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06w,aJI xapa1,;mepucmu1,;a auccepma'4UU. 

AKTyan1:»HOCTb TeMhI. 

Hccne.n:oBaHIIe IIHTerpnpyeMhlX Mo.n:erreft rrpnBneKaeT K ce6e BHHMa

Hne KaK C 'CJlICT0 TeopeTlI'CJeCKOM T0'IKlI 3peHII5I, TaK lI C T0'IKII 3peHII5I 

lIX rrpaKTlI'CJeCK0ro rrpnMeHeHlI5I B p_a3JIII'CJHI,IX o6rraCT5IX (plI3IIKlI. Ha

PH.llY c TpamrunoHHhIM IIHTepecoM K 3TOM rrpo6rreMe B 3a,n:a-ciax Krrac

ctt-ciecKoft MexaHlIKII, B HaCT05IIUee BpeM5£· oco6y10 aKTyarrhH0CTh rrpII

o6perr aHaJilI3 lIHTerpnpyeM0CTII TeopeTlIK0-II0JieBbIX MO.n:erreft, CB5I-

3aHhIX C 0IIlICaHIIeM cpyH.UaMeHTaJibHhIX rpamITaU:U:0HHblX lI ClIJihHbIX 

B3aIIMo.n:eftcTBlIM. Ha rrp0T5I)KeHIIII rrocrre.n:Hnx .uec51nmeTIIM B ueHTpe 

BHIIMaHlI5I TeopeTII'CJeCKOH lI MaTeMaTlI'!eCKOII q>lI3lIKlI lI (plI3lIKlI 3Jie

MeHTapHblhlX 'IaCTIIU HaX0,ll5ITC5I ,UBe cpyH,n:aMeHTaJibHbie rrpo6neMbl: 

KOHcpaIIHMeHT, T.e. rrpo6rreMa HeBbIJieTaHII5I KBapK0B lI3 a,up0H0B, lI 

II0CTp0eHIIe HerrpOTlIBOpe-ciIIBOII Te0pIIlI KBaHT0BaHH0ro rpaBnTaUH0H

H0ro IIOJI5I. )locTJI)KeHIIe rrporpecca B pemeHIIII 3TIIX 3a,uaq HeB03-

MO)KHO 6e3 :u:ccrre.uoBaHII5I CBOIICTB KBaHTOBOII xpOMO,llIIHaMIIKII II o6rn:eII 

TeOplilI OTHOC:U:TeJibHOCTII B o6rraCTlI ClIJihHOII CB513II, 3a rrpe.uerraMII 
! 

rrpIIMeHIIMOCTII CTaH,uapTHbIX TeopeTIIKO-IIOJieBbIX MeTO.llOB, OCHOBaH-

HhIX Ha TeOpIIII B03Myrn:eHII5I. 8TH MOIUHhie MeTO.Ubl, CblrpaBIIIlie IIC

KJIIO'IIITeJibHYIO pOJII, B TeOpIIII 3JieKTpocrra6bIX B3aIIMO,UeIICTBIIII, OKa-

3aJIIICh He,n:oc-raTO'CJHhIMII .UJI5I 3cpq>eKTlIBHOro OIIIICaHII5I q>II3lIKII CIIJih

HOB3aIIMO,n:eII~TBYIOIUIIX qaCTIIU lI TeOpIIII rpaBIITaUIIII, r.ue ,Ua)Ke Ka

-cieCTBeHHM KapTIIHa rrpoueccoB Tpe6yeT y-cieTa HerrepTyp6aTIIBHblX 

3cpcpeKTOB. CoBpeMeHHhIII aHaJIII3 3TIIX rrpo6rreM rroKa3arr, 'ITO .UJI5I 

OIIIICaHII5I. HerrepTyp6aTIIBHhIX pemeHIIII KBaHTOBblX TeOpIIII Ba)KHblM 

nrpe.uIIeHTOM CTaHOBIITC5I aHaJIII3 crreuIIcpII'IeCKIIX IIHTerpIIpyeMblX CII

CTeM. 5.lpKIIM rrpIIMepoM 3TOMY MOryT 6b1Th rrony'IeHHble 3aII6epfOM 

n BIITTeHOM HerrepTyp6aTIIBHIIe pemeHlI5I, .uorrycKaIOrn:ne ecTeCTBeH

HOe OT06pa)KeHne Ha KJiaCCII'CJeCKIIe MexaHII'CJeCKIIe MO,n:errII, a IIMeHHO 

Ha Mo.uerrII To,u1,1 n Karro.u)Kepo-Mo3epa. Ilpn'IeM IIHTepecHo, -ciTo cpop

MyrrIIp0BKa B TepMlIHax lIHTerpIIpyeMblX ClICTeM OKa3anacb B orrpe.ue-
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neHHo:ii cTerrem1 ymrnepcanbHo:ii, T.e. Mo,uem1, c rrepBoro B3rmr.ua co

BepiiieHHO He IIOXO)I<n:e .upyr Ha .upyra MOryT HMeTh B CBOe:ii ?CHOBe 

O.UHY H Ty)Ke HHTerpnpyeMyIO CHCTeMy. TeM caMhIM rro.uxo.u, OCHOBaH

HhIH Ha lICIIOJih30Bamrn HHTerpnpyeMhIX CHCTeM, OXBaThIBaeT nrnpo

KIIH CIIeKTp 3a,uaq, OT KBaHTOBOH xpOMO,UHHaMHKH rrpn BhICOKHX 3Hep

rmrx .uo TO'IHO pernaeMhIX MO.Uene:ii .UByMepHOH H TpexMepHOH rpaBH

TaU:HH. 

UenhIO paoOThI 51BmreTc51 orrpe.uerreHne n .ueTaJihHhI~ aHaJIH3 nH

TerpnpyeMhIX MO,uene:ii Jie)KaIIIHX B OCHOBaHHH O.UHOpO.UHbIX KOCMOJIO

rH'leCKHX MO,uene:ii BnaHKH n Teopnn Hea6erreBhIX Karrn6pOBO'IHhIX rro

ne:ii c Kann6poBO'IHo:ii rpynno:ii SU(2). 

HayqHM HOBH3Ha :u: npaKT:u:qecKM :QeHHOCTh. Ilpe.urro)KeH Ho

BhIH rro.uxo.u K OIIHCaHHIO BhlpO)K,UeHHhIX rrarpaH)KeBhIX CHCTeM, o6na

.uaIOIIIHX KaJIH6pOBO'IHOH II perrapaMeTpH3aU:HOHHOH HHBapHaHTHOCThIO. 

Pa3BHTa cxeMa raMHJihTOHOBOH pe.uyKU:HH, II03BOJI51IOIIIa51 B 5IBHOM BH.Ue 

OT,UeJIHTh Karrn6pOBO'IHO 3aBHCIIMhie nepeMeHHhie H HaHTH HHBapn

aHTHhIH (¢n3nqecKn:ii) ceKTop Teopnn. IlaHHM cxeMa rrpaKTH'leCKH 

peaJIH30BaHa .UJI5I Teopnn IIOJI5I 5IHra-MHrrnca c Kann6poBotIHOH rpyrr

rro:ii SU(2). IleTaJibHO orrncaHa pe,uyKU:H5I o.uHopo.n:HhIX KOCMonor~

qecnx Mo.uerre:ii BnaHKH II B TaK Ha3hrnaeMo:ii SU(2) MexaHHKe 5IHra

Mnnrrca, KOTOpM B03HHKaeT rrpn aHaJIH3e .UJIHHHOBOJIHOBoro rrpn6rrn

)KeHH5I SU(2) rJIIOO.UHHaMHKH. 

Ilpn paccMoTpeHnH reo,ue3nqecKoro .UBH)KeHne Ha rpynne G L( n, R.) 
C 6H-HHBapnaHTHOH MeTpHKOH, BrrepBhie IIOKa3aHo, 'ITO raMHJihTOHHaH 

3a,UaIOIIIHH reo,ue3H'leCKOe .UBll)KeHHe Ha peryn5IpHhIX CTpaTax rpynrrhI 

SO(n, R.) B GL(n, R.) rrpe.ucTaBJI5IeT o6o6IIIeHue Mo.uerru 8iinepa-Karro

.U)Kepo-Mo3epa-Ca3eprreH,ua Ha crryqa:ii qacTnu:, 06rra.ua10IIIHX .UBYM51 

.UOIIOJ1HMTeJihHhlMll BHyTpeHHllMll CTerreH5IMll CB060,uhI, Tllna CIIHHa H 

ll30CIIMHa. Ilpu 3TOM OKa3aJIOCh, 'ITO reo,ue3H'leCKOe .UBll)K€Hlle Ha CllH

ryrr5IpHhIX CTpaTax rrpHBO,UllT K Macc-.ueq>opMllpOBaHHOH Mo.uerru THIIa 

8:iirrepa-Karro.u)Kepo-Mo3epa-Ca3eprreH.ua, T .e. K orrncaHMIO .UMHaMMKH 

'laCTIIU: C pa3Jill'IHhIMH MaCCaMII. Ilo CMX IIOp 6hIJia H3BeCTHa TOJihKO 
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KBaHTOBa5I HHTerpupyeMM Bepcu5I Mo.uerru Karro.u)Kepo-Mo3epa-Ca3ep

neH.ua rrpu CHJihHOM rrpe,UIIOJIO)KeHJrn, 'ITO Macca TOJihKO 0.UHOH ll3 qa

CTIIU: OTJIII'laeTC5I OT Mace .upyrux TO)K,UeCTBeHHhIX tiaCTllU:. 

B .uuccepTaU:MlI BrrepBhie rroKa3aHo SU(2) MexaHMKa 5IHra-Munnca 

B MroBeHHO:ii ¢opMe .UMHaMHKII 3KBHBaneHTHa ClICTeMe ID3 8:iinepa

Kano,u)Kepo-Mo3epa c BHeIIIHHM rrciTeHn;ManoM 'leTBepTo:ii cTerreHM, B 

TO BpeM5I KaK cooTBeTCTBYIOIIIM SU(2) MexaHMKa 5IHra-MMnnca B ,n;M

HaMHKe CBeTOBOrO q>pOHTa COBna,n;aeT C TaK Ha3bIBaeMOH KOHq>OpMHOH 

MexaHMKO:ii n TeM caMhIM 5IBJI5IeTC5I MHTerpupyeMo:ii cucTeMo:ii. 

BrrepBhie Ha:ii.ueHO rrpe,n;cTaBJieHMe L(JI5I KOCMOJIOrlI'leCKOH MO,n;enu 

BuaHKII I B ¢opMe, B KOTopo:ii .n;MHaMMKa Ha6n10,n;aeMhIX orrHChJBa

eTC5I raMHJihTOHllaHOM, rrpe,ucTaBJI5IIOIIIIIM IIOJIO)KlITeJibHO orrpe,n;eneH

HYIO KBa.n;paTH'IHYIO q>opMy qlll3ll'leCKIIX llMYJihCOB, He 3aBIIC5IIIIYIO OT 

Ha6rr10.uaeMoro BpeMeHH. 3aMeTIIM, 'ITO ,n;o HaCT051IIIero BpeMeHII L(JI5I 

reHepaTopa 3BOJIIOU:IIII rrpuMeH5IJIC51 raMHJihTOHMaH Bhipa)KeHHhIH B BH

,n;e KBa.n;paTHOro KOpH5I, 'ITO rrpHBOL(llT K Tpy.n;HOCT5IM rrplI KBaHTOBa

Hlill CllCTeMhI. IloMHMO 3TOro IIOKa3aHO, 'ITO .n;aHHhIH raMHJihTOHllaH · 

COBna,n;aeT C raMHJihTOHllaHOM OTHOCHTeJibHOro L(BH)KeHII51 B lIHTerplI

pyeMOH ClICTeMe IlA3 8ii:nepa-Kano,n;)Kepo-Ca3eprreH.n;a. Mcrronh3Y51 

Haii:.n;eHHOe COOTBeTCTBIIe C lIHTerpupyeMOH ClICTeMOH, rronytieHO 06-

IIIee perneHMe BaKyyMHhIX ypaBHeHuii: 8ii:m1ITeii:Ha ,n;n5I MeTpHKII BM

aHKII I B cnyqae KOMIIaKTHOH TpexMepHoii: rrpocTpaHCTBeHHorro,n;o6Hoii: 

rMrreprroBepxHocTM. 

Anpooa:QllH paooThl. 
I 

Pe3yJihTaThI, rrpe.n;cTaBJieHHhle B ,n;uccepTaD;lIII, L(OKJiaL(hIBaJIIICb Ha 

HaytIHhIX · ceMMHapax Jla6opaTOp1IlI TeopeTutiecKoii: q>H31IKII MM. H.H. 

Boron1060Ba Ofrhe,n;MHeHHoro MHCTMTyTa MepHhIX 1Iccne,n;oBaH1Iii:, OT

,n;ena KBaHTOBOH TeopMII non5I MaTeMaTM'lecKoro lIHCTHTyTa MM. B.A. 

CTeKJIOBa P AH, Ka¢e,uphl TeopeTMtieCKOH q>H31IKII <f>u3uqecKoro ¢a

KYJibTeTa Coq>MHCKoro yHMBepcuTeTa, OT,n;ena TeopeTMtiecKoii: q>H31IKH 

MaTeMaTutieCKOrO llHCTHTyTa HM. A.M. Pa3Ma,n;3e AH rpy3Hll, Ha 

X Me)K,uyHapo.n;Ho:ii KOHq>epeHU:HH "Problems of Quantum Field The-
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ory" (AnynITa, YKpairna, 1996), Ha IX n: X Me)K.uyHapo.n:HOM ceMII

Hape "rpaBIITan:n:OHHaJI 3Heprmr II rpaBIITaU:IIOHHIIe BOJIHbI" (lly6Ha, 

1996,1997), Ha IX Me)K.n:yHapo.n:Ho:ii KOHcpepeHn:n:n: Poccn::iicKoro rpaBII

Tan:n:oHHoro o6mecTBa "TeopeTn:qecKn:e n: 3Kcrrepn:MeHTaJihHhre rrpo-

6neMbl rpaBIITan:n:n:" (HOBropo.n:, 1996), Ha Me)K.uyHapo,n:HOM KOHcpepeH

U:IIII "Physical Variables in Gauge Theories" (1Iy6Ha,1999), Ha XXIII 

Me)K,n:yHapo.n:Ho:ii KoHcpepeHn:n:n: "Group Theoretical Methods in Physics" 

(1Iy6Ha, 2000) Ha Me)K,n:yHapo.n:Ho:ii KOHcpepeHn:n:n: "Calogero-Moser mod

els and its Applications" (Pn:M, 2001). 

IIy6JIHKan;:11m. Ilo MaTepn:anaM .n:n:ccepTan:n:n: orry6nn:KoBaHo 15 pa-

6oT. 

Oo'heM H cTpyKTypa ~HccepTan;HH. lin:ccepTan:mr cocTOIIT n:3 

BBe.n:eHmr, rnITII rJiaB II 3aKJIIQqeHII5I C o6mn:M o6'beMOM 136 CTpaHIIU:. 

Crrn:coK n:n:Tn:poBaHHO:ii JIIITepaTyphl co.n:ep)KIIT 218 Han:MeHoBaHn::ii. 

CoaepJ1Cauue pa6ombi 

Bo BBe~eHHH paccMOTpeHa pOJib IIHTerpn:pyeMbIX CIICTeM B KaJIII-

6pOBOqHblX Teop1rnx II rpaBIITan:n:n:, .n:aH o63op OCHOBHhIX IIO.UXO.UOB II 

pe3yJibTaTJIOB, ccpopMynn:poBaHhl n:enn: .n:n:ccepTan:n:n: II KpaTKO II3JIO

)KeHO ee co,n;ep)KaHn:e. 

Ileparui: rnaaa 5IBJI5IeTC5I BBO.UHOM. B He:ii rrpn:Be.n:eHhI n: ccpopMy

nn:poBaHhr pe3yJibTaTbl, IICIIOJib3YeMhH;~ B IIOCJie,n:yIOin:IIX rnaBax .n:n:c

cepTan:n:n: rrpn: rronyqeHIIII OCHOBHbIX pe3yJibTaTOB. OHa IIOCB5IIn:eHa 

rrpo6JieMaTIIKe, CB5I3aHHOM C n:3yqeHIIeM .UIIHaMn:qecKIIX CIICTeM C KO

HeqHbIM qn:cJIOM CTerreHe:ii CB060.Uhl, o6na.n:aIOmn:x JIOKaJihHOM CIIMMe

Tpn:e:ii. B paMKax o6o6meHHO:ii raMIIJihTOHOBOM Teopn:n: o6cy)K.n:aeTc5I 

rrpon:e.uypa pe.n:yKU:IIII CIICTeMhI ,D;IIHaMn:qeCKIIX ypaBHeHIIM K TaK Ha3bI

BaeMOMY HopMaJihHOMY Bn:.n:y, Kor.n:a 3a,n:aqn: Kornn: n:MeeT e.n:IIHCTBeH

HOe perneHn:e. OcHOBHOe BHIIMaHIIe y.n:eneHO II3JIO)KeHIIIO raMIIJibTOHO

BOM cxeMhI pe.n:yKU:IIII, KOTOpM II03BOJI5IeT Bbl,UeJIIITb cpn:3n:qecKoe rro.n:

rrpocTpaHCTBO B cpa30BOM IIpOCTpaHCTBe BblpO)K,UeHHOM .UIIHaMn:qeCKOM 

CIICTeMhl II HaMTII B 5IBHOM BII,Ue COOTBeTCTByIOrn:n:e KaHOHIIqecKn:e rre-
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peMeHHhie 6e3 5IBHOro BBe,n:eHII5I B TeOpIIIO .UOIIOJIHIITeJibHbIX KaJin:6po

BOqHbIX ycJIOBHM. 

BToprui: rnaaa rrocBHin:eHa n:ccrre.n:0Bam1IO reo,n:e3nqecKoro .UBII)Ke

HH5I Ha rpyrrrre GL(n, JR) c 6n-HHBapnaHTHOM MeTpnKoii. IlpOBe.n:eH 

aHaJIH3 .UHHaMHKH B COOTBeTCTBHH C CHMIIJieKTIIqecKH~I .n:e:iicTBHeM 

rpyrrrrhr CHMMeTpnn SO( n, JR). IIoKa3aHo, qTo raMIIJihTOHHaH 3a.ua

romm':i reo.n:e3nqecKoe .UBH)KeHne Ha peryrrHpHhIX CTpaTax rpyrrrrhI 

SO(n, JR) n GL(n, JR) MO)KeT 6bITh rrpe.n:cTanneH B nn:.n:e 

HcL = ! tp2 + ]:_ L ~; - ! L (Ram17m + ½~a)2 
8 a=l a 16 (abr,) sinh

2(xb - ~c) 4 (abc) cosh
2
(xb - Xe) 

n TeM caMhIM rrpe.n:cTaBJI5IeT co6oii o6o6meHHe MHoroqaCTHqHOM MO

.n:errH 3iirrepa-Karro.n:)Kepo-M03epa-Ca3eprreH.n:a. B o6o6meHHOM crry

qae qaCTIIU:bI IIOMHMO KaHOHHqeCKHX rr~peMeHHbIX (xa,Pa), orrpe.uerr5I

IOin:IIX IIOJIO)KeHHe qacTIIU: Ha rrp5IM0ll H HX HMIIYJibCbl, OIIHCbIBaIOTC5I 

eme H .UOIIOJIHTeJihHbIMH rrepeMeHHbIMH: "CIIHHOM" ~(I H "II30CIIIIHOM" 

17a 

{ ~a , ~b} = Eabc ~c , { 17a, 17b} = Eabc 17c, { ~a , 1]b} = 0 . 

AHaJIII3 reo.n:e3nqecKoro .UBII)KeHH5I Ha cnHryn5IpHhrx CTpaTax rrp1rno

.UIIT K .n:pyro_MY THITY o6o6meHII5I, a IIMeHHO MaCCbl qaCTIIU: rronyqeHHOII 

Mo.n:errn: Tn:na 3:iirrepa-Kano.n:)Kepo-Mo3epa-Ca3eprreH.n:a Haxo,n:5ITC5I B 

rrpOH3BOJibHOM pan:HoHaJibHOM OTHOIIIeHHH. llanee rrpn:Be.n:eHhl pe3yJih

TaThl pe.n:yKU:IIH noJiyqeHHOM CIICTeMhl Ha pa3JIHqHbie HHBapIIaHTHhie 

IIO.UMHOroo6pa3H5I C IICIIOJib30BaHHeM KaK HerrpepbIBHbIX TaK H .UIIC

KpeTHbIX CIIMMeTpn::ii o6o6meHHOii Mo.n:enn. Pe3yJihTaThI 3TOM rnaBhI 

HCIIOJib3YIOTC5I .n:arree B .n:nccepTaU:IIH, IIOCKOJibKY KaK IIOKa3aHO B IIOCJie

.UYIOin:HX rrraBaX .UIIHaMIIKa Ha6rrIO.n:aeMbIX B TaKHX BbipmK.n:eHHbIX CH

CTeMax KaK MexaHnKa 5IHra-Mn:nnca n KOCMOJiornqecKne Mo.n:enn Bn

aHKH MO)KeT 6bITb npe.n:cTaBJieHa B BH,n:e raMHJibTOHOBbIX IIOTOKOB Ha 

rpyrrrre GL(n, JR). 
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B TpeTheii rnaae BhIIIOJIHeHa raMHJihTOHOBa pe.n:yKUH5! SU(2) Te

op1111 noJI5! 5IHra-M11nnca c npOH3BOJihHhIM 0-yrnoM K HeJioKaJihHOH Te

op1111 6e3 CB5!3eii, onHChIBaIOmeii caMo,n:eiiCTBYIOIUee CHMMeTpff<JeCKOe 

TeH30pHoe none BToporo paHra. IloKa3aHo, 'ITO np11 TO'IHOH npoeKu:1111 

Ha pe.n:yu11poBaHHOe npOCTpaHCTBO TOnonor11qecKHH HHBapHaHT IloH

Tp5IrHHa B .n:eiiCTBHH OCTaeTC5! .n:11BepreHu11eii l1 TeM caMhIM 06ecneq11-

BaeTC5! 0-He3aBHCHMOCTh nonyqeHHOH HeJIOKaJihHOH TeOpHH. 0.n:HaKo, 

pa3JIO)KeHHe HeJIOKaJihHOH qacTH raMHJihTOHHaHa no CTeneH5IM o6paT

HOH KOHCTaHThl CB5!3l1 npHBOL(HT K HapyrneHHIO 0-He3aBHCHMOCTH y)Ke 

B HH3IIIeM np116JI11)KeH1111. C uenhIO coxpaHeHH5! cBoiicTBa 0-He3aB11c11-

MOCTH npe,n:JIO)KeHHa Mo.n:mpHKaUH5! pa3JIO)KeHH5! no CTeneH5IM o6paT

HOH KOHCTaHThl CB5!3H. Ilony-cieH cooTBeTCTBYIOIUIIH npII6JIII)KeHHhIH 

narpaH)KIIaHa BToporo nop5!,n:Ka no npoII3BO.D:HhIM noneir a TaK)Ke BhI

pa)KeHIIe ,n:JI5! aHanora TOKa l.JepHa-CairMoHca, JIIIHeirHoro no npOII3BO.D:

HhIM noneir. .Llanee, nyTeM pa3JIO)KeHII5! .n:eirCTBII5! B6JIII3II MIIHIIMyMa 

KJiaCCII'IeCKoro noTeHu;IIana, BhIBe.n:eHa 3cpcpeKTHBHM TeOpII5! TIIna He

JIIIHeHHOH o--Mo.n:enII, B KOTopoir IIcxo.n:HhIH TononorII'IeCKIIH HHBapII

aHT IloHTp5IrIIHa cpe.n:yuIIpoBaH K IIHBapIIaHTY Xoncpa OTo6pa)KeHII5! 

3-ccpephr Ha e.n:IIHII'IHYIO 2-ccpepy, 3anIIcaHHOMY B IIHTerpanhHOH .¢opMe 

YairTxe.n:a. 

B qeTaepToii rnaae MeTo.n: raMIIJihTOHOBOH pe,n:yKUIIII B paMKax 

cpopMaJIII3Ma .LlIIpaKa L(JI5! CIICTeM co CB5!35IMII npIIMeH5leTC5! K .D:BYM 

cpopMaM SU(2) MexaHIIKII 51Hra-MIInnca: MrHoBeHHOH II CBeToBoro 

cppoHTa . .LlBe cpopMhI SU(2) MexaHIIKII 5IHra-MIInnca B03HIIKaIOT KaK 

HyneBoe npII6nmKeHIIe B .D:JIIIHHOBOJIHOBOM pa3JIO)KeHIIII noneBoir SU(2) 
KaJIII6poBO'IHOH TeOpIIII, ccpopMyJIIIpOBaHHOH COOTBeTCTBeHHO B MrHO

BeHHOH cpopMe L(IIHaMIIKe II Ha CBeTOBOM cppOHTe. IlepBM CIICTeMa IIH

TeHCIIBHO II3y'IaJiaCh C TO'IKII 3peHII5! aHaJIII3a BaKyyMa B KaJIII6poBO'I

HhIX TeOpII5IX II B nocne.n:Hee BpeMH B CB5!3II C np05ICHem:1eM MexaHII3Ma 

TO'IHOii IIHTerpIIpyeMOCTII qeThlpexMepHoir N = 2 cynepcIIMMeTpIIq

HOH Mo.n:enII 5IHra-MIInnca. 

B 3TOH rnaBe noKa3aHo, 'ITO pe.n:yuIIpoBaHHhIH raMIIJihTOHIIaH SU(2) 

6 

J 
J 

~, 
iJ 

MexaHHKH 5IHra-M11nnca B MrHOBeHHOH cpopMe COBna.n:aeT C raMHJihTO

HHaHOM cIIcTeMhI ID3 3irnepa-Kano,n:)Kepo-Mo3epa 

1
3 

1
3

( 1 1) HyM,H = -2 L p~+-4 L ( + )2 + ( )2 e~+V(x1,X2,x3) Xb Xe · Xb - Xe 
a=I (abe) 

C BHeIIIHIIM noTeHUIIaJIOM V(x1, X2,·x3), .n:onycKaIOIUIIM npe.n:cTaBJieHIIe 

B cynepnoTeHu;IIanHoir cpopMe 

awaw 
V(x1,x2,x3) = -

8 
-
8

, 
Xa Xa 

C cynepnoTeHuIIaJIOM w = X1X2X3. 3To npe.n:cTaBJieHIIe n03BOJI5leT He

nocpe.n:CTBeHHO CTpOIITh _N = 2 cynepCIIMMeTpII'IHOe o6o6meHIIe .n:aH

HOH Mo.n:enII. 

<t>opMyJIIIpOBKa TeOpIIII noneii 51Hra-MIIJIJICa Ha CBeTOBOM cppOHTe 

cymecTBeHHO OTJIIIqaeTCH OT OnIICaHII5! B MrHOBeHHOH cpopMe .ZJ:IIHa

MIIKII. B qaCTHOCTII, npII nepexo.n:e K 'nepeMeHHhlM CBeTOBOro KOHyca 

KpOMe II3BeCTHhIX CBH3eH nepBoro po.n:a n05IBJ15IIOTC5! .n:onOJIHIITeJihHhle 

CBH3II, npe.n:q:'aBJI5IIOIUIIe CMernaHHYIO CIICTeMy CBH3eH nepBoro II BTO

poro po.n:a, aHaJIII3 KOTOphIX npe,n:cTaBJI5leT co6oir CJIO)KHYIO 3a,n:aqy. 

3Ta oco6eHHOCTh 3aCTaBJI5leT pa3JIII'IHhlX aBTOpOB npII6eraTh K pa3-

JIII'IHOrO po.n:a .n:ononHIITeJihHhlM npe.n:nono)KeHII5IM. B cnyqae SU(2) 
MexaHIIKII 5IHra-MIIJIJICa, paCCMOTeHHOH B ,Zl;IIHaMIIKe CBeTOBOro KO

Hyca, B ,n:IIccepTaUIIII Hair.n:eHa nOJIHM anre6pa CBH3eH nepBoro II BTO

poro po.n:a II noKa3aHa npIIBO.ZJ:IIMOCTh anre6phl CB5!3eH nepBoro po.n:a 

K a6eneBoMy BII.n;y. C 3TOH uenhIO 6hlJIII IIcnOJih30BaHhl 3cpcpeKTIIB

Hhie BhI'IIICJIIITeJihHhle anropIITMII Ha OCHOBe nporpaMM ,Zl;J15! aHaJIII

TH"t:J:eCKIIX BhI'IIICJieHIIH B CIICTeMe MAPLE. B pe3JJihTaTe pe,n:yKUIIII 

noJiy-<IeH raMIIJihTOHIIaH 

1 ( z
2

) H LCYM M = 2 p2 + x 2 
(1.1) 

r.n:e l2 KOHCTaHTa. TeM caMhlM noKa3aHa 3KBIIBaneHTHOCTh SU(2) Me

xaHIIKII 5IHra-MIIJIJICa B ,Zl;IIHaMIIKe CBeTOBOro KOHyca xoporno II3BeCT

HOH MO,Zl;eJIII KOH<pOpMHOH MexaHIIKII. 
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B 1u1Toii rnaBe MeTo.n:aMII raMIIJihTOHOBoi'I pe.n:yK11Jrn rrpoaHami-

3IIPOBaHhI O,UHOpO.IJ:Hhie KOCMOJIOrIIqecKIIe MO,UeJIII BIIaHKII II orrpe.n:e

rreHa .IJ:IIHaMIIKa Ha6mo.n:aeMhIX. C MaTeMaTIIqecKo:ii: ToqKII 3peHIIH 3TII 

MO,UeJIII OIIIIChIBaIOTCH qeThip_exMepHbIMII rrceB,UOpIIMaHOnhIMII MHOro

o6pa3IIHMII 8:ii:m11Te:ii:Ha M, KOToph1e .n:orrycKaIOT TaKoe 3 + 1 pa36II

eHIIe, qTO TpexMepHbie rrpocTpaHCTBeHHOIIO,U06Hbie IIO,UMHoroo6pa3IIH 

HBJIHIOTCH op6IITaMII Tpex-rrapaMeTpIIqecKo:ii: rpyrrrrhI Jh1, .n:e:ii:cTBye

rne:ii: rrpocTo TpaH3IITIIBHO Ha M. C TOqKII 3peHIIH q:JII3IIqecKIIx rrpII

rro2KeHII:ii: Mo.n:eJm BIIaHKII OIIIIChIBaIOT o.n:Hopo.n:HyIO II aHII30TporrHyIO 

BceJieHHYIO II B orrpe.n:erreHHO:ii: cTerreHII rrpeTeH.n:yroT Ha drrIIcaHIIe pe

arrhHO:ii: reoMeTpIIII MIIpa B corrracIIII C COBpeMeHHhlMII 3KCIIepIIMeH

TaJihHblMII .n:aHHhIMII O crra6o:ii: aHII30TpOIIIIII Ha6rrro.n:aeMOH BcerreH

HOH. HecMOTpH Ha TO, qTo .n:eBHTII Mo.n:emIM BIIaHKII rrocBsrm;eHo 6orrh

rnoe KOJIIIqeCTBO HayqHhIX IICCrre.n:oBaHIIH, KaK q:JII3IIqeCKIIX TaK II MaTe

MaTIIqecKIIX, OKOHqaTeJibHM KapTIIHa ,UIIHaMIIKII Ha6rrro.n:aeMhIX em:e 

He rrorryqeHa. B qaCTHOCTII ocTaIOTCH OTKphIThIMII Borrpochl OTHOCII

TeJihHO rrro6arrhHO:ii: reoMeTpIIII Bcerremm:ii:. Ilo3TOMY B .n:aHHO:ii: rrraBe 

Ha OCHOBe o6o6m;eHHOro raMIIJlhTOHOBOrO MeTo.n:a c.n:erraHbl rrepBIIe rna

rII B 3TOM HarrpaBJieHIIII. IlpoBe,UeHO IICCJie,ZJ;OBaHIIe rrpOCTe:ii:rne:ii: KOC

MOJIOrIIqecKOH Mo.n:errII BIIaHKII I, .n:rrsr KOTOpoi'I 6hmo rroKa3aHo, qTo 

pe.n:yUIIpoBaHHbIM raMIIJibTOHIIaH, OIIIIChIBaIOm;II:ii: ,UIIHaMIIKY Ha6rrro.n:a

eMhIX, COBIIa.n:aeT C raMIIJibTOHIIaHOM OTHOCIITeJibHOro ,UBII2KeHIIH MO

.n:errII IIA3 8i'Irrepa-Karro.n:2Kepo-Ca3eprreH.n:a 

1 2 2 
HBI = 

12 
(P+ + p_) + 

+ _ '>1 · + '>2 + '>3 
1 ( t2 t2 t2 ) 

4 sinh2(3,8+ - ./3,B-) sinh2(3,8+ + ./3,B_) sinh2(2./3,B_:) 

C KaHOHIIqeCKIIMII KOOp,UIIHaTaMII (x+,P+, X-,P-) II CIIIIHOBhlMII CTe

rreHHMII CB060.n:h1 I;,. IlaHHasr II.n:eHTIIq:JIIKa:ri;IIsr II03BOJIHeT rrorryqIITh 

HBHhie perneHIIH BaKyyMHbIX ypaBHeHIIH 3:ii:HIIITe:ii:Ha II rrpoaHaJIII3II

poBaTb BOrrpoc 3KBIIBaJieHTHO::TII MeTpIIK MO,UeJIII BIIaHKII l. IloMIIMO 

3TOro B qeTBepTOH rrraBe rrpIIBe.n:eHhl TaK2Ke pe3yJihTaTbI IICCJie,UOBa-

8 

HIIH II KOCMorrorIIqecKo:ii: Mo.n:errII BIIaHKH IX. Ilrrsr Hee rrorryqeHo rrpe.n:

CTaBrreHne B KOTOpOM arrre6pa m.myJihCHhIX CBH3e:ii: a6eJIH3IIpOBaHa II 

IIOCTpOeHO KaHOHIIqecKoe rrpeo6pa30BaHHe K perrapaMeTpIIqeCKII IIHBa

pHaHTHhIM .IJ:IIHaMIIqecKIIM rrepeMeHHhIM. KpoMe 3TOro raMHJlhTOHOBa 

CBH3h 3a1mcaHa B q:JOpMe COOTBeTCTByIOm;e:ii: reo.n:e3IIqecKoMy .IJ:BII)Ke

HIIIO Ha TpexMepHOM pIIMaHOBOM MHoroo6pa3IIII. IIorryqeHHOe rrr.e.n:

CTaBJieHHe OKa3hIBaeTCH y.n:o6HbIM .IJ:JIH HCCJie,UOBaHIIH B03M02KHO:ii: IIH

TerpIIpyeMOCTII KOCMorrorIIqecKo:ii: Mo.n:errII BIIaHKII IX. 

B 3aKJIJOqeHHH Cq:JOpMyrrIIpOBaHhl OCHOBHhie pe3JJlhTaThl, rrpe.n:

CTaBJieHHble B ,UIICCepTaUIIII. 

Ha 3aIIJ;:uTy BhIJ:J;B:uraIOTC.H cneJ:J;yIOIIJ;He pe3yJihTaTh1, 

rrorryqeHHbie B .IJ:IICCepTaUIIII 

1. IIorryqeHo IIHTerpIIpyeMoe o6o6m:eirne Mo.n:errn 3:ii:rrepa-Karro.n:)Ke

po-Mo3epa-Ca3eprreH.n:a Ha crryqa:ii: qacTIIU c .n:ByMsr TIIrraMn BHy

TpeHIIX rrepeMeHHhIX - "CIIIIHOM" II "II30CIIIIHOM". IloKa3aHo, 

qTo .n:aHHaH ·MO,UeJib COOTBeTCTBJeT reo.n:e3IIqecKOMY ,UBII)KeHIIIO 

Ha rpyrrrre GL(n, JR) c 6II-IIHBapnaHTHO:ii: MeTpIIKo:ii:, Kor.n:a .IJ:IIHa

MIIKa paccMaTpIIBaeTCH Ha peryrrsrpHOII CTpaTe .n:e:ii:CTBIIH rpyrrrrhI 

SO(n, JR) B GL(n, JR). 

2. IlpII paCCMOTpeHIIII reo.n:e3IIqecKoro .IJ:BII)KeHIIH C 6II-IIHBapIIaHTHOH 

MeTpIIKOH H~ CIIHryrrsrpHbIX CTpaTax rpyIIIIhl SO(n, JR), .n:e:ii:CTBy

IOm;e:ii: BG L(n, JR) rrorryqeHa Macc-.n:eq:iopMIIpOBaHHM MO,UeJib TIIIIa 

3fmepa-Karro.n:2Kepo-M03epa-Ca3eprreH.n:a, B KOTopo:ii: Macchi qa

CTIIU HaXO,UHTCH B rrpOII3BOJlhHOM pauIIoHaJibHOM OTHOIIIemrn. 

3. BbIIIOJIHeHa raMIIJihTOHOBa pe.n:yKUHH SU(2) TeopIIII rrorrsr 5IHra

MIIrrrrca C TOrtOJIOrIIqecKIIM IIHBapHaHTOM IlOHTpHrIIHa B .n:eii:CTBIIH. 

IloKa3aHo, qTo rrpn ToqHoii: rrpoeKUHII Ha pe.n:yunpoBaHHOe rrpo

CTpaHCTBO TOIIOJIOrJiqecKHM HHBapnaHT IloHTpHrIIHa B .n:e:ii:CTBHH 

ocTaeTCH .n:nBepreHuneii:. IIorryqeH cooTBeTCTBy10m:11ii rrpu6nn-
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)KeHHhIR narpaH)KIIaHa BToporo nopa.n:Ka no npoII3BO.UHhIM noneii: 

a TaK)Ke Bhipa)Kemre .una aHanora TOKa l.JepHa-Caii:MoHca, JIIIHeii:

Horo no npoII3BO.UHhIM noneii:. Bhrne.ueHa 3cpcpeKTIIBHaa TeopIIa 

TIIna HeJIIIHeii:Hoii: a--Mo.uenII, c IIHBapIIaHTOM Xoncpa oTo6pa)Ke

HIIa 3-ccpephl Ha e,UIIHII'IHYIO 2-ccpepy, npe,ucTaBJieHHhIM B cpopMe 

Yaii:Txe.ua. 

4. OcymecTBJieHa raMIIJihTOHOBa pe,uyKIIIIa SU(2) MexaHIIKII S!Hra

MIInnca K ID3 Mo.uenII 3ii:nepa-Kano.u)Kepo-Mo3epa c BHenrnIIM 

noTeHIIIIaJIOM. 

5. IloKa3aHo, 'ITO SU(2) MexaHIIKa S!Hra-MIInnca B .UIIHaMIIKe cBeTo

Boro cppOHTa 3KBIIBaJieHTHa 0,UHOMepHOll KOHq:>OpMHOll MexaHIIKe. 

6. lina KOCMonorIIqecKoii: Mo,uenII BIIaHKII I nonytieHo npe,ucTaBne

HIIe, B KOTOpOM pe.uyIIIIPOBaHHhlll raMIIJlhTOHIIaH CIICTeMhI co

Bna.uaeT C raMIIJihTOHIIaHOM OTHOCIITeJihHOro .UBII2KeHIIH 'IaCTIIII 

B IIA3 MO,ueJIII Kano.n:2Kepo-Ca3epneH,ua co cnIIHOM . 

7. IIonytieHo o6mee perneHIIe .una MeTpIIKII KOCMOJIOrII'IecKoii: Mo

.uenII BIIaHKII I, 0606ma10mee II3BeCTHoe BaKyyMHoe perneHIIe Ka3-

Hepa Ha cnyqaii: KOMnaKTHhIX TpexMepHhIX npocTpaHCTBeHHono

.uo6HhIX MHoroo6pa3IIii:. 

8. IloKa3aHo, 'ITO cynepraMIIJihTOHIIaH KOCMonorIItiecKoii: Mo.uenII BII

aHKII IX 3a,uaeT reo,ue3IItiecKoe .UBII2KeHIIe Ha TpexMepHoM pnMa

HOBhIM MHoroo6pa3Hll. 
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