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I 

§ I. B B e A e H H e 

rpynna SU(6,6) nna·el!HbiX npeo6paaoaaaall 12-Mepaoro cnuuopaoro npocTpancTaa, cox-

paHIIIOIIUIX KBaApaTH'IHyK> ljlopMy Artll 
• a 

a.'l•t .:. 
•xaapxoa• 

a {Ja 
ll'* (yo l{J ll' 

a a 

Ill xl 6btna aaeAeHa xax B03MOlKHOe penHTHBHCTCXOe pacwnpeaue SU (6) -cHM~>!eTpHH. B pa-

12 31 Ill 
6oTaX 1 6blrt0 rtOXa3aH0 0 'ITO peaynbTaTbl rtorty'I810TCII rtOCrteAOBaTertbH0 0 ecnH BBeCTH 

B paCCMOTpeHHe HeOAHOpoAHYIO rpynny 

ISU(6,6) • SU(6,6lGJ T141 
• 

( 1.1) 

rAe G -aaax nonynpHMoro nponaBeAeHHII, T148 -HHBapnaHTH811 a6enesa 143-MepaaH rtoA-

rpynna. YacTHilbl xnaccnljluunpyiOTCII no aenpHBOAHMbiM npeAcTaBneauHM Manoll rpyrtrtbt 

S ( U (6) X U (6)}. 

HeoAHOpoAHall rpynna ISU (6,6) BblrOAHO OTrtH'IaeTCII OT HeOAHOpOAHOl! rpyrtrtbl 
14-11 

ISL (6) • SL (6) c:::J T
11 

( CM. ) TeM1 'ITO 143-KOMrtOHeHTHblll HMrtyrtbC Bbtpa;xa-

eTCII qepe3 ce611 rtpH rtpoCTpaHCTBeHHOM OTpalKeHHH H 'ITO H3 Hero MOlKHO COCT8BHTb XBaA

paTH'IHblll HHBapuaHT (onepaTOp KaaHMHpa). B nacTosnnell pa6oTe Mbt nonb3yeMCII aTHM, 

'IT06bl rtony'IHTb XBaApaTH'IHble ljlopMyrtbl Artll MaCC (xax ARII Me30HOB1 T8X H Artll 6apHOHOB) 

B paMxax uapyweuaoll ISU (6 ,6) -cHMMeTpau. Hapyweaue CHMMeTpHH nposoAHTCII cor-
ffl~ . 

nacHO HAee, npeAnOlKeHHOll B 1 
: rtOCTyrtHpyeTCII, 'ITO B9XTOpbl COCTOIIHHII IIBniiiOTCII co6-

XXI CTB9HHbiMH B9XTOpaMH C Hyrt9Bb1MH C06CTB9HHbiMH 3Ha'leHHIIMH BCeX TeX KOMrtOHeHT 143-

MepHOrO HMrtyrtbCa
1 

XOTOpble He XOMMYTHpyiOT C H30CrtHHOM H rHrt9p38p>1!lOM. 3aTeM KBaApaT 

MaCChi Bblp8lK89TCII ( § 2) qepe3 XBS!lpaTH'IHblll HHBapHaHT rpyrtrtbl !SU (6,6) u qepea oc-

TaBWHeCII rtpOH3BOrtbHbiMH XOMrtOHeHTbl MHOrOMepHOrO HMrtynbCa0 XOTOpbte o6naAaiOT Ortpene

neHHbiMH TpaacljlopMallHOHHbiMH CBOl!CTBaMH OTHOCHTertbHO rpyrtrtbl SU (6) • nony'leHH09 

xl Ill B Anll aToll rpyrtrtbi npnHHTO o6oaaaqe&ne U (12) • 06wenpnHIIToe B MaTeMaTH-

qecxolt nnTepaType o6oaaaqeane U (6,6) (ann SU (6,6) -nn11 cny'lall MaTpnu c onpeAe-
nHTeneM I) yxaabtsaeT ua To, 'ITO aTa rpynna coxpaHHeT apMHTOBY ljlopMy c wecTbiO auaxa-

MH + H weCTbiO 3HaXaMH - • 

xxl nocxonbKY pe'lb uneT o TO'IKax aenyepbiBHoro cnexTpa 

o6o6meaHbiX co6cTBeHHbiX aexTopax - cM/
8 • 

, To HYlKHO rosopHTb o6 

3 



BblpalK&RRQ llnSI aa 1 
p8CCMaTpRBa9TCSI ( § 3) KaK T9H30pHblil oneparop, 'ITO llaeT B03MOlK-

o 6 /9,10/ ' 
ROCTb Bblpa3RT& MIJCCOBblil onepaTOp M9TOllOM KY 0 nocpellCTBOM reaepaTOpOB rpyn,-

nbl SU (6) I oJi:a3biBa8TCR1 'ITO MaCCOBbdl onepaTop BJtniO'IaeT BKnall SU (8 )-27 -nneTa II on!,; 

pe11eneHHOil npouopURR C OKTeTHbiM BKnallOM (6e3 yBenR'I8BRR 'IRena npoR3BOn&RbiX nOCTOSIH-
/10/ 

HbiX no cpaaaeHRJO c ljJopMynoll Sera a Caara ) • 0TCJOlla BbiBOllRTCSI ( § 4) Maceo able ljlop-

Myn~>~ llnR M930HOB H3 35-nneTa B llnR 6apBOHOB B3 56-nneT{Io Cl>opMynbl llnlil MaCC M930HOII 

yllOBn8TBOpSIIOTCR SJtCnepBM8HTan&HO C BeC&Ma XOpomell TO'IHOCT&IO ( OWHI5Ka M8HhWe l 'JO) • . 
0'18Hb TO'IHO YllOBn8TBOpR9TCSI B COOTHOW9HH9 M8lKllY M8CCaMH 6apHOHHOrO ll&Kynn&T81 B TO 

apeMSI xax 11ns OKTeTa 6apaoaoa cornacae c onbiTOM yxy11maeTcsr (owa6xa. llOCTBraeT - 11nsr 

KB8llp8T8 M8CCbl - 8,8 'JO). 

B aacTosweil pa6oTe aoace ae o6cylKllaiOTcSI cep&eaable TPYllBOCTH, casaaHHble c noc

nelloBaTen&BbiM BB8l18HR8M :MHOroMepaoro BMnyn&Ca B apryMeHT B8KTOpOB COCTOSIHHSI. nos

TOMy1 CTporo rQBOpSI1 ee HylKHO p8CCM8TpRB8Tb nBWb K8K H8KOTOpblll BUOnHe Ol1R03H8'1Hblll 8 1 

aa aaw BarnRll, ecTecTaeaablll peuenT MR nony'leHBSI MaccoBbiX cjlopMyn. B 'laCTHOCTR, oT

MeTRM, 'ITO 3l18Cb C H80I5XOllRMOCT&JO (R 15e3 K8KOro-nR150 npR6nRlKeHRlil) nonyqaeTCR1 'ITO 8 

MaCC08blil onepaTOp l18IOT axna11 nam& npellc..-aaneaas !. ~. .!§i a 1.Q§. rpynnbl SU (6 l , Tax · 

KaK KB8llp8T BMnyn&Ca COl18plKRTClil B UpRMOM npoR3Bel18RRR ~ X ~ • 

§ 2. Hapyweaaas ISU(6,6) .. CRMMeTpRSI 

Anre6pa na rpynnbl SU(6,6) nopOlKlla8TCSI 143 MaTpRBaMB 12 X 12 

a "r x A. (2.1) 

R 
r11e .\ 0 - TpeXpRl1Hbl8 MaTpRilbl fenn-Maaaa, a COBOKynROCTb M8TpRil f COCTOBT R3 

B+ B-
BOC&MB 9pMRTOBbiX M8TpRil f R BOC&MR aHTB9pMBT08hl X MaTpRil f 

a+ o I o I I I r I- It. y ,ly y y • -iy y I 
a- I B 0 I I 

r I- 1-y • -iy y • ty 0 y , y I 

r11e )'!' onpellenRIOTCR COOTHOW8HRSIMH 

I' II I'll I, . , I- 2g I 

M&TpHua TRna ( 2.1 ) 1 nponopllROHan&Hall 8l1HRR'IHOII, onycKaeTCRo Slcao, 'ITO f R nollol5paHbl 

TaK, 'ITOI5bl 

cr•,• - , o .r• ,o ana < ,o r• >* , o r a (2.2) 

(aaeallO'IKOII ol5oaaa'leHo spMRToBO conpalKeaae). '-ITo xacaeTCR T16a , TO oaa npellcTaB

naeT co6oll allllHTR8HyJO rpyiJny 1 2-pRllHbiX MaTpHil X C HyneBbiM mnypOM, llnlil ltOTOpbiX 

(y 0 x .\0 Xl* • y
0

x .\ 0 X 

4 

rL 

HeTpyllHO BHl18Tb1 'ITO T l4l COCTOHT H3 BC8X MaTpRu X , KOTOpble npellCT8BRMbl 8 BR!le: 

R R 
x - ". x. r x A. (2.3) 

R 
r11e X 

0 
-BemeCT88HHb18 'IHCn8 (no nOBTOpHbiM HHl181tCaM R H o nollpa3yM8B88TCR 

cyMMHpoaaaae; xoacjlcjlauaeaT nepell ellHRH'IHOil MaTpauell C'IHTaeTcs paBHbiM ayniO). HaKoaeu, 

rpynnoBOe yMHOlK8HH8 B ISU(6,6) onpellenseTCSI TaK, 'ITOI5bl npH STOM 24-pRl1Hb18 MaT-

pHilbl ( ,: ~ l (2.4) 
U (;; SU(6,6), X(; T14a 

171 
nepeMHOlKanac& o6bi'IHbiM o6paaoM ( cp. ) • 

feaepaTOpbl 143 -MepHbiX TpaHCnRUHII 

( 2.3) B MaTpHilY 12 X 12 

R 

'· MoryT 6b1T& ol5~&l1HH8Hbl no aaanorua c 

R R 

P - "'· r x A. (2.5) 

EllHHCTB8HHblll K8allpaTH'IRblll HHBapHaHT c (onepaTop KaaHMHpa) rpynnbl ISU(6,6) HMeeT 

BRll 
1 a a+ a a- a 

C·UrP • I [I< p l -I (p l] • 
•• o a+ • a- • 

a I 1 B I I I' I llf' a a BOI a 01 I 
-I I<Po) -<p.l + I ,WL[(p ) -<•.) 1+I[<p.) -<•.) 11. 

o-o ~0 ,.... 0 Jool 

(2.6). 

I 1 I' 1j1. 101 01 
r11e p

0 
, p 

0 
, p

0 
, p

0 
, p

0 
, p

8 
RBnRIOTCR HMDyn&CaMH1 

I I' B I' B 0 I 0. I 

COOT88TCTBYIOWHMH 8 CRny 

(yMHOlK8HHbiM Ha A. ). (2.5) MaTpHUaM I,-)' ,y ,-1)' )' , I)' )' )' , I)' )' 

P accMoTpHM Tenep& yaaTapaoe ( 15ecxoae'IHoMepaoe) npellCTaaneaae rpynnbl ISU (6,6 l 
/56/ 

a 8B8lleM, cnellyR Hllee Cl>ynroaa u Beca ' , aapyweaue STOll CHMMeTpHH, noTpe6QBa81 

'IT06bl KOMMyT8TOpbl KBallpaT8 H30CURR8 R rHD8p38pRl18 C KOMnOH8HT8MH 143-HMnyn&ca npH 

JlellcTeHH aa cjlH3H'18CKH8 aexTopbl cocTOIIRHSI I .P> llBBanu ayn&: 

npa STOM lit 

TOpbl SU (6,6) t 

-+1 R 
[t ,p 0 Jt.P>•O 

[Y' pa]i.P> • o. . 
0 

H Y paBHRIOTCSI COOTI!9TCTB9BBO Ilk 

COOTB8TCTBYIOWH9 MaTpauaM "I X .\ 0 • 

5 

(2.7) 

(2.8) 

2 0 0 
H • ralls • r11e 11 0 -reaepa-

Torlla MOJKHO noxaaaT&1 'ITO coc-



TOIIHRe j tp > .QOII:IKRO 6&1Tib ( 0606111eHH&I M) C06CTB8HH&IM BeXTOpo¥ C R)'lleB&IM C06CTB8R-

a· 
H&IM 3HS'IeRReM Bee~ TeX XOMDOReRT RMDYDibCS p

0 
f .!IIIII KOTOp&IX o ,. 0,1 3TO yTBeplK-

.QeHae BbtTexaeT as cne.QyJOIIIJIX TOlK.!lecTB (eM, .Qononaeaae A) : 

1 a .J 
1 

a •• a 
II (p.' • " I '· [I ''• 1 • ·- -· 
' a • I (p• l .. , ' • I a [•• a "1'- Po I .p.1 . 

JleAcTBHTenlbHO, cornacao (2,7) R (2,9), 

H ,Tax xax onepaTOpw 

I f 

I <P!>1 I~>·I<,:>1H>•O ••I . • •4 

a 

'· SpMBTOB&I, TO 

a 

(2.9) 

, = I~ > • o • • • 1, .... 1 • 

CooTHOW8RHH (2,S) He npHBO.QHT K ROB&IM orp&RR'IeRRHM R8 p • , R soo6me, xax nerxo 

nposepHTb Henocpe.QCTBEIRHO, RMD)'nlbC&I p: , • • 0,1 ocT&JOTCH npoassonlbawMR, OTMeTRM, 

'ITO B ccjlopMynHpoB&HHOM B&IWe Tpe6oB&RRR MOlKRO 38MeRRTib COOTROWeRRH ( 2. 7) SKBRB&IIeRT

HbiMH COOTHOWeRRHMR 

a 
. '· 11~ >. 0 • [lk Jr. - 1,2,8 • (2,10) 

"' Cpe.Qa ocT&BWHXCH npoH3BOIIIbH&IX KOMnoaeaT 143-HMD)'nlbC& R&XO.QHTCH 4-sexTOp p
0 

, 

SIBIISIIOIIIHliCSI CK&IIllpoM OTHOCRTenlbRO SU(I)C SU (6,6) ; ecTeCTBeHRO OTOlK.QeCTBHTib ero C 

06bi'IHbiM 4-HMD)'IIIbCOM, Pa3peW8H (2,6) OTROCRTenbRO KB8.Qp8T8 STOro HMD)'IIIbC&, p&BBOrO 

KB8Jip8T:f· MSCCbi 

ll 

ll 
m 

m • 

HSXOJIHM 

0 I I c + I I (p. l - < P. 
•• o,a 

ll a OJ ll OOJ I 0 Op. ll 
) +I [(p.) -(p. ) 1+ I II ... (p.) 1-(2.11) 

I• I p.•O 1'1' 

a P. ll 
-,.;, ,,.,. (pi ) 

Tpe60B8HHe KOMMYTSTHBHOCTH HMD)'IIIbCS C jll H Y (a He TOIIIbKO C Ia R Y 
/5/ 

KSK 3TO 11811(leTCII B ) 03H8'18eT, 'ITO Mlol orpaHH'IHB&eMCII pSCCII(OTpeRReM CHIIIbR&IX B38H-

MOJ18ACTBHA H npeHe6peraeM sneKTpoMarHHTH&IMH B38RMOAeAcTBHIIMR, KOTOplole H8p)'W810T 

H30TODH'I8CKYIO HHB8pH8HTHOCTbo nosToMy B COOTHOWeHHHX 111111 MSCC ( § 3,4) He B03BHXaeT 

pacwenneHHH H30TODH'IeCKHX MynbTHDneTOBo 

0TM8THM, HSKOHeU, 'ITO BH 8110r'H'IHOe Tpe6osaiJHe KOMMyTSTHBHOCTR MRoroMepaoro 
p.v ,\ p.v 

HMDynbCS CO CDHHOM ( TO'IHee, C 4-BeKTOpOM w p • "' ,\ p Po M 
p.v R 

COOTBeTCTBYIOIIIHe MSTpRUBM THUS " r X .\o paTOpb! su (6,6) 

rne M -reHe-

DpRBOJIHT K TOMy, 

'ITO IIDH cjlH3H'IeCKHX COCTOHHHA 4-BeKTOpbi ( H C'IHTSIOTCH cjlHKCHpOB&HHbiMH) 

6 

"\ 

1
,!' 
.\ .jl 

\:·!· ... , .. 
;. '·( 

:t 

}~,, 

.:.1 

>t 

"' ~ ~ p R p, .QOII:IKRbl 6wTib xonnHHeapHI>tMR MelK.Qy co6oll, a BeKTopw p 11 . . . 
Hlol p&BHRTibCH H)'ll~ 3.QeCib Mlol He 6y.QeM DOIIb30B8TbCH STHM CBOftCTBOM, 

§ 3. MaccoswA onepaTop 

p OJ 

• .QOIIlK-

Tenepb Mbl .QenaeM cne.QyJOmHll cymecTBeHH&~A war, M~o~ nocTynHpyeM, 'ITO KBa.QpaT 

/9/ 
MSCC&I HBnReTCH TeR30pR1>IM onepaTOpoM ( B CM&ICne 0Ky6o ) OTHOCHTenlbHO DO.QrpyDD&I 

SU(6) p&CCM8TpHB&eMOll rpyDDbi, TeH30pH8R CTpyKTypa KOTOporo onpe.QenHeTCH TpaHccjlop

M&IlBOBH&IMR CBOliCTB&MB npaBOll '!80TH ( 2,1 1), SU (6) MOJKeT 6b1Tib onpe.QeneRa 3.QeCib XaK 

CT8UHOH&pR8H no.Qrpynna, COXp8Rlll01118ll O.QHOBpeMeRHO .QBYX 143-BeKTOpOB: O.QHR - .QIIll KOTO• 
0 

poro OTDB'IH& OT H)'llll IIHWib BpeMeHHSH KOMDOHeRTS 06bi'IHOr'O 4-HMII)'IIIbCS Po , .!lpyroll-
10 

.QIIll XOTOporo He p8BH8 HYIIIO TOIIbKO HyneBSH KOMDOHeHTS 8KCH8111bHOrO 4-BeKTopa p 0 

(OTMeTMM, 'ITO ReT .QpyrHX 4-MepH&IX BeKTOpOB, HBIIHIOIIIRXCH O.QROBpeMeHHO R SU(8)-

CRRrneT&MH, B p83110lK8HHH 143-MepHoro HMDYIIbCS no SU(S) X SL (2) C SU(6,6)) • 

MoJKeT noaasaT&CH aa nepswA ssr.nH.!l 6onee ecTeCTBeHH&~M pa6oTaTib c ManoA rpynnoll 

S(U(6) x U(6)) rpynnbi ISU (6,6) O.QHSKO B TSKOM cnyqae Helllb3ll nOII)''IRTib 

eCTeCTBeHH&IM o6p830M 38BRCRMOCTb MSCC&I OT CDHHS, 3aMeTRM B STOll CBH3R 0 'ITO B pa• 

/11 12/ . 
60T8X ' , nOCBHIIIeHRbiX nonyqeHHIO MSCCOB&IX cjlopMyn B rpynne U (6) X U (6) , He cny-

'ISliHO HS C&MOM .Qene cjlopMyllbl BbiBO.QliTCH pe.QyKUHell MSCCOBOrO onepaTopa no SU(6) • JlnR 

8HBDR38 TeH30pHOft CTpyKT)'pbl MSCCOBOrO onepaTopa He06XO.QHMO OTMeTRTib, 'ITO npH pe.QyK-

llHR no SU (6 ) npe.QCTSBIIeHHe ill pacna.QaeTCH HS qeTbipe 35-BeKTOpa R TpH CK811Hpa, 

npR STOM B O.QHOM SU (6 ) - MyDbTHDIIeTe BCer.QS 06'1>e.QHHHIOTCH 'llleHbi, RXO.QHIIIHe C O.QHHS-

~ J 
KOBbiMH 3H8K8MH B ( 2,6) (TaX, H&DpHMep, p 

0 
o6pasyeT O.QHH 35-nneT BMeCTe C p 0 • 

8 He C p II R T,.Q,), OnepaTOp KB8.Qp8T8 M8CCbl BXO.QHT CO CBOell CTOpoHbl B CSMOCODpll
• 

lKeHR&Ill 'ISCTH DpOR3Be.QeHHR npe.QCT8B118HHA (! + ~) X (! + ~), TSK 'ITO B HeM .QSIOT 

BKIIS.Q IIRWib HeDpHBO.QHMbie npe.QCTSBOeHHH ! t ~ 1 .1§.!!. H _iQ§ rpyDDbl SU ( 6) • nepeXO.Qll 

.Qanee K CTpyKType m 1 OTHOCHT8DbHO SU(2) J X SU(3) C SU(6) Mlol BH.QRM 1 'ITO 

MSCCOBbiA onepaTop 8BTOM8TH'I8CKB HBnS18TCR CRHrneTOM no·OTHOW8HHIO K o6W'IHOM)' CDHRY R 

COCTORT H3 KOM6HH8URll npe.QCT8BII8HHA p83MepHOCTbiO 1, 8, 27 OTHOCHTelllbHO rpynn&~ BHyT

peHHHX CRMM8TpHll, npa 9TOM npeJICT8B118HHR .a_ H ll_ H3 m {_iQ§) B03HHK810T BO BDOIIHe 

OUpeneneHHOM COOTHOW8HHH
1 

TBK KSK DOpOJK.QSIOTCII O.QHHM R T8M lK8 189 ( 405)-BeKTOpoM, 

B TO Bp8MII KSK npe.QCT8BIIeHH8 1 B03HHKSeT C He3aBHCHM&IM (npoH3BOIIIbHbiM) KOscjlcjlRUHeH -

p~ • TaKRM TOM, DOCKOIIbKY B CHHrneTHOM qneae B DpaBOft '18CTH (2,11) H8T BKII8.Q8 OT 

o6pasoM, onepaTop 
ll m HMeeT cnenyJOUIYJO SU(6) ::> SU ( S) 

ll 
m 

(I) (I) (I) (I) (8-+IT) (1-IGT) 

T(l) + T(al)+ ~tat)+ ~401) + ~188) + T(401l 

7 

-cTpyKTypy: 

(3,1) 



Cornacao TeopeMe Baraepa-SKapTa, KalK.!lbiii •mea sTOro pa3nolKeaasi 11 mo15'oM iienpa-

aoaRMOM npeacTaaneaua SU(tl) llbipalKaeTCa ~epe3 HeltOTOpbii! DOnBHOM OT reaepaTOpoll 

rpynn&J SU (tl) 0rpaHB~BBSJICb1 ,KaK Otlbi~JI01 BKnaaOM ~8JIOB CT8D8HR Jie BbiW8 BTOpOII 

no reaepaTopaM, nony~aeM cneay10111ee oKoa~aTen&aoe BbipalKeaae ana onepaTopa KBBApaTa 

Macc&J (eM. aononaeHRe B): 

8 
ID 

I ... (4) I 
m 0 +aY +,BUS -c

1 
+ ~tY >+ 

... ' ... ... l+llf I .. (I) 
+I [a 1 (tl +N +25 +--Y )+,8

1
(2J 1 +tC

1 
>1 

f•+.- 4 

(8.2) 

rae ana onepaTopoa KaaaMapa paanH'IHbiX noarpynn rpynnbi SU(tl) acnon&30BaHN cTaB-
/10/ 

mae ylKe o6menpaaaTbiMH o6o3Ra'leaaa pal5'oTN • BTopoll a TpeTall 'lneabi B npaaol ~acTa 

( 3.2) COOTB8TCTBYIOT Bltnaay ~ , a CYMMa DO f - Bllnaay W (f •- ) H iQ§_ (f • +) , 

§ 4. <llopMynbi ana 6apHORRbiX H Me30HHbiX Mace 

nocKon&Jty B npeacTaBneRBB _§§ HM810T M8CTO TOlK,!l8CTBa 

.. I 
N 

... 
I 

.. I 1 (4) I (1)- .. 1 9 
S • l{Y -Y +" , C 

1 
• "y +t!Y + 9, C8 •2J + T, 

10 ana 6apaoaoa aa.§§ aa ocaoaaaaa (8.2) nony'laeM 

.§§• m• I 
• A +BY +C[W+1) +}Y 1 + DJ(J+1) 

(4.1) 

(4.2) 

0TCJOaa BbiTeKaJOT CneayJOlllBe COOTHOWeRHa MelK,!ly JtBaapaTaMH 6apHOHHbiX MaCe ( CHMBOn 

'laCTHilbi aaec& H B aan&ael!meM OTOlKa8CTBn.II8TC.II C KBaapaTOM ee MaCCbi): 

0 + ai* • A + a a• (0,2!5) 

2I·N+a (B,U) (4.3) 

S"+-I•+SN ·2A+SA (l,U) 

a• +I - a + I• (S,U) 

B CK06Kax yJta3aao OTHOCHTen&aoe sKcnepaMeRTan&aoe OTKnoaeaae neaoll 'laCTH JtalKaoro 

paBeHCTBa OT npaBoll (npa cpaBH8HHH C TO'IROCTbiO naaei!RbiX ~pMyn anR 6apHOHHbiX Mace 

8 

aeo6~ABMO aenaT& yxa3aaawe owH6Jta aa aaa). 0TMeTBM, 'ITO nepaa.11 H3 ~opMyn (4.3) RB

nteTCa cneaCTBBeM npasana BHTepaanos anR nepsNx cTeneaell Mace aexynneTa. Boo6me 8 

noanpocTpaHcTBe aeKynneTa Maccos&JII onepaTOp (4.2) npaHRMaeT cneayJOIIIHII BRA-: 

a~o. . m
1 

• A' + B'Y + C'Y
1 

aTOT peayn&T8T MOlKeT paCCMaTpHBaT&ca K8K KB8ApaTR~H08 OtlOtllll8BH8 npasana HHT8pll8nOII, 

nam& IITopaR (~KT8THall) R3 ~pMyn ( 4,S) YAOBn8TBOp118TCa 3aM8THO- Xl'lK81 '18M COOTBeTCTBy 

JOlllaa ~pMyna renn-Maaaa-0Jtyl5'o AnSI nepBWX CTeneaell Mace. 

8 cny~ae Me30HOII' 113 J!§ B CRny paBeHCTBa Mace -~aCTRil R aBTR'IaCTBil, KO~HilReBT 
/18/ nepea Y aonlKeB ac~e3aT&. KpoMe Toro, Mbi noCTynapyeM (TaK liCe, KaK a- 11 ), ~ 

M8CCOIIWA onepaTop AOnlKeR 6biTb ABaroaan&HbiM lio ~B3H~eCKRM ~aCTBilaM, KOTOpbie onpeae
/10/ 

nRIOTCII (II SU(tl)- CRMM8TpBH; cp. ) KaK COtlCTB8HHbi8 BeKTOpbi 
... .. I .. I ... (4) 

TOpto~X BaXOAIITCII I , ,N , S , J , C
8 

B Y (so ae a 

onepaTopoa, cpeaa xo
m 

C1 I ). STo npBBOABT 

K otlpalll8HBIO B Byn& KO~BilB88Ta nepeA C
(l) 
I B ( 8,2) 1 T.e. K paBeBCTBy fJ _ • {J + • fJ • 

B BTOre an11 Maccoaoro onepaTopa B Me30BBOM npeacTasneaaa nony~aeM 

.mi• 
I ~) I 

• • a +b[2S(S +1)- C
1 

+ltY 1 + 

+I a, [ti(I +1) + N(N+1l+2S(S+1)+8+5f Y l+{JJ(J+1) • 
.. +.- 4 

(4.4) 

0TCJOa8 H8XOABM cneayiOlllBe COOTHOW88Ba M8lKllY KBeapaTaMH Mace M830HOB: 

2211: + M7p + 128 .p • 2Mr;• + 17hJ + 57w + 41961 (0,11,). 

10841; + 1845p - 768 r;• + 217'1 + 847 .. + 1077 61 (O,U) 
(4.5) 

(s cxo6xax, KaK a paa&we, npaseaeao oTaocaTen&aoe OTKnoaeaae neaoll oT npaaoll 'laCTB 

Ha ODWTe; AnSI CpaBH8BBa RaDOMHRM, ~TO STO OTKnoaeaae B cnyqae R3BeCTHOII ~OpMynN 

4 r; • a If + w pasaaeTca 6,8%). Ecna caenaT& aononRBT8n&aoe npeanono•eaae, 'ITO 

BKna.ElW OT 1&1 R 12§ BXO.EliiT B (4,4) C O.ElRHaKOBWM KOscP4lallR8RTOM ( T,e, ~TO Be TOn&KO 

,e_ •fJ+ ,ao a a_-+ ),To K (4.5) .11o6aa.rtaeTC11 coonowea•e 61 • p H11xoaen, B ~acTBOM 
/14/ 

cny~ae, KOrAa Cl f • 0 , Mbi DpRXOaHM It H3BeCTHbiM MaCCOBbiM ~OpMynaM ( nony~eB-
8 

RbiM B npeanonolKeRRB, ~ MaCCOBbll! onepaTOp npeo6paayeTca KaK .mi_ ), a HMeHBO: 

9 



01 • p, 2K* •p+</>, 4JC • 871+ rr, K* -p •K-rr 

/14/ 
(npH'IeM st~ecb, B oTnH'IH& oT , aeT BbJpO)I(jl&HRH no cnasy), CneAoBaTenbHO, ecnH STH 

COOTHOW9HHSI HM9~ M9CT0
0 

TO p8B9HCTB8 (4,5) YAOBn&TBOpSI~TCSI 8BTOM8TH'I9CKH; B STOM 

MOlKHO y6eAHTbCSI aenocpeACTBeHH00 38DRCbiB8SI (4,5) B BRae: 

419 < 01 - p > -57< 4"-a"-,> + 128 u "•- p- <1> > • o • 

1077(01-p)-79(t1C-S'I-rr) +76B((K*-p)-(IC-II')]• 0. 

ABTOpbi C'IHTS~ coonM npHKTHbiM aom·oM BblpasHTb 6naroAapaocTb B.r. KaablweBclfO

MY sa nonesaoe o6cy)l(jl9HHe, 

.nononHEHl1E A 

Anre6pa na rpynnbl !9ll(6,6) H BbiBOa cjlopMyn ( 2,9) 

BaeaeM an11 reaeparopos rpynnbi SU(6,6) 

JlY~IUHe o6o3H8'19HHSI: 

COOTB9TCTBY~IIlHX M8TpHU8M ( 2,1) , cne-

0 0 
M

0 
... %1 x A0 (M 0 

0 I 
N

0
--%y x>.. 

0 0 
A.-~rx>.. 

0 

v -. 1 1 I -TY yox>. 

I I I o I 
0) , M

0
-

2
.y y Y X A o. 

I 1 0 I 
N 0 - 2 r Y X A. t 

I , I l 
A.- - T y y x A 0 , 

(A.1) 

I I 
V .- %y X A 0 . . 

B KOH&'IHOMepHbiX npeacTaBneHHIIX rpynnbl SU(6,6) reaepaTopbl M: H A~ -spMHTOBbl, 

a N: H v! -aHTnapMHTOBbi. KpoMe Toro, sseaeM aaanorn'IHbl& o6o3H8'1&HHII H an11 

HMnynhCOB p: , COOTB9TCTBYJOIIlH9 p83nQ)K9HHIO 143-Mepaoro HMnynbC8 DO H&DpHBOJlHMbiM 

npeJlCTSBneHHIIM 

mo 
• 

I 0 
p

0
(m 0 •0l 

I 101 
m• • Pa 

no • P a . . I OJ 
a.• • Pa 

10 

(A.2) 

\ l 

• 0 .. p 0 .I - pll 
• • • • 
0 H I I 

•.•P. • v.•P. 
(A,2) 

nycTb,aanee,M8TpRUbl t • -resepaTOpbl rpynnbl SU(6) -onpaaen11~11 cjlopMynolt 

" A • all X ·A 0 (A,S) 

OnpeaanRM DOCTOSIHBble 

uaa ansr M81'pBU A • 

Farp .. B D«p 
otr B3 COOTHOW9HBit KOMMyT8UHB H 8HTHKOMMyT8-

a r arp p 
[A 0 , A, ]. 2iFoto A, 

a r tnp p 
, IA0 ,A, I•2D 0 tr A, (A,4) 

(no DOBTOpHbiM BHl19KC8M 
171 

p a r noapa3yM9B89TCSI CYMMHpOB8HB9), HeTpyaHO BHa&Tb 

(cp. ), 'ITO 

orp orp 
F otr .. 3Drp fotr +fOOip d * , Dotr • IJarp d* -foarp f* 

(A.5) 

rae DOCTOSIBBb19 f , 3 , f , d onpeaenK~TCSI H3 nepaCT8HOBO'IHbiX COOTHOW9BBit 

[al' ,a11 ] .. 2ifo,.,p ap , lal' ,a11 I• 21JI'11PuP , I'·"•P •0,1,2,8, 

(A,6) 

£>. •• >., ] .. 21foto >., • I>. 0 , >., I• 2d••-'• , o,t,r • 0, ... 8 • 

113 (2,1), (2.3), (2,4), (A,J) B (A,2) Bb1T9K89T0 'ITO nepeCT8HOBO'IBb19 COOTBOW9HBSI 

M&)l(jly ruepaTOpaMB SU(6,6) a reaeparopaMH Tau saaa~CSI cneayJO!IlRMB cjlopMy-

naMB: 

a r urp 
[111 8 , m,] • IF* .. ; . u , arp p 

[A 0 • ,m
1 

] • IFotr a, 

[a r flrPp 
M0 ,a 1 ]•1Foto"• 

u , arp p 
, [A 0 ,a1 ] • ID* "• 

[II a ' ·~ ] ,. IF:f'a~ 
u , arpp 

(A, 7) • [A
0 

,a 1 ]• IF* m, 

[0', flrPp 
11 0 , "t ] • IF n v, 

0' r urp p 
[A 0 , vI ] •-ID01, a, 
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(1, llrpp (1, MPp 
1 N 

0 
, m t ] • I F

0
tr a., , [ V 0 , m, ] • IF ott ", 

t1r MPp t1r Mpp 
[N

0 
, a., ] • -IF

0
tr m, , [ V 0 ,a.,] • ID 0 ,, a, , 

t1 r grpp gr MPp 
[ N 

0 
, a , ] • - I D otr v, , ( V • , • t ] • ID ott a., 

(A.7) 

(1 r Mp p 
( N 0 , "t ] •- I D ott •, 

t1 r Mp p 
[V

0 
,v, ]•-IF0 tr m, . 

AaanorH'IHO HS (2.1) H (A,1) BbiTexaeT, 'ITO nepeCT8HOBO'IHbJe COOTHOWeHHSI MelK,!ly reHe-

MOlKHO nony'IHTI> (ljlopMan~oao) cnenyJOwell aaMeaoll B (A. 7): paTopaMH SU ( 6, 6) 

m ... M , n ... N , • ... A , 'I' .. V • 'ITo xacaeTcH reaepaTopoB , T ua 1 TO cornacso (2,3) 

H ( 2,4), OHB KOMMyTRpyJOT MelK.Ily co6ol!, HaKOBell, H8nO~HHM1 'ITO 

lk • M: k • 1,2 ,3. 
(A,8) 

y • 2 M o 
..[fa 

(A.9) 

npacTynaeM K )l0K838Teni>CTBY TOlK,!leCTB (2,9), J.ia (A.5), (A,6), (A,7) H (A,8) Bbl-

TeKSeT, 'ITO 

(q • m , n ,a,") 

rne 

a ' . ,.,. [i',q"']- I :I I 'k•t Ilk .q, 
• k•l •t 

' • - 1 •.•. t 7 

HnH 

a .... ,.,. 
I I I "' • q ~ I - - I [I • q • ]. • - 1,2 ,s . ,_, 

' ,.,. ... , ,.,. 
I, II Dl' • q ·-~ - - 21 [I • q ,_c) . (1 - 1,2,S,' • ,_ 

( _;, •• -I • -··) 0 It -Ia 
(IM )• 

•• -1, 0 -Ia 

Ia I a 0 I, 

12 

(A.10) 

(A,11) 

:t' KpoMe roro, HS ( A,i>) 1 (A. 7) R (A,S) Bb!TeKaeT ewe, 'ITO . ,.,. 
I [I • , ql', ] • -21q , ••1,2,8, 

t•t ... • 
(A,l2) 

I [ I' ] Sl I' lgr • qa-r •- .,..... qa , l1•1,2,S,4 • 
r•t ~ -a 

Bb1'1HT8SI STR p8BeHCTB8 RS COOTBeTCTBYJOWRX paBeHCTB ( A,]Q), nony'laeM . " I q I - - I [ .. 1 I ,_, ' ., y- " " q • ] + lq • • • - 1,2) !II • 

' " ... , I' a 1 I' I q
8 

I • - I [I , q 
8 

t1 ] + _ q 
r•l ~ M - 4 I- t1 

t:l - 1,2,1,4 . 

CnenoBIITen~oao, 

a I' p. a I a p. ... 
I q • q. 10 , • 1 I ( ql' l - .!- I q [ I , qp. ] , 

a,t•l • • • I • " •• l • • 

' ,.. 
I q l I 

a,r-t •-a a-r ar 
' " 2 ' ~ .. 

T
al I ( q 

8 
l - 1 I q

8 
[ 1 , q p. ] 

_, -(1 _, -(1 ·-(1 

(A,18) 

C npyroll cTopoHbl, cornacso (A.11), MaTpHua ( lgr) -8HTRCHMMeTpR'lH81 T8K 'ITO 

a P. 
I qp. q, 1

0
, • "I [ q~ , q ~ ]1., • o. 

a,t•l • • a,t-1 • · 

' I 
a,r-1 

,.. I' ' 
qa-t1 q a -r br • " I o,r•t 

[ ,.. " qa-t~'qa-r ]lor..; 0 

(an eel> Mbl BOCnOni>SOBIInHCb KOMMyTaTHBHOCTbiO HMnynhCOII) o noncTaBnBH 8TK ll&lpaX<eHHSI• 

IS (A.l3), H8XO.li.HM 
a a a I' ... I' 
I (qp. l." I q [I ,q ] , 

••I a a•l • & 

4 p. I 4' ... I' 
I (q l • _ I q I' r 1 , q ] 

l1•1 a -t1 a ll•.l ,_,.. a -t1 

3THM· B CHny (A,2). (TaK K8K q • m , 11, a , Y ) TOlK,!leCTBII ( 2,9) )l0K838Hblo 

CnenaeM ewe cneny10mee aaMe'laaae. Kax Mbl ycTaHOBHnH ( §2) c noMowi>JO TOlKJleCTB 

(2,9), H3 (2,7) BbiTeKSeT, 'ITO 

q: I~ >- 0, • - 1, .•• ,7 • (A.14) 
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a 9TO cornaCHO (A. 7) H ( A,8) npHBO,IlHT X CD8.1lYJOIIlHM COOTHOW8HHIIM : 

. ' 
[I k , 'll'o 11 t1 > • I l: I kot q~ I tl > • 0, k • 1,2,8, a • l, ... ,-7 , 

t•l ' 

T.e. npuBollHT x (2.10). t'axHM oiSpaaoM, sa (2.7) BbiTexaeT (2.10). OISpaTuo, ecna aMeel'l' 

M8CTO ( 2,10) 
1 

T.e. ecnH HM&IOT M&CTO nocne,llHR& COOTHOW&RBR, TO 

' :t rkot ~~" It~>. o, k. 1.2,8, •• 1 .... ,1 • 
t. • I . t 

~To a cuny (A.6) sxauaaneHTHO (A.14). KpoMe Toro, cxna.llbiBSR paBeHCTBa (A.12) c 

COOTBeTCTBYJOIIlHMH paB&HCTBaMH ( A,10) 1 HaXO.IlHM 

4 

l: 
r• I 

a 
l: 

t•l 
" .. a " I q ., - I (I · q 1 lql' •• • r , • - • •• 1,2,1 t 

" ... I q • 1[1 I' 1 31 I' 1 or ~-r - , '~a-cr - T'~a-cr , cr • ,2,8,4. 

11a sToro u H3 (A.14) nonyqaeM 

[ 
.. a I' .. a I' 
I ,q

0
1lti>•[I •'~a-cr11ti>•O,o•1,2,8,cr•l,2,S,4, 

T.e. nonyqaeM ( 2. 7) ( cnpaaeAnHBOCTb ( 2. 7) npu • • 0,8 nerxo npoBepReTCR senocpe.llCT

aesso). 11Tax, Mbl Aoxaaanu u ccjlopMynuposasaoe B § 2 yTaeplK,Ilesue, ~To ( 2. 7) H ( 2.10) 

SKBHBaneHTHbJ MelK.Ily coiSoll. 

l.!TO xacaeTCR COOTHOWeHHII (2,8), T01 xax Mbl OTMeTHnH B § 2, OHH ae npHBOllRT X 

HOBbiM no cpaBHeHHIO C (A,14) orpaHH'IOHHRM Ha HMnynbCbl. To'IHee, H3 (2.8) (senoCpe.ll

CTBeHHO) BbJTeKaJOT TOnbKO paBeHCTBa 

q~ 1 t~>. o ••• 4,s,6,7. 

nononHEH11E e 

BbJBO.Il cjlopMynbl (3.2) AnR onepaTopa xaanpaTa Mace 

Cl' 0 
06oasa'IHM resepaTopbi rpynnbl SU(6) qepea c. , cr-0,1,2,8, •• o, ... ,8(C0 

.o > ; 

a suaweM aeTpHBRanbHOM npencTaanesuu uMeeM C ~ • % A~ , rne A~ onpenenHJOT-

CR ,PopMynoll ( A.3). nnR xpaTxocTH B nonoiSHbJX o6oasa'leHHRX uuorna Mbl ;()yneM aaMeHRTb 

llBOIIHOII HHI18KC (: ) OllHBM CBMBODOM 5 1 ·npB'IeM 5 • 0 , , , , , 35 x/ ( 5 • 0 llpB 

x/ 0TMeTRM, 'ITO nocxonbxy MaccoBbJII onepaTop B rpynne SU (6) npeoiSpaayeTCR no 
onsoasaqsoMy npencTaBneHRJO ,Paxrop-rpynnbl SU (6) I Ze , TO lliUI ero saxolK.IleHHR ecTecT
aesao nom.aoBaTbCSJ •ooxTopHbiMR" o6oaaa~eHHSJMR. PaayMeeTcu, Bee peaynbTaTbJ MO~ft 
nony'IHTb u B •cnusopuoM• ,PopManuaMe, nonbayRCb •reaepaTopaMH BeiliU!" A ( cp. • 0/), 

BMeCTO 8pMRTOBbiX reaepaTOpOB C • 

14 

Cl' • o • 0 I npaBHDO COOTB&TCTBRR (: ) - S npa S • 1, "'' 85 H&Cylll&CT88HHO) • ~poNe 

Toro, BM8CTO 3Ha~XOB 189 R 405 Nbl ISyneN nBCaTb COOTB9TCTB8HRO - R +, TaX ~TO paBeK

CTBO ( 3,1) Tenepb npHRHMaeT cnenyJOIIlBII BRA: 

I 
ID 

(l) (I) (l) (I+ If) 

Tell + T(lll + ~.+ [T(I) + TCrl 1 (B.l) 

HenpRBOilRMb18 T&R30pHb18 onepaTOpbi T(l), T(al) R T(l) SIBnRIOTCSI COOTB8TCTB8KKO CX8nll-

pOM, B8XTPpPM R T8K30pOMI OIS03Ha'IRM KOMDOH&RTbl TCIIl H TCil ~epea TCIIl x 
T(f) XY , X , Y • 1, ... , 85 • MolKJio noxaaaTh, ~o c TO'IHOCTbJO no 'lneHoa nopll.llXa ae Bblwe 

t1 ' 
BTOporo no C 0 ( CNo § 3) HM99M 

T 
(l)XY 

T(ll)x• k 1 CX +ka DXSTCS CT, X al, ... ,85 , 

k, [I c x • cY I+ T < F sxu FuYT + F SYuFuxT + 

+D D +D D +•l-Ifo D + 
SXU UYT SYU UXT -4- XYU UST 

+ 
4r 

(8+rH6+d BxYBST)(Cs ,CTIJ. X,Y•l, ... ,as • 

(B.2) 

R 

rne nOCTORKKble F R 0 onpenenRJOTCR COOTKOW.&HHIIMH (A.5), a xoSijlcjlHilH&HTbi It 1 • 

Ita u 

nexcaN 

XOllHM 

k 1 aaBHCRT nRWb oT onepaTopoB KaauMupa rpynnbl SU (6) (no noBTOpKbiM as

S , T , U nonpaayNeBaeTCR CyMMHpoBaHH& OT 0 llO 35), Ha OCKOBaHRH ( 8,2) sa-

Ul /IIU1 a I'I'P par cr r 
Tcaal • k 1 °aao c. + Ita Daar n •• , C • Ct 

( I l , ( I' I' 1 I1I'P PI" t1I'P PI" 
T(ll • k I 2 C o Co + T ( F oOr F L'Ot + Door D rot + 

1- 3r I'I'P par 
+ -8- D oor D rot 

t1 , 4 Cl' t1 
> I c • , ct I+ c. c • 1 , 

(3 + rH6 +d 
(B.3) 

15 



(I+U) 

Ted 
" I' I' f UIIP PI'' "I'P PI" 

•kf[2G 1 G1 +T(F0 1t F,u +D 011 D 0 u+ 

1 -31 I'I'P par (1 , • (1 , 

+ -- o,. D • liG • G, I+ G. G. 1 
8 r ro. 0 (I +f) ( 6 +f) 

(cyMMHpoBaHH8 no~paayMeBaeTOH; DOHBn8HB8 ~BYX H83aBHCHMhlX KO~HUH8HTOB 

k(' CBH3aHO C T8M1 'ITO T/
1
: CTpoBTCH B3 O~Horo T8H30pa THDa T(f) 

(8.3) 

k' 
f 

' a 

H 

(I+IT) 
1 

T<fl - B3 ~pyroro, TaK KaK B CHHrneTHOM 'ID8H8 B npaBoil 'laCTH ( 2.11) ReT BKDa~a 

" Po - CMo OT § 8). no~cTaanss (8.3) B (B.l), B HTore nonyqaeM (3.2). 

B aaKnJO'IeHHe OTMeTBM, 'ITO B npe~cTaeneaasx ~ a §§. ece B&ICWHe cTeneaa reaepa-

TOpoB G: , onyweHHhl8 B ( 8.2), CBO~HTCH K nepBOil H BTOpoil ( TaK 'ITO BX ~o6aBneHH8 

MOJK8T H3M8HBTb DBWb 3H8'18HHH KO~HUB8HTOB k 1 kg B k1 ) , T,e. M8CC0Bhl8 

ljlopMyD&I ~DH M830HOB H 6apHOHOB nony'I8Hbl 6e3 KaKoro-nH60 DpH6DHlK8HHHo 
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