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§ 1, BB e Jl en n·e 

flocne)llme rOJ;lhl 03HaMeHOBSIIHCb OOllbmHMll ycneXSMH rnnOT83bl Y;HHTApBOll: CHMMCTpllll 

B Teopl!B SIICM8HT!lpHhlX 'laCTllll, Honan rpynna CIIMMeTpllll SU(3) 
·' 

JlSll8 B03MO:lKROCTb 

lIOCTpOHTb ll3SllllnyIO '1maccnqllntan1110 SllPOBOB, KOTOpa.11 no6pana B C80ll CX8MY H3qTOllll'IC-
. I . 

CDµ'. MyllbTnnneToB re1111-Mamra-HmJIBJl)KHM1,1, npn sTOM . onepaTop rnnepaapsma no.:iy'lnn 

' B y~TapBoll CXOM8 TeopOTIIKO--rpynnoByIO IIHTepnpeTllllHIO, 8KBll~8HTBY10 llnTepnpeTannll . 

:onepaTOpOB llp08Kllllll naOTOllll'l0CXOro CllBHa, KpoMe Toro, Kalt ll3B8CTHO, B3 r11nOT83hl 
. . ' 
SU(3) -CllMMe-rpnn Cll8JlY8T ne.:u>1l!: psm COOTa:omeBll1t M8)KJ:1Y «pll3ll'l,eCJtllMR B811ll'lllll8Mll, -xopomo 

onpaBJlblBSIOmllXCH na OllhlTe, 

B HSCTosrmee Bp8MH cymeCTBYIOT p8311H'1Hhl8 KOllKp8THhl8 M8T0Jlhl paoOTbl C rpynnoll 
\ 

, SU(3), CpeJ:111 nnx. Bhlaenl!JOTC.11 ;Ba ocooenno npocT1,1x, :rtm1. yc:»oena:sr KOTopi,xx Be -rpe5yeTcsr 

J:18TallbB~ro 3HSHH.II o5mell Teopn11 rpynn nn:·a·Jlyxe Ki:pTl'Ula.n: Bellnn. 3Tl);B·o,:..Iiepim:, Te:i

aopHhlll:; M8TOJl,_ OCHOBaHJlhlll: na llpHM8H8llBH' T8H30pHoll: anreophl 11 YRHTllpHOM 3-npoCTpaH-'' 

CTBe H. BIIDapn:anTHhlX T8H30p0B O I ' ' . ' ' Ilk • C STllM. annapaTOM MOlKllO ll03HS-
1C4 5/ k Ilk 

KOMllTbCSI no o5aopaM • , 

BTopOll:;npOCTOll: M8TOJ;l ~nnpaeTCSI Ha llOHllTH8 T8H3opnor~ onepaTOpa H T80pei-dy. Bu.rue

- pa-?1txapTa, BalKHbiM JlOCTOHHCTBOM ero .II1IIISl8TCSI nenocpeJ;lCTB8HH8ll CBR3b C q,opMSHH3:-' 

MOM JtBSHTOBOli M8XSH11Kll, Molllb aToro MCTOJ:la 51,ma y5eJ;lBT811bHO llp0Jl8MOllCTpnponana 
. . · /CS D2 -6/ 
psmoM SBTOpOB , 

8 HaCTO.lllllCM o5aope BTOpbIM ll3 Ha3B8HHblX M8TO)l0B BhlBOJl.lITCSI H0KOTOphle B3B8CTllhl8 

Cll8JlCTBllSI rnnOT83hl SU(3) -l;IBBapnanTHOCTll, x:acaromaecsi CllllhBhlX,, 8118KT!)OMarBHTHblX 

. 11 cnaohlX B3allMOJ;l8HCTBllli, TenaopBhlM' M8TO)l0M Mhl Be llOllb3Y8MCH, C'lllTSR ero xopomo 

ll3B0CTBblM, noaTOMyf\ uanpnMep B 0030Jl8, ne BCTpe'laeTCH CTSBmee YlK8 npllBhl'IIlblM ll30-

. 6palKeJIHe 6apllOBHblX II 0030HHhlX OXT8TOB B BllJ:l8 MaTpnn 3 X 3, a 'nM~CTO SToro Kal!CflOH 

'laCTllll.8 COllOCTaBIIBeTCll 
1

B0KTOp COCTOHBIIH' B YBHTapHOM.llpOCTpaBCTBe. 

8 nennx nyqmeli opaenTSilHII 'lHTaTensi, BXOJlsrmerci ~- Kpyr llJ:1811 ynnTapnoli' CHMM0Tpllll, 

HHlK0 Mhl oyJ;leM B80JlHOKPBTHO. o5pamaTbCH K aIIanorun· MC)KJ:ly 'rpynnaMII . SU(3) II SU (2) • 

Ilo STOA npH~lIJl8 ClleJ;lyIOm11ll: naparpaq, ll8111lKOM nocnsrmaeTCH HallOM1lBaH11io H0KOTOphIX 

11aneCTBbIX nono:a<euall: K3 Teopaa rpynnhl SU(2) 
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._, . .. o ;;i. :rpYJllI_a su@ 1 ee·reB8p8TOphl ll.ll1Il18pBABThl 

!- ;: 
'rpymiy SU(2) T .e. J:tBY.M8p!cy'lO CII8IUU1llblcy'l0 YBllTBpJIYIO rpynny. o6paaye-r COBOKyn- . 

BOCTb BC8X KOMIIneKCHMX 2 x2 MBTpllII, YAOBn8TBOpmonurx cnet1y10mnM Tp860BBHJISIM: 

u+u = 1 

det U - 1 

. (ymrrapBOCrb) 

(cn~nnallbnOCT& n,m 
ym1Mot11iil1pHoCTb) 

(1) 

(2) 

8 cnny ·o) n (2) n106asr MaTpnna ll.3 · S,U (2) 
x) . 

MO)l(8T 6h1Tb·!IpeACTBl'lnena B 9KCIIOH8Hl!;HBllb-

,. HO!! qiopMe : 

u 1H = e , (3) 

. J:Ipn ycnoann,'ITO H -spMBTOBB 2x2 ,MaTpnna co mnypoM,• pannhlM nyn10, Han6onee o6mnll, 

lll!A· MATpl!IlbI , ff C yxaaanllblMH cnollCTBaMH, O'l8Bl!AHO, C.'I8Ayl0mnli::. 

H = "'rui -01 0-l 10 
ru 

3
+iru 1 -:2 )srut( 1 0) +ru2 (I. 0 J +rua( 0 ~l), 
1 2 a 

(4) 

-;; 

·.· rAe Cd 
1

, ·cu 
2

, ru a~ IlpOB3BOllbBhl8 B8lll8CTB8l!Hhl8 1IapaMeTpbI0 CneAOBBT8nhH01 rpynna_: SU (2) 

S!BJil!8TCl!. TpexnapaM~Pll'l8CKOII •• Ha ( 8). n · ( 4) BhlTexae-r, 'ITO ee reHe~a'r~phl,· ;,e_. aenn'll!-: 

Bbl + 2-!!_ 1 ru ="' = ru !.o coanat1a10T c MaTpunaMH Ilaynn: 
I · .iJ Cd I I 2 3 . 

r = ( 01 
I 1 0 

r=(0•i), 
2 ; 0 

r = ( 1 O)· 
3. 0 -1 

(5(' 

Ilocx.ollbxy HH OAHB 113 MaTpBII. (5) Be ltO!'fMYTBpyeT c ABYMll ApyrnMn, paHr rpynnhl· SU(2)· 

.paaeH et1nannexx). Bn~AeM onepaTop na0To~n'lec1toro ~nnHa i · , ilonarag• 

I 1 . 
1 = T, 1 ; ( 1 = 1,2,3)_, 

JI p8CCMOTpllM Ilpl!M08 npoll3BBA81Ilf8 SToro onepaTOpa Ra MS,,Tpll'lBhlll "aeXTOp Ilaymr 

c XOMliOHeHTaMR ( 5): 

➔ ➔ 0 1 
I· x r = i 1x ( l o) + 1

2 
X 

0 -i 1 0 
( i 0 ) + I 3 x .' ( 0 -1 ) 

.,, ,,....,,~ 

= ( I a II -il2)= I 'I 
( 

a I al 
( a -) .:, I 2) 

l+il -la I -I ... a :i a2 
I 2 .+ 8 I 2 

➔ 
r 

(6) < . , 

(7) 

x) 3To npeACTanmBHe SIBIIl!8TCSI aHanoroM aanHCH 1t0Mnne1tcnoro 
JtOToporo paneB eAunnne; B noicaaaTem.noA ljlopMe z = e1cf, ·· , .rAe · ef, 

'll!Cna z • MOAYllb 
nemecTB8l!HO. 3a11.1e-

TllM, ~TO'MATpnna· ff He onpet1enl!eTCg 0All03l!B'lll0 3SAAJIK8M U • TAJt)l(0 ltBK 38AB-' 
nne ·z. onpeAenl!eT ¢ · nnm&_-c TO'IHOCTbID AO 211. 

xx) HanoMHHM, 'ITO paBrOM rpynnhl H83bIIl8.8TCl! ,MBltCBMBllbHOe 'lllcno nnlleli:ao 
'H838BBCBMbIX ·renepaTopoa, KOMMYTllpyioniu·· Memity co6oll, . - . 

4 

\ 
\ 

-, 
~ 

I' 

\ I 

'-': 

, ' 

OnepaTOphl al (l,k = 1,2) · 
. - " ' 

YAOBneTl'IOpHIOnure ycnoa1no,· a! +8 22-0 t Mhl ISlfA8M B83hl-

SU(2) l'I T8ll30pl!OII · 4x>pMe, Ha nx O!Ip8A8Jl8IIIHI ~ · paaen~l'I BaTb •. renepaTopaMn rpylilll,l 

(6) ,ii (6), O'l8Bl!AH01 l'lhl'r8lt88T1 'ITO 

-1·,,•10 I 00) 
· a 1 - " ( 0..-1) '· . 8 

2 = ( 1 0 ' 
2 0 J! 2 ½ -1 0). 

al=( 00),a9= ( 0 1' 

· n!ll[ ,n 1toM1Iai.Tnoll' aa!Ilfcn: 

c/ >"= a s - ½ s s 
k V ; -IV -k/1 ·tk µv 

C llOMOlllb!O (9) l!eTpyAHO y6e.nnTbCSI n cnpeeAnllBOCTll npannna ·KOMMYTBilllH: 

[ 8~ , a~. ] = s: al 

" 
!.. l, I al 

" f 

XOT~poe, n c:iiny (7), SKBl!Brut8BTBO COOTBomeHHSIM: 

~13;1+]=+1+ 
I - - , _. 

[ I + , I _] = 21 3 • 

Bhl'Il!CJIBM Tenepb mnyp X.BBAPBTB MBTpllIILI, COCTaBn8l!BOA 113 renepaTopon 

Sp ( a! 
82 

I 

a~)( 
82 

2 

I' 
a I 

a2 
I 

I 
a 2) 
a2 

2 

I 
=8 

" 
i ➔ 

= 2 ( I 2 + I 
2 

+ 12 
) = 21 

2 
• 

I 2 3 

a" 
I 

I , I I 
-= a a + a 

I ·2 
82 + a 2 

I I 
a I + 82 

2 . 2 

2 
a 

.,2, 

(8)-

(9) 

(10) 

(11) 

(12) · , 

• 

(13) 

OnepaTOp ltB~paTa !IOl!BOro CIIllllA 
j2 B83hlBaeTcsr Ta=e onepaTopo~ KaaBMBpa · rpynnhl 

SU (2) .• 3-ra B8nB'Il!BA, xa;ii: l!3B8CTBO, nonnoC'X'l>lO xapax.TepnayeT Henplll'IOAllMhl8 upeACTBBne-
' ( . ~ 

l!Jill! AallHOA rpylIIIhle 

§ 3, renepaTOphl B llBBapBAIIThl rpynnhl SU(~ 

, TpexMepJzylO cnennam,eyIO yHHTapJzylO rpy!IIIY SU(3) o6paayeT COBOXynl!OCTb nceX: 

'ynRTapllbIX YHllMOAYnl!PllbIX 3x3'. MaTpnn. ABanorn'lBO (3) 1ll060A aneM8l!T 113 SU(3) MO)l(H0-

381Il!CATb a ax.cnonemmanbiioll ljlopMe: 

U = elH (14) 

rAe H - 9pMl!TOBA 3x3 MBTPRIIB C eyneBhlM mnypoM, 38Bl!Cl!m8SI OT BOCbMll npOll3BOnbHhlX 

aemecTB8HllbIX napaMeTpOB Cd I , Cd 2 •••• , Cd B 
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H= 

., ,+...l.o, 
8 y3 8 

°'t+io,2 

lL> -ieu 
I 2 

Cd -ilrJ 

' 
'1 . 

-o,a + J3°'a °'e- 1 °'1 

. i 2 o, 4 + 10> 5 o, 6 + o, T - y3 o, 8 

MaTpBJII,l ,\ 1t ( k= 1,2, ••• ,8) !IBnIDOTCH renepaTopaMB rpynnhl 

· MaTpu~aMB renn-Manna. Cornacno ( 15), 

1 0 

8 

= l: 
k=I 

SU(3) 

·.,It ,\ 
·k 

05) 

,. 

H BHOr)la HS3blBdlOTCB 

' (0 
A,= : }

I .• 

:-: .. 
/o -1 o) 

A 2=t~::, t O 0) 
\ = 0 -1 0 , 

(

0 0 1) 
Ar O O .0 _, 

(

0 0-1) · 
,\ 6= _o o o , 

i O 0 

. (0 0 0) 
A

8
=' o' 0

1 
1 , 

0 1 0 

0 0 0 

(
0 0 0) 

,\1 = 0 0 _•i . 

0 i 0 

1 0 0 (18) .. 

Aa=-1-l~ v3l 10 
: : \ 
0 -2/ 

nocxom.xy B (18) MOlKHO nal!Tn ne 6onee ABYX MaTpun, KOMMYTBpyromux ·MelKJly coool! 
·, 

( nanpnMep, A 
8 

n A 8 ) ,' To paur rpynnhl SU (3) panen AllYM• 

· BneAeM n paccMoTpeHl!e onepaTop yn11Tapnoro cnuna ( cp. c J 6) f" 

:Fk = ½ A1: , (k' ;.1,2, ••• , 8) 

u renepaTopbl B TeH3opuol! cjlopMe (cp. c (7)): 

8 

l: :Fk x A k = 
k= I 

Fa + v\:F a 

F + i:F 

FI -i:F2 

- F +.!..F 
a y3 8 I 2 

0'1
0

8BBAHO, 

At = 1 
13 

·F, +i:F 5 

(

2 0 0) 
0 ·1 0 , 
0 U -1 

"-\= 0 0 0 (
0 1 0) 
0 0 0 

( I) 0 0 1 
A3

t = 0 0 0 , 
o o o_ 

t 
·A= 

2 

:F8 + iF T 

(

0 0 (}) 
1 0 0 , 
U 0 0 

(1 0 0) A;-t O 2 0 , 

Aa = 
2 

0 0 -1 

(
0 0 0) 
0 0 1 
0-0 0 

•6 

F -i:F 
' 6 

F
6 

-i•F
1 

-..2.:F '-.. y3 8 

(

0 0 0) A:',. 000 
1 0 0 

(
0 0 0) 

A:;,, 0 0 0 , 

0 1 0 

~

1 0 0~ 
A:= 0•10 

0 0 2 

AIAl·At 
I 2 8 

A2 A2 A2 
I "2 3 

A\ A! ·Al 

0!) 

(18) 

(10) 

1 
l 

I 
.I 

npn'leM B cnn_y ycnonn11. 

A
1 

+ A 
2 

+ A 8 = 0 
I 2 8 

nmm. 8 nenn'IBH 

cjlopuynhl ( 9): 

A' 
k 

.!IBJl!IIOTC!I B83dBBCBMNMH. Jlng onepaTOpOB Al 
k BMeeTCB ananor 

( ·A 1 
/ = lS 8 - _1_ 8 8 • 

k 11 -l11 kl' 3 11< jt11 
( i, k, I' , 11 = 1,2,3) , 

OTXYAA. nerlto Ilony,DITb COOTB01ll81Dl8 'ltOMMYTdllBB : 

{ I I ] I .I .I I 
\, • At =8t Alt -bit At • 

KOMIIOB8llTbl ynuTapnoro cmma :F 0003BA'IBM cnellYJOlllBM o6pa30M: 

.F, = I l • F, =Kl • :F• = L 1 , :Fa=4 y • 

:F2-l2, 

·pa = 1 a· 

F = K I 2 :F
1 

--L
2

, 

C J"leTOM (22) MATpmta renepa-TOpOB (18) npumnmaT BBA (cp. C (7)}: 

y 
1 a+-y I 1- ii 2 K 1-iK 2 \ I Q I K 

(<}=\I,+iJ::a -I
8
+~Y 

L~~iL
2 Je·\ l+•Qf-Y L _ 

K 
1
+iK 

2 
L

1
+iL

2 
K L -Y 

+ + 

(20) 

(21) 

(22) 

(23) 

OnepaTOpU I j , l 2' I I wrrepnpeTBpyJO'rCB X,UC XOMIIOK8BTU B8ltTOpa B30TOIIB'l8CXOro CIIH

na ( cp. c ( 8)), onepaTOp Y conOCTanJIBeTCB rim:epaapsm,-, a Q = I + ½Y - anettTpB'le-. a 

=ouy aapsmy. 

Ilom.ayBCb (21) B (23), nerxo nallTll coOTBomeKHH ll:OMMYTanHH M0lKllY B0llll'IHHaMH 

I:_ , K+ , L+ , 18 , Y 

TOB Il0-2, T.;. 28). 

(nx o6mee 'lllcno pmmo, O'lemrJlHO, '!Reny co'leTaKBll 113 8 aneMen-

[l+,1_]=21
8 

L 1+,K+J=0 

L I:!:, K+] =+ L + 

ll+.L+J=±K+ 

[ l+ , L- ] =• 0 
+ 
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l~,Y ]•0 

. [ .I:!: , I a ] • + I + 

K+, K _] = I a-_! y 
2 

[ K+,L+l =0 

[ K+ , L -l = - I + 
+ 

K+,Y l=+K+ 

[K+,I J--½K+ 
- a + ,_ 

[ L+, L _] =+ I8 - ; Y 

[L+,Y ]-+L+ 

L+ Ia l=;!:½L+ 

[Y,1
8 

]=0 

\ 

(24) 

TaK K&lt SU(3) SIBnH8TCSI rpynnol! BTOporo paura, TO ee nenpHB0JlHMbI8 npencTaaiieHIIH 

apa:KT8pH3ylOTCH co6CTB8HID,IMH 3HS'l8HHSIMH JlBYX onepaTopoB Ka,anMHpax). Cnoco6 noey'le

llSI sTnx ouepaTOp0B nneHTn'leH ylKe omicamroMY (cM. KOHen npenblnymero naparpaipa). 
i 

'aCCM0TPHM KBanpaT M&Tpllllbl reuepaTop0B -A k .,: 

Bbl'lllCnHM mnyp MSTpllllbl 

Sp B = A
1 

A1 
I I 

Bi 
k 

Bi 
k 

='Ai. Al 
l k 

= At A t + A 2 A t + A a A ta + At A 2 + A 2 A 2 + 
I I - I 2 I 2 I 2 2 

a s 
+ A 82A 

2

8 
+ A I A 1 + A 

2 
A 3 + A 8 A 

8 = 2 l: :F,
2
k= 2F 

2
• 

a a 2 a a k=l 

~ ffi3/ 
noKll31lTem.cTBO 9T0rO yTBep:l!<AGBHSI C0JleplKHTCSI, BllnpHM8p, B 

8 

(25) 

) 

l 
I 

Benn'lnHa :F 2 , paBH&Sl cyMM8 JrnanpaTOB KOMnOH8HT BeKTOpa YHHTapHoro cnn11a, HS3b!Ba-

8TCSI nepBb!M onepaTOpOM Ka3HMnpa rpynnhl SU (3) • Teneph B03BeneM A I B Tp8Thl0 
I 

cTenellh: 

H B03hMeM ,mnyp OT c' 
k_ 

C~ = A~ 

Sp C = A
1 

I 

' Al A ID 

ID k 

Al AID= Ga. 
ID [ 

OnepaTOp , G a HS3bIB88TCSI BTOpbIM onepaTopoM Ka3HMl!pa rpynnbl SU (3). 

(26) 

C noMOillhlO (21) H8Tpyn110 y6enHThCSI, 'ITO B8nH'IHHbl :F 2
H G 8 KOMMyTHPYIOT CO 

BCeMn reaepaTopaMH paCCMaTpHBS8MOl! rpynnbl, T.e. Jl8HCTBHT8m.HO smnmoTCSI ee HHBapn-

• auTaMH. 

I 
lllnypbl OT 6onee· Bb!COKHX croneuel! MSTPHll A I cpyHKllHOHSnhHO Bblp&lKSIOTCSI 'lepea 

:F 2 n -a.a 

§ 4. KoscpcpnnueuTbl Kne6ma-ropnaHa 

PacCMOTpllM BHS'lane K09cpcj,llllll8HTbl K. -•r. rpynnbl SU(2) • COCTOSIJill8 onHol! 'lac

THllbl B SU(2) 'xapaKTep113Y8TCSI H30T0nH'l8CK0l! BonH0B0l! cpyBKllll8l!, KOT0pyio, npHM8HSISI 

o6o3Ba'leBHSI nnpaKa, M0lKHO 3anncaTh B Bnne KeT-BeKTopa I ii > • IlyCTb uaM naua 
I 8 

eme onua 'laCTHlla c BonHOBOl! cpyHKllHel! I I 'i '
8 
> • 05a paccMaTpnnaeMble cocTosimrn, O'le-

Bnnuo, npeo6pa3ylOTCSI no uenpunoanMblM npencTaanemrnM rpynnhI SU(2) , OTB8'llllOillHM 

3B&'l8BHSIM n i •- nonuoro naOTonn'leCKoro cnnHa. IlpSIMOe nponaneneune sTHX cocT0SI• 

unl! lii,ll'i' ·> rJP 8 
, npeo6pa3yiomeecS1, K&K npannno, no npnBonnMOMY npencTaBneunio, MolK-

BO pa3H0lKHTh B npS!MylO CYMMY COCTOHHnl!:, npeo6paayiomnxCSI no HenpHBOJlHMb!M npeacT&Bne

BHSIM. nnSI sToil nenn BBeneM onepaTop cyMMapuoro naoTonn'leCKoro cnnua _ lk =ik +i~ (k=l,2,3) 

H BM8CTO 'l8TB8pKH KBSBT0BhlX '11!,cen ii' i al' a , (>yneM Onl!ChrnaTb COCT0SIBHe 38JlSBH8M 

ua6opa II ii' . YcnoBne nonuoTbl 9TOro ua6opa nMeeT Bnn: 

1=. l: I I la! i'>.<I I I i'I, (27) 
Ila a 

YMHOlKSSI o6e 'lllCTH paB8HC_TBS (27) HS K8T-B8KT0pbl uamnx nayx 'lllCTHll, n0Jiy'lHM: 

Ii 18 >1 i'i'8 >=l: I 11 8ii'>.<IIJi1iiJ'i'?· (28), 

Benn'lHBhl 
118 - , 

< II a1 I 'I ii 8 i 'i '8 > smnS110TcS1 1toscpcp11nneuTaM'II Kne6ma-fopnaua rpynnhI 

SU(2) • nm1 unx ynoTpe6nSieTCSI TaKlKe coKpameuuoe o6oairn'leune < II I ii i'i' > • O6me-
\ 3 3 3 

npHBSITblil Bb160p npOH3B()Jll,BOlt qJ83bl, cornaCBO KoHA,OBY H lllopTnH, IlpHB0JlllT K TOMY, 'ITO 

KoscpcpnnneHTbl npSIMoro n o6paTuoro npeo6paaoBaHnlt coanana10T, T.e_. < 11 
8
1 ii 

8 
I' i '

3 
> 

.<! I 
8

i'i'a1 n? . Ta6nnnbl sTnx KoscpcpnnieBToB mnpoKo pacnpocTpaueubl', 
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Ilepe:ltneM T0D9Jlb IC rpylUXe ·sU(3) , Cl5oll.CTD4 :Z:08'P9li1IUl8HTOB 'K.-r. '8TO:lt rpynnhl 
/CS/ . ' . . 

113y'Ielthl, l'UlllpllMep, •. pa60Te , I rne MOlltllO 03H.!I.XOMIITJ>Cll co BCeMH neTanaMB, J{IU! 

nplUIO)K8Jtll:lt lK& _noCTaTO'IJIO lfflJQlM~Tlo +lilU'l&CIClilll CMhlCJJ IC0111p¢mlll0HT0ll II }'M8Tb, ll0llb30- ' 

BllTbCH IIX Ta6mmaMB, 

PaCCMOTpHM ABO "IAC~, llplilJUIJIJ19JK811UUI lil81COTOPLIM ymrrapm.IM cynepMym.TBM8T8M, 

0603Hll'IHM KOMll0110HThl HX onepaTopGB y1mTap11oro ClllllilA "lape3 flt H f~- Ck=l,2, ... ;s), Tor

na COCTOmille STBX 'IACTlllX MO~O 311Jt&Tlo ICGT-BelCTOpaMllx): 

( f 11 gJy ii,> .. :(! y ii,> , (29) 

"If' 2g'-•y'-i'l'i > a:( 11',y'-i'i'1> • (30) - .. 

COCTommsr (29) 11 (30) npeo6pa3y10TCs no 11enp11nonHM1>D,t npenCTimneltlllIM rpynnhl 

SU(3) , B 11:oTop:i.oc onepaTOphl, KUllMllpll IIM~J?!. aira'leHHJl f 11, g •· K f'.11, g'• • coOTB8TCTBe11-

I , HO. llp.!IMOe llp0113Be.neHllO (29) I[ ( 30)' - Hl:TOP ( 11 y i i ,> I 11' • y'· i, i 'a> - -npeoopa3y8TClI, 

B0o6me roBopH, 110 Ke:itOTopoM)' npKBOAHMOMy npenc';.asneruno"' nuHoll rpyimhl. CseneHlle 

STOro npOH3B8A0HHJl K cynepn03JlDl[_l[ BOltTOp_OB COCTOJlllllll, npeoopaay10mHXCH no H0llpHB0AH-

' ' MhlM llp0ACT8Bll8KlllilM C Ollpananellllh!Mlil pa3MepHOCTlilMll N (!Ulll 1Um8pll8HT8Mll Ka3HMHpa . 
·· 2 a , + - • • • ·: 

F H 'G ), ocymeCTMll8TCH C llOMOJill,10 KOSlplpllIUI8HTOB Kne6ma-fop.na1Ul cnenyromHM o6pa..; 

30M, BB8A8M onepaTOp C)'MM&plloro ylI11T8J)HOrO CllHIIA 

CMOTpHM Ha6op 113 9 ltOMMYTKPYIOl!UIX onepaTopos: 

:F 11,·G ~ Y,-1, I 1, f 2,£'.2, g 1, g' a. 

Flt= flt+ f'i,:·(Jc =1,2, ••• ,8) H pac-

(31) 

.Hcno, 'ITO naoop ·c 31) 11_0 Dn£eTCJl llOllllhlM, Tait ltAlt pam.me Mhl OllHCh1B8Jlll COCTOlIHH8 

ABYX '18CTHll np11 n_oMOmlil. Ha6opa H3 10 KOMM}'TKpyromn:x onepaTopos: 

f 2 
I i . f' II 'a ' i' ., , , I , y , , J.a: . , g ,y' , ta (32) 

3To nono)KeH11e cooTBeTcTayeT TOMY 1p41tTy, "lTO npencTaaneua , xapaxTepuayeMoe onepaTo-

~paMH Ka3HMHl;la F 
2
H . 'G f MO)K8T conep)KllTbClI B nplIMOM llpOH3B8A0HHH n X n' 6011ee 

, , ~eM onua pa3, llo~oMY B na6~p (31) ileo6xon11Mo Bl:nIO'IIITb n'eclIThlA onepa;op, aY'IHThlBaro

muA paanR'llle Me)Klly 3TRMII npencTaanelllilRMH c on111U11toawMn:' N . • Mhl oyneM oo03Ha'IATh 
M 

STOT onepaTop 6yJtBo:lt R • ·llpaKTll'l8CKH onepaTOp R MOlKHO C8!138Tb CO CBOltCTB8Mll 

CHMMeTpHH BOIIROBhlX lpyHKIUl:11: npn: onpeneneHHhlX AHCKp0TRhlX iipeoopaaoB8.HIIHX, 

Tenepb BB8A8M B paCCMOTp0Hll8 B811:Top COCTOlIHlllI nnyx '18CTHQ: 

·1 :F 2·a 1 Y I I ,f 2!'-21: ag'I> 
. R 

(33) 

~ . . . . 

Bo scex npencTanne111uix rpynnw SU(3) , ucnom.ayeMhlX B aac:ronmee speMH, HMee-r-
··cn B38HMHO OnH03H8'1'.H08 COOTB8TCTBH8 M&JK.!ly B8lil!l"lHB.!lMK (f 2, g 1 ) R ·pa3M8pHOCTblO npen-
CT4Bll810IH n , · · · 

10. 

.J 

r 
·l 
I 
fl 

l 
\j 

I ,, ., 

! 
i 

(Mhl llOMGCTllllll 1ume~c R I BHe KeT-B0KTOpa, Tait KAK, b 0Tllll'lll8 OT npyrnx•· ICBSHTOBhlX 

'IHCen, on He conep)KHTCSI ~ rpy~e), Yc~osne nonHOThl cuc-reMhl cocTOHltll:11 (33) HMeeT 

Bllll: 

1 = l: 
F2G3R 

·(:F 11 G 8Y I 1
3

£2£':Jgag'~.< .F 2 G3YU
3
f2f' 2g1 g'llt. 

RR ~- (34) 

YII ' 
YMHO)K851 06~ ·cTl>P<?HbI 9TOro pB.B0HCTBa IIB. xeT-B0KTOphl (29) ii (30), nony'IHM: 

(35) ' 
:1 f2i:~Y Ii 8>1 r ' 2g'3y'I'i~•>= , 

/ ' 

=I :(:F 2 ·G8 YII 3 £2 f; 11 g8 g'~> .<:F2 G3Y.II £
2
f~ 2g 3 g'a(f 11 g 1 y ii

8
£'2g' 3y'i'i\·> 

FIi oDn R R a 

. YI I 
. 8 

. BenR'IIIHa 

,f:F 2
G

8
Yil 8 £2 £' 2gBg'8j f

2
g 8y ii 8 f' 2g'-3i'i'

3 
•> 

(36a) 

H83hlB~8TCll xosq1q)l[lll18HTO¥ Kii:e6ma-ropnana rpynnhl SU(3) • Kop0'10 ee MO)KHO 38llllCSTb 

TaK: 

< F
2

G8Y II 1 f.
2 8 ii- f' 2g'}'i'i' ·> a , s' _g Y a a 

Hn11, eme 6onee KOMllllltTllO: 

,< N YI I al nyii n'y'i'i'a'>. 
R • , 11:11 • 

B HTor_e psm Kneoma-ropna11a nnH rpyllllhl SU (3) 
I 

llpHHHM88T BHA: 

(366) 

(36B) 

',-(~yii'>:(n'-y'i'i'·>=I INYII ·>.< NYII :lnyiin'y'i'i'a> 
.,,, a • a ~ R • a RR ., a .. a.. , 

(37a) · 

YI I a 
Ecnu npOH3BOJll,Hhl0 ql83bl BHYTPII 1130TOllll'18CltllX MYm.TIIM8TOB.ll Me)Klly IIIIMH ¢11KCHpO-

. . /CS/ · • · 
.\ nauhl cornacno ycnos11RM ne CsapTa , TO z:os1p1p1Inn:eHThl Kne6ma-ropnaua npencTaBn.!I!OT 

I • , . . 

,'I 

__II3 C80ll BemeCTB0HHhl0 OpToroHam.Hbie Ma;pllllbI, llosTOMY B · pa3ll0)K8.llllH, oopaTHOM no 

OTHOlll8Hlll0 It (37a), 11cnom.ay10TCH Te )K0 Kos¢¢nnn:eHThl K.-r., TAK 'ITO 

INYII '> , ,. 3 R I 
~ytt 3 

In yii
3
·>·(n'y'i'i'>.<n.yii

8
ny'i'i'

3
:(NYII) 

• , - a.,. - .. aR (376) 

:,'.,. '• '1 'a 

§ 5, lOKaBCK08 B34HMOA8:liCTBll8 

PaCCMOTpllM B38HMOA8ACTBll0 Tlllla l01taBhl MG)Kll)' OKT8TOM 6apHOHOB H_ OKT0TOM 

nceBAOCICMS!plthlX M030HOB, llpH ·nOIIHOM OTcyTCTBIIH CHMM0TJ)IIII narpaHJKHSH B38HMOAeltcTBHH 
... , . ' . ' ' ,, - , 

f'ln\ 34BHCen_ Ohl OT 64 KOHCTAHT. CBSl3H, fllllOT838 H30TOllH'10CKO:lt HHBapHaHTHOCTH.-OCTa~-

nHeT H038BRCHMhlMII Tom.Ito 12 KO!ICTaHT, CTOSimHX npu ljiopMax: 
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g ':N i"N ;-(pp -•n )11°+y'2(np 11"'-t-jin,r+) 
~,r ! .. 

g .• as,,.· s ;s :-cs0 S°.:.s-s->,,.,+v'2<a-s 0 ,,-+2°s-,.-+) 

... - .. - -+ - + - - - -+ 
g.u;,;: A I. ;; + IA ,r -A(I0 11°+I 11+I ,r-l)+I0 A,,.O+ IA 11+I A,,+, 

.. ... - - -+ + - + - - -
gII,;:-i(I XI )11--i{I~ -I I ),f' -i{I 0 I -I""l:6),.- -!{I I 0 -I0 I"'),,+, 

:; 

gNN,/ N N 71 - { p p + ; D ) '71 • 

g,.;,_ ·: S S 71 - < E-S+S0 S0 h 1 , 
t::t::.71 . 

gAAJAA71 

... 
-· - - . + - -g ·:NAK +ANK •JAK +nAK•+A{ pK+oK0 ) 

NAX 

gEAx·:SAK +ASK -8°AK•-s-A K-+!foA°K0 +A{S°K0 -E-K), 

\ 

- .... -+ :; ... - - + - - - + - + 
g ~ : N r I K +IN r K = p I° K - D I° K0 + '1/2 { o I K + p I K0 

) + 
N~K . 

+I0 (pK--oK0 )+y2{I-oK+I+pK0 ) 

g-=~ ·:E ;i K +iS/K = S-I° K -+S0 I° K0 +y2{ s-K0 I-_S'7, K-I+)+ -""IC , 

- -- + - - + 
+ I 0 

{ S K + S• K0
) + y2 {I l: K0

- I "'l:° K ) 

IlOCMOTJ>HM Tenepb, KSKHe orpaHH'!eHHsr Ha KOHCT8HThl CBS13H Haxna)lhlB8eT -rpeooBa;e:ne 

SU(3) ,;,,HHBSPHSHTHOCTH narpaH)KHSHa B3SIIMO)lei!cTBHSlo 

12 

, I 
l 

/ 

., 
.1 

. I . 

' \ 

I• 

/' I 

,\ 

., 

,, 

1 / \ • \ 

: B npenene 'TO'!HOll SU(3) -CHMMeTpHll narpaHlK!ISH f int -llOn>KeH l'lb!Tb YHHTSpHblM 

. CKam1j)oM. Ha Tpex OKT9TOB (aaTn6apHOHH~ro, 6apnoimoro H M930HHOro) MOlKHO o6paao-
•. ' 

88Tb )l88 ynnTapHhlX CKIUIS!pa. ·,nellcTBHT8/lbHO, no/lb~ysrcb Ta6JIHnell YMHOlK8HHSI (cM.-f!pnno-

)Kenne T) , aaxonnM 6~a Tpyna 

' 8 X 8 X 8 = 1 + 1 ,+- 8 + 8 :I- 8+ 8 + 8 + 8 + 8 + 8 + 
s=1 • a .,,·. ,::, - ... _ 11111 • 

· 10 + 10 + 10 + 10 + 10• + 10• + 10* + 10* + 27 + 27 + 27 + 
(39) 

27+27.+27+35+35+·35*+35* +64. - -: ~ .. - - ' - - .. 
CnarneThl, conep2KB.IllH8CSI B (39) • MOryT OTllH'!8TbCSI npyr OT npyra '!eTHOCTblO 

/Al/ 
OTHOCHT8llbHO R - npeo6pa30BSHHSI H COOTBeTCTBYIOT, no TepMHHOnornn renn-ManHa, 

o- nnn .F - CliSl3Ho Mb! 6yneM 0003HS'!STb 8TH B8llH'!HHhl '!epea fC!J H f<!J' , ilnll. 
1 (I) 000 000 

o6o6meHao, qepea f ~;/ , Tax '!To 

flnt 

~ (l)R 
~ I! f .. 
R. R 0,00 

Tenep!> H3 OKT8TOB 

I! Y 11 8> 
SHTlloapHOHhl 

(l)R 

(1) 

s-g f'" 
000 

[ 8 Y'I'l' > 
.. 8 

oapHOHhl 

( I)' 

- g'f o~o 

[8 " > . ,. y 11 B 

0--M830Hhl 

(40) 

( 41) 

HOCT}ll>HM cnarneThl f 00 '0 B SIBHOM BH!l8. IlocTp08HH8 nponaBeneM B )lBa aTana. Caa<ra- · 

na H3 AHTHOSpHOHOB n oapHOHOB c noMOD;lblO Koa<jxj,nnneHTOB K.-r.(cM.(376)) CKOHCTpy~pyeM 

• 0030HXOe°' COCTOllllll8 .[ !!. -yi - i 3 •>R : 

I 8 -yi -i 8 > = I I 8 YI I 8 > I 8 Y' I"l\ ·> .< 8 Y II, 8 Y'l'I~I 8 - y i - i 
8 

> • 
• R YII3 • -==- • • = R 

(42) 

Y'1'1'3 

. 3aTeM 11'.3 OXTeTa M830HOB ·1 ~ y i i.,;, 
TapHbl8 cxansiphl: 

n COCTOlllIHSl [ 8 -y i -i ·> oopaayeM HCKOMhle YHH-
.. 8 R 

(I) 
f • R, = I [ 8 -yi•i 8 >.[8yii >.<8-yi•ij 8 yii [ 1000> 

0 00 y l l 3 -=- R .,, a 11111 • 3 s:=s 

nnn OKOH'!8T8llbHO, nocne IlO!lCTSHOBKH ( 42 )_B ( 43) 

(1) R 
f• 

000 
• I _ [ 8 Y 11

8
> [ 8 Y'l'l\>I 8 y i i 8><8Y 11

8 
8Y'l'l'

8
[8 -yi-i? 

• , ' ""' • _* s::s .., • R YII
8 

y'1'i'a 

:r I 18 
.< 8 y I i 

3 
8 -y i -i

8 
[ 1 000 > 

" - • ,:,$ 

(43) 

(44), 

'ITOOhl npaKTH'!eCKII npHM~HSlTb qlOPMYllY ( 44). H800XO)lliMO 3HSTb, KOHKpeTHhlll BH)l B8KTO-
' · - . . . ' /C3/ 
poB COCTOro!HSl ( 41). HH)K8 Mhl Bb!IlliCb!BS8M BCe 8TH BeKTOpbI, ~onarasr • '!TO npn aapsr-

)lOBOM conpSDKeHHH KSK oapnoam,re, TSK H M830HHhl8 COCTOSIHHSI, npeoopaayIOTCSI. no 3SKOHy: 

·13 
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-:---:--· I +liY 
I NY II > • (-1) 8 

- 8 
IN-YI-I' 8 > • .. 

Bap110Hb1 AHTII04.l!.IIOIW 

I P > - I 81 ½ ½ > 

ln>=l8t½-½> .. 
I :t+ > - - I 8 o 11 ·> 

( :I0 > = ( 8 0 1 0 > .. 
I :t-> - I so 1 -1 > 

(A>=( 8000> .. 
I so>= I 8 -1½ ½ > .. 
I=-> - I s -1½ -½ > .. 

I P- > - - I! - 1 ½ -½ > 

,-;;- >-( 8 -1 ½ ½ > -
f,i+>-18 0'1-1> 

(l:0 >-( 8010 > .. 
(:I->=-(801H> 

(A>=( 8000 > .. ' 

(S.0 >al!l½-½ > 

1=->=-1!1½½ > 

IlC8B;lOCK41l,!E.Hhl8 M830Hhl 

I "+> = - I 8 0 1 1 ·> 

I "°>. = I s o 1 o > 

:1 ,r-> -1 s 0 1-1·> 

l'ri>-18000> .. 
(K+>•(81½½> 

(K0 >•(81½-½> .. 
fr>--18-1½-½> 

• 
( KO>-( 8-1½½ > 

' 

(4511) 

IloncTaBJH!ll ( 45a) II ( 456) B ( 4't) II yq11ThlB8SI paBGHCTBO ( 40). M01KIIO nal!TII COOTIIO-

ll8Hllll M8JKAY KOHCT8HT4MII g II 
/C3/ · 

g' II 12 KOHCT411T4MII CBll3II 113 (38) • Ilpo11nmcx:Tp11-

,yeM STO Ha np11Mepe ,r•N B3411MOne8CTBHSI. 

Baaqane na Taonnnhl xoa4xlmnne11Ton K.-r. (cM. Ilpnno:1KeHne II ) onpenen11M MIio-

\ ' 

K11Ten11 .<8 y ii 8 -Yi -i ( 1 0 0 0 :,. B peaynbTaTe 11nTepecy10masi Hac qacn. c1t11rneTa ( 44) 
• a • a • 

tpll1IHM88T Bl!Jt: 

14 

'1 

I 

'j 
', ,l 

' 

(~!:n•) 
000 NNIT ., . 

--_L :I 
y8 Y!I 3 

Y,'1"1' 
3 

I 8Yil
8
>l8Y'Il'>ll,r-l:><8YII 8YI'I'l801-l> -

i:= i::s 3 ~ 3i:= 3 = R 

-'I ·,r_-> < 8 Y If~ 8 Y'l'I' I 8 0 11 >+I ,r0 >< 8 YI I 8 YI'!' I 8 0 1 <f > I , 
=:i =::i 3 s:s R r=:t 3=:= 3 = R 

' 

(46) 

rne CyMMllpOB8H118 Jip0ll3BOnHTCSI nHWb 110 eyKnOHHblM II aHTHHYKnOHHblM COCTOSIHHSIM, llanee,' 

CHOB~ ncnolihaysi TY JKe TaonBny, naxonHM oKonqaTelihHO: 

(f 
Int 

(l)n 
) =-:Ig(f=) 

NN71 : R • R 000 NN1T 

(47) 

=-('i¥J.O +..z.Y,J, )[(pp-nn),rc+y2(np,r-+-pn,r+)]= 
40 24 

=-( g,/30+ gy6 ) N r'N if. 
40 24 

Cpaammasi BhlpaJKeBHe (47) II (38), nonyqaeM CBSl3b MGJKnY KOHCT8HT8MII g •• g ll g' 
NN,r 

g = g ,/30 + g' ,/6 
NN,r 40 24 

(48) 

AnanornqHblM o6pa30M ycTaHaBnllBBIOTCH COOTHOWeltllSI MeJKny g,g' II OCT4nbltb!Mll KOHCT4H-

T4MH CBS13ll H3 (38). Mhl np11ne11eM IIX 083 BblB0/18: 

g ~ _ ,/30 g _ ,/6 g' 
E:IK ~o 24 

g __ =- g =- y30g + y6g, 
::,,:::,,r N:IK 40 24 

g,~ =g~~ =-gA• =ylOg, 
1.,,,,r ...... ,, "71 20 

,/6 , 
=+-g. g :II,. 12 

(49) 

gNN = g'='• =- YlOg + ,/2 , 
7/ ,=,,K 40 8g • 

g __ 

::,,::,,71 
= g = _ ylOg _ ,/2 g' • 

NAK 40 8 
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§ 6. TeopeMa Bnruepa-3KKapTa 

"Ha KBaIITOBOfi MGXSHRKH xopowo ll3BGCTHO, 'lTo·pa3JIII'lHblM ¢,H31I'l8CKIIM B8JIII'lllH8M· 

'Mo~HO conoCTSBHTb onepaTopbI. HanpnMep, B8KTOpy IIMnYJibCa OTB8'l8Sl' onepaTop HMnyllb-

'ca p , BGKTopy yrnoaoro MOMGHTa - onepaTop yrnoaoro MOMeHTa 
➔· • 
J ll T.)'.l. KoMnOHGHTbl 

'sTIIX B8KTOpHbIX onepaTopoa yJKe ne SIBJIHIOTCll C -'IHCJISMII I a ynoaneTBOpH!OT onpenenen

'm,1M nepeCTSHOBO'lHI,IM COOTHOW9HHHM. Onnaxo npn npeo6pa30B8Hllrot KOOPJ'.lllHST OHH no

npelKHeMy npeo6pa3y!OTCll Kalt KOMllOH8HTbl o6hl'lHbIX B8KTopoa. 

A11anorn'IHbIM o6pa30M MOJKHO paccMaTpllBaTb T8H30pHb18 onepaTOpbl, conoCT8BJI8HIIb10 

,TeH3?PHhIM qinanqecKnM BGJIII'lHHaM. HenpnBOJ'.lllMbIM TeuaopHbIM orrepaTopoM HS3bIBaeTcsr 

coBOKYIIHOCTb onpeneneuuoro 'lncna onepaTopoB, KOTOpble npn nepexone K npyroil cncTeMe 

KOOPlllIHST npeo6paay10TCH npyr qepea npyra, KSK o6hl'lHbl8 uerrpnBO)'.lllMble TGH30pbI. Ilpll 

Bbl'IHCJIG!Illll MSTpH'lHbIX sneMellTOB OT TSKHX onepaTopoa 6onbwyro llOMOillb OK83blB89T 

TeopeMa Bnruepa~KKapTa~· 

BHa'lane P,aCCMOTpllM STy· TeopeMy a npHJI.WHGHHll K rpynne SU(2) 

Teuaopnhlfi onepaTop, npeo6paayromnncsr no npencTaaneHnro 

IlyCTb TCI> - ae-
I , 

rpynnhl 8sU(2) npHBO)'.IIIMbI:ll: 

n' nMeromnn 21+ 1 
x) . 

KOMnOHGHTy • Ilonpo6yaM HailTH ero M8TpH'lHbli!_ sneMellT MelK)'.ly 

J'.IBYMll B8KTOp8MII COCTOSIHHil 

< 113 

rpynrrhl 

(I') 

I T , I 
l 

3 

SU(2) 

J"". I""> 
3 (50) 

KoJieqeo, B SIBHOM anne (50) Bbl'IHcnsreTCl1 TO.JibKO B TOM cny'lae, Korna naaecTeH KOHKpeT

Hbii! BH)'.l onepaTopa T • Omrn.x:o, naJKe He KOI1KpeTH3Hpyn T I MOJKHO noKa3llTb, 'ITO STOT 

'MllTpH'IHblil sneMeHT BCePna nponopnnonanen K03¢4,nnneHTY Kneowa-ropnona nnna 

<II I I'I' I" f". > , npn'l:eM K03qi4'nm1enT nporropnnonallbnocTn a (I, I'I") xx) ae aaancnT OT 
3 3 3 

npoeKnnll, a llBJIHeTCSI «pylIK!lll9ll. l, r. I" : 

(I') 

< I 1 81 T, .I 1"1">= a ( I, I', I")< I I I I'!' I"I" > 
Ia a a . a a 

(51) 

B STOM H COCTOIIT TeopeMa Baraepa-3xKapTa. JloKa3aTellbCTBO ee MOlK0T 6h1Tb npoa'eneno 

Kalt ,c nOMOWb!O TeopnH rpynn, TSK ll anreopllH'IOCKll, II coneplKHTCSI BO MHOrHX yqeonnKax, 

CooTuowenne (51) noKa3brnaeT, 'ITO aaaJICHM~CTb MaTpn'lnoro 3lleMenTa oT npoeKnni! 

I a I I' 3, I'; Bbl)'.10HH0TCH B HBHOM BlI)'.10, TTosTOMy, 3Hl!Si MBTpll'IHblil 9JI0M011T B K8KOM-JIII60 

npocTel!weM cny-qae ( nanpllMep, npn I a= I'a= 1';= O ) , Mb! llBTOMSTH'l:OCKH HllXO)UiM ero Benn

q~ny npn n106ux anaqennSIX npoeKnnll. 

x) T.e. aa1ton npeo6paaoaaunSI aenn'lHHbl 
TCIJ 

I 3 
TaKoil JKe, KllK y Ke-r-aeKTopa III 

3
>, 

xx) B nnTepaTYpe BCTpeqaeTCH aecKonbKO ea11Menoaanni! aenn'IHHhl a ( I, I~ I"): 
nplIBG)l0HHbli! ·MaTpn'll!blil 3Jl8MGHT, BMDlIHTYAHllSI MSTpnna, )'.1B8lK)lbl OT'lepKHyTag MaTpnna. 
flocneneee HSHMeeoaaene c·BH3aHo c o5oanaqeuneM a( I, I', I''=< I IITCI'J III'".> 
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"i 

I 
·1 

i 
~ 1 

,"'1' • \ ', 1;,. 'I' ·-., 
.• ! ~;,-;:'· ill• 

,. 

~ • ~, '°" ~ h 't", . 

BTopoe BSlKH08 CJI8llCTBH8.T80peMbI Bnrnepa-81t1tapTa 38KJIIO'l8eTCB B TOM, 'ITO ona . ,~:; ' . . . ) , 

D03BOJIB8T DO/IY'llIT!o npaanna OT6opa, T,e, ycnoansr, npn KOTOpbIX MSTpB'l.l'!blfi 9Jl8M9HT Ten-
\ ,I • 

aopnoro onep·aTopa OTnn'len oT nynn. 3TH ·npaauna OT6opa npnMo CJIBllYIOT na caoltcTB -xoaqi-· 

«pHI1118HTOB Kneoma-ropJJ;OHa JI YCTllH8MllB8IOT, 'ITO MSTpH'lHbllt sneMOHT HO HC'l83A8T ,1l]lfilb 

B TOM Cll}"Ill91 KOr)'.la . 

1
3
=1'

3
+1'; (52a) 

n, KPOMG Toro, BbIIIOJIHSI9TCSi _HepaBGHCTBO TpeyrOJibHHKa: 

I 1-I"l~I'<_I+I". (526) 

·nepenneM Tenepb 1t rpynne SU(3) 
(N) 

Thl TeHaopnoro onepaTopa T = 
Yll 3 

n llOCTSBllM ce6e 34.tlA"l}' nailTll MaTpH'lHble aneMen

MGlKJ'.IY BeKTOpaMH COCTommn Tllllll (29)- (30), T.e. 

: BGJill'lllHbl 

< n Y I I I T(n '> I ~,, y-·I"' 1';>. 3 = (53) ==s .Y'1_.1'
3 

B ()TJIII'llie OT npe)'.lbl)'.lymero cny'lall B npllMOM npOH3B8)'.18HHll npenCT8Bll811lllt n'xn "· rpyn-

, nhl SU(3) aenpllBO)'.IHMOe npencTanneIDie n MOlKGT BCTp8TllTbCH oonee , '18M ;)'.lllH paa. 
= 

TiosTOMY Tenepb MllTpll'IHble 9JIOM8HTbl Tuna (53) H~ npOCTO nponopnnOHallbl!bI 0T)'.19llbllbIM 

1tos4'«pnnnenTaM Kne6wa-ropnana rpynnhl SU(3) • a SIBllllIOTCH, B006me roaopSI, H8KOTOpb!MH 
. /C3/ 

mmel!HblM KOM6HHllllllSiMll H3 mrx. TeopeMa Bnrnepa-81t1tB.pTa lllISI rpynnbl SU(3) rnacnT : 

< n Y II 3 I T <>;') 
'y'x-'1' 

a 

n "Y "·I'-!' I" > = 
= 3 

= l'. a\ n , n'·, n".) .< n YI I 8 I n'Y'I'I' -11"Y"l"I"> 
R t::s i:::s l::s R,.,. ~ 3_ 3 

(54) 

3necb nunexc R npHHllMSeT CTOJibKO anaqennl!, CKOJibKO pa3 11enpHBOJ'.IHMOe npe)'.ICTaBne-

HHe n BCTp8'1ll8TCH B npon3B0)'.10HllJI D' X D,, • 

Ha CBOi!CTB KOs<Jxl)nnneHTOB Kne6wa-rop)'.lllHll rpynnhl SU(3) BhITGKatoT onpenenen-

Hbl0 npaaana OToopa. A HM9HH01 MSTpH'IHblil 9JI8M8HT ( 53) OTJIB'l8H OT HyJIH JIHWb IlpH cc6 -
nroneann cnenyromnx ycnoani!: 

I. TipencTaaneHne n coneplKllTCSI XOTSi 6bI O)lliH paa B npHMOM DpOH3B0A0HHH n 'x 11". 

2. HMeeT MGCTO paaeHCTBO I; I',;+ 1; . 
3, BbllIOJIHHeTCSI nepaaeHCTBO TpeyronbHHKa )'.IJIH naocnnna 

I I - I" I < I'< I+ I" • 

4. BbIIIOllHSi8TCH COOTHOW0HH0 Y = Y' + Y". 
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§ 7. Hapyll1El!f_ll_8 yH11Tap110A c11MMeTp1111 11 Maccosbie i!,opM¥_llbl-

YH11T8PIUIR CIIMMeTpllR .smm1eTCR IUl88nll31lllll8A A8llCTBIITeru.HOCTII, Ha 'ITO Yli'.A3blBA8T 

: ~ymecTBOBaRJl_e 3Ha'IIIT8Jll,llblX pa3ROCT8A MACC 'IACT~Jt, BXOAlllllB~ B. OAHII ll Te l!C8 cynep-

, MYIIbTBnneTblo O11aaxo 0'1811h npOCTbI8 npe11nonOl!(8BHR o· T&K30pRb1X CBOACTJIAX nona, aapy-

1 maromero SU(3) -CIIMM8TpHI<>, D03BonsnoT nony'll!Tb COOTJIOW81111R M8JICJlY pacmenneHllblMJI 

:MIICCB.Mll, RAX0Alllllll8CR B npeli'.pB.CROM cornaCBB C 3Ji'.Cil8pllM8llT0Mo 'iTo6w ny'lme nOJUITb 
y . 

3TO, o6paTBMCR BB8'18Jl8 on.l!Tb K ll30TOnll'l8CKOA CBMM8Tpllll ll nocMOTpllM, KB.K ee aapyme-

, 11118 MOlK8T np11B8CTll Ji'. B03RJIKIIOB8Rlll0 paaaocTeA MACC BnyTpa' ll30TOlIH'l8CJi'.llX MYru.T11nne

;TOB. 

B npe11ene TO'llloii SU (2) 

T8R30pRblM onepaTop0M T(o) • 

-CHMM8Tpllll M&CC0BbIA onepaTop A0IDK8II 6bl~ cxam!pRbIM 

noaTOMY ero M&TPll"!Rbllt aneM8RT M8lKAY C0CT011HBJIMII 

rpynnbI SU(2) , cornacao TeopeMe Baraepa-3xxapTa, BMee'l' s1111: 

<ol 
<I 1

3
1T0 111

3
>= M 0 (1), 

rAe ·M O (I) - Macca, 011aaaxosasi nna 11cero -MYru.TanneTa. 

'(55). 

Ecna Tenepb M8lKAY 'ln8RAMR ll30T0Dll'l8CKHX M;ynbTKIIneTOB BKnlO'IIITb sneKTp0M&rRHT--
. ( 

aoe B3AIIMO/l8ACTBll8, TO nonaasi 1130TOnlI'l8CK8.B CllMMeTpHR IIC'le3aeT, RO KOMDOR8RTA I 3 

n~npelKR8MY OCTAR8TCSl coxpaRstiOlllHMCR KB&BTOBbIM 'IHCnoM. TeR30pllbil! onepaTop M 

:KOMM;yTHpy10muii C I 3 • B C8MOM o6meM BllA8 ·aanHCbIBA8TCR Tax: 

(I) 

M= !. T 0 

npll'18M CYMMHpOBB.RHe npOB0AHJlCR no nenO'IHCneRRbIM 

CTB.T0~RO B3RTb ABA 'ln8R8. H3 STOil CYMMbI: 

• B nepnoM npe6nHlK811HH AO-

M= T(O) + T (ll. 
0 0 

OTCIOAa no TeopeMe Beraepa-3xxapTa 

(I) 

<II 3 IMIII
3
>=M

0
(I)+.<II

3
·JT

0 
jII 3>=M

0
(I)+c(I)<II

3
1tOlll 

Ilepel!:)18M Tenepb K K0RKp8THbIM npBMepaM. 

nocxoru.xy 

TO aa OCR0BB.RBH 

+ -
!. = - I 11 > !.0 = 110 > !. = I 1 - 1 > • 

(57}x}: 

m
1

+ =m 0 +c .<1111011 >=m 0 .;..½c , 

mio= m.,+c .< 1011010>=mo. 

mi-= m 0 + c.< 1 - 1 I 101-1 > = m0 + ½ C ----,---------' x} Ta6nana Koaq,q,HD:B8HTOB K.-r. rpymu,1 SU(2) BM88TCR, uanpBMep, B 

18 

(58) 

(57} 

I D 8/ 

; 
f 

i: 
'1;: 

C 

f 
,f/ r 

·-:~ 
';' 
), 

t 
,11 

.',~ 

-il' 
'I 

<i -,~ 

,, 
( . 

,t.,:.. 

Hcxn10'1aa 

C8MII: 

113 ST!IX paBeRCTB ltOBC1"aRTbI ,. •. mo II C , RB.XOAllM C:OOTROW8111l8 Mj,llK)ly MAC-

' ), .. ', .. m 
!." 

z~ -../ ,.,.,. 
m~-

f 
2 •.• 

B KB.'IE!CTBe Apyroro npHMepa pacCMOTPHM aaOTona\i:ecx~A-:xsapTeT 

-I++ 0 -·-· 
11;, , 11;, ,Ji;, ,11;,': 

-I+ • •• • + 

11 s = I 3/2 3/2 >, 11_ 8 .. I 3/2 112 >, 11°8= I 3/2 -112 >, 11 8 = I 3/2 - 3/2 >. 

AaanorH'IIIO npenbI/lyme:uy ~YA8M HMeTb: 

OTKyna 

m -1+ = m + c < 3/2 3/2 I 1 0 3/2 3/2 > = m + 3/5 c 11 .. . 0 

8 

m 11+= m0 + c.<3/2 1/2 1tO3/21/2 > = m0 + 1/15 c 
8 

m,o=m
0
+c.<3/2 -1/21103/2-1/2>,;,m -1/15c 08 . 0 

m
11

-'-=m 0 +c.<3/2-3/2 I 103/2-_3/2>=m0 -3/5c 
8 

m11+++m
11

-=m11++m 110 =½(m
11

-H:+m11+ +m 110 +m 11_ ). 
8 8 8 8 8 8 8 8 

BepaeMCR Tenepi.- K rpynne SU(3) • B npe11ene TO'IROii YRHTapuol!: CllMMeTpHll 

' (Q) 
M8CCOBblA onepaTOP M nonlKeR 6b1Tb CKB.nRpRbIM onepB.TOPOM T • B 3TOM cny'IB.8 

. 000 
ero MB.TPB'IHbII!: aneMeRT M8lKAY ABYMR COCTORIIHSI rpynnbI SU(3) , cornacuo TeopeMe Bar-

uepa-3KK8.pTa, 11MeeT 11am ('D . 
· <·NYII

8
IT INYII

8
>=M

0
(N), 

• 000 11:=s • • 

rAe M o<f!) - MB.Cea, 0ABRB.KOBB.R AnR BCE!J;'0 YRBTapaoro Myn&TBnneTa. 

Ilpe11nonOlKllM AB.nee, 'ITO )'RllTB.pHBR CllMMeTpBSI aapymaeTCR B pe3yn&TaTe BKnl0'18RllH 

xaxoro-To saaaM011eiicTBHH, no npa aToM, onnaxo, coxpaaHIOTc.R aaocnaa 

npoexnB.R I 
3 

a ranepaapsm Y • Haa6onee o6maii BBA onepaTopa M 

mero ycn0BBRM KOMM)'Tllllllll 

0'1esu11ao, cnenyromalt 

(M,I
2
]=[M,I ]=[M,.Y]=O, 

a 

M = !. 
N 

T<~> 
000 

, ero TpeTb.!I 

YAOBJl8TBOp.!Iro:,. 

(58} 

r11e CYMMBP0BBRB8 npoBOABTC.!I JlUWb no_ T8M M;ynbTBnneTaM, KOTOpbl8 coneplKaT COCT0SlRB.!I 
. I 

C I= I = y = 0 • B OKT8TROll Mo.ciena ST0 C0OTB8TCTBY8T npeACTBBneHB.!IM pB.3M8pROCTB 
3 I • • · · 

1, 8, 27, ••• Cne11y.1I Oxy6o, a q,opMyne ( 58} Y'IT8M nBWb nepBbl8 AB& 'lneRa ( cp, ( 58}}: 

M 
(0) . (8) 

T ,. +.T • 
000 000 , 

19 

(59) 
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