ 

Mbl MO)t(eM Bblpa3HTb aMnJU1TYAb1 pacnaAa (Bb .... Mai) 4epe3 KOHCTaliTbl a, 
{3 , ·Y H f 'H OTCklAB nony4HTb pa3l1H4Hble COOTHOW€HHR Me)t(,Qy WH
pHHaM"' pacna,qa. 0KOH4aTei1bHble pe3.yJ1bTaTbl cne.QYIOutHe: 

- ypaBH€HHR /11/-/21/ OCTaiOTC~ H€H3MeHH~MH, 
- BCe pacna,Qbl C ~S..Q, BKJ11048101J.tHe J.l.+ H j;/1, a TaK}!(€ BC€ pac-

na,qbl c 68-1, BKJ1to4a~He e+ H Ve• aanpew,eHbl: 

f(p~.·~+).O, 'r(n~.-~+)~0, 'r c~:+ ~ K·~ +) ~ 0, .. . 

r (P~ "+;;~ )~o. T'(n~ .•;; ~) = o, r (~-~ K-;;~ )= o,. .. . 
r(p~ K+;:; )= 0, r(n•K0 ~ )= 0, I(~+~.+;; )=0,. .. e e e 

/32/ 

'f(p ~K0 e+)=0, r(~+_,"oe+)=O, ... 
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- AJlR pacnaAOB C .1.&1, BKJ1104al0ll\1·1X j.L + 

f(p4K+i7 )~f(!:-4K-v ), 
~ ~ 

I' (n +K 0 c ) ~ f (:!:- 4"-;; ), 
. ~ " 

f(:!:+ 4 "+;; ) ~ f(E' 0 4 K 0 v ), /33/ 
~ ~ 

f(A4rr 0 v )= 
2
1 f(A~"-"+R)~ ..!.r(:E+ 4 ~~+) 

" 2 R 
f(n+K0 v )+f(:!:+ 4"+-;:, )~2r(:E 9.,uo;; )+f(:E+ 4 "o"+R). 

" " ~ 
- see pacnaAbl c L\&:2 3anpe1.11eHbt: 

f(:!:+ 4K 0 I+)~O, r(!: 0 4u-I+)~O 

f(:!:+ 4 K+;;)~O, f (i;-4 rr-;::)=0, ... 
/34/ 

YpaaHeH~R /32/-/34/ •MeK>T MeCTo 8 o6o•x cJ1y4aRx /22/ "/23/. 
KpOMe TOre, cy~eCTByeT OAHO COOTHOWeH~e MemAy W~P~HaMH pac

naAa c AS~O "AS~l. KOTopoe pa3n•4aeT A8a CJ1Y4aR /22/ "/23/, 
a MMeHHO: 

f(p4K 0 ial 
r( :!: ++ K,!o"-e":.+R-) 

a cny4ae /22/, H 

4'f(p4K oi\) 
f(:E+ 4 K0e~ l-

1351 

+ - + 
f(p 4Ko" +) ·f(:E 4 K0 e L) 
---~- = ------- /36/ 
f(:E+ 4K 0 e\) 4f(p4 K 0 "~) 

8 CJ1y4ae /23/. 

B/ npeAcraeneHHe 32. Aaa nOKOJleHHR KBapKOB H nenTOHOB B 

3TOM npeAc:raaneHI-iH MO>KHO pacnpeAenHTb no 8:0(5)-nOAMYilbnmne

TaM KaK 

10 (a)+ 5( a)+ 1 (a)+ 10 (b)+ 5 (b)+ 1 (b) 1371 

10(a) + 5(a) + l(a)+ 10(b)+ 5(b)+ 1(b). 

npH 3TOM 
1 c 

1: </J a,Sy45~ 2 y'3Q VL 

138/ 

- 1 c'y 1 1 
5' .po,S456= 

2
v'

30 
'a,SydL '.pa,Sy45~-;I/30 'alh"L' .pa,Sy56=-

2
ji,baffrL' 

iii: .p __ 1_u .p =- _1_, ucY, .p =-L, lie;, 
a4566- 2 /15 aR. a,S466 2 vR a{Jy R a,S566 2v'T5 a,Sy I! 

1 .p =---• eR 
a,Sy66 2y' 15 af3y 
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10: </J 
1 C'Y 

' ~--1-d ~ __ 1_ u == -- ( u 
'+' a4666 aL' t,ba5666 a/3666 2 ~ a()y L 

2 v'fr 2-/5 aL VD 

1 c 
0

45666 
~--el 

2v15 "' 

5: 1 = _L,,C c ==~daR • 0 </J a6G66 
·J 5 

if! 46666 
\(5- R 56666 ~- -Le 

,;f: R 

1: •/; == I! 
66666 R 

YpaBHeHVIFI /3/' !6/ H /39/ npMBOART K reM me BbiP8}1(€HHFIM AllR 

)(err , 4To" B 5/, a "MeHHO /25/ A!lR CJly4aA /37/ "/26/ A11R 
C!1Y48FI /38/. TaKVIM o6pa30M, COOTHOWeHVIFI MemAY WVIPVIHSMVI pacna
AS, nony4eHHble AnJ=! 3TOro .flP€ACT8BI1eHI-1R, HAeHT.J.14Hbl C COO'THOwe

HVI~M~ AllR npeACTSB!1eHVIR 31. 
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