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BBEAEHHE 

B nocneAHee epeMR 3Ha4HTenbHO eoapoc HHTepec K npHnomeHHIO 
anre6paH4eCKHX MOAeneA K onHcaHHIO KonneKTHBHblX ABHmeHHA B RA
pax. 3TH anre6paH4eCKHe MOAenH HCnonb3YIOT 6o30HH~e npeACTae
neHHR raMHnbTOHHaHa H 6a3HCH~X $YHK~HA RAePHOA CHCTeM~. Ha
npHMep, a1 11 KonneKTHBH~e COCTORHHR RAeP onHC~BalOTCR B TepMH
HaX B3aHMOAeACTBYIO~HX 6030HOB, 4TO 3KBHBaneHTHO ¢eHOMeHonorH-
4eCKOA MOAenH s- H d -6o30HOB. B 3TOA MOAenH 6030Hbl npeACTae
nRIOTCR B BHAe $epMHOHHWX nap, CBR3aHH~X B MOMeHT~ p =0,2, 
a rpynna U/6/ RBnReTCR rpynnoA AHHaMH4eCKOA CHMMeTpHH. B12 1 

noKa3aHO, 4TO MHKPOCKOnH4eCKOe OnHCaHHe KOnneKTHBH~X ABHmeHHA, 
KOTopoe OCHOBblBaeTCR Ha KonneKTHBHblX nepeMeHHblX RAPa, npHBOAHT 
K CHMnneKTH4eCKOA rpynne Sp (12,R)' KOTOpaR COAepmHT AHHaMH-
4eCKylO rpynny u /6/. E~e AO 3TOrO C nOMO~blO ABYX He3aBHCHMblX 
BeKTOPH~X 6030HOB a131 6~na nocTpOeHa MOAenb AnR onHcaHHR Ae
$OPMHPOBaHH~X 4eTHO-4eTH~X RAeP B paMKax HapyweHHOA SU/3/
CHMMeTpHH. EcTeCTBeHHOe o6o6~eHHe nocneAHeA MOAenH BO3HHKaeT, 
ecnH eocnonb3OBaTbCR AOnOnHHTenbHOA CTeneHblO ceo60Abl, npeAo
CTaBnReMoA HOBblM KBaHTOB~M 4HCnOM - 11 nceBAOCnHHOM 11

, pa3nH4alO
~HM o6a copTa 6o30HOB. 3To npHBeAeT K pacwHpeHHIO rpynn~ AHHa
MH4eCKOA CHMMeTpHH SU /3/ AO U/6/. 

1. rAMHflbTOHHAH CHCTEM~ H3 ABYX 
COPTOB BEKTOPH~X 603OHOB 

OcHOBHOe npeAnonomeHHe AaHHOA pa6oT~ COCTOHT B TOM, 4TO 
RAePHYIO AHHaMHKY MOmHO OnHcaTb C nOMO~blO ABYX He3aBHCHMWX 
BeKTOPH~X 6030HOB co cnHHOM f =1. 3TH 6030Hbl o6naAalOT AOnon
HHTenbHWM KBaHTOB~M 4HCnOM, KOTOpoe Ha3OBeM ''nceBAOCnHHOM 11

, 

H o6pa3ylOT nceBAOCnHHOBWA AY6neT, OTnH4alO~HACR npoeK~HeA 
nceBAOCnHHa. M~ He npeAnonaraeM, 4TO 3TH 6o30H~ RBnRIOTCR CBR-
3aHH~MH napaMH $epMHOHOB, H 6yAeM paccMaTpHBaTb COOTBeTCTBylO
~He HM onepaTopw pOmAeHHR H YHH4TOmeHHR $OpManbHO, He npHAaBaR 
HM oco6oro $H3H4ecKoro cMwcna. PaccMOTpeHHIO 3Toro eonpoca 
6yAeT nOCBR~eHa OTAenbHaR pa6oTa. 

O603Ha4HM 4epe3 xm (a) ' (m=0,±1; a=± ~ ) ~HKnH4eCKHe KOOp-

AHHaTW KBa3H4aCTH~W C npoeK~HeA "nceBAOCnHHa 11 a. 3TH KOOPAHHa
TW HMelOT BHA 
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X+t (a)=:j: 
1 

[x(a)+iy(a)], 
- y2 

x 0(a) = z(a). /1/ 

COOTBeTCTBYJ0~11e o6o6~eHHble 11MnynbCbl 3aAaJOTCR cneAYJO~l1M Bblpa
lKeH11eM: 

rAe 

a 
q- (a)= -i m( ) 

m ax a. 
(n = 1}, /2a/ 

X m= k g mn X g mn = (-1) n 8 • /26/. 
n n ' m,-n 

C nOMO~bJO BblpalKeHl1R /1/, /2/ MOlKHO nocTp011Tb onepayopbl POlKAe~ 

Hl1R 11 YHl14TOlKeHl1R BeKTOPHblX 6o30HOB C yrnOBblM MOMeHTOM e =1. 
npoeK411ei:i yrnosoro MOMeHTa m 11 npoeK411ei:i 11 nceBAOcn11Ha 11 a : 

·1 . ' 
u *(a)=-=[ xm(a) - iq m(a)] , 

m y2 . 

um(a)= -1-[xm(a)+iqm(a)]. 
y2 

/3/ 

Onepayopbl u~(a) 11 um(a) -YAOBneTBOPRJOT cneAYJ0~11M KOMMyTa411-
0HHblM COOTHOWeHl1RM: 

[ u ~(a), un (,B)] = - 8: 8 (a, ,B), /4/ 

rAe B! 8(a, ,B) - c11Mscinb1 KpoHeKepa. · _ 

8 AanbHeHWeM AnR HarnRAHOCTl1 BBeAeM 

u * (a = 1..) = p * 
m 2 m' u * (a = _J_) = n * 

m 2 m /Sa/ 

11 

(p*)*=pm, 
m (n; )*=nm. /56/ 

8 3Tl1X 0603Ha4eHl1RX ~aMblH 06~11H B11A OAHO- 11 ABYX4aCTl14HOro 
raM11nbTOH11aHa, coxpaHRJO~ero 411cno 4acT114 11 YAOBneTBOPRJO~ero 
ycnos11RM 3pM11TosocT11, MomHo aanHcaTb B cneAYJO~eM B11Ae: 

2 

H=c (p*p) 0 +c (n*n) 0 + 
P n 

+ I IZ~(p*p*)L(pp)L+ Z~ (p*n*)L(pn)L~ z~1 (n*n*)L(nn)LI + 
L=0,2 . 

+ .Z o (p *n *) 1 (p n) 1 + 
1 

• 

+L:0,2 luL[(p*p*)L(nn)L~ (n*n*)L(PI?)L-] + 

+ vL[(p*p*)L (np)L+ (p*n*)t.(ppfJ + 

+ w [(n*n*) L(pn)L+ (n*p*)t.(nn) L]l , 
-L ·: 

rAe 

L LM L 
(pp) = I C p p · (p *p *) = I 

M m,s 1m1s m s_' M m,s 
CLM * * 

1ml s pmps 

/6/ 

11 T.A, 

B- /6/ cp, en• zoi,±t, Z~, uL'vL,wL /L=0,2/ - peanbHbJe 
411Cna • KOTOpble 11rpalClT ponb Cl>eHOMeHonor114eCKl1X KOHCTaHT OAH0-

11 ABYX4aCTl14HOro B3al1MOAeHCTBl1R. 

0TMeTl1M, 4TO raMl1nbTOHHaH /6/ He coxpaHReT nceBAOCnl1Ha 

Cl1CTeMbl,0H 6yAeT KOMMYTl1POBaTb C onepaTopaM11 nceBAOCnl1Ha: 

T 1=- 1 p*,n; T0 =..L[p*,p-n*,n}; T_1 = 1 n*p, 
v2 2 - - v2 

ecn11 zt = zf 1; UL=VL =WL =O;_Z~ - npOl13BOnbHOe, 11 6yAeT KOMMy

Tl1pOBaTb c onepaTopoM T0 npH npo11asonbHbJX Z 1 11 u ~= YL =WL =:=O. 

Xopowo 113BeCTHO, 4TO C OOMO~bJO onepaTopOB U *m (a) 
MO)l{HO nocTp011Tb reHepayopbl C11MnneKTl14eCKOH rpynnbl 

a 11MeHHO: 

u* (a) u* (,B); u* (a}u6 (ti); um{a)u 8 (/3). 
m s m t' 

" 

11 um (a)· 

Sp(12, R), 

171 

04eBl1AHO. raMl1flbTOHHaH /6/ MO)l{HO Bblpa311Tb 4epe3· HeKOTOpble re

HepaTOpbl, AaHHble B /7/; C APYrO~ CTOPOHbl, B o6~eM cny4ae onepa
TOP H HHBap11aHTeH TOnbKO OTHOCl1TenbHO -rpynnbl TpexMepHblX 

spa~eHl1H 0/3/ 11, TaK11M o6pa30M, rpynna Sp(12,K) RBnReTCR rpyn

noii A11HaMl14eCKOH Cl1MMeTpl111 raM11nbTOHl1aHa no renn-MaHHy 14".T~e. 

B OAHOM YHl1TapHOM Henp11BOAl1MOM npeACTasneHl111 3TOH rpynnbl co

Aepll{aTCR Bee co6cTBeHHbJe COCTORH11R_ H. 0TMeTl1M. OAHaKo, 4TO _H 
MO)l{HO TaKlKe Bblpa311Tb C nOMO~bJO oneparop"os U ~(a) U 8 (,B ), KOTOpbJe 

RBnRJOTCR reHepaTopaMl1 KOMnaKTHOCTH noArpynnbl U(6) C Sp (1.Z, R) • 
no3TOMY MaTp114a raMl1flbTOHl1aHa 6yAeT Al1arottanbHOH no OTHOWeHl1JO 

K COCTORHl1RM. np11HaAnelKa~11M' K pa3HblM YHn rpynnbl U/6/. 11 3aAa-

4a O HaXOlKAeHl1~ co6cTBeHHblX ·seKTOp6s 11 co6CTBeHHblX 3Ha4eHl1H 
' -
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raMHJlbTOHHaHa CBOAHTCR K,ero AHaroHaJ1H3aQHH B KOHe4HOMepHWX 
nOAnPOCTpaHCTBax HenpHB6AHMWX npeA~TaeneHHA U/6/. 0AHaKO 
3TO He yMeHbWaeT 3Ha4eHHR Sp(12,R) KaK nonHoA AHHaMH4eCKOA 
rpynnw raMHJlbTOHHaHa, TaK KaK, C OAHOA CTOPOHbl, AJlR HaXOmAe
HHR nonHoro cneKTpa CHCTeMbl Heo6xoAi1Mo AHaroHanH3HpoeaTb . H 
BO~ noAnpocTpaHCTBax YHn rpynnbl U/6/, COAepmall\HXCR e 
AaHHOM npeACTaeneHHH Sp(12,R) • C APYroA CTOPOHbl, pa3Hble YHn 
u /6/ CBR3blBalOTCR nocpeACTBOM onepayopoe nepeXOAa' KOTOpble 

B 0611\eM cny4ae BblpamalOTCR B BHAe 

RL 
M = }; I fML(af3) (u *(a) u*(f3)) LM + a L (af3) (u*(a) u ({3)) t + 

af3 · L M 

+ ht (af3) (u (a) u ({3)) ¾l . /8/ 

: 4To KacaeTcR aaAa4H AHaroHa11HaaqHH ·raMHJlbTOHHaHa H BHYTPH 
AaHHOrO YHn rpynnbl u /6/' ee ;MomHO peWHTb B aHaJ1WTH4eCKOM ,. 
BHAe, eCJlH H MOmHO Bb1pa3HTb C nOMOll\blO onepaTOpOB Ka3HMHpa no 
qen04KaM noArpynn, COAepmall\HXCR B U/6/. 

4To6br HaATH 3TH qi:rn04KH, MOmHO eocnonb30BaTbCR CTaHAaPTHblM 
MeTOAOM peAYK~HM ¢YHAaMeHTaJ1bHOro' HenpMSOAHMOrd npeACTaeneHHR .. 
rpynnbl U/6/' a HMeHHO [ 1] 6 /CM. ' HanpHMep, 161 I. 3To npeA
CTaeneHHe 3aAaeTCR S onepaTOPHOM BHAe KaK u* (a) /m =O, +I, 

,,. . m . .-

a=~ 1 / H HMeeT paaMepHOCTb dim[ 1] 6 ,;.6. OHO COAepmHT cneAyl0-

11\He HenpHSO,CIHMble npeACTaeneHHR' HMelOll\He 'TY me caMylO paaMep-
HOCTb, 4TO H [1] 6 : ' .. . . . 

[116_)[1]4 +[1]2)[1]3+[11]3 )(1)3+(1) 3 , /9a/ 
~ ~ 

( 1] 6 ) [1] 3 + [ 1] 2 ) (1) 4 ) (1 3 ) + (1 3 ) * , /96/ 

[1]6 )[1)3 +[l1]3 )(l)3+(l);' /9s/ 
·, .. ,.:' :f {1 

~ ' (: ' ~ . 
[ 1] 6 )[ 1 ]3 X [ 1}2 ) (1) 3 ~(1) 2 +(1)$ (-•1) 2·, ~- I , /9r/ 

1 ! . ,. 

;,-.· 

[1] 6 :>(1) 6 ::> (1) 3 x(l) 2 +(1) 3 (-1)2 • l9Al 
npeACTaeneHHR e npRMoyronbHblX CK06Kax (nr l =[,\1 ,,\2; .... ,,\ r] r - .,: 

3aAalOT anre6pbl YHHTapHblX r -MepHblX rpynn, a B KpyrJlbiX CK06Kax 

(w 1; ••• ,w r , w ) , (w
1

, ••• ,w )* - anre6pbr cooTSeT'-
. <2> --1 <r2 > r < ~ > r . 

CTBYIOll\HX OpToroHaJlbHWX r-MepHWX rpynn. 3TH peAYKQHH MOmHO 
HCnOJlb30BaTb H AJlR KJ1accH¢HKa4HH KonneKTHBHblX COCTORHHA' co-

4. 

.--

Aepmall\HXCR B HaH6onee CHMMeTpH4eCY.OM HenpeABHAHMOM npeACTae
neHHH rpynnbl U/6/. Ha OCHOBe COOTBeTCTBYIOll\HX anre6paH4eCKHX 
M~AeneA '1-3/ MOmHO C4HTaTb, 4TO pa3HWe qen04KH nOArpynn onpe
AeJlRIOT pa3HWe npeAeJlbHWe cny4aH /poTaqHOHHWe, BM6paqHOHHWe 
HT.A./ AJlR onHcaHHR KOnneKTHBHWX xapaKTepHCTHK ~Aep. noApo6-
HOe paCCMOTpeHHe 3THX npeAeJlbHblX cny4aes RBJlReTCR 3aAa4eA 
6YAYlllero. 

2. 0 PEAnH3AUHH AnrE6P, B03HHKA~~HX 
HA OCHOBE nsYX BEKTOPH~X 6030HOB 

nnR 6onbweA HarnRAHOCTH BSeAeM'cneAYIDll\He HenepeBOAHMble 
TeH30pHwe onepaTopw paHra: 

J AM(u{il=}; CJM 
m,n lm 1n 

u*(u)u vn ' 
Ill Il 

JM /c · 
rAe C tmln - K03¢<!JHqHeHT Kne6wa- ropAOHa " . 

/10/ 

OnepaTopw /10/ YAOBJleTBOpRIOT cneAYIDll\HM KOMMyTaqHOHHWM COQT
HOWeHHRM: 

J 1 J2 
[ AM1 (a{3), AM 

2 
(a 'W)l =-v (2J1 +1)(2J2+ 1) y JM1+M2 x 

C Jl Ml .J2 M2 

X J 1 J 2 J 1(-l)J A J (a 1~ ')o(a '/3) -(-1) Jt ~ J 2 
1 1 1 M JJ 

A~ (u '(Do (a {3')1 . I 11 / 

H3 CAenaHHOro HaMH pa3nomeHHR <l>YHAaMeHTaJlbHOrO npeACTasneHMR 
U/6/, ~ TaKme H3 HCCJleAOBaHHR KOMMyTaQHOHHWX COOTHOWeHHA 
/11/ ewTeKaeT cneAYIOll\aR cxeMa rpynnosoA peAYKQHH: 

~U

6

~ /oXt U 3 ,U2 

a, t, a.l.1/t, 
~a 

/12/ 

KopOTKO nepe4HCJ1HM 3TH rpynnbl, HX reHepaTOpbl H onepaTOPbl 
Ka3HMHpa: 

1 • Tpynna U6·. r eHepaTopaMH 3ToA rpynnbr RBJlRIOTCR 

AJM(af3); J = 0,1,2; a,(3 = n,p . /13a/ 

OnepaTop Ka3HMHpa 

5 



J J 
C2 (U 6 ) = ~ · ~ AM (af-3)A_M ({3a) == N(N+5), 

. JM a/3 . . /136/ 

r,qe 
- 0 - 0 

N = - v' 3 A ( pp) - y 3 A (nn) /13B/ 

- onepaTOP 4HCna 4aCTH~. 
2. fpynna U3x U2 • r eHepaTopbI :no11 

Ha6opos KOMMYTHPY~utHX onepaTopos: 
a/ rpynna U 2 • Ee reHepaTOPbl 

rpynnw COCTORT H3 ABYX 

N·=-y3A0 (pp) -v3A0 (nn), 
/14/ 

3 0 v3 0 0 3 0 
T 1 = y' 2 A (pn) , To= 2 [ A (nn) -A (pp)], T_1 =- v 2A (np) 

HHTepnpeTHPY~TCR KaK onepaTOp 4HCna 4aCTH~ H onepaTOpbl nces,qo
cnHHa COOTBeTCTBeHHO. OnepaTop Ka3HMHpa 3TOH rpynnbl eCTb 

C(U2 ) = 4T 2 + N 2 ; /15/ 

6/ rpynna U3 .Ee reHepaTopw 

- 0 0 N =-y3[A (pp)+ A (nn)}, /16a/ 

L~=-y2[ A~ (pp) + A Mnn)], /166/ 

GM=y6[AJ (pp) +At(nn)] /16B/ 

KOMMYTHPY~T c /14/ H HHTepnpeTHPY~TCR COOTBeTCTBeHHO KaK 
onepaTop 4Hcna 4aCTH~, onepaTop yrnosoro H onepaTop Ksa,qpy
nonbHoro MOMeHTa. OnepaTop Ka3HMHPa._3Tow rpynnbI 

C (u ) 1 2 1 2 1 2 
2 3 =-Q +-L +-N • 

6 2 3 /17/ 

0TMeTHM, 4TO rpynnw u 3 H u 2 RBnR~TCR B3aHMHO ,qononHR~utHMH' 
a HMeHHO: co6CTBeHHWe 3Ha4eHHR onepaTopa Ka3HMHpa rpynnw U3 
/17/ nonHOCTb~ onpe,qenR~TCR co6CTBeHHWMH 3Ha4eHHRMH onepaTopa 
Ka3HMHpa U2 /15/, nocKOnbKY MOmHO noKa3aTb, 4TO 

C 2 (U 3)= ~ C(U 2 ) + N. /18/ 

3. fpynna yrnosoro MOMeHTa oi.reHepaTopw 3TOH rpynnw ,qa
~TCR BblpameHHeM / 166/' a onepaTOP Ka3HMHpa ecT b L 2 • 

4. fpynna U /4/. Anre6pa flH 3TOH rpynnw nony4aeTcR, ecnH 
K reHepaTopaM SU/3/, onpe,qeneHHWM c noMOl!tb~ /166-s/ ,,qo6asHTb 

6 

I il 
I/ 

1) 

L L ) AM (np) + AM(pn • 

OnepaTop KaaHMHpa ecTb 

) ) 2 T2 1 2 1 
C2(U4 =C2(SU3 -3 +2N +3N + 

+ ~ [ (p*n) L (p*n) L + (n *p) L (n*p) L] • 
L=1,2 . 

5. · fpynna O /6/ HMeeT cne,qy~utHe_ reHepaTopbI: 

i[ Aii (pn) - Aii (np)] , 

Ak (pp) - Ai (nn), 

1 1 A M(pn) + AM (pn) , 

1 1 -
AM(pp) + AM(nn) = -y2LM, 

i[A0 (pn)-A 0 (np)h-iv; (T1 -T_1 ), 

a ee onepaTop Ka3HMJ.1pa aanHcwsaeTcR B BHAe 

C l0
6

) = ~ (-1)L+1 [ (p*rif (p*n) L + (n *p) L (n *p) L] + 
L=O, 1,2 

121212 2 
+-Lp+-L 0 +-N -2T 0 + 3N, 

· 2 2 2 
. - 1 

r,qe see,qeHO o6oaHa4eHHe La=-y2A (aa), (a=p,n). 

/19/ 

/20/ 

/21a/ 

/216/ 

/21B/ 

/21r/ 

/21,q/ 

/22/ 

6. ,llse rpynnw O 4 H O 4. r eHepaTopw nepso11 H3 3THX rpynn co
CTORT H3 onepaTOPOB yrnosoro MOMeHTa /16'6/ H reHepaTOPOB 
/2ls/. 04eBHAHO TaKme, 4TO Te me caMwe onepaTOPbl co,qepmaTCR 
cpe,qH reHepaTOpOB rpynnbl . U/ 4/, onHcaHHOH s n. 4. OnepaTOP 
Ka3HMHpa 3TOH rpynnw eCTb 

C 2(04) =(p*n) 1(p*n) 1 +(n*p)1(~*p)1+ ! L 2 ::N + 

1 1 2 
+ TLPL n - 6QP Gn+ 3NpNn , /23/ 

-2 
r,qe Ga= y6A (aa); a=p,n - onepaTop Ksa,qpynonbHOro MOMeHTa 
p- H n -6oao1;1a cooTBeTCTBeHHO, a Np= p*p, N

0
=n*n - onepa-

Topw 4HCna p- H n-6o30HOB. 
BTopaR H3 3THX rpynn, a HMeHHO o;, nony4aeTCR C nOMOl!tb~ 

onepaTopa yrnosoro MOMeHTa LM H onepaTopos /216/. 

7 



7. fpynna 0/3/x 0/2/ HBJ1HeTCH OAHOspeMeHHO noArpynnoA KaK 
0 /6/' TaK H U/3/x u /2/. Ee reHepaTOPbl COCTOHT H3 onepaTopa 
yrnosoro MOMeHTa H reHepaTOPOB /21A/. OnepaTOP Ka3HMHpa 3TOH 
rpynnbt 

C(0 3x0 2)=2T 2 -2Tii+L 2• /24/ 

PaCCMOTpeHHe raMHJlbTOHHaHa /6/ H BblpameHHfl Anfl onepaTOpOB 
Ka3HMHpa COOTBeTCTBYIO~HX 4eno4eK noArpynn noKa3blBaeT, 4TO 
ece'4neHbl ABYX4aCTH4HOro B3aHMOAeHCTBHfl B raMHJlbTOHHaHe MOryT 
6b1Tb ewpameHW nocpeACTBOM JlHHeHHblX KOM6HHaQHH onepaTOpOB Ka
'3HMHpa. TaKHM cnoco6oM COCTOflHHfl, KOTOpwe AHaroHaJ1H3HPYIOT 
raMHJlbTOHHaH, MOryr 6WTb oxapaKTepH30BaHW KBaHTOBblMH 4HcnaMH, 
onpeAeJlfllO~HMH co6CTBeHHble 3Ha4eHHfl onepaTopos Ka3HMHpa Anfl 
COOTBeTCTBYIO~eA 4en04KH nOArpynn. 

AeTOpbl BblpamalOT 6narOAaPHOCTb r .H.A(j)aHaCbeBy H H.H.MHxaA
JlOBY H npo(j). B. f. Canoe beey aa none3Hble o6cymAeHHH 11 noMO~b • 

nPHJlOlKEHHE 

. fpynnosafl peAYK4Hfl npHMOrO npOH3BeAeHHfl [1] 6. x [ 1 ] 6 x 
x { 0 5 , -1] 6 >< [ 0 5, -1] 6 , KOTOPblM 3aAaeTCfl caMblii o6~HA BHA 
ABYX4aCTH4HOro B3aHMOAeHCTBHfl, AaeT 4HCJ10 J.1 TeH30PHbli1 BHA 
He3aBHCHMblX ABYX4aCT~4HblX 4JleHOB B3aHMOAeHCTBHfl. ,!l,nfl HflfllOCTpa-
4HJ.1 MW BblnHCblBaeM peAYK4HIO no 4en04Ke /8r/: 

U(6) ) U(3) ® U(2) ) 0(3) ® 0(2), 

[1] 6 x[1l 6 x [0 5,-1] 6 x[0 5 , -1] 6 = /nl/ 

= {2, 0 4 , ~21 6 + 2( 1, 0 4 , -1] 6 + [ 0]6 + ••• 
r·:~ 

8 npaeoA 4acn1 /nl / HaXOAflTCR TOflbKO Te HenpHBOAHMble npeA
CTaeneHl1fl U/6/, KOTOpble AalOT HeHyJleBble 4fleHbl np11 AHarOHanH-
3aQHH H no 6a3HCHWM COCTOflHHflM /6/: 

[2,0 4 , -2]
6 

= {42]
3

x [4]
2 

+ [42]
3 

x[31]
2 

+~42] 3 x{22] 2 + 

+ [ 321]3 x [ 31]
2 

+ [ 321] 3 x[ 22] 2 + [ 222] 3 x{ 4] 2 + 

+(222]3 x[22] 2 +[3]3 x[22]
2

+[3] 3 x[21 2 + 

+[ 321] 3 X [ 31] 
2 

+ [ 33]3 x[ 31] 
2 

• 

TOJlbKO nOA4epKHYTble 4JleHbl COAepmaT cKanHPbl no O /3/: 
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/n2/ 

[ 42] 3 X ([ 42] 
2 

+ [ 31] 2 + [ 22] 
2

) = 

=[(4)3 + G:i> 3+2(2)3 + (OJ3l X [(4)2+2(2)2 + 3(0)2] 
:1, \ 

i, r 

[ 222]3 X ([ 4]2+ [22]2) = (0)3 _x [ (4) 2 + (2):2 ~ 2(Q) 2] , 

[ 1, 0 4 , -1] 6 = [ 21] 3 x [ 2] 
2 

+ [ 21] 3 x {11] 2 + f 11 i 13 x t 2] 
2 

, 

[ 111] 3 X [ 2] 
2 

= (Q) 
3 

X [ (2) 
2 

+ (Q) 
2
] 

'·· 

H, HaKOHe4, 

[0] 6 = [ 0] 3 x[0]2 '.:' (0) 3 x(0) 2 • 

' ! 

;n3; 

;n4; 

H~aK, MW BHAHM, 4TO He3aBHCHMWX CKanr1pos B ABYX~aCTH4HOM 
B3aHMOAeHCTBHH BeKTOPHblX 6030HOB 13 - CTOflbK6, CKO~bKO KOHCTaHT 
BBeAeHHOro raMHflbTOHHaHa. H3.Hl1X 7 11MelOT "nceBAOCnHH 11 :0, 2 
HMelOT 11nceBAOCnHH 11 ;::4 11 4 - ;::2' 4TO BHAHO_ H3 ab1pameHJ.1fl /6/. 
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