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BBe.n:eHlIIe 

KaHOHlIIlleCKoe KBaHTOBaHlIIe KJIaCClIIlleCKlIIX ClIICTeM. iIJYHKlJ,1II0HaJI 

lte~CTBlII5I KOTOpblX lIIHBaplllaHTeH OTHOClIITeJIbHO npe06pa30BaHlIIt1 JIOKaJIbHO~ 

rpynn~. CB5I3aHO C npOlJ,e.n:ypot1 lIICKJIIDlleH1II5I HeiIJ1II311111eCKlIIX CTeneHe~ 

csoco.au. 3TO. C Ol{HOt1 CTOPOHbI. Y'-!eT CB513et1 MeJlCl{y l{lIIHaMlIIlleCKlIIMlII 

n~peMeHHbIMlII. C ltpyrot1 - iIJaKToP1ll3al.J,1II51 OCTaBlIIeHC5I 06JIaCTlII cI>a30BorO 

npOCTpaHCTBa no Op6111TaM JIOKaJIbHot1 rpynnu, reaaparopaua KOTOPO~ 

51BJI51IDTC51 caMlII CB5I3111. 

/1/
B o606~eHHOM raMlIIJIbTOHOBOM nozxoze ,l{lIIpaKa iIJaKTop1ll3al.J,!ll51 

OCYlll,ecTBJI51eTC51 nyreM suoopa 51BHbIX BblpaJlCeHlIIt1· l{JI5I HeOnpel{eJIeHHhlX 

WYHKlJ,lIIt1. nplllCYTCTBYIDlIJ,lIIX B ypaBHeHlII5IX l{BlIIJlCeHlII5I 1II lIIrpaIDlIJ,!IIX POJIb 

MHO:;in1Te~eH JIarpaHJlCa. Y.To6hl iIJlIIKclIIpoBaTb BlIIlt 3TI1X iIJYHKl.J,!IIH. 

HaKJIalthIBaIDT ltonOJIHlIITeJIbHhle YCJIOBlII5I na 1t!IIHaMlIIlleCKlIIe nepeMeHHhle (no 

Ol{HOMY na KaJlC.ztyro CB5l3b). ,l{eJIaeTC5I 3TO Tal'. -rrodu MHOJlClIITeJI!II 

JIarpaHJlCa onpelteJI51JIlIICb OltH03HalIHo. OpaBlIIJIbHbM Bw60p l{OnOJIH!IITeJIbHhlX 

YCJIOBlIIt1 aal{aeT Mepy B cI>YHKlJ,1II0HaJIbHOM lIIHTerpaJIe ~eAHMaHa Tal'. lITO B 

l{eikTBlIITeJIbHOCTI1 lIIHTerplllpOBaHlIIe np01ll3BOltlllTC5I no MHOJlC8CTBY op6111T 

1
 _ /2/
 

JIOKaJIbHOlll rpynnu 
, 

B. 06l1J,eM BlIIlte 3Ta sazaua ouna pellleHa EaTaJIlIIHblM. <llpaJU<:!IIHhlM YI
\ 

BlIIJIKOBblCKlIIM (E~B) /3/. B OCHOBe lIIX MeTOlta JIeJlClIIT lIIl{e51 paCIm1pemt51 

iIJa30Boro npOCTpaHCTBa 3a ClIeT aHTI1KOMMYTI1P~lII,Y/X ltlllHaMHlIeCKYlX 

4/.
nepeMeHHhlX 1II BBelteHlII51 B~ST "lIIHBaplllaHTHOrO raMlIIJIbTOHlIIaHa na HeM/

~YHKl.J,YIOHaJIbHhlt1 lIIHTerpaJI 5<llB nortvcxaer lIMPOKlIIA Bhl60p KaJM6pOBOllHhIX 

WYHKlJ,lIIt1,..'S/ • 

6,7/ 
6b~OB pa60Tax/ nOKaaaHO. lITO B TeOpYl5lX CTPYH KaJM6pOBKY 

MOJICHO aaWlIIKClIIpOBaTh Tal'. lITO6hi CBs:I3l11 1II llOnOJIHYlTeJIbHhle YCJIOBYl5I 
; 

o6pa30BhIBaJIYI 3aMKH~ azreopy. B 3TOM CJIyl{ae o6HapYXlllBaeTC5I 

.. 
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eVIMMPTD\I1Sl raMVI.llbTOHVli1H3 OTHOCVITeJIbHO rpynru: OSP( 1,1 12 ) . 50JIee 

III(111)O~a$1 fLJynllrl CVlMMeTpVlVl KBaHToBot1 TeOpVIVl n03BOJI51eT VICKJIIO\.lVlTh 

1iL'(l)\I1;:lV1'~OC KW~ CTeneHVI CR060JIbl He np116era51 K l1X 5lBHOMy BbIlIeJIeHlIlIO. 

:i.Il('C!"l npVIMPHSlATC$1 MexaHVI:JM napVI3VI-COYPJIaca, VI3BeCTHbIH B Te,apl1l1 

c-roxac'rnsecsoro KBrlHTOBaHVl51/ 
8

• o> 

~. VIPaCIIIl1peHHa51 ,lJIre6pa, KOT9Py/o 06pa3Y10T CB513VI 1 

lIonOJrHVITeJIbHble YCJIOBVIs:t ~J VIMeeT BVIlI 
/7/ 

. k (1){~i' ~j) ~k= Ui j 

{<P r: WJ } = si - TI k ¢	 (2) 

{'lti • ~} = o.	 (3) 

~VIrYPHble cK06KVI 0603Ha4alOT KJraCCWleCKVle CK06Kl1 Il yaccona. ,l{JI51 rcro 

tIT06bI ypaBHeHVI51 ~ = 0 npaBVlJrbHO Wl1KCl1pOBaJIl1 l<:aJIVI6poBKY ·lIOJIJf.:HO 

BblnOJIH51TbC51' CJIelIY/OlII,ee HepaBeHCTBO 

det.II{~i • ~} "I ' = deq Bt II ~ o.	 (4) 
~i=wJ =0 

KOHCTaHTbI st YI T:=, YlIOBJIeTBOp51IOT COOTHOlIleHVl51M, BhlTeI<:alOlII,l1M 113 
1J 

TO:>lClIeCTB JIK0611 

T~
1m 

Tm
jk ~m T~k = U~j r:k • (5) 

m
T~ sm Tn B = tJ;j B:	 (6)

1m j jm i 

ECJIl1 arrecpa CB513et1 (1) 51BJI51eTC5l KJIaCCW{eCKO~ aJIre6po~ Bapaccpo , 

sj = ojTO i i" 

V13Y\.leHVle BOnpOCOB, CB513aHHblX C B3aVlMolIet1CTBVleM 3aMKHYThIX 

CTPYH, a TaKXe VlCCJIelIOBaH1151 B 06Jr3CTl1 lIBYMepH~X KOH~OPMHblX TeOPl1~ 

nOJI5l npl1BOlI5IT K 3alIatIaM, ll>oPMYJrnpyeMhlM Ha Pl1MaHOE\bIX nOBepXHOCTSlX 

/10.11/
np0113BOJIbHOrO P0113 g. B pa601'3x KPVl4000P 11 1I0BVlKOB Ha 3TI1X 

nOBepXHOCUIX BBeJIl1 6a311C B npoCTp8HCmO MKTOPHblX nOJIe~, 

r-oJIOMOPWHblX SHe ,I(Byx OTMe4eHHblX T04eK, VI VI3Y4l1JrVI B03Hl1KalOlII,l1e 31Iecb 

TeH30pHble .o6'beKTbI. 5a3VICHble sexropnue nO.1I5I 06pa3YlQT o606lI1,eHHO

rpalIYVIPOBaHHy/o a.llTe6py KpW-ieBepa-HoBVIKOBa (a.srecpa KH). KOTOpa51 

COBnalIaeT C aJIre6pOH BVIpacopo npl1 9 = O. 

B Hac TO51lII,e t1 pa60Te YCTaHOBJIeHO, KaKa51 reOMeTpVl4eCKa51 

KOHCTpyKU,Vls:t Ha pVIMaHOBOH nOBepXHOCTVl po'za 9 COOTBeTcmyeT 

pa~IIIVIpeHHOH aJIre6pe (1)-(3), rlIe B Ka4eCTBe (1) B3511'3 aJIre6pa KH. 

HaHlIeHa peaJIVI3al~Vl51 nOJIYlleHHOH aJIre6pbJ B TepMVIHax 1I11HaM114eCKVIX 

nepeMeHHbIX 3aMKHYTOH 6030HHOH CTPYHbl, MVIPOBOH nOBepXHOCTbIO KOTOPOH 

51BJI51eTC51 lIaHHa51 pl1MaHOBa nOBepXHOCTh· Ha 3TOM arane Mbl, 113 

C006paJKeHVI51 YlIo6cTBa, WOPMYJIl1pyeM pe3YJIbTaTbl, l1CnOJlb3Y51 

KJraCCVI4eCKl1e cKo6KVl Ilyaccoua . nOlIP06HO o6CYJKlIaeTC51. KJIaCC114eCKa51 

JIl1HaMVIKa TaKoH CTPYHbl. Iloxaaaao , 4TO xosapaatrruue raMl1JIbTOHOBbl 

ypaBHeH1151 lIBVl:ti:eH1151 3KBVlBaJIeHTHbI JIarp~HjJCeBblM TOJIbKO B TOM CJIyqae, 

xor.aa "BpeMeHHa51" <PYHKU,1151 ua MVlPOBOH nOBepXHOCTl1 CTPYHbI, 3alIaIOlII,a51 

Cl1CTeMY KOHTypOB, 5IBJr51eTC51 rapMOH114eCKoH. B 3TOM CMhICJIe WYHKu,l151 

1 1 
"BpeMeHl1". BBelIeHHa51 B pa60Te/ /. COOTBeTcmyeT npaBl1JlbHblM 

ypaBHeH1151M faMVIJrbTOHa. 

1.	 feOMeTp114eCKa51 KOHCTPYKu,l151, OTBe4aIOlII,a51 paClIIl1peHHO~ 

aJIre6pe CB5I3eH Ha pl1MaHOBOH nOBepXHOCTl1 pOlla 9 

Kpanco HanOMHVIM OCHOBHble 06'beKTbI, B03HVIKaIOlII,l1e Ha pVlMaHoBoH 

nOBepXHOCTl1 L poza 9 , KOTOPble HaM nOTpe6y/oTC51 B lIaJIbHeHlIleM/1 0/. 

OTMeTl1M sa L JIBe T04Kl1 oouiero nOJIOJICeH1151 P + 11 P _ C JrOKaJIbHblMl-1 

KOOplIVlHaTaMl1 z+ VI Z_.TaKl1MVl, Y.TO Z±(P±)=O. Ha L CYlII,eCTByeT azreopa 

MepOMop~HblX BeKTopHbIX nOJIeH, rOJIOMOPWHblX BHe TOy.eK P ±. B 3TOH 

aJrre6pe " MOJICHO 3aWVIKCl1pOBaTb 6a311C, npezc TaBJl51e MblH BeKTOpHblMl1 

nOJI51MVI e i , xoropue , corJIaCHO TeopeMe PVIMaHa -Poxa, e,lij1HCTBeHHblM 

2 
3 



06pa30M ·onpe.n:eJlS1lO:rCS1 Ct30VlM nOBe.n:eHMeM B OKpeC1'H9c1'S1X 1'Oy.eK P±) 

_ . ± ±i"-g +1 -. a (1.1)+ 
e. .,.. a z , 0 [ 1 +0(",+) J -----;:;-z ' a 

i 
= 1. 

1 1 _ - v t 

3.n:ec,? 1-1H.n:eKC i npV1i-n1Mae1' u,eJIble 3Hay.eHVlS1 (1 =... -1,0,1 ... ) .n:JISt 

4e1'HblX 9 l1 nOJIyueJIble (i =.•. -~, +~ ... ) .n:JIS1 }Ie4:e1'HbIX g, a go = ~ g. 

B~K1'0pHble nOJI5I e o6pa3YJ01' 3aMKHYTYlO go -rpa.n:yyfpoBaHHYlO
i 

:"
aJIre6py .. m~ ~1'HOCVl1'eJIbHO cK06KVl ]11 (aJIre6pa KH )1 

.. go 

.Le:e j = [ei' e j) = ~ c~je1+j_S (1.2) 
1 s=-go 

OHa MOJKeT '6bITh pa3JIOJKeHa B CYMMY m:£ = m: + Im~ + m: .rze 6a3VlCbI 

oo.n:aJIre6p ~; COC1'aBJIS1I01' BeK1'ophi {e i ) , Y K01'OpbIX 1~ go-l J,1 i~ -go+l 

COO1'Be1'C-TBeHHO. nO.n:OpOC1'paHCTBO mL 
C{ei ) ; 11 t~ go-2) VlMee1'o 

KOMOJIeKCHYIO pa3MepHOC1'b 3g-3 (.n:JIS1 g>l) J,1 MO~e1' 6hI1'b O1'OJK.n:eC1'BJIeHO 

C KaCaTeJIbHbIM OpOC1'paHC1'BOM K MHOro06pa3J,11O Mo.n:yJIeili B 1'04Ke, 

onpe.n:eJIS1eMOili KOMnJIeKCHOM C1'PYK1'YPOM Ha nOBepXHOC1'Vl L. BeKTOpHble 

nOJIS1 {e ) emL reHepJ,1PYI01' .n:eepOpM3Ll,J,1J,1 KOMn~eKCHOJ,1- C1'PYK1'YPhiHa L. 
i o 

KpO'Me KaCa1'eJIbHOrO. Ha nOBepXHOC1'J,1 L CYmeC1'BYlOT 1'eH30pHble 

, CA) (if> -
paCCJIOeHJ,1S1 1 j , napaMe1'pJ,13yeMhIe u,eJIbIMItt 4:J,1CJIaMVl A KOH,*,OPMHbIJ,1 

BeC). OHM rOJIOMOpepHbI Ha L aa J,1CKJII04eHJ,1eM. 6bI1'b- MO:lt::e~, nOJIIOCOB B 

CA) 
P z ' B OKpeC1'HOC1'S1X 31'J,1X 1'04:eK WOPMbI 1 j npVl 11.""0.1 J,1MelO1' CJIe.n:YIOlIJ,ee 

nOBe.n:eHVle 

/11.) CA)±'z ±j-SCA) [1+0CZ ))CdZ+)A (1. 3)
a. + ±_j J -

r ze 

S(A) =~'-A( g-l). B CJIyqae A=O,l tPopMYJIa (1. 3) MO.ZJ:J,1tPJ,1Ll,J,1Pye1'cS1: 

-r" z~j-g/2 [1+0C2±) J, Ij l>g/2, 

/0) = a Co) ± 2~j -g/2±1 /2-£ [1 +OC2+) i , j =-g/2, .... ,g/2-1 , (1. 4 ) 
j j - 

1 , j=g/2.1 

lr 

eD± ±j+g/2-1 [1+0CZ+))dZ+
 
j


a Z± __ Ij l>g/2, 

1
CD±/D= a z±j +g/2+1 /2-£ [1 +OC.2+) ) dZ+, j =-g/2+1 , .... , g/2, (1.5)J . j ± - 

0,)., j =-g/2 .
 

3.n:eCb £=1/2, a w - e.l(J,1HC1'BeHHbIH MepOMOPWHblH .n:J,1WWepeHIJ,J.1aJI 1'pe1'bero 

poza , K01'OPblM B 1'Oy.Kax P± IttMee1' npoc rue IIOJIIOCa C Bb!4eTaMV1 ±1 Itt 

4.MC1'O MHIttMble nepVlOlIbI no sceM IJ,V1KJIaM. ¢OPMYJIbl (1.3)-(1.5) s 01JIY 

1'eopeMbI PJ.1MaHa-Poxa 0.n:H03Ha4.HO. C 1'04.HOC1'b10 .n:o MHO:lt::I-11'eJIS1. 

CA) _ II 
onpe.n:eJIS1I01' WOPMbI 1 j Ha BCeJ,1 nosepXHOC1'V1 L. .J.1CJIOBble MHOJICl11'eJIVl 

CA) + B'· 6 63acI?l1KcV1PyeM, nOJIO:lt::V1B a j =1 • Be.n:eM 1'aKJlCe YJlO Hble 0 03Hay.eHV1S1: 

=/C 0) j =/CD OJ=/2)A (1.6)j J' W -j' -j . 

BblnOJIHS1IOTCS1 CJIe..nYlOllJ,Y1e COOTHOllieHJ.1S1 .n:yaJIbHOCUl
 

1 1
 
J 

2111 f A1 w = 6i ' 2ni fe i oj :; 6i (1.7) 

npJ,1 scex 3Ha4:eHYlS1X i Yl J. 3.n;em.. 11 naxee ,r,n;e MbI He 6y,n;eM sroro HBHO 

YKa3bIBa1'b • YlH1'erpMpOBaHYle oCYmeCTBJIS1eTCS1 no JII060MY HecaMonepe

+ 
ceKalOmeMYCS1 KOHTYPY. K01'OPhiH pa3.n:eJIS1eT L .Ha .n:se 4.ac~ L- TaK, 4.1'0 

+
P±CL-. nOCKOJIbKY ece TaKl1e KOHTYPbI rOMOJIOfJ.14.HhI, a nO.llb1HTerIlaJibHble 

<IlYHKI.1)1M rOJIOMO P~Hbl BHe P±' TO YIH1'er paJI He 3aBI1C lifT 01' Bbl60pa 

KOHTYpa. 

Onpe.n:eJWlM CK06KYl 

(1.8)[ e 1 ' A j ] = I:e 1 AJ == e 1 dAJ '"' ~ j Ak ' 

[e ,wj ] c wJ dCe ()) = -TJ .r (1.9)
1 e i 1k

i 

CA) 
HanOMHYIM, 4.TO npOYl3BOlIHaSI JIYI ~OPMbl' 1 j B ,J[oKaJIbHOA CJ.1CTeMe 

CA) CA) A . 
KOOPAHHa1'. B K01'OIlOH 8 1 = e 1 C2J 8 / 02 , I = I j C2JCd2J, J.1MBST BJ.1~J 

8/A) CD (Je CZ) ] 
c /A) == e CZ) j + A /A)CZ) _1__ Cd2J A• (1.10) 

e 1 j [ 1 8 Z j 8 Z 
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,lI,JI5I	 1<:03W1"?HUllteHTOB T
k 

, eCJIH BOCnO.nb30BaTbCS1 COOTHOIlJeHH5IMVI (1.7),i j 

nOJIytlaeTC5I CJIe.llY1011l,ee VlHTerpaJ[bHOe npe.n:cTaBJIeHHe 

k	 . 1 ,( k (1.11)
= 2rri j w eidAJT i j 

CTPYKTYPHble 1<:0 HCTaHTbl a.nreOpb1 KH MOJKHO Tal<:]Ce Bblpa3V1Tb y.epe3 

1<:0HTYPHbliii HHTerpaJI 

_1	 1 kk U~ . [e , e.j l (1. 12)lei ,ej) Ui j e k ' lJ 2rri J n i 

BbInOJIHeHHe TOJIC.n:eCTB 5'!K06H (5) Oy.eBH.n:HO, B CHJIY CBOHCTB npOH3BOJIHOH 

.11.,1. 

nepeiii.n:eM I<: nOVICI<:Y ueHTpaJIbHbIX paCillVlpeHVIiii CI<:0601<: (L8). VI 

(1. 9) . Hac VlHTepecyroT BblpaJKeHVI~ .n:JI~ HeTpVlBVlaJIbHblX KOLl,l-1l<:JIOB 

ACe. , A , ) VI BCe. • () ) , nepBbliii V13 HVIX onpe.n:eJI5IeTC~ e.n:HHCTBeHHbIM 
1 J 1 

06pa30M: 

1 -o 

ACe .Aj) = = 2ni r1 
Aj~Uei' (1.13 ) 

i Ai j 

KOBapV1aHTHblt1 rOJIOMOPWHblt1 .n:H~WepeHUHaJI ~ B JIOl<:aJIbHOiii Cl1CTeMe 

1<:00p.n:HHaT HMeeT BH.n: ~=dZ0~ %Z' aero .n:et1cTBHe ua 6a3HC 

(dZ)" CJIe.n:yeT H3 WOPMYJIbl 

v iJ/a2 Cdz)" = - " rc Z) CdZ)" • (1.14) 

Ha	 nepeCey.eHHVI KapT U n u~ CB5I3HOCTb feZ) npe06pa3yeTC5I 06~Y.Hb~ o 
,	 I' , 

06pa30M. T.e. eCJIH Z~ = fCZ ) , TO r~CZ~)f = raCZa) - f /f , r.n:e o 
,	 • /11/
f=iJZ~/aZa'	 B paOOTe V1CnOJIb30BaJIaCb npOeKTHBHa5I CB5I3HOCTb R, 

KOTOPYlO MOJICHO Bblpa3HTb y.epe3 T H ee npOH3BO.n:HY-1O ' 

2 ' (1.15)R=r/2-r.
 

UeHTpaJIbHbM y.JIeH A y.n:OBJIeTBOp9.eT YCJIOBH~ 1<:0Ul-1I<:JIVlY.HOCTVl
i j 

ACe 1 ' [ e j • A )) - ACe j , [ e i ' Ak )) - AC [ e i ' e j ) , Ak) = 0
k 

VI JIOKaJIeH, T.e. A :::; 0 • eCJIVI Ii t j 1>2g. f1pH R = 0 \l!3 (1.13)
i j 

( 

noJ[Y'{aeM, Y.TO 

ACe. ,A .) = [C1-g )2_ Ci-g )),.
1 2 g-l 0 0 

\t1 MeeTC $I zea TVlna HeTpVlBVlaJIbHblX ueHTpaJIbHblX pac lliHpeHVlH 

BCei• w 
j

) , xo'ropue y.n:OBJIeTBOp5IIOT YCJIOBY11O 1<:0Ll;V1I<:JIVlY.HOCTVl 

BC e. , [ e , , wk )) - BCe . , [e. ,wk )) - BC [ e .• e . ) , i»k) = 0 
1 J J 1 1 J 

3TO 

BC1) Ce. , wj ) _1 1 j	 (1.16 )
1 2ni J w ~ei 

!It 

(2) . 1 f . 
B	 Ce. , wJ ) = -2' e. wJ 

0 , ( 1. 17 ) 
• 1 rri, 1 

r.n:e	 o-HeTOy.HaS1 cpOpMa Ha paCCMaTpVlBaeMot1 CHCTElMe 3aMI<:Hyn,1X I<:OHTYPOB 

pHMaHOBOH	 nOBepXHOCTH L . 
( 1)Ce j)=0

KOLl;HI<:JI B npVl li-31 > g, a B y.aCTHOM CJIY'{ae i-j=g,i,w 
(1) i-g

npVl R=O. B Cei,w )=i-90-1. ECJIVI B l<:ay.eCTBe a B3SITb 
(2) . 

.II:I-1WWepeHUI-1aJI TpeTberO po.n:a w, TO I<:0Ul-1I<:JI B cei,wJ ) 6y.n:eT 

C1) . 
y.n:OBJleTBOpS1Tb TOMy JK:e YCJIOBHIO JIOl<:aJIbHOCTVI. Y.TO Yl B C9 i ' wJ ) . 

(2)' . 
KpOMe TOrO, npH g=O H o=w B cei,w

J
) 19=0,0=w = 6t, Y.TO COBna~eT 

C Vl3BeCTHblM pe3YJIbTaTOM pa6QTh(7/. Bce 3TO CBVI.lleTeJIbCTByeT 0 TOM, 

Y.TO na pVlMaHOBOH nOBepXHOCTVI p0.lla 9 pacurnpeHHo£1 aJIre6pe (1) -( 3) 

6y.n:eT o'reexars CJIeJIYlOmaS1 I'eOMeTpVly.eCl<:as:l 1<:0HCTPYKUI-151 

k
[ei~ej) 'Ui j e k
 

j j J k
(e. ,-w )
1 

8 i -	 THe w (1.18) 

Iwi,wj] = 0 , 

B~=B(2)Ce. ,wJ ) . rze a CI<:061<:VlnOHVlMalOTC5I KaK a6CTpaKTIible 

I<:OMMyra TOpu. 

1 1 

, 2.	 KJIaCCYly.ecKa51 llYlHaMYfl<:a 3aMKHYToiii 6030HHOiii CTPYHbl C WiPOBOA 

nOBepXHOCTbIO CPI-1KcHpoBaHHo£1 TOilo~orHH 

4T06bl pea.m130BaTb a6CTpaKTHYIO aJIre6py (1.18) 8 TepWiHaX 

7 
6 
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CK060K nyaCcOHa. onpe~e~~M waaOBOe npOCTpaHTBO aaMKHYTO~ 60aOHHO~ 

CTPYHhl. M~POBO~ nOBepXHOCTb~ KOTOPO~ ~B~~eTC~ L. B COOTBeTCTB~~ C 

XapaKTep0M 3a~a4~ HaM nOTpe6yeTc~ KOBap~aHTHa~ WOPMy~~pOBKa 

raM~~bTOHOBa WopMa~~aMa.5y~eM ~CXO~Tb ~3 ~e~CTB~~ 

s = ~J dX~A*dX~, (2.,1) 

r ~e X~ - ~HaW14eCKa~ nepeMeHHa~ 60aOHHO~ CTPYHbl. JIopeHu.eBCK~~ 

~H~eKC p np~H~MaeT 3Ha4eH~~ OT HY~~ ~O D-l (D-paaMepHOCTb 

npoCTpaHCTBa M~HKOBCKoro). a MeTp~Ka Ha L eBK~~~OBa. 

BBe~eM ~onO~HvtTe~bHYJO ~~HaMW-!eCK1JO nepeMeHHYJQ p~. xoropaa 

~B~~eTC~ .lIe~CTB~Te~bHO~ l-wopMo~ Ha L. C ee nOMOlD,blO nepe~.1L8M K 

WOpMa~~aMY nepBoro nOp~.lIKa ~~~ (2.1). 

S = J CP A dX~ - __1__ P A ~P~). (2.2)
~ 2 ~ 

YpaBHeH~~ 3~~epa-JIarpaHJKa vtMelOT B~.lI 

dX~ NP~, C2.3) 

dP~ o . (2.4) 

,lJ,~~ KOBap~aHTHoro on~caH~~ "BpeMeHHo~" 3BO~IOU.~~ Ha L aa.Ita~M 

BemeCTBeHHYJO <IJYHKU.~JO f.TaKYJO. tITO jCP±)= + 00. Ee ~~H~~ YPOBH~ 

CT={QeL.fC<D=T} ~O~JKHhl ~e~~Tb L Ha ~e tIaCT~ rdK. tIT06hl TOtIK~ P+ , 
np~Ha,l(JIeJKa~~ paa~~tIHhIM KYCI<::aM L. tITO ~B~~eTC~ BhlpaJKeH~eM np~H~na 

np~tI~HHOCT~. 3T~ KOHTYPhl6yJIYT COOTBeTCTBOBaTb wopMe CTPYHbl B 

MOMeHT "cooc reeaaoro BpeMeH~" T. KpvtT~4ecK~e TOtIK~ WYHKl..J,Ii\~ f • 

onpe~eJI~eMble ~a ypaBHeH~~ df=O. OTBe4aJOT TOtIKaM .IteJIeH~~ ~~ 

C~~ffifvtSI HeCB~aHhIX KOMnOHeHT IWHTYpa CT· B .lIa~bHe£1weM 6YlleM 

paccxarpasars TO~bKO TaK~e KOHTYPhl, KOTOphle He conepxar 

Kp~T~tIeCK~X TOtIeK. ,lJ,onOJIH~TeJIbHhle OrpaH~tIeH~~ aa <lJ~Kl..J,Ii\JO j 

BoaH~KHYT B np?u.ecce KOHCTPYvtPOBaH~~ raM~~bTOHOBa WopMa~aMa. 

BHe Kp~~tIeCK~X T04eK WYHKl..J,Ii\M j paCCMOTpMM BeKTopHoe no~e 

v N gradf. HOpM~pOBaHHoe TaK. lITO <v , ~ >=1. r lle ~=dj. a TaKES 

ql1pe..[e~HM -. BeKTo pHoe 110JIe Uk vta Tpe60saHvtH <uJr' .tr» =( v, Nm ll~~ 

npOM380~~HO~ l-~OPMbI ~.(~~-..[ya~bHa~ WOPMa). ~MeeT MeCTO paBeHTBO
 

<v*,~ > = <v,*~ > = 0, (2.5)
 

KOTopoe oaaa-raer, 4TO BeKTOp »« acerza J<:acaTeJIEH K KOI-lTYPY CT.
 

CHCTeMa (2.3). (2.4) 3KBvtBa~eHTHa C~EllYJOm~M TpeM ypaBHeH~~
 

;£ x <v, *P>, (2.6)
v ~ p 

I; P d<v, P >, (2.7)
v J.l ~ 

<v, P + *dX > = 0. c2.8)
J-l ~ 

Ilepsue zea onacuaanr ~aMeHeH~~ ~HaM~4eCK~X nepeMeHHblX BllO~b 

sexropncro no.na v M ~B~~JOTC~ nepBhlM naroa aa n~ nocrpoeaas 

ypaBHeH~~ raMl.1~bToHa. Tpen.e ypaBHeH~e BoaH~KaeT B peaYJIbTaTe 

npoelJ,~pOBaHI1~ (2.3) Ha xacare.n.aoe HanpaB~eH~e K KOHTYPY CT. 

Hauia lla~bHe~!Ila~ aanaxa aaxmo-rae'rc s B TOM. 4T06hl npellCTaBJ.1Tb 

npaBble 4ac~ Bblpa)ICeH~~ (2.6) 1.1 (2.7) B 8~lle cK060K Ilvaccoaa 

nepeMeHHhlX X.~ Vi Pvc cooTBeTcTB~!lJ,VIM raM~~bTOH~aHOM • ,lJ,JI~ 3TOro 

He06xo~MO OnpelleJIYlTb C~MrMeK~4ec IQ'lO CTPYKTYPY wa30Boro 

npOCTpaHCTBa Ha CT' a TaKJKe nOCTpOMTb W~iKU.~1O raM~~bTOHa ~tI. 

CK06Kvt nyaccoHa MeXllY OCHOBHhfMM .ItvtHaMvt4eCK~M~ nepeMeHHhlMM Ha 

KOHTYpe C T vtMelOT B~.lI 

{X CQ),X CQ') 0, (2.9)
1J-l 1

{X C<D.P CQ') t,.CO)CQ Q') (2.10)J-l v T/J-lV T ' ,
 

{PJ-lcQ). P vCQ')} -T/ CN + N') dliCo)CQ,Q').
 (2.11)J-lV T 

Ilepsoe COOTHomeHMe BhmMcaHO no aHa~OrJ.1M C 06hltIHhIM raMMJIbTOHOBbIM 

/11/
<lJopMa~J.1aMOM. B'ropaa cK06Ka paccuarpasanact, B paoore • TaM xe' 

Co)
6bl~ asezena ~HBap~aHTHa~ "lleJIbTa-<I>YHKU.vt~" liT CQ, Q') ua KOHType 

CT' no nepBOMY aprYMeHTY OHa SlB~~eTC~ r~llKO~ WYHK~e~·Ha CT' a no 

BTOPOMY 1-WopMo£1. BMll CK06K~ Ilvaccoua (2 .11) CB~aaH C TaM, llTO 

P/<D _ llBy)(K0Ml10HeHTHaSi Be~lIVIHa KaK TeHaop aa L, a vtCU1HHblM 

vtMnY~bCOM 5iBJI~eTC~ TO~bKO ozna KOMnOHeHTa. 3.n:eCb MbI BBeJrn 

8 9 
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T
 

0603Ha4eH~e d ~A~ npOeKU~M BHeillHerO ~~wwepeHu~aAa d Ha KOHTYP Cr' s: <v,.P > -;-£ -i.Cv~)~P 
v ~ v ~ 

. 4T06bl nOA)'\{~Tb raM~AbTOH~aH ~v' 

no MeTp~4eCKOMY T8H30PY gab" 

6 S 
P~ P~ _ 1 cd P~ 

6 gab - ab 
-- T a b ~ab g c 

Tor~a 

1 
~ = I ~T = 2 1 [<v,P > ~P + <v, NP > P J, (2.13 )

v r v r ~ ~ ~ ~ 
C C 

r r 

rJIe T va Tab dr,b l-~opMa Ha L. v 

Tene ps Mbl pacnozaraeu BCeM Heo6xo~~MhIM ~A~ BhI4~CAeHJ.1S1 

CAe~YIDm~X CKo6oK nyaCcOHa: 

{X • X) <v,~P>,
 
~
 ~ v (2.14) 

{P , ~} d<v,P> - Nd<v,~P >. (2.15)
~ v ~ , ~ 

KpOMe WOPMYA (2.10), (2.11) ~ (2.13), B npouscce pacveros Mhl 

HcnOAb30BaA~ CBOHCTBa "~eAbTa-~YHKU~~" 

<vC Q' ) ./iCo) CQ. Q' ) > O.
T 

f ~/i~O)CQ',Q»!p'c.Q) O.
 

C•
f ll.~ 0) CQ' , Q) 'PC Q) = 'PC Q' ) ,
 

C
 
T 

r~e ~(Q) - npO~3BO",,[bHaS1 na C WYHKU~~. ECA~ r 

coananae r C npaeoji 4aCTblO ypaBHeH~~ (2.6), 

Tpe6yeT 

~eHCTB~e 

WYHKl~~1O 

df' 

~onOAH~TeAbHoro ~CCAe~OBaH~S1. C 3TOH 

npOBapb~PyeM ~eHCTB~e (2.2) 

d (2.12 ) I'P~ 

,J, 
, 

(2.16) 
[ 

COOTHOilleH~e (2.14) 

TO pe3YAbTaT (2.15) 

ueJIblO 3aMeT~M, 4TO 

onepaTopa BHeillHero ~~~epeHu~pOBaH~S1 Ha npO~3BOJIbHYID ~\ 
f'( Q) MOJICHO npe~CTaBWIb B B~~e (1'1 
= Cd + ~Lv)f' • (~.17) 

B03bMeM B Ka4eCTBe f' WYHKUJ,110 <v, P / ~ BhI4~CJI~M npO~3BOlIHYJO JI~ 

-[£ lCVN)-iCUN)£ +-i.CvN~£ J*P 
v v v ~ 

"':{.L([v.v""J) + ,/,CvN)diCv) ·}j/P 
~ 

3~ec b Mhl ~c nOJIb30BaJIJ.1 ypaBHeH~e (2 .8) , a «. u) onepaD,l1~ 

BHYTpeHH·ero YMHOJK:eH~S1 Ha v . 4.To6hl npsoopaaosars BTopoe CJIaraeMOe, 

Mcr10JIb3yeM WOPMYJIhI (2.17) ~ (2.5)

i.Cvll')d<v,~P > = <v , ~d<v.~P > > <t», *~<v,,,,,p > > 
~~ ~ 

}laJIee 

~<v,Nd<v, .... P »={i.Cv).~/I.) *d<v.~P > - i.Cv)(~ /I. ~d<v,~P ». 
~ + ~I ~ 

r ~e u: v) ~=1 , a ~3 COOTHOilleH~S1 (2.5) CJIe~eT, 4TO ~/I.~d<v.*P
~ 

>= 

=d<u.NP >/I.~~ = o. Co6~paS1 Bce 8MeCTe, nOJI)'\{aeM 
~ 

d<v,P > ~ d<v.P >-""d<v.~P >+~<~v.v""J.~P > (2.18 ) 
~ ~ ~ ~ 

Ilpasaa 4aCTb ~aHHoro BhlpaJICeH~S1 COBna~eT C npasof 4aCTblO ~OPMYJIhl 

(2.15) TOJIbKO B TOM CJI)'\{ae, KOrJIa BeKTopHoe nOJIe v 6y~eT 

Y~OBJIeTBOpS1Tb ypaBHeH~1O 

[v.v~] = O. (2.19) 

B CBOIO o4epellb, OTCIO~a c.n:e~eT lIOnOJIH~TeJIbHOe orpaH~4eH~e Ha Bhl60p 

WYHKU~~ "BpeMeH~" f( Q) /if=O. TaK~M 06pa30M, TOJIbKO ~~ 

rapMOH~4eCKOH ~YHKum1 f(Ci) ypaBHeH~S1 (2.7) 6YJJ:JT raW1JIbTOHOBhIM~. 

B aJIre6pO-reOMeTp~'-!eCK~X KOHCTPYKU~S1X Kp~4eBepa ~ HOB~KOBa 

WYHKU~S1 "BpeMeH14" BBO~~TCS1 4epe3 ~~~~epeHl.J,Ii1aJI TpeTberO PO.zt3. W , a 

~MeHHO: C~CTeMa KOHTYPOB C onpe~eJIS1eTC~ Tpe6oBaH~eM 
Q 

r 

C =( Q. Re pC Q) =T). r ~e pC Q) = f w , a Q - npO~3BOJIbHa~ Ha 4aJIbHaSl 
r Q 0
 

o
 

'ro-uca. 4>YHKU~S1 T B ~aHHOM CJlyY.ae rapMOHH4eCKaSl, 4TO n03BOJISleT 

OTOJK:~eCTBHTb fC Q) = Re pCQ) • 

B 3aKJIlO4eHHe ~aHHoro pa3~eJIa OTMeT~M, 4TO ec JIYt, 

BOCnOJIb30BaBillHCb CBOHCTBOM nOJIHOThl CHCTeMhI 6a3J.1CHhlX ~YHKl.J,Ii1~ {An) H 

n /10/ 
{W ) Ha KOHTYPe C~ ,BBeCTH pa3JIOJICeHH~ 
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x CO) =X n A CQ), P cO) =P wnCQ). (2.20)
I-J I-J n I-J I-Jn 

aT3XJlCe yY.eCTb c aojic raa "lI.eJIbTa-WYHKl..l,V1Yr" (2.16), TO HeCJrOJICHO 

YCTaHOSvtTh Elvtll. CK060K Ilyaccona MelClI.Y K03~~YlLJ;ileHTaMYr X: H P~: 

-eXn,Xm)=o, {Xn,P )=n, 6n
• {Pp , pV)=O. (2.21) 

I-J ~ I-J vm I-JV m n m 

3TH COOTHOllleHVl5I 6YIlYT VlCXOll.HblMYl B npouecc e peaJrYl3aIJ,YlYl 3Jrre6pbI 

(1.18) B TepMHHax ~a30Bblx nepeMeHHblX CTPYHbl. 

.3. PeaJrvt3aLJ;il5I aJrre6pbl ( 1.18) B TepMHHax CTPYHHblX nepeMeHHblX 

KOMnJIeKCHble KOOpllJ1HaTbI na l: MOJICHO Bbl6paTb TaKHM 06paSOM. -rro 

l-~opMa PI-JCQ) 6YIleT CYMMOH rOJrOMOP~HOH Yl aHTYlrOJrOMOP~HOH liaCTeH 

P cO) = rr (0) + n (0...) (3.1) 
I-J I-J I-J 

B 3TOM cJryl{ae ~YHKUVlOHaJI lI.eHCTBYl5l (2.2) npHMeT BYlll. 

S = J n A axl-J + n A axl-J + in A nl-J (3.2)
I-J I-J P 

31[ec b Mbl BOCnOJrb30BaJrHC b pa3JrOJICeHHeM d=o+a. a TaKJK:e yl{Jll1. -rro 

Nn =-in COOTBeTCTBeHHO. ypaBHeHH5I llBHJK:eHH5I (2.3) Yr (2.4)
I-J I-J 

nepeHlI.YT B cJreJlYlOIIl,V1e COOTHOllleHH5I 

ax = -i rr aX in C3.3)
I-J I-JI-J I-J 

an =Drr =0 (3.4) 
I-J I-J 

a y TeHsopa "3Hepnm-HMnYJrbca" 6yll.YT OTJrHliHblW1 OT HyJr5I TOJIbKO 

rOJIOMOp~Ha5I H aHTHrOJrOMOPWHa.5I KOMIlOHeHTbI 

TCQ) =T dr=n CQ)nI-JCQ), TC Q) =T--dzC=n CQ) ;?~C Q) • (3.5) 
zz I-J zz I-J 

YpaBHeHH5I llBvtJK:eH115I (3.3) nOSBOJI5IIOT BblpaS~Tb nCQ) H n/Q)
I-J 

liepes .ID1HaMYrlieCKYre nepeMeHHble P /Q) 11 xl-J(Q), 

n 1 CP +idX )= 1 CP +iNP ). 
w I-J I-J ~ I-J I-JI-J (3.6) 
'~ CP -idX )= ~ CP -iNP ).
rr 2 I-J I-J 2 I-J I-J
I-J 

~X OrpaHHl{eHH5I Ha KOHTYP C • cor~CHO (2.20). paBHMT 

1 . m ri 1 n
nCQ) - CP +1.}" X) tv CQ) = - 01 tv CQ) • (3.7)

I-J 2 I-Jn nm I-J ~ I-Jn 

nCQ) ~ CP -ir X
m) 

tvnCQ) = !- 01 (oJnCQ). (3.8)
I-J ~ I-Jn nm I-J ~ pn 

rIle Q E CT' a 

'.
, I 

1 
r = --- I A dA (3.9)nm 2ni j n m
 

C
 
T 

B OTJIYly.Yle ?T nepeMeHHhIX x: VI p~' KOTopble 3aBHC5IT OT C06CTBeHHOrO 

BpeMeHYr. T. K03WWHLJ,HeHTbi Ot~ He liYSCTBHTeJIbHbl K Bbl60py KOHTypa CT' B 

y.eM MOlCHO y6ellJ1TbC5I. eCJIH BOCnOJIbSOBaTbC5I TeopeMOH CTOKca. .llJI5I 

-I-' " /11/
K03WWHIJ,V1eHTOB Ot~ MH llCIIOJIDSySM OTJIRtIHOS OT ,I:(aIIHOrO B pa60TS 

n 
onpeIleJIeHYle. T.K. paazaraea nCQ) no nOJIHOM CVlCTeMe l-~opM {tv ) . 

a He {(;)n). KaK 3TO JleJIaJIOCb TaM. 003TOMY B HallleM CJI.yy'ae 

K03WWHLI,YleHTbI ;;:~ SaBYlC5IT OT "BpeMeHltl" T. CK06KYl Ilyaccoua Me:lKlIY 

• 3TVlMVI BeJIHliHHaMH YlMeIOTBYl1[ 

{ 1..1 v 
01 • Ot ) = inl-JVrnm 

n m 

{al-J, 01 
-v 

) = 0 (3.10) 

{(iI-J. -v 
01 ) = -inl-JVrnm 

n m ~' 
n m 

PeaJIHSaLJ,HeH aJIre6phl (1.18) B TepMHHax cK060K Ilyaccoaa na 

<I!a30BoM npOCTpaHCTBe saMKHYTO~ 60S0HHOH CTPYHbl 1[OJIJiCHa osrn, 

cJIeJlYlO~a5l 6ecKoHeliHOMepHa5I aJIre6pa 

;.- {L , L ) = if L 
1. n m nm k•
 

1 B k T k
q r {L , lJIk) 
n 

_ 
nm 

q;n (3.11)
n 

{~, ~ o.
 
1,
 

~YHKUYrYr 1[YrHaMHlieCKHX nepeMeHHMX L 06pasYIOT npe1[CTaBJIeHYle aJIre6pw
'1 n 

. /11/ 
KH 11. KaK 3TO 6hlJrO nOKasaHO B pa60Te • 5IBJ[5IIOTC5I K03~<IJYlUYleHTaMH 

B pa3JIOlCeH':!Yr T zz KOMIlOHeHTM TeH30pa "3HeprYlH-YlMTlY~Ca" sa 'C
T 

no 

nOJrHo~ CYlCTeM~ 6asHcHwx <IJOPM {On(Q)} 
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T ( Q) :: L Ok ( Q) , (3.12)
k npOY1HTerplllpyeM (3.15) na KOHType c •

T 

.mn IJ J.I .mn 1 i m n Q 
r lIe :: 1/2 lk • cxm an' a lk :: 2ni r w tv e k ·Lk '*'CO) = «Qo) + I (rr + 0') .Q, Qo E C (3.17)

C T 
T Q

oCTPYKTYPHble KOHCTaHTbl aJIreOpbI (3.11) -npl-1Be.n:eHbl B (1.11), (1.12) 11 

KOHCTaHTa V!HTefp~pOBaHI1~ 'l'(Qo) , KaK 3TO MOJKHO BY1,lleTb Y13 (3.13),
(1.17). 3aMeTI1M, 4TO Y Hac B g)opMYJIaX (3.11) nplflcyrCTByeT •
 

.n:OJIJKHa Y.lIOBJIeTBbp~Tb YP?BHeHY1ID 
MHOJKYfTeJIb i, KOTOPblM I1C4e3HeT, eCJIYf nepeMTI1 OT KJIaCCI14eCKI1X CKOOOK 

~ {>KQ '),TCQ') =2rii HCQ) .6.C 
- D CQ ,Q'), (3.18)n yaccona K KBaHTOBblM KOMMyraTopaM. 1 0 0 T 0 

4TOObi peWVlTb CVlCTeMY ypaBHeHI1H (3.11) OTHOCYfTeJIbHO g)YHKU,MH KOTOPOMY MOJKHO YlIOBJIeTBOpY1Tb.TIOJIOJKI1B 

~. y.n:OOHO npe.n:CTaBYfTb BTopoe ypaBHeHl1e B Bl1lIe 
'1'CQ) = i X CQ)k IJ =i xCQ). (3.19)o J.I 0 0


f- {oIt(Q),T(Q')}::: 2.n i [ d 'l' ( Q ) - O'{ Q ) ] .6.; - l ) ( Q , Q ' ) . (3.13)
 
OOlll,ee pellJeHY1e ypaBHeHY1~ {3 .13) npe.n:CTaBJ[~eT COOOH CYMMY ero 

3lIecb 'i'(Q)::~A (Q), Q,Q'eC.,. , a O'(Q) ·onpe.n:eJIeHO B (1.17). B n . 4aCTHoro pellJeHY1~Y1 pellJeHY1SI O.ltHOp0.ll.Horo ypaBHeHI1~. l(oHCTaHTa >KQo) 
npouecce npeoopa30BaHVlH Mbl TaKJKe BOCnOJIb30BaJIYfCb CJIe.ZJ:YIOlll,I1MYf 

aI-I 
BblpaJKeHV'!$lMI1 .n:JI$l "zeJIbTa -WYHKL1,Y1i1" B (3.19) , Oy.eBY1.n:HO, 3aBY1CY1T OT n ~{TOObl I1CK.lIID4Y1Tb 3TY 

~(o) (Q Q') :: _1_. E A (Q) wn(Q') 3aBVlCY1MOCTb, HeOOXoJIY1MO pa30Y1Tb pellJeHY1e ypaBHeHY1H (3.7) Y1 (3.8)
T ' 2111 n ' 

IT n n -n (3 .14 ) • ,ll./ISl xJ.I Ha CYMMY xIJ = x/w+x/cx) Y1 OTOPOCY1Tb aropos c naraeaoe. B.6.(-1) (Q,Q' ) 2~i E en(Q) On(Q'),
T 

06meM BY1lIe 3TO cze.tars HeB03MOJICHO, nOCKOJIbKY Mbl He 3HaeM MaTpY1Ll,bl, 

r.ae Q, Q' E CT' BHelllHIiIM .n:1iI(f>(f>epeHLl,ltlpOBaHlileM B TOy.Ke Q (3.13) 
oopaTHOM K r nm' O.n:HaKO B KaJIC.n:OM KOHKpeTHOM cJryy'ae, T. e xorna 

CBOAI1TC~ K ypaBHeHI1ID ~ g)V1KCY1pOBaH po.n: nOBepXHocTV1 L 11 SIBHO 113BeCTHbl MaTpl1~ble 3JIeMeHTbi 

f- {[d'l'(Q)-O'(Q)],T(Q')}:: 2ni d{[d>l'(Q)-O'(Q)] ~;-'l)(Q,Q')}' 
Y nm' .n:aHHaSI npouezypa ocym,eCTBV1Ma. C ytieTOM aror-o 3aMe4aHV1~ 

OKOH4aTeJIbHO nOJIytiaeM 

Q 
JIOpeHLl,eBCKI1H BeKTOp 

peWeHYJeM KOToporo oYlIeT qJopMa IT(Q) == kIJ1TJ.I(Q), r lIe kIJ-nOCTO$lHHhM 

>KQ) = iXCQo) + J Cn + 0'). (3.20) 
rr(Q) :: d'l'{Q)-O'(Q). (3.15) Q 

o 

nIm 3TOM l[OJDICHbl BbITIOJIHffibC51 YCJIOBI1~ COBMeCTHOCTYf B Ka4eCTBe YfJIJr~CTpaLl,I1Y1 .ZJ:aHHoro pe3YJIbTaTa paCCMOTpV1M

f ~1T(Q)+O'(Q)] ::: 0, (3.16 ) npocTeC111JI1H CJIyYaH nOBepXHOCTY1 L C g=O. 5y.n:eM Y1CnOJrb30BaTb 

C"
T KOMnJIeKCHble Koop.ll.YfHaTbl {Z} B oxpec ruoc ra T04KI1 P +' Torna An=Zn, 

r.n:e C~ -+ CBS13Hble KOMTIOH8HTbl KOHTYPa CT' CBeTono.zro6HbIM Be~TOp kIJ 
n n 1 

w =d z / z + , O'==won. V13 ~OPMYJI (3.7). (3.8) Yf (3.9) JrerKO 
(kZ=O rapaHTYfpyeT BbmOJIHeHl1e nOCJIeAHero ypaBHeHI1~ B (3.11») 

YCTaHOBI1Th. 4'TO 
HapymaeT ~HYID JIOpeHLl,-I1HBapl1aHTHOCTb Te0PI1I1. n03TOMY OH ~~TC~ 

-n iX-n I - i -a ) -- Ol- (Ol x 
QI1CTO BcnOMOraTe~Hoi1 Be~qMHoH. npoLl,e.zrypa ero I1CK~~eHM~ nOAPo6HO n~O ni2 nIT' T.e. ni2 n 

1 2• 1 3/.o6cYX~JIaCb B JII1TepaTYpe/ 

14 
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1

rne an = a~ k~. Yc~oBHe COBMecTHOCTH (3.16) ~MKcHpyeT napaMeTp n~ OnL1Pa5iCb na JI1060H, 1t13 HHX. BbIYVlC~V1Tb paCCMaTplt1BaeMYJO ..zrV1arpaMMY, 

COKpama~c~araeMoe npH n=O B CYMMe YlCKJIiOQa51 HeQJV13WJeCKVle CT~neHM CBo60..zrbI C noxoun.n MexaHH3Ma 

a 
11==E ~I.JP 

n --12 

C nO~HhIM BK~a..zrOM a. B HTore nOJIyY.aeM 

a Z a dz a o
~z) == ixo - E ~ z:n + E S n n+1 = ix - E n z-n 

n;o<o. n k n""O z --12 z n""O n--12 
° 

OTCIO..zra ~efl~o Bhwe~HTb K03~WHIJ,HeHThl pa3~olCeHH~ no 6a3HCY {An) 

a 
~n = ~ (n""O), ~o = iXo~ 

n--12 

41'0 C TO~HOCTbIO nO MHOXHTe~ n COBna..zraeT C COOTBeTCTBYIOmHMH 

Bblpa:llCeHV1~MH pa60Tb(,/6/. 

B 3aK~104eHV1e OTMeTHM, 41'0 Bce pe3Y~bTaThl 3Toro pa3ne~a 

aHa~OrW-l.HbIM 06paSOM pacnpOCTpaHSIIOTCSI na COnpSIJlCeHHhM cexrop 

3aMKHYTOH CTPYHhl. 

3aK~104eH!I1e 

PHMaHOBY ~OBepXHOCTb pona 9 C l[BYM~ OTMe4BHHh~H T04KaMIt1 MO:llCHO 

paCCMaTpll1BaTb KaK nHarpaMMY~ OTBe4alOmYIO g-neT~eBoMY BK~a~ B 

nponaraTOP B3aHMo..zreHcTBYIOmHX 3aMKHYThIX CTPYH· l[T06hl ou,eHIt1Tb BK~an 

pa60Te/
1 4 

/ npe..zr~ara~OCb It1CnO~b30BaTbTaKOH nlt1ar paMMhl. B 

/15/ BRST-3ap5Ul:a.
TeXHIt1KY OCHOBaHHYIO Ha 3 HaHYjIt1 onepaTOpa 

ECTeCTBeHHO ~ 41'0 nplt1 3TOM He06xo,lU1MO ~It1Kclt1poBaTb np0It13BO~. 

CB${3aHHhM C rpynnoH ~OKaJIbHOA CIt1MMeTpIt1H. Cym,eCTBOBaHlt1e paclIIV1peHHoA 

aJIre6phI CB~3eH Ha L CJIYEIt1T YKa3aHIt1eM Ha TO~ 41'0 CIt1MMeTPH${ 

H3yY.aeMoH KBaHTOBOH CIt1CTeMM C ~It1KClt1pOBaHHOH KaJI~6pOBKOR lliHpe. 4eM 

06bI4Ha${ BRST-It1HBapHaHTHOCTb. 3TO rpynna rJI06a~HOA CHMMeTplt1H 

0SP(l.112). n 03TOMY B TaKIt1X pacxerax 6YJleT 3QXtleKTI1BHblM cnocoo , 

_ 6 /6. 7 • 1 3/ IA 
npe,l[J[OXeHHbIH B pa OTaX '( • 'ICnOJIb3Y${ pe3YJIbTaJ:bI HaCTOsmJ,elt1 

pa60TbI. MOXHO nOCTpOIt1Tb 4eTbIpe ~epMH9HH~ onepaTOpa BRST-ntna 111. 

, t 
napH3~-Coyp~aca. 

BTOPOM MOMeHT, Ha KOTOPOM MhI XOTe.JIVl 6bl ~3..zreCb OCTaHOBV1~bC5i, 

CB513aH C W3yt-ieHVieM B03MOXHhlX JIOKaJibHblX LJ,eHTpa~bHhlX paClIIVlpeHV1H 

CJlell.;:''lOlIl,eVI a~'lr86pbI JIvt Ha KOHType C ; 

o 

T 

;.- {TC Q). TCQ')) =211i [?TCQ) l:>C-D CQ. Q') +2TCQ)?l:>(-1) CQ. Q') ] • (4.1a)1 . T T 

~ {NCQ). TCQ')) =211i ['lNCQ)f,.; -D CQ. Q') +ANCQ)'V'l:>; -D CQ. Q')) • (4.16) 

{NC·O,).NCQ'))=O, (4.1B) 

r ne NCQ) - TeH30pHoe nOJIe aa L C KOH~OPMHbIM BeCOM A. nOMCK 

l1,eHTpa~'IbHbIX paClIIlt1peHY1X COOTHOIlleHY1~ (4.16) B B~1Jte C-WYHKl1,V1H 

('CA)CQ,Q') = E 1;'CA)cQ)?nAC-D(Q.Q') 
02::0 n T 

n03BOJI~eT c..zreJIaTb BbIBO..zr 0 TOM. 41'0 TOJIbKO npY1 A=0.1.2. cy~eCTBYIOT 

HeTPHBHaJIbHhle l1,eHTpa~bHhle 3~eMeHTbI: 

a. /;,Co)CQ,Q'):= 0'CQ)f,.C-1)CQ.Q') + C CQ• Q'). _ T Ti?l:>C-DJ 
6. C

2 
.rfl.; -D CQ, Q' ) ,(CD CQ. Q') 

.!;(2)CQ.Q' ) C 6;-1)CQ.Q') •B. 3'V'3

r..zre C • a 0'CQ)-HeT04Ha~ Ha CTWopMa. B 3TOM CMMCJIei C2• C3=const .• 

nOJIytieHHoe B paoore paCIlIV1peHV1e anreopu CB~3eH e,lU1HCTBeHHO. 

Bce I-laIII~ pac 4eTbI npOBe,lteHhl ..zr~~ 3aMKHYWH 6030HHOM CTPYHhl. B 
16/

pa60Te/ na PV1W.aHOBOVa nOBepXHOCTV1 po..zra 9 6b1JIH noc rpoenu 

0606meHHO-rpa.ztYV1POBaHHhle cynepaxreopu nma Heaa-lllaapua H rana 

PaMOHa. MOXHO nOKa3aTb~ 41'0 Jl~ 3T~X cynepaJIre6p, TaKEe C~eCTBYIOT 

COOTBeTCTBYJOmY1e paClli~peHHSl •. 

ABTOPhl np!l13HaTe~bHbI A. T . ¢l~~V1nnoBY aa Y1HTepeC K paoore ~ 

06c)'X..zreHlt1e. 
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