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XAPAKTEPHCTHKAPABOThl 

AKTYaJihHOCTh TeMhI 

B HaCT0JI~ee npeMJI CDOHCTBa H naK0HOMepH0CTH, Ha6moµ;aeMbie B 3KC

nepHMCHTax C 3lleMeHTapHbIMH ':IaCTHQaMH, HaH6orree IlOlIH0 MoryT 6bITb 

o6'bJICHCHbI rroxam,HOH rrarpaH21(enoi xnaHTODOH TeopHeH norrJI (KTII), 06-

rra;a;aro~eH pelIJITHDHCTCKOH H xarrH6pono"<JH011 cHMMeTpHeH. 

IlpHMCHHTCllbHO K q>H3HKC DhlCOKHX 3HCprri cy~eCTBYIOT, cpe;a;H npo

'-IHX, no xpa:iiHeH Mepe, TpH na)KHhlX HanpanrreHHJI pannHTHJI KTII. ::ho 

con;a;aHHe 6orree cpyHp;aMeHTallbHOH TeopnH, 0606rn.arorn.011, D 'JaCTHOCTH, 

CTaH;a;apTHYIO Moµ;errb, a;a;exnaTHOe OIIHCaHHe CHllbHbIX nnaHMOp;CHCTBHH Ha 

ocHone xnaHTOBOH xpoMop;nHaMHKH (KX,U) n nny':IeHne xnaHTODhIX acp

cf>exTon n paHHeH BcerreHHOH. Yxa)KeM npH':IHHbI, onpep;e1IJIIOII.1,He axTyarrh

HOCTh 3THX Hccrre;a;onaHHH. 

1. Kax H3DCCTHO, B paMxax CTaH;a;apTHOH Mo;a;errH CHllhHbIX H 3lICKTpo

crra6bIX nnaHMop;en:cTDHH HMCeTcJI QCllhlH p.Hp; npHHQHn:0:arrhHhlX nonpocon, 

HanpHMep, TaKHX KaK npoHCXO)K}l;CHHC xarrH6poDO':IHOH rpynilbI HJIH npH

"Urna HecoxpaHeHHJI CP-'-leTHOCTH. KpoMe Toro, aTa Mo;a;errh onep:0:pyeT 

c orpOMHhIM ':IHClIOM cno6op;HbIX napaMeTpon (MaCCbI "IaCTHQ, KOHCTaHTbI 

CDJI3H, yrrr1,1 CMCWHBamrn), 3Ha':ICHHJI KOTOpbIX ycTaHaBITHDaIOTCJI lIHWb 

3KCnepHMCHTaJibHO. 8TH H ;a;pyrHe npo6rreMbl CTHMYITHPYIOT ITOHCK HOBOH 

6orree y!rnnepcarr1>Hoi TeopHH, o6o6rn.arorn.ei cTaH.a;apTHYIO Mo;a;errh H np:0:

MeHHMOH K o6rracTH cnepxnhICOKHX 3HeprRH. 

2. Cyrn.ecTnyeT MHO)KCCTDO .a;ono;a;on, HanpHMep, penym,TaTbI 3KCITepH

MCHTOD no rrry6oxoHeynpyroMy pacceJIHilIO, D Il0llb3Y Toro, ':ITO KDaHTO

Ba.H xpoMop;nHaMHKa ap;eKnaTHO om:rchlnaeT npori;ecc1,1, nponc:ifu;a;JIW.He np:tr 

CHlThHhIX nnaHMO}l;CHCTBHJIX ':IaCTHQ. OHa ycneWHO pa6oTaeT n TOH o6rra

CTH, rµ;e 6eryrn.a.H KOHCTaHTa CBJI3H Marra H KDapKH JIBlIJIIOTCJI aCHMITTO

TH':ICCKH cno6op;HbIMH, 'ITO Il03DOlIJieT npHMCHJITb }l;lIJI paC':IeTOB TeopHIO 

nonMylll,eHHR. O.a;HaKO OCTaIOTCJI Ba)KHhle nap;a':IH, }l;lIJI peweHHJI KOTOpbIX 

Heo6xop;HMO HCITOllh:lOBaTb HenepTyp6aTHBHbie MCTO}l;hl. ThaDHaJI H3 HHX 

- 3TO nocrre.a;onaTCllbHOe OITHCaHHe }l;HHaMHKH a.a;poHOB Ha OCHOBC KX,U 

KaK CBJI3aHHbIX KDapKODhIX COCTOJIHHH, a TaK)KC O 6'bJICHeHHC MeXaHH3Ma 

KOHq>aMHMCHTa, "y.a;ep:,KaHHJI QBeTa" Ha 60llbWHX paCCTOJIHHJIX. 

3. Ha.KoHeQ, OTMeTHM, 'ITO B nocrrep;Hee npeMJI B03HHKlIO H aKTHBHO 

panBHBaeTCJI HanpanrreHHC Hccrre.a;onaHHR, RCIT0llb3YIOII.1,ee MCTO}];hl q>H3HKH 
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:meMeHTapHbIX 'IaCTHD; H KBaHTOBOli TeopHH IlOllJI B KOCMOJIOrHH. PaHHJUI 

BcerreHHaJI - aTO Ta ecTeCTBeHHaJI H, IlO-BH)J;HMOMY, eµ;HHCTBeHHaJI "na-

6opaToprur", rµ;e MOrlIH cyll.l,eCTBOBaTb 'laCTHQbl YllbTpaBblCOKHX aHeprHH 

1012-1015 raB, µ;ocTaTO'IHblX )J;llJI Henocpeµ;cTBeHHOH nponepKH eµ;HHblX Te

opHH ncex <pyHµ;aMeHTaJibHblX BOaHMoµ;e:ecTBHH. Borree Toro, xocMorrorn.11 

µ;aeT BOOMO)KHOCTb npoBOl];llTb cepbeOHblH OT6op cpeµ;H BHOBb npeµ;rrarae

MblX MOµ;errei, a llCilOllbOOBaHHe peoyJibTaTOB KBaHTOBOilOJieBblX TeOpllH, 

B CBOIO oqepeµ;b, IlOOBOllJieT OTBeTHTb Ha p.11µ; npllHD;HmiaJibHhlX nonpocon 

o caMOH BcerreHHOH. 

TeMOH HaCTOJill.l,eH µ;HccepTan;HH .llBll.lleTc.11 11ccrreµ;onaHiie p.lIµ;a xnaHTono

norreBbIX MOµ;erre:ii, HMeIOll.l,llX Henocpeµ;cTBeHHOe OTHOllleHHe K nepe'IHCJieH

lihIM npo6rreMaM 11 o6rraµ;aroll.l,HX HHTepecHblMll reoMeTpll'IeCKHMH CBOH

CTBaMH. 

OcHOBHble oaµ;a'IR ARCCepTa~RR 

1. HaHTH HOBble aJihTepHaTHBHble <J>opMyrr11poBKH xarrn:6poBO"IHOH Te

op11n C HMITYllhCHbIM npocTpaHCTBOM IIOCTO.IIHHOH KpHBllOHhl paµ;11yca M, 
xoTophIH TpaKTyeTc.lI KaK HOBhlH yHnBepcarrhHblH MacruTa6 n o6rracTH Bhl

coKnx ::rneprnii: - "q>yHµ;aMeHTarrhHaJC Macca". 

2. Ilccrreµ;onaTb 3BOlIIOD;HIO CTpyHonoµ;o6HblX KorepeHTHhlX noo6yj}(µ;e

HHH B a6elICBhIX Karrn6poBO'IHblX TeopH.IIX ll nonpoc O npnMeHHMOCTH Me

To;a;a CHllhHOH CBJ,(Oll µ;rr.11 perneHIDI npo6rreMbl KOH<paHHMeHTa B Kamr6po

BO'IHbIX MOl];ell.lIX Ha perneTKe. 

3. Iloy'IHTh oco6eHHOCTH KOHe'IHoTeMnepaTypHoi KBaHTonoi Teop11n 

B CTaTH'IeCKOM npocTpaHCTBe ;a;e CHTTepa. 

4. Ha npHMepe KBaHTOBOH TeopHH B npocTpaHcTne-npeMeHH Macc11nHoi 

n;a;earrhHO TOHKoi xocMH'Iecxoi cTpyHhl 11ccrreµ;onaTb cnen;n<pH'IecKHe xnaH

TOBhie aq>q>eKTbl, o6ycJIOBJieHHhle KOHyconoµ;o6HblMll CllHryrr.11pHOCT.IIMM <po

HOBoro npocTpaHcTna. 

Hay~Hble peoyJibTaTbl II HOBHOHa 

B ;a;11ccepTan;HH norry'IeHhl crreµ;yroll.l,He peoyrrhTaThI: 

1. Hai;a;eHa H~JJSM <popMyrr11ponxa xarrn:6pono'IHOH Teop1u;1 c HMITYJih

CHhIM npocTpa~TBOM IIOCTO.IIHHOH KpHBHOHhI, OCHOBaHHaJI Ha nepexo;a;e K 
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JCOOpAJDlaTHOMY npoCTpaBCTBY C DOMOUU.JO paooo&:eBBJI no llpeACTa.Blie

llH..IM rpymo,1 AJJmKemu p-npoCTpauCT:ea. 
2. IloDHoCTLJO BCCDeAOBa.Ba aBOJJJO:QBS CTpy:eonoAo6m.uc :s:orepeBTHblX 

B006y)KJJ;eJDJB: :1:am16poBO--moro nou B aneJtTpOAJffiaMJD:e co CTaTJAeamm 

BCTO"IBBXaMB. Ilo:s:aoauo, "ITO B BenpepHBBoii aIIeKTpOABJlaMBJ:e µ;aBBNe 

B006yQemu BeyCTOrDIBH u nocne BllD)"leBJUI 1m6HTO"IBOB aBeprBB npe

B~ B :s:ynoBOBCJ:Oe none BCTO«<mBJ:OB, a B 3DeETpoµ;ima.MBXe BBmr 

coua ua pewene 3TB noo6y)KJJ;emu CTa6Bm.Blil B BpeAeJJe emu.Roi CB.113B. 
3. I_lo:s:aaa.Ho, "ITO Clllll,BlilB :s:oRcJ>a:ii:e:MesT, cll)"'l8,ii, :1:orAa CTaTJAeCJ:Be 

CBIIY MCJKAY :3apJIAaMB ODBChlBalO'l'a mmeimo PacTY~ DOTeBI\BaDOM, B 

ane:s:TpoAJD18MBie BBIO,CoBa Ra pemene 11e peaJJBayeTCJI ~e B npeµ;ene 

CBJILROH CBr.3B. 

4. IloJI)"'leBl>I OAJIODeTneBHe m,q>a.3Cemu: AJlJI ~eJ:TBBRoro noTe~

ana u noIIHo:ii, BBTerpani.soii, 0ueprHB B :s:ose"IBoTel.mepaTYJ)Boii C:l:aJUP

uo:ii TeopBB nou B CTaTJl"feCJ.oK DpOCTJ>aBCTBe µ;e CuTTepa, :a:oToplile 

DOOBOlUDDT aBanB'3BJ>OB3TJ, 4)aaoB}'JO CTJ>Yl:TYPY TeopHB B6mmB TeMIIe

pa-rypw XoYJ:BBra B B BB3J:OTeimepaT)'l>BoM npeµ;ene. 

5. Cuo:iC'l'Ba ~TBBBoro noT~ana :accneµ;oBam.i 11,n.s :uoµ;enB ).4'4 

t B npoCTpaHcTBe Ae CnTTepa. Ycra.BoBDeso 'ITo, µ;uapeTBa.11 CBMMe-rpo 

:a:nacCll'lecxo:ii TeopBB ef, -+ -tp BCerA3 CDOBTalDIO BapymeBa B DUJ'YMBOM 
coCToJIHBII, HO BOCCTauaBJJBBaeTCJI npu 'l'e:amepa-rype Xoy:s:ura, ecllB :s:pH
mmBa npocrpa:eC'l'Ba AOCTaTOTfllO BeJIBia. 

6. IlouaaHo, 'ITO B :a:oHe-omOTeimepa-rypBoii TeopHB B CTaTK'leCDDCr

npoCTpal(CTBax c ropBOOBTOM co6MTBii BHTerpam.R:Ye BelI.ii'IHB.bi TBJia 

~oro µ;e:iiCTBJU 11a DOBepxBOCTB 6Bcf>yp:s:ainm ropBOOBTa npB-

06pe'.1'8IOT 11,onoDBHTem.BHe ~ODeTBeBl,le pacxoµ;BMoCTB. B "lacTHOCTB, 

3'1'0 IIpllBOAJIT J; 3aBJICBMOCTB BBTerpam.ll'OB IMmJlqHB.hl :a:oucf>opMBoi a.:eo

M3lJ]IB CJleAa TeB3opa 3Beprn-mmym.ca OT Te:amepaTYJ)LI, 'ITO YCTaBO

BDeBO BenocpeACTBe.BJll,Df Bl,J'IIICneRJleM. 

7. Ilony'leBo 06o611'em10e acBMIITOTB'lec:rme paaoolKeBBe µ;u cneµ;a 
JIAl)a TennonpoBOAJIOCTB onepaTopa Jlanuaca Ra :a:ouyce. 

8. Bw,ucneBo OAJIODeTueeoe ~e:s:~oe ~eicTBBe aau.apBoro nou, 

Ol:py&:8lOJ1'erO :1:0CMJAeayI> crpyuy B ;no:s:aaa110, 'CfTO XOJIB'leCJ:Be oco-

6eBBOCTB Jl])OCTpallCT.83-:speKeBB IIJ)JDO_Arr :I: BO.OJleBBJO pacJCOABMOCTe:i: 

Ae:iiCTBIUI :ea MBpOBOB DOBepXIIOCTII ~ , :a:OTopwe ycTJ)&BDO'l'a ne
peBOpMBpOB:a:o:i ee :e&TSll'e.BBL 

9~ YC'J'BBOBDeBa aBaDOl'JIS KeJIAY DaBTOBOB Teopaei Ba npoCTpaB-
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CTBax c K0HH'lCCKHMH oco 6eHHOCTJIMH II KBaHTOBOH Teopu:ei e npncyT

CTBHH rpairn:n;. B o6ou:x CJIY'laJIX o;o;HoneTneeoe a4>4>eKTHBHOe ;o;eiicTBHe 

BKJIIO'laeT pacxo;o;JIUUICCJI noeepXHOCTHLie <l>YHKD;HOHaJihl, npII'ICM nepe

HOpMHpOBKOH nocne;u;HHX M0)KHO ycTpai!e:Th HeHHTerpu:pyeMyIO 1101'.aJihHJIO 

CHHryJIJipH0CTb nJI0TH0CTH aHeprHH CHCTCMhl H nony"IHTb K0HC"IHYIO non

HJIO aHeprHIO. 

10. Iloxanaao, 'ITO 611aro;o;apJI KBaHT0BhlM nonpanxaM a<p<peKTHBHoe 

HaTJI)KCHHe KOCMH'ICCKOH CTPYHhI 3aBHCHT OT cpe;o;Heii BCJill'lIIHbl oxpy)Ka

IOlll,ero ee nonJI. 

IlpaKTB'<fecKaJI qeHHOCTb µ;uccepTaquu. B ;u;nccepTan;1m uccne;u;o

eaH p.11;u; KBaHTOBonorreBhlX Mo;o;erreii, HMeIOID;HX npu:rrmKeHIIe e xann:6pOBO'l

HhlX Te0pHJIX II KOCMOJI0rHH. 

B 'lacTH0CTII, H~eHa HOBaJI cf>opMynIIpoexa KanII6pono'IHoii Teop1m 

C HMnyJIJ,CHhlM upocTpaHCTB0M IlOCTOJIHHOH KpIIBH3HhI pa;o;nyca M, K0-

Tophlii HrpaeT pOllh JHIIBepcarrhHOro BhICOKOaHepreTII'leCK0ro MaCUJTa6a 

Teop1m. C aToii T0'IKH npemu, npe;u;rraraeMaJI cxeMa M0)KCT oxanaThCJI no

rrenaoii ;o;nJI nou:cxa a;o;exeaTHoro o6o6rn;eau cy1n;ecTny10rn;mc Mo;o;erreii Ha 

o6rracTb CBepXBbIC0KIIX aHeprHii. 

BMnonHeHHoe 11cc11e;o;oeaHIIe cTyHono;u;o6HhlX xorepeHTHhlX non6y)K;u;e

HIIH xam-16pOBO'IHOro Il0JIJI n K8,Il co CTaTH'ICCKIIMII IICT0'IHHKaMH, DKJIIO

'IaIOlll,ee rrccrre;o;oeaHIIe arrexTpo;u;IIHaMHKH BnrrLcoHa Ha perneTxe, na)KH0 

;IJ;llJI ll(?Clleizy10rn;ero aHaJIII3a 3BOJIIOD;HII II D:JaHMo;u;eiicTBIIJI KaJIH6pODO'IHO

IIHBapIIaHTHbIX HCJI0KaJibHhlX norreBbIX CTpyKTYP e 6orree ~JIO)KHOH, Hea6e

rreeoii Teop1rn. IlpHMepoM Ta.KOH CTpyxTyphl B xnauTonoii xpoMO;IJ;HHaMHKe 

MO)KCT CJIY)KIITb ynpow;eHHaJI M0;IJ;Cllh MC30Ha - napa KBapxa II aHTII

KDapxa, coe;u;11HeHHhIX Me)K;u;y co6oi "cTpyHoii". 

Ha'IaToe B ;a;11ccepTan;HH H3y'leHHe oco6eHHOCTei KOHe'IHOTeMnepaTyp

Hoi Teop1rn B CTaTH"'ICCK0M npocTpaHCTDe ;a;e CHTTepa HMeeT Henocpe;a;

CTBeHH0e npHll0)KeHHe K K0CMOJI0rHH pauHeii BcerreHHOH, IIpHBJieKaIOw;eii 

n nocrre;a;Hee epeMJI DHHMaHHe MHoru:x cnen;uanucTon n o6nacTn KTII. B 
'IaCTHOCTH, }J;aJibHeiirnee pa3BHTIIe aTHX pe3yJibTaTon ;u;ano- 61,1 D03M0)K

HOCTb 11ccrre}J;oBaTh <panoey10 cTpyxTypy pearr11cT11'Iecx11x MO}J;erreii Berrn

xoro o6'be}J;HHeHHJI np11MeHI1Te111,Ho x paHHeii: CTaµ;HH ano1110n;11II BcerreHHoii 

B IlpOH3B01IhH0M C0CT0JIHHH, KaK aTO 6MJIO CjJ;CJlaH0 }J;JIJI TCMUepaTyphl Xo-
ynIHra. ,, "';,,. 

HaxoHen;, penyrrLTaTbl }J;HccepTan;Hu, xacaIOlll,llCCJI KDaHT0BhIX a<p<pex-
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TOD B oxpeCTH0CTH I0C~eCIHX CTPYH, Il03B01UIIOT BLIJIBHTL ;o;eTa.Jlll BOa

llMO;D;eHCTBWI cTpyH c oxpyxa10u.unm HX nonllMH. Y'leT aTHX acf>cf>eITOB 

Heo6xo;u;HM, noCK0JlbKY no;o;o6HLle Ilp0T.ll)KCHHhle ofrLeKTLI Moryr CJIY)KHTL 

HCT0"IHHK0M nepBH"IHhIX eooMyrn;emni nnoraocTH eeID;ecTBa B pauHeii Bce

neHHoi, OTBeTCTBeHHhIX oa 06panoeam1e ranaxTHK. 

Anpo6an;HJ1 pa6oTbl. Ocaonllble peay111,TaTLl }J;nccepT~ ony6JIH

xona11L1 n pa6oTax, YKa3aHHLlX e CllllCKe ny6rrmran;Hn:. 0HH ;u;oxrrap;LlBa.JIHCL 

Ha cewmapax n Jla6opaTopun TeopeTH'leCKOH q>H:JHKH OIUIH, n yHHBep

CHTeTe r.HeanoJIJI, B HHcTHTyTe q>IIDIIUI Ma1:ca Ilrrauxa B r.MK>HXeHe, Ha 

xvtn Me:,i,:;izyaapo;o;HOM K0JIJIOKBHYMC "TeopeTHKO-rpynnoBhle MCTOAbI B 

q>mmxe" (MocKBa, 1990), Ha 25-oi Mex;izyHapo;a;HoH xoHq>epe~ no 4>11-

:JHKe BLICOKHX aHeprnii (CHHranyp, 1990), Ha Me,K;izyHapo;o;HoM ceMimape 

"KuapKH-92" (3neanropo;u;, 1992), ua Poccmk1:oii: rpanHTan;HOHHOH KOH

q>epeHqHH (IlyID;HHo, 1993), Ha Me)K;Il;Yffapo;o;uoM ceMHHape "MeTo;o;M CID.l

MeTpHH n <pH:JHKe" (Jly6Ha, 1993) 11 Ha Mex;izyHapo;o;HOM <ppH;o;J,faHOBCKOM 

ceMHHape no rpaBHTan;m1 H IOCMonorHH (CaaxT-IleTep6ypr, 1993). 

CTpyKTypa µ;uccepTaD;BR. JlnccepTan;HoHHaJI pa6oTa COCTODT Ira 

ene;o;eHHJI, 'leThlpex rrran ocHOBHoro co;o;ep4KaHIDI, aaKJll()'ICHHJI, weCTH npn

JIO)KCHHH u o;o;noro pHcyHKa, co;o;ep,KHT CilHCOK lIDTepaTypLl (97 CChIJIOI). 

06'beM ;u;11ccepTan;HH 123 CTpaHUD;hl. 

CO,D;EP)KAHHE P ABOTbl I' 

Bo eseµ;eBHB ;o;aeTcJI ipaTKHH o63op ironecTHLIX pe3y111,TaT0B, q>opMy

JIHPYIOTCJI H o6ocHOBLIDaIOTCJI aaµ;a'IH ;n;11ccepTan;rrn, a Ta.KJKe H:JJic).I'aeTCJI 

ee xpa.Txoe co;n;ep)Ka.HHe. 

B rJI~Be 1 nai;o;ena HOBaJI <popMYlIHPOBKa xa1m6pono"IHon: TeopHH c 

HMnyJIJ,CHLIM npocTpaHCTB0M Jlo 6a'leBCJ:Oro 

2 2 2 2 2_M2 M p5 - p4 - p3 - P2 - Pl - , p5 ~ , 

pa;o;u:yc KpHBH3HbI K0TOporo, napaMeTp Ji,f, TpaKTJCTC.ll KaK q>yH;n;aMeH

Ta.JibHai!: ~ca. 0TllH"IHC HOBoro no;o;xo;o;a aaxJIIO'Ia.eTCJI n TOM, "ITO ;o;rr.11 

norrY'leHKll xoHq>Hrypan;n:oHHoro npe;a;cTanrreHHJI (KIT) a;n;ec1, 11cnorr1,3onauo 
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o6o6meHHoe npeo6paaona1111e <l>ypbe ocHOBaJIHoe Ha pamIO)KeHHH no npe;u,

CTanneHIDIM rpymILI npeo6paaoBamrii p-npOCTJ>aHCTBa (no KOrepeHTHhIM 

coCToJlHBJIM rpymILI S0(1,4)). 
B paaµ;ene 1 ;tl;a.eTCJI onpe;u,eneHBe H IID)"IaJOTCJI CBO:UCTBa O 60 6ll\eHHOro 

HBTerpam.Horo npeo6paa0Ba.11ID1 <l>yp1,e Ha npoCTpaHCTBe Jlo6a"<Iencxoro 

j {(jl, r, ii)<J>{i)dOp = <J>(r, ii) , dO.p = (1 + ;;r,M2)f/4 

...... - p5-pn I 
( 

...... )-3/2-irM 
{(p,r,n)-(21r)2 M 

o ~ r < oo, n2 = nl + ~ + ni + nl = 1 

Jlru>o 3"1'oro npeo6paaoBaJIBll BrpaeT pon1, nnoarnx BOJIH B o6hI"<J:HoM <l>ypbe

auamme. KoopAJIHaTaMB HoBoro Kil .aBJUIIOTCJI nemecTBeHHhIH rrapa.Me-rp 

r B KOMIIOHeHTLI eJ.\BBB'IHOro 4-BeKTOpa n. floaTOMY B IlJIOCKOM npe;u,ene 

M -+ 00 WUJH&ll cxeMa COBna;n;aeT C eBKJIBAOBoii Teopueii IIOJI.ll, <f>opMynu

pyeu:oii B c<f>epH'Ieamc xoopAJIB&Tax. B 3TOM :iKe paap,ene uaii;n;eH ;n;u<f><f>e

PeJIIOlam.Ho-paaHoCTHY:ii onepaTop, BLIIIOlIH.lllOII\HH B HOBOM KOH<f>Hrypa

UJIOHBOM. npep:craBlleBBH pom. onepaTopa Jlannaca. 

Hcnom.ay.11 3"1'0T nannacaau, B paa;J\ene 2 BBOAJITCH rroJIO)KBTeJlbHO onpe

;n;eneHHoe µ;eiiCTBBe ;u,rur MYJILTBillleTa HeapM.BTOBLIX CICarurpHLIX noneii. 

CBOii:CTBO nono.lKHTeBLHoCTB ;u,eii:CTBH.11 uo:lKHo yCTa.uOBHTL uerrocpe;u,cTBeHHO 

B Kil, eCJDI ;u,e<f>opMBpOBaTb KOHT}'P HHTerpupOBa.HHJI no rrapa.MeTpy r B 

KOMmlCKCHyIO IlllOCKOCTb. 

Kana6poBO'IHl:,le npeo6pa30BaHH.11 u non.a:, a;u,exBaTHhle HOBOMY xoH<f>H

rypa1'BOHHouy npep:CTanneHBIO, BBOAJITCJI B paa;n;ene 3. Ilpeo6paaoBa.HWI 

:1:ana6poBO"IBJ,IX nepeM.eBHLIX, npe;JI,CTaBJUIIOll.\BX B AaHHoi cxeMe a.11anor 

paAJian:LBOB JI yrnoBO:ii KOMDOHeHT BeKTopuoro nollll, cymecTBCHBO MO

AB~YJOTC.11 B BYrllJIWfT KU KOM.fiHBau;B.11 06hI'IHLIX JIHr-MHJIJICOBCKBX 

npeo6paaoBaHB:ii JI npeo6paaoBaBJI:ii, xapuTepHLIX 11,JIJI TeopBB Be:1:Top

Horo nou ua pemeTKe. 

B paaµ;eJre 4 nocrpoeH cf>ymJ\llOHaJI J\CBCTBB.11 KaJIH6poBo"<IHhlX nonei. 

Ero oco6eHHOCTb COCTOJIT B TOM, "'ITO B npep:ene, xor;u,a KOHCTaHTa Ca.MO

µ;eiiCTBBI g CTpCIOITCJI K uymo (B a6eneBOM. npep:ene), 3TOT <l>YHKI\BOBall 

MOieT 61,1Tb IIpeJl:CTaBJreH :1:aK ;n;eiiCTBHe xaJIJI6pOBO'IHO-BBBapuauTHLIX ;n;e

KapTOBl,IX •TopBI,ilX nonei. IIocneJ\]lee coBIIa;n;aeT no (J>opMe c ;n;eiCTBBeM ... 
~ CKan.llpHOro MynLTJllllleTa, pacCMaTJ)BBaeMOro BO BTOpOM. paa;n;ene. 
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B paa;u,ene 5 06cy)K;JI,aeTCJ1 B03MO:lKBOCTb auanorIMBou <f>opMynupoBKH 

KaJIH6pOBO"<IHOB Teopim co c(J>epH"<IeCKHM BMIIYllbCBhlM IIpOCTpaHCTBOM. 

Iloxaaauo, "ITO, IIOCICOJlbKY o6o6meBHoe BBTerpan1,uoe npeo6paaoBauue 

<l>yp1,e a;u,eCb ueYHBTapuo, nony'laeMhle B Taxou cxeMe (J>yux:a;aouanhl ;u,ei

CTBBJI ;JI.JIil paa.lIB"IBhlX noneii TepJIJOT CBoicTBo nonO:lKHTellbuoi onpe;u,e

neHHOCTH. Ilocne;JI,Hee o6CTOJITellbCTBO ;u,enaeT 3TOT no;u,xo;u, Meuee npHBne

:1:aTeJlbHLIM. 

ThaBa 2 ;n;uccepT~ IlOCBJlll.\eHa UC(,:Jle;JI,OBamDO 3BOJIIO:a;Im CTpyuono

;u,o6HLIX xorepeBTBLIX uoo6y:iK;n;eHBB xanu6pouo-quoro nollJI B KaJIH6pouo-q

HLIX TeOp:wIX, KOTOpLie OIIBChIBaIOTCJI 01:CIIOBeH:a;HaJILHLIMII IOHTYPBLIMB 

imTerpaJia.MH (ynopJIAO"<IeHHhIMB 0KCIIOBeBTa.Mll) 

P(exp(ig h, A,,dx")) 

Ca.Ma no ce6e nocTauouxa aToii :Ja;JI,a'IH p;ocTaTO"<IHO cno:lKHa. K C"lacTbJO, 

HMeIOTCJI TO"<IHO pewaeMl,ile :a:anu6pooo'lllb1e Mop;enu, rp;e no;u,o6HLie CTJ>ym.I 

cymecTB}'IOT u rp,e 3TOT BOnpoc MO:>KeT 6LITL HCClle;JI,OBa.B IlOJIHOCTbJO. 3To 

CBo6o;n;uaa :l:Ba.HTOBa&: aneICTpo;n;HHa.MJlla B ICBa.HTOBall 3lleKTpO}J;BHa.MJlla 

co CTaTH'leCIHMH HCTO'IHHKa.MB. 

CHa'lana B poop;ene I aToi rnauLI B 1:a"leCTBe npBMepa uayqaeTCJI aBo

JIJO:a;Hll IlpOB3BOJlbHhlX xorepeHTHbIX BO:J.6y:>Kp;eHBi 6eaMacCOBoro CICallJlp

HOro IlOJI.ll H p,eMOBCTpHpyeTCJI BX ueycTOB"IHBOCTb. Bee paC'leTLI aaTeM 

nerxo 0606ma.JOTCJ1 Ha 3JleKTPOAHHaMBKY H Il03BOIDl10T BhIJICHBTb cy;n;Lfiy 

"3a.MKB)'TLIX CTpyu" exp(i J A,,dxP) B CBo6o;n;so:i KS.I(. I' 

B paap;ene 2 pemaeTCll npo6neMa 06 aBOmo:a;BH "cTpyHLI" B Mop;en:H co 

CTaTH'leCKBM.B HCTO'IHHKaMB ("cTpyua C 3ap.ap;a.MB Ba KOH:a;ax"), KOTOpaa: 

Ba:lKHa Allll noHBMaBBJI npupop;LI aTux ooa6y:iKp;eHBi. Iloxaaauo, "ITO Taxue 

"cTpym,i:" He coxpaUIOT cuoe:i <f>opMLI, npeupamaa:c:& nocne _uanyqeHH.11 

JID6LITO'IHOB 3HeprHB B none ;n;uyx I.)'llOBOBCKBX BCTO'IHBKOB. 

B poo;n;ene 3 o6cy:>Kp;aIOTc.a: xorepeHTBlile cTpyuonop;o6m,1e uoa6yI;n;e:, 

BB.II 1taJIJI6pouo'IHoro noll.l B aneITJ>OAHHaMJD:e Bmn,coHa Ha pemeTxe. B 

OTJlll"IBe OT HenpepLIBBOro cnyqaa: 0TB uoa6y:lKp;eHH.1 CTa6HJlbm.I B npe

p;ene CBJILuo:ii CBJIOH. IIOOToMy B M'OM npep;ene UMeeT MeCTO aaxou nnow.a

;n;e:i BBJlbcoHa, KOTOpLIB o6i.-rmo UBTepnpeTBpyeTCJI xax :IOH<f>aHBMeHT 

TeopBB. Iloi:aaauo, o;n;saxo, "'ITO MeTOA CBJlbHOB CBJl3H Be Mo:lKeT 6b1Tb 

ucnoJlb30BaH All.I pemeBJU Bonpoca o xou4>amweuTe, noc:xoJlbxy nonne

BHe yCTOB'IBBLIX crpyuonop;o6m.nc uoo6y:3'p;emm He BCKJJJO"'laeT ;u,pyrue 
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KaJIH6pOBO'Ullile KOH(J>urypamm C Mem,wei 3Hepr11eii, 0TBe'Ia.IO~e K)'llO

HOBCKOMY BOaJIMO;o;eiiCTBIIJO oapsp;oB. 

B 4 pao;o;ene cneAYJOT oumo'IR:Tem.111,1e aa.Me'Iamu: no aToi rnaae. 

B rJiaee 3 uay'IaeTCJl c:a:a.JIJlpHu JtBaHT0BaJI TeopuJ1 nou B cTaTH'Ie

c1:oM npoCTpa.u:CTBe ;o;e CuTTepa npB npolIDBOJU.Hoi TeMUepaTYpe, 060-

tma'IaeMoi ;o;a.Jiee 'Iepeo 13-1. AHaJIICl CX:a.JIJlPHoro cny-qa.s: 01taoL1BaeTCJ1 

cpaBHHTeJU.H0 npoCTLIM II M0:lKeT IIOMO'Ilt II0HJITL oco6eHHOCTH 6onee pea

lIHCTH'IeCKIIX:, IaJIH6pOBO'Dll,lX TeopllB. 3Ta rn:a.Ba noCTpOeHa ClleAYJOUJ,HM 

o6paooM. 

B pao;o;ene 1 0UHCLIBaeTCI: cne~(J>HJta IBaHT0BaHHJI CKaJIJlp&oro Il0lIJI u 
KaHOHH'ICCI0e pacnpe;o;eneBHe B CTaTJrleCKOM Ilp0CTpaHCTBe ;o;e CHTTepa 

pa;o;eyca a c Me-rpu:a:oi 

ds2 = cos2 xdt2 - a2( dx2 + sin2 xd82 + sin2 x sin2 8df.2) , 

r;o;e -oo < t < +oo, -tr 5 X 5 1r, 0 5 IJ,{ $ 1r . . B 3T0M npocTpa.HCTBe M0XCH0 

BBCCTH onepaTop 3HeprHH CHCTeMhl, IOTOpI,111 pao;o;eJUleTCJI Ha ;o;oe IOMMy

THpYJOIQHC 'IacTH, oa;o;aJUll,,le B paoHLIX npH'IHHH0 He CBJl3a.BHLIX ·'IacTJlX 

rrpocTpaHcToa lxl < 1r /2 11 IXI > 1r /2. 3To no0B01IJieT 4>opMyJIHpooaTL AllJI 

Ka:lK;D;OH o6llacTH HC0a.BHCHMLie npe;o;cTaBJICHHJI TCUJI0BLIX cpe;o;HHx «l>YH

KD;H0Ha.JILHLlMH HHTerpa.Jia.MJl 

< 6 >13= Zp1 j D</> O[</>] e-5,(f) , Zp = j D</> e-S1M> , 

rµ;e S13(i/>) - KJiacCH'ICCKO~ µ;eiicTBHe TeopHH. OKa3LIBaeTCll, 'ITO HHTerpH

poBaime B imx 11;o;eT no II0JieBLIM nepeMellHbll,I, noMeUJ,eHHLIM Ha K0MllaKT

H0e 4-Mej;>Hoe npocTpaHCTB0 Sj c eoxJIH;o;oBoii cnrsaTypoi. 8To ripocTpali

CTB0 M0:lKH0IIpeµ;cTa.BHTl. Kax "6eCKOHe'IHO o6epsyTyIO" B0Kpyr ce6JI B;ll;0JIL 

sanpaoJieHIDI "MHHMoro" BpeMeHH r rmtepc4>epy S4 paµ;11yca a, sa K0T0-

poii 0T02Kµ;ecTJliIJIIOTCJI T0~H ( r, xi) H ( r + /3, xi). IlpH TeMiJ:epaType Xo

YKHH'ra, i:orµ;a ,8 = 21ra = /3n, npocTpa.u:cno Sj npeopamaeTcJJ B 4-c<J}epy 

S4. B o6meM cJiy'Iae·oso 11MeeT xoHB'Iecx:ue oco6essocTH sa µ;oyMepnoii 

nooepxsoci:-11, rµ;e oeKTopsoe rrolle KHJDIHHra, reHHp11py10w,ee Tpascrum;xm 

B)];0llb r, paBHO syrr:ro. 

B l>a:3;rt;ene 2 aa oce:ooe HHTer<panLHLIX npeµ;CTaeneHHH ;D;JIJI cpe;o;anx nno

µ;RTCJJ KOHe'IHOTeMnepaTypHLrii 3«l>4>eKTHBHLIH Il0Tellil;HaJI V ( </>, /3). lfoy'Ie

HKe cnexTpa ouepa.Topa Jlarmaca ·aa Sl noouorrJieT Ha.HTH BhlpaJKeaue µ;JIJ1 

8 

V(</>,/3) B o;o;sorreTrrenoM npn6rrnxemm B BH,ll;e paonox.::eHHJJ B psp; no TeM

rrepaType 13-1
. JJ:rrJJ ;noii n;errn MLI rrcrronLoyeM MeToµ; peryIDipna~ c no

MomLIO o6o6meaaon: (-«l>yHKn;nn. B 3T0M "'e pao;o;elle nony'IeHLI J'A06HLie 

;o;nJJ asa.Jmoa o;o;aoneTllem,1e Bhlpa:iKeHH.11 p;u rroTeHD;«ana V(4>,/J) u 3Hep

rim IIOJI.11 (Ha e;o;namzy o6'beMa) E(4>,/3) B AeCH.TTepoBCKH-HHBapnasTHOM 
C0CT0JIHHH 

3 [ 1 ( r½+,/K r½-,/K) 1 V(cp,/3n) = V(cp) - {4rr)2a4 -3 1½ + 1½ u(u - 2)(u - 1)¢(u)du 

1 2 1" l ( 2 2)(Ll
2 

Ll 17) l (V"() -2)] +12Ll + 72.u + og µ a 12 -_ 24 - 2880 + og 9 µ + const 

. ,} )-V() 3 { 1Ll2 41Ll 973 
E(<P,PH - '-P + (47r)2a4 -8 + 144 - 5760 

+ 1\ (i- Ll) (¼- Ll) [t/•{3/2 + v'K) + t/•(3/2 -v'K)-log(i,2a2)]} 
H C0CT0JIHIIH CTaTII'lCCK0rG Bcl,:li:}'J!rn. 

V(ip,oo) = E(c,;,oo) = 

V ) 3 f ( r¼+,/K r¼-,/K) ( 1 n.-) ( I' , , , . = (ip,- (41r)2a4 _ 1½- + 1½- u u- 2 -vil u- JtPltt)du 

1 2 7 " l ( 2 2) (~ ~
2 

Ll 17 )J . 
+ 36 Ll + 24 u + og /t a 12 - 8 + 960 + consi l' 

(V(<p) - KrracCH'lecKaa: noTeHD;naJILHaa: 3HeprW1, Ll = 9/4 - a2F"(9)). Ilo

KaoaHo, 'ITO D npe;o;erre acm,:UITOTll'IeCKII Manoii KpIIDIIaHbl np0CTpaHCTDa 

( a -+ 00) OHH conna;o;aIOT C naKyyMHhIM a<J>(J>eKTIIBHbIM Il0TCHD;IlaJI0M B rrpo
CTpaHCTDe MHHKOBCKOro. 

B Ka'IeCTBe µ;eM0HCTpaD;HII np11Meaemrn ;)TUX peaym,TaT0B B paaµ,eJie 

3 H:JJ'IaeTCJI 4>aaonaa: cTpyKTypa B KOHKpeTsoii Mo;o;erru CaA10AeiicTny10-

~ero CKa11.11pHoro II0JIJI >..q,4 B oaDHCIIM0CTII OT KpIIBIIaHLI npocTpaHCTBa II 

TCMilepaTyphl. IloKaaa.u:o, 'ITO B C0CT0JIHIIII CTaTil'Il'CK0ro nai.:yyMa CIIM

MeTpII.11, rrpHcymaa: Kllaccn'Iecxoii Teopnrr, ncerµ;a cnoHTaHHo HapyUJeHa. C 
µ;pyron CT0p0Hhl, npH TCMIIepaType Xoyurnra JCTOII'IIIBaJI CllMMeTpn•ma.a 

<f>aoa IIOJIBJIJICTCJI rrpH HCKOTOpoii µ;ocTaTo~mo 60111,moii KJ>IIDIIaHe npo
CTpaHCTBa. 
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B paoAene 4 w.))"laJOTCJt MacwTa6m.ie cuoicTBa TeopHH H noJI}"'leBo 

m,ipruKeHBe AIDf HBTerpana :i:oHfl,opMHoii a110ManHB Teuaopa aueprHB-HM

nym.ca. .[leMOHCTpnpyeTCJI, 'ITO HaBB'Dle ropHOOHTa co6LITHB, orpaBH'IH

BaJO~ero CTaTJAeo:yio CDCTeMY OTC'leTa, npHBOAHT x cne~<J>1Aec1m111y 

~:l:TY - 3a.BHC1D40CTB HBTerpam.Boi: aBOMaJIJIH OT TeMnepaTyphl 

fvt13x AT,, "(/3,z) = 1~a (3+ (/3n/J3/) , 

npB"leM npB TeMIIepa-rype Xoynmra BOCCTaBaBJIBBaeTCJl CTaHAapTBLIB 

peoynTaT. 3To COOTBeTCTByeT Do.EmeHBIO B BHTerparu,Hl,IX aenJAHBax 

TBDa 3C),4,e:1:TBBBoro AeiCTBJU llllB noJJHo:i aHeprBH ;o;onoJIHHTem.HLIX ym.

-rpa4molreTom.rx pacxoAJ!MOCTei, oa;o;amn.IX Ba AJJf:Mepuoii noBepXHOCTH 

6afl,yp:i:~ropHaoBTa. 

cl>opMam.Boir npB'IBHoi BOOBJ1D10:ae11JU1 aTBX nouepXHOCTBLIX pacxo;o;H-

11ocTeii JIBJJJ[eTCS BalDJ'Dle :1:o:mr1eaux oco6eHHocTeii c<J>epH'Ieaoii 06-
liacTH .s,, Ha IOTopoi ::JaAam.I nepeMemn.Ie BHTerpHpOBaHJIJ[ B fl,yux~o

. Ham.JioM BHTerpane ABI «:peABBX. Hx DOCJleACTBHJI :s "'DICTOM IJHAe" MO)KJIO 

o6sapYJDITI>, aHMBaapy• IBaBTOB1,1e 3C)4,ei:T1,1 Ha ICouyce. Ta:i:oi ICOHB'le

a:o:ii reoMeTp:aei o6n&AaeT IIpocrpaBCTBo-BpeM1 Boxpyr MacCHBHoii 6e

ci::oH~o Tomoi: CTp}'Jll>I. Hcc~o:aamu> :euyyMBJ,lX I.BaHTOBLIX 34J,4,e:1:

TOB 0:1:0110 IOC'Mll'IeCDIX CTpYH DOC'llSll\eHa r.nana 4. 

.[{u H3Y'feJIJIS OAffone-rneBYi pacxowmOCTei, nopo)K;o;aeMHX cBHryup

BOCT.eOI IIpOCTpaHCTBa, B paa;o;ene I IlOJJY'leB0 o6o6ll\eHBoe acmmToTH

~eaoe pa::mo:..eHBe AJ1S CJieA3 SJU>a TenDOIIpOBOAftO~H onepaTopa Jfannaca 
na :1:ouyce. TenooBwe x~eBTLf a,roro paa11o)KeBHJ1 B BeplDBBe :1:ouyca 

HMeJOT oco6eHeOCTh T11J1a Aen-ra-9ym.IUD1. 

Hcnom.3ys M'OT proym.TaT, B paa;o;ene 2 IlOJI}"'leHO OAJIODeT1IeBOe acl>
cJ,e:i:TBBHoe AeiCTBBe cxanapHoro nons, 0:1:pyiaioll\ero 6eaoue'Illo TOJUyIO 

KOCIOl"leCI)'JO CTpyBy. 3-rOT <l>YJII11BOBall :t:poMe CTaHAapTHoro B:UclAa 

BIDJO~ AODOllJIJITeJJLBoe pacxo~eea BNpa)KeHHe, IIOBepxHOCTBOe Aei
CTBBe, 33AaBBoe na IDIJ>OBOK noaepXHOCTB CTpym.I. Iloia3aBo, 'ITO B AaB
HOM cny'13e OT IlOBepXl!OCTHHX paC'XOJ\BMOCTeB MO)KBO B36aBJITl,CJ[ nepe
HOpMBpO:UOB :napa.Me-rpa HaT.-.eBBa CTpyml, DpIAeM IlODBU ~epeBop
lOIJ>OBaBHU aBeprllI nocne 3Toro oiaa:W:aaeTa IOHe'IHoii. Kpo»e Toro, 
AeMOHCTp~, ..:n'O 6JlarOA3PJ( IBaHTOBWM UOnpaBiaM a4>♦ernnmoe 

HaT~eBBe Pel/ IOCMB'leaoi ~ 3aBH\ OT cpeAJlei :eemrDIBl,I o:q>y-
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:iKaromero ee nmu1 <p u ;a;mi: Mo;a;errn ,\¢4 HMeeT nH;a; 

h c ( )( 2 , 2/) (i (m2
+-\<p

2/2) 1) µelf = µ - 321r2 a: 2 a: m + A<p 2 og m2 - 2 , 

r;a;e C2(a) - HeKOTOpaJI ;a;po6Ho-pan;IIOHaJihHaJI 'PYHKD;IUI OT KJiaCClP-IeCKOro 

napaMeTpa HaT.ll:iKeHIDI µ, a m - Macca nou.ll. 

PeayrrhTaThI aToro paaµ;erra yKanhmaroT Ha IIHTepecnyro anarrornro c 

KBaHTOBOH TeopHeii Ha npocTpaHCTBe C rpaHHD;aMII, Ha KOTOphIX noa

HHKaIOT ;a;onorrHI-ITellhHhie pacxo;a;m,mcTn, np1rno;a;J1mne K nepenopMuponKe 

TaK HaGhIBaeMoro ;a;ei'1cTDII.ll nonepXHOCTHOII rpannTan;m1. B paa;a;erre 3 aTa 

aaarrorirn npo;a;omKaeTC.ll eme ;a;aJil,lUC II ;a;eMOHCTpupyeTC.ll, 'ITO KOHC'JHOCTh 

IlOJIHOII ncpeHOpMnponaaaoii :meprm1 eCTh peGyJihTaT COKpameHH.ll H3Be· 

CTHOH HeIIHTerpnpyeMOII oco6eHHOCTH B IlJIOTHOCTH 3Hepnrn nom1 °C KOH· 

Tp'trreHOM D "rorroM" HaT.ll:iKeHIIII CTPYHhl. 

B paGµ;erre 4 crre;a;yeT KpaTKoe o6cy:iK;a;eane 3THX a<p<peKTOB. 

B oaKJJI<PleHHH C(pOpMym1ponaHhl OCHOBHhie peGyJihTaThl ;a;uccepTa

D;HH n HaMe'lCHhl HepeweHHhle npo6JieMhl. 

TeXHH'-IeCKHe µ;eTaJIH DhlH('C('Hhl D npHJIO>KeHHJI. B rrpIIJIO)KCHIIII A BBO

p;HTC.ll onpe;a;erreHHe ;a;eKapTODhIX KOMIIOHCHT Kam16poDO'-IHOro IIOJIH, pac

cMaTpHDaeMoro D rrrane l. Ilp1rno2KeH11e B co;i;ep)lmT HeKOTOphie orrpc;i;erre

mrn, aeo6xo;r:v-1Mhle n rrrane 2 µ;irn nccrre;a;onaHirn K8JJ: Ha peweTKe. CrreKTp 

orrepaTopa Jlarrrraca Ha rrpocTpaHcTnax SJ aaii;a;eH n rrprrno:iKeHIIH C. B 
rrpHJIO:;.KeHirnx D H E o6cy)Kp;cuoTcH cno11cTna (-<pyHKD;IIH rrpn ;3 ::::c /J H 11 

/3 = oo ( cM. rrrany 3). HaKoHen;, n rrprrnmKeHirn F cpanHimaroTc.n cnoitcTna 

(-<J>yHKD;HH Ha Koayce II Ha rrpocTpaHcTnc Sj. 
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