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cJ/;tttP 

0611~aJl 2:apaxrnepv,c111:ur.:a cJv,ccepmm;uu. 

AKTyaJibHOCTh TeMbl, 

I3 1934 ro,:i:y l\L Bopu 11 JI. Hml)eJibJI, npC'/\JIOn,u.:m nCKJl!0'IIITe,1b110 1111Tepecuym 

BP!)CIII0 IICJ1Hlleiiuoii 3JieK'rp0/l,IJl!al\lllKll, nplllUPKaTf'.lhllbl~Ill 'lC'j)Ta~m K0T0poii cpc

,lJI ~III0l'IIX np0'IIIX 6b!JUI CJTC,L\YI0II\lle, 

1) C T0'!Kll 3pemrn rem1eTp1111 111roT11ocTh ;iaqia1rnmaua Bop11a-IImpem,;1,a 

}[I3Jl}[CTCH O,JJ:II0ii 113 11a1160Jiee np0CT!,lX cpoptd IIIIBapuaffl'llblX 0TII0CHTC,lbllO !'Jl0-

6am,llb!X KOOJ),L\IIIIaTllblX npeo6pa30ilannii, 

2) 3JlCKTj)O,J:llllal\UIKa Bop11a-II11cpeJTb,L1:a npe/\CTaB.:rneT co6oii e,n,1mCT!le1my10, IIOM

lli\10 l\IaKCilCJ1JlOBCKOii, 11pwmm1y10 TCOJ)IIIO l!Oc!H co CIIITl!0l\l 1. BaKyyM Teopn11 

xapaKTep113yeTC}[ 11anp,1n-:e11110CTblO 110Jl}I F,,.v = 0 C lI0Jiyorpa11wie111roii IIJIOTIIOCTblO 

:mcpnrn. 

3) B Teop1rn Bop11a-HmlieJib,L\a coxpa1rneTc,r cm1pa;11,110CTh n pcmacTrn 11po6Jiel\ia 

co6CTBe11110ii 311epr1111 'IaCTlll\. 

OTHOCIIT('JThHO 11e,zi:an110 lIHTepec K 11emmcii11oii :➔JICKT!)Ol\IarHHTHOii TCOJH!ll CII0Ba 

B03j)OC B CB}[3Tl C o6Hapy)K('HTICM TOI'O, '!TO Tarrne Teopu11 l\IOryT ChirpaTb nan-:11y10 

pOJib Il pa3BTITllll CTpy1111oro no,zi:xo,11,a, KaK 110/\'!CpK!l!laJIOCh B m1011epCKOii pa6oTC 

Bap6aIUOBa II l.J:epHHKO!la. HeJim1eii11a,r 3JICKTpO,L\llllal\lllKa C 6opH-1IHcpeJlb,L\OBCKIIM 

JiarpaHn-:naHOM OIIIICbJBaCT IIII3K03HCprnTII'-leCKMC npo11,eCCbl D-6paH, }l!lJl}l!Olll,HeCH 

uenepTyp6aTIIBHhIMTl COJIIITOHHb!Mll o6'beKTaMH, B03HIIKal0111,HMH CCTCCTBCl!Hb!M 

o6pa30M B D-Mep111,1x 0606111,e11n,rx CTPYHHoii TeopnH. CTpyKTypa cTpy1111bTX Teopnii 

cy111,ecTBCHHO YJIY'IIIIaCTC}[ C BllC,11,CHHCM D-6pa11, 110CKOJlbKY B03HHKaCT 11,CJThlii 

cneKTp peaJIHCTII'ICCKl!X C TO'IKTI 3j)CHIUI cpll3HKII MO,L\eJieii. HanpnMep, XOj)OlllO 

ll3BCCTCH c11,enapni'1 "brane-wor)d", KOTO!)blii CCTCCTBell!Ib!M o6pa30M BKJIIO'IaCT 

6op11-nncpCJih,L\OBCKy10 3JICKTp0,11,llliaMIIKY B KaJrn6poB09HhIX TCOpm.lX. C T09KTI 3pe

Hlf}[ Teop11i1: rpannTa11,nn II cyneprpan11Ta11,nn T0'!11a,r cpopMa 6op11-1111cpeJih,L\OBCKOro 

JiarpaHn-:naua 11a D-6pane ,L\JT}[ npon3BOJibHOro cpononoro noJin 11e113BCCTHa co ncei1: 

onpe,n:eJTeuuocThIO, B '!aCTHOCTII, ,zi:JI,r SU(N) KaJin6pono'IHhIX noJieii. BMeCTe c ue

,n:aBHHM BKJI!O'ICHIICM B Teopnn D-6pau COJIHT0IIOB Il 11enepTyp6aTIIBHOM cneKTpe 

CTpy1111oi1: Teopnn 6hIJIO OC03JlaHO, 'ITO Hll3K0-311eprHTll'ICCKa}[ ,L\llHaMHKa CTpy11 

MO)K('T 6bITb npaBIIJlbHO onnca11a C IIOMOlll,b!O TaK 11a3bIBaeMOI'O /1,CiiCTBII}[ )J;npaKa

Bop11a-HmpCJih,L\a. IIocKOJihKY BbJ,L\eJie1111a,r 6pana, KaK H3IleCTHo, om1cbrnaeTcn 

a6eJTCBb!M ,zi:eiicTBIICM )J;npaKa-Bop11a-HucpeJib,L\a, M0;,J,,:110 ecTeCTBCHHb!M o6pa30l\1 

on-:11,n:aTb, 9TO MYJihTH6paHHbI(' KOil<_Pllrypa11,1rn HY)K,L\a!OTC}[ B uea6eJieBOM o6o6ru;e

Hllll ,zi:eiicTBTI51 Bop11a-HncpeJib,LJ:a. Cne11,ucpw1ecK11M o6pa30M n CJiy<rae Teop1111 

cynepcTpyn HMCIOT ,L\CJTO C cynepCHMMCTj)ll9IlhlM 0606111,emieM ,zi:eiiCTBTf}[ )];11paKa

Bop11a-H11cpeJih,L\a. B TOM cJiyqae, Kor;i:a •rncJ10 D-6pa11 cooTneTcTnyeT cynepc11MM

eTp11n 11a6JIIO,L\aCTC}[ yneml'ICIIHC Clll\lMCTp1m npu K0TOpOM a6eJieBO ,zi:eiiCTBlle 

)J;npaKa-Bop11a-H11cpeJib,L\a ,L\OJI)KIIO 6bITh /],OIT0Jill('JIO CO0TBCTCTBY!Olll,IIMll 11ea6eJTc

BhIMH KOl\ITTOJleIITaMH. 

He MCIIee aKTYaJihllbIM npe,n:cTaBJJ}[('TC}[ om1ca1111e none,zi:emrn peJT}[TllBHCTCKHX 

'IaCTIII~ n cynepnpOCTpaHCTBe. 3n1 06'beKThl HHTepeCHbl B CB}[3l! C np1rnon-:emrnMII 

J6ie.ri;1rneHH1IM HHCTHTYTj 

,1p;epH1IX :0:cenep;oBaIDIU,1' 
B11BD110TEKA 



K KBallTOB0II TC0JHIII [l()}UI. IlocKOJibKY IIMCIOTC51 fl))IIJI0)Klll\lblC' K IIJ>HKTIII(C ll))l!M

C]lbl 6oJJCC IIJlll ~Jell('C cyncpCIIMl\ICTj)lfllllblX u2pywe•t11.'bt:J: l\IOJ\CJWIL TO a1uyam,110 

Jl('{'JlC;~om1Tb l3011[)0C, l\I0ryT Jlll )__\0CTaT0'III0 np0113B0Jlb!IbIC cy11epc1n1~1eTpW!Hbie 

llf'JlYIIIC'lllbie l\IO)__\em1 11peTCII)__\OBaTb Ila pom, a}\eKnan10ro 0IIIICamrn IICKOT0J)OII 

;1,rn 11/\C CKpbITOII pcam,11011 qm3H'ICCKOfi CIICTeMbl ( •1aCTll'III0, OTllCT Ha 3TOT 

B0II))0C II }!B.JH!JlC:51 l\C,lb!0 npOBCJ(C!IHOro HCCJIC/\OBamrn). He l\!CIWC IIHTJlllryIOII\IIMH 

51B.l51IOTC"51 II IICC:.lC}\OllaIIll51 CIICTel\I C ~\p06HOII CTaTIICTIIKOH. 

IJ;eJiblO pa6oThI 51B,151CTCH rJiy6oKoe lltCJICl(0Ba!IIIC IICK0TO)lblX acneKTOB 

Teop1111 '.9i11IlllTei111a-Eop11a·-Hmpem,J(a, a TaK,Ke ee 0606u1em1e na nea6eJieB 

CJ1y•1a11. IlpOBO;l,!ITCH IIOHCK peryJIH))HblX pellleHIIH COOTBeTCTBYIOil(IIX ypan11e11I111 

ujH'))II'If'C-KII Clll\lMCT))II'IHOro l\lOII0IIOJlbllOro Iml(a. A11aJIH3Hpy10TCH ))ClllCIIIIH )__\JIH 

npail(aIOII\IIXCH qepHblX l(bl)) B Teopm1 8i1HlllTei111a-Eopna-I1mpe,lb}(a. PaccMaTp

mrneTUI cy11epcHMl\leTpll'III0e 0606111e1111e ll3Y'Iael\lb!X rrpo6JICl\l. Ha OCHOBe a11aJ1113a 

CK))h!TOII CIIMMeTplll! TeO))llll 8i1HHITefi11a-Eop11a-HmpeJlb}\a yKa3aHO Ha B03M0)Kll-

0CTb 0606n1emrn TC0p1rn, K0Topoe CB513ano C KBaTepHHOHHOH aJire6pofi. TeopHH 

rpyrrrr H reoMeTpH'-leCKHC MeTOl(bl Hrpa!OT BCC B03pacTaIOnzyIO ))OJib B COBpeMeHIIOH 

TeopeTI!'If'CKOH H MaTeMaTH'-leCKOH cpH3I!Ke. B 3TOH CB513II TeOpI!H rpynrr Jln 

paCCl\IaTpI!BaeTCH B Ka'-!eCTBe y1mcplll(I1py10~ei1, H Ha 3TOH OCIIOBe II))OBOJ(HTCH 

aHaJIH3 TCOJ)HH Eopna-I1ncpeJib,[\a. AnaJIH3HpyIOTC51 HeKOTOJ)bie IIOBbie nea6eJieBbl 

cynepCHMMeTpH'-IHble MOJ(eJIH, KOHl(eITI\llll H pe3yJihTaTbl TeOpHH Eopna-I1HcpeJih,[\a, 

Ha OCHOBe HCKJIIO'IHTeJibHO y,u_o6noro 11 KOMnaKTHOro OITI!CaHHH. Hafi}(eHbl HeK

OTOJ)hle T0'-IHbie pellleHH.51 ypanHeHHH 6opH-HHcpeJib}\OBCKOro THIIa B I!CKplIBJieHHOM 

npOCTpaHCTBe-npeMeHII, y,L\OBJieTBOJ).51IO~He KpI!TepH!O peryJIHpHOCTH. Ilpe}(JIO)KeHo 

nea6eJieno o6o6~eHne Teop1m EopHa-HHcpeJihl(a, BKJIIO'-laIO~ee cynepcHMMeTpHIO, 

H He3aBHCHMOe OT BH,[\a KaJIH6poBO'-IHOH rpynnbI 11a H3b!Ke aJire6p 3HJ(OMOpcpH3MOB 

C J)HMaHOBOH CTPYKTypofi, KOTOpbIH MO)KeT CJIY)KHTb aJibTepttaTHBOH KOHl(elll(HH . 

KaJin6pOB0'-lllh!X rpyrrrr paccJIOe!IHh!X rrpOCTpaHCTB. PaccMaTpHBaIOTCH HeKOTOpb!e 

BOIIJ)0Chl KBaHTOBOH Teopnn C perrapaMeTpH3al(H0HHO HHBapIIaHTHb!M ,[\eHCTBHeM 

,[\Jl.51 cyrrep'-laCTHI\ n CTPYHllhIX MO,[\eJiei1, KOTOpb!e MOryT 6hITh Il[)HMeHHMhl B 

6oJiee o6~ei1 cnTyal(nn, B cJiyqae, narrpnMep, D-6paH. Ha oc110Be 3Toi1 nrpyrne'-!H

oi1 MO~eJIH CTJ)OHTC.51 cpII3II'-!eCKHe COCT0.HHH.51 II rrpIIB0}\51TC51 HeKOTO[)bie HOBb!e 

peJIHTHBI!CTCKHe BOJIHOBble ypaBHeHIIH. Ha aHaJIH3e KOHKpeTHb!X npnMepoB 

paCCMaTpirnaeTCH CB513h 3TIIX KOHCTPYKI\IIH C rapMOHII'-!eCKIIM OCl(HJIJIHTOpOM. 

HayqHa.H: H0BH3Ha H rrpaKTH'leCKa.H: u;eHH0CTb. 
Hai1,[(eHbl II rrpoaHaJIH3IIpOBaHbI C MaTeMaTH'-!eCKOH H cpII3H'IeCKOH TO'-leK 3peH

H51 !IeKOT0j)hie pernemrn rpaBIITIIPYIO~HX Bpall\a!OII\HXC.51 CI!CTeM. IloKa3aHO, B 

'!aCTH0CTII, 'ITO npall\aIO~eec.H perneHne EopHa-I1HcpeJib)__\a He l\lO)KeT 6hITh re-

11ep11ponano npn rroMo~n KOMrrJieKcnoro npeo6pa3oBaHHH (HanpnMep aJiropuTMOM 

HbI0Ma11a 5:hmca). I1po,[(eMOHCTpIIpOBa!I0 TaK)KC, '-ITO 3TH pernemrn HMe!OT ne TO

JlhK0 3JIC'KTpO~IarHHTHYIO Macey, HO TaK)KC BIIyTpeIIHHH CTIHII 3JieKTp0MarHHTHOro 
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IIJJ0IICXmK,lPIIIHI. I1oc-rpoc1Io HBII0C :IIOII01IO:ICIIO;(o611oe ))l'lll('ll!I(' II II))Olle,l,l'-

11a HBmUI n;icirrncjimrnIVIH 3JlCKT))Ol\I,ll'IIIITIIOli II rpaBIIT,ll(II0IIIIOli :l!H("(". ,J:rn 
cy11epc·1rn:1If'TPII'III0ro nea6e1wna :rneKTJ>0Mar1mT11oro no:rn 11orTpoc·110 eyncpnrn:11-

eTpn•mol' 06061l(eI111C ,nei1CTBmI Eop11a- 1Imjw:n,;1a. l1pl';v1mKC!1IIO(' ;(CIICTBIIe 

Eop11a- IIm!>eJih,~a 0Ka:lbIBaCTCH C0BC')ll!ICIIH0 IIC:lHBII('II\11,DI OT B!Llil 1rn:m6po

BO'III0H rp~·nm,1, a TaK)KP OT npe,nnuca111111, Kaca101n1Ixn1 onpP;1c:1C'1Im1 c:.:ie;1a 

onepaTOJ>0B. Ha 0CIIOBe ::JTOr0 )(CIICTBIIH II0,l~"Il'llhl :1!1101'1!(' IIIITC)Jl'C-llbl(' l" T0'IKII 

:ipemrn IIJHLlO)K('Illlll K cpH311KC pc:iy,IhTaTI,I. Ha 0C-11011(' 11pP,(.:tmKC'IIII0l"O i\BT0)JO\I 

HOB0l'0 :1wro;1a KBa!lT0BalIIIH, 6a:mpy10U(CI'O("H 11a aKCIIil:ltaTll'ICC:KOII S-,HlT))ll'IIIOII 

cl>o)J~IYJIIIJ>OBKC II -reopenmo-rpy111Ionm1 110;1xo;1e, 06c_nK;1,uoTc·n 11po6:w:111,1 KBa

HT0mrnm1 TC0J)IIII C ['('()~ICTJ)lPICCKIBI ;'(elICTBIIC'~I B C.TIV'IaC 6op11 1111c!>P:11,;1onn.:oro 

/\elICTBIIH, cy11epcn~I~IeTJ)ll'IHOII '1/\CTHl(hl, J)CJ151Tlllll!CTC:K0II CTJ>.VIIl,I. paenrnTp

l!BaCMhIX B Ka'ICCTBe nrpyrne•111011 ~!Ol(Cml. 

Pe3ym,TaThI MoryT 61,1Tb ncnoJih30Bam,I B HHII5I<I> :\Ir\·. II5IlL .lT<I> Ol 15III. 
<I>lIAH, IIT8<I>, MJ.IAH n ~pyrux uarmhIX 11cmpax. 

Arrpo6au;n.H: pa6oTbI. 
Pe3yJihTaThl, npe}(CTaBJie!IHb!C B l(HCcepTal(Illl, ,[\OKJia~l,b!BaJll!Ch If 06cy,K;(a.111Ch 

Ha Hayq111,1x ceMHHapax Jia6opaTopnH TeopeTH'IecKofi cpn:rnK11 mt. H.H. Eoro

JI1060Ba O6'he}\IIHeHHOro I1HCTHTyTa 5I,L1ep11~1x IkcJie}\OBa!IHH, l\.laTel\taTII'IeCKOro 

H11cTnTyTa HM. B.A. CTeKJIOBa, <I>n3w1ecKoro HncTnTyTa PAH, a TaK)Ke npe,ncTa

BJI.HJIIICh n J(OK.'Ia,L\hIBaJIHCh na Me)KJ(yIIapo}(HhIX KOHcpepenl(H51X: A.I. Akhiezer 

Memorial Conference: "QED and Statistical Physics". Kharkov (Ukraina), Oct. 

of 2001; 8th International Conference: Path Integrals: from quantum information 

to cosmology. Prague, June 6-10, 2005; Workshop on Gravitational Aspects of 

Strings and Branes: Gravity, Strings and Gauge Theories, Santiago de Compostela 

(Spain, 8-11 Feb.2006, Org. By A. Ramallo, J. Mas); Symmetries and Spin, Charles 

University, Prague (26-30 July 2006); 

Ily6JIHKau;HH. Ilo MaTepnaJiaM J(HCcepTal(IIH ony6JIHKOBaHO 17 pa6oT B 

pecpepnpyeMhIX )KYPHaJiax. 

OfrheM H CTpyKTypa ~HccepTau;HH. 
,UnccepTal(I!H COCTOHT II3 •1eTb!pex rJiaB o6~HM o6'beMOM 127 CTpaHHI\, BKJllO'-laH 

CTII!COK l\HTHpOBaHHOH JIHTepaTyphl ll3 151 HanMeHOBa!IH.51. 

Co.n;ep)KaHIIe pa60ThI 

,II:11ccepTal(IIOl11IaH pa6oTa oq>OpMJie1rn B BH,[\e '-leTb!pex rJiaB, T)lll U:l K0TO)lb!X 

IT0CBHII(eHhl IIeKOTOpb!M cnel(HaJihHbl1l BOnpocaM TeOpHI! 8i111IllTefrna Eopna

Hmpe.111,;(a. B 'IeTBCpTOH rJiaBe o6cy,K)(aIOTC51 !leKOT0j)bie acneKTbl OIIIIC/\IIHH none-
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;J.!'IIIHI peJIHTIIBIIC"TCKIIX 'IaCTIIU, B cy11cpnpocTpa11CTBC II paC{"i',(,lTj)IIBal0TnI B0ilj)OC!,( 

.z:(po6noii CTaTJJCTIIKII. 3n, o6bCKThl IIHTCj)CCIII,I B CBH3ll C llJ)l!JlO)K('HlfH~III K KBaHTO

B0ii TC0JJIIII mua. J.:rn y;J.o6cTna Ka)K,LJ,Ml rnaBa C0,!1,Cp,KHT CB0ii OT,1C-lblll,Iii CIIIICOK 

JIIITCpaTYJlhl. 

IlepBrul rJiaBa 
I3 rrqmoii rnaBP noc:1e ne6om,moro nne,c1emrn n 11cTopw1ecKoro 06:iopa ooryx,,J,aeTcH 

11onoc ccl>ep11•wcK11-c11~1MeTJJ11'III0P peryJ1Hpnoe pememie ypaB11e1111ii '.3ii1111ne1ma 

Bopna -llml>l'Jib;\a ~10110110:11,noro un,n,a. I3 1937 ro,LJ,y B. Xoq>qnmm1 II JJ. IImpe.TihJ\ 

. BBCJIII pcr_y.1}1J)II'.!al\llOIIH0e )'CJIOBIIC 11a 6op11oncKy10 TC0pmo II0JIH C l\C.lblO ycTpa

lICIIIIH 11e,'I;OCTanrn cBa3am1oro c y1rnqrnKaI\IWii ,u:eficTBIIH. Ihm 01,L10 onIC•ie110. 

'ITO pcr_y,lHIJ113aUII0IIII0C ycJI0BIW HaJIO)(i:e!III0C Ila II0JJH ;i:aeT orpam!'ICIIIIC Tl CJI.Y'IaC 

ccpepll'IeCKII Cll~IW~TplPIH0ro 3JleKTj)0CTan1•ICCK0ro ll0JJH Er = 0 lf..iHI ,. = 0. I3 
06111eii TC0IJIIII, pe1'y.·rnpH3aJ\H0IIII0C ycJI0BIIe 6b!JJO IICll0Jlh30BalIII0 ne T0JlbKO ;vrn 

F',w noJieii, 110 ·ra1OKe /l,JHI 9µv noJiei1. I3 pai'.!Kax o6lll,ei1 Teop1111, ;1a1111oe yc.'lOBHC 

cl>op~1y1mpycTca KaK To.111:>1w mar;;ue pewemu1 ypaeue1tuu iJeu:J1CeH11.J1, Mo2ym uMem1:, 

rjJu3u•1ccr;;m'i CM'blC./! iJ.11a, r;;omop'blx: 
(a) npocmpa1tcmeo-epeMR a,a.11a,ernca, ecwiJy pe2y.11Rp'H'btM; 

(6) F,,v u gµv no.11Jt u ux npou3eoiJ11,'ble, r;;omop'ble exoiJRrn e ypaeueuuR iJeu:J1Ce'HUR u 

3ar;;01t'bl coxpaue1mR, onpeiJe.11e1t'bt ec1oiJy. 
I3 o6ru,efi TC0J)HH 0TII0CllTCJlbH0CTH, ccpep11qecKll-CllMMCTJ)H9HbIC pememrn ypaBHC

I!Hfi ,ll;BH)((CHHfi ,ll;JIH 9HCT0 rpaBIITaIJ,H0HIIOr0 ll0JlH ;i:a!OTCR 3JICMe1ITaM11 lllnapu,111-

HJlb):l,OBCl<0H )l,JIHHbl: 

ds2 = -Adt2 + A-1dr2 + r 2 
( d02 + sin2 0 d'f2

), 

A= l -
21vf . ' 

r 
r,[\C Jy[ --· K0IICTaHTa llHTerpHp0BaHHH. OTMCTHM, 9T0 ,LJ,aHHblll 3JICMeHT HMeCT 

CYIIWCTBCHHYIO cunrynapH0CTb ,LJ,JJH r = 0 H, CJlC,Ll,OBaTCJlb!i0, HC y;i:0BJlCTB0pHCT 

peryJrnpH,a!l,l-lOHII0MY ycJI0BHIO. B o6lll,efi TC0PHH 0TH0CHTCJlbH0CTH rrp11 fij)llM

CHCIIHH K II0JJCBblM TC0pl!HM HMCCTCH rrpHHIJ,llfIHaJibllaR B03M0,K!I0CTh ocna6HTb 

3TY cmirynRp!I0CTb, IT0Cl<0Jlhl(Y, HarrpHMCp, ' ,Ll,JIH' MOHOITOJ1Cll0,ll;06HOf0 pelllCHllH 

(B. Xocpci>Ma1111 1935 r.) 3JJCMCHT ,ll;JJHHhI upmmMaeT BH,LJ, 

A= l - s; l dr [(r4+ 1)112 
- r 2

] 

3TOT 3J1CMCH.T ,ll;JlHHhl rrpHHHMaCT IIIBalJ,ll.IHJlh,ll;OBCKHH BH,Ll, Ha pacCT0HHllHX 6oJJhlllllX 

pa;i:nyca pe111e1111H, 0,LJ,HaKO rrpll CTpCMJICIIllll paCCT0RHHH I( HYJIIO (r -> 0) IIMCCT 

K0HH9CCl<YIO cnuryJJHJ)H0CTb 

A -> l - Sn = (3 . 

O6ofiTII :➔Ty Tj)Y,LJ,H0CTb rrpe,D,JraraJI0Cb c II0M0ll\blO II0CTpocmrn Gcwee C:JlO}l<HhIX, 

9CM 6op11-1111q)CJlb,Ll,OBCKllfi, HCJIHiiCHHblX Jiarpal(}1<1IalI0B. I3 ,Ll,llCCCJ>Ta!l,1111 npe;i:JI-

0,KCH0 II0B0C T091I0C ccpepH9CCl<H-CllMMCTpll'IH0C pemc1me ypam1em1i1 8i111111Tcfi11a . 

BopHa- H11cl>CJlb,ll;a Ha 0CH0BC CJIC,LJ,yIOIUefi 110)\CTammKH ,11,Jl}I MaTpH'IIIOl'0 :➔JICMPIITa 

4 

;1.1111111,1 )\JI}( ('.TilTil'III0ro ~I0II0II0./IH 

r/,,/ = -('2i\u2 + c2•1> dr2 + ('21-"(,)d02 + e2G(,) sin2 0 d,p2 

('. K0:\([(01(('11Ta~m ~1frrpll'ICCIWl'O TC'U:lOpa: (.<J;_j = 0 IIJ)II i =I j) 

2;\ 2<1) '1.F 
!/11 = -e .<J,.,. = <' _(Joo = <' !J.;:c;, = sin2 0 e2r: 

.</1 = -c-2A .<Jrr = c-2,1, _r/'IJ = 1,-2F 

_·)(: 
(' -

.<J"<P = sin2 0 

Han6o.,wc• 1ipnc11oc:06.1e111wii ,r1,:rn m·c.:H'.V>Bamrn oi.;:a:11,rnaeTnI KapT1rno11cKa>1 

K0l(('TJ),VKl\lIH 1-c!>op~I 

ds2 = - (.;;0)2 + (ev· 1f + (u/)2 + (w:1)2 
!',LI,(' w0 = cAdt, w1 = e,pdr, w2 ~ CF(r)de, u.? = cf:(r) sin 0, K0T0JJiUI II 11('.((0.:II>l_\.('T('}J 

11p11 noc-rpocmrn T0'III0l'0 pememrn. l\leTplIKa. ll ('.JJy•iae 1(01',LJ,a ('.00TBC'TC:Tll,\"(0II\11(' 

Mac:c:1>1 B c11cTeMc pan111,1 ny,1K>, }IBJIHCTrH peryJrnp11oi1 n c:~11,1c,1<' Xocj><l>~1.rnm1 

Mmp<'JihJ\a. K T0MY ,Kc, ,!.lamn,IC pcmcmrn npH cooTBCTCTBy10111c~1 m,16op<' 11apa~1-

eTp0B }IBJIHI0TCH aCllMllT0TWICCKII IIJI0CKH~III 11 C'.B060,ll;llblMI! OT Clllll'y.IUIJ)((O('T!'li 

B Bb1pa,Ke1IHRX ,ll;JIH 3JieKTpH9CCK0l'0 II0JIH, MCTplIKll, TCII30pa :➔ 11cpr1111-11~111~·JII,Cil. 

KpoMC 3T0ro, 0Ka3aJJ0Ch, 'ITO 3J1eKTJ)0Mar11HT1IaH Macca CHCTC~Ihl B ):\Ba pa:rn 60.'(l,I(](' 

'ICM 3Jl('KTpoMarnHTHaH Macca ;1,pyr11x H3BCCTIIblX pemem1i1. TaK,K(\ 61,IJ((l II0KiUi\-

110, 'ITO 11eo6xO,LJ,llMbl 6oJICC CTp0I'HC YCJl()Bl!51 ;"\JIH pa3pe111e11HH npo611e~1, CllfflilllllhlX 

C ne;i:ocTaTKaMll ym1qmKal\Hll l\CHCTBHH. 

BTopa}I rJiaBa 

OTIIOCHTCJihl!O MaJiellbKaH 110 ofrheMy l'JlaBa II0CBHlll,Clla o6cyx,;i:eumo IH'K-

0T0phlX MaTeMaTll9CCKHX CTPYKTYP CKpb!T0tt CHMMCTpHH ypaB!ICIIllll 3i1IIIIIT<'ii11a 

Bopua-HH<pCJlbP,a, ll B03M0,KH0CTII o6o6m,enHH TC0pllH, CBH3alll!OM ('. KmtTC'J)((

HOIIHOfi aJire6pofi. ,l],ocT11raeTCH 3T0 BBC/(ellllCM KBaTepllH0IIllhlX onep,nopon, 

0TBC9al011J,HX CHMMCTpHll HCX0,LJ,II0fi TC0J)IIH. I1oKa3bIBaCTCa, 'ITO onpe;1,c.11e1111blll 

qacTbIO K0MMyTaTUBH0ro K0JlhI\a onepaT0p Q II S0(2) CHMMCTJ)!Hl ypaBU('Il

llH Bop11a-Mmpe111,;i:a, 01<a31,ma10Tn1 cnocro po;1,a BJJ0,Kem11,1M11 B 60.nee 06m,.v10 

KBaTCJ)IIH0IIHYIO CTpy1<Typy. Oc11ona11110e 11a 3T0M 060611\CHHe ypaBIICIIIIii Bop11a

l111cpeJ1h,L1;a M0,KCT 6b!TI, peamnonano K0MIIJICKCllhlMII onepaTopaMII ml ll('K-

0MMyTaTHBH0M K0Jlb(\C. 3TOT pc3ym,TaT . naX0,Ll,llTCH B C00TBCTCTBHII C 11a6J110)\!'

IIHCM ru66011ca H Pa111H,LJ,a, 'IT0 ll CTJ>,YKType ypaBHCHHII HMCCTC}I /\IICK!JPTmrn 

CHMMCTpHH C,ll;HIICTBCHHaH ,L\JHI CJIY'IMI ypaBil('llllfi IICJJHIICHIIOII 3JieKTj)0)\IIIIHMIIKII 

Bop11a-l111cpem,,LJ,a. 3TOT cpaKT IHU'J(}l/\110 IIJ>0IIJ!J]IO('.Tp11p0Ba11 aBT0p0M, IIOC-K0/11,K,V 

orrepaTop ,Ll,HCKpCTHOfi CHMMCTJH!ll Q--06pan111,1. KnaTepHHOIIIIaH CTJ)YKTypa cj>a:!0-

B0ro rrpocTpa11CTBa BBC,LJ,ella II om1ca11a HBill,(M 06pa:m~1 C II0M0ll\l,f() !'al\111.llbT0II-

0Ba no,ll,xo;i:a, II noKa3a110 n TmKP npeMH, 'ITO nn:Jie,ll,cmammH CTJ>.VKTYI>a <l>a:m

noro llJ)0CTpa11cTBa f1I66onca II Pamn;\a }IB./IH('T('.}( 'IaCTIIhlM CJIY'IH('ll,( BBC',11,('IIIIOii 

B pao<ne aBT0pa. Kpoi'.Ie T0I'0 IIIJ0)l,C'~IOIICTJ>IIJ>0Ba11a HBIIhli\I 06pa:m~1 a11a.JIOI'IIH 
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Teop1111 Bopua-Hml)eJih)Ia c mmei1uoii l\raKcBeJIJI0BCKoi1 Teop11eii B 11cKp1mJieimoM 

11pocTpa11cTBe-npeMem1. ;Il,;rn •1ero 11em111ei111ble ypam1emrn Bopua- Ilucpc;1b,'\a 6e3 

q_)OIIOBOro Il0JIH npe,ri:cTaBJieHbl B Bll)Ie ypaBl!Cllllll <I>pcrnneJIH, KaK 6c)J!ee eCTCCTBC

HllbJe ,n::rn Te0pCTII'IeCK0ll IIIITepnpeTau:1111. 

B TpeTbeii rJiaBe 113yqaJOTCH neK0T0pb!e acneKTbl o6o6iu;cmrn TC0J)IIH 

8ii11111Teii11a-Bop11a-HHcpeJib)Ia 11a 11ea6e;1eB CJ1y<mi1 n nccJie,ri:yeTCH "worm

hole111111cTa11To11Hoe pernenne ypaBuemu'i. Paccl\laTpnBaJOTCH Bonpoc1,1, C'BH3a11111,ie 

c c_vnepcm,1MeTpwmhIM pacrn1Ipe11neM 11ccJie;zyel\lhIX npo6JieM. Honoe nea6eJieno 

;i:eiiCTBHC Bopna-Hm:pem,,ri:a y)I0BJieTB0J)HC'T J)H)IY Tpc6ona1mii, npe,'\bHB.JIHCl\lblX K 

TaKOf'0 copTa pacrn11pe111IHM. 0110 6a3npyeTC5I Ha neK0T0pm,1 reoMeTpl!'!eCK0M CB0-

l!CTBe, K0T0pbil\l o6Jia,ri:aeT a6eJien Bap1IaHT. CJie,ri:yH XyJIJIY II ,ri:p. l\lhI CTp0HM auan

or·11•111oe ,ri:eiiCTBIIe. IIpn 3T0M y,ri:aeTCH Il0CTp0l!Tb 060611i;eHHblll 3JleMeHT 06be1vm 

,L\JI51 ;:i:eiiCTBllH B Bl!)Ie Jl1IHeii11oi1 KOl\'l6H11a1i:1m K0MII0HeHT MeTpw1ec1<oro II HHr-

1\IIIJIJIC0BCK0ro TeJl3opa 3HeprrIH-IIMITYJibCa: 

SNBI = j :: ( H - ~jgj det (gµv + Faµ>.Fav >.)) dx4 

IIJIII B HBH0ll cpopMe (;JJIH T!)llBHaJibH0ro cpOHOBOro IlOJIH) for simplicity) 

r,ri:e 

SNBI = :: j v'-gdx
4 

{ l - ✓74 - ~

2 

M
2 
-iM

3 + ~ (M
2

)

2 

_ ~M
4

} 

Mµv = F°j,>.F:v; ( 
papµ>.) 

7= 1+~ ; M _ M gµvpa pa/3 
µv= µv- 4 oJl a 

-v-p -2 -v->.-p -3 (-v-p) 2 (-2) 2 
MpMv = M; M>.MpMv = M; MpMv = M , 

-v-1,->.-p -4 
MµM>.MpMv=M 

Ilpe,ri:JiaraeMhitt Jiarpam1rna11 ,11,JIH Hea6eJieBoi1 Teop11n BopHa-lfncpeJib,11,a ,11,aeT 60-

raThiii crreKTp HBHb!X rpaB11TaLI;1I0HllbIX pemeH11ii, B CJiyqae 0( 4) IIJI0CK0H reoM

eTpllll rrpe,ri:JIO)KeH·HaH CTfJYKTypa ,11,eiiCTBIIH y,11,oBJieTBopHeT BPS-ycJIOBIIJO. B •mcTH

ocTn, ,11,JIH Bhmo,11,a ,11,eiiCTBIIH ne Tpe6yeTCH np1IBJieqe11ne rrpe,11,n1IcaH11H onpe,ri:eJieHIIH 

CJJe,1],a onepaT0fJ0B. IIoJiy'!e1111oe ,11,eiiCTBlle Il0JIII0CTbJO He 3aBHCIIT OT Bl!)Ia KaJIII-

6poBO'IHOH rpynnhl. IIpe,1],JIO)KeJIHOe ,11,ei1CTBI!e Y,11,0BJieTB0pHeT HeKOTOpOMY T0II0-

JI0rll'IeCK0MY orpaHH'leHIIIO, ll corJiaCH0 '.1T0MY KfJHTep1110 HBJIHeTCH HII3111111\I H3 

B03M0)KllhIX pean113au;1Iii o6o6iu;eHIIH Ha nea6eJieB cJiy'laii. Haii,11,eno CTaT11 •1ec1<

oe ccpepnqecKH CHMM~Tpwrnoe peryJIHpnoe pe111e111-1e BhIBe,11,e1rnoi1 ci1cTeMbl ypaB-

11em1ii ,L(JIH 1!30Tponnoro cJiy'!aH II no1<a3a110, 'ITO era acnMIIT0THKa nax0/J:IITCH B 

cooTBCTCTBIIII c pemeHHeM l11<e,11,a MIIH'IH )IJIH ypaBHe1mii 5h1ra-M11JIJICa B n:1ocK0M 
np0CTpancTBC. 
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I3 JJIITE'p;nypc o6cy)K,l(aJIIICb pa3Jlll'lllb[C B031\IO)KII0CTII pacumpcmrn a6eJJP,B()

ro ,ri:eilc:TBIIH Bopua-IInclleJib,L(a 11a c:1y•mii 11ca6eJ1enoii Kam16pono•111oi1 CIIMJ\ICTIHIII. 

I3 0CII0BII0~I nee 3TII Il0llbITKII B Ka'IeCTBe IICX0,l\11011 T0'IKII ,.'l.JlH 11epcxo;1,a K 11ca-

6eJICBOI\I_\' ;i,eiicTBmo Bopna-HncpeJih;Ja 11c110.1b30BaJIU a6c.1eno ,J,ei1cTBHc Bopua

HmpeJih,11,a B cTan,ri:"apnwi1 <llopMe, npu 3T0M Bee 01111 0T.1wm.111cb cnoco60~1 onpe

,L1,eJJC1111H onepau;1rn rpynnonoro c,1e,L1,a. B 1<a'!CCTBe cicnoBnhtX Tpe6ona1111ii l(clH 

i!J06oro Ka11;1,11;1,aTa Ha p0Jib ne6eJieBOl'O ,L(CHCTBIIH Bopna-Ilmpem,,J,a B K0IITCKCTC 

cynepcTp_\'HbI·-6pa111,1 11eo6XO,ll,lll\lO 0TMCTIIT~: 

1. )(CllCTBHC IIC ,i.(0JI)KII0 C0,L(CJ))l<aTb llf''leTilhIX CTeueHeii nanpH)KCJIII0CTII 110:rn 

F ( npu TaK0l\l Tpe60Bam111 l\lO)l(CT 6bITb ycTaH0BJJCJla ("BH:lb (" ';i:ciiCTBl!e11 

0TKpblTOII cynepCTPYHbl Ha ,ll,peneCH0M ypom1c); 

2. ,L1,eiiCT.!3HC 6y;1,eT JIHneapn3oBhIBaTCH npn BPS ycJIOBHHX II ypannemrn ;1,n11:,i~e

mrn 6y;ri:yT conna,l],aTb C C ypaBHeHHHMH )IBH)Kemrn, II0Jiy•iae1111,nm Ha OCH

one npe;i,noJI0)KeHHH o 11_cqe3aJ0iu;eii /3-cpy111<11,1-1I1 cpo11on1,1x rro,1eii u Tcopmi 

0TKpb!TblX cynepCTpyH; 

3. ecJIH ,L(ei1cTBHe mmeapH30Bano nplI BPS ycJI0BIIHX, 3T0 )1,0JI)KH0 61,1Tb c:s513a110 

c B03M0)KH0CThIO cyrrepcHMMeTpH3au;1rn TeOplln Bopna-lfncpeJib)Ia. 

Ilo 3THM Ba)[(Hb!M rrpH'IHHaM IIIITepecH0 0606iu;t1Tb JlarpaH)KHaH Bopna--l111cpe11b,L(a 

,L(JIH CJiy<JaH Hea6eJieBbIX 3Jlf'KTp0MarHHTHbJX IlOJieii. 

B )1,IICCepTaLI;HH npe,ll,CTaBJieH0 H0B0e Hea6eJieBO o6o6iu;eHHe ,11,ei1CTBIIH Bop11a

l1ncpeJib,L1,a, K0T0poe y,L(0BJif'TB0pHeT ynoMHHYTbIM BbJIIIe Tpe6osa111IHM H, nanpuMep, 

HBJIHeTCH rrpHeMJieMbIM KaH,11,ll)IaT0M Ha p0Jib 3cpcpeKTllBHOro ,ll,f'llCTlllIH cynepcTpy11 

n D-6pa11, KpoMe Toro, TaKoe nea6eJieBo o6o6iu;eHne HMeeT cpyH,11,aMeHTaJJh11oe 3Ha'!e

HIIe ,L(JIH Te0pHH rpaBHTaLI;HH ll Hf'JIHHeii11oi1 3JieKTp0,L(llllaMHKll. Ono 0CH0BbIBaeTCH 

Ha reoMeTpH'!eCK0M CB0HCTBe JlarpaH)KllaHa BopHa-lfncpeJib,1],a B cpopMC onpe

,L1,eJI1ITeJIH. M1,1 pacrnnpHeM a6eneso ,L1,ei1cTn1-1e Bopna-lfHcpeJih,11,a n no,L1,0611oii qlopMe 

KaK 6bJJIO npe,11,JI0)Keno XanoM, 11a ero nea6eJien auanor, ecTeCTBe11111,1M o6pa-

30M coxpaHHH 3T0 reoMeTpH'!eCK0e T0)K,11,eCTB0. 9TO cpaKT Il03B0JIHeT Bbl'IIICJIIITb 

0606iu;ennhlll 3JieMel!T o6beMa ,11,eiiCTBHH KaK JII1Heii11yJO KOM61111au;u10 K0l\!Il0!le

HT MeTpH'!eCK0ro TeH30pa _H 5Inr--MnJICOBCKOrO TeH30pa 3HeprHH-IIMTIYJibCa. MbI 

noKa)KeM, 'ITO TaK0ll JlarpaH)KHaH npeAJIO)KeHHblll B Ka'!eCTBe KaH,11,H,L(aTa nea-

6eJienoii Te0pHll Bopna-l1ncpeJih,L(a ,L(aeT 0'!ellh 6oraTblll crreKTp T0'lllblX rpaBl!Tau;

II0HHblX pernen1-1i1, a TaK)Ke CTJ)YKTypa npe,1],JI0)KeHH0l'0 ,L(eiiCTBHH B CJiyqae IIJI-

0CKIIX 0(4) Ko11cp1-1rypau;nii y,L(0BJieTB0pHeT coo6pa)KeHHHM ::rnepr1111-BPS II Tono-

Jior1-1qecKHM orpam1qe111IHM B C00TBeTCTBHll C HepaneHCTB0M M11111<0BCKOro: npe,L1,JI

Q)Ke1111oe ,ll,eikTBIJe aBT0MaTII'leCKII pe,ri:yu;npyeTCH K 5IHr--MIIJIJICOBCKOH cpopMC rrpn 

BPS-rro,[(06111,1x ycJJ0BIIHX. 9To 03naqaeT, 'ITO rrpecKpwrru;nH Uei1TJ11Ina AJIH c11MM

eTp1-13onan11oro CJie,IJ,a ne HBJIHeTCH e,L(HIICTBe1111oii, rrp11m1Ma10iu;ei1 JIIIIICHIIYIO cpopMy 

npn BPS ycJiomrnx. I1pe,L1,cTaBJie1111oe 11osoe 11ea6eJieno 0606iu;e1me Jlarpa11)1(11a11a 

BopHa-H11cpeJ1b,L(a corJiacyeTCH He T0JihK0 c T0'IK0ii 3pen1-1H BPS, 110 TaK)KC u c 
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11epm,1~111 ll]llllllllllH\~111: 11e:JaBIICIBIOCTLIO 1Gl.lill6pono<IIIOII q>,Vllllhl II ("OXJ>ill!C'IIIIIO ('(' 

CTJlYKTYJlhl BO llr('X TIIIrnx KOil(}J11rypa1u111. 

IloKff3HB B 11p<';l,LI;1,y111,11x pa-3;\e:rnx II('('KOJlhKO IIJ>ll'IIIII ;vrn pacn1rrrpP11m1 11pc

:nmKe1111oro ;1,Pi1c·TBIIH KaK Kai1;1,11;vna 11a po:ll, 11ea6c.acuoro JlarpamK11am1 6op11a · 

IImj>CJJL;J,a 11Ppei1;w~, K 06ry,K;J,ell1JIO "➔TOIi 11po6.iie~!hl l' TO'IKII :3pPIIIIH r·yrn'J>Cll~l~l

('Tjlllll. Km, 61,uo IIOK,na110 ll ll)l<'}\bI;1,y111,11x pa:l)(('JJax, ()'I('llh llil)Kllhl~I ("11011('.TllOl\[ 

11pc;v10,K<'IIIIOl'O Irn~m II('a6('JI('BOI'O ,.'\<'IICTIHHl }IBJl}IeTCH cro a6co.ll0Tmu, IWlall

llCIB[O("TI, OT IG1.'11I6poBO'IIIOII rpy11111,1 11, 11a11p11~1ep, Ta1-rn,c !Wlclllll("ll~IO('.TI, OT 

.m>6hIX lljl('("Kjlllllllllll ;vrn ("JJ('/\a (;vrn C,Vll!'JlCll~I~ICTJlll'IIIOII ll('jl("ll11 IIPaO('.WBOl'O 

Bopua IImj>P:11,;1,a c unnieTp11•mo11 11pcCKfllllILlllC11 ;1,.JIH c11c:ia). 3'ro <l>.n1;1,a~1c-

11Ta:11,11aH or-ooe1mocT1, ;1,c.nilcT cy11epc11~1~wrp11•moe pacn111pc1111e 11am<'11 ~10;\<'.·111 Ill' 

T0:11,KO B(H~l();.Kllbl~I. 110 II TaK,KC fljlOCTCHIIIIIM. 

Ilpe;1,.·m,Kcuo HOBO(' nca6encBo 060611\cmic ;w11cTBHH Bopua 1Iml><>.:11,;1a 11cxo;1,H 

1n rcmICT]lll'IP('.KOii TO'IKII :ipemrn. Ilpell~IYLI\CCTBO 3TOii cl>op~lbl )l,('IICTIHHJ 5opua 

IIm};e.,11,;w IIPJ>c;i Ap_yrn~m 11011L1TKa11.111 oc110B1,rnacTcH 11a cnc;1y1011111x 110,w,Kcmrnx. 

1. IlpOl\('CC IICJlCXO)la K IIOBOl\I}' nca6c11eny /WiiCTBHIO BblllOJIIIHl'TC}! II 60JlCC 

('(:T('CTBC'IIIIOH cpopl\Ie II OC:IIOBLillaCTCH ua I'COl\lCTflll'ICCKOl\I CllOTI("TB(' :rnrpa

mKmllla 5opna-l1nq)CJILJJ,a n qiopMC onpCJJ,CJIHTCJIH. 

2. B IIOBO~I JJ,CHCTBIHI IICT npCC:KfHilll~HH ,lJ..IIH _cne;ia. 

3. HoBOC ;1eiiCTBHC HOJIIIOCTh!O llC3aBHCHl\lO OT l<aJIH6pOBO'IHOII rpyrmhl. 

4. Ham JiarpaH)!(Hilll YJlOBJICTBOpHCT nepaneHCTBY MHHKOBCKOro (TOHOJIOrH'ICCK

Ol\lY orpaIIH'ICIHI!O) no rIOCTpOCHHJO, 11aCLII1I,aH orpanuqemIC npu IIOJJ,CTaH

OBKC (a1nu-)caMOJ\YaJihJIOC yCJIOBHH (10) B (3). B 3TOM cnyqae JII-IHeapH30Ba

llHLIH nea6enen JlarpaH)KHaH Bop11a-l1n¢enh;ia y;ionneTBOpHeT TaK)KC BPS
rro,106nL1M YCJJOBHHM If CTaHOBHTC}I JlarpaH)KlfaHOM 5111ra-MHJJJ1Ca. 

5. J13 IIYHKTa 4 l\lO)KHO BH)~CTL, 'IT0 name ;ieiiCTBHC OCTaeTCH MHHHMaJILHO 6m1-

:JKO K TOIIOJIOl'H'ICCKOMy orpaHll'ICJIHJO 'ICM ;ipynrn Hea6cJICBLI JlarpaH)KlfaHhl. 

6. B1,mOJJIIC!I11aH cynepCHMMCTpH3aLI;HH MOJJ,CJIH IIOKa3LJBaCT 'ITO npeJJ,JJO)KCIIH

oc JJ,CHCTBHC YJlOBJJCTBOpHCT Tpe6oB·aulIHM ;iaBaCMhlMH COOTJIOIIICIIHHMH BPS
SUSY. 

7. Ilo aIIaJIOI'l!H c a6CJJCBLIM CJl}"IaCM, npCJJ,JIO)KCHHLIH JlarpaH)KHaH y;io

BJICTBOJJHCT CJIC/(Y!Olll,HM CBOHCTBal\l: 

(a) MLI 11011y,meM 06u•1111,1ii 11pc;w11 n CJJY'Iae b--+ oo; 

(b) '➔JWKTfHl'ICCKaH KOMHOIICUTa E;~o 11ea6e.11ena 3JICKTpOMal'HHTIIOl'O TP.l1'30jla 

;10.11;,1rna 61,1Tb orpamI'ICIIa JJ,.ll}J {a), B CJIY'Ja(' Kor;~a Mar111n11aH KOMIIOIIC

IITa HC'W:meT; 

(c) ;wiir-nmc mrnapmurmo 111m ;tml><l>eOMopcjnrnw; 
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(d) ,11.CTICTBIIC BClll,CCTBCIIIIO. 

8. IloJJ_),"ICJIO CTaTII'IIIOC cqiepll'!Cl'KII CII~nICTJ)Il'IHOC peryJJHflIIOC peuH'lllIC ;.(,lH 

CIICTCl\lbl 3iiml!TCHIIa- nea6CJICB Bop11 -IInq>CJ!hJl, acnMIITOTll'ICCKOC IIOBC)~CH

IIC pem~npH lla'XO,IJ;IITCH B COl'JiaCIIII (" THIIOl\l pemem1ti HKC)lbl II 1Inwm ;1m1 

5.Inr-1\Inm,ca n nnoc1<ol\1 npoc-rpancTB<' 11 11pe,l.\CTaBJieHo nonoe pemc1111e nma 

1111c~aHTOH-wormhole n 11ea6e11eBoii TCOp1111 Bopna-HmpeJIL,'.la- 3I111111wii11a. 

l\!1,1 IIOKa3aJIH, 'ITO JlarpaH)!<llaH npe;\JIO)KCIIHblll Kill< KRHJll!J(aT 11a po:11, ll<'il-

6cJICBOII TCOpHII Bopna-Hnq)CJ!b)\a, ;1,aeT TO•moe rpaBIITRLI;IIOJIHOP. J>CIIICllll(', 11 

B c11y,1ac wormhole l\IO)KHO BHAP.Th c:w;1y10111ce: 

(a) cylll,CCTBYCT CBH3h l\lC}K/\Y a6co.iIIOTHhli\l IIOJICM Bopna II Hm!w:11,,,\11 
b n KOCMOJJOI'IPiecKoii KOIICTaUTOII A, npn 3TOM b II A l\IoryT 61,n1, 

OTO)K,l.\CCTBJICllbI; 
,· 

(b) 06I1I,aH qiopMa wormhole II Ty1111e111,noro pa,l.\11yca ,l.\aIOTCH ca~mii Tt'op11eii 

Bopna-Hncj)eJih,II;a 6e:i 11eo6xo;~m1ocT11 BBC,l.\CHHH ,l.\OI!OJIIIIITCJibllhlX 110-

JICH. 

3TO 03HaqaeT 'ITO npC,l.\CTaBJJCHHOC :lj\CCb nca6eJJCBO 060611~CHHC Bopna--Hnc}>eJIL)l,a 

HMCCT ¢ytt,II;aMCHTaJibHOe 3Jiaqeirne If q_)H3ll'ICCKHH CMbICJI 11e TOJlhKO C TeopCTil'IeCK

oti, HO TaK)Ke H C q>CIIOMCl!OJIO!'HqecKOH TO'ICK 3p~HHH. B KOHTCKCTC 06I1I,ero a11am1-

3a B03M0)Kllh!X nea6eJJCBhIX JJ,CHCTBHH Bopna-HmpeJJhJJ,a, npe,II;CTaBJJCHl!Oe HatvIH 

0606I1I,CHHC HBJIHCTCH CHJlhHLIM KaHJJ,HJJ,aTOM ,l.I;JIH OfIHCaHHH HH3K03HepreTH'ICCKOH 

,l.\HHaMHKH D-6pan, pemeHHH B nenepTyp6aTHBIIOM ceKTOpe ( cynep )CTpymwii 

TCOflHH. 

B qeTBepToii rJiaBe o6cy)K,II;aJOTCH 11cK0Top1,1e acrreKTbI onncaHHH none;ie111rn 

peJIHTHBHCTCKHX qaCTHU: B cyrrepnpOCTpancTBC. 9TH o6'hCKThl HIITCpeCHbl B CBH3H 

C npHJJO)KCHHHMH K KBaHTOBOH Teopun IIOJIH. HanpHMep, 3aBHCHlll,aH OT npeMCll1I 

CHCTeMa ypaBHCHHH ,lJ..IIH CfIHHa JJ.<1:~;iay HJIH 3JICKTpOH-MOHOfl0JlhllhiC KOII<pnrypau;HH 

OfIHCLIBaJOTCH ecTeCTBCHHLIM o6pa30M nocpe;(CTBOM cynep-refi3e116epr-BCHJICBCKHX 

H OSP(l/2) anre6p. IlocKOJJhKY HMCJOTCH npHJJO)KHMhIC K npaKTHKC npnM

ep1,1 6onee HJIH Menee cynepCHMMCTpH'IHLJX nrpymeqHhIX MOJJ,CJJeii, TO BO:lHl!KilCT 

CCTCCTBCHHhlH BOI!poc, MoryT JIH JlOCTaToqno npOH3BOJihHblC cynepCHMMCTPH'IIILIC 

Hrpyrneqn1,1e MOJJ,CJIH npeTCH,II;OBaTh Ha pOJib ·a/\CKBaTnoro OfIHCallHH HCKOTopoii 

j\JIH nae CKpb!TOH peaJJhHOH q_)ll3H'ICCKOH CHCTCMLL 1iacTnqno, OTBCT 11a 3TOT B0-

npoc H HBJIHJICH l(CJ!h!O npOBCJl,CHIIOrO HCCJIC,l.I;OBaHHH. B qacTHOCTH, fl0Ka3aIIo, 'ITO 

peJJHTHBHCTCKaH 'IaCTHl\a B cynepnpOCTpancTBC MO)KCT Olll!ChJBaTL CHCTCMY C ,II;J>06-

IIOH CTaTHCTHKOH ,l.\JIH KOTOpOH, o;inaKO, IICH:JBCCTCJI HBHl,IH BH,l.I; ;ietiCTBI!H. C J(pyr

oii CTOpOHLI 6hlJIO npOJJ,CMOHCTpuponano, 'ITO CHCTCMa :iaBHCHll\Cl'O OT BpCl\lCJill 

rapMOHHqeCKOI'O OCI\IIJ!Jl}JTOpa HBJIHCTCH Yi\06IILIM HHCTpyMCHTOM /(JIH Olll!CaIIHH 

B :laMKHYTOH <pOJ>MC CHCTP.M c 6once ('.Jl())KUOH /~HHaMHKOii. IlocJJe H:JBCCTlll,IX pa-

6oT EpMaKOBa H XycHMII, CTaJIO rIOIIHTIIO, 'ITO CCJIH JIJ06aH ,l.\OCTaTO'IIIO CJl())KHaH 

<tnnuqccKaH 3a,II;a'Ia C O'Wllb CJIO)KUQTI /l11IIHMHKOii /WIIYCKaCT 1·1pe/\CTaBJICIIIIC 11.JIH 
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OT06pmKe111ie 11a CIIC'TC.\IY :3a!llJC5lll(CI'0 OT llJ)C.\IPIIII l'HJ>WHlll'[('('.K0I'0 0C'l_(IIJIJ[}IT0f>a, 

TO II0HllJ!HeTCH B03.\[0;KHOCTh ormcamrn II0C'J)f';(CTB0.\l KOl'f'J)PIITllhlX l!Jlll (',l(aThlX 

('O("l'OHIIIITT. 9To Ba)KII0C CBOTTCTllO OK,l:lhmaeTCH BbllI0,;11rem11,1.\I ,1:rn .\10,J;C.IICTT IIC(' :re

;l()BallllhlX aBTOJ)Ol\I. flplil\Ie'IaTCJ!hIIO, 'IT0 (',l«lThl(' C0CT0HIIlrn 61,1.:m llj)lll\l!'IWilhl ll 

K0IIT{'KCTe KBaHTOBOTT OTITIIKII II ,ri:eTCKTIIJ)0Ba1111}I rpaBl!TaIUIOIIllhlX BOJII!. flpaB

lr.:IhllhlTT B1,16op pca.a1nat-tHI1 clmJ11'1ecK11x coc·Tmm11i1, o,cr:11a1<0, cy11tecn1em11,1M 06pa

·io11 '.lalll!CIIT OT rpymihl Clll\ll\ICTp1111, K0T0j)MI, B llf'K0T0p0.\I CMhJCJIP II onpP)W,Jl51PT 

,·uma.\IIIKY i1CCJ1P;"lVCl\lOTT CIICTC~lhl. llccJJf' ;tnB,l.:Ill('h THK)KC BOrIJ>0Chl :iamICIIM0CTII 

0111,camrn O;'(II0TT II Toil n<C cncTel\thI, KaK <l)YIIKIUIII ,ure6p1,1, K0TOp,rn .\!On<eT or,ITh 

11pm:y11(a CIICTCl\Je. Ha OCIIOBe npOCT0ii l\10,1CJIII ,(:IH cynep'IaCTlll(hI, npe,r_i:.,JO;Kellll

oi1 Bo.;JKOBh!l\l II ITam11eBbIM, IICCJJe,D:OBaJil!Ch B0IIJJOChl cjm:ll!'ICCKOii IIIITCpnpcTaI(Hll 

011epaI(IIII !l:35ITIIH KBa,ri:paTIIOI'O KOIJHH OT onepaTopa II ee CBH3b C CIICTCl\IOii :ian

lIC}[[l_(Cl'0 OT npe1v1e1111 rap.\!OHllqCcKoro 0C[_(ljjlJJ}IT0pa, a TaKn(e OKaThIX II KOI'CJ)e

lITlll,IX COCTOHIIHTT. 

i) ITocTpoe110 q)OKOBCKOC omrcamre COCTOHHIIii C ;1,po611oii CTaTIICTIIKOTT ("cOCTOHIIHH 

II0CJJe B:3HTIHI onepal(IUI KBa,ri:paTHOI'O KOpHH OT oncpaTopa") II npolle,ll,eno HX cpan

ne,me c paCCI\IaTpHBaeMOH B JIHTepaType <pOKOBC:KOH KOIICTJ)YKll,Ueii, ,D:JIH l\l0;1CJIII 

'IaCTHL(bl B cynepnpOCTpaHCTBe C raMHJ!bT0Hl!aH0!\I CTaII,ri:apTIIOI'O n11,ri:a; 

ii) B 'IaCTIJ0CTH npo,ri:eMOHCTpI1pOBa110, 'ITO B OTJlll'IHC OT 06cyn<,r_i:amrrerocH B 

JIHTepaType CJiy<IaH e,ri:IIHCTBeHHbll\lll COC:T0HHIIHl\lH na KOTOJ)bIX M0n<CT 6bITb pea..mr-

30Ban KBa,ri:paTHblH KOpenb raMIIJ!bT0HOBa onepaTopa HBJIH!OTCH npe,ri:cTaBJJCIIIIH na

lIMCHblIICI'O BCCa ). = (1/4) II ). = (3/4); 
iii) IIMCIOTCH qeTbipe B03MOn<HbIC IICTIJHBHa.IIbHbie ,ri:po6HO pea.nu3yCMbie npe,ri:cTa

BJICHHH ,D:JIH pa3JJ0)l(elllrn rpynnhI Ha cmrnoBbIC CTPYKTYIJbl ,D:JIH KBa,ri:paTHOro KOpHH 

OT paccMaTpHBaeMoro raMHJ!bTOHOBa onepaTopa, BMCCT0 npe,ri:cTaBJICHHii (1/2, O) u 

(0, 1/2), KaK B CJJyqae raMIIJlbTOHHana KBa,ri:paTuquoro 110 HMTIYJJbCaM; 

iv) ,Ll,JJH HCCJJe,r_i:yeMoro qacTHOrO CJJy<JaH, Haii,ri:eHbl COOTBCTCTBIIH MCn<AY 

CTPYKTypaMII I'IIJJb6epTOBa npocTpanCTBa paccMaTpHBaCMblX COCTOHHHH, HX CTIHH

OBOI'0 co,ri:epn<aHHH C0OTBCTCTBY!Olll,CI'0 cy6-rHJJb6epTOBa npocTpanCTBa u KOrepe

HTHbIX H cn<aTblX pea.nu3a11,uii qm311qecK11x COCTOHIIHii. 

iv) Ha OCIIOBe TCOJ)HH noJJy-rpynn TIOCTpoeno anaJJHTHqecKoe npe,r_i:cTaBJJCHIIC 

onepaTopa pa,n:nKa.na B N = 1 cynepnpOCTpancTBe II HCCJIC,D:OBaHbl pa3HblC 

B03MOn<H0CTH, a TaKn<e B03HHKa!Oill,IIC TPYAHOCTII B pea.nu3al(HH onepal(Hll B3HTHH 

KBa,ri:paTIIOI'O KOJ)HH OT raMHJ!bTOHOBa onepaTopa; 

v) 11ccJJe,r_i:yIOTCH BOIJJ)OCbl TIOCTpoenHH peJJHTHBIICTCKHX BOJIH0BbIX ypaBHCHIIii mpe

,D:HHrepOBCKoro THIIa ,D:JIH COCTOHHIIH C ,ri:po6noii CTaTHCTHKOii, CTJ)0HTCH II H('C.1C

AY!OTCH CO0TBeTCTBY!OI11,I1e onepaTOJ)bl TOI<a; 

vi) PaccMaTpHBaIOTCH BOilpOCbl C0BMCCTHOCTH TI0JIJ'IaCMhIX CHCTeM ypamie,11111; 

vii) HaxO,D:HTCH HCK0TOpb!C pemeHHH npe,D:JIOn<CllllblX B0JJHOBbIX ypaBHCHHll ~(:rn [10-

JJeii C ,ri:po6Hoii CTaTIICTHKOH AJJH 3aBHCHill,CI'0 OT BJWl\lCIIH CJ!y<IaH. KaK II ,ri:mr C:11('.TCl\l 

3aBHCHil_(ero OT npeMeHH rapM0HuqeCK0I'O 0Cll,11.1,lHTOpa CTpOHTCH cn<aTblC II l(()['('j>C

IITHblC C0CTOHHHH II npocJJen<1maeTCH CBH3h Ml')K;zy TOrIOJ!Orllei1 ( cynep )-rp,nmo

noro MIJOroo6pa3HH H flOJJy<ICHllbIX pcmem1i1 C a.nre6pa11'ICCI<Oii TO'IKII :lj>('llIIH, a 
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TaK)I<(' B 11./IaliC IIIITepnpcTal(IIII HIITCpecnoii ,D:JIH IIJH!JJO)KCHHii B TeopeTll'JeCKOH 

c!rn:mKC. B 3aKJIIO'IIITCJ!bllOii 'IaCTII 3T0ii !'JJaBbl paCCM0TpeHbl B0llp0Cbl TI0C'rpoe-

111rn KllalJTOB0II0JICBOro 11ponaraTopa ,D:JIH IIeT0'IC'IllbIX o6bCKTOB (nma CTIJYHbI) 

B MIIKpaKaII0IIll'ICCKOi\I ancai\I6JJe B 5-MaTpll'IIIOii <pOpMyJ11IJ)OBKC. ,Ll,JJH tJ:CTTCTBIIH 

HaM6y -TOTO nponaraTop uaii,ri:eH B HBHOii ¢opl\re. 011 ne 3aBl!CIIT OT TCl\UICpaTyphl 

II B j(0II0JllICl!IIC I( II~ICIOill,Hl\lCH B JIHTepaType OTBCTaM, co,il,epnoIT nee IICJIOKaJJhllbiC 

:scl>qJCKThI, re11ep11pye.\Ib!C IICTO'IC'lllbll\l o6beKTOl\I BO B:3alll\lO,D:CHCTBIHI. flpoa1Ia..1111-

311j)0I3allo C00TII0lllCIIlle l\lC)KtJ:Y peJJHTl!BHCTCKIIMH KBaHTOB0TI0JICBhll\lH TC0J)IIHl\Ill B 

l\lIIKJ)0KaII0IIll'ICCK0l\I a11cal\t6J1e II 'IHCT0 S-1\taTpll'IIIOTT <pOJJMYJIIIIJOBKOTT. 

Ha 3aIIJ;IITY. Bbl,ll;BIIraIOTCSl CJie,n;y10m;IIe pe3yJibTaThl. 

ITocTpOCHHC HBIIOI'0 peryJJHpnoro c¢ep1I'ICCKH Clll\Il\lCTpll'III0I'0 pcmemrn ypan11em1ii 

811nmTeiina-~op11a--Hn¢eJ1b,D:a MOH0fl0J!blI0I'0 BH,D:a, II IICCJIC,D:OBanue CI'0 CBOTTCT!l. 

HcCJIC,D:OBaune BpaI11,a!OI11,HXCH pemeHHH ,D:JIH 3apHn<CIIH0H •1ep11oi1 ,D:hlpbl B TCOJ)IIII 

9rrnrrneiina-Bopna--liH¢eJJbtJ:a. 

lby<JCIIIIC IICK0TOpbIX MaTeMaTl!'IeCKIIX CTIJYKTYP CKpbITOH CHMMCTIJHII ypamre1111i1 

9iiHIIITCiiHa-Bopna-11H¢eJJb,D:a II B03M0n<HOCTII 0606I11,emrn TCOpHH, K0Topoe 

CBH3auo C KBaTCIJIIHOHHOH aJJre6poii. 

ITocTpoenue noBoro 0606I11,enuH Teop1rn 8I1HIIITCifHa-Bop11a-l1n¢eJ1h,D:a na 11ea-

6eJ1eB CJJyqai1 II HCCJIC,D:OBaHne ero HHCTaHTOHHblX "wormhole"pewem1ii. flpOI(CCC 

nepexo,ri:a K nea6eJJeBy C:JJyqaIO npOBO,D:HTCH B 11a1160J1ee CCTCCTBCHHOH ¢opMe 

II 6a3upyeTCH Ha reoMeTp11qeCKHX CBOHCTBaX a6eJJeBoro 6opH-Hllq)CJ!b,D:OBCKOI'O 

JJarpann<HaHa B ,ri:eTepMHHaUTHOii ¢opMC. B qacTHOCTH, ,D:JIH BbIBO,ri:a ,ri:eiiCTBHH 

He Tpe6yeTCH npHBJJeqeHue npe,ri:11ucanI1H onpe,r_i:eJJeHHH cJJe,ri:a oncpaTopoB. ITo

JJyqeHHOe ,ri:eiiCTBHe IJ0JIHOCTb!O ne 3aBHCHT OT BH,D:a Ka.IIH6poBoqnoii rpynnu. 

flpe,r_i:JJon<eHHOe ,ri:eiiCTBIIC YtJ:OBJICTBOpHCT HCKOTOJ)OMY TOTIOJI0I'll'JCCKOMY orpanuqe

HH!O, H corJJaCHO 3TOI'O KJ)HTCJ)HH HBJIHCTC:51 Hil3IIIIIM H3 B03MOn<HbIX peaJIII3al(HH 

0606I11,eHHH ua Hea6eJICB CJJyqaii. 

Haii,ri:eno C:TaTuqecKoe c¢epI1qecKI1 CHMMeTpuqnoe peryJJHpHoe pcweuue BbIBe

,ri:eHHoii C:HCTCMbl ypaBHCHHTT ,D:JIH H30TJ)OTIHOI'O cJJyqa}I II IIOKa3aHO, 'ITO ero 

aCHMIJTOTHKa HaX0,D:HTCH B CO0TBCTCTBHH C perneHHCM 11Ke,ri:a l\11151qu ,D:JIH ypaBHCIJ

llii 5Inra-MIIJJJJCa B TIJIOCKOM npOCTpaHCTBe. 

11ccJJe,r_i:oBanue BOIIJ)OCOB q)H3HqecKOH HHTepnpeTal_(HH onepa11,1rn B3HTIIH Kna,ri:paTH

oro KOpHH OT raMIIJ!hTOH0Ba onepaTopa HCKOTOporo qacTHOI'O BH,D:a ,D:JJH 'IaCTHll,bl B 

cynepnpOCTpaHCTBC H ee CBH311 C CHCTCMOH 3aBHCHI11,ero OT BpeMeHH rapM0HHqCCK

oro OCll,IIJIJIHTOpa, a TaKn<e cn<aTbIX II K0repeHTHblX COCTOHHHH, H rI0CTpOCIIHC na 

3TOH ocuone CIICTCM C ,ri:po6nofi CTaTIICTHKOH. Pa3pa60TKa opurHHaJ!bHOro MCTO,D:a 

KBaHTOBaHIIH CHCTeM c ,ri:po6HOTT CTaTHCTHKOH. 

flocTpoenne KBaHTOBOIIOJJeBoro nponaraTopa ,D:JJH HeToqeq111,1x o6beKTOB ( Tilna 

CTJJYHbI) B MHKpaKaHOllll'ICCKOM ancaM6JJe B 5-MaTpuqHoii ¢opMyJ111pOBKC. ,Ll,JJH 

,ri:eiiCTBIIH HaM6y-foTO nponaraTop 11ai1,ri:eH B HBH0H ¢opMC. 

11 



Ilo Tel\Ie ,D,IICCepTau;nu ony6JIIIKOBaHhl CJie,D,yroru;ne pa60TbI: 

1. D.J. Cirilo-Lombardo; Rotated Charged Black-Holes in Einstein-Born-Infeld 
Theories, Problems of atomic Science and Technology 6, pp. 71-73, 2001. 

2. D.J. Cirilo-Lombardo and Yu. P. Stepanovsky; The simple solution of Relati
vistic Wave Equations for Charged particles in Constant Electric Field and 
Pair Production, Problems of atomic Science and Technology 6, pp. 
182-184, 2001. 

3. D.J. Cirilo-Lombardo; The Newman-Janis algorithm, rotating solutions and 
Einstein-Born-Infeld black-holes, Classical and Quantum Gravity, 21, is
sue 6, pp. 1407-1417, 2004. 

4. D . .J. Cirilo-Lombardo; Rotating Charged Black-Holes in Einstein-Born-Infeld 
Theory and their ADM mass, General Relativity and Gravitation, Vol. 
37, Number 5, pp. 847-856, May 2005. 

5. D . .J. Cirilo-Lombardo; Monopole Solutions and Regularity Conditions in Ein
stein-Born-Infeld Theories, Journal of Mathematical Physics 46, 042501, 
2005. 

6. D.J. Cirilo-Lombardo; Particle Actions in the Superspace, Square Root Op
erators and Quartions, Romanian Journal of Physics, pp. 7-8, Vol. 50, 
2005. 

7. D.J. Cirilo-Lombardo; Non-abelian Born-Infeld action, geometry and super
symmetry, Classical and Quantum Gravity, 22, pp. 4987-5004, 2005. 

8. D.J. Cirilo-Lombardo; Superparticle actions, square root operators and the 
Lorentz group SO(3,l), Hadronic Journal, Vol. 29, pp. 355-370, 2006. 

9. D.J. Cirilo-Lombardo; Quantum field propagator for extended-objects in the 
microcanonical ensemble and the S-matrix formulation, Physics Letters B 
637, pp. 133-138, 2006. 

10. D . .J. Cirilo-Lombardo; On the Lorentz group SO(3,l), geometrical supersym
metric action for particles and square root operators, Physics of Particles 
and Nuclei Letters, v. 3, N6 (135), pp. 123-135, 2006. 

11. D . .J. Cirilo-Lombardo; On the Lorentz group SO(3,l), geometrical supersym
metric action for particles and square root operators II: Squeezed States and 
Relativistic Wave Equations, Physics of Particles and Nuclei Letters, v. 
4, N3 (138), pp. 406-416, 2007. 

12. D.J. Cirilo-Lombardo; On the mathematical structure and hidden symmt'tries 
of the BI field, Journal of Mathematical Physics 48, 032301, 200,. 

12 

13. D.J. Cirilo-Lombardo; Kon-compact groups, Coherent States, Relativistic 
Wave equations and the Harmonic Oscillator. Foundations of Physics 37, 
pp. 919-950 (2007). 

14. D.J. Cirilo-Lombardo; Physical coordinates as dynamic variables for the super
particle from its geometrical action, Romanian Reports in Physics, \"ol. 
59, No. 4, pp. 1111-1117, 2007. 

15. D.J. Cirilo-Lombardo and N.G. Sanchez; Microcanonical model for a gas of 
evaporating black holes and strings, scattering amplitudes and mass spectrum, 
International Journal. of Modern Physics A, Vol. 23, Issue 20. 

16. D.J. Cirilo-Lombardo; The geometrical properties of Riemannian superspaces. 
exact solutions and the mechanism of localization, Physics Letters B, 661, 
pp. 186-191, 2008. 

17. D.J. Cirilo-Lombardo; Riernannian superspaces, exact solutions and the geo
metrical meaning of the field localization, International Journal Theoret
ical Physics, DOI 10.1007 /s10773-008-9736-8, 14pp. 2008. 

IIony11eHo 11 Hmr6px 2008 r. 


