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§ 1. B B e A e H H e 

CsMnneKTHqecJtas cRMMeTpHII sneMeHT&pHbiX qacTRil Sp (6) 

TOro, qTOObl He RMeTb neno C qaCTHil8MH C ApDOHbiMR 38p!IA8MR (KaK 1 H8DpHMep1 ICBSpKR B 

cxeMe SU(3) ) 3To AOCTsraeTCII AooaBnenueM noBoro qnena, nponopnsoaanbHoro 'cynep3a-

piiAY' D ' B cjlopMyne renn- Maaa - HRIURAlKRMbl: 

Q • I a + ~ Y + 1/3 D • ( 1.1) 

Cynep3apHA npsusMaeT nsm& nenoqscneHBbJe 3aaqeaus II BblpaJKaeTCII qepe3 6apROHH09 qac-

Sp (6) (KOTOpblll ABaroaaneH AnH CHnb-
/1,2/ 

) - cnenyromuM o5pa3oM: 

no B u qepe3 Z -oARH H3 reaepaTopoB rpynnbl 

BOB38HMOA911CTBYIOIUHX qaCTHil BM9CTe C 1 a R Y 

D•-f(B-Z). 
( 1.2) 

/1,2/ MoABnb cTpoRTCH TaK, qTo6bJ ae TOnbKo aneKTpaqecJCRII 3apHA Q 1 HO R oapHOBHOe 

qucno B , HBnsromeecH Baerpynnoeoll xapaKTepRCTRKOII qacTRn1 npHBBMano numb nenbJe 

Bee xopomo H3yqeHable no c·ux nop 'oobJqHble' qacTBilbl R pe3oaaacbl BM9IOT cynep3a-

psA D • 0 (T.e. Z a 8 ). nnH HRX CTpaHBOCTb paBHa 

S·Y-Z. ( 1.3) 

Kalt OTMeqanocb B/ 1/, HM9BHO aTy B9nuq~~ay nene~oo6pa3HO OTOlKA9CTBBTb CO CTpSHHOCTbiO 

R B cnyqae cynep38pHlK9HHbiX qaCTBil• nellcTBHTenbHO, C DOMOIUbiO ( 1.2) II ( 1.3) paBeHCTBO 

(1.1) MOJK9T ObiTb nepenucauo B ~OpM9,TOJKA9CTB9HBOI! C Jtn8CCBqeCKOII ~OpMynoll fenn~. 

Maaa - HlmuAJKHMbJ: 

( 1.4) 
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cnenoBaT91IbH0 1 'IHCIIO S non~o coxpannT&cn B cuny aaxonoB coxpanennn Ia • Q B 

·B npH scex cniibHbiX n anexTpoMarHHTHbiX naanMoneilcTBHliX. HaooopoT, Y B Z B 

oTnen&HOCTB MoryT ne coxpannTbCB (nanpnMep, npn aneKTpoMarnnTHbiX saanMoneilcTBHliX), a 

aTO oaaaqano obi, qTO cynepaapH:>KenHbie qacTHilbl MoryT pacnanaT&CSI (a anexTpoMarnnTHbiX 

nponeccax) na OObl'IBble qacTBilbl. 

Kax naaecTno, B Teqenae nocnennero rona oon&moll ycnex Bblnan na non10Teopna rpyunhr 

SU(6) 1 paCCMaTpBBa9MOil KSX OO'h9nHH9HH9 rpynnbl BHyTp9BHBX CHMMeTpBil SU (J) eo 

CDBHOBOil rpynnoi! SU(2) • BoanHKa9T Bonpoc: 'IT~ COOTB9TCTBY9T rpynne SU(6) B cny-

qae, Korna BnyTp91IHllll CHMMeTpBH OnBCb!Ba9TCH CHMDII9KTH'IeCKOil rpynnoil, H COXpaHliiOTCH 

liB upH aTOM H3B9CTHbl9 peayn&TaTbl1 DOIIY'I9HHbl9 B paMKaX SU(6) -CHMMeTpHB ? 0TBeT 
/3/ 

na STOT nonpoc ohm nan a paooTe , rne oblno npenno:>Keno oo'hennnenne rpynnbl Sp(6) 

C rpynnoil cnnna SU(2) B paMKax CHMM9Tpnn SU(12) ( H Ha aTOll OCHOB9 Obinl! nony

'IeBbl H3BeCTHble COOTBOweBBH M9:>KnY MarHHTBblMB MOMeBTaMH oapHOBOB). fipB aTOM ncnonb-
/4/ 

30Ba1ICH MeTOn T9H3opnoro YMBO:>K9BHSI anreop 1 B KOTOpOM Ha npoMe:>KYTO'IHOM aTane rpyn-

na BHyTp9BHHX CHMMeTpBil Sp(6) nononnlleTCH no SU(6) , BbiCTynaJOmeil aaTeM 

KaK OOII99 WDpOKall rpynna 'IHCTO BHyTp9HHHX CHMMeTpHll (He 38Tp8rHBaJOLU8SI CDHH8), 

/5/ 
npyroll nonxon K SToil npooneMe conep:>KnTCll B nenannell paooTe • B nell a xa"!eCTBe 

rpynnbl, ol5'h9nnnH10meil cnnnoay10 n cnMnnexTn'IecxyJO CBMMeTpnJO, npnHnMaeTcll rpynna 

50(12) 0 COXpaHliJOWall KBanpaTH"'HYJOijlopMy BOIIHOBbiX ljlyRKilHll TpBOHOB 
x/ 

2 8 

l: ( l: (t t + t t ) 
1,1=1 lla=l Ia l(•a) 1(-a) Ia • 

( 1.5) 

TSK KaK so (12) liBIIli9TCll nonrpynnoil SU(12) , To &ccnenosanne napymennoll SU(l2)-

CBMM9Tpnn BKnJO"!aeT B ceoH nccnenosanne (napywennoll) S0(12) -cnMM9Tpnn. B qacTHoc-

Tn, npncoennnennoe npencTasnenne ~ rpynnhi ·su(l2) 1 K KOTOpoMy OTHOCSITCSI M930• 

Hbl co cnnnoM 0 n 1, pacnanaeTCll na nsa nenpnsonHMbiX npencTaBnennn oTnocnTen&no S0(12)~ 

143-~+.:J]_ (1.6) 

Ha conep:>KaHnH aTnx Myn&TnnneToB no Sp (6) x SU (2) 
/5/ 

66 = (])JJ + ( 14&) + (.!,2.). 

77 - (21.2.) + ( 14,!). 
( 1. 7) 

cnenyeT, 'ITO naaecTnble ncennocxanllpHble n nexTopable Meaonbl npnnanne:>KaT npencTasne

HHJO J1, a He npncoennHeHHOMY npencTa:B'nennJO .!!!!_ rpynnl>r SO (12). 

HacTollmag paoqTa nocagmeHa rnaBHbiM oopaaoM nony"'ennJO MaccoBbiX ljlopMyn B cxe-

Me su (12) • 4nenbl , HapywaJOmne SU(12) - CHMM9TpH10 B MaCCOBOM OD9p8TOpe1 Bbl-

x/ HanoMHHM, 'ITO TpnoaaMn aaaLrBaJOTCll qacTBilhi, npeoopaayiJ'~T~~ no nnaweMy ne-
TpnBBBIIbHOMY ( wecTnpHnHoMy) npencTasneHnJO rpynilbl Sp (6 ) 1 • 

OBpaiOTCll H3 CaMOCOnpli:>K9HHbiX npencTaBII9HHi!...!.!. ~~ 4212 H 5940 1 BXOnliWBX B paano:>Ke

HH9 npliMoro nponasenennll 143 x ~ na uenpnsonnMbie npencTasnenng: 

.. 
143 X~=_!_+ 2 • 143 + 4212 + 5005 + 5005 + 5940. { 1.3) 

B § 3 Bbmncan no anan,.,rnn co cxeMoil SU (6) /
6
-8/ MaCCOBbll1 onepaTOp1 KBannaTH'IHbli! .. 

no renepaTOpaM rpynnbl II IIHBapHaHTHb!i! OTHOCIIT91IbHO nonrpynn CnHHa J , HaocnJIHa .. 
I 1 CTpaBHOCTH s n ranepaap!Ina y fa, cnenoBaT91IbH0 1 H OTHOCHTCIIbHO z ,if). 

Ha aTOrO MaCCOBOro OnepaTopa nony'IaJOTC!I ( § 4) H3B9CTHbl9 113 SU (6) -TeopHII MaCCOBble 

ljlopMynhi nn11 56-nneTa OObi'IHbiX 15apnoHoa, sxongmnx B npencTasneHHe 364 rpynnbr SU(12). 

AnanorH'IHbl9 ljlopMyiibl HM910T M9CTO nng 56-nneTa 'aepxanbHbiX' oapnonos, nony'IaJOwHXCll 

na OObi"'HbiX naMenenneM anaxa y Y H Z • MaccoBbii! onepaTop B Mea,;HHOM npencTaB-

neHHH 38BilCHT OT neB!ITH H93aBHCHMbiX no CTO!IHHbiXe 4>n3H"'9CKHe "!aCTHilbl B npenCTaBII9HHH 

143 onpeneiiliiOTCH (§5) KaK COOCTBeHHbl9 ljlyBKilHH He TOIIbKO onepaTOpOB j 2 
1 1 2 

1 a , S y , no eme n xaanpaTH"'HbiX onepaTopos KaanMHPa rpynnbi Sp(6) 

n neKoTopblx rpynn U(4) n U(S) , ecTeCTBenao aoannxaJOmnx B napymeunoll SU(12)

CHMMeTpnn. 3TO npHBOnHT1 B "!aCTUOCTH 1 K npaBHIIbUOMy CMewHBaHHIO lliill ljlH3H'IeCKHX cp- H 

w -Meaonoil, 3aTeM nocTynnpye"'CH, 'ITO MaCCOBbiil onepaTop nnaroaanen no qacTnnaM, 

'ITO COOTBeTCTByeT DOHCKaM IIHWb IIHHel!HblX COOTHOW9HH.ll Me:>Kny KBanpaTaMH Mace M930HOB, 

Torna 4 H3 9 KOHCTaHT, BXOnliWHX B MaCCOBblil oneparop, oopamaJOTCll B HYIIb H B03HHKaeT 

pun COrnacyJOWHXCH C onbiTOM COOTROW9HHli M9:>KnY MaCCaMH OObi'IHbiX M930HOB0 a TaK:>Ke ce

pHH pasencTB Me:>Kny· MaccaMn OObl"'HbiX n cynepaapH:>KeHHbiX MeaoHos. 

§ 2. HexoTOPb'e onpenenennH n ol5oanaqenHll 

Bc10ny a nacTOllwell paooTe rpe"!ecxne ('cnnnosbre') nnnexcbi npnnnMaiOT ana"!ennll 

1,2, a naTnncxne ( 'cnMnnexTn"!ecxne' nnn 'ynnTapHbie') nnnexcbl npooeraJOT, sooome roao-

pll, MHo:>KecTBO anaqennll ~n , KoTopoe conep:>KHT nponasoii&Hble n cpenn '!Been 1, 

••• 6, 1 ~ n ~ 6 nycT& A a• 
{3b - neapMHTOBbl renepaTopbl BellnH rpynnbl SU(12) 

1 

KOTOpbie B HH3W9M H9TpBBBaiibHOM npencTaBII9HHH HM910T cnenyJOmne MaTpH'i3ble aneMeHTbl. 

xx/ 
Torna onepaTopbi 

aa >.l 
(·A {3b )I'm 

a a 
=8 I'm 

8).! - .J.. Baa 8).! 
{Jb 12 {3b I'm 

(2.1) 

x/ TaKBM oopaaoM, Mbl BbiBOnnM MaCCOBhle ljlopMyiihl npn npennono:>Kennn, 'ITO y H 
Z COXpaHliiOTCll no OTneiibHOCTH B cpenne-cBIIbHblX B3aBMOneJ'iCTBHHXe 

xx/ M ~ - 2 hi onycxaeM '!aCTo ncnonb3yeMhlh HH:>KHHH nnnexc aTHX onepaTopoa, yxaaLIBaJO-
mnll nx nopliAOK• Tax xax· nurne ne oyneM noiibaosaT&cH onepaTopaMn KaanMnpa 15onee Bhl
coxoro nop!Inxa. 



(liD) aa {3b 
C (A ,. ) = l: A ab·/\ A ,.., ·aa a,bf .. 

(n) aa {3b 
K (A.,) = l: Aab A /3• 

a,b(6.n 
(2.2) 

(no IlOBTOpHOMY rpeqecKOMY HHA&Kcy 3A9Cb H B ASilbH&llmeM nonpa3yM&Ba9TCH CYMMHpoBaHH9 

oT 1 no 2 ) HBII!IIOTCH npn n .< 6 oneparopaMH Ka3HMnpa nonrpynn U (2n) n U ( n) 

(cOOTB9TCTB9HHO) rpynnhl su (12) (2.2) 

onpenenHIOT onepaTophl Ka3HMHpa 

1 38BHCHIIlHX OT 

c<l2>,. c< 12lA, > 
A,. • npn n=6 Bblp8lK9HHH 

n K U>., K (8) (A ) rpynn 
6 

SU(12) 

11 SU(6). 

rpynna BnyTpeHHHX CHMMeTpHll SU(6) , xoropaH nonyqaeTCSl pacmnpenneM ( § 1) rpyn-

Ilbl Sp (6) , coneplKHT n!ITb KOMMyTnpyrom:nx renepaTopoa. HapliJlY c Ia ' 
STY IlHTepxy BXOASIT ABS HOBhlX onepaTopa, KOTOphle HHlKe 0603HaqeHbl qepe3 

I = ~(Aa1 -Aa2 
a al a2 

A a' +·Aa& ) ' 
a4 aa 

at 2 a.c aa 
K a= ~(Aal-·~2 + "'a• -·A as ) ' 

aa ae 
X= Aaa+ Aae ' 

2 at a2 aa aa ae 
Y=J(Aai+Aa2+Aaa)-(Aaa-Aae ), 

2 at a2 aa 
Z = ...,..(A 1+·A + A ) • ., a a2 aa 

npHHHM8H BO BHHM8HH9 (2,2), (2,3) H COOTHOWeRHH 

I 
+ 

al a& 
A -A 

a2 a• 
Aa2 _A a' 

at aa ' 

R8XOAHM Cll9AYIOIIl99 Bblp8lK9HH9 ,!UI.II KBaApaTa H30CilHHa: 

.. 2 (2) (2). 2 .J aa fl<~a) 
I = ~[K (1,2) +K t4,5)]-·I'<Y+2Z) -~l.IA ,All I 

a, b= l ab ,_,(b+ 3) 

y 11 z B 

Ka H X 

(2.3) 

(2.4) 

(2.5) 

(cxo6KH II 3A9Cb n B nanbnellmeM o6o3naqaroT aHTHKOMMYTarop). AnanornqnbiM o6pa3oM 

MOlKHO 3anncaTb oneparop Ka3HMnpa rpynnhl Sp(6)·: 

K
(Sp) (I) J. I aa f3<~a) '

1 
..a I aa 

= K - l. A ·A + l. A 
a,b=l ab' fl<b+&) a,b=l a(b+3) 1 

6 

{3(a+3)1 
A{jb (2.6) 

HaM nonano6HTCH Tax~e cnnnonono6nhle aexTopnhle onepaTophl ra , onpenenn&Mhle 

p8B9HCTB8M11 

J: Ia a 
·A2a' J 

2& 

a:- A Ia ' 
a Ia ~a 

Ja -~(Aia-A2a). 

H3 onpeneneHHH cnenyeT, qTO 

n qTO onepaTop cnnna 

~ a ,.. b a b a b a b a a {3b aa {3b 
J J = ~(J+ J_ +J_J+)+JaJa=~A{3aAab-l4AaaA/lb 

J 3anaeTCH ~OPMYIIOII 

.. 
f ja J 

a=l 

C IlOMOI"lbiO (2,8) H (2,9) HSXOAHM 

.. 6 aa fjb 

J2=~I ApaAab 
a,b==t 

(2.7) 

(2.8) 

(2.9) 

(2.10) 

0TMeTHM1 qTO ; 2 H j 2 
HBIIHIOTCH onepaTOpaMH Ka3HMHpa rpynn SU (2) H SU (2) 

1 I J 

a onepaTopbi Y n Z 

rpynn U(l)y n U(l)z 

nocpencTBOM onepaTopoB 

'ISCTO paCCMaTpHBSIOTCH KSK renepaTOpbl OAHOilapaMeTpH'IeCKHX 
/7 8/ .. 2 

(cp. ' ). KpoMe Toro, cornacno (2.8), 0 •) BbipalKaiOTCH 

c<2
>(a) n3 {2,2) n renepaTopoa (2,3) • 

BaeneM ewe BeKTOpHbie onepaTopbi 

U"' j•+j 2_j•_j 1=(Y+2Z)j 

.... .. 6 ... 

V "'J 3 -J =(Z-Y)J , ( 2.11) 

W "' ja+j 6 -..!j = XJ 
3 

(nocnennee paBe!ICTBO B K8lKAOfi rtenoqKe CllpaBeAniiBO IIHWb B meCTHp!IAIIOM npenCTBBileHHH), .. .. 
3aMeTHM, qTo BeKTOp W MOJKeT 6b!Tb npeACTBBileH B BRAe W = S - i J t rne 

S = ja + j 6 • B mecTHPHAHOM npencTaanenHI< S = I S I j , TaK 'ITO S RBIIH-

9TCR BHBIIOrOM • CTp8HHOro Clll!H8 • ( ero MOlKHO fi.IIIO 6bl H83B8Tb CIIHHOM CTp8HRhlX TpHOHOB
/7 8/ 

cp. ' ) • renepaTopbi S1 nopolK.1laiOT neKoTopyro nonrpynny SU (2) 
8 

rpynnhl SU(12). 

OnepaTop Ka3HMnpa 
.. 2 
s aToll nonrpynnbi ne KOMMYTHpyeT c onepa'IOOpoM K (Sp) • KO-

TOpb!M Mbl IIOilb3Y9MCH llpH onpeneneHHH tjln3H'I9CKRX 'IBCTHrt (eM, § 5). 
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§ 3. Maccosblll oneparop 

nycTb T :~·bl····~·p 
~~ t•••l-'<lbq 

- npoH3BODbBblll CMemaBBbll!: TeH30p, npe-o6p83)'IDIIXHACSI 

no onpeneneHHOMY npencTaBneHBID rpynnbl SU (12) • MoJKBo no~taaaTb, 'ITO nasel!:saa JtOM-

6asanaa 

I, K a 1 •t••• a P •P 

(aaX{Jb) fJ lbt••• fJq b q 

T ~--~ •,, ··•·a p•P 

{Jlbl ••• ·tlqbq 
(3.1) 

K a 1 a t•···aP •p 

{JI bl ·- {Jqb q 
- 38ll8HHble Bem9CTB9HHble KOS¢¢HnHeHTb1) HH58pH8HTH8 OllHOBpeNeHBO 

OTHOCHT9DbHO SU (2) J 
0 

SU (2 >t 0 U (1) y , U (1) z Torn a H TODbltO Torna, Ito rna 

a 
1 

a
1 

••• a a -+2 -+ 2 
K " b · •.. "P bP asmteTCH col5cTBeHHbiM 'seKTopoN' onepaTopos J , I Y 

I' I I''' t'q q 
ltOTOpbii!: COOTBeTCTB)'9T COflCTBeHHbiM 3H8'1eHBSIM0 paBHbiM H)'DID. 

z, 

0603B8'1HM '19pe3 
(m) ) M (n) DHHei!:HyiD KOMI5BH8DHID TBD8 ( 3,1 , COCT8BDeHH)'ID B3 KOMDO-

HeHT HenpHBOnBMOro T9B30pHOrO onepaTopa p83M9pHOCTB n DO SU (12) B p83M9pHOCTH 

m no SU (6) .C SU (12 ) , HHB8pH8BTHYID onsoBpeNeHHO OTHOCHT9DbHO SU (2) , SU (2) , 
x/ . 17 8/ J I 

u (1) y. 

onepaTop M 

U (1 ) z , no 8H8DOrBB CO cxeMOi! SU (6) ' Mbl nOCT)'DHpyeM, 'ITO M8CC0Bbll!: 
(m) 

M : 
(n) CKD8nbiB8eTCSI H3 cnenyiDIIXHX KOMI5BHanHA 

M= M(l)+ M(BGl+MCil +·M(BG) + M(l) + M(BG) 
(I) (IU) (4212) (42 U) (~940) (~940) 

(3.2) 

npenCT8BD9HHSI 143, 4212 H 5940 BbiCTynaroT aneCb H8 M9CT9 npenCT8BD9HHI!: 35, ~ H 

17 8/ 1QQ_ B CX9Me SU (6) ' 
9 

B TO BpeMH K8K BepXHHII 3H8'10K (35) COOTB9TCTBY9T 3H8'1K)' 

(8) a aToll cxeNe. B cuny TeopeNbl Bnrsepae3KapTa NaTpH'IHbie sneNeHTbi TesaopHbiX one

paTopoB Me*lly COCTOSIBHSIMH, npHHannemamHMH OftHOM)' H TOMY me H9DpHBOnHMOMY npencTaB

neHBIO rpynnbl SU(12) 
0 

BbtpamaiOTCSI nocpencTBOM M8TpB'IHbiX sneMeHTOB OT DODBBOMOB OT 

aa ( /6-9/ 
resepaTopoB A {Jb SToro npencTasneHBH cp. ). OrpaBB'IBBaacb BKnanoM qnesoa 

CTeneHB He Bb!We .BTOpOA no A ';b , HM9eM ( CKOflltB ( ] B ( ) o603B8'18IDT COOTB9T-

CTBeHHO 8HTHCHMM9TpH38DHID H CHMMeTpH3811HID DO nsyM napHbiM BHneKC8M0 38KDID'I9BHbiM B 

HHX): 

-~: 
.aa aa aa >.!. 1a•pm >.!. 
T {Jb = k 1 A {Jb + k 2 (A >.£ A /3b - 12o{Jb A>.!. ·AI'• ) , 

x/ nnH M~=~ , BXOnHIIXBX B (3,2), B3 Tp960B8HHSI BH58pH8HTHOCTB OTHOCBT9DbBO U(1)y 
• yme Bb!T9K89T BB58pB8HTBOCTb OTHOCHTeDbBO U(l) z 0 T8K 'ITO B paCCM8TpBB8eMOM CDY'I89 

MOmHO •orpaHB'IHTbCSI Tpe6oB8BHeM HH58pB8HTHOCTB DHWb OTHOCHTeDbBO SU(2) J , SU (2) I , U(1) y, 

. ' 
8 

I If 
ll\ 
~ 

I 
'\I 

I 
.I 
''i 
r 

f ·' :II 
:1 

\: 
II 
I' 

~; 
'1•1 

!f 
;l 
:! ) 
t 
,I 

t ,, 
:(· 

~: 
. aa,yo .[a a yo] 6 [a a yo] 

1 
[aa I'• yo] 

T = k (•Ar A~ J - o A + .!..0 ·A ] •A <->{Jb,od - 'l./3b ud 5 [{Jb &] 5 [fJb od I' .. 

1 
[aa •yo] I'm )1. 

-llOo[fJb o &]A>.!. ·A I'm ) , 

5940: 
aa,yo (a a ·yo) 6 (ao yo) 

1 
(a a I'• Y0 > 

T <+>fJb,& = k + ( \{lb A od) + 7't/3b A Od) -7o<flb A odl A,._ + 

1 (aa yo) )1. 
+-- 0 o •A""' A 

182 <flb Odl >.t. ' I''*) , 

rne Kos<jlcjlunaeHTbl k 
1

,
2 

a k 't: . -nocToHHBble, aasacamae namb oT onepaTopoa KaaBMBpa 

rpynnbl SU(12) ; 3):leCb yme nonpa3yM9BSeTCSI CYMMBpoBaBHe Be TODbltO DO nOBTOpBOMY 

rpeqecltOMY BHlleKcy (oT 1 no 2), BO B no nOBTOpBOM)' DSTBHCitOMY BHn9KCY (oT 1 no 6), 

noDb3yHCb 3TBMH COOTHomeHBSIMB B Y1t838BBbiM B BS'ISDe 3TOrO naparpacpa KpBTepneM BBB8-

pHSBTHOCTB0 B8XOnHM cnenyromne BbtpameBHSI llDSI OTnenbBbiX 'IDeBOB B MSCCOBOM onepaTope: 

rne 

(U) . 

M<lni a[Mu +k(Y +2Z)]+b[Mv +k(Z-Y)]+ c(Mw+kX), 

(I) (12) (8) .. 2 

M =a+ C + fJ + (K t2J ) , 
C±l - -

(85) .. ... ... .. 

M<t> = at(Nu -K:tM u t21J,UI)+bt(Nv-Kt Mvt2IJ,VIh 

+ ct(NW-Kt_,Mwt_2lj,WI), 

(m) (m) (m) (m) 

M(+) = M(5940) • M<-> = M(4212l 
5 

K+ = 7' K 

.... 
'IJ,PI 

..... .... a 
J P + P J = :£ I J 1 , P

1 
1 , P = u;v;w 

1=1 

1 
5' 

H, KpoMe TOrO, 

(8) (8) (8) (8) 
Mu = C (1,2,3) -C (4,5,6) + C (1,2,6)- C (3,4,5), 

(8) (8) (8) (8) 
M v = C (1,2,3) -C (4,5,6) -C (1,2,6) + C (3,4,5), 

1 (12) (8) . (4) 
MW='J·C -C (1,2,4,5)+C (3,6), 

(8.3) 



(~ (~ (~ (~ 
Nu = K (11 21 3)- K (41 51 6) +K (11 216)-K (31 41 5) 1 

(~ (~ ~) (~ 
N v = K (11 21 3) -K (41 516)- K (11 216)+K (31 415) 1 

N 
w 

1 <e> cc> <2> 
""3 K - K (11 2,41 5) + K (31 6) 

(3.4) 

( B I b I C 1 k 1 at.1 tJ~,II.r.1b+1Ct_~ IIOCTORHHbie1 38BHCR!11He IIRllib OT onepaTOpOB Ka3RMH-

SU(12)} , nonHblil ~aC~OBb!l! onepaTop M nony'iaeTCR HOACTBHOBKOi! (3,3) pa rpynnbi 

R ( 3 ,4) B ( 3,2), Mbl YBHAHM, 'iTO B BBJKHeilmRX 'iBCTHbiX CIIY'illRX 6apHOHOB H3 364-nneTa 

H Me30HOB H3 143-nneTa BbipaJKeHHe AnR MllCCOBOrO onepaTOpa CHnbHO ynpomaeTC!a H R3 He

ro nony'iBIOTCR a<l><!>eKTRBHbJe MBCCOBbie <!>opMyllbl, 

0TMeTHM, 'iTO B MaccoBbiX <!>opMynax B cxeMe SU(6) TBKJKe MOJKHO nonbaoBaTbCR 

onepaTopaMH KaanMHpa noArpynn U (n) BMecTo SU(n) ( D = 2,4), KliK 9TO 06bi'i-

17,81 
HO AenaeTCR j TllK, H8llpHMep, 

(C) (2) 
2S(S+1)-C

2 
=C (3)-c< 4>(112), (3.5) 

rAe 
.. 2 

S(S+ 1)" S H 
(C) 17 8/ 

C 
2 

-onepaTOpbi, HCIIOnb3yeMble B ' , a c<2n~~ ),l~n91 
a a 

onpeAenRIOTCR <!>opMynol! ( 2,2), B KOTOpOi! A fjb yJKe RBnRIOTCR reHepaTopBMH 

SU(6) j SU(3) X SU(2) J • KpoMe Toro, HMeeM 

.... .... ... .... ... 2 
IJ, pI= J 2 +P 2-(J-P )I p =U,VIW, (3.6) 

TaK 'iTO aHanorHR co cxeMol! SU(6) RMReTcR nonHol!. 

§ 4. EapHOHHoe npeAcTaaneHHe 

3neMeHT8pHbie 'iBCTRUbl MOryT paCCMaTpHBBTbCR KBK •coCTBBneHUbie• H3 TpHOUOB 

ABYX TRHOB: .paa H !/J aa , 3TH TpHOllbl OTnH'iBIOTCR IIRIIIb 3HllKOM 6apHOHHOro 3llpR-

AB; ace HX KBBHTOBbJe 'iHCIIB, COAeplK8!11ReCR B paCCMBTpHBaeMOi! 3AeCb rpyUIIOBOi! CXeMe, 

COBUBABIOT (KaK y)Ke OTMe'ianOCb, 6apHOHHbii1 3llpSIA Ue BXOAHT B 3TY CXeMy), EapHOHbl 

aa. {Jb. yc 
OIIHCbiBBIOTCR TeH30pOM !/J , CHMMeTpH'iHbiM ITO TpeM liBpHbiM HHAeKCBM, 

T,e, OHH Upoe6paayiOTCR no npeACTBBIIeHHIO 364 , 

Bbl cneAyi0!11IIe TO:>K)leCTBa: 
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B aToM npe/lcTaaneHHH cnpaBeAnH-

M u= 15(Y+ 2Z), 

Mv= 15(Z-Y), 

Mw = 15X, 

c< 12l. ...!§__ 1 

8 

K U> = z'_j 2 + 15 

21 i,u, N
0 

-3(Y +2Z), 

2li.VI=Nv-3(Z-Y), 

.. .. 
2IJ,WI=Nw- 3X. 

(4.1) 

noACTllMRR (4,1) B (3,3), a 3aTeM nony'ieHHblil TBKHM o6p830M peayllbTllT - B (3,2), llpH

XOAIIM K cneayromeMy Bblpa)KeHHIO AnR MBCCOBOrO onepaTOpa B 6apHOHIIOM npellCTllBIIeHilH: 

M A +. BX + CY + DZ + EN· u + FN v + GN w + H j 2 
(4.2) 

rae A , ••• , H - HOBbie IIOCTORHHbie (HBnRIO!I11IeCR nHHer'!HbiMH KOM611HllUIIRMll CTll-

pbiX). 

0KB3biBaeTCR, 'iTO MO)KHO IIOIIY'iHTb COOTHOIIIeHIISI, B KOTOpblX Y'illCTBYIOT TOnbKO 

MaCChi o6bi'iHbiX 6apHoHoB ( c Z = B = 1 ). lfx BOnHOBbJe <!>YHKUHR HMeiOT cneAyiO!I1lli! 

BHA: 

A o = 1/1 ii,u,22 + 1/1 11,13, 22 + 1/1 11,1 a, 2'2 _ 1/1 1i; 18, 2 :._/~·13,2~- 1/112, ta,2l 

:t 
0 

+ 
:t 

11,12,28 
+ 21/l 1 (2 11,12,23 "J3 t/J + 21/J 11,12,23 

sl,ta,22 tt,t"i,22 tt,ta,i2 t2.ta,2t 12,t8,2t 12,1a,:fi 
t/J -1/1 -t/J -1/1 -1/1 - t/J }, 

r;;- 11,11,23 1l,11,2'i li,ta,21 11,13,21 11,13,21 ) 
v 4.-(.21/1 + t/J -.P -.P -.P • 

3 

11 

(4.3) 



- f2 i'2,t2,2a t:a,sa,2a ii, 11,22 12,tl,22 t2,Ja, 2"i 
::£ ~ v-:. < 2.p + "' -.P -.P - "' 1. 3 

o Ji tl,ta,2~ ta,ta,2l t'i,ta.2a u,ti,2a tt,ta,28 
E = "'3(2t/J +.P -.P - .P -.P ), 

__ f2' ii,ta,22 ta,ta,2'2 t2.ta,:u HJ,s'i,2a .t2,ta,2a 
:::. = v-r<2.P +.P -.P -.P -.P >. 

{""'; ll,ll,U 11,11,2'2 li1 l21 21 ll,1ii21 11,12,2l 

p - v ..;,< 2"' +"' - "' -o/1 .• '-.P ) 3 

IT t2:t2,~u t2,12,:il i'i,t2,22 tt,l2,2:a tt,t2,2~ 
o =v.;-<2tP + "' -.P -.P -.P J, 

3 

/).0 1i,t2,12 11,12,12 

= "' 
+ 21/J 

(4,3) 

+ 11,11,12 11,tt,t2 
/). = 21/J + "' -++ 13. 11,11,11 
/). 

= "' ' 
/). = /3 .Pi2,u,u 

t"i,12, ta tt,t'2,ta 11,12,1 a 

::£• 0 = .[2 (o/1 +"' +"' >, 
*+ 

::£ 
11,11,13 ll,tt,l3 

21/J + "' 

::£•-
12,12.13 12,12,13 

2,P +"' 
a *o = "'ii,u,u + 21/J ll,la,ii 

a- = "'12,1a,u + 2"' 12,18,,-; , 

n- = J3"' 13,11,11 

/3/ 
T,e, nrrSI BC9X HBX a, b 1 C = 1 ,2,3, 3necb, KHK H B , BOITHOBbie iflyHKUSIH 'IHCTHU HOpMHpO-

a'&,{3b,•)'o 
B8Hbi H8 enBIIHUy, 8 tP HOpMBpOBHHbi YCITOBBeM 

;;;.,flb,yo 2 1 {3b yo 
ti.P II = -0+5 ' >· (4.4) 

6 

Ecnu C'IHT8Tb II p83ITH'IHbie CITHHOBbie COCTOSIHHSI K8)1{110l! H3 18 'IHCTHU (4,3), TO Mbl nony-

'IHM acero 56 cocTOSIHBil ( npeo6paayromuxcSI no nenpaaonaMoMy npencTasnenaro rpynnhl 

SU(6):::> SU(3) x SU (2 )J ) 

:me 6apBO!IOB C Z =-B = - 1 

HapSiny c HBMH B npencTaaneaae ~ axonaT cTorrbKO 

Hx aonaoBbie ¢YHKttBB nonyqeroTCSI ua (4,3) aaMeimll 

1,2,3 4,5,6, ¢>B3B'IeCKH 3TH HOBbie oapHOHhl OTITH'I810TCSI OT OObi'IHhlX ITHllib H3M9HeaneM 

aaaKa y Y H Z , noaToMy nx Mo:mao aaaaaTb 'aepKarrbHbiMB'. Mbi 6yneM o6oaaaqaTb 

15apHOHhl aepKarrbHbi9 K OObi'IHhiM TeM :me CHMBOITOM
1 

HO CO 3H8'1KOM caepxy. Torna 
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aaweaa 1,2,8-4,5,6 npaaonaT 1t cnenyJOmel! aaweae oonaoBhlx ¢yBJtllBll: 

Ao .. ,\+·, ::£- .. fo ,::Eo .. i_+,::£+ .. I,++; 

,_- ~+ _o ;:!++ 
::::: -+~ ,1= .. = "' ,. p-+p,n-+n, 

!'!.- .. A-, l'!.o .. Ao + ,. ++,. 
/). .. /).+ , /). ... !).++ (4.5) 

::£*-· .. I_•o· , ::£ •o .. f.*+ , .::£•+ .. I,*++, 

-·*- ;!. *+ - *O :! *++ n-·· -:.. ++ ::.: .. ::.· ' ::.· ... =· ' u ... u • 

npBHHMHSI BO BHHM8BBe0 'ITO B paCCM8TpHB8eMblX nByX Cny'ISSIX BMeeM IIHOO a,b,c =1,2,3,nnf5o 

a,b,c = :4,5,6 0 Mbl npBXOllHM K ynpomeHBIO iflopMynhl (2,5) - B nonnpocTp8HCTB8X OObi'I-

BhlX B aepJtHnbHhlX 08pHOHOB BMeCTO ( 2,5) HMeeM 

.. 2 (2) . (2) 
21 = K (1,2) + K (4,5). 

Aaanoraqao, nonb3ySicb ( 2.3) , aaxonnw 

X = -· YZ 

CooTHOllieHBSI (2,3) 1 (2,10) 1 (3,4), (4,6) H (4,7) UpHBOnSIT It paBeHCTB8M 

Nu 

NV 

Nw 

9 .. 2 .. 2 
(-+5YZ+ 21 2 -~Y + 2J ).Z 

2 

( .2 - 5 YZ - 2i 2 + ~ Y 
2 

+ 2j2 ) Z 
2 

3 2"- 5 YZ 2j2+ ~Y2+ _1j'2 
3 

(4.6) 

(4.7) 

(4,8) 

(KoHe'IHO, BCe 9TH TO:mtteCTB8 HMeiOT MeCTO rrHWb B ynoMSIHYTbiX nonnpoCTpaHCTBaX , B JtO

TOpbiX z ='!:_ B ). noncTaBIISISI nonyqeBHble peaynbT8Tbl B (4,2),,B ItOHe'IHOM C'leTe npuxo

nBM K cnenyiOmeMy Bbipa:meHHIO nnsr Maccoooro onepaTopa B paccMaTpHaaeMoM cnyqae: 

+ +" +" .. + .. 2 
M = M ; + M ;-·v + M ;(I ~% Y 

2 
) + M ;-'J (4.9) 

+" 
rne M 

1
-·, i = 0,1,2, 3 - HOBbie ITOCTOSIHHbie ( nu...:el!Hbie KOMOBH8ttHH CT8pb!X), OTHOCSIIDHeCSI 

13 



11: cny'IBHM Z • t. B • liTaK, lliiH o6bl'IHbiX 6apuonoa nony'laBTcH TaKoA JKe uaccoBwl one-

17,8/ 
paTop, 11:811: H B CX9M9 SU(6) , TSK 'ITO H3B9CTHb19 MaCCOBb19 <jlopMyllbi OCTSHYTCSI B 

CHII9 H 3ll9Cb, Eonee TOro, D3 (4,9) BbiT9K89T, 'ITO lliiSI 39pKan&HbiX 6apHOHOB 6YllYT DM9Tb 

M9CTO 8H8110rH'IHb19 <jlopMyllb10 nOJI}''I89Mb19 D3 <i>opMyn· lliiSI 06bl'U!biX 6apHOHOB 38M9HOft 

(4,5). 

Mbi He 6yll9M 38HBM8TbCSI 3ll9Cb HCC119llOBaHH9M OCT811bHbiX 252 6apHOHHbiX COCTOSIHHII, 

BXOllHUIDX B npellCT8BII9HH9 364 , a TaKJK9 <jlopMyn, CBSI3biB810UIHX MSCCbl 06bl'IHbiX H cynep-

38pHlK9HHbiX 6apHOHOB (c TaKOrO pollS <i>opMynaMH B M930HHOM CIIY'I89 Mbl BCTp9THMCSI B 

cnenyiOmeM naparpa<jle). 

§ 5, Meaoaaoe npencTaBneHHe 

MeaoHbi npH'IHCIIHIOTCH K npencTaaneHHIO 143, no KOTOpoMy npeo6paayeTcH Teaaop 

/3/ 
c uyneBbiM wnypoM. Cornacuo , STO npencTaBneuHe HMeeT cneAyJOmee conepJKa-

a a 

'P {jb 
aae no nonrpynne Sp (6) x SU (2) C SU (12) : 

143 - <H.L> + w.v + w.:t> + <u&l + u.;v 
llepBblft 14-nneT COA9plKHT OKT9T 06bi'IHblX nC9BllOCK811SipHbiX M930HOB ( 11 

8 BTOpOf! 21-nne.T COll9plKHT HOH9T 06bl'IHbiX B9KTOpHbiX M930HOB ( ·p 0 K* 

(5.1) 

K ' 71 ), 

"' • ¢ ) ; 

STo cnenyeT H3 paanoJKeHHH 14-nneTa H 21-nneTa ua uenpHBOllHMble npeAcTaaneHHH nonrpyn

nbi SU(3) C Sp (6) : 

1.!•§.+§.+§.* g! - (§. + l. ) + §. + §. •• (5.2) 

MoJKHo noKa3aT&, 'ITO a npencTaEineaHH 1 43 cnpaaennHBbi cneAyJOmHe ToJKAeCTBa: 

N p- lHI P , P = u,.v,·w 

(12) 

c = 12. 
(5.3) 

... .. 1 ... 
IJ. p I - - J 2M • p = U, V,W 12 p 

llollCTSBIIHH (5,3) B (3,3), a 38T9M nony'I9HHblf! TBKHM o6p830M peaynbTST - B (3,2), 

llpHXOilHM K C119il)'IOUI9MY BblpaJK9HHIO lliiH onepaTopa KB81lp8Ta Mace M930HOB: 

2 (I) -+ ... 2 -+ ~ 
m ='m 2

0 
+aK + f3J 2 + (a +b J )M +(a +b J 2 )M +(a +b J )11,{5,4) 

u u u v v v ww w 

rne m O 0 a 0 {3 0 a p 
0 

b ~ 
0 

p • U 
0 

V 
0 

W - HOBble noCTOSI'HHbl9 (nHH9liHb19 KOM6HHallHH 

CTapbiX) ; 3ll9Cb Mbl Y'IIIH, 'ITO B CHIIY paaeHCTBa Mace 'laCTHil H aHTH'IaCTHil KOacjl<jJHilH9HTbl 
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nepell nepBbiMH CTeneHSIMH reHepaTOpoB ( T,e, nepen X , Y 1 Z ) AOIIlKHbl HC'193aTbo 

KpoMe Toro, KaK nerKO IIOK83aTb, B npellCT8BII9HHH 143 cnpaB9AIIHBbl AB8 AOnOIIHHT91lbHbiX 

TOJKil9CTBa: 

II w = 6C(t) (3,6)-16 --3C<
8
>(1,2,4,5)+ 32. 

(5.5) 

<l>opMyiiS (5.4) 0 TaK JK9 KSK H COOTB9TCTBYIOUI8ll <i>opMyna llllll KBanpaTa MSCC .M930-

/7/ 
HOB a cxeMe SU(6) , oKa3biBaeTCSI Manos#eKTHBHoft Ha-aa 6on&moro 'IRena nponaBOn&-

)lbiX noCTOSIHHbiXi npH aTOM, KpOM9 IIHH9ftHbiX COOTHOW9HHII. M9JKAY KBHllpSTaMD Mace M930-

HOB1 HM910T M9CTO eme KB8llp8TH'IHb19 H Ky6H'IHb19o llpHB91l9M B K8B9CTB9 npHMepa llBa IIH-

H9ftHbiX COOTHOW9HHSI: 

11+!!; + 6(71 +(+t/1 )=10(K+!), 

·p+·e,+ 6(x +c.>+¢ )=10(K*+!* ). 

(5.6) 

CHMBOII '18t:THilbl 3ll9Cb H B aHanorH'IHbiX <i>oPMY118X B llHnbHeftmeM OTOJKA9CTBIISI9TCSI C 

KB8ApaTOM ee MSCCbl (OTHOCHT911bHO 0603H8'19HHJI M930HOB H3 npellCT8BII9HHSI 143 CM, 

Ta6iiHilY 1 ), t{To6bl COKp8THTb 'IHCII'O H~38BHCHMbiX nOCTOSIHHbiX B (5.4), Mbl nOCTY11HpyeM1 

'ITO MaCCOBblll onepaTOp ll011JK9H 6h1Tb llHaroHSIIbH~IM no <jJH3H'I9CKHM '18CTH!l8M0 KOTOpbie Mlil 

onpeA911HM (B M930HHOM npellCTaB119HHH ) KHK co6cTB9HHb19 not:~npOCTpaHCTB8 CII9AYIOUIBX 

ll9BSITB Oll9paTOpoB: 

.. 2 ... 2 (Sp) (f) (4) (8) 
I a' Y, Z,J = J ( J + 1) , .I = I (I + 1), K , K , C (3,6), C (1,2,4,5). 

KaJKAoe uaaapHaHTHOe nonnpocTpaHCTBO aTHX onepaTopoB B npencTaaneHHH ~ (2J+ 1).,. 

M9pHO, llpH'19M pa311H'IHbl9 B9KTOpbl B OllHOM not:~npOCTpaDCTBe COOTB9TCTBYIOT OllHO.ll H 

Toll liC9 'ISCTH!le c paaHbiMH npoeKilHHMH cnuHa J 1 • Tax KSK llllll acex Meaonoa 

TO B paCCMaTpDB89MOM Tenepb CIIY'I8~ H3 ( 1,2), ( 1,3) H (1,4) BbiT9K89T 

1 3 • Q-%S, Y=S-.1.D, Z=-..2..0 
3 3 

cornacHo (5.5) HMeeM eme 

(S) (4) 
C (1,2,4,5) = 16-·2C (3,6). 

B • 0, 

KpoMe Toro, aHa'leHHll oneparopoa KaaHMHpa K(Sp) H K(e) onpenenHIOTCll paaMepnocTbJO 

n nenpHBOilHMoro npencTaaneHHH rpynnbl Sp(6) KOTOPOMY llpDHHilneJKHT naHHblll Me-

30Ho llonb3yHCb BC9M STHM0 Mbl MOJK9M 3allaTb B9KTOp COCTOSIHHSI III060ll 'laCTHilbl H3 npell

CTaBII9HHSI 11§. Cll91lYIOUIHM o6paaoM: 

:(j, J
8

; Q ,S, D ;I, n, c<'>(3,6)•> 

B Ta6nnne 1 npnaeneHbl 3Ha'leHHll aenH~H S D n c<''<3.6) nnll 

nC9BilOCKaiiSipHblX H B9KTOpHbiX M930HOB H3 np9llCT8B119HDSI 143 (CHMBOIIbl '18CTHil COriiSC0-
/1/ . . 

B8Hbl C 0603H8'19HHSIMH B pa6oTe ), 
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~HM-
BOll 
'I8CTH• 
llN. 

3T 

\( 

R 
11. 
:rr' 
K'. 

"jf' 

K' 
Jr. -
K -R 
~ 

c 
'I' 
l' 
K' ,.... 
ll'' 

3t' ,... 

K' ,..., 

if' 

Ta6nuua I 
KBaaTOBbiO 'IRena MeaoaoB ( DpeitcTaaneuue 

llCOBilOCXanHpBNO M030BW Cuu-
BOll 

s D I 1\ CN(~,,) 
'I8CTH- s llW 

.. 
0 0 1 "" 0 ~ 0 

'\ 0 v~ 1'1 '1 K* 1 

-1 0 "'~ 
1'1 '1 K* -1 

0 0 0 1"1 16/J w 0 

0 1 0 i'f 0 ; 0 

1 1 f/2. 1'1 '1 
~· 0 

0 -1 0 t'f 0 K*' 1 
-1 -1 v~ t'f l.f ;' .:l, 

o. 0 1 21 0 'f' 0 

1 0 1/J. .tt '1 K*' -1 

ill. 

BexTopaNo Meaoaw 

D I 1\ c('f><~,&) 

0 1 J.1 0 

0 1/2 ~1 '1 

0 'It- ~1 "' 
0 0 .21 0 

0 0 21 g 

1 1 J.1 0 

1 1/;. .tt 'f 

1 0 .tf 8 

-1 1 1f 0 
_, 

v~ ~' 'f 

..::1 0 tfi .%'\ '1 "/' -.2 
_, 

0 21 g 

0 0 0 2.1 0 
~ 0 0 1 1'1 0 
...., 

0 0 0 21 8 K.~t- 1 0 'tt t'f 'I ,.., 

0 1 1 2.1 0 R* -1 0 1/1_ f'f If -X 0 0 0 1'1 ''Ia 
1 1 'I<- 21 ~ ~I 0 1 0 1'1 0 ....., 
~ 1 0 .2.1 A K*' - 1 1 1/.t 1'1 'f 
0 -1 1 .2.1 0 ~I 0 -1 0 I If 0 -

-1 -1 ''~ ~1 ~ K*' 1 -1 1!2. 1'f '1 -.. 
-1 -.t 0 21 & H 0 0 0 1 16/3 

I 

Uenecoo6paaaocTh BKniD'IOBHH onepaTopa C('~J.6) B CHCTOMy xapllXTOpHCTBX 'lllCTBil on-

paBilblBaOTCH TOM
1 

'ITO C OI"O IIOMOI!lhiD IIOny'laOTCH llpaBHIIhBOO pa31lOIIOHHO . $H3H'IOCXHX <l> 

B cp , a TaK~e aualloi"B'IHOO paaneneuue nnH ux auanoroB ( u ~ cpenu IICOBilocxa-

nHpBNX M030HOB. 3aMOTBM 1 'ITO B BN6paBHOJ! BaMB CBCTOMe xapaXTOpBCTHX M930HOB 
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.. 2 
Henh3H BKIIIO'IBTh S IIOTOMY 'IT0 1 KaK aTO y~e OTMO'I8l!OCh (§ 2), S2 

eTc K(Sp) , T,e. S2 
CMOWBBaOT COCTQHHBHo llpBBanne~al!lBO pa3IIH'IHNM 

MYIIbTBIIIIOTaM; KOHO'IH01 TO lKO C8M00 MOlKHO CK838Th B 0 (] - S ) 2 
• 

Be KOMMYTHpy-

Sp(6) 

Te11eph HOTPYIIHO llpoBepBTh1 'ITO MaCCOBblll OllepaTOp (5.4) nuai"OHaneH no !jJB3B'IOC

x/ 
KHM 'IaCTBilaM TOI"IIa B TOIIhKO TOI"IIa, KOI"IIa 

a = a = u v b ~b ~o. u v 

3TO CIIOIIyOT1 HallpBMep, 113 COOTHOWOHBJ! 

<'II m 
2 
I(> = 32JJ a , 

u 

.<1Jim 2 I.P ·>=-·32/6a , 
v 

<xlm21"'> = 32/3(au+2bu), 

<xlm
2

1¢>=-32.[6(a +2b) v v 

(5.7) ' 

(6) .. 
(onepaTOphl K 1 J 2 

H MW IIBai"OHallhHN). 0KOH'I8T011hH01 H3 (5.4) B (5.7) IIOIIy'Ia_. 

eM cnenyromyiD cjlopMylly nnH Macconoro onepaTopa B MeaoHHOM npencTaBneuuu 143: 

m2= 2 <6> .. 2 . ' .. 
mo+aK +flJ +(aw+bwJ2)Mw (5,8) 

·I 

/61 
J1a (5.8) BbiTeKaiDT H3BOCTHbiO COOTBOWOHBH MOlKIIY MaccaMH M030HOB H3 35-nneTa SU(6) ·: 

. * 
31] +rr =4K, cp+p.=2K , 0=p (5,9) 

H aaanOI"H'IHbiO. paBOHCTB8 IIIIH IIOKa 'ITO He o6aapy~OHHhlX Ha OllblTO cynepaaJ!TpallhHNX 

M030HOB: 

3x +e = :4~* , !#+'!.= 2~ ,(=!!, ( 5.10) 

a TaKlKO paBOHCTBO M8CC cynepaapH ~eHHhlX H cynepaeltTpanhHblX M930HOB C OIIBH8KOBhlMH 

J u c<'>(3,6)': 

fT=tt'r=!!=!!' (=(), K=K'~~= ~·, !#=!#', 

p=p'=p=p' (=OJ), K*=K*'~ ~* =~*'·, ¢=¢'·· (5.i I) 

x/ 
0TMOTHM, 'ITO onepaTopbi M u u M v MOI"yT 6biTh npencTaBneHbl B aune o6paTHMbiX 

IIHHeliHbiX J\OMDHHauull onepa;I:OJLQB Am (21,1) u Am (21, 8 ) , ucnonh3yeMbiX B/ II, Tax 'ITO, 
cornacao (5.4), paBeHCTBa (5,7) sxauaaneH~bl paaeacTBaM ISm (21,1) = 0 n Am(21,8)= 0, 
C IIOI\401llhiD KOTOpbl X BbiBOIIRTCH MaCCOBbiO <jlopMyllbl. i/ 1/ • 
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Te us pasencTB, xoropLre cssrabtBaiOT 'laCTUIIhl oaaoro Sp(6) -M:yn&TBIIJieTa, cosiiaaaroT 
III . 

c pasencTsaMu, II01I)"'ennLrMu B , 3aMeTHM, 'ITO IIpaau.rro uaTepsanoa K*-p. K - rr 
17,81 

Tax JK8 xax II B CJI)"'ae CX8Mbl SU (6) , IIOJI:y'la8TCSI .rtBm& !Ipll HOXOTOpOM llOIIOJI-

HHTe.rt&HOM 1Ip8.[liiOJIOJKOHIIU OTHOCUTOJILHO XO~IIIIIIOUTOB B MaCCOBOM OIIepaTope (5,4) (a 

,HMeaHo, np11 bw·= 0 ). 

HeCMOTpsr Ha COOTB8TCTBH8 C 1Ip8.Qblll)'mUMB pa5oTaMH, aa Bam B3rmra, li8JI.b3SI CHHTaT& 

ll01I:y'IOHHhl8 MaCC0Bbl9 <jlopM)'Jibi llJISI M830HOB Bll01IH9 )'08.[(BT9JI&llblMH, ne.rro B TOM, 'ITO B 

1JopM:y.rre .(5,8) HOT 3aBHCHMOCTU OT OII8paTOpa Ka3HMHpa rp:yllllbl Sp (6) , a 3aBUCHMOCTL 

OT .U30CilUBa nHm& 'laCTU'IliO )"'UTblBa8TCSI OIIepaTOpOM C(C)(3,6) , 3aC.rt)'JKUBa8T BliHMaHUSI 

)''leT BK.rra.Qa noc.rre.Q:yromux unaapuaaTBhlX (oTaocuTenr.ao SU(2) , SU(2) , U(l) 
. .1 • I . y 

, U(l)z ) 'IJI8HOB0 BXOllRmBX B llp8.QCTaB.rt8HHH 4212 lr 5!!40·, B 'laCTHOCTU, HHBapBaHTablX 'IJIQ-
(IU) (COG) ) 

HOB Tuna M<+> u M (cp~ § 3 , npeo5paayromnxcsr no IIpeacTaanenusrM (1,1), 
- <t.J --

(14,1) H (.aJ,l) rp)'llllbi ,Sp(6) X SU(2) , 3aMeTHM0 XCTaTu, 'ITO BBB8pHaliTHhle '11I8Hbi 
(I) (U) .1 

Tuna M<"!;!, u M<±> IIpeo5paayroTcsr BMenHo no STHM npeacTaBneaunM, 

B 3ZIKJIIO'Ienue aBTOphl BbipaJKaiOT ucxpeHHIOIO 5naroQapaoCTr. B.a.· CTpyMHacxoM:y, coa

MecTao c xoTopbiM 5Lmo aa'laTo aacTosrmee ucc.rreaoaaaue 11 o5cyJKQa.rrcn. psrQ aonpocos, a 

TaKJKe P.T. neaqes:y sa no.rresnyro llHCX)'CCUIO,. 
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