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O CIMNEKTPE 3AOA4 TEOPUW YIIPYTOCTN
ONA TENA NMUKOOBPA3HON ®OPMbI

C. A. Hazapos

AHHOTanMsI. YCTAHOBJIEHO, UTO OIEPATOP JIMHEHHON 38/]a91 TEOPUH YIIPYTOCTH B TPEX-
MepHO#t 00JIaCTH C JOCTATOYHO OCTPOH NHKOOOPa3HOW OCOOEHHOCTHIO I'DAHUIBI HMEET
HenpepbIBHBIN criekTp. [losrydyena Hekoropast nH(OpPMaIUst O CTPYKTYPe CIEKTPa U IIPO-
BEPEHO BECOBOE HepaBeHCTBO KoOpHa, MO3BOJIAOINEE JTOKA3aTh JUCKPETHOCTH CIEKTPA
JJI HEJJOCTATOIHO OCTPBIX MUKOB. ChOpMyIMpOBAHbI OTKPBITHIE BOIIPOCHL.

KurogeBple cjioBa: ypaBHEHHsI T€OPDHH yHPYTOCTH, HyJIEBO€ 3a0CTDEHHE, MUK, IHC-
KPETHBIIl CIEKTP, HEIIPEPBIBHBIN CIEKTP.

IHamsitu Ceprest JIppouda CoboJteBa MOCBSIIIACTCST

1. IIukoo6pasHoe Teqo. Ilycts moBepxHOCTL J) TPEXMEPHOTO YIPYroro Te-
ga ) riaagkas (11 IPOCTOTBI) BCIOLY, KPOME TOYKH €, COBMEIIEHHON C HAYAIOM
JIEKapTOBOI CHCTEMBI KoopauHaT . MacmrabupoBanueM CBeIeM XapaKTepHBIA pas-
Mep TeJla K eIMHAYHOMY W CJIeJIaeM KOOPJMHATHI Oe3pasMepHbIMU. B okpecTHOCTH
% rtouku O rejyo §) umeer dhopmy nuka (puc. 1), a UMEHHO

QNU ={x=(y,2) EU : 2 =13 > 0,27 Ty cw}, (1)

npudeM w — 06J1acTh Ha MylocKocTd R?, orpannmtdeHHas ragkuM (OMATb-TAKH JIst
YIPOIIEHUsI U3JIOKEHUsT; CM. 3aMedaHue 6) 3aMKHYTBIM IIPOCTBIM KOHTYPOM Ow,
a 7y — TOJIOKUTENBHBIH MOoKa3aresnb 3aocTperus. Vseecrrno (cm., Hanpumep, |1,
§3.1]), uro 1y1st o6acTel ¢ TAKUME OCOBEHHOCTSIMU IPAHUIBI HAPYTIIEHO HEPABEHCTBO
Kopna. B camoM zmesie, pacCMOTPHM IOJIe CMeIeHuit 1™ ¢ KOMIIOHEHTaMH

G (x) = om(2),  P3Ti(x) =0, Y3 (2) = —4id:bm(2), (2)
rue 1 = 1727 az - a/aza ¢m(z) - ¢(mz) n (ZS € COO(R)a
¢(z) = 0mupu z ¢ (1,2), vo ¢(2) > 0 upu 2z € (1,2). Ilo-
CKOJIbKY KOMIIOHEHTBI TeHzopa jedopmarmit &(y™) mmeror
BUJT

Y 5a,8(¢2m) - Oa 6&3(¢im) - €3a(¢im) - 07 O{,ﬁ - 17 27
ess(") = =02 ¢ (2),

Puc. 1. B cuity (opmyist (1) cpaBeiiuBbl COOTHOIIEHUS

le(@™); La(Q)[1? = O(m™=17),  [Vaop™; La(Q)[|* = O(m™'727),

‘ 3
9" Lo(Q)))*> = O(m™3727). (3)

Pabora Boimonena npu gactuuHol dunancosoit monnepkke the Netherlands Organization for
Scientific Research (NWO) u Poccuiickoro dbonzna dyHIaMeHTaIbHBIX UCCIEN0BAHNU (COBMECTHBII
npoekr 047.017.020).
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Orcrona BeITekaet, ato srmodenne E(Q) C H(Q)? mapymeno npu mobom v > 0, a
srmouenne E(Q) C Ly(Q)? ne sumommsgercst ipu vy > 1 1 He MOMKeT GBITH KOMITAKT-
upM 1ipu v = 1. 3necs E(Q)) — sHepreruyeckuii Kiace, MOy 9€HHbIH HOMOJTHEHAEM
mumeaa C2°(Q )\ €)3 no nopme

Jlus B(Q)| = (le(w); La()11 + [lus L2(2\ 2)|*)/2, (4)

mrean C°(Q\ &) cocront us Geckoneuno uddepeHupyemMbix GyHKIMIA ¢ HOCHTe-
JISIMH, OTJ/IEJIEHHBIMU OT BEePINUHBI HKa &, a BepxHuil nnjgekc 3 y npocrpancts Co-
Gosesa H' (Q) u JleGera Lo(2) yKasbiBaeT KOJIHIECTBO KOMIOHEHT BeKTOP-(DYHKIHUIA.
[MoaepkuaeM, 94T0 B 0003HAUEHUSX HOPM U CKAJISIPHBIX MPOU3BEICHUN KOJUIECTBO
KOMIIOHEHT HE OTMEYAeTCs.

CornacHo obmumM pesyabraram [2, § 10.1] Teopun orepaTopos B THIBOEPTOBOM
[IPOCTPAHCTBE CJIeJIAHHOE HADJIIO/IEHIe O3HAYaeT, 9To 1pu v > 1 oneparop JmHeii-
HOH 3a/[a9u TEOpUU yIPYTOCTU O KOJeOaHMAX MTUKOOOpa3Horo tena {2 co cBOOOIHOM
MMOBEPXHOCTBHIO HE MOYKET UMeTh JUCKPETHOTO CIIEKTPA. BBISICHEHUE CTPYKTYPhI 3TO-
IO CIIEKTPaA U COCTABJISET IPEJIMET HACTOSIIEH CTAThbU. B 1. 2 BBIBOAUTCS BECOBOE
HepaBeHcTBO KopHa (cM. Teopemy 1 u cp. crarbio [3], rye moIyueHO HEPABEHCTBO
Kopha juist obacreit ¢ mapabosioniaJbHbIMU BBIXOIAME Ha GeckoHeuHOCTh). Coty-
gasgM v £ 1 uy = 1 nocesiniens! ni. 3, 4, a B 1. 5 COJEPKUTCs (PUHATIBLHAST TeopeMa 5
U 06CYKIAIOTC HEIPEPBIBHBIA U TOYEUHDIH CIEKTPBI (CM. 3aMedaHue 7 [0 IOBOLY
TEPMUHOJIOTUH), & TaKxKe (POPMYJIUPYIOTCS OTKPBITHIE BOIPOCHL ¥ TUIOTE3A.

2. BecoBoe HepaBenctBo Kopna. Beenem nepemennsie & = (1, (), Tie

n=vz"1""yeR? (=z"7€R. (5)

[lycts u — TUiajKast BeKTOp-pyHKIMsA ¢ HOCHTeTeM Ha MHoxecTse {x € QN U :
0 < z < d}, xoropoe B koopauHartax (2) sBisercsa dacroio [Ip = {£ € I1: ( > T}
mummaapa 11 = {€ 1 v71n € w, ¢ € R}, a ma pemmaunnr d > 0 u T HamokeHa
cBsa3b T = d~7. Jlajee 110 NOBTOPSIOIINMCS IPEYECKUM «, 3 = 1,2 U JIaTUHCKUM
J.k = 1,2,3 ungekcaM HPOM3BOAUM CyMMHpPOBaHue u obozHadaeM f o = Of /0y, u
f¢c = 0cf = 0f/0¢. Bekrop-byHKImIO u B KOOp/HHATaX £ 3alUChIBAaeM Kak (v, —w),
rie v = (vy,vs2). TIockobKy

S R C R I £
Oye > ona 0z > \ac Pon, ) y
nmmMeemM
ﬁmm:/qwmﬂmm:¢/%mwmﬂuw¢*% (6)
Q II

rae €, (u) = 2*1(uj7k + Ug,j) — JEKapTOBBI KOMIIOHEHTHI T€H30pa AehOpMAIul 1
1
€as(0,0) = 57¢ {05 + U,
1 _
€a3(v,w) = esa(v,w) = =" (Wa + Vag +7C H15Va,5)

1 _
= _§7C {w,a + Va,¢ — ¢ 17751)5,04} (7)
— TQ_lngeﬁ,a(v,w),
es3(v,w) = ¢ (we + 7¢C  aw,a) = ¥ {w,e — 7¢  ngus.c}

—27¢ " ngegs (v, w) — 27°C*nangens (v, w).
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Bripazkenue u3 GurypHbix CKOGOK B IPABBIX YacTAX TOXKIeCTB (4) 0603HAYMM CO-
OTBETCTBEHHO 4ePe3 €,3(V, W), €n3(v, w) = e34(v,w) u e33(v,w). YMeHbuas upu
HEOOXOMMOCTH pa3Mep d, JejaeM Iucjio 1’ JI0CTaTOIHO OOJIBITAM U IIPU yUeTe CO-
orHomenust ¢ > T B IIp BbiBoauM u3 dopmy (3) u (4), uro

/ejk(v, w)ejk(v,w)(TT dE < cé(u; Q). (8)
i
O tHOMEPHOE HEPABEHCTBO Xap/In C 1mokazareyieMm »x = —1 — 7 < 0, mpouHTerpu-

POBaHHOE 110 CEYEHUIO ITUJINH/IPA, /1aeT OIEHKY

[errwmard<e [craawmori—c [leneuPc e ©
I I1

11

rie W(n,¢) = w(n,¢) — 7V (n, (),

¢ ¢
V(n,¢) :/5’1%%,3(%3)613 :C’lnﬁvﬁ(n,é)+/3’2n5v5(n73)d5- (10)
0 0

[ToggyepkueM, 4TO IO MPEIIOTIOKEHUIO HOCUTETH (DYHKIHI VU, U W PACIIOJIOKEHBI
Ha MHOXKecTBe {¢ € IT : 0 < p < ¢ < T}, npuuem ¢ = (v, w) — HEKOTOPOE
[OJIOYKUTEJIbHOE unciio, a pyukmun V u W obpamarorcs B Hysib 1ipu ( < g. Vmeem

¢

na‘/,a =V + C_lnanﬂvﬁ,a + /3_2770477@1)6@(15,
0
NaCas (v, w) = NaW.a +7m0aVa + Ve — TC_lnanﬁ'Uﬁ,a'

(11)

ITOCKOIBKY 7013V8,0 = Nalp€as (v, w), Ipu yuere coorHomenuit (11) u (8) nmoxyuaem

/ 2T Via(1.C) = V. Q)P de < (o + 1),
1T

/(727T|77aW,a(77, C) =+ le‘ra(((‘rv(nj C))|2 df S C(JO + Jl)a
IT
Jo - / T oo (v, 10) [ dE < c8(u:9),
Y (12)
2

§
Jp = /C‘Q‘T /3_277a775€a5(v7w57775)d5 dndg
I 0

oo

_ T 1

<[5t [ ¢ delnanseanto,win o) dnds < o
I 3

OrmernM, 9TO TIepBast oneHka (12) mo3Bosmia Bo BropoM paseHcTse (11) 3amMeHNTH

cyMMy 1oV dynkImeit V u 3aTeM BOCHOTB30BaThCA TOXKAECTBOM (Ve + 7V =
¢'779¢(¢"V) (cp. Bropoe noapiHTErpasbHOE Bhipakenue B (12)).
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IIpu sr060i#t rnaKoit cpesatomieil (hyHKIUN X, 3aBHUCAINEH OT MEPEMEHHBIX 1),
obparralorieiicss B Hyslb Ha IUJINHAPUIeCKOi oBepxuoctu Ol u moganHeHHON Hepa-
BeHcTBaM (0 < y < 1, BBIIIOJTHEHO COOTHOIIIEHHE

& (u; Q) > /C‘Q‘Tx(n)zlnaW,a(n,C) + ¢TIV (n, Q)P de
I

[l [ oo e
11 11
+2 / 2NN Wa0c (CTV) dE = Iy + I + 215, (13)
IT

ITpu nomomu ogHOMEpHOrO HepaBeHcTBa Xapiu (cp. ¢ oneHkoi (9)) naxomum

I > 02/4’2’T|X(W)V(U,C)\2d€, ¢y > 0. (14)
II

Kpowme Toro,

I3 — /C_I_TxaCWnaV,oz df’ < CX/<_1_2T|W|(X|8C(<TV)| +CT_1X|7704V,04|)d£
11 11

<o{nr [V« § [P o)
II II

[Mocsennuit uarerpas 6oLt onered B dhopmysie (9), a 3HaAYUT, OCTAIOCH 00PAGOTATD
BrOpoit uurerpai I, B durypusix ckobkax. Beugy nepasencrs (12) u (13) cupases-
JINBO COOTHOIIECHNE

L < c(es’(u;m +f <—2—Txv2ds) < (Ew ) | I).
I

Urak, B3B8 mapamerp § > 0 B npasoii wactu (15) 10CTATOYHO MAJIbIM, BBIBOIUM
u3 ouenku (13), uro kaxkiplii u3 unrerpajos I u Iy He OPEBOCXOIUT BEJIUIUHBI

c&(u; Q).

Tenepb y6eﬂH1\lCH B TOM, 9TO BBIIIOJIHEHO HepaBeHCTBO
Jo / 4T |xmpvp[? dE < e (u; ). (16)
II

C 2r0ii mesibio 3amerumM, 9To B cuity coorHomenuii (8) u (14) Bepubl GopmyJibt

J, = /(7177)(2633(11,10)‘/ d¢, I < e (u; Q).
h

Kpowme Toro, npu ydere pasercts (7) n (10) Haxomum

3= (147) / CETEVW de— / 2T (ngvg) cw dE+T / 2T (mgvs) ¢ dE
11 II 11
=: (1+T)J2 —J3+ 7dy4,
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npudeM cortacHo (opmymnam (7)—(9) u (14) umeem

|J2| < e8(u; Q),

|Js| = ‘/(_I_T(egg(v,w) —we)w dg‘
II

< c( C T less(v,w)Pdé + | T w|? df) < c&(u; Q).
/ /
Haxowerr,

Ji=(2+7) /C_s_TXQUBUBV dg — /C_?’_T??a%(ﬂava),c d¢ =: J5 — Jo,
I I
1J5| < 6Jg + 6 E(u; ), 2J6 = (3 +71)J0.
Bei6pas mapameTp 6 > 0 JOCTATOYHO MAJIBIM, BBIBOIUM U3 TIPUBEEHHBIX COOTHOIIIE-
Huit oreHKy (16).
[TpomomkuM Tpeobpa3oBaHUs W 3aMETHM, 9TO B CHJIy TOXKIecTB (7) crupasej-
JIABO PABEHCTEO

e3a (v, w) = (w — <_1nﬁvﬁ),a +¢7T0:(CTva)-

Ob6paboraem mHTErpaJ

I, — / 2 xR leas (v, w) |2 dE < e (u; ),
11

rie 1 — Xo(n) — HOBas cpesatoniast GYHKIW, IPUYEM XoX = X0 U COOTBETCTBEHHO
IVaxo(n)| < exx(n). Nmeem

I - / 2 (Ix0(w — 7¢ 1 508) ol + [x0C 0 (CTva)|?) dE
II

+ 2/(‘2_27)(%(111 — TC_lnBv@),aac((Tva) d€ =: 1 + 2I,.
n

B wactHOCTH, HEpaBeHCTBO Xap/In JIaeT OIECHKY

/ T yova 2 dE < . (17)
IT

WNurerpupys mo 9actsM, mMOJTydIaeM COOTHOIEHUE

I, = /(_Q_Txg(w - TC_lnﬁvg)’Cva,a dE+ 14+ 15 =13+ 1, + I
I

(B mogpIaTErpaAsIbHOM Bhipazkenuu u3 Iz Her cymmupoBanus no «). Muarerpanst Iy u
I, Bosuuxmue npu quddepenruposanuu MuoxuTesel (27 u x3, obpabarbiBaloTcs
[IPX HOMOIIM yCTAHOBJICHHBIX paHee oneHok (9), (14) u (16), a umenHO

L) < 2¢, / 22w — ¢ ngus] 106 (CTv) | dE
11

< 6Ly + ot /4—2—T><(|w|2 + ¢ ngugl?) dé < 01y + 01 E (u; ),
I
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L) < e / 3 x|w — ¢ g0 [V o] dE < 8 2).
I1

IToguepKHEM, YTO 3/1€Ch IPUMEHEHO PABEHCTBO €4 (U, W) = Vg o (CyMMUpOBaHUS 11O
a = 1,2 Her), obycsosaentoe dopmynamu (7). OHE Ke 06€CIIEINBAIOT TOXKIECTBO

(w—7¢ ngug) ¢ = ess(v,w) + ¢ *ngup,

a 3HauuT, Ipu ydere coorHomeHuit (8) u (16) sakmouaem, uro |I3] < c&(u; Q).
CnenoBarenbio, 3adukcupoBas Majoe d > 0 u cobpaB NMpUBEICHHBIE HEPABEHCTBA,
BuguM, 910 I} < ¢&(u;Q), 1. e. dbopmyma (17) mocraBisier OLEHKU BECOBBIX HOPM
dyuKInit xov1 1 Xov2. BecoBas onenka st dyukimn yw = xW + 7xV yxke ObLia
yCTaHOBJIeHA B cooTHomenusix (9) u (14).

Cdopmyupyem IpoMesKyTOUHbI pesy/bTar. Ilycrs w’ — momobnacts w, w' C
wu xo(n) = 1upu v € . Tonoxum I = {£ € T : v lnp € w}uZ =
{z:2€(0,d),z7177y ew}, = ={z € 2: 27177y € W'}. Hdokazano ciemyiorniee
HEPABEHCTBO:

[l + 2 uaPyds < e [ ¢ (P CPloaP) de < o). (18)
H/

’

{1

Pacceuem MuO2kECTBO =, mpeicTaBisiionee co00il KOHYNK KA BBICOTOM d, HA
dbparmMeHTo!

E,={recZ:q¢ YV >de> (g )TV, g=1,2,..., (19)
T IPOBEJIeM pacTsKeHne Koopannat x — X/ = (y7,27) = (¢"y,q"z — qd). Ilpu sTom
Gaaromapst cootHommenusM (1) n
¢ (gt )TV =g A= (g )T =g (T OTY),

q— too, T=1+1/%,

muoxkecTso (19) TpancdopmMupyercss B MHOKeCTBO O, € IMHIYHLIX PA3MepOB, & Ipa-
Huia 00, OKa3bIBaeTCH CJ1ab0 3aBHUCHAIIeH 0T OOJIBIIOrO IIapaMeTPa ¢ U, Pa3yMeeTcs,
ABJIseTCs e, Onepupys ¢ MHOKecTBOM =', IpHIa M 0603HAUeHAM =,
1 O] aHATOTMIHBIH CMBICTT.

[Iycts u? — BekTOP-QYHKIMS, 3aIMCaHHAs TPY TOMOIIH rtepeMeHHbIX X7, [Ipes-
CTaBUM ee B BHUJIE

u!(x?) =d(x%a? + U(x7), /d(xq)TUq(xq) dx? =0 € RS, (20)
©4

rme | — 3HaK TpaHCHOHWpoBaHwus, a d — juHeiiHas MaTpuUIa-PYHKINT pa3MepoM
3 X6,

1 0 0 0 27124, 2712,
dix)=10 1 0 —271/2g3 0 27122, . (21)
0 0 1 2742, —271/24 0

IIpu 3TOM BEKTOPBI HHTETPUPYIOTCs Kak cToaomsl B R, a cocrapisomasn d(x9)ad,
rae a9 — crosbern B eBKJIHIOBOM mpocrpancrse RS, mpemcraiser coboit skecTroe
cMerenne, nosromy €jx(u?;x?) = €5 (U%x7). B cuity ycaoBust OpTOrOHaILHOCTI
(20) BbimosHEHO HepaseHCTBO KopHa

U% HY(0,)]? < c&(U%0,) = c&(u?;0 22
q q q
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(em. [1,4,5) m gp.) u BBHAY c1aboil 3aBHCHMOCTH JIHIIIINIEBBIX MOBEpXHOCTeH 00,
1 0O oT mapameTpa ¢ IOCTOAHHYIO ¢ B HepaBeHCTBe (22) MOXKHO B3ATh OOIIeit JyTst
Bcex HOMepoB ¢ = 1,2,... (cMm. crarbio [5], rie ycTaHOBJIEHO, YTO MOCTOsIHHAS B
nepasercTse KopHa jiyig 06/1aCTH, 3B€3/IHON OTHOCHTEILHO MIapa, 3aBUCHT JIUIIDL OT
OTHOIIIeHUsl mamMeTpoB obsactu u mapa). Ocranock 06paboTaTh YUCIOBOH CTOIOETL
a? € RS,

Coornomenns (20) u (21) moKasbIBAIOT, UTO

at” = (al,al,af) | = T7(0))"! /t”(xq)(ug(xq) U (x))dx,

&
’ (23)

T"(0)) = / 7 (x9)t" (x) T et

o,

"iwqy —1/2,  _o—1/2,\T
- ) 2, ’
t"(x?) (1 2 Xg, —2 xl)

Hockomeky T"(©y,) — marpuna 'pama pazmepom 3 X 3, OCTpOEHHAS TIO JTHHEIHO
HEe3aBUCUMBIM KOMIIOHEHTaM BeKTOP-(PpyHKIUU ¢/ IIpU MOMOIIY CKAJISIPHOTO TPOU3Be-
Jennst B ipoctpancTse Jlebera L (O ), ns popmy (22) u (23) BeITEKaET HEPABEHCTBO

la?|* < c(|[uf; L2(65)[|* + £ (u; 8,)). (24)
Anajormano coorHomeHusiM (23) mosrydaem
a” = ()~ T(0)) " [ )T (). wd(x7)
©4

— (Uf(x9), U3(x)) " —272x}(ad, ~af) " )dx,

T

1 0 —271/%]
I (q) 2 Q' — 1A\ T (9 q
(o= (o ] St ) TE) — [ 1T G axe
%4

Onsrp-raku T'(©;) — cUMMeTpUYHAs W IOJOXKUTETHLHO ONPEJIE/IeHHas MATPHUIA
I'pama, mocTpoennas B rmibOEpPTOBOM ITPOCTPAHCTBE Lg(@;-)2 110 JIMHEHHO He3aBU-
cumbIM crosbriaM Marpuibl-dyaknun t'. TakuM obpasom, dopmyasr (22) u (24)
NIPUBOAAT K OIEHKE

2 2

[ < e([|uts L2(6g)||” + [Juz; L(E)]|
+E(u%0,) + [a”|?)e(|[u’; La(65)[|* + &(u; 6,)). (25)
IMomaepkHeM, 9TO HO HpPEXKHEH IPUYUHE HOCTOSHHBIE B IPABBIX YacTaAX (24) u (25)

MOXKHO B3$ITh He 3aBUCAIIUMH OT HOMepa q¢ = 1,2,....
Conocrapus dopmysst (20)—(22) u (24), (25), 3akiaroyaeMm, 9To

2 2
[[ug; L2(8,) [|” < ¢(&(u?:0,) + [|ud; L2(9g)[["), (26)
2
[u; L2(Og)[|” < c(&(u?;0,) + [u; L2 (0g)[*). (27)
Vuuoxnm Hepaserctsa (26) n (27) na ¢~277 u ¢~ cooTBeTCTBEHHO, BepHEMCH K

cucTeMe KOODIUHAT T W MIPOCYMMUPYEM IOy IeHHbIE COOTHOIEHUs 10 ¢ = 1,2,. ...
B urore obnapy:kuBaeMm, IT0

>0 2 (s La(Z) P + 67 e La(E,) )

q=1
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<X (w e, g (nuz;Lz@;)W b Zr|u%w2<@;>u2))

B=1

<e (wm;aq) L <|u3;L2<E;>||2 Y ||uﬁ;L2<Eg>2>>. (28)
1

B=1

Ipu sToM MuOKHTENb ¢~ 2+ ¢~ % pu & (u?;0,) B cpeneit vacTu (28) 6bLT yBesmuen

!

qo asyx. Ilockompky mHa obmactu =4 O E BBLIIOJHEHO COOTHOIICHHE cg V<2<

q
Cq—l/’y C IIOJIOZKUTEJIbHBIMU ITIOCTOAHHBIMU C 1 C, OCTaJIbHBbI€ BE€COBbI€ MHOXKHNTEJIN

MOYKHO 3aHECTH II0J] 3HAKH HOPM, BBIYHC/ISEMBIX Ha MHOXKECTBaX =, U :;, IpUIAB
TeM cambiM dopmyate (28) Takoit B

/z72(|u3(x)\2 + 227 |ug () %) d

< c(éa(u; Q) + /2_2 <|u3(av)|2 + 227 Z |u5(x)|2> da:).
= p=1

IMocneauuit nHTErpaAT y2Ke OIeHEH B cooTHOIeHnn (18).

Teopema 1. B o6uacru §) ¢ nukom (1) cupaseiuBo Becosoe nepaserncrso Kop-
Ha

/Iw\’z(IU3($)|2+\IIZV(IM(I)|2+IUQ(I)|2))dx < (& (s Q)+ lu; Lo(\2)]1?), (29)
Q

MpHIIeM ITOCTOSTHHAS Cq, He 3aBHCUT OT BeKTop-pymkmun u € C°(Q\ €)3. B npasoit
gacru (29) crour spszan &(u; () dyHKOHOHANA YHPYroii SHEPIHH, OIPEIEJTeHHBI
dopuymoii (6), a % — oKpecTHOCTH 0c060it Toukn & Takasi, 4T0 MHOXKECTBO §) \ %
HMeeT HOJIOXKHTEJIbHYIO Mepy.

JIOKABATEIBLCTBO. Ocraioch 3aMeTUTh, 4TO y MHOXkecTBa )\ Z4/9 rpamu-
Ia JIMIIIATEBa, & 3HAYUT, Ha HEM BBIMOJHEHO HepaBeHCTBO KopHa m BeamumHa
s L2(2 \ Zqy2)||* me mpesocxomur mnpapoit wacrtu (29). Temeps mome u MOXKHO
YMHOXKUTD Ha, TOIXOSIIYI0 CPE3aoNyio MYHKIINIO Xg U JOOUTHCS 3aTPeOOBAHHO-
ro B Hauaje MyHKTa ycaosus supp(xqu) C Zq; 1pu atoMm & (xqu; Zq) < caé(u; Q) B
CHJTy YTIOMSIHYTOTO HepaseHcTBa Kopra. [J

3. IlepBuyHbie BBIBOABI O CIEKTPE. 3aJady JIUHEHHOW TeOpuu yIpyrocTh
0 coBCTBEHHBIX KoslebaHusIX Tesa §) 3anuieM B MaTpudHoit dopme [1, 6]

D(~V.)TA@)D(V,)u(z) = M(a)u(z), =€, (30)

D(n(x)) " A(z)D(V,)u(z) =0, z€dQ\ 0. (31)

31ech UCIIOIB30BAH IMIECTUMEPHBIH cTosI0er nedopMariuii

D(V)u = (e11(u), £22(1), V221 (1), V2e13(u), V232 (1), e33(u)) T, (32)
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HIpUYeM MHOMKHTEIb \/2 BBEJEH I TOrO, 9TOOLI yPABHSATH €CTECTBEHHYIO HOPMY
crosibua ¢ HOpMoii TeH3opa jedopmaruit, a D(V,) — 6 X 3-marpuna guddepennu-
aJIbHBIX OIIEPaTOPOB IIEPBOTO IIOPSIIKA,

rp 0 2712, 2’1/2333 0 0 T
D)= 0 ay 2721 0 2-12z5 0 (33)
0 0 0 27124 2724, a4

(cp. ¢ marpuneit (21)). Kpome Toro, n — e uHIYHBL BeKTOp (cTONOEIL) BHEIIHEH
HOpMaJIH K rpanure tea u o(u) = Ae(u) — cronber HAIPsIKEHHI aHaJIOrHIHON (32)
CTPYKTYPBI, T. €. KpaeBoe ycioBue (31) o3Hadaer, 9T0 HOBEPXHOCTH JS) cBOGOAMHA
OT BHENIHUX HArpy3ok, u A(z) — 6 X 6-MaTpuiia yupyrux MoOysieii, cuMMeTpude-
CKast U TIOJIOXKUTEJIbHO ompejiesientas npu x € (). Haxomer, A — creKTpasbHBII
napamerp (KBaJpaT 9acTOThl KOJeOaHWil), a III0THOCTD p > 0 yIpyroro mMarepuasa
U 9JIEMEHTBHI MaTpUbl-GYHKIME A IpeAroaraioTcs (Io-IPeKHeMy IJIsl IPOCTOTEL;
cM. 3aMevanue 6) IJIaJIKUMI B HEKOTODPOii OKpecTHOCTH MHOzKecTBa = Q U 9Q).
NurerpasbHoe TOXK1eCTBO [7, §]

(AD(Vy)u, D(V)v)a = Apu,v)q, veH(Q),
obcaykuBaonee 3ai1a4dy (30), (31), sanuinem B Buje abCTPAKTHOIO ypPaBHEHUs
Ku=pu (

34)
Ha russbepToBoM npoctpancTse H(Q), moayuentom nononnenuenm smueana C°(Q\
0)3 1o nopme

lu; H(Q)]| = (AD(Va)u, D(Va)u)a + (pu, u)a)'/? (35)

(sTa HOpMa oTyImUaeTcs OT FHEprerudeckoil Hopmel (4)). CorulacHo cojicTBaM dbusn-
JecKnx xapakrepucTuk A n p npocrpancrso H(QY) He uamennTcs Hu asrebpandecki,
HE TOIOJIOTHYECKH, €C/In BMecTo yupyroii sueprun (AD(V,)u, D(Vy)u)q/2 noacra-
BuTH B HOpMy (35) ee spzan &(u; Q) = |le(u); L2(Q)]|?, a B7mecto (pu,u)q — BbIpa-
xernne ||u; La(2)]|2. Hpu stom (,)q — cKaigpHoe NMpPOu3BejieHne B MPOCTPAHCTBE
JleGera Ly (€)), cKaJISIpDHOM MJIM BEKTOPHOM, & [t — HOBBII CIIEKTPAJILHBIN IapaMeTp
u K — HempepbIBHBIN MOJIOXKUTEJIBHBI CUMMETPUIECKU OIlepaTop, OIpeieJeHHbIe
dopmyramu

p= 1+ (Ku,v) = (pu,v)q, u,ve H(Q), (36)

rue (,) — ckasusipHoe nponseezerne B H(Q2), nopoxaennoe Hopmoit (35).

IIpu v € (0, 1) cormacno Teopeme 1 oneparop Bioxkenust H(2) C Lo(Q2)2 npen-
CTaBAM KaK CyMMa KOMIIAKTHOTO oniepaTopa (Ha ob/acti 2\ = ¢ 0TceueHHbIM KOHYH-
KOM IiKa) 1 orepatopa ¢ Hopmoit O(d'~7) (na muoxkectse = = {z € QN% : 2z < d})
— MOCJIEHIOI HOPMY MOYKHO CIIEJIaTh CKOJIb YTOIHO MAJIOM My TeM MoA0opa pasMepa
d > 0. Cnenosarensuo, snoxkenne H(Q)) C La(Q)3 u onepartop K KoMmmakTHBI, a
coOCTBEeHHBIE UncIa ypaBHeHUs (34) HOPMAJIBHBL; OHE 00pPa3yI0T GECKOHETHO MAJTYIO
I0CJIeI0BATEILHOCTD

1:M1:":N6>N72N82'Zﬂpz'_)+0a (37)

B KOTOPOH yKa3aHbI IPU y4ueTe ux Kparnocreil. B gacraoctu, Hopma omeparopa K
paBHA eJUHUIlE, & COOCTBEHHBIE BEKTOPbI, OTBEYAIONINE TAKOMY COOCTBEHHOMY YHUCJLY,
COCTABJISIOT JINHEAJ YKECTKUX CMEIIEHU, UMEIOIINil pa3MePHOCTD IIECTh,

# = {u:u(z) = d(x)a, a € R°}. (38)
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Cornacuo dopmynam (36) u (37) coberennsle uncia 3amaqu (30), (31) obpa-
3y10T 6ECKOHETHO OOJIBIIYIO TTOC/IEI0BATEIHHOCTD

0:)\1:~--:)\6<)\7§)\8S--~§>\p§"'—>+00. (39)

Taxum o6pasom, B ciryuae v < 1 samaua (30), (31) umeer AUCKPETHBIN CIEKTD.

IIpu v > 1 raoxenne H(Q)) C Ly(Q)3 coxpansercs, HO TepsieT KOMIAKTHOCTS,
a omeparop K mnpuobperaer cymecTseHHbIH crekTp (cMm. [2, Teopema 10.1.5]). B
ciaydae 7 = 1 Teopema 1 Bce-TaKM IO3BOJISIET YCTAHOBUTH JIUCKPETHOCTH CIIEKTPA
Ha HEKOTOPOM He IIyCTOM IOJyHHTepBase (i, 1], comepKaieM eJMHCTBEHHOE COB-
CTBEHHOE YHCJIO i = 1 ¢ KPaTHOCTBIO IMECTh U COOCTBEHHBIM IOAIIPOCTPAHCTBOM
(38). Dror dakT BHITEKAET U3 OYEPEIHOIO YTBEPIKICHUS.

IIpengoxxenne 2. Ilycre v = 1 u Bekrop-pyrknus v € H(Q) norunnena
YCJIOBHIO

(pu,v)q =0, veEXR. (40)
Torna cupaBeInBO HEPABEHCTBO
(pu, w)a < coflus H(Q)[?, (41)

B KOTOPOM IIOCTOsIHHAasI Co CTPOI'O 6oJIbI11e C€J/JIUHUIIbI.

JIOKABATEJIBLCTBO. IlpejcraBum BeKTOp-(YHKIIUIO U B BUJIE

(@) = d(@)a + U(x), / d(2) U (2) dz — 0 € RS, (42)
O\E

Braronapst sunmmunesocta nosepxaoctr J(€2\ Z) mocie[HeMy yCIOBUIO OPTONOHATb-
Hoctu (42) BeiosHeHO HepasercTBO KopHa

U5 HH QA B)* < clle(U); La(Q\ B)|* < e (u; Q)

(cm, Hanpumep, [1, Teopema 2.3.3]), a 3Hauwt, npu ydere dbopmyist (40) momydaem,
4TO

a=M"1 [ px)dx)"U(x)de, M= [ p(z)d(z)"d(x)dz,
/ /

lal* < €| U; La(Q)|* < e&/(u; Q),

npudeM M — 6 X 6-marpuna ['pama, mocTrpoeHHas 110 JTUHEHHO HE3aBUCUMBIM CTOJIO-
IaM MaTpHIE! (21) IpH TOMOIIY CKAJISIPHOTO IIPOU3BEJIEHUS] B BECOBOM IIDOCTPAHCTBE
JleGera Lo(€); ﬁ)3, a IMMIOTOMY CHMMETPUYIECKas U TOJIOKUTETBLHO ONpe/iesienHast. Ta-
KUM 00pa3oM,

(pu,u)e < cflaf® +[|U; La(Q)]?) < e6'(w; Q) < ' (AD(Vy)u, AD(V,)u)q,
TJIe (e — HEKOTOPOE TIOJIOXKUTEIHHOE UNCJI0. Temeph siCHO, ITO Cq > 1 +ae > 1. [
Urak, BeTUIUHBI A\ U [le ITOITUHEHBI COOTHOIIECHUSIM
Me =Co—1>0, pe=(1+X) >0 (44)

IIycts v > 1. Ybemumcst B TOM, 9TO (4 = 1 — TOYKA HENPEPBIBHOTO CIIEKTPA
oneparopa K. Paccmorpum Bektop-dyuKImn & — & () = " (z) — d(z)b"™, tae
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cocrasJsiomas ¥ 3agana dopmyiiamu (2), a B BBIYUTAEMOM — YKECTKOM CMEIEHUN
— durypupyror marpuna (21) u cromnber

v =Mt [ d(z) "™ (x) de,
/

npudeM M — marpuna 'pama u3 dopmyssr (43), 1. e. aus noseit O™ BbIIOIHEHBI
ycqosust oproronansaoctu (40). B cury coorHomenuit (3) npu G0IbIIOM HATY DA
HOM 9HCJIE 7 UMEEM

(AD(V,)8"™, D(V.)0")q ~ (AD(V. )b, D(V,)i™)q < em ™=,
B < em I (0 g < em T EL (0 @) = S (o0 v g

—cb™ 2 > com ™37 —em Y > %com%*%, co > 0.

(45)
HeTpyaHO ycMOTpeTh, UTO BeKTOp-pyHKImH Wi — mYH3/2gim 00pa3yT CHUHTY-
JISPHYTO TIOCJIEIOBATEIBHOCTD JJIsl CAMOCOIPSI?KEHHOTO oneparopa K B Touke p = 1.
JleiicTeuTenbHO, HOCHTETL byHKIIE | W™ | pacmonoxken Ha MEOKecTBe { € QNY :
1<mz <2} u [P H(Q)| < ce(1+m!~7) < 2¢, 1. e. nocienoBatebrocTs { Wi}
ciabo cxoauTes K Hyso B mpocrpancrse H(Q), Ho B cumy coornontenuii (41) BepHb
HEPABEHCTBA

||\Ijim; H(Q)H > 00/2 > O7 HK\IJ“U _ \Ijim; H(Q)H = sup |<K\I}i7n _ \I/im, u>|
< sup |[(AD(V,)¥"™, D(V,)u)a| < c(AD(V,) 8™, D(V, )W) /> < em'~7  (46)

u m!'™7 — Geckoneuno MaJjas Upu M — +00; 3/€Ch MHOIOTOUHE O3HAYACT «U €
H(Q) : |lu; H(?)| = 1». Urak, mo kpurepmio Beira (cm., Hampumep, [2, Teope-
ma 9.1.2]) nosydaem, uro g = 1 (A = 0) — TOYKA CYIIECTBEHHOIO CIEKTDPA Olle-
paropa K (3amauan (30), (31)). ITockoabKy coOTBETCTBYIONEE COOCTBEHHOE IIO/IIPO-
CTPAHCTBO KOHEYHOMEPHO (sIBJIsieTCs JnHea oM (38) KeCTKUX CMeleHuit), 9Ta TOIKa
[OIIa[aeT Ha HEIPEPHIBHBIN CIIEKTP.

4. HempepsbiBHBIN cnekTp B ciaydae vy = 1. CoracHo obIreil Teopuu 3Ji-
JINIITUYIECKUX KPAEBBIX 33/1a49 B 00JIACTAX C OCOOBIMU TOYKAMU HA TPAHUIIE, OLIEPATOD
zazaun (30), (31) dbpearoabMoB B ImIKase MOAXOASININX BECOBBIX MPOCTPAHCTB MIPH
BCEX BECOBBIX MHJIEKCAX, 38 HMCKJIIOYEHHEM CUYeTHOro Habopa 3amperHbix (cM. [9]).
ITpocrpancreo H(Q)) BkiIagbiBaercss B Takue BeCOBbIE IIPOCTPAHCTBA IKCIOHEHIIU-
AJIBHO PACTYINUX TPU IPUOIMKEHUH K BepiinHe HKa ¢ (DYyHKIU, a 3HAYUT, PU
go60M A omepatop K mMeeT KOHETHOMEPHOE SIIPO.

Boraucium «topors € (0,1), mast koroporo mpu p € (0, py| Haitgzem Bek-
toper W1 W2 ... € H(Q), cxonammecs cinabo 5 H(Q) x Hyso, yI0BIETBOPSIONIHE
COOTHOIIIEHUSIM

O™ H(Q)? > co, K™ = p¥™ HQ)|* <com™,  co,eq >0, (47)
U TeM CaMbIM (OPMUPYIOIINE CHHTYJISPHYIO MOCIEIOBATEIBHOCTD JIJIsi OIIEPATOPA
K B Touke p. Takum obOpa3oM, MO MPUYINHE KOHETHOMEPHOCTH sI/Ipa PE30JILBEHTA
(K — pu)™! me sBigieTcss orpaHMYeHHBIM OmEpaTopoM, T. e. nosmyunTepsas (0, fy)
(mya [Ny, +00), Tiie Ay = Iy ! — 1) nokperT HenpepoBHBIM criekTpoM’) omeparopa K
(amaun (30), (31)).

DIloce HAMMCAHNS CTATBA ABTOPY CTAJIO M3BECTHO, UTO HEIPEPHIBHOCTH CIEKTPA JUIs ILIOC-
KOT'0 M30TPOITHOT'O YIIPYTOro Teja ¢ 3a0CcTpeHueM npu ¥ = 1 anoncuponana V. B. Kamonkum.
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s coxparmnenust GOpMyIT IPEJIIONOKIM, ITO MATPUIA KecTKocTn A 1 1m10T-
HOCTb p IOCTOAHHBL (cM. nasee 3amedanue 3(3)). ITuk (1) yronuaercs npu z — +0,
U TI09TOMY JIJIsI BBISICHEHUs OBeieHust pemennit 3agaun (30), (31) B6uusu Touku &
JIOTUYHO NIPUHATH aCUMITOTHYeCKUi (HopMasibHBIi) aH3aI] TEOPUH TOHKUX yIIPYIUX
crepxkueit (cm. [10,11; 1, rr. 5, §7.3] u ap.), a uMeHHO

u(z) = W2y, 2) + Wy, 2) + WO(y,2) + Wy, 2) + W2(y,2) +..., (48)

W2 2) = 3 wal)eas Wp2) — s <w3<z> -3 ya%‘j@)) +wn(2)0(y),

a=1 a=1
_ T _ o-1/2

ej = (0j,1,652,0;3) , O(y) =2 / (y1e2 — y2e1). (49)
3aecs WO W2, ... — BexTOp-QyHKINH, HOIIEIKAITIE JaJIbHEHIIeMy OIpeIesIeHiIo,
aw=(wy,... ,w4)T — HEM3BECTHBIN CTOOEIT DYHKITHM, CIYKAIMIA JJIsT OMMCAHNS
OJIHOMEPHOI MoJesu JechopMaIu CTepKHs (B paccMaTpUBaeMoil 3ajade — IHKa).

Cronbmpr w' = (wy,wz)" nww” = (w3, wy) " Gyaem uckars B popme
w'(2) = AW ws(z) = A Pws, wa(2) = 20wy, (50)
rae A € C — KommekcHbIil mokazaTems 1 W, w” = (w3, wy)' € C2. Ilpu sTom

Tpedyercsi COOJIIOCTH COOTHOIIEHUST
(Wi(y,2)] = OERATT2) 02— b0, g==2,-1,..., (51)

KOTOPBIE coryiacoBanbl ¢ hopmysamu (49), (50) 1 MOACHAIOT CMBICJT ACUMIITOTHYECKO-
ro auzana (48): B HeM KaxKJbIil TIOC/IEIYIOuil 4ieH IPUOOPETAeT JOIOJIHUTEIHHYO
CKOpOCTD 3aTyxanust npu 2z — +0.

Cornacuo onpegesenuo (1) HopMasb 1 K IpokosioToit nopepxuoctu (0NN )\ &
HMeeT BUJ,

n(x) =no(y,2) 2z y) ve(z 7 T y), (L )y ez )T, (52)

rme v = (vi,v2)| — eIMHWYHBIN BEKTOpP BHENIHeH HOPMAJHW K TDAHHIE OOJACTH
w C R?, ang — HOpMEPYIOMHIT MHOKITETh, TPIIeM B cTy hopMy (1) BBITIOTHEHb!
COOTHOIIEHUSA

no(y, 2) = 1+ (1+9)%72ly vz )%, noly, 2) = 1+ O(|21*), (y,2) € 92N %.
Huddepennmanbusie oneparopsr L(V,) u N(z, V,) u3 nesbix yacreii cucremsr (30)
1 KpaeBoro ycsosust (31) J0IyCcKaloT pacuienieHust

L=1L1°+ L'+ 1% nl’N=N°4N'+N? (53)

C TaKNUMU YJICHaMU:

L°(V,) = D(-V,,0)" AD(V,,0), L*(V,,8,) = D(-V,,0)"AD(0,9,)
+D(0,-0.)"AD(V,,0), L?*@.) = D(0,-08.)" AD(0,0,),
NO(y,2,V,) = D(v(27*7y),0)"AD(V,,0), N'(y,2,V,,0.) (54)
= D(v(z7y),0) " AD(0,9,) — (1 +7)2YD(0, 2~ "7y "v(271"7y)) " AD(V,,0),
N%(y,2,0,) = —(1 + )27 D(0, 27 7y Tw(27177y)) " AD(0,.).
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O6paiaeM BHEMAHUE HA TO, 9TO B coryiacuu ¢ reomerpueit nuka (1) nuddepenimpo-
panne byukmn (y, z) — 2% (27'77y) 10 nepeMeHHBIM Y YCJIOBHO COOTBETCTBYET
ymHoxkeruio Ha Besmuauny O(z7177), a muddepenmuposanue Mo z — Ha BeJUTHHY
O(z™1). Nmenno B 3TOM cMbIc/Ie TOHUMatOTCst paciierienns (53), a ux wiens: LP
NP npuobperaior ycaoBHbe nopaaku zP~4 u 2P~2 coorBercTBeHHO, TAK KaK ¥ — 1.

IMoncrasum paznoxenns (48) u (53) B 3amaay (30), (31) u cobepem ciraraemsle,
KOTODBLIM yKa3aHHBbIE BBIIE [IpaBHia, B TOM uucie dopmynsl (51), mpucsausaior
O/INHAKOBbIE ACHUMIITOTUYECKNE IOPSAKN. DB pe3ynprare MOIyduM PEKYyPPEHTHYIO
IOCJIEIOBATEIHLHOCTD CJIELYIONIUX IJIOCKUX 33129 TEOPUU YIPYTOCTH HA MOHEPEIHBIX
cevenusx w(z) = {y : 27177y € w} Tonkoro nuka =:

LW = F9 .= —L'WT — LPWT2 4 \pdp W2 B w(2),

59
NWY =G := —N'WI 1 — N?2W9?  na dw(z). (55)

3nech ¢ = —2,...,2 1w WP = 0 npu p < —2. OTmMeruM, 9TO MHEPIUOHHBIN WJIeH
A\pU TIOPOJIIIT HEOTHOPOAHOCTH Apda ;W ~2 B npasbix uacTax sagaqu (55) ¢ HoMepoM
q = 2. UssectHo [1, 1. 7], 9TO B 9TOM Ciydae IIOCJIEI0BATENBHOE DEIEHNe 3371
(54) u obecrieuenue yCa0BUil UX PA3PENIMMOCTY IPUBOAUT K PE3YIbTUPYIOIIEH OJHO-
MepHOIt crieKTpaibHoll 3a1a4e. [lousaTHo, 9410 BeKTop-byHKImn (49) yI0BIETBOPSIOT
cooraomenusM (55), B KOTopbix ¢ = —2 u ¢ = —1.

ITpu ¢ = 0 BBILOJIHEHBI yCsI0BUs pa3pemuMocTy 3a1a4u (55), a UMEHHO

/ Fl(y,z)dy + / Gl(y,z)ds, =0, i=1,2,3,
w(z) Ow(z)

/ B(y) Fi(y,2) dy + / 0(y)T G (y, =) ds, = 0.
w(z) Ow(z)

(56)

CiiefoBaTe IbHO, pellleHre Ha3BaHHOM 3aa4u cymecTByeT. Kpome Toro, BepHbl Gop-
MYJTBI

F° =D(V,,0)" A% 2(0.)w, G° = —D(v,0)" A% 9(d,)w,

000 0 0 -\ 2 0 0 0
(o0 o0 o 0 —u o o o o
Y@W=1000 o 0 1 BEACO R I S

00 0 —y2/2 1/2 0 0 0 0 &,

(57)
Uy, 2) = 2 (y,2)2(0:)w(z).

3necy 2 — 3 X 4-marpuna-dyHKIWS, YIOBICTBOPSIONAs IIOCKON 3ajade Teopun
YIPyTOCTH

D(=V,0)"AD(V,,0)2 (y,2) = D(V,,0) 'A% (), y € w(z),

; ; (59
D(v(y),0) AD(V,,0) 2 (y,z) = =D(v(y),0) A% (y), y € Ow(z).

OrmeruM, 9TO B mpaBbix 4dacTdx (58) pasMelneHbl MaTpHUIbI-(DYHKIUE Pa3MEPOM
3 X 4, 1S COOTBETCTBEHHBIX CTOJIOIOB KOTOPBIX BBINOJIHEHBI ycioBus (56) (mpo-
BepsieTcs MHTerPUPOBAHUEM 10 YacTaM), T. €. pelenus — croabmpr 2 1, ..., 24
Marpunbl 2 — B caMoM Jiejie CyliecTByIoT. 1lockosibky 3azada (58) pemraercs: Ha
nepeMeHHoi obsiactu w(z), BeIpokaaoomeiica upu z — +0, u Marpuna % juHeitna
110 [IepeMeHHBIM Yy = (Y1, Y2), CTOIOIBI MATPHUILL £ [PEJICTABUMBI B BIJIE

%j(y7 z) = 22(2-0;,3)XJ (z_2y), (59)
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rue d; — cuMBos Kponekepa.

B cuiy coornomenwuit (57), (58) u (53), (54) cobionens! nepsoie apa (i = 1,2)
ycaosust paspernumoctu (56) 3amaun (57) npu ¢ = 1 — 310T BAKT MOATBEPKIAOT
CJIETYIONTAE BLIKJIIKNI:

/ Fldy+ / Glds, = %ez / D(e3) " A(D(V,,002 + %) dy2(0,)w
(2) Ow(z) w(z)
0

i / (D(V,,0)yie3) T A(D(V,,0) 2 + %) dy 2(d.)w

w(z)

0 .

gt ([ wpv, 0D, 08 @) ay
w(z)

+ / yiD(r,0)TA(D(Y,,0)2 + %) dsy> P(0)w—0. (60)
dw(z)

31ech GbLT TPUMEHEHBI «KJIFoUeBoe paseHcTBo» D(eg)e; = D(e;)es (em. [1, dbopmy-
aa (5.1.14)]) B Teopun TOHKUX CTepKHENl, obecIiedeHHOe CTPYKTYpoit Marpuipt D u3
dopmyint (33), a Takzke npasuio audHEPEHIUPOBAHISA HHTEIPAJIOB C IIE€PEMEHHBIME
[IPEIeIAMEI

d 0z
& [ zwad— [ Fwnd e [Tz ds,
w(z) w(z) Ow(z)

Jpyrue nBa ycnosust paspemmmocta (55) npu ¢ = 1 mocsie OJICTAHOBKY B HUX
soipaskennit (57) u (49) mist Bexrop-dyrkmmit U° u U~ npunumaror Bus

0

o | DT ADT,.02 (1,2) + B () dyP(0.)u(z) ~

w(z)
0(y) " D(e3) " A(D(Va, 0) 2 (y, 2) + ¥ (y) dy 2(9:)w(z) = 0.

9 (61)

0z

w(2)

Hakonerr, o6paboraem aHasorndso Beikaagkam (60) npu nomoru dopmyst (49)
u (52)—(55) mepseie aBa (i = 1,2) ycaosus paspemumoctu (56) nmpu ¢ = 2. Vmeem

Apz2H) mesy (w)w; = —%e;'—D(eg)—r / A(D(V,,0)U" + D(0,0,)U°) dy
w(z)

S, (/ yD(V,,0)T A(D(V,,0)U" + D(0,8.)U°) dy

w(z)

- / y; D(v,0)" A(D(V,,0)U" + D(O,@Z)Uo)dsy)

ow(z)
_ —6%6; (/ yiD(0,0.)TA(D(V,,0)U° + D(0,d.)U") dy
w(z)

+ (1 +7)2" / v D(0,27 77y ") T A(D(V,,0)U° + D(0,0,)U ) dsy)

Ow(z)
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82
— g Dle)” [ wADY, 0 )20, (©2)
w(2)

HamomuHaeM, uTo B 9TOM pasjierne v = 1, oqaako npeobpasopanue (62) BepHO npu
JIFOOOM HOKa3aTese 3a0CTPEHNUSL.

Coornomtennst (62) u (61) MOXKHO IEPENUCATH KAK CHCTEMY YeTBIPEX OOBIKHO-
BeHHBIX auddepeHnnaabHbIX YPaBHEHUI B MATPpUIHON dhopme

L(z,0)w(z) == 2(—9,) "M(2)2(8.)w(z) = MAp(wP(2)7,0,0)T, z2>0. (63)

3nece M — marpuna-dyHKIus pasmepoM 4 X 4, onpeie/ieHHAsT PABEHCTBOM

M(z) = / (D(Vy, 002 (y, 2) + Z (y) A(D(Vy,0) 2 (y,2) + Z(y)) dy.  (64)
w(z)

B knwure [1, §5.1, 5.3, 7.3] u crarbe [11] ycranoBiena cCHMMETPUYHOCTD U [IOJIO-
JKUTEJIbHAs OIPEJIeJIEHHOCTh MaTpuils! (64) npu z > 0. M3 dopmya (57)—(59) u (64)
npu v = 1 BBITEKAET IpeJICTABJICHHE

M(z) = D(z*) "M(1)D(z*), D(() = diag{D"(¢), D?(()} = diag{¢* ¢* ¢, ¢},

(65)
T. e. cucreMa (63) UMeeT CTPYKTYpPY Diliiepa U ee PEIIeHus, IeHCTBATEIBHO, CJI/yeT
uckars B Buje (50).

SAMEYAHUE 3. 1. Ilponenypy nocrpoenust (hoOpMaJbHOIO aCUMITOTHIECKOTO
psizia (48) MOXKHO NIPOJIOJZKUTE M OLPEJIEJIUTH JIF000e Halepe/| 3a/IaHHOe YUCIIO €ro
wienos (em. [12,13] u [1, §5.2; 14, ro1. 15, 16]). IIpu sToM HaunHAas ¢ mara ¢ HOMEPOM
¢ = 1 HOABALAIOTCS HETPUBUAJILHBIE YCJIOBHUA pasperumocta 3a1a4d (55), anajorud-
HblE cHCTeMe OObIKHOBeHHBIX Juddepennnanbpubix ypasaenuit (63). Hasee Gymyr
HalIeHbl PEITeHnsT ITOW CHUCTEMBI, HO JIJIsI COOIIONEHUs YCJIOBUIT pa3peIuMOCT Ha
CJIEJIYIONIMX TIAaraX MPOLELYPhl CJeJyeT YIeCTh IIPOU3BOJ (JKECTKHE CMEIeHUs B
wiockoctu {z : z = 0}) B BBIOOpe aCUMIITOTHYECKUX WIeHOB WP, sBIIsIOIIUXCS pe-
meHusMu 3a1a9n Helimana jij1st IByMEepHOIT CHCTEMBbI YPaBHEHU TEOPUH YIIPYTOCTH,
7 J00aBUTH B HUX CJIaraeMble

2

2
OW (e
S wial2)ea, e (wk)g(z)—zya o <z>)+w<k>4<z>e<y>, k=12,...,
a=1

z
a=1
(66)
UJCHTUYHBIE ACUMIITOTHYECKUM wieHaM (49) u comepKallyue HOBBIE HEM3BECTHDBIE
CTONONBI W(k) = (W(ky1s - - - w(k)4)T. ITepBoe u3 Boipazkenuit (66) npucoeauHseTcs

K W*=2 a Bropoe — xk Wk~ B pesymprare okaspiBaercs, 9TO YIOMSHYTBIE yCIIO-
BHs PA3PEINMOCTH IIPEJIOCTABIISIIOT CHCTEMbI OOBIKHOBEHHBIX JnddepeHIraaIbHbIX
YPaBHEHUI I ONIpeie/IeHUsT BEKTOP-PYHKITAIT W(k)-

2. Eciu BekTop-dyHKIWMA w He yjoBiersopser cucreme (63), To amzai (48)
CJIEJyeT MHTEPIPETUPOBATH KAK NPUOIMIKEHHOE ACHMIITOTHIECKOE PENICHHE TPEeX-
MepHOIi 3a7a4un. [Ipu 3ToM w oCcTaBJIsAeT JIOIOJIHUTEIbHYIO HEBA3KY B CUCTEME ypaB-
HEHMii paBHOBECHS, TJIABHBINA WJIEH KOTOPOI BBITJISINT CJIEAYIOIUM 00pa3oM:

A (y,2)(ZL (2, 0:.)w(z) = Ap(wD(2)T,0,0)7). (67)

Brecs Z(y,2) = (ZY(272y), 22(2%y), 23,27 224(27%y)) — rmaakas 3 X 4-mar-
puIa, CTosOHpl KOTOPOil IpH z = 1 COCTABJIAIOT CUCTEMY, OHOPTOrOHAJBHYIO s
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cucTeMbl cTosIONOB 3 X 4-Marpuilpl (€1, es, es, 0(y)) OTHOCUTEIBHO CKAJIAPHOIO IIPO-
usBesieRns B npoctpancte Lo(w)?, mpmuem 2% = (0,0,|w| )" u Z/(y) = 0,
g = 1,2,4. Ananornunass uHTepupeTanusi BO3MOXKHA W IIPU PACCMOTPEHUH MJIaJl-
X 9JICHOB W(j) ACHUMIITOTHYECKOTO PAJIA, He YIOBJIETBOPAIONUX CBOMM CHCTEMaM
OOBIKHOBEHHBIX JuddepeHnuaababix ypasaenuit. [logpobHoe m3i0KeHne HaMedeH-
HOT'O TTOJIXO/IA MOYKHO HANWTH B MUTHUPOBAHHBIX BBIIIE ITyOJIUKAIIASX.

3. Jljis r1aiIkKux, HO He IOCTOSTHHBIX (DYHKIMU p M MATPHUIL-MYyHKIMHA A 1po-
neypa IOCTPOEHUS aCUMITOTHYECKOTO Psijia OCTAETCS TOH ke, HO PaCHIeJIeHust
(53), (54) yCIOKHAIOTCA BBULY HEOOXOJAUMOCTHU Pa3JIoKeHus Ko DUIUEHTOB B psi-
a1 Teitopa 110 TlepeMeHHBIM Y = (Y1, ..., Yn_1) ' U z. [lompo6HOE U3IOKEHHS TPO-
nenypsl MOxKHO Hajitu B [11; 1, roi. 5, 7). O

Pazo6nem marpuy M(1) ma 6moxku M) (1) pasmeponm 2 x 2, mpraem M1 (1)
— neBprit Bepxumit, a M(??) (1) — mpapprii mmkamii 60km; kpome Toro, M(12) (1) =
M) (1)T. TlockoabKy CleKTpAIbHBIH TAPAMETP A OTCYTCTBYET B TPETheM M HeT-
BEPTOM ypaBHeHUsAX cucreMbl (63), HAXOMUM, 9TO

D@ (22)d,w" (z) = —2* M) (1) M) (1)0%w' (2). (68)

[Moxcrasus dhopmyity (68) B epsbie fBa ypaBHerus cucreMbl (63), mojydaeM cieiy-
IOIIYI0 PeIyIUpPOBaHHyI0 cucTeMy auddepeHInaIbHbIX YPABHEHUI I YKOPOYCH-
HOTO HEU3BECTHOI'O CTOJIONA w':

D2 (LB M2 (2)) = Ap2t|wlw'(2), 2> 0. (69)

IIpn sroMm |w| — myomaab (IPUBEJEHHOTO) CEYECHUS W ¥ 0 HOHATHBIM IPHYMHAM
2 X 2-MaTpura

A =M (1) - MDD (1)MED (1) M (1) (70)

COXpaHSIET CHMMETPUYIHOCTD U ITOJIOKUTEIBHYIO OIMPEIEITeHHOCTD.

IMycts 39 < 31 — cobcrBennble uucia Marpuipl (70); OHU MOJOKUTE/ILHBI.
Bekrop-byukius w’ uz dopmyist (50) yaosiersopsier cucreme yparaenuii (69), na-
[IPUMED, B TOM CJIy9ae, €CIM W' — COOCTBEHHBIH CTOIGEN MATPUIB .# , OTBEUAIOIIA
YHUCILy 3, U NOKazaTesb A yaoBieTsopser hopMyJie

(A? —25/4)(A% — 49/4) 50 = Mp|w|. (71)

Pemast 6uksagparnoe ypasaenue (71), Haxomum

49 + 25 49 +25)2  49-25
A% = < j:\/( ol F T + 525 P Aplw]. (72)
Takum 06pazom, Ipu ycJI0BUA
49 - 25
A> N = ———
> Ay 16p|w| ) (73)

OIIMH M3 KOpHeii ypaBHeHus (71) cTaHOBUTCS YUCTO MHUMBIM (MEHbIAs U3 BEJIH-
auH (72) HemosoxkuTeNbHA). TIoIIepKHEM, 9TO COOCTBEHHOE TUCIIO ] MATPUIBL A
yCTAHABJIMBAET HE MEHBIINI II0pPOT, YeM TOT, KOTODbI# yKasaH B (73).

B ciarygae msorponHoro marepuasa qucsiosasi Marpurna M(1) nmoacuurana, Ha-
npumep, B [1, . 5.2.5]; npu 3TOM MaTpPHIA CTAHOBUTCS JMATOHAIBHON U BBIIIOJIHEHO
paBeHcTtBo A = M(ll)(l)7 ecjin HadaJlo KoopjguHaT y = () COBMeIIEHO C IEHTPOM
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TSKECTH, & OCH 41 W Y2 HAIPABJEHBI BJOJb IVIABHBIX OCEH TEH30pa MHEPIUH (DHUTy-
PBI W.

BadukcupyeM Ha3BaHHBIA YMCTO MHUMBIA HOKa3aTeJb A U BOCCTAHOBUM IPU
nomoru (opmyaiet (69) cronbipt w” n w. [puanMmas Bo BHEUMaHne 3amedanue 3(1),
[IOCTPOUM CJIEILYOIIUE YIeHbl ACUMITOTUIECKOro anzana (48) u, B 4aCTHOCTH, Onpe-

IeJINM BeKTOP-(hyHKIIAN W(k)y = (w(k)l, . ,w(k)4)T, KOTOpPBIE yIOBJIETBOPAIOT COOT-
HOIIIECHUAM
A—k—5/2 A—k—3/2
ka)(z) =z / Wzk)(ln z), wym(z) =z / w3(k)(In 2),

(74)
_ L A—k=T/2

wa(k)(2) Wy (Inz), k=1,2,...

(cp. dopmyaer (50)). Pemrenus sitsepoBckux cucreM OOBIKHOBEHHBIX Auddepen-
TaJIbHbIX ypaBHeHHI‘)‘I C Hpa.BI)H\’II/I HJacCTdaMU ClleIuaJIbHOI'O BUJIA MOFyT IIpI/IO6peTaTb
JtorapuMBbl, IOITOMY wE j 1 wz’k) — IOJIMHOMBI TlepeMennoit In z. Pazymeercs, co-
orromterns (51) cOXpaHIOTCH, HO HAYUHAA ¢ HOMEPA ¢ = —1 B UX IIPABBIX YACTAX
MOTYT HMOSIBUTBCS JIOTAPA(PMAIECKIE MHOKATEJIH.

B kawecTse Tpebyemoit BekTop-pyuKImn U, Hurypupyomnei B COOTHOMEHUSTX
(47), BosbMeM cymmy N wjienos anzara (48), HaiieHHBIX 110 BekTOpam m ™~ /2 X, w
n m‘l/Zme(k), k=1,2,..., ccocrasnstomumu (50) u (74). Tlpu sTom cpesatomiast
GYHKIUS BBITISIAT CIIETyONAM 00pa3oM:

Xm(z) = X(=Inz —2m)X(m + ln 2); (75)

nece X € C®°(R), X(t) = lupu t < 0, X(¢) = 0 upu t > 1. Tlonyuennas
BekTOp-dyHKIWa ¥y, TIagKas, U ee HOCUTE/b OTJEJEH OT TOYKA &, T. €. HaBePHAKA
U, € H(Q). Tockonbky X,,(2) = 1 npu 2 € (e72™,e~™), yunrsiBag dopmysist (1),
(49), (50) u v = 1, Re A = 0, 3akjro9aeM, 9TO IPH JOCTATOIHO GOJILIIOM 112 UMEET
MECTO HENOYKa HEPABEHCTE

e~ ™

[ Q)2 > e U™ Lo(@Q)2 > em ™! / 20| A-5/2)2

e—2m

—m

=cg, co>0.

—2m

x (1+0(2(1+ |Ing])))dz > com™! lnz{z

st Bropoit HopMBI B oneHKax (47) mpu momontu onpeeneruii (35) u (36), a
Takxke GpopMyasl ['puHa HAXOTUIM, ITO

[KW™ — p¥™; H(Q)|| = sup [(K¥™ — p¥™, u)
= p tsup [(AD(V,) 9™, D(V)u)a — Ap¥™, u)al

= utsup [(L(V) 8™ — ApU™ u)q + (N(z, V) 0™ u)aal.  (76)

ITpu 5TOM MHOTOTOYHE O3HAYAET TO YK€ CaMoe, U4TO B COOTHOIIeHnu (46).
Breipaxkeanss LU™ — A\p¥U™ u NU™ 06pa3oBaHbl HEBSI3KAMM, BOZHUKIIMMU 110
IOBYM TPUYUHAM: WM3-32 3aMEHBI MOJIHOI'O ACHMIITOTHIECKOTO psifia cymmoit N ero
YWIEHOB M M3-33 yMHOXKeHHs (yHKIMi, 06pa3yomux 3TH WieHbl, Ha cpe3ky (75).
HeBst3ku miepBOro THIa MOYXKHO CJI€JIATH CKOJIb YIOIHO OBICTPO 3aTyXAIOIIMMHU I[IPU
z — +0 3a cuer ypesmueHnss uymcaa N, a 3HAYUT, UX BKJaJ B BbhipaxkeHue (76)
maj. Hesasku Broporo tuma umeior Bup (67), rue BeKTOP-DYHKIMA W 3aMEHEHA
crosbrnom m~ Y2 X, w wmu cronbrom m_l/szw(k). CpasuuBas nopsaiaku (50) u
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(74) ynoMsiHYyTBIX CTOJIOIOB, a TaKyKe NPHHNMAsi BO BHHMaHHe 3aMmedanue 3(2) u
ToT QaKT, YTO W — PElleHne CUCTeMbl ypasHeHuii (63), BUIUM, 9TO [VIABHAS YacTh
HEBSI3KH OLIPEJe/IAeTCs 10 hopMyJie

m~YV2 7 (y, 2)[L(2,0.), X (2)w(z) = Z(y, 2)8™(2), (77)

upuueM L, X,,| = L X, — X;n-€ — KoMMyTaTOD Oneparopa co cpesamorieil HyHK-
uueii. Hocuresns BexTop-dbyHKImu (77) pactosoxeHn Ha OObEINHEHHU MHOMKECTB
B ={zeQnN% :zeX} =leme ™™} uzl ={zecQnN¥:ze X2 =
[e!=2™, e72™]}. Kpome Toro, B cuiy npescrasienus (65) ee coCTaBJIsIoNIMe 0191

HEHbI COOTHOIICHUAM
|q);n(z)| _ O(,'n—1/265h7n/2>7 ‘(I)gn(z)| _ O(m_1/2€7hm/2),

|‘I’T(Z)’ — O(m—1/2€3hm/2), = E?m i,h =1,2.

Taxum obpazom, npu ydere BecoBoro nepasencrsa Kopua (29) u asnoit dop-
MyJIBI JJIsl TpeThero ¢rosbua Marpunsl % (cM. 3amedanue 3(2)) moiaydaeM, 9To

2
’/@i(z)o@”i(z_Qy)Tu(x) dx| < cm_1/2265hm/2 / |u(z)| dz
Z h=1 =

2
< em V232 TR s Ly(E)|| < em V2w HQ)| < em M, i 1,2,
h=1

2
< Cm—1/2ze7hm/2 / |U3($)|d$

’E/<I>3(z)£”3(z_2y)—ru(x) dx 2

=h

1/2
< em~1/? (/ 2| =2 |uz(x)[? dx> < em V3 u; H(Q)|| < em™ /2,

Hakoner, npusenentas B 3amedanuu 3(2) dopmysia s 4eTBEPTOro CTOJIONA MaT-
punbl %, a Takxke TeopeMa 1 u ycraHosieHHas jaJee oleHka (79) obecneunBaror
COOTHOIIIEHTE

’ f By(2) 222N () Tu(a) da

2
<emT12Y " eThm/ /‘ / Z4 (27 %) Tu(x) dy| dz < em ™12

e Tl w(z)

O6paboTKa I10C/Ie[HEr0 CKAJISPHOTo IIpousBeieHus B (76) olupaioTcs Ha 1epBoe
YTBEPK/JIEHHUE CJIEIYIONIEN JIEMMBI.

Jlemma 4. Ilpumem ycaoBusi # 0003HATEHHST TEOPEMBbI 1.
1. CrpaBeyinBo BecoBoe CJIeJ0BOe HEPABEHCTBO

/ ] = (fus ()2 + 2 (Jur () + Jua (2)*) dsa < (& (us Q) + [|us Lo (Q\ %) |7).

80
(78)
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2. Jlnsa pyukimm

(0,d] 3 2= Z(us ) = 220 [ 2471 y) Tu(y, 2) dy
)

w(z
BEpHO HEPABCHCTBO
d
/,22“’|Z(z)|2 dz < ¢(8(u; Q) + [Ju; La(2\ ﬂZ/)||2) (79)

0

JOKA3BATENBCTBO. 1. Bocnoabsyemes pasioxkenueMm (20) Ha sauelike =,.
Ouenka (22) gusa cocrapysiroredi U? nocie IpUMEHEHUs! CJIEJIOBOIO HEPABEHCTBA
[7] n BO3BpAIIEHUS K KOODJMHATAM & IPUHAMAET BHJL

q / \Uq(xq)|2 dsy < c6(u;Ey). (80)
P ENat )

ZKecrkoe cmemienne d(x?)a? yaoBieTBOpsieT COOTHOIIEHHUIM

2 HI(d(x)al)a P dse < eq” T (ul La(©)) ] + E(uT30,)), a=1,2,

92,N00

_ o 2
27 1(d(xY)a)s)? ds, < cq™? T(Hug;Lg(Q;)H + éa(uq;@q)).
92,N00
Tenepb HepaseHCTBO (79) BBIBOJAUTCS U3 TOJYyHYCHHBIX OIEHOK IO TIPEXKHEH cxeme

(eMm. BBIKJIA KM, npemmecTByomye hOPMYIUPOBKE TEOPEMbl 1 M HAYMHAIONIAECS C
dbopmyi (23)).

2. JIoKa3aTeabCTBO HCIOIB3YeT TOT YK€ TPIOK, 9TO M JIOKA3ATEIBCTBO HMPEI-
aoxkernst 3.4.13 B kuure [1]. He orpanmumsas obmHocTH, cautaeM, 910 byHKIUS
|u| mMeeT HOCHTENb, PACTIOIOXKEHHBIH Ha MHOMKECTBE = W OT/ICJIeHHBIH OT TOYKH &,
T. e. suppZ C (0,d). Baaromapsi cTpoeHHIO JBYX BEPXHHMX CTPOK MaTpuinl (21)
u cpoiictBam cronbia 24, naspannbix B 3ameuanuu 3(2), senmuuna Z(da?; z) me
zapucnt or mepemennoit z € (d(q + 1)7'/7,dq~/"). Taxum obpaszom, mpu ydere
npescrasienust (20) n onenok (22), (80) maxomum, 4To

dq’l/'Y dqfl/w
/ 22020, 2 (u; 2) P dz = / 21210,Z2(U% 2)* dz
d(g+1)=1/~ d(g+1)=1/~

< c(/(|82Uq|2 220 Uy dg / z_1_7|Uq|2dsz) < cf(u;Z,).
q I=4N0Q

(1

Cymmupyst o ¢ = 1,2,... nosydeHHble COOTHOIIEeHUs (63 CpejHNX MX Jacreii) u
[PUMEHsIS HEPABEHCTBO Xapiu, NPUXouM K uckoMoit dopmyse (79). O

ITpuBenenHbIe pACCY XK IEHUS NOATBEPXKIAIOT COOTHOIIeHNsI (47), a 3HAYUT, U TOT
daxr, uto {U™} — cuHryIsIpHAs TOCIETOBATENHFHOCTD Jist onepaTopa K B TOUKe
= (1+ )7L, rae aucno \ yaosnersopsier yenosuio (73).

5. BeiBoabsl u obcyxkaenue. ChopmyaupyeM yCTaHOBJIEHHBIE YTBEPKICHUS
IIPUMEHHTEJFHO K Kpaesoil 3ajade (30), (31) B obmactu ) ¢ mmkoobpa3Hoit 0cobeH-
HOCTBIO T'DAHUIIBL.
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Teopema 5. Crekrp 3aza4u (30), (31) pacmosoxken Ha BeIeCTBEHHOH HEOT-
PHLIATEJIBHOH ITOJIYOCH.

1. Ecam v € (0,1), 10 creKTp JHCKpETEH U COGCTBEHHBIE YHCIIA 0OPa3yioT
6eCKOHETHO GOJIBIILYIO IOC/IE0BATETBHOCTD (39).

2. Ecn v = 1, TO CyIIecTByOT TaKne J{Ba MOJOXKHUTETbHBIX IHCTA Ao < Ay (CM.
dopmyist (73) u (44), (41)), aro na nosyunrepsase [0, A ) PACIOIOKECHO CIHHCTBEH-
Hoe cobcTBeHHOe Yncjao A = 0 ¢ KPATHOCTBIO IMIECTh H COGCTBEHHBIM IIOJIIPOCTDAH-
crBoM (38), a JIyd [\, 00) COREPKUTCA B HEIPEPLIBHOM CIIEKTDE.

3. Ecmm v > 1, o A = 0 — touka Henpepsisaoro cuekrpa zagaqdn (30), (31) u
ee COGCTBEHHOE YHCJIO ¢ KDATHOCTBIO HIECTH.

3AMEYAHUE 6. Pasymeercst, rpanuity 0§) BHe HEKOTOPOH OKPECTHOCTH TOYKHU
O W BCIO TpaHuily Ow MOXKHO CUMTATH JIUMIIUIEBLIMEA. Bce BBIKIAIKU U PacCyKjie-
HU$ OCTAIOTCS B CHUJIE, €CJIH II0C/Ie/[Hee BKIIIOYeHNe B oupeeaeHnn nuka (1) 3aMeHursb
sryodennem h(z) 'y € w, rae h — TiIajKasd MOJOKATeIbHAs Ha TOJyHHTEpBaJe
(0, d] dyuKIWMSI, TOINHEHHAST COOTHOIIEHUSAM

h(z) = 2277 (ho + h(z2)), |8§f~1(z)| <epz7P, p=1,2,....

TpebGopanne riaagkocTd (GYHKIMH h MOXKHO OCJIabUTh, IepejesaB HCCIeJ0BaHue
HEIIPEPBIBHOTO CIEKTPa B 1. 4, OJHAKO JJIsl 9TOr0 HEOOXOJANMO NPUMEHUTDL JIpYTHUe
ACUMOTOTUYECKUE KOHCTPYKIUY, HyKJIAIONMeCs B JInTe/IbHON o6paboTke (cp. cra-
b0 [15]) u 9ra BO3MOXKHOCTL B JaHHOII pabore He peasm3oBana. Jljsi mocTpoe-
HUsl CUHIYJISIDHOl HocsieioBareabHocTu (47) mocraTodnas 1i1aiKoCTh III0THOCTH p 1
YIPYTHUX MOJLyJIeil, COCTABJISIIONINX MATPHUILy A, Hy»KHa TOJLKO B MaJIOi OKPECTHOCTH
Touku €. [J

3AMEYAHUE 7. B Hekoropoil 3apybeKHOI JUTEpATypE IO OIMPEIEIEHUI0 TO-
YeYHBIA U HEMPEPBIBHBIN CIEKTPBhI CIUTAIOTCS JIU3BIOHKTHBIMU MHOXKecTBamMu. B
9TOM CJIy9Yae TEPMHUH «HEIPEPBIBHBI» B TeOpeMe H W Jiajiee MOXKHO 3aMEHHUTH Tep-
MUHOM <«CYIIIECTBEHHBbIT». [

Ha nempepblBHOM CIIEKTpE MOXKET ObITH TOUEYHBIN CIEKTP U HE TOJBKO COO-
crBenHoe unciio f = 0 B ciaydae v > 1. IlpenmosnoxnMm, uro y obractu ) ectb
N 1tockocreii 3epkasbuoil cummerpun 1 N > 3 (em. puc. 2). Ilycrp, kak u B
. 4, marpura-dyuakius A u GyHKIMs p MOCTOSHHBI, a yIPYIuil MaTepuaJ obJaia-
€T TpaHCBEPCAJbHON HM30TPOIIMEH, T. €. ero CBOHCTBA MHBAPUAHTHBI OTHOCUTEJIHHO
BpalieHnii cucreMbl KoopauHaT ¥ = (y1,%2). DBBejeM cucTeMy IMINHIPUIECKHX
koopauHAT (7,9, %) (IPH 9TOM Y = TCOSQ M Ys = 7TSINY) U TPOEKIUA Uy, Uy,
U, BEKTOPA CMEIIEHUI Ha COOTBETCTBYIOINIHE OCH. AHAJOIMYHBIA CMBICIT MPUJIATIUM
HAIPSZKEHUAM Opo,(U), Opp(u) I 0,,(uw). Cysum zamaay (30), (31) ma «cexkrop»
Qp = {z € Q: ¢ € (mr/N,(m+ 1)n/N)} obnactu Q, m = 0,1,...,2N — 1;
[PU TOM CUUTAEM, UTO OJHA U3 ILUIOCKOCTEH CHMMETPHH COBIAJAET C IJIOCKOCTHIO
{z : y» = 0} u mo oupenenenno Qpion = §2,. Ha nckyccrsenno o6pasoBaHHBIX
[OBEPXHOCTAX Yy, = {2 € Q: ¢ = mn/N} u £, 11 HOCTABUM CMEIIAHHBIE KPAeBble
yCJI0BUS

U, =0, 0pp(u) =0,(u) =0 ma X, (81)

Up = Uy, =0, 0opp(u) =0 Ha X 1. (82)

[e]
Jlemma 8. Ecin Bekrop-dynkius u npunajuiesxur nomiapocrparcrsy H(Q,,),
T. €. YJAOBJIETBOPSIET TpeM ycaoBusm Jupuxiie, ykazanupiv B popmynax (81) u (82),
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TO BBIIOJIHEHO BECOBOe HepaBeHCTBO KopHa

r 20 ()| do < eolus H(Q) |12 (83)
Qo

C HOCTOAHHOH C,,, HE 3aBUCAIICH OT HOJIA U.

JOKABATEJBLCTBO. Biaromapsi ynomsinyteiM yciaoBusim Jlupuxiie HA Tpanu-
e sueiiku (19) onenka (22) Boinosnena st caMmoil dyHkimu u?, a He TOJIBKO s
cocrapstromeit U? ee pasznoxenuss (20). leso B TOM, 9TO Jyisi CIPaBeJIMBOCTH
HepaBeHcTBa KopHa HE0OX0MMMO KakuM-a1u60 00pa30M yCTPaHUTH YKECTKUE CMellle-
HUsI, aHHYJIHpylomue KBagparundnyio dopmy & (u?, u?; =) (em. [4,5,1] u gp.). Ipn
MIPOBEPKe TeopeMbI 1 3TO OBLIO C/IEJIAHO MOCPEICTBOM YCJIOBUN OPTOTOHAJIBHOCTUA B
dopmysie (20). Herpyumo ybeaurbest B TOM, 9TO JiJIs CEKTOPOB C OCTPBIMU YIJIAME
(r. e. mpu N > 3) moboe KeCTKOe CMEIeHne, yIOBJIETBOpsitomiee ycaosusm (81) u
(82) oxHOBpeMeHHO, obpalaercst B Hyib. VTak, cooTHoeHne (28) mpuHIMAaeT BUJ

Y Tl La(Egn) I < Y & (w5 Egm),
g=1 q=1

U B IIpexKHel cxeMe U3 pasjl. 2 IepejiesblBaeTcs B BecoBoe HepasencTso (81). [

[e]

B cuny onenku (83) Bnoxkenue H((,,) C L2(,,)? xomnakrao (cp. paccyk-
nenust, upexanecrsytonme dopmyie (37)), . e. cuekrp zamauu (30), (31), (81),
(82) muckperHblil, a ee COGCTBEHHBIE YUCJIA IIOJOXKHUTEJIbHBIE U 00pa3yloT Gecko-
HETHO GOJIBIIYIO TOCIe0BATENBHOCTE {Apm }p° 1. CooTBercTByionme cobcTBeHHbIe
BEeKTOP-(QyHKINN 0003HAUNM depe3 ul"™.

ITycrs m = 0 u BoiiosHens! yeaosus (81). Bsezem npojoskenue 4 BEKTOP-
dyuKIMI u ¢ cekTopuasbHOU dacTu )y objactu ) Ha cocemHuUii cekTop (lon_1 IO

dopmymam
a2(yl7y2az) — _u2(_y1a927z)7 a@(yhwaZ) - uﬁ<y17y27z)a 6 - 1a37 Y2 < 0.

HopwmasbHas (juist 9acTu Lo MIOCKOCTH {Z : yz = 0}) KOMIIOHEHTa BEKTOPaA CMeIIie-
HUIT OKA3bIBAETCs HEIETHON (PYHKITNEH TEPEMEHHON 2, 8 KACATEIbHBIE KOMIIOHEHTHI
— YETHBIMU, TO3TOMY BBUJLY 3aTPEOOBAHHOI CUMMETPHUH YIIPYTUX CBONCTB HAIIPSI2KE-
HUSA Oy (U) U 0,4, (1) PABHBL HYJIIO IIPH Yo = 0, T. €. IPOIOJIZKEeHHe U COIVIACOBAHO C
pasencramu (81). Takoe IPOIOJIKEHNE YePe3 NOBEPXHOCTD Yo HA30BEM HEYETHBIM.

ITycrs reneps m = 2N — 1 u BbIIOJHEHB! yeaoBust (82). BregeMm npomjoinkeHue
4 ¢ Qon_1 Ha Qo caemgyrommM oOpa3oM:

ﬁZ(ylayZMZ) — u2(_ylvy27z)7 aﬁ(y17y27z) - _uﬁ(_ylay27z)7 5 - 173a Y2 > 0.

Tenepb HOpMaJIbHAS M KACATEIbHBIE KOMIIOHEHTBI — Y€THAsA U HedeTHble (DYHKIUU
COOTBETCTBEHHO, 0yu,(%) = 0 mpu yo = 0, a IPOJOKEHHe HA3BIBACTCS YETHBIM
U OKa3bIBAETCH COIVIACOBAHHBIM C UCKYCCTBEHHBIMU KDaeBbIMU ycjioBusMu (82) 110
MIPEXKHUM NIPUIMHAM. BaskKHO TO, 9TO B 060UX CIydastX COXPAHAIOTCS CACTEMA yPaB-
uernii (30) u Kpaesbie ycsosus (31) Ha BHeIIHEH OBEPXHOCTH.

Sadurcupyem uHIEKC m u cobcrBeHHbIil BekTop vl Ilycrs 4P u 4P — ger-
HOE W HEYETHOE IPOJOJIKEHUSI depe3 MOBEPXHOCTH Yy, +1 U 2, COOTBETCTBEHHO. B
pes3ysbrare moJyduM BeKTop-MyHKIMIO, yaoBjaeTBopsonyio cucreme (30) Ha Tpoe-
KpaTHO pacrmpeHHoM cektope {z € : (m — 1)m < Ny < (m + 1)7} u KpaeBbiM
ycaousaM (31) mHa gacru BHemuedi rpanunsl {z € 90 : (m—1)m < Ny < (m+ 1)7}.
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|
Puc. 2. Ceuenust ¢ mI0CKOCTIMU CUMMETPUN Puc. 3. Kanrnensapckas KHOTIKA:
B KomiaectBe N =4, N =8 u N = oo. UK, COYJICHEHHBIN C IIJIACTUHOM.

Kpowme Toro, Ha MHOYKECTBE Y, 2 BBIIOJIHEHBI COOTHOIIEHUs (81), a Ha MHOXKeCTBe
Ym—1 — coorHomenus (82). TloBropum npouemsypy UPOIOJKEHUS YePe3 IIOBEPXHO-
CTH Y42, Dmt3, - -« 2N+ m—2 1 00pasyem noste UP,| onpeneseHHoe Ha Beeit obacTu
Q u npunayyiexainee npocrpancrsy H(2). ITockosbKy 9uciio ceKTOPOB B pa3bueHuu
Q werno, UP coBmajiaer Ha mocjegHeM cekTope ), 1 ¢ uP". HaiijeHHas BeKTOP-
dbyukuus UP asisercs pemenueM 3ana4au (30), (31) upu A = Ay,,. CiienosaresnsHo,
TIOCIEIOBATETBHOCTD { Apyy, } 52 1 IPUHAJIEXKAT TOYCTHOMY CIEKTDPY HAZBAHHOM 33,18~
qu.

3AMEYAHUE 9. Ilycrs m = 0. ITosopor (y) (mocrynarenbHoe cMmerieHue es
BJIOJIb OCH AIlIUINKAT Z) YIOBJIETBOPSIET KpaeBbIM yciaousaM (82) (ycmosusm (81)) na
00enx MOBEPXHOCTAX Xy U Xppt1. Beaum N = 2 u yroui cekropa mnpsiMoi, To Kpae-
Bble ycsioBus (81), (82) BBINOIHEHBI JJIsl YKECTKOTO CMEIIEHNUST €9 BJOJIb OCH OPIMHAT
y2. Takum obpazoM, Jjisi peajn3aluu IPeJCTABJIEHHOTO Criocoba 0bGHAPYKEHUsT TO-
YeYHOrO CreKTpa?) Hy’KHO He MeHee TpeX IIOCKOCTefl 3epKaIbHOM CHMMETPUH Tesa
Q). Cummerpusi yOpyrux CBOUCTB obecriedeHa OJHOPOIHOCTHIO U TPAHCBEPCATHHOM
M30TpONHEl Marepuaja. BMecTe ¢ TeM BO3MOXKHBI MEHee OTpaHMYUTEbHbIE TPeOO-
BaHusi. Hampumep, OpTOTPONHBIN MaTeprua ¢ OChI0 Z CUMMETPHH YeTBEPTOrO I10-
pszka (eMm. [6,1]) u ceuenusi, n3obpakeHHble Ha pUC. 2 (IPU YKEJAHUN YIIIBI MOKHO
CrJIaJIUTh ), 00JIAJAIOT BCEMU HEOOXOAUMBIMU CBOMicTBaMu. [

SAMEYAHUE 10. Ha puc. 3 u306parkeHo ceuenune 00JIaCTU BPAIIEHUSI, JIJIsT KO-
Topoiit nepsoe cobersernoe yucio 3aaaun (30), (31), (81), (82) B cekTopanbHOl YacTu
Q,, Tema ) nMeeT HOpAI0K h2, riie h — OTHOCHTEIbHAS TOJIIINHA KOJIBIIEBOI IIJIACTH-
mot 2°(h) (TonmpoBaHHAs YacTh cedenns). [l IPOBEPKH 3TOTO (haKTa JOCTATOTHO
3aMETHUTh, UTO IepBasi YaCTOTa COOCTBEHHBIX KOJIEOAHMIT YKECTKO 3AIEMJIEHHON 110
GokoBoii mosepxHocTH ILIactubl paBHa O(h) (cM., Hanpumep, [18; 1, §7.2]), u Boc-
[OJIB30BATHCS. MUHIMAKCUMAJIbHBIM IpuHIMIoM (cM. [2, §10.2]), nmponokus Hysiem
¢ mnactunel QY (h) Ha cekropuasibHyio gacTb ), obgactu () COOTBETCTBYIONLYIO
coOCTBEHHYTO BEeKTOp-PYHKIMIO. TakuM oOpas3oM, Ha BCAKWN HaMepes 3a aHHbIH
cerment [0, Aj| MOZKHO mocaguTh J11060€ KOJIMYECTBO COOCTBEHHBIX 3HAUEHMUIT 3a,1a 1
(30), (31) u, B 9aCTHOCTH, TIOPOT' A¢ U3 TEOPEMBI 5(2) MOXKHO CJI€7aTh CKOJIb YIOIHO
MaJbiM. [

B ciyuae v = 1 nopor A, — riobanbHasi XapaKTepUCTUKA, Tesa ), a BeJudnHa
Ay — JIOKaJIbHAsl XapPAKTePUCTHKA IHKa, I OHH HE COBIAJIAIOT B 00IIeM ciydae (Cp.
zameuanre 10). ABTOp He 3HAeT, IPOCTHPAETCH JIM HEIPEPBLIBHBIA CIIEKTD JieBee
TOYKH Ay H& BEIECTBEHHOH OCH, HO BBICKA3bIBAET IHMIOTE3Y: HA OTPE3Ke (Ao, Ap)

2) VI ies1 MOCTAHOBKHY JIOIOJIHUTEIBHBIX KPACBLIX yCJIOBUM, HCIOIb3YIONMX CUMMETPHIO 3314491
" OTOABUI'AIOIIUX HereprBHbIﬁ CIIEKTP BIIpaBO OT Ha4YaJia KOOpJAWHAT, CCbOprIyJ'[HpOBaHa, BnepBbIe,
no-BuaAuMoMy, B pabore [16] (cMm. Takxke crarbio [17], HOCBSAIIEHHYIO IIJIOCKOH 3ajade TEOPUU yIPY-

rocru). IIpumenenue kpaesbix ycsosuii (81), (82) mist oTux meseil B IPOCTPAHCTBEHHBIX 3a7a9aX
TEeOpHU yIpyroctu obcyzkaajaock asropom ¢ U. B. Kamorkum.
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pacHoJiaraeTcs JUCKPeTHbIH crieKTp. TaKsKe 0CTaeTcs OTKPLITHIM BOIPOC O HAJIMYHN
U CTPOEHUM HENPEPHIBHOTO criekTpa Ha yde {A : Im A = 0, Re A > 0} B corywae v > 1.

Bosnukmosernne HENpepBIBHOTO CIIEKTpPa — IIPEeporaTuBa cucTeM mauddepern-

[MAJIBHBIX YPaBHEHMi: HETPYJIHO yOequThest B TOM, 4T0 B caydae (1) BioxkeHue
H'(Q) C Ly(Q) xommaxTio u crekTp 3anaun Heiimana J1y1st poOpMAIbHO caMoco-
NPSYKEHHOTO M MOJIOXKUTEIBHOTO CKAJISIPHOIO JUIMITHIECKOrO ONEPATOpPa BTOPOTO
HOPSAJIKA JIMCKPETEH.

© 00N

10.

11.

12.

13.

14.

15.

16.

17.

18.

JINTEPATYPA

. Hazapos C. A. AcuMmnrorndeckasi TeOpUsi TOHKUX IIACTHH U crepxkHeil. [lonnkenne pasmep-

HOCTH W MHTerpaJibuble onenku. HoBocubupck: Hayunas kuura, 2001.

. Bupman M. III., Comomsik M. 3. CrnekrpajbHasi TEOPUsS CAMOCOIPSI)KEHHBIX OIEPATOPOB B

rusibbeproBoM mpocrpancrse. J1.: U3a-Bo Jlenunrp. yu-ta, 1980.

. Hazapos C. A. Becosble HepasencTsa Kopna na napaGosonganbabix obmacrax // Mar. 3a-

merku. 1997. T. 62, Ne 5. C. 751-765. (Mcnpasnenune: Mar. 3amerku. 1998. T. 63, Ne 4. C. 640).

. Necas J. Les méthodes directes en théorie des équations elliptiques. Paris-Prague: Masson-

Academia, 1967.

. Komapareer B. A., Oueiinuk O. A. KpaeBble 3agadn Ijsl CHCTEMBI TEOPUU YIPYTOCTH B

HeorpaHuveHHbIX obsactsax. HepasencrBo Kopra // Ycmexu mar. Hayk. 1988. T. 43, Ne 5.
C. 55-98.

. Jlexuunkuii C. I'. Teopus ynpyrocru anuzorponnoro tena. M.: Hayka, 1977.

. Jlagepkenckast O. A. Kpaesble 3aaun Mmaremarndeckoit dpusuku. M.: Hayka, 1973.

. @uxkepa I'. Teopemsl cymecrBoBanusi B Teopuu yupyroctu. M.: Mup, 1974.

. Kozlov V. A., Maz’ya V. G., Rossmann J. Elliptic boundary value problems in domains with

point singularities. Providence RI: Amer. Math. Soc., 1997.

Hazapos C. A. ObocHOBaHIE aCHMITOTHYECKON TEOPHUH TOHKHUX CTep:KHed. VlHTerpasbHble
u norodeunsle onenku // IIpobaemsr mar. ananusa. CII6: Msx-so CIIGI'Y. 1997. Bomm. 17.
C. 101-152.

Hazapos C. A., Cayukuii A. C. OpHoMepHble ypaBHeHus 1edOpMaIui TOHKUX CIa00UCKPUB-
JIEHHBIX CTepKHeil. AcuMirrorndeckuii anammu3 u obocuosanue // Wzs. PAH. Cep. mar. 2000.
T. 64, Ne 3. C. 97-131.

Hazapos C. A. CtpykTypa pelieHuii 3/UIMITHYECKIX KPaeBbIX 3aJad B TOHKUX obsacTax //
Becrn. JIT'Y. Cep. 1. 1982. Bem. 2. C. 65-68.

Hazapos C. A. Obuiast cxeMa OCpPeJIHEHNST CAMOCOIIPSYKEHHBIX JIIMITUIECKUX CUCTEM B MHO-
FOMEpHBIX 06/1aCTAX, B TOM 4ncje TOHKUX // Asre6pa u anamus. 1995. T. 7, Ne 5. C. 1-92.
Mazja W. G., Nasarow S. A., Plamenewski B. A. Asymptotische Theorie elliptischer Rand-
wertaufgaben in singuldr gestérten Gebieten. 2. Berlin: Akademie-Verl., 1991. (Anru. nepe-
Box: Maz’ya V., Nazarov S., Plamenevskij B. Asymptotic theory of elliptic boundary value
problems in singularly perturbed domains. V. 2. Basel: Birkh&user Verl., 2000).

Hazapos C. A. MunuMmasibHble TPeOOBaHUS TVIAJKOCTH JAHHBIX, COXPAHSIONNE TOYHOCTD OJ1-
HOMEpHOU Monenu crepxkued // IlpoGsiembr mar. ananusa. HoBocubupck: Hayunas xaura.
1999. Bem. 19. C. 164-181.

Evans D. V., Levitin M., Vassil’ev D. Existence theorems for trapped modes // J. Fluid Mech.
1994. V. 261, N 1. P. 21-31.

Roitberg I., Vassiliev D., Weidl T. Edge resonance in an elastic semi-strip // Quart. J. Appl.
Math. 1998. V. 51, N 1. P. 1-13.

Hasapos C. A. O6 acUMITOTHKE CIIEKTPa 33189l TEOPUH YIIPYTOCTH [IJIs TOHKOM IIJIaCTHHBL //

Cub. mar. xxyps. 2000. T. 41, Ne 4. C. 895-912.

Cmamova nocmynuaa 12 mapma 2007 e.

Haszapos Cepreit AjiekcanipoBud

WNucruryt npobiaem mamunosenenus PAH,
Boawsmoit ip. B. O., 61, Cauxr-Ilerepbypr 199178
serna@snark.ipme.ru, srgnazarov@yahoo.co.uk



