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O CTPYKTVYPE CIEKTPA 3AOA4YN
TEOPUW VYOPYITOCTW OJ1A TEJA
CO CBEPXOCTPbIM MNKOM
®. JI. Baxapesn, C. A. Hazapos

AHHOTaIUA. YCTaHOBJIEHO, YTO HEIPEPBIBHBINA CIEKTp 3aja4dn Helimana st cucTeMbl
ypaBHEHU TEOPUH yIPYTrOCTH 3aHUMAET BCIO BEIIECTBEHHYIO 3aMKHYTYIO HOJIOYKUTEb-
HYIO MIOJIyOCh B CJIy4ae TPEXMEPHOIO Tejla ¢ MUKOOOPA3HBIM 3a0CTPEHUEM, CEUEeHUE KO-
TOPOTO CTArmBaeTcss K To4YKe co ckopoctbio O(r!1Y), rne r — paccrosinme 10 BepruHb!
nKa, a vy > 1 — rnokasareiib 3a0CTPEHMUSI.

KiroueBbie ciioBa: cucrema ypaBHEHUI TEOPUH YIIPYTOCTH, UK, HYJIEBOE 3a0CTPEHUE,
HENPEPBIBHBIN CIIEKTDP.

1. BBegenmue. lleap paboTel — u3ydeHne CTPYKTYPHI CIEKTPA OIEPATOPA JIH-
HeWHOH 3aa9u TeOpUN YIPYTOCTHU I TPEXMEPHOTO TeJa ¢ IMHKOOOPa3Hoit 0cobeH-
HOCTBIO Ipanutipl (puc. 1), cBoboaHol oT Hanpsizkenuit (Kpaesble yesious Hefimana).
[Iycre rmagkocTs rpanuipbl ) Tena () HapylmaeTcs JIMIIb B Hadajie & JIeKapTOBOI
cHuCTeMBI KOODAMHAT & = (X1, 2,23). st TOro 4To6Bl yKa3aTh Xapakrep 0CcobeH-
HOCTH, 3apUKCHPYeM HOJIOXKHATEILHLIH TOKA3aTeb 3A0CTPEHAS Y U 001acTh w C R?
¢ TUIQJIKOU T'paHUIell W KOMIAKTHBIM 3aMblkaHueM w = w U Jw. @Popma nuka B
OKPECTHOCTH %/ TOYKHU & OIUCHIBAETCS COOTHOIIEHUEM

QNU ={x = (y1,y2,2) €U : 2> 0,y = (y1,42) € 2" w}, (1)

rie tw = {y : t7ly € w} mpu t > 0. MacmrabupoBanuem no6uBaeMcsi paBeHCTBA
meso w = 1.

Hccnenosanue criekTpa 3aJa4i TeOPUH yIIPYTOCTH B -

KOOOpas3HbIX 00JacTdaX HaYaTo B paborax [1,2], rae, B gacT-

HOCTH, JI0Ka3aHO BecoBoe HepaseHcTBO Kopha [1, Teopema 1],

KOTOPOE, B CBOIO OYEpe/ib, YCTAHABJIMUBAET JIUCKPETHOCTH

CIIEKTpa B CJIydae MaJOro mokasaressi 3aocrperus 7y € (0, 1).

Ilogaepkuem, dTo B ciaydae v = ( HaAYaJI0 KOOpAWHAT —

BEPINIUHA KOHyCa, T. €. TpaHuna 0f) CTAHOBUTCS JIAIIIIATIE-

BOIi, cupaBeinBo 0ObIuHOE (He BecoBoe) HepaBeHCTBO Kop-

Puc. 1. Ha (cM., Hanpumep, [3]), U OITOMY CIEKTD 3aJ@9ul TEOPUU

YIPYTOCTH JJIs TeJia CO CBOOOIHON IpaHuriell 3aBeJ0MO JHC-

KpeTHBIN. Kpome Toro, B ciaydae 3arKaToil TOBEPXHOCTH Tesa (KPAeBble YCJIOBUS

JlupuxJie) AUCKPETHOCTD CIIEKTPA TAKXKe He BBI3BIBAET COMHEHuit pu Jjirobom v > 0.

B crarbe [1] moka3zano, 94T0 HENPEPHIBHBI CIEKTD y OEPATOPa KPAeBOH 33141

Heitmana 1t cncTeMbl ypaBHEHMI TeOpUU yIPyTOCTH TOosBsteTcd pn v > 1. s

Pa6ora Boimosinena npu dunancosoit mogaepxkke the Netherlands Organization for Scientific
Research (NWO).
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7 = 1 ycTaHOB/IEHO, UTO HENMpepbIBHbIL CIIeKTp MOKphiBaeTr mebii gy [Af, +o00) ¢
HEKOTOPBIM IOJIOXKUATEBHBIM 3aBUCSIIUM OT CEYEHHsI W W YIPYTUX CBONCTB MaTe-
prata HadaisoMm A m 9To Ha HekoTOpoMm momymmTepBate [0, A\®) CHEKTp sBISeTCS
JINCKPETHBIM U COCTOUT U3 €IUHCTBEHHOIO COOCTBEHHOTO uucja A — (0 KpaTHOCTHIO
nTecThb (pasMepHOCTh JIUHea a KecTKnX cvermennit). [lpm srom A\® < At o B [1] mer
CBeJIeHHiT 0 KayecTse CIeKTpa Ha moaynHrepsae [A®, AT).

s v > 1 B [1] nonydena nanbosiee ckyiaHas UHMDOPMAIUS: TPOBEPEHO JIMIIIb
TO, 9T0 ToYka A = () IONaIaeT HA HEMPEPBIBHBINA CIIEKTD, MO-TIPEXKHEMY SIBJISISIChH COO-
CTBEHHBIM YUCJIOM KPATHOCTBIO IIeCTh. B HacTosmedl craThe Joka3aHo (Teopema 1),
YTO MPHU 7y > 1 HENPEPBIBHLIA CIIEKTD OlEpaTOpa COBIAIAET ¢ 3aMKHYTOMN IIOJI0XKH-
TEJILHOH BEIECTBEHHOI ITOIyOChIO, ¥ TEM CAMBIM IOJHOCTHIO 3aKPBIT BOIIPOC O CTPOE-
HUM CLIEKTPA JJIst CBEPXOCTPLIX (v > 1) nukos. VcKyccTBeHHBIE KDAEBbIE YCJIOBUS HA
IJIOCKOCTSIX YUPYTOH U reOMETPUYECKOl CUMMeTPHUH, IPEJIOKEHHbIe B [4] 1 yxKe uc-
[I0JIb30BaHHBIE B [1] /71 aHAIOTMYHBIX [eJIeld, TI03BOJISIOT Ha 00J1aCTh HEIIPEPHIBHOI'O
criekpa [0, +00) npu v > 1 momecTuTh GECKOHEYHO GOJIBIIYIO TOC/IEI0BATENIBHOCTD
COOCTBEHHBIX YUCE ¢ KOHEUHONW KPaTHOCTHIO.

YuoMmsiHeM cMexKHBIe pe3ynbTaThl. B pabote [5] (cM. Takke [2]) HalizeHbI gocTa-
TOYHBIE YCJIOBHS COXPAHEHUs JUCKPETHOTO CIIEKTPA M BOSHUKHOBEHUS HETIPEPBIBHOTO
CIeKTpa y omepaTropa KpaeBoii 3aja4un Heitmana 11 mmpokoro Kiacca hopMaabHO
CaAMOCOTIPS?KEHHBIX JITUINITHIECKUX CUCTEM TUMDDEPEHINAIBHBIX YPaBHEHUH BTOPO-
ro mopsizika B obaactu ¢ nukoM (1), mpudem jyuist octpeix (7 > 1) nukoB Ha3BaH-
HbIe yCJIOBUS OODEIUHSIIOTCA B KPUTEPHIl HEIyCTOTO HENPEPLIBHOTO CIIEKTpa. B To
JKe BPEMSI BCE BOIIPOCHI MO JETAJIM3AIMA CTPOEHUS HENPEPBIBHOTO CIIEKTPa OCTa-
JINCH OTKPBITBIME B ciiy4dae obrmux cucreM. [loras uHbopMarys o crekTpe s
v € (0,1), vy =1 u vy > 1 nmosydena coOTBETCTBEHHO B crarbsax [6] u [7], rue usy-
JeHa creKTpasbHas 3a1a4a CTekaoBa (OTHICKUBAETCS TapMOHUYECKast PyHKIUS U,
YZIOBJIETBODSIIONIAS KPAeBOMY YCI0BHIO Ot = Au Ha I\ €, B KoTOpOM O,, — TIIPOU3-
BOJIHAs BJIOJIb BHEINHEN HOPMAaJM U A — CHEKTPaJIbHbIH rapamerp). OTMeTuM, 4ro
HEKOTOpbIE KOHCTPYKIuK u3 [7] npucnocobiensl B gannoil pabore K paccMaTpuBae-
MOMY YIPYIroMmy mukoo6pasuHomy reiy. Hakorer, B [7—9] mHoCTpoeHbI acUMIITOTHKY
coOCTBeHHBIX unces 3a7aun CTEeKJI0Ba U CUCTEMBl yPaBHEHUI TEOpUU YIPYTOCTU B
00JIaCTH ¢ 3aTYILIEHHBIM ITHKOM.

2. ITocranoBKa 3agauu. 3aa9y JUHEINHON TEOPUN YIIPYTOCTH O COOCTBEHHBIX
kosiebanusx resa 2, caenys [10], 3anumenm B MarpudaHoil hopme

D(_VJ)TA(‘T)D(VJC)U’(‘T) - )\p(x)u(ac), T €1, (2)
D(n(z)) " A(z)D(V,)u(z) =0, z€dQ\ 0,

rIe MeCTUMEPHBIN cTosber medopMarimit
D(V)u(x) = (e11(u), £22u, V221 (u), V2e13(u), V2e32(u), 33(u)) T (3)

3aMeHsIeT CHMMETPUYUHBIH TeH30p AebOPMAIMi, a MHOMXKHTEIN \/2 BBEJCHBI IS
ypaBauBauus ux nopMm. Cornacuo onpenesenuto (3) u dopmynam Komm ms ze-
KapTOBBIX KOMIIOHEHT TeH30pa Jedopmanuit (6 X 3)-marpuna D(V,,) muddepenmu-
AJILHBIX OIIEPATOPOB IIEPBOTO MOPSIIKA OIpeieeHa PoPMYIIoit

&0 %52 %53 0 0

DE=[0 & & 0 & 0| &=(4,6.8)"
0 0 0 24 %52 &3

T
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Kpowme Toro, n(z) — BeKTOp-CTOIGET €/IMHUIHON BHEITHEH HOpMAJIN K TPAHUIIE TeJIa,
A(Z) — cUMMeTpPHUYHAS U TIOJIOKUTETBHO OTpe/Ie/IeHHas B () MATPHUIA YIIPYTHX MO-
Jayneit pasamepoM 6 X 6, mocTpoerHas mo Ten3opy I'yka. Haxoner, p > 0 — mioTHOCTD
YIPYyroro MaTepuaJia, a A — CHeKTPAJIbHBIN ITapaMeTp, TPOIOPITHOHAIBHBIN KBaIPa-
Ty 9aCTOTBHI COOCTBEHHBIX Kojiebanuii. B ob0miell cuTyanun caemayeTr mpenoioKuTh,
YTO IJIOTHOCTH P W 3JIEMEHTHI MaTPUIlbl A TiiajKue B OKPECTHOCTH 3aMBIKAHUS Te-
Jta ), HO JyIst coKpalieHusi (POPMYJI Jlajiee CUATaeM, 4To Marpuia A mocrosiHHA U
p =1 (cp. [1, 3ameuanne 3(3)]).

T'unbsbeproBo npocrpancTBo S (§2) ABISETCS IOMOJHEHUEM JTMHEHHOIO MHOYKE-
crea C°(Q \ {O})? (6eckoneuno muddepenmupyembie GYHKIUNT ¢ KOMIAKTHBIME
HOCHTEJISIME) 110 HOpMe

lus 7 ()|l = (AD(Va)u, D(Vao)u)a + (u,u)a)'/?,

rie (+,-)q — cKajspHoe mpoussesienue B npocrpanctie Jlebera L?(Q)¢ wmm L2(Q)3.

[loaepKHeM, UTO BepXHUE MHJEKCHI 3 U 6 YKAa3bIBAIOT KOJMYECTBO KOMIIOHEHT BEK-

TOP-DYHKIMH 1 HE OTMEYAIOTCs B 0603HAYEHUSX CKAJISPHBIX TIPOU3BEICHUIT 1 HOPM.
Nurerpanbhoe Toxaectso (em. [11])

(AD(V)u, D(V)v)a = A(u,v)q, ve H(Q),
obcayKuBatoniee 3a1a4y (2), 3anumeM B Buje abCTPAKTHOTO YPaBHEHUS
Ku = pu

B ruTb6epTOoBOM TIpocTpancTie 2 (2); 3mech p = (1+ )~ — HOBBII CHIEKTPATHHbII
napamerp. Oneparop K, 3amannblii (hopMyioii

(Kuﬂ})%((l) - (U7U)Q7 u,v € %(9)7

OKA3bIBACTCA HEIIPEPHIBHBIM, HOJIOKATEIHHBIM U CAMMETPUYIHBIM. Ha ocHOBe ofImux
pesyabraros [12, 13] B padote [1] mokazaHno, 4o omeparop K mMeeT KOHETHOMEPHOE
aapo. TeMm caMBIM ISl IPOBEPKHU BKJIIOYEHUS] TOYKHU 4 B HEIPEePLIBHLIH CIIEKTp JI0-
CTATOYHO HANTH CHHTYJISAPHYIO HOCJIeI0BATENILHOCTD Befilsa U IpUMEeHUTDh KpUTepuit
Beitna (em. [14, Teopema 9.1.2]).

3. ITocrpoenue ogHoMmepHoit moaemm. Ilpu z — +0 nuk (1) yronvaercs,
[I09TOMY JIJIs BbIsICHEHUS TIOBEJICHUS PelleHus 3a1a4u (2) BOImM3u Hadala KOOPAUHAT
€CTECTBEHHO TPWHSITH ACHMIITOTHIECKUH aH3all TEOPUN YIPYTUX TOHKUX CTEPKHEH
(cm., manpumep, [10, 1. 5; 1])

w() = W2y, 2) + Wy, 2) + WOy, 2) + Wy, 2) + W3(y,2) +..., (4)

TJIe KaKJI0e IMOCJeIYIoNIee cjaaraeMoe TpuodpeTaeT JOMOJTHUTEILHBIN TTOPSIOK 3a-
tyxauus npu z — +0. IIpu sTom

W_Q(y, z) = wy(z)er + wa(z)ea,
(5)

8’[01 81[)2

W) = e (wale) - G ) — 120 ) s (0

rae e; — opT ocu x;, 0(y) = %(ylel — Y2€3) — TOBOPOT B ILIOCKOCTH {2 : 2 =

const}. Bexrop-dyuKimn Wk npu k > 0 momreskaT JaabHeATIeMy OIpe/eIeH IO, a
w = (w1, w2, w3, wy) | — HeM3BeCTHBIH cTONGET] (DYHKITHIA, CITY?KAIMI /TS OTTACAHMS
ofHOMEPHOH Mozesu nedbopMaly cTepKast (B HAIIEM CJIydae — IUKA).
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Ecm v = (v1,v2) T — eIMHIYHBII BEKTOD BHETHEH HOPMAJIH K TPaHUIIe 061acTh
W, TO HOPMAJIb 1 K IPOKOJI0TOI oBepxuocTu Of) \ & BHYTpU OKPECTHOCTH %/ MMeer
BH/T

n(x) = no(y, 2) 2 (27 y), ez 7y), (L )2y Tz ) T

e ng(y, z) — HOpMupytoruit Muoxkuresb. Oneparopst L(V,) u N(x, V) u3 neBbix
gacteit (2) momyckator pacmeriennsa L = LY + L1 + L? u ngN = N° + N! + N2 co
CJIETYTOIAMHE CJIATAEMbIMIE:

L%(V,) = D(-V,,0)" AD(V,,0),
LY(v,,0.) = D(-V,,0)" AD(0,9,) + D(0,-3,) " AD(V,,0),
L*(9.) = D(0,-9.) " AD(0,.),
N°(y,z,V,) = D(v(z~'"y),0) " AD(V,,0), (6)
N'(y,2,Vy,0.) = D(v(z~'""y),0)T AD(0,0.)

— (L+7)27D(0, 2~ yu(2"17y)) TAD(V,,0),
N%(y,2,0.) = —(1 +4)27D(0, 2~ Yyuv(27177y)) TAD(0, 9.,).
IMoncrapnsst dopmyasr (4) u (6) B coorHormeHus: (2), moaydaeM DPEKypPPEHTHYIO
HOCTIEIOBATENBHOCTD IJIOCKAX 33718 TEOPUH YIPYTOCTH Ha MONEPETHBIX CETCHUAX
w(z) = 2w, Amanuz sTux 3a7a4, geranbHO omucanubiil B [10, T 5|, a Taxxke B

[1], upuBoguT K cucTeme YeThIpex OOBIKHOBEHHBIX MU bEPEHINAILHBIX YPABHEHHUI,
KOTOpas B MaTPUIHON DopMe TPUHUMAET BUJL

L(2,0.)w(z) = D(=0.) M (2)D(D.)w(z) = Mwi(2),w2(2),0,0)T, 2z>0. (7)

Buecs 2(8.) = diag{0?,02,0.,0.} — nmaromamsnas marpuna muddepenmuan-
HBIX OTIePATOPOB, a . (z) — CHMMeTPUIHAS MOJOKATETLHO OIpeIe/IeHHAsA MaTPUTIA-
dbyHKIIT pasMepoM 4 X 4, 3aBHUCAIIAS OT MATPUILI YIPYTUX MOAy/eil A U cedeHus
W, & TaKyKe HOTINHEHHAs PABEHCTBY

AM(z) =D T4(1)D(), D) = diag{¢* ¢*,¢, ¢}

Paso6bem marpuiry 4 (1) ma (2 x 2)-610ku 4“5 3amymepopanmbie ecTecTBEHHbIM
o6pazomM. B pesysbraTe momydaem, uto crostons w’ = (wi,we) ' ww” = (wz,wy) "
VIIOBJIETBOPSIOT YeThIpeM OOLIKHOBEHHBIM /T depeHralbHbIM yPaBHEHUIM

diag{z'"7, 2205 0,0 (2) = =223 (L PN PV 9% (2), (8)
R (AT MO?w' (2)) = A2 (2), 9)

e marpuna M = A4 — 42 (4 ?2) =1 42D ocraerca cummerpumoii i mo-
JIOXKUTEJILHO onpejiesentoii. Umewm pemenue ypasuenuit (9) B Bujie

w'(z) = f(2)vay, (10)

rJie v(1) — COOCTBEHHBIN BeKTOp MaTpuilbl M, COOTBETCTBY IO COGCTBEHHOMY IHC-
ay my > 0. IToxcranoska dopmynst (10) B cucremy (9) IPUBOIUT K BBIPOK IAIOIIE-
MyCs YPaBHEHUIO TI€TBEPTOTO MOPAIKA

92 (2202 f(2)) = Az f(2), z>0, (11)

mea=2(1+v)>4uA=mi'A>0.
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4. PemeHnne ogqHoMepHOI MoaenbHoil 3agaun. Pemenne ypasuenus (11)
OymeM MCKaTh B BUIE (POPMAIHHOTO ACHMITOTHIECKOTO PSIIa

“+oo
f(z) = exp(£2midz=)z" Z ez, (12)
k=0

mpudeM o = § — 1 = 77_1 >0 nco = 1. Obosnaums (Lg)(z) = 27992 (22*029(z)),
HOJTy 9aeM

L(exp(+2midz=%)2") = exp(£2midz =) (2 (2mida)*
— 2%"B(£27ida)® (10 + 10 + 483) + p1(*d, a, )22 1P
+ pa(Ed, 0, )27+ py(£d, o, B)247),

rjie p1, P2, P3 — HEKOTOPble MHOTOWIEHBI TpexX IepeMeHHBIX. Psn (12) mojcra-
BuM B ypasHenue (11) u cobepem K03(bDOUIMEHTH! IPU OJMHAKOBBIX CTEIEHSX IIe-
peMerHOIT z. B pesysbrare npuxomuMm K GECKOHEUHON COBOKYIIHOCTH aJjredpante-
CKUX YDaBHEHHH, CBsi3blBaommel napamerpbl n koaddunuents: psaa (12). Ilep-
Boe ypasnenue (2mida)* = A onpesensier comuokuTesnb d B MOKa3aTese SKCIOHEH-
ol u3 (12). Bropoe ypasuenue 10« + 10 + 4b = 0 no3Bosisier HANTH BEJIUIUHY
b = —2(1 +~) B npasoit wactu (12), T. e. COOTHeCTH OCOGEHHOCTbH (DYHKIHH
f B Touke z = 0 ¢ mokasareseM 3aocTpeHus ImKa. OcTajbHble ajredpandecKue
YDPaBHEHUsI OJJHO3HAYHO 3a1af0T KObDMUIMEHTH ¢1, C2, C3,... paga (12), ubo mis
Ka’KJIOT0 U3 HAX IOJIy9aeTCs JHHEHOe ypaBHEHHE CO CTAPIINM KO3(MQUIIEHTOM
—(£27ida)*(10a + 10 + 4(b + ka)) = —(£2mida)*4ka # 0.

Jlutst TasbHERIIX 1iesiell IOHA00ITCST TOJIBKO CTAPIIHH WIeH aCUMIITOTHIECKO-
ro paga (12), mosToMy MJIIIMMHA YJIeHAMI ¥ UCCJIEJOBAHUEM €ro CXOIUMOCTH HE
3aHIMAEMCS.

5. IlocnenoBarembHOCTh Beiisisi. B mpempiaymmem myHKTE MOKA3aHO, KaK
nocrpouTh GyHKIMA w1 1 wo B anzane (4). Ormerum, uro upu z — +0

wj(z) = O(z%/40) 5 =12, (13)

VMHOKUM 06e (DYHKIUHM Ha HEKOTOPYIO CPE3KY X IKOMIIOHEHTBI W3 U W4 ONPEJIE-
JIAM TI0 W1 = XmW1 B We = YmWsz COTIACHO ypabHeHUsiM (8). Tlomoxkum

W2(2) = xm(2)wi(2)er + xm(2)wa(2)es,

o _ Oy Oy _ (14)
W) = e () - G ) - G2 ) + E(000),

z 0z
IIponerypy nocrpoenust MON@PUINTPOBAHHOIO (DOPMAJIBHOI'O ACHMIITOTHIECKOTO aH-
3al1a MOXKHO IIPOJIOJIKUTBh U HaT! JI000€e Halepe/]] 3aJaHHOEe YUCJIO €0 4IEHOB. B
kadecTBe pynkiun Beisisa U, BO3bMeM CyMMy

U = (W24 WL 4 WO+ W W2, (15)

TA€ Ny, — HOAXOAANINN HOPMUPYIONTUH MHOXKUTEb.

Omupenennm QYHKIWO Y, CASAYIOMUM 00pasoM: Xm(2) = Zm (szvd) 31ech
X — Tnaskag byHKIMA, paBHag 1 Ha OTPe3Ke |am,b,| = [27 + 1,2m71 — 1] u
paBHasl HYJIIO BHE OTpe3Ka [ay, — 1,by, + 1]. Ha equandHBIX OTpeskax [am — 1, am]
u by, b + 1] cpeska He 3aBUCHT OT MHJEKCA M U HA HEe MO3Ke OYLyT HAJIOKEHBI
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Puc. 2. Cpesaromas ¢yHKIus.

JIONOJTHATEIbHBIE YCJIOBUsI OPTOrOHAJNbHOCTH (npubiausureabubiii rpadbuk GyHKnum
Z.n m300pazken Ha puc. 2).

Kosdpdurmenr n,,, = 2-m/2 BBIOHpaeM Tak, 4ToObl HOpMa Wy, B IIPOCTPAHCTBE
S (£2) Obuia oraesieHa or Hyss. Jljist 9TOro 3aMeTUM, YTO IPHU JIOCTATOYHO GOJIBIIOM
M WMEET MECTO IEIMOYKa HEPABEHCTB

v

|0 Q)| > / (633 (Tn))? d > en?, / X (2) 2405 020 (2) [ d
Q 0
“+oo
> cn?, / |,ﬁ’&”m(zl%d)|z4(1+7)275/2(1+7)z4(%71) dz

0
+oo 00
= cn2, / |58”,,1(,217T7d)|,27ITW dz = dilcnfn/t%”m(t) dt >d'c2™n?,. (16)
0 0

[MockonbKy HOCuTe N BekTOp-byHKIME W, 1 W,, Tpu m # n He MepeceKaroTcs,
U3 pPaBHOMEPHON orpanudeHHOCTH HOPM ||WU,,; J£(Q))||, npoBepsiemoii pu mOMOIIM
aHaJOrmIHbIX (16) OIEHOK CBEpXy, BBITEKAET c1adasi CXOMUMOCTh K HYJIO MOCIIe0-
BaresnbHOCTH W, B J2(Q).

6. Oienka 06beMHOro mHTErpasia B HeBsizke. Dyurnuio V¥, cieayer
TPAKTOBATh KaK npubimkennoe penienue 3anaun (2). HeBasku BO3HUKAIOT B 3a/1a-
9e 10 JByM MPUYMHAM: H3-3a TOTO, YTO (DYHKIMHU W; HE YIOBJIETBOPSIOT CHCTEME
ypasaenuit (8), (9), u u3-3a TOro, UTO IOJHBIH ACUMITOTHIECKHUH AH3AI[ 3aMEHEH
CyMMOW TIEPBBIX IIATH cjaraeMbix. s Toro urobnsl dyukiun W, obpazoBan mo-
CJIeZI0OBATENILHOCTD Beitns, neobxoxumo coornomenue |KW,, — u¥,,; #(Q)| — 0.
IIposepum ero.

W3 onpenenenns oneparopa K u dpopmysisl I'punra BEIBOAUM, 9TO

| KWy — s A0(Q)| = 5™ sup | (L(V) W — Ay, w)ey + (N (2, V) W, )|

IIpu sTOM CympeMyM BBITHCISETCS O BCEM MPOOHBIM (PYHKIUAM U U3 €TAHUTHOTO
mapa B upocrpancrse S (2).
Tnasras wacts pasnoctu L(V,;)W,, — A\, onpenensiercss bopmyIioi

f;‘p(y,z)q)(”ﬂ(z) - nmz_2(1+7)y(y72)(g(zaaZ)(X7nw17meQa@37ﬂj4)T
- A(me17me27070)T)' (17)

Hocurens Bekrop-byuknuu (17) cocpenioroded B 00beINHEHAN JBYX CEIMEHTOB

57171 ={zeQn¥: dz2" ¢ [@m — 1, aml}, (18)
22, ={e e QNU :dz 7 € [by, by + 1]},
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a CcTosIOIB! MIajKo# (3 X 4)-MaTpuIs!
Z(y,2) = (Z(z"1y), 2z 1y)), 20, (2T ),

upu z = 1 06pa3yior GUOPTOrOHAJIBHYIO CHCTEMY C BEKTOpaMU €1, e, €3, O(y) (or-
HOCHTETbHO cKanmsgpHoro npoussesenns B L2(w)3). TTockombKy TONBKO BEKTOD €3
AMeeT HETPUBUAJILHYIO TPETHIO KOMIIOHEHTY, MOYKHO TTOJIOKHATH

2% = (0,0, (mesy w) 1) = (0,0,1)7.

BaiiMeMcst MHTErpajaMu [0 MHOXKECTBY =1 ; mHTerpasnt 10 =2, 06pabaTblBatoT-

1—v
cs AHAJOTUIHO. 3adUKCUPYEeM TOUKY Zp, Tak, 9T0ObI dzp,? = 2™. KommonenTs

®(™) 1pu 2 € =} moyrammensr cooTHOMeHIAM

10 (2)] = O(nmzm ), = 1,2,

14~

— . - _2(1
a obbeM ‘:}n‘ MHOXKeCTB (18) sBisteTcss GECKOHEIHO MAJION HOPSJIKA Zm? zm( )
(nymHA MHTEpBaJa, YMHOMKEHHAs HA IUIOMA/b cedeHns ). Takum obpasom, oGHAPY-

KUBaeM, ITo pu j = 1,2 cupaBeuBa popMmya

/@;m)(z)a@”j(z_l_vy)—ru(z) dz| < cnmz;%(lJW)‘E:n 1/2||u;L2(E71ﬂ)||

=1

—m

= canu;LQ(E}n)H < enp||u, H(Q)]].

JI1st ONeHKU AHAJIOMMYIHOTO MHTErPAJIa IPU j = 3 BOCIOJIB3YEeMCsI SIBHBIM BHJIOM
crosbna %3 Marpunpl 2. YUnThIBas ypaBHEHUE IS W3, IOIYIaeM PABEHCTBA

:cnm/ziQ(HV)@Z(ZQ(HV)@Z@g(z))l@(x) dz

=1
—m

— en, / 0. (282 (o (2)0(2)))iis () dz. (19)

1—v 1—v —
Baecb a7 d = am, b2 d = aym — 1, usz(z) — cpennee 3uavenne HyHKIUH Y —
u3(y, z) 1O IPUBEIEHHOMY CEYEHHUIO w, & v(z) — NepBas KOMIIOHEHTa CTOJIONA

(Al CD) 7Lt PV (xm ()0 (2)). (20)

HocraTouno y6eaurbest B ToM, uro uarerpad (19) orpanuuen, ecan ||u; 22 (Q)]] = 1.
ITockoIbKY NPOU3BOHBIE (DYHKIUH Xy, HA KOHIIAX OTPE3KA |y — 1, a4y | paBHBI HyJTIO,
IpH oMoy (bOPMyYJIbl HHTEIPUPOBAHMS 110 9ACTAM HAXOIUM

b
- /52(23(1“)53(xm(Z)v(Z)))%(Z) dz

a
b

= [ S0 2ol Putiaz) e = DO (o),

a
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b
:i/za”waﬂxm@ﬁwdﬁ%ﬁdddzfZ“””xm@ﬁﬁv@ﬁhwﬂi

[Hociemuuit maTerpas oboznadnM 1depe3 [, a JBOWHYIO HOJCTAHOBKY IIpeobpasyem
corsacao dpopmyste Hotorona — Jleitbruia

b
23(1+7)xm(z)@fv(z)ﬁg(zﬂg = /82 (23(1+7)Xm(z)(?fv(z)ﬁg(z)) dz

b
= /Pg(z) exp(i27riz%d)t%”m(dzl%)&3(z) dz

a
b

+ /Pg(z) exp(:tZﬂizlide) %;(dz%)ﬁg(z) dz

a

b
+ /P4(2)%‘m(d21777)62ﬂ3(2) dz =: Iy + I3 + I4.

Samernm, 1aTo Kaxkoe auddepennupoBanne GYyHKINAA Xy, U SKCIOHEHTHI, BXOAIIEH
B IIEPBYIO KOMIIOHEHTY ¢T0Jj1011a (20), HOHUKAET I0KA3aTe/Ib CTEIEeHHOIO MHOXKUTEISI

Ha BEJTUIUHY HTW > 1. TTockosbky v(z) = O(z’%(HV)) npu z — 0, obHApyKHUBaeM,

q9To
Py(2) = O(z~ 1049 804D =3 (74D — (5007,

1 3
Py(z) = O(z107)), Pi(z) = O(z2077)),
JlemmMa. Ilpw jgocTtaTodHO 6OJIBIIOM M BEPHO HEPABEHCTBO
b
_ 21
/22(1+7)|GZU3(2)| dz < cz;,ﬁ( +W),
a
e ¢ — KOHCTaHTa, 3aBHCSIIAs TOJBKO OT OOJACTH W U ITOKA3aTesT 3a0CTPEHHS 7.
JIOKABATEJILCTBO. 3ameHa y — 1) = 2z~ 1~ Yy obecnednBaeT paBeHCTBO
_ 1 1
() oy [ ey [z dn

mesy w
w(z) w

Takum obpazom,

amaa:/wamHﬁ@+u+wﬂ%wwfﬂJ»m
:fﬂww/«mm%@+u+wﬂ@w@w»@.
w(z)
Temepb BBIBOANM HYXKHYIO OIEHKY:
b

/z2<1+7)|8zﬁ3(z)| dz < c/ IV pus| dz < C‘EMI/QHVIW;LQ(Q)H
=1

a =
m

< ez s (). O
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Ilepeiimem K paccmorpenuio naTerpaoB [;. IlepBblit U3 HUX YIO0BJIETBOPSET
HEPABEHCTBY

_ +
] < ezl s T o2t / 2009|915 (2) | d.

Amnayornano obpabarsiBaercst maTerpast Iy. jis Toro 9robbl OneHuTsb I, HAJOKUAM
HA CPE3KY X CJEJyIoliee orpanntuenne: byHKIUN X (2) U exp(i27rz'sz7 d) nepe-
MeHHOft z oproronasnbhbl B L%[a,b|. (Ha camowm jesne TpeGyercs opTOroHaIbHOCTD
JaCTU CPe3KH, He 3aBUCSIIEH OT M, U SKCIOHEHTHI Ha ee mepuoje.) Kpome Toro,
BPEMEHHO 3aMeHnM B mHTerpase Iy comHoxkuresnb Po(z) ero snadennem Po(zp,) n
pesysbrar oboznadnm cumsoiom I5. Torna

b
B — | [ PaCem) explee2mic" T dpon () @a(z) ~ ) s

a

< ezt [0Las(2)] dz < o,

a

rje Uz — cpeiHee 3Hadenue QyHKIUU Uz Ha oTpeske [a,b]. 3zech ucmnosbzoBan
BapuaHT HepaBeHCTBa llyaHkape

b b
/If(:c)—fl dr < (b—a)/|azf(z)|dx.

Ocraoch npoBeputhb, 9ro Iy Maio oraudaercs ot I, Tlockoabky

-
|Pa(2) — Pa(zm)| < e|Py(zm)|(b— a) < ez 7 2,2

BUIUM, 9TO

b
LI <c 4(1+v / dz 7czm(1+v) 1 27204 / lug(z)| da

2 1/2
T
Q

[Mocnenusis onenka BepHa B cuity BecoBoro Hepaserctsa Kopua (cm. [1, reopema 1]).
OcTanoch pacCMOTPETH MHTErPAJT

I= /@Elm)(z)z_(H"Y)Qp4(z_(1+7)y)—ru(:c) dzx.

IIpu sTom dyurmms @Elm)

0: (102 (xm (2)w1 (), 0:(=* V82 (xm (2)w2(2))),
0:(°0(w3(2))) w 8:(2*0, (wa(2))),

KaK JIMHEHAsT KOMOMHAINS BbIPAYKEHUIT
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_ _3
YMHOYKEHHBIX Ha, N,z 20 1) cocrapaser O(n,,2~1(1")) mpu 2z — 0. IIpo cros-
6er; 24 W3BECTHO, UTO Y HEro TOMLKO JBe HeTPHBHAIBHBIC KOMIOHeHTH 2% 1 25,
KaXK/iast U3 KOTOPBIX MMeeT HyJIeBOe CpejiHee 1o obactu w. Takum obpaszom,

I=1,+1, — Z/q)(m) 1+’Y)aaf4( (1+7) y)u(x) da

ll_.

b
/(pgn )204) / Z (= Ny )y ()2 =204 dy d

2

=1

b
=2 / 2{(2)24) / %y, 2) dn dz

2 b
=3 [em@0 [ 2wt 2) — ) dnds

2

=3 [ @M (@) R Ny (wy(e) - @) da

CrenoBaresibHO, UCIIOIB3Ys HepaBeHCTBO [lyankape, mosydaem, 9To

_3
|I| S Cnmzm4(1+7)2;(1+7) |E,} |1/2Hu — ’ELHLZ (=m)

< enpem? ) diam (21 | Vull 22y < e llus Q).

3AMEYAHUE 1. Muaime 4ieHbl HEBA3KHU OIEHUBAIOTCS IIPU IIOMOIIA BECOBOTO
nepasercTsa KopHa Tak ke, Kak u Boipaxkenue [ — I, 6arogaps J0IOJHUTEIHLHOMY
MHOXKUTEJI0 — IIEPEMEHHON 2, BXOJIAIIEN B MOJIBIHTErPAJILHOE BBIPAYKEHNE.

7. OleHKa TIOBEpXHOCTHOIO WHTErpaja B HeBs3Ke. DBolparkeHne
N(x,V;)¥,, ectb cymma ciaaraembix N1W?2, N2W1 N2W?2 u nostomy nmeer B
HyJIe TAKyIo »Ke acuMIToTuKy, Kak N'W?2, . e. N(z, V), = O(ny,zi1+) npu
z — 0. Ucnonwsys cnenosoe aHepasercTso KopHa [1, temma 4.1]), mosygaem, aro

|(N(z, Vi)W, u)an| < Cnm/ / 253 |y ()| dsydz
a Qw(z)

1 3(1 Ll
< cnmz4( J"'Y) 4( +’Y)Zm2( 3')’)

1/2
x </ |77 (Jus (@) [P+ 22 (Jun () P+ uz(2) %) dsx) < enzn us AQ)].
o0
14

OcTaIoCch BCIIOMHUTD, 9TO My = Zm°

8. PopmynupoBKa pe3dyjabTaTa U KomMeHTapuu. OTEHKN, YCTaHOBICHHBIE
B IIPEJIBULYIIMX JBYX pasiesax, MOKa3blBalT, 9To BeKTop-dyHKImu (15) obpasyor
CHHTYJISIDHYIO TIOCJIeI0OBATENBHOCTE Belius st onepatopa K B Touke 1 = (1+ )~
CBsI3b CIIEKTPOB 3TOTO ONEpaTopa u 3a1aun (2) IPUBOAUT K OCHOBHOMY yTBEPIXKJIE-
HUIO CTATHH.
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Teopema 1. IIpu v > 1 HempepriBHBIH cIeKTp 387249 (2) HPEICTABJISET CO-

6oit sy [0,400). Kpome Toro, Touka A = 0 — coberBerHoe uncao 3aga4dn (2) ¢
KPATHOCTHIO IIECT.

Hamomumm, 9T0 1pu onpeie/IeHHBIX T€OMETPUIECKO U yIIPYTOif CHMMETPHUSIX Ha,

HENPePBLIBHOM CIIEKTpe o0Hapy:keHa [1, 4] 6eckonedno 6osIbIIas M0CIeI0BATELHOCTD
COOCTBEHHBIX YHCEJI, 3JIEMEHTOB TOYE€IHOTO CIEKTPA.
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12.

13.

14.
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