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OEIUAfl XAP AKTEPHCTHKA. P AEOThl 

AR:cy:a.m,uocTL TeMH. O'Allm.! :e:a BaJKHe:llmmc M~CIUmJmHapHHx npe'ACTaB
Jiemm, H8-KOTOp!1x OCHOBUB80TCSI conpeMeHHOe paSBHTRa HeJm:He:liHO:li MST8Ma
Tll'i9CKOtt qlll3lUW, SIBJIR9TCSI KOHII;erunm ye~HeHHHX BOJIH, HJm COJmTOHOB. 
C O'AHOfi CTO,POHl:l, 'AOCTIDKaHrur IlOCJia'AHero BpeMeHH B o6JiaCTR TaopeTK'IJ0CKO:li 
(pll3HKR YK83llB8IOT Ha TO, 'ITO COJI:e:TOHH :e: pa3JIR1IHlie RX aHaJIOI'H HI',PaJOT 
rrepBOCTenaHHYID POJt& B He.mrne.liHott OllTHK8, qiRa:HKa IlJI83Mll, I'H,Iij)O~H8MRK8, 
qi:e:a:HKe KOH,Il;8HCHpOBaHHIDC cpe'A, Teop:e::e: aJieMaHT8pHHX 'I8CT:m:t, KOCMOJior:e::e: 
:e: T,'A, C 'APYro:li CTopoHl:l, IIpO,ItBRllt8HH8 B o6JiacT:e: HeJI:e:He:limnc 3BOJIJlD;HOH
HHX ypaBH9HM np:e:DeJIO K BUBO,ny, 'IJTO,XOTSI WJH B03H:e:KHOBaHWI 3TRX D8Cl>
Ma 'l8CTHIDC pememm T,P80YJOTCSI, Ka38JI0Cb 6H,,ltOCT8TO'IHO cna~aJil,ln,18 Ha
'IaJIJ,llH8 YCJIOBRR:, RM8HHO COJI:e:TOHH Oll,P0'A8JIHIOT B,P8M8HHYJ) acm.mTOTBKY pe
meitWI. EcJIH: COJmTO!lH YCTO.litnmu, TO npOK3BOJII,H08 H8'I8JI1,HOa YCJIOBll[a 
pacna.ztaeTCSI npH t-oo B Ha6op COJIRTOHOB H OHCT,P088TYX8JOl!lHil 6accOJm
TOHHU.li <poH; B HeycTottillmoM ~e c.zy,:rae cwm:TOHH o6ll'IHO oKasUBaioTci aa
po~aMR KOJJJianca, T.a. onpe'ABJIRIOT qiopM:e:poBaHHe oco6eHHOCTatt. 

B COB,P8M0HHO:li paJJJITHmICTCKO.li Teop:e::e: IIOJI.11 60Jt&moa SH8'I8HH8 II.PH,IJ;a-
8TCSI :e:ay-qemno RHTerpHpyewx MO'AaJie:li. K H8CTOlilll8MY BpaMaH:e: o6HapyaeHO 
3H8'IHTeJII,H00 'tll!CJIO CHCT9M TaKoro PO'Aa, :e: BCTaJia H8CTOJITeJII,HaSJ Heo6xo:
~OCTb :e:x KJiaCcHcJ,mKaUHH. Macc.HDHH8 MO'AeJm (KaK CK8Jlll,PHl,18, T8K H cn:e:
HOpHHe) Y'A88TCSI KJiacc:e:qiimapoBaTb B ,PaMKaX CX0MU e~Horo on:e:caKHSI HHTer
p:e:pyeMHx MaCCHDHHX ,PElJI/iTRBRCTCKlIX CHCT8M. Ilpa'ACT8BJIJI9TC.II B8CbMa.aKTY-
8Jll,llliM Terrepb CqJO,PMYJIH:POBaTL a~HH:li IlO.IUCO'A K llOCT,P09Him pemellllf1 WJH 
3THX CHCT9M, ll B nepBYJO O'Iapew, - COJI:e:TOHWX. 

Ilo Mape paSBHTRR: HeJmHa.liHO:li qiRsmc:e:, T.a. no Mapa napeXO'A8 K 
paccMOTpeHmo Bee OOJiee CWibHUX HeJil!Hefumx a®>eKTOB, 'nOl'IBJIHeTC1l Il0Tpe6-
HOCTL B :e:ay-qemm CHCTeM, BC8 OOJiee Y.lt8JI9HHUX OT HHTerpHpyeMOCTH. 3To 
BH,PaJ!taeTCSI, B 'laCTHOCTH, B Haooxo~OCT:e: Y'A0JllK8lmH CJI8,Izy10lIIRX 'IJI8HOB 
B pa3JIOJKemm HeJilIH8:liHOCT:e:, y,:reTa KOHKY,PH,PYD!llHX B3a:e:MO'A0:liCTDll:li, ECT8-
CTB9HHO ~T:b, 'ITO BKJia,n; CYDl0CTB0HHO H0JIH:HeiIBJ:1x, CaMOJIOK8JIH:30B8HHIDC 
CTPYKTYP B CJIY'I88 cwu.wx ajqleKTOB 'AOJDK8H CT8HOBHTbCSI onpe.zteJimOUIHM,H 
Il03TOMY, C TO'IJK:e: spemm npMOJKeHrui B qiR3lIK0 KO}Ut9HCH,POB8HHoro COCTOH
HIDI, H.eJIH:HettHO:li OIITHK8, qiR3lIK8 IlJI83Mll :e: T,'A,, 8HaJm3 COJIKTOHOllO'A06HHX 
pemeHK.11 3B~OHHHX ypaBHeJQltt C H0JIHH0:liHOCTLJ1._~0HKYDRDtDnlero TmIB 
II,P8'ACTaBJUieT coOo:li BEUtHYJJ fl na,J)SWJJtt:TeXHH-tecKa.H 

6p6nuoTeKa 
i OHflH 



Ue.m, pa6oTH - JilCCJie,n:oBaHlle coJIJilTOHHhlX pemeHJilii WUI I(Jiacca Mo.neJiefi peJIR

TJilBllCTCRoil Teopllll IlOJI.ff Jil qlll3llKll ROH.n9HCllpOBaHHOro COCTO.fIHll.fI, Bl,JIIO"IM 

nocTp09Hll9 o6meft npone.I1.Ypbl BH"IllCJI9Hll.fI MHOrOCOJillTOHlillX pemeHllll WUI cxe

MH 9.I(llHOro OilllCaHJil.fI JilHTerpllpyeMHX MaCCJilBHblX peJI.f!TllBllCTCKllX CllCT9M ll 

ll3y't!9Hll9 H9JillH9li!illX CTpJKTY1J B CllCT9MaX C 1rnm:ypllpyroII1mm B38llMO.I(eil:cT

Bll.fIMll. 

Hay:q:Ha.fI HOBll3Ha ll npaRTll"l9CR8.fI neHHOCTn 

06HapYJK9H P.fI.D: HOBl,IX peJI.FITJilBllCTCKll-llHBap!laHTHHX llHTerpllpyeMHX CllCTeM. 

IIocTpoeHa a,n:eKBaTHM "npone.n:ypa o,n:eBaHll.fI" WUI cxeMbl e.n:uaoro ommamm 

.I(ByMeplillX llHTerp!lpyeMHX MO.I(eJieii MaCCJilBHOH peJIRTllBJilCTCKOil Teop1rn IlOJI.fI, 

Il03BOJI.fIIOil\afI IlOJiy-qaTn MHOrOCOJIJilTOHHbl9 pememl.fl Ha npoll3BOJinHOM qJOHe (B 

9.I(llH006pa3HOil 38.MKHYTOil ,n:eTepMlilHaHTHOli qiopMe) ,I(JI.ff Bcex CllCTeM, rrorpy-

Ji.a!OOUlXC.fI B STY CX9MY. C ee IlOMOIUnIO A'-cOJillTOHHbl9 pemeHll.fI Ha HYJI9BOM !1 

IlOCTO.fIHHOM O.I(HOpO.I(HOM \l)OH9 IlOJiy-qelill WUi CllCT9M, CO.I(9p.,Ka1!1!lXCH B S{(.2.,(') 
ll s.f(3, i) BepCll.!!X cxeMH. ,IJjm BCeX CKaJI.FipHblX ypaBH9Hllli B s.f(2) !1 ~f(3) 
BepCll.fIX o6Hapy,KeHo cymecTBOB8Hll9 H9C06CTB9HHh!X rrpeo6pa30B8Hllii b3FJIYH

.na, nepeBO.D:.fIII!llX .n:pyr B .n:pyra pemeHll.fI c pa3JIJil"llillMll Tirnru,m rpam1"IHHX 

YCJIOBllli. 

IloKa3aHa B03MO]KHOCTn cymeCTBOBaHJil.fI ycTOli"lllBb!X "l8C'r!lrrerro.no6HHX 

pemeHJilli B MO.I(8JI.f!X C H9KOMIIaKTHOH rpyrrnou BHYTP9HHei1 CllMM9TplilH. 06Ha

PYJK9HO H9TpllBJl!aJinH09 B3allMO,I(9IlCTBll9 COJlliTOHOB B MO.I(9Jill O (I, I) ~ine -

Gordon, "ITO .ffBJI.fISTC.fI nepBh!M rrp11MepoM H9TpI1BHaJinHOii .I(l1HaM0Kll B I1H

TerpllpyeMOil CllCT9Me, aCCOUllllpOBaHHOli C aJireupoll paHra <: 2. 
B paMimX OuIIIllpHoro FJiacca MO.I(eJI9li C HOHKY1JHPyroII\IlMJil B38llMO.I(9llCT

Bll.fIMH o6Hapy,KeHh! (MHormmplille) HeJillH9liHhl9 CTPYKTY1Jhl HOBoro THITa -

COJIJilTOHOITO.I(06Hhl9 IIY3hlpI1. IloKa3aHO, "ITO ( CTaTH"ISCI(He) ITY3hlpll .fIBJI.fIIOTC.fI 

cymeCTB9HHO HBYCTOli't!JilBID.ffl o6~9KTru.m, rrpH't!eM STOT qlaRT He 38BI1CI1T Hll 

OT KOHRpeTHOro BU.I(a H9JIJilH9liHOCTI1, HJil .I(8]K9 OT pa3MepHOCTI1 rrpocTpaHCTBa. 

B CJiy-qae HH3HI1X pa3M9pHOCT9Il o6Hapy;K9HO cymeCTBOBaHJile 1,pI1TI1"!8CICOil CKO

poCTH, Bhlill9 KOTOpoii: .I(BI1]KJII!ll9C.fI nya!:lpnK0 CTaHOB.fITC.fI CTa6llJinHhlMll; IIOJIY

't!eHa q)Jil3I1"!9CKM HHTeprrpeTauH.fI aToro aqxl,eHTa. IIOJiy-qeH 061I!llli KplilT9pI1ii 

YCTOil"IHBOCTU 11 T9MHhlX COJIJilTOHOB11 (KJilHHOB I1 rry3hlpnKOB), I1 C ero IlOMOJUn!O 

o6ocHoBaHa TO"IHM wopMJJia WIJI KpHTJil"lecuoii: cuopocTH. 

06Hapy,KeHHh!e B .n:uccepTrumu HHTerpupyeMHe ClilCTeMH o6Jia.D;aIOT rrp11Me

"laTeJinlillM CXO.I(CTBOM C P.fI.I(OM I13B9CTHHX MO,neJieii T90pI1I1 IIOJI.ff Jil WJil3JilKI1 

KOH,n9HCJilpOBaHHOro COCTO.fIHJil.fI Jil, CJI9.I(OBaT9JThHO, CaMJil MOryT JilM9Tn rrpHJIO

jl{9HJil.fI B STJilX o6JiaCT.fIX. MHorocoJIJilTOHHhle WOPMYJihl, rrocTpoeH!ille WUI HJiac

ca PeJI.fITJilBJilCTCHll-JilHBapJilaHTHh!X Y1).aBH9HJilli (rmH C xopomo Jil3B9CT!illMJil, TaK 

Jil C IIOT9HUI1aJinHhlMJil IIpJilJIO]K9HJil.fIMJil), MOrJT IIpllM9H.fITnC.fI WUi OIIJilCaHJil.fI H9JIJil

H9liHblX .fIBJIBHJilii B Mo,neJIJilpyeMHx JilMJil Wll3Jil't!ecunx cncTeMax. PesyJihTaTH rro 

JilCCJI9.I(OBaHJil!O JIOHaJII130BaH1IhlX CTpJKTYP B CJilCT8MaX C HOHHY1JllPY!OII!llMJil 

B3aJilMO.I(9liCTBI1RMH MOrYT 6hlTn-JilCIIOJin90Balill rrpJil MO.I(eJillpOBaHJilJil CJilJinHO-
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II9JlllH9Hl!HX ajl._lieRTOB RaR B qJU3JilRe KOH.I(9HCUpoBaH!illX cpe.n (B Teopmr 

6o3e-rasa, CB9pXT9KY'J9CTU Jil CBepxnpoBO.I(JilMOCTll, B \Pll311Ke MarHHToynop.fI

,no't!eHl!hlX II MOJI8KYJI.fIPH!:lX RpllCTaJIJIOB), Talc Jil aa ee npe.neJIBMR - B HeJIR

HS:iHo;i OIITJilKe, IIJI83M9, 6JilDqlJil3IIKe, XllMU"leCKOH ICJilH9THRe ll T .,n. 

IIy6JIIIKamrn. IIo MaTepHaJiaM .nnccepTaumr ony6rnoBaHo 9 pa6oT. 

Arrpo6amw; nnccepTarnrn. Peaym,TaThl, IIOJJYlIBHH!:le B ,nnccepTfil(llli, .noRJia,nu

naJillcn n: o6cy;;;,naJIJilcn Ha ceMnHapax JIT\D n JIBTA OWlll, JIOMU n .1Il1AII (.Hemrn

rpa.n:) ,HT-2 AH YCCP (KlieB), i;iTrllIT AH YCCP (Xap1,KoB), .HOB3 (IlpOTBHHO), 

MSXtvJaTa l,IT'Y, Ha 06meMOCKOBCROM CSMlli!ape no T90p.llli COJIH~OHOB ll HHTerpn

pyeM!iX CllCT8M, Ha IX CeI\filHape no ipU3.IIB8 BHCOKHX aHeprrui li Teopun IIOJIH 

(!IpOTBliHO, 1986 r. ) , Cerill1.Hape - COB9JUaHHH "H8JI.lllieli!llie BOJ!llli11 ( CBSTJIOropcK, 

1984 r.) ,Me:ii,I(Y}Iapo,nHoii pa6o-qeft rpynne no H8JI.llli8HH1,1M n: Typ6yJieHTHiilM npo...: 

~eccaM B \l)HsRKe (KHSB,1983 n 1987 rr.),pa6o"III.X coBSlllaHll.fIX no Teopmr co
JIIlTOHOB (lOpiviaJia,1986 r., ilyIJµmo,1987 r.,)Jy6Ha I988 r.J,. BceCOI03H()li_~OH-

:liepe1ru;1u1 "MaTSMaTH"ISCKOe MO.I(SJlllpOBaHJile: H8JI.llli9li!lli9 npo6JieMbi Jil: BWUICJlli

TSJinHM I.iaTSMaTliRa" (3B9Hllropo.n, I988 r.). 

06MM pa60Thl. ,lmccepTawm: COCTOHT ll3 BB9.I(8HU.fI, Tpex rJiaB, saRJIIO't!9HIDI 

Jil OUOJillorpawn"leCROro CllHCRa JIJilTepaTyphl, C0~9pJKaJUero IIO H8HM9HOBaH:m1. 

Ka~a.H rJiaBa caa6]KeHa aHHOTalU[eft. 06mutt o6~eM ,nnccepTarum 133 cTpaHU
w,i .MallllHOIIIICHOro TeRCTa. 

COJIEPY..AHHE PAEOTH 

Bo BBeneHim o6cy~aeTC.fI aRTYaJinHOCTn rrpo6JieM, 38TpoayTHX B .nnc

cepTa!U!:n, RpaTRo n:sJiaraeTC.fI co,neJ;)j!{aHne pa6oTH H ITOJJYlISH!ille pesym,Ta
Thl. 

r.n:aBa I llOCB.fIJU9Ha IIOCTpOeHHIO MHOrOCOJIHTOHH!:lX pemeHHli B CXSMe 

8.I(HHOro onncaHIDI UHTerpnpyeM!:lx M8CCHB!IhlX MO.I(9JI9li peJI.fITIIBHCTCROli T90pllll 

rroJI.fI (cwopMYJIHPOBaHHott reTMaHoB!:lM), a TaR]Ke Heco6cTBeHHHX npeo6paso

BaHn:ft ESRJIYH,na. B § I .naeTC.fI li3JIQ]KeHUe CX9Mhl e,nnHoro onucamm: B H9Bbl

po~eHHOM S.f (2., ~) CJIY"lae, T. e. Ror,na 8CCOUHHpOBaHH8.fI ~rneilHa.H 38.I(a't!a 

WOPMYJIJilpyeTC.fI c IIOMOJUnIO 6ecmrrypoBux 2ic2 MaTpHU c HeayJieBoft .nnaroHam,10. 

YcJIOBJileM COBMSCTHOCTU .I(JI.fI TaRoil JIJilHeilHOli aa,na-qn .fIBJI.fI9TC.fI CllCTeMa 4 ........__ __ 
IIOJie!i C JiarpaH]KI13HOM 

:t = c1,, 0-71 + i14 a+- ~3 +~19'1 + 12.% +il/2.137,, + f(.C'J (I) 

rAe J.t = d/ di!-1:, a :t.,. II 2_ - KOMIIJieRC!ille Koop.nnHaTH •. 3a,naBrut cooTBeT

CTBYIOII!llM o6p830M TpaHCqJOpMalU[OH!ille CBOliCTBa IIOJI9li 9-t) ... ) r fl, OTHOCH

T9JII,HO rrpeo6paaoBaHUil JlopeHUa (llJIH opTorOH8JI1,IIhlX npeo6pa3oBaHUli-B 

eBRJIH,nOBOM CJiy-qae), MQ]KHO HHTepnpeTnpoBaTl, (I) JIH6o KaR CHCT9MY ,nByx 

CIIHHOpIIhlX, JIH6o (CBOWf eeK CHCTBM:e BTOporo IIOP.fl.I(Ra) .I(Byx CRaJI.FipIIhlX 

IIOJiefi • .B nepBOM CJiy-qae PB.DYRUMMH (I) .fIBJI.fIIOTC.fI M8CCHBHM: MO.I(9JII, Tnp
pnHra (MMT): 
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. "£ = lUE, ii -f- i~ ~ + U~ + U ,)- + :l,;11t , 

~,-.t = I uv-/2., ., 

(2) 

(3) 

BTOpaH MaCCHBHM CllHHOpHM MO'A8Hb, C narpaHl!rnaHOM B3aHMO'A8HCTBH.II 

:t,,.-t = -(u.J.-iZ ~(i>1- if:), (4) 

H HX eBKJIH'AOBbl aHl!J!OrH. (B (2)-(4) «. H ~ 0603Hatl8lOT aepXHB:lIO H 

HHlltHm> KOMilOH8HTY ~IlHHOpa COOTB8TCTB8HHO; 'Z H ~ - KOHYCHble nepe~eH

Hble). B CK!UI.llpHOM Cnytiae CHCTeMa (I) 'AOilYCKaeT P8'AYKQHJ> K KOMilH8KCHOMY 

sine-Gordon, Ha3b1Ba8MOMY HaMH TaKllte 0(2) sine-Gordon: 

:t. = r ~ "'a. -t<ff~ 
. 1 ± ,~,.z. ) 

K HOBOH MO'A8nH, Ha3blBaeMOH HaMH 0(1,1) sine-Gordon: 

l J Cfl1.. 't= r -1us12. -
1 ± (UjfL 

2. 
.i Jg , 
2 l(f[2.(.f ±/ff(£} 

(5) 

(6) 

r'Ae :i; = i(if~Cf-Cfdrlf) ' H HX eBKJIH'AOBHM aHaJIOraM. 

. B § 2 IlOCTpoeHa "npoQe'AYPa 0'A8BaHH.R" ~.II sf (.2,Q;J-aepcHH CX8Mbl 

0'AffHOI'O 011HcaHH.11, H c ee noMOlllbl> BlltlHcneHbl IV -conHTOHHble pemeHH.11 (Ha 

IIpOliSBOJiiHO 8~8HHOM q>oH8,B .flBHO:lt ,D;8T8pMWiSHTHO:lt \P()p.!8)~11 CHCT8Mii (I), 
B .n;Byx BalKH8ttmHx TJB.CTHblX c.ny,IasDC - ~ lfYJ18BOro H SRCilOH8HrtH8JII,HOro 
(B T,"I. IlOCTO.mmoro O,D;HOpO,D;HOro) q>oHa - IlOJIY'l8Hli IlOJIHOCTI,ID SaMKHy-

'l'bl8 BYpaJl8HHJt ( §3). B H,D;88HOM MaHe Rama npolW'AYPa IlOCTpoeHH.11 pemeHHR 
ocHOBblBaeTc.11 Ha KnaccmiecKoM no,n;xo,n;e 3axapoaa-:-ffia6a'l'a-MmcaRnoaa, o,D;Ha
Ko "o,n;eaaiute" B 'l'peyrom,HOR KaJIH6pOBK8 (neJUlllleR B .,QCHOB8 cxew 8'AffHO
I'O OilHCaHHJt) HM88T CYlll8CTB0HHbl8 O'l'nHtmJt 0'1' cnytiaea, paao6paHHbIX paHee. 
neHTpMbHOR 'l'pY,D;HOC'l'bJ> JtBn.118'1'C.II H8B03NOKHOC'l'b HCilOHb30B8Tb KaHOHHtle
CKytl ROPMHPOBKY aa,n;atm PHMaHa. IIpe,1µaraeMbIR BblXO,IJ; COC'l'OHT B TOM, tl'l'O 
Ha o,n;esaJ>lllytl MaTpHny_He H8KJia,n;bIB88TCJt HHKaKHX anpHOPHbIX ycnoBHR HOp
MHPOBKHi HOpMHpOBKa BlillHCH.110TCJt cornacOBaHHO C Il0C'l'p00HH8M pemeHHR. 

B nocne,D;ytllllHX paa,n;enax H3 o6llleI'o pemeHHJt H3Bn8K8IlTCJt pemeHH.11 

,)µ.II pe,D;YKQHR: s § 4 - ,IJ;n.11 MMT (2)-(3), s § 5 - ~.II BTOpoR MaCCHBHOR 
CllHHOpHOR MO,IJ;8HH (2)' (4) H ypaBH8HH.11 0(1, 1) sine·-Gordon (6). B § 6 -
,1µ.11 KOMMeKcHoro SG (5) H MMT B esK~osoR o6nacTH, H HaKoHeQ s §? -
,D;n.11 KOMM8KCHOI'O SG B npOCTpaHCTB8 MmiKOBCKOI'O, Ilocne,D;H.11.11 P8'AYKilH.11 
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t.,. 

t. 

B8Cbll!a neTpIIBJ13.JibHa, !IOCKOJibKY He CB.113aHa Henocpe,ncTBeHHO C BemecT

BeHHH!Jll q_,op1,;ai."1 Mre6pu Sf (2.,~), .1,r,.H HaJCOJK,IJ,eH.IUI pe,IiYI,Ul!OHHHX Ol'paJlll

'!em:.ii B STO:S! c.1:rme npnXO,IUITC.i! BB8CTII BCIIOMOI'aT8JILHYIO ( "BHpTYaJibHYIO") 

r<a.ri1•6poBKY, :i=:cToparr :w,rryurrpreT .n;oBOJILHo HeCTa.H,napTHYJO ,mBoJIKIUUO Ha 

MHOI'000pa3W/. f to.)} ~YJl,ll,8!.18HTallb!lilX pemem:i~ JT.lllleJ1:HO:il: 3a,IJ,a'In: 

(t-"cX))t = G-(~) Y'().) H {A..), C7) 

. 1 ("' cJ> ' G ( .\) = ✓1 :t l<fla. </ ~ A.-') ~ (B) 

H(.l)= f IA.I ('/1. o_,\ (9) 
✓1 :ttc.tf' 1.1,1 0 '.i= ,\) 

S,r;,ec1, 'J - "o,ne':'?e" peJ.JeHl!e HOMIJ.118Kc11cro SG ( 5) ; .1,f ;; A.,, - .n.eTep

MnHaHTH :.:aTp.rn:, onpe.neJIJieML!X rrapaMeTpru.ru o,neBamm n saTpaBO'!Horo pe

IIJe11n:1; A - cneHTJlallbHL:ii rrapaMeTp. IIocJie Toro KaK aBTOMONJH3M ( ?) 
nocTpoeH' pe,IJ.,YKUUOHHble YCJIOBIDI (IIOtfTll rrpl1 JIK60;,1 B!16ope (!)OHa) CTaHOB.IIT

CJl BilOJIHe O'!eBH,I\Hh!l\,l}l, F-JU'IHCTBE'HHW.! l!CHJIKJ'ICHHeM J1BJIJI8TCJ1 CJiy->mii IlOCTO

RHHOI'O o,nHopo,rrnoro !?OH a, 1wr.na rnaTpm.1.a ( 8) BhrpoJK,l.J.aeTc.FI. D 3TOM cJiy

'!ae Tpy,nHOCTb npeo.D,OJieBaeTCR c IlOMOlllb!O nepexo.na K npe,neJiy B 6oJiee 06-
n1e:il:, HeBHpO.li'JJ:eHHOii ( 3HCIIOHeHm,aJibHOH) CllTYUUl!II, 

B § 8 H3JiarceTCJl sl(3,t)- BepcIDI cxeMh! e,nnHoro omwamm. Cnc
TeMa OClli\el'O IIOJIOJK8HAA BI,:7.!K!'laeT s.necb y-.,,;e :::2 IlOJieii, CO,Iiep,!illT B Ha'!ecT

BS '!acTHoro CJ'.,Y'!M MO,neJib (I) , O,ll,HaKO l!NfeeT H ueJruii p.a.n rrpocThIX pe.I(,YK

:J:Hll, He BHJia,IJ,l,!BaF' . .J\]IXCJI B slc.i,tJ-nepc1:10. 3TO TpeTM MUCCllBHM cmrncp

HM MO,ll;8.l!b co B3ffi!MO,neticTBI1ei\l 

't,:,,t = (u+ti)(~+'tf)(tiv-+u'li) > 

ypanHeHI!e 
11

l{OMilJ!eKcHll.ti sine-Gordon-II ": 

'J. = 1clr~I"' -l<51/'t(1±f<9f2-J > 
-1 ± l~(a. 

HOBM Mo,neJib C JiarpaIDKnaHOM 

\(>_ lor'fla. -l'f/'-(1+-1q1~'-! -1ea. 
d-.-1±llfl2. - I .z. ltf(:t(1-:!:t'5'f', 

(IO) 

(II) 

(12) 

M T.,n. B § 9 ,ll,JiiI sfc3,C)-cJiytIM pa3BMTa npoue'AYPa o,neBaHIDI, IlOCTpoe

Hhl ,,y -COJIUTOHHhle pell!eHIDI ,ll,JiiI CMCTeMhl odmero IlOJIOlKeHIDI H Bll,D;eJieHhl pe

ll!eHIDI ,lJ.JJJI BaJKHeihnnx pe.DYI{unli. D cncTe.Me OCllllero IlOJIOJKeH.111! ,nllH8Ml!l{a co

Jll!TOHOB OHa3UBaeTCJl HeTpMBMaJibHOH (T.e. l!MeJOTC.11 CJIU.IIHIDI II pacna,IUI), 

qTo, BnpotfeM, .nocTaTO'IHO ecTeCTBeHHO )J,J'JR. CMCTeM Ta.Karo po.n.a, accornm

POBaHHhIX c aJiredpm11M pattra q 2. 
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B § IO 'AJlll Bcex cKa.JI1IpHux c:0:cTeM, rrorpYJKaICID,}IXCJI B S'~(.2~fJ:0: slhA:!) 
- BepClili·CX0MH e,ll,liHOro OllllCa.HIIB,llOCTpOeHhl (HecodcTBeHHh!e) rrpeo6pa30-
Ba.HIDi E3KJIYH~, CBff3liBa.Kl!Uie ypaBHeHIIB C llpOT~BOilOJIQ;KHllMli 3Ha.K&11'l MaC

COBOrO 'IJieHa li rrepeBO,lJ,fllIU1e ~yr B ~yra pemeHIIB C pa3HliMli Tl!Ila.inr rpa
HH'IHliX ycJioBHii. N-coMTOHHoe pemeH:0:e Ha HyJieBoM qione, Harrpmt.ep, rre-
peBo~TC.fI B HeJ!fillefuiyro cyrreprr03ffiU1JOAI mrnRoB. · 

B rJiaBe II n2yqamc.1I cBoiicTBa tiacT:.merro,ll,o6HHx pememrir B. Mo,ll,e.IDix 
C HeROMIIa.KTHh!Mli rpyrrrraMH BHJTpe~Heii CilMMeTpHH. § l I10CB.fIII1eH rrpo6JieMe 

YCTOiJ:tmBOCTll Ta.KID( pemeHHii. IloKa3a.HO, 'ITO TOT \Pa.KT, 'ITO aneprIIB B 
MO,ll,e~ C liH,ll,aj}HHliTHHM KllHeTlltieCKHM 'IJieHoM HO MOliteT I:MeTI, (,!!,@KO yc
JIOBHoro JIOR~Horo) MHHHMYMa, eme He 2arrpemaeT cymecTBOBaHIIB ycToii'l:0:
BUX pemeHHii. B § 2 Ml:l o6pamaeMC.fI K paCCMOTpeHHID ROHKpeTHOH CHCTeMI:l -
ypaBHeHIIB 0(1,1) sine-Gordon (6). IIoKa3aHo, 'ITO yiKe rrpocTeiimee ero 

pemeHHe, rro~eHHOe O,ll,eBaHlieM llOCTO.fIHHOro HeHyJieBoro qJOHa li COOTBeT

CTBY.Rlllee CJiy<:laIO, KOr,ll,a 'f(>J Ii if'{~ HMeJOT no O~OMY rrpocTOMY llOJIIOCY, 
orrnc!IBaeT HeTpHBli~HOe B3aHMO,ll,eiicTBlie COMTOHOB (pacrra,IUl li CHHTe3). 

Ta.KHM 06pa20M, ypaBHeH:0:e 0(1,1) sine-Gordon rrpe,!!,CTaBMeT co6oii rrep
BHii rrpHMep liHTerp:0:pyeMoii CliCTeMhl, acCOIJ;iillpOBaHHOii C aJire6poft paHra 
1, ROTOpaR o6Jia,n:aeT HeTpllB!iaJII,HO.ti ~Ha.MIIBOll COJIHTOHOB, HeTpHBli~ 
HOCTI, ,ll,llHalvlllRll o6ycJIOBJieHa B )J,UHHOM CJiytI&e HeKOMTiaKTHOCTI,JO rpyrrilll; 

OTMeTHM 'AJlli cpaBHeHIIB, 'ITO COJllITOHhl "KOMIIa.KTHOro aHaJiora" CllCTeMhl 

(6) - KOMllJieRCHOro sine-Gordon (5) - B3llillliO,ll,ellcTBYIOT yrrp;,TO. AHa.rro
rHtIHH.a ;r,exa.HH3M HeTpllBll&'J:1,HOro B33.ITMO,ll,e.HcTBIIB peaJIH3yeTC.fI TaI<li(e B 

ypannemrn O(I,l) sine-Gordon-II (12). B § 2 o6cYE,JJ;amcJI TaIDf{.e rrpu

JIOlit€HIIB TIOJiy<:l€HHHX TO'IHUX peruOHilM B RliHeMaTIIBe TaJCllOHOB. 
fJiaBa II I10CB.fIII19Ha HOBorzy TlIIIJ I\O.Tl.ll9RT?.J3Hh!X B030YlK,ll;E:IU!ll B HeM

HeHHhiX ope.4ax C ROHRYPHJlYKll\111-n,1 E3Wll:iO,ll,ellcTB1'!.IT!f,'.vl - COJ"ll1TOHOIIO,ll,06HliM 
11 I1J3llpI,RaM11 • 3TOT HOBHiJ. TJ-m COJL\lTOHOB ormca!l B § l Ha rrprn,iepe T.H. 

lf'!.C/15' HOJ!llHofuioro yr,anHemm Ulpawmrepa: 

i:"1-f; + A f + cl,f tJ, + ol3 lt/1{ 2f - ol.s/V'l,,.f == 0 > (13) 

tl.l,J.s->0, B03HHR8.IOll\Oro, B tiaCT!IOCTll, B 3a,n:atie O 6o3e-ra3e C ~ -o6-
pa3HliM}! ,ll,ByXtiaCTH'IHhlM rrpliT.flli(eHIIeM ll TpeXtiaCTli'l'HliM OTTaJIBIIB8HlleM. 
"Ily3Hp1>Rll11 MoryT 6HTI, liHTeprrpeTHpOBaHH Ra.I{ JIORaJIH30B8HHhle o6JiaCTll 
pa3pruK8HM B ROH,ll,eHCaTe llOCTO.fIHHOll IIJIOTHOCTll. B OTJllPme OT RHHROB 

ll B:0:Xpefl ypaBHeHIDl I'pocca-lliITaeBCROro: 

<-<rt +Af-(tt/f1-9,,)cj, -=O, (I4) 
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] 

cymeCTBY.RlllHX B CUJIY TOITOJIOrHtieCRIDC llplitIHH ll He HMe.Rlilll( TpeXMepHHX 
JIOKaJTJI30B8HHhlX CTarnroHapHHx 8HaJIOrOB, "rry31:lp1,Rll11 B03HHRaJOT 6JlaI'O,ll,apa 
KOHRypemurn B3aHMO,ll,eHCTBUH ll cymeCTBYJOT rrpll J!WOM .]) • Ilpll J) = I 
COJIBTOHH-"rry3Hp:&Rll" ypaBHeHIDI (I3) rro~eHhl RBHo, rrp:0: .l) = 2 II 3 -
tIMCJieHHO. ,L.OIIOJIHllTeJII,Ha.fI HHqJOpM~ M3BJieKaeTCJI M3 ,ll,Byx rrpe,!!,eJII,HHX 

o~aeB, ROr,ll,a (13) CBO~TC.fl M60 R HHTerp:0:pyeMOMY ypa.BH8Hll!O, JI1:I60 
R ypaBHeHUJO, OCHOBaTeJII,HO ll3y<:leHHOMY pa.Hee. B § 2 HOBblli Tl!II COJil:ITOHOB 
orrpe,ll,eJl.fleTCJI B cJiytiae ypaBHeHM c HeMHe.liHocT:&JO o6mero BU,ll,a, 

Ctp-f; + A If + F (tlff 2.) If = 0, (I5) 

U li3JiaraeTCJI cxeMa 8HaJill3a IDC YCTOlltiliBOCTll. HeCTaH,ll,apTHOCTI, B03HllRa.IO
meft Jlfilleapll30B8HHOH CUCTeMI:l 

:f-t = [-A - F(<f'~} t == L,. t 
(I6) -,t = {-A - F(tl'':) -2'1'1 F1(tf1) J f = LLf 

06ycJiaBJ1HBaeTCJI Heo6HtIHhlMll cnoilcTBaMII orrepaTopa Ll (Herrpep!IBHHil 
crreRTp RacaeTCJI HyM). B § 3 ,ll,ORa38H ueHT~HHH peayJII,TaT: llORO.fIID,l'le
CJI COJil:ITOHH.!ny31:lpI,RU11 HeycToli'lllllll - 'AJlll rrpOll3BOJI1,HOro BH6opa HeJil:I

HeHHOCTll ll paaMepHOCTll rrpOCTpaHCTBa. § 4 llOCMmeH (tIIICJI8HHOMY) HaxOJK
,ll,8HliJO COOTBeTCTBYJWUIX HHRpeMeHTOB pacrra,n:a ll o60CHOB8HllID liX MaRCllM~
HOCTll. B § 5 paCCMOTpea ~a.ii ,IUillJKYillllXCJI "ny31:lp:&ROB". 06HapyxeHO cy-

11\eCTBOBaHlle RpllTH'leCROH CROpOCTll 1'-CII, , Ta.KOH, 'ITO rrpll v~ Ven: "IIY3HP:&

Rll11 CTaHOBJiTCJI CTa6:WU,HliMli 061:>eRTaMll. ,llaeTC.fI llHTeprrpeT~ 3Toro * 
qieRTa B T~~MHHax 602e-raaa. B § 6 rroJiytieH o6m:0:ii RpllTepIIH ycTotttnmoc
™ O,ll,HOMepHhlX "TeMHhlX COMTOHOB", T. e: RHHROB H 'nySl:lp:&ROB'! MMeHHo, 
o6JiaCT1> YCTOir<rnBOCTll ,ll,aeTCJI H9paBeHCTBOM 

P,, ( Pl,,.)~ > o > (I?) 

r,ll,e ~ - CKOPOCT:& COJil:ITOHa, a p - llMrryJII,C! 

f= ~ s(c{l:t:cf-4':ctfi)dx-(lfl2.<»cjV')I: (IB) 

C llOMom:r,ro (I?) y,ll,aeTCJI o60CHOBaT:& TO'IHYJO ~OJ;MYJIY 'AJlll RPHTH'JeCROli CRO
pOCTll, IIO~eHHYJO pa.Hee 3MITHpHtieCRll. B § ? C,ll,ElJI8.H P.fI,ll, 3aRJIKJtlllTeJI1,Hl1X 
3aMetI8Hllli ll IIO,ll,Be'AeHli llTOrn rJI.ID. 

B 3a.RJIJOII9HIDI RpaTRO IIepetIIICJleHH OCHOBHHe peayJII,TaTH, IIOJIY':l8HHli9 

B ~CC8pT8Il;ID!. 
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B IDICCepTamm: IlQJlY'ieHH CJI6.nyKl!llie OCHOBHHe pe3V~bTaTH: 

I. O6Hapy,iteID,t HOBHe pe.IDlTIIB11CTCime HHTePpl!pj!eMHe CHCTEM!:t: ypa.B

HeHlie O(1,I) sine-Gordon (npe,IJ,CTaBIDlloe Tar'1Ke·Iia.K IiOMIIJieRcHoe sine
Gordon c caMo,IJ,eiicTBlieM TllI!a "ToK x Toli") H ero Sl(~) - amwor, 

ypaBHeHlie O(I,I) sine-Gordon-II 
2. IIocTpoeHa a,neKBaTHaJI "npoue;rrypa o.n.eBamm" ,Il)'.fl cxervlli e.n.1moro 

OilllCamm ,!I.ByMepID,!X liHTerpHl)yerrux MO,IJ,eJiei1 pe:m:THBJICTCKOE TeOplill IIO.'UI, 

IlO3BOJlllKl!lrui: IlOJiy-<I8Tb MHOrOCOJIHTOHHlle pe111emm Ha !IpOH3BQJIJ,HOM ;tone 

(B 6,IUIH006pa3HOll 38MRHJTOH ,IJ,eTepMRHl;l.HTHOli c_IJopMe) ~lJ.f! BCex H3B8CTHHX 

MacCHBOOX JiopeHIJ;-liHB8p.0.aHTHUX c.0.cTeM. C ee noMOl!ibIC IV'-cc.m:ToHHHe pe-
111emm Ha HYJI0BOM li IlOCTOJIHHOM O,Il,HOpO,IJ,HOM c_IioHe TIOJIY'I6Hll ,Il,Jl..li CllCT8M 

o6mero IlOJIOOtemm, accoIJ;JmpOBaHHllX C aJire6par,n:1 slca.)6) )(1 s.f.(3.) t)' 
a TaR.lKe me pe,IJ,yRIJ;.0.ii: 

a) MaccHBHoii MO,IJ,eJIH THI)p1rnra n ee O6O6meH1m, 

6) KOMIIJieKCHoro ypaBHeHliIB sine-Gordon, 
B) BTopofi 111acc.0.BHoii cmrnopHm1 Mo,IJ,eJIH 0. YIJaBHSHWI O(I ,I) sine

Gordon, 
r) eBRJll,ll;OBOH nepc1111 KOM11JI6IiCHOrO sine-Gordon 11 0BKJil'l,IJ,OBa aH&

Jiora Macc.0.BHOii MO,IJ,eJlli THI)p1rnra, 

.n.) Tp0Tb0li MaccMBHOH CilllHOpHoii MO,IJ,0Jll! ll ypaBH0HYJI O(I,I) sinc
Gordon-II. 

3. IIocTpoeHH (ueco6CTB0HHlle) ripeo6pa30Ba.HIDI E::lK.nyH,IJ,a, CBiI3JIDa.JO

mne pemeHIUl C pa3.1IH'!HllMH T.0.IlaMH rpaHHt!Hh!X YCJIOBHii ,IJ,.,"l.fl CiiaJ!J!!)HllX ypaB

HeHIDI: 0(2) H O(I,I) sine-Gordon , IiOM11Ji0IiCHOro sine-Gordon-II 
4. MccJie,IJ,OBaH RJiacc MO,IJ,eJle.11 C H0KOl\ffia.T{THO:l:i rpynnoii BHYTP0HHe:l:i 

CliMMeTplim ~ IloRa3aHO, '!TO HeCMOTPff Ha OTCYTCTBHe Y COOTBeTCTBj'ICdllero 

WYHiiIJ;.0.OHaJia :mepr1111 (.n.a.JKe yCJioBHoro JIOiiaJU,Horo) rllHHHMYMa, Tarme cnc

TeMH 111oryT o6Jia,nan ycTo:l:it!mi11MH tiaCTHIJ;eno.n.o6mu,rn pememmMH. O6Hapyr.rn

Ho neTpli:lBHaJIJ,HOe B3aID/IO,IJ,eiicTBJi:le COJIHTOHOB B MO,IJ,eJIH O(I,I) sine-Gordon. 
IloKa3aHO, 'ITO (no Kpaf.rneii Mepe Ha YIJOBHe 8TOli MO,IJ,eJIH) B par,rnax COJill

TOHHoro c_IJopMaJIU3Ma y.n.aeTCH o6oCHOBaTb OCHOBHOH rrocTyJiaT Iili:!HeMaTHKH 

TaxJrOHOB - Ilpmm,fil peHHTepnpeTall;Iill. 

5. B paMKax IiJiacca MO,IJ,eJieii ·c IiOHKYIJHPYIOOlliMli B3aID/IO,IJ,eficTBlUIMJi:l 

o6Hapy,iteHH (r.rnoroMepHHe) HeJIHHefurue CTpyRTYIJll HOBoro Tli:llla - COJIUTO

HOilO,IJ,O6Hlle rryallpli. Ilolia3aHO, 'ITO CTaTU'l6Cli.0.e TIY3IJ:Pli .!IBJifflOTCH cymecT

BeHHO HeycTOli'!HBllMH o6~eRT8MH, npU'leM 8TOT ~a.KT He 3aBliCliT Hli OT 

IiOHRpeTHOro Bli,ll;a HeJIUHeiiHOCTli, HH OT pa3MepHOCTli IlpOCTpaHCTBa. B CJIY

tiae HI13IiHX pa3MepHOCTefi o6HaPYJKeHO cymeCTBOBaHlie RPliTII'I0CiiOH CKopoc

TH, Bllllle IiOTopo:ii ,IJ,BH.lKymneCH TIY3IJ:PbKli CTa6llJ!bHH; IlOJIY'leHa qlli3li'l0CK
0

aff 

liHTepnpeTawm STOro ajx;peliTa. I!OJIY'I0H o6mnii IipHTepHii YCTOli'!HBOCTl! 

"TeMHHX COJil'ITOHOB" (IiHHiiOB 11 rrysll:peii), li C ero IlOMOII\1,10 o6ocHOBaHa 

TO'!HaH WOPMYJia )J,J.lR. RpliTli'!SCiiOll CKOpOCTli. 
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