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I. BBEAEHHE 

06"'be,QI1HeHHble MO,Qenl1 3neMeHTapHbiX 4aCTI14 OCHOBbiBaiOTCR Ha 
Bb160pe rpynnbl BHyTpeHHe~ CI1MMeTpl111, KOTOpaR O,QH03Ha4HO onpe
,QenReT BI1,Q TOnbKO Kanl16poeo4HbiX e3ai1MO,Qe~cTBI1~. OcHOBHbiM npe
nRTCTBI1eM Ha nyTI1 nOCTpOeHI1R peani1CTI14eCK11X MO,Qene~ R8nReTCR 

TO, 4TO Xl1rrCOBCKI1~ cneKTOp TeOpl111 0 onpe,QenRI0~11~ He06XO,QI1MYIO 
rpynnoeyiO CTPYKTYPY 8aKyyMHOrO COCTORHI1R, OCTaeTCR HeO,QH03-
Ha4HbiM. Teop1111 TeXHI14BeTa /l/ TaK*e He MOryT peWI1Tb npo6neMbl 

B 4enOM. 
O,QHaKo MeTo,Q, pa3BI1Tbl~ e pa6oTe 12~ pacKpbleaeT e,Q11HYIO npl1po

AY Kanl16pOB04HbiX 11 Xl1rrCOBCKI1X 4aCTI14 11 CB060,QeH OT ynOMRHy
TbiX eblwe TPY.QHOCTe~. HapyweHI1e CI1MMeTpl111 npo11cxo,Q11T ,Q11HaMI1-
4eCKI1 cne,Qyi0~11M o6paaoM. Bb16op HeKoTopo~ npocTo~ rpynnbl BHYT
peHHe~ CI1MMeTpl111 npi1BO,Q11T K o6pa30BaHI110 Kanl16pOB04HbiX 11 Xl1r
rCOBCKI1X none~ KaK KOnneKTI1BHbiX B036Y*,QeHI1~ Kl1panbHbiX cni1HOp
HbiX none~, peani13YI0~11X <!lYH.QaMeHTanbHOe npe,QcTa8neHI1e I!_*. Bbi-
411CneHHbl~ 3<!J<!JeKTI1BHbl~ nOTeH411an Xl1rrCOBCKI1X 4aCTI14 onpe,QenReT 
HeCI1MMeTpi14HOe 8aKyyMHOe COCTORHI1e, nOHI1*a.ll 11CXO,QHYIO CI1MMeT

pl110 ,QO HafiniO,QaeMO~. 
Cor nacHo 131 Kanl16poB04Hble nonR B03HI1KaiOT e npRMOM npol13ee

,QeHI111 ~x~*11 peani13YIOT npi1COe,QI1HeHHOe npe,QCTaeneHI1e Bbl6paHHO~ 
rpynnbl. non.ll X11rrca CO,Qep*aTCR B CI1MMeTpi130BaHHOM npOI13Be,QeHI111 
(n X n) • 0,QHaKO 113BeCTHO, 4TO MaCCOBbl~ 4JleH <!JepMI10HHOrO nonR 

TC»~e- n
8
peo6paayeTcR no npe,QcTaeneHI110 (n x n) 141 11 no3TOMY np11 

- - 8 
HapyweHI111 CI1MMeTpl111 <!JyH,QaMeHTanbHble nOJl.ll C Hel136e*HOCTbiO CTa-
HOB.IlTC.Il MaCCHBHbiM11. TaK KaK /nce8,QO/ CKanRpHble nonR CO,Qep*aT
C.Il ni1Wb B (n X 0) , TO ,QnR nony4eHI1.11 peanHCTI14eCKO~ MO,Qenl1 

- - s 
He06XO,QI1MO BblnOnHeHI1e ,QBYX YCI10BI1~: 

a/ pa3nO*eHI1e npOI13Be,QeHI1R (n X D ) ,QOn*HO CO,Qep*aTb, KaK 
- - 8 

MI1HHMyM, ,Q8a Henpi1BO,QI1MbiX npe,QCTa8neHI1R, aCC0411HpOBaHHbiX 
C MynbTI1nneTaM11 Xl1rrcOBCKHX none~, ,QnR ocy~eCTBneHI1R Hapywe
HI1R CI1MMeTpl111 HaWe~ rpynnbl 8 ,Q8e CTa,QI111 8 COOTBeTCT811H C rH
noTe30~ eCTeCTBeHHOrO OT60pa/61&•; 

& Ami opToroHanbHbiX rpynn HcnonbayeTcn cni1HOpHoe npe,QcT.:isne
HI1e. 
**3TOMY ycnOBHIO ~,QOBneTBOpRIOT OpTOrOHanbHble H 11CKJli04HTenbHble 
rpynnbl. 
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6/ noM~Mo Toro, 4TO eaKyyMH~e cpeAH~e x~rrcoecK~X none~ 
Aa~T Macey HeKOTOp~M $epM~OHaM, OH~ AOnmH~ e~e o6ecne4~Tb 
He06XOA~MOe HapyWeH~e Kan~6pOB04HO~ rpynnbl. 

3aMe4aTenbH~M RBnReTCR TOT $aKT, 4TO MOAenb, nOCTpOeHHaR 
Ha ~cKn~4~TenbHO~ 11 KcepoKcHoi1 11 rpynne E6 , RenReTcR M~H~Manb
HO~ YAOBneTeopR~~e~ nocTaeneHH~M e~we ycnoe~RM a/~ 6/. 
06cyl!(AeH~e :noro $aKTa ~ RBnReTcR 1..1enb~ AaHHO~ pa6oTbl. 

II. JlAfPAHliU1AH TEOP~H1 11 CnEKTP COCTABHbiX 4ACTI1U 

B Ka4ecTee <!>YHAaMeHTanbH~X none~ Teop~~ Bbl6~paeM MynbT~
nneT nee~x cn~Hopoe, pean~3Y~~~x $YHAaMeHTanbHOe npeAcTaeneH~e 
27 rpynnbl E6. Ha~6onee o6~aR $opMa 3an~c~ Es ~Heap~aHTHOro nar
paHll<~aHa C 4-$epM~OHHbiM B3a~MOAei1cTB~eM ~MeeT B~A 

f= Sp[N* 'i,YN]- AOSpi[N *,yJ.I N] X [N*' /'N]I.. /2.1 I 

TaK KaK npo~3BeAeH~e 

Z"/ X 27 = 27: + 351 
8 

+ 351 ~ /2.2/ 

He COAepm~T c~HrneTa no rpynne, Maccoe~~ 4neH e narpaHm~aHe 
/2.1/ OTCYTCTByeT ~ narpaHm~aH 3~eKT~BHO 3aB~C~T n~Wb OT 
OAHO~ KOHCTaHTbl CBR3~ Ao :. 

$yHAaMeHTanbHOe npeACTaeneH~e 27 pean~3yeTCR B B~Ae MaT
P~LI~ /3x3/ anre6p~ Po3eH$enbAaH;;np~4eM 

N ij = N Ji , /2.3/ 

rAe 4epTa o603Ha4aeT onepa1..1~~ ~Heon~l..l~~ Ha anre6pe K3n~ c~cTe
Mbi.OKTae. B pac~enneHHOM 6a3~ce anre6pbl K3n~ $YHAaMeHTanbHOe 
npeAcTaeneH~e ~MeeT B~A 

N = M u ~ + M u 0 + K au: + N au a, /2.4/ 

4TO COOTBeTCTByeT pa3nomeH~~ E6 no MaKC~ManbHO~ nOArpynne 
SU(3) x SU(3) x SU c (3). TaK~M o6pa3oM, npo~3eonbHaR KOMnneKcHaR 
MaTP~I..Ia M npeo6pa3yeTCR no npeAcTaeneH~~ (;!. !!_ *, !.. c), a aHT~C~M
MeTp~4H~e KOMnneKCHble MaTP~LI~ Ka ~ Na- no npeACTaeneH~RM 
(3 *, 1, 3 * ) ~ (1, 3, ·a ) COOTBeTCTBeHHO. 3TO np~BOA~T K - --c ---c 
cneAY~~eMy OTOI!(AeCTBneH~~ 3neMeHTOB MaTP~'-1: 

( 
c -) ( c c) ( ) 

N E e 0 ~ -da 0 -D a d a 
c c c /2.5/ 

M= E+Ncv 8 ,Kct= -D~ Ocua ,Na .. DaO -ua 
e v8 L da -ua 0 -d a Ua 0 

0TMeT~M, 4TO HapRAY C o6bi4H~M 
SU(5) noRenR~TCR HOBble: L(O,O) 

CeMe~CTBOM 4aCT~LI !+~*+10 no 
- c~HrneT no 80(10) ~ nRT~nneT 

N( ~, 0), E (- ~ , -1), D a (0,- ~ ) C aHT~nRT~nneTOM Nc(- ;,o) , 

2 

( 
~ 

~ 

•'r; 

;j; 

Ec( ~' 1) ' ~c(O, ;) no SU(5). npeACTaeneH~e (~ • .!;!) COOTBeTCTereT 

pa3nomeH~~ SUw(2) xU g(1). 
4T06bl BOCnOnb30BaTbCR KaKO~~n~60 $OpMO~ Teop~~ B03My~eH~~ 

1 /no KOHCTaHTe CBR3~, tf- pa3nOI!(eH~e ~ T.n./ AnR ~3y4eH~R Bbl-

pOmAeHH~X C~CTeM, KaKO~ RBnReTCR C~CTeMa, on~CbiBaeMaR narpaH
m~aHOM /2.1/, cneAyeT npemAe ecero CHRTb BblpOmAeH~e. AnR 
3To~ 1..1en~, cneAYR H, H. 6oron~6oey 17~ Heo6XOA~Mo nocTpO~Tb ••an
npoKc~M~PY~~~~ narpaHm~aH 11 • 3TO AOCT~raeTCR nyTeM BBeAeH~R 
KonneKT~BHbiX nepeMeHHbiX nocne aHT~C~MMeTp~3al..l~~ 4neHa B3a~Mo
Ae~cTB~R B /2,1/ /eM. AeTan~ 8/S// ~ np~BOA~T K cneAY~~eMy 
cneKTpy KonneKT~BHbiX B036ymAeH~i1: 

a/ eeKTOPHble nonR, noRenR~~~ecR e NN >~~.KaHane, KOTOPble pea
n~3Y~T np~coeA~HeHHOe npeACTaeneH~e 78 rpynn~ E 6 .~rpa~T ponb 
Kan~6poe04H~x none~; --

6/ ~3 /2.2/ cneAyeT, 4TO eNN-KaHane x~rrcoecK~e nonR ac
COI..I~~PYIOTCR C ABYMR Henp~BOA~MbiM~ npeACTaeneH~RM~: 27 ~ ~ 351 
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III. CnOHTAHHOE HAPYWEHI1E KAJ1116POB04HO~ CI1MMETPI111 

CornacHo aHan~3y, npoAenaHHOMY e 161 oTHOC~TenbHO cnot-ifaHHo
ro HapyweH~R rpynn~ E

6
,MomHo 3aKni04~Tb, 4TO cy~ecTeyeT B03Mom

HOCTb nOH~meH~R C~MMeTp~~ ~CXOAHO~ Kan~6pOB04HO~ rpynnbl AO 
11Ha6n~AaeMo~ 11 SUc(3) x UQ{1) np~ ~cnonb3oeaH~~ ABYX MynbT~nneT<)e 
X~rrCOBCK~X none~: 27* ~ 351 • 3TO npo~CXOA~T 6nai"OAapR TOMY, -s -s 
4TO npeACTaeneH~e 351 8 COAePM<HT KaK 1Q no SO(lO), HapywaiO~~~ E6 
AO SU(5),TaK ~ 24 no SU(5}, np~BOAR~~~ K rpy~ne SUc(3) xSUw<2)xl:ly(1). 
BTopaR CTaA~R HapyweH~R OCy~eCTBnReTCR 27~· np~4eM MaCCbl, 
np~o6peTaeMble $epM~OHaM~, COOTBeTCTByiOT-r~nOTe3e ecTeCTBeHHOrO 
OT6opa. 

0AHaKo Haw MeTOA nony4eH~R 3~eKT~SHoro narpaHm~aHa B3a~Mo
Ae~CTB~R KonneKT~BHbiX none~ OAH03Ha4HO onpeAeneH. Bee KOHCTaH
T~ Teop~~ oKa3biBaiOTCR CBR3aHHbi.M~ .• OcHOBHY~ ponb np~ 3,TOM ~rpa
eT npo~3BOAR~~~ $YHK1..1~0Han AnR ¢lYHK1..1~~ fp~Ha, BblpameHHbl~ 4epe3 
$yHKI..I~OHanbHbli1 ~HTerpan no KonneKT~BI;ibiM nonRM: AnR ero. Bbl4~cne
H~R ~cnonb3yeM MeTOA nepeeana. To4Ka nepeeana onpeAenReTcR ~3 
peweH~R ypaeHeH~R CTai..I~OHapHOCT~ AflR $yHKI..I~OHana Ae~CTB~R no 
KonneKT~BHbiM nonRM, KoTopoe ~rpaeT ponb ypaeHeH~R KOMneHCal..l~~ 

6oron~6oea, ~ ycnoe~s:~ 3HaKoonpeAeneHHOCT~ Maccoeo~ MaTpHJ.4bl ; 
KonneKT~BH~X none~. HeTp~e~anbHOe peweH~e 3TO~ c~cTeMbl onpe
AenReT HeC~MMeTp~4Hbl~ eaKyyM TeOp~~ /S~.Aame He ~MeR nOAP06HbiX 
pac4eTOB, no np~BeAeHHOMy BbiWe MeTOAY MOmHO yKaSaTb HB BbiAeheH
HYIO ponb rpynnbl E6 AnR nocTpoeH~R nocneAOBaTenbHo~· pean~cT~4ec
KO~ 06beA~~eHHO~ TeOp~~ B paMKaX A~HaM~4eCKOrO HapyweH~R C~M
MeTp~~, 4TO ~ RenReTCR Hawe~ nepeoo4epeAHO~ 3aAa4e~. Han~4~e 
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HOB~X 4aCT~~ B MYflbT~nneTe ~YHAaMeHTaflbH~X cn~HOP.OB HanOM~Ha
eT C~Tya~~~ B Teop~RX C o6o~eHH~M TeXH~~BeTOM /g~.0AHaKO yc
flOB~R a/ ~ 6/ BO BBeAeH~~ OAHOSHa4HO onpeAeflR~T ew6op rpynn~ 
E6 e Ka4ecTee M~H~ManbHO~ o6naAa~~e~ HymHWM~ ceo~cTeaM~. H~ 
SU(5)-, H~ 80(10)- rpynnw,eKR04a~~~e MYflb~~nneT o6~4H~x 4aCT~~. 

He np~BOART K pean~CT~4eCKOH MOAen~. 

IV. KAnH5POB04HAR HEPAPXHR H nP05nEMA nOKOnEHH~ 

Bee npeA~AY~ee nocTpoeH~e 6wno ~en~KOM ceRsaHo c aHan~soM 
BOS6ymAeH~H, OTBe4a~~~X 6~n~He~HWM KOM6~Ha~~RM ~YHAaMeHTanb
H~X cn~HOpOB, 0AHaKO C TOH me CTeneHb~ OAHOSHa4HOCT~ MOlKHO 
paccMaTp~BaTb ~ B~CW~.e BOS6YlKAeH~R ~YHAaMeHTanbHWX cn~HOpOB, 
4TO np~BeAeT K 06paSOBaH~~ COCTaBH~X ~epM~OHOB ~ 4aCT~~ CO 
cn~HOM ABa, KpoMe TOr0 1 cy~eCTByeT TeOpeMa/lO~ cornaCHO KOTO
po~ ~YHAaMeHTaflbH~e cn~HOpW ~S TeOp~~ HC4eSa~T. ~eTaflbHOMy 

o6cymAeH~~ 3THX eonpocoe 6yAeT noceR~eHa cneAY~~aR pa6oTa, 
3AeCb M~ flHWb yKalKeM, 4TO MOlKeT AaTb y4eT B~CWHX BOS6Y~AeHHH 
AnR peweH~R npo6neMw noKoneH~H. 

KaK 6yAeT noKasaHo e cneAy~eH pa6oTe, cocTaeHwe ~epM~OHW 
co en~ HOM 1/2 eosH~Ka~T a npo~s8eAeH~~1 27 * x /27x27 I .. 3aMe-

- -- 8 4aTeflbHWM RBnReTCR TOT ~aKT, 4TO 8 npO~SBeAeHHRX 1J* C A8YMR 
HenpH80A~MWMH npeACTaeneH~RM~ HS npaBOH 4aCTH /2.2/ COAePlKHTCR 
nHwb ABa ceMe~cTea 27. npH4eM cornacHo pa6oTe 11VceRSaHHoe co
CTORHHe ~epMHOHa co-cKanRpHWM noneM o6naAaeT APYrOH MaCCOH, 
Hemen~ Macca HCXOAHOrO ~epMHOHa. no 3TOH np~4HHe npH 
CnOHTaHHOM HapyWeHM~ CHMMeTpHM ABa paSHWX MYflbTMnneTa, 2].:: 
~ 35~. 8 , CKanRpH~x 4aCTH~ npH~eAYT K paSflH4HWM MaccaM ceMeHCTB, 
4TO M AaCT HepapxH~ nOKoneH~~. 

3aMeTMM, 4TO 80SHHKa~~aR SAeCb TeOpHR C ABYMR ~-nneTaMH 
3KB~~t8a11eHTHa MOAenM 6es t -K8apKa1 12/ c enonHe onpeAeneHH~M 
MexaH~~tSMOM, nos8onA~~~~~M o6bRCH~Tb Hepapx~~ Mace. 

B saKno4eH~~te aeTop awpamaeT ~cKpeHHCO 6naroAaPHOCTb 
A.A.~oHK08y, B.f.KaAwweacKoMy ~ H.~.MaTeeay sa HHTepec K pa-
6oTe ~ nnoAOTBOpHwe AHCKycc~~. a TaKlKe B.H.Or~eee~KOMY 111 

M.K.Co6one8y sa nonesHwe KOHCYflbTa~~~. 
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