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1. I'on Ha3a.u.* Ha4aJIaCh I1HTeHCI1BHaH paapaôorxa reopan cyrtepcrpyn, 

KOTOpaH B 60JIee OT,narreHHOH nepcnexrnae MO)KeT npl1BeCTI1 K C03)J.a.H111O 

rrOCJIe)J.OBaTeJIbfIOH e)J.I1HoH TeOp1111 acex B3aI1MO)J.eIICTBI1H, BKnI04aH rpa

BI1Ta~l1lO. UeJIb aacromnero zioxnana - 113JIO)KI1Tb OCHOBHble anea TeOpI111 

cynepcrpyn, a raxxce KpaTKO CcPopMYJmpOBaTb ee )J.OCTI1)KeHI1H 11 nepe

ureansre rrp06JIeMbI (CM. TaK)Ke neKIJ;1111 11 0630pbI 11·61 ; B 11·41 MO)K

HO n03HaKOMI1rbCfl c pa3BI1TI1eM TeOp1111 CTPYH no 1984 r., B 15-6/ )J.aHbI 

ztocrynasie 0630pbI pa3BI1TI1fl TeOp1111 cynepcrpyu B nOCJIe)J.Hee BpeMH) . 

B HacTOHI1lee BpeMH TBep)J.O YCTaHOBJIeHO, t1TO nocnenoaarensnaa 

TeOpl1H 4aCTI1IJ; a I1X B3aI1MO)J.eHCTBI1H ,D.OJI)KHa 6hITb TaK I1JII1 I1Hatle CBH

saaa c KaJIH6pOB04HbIM npI1Hu,l1nOM. TeH):~eHqI1H 06õe)J.HHeHI1H pa3JI114

HbIX B3aI1MO,D.ej:ÍCTBI1H B par-ncax õonee 0611~}lX KaJ1116pOB04HbIX TeOpl1H 

oT06pIDKeHa na pac.L. Ka)KeTCH necsr-ra BepOHTHbIM, 4TO rrpn saepraax 

M > 1015 r3B 'upOI1CXO)J.I1T 06õe)J.l1HeHl1e CI1JIbHbIX 11 3JIeKTpOMarHI1T
GU T- "~~ ~ 

no-cnaôsrx B3aJ1 Mo)J.eI1CTBI1I1 na OCHOBe KaJII16pOB04H0l1 rpyrmsr BeJlI1

xoro 06õelJ:I1HeHI1H G G U T ,0nl1CblBaeMoe nepeaopvnrpyer-roü, aCI1Mn

TOTI1lIeCKI1 -'cB06q)J.HOH KaJm6pOB04HOH reopaeá nona. HeI13BeCTHo, HeT 

JlI1 Me)K)J.y 06JláCThlO - 100 r3B 11 ofinacrsro - M GU T KaKorO-TO rrpo

Me)KYTOllHoro 06õe,lJ;I1HeHI1H. HeHCHO TaK)Ke, KaI(OBa rpynna G GUT' Haa
õonee cepsesasre Ka.H)J.li)J.aTbI GG U T= SU5 ' SO10 I1JII1 E6 B par-ncax 3TI1Xo 

l1,neH COBepweHlIO HenOHHTHO,' KaK np01130H,neT 06õe)J.HHeHl1e acex B3a

I1MO)J.eHCTBI1H c rpaaarauaeã (TaK KaK, B OTJII1t1l1e OT npyrnx B3aJ1MO)J.eH

CTBI1H, rpaBI1TaUHH CBH3aHa c norrexr cnana 2 11 nenepeaopr-rapyeraa, OHa 

m.manaer 113 06LÚetí: cxeMbI Benl1KOrO 06õe)J.I1Hemm) . 

.FICHO, 4TO reopaa BeJII1I(Oro 06õe)J.I1HeHIDI, pa3peWHBWaH MHOrl1e 

3ara,D.KI1 cPI1311KI1 3JIeMeHTapHbIX t1aCTI1u" ne MO)KeT 6bITb OKOH4aTeJIbHOH 

<pYH.naMeHTaJIhHOH reopaeü 3JIeMeHTapHbIX QaCTI1u" TaK KaK cymeCTBYIOT 

npoõrrer-n.t, !(OTopble B npnnuane ne MorYT 6bITb peiueasr C nor-rouisro 

3TOH reopan. 3TI1 npoôrrer-n.r MO)KHO pa3)J.eJII1Tb na rpn rpyrmsr. 
I. TIpo6iIeIVIbl CHMMeTpHH li nOKOJIeHHH. Bo-rrepnsrx , HeT TeOpeTI1

4eCKoro npilllU,Jofna, no KOTOPOMY onpe)J.eJIHeTCH KaJlI16pOB04HaH rpynna 

GGUT' Dpe)J.CTa13JIeHI1H, B KOTOphIX pa3MemaIOTCH KBapKI1 11 nerrroasr, 

* JrOT norcnan, [lOnrOTOBneHHbIH nrra 23 ceCCHH YtIeHOrO COBeTa ül1HM no 'reope

THtIeCKOH <pH 3H K e , OCHOBaH aa neKIIHHX, npOtIHTaHHblX asTOpOM BeCHOH H oceHblO 1985 r., 
H H8IDfCaH B HOH6pe 1985 r. TIpH nOnrOTOBKe K ny6nHKaIlHH B HlOHe 1986 r. OCHOBHOH 

ero TeKCT coxpaHeJJ, BHeceHbI JIHWb HcnpasneHHH H He60nburne ,ZJ;onOIIHeHHH. KpOMe 

Toro, HaIDfCaHO np1lJlO>KeHHe, B KOTOpOM OTpa>KeHbI HeKOTopble HOBble HneH H ,ZJ;OCTH

>K'eHHH TeopHH cyI1epCTpYH, a TalOKe 06HOBneH H paCIIIHpeH CIDfCOK ~THpOBaHHOH 

nHTepaTypbI, npe,ZJ;Jta.."iHatIeHHbIH, B OCHOBHOM, WlH OpHeHT~H QHT;lTeJUI B nOTOKe 

ny6nHKaI.IHÜ no TeopHH cynepcTpYH H He npeTeH~!I_.ulll&'ftthm019· • 

1&~Cl~l'l~UHh4~ HHCTm'Y'( \ 
q~a1u~I LU::: .1?110Bmm~ 1 1 

~ ()h'Lo..úuo..........ã HHCTHTVT HnenHhIX "('('npn~~~n~~~~nVhJ.l~ 1 QR~_. . !,
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TaK>Ke nonfiaparorca tIl1CTO 3Mnl1pl1tIeCI~I1. BO-BTOPhIX, np06neMa n08TO
peHI1H nOKOJIeHI1H KBapKOB 11 JIenTOHOB ne I1MeeT HVIKaKoro TeopCH1

uecxoro peuienaa. HaKOHeu" npn conOCTaBJIeHl111 Kanl16p080 1
lIl LIX r-ione

neá BeJII1KorO 06'beAl1HeHIDI c .n:a.HHhlMI1 orn.rra npaxonnrcn nonrouars 
õo nsaroe 1I11CnO 6e3pa3MepHhlx napaMeTpoB, TaK KaK HCXO.uJlilrT CHMMeT
paa npn HI13KI1X euepraax nOllTI1 nOJIHOCTbIO paspyurenn (llllnrmMep, 
MaCChI KBapKoB 11 nerrrouon ne BhlllHCJIHIOTCH, a no;:r,rOWltOTCH) . 

n. Ilp06neMbl HapymcHI1H CI1MMeTpl1" " np06JleMn uepnpxlli'r. "Crtycx' 
OT	 3ueprnH M > 10 15 L3B no 3I~CnepI1MeHTanr.HO )(OCTY11lIl,IX 'meprl1H 

OUT 

MWE ~ 100 r3B - erma 113 nanõonee rpyrmsrx np06JIeM coaper-reunoà 
QJI13l1KI1. ,UeJIo ne TOJIbKO B TOM', tITO na 3TOM rOJIOBOKpY)l<HTeJIbHOM 
cnycrce HY:>KHO npanyr-rsraars KaKl1e-TO MeXaH"3MhI paspyuteaaa CI1MMeT

W pan GOU T no SU~ x SU2 x Uir.. I'rraanoe, HenOHHTHO car-ro rrponcxoacne
Hl1e orpOMH011: "BhICOThI" aroro cnycrca Mou!M WE ~ 10 13 • Bortpoc 
O npaporre npol1CxO:>K,D;eHIDI no,n06HhIX orpor-msrx tI"ceJI' BO BCeJIeHHOH 
anepasre 6hIJI nOCTaBJIeH ,Ul1paKOM ("np06JIeMa õonsunrx tI"cen"). B 
KOHTeKCTe BeJII1KOrO 06'be,nHHeHIDI 3TO TaK Ha3hIBaeMaH np06JIeMa tca
JII16pOBOllHhIX nepapxaã. 

Eonee TeXHl1tIeCKI1H acnexr 3T011: np06JIeMhI - KaK npenoxpamrn, 
yxce YCTaHOBJIeHHYlO aepapxmo OT paspyuieaaa KBaHTOBhIM" nonpaa
KaMI1, 'He1136e:>KHo CMeIllI1BalOIlJ,I1MI1 COCTOHH"H c 60JIbIlll1MI1 " MaJlhIMI1 
MaCCaMI1 (06MeH Bl1pTyaJIbHhIMI1 tIaCTI1u,aMI1, nonapasanan BaKYYMa). 
ECTeCTBeHHoe, ne Tpe6YIOIlJ,ee crteuaansnoü TOtIHOH noztronrca napar-rer
pOB peuieaae 3TOH tIaCTI1 np06JIeMhI MO)l(eT õsrn, nOJIYtIeHO cynepcaraxrer
paaanaeü BeJII1KOrO 06'be,nHHeHI1H (CM., HanRI1Mep, 17·,8/ ) , npli4eM cynep
CI1MMeTpl1H ,non)l(Ha, coxpanarsca npa ,nocTaTOtIHO HI13K"X 3Heprl1HX, 
CKa:>KeM , no - 1 T3B I1nl1 HI1:>Ke*. TIp" 3TOM npencxaasmaerca CYIlJ,eCTBO
aanae 60JIbIllOrO tmCJIa ne CJII1111KOM rrracensrx « 50 -;- 500 !3B) cyrtep
CI1MMeTpHtllihIX napraepoa "06hltIHhIX" QJepM110110~ 11 6030HOB (crren
TOHhl, CKBapKI1, rJIIOI1HO, QJOTI1HO 11 r.n.) , H"KaKI1X crrenon KOTOphIX 
noxa 06HapY)l(I1Tb ne ynanocs (CM., aanpnvrep, /8/ ). He 3TO, onaarco, 
r'rraaaoe, nOI1CKI1 HOBhlX tIaCT11IJ: npononxcarorca, 11 O cYIlJ,eCTBOBaHl1l1 
I1nl1 HecYIlJ,eCTBOBaHI1l1' aroro rroaoro M"pa xacrau MbI CMO)l(eM cymrrs 
naius nocne naozra B CTpOM aoaoro nOKOneH"H ycxopareneã. CeHtIaC 
,nnH nac õo.nee CYIlJ,eCTBeHHO TO, tITO aa nYTI1 nOCTpOeHJ1H peanacrnsec
KOM cynepcar-naerpaaaoâ .reopaa aernncoro 06'be,nI1HeHI1H B03H"KJI" 
noasre reoperaxec rcae Tpy,nHOCTI1, B OCHOBHOM CBH3aHHble c He06xOAI1
MOCTb,1O pa3pYII1I1Tb cynepcar-n-ierparo (CM., aartpm-iep, /9/) . 

Onna J13 cavn.tx rny60KI1x TPY.AHOCTeM CBH3aHa c 'TeM, lITO cynep
CJ1MMeTpI1H aapyuiena cnOHTaHHO, B carry xero nJIOTHOCTb 3Hep~11I1 na
KYYMa norracaa 6hITb nOJIO)l(I1TeJI'bHoH, E vac > O /91. B peayrrsrare tIpe3
BhltI'aMHO rpynno 06'bHCHI1Tb, nOtIeMY KOCMOnOr"lIeCKaH nOCTOHHHaH 
1\ Mana I1nl1 naace paaaa HYJIIO (1\ exp . '5..10 -120 M ~l ). 3TO eCTecTBeH
HhIM oôpaaora npanornrr nac K He06xo,nHMOCTI1 BKJIlOtI"Tb, B eJlI1HYIO 
TeOp111O 11 rpaBl1TaI.J:111O , 11 TeM caMbIM - K TpeTbeH rpynne np06JIeM. 

III. llp06JIeMbI rpaBHT~J111 li KOCMOJIOrI1H. Y)l(e car-t r-racurraõ Mau T J 

na KOTOpOM rtponcxomrr aemncoe oõsenaaeane, rOBOp"T o TOM, tITO 
npoõrrer-n.r qm311KI1 3JIeMeHTapHhIX uacrau 11 KOCMOJIOr"11 (a 3aamrr, 
11 rpaBI1TalJ,l1H) aepaapsrsao nepennermcs. Cynepcar-n-rerpaaanaa »ce 
nernixoro 06'be,n"HeHIDI 3aCTaBnHeT I1CKaTb peansasre nYTI1 BKJIlOtIeHI1H 

*Cynepcar-rraerpaa naer eCTeCTBeHHoe 06'bHCHeHHe Toro', tITO MaCCbI XHrrCOBbIX 

crcanapoa MorYT 6bITb ManbIMH. Ho nOtIeMY O)l,HH XHrrCOHbI HMeJOT M8nbIe MaCCbI, 

a npyrae, B TOM xce npeACTaBneHHH r'pynnsr O, - õom.mae, 6e3 (fOHI<OH nO)l,rOH:K;H 

naparaerpon 06'bHCHHTb n e ynaerca. 

, 3 

2
 



B e,ll;liHYlO TeOpHIO li rpaaarauaa, B tIaCTHOCTli, cynepcHMMeTpH3alI,HH 
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r3B. TIepBbIH mar MOUT 
nepexon K reopaa cyneprpaBI1TaUl1li (JIO;KaJIbHaH cynepcliMMeTpl1H). 

3aMetIaTeJIbHaH oc06eHHocTb cynepcliMMeTpwlHbIX TeOpl1l1 - CMHr

tIeHl1e YJIbTpaqmOJIeTOBbIX pacxO,ll;I1MOCTeH. Ente apne 3TO CBOHCTBO npona
JIHeTCfl B cyneprpaBliTaUlili. Orinaxo HaueJK,IJ,bI na TO, tITO cynepcl1MMeT

pasuaa liJIli JIOKaJIbHO cynepcliMMeTpl1tIHaH TeOpliH BeJIliKOrO 06be,UliHe

Hlifl peurar np06JIeMhI rpaBliTaIJ,HOHHbIX paCXO,ll;I1MOCTeH, B nOJIHOM Mepe 

He orrpaananacr-. OKa3aJIOCb He06xo,ll;I1MbIM ,ll;BliraTbCH B 3TOM HanpID

JIeHliR nans1lle, K peaJIbHOMY 06'he.nliHeHHIO r-paanrauna C OCTaJIhHbIMI1 

B3a11MO,ll;eHCTBl1flMI1. 

2. Hali60JIb1lllie YCI1JIRH B nonsrncax nOCTpOeHI1H 06be,uH:HeHHbIX
 

TeOpl1H ncex R3BeCTHhIX B3aI1Mo.neHCTBI1H no KOHua 1984 r. HanpaBJIH


rracs na JIOKaJIbHO cynepcl1MMeTplitIHhle reopna, 0606malOml1e 5-Mep


HYro reopmo KaJIYlI,hl - KJIeHHa • MaH,ll;eJIH - <DoKa (KKM<D) * . Oruta
 
li3 Hal160JIee npo,ll;BliHYTbIX nonsrrox TaKoro pena - reopaa cyrreprpa


BI1TaUlil1 B 11-MepHoM npocTpaucTBe-BpeMeHI1. TIpe,IJ,nOJIaraeTCH, tITO
 

qeThlpexMepHaH TeOpl1H nOJIYtIaeTCH B pe31JIbTare cnoirraaaoü KOMnaK


TliqmKaURR JII1111HliX ceMR R3MepeHI1H! 10 . TaKaH npouenypa B npan

uane .nOJIJKHa onpe,neJIliTb 11 KaJIli6pOBOtIHYlO rpynny (rrp06JIeMhI 1). 

Onnaxo, noMRMO np06JIeM c pacxo,IUiMOCTHMli, B 3TOM nonxone B03f1li 

KaIOT ente zrse cepbe3Hhle TPY,ll;HOCTR: 1) 60JIb1llaH KOCMOJIOrlitIeCKaH 

nOCTOHHHaH, 2) HepeaJIliCTlitIecKm'1 cnexrp cpepMlioHoB (<pePMliOHbI 

OKa3hIBaIOTCfl ~ HeKRpaJIhHOM npe,ll;CTaBJIeHl1li - TaK Ha3hIBaeMaH "reope-
Ma BRTTeHa") /11/ . 

3aMeTliM, tITO C "JII1IllHliMli" (d - 4) li3MepeHI1HMli MO)KHO ofipa
marsca no-pasaosty- Hanpawep. MOJKHO KOMnaKTliqmulipoBaTb ax na 
aexoropoe sanaaaoe anpaópn MHoro06pa;3li~ IDIli naxce rrpoc'ro car-ro
corJIaCOBaHHO YCTpaHHTb 3aBliCliMOCTb OT "JIliUlHRX" li3MepeHliH (penyrc
URfl pa3MepHocTR). B nOCJIe.rr.HeM CJIYtIae cnen OT 3TliX namaax R3Me

peHliH OCTaeTCfl B BMe nOJIeH li liX B3aRMO,ll;eHCTBRH, aan KOTOphIX 3a

BRCliT OT CTPYKTyphI d -MepHoro 06beM,rnOmero npOCTpaHCTBa li OT 

cnocoõa BJIOJKeHRfl B aero 4-MepHoro npOCTpaHCTBa-BpeMeHli "", 

ITOMRMO YJKe ynoMHHYTbIX np06JIeM B d -MepHblx TeopRflx B03Hli 

KalOT aoasre. KOJIb CKOpO MbI peIllRJII1Cb BbIKrJf aa rrpenerrsr aaurero 

eCTeCTBeHHoro npOCTpaHCTBa, He06xo.rr.I1MO YKa3aTb KaKoH-To TeopeTli 

qeCKliH npHHUl1n, n03BOJIfllOUJ;I1H onpezienars 3HatIeHI1e d, a TaKJKe 06'h

* 06bIQHO rOBopHT o TeopHM Kanyust - Kneáaa. 3TO ue BnOIIHe CnpaBe,1J,IlKBO, TaK 
KaK COBeTCKMe $M3MKH r .A.Masnens M B.A.<I>OK ony6mlKOBaJlH no,u,po6nyIO paspa
60TKY yeopMM T.<l>.3.KanyubI (1885' 1954) npaxrnvecrcn O.nHoBpeMeHHo c O.KIIellHoM.
**eM., HanpHMep, pa60TbI/ 12 / , B KOTOpbIX 6bIna npe.nnpHHHTa nOnbtTKR nocTpOHTb 
e,II,HHyIO reoMeTpMQeCKYro TeopMIO 3JIeKTpOMaI'HMTHbIX M cna6blX B3IlHMo,u,eiicTBHH 
BnO)KeHMeM "Hamero" MMpa B 10-MepHoe npOCTpaHCTBO. JlI06onL1T110. QTO BbI60p 
,d =10 6bIn CBH3aR c TeM, qTO lII060e pHMaHOBO 4-MHoroo6pa:mo MO>lmO J10J<:aJlbHO 

BIIO)KMTb B nnOCKoe c pa3MepHOCTbIO d = 10 MnH 6onee. 

HCHI1Th, nouevry naure "HeKOMnaKTHoe" npocrpaacrno-npewm tIeThlpex

Mep'HO. H3BeCTHO, tITO B cyneprpanarauaa ,ll;OJI)I(HO 6hITh d "S. 11 (CM., 

nanpar-rep, /7/). qliCTO TeOpeTl1tIeCKorO' apryraenra, nOtIeMY nano 6pa..Tb 

•	 MaKCliMaJIbHOe 3HatIeHI1e d = 11, HeT, O,ll;HaKO cyutecrnyror cooõpaxceaaa, 
yrcaasraaronrae HaTO, tITO npa d <11 ne y,naCTCH norry-nrrs peaJIl1CTl1tIeCKYro 

Teopmo /11/. 06bHcHeHI1e tIeThlpexMepHOCTI1 naurero Ml1pa, BepOHTHO, 

B03MOJKHO (CM. /13/), HO nce JKe HI1 O,ll;HOM peaJII1CTl1tIeCKOH I1'BHYTpeHHe 

HerrpOTI1BOpetIl1BOH M0,ll;eJII1 L'l-r-repnor-o cyrrepoê'serraaenan norca nocrpo
liTh ne Y,ll;aJIOCb. (Kparrcae I1TorH pa3pa60TKI1 e,ll;I1HhIX MHorOMepHhIX 

'reopaâ nOJIH nonnenem-r B C60pHI1Ke /14/) .	 . 

Teopaa cynepcrpyasi oôeutaer O.uHI1M ynapor-r paapyõurs aecs Y3eJI 

Onl1CaHHhIX npoõnera. OHa ne TonbKO oõr.ennaaer nce tIaCnlUbl 11 B3aI1MO

p,eMCTBI1H, 'HO y.uI1BI1TeJIhHhIM 06pa30M CBH3bIBaeT B e,U,I1Hoe nenoe 
rJIy60Ko pa3JII1tIHble R,ll;el1 11 MeTo.ubl <p113I1KI1, MaTeMaTI1KI1 11 KOCMOJIÓ

rlil1. (3HTY3I1aCThI Ha3hIBaIOT reoparo cynepcrpya 06ll.J.eH Teopaeà Bcero 

(OTB) . MbI npennovrer-r pacurarppoaart, OTB KaK "06w.aH TeOpl1H B3aI1MO

,ll;eMCTBI1H") . rJIaBHaH anea COCTOI1T B TOM, xro ecé naô.uoõaeuoe M1l020

oõpasue llQCTUlJ U UX 83aUMoàeuCT8UU C8ÓÔUTC.R. 1<. snescenrapnnisc 83aUMO

ÔeUCT8U.R.M nepeuunux OÔ1l0Mep1lbIX 06õe1<.TOe nJWH1<.OBC1<.020 passcepa 
-3~, -33

L Pl - (10 -;- 10 ) CM. 

Y.uliBllTeJIbHO, 4TO TaKaH reopna rrpOTH)KeHHbIX 06beKTOB aooôuie 
CYllJ,b":TByeT. lloJIroe BpéMH CtII1TaJIOCh, tITO uenpcrnnopeuaáoe 06be.uI1He

nue npe,ll;CTaBJIeHI1M TeOp1111 OTHOCI1TeJIbHOCTI1 (TO) 11 I<BaHTOBOM r-rexa
HHKI1 (KA) B03MOiKflO TOJIhKO B TOM CJIY4ae, teor-na I1CXO.nHbIM 06be'KT • 

TOtIKa ( na aai.nce 4aCnn.I.) I1JII1 JIOKa.lJhHoe KBaHTOBoe nOJIe (na H3hlKe 

KBaHTOBOM TeOp1111" nOJIH (KTTI)). KaK MbI y6e,ll;I1JII1Ch, KaMHeM nper tc

HOBeHI1H na nYTI1 06be.uI1HeHI1H TO 11 KM OKa3aJIaCh rpaaaranna. rJIy60

KO 11 pa.uI1KaJIhHO MbJCJIHml1e TeOpeTl1KI1 3aMeTI1JIH 3TO yxce .naBHO 11 B 

Ka4eCTBe asrxona npezinarana, nanpar-rep, OTKa3aThCH OT MblCJII1 oô sena

HHTh TO 11 KM, a BMeCTo aroro cyurecrneaao nepenerrars KM KaK HaH:60

rree HenoHHTHhlH 3JIeMeHT KOHCTPYI(Ulll1 Ml1pa. TeOpl1H cynepcrpyn npenrra
r'aer r-ienee paznncansmnã BbIXOJl, B TOM CMhICJIe, tITO TO 11 KM OCTaIDTCH 

He3h16JIeMb1MI1, a MeHHIOTCH JIl1lllh aner-rearapusre ofit.ercrt.r, 113 KOTOpbIX 

nocrpoeu Ml1p. 

Ilpezcne tIeM nepexonars K ôorree nOCJIe.nOBaTeJIbHOMY onacamno 

3THX 06beKTOB, nepevacnar-r, xarcne rtpofiner-usr peuiaer IDII1 MO)KeT pe

1llI1Th OTB. 

1. TIpe.ucTaBJIHeTCH aecsr-ra BepoHTHhIM, tITO TeOpI1H, OCHOBaHHaH 

na cynepcrpyaax, nooõuie ue coàepscur pacxoàuscocreü B cooTBeTcTBYIO

ureâ CTPYHHOH TeOp1111 B03Myr..ueHI1H (3aMeTI1M, 4TO B OTJIH411e OT nepe

nopraapyer-rsrx TeOpl1H Hara - MllJIJICa OHa ne llMeeT <pYH.uaMeHTaJIbHbIX 

6e3pa3MepHhIX naparaerpos /15/). 

2. B TOtIellHOM (JIOKaJIbHoM) npe,U,eJIe, Kor,ll;a pa3MepaMI1 CTPYHhI 

MO)l(HO npeHe6pe4b, OTB .uaeT Teopmo rpaBl1TaUl111 i1 TeOpl1IO HHra 

MI1JIJIca c HeKoTopoH rpynnoH G) Ga u T ' TaKllM 06Pa30M, 6e3 nepe.ue

JIOK TO II KM pewaeTcR np061l€Ma J<BaHTOeQHUR 2paB"UTaijUu. KpoMe. 

5 

4 



Toro, r-pyrma G GUT Q:>llKcllpyeTCH. Tpeôonaane COrJIaCOBaHIDI KM c 
nOKaJIbHOM JIOpeHI..J;eBoM II KaJIll6pOBOIlHOM mraapaaarirocrsjo, T.e. YCJIO
nne OTCYTCTBllH aHOMaJIllM (O KaJIll6pOB04HhIX II JIOKaJIbHO rropenuensrx 
HJlli 06meKoop,nllHaTHhIX aHOMaJIllHX B MHorOMepHhIX JIOKaJIbHhIX reopa
HX' IlOJIH, CM., nanpawrep, /16/), oCTaBJIHeT B Ka4eCTBe aaafiorree aepoar

HOH rpynTIbI GOUT nexoropyto nonrpynrry E 6· 
3. KBaHTOB3.H rpaaarauaa II KaJIll6pOB04HaH reopna nOHBJIHIOTCH 

B cYIlepcllMMeTpll30BaHHOM sane. 3aMe4aTéJIbHO, 41'0 nacneõoearenuuan 
reopun CTPYHbl J,vtOJICeT 6blTb TOllbKO cynepcwwMeTpurmou! Taxar-r oõpa
30M, nce nOJIe3HOe, 41'0 ,nalOT rJI06aJIbHaH cynepcllMMeTpllH II cyneprpa

aaranaa, ezmnaa CTPYHHaH reopaa coziepxcar. 
4 . llOpa3llTeJIbHhIM 06pa30M rpeõonaaae HenpoTllBope4llBocTll 

cor-nacoaanaa TO ll'KM B Teopllll CTPYHhI Q:>llKcllpyeT pa3MepHocTb npOCT

pa1tCTSQ-SpeMeHu, d = 10. "Jlmnane" ll3MepeHllH ,nOJI)I(HhI KOMrraxrntp ll 
I..J;llpOBaTbcH, npll4eM CTpYKTypa KOMnaKTHoro 6-MepHoro npOCTpaHCTBa K 
onpenenaet ocofieaaocrn YCTpoMcTBa cnexrpa KBapKoB II JIemOHOB. 
B qaCTHOCTll, TonOJIOrllH K orrpe,neJIHeT 4llCJIO nOKOJIeHllM /1 

7
/ ! 3HaHlle 

reOMeTpllll KOMnaKTHoro npOCTpaHCTBa K B npllHl.lllne n03BOJIHeT TaK)I(e 
BhlqHCJlliTh KOHCTaHThI B3aHMo,neMCTBllM npn 3KcnepllMeHTaJIbHO nocryn
HhIX 3Hepnrnx. Tatear-r 06pa30M, CTpYKTypa npOCTpaHCTBa K B onpene
JIeHHOM CMhICJIe nonnaerca 3KcnepllMeHTaJIbHOMY ll3Y4eHlllO. Crcerrrmca 
qaCTO 06BllHHlOT reopmo cynepcrpyn B 4pe3MepHhIX npeTeH3llHX II B 
OTCYTCTBllll aenocpencraeano npOBepHeMhIX na orn.rre npe)J,CKa3aHllM. 
O Qpe3MepHOCTl1 npeTeH3llM roaopars eme pano - TeopllH HaXO.z;(llTCH 
B CTOJIb IOHOM B03paCTe, 41'0 YMeCTHee cxasars o 60JIbIllllX naneacnax. 
Ecrm )Ke rOBOplITb 06 3KcnepllMeHTax na cOBpeMeHHhlx YCI<OpllTeJIHX, 
TO peanbHhIX npencxasaaaã, KaK II B ·cynepcllMMeTp114HhIX reopnax, 
,neRCTBflTeJIbHO, rr04Tl1 HeT, HO yxce na CJIe,nYlOmeM norconeaaa YCKOPll
Teneíi MO)KHO õyner peansao I1CKaTb cynepnacransr. 3aMeTI1M, 41'0 CTPYH
HáH TeOpl1H cyinecraeaao rconrcpernaapyer oõurae npe,nCKa3aHHH cynep
CllMMeTplflUIhIX TeOpI1M. KpOMe Toro, TaK KaK B reopan cynepcrpya 
BeCbMa orpana-ren ne TOJIbKO BhI60p rpyrm BHYTpeHHeM CI1MMeTpl1ll, 
HO li BbI60p cnocoõoa ax pa3pYIlleHI1H, TO B npl1HUl1ne MO)I(HO nanears
CH HaMTI1 npoaepaewisre npenCKa3aHFJI B 06JIaCTl1 Hl13KllX 3Heprl1M eute 
zro Toro, KaK õyner rrocrpoena nOJIHaH TeOpl1H CTPYH (CM., HanpI1Mep;181. 
H3BeCTl-I0, 41'0 01' poxcneana TeOp1111 no ee nepnsrx llCnhITaHllM na onsrre 
06bIQHO rrpoxoznrr OKOJIO 30 JIeT I1JII1 60JIee (CM., aanpar-rep, /19/; MO)l(HO 
raxace BcnOMHI1Tb reopmo Hnra - MI1JIJIca). CynepcllMMeTpll4HaR CTPy
na porranacs B 1971 rony, TaK 41'0 y nac ecrs BpeMH nna pa3pa60TKll 

ee TeopHI1 npawrepao no 2000 rona! 

3. TI03HaKoMllMCH c reopaeá CTPYHhI 4YTb 60JIee nonpoõao, HaCKOJIb
KO :õho rr03BonHeT 06'beM ,nOKna,na. KaK MhI y)Ke BM,nemi, :na TeOpl1H 

opraHliqeCKI1 BKn104ae't B ce6H TpU çjjYHàaMeHTallbHble uàeu. 
1. OCHOBHhIM 06'beKTOM TeOp1111 HBJIHeTCH He T04Ka, a o)J,HoMepHhIM 

rrpOTH)l(eHHhIM 06'beKT, nOJIY4llBIlll1M Ha3BaHlle CTPYHbI. Pa3Mep CTPYHhI 

onpe,nenH~TcH xapaKTepHhIM pa3MepHhIM napaMeTpoM TeopHH. 

111 

" 

... II 

2. Ilocrrenoaarerrsaaa peJIHTllBllCTcKaH KBaHTOBaH TeOpl1H CTPYHhI 
rpeõyer YBenl14eHHH pa3MepHOCTI1 npOCTpaHCTBa, B KOTOpOM OHa CY
Il.J;eCTByeT. "JII1111Hlle" asr-repeaaa norracnsr 6hITb TeM I1JIl1l1HhIM crrocoôor-r 
cnenaasr HeHa6JIlO,naeMO MaJIhIMH (KOMnaKTI1Q:>I1Kal.lllH) . 

3. Ilocrrenoaarensnaa reopaa CTpYHhI. c He06xo,nHMOCTblO ,nOJI)I(Ha 
6hITb cynepcar-naerpaxaoá, B15JII04aH B ceõa B JIOKaJIbHOM npenerre cynep
0606meHHH .reopaa HHra - MHJIJICa H cyneprpaaaraumo. 

3TH nnea, na nepasrá B3rJIH,n, rJIy60Ko pa3JIH4HhI H HMelOT pa3HYlO HCTO
pHIO. Y)I(e car-ro no ce6e BhIHBJIeHHe CBH3H Me)l()J,y HHMll B reopaa CTPY
HhI npe,nCTaBJIHeTCH aecsr-ra 3aMe4aTeJIbHhIM. Paccr-rorpar-r ax 60JIee rtpn
CTaJIbHO. 

Hnea nepexozia 01' HYJIbMepHOro 06'beKTa (T04KH) K O)J,HOMepHOMY
car-raa crapaa. Bnepnsre OHa 6hIJIa BhICKa3aHa KeJIbBHHOM npar-repao B 
1870 r. ("BHxpeBhle aror-isr") * . AHaJIOrH4HaH ll)J,eR 06cY)f()J,aJIaCb B na
4aJIe naurero CTOJIeTHH B paôorax ,Il)l(.,Il)l(.TOMCOHa H np. (xonnearpa
uaa 3JIeKTpOMarHllTHOrO nOJIH 3JIeKTpOHoB B TOHKI1X "rpapanoeasrx 
rpyõxax"}. TIoCJIe Toro KaK B SO-60-e rO)J,hI natuero nexa 6hIJIll OTKphI
ThI II H3Y4eHhI anxpa B caepxnpoaonaaxax Il pozta H B CBepxTei<Y4HX 
)l(M,nKOCTHX, nOHHTHe o TOHKOM rpyõxe, coenaaarouteã KBapKH, 6hIJIO 
llCnOJIb30BaHO B KX,Il. MO)I(HO ozcnnart., 41'0 B reopaa c N naerar-m TOJI
umaa TaKOM Tpy6KH ~ 1/N, II npn N~oo rpyôxa npeaparuaerca B 66'beKT, 
nO)J,06HhIM crpyne. HaH60JIee aaacnoe CBç>MCTBO rpyõrca llJIll CTPYHhI 
COCTOHT B TOM, 41'0 naraaceaae ee nOCTOHHHO, ne 3aBllCHT 01' ,nJIllHhI (31'0 
II naer norenuaan ~ r ). . 

B KOHue 60-x ronca TaKOM 06'beKT 6hIJI anenea B HaYKY 113 COBep
ureano llHliIX coofipaxcenaà, HCTOqullKOM KOTOphIX 6hIJIll rrpasana CYMM 
npn Hll3KllX 3HeprHHX II ,nYaJIbHaH Mo,neJIb Beaeuaaao. CTpaHHhIe CBoMcTBa 
,nYaJIbHhIX naarparar-r ynanocs nOHHTb rnnns na H3hIKe reopna crpyasr. 
OCHoBHoe npencrcaaanae CTPYHHOM Mo,neJIH a,npOHOB - xapaxrepnsrã 
cnexrp COCTOHHllM, JIe)l{aI..I.U:Ix na npHMOJIlIHeMHhlx rpaexropaax Pezrsce 
J = a O+ a "'M 2 c YHllBepCaJIbHhIM HaKJIOHOM a < (B reopaa a,npOHOB 
a'" - f3B -2) , 06paTl~0 rrponopmroaarraasn-r HaTH)I{eHHIO.' CTPYHhI, a'" - l/T. 

B CTPYHHOM MO,neJIll nJIOTHOCTb COCTOfIHHH p(M) 3KcnOHeHUHaJIbHO pacrer 
C pOCTOM M: 

b 
p(M) - M exp(aM). aM» 1 , 

rne a - va '" .H03TOMY rrponararop CTPYHbI ne coornercrayer rrponara
TOPy KaKoM - JIll60 JIOKaJIbHOM reopan nOJIH. Taxne 3KCnOHeHl.lHaJIbHO 
pacryume nponararopsr 113Y4anHCb B aexoropsrx cneuaansm,rx neno
JIHHOMllaJIbHhIX reopaax nQJIH 120/ (CM. TaK)I(e 0630phI /21/), aanpa
Mep, B Teopllll C f int~ e· e2rp2. TIO,n06HO nponaraTopaM B TaKllX TeÇ>
pllHX nponaraTOp CTPYHhI B KOOPAHHaTlIOM npOCTpaHCTBe ("noTeHUHaJI") 
llMeeT oc06eHHOCTb Ha KOHequOM paCCTOHHllll r = a - v;-;-~ XapaKc .
 

* C HCTopHeH pa3BHTlUI 3THX npeACTaBneHHH MO»CHO n03HaKOMHTbCH B /19/ • 
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Tep 3TOV. OC06eHHOCTH onpe,uenHeTCH nOKa3aTeneM b (CM. /21/) , KOTOpbIH 

3aBHCHT .01' MO,uenH. Hanparaep, B MO,uenH HaM6y-rOTO b == (d --1) /2 , 
a == 2"...;7../ (d-2) 76 .d - pa3MepHOCTb npoCTpaHCTBa-BpeMeHH. 

TeopHH c 3KcnOHeHUHanbHO pacTyme H nnOTHOCThlO 4HCJla COCTOHHHH 

HHTepeCHhl co MHorHX T04eK 3peHHH. OHH HaxO,uHTCH TollHO na "rpaaa
ue" nOKanH3yeMocTH (CM., HanpHMep/20/ ); T04Hee, ecrra nponaraTop 

eMA 
nona c/J(X) HMeeT cneKTpanhHYIO nnOTHOCTb' P - e ,TO COOTBeTCT-

M·~ 00 

nyromee none c/J(x) noxanaayer-io npa A < 1 H HenOKaJIH3yeMo npu 
A> 1, cnY4aR À == t rpeõyer ocoõoro paccMoTpeHHH. C npyroü CTOpOHbI, 

KaK anepnsre 3aMeTHn P.Xare,UopH, TepMo,UHHaMHKa CHCTeM c 3KcnOHeH

IUfanbHo pacTyme H qnoTHOCTblO COCTOHHHH TaK)l(e necsraa He06bl
lIHa * . 

TepMo,uHHaMH4ecKHe CBOHcTBa çHcTeMhl CHnbHO 3aBHCHT 01' Benl14HHhI 

naparaerpa b . 
TIpocTeHIllaH Teopl1H CTPYHhl - 31'0 'reopna HaM6y-rOTO (CM., nanpn

r-tep, /23/)
1 . 2 ·2 2 

1
V! 1 2S ~ _ __ J da d r[ (x x ') - x x"] == - -~- rdA, o< a < 17, 

2iTa" 217a' - 

rne xll (a, T) _ KOop,[(11HaThl ÇTPYHhl B npOCTpaHCTBe d 113MepeHl111 c nopen

neaoü cl1rHaTYPoH g Illl = (-1,1, ... , 1), Il = 0,1 , ... , d -1. T04Ka na no

BepxHocTI1, "3aMeTaeMoH" CTPYHOH, xapaKTep113yeTcH JlOKanhHhIMI1 

KOOp,uHHaTaMH a H r ( a _ npOCTpaHCTBeHHono,u06Ha, a r - BpeMeHH

no,u06Ha. d 2 A _ 3neMeHT nnomanu 3TOH nOBepXHOCTI1. ,IJ,eHcTBl1e CTPY

Hhl HBnHeTCH 0606meH11eM ,ueHCTBI1H una T04e.quoH penHTI1BI1CTCKOH 

4aCT11UhI S =: _ fi rdr J _X2::=: - m rds (npocTO ds .+ d 2A ) .B KJIaCCH4eCKOH Te

opaa 411CJIO d MO)l(eT 6hITh np0I13BOJlbHhIM, O,uHaKO B KBaHTOBOH .rcopaa 

3'[0 né TaK. llOCJIe,uqBaTeJIbHa.H peJIHTHBI1CTCKaH KBaHTOBaH TeOp11H CTPy-

HhI HaM6y-rOTO B03MO)l(Ha rrauis npn d == 26 ! 
,IJ,pyraH Henpl1HTHOCTb 6030HHOH CTpyHhl, B03H11KIllaH 113 He06xo,[(l1

MOCTI1 cornaCOBaTh Tpe60BaH11H penH1'HBI1CTCKOH 11 KBaH1'OBOH reopaá 
Han114He B ee cneI.<:Tpe 1'aX110HOB (CM. pac.S) . Bnaronapa HYJIeBhlM KOJIe

6aHHHM CTPYHbI OCHOBHoe COCTOHHl1e npH06peTaeT Maccy Mo: 

s d-2 d-2 
.. 2 d _ 2 00 der. d - 2 Um I n- 2-<:'(-1) == - "24-'a M ::::: --- Reg 2, n ::::: __o
 

64-1 n==l
o 2 n=l 2 

rne Hcnonh30BaHa perYJIHp113aU11H c novoun-ro c: -<PYHKUH:H PHMaHa 

C:(z). 3aMeTI1M, 41'0 OTClO,ua H H3 YCJIOBHH J(M 2 :::: O) == 1, Bbl1'eI<aromero 

H3 Tpe60BaHHH peJIH1'HBI1CTCKOH HHBapl1aH1'HOC1'I1, Henocpe,uc1'BeHHo 

CJIe,uyeT He06xo,uHMOCTh d::::: 26 (HanOMHHM, 41'0 a' - HaI<:noH TpaeK-

1'Opl1H Perrace, a a O - ee nepeceseaae C OCblO J): 

1 = J (M 2 == O) = a == - a' M 2 = ~.:-_~.
O O 24 

I· 
EOJIee nocne,[(OBaTenbHoe 'J,[(OKa3a1'enhCTBO He06xo,UH


MOCTH d =26 H HaJ1H4HH Ta


XHOHOB B cnexrpe 6030HHOH
 

CTPYHbl MO)l(HO HaHTH B 06

aope /23/ • 

4. Ilepaoaasarrsno YC- •
 

nOBHe d == 26 B03HHKno H3
a 
Tpe60BaHHH cornacoaanaa 
TO H KM B .reopaa CTPYHbI. 

B reopan TIOJIHKOBa / 24 /pa3
.t' / ~r-repaocrs 26 nOJIY4ae1'CH H3 r7n7/7/ .-> 

ycrronaa .COKpaII.J;eHHH KOH M~ 
<pOpMHOH aHOMaJIHH. Bane
HblH mar, 'npH6nH3HBIllHH 

reopmo CTPYHbf K xannôpo

B04HblM TeopHHM nOJIH, co

CTOHJI BO BBe,[(eHHH B Teo- PHc.2 

pHIO ÕYX08 <1>aõõee8a 

Ilonoea, C8R3aHHblX c Ul-t8apuaHTHOCTbJO reopuu OTHOCUTellbHO icoopôuuat
- ( )/24/HOU penapaMeTpU3aijUU a -+ a + f(a, r), r --+ r + g a, r • 

Eonee nonpoõao penapaxrerpaaanaoaasre ,[(YXH 6bIJIH H3Y

4eHbI B paõore /25/. (113 BbI4HCJIeHHH, BbInOJlHeHHbIX B 3TOH paõore, 

B 4aCTHOCTH, cnenyer, 41'0 26 = 10 + 16, rne 16 ecrs nxrran ,UYXOB, a 10 
BKJIa,[( "airraayxoa". 3aMeTHM, 41'0 <p'ePMHOHHble CTPYHbI, K KOTOpbIM 

MbI ceüsac nepeüner-t, cymecTBYIOT JIHIllb B paaraepaocra .d == 10). Eute 
60JIee 4eTKO porrs ,[(YXOB B reopan CTPYHbI ôsrna BbI.HBJIeHa B paôore /26/ 

YCJIOBHe d = 26 BbITeKaeT 113 Hi-inbnOTeHTHOCTI1 KBaHTOBoro npeoôpa

30BaH11H CH.MMeTpI1H ,[(YXOB EeKKH - PlO3 - Cropa - TIOTHHa (EPCt-CHM

MeTpI1H), aar-renmoutero B KBaHTOBOli reopaa HHBapmlHTHOCTh O1'HOCH

TeJIhHO penapar-rerpaaaunà. Hcxozia H3 aroro Ha6JIIO,[(eHuH, Y.3HreJIb /271 

npennoxcan nopeHU-HHBapl1aHTHYIO H EPCT-I1HBapHaHTHYIO <popMynH

POBKY CTPYHHOli 'reopan nOJIH (CTTI); c OCHOBHbIMH nOHHTIDIMH CTTI 

MOiKHO n03HaKOMKfbCH B paõore /28/. B paõore /29/ 113 EPCT~I111Ba

paaarnoro ,[(eHCTBHH 6bIJIO nOJIY4eHO, KaJIH6pOB04HO-I1HBapl1aH1'Hoe' ,[(eác1'~' 

ane .lJ;nH,CB060,[(HOH CTPYHbI. 

B~' acex 3T11X nOCTpaeHIDIX ,[(YXI1 <l>a,u,[(eeBa - Ilonoaa 11 EPCl'-CHM

MeTpHH I1rpaIOT <pYH,[(aMeHTanhHYIO POJIb, H cnenyer npnaaars, 41'0 "õyxo
eme" nepesienurae CTOllb »ce gYYHÕaMeHTallbHbl, KaK U OCTaIlbHbZe, a EPCT
CUMMeTpUR CTOllb »ce çfJYHàaMeHTallbHa, Ka1< U KaIlu6p080QHaR.. 'TaKOH 

BbIBO,[( aaapen yxce ,[(aBHO B 06bllJHblX KaJI116pOBOqubIX TeopIDIX. MO)l(HO 

npl1BeCTI1 B er-o norrsay cnenyroume cooõpasceaaa. 1. B ~(BaH1'OBOli KaJIH6

pOB04HOli reopaa EPCT-cHMMeTpHH n03BonHeT nOJIY4H1'b 1'OiK,neC1'Ba 

Yopna - CJIaBHOBa H TeM caMblM. ace OCHOBJ-IbIe <pH3H4eC~He cne,[(C1'BHH 

KaJI116pOB04Holi IDIBapHaHTHOCTH /30/. 2. Henasao 6bIJIO' noKa3aHO, 

*KocMonortiqeCKHe cne,ncTBHfl 3I<cnoHeHIJ,HaJ1hHOrO crrercrpa Mace nnn "CTPYHHoro" 

MIma pacCMaTpHBaJ1HCh He,naBHO B /22/. 
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nro EPCT-cI1MMeTpHH n03BOJlHeT norry-nrrs aJlre6pal111eCKYIO rcnaccndra
KaIJ;11l0 KaJlI16pOBOl.J.HbIX aHOMaJlI1H (CM., Hanpl1Mep/311 ) . 3. Ilpa Bbllll1C

JleHl111 KBaHTOBbIX <pJIYKTyaIJ;I1H B sanasax c 'tlCTOllHI1KaMI1 HJII1 c HeTpI1BI1

aJlbHbIMI1 rpaHl11~aMI1 (crcaxcewt , 3<p<peKT Kaaaxrapa) MO)KeT oKa3aTbCH 

no MeHbllleH r-repe 3aTPY,lJ,mfTeJlbHbIM HaHTI1 KaJlI16poBKY, B KOTOpOrI 

OCTaIOTCH JlI1111b <p113WlecI<:l1e CTeneHI1 cB060,lJ,bI. Ee3 yxera ,lJ,YXOB rrpa
BI1JlbHbIH peayrn.rar rorna nOJll11wrb HeJlb3H (CM. rrpnvrep raxoro BbIlll1C

JleHI1H B K3,Il (!) B pa60Te/32 ).4. HaKoHeIJ;, ,lJ,YXI1I1 EPCT-cI1MMeTpffiO 

MO)KHO BBeCTI1 Y)Ke B I<:JlaCCI111eCKOH Ka.rm6poBollHOH reopan, nan 11M 

BnOJlHe pecneKTa6eJIbHOe reOMeTpl111eCKOe I1CTOJlKOBaHl1e /33,34/ • 

ilOCJle,lJ,HHH KOHCTpYKIJ;I1H, nepOHTHO, llpe3BbIllaHHO Ba)KHa ,lJ,JlH reopan 
CTPYHbI 11 K TOMY »ce He06lIJ;eI13BeCTHa. Ilpeacne lleM ee orracart., 3aMeTl1M 

euie, llTO ,lJ,YXI1' 11 EPCT-cI1MMeTpl1lo MO)KHO BBeCTI1 ne TOJlbKO B rcannôpo
BOllHbIX TeOpI1HX, HO 11 B rnofisrx TeOpl1.fIX co CBH3HMI1, nanpar-rep, B 06bIllHOH 

TeOp1111 peJlHTI1BI1CTCKOH llaCTI1IJ;bI /27/. 06lIJ;YlO TeOpl1IO TaKI1X CI1CTeM 

(,lJ,JlH IJ;eJleH KBaHTOBaHl1.fI rpaBI1TaIJ;l1l1) npenrroxcan ,1J,l1paK. Hnea ,Ill1pa

tca o KBaHToBoH TeOp1111 raMI1JlbTOHOBblX CI1CTeM co CBH3HMI1 6bIJll1 npn
MeHeHbI B rpopvrarraar-re KOHTI1HYaJIbHOrO I1HTerpl1pOBaHI1H B K'I'Il 11 

rnyêorco pa3BI1TbI B paõorax /35,36/ . I1x TaK)Ke MO)KHQ 3<p<peKTI1BHO 

I1CnOJlb30BaTb npn paôore c 06lIJ;I1MI1 KaJll16pOBOllHbIMI1 TeOpl1HMI1 nOJlH. 

He,lJ,aBHO 6bIJlO rroicasaao , -rro na 3TOM 06lIJ;eM H3bIKe Y,lJ,06HO 113YllaTb 

llIl1pOKI1H KJlaCC KBaHToBbIX aHOMaJIl1H /37/. Teopmo CB060,lJ,HOH CTPY

HbI HaM6y - fOTO I1JlI1 ilOJlHKOBa TaK)Ke MO)KHO C<POPMYJll1pOBaTb na 
H3bIKe TeOp1111 raMI1JlbTOHOBbIX CI1CTeM CO CBH3HMI1 11 BBeCTI1 COOTBeT

CTBYlOlIJ;l1e nyxn 11 I1X EPCT-cI1MMeTpl1lO. 3TO 6bIJlO cnenano B paõore /38/, 

B KOTOpOH TaKI1M cnocoôor-r 6bIJll1 TaK)Ke BOCnp0I13Be,lJ,eHbI OCHoBHble 

peaym.rart-t pa60TbI/26 / , B llaCTHOCTI1, BbIBO,lJ, d = 26 113 HI1JlbnOTeHTHOC

TI1 E"PCT. C TOllKI1 3peHI1H npl1MeHeHI1H ,lJ,lXOB 11 I1X CI1MMeTpl1H H3bIK 

raMI1JlbTOHOBbIX CI1CTeM CO CBH3HMI1 /35~38 11 "onepaTopHbIH" /30/ I1JlI1 

"JlaHrpIDKeB" /26,34/ H3bIK, nO-BI1,lJ,I1MOMY, 3KBI1BaJleHTHbI, XOTH npn 
pa3pa60TKe TeOp1111 'nOJlH CTpYH norca Ka)KeTCH ôonee Y,lJ,06HbIM no

CJle,lJ,HI1H /27/ • • 

QT06bI HCHee BbIHBI1Tb <PYH,lJ,aMeHTaJIbHbIH xapaxrep ,lJ,YXOB 11 I1X 

CI1MMeTpI1H, CKa)KeM HeCKOJIbKO CJlOB 06 l1X reOMeTpl111eCKOH I1HTep

npeTaIJ;I1l1. ilepBOHallaJIbHO rsor-rerpaaecxoe HCTOJlKOBaHl1e ,lJ,YXOB 6bIJlO 

npennoxceno B /33/ • MbI Onl111IeM COBpeMeHHbIH Bap_l1aHT, CJle,lJ,YH /34( _ 
ll 

PaCCMOTpl1M (d + 2) -vrepnoe npOCTpaHCTBO (x ll ,e, ()), rne x ç; Rd,e,e

BemecTBeHHble rpaccxranoasr xoopnaaaru (e 2 = e2 
= eõ + 8e = O) 11 BBe

,lJ,eM l-<popMY CBH3HOCTI1 

,.,. 
(t =.. A,.,. dx + Aede· + Aed e, 

r,lJ,e 

A = A a ÀAaÀ A e = Aê À a ' a 'A,.,. ,.,. a, e e 

,li 

À a - reaeparopsr nercoropoã KOMnaKTHoü anreõpt.r IhI. Basacasre <pop

Mbl dx Il aHTI1KOMMYTaTI1BHb.! OTHOCI1TeJlbHO aaeutaero YMHQ)KeHI1.fI, 

dx f1 /\ dxv=_dx!:' /\dx't,a de,de - KOMMYTaTI1BHbl, TaK I<:aK e,e- rpacc-
MaHOBbl (3TO Ba)KHo!). Oôsrsao KaJll16pOBOlIHaH TeOpl1H paccvrarpnaaer
CH KaK TeOpl1H CBH3HOCTI1 A = A;.i.dx·f1 na rJlaBHOM paCCJlOeHl1l1 C rpyrmoü 
G 11 6a30H Rd (CM., aartpar-rep, /39/). Ilpn 3TOM norte F ecrr, diopwra 

KpI1BI13Hbl, F = dA + Y! [A, A] /39~ Bneumee ,lJ,11<p<pepeHIJ;l1pOBaHl1e d = dx""a lI' 

CBH3aHO co CMelIJ;eHI1HMI1 B X-npOCTpaHCTBe. fOpl130HTaJIbHOe CMelIJ;eHl1e 

B npOCTpaHCTBe paCCJlOeHI1H onpenenaerca KOBapl1aHTHblM ,lJ,H,<p<pepeH

IJ;l1poBaHl1eM D = d + A . OnepaIJ;I1H d HI1JlbnOTeHTHa, d 2 = O. ECJlI1 rcpa
BI13Ha paaaa HYJllO, F = O, TO HI1JlbnOTeHTHa 11 OnepaIJ;I1H D (YCJlOBl1e 

D 2 = O 3KBI1BaJleHTHO COOTHOllleHI1l0 dA =~ - Ih ( A, A]; ~blp~eHl1e ,lJ,JlH 
la- F I1JlI1 3TO COOTHOllleHl1e naorzra naasraaror CTP~KTypHbIM ypaaaeaner-r 

Maypepa - Kapraaa) . <POpMbl c == Apde 11 ê==Aêde eCTeCTBeHHO CBH3aTb 

C nyxar-nr 11 aHTI1,lJ,yxaMI1 (nOJlH A e 11 Aecxanapasr, HO nS>,lJ,llI1HHlOTCH 

CTaTI1CTI1Ke <PepMI1). CMelIJ;eHI1HM no HanpaBJleHI1HM e 11 () COOTB~TCT

BY!OT HI1JlbnOTeHTHble oneparopsr ",lJ,I1<p<pepeHIJ;l1pOBaHI1H" Ô == de ao, õ == 

== dea(j:..:.,a c~oTBeTcT~YIOlIJ;l1e rconapaaarnsre npouanormsre paaasi De == -c 11õ 

DO ': 8 t CoIlormsrü o~epaTop ,lJ,11<p<pepeHIJ;l1pOBaHI1H B cynepnpocrpancr
ae pasea ~ == d + o+ 8, a cooTBeTcTBYlOlIJ;I1H KOBapl1aHTHblH oneparop 
ecrs ~ =. t\ + (10 I1cnOJlb3YH aaeneansre nOHHTI1H MO)KHO nonsrrarsca 
nOCTpOI1Tb KaJll16pOBOlfrIYlO reopmo nOJlH KaK reopruo CBH3HOCTI1 B cynep

npOCTpaHCTBe. Ilpn 3TOM eCTeCTBeHHO nOTpe60BaTb, llT06bl nOJlHOe "no.ne 
Hnr-a - MI1JlJlca" ~f == ~ G + 1/2 [ G, G] ne 3aBI1CeJlO OT CMellJ,eHI1H no He<p11311

lleCKI1M HanpaBJleHI1HM o,e, T.e.·~(G) = F(A)o 3TO 11 npI1BO,lJ,I1TKEPCT

CI1lVIMeTpl1H 

ôA = D c, Ô c = - 1- [c, c] , . u 

p. p. 2 

Hanpl1Mep, nOCJle,lJ,Hee YCJlOBl1e nOJlYllaeTCH KaK CJle,lJ,CTBl1e 06palIJ;eHI1.fI 

B HYJlb He<P1131111eCKI1X ( B e-HanpaBJleHl-m) KOMnOHeHT <pOpMbl xpa
BI13Hbl cynepnpocrpancrna. 3aMeTI1M, xro B TaKoH I1HTepnpeTaIJ;1111 ,q,YXI1 

c 11 aHTH,I:(yxH C BXO,lJ,HT B reopmo CI1MMeTpI1llHO, 11 COOTBeTCTBeHHO 

MO)KHO acerna BBeCTI1 zma EPCT-3aQH,lJ,a Q 11 Q(3TO oneparopsr, COOT

BeTcTBYlOllJ,l1e npe06pa30BaHl1HM õ 11 S). He3aBI1CI1MO OT BCHKoro reo
MeTpl111eCKOro I1CTOJlKOBaHl1.fI raxoe pacurapeaae EPCT-cI1MMeTpl1l1 

6bIJlO npennozceao B /40/ . B nepaoaasansaor-r reOMeTpl111eCKOM norrxone 
K nyxar-t /33/, ae CBH3aHHOM C rpaCCMaHOBblMI1 Koop,lJ,l1HaTaMI1, aHTI1

,lJ,YXI1 ae I1MeJlI1 HI1KaKOrO reOMeTpl111eCKOro CMbICJla, a OCTaBaJIl1Cb npOCTO 

narpaaaceasoaa MHO)f(I1TeJlHMI1. 

B03MO)KH0, xro Onl1CaHHaH KOHCTpYKIJ;I1H 0606lIJ;eHI1.fI KaJlI16pOBOll

HOH reopna, n03BOJlHlOlIJ;aH C car-roro naxana BBeCTI1 ,lJ,YXI1, ne e,lJ,I1HCTBeHHa. 

MaTeMaTI1KaMI1 3TO nOCTpOeHl1e, no-BI1,lJ,I1MOMY, ne 113YlleHO, 11 TOllHblH 

CMblCJl YTBep)K,U.eHI1H, llTO E,PCT-cI1MMeTpl1.fI 3KBI1BaJleHTHa 06blllHOH 

KaJII16pOBOllHOH, norca ne BnOJlHe HCeH. <l>113I1lleCKOe I1CTOJlKOBaHl1e reopaa 

C TaKI1MI1 "113HallaJIbHbIMI1" nyxar-ia TaK)Ke rpeõyer ,lJ,0nOJlHI1TeJlbHbI~ 
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P3.3MhIlllJIeHHM. I1x pOJIb B nepexone 01' TeOpHH qaCTHU; K TeOpHH nOJIH 

H 01' 06hlqHOM TeOpHH CTPYHhI K CTpYHHOI::i Te0pHH nOJIH /27,29/ Ka)J(eT

CH HeCKOJIbKO MHCTHqeCKOM. Bnpouer-r, ne HCKJIlOqeHO qTO TpY,lJ;I-lOCTb 

"aarconana" rJIy6)J(e, TaK KaK CBH3h Me)J(,ny KBaHTOBOM reopaeá qaCTHU; 

("nepBHQHO" KBaHTOBaHHaH reopaa) H KBaHTOBOM 'reopneá nOJIH ("BTO-

CTpYHa orrHChIBaeTCH 6030HHOM Koop,nHHaTOM x IJ. (O', T) H QJepMHOHHOM, 

aHTHKOMMYTaTHBHOM Koop,nHHaTOM l{11J. (O', T) -. HarJIH,nHhIM 06p3.3 rpep
MHOHHOM CTpYHhI - 6030HHaH CTpYHa, B,nOJIb KOTOpOM nenpepsrsao pacnpe
,neJIeH BeKTOp cnnaa, onacsraaer-n.rã rpaccxranonoü: neperaeaacü t/J IJ. (a, T) • 

OCHOBHOe COCTOHHHe rarcoü crpyasr MO)J(eT 6bITb JIH60 6030HHhIM (eCJIH 
pHtllloe" KBa.HTOBaHHe) TaK H ne 6hIJIa no KOHu;a BhIHCHeHa CO BpeMeHH 

OCHOBOnOJIararoIIJ;liX pa60T I'eüaeaõepra, TIaYJIH, llHpaKa, <DoKa H np. 
B 30-e rozn.r. <DeMHMaH, Illnaarep H TOMOHara B 50-e rorn.r nonsrrarracs 
rJIy6)J(e pa306paTbCH B 3TOM' CBH3H, H 31'0 rrOMOrJIO BrrOCJIe,nCTBHH nocrpo
HTb KBaIITOBYIO reopmo Hea6eJIeBhIX KaJm6pOBOqHhIX rrOJIeM (HarrOMHHM, 

qTO ,nYXH 6hlJIH OTKphIThI B QJeMHMaHOBCKOM np~,nCTaBJIeHHH reopan 
C rrOMOI.I.J;blO KOHTHHyaJIbHhIX anrer-panoa) , CTPYHa YCTpaHBaeT HOBhIH 

3~3aMeH nauier-ry rronaeaanaro 3TOM rrp06JIeMhI HJIH, B 60JIee 06I.I.J;eM nnane, 
naruer-ty rrOHHMaHHlO HeTpHBHaJIbHhIX CBH3eM Me)J(,nY CHMMeTpHHMH H 

KBaHTOBbIMH YCJIOBHHMH. Ha 31'01' paa MhI noopyacent.r 3HaHHeM reopna 
,nYXOB 11 reopaa aHOMaJIHH: *, xoropsre, BepOHTHO" csrrparor KJIlO~eBYlO 

pOJIb B rrOCTpoeHHH HerrpOTHBOpeqHBOM KBaHTOBOM TeopHH rrOJIH CTPY

HhI. 

OnHCaHHbIM TOJIbKO qTO QJOPMaJIH3M, rtO-BI1;LI;HMOMY, yziacrca rrepe

HeCTH B CTPYHHYlO reopaio rrOJIH,BO BCHKOM cnysae, cnerranst nepaste 

mar-a B 3TOM HarrpaBJIeHHH /27,29,44/. B03MO)J(HO TaK)J(e, qTO ,nYXH 

H EPCT rr03BOJIHT COBepIlleHHO rrO-HOBOMY rrOHHTb QJepMHOHHYlO CTPYHY 

H ee cynepcar-rxrerpmo. ABTOPY npe,nCTaBJIHeTCH, {{TO B reopan, correpxca

meM rpaCCMaHOBhI H3MepeHHH, QJepMHOHHbIe crenenn CB06oAhI, CBH3aH

nsre C 6030HHhIMH, MorYT rrOHBHTbCH BeCbMa eCTec'rBeHHO (BcrrOMHHM, 

B qaCTHOCTH, czienaaaoe asmre aavrexaaae O BKJIa,ne ,nYXOB B KOHQJOpM'

HYIO aHOMaJIHIO).. MO)J(HO 6bIJIO 6bI Ha3BaTb nporpar-rray raxoro rrpeapa

meHim ,nYXOB B <t>epMHOHbI, "MaTepHaJIH3aIJ;HeM ,nYXOB". B03MO)J(Ha ente 

60JIee KpaH:HHH TOqKa 3peHHH - rrorryuars <pepMHOHbI H, B qaCTHOCTH, 

.tiYXH H3 6030HHbIX creneneü CB060,nbI C rrOMOI.I.J;bIO "6030HH3aU;HH" (nanpa
/ 2 9/.

xrep , c(x) .... :exp(g<f>(x)): H T.rr.). O 6030HH3aU;HH ,nYXOB CM. 
I 

5. B cOBpeMeHHoM 'TeopHH cynepcrpyasr 3TH crenemr CB060,nbI norca 

BBO,nHTCH ,nOCTaTOqHO HCKYCCTBeHlfO - BBe,neHHeM HeKHX HOBhIX nepér-rea
HhIX B Ka)J(,nOM TOqKe CTPYHbI. KOpOTKO OCTaHOBHMCH na OCHqBHbIX Mo,ne

JIHX çfjepMuoHHblX (unu cnunoeux) CTPYH. B 1971 r. 6bIJIH npenrroxcenst 
zrse Mo.deJIH (HeBe - Illnapu H PaMOH), xoropsre rr03BOJIHJIH rrOCTpOI1Tb 

TeopHIO CTPyHbI, 'cBo60,nHYIO 01' TaxHOHHbIX COCTOHHHM H B TO xce BpeMH' 

axrnouarouryro COCTOHHHH C norryuerisrr-r crranor-r. Taxaa <t>epMHOHHaH 

* B '3TOM AOKJIa,n;e ,l'y1hl Mano 06CY)J(.II.aeM aHOMaJIID1. O porra aHOMaJIliH n coapevrea
HOH .reopaa cynepcrpyn CM. /5,6,41,42/. C oõureü TeOplieH: KaJIli6pOBqlJHbIX « 
rpaaaranaoaasrx aHOMaJIliH: MO:IKHO n03HaKOMliTbCH B /43, 16/; o CBH3H ·Me:IK.II.Y 

.II.YXaMli BPCT li aHOMaJIHHMH CM.' 'TaK:lKe B /31,34/. Me:IK.II.Y npOlJHM, aaaaanaa 
".II.YXH" li "aHOMaJIliH" .II.JIH CTOJIb iPYH.II.aMeHTaJIhHLIX aetueà npeJJ;cTaBJIHlOTCH" ceron

HH HeY.II.allHhiMli, 

'12 

l 
l/J IJ. (a, r) = -l/J IJ. (a + TT, r). Mo,n;eJIb Heae-lllnapua) , JIH60 QJepMHOHHhIM 

(eCJIH t/J IJ. (O', r) = t/JIJ. (O' + TT, r) , MO,neJIb PaMOHa) • COOTBeTCTBeHHO, B 

crrysae MO,n;eJIH HIlI cnexrp B036Y)J(,neHHhIX COCTOHHHM - 6030HHhIM, a B 

crrynae Mo,n;eJIH PaMOHa - <t>epMHOHHhIM., Jlerue acero 31'0 rrOHHTb aa rrpOCTOH:, 

Mo,n;eJIH onaor-repaor-o aarmpeppovrar-aermca, pnc.S. B cnyxae qeTHOrO 

qHCJIa CIIHHOB, pac.Sa, OCHOB

noe COCTOHHHe, OqeBH,n;HO, HMeeT 

.'.:
~ a 

u;eJIbIH: cnan. Ilepeaopamraaaae 
moõoro ql1CJIa crrHHOB OCTaB ~ 
JIHeT COCTOHHHe 6030HHhIM. B
 

crryuae HeqeTHOrO qHCJIa cnHHOB
 

B ueno-nce OCHOBHoe COCTOHHHe 6
 
H ace B036Y:>K,Il;eHHhle HMelOT
 t 1 1 ! 
rrOJIyu;eJIhIH erma. I'pamomsre l t l 
YCJIOBHH ,n;JIH TaKOM nenoxxa 
COOTBeTCTBYlOT YCJIOBHlO Heae  Plic.3 

Illnapna B cnyxae pnc.Sa H 

YCJIOBHlO Par-tona B crryuae 

pHc.36. 3aMeTHM, qTO aHaJIOrHH C aHTH<peppOMarHeTHKOM 3aCJIY)J(HBaeT 

60JIee nonpoõaoro H3yqeHHH. ' . 

B cnyxae MO;neJIH HIlI HMeeTCH TaXHOH, ,n;JIH xoroporo a'M2== _ d'.;.~. 
, I o 16 

1'13 YCJIOBHH peJIHTHBHCTCKOW HHBapHaHTH.oCT~cnenyer TaK)J(e, qTO t,==u
2 o== 

, M 2 d - , . d 10' E' . ,='- a 0= --- ,T·e. = • hIJIO 'nOKa3aHO, -rro penHTHBHcTcKaH KBaH-

TOBaH' TeopJR r-rozreneã HIll H PaMOH3' cyurecrnyer JIHIllb .npa d == 10., I1pl1: 

COBMeCTHOM paccraorpeaaa <pepMHOHHoro H Ú030HHord cexropon 'tIaCTb 

CI1e'KTpa, conepxcauraa TaXHOfI f MO)J(eT' 6hITb orõpomena (ÓTII~errJIHeTCH), 

J
a nOJIyqeHHaH B pe3YJIbTaTe· rêopna ne 'co,n;ep:>KHT TaXHOHOB H HBJIfleTCH 

cynepcar-tvrerpauaoã /45/. Ha: OCHOBe 3'iOrO pe3YJIbTaTa I'pnn H Illnapn 
nosztaee nocrpoarnr Mo,ne.tIb HBHO cynepcasrr-rerproraoá CTPYHhI, aooõme 

ne conepacameá raxnonaor-o cercropa, ee H Ha3BaJIH cynepcrpynoü. KaK 

H' Mo,ne"iíb Heae - Illsapua - PaMOi-Ia, cyrrepcrpyaa I'pana - Illaapna cy

utecrnyer JIHUIb npa d = 10. Bepoarao, qTO CTPYHhI HIlIP H. rm MOrYT 

6hITb nonyuensr H3 Hel(O.TopOH: 60JIee 06meM reopna. B xacrnocra, H~ 

HCKJIlOqeHO, qTO reopaa cynepcrpyn MO)J(eT 6hITb norryveaa H3 reopna 

*. 3aI<:OHhl rtpeoôpasoaaaaa BeJIlillHH l/J IJ. MO:>KHO ormcars TaK. PaCCMOTpliM: .II.YXli 

6030HHOH: CTpYHhl TI (a, T) == (TI l' TI 2 ) li arrranyxa ç == (ç1 , ç2 ), HBJIHHlW;lieCH 

cnaaopavra OTHOCliTeJIhHO npeoôpaaonaaaá aa 2-noBepxHocTli- U CKaJIHpaMli 'g 'd
npoCTIHlH'CTBe, Tor-na t/J1l ~ 1]'x IJ. • <I>epMlioHHble neper-ream.re CTPYHhl Fpmra - Illnap
na YCTpoeHhI CJIO:>KHee. 
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6030HHO(I CTpYHhl c nOMOrn;bIO COOTBeTCTBYlOrn;eH rcoxmaxrndraxanaa 
16 li3MepeHlfi1: 746-48,42/ e 

KaK 6hI TO Hli 6hIJIO, paaaarne reopna CTPYH npnaeno K ,Z.J;BYM <PYH
,lJ,aMeHTaJIbHhlM Ha6mo,lJ,eHIDIM. 1. Ilocnenoaarerrsnaa TeopIDI CTPYHhI 
rpeôyer, 4T06hl npOCTpaHCTBO-BpeMR 6hIJIO 10-MepHhIM. 3aMeTliM, 41'0 
31'0 rpeõonaaae, B03Mo:>I<HO, MO)l(HO 060HTli, orrcaaaauiacs 01' T04HOrO 
COOTBeTCTBliR Me)l(,lJ,Y xnaccrruecxoá li KBaHTOBOH reopaeã CTPYHhI /24/ , 

linli »ce C4liTaR, 41'0 6eCKOHe4HO TOHKaR CTpYHa RBnReTCR rnnus HeKOTO
psnvr rrpnõrnoxeaacra K rpyõrce KOHe4HOrO naaxrerpa, npaxer-r cyuiecr- I 

BeHHhI rnnus nercoropsre ee B036Y)l(,lJ,eHHhle COCTOHHIDI *. Ilonoõnoro 
porta CTpYHhI MOrYT 6hlTb no.nesm-r B reopan a,lJ,pOHOB, Hli)l(e oan ne 06
CY)l(,lJ,aIOTCH. 2. Ilocrrenonarensnaa reopaa CTPYHhI c He06xo,lJ,liMOCTbIO 
nener K cynepcuvrvrerpaa. 

TIpexcne 4eM nepeürn K 06cY)l(,lJ,eHIDO 3TliX ,lJ,BYX COCTaBHhlX uacreii 
reopaa cynepcrpynsr, OTMeTliM cure O,lJ,HO diynnar-rearam.aoe naõrnone
nae, CBH3aHHOe c nepexonor-r K T04e4HOMY npeneny B reopna CTPYHhI. 
Ecnn T -+ 00 (r.e. a' .~ O ), TO 3<p<peKTliB!:!!>IH Qa3Mep CTPYH CTaHOBliTCH 
6eCKOHe4HO ManhlM (~TOT paar-iep ~ li YT - Ya' ). Ilpa 3TOM CTpYHa 
CTaHOBliTCH 3<p<peKTliBHo T04e4HhlM 06neKToM, onacsrsaer-n.rr-r CTaH
,lJ,apTHOH reopaeü nona. 3aMe4aTenbHO, 41'0 31'01' npenen B reopan OTKphI
TblX CTPYH rtpnaornrr K reopnn Hnra - Mnnnca ** (COCTOHHlie C J (O) = 1 
coornercrnyer 6e3MaccoBoMY K3.JIH6pOB04HOMYnorno) ,a B reopan 3aMKHY
ThlX CTpYH - K 'reopmr rpaearauaa 3HHIllTeHHa (cocroanae c J(O) =!Z COOT
BeTcTByeT rpaaaroay) , 31'0 ynnaarensnoe orrcpr.rrne 6hIJIO czrerraao 
6e3BpeMeHHo CKOH4aBIllliMCH 1l)K03neM lllepxor-i 11>2/ li npnneno Illeprca 
li Illnapna K Mhlcnli acnonsaoaa'rs CTPYHhl nrra rrocrpoeana e,lJ,HHOH 'reopna 
ncex B3aHMO,lJ,eHCTBliH. Ilpn 3TOM eCTeCTBeHHO npezmonarars , 41'0 a' 
- l/Pt1~1 li 41'0 xor-maxrarparcauan naer paaxrept.r "rnnuaax" li3MepeHliH 
B npenenax M<i~T< d .s M ~~. (BepOHTHO, 41'0 Ma UT- M PI) TaK TeOpHH 
CTPYHhI eCTeCTBeHHO rrpaaerra K li,lJ,eRM KKM<I>. 31'01' nopaaarensasrã diaxr 
ne cpaay npaanex K ce6e BHliMaHlie as-aa Toro, 41'0 reopnn CTPYHhl 6hIJIa 
cnaõo paspaõorana, a KpOMe Toro, neoõxonaxro 6hIJIO nercoropoe BpeMH, 
4T06hI OCBOlITbCR C )l(li3HbIO B MHorOMepHOM npOCTpaHCTBe. 

KaK Y)l(e rOBopnnOCb Bhlllle, OCHOBHaH li,lJ,eH KKMc1l COCTOliT B TOM, 
41'0 3neKTpOMarHlITHOe none B03HliKaeT KaK cne,lJ, KOMnaKTli<plflU1POBaH

*Monenb 8Jl.pOHHOH CTpyHbl c tlaCTH'lHO "3aMOpOmeHHbIMH" CTeneHRMH cBo6onbl B 

d =·4 pa.3BHBaeTCR B pa60Tax /49/ • B nocnenHee BpeMR npennpIDIHMaJOTCR TaK)f(e 

nOIlbITKH nocTpOHTb MOnenH. npoMemYTOtIHble Memny MOnenblO CTpyHbl c KBapKaMH 

Ha 'KOHUax H MOnenblO "MeIlIKOB" ("BbITRHYTble MeIlIKH"). CTpyHHaR KapTHHa anpo· 

HOB Momer naTb pa3YMHoe npH6nH)f(eHHe nHllIb nnR COCTORHHH c 60nbllIHM Op6HTaJIb

HblM MOMeHTOM. 

**BHYTpeHHHe KBaHTOBble tlHCna CBR3blBaJOTCR c KOHUaMH CTPyHbl no peu;errry tIaHa 

TIaToHa /50/ . EcnH npenCTaBHTb, tlTO CTpyHa - 3TO 6ecKoHetlHO TOHKaJI BHXpeBaR 

Tpy6Ka nnR nonR HHra - MHnnca, TO H3 ee KOHU;OB 6yneT "TOptlaTb" nOJle, K KOTOPOMY 

MO)f(HO "npHu;enHTb" KBapKH. TIpH a ~ ...O Tpy6Ka CTaHOBHTCR 6ecKOHetlHO KOPOT

KOH, H no BHYTpeHHHM KBaHTOBblM' tlHCnaM ee 3cPcPeKTHBHO MO)f(HO 3aMeHHTb MaTpH

ueH À a (reHepaTOp aJIre6pbl BHYTpeHHeH CHMMerpHH G). 3aMetlaTeJIbHO, tlTO co 

CTPYHOH MO)f(HO CBR3aTb He nro6ym CHMMeTpHro O, a JlHIUb SON H Sp N/51/ 
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noro 5-ro H3MepeHliH npoC'rpaHCTBa-BpeMeHli. TI03,lJ,Hee 3Ta nnea 6hIJIa 
0606rn;eHa na norrs Hllra - MHnJICa. Ilpn 3TOM CliMMeTpliH (li30CliMMeT
pHH) KOMnaKTHOH sacra npOCTpaHCTBa ,lJ,On)l(HhI npOHBnHTbCH B naôrnonae
MOH KMli6pOB04HOH rpynne, CBH3aHHOH c norrawnt Hnra - Mnnnca. 'I'eopna 
cynepCTPYHhI <pHKcHpyeT pa3MepHOCTb npOCTpaHCTBa li, Bli,lJ,liMO, n03BO
nHT HaHTH e,lJ,HHCTBeHHYIO KOMnaKTli<pliKa~HlO, npHBO,lJ,Hrn;yIO K 4 HeKOM
naKTHhIM H3MepeHHHM, K e,lJ,HHCTBeHHoH Kanli6poB04HOH rpyrme BHYTpeH
HliX CHMMeTpHH H e,lJ,HHCTBeHHOH nenoxxe HapYllleHliH CliMMeTplfi1:, 3aKaH
4HBalOrn;eHCH na CTaH,lJ,apTHOH rpynne SU ~ x SU~ x u]. CaMaH TpY,lJ,HaH• 4aCTb aroro nyrn 01' M p~ ,lJ,0 MOUT -rcor-marcrudraxarraa • B HaCTOHrn;eH 

~ reopan CTPYH 3,lJ,eCb n04TH naxero ne cnenaao ". 
~ KOe-4To cnenauo B 3<p<peKTliBHOH -reopnn nona, nonY4eHHOlf npenens-
iI HhIM nepexonoxr a ~ ~ O. Ilepasrü xnea aroro pa3nO)l(eHIDI (-6e3MaccOBhle 

COCTOHHHR) naer d = 10 cyneprpaBlITa~HIO **. B reopaa OTKphITOH54 
CTpYHhI (THn I no rpHHY - Illaapny)- c 3TOH cyneprpaBliTa~lieH CBR3aHa/ / 

nexoropaa cynepcHMMeTpH4HaH Kanli6poB04HaR TeopIDI c rpynnoH G 
(rpyrma G "npHBH3aHa" K crpyne no qaHY - TIaTOHY /50,511 , TaK 41'0 
,lJ,06aBnHeTcH 8 xn(G) KanH6poB04HhIX noneá AR H 8 xn(G) MaHOpaHa
BeHneBcKHx <pepMliOHOB Àa ). Tpe60BaHHe OTC~CTBliH Kanli6poB04HhlX 
li nopeH~eBhlx (rpaBliTa~HoHHhIX) aaoxianaã /16/ BhIIIonHeHo -rorrsrco 
B TOM crryxae, ecrra a = SO 32 /411. COKparn;eHlie aHOMMHH ne rpnaa
arrsno, OHO 06ecne4liBaeTCH BKna,lJ,OM B036Y)l(,lJ,eHHhIX COCTOHHHH CTPYHhI 
B O,lJ,HOneTneBoe 3<p<peKTHBHoe neücraae (3aMeTliM, 41'0 3<p<peKTliBHoe 
,lJ,eHCTBlie HenepeHOpMHpyeMo, li 6e3 CTOHrn;eH aa HliM reopna CTpYHhI 
OHO nooôure ne nr-reer cxn.rcnal . TIOMliMO .reopaà rana I, B KOTOphlX 
ecrs OTKphIThle li 3aMKHYThle CTPYHhI (KOTophle 06pa3YlOTCH li3 OTKphI
ThIX 6narO,lJ,apH B3aliMO,lJ,eHCTBlf1O KOH~OB), cyrn;eCTBYIOT rrse paanaxasre 
reopna (rnn II no rpHHY - Illnapny l , co.n,ep)l(arn;lie rorrsrco 3aMKHYThle 
CTPYHhI. B 3THX TeopHHX HeT Kanli6pOB04HOH r-pynrn.r. :B nnx coOTBeT
CTBeHHO ecrt- rorn.xo r-paaaranaomn-re aaor-ranaa, xoropt.re TaK)l(e COKpa
rn;aIDTCR c nOMorn;blO MeXaHli3Ma Fpana - Illsapua. Ilor-rar-io onacaansrx 
cynepcrpya cymecrayer CTpYHa raõpannoro rnna (una "rsrsponnaaa") , 
KOTOpaH napany c rpyrmoã SO 32 MO)l(eT nari, 3<p<peKTliBHoe neácraae 

/ 42 !c KanH6pOBO\IHOH rpynnoH E 8 x Eg (pa3MepHocTh anre6phI Eg paBHa 
n(E g) = 248, l' .e. n (E 8 x E g) = n(SO 32) = 496) **•. rli6pli,lJ,HaH cTpYHa 

,l
 

*,UoBonbHo TLUaTeJIbHO pa3pa60TaHa KOMnaKTHcPHKa1UiR Ha MHoroMepHblH TOp,
 

n03BonRIOLUaJI nonYtlHTb H3 "nHIllHHx" H3MepeHHH rpynnhl BHYTpeHHeH CHMMeT

pHH /46-48,42/. OnHH H3 nonXonOB K HaCTORLUeH KOMnaKTHcPHKaUHH OCHOBblBa

erCR Ha nocTf0eHHH 3cPcPeKTHBHOrO neHCTBHH CTpyHbl Ha cP0Ji e "npoH3BonbHoH reo

MerpHH" /53 • TIocneAOBaTeJIbHbIH nOAXOA K 3TOH TpynHeHIUeH npo6neMe AonmeH 

6blTb OCHOBaH Ha KBaHTOBOH TeopHH cTpyHHOrO nonR.
 

**COCTaB tlacnrn; B 3TOH TeopHH: 35 KOMnOHeHT MeTpHKH g /Lv' 28 KOMnOHeHT aHTH

CHMMeTpH'lHOrO nonR b /Lv H )].HnaTOH cb (6030Hhl); 56 KOMnOHeHT rpaBHTHHO '" , 

8 KOMnOHeHT CIIHHopa À (Ma:H:OpaHa-BeHneBcKHe cPepMHOHhl) . /L 
**'i3Becrno, tlTO tlHCnO KOMnOHeHT CBR3HOCTH (KYCKOB, He CBR3aHHbIX HenpepblB

HblMH npe06pa30BaHHRMH) rpynIlbl JIopeHua lO-MepHoro npocTpaacma paBHO 496 x 2. 
CMblcn 3Toro 3aMetlaTeJIbHOrO COBnaneHHH (!?) nOKa He pacllIHcPPOBaH. 
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osear. HHTepeCHa TeM, tITO B ee KOHCTpYKQHH xopouro npOCne)KHBaeTCH
 

CBH3h c 6030HHOM CTpYHHOM B d = 26 H HMeeTCH xpacaasrã MexaHH3M,
 

06õHCHHIOmHM npOHCXO)K.n;eHHe rpynrtsr 80 32 HnlI E 8 x E 8 6e3 MC


KYCCTBeHHOM KOHCTpYKQHH qaHa - Ilaroaa /46 -48/ • Ilo-BH.n;HMOM~, ace
 

YKa3aHHhIe ' asnue CTPYHhI MO)KHO rtorry-nrrs H3 6030HHOW CTPYHhI / 8/.
 

He HCKnlOtIeHO, lJTO xaãziensr norca ae ace rnnsr CTPYH, narourae npa a'... O
 
3<PcPeKTHBHoe .n;eWCTBHe, cB060.n;Hoe OT aHOManHH. 113 BCeX H3BeCTHhIX 

CTPYH norca nHIllh rH6pM,ll;HaH CTpYHa C rpyrmoü E 8 x E lVIO)KeT nperen
8 

zioaari, na OnHCaHHe peansaoro MHpa C KBapKaMH, nenTOHaMH H HX B3a- lf 
M'Mo.n;eiíCTBHHMH. I 

Cne.n;YIOll(HW urar - KOMnaKTM'cPHKaQHH IlleCTH H3MepeHHW, oôecne-

11MBaIOll(aH cynepcHMMeTpm{) 4-MepHoro MHpa. YCTpOWCTBO 6-MepHoro II 
KOMnaKTHoro' npOCTpaHCTBa K ne TpHBHanhHO 'H BO MHorOM onpenenaer 

.n;anhHeMlllHM cnycx OT' M PI K HH3KHM 3HeprWHM. B tIaCTHOCTH, B naaõonee
 
nortyrrnpnoja MeXaHI13Me KOMnaKTH<pMI<aQlfl1 /17 I, B KOTOpOM K npen


craanaer C060H TaK 'Ha3LIBaeMoe npOCTpaHCTBO' Kana611 - Hy , BhInOnHH-

eTCH 3aMelJaTenbHaR <popM'yna ztna tIl1cna nOKOneHI1H N f :
 

Ng =: ~ Ix (K) I , 

rAe' X(K) - 3iínepOBa xapaKTeplIcTIIKa npOCTpaHCTBa K. C TononorlIeií
 

K, aepoarno, CBH3aH TaI()Ke MeXaHI13M /55." 17/ paapymeann OAHOH 113
 

KaITI16pOBOllHhIX rpyrm E 8 AO E6 " n H AO nozirpynnsr E 6 *.
 
.llaJ1hHeHIllHH cnYCK K HlI3KHM 3HeprHHM CBH3aH C .aapyrueaaesr
 

cynerkl1MMeTplI11 11 noaapamasr nac K npoõncr-re l1epapxMií, xocvrorro.
 
rMtIeCKOH' nOCTORHHOW M T .n. /18/. MhI ne MO:>KeM õorree noztpoõao 06cY:>K


nars cynepCI1MMeTpHIO, 3TY rpert.ro COCTaBHYIO tIaCTb TeOpl1H cynepcrpyn.
 

TeOpl1H HIllP (1971 r.) 6bma nepaoü <pH3HlJeCKOH Mo.n;enblO, B I<OTOpOH,
 

KaK ~hIHcHHnoct, n03.n;Hee, eCTeCTBeHHO B03HI1KaeT cynepcHMMeTpHH. XOTH
 

cynepCI1MMeTpl1H naxana paaaaaarson He3aBMCMMO ÓT CTpYHhI c Toro )Ke
 

1971 r. (IO.A. r o n b<paH.n;, .ll.B.BonKoB M zip., CM. 0630phI' 1'(1, 60nbWI1H


CTBO nanôonee HHTepeCHhIX c 'TOtIKH 3peHHR qm:lMKH' cynepcHMMe:rpHtIHbIX
 
vronerreá TaK'HJIH nnaue CBH3aHhI cynepcTpYHaMM (cxr. /1· 41) .
 

B 3aKJIIOtIeHMe nOnhITaeMCR KpaTKO C<POpMytIlipOBaTh OCHOBHble 
.n;OCTH)KeHHHH np06neMbI cyrrepc'rpyrrsr. 

J]ocTUJlCeHuR: 

1. B03MO)KHOCTb rrocrpoeaaa cxonauieãca reopmr ncex B3aHMo.n;eH

CTBHM (noxa CXO.n;I1MOCTb .n;HárpaMM CTpyÍ'IHOii TeOp1I11 B03MymeHH~ 
noxasaaa B .Q.n;HpH:' rrerrre, BO, IIMelOTCH ofintae c006pa)KeHII~ () ç:XO.n;IIMOCTM 

BhICIlHfX npH6nH)KeHHM). Iloztneprcaera, tITO B03MO)KHhle pacxo.n;HMOCTJ1 

B reopaa CTPYHhI HMelOT lIH<ppaKpacHhIH xapaxrap M, BM,ll;I1MO, YCTpaHH

IOTca npaBHJIbHhIM BhI60pOM bCHOI3HOrO COCTORHHH. OT YJIhTpa<pl1one
TOBhlX' pacxozrar-rocraã reopaa CTPYH cB060.n;Ha. 

*3TOT MeXaHH3M ~cnonb3Y~T Hami~He ",IlbIPOI<" B K, B xoropsre MO)KeT aaxnarsr
BaTbCH I<:anH6pOBolIHoe norre, nO,/lo6HO TOMY, rçax MaI'HHTHOe none I'o'J,O)KeT 6blTb aa
XBaqeHO rronocrsro B CBepxnpOBO,lUIHl<e. 
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2. B03MO)l(HOCTb onaoaaasaoro npencxasanan rpyrmsr cMMMeTpHH 

B 06'be.n;HHeHHoH reopaa acex B3aHMo.n;eHcTBMH:, BKJIlOtIalOII.J;eH rpaaara

~MIO. B03MO)KHOCTh 06õHcHeHHH nOBTopeHHH noxoneaaã. 

3. OTKphIBaIDTCH coaepmenao aonsre 'CBH3M Me:llqJ;y pa3HhIMM B3aMMO

.n;eHcTBMHMM M cI1MMeTpI1HMM. "KanM6pOBOtIHaH" rpynna TeOpID1 CTPYHhI 

crorrs 06111MpHa, tITO OHa rroreanaansno conepxcrr ne TOJlhKO rpynrrsr 
BHYTpeHHMx II nOKaJlhHO nopenueasrx cHMMeTpMH, HO H cynepcaxe-rerpax

HYIO CBH3h Me)K.n;y 6030HaMM M epepMHOHaMH. I1pH 3TOM <pepMHOHhI 

MO)KHO, B npaaunne, nonysars M3 6030HOB. B reopaa rH6pH.D:HOli CTPy

HhI BHYTpeHHMe CMMMeTpHH norryuarorca sa cner COJIMTOHHhIX B036Y)l(.n;e

HI1H CTPYH'hI (B rtyxe M.n;eli KeJIhBMHa). KOpOlIe, TeOpHH CTPYHhI u6'be.n;u

HHeT ne TOJIbKO tIaCTH~hI M B3aMMo.n;eM:CTBYúI, HO H COBepllIeHHO pasnsre 
(lIaCTO r'rryõoxo pasnaunsre) MaTeMaTl1tIeCKl1e 11 cPI13MtIeCKHe KOH~en

U;J.:U1:. Y)Ke CeHtIaC BH.D:HO, qTO 3Ta TeOpHH HCICnlOtIl1TenbHO rJly60KaH, M ee 

nacroauree HCCJIe.n;OBal-IMe TOJIbKO HatIHHaeTCH. 

[JPQ6IleMbz: 
1. Ilearpansnaa np06JIeMa - eCTeCTBeHHoe 06õHcHeHMe KOMnaKTI1

<pMKan;HH H nOCJIe.n;YIOrn;erO paapyureaaa CMMMeTpHM. XOTH, KaK 'roaopa

nocs asnue, MO)KHO O)KI1.n;aTb, tITO npofiner-rsr nepapxnã M KOCMOJIOrH

lleCKOH nOCTOHHHOW 6y,nYT nOHHThI B TeOpHH CTPYHhI, zio npaKTHqeCKOrO 

peureiraa norca ziarrexo, oc06eHHO C KOCMOJIOrHlJeCKOH nocToHHHOÜ. 

2. ilOCJIe.n;oBaTeJIbHOe peureuae 3THX npaKTHlJeCKHX np06JIeM, cxopee 

scero, OKa)KeTCH HeB03MO)KHhIM B reopan B03MymeHMtí, KOTopaH aa 

ceronaa COCTaBnHeT OCHOBY reopna CTpYHbI. 3al\1eTHM, lJTO, crporo rOBO

pa, norca ne "cnerrana" M TeopIDI B03MYII.J;eHMI1. KaK H 10 JIeT naaazi, MhI 

YMeeM BhItIMCnHTh "nepeasa" M onnonerrreasre zraarpavr-n.r. Pa3YMeeTcH, 

aeoõxoznoao HaYtIHThCH BhItIMCnHTb MHOrOneTJleBhIe naarpar-rr-rsr, ozmaxo 

ne cnenyer HMeHThCH, tITO 3TO n03BonMT peunrrs aaaõonee rpyrnrsre 
np06J1éMhI 

3. qTo6hI KaK-TO oropnarsca OT nOHHTMH HeB3aMMo.n;eHcTBYIOII.J;MX 

CTPYH, na KOTOpOM noxa ace .n;ep)KHTCR, He06xo.n;HMO nocrpoars nOCJIe

.n;OBaTeJlbHYIO TeopHIO CTpYHHoro nOJIH. Ilocrre aroro MO)KHO õsrno 6hI 

nOCTaBHTh sonpoc O HeTpMBHaJlhHhIX OCHOBHhIX COCTOHHMHX CTpYHHoro 

nOJlH. B OCHOBe TaKOH reopaa, nO-BHAMMOMY, .n;OJI)KeH CKphIBaTbCH HOBhIH: 

H aecsr-ia rJly60KMH reOMeTpHtIeCKHM npaannn, conepacanraü B ce6e xa

JIM6pOBOtIHhIH npMHQHn, (JlOKaJIhHYIO) JIOpeHn;eBY HHBapHaHTHOCTh M 

r-nroroe ztpyroe. B reopaa B03Mym;eHHM reOMeTpMH H TOnOJIOrMH CTPYH 

CBO.n;HTCH K .n;BYMepHoH reOMeTpHH nOBepXHOCTeli, BJIO)KeHHhIX B nnocxoe 

MHorOMepHoe npOCTpaHCTBO. MO)I(HO nOnhITaThCH BKJlMhIBaTh 3TH rronepx

HOCTM B HCKpHBneHHoe npOCTpaHCTBO C <pMKCHpOBaHHOi:f reoxrerpaeã. 
3Toro, O,Z:U-IaKO, r-rano. B aacroameá reopan reOMeTpHH aroro npocrpaa
CTBa, BepOHTHO, cavra onpenenaerca CTPYHHhIM nOJIeM. TaKaH "CTPYHHaR" 

reOMeTpHH MO)KeT OKa3aThCH HenOXO)KeH na H3BeCTHhle HaM reovrerpan 
(naxce reOMeTpHH HeB3aMMo.n;ei:fcTBYlOmHX CTPYH .n;OCTaTOtIHO csoeoõpas
na, C HeH CBH3aHhI ne oõstsasre anreõpsr Jla, a anreõpsr Bapacopo HJlH 

Kaua - My.n;11 /54. 5.5/ ). 
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4. RCHO, qTO TeopIDI CTpYHHoro nOJIH õyner nexoropoá KaJIH6pOBOq

HOH reopaeã. O,lI,HaKO KanH6pOBOqHaH rpyrma 3TOH reopaa noxa ae BbIHB

JIeHa, H ,lI,0 CHX nop crpyaa H3yqaJIaCb rrams.a HeKOTOpbIX.<PHKCHpOBaHHbIX 

KaJIH6pOBKax. OT sroro OrpaHHqeHIDI, aepoarno, MO)KHO OCB060,lI,HTbCH 

6e3 OC06bIX 3aTPY,lI,HeHHH. I1MeH KaJIH6pOBOqHo-HHBapHaHTHYIO reopmo 

CTpYHHoro nOJIH, MOJKHO 6hlJI0 6bI nonsrrarsca CTpOHTb nerreprypõarna

nsre peurenaa * H HCKaTb rrponepaer-rsre aa OIThITe npe,lI,CKa3aHIDI TeOpIDi, 

ne ,lI,O)KH,lI,aHCb, noxa MaTeMaTHKH 06'bHCHHT HaM reoMeTpmocTpYH. 

TeOpHH cynepcrpya - <pH3HqeCKaH TeOpHH, H ee cyrtsfiy B KOHIJ;e KOH ~, 
I.J;OB peunrr JIHlllb 3KCnepHMeHT. ,UO 3TOrO, O,lI,HaKO, nano npOHTH ,lI,oJIrIDí 

H TPY,1J,HbIH nyrs. 

11 

TIPI1JIO)l(EHI1E 

C OKTH6pH 1985 r. no HIOHb 1986 r. urna HCKJIlOqHTeJIbHO aKTHBHaH 

paspaõorrca reopaa cynepcrpyn BO scex HanpaBJIeHIDIx. 3TO npH.ITO)KeHHe 

npe,lI,CTaBJIHeT C060H npocro KpaTKHH nyTeBO,lI,HTeJIb no rnrreparype. 

Cyuiecraennoe npO,lI,BH)KeHHe npOH30WJIO B S -MaTpHqHOH reopaa CTPYH. 

6bIJIH nonyseasr 3aMKHYTble BblpIDKeHIDi ,lI,JIH MHOrOneTJIeBbIX rraarpar-tvr 

( ,lI,0 4 nerens ) H paspaõoraaa TeXHHKa, KOTOpaH, B03MO)KHO, n03BOJIHT 

BhIqHCJIHTb rraarpasoasr c npOH3BOJIbHbIM qHCnOM nererrs /58-62/. TIpo

,lI,OJI)KaeT pa3BHBaTbcH reopaa 3~<peKTHBHoro ,lI,eHCTBIDI (CM., HanpHMep(63/ 

H narapyer-ryio JIHTepaTYPY). Pa3pa60TKa .reopaa KOMnaKTH<pHKaUHH 

na MHorOMepHble TOpbI n03BOJIHJIa HaHTH noasre pa3HOBH,lI,HOCTH 

CTPYH /64-69/. 06maH KOHCTPYKI.J;HH, CTOHI..QaH aa nO,lI,06HOH KOMnaK

THqmKaQlleH, H ee HCnOJIb30BaHHe ,lI,JIH paspynreaaa CHMMeTpHH B .reopaa 

C1;PYH paCCMOTpeHbI B paõorax /70/. Oc06eHHO MHoro pa60T nOCBHmeHO 

KOHCTPYHPOBaHHIO KaJIH6pOBOlJHbIX reopaã nOJIH. ,UBe OCHOBHble (ne 

COBna..u.aIOI..QHe!) KOHCTpYKUHH nonysema BliTTeHOM /71/ H B paõo

rax /7~, 73/, OCHOBaHHbIX na EPCT-liHBapHaHTHOH <POPMYJIHpOBKe /74/ . 

EOJIee Tpa..u.HQllOHHhIe nonxortsr K reopaa nOJIH CTPYH pa3BliBaIOTCH 

B /75,76/ (CM. TaK)Ke UHTlipOBaHHYlO JIliTepaTYPY)'. B 60JIblllHHCTBe 

pa60T no .reopaa nOJIH CTPYH acnorrsayerca JIHWb sacrs cHMMeTplili EPCT. 

YqeT ~TH-EPCT-CHMMeTpHH1401 MO)KeT OKa3aTbCH nOJIe3HbIM' B reopaa 

* C ytl(ITOM Toro, qTO TB TeopHH CTPYH ae coztepxorr paCXO,lJ,HMOCTeH, MO)KeT no xa
3aTbCR CTpaHHbIM, qTO aarop crons ynopao B03Bp~aeTCR K HenepTyp6aTHBHbIM 
pellIeIJ\IDIM. npH'IHH~ sroro BnO.1IHe 06õeI<THBHa. ECJIH MbI .XOTHM, tI:06bI reopaa 
CTPYH orracsmana peanbHblH. MHp, TO ace OCHOBHbIe MacllITa6bl ,lJ,On)KHbI 6blTb onaoro 
nopamca, Mauf M e - vã!' .... M P 1(snecs M-1 - xapaxr'epasrà paasrep I<OMnal<TIwrO 
npocrpaneràa K). Torna OCHoBHoe cocT81iHHe c 6 I<OMnaI<THbIMH H3MepeHH1iMH 
cyureernyer, ctcopee acero, J1HWb B pe)KHMe CHJlbHOH cBR3H/ 5,7!..3aMeTHM, tITO HaH6o
nee norrynapnaa I<OMnaKTH<pHI<atnm ua npOCTp8HCTBO Kanaôn - Hy 117 IHMee-r CMbIcn, 
crporo roaopa, JIHIllb npa M « ~MPl H npennonaraer cna6yro CBR3b. K CO)Kae 
JIeRHIO, <peROMeROJIOrHtleCI<He Mo,neJlH OCHOB8HbI, rJIaBHbIM 06Pa30M, na TaROH I<OM
naKTH<pHKal.~m. B03MO)KHO, O,lUlaKO, qTO Pe3YJIbTRTbI, OCHOB8HHbIe JIHIllb ua Tono
rror'aa npOCTpaRCTBa K, COXp8HRTCR H B pe)fG{Me CHJ1bHOH CBR3H. 
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B3aHMO,lI,eHCTBHH CTPYH /77,78/ (06meH TeOpHH EPCT nOCBHmeHbI 

0630pbI 179,801 ). HaKOHeI.J;, npO,lI,OJI)KaIOTCH nonsrrrcn M3BJIeqeHMH Ha6JIlO

naer-rsrx CJIe,lI,CTBHH M3 TeopMM cynepcrpya (CM., nanpnr-rep, /81/). 

XOTH 3TO õsrcrpoe pa3BMTMe TeOpMM M npOM3BO,lI,MT õorn.moe anexar
JIeHMe, He06xo,lI,MMO nOMHMTb, qTO 'HaM60JIee TpY,1J,Hble npIDII.J;MnMaJIbHhIe 

np06JIeMbI noxa ue peuieasr. )],JIH MX peuieaaa He06xo,lI,MMO ropaano 
r-rryõxce nOHHTb OCHOBbI T.eOpMM cynepcrpya M paspaõorars 60JIee MOIUHble 

TeXHMqeCKMe Cpe,lI,CTBa 06pameHMH C HMMM. 3Ta paõora TOJIbKO aasanacs 

r naanoe anepena! 
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<t>umumon A.T. 

CyrrepcTpyHhi 

P2-86-545 

06Cy)K,Il;aJOTCH I1piDU..J;I1I1l1a.JibHhie I1p06.JieMhi, CBH3a.HHbie C I10llbiTKa
MI1 06be,IJ;HHeHHH BCeX I13BeCTIIbiX 3JieMeHTapHbiX B3aHMO,IJ;eHCTBI1H, I1 
KpaTKO orrHChiBaiOTCH nOAXOAhi K ux peweHI110 B TeopuH cyrrepcTpyH. Orruca
Hhi OCHOBHbJe I1,Il;eH, ,Il;OCTH)!(eHHH H npo6JieMbl 3TOH TeOpHH. 0co6o OTMe
lleHa pOJib AYXOB <l>a,n:,IJ;eena - llonOBa H HX CHMMeTpHH B TeopHH CTpyHHOrO 
I10JIH. 

Pa6oTa BbmonneHa B Jla6opaTopHH TeopeTHl!ecKoii cpH3HKH OHHH. 

Coo6meHHe Ofue.llHHeHHoro HHcrnryra JI.llepHbiX HCCJie.lloBaHHH. lly6Ha 1986 

llepeBo,IJ;O.C.BuHorpa,Il;OBOH 

Filippov A.T. 

Superstrings 

P2-86-545 

A short review is given of attempts to unify all known elementary in
teractions and superstring-based approaches to their solving are briefly 
described. General ideas, achievements and problems of the superstring 
theory, with a list of relevant references are presented. The role of Fadde
ev- Popov ghosts and of ERST-symmetries is discussed in some detail. 

The investigation has been performed at the Laboratory of Theore
tical Physics, JINR. 
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