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AlcTyaJII,HOCTb npo6neMU. l<BaHTOBaff Teop:wi IlOJI/i (KTIT) B08HliMa 

Irait o6o6~elille KBaHTOBOll MexaHlilill Ha PeJ!/:ITHBHCTCRYD o6~CTb. KTIT 
IlP8'ACTaB1UleT co6on 8'ARHCTB8HHYD norll'leCJW IlOCR8'AOBaT8HbHYD CX8MY 

OIIRCaIDUI peMTllBHCTCKIDC 8R8M8HTapH!lX 'laCTRU, B ROTOpon Y'{T8HH BCe 

OCHOBHH8 ~H3H'I8CKlie Tpe60BaHRHll~31_ l<BaHTOBaff aneKTpO,I(HHB.MRKa., 

pa3BllTHe H,Itett ,I(HHaMllliecruu CRMMeTplitt B ~H3HRe 'laCTRU, 8AHHH8 Teo

pHil 8H8KTpoMarlillTHHX, cna6HX R CHJibHl:lX B8aHMOA8llCTBrui - rrpHMepH, 

MRXX::TPRPYllllHe ponb KTIT Kalt ocHoBononaraIOO{ero rroAXO'Aa. B TO xe 

BpeMH HM88TCH PAA TPYAHOCTen, He IT03BORHDIIIHX CqHT!l.Tb KTIT 
3aKOH'l8HHOtt ~ll3H'I8CKOll Teopnen. rnaBHB.II H3 HRX - YHbTprupnoneTOBHe 

·paCXO,I(HMOCTil, Ae~eKT, npRCYll!Hll B TOM Wil1 RHOM BH,D;e BC8M ll3B8CTHHM 

qlOPMY~POBKaM KTIT. YnbTprupllOH8TOBHe pacXOARMOCTR B03HRKam KaK 

CR8'ACTBRe H80M03Ha'IHOCTR HCllOHb3Y8MOro B KTIT XpOHOHOrlNeCKOro 

nponsBe'AeHIDI onepaTopoB. 

Ilo'ITH OMOBpeMeHHO C B03HRKHOB8HH8M KTIT B03IDIBJia TO'IKa spe

HIDl,'ITO R36aBHTb TeopHD OT TPYAHOCTell MOlKHO,HHfilb' IlO'ABeprHYB cep:&-

83HOMY nepeCMOTpy OilHCaHlie B3aRMO'A8iCTBni!: Ha ManHX paccTO.flHIDlX. 

B Ka'l8CTB8 Mepli ManHX .MaCmTa6oB npocTpaHCTBa-BP8M8IDl 6Hn BBeAeH 

~ OO'hft.!jlli('l~}:a!;'i. Lh IH!CnrryT 1· 

fl ~~E~ scrn~n9Bffllllil 
~ l:iii~bfff'1CTEKA 



HOBUR napaMeTp - CWIWllleHTaJII,Hrul ,IVIRHB. e . IIo Tpa,ltliU!,ill Teopim '· 

co.nepxall!lle cpy~eHTaJII,HYBJ ,JVmHY, HB.SUBam HeJioKaJII,HUMH. 

MolKHO pasJillllaT1, ,nBa KJiacca HeJIOKaJII,HUX Teoplitt nomi. Teoplili 

nepBoro KJiacca/4-S/ npecJie,nym JiliIIII, o.nHY ueJii,: liS6aB!t!TI, KTII OT 

YJI!,Tpa!pllOJieTOBUX paCXO,I(HMOCTeit. IIpe.nnoJiaraeTCR, 'ITO tiaCTlIUU BSa

IDl!O.I(ettcTBYDr ~e JIOKaJII,HO, a B HeKOTOpott o6JiaCTli npocTpaHCTBa-Bpe

MeHH C KOHe'lHUMH paSMepar,ru: nopi!,IJ;Ka (},, • B T8.IU1X cxeMaX reoMeTpli'le

CKlle CBORCTBa npocTpaHCTBa-BpeMeHll B JIBJ6ux MaCmTa6ax, B TOM 'lllCJie 

Ha pacc~ORHHRX ~ ~,ocTaBJTCR o6U'lHUMl4, nceB,I(OeBKJIH,IJ;OBUMll, COOTBeT

CTBeHHO, BCe ~llSH'!eCKHe npHHUllilll, JielltB.111He B OCHOBe JIOKaJII,HOtt Teo

pHH, nepeHOCRTCR B HOBYBl CXeMY 6es K8.1WX-JIH60 liSMeHeHHtt. B Cl4JIY 

3TOro HeJIOKaJII,HUe TeOpHli nepBoro KJiaCCa B onpe,neJieHHOM CMUCJie RB

JIRDrCR ~HOMeHOJIOrli'leCKHMH, H60 KOHKpeTHUR Bll,IJ; ,HeJIOKaJII,HOrO BSallMO

,nettCTBIDI ,I(OJIJlteH onpA,I(eJIRTI,Cil TOJII,KO HS OilUTHUX ,naHHUX. 

HeJIOKaJII,HUe TeOpHH BToporo KJiaCCa HCXO,D;RT HS y6elK,I(eHHR O He

o6XO,I(HMOCTH 6oJiee rJIY60KOR TpaKTOBKH BOnpoca. CTopoHHllKH 3Toro 

no.n;xo.na C'lHTaBJT, 'ITO Tpy,nHOCTH TeopHH CBRSaHU C 'lpeSMepHOR npRMO:

JIHHeRHOCTI,B) pemeHM Bonpoca O pacnpocTpaHeHHH KBaHTOBUX SaKOHOB 

Ha peJIRTl:IDHCTCKYBl 06JiacT1, B paMKaX cymecTBYJOOlett KTII. Bll,nBHraeTCR 

rHnOTe3a O TOM, qTO xapaKTep B3allMO,l(ellCTBHJ'I Ha Ma.JIUX npocTpaHCTBeHHO

BpeMeHHUX paccTORHIDIX MeHReTCil HS-Sa Toro, 'ITO Ha 3TllX pacCTOilH,}-

RX MO,I(H~HpyeTCil car,ia reoMeTpM npOCTpaHCTBa-:-BpeMem/ 
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POJII,, KOTOpail OTBO,I(HTCR B TeopHRX BTOporo KJiacca cpy~eH

TaJll,HOH .ItJIHHe t , 6oJiee YHRBepcaJII,HB.. OHB. cpaBIIBMa. c poJII,BJ t 14 C -
qq~eHTaJII,HUX KOHCTaHT' onpe,neJIRKIJtllX KBaHTOButt H peJIRTHBHCTCKlitt 

xapaKTep TeopaH. 
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C YtieTOM CKaSaHHOro iICHa aKTYaJII,HOCTI, Bonpoca: cymecTByeT 

JIH HenpOTHBOpe'lHBa.R peaJIH38Ullil aKCHOM KTII, B KOTOpott reoMeTpIDI 

npocTpaHCTBa-BpeMeIIB ml. MaJIUX paCCTORHIDIX KopeHHUM o6pasoM OTJill

'laeTCR OT nceB,I(OeBKJIH,IJ;OBOH? UeJII, ,I(aHHOR pa60TU - ,I(aTI, YTBep,I(H-

TeJII,liutt OTBeT Ha 3TOT BOnpoc. 

HaYtIHail HOBHSHa K npaKTH'leCKaR ueHHOCTI, 

B ,I(HCCepTauHII nocTpoeHa CXeMa' y,noBJieTBOPRllll8R BCeM .aKClWMaM 

KTII, pacmapeHHe sa MaCCOBYBl IlOBepXHOCTI, (MII) B KOTOpott npoHCXO,I(HT 

B m.myJII,CHOM npOCTpaHCTBe ITOCTORHHOR KpHBHSHU. Pa.I(Hyc KPHBHSHU 

p -npocTpaHCTBa paBeH Mc. ~ f . 11sMeHeHHe reoMeTpHH HMnyJI1,cHoro 

npocTpaHCTBa Tpe6yeT BBe,I(eHHR HOBorc:i KO~HrYP!J.UHOHHOrO ~ -npe.n

CTaBJieHM, a,neKBaTHoro rpynne ,I(BilllteHM• :v.cKpHBJieHHoro p -npocTpaH

CTBa. ~PMYJrnpOBaHO ,I(HHaMK'leCKOe ypaBHeHRe ,I(JIR TOKa, 0606maRI11ee 

ycJIOBHe npli'lRHHOCTli EoroJIBJ6o:ea Ha c.ny,mtt HOBott KTII. llocTpoeHa 

TeopHR BOSMYmem, 'ITO npe,ncTaBJIReT co6ott HeTpHBHaJibHYD npo6JieMY 

B paMKaX ,naHHoro no.n;xo,na. B HOBOR KTII He BOSHHKaeT npo6new .no

onpe,neJieHKR Heo,nHOSHa'lHUX npoHSBe,neHHli cWiryJIRpHUX cpyHKU:mi c co&

na.nallllHf.m oco6eHHOCTRMH. 

Bee ~pallteHHR HOBOR KTII nepeXO,D;RT B 06U'lHUe, Kor.na BKJia,I(OM 

~yH,I(aMeHTaJILHOH ,I(JlllHll MOEHO npeHe6pe'lI,. 3TO RBJIReTCR BupruiteHHeM 

CBOeo6pasHoro npHHUHna COOTBeTCTBM, BWIOJIHRill!lerocR B ,naHHott 

TeOpHH. 

HenpoTHBope'lHBaR peaJIK38UM CllCTeMU aKCHOM KTil C ~eH

TaJll,HOR ,ItJIHHOR IlOJieSHa no pgzcr coo6paxem. HecOMHeHHO,HOBa.Sl CXeMa 

Mo:ateT 6HTI, .11cnoJI1,sonatta · .I(JIR HSyqeHHJt CaMOH CTPYKTYPll KTil. B tiacT

HOCTli, MO:ateT clllTI, IlPO?IKT CBeT Ha CBRSI, CTPYKTYPll CruirYJIRpHUXcpyHlt

UHH TeopRH IlOJIR C reoMeTpReit npocTpaHCTBa-BpeMeIDI. 
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/I6 17/ . 
HMeeTcR H ,IU>yroil: acneKT • rnnoTesu o qiy~ru.1eHTa.n1>11on 

,I~.mrne. KOTOp!IB CJie;n:yeT paccr,lOTpeTI, HeSaBllCllMO OT qx:>pMaJII,HOil: nepe

CTpO:llKll annapaTa KTIT. CY111BCTBOBaHlle HenpoTllBOpetJllBOil: cXeMbl, onnpa-

10111e:llc11 Ha rnnoTesy o qiy~aMeHTaJI1>Hoil: MllHe - BecoMHil: apryMeHT B 

ITOJII,SY cnpaBBMllBOCTll BTOH rnnoTesu. B 06JiaCTll CBepXBHCOKllX BHep

rni1 ( 2- fv/ C 
2

) npe,nc:Kasamm HOBOil: cxe~ CY1118CTBBHHO OTJI!NaRJrCR OT 

TeX, KOTOpue ,naeT o6mHruI KTIT. EcJIH HOBIIB no.nxo.n OKa.llteTCR BepHHM, 

TO IlOHRMaHRe RBJieHRii B BTOll 06JiacTll 6y,neT B npllHI.(lllle HeB03MOXHO 

Cles ~eTa pom1 q>Y~aMeHT8.JII,HOi1 ,nJIHHH. B BTOM CMblCJie paCCM8.TpllBae

MBJI TeopRR MOllteT RBllTl,CR TeopeTINeCKOil: OCHOBOH lpl!SHKll CBepXBHCOKllX 

s11eprllil:. 

Pasyr~eeTCR, IlO,I:lTBep,nliTI, MR onpoBepreyT1, rllllOTesy O CYIIIBCTBO

BaHRli ~eHTaJil,HOii MHHH MO]tHO, Jimlll, OilllpMCI, Ha BKcnepllMeHT8.JII,

HHe ,naHHHe, KOTOpHX IlOKa He,nocTaTOtJHO. CorJiaCHO HMellllHMCJI oueH

ww/16i, q>Y~aMeHTaJII,HaR ,nJIHHa MOllteT 6HTI, o6Hapyxem B, ll8MepeHRHX 

npli SHeprHRX yCKOpllTeJieil: CJie;n:ylOOlero IlOKOJieHHR (CepnyXOB, EataBRR, 

UEPH) liJili B TOtJHHX ll8MepeHRRX BJieKTpOMaI'HliTHHX xapaKTepllCTHK 

tJaCTllU. 

CJie)lVlOIURe OCHOBHHe pesyJI1>TaTH:.IgICCepTagHll BH.HBHraBJTCJI )lJUI 

~= 
I. ~OKaBaHO, ~TO rllnoTesa O HeeB~OBOM xapaKTepe reoMeTpllll 

RMIIYJI1>CHOro npocTpaHCTBa BHe MII He npOTllBOpetJHT. aKCllOMaM KTil ll 

Be,neT K IlOCTpoeHRID SaMKHYTOil: CXeMH, npe,ncTaBJIRl!llleil co6oil aJII,TepHa

THBY oel~Hoil KTIT. 
2. Cqx:>pMYJIHpOBaHH B RBHOM Bli,I:le orpaHINemm~ KOTOpHM .nomma 

Y.I:lOBJIBTBOP1JTI, s~l,18.TpRUa, ~acampeHHM ,Sa MII B f-IlpOCTpaHCTBe IlO

CTORIDIOil: KpllBHSHH (npOCTpaHCTB8 .ne CllTTepa) • YcJIOBlle TpaHCJIRUllOH

HO:ll :wraapllaHTHOCTll 4()PMYJ!llPY8TCSI B Bll.ll8 llHTerpa.n1,HUX TO~eCTB · 

B llMfiYJII,CHOM npocTpaHCTBe. 
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J. IlocrpoeHu oCloOl!lemrn reop1n: CKaJisip11oro :11 cmmopHoro noJieit 

B .l{yxe reouerp1m p -npocrpaHctBa ,l{e Cnrepa. 

4. Pa3BHTa KOHl.l8IlllHS! KOHqlllrYPB.llllOHHOro ff -npocrpaHCtBa, a,ne

KBaTHOro H88BKJlll,llOBy npOCTpaHCtBy _mmyJII,COB. HoBoe f-npe,l{CtaBJie

HH8 ItaHOHHtJ8CKH conpsixe110 HCKpllBJI8HHOMY p-npocrpaHCTBY B CMHCJie 

npeoopasOBaHHS! ~yp1,e no IlOJIHOil CHCreue MaTJllltJHHX SJI8M8HtOB YHH

rapHHX H8IlJlllBO,l{llMHX npe,l{CTaBJI8Hllil rpynnu ,l{BHX8HHR npocrpaHCTBa 

.Ile CHuepa. 

5. IlOKa3ruIO, tJTO ~ - npocrpaHCTBO llJ.188? "npwrnHHYD" crpyKry

py, B H8M ecn aHaJIOrH npocrpaHCTB8HHO-Il0,l{OClHOil H Bpeuem1 -IlO,llOCl

HOR OClJiacrea. Bo Bp8M8Hll-IlO,l{OClHOl! OClJiactH j -npocrpaHCTBa CYJll8CT

Byer ,l{llCKpeTHHR HHBapHaHT - aHaJIOr 3HaKa BpeueHn. AHaJior CB8TOBOro 

KOHyca, r.e. IlOB8JlXHOCTH, Ha KOTopoa cocpe,l{OtOtJ~HH Bee CHHryJISIP

HOCTll OClHtJHOR KTIT, OTCyTCTByer. 

6. IlOHS!Tll8 JIOKaJILHOCTll OClOCl1!18HO Ha CJiytJal! J -npocrpaHCtBa. 

BHtJHCJl8HH nepecraHOBOtJHaSI ll ,llpyrne CHHryJisipHue'qiyHKllllll CKaJIHpHoro 

IlOJIH B t -npocrpaHCTBe ll IlOKaBaHo, tJTO CKaJISIJ)HOe none Y.llOBJI8tBO

pHer HOBOMY' yCJIOBHD JIOKaJII,HOCTH. 

7. BB8,l{8H JIOKaJILHHR oneparop TOKa ll Cq>O}l}lYJIHJ)OBaHO ,llllHaw!tJ8C

K08 ypaBH8HH8 ,l{JIH TOKa, OClOCll!laDl!l88 yCJIOBH8 npHtJllHHOCTll. 

8. IlocrpoeHa TPaHCJIS!llHOHHO-llHBapnaHTHaH reop1rn B03MYJll8HHR C 

JIOKaJII,HHM B J-npoCTpaHCTB8 JiarpaHXHaHOM. ITOKa3aHO, tJtO B paCCMar

PHBaeuoM IlO,l{X0,1{8 He B03HHKaer H8HHterpnpyeuux npOH3B8,ll8HHR CHHry

JIHJ)HllX \PYHKllllR • 

9. PaspaOoraH KBa3HilOT8HllllaJII,HHl! ITO,llXO,ll C (!>y~B.l.!8HtaJII,HOR 

,l{JillHOR, KaK npnuep ,l{llHB.1.!lltJ8CKOro OilllCaHHS! B rpexuepHOM J-npocr

paHCtBe. Ha OCHOBe 3Toro ITO,l{XO,l{a c(!>opuyJIHpoBaH JlH,l{ M8TO,l{OB, Il03BO

JIS!Dl!IHX npOH3BO,l{llT1, pacqeru ITJ)llClJIHJ:8HHOro ll MO,ll8JII,HOro xapaxrepa: 

ypaBH8HH8 B repuHHax Clucrpor, p8JIS!TllBllCTCKllR M8TO,l{ q>a30BllX (!>yHK-

1.llll! ll .llP• 
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AnpodaIJ11n paooTu. PesyJibTaTu .n11ccepTau1111 ,noKJia,IiUBaJIHCb Ha 

cewmapax IlT<I> O.mrn, H<I>B3 1 <J?MAR, Ll.11AR, FNAL , MIT , CERN H Ha 

MHOroq11cJieHHWC BCeCOD3HUX H ue~yHapo,nHWC KOH~epeHu11nx,.ceu11Hapax, 

illKOJiax, B TOM q11cJie Ha XYTI H XYlll, XIX ue~yHapo,nHWC KOH~epeH~HRX 

no ~H3HKe BUCOKHX 3Hepr11n (IloH,nOH, 1974, TOHJIHCH, 1976, TOKHO 

1978), Ha ue~yHapo,nHWC COBe~aHHRX no HeJIOKaJibHOtt TeOpHH noJin 

(1967, 1970, 1973, 1976, 1979 rr.)_, ua Me~yaapo.nHoa xoH~epeH~H 

no MaTeMaTHqeCKJ1U ueTo.nau B KBallTOBon T80J)HH IlOJIR H CTaTHCTHK8 

(MoCKBa, 1973), Ha uex.nyaapo,nHou ce11Haape no npodJieuau ~H3HKH 

BUCOKHX 3Hepr11a H TeOpHl1 IlOJIH (CeJXIyXoB, 1978). 

Co.neplltaHHe paOoTu 

.I{HccepTar:(IDI COCTOHT H3 BBe.neHHR, ~eTupex rJiaB, SaKJIICReHH.R: 

H Tpex npHJioxeHHI. 

Bo BBe,neHHH H3JIOX8HU oo~an noCTallOBKa npoOJI8MH H xpaTKoe co

,nep%aHH8 .n11ccepr~HH. 

B riaBe I .nail aHa.mrn aKcMOM KTII. B paMKaX a1<c110MaTmecKoro 

rlI-3/ no.nxo.na K KT cymecTB8HHUM MOM8HTOM RBJI!l8TCR pacm11peH11e 

pasJimHHX TeopeTHKO-IlOJ18BUX 00'.b8KTOB sa ;,III. IlpH STOM 

npe.nnoJiaraeTcn, qTo 4-HMrIYJibCH, OT KOTOPWC 3aBl1CRT nOJIR H .npyr11e 

B8JIHqJ1HU BHe MIT, RBJIHDTCR npoH3BOJibHHMH B8KTOpaMH npOCTPaffCTBa 

Ml1HKOBCKOro. 0,nHB.KO 3TO npe,nnOJI0%8HH8 H8 CJie,nyeT H3 OO~HX npHH

UHnOB "I{TTI, H, no cyTH ,neJia, RMR8TCR ;ionOJIHHT8JibHHM nocTyJiaTOM. 

ropuyJI11pyeTcn r11noresa, Hrpan~an KJinqeByD poJib Bo Bceu pac

cuar}JRBaeuou no.nxo,ne: 4-m.myJibCH BHe MII npH~a,IiJiexar He nceB,no

eBMH~oBy npOCTPaffCTBy IDmYJibCOB, a npocrpaHCTBy HMilYJibCOB nocro-
'"" . 

RHHOtt KJ)RBH3HH. B03MOXHH ,nBa BapHallTa _T8.KHX npocrpaHCTB (npocT-

paacrB .ne CHrrepa), _peamrnyn~11ecn Ha rHnepdoJio¥.nax, BJIOX8HHUX B 

5-uepaoe npocTpaaCTBO 
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2 _,., 2 Po - f + f.,t2e' f,,2 -= M zc l 

pl ..s,z z , 2 2 2. 
I O - P - M C fr = - /vi C- • 

(I) 

(2) 

BeJinqnHa ~1 HasuBaeTcn ~YffAaM8HTaJibH08 uaccon. B ,naHHOM no.nxo.ne 

ecTeCTB8HHOtt RBJineTCR CHCTeua e,nHHHU,OCHOBaHHan Ha ~yH,naueHTaJib

HWC KOHCTaHTax 

t = c = l = M = 1. (3) 

B "nJIOCKOM" npe,neJie, T.e. xor.na 

I If l << i ) p"I z -i ( f = a, I 1 2, 5 ) (4) 

HJIH ~OpMaJibHO e ---'10 1 BCe COOTHOll8HHR ,ne-CHTT8pOBCKOtt reoueTpHH 

nepexo,nnT B COOTHOll8HHR nceB,n08BKJIH,nOB08 reoueTpnn H BC8 3qxii8KTH, 

CBR3aHHU8 C ~ya,naueHTaJibH08 ,nJIHH08,11cqesaDT, !.ffi MOX8T OHTb BJIO

xeHa B JIDOOe 113 npOCTpaHCTB (I) HJIH (2). B cnyqae npocTpaHCTBa 

(I) np11 3TOM ,nOJIXHO COOJID,naTbCR .nonoJIHHT8JibH08 orpa.a11q8HH8 

w/· z d.. (5) 

lanee noxasaao, qTo TpedoBaHHR TiyaHKape-HHBapHaHTHOCTH, YHH

TapHOCTH, cneKTpaJibHOCTH, IlOJIHOTH cncreuu acnMilTOTnqecxnx COCTOR

H118 ne npornBopeqaT paCUJHp8HHD sa J,ITT D neeBKJIH,nOBOM HMilYJibCHOM 

4-npoCTPaffCTB8, Ocoooro aHaJIH3a TpeoyeT yCJIOBH8 Tpa.aCJIRUHOHH08 

HHBapnaHTHOCTH, T,e. HHBapnaHTHOCTH OTHOCHT8JibHO npeoopasoBaHna 

X _,, X)<- + a,;---. /'- . 

(6) 

Il Hall8M no.nxo,ne 3TO yCJIOBne ~OJJMYJIHpyeTCR B nn,ne HHTerpanb

HWC TO~eCTD ,nnn K03qxiiHUH8HTHWC ~YHK~na s-MaTpHUH B P -npocrpaa

CTB8, laHHue To~ecrna Jierxo oooo~anrcn Ha HeenKJin,noB cJiyqaa. 
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B §2 rrpliBO,IJJITCil CBe,neHli/I O reoMeTpl1l1 p -rrpocTpaHCTBa IlOCTO.flli

HOtt :Kpl1Bl13HH. ,Ua.Ha q)l13lill0CRWI l1HTeprrpeTa.uM H0KOTOpHX BeJIWUlli/" 

CBJI3aHHHX C rpyrrnoft ,nBll.llteH!ill liMIIYJ!l,CHOro rrpocTpaHCTBa,11 CBO,nKa 

D8.JKHeihuRX ~PMYJI. B rrocJie,nylllIIRX .nBYX rrapa.rpaipaX ,naHH 0606111eHIDI 

reop1111 CBoOo,nHux CKanapHoro 11 crr11HopHoro rronen B ,nyxe reoMeTpR11 

p -npocTpaHCTBa ,ne-Cl1TTepa. ITOKa3aHo, qTo Ilpl1 aHaJIR3e lIOJiett B 

l1CKpllBJI0HHOM p-rrpocTpaHCTBe OKa3HBa0TCil cymecTBeHHOH 3aBl1Cl1MOCTb 

OT ,nOITOJIHl1T0JlbHOtt 5-tt KOMTIOHeHTH m.myJibCa p'f • 
B c~ae (2) cKaJ!ilpHoe rroJie (f ( p1 }\ ) c Ma.econ m B p -rrpe,n

cTaBJieHR11 y,noBJI€TBOpii€T CJie,nyllllleMY "ypaBH0Hll!O KIIetttta-rop,noHa" 

2 ( m'i - p'I ) y ( p I p., ) -= Q) 
(7) 

r.ne in.., :: ✓1+m 21 • PerueHRe ypaBHeHli/I (7) co,nepDrT cfaKTop ~(/'i_ ,,,Z), 
T.e. Haxo,nRTCR Ha Ma.CCOBOtt ITOBepXHoCTU. B "IlJIOCKOM rrpe,neJie" l-+ o 

ypaBHeH11e (7) rrepexo,n11T .B 061,1qHoe ypaBHeH11e Kri:ettHa-rop,noHa. 

ilflTilll: rraparpaw i!BJiil0TCil KJIJOII€BHM ,nJI./l rrepBOH rJiaBH K co,nepXKT 

,nOKa3aTeJibCTBO cnpaB0Ml1BOCTll aKCKOM KTIT B HeeBKJIH):lOBOM f -npo

CTpaHCTBe. OH co,nepXRT ilBHUe COOTHOlll0HlilI, BupaxalllIIKe opraHRqeHllSl, 

KOTOpUM ,noJIJKHa y,noBJieTBOpi!Tb s -MB.Tpuna Ilpl4 HOBOM pacw11peHRR. 

rJiaBa IT U€JIRKOM IlOCBJIIll0Ha pa3BRTRJO KOHU0IlUKll HOBOrO KOHq)llry

PauROHHOrO ~ -npe,ncTaBJieHJ4il. ,l{aHa q)l13Rq0CRWI llHTeprrpeTa.uRil l4HTep

BaJia (co6CTB€HHoro BpeMeHR) u IlJIOCKOtt BOJIHU B o6I,IqHOI TeopRl1 KaK 

co6cTBeHHoro ·sHaqeHllil 11 co6CTBeHHott qiyma:i;1111 onepaTopa Ka.sm,mpa 

rpynnH ,nBUXeHm!: RMITYJibCHoro IlpOCTpaHCTBa 

( 
) ) 2. z·fx 2 zf· >< .,_ (P >< ' -- e = X e = CY E 1 (8) 

1 <Jt . 
,nM C~ail YHRTapHHX npe,ncTaBJieHRtt. TaRruI KHTenpeTa.uRil Il03BOJ!il€T 

0606111l1Tb IIOHi!Tlle KHTepBaJia K IlJIOCKOH BOJIHH Ha c~att f-npOCTpaH

CTBa IlOCTOilHHOH KpllBl13HH B BR,ne 

8 

\ 

~ 
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)' 
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ff Mi<t- J'1KL<~lf> =-o-{cr+:S) <~Ip>~ (9) 

r.ne M KL - reHepaTop1,1 rpyrrnH .ne-CuTTepa, 6' - 0606111eHHilll: RHTepBaJI, 

3, - Ha6op 4 rrepeMeHHHX (B KOTOpun BXO,nRT l1HTepBaJI), ilBJiillOIJll1HCil 

"Toqxott" J ·-npocTpaHCTBa. .Ivm yltl1TapHHX npe,ncTaBJieHm!: HOBHe _ 

"IlJIOCKlle" BOJIHH < i) f > o6pa3yKYl' ITOJIHilll: opTorOHaJibHilll: 6a3l1C. BeJI11q11-

HH < ~ /p), B OTJIRq11e OT o6mHHX IlJIOCKRX BOJIH, CKHryMpHUe qiyHKURl1, 

Tpe6yllllll1e peryMp11sauu11 (cp./IB/). Ilpeo6pasoooH11e ~ypbe Ha qiyHK

UMX <~If )no3BOJlil0T nepettTR B HOBOe KOHqiRrypaUROHHOe } -rrpe,ncTaB-

JieHRe. 

Bo BTOPOR rJiaBe IlpRBe,neHO 60JibWOe KOJIRqecTBO peayJibTaTOB 

MaTeMaT11qecKoro xapaKTepa, Heo6xo,n:wm:x ,nJm KOHKpeTnux TeopeT,IKO

noJieBuX pacqeTOB. ~PMYJIU, OTBeqalllIIRe BapliaHTaM p-rrpoCTpancTD 

(I) l1 (2), Cl1Jlbli0 OTJIRqaJOTCH ,npyr OT ,npyra l1 Tpe6ym He3aBl1Cl1MOro 

uayqeHRH, XOTH rrpRHURIIKaJibHaH OCHOBa IlOHi!TliH 3 -rrpocTpaHCTBa ,nJI./l 

o6oux CJiyqaeB o,nHa u Ta xe. 

Hali60JI60 Ba.lltHllM MOM€HTOM HBJiil0TCH TO, qTO t -IlpOCTpaHCTBO 

o6JI8,IJ;aeT "npaquHHott cTpyxTypott". HanpRMep, B c~ae l -rrpocTpaHcTBa 

(2) Cil€KTP HOBoro RHTepBaJia (5' KMeeT ,nJI./l YHHTapHHX rrpe,ncTaBJieHHtt 

Bli,n 

O'-= 

' 3,t 1./1- IP- o<A < oo 

· L = - 1, ~ 11 2/ 

· HenpepHBHaH cepRH 
BpeMeHR-no,no6HaH o6JiaCTb f -rrpocTpaucTBa 

(IO) 
,nRCKpeTHaH cepRH 

npocTpaHCTB€HHO-IIO,n06HaH 06JiaCTb 
! -npocTpaHCTBa. 

B HerrpepHBHOH BpeMeHR-rro,no6Hott /\-cepllll cy111eCTByeT ,nonoJIHR

T€JibHilll: ,nRCKpeTHUtt l4HBapl1aHT, KOTopwt COBrra.naeT co 3HaKOM nepeMeH

HOtt, urpalllllett s,necb poJib BpeMeHH. B o6mHoa Teopllli 3Ha~eHHe RHTep

BaJiao-'=OoTBe~aeT CB0TOBOMY KOHYCY, T.e. IlOBBpXHOCTll, OT,neMxmett 
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,npyr OT .npyra BpeMe!Il:!-IlO,IlOClHyJO ll npocTpaHCTBeHHO-IlO,IlOClHYIO O~JiaCTH 

KOHqmrypaunoHHoro X -npocTpaHCTBa. Ha cBeTOBOM Koeyce cocpe,noTo'!eHH 

ocoeleHHOCTll CHHryJIJIPHHX qJYHKUllli oelll'IHOH KTII. B CJiy-qae ; -npocTpaH

CTBa ,IlBe qacTH cneKTpa llHTepBaJia pas,neJieHH KOHe'!HW/1 rrpoMeJityTKOM, 

T.e. aHaJIOr CBeTOBoro KOHyca s,necn OTCyTCTByeT. 

B rJiaBe ~ ,naH aHaJIH8 IlOJiei!. B KOH@,!rypaqaOHHOM f -rrpe,ncTaBJie

!U!li, llOCTJ)O8HO oeloeluiemrn YCJIOBl!JI npnq1mHOCTl1 l:ioroJIJOClOBa 1,: pas

BllTa TeopH.fI BO8MYl!leHrul. , 

B §ID pacCMO'1'peHa '1'P.OpWI CKaJI/IpHoro IlOJIJI B ~ -rrpocTpaHCTBe. · 

CymecTBeHHO, 'ITO rnnoTesa O HeeBKJill,IlOBOli reoMeTpHH p-npocTpaHCTBa 

n ycJIOBHe TpaHCJIJIUHOHHOli llHBapllaHTHOCTH TeopHH (CM. (6)) rrpHBO,IlJIT 

K ClHJIOKaJinHoi!. saBnciwocTH (cp./4/) cKaJIJipHoro noJIJI Cf 

Cfx {f) = r;,,~% J e ,;>< < t If> !:l(f; ;., ) j_{)_t) (II) 

r.ne Y'(p, P,, )- noJie B f -npocTpaHCTBe ,ne-CnTTepa, BOO61!le roBop,11, 

BHe MII, 

cl -l.0. f °' 
cit 

1?" l 
(I2) 

MeMeHT oel'!>eMa. !IepeMeHHHe X H f HMeJOT paSJIH'!HyJO np:npo,ny. JlH111n 

B 
11

IlJIOCKOM npe,neJie" {!-';> 0 paSHHUa Mell(,ey' HHMH HC'!esaeT 

Y: ( f ) ~ C( ( X 1- ! ) (I3) 

!Ipn npeoelpa8OBaHH.R:X TpaHCJIHUHli HMeeM: 

(f. { j } ~ e' ; At~ ( j) (? - ' pc, = 
x ~ ~ 

i j' _, x i/1i {p/ ) -,-Pa I n -
::: r~uJ½. t'f <f It> P /rt,/!, e c _1.o/' - <r4 ) 

= ! ~ J'e if'< <f/p > ere- Cff/,f!, Jc,/ _ _() 
(.211) ~ I '; 

c:c r;;1a (f) 
/ 

r,ne P - onepaTop aHeprnH-HMIIyJinea. 
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KoMMJTaTOp CKaJIJipHoro IlOJIJI B CJiy-qae (2) HMeeT BH,Il 

L-<f. (r} l/, (v)] = ~ 1){ !) -= 
Jc I )< l 

.. -~J J<~lf>c (fo)J(jt,-J1'1v)d_Qf:: 
(2q) . 

= 

' tl t) J._J-;:;:1 r{iA- 'I ) -Ii~ /. - . Q-'11 
( !::::!. ) -

<.i11>¥1. J. e s.,,,A •~ "" 

- BO BpeMeHH-IlO,IlOClHOii /\ -oelJiaCTH; 
(I5) 

~ 

Q - B rrpocTpaHc.TBeHHo-rro,noelHott L -oelJiacTH. 

3,ne~n £q 0
) - SHaKOBall qiyHKUIDI, aHaJior C. (x0

) B oelll'!Hoi!. TeopHH; 
-tA q' - q,YHKUIDI JieJKaH.npa IT po,na. B 11IlJIOCKOM npe,neJie" ( 15) rrepe.xo,nHT 
~ . 

B oelll'!HYll jJ -(!lYHKUHJO CKaJIJipHoro ITOJI.R: •• 

IloCKOJlnKY > HHB8.pHaHTHa OTHOCHTeJinHO rrpeoelpaSOBaHHli TpaHcJIJI

ql{H (6), a nepeCTaHOBO'IHBJI :;zl -q,yHRUIDI (paBHO KaK H .npyr1rn CHHry

JI.R:pHHe (!lYHKUHH CKaJI/IpHoro noJIJI) He saBHCHT OT X , nepeMeHeyD f 
MOltHO paCCMaTpKBaTn KaK aHaJior OTHOCHTeJinHOli Koop,nmraTH J<. 

1 
- x;l. • 

06p81IleHKe KOMMYTaTopa noRea B HYJin B npocTpaHCTBeHHO-IlO,IlOClHo! 

O6JiaCTK ~ -rrpOCTpaHCTBa ecTn HOBOe YCJIOBHe JIOKaJII,HOCTH. 

BBo,n~TC.II JIOKaJinHmi B HOBOM CMHCJie orrepaTop TOKa j X ( ~ ) K 

nocTyJIHpyeTCR: .IlJIJI Hero ypaBHeHKe, oeloelntaBl!lee ycJioBHe npH'IHHHOCTH 

!jlf:(!}) ~ ~(-() [Jx(O,j/u)_] + ;\i< (f }> (I6) 

r,ne Srt) - CTyneH"tJaTaR: q,YHKUIDI oelOCll!leHHoro BpeMeHH, ;\ Ir}- KBa
x 

3HJIOKaJinrurll: onepaTop. 

JlJI.R: IlOCTpoemm TpaHCJI.R:ql{OHHO-HHBapHaHTHO! TeopHH BOSMYmeH:wt 

BBO,IlliTC.II (!lYHKUW! BKJlll'lelillll (Ix ( f) G ClKJIOKaJlnHO! SaBHCKMOCTnll. 

!Io.ny-qaD11eeCR: pa3JIOlteHHe no CTeneHJIM KOHCTaHTH CBR:8H y,noBJieTBOp.lI

eT BCeM TpeeloBaHIDIM KTIT. !IOCKOJiney c,rnryMpHHe qlYHKUHH HMeJOT 
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e,llHHCTBeHHyID ocodeHHOCTb - np0CT0H n0JIIDC B KOMnJieKCHOH ITR0CK0CTJll 

HHTepB3Jia, a l!HTerpupoBaHHe no HHT8pBaJIY B 5 -npocTpaHCTBe CO,llep

l!tHT peuenT odxo,lla sToli ocodeHHOCTH, To npodJieMa ,lloonpe,lleJieHIDI npo

H3Be,lleHHtt CHHryJIJipHHX (f)ymaiafi He B03HHK8.eT. • 

B rJiaBe "£1 paccM0TpeH PR.tt B0ITp0C0B, CBll3aHlillX C KBa3Hil0TeH-
II9-22/ UllaJiblillM ypaBHeHHeM' • 11CTOpH'!eCKR K0HU8IIUWI ~ -rrpocTpaHCTBa, 

T0~Hee,ero TpeXMepHHli BapHaHT1221, BnepBHe dwra paCCM0TpeHa Ha 

npmiepe KBa3HilOT8HllHaJll,HOro Il0,llXO,lla.B )J,HCCePTauHH ,llaH BIIBO,ll KBa3H

noTeHunanbHLIX ypaBHeHHH, CO,lleplltamHx ~yH,llaMeHTailbHYD ,llJIHHy. Pac

CM0Tpelill pa3JIH'!lille MeT0,IU,l B paMKa.X KBa3HIT0TeHUH8Jll,H0ro Il0,JtXO,lla 

c ,llJIHH0li: YPaBHeHHe B TepMHHax ducTp0T, peJlllTHBJllCTCKltii MeT0,ll qiaso

BWC 4JYHKUitll H ,lip • 

B Tpex npWI0XelllilIX onHCaHH npHMeHeHllil paCCM0TpeHHHX B ,llHC

cepTaUHH qJHSH'll:eCKHX K0HUerruwt H M8T0,ll0B K 0IIRCaHHD cneKTpa MB.CC 

.II,llep,.cneKTpa MB.CC BeKT0plillX M830H0B, ,llaHHHX no np0T0H-Ilp0T0HH0MY" 

paccesmmo. 
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