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1. BBEAEHHE 

TeopHI-1 CO CnOHTa,HHbiM HapyWeHHeM C""~M€TPJ.IIH· J..1rpatOT OCHOBHYIO 
po.nb s norn.rTKax €AMHoro. on111CaHH.R ecex BH.QOB'' BaaHMo.Qe~cTer~H. 
0,QH8KO !lHWb npHH~Hn OTHOCHT€!1bHOCTH B 3ap~,QOBOM npOCTpaHCTB€, 
saeAeHH~H BeM.neM 11~o,QH03HaYHO onpe,Qe.nReT BHA _saaH~o.QeHcTBH.R. 
npH4€M Bbi60p X14rrcoacKoro ceKTOpa T€0Pio1H' Onpe,Qe!l.RIOLL\ero CTpyK
TYPY BaKyyMa, OCT8€TC.R H€0,QH03Ha4HbiM. 

XoTR a cospeMeHHOH Teopr.-1111 KanH6poeo'-!Hble H x~-trrcoecK~-te no.n.R 
npHCYTCTBYIOT H€38BHCHMO, T€M He M€H€€ M€X8HH3M XHrrca, ,Q8IOLL\Hiit 
Mac;:cy B€KT0-PHbiM 6oaoHaM, n0380!1R€T C,Qena-fb ·npe,QnOJ10)f{€Hr.1€ _06 
I-1X €A1-1Hoi:1 npHpO,Qe,.. npoTOTltlnoM KBaHTosm1 xJ;>OMO,QHHaMJ.1KJ.1 .RBI-1Ili4Cb 
T€OpHvt T€XHH~B€Ta/2/, COrJlaCHO KOTOpblM K8JlH6pOBO'-IH'?f€ nOJl.R /Tex
HHrJliOOHbl/ OTBeTCTB€HHbl 3a o6pa30BaHI-1€ COCTaBHbiX 06beKT08, 8 
4aCTHOCTI-1' Xl.1rrCOBCKHX 4aCTH~. 

6onee paA1.1KSJ1bHbl~ no,QXO,Q, I..,MeiO~VIi1 ~enbiO o6be,QVIHeHI-1e ecex 
B3aVIMO,Q€~CTBVIH, OCHOBSH Ha BblfiBJleHVIVI 8HYTP€HHe~ Ci-1MMeTP"H1 He
JlVIH~i1HOrO B3ai.1MO,Q€~CTB~.R $yH,QaMeHTaJ1bHbiX c.ni.-tHOpOB/3,4/. np.RMbiM 
CJ1€,QCTBH€M H€J11.1Hei1Horo 4€Tblpex¢epMIIIOHHOro B3aHMO,Q€ii!CTBI-1fl .RB!l.R
eTCFI o6pa30BaHVI€ COCTaBHbiX 4aCTI-1~ 1.13 ¢YH,QaM€HTa!lbHbiX no!lei1 
vtCXO.QHOro narpaH>KIIIaHa. 81.1,Q B3ai.1MO,Qei1~TBI-1.R ¢YH.QaMel:iTa!lbHbiX no
nei1 O,QH03Ha4HO onpe,QenReT cneKTp COCTSBH-~IX 4SCTI.1~. 

B ,QaHHoi1 pa6oTe 6y.QeT 1.1ccne.Qoe~Ha \ .. ,-eTblpexttJepM~oHHa.R (V-A)-· 
MO,Qe!lb c ,Qy6neTOM ctiyH,QaMeHT.aJlbHbiX cni.1H0pbe. Pew· a .A •. ypaeHeHJ..1.R 
KOMne~_~au.i-iH 6oro,nl060ea·, MO>KHO rionyllJ..1T b M_~H~ttM'.YM. :noTeHI..IHana , 
XJ..1rrCOBCK1.1X no!lei1 1 l..lTO np!IIBO,QVIT K HeC_YIMM€Tp\.14HOMY B.aKyyMHOMY 
COCTO.RHI-110. no3TOMy lt13BecTHbie. rpynnOBble MeT0,Qbl HCCJ1€,Q6B9HI-1R 
Cn?Hi-aHHO HapyWeHHbiX KSJ11.16pOB04Hbi.X Ci-1MMeTpi-1:ii\ / 5/ npHMeHJ..1Mbl _H 
B 3TOM C!lY4ae. 

2. CnEKTP COCTABHbiX YACTHll AnR HEA5EnEBO~ MOAEnH 
C YETbiPEXQEPMHOHHbiM (V-A}-B3AHM0/1E~CTBHEM 

t1eTO,Q, pa3BI-1Tbli1 B pa6oTe /61, n0380!1ReT no!1y4a:Tb KOJ1JleKT\.1BHbl€ 
B036y>K,QeHYIR, OTBe4a10l.l.(He 6vtni-1He~Hbi·M KOM61.1HaLJ.H.AM ¢YH,QaMeHTSJlbHbiX 
cm1Hopoe. Bo3HI-1KW1.1e npltf 3TOM LlaCTI.1U.bl nOA4"fHFIIOTCFI CTaT~ttCT~ttKe 
6o3e-3i1HWTei1Ha 1-1 ~ttMeiOT cnltfH n1-16o HYJlb, 111.160 e,QHH~tt~a. 8 Aa~Ho~ 
pa6oTe Mbl OrpaHI-141-1MCFI paCCMOTP€HI-1€M JlHWb 3Tit1X B036ym,QeHI-1~, 
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~arpaH*~aH HCXOAHOH TeQpHH ~MeeT BHA 

- . - 1-y & - 1-y & ~ 
£: 'l'i<l''l'- 1.0 'I' -2-r~ ":Eo '1'·'1'-2-r " :Eo'!';· /2.1} 

rAe CnHHO.P -q_J R.SflReTC.R ~30Ay6neTOM., a I, i (i = 0.1,2,3) - MaT,PH\4bl 

naynM B H30TOO~~eCKOM npOCTpaHCTBe. 

ApHMeHRR MeTOA, onHCaHHbli1 s 161,-npeACTaBJ.1M npoH3BOARUIHiil 

~YHK~HOHan .Z A11R ASHHOH TeOpHH ~~pe3 ~yHK~HOHSflb~~ HHTerpan 

no KonneKTHBHbiM 6o30HHbiM no!lRM A~ Yl if> a: * 

Z[q .~. J:, Ja. j!l ~ N fDA~ D¢ :w. exp{i(Sh .. : ,¢:,¢a J + 

/2.2/ 

- - 1 r" - ·) p - "o y ~ -i-" :E i A~ ·. 

1-r•~..~.+ /2.4/** 
-goC--....:-.a'f"a · 

2 

ftOC.KOJlbKY (V-A)-s3aHMO,aei:1CTBHe HHBapHSHTHO no OTHOWeHI-110 K 

npeo6paaoaaHH~ ~Hp~a a ~-KaHane, np~ aHTHC~MeTpHaa~H~ nar

paH>t<HaHa /2. !-1 B03Hl1KHeT llHWb aeKTOPHOe none ·A P. . KpOMe Tar-o, 

COt4HOpbl 'J.f H '¥ peallti3YIOT $YHAaM-eHT..3J1bHble npeACTSBJleHHR 2 1-1 f 
rpynnbl U{2). Hx npRMoe npoJ.otaBeAeHHe 3KB-J.oteaneHTHO paanO>K;HH.IO-

!, e! • 003TOMY flODR ·A p. HeCyT H30TOOH4eCKH~ 11HAeKC ni no. 

Coo6pa>KeHHfi_ nopeH4-HHBapHaHT"HOCTH AflR (V....-A)-83BiifMo,qeHcr

BHR B ft- Y1 'JHl' -KaHSJ16X AOOYCKSIOT 11t4Wb aHTkiCHMMeTpH'4HYJ0 CnH

HOp.HyiO CTPYKTypy THna C 14 Cy 5, 4TO C y4eTOM CTan'ICT~Kvt npH80-

AVIT K nO~BJ1e"HHJO 8 3THX KaHaJlaX TOJlbKO CHMMeTpJ.1\.IHbtX MaTPH4 '£ a. 

3J1eMeHTbl MaTPH4bl '£a cPa peaJ1H3YIOT npeACTSBJ1eHH_e 'CHMMeTpH4H010 

TeHaopa aToporo paHra rpyn~ U(m. KaK nerKo noAC4HTaTb, 4V~c

no Heaa 8-HCHMbiX noneH paaHo 6. 

* HHAeKc ""an npHH\IIMaeT 3Ha4eHit'IR 0,1 , 3; TaK 4TO 2 a - Ha6op 

C~MMeTp\114HbiX MaTP~4 nayJlH. 

•11 2 1 2 **3Aec• -=-'o• e 0=-g 0 /2.5/ 
Mij 2 
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nposeAeHH~H aHal1~3 HenocpeACTBeHHO o6o6~aeTC~ H Ha cny4aH 
MOAeJl~ C N-nneTOM ~YHAaMeHTalTbH~X cnHHOpoB ~ rpynnoH CHMMeT
PKI1 U(N), rAe N > 2. rlp11 3TOM 4Hcno Kan>•6POB04KbiX none>i A~ 6y
AeT pasHo N 2• a 4~cno He3aa~cHMbt-x cKanRpHbiX none~ - N(N"+ 1). 
GAHO H3 Kanw6pOB04H~X noneH 6yAeT OTBe4aTb CHHr.neTY no rpynne 
SU(N). a (N 2-1) none£:1 peanH3YMH AeHcTBr.1Te.nbHOe npeAcTasneHwe
aToK rpynn~. CKanRpHble nonR, KaK M~ BbiRCHW~, npeo6paay~TCR 
KaK KOMnOHeHT~ CHMMeTpH4HOrO TeH30pa BTOporo paHra rpynnw U{N}. 

3. YPABHEHHII KOMHEHCAUHH 60rOJ11()60BA 
11 3~EKTHBHbl~ r!OTEHUHAJl XHrrcOBCKHX 4ACHIU 

88 
0, 

aAi 
ss ~ o. 
S¢ ~ 

/3.1/ 

/3.2a/ 

ss 
0 ~= /3.261. 

8¢, 
MO>KHO n0-11Y.4!.1Tb T04.KY nepesana (J)yttK~HpHaflbHOF"O HHTerpana Z-
/2.2/ a OTCYTCTBHe HCT04HHKOB (Ja = Sll= 0). 0.QHaKo a Hl13WeM no
PRAKe TeOpHH B03My~eHH~ ponb npOH380AR~ero $YHK~HOHana 1 AflR 
CHflbHOCBR36HHbiX !PYHKI..lM-14 rpH-Ha HrpaeT $yHK4HOH6J1 s. Oo3TOMY ypaa
HeHH.R /3. 2/* TaK>Ke onpeAe.rJR-IOT T04KY 3KCTpeMyMa noTeHI..lHaJla CKa-
1'1-fiPHbiX no.n:ellt ~. HeTp~ttaHanbHoe peweHHe 3THX ypaaHeHH.~ - HeHy.ne
e~e eaKyyMH~e cpeAHHe. 

H-cnonbayR npeAbJAYutee paccy>KAeHHe H peaynbTaT pa6oTbl 151, ~a 
ABYX peWeHH~ ypaBHeHHH /3.2/ Bbi6HpaeM TO, KOTOpOe COOTBeTCTBy
eT a6COB~THOMy MHHHMYMY 3$$eKTHBHOrO noTeHqHana 

+ 2 + g2 +. 2 + + 2 
V(¢ •• ¢,) =-m ¢, ¢, + 21<¢, ¢,) -(¢1¢3- ¢s ¢1) + 

/3.3/ 

XHrrcOBCK~X noneH. 
TaKHM o6paaoM, HaxOAHM 

0, /3.4a/ 

0, /3.46/ 

*npeAnonaraR TpHeHanbHoe peweHHe nepsoro ypaaHeHHR, KOTopoe 
ecerAa cy~ecTayeT. 
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;f4e/ 

npHLteM 

rpynna CJ1MMeTpHH _H(:~OAHOro narp~H)I(VIaHa c:y~.~_eTc~ A9 rp.Ynhbt 0(2) • 

3aMeTJ.1M, 4TO ecm1 3TOT MeTOA npHMeHJ.1Tb K MOAe!lVl c · N -nne

TOM $YHAaMeHT8JlbHbiX CnVIHOpOB, 06!18A810~ei:1 U(N) -CI-1MMeTpHei1, TO 

nopO>K_AeHHbli1 3TO~ CHMMeTpHei1 MYJ1b-Tio1n!1eT XHrr~OBCKHX 4~CTYIU, no-

HYI3YIT IIICXOAHYIO CHMMeTpHIO AO O(N).:, -

TaKI-'IM o6paaoM, J.1cnonb3YR MeTOA nepeaa11a a ·.n::>4Ke )3. 4 :· 3. 5/, 
M~ Mo>KeM nony4HTb nponaraTop~ KonneKTHBH~x·¢H3H4eCKHX noneH** 

14 BbiCWJ.1e ¢lYHKU,J.1\.1 rpYIH8. 

4. 3<1><I>EKTHBHbl~ nArPAH!<HAH COCTABHbiX nonE~ 

Cne,Qy.R/51, Bbt6epeM peweHHe /3.5/ a BI-1Ae 

m = g <¢ o >o . /4. 1 I 

. Maccosa.R Ma:rp1-1u.a .. AJ1R cKa!1.RPHbtx noneill AHaroHCVlbHa .a npe,QcTaa

neHJ'I.rt,, rA~··nqn.R ¢a Bblpa}f{eHbl l.lepea 1-1x peanbHbte ~
1 

MHHMb.e 4;JCTH. 

~_p.KhM'.q¢ip;a3qM, o6pqT!'ible nponara\OPbl .f;'Jlfl ,qe~CTBHT"e.JlbHbiX CKSnflp

HbtX ~oiJe~. 11M.610T B/IIA. 
. ...:1 2. . a28'' 

L\Pab(q ) 
2 2 2 

(4m- q )8ab +O(g ) . /4.2/ 
( l" 

L\'-1 (q2) =- ~8-= -q28 +0(g2) /4.3/". 
Xab 8xa8Xb ab 

rAe p a= Re¢a, x a= Im¢ a. 
06paTHM BHHMaH1-1e Ha noHsneHHe Tpex·ron,qcToyHoscKI-1X 4aCTI-1U, 

x , o6ycnosneHHoe cnoHTaHHbiM HapyweHI-1eM HenpepbtBHo~· U(2)- CHM-
a . 

MeTPHH. Haccosy10 MaTPHU.Y seKTOPHbiX none~ A1p.. TaK)!{e ilerKO Bbi-

4YICJ1HTb: 

*-3,qeCb g 2= Zg§ , 

npH4eM m = p.e-4rro/g7 J-1-

-V: " . 
¢a= Z 'i/Ja, r,Qe Z- KOHCTaHTa nepeHOPMI-1POBKI-1, 

- napaMeTp pasMepHo~ perynflpl-13a~HYI. 

** COOTB6TCTBYIOI41-1X MHHI-1MYMY 3¢¢eKT1.1BHOfO nOTeHU,.YiaJla C npaBHJlb

HbiM 3HaKOM nepe,Q MaCCOBbiM 4JleHOM. 
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/4.4/* 
' I·' 

none (A2)p. OCTSeTCA, 6e3MaCCOBbiM, VI COOTBeTCTByeT H~_H?_pywet:1H9&il 
U(l) -clt1MMeTp~H1. OcTaJlbHble eetnopHble nonR A~ np_Vt66peTaiOT _.Mac-;. 
Cbl aa C4eT 83SHMOAei:1cTBio1s:! C r:-o!lACTOY.H9BSKHMVt: nomU~l4,X a: 

lix~liA ~ 
~- 2e<¢o>o.iq~ li ab . /4~6/ 

OepeHOPM»poaaHHaA KqHcTaHT.a e KaJ1Vt6poeo4HOro aaaHMOAei1cTBI-1R 
OKS3b1Bael-c.R CB.A3aHHOi1 C IOKSBCKO~ KOt-jCTSHT0i1 g 83S14MOAeliiCTB14fl 

cKaJlAPHbiX none&il. OpVIHvtMafl eo sHHMaHHe /2.5/ ""' /4.5/, n011Y4\IIM 

2 . 3 2 
e = 2g . !4,71 

8bl4HCI1HB ¢YHK1..41-10HailbHble npoHaBoAHble AeHcTevt.R S /2. 31 Bbfwe 

BTOporo nOPAAKa no KOJlJleKTVIBHbiM nOJlAM B T04Ke nepesana /4.1/, 
Mbl no.ny4VtM BbJCWitle ¢YHKLtliU•1 rpHHa. 

PaCCMOTpeHVte Hea6e.neao&il KSill-16pOB04Hoi1 rpynnbl npVtBOAHT K 

YI3BeCTHOMY CSMOAeliiCTBI-110 KSJ1VtQpos04HbiX none&il, o6yC.nosn~HH0MY 
l J!. v c.z: 1 . 

4neHoM. sToporo noPFIAKa ~o A ll- ef iJkAj ·A k a TeHaope .J (!-V •. 

Bb141-1c.neH(.IIe Bbrcw1r1x. Q)yHK1..11-1C1 f"p1-1Ha AI1FI cKanFipHblx .. none111 ,QaeT 

B03H0»<HOCTb .nony4V1Tb 3$$eKTI-1BHbiL1_-.IlarpaHm(.IISH. B3S(.II~O,QeC1CTBVIFI. 
I 3. 3/, nepen(.IICSHHbt~ e TepM!-1Hax HO.BbiX non~C1 c HynesbrMVI saKyifM

HbtMYI cpe,QHJ,IIM(.II 

1>' ~ 1> - <1>0> li 
a a ··O aO /4.8/ 

5. 3AKn104EHHE 

~ccne,qosaHJ.IIe 4eTbtpexcJ)epMVIOHHOH U(N) -cHMMeTp(.II4HoH Mo,qent-1 

C MYJ1bTIIInJ1eTOM CIJYH,QSM6HTSnbHbiX JleBbiX CnVIHOpOB n03BOJ1FieT 06Ha

py»<HTb Kon.neKTIIIBHble soa6ym,QeHIIIFI a npRMOM VI Kpocc-KaHa.nax. Ha

nt.14(.11e HeHy.neeoro eaKyyMHoro cpe,qHero y noneH X(.llrrca, soaHio1Ka~

~I-1X B KpOCC-KaHa.ne, npi-1BO,Qio1T K nOHVI>K€H(.II~ VICXO,QHOCi CJ,IIMMeTpl-1(.11 
AO O(N). 

TeM He MeHee paae1o1T~H MeTOA lo1CC.ne,qoeaHI-1R ,QI-1HSMY14ecKoro Ha

pyweHHR Clo1MMeTplo1(.11 MO,Q6J1eC1, nocTpO€HHbiX HS KJ1SCCio14eCKOC1 rpynne 

U(N), He MO>KeT np(.IIBeCTH K peanHCTH4€CKOC1 MO,QeJl\.1 3IleMeHTapHbiX 

4aCTio1~, ·TaK KaK a Teoplo1RX Ben1-1Koro 06"be,QHHeHHR /nma SU(5) , 
SO(lO) VI T.n./ ,qnR nony4eHI-1R 11 Ha6n~,QaeMoC1 11 SUc(3)xUe,m,(l) -clo1M

MeTpl-11-1 He06XO,QI-1Mbt no KpaC1HeC1 Mepe ,qee CTS,QIIII-1 HapyweHHR CVIMMeT

PYII-1 npocToH rpynnbr, a cne,qosaTeJ1bHO, KaK MIIIHIIIMYM, ,qea MYilbTH-

* 3,qecb DJLV = Z AD~v - nepeHOpMwpoeaHHbtCi n·ponaraTop eeKTOpHbtX 

noneCi, npii146M cyw,eCTByeT CBR3b HS KOHCT.SHTbl nepeHOpMI-1pOBKVI 

ZA~3Z /4.5/ 
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nneTa XHrrCOBCKJ.tX nonei:1. 0AHaKO Kj)OHeKepOBCKHJ.i KBaApaT ~ e ~ 
no rp-Ynne SU(N) npe,qCTaBnReTCR 8 BHAe CYMMbl C~MeTpJ.1:4HOrO 
H aHTHCHMMeTp.H4HOrO npOH3BeAeHHR npeACTaBJ1eHHJ.1,_ npHt.teM OOI1R 

XHrrca peanH3y~T eA~HCTBeHHOe CHMMeTpH4HOe HenpMBOAHMOe npeA
cTasneHHe. TaKHM o6pasoM ,_ paccMo:rpeHHe 6t.ulHHeHHbiX s.Oa6yM<AeHHH 
OPHBOAHT IlHWb K oaHoH CTaAHH HapyweH~R. 

0AHaKo nonbiTKa nocTpoeHHFI pea!1HCTH4eCKHX MOAEine~l" aneMeHTap
Hbfx Ltacnw, c noMo~&JO paasa.noro MeTOAa ocytqe.CTBHMa H ocHoablea
eTCR Ha paCCMOTpeHHH- KJlaCCH4eCKOK rpynnbl O(N) H HCKni04HTeJlb
HbiX rpynn flH. B cneAYIOIJ.I.eH pa6oTe 6yAeT noKa3aHo ,__ tfTO npHMeHe
HHe 3Toro MeTOAa K rpynne E6 CBo60AHO OT paCCMOTpeHHbiX BbiWe 
TPYAHOCTeH. . 

AsTop HCKpeHHe 6naroAapeH A.A.AoHKosy, B.r.Ka,q~eecKOMy 

H M.A.MaTeesy aa HHTepec K pa6oTe H ~eHKble aaMe4aHHR. 
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