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1. · MeTonbi Teopnn rpynn B nocnenaee speMSI wnpoKo npnMeHSIIOTCSI s 
. ' •' ' . /l~i5/ . . . .. 
SIBHOM HnH R9SIBHOM BHne K sanaqaM SinepHOH ¢H3HKH . • 0CHO~OH nng 

. T8KOI'O npHM9H9HHSI SIBnSieTCSI Hannqne B Ha6niOn89MbiX, Cfi9KTp8X S!Et9P HeKo

TOpbiX 3aKOHOMepaocTeil. HanpnMep, onpasnaaneM anSI ncnonbsosaanSI rpynn 

SU(3) SL(3, R) Cny)KifT Hannqne B Sinpax MynhTHnneTOB1 COCT8B• 
/1- 5/ . 

neHHblX H3 pOT8UHOHHbiX nonoCOK • fpynna SU ( 5 ) · ynoipe6nSieT
/6-9/ CSI B c¢epnqeCKHX Sinpax anSI OfiHC8HHSI nsyx-n Tpex¢oHOHHb!X ypOBHefi . • 

Cnna-nsocnnaosas, rpyn~a SU ( 4 ) .~PHMCHSICTCSI anSI OfilfC8HHSI BHI'He-

pOBCKHX cynepMynbT!ffineTOB. 

Tipouecc ncnonbsosaHHSI Teopnn rpynn s Sinepaciii ¢nsnKe MO*HO ycnos

Ho pas6nTh Ha nsa 9Tana. Ha nepBOM 9Tane Mbi nocTynnpyej\.f K8KYIO-:-nn6o 

CHMMeTpHIO B Slape ( nH60 HapymaeM __ ee OnpeneneHHb!M CfiOC060M) If. 8H8nH-

3HpyeM .. nponcTeKa~iuite oTc~na cnencTBHSI .· ( saepreTnqe?KHA. cneKTp, sepoSIT- . 

HOCTH nepexo~OB If T.n.) • ilpH 9TOM ·Mbi OTBneKaeMCSI OT_ peanH38Uiflf lfCfiOnb-: 
'• 

3yeMOH anre6pb! onepaTopos. Ha BTOpOM 9~ane Mhl. npHHHMaeM BO BHHM8HHe
1 



'· 'ITO peanbHbie S!Jlp8 COCTOSIT 1!:3 . ¢epMI!:OHOB1 n· BbiSICHS!eM, K8Kl!:e OIIepaTop

. Hbie . anre6pbi MO}KHO IIOCTpOHTb H3 ¢epMI!:OliHbiX OIIepaTopoB. AHanuay STHX - ., ___ _ 

nocne)lHHX BOITpOCOB H IIOCB~IUeHa Jl8HH8SI pa6oTa. 

Dpii STOM Mbl ncKn!O'laeM n:a paCCMOTpeHIISI anre6pbl, onpenenSieMbie 
. . . . /13-14/ 

reoMeTpii'leCKIIMn paaMepaMn o6ono'IKII II 'IIIcnoM 'lacTnu B S!Jlpe 

DocTpOeHHbie_ anre6pbl .OK83biB8IOTCSI OJlHIIMII H · TeMII }Ke JlnSI. BCeX S!Jlep, 

II Mbl IIOSTOMY H83biB8eM IIX YHIIBepcanbHbiMU. 

2. PaccMoTpiiM npe)KJle Bcero onepaTopbi 1 coxpaHSIIOIUIIe qncno ¢epMIIOHOB 1 

T.e. onepaTOpbi BnJla. 

Ft :£ 
I, 2 

<11 f 
1 

12 >·a;- a 
2 (2.1) 

3necb CIIMBOnbi ( 1,2) o6oaHa'laiOT coBoKyimoc'Tb onno'laCTII'IHbiX IIHJleKCOB. 

ITocnenyroruHe. BbiBOJlbi ne aaBIICSIT OT Bbi6opa oitno'laCTII'IHOI'O 6aa1Ica. Pailii 

npoCTOTbl MO}KHO, HaiipiiMep, Bbi6paTb ¢YHKUUU. I'8pMOHII'leCKOI'O c¢epii'leC-

KOI'o ocuiinnHTopa. B aTOM cnyqae 1 = (n, £, m) , rne n - paniianb~ 

ffi - TpeTbSI HOe KB8HTOBOe 'IIICno, f - yrnOBOll MOMeHT '18CTHUbi 1 
,_.' 

IIpOeKUHSI MOMeHTa. 

H~ (2.1) .cnenyeT 
,::o.: 

IF1 ,Fk l= :£<11 [f~ ;,£ kll2>·a~ a 
2 

1-.. · 

.. 
. TaKII·M· o6p~~o~. anre6pa onepaTOpOB F.t 1 cocTaBneHHbiX na orrepa-:-

TopoB pO)KJleHIISI II ymi'ITO}KeHIISI ¢epMIIOHoB; naoMop¢Ha anre6pe onepaTo~ 

poB f 1 , neil:cTBYIOIUIIX B npocTpaHCTBe onH:o'laC~II'IHbi;c ¢ya~u1Iil:. 
l130MOp¢1I3M 3TRX anre6p OTHIOJlb He npeJliiOna~aeT SKBIIBaneHTHOCTII 

rrpencTaBneml:ii:: KaK npaBIIno, onepaTopbi £, peaniiayroT BeCbMa 

qacTHbie TIIIIhi npencTaBnennil:, l-orna KaK Ft MOI'yT peanii30B8Tb 
· .. ·• 

caMbie o6ume rrpencTaBneHIISI anre6p. OnHo'laC'I_'II'IHbie ¢ynKunn aaBIICSIT 
:.>\ 

TOnbKO OT KOOpJliiH8T TpexMepHOI'O IIpOCTp8HCTB8 . x_, 
II03TOMY OIIepaTOpbl f l MOI'YT 38BHCeTb TOnbKO OT 

IInH }Ke oT cnenyroruiiX HX KOM61IHBU1Iil:: 

4 
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+: _J_ ( . . ) {3 = ........;, X -1 p . ; _o·vz 3 3 

CocTaBHM ua x 
1 

orrepaTophi yrnoBoro MOMeHTa 

X l k =.X l, p k - X k p l ' ' 

A 0 = X 12 = f3 i' f3 I - f3:; f3 - I ' (2.2) 

. 1 <X :X ) - + · + · A i = v2' 13+ 1 23 -·{3 I f3o + f3 of3-1' 

Hcno, 'ITo 

. . . . 1 . . . +' +:' .. 
A =_--;;:;-(X -1X - )= f3 f3 +:{3 f3 • 

-1 V!! 13 23 o I -1 o 
nau6onee o6ruue tPYHKUHH f 1 MoryT 6biTb rrpu~eneHhi 

K BH.llY 

eCTb MHorotineH cTerrenu m- OTl!OCHTenbHO X 

. H T,,ll, 

Ecnu Bee orrepaTOpbi f 1 conep)l{aT KaK X 1 1 TBK H p k 

(COOTBeTCTBeHHO KBK {3+· 
fl 

TBK H . {3 fl ) ; TO anre6pa- KOMMyTa-

UHOllllb!X. COOTliOlUeUHfi OK83biB8eTC51. 38MKHyTOfi IIpH ycnOBHH m+n < 2 

- . ( p + q -~. 2 ) • Ecnu )l{e cpenu· ipYHKuuil: eCTb. T8KHe, KOTOpbie 

+ 
,, HnH TOnbKO OT {3 1 . . . ' ,. fl 

( IWH TOnbKO OT 38BHC,51T TOni;>KO OT • ~ 1 

HnH .TOnbKO OT {3 fl ). 1 T.o sTu rrocnennue oKa3hiBaiOTCR ren.~paTopaMH 

a6eneBofi nonrpyiiiihi. TionnaR anre6pa cTaHOBHTCR uerronyrrpocTofi, n _YIIOMR

HYThie OI'p8HH'leHH51 OTI18.ll810T, Y .U06HO Bbi6HpaTb TBKHe tPYHKUIIH 1 '!Toey~I ~H II 
6binti ~ HeiipHBO.llHMLI~IH TeH30pllbiMH -~~epaTopaMH OTHOCHTenbHO. rpyiiiibl Bpa

IUeHHfi, .. 
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.. 
I 

t 

KpaTKO nepe•mcnHM ace anr,e6pbt 1 reaepluopbt KOTOpbtX MoryT 6biTb 

.npe.ncTaaneHbl a au.ne (2.1 ). 

a) A n r e 6 p a y r n o a or o M o M e H T a . ( rpyn~a 0 ( 3) ) · 

L , "' l: < 1 I ·A I 2 > · a+· a. • 
r !L I 2 

6) A.nre6pa .Poaoaoa 

b IL = l: < 1 i ;aIL I 2 >'a:· a 2 ~, 

b+, l: .<11/3+.12 >a:·a
2 IL IL 

a) r p y n n a· SU ( 3) • 

c reaepaTopaMH 

Oaa COCTOHT H.3 I"eHepaTOpOB 

QIL ,( !L"'Q, •±l , ± , 2 ), r.ne 

. . X 2 +X 2. p 2 +p 2 . 

Q ,_1_~<11< 1 2- x2 + 1 2_p2)12> a+ a •' 
0 3 2 3 2 3 1 2' 

L!L 

a OCTanbHbie reaepaTOpbl HaXOJlHTCH npH llOMOIIlH ,COOTHOWeHHA 

. Q t"'[LI,QO ], Q 2"'[L'l,[Ll,QO)] I 

Q - Q + 
-ll - IL • 

0HH y,noaneTBOpHIOT KOM!'fyTaUHOHHbiM COOTHOW9HHHM 

[Q 1 ,Q_1 ]"'La' [Q2, Q_2 ]"' 4La 

BMeCTe 

(2,3a) 

(2.36) 

Ho To.!lo 

r) fpynna SL (3, 

L' 
· R ) • Oaa cocTOHT H3 Tpex onepaTopoa yr-

noaoro MOMeHTa 
IL 

H onepa'l"opoa Q IL. (IL"'O, t 1 ,'t 2 ) 

3Aec~ 

Q "' _( }; ' < ll (X p -+: X 
2 

p 2 . ~2 X p ) 12 ): a +l , a 2 . 
0 3 ' ' 1 1 . 3 '3 ' ' •' ' .· (2.4a) 

. ' ~ ' - i ~ . ~ ·. ;. r. 

6 
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---------------------:------:------.--------:----~--o--===......-.-=oc-----··~-~-~----~---, 

OcTanbHbie Q . nonyqaiOTCSI UpH UOMOIIIH COOTHOIIIeHHfi 
ll 

Q I = .[L, , Q 0] ,' • Q '; = [L 1 ,[L ',, Q 0 ] ].~-
(2.4 6) 

·· B oTnH"!He oT. I'eHepaTopoB I'pynnhi SU ;(3) I'eHepaTOphi yJloB-

neTBOpSIIOT KOMMyTBUHOHHhiM COOTIIOIIIeHHSIM 

rO ;.il_,-1=-Lo ·' rQ2 ,.Q_2 1=-4Lo H T.Jl • 

. Jl) fpynna 

. 6aMH • 

· Sp (3,3). K :3Tofi I'pynne MO.lKHO npufiTH JlBYMSI cnoco-

. Bo-nepBbiX1 JlOUOnliSISI anl'eqpy .· SL ( 3 ,R) ; onepaTopaMH 

17' -=~ <JI(p2+p2 +p2)12 >a+, a2 •'. 
0 1 2 3 ' 

1 17(21.=- ~<] ~(p22 +p2-2p2)12>a+ a 
0 3 2 3 I 2 

11
121 

= ± [L 
± I - - ± I 

17 ( 2) 
, 0 ] ] ; 

(2.5a) 

+ 
= ~ < 1 I ( x2 + X

2 + x 2 
) 12 -' a a 

)(0 .1 2 3 1 2 

[ L ll , 'X o ] = 0 ; .. 

7 
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ll 

(2) 

xo 

(2) 

X± 1 

1 
=-

3 
~<ll"(x 2 +x 2 -2x 2 ).12>a·''a , 

. 1 2 3 . ... 1 2 ' 

L 121 121. [L [L. . 121 
= ± [ ± 1 • X 6 ] ' X.± 

2 
= ± 1 ± 1 • X o 

(2~56) .· 
+" 

C = ~:<11 (x.p +p.x )12> a, a 
2 

Bo-BTOpbiX, K aToii rpynne · MO>KHO npniiTH,, JiononHsHI reHepaTopbi 

rpynnbi S U ( 3) onepaTopaMn 

B =~<ll(f3+ 2 -2{3+{3 )12>·a+
1
·a.

2
,·· 

0 0 . 1 -1 

[LIL,B 0 ],Q,• 

B121 =_!-~<11({3+{3+ +:{3+ 2 )12>·a:+ a •' 
0 6 1 -1 0 1 2 

(2) (2) (2) . . (2) 
B±1 =[L±1 ,Bo ],B±2 =·[L±t ,[L±1'Bo ]], 

c1 = ~ < i I (X 
2 + p 2 

) 12 > a +.a 
1 2 

ll 9pMHTOBO COOpS!>K911Hbit,;m K HHMo 
:~ 
'\ 

.:1 ~ 

; . :\ 8 

\ 



. ,';; 

e) f,pynna 0 (4 ). KpoMe onepaTopoB yrnonoro MOMeHTa, HMeeM erue 

onepaTophi · K 0 · K ± 1 

K o 
P L 1 -L-1p 1 

iy'-p2,. 

K 
PoL 1 -L o P 1 

iy'-p2 

(neKTop PyHre-JieHua) .• 

:>K) rpynna 0 (3, 1 ). 

P_1L 1 -L-1 P.2 

iviT 

' j(' 

K 
P L -L p 

0 1 0 ' 1 
, i K _

1 
= ( K 

1
, )+ 

i v' p 2 

. HaM Ka:>KeTcSI 0 (3, 1), npencTanneHHSI KOTopoii conep:>KaT nee 3Ha'IeHHSI 

yrnoa'oro. MOMenTa, 6onhuiue JieKoToporo e 0 1 ' TO'IHO. ITO OJlHOMy paay, 

SIBnSieTCSI OJlHiiM 1i3 Hau6onee ITOJlXO)lSIIUHX K8HJlliJl8TOB )lnSI OIT1iC8HiiSI poTa-

.. UliOHHb!X MynhTlmneTOBo 

9 



Mbi nepe'lucnuM see nonynpOCTbie rpynnhi, .reaepaTopbi K_OTOpbiX 

npencTa~HMbi s anne (2.1) {ncKriiO'laSI pacmupeauSI SU (3) .:. SU (3, 1 ) 
. ' /17/ c . ' 

KOTOpbie naHbi B ~ reaepaTopbi .a6enesbiX nonrp~nn, BXO.llSIIIlHX B a.e-

nonynpoCTbie rpynnhi, cyTh ¢yaKunu · TOnhKO. x 1 (orin · p 1 . , unu 

{3;~ , unu {3 ). Yno6ao Bbi6paTh TaKne ux KOM6u!iauuu,· KOTo-
.r ll · 

. pble SIBnSIIOTCSI TeH30pHblMH onepaTOpaMH KaK OTHOCHTenhHO. TpeXMepHbiX' 

Bpameaufi, TaK ll OTHOCHTenhHO yHHTapH.hiX npeo6pa30BaHHfi B TpeXMepHOM 

np OC Tpa HCTBe ~ 

nycTh T :e ( x ) - onua ua KOMnoaeaT Teaaopaoro onepaTopa, 

38BHCSIIUei"O 0K npuMepy 0 . TOnhKO OT . X 1 

n e ' e r 2 ' f+ 1/ t 2 ( 
T m (X ) "' r exp (.- -2-) L ~ r ) y e m e ' cp ) ' ' 

rne 
k 

L n - nonnHOMbl narepa, a y fm - c¢epu'leCKMe ¢yHKUHH •. 
· nf 

·Tonia ¢epMnoaaaSI peanuaaunH onepaTopos T m · (X ) nMeeT BH.ll 

r;f ,~(n 
1
f

1
m-

1 
nfmjn

2 
f

2 
m

2
)a+(n 

1
f 

1
m

1
)a+(n 

2
f

2 
m

2 
),• 

rne ( n e I m n e m I n e m 
I I . 2 2 2 

- Koa¢4muueaT neKTopuoro cnome-

anH, soaauKaiOmuii npu penyKunu nsyx uau6onee CHMMeTpll'lliLIX npencTan-

neanii SU (~) (unu, _'ITO· B naaaoM cny'lae onuo. u TO >l<e, ·-· Koa¢¢u-

uueHThi Eponn-M omuacKoro). 

Hau6onee samaoii ua aenonynpoCThiX rpynn nnH uac HBnHeTcH aeonao-

ponaaSI rpynna spameauH 10 (3), KOTopaH, KpoMe reaepaTopos Tpex-

MepHhiX spa meauii Lll , conep>KHT reaepaTopw cnsuros snonh Koop-

nuaaTHhiX oceii . P_k 

3. BKniO'iHM Teneph B paccMoTpeaue onepaTophi, MeHHIOmue 'll!Cno 

<flepMHOllOB. D OnO>KHM 

10 



!1MeeM: 

. ·. + + 
[ F 1 , ·G J ] = 2 I < 1 I g 1. f J I 2 > a 1 a 2 

a+ a 
1 

EcnH, KaK H panee, Mhi npeanon.O*HM,· 'ITO f 1 o6pa3y10T 3aMKHyTylO. 

anre6py, . TO COBOKYriiiOCTh onepa TOpOB 6yaeT 

·, 3aMKHyTa, eCnH ripOH3B9ll9111iSJ f I g k BXOilSJT, B COBOKYIIHOCTh OriepaTOpOB 
. . . -

gk , a ripOH3B9!l911HSJ BXO!lSJT B.COBOKyriHOCTh 

Hcno, 'ITO .aTo B03MO>IOIO TonbKO anst TpHBHanhHhiX onepaTOpon THna MaT

. pHu DaynH, ouepaTopon HHnepcJm( npocl-pancTna, npeMeHH) H T.!l. 

· 4. DoCMOTpHM, K 'leMy llpHBe!leT y'leT CllHHa H H30CTIHHa. tiJepMHOHOB. 

nKi6o» onepaTor. F MO)KeT 6biTh npeacTanneH. B Blill9 

F=F(O,O)+ F(l,G)+F(O,l)+ F0,1> •. 

HlineKc~>I a, r 0603Ha'lalOT HenpHBO!lliMOe npe!lCTanneHHe OTHOCH-

T.enhHO BpameHHSI B CllliHOBOM li H30CllliHOBOM npOCTpaHCTBaX, llO KOTOpo-
1 (UTI F(O,OI 

. My npeo6pa3ylOTCSI 'onepaTOpbl F ; ' .c·· HanpHMep, co-
' ' ' F(0,1 I 

aep)KHT B ce6e see tlJYHKUHH, paccMoTpeHHhie B n.2. OnepaT'ophi 

conep*aT onepaTOphi BH!la 

11 



. + 
F

10
rl 

1 
= I<l If r k,·l2 >·a 1 a 2 ; ' 

k . ( 4.1) 

I'lle Tk - OllHa H3 H30CIIHHOBbiX MaTpHU 0aynH 1 HH.QeKCbl ( 1,2 ). BKnJO-

'1810T CIIHH-H30CIIHHOBbie rrepeMeHHbie 1 a f - Ha6op TeHaopHbiX. orrepa-

TOpOB 1 COCTOSIII!HX H3 KOOpllHHaT H HMITynbCOB, KOTOpblll 6bin paCCMOTpeH 

paHee ( rr.2). Ecnn B Ka'leCTBe f B3S!Tb CKanSipHyiO ljlyHKUHIO. (He 38BH-:.• 

CSIIIIYIO OT KOOp.QHHaT H HMIIYDbCOB) 0 TO Mbl nonyqaeM BHI'HepOBCKYIO rpynny . 
( ,\ {.1.) •• . . . 

SU (4) .ong orrepaTopos . F ' • .llorronHSJSJ, SU (4) onepa-

TOpaMH G H ( II,3) H Bbi6Hpag B Ka'JeCTBe g t onepaTop · 

o6paiUeHHS! H CllHH-H30CllHHOBbie MaTpHUbl OaynH, Mbl IIpHXOllHM K rpynne 

0(8) /12/. 

5. Oco6eHHO rrpnsneKaTenbHoil B BbiiiieiipHBe.QeHHOM rrepe'IHe onepaTo~ 

pos SIBnSieTcSI B03MOlliHOCTb cTpOHTb orrepaTopbi ljloHOHOB na ljlepMHOHos. 3TH· 

ljloHOHbi"y.oo6HO B3S!Th B Ka'leCTBe "KHpllH'IHKOB" .QnSI IlOCTpOeHHR 38MKHyTOll 

anre6pbl onepaTOpOB, nerKO BHlleTb 0 'ITO 'H3 T8KHX ljJOHOHOB MOlliHO IIOC·Tpo-, 

HTh' ~Te IKe anre6phi, 'ITO H yrroMSIHYThie Bhiiiie c TeM, o.oHaKo, orpaHH'IeHHeM, 

'ITO Mhi rronyqaeM TOnbKO HaH6onee CHMMeTpH'IHhie npe.ocTasneHHSI anre6p. 

HanpnMep, nocTpOHM H3 ljloHOHOB reHepaTopbi 

feHepaTopbi rpyrtnhi "yrnosoro MoMewra" paBHhi 

SU (3) H 

. +. . + . + . + 
Lo =bl b ~-b_:lb-1 •' Ll =bl b o+bo b_l •' 

L =(L )+., 
· -I +I · 

;:-;{ 

SL (3, R) •. 

(5. i) 

'' ~ 

. fpynna S U ( 3) nonyqaeTcR, ecnH .oononmiTb ( 5.1) . on~paTopo~· 

12 



Q =j_·(b+:b +b+ b_
1

-2b+
0

b
0

) 
0 3 I · I -1 

If BCeMH TeMH onepaTOpaMH, KOTOpbie. H8XOJUITCH KOMMyTaUHeil: c 

L k H spMHTOBhiM conpmKeHHeM. 

K rpynne.. SL ( 3 , R ) · npHXOJlHM, BBOJlH onepaTopbi 

= . 1 . + + +' 2 b. b b 2 2 ( . 2 ) . 
Qo =1i[blb-l+·(bo) - 1 -1- o l=3XIPI+X2p2- x3p3; 

Q. 
1 

,.; [ .L_ 
1 1 Q ]= + ( b + b + + b b ) = · i ,( X ( p + i p ) + p ( ~ + i X \ ]. 

0 l I 0. 0 ~I y2 . 3 I 2 3 I. . _t . 

Q =[L ,Q ]>=..L[( b V-(b )2]=-+-(x +ix ·)(p. +ip ).· 
·2 I I i .1 -1 1 I 2 I 2 

OnepaTophi KaaHMHpa JlnH SU (3) 11 SL (3, R ) -a JlaHHOM .cny'Iae 

onpeJlenmorcg co6cTBeHHhiM 3Ha'IeHHeM onepaTopoa 

C = b p. li p. ' Jl~H 
= .. 1 .· 2 
C = xp = -- [ b . 

2i 0 

su (3 ) • 

-2b b. -(b+) 2 2b+ b ] · I -I 0 . I .-1 . )lnH SL(3,R). 

8. lloKa:>KeM, 'ITO BKnlO'IeHHe B38HMOJleHCTBHH Me:>KJlY 4JOHOH8MH, He 

Hapywa10wero 'IHC~a 4JepMHOHOB, npHBOJlHT K snnHOTOBCKOH poTaUHOHHOH 

nonbcKe. B caMOM )lene, HMeeM 

V = I G [b+b+] [bb]L 
L . M L=o,2 

M 

I FL,[b+b]t'[b+b]~· 
L'=o,1,2· 

'M 

13 

(8•1) 



I 

I 
I: 

KoHCTaHThi F , paBHhi 
L . 

; .. 

F , 
L 

(2L+l) GL W(lLL'; ·11)' I ~ 
L =o,2 

T.e. 

1 . . 1 5 
F = -· ( G + 5 G ,·),.' F . = .-· ( G _ _,;.,:, G ) ' I 

0 3 0. 2 I 3 0 2 ·2 

F =...L(G +_LG ).· 
2 3 0 2 2 

3aMeTuM, qTo (6,1 )' ecTb:·uHB~puaiiTnaH ~·aanpaTuqnaH KoM6unauuH • 

I'CHepaTOpOB I'pynnhi S U ( 3). KBanpaTHqHaH CKBnHpHaH KOM6HH8UHH 

KBanpynonbHblX KOMllOHeHT MOJKeT 6biTb BbipaJKeHa qepe3 onepaTOp Ka3H-

MHpa BToporo nopHnKa S U ( 3) ( K·oTophiii. nnH nannoii peanHaauHH · 
. + . 

onpenenHeTcH a BHne C = b ll b ll ) u KnanpaT yrnoaoro MoMenTa, Ta-. 

KHM o6pa30M
1 

B38UMOneiiCTBUe (6,1) npUBOnHT K ann!IOTOBCKOMY cneKTpy, 

Koneqno: nonyqennaH TBKHM o6pa30M 'B~amaTenbHBSI nonoca ~K83hJBaeTCSI 

KOHeqnoii, 

EecKoneqnylO poTaUHOHHyJo nonocy MOJKHO nonyquTb, ecnu ,BKmoqnTb 

KBanpynoni,no-KBanpynonbnoe B3auMoneiicTBHe, ucnonbaySI KBanpynonbHbie 

onepaTopbi SL (3, R) 

V = -K Q '' !,· 

Q 2 =3Q~ +QIQ-l+Q_JQI+t(Q2Q-2 +0_2 Q2 ), 

C npyi'Oll CTOpOHblt 

02=.i_~2+L2 3 . 

Bu6paUHOHHblll cneKTp nonyqaeTCH1 ecnu B I'BMHnbTOIIUBHe OCTBBHTb 

TOnbKO onepaTop qucna !lJonoHOB-. C = b ll b ll • llo6aBnHSI K TBKOMY 
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I'8MHIIhTOHIU:~Hy KBanpynonbHOe B3_8HMoneli:CTBH9 1 COCTllB!i9HHOe M3' KOMDOHeHT .. 
Q/L ; rpynnhi SL (3, R ) , H· aapbMpySI OTHollleHMe Me>Kny. BH6pauMOHHoli: 

H KBanpynonbHOfi KOHCT8HT8MH 1 .Mbl MO>K9M. nony'IHTb HenpepbJBHb!li: nepexon OT 

'IMCTO BH6paUMOHHOI'O cneKTpa K 'IMCTO BpalllaTenbHOMy 1 He_ OI'p8HM'I9HHOMY 

no yrnoBhiM MOMeHTaM, cneKTpy, 0TMeTMM naa o6cToHre.llhcTaa, n}:m paanoii 

nymo KOHCTaHTe KBanpynonhHOI'O B38HMOll9HCTBMSI Mbl nonyqaeM 'IHCTO 

• 'aR6pauHOHHhili: cnexTp 1 T,e, paanooTCTOHll!Me MynhTMnneTbi su (3), 

. 3xcnepRMeHTanhHO na6monaeMhie MynhTHmieTbi 1 onnaxo, conep>KaT yrnoBhie 

MOMeH;bi 1 OTnM'IHbie OT. MynhTMnneTOB S u'(3), 'Hanp~Mep, (A·, 0 ) -

. -MynhTMnneT : S U (3) - conep>KMT sna'leHMSI yrnoaoro MOMeHTa 
. ~ ' . -

(HnH 1), llyCTb no KaKOli:-TO npH~HHe B. HH>KHeA 

. '18CTH SHepreTH'I9CKOI'O cneKTpa .peanH3YIOTCSI TOnhKO MynbTHnneTbl C 

'19THbiMH 

THnneTbi 

A"' 0, .· f"' 0, 

.A,2, f,0,2 1 

A ,;, 4 , f "' 0, 2, 4; 

A·"'6, £,0,2,4,6 

H Tollo 

OpH !Jepexone . oT. BH6pauuoHHhiX MynhTHnneTOB . , S U ( 3) x 6ecxo-
. '• ' 

.• He'IH,Olt pOT8UHOHHOA nonocxe CT8HOBSITCSI~nnOXHMH" K8KKB8HT0Bhl9. 'IHCna I 
S U (3) 1 Tax H .xaaHTOBhie _qucna · . S L (3, R ). o OpH aToM coxpaHSI- .I 

1 
· · lOT <=MhiCn xaaHTOBbie 'IHCna .: Sp (3,S)o TaxHM o6pasoM 1 'leTKO npocne>KHBa-

. . . . /3/ ' 
eTCSI ponb S p (3,3) ,xax rpynni,1 nHHaMH'IecxoA cuMM_eTpHH. nannoA. cHCTeMbi , ! 

, OCyllleCTBnH!OllleA nepeXOll OT BH6paUHOHHOI'O K pOT8UHOHHOMY, cneKTpy o 
. . . . . " /8/ 

AnanorH'IHoe paccMoTpeHHe ,[lml ,.xaanpynonbHhiX !flononoa naH,o a. .... _ , , 
I 
l 

.1._ I 
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) 7; HpRMeHHMOCTb K8:1KilOfi liS· Bhilllerrepe<mcneHHhiX anre6p K KOHKpeT-

'·'HhiM cny<JaSIM orrpenenSieTCSI llHH8MJiKOH CHCTe.Mhi, B 'qacTHOCT!f·. BJillOM B38Ji-
. ' 

Moi:lelicTaHSI. Me!Kny HyKnoHaMH, B CBSI3H c .9THM · ao3HHKaeT naa aonpoca: 

'a) K'aKHe ,1{3 nepe.'IHcne~HbiX anre6p MOI'YT 6~!Tb rpynrraMH llHH8MH'IeCK0ll 

~~~MeTpHH ~pa? 

6) HC'IepiihiBaJOT n11 _9TH anf'e6phi H3BeCTHhie HnH npennonaraeMhie 
' --·.:· . . .. 

_pHH B Slllpax? 

HTo ·KacaeTCSI nepaoro ·aonpoca, To xopolllo_ 6hl RMeTb HeKOTOphili 
. ' . 

UHrr, K~Topl>Ill: 'rro3aongn 6hi- H3 coaoKynaoCrH anre6p. ol-o6paTb HeKOTOphie, · 

f-:\o:1KHo, HarrpnMep, Tpe6oaaTh, 'IT06hi-IlHHaMu<JecKaSI rpynna conep:1KlUia ' 

HeKOTOphie O'JeBJillHhle rpyiiiThi, OTHOCHTenbHO' KOTOpb!X JlOn:1KeH 6b!Tb JiiiBa

pJi:aHTeH 'raMIWhTOilHaH BCSIKoli 38MKHyToli clicTeMhi -lacl-Ru. K HHM OTHOCSIT

CSI rrpe:1K)l9 BCei'O.I'pyrrrra !IOBOpOTOB Ji TpaHCnSIUHH _B TpeXMepHOM IIpOCTpaHCT-

ae, TaKRe onepauHH conep:1KaTcSI a rpyrrne I: 0(3). 3Ta rpynna,6yny<Ju 

HenonyrrpOCTOH ,HerrocpellCTBeHHO B paCCMaTpUBaeMb!X anre6pax He COJlep:1KHTCSI, 

OJlH8KO M0:1KeT 6b!Tb ano:1Kella B l!JiX !Ipli TpHBHanbl!OM HX paCli!Hpel!JiJi, 

HaKOf!eu, :1KenaTenbao, 'IT06hi llRHaMH'IeCKaSI rpynna conep:1Kana onepaTophi, 

OCyiUeCTBnSIJOIUHe rrepeXOilhl Me:1KilY pa3nll'IHhiMU COCTOSIHJiSIMJi CllCTeMbl, 

. EllRHCTaeHHoli rpy'nnoli, cot:~ep:1KaiUeli nepex~~~ KaK Me*llY an6pauRoHHhiMR, 

TaK If Me:1KilY poTaUHOHHhiMH ypOBHSIMH, S!BnSieTCSI Sp (3,3), 

0TMeTHM'·T8K:1Ke, 'ITO· B IIepe'IHe · am'e6p .Mhl' He 06Hapy:1KHBaeM · OpTOI'O

HanbHOH rpyiiiih! {3Ao:.3) H3Mepeimli ( rpyiiiihl CJiMMeTplfw'A :' HeB38JiMO/l9HCT

B'yiDIUHX imcTnU) . . U yHHTapHOH rpyiiiihl· TOll :1Ke pa3MepH.OCTH- ( rpyiiribi' CHMMeT

. JlHH A 'IaCTHu; ·s3aRMo.ti'elicTayJOIU.Hx rro 'ocuHnnSITOpHoMy 3aKony 1141), Toimo 

TaK iKe HeT a· HallleM CrtHCKe rpyiinbi SU (2j +1)", S!BnSIJOIU.ElHCSI rpyrrnoli 

. . .. ' .... . . . ,· . /16/ 
CJiMMeTpHW HeB38JiMOJleliCTBY!OiulfX ··HyKnOHOBi HaXOilS!IUHXCSI Ha .' J - 060nO'IKe • 

OTcyTCTBUe TaKJiX 'alite6p' B 'HaiUeM-'riepe'Ille :·ganSieTcsi. cnellCTBJieM TOI'o,·· 

'ITO YKa3aHHhie rpyrrrrhi He RBnSIJOTCSI yHHaepcanbHhiMH • 
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OTMeTHM, TaK:lKe, 'ITO cneKTpoi psrJla c!jlepH'IeCKHX srJlep yKa3oiBaiOT 
' . . ! .,, . . • ·. 

Ha HaliH'IHe cna6o pa~menne~HbJ:X MYllb.THITll~TO~ su (5). Bo3HHKaeT " . . ,';. . . -·,·:·. . . r· ··· . '~ _.. -
Bonpoc .o !jlepMuoHaoli peanu3aimH "r'eaep~T~poB ·;·;ofi an"re6poi, · reaepaTopoi 

su . (5) B npHBeJleHHOM ~epe'IHe •ri;~YT~~~;~T • Ec~~ cepbe·3~0· Be.pHTb 
- '', ' . ; .. , . , . ' ~ • . -. i ' . 

B cymeCTBOBaliHe su (5) - CHMMeTpH"Ii nnsr psr)la SIJlep, TO Bb!XOAOM 

H3 ITOJl06HOfi CHTyaUHH .6binO · 6.bl. ~OCTpOeHHe B ~yXe pa6~Tb~· '/ 13/ -~~·~O'IKH 
·,.: _,. . ~ 

npH61IH}K9HHbiX C H9TO'IHbiMH KOMMyTaUHOHHhiMII COOTHOllleHHSIMH anre6p, EcnH 
. . " . . . ' ~ . 

6bJ tin~ HeKOTOpbiX SIJlep OKa3a~OCb 6hi;. ~TO K'oa!jl!jlHilH9HTbi ~epeJl reaepaTO-

paMH Bh!ClliiiX ITO CpaBH9HHIO C SU (5) anref?p M8llb11 TO Mbl nony'IHliH · 
~ ! • ; ' 

6bi npH61IH}K9HHYIO 

Eme OJliiH nyTL BB9Jl9HHSI TO'IHbiX1 HO He yHH~epcanbHhiX anre6p HaMe- · 

6 
141 ·o 6 pa oTe , nepaTopoi, np~HaJlne}KamHe aTHM anre paM, onpeJle.~eHhi 

pealiH38UHSI B TepMHHaX onepaTOpOB ·p0}KJl9HHSI H yHH'ITO)I{eHHSI HYKliOiiC>B JlOli}KlJa 

6b!Tb BeCbMa CliO}KHOfi H pa31IH'IHOA JlliSI pa31IH'IHbiX Mep H )la}Ke JlliSI pa3HbiX 

COCTOSIHHfi OJlHOI'O H TOI'O }1{9 SIJlpa~ 

ABTOpbi 6naroJlapHhi _npo!jl, ·B.r. ConoBheBy 3a HHTepec H · BH~·MaHHe 

K pa6oTe, 0JlHH H3 SBTOpOB ( ll ,P,) Bbipa}KaeT 6na!'OJlapHOCTb aKaJleMHKY 
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