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06m;rui xapaKTepHCTHKa pa60Tbl 

AKTYaJibHOCTb T€Mbl 

B conpeMeHHoii: TeopenrqecKoii: q>:m:nIKe o6urn:pm,rii: Kpyr aKTyarrb

HbIX na;a;a'l MO)KeT 6bITb cq>opMyrrIIponaH Ha .lI3b1Ke <l>YHKD;IIOHaITbHblX 

lIHTerparron. B Ka'leCTBe rrpIIMepon TaKIIX rrpo6rreM MO)KHO rrpIIBeCTII 

crreµ;yro~IIe: 

- nccrre;a;onaHIIe pacrrpocTpaHeHII.lI norrH n cToxaCTII'IeCKIIX cpe;a;ax; 

- IICCJie;a;onaHIIe )J;IICCIIIIaTIIBHbIX npon;eccon B KBaHTOBOH MeXaHIIKe; 

- q>anonble rrepexoµ;bl ; 

- HCCTa6IIJibHOCTb n )];IIHaMII'leCKIIX CIICTeMax panJIII'IHOH rrpIIpoµ;bl ( Ha-

rrpnMep, HeycTOH'IIIBOCTb naKyyMa n Moµ;eIT.lix KTII ) II T.;a;. 

XapaKTepHbIM )];Jl.lI ncex 3TIIX naµ;a'l .lIBJl.lieTCK TO, 'ITO IIX perne

Hllll MOryT 6b1Tb npe;a;cTanrreHbl B q>opMe <l>YHKD;IIOHaJibHblX IIHTerparrOB 

( <I> M) c HeKoTopoii: na;a;aHHoii: raycconoii: Mepoii:. 

,Il;Jl.lI Bbl'IIICJieHII.lI rro;a;o6HblX IIHTerparron npe;a;rraraJIIICb pa3JilI'IHble 

TeopeTII'leCKIIe cxeMbl, HO MaTeMaTII'IeCKII xoporno o60CHOBaHHbIMII .lIB

Jl.lIIOTC.lI TOJibKO nepTyp6aTIIBHble pa3JIO)KeHII.lI, IIpIIrO)];Hbie JIIIlllb npII 

Marroi'r KOHCTaHTe cB5I3lI. O;a;HaKo MHorIIe rrpo6rreMbl n KTII, HarrpIIMep 

IICcrre;a;onaHIIe CIIOHTaHHoro HapyrneHII.lI CIIMMeTpIIlI II q>anonoii: CTpyK

TYPbl naKyyMa, Tpe 6yIOT pacCMOTpeHII.lI CIITYaD;IIII, Kor;a;a IIHTeHCIIBHOCTb 

nnanMo;a;eiicTBII.lI nonpacTaeT, ;a;ocTnrrui 6oJibllIIIX nHa'leHIIH. 

TaKIIM .o6panoM, naµ;a'la COCTOIIT B TOM, 'IT06bl Bbl'IIICJIIITb COOT

CTBYIOIIJ,IIe <f>M nHe o6rracTn nepTyp6aTIIBHoro panrro)KeHII.lI. 

Tpa;a;nn;noHHO TaKoro po;a;a na;a;a'III nccrre;a;yroTcJI napmi.n;noHHbIMII 

MeToµ;aMn, nonyIT.lipHOCTb KOTOpbIX CB.lI3aHa C IIX HarJl.lI)];HOCTbIO II OTHO

CIITeJibHOH npocToToii: Bbl'IIIcrreHnii. O;a;Haxo napnan;110HHblii: no;a;xo;a; He 

;a;aeT e;a;nHoro pen;enTa nhl6opa npo6HblX norrHOBhlX <l>YHKn;nii: 11 He rro

nnoJl.lieT KOHTporrn:ponaTb TO'IHOCTb annpOKCIIMan;IIII. KpoMe Toro, IIMe·

eTC.lI KJiacc na;a;a'l ( He3pMIITOBbl KOMIIJieKCHble q>YflKD;IIOHaITbl, rrorrenble 
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Moµ;emI C pacxoµ;IIMOCTJIMII B BhlCIIIIIX nopJip;Kax TeopIIII B03My~em1:ii), 

rµ;e BapIIaD;IIOHHble MeTO)l;bI HeIIpIIMeHIIMhl. 

IlpJIMOe IICIIOJib30BaHIIe 'IIICJieHHoro MOp;errnpoBaHIUI µ;JIJI aTIIX na

µ;a'I conpJI2KeHO C II3BeCTHhlMII Tpyp;HOCTJIMII nepexop;a K HenpepbIDHOMY 

npeµ;erry II orpaHII'IeHHOH B03M02KHOCTblO KOMilbIOTepHhlX pecypcoB. 

B CBJI3II c a~IIM npeµ;cTaBJIJieTcJI aKTJaJibHOH panpa6oTKa peryrrJip

Horo MeToµ;a Bhl'IIICJieHIIJI <l>YHKD;IIOHaJibHhlX IIHTerpanon B O 6rraCTII CIIJib

HOR CBJI3II, Korµ;a Tpaµ;IID;IIOHHhlH annapaT TeopIIII nonMy~eHIIII cTaHo

BIITCJI Hea<p<peKTIIBHhlM. 

AKTyaJibHOCTb IICCJiep;OBaHIIJI CBJI3aHa TaK2Ke II C B03MO)KHOCTblO npII

MeHeHIIJI panpa60TaHHoro MeToµ;a K naµ;a'IaM COBpeMeHHOH KBaHTODOfI 

<pnnIIKn: B KBaHTono:ii MexaHIIKe, cTaTIICTII'IecKo:ii q>IImIKe II KDaHTonoi'r 

TeopIIII IIOJIJI. 

IJ;eJih HCCJie~oBaHHJI 

OcHOBHOH n;errbro µ;nccepTan;nn JIBJIJieTCJI nocTpoeHne peryJIJipHoro 

MeToµ;a Bhl'IIICJieHIIJI <pyHKD;IIOHarrbHhlX IIHTerparron n o6rracTII CIIITbHOH 

cnJinII, onpeµ;erreHHhlX Ha naµ;aHHOH rayccono:ii Mepe 

Zr(g] = j 8<pexp{-½(<pD01<p) + gW(<p]}. (1) 

TaKIIe IIHTerpanhl ncTpe'IaIOTCJI BO MHOrIIX panµ;errax conpeMeHHOH Te

opeTII'IeCKOH q>IInIIKII: 

- IIccrreµ;onaHIIe pacceJIHIIJI II norrro~eHIIJI BOJIH n cpeµ;ax co cny'IaRHbIMII 

npuMeCJIMIIj 

- II3y'IeHne xapaKTepa <pa30BblX nepexoµ;on B MO)];eJIJIX KBaHTODOH q>II-

3IIKIIj 

- on;eHKII xapaKTepIICTII'IeCKIIX <pyHKIJ;IIOHaJIOB KBaHTOBhlX CIICTeM D 06-

rraCTII, rµ;e nerrIIKII KpIITII'IeCKIIe napaMeTpbI; 

- aHarrIIn no.s:nrreHIIJI HecTa61IITbHOCTII n MOAeJIJix KTII. 

B p;HccepTaIJ;IIII TaK2Ke cTaBIIrracb nap;a'Ia rrpIIMeHeHirn panpa6oTaH

Horo MeToµ;a K KOHKpeTHhlM npo6rreMaM conpeMeHHOH KBaHTono:ii q>II-

3IIKII ( CTaTIICTII'IeCKaH q>II31IKa II TeOpIIH IIOJIJI). 
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Hay-.:i:Han HOBH::.JHa 

1. Panpa6oTaH HODb1i'r, peryrrJipHbIII MeToµ; rayccono -aKnIInaneHTHoro 

rrpeµ;cTanrremrn µ;rr11 umpoKoro Krracca <pyHKD;IIOHaJibHbIX IIHTerpanon BHe 

o6rracTn rrepTyp6aTIIBHoro panrro2Ke~m11. OT nap11an;110HHbIX noµ;xoµ;on, 

1II11poKoucnorrbnyeMbIX n o6rracTII CIIJibHOH cn11nII, rrpeµ;rro)KCHHbIH MeToµ; 

DbirO)];HO OTJIII'IaeTCJI crreµ;yID~IIMII CBOHCTBaMII: 

• pery1rnpHOCTblO - MeTO)]; µ;aeT ep;IIHOe npeµ;IIIICaHIIe )];ITJI Bbl'IIICJie

HIIJI panml'IHblX <pyHKD;IIOHaJibHhlX IIHTerparron ( 1); 

• )];ITJI apMIITODhlX <pym:n;110HaJIOB W(</>] Hyrrenoe np116JIII)K~HI1e B npeµ;

narae:r..rnM rroµ;xoµ;e nocnponnnoµ;IIT napnan;noHHYIO on;eHKy; 

• D03MO)KHOCTblO on;eHIITb DblCIIIlle nonpaDKII (KaK npamrno, HenHa

"IlITeJibHbie) K norrrICHHOMY HyrrenoMy npn6JIII)KeHIIIO; 

• npHMeHIIM0CTblO II D crry'Iae HeapMIITODhlX, KOMIIJieKCHhlX <pyHKIJ;II

OHaJIOD, DCTpe'IaID~IIXCJI D crry'IaIIHhlX II CTOXaCTIPieCKIIX rrpon;ec

cax n n MO)];eJIJIX c rpaccMaHOBbIMII CTeIIeHJIMII cno6op;b1. 

2. MeTO)]; rrpIIMeHeH µ;rrJI aKTyarrbHbIX naµ;a'I B pa3JIII'IHbIX o6rraCT11X 

TeopCTil"IeCKOfl q>II3IIKII: 

• BbPIIICJieHIIe C DblCOKOII T0'IHOCTblO aHeprnu O<;HODHOro C0CTOHHIUI 

HepeJIJITIIDIICTCKOro arreKTpOHa, )];DII)Ky~erocJI B IIOHHOII pe11IeTKC, 

rrpn npoII3D0JibHOM 3Ha'ICHilll KOHCTaHTbl CD113II ( Teop1111 norr11p0Ha 

n <pun11Ke Tnepµ;oro Terra); 

• nny'Ienue xapaKTepa <panonoro nepexoµ;a n Teopuu c ca:r..rnµ;efr

cTBIIeM ( CKaJIHpHrur MO)];Cllb g<p~ 3 B µ;nyMepHOM II TpeXMepHOM npo-
' -

CTpaHCTDe); 

• nccrreµ;onaHne ycToH'IIIDOCTII naKyy:r..m µ;JIJI 6onoH-<pepMIIOHHoro nna

IIMoµ;ei'1cTmrn (Teop1rn lOKaDbI). 
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IlpaKTH'l:J:eCKas: H Hay"CJ:HaJI :QeHHOCTb paOOTbl 

Ilpeµ;rro)KeHHhlli n µ;nccepTan;m1 MeToµ; H penyrrbTaTI,I, norry~eHHbie 

Ha ero OCHOBe, MoryT 6bITb HCnOJib30BaHbI .B crreµ;y10w;11x naµ;ai:iax: 

- TeopeT~eCKHe nccrreµ;onaHH.H qnmH~eCKIIX CBOllCTB norr11p0Ha B Ma

rHIITHOM norre, ~TO IIMeeT Ba)KHOe 3Ha~emie µ;JI.H aHaJIII3a D;IIKJIOTpOH

HhlX penoHaHCHhlX 3KCnepHMeHTOBj 

- Teopn11 6n:noJI.HpoHa 11 Moµ;errb µ;nyMepHoro noJI.HpoHa; 

- IICCJieµ;oBaHIIe pacnpocTpaHeHII.H II norrrow;eHII.H BOJIH B CTOX:aCTII~eCKIIX 

cpeµ;ax; 

- 11ny~eH11e npoxo)Kµ;eHII.H norrH ~epen xaoTII~ecKH pacnpeµ;erreHHhle pac

ce11BaTerr11; 

- 11ccrreµ;onaH11e nonHIIKHoBeHII.H xaoca n µ;11HaMII~ecKnx Moµ;err11x; 

- 0606w;eH11e npeµ;Jio)KeHHoro MeToµ;a Ha Karru6pono~Hbie TeopmI (Ha-

npIIMep, Ha rrr100µ;11HaMIIKy). 

MeToµ; rrerKo arrropIITMnnyeTc11, ~To nonnorr11eT npHMeH.HTb ero K na

µ;a~aM, Tpe6JIOrn;HM 60JibIIIOro o6'beMa ~IICJieHitbIX pac~eTOB. 

Anpooa:QHJI paOOTbl 

PenyrrbTaTbI µ;nccepTan;IIII µ;oKrraµ;bIBaJIIICb Ha 9-oii Me)Kµ;yHapoµ;HOli 

KOH<l>epeHD;IIII no npo6rreMaM KTII (.It:y6Ha, anperrb 1989 r.), Me1Kµ;yHa

poµ;Hoir KOH<I>epeHD;lIII "To~Hhle penyrrbTaTbI B KBaHTOBOli ;IJ;HHaMIIKe" 

(JIH6rrnn;e, 9:C<I>P, IIIOHb 1990 r.), Me)Kµ;yHapoµ;Hoir IIIKorre "CTpJKTypa 

naKyyMa n CIIJibHhlX norr11x" (Kap)Ken, <I>paHn;II.H, anrycT 1990 r.), Me.1K

µ;yHapoµ;HoM conern;aHIIII no npo6rreMaM n KBaHTonoir Teopnn (Maµ;pnµ;, 

llcnaHII.H, IIIOHb 1991 r.), Me)Kµ;yHapoµ;Hoir KoH<I>epeHn;nn no <l>YHKD;II

oHaJibHhlM IIHTerparraM (TIOT3IIHr, repMaHII.H, Mair 1992 r.), a TaK)I(e 

Ha ceMnHape B .It:y6rrIIHCKOM IIHCTIITyTe nepcneKTIIBHhlX nccrreµ;onam1i'1 

(.It:y6rrnH, MprraHµ;II.H, MapT 1990 r.), n reirµ;errb6eprcKOM YHHBepCIITeTe 

(reirµ;errb6epr, repMaHII.H, anperrb 1991 r.), n Me)Kµ;yHapoµ;HoM n;eHTpe 

TeopeTII~eCKOli <l>IInIIKII ('IpnecT, MTarrII.H, MapT 1992 r.) 11 Ha TeMaTII~e

CKIIX CeMIIHapax Jia6opaT0pII1I TeopeTH~eCKOli <I>nnHKII O6'be;IJ;IIHeHHoro 

IIHCTHTyTa 11µ;epHbIX nccrreµ;oDaHilli (.It:y6Ha). 

Bcero no TeMe µ;nccepTan;IIII ony6rrIIKOBaHO 11 pa6oT, cnIICOK KOTO-
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pbIX rrpIIne;ri;eH B KOHIJ;e aBTOpecpepaTa. 

CTpyKTypa H o o'beM ~HccepTa:QHH 

.It:11ccepTan1ra cocTOHT 11n nne;ri;eHII.H, ~eThlpex rrran II naKrrIO~eHII.H. 

Cm1coK D;IITIIpyeMOli lIHTepaTyphl COCTaBJI.HeT 122 HaIIMeHOBaHII.H. O6-

w;uir o6'beM µ;uccepTan;IIII - 110 cTpaHIID; TeKCTa, 9 pIICJHKOB II 2 Ta-

6JIIIIJ;hl. 

KpaTKOe coµ;ep)KaHHe p;HccepTan;HH 

1 BBeµ;euHe 

Bo nneµ;eHHII (Thane 1) µ;aeTC.H KpaTKHH o6nop panBIITII.H MeToµ;a 

<l>YHKD;IIOHaJibHOrO IIHTerpIIpOBaHII.H, conpeMeHHbIX ;IJ;OCTII)KeHIIli B 3TOli 

o6rraCTII II OCH0BHhlX npo6rreM, B03HIIKaIOlli;IIX npII npHMeHeHIIII µ;aH

Horo noµ;xo;ri;a K naµ;a~aM KBaHTonoir <I>mJIIKII. 3µ;ecb )Ke ccpopMyrr11po

naHbI OCH0BHhle n;errn IIccrre;ri;onaHII.H II KpaTKO II3JIO)KeHa CTPYKTypa ;IJ;IIC

cepTaD;HII. 

2 MeToµ; rayccOBO-0KBHBaJieHTHOro 

npeµ;cTaBJieHH.H <l>YHKIJ;HOHaJibHbIX 

HHTerpaJIOB 

Bo BTOpoir rrrane II3JIO)KeHhl OCHOBHhle npIIHD;IIIIbI nocTpoeHII.H II co

OTBeTCTBJIOrn;ee MaTeMaTII~eCKOe onIICaHIIe "aJibTepHaTHBHOro" ( rayc

COBO -3KBHBaJieHTHOro) npeµ;cTaBJieHII.H IIIIIpoKoro Krracca <P II TIIna 

Zr(g) = Na j 8ip exp{-½(ipD;;-1ip) + gW(ip)} (2) 
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BHe o6rracTII nepTyp6aTIIBHOro pa3lIO)KeHIUI g > l. B OCHOBe ;a;aHHoro 

MeTo;a;a lie)KIIT II;tJ;e.H o TOM, "'ITO cym;ecTBYIOT TaKIIe rrpeo6panonamrn 

lICXO)J;HhlX rrorrenhlX rrepeMeHHhlX II cno6o;a;Hoii <pyHKD;lIII rpIIHa: 

A\O: <p(x) --+ <p(x) + b(x), 

An: D;;1(x,y) --+ n-1(x,y)' (3) 

C IIOMOlll;bIO KOTOphlx nepBOHa"'!alibHhle <I>II rrpeo6pany10TC.H K µ;pyroMy 

npeµ;cTanrreHIIIO c coxpaHeHneM raycconoro xapaKTepa cno6o;a;Hoi'1 "<Ia

CTII, HO C µ;pyroii <pyHKD;IIeii l)nrna lI C HOBhlM <pyHKD;IIOHalIOM nnaIIMO

µ;eiicTBlI.H. 

IloKanaHo, "'ITO Tpe6onaHlI.H OTCYTCTBlI.H lIIIHeHHhlX II Knaµ;paTII"'IHhlX 

norreBhlX KOH<pIIrypau;nii B HOBOM <pyHKD;IIOHarre B3alIMOµ;eiicTBH.H II ero 

HOpMalibHo-ynop.H;tJ;O"'IeHHOH <popMbl no OTHOIIIeHIIIO K HOBOII <pyHKD;IIII 

fpnHa npIIBO;tJ;.HT K ypaBHeHlI.HM 

f 6 -
b(x) = gr dy Do(x,y) 0 b(y) W[ b], 

f f ·o2 W[b] 
D(xi,x2) = Do(x1,x2) + g rdx r dyDo(xi,x) fJb(x)fJb(y) D(y,x2), (4) 

onpeµ;eIT.HIOlll;IIM Honyro Mepy <I> II n "arr1,TepHanrnHoM" rrpeµ;cTanrremm 

II napaMeTp npeo6panonaHII.H norrenoii nepeMeHHoii. B ( 4) nneµ;eH <pyH

KD;IIOHarr nnarrMoµ;eIICTBlI.H 

W[b] = j dp0 exp{ i(ab) - ½(aDa)}, (5) 

.HDlI.lIIOlll;IIIIC.H no cyTrr HopMarrbHo-yrrop.H;tJ;II"'IeHH011 <popMOII rrcxoµ;Horo 

<pyHKD;IIoHarra nnaIIMoµ;eiicTBlI.H W[<p]: 

W[<p] = j dpa ei(a \0) , (6) 

rµ;e dp0 .HBlI.HeTc.H HeKOTopo11 Mepo11. 

Ha11µ;eHo, "'ITO n HODOM rrpeµ;cTanrreHIIII, n crrrry rrpeo6panonam1ii (3), 
rrraBHhlII nKrra;a; n <I>II n pe::..KIIMe cnrr1,Ho11 CB.lI::311 <paKTop1myeTc.H n nnµ;e 
OTp;elibHoro MHO)KIITeIT.H: 

W0 = ½lndet i5
0 

-½(bD;;1b)-½ ([D;;1 -D-1]D) +gW[b]. (7) 
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.IJ:oKanaHo, "'ITO n crry"<Iae nem;ecTneHHbIX <pyHKD;IIOHarron W0 nocrrpo

nnno;a;nT napuau;11OHHYIO ou;eHKY ncxo;a;Horo <I>II. Ilorrpanxn K ne;a;ym;eMy 

nKrraµ;y nam1c1,ma10Tc.H n BI1;a;e Honoro <I> II 

Zr(g) - exp{Wo} j d<In exp{gW2[<?]} (8) 

C <pyHKD;IIOHalIOM nnaIIMOp;eIICTDIUI 

W2[<p] = g j dpaei(ab)-½(aDa): ei(a\O) -1 -i(a<p) + ½(a<p)2 :, (9) 

KOTOpbIII MO)KeT 6bITb Dbl'IIIClieH rrepTyp6aTIIBHbIM MeTOi];OM, 6rraroµ;ap.lI 

MalIOCTII 0<p<peKTIIBHOII KOHCTaHTbI CB.lI3II B HOBOM rrpe;a;cTanrremm. 

MeToµ; ;a;aeT eµ;1rnoe npeµ;nncam1e µ;IT.H BbI"'!IIcrremrn rrranHoro DKlia)];a 

D <P II HenamICIIMO OT KOHKpCTHoro nu;a;a IIHTerparra, a TaK)Ke IIO3DO

lI.lICT OD;CHIITb crre;a;yrom;ue nonpaBKII K norry"<IeHHOMY penyrrnTaTy. B OT

lIIfiIIC OT napuau;IIOHHbIX rroµ;xoµ;on, npe;a;rro)KCHHhlII MeTo;a; rrpnroµ;eH II B 

crrrme He3pMIITODhlX <pyHKD;IIOHarron, "'ITO oco6eHHO Ba::..KHO )];lI.H MHornx 

np1rnmKem111 n KnaHTOBOII <p11n11Ke. 

3 
-~ 

8HeprH.H OCHOBHOro COCTO.HHH.H 

ITOJI.HpoHa 

B TpeTbe11 rrrane, n paMKax npeµ;rro::..KeHHoro MeTo;a;a n eµ;nHoM rrop;-

. xoµ;c IICcrreµ;yeTC.lI npo6rreMa 3Heprnu OCHODHOro COCTO.lIHIUI onTII"'ICCKOrO 

110IT.Hp01ia n o6rracT.HX crra6011, rrpoMe::..KyTO"'IHOII II c1rnI:.Ho11 KOHCTaHT 

:JlieKTpOH-q>OHOHHOro nnaIIMO;tJ;CIICTDIIH a. .IJ:aeTC.lI o6nop pat3lill'IHbIX 

MCToµ;on, rrpnMeH.lieMhlX ;tJ;lI.lI peIIICHII.lI 3TOII na;a;a"<III, II IIOlIY"'ICHHhlX pe-

3YlibTaTOD. 

IloKanaHo, "'ITO Haii;a;eHHaH D ;a;ucccpTaD;IIII co6CTDCHHaH 3Heprirn 11O

mrpoHa Y)KC D HYlICDOM rrpu6mDKCHIIII rrpenocxo;a;IIT no TO"'IHOCTII II3De

CTHYIO napnau;IIOHHYIO ou;enKy <l>(•11m\:1crna n crra6oM npeµ;erre a --+ 0 u rrpu 

rrpoMC)KYTO'IHbIX 3Ha'ICHIUIX a, < oo: .IJ:rr.lI acnMnTOTil'ICCKII 6olibWOII 

KOHCTaHTbI a --+ oo nocupounno;a;nTc.11 qwiinMaHcKaH nepXH.lIH rpam1u;a 

EPeyn(a) = -a,2 /371" +O(l). 



B1,1qJicrreHHhle ::rna'leHIUI crreµ;yrow,Hx rrorrpanoK nm.1eTH0 yrrycnuaroT 

napHaD;H0HHYIO on;eHKY DO BCCM lIHTepnarre lI:JMeHeHIIH K0HCTaHThl Cl'. 

IIocTpoeHhl rrpanHrra µ;IIarpaMMHOH TeXHHKII µ;mr pac'IeTa n1,1crnnx 

rrorrpanoK K :meprHH rrorurpoHa npn a-+ oo. Haiiµ;eHHM n aT0M npe;a;erre 

on;eHKa cnepxy µ;rur :lHeprHH 0CH0DHoro C0CT0HHIUI rromrpoHa E3 (Cl') = 
-0.108430a2 + 0(1) 0T1III'IaeTCH OT TO'IHOH on;eHKII, rrorry'IeHHOII 'Ill

crreHHO C. MIIHKe (1975) 11 noµ;Tnep)Kµ;eHHOH rron)Ke .IJ:)K. Aµ;aMoncKu, 

B. reprrax II X. JienIKe (1989), T011:bK0 Ha 0.07%. 8To HCC0MHeHH0 

cm1µ;eTerr1,cTnyeT 06 aq>q>eKTIIDHOCTII rrpeµ;rro)KeHHoro rroµ;xoµ;a. 

,IIorry'IeHHhie penyrr1,TaThl µ;rr.s: co6cTneHH011 aHeprim rrorr.s:poHa HBITH

IOTCH 0;IJ;HIIMII II::3 rry'IIIIIIX cpeµ;II IIMeIOIIJ,lIXCH D crren;11arr:bHOll 1IIITepaType. 

O6cy)Kµ;aeTCH D0:JM0)KH0CTI, rrpIIMCHCHIIH npeµ;rro:.-KeHH0ro MeToµ;a n 

TeopIIII µ;nyMepHoro rrorrHp0Ha II 6:rrrrorurpoHa. 

4 XapaKTep <paooBoro nepexoµ;a B 
CKaJI.s:pnou Teopuu gc.p4 npu d == 2, 3 

B 'IeTBepToii rrrane, Ha ocHone rrpeµ;rro)KeHHoro MeToµ;a Hccrreµ;yeTc.s: 

xapaKTep q>anonoro nepexoµ;a ( <I> II) B KnaHTonoii Teopm1 cKarurpHoro ca

Moµ;eiicTBIIH grpj n µ;ny- u TpeXMepH0M rrpocTpaHCTDax d = 2; 3. .IJ:aeTCH 

KpaTKIIH o6nop conpeMeHHoro cocTOHHIIH TeopeTII'IeCKIIX 11ccrre;a;onaHmr 

n aToii o 6rracTH. 

IIorry'IeHhl Hyrrenoe rrpH61IlI)KeHIIe µ;rur 3q>q>eKTlIDHOro II0TeHn;Irnrra 

(8II) (n BIIp;e "KaKTYCHo.ro" IIOTeHD;Harra) 11 aq>q>eKTIIDHrul Macca CKarrHp

HOH 'IaCTIID;hl, naKrrIO'Iarow,rur n ce6e BKrrap;hl BhICIIIHX rrorrpanoK. Haii;a;eH 

KOHKpeTHhIH BII;IJ; ypaBHeHIIH, onpeµ;erurIOIIJ,IIX q>yHKD;IIIO I'pIIHa CKarrHp

HOH 'IaCTII~ II napaMeTp norrenoro rrpeo6panonamra. 

IloKanaHo, 'ITO B ;a;nyXMepH0M crry'Iae cyw,ecTnyeT napa pellleHIIH 

aTIIX ypanHeHIIH ("TpIIBIIarrhHoe" II "HeTpIIBIIarrhHoe"). Orrpeµ;erreHhI 

o6rraCTlI cyw,ecTB0BaHIIH 3TlIX pellleHIIH . .IJ:oKanaHa :lKDIIBarreHTH0CTh 

"TpIIBIIarrhHOro" pellleHIIH ;a;rr.s: "KaKTYCHoro" IlOTeHI:J;IIarra IIIIIpOKO 113-

DeCTH0MY raycc0B0MY aq>q>eKTlIBHOMY II0TeHIJ;IIarry (r8II). 
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OTMe'IeHO cyIIJ,eCTB0DaHIIe "HeTpIIBIIa1IhHOro" pellleHIIH ;IJ;IDI r8II, 

rroneµ;eHIIe K0Toporo yKanhlnaeT Ha oTcyTcTBHe <f>II nepnoro po;a;a n 

Teoprm g<p~. 

Ilponep;eH aHa1III3 :lT0ro B0IIpoca C y'IeT0M DKrrap;OB BhICIIIIIX nonpa

D0K OT HerayccODOH 'IaCTII 8Il, KOTOphIH y6ep;HTC1IhHO yKa:Jh!BaeT Ha 

cyw,eCTD0BaHIIe <f>II DToporo poµ;a .D TeopIIH g<p~ lI Ha era 0TCYTCTBIIe 

n crry'Iae d = 3. Harrµ;eHO :JHa'IeHHe 6enpanMepHOH KpIITII'IeCKOH K0H

CTaHThl (g/21rm2)crit = 0.533, IIplI ;IJ;0CTII)KCHHH KOTOpOH HaCTynaeT <f>Il 

nToporo po;a;a. IIorry'IeHHhIH penyrr1,TaT corrracyeTCH c IInnecTHhIMII Te

opeMaMII B. CaiiMoHa, P. Ip11q>q>11Tca II .IJ:)K. PoneHa (1979). 

5 HecTa6HllbHOCTb BaKyyMa B 
u 

cynepnepeHOpMHpyeMOH TeOpHH 
IOKaBcKoro Tuna 

B IIHTOH rrrane p;IIccepTan;HH aHarrIInIIpyeTcH µ;ecTa6IIrrIInHpyrow,rur 

porr1, q>epMHOHOB D rrpo6rreMe ycTOH'IIIDOCTlI DaKyyMa B KDaHT0D0-II01Ie

BhIX TeopIIHX. B paMKax panBHToro MeTo;a;a paCCM0TpeH npIIMep cyrrep

nepeHOpMIIpyeMOH M0p;errII IOKaDCK0ro TIIIIa B rrpocTpaHCTBe C panMep

H0CTl,IO d = 4 . .IJ:aH KpaTKIIH o6nop ;a;pyrHx rroµ;xoµ;on, IIcrrorr1,nyeMhIX 

;a;rur II:Jy'IeHIIH :lTOH rrpo6rreMhl. 

Mccrre;a;yeTCH rrone;a;eHIIe 8II npII panJIH'IHhIX nHa'IeHHHX ;a;nyx K0H

cTaHT n IOKancKorr TeopHII: K0HCTaHThl 6onoHHoro caMo;a;eiicTnIIH h II 
K0HCTaHThI q>epMHOH-6onoHHOro nnaIIMOp;eHCTDIIH g . .IJ:rur peryrurpIIna

IJ;IIII pacx~p;HMOC.Terr B 6onoHHOM ceKT0pe IICII01Ih30BaH nponaraTop, 6@

CTp0 y6@narow,IIH n HMrryIThcHoM rrpocTpaHCTBe B eBKITHp;onorr 06rracT11. 

Ilorry'IeHo n@pa)KeH11e ;a;rur rroTeHD;Harra "KaKTycHoro THna", 0TDe

'IaIOIIJ,ero 'IHCT0 6onoHHoMy caMoµ;en:cTBIIIO. Bhl'IIICrreHHh!e rrorrpanKII 

K ocH0BH0MY BKrraµ;y B 8II YKa:JhIBaIOT Ha rro.s:nrreH11e 4>anonoro rre

pexoµ;a BT0poro po;a;a B paccMaTpIIBaeMOH ClICTeMe IIpII ;IJ;0CTII)KCHHH 

K0HCTaHThl q>epMHOH-60:JOHHOrO B:JaHMOp;eHCTBIIH HeK0T0poro KpIITII

'ICCK0r0 :JHa'IeHIIH g = gcrit· 

IloKa:JaHO, 'ITO rrp11cyTCTBIIe q>epMIIOHOB µ;ecTa6II1III:JIIpyeT IICX0;IJ;H0 
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ycTOII'IIIByro CIICTeM)' npII KpIITII'IeCKIIX OTHOIIIeHIUIX µ;nyx KOHCTaHT 

CB.lI3II B TeOpIIII. 0TMe'laeTC.lI, 'ITO B µ;aHHOM Bonpoce rrraBHYIO pom, 

IIrpaeT nepeHopMIIpOBO'lHaJI npon;eµ;ypa ycTpaHeHII.lI pacxoµ;IIMOCTeii n 

¢ epMIIOHHhlX neTJI.lIX. 

C n;em,10 cpanHeHII.lI panBIITa napIIan;uoHHa.lI on;eHKa 8II B µ;aHHoii Te

oprrn. IloKa:JaHo, 'ITO npII 3TOM B03HIIKaeT npo6rreMa He3pMIITOBOCTII 

µ;e:iicTBII.lI cIICTeMhl, µ;JI.lI npeoµ;orreHII.lI KOTopo:ii npeµ;rraraeTC.lI Moµ;u¢nu;u

ponaTI, ¢epMIIOHHhlH nponaraTop. AHaJIII3 penym,TaToB yKanbmaeT Ha 

IIIIIpoeyro B03M02KHOCTb npIIMeHeHII.lI MeToµ;a, npeµ;rro2KeHHoro B Thane 

2. 

6 3aKJuoqeHHe 

B 3aKJIIO'leHIIII µ;IIccepTaD;IIII cq>opMyrrIIpOBaHbl OCHOBHbie penyrrb

TaTbI, BhlHOCIIMbie Ha 3aI.WITy: 

1. Ilpeµ;rro2KeH pe:ryIT.lipHhlH MeToµ; BbI'lIICJiemrn B pe2KIIMe CIIJibHOII 

CB.lI3II µ;JI.lI IIIIIpOKoro KJiacca <PYHKD;IIOHaJibHhlX IIHTerparroB, orrpe

µ;erreHHbIX Ha rayccono:ii Mepe. 

2. IloKanaHo, 'ITO B o6rracTII CIIJibHOH CB.lI3II cylll,eCTBYIOT Tan1e rrpe

o6panonaHII.lI IICXOµ;HhlX IIOJieBhlX rrepeMeHHbIX II cno6oµ;Hoii q>yH

KD;IIII lpIIHa, rrocpeµ;cTBOM KOTOphlX rrepBOHa'laJibHbIC <PM rrpeo6-

panyroTCK K HOBOMY rrpeµ;cTanrreHIIIO c coxpaHeHIIeM rayccona xa

paKTepa cno6oµ;HOH 'laCTII, HO c µ;pyroii <PYHKD;IIeii lpIIHa II c HO

BhlM 4)JHKD;IIOHaJIOM B3aIIMoµ;eiicTBII.lI. B rrpeµ;rroJI02KeHIIII ·06 OT

cyTCTBIIII JIIIHeHHhlX II KBaµ;paTII'lHhlX IIOJieBbIX KOHq>IIrypan;IIii n 

HOBOM <PYHKD;IIOHaJie B3aIIMOµ;eHCTBII.lI II 06 era HOpMaJibHO-yrrop.lI

µ;o'leHHOH q>opMe no oTHOIIIeHIIIO K HOBOII q>yHKD;IIII lpIIHa, rrorry

'leHa CIICTeMa HeJIIIHeHHhlX q>yHKD;IIOHaJibHhlX ypanHeHIIH, q>IIKCII

pyrolll,aJI Honyro Mepy <PM II rrapaMeTp rrpeo6panonaHII.lI rrorrenon: 

rrepeMeHHoii. 

3. Haiiµ;eHo, 'ITO B rayccono-3KBIIBaJieHTHOM rrpeµ;cTanrreHIIII rrranHhlII 

nKrraµ; B <PM B pe2KIIMe CIIJibHOH cB.lI3II q>aKToprmyeTC.lI n nnµ;e oT

µ;eJibHoro MH02KIITeJI.lI, KOTOphlii BKJIIO'laeT n ce6.lI B naMKHYTOH 
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q>opMe 6eCKOHC'lHYIO cyMMY neTJieDhlX µ;IIarpaMM "KaKTYCHOro" 

Tima. IloKa3aHo, 'ITO Il crry-qae Belll,CCTBCHHhlX <PYHKD;IIOHaJIOB 3TOT 

MH02KIITCJib nocnponnnoµ;nT napnan;noHHyIO on;eHKY IIcxoµ;noro <PM. 

Panpa6oTaHHhlII MCToµ; rronBoJI.lieT norry'lIITb TaK2Ke crre;ayrolll,IIe 

rrorrpaBKII K OCHODHOMY BKJiaµ;y' OIIIIChlBaeMOMY q>eiiHMaHOBCKIIMII 

µ;uarpaMMaMII "KaKTYCHOro" TIIIIa. 

4. IloKa:JaHo, 'ITO npeµ;rro2KeHHhlH MeToµ; rrpIIMeHIIM II B crry-qae neap

MIITODhlX 4)YHKD;IIOHaJIOB. 

5. IIorrr1eHHaJI B paMKax npeµ;rro2KeHHoro MCToµ;a co6cTBe}!_HaJI aHep

r1rn rroIT.lipoHa y2Ke B HyrrenoM rrpII6m12KeHIIII npenocxoµ;IIT no TO'_I

HOCTII II3DCCTHYIO Bap11an;110HHyIO on;eHKY <PeiiHMaHa B o6rraCT.lIX 

crra6on:, rrpm,1e2KyTo'liioi'1 11 c1rnbH011 KOHCTaHT CB.lI3II arreKTpoH

q>oHoHHoro B3aIIMoµ;e11cTBII.lI a. 

6. IloKanaHo, 'ITO ~mcTHoe µ;nyxrrapaMeTpIP-IecKoe peIIIeH11e µ;rr.lI 0Hep

ru11 norr.lipoHa, rrorrr1eHHoe n HyrrenoM rrpn6rr112KeHIIII npeµ;rrarae

Moro MeToµ;a, B TO'IHOCTII nocnp01mnoµ;11T II3BeCTHYIO Bap11an;IIOH

HYIO on;eHKY <Pei'rnMaHa,' .lIBJI.lIIOll.J,YIOC.lI op;Hoi'I rm rry'IIIIIIX B_ µ;aHHOII 

rrpo6rreMe. 

7. Mccrreµ;onaHo acIIMIITOTII'lecKoe noneµ;em1e aHeprim norr.lipoHa µ;rr.lI 

rrpeµ;eJibHbIX 3Ha'leHIIII KoHCTaHThl 3JICKTpOH-4)0HOHHOro nnaHMO

µ;eIICTBII.lI. IIocTpoeHa TexmIKa rpaq>n'lecKoro rrpeµ;cTanrremrn µ;mr 

DbICIIIIIX rrorrpanoK K 0Heprm1 noIT.lipoHa rrpu a -+ oo. C xopoIIIe11 

TO'lHOCTbIO Hairµ;eHa OD;CHKa cnepxy µ;rur co 6cTneHHOII 3Hepr1ii:1 rro-

IT.lipOHa 'E3( a-+ oo) = -0.108430a2 + 0(1 ). · 

8. B KDaHTODOII TCOpIIII CKam:rpHoro caMoµ;eiicTDII.lI 99J n µ;ny- n Tpex

MCpHoM· rrpocTpaHcTnax d = 2; 3 Hai'1µ;eH KOHKpCTHhlII nuµ; ypa

nHeHn:ii, onpeµ;err.lIIOlll,IIX q>yHKD;IIIO Ip1rna cKarr.lipHoii 'lacTn:q1,1 ix 
napaMeTp norrenoro npeo6panonamrn. IloKanaHo, ~ITO n µ;nyxl\ICJ)_-

u " fl HOil Teop1m CJll.J,CCTDYCT aJibTCpHanma Me2Kµ;y TpIIDIIaJibHhIM· 

n "HeTpnmrarrbHbIM" peIIIeHil.lIMII 3TIIX ypanHcHnii. Onpeµ;erreHbI 

o6rracTII CJlll,CCTDODaHIUI TaKIIX pcIIICHIIi°J. , 
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9. IIoxanaHa 3KBirnaneHTHOCTb "TpIIBIIailbHOro" perneHirn p;l'UI "KaK

TYCHOro" IlOTeHI:u1ana, norry~eHHOro B HyrreBOM npII6lIII)KeHIIII Ha
wero MeTop;a, wnpoKo m:rnecTHoMy rayccoBoMy 3q>q>eKTIIBHOMY no

Tem::i;nany (r8II). OTMe~eHO cyII.J;eCTBOBaHIIe "HeTpIIBIIailbHOro" 

perneHIIJI AlIJI r8II, IlOBep;eHIIe KOTOporo JKa:JbIBaeT Ha OTCJT

CTBIIe <I>II rrepBoro pop;a B TeOpIIII gcp~. 

10. IIpoBep;eH aHarrnn 3TOH rrpo6neMbI c y~eToM BKrrap;oB p;rrJI Hera

yccoBoii ~acTII 8II, KOTOpblii yKa3bIBaeT Ha cyII.J;ecTBOBaHne <I>II 

BTOporo pop;a B TeOpIIII gcp~ n Ha ero OTCYTCTBIIe B MOp;errn d = 3. 
Haiip;eHo nHa~eHIIe 6enpanMepHoii KpIITII'IecKoii KoHcTaHTbI 

(g /21rm2)crit = 0.533, rrpn p;OCTII)KeHIIII KOTopoii: B Teop1m gcp~ Ha

cTyrraeT <I>II BTOporo pop;a. 

11. B cyrreprrepeHopMnpyeMoii: Mop;errn IOKaBcKoro Tirna B rrpocTpaH

CTBe c panMepHocTbIO d = 4 orrncaH crroco6 peryrrHpunan;m1 pacxo

p;nMocTeii B 6030HHOM ceKTOpe, IICITOllb3JIOII.J;IIH rrporraraTop, 6bI

CTpo y6bIBaIOII.J;IIH B IIMIIYITbCHOM rrpocTpaHCTBe B eBKrrup;oBoii: 06-

rracTII. 

12. IIorry~eHo Bbipa)KeHue p;rrJI rroTeHD;IIana "KaKTYCHoro" Tuna, 0T

Be~a10II.J;ero ~IICTO 6onoHHOMY caMop;eiicTBIIIO B IOKaBCKoii Teop11u. 

BbI~IIcrreHHble rrorrpaBKII crrep;yIOII.J;IIX rropJip;KOB K OCHOBHOMY BKrrap;y 

8II yKanbIBaIOT Ha rroJIBrreHue q>anoBoro rrepexop;a BToporo pop;a 

B paccMaTpIIBaeMOH CIICTeMe rrpII KpIITII~eCKIIX OTHOllieHIIJIX ABYX 

KOHCTaHT CBJI3II B Teopuu. YKanaHo, ~TO B p;aHHOM BOIIpoce rna

BHYIO porrb nrpaeT rrepeHopMnpoBo~HaJI rrpon;ep;ypa ycTpaHeHIIJI 

pacxop;11MocTeii B q>epMIIOHHbIX rreTlIJIX. 

13. OTMe~eHO, ~TO rrpn npIIMeHeHIIII BapIIan;IIOHHoro MeTop;a K IOKaB

CKOH nap;a~e B03HIIKaeT npo6rreMa He3pMIITOBOCTII p;eiicTBIDI Cll

CTeMbl, AlIJI npeop;orreHIIJI KOTopoii: Heo6xop;IIMO MOp;Hq>IIKan;IIJI q>ep

MIIOHHoro rrporraraTopa. Haiip;eHa cooTBeTCTBYIOII.J;aJI Bapnan;uoH

HaJI on;eHKa 8II. CpaBHeHne penyrrbTaToB p;Byx cnoco6oB on;eHKH 

<I>II rroKa3bIBaeT Ha perynHpHOCTb u 6orree TO~HbIH xapaKTep rrpep;

rro)KeHHoro MeTop;a no cpaBHeHHIO c Bapnan;IIOHHbIM nop;xop;oM. 
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3p;ecb )Ke paccMaTpHBaIOTCJI rrepcrreKTHBbl AanbHeiiwero IICIIOllb30-

naHirn penyrrbTaToB, rrorr~eHHbIX B p;11ccepTan;IIII. 
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