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06ma.n xapaKTepHCTHKa pa60TLI 

.LJ:nccepTaJWJI IIOCBHIIJ;eHa HCCJie.n;OBaHIUO peHOpMrpynnoBoro IlOBe

.uemm MHoro3apJI,ZUILIX N = l cyrrepcHMMeTpHlffiHX Teopnii B Tpex n -qe

Thlpex npocTpaHCTBeHHO-BpeMeHHLIX Il3Mepemmx; IlOCTpOeHIIIO peaJIH

CTH"t!eCKHX KOHe"CIHLIX cynepcnMMeTpH"tIHI,IX Teopllii: 061,e.n;nHeHIUI CHJII,
Horo, cna6oro n 3JieKTpoMarHHTHoro B3anMo.n;eikT1inii:, cornacyromnxcJI 

c HH3K03HepreTH"tJecKoii: cpeHoMeHonorneii:; nccne.n;oBaHHIO HH3K03Hepre

TH"t!ecKnx MHOroxnrrcOBCKHX IlOTeHIJ;HaJIOB, pa3BHTHIO MeTO.D;OB MmlHMH~ 

3aH;HH 3THX IlOTeHIJ;HaJIOB Ii C03,n;aHHIO aHaJIHTH"t!eCKHX MeTO.D;OB pemeIDIJI 

CHCTeM HeJIHHeii:HI,IX anre6pan"CieCKHX ypaBHeHllii, CBJI3aHHLIX C 3a.z:i;a-qeii: 

· MHHHMH3aD;HH CKaJIHpHoro IIOTeH:a;HaJia B MHOroxnrrCOBCKHX Mo,n;eJIHx. 

AKTyaJILHOCTL rrpo6JieMLI. CoBpeMeHHaJI TeopeTiftreCKaJI q>H-

3HKa B :a;eJIOM, H KBaHTOBaJI TeopIDI IlOJIH B 1:JaCTHOCTH, npOHH3aHhl 

n.n;eJIMH pa3JIH"t!HLIX CHMMeTPllii. 0.n;Hoii: H3 TaKHX CHMMeTpllii JIBJIH

eTCJI cynepCHMMeTpIDI. CynepcHMMeTpIDI, rrpe,n;rroJio}I(IlTem.Ho, npe.n:

cTa.BJIHeT co6oii: q>yH.n;aMeHTam.Hyro CHMMeTpmo npnpo.n;hl, KOTOpaJI CBJI-

3LIBaeT Me)I{,Z]y co6oii: 6o30HHhle H cpepMHOHHhle IlOJIH. IlepBOHa"CiaJII.HO 

OHa 6hlJia BBe.n;eHa HCKJilO"CffiTeJII.HO KaK 1:JHCTO TeopeTH"tJeCKOe pacmH

peHne IlyaHKape-cHMMeTp~H Ha6mo.n;aeMoro Mnpa -qepe3 . .n;o6aBJiemie K 

reHepaTOpaM rpynnhl IlyaHKape rpaccMaHOBLIX reHepaTOpoB. 

KBaHTOBo-noneBoii: aHaJIH3 cyrrepcnMMeTpH"tIHI,IX Teopllii: noKa3aJI, 

"t!To OHH nMeIOT 6onee rna,n;Koe-rroBe.n;eHne B ym.TpaqmoneToBoii o6na

CTH no cpaBHeHHIO C aHaJiorH"t!HhlMH HecyrrepcHMMeTplftIHhlMH Teopn

JIMH. 3TOT 3q>q>eKT o6ycJIOBJieH B3aHMHhlM COKpameHHeM pacXO.n;H:mHXCJI 

BKJia.D;OB OT cpepMHOHHLIX H 6o30HHLIX IIOJieH, HaXO.n:m:a;I:IXCJI B O.n;HOM cy

rrepMJJII.THIIJieTe. .LJ:JIH -qen,1peXMepHI,IX cyrrepcHMMeTpHlffiHX Teopllii: 

3TO COKpamemie BWilI.7IOCI, B TaK Ha3hlBaeMhle "TeopeMhl O HerrepeHop

MHpOBKe". TeopeMa o HerrepeHopMnpoBKe JI,JIJI N = l Teopllii: rapaHTH

pyeT OTCJTCTBHe KBaHTOBLIX rrorrpaBOK K cyneprroTeHIJ;Ha.rry. 3TO 03Ha

-qaei-, "CITO peHopMr:pynnoBhle ,B-q>JHKI(HH IOKaBcKHX 3apJI.n;OB onpe~e
JIHIOTCJI HCKJilOllHTeJII,HO aHOMam.HiiIMH pa3MepHOCTJD.m mpam.m.IX cy

rreprroJie:lt. B N = 2 cynepc:inrneiplftIHo:lt Teopo Hma-M111111ca KaJIH-

06iewraeHH:&IB jiHCTHTYT 

51,JJ;epHhIX liCCneAOBaHHll 
BI1BnvIOTEKA 



6pOBOtIHaJI ,8-cpy~ ,He MOJJ.Hq>KIUipyeTCJI RBaHTOBLIMH nonpaBKaMH 

3a pairnaMH o.rr;e:oneTJieBoro npH6JIIDKeHHJI. N = 4 cynepcHMMeTpHtIHM 

TeopHJI o6na,n:aeT CBOHCTBOM ym.Tpaq>HOJieTOBOii KOHetIHOCTH BO Bcex no

pJI.n;I<aX TeOpHH BO3My:m;eHHii. 

TaRHM 06pa3011, ym.TpacpHoJieToBoe noBe.n;eHHe cynepcHMMeTpHtI

HhlX TeopHil 3aMeTHO y.rryqruaeTCJI C pacruHpeHHeM cynepcHMMeTPHH 

BnJIOTI, . JJ.O noJIHoii KOHetJHOCTH N = 4 cynepcHMMeTpHtIHhlX TeO

pHii. TeM He MeHee, peHopMrpynnoBoe noBe.n;eHHe Kamr6poi3otJHLIX H 

IOKaBCKHX 3apJIJJ.OB B N = l cynepcHMMeTpHtIHoii TeopHH HMeeT .n;o

BOJII.HO CJIO)KHhlH BHJJ.. CooTBeTCTBYIDIUHe peHopMrpynnom.i:e cpymai;HH 

. MO_ryT 6hlTI,- Haii.n;em,1 no Teop1rn B03My:me:irnii B paMKax CTaH.n;apTHOii 

npo:u;e.n;yphl BhltJHCJieHHii B KaKoii-JIII6o cxeMe BhltJHTaHHii. TeopHJI npH 

3TOM MOJI{eT o6na.n;a.T:i:, HeTpHBHaJII,HLIM Ha6opoM q>HKCHpOBaHHhlX TOtJeK 

B npocTpaHCTBe 3apJIJJ,oB, B KOTOphlX ,8-cpyHKIJ;HH 3apJIJJ.OB 06pama10TCJI 

B HOJIJ, .. 

<l>HKCHpOBaHHM TOtJKa MO.>ReT 6hlTI, 3cpcpeKTOM nepTyp6aTHBHoro 

IIOJJ,XOJJ,a lI HCtJe3aTI, B BhlCIIIHX nopJIJJ,KaX TeOpHH B03MyIUeHHii, a MO.>ReT 

6hlTI, o6ycno:imeHa KaKoii-JIII6o rho6am.Hoii CHMMeTpHeii TeopHH, KOTO

pM rapalirnpyeT ee cymecTBOBaHHe BO Bcex nopJIJJ,Kax TeopHH B03Mym;e

HHii. B tJaCTHO~Tll, HaJIIftIHe TaKoii q>HKCHpOBaHHOii TOtJKH B npocTpaH'

cTBe 3apJI.n;oB N = l cynepcHMMeTpHtIHoii TeopHH ·Mo.>ReT 6filTI>: o6y

CJIOBJieHo ym.Tpaq>HOJieTOBLIMH CBOHCTBaMH pacruHpeHHoii cynepcHMMe-
. . . l 

Tplrn TeopHH B .n;aHHOii TOtJKe. B 3TOM c.rryqae q>H3HtJeCKHH HHTepec 

npe.n;cTaBJIJieT H3ytJeHHe cBoiicTB · ycToiitJHBOCTH 3THX. TotJeK. B mrccep"' 

Ta:UHH noKa3aHo, tJTO N =-2 cynepcm.meTpHtIHaJI T~tJKa B npOCTPa:H

CTBe 3apJI,ll;OB TpeXMepHoii N _:_ 1 cynepCHMMeTpHtIHOii TeopHH qepHa~ 

CaiiMoHca npoJIBJIJieTCJ.I KaK HHcppa_KpacHM ·cTa6Hm.HaJI TOtJKa. 

O.rr;e:aKo, q>HKcHpoBaHHM TOtJKa B npocTPaHCTBe 3apJI.n;oB N = l 
TeopHH, cymecTBYIOIIJ;aJI BO Bcex nopJIJJ,Kax TeOpHH B03Myni;eHHii, MO.>ReT 

6hlTL He CBJI3~Ha C. KaKoii~JIII6o rno6am.Ho·ii CHMMeTpHeii, rapaHTHpy

ro:m;eii paBeHC:TBo ,8-cpyH:rrn;Hii aapJIJJ.OB TeopHH HYJIIO Bo Bcex nopJIJJ,Kax 

TeopHH B03Mj:meiniil:;,_,T?KM CHTya:ri;HJI uifeeT MecTo B_ (3+1) H3Mepe

HHJIX, r.n;e noMHM0 KOHetJHfilX N -:- 2 H N = 4 cynepCHMMeTpHlIHiiIX 

TeopHii cymecTByeT n;eJihlli . K.JlclCC_ N . l TeOpHii, TaK.>Re KOHetJHfilX BO 
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Bcex nopJIJJ,Kax TeopHH B03My:meHHil. _ KoHetIHOCTI, JJ.OCTHraeTCJI B HHX 

qepe3 IIOJJ.CTpoiiKy IOKaBCKIIX 3apJIJJ,OB B Ka:.>RJJ,0M nopJIJJ,Ke TeopHH B03-; 

My:m;eHHii KaK. nOJIIIHOMHaJII.HJ,IX. cpyHIUJ;Hii KaJIII6pOBOtIHOro. 3apJIJJ,a. 

B OTJIIItJHe OT TeopHii c pacruHpeHHoii cynepcHMMeTpHeii, B N = l 
Te0pHJIX HeT 3epKaJII.HI,IX napTHepoB o6hltJHfilX tJaCTHIJ;; 8To .n;enaeT KO

HetJHhle N = l Teop11:H peam.HLIMH KaHmr.n;aTaMH na pom. cynepcHMMe

TpHt111oii TeOpHH BeJIIIKOro 061,emrHeHHJI ClfJII,HhlX, CJia6hlX H 3JieKTpOMa

rIIHTHhlX B3aHMOJJ,eiiCTBHii. B HaCTOJIID;ee BpeMH rHIIOTe3a 061,emrHeHHJI 

3THX B3aIIMOJJ,eiiCTBHii IIOJIYtIHJia MO:m;HOe IIOJJ,TBep.>RJJ,eIIHe B paMKax MH

HHMaJII.HOii CynepCHMM:e1J>HtIIIoii CTan.n;apTHoii Mo.n;eJIII (MCCM), KO

TopaJI JIBJIJieTCJI MHHHMam.110 B03MO)KHI,IM cynepCHMMeTPHtIHLIM pacruH

peHHeM CrnH.n;apTHOii Mo.n;eJIII. C aKRypaTHLIM yt1eToM Bcex noporoBhlX 

3q><peI<TOB noKa3aHo, tITO ~aJIII6poBOtJHhle 3apJI~ MCCM, npo,n;oJI)I{eH

Hhle B CO<>TBeTCTBHH C ypaBHeHHJIMH peHopMrpynllhl no IIIKaJie 3HeprHii 

BBepx, CJIIIBaIOTCJI B o.rr;e:oii TOtJKe. . 8TO 061,e,n;HHeHHe TaK.>Re He npo

THBOpetIHT BCeM cymecTBYIOIIJ;HM 3KCII~pHMeHTaJII,HLIM orpaHHtieHHJIM. 

TaKoe cJIHJIHHe HaBOJJ.HT Ha Mhlcm., tJTo MCCM JIBJIJieTCJI HH3K03Hepre

THtieCKHM OCKOJIKOM .n;pyroii, 6onee CHMMeTpHtIHOii TeOpHH. 3aMeTHM, 

tITO cynepCHMMeTPHJI npH-3TOM JJ.OJI)KHa 6hlTI> HapymeHa MJirKO, tJT06hl 

Mhl He CTaJIKHBaJIIICI, c "npo6JieMoii HepapXHii", o6hltJHOH JJ.JIJI Hecynep

CHMMeTpHtIHhlX TBO. XoTJI BapHaHTOB cynepcHMMeTpHtIHoro · ofrr,emr

HeHHJI 6hlJIO npeJJ,Jio.>ReHo .otJem MHoro, KoHetJHI:,Ie N = r TeopHH c MJir
KHM HapymeHHeM cynepcHMMeTPHH BI,IJJ.eJieHJ..I B rrepByro oqepeJJ.I, pa

BeHCTBOM HYJIIO ,8-cpyHKIJ;Hii 3apJIJJ.OB {KaK ".>ReCTKHX", TaK H "MJirKHx") 

II aHOMaJIJ,HhlX pa3MepHOCTeii Mace. · KpoMe Toro, ycJIOBHe KOHelJHOCTH 

.>ReCTKO q>HKCHpyeT tJHCJIO noKOJieHHii MaTepHH. IlpH 3TOM JIBHO BI,IJJ.e

JIJieTCJI rpynna SU(5), r,ne tJHcJio rroKoneHHil 6e3am.TepHannmo paBHo 

TP~ . . 
Qem,10 pa6oTLI JIBJJJIJioc:r, Hccne.n;oBiurn:e pe:impMrpynnoBoro rroBe-

JJ.~HHJI MHOrO3apJIJJ.HI,IX N = l cynepcIIMMeTPHtIHfilX TeopHil B Tpex 

H tJeTI.IpeX ~pOCTpaHCTBeHHO-BpeMeHHHX H:iMepeHHJIX, IIOHCK q>HKCH

poBaHHhlX TOtJeK B I.IPOCTpaHCTBe 3apJIJJ,OB TeOpHH H HCCJieJJ,OBaHHe, HX 

ycroiitJHBOCTH, IIOCTP0eHHe B T0tJKax, cym;eCT13YJOIUHX BO Bcex IIOpJIJJ,

KaJC TeopHH B03MYJUeHHil, peaJIHCTHtiec:mx KOHetJHJ,IX TBO c MJirKHM - . . . . ' . . . 
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HapymeHHeM eyrrepeHMMeTJ)HH, a TaIOICe e03.ZJ:aHHe MeT0.ZJ:0B MJJH1DOlf3a

nHH MH0rmrnrreoBeKHX Il0TeH:uHaJI0B. 

Ha)'_qHaJJ: HOBB3Ha .ZJ:HeeepTannH e0CT0HT B eJie.DYIOmeM: 

• Bnepn.Lie B.LIIT0JIHeHa nepeHOpMHpo»mi. n H3yi:IeHo peHopmpynno

noe none.n:eHHe N = l eyrrepeHMMeTpffqHOH Hea6enenoii Teopim 

qepHa-CaiWoHea e MaTepneii B (2+1) H3MepeHIDIX. Bee peHop

MrpynnoB.Lie cpym<:mm Bwm:eJieHI.I B JIH.ZJ:HPJIODleM .z:tByxITeTJieB0M 

npH6JilDICeHHH KaR B eyrrepnoneB0M ~OpMaJIH3Me, Ta.K H B K0MilO

HeHTax eyrreprroneii. Bee cpHKenpoBaHHI.Ie T0tIKH Teopim Haii.n;em1 

H THII HX YCTOHtJ:HBOeTH Heene.n:oBaH. 

• Ilpone.n:eH rroene.n:onaTem,H.Liii aHaJIH3 KoHetJ:Hoii eyrrepeHMMe

TpHtJ:Hoii SU(5) TeopHH BeJIHKoro 06'.r,e,znmeHIDI e MJil'KHM Hapy

meHHeM eyrrepeHMMeTpHH. IloKa3aHo, tJ:To Mo.n;em, pe)O'nHJ)yeTCH 

K · MHHHMam,Hoii CynepeHMMeTJ)HqHOH CTaH.n;aprnoii Mo.n:eJIH Ha 

3HeprIDIX HIDKe' MaemTa6a 061,e.n;imeHIDI B3aHMo.n:eiiCTBH:ii H eorna-. 

. eyeTeJI e eymeeTByrolllHMH sKenepHMeHTaJlJ>mIMH orpaHHtieHHJIMH. 

• Ilpe.ZJ:]IO)I{eH MeT0.ZJ: MHHHMH3anHH eKaIDipHoro ·noTeH:uHaJia B Mo.n:e

JIJIX e paenmpeHH.LIM xnrreoBeKHM eeKTopoM B npHcyTCTBHH· tJ:Jie

H0B MJirK0 Hapymaromnx eynepeHMMeTJ)HIO. MeTO.ZJ: Il03B0JDieT Ha

X0.ZJ:HTI, MHHHMYM exaIDipHoro noTeH:uHana THIIa rroTeH:uHana MH
HHMam,Hoii CyrrepeHMMeTJ)HqHOH CTaH.n;apTHoi Mo.n:eJIH e npo

H3B0JIJ,H.LIM tJ:HeJI0M xnrreoBeKHX ,ey6neroB, He .n:eJiaJI anpHOpHIDC 
npe.n:rrono)I{eHHH o cpopMe MHHHMJMa. · 

IlpaRTBqecRaJJ: neHHOCTL. Ilp'one.n:eHH.Liii B .n:neeepTa:uHH peHop

MrpyIIIIOBOH aHaJIH3 TpeXMepHOH. eyrrepeHMMeTJ)HtIHOH Teopim qepHa

CaHM()Hea M0)I{eT 61iIT1, nerrom,3onaH ·.ZJ:JDI oIIHeaHHJI KpHTHtJ:eCKHX JIB

ne~nii iMero.n:aMH KBaHT0BOii: Teopmr II0JDI. Ilpn 3T0M q>HKCHpOBamw:e 
T~~~ ·aeeo:uHHpyroTcJI e KpHTHtJ:eeKHMH ( TPHKpHTHtJ:eeKHMH) · TO-cmaMH, ;, . ,. ' ~~.... ) ' 
B 0KpeeTH0CTH l,<OT0p.LIX nponexo.ZJ:HT cpa30B.LIH rrepexo.n:. Ilpe.n:noJKeH-
~~ KOHetJ:Hrui cyrrepeHMMeip~aJI TBO MomeT 6LITI, ncrrom,3onaHa KaK 

"IIOCTaB~" oeM.Lienemmx rpainrtnmx yeJI0BHH Ha IIp0CTpaHCTB0 rra

pa!-feTp0B MCCM l3 ~otJKe eJIIDIHIDI ee KaJIH6po»otJ:H.LIX 3apJI.ZJ:oB. 9TH 
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rpaHIPIHJ,Ie ycJI0BIIJI MoryT 6.LITL HCIIOJil,30BaHI.r B o6meii: rrpon:e,nype cpH

TifpoBamrn rrpocTpaHcrna cBo6o,n:in.rx rrapaMerpoB MCCM K cymecTBy

IOJUHM TeopeTHtJ:eCKHM H 3KCrrepHMeHTaJILH.LIM orpaHHtJ:eHHJIM. 3To q>H

TlipoBaHIIe rrpmrnB0.ZJ:HTeJI rpynnoii rrpocpeccopa .n:e Bypa (ymrnepCH

TeT r. Kapnepy3, repMamrn). Ilpe.n:no)KeHHhlH B TpeT1,eii rnaBe Mero.n: 

MHHHMH3an:HH CKaIDipH.LIX IIOTeHn:HaJIOB MO)KeT 61,1TI, HeIIOJII,30BaH .ZJ:JDI 

aHaJil:13a HapyrneHHJI 3JieKTpocna6oii CHMMeTpHH B MHoroXHrrCOBCKHX 

CHCH'?-.IaX H B IIOIIhlTKax 061,JICHHTI, Ha6JIIO,n:aeMhlH crreKTp KBapKOB He

papxHeii naKyyMHhlX cpe.DJIHX XHrrCOBCKHX rroneii. 

Arrpo6an;BJI pa6oTLI. OcHOBHhle pe3ym,raT.LI ,n;HecepTa:UHH ,n:oxna

,n:J,IBaJIHc1, H 06cy)R.ZJ:aJIHe1, Ha ceMHHapax Jia6opaTopHH TeopeTHtJ:ecxoii 

<pH3HKU HM. H.H. BoroJII06ona 011JII1, ·Ha KompepeHD:HH "<l>H3HKa B.LI

c·oKHX ·-meprnii H KBaHTOBaJI TeopHJI rroJIH'' (CotJ:u, 1992), Ha neTHeii: 

IUK0Jie "<l>H3HKa BhleOKHX ;meprnii H KOCMOJIOrHJI" (TpHeeT, 1996), Ha 

KoHcpepettn:UH ''KnapKH-96" (.Hpocnannr,, 1996), Ha KompepeHn:HH rro

eBJIDleHHoii naMJITH A:.ll:- Caxapona (MoeKBa, 1996), Ha KompepeHD:HH 

"PeHopMrpynrra-96" (.ll:y6Ha, 1996). 

Ily6m1RaD;BB. Ilo . MaTepHaJiaM ,ll;HCCepT?D:HH orry6JIHKOBaHo 

BOCeMI, pa6oT [1-8]. 

CTpyRTypa B OO'LeM pa60Tiil. .ll:HceepTaD:HJI COCTOHT H3 BBe.n;e

HHJI, Tpex rnaB, 3aKJIIOtJ:eHHJI H rrpirno)I{eHlUI. Pa6oTa co,n:ep)KHT 98 CTpa

HH:U, BKJIIOtJ:aJI 2 pHeyHKa H 6n6JIHorpacpHtieeKHii eIIHCOK JIHTepaTyp.LI H3 

80 Ha3BaHHH. 

Co,n;epmaHHe pa6oThI 

Bo BBe,Zl;eHBB OtieptJ:eiI Kpyr HceneizyeM.LIX rrpo6rreM, o6pHCOBaHI.r 

KBaHTOB0-IIOJieB.Lie acrreKTH cyrrepeHMMCTJ)HtJ:H.LIX Te0pH:ii, IIO.ZJ:tJ:epKHyTa 

Ba)I{HocT1, cyrrepcHMMeTJ)HtJ:H0ro rro.n:xo.n:a K 3a,n:atJ:e 061,e.ZJ:HHeHHJI B3aH

Mo,n:eiicrBnii H B.LI.ZJ:eJieHI.I rrpe1rnymecrna KOHetJ:H.LIX N" = l cyrrepcirn

MeTpHtJ:Hl,IX MO,n:eneii ITO cpa»HeHHIO C IIJ?Ol!HMH cynepCHMMeTpHtIH.LIMH 
, ' 

TeopHJIMH 061,e,n:HHeHHJI. 
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B nepBoii rnaBe 11ccJie,eye-rc11 peH0pMrpynnoBoe rroBe.neHHe N = 1 
cynepc11MMeTJ)lfCIH0:ii: Hea6eJieBo:ii: reopHH qepHa-Cafu.{oHca c MaTep11e:ii: 

B ( 2+ 1) 113MepeHHJIX • .ll:e:ii:CTBlle .ZlJIJI reopHH HMeeT BH,Zl 

·S= j d3x d20[ _! (D0 rfl)D r" - ! g /"6c(D0 rP)r6 rc 4 a Po 6 a o{J 

_J_ g2fabcfaderorJJrdre 
~ b C O /J (i) 

-½ (D0 ff!; + ig 'PkTkJr:)(Da'P; - ig {!Tj,ff!1) 
- 1 - 2 1 ar; 21 -m 'P;'P; + 4 1/0 ('P;'P;) + 4 1/1 \ 'P;1jk'Pk) , 

B K0T0p0M r~ JIBJIJieTCJI Bem;ecrBeHIII,IM (Ma:ii:opaHOBCRHM) cmmopHI,IM 

~aJIH6poBotJHLIM cyneprroJieM qepHa-Ca:ii:Monca, MlfHHM3JIJ,H0 B3am.t:o

.n:e:ii:cTBy10m;11M C K0MIIJieKCHLIM mpam,HJ,IM cynepnoJieM MaTepmI 'P j. 

.ll:JIJI CJIYtiaJI rrp0113BOJIJ,HO:ii: KaJIH6poB01IHOH rpynm,I 11 · IIp0113B0JIJ,H0ro 

rrpe.n;craBJiemra cynepnoJieii Marepm1 no~eHil 06:m;11e BLipIDKeHHJI .ZlJIJI 

KaJIH6pOB01IH0 IIHBap11aHTHLIX peH0pMrpynnoBLIX <pymm;mi B .lllI.ZlHPYIO
m;e.M .n;syxrreTJieBoM rrpn6JIH}l{eH1111. IloKa3ano, tJTo B 3T0M o6m;eM e~ae 

N = 2 TeopHJI rrpoJIBJIJieTCJI KaK <pHKCllpOBaIIHaJI T0"tJKa B IIp0CTJ)aHCTBe 

3apJI.n;oB N = 1 reop1111 (1), pacnmpeHHoii .no ypoBHJI, Heo6xo.zumoro 

.ZlJIJI ee comacoBaHHoii rrepenopMHpyeM0CTll. C noMoiiu,10 3TIIX 06:m;11X 

BLipa)l{eHIIH .ZJ;JIJI peHopMrpynnoBLIX <pymm;mi Haii.Z{eHil BCe <pHKCHpO

BaHHLie T0'IJKH B cnen;11am,HLIX CJIYtiaJIX, Kor.na cynepII0JIJI MaTepm1 pae~ 

II0JI0iKeHLI B <pyn.n;aMeHTaJII,HOM npe.n;craBJieHHH KaJIH6poBOllHLIX rpynn 

SU(n), Sp(n), 11 SO(n). Ycro~oCTL 3TllX <pHKCHpOBaHHilX ro11eK 

IICCJie.n;oBaHa. OKa3aJIOCL, 1IT0 <pHKCHp0BaIIHaJI TO"tJKa 

1/o = 0, 2 
1/1 = g ' m=O, ' 

C00TBeTCTBJIOIUaJI N. = 2 cyrrepcHMMeTJ)mI, JIBJIJieTCJI llH<ppaiq>aCHO:i 

cTa611m.Ho:ii: TOtJKoii. 8roT pe3ym,rar cynepnoJieBoro pac11era IIOJJ.TBep

,K,UeH K0Mil0HeHTHl,IMII Bl,lllllCJieHllJIMH'B HecynepCHMMeTJ)ll1IHO:i reopmI 

C He3aBIICIIMLIMII 3apJl,ZlaMH caMo.n;e:ftCTBHJI MaTepm1, r.ne TaIOKe HaH.Z{eHI,I 

BCe <pllKCllp0BaHHLle T0l{!{l{ 11 HeeJie,D;0BaHa 11X ycroit1IH:B0CTL. O6cym,u;a

IOTCJI <pllKCHp0BaHHLie T01IKH:, rrpe.n;CTaBJIJIIO:m;lle <pll3111IeeKHit llHTepec. 

Co.n:ep}l{aHHe rrepBoii maBLI ony6JIHKoBano B pa60Tax [2-3). 
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Bo BTOpoii rnaBe KpaTK0 0IIHCaH MeT0.ZJ: II0CTJ)0eHHJI K0HetJHLIX ( TO 

eCTL He 1'pe6yro:m;ruc 6eeKOHetJHoii: ym,rpa<pllOJieT0BOH nepeH0pMHp0BKH 
3apJI.ZJ:0B 11 Mace) N = 1 cynepcHMMeTJ)lfCIHilX Teopll:ii:, npe.Z{JIO}l{eHHLIH 

EpMJilleBLIM, KasaKoBLIM 11 TapacoBLIM B eepe,ZlH:He 80-x. Ha ocHoBe 

3Toro Mero.na K0HCTJ)YHpyeTcJI K0HetJHaJI cynepcHMMeTJ)lltIHaJI SU(5) 
reop11JI BeJIHKoro 06'1,e.Z{H:HeHHJI c11m.noro, cJia6oro _11 3JieKrpoMarHHT

noro B3aHMo.neiiCTBll:ii: c MJirKHM napymen11eM cynepcHMMeTJ)llll. Ilo 

CB0eM}" Mym,TIIIIJieTH0My C0CTaBY ona 0TJIHtJaeTCJI OT MJIHHMaJII,H0H cy

rrepcllMMeTJ)lltIHOH SU(5) reopHH BeJIHKoro 061,e.Z{H:HeHHJI pacnmpeHHo
cr1,10 XHrreoBCKoro ceKT0pa. YHHKaJII,HOCTI, rpymm SU(5) saruool!a

eTCJI B TOM, tJTO rpe6oBaHHe ym,rpa<pll0JieTOBOH K0He1IH0CTII O.n;H03HatJHo 

<pHKCHpJeT, tJT0 1IH:eJI0 IlOKOJieHllH MaTepo paBH0 TpeM. J0KaBCKHe Ma

TJ)Hn;LI cynepnoTeHIJ;HaJia e.Z{H:H0H Te0pHH BLI6HpaIOTCJI B MaKCHMaJII,H0 

npocroM BH.Zle B rrpe,D;eJiax rrpo11sBoJia, .n:onycKaeMoro ycJioB11eM K0He1I

nocr11 reopHH. BLIIIoJIHena pe,eyKIJ;HJI 3TOH TBO K MllHHMam.noii Cy

rrepCHMMeTJ)lltIHOH Cran.n;aprnoii Mo.n:em. CrronTaHHoe napymeHHe 

e.Z{H:H0H eHMMeTJ)ml IIp0HCX0,ZlH:T B pesym,TaTe rrpno6peTeHHJI cyneprro

JieM Marepm1 B rrpu:eoe.Z{H:HeHHoM rrpe.n;cTaBJieHHH rpynm,I SU(5) He

HyJienoro BaKJYMH0ro epe.n;Hero. ,l(JIJI BLI.n;eJieHHJI JierKoii xnrrconcKo:ii: 

napLI MCCM noTJ)e6onaHo cnepxTotJHoe coKpam;eHHe MaccoBI,rx napa

MeTJ)0B, K0TOpoe B KOHetIHOH Te0pHH JIBJIJieTCJI 6oJiee 0CMLICJieHHLIM no 

cpaBHeHHIO e .n:pyrHMH TBO BCJie.n;crnne ne11sMeHH0CTH .. MaccoBI,IX na

paMe-rpoB MelKJJY IIIKaJIOH CilOHTaHHoro HapymeHHJI e.Z{H:HOH CHMMeTJ)HH 

Mcur 11 maJioit enoHTaHHoro napymeHHJI cyneprpaBHTan;HH Mp. Ilo

Kasano, tJT0 paccMo'.tpeHHaJI K0HetJHaJI TBO c MJirRHM napymeHHeM 

cynepcHMMeTJ)mI nLI6pacLIBaeT cne,eyrom;11e rpaHH1IHL1e ycnoBHJI .ZlJIJI 

MCCM B T01IKe ofrF,e.Z{H:HeHHJI Bsam.t:o.n;eiiCTBll:ii:: 

• nee TJ)H Kam6ponotJHLIX sapJI,D;a MCCM paBHil KaJIH6ponotJHoMy · 

sapJI.izy e.Z{H:Hoit Te0pHH 9GUT· 

• MaecLI rpex Kam6p11Ho MCCM paBHil Macce Kam6p11Ho e.Z{H:Hoit 

TeopHHM5 • 

• "MJirme" sapH,D;LI TJ)H-CK8JIJIPH0ro H 611-eKaJIJIPHOro B3am.IO.Z{eit

CTBWI MCCM.panHil -Ms,·a MaccLI cKaJIJIP0B B 11:nenax MHrKor9 
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HapyrueHIDI cyrrepcHMMeTpmr paBHhl ✓;iM5 • 

• IOKaBCKHe 3apJI,ZJ;Ii[ paBHhl 9GUT, pa3Ma3aHH0MY- no II0K0JieHIDIM C 

BeC0BhlMll e,LOIHlll!HhlMll BeKTopaMH ni JI ni' TaK l!T0 ,,_ 

u Yi = n·yu D - D E - E Yi = niy , Yi = niy , 
i ' 

yu = 4 
-/ff,9GUT, 

D E 2 
Y = Y = -159aur; 

BeKT0pa ni II ni 3a,n:aIOTCJI B XHrrC0BCK0M CeKT0pe e,LOIHOM Te0pllll, 

• HCT0l!HllK0M KBapK0Boro cMeIIrnBaHHJI JIBIDieTCJI YHHTapHaJI Ma

Tp1rn;a Kij, 

• MaccoBLIM rrapaMeTp MCCM µ rrpe.n:crnBIDieT co6oii cyMMY Mac

C0BhlX rrapaMeTpOB e,LOIHOH Teop1111. 

Bee 3TH BeJIHl!HHhl (gaur, M5, ni, ni, Kij, µ), He q>HKrnpyroTcJI 

ycJIOBHeM K0Hel!H0CTH, JIBJIJIJICI, CB060,n:HhlMll rrapaMeTpaMH Te0pHH. 

O6cyJR,n:aeTCJI C0rJia_coBaHH0CTI, paCCMOTpeHHOM M0,n:eJIH C cy:w;ecTBy

IOI.U;llMll 3KCIIepHM€HTaJIJ,HhlMll orpaHHl!€HIDIMII. 

Co.n:epm:aHHe BTOpoii rJiaBhl orry6JIHKOBaHO n pa6ornx _[1,6,7]. 
TpeTI:,JI rJiana rrocBJII.U;eHa. aHaJIH3Y MHoroxHrr.concKHx rroTeHn;11a

JioB B cyrrepCHMMeTpll1IHhlX pacnrnpeHIDIX CrnH.n:apTHOM Mo,n:eJIH C MJir

KHM HapyIIIeHHeM cyrrepcHMMeTJ?HH. · Pa~cMaTp11BaeTCH 0606:w;en11e XHr

rcoBcKoro rroTeHn;HaJia M11H11MafilHOM .Cyrrepcm.rneTPlllIHOM CT3:H.n:ap

THOM Mo,n:eJIH Ha CJiytrnft rrpoH3B0JIJ,H0ro 1IHCJia :irnrrcoBCKHX .n:y6JieTOB. 

IIpe,n:JiaraeTCJI MeTo.n:, KOTOphlM Il03B0IDieT HaiiTH MHHlO!JM 3',I'0ro no

TeHIJ;HaJia T01IH0, He .n:eJiaJI anp11opHLIX npe,n:rroJiom:eHHii o ·q>opMe· MH

HHMyMa. MeTO.ll: HCII0~3yeT KaJIH6pono1:rny10 HHBapHaHTHOCT:b Teopllll 

II pe.n:yu;11pyeT 3a,n:a1Iy K Il0HCKJ MHHHM}'11:R CKamrpHOTO XHrI'COBCKOrO 

noTeHu;HaJia MCCM. C noMoIIJ;I,10 3Toro MeTo.n;a _,n:oKa3LIBaeTcJI cTa-
. J - ·t·'- .· .. ·. . .-,, - ..... 

6HJIJ,HOCTI, HH3K03HepreTlll!ecKoro IlOTeHil;llaJia· KOHel!HO:ii 1;10.n;eJIH. B D-
IlJI0CKHX HanpanJieHIDIX.H Bhlll0JIHeHa pe.n:yKn;IDI nocJie,rornii K MCCM. 

B 3aKJIIOiJ:eH11e ril:aBLI npe~JiaraeTCJI aHaIDITHl!ectrn:ii MeTo,n; pemeHruf cn

cTeM H€JIHHeMHLIX ",rnre6pa111IeCKHX ypaBHeHHii; ;'CBH3a.HltI.IX C 3a,n:a1Ieii 
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MHHHMH3all;llll CKaIDipHOro IIOTeHil;llaJia. KJIIOl!eBhlM MOMeHTOM B MeTO,Ue 

JIBJIIIeTCJI TO, l!TO HeJIHHeHHOCTI, BXO,ll;JIT B CHCTeMy KaK O.n;Ha HeTpHBH

aJII,HaJI ICOM6HHall;HJI, l!TO . IlO3BOJIIIeT HaM cpa3y 3aq>HKCHpoBaTI, ee H3 

ycJIOBIDI o6HyJieHIDI .z:r;eTepMlmaHTa CHCTeMH. 

Co.nep}I{rum:e TPeTheii rJiaBLI ony6JIHKoBaHo B pa6ornx [4-8]. 
B 3aKJIIO'l:J:eHHH Cq>OpM)'JIHpOBaHLI OCHOBHLie pe3ym.TaTLI ,LOiccep

Tall;llll. BLIHOCHMLie Ha 3am;Hzy. 

B npunomeHHH npHBe.z:r;eHLI q>OpMYJILI TpeXMepHoii N = I cynep

cHMMeTpHH, ICOTOpLie HCIIOJII,3oBaJIHCI, npn cynepnoneBLIX pacl!eTax. 

OcHOBHiile pe3yJILTaTiil .nuccepTan;HH, BLIH0.CHMLie 

Ha 3amHTy: 

1. BLIIIoJIHeHa nepeHopMHp0BKa N = l cynepcHMMeTpHl!HOM Hea-

6eneBoii TeopHH qepHa-CaiiMoHca c MaTepneii B (2+1) H3Mepe

HIDIX B ,ro3yxneTJieB0M npH6JIH}I{eHim .n;JIJI SU(n), Sp(n), H SO(n) 
ICaJIH6p~BOl!HLIX rpynn B npe.n;noJI0}I{eHJIH, l:JTO IlOJIJI MaTepHH Ha

XO,lVITCJI B cI>yim;weHTaJII,HOM npe,UCTaBJieHHH 3THX rpynn. Pe

HOpMrpynIIOB0e IIOBe,ZJ;eHHe MO,UeJIH H3Jl!eH0 H Bee cl>HKCHpOBaH

HLie TOl!IDI HaH,ZJ;eHLI. 9TH. pe3JJII,TaThl IlOJIYl!eHLI C HCII0JII,30-

BaHHeM JIBHoro N = 1 cynepnoJienoro cI>opMaJIH3Ma. YcTOK"tlH

BOCTI, Bcex cl>HICCHpOBaHHLIX TO"tleK HCCJie,ZJ;oBaHa. IIoKa3aHo, l:JTO 

N = 2 cynepCHMM€TPHl!HaJI TOl!IC~ JIBJIJieTCJI HHcl>paKpaCHOK CTa-

6Hm.HOK TolIRoii. 9TOT pe3ym,TaT cynepnoJienoro pacl!eTa no.n:

TBeplK,Z{eH ROMIIOHeHTHLIMH BI,I"t{HCJieHIDIMH B HecynepCHMMeTPH"tl

HOH Teopim:; r.n:e TaR}I{e Haii)l;eHLI Bee cl>HKCHpoBaHHLie T0l!RH H 

HCCJie,ZJ;0BaHa HX YCTOKl!HBOCTI,. 

2. lfa}"leHLI 06:w;He acneICTLI nepeHopMHpyeM0CTH TpeXMepHLIX N = 
1 cynepCHMM€TPHlIHLIX TeopHii qepHa-CaiiMOHCa c MaTepHeii. 

IJoxa3aHO, l!TO l:JHCJIO l!JieHOB B C0rJiaCOBaHHO nepeHOpMHpyeMOM 

narpaH}I{HaHe 3aBHCHT OT ICaJIH6poBO"tJHOii rpynnLI H npe.n:cTaBJie

HIDI RHpaJII,HLIX cynepnoJieii MaTepim:. .D:JIJI CJIY"tlaJI np0H3BOJII,H0ii 

rpynnLI H IIpOH3BOJII,H0ro npe.n:craBJieHIDI IlOJieA MaTepHH IlOKa-

3aH0, lITO pacIIIHpeHHM N = 2 cynepcHMMeTPIDI npoJIBJIJieTCJI 
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KaK q>IIKC11poBaHHaJI ToqKa B npocTpaHCTBe 3apJI,n;oB N. = 1 Teo
p1111. 

3. Ha ocHoBe KoHeqHo:ii: N = 1 cynepc11MMeTp11qHo:ii: SU(5) Te°.p1111 c 
MJifKllM HapymeHIIeM cynepcIIMMeTpllll CKOHCTpy11poBaHa TeopIIJI 
Bemrnoro 061>e.n;IIHeHIIJI CllJThHOfO, CJia6oro 11 3JieKTpOMafHllTHOf0 
B3a11Mo.n;eikTBII:ii. Mo.n;em, comacyeTcJI c cym;ecTBYIOIIUIMII 3KC
nep11MeHTaJThHI,IMII orpaHII"CJeHIIJIMII B o6JiaCTll Hll3KHX 3Heprll:ii:. 
BnIIIoJIHeHa pe,n,yKII:IIJI 3To:ii. TBO K M11H11MaJThHo:ii Cynepc11MMe
Tp111IBo:ii CrnH.n;apTHo:ii Mo.n;eJill. 

4. Ilpe,rm:olKeH MeTo.n; MllHllMII3aU:llll CRaJIJipHOfO IIOTeHU:llaJia B Mo.n;e
JIJIX C pacm11peHHHM XllffCOBCKIIM ceRTOpOM B np11cyTCTBllll 'tIJie
HOB MJifKO Hapyma10m;11x cynepcIIMMeTpllIO. MeTO.n; 11cnom,3yeT 
RaJI116pQBOqHyIO llHBap11aHTHOCTI, Teopllll OTHOCllTeJThHO Tpynm.r 
c11MMeTp1111 CTa11,n;apTHo:ii: Mo.n;eJill 11 IT03BOJIJieT HaXO.n;IITI. MllHII
MYM cKaJIJipHoro noTeHD:11aJia T11na noTeHIJ:llaJia M11HIIMaJThHO:ii 
CynepcmrneTpII'llHO:ii: CrnH.n;apTHo:ii Mo,n;eJill c npo113BOJThHLIM 'tlII
cnoM XllffCOBCRllX ,n,y6JieTOB, He ,n;eJiaJI arrp11opHI.IX npe,n;rroJIOlKe
HllH o q>opMe MHH11MyMa. C noMOID;I,IO 3Toro MeTo.n;a ,n;oRa3aHa 
CTa6llJThHOCTI, Hll3K03HepreTHqeCKoro XllffCOBCROro IlOTeHIJ:llaJia 
ROHeqHo:ii Mo.n;em1 B D-nJIOCRllX minpaBJieHIIJIX 11 BnIIIOJIHeHa pe
,n,yKII:HJI nocJie.n;He:ii R MCCM. 

5. Ilpe.n;nolKeH aHaJillTll'tlecm:ii MeTo.n; pememra c11cTeM HeJI11He:iiHI.IX 
aJire6pall'tleCRllX ypaBHeHll:ii:, CBJI3aIIHHX C 3a)J;aqeft MIIHllMll3aIJ:llll 
cKaJIJIPHOro noTeHIJ:llaJia, ROTOpI,IH B03HHKaeT H3 N = 1 cynep-,, 
CJIMMeTpllqHI,IX Teopll:ii: C pacillllpemmM XllffCOBCRllM ceRTOpOM. 
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