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06~aJI xapaKTepHCT.HKa pa60TbI 

AKTYaJILHOCTb reMbI 

TeopH.11 KanH6poB01iHLIX rrone:H c BbICIIHIMH cmrnaMH - o,2:1Ha H3 Ha:e6onee 

Ba)!(HbIX H 3arpy,nHHTeJibHbIX rrpo6neM B COBpeMeHHOM KBaHTOBOM TeopHH rrom1. 3a 

nocne,nHHe ,neCHTHJieTH.11 OHa Bbl3Bana K ce6e 6oJibIIIOM HHTepec. CB06op:Ha.11 TeopHH 

KanH6poBo1iHbIX rronei1: c BbICIIIHMH crrHHaMH 6nrna ccpopMynHpoBaHa rp:11.nuarL ner 

Ha3a,n, HO IIOilbITKH IIOC!pOHTb rrocne,noBaTeJibH)'IO H IIOJIHYIO HeJIHHeHHYIO 

narpaH)!(eByIO Teopmo co B3aHMO,nelicTBHeM He yBeH'laJIHCb ycneXOM. 3ro O'leHb 

Ba)!(HaJI 3a.zxa1ia caMa rro ce6e. ;L(onroe BpeM.11 uapano y6e:>K,nem1e, 'ITO noKanLHI>I:ii 

J1arpaH)!(HaH .i:i:mr B3aHMO,neliCTBHB KaJIH6ponoqHI.IX none:H c BbICIIIHMH CIIHHaMH He 

cyIIIeCTByeT B rrnocKoM rrpocrpaHCTBe-apeMeHH. Hep:aBHO 6nrno rroKa3aHo, 'iTO 

cymecTByeT JIOKaJibHbIM J1arpaH)!(HaH KaJIH6pOB01iHbIX noneli c BbICIIIHMH CIIHHaMH 

B IIJIOCKOM npocrpaHCTBe-BpeMeHH n106o:H pa3MepHOCTH B nepBOM HeTpHBHaJibHOM -

Ky6HqecKOM nopx,n:Ke. KnaccacpHKaUHH H HBHLI:ii BbIBOP: 3THX B3aHMo,2:1elicTBH:ii 

O'ieHh Ba)!(Hbl .ZXJIH .nanbHeMIIIHX HCCJie,l:J;OBaHHB H, B03MO)!(HO, rrocrpoeHH.11 IIOJIHOro 

HeJIHHeiiHoro J1arpaH:>KHaHa B3aHMO,neHCTBYIO~HX rroneli c BbICIIIHMH CIIHHaMH B 

npocrpaHCTBe-BpeMeHH n1060H: proMepHOCTH: IIJIOCKOM HJIH IIOCTO.llHHOH KpHBH3HbI. 

CyIIIeCTBOBaHHe rronHoro HenHHeliHoro J1arpaH)!(HaHa ,2:1n.11 3Toli TeopHH MO)!(eT 

OTKpbIT& HOBYIO p:aepn, Be.ZXYIII)'IO K TeopHH rHrreprpaBHTaQHH H, HaKOHeQ, YKa3aTb 

Ha B03MO:>KHOCTb npeo.noneTb H3BeCTHI>Ili 6apbep N::S8 .nn.11 CyneprpaBHTaUHH, 'iTO 

3KBHBaJieHTHO s:::;2 .ZXJIH MaKCHMaJibHOro CIIHHa B TeopHH. 

.B Hacro.11mee BpeM.11 ny'iIIIHif KaH,nHp:aT TeopHH KBaHTOBOB rpaBHTaQHH -

Teop:11.11 CrpyH, Koropa.11 BKJIIOqaer B ce6x 6ecKoHe'IHoe KOJIH'ieCTBO so36y)!(,neHHLIX 

COCTOHHHH c nro6LIM CITHHOM, 'ITO HBJIHeTC.11 e~e O.ZXHOM MOTHBauaeli .nn.11 H3y'leHHH 

reopHH none:H c BbICIIIHMH crrHHaMH. EcTI> rrpe.nnono:>KeHHe, 'iTO reopH.11 

KaJIH6poaoqHbIX noneli c BbICIIIHMH CIIHHaMH OITHCbIBaeT 6e3MaCCOBbIH pe)!(HM 

crpyHHOM TeopHH. 

A.zxC/KTTI cooTBeTCTBHe Hy)!(.zxaercx B TeCTHpoBaHHH. EI.mo rroKa3aHo 'iTO 
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A.uC ;zyaJibHM Teop1rn 1<pHTHqec1<oii BeKTopHoii MO,lleJIH O(N) HBmieTCH Teopm1 

IIOJieii c BbICIIIHMH CTIHHaMH. ,ll;JIH Toro, qT06b1 npoBepHTb 3TO COOTBeTCTBHe Hy:>Irna 

JlarpamKeBa TeOpHH B3aHMO,lleHCTByIOII(HX KaJIH6poBoqHblX TIOJieii c BbICIIIHMH 

CIIHHaMH BHe MaCCOBOH TIOBepxHOCTH. 3rn oqeHb fil<TyaJibHaH 3a,llaqa .uana HOBYIO 

MOTHBaQHIO ,llJIH myqeHHH TeopHH KaJIH6poBoqHbIX TIOJieii c BblCIIIHMH CIIHHaMH. 

I1:rnecTHbl cornacoBaHHbie ypaBHeHHH .llBH)!{eHHH ,llJIH KaJIH6poaoqHbIX IIOJieli 

JII06bIX CIIHHOB, BbIBe,lleHHble MHXaHJIOM BaCHJibeBbIM, HO JlarpaH)!{eBa TeopHH IIOKa 

OCTaeTCH OTKpbITOH 3a.uaqeif. 

Uenb .uwcceprnUHOHHoli pa6oTbl 

• 

• 

• 

• 

Hccne.uoBaHHe reoMeTpHw CB060.UHbIX noneii c BbICIIIRMH 

CIIHHaMH. 

Hccne.uoBaHHe TIOBe.lleHHH TiporraraTopa KaJIH6poBoqHbIX rroneli c 

BbICIIIRMH CTIHHaMH B ynI>rpacpHoJieToBoM Tipe.llene H 

0.llHOIIeTJieBOH nepeHopMRpOBKH MaCCbI ,llJIH 3THX rroneli. 

BbIBO,ll KOHcpopMHbIX HHBapwaHTOB BbICIIIRX CTeTieHeii TIO 

rrpOH3BO,llHbIM c IIOMOII(bIO pa3JIO)l(eHHH <l>ecpcpepMaHa-rpaxaMa. 

Hccne.uoBaHHe CBOHCTB B3awMo,n;eiicTBHli KaJIH6poBoqHbIX TIOJieH: 

c BbICIIIHMH CTIHHaMR H BbIBO,ll Jlarpam1rnaHa B30RMO,n;elicTBMH 

IIOJieii c JII06bIMH CIIHHaMw B 1<y6Hqec1<0M nopH,n;Ke BHe MaCCOBOH 

IIOBepxHOCTH B IIJIOCKOM npocrpaHCTBe-apeMeHw JII06oli 

pa3MepHOCTH. 

HayqHim HOBH3Ha 

• reoMeTpHH CB060,llHbIX KaJIH6pOBOqHb!X IIOJICH C BbICIIIRMH 

CIIHHaMR RCCJie,llOBaHa B TepMHllOX KpHBR3H R CRMBOJIOB 

KpHcTOcpcpenH, Tipe.uno)!{eHHbIX J~CBHTIOM H <l>pH.UMaHoM. 
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• 

• 

• 

Hccne.uoBaHo yJibTpacjmoneroBoe rroBe.ueaHe nporraraTOpa 

Kairn6poBoqHbIX IIOJieli c BblCIIIHMH CIIHHaMH, a TaK )Ke 

rrocqwTaHa O,llHOTieTJieBM rrepeHOpMHpOBKa MaCCbI 

KaJIH6poBoqHblX IIOJieli c BbICIIIHMR CIIRHaMH B qeTbipexMepHOM 

npocrpaHCTBe AHTH-.ue-CHTTepa B crre~HaJibHOM cnyqae 

B30HMO,lleHCTBHH. 

Ilpe.llJIO)KeH HOBblH MeTO,ll rrocrpoeHHH KOHcpOpMHO 

HHBapHaHTHbIX OTiepaTOpOB H JlarpaH)KliaJIOB c IIOMOI.UbIO 

pa3JIO)!{eHHH d+2 pa3MepHOH MeTpHKH <l>ecpcpepMaHa-rpaxaMa. 

y CTaHOBJieHa CBH3b c .upymM MeTO,llOM rrocrpoeHRH KOHcpOpMHblX 

HHBapwaHTOB. Ilpe,llJIO)KeHbI H aHaJIH3HpOBaHbI paCIIIHpeHHbie 

Tipeo6pa3oBaHHH IleHpoy3a-EpayHa-XeHHO. 

Ky6Hqec1<we B30RMO.UelicTBRH 1<airn6poBoqHbIX rroneli c 

BbICIIIHMH CTIHHaMH HCCJie,llOBaHbl Ha pa3HblX rrpwMepax. BbIBe,n;eH 

JlarpaH)l(RaH B caMOM 06I.UeM cnyqae 1<y6wqec1<oro 

B30HMO,n;elicTBHH KaJIR6poBoqHbIX IIOJieH JII06bIX CIIRHOB c 

JII06RM B03MO)!{HbIM KOJIHqecTBOM rrpOH3BO,ll;HblX B IIJIOCKOM 

TipocrpaHCTBe JII06oH: pa3MepHOCTH BHe MaCCOBOH IIOBepXHOCTH. 

IlpaKTH'leCKIDI ueHHOCTb pa60TbI 

<l>opMaJIH3M H MeTO.llbI pa3pa6oTaHHble B 3TOH pa6oTe oqeHb TIOJie3HbI R 

MoryT 6bITb IIIHpOKO HCTIOJib30BaHbI B peweHHR pa3HbIX npo6JieM TeopernqecKOH 

cpH3RKR BbICOKHX 3Hepmil:. 3TH pe3yJibTaT.bI MoryT 6bITb HCIIOllb30BaHbI MHOrRMR 

TeopeTRKaMH TIO BCeMy Mwpy, pa60TaI01IIHMH B CMe)!{HblX o6JiaCTHX TeopeTwqecKOH 

cpH3RKH. 
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Hay'rnble rrono:>KeHH1!, BJ>IHOCHMble Ha 3aIUHTY 

• 

• 

• 

• 

• 

Yn1>'rpaqrnoneT0Boe rroBe.n;eHHe rrporraraTopa Kairn6poBoqHbIX 

rroneii c BblCIIIHMH CITHHaMH. 

0.n;HorreTneBM .n;HarpaMa H rrepeHOpMHpOBKa MaCCbl 

KanH6poBOtfHOro ITOJI1! c BhICIIIHM CITHHOM. 

Bl>IBO)J; KOH<PopMHbIX HHBapHaHTOB c ITOMOilJ;blO pa3JIO:>KeHH1! 

<I>e<P<PepMaHa-rpaxaMa. Ero cB1131> c rrpm.:(e.n;ypoii P11qqff -

KanH6poBaHH1! .H pacumpeHHhIMH rrpeo6pa3oBaHH1!MH IleHpoy3a­

EpayHa-XeHO. 

CyIIIeCTBOBamre H e.n;HHCTBeHHOCTJ> Ky6HqecKHX B3aHMO.n;eiicTBHH 

KanH6poBOtfHhIX rroneii c BhlCIIIHMH CITHHaMH B IIJIOCKOM 

rrpOC'rpaHCTBe-BpeMeHH n106oii pa3MepHOCTH. 

JiarpaH:>KiiaH 3THX B3aHMO.n;eHCTBhlH BHe MaCCOBOH ITOBepXHOCTH 

)J;JI1! rroneil: c JII06hIM CITHHOM H JII06oro KOmNecTBa 

IIpOH3BO)J;HhIX. 

Arrpo6auH11 pa60T1>1 

Pe3yn1>TaT1>1 noil: pa60T1>I 61>mH rrpet1cTaBneH1>I B cne,n;yIOII.:(HX KoH<PepeH[(HHX 

H IUKOJiax: 

• International conference "Scientific session dedicated to the 90th 

anniversary of Yerevan State University", 11-15 May 2009, 

Yerevan State University, Yerevan, Armenia. 

• IV Me:>K.n;yHapo.n;HM CaxapoBCKM KoH<PepeHQH11 no cpH3HKe SC4, 

18-23 MaH 2009 ro.n;a, MocKBa, <l>mHqecKHH HHCTHTYT 
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• 

• 

• 

• 

HM. II.H. Jie6e,n;eBa PAH. 

International school "New Perspectives in String Theory", 8-19 

June 2009, Galileo Galilei Institute for theoretical physics, 

Florence, Italy. 

International conference "Supersymmetries and Quantum 

Symmetries' 09", 29 July - 3 August 2009, Bogolyubov 

Laboratory of Theoretical Physics, Joint Institute for Nuclear 

Research, Dubna, Russia. 

Prospects in Theoretical Physics Program 2010, "Aspects of 

Supersymmetry", 19 - 30 July, Institute for Advanced Study, 

Princeton, USA. 

Humboldt Kolleg/XIV International Conference "Symmetry 

Methods in Physics" ("SYMPHYS - XIV"), 16 - 22 August, 2010, 

Tsakhkadzor, Armenia. 

Pe3ynI>TaT1>I 3Toii ,n;HccepTal(HOHHOH pa60T1>I TaK:>Ke rrpe,n;cTaBneHJ>I H 

o6cy:>K,n;eHhI Ha ceMHHapax EpeBaHcKoro <l>H3HqecKoro HHCTHTyrn, EpeBaHcKoro 

rocy.n;apcTBeHHOro YHHBepCHTeTa, TeXHHtfeCKOro YHHBepCHTeTa Kail:3epcnayTepHa, 

<l>11311qecKoro HHCTHTYTa PoccHiicKoii AKa.n;eMHH HayK HMeHH II. H. Jie6e,n;eBa B 

MocKBe, 061>et1HHeHHOro HHCTHTYTa 5lt1epH1>1x Hccnet10BaHHH B ):(y6He, Scuola 

Normale Superiore B Ilme, YHHBepcHTeTa PHMa "Tor Vergata", YHHBepcHTeToB 

Mottca H Bp10ccen11 B Een1>rnH. 

IJy6JIHKfillHH 

Ilo TeMe )l;HCcepTal(HH orry6nHKOBaHO 6 HaytrHbIX pa6oT, CIIHCOK KOTOphIX 

rrpHBO)J;HTCH B KOH[(e aBTOpecpeparn. 
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CTQYKTypa .zurccepTaumr 

,[(HccepTaumr COCTOHT H3 BBe,l(eHmI, qeTbipex rnaB, 3aKJIIOqeHHH, 6 

,l(OIIOJIHeHHH H CIIHCKa JIHTepazypDI H3 128 HaHMeHOBaHHii. 06II(HH o6neM pa60TbI 

cocTaBJIHeT 129 CTPaHHu neqaTHoro TeKcTa. 

Co,l(epxmuue pa6oTLI 

Bo BBe,l(eHHH o6cyJK,l(aeTCH BaJKHOCTb 3TOH pa60ThI, ee npaKTHqecKaH 

ueHHHOCTb H CBH3b c IIO,l(06HbIMH pe3yJinTaTaMH .u;pyrHX rpyrrrr. 

B nepsoii rnase KpaTKO o6cyJK,l(eHa <j_JopMynHpOBKa <!>poHc.nana (MeTpHKO­

no,l(o6HaH cpopMyJIHpOBKa) Teop1rn CB060,l(HbIX IIOJieii c BhICIIIHMH CIIHHaMH. ,[(aHbI 

OCHOBHbie IIOJIOJKeHHH H o603Ha'!eHHH 3TOH TeopHH, a TaK JKe TeXHHqecKHe MeTO,l(hI 

,l(JIH ,l(aJI&Heiirneii pa6oTDI. Tiony'ieHbI TOJK,n;ecTBa EHaHKH, a TaK JKe HeKOTOpDie 

HOBbJe TOJK,!J;eCTBa ,l(JIH KpHBH3H H CHMBOJIOB KpHCTo<j_J<j_JeJIH ,l(eBHrra-<!>pH,l(MaHa H 

TeH3opa <!>pOHC,l(aJia. BaJKHh!H HOBbIH pe3yJI&TaT 3TOH rnaBbI MOIKHO 

ccpopMymrpoBaTb TaK: B <!>poHC,l(aJIOBCKOH TeopHH KaJIH6poBoqHb!X norreii c 

BbICIIIHMH CDHHaMH eCTb TOJibKO ,l(Be HeTpHBHaJibHbIX, KaJIH6poBoqHo 

HHBapHaHTHb!X BeJIH'iHHbI - TeH3op <!>poHC,l(aJia H KpHBH3Ha IIOJIH c BbICIIIHM 

CIIHHOM. Bee OCTaJibHbJe KaJIH6pOBOqHo HHBapHaHTHb!e BeJIHqHHDI MOJKHO Bb!pa3HTb 

qepe3 3TH ,l(Be. ,[(JIH IIOJIH co CIIHHOM ,l(Ba - JIHHeapH30BaHHOH rpaBHTal(HH - 3TO 

TeH3opnI PHqH H PHMaHa cooTBeTCTBeHHO. 

Bo BTopoii rJiaBe HCCJie,l(oBaHo ynnTpoq.rnoneToBoe noBe,l(eHHe nponaraTopa 

KaJIH6poBOqHoro IIOJIH c BbICIIIHM CIIHHOM. IlponaraTOp BbIBe,l(eH B KaJIH6poBKax .n:e 

,[(oH.nepa H <!>eiiHMaHa. CyII(ecTBoBaHHe KanH6poBKH <!>eiiHMaHa ,l(JIH 

KaJIH6poBoqHoro IIOJIH c JII06bIM CIIHHOM ,l(OKa3aHo. B 3TOH KaJIH6poBKe nponaraTOp 

BbipaJKaeTCH qepe3 faycOBCKHe rnnepreoMeTPH'ieCKHe <j_JyHKI.(HH, ,l(JIH KOTOpb!X 

aHaJIHTHqecKoe IIpO,l(OJIJKeHHe CTaH,l(apTHO. 
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Kamr6poBKa <!>eiiHMaHa o'!eHb none3Ha B nepzyp6arnBHOM paccMoTpemnr 

A.J:\C/KTTI. ,[(m1 Toro, 'iT06 coxpaHHTb KaJIH6poBoqHyIO HHBapHaHTHOCTb, 

nponaraTOpbI ,l(OJI)KHbI CBH3DIBaTbCH c coxpaHHIOII(HMHCH TOKaMH. TiocTpoeHI:.I TaKHe 

TOKH, BKJIIO'iaIOII(He B ce6H IIOJie co CIIHHOM l H XHrrCOBCKHH CKaJIHp, ,l(JIH IIOJieH co 

CIIHHaMH /±2. 

0,l(HOIIeTJieBaH ,l(HarpaMMa c TaKHMH B3aHMO,l(eiicTBaMH HMeeT ,l(Ba IIOJIH c 

BhICIIIHMH CIIHHaMH KaK BHeIIIHire JIHHHH, KOTOpbie "aMII)'THpOBaHnI" ua H3bIKe 

KTTI: OHH Haxo,n;HTCH BHe MaccoBo:ll: noBepXHOCTH H Ha HHX ,n;e:ll:cTByeT onepaTOp 

<l>poHc,n;ana, p;eJiaH HX KaJIH6poBO'l:HO - HHBapHaHTHDIMH. BHyTpH neTJIH HMeeM 

IIpOH3Be,l(eHHe CKaJIHpa co CJie,l(OM IIOJIH CIIHHa /+2 B Kamr6pOBKe <!>eHHMaHa. 3Ta 

,l(HarpaMMa HMeeT ynnTPO<lrnoneTOBYIO paCXO,l(HMOCTh, KOTopy10 MOIKHO 

perynHpH30BaTb H nepeHOpMHpOBaTh c BbI,l(eJieHHeM KOHe'iHOro KaJIH6posoqHo -

HHBapHaHTHOro KOHTPqJieHa H KOHeqHoii nepeHOpMHpOBKH MaCChI, Bbipa)!(aIOII(yIOCH 

cne.nyIOII(eii <j_JopMynoH:: 

orn2 = gjD3(f - 2)(£ + 2) = gj(f - 2)(.e + 2) 
e 8N7r4(f + 1) 4N7r2 (£ + 1) 

qTo HBJIHeTCH OCHOBHDIM pe3yJinTaTOM 3TOH ma.Bbl. 

B TpeTLeii rJiaBe npe,l(JIOJKeH HOB&rii MeTo,l( IIOCTPOeHHH KOHcpopMHO -

HHBapHaHTHbIX orrepaTOpOB H JiarpaH)!(HaHOB c IIOMOII(blO d+2 pa:3MepHoro 

o6epTbIBaIOII(ero rrpOCTPaHCTBa <!>ecpcpepMaHa-rpaxaMa. OcHOBHaH H,l(eH 

<!>ecJ.>cJ.>epMaHa-rpaxaMa COCTOHT B yBepeHHOCTH, qTo ,l(Hcpcpe0Mop<l_JH3Mbl H 

JIOKaJibHh!e KOH<j_JopMHble HHBapHaHTbI HH3IIIHX pa3MepHOCTeli MOryT 6nITb 

IIOJiyqeHhI H3 COOTBeTCTBYIOII(HX penapaMeTpH3aQHOHHO HHBapHaHTHbIX 

KOHTPqJieHOB B IIpOCTPaHCTBe BbICIIIeli pa3MepHOCTH, KOH<j_JopMHaH HHBapHaHTHOCTb 

pa3MepHOCTH d peaJIH3yeTCH KaK qacTh ,l(HcpcpeoMop<j_JH3MOB B pa3MepHOCTH d+2. c 
,n;pyroli CTOpOHbI pa3JIOJKeHHe <t>ecpqiepMaHa-fpaxaMa CBll3aHO c 

AdSd+i I CFTd cooTBeTCTBHeM H HrpaeT KJIIOqeByIO pon& B Bnrne,n;eHHH 
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rorrorpacJ.m:qecKHX aHOMaJIHH B pa.3HbIX pa.3MepHOCTHX. Mepapxm1 KOHcpopMHO -

HHBapHaHTHblX CTeneHeH JianrracHaHa (HJIH HHBapHaHTHOro JiarpaH)I<HaHa) B 

rrpocTpaHCTBe-BpeMeHH pa.3MepHOCTH d ~ 2k, ,n;eHCTBYIOmHX Ha CKaJUipHble IlOJI5! c 

KOH<!JopMHOH pa.3MepHOCTbIO Li(k) = k-d I 2 ' BbIBe,n;eHHOH c IlOMOmbIO npHMOH 

HeTepOBCKOH npOI.(e.n;ypbl, norryqeHa CHOBa c IIOMOmbIO pa.3JIO:>KeHH5! <l>e<!J<!JepMaHa­

rpaxaMa. 3TOT Bb!BO,D; C IIOMOmbIO o6epTbIBaIOmero npocrpaHCTBa paCKpbIJI 

3aMeqaTeJibH)'IO H TaHHCTBeHHYIO oco6eHHOCTb 3THX ,n;H<lJ<!JepeHl.(HaJibHblX 

HHBapHaHTOB: Il05IBJiemre 2k pa3MepHOH roJiorpacJ.m':IeCKOH aHOMamrn: B k-TOM 

':IJieHe sToii Hepap:iarn. 

,J:(aJibIIIe rrpe,n;JIO:>R:eHO pacnrnpeHHOe HJIH KaJIH6poBaHHOe d+2 

pa3MepHoe rrpocTpaHCTBO <l>e<!JcpepMaHa-rpaxaMa, qT06bI ycTaHOBHTb CB5!3b Me:>R:,n;y 

MeTO,n;OM pa3JIO:>R:eHH5! MeTpHKH <l>ecpepMaHa-rpaxaMa H c .n;pyrnM HHTepeCHblM 

MeTO,n;OM rrocrpoeHHH Beil:rr-HHBapHaHTHbIX JiarpaH:>R:HaHos, norryqeHHbIM A. 

Mop1m, JI. O'PacpepTH, M. 3aKcoM H C. Baii3eH,n;aHrepoM H Ha3BaHHbIM 

"Kamr6poBaHHe PH':I':IH". YHHBepcaJibHOCTb H o':IapoBaHHe d+2 pa3MepHoro 

MeTO,n;a <I>ecpcpepMaHa-fpaxaMa orrpe.n;em1eTrn cymecTBoBaHHeM TaK Ha3bIBaeMbIX 

.z:!;HcpcpeoMopcl>H3MOB TieHpoy3a-EpayHa-XeHHO. 06cy:>K,n;aIOTCH HOB:&Ie 

npeo6pa3oBamrn TieHpoy3a-EpayHa-XeHHO, ':IT06br Hccrre,n;oBaTb pa3JIO:>KeHHe d+2 

pa3MepHoH: MeTpHKH B npHcyTcTBHH KaJIH6poBO':IHOro IIOJIH BeiiJia H pa3'.l>HCHHTb 

roJiorpacpHqecr<0e npoHcxo:>K,n;eHHe KaJIH6poBaHHH PH':I':IH. 

,J:(mr IIOJIHOTbl 3TO IIOJIO:>R:eHHe rrpo6yeTC5! Ha xopoIIIO H3BeCTHOM crryqae k=l. 

1/ i { d-2 2} S(l) = '2 d'x..j§ gµ
11

8µ'P(l)011'P(1) - 4(d- l)R'P(1J 

,J:(aJiee o6cy:>R:,n;aeTC5! H3BeCTHbIH crryqaii d=4, H ,n;aBHO BbIBe,n;eHHbIH 

KOHcpopMHO - KOBapHaHTHbIH onepaTOp qeTBepToro rrop5!,n;Ka B pa3MepHOCT5IX d~4, 

KOTOpbIH ocymeCTBJI5IeT ,n;aJibHeHIIIYIO rrposepKy HaIIIero IIOJIO:>R:emrn, BKJIIOqaIOmYIO 
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BTopyIO 3il:JiepeBy xapaKTepHCTHKy E2 . )J;arree rrpoBO,[(HTC5! HOBbIH pacqeT JIOKaJI:&HO 

Beiirr HHBapHaHTHOro rpeTbero rrop5!.n;Ka JiarrrracHaHa B rrpocrpaHCTBO-BpeMeHHbIX 

pa3MepHOCT5IX d~6 HJIH, .n;pyrnMH CJIOBaMH, CTPOHTCH KOH<!>opMHO - HHBapHaHTHOe 

,n;eiiCTBHe .z:!;JIH CKaJIHpa c KOHcpOpMHOH pa3MepHOCTbIO 3-d/2, CBH3aHHOH c 

rpaBHTal.(HeH. 

)J;aJiee TO :>R:e caMoe .n;e.HCTBHe KOHcpOpMHOH CBH3H CKaJIHpa c 

rpaBHTaI.(He.H, OIIHCaHHOe BbIIIIe, o6o6maeTCH B .n;pyroM HanpaBJieHHH: npe.n;rraraeTCH 

o6o6meHHe Be:il:JieBCKOH HHBapHaHTHOCTH .n;rrx BbICIIIHX cnHHOB H crpOHTCH Be.Hrr 

HHBapHaHTHoe (H KaJIH6poBoqHo HHBapHaHTHOe) Ky6HqecKoe B30HMO,D;eHCTBHe 

CKaJI5Ipa c BHeIIIHHM IIOJieM BbICIIIero CilHHa B npocrpaHCTBe AdSD c JII06o:0: 

rrpocTpaHCTBO-BpeMeHHOH pa.3MepHOCTbIO D. TioKa3bIBaeTcH, qTo KOHcpopMHoe 

Ky6HqecKoe B3aHMO,n;eHCTBHe CKaJI11pa c IlOJieM BbICIIIero CIIHHa e,n;HHCTBeHHOe H 

OIIHC:&IBaeTC11 JiarpaH:lKHaHOM, KOTOpbIH 11BJI11eTCH np11MbIM o6o6meHHeM 

KOHcpopMHOro B30HMO,n;e.HCTBHH CKaJI11pa c rpaBHTaI.(HeH. 

B qeTBepToii rJiaBe o6cy:>R:,n;aIOTCH pa.3Hbie cJiyqaH KaJIH6poBoqHo -

HHBapHaHTHbIX Ky6HqecKHX B3aHMO,n;e:il:CTBHH KaJIH6poBoqHbIX IIOJie.H c BbICIIIHMH 

cnHHaMH B ITJIOCKOM (MHHKOBCKOM) npocrpaHCTBe JII06oil: pa.3MepHOCTH. CHatiarra 

HCCJie,n;yeTCH Ky6HqecKoe B3aHMO,!l;eHCTBHe 6e3Maccosoro BeKTOpHoro 

(3rreKTpoMarHHTHoro) rrorr11 c norreM BbicIIIero cmrna. BbIBo,n;11Tc11 coxpaH1110mHecx 

TOKH ,!l;JIH norre:il: BbICIIIHX CIIHHOB, IIOCTpOeHHbIX OT 6e3MaCCOBbIX BeKTOpHbIX rrorre:il:. 

TioTOM BblBO,D;5ITCH Jiarpam1rn:aHbl B3aHMo.n;eHCTBHH IIOJI11 co CITHHOM ,n;Ba c IIOJI5IMH 

co CIIHHaMH tieTbipe H IIIeCTb. ,J:(aJiee Bb!BO,!l;HTCH B3aHMO,[(eHCTBHe IIOJIH cmrna s c 

rrorreM cmrna 2s c rr0Mom1>10 HeTepoBCKOH npol.(e.n;ypbr. B pe3yrrbTaTe norrytiaeTcH 

JiarpaH:>R:HaH, KOTOpbIH HMeeT <l>opMy CBepTKH IIOmI c TOKOM, r.n;e TOK CIIHHa 2s H3 

IIOJI5! CIIHHa s CTpOHTCH B IIOJIHOH aHaJIOrIUI c TeH030TOM Eenna-Po6HHCOHa CIIHHa 

qeTbrpe rrocrpoeHHoro H3 IIOJIH CilHHa ,n;Ba H TeH30pOM 3HeprHH-HMIIYJibCa CIIHHa 

,n;Ba, nocrpoeHHOro H3 BeKTOpHoro IIOJIH co CilHHOM e,n;HHHI.(a. 

,J:(arree ,n;eTaJibHO o6cy:>K,n;aeTcH caMo,n;eil:crnHe KaJIH6poBO'iHbIX rrorre:il: c 

BbICIIIHMH CIIHHaMH. B crrytiae CIIHHa ,D;Ba, JIHHeapH30BaHHOH rpaBHTaI.(HH, CTpOHTC11 

II 
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Ky6n:-qecKHH rropH.n;oK nn:Heapn:3oBaHHoro JiarpamrrnaHa 3:ll:HmTeM:Ha-rn:n6epTa. 

ITOTOM pemaeTCH ey6H'IeCKOe caMo.n;eiiCTBHe ITOJIH cmrna 'IeTbipe rrpHMbIMH 

BhI'IMcnemrnM!i. ITocne .n:onrnx pac'IeToB rronHhIH crrn:coK JiarpamKeBhIX 'IJieHoB 

caMo.n:e:HcTB!iH KaJrn6poBO'IHOro ITOJIH co Cill'IHOM qeTbipe B Ky6n:1feCKOM rropH.n;Ke 

rrpe.n:cTaBJIHeTCH B HBHOM BH.n;e B TeH30pHb!X KOMITOHeHTax. 06cy)l{.n:aeTCH o6rn;n::H 

cny-qa:H, IlHilleTCH rnaBHb!H lfJieH Ky6H'IeCKoro caMo.n;e:HCTBHH KanH6poB01fHOro rromI 

c mo6bIM BbICillHM CITHHOM. .l(anee ITOJJ:p06HO H3y1:1aeTCH caMbIH o6rn;H:H cny1:1a:H 

B3aliMO.n;e:HCTBHH KanH6poBO'L!HbIX none:H c BbICillHMH CTIHHaMH B ITJIOCKOM 

rrpocTpaHcTBe-BpeMeHH mo6oM: pa3MepHocrn. ITpe.n;cTaBJreHo rronHoe pemeHn:e 

ypasHeHHH HeTepa s rrepBOM HeTpHBJ1aJihHOM xy6n:1:1eCKOM rropH.n;Ke 

B3aHMO.n;e:HCTB!iH. 

IToKa3aHo, lfTO cyUfecmeyem llOKCl!lbHbZU Jla2part;){CUaH OllR nepeozo 

HempueuaflbH020 nopR01<a - 1<y6u11ec1<020 B3awwooeucmBUR 1<Cl!lu6poeo1111bzx no!leu c 

Jl106blMU BblCUlUMU cnUHClMU, 61<Jl10'la10UfUU 8 ce6R npOU380011ble Bb!CUIUX cmeneHeU 

om 3mux no!leu. 

ITpe.n;cTasneH rronHhIH cnn:coK JiarpaH)l{eBbIX 1:1neHOB .n:n» Ky6B:1:1ecKoro 

B3aHMO,Zl;eHCTB!iH KanH6poB01fHbIH none:H c mo6bIMH BbICillHMH CIIHHaMH S1, Sz, S3. 

PemeHHe ypaBHeHHH Hfaep rrnmeTCH ymrnepcanbHhIM o6pa3oM .n;Jrn mo6oro 

B03MO)l{HOro KOJIHlfecrna npoH3BO.ll:HhIX B Ky6n:1:1ecKOM JiarpaH)l{HaHe. OrpaHM'L!eHHH 

Ha KOJIH'L!eCTBO rrpOH3BO,Zl;HbIX BbIBe.n;eHbI, pe3yJibTaT HaxO,Zl;HTCH B IIOJIHOH 

cornacosaHHOCTH c pe3yJI1>TaTOM, paHHee rrony1:1eHHhIM P. Meu;aeBbIM B Kann:6posKe 

cseTOsoro KoHyca. Konn:1:1ecrno rrpon:3BO.ll:HhIX l'l. B Ky601:1ecKoM JiarpamrrnaHe 

B30HMO,Zl;eHCTBHH KanH6poBO'L!HbIX IIOJie:H co CIIHHaMH 

SI~ S2 ~S3 

orpaHBlfeHa CHH3Y Ii csepxy: 

S1 + S2 - S3 ::::; ~ ::::; SI + S2 + S3 
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H npHHHMaeT S3 + 1 B03MOIKHbIX 3Ha'L!eH!iH, r.n:e S3 - HaHHH3IIIee 3Ha'L!eHHe 

CITHHa rrone:H, y1:1acTByIOiu;HX BO B3aHMO).l;eHCTBHH. rnaBHb!H 'L!JieH (He 3aBHCHII.l;liH OT 

CJie.n;oB H ,!J;HBepreHu;HH noneH:) JiarpaH:ll<HaHa B3aHMo.n;eH:cTBHH IlHIIIeTCH B 

CJie.n;y10rn;eM: KOMIIaKTHOH cpopMe: 

LW~ing) (h (s,) (z),h(s,) (z),h (s,) (z)) 

= r 1 f o(z-z1)o(z-z2 )o(z-z3) 

a+P+r=n a!fi!y!_ - -
-1.~2.-3 

[(V 8 )s,-n+r(V 8 )s,-n+a(V 8 )'2 ·n+p(8 8 )r(a 8 )a(8 8 )P] 
12 c 23 a 31 b a b b c c a 

hes,) (a;z
1
)h (s,) (b;z

2
)h(s,) ( c;z

3
) 

IToKa3aHO, 'L!To Ky6n:'Iecx1re B3aMMo.n;elicTBHH xann:6poBO'IHhIX rroneM: c 

BbICillHMH CIIHHaMH O,Zl;H03Ha'L!HO onpe.n:enHIOTCH YCJIOBHeM KaJIH6poBO'IHOH 

HHBapHaHTHOCTH c TO'IHOCTbIO .n:o rrepeonpe.n;eJieHHH none:H H HHTerpBpoBaHHH no 

1:1acrnM. 

B 3a1rn10qeuuu rro.n:1:1epKHBaIOTCH OCHOBHbie pe3yn1>TaThl pa60TbI. 

3aKJiroqeuue 

.l(anee HJJ:YT OCHOBHbie pe3yJihTaThl .n:aHHOH ,Zl;HCCepTal.l;HOHHOH pa60ThI: 

• ITpe.n:noJKeHa 0epapxm1 KOHcpopMHhIX cKmrnpoB c pacTyrn;HMH 

MaCIIITa6HbIMH pa3MepHOCTHMH l1(k)=k-d/2, k=l,2,3,. .. CBH3aHHbie ck-TOH 

xapaKTepHCTHKOH 3M:nepa B COOTBeTCTBYIOiu;HX pa3MepHOCTHX d ~ 2k. 

ITpHBe.n;eHbl COOTBeTCTByIOrn;He KOHcpopMHO - HHBapHaHTHbie Jiarpam1rnaHbl c 

k-TOH CTeneHIO JiarrnacHaHa B H3BeCTHbIX cny'L!MX k= 1,2, IIOJIHOCTbIO 
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nocTpoeH H aHaJIH3HpoBaH crre.n;yrorn;nii crryqaif c k=3. Ta :lKe uepapxmr 

Bbrne.n;eHa c ucnoJib30BaHHeM MeTo.n;a d+2 pa3MepHoro o6epn.rnarorn;ero 

npocTPaHCTBa <l>ecJ.:>cJ.:>epMaHa-rpaxaMa. CooTBeTcTBy10rn;ax 3ara.n;oqHax 

rorrorpaqrnlieCKaH CTPYKTypa 3THX onepaTOpos pa3'bHCHeHa. I1ccrre.n;osaHo 

TaK:lKe d+2-MepHoe npoucxo:lK.n;eHHe npou;e.n;ypbI PHqlJ:H Karru6posaHHH, 

npe.n;JIO:lKeHHOH A. I1opHO, n. O'Pa4Jeprn:, 11. 3aKCOM H K. Baii3eH.n;aHrepoM B 

KaqecTBe HOBOro MeTo.n;a TIOCTPOeHHH BeHJI HHBapHaHTHbIX flarpaH>I<HaHOB. 

Ilpe,!l;JIO:lKeHbl H npoaHaJIH3HpOBaHbl OTKaJIH6poBaHHaH o6epTbIBaIOID;aH 

MeTpHKa, pa3JIO:lKeHHe <l>ecJ.:>cJ.:>epMaHa-rpaxaMa H pacurnpeHHbie 

npeo6pa3oBaHHH IleHpoy3a-EpayHa-XaHHO [l]. 

• ,l(eTaJibHO npoaHaJIH3HpoBaHa cuHrynxpHaH ynI>TPacJ.:>uorreTOsa 

CTPYKTypa nponaraTopa KaJIH6posoqHoro TIOJIH BbIClllero CTIHHa B Ads • . 

I1ccrre.n;osaHbI B03MO:lKHbie B3aHMo.n;eiicTBHH c XHrrcoscKHM cKanxpoM H 

COOTBeTCTBYIOID;aH O,!l;HOTieTJieBaH nepeHOpMHpOBKa MaCCbI. 3Ta 

nepeHOpMHpOBKa MaCCbl KOHeqHa H CBH3aHa c aHOMaJlbHOH pa3MepHOCTblO 

COOTBeTCTByIOrn;ero coxpaHHIOrn;erocH TOKa B .n;yanbHOH KOHcpopMHOH TeopHH 

TIOJIH Ha TPeXMepHOH rpaHHIIe, coxpaHeHHe KOTOporo HapylllaeTCH npH 

BKJIIOqeHHOM B30HMo.n;eiicTBHH. B qacTHOCTH 3Ta aHoMaJibHaH pa3MepHocTb 

nponopIIHOHaJibHa / - 2 [2]. 

• IIonyqeH HBHbIH BH,!l; JIHHeapH3oBaHHoro, KaJIH6poaoqHo-

HHBapHaHTHOro B3aHMO,!l;eHCTBHH CKaJIHpHoro TIOJIH c KaJIH6poBOlJ:HbIM IlOJieM 

npOH3BOJibHOro BbIClllero CTIHHa l B npOCTPaHCTBe AdS/). Ilpe.n;Jio:lKeHO 

o6o6rn;eHHoe BeiirrescKoe npeo6pa30BaHHe H nocTPOeHo cooTBeTcTsy10rn;ee 

Beiirr HHBapHaHTHOe .n;eiicTBHe s crryqae npoH3BOJibHoro cnuHa l. B o6oHX 

CJIYliMX JIHHeapH3oBaHHOe B3aHMO,!l;eHCTBHe ,!l;JIH KaJIH6posoqHoro TIOJIH 

BbIClllero CTIHHa l BKJIIQqaeT TaK:lKe B3aHMO,!l;eHCTBHH CKaJIHpa c IlOJIHbIM 

Ha6opoM KaJIH6posoqHbIX noneii co CTIHHaMH MeHbllIHMH qeM /[3]. 
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• IlonyqeHO JIHHeapH30BaHHOe KOJIH6poaoqHO-HHBapHaHTHOe 

B3aHMO,!l;eHCTBHe CKaJIHpHoro H BeKTOpHoro norreii: c TIOJIHMH BbICIIIHX CTIHHOB 

B npocTpaHCTBe AHTH .n;e CHrrepa. ,l(nx cnyqa5.1 CKaJIHpHoro nonx, onpe.n;eneHo 

TaK:lKe BeiineacKoe npeo6pa3oBaHHe H nonyqeHo Belin - HHBapHaHTHoe 

B3aHMO,n:eii:cTBHe. B o6oux cnyqaxx HHBapHaHTHoe B3aHMo,n:eii:cTBHe c 

BbICIIIbIM CTIHHOM £ co,n:ep:lKHT B ce6e TaKoe :lKe B3aHMO,n:eii:CTBHe co BCeMH 

TIOJIHMH HH3llIHX qeTHbIX CIIHHOB [4]. 

• IIpe.n;cTaBJieHbI HeKOTOpbie TPHJIHHeHHbie B3aHMO,n:eiicTBHH 

KaJIH6pOBOlJ:HbIX TIOJieH c BbICllIHMH CTIHHaMH, B crryqae Kor,n:a ,n:Ba H3 TPex 

3HalJ:eHHH cnHHOB cosna,n:aIOT. I1cnoJib3YH HeTepoBcKyIO npoIIe.n;ypy, 

IlOCTPOeH flarpaH:lKHaH B3aHMO,n:eHCTBHH B nepBOM HeTpHBHaJibHOM IIOpH,n:Ke 

pa3JIO:lKeHH5.l no TIOJIIO BMeCTe c COOTBeTCTBYIOID;HM KaJIH6posoqHbIM 

npeo6pa30BaHHeM TIOJIH. B onpe,n:eJieHHbIX crryqagx COOTBeTCTBYIOID;HH 

coxpaHHIOID;HHCH TOK B3aHMO,n:eHCTBHH cosna,n:aeT c o6o6rn;eHHbIM TeH3opoM 

EeJIJia-Po6HHCOHa. B OCTaJibHHX cnyqaxx nonyqeH KOHe't{HbIH Ha6op 

B3aHMO,n:eii:CTBHH c KaJIH6poaoqHbIMH TIOJIHMH co CIIHHaMH MeHbllIHMH qeM S3' 

B TIOJIHOM COOTBeTCTBHH c npe,n:bI,n:yrn;HMH pe3yJibTaTaMH [3] ,n:JIH 

B3aHMO,n:eii:CTBHH CKaJIHpHoro nom1 c KaJIH6posoqHb!MH TIOJIHMH Bb!CllIHX 

CTIHHOB [5]. 

• C noMOID;bIO npoIIe.n:ypbI Hfaep npe.n;crnsrreHo nonHoe pemeHHe 

,n:mI TPHJIHHeiiHoro B3aHMO,n:eii:CTBHH Karru6posoqHbIX norreii: c 

npOH3BOJibHb!MH CTIHHaMH S1, Sz, S3 B TIJIOCKOM npocTpaHCTBe-speMeHH. 

06cy:lK,n:eHa B03MQ)KHOCTb pacmupeHHH ,n:aHHoii KOHCTPYKIIHH ,n:o 

crre,n:y10rn;ero IIOpR,n:Ka pa3JIO:lKemrn: ITO KaJIH6posoqHb!M ITOJIRM. ,l(OKa3aHbl 

onpe,n:eJieHHb!e TeopeMbl ITO KJiaccmpHKaIIHH ey611qecKHX B3aHMO,n:eHCTBHH H 

caMo,n:eii:CTBHH c pa3JIHqHbIM qHCJIOM npOH3BO,n:HbIX H pa3JIHqHbIMH 

COOTHOllleHHHMH MC)[CAY CITHHaMH B3aHMO,n:e:ikTByIOID;HX IlOJieii:. 06cy:lK.n;eHO 
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TaK>Ke pa:mo)R:emre 1<amr6poBOtIHoro npeo6pa3oBamur ,n;nH noJIH cmrna s, a TaK 

)R:e 3aMKH)'TOCTb COOTBeTCTBYIOmeli a.rrre6pr:.1 rrpeo6pa30BaHliH [6]. 
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