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y qeHbIH CeKpeTapb ,UHccepTaUHOHHoro COBeTa 

.UOKTOp q>H3HKO-MaTeMaTHqecKHX HayK 1~:! 
~-llopoxoB 

06ma51: xapaKrepIIcTIIKa pa6oThI 

lIHccepTaUHH rroCBj{IUeHa Hccrre,n:oBaHHIO pa3JIH"t!HhIX BH.UOB cy

rrepcHMMeTpHH B peJij{THBHCTCKHX H HeperrHTHBHCTCKHX CHCTeMaX. 

AKTyaJibHOCTh rrpo6JieMbI. . C~rrepcHMMeTpHH - CHMMeTpHH 

Me)K,n:y 6o30HHhIMJ-l 

3HqecKOll CHCTeMhI HMee i 

·MHOHHhIMH CTerreHHMH CB060,Uhl q>H

")KeCTBO pa3Hoo6pa3HhIX rrpOHBJieHHll B 

coBpeMeHHO:ii TeopeTH-crecKorr qJH3HKe. 

O,n:HHM H3 HaH6orree pacrrpocTpaHeHHhIX H HHTeHCHBHO H3y-cra

eMbIX rrpHMepoB cyrrepcIIMMeTpHM HBJIHeTCH pacrrmpeHMe rpyIIIIhI 

IIyaHKape CIIMHOpHhIMM (aHTMKOMMY™PYIOIUMMM) reHepaTopaMM. 

OcHOBhIBaHCh Ha Tpe6oBaHMM HHBapMaHTHOCTM TeopMM OTHOCM

TeJibHO cyrreprpyrrrrhl IlyaHKape IIOCTpOeHo MHO)KeCTBO TeopeTMKO 

- rrorreBhIX cyrrepcMMMeTpH-crHhIX Bepcrrrr CTaH.n:apTHOH Mo.n:errH H 

Mo.n:erre:ii BerrMKoro O6ne,n:rrHeHMH. IlpHBJieKaTeJihHOCh cyrrepcMM

MeTpM-crHhIX peaJIMCTH"t!eCKHX q>M3M"t!eCKMX MO,Uerrerr o6ycJIOBJieHa, B 

OCHOBHOM TeM, "t!TO cyrrepcMMMeTpMH ecTeCTBeHHhIM o6pa30M ycTpa

HHeT rrpo6rreMy KBa,n:pa TM"t!HbIX paCXO,UMMOCTerr, KOTopax B03HHKaeT 

B HecyrrepcHMMeTpM"t!HhIX TeopMHX. 

llrrx Toro, -crTo6bI rry-crrne M3J"t!MTh cyrrepcMMMeTpH-crHyIO Teoprr10 

IIOJIH, OCHOBaHHJIO Ha pacrnrrpeHMM o6bI-crHoro rrpocTpaHCTBa - Bpe

MeHM He-creTHhIMM KOOp.UMHaTaMM, y,n:o6Ho paccMOTpeTb ee yrrpomeH

HJIO MO,UeJih - cyrrepCMMMeTpM-crHyIO KBaHTOBJIO MexaHMKY. Ilo

MHMO Toro, "t!TO OHa .n:aeT HCHOe IIOHMMaHMe MHOrMX 3q>q>eKTOB pe

JIHTMBHCTCKOH TeopHM, cyrrepCMMMeTpM"t!HM KBaHTOBaH MexaHMKa 

a,n:eKBaTHO OIIHCbIBaeT pa3JIII"t!Hble q>M3M"t!eCKMe 3a,n:a-crrr, B03HM

KaIOIUMe B 06bl"t!HOH KBaHTOBOH MexaHJIKe II CTaTMCTM"t!eCKOH 
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qrn:3MKe. 

CyrrepCMMMeTpM'-IHa5I KBaHTOBOMexaHM"'-IeCKa5I CMCTeMa 6e3 u:eH

TpaJibHbIX 3ap5I.UOB COCTOMT M3 N onepaTOpOB Qi, KOTOpbie KOMMY

™PYIOT c raMMJibTOHMaHOM H M y.n:oBJieTBOp5IIOT cooTHOIIIeHM5IM 

{Qi, Qi}= oiiH (i = 1, 2 ... N) 

J,b anre6pbI cynepcMMMeTpM'-IHOM KBaHTOBOM MexaHMKM MO)KHO 

c.n:enaTb Ba)KHbIM BhlBO.U, '-ITO raMMJlbTOHMaH 5IBJI5IeTC5I KBa.n:paTOM 

3pMMTOBbIX onepaTopoB. 3To o6CT05ITeJibCTBO .n:aeT B03MO)KHOCTb 

JIMHeapM30BaTb ypaBHeHMe IIIpe.n:MHrepa c HJJieBOM 3HeprMeft M 3a

MeHMTb ero Ha CMCTeMy ypaBHeHMM nepBoro nopH.n:Ka Ha BeKTOp co

CT05IHM5I !VJ) 
Qi!¢) = o. 

TaKMM o6pa3oM, 3a.n:aqa O HaXO)K.UeHMM OCHOBHoro COCT05IHM5I CM

CTeM, KOTOphle 06na.n:a10T cynepCMMMeTpMeM, CMJibHO ynpmu:aeTC5I. 

CymecTBOBaHMe KBa.n:paTM'-IHO MHTerpMpyeMoro peIIIeHM5I .n:aH

HOM CMCTeMbI ypaBHeHMM 03Ha'-IaeT, B CBOIO O'-Iepe.n:b, OTCJTCTB~e 

CilOHTaHHOro HapyIIIeHM5I cynepCMMMeTpMM Ha KBaHTOBOM ypoBHe. 

Cne.n:oBaTeJibHo, B cMcTeMe co cnoHTaHHO HapyIIIeHHOM cynepcMM

MeTpMeM HeT cocT05IHM5I c HyneBoM 3HeprMeM. 

O.n:HOM M3 HaM6onee MHTepeCHbIX oco6eHHOCTeM cynepCMMMeTpM'-I

HOM KBaHTOBOM MeXaHMKM 5IBJI5IeTC5I ee CB5I3b C TO'-IHO peIIIaeMbIMM 

KBaHTOBOMeXaHM'-IeCKMMM Mo.n:eJI5IMM. OKa3aJIOCb, '-ITO MCilOJlb30Ba

HMe cynepCMMMeTpMM KaK BCilOMoraTeJibHOro MexaHM3Ma .n:aeT B03-

MO)KHOCTb onpe.n:eJIMTb IlOJIHbIM 3HepreTM'-IeCKMM crreKTp .Zl:Jl5I Bcex 

M3BeCTHbIX Ha cero.n:H5IIIIHMM .n:eHb TO'-IHO peIIIaeMbIX KBaHTOBOMexa

HM'-IeCKMX MO.UeJieM, a TaK)Ke 6bIJI ycTaHOBJieH IIIMpOKMM KJiacc Mo.n:e-
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nett, .UJI5I KOTOpbIX MO)KHO HaMTM 3HepreTM'-IeCMKM cneKTp c noMOIUbIO 

cynepcMMMeTpMM. 

IlpyrMM, He MeHee Ba)KHbIM npMMepoM cynepcMMMeTpMM B 

KBaHTOBOM TeopMM nonH 5IBJI5IeTC5I cn:MMeTpn:x EeKKn:, P103, 

CTopbI n: T10Tn:Ha (EPCT), cymecTBeHHO ynpomaIOIUM .n:oKa3a

TeJibCTBO TO)K.n:ecTB CnaBHOBa - Tettnopa, M ocHoBaHHhlM Ha 

3TOM CMMMeTpn:n: MeTo.n: EPCT KBaHTOBaHM5I EaTaJIMHa - <l>pa.n:

KMHa - BMJIKOBHCKoro, CJTb KOTOporo COCTOMT B cne.n:y10meM. 

II pn: paccMoTpeHMH .UMHaMn:qecKOM cn:cTeMbI, onn:cbrnaeMOH ra

MHJibTOHMaHoM Ho(qA,PA) n: q>JHKUMHMH Ga(qA,PA),a = 1, ... 2m, 

KOTOpbie HaXOWITC5I B MHBOJIIOU:MH Me)K.n:y co6oii: M raMHJibTOHHaHOM 

{Ga,Gb}P = GcU~b, {Ho,Ga}P = Gbv:, 

MCXO.Zl:HOe q>a30BOe npocTpaHCTBO ( qA , PA) paCIIIMp5IeTC5I .n:onoJI

HMTeJibHblMM CTeneH5IMM CB06o.n:hl ( 'l]a' pa) C '-IeTH0CTbIO, npoTn:

BOilOJIO)KHOH qeTHOCTM q>yHKUMH -Ga. IlMHaMMKa B pacIIIMpeHHOM 

q>a30BOM rrpocTpaHCTBe onpe.n:eJI5IeTC5I raMHJlbT0HMaHOM 

Hw =Ho+ Pa \1it'1Jb - {w, Q}p, 

KOTOpbIH 3aBMCMT OT npoM3BOJibHOH He'-IeTHOH q>JHKU:HM 

w(qa,Pa,'IJa, Pa)- raMHJibTOHMaH Hw BMecTe C HHJlbil0TeHTHhlM 

EPCT 3ap51.n:0M 

1 
Q == Ga'l]a + 2(-lf 0 PcU~b'1Jb'1Ja, 

r.n:e 

na = { 
0 .Zl:J15I '-IeTHhlX Ga, 
1 .UJI5I HetieTHhlX Ga, 
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o6pa3JIOT o,n:HoMepHyIO a6eneBy cyrrepanre6py: 

{Q, Q}p = 0 {Hw, Q}p = 0. 

CornacHo TeopeMe BaTaJIHHa -. <Ppa,n:KHHa - B11nKOBHCKoro, rrpo

H3Bo.n:.srm11n: cpyHKllllOHaJI B pacnmpeHHOM cpa30BOM rrpocTpaHCTBe 

Zw = j dqdpdr,dP_exp[i j dt(pa<i° +Pait - Hw )] 

He 3aB11c11T OT cpyHKllHH W. llH_hIMH cnoBaMH, MeTo,n: .BaTaJIHHa -

<Ppa,n:KHHa - BHJIKOBHCKOro ,n:aeT rrpaBHJihHOe Bhipa)KeHHe ,n:n.sr .s 
- MaTpllllhI, coxpamrn rrpH 3TOM rrpoH3BOJI B BbI6op_e <pJHKllllll w' 
qTo .n:enaeT ero rrp~MeHHMhlM ,n:n.sr KBaHTO_Bamrn BeChMa IIIHpOKoro 

KJiacca <pll3HqecKHX CllCTeM. 

Pa3JillqHhie KBaHTOBbie OIIepaTOphl raMHJihTOHa, KOTOpbie COOT

BeTCTBJIOT p_a3JIHqHhIM BbI6opaM q>YHKllllll. w B rrpoH3J30.D:.HI11.eM 

<pJHKllllOHaJie, CB.H3aHhl Me)K,n:y C06!)H COOTHOIIIeHHeM: 

H'=H+{w,Q} 

B cne,n:cTBHe Toro, qTo MaTp11u;a rrepexo,n:a He 3aBHCHT OT Bh16opa 

orrepaTopa W, <pll3HqecKHH ceKTOp TeopHH BhI,n:en.sreTc.sr ycJIOBHeM: 

QJ<P113).= 0, 

KOTopoe ycTpaH.HeT He<pll3HqecKHe CTeIIeHH CBo6o,n:hI 113 pacrn11peH

Horo cpa3oBoro rrpocTpaHCTBa. 

HecMOTp.sr Ha TO, qTo IlOKa HeT 3KcrrepHMeHTaJibHOro IIO.D:TBep

)K,1l;eH11.sr HaJI11q11.sr cyrreprrapTHepoB 3JieMeHTapHhIX qaCTllll, KOTOphie 

Heo6xo,n:HMhl .n:n.sr IIOCTpOeHH.H cyrrepCHMMeTpllqHhIX CTaH,n:apTHhIX 

Mo.n:enen: 11 Mo,n:enen: Ben11Koro O6be,n:11HeH11.sr, cyrrepcHMMeTpH.sr rrpo

.HBJI.HeT ce6.sr B .n:pyr11x, He MeHee llHTepeCHhIX <pll3HqecKHX 3a,n:aqax. 
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Bonee Toro, OITHCaHHe pa3JillqHhIX qrn:311qeCKHX CHCTeM C ITOMOlll.hIO 

HeqeTHhIX, llHOr,n:a ,n:a)Ke <pllKTllBHhlX CTerreHett: CB060,n:hI, OKa3bIBa

eTC.H oqeHh 3cpcpeKTHBHhIM. 

UenhIO pa6oThI .srBn.srnoch 113yqeH11e MeTo,n:oB cyrrepcHMMeTpHH B 

KJiacc11qecKOM ll KBaHTOBOM OITHCaHHll pa3JillqHhIX q11cTO 6o30HHhlX 

CllCTeM, B qacTHOCTH, ,n:JI.sr ITOCTpoeHH.H TeOpllH rromi: ,n:JI.sr qaCTHU C 

BhICIIIHMll u;eJibIMll CITHHaMH, 1nyqeHH.H CBOHCTB rrpocTpaHCTBeHHO 

o,n:Hopo,n:HhIX CllCTeM, CB.H3aHHhIX C rpaBHTautten:, a TaK)Ke .n:n.sr Haxo

)K,1l;eHH.H CB.H3H Me)K,n:y 6o30HHhIMH CHCTeMaMH H ~rncTHTI;aMH C .n:po6-

HOH cTaTHCTHKOH. 

HayqHa.H H0BH3Ha ,n:ttccepTall;Hll C0CTOHT B cne,n:y10I11.eM: 

• IlocTpoeHa JI0KaJibHa.H CB06o,n:Ha.sr TeOpH.sr IT0JI.H ,n:JI.H TpaeKTOplm 

Pe,n:)Ke c rroMOlll.hIO BPCT no,n:xo.n:a; 

• Ha ocHoBe MeTo,n:a pa3MepHott: pe,n:yKllHH pa3pa6oTaH HOBhIH Me

io.n: BPCT KOHCTPYKllHH ,n:n.H rncTeM CB.H3en: rrepBoro H BToporo 

po.n:a, KOTOpbie rrpH ,n:o6aBJieHHH K HHM .D:0II0JIHHTeJihHhIX orrepa

TOp0B o6pa3JIOT anre6py JlH, rrpttqeM .D:0IIOJIHHTeJihHbie renepa

TOphI .HBJI.HIOTC.H 3JieMeHTaMH rro.n:anre6pbl KapTana; 

e Mccne,n:oBana CB.H3h Me)K,n:y KpyroBblM OCllllJIJI.HTOp0M H qacTH

u;aMH c .n:po6non: cTaTHCTHKOH - amrnnaM11; 

• IlpoBe,n:ena cyrrepCHMMeTpH3all;ll.H CB.H3aHHhIX CHCTeM 3n:n

IIITen:na - 51nra - Mttnnca c Kan116p0Boqnon: rpyrrrrofi SU(2) B 

aKCHaJihHO CllMMeTpHqHblX o,n:nopo,n:HhIX KOCMOJior11qecKHX MO

,n:en.srx THIIa B11aHKH - I,11, VIII,IX, a TaK)Ke B KOCMonor11qe

CKHX Mo,n:en.srx KaHTOBCKoro - CaKca H <PpH,n:MaHa - Po6epT-
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coHa - Y oKepa B paMKax o.n.HoMepHoii: cynepc11MMeTp11qHoii: 

N = 2 c11rMa - Mo.n.e1rn; 

Anpo6auu.H pa6oThr. Pe3yJibTaTbI .n.11ccepTau1rn .n.oKna.n.hrna-

JIHCb 11 o6cy)K.IJ.aJIIICb Ha ceM11Hapax Jia6opaTop1n1 TeopeTHqecKoii: 

q>H3HKII HM. H.H.Eoromo6oBa Ol15Il1, Ha Me)K.IJ.yHapo.D.HhIX pa6oqHx 

COBern:aHII.HX "CyrrepCHMMeTpH.H H KBaHTOBhie CIIMMeTpHH" (1ly6Ha, 

1995, 1998), "CynepcHMMeTpH.H H KBaHTOBa.H TeopH.H non.H" (Xapb

KOB, 1997)' Me)K.IJ.yHapO.IJ.HOM CHMTI03HyMe "CoBpeMeHHbie TeH.[l,eHUHH 

B q>H3HKe 3JieMeHTapHbIX qacTHU" (T6HJIHCH, 1998) If BTOpoii: Me)K

.n.yHapO.D.HOH "CaMoccKoii: KOHq>epeHUHH no reoMeTpHH, KOCMonorHH 

H rpaBHTaUHH." (o.CaMoc, fpeUH.H 1998). 

Ily6nHKaUHH. Ilo MaTepHaJiaM Hccne.n.oBaHHii:, npe.n.cTaBJieHHbIX 

B .D.HCcepTaUHH, ony6JIHKOBaHO 8 pa6oT. 

CTpyKTypa H ofrbeM pa6oTbI. llHccepTaUHH.H cocTOHT 113 BBe.n.e

HH.H, Tpex rJiaB If 3aKmoqeHH.SI. O6neM pa60TbI COCTaBJI.HeT 98 CTpa

HHU, .D;Be Ta6JIHUbl If 6H6JIHOrpacpHqecKHH CTIHCOK H3 123 na11MeHO

Ban11ii:. 

Co.nep2KaHIIe pa6oTbI 

Bo BBe.[l,eHHH pacMOTpeHbl OCHOBHbie rrpHHUHTibl cynepcHM

MeTpHH, B qacTHOCTH, cyrrepCHMMeTpH"'IHOH KBaHTOBOH MexaHHKH H 

EPCT KBaHTOBaHH.H. 

B nepBoii: rJiaBe paccMoTpen EPCT rro.n.xo.n. K orrHcanmo qacTHU c 
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BbICIIIHMH ueJibIMH CIIHHaMl1 B npocTpaHCTBe - BpeMeHH rrpoH3BOJib

HOH pa3MepHOCTl1 D. IIocTpoeHHbie TeopeTHKO - noneBbie narpan

)KHaHbI, KOTOpbie OTIHCbIBaIOT rrpe.n.cTaBJieHH.SI rpyrrnbI IlyanKape 6e3 

B3al1MO.[l,eHCTBH.H, o6na.n.aIOT KaJIH6poBoqHoH HHBap11aHTHOCTbIO, ne

o6XO.[l,11MOH .[l,JI.H Toro, "lJT06bI HC~JII?ql1Tb .n.yxH - CTerreHH 'cB060.[l,bI, 

.n.a10rn:He 0Tp11uaTeJibHbIH BKna.n. B 3HeprHIO. Hap.H.D.Y c ocnoBHbIMH 

nomIMH 3TH JiarpaH)KHaHbI BKJIIOqaIOT B ce6.H TaK)Ke H BCIIOMora

TeJibHbie IIOJI.H, KOTOpbie BIIOCJie.[l,CTBHH ycTpaH.HIOTC.SI KaJIH6poBoq

HbIMH rrpeo6pa30BaHH.SIMH, HJIH HCKJIIO"CJaIOTC.H C TIOMOW:bIO ypaBp:e

HHH .D.BH)KeHH.H. Ilonyqen narpaH)KHan LI.JI.SI MaccHBHbIX rrpHBO.D.H

MbIX npe.n.cTaBJieHHH rpyrrnhI IlyanKape c JIHHeii::noii:: 3aBHCHMOCTbIO 

MaCCbl OT CIIHHa. lln.H Toro, qTo6bI OIIHCaTb Bee BbICIIIHe CIIHHbI o.n.

HOBpeMenno, BBe.n.eno BCIIOMOraTeJibHOe rrpocTpaHCTBO <l>oKa, rropo

)K.[l,aeMoe orrepaTopaMH pO)K.IJ.eHH.H at H ynHqTo)KeHH.H aµ, KOTOpbie 

Y.D.OBJieTBOp.HIOT KOMMyTaUHOHHbIM COOTHOIIIeHH.HM 

[aµ, at] = -gµv, 9µ 11 = diag(l, -1, -1, ... , -1). 

TaK KaK orrepaTOpbI, KOTOpbie COOTBeTCTByeT ycJIOBHIO MaCCOBOH IIO

BepXHOCTH L0 = -p! - cia!aµ + a 0 , ycnoBHIO norrepeqnocTH L1 = 
pµaµ, a TaK)Ke orrepaTop, corrp.H)KeHHbIH K orrepaTopy L1 orrepaTop 

L_1 = pµa! 06pa3y10T CHCTeMy cB.H3eii: BToporo po.na H nerrocpe.n

CTBennoe rrocTpoenHe HHJibIIOTeHTHoro EPCT 3ap.H.n.a neB03MO)KHO, 

6bIJI IIpHMeHeH MeTO.[I, pa3Mepnoii:: pe.n.yKUHH, B KOTOpOM OCUHJIJI.HTop, 

COOTBeTCTBJIOW:HH pe.n.yuHpOBaHHOH 'KOOp.D;HHaTe, paccMaTpHBaJIC.sI 

KaK BCIIOMoraTeJibHa.sr CTerreHb CB06o,n:bl. 1loKa3ano, qTo C IIOMO

W:bIO EPCT KaJIH6poBo"CJnoii:: HHBapHaHTnocTH MoryT 6bITb ycTpa

nenbI BCIIOMOraTeJibHble IIOJI.sI H 3aBHCHMOCTb OCHOBHOro IIOJI.sI OT 
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BCnoMoraTeJihHOro OCUMJIJIHTOpa. IlpMBe,ueHhI HBHhie npMMephI 

JiarpamKMaHoB .IJ:JIH qacTMU co cnMHOM 0, 1, 2. AHaJIOrM'l

HhIM o6pa30M nocTpoeH TeopeTMKO - noJieBOM JiarpaH)KliaH, 

KOTOphIM onMChIBaeT HenpMBO,UMMhie 6e3MaCCOBhie npe,ucTaBJie

HMH rpynnhl IlyaHKape B npocTpaHCTBe - BpeMeHM npoM3BOJihHOM 

pa3MepHOCTM. HMJihnoTeHTHhIM BPCT 3apH.IJ: nocTpoeH no aHaJIO

rMM C MeTO,UOM pa3MepHOM pe,uyKUMM nocJie BBe,UeHMH BCIIOMoraTeJih

HOro OCUMJIJIHTopa. KaK o6o6meHMe BhIIIIenpMBe,UeHHhIX npMMepoB, 

6hm npe,uJio)KeH MeTO.IJ: rrocTpoeHMH HMJihrroTeHTHhIX BPCT 3apH

.IJ:OB ,UJIH onepaTopoB, KOTOpbie o6pa3yIOT aJire6py JIM, HO rrpM 3TOM 

HeKOTOpbie M3 reHepaTopoB rro,uaJire6pbI KapTaHa He HaKJia,UbIBaIOT 

ycJIOBMM Ha q>M3MtJecKMe cocTOHHMH, T.e. He HBJIHIOTCH CBH3HMM. llm1 

3Toro Heo6xo,uMMO: 

• IIocTpOMTh BCIIOMOraTeJihHhie npe,ucTaBJieHMH ,uaHHOM aJire6pbI 

JIM C noMOIUhIO ,UOIIOJIHMTeJihHhIX orrepaTopoB pO)K,UeHMH M YHM

'ITO)KeHMH. l.JMCJIO .IJ:OIIOJIHMTeJihHhIX onepaTopoB pO)K,UeHM5I M 

YHM'ITO)KeHMH paBHO 'IMCJIY reHepaTopoB KapTaHa Hi1
, KO

Topbie He paBHhI HYJIIO Ha q>M3MtJeCKMX cocTOHHMHX. lIJIH aJire6p 

JIM rpynrr U(N) M O(N) TaKMe rrpe,ucTaBJieHMH MoryT 6hITh 

IIOCTpoem,I C IIOMOIUhIO MeTO,Ua reJib<paH,ua - UeTJIMHa; 

• IIocTpoMTh CTaH,uapTHhIM BPCT 3apH.IJ:, B KoTopoM CBH35IMM 

HBJIHIOTCH cyMMhI "cTaphIX" M "HOBhIX" reHepaTopOBj . 

• C noMOIUhIO crreu;MaJihHoro rrpeo6pa3oBaHMH no,uo6MH ycTpa

HMTh 3aBMCMMOCTh OT ,uyxoBhIX nepeMeHHhIX T/i1, KOTOphie 

cooTBeTcTBJIOT reHepaTopaM Hi1 ; 

Bo BTOpoii rJI_aBe MCCJie,UOBaHa CBH3h Me)K,uy KBaHTOBhIM OCUMJIJI5I-
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TOpOM II TOIIOJIOrII'leCKII HeTpMBMaJihHhIMII KBaHTOBhIMII CIICTeMaMII 

co cKphITOM KYJIOHOBCKOM CIIMMeTpIIeM. IloJiytJeHHa5I B pe3yJihTaTe 

pe,uyKUIIII KpyroBoro KBaHTOBoro OCUIIJIJI5ITOpa no ,UeMCTBIIIO rpyrrrrhI 

Z2 cocTaBHa5I CIICTeMa "3ap5I.IJ: - MarHIITHhIH BIIXpb" 5IBJI5IeTC5I aHII

OHOM - tJaCTIIUe:ii c ,upo6Ho:ii CTaTIIC'~MKOH M CIIIIHOM, paBHhIM ee co6-

CTBeHHOMY yrJioBOMY MoMeHTY. AHarrorII'IHhIM o6pa30M rroKa3aHo, 

'ITO ZN pe,uyKUII5I .IJ:ByMepHo:ii CIICTeMbI C ueHTpaJibHhIM IIOTeHUIIa

JIOM r,2(N-l) npIIBO,UIIT K N CBH3aHHhIM CIICTeMaM "3ap5I.IJ: - MarHIIT

HhIH BIIXpb" C IIOTeHUIIaJIOM B3aIIMO,UeHCTBII5I r 2(1/(N-l)) II CIIIIHaMII 

e7 = t ,' k = 0, 1.. ... , ( N - .1). 
TpeThH rrraBa IIOCB5IIUeHa . M3ytJeHIIIO CB5I3aHHbIX CIICTeM 3:iiH

IIITe:iiHa --,- -5lHra - MIIrrrrca c KarrII6poBotJHo:ii rpynno:ii SU(2) B 

aKCIIaJihHO CIIMMeTpII'IHbIX O,UHOpO,UHbIX KOCMOJIOrII'leCKMX MO,UeJI5IX 

TIIna BMaHKII - I, II, VIII, IX, a TaK)Ke B KOCMorrorII'lecKIIX MO

,ueJIHX KaHTOBCKoro - CaKca II <l>pM.IJ:MaHa - Po6epTcoHa - Yo

Kepa B paMKax cynepcIIMMeTpII'IHOM KBaHTOBOM MexaHIIKII. IloKa-

3aHo, 'ITO Bee 3TII CIICTeMhl MoryT 6bITb pacCMOTpeHbl KaK 6o30H

Hbie qacTII O.IJ:HOMepHOM N = 2 cynepcIIMMeTp,II'IHOM cIIrMa - Mo

,ueJIII. HaM,ueHhI cooTBeCTBy10mIIe Bbipa)KeHMH . .IJ:JIH cyrreprroTeHu;IIa

JIOB, KOTOpbie HBJIHIOTC5I IIp5IMOH CYMMOH rpaBIITaUIIOHHbIX II 5IHr -

MIIJIJICOBhIX qacTe:ii. KpoMe Toro, 5IHr - MIIJIJICOBa l.JaCTh cynepno

TeHu;MaJia B TO'IHOCTII paBHa COOTBeTCTBy10meMy 'IJieHy 9epHa -

CaMMOHca, BhI'IIICJieHHOMY Ha TpexMepHoM rroBepxHoCTII t = canst, 

'ITO HBJIHeTcH HeTpMBMaJibHbIM 0606me1rneM Ha6JI10,ueHII5I BIITTena, 

c,uerraHHoro ,UJIH nJiocKoro npocTpaHCTBa, Ha· crrytiaM caMorpaBIITII

py10mMx CIICTeM 3MHIIITe:iiHa - 51Hra - MMrrrrca. l1ccrre,uoBan Bo

rrpoc CilOHTaHHOro HapyIIIeHII5I cyrrepCIIMMeTpIIII Ha K.rracc111.1eCKOM II 
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KBaHTOBOM ypoBHe. IloKa3aHo, qTo .umr crryqa.sr q11cToii rpaB11Tau1111 

cynepc11MMeTp11.sr Bcer.ua HapyrnaeTc.sr Ha Krracc11qecKoM ypoBHe, HO 

.urr.sr Mo.uerreii B11aHK11 - 1,11 11 o,n:Hoii 113 cynepc11MMeTp11qHhIX Mo

.uerreii B11aHK11 - IX, Mo.uerr11 KaHTOBcKoro - CaKca 11 <Pp11.n:MaHa 

- Po6epTCOHa - Y OKepa OHa BOCCTaHaBJil1BaeTC.SI KBaHTOBOMexa

H11qecK11, B OTJI11q1111 OT o6bJqHoii cynepc11MMeTp11qHoii KBaHTOBOH 

MexaH11K11. Ilocrre.uy10ru:ee "BKmoqeH11e" r10rreii 5IHra - M11rrrrca 

HapyrnaeT cynepC11MMeTp11IO BO BCeX MO,UeJI.SIX 6rraro.uap.sr HenepTyp-

6a Tl1BHbIM BKJia,UaM OT .SIHr - M11JIJICOBbIX 11HCTaHTOHOB Ha ,UaH

HOM 3BKJI11.UOBOM qeTbrpexMepHOM MHOroo6pa31111. B KaqecTBe np11-

Mepa no.upo6HO o6cy)K,UaIOTC.SI 3BKJil1,UOBbI Komtrnrypau1111 .UJI.SI Cl1-

CTeM 3iinIIITeii:Ha - 5IHra - M11rrrrca B Mo.uerr11 B11aHK11 - IX 11 

B Mo.uerr11 KaHTOBCKoro - CaKca. 

B 3aKJIIOqeHl111 rrepeq11crreHbI OCHOBHbie pe3yJibTaTbI, BbIHOCl1Mbie 

Ha 3aru:11Ty. 

OcHOBHhie pe3yJihTaThI .z:urccepTaUIIII, 

BhIH0CIIMhie Ha 3aIIUITY 

• B paMKax BPCT rro.uxo.ua orr11caHbI rrp11BO.Ul1Mble Macc11BHhre 

11 HeIIp11BO,Ul1Mbie 6e3MaCCOBbre rrpe.ucTaBJieHl1.SI rpyrrrrhI IlyaH

Kape B rrpocTpaHCTBe - BpeMeHl1 rrpo113BOJlbHOM pa3MepHOCTl1 

D. IIorryqeH rrarpaH)Kl1aH, KOTOpbiii: orr11cbIBaeT 6e3MaccoBhre 

qacT11UbI C BbICilll1Ml1 ueJibIM11 CIIl1HaM11. 

• Ilpe.urro)KeH HOBhIM MeTo.u rrocTpoeH11.sr Hl1JihIIOTeHTHoro BPCT 

3ap.sr.ua .urr.sr rrpo113BOJihHhIX arrre6p ll11, Kor.ua neKoTopbie 113 re-

10 

nepaTopoB KapTana He HaKrra,n:bIBaIOT ycrroB11ii Ha cp11311qecK11e 

COCTO.SIHl1.SI T .e . .UJI.SI Cl1CTeM CB.SI3eii: nepBoro 11 BTOporo po.ua. 

• IloKa3aHo, qTo pe.uyKU11.SI KpyroBoro OCU11JIJI.SITOpa no .ueiicTBl1IO 

rpynnbI Z 2 11 nocrre.uy10ru:ee KBaHTOBoe npeo6pa30Ba1rne Borr11Ha 

Be,UeT K .UBYM Cl1CTeMaM: .UByMepHOMy aToMy BO.UOpo.ua ( qeTHbie 

COCTO.SIHl1.SI) 11 Cl1CTeMe "3ap.sr.u - .UByMepHbIH .U110H" ( HeqeTHbie 

COCTO.SIHl1.SI). Il poBe,UeHO 0606ru:eH11e Ha crryqan pe,n:yKU1111 .UBy

MepHOH Cl1CTeMbl C IlOTenu11arroM B3al1Mo,n:eiicTBI1.SI r 2(N-l) no 

.ueiiCTBI110 rpyIIIIbI ZN. 

• l,fayqeHo cynepc11MMeTp11qnoe 0606ru:en11e npocTpaHcTBeHHo 

O,UHOpo,UHbIX aKCl1aJibHO - Cl1MMeTp11qHbIX Cl1CTeM 3iiHrnTeiiHa 

- 5IHra - M11rrrrca c noMoru:hIO cpopMaJil13Ma N = 2 cynep

c11MeTp11qnoii KBaHTOBOH Mexa1rnK11. IlorryqenhI .SIBHhie Bb1pa

)KeH11.sr .urr.sr cynepnoTeHu11arroB, 11ccrre.n:0BaH Bonpoc cnoHTaH

Horo HapyrneH11.sr cynepc11MMeTp1111 na KJiacc11qecoM 11 KBanTo

B6M ypoBHe. O6cy)K,UeHa poJih .SIHr - Ml1JICCOBhIX 11HCTaHTOHOB 

B CilOHTaHHOM HapyrneHl11111 cynepc11MMeTp1111, np11Be.uem,1 

cp11311qecK11 co.uep)KaTeJihHhie IIpHMepbI. 
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