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1. flocTaHosKa oa,o;a•ut: H M~TOA ee peweHH.a 

fipe;:J;:MeTO)..I p;aHHOii pa60Tb1 JIBITJleTOI Hemr.He(tHM oap;a'ia )..-(ai'HHTOCTaTUKH 

B HHTerpa.'!bHOi'r. ITOCTaHOBKe ):1;:1.51" MarHUTHbiX rro:reii. Ilo6yJJ;HTe:IbHb1M MOTltBOM 

K B&I6opy ee KOHKperHoi'r cpop:..tbi M aHa.·moy nocrry;-im:ta cTaTbJI [lj. Aeropm .. r 

rtOCi1e.J,Hei1: rtpep;;rara.lCfl ~leTOJJ; peWeHHJI, CXO.J,Y.MOCTb KOTOpOI'O He yxy.J,WaeTCJl C 

pOCTO!l.! BOCnpm-IM'iUBOCTM Mai'HHTHOi'l cpe.J,hl- ,[(OCTOBepHM OUeHKa OWH6KH ~!e

TO;:ta, O;J;HaKo, OTCYTCTBOBana. Ha~m ;rl_OKa:JbiBaeTCJl paopewu:..roCTh TOi't JKe oa

Ja''"lH :..r.ero;~;o:..t HaMCKopeil:wero cnycKa [2]. Ero cxogHMOCTh p;a*e y;ry'iwaeTCJl c 

pocTO!l.l se;rt-t'iUHhi u op;Hopop;Hocrt-t :..1arHHTHOi'r eocnpMMM'-IHBOcTU. Kpo:..-re roro 

npOCTO{l OKaOhiBaeTCJI OUeHKa ITOr-peWHOCTU Ka}K;I.OI'O rtpM6:I:._t}KeHUJl. 

bo:ree TO'iHO pacc:-..mrpusaercJI :..1arHeTHK B none Karywnr. c TOKo:..t. MarHeniK 

oam-n.raer o6.1acrh npocrpaHcrea D, o6MOTKa KarywKu - D', n.""IOTHOCTb roKa J_ 

YpaeHeHHe cncTeMbi }(r) + '\i(
4
1
_ j(g(i'', J(r')) · '\i') -

1
• 1 

.,
1 
dr') = h(i') c npa-

" r- r 
D 

soi'r. 'iacr&IO h(r) ~ [V x _2__ j-
1
_ 1 

_
1 
J(F'1)df'1

] u HeuosecTHhi:..m f- HanpH:}KeH-
4-rr r- r 1 

D' 

HOCThK> :..rarHHTHOI'O ITO;IJI, 9(!) - Ha:..tai'HH'-IeHHOCThlO MarHeTRKa (see Be.""IH"-lt1Hhl 

6copa3::.!epHbie). HaD To *e ypasHeHne 3anMweM B st-tp;e f + K§([) :::c: h. 3a

sucn:..locrb §(J) 6y_;::~;e:..I npep;no:-raraTb a6comoTHO HenpephlBHoi'r M orpaHu"-leHHoH, 

socnpm1M~msocTh MarHert-tKa - no:rO}Kt-tTe:IbHOil:. Ue:-r& pa6or&r - nocTpoeHae f 
KaK o.""Ie::.reP.Ta [ 2(D) - npocrpaHcraa uo:..r.epa:..thiX Ha D seKTOpHblX ¢YHKI..{Hi1 c 

KOHe'-IHoti HOp:..toi'r. II ·II :::c: c]l·l 2dF')112 . 

D 

B npe:1;e.1ax i 2(D) (oHo rH:Ib6epToeo) onepaTop K HenpepbiaeH, ca:..wconp1I-

}KeH H HeoTpHUaTe.""IeH [3]. Ero o6:-r.acTh OHa'ieHuil: npaHap:;-re}KHT V[VV2l(D)], r:J;e 

rtO:I {f'i(D) rtOHn::.taeTCJl npOCTpaHCTBO c;ra6o :J;Hcf>cf>epeHUHpyeMbiX cf>YHKU>di. Hii-
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;o;eneHHbiX HopMoH ( j I · l2di' + j 1'9 · f2dr)112
. 06o:JHa'iMM 'iepeo fi( D) opToro-

D D 

Ha.JibHOe p;ononHeHHe <fJ[Wl(D)j B i2(p). O'ieeup;Ho K Ha fi(D) .HB:r.HeTC51 Hyae-

BbiM1 TO ecTb fi(D) - co6cTBeHHoe nop;npocTpaHcTBO K. nerxo Bbtp;eanTb eme 

O;::t.Ho co6cTB€HHOe no;::t.npocTpa.HcTBO aToro onepaTopa. TiycTb G~(D) - :Ja:Mor

KaHHe B Wl(D) Tex 6eCKOH€'iHO p;ncp<flepeHI.J;HpyeMblX <f>YHKI.J;H}i, '-l:di HOCHTC.lb 

np~map;Jie)f(HT D. Torp;a JIHHei'rHoe MHoroo6paaHe <fJ[G~(D)] oaMKHyTo no HOpMc 

l 2(D)J H K oTo6pa*aeT Ka)f(_D;biM ero a.1e~!€HT e ce651 [3]. OcTaeTc.a: pacc:..w

TpeTb K HB MHOlKeCTBe Q(D) = L,(D) e P(D) e V[Gj(D)J. B pa6oTe [4] o6o

CHOBaHa nonO)KHT_e:rbHM onpep;eneHHOCTh K!Q(D) p;rur D c 1lHnwHn:eeoH rpaHnu:cH 

S. MMeHHO aTo o6cTO.SIT€!IbCTBO no:Jeo.'J.sreT eocnonb:JOBaTbC.ll MeTo;to:..t HancKo-

peMwero cnycxa (;n;an:ee S- JIHllWHIJ;eeo MHoroo6paa11e). 

Bee;n;eM onepaTop M, o6paTHbiH K!Q(D), a Tax*e opToroHa.'lbHble npoeKTO· 

pbi fl(9"l, II(h) 110 l 2(D) Ha V"[G~(D)J H Q(D), cooTeeTCTB€HHo. ,llono;'JH5151 nx orre

paTopoM R(/) = rr<•>(/- h)+ Mrr<'>(/- h) + (rr<•> + rr<'>)ii(/), npe;<CTBBHM 

Hccnep;yeMyro oa;::t.a<:~y CHCTeMoH ypaeHeHml (1- II(g) -II(h))(/- h) = 0, R(/) = 0. 

PeweHH€ p;aHHOH CHCT€Mbl MO)f(HO HCKaTb HTepai.J;HOHHOi1: npou;c;:typoM: ~~ = fi, 
lm+i = lm- tmR(/m), B KOTopoii: TIOCT051HHble tm Bbi6HpaiDTC.fi: W3 yc:IOBH51 !o.!UHH· 

MB."IbHOCTH HopM BeKTOpOB R(f: • .J = rr<'>(/m- h)+ Mrr<'>u:- h)- tm(Il(J)+ 

<m 

+ MIJI'l)R(J:) + (IT<'>+ rr<'>)g(f:- tmR(f:)) =(I- j Um(t) dt)R(/m)· 
0 

3!1ecb Um(t)p= (IJI') + MIJI'>)p + (rrl•> + rr<'>)(i.S· .!.) [j(f-;,- tR(f-;,)) '"" mo
o! 

6oro p E L,(D). 06ooHa~uM <>m(t), f3m(t)- HlilKHIOIO H sepXHK)I() rpaHu IIL"m(t)fll 
Ha ep;:nHH<IHoi't c<flepe npocTpaHCTBa V'[G~(D)]8 Q(D). B.1aro;::t.ap11: no:rmKHTC:Ib-

HOi:'! BOCllpHH!o.I'IHBOCTH MarHeTHKa Bee Om(t), /3m(t) llpHHa;J;IIC)f(aT KOH€'iHO:..!y cer

M€HTy (o, ,8) C neeoH rpaHHl.{eiJ: Q > 0. Jl<IMTbiBM aTO o6CTO.ll:T€,"JbCTB0 1 ITOTpc6ye:..J 
t,. t., 

BblriO:IH€HH.fi paBeHCTBa 1- JO:m(t)dt = J.am(t)dt -1. 
0 0 

Bot6op tm rapaHTnpyeT cXO;J;HMOCTb {R(/m)} K HY-1IO . .IleiicTBHTC:IbHo, 

liR(f:,)il S ~m-> IIR(J:,_,)IIS ... S ~m-1 ···'lo IIR(f~)ii, 

2 

_, 

~ ~ ~ 

~m =I- j <>m(t) dt = (j(fJm(t)- <>m(l)) dt)/(j(am(t) + fJm(t)) dt) S!:; < I. 
0 0 0 

C ~pyroii cTopoHbi IIR(f:,.)- R(f-:,)11 = II(IT1'> + Mrr<'>)(J:,.- t:) + (Il1'>+ 

+ rr<'>J]<u:.- !,) . 0
.)g(f: +t(f,.- f,))dtll e: a IIJ:.- t:ll. 3Ta Ol.leHKa 

o of 
):lOKa3biBaeT H€ TO!IbKO CYW.€CTBOBaHH€ lim 1m = !, HO H €AHHCTB€HHOCTb j KaK 

m-~ 

peweHHR ypaBHeHuii (I- [!(g)- rr<'>)(/- h)= 0, R(/) = 0. 0Ha )!(e onpei\e:u<eT 

- - - 1 c. - 1 -
6.>HOOCTb fm K peweHMIO II/- /milS -I[R(f)- R(fm)ll = -IIR(fm)ll- qTO Ka-

C< a 
caeTCJI a¢<f>eKTHBHOCTH M€TOp;a1 TO OHa IIOBbillia€TCJI ( TJm CTaHOBHTCJI M€Hblli€) C 

pocTO~t ee;m<:lr!Hbl H Op;HOpO;:J;HOCTH MarHHTHOif. BOCnpmtM"'iH:BOCTH. 

2. IIocTpoeHHe II(g), fi(h), M ,n;JI.a rJia,rt;KHX BeKTopoB 

Pea.'lHaau;ru~ onucaHHoH BbiUie npo~e;:~;ypbl npep;no:mraeT :JHaHJ-te f1(9), II(h), 

M. Jl.oxa)f(e!-.-t npHHU.HIIHaribHYID B03MO)f(HOCTb HX UTepau;noHHoro nocTpoeHHH e 

C•'IY<Iae MarHeTHKa, orpaim<:~eHHOro op;HOCB.fiaHoH noeepxHOCTbiO JIHnyHoea [5]. ITo 

caMO!o.ty OtbiC."IY MCKO!o.!blX orrepaTopoe, KaKH€ 6hi HH 6bi:IM u E G~(D), v E W21(D), 

P E f 2(D) H ij C KOMIIOHCHTa:...m HO G~(D), BbliTOIIH.fi:€TCJI 

J<vu. (iS- rr<'>f))dr= o, J<rr<'>p. [V x q[)dr= o, 
D D 

J (Vv. (iS- rr<'>f- rr<'>f)) dr = o, J<rr<'>f. [V x ql) dr = o, 
D D 

j(Vv. (rr<'>p- K(Mrr<'>p)))dr= o, j(Mrr<'>f. [V x ql)dr= o. 
D D 

Pacc:..wTpHM eHa'ia.Le Te p, KOTOpore HenpepbiBHO p;mfxpepeHUHpyeMbl Ha D 

(OHH o6paaytoT IIIIOTHO€ IIO):lYJHQ)f(€CTBO l 2(D) [3]). ,Unz ITO;:J;06HblX B€KTOpOB 

J<vu. rr<'>p) dr= j(vu. f) dr=- ju (V. f) dr=- J<vu. VJ(V -f)) dr 
D D D D 

n:n1 f1(.1) p = - '{/ J(<fJ · p), rp;e J - onepaTop I'pnHa :Jap;aqu ,UnpHxne [5]. B peoy."Io-

TaTe IT(9)ft' o6aa;~;aeT HenpepbiBHOH HOp!-.-taaoHo:H. nponoeo;a,HoH HaSH KBap;parw;:

HO-HHTerpHpye:...tbiMH c.1a6orMH npoH:JBO;::tHhi:..nt BHYTPH D. Ilocnep;HH€ y;toe:rereo

p.srroT COOTHOWeHHIO ('9" · fl(9lfi') = (V · fi'). Bocno:rooye~·IC.fi: ew.e n.'"IOTHOCTbiO B 

3 



W21(D) npocTpaHCTBa HenpepbiBHO AH¢¢epeH~HpyeMbiX Ha iJ <PYHK~I1i1: C1CD) 

[3]. Yxa:JaHHble rrono>Keau.s: IIOOBOJHilOT Oa.\teHHTb nepsoe cooraorueane aa II(h>p 

,..,..aneHTHOIM: Vv E C1(D) jcvv. rrl'lf) dr = jv ((ii. PJ + ! (J(v. Pll) d" 
D S 

(ii- BH€WHHJI aopMMh K S). Byp;eM HCKaTb II(h)fts s11p;e rpaJI.H€HTa noreauua.1a 

" " Dw (. ") D (J(,; ")) ~ npocroro cnoK w c aopMarrbHOH npmt3BOJI.HOH Bn = n • p + Bn v · P . ~o-

rAa (KITI'Ip)(f') = V( 4~ j 1i ~ r'l ~: (f'') d"'), a MITI'Ip = Vw orrpeAe.lneTc• 
s 

r;( 1 j 1 aw("')d ') • (") paBeHCTBOM v - -
1
• • 

1
-
8 

r a :::: 'Vw r . 
4:rr r-r' n 

s 
Pa,J;H ynpouteHHJI p;a.'l&HeHwnx oam:tceH ssep;eM o6ooHa'ieHJ.I}!; 

C(S), C(lJ) -. npocrpaacrsa aenpepoiBHbiX aa S, iJ <PYHKUHH; 

r, T- oneparopor cnep;a n aop~ta.<oaoH npo:wJso,o;aoH (aa S) cf.>yaKum':f C 1(D); 

-. V¢ E C(S) (:":¢)(f') = 2lrr tii(;)~:~r)) W')d"'· rED; 

<P: v,p E C(S) (<P>/J)(f') = 2~ j 1 r~i''l ,P(r')d"'· rEb; 
s 

F: Iff E C(D) (Ff)(f') = 2..j-
1

• 
1

• I J(i')di', i'E D. 
411' r- r' 

D 
IIoMI1MO ;noro Ha C(S) paCCMOTpHM A = r:=: + 1, B = y~ - 1, T = r~ 
(f, Y HMelOT op;ecb cubrc;I npogoaJKeHnH c C1(b)). B coorscrcrsnH c reo

pneii rroTeH~Hru-ra J = F- :":(A- !}"1fF = F- <P(B- 1)-'TF (aTopoe pa· 

seHcrso o6'bJICHJieTc51 BKJilO'iCHUCM F(C(b)] C C1(b) a nru:-.rerpueH ¢YHKUHH 

fpnHa no ee rrepeMeHHbi~I [5]). Bemi'iMHbi II(hlp = V~¢, JVffi(hlp = v~JjJ, B CBOIO 

oqepe~h, MoryT 6h!Th HBllA€Hhl no ypaBHeHHii (!+B)¢= (ii · p) + T(J(V · p)), 

(! + B)',P =(!+B)¢. 0TC10Aa, qTo6hl noayqHTh rrl'lp, ITI'Ip, lll[]lhlp, >OCTB· 

TO'iHO nocTpOHTb peoo.1bBCHTY B B TO'iKax ,.\ = ± 1. 

CsoH:cTsa onepaTopa B xopowo HOBeCTHbl [5]. Ero cneKTp, 6y;ty'iH AHCKpeT

Hhi::Vt, co;:~;epJKHTCJI B rronyHHTepsarre [-1, 1). Co6crseHHOe no;~:npocrpaHcrso, oT

Be'-:lalOutee oHa'-:leHHlO >. ::::: -1, op;Ho:-..repHo. ,!J;:rJI n106oro a,"'e~teHTa J.l aToro no;:x

npocTpaHcTsa v~j.l = 0. YcJIOBHe I fj>dcr = 0 Bbiil,€JI1leT Ha C(S) TO ~OITO:IHCHHC 
s 

K J..l, s npe;J;e:rax Koroporo cneKTpa."'bHbiH pa;r;uyc B ~teHbwe C;lHHHI.{bi. ¢yHKUllll 

4 

(1 +B)¢, a TaK>Ke (ii · j)) + T J(fl · ji) ;taHHm.ty yc.1oamo Bcer::~;a y:xos:wrsopa10r: 

jun.. fl + T(J(v. fll d" = jcv. (f- rrt'lfJ)dr= o. j B<>d" =- jod" 
s D S S 

( owrpnre o oaa•temm narerpa:ra faycca s [5)). Y'iT€}..! ew.e ro;+e;:xecrso 

(I- B)( I+ B)( I+ B2 ) ••• (1 + B'") = 1- B'"' · B'". 

cyLlWCTsosaHHC J~n;,_ B 2
"' ¢> = ((j 6 do-)J(j J..l do-))Jt, pasHo:o.tcpHoro Ha C(S). H H<'-

s s 
npcpbiBHOCTb ~: C(S) -j. VV21(D) [3]. B:ul:ro:::tap51 }1:-.1 B Tono:mrmr i1(D): 

IT'''P' = -V F(V. p)- lim ~<I>( I+ B)(!+ B') ... (I+ B'"")T F(f. p). m-.,._., 

rr'''P'= lim V<P(I + B2
) .• • (! + B2")(1- B)((ii · p) + T J(V. p)). 

m-x 

.\frrl'•l 1; = lim V<P( I + B')' . . (I + B''")'(I - B)'((ii · [>) + T.J(~ -f)). ,._.,..., 

rrpw!<'M (1- B)Y.l(~ ·J>) = (1-B)YF(~ ·f)+(! +B)T F(~ ·f>) = 2Y F(f ·ii) 

3. TiocTpOeHHe fl( 1l, II(hl, .:.\! Ha i 1 (D) 

,]C'i'tcTBIW '\7 HCnOCp<';i:CTBCHHO Ha ji orpaH:I!'IUB<tCT llpli:-.!('HCHIIP nO."'Y'If"HHblX 

npc;:xcras:ICHHi'r TI(9l, II(h), J\1. O;:xHaKO, B c:ty•mc oneparopa II!:Jl paH<'f' yrrmm

Haswcutni <"H~I~ICTpHH ¢YHKLUII! fpl!H<l no ('(' n('pC).!('HHbl)..I 00:-)BO:W<'T ~TTJliiHIITb 

:)TOT Ht',WCTC\TOK: II(9 lp::;:: - 'fl('f F,j)) - ~:=:(1 - A)-! f(~ F. jj). llp<'lnl)'lUt'i."TBO 

;:xaHHO~I ¢op~Ibl npoeKropa · cywecrsosaHW' C;J:HHCTBCHHbiX npo;:xo:tif\<'Haii ( 'f F. ·) 

u r ;J;o HE'np('pbrsH:orx ( f' F, . ) l,(D) ~ W}(D). r ll"j(D) - L1(Si 

[GJ. IIo;:x L-1(5) o;r;ccb noHl!MacTc.l! npocTpaH\TBo KBa:tparn•rHo·IIHT<'fiH!pyt':-.tbiX 

H<L 5 ¢YHKU}di C 06bi'lHbi)..l CKU."'51pHbl)..l npmiOBCJ:C'HUC'~I ( ·. ·) = /( · )( ·) drr. Ilo

-' 
cKO.lbKY nqH'xo;:x OT C(S) K L 2(S) H<' M<"HHCT pcno:rbB<'HTHoro }.tHOif\t'CTBn .-! [5]. 

:=:(1 - A)- 1 f( 'fl F, f)) ;1::111 fi no l-1( D) MO)t\HO onpc;~:c:rHTb noT<'HUlta.'lml :tsoiiHoro 

C.10fl (" HHTerpupye:-.mii ll:TOTHOCTb!O. fpa;::J;W'HT T<tKOrO UOT<'HUllH.'lH COBITC\J:ilt'T (" 

(- IThlj)- '\7('\?F,j))) (KaK np<'J:<':X IT<H':t£';(08ltT<':XbHOCTH f:IC\J:KHX B<'KTopos) Hil 

:uot>mr Ko:-.maKT<' B D. Cn<';J;OBaT<':lbHO, :=:(1- A)- 1 f(~F,ji) riB.lll<'TCfl :"J.lt').lt"IITo:-.I 

H ·} (D) 11 npqcraB:X<'Hll£' OrH'jl<tTop<l II(.?) = - "\'( '\7 F. ·) - f:=:{ 1 - A )- 1 f( f F. . ) 

coxpmHH'T!'fi Ha f~{D). 

5 



TaKH~I o6paooM, BHOBb BCTaeT BOIIpOC 0 IIOCTpO€HHH peo0.1b8€HTb! Terrepb 

y>Ke onepaTopa A Ha o6aacTH ;:ma"ieHuii: r(V F, · ). Torm.'lOI'!IIO :noii: o6:racTII 

MOJKHO HHAYUHpOBaTb HO l 2(D), B8€;I;Ji IIOIIYCKamtpHO€ npmm8e;J;€HHe 

< ·,· >= j(V?.(A-1r 1·,V?.(A -1)- 1·)dr. 
D 

CoOT8€TCT8YIOIUM IIO.'lYHOpMa o6pamaeTC.Il: 8 HO.'lb T0.1bKO ,rt:u IIOCTOSIHHoi'r. ',Yq-

T€M TaK)K€ no.10)KHTe.1bHYIO onpe;x;e.1eHHOCTb [{ ::;::; - V(V F, ·) Ha V[VVi(D)] 

oaMKHYTOM IIO,!l;MHO)K€CT8€ f 2(D) [4]. 06a 06CTO.Il:T€llbCTBa IlO:JBO:UUOT OTH€CTH 

K ~;-re~I€HTa~i BB€.l€HHOI'O TOII0•10I'H"i€CKOI'O IIpOCTpaHCTBa BC€ <J>yHKUHH r[W2
1(D)j. 

Ha MHO)K€CTBe Tex HO HHX, KOTOpbte 518;-ISIIOTCH rpaHH"iHbiMH OHa'teHH5IMH noTeH-

I.J;H3...108 IIpOCTOI'O C;IOSI C H€IIpepbiBHOii: Il;IOTHOCTbiO, HM€€M 

11fl:=.(A -1)- 1
• II'= J<r:=.(A -1r 1·)(T:=.(A- W 1·)do- = 

s 

= j (· (r- 1(1 +A)·)) du = jlr-112(1 + A)112 ·I' do-, 
s s 

j (fl:=.(A-1r 1
·, Kfl:=.(A-1)- 1·)dr = J<fl?.(A-1)- 1

·, fl:=.(A- W 1 ~(l+A). )dr = 
D D 

= j(T-1
1

2 (1 + A) 1 12 .)(~(1 +T- 1i2AT1
1

2 )T- 1
1

2(1 + A) 1i'·)du. 
s 

:J,rteCb HCIIOJib;)OBaHbi T0)KJl.€CT8a fpHHa fi•Tll rap~WHH"iCCKHX <J>yHKUHii: H paBeH-

CTBO AT ::;::; TB, cnpasep;:msoe Ha L2(5) ~:!.11 ~pMHTOBo-conp.R:>KeHHbiX A, B H 

II0.10/KHT€!IbHOI'O T [5j. iloKa)KeM, 'iTO IIpHBep;eHHbie COOTHOW€HH.ll ~roryT C:!y

:tKMTb HCXO.J:HbiM nyHKTOM ucc.1e;:J;o8aHH.Il: AHa o6nacnt oHa"ieHHii: f(V F, ·). 

06ooHa•niM Hi(D)- no;~;npocTpaHCTBO o6o6ut.eHHo-rapMoHwrecKHX ¢YHKUMii: 

a VVi(D). QqesH.lHO V:=:(A -1r
1 

JIB.1JieTcH oTKpbtTbtM M HerrpepbiBHbtM oTo-

6palKeHHeM r[Wi(D)] = r[Hi(D)] Ha Q(D) = V[Hj(D)] (HanoMHHM, TOnO.<OrHH 

nepBOI'O MHO/K€CT8a OIIp€.J;€JIJI€TCJI IIpOHOB€.J:€HM€M < ·, · > ). C p;pyroi'r CTOpOHbi 

uo TOiK;I;eCT8a j (fju, Vv) di"::;::; j (ru)(Tv) do-, BbiiiOriHstiOw.erocx _n;.1x scex ¢yH-

D S 

KUHii u E Hj(D) H v E il>[C(S)], cne,yeT nnoTHOCTb V<P[C(S)] B V[Hi(D)]. ECTe-

CTBCHHO T[C(S)] - COBOKYIIHOCTb rpaHH'iHbiX OHa'i€HHii: IIOTCHUHa.'IOB IIpOCToro 

C.10Sl TOiKC II:!OTHa 8 r[Wi(D)j. 0TCIO;I,a ,YIIO!-.OiHyTbl€ MHTerpa.'lbHbi€ COOTHO

WC:HHSI CBH;:J;CTC:!bCTBYIOT o6 YHMTapHoii: ~KBHBa.1CHTHOCTH 2!\ -1 Ha Q(D), AHa 

6 

\ 

I 

) 

r[Wi(D)j H y-I/2 AT'i' Ha 3a.'.!b!KaHHH T 1i2(1 + B)(C(S)j no RopMe £ 2(5). AHa-

.'IHO Tp€Tbero onepaTopa OKa.::3bl8aeTCH Ha.H60r:Iee npoCTbi!-.1. B)'AeM MCXO;tt.HTb :11;) 

'-leTbipex nocbmoK. IIep8M- 80a.HMOCBH<Jb onepaTopoa y-t/2 AT112 H K. 0Ha B.'Ie

"ieT orpaHH"ieHHOCTb H epMHT080CTb y-l/2 AT112 Ha T 112(1 + B)[C(S)]. BTopasr 

nocblaKa- npe~CTaBneHae L,(S) = T[Ker(1+B)]Eil(1+B)[L,(S)] [7]. ComacHo eii, 

opToroHa.1bHOe ;tt.OIIO<IHeHMe T112(1 + B)[C( S)J nc"!epnbiBaeTCJI 8 L 2( 5) nnHeHHbtM 

MHoroo6pazHeM T 1i'[Ker(1 +B)], Ha KOTopoM (T- 1i2AT112 )(T112p.) = -T'i'p. 

(HaiiOMHMM, p,- npmmBO.'lbHblii: ~lleMeHT Ker(1 +B)). ConocTa8iiHH ~TOT peoyllb

TaT c ape;:t.biAYUl.MM, no:ry"!HM orpaHH"leHHOCTb H ~pMnTOBOCTb y-t/2 AT112 Ha 

8CeM L 2(5). TpeTbJI nocbiaKa- HenpepbiBHOCTb R~pa HHTerpa<'IbHoro onepaTopa 

A2
k npn ;o;ocTaTO'iHO 6oabWOM k (5]. 0Ha o6ycaas.'1HBaeT KoHe"iHOCTb cyMMbi 

L(¢m, A"¢m) = 2:)¢m, (T-' 1'AT11')"¢m) ""~ {¢m)- CHCTeMbl co6cTBeHHbiX 
m m 

¢YHI<II.t-rii: T. B co"ieTaHHH c orpa.HH"!eHHOCTbiO M epMHTOBOCTbiO y-t/2 AT112 no-

cne,J;Hee OGHa"'aeT KOMTiaKTHOCTb p;aHHOI'O oaepaTopa (8). CneKTpbi )Ke KOMIIaKT

HbiX A, B, y-t/2 AT112 
(KoMnaKTHbiX Ha Lz(S)) op;HHaKOBbi 6naroj:t.apH "!eTsepToii: 

nocbmKe- coana;o;eHMIO Ker(.\ +A) u T[Ker(.\ +B)] apH JII06oM KOMIIii€KCHOM). 

[7]. B MTore cneKTpa."IbHbH1 pa;o;Myc r-112 AT112 MeHbwe e.I(HHHI.!.bi Ha oaMbiKaHMH 

T 1i2(1 + B)[C(S)j = (1 + y-'i' AT'i')[T11 2[C(S)IJ = (1 + y-1
1

2 AT1
1

2)[L2(S)j. 

Ilpep;W€CTBYIOut.Mi1: aHa.1H;) IlO.J;rOTOBHa HTepaUMOHHO€ IIOCTpOeHH€ rtpO€KTOpa 

II(')=- V(VF,·)- V?.(1- A)- 1 r(VF,·). lipuHHMM •o BHHMaime Henpepb!B-

HOCTb (V F, ·): L2(D) ~ Wi(D), yTo"H"-" xapaKTep MHO>KeCTBa r[W](D)]. lipa

BO"liBWeecn paHee cooTHoweHue IIV?.(A- 1t1 ·II'':" j!T-112(1 + A)'i' ·l'du yxa-
s 

Obt8aeT Ha Hero KaK Ha o6r:IacTb onpe;x;e;reHuH y-t/2(1 + A) 112 a npocTpaHCTBe 

L,(S). 8n o6aacT• coBna~aeT c T'i'[£2(5)], nocxon•xy y-I/'(1 + A)1f2T 112 ro

MeoMop¢eH Ha csoeii: o6nacTH OHa"ieHnii: (6], a Ker(1 + A)112 
::::: Ker(1 +A) co

;rx,ep)fmTcJI a T112[L2(5)]. Y!o csoHcT8 y-t/2(1 + A)112 HecrroiKHO TaKJKe JI.OKaoaTb 

Heapepbt8HOCTb oTo6pa}f(eHHH y-t/2f : ~V21 (D) -+ L2(S). Caoco6 nocTpOeHHH 
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IT(g) nop;cKa:Jb!BaeT paaeHCTBO 

'(j::::(l- A)-'r('(j F,-) = '(j:;::y'i'(l- y-'i'AT''')-'r-'''r(V F, ·). 

0Ho soospar..uaeT K cnTyar..vm, paHee y)Ke scTpe'<iaaweftcH a c:ryqae na¢¢epeHua· 

pye~hlx seKTopos (ponh B Tenepb arpaeT y-l/2 AT112
). OcTaeTCH socrro.lb:JOBaTb· 

CH HerrpepbiBHOCTbiO V=.T1/ 2 : L2(S) -t i 2 (D) H HyJieBhiM oHa'{eHHe:..t fl=.,yt/ 2 
Ha 

Ker(l + y-I/2 AT''') ( cangeTeabCTBO nepaoro v::::r''' = '(j::::(A- Jt'(A- l)T'''J. 

B peoy.1bTaTe IJI') =- V(V F, ·)- lim v::::(l + A)(l +A') ... (l + A'")f(V F, · ), 
m-oo 

npH'{€M CXO.IJ;HMOCTb paBHOM€pHa Ha i 2(fl). 

Ilop;o6Ho II(g). MoryT 6btTb nocTpoeHbl II(h) H Jvfii(h). BcnoMH!-D..! npeJ;CTas.1e· 

Hlle rrl•>p= lim '(j<J;(l+B') ... (l+B'")((!-B)(n·p)+2YF(V·p))n.1aHe-
m-oo 

npepbiBHO p;a¢¢epeHUHpye:..IbiX p. Era npop;o;t)KCHHC Ha l 2 ( D) cTaHOBHTC5I o~IC-
BH;:tHblM riOCJI€ rrpeo6paooeaHHH ITOT€HUHa."Ia npoCTOrO C•1011 B ITOT€HUHa.1 )l.Boi'r· 

Horo c.1oa: rrl•>p= lim '(j::::(A- lt'T(l + B 2
) ... (l + B'")((l- B)(n · p)+ m-oo 

+2Y F('(j. p)) = lim v::::(l + A2
) ••• (1 + A'")((A- W'TY F(V · p)+ 

m-oo 

+~ T(n · p)). !lo ¢opuyne fpnHa <PY F('(j · p) = ::::r F(V · p) u TY F(V · p) = 

=(A- l)fF('fl· fi). CornacHO BTopo~ry paeeHCTBY 

(A- lt'TY F(V · p) + ~ T(n .P) = f(F('(j · p) - ~ <P(ii · p)) = r(V F,ii). 

0TCIO~a rrlh) = lim 2'(j::::(l +A') ... (I +A'" )f(V F,. ). AHaJIOrli~HO 
m-oo 

Mrrl•> = lim 2V::::(l +A')' ... (I + A2")'(1 - A)r(V F, · ). 
m-oo 

06e npe;:t€.1bHbi€ npOU€;:J;)'pbi CXO;:J;HTCH Ha i 2(fl) paBHO~IepHO. 

4. Cnyqaif xyco .. m~-JiilnyHoscKoH rpaHHUhl S 

Ilo.1y'{eHHbi€ npegcTae:reHHH IJ(g), II( h)' MII(h) o6'bHCHHlOTCH, no cyr..ucCTBY' 

TCM, ~ITO HOpMa AHa f[fli(D)] C TOf!0,10rJ.-!eii: npoHOB€;::J;€HHH < ·, · > ~ICHbWC C;::tH· 

HllUbi. Ilonpo6yc:..r onncaTb :ny TOITO.loraiO B o6r..uenpnH.IlTbtX TCp:..mHax. Ilpc/1\:W 
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scero f U =.(A- It1 
(OHH o6paTHbl no OTHOWCHHIO ;:tpyr K ;tpyry) ,YCTaHaB.1U· 

saiOT ro~reo~rop¢n3M MC)KlY npocTpaHcTsa:..ni Hi( D) H Hli1\S) (9]. Hop:vwi"'t /1\C 

W](D) ,;o;KHO Bb!6paTb ljl' (f·) d<TI + cjl'(j ·l'di'J''' [10). OrpaHH'III>ICH 0.1C>!CH· 
S D 

Ta:.m H](D), rro;:t'{~IHHIOtUHMHCH Tpe6oaaHHIO jp.(f·)da === 0. Ec:m .iri(D)- HX 

s 
. 1 - ~ 1 -no;:xrrpocTpaHCTBO B w2 (D), TO v roMeo:...ropcf)Ho OT06pa)KaeT H2(D) Ha Q(D). 

,]:an Hoe no::ro/1\eHHC O:JHa~taeT ;)KBnsa;"IeHTHOCTb II'\?=..( A - 1 )- 1 · II o6bi•rnoil Hop:-re 

n·2l/Z(S) Ha ;):!CMCHTaX, opTOrOH3..1hHbiX J.l B CMbiC.1e L2(S). C.1c:tosaTe.1bHO. Bb!WC' 

;:J;OKaOaH<t Km.maKTHOCTb A Ha VVi 12(S), npH'{CM 1·Vi 12(S) KaK T0IT0.10r'I1'H'("K0(' 

nporTp<tHCTBO COBITfll<lCT C T 112 [L 2(S)j, Ha.:te:teHHbi::-·t HOp:..roii (jlr-lf"l ·11
)
1/"!. 

' JX:-r.~t npon3BO:IbHoH .l.llriYHOBCKoii rroaepXHOCTH KO~InaKTHOCTb A H; n:; 12(5) -PC'· 

0Y;IbT<tT H<"TpUBUa .. 1bHhri"i, ITOCK0.1bK)" OH Hf" BbiTCKaeT H:J 06UUIX CBOUCTB HHTe· 

rpa.1bHhiX onC'paropos co c.1a6oii oco6cHHOCThiO. 

B oaK:tK>'ICHUC oa:-.rerm.r, Tpc6oaaHHH Ha r.'Ia:tKocTb rpaHI!Ubi ~mrHCTIIKa :-.1on-.:-

HO OC:Ia.0HTb. "lf T06bi coxpaHHTb paBHO!Y!epHJlO CXO;::tti).{OCTb ITpC'JC.10B 

rrl'> =- V(V F, ·)- lim V::::(l +A)(!+ .42 ) ... (l + A'"')f(~ F.·). m-oo 

rr1•1 =lim 2v::::(l +A') ... (l+A''")f(~F.-). 
m-oo 

(h) . ?--( 22 2"'2 -Mil = ,\11.';,-Y'::o I+ .4) ... (! + .4 ) (!- .4)f(\'F.·). 
;::(OCT<tTO'!HO H:-.ICTb 5 OJHOCBH:::IHO{I :mrrWUUCBoi[ riOBCpXHOCTb~O. o6pa:108<1HHOii 

KOHe~IHbi~I '11!\,10!>.1 Jn!I!)'HOBCKUX KyCKOB. fi ~TO!>.( C.1y'IaC 0\T<IK>Tt"ll H<'II:);.!('HHbD!U 

pa3.10)I(('HHe i2(D) = P(D) e "9[G1(D)]8 ~[Hl(D)], \Boiicren ]\. [-!]. rm.!('O).J<lp· 

c}>HO<"Tb c.1<';:J.a r 11;) H~(D) Hit ll"} 12(5) [D]. c Jpyroi"t C"TOJHlHbl .J.."Ul D Bbrno.lHfl· 

lOTCH QJopMyJia Octporpa.u.cKoro - raycca " teopeMa 0 pa3p1>1Be flOTCHUHa.na .D.BOHHoro 

c.10fl [5). 06:mcTb oHa.•reHnii f(VF,·) Ha f 2(D) no-npt'/1\Hc:>.Jy coBn<ll<H"T c of>· 

- - I . 
:mcTbKl ;)H<I'H'HHIVI rev F, Y·) =- 2(1 + .4)f Ha Hl(D). IlorlTO:..IY •rep(':) H]tD) 

!>.I0/1\HO o6o:JH<l'IHTb o6pa.a Hi(D) npu !:{t'l'iCTB~m OriC']J<ITOJl<l cV F. f-). rmwo· 

~ropqmoCTb OTo6pa/f\('Hllfl '\7 : ifJ(D)- Q(D) o6yerrOB:1<'Hil TCnt'pb ITO:lO/I\IITt'.1b· 

Hoii orrpc.:xc::WHHOCTblO ldC)(D). llaHHbi{I I'O~J('0Mop¢n:nl B).[("C"T<' (" r Y<"TilH<lB.lll

B<H'T :)KBI!B<I:l<'HTHO("Tb .4. Ha r[ ii 1 (D)) KitK no;t,npocTpilHCTB<" \ r} I~( s) I! ( 2 /\" - 11 

9 



Ha Q(D). CneKTpa.ibHhii't )1(€ pa;::~;Hyc BTOporo onepaTopa ~teHbWe C;::tHHl!Ubi [4]. 
- - I 

OcTaeTCH oaMeTl1Th, 'ITO 110 TO}K;:tCcTsa ('V F, 'V·) :::: - 1 -. 2:;::r c.1eayeT Henp('-

pbrsHOCTb '\7:;:: : fV}/2 (5)--~' Q(D). TaKHM o6pano:..r, UTcpauuoHHoe ri:ocTpoc

HHe II(g), IT(h), AIII(h) p;ei'tcTBHT€:-IbHO son~toiKHO ;l:IH nHrrwnuesbiX: o6.1acrei'r <' 

KYCO'{HO·:IHIIYHOBCKOi't rpaHHUeif. K IIO::t06HbiM o6:raCTJlM OTHOCHTCH, B 'IaCTHO-

CTH. ~!HOrorpaHHHKH. 
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