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OHUAR XAPAKTEPHCTHKA PAEOTl:l 
AKTya.JThHOCTb T8Mll CM3aHa C YCTaHOBJI8Hli8M Ka.,rndpoBO'!HOll rqmpo

.l\ll (WH.ll:aM8HTa.JThHHX B3aIDv!o,nefiCTBllfi ll pom,10 cynepcm,1M8TpHH B ~H3HK8 Bll
CQKID( :JHepnru ll KBaHTOBOfi TeOpHH IlOJIII. IlepBHM YCil8lllHHM JJJal'OM Ha ilyTH 
nocTpoemm e~Hofi Teopmr BC8X ~eHTa.JThHHX B3aHMO,n8HCTBHll flBHJIOCh 
C03,nattne Kamr6poBO~HOll TeOpHH 8R8KTIJOMaI'HllTHHX ll CJiadllX B3aHMO,n81CT
BHfi Ha OCHOBe RORaJII,HOll SU(2)xU(1) - rpynnH CRMMeTpllH ll T80pHR CRJII,
HHX B3aRMo,nellCTBRH Ha OCHOB8 ROKa.JThHOll SU(J) - rpynnll CRMM9Tpllll. He
CMOTPfl Ha CTOJih 3Ha~TMbH08 npo,nBIDKeHRe B IlOHRMaHllll 3aROHOB qJYH,Ita~ 
M8HTaJII,HHX B3aHMo,nefiCTBRH, OCHOBaHHOe Ha HCilORb30BaHHH Tpe6oBaHHfi RO
Ka.JThHOll CRMM9TpHH C Tiplll_3JI8~8HH8M BC9 6oRee lllHpOKRX BHYTP8HHRX rpynn 
CHMM9TpllH, TaROll no,nxo,n co.nePJKHT TPY.ItHOCTH, CM3aHHll8 C cymeCTB9HHblM 
pa3.1IlPmeM B TOfi poJIR, KOTOpy!O llrpa!OT B 8THX T90pl1!IX 6030HHH9 ll q,epMlf
OHHll8 IlOJIII, H, KaR M9,nCTBll9, CO BCe e~e OCTaICXIU™Cfl Ilpoll3BOROM B Bll-
6ope TaKRX napaMSTpoB Teopmr. KaR MaCCll·~aCTHU, xapaKTepHCTHKH xnrr
COBCRHX ~aCTHU, a TaKllte C H9B03MOlKHOCTb!O BRRI0~9Hlill B TaKll9 T90pIDf 
rpaBHTar:(HOHHllX B3aHMo,nefiCTBRH~ 

Ilpe,nCTUBRR8TCJl 8CT8CTB8HHHM, .~TO ,w11I C03,namm e~HOH T90pHH BC8X 
4JYH,I(aM9HTa.JThHHX B3aHMO,nefiCTBHH Heo6xo~o ,nam,Hefunee pa3BHTR9 IrpllHUH
na ROKaJII,HOll CHMMeTpHH C TipHBR9~9HH9M Bee 60R99 CRO.lKHHX rpynnoBHJC 
CTJ>YRTYP, co,nep,KaIIIHX rrpeo6pa30BaHHR KaK npocTpaHCTB9HHO-BpeM9HHllX, 
TaK H BHYTP8HHHX nepeM9HHHX. 

CynepcRMMeTpM, ~Cb HOBHM TllllOM IlpoCTpaHCTB9HHO-BpeM9HHOfi 
CRMM9Tpllll, yCTpaHR9T pa3JIR'llle M9.ll!,I(y OCHOBHHMll COCTaBJililllllHMli MaTepmr: 
6030HaMH, nepeHOC~aMH qiyH,!(aM8HTaJil,HllX B3aHMO,n9llCTBRH, H qiepMHOHa.Mlf, 
tJaCTHIJ,ro,m B9lll9CTBa, - ll Il03TOley" MOllteT YMOHblllllTb npoH3BOR B BU6ope na
paMeTpoB B 8R9KTpoCJia60ll TeopHH H B T80pH.HX Be.mmoro o6~9,nnH9HM H 
npe,IVIOJKHTb B03MOJKH09 pemeHHe npo6R9Mll RepapxHH MaCC B. aTHX T80pl11IX. 

3Ha.~T8RbHl:IM ,nocTHJKeHll9M cynepCHMM9TpHH CTMO OTKpllTHe JJJHpoKOI'O 
Macca peMTRBllCTCKRX MO,n9R8ll T80pHH IlOJIII,°CB060,nttllX OT pacxo~c
T8ll. TeopM TflI'OT8Hlill YCTaHa.BJIHBaeT T8CHYIO CBII3b M9.ll!,I(y MaTepHeli H 
CBOiiCTBaMH npoCTJ.)aHCTBa-BpeMeHR. Co~eTrume IIPHHUHna cynepCHMM9Tpmr 
C Teopnefi rpaBHTar:(llll B HaH60R99 RpKO~ qiopMe IlpoflBJIII8TCR B MHOI'OM9P
HHX TeoplillX cynep!'paBHTar:(llll PI B T90pHH cynepCTPYH, Ha OCHOBe TaKOI'O 
no,nxo,na Y.ztaJIOCb OCYJn9CTBP!Tb MHRHR9 BHYTP8HHIDC CRMM9Tplrn C IlpoCTPaH
CTB9HHO-Bp0M8HHHMll ll 06~9~Tb rpaBllTar:(ll!O C KaJIR6poBO'!HllMlf IlOJIIIMH 
RHra-MWIJica. IIoaTOley" B IlOM9,nH98 BpeMf! 3Ha~T9RhHO B03poC HHTepec K 
MHOI'OM9pHl:IM cynepcm.1M9TP~HM 8,nHHHM T90pHRM Tlllla Ka.eywl-KJrefiHa.. B 
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pe3yJII,TaTe ,ll;SliCTBRII M9XaJlli3Ma CilOHTaHHOll KOMJ:ta.KTllqJmcanmr ,ll;OilOJIHHTSJll,
Hl:19 R3M9peHRII B Ta.KliX TSOPRIIX o6pa3YJOT rrpoCTpaHCTBa M8JlliX pasMepoB, 
H9,ll;OCTYIIHH9 Herrocpe,ll;CTB9HHOMY Ha6JIIO,D;emno. O~o Ta.KUS KOMITa.KTHHS 
rrpoCTpaHCTBa ,ll;OilOJIHHTSJII,HHX R3Mepelilili MOryT rrpoRBRTb ce6R qepes CBOli
CTBa 1us~eCKliX rroieft B Ha6Jm,ll;a9MOM 4-MepHOM rrpoCTpaHCTBe-BpeMeHll. 

B03MOJKHO, qTO llMSHHO CilOHTa.HHaR KOMIIB.KTllql~ ,ll;OilOJIHHT9Jll,HUX 
asMepeHUH o6yCJiaBJmBaeT orrpe.neJieHHYIO rpyrrrrOBYJO CTPYKTYPY CllJII,HOro a 
3JI9KTpo~6oro B3aHMO,ll;9liCTBIDI, OHa MO.lK9T ,ll;aTb KJIB)q TaKJKe K IIOimMalililO 
IIOMS,ll;OBaTeJII,HOl'O CIIOHTaHHOl'O Hapyw~HRII BHYTpeHHliX CliMMBTPIDI ll cyrrep-
CliMM9Tplili. 

B CM3R C 3TliM ,nJIJI rrpllM9H9Hll/I Teopaa cyrrepcliMM9Tplili K (!lll3llK9 
3JI9M6HTapHHX qacTUU a.KTYaJII,HHM smrureTCR usyqeHUe MexaHU3MOB CIIOHTaH-
HOH KOMIIB.KTU!pm(~ll B MHOl'OMepHHX T90pllRX cyrreprpaBUT~ ll TSOpRIIX 
cyrrepCTPYHU, a Ta.Kl!t6 usyqeHUe CBOHCTB o6pa3YJIX!lllXCR Ba.KYYMHHX KOHqiUry-
p~ B Ta.KUX TeOpllRX. CyrrepcliMMeTp~e Teopaa B rrpocTpaHCTBax C 
,ll;OilOJIHHT9Jll,HUMll.ll3M6peHRIIMll SIDJIHIOTCR MOJKHID.m B Ma.T9Ma.T~9CKOM OTHO-
meHlili TeOpRIIMll. .Ivm BURCHSHRII pa3Jm'IHHX ax KOHKpeTHUX .CBOHCTB y.no6HO 
llCIIOJII,30BaTb yrrpomeHHUe MO,ll;eRH, KOTOpHe qacTO ITpe,ll;CTa.BJDD:lT CaMOCTOR-
T9JII,HW1 UHTepec, Ta.K, HaITPHMep, cyrrepcllMMSTpllR HMeeT UHTepecHHe npu-
JIO.lK9HRII B ITpOCTpaHCTBax 'AB1X ll O'AHOI'O ll3M9peHlili,·MHorRe BOITpOCH KBaH-
TOBOli ll MaCC~eCKOH M9xaHHKU qaCTUU co CITUHOM y.n~eTCR rrepeqiopMy-JmpO-
BaTb, llCilOJII,3YR ll'A9ll ll M9TO'AH TeOplili cyrreprpaBUT~ •. 

ijeJII,D pa60Tl:1 RBJlfl9TCR IlOCTpoeHUe M9XaHll3Ma CITOHTaHHOli KOMIIa.KTll-
~ ,ll;OITOJIHHT9Jll,HHX ll3Mepemni npu B3aHMO,ll;8ilCTBKl'! rpaBRT~OHHOl'O 
ll KMU6poB0qttHX IIOJI9H B MHOl'OMepHHX Te6pumc Smmrreima--fulra-;\lnJr.nca H 
cyneprpaBHTan;ruIX; HCM8'AOBaHll9 CBOHCTB, B03lmK8JJill'!X B pe3yJII,TaTe CllOH-
TBHHO! KOMITB.KTll~ BaKYYMOB B T80PWDC 3immTeima--HHra-MH.7IJica·c 
quMOM ll3M8peHHH da,4+n ll B T80PWIX cyrreprpaBUT~· BIO- ll II-
MepHOM rrpoCTpaHCTBe--BpeM8Hlli IIOUCK Ba.KYYMHHX KOH(!lll~, co.nepxa
lllRX rpynny CHMMeTpuii SU(J)xSU(2)xU(1), a Ta.Kl!t0 IIOM8'A()BaT8JII,H08 OIIll
CaHUe ,IJ;HHa.MmtH qaCTIIUH co CITUHOM N/2 Ha OCHOBe O'AHOMepHOH N - pacmu
peHHott cyrreprpaBUT~. 

HayqHaJI HOBH3Ha. B 'AUCCSPT~ pemeHa rrpo6JieMa, UMellllaJI npumnmu
aRbHOe 3HaqeHUe B MHOI'OM8pHHX TeOpIDIX ~-K.n:eniia: o6HapyiiteH Mexa
Hll3M CIIOHTaHHOH KOMila.KTllqJHitaWW ,ll;OIIOJIHHT8JII,HHX ll3Mepemnl llpH B3aHMO
,ll;8HCTBllH rpaBHT~OHHOl'O IIOJIII C. Ka.Jm6poBOtlllliMll IIOJIIIMH 1 OCHOBaHHHH Ha 
BJIO.llteHIDI Ba.KyyMHHX 3Ha'iO!mH KMU6poBOttmlX IIORefi B JIOpe!rq8BY CM3HOCTb 
KOMIIB.KTHHX IIO'AllpOCTpaHCTB. . 
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Ha OCHOBe Ilpe,ll;JIOJKeHHOl'O B .I(l1CC9PT8.Ullll M9Xa!Il!3Ma llCMS,ll;OBa!IH CIIOH-
T8HH8R KO!.fila.KTH/pllKarnm: B IIp0ll3BOJll,HJ:19 CHMM9Tpuqemme IIpoCTpaHCTBa R 
llfilPOKllli KJiaCC O,ll;HOpo'AHUX npocTpaHCTB B T60pRIIX 3i1:HIIJTellHa--B.Hra--MHJJJICa. 

Ilo.nyqeHH pellleHRII ypaBHSHHli d :11 cyrreprpaBUTau1m, OTBeqa.IOllllle , 
OCHOBHll'.M COCTORH_IIBM c KOMIIaKTHillM 7--Mepumm IIO,ll;IIpocTp8HCTB8Mll H 06Jia-
,lJ;a.JOOlll6 N = J,2, 1,0 cyrrepcHMMeTpIDIMll. 

Ilpe,ll;JIOJKeH MexaHHm~ CIIOHTaHHOH KOMIIa.KTll(pllKaullll B d:11 cyrreprpa
BUTauau' IIpUBo,rr;Ill{llii K o6pasoBaHHIO 6-Mep1mx KOMIIB.KTHUX IIO,ll;npOCTpaHCTB. 

Hai1:,ll;eHH OCHOBHl:19 COCTORHRII B N=2, d:10 cyrreprpaBIIT~ll, Cpe.I(ll 
KOTOpHX SCTb ,ll;OITyCKa.IOllllle SU(J)XSU(2)xU(1)-- rpyrrny CllMMSTPllll. 

Ha OCHOBe YCTaHOBJI8HHOi1: CM3ll pernemrn d = 11 cyrreprpaBRTaUlllI ll 
COOTBSTCTBYI{IJIHX perneHHil: H6KupaRbHOM N=2 , d=10 cyrreprpaBUTaurrH orrpe--
,ll;SJISHH cyrrepcUMMeTp~Hl:16 Ba.KY,YMbl N=2 , d= 10 cyrreprpaBUTal(lm. 

Ha OCHOBe llCITOJib30BaHIDI rpaCCMa.HOBHX ll rraparpaCCMaHOBHX Be~ 
B paclUllpeHHOli da 1 cyrreprpaBUTauau 'AaHa qiopMyJIHpoBKa 'peJIRTllBHCTCKUX 
ypaBHeHHil: ,nJIJI qacTUU C IIpOl'I3BOJII,HHM CIIlIHOM. 

HayqHaR ll rrpaKTHqecKM ueHHOCTb, PesyJII,TaTH Ilpe,ll;JiaraeMOli ,I(llCCep-
T~l'I o6pa3YJOT OCHOBY HOBOI'O HarrpaBJieHRII B T80plili cyrrepcllMl.lSTPllli ll B 
TSOPRIIX Ka./Iyim--K.n:eliHa - CITOHTaHHOli KOMIIaKTH(!lllK~H IIO,ll;IlpOCTpaHCTB B 
TeOpll.fIX C ,ll;OITOJIHHTSJII,HHMH lI3M6peHRIIMlI; Ha OCHOBe rrpoBe,ll;eHHHX llCCJie-
,ll;OBaHIDI IIO.nyqHJIH ,I:(aJII,Hei1:rnee pasBUTHe n.n;en O MHOI'OMSPHOCTH rrpoCTpaHCT-
Ba --B pe Me Illi • 

3HaqeHJ1e 3TliX pe3yJII,TaTOB COCTORT B TOM, qTo OHlI ,ll;aIOT B03M0lKHOCTb 
BWJ:6Jil'!Tb ll3 Teopuii Ka./Iyim--10.reiiHa Hau6o;ree peaJmCTHqeCKUe'' ,ll;OITyCKa.JO-
mue ITORBJI8HH9 B ~ll3~8CKOM rrpocTpaHCTBe--npeMeHH ~Hll'.X qiepMlIOHOB 
u rpyrrrr CllMMSTpl'Ili, COOTBSTCTBYI{IJIHX CllMMSTPllll Cl'IJII,Hll'.X n aJieKTpo~6HX 
B3aHMO,ll;0HCTBl'Ili. 

Pa3BHTW1 B .I(llCCepTauau IIO,ll;XO,ll; aKTllBHO npHMeHReTCR, B qaCTHOCTU, 
He TOJII,KO B cyrreprpaBUTauIDIX C Ma.KCHMaJII,HHM qaMOM ll3M8peHHil: d=10 , 
11 , HO ll B .npyrux BapllaHTax cyrreprpaBUTaUHH, a TaK.lK9 IIOJIY"IWI UHTepec
H08 llpllJIOJKeHHe B TeOpllli cyrrepcTPYH, ITO-Bll'AHMOMY, ,ll;aJll,Hei1:rnee pa3BllTll9 
paspa60Ta!IHUX 06111HX M8TO,ll;OB o6Hapy.llteHIDI ll llCMS,ll;OBalilili BaeyyMOB Ka.ny-
1(11--KJreHHa 6y.neT ll'ATR no ITyTll liX pacITpoCTpaHSHll/I Ha CTPYHHH8 MO,ll;eRU. 

TeM CaMHM,pe3yJII,TaTH .I(l1CC8PT~ llM8DT CYJ!l9CTB6HHOe 3HaqeHUe ,nJIJI 
pea.,msauau rrporpa.MMH o6'.he,ll;UH8HRII 'AB1X MHoroo6emamnrx U'A9li COBpeMeHHOli 
Teopuu 3JI9M8HTapH11X qacTim: cyrrepCH!dr,19Tpaa, C 0,ll;HOH CTOp0HH, ll RaJIU-
6poBOqffOH Teopmi: qiyH,ll;aM8HTaJII,HHX B3aID.t0,ll;6HCTBl'Ili, C .npyroii. 
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0CHOBHH9 003VJII,TaTH. BH.lIBllraeMHe lLJIII 3anm:TH 

I. YCTaHOBJieHa B03MOJKHOCTb CilOHTaHHOii KOMIIBRTllipmta.uim .norromm

T9Jll,HllJC lI3MepeHHfi Ilpll B3aHMO,neilCTBllll I'paBRTanROHHOro IlOJIII C KaJm6po
BO'IHHMlf IlOJIIIMR SO(n) -rpyJIIIH B cgepH Sn= SO(n+1)/SO(n). 

2. BrrepBHe pacCMOTpeHa CilOHTaHHaR KOM!IaKTllcpRKaUR!I B CllMM9Tplf'!ec

Kll9 IlpoCTpaHCTBa G/H rrpn IlOMOIItll Ka.mr6poBO"!HlllC rro~eil C ~OK~HOli rpyrr

rroil, ll30MOpl)HOli rpyrrrre ro~OHOMllll H CllMM9Tplf'!9CKOro IlpoCTpaHCTBa. 

3. IlOKa3aHo, 'ITO ~ o6pa30BaHR/I CllMMeTplf'!ecrurx rrpocTpaHCTB C 

H8IlpoCTOil rpyrrrroil ro~OHO?Mfil B KOM!IaKTllcp~ .nocTaTO'!HO Y'!aCTIDI Ka

~6poBO"!HlllC IlMeil, rrpeo6pa3YJ{lllllXCJI no rpyrrrre, ll30MOPlJHOii o~oii ll3 llH

BapllaHTHIDC rro,nrpyrrrr rpynIIH l'O~OHOMllll. 

4. YCTaHOBJI9HH B03MOJKHHe BapllaHTH CilOHTaHHOH KOMilaKT~ 6-

M9pHoro rro~poCTpattCTBa B CllMM8TplftleCKll9 ll o~opo~He IlpoCTpaHCTBa B 
d= 1 o Teopllll 3furnrreiiHa-MaKcBeJL,1a. 

5. H~eHa ll ll3J'l9Ha KOHl!)llrypaltrul, 06.1I1l,Ital001M SU(J)xSU(2)xU(1) -

CllMMeTpneil. IlOKa3aHo, 'ITO SU(2) - rpyrma MO.llt9T 6HTb HapymeHa 3a C'l9T 

MHOI'OCTYflemaToro M8XaHll3Ma CilOHTaHHOil KOMilaKTllqi~. IlpllBo~ero K 

o6pa3oBamm otf~£rHtl l - ocHoBuoro cocToSIHIDI. 

6. H3J'l8HH B036yx,neHIDI Han BaKYYMaMll d=10 T80pllll, COOTB8TCTBYJO

lltll9 Ka.mr6poBO'!HHM IlOJIIIM SU(3)xSU(2)xU( 1 )- rpyrrrr11, a TaKllt9 Ka.mr6poBO'l

HHM IlOJISIM SU(J)xU( 1) - rpyrrrr11, ll B03HllKa.mnI8 Ilpll rrepecTpoilKe OCHOB-

HO:° COCTO.mmsI CP~ 
1 

B tJ'{lJ~84t~r . Orrpe,ne~eHa 3aBllCllMOCTb 3Ha'18-
Hlll1 Ka.mr6,POBO'IHIDC KOHCTaHT CB/l3ll OT IlapaM9TJ)OB KOM!IaKTllcp~. 

7. Ha~eHH HOBlle BaKyyMlill8- KOHcpnrypaun.n B dc11 cyrreprpaBllTrunm, 

TaKHeKaK P( tJ'{lJ~84fl,, s
1>, P(s

2
xS2xs2 ,s

1>, E18H3~P(cP2 , 

su< 2>>, P<sot5~£~f~J ,s
1>,.,,~8f~{i84ib · 

· 8. · ;1cc;re,nOBaHH OCHOBHHe COCTO.IIHIDI c KOMilaKTHllM ~ - rro~

CTPaHCTBOM, ,norryc~ coxpaHemm N•J, 1 cyrrepcUMMe~plill. PacCMOTP8Ha 
B03MOlltHOCTb TpaKTOBKll CilOHTaHHoro HapymeHIDI cyrrepcllMMeTpllll KaK 3qqi9K

Ta, CB/l38.HHOro c oco6eHHOCT.IIMl1 CilOHTaHHoii KOMilaKTWPllKanRR B MHOroo6-

pa3ll9 SU(J)/U( 1) • 

9. H~eHH 0CHOBHH9 COCTO.IIHIDI H8KllpaJII,HOll Na2, da10 cyrreprpaBll

TanRll C KOMilaKTHHMI6-MepHHMH IlO~CTpattCTBaMll. 

10. YCTaHOBJI9HO COOTB9TCTBll9 BrutyyMHIDC KOHqlllI'YJ)a.Inm Na2, da10 

(H8RllpaJII,HOH) cyrreprpaBllT8.Ulfil OCHOBHHM COCTO.IIHRIIM d=11 cyrreprpaBnTa-
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Ullll C KOM!IaKTHHMll no~pocTpaHCTBaMll, npe,nCTaBllMHMll B B~e pacCJI09HIDI 

P(M6 ,s 1). 

II. Orrpe,ne~eHH OCHOBHH9 COCTO.IIHIDI N=2,da10 cyneprpaBllTanRll, ,no

rrycKa.mnre COXpatt9Hll8 cyrrepcllMMeTpllll B 4-MepHOM IlpOCTpattCTB9-BpeMeHll. 

. 12. 06Hapyllt9H M9XaHll3M CnOHTaHHOli KOM!laKTllcpmtaURR B d:11 crep

rpaBllTaURR, IlpllBO~ K o6pa30BaHllD OCHOBHOI'O COCTO.IIHll.lI adS5xM C 6-
6 G 

MepHHMll CllMM8Tpll'l9CKllMll no~pocTpaHCTBaMll M = -BitJ'{lJ- • 

13. )J.aHa TpaKTOBKa d=1 pacnrapeHHoii cyrreprpaBllTaURR c ~OK~HOH 

SO(N) - rpyrrrr~fi CllMMeTpllll KaK T80pID1, OilllCHBaJOOl9H MaCCll'l9CKll8 Cilll

HOBHe nepeMSHHHe. 
14. IloKa3aHO, 'tJTO KBaHTOB08 OilllCaHll8 'tJaCTllll,ll co CllllHOM, OCHOBaH

HOe. Ha llCilOJI1,30BaHllll KaK rpaccMaHOBIDC, TaK ll naparpaCCMaHOBIDC rrepe

M9HHIDC,IIpllBO~T K YPaBHeHIDIM BaprMa.Ha-Bnrnepa ~ BO.irnOBOfi qJYHKUllll 

'!aCTllUH. 

Arrpo6amm pa60TH, Pe3yJII,TaTH, COCTaBllBllllle OCHOBY ~ccepTaURR, 

,no~a.mrcb n o6CYJl!JlaJillCb Ha ceMKHapax X(J)Tl1 AH YCCP, <NIAII, ~ AH 
YCCP, ~a6opaTOpllll T90peTll'18CKOli cpll3llKll Olliill ll B psme ~I'IDC Hay'tJHHX 

Y'IIJ9ll!Jl8Hnil K opraHH3anRli, a Ta.IUte Ha 8l!t8I'O~IDC ceccll.lIX OT,nMSHllff JI,Itep

Hoft cpll3llKll AH CCCP, Ha BcecOI03HOM pa6011eM COBemaHHH "CyrrepcID.!M9TpIDI-

85" (XapbKOB, 1985). 3TH pe3yJII,TaTH ,nOKJia,UHBaJillCb Ha Melll,eyliapo~HX 

cewrnapax ll KOHq8peJmIDIX, B TOM 'lllCJie Ha KOHg8peJmIDIX no Teopllll IlOJUI 

B A.nym.Te (1981, 1983 rr.), Ha ceMHHapax "TeopeTllKO-rpyrrnoBHe MeTO,nH 

B cp1rnmm" (3BeHHropo.n, 1979 r. ,Klpr.rMa,1985 r.), Ha cewmapax no rrpo6-
~eMaM cpR3llKll BHCOKllX 3H9prufi R KBaHTOBOli Teopnn noJUI B IlpoTBRHO 

(1983, 1985 rr.), Ha ceMKHapax "KBaHTOBa.lI rpaBHTanRJI" (MOCKBa, 1981, 

1984 rr.). 
Ily6JIHRamm. ~aKTll'l9CKOfi OCHOBOli ~ccepTaURR .IIBJI.IIDTC.II pe3yJII,Ta

TH, ony6~0BaHHH9 B. 23 CTaTb.lIX, rrpHBe,neHHIDr B KO!m8 aBTopegepaTa. 

06~eM ll CTDVRTYJ)a imccepTarmR. )lHccepTanRJI COCTOllT ll3 BBe,neHll.lI, 

Tpex r~aB OCHOBHOI'O T9KCTa C .nBYMII rrpMOJKeHIDIMll H 3aKJID'l9Hll.lI~ 0Ha co

,neplKllT 185 CTpamm MalllllHOilllCHOI'O T9KCTa n 6n6.imorpacpll'!eCKnil CllllCOK 

· JIHT9paTYPH R3 170 HaHM9HOBa.Hllli. 

CO,UEP'.MIDIB PAEOTll 

Bo BBenemm ccfJopMY~BaHll OCHOBHH9 ueJIH ~ccepTa.uim, o60CHOBa

Ha aKTY~HOCTb ll BalltHOCTb npoBe,neHHoro llCCJie,noBaHll.lI. IlpoKOMM9HTHpo

BaHH pa60TH, OTHOC.1Illlll9CJI K HCTOKaM. B KOHUS BBe~eHll.lI KpaTKO llMOllt8HO 
co,neplKB.HRe pa6oTH. 
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B rrepnoii rJiaBO Ha OCHOBO N - pacnm:peHHOii cyrreprpaBIITaI.UllI B d,.l 
C BHYTpeHHOH rpyrrrroi1 CUMM8Tpm1 SO(?l) IlOCTpoeHa KJiaCCII'!OCKM U KBalI-
TOBall Mexamrna qacnru; co cmmou II/2. ,,_ 

B pas.n. :I. 2 ,lJ,1UI orrn:canua ,nRHru,lllKII qacTIIUJl co cmmoM I npoBe,neHo 
paclllllpemrn i'(iasonoro rrpocTpaHCTBa '!8.CTIIUJl Bne.neH:aeM ,nnyx Ha6opoB rpacc-
MaHonux rrepeMeHHUX ~-. ( i "' 1 , 2 ) , rrpllHa,ItJIO)l(lli]jlUe K B9KTOpHOMY 
rrpe,ncTaBJI9HllIO rpymm Jiopem.vi. IIOCTIJ09H JiarpaIDiGraH, OllllCUBaI<lllllii N=-2 
cyrreprpanllTaum<J c noJii!MlI e , A~ , V , B3allMO,neiicTBYIOteyIO c "MaTepHaJib
HUM" cyrrep?JYJibTUIIJI9TOl.f . ~. ~;, B O,nHOMOpHOM npocTpaHCTBe co6CTB8H
HOro BpeMeHII. B TaKOM paCCMOTp0Hllll llOJie e ( r ) n:rpaeT pOJib rpaBllTall;ll
OHHOro nOJiil B a.,.1 · , A.hf)JRBJiiISTCR a.HaJIOroM rpaBl!TllHO II V(r) •RB
MeTcR KaJIU6poBO'!Hl1M IIOJIOM S0(2) - rpynrr11. B O,nHOMOpHOM rrpoCTpaHCTBe 
OTCYTCTBYJOT KllHOTll'!OCKllO '!JIOHH ,lJ,1UI aTUX ITOJISll, Il03TOMY TaKM Teopim 
rrpllBO,!(llT K KJiaCCII'!OCIWil ,nllHaMllK9° qaCTIIUJl co CID!HOBHMll rrepeM9HHl1MII 

'/jf ('Y}, OrpaHll'!9HHOH CBR3RMll. 
B rrpHMeHeHIDI K CIIllHOBllM CT9Il9HRM CB06o,nu npoue.nypa KBaHTOBallllR 

TaKOii CllCTOMll CO~TOIIT B 3aM9H9 rpaCCMaIIOBllX nepeM9HH11X Ma.TPffl-VlMll ,ll;ll
A • ,IF~ k . 

paKa cp),. =y-f: .',/ }j- {If II nepexo.ne aJire6p11 I'paccMaHa .n,,m ,nRHa.Mll'lSCKlIX 
nepeMOHHllX Yj!; B aJire6py KJmqxIX>p,na. 

CBR3lI, HaKJia,nuBaeMHe Ha BOJIHOBYIO qiylIKUll!O, ripllBO,nHT K ypaBH9Hl!RM 
)I.aqxlllIHa-KeMMepa .n,,m 6e3MaCCOBOll '!aCTIIUJl. HaJill'!He JIOKaJil,HOii S0(2) -
llHBapllaHTHOCTll B KBaHTOBOii TeOpIDI npmio,n:aT K YCJIOBIDO, Bll,nOJilI10lll8MY 113 
BOJIHOBOii q,yHKUllll HSilpllBO,nID.108 rrpe,nCTaBJI9Hll8 CO CID!HOM I. 

,lf.mI Oilllcamm CilllHOBllX CT9Il9Heii cno6o,nu Ha KJiaCCll'I9CKOM yp0BH9 I . .2 Tpe6yeTCR TOJll,KO, 'IT0611 B9JIH'!lIHU Yjl ll if.,µ aHTHKOMMy-TllpollaJIK CaMII 
C co6oii. BCJie.l{CTBII9 3TOro o6CTORT8Jll,CTBa OCTa9TCR CB06o.na B sa,naHllll 
nepeCTaHOBO'lliHX COOTHOIIl9Hllli M9J!VJY B9Jill1IllHaMll, rrplIHa,rvI9JKalltIIMH pa3H11M 
KOMilOH9HTaM. B 3TOM paa,neJie 6Wia HCilOJll,30BaHa B03MOlKHOCTb, CBR3aHHM 

.11 1,;/l t I / C BU60poM T./' rv + 'fv Yj, = 0 • T.e. paccMOTpeH CJIY1ffill, Kor.na ,f.,,,., . 
SIBJlllJOTCJI o6pa3YIOUlliMH rpaccMaHOBOii aJire6p11. B TOM ~e. Kor.na ~- H ff KOMMy-TllJJYIOT M9JIVJY co6oii, a Ca.Mll c co6oii aHTHKOMMy-Tnpy!OT, 'f' /I 
SIBJlllJOTCR_naparpaccMaIIoBllMli neJIWIRHaMR • 

B pas.n. I.2 IlOCTpoeH KaHOHll'ISCKHii qx)pMa.7ill3M ,nRHa.Mll'l9CKOii CllCTS
MH, OilllCl1Ba9MOii Ha6opoM c - '!llCJIOBllX II naparpaccMaHOBllX nepeMeHHllX. 
Cqx>pM;yJillp0BaHa npoue.nypa nepexo.na K KBaHTOBll!/1 nepeCTaHOBO'!HUM COOT
HOIIIOHIDIM ,lJ,1UI naparpacCMaIIOBllX ,nIIHaMII'!SCKIIX B9Jlll'Il!H. 

B pas.n. I.3 npone,neHo OilllCaHil9 ,nIIHaMHKII 6e3MaCCOBOii '!aCTIIUJl co 
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CillIHOBHMll nepeMeHHHMll, rrpIIHa,rvre~ K rraparpaCCl'&lHOBOll aJire6pe BTO
poro IlOPJI.nKa (npHMOH9HlI9 TaKIIX nepe111eHHl1X 60JI99 OCTOCTBOHHO ,lJ,1UI Oilll
CaHIIll ttaCTIIU co CillIHOM S > 1 /2 ) • 0TmI1Illil OT KJiaCCR'!9CKOH ,nllH8MHKll, 
paccMOTpeHHOil B pas,n. I.I, o6yCJIOBJIOHl1 pa3JIH'!ll0M B CBOllCTBax nepecTa
HOBO'!HOCTll ,lJ,1UI rpacCMaHOBllX II naparpacCMaHOBllX Be~, KOTopoe rrpll
BO,nIIT B KBaHTOBOM c.nyqae K peamiaauuu onepaTOPOB f'.) qepe3 .nna He-
3aBIICHMUX Ha6opa Ma.TPIIU ,ll;llpaKa .j,j, ;'ff 0/'l . BOJIHOBM (WHKUl!R B 3TOM 
c.nyqae TaK.lKe sa,naeT COCTORHUR '!aCTllUJl co CIIBHOM I. 

.lvlfI OilllCaHll/l KJiaCCll'ISCKOii II KBaHTOBOll ,nIIHaMllKll MaCCllBHOll '!aCTll-
Uli co CIIIIHOM I B pas.n. I.4. npoBe,neuo paCIIlllpOHlle q\9.30Boro npoCTpaHCT
Ba .nonOJIHllTSJibHHMll no OTHOIIISHIDO K CJIY'!a!O 6e3Ma.CCOBOll '!aCTIIUJl naparpacc
M8HOBUMlI nepeMeHHHMH. 

B pas.n. I. 5 IlOKa3aHO, 'ITO aJire6py Km!:qxlx>p,na, OTBS'!aIOITzy"IO CJIY'!alO 
693Ma.CCOBOii lffiCTlIUJl co CilRHOM I, MOJICHO paCIIlllpllTI, BBe,neHReM B KJiaCCII
'!OCKYIO ,nIIHaMUKy rpacCMaHOBllX nepeMeHHllX ll nepeliTII K OIIBCaHIIIO qacTIIUJl 
C MaCCOll II co CID!HOM I Ha OCHOB9 llCIIOJib30Bamm rpacCMaHOBllX nepeMSH
HllX. TaKIIM o6paaoM,KJiaCCll'IOCKHii npe,neJI cti·~ 0) KBaHTOBOll ,nIIHa.MllKII 
MaCCllBHOii 'IaCTlIUJl co CIIBHOM I, T8K JK8 Kalt H B 683Ma.CCOBOM ~e, MO·
lKST 6UTI, peaJIU30BaH Ha6opoM KaK rpaCCMaHOBllX, TaK II naparpaccMaHOBllX 
,nIIHaMII'!9CKIIX nepeM9HHl1X. Ilepexo.n K paCCMOTpeHIDO ttaCTlIUJl co CITIIHOM j/~ 
CBR3aH C YBOJIH'!9HII9M Ha6opa KJiaCCll'I9CKlIX CIIBHOBllX nepeM8HHl1X +J· 
(i = 1 , 2 1 • • • N ) II C IIOCJie,noBaTSJll,HllM llCilOJib30BaHR8M N - pacnmpeHHOii 
JIOKaJibHOll cynepcUMMeTpllll H JIOKaJil,HOll BnyTpeHH9ll rpynrrH CllMMSTPIIII, KO
TOplle rrpllBO,nHT K ypaBHSHll/IM EaprMaHa-Burnepa ,lJ,1UI BOJIHOBOll qiylIKUllll 
ttaCTIIUJl CO CITIIHOM N/2. 

BTOpaJI rJiaBa IlOCBJIIJl9Ha ycTaHOBJISHIIIO M9XaHR3Ma CIIOHTaHHOii KOMIIaK
TII~llKaUllll no,nnpoCTpaHCTB .nonoJIHRTeJibHllX H3Mepemm rrpu B3aIIMO,neilcTBIIII 
rpaBHTaUIIOHHOro IlOJiil c KaJIII6poBOtIHIDIIII IlOJISIMli. 

B pas.n. 2. I paCCMOTpeHa CIIOHTaHHM KOMilaKTllq)HK~ B sn = 

= 2~raP· cqiepu. .lvllI HaXOJJU{emm OCHOBHOro COCTOHID!R CHCT9MH B3aIIMO
.neiiCTBYJ(JlltlIX rpaBllTall;lIOHHOro ll KaJIH6poBO'!Hl1X IlOJieil, .IIBJISmllSroCR IIJlllMW,t 
IlpoII3BS,neHReM IlpoCTpaHCTBa Mm!KOBCKoro II ll - MSpHoro KOMIIaKTHOro npo
CTpanCTBa ffl, Ilp9,nJIOlK9HO HCIIOJll,30BaTI, yCJIOBIIS napaJIJISJill3Y9MOCTH ,lJ,1UI 
BaKyyMHllX 3HatI9Him KOMilOHSHT T8H30pa HaIIplll!t8HHOCT9ll Ka.7Ill6poBO'!Hl1X. Il0-
JI9ll Ha ffl- cqiepe. TaKoe Tpe6oBaHlle IlpllBO,nllT K IlpoCTOll CBR3II T8H30J)a 
Hanprull8HHOCT9ll KaJIH6poBOtJHHX IIOJieil SO(n)- rpymra C T8H30p0M KpHBH3HH 
IlpoCTPaHCTBa ffl. BCJie,nCTBIIS 3TOro CHCTSMa ypaBHemm 3:lrnmTelina-HHra-
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MliJIJica B 4+n - MepHOM IlpoCTpaHCTBe-BpeMeirn: lIMeeT peme1rn:e, OTB8tra!0-

111ee Yita3aHHOH BfiltYYMllOH KOH(p:urypaU1rn rrp:u BlliIOJIH8Hllll COOTHOillBHIDI MeJK,IJ,y 

rpaB:uTaunoHHoii £ 1I KaJm6poBotJuoii e KOHCTaHTaMH BsaHMo,n:eiicTBIDI,
2 

xapaKTep:U3YIOll18I'O pasMepll KOMllaKTHOI'O rro,n:rrpocTpaHCTBa sn ( K = 2~2, 
K - llOCTORHHruI KpRBll3Hll). 

B pas.n:. 2.2 rrpoBe,n:eH ITepexo.n: K 6oRee .lllllpOKOMY KJiaCCY KOMllaKTHHX 

no,n:rrpocTpaHCTB, ,lWl KOTOPHX T8H30P KPRBll3Hll KOBapRaHTHO IIOCTORHeH, -

K CUMMeTpJITieCKRM IIpoCTpaHCTB8111 G/H. IIoKa3aHO, "ITO R B STOM c.ny,Iae 

HeTpllBRaJil,Hlle BaKYYI/JHll8 3HatJeHIDI KaJIU6poBOtJHHX noRe:ii, npRBo,wnu:ue K 

o6pa30BaHIDO KOMllaKTHOI'O IIpoCTpaHCTBa G/H, sa,n:aIOTCR KOBapllaHTHO noc

TORHHHM. (OTHOCRTeJibHO pRMaHOBOH Ha G/H :u KaJill6poBoqHoii CBR3HOCTeM) 

T8H30pOM Hanp,!JK9HHOCTeii. KoMllOH8HTll T8H30pa HanpRJKSHHOCTeii RM8IOT rrpo

CTOH BR,n: :u C.TOtJHOCTb!O .n:o IIOCTORHHOH KB opTOI'OHaJil,HOM 6asnce BHpa

lltalOTCR tJepes CTPYKTYPHl:le KOHCTaHTll rpyIIIIll G 

B B 
P(m)(n) == - KC(m)(n) ' ( 1 ) 

r.n:e B - rumeKC KaJill6poBOtJHOH rpynnu, COBITa.n:aIOlJ1eM c rpynrroii I'OROHOMlll! 

H CHMMeTpJITieCKOI'O IIppCTpaHCTBq, a (m),(n) - IDI,n:8RCl:l RaCaT8JibHOI'O K. 

G/H npocTpaHCTBa. BaKYYMHHe 3HaqeHIDI RaJilt6poBOtJHHX noReH C TaKllM T8H-

30poM Hanp,!JK9HHOCTeii coBITa,n:aIOT c Q! - 4lOpMoU : 

fl B B . 
m = 9m(y) • 

sa.n:amieii CBR3~0CTb Ha CRMMeTp:UtJeCROM rrpocTpaHCTBe 

(2) 

G/H{lU m(k)(l) = 

= - Q! CA(k) (l) ). TaKHM o6pa30M,Ha IIpRMepe C:UMMeTpJITieCRRX _ITpoCTpaHCTB 

o6Hapy,KeH MexaHR3M CITOHTaHHOH ROIIIIlaKTil(llllKaU11U IIpoCTpaHCTB ,noITOJUmT8Rb

HHX H3Mepem, OCHOBaitHilll Ha MOJK9HRU BaKYYMHHX 3HatJeHRM K8RH6pOBOtJ

HHX noRefi·B ROpeHr(eBy (pRMaHoBy) CBR3HOCTb ROMIIaKTHOI'O rrpoCTpaHCTBa. 

CBR3HOCTb npon3BOJibHOI'O pRMaHOBa npocTpaHCTBa sa.n:aeTCR rpynrroii I'ORO

HOMnn; HaRIItJile IlpoCTOI'O BilpaJKeHIDI ,lWl T9H30pa HaIIpR.liteIIllOCTefi (I) ,lWl 

CJIYtJafI CIDl!MeTpJITieCRRX npoCTpaHCTB CBR3aHa C TeM, "ITO CRMMeTpll'leCRaR 

no.n:rpymta H rpyIIIIl:l ,n:BIDKeHRH G CID/JM9TpJITieCKOI'O ITpoCTpaHCTBa G/H COB

na,n:aeT C rpynrroii I'OROHOMIDI. 

B pas.n:. 2. 3 noKa3aHO. qTo B MexamrnMe CIIOHTaHHOH ROMilaKTmpRKal\1W 

B CID.lM0TpJITI9CRH9 npoCTpaHCTBa G/H. , rrpe.zvroJKeHHOM i<peMMepoM-lliepKOM

Jly1mamt R OCHOBBHHOM Ha COIIOCTaBRemrn BaKYYMHHX 3HatJemtfi KaJill6poBOtJ

mnc noRefi rpym:m· G BeKTOpaM KliJIJillHra rpynrr1:1 ,n:BRJK9HRM npocTpaHCTBa 

(STOT MexaHR3M He .n:onycKaeT o6o6memm·Ha CRy"IcUI npoH3BOJil,HHX PIDl!aHO

Bl:lX llpoCTpaHCTB), ajqieKTRBHO npmmM8DT y,:IBCTHe He Bee KaRH6pOBOtJHl:le 

IlOM rpymm G , a TMbKO KaRH6pOBOtJHHe IlOM no~pymm H. 
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.UoIIOJIHRT8Jil,Hlle KOMllOH8HTll BaKYYl',llillX 3HatJeHnii KaJIU6poBOtJHHX IIOReii 

rpynrru G MOryT 61:lTb ycTpaHeHH RaJill6pDBO"IHllM rrpeo6pa30BaHReM. Haii,neHH 

MaTpRII;l:l TaKoro ITpeo6pasoBaHHR .JWI sn - cqEpll u .JWI cmmeTp~ecKnx 

npocTpaHCTB. IloMe YCTpaH9HIDI ".IDilllHRX" BaKYYMHUX 3HatJemrn Kamt6ponoq

HHX noReH rpyIIITll G TaKOH MexaHR3M KOMIIaKTR4JURaU1rn B rrpocTpaHCTBa G/H 

CBO.IJ:RTCR K M8xaHR3MY, OCHOBaHHOMY 1!a MOJK8HUH (COIIOCTaBRemrn) BaKYYM

HHX 3HatJ8HRM KaJill6poBOtJHhlX IIOReH B CBR3HOCTb Ha CIIMMeTpJITieCRUX rrpoc

TpaHCTBaX B TOM CRytJae, Kor.n:a CJIMMeTpJITieCKaR rpynna H npocTa. 

B pas.n:. ·2.4 paCCMOTpeHll CHMMeTpmecmrn npocTpaHCTBa, .JWI KOTOPHX 

CTaUHOHapHruI rpynrra H npe,n:cTaBMeT co6oii ITpm11oe ITponsBe,n:eHRe ripocTHX 

rpynrr Hi: H = H0 x Hix ... x H8 • B 3TOM MYtJae KaRR6poBOtJHHe KOH

CTaHTH CBR3R 8i, OTB8tJaIO!l{lle KaJill6poBOtJHllM IIOJlfIM, npeo6pa3YJOl!lID.ICR no 

1I30MOJXIJHHM Hi rpyIIIIaM, RMRIOTCR H83aBRCID/JllMR. Ka.K CRe,n:CTBRe, o6paso

Bamte TaROI'O KOMIIaKTHOro· npocTpaHCTBa MOJKeT 61:lTb o6ecITetJeHo B3aIIMo,n:eil

CTBH8M rpaBlITaUlIOHHOro IIOM C KaRH6pOBOtJHl:lMR IIORRMII. rrpeo6pasy10mm.mcR 

ITO KaJill6poBOtJHOH rpyITITe, COBITa.n:a.IOineii c O.IJ:HOH II3 nHBapRaHTHhlX ITO,n:rpyITIT 

Hi rpyIIIIll H. TaK KaK BaKYYMHHe 3HatJemm·Kamr6poBOtJHhlX ITOReii B 3TOM 

CRytJae COBITa,n:aIOT_ C KOMIIOHeHTallllI CBR3HQ_CTU CUMMe'r pntJeCKOI'O npocTpaH

CTBa G/ II Hi, rrpeo6pa3yIO:JlilllllICR TOJil,KO ITO ITO,nrpynne Hi, a CTPJKT'jpa 
l. 

CIIMM8TpmecKOI'O ITpDCTpaHCTBa sa.n:aeTCR nceli rpynrrofi H, TO .n:e:iiCTBRe M9-

xaHR3Ma MOJKeHIDI Kami:6poBOtJHHX ITOReii B CBR3110CTU Ha ItOMIIaKTHOM rrpoc

TpaHCTBe CBO.n:RTCR K ITOrpylKeHIIIO BaKYYMHHJC 3HatJeIDIB KaJill6poBOtJHHX ITOReii 

rpynrru Hi B pRMaHOBY CBR3HOCTb IT!)OCTpaHCTBa G/ p H~- Tor.n:a B Bllpa

JKeHRU ,lWl BaKYYMHOI'O 3HatJemm T8H30pa HaIIpmKeHHOCTei1 (I) UH,n:8KC B 
ITpRHUMaeT 3HatJeHIDI He BCeii rpynrru H, a TOJil,KO O~HOil KaKOH-RU6o 1!3 ee 

nHBapuaHTHHX ITo,n:rpyITn Hi. 
TaKHM o6pa30M, rrpn KOMllaKTWplIKaU1JU B CUM!v!8TpntJecKne ITpoCTpaHCTBa 

c HeITpoCTOll rpyITITOli I'OROHOMIIB .n:orrycKaeTCR ytraCTJie MRHRMaJibHOI'O Ha6o

pa UCXO,IlIIhlX Kaml6poBOtJHHX ITOReii B o6pa30BaIDm KOMllaKTHOI'O ITO,n:rrpoCT

paHCTBa. HarrpRMep, KOMIIaKTmpRKaU1fR B lllllpoKnii Mace IlpoCTpaIICTB 
SU(p+q) S0(p+2) 

SU(p)xSU(q)xU( 1 ) R S0(p)X.0(2) MOJK8T o6ecITetJHBaTbCR O,n:HRM a6eRe-

BllM ITOReM. TaKaR "sKOHOIIIHOCTI,. MeXamt3Ma B BH6ope KaRU6poBOtJiillX IIO

Reii ltrpaeT OITpe,n:eJIJIIWlYK) pom, .ITPU · o6pasoBaHRil KOMIIaKTHHX no,n:rrpocTpaHCTB 

B MHOI'OM8PHHX BapuaHTax cyrreprpaBHTaUlffi. 

B pas.n:. 2.5 mtii,neH!l OCHOBHlle· COCTOJIHIDI I0-111epHoli Teopmr 3HlllllTeli

Ha-MaKCB8JIJia C 6-MepllUMlI KmmaKTHHMII no,n:rrpoCTpaHCTBaMlI. IIOKa3aHO. "ITO 
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KOM!ffiKTllll)llKa.UlIB B IIpllBO,!OIMOe CHMM0Tpll'!eCKOe rrpocTpaHCTBO, HaIIpllMSp 

cP2xs
2

, OCY1110CTBJiff0TCR a6eJieBID/I KaJlli6PQBO'IlillM IIOJijM, BaeyyMIIlle 

3HaqeHIDI KOTOporo Ha s2 - cqiepe ll Ha Ha cP2 = su{~)~~(1J COOTB0TCT

ByioT IIOJIIO MOHOIIOM. 

PaccMOTpeH c.rryqaii rroc.ire,noBaTeJThHOii KOMIIaKTllllJHKa.Ullll (MHOI'OCTYIIBH

qaTJ:m M9XaHH3M), Ha rrepBOM 3TaII9 KOTOpoii KMH6poBoqHoe IIOJI9 U{ 1) -

rpyrrrru IIpllBO,l:{llT K o6pa3OBamno s
2
-cqiepu ll IIO~9Hll!O KMH6poBO"IHUX rro

Jieii SU(2)-rpyrrrru, BaeyyMIIll9 3Haqemm KOTOpllX Ha cP2-rrpocTpaHCTB9 RB

JiffiOTCR HHCTaHTOHru.rn:. TaKIIe IIOJIR rrpe,nCTaBJilIJOT co6oi1 THII llHCTaHTOHOB, 
11JKIIDYIIIHX" Ha cP2-rrpocTpaHCTB9, u o6Jia,na.IOT CBOHCTBaMll, CXO,l:{HllMH co 

CBOHCTBaMll llHCTaHTOHa, "JKIIDYIIIBI'O" Ha s 4-cqiepe. B03HI'IKHOB0Hll9 TaKllX 

IIOJieil IIpHBO,l:{llT K Hapymemno SU(J)xSU(2)xU(1)- rpyrrrrll CHMM9Tpllll OCHOB

HOI'O COCTORHIDI HK rrepecTpoiiKe KOMIIaKTHOI'O rro,nrrpoCTpaHCTBa CP
2

:xS
2 

B 

SU(J) 
o,nHopo,nHoe rrpocTpaHCTBO . U(i)xtfiTTT • 

B pa3,n. 2. 6 IIpoBe,neHO ll3~9Hll0 B036YJK.n0Hlili Ha,n OCHOBHID/1 COCTOR-. 

Hll9M c 6-MepH!lM rro.nrrpocTpaHCTBOM CP
2:xS2

, COOTB0TCTBy!(l!UllM KMH6poBoq

HllM-IIOJIIIM SU(J)xSU(2)xU(1)- rpyrrrru. H3 ,neiiCTBlifl HCXO,nHOil d::10 TeOpllll 

3i1IIDIT9HHa-Ma.KcBeJIJia Bll,l:{9JI9H JiarpaHlKliaH, OIIHCllBa.IOIJtIDi 6e3MaCCOBll0 

SU(J)xSU(2)xU(1) - KaJIR6poBO"llill9 ITOJIR·B 4~MepHOM IIpOCTpaHCTBe-BpeMeHU. 

KaJm:6poBO"llill0 KOHCTaHTH CM3ll B TaKOH MO,neJIH IIpll rro.nxo.n;mueM Bll-

6ope rrapru,ieTpoB KOMIIaKTHq;HKa.umr MOryT IDII0TI, 3HaqeHlifl, 6JIH3Klle K 3Ha

qeHURM B CTaH,napTHOii TeOpUR 3JI0KTpoCJia6UX;B3aID110,ne:iiCTBHH, CBO6o,na B 

TaKOM BU6ope CM3aHa co crreumpmtoii CIIOHTaHHOil KOMIIaKTH(pIIKa.umr a6eJie

BllM KaJIR6poBOqffllM IIOJieM. BKJIIQq9Hll9 B Ta.KYID CX0MY qiepMIIOHOB ll3-3a Ha-, 

Jill'!llR H9Tp:m3llaJThHllX BaeyyMIIllX 3HaqeHRii EMH6poBO"llillX noJieH Ha KOMil8KT
HOM IIpoCTpaHCTBe MOJK8T rrp:imO,l:{llTI, K KllpaJThHOii aCHMM9TpmI llJ9PMilOHOB B 

q>H3ll'l:9CKOM IIpOCTpaHCTB9-Bp0M9Hll. 

Ilpll ".nell)OpMaUlllI" cP2:xS2 - npoCTpaHCTBa B OCHOBH~e COCTO.fIHil9 c 

0,nHOpo,nHllM U(l~~~~~ 1 )-IlpoCTpaHCTBOM IIpOllCXO.L{llT Il3M9H9Hil9 CTPYKTYPll 

B03OYJK.n0Hlili Ha,n OCHOBHID/1 COCTORHll9M, ffi3JilllOOlllXCR KaJm6poBO"IHHMII IIOJI.fI

Mll. Bmw HaJillqil.fI mICTaHTOHHllX MO,l:{ SU(2)- KMH6poBO"llia.fI rpyrrrra Hapy-· 

maeTCR H B a@laKTRBHOH 4-MepHOli TeopRR 6y'JJYT IIpHCYTCTBOBaTI, 6e3MaCCO

Blle KMH6poBo~e IIOJI.fI SU(J)xU( 1) - rpynnu. 
B pas,n. 2.7 IIO.L{BO.Iil!TM RTOrn H ,l:{aIOTC.fI KOMM9HTapRR K rJiaBe 2. 

Y.Ka3llBa0TC.fI, 'ITO qacTHHM np~apoM Ilpe,n;JIOlK8HHOI'O M9XaHil3Ma CIIOHTaH-
~ 4 SO(5) ..? SU(J) 

HOR KOM!ffiKTRqJHKa.UHH B S = IDJ{'2TxSUTZJ - ll Cr= sU{"2TxUTTJ - IIpOCT-

paHCTBa .fIBJiff0TCR KOMIIaKTllllJllKa.UlIB TOJThKO IIpll ~aCTIIH KMH6poBO"IHUX no-
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Jieii SU(2)- rpyrrnu, I3aitYY!.mlle 3Haqemm KOTOpllX Ha npoCTpaHCTBax s4 H 

CP2 RBMIOTC.fI UHCTaHTOH8M1! - T.H. lIHCTaHTOHHllM M9XaIDI3M CIIOHTaHHOH KOM

IlaKTllil)HKa.umr. Ecmt lK8 rpynna H co,nep.iit11T a6eJieBy :1:tHBap:1:taHTHyJO no,nrpynny, 

KaK, HaIIpIIMep, ,n;JI.fI npocTpaHCTD ciJl ' TO ,n;JI.fI o6pa30BaHIDI TaKllX rrpo-
CTpaHCTB ,l:{OCTaTO'IlIO TOJThKO O,l:{HOI'O a6eJ.IeBa IIOJI.fI, D3aIDl!O,l:{0llCTByIOl!lero 

C rpaBHTaullOHlilDJI ITOJI9M, -"MOHOIIOJibHaR:' KOMIIaKTH(l)HKaull.fI, , 

B rJiaBe 3 Ha OCHOBe 1!CIIOJTh3OBaHUR pe3yJThTaTOB BTOpoii ·rnaBH H3y

qeHa CIIOHTaHHa.fI KOMIIaKTllqJintaUl!R B d::1O, 11 cyneprpaBHTanIDIX H npoBa,ne

HO llCCJI9,l:{OBaHUe I'9OM9TpHqecKoi1 CTPYKTYPll BO3HI'!KaI<lllU1X BaKYYMHUX KOHcpll-

rypawrft. 

B pa3,n. 3. I paCCMOTpaua CIIOI1Tam1aR KOl\filaKTl!q>HKan,m B cl= 11 cyrrep

rpaBHTanHH, OCHOBaHHaR Ha MexaHl!3M0 <I>poiiu,na-Py6HHa.Ha OCHOB9 worocTy

II9Htl8TOro M9X8Hll3M8 CIIOHT~HHOll KOMIIaKTIIqll!Kanllll npoBa,neHa KJmCCl!llJH

.KaUIDI 7-Mepuux OJ(HOpo,nHUX rrpocTpaHCTB BaKYYMHHX KOH<pllrypawrli B d::11 

cyneprpaBHTanHH. 

B pa3,n, 3.2 rrpn OTllCKaHmI 7-MepHUX KOMIIaKTHUX no,nrrpocTpaHCTB oc

HOBHUX COCTORIDlli d=11 cynaprpaBl!Tan,m npe.Il,ttOJKeHO paCCMaTpHBaTI, TaKHe 

IIpOCTpaHCTBa KaK paCCJIO9Hll.fI P(M~S
1

) Ha,n 6-MepHoii 6830H co CTpyRTYIJHOR 

rpyrrrroii U( 1 ); M0Tpmta TaKHX llpOCTpaHCTB MOlK8T 6HTI, rrpe,nCTaBJI9Ha B 

Bl!,l:{e; aHaJIOrl!"IHOM aH3aay T90P~.Ka.n:yuu-K.Jrei1Ha. 

TaKOil IIO.L{XO,l:{ IIO3BOJIHJI C 9,l:{l!HOH TO~ll 3peHIDI OIIHCaTI> Illl!pOK:Hil 

KJmCC O,l:{HOpo,nHux KOMIIaKTHUX IIO,l:{IIpOCTpaHCTB B d::11 cyrreprpaBilTa:a;Illi, 

KaK ll3B0CTHUX ( S 7 - CllJ9Pll H J.iP4r - npoCTpaHCTBa), TaK H psm HOBUX 
sup) ,,,. sucu 2 2 1 

KOHcpllrypanllil: P(-tJtTJxtJirtJ•s ~, tr(TJ ,.J P((E(CP ,s ) ,SU(2))S ),.J 

( 2 )) 2 2 2 1 SO{5) 1 SO{21;:Cl{2) 
PCP ,SU(2 , P(S xS xS ,S ), P(SOt3JiOt~J-,S )rv SOt3Jn7{~J • 

3TOT rro.nxo.n rrp:imeJI K BWIBJieumo aHaJIOI'l!ll M0.11Uzy' BaeyyM8MIIM7= s7 

H M7 = ~i1 . O6a· 8TH IlpOCTpaHCTBa MOryT 6UTI, pea.ID13OBaHll KaK HHCT8H-

TOHHll0 pacCJIO9Hlifl Ha,n s 4 Il CP2 • . 

B pas,n. 3,3 paCCMOTpeHH mm6oJiee HHTepecHHe B8xyyMHlle KOH(lJilry

pan,rn d::11 cyrraprpaBHTa.umr, COOTB0TCTByIOl!lll9 KOMIIaKTl!llJHKa.UHH no.nrrpo

CTpaHCTB ,l:{OIlOJIHHT0JThHllX ll3MepeHRii B MHOroo6pa3H.H C TOIIOJioruali 7-M9puoii 

CllJ9pll ll O.L{HOpoJ(HOI'O IIpOCTpaHCTBa SU(J)/U( 1) . <liH3ll'l:0CKH9 IIOJIR Ha,n 

#11(3}/lifl) co,nep.lKaT He TOJThKO KMH6poBO"llille IIOJIR SU(J)xSU(2)-rpymm, 

CM3aHHlle C CHMMeTpirnft TaKOii KOHqlllrypauID1, HO ~ U(1 )- KaJIII6poBO'tflille 
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llOJiii, npacyTCTBlle KOTOPHX CBSI8aHO C H9HYJI9BHM B8ityyMHID,I 8H8tJeID'leM 8HTR

CHMM9Tp~oro llOJiii ,d.z11 cyneprpaBHTanmr. KoMIIaKTll{plIKa,nHJI B -~fi-
np:imo,m,rT K IlO.flBJI9HIDO B WR8~9CKOM llpOCTpaHCTB9-Bp0M9Hll KaJm6fuBO'<llmX 

noJiell SU{J)xSU{2)xU{1)- rpynnH. Kruimoe ll8 npocTpaHCTB s7 R * 
06.na,naeT ,IJ;BYMfl 8HHIIIT9llHOBCKHMK MeTpllK8.Mll, no.nytiaKJlllHMllCSI 0,nlia ll8 lJJJY
ron nyTeM ,neqiopminm. Ilpll onpe,neJieHHOM BH6ope opll8HTanID1 o6a npocT

paHCTBa ,nonycKaJOT COXP8l!9Hll8 cynepCHMM8Tp:irn. 
Tax, CT~apTHaJl s7 - CW9pa C0Xpa.IDI9T Na8 cynepcHMMeTpIDO B d = 

=4 Teop:im. AliaJiorntrnoe BaeyyMHOe COCTORHlle, COOTB8TCTBYJOOl88 IlPOCTpaH-

CTBY ~'11. Opll9HTHPOBaHH08 npaBHM o6pasoM, lfM98T N=J cynepCm.lM8T
pmo H xapaxTepasyeTCJI rpynnon cHMMeTpllll 0sp(4,J)xSU{J). B c.nytiae 

Tax Ha8HBa8MlllC JI8BlilC ,neqiopMRJX)BaHIIHX s7 - CW9PH ll ~81 - npocTpaH
CTBa COxpaHR8TCJI Ns1 cynepcHMMeTpruI ll I'pyIIII8.Mli CHMMeTPd 3THX Ba.KY
YMOB JIBJIRDTCJI 0sp{4,1)xS0{5)xS0{2) ll. 0sp(4,1)xSU{3)xSU(2) - rpynnH. 

IlpH H8llpepHBHOil ,neqiopMar.Um KOMIIa.KTHOro npoCTpaHCTBa OCHOBHOro 

cocTomnm ~Y\1) c npaBoH opneHTauuen H N=J cynepcHMMeTPRIIMll OHO 

npeBpallla8TCJI B npaB08 ,neq>OpMHpOBaHHOe ~1i - npocTpaHCTBO, KOMIIaK
THqlHKaUH.f! B KOTopoe llOJIHOCT:&D HapymaeT cynepcm,IM8TpIDJ. IlOSTOMY BB.ey"

YMHaJI KOHg}llrypauHJl, COOTB9TCTBynqaJI npaBOMY .uewapMHpoBaHHOMY 5YH1- -
IlpoCTpaHCTBY,MOJIWT pacCMaTPRBaT:&CJI Ka.K CllOHTaHHO Hapym8HH8Jl qiasa N = 

= 3 cynepCHMM8TP~OI'O BaKYj'Ma. 

COCTORHH8 C N-o cynepcHMMeTplleH, COOTB8TCTBYD!l88 JI8BOMY ~~t1 -
npoCTpaHCTBY, MOllteT 6HT:& oxapaxTepll80BaHO KBK CllOHTaHHO HapymeHHaJI 

qiasa 11.1 cynepcHMMeTp~oro BaxyyMa. 

B pas.u. 3.4 paccMOTpeHa cnoHTaHHaJI KOMIIaKTHWIIKa.nHJl B N=2, d•10 

cyneprpaBRTanID1 (H8KRpaJI:&HOit). Ha ypaBHeHd Ta.Roil Teop:irn CJI8.11Y8T, 'ITO 

,nJIJI KOMIIaKTRWIIKauHH no,nnpocTpalICTBa weCTll ,UOilOJIHllT8Jll,HBX KOOp.m'!HaT B 

8TOMBapHaHT8 cyneprpaBKTauHH H8,UOCT8TO'IHO ~CTM TOJll,KO O,nHOro Ba

eyyMHOro sHatJeHRR noM A11n . B o6pasoBaHHH BaeyyMHia KoHw.i:rypaud 

B 8TOM C.nytiae onpe.neJlRDil88 3HatJ81ll19 RM89T B8aHMO,U8HCTBH8 rpaBRTauHOH

HOro IlOJiii C a6eJieBHM KaJIH6po:BOtIHHM IlOJieM, OTJilllIHH8 OT HYJiii BaxyYMHHe 

8HatJ8IDm KOTOplilC COllOCT8.BJI8HH CBSI8HOCTRM Ha W. 
6-MepHHMR KOMIIa.KTHHMH npocTpaHCTBa.Mll OCHOBHOro COCTORHRR B x-2-

da10 cyneprpaBRTE1Ulill SIBJI.IIDTCR Te lite npocTpaHCTBa, 'ITO R npoCTpaHCTBa, 

o6pa8YDl!ll8CR npu CilOHTaHHOil KOMIIaKTH(JlIIKanmr B d,.10 T90pHR 3fumrrellHa-
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, ( ) • - 1 2 2 4 2 2 2 2 S0{!P 
11laKCB8JIJia pas,n. 2.5 • c.i:-' CP xS ' s xS ' s xS xS ' SO'C3Jx0t~r . 
5¥~iloTtlJ , spf~jt6tl~ · . 

B pas,n. 3.5 npoBe,neHO ll8]tJ8Hll9 ClfMM8Tpllil Ba.KYYMHHX KOHqiurypa.qaii 
H8KRpaJrl>HOH N=2, cl.=10 cyneprpaBllTauHH. 

, HecMOTJ?.fl Ha CBSI8:& M8]K,!Jy BaxyyMaMH cl.=11 ll da10 cyneprpaBHTa.qHH, 

YCTaHaBJI:imaeMy-D nocpe,nCTBOM npe,nciaBJiemm 7-MepHHX no,nnpocTpaHCTB B 

cl.=11 cyneprpaBHTauHH B BH,ne P(Jt> ,s 1) , MeTpHKa TaltllX IlpoCTpaHCTB 
MOJKeT 6HT:& npe,nCTaBJieHa 

. 6 

J! : ( ~ + RJmJfn 
SmJi RJm 

_Ro,,4n ) 
1 ' 

(3) 

r.u~.m{y) - BaKyYMHHe 8Ha'l9HHR KOMIIOH8HT a6eJieBa llOJiii, RBJISmltll8CJI 

peweHRl!MlI YPaBHeHd .IJ;BllJKeID!I N=2, cl.=10 cyneprpaBHTauHH, Ro - pa.m'IYC 
. ~ 

0Kpy'1UIOCTH S l, o6pa80BaHHOH 08,n:&MHM ,IJ;OilOJIIIBT8Jll,HHM ll8M8peHKeM, a Smn -
MeTpHKa KOMIIaKTHOI'O 1'>-no.unpocTpaHCTBa ~CHOBHHX COCTORHRH N=2, d=10 
cyneprpaBHTauHH. . 

IloKa8aHO, tJTO TOJI:&KO peweHKR C M6 .. T6, CP3, K3xT2, Spt~~£3tlJ 
Ot~~H~nJ N=2, c1= 10 cyneprpaBHTauHH .nonycKaJJT COXpaHeHKe cynepcRM

MeTPHR B 4-MepHoli TeOpllll. Ilp~eM COXpaliRDTCR TOJI:&KO cynepCRMMeTpllll 

C N = 8, 6, 4, I , B TO BpeMH Ka.K B da 11 cyneprpaBHTaUIDf CYll18CTBynT 

N = 8,4,3,2,I cynepcHMMeTp~He KOffWHrypanmr. Pa8JilltJlle B CBOHCTBax 
CRM!/l9Tpllll BaKyYMHHX KOHqJ:IU'j'J)aI~ B d= 11 H da 10 cynepl'paBHTauHRX 
CKaJKeTCR B Cil8KTpe ~ll8~8CKHX IlOJI8H. 

B pas,n. 3.6 Ilpe.IT,JIOJKeH MexaHH8M CilOHTaHHOH KOMIIaKTR(lJIDtaUIIB B 

d1111 cyneprpaBRTauHH. B 8TOM M8XaHll3Me BaKyyMHHe 8Ha''Iemm T9H80p

Horo noJiiJ: A-Mt , o6ecne'IlIBan.IUie o6paaoBaHHe KOMIIaKTHHX no,nnpocT

paHCTB, RM8DT OTJilltIHH8 OT HYM 8Ha.'!eHRR TOJll,KO Ha KOMilaKTHOM no,nnpo

CTpaHCTB8. Ba.KYYMHHe 8HatJ9HKR T8H80pHHX IlOJieH, 06ecnetmBa1aitHX KOMIIaK

TR~IIKauHD. cne~am,HHM o6pa80M corJiaCOBaHH co CM8HOCT:&D Ha IlpoCTpaH

CTBaX, rpynna roJIOHOMllll KOTOpHX CO,U8l)l!CIIT a6eJieBy llHBapllaHTHYD no.n
rpynny. 

Ta.Kofi M8XaHll8M CilOHTaHHofi KOMIIa.KTHqJHKauHH llPllBO.m'IT K o6pa80Ba
HHD IlpoCTpaHCTBa OCHOBHOro COCTORHIDI, JU3JJJilaqeroCJI Ilp!IMHM IlpoH8B8,IJ;8HH

eM 5-IOOpHoro n:gocTpaHCTBa aHTH-je-CRTT~ R 6-MepHoro CRMMeTp~ecKoro 
npoCTpaHCTBa M .. CP

3
, s4xs2 , CP xS2 , S xS2xs2 , s~~~ • 

SO(j) ) 
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IIo~dHO pacCMOTpeH CJiyqrui KOMIIaKTU<Ji:mm[(lm B CP
2
xS

2 
- npocTpaH

CTBa. 
Il pa3,n. 3.7 rro.nne,neHII UTOI'll lI rrpHBe,neHll·.I\OBO.llll, yKa3l1BaIOII{l1e Ha, 

yHHBepCaJII,HOCTh l\lexamrnl\la CIIOHTa.HHOH KOMIIaKTmiamar~m' OCHOBaIIHOI'O Ha 
BJIO:r..emrn KaJilldpOBOqHllX IIOJieil B CB.H3HOCTU Ha KOMIIa.KTHqllIUIIP<maHHllX IIO.I(
rrpocTpa!!CTBaX BO BC8X li3B9CTH11X Bap!IaHTax Ml!OI'OMepHllX cyrreprpa.BlITB.[(llli. 

B 3aKJIJOqemm C{ilOpMyJIHpoBa.H OC!IOBHOH p93YJII,TaT .I(lICcepT~m lI rrpu
Be.I(eH rrepeqeHh HOBllX pe3yJII,TaTOB, rro~eHHllX B padoTe. 

B rrpwro~eHHU I BllIIUCa.HH orrpe.neJiemm CTPYKTYPll CUMMeTp~eCKIDC 
rrpocTpaHCTB, UCITOJII,3yewe BO BTOpoii rJia.Be. 

B rrpl!Jio~eHHU 2 rrpHBe.I(eH HBHl1H Blm Ml!OI'OM8pHl1X MaTPIIU .IT.llpa.Ka, 
lICITOJih30BaHHl1X rrpu: BHqHCJI8HHIIX B TpeTheii rJia.Be. 
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