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3KcnepHMeHTanbHOe OTKp~THe HOB~X pe30HaHCH~X COCTORHHH, 
npHHaAfle*a~HX K Y CeMeHCTBy/1/, Tpe6yeT BBeAeHHR HOBOro KBaH
TOBOrO 4HCna 11 KpaCOTbl 11 H, TaKHM 06pa30M, CTHMynHpyeT H3Y4eHHe 
SU(5) apoMaTHOH CHMMeTpHH I eM. , HanpHMep, 12- 41 I. 

8 HaCTOR~eH pa60Te Mbl paCCMaTpHBaeM MarHHTH~e MOMeHT~ 40-
nneTa 1 /2+ 6apHOHOB, BKnl04aiO~ero B ce6R, KpOMe 06~4H~X H 04a
pOBaHH~X, TaK*e 111 11KpaCHB~e 11 6apHOH~. no aHanorHH CO cny4aeM 
SU(3) H SU(4) CHMMeTpHH ecTeCTBeHHO npoeecTH paccMOTpeHHe 
e paMKax cxeM~ cnHHoeo-yHHTapHOH cnHHOBOH CHMMeTpHH SU(10) ) 
) SU(5)x SU J (2), npeAnonaraR npH 3TOM, 4TO onepaTop MarHHTHoro 
MOMeHTa if npeo6pa3yeTCR KaK KOMnOHeHTa B 4aCTI-1 (24 Ql 1,3) npw 
coeAHHeHHoro npeACTaeneHHR 99 rpynn~ SU(10), ~MeHHO KaK 
npOH3BeAeHHe CnHHa j H 3apRAa Q: 

;t-j®Q, 

8 KBapKOBOM npeACTaBneHHH HMeeM 

.. 1 ~ 
J = ~-u 

2 

Q= Ag = diag (..a._,-..!.,-.! _g__ - ..!.). 
2 3 3' 3. 3 • .. 

H, cneAOBaTenbHO, ~ npHHHMaeT BHA 

~=ga®Ag 

Ill 

121 

131 

+ + 
8 cxeMe SU(10) -cHMMeTpHH 40 112 -6apHOHOB BMecTe c 35 312-

6apHoHaMH 06~eAHHRIOTCR B HenpHBOAHMOM MynbTHnneTe 220, KOTOp~~ 
HMeeT cneAYIO~ee paano*eHHe cor nacHo peAYK4HH SU(10)) SU(5)x SU J(2) 

220 = (40,2) +(35,4) 14! 

H OnHCbtBaeTCR nonHOCTbiO CHMMeTpH4H~M CnHHOpOM TpeTbero paHra 
1/JABC: 

1/JABC = xa~yDabc + ~ I (a~xy 1/J[ab]c + 4HKn I. 151 

3AeCb 6~nH Hcnonb3oeaH~ cneAYIO~He o603Ha4eHHR: Dabc - 35-nneT
H~H nonHocTbiO CHMMeTpH4H~~ cnHHOP SU(5) ; l/f[ab] c - 40-nneTHbt~ 
cnHHop SU(5), YAOBneTeopRIOUIH~ ycnoeHRM 
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161 1/r. ==- r/1 • r/1 + r/1 ] + r/1 a] =: o. 
[ab]o [ba]c [ab]o [be a [c b 

X a{Jy. Xa - cnHHOBble CIIYHK~HH (a,b,c •1,2, ••• ,5 ) HHAeKCbl SU(5) ; 
a,fJ,y=1,2-cnHHOBble HHAeKcw; A=(a.a) , B"' ({Jb), ... HHAeKcbl SU(10). 

npH OTCYTCTBHH HapyweHHR BHyTpeHHe~ CHMMeTpHH B CHny 131 
H 151 Mbl HMeeM cneAY~ee Bblpa*eHHe AnR MarHHTHOro MOMeHTa 220-
nneTa 6apHOHOB: 

.. ABC .. 0 
~t·•gifi "'ABd~Q u·)c ' 171 

H TOrAa MarHHTHble MOMeHTbl BCeX 4aCTH~ AaHHOro MynbTHnneTa npo
nop~HOHanb.Hbl APYr APYrY. 0AHaKo, KaK 6wno noKa3aHo a 15- 81, 
3KCnepHMeHTanbHble AaHHble no MarH.HTHOMY MOMeHTY He MOryT 6b1Tb 
XOpOWO 06DRCHeHbl 6e3 y4eTa HapyweHHR BHyTpeHHe~ CHMMeTpHH. 

KaK H a pa6oTe~~ Mbl npHHHMaeM npeAnono*eHHe o TOM, 4TO 
pa3HOCTH MaCC K&apKOB He RBnROTCR CaMbiM 06~HM HCT04HHKOM AnR 
nony4eHHR &KnaAa OT TaKara HapyweHHR, H paccMaTpHaaeM Hapywe
HHe nyTeM BBeAeHHR wnypHOHOB B 3neKTpOMarHHTHOH BepWHHe, npe
o6pa3yO~HXCR KaK 8-R, 15-R H 24-R KOMnOHeHTbl B 4aCTH 11,241 
npeAcTaaneHHR 99 rpynnw SU(10). BMecTo 17 I Mbl HMeeM Tenepb 
cneAY~ee o6iqee awpa*eHHe AnR ;! : 

.. -•ABC .. 0 
~t·•gr/f r/1 (~ 8u·) + 

ABO Q C 
-ABC .. E 0 

+r/1 r/IABO (~Q 8 l7)c (h8~881 +~&AUI 8 1 + h2l24 81)E + 

+ifiABCr/IAOE(AQ 8 U"·>:(k8 \~ 8 1 + k 10 A10 8 1 + \ 4A24 8 1):. 

rAe. 

A
8

'"' .L.diag (1, 1, -2 ,o ,0) 
[:3 

Al& = ~,diag(1,1,1,-3,0) , ~24. L.diag(1,1,1,1,-4). 
vo. vlO 

noAcTaanRR 171 a 181, nony4aeM 

.. 1 -a.( .. )fj 
IL' '"-)( u· XD x 

9 a· "' 

x l(4rJlab]ollk. + 2 ~[bc]a r/1 ) x 
rlab]d [da] b 

d 
x (gAQ+ h8 AQAS + h 10 AQAl& + ~4AQ.\ 24 )c + 

+ (S~ca]bw, + 2 ¢;-lab]o r/1 _ ,Pbc]~ _ 
[ea]d [de]a [ea]d 

- [ca]b d e 
-·r/1 "'rad]e )(,\Q~ (kS,\8 +k1&,\1& +\4,\24)c I+ ... 

2 

181 

191 

1101 

t. ,, 

f 
{\ 

:~ 
!,,· 

.;:k 
.~ 
·w 
·' 

\ 
;! •. 

t 
•I' ', 
l•'j 

I 

' 

( 

' !,;:, ,,, 
w 

i . 

. 

i 

+ 8 I 101 BblnHcaHa TonbKO 4aCTb ~. cooTaeTcTayo~aR nepeXOAY 
f·.. f· , +H npony~eHbl 4aCTH, COOTBeTCTBY~He nepeXOAaM ' f .. t+ 

H .,a!" .. L, KOTOpble 3AeCb HaC He HHTepeCyOT. 
2 2 + 
SU(5) -noAMYnbTHnneT -!- 6apHOHOB HMeeT cneAYo~ee pacnpeAe

neHHe: 
- 8 6apHOHOB c 11KpacoToH'': B=O, wapMoM c.o: 
Y-1: p ... .j:2lfk.], nav~r/1[] 

'l12 1 12 II 

Y.o: I+ -v211k. 1 • :to =r/1£ 1 +r/1£ 1 , I--v:ir/1£ 1 rl81 1 28 1 18 ll 28 2 

---
Y-0: A--va r/1£1218 

y --1: ~ 0 = /21/1[81]8 , s-. /21/1[2818 

- 6 6apHOHOB c B. 0, C-1: 

y. 1 : R++.J]'"~14h ' R+ •-(r/1[24h +r/1[1412), ao .. -J2'r/1[241ll 

y .o: s+- r/1 + r/1 '- , so-r/1[ 1 + r/1 [ 1 
[ 14)8 [84h 24 s 84 11 

Y--1: T0•v:2~[ 
1 84 8 

- 3 6apHOHa c B.o. C-1: 

+ -· Y ·1 : A • v 3 "'£ 1214 

y.o: B+•JSr/1[8114, Bo.Jar/1[8214 
- 3 6apHoHa c B.o. c -2: 

++ - + -
y ·1: u a v2 r/1[1414, u .. v2 "'l2414 

+ _ .. 
Y-o: v -v2r/l£8414 

- 6 6apHoHoa c B. -1, c .o 

+ -· -: 
Y.1: M •V2r/1[ 1&h ,M 0 •-(r/1[ 1r,]l!+r/1[2&h), M-~-v2r/1[ 2r,]l! 

Y .. o: oo.r/1[1&18 +r/1[8&h, 

Y- -1: Q-. v2 "'£ 1 . 8& 8 
3 6apHOHa c B--1, C -1: 

a-. r/1[2&18 + r/1 [8&1s 

Y-1: H+ .. tfJ.. 1 +tb.. 1 Ho•r/1 +r/1 1 rl16 4 rl46 1 ° [2614 [46 B 

Y-o: L~- r/1[8&14 +r/lf4&18 

!" 
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• 
+ -

- 1 6apHOH c 8 .. -1, C=2, Y-1: C =J2 1/1[45]4 
- 3 6apHoHa c B=-1. C .. o: 

y =1. Eo .. J]"t/1[12]5 

y =0: F0- ..;31/1[ ] • F-~ ..;31/1[ ) 18 5 28 5 
- 3 6apHOHa c B- -1. c .. 1: 

+ - -· 
Y=1: I <&..}3 1/1[14)5' lo=J3 1/1[24]5 

y = 0: JO• .j31/J(84)5 

- 3 6apHOHa c B--2, c .. o: 

Y= 1 : yo,..;'i"¢~[15)5' y-;,...; 2 1/t25]5 

Y=O: z-=J~t/1[ ] 
85 5 

- 1 6apHOH c B .. -2 ,C=1, Y:1: W0:..}21/J[45]5. /3,qecb npe,qcTae
neHa rpynna 4aCTH4 no MynbTHnneTaM SU(3) -no,qrpynn~, o6o3Ha4e
HHR 4aCTH4 HCnOnb3y~TCR ycnOBHO/, 

HCXO,qR H3 /10/, M~ MO*eM B~pa3HTb 3Ha4eHHR MarHHTH~X MOMeH-
TOB 4epe3 KOHCTaHT~ g, hg , •••• k 24 • Pe3ynbTaT~ B~4HCneHHR 

npHee,qeH~ e Ta6nH4e. 
0TC~,qa MO*HO nony4HTb pa3nH4H~e COOTHOWeHHR AnR MarHHTH~X 

MOMeHTOB 4aCTH4• npHBO,qHM TOnbKO HaHoonee npOCT~e H3 HHX: 

1. npaBHna CYMM ,qnR 4aCTH4 C 8=0, KOTOp~e cne,qy~T Y*e H3. 
ex eM~ CHMMeT pHH SU(6)) SU(3) x SU (2) J H SU(8)) SU( 4) x SU(2)J 
H OCTa~TCR HeH3MeHH~MH npH BBe,qeHHH wnypHOHOB, Hapywa~~HX 

SU(5) -cHMMeTpH~: 

4 

p = _,!..n 
2 

+ 
I. 4I 0+A 

I- + 2 • -(I +A) 

A =D+ I+ +!?0 

E 0= I++ a I-+ 2S -· 

3+ = 8° 

R 0 +T 0= 28° 

R0+ R++ .. 2R+ 

/11 I 

/12/ 

/13/ 

/14/ 

/15/ 

/16/ 

/17/ 

/18/ 

!~ 

" '.'1\ 
'•: 
<~f, 
~~·:: 

,:i'tl 
·:~.·.1 
~·It 

I 

(~ 
,J 

~ i I ;,j. 
'l 

.I 
,,I 

.. 'ii 
'I 

~~·,1. 
~~(f 1 

·~ 

Ta6nHQa 

BKna~ B MarHHTHMe MOMeHThl J/2+ 6apHOHOB /MaCmTa6 
ysenHqeH B 9 pas/ 

9 "'-alfS ls/8 ~15/~ i.tsi.J6 ~.WftO *-t411i0 
p 3 3 3 3 3 3 3 
1\ -2 -2 -2 -2 -2 -2 -2 
t• 3 2 -I 3 3 3 3 
z:o I 0 0 I I I I 
r,- -I -2 I -I -I -I -I 
A -I 2 -I -I -I -I -I 
~0 -2 2 2 -2 -2 -2 -2 
::;- -I 3 0 -I -I -I -I 
R++ 2 8/3 2/3 I4/3 -I0/3 2 2 
R.+ 0 2/3 -I/3 8/3 -4/3 0 0 
RO -2 -4/3 -4/3 2/3 2/3 -2 -2 
s• o 8/3 -4/3 8/3 -4/3 o o 
5° -2 2/3 2/3 . 2/3 2/3 -2 -2 
T0 -2 8,13 8}3 2/3 2/3 -2 -2 
AC2 0 2 -5 2 2 2 
8'" 2 0 -I -5 2 2 2 
B0 2 0 -I -5 2 2 2 
(1++ 2 -2/3 4/3 -25/3 -2/3 2 2 
U+ 3 I/3 4/3 -23/3 -II/3 3 3 "+ 3 -2/3 -8/3 -23/3 ~II/3 3 3 
W 3 8/3 5/3 8/3 b/3 4/3 -II/3 
MO I 2/3 2/3 2/3 2/3 -2/3 -2/3 
lor -I -4/3 -I/3 -4/3 -I/3 -8/3 7/3 
G0 I 8/3 _ -_II/6 2/3 2/3 -2/3 -2/3 
G- -I 2/3 I/5 -4/3 -I/3 -8/3 7/3 
Q- -I 8/3 2/3 -4/3 -I/3 -8/3 7/3 
]i+ 3 4/3 5/5 -8/3 -5/3 4/3 -II/3 
HO I -2/3 5/5 -I4/3 4/3 -2/3 -2/3 
11 I 4/3 -b/3 -I4/3 4/3 -2/3 -2/3 
c• 3 o o -a -b 4/3 -II/3 
£0 -I 0 -I 0 -I 4 -I 
fO -I Q_ __ I/2 0 -I 4 -I 
r- -I 0 IL2. 0 -I 4 -I 
1+ -I _Q -I/2 0 I 4 -I 
10 -1 Q_~-V_L_~O- _ I 4 -I 
JO -I 0 I 0 I 4 -I t -2 -2/3 -2/3 -2/3 -2/3 I4/3 I4/3 
Y -1 I/3 -2/3 I/3 -2/3 I7/3 2/3 
z- -I -2/3 4/3 I/3 -2/3 I7/3 2/3 
wo -2 0 0 2 2 I4/3 I4/3 

I' 
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• 
R0 +2R+,._A+ 

++ + + 3U -2U .. -4R 

2(v+ -U+).3n +2I+ 

u++ -2A + - 2R+. n 

B+-A+ .. n + ..l...(I+ -·I-') 
2 

go_ To .. ..l..(n- Eo) 
2 

s+-R+ .. .l.(A-I-) 
2 

2. npaBI!IJla CyMM AJ1R 11 KpaCHBioiX 11 4aCTH~ (B=-1,-2); 

F 0 = F 

I+ .. I 0 

W+M-.2M 0 

EO+JO,.FO+ xo 

HO+ ao. LO+MO 

c+ + M+ • 2H+ 

.1. J.. + 7 -H0 -L 0 
• ·P + I +-·I 

3 4 4 
+ .1. -· E0 -.F 0 • - • .l..p + J. I -· I . 

3 4 4 

M-· Q- 2 8 ~ + 5 ~ -· - ·,.- -P+- ~ + -·~ 
3 2 2 

-· _, .l.. 3 + "' -M - G .. _, ·P +-·I +-¥.I 
3 4 4 

z-·-v-.. ..l...p +I-· 
3 

/19/ 

/20/ 

/21/ 

/22/ 

/23/ 

/24/ 

/25/ 

/26/ 
/27/ 

/28/ 

/29/ 

/30/ 

/31/ 

/32/ 

/33/ 

/34/ 

/35/ 

/36/ 

/3AeCb MarHHTHWe MOMeHTiol l.laCTH~ 06o3Ha4eHiol HX CHMBOnaMH/. 
0TMeTHM COOTHOWeHHR /32/-/36/, KOTOpwe CBA31o1Ba~T 3Ha4eHHR 

MarHHTHioiX MOMeHTOB KpaCHBioiX l.laCTH~ CO 3Ha4eHHAMH MarHHTHioiX 
MOMeHTOB 061o14HioiX 4aCTH~. 
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