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AHHOTAIINYA

PaccmarpuBaercs CUIbHO 3MITHYECKOE TuddepeHmanbHoe BhpaKe-
nue Buga b(D)*g(x/e)b(D), e > 0, rue g(X) — orpaHuyueHHAs U HOJI0KUTE/ b
HO ompeseseHHas MaTpura-GyHKnus B RY, HepHOATYecKas OTHOCHTEIBHO
HekoTopoii perrerku; b(D) = Eld:l biD; — muddepernmansHbii orepaTrop
[EepPBOroO MopsiJKa ¢ NOCTosiHHbIMU KO3 dunuentamu. Ha cumpos b(€) na-
KJIQJIBIBACTCS YCJA0BUE, 00€CIeInBaoIee CUIBHYI0 3JIMITUIHOCTb. B 11po-
crpanctie Lo(R% C") sripaxenne b(D)*g(x/c)b(D) mopoxaaeT omeparop
A.. B mpocrpancrse La(O;C"), rue O C RY — orpannuennas obgacrs ¢
rpanureit knacca CHl, pacemarpusatorcs oneparopbl Ap e u Ap ¢, TOPOXK-
JIEHHbIE 3TUM BBIpasKeHueM TpHu ycaosuax dupuxie win Heitvama ma rpa-
Hune. s pesoapBenTs! onepaTopos A., Ap ., AN B PeryIapHOil TOUKe (
MOJIYYEHBI allMPOKCUMAIIAN B PA3IUIHBIX OTIEPATOPHBIX HOPMAX C OIEeHKAMHU
HOrPEITHOCTH B 3aBUCUMOCTH OT € U CHEKTPAJIbHOTO Tapamerpa (.

Kanarouesbie cyioBa: mepuogmaeckue quddepernuaabHble OmepaTops, 3a,1a-
aa Hupuxne, 3amaga Heitmana, ycpemquenne, 23¢pQekTUBHBIN omepaTop, KOp-
PEKTOP, OMEPATOPHBIE OTEHKH MOTPENTHOCTH.

WccnemoBanue BuITOJIHEHO Tpu nojgep:xke rparTa CII6IY Ne 11.38.63.2012
u PO (mpoekt 14-01-00760).
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BBEJEHUE

Pabora OTHOCHTCS K TEOPUH yCpeIHEHWi (TOMOTeHW3Alnu) TEePUOIYe-

ckux mudepentmanbabix oneparopos (J0). Bamadam ycpeaHenust B mpe-
JleJie MaJIoTo TEPUOIA TIOCBATIEHA ODIITUPHAS TUTEPATYPa. YKaKeM B TIEPBYIO
ouepens kaurn [BeLP|, [BaPa|, [ZhKO]|.
0.1. Knacc omeparoposB. l3ydaercs MMpoKWii KJIacC MATPHYHBIX (pas-
Mepa 1 X n) CHJIbHO SJUIUITHIECKUX OTEPATOPOB, 3aJaHHbIX TrddepeHtn-
anpHBIM BeIpaxkenueMm b(D)*g(x/e)b(D), € > 0. 3aecy g(x) — spMuTOoBa
marpuia-pysxima B R? (pasmepa m X m), orpaHuueHHAs, TOJ0KUTEIHHO
oTIpeJIeIeHHasT U IEPUOANIEcKas OTHOCUTETHLHO HEKOTOpo# pemerkn . Ome-
parop b(D) — (m x n)-marpuunsiii 1O mepBoro mopsiika ¢ MoCTOSHHBIME
ko3 dunmenramu. Cunraercsd, 910 m > n; Ha cuMBoj oneparopa b(D) na-
KJIAJBIBACTCS YCJIOBUE, TAPAHTHPYIONIEE CUILHYIO SJIANTTHIHOCTh PACCMaT-
pPHBAEMOTO OTIEPATOPA.

Hudbdepennumansaomy soipazkennio b(D)*g(x/e)b(D) oreuaer camoco-
IpsTZKEHHbBIN onepaTop Ag, meficTBytonmmit B Lg(Rd; C™). Mp! uzygaem Takxe
camoconpsizkenusle oreparopsl Ap . 1 Ay B Lo(O; C"), 3ananisie Tem xe
BhIpaskenueM mpu yciaosun Jlupuxie nin Heidivama wa rpamune 00, coot-
BercTBeHHO. 31eck O C R? — orpanmuennas obracts kaacca CHL.

[Ipocredimuit mpumep omepatopa A. — aKyCcTHYecKHUil OmepaTop
—div g(x/e)V; omeparop Teopun yupyrocTu Tak:Ke JOMYyCKAeT 3aIlCh B TPe-
fyemMoM Bujie. DTU U APyTHe NPUMEPHI TTOAPOGHO paccMoTperbl B [BSu2|.

Uzywaetcst 3ama9a ycpeHeHwsI: B OMEPATOPHBIX TEPMUHAX, 3381498 COCTO-
UT B alllIPOKCUMAIIUN DE30JILBEHTHI OIMMCAHHBIX OIIEPATOPOB TIPU MaJIOM £ B
Pa3ANIHBIX OTTEPATOPHBIX HOPMAaX.

0.2. O630p pe3yIbLTATOB IO ONMEPATOPHBIM OIMEHKAM MOTPEITHOCTH.
Bagaun ycpemuenns ais omeparopa A: B Lo(R% C") usyuamucs B nukie
pabor Bupmana u Cyciunoit [BSul—4]. B [BSul,2| 6bL1a noxyuena onexka

(A + D71 = (A + D)7y ey 1y ey < Cé (0.1)

Baecs A = b(D)*¢°b(D) — sddexrusnnii omeparop, ¢° — mocrosmEEag
nosnoxurenbaaga 3dbdexkrusnas marpuna. (Oupenenenne g" nano B §1 HUKeE. )
Haree, B [BSu4| 6bu1a Haiizena anmpokcumarus pesoassentsl (A: + 1)1 mo
HOPME OIIepaToOpPOB, AHCTBYIONIUX W3 Lg(Rd; C™) B mpocrpancrso CobosieBa
H! (Rd; C™), npm ydere KOppeKTopa:

H(.Ag + I)_l — (.AO + I)_l — 5K(€)||L2(Rd)HH1(Rd) < Ce. (02)

Omuenku Buma (0.1), (0.2), mosyunsiime HA3BAHUE ONEPATNOPHHLE OUEHOK N0~
2pewHoCcma, TOUYHBI TI0 TIOPSIJIKY; MOCTOSHHBIE B OIEHKAX KOHTPOJUPYIOTCS
SIBHO depe3 JMaHuble 3amadn. Meron pabor [BSul—4| ocnoBan Ha mpumene-
HUM MaciTabHoro npeobpaszosannst, reopun Pioke-bBioxa 1 aHAIMTHYIECKOIT
TEOPUU BO3ZMYIIECHUNA.

Jpyroii mMoaxo K MOJyUYeHHIO ONEPATOPHBIX OIEHOK MOIPENTHOCTH B 3a-
nadax ycpenHenus Obu1 npemtoxken ZKukoeeim. B paorax [Zhl,2], [ZhPas|



paccMaTPUBAJIUCH ONEPATOPbI AKYCTHKHM U Teopun ynpyroctu. Iisa Hux Obi-
am nosydenst onenku suga (0.1), (0.2). Meroy ocHoBaH Ha aHa KM3e LEPBOIO
OpUOINKEHNS K PEIIeHNIO W BBEJIEHUN JOTIOTHUTEILHOrO TTapamMerpa. [lommu-
Mo 3a1ad B RY B [Zh1,2], [ZhPas| u3yugamich 3a1a4u B orpaHEaenHoN 06.1acTH
O C R? upu ycnosuu Tupuxie anb6o Heiimana na rpanuie; 6bum mosyde-
mb1 amagorn onerok (0.1), (0.2), vo ¢ morpemmocTsio O(e!/2). TlorpermrocTs
YXYJIIaercs 3a caer Banustaust rpanunsl. (B caywae samaaun Tupuxme mas
oneparopa akycruku (Ly — Lo)-onenka 6buta ynyumiena B [ZhPas|; no mo-
PAZIOK OIEHKH HE OBLT TOYHBIM. )

Bauskune pesyabrars jis oneparopa —div g(x/e)V B orpanndeHnoit 06-
aactu npu yeaosun Jlupuxie aubo Heitmana 6pimu yeramossenst B paborax
I'puzo [Grl,2] ¢ momomsto ,unfolding“-meroma. B pabore [Gr2| Buepssie 611
nosrygen anasor onenku (0.1) 11 TOro e CKaJIsapHOro 3JTUITHIECKOTO OT1e-
paropa ¢ yciaosuem Jlupuxsie wim Heftmana va rpanuiie ¢ TOTHON 0 OPSIIKY
norpemuoctbio O(g).

Jnst paccMarpuBaeMbIX HaMu MaTpudHbX oteparopos Ap ., Ay ome-
paTOPHBIE OLEHKU IOIPELIHOCTH 1I0Jy4eHbl B HejgaBHux padorax [PSul,2|,
[Sul-3]. B [PSul,2| usyuanack 3amada Jupuxse u Oblaa yCTAaHOBJIEHA OICH-
Ka

IADL = (AD) ™! = eKp ()l 1y(0)»mi(0) < Ce'/2.

3aecs AY, — oneparop, zaganubiit eipazkenuem b(D)*g%b(D) npu yeaosun
Hupuxie, Kp(e) — coorBercrBytommmii koppekrop. B [Sul,2| yxanocs nosy-
YUTH TOYHYIO [0 HOPSJIKY OLEHKY

1AL = (AD) Ml Lo(0) > La(0) < Ce. (0.3)

st 3apaan Hefimana anasioruunble pesyibrarsl nosydenst B [Su3]. (Ox-
MeTmM, 4To B [Su3| paccmarpusamach pesombeenta (Ane — (I)~! B mpo-
u3BOJIbHOIN peryaspHoit Touke ¢ € C\ Ry, HO He craBmIach Iejb HailTw
ONTUMAJIbHYIO 3aBUCUMOCTh KOHCTAHT B OIEHKax oT mapamerpa (.) Merosx
pabor [PSul,2|, [Sul-3] ocHoBan Ha HCIOIB30BAHUU PE3YIBTATOB IS 331~
an B RY, BBeIeHNN MOTPABKH THIIA MOTPAHITHOTO CJI0ST W MOy IEHUH OTEHOK
HopM 3Toit ompask® B H1(O) u B La(O). HekoTopble TeXHIMECKHAE TTPHEMbI
samMcTBOBaHb U3 [ZhPas|.

Ouenka Buma (0.3) ms paBHOMEPHO SJUTHITHYECKUX CHCTEM IPH YCJIO-
un Jupuxse nin Helimana Oblia HE3aBUCHMO MOJIYYEHA JAPYTUM METOIOM
B pabore [KeLiS| mpu HEKOTOPBIX YCIOBUSX PETYIsIPHOCTH KOIMDDHUIINEHTOB.

0.3. OcHoBHBIE pe3ynabTaThl. B HacTosieit paboTe n3yIaroTcsd OmepaTopbl
Az, Ape, Ane. Ileav pabomour — mosrydenne ammpOKCUMAIAT Pe30IbBEHTHI
B PEryJaspHOi Touke ( B 3aBUCUMOCTH OT € W OT CIHEKTPAJIBHOTO TTapaMerpa
¢. Ocobblit mHTEpEC MPEACTABIAIOT OLEHKU DU MaJIOM € 1 60/bIIoM |(].

Omnuuenm ocaoBHBIE pesysbraTel. s oneparopa A. B Ly(R4; C™) noy-
genbl coepytorme onenku npu ¢ = [(|e'¥ € C\ Ry e > 0:

1(As = ¢D)7H = (A% = D) M|y ey Loz < O, (0.4)
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(A =)™ = (A = D)™ = 2K (65Ol oy < CO)L+ )
(0.5)
s oneparopos Ap . m Ay npu ¢ € C\R, u [(| > 1 ycTanoBeHb! onenKn

(A = D)7 = (AY = D) 7Moo La(0) < Ci@) (K72 + %), (0.6)

[(Ate = ¢~ = (AY = <) 7! = eKi(8; Ol ny0)— 1 (0)
< Col)[¢|74eM2 + Cs()e,

npu 0 < € < €1 (r7e €1 — JAOCTATOYHO MAJIOE IHCJI0, 3aBUCAIIEe OT 06JACTH
O u pemerkn I'). 3aecy 1 = D, N. Ilpociexena 3aBUCHMOCTb KOHCTAHT B
orerkax (0.4)-(0.7) ot yraa ¢. Onenkn (0.4)—(0.7) mo cyIiecTBy sBISIOTCA
JIBYyTTAPAMETPUICCKUME (OTHOCUTENBHO € U |(|); OHH PaBHOMEDHBI [0 ¢ B
ceKTope ¢ € [pp, 2T — o] IpPHU CKOJIb YIOAHO MajoM o > 0.

Koppekropsr B (0.5), (0.7) B obimem ciydae comepzkaT CLUIA’KHBAFOIITHI
orrepaTop. MBI BbIAEJdeM JOTIOJTHUTE/IHHOE YyC/JIOBHE, TTPU KOTOPOM MOZKHO
UCTIOIB30BATH CTAHJIAPTHBIN KOPPEKTOP.

HOMI/IMO ATIMTPOKCUMAIINN PE30JIBBEHTHI, MBI HaXOAWUM aIIMIPOKCHUMAITUTIO
oneparopos Busa ¢°b(D)(A.—(I) ! (orBewaromux ,moTokam®) B (Ly — Lo)-
oneparopuoii nopme. Kpome Toro, aas crporo Baytpenteit nogobaactu O
obracti O HafifieHa anmpOKCHMAIUs Pe30JIbBEHTEI orepaTopos Ap . 1 Ay«
o (Lo(O) — H(O'))-nopme Toanoro mopsaaka (OTHOCHTENBHO €).

st IOJTHOTBI M3JI0YKEHUsT MBI HAXOJUM AITPOKCUMAIIUIO PEe30JIbBEHTHI
oreparopos Ap . 1 AN ¢ Ipyroro Tuia, KOTopas CIpaBeIInBa B 60Jiee MHpPO-
KOit 06J1acTH M3MeHeHus mapaMerpa ¢, U MOXKeT 0Ka3aTbCs MPEIIIOYTHTE b-
Hee [IPY OTPAaHUIEHHBIX 3HadeHusX |(|. [losicHuM xapakTep 3Tux pe3yIbTaTos
Ha mpumepe 3aga4uu dupuxite. Ilycrs ¢, > 0 — obiias HuKHASL IPaHb OIle-
patopos Ap . n A}. Paccmarpusaem snauenus ¢ € C )\ [cy, 00). [Tomoxum
¢ — ¢y = |¢ — c4|e™. CupaBeauBe onenKn

(0.7)

~

1(Ape — 1)~ = (AD = 1) Ml pa0)— La0) < C(Q)e, (0.8)

I(Ap,e — 1) — (A} — )™ — eKp(&50) 1o (0) 10y < C(QeY? (0.9)
mpu 0 < & < 1, e C(¢) = C()|¢ — e 2 mpm ¢ — eu| < 1, C(C) = C ()

upu |¢ — x| = 1. IIpocexena 3aBucuMocTh nocTosiHHbix B onenkax (0.8),
(0.9) or yrua ¢. OuieHKH PaBHOMEPHBI 110 1) B ceKTOpe ¢ € [1)g, 2T — o] auis
CKOJTb YTOJHO MaJIOro 1.

CmaBEbIMU pesyabraTaMu paborsl aBrop cuntaer onenku (0.6), (0.7).

0.4. Meron. /Ina zagaun B RY omenxn (0.4), (0.5) HECTIOKHO BEIBECTH U3 13-
BECTHBIX OIfeHOK B Touke ( = —1 (em. (0.1), (0.2)) ¢ mOMOIIBI0 MOAXOIAIINX
PE30JIBBEHTHBIX TOXKJIECTB M MaCIITabHOrO mpeobpazosanus (cM. §2). Oxna-
KO 9TOT IIyTh HE IPOXOANT JIJIs 33/[a49 B OTpaHMIenHo# obractn. s mokaza-
tesbeTBa oreHok (0.6), (0.7) mpuxoanTcst TPOBOANTE BCIO CXEMY HCC/IEI0BA-
aust u3 pabor [PSu2|, [Su2,3| 3aH0BO, TIIATETBHO OTCIEKNBAS 3aBUCHMOCTD
OIIEHOK OT CIIEKTPAIBHOrO Tapamerpa (. MeToa coCTONT B MCIOIB30BAHUN



oneparopa npogomnkenns Po : H¥(O) — H*(RY), paccmorpennu accormu-
poBanHO#t 3ajaun B RY, BBeIeHNN MOMPABKY THIIA TOIPAHUYHOTO CJIOSI U €€
TiiaTebHOM anaau3e. CyIecTBEeHHY 0 TEXHUIECKY IO POJIb UIPAET UCIIOIb30-
BaHue cruaxusadus 10 CrekioBy (3ammcrBoBanHoe u3 paborst [ZhPas|) u
OLEHKM B £-0OKpecTHOCTH rpanuipl. CHauana Mbl gokasbisaeM onenky (0.7),
a 3arem orenky (0.6), onmpasich Ha yxe jokasanHoe HepaseHcTso (0.7) u
COOOPazKeHNs ABOMCTBEHHOCTH.

Ham ymamoch DOCTUTHYTHL HEKOTOPLIX TEXHUYECKHX YIPOIIEHWiT B CXeMe
HCCITeTOBaHMs 110 cpaBHenuio ¢ [PSu2|, [Su2,3|: uznoxkenue mocienoBaresHo
BEJIETCA Ha A3BIKE MHTErPAIbHBIX TOXKAECCTB, Mbl YXOJUM OT PaCCMOTPEHUit
npocrpancte CoboseBa ¢ OTpUIATENLHBIM HHAECKCOM, a B 3amadue Heiimama
YXOIUM OT paCCMOTPEHUS KOHOPMAJIBLHON NPOM3BOAHON U MHAYE BBOIUM II0-
OpaBKy IO CpaBHEHWO ¢ [Su3).

Ouenxu (0.8), (0.9) cpaBHUTENIBHO POCTO BBIBOJSITCS U3 YK MOy I€HHBIX
OIEHOK B TouKe ( = —1 M MOAXOAAIINX PE30JIbBEHTHBIX TOXKIECTB.

0.5. IIlpumeHenue pe3yabraToB. CTUMYIOM I HACTOSIIEr0 UCCAEIOBA-
HUS [IOCJIYKIJIO U3YYEHIe YCPeIHeHns HadalbHO-KPAEBLIX 3a1ad /I [1apa-
OOJIMIECKOTO YPABHEHUs BUIA

du.(x,t)

ot

npy HAYATBHOM yCIoBuU U (X,0) = ¢(x), ¢ € Lo(O;C"), u kpaesom ycio-
pun Hupuxiie win Helimana na 0O. Pemenue Boipaxkaercs 4epes omeparop-
HYIO 9KCIIOHEHTY: Ug = e*AT»Std), a TIOTOMY 3aJlada CBOJNTCH K allllpPOKCUMa-
WY OTIEPATOPHON SKCIIOHEHTHI e Aret g Pa3anYHBIX OIIEPATOPHBIX HOPMAaX.
Jnst uzyuenust 910 33,141 MOYKHO UCIIOIB30BATH TPEJICTABIEHNAE ONEPATOP-
HOM 9KCIIOHEHTHI Y€Pe3 MHTErpaJsl OT PE30JIbBEHTHI 110 TOAX0ISAIIEMY KOHTYPY
~ B KOMILIEKCHOM ILTOCKOCTH:

1
—Aj ot — —(t I -1
e 27”_/6 (AT,E ¢I)dc.
v

= —b(D)*g(x/e)b(D)uc(x,t), x€ O, t >0,

Oxazaoch, IT0 JJIs MOJTy9eHNs IBYTapaMeTPUIeCKUX AlllIPOKCIMATIN SKC-
noHeHTH! ¢! IpaBMIBHOTO MOPAKa 10 € U ¢ TPeOYIOTCA ATPOKCHMAIIIH
pesosbBenTsl Buza (0.6), (0.7), B KOTOPBIX OTC/IEKEHA 3aBICHMOCTD HE TOJIb-
Ko oT €, HO u oT (. [lapabonuueckum 3a7auam OyIeT MOCBSAIIEHA OTIEIbHAS
cratbs [MSu2| (cm. Taxke Kparkyio 3ameTrky |[MSul]).

0.6. Crpykrypa crarbu. Pabora cocront m3 tpex rmas. [masa 1 (§1, 2)
nocsamena 3asage 8 RY. B §1 BBoguTes KIACC PACCMATPHBAEMBIX ONEPATO-
poB, onmcaH 3hPEeKTUBHBII OMepaTop, BBEJEH CTUIAKUBAIONIAI OMepaTop Mo
CreksoBy S.. B §2 u3 muzBectHBIX O11eHOK TIpu ( = —1 BBIBOJATCS OIEHKH
suza (0.4), (0.5) ¢ TOMOIIBIO PE30TBBEHTHBIX TOXKIECTB U MACIITAOHOTO IIPe-
obpasosanusi. Koppexrop B (0.5) B 0011eM cirydae colepKuT oneparop Se.
ITokazaHo, 9TO IPHU JOMOJHATEILHOM yCI0BHN (Koraa perenne A(X) BCroMo-
rarebHOI 3a7a49u (1.7) orpaHnTIeHo) MOKHO YCTPAHUTh Se U UCHOTB30BATH
CTaHIAPTHHI KOPPEKTOP.



TnaBa 2 (§3-8) mocssimena 3agaqe Tupuxie. B §3 nana nmocranoska 3a/1a-
4qn, onucaH 3PPEKTUBHBIN 0IEPATOP, IPUBEIAEHBI BCIOMOIATE/IbHbIE YTBEP-
JKJICHUST, KACAIOIINECsT OIEHOK B OKPECTHOCTH TpaHuIsl. B §4 chopmymupo-
BaHbI OCHOBHBIE PE3YJIbTATHI Jist 3a1aun Jupuxie (Teopemsr 4.2 u 4.3). TIpo-
BEJIEHBI TIEPBBIE JIBA ITAIA, JOKA3ATENbCTBA: PACCMOTPEHA aCCOTTNUPOBAHHAS
3aja9a B RY 1 BBe/ieHA MOMPABKA W, THIIA [IOTPAHIIHOTO CJIOSI, BOIPOC CBE-
JeH K onenkaM HopM wWe B H1(O) u L2(0O). B §5 ycranosiens: Tpebyemble
OTIEHKU TIOTIPABKHU U 3aBEPIIEHO JoKazaTeabcTBo TeopeM 4.2 u 4.3. B §6 pac-
cMmotrpen caydaii A € Lo, a TakKe CIelnaJbHble cIydan. §7 TOCBSIIEH all-
MPOKCUMAITUE pertennil 3ajaan Jupuxise B cTporo BHyTpeHHeH momob1acTi
obmactu O. B §8 nosydena anmpoKcHMalid pe3obBeHTH! omepaTopa Ap o
apyroro tuma (onerku (0.8), (0.9)).

ImaBa 3 (§9-14) nocearuena 3amgaqge Heiimana. B §9 npusesena moctaHoBKa

zasiaun u onucan dbdexkTuBHblil oneparop. B §10 cdhopmysmpoBanbl OCHOB-
HBIE pe3ysabTaThl s 3agaun Hefimana (reopembr 10.1 u 10.2), npoBesensr
mepBbIe /IBa 9TAla JOKA3ATEeNbCTBA: PACCMOTPEHA ACCOMMUPOBAHHAS 3373~
ga B RY, BBe/eHA TIONMpPABKA W, THIA TOTPAHUYHONO CJIOS, BOIPOC CBEICH
k omenkam HOpM W B H1(O) m Ly(O). B §11 mpoBesiensI OeHKH TOTpaB-
KW ¥ 3aBepIeHo jokazareabctso Teopem 10.1 m 10.2. B §12 paccmorpen
caydait A € Lo W chernuaibHble CJIydYand, a TaKXKe MPOBEIEHBI OIEHKU B
cTporo BHyTperHei mogobiaactu obsactu O. B §13 Haiimena annpokcuMaIiust
pesonbBeHTHI oneparopa Ay . apyroro tuma mpu ¢ € C\ R;. Hakoner, B
§14 paccmoTpen onepaTop By ¢, ABAAIONHNCH 9aCThI0 AN . B UHBADHAHTHOM
HOJITPOCTPAHCTBE, OPTOrOHATBLHOM K spy oneparopa b(D). [na pezonpsen-
TBI oneparopa By ¢ MOy 9eHbl AIPOKCHMAIIN PE30IbBEHTE! (AHAIOTHIHBIE
(0.8), (0.9)) upu ¢ € C\ [¢,,0), rie ¢, > 0 — obiasi HUXKHsIs TPaHb OlepPa-
topos By u BY. Barem sru pesyibrarhl npuMensiorcst K oneparopy Ay e
Haif/lenb! anmpokcuMalmu pesoabsentsl (Ay . — (1)1 B peryasproit Touke
Ce (C\ [Cb,OO), ¢ #0.
0.7. O6o3nauenus. llycts ), . — KoMILIeKCHbIE cerntapabe/ibHble THIThb-
6eprosel pocrpancTBa. CuMBOIEL (-, -)g U || - || O3HATAIOT CKaNSIpHOE IIPO-
U3BE/ICHUE ¥ HOPMY B §); CUMBOI ||+ || g5, O3HAYAET HOPMY JIHHEHHOrO Hempe-
PBIBHOTO OTfepaTopa n3 ) B ..

CumBostbl (-, +) 1 | - | 03HAYAIOT COOTBETCTBEHHO CKAJISPHOE TPOU3BEICHIE
u vopmy B C"; 1 = 1,, — exunnunas (n X n)-mMarpuna. Ecin a — (m x n)-
MaTpPHUIA, TO CUMBOJI |a| 03HaYaeT HOpMY MaTpuIibl @ Kak oneparopa n3 C"
B C™. Ucnonwsyem obosnavenns X = (1, ...,24) € RY, iDj = 0; = 0/0x;,
j=1,...,d,D=—iV = (D,...,Dy). Knaccsr L, Bekrop-dyHnkumnii B ob1a-
et O C R? co smavenmavm B C" obozmanaem gepes L,(O;C"), 1 < p < oo.
Kaaccer Cobosesa, CM-3maunnix dynxumit 8 obmactn @ C R? obosnaga-
forcst gepes H*(O; C"). Yepes Hi(O; C") obozHauaeTcss 3aMBIKaHTe KIacca
C§°(0;C") B npocrpancrse H(O;C"). Ilpu n = 1 numenm npocro L, (0),
H?(O) u 1. 1., HO HUHOTa MBI IPUMEHsIEM TaKue YMPOIIEeHHbIE 0003HATCHIS
U JIJT IPOCTPAHCTB BEKTOP-QYHKIINNH MM MATPUIHOZHATHBIX (DYHKITHI.



Ucnonbsyem oboznauenne Ry = [0,00). Pasjuanble onenodHbe mocro-
stuHble 0Oo3HauaTCst cumsotamu ¢, C, C, € (BO3MOXKHO, C MHJEKCAMU U
SHAYKAMN).

Kparkoe coobrmenue o pesysabraTax 3Toi paboThl OmybInKoBaHO B [Sud|.

[yiABA 1. 3A7A4YA B R?
§1. TIEPUOAUUYECKUE SJIMITUYECKUE ONEPATOPHI B Lo(R%; C™)

B sTom maparpade Mbl OnuChBaEM KJIaCC PACCMATPUBAEMBIX MATPUIHBIX
S/UTMIITHYECKX o1epatopos B RE, ompegesseM 3¢ deKTUBHYI0 MATPUIy
s dexTuBHBII OEPATOP.

1.1. Pemrerxku B R Ilycts I' € R? — pemrerka, HOpoz/IeHHAs 6a31HCOM
ai,...,aq € R%:

d
={acR?: a:Zujaj, vj € L},
j=1

u mycth () — (37eMeHTapHas) sueiika pemierku [

d
J 1 1
Q:={xeR": x= E Tja;, —§<Tj<§}.
=1
Bynem nosbzoBaThes obozHadenneM |2 = mes Q.
JIBOCTBEHHBLI 110 OTHOLLEHUIO K a1, . . ., ag 6aszuc by, ..., by B R? oupese-
asercs u3 cootHomennit (b;,a;) = 27d;;. DTOT 6a3mUC TOPOKIAET PEIIeTKY

I', nBoiicrBennyio K pemrerke I'. Huke ucmoansyorcs ob6o3HaIeHTA

1
ro=— min_|b|, r = idiam Q.

Yepes H L(Q) obosmawraerca mogmpocTpancTro Tex dynxmmit w3 H (), T-
IEPUOIIIECKOe IPOJIOJKEHIEe KOTOPEIX Ha RY mpuHapie:KuT Hlloc (RY). Ecom
@(x) — I-nepuopmueckas dynknua s RY, oboznaunm

1

©°(x) == (e x), €>0.

1.2. Kuace oneparopos. B Ly(R?; C") paccmarpusaercsa 10 A, Broporo
nopsijika, popMaJbHO 3a/IaHHbIH b depEeHITnAIBHBIM BhIPAKEHHEM

A =b(D)*¢°(x)b(D), €>0. (1.1)
31eck m3MepuMast 3pMHUTOBA, MaTpuna-QyHKINs ¢(X) pasmepa m X m (Bo-
06111e TOBOpsT, ¢ KOMIUIEKCHBIME 3JIEMEHTAMMU) TTPEINOIAraeTCst TepUOInde-
CKOW OTHOCUTEJILHO peméTKy [, paBHOMEPHO IMOJIOKHUTENBHO OIpeIeIeHHO
u orpanmdentoit. lanee, b(D) — ogropoasstii (m x n)-marpuasstii 10O nep-
BOI'O MOPAIKA C IOCTOSHHBIMEA KO3 (DUIITEHTAMH:

d
b(D) =Y bD, (1.2)
=1
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rae by — nocrosiHable MaTpUIbl (BOOOIIE rOBOPs, ¢ KOMILJIEKCHBIMU JJIEMEH-
tamu). Oneparopy b(D) orBeuaer cumBos b(§) = Zle bi&, € € RE. Tpen-
[oJIaraeTcd, 9To0 M = N u

rank b(¢) =n, 0 # £ € RY. (1.3)

DTO yCa0BME PABHOCHIBHO CYIIECTBOBAHUIO MOCTOAHHBIX () U (] TAKHUX, UTO

aol, < b(0)D(0) < arl,, 0eSl 0<ay<al <. (1.4)
Ormerum cpasy, uro u3 (1.4) ciaemyer oreHka

b <oy? 1=1,....d (1.5)

Crporoe ompejienenne omneparopa A. gaércs depe3 COOTBETCTBYIOILYIO
KBRIPATHIHYIO0 hOPMY

az[u,u] = /Rd (¢°(x)b(D)u, b(D)u) dx, ue H'(RYCM).

Ilpu craenaHHBIX TPEANONIOKEHUAX 3Ta (HOpMa 3aMKHYTa B Lg(Rd;(C”) u
HeorpurareasHa. Mcnosnsys npeobpasosanne Oypre u yeaosue (1.4), merko
yOEIUTHCSA, ITO BBITIOJHEHBI OTEHKHT

co/ |Du|?dx < a.[u,u] < cl/ |Dul?dx, ue HY(R%CM),
R4 R4 (1.6)
co=aollg s, e =ailgllrn.
IIpocreitmmuii mpumep oneparopa (1.1) — 9T0 CKATAPHBIN S/UTHITHIECK I
omeparop A, = —divg®(x)V = D*¢°(x)D. B srom caygae n = 1, m = d,
b(D) = D. Ouepuno, yenosue (1.4) BeimosHero npu g = o = 1. Omeparop
TEOPHUH YIPYTOCTH TaKzKe JOMycKaer 3amuck B Buge (1.1) mpu n = d, m =
d(d+1)/2. Dtu u apyrue npuMepsl MOAPOOHO paccMoTpeHsbl B [BSu2|.
1.3. 9dpdexrusnbii oneparop. lnsa GopMypIupOBKU Pe3y/IbTaTOB HaM
HyKHO omrrcaTh 3 dextunHbit oneparop AY. Ilyctes A € HY(Q) — marpuia-
dyrakma pasmepa n X m, asagomasica (caadbbiv) [-nepuognaeckum pere-
HUEM 33,1897

b(D)*g(x) (b(D)A(x) + 1,,) = 0, /Q A(x) dx = 0. (1.7)

Tak HazbiBaeMas afpexmusnan mampuua ¢° pazMepa m X m CTPOUTCH IO
CTIESYIOIIEMY TIPABUIY:
PUST /Q 5(x) dx, (1.8)
rie
5(x) = 9(x) (B(D)A(X) + L) (1.9)

OxazbiBaercs, uro marpuna ¢° mosoxurenbua. d@dexmuenoii onepamop
A° nna oneparopa (1.1) zasaerca auddepeHmaibHbIM BbIPAXKEHTEM

A% = b(D)*¢°b(D)

Ha obmactn onpegerenns H2(RY; C™).
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Huxe nam nonanobsres caeayromue onenku s A(X), yCTaHOB/IEHHBIE B

[BSu3, (6.28) u u. 7.3

—1/2 1/2 _ 1/2
IDA|| ) < 1Q1Y2m a9l 2 1974172, (1.10)
_ —1/2 1/2 _ 1/2
1A Loy < 1Q4Y2mY2(2r0) Loy P Ngl 2 g7 M 2. (L)

1.4. CsoiictBa 3¢pdekTurHOI MaTpuilbl. Creayromnine cBoiicTBa 3 dex-
TUBHON MaTpuilpl mposepensl B [BSu2, 1. 3, Teopema 1.5].

Ipengoxenne 1.1. Jlaa sddexmuenoti mMampuyst cCnpasediuss, 0UeHKY

g<¢’<7g (1.12)

g=101" [ aax o= (1o [ g(X)_ldx>_1.

IIpu m = n afpexmuenas mampuya g° cosnadaem c g.

30decw

Omuenku (1.12) usBecTHBI B TEOPUH yCpenHeHu# s KOHKpeTHbIX 1O Kak
susika Poiirra-Peiicca. Beimennm coryuan, korma B (1.12) peanmsyercs Bepx-
HsIsl WJIW HUKHsIs Tpadb. Criemyrormue yTBep K IeHnst morydessl B [BSu2, .
3, mpeoxkenust 1.6 u 1.7].

Ipengoxenne 1.2. Pasencmeo ¢° = G pasHOCUADHO COOMHOUWEHUAM
b(D)'gr(x) =0, k=1,...,m, (1.13)
2de gr(x), k=1,...,m, — cmoabyv, mampuyw, g(x).
Ipennoxenne 1.3. Pasencmeo ¢° = g PAGHOCUADHO NPEICNaGAEHUAM
L(x) =10 + b(D)wy, 19e€C”, wpe H(CY), k=1,...,m, (1.14)
20e 1;(x), k=1,...,m, — cmoabuvi mampuyvi g(x) L.

Ouesuano, uz (1.12) Berrexaior onenxn mopmer guas marpur g0 u (%)~

19°l <Ngllpwes 17 <Nlg™ lowe- (1.15)
Ormernm orenkn st cuMBosa 3ddexrusroro omeparopa A’ Berrexarormmie
u3 (1.4) u (1.15):
col€[* 1 < b(€)*¢"b(€) < 1]é*1,, €€ R, (1.16)
rjle KOHCTaHThl ¢, ¢ — Te ke, 910 B (1.6).

1.5. Craakusanue no CreksioBy. Ham monaoburcs BcroMmorareibHbIi
criazkuBaommii oneparop S., aeiicreyionmmii 8 Lo(R% C™) no npasuiy

(Sou)(x) = ]Q|_1/u(x—sz)dz (1.17)

Q
U Ha3BIBAEMBI ceaascusaouum onepamopom no Cmexaosy. OTveTmM, 9T
19ell £y () Lo (Re) < 1. (1.18)

Ouesnano, D*S.u = S. D% npu u € H¥(R%;C™) mist moGoro My/ITHHH-
JIeKCa (v, TAKOTO 9To || < s.



11

YkaxeMm Hekoropble cpoiicrsa oneparopa (1.17), cm. [ZhPas, nemmbr 1.1
u 1.2] wim [PSu2, upepnoxenus 3.1, 3.2].
IMpeanosxenne 1.4. Jaa mobot gymusuyuu u € HY(RY C™) swnoanena
ouenKa
[Seu = u||1,ra) < er1]|Dul|p,gay, €>0.
)

Ipengioxkenne 1.5. IIycmo f(x) — T-nepuoduneckasn dynruus ¢ R ma-
xas, wmo f € Lo(R). Iycmo [f¥] — onepamop ymmooicenun na dynruuio
f2(x). Tozda onepamop [f°]S. nenpepwisen ¢ Lo(RY; C™), npuuem

(1f€)Sell Ly (rey— Lo Ry < 1927 1/2||f||L2(Q e>0.

OrmernM cpasy HEpaBEHCTBA, BLITEKAIOINE U3 peaoxennsd 1.5 n oreHok
(1.10), (1.11):

IIAZ)Se | Ly ety Loty < m2(200) L P llg 2 g~ 2 =2 M, e >0,
(1.19)

IDAY]S: N Ly ety Loy < m 20y gl 2 g1 = Ma, € > 0.
(1.20)

§2. PE3YJILTATHI JIJISI BAJIAYM YCPEJHEHUS B RY

B sTom maparpade Mbl osiygaeM pesyabTaThl 00 yCPEeIHEHUH OTIepaTopa
A: B Lo(R% C"). Tounee, m3 ye M3BECTHBIX DE3YIbTATOB 00 AIMIPOKCH-
marn pesosbeentsl (A + I)71 momydennbix B [BSu2], [BSud], a taxke B
[PSu2], Mbi BbIBOMM Teopembl 06 anmpokcumarun pesoabsents (A: — ()1
npu yiobom ¢ € C\ Ry,

2.1. Anmpokcumariusi Pe30JbBEHTHI IO OIEPaTOPHOI HOpMe B
Ly(R%;C™). Touka ¢ € C\ Ry sBisierca peryasaproil Toukoil kak ais A,
rak u s A Tlonomum ¢ = |(|e??, ¢ € (0,27), u BBesem 0603HauCHNIE

sin |1 . - .
c(gp):{’ o™ »e(0,m/2)U(3m/2,2m),

1, ¢ € [n/2,37/2). 21)

PaccMorpum sumanTuyeckoe ypashenue B RY:
Acu. — (u. = F, (2.2)
e F € Ly(R%; CM).

Jlemma 2.1. Pewenue u. 3adawu (2.2) npu € > 0 nodwuneno oyenkam

e ]| yay < (@IS HIF N Lygays (2.3)
Dy < Coc(@) S| o ey, (2.4)

2de Cy = \@061/2, B onepamopruwxr mepmunaz,
1(Ae = ¢D 7 Ly Larey < (@)ICI7H (2.5)

ID(A: = D)7 Ly Ry s Lo () < Coc(i)[¢| 2.
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HokazareabctBo. Crnekrp oneparopa A, comepxurcs B Ry. Hopma pe-
sosbsentol (A — (I)~! onenuBaerca yepes Besmunny, 06paTHyio K paccros-
auo oT Toukn ¢ 10 Ry . ITockonbky 510 paccrosuaue pasuo || mpu Re( < 0
u paBHO [(||sin ¢| mpu Re { > 0, MBI mpuxoanm K orenke (2.5).

Yro6bl mpoBepuTh (2.4), BBIMUIIEM HHTEIPAJIBHOE TOXKJIECTBO JJIsl PEIe-
HUST U, ypaBHeHus (2.2):

(ggb(D)u& b(D)n)Lz(Rd) - <(u€a n)Lg(Rd) = (Fv n)Lg(Rd)v ne Hl(Rd; Cn)
(2.6)
TMogcrasum N = u. B (2.6) ¥ BO3bMEM BEIECTBEHHYTIO 9aCTh. Torma

aa[u57 ug} = Re C-”uEH%Q(Rd) + Re (F; uE)L2(Rd).
Orcroga n u3 (2.3) nouayvaewm:
ac[ue, ue] < 2e()? (¢ F17, may-

C yuerom (1.6) orciona BeiTekaer (2.4). o
U3secTHO, uTo mpu £ — 0 pettenne U, cxomutces B Lo (R C™) k perrenmio
,» VCPETHEHHOTO YpaBHEHUS

A% — Cug =F. (2.7)
CrupaBeinBa CIeAYIOIMAs TEOPEMA.

Teopema 2.2. ITyems ¢ = |(|e®¥ € C\ Ry, u. — pewenue ypasrenua (2.2)
u ug — pewenue ypasnenus (2.7). Cnpasedausa ouenka

[us — uoll 1, (raey < 016(90)2|C|_1/25”F||L2(Rd), e>0.
Hnaue 2060pa, 6 0NepamMoOpHbT MEPMUHAT,
(A =¢T) ™ = (A" =CD) My ety Laray < Crele)?[C7 %, &> 0. (2.8)

3decwy c(p) onpedeseno 6 (2.1), a nocmoannaa C1 3a6uUcum AuWs 0M HOPM
912w g7 | Los s 0m KOHCMARM g, 0y us (1.4) u om napamempos pewémmsu
I.
HokazaresberBo. B pabore [BSu2, . 4, reopema 2.1] onenka (2.8) 6bu1a
nokazana B cnydae ¢ = —1 mpu 0 < € < 1. Ham wam0 aunb o0bACHUTD, Kak
EPEHECTU OIEHKY Ha OOIuil coIytail.

Bamerum, uto nipu ( = —1 uw &€ > 1 nmeBasg dacTh B (2.8) OueBHIHBIM
obpa3oM oreHuBaeTCs depes 2, a rorya u uepes 2¢. [losromy 6yaemM ucxoauThb
U3 OLEHKH

H(A€ + I)il - (AO + [)71HL2(Rd)—>L2(Rd) < 0157 g > 0 (29)

Hocrogrras Cy 3apucat aummb oT ||g|| 1., [[97 L., @0, @1 B OT mapameTpos
peméTku [
ITepenecem omenky ua cayuait ( = ( = €' ¢ TIOMOIIBIO TOXKIECTBA

(Ac—¢D)H = (A= ¢!

= A+ DA~ D) (A + D= (A2 + D)) (A" + T)(A° — ¢
(2.10)
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Nmeem:

(s + D(Ae = CI) 7 sy sy < suplar+ Do =7 < 20(). (211)

Amajioruamyio omenKy jomyckaer u zHopma omeparopa (A° 4+ I)(A° — I )L
H(AO + I)(AO - CI)iluLg(Rd)HLQ(Rd) < 2¢(p)- (2.12)

N3 (2.9)-(2.12) monyvaem OIEHKY
I(Ae = CD)™" = (A° = D) My ey amey < 4C1e(p)’e, &> 0. (2.13)

Hanee, 3a caer macmrabnoro npeobpaszosanus (2.13) paBHOCHIBHO HEpa-
BEHCTBY

(A =D = (A = D) Myt 1oy < 401(p)’e™!, € > 0.

(2.14)

3aecs A = b(D)*g(x)b(D). Eciu 3amucars (2.14) ¢ 3amenoii € ma £|¢]'/?, a

3aTeM MPUMEHNTh 00parTHoe mpeobpasoBanue, T0O mosydntes (2.8) ¢ mocTo-

aunoit Cp = 4C,. o

2.2. AnnpokcuManusi pe3oabBeHTbI 1o (Lo — H')-Hopme. [lna Toro,

9TO6BI 110/ YHTh AIIPOKCHUMALIMIO PEIIeHus U, B npocrpancrse H 1 (Rd; cm),

HEOOXOAMMO YI€CTh KOPPEKTOP MepBOro MOpsaKa. [LomoxnM

K (e:¢) = [A]Sb(D)(A” - ¢I) 7 (2.15)

3aeck [A°] — omepatop ymmokenns ma marpuiy-dynaknmio A(e71x), a S, —
criaxkuBaiomuii oeparop, onpeaenennsiii B (1.17). Oneparop (2.15) menpe-
peisen u3 Lo(R% C") 8 HY(R?; C"); 310 BUHO M3 TOXKIeCTRA

K(g5¢) = K(5; —1)(A° + I)(A” = ¢~ (2.16)

U CJEAYIONIEH JIeMMBI.

Jlemma 2.3. Illpu ¢ > 0 u ( = —1 onepamop (2.15) nenpepuween u3
L2(R%C") 6 HY (R C"), npuuem 6vinoanens, oyenkuy
1
1K (&5 =Dl pacee) < Ot (2.17)
2 3
||€DK(5, 71)“L2(Rd)—)L2(Rd) < Cé()é‘ + Cé() (218)
Hocmoannvie C’g), j = 1,2,3, sasucam auwo om m, oy, a1, ||9|r.,

lg~ L., u napamempos pewemxu T.
HoxkazaresnbcerBo. Ouennm (Lo — Lo)-HOpMYy omeparopa K (g;—1):
15 (£ =D Lyre) > Lo(ray < NAT)Sel Lo DY A + 1) Iy oz, (2:19)

Ucrnonesyst mpeobpasosanne Pypoe u (1.4), (1.16), momyaaem:

\WDMA“+D*MAWHM@@<§@waﬂmew%@»+n*\

1/2 L 12 —1/2 (2.20)
< ay’” sup [€|(col€)? +1)7" < J e
£€R4
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N3 (1.19), (2.19) u (2.20) sbiTekaer (2.17) ¢ 1OCTOSHHOI Cg) =
%aimcglﬂMl.
PaccMoTpuM Tereps onepaTophl
eD;K(g;—1) = [(DjA)°]S:b(D)(A° + 1) + ¢[A%]S.D;b(D)(A° + 1)~
(2.21)
Awnanornuno (2.20) nmeem

_ 1/2 - 1/2 —
IDBD) (A" + D)7 1y ety o rey < 01 sup €2 (col€? + 1) < o’
€
(2.22)
Teneps u3 (1.19), (1.20) u (2.20)(2.22) BoITekaeT orenka (2.18) ¢ mocTosH-
HBIMH C}?) = (2041)1/2061]\41, C}?) = a}/Q(Qco)*l/QMg. °
»1lepBoe mpub/nzkeHne” K pereHnto U, UMeeT B

ve = ug +eA°Sb(D)ug = (A° — CI)'F + eK(e;¢)F. (2.23)

Teopema 2.4. I[lycmo svinoanens ycaosus meopemos 2.2. Ilyemo dynryus
ve onpedeaena 6 (2.23). Tozda npu € > 0 swvinoanens ouenKy

ID(u: = ve)ll Ly ra) < Coc(0)’e|Fl Ly ey, (2.24)

lue = vellpy ey < Ce(9)*[C1 %€ || 1y (ra)- (2:25)
Hnane 2060pa, 6 onepamopnvls mepMUHaT,
ID ((A: = ¢ = (A° = ¢! = eK(6;0)) I 1y ey Laray < Caclep)’e,
(2.26)
I(Ac = ¢I) ™ = (A% = ¢I) 7! = eK (5Ol Ly ey Lomay < Cacle)?]¢] 712,
(2.27)

3decwy c(p) onpedeseno 6 (2.1), a nocmoannuwve Co, C3 3a6ucam moaivko om
m, d, |9, |97 |20, @0, @1 u om napamempos pewémxu T.

Henocpencrsentuo u3 Teopembr 2.4 BHITEKAET CACIVIONIEE YTBEPKICHUE.

Caencrsue 2.5. B ycaosusaxr meopemot 2.4 6uinoinena oyenKa
11z = Vell sy < e@)2(Co + CalC| 2l Bl gy, € > 0.

Hoxka3zarenbcrBo Teopembl 2.4. B [BSu4, teopema 10.6] anasoruunbe
OIEHKHN OBLIN YCTAHOBJIEHBI TIpr ( = —1, HO ¢ JAPYTUM CIJIAYKUBAIOIIAM OIle-
paropom BMmecTo Se.. B [PSu2, teopema 3.3| 6bLIO BBISICHEHO, YTO MOYKHO
nepeiiTy K CrIakKuBaTes o Sy, 0 HepaBeHCTBa (2.24), (2.25) 6bln 10Ka3aHBL

opu ( = —1u 0 < ¢ < 1. Urak, 6ymeM UCXOINTHL U3 OIEHOK
||D ((Ag + I)il _ (AO + I)il — 5K(€; —1)) |’L2(Rd)~>L2(Rd) § 025, (2 28)
0<e<l1,
[(Ac + D)7 = (A°+ 1) —eK (g =)l pyray Loray < C36, 0<e <1
(2.29)

Hocrosuaeie Cy, C3 3apucar jumb ot m, d, ag, a1, |9, g7 1e &
mapaMeTpoB pemérku I
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ITpu € > 1 OuEHKM TPUBUAJIBHBI: JJOCTATOYHO OLEHUTH KaxKblil oeparop
1101 3HaKOM HOpMBbI B (2.28), (2.29) no orpesnbrocru. C yaerom (2.17) seBas

(1)

gacrh B (2.29) onennsaercs yepes 2 + C‘K1 £, 9TO He mpeBocxoauT (2 + Cg(l))g
npu € > 1. Orciona n u3 (2.29) nomyvaem OneHKy

[(Ae + 1)~ = (A" + D)7 = eK (e = 1) Ly ey Loy < Cae, € >0, (2.30)

rae Cs = max{C3, 2 + C’g)}.
Hanee, u3 amxuero Hepasencrsa (1.6) BeITEKAET ONEHKA

ID(Ax + 1) Y| 1y ) oy < 62 (2.31)

C ygerom (1.15) mma mopmsr omepatopa D(A? + I)~! copasenmmsa Takas
7K€ OIEHKA!
0 ~1 —1/2
ID(A” + 1)l 1y ety Loray S ¢ 7 (2.32)
U3z (2.18), (2.31) u (2.32) BuanO, 4TO JeBast 4acTh B (2.28) omeHmBaercs
gepes 2(:61/2 + Cg)e + C;?), YTO HE OIPEBOCXOIUT (2661/2 + C’g) + C}?))s opu
e > 1. Orcroga u u3 (2.28) mosygaem ONEHKY
ID (A + D)7 = (A + D)7 — K (g5 =1)) | 1y Rty o (re) < Cae, £ >0,
(2.33)
rae Cy = max{Cy, 2061/2 + C’}?) + C’S’)}.
ITepenecem Teneps ouenkn (2.30), (2.33) na cayuait ¢ = ¢ = €? ¢ nomo-
MBI TOXKIECTBA,

(Ae =)' = (A" = D)7 —eK ()
=AU+ DA D) ((Ac+ DT = (A + D)7 —eK(5;-1))  (2.34)
X (AY+ D)(A° = ¢ +e(C+ 1)(Ac = ¢ K (50).

B cuny (2.5)

1(Ae = CD) ™M 1y Ry Lo () < €(80). (2.35)
N3 (2.12), (2.16) u (2.17) caeayer, uro

1K (65 Ol oty Larey < 20 (). (2.36)

U3 (2.30) m (2.34)-(2.36) ¢ yuerom (2.11), (2.12) BbITeKaeT HEPABEHCTBO

(A = CD) ™ = (A° = CI) 7! = K (& Q)| Laret)s La(re) < Caelp)’e, >0,
(2.37)

roe C3 = 463 + 402)
Haree, coornomenus (2.11), (2.12), (2.34) u (2.36) BrexyT

AL <<Ae D)7 = (A =D - e (s E)) | Lo (RY)— Lo (¥
< 4e(p)?|| A2 (Ac+ D' = (A" + 1) —eK(5-1)) | Lo (RY)— Lo (RY)

+2¢|C + 1O (@) A2 (A = CI) Y|y () 1y () -
(2.38)
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Nmeem:

HA;/2(AE — 6])*1‘|L2(RdHL2(Rd) < SuIa) 22|z — afl < c(y). (2.39)

>

Teneps u3 (1.6), (2.33), (2.38) u (2.39) BBITEKaET OIEHKA

412 ((Ae = D)7 = (A = )71 — K (D)) laquoty oy < Oielio)’e

(2.40)

mpr £ > 0, rae Cy = 4(01/262 + Cg)). Orcrona n w3 mmkueit onenku (1.6)
HnoJLygaem

ID (A = D)7 = (A= ED) 7 = eK(30) ) gty Lare) < Caclip)’e
(2.41)
—1/25
opu € > 0, rme Co = ¢, '~ Ch.
3a cuer macmrabHOTrO npeobpasopanus (2.37) pAaBHOCHILHO HEPABEHCTBY

I(A=C? D)1 = (A=)~ = AS1B(D) (A’ =) 151, < Caelp)’e !
(2.42)
upu £ > 0, a (2.41) paBHOCHIBHO OlIEHKE

ID (A=) = (A= Ce)™" = AS1B(D)(A° = G207 ) oo,
< Coc(p)?, e>0.
(2.43)

1/2 y ppimosum obpaTHoe mpe-

Banumewm (2.42), (2.43) ¢ 3amenoit € Ha €|(|
obpaszosanue. Jro npuoauT K (2.26), (2.27). @
Hoﬂqu/IM TEIIEePh QAUIIPOKCUMAIWI0 TaK HA3BIBA€MbIX TIIOTOKOB Pe =

g°b(D)u. B Ly(RY;C™).

Teopema 2.6. Ilycmv swnoanerv, ycaosus meopemv, 2.2. Ilycmo pe =
g°b(D)u.. Tozda cnpasedausa ouenka

ps — ﬁssab(D)uoHLQ(Rd) < C4C(SO)QEHFHL2(Rd)7 e >0,
UAU, 68 ONEPATNOPHBIT MEPMUHGT,

lg°0(D)(A: = ¢I) ™" = §°Sb(DY(A” = 1) 7 |y () La(rey < Cacle)e.
(2.44)
3decwv g(x) — mampuua (1.9), nocmosannas Cy 3a6ucum moavko om d, m,
@0, @1, |9l 2> |97 Lo © napamempos pewémuu T.

HoxkazaresnbcrBo. Haunem co ciygas ¢ = ¢ = €. U3 (2.40) BoiTekaeT
OIleHKa

(D) ((Ac = D! = (A" = T = eK(:0) ) oz < llglly/2 Cacl)?e
(2.45)
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upu € > 0. C yuerom (1.2) umeem:

eg*b(D)K (£;C) = ¢°(b(D)A)*S=b(D)(A° — (1)~

d - (2.46)
+e) g b A SbD)D(A® - (T)
=1
OTmMeTHM OIEHKY, BhITEKaoIyo u3 (2.12) n (2.22):
Sr— 1/2 —
IDBD)(A® = CI) 7 ozt ey < 200775 (). (2.47)

Bropoit uien B npasoii wactu (2.46) ouenum ¢ momompio (1.5), (1.19) u
(2.47):

3

d
> b A®Sb(D)Dy (A — (1)~
=1

LQ(Rd)A)LQ(Rd) (248)

< 2e| |9l 1o ey M1d P e(p).

Hasee, B cumy npemmoxenns 1.4 u (2.47) BBIIOJTHEHA OIEHKA,

g /2 —
lg° (1= S2)b(D)(A° = C) ™y 2ty Loy < 269l oerr0n/ %5 e(p). (2:49)
B wurore u3 (2.45), (2.46), (2.48), (2.49) ¢ yuerom (1.9) BbITEKaeT OLlEHKA

lg°b(D)(As — CI) ™" = F7Sb(D)(A° — CT) Y| 1y ) s Loty < Cac()’e
(2.50)
np & > 0, vie Cy = ||g]| 1> Co + 2|lgll oo eyt ey (dan) V2 My + 1),

Ba cuer macmrabuoro mpeobpazosanua (2.50) paBHOCHIBLHO ONEHKE

lgb(D)(A — C21)™" = §S1b(D) (A — Ce1) ™| ety o Lo (ret) < Cacl)?
(2.51)

1/2 1 primosmsist o6parHoe

npu € > 0. Sanucesas (2.51) ¢ 3amenoit £ na &|(|
npeobpasosanne, npuxo MM K (2.44). e

Beigesum ciyuait, Korjga KoppeKTop obparaercs B Houb. Crepayroriee
yTBEPIKIEHNE BBITEKAECT W3 Teopembl 2.4, mpemtokennsd 1.2 u ypaBHeHUst
(1.7).

IIpeasoxkenue 2.7. [lycms u. — pewenue ypasrenua (2.2) u ug — pewse-
nue ypasrenus (2.7). Ecau ¢° =g, m. e. evmnoanens. coomnowenus (1.13),
mo A =0 u K(g;¢) = 0. Tozda cnpasedausa ouernxa

[D(u. - uO)HLQ(Rd) < 020(90)25”FHL2(Rd)7 e>0.

2.3. PesynbraTel gus 3agaun ycpegnenus B RY B cayuae A € L.
OKa3bIBAETCsl, YTO MPU HEKOTOPBIX JOMOJTHUTENbHBIX MPEIITOI0KEHUAX OT-
HOCHUTEJIBHO CBO¥CTB perernst 3agaun (1.7) cruaxkupatormuii oneparop Se B
BbIpaskeHnn (2.15) 11 KOPPEKTOpa MOXKET OBITh YCTpaHEH (3aMEHEH TOXK-
JIeCTBEHHBIM orepaTopoM ). Hamoxuwm ciremyrotiee ycaosue.

VeaoBue 2.8. [pednoaooscum, wmo I'-nepuoduneckoe pewenue A(x) sadawu
(1.7) oepanuneno: A € L.
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Hawm tonamoburcs ciaeayoiiee MyIbTHIIMKATOPHOE CBORCTBO MATPHUITLL A,
eMm. [PSu2, caepcrsue 2.4].

IMpeanosxxenne 2.9. ITpu ycaosuu 2.8 das moboti dynxyuu v € HY(R?)
npu € > 0 6uNOAHEHO HEPABEHCTNEO

[ DAY PP dx < Bl ey + BelAlE e | Dufax
R4 Rd

Hocmosnnwie 81, Po 3a0a10Mcsa 6biPAANCEHUAMU

B1 = 16mag gl llg™" |z
B2 = 2(1 + 2dog " a1 + 20dag o lgl| oo lg™ 2. )-

TTomoxkum
K%(;¢) = [AJp(D)(A” —¢I) 7 (2.52)
IIpu ycnosuu 2.8 oneparop (2.52) Hempepsiser u3 Lo(RY; C") 8 HY (R C™);
9TO BHJIHO W3 TOXKJIECTBA

K%e¢) = K%e; —1)(A° + 1)(A° — ¢t (2.53)

U CJEAYIONIei JIeMMBbI.

Jlemma 2.10. IIycmov swinoanerno ycaosue 2.8. IIpu € > 0 u ( = —1 one-
pamop (2.52) nenpepween us Lo(R%; C™) ¢ H' (R C"), npuuem svinonnens
OUEHKU

=(1
1K (&; ~ 1)l y ety Lo () < Cs (2.54)
= (2 (3
”EDKO(E; _1)HLQ(Rd)—)L2(Rd) < C%)E + C;{) (255)
Iocmoannwvie C’g), Jj = 1,2,3, sasucam avwo om d, m, og, a1, ||9|L..,

lg~ Lo, om napamempos pewemuu T' u om |A| L. .

Hoka3zaresncrBo. B cuy (2.20)

1 1/2 —1/2 =(1
1K =Dl )o@y < GIAILwar ey =:

gT0 mokasbiBaer (2.54). PaccMoTpuM Tenepb omepaTope
eD; K%(e;—1) = [(D;jA)]b(D)(A° + T) ™! +¢[A°]D;b(D)(A° + 1)1, (2.56)

Ouennm BTOpOIt wieH B (2.56) ¢ momompo (2.22):

d
S eABDID; A + D)7 3, < AR ancy® (2.57)
j=1
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s onenku nepsoro unena B (2.56) npumennm npemnoxenue 2.9 u (2.20),
(2.22):

M=

I(D;A)*b(D)(A” + DT, 1,
1

Billb(D)(A° + D) 7HF, 1, + B A7 IDBD) (A’ + 1) M7, 51,
61041(400)_1 + 6252HA||%00041062~

<.
Il

<
<

(2.58)
Teneps u3 (2.56)-(2.58) BeITeKaer HepaBeHCTBO (2.55) € HOCTOSHHBIMU

i) = (200) Peg ! (Bo+ 1) A1y CFF) = (Bren)'/?(2¢0) 71/

Pacemorpum BmecTo (2.23) apyroe mpubIHKeHNE K PEIIeHNO U,
Ve =g+ eAD(D)ug = (A° — CI)7'F + eK%e; ¢)F. (2.59)

CrpaBeyinBa CIeAYIONIAS TEOPEMA.

Teopema 2.11. ITycmd evinoanensvs yciosus meopemuvt 2.2 u ycrosue 2.8.
ITyemv dynryus Ve onpedeaena 6 (2.59). Iyemov p. = ¢g°b(D)u.. Tozda npu
€ > 0 ewnosrersvt oueHKy

ID(u: = Ve)ll Ly may < Cse(9)*e|Fl Ly may.

2lg)

[ue — Vel Ly may < Coclp) ENF | Ly ey

~ 2
[Pe = g°b(D)uol|,ray < Cre(p)el|Fl L, ra)-
Hnave 2080pa, 68 onepamopHbT MePMUHAL,

ID (A = ¢ = (A° = ¢ = eK°%(5:0)) Ly ra) s Lo(re) < Csc(e)’e,
(2.60)

1(A: = ¢ 71 = (A% = (D)7 = KO O y(ra)s Larey) S Coclp)?I¢] ™%,

(2.61)

l97b(D) (A = ¢I) ™ =GFb(D)(A° ~CI) ™ Ly ety Lo () < Cre()’e. (2.62)

Hocmosannve Cs, Cg, Cr sasucam om d, m, ag, a1, |gllo., |97 e w
napamempos pewémxu L', a maxoce om nopmo, ||A|| L, .

Jloka3aTeJbCTBO IPOBEIEM II0 AHAJIOTHH € JTOKA3aTEILCTBOM TeopeMEI 2.4.
B [BSu4] 661710 10Ka3aH0, 9T0 TipN ycsoBuu 2.8 ClIpaBeyInBhl OLEHKN

ID((Ac+ 1) = (A + D)7 = eK%(5;—1)) [ 1y vy 1o (re) < Cs8, (2.63)
0<e<l1,
I(Ac + D)7 = (A’ + 1) = eK%(6; =)l 1y ma) s Lore) < Coe, 0 <e < 1.
(2.64)
ocrosmmbie Cs, Cg 3asucar mumb ot m, d, ag, a1, |9llr., |97 1w, oT
napamerpos peméTku ' u or HOpMEI ||AllL_ -
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ITpu € > 1 ouenku tpusmanbhbl. C yuerom (2.54) nesast gacrb B (2.64)
oleHMBaeTcd uepes 2 + C’g)g, 9TO He mpeBocxoanT (2 + C‘g))a npu € > 1.

Orcroga n u3 (2.64) momyuaaem
H(Ag"‘_[)il - (AO‘FI)il —EKO(E; _1)|’L2(Rd)—>L2(Rd) < 666, e > 0, (265)

rae 66 = max{Cs, 2 + C’g)}

N3 (2.31), (2.32) u (2.55) caeayer, uro sesas dacts B (2.63) onennsaercs
gepes 2061/2 + C’}?)a + C’}?), 9YTO HE TPEBOCXOIUT (2051/2 + Cv'g) + C’g))e opu
e > 1. Bumecre ¢ (2.63) 970 mOKa3BIBAET, ITO

ID ((Ae + D)~ = (A + 1) = eK%(; =) |l 1y ety s Lo (re) < Cse, € >0,
(2.66)

rie 65 = max{Cs, 2061/2 + C’g) + C’;?)}
Crpaseyius anasor Toxaecrsa (2.34) ¢ K (g;¢) samenennnivm na K°(g; €).

C momompio Hero meperecem orenkw (2.65), (2.66) B Touky ¢ = P, YauTh-
Bas (2.11), (2.12), (2.35), (2.53), (2.54), u3 (2.65) BBIBOAMM HEPABEHCTBO

[(Ac = CI)™ = (A% = (D)™ = eK%2; O Lysry < Coc()%e, >0, (2.67)

roe Cg = 466 + 402)
Hamee, anamornano (2.38)—(2.40) momydaem:

JAY2 ((Ac = CD) 7 = (A = CD) 7 = eK(50) ) ot < Crel9)?e, € >0,
(2.68)
rie Cy = 4(01/205 + Cv'é(l)) Orcrona n u3 nuxkHeit onenku (1.6) cremyer, aro

ID (A = D7 = (A= CD 7" = eK"(50)) ot < Crelg)?e, & >0,
(2.69)
rae C5 = 65651/2.
Teneps ¢ nomorpio MacmrabHoro npeobpasosanust onenka (2.61) BbiBo-
mures w3 (2.67), a (2.60) — u3 (2.69). (Cp. nokasarenbcrBo Teopembr 2.4.)
Ocraercs nposepurs (2.62). 13 (2.68) BbITeKAET HEPABEHCTBO

lg°b(D) (A = D)7 = (A° = CD) 7! = oK 0) ) o

_ (2.70)
< lglli? Cse(p)?e, &> 0.
Nmeem:
eg"b(D)K°(£:C) = ¢°(b(D)A)*b(D)(A° — {T)
(2.71)

d
+e>  gFhAB(D)Dy(A° — ()
=1
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Bropoit wien B (2.71) ouennm ¢ nomorsio (1.5) u (2.47):

€ < 2eglrallA] iy 'dPelp).

L2—>L2

d
> b AB(D) Dy (A° — (1)~
=1

(2.72)
Teneps u3 (2.70)—(2.72) ¢ ygaerom (1.9) nonyuaem:

19°6(D) (A: — (1) = Gb(D)(A° —CT) " 1ysry < Crec(p)?e, € >0, (2.73)

1/2 ~ _
rae Cr = |lgll 72 Cs + 2llgl| o Al Loy a1 d/2.
Hepagencrso (2.62) BeiBoguTest n3 (2.73) MacimrabHBIM IPe0dpa30OBaHIEM.
(Cp. mokaszaTeabcTBO TeOpeMbl 2.6.) @

B mekoTophIx ciaydasx yciosue 2.8 BoiosiHeHO aBToMarwdeckn. Craemnyio-
Iee yTBep:KIeHue nposepeHo B [BSu4, memma 8.7].

Ipensoxkenne 2.12. Yeaosue 2.8 3a6€00M0 6bINOAHEHO, €CAU UMEEM, Me-
cmo zomasa 6v. 00HO U3 CACOYIOUUT NPEONONOHCEHUT:

1°. pasmeprocms ne npesocrodum deyz, m. e. d < 2;

2°. onepamop deticmeyem 6 La(RY), d > 1, u umeem sud A. = D*¢g%(x)D,
2de g(X) — sewecmeennais MaMpPuua;

3°. pasmeprocms npoussosvha u g0 = g, m. e. sunoaneno (1.14).

OTrMeTnM, 9TO BBIIOJHEHUE YCJIOBUS 2.8 MOXKHO ODECTIEYUTb U 3a CUEeT
OPEITTOJIOKEHNsT 0 HEKOTOPOH IIaJKOCTH MAaTPHUIBI (X ).

BruiesnM crenuabHbI cryydaii, korga ¢° = ¢g. B sToMm ciayuae marpuia
(1.9) oxazwpBaercs nocroamuoit: §(x) = g° = g. Kpome Toro, B 3ToM caydae
BBINOJIHEHO yeoBue 2.8. [IpuMensia yTeep:Kaenue TeopeMel 2.11 orHOCHTEB-
HO aIIPOKCUMAIINK TTOTOKOB, IPUXOJIUM K CJEIYIONEMY MIPEJIJIOZKEHHUIO.

ITpeanoxkenne 2.13. Ilycmv ewnoanensvt ycaosus meopemuv, 2.2. Ilycmo
p: = ¢°b(D)u.. Iycmo ¢° = g, m. e. eunoanens, coomnowenus (1.14).
Toz0a

Ipe — g°b(D)uoll , gy < Cre(9)?el|F Ly ga), € > 0.

['ABA 2. BAJAYA JIUPUXJIIE

§3. 3ATAYA JIUPUXJIE B OTPAHUYEHHOU OBJACTU:
[IPE/IBAPUTEJIbHBIE PACCMOTPEHW S

3.1. Oneparop Ap .. ITycts O C R? — orpannuennast 061acTh ¢ IpaHnIeit
knacca CL1. B mpocrpancrse Lo (O; C*) pacemorpum oneparop Ap ., dbop-
MaJbHO 3agantblii nuddepennuanapabiv BopaxkenuneM b(D)* g% (x)b(D) mpu
yeaosun Jupnxie na rpamure 0O. Ctporo rosops, Ap . ecTh camoconps-
xkenublit oneparop B Lo (Q; C™), nopoxkaennblit KBagpaTnaHoii ¢hopmoii

apelu,ul = /O<ga(x)b(D)u, b(D)u)dx, ue€ H&((’);(C”).
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Dra Qopma 3aMKHYTa U HOJOXKHUTEILHO onpejenena. JeficTBure/bHO, 11PO-
pomkas U myaem na R4\ O u npavensiz (1.6), moayqaem

co|Dul}, o) < apluu) < | Dul}, o). we H(OCY).  (3.1)

Ocraercss npuHsATEL B BHUManue, uTo ||Dul|L, o) 3anaer B Hj(O; C") nop-
MY, 9KBUBAJICHTHYIO CTaHIapTHOIL. B cuny Hepasenctsa @puapuxca u3 (3.1)
CJIeJIyeT, 4To

apelu,ul > 02||u|]2L2(O), u € Hj(O;C"), ¢y =co(diamO)™2.  (3.2)

Hawa yeav B rnaBe 2 — HaliTH AlIPOKCHMAIMIO [IPH MaJIOM € 0000IIeH-
HOTO DeIleHus U, € H&(O; C™) zamaun Jdupuxiie
b(D)*g°(x)b(D)uc(x) — Cue(x) = F(x), x € O; uclpo =0, (3.3)
rae F € Ly(O;C"). Kak u B §2, cunraem, uro ¢ € C\ Ry. (Cayuait apyrux
JIOTIyCTUMBIX 3Hadennit ¢ n3ydaercs B §8.) Umeem: u. = (Ap. — (I)"'F. B
OIePATOPHBIX TEPMUHAX, MBI M3YYaeM HoBe/eHue pesosbsentsl (Ap . —(1) ™
pU MAJIOM E.

JIemma 3.1. ITycms ¢ € C\Ry. ITyems u. — obobuwernoe pewenue 360au
(3.3). Tozda npu € > 0 cnpagedausv, oyenky

[ucll o0y < e@)IC]HIF |y 0, (3.4)
Dl 2,0y < Cocl) S|P Ly 0)- (3.5)

3decwv Cy = \/iaal/zHg_lHlLZ. B onepamopHuz mepmunaz,
[(Ap,e = ¢I) Ml Ly(0)—La(0) < c(9)ICI7H (3.6)

ID(Ap,e = ¢I) 7 HlLo(0) -+ 2(0) < Cocl) C] 2.

Hoxka3zaresnbcrBo. B cuay (3.2) cmextp omepatopa Ap . comepxkurcs B
[ca,00) C Ry. Hopma pesosbsentrt (Ap . — (I)~! onennpaercst vepes nesm-
qnHy, 06paTHYIO K paccrogaunio or Todkn ¢ jo Ri. B pesysnbrare npuxoanm
K onenke (3.6).

Yro661 poBepuTh (3.5), BHIMUIIEM WHTErPATBHOE TOXKJECTBO JJIs PEIre-
mns u. € H}(O;C") zamaan (3.3):

(9°b(D)ue, b(D)N) 1,0y — (e, M) Lo0) = (FyM) 100y, M € H&(O;C’E) |
3.7

TMoscraBum 1 = ue B (3.7) 1 BO3bMEM BEIECTBEHHYIO 9acTh. Toraa
(9°0(D)ue, b(D)ue) 1, 0) = Re(HuEH%Q(O) + Re (F, u:),(0)-
Orcroma u u3 (3.4) noxyqaem:

(¢°b(D)uc, b(D)ue) 1,0y < 2¢(0)[¢IHFI, (0)-

C yuerom (3.1) aro Breder (3.5) ¢ nocrostHuOi Cp = \@cal/Q. .
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3.2. 9ddexrusnsiii oneparop AY. B npocrpancrse Lo (O; C") pacemor-
PUM CaMOCOIIPAXKEHHBII OIlepaTop A%, MOPOXKJEHHBIN KBaJpaTudHoit ¢op-
MO

o u, ] = / (°b(D)u,b(D)u)dx, uc H(O:CY).  (3.8)
O

3necs ¢' — acdbdexturnas marpuma, ompenenenmag B (1.8). YumTniBas
(1.15), y6exmaemcs, aro dopma (3.8) ymosiaerBopsier oreHkaM Buga (3.1)
u (3.2) ¢ TeMu Ke TOCTOSHHBIMH.

B cury yemosus 00 € CH! omeparop A} samaerca Bpazkenuem
b(D)*¢°(D) ma obmactu ompenerenna H2(O;C") N HY(O;C"). Tlpn stom
BLIIIOJIHCHa OIICHKA

1(AD) M a0y H2(0) < ©. (3.9)

IocTogHAAsS € 3aBHCAT UMb OT ap, a1, ||gllr., g7 L. # oT obmactm

O. Jlna onpasnanusg 310ro (akTa JO0CTATOYHO 3aMETUTh, UTO ONEPATOP

b(D)*g°b(D) oTHOCHTCA K KTACCY CUADHO IANUNMUMECKUT MATPHIHBIX OTe-

PaTOPOB, U COCIATHCS HA TEOPEMBI O TIOBBIIEHNH TJIAIKOCTH PETeHW i CUITHHO
SJTMTITUYECKUX ypaBHeruil (cM., manpumep, [McL, ru. 4]).
Mycts ug € HY(O; C") — obobumennoe perenne 3a1aqm

b(D)*gOb(D)uo(x) —Cuy(x) =F(x), x€O; uglspo =0. (3.10)
Torza ug = (AY, — (I)~'F.

JIemma 3.2. IIycmos ¢ € C\Ry. yems ug — o6obwennoe pewenue 3adauu
(3.10). Tozda cnpasedausvl oyerky

1ol 2,0y < (@)1 1500
IDuo| 2,0y < Coc() ¢ 21 ¥ o0,

ol 20y < (@) IF| Ly 0)- (3.11)
B onepamoprvix mepmuna,
1(AD = ¢D) Loy La(0) < el)IC] 7, (3.12)
ID(AD = D)7y (0)=L0(0) < Coclp)|¢I7H2, (3.13)
1(AD — D)™l 20y r2(0) < (). (3.14)

HokazaresnnbcrBo. Onenkn (3.12), (3.13) npoBepsOTCs 110 aHAJIOTHH C J10-
KazaTeabcTBOM JeMMbl 3.1. Onenka (3.14) Beirekaer u3 (3.9) n HepaBeHCTBA
0 ( 40 -1 -1
IAD(AD = (D) l22(0) = La(0) < SUP |z = (77 < ely)-
Tz
[
3.3. BcriomoraresbHble YTBEPXK/IEHNUsI: OIIEHKN B OKPECTHOCTH T'pa-

HUIbl. B 3TOM myHKTE MBI (POPMYIUPYEM HECKOTBKO BCITOMOTATETHHBIX
yrBepxaennii (cm., nanpumep, [PSu2, §5]).

Jlemma 3.3. Tyems O C R — oepanunennan obracms ¢ epanuyeti kaac-

ca C'. Obosnavum (00). = {x € R? : dist {x;00} < ¢}, B. = (00). N O.
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ITyemv wucao g9 > 0 makoso, wmo noaocky (00)g, MONCHO NOKPLIML KOHE Y-
HBIM WUCAOM okpecmmocmet, donyckaowur Juddeomoppusmo. kaacca C,
pacnpamasowue eparuyy. Tozda umerom mecmo caedyrousue YymeepircoeHiLa.
1°. Jaa moboti dynxyuu v € H' (O) cnpasedausa ouenka

[ 1l ax < Bellullmoyull oy, 0 <= <=0

B:

2°. Jlaa moboti dynxuyun u € HY(RY) cnpasedausa ouensa
/(80) |U’2dX < BEHUHHI(RCI)HU,HLQ(Rd), 0<e < €0-

Hocmoannas B 3asucum moavko om obaacmu O.

JIemma 3.4. ITycms ewnoanense ycaosus asemmv, 3.3. Iyemo f(x) — T'-
nepuoduneckan dynxyua 6 RS mawas, wmo f € Lao(Q). IMTyemv S. — one-
pamop (1.17). Tozda npu 0 < & < €1 daa amobot dymryuu u € H'(RE,C™)
CNPABEIAUBH OULHEQ

15 (3)PI(Scu) [P dx < Bl Q| F11Z, 0 1l 72 ey [0l 1y et
(00)e
2de 1 = eo(1 +7r1)7 Y, Be = B(1+11), 2r1 = diam Q.

§4. PE3VJIBTATHI /14 3AJAYN JUPUXJIE

Byznem cunrars, 9ro uucia gp,e1 € (0,1] BbIOpaHBl B COOTBETCTBUN CO
CJIEJTYTOIIAM  YCJIOBHEM.

Yeaosue 4.1. [Tycmo wucao €g € (0, 1] makoso, wmo noaocky (00)s, moorc-
HO NOKPBIND KOHEYHLM “YUCAOM oKkpecmHocmetds, donyckarouur duddeomop-
Ppusmi waacca CYL ) pacnpamasrowue eparuy 0O. Hyemo e = eo(14+r1) 7L,

2de 2r1 = diam ).
fcuo, uro 1 3aBucur auttk ot obnactu O u pemerku [

4.1. Annpokcumanus pesosibBentol (Ap . — (I)~! mpu (| > 1. Ccdop-
My/IHpyeM HaIll OCHOBHBIE De3YJIBTATEL 4jist onepaTopa Ap .. Haunbosee umn-
TepeceH ciydaii 6obIuX 3HavUeHuit ||, a moroMy GyaeM moka CUUTaTh, 9TO
|| = 1. (dpyrue momyctuMble 3HaUeHus ( OYIyT pacCMOTpEHBI B §8.)
Teopema 4.2. ITycmwv ¢ = |(|e?? € C\ Ry u || = 1. ITycmov u. — pewenue
3adavu (3.3) u ug — pewenue 3adanwu (3.10) npu F € Lo(O;C™). ITycmw
yucao €1 ydosaemeopaem ycaosuro 4.1. Toeda npu 0 < € < €1 cnpasedausa
OUCHKQ

lue — woll L,(0) < Cre(9)*(I¢]7% + ) |F| o (0) (4.1)
2de c(p) onpedeseno 6 (2.1). B onepamopHvis mepmunar,

[(Ap,e — D)™ = (AD = CI) 7Y La(0) s 1a(0) < Cre(@)?(IC]7H2e +€2). (4.2)

Hocmosannasa Cy sasucum om d, m, ag, a1, ||g]l .. |97 | L., om napamempos
pewémxu I' u om obaacmu O.
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Jns amrpokeuManun pernenns B kiaacce H'(O;C") Hy:KHO BBECTH KOD-
pexTop. Purcupyem JuHEHRHDBIN HENIPEPBIBHBIN OrepaTop npojiokerus Po :
H?(0;C") — H?(R%; C"). Tpebyercs, uto6e Po 0HOBPEMEHHO GBLT HEempe-
poiser w3 Lo(O;C") B Loy(R%:C™) m uz HY(O;C") 8 H'(R% C"). Taxoit
oueparop cymecrsyer (cm., Haupumep, [St]). O6o3HaunM

. ) _
HPOHHS(O)%HS(]Rd) = C((gs , S= 0, 1, 2. (43)
IlocTosunnre C’g ) sapucsT TosbKO OT 06ACTH O. Hanee, gepes Rp obozHa-
9uM omeparop cyxenns dpyukimi B RY #a obmacts O. BeemeM KOPpPeKTOp

Kp(;¢) = Ro[A%]S:b(D) Po(Ap — ¢I) ™. (4.4)
Omneparop Kp(e;¢) mempeprBaO mepesogut Lo(O;C") B HY(O;C"). Heii-
creutenbuo, oneparop b(D)Po(AY — (I)7! mempepwisHo oTofpazkaer

L2(0;C") 8 HY(R% C™), a oneparop [A®]S. mempepsen nz H'(R?;C™)
B H'(R% C") (310 cremyer us npetoxkenns 1.5 i prmodenns A € H(Q)).

[Iycts ug — pemenne 3agaqn (3.10). O6o3uadnm Uy := Ppoug. Onpenenanm
B R? dyukmuo

Ve(x) = g (x) + A% (x)(S.b(D)1g) (x), (4.5)
Ve i=Velo. (4.6)

Torma
ve =ug +eKp(e;O)F = (A — CI)"'F 4+ eKp(e; ¢)F. (4.7)

Teopema 4.3. Ilycmo evinoanensv ycaosus meopemo, 4.2. Ilyemv dynrxyus
v onpedeaena 6 (4.4), (4.7). Toeda npu 0 < £ < €1 cnpasediusa ouenra

e = vellgi oy < <C2C(<P)2’C\71/451/2 + 630(@)45> ¥ 2,(0)- (4.8)
B onepamoprvir mepmunar,
[(Ape — ¢I)™' = (AD = )7 = eKp(e; Oy 0) -1 (0)
< Coc(@)?[¢ 712 + Cael) e
Jas nomoxa pe := g°b(D)u. npu 0 < € < &1 cnpasedausa annpokcuMayus
[Pe — g°S:b(D)uo|| 1, (0) < (520(<P)2\C|_1/451/2 + 530(90)45) 1F( 2,0
(4.10)

Iocmosannwie Co, C3, Co, C3 3asucam om d, m, ag, a1, gz, lg7 Lo, om
napamempos pewémsu I' u om obaacmu O.

(4.9)

4.2. Ilepsblii 3TaIl JOKA3aTEJILCTBA. ACCOLMUPOBAHHAS 32A4a B RA,
JoxkazaTeabcTBO TeopeM 4.2, 4.3 onupaeTcs Ha TPUMeHEHNE Pe3yIbTaTOB I
sajaan B RY 1 BbIe/IeHNe TTONPABKH THIIA TTOTPAHIIHONO CJIOS.

B cuy nemmer 3.2 u (4.3) cipaBeyiuBBL OIEHKH

G0l L@y < CS (@) ¢ IF | Ly(o): (4.11)
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o]l 11 ey < C5(Co + (@) <) 2IIF Ly (0)- (4.12)
Tl p2rety < CFEe(@)I|F |, (0)- (4.13)

Mpr1 yunu, gro |¢| = 1. Tomoxum
F := A%, — (. (4.14)

Torma F € Ly(R:CM) u Flo = F. Us (1.16), (4.11) u (4.13) BeITekaer
orenka dynknun (4.14):

1B 1y ety < eallBoll ey + 1CHT0l 1y ety < Cac(@)[Flly0p  (4.15)

e Cy = e, CYe 4+ W),
Mycrs U, € H'(R? C") — pemenue ypapuenus B R%:

A — (u. =F, (4.16)

T e u = (A — CI)’lf‘. MMprmennmbr Teopembr n3 §2. Mz Treopemer 2.2 ¢
yaerom (4.14)—(4.16) cremyer, uto npu £ > 0 BBINOJHEHA OIEHKA

8 = ol Ly ey < Crele)* [ 2l |y rety < CrCacl)’ (17 %€l F |y 0)-

(4.17)
U3 Teopemer 2.4 u coornorennii (4.5), (4.14)-(4.16) BoiTekaer, uro npu € > 0
CIPaBeJINBHI OIeHKN

ID(@: = Vo)llpyey < Cocl) el Fllpymay < CoCacle)’e|FlLy0)  (418)

[We = Vell ey < Cae(0)?1C1 72| F | 1y ey < CsCac()*[C17 %2 F 1,y 0
(4.19)

4.3. Bropoii aTan moka3aTejgbcTBa. BBegenne nmompaBku w.. [lepsoe
npubsinKenme Ve K PEIeHnio U, He yaoBaeTBopser yeaosuio Jupuxie. Umve-
eM: Velgo = eA°(S:b(D)ug)|so- Paccmorpum ,monpasky we — 0600meHHOE
pertenre 3a139u

b(D)*¢*(x)b(D)w. — (we =0 B O; we|so = eA°(S:b(D)p)|go.  (4.20)

VpaBHerwe 371ech TOHUMaeTCs B caabom cumbicie: dyrkmms w. € H1(O;CP)
YIOBJETBOPSIET TOXKIECTBY

(g°b(D)We, b(D)N) 1,0y — ((We, M) 1y0) =0, m € Hy(O;C").  (4.21)

JIemma 4.4. ITycmov u. — pewenue 3adaywu (3.3), ve — dynryua (4.7), we
— pewenue zadauu (4.20). Toeda npu € > 0 cnpasediusovl ouenku

ID(u: = ve +we) |l ry0) < Cse(@) el F| 50, (4.22)

lue = Ve + wel| ,(0) < Coc(@)* 1<% F| 1y 0) - (4.23)

Hocmosannwe Cs, Cg 3asucam om d, m, ap, a1, ||9|lr., l¢7 L., om napa-
mempos pewémxu I' u om obaacmu O.
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JokazareabcTBo. O603HAUNM Jjist KPATKOCTH V. = U, — V. + W.. B cury
(3.7), (4.20) u (4.21) dbyuknus V. npunapnexxkur Hi(O;C") u ynos/ierso-
psieT TOXKJIECTBY

Je[nl := (g°6(D) Ve, b(D)n) L, 0) = ((Ves M) Ly(0)

= (F777)L2((')) — (9°6(D)ve, b(D)n)Lz(O) + ¢(ve, n)Lz(O)v ne H&(Ov C").
(4.24)
TTpomomxum byHKIMIO 1) HyJIEM Ha Rd\(’), COXpaHsIs TO ¥Ke 0003HATEHNE; TO-
rnan € H (Rd; C™). BeromuuM, 910 F asnsercs npomosKenneM QpyHKITUT
F, a v aBimerca npogomkennem dpyukmun v.. CaegoBaTensHo,

Je[n] = (f‘vn>L2(Rd) - (gab(D)vsvb(D)n)LQ(Rd) + C(Vsm)LQ(Rd)-
C yuerom (4.16) mpuxoauM K PaBEHCTBY
Je[n] = (g°b(D) (e — ve), b(D)n) 1, ray — C(Ue = Ve, M) 1, (ra)-
IMpumenss (1.4), (4.18), (4.19), nosxydaem oreHky

el < el [El ooy (Crll(6") /2Dl ooy + CoI< ] acor
(4.25)
upu € > 0, roe C7 = HgHL ozl/ CoCy, Cg = C3C4.
IMoncrapuM Tenmeps 1) = V B (4.24), BO3bMEM MHHUMYIO 9aCTh OT TIOJIY-
JEeHHOI'O paBeHCTBA W mpuMenuM (4.25):

[ ¢l Vel|Z,0) < c(@)’ Il Ly 0)

. (4.26)
x (€ell(g)26D) Vel a0y + sl Vel (o)) -
ITpu Re¢ > 0 (a Torga Im ¢ # 0) orcroa BBIBOAUM HEPABEHCTBO
IVellZ,0) <2el¢I " e(9) CrllF |y o) 1 (%) /2(D) Vel |y o) (4.27)

+e2[¢ T e(p) CRIIF1Z, 0)-

Ecsim Re ( < 0, T0 BO3bMEM BeIECTBEHHYIO YaCTh IOJYyYEHHOIO0 PABEHCTBA U
npumennnm (4.25). Torpa

Re IVl 0) < eel@)’IF oo
x (Call(g) 2DV 0y + CslC 2Vl

CkmageiBas (4.26) u (4.28), BoiBoguM HepaBeHCTBO, aHasorudnoe (4.27). B
UTOTE IIPU BCEX PACCMATPUBAEMBIX 3HAYEHUSX ( IIOJIyIaeM

IVal7,0) <4eldl ™ e(@) ClIF | 10y 1 (9°) 20D Vel Ly 0)
+4eI¢| 7 e(9) R IR 2, 0)
Teneps u3 (4.24) mpu n = V., (4.25) u (4.29) BBITEKaET OIEHKA
ape[Ve, Vel
< 9C7e(p) el 1y0) 1 (9°)/20(D) Vel |y 0) + 9CEe(9) S IF 17, 0)

(4.28)

(4.29)
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OTCIO;La BBIBOAUM HEPABEHCTBO
apc[Ve, Vo] <C3e(p)®e?|F||7, 0y (4.30

)
rie C2 = 18C2 + 81C2. Uz (4.30) ¢ yuerom (3.1) BhiTekaer orenka (4.22)
¢ nocrosHHON C5 = 55081/2. Haxownern, n3 (4.29) u (4.30) crenyer (4.23) ¢
nocroanuoii Cg = 2 (C7C5 + C§)1/2. °
BeiBospl. 1) 13 onenok (4.22) u (4.23) caeayer, uto
ID(u: = ve)llz,0) < Cocl) el Fliy0) + IDWellry0), €>0,  (4.31)

lus = vell,(0) < Coclp) 1617 2e Pl Ly 0) + IWell Loy &> 0. (4:32)
IMosromy At gOoKa3aTeabCTBA TeOPeMBbl 4.3 T0CTATOYHO OLECHUTH HAIeXkKa-
M 06pasom HOPMY [|[We | 10

2) Bamernm, 4T0 paszHocTh Ve — g = £(A°S:b(D)ug)|o MOKHO OLEHUTH C
nowvorpio (1.4), (1.19) u (4.12):

Ive = w0l 1, (0) < Ve = Woll o) < Coc(@)IC] 72| Flly0),  (4:33)
riae Cg = Mla%/QC'g)(Co +1). U3 (4.32) u (4.33) BBITeKaeT OIEHKA
lue—uol| 1, 0) < (Co+Co)el) [¢I™ 22l |y 0) +IWell a0y, € > 0. (4.34)

Tlosromy mis mokazaTeabcTBa TeOpeMbl 4.2 HYKHO OIEHUTDL HATEXKAIIIM
obpaszom HOpMy [|We | 1,(0)-

§5. OLIEHKU TIOMPABKHU. JTOKA3ZATEJLCTBO TEOPEM 4.2 1 4.3

CravaJia MbI OIEHUM Hl—HopMy HONPABKA W, U 3aBEPIINM JOKA3aTE/b-
¢TBO TeopeMbl 4.3. 3aTeM, UCIOJIB3YsT yKe TOKa3aHHYI0 Teopemy 4.3 u co0b-
pakeHus ABONCTBEHHOCTH, MBI OIeHUM Lo-HOPMY MOMPABKYA W, U JOKAKEM
rTeopemy 4.2.

5.1. JIokasm3anust B6sm3u rpanunpl. 1lycrs uncio gy € (0, 1] Beibpano B
cooTBeTCTBUN C yeaoBueM 4.1. Bynem cumtatsh, uTo 0 < € < g9. Puxcupyem
rmaaKyio cpesky f-(x) B RY, cocpeoToueHHyIo B £-OKPECTHOCTH I'DAHUIILI
00, Takyio, 4TO

0- € Cgo(Rd), supp 0 C (00)., 0<0.(x) <1,

5.1
0-(x) =1 nupu x € 00; ¢€|VO.(x)| < k = Const. (5.1)

IocTosTHHAST K 3aBUCHT TOIbKO oT obmactn O. Pacemorpum B R dbymkmo
¢ (x) = b= (x) A" (x) (Scb(D)up ) (x). (5.2)

Jlemma 5.1. Ilyems w. — pewenue 3adawu (4.20), a ¢, — dPynxyua (5.2).
Tozda npu 0 < e <eg u ¢ € C\ Ry, [(| > 1, cnpasedausa oyenka

[Well 10y < () (Cloml/zH%HLg(O) +CHHD¢5HL2(O)> : (5.3)

Hocmosannwe Cig, C11 sasucam om d, m, ag, a1, |9llo., 197 L, om na-
pamempos pewémru I' u om obaacmu O.
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HokazaresbcrBo. B cuny (4.20), (5.1) u (5.2) umeem we|go = ¢.|oo. C
yaerom (4.21) byuknus w. — ¢, € H (O; C") ynoBaersopsger TOxeCTBY

(g°b(D)(We — ¢.),b(D)N) 1,(0) — C(We — D2, M) 1,(0)
= —(9°b(D) ., b(D)N) 1,0y + (Do M) 10(0), M € H(O;C™).

TMoncraBum n = wo—¢, B (5.4) 1 BO3bMEM MHUMYIO 9aCTh OT [10JIy YeHHOTO
pasencrsa. Torga ¢ yaerom (1.2) u (1.5) nmeem

Im ¢|we — @7, ) < Ci2[| Dol 1,0 l(g 2(D)(We — @) || 1,0
+ [Pl 220y | We — @cll Lo (0)

(5.4)

(5.5)
rje Cig = ][g]]ng(dal)l/Q. ITpu Re ¢ > 0 (a rorga Im ¢ # 0) orciona BeIBOAUM
HEPABEHCTBO

Iwe = ¢:117,(0) < 2C12¢(@) [ D | Ly (0) | (9°)/*b(D) (W = B2) | (0)

+ ()| B:N17,(0)-
(5.6)
Ecmu Re ¢ < 0, To BO3bMEM BEIeCTBEHHYIO 9aCTh HOJTyUYeHHOTO PABEHCTBA 1
HAXOIIM

Re([l|we = @ell7,0) < Ci2l Db Lo0) 1 (97)/*b(D) (we = &) ,(0)

+ [CH@ell o0y [[We = Dell Lo0)-
(5.7)
CxumageiBag (5.5) 1 (5.7), BBIBOIMM HEpaBeHCTBO, aHasorndHoe (5.6). B ntore
[pH BCEX PACCMATPHBAEMBIX 3HAYCHUSX ( [OJIydaeM

lwe = ¢.17,(0) < 4C12¢(2)I¢| ! D L0yl (%) ?6(D) (We = &)l 0)

+4¢(0)* 1917, 0)
(5.8)
Teneps u3 (5.4) upu n = w. — ¢, u (5.8) BBITEKAET, YTO
ap E[WE — ¢y We — B

9(2)?[¢ll19-117,0) + 9C12e()IDPe| 1, (0) 1 (9°)/0(D) (We = &2)| . (0)

OTcroa BLIBOIUM HEPABEHCTBO

ap e [We = ¢, We = @] <18¢(9)*[C[l|¢: 17, (0) + 81CT2e(#)*[D. |7, 0)
(5.9)
13 (5.9) ¢ yaerom (3.1) ciemyer, uro

ID(w: ~ @) l1a0) < () (Cuolc 2.l ooy + €D, [ a(oy ) - (5.10)
rie Cip = \/>CO ,Ci1 = 9cy 1/2 Ci2. Hamee, uz (5.8) u (5.9) BugHO, 9TO

||W€ - ¢5HL2(O) < C(SO) <@H¢E||L2(O) + @CIQ‘C‘_I/QHD(bEHLQ(O)) .
(5.11)
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C yuerom ycnosus |(| = 1 coornomenus (5.10), (5.11) Baekyr nuckomoe nepa-
BercTBo (5.3) ¢ mocrostaabiMu Cig = C19 + V22 + 1, C11 = C11 + V85C12 + 1.

[ ]

5.2. Onenka dyHKIIUU @,.

Jlemma 5.2. Ilycmov wucao €1 ydosaemsopaem ycaosuro 4.1. Hycmo ¢, —
pynrxyua (5.2). IIpu 0 < e <ep u € C\ Ry, [(| > 1, cnpasedausv oyenru

9l o0y < Crse(@)CI 72| F|l 1y (o), (5.12)

IDG. ]I 1(0) < () (Craldl /412 + Cuse ) Iy 0. (5.13)
IHocmosanmnwie Ci3, Ci4, Ci5 sasucam om d, m, ag, a1, ||9lle., 197 L., om
napamempos pewémsu I' u om obaacmu O.

JokazareabcTBo. CunraeMm, 9ro 0 < € < 1. Haunewm ¢ onenku Lo-HOPMBbI

dynxmuu (5.2). Wz (1.4), (1.19), (4.12) u (5.1) BeiTekaer onenka (5.12) ¢

nocrosianoii Ci3 = Mla}/ng)(Co +1).

Tenepb paccMOTPHUM IIPOU3BO/THBIE
0. =e(09;0:)A°Scb(D)ug + 0:(9;A)°S:b(D)ug
+e0:A°S:b(D)0jug, j=1,...,d.
CirenoBaresibHO,

D@17, 0) < 3e%[(VO)A°Sb(D)ao |7, gy +

d
+3[[0-(DA) S-b(D) o I3, ey + 36> > [0-A°S-b(D)0; 007, ey
j=1
(5.14)
O6o3Haunm ciaaraemblie B npasoit vactu (5.14) wepes Ji(g), Jo(e), Js(g) co-
OTBETCTBEHHO.
B cuay (5.1) u nemmbr 3.4 umeem:

Ji(e) < 3k? /(a ) |A®S-b(D)ig|? dx

< 32 e QTHIANZ ) 16(D)Toll 11 ey [16(D) o | -
C yuerom (1.4), (1.11), (4.12) u (4.13) 970 UPUBOAUT K OLEHKE
Ji(e) < mele)’II7 %l FIIZ o). (5.15)

rue y; = 3&25*]\412@16'((92)508) (Co+1). Anasornvno oneHnBaeM BTOPOH djieH
B (5.14):

Jo(e) < 3/ |(DA)°S.b(D)p|? dx
(00)-

< 3B.€[Q T DAL, o) 16(D)To | 1 (g [b(D) o | ., ety
Ncnonssysa (1.4), (1.10), (4.12) n (4.13), orcioga BEIBOANM, YTO
Ta(e) < yac(e)?1CI 72| FIIZ o). (5.16)
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rue g = 36*M220410((92)EC((91)(CO + 1). Tpernii unen B (5.14) ouennsaercs c
nomorpio (1.4), (1.19), (4.13) u (5.1):

J3(e) < 3c(9)*e? P70 (5.17)

rje y3 = 3M12a1(0((92)5)2. Teneps u3 (5.14)—(5.17) Beirekaer (5.13) ¢ nocro-
stampivu Crg = (71 4 72) Y2, Ci5 = 73{/2. .

5.3. 3asepuienue nokaszaresbcrsa Teopembr 4.3. U3 jiemm 5.1 u 5.2
CIIeyeT HEPABEHCTBO

Iwelln o) < e@)? (Ciol¢I ™42 4 Cuze) [Fll o), 0< e <en,

rae Ci16 = C11C14, C17 = C10C13 + C11C15. Bmecre ¢ (4.31), (4.32) 310 BREUET
uckoMyo onenky (4.8) ¢ nocrosuubivu Cy = v/2C16, C3 = Cs + Cs + v/2C17.
Ocraercst mposeputs (4.10). U3 (4.8) ¢ yuerom (1.2) u (1.5) crexyer, aTo

[P — g°b(D) Vel L,(0)

_ (5.18)
< gl (don) 2 (Cocl@)2ICI 422 + Cacli)e) [F oo
Nmeem:
g°b(D)ve = g°b(D)ug + g°(b(D)A)*S:b(D)ug
d
5.19
+e)_ g bA°S.b(D) Dyt (5.19)
=1
Tpernit wuen B (5.19) onernnm ¢ nomompbio (1.4), (1.5) u (1.19):
d
e>  g"hiA"Sb(D) Dyt < C'elo]| g2 may, (5.20)
=1 L2(0)
rie C' = ||g||p.c1d"?M;. Bamernnm, uro B camy npemioxenns 1.4 u (1.4)
BBIIIOJIHEHO
lg™(I = S)b(D)to| 1, (0) < C"ellBoll pr2(ray, (5.21)

rae C” = ||g||Loor1a}/2. Nz (5.19)-(5.21) c yaerom (1.9) u (4.13) BBITEKAET,
aT0

lg°b(D)ve — g=Sb(D)uo|| 1,0y < Cisc(@)el|F 1,0 (5.22)

e Cig = (€' +C")CYe

Teneps nepasenctsa (5.18) u (5.22) Baekyr onerky (4.10) ¢ nocrostHHbIME
Co = |lgll 1o (da1)'/?Ca, C3 = [|gl[ 1. (d1)/2C5 + Cis. @
5.4. Jloka3zaTeabCTBO TeopeMbl 4.2.

JIemma 5.3. ITycmos w. — pewenue sadawy (4.20). ITyemsv wucao €1 noduwu-
neno yeaosuro 4.1. Toeda npu 0 < e <e1 u( € C\Ry, || > 1, cnpasedausa
OUEHKG

Iwellzao) < e(@)® (Cuol¢I ™% + Ca0?) [Fllpy0) (5.23)
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IHocmosannvie Cig u Cop sasucam om d, m, ag, o1, ||glloe, 197 L., om
napamempos pewémxu I' u om obaacmu O.

Hoxkazaresncrso. Cunrtaem, uto 0 < ¢ < €. Pacemorpum Toxk nectso (5.4)
W B KauecTse pobHoit byHKImn 1 BosbMeM 1), = (Ap — (I) 1P, rae ® €
Ly (O;C™). Torma sesas gactb B (5.4) mpeobpasyercst K By

(ggb(D)<W€ - d)s)? b(D)ne)LQ(O) - C(WE - &, ns)Lz(O) = (WE — &, (I)>L2(O)'

CrenoBaresbHO,

(WE - ¢67 Q)LQ(O) - _(gab(D)d)av b(D)nE)LQ(O) + C(¢57 ne)LQ(O)' (524)

s annpokcumarun HyHKONT 1), B Hj((’); C™) npuMeHnM y¥Ke JOKA3aHHYTO
teopemy 4.3. Honoxum ny = (A% — (I1)~1®@, 5y = Pony. pubmmkenuem
dyukmmu 1, cayxut bysxipsa 1y+cA°S:b(D)n,. llepenumen (5.24) B Buje

(We = b2, @) 1,0) = — (970(D) 9., (D) (M. — 19 — eA°S6(D)1g)) 1,00

- (gab(D)d)a b(D)nO)LQ(O) - (gab(D)¢e7 b(D)(‘sASSEb(D)?IO))LQ(O)

+ C(¢57 ns)Lz((’))'

(5.25)

Ob6o3HaumM 1OCEI0BATE/IbHBIE CaaraeMble B 1paBoil wactu (5.25) uepes
Zi(e), j =1,2,3,4.

ITpome Bcero onenurs yerseprolil wieH B (5.25), ucnonb3ys jgemmy 3.1 u

(5.12):

Za(@)| < Sl Dl o0 Ml a0y < 6130(@2{\1/2€HFHL2(O)H‘I’HLg(c(oy |
5.26
Ouennm miepesiii wien B (5.25). C yuerom (1.2) n (1.5) nmeewm:

Z1(e)] < ll9llzoe dar[D el Ly (0) D (M — 19 — eA°SD(D)N0) || £2(0)-

IMpumensig Teopemy 4.3 u (5.13), mpuxogum K OreHKe
()| < llgllzedencl) (Cualc ™12 + Case)
x (Cacl@)ICI 7162 + Caclp)*e) F (o) 1@ a0
CrenoBaresbHO,
T < el@)® (11¢I7% +528%) [Fllyo) |1 @lrao)s (5:27)

e = 9]l Lo da1 (CoCra + CoCi5 + C3C1a), T2 =
9] Lo dev1 (C3C1a 4 C3C15 + CoCrs).

Yro6b! oneEnTh BTOPOit uieH B (5.25), BcoMunM, 910 GYHKIUA ¢, cocpe-
JIOTOYEHA B £-OKPECTHOCTHU Tpanutibl, 1 npumenum jgemmy 3.3(1°). C yuerom
(1.2) u (1.5) nmeem:

1/2
IZ5(€)| < llgll £ (dr)?[ D, L, (0) (/B |b(D)"70|2dx>

< lgll oo (dar) 2 [Dep. |, 0) 82 (D)o | 17 0 16D M0 I -
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Bumecre ¢ iemmoit 3.2 u (5.13) 310 Brever
Z2(6)] < llgllzedencl) (Cuale] /112 + Case)
x B2 (@e(0)) /2 (Cocl@) 1T 2) 2 | 1y o) | Bl ag0)-

CrenoBaTe/ibHO,
o) < c9)? (51172 + 54?) FlLyo) 1@l o)y (5:28)

rie 93 = ||g|| Lo don (BECo) 2 (Cra + C15), F1 = ||g|| Lo des (BECo)Y2Cy5.
Ocrasiock orenuts Tperuii wien B (5.25). C yuerom (1.2) nmeem:

Ty(e) = 3V (e) + T (e), (5.29)

73V (e) = — (¢°b(D) ., (b(D)A)*S-b(D)iig) 1, o) - (5.30)
d

7 (e) = —(6°b(D) e, 2 > bAZS:b(D) Diilo) 1, - (5.31)
=1

Yinen (5.30) onennm ¢ omornpio (1.2), (1.5) u gemmsr 3.4:

1/2
r<b<D>A>€ssb<D>ﬁo\2dx)
00)c

7 ()] < (19l 1o (dar) 2D Ly o) ( /(
< 191l (de1) /2D Ly(o)

. 5 _ _ 1/2
x (Bl DDA, o 1E(D)iRol 171 ey 6D | ey ) -

(5.32)

Ananormuno (4.12), (4.13) umeem:
1730ll 111 ey < C5(Co+ De(@) IS @] 1y 04 (5.33)
170l 2ty < C5Ec(@) 1@ 1y (0)- (5.34)

N3 (5.32)—(5.34) ¢ yuerom (1.10) u (5.13) BbITEKaer OleHKA
2] < llglzda?* Mac(p) (Cual¢| /412 4 Cuse)

x B2 (0D ee(0)2(CS) (Co + 1)el@) |2 Y2 F Lo (o) | @l (o)

CrenoBarebHO,

@) < e)? (361172 + 565 [Flaio) @l a0y (5:35)
e 55 = |lglndol*Ma(B.C5ECH (Co + 1)V (Cu + Cis), 6 =

Hg”Loodo‘i/QMZ(ﬁ*Cg)EC((Dl)(Co +1))12Cy5.
Hakoner, unen (5.31) onenmBaerca ¢ momompio (1.2), (1.4), (1.5) u (1.19):

2 3/2 ~
1752 (e)] < ellgllzo dat> My D 1y 0y 70| 12 (e -



34

Orcropa ¢ yuerom (5.13) u (5.34) noayuaem
T )] < e(0)? (3716722 + 552 [Fllyo) |1 @ly0),  (5:36)

e 37 = 9]z ey *MiC§'eCu, s = g1 day *Mi CEe(Cua + Ci).
B wurore coornomenust (5.25)—(5.29), (5.35) u (5.36) BiekyT OnEHKY

[(We = 6o, ®) 109 < () (516172 +7322) 1P (0| @ 1 0)

npn a0bom B € Lo(O; C"), tae 7 = Cis+y1+93+¥5+57, 7 = Yo +514+F6+7s.
CrenoBarebHO,

Iwe = . llzao) < el9)® (F1¢I72% +7¢2) [P 1,0, (5.37)
Teneps nckomast onerka (5.23) upsivo seirekaer u3 (5.37) u (5.12); npu srom
Clo=7+C13,C0=7. @

3aBepinenue goka3areabcTBa Teopemsbl 4.2. B cuiy (4.34) u (5.23) upu
0 < € < €1 cIpaBe/IMBa OIEHKA

[us — ol 1,0y < (Co + Co)ele)*|¢| 72l F | (0
+ () (Cagl¢ ™2 + Cooe?) IF 0.

Orcioma npsiMo BeITeKaer nckomasi oneska (4.1) ¢ mocrosmuoit C; =
maX{CG + Cy +Clg;620}. °

§6. PESVJIBTATHL JIJIA 3AJAYUUN JINPUXJIIE: CAYUAN A € Lo,
CHEIUAJBHBIE CJTYYAU

6.1. Coryuait A € L. Kax u g sagaan 8 R? (em. m. 2.3), npu gomomsn-
TEJTHFHOM YCAOBAM 2.8 MOXKHO YCTPAHUTDH CIJIaKWBAIOMWI OepaTop B KOp-
pekTope, T. €. BMECTO KOppekTopa (4.4) MOXKHO UCTIOIB30BATEL H0J1€€ TPOCTO
oneparop

K (e:€) = [ATo(D) (A — 1), (6.1)
Wcnonwaysa npemsioxkenne 2.9, HETPYJAHO yOeIUTbCH, YTO IPHU YCJIOBUHU 2.8
omepatop (6.1) mempepriBHO oTOGpazkaer Lo(O;C") B H'(O;C"). Bumecto
(4.7) ceituac mcnosb3yeM Ipyroe NpuOINKEHNe K PEIIeHuto U, 3a1a4du (3.3):

Ve = (AY = CI)TIF 4 e K (e; OF = ug + eA°b(D)uy. (6.2)

Teopema 6.1. Ilycmsv swvinoanenv ycaosusa meopemvt 4.2 u ycaosue 2.8.
ITyemov gynryua ve onpedenena 6 (6.2). Toeda npu 0 < e < €1 cnpasedausa
OUEHKA

[ue = Vel g1(0) < <C2C(80)2|C|_1/451/2 + C§C(90)45) 1F (|, 0)- (6.3)
B onepamoprvix mepmunaz,
[(Ap,e = ¢~ = (AD = )™ = e KD (50 Ly (0) a1 (0)
< Coclp)?¢[ 71 + CSe(p) e
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Jlas nomoxa pe := ¢g°b(D)u. npu 0 < € < €1 cnpasediusa annpoKCuUMaUUL
Ipe = F0D)o |0y < (Cocl@)?IC] V12 4 Cie(o) ') [Py (64)

Iocmosnnvie Co, Co — me oice, wmo u 6 meopeme 4.3. ITocmoannwe C3, C3

1 ..
sasucam om d, m, ag, a1, |9z, 197 e, om napamempos pewémxu T,
om obaacmu O u om nopmwe | Al L. -

HokazaresbcrBo. Yrober BeiBectu (6.3) uz (4.8), pocrarodHo oneHUTH
H(O;C")-nopmy dynkuuu ve — Ve = € (A*(S. — 1)b(D)Uy) |o. Haunem ¢
oreHkn Lo-#opMbl. C yuerom yemosus 2.8 u omenok (1.4), (1.18) mveem:

[Ve=Velly0) < ellA][Lo [[(Se=T)b(D)uo|| 1, ray < QHAIILOOQ}/Q&HﬁoHHIW)-
(6.5)

Temeps paccMOTPUM TTPOUIBOIHBIC
9j(ve = V) = ((0;A)°(Se — I)b(D)ug) [0 + & (A (Sz — I)b(D)0d;u0) o,
Jj=1,...,d. CinenoBareybHO,

ID(ve = ¥e)l7,0) < 21(DA)(Se = DbD) Uo7, (ga)

S s (6.6)
+26% Y " [|A(Se — Db(D)djuoI7, -
j=1
C yuerom npejioxKenust 2.9 aTo Biaeder
ID(ve = %)%, 0) < 2811 (S — DBD)Tl12, gy
(6.7)

d
+ 28 AlIE (B2 + 1) Y II(S: — DB(D)dto0]|7, -
j=1

s oTIeHK! MepBOTO WjIeHa CpaBa MpUMeHNM Tpeftoxenne 1.4, a BTopoit
“IeH OIeHuM ¢ TToMoInbio (1.18). Yunreisast Takxke (1.4), mpuxoanm K Hepa-
BEHCTBY

ID(Ve = Ve)llLy(0) < Carel|o]l 2 (ra), (6.8)
rae Cop = 04}/2(2517’%—%8(52-1—1)HAH%OO)I/z. B urore n3 (6.5) n (6.8) momyuaem
Ve = Vel oy < C"elltol 2 (ay, (6.9)

rae C" = 0&/2(251?”%—!-(8524-12)HA||%OO)1/2. Teneps n3 (4.8) u (6.9) ¢ ygerom

(4.13) BbITekaeT uckomas orenka (6.3) ¢ nocrostumoit C; = C3 + c"'cg)a
Ocraercs nposeputs (6.4). 13 (6.3) ¢ yaerom (1.2) u (1.5) crenyer, aT0

[P — g°0(D) Vel 1,0

_ . (6.10)
< lgllzoc (d0a) 2 (Coc(0)?1C1 42 + (o) ) 1P oo
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upu 0 < € < €1. Umeem:
9°b(D)Ve = g°b(D)ug + g°(b(D)A)*b(D)ug

d
6.11
+e Z gsblAeb(D)Dluo. ( )
=1
Tperuit wien B (6.11) onerum ¢ nomommpio (1.2) u (1.5):
d ~
e Z gEbZAEb(D)DluO < C/é“Hu()HHZ(O), (6.12)
=1 L2 (0)

rae C' = |9l cad||All L., - U3 (6.11), (6.12) ¢ yaerom (1.9) BBITEKAET, UTO
lg°b(D)¥e = G7B(D) o]l L, (0) < C'ellwol| (o). (6.13)

Teneps mepasenctsa (6.10) u (6.13) ¢ ygerom (3.11) BrekyT onenky (6.4) c
nocrosmmoit C§ = ||g|| .., (dai)/2C5 + C'C. o

6.2. Caywuaii HyJieBoro KoppekTopa. Cieyioliee yrBepxK IeHNe BhITEKA-
et u3 Teopembl 4.3, nperoxkenns 1.2 u ypasaenus (1.7). (Cp. npemnoxenune
2.7)

Ipennoxenne 6.2. ITycmv svinoanens ycaosus meopemvr 4.3. Ecau ¢° =
g, m. e. sonoanenv, coommnowerus (1.13), mo A =0 u v. = ug. Toeda npu
0 < € < €1 cnpasedausa ouerKa

[ue — ol 10y < (C2C(<P)2’C’71/4€1/2 + Csc(¢)4€) 1F 2.(0)-

6.3. Cayuait ¢ = g. Kax yxe ormeuanocs (cm. 1. 2.3), npu ycaoBuu
¢° = g marpuma (1.9) nocrosmra; §(x) = ¢ = g. Kpome Toro, B 9T0M Crywae
BBIIIOJIHEHO yeaosue 2.8 (cM. IpeJTOKeHne 2.12). IIpumensasa yTBepxKaeHme
TeopeMbl 6.1 OTHOCHTENTHHO TOTOKOB, TIPUXOIMM K CJEAYIOMEMY Pe3yIbTaTy.
Ipennoxenne 6.3. [lycmo svinoanens ycaosus meopemt 4.3. Ecau g =
g, m. e. cnpasedaucv, npedcmasaenus (1.14), mo npu 0 < ¢ < g1 cnpased-
AUBG OUEHKA

Ipe — °6(D)oll o) < (Cac(9)*ICI 412 + Ce) ') [P oo

§7. ANMPOKCUMAIIUA PEIIEHWUI 3AJIAUU JTUPUXJIE
B CTPOT'O BHYTPEHHEW MOJOBJACTU

7.1. O6muii cay4aii. Ucnosn3ysa Teopemy 4.2 u pe3yibTaThl IJid 33,190
yepenmennst 8 RY, werpyano ymyumurs H-0MeHKN MOTPEITHOCTH B CTPOTO
sayTpenneit mogobmactu O obractu O.

Teopema 7.1. ITycmv swnoanenv ycaosus meopemv, 4.3. Iyecmo O —
cmpozo enympennas nodobaacmov obaacmu O. Beedem obosnauwenue 6 =
dist {O'; 00}, Tozda npu 0 < € < €1 cnpasedausa ouenra

lue = Velli(or) < (€201 + Co)e(9) e[ F| 150, (7.1)
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UAU, 6 ONEPATMOPHOIT MEPMUHAL,
I(Ap.e — ¢I)™" = (AD = )7 = eKp(&; )l po0)—m1(0)
< (Copd ™+ Cho)e() .
Jas nomoxka pe = g°b(D)ue npu 0 < € < €1 cnpagediusa annpokcuUMayus
Ipe — §°Sb(D)To|l Ly (07) < (Ch20 ™" + C) () e[| F | y(0)- (7.2)

/ "o ol 1 -1
Hocmosmnwe Chy, Clly, Chy u Cly sasucam om d, m, ag, a1, |9llLe, |97 | L s
om napamempos pewemuu I' u om obaacmu O.

HoxkazareabcrBo. Pukcupyem rmajgkyio cpesky x(x) co ciaemyrormmmun
cBoOiicTBAMU:

X €C3°(0), 0<x(x)< L -3
x(x)=1mpux € O; |Vx(x)| <r'6L (7.3)

IMocrosnnas k' 3aBucur rosbko ot obaactu O. Ilycrs u. — pelienue 3aja4u
(3.3) m u. — pemenne ypasuenus (4.16). Torna (A — ()(ue —u.) = 0 B
obmactu O. CrenoBaTe/IbHO, BBITOIHEHO TOXKICCTBO

(9°b(D)(ue — u.), b(D)n)Lg(O) —((u: - ﬁsan)Lg(O) =0, Vpe H(}(CL c").

Honcrasmm i = x2(u. — 0.) B (7.4) m obozHATIM
2A(e) := (9°b(D) (x(u: — u.)), b(D)(x(ve = 0e))) Ly(0)- (7.5)
HerpynHo mpeobpazoBaTh MOIYIEHHOE TOXKICCTBO K BHULY
Ae) = Clx(ue = 8)17,0) = —(g°0(D) (x (v = W), 22) 1, (0)
+ (gEZEv b(D)(X(ua - ﬁa)))LQ(O) + (gszE7 Z&)L2(0)7

rlle BBEICHO 00O3HaUYeHHE

(7.6)

d

ze = »_ by(Dyx)(ue — ). (7.7)
=1

2 gl1 2 lze N ooy +

IlpaBast wacte B (7.6) omenmBaercss wuepes 22U(e)™/<| gl

9l L ||Ze 2 . Bozbmem munmyto gacts B (7.6). Torma
oo L2(0)
~ 1/2
[T || x (ue—1e) 17,0y < 291(6)1/2”9!&/00|!Ze\|L2(0)+||9\|LooHzalli(oy (7.8)
Ecmu Re¢ > 0 (a rorma Im ¢ # 0), orcrona morydaem
~ _ 1/2
(=) 3, ) < e@)ICI ™ (220) 212 N2l o) + NollzecllzelE o)

(7.9)
Ecmm Re ( < 0, 1o Bo3bmenm BemecTsennyto dacts B (7.6). Torga

[Re ¢lIx(ue — 813, 0y < 220() 2llgl/2 12l ooy + 9l Laollze 3, 0
(7.10)
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Cknagpisasg (7.8) u (7.10), BeiBoauM HepasencTBo, anagorudnoe (7.9). B uro-
re 1IPU BCEX PACCMATPUBAEMbIX 3HAYCHUSX ( 10JydaeM
Ix(ue — ﬁe)Hiz(O)
_ 1/2
< 20(@)CI (22029112 2l a0 + e 21 o)
Teneps u3 (7.6) u (7.11) BbIBOAMM OLIEHKY
A(e) < 260l 1712, 0 (7.12)
B cuny (1.5) u (7.3) cnpasegiusa onenka dyrakunu (7.7)
122|200 < (dan)?/'67 [ue = el 0). (7.13)
U3 (7.5), (7.12) u (7.13) ¢ yuerom (3.1) nouyuaem:
ID(x(ue —8:))y0) < Caze(0)d ™ [ue — el 0), (7.14)

rae Cogz = cal/2||g||}:/j (42dor )V %K.

B cuny (4.1) u (4.17) BBIDOSIHEHA OIlEHKA
lue = el Ly(0) < Coac()’(I¢]7 e + )|l Ly(0), 0<e<er, (7.15)
rae Coy = C1Cy + Cq. U3 (7.14) u (7.15) BBITEKAET, 4TO
ID(x(we = 8:)) | L(0) < CoaCasd ™" e() (1|72 + %) |F | Ly0), 0 <& <.
CrenoBare/bHO,

lue = Bel[ (0 < Caa(Casd ™" + 1)e(0)*(I¢] 7% + %) || y(0), 0 <& <er.
(7.16)

(7.11)

B cuny (4.6), (4.18) u (4.19) umeem
18 = Vel 10y < (C2 + C3)Cac(9)’e||F | 1,0)- (7.17)

B wrore n3 (7.16) u (7.17) BBITeKaeT mckoMast oreHka (7.1) ¢ HOCTOSHHBIMA
Chy = 2C23C24, C35 = 2C24 + (C + C3)Ca.
IIpoBepum Hepasencrso (7.2). 13 (7.1) ¢ yuerom (1.2) u (1.5) moxyaaem:

Ipe = g°0(D)Vell Ly(01) < llgllza (dan) /2 (Chad ™" + Cho)e() el a0
Otrcioma u m3 (5.22) cmemyer omenka (7.2) ¢ HOCTOSHHBIMI @2 =
91| 2. (de)'2Chy, €y = [lgl| e (der)'/?CEy + Cis. @

7.2. Cayuait A € L.,. AHAJIOTUYHBEIM 00Pa30M B CJaydae, KOTAA BBIITOJTHEHO
o 3
ycaoBre 2.8, TIoydaeM CJIeIyIONui pe3yabTarT.

Teopema 7.2. ITycmv swunoanenv ycaosus meopemv, 6.1. ITyemv O —

ecmpozo enympenuas nodobaacmy obaacmu O u § := dist {O'; 00}. Tozda
npu 0 < & < &1 cnpasedausa oueHka
lue = Vel g0 < (Ca20™" + Caa)el9) || F |l 1, 0); (7.18)

UAU, 68 ONEPAMOPHBLT MEPMUNHAT,

I(Ap,e—CI) " =(AD—CI) T =KD (6; O 1y0)—1(0r) < (Chad ™ +Chy) () .
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Jlas nomoxka pe = ¢g°b(D)ue npu 0 < € < €1 cnpagediusa annpokcuMayus
Ip= — §°b(D)uo|| 0y < (C3207" + Caa)e(9) €| F |l 1, 0)- (7.19)

IHocmosmnwie Chy, Chy — me oice, wmo u 6 meopeme 7.1. ITocmoannwvie Chy u
CY, sasucam om d, m, ag, a1, |9/, 1|97 | Lo, 0m napamempos pewémmu
I, om obaacmu O u om nopmw | Al -
Hoxkazareancrso. 13 (7.1), (6.9) u (4.13) caenyer onenka (7.18) ¢ mocro-
L3 2)~
stHOit Chy = Chy + C’”C((g)c.
U3 (7.18) BBITEKaeT, 9TO

1P = 9°b(D)¥ell o 01y < N9l e (dn) /2 (Cop8 ™" + C) () el|F | Ly (0)
npu 0 < € < 1. Orcroga u u3 (6.13), (3.11) Borrekaer (7.19) ¢ mocTosHHO?
C = ll9ll1. (dar)'/2Cy + C'e. o

§8. JIPYTASl ATIITPOKCHUMAIINST PE3OTBBEHTHI (Ap . — (I)~!

8.1. Annpokcumanus pesonbseHTs (Ap . — ()™ mpu ¢ € C\ [c,, 00).
Teopewmsr 4.2, 4.3 u 6.1 garoT AByIapaMeTpuyuecKre OMeHKU OTHOCHTEIBHO &
u |(], pasaomepusie B obmactu {¢ € C: || > 1, ¢ € [po, 2T — ¢o]} co ckomb
YTOHO MAaJIBIM g > 0.

st IOSTHOTHT M3M0KEHUS TPUBEJIEM €ITIe OTNH PE3YIbTAT 00 armPOKCUMa-
nnn pesosbBentol (Ap . — ()71, cipaesymBbiit B 6ostee mMUpPoOKoit 06IACTH
usmenenust napamverpa (. [Ipu orpannyennpix 3aauenusx ||, a Takxke B TOU-
Kax ( ¢ MaJIBIM Q WU 27— 9TOT PE3YIBTAT MOKET OBITH MPEAIOUTATEIBHEE.

Teopema 8.1. ITycmo ¢ € C\ [y, 00), 2de ¢ > 0 — obwasn Hudichan 2pamd
onepamopos Ap . u .A%. Honootcum (—cy = \C—c*]ew U 66edem 0603HANENRUE

_ Je@PlC =l I —ad <1
p*(C) - {C(w)Q; ’C_ C*’ 2 1.

ITyemov ue — pewenue sadavwu (3.3), ug — pewenue sadavu (3.10), ve —
dynwyua (4.7). ITycmo wucao €1 ydosaemesopaem ycaosuto 4.1. Tozda npu
0 < € < €1 cnpasedausvl OUEHKU

. = o 1 0) < Cospe (QIF a0, (8.2)
£y 0. (8.3)

(8.1)

[ue = vell g0y < Ca6p«(C)
B onepamoprvir mepmuna,

1(Ape = ¢ = (AD — )Ml Ly (0) > La0) < Casps(Q)e, (8.4)
[(Ape—CI) ™ = (A —CT) T —eKp(e; Ol py(0) 1 (0) < Ca6px(()e'/?. (8.5)

Jas nomoxa p: = ¢g°b(D)ue cnpasedausa annpoxcumayus
[P — §FS=b(D)o|| 1, (0) < Corpx (O 2| F| 1y, 0<e<er.  (8.6)

—1
Hocmosannwe Cosz, Cog, Coy 3asucam om d, m, ag, a1, 9], 197 |2, om
napamempos pewémxu I' u om obaacmu O.
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Bameuanue 8.2. 1) Besnunna c(1)2|¢—ci| 72 u3 (8.1) ecrb nu uro unoe, Kax
BeJIMYMHA, 00PATHASI K KBAJPATy PACCTOAHUA OT TOYKU ( 110 [Cx,00). 2) B
KaueCTBEe ¢, MOYKHO BBIODATH ¢, = Cg, Tle co ompeneneno B (3.2). 3) Ilycrs
v > 0 — CKOJb YrOJHO Majoe 4nucyo. Ecam canTtarh € J0CTATOTHO MAaJIbIM,
TO B KaYeCTBE C, MOXKHO TMpHHATL cx = A(D) — v, rae AY(D) — mepsoe
cODCTBEHHOE 3HAUEHWE OMEPaTOPa AOD. 4) Jlerko yka3aTh BEPXHIOK OLEHKY
quca cx: w3 (3.1) Buamo, uto cx < c1ud(D), rae uf(D) — mepsoe cobeTen-
HOe 3HadeHne oneparopa —A c ycaosueM lupuxite. [lostomy ¢, orpamutieno
BEJIMIUHOMN, 3aBUCHINEH JIUIIb OT 1, ||¢|/r,, u or obmactu O.

Hoxkazareabcrso. [Ipuvenum teopemy 4.2 npu ( = —1. B cuny (4.2)
[(Ape+ 1)~ = (AD + D)7 Iy 0)=100) < Ci(e +€%) < 2Cie, 0 <e < ey

Ucnionzys anasor toxaecrsa (2.10) (c zamenoit A, na Ap . n A° na AY),
nostydaeM, 910 1pu 0 < £ < €] BBIIOJHEHO

1(Ape—¢D) ™ (A D) a0y o) < 2618 sup(a+12a—¢ 2 (8.7)

TZ>Cx

Bruraucnenue IIOKa3bIBA€T, 9TO

Sl>lp(.%' + 1)2"7; - C’_2 < ép*(C)7 C S (C\ [C*,OO), (88)
T>Cx
e ¢ = (cx + 2)%. B cury 3amedanws 8.2(4), ¢ orpaHWYeHo BEJIWIHHOIN,

3aBucsmed auimb or a1, ||g||r., n or obmactu O. Temeps u3 (8.7) u (8.8)
BhITEKaeT orenka (8.4) ¢ nocroguuoii Co5 = 2C1¢C.

IMpumenum remeps Teopemy 4.3 npu ( = —1. B cuny (4.9) npu 0 < € < &1
BLIIIOJIHCHA OIICHKA

[(Ape+ 1)~ = (Ap + 1) —eKp(e; —1) | 1o0)— 1 (0) (8.9)
< 6261/2 + C3e < (CQ + 63)61/2. ‘

Samernm, 9To u3 jiemmbl 5.2 ¢ ( = —1 caeayer, 4To
6K p(e; —1)|| L0y mi(0) < (C13 +Cia + Ci5)et?, 0<e<er. (8.10)
U3 (8.9) u (8.10) BBITEKAET HEPABEHCTBO
[(Ape + 1) = (AL + )7 — (1 = 0)K (e —1) | 1y (0)— 1 (0) < Cose™/?
(8.11)

mpu 0 < ¢ < €1, Cog = Co + C3 + C13 + C14 + C15. Ucnonwssyem amasior
TOXKTecTBa (2.34):

(Ape —¢I)™H = (AD — ()™ —e(1 = ) Kp(5;¢)
= (-AD,E + I)(AD,a - CI)_l
x (Ape+ 1)t = (A + 1) —e(1 - 0:)Kp(s; 1))

< (AL +I)(AD — ¢t +e(C+1)(Ape — CI) 711 = 0:)Kp(; Q).
(8.12)
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IockobKy 06pas oneparopor B (8.12) copepmurca B Hi(O;C"), moxHO

1/2
JIOMHOXKUTH C1eBa Ha A D/ .. Torma ¢ yaerom (8.8) mosywaem

1452 ((Ape =D = (A = CD)7H = (1 = 0)Kp(E:0)) 121y
<ep(OIAR? (Ape+ D)7 = (Ap + 1) 7' = (1 = 0)Kp(s; =1) a1
+el¢+ 1 sup 2" — ¢I7H|(1 — ) KD (e )l 1a(0)— La(0)-
T ZCx
(8.13)
O6o3nauny craraemble B npasoit actu (8.13) wepes Li(e) u La(e). Onenka
nepBoro usieHa BeiTekaer u3 (8.11) u (3.1):

£1(€) Cl CCQgp*(C)€1/2, 0<e<er. (8.14)

Omneparop Kp(e;¢) woxuo mupeacrasute B Buae Kp(e;() =
Ro[A°]S:b(D)Po(AY)"V2(AYV2(AY — ¢I)7!, a mnoromy c yuerom
(1.4), (1.19), (4.3) u (5.1) nosyuaem

La(e) <el¢ + 1| ( sup zfa — a?) Miay*CONAD) 2| o) (0)-

T>Cx
(8.15)
U3 amasoros onenok (3.1) u (3.2) s oneparopa AY, cienyer nepasencTso
H(AOD)_UQHLQ(OHH%O) < (gt + e hHY2 (8.16)

Brruucaenue ITOKa3bIBALT, 9YTO

L Jlect De@)C — el [ —al <1
S e+ De@)?)C =™, [C—el =1

Bamernm, aro [+ 1| <2+ co mpu [ — il < 1, w0 [+ 1][¢ — e 7F < 2+ ¢
upu | —c*| > 1, a noromy

€+ 1] sup zfe — ¢ 72 < (ex +2) (e + Dpu(0). (8.17)

T>Cx

sup |z — (|
T>Cx

13 (8.15)—(8.17) caenmyer, uro
La(g) < Cagp«(C)e, (8.18)

rae Cog = (cx + 2)(cx + 1) My 041/208)(061 + e H2,

B wnrore nepasencrsa (8.13), (8.14) u (8.18) mpUBOIAT K OlEHKE

B2 (Ape = <D™ = (A = CI)7H = (1= 0) KD () 1a(0)12(0)

< (01/ ¢Cog + ng)p*(C)51/2, 0<e<e.
Orcroma ¢ yuerom (3.1), (3.2) BBITEKAET HEPABEHCTEO

I(Ap,e = ¢! = (AD = ¢I) ™ = e(1 = 02) Kp(&: Q) | 0y 11 (0)

(8.19)
< (et + e )2 (e} ?6Cog + Cag)pu ()2, 0 << ey
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Hakoner, B cuny (8.10) u (8.8) umeem
€0 Kp(&; Ol Ly0)—m1(0) < 1€0:KD (85 —1) || 1y0) =11 (0)

< |[(AD + D)(AD — 1) 1p(0) = 12(0) < (C13 + Cra + Ci5)e 2 p.(¢) /22
(8.20)
opu 0 < € < 1. B urore uz (8.19) u (8.20) cienyer mepasencTso (8.5) ¢
nocrosauuoil Cog = (Cal + 62_1)1/2(61/26 Cog + Ca9) + (C13 + C14 + 615)61/2.
Ocraercs nposeputs (8.6). 113 (8.3) ¢ yuerom (1.2), (1.5) BugHO, 9T0 1Ipn
0 < € < €1 BBIIIOJIHEHO

I — ¢°b(D) Vel 1,(0) < 9l (dar)*Coope(Q)e IR Ly0)-  (8:21)
Hamnee, anamornaso (5.19)-(5.21) moxyvaem
lg"b(D)ve — g7 Sb(D)to| 0y < (C"+ C")el[Toll 2 ey (8.22)
N3 (3.9) ¢ yuerom (8.8) BhITEKAET OlEHKA

(A — CI) M po (o) m2(0) < Esup zlz — 71 < @ 2p, (Y2

T>Cx
CrenoBaTesbHO,
ol 20y < @EY2pu(O) 2P|l Ly(0)- (8.23)
Orciona n u3 (4.3), (8.22) BbiTekaer, 4To
19°b(D)ve — §FS=b(D) ol 1,0y < Carps(e) e[| F | 150), (8.24)

rae Coy = (C’+C”)C((92)Eél/2. Bwmecrte ¢ (8.21) sro Bieder (8.6) ¢ mocTosHHOM
Cor = [|g]l oo (dev1)'/2Cas + Coz. @
8.2. Cayuait A € L.

Teopema 8.3. IIycmov swvinoamenvs ycaosus meopemvs 8.1 u ycaosue 2.8.
ITyemv ynryua ve onpedesena 6 (6.2). Toeda npu 0 < € < &1 cnpasedausa
OUEHKG

lue = Vel 0y < C6p()e|F | y0)- (8.25)
B onepamopruir mepmunaz,
I(Ape —¢I)™" = (A = (D) = eKD (5O L0yt (0) < Coope(C)e?,
Jlas nomoxka pe = g°b(D)ue cnpasedausa annpoxcumaysm
1P = §°b(D)wo|| 1,(0) < Corp(Q)e*|[FllLy0), 0<e<er  (8.26)

Hocmosnmwe Cgg, Co7 sasucam om d, m, ap, a1, |9llo., 19 Lo, om na-
pamempos pewémru ', om obaacmu O u om nopmw ||Al|L., -

Jloka3aTe/ibCTBO. AHANIOIUYHO PACCMOTPEHUSM U3 JJOKA3ATE/ILCTBA TEOPe-
mbl 6.1 (cm. (6.5)—(6.9)) Jierko npoBepuTh OLEHKY

IVe = Vel o) < C"el[bol 2 (ra)-
C yuerom (8.23) u (4.3) orcrona motyIaem

Ve = Vellmi(o) < C"CEEE2p(O) % | F | Ly 0)- (8.27)
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Teneps u3 (8.3) u (8.27) BhiTekaer uckomas ounenka (8.25) ¢ moCTOSHHOM
CS5 = Cag +C"CG /2,
Ocraercs nposeputs (8.26). 13 (8.25) ¢ yuerom (1.2), (1.5) BeTexkaer, 9To
I = ¢°b(D)¥e |l 1, (0) < 9l (d01) 2 C35p () ?IIF | L0y, 0 <€ <en.
(8.28)
Ananormuno (6.11)-(6.13) ybexgaemcst, 910

lg°b(D)¥Ve = 5°b(D)uo|l £, (0) < C'eluol|2(0)- (8.29)
B wurore coornomenns (8.23), (8.28) u (8.29) Biexyr (8.26) ¢ mocTosHHOIM
Cs7 = llgllz. (dar) /2055 + C'c!/2. o
8.3. CoernuajbHbIe CJyYan. AHAJOTUYHO TPEIIOXKeHuio 6.2 mosyuaem
CJIEJIYIOIIEE YTBEPK/IEHUE.
Ipennoxxenne 8.4. [Iycmo svinoanens ycaosus meopemvt 8.1. Ecau g° =

g, m. e. swnoanens, coommowerus (1.13), mo A =0 u v. = ug. Toeda npu
0 < e < €1 cnpasedausa ouenka

l[ue — ol 10 < Czﬁp*(ﬁ)€1/2HFHL2(0)'

Crenyroiiee yrBep2K/IeHNEe TI0JIYYIAETCH aHAJIOTUYIHO [PEJJIOKEHUIO 6.3.

Ipennoxenne 8.5. ITycmo svinoanenv ycaosus meopemv 8.1. Ecau ¢° =
g, m. e. cnpasedauen, npedcmasaenus (1.14), mo npu 0 < € < €1 cnpased-
AUBG OUEHKQ

Ip= = 6°b(D)uoll ,(0) < C57p:(C)eI|F |, 0)-

8.4. OmeHKH: B CTPOTO BHYTPEHHEl moa06acTu. AHAIOTHIHO TeopeMe
7.1 B crporo Buyrpenueii nogobaacru (O obmacru O MOxKHO noayunrs H -
OTIEHKY TTOTPEITHOCTHU TOPSIIKA £, UCIOIb3yd TeopeMy 8.1 u pe3yabrarhl Jist
sajaun B RY.

Teopema 8.6. Ilycmv swnoanenv ycaosus meopemv, 8.1. Ilyems O —
cmpozo enympennas nodobaacmo obaacmu O, u nyems 6 = dist {O';00}.
Tozda npu 0 < € < €1 €NPABEOAIUBE OUERKG

lue — Vs||H1((9’)
< (Caod ™ (e()pal€) + () 2pu(O)14) + Choc() 20 (/) £][F o0y

(8.30)
B onepamopruzr mepmurarz,

I(Ap.e — ¢~ = (AD = ¢! = eKp(&; Ol a0y mr (o)

< (oM (e)pal€) + () 2pu(OP) + Choc(1) 2. ()P4 ) e
s nomoxa p: = ¢g°b(D)ue npu 0 < € < €1 cnpagedausa annpoKcuUMaus
[Pe — g°S:b(D)uo|| L, 0

< (Chod ™ ()P (0) + ()2 (/%) + Choc() 2. ()/*) & F oo
(8.31)
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/ "o A 1 -1
Ilocmosnmnwe Cyy, Csy, Chy, C5y 3asucam om d, m, oo, a1, [|9]r., |07 |1
om napamempos peusemxu I' v om obaacmu O.

JokaszareabcTBo. OOMunii 1aH J10KA3aTe/IbCTBA, AHAJIOIMYEH JOKABATE b=
crBy Teopems! 7.1. Omaxo accormupoBanHyo 3asady B R? mpuxoqurcs Bbi-
6upars unaue. Ilycrs u. — pemrenue 3agauun (3.3), uyg — perrenue 3aga49u
(3.10), 1 Ty = Poug. Tockoniy || (A (1) Loy a0) < c()IC—exl ",
¢ yaerom (4.3) mosryvaem

~ 0 0 _
101,z < €6 Twollao) < €8 eI = el M Flly0)-  (8:32)
B cuy (4.3) u (8.23) cnpasejuinBa oreHka
[0l 172ty < €528 2p() I 1, 0)- (8.33)
TTotoxkmm R
F = A% — (¢ — co)Up. (8.34)
Ananornuno (4.15) n3 (8.32) u (8.33) BBIBOAUM HEPABEHCTBO
IF L, ey < C3104(O) 2 F 1y 0, (8.35)

rie C31 = 0108)561/2 + C((QO). 3aMermmM, ITO (f‘ —F)|o = ceup.
ITo ycaosusim reopenbl ( € C \ [y, 00). Torga Touka ¢ — ¢, € C\ [0, 00)
SABASETCA PeryrapHoit g oneparopa A.. Tlycts U, — pemenne ypapHeHAst
Ad. - ((—c)u. =F (8.36)

B R?. Torga dbyHKIHUA Ue — Ue YIAOBIETBOPSACT TOKICCTBY
(g°0(D)(us — U:),b(D)n) 1, 0) — (€ — c) (U= — Ue, M) 1,(0) (337
= C*(ue - ann)Lg(O)v vn € H(%(O7 Cn) .

ITycrs x(x) — cpeska, nogunuennast yciaosusiv (7.3). Tlomcrasum n =
2(ue —1.) B (8.37) u obozmaTIM

B(e) := (¢°6(D) (x(us — Uc)), b(D)(x(ue — Ue))) 1, (0)-
Awnayormano (7.6) HETPYIHO TPeoOPA30BATEH MOJYIECHHOE TOXK/IECTBO K BUTY
B() — (¢ — el — 8|, 0y = el — uo, (0 — 62)) y(0)
= (9°0(D)(x(ue — Ue)),7c) 15(0)
+ (¢°re, b(D)(x(u: — ﬁa)))LQ(O) + (¢°re, r€)L2(O)7

(8.38)
r/Ie BBEIEHO 0DO3HAUEHUE
d
ro =Y by(Dix)(ue — ). (8.39)
=1
Bosbmem muunmyro wacrs B (8.38). Torga
[ ¢[[[x(u: = Wo)17,0) < exllue = ollz,(0) Ix (e = Be)ll 25 00) (8.40)

1/2
+28() gl 2 el a0y + N9l ac 7l 0
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Ecmm Re( > ¢, (a rorma Im ¢ # 0), orciona BbIBOMM HEPABEHCTBO
[x(ue — ﬁE)H%Q(O) < c()?[¢ — e 72 Jue - uOH%Q(O)

+e(@)I¢ = el 7 (4BE) 21l el + 29l v 0 ) -
(8.41)

Ecnu Re ( < ¢4, TO BO3bMEM BeIECTBEHHYIO YacTh B (8.38) u mosryunwm
Re ¢ — culllx(u: = 617, 0y < exllue = wollz,0)lIx(ue = 8e)l|,00)

+28(2)" 29l 2 el ao) + 19l 2113 0)-
(8.42)
Ckmageiag (8.40) u (8.42), BoiBouM HepaBeHCTBO, aHasorudnoe (8.41). B
UTOTe IIPU BCEX PACCMATPUBAEMBIX 3HAYEHUSX ( ITOJIyIaeM

Ix(ue = 67,0y < 4e(@)?[¢ = eo| eZ]lue — o7, o)

- 1/2
Fe@IC el ™ (8B} 2 el ooy + Al el 3 ) -
(8.43)
Teneps u3 (8.38) u (8.43) BHIBOIUM HEPABEHCTBO

B(e) < 342c(¥)? g/l oo el 0y +18e2e(@) ¢ el e =07, ) (8.44)
B cuny (1.5) u (7.3) cupasemusa onenka dynkuun (8.39)
Ive ]l 20y < (dan)2K'67 [ue = Be 1, 0)- (8.45)
U3 (8.44), (8.45) ¢ yuerom (3.1) momyqaem
ID(x(u: — Ue))|| 1,0y < Ca2c(¥)6Hlue — Ul 140
i o (8.46)
+V18¢y Tewe(ih)|¢ — e T2 |lue — ol 1,0,

rie C§2 = 342061HgHLooda1(ﬁ’)2.

Hag [lue — wol|z,(0) BRmonneno (8.2). Yrobwr onenuts |[Ue — Uol| 1, rd)»
npuMeHnM Teopemy 2.2, yuanrbiBag (8.34) u (8.36). Ucmosbsys takxke (8.35),
HOJTy 9aeM:

16 — ol y0) < 18 — Toll £y (ray < Cre(®)?[C — cul ™% ||F| 1, (ra)

< C1C10(1)pu($) 1€ = ca| 72| Ly 0)-
(8.47)
B cuy (8.1), (8.2) u (8.47)

[ue — Uell,0) < (C%P*(C) + 010316(1#)3/20*(()3/4) ellF|lLy0)-  (8:48)
Teneps coorromenus (8.2), (8.46) 1 (8.48) npusoasr K onenke
D (x(ue —02)) | £, (0)
< <C§o5_1(0(7/))/?*(0 + ()2 pa(O)¥) + 0330(1/1)1/2P*(C)5/4) ellFl L, 0)
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rae Ch, = Csa max{Cas,C1C31}, C33 = \/ﬁcal/Qc*C%. Orciona n u3 (8.48)

BBITEKAET HEPABEHCTBO
ue — aEHHl(O’)

< (a0~ (e(@)pul) + () 2. ()P + Coaelw) 20O €| F o0,
(8.49)
rae C3q = C33 + Cos + C1C31.
B cuny crencreus 2.5 u (8.35)

1T — To — eATSb(D)To|| 11 (gay < c(19)*(Ca + C5l¢ — ] ™Y 2)el|F|l 1, ey

< C31(Ca + C3)c()*2p. () e || F |, 0)-
(8.50)
B urore coornomenus (8.49) u (8.50) Biexyr uckomyto onenky (8.30) ¢ mo-
CTOAHHOMN C:/;/o =Cs3y + 631(02 + Cg)
Ocraercs nposepurs (8.31). 13 (8.30) ¢ yuerom (1.2), (1.5) BeTekaer, 9to

Ip< = g°b(D)Ve| Ly0) < l19llza (dot)'?

% (€007 (e)pa(€) + e()2pe(O/) + Chre(w)2pe (/) €[ F 0.

Orcrioma w w3 (8.24) cuexyer omemka (8.31) ¢ mocrosmmeivm Chy =
91z (dar)/2Co, € = |9l Lo (dar)/2Cho + Caz. @

AnagoruuabiM 06pa30M B CJIyUae, KOTIa, BBIMTOJHEHO yCaoBHe 2.8, moy-
qaeM CJACAYIOIIUNA Pe3yJIbTar.

Teopema 8.7. ITycmv swnoanenv ycaosus meopemv, 8.3. Iyecmv O —
empozo enympennan nodobaacmsv obaacmu O, u nyems 6 := dist {O0’; 00}.
Tozda npu 0 < € < &1 cnpagedausa oueHka

ue — VE||H1(O/)
< (Cao0 ™ (e)pal€) + () 2pu()14) + Choe() 20 (/) €l F (0.
(8.51)
B onepamopnuiz mepmunar,
[(Ape = ¢~ = (AD = ¢~ = eKp (&5 Ol no0)— 11 (01
< (oM (e)pa(€) + () 2pu(Q)P) + Choe(t) 2. ()P4 ) e
Aas nomoxa p: = ¢g°b(D)ue npu 0 < € < €1 cnpagedausa annpoKcuUMaUus
[P — g°0(D)uo| .01

< (Chod ™ ()P (0) + ()2 (/%) + Choe() 2. ()*) < F oo
(8.52)
Iocmoarnmwie Cy, C~§0 — me orce, wmo 6 meopeme 8.6. ocmosnmnwie Cly, @,’0
sasucam om d, m, oo, a1, ||9llz—, |97 Lo, om napamempos pewémmu T,
om obaacmu O u om ||A|| L.
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Hoxka3zaresnbcrso. 13 (8.27) u (8.30) Boirekaer onenka (8.51) ¢ koHCTAHTO

Clyy = Clyy +C"C5e 2,
13 (8.51) BBITEKAET, UTO

Ip= — 9°b(D)Vel| (0 < 19l 1o (dair)

% (a0~ (e)pe(Q) + () 2pO)¥ ) + Cire(w)2p()P/*) 2|y 0):

Buecre ¢ (8.29) m (8.23) sro maewer (8.52) ¢ mocrosmmoii Clfy =
HQHLOO(dal)l/?(fé’o +Ceel/?. o

['naBA 3. 3A71A4A HEUMAHA

§9. 3AMAYA HEMMAHA B OTPAHUYEHHON OBJIACTH:
[IPE/IBAPUTEJIbHBIE PACCMOTPEHNSA

9.1. Kosprurusaocts. Kak u B rmase 2, cantaem, aro @ C R? — orpa-
AuvenHas obmacth Kaacca CLt. Ha cmvson b(€) omepatopa (1.2) Hakmaim-
BAETCST JIOMOHUTETHHOE YCIOBHE.

Yemosue 9.1, Ilpednosooicum, wmo Odaa mampuyvi-pynryuu b(€) =
221:1 bi& ewnoaneno

rankb(¢) =n, 0#¢ e CY (9.1)

Ormernm, uro ycnosue (9.1) amiserca Gosiee OrpAHUIUTENBHBIM, 9€M
yeaosue (1.3). Kak ycranosneno B kuure [Ne| (cm. reopemy 7.8 uz §3.7),
yciaosue 9.1 saBistercss HeoOTOOUMbBIM U JOCTNAMOYHBIM YCAOBUEM KOIPUU-
muerocmu GHOPMBbI Hb(D)uH%Q(O) ra xracce H1(O;C).

IIpengoxxenme 9.2. [Ne| YVeaosue 9.1 neobrodumo u docmamouno daa cy-
wecmeosanus nocmoannuxr ki > 0, ky > 0 maxuz, wmo ewnoaneno nepa-
sencmeo muna Iopdunza

Ib(D)ullZ, o) + kallullf, ) = k1lDullf, ), we H(O;CM).  (9.2)

Sameuanne 9.3. Ilocroguusie ki u ko 3aBucar or Marpuiist b(€) u o ob1a-
ctu O, HO B 00IIIEM CIydae UX TPYIHO KOHTPOJUPOBATH ABHO. OHAKO YaCTO
JIJTST KOHKPETHBIX OTIEPATOPOB WX MOXKHO HalTH. [loaToMy B JambHeHIIIeM MBI
OyIeM CCLLIATLCS Ha 3aBUCHUMOCTDL APYIUX MOCTOSHHBIX OT ki, ko.

Berogy mumxke yeaosue 9.1 npednosazaemca 6bnostenHviMm.

9.2. Oneparop An.. B mpocrpancrse Ly(O;C") paccmorpum ore-
paTop An., dopmaspHO 33JaHHBEIN U@ depeHnnaIbHBIM  BhIPAKEHIEM
b(D)*g*(x)b(D) upu ycaosuu Heitmana na 0. Crporoe oupenesenne: Ay .
€CTh CaMOCOTpsizKeHHBI onepatop B Lo(O; C™), mOpoK eHHBIIT KBapaTHY-
O popMOit

ane[u,uf = /(’) (¢°(x)b(D)u, b(D)u) dx, ue H(O;C"). (9.3)
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B cuny (1.2) u (1.5) BBIIOIHEHA OLEHKA CBEPXY
anelu,u] < dai|lgllz. [IDulz, ), we HY(O;C"). (9-4)

N3 (9.2) caeayer ouenka CHU3Y

anelu,a] > [lg7 |70 (’leDuH%Q(O) - k?2HuH%2(<9)) , ueH'(0;C").
(9.5)
N3 (9.3)—(9.5) Bugno, aro dopma (9.3) 3aMKHYTA U HEOTPHUIIATEIbHA.
Cuextp omeparopa Ay comepzxurcs 8 Ry. Touka ( € C\ Ry perymspra
JTst 3TOTO omeparopa. Hawa yeav B rase 3 — HANTH ANMTPOKCHMAIINIO TIPH
MasoM € obobmmennoro permenna u. € H'(O; C") zanaun Heiimana

b(D)"g*(x)b(D)uc(x) — Cue(x) = F(x), x€O; Jpufpo =0, (9.6)

rae F € Ly(O;C"). Torna u. = (Ane — ¢I)~'F. 3aech memob30Bamo 060-
3uavenue J;, Jjis COOTBETCTBYIONIEH ,, KOHOPMAIBHON 1TpoudBo/Hoit”. IlycTs
v(x) — exuHnaHBI BekTODP BHermHel Hopmasn Kk 00 B Touke x € 00. To-
raa dpopmaabHoe guddepeHInaIhbHOe BhIparkeHne JIIst KOHOPMAaILHON Tpo-
u3BOHON mMeer Bi: O u(x) := b(r(x))*¢°(x)b(V)u(x).
Anajorom jleMMbl 3.1 ABJSETCS CAEAYVIONIee YTBEPK IEHIE.

JIemma 9.4. Tycmo ¢ € C\Ry, || > 1. ITycmv u. — obobusenmoe pewsenue
3adavu (9.6). Toeda npu € > 0 cnpasedausol ouenKy

el 50y < (@) IS HIF py0)s (9.7)
DU 1,0) < o)< 2| 1y (0)- (9.8)

B onepamoprviz mepmuna,
1(Ane — D)l pa0)— a0y < cl@)[¢] (9.9)

ID(An.e — CI) 7 1a(0)—1a(0) < Cocle)|¢| 72

IHocmosannan € sasucum asuws om ||g7 | L., u om nocmoarmwus ki u ky us
nepasencmsa (9.2).

Hoxazatesncrso. [lockonpky Hopma pesonbsentht (Ay - —(I) ™! onenmpa-
eTcsd Yepe3 BEeJUUUHY, 00pPATHYI0 K paccTosauio oT Touku ¢ 10 R, mosryuaem
oreHky (9.9).

Uro6bl ipoBepuTh (9.8), 3anmIeM HHTErpaJTbHOE TOK IECTBO JJTsl PEIeHMsT

u. € H(O;C") samaun (9.6):

(9°b(D)uc, k(D)) 1,0y — C(uz, M) o0y = Fn) 1,0, 1 € H(O;C™).
(9.10)
IoncraBum 1 = u. B (9.10). Torma ¢ yuerom (9.7) mosyaaem

anelue ] < 2(0)2lC0 FIE, o)

Bumecte ¢ (9.5) n (9.7) aro Bmeuer HepaseHcTBo (9.8) ¢ moctosHHON €) =
(2K lg ™ 2o + ko )2 o
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9.3. dddexTusnbiii oneparop A%. B npocrpancrse Lo (O; C") pacemor-
PUM CaMOCOIIPAZKEHHBII ollepaTop A?V, HOPOKJAEHHBIN KBaJAPATUIHOHN (op-
MO

a%[u, u] :/ <gob(D)u,b(D)u> dx, ue HY(O;C"). (9.11)
o

3neck g0 — spdexruBrag MaTpmna, onpegeaenaad B (1.8). Vuntoisasg (1.15)
u (9.2), ybexmaemcst, aro dopma (9.11) ynosmersopsier oreHkam Buza (9.4),
(9.5) ¢ TeMn Ke MOCTOSHHBIMU.

B cuny yeaosus 00 € CU! oneparop AQ zamaerca nuddepennmain-
aeiv BeIpaszkernem b(D)*g'b(D) wa obractu onpegererus {u € H2(O; C") :
A%u|po = 0}, rae 09 — KoHOpMATLHAS TPOU3BOHAS, OTBEUAIOMIAS OIEPATO-
py b(D)*g°(D), . e. Odu(x) = b(v(x))*¢°b(V)u(x). lpu sT0M BRITIOTHEHA
OIEHKA

1A + DMl a0y m2(0) < € (9.12)

31ech MOCTOSIHHAS €° 3aBUCHT JIAIIL OT KOHCTAHT ki, ko M3 HEpaBEHCTBA
(9.2), or g, a1, |9/, 197 Lo, 7 oT o6macta O. [ ompaBIaHus 3TOTO
dakTa J0CTATOYHO COCIATHCSA HA TEOPEMBI O PErYISAPHOCTH PEIeHuil CUIBEHO
IUIUIITHYIECKHX cucTeM (cM., Hampumep, [McL, riasa 4]).

IIycts ug — obobirennoe perrenne 33090

b(D)*gOb(D)uo(x) —Cug(x) =F(x), x€O; 8Su0\a@ =0, (9.13)

rie F € Ly(O;C). Torma ug = (A% — ¢(I)~F.

JIemma 9.5. ITyemo ¢ € C\Ry, [(| > 1. ITycmo ug — obobwennoe pewerue
sadavu (9.13). Toeda cnpasedausvl oyenkuy

0]l 1,0y < (@) IF | 1y,

IDuo| 2,0y < Coc(@)|<I2F ||y 0y,

ol 20y < 2¢°c(P)||F( 1,0 (9.14)
B onepamoprvixr mepmunaz,
ICAY = ¢D ™M za(0)—ra0) < (@IS (9.15)
ID(AY = ¢I) ™ 1a(0) - La(0) < Cocle)|¢|7H2, (9.16)
1(AX = <Dl a0y 12(0) < 2¢°c(9).- (9.17)

HokazaresnbcrBo. Onenkn (9.15), (9.16) mpoBepsOTCs IO AHAJIOTHH C J10-
KazaTeabcTBOM leMMel 9.4. Onenka (9.17) BoiTekaer n3 (9.12) n HepaBeHCTBA

I(AX + DAY = D)7l zy0) s La(0) < sup(z + 1)z - ¢I7t < 2e(p),

cupasemusoro npu ( € C\ R4, |¢| > 1. e
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§10. PE3VJIbTATHI JJisd 3AJAYN HEAMAHA

10.1. Annpokcumanus pesosabents! (Ay . — (1)~ mpu (| > 1. Cdop-
MyJIIDYeM HAIIN OCHOBHBIE Pe3yJIBTATHI i oreparopa Ap .

Teopema 10.1. ITycmo ¢ € C\ R4 w (] = 1. Tyems u. — pewenue 3adawu

(9.6) u uy — pewenue sadauu (9.13) npu F € Lo(O;C™). Iyemov wucao €

ydosaemsopaem ycaosuro 4.1. Toeda npu 0 < & < £1 cnpasedausa ouenra
[us — ol 1,0 < €1e(9)’(I¢] 7% + €)[|F | 1, (0)- (10.1)

B onepamoprur mepmunaz,

[(Ane — ¢ = (AY = D) a0y = 12(0) < Ere(@)? (7% + €2).

-1
Iocmoannas € sasucum om d, m, ap, o1, ||9llee, |97 L, om nocmo-
annor ki, ko usz nepasencmsa (9.2), om napamempos pewémxu I' u om
obaacmu O.

s ammpoxcuvanun permenns B kiaacce H'(O;C") BBegeM KoppekTop,
anajornyubiii (4.4):

Kn(e5¢) = Ro[A]S:b(D)Po(AY — ¢I)~". (10.2)
Omneparop Ky (g; ) menpepnisno otobpamaer Lo(O;C") B H(O;C").
[Tycts ug — pemenne 3amaqn (9.13). Obosznaunm Uy := Poug. Anamornd-
o (4.5)-(4.7) onpeyemmm B R dpymxmmro
Ve(x) = uo(x) + eA"(x)(S-b(D)uo) (%),
1 TTOJIOZKUM
Ve 1= Ve|o. (10.3)
Torna
ve = (A% — ¢I)'F +eKn(e;¢)F. (10.4)

Teopema 10.2. I[lycms gvinoanens, ycaosusa meopemnst 10.1. Hycmo dynsk-
yua ve onpedeaena 6 (10.2), (10.4). Toeda npu 0 < & < &1 cnpasedausa
OUEHKA

[ue = vell g0y < <¢2C(s0)2\<\_1/451/2 + ¢3C(<P)45> IFll 0y (10.5)
B onepamopnuir mepmunar,
[(Ane — ¢ = (AN = ¢ = eKn (&)l y0)— 11 (0)
< Cac(@)?| 712 + Ese(p) e
Aas nomoxa pe = ¢g°b(D)u. npu 0 < € < €1 cnpagedausa annpoKCUMUUA
[Pe — g°Seb(D)ol|1,(0) < (E2C(90)2\C|_1/4€1/2 + €3C(90)45> 1F |l 2o (0)-
(10.6)

Iocmoanmnwie €z, €3, €, €3 sasucam om d, m, ag, a1, ||9llL, |97 L., om
koncmanm ki, ke us nepasencmsa (9.2), om napamempos pewémxru I' v om
obaacmu O.
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10.2. IlepBsbIii 3Tan J0Ka3aTeJbCTBa. ACCOIMMPOBAHHAA 33/la4a B
R%. Kak u B 11. 4.2, Mbl HAUMHAEM € PACCMOTPEHUSI ACCOLMUPOBAHHOMN 33,1441
B RY. B cuny semmvbr 9.5 1 (4.3) cipaBemuBhbl ONeHKH

80!l L@y < C (@) ¢ M IF Ly 0) (10.7)
8ol g1 rety < C5 (€ + V()] 1/2HFHL2 (10.8)
8ol 2rety < 2C5 (@) IF Ly (0)- (10.9)
TTomoxum B
F := A% — ¢. (10.10)

Torma F € Ly(R%:C") u F|lo = F. Anasormuno (4.15), u3 (1.16), (10.7) u
(10.9) BbITEKAET, YTO

1B 1, ey < Cac(2)IF a0 (10.11)

rae €4 = 2610(2)60 + C'((QO).
ycts 1. € H'(RY; C") — pemenue ypasrenns B R%:

A, - (u. =F, (10.12)

e u = (A — CI)’lf‘. MMpumennmbr Teopembr n3 §2. Mz reopemer 2.2 ¢
yaerom (10.10)—(10.12) caemyer, uto upu € > 0 BBIIOJIHEHA OIEHKA

18 = Gol| 1, (re) < €4Cre(9)*I¢] € F |y 0)- (10.13)

N3 reopembr 2.4 u coornomennii (10.10)—(10.12) Beirekaer, aro upu € > 0
CHIpaBe/|JINBbI OIEHKH

ID (. — F2) ey < C1Cae(0) P10 (10.14)

18 = VellLyrey < €aC5e(9)’1C17 22| F | 1y 0)- (10.15)
Haxkownerr, u3 reopemsr 2.6 n (10.10)—(10.12) nosyuaem
|gb(D)u. — g=S:b(D)uol| 1, (rey < €aCuc( (¢)? elF|ry0), €>0. (10.16)

10.3. Bropoii aTan gokaszaTenbcTBa. BBejaeHme momnpaBKu w.. Bse-
nem ,monmpasky” w. € HY(O;C") kax byHKIHIO, YAOBIETBOPSIONLYI0 HHTe-
IPATBHOMY TOXKJIECTBY

(gsb(D)W& b(D)n)LQ(O) - C(WEv 77)L2((9)

= (§°S:b(D)g, b(D)N) 1, (0) — (Cuo + F, ) 1,0), m € H'(O;C").

(10.17)

IMockonbky npaBas wacts B (10.17) siBagercss aHTUIMHEHHBIM HETPEPLIBHBIM
dbynxmmonanom nag n € H'(O;C"), cranpaprasiM 06pa3oM IPOBEPSACTCs,
9TO PElIeHne W, CyIIECTBYET U €JUMHCTBEHHO.
JIemma 10.3. ITycmo ¢ € C\ Ry w |¢| = 1. ITyemv u. — pewenue 3adavu
(9.6), u. — pewenue ypasuernusa (10.12), u w. ydosaemsopsem mootcdecmesy
(10.17). Toeda npu € > 0 cnpasedisusv, oueHky

ID(u. — & + w2) | 1y00) < Ee(@) <[l Ly o), (10.18)
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e = G+ Wel 1y00) < Coel) 12l F 1y 00)- (10.19)

Hocmosannwe €5, € zasucam om d, m, ag, a1, ||gllr.., |97 L., om Kou-
cmanm ki, ko us mepasencmea (9.2), om napamempos pewémru I' u om
obaacmu O.

HokazareabctBo. O6ozrauny g kparkoctn U 1= u. — U +w.. B cary
(9.10) u (10.17) dpynxuus U, € HY(O; C") yaoBaeTBOPSET TOXKIECTRY

(9°b(D)Uc, b(D)N) 1, (0) — C(Ue, M) 1y (0)
= _(gab(D)ﬁs — g°S:b(D)uy, b(D)n)Lz(O) + ¢(0e — uo, "7)L2(O)7
n € H'(O;C").
(10.20)
M3 (10.13) u (10.16) caeayer, aro npasas gacts B (10.20) onenuBaercs gepes

Cie(p)’e (CallbD)n|l Ly0) + C1lCI 2 lnl Ly0)) 1B La0)-
Moncrasass n = U, B (10.20), ananornano (4.26)—(4.29) seiBognum Hepa-
BEHCTBO

1U:117,0) < 4€4Cac(e)*[¢I e |bD) ULl 1, (0) I | o(0) (10.21)
+4CCE ()¢ ¥ IF17, o)

Teneps u3 (10.20) mpu n = U, u (10.21) moaygaeM OIeHKY
I6(D) U £, (0) < €s5e() el|Fll 1, 0). (10.22)

e €2 = 9¢3(2C} g7 p + 9C3(lg7 I3 ). U3 (10.21) u (10.22) creayer
sepasercTso (10.19) ¢ mocrosaHOl €6 = 2(@4&504 + @ZC’%)I/Q. Hakomner,
mepasercTsa (9.2), (10.19) n (10.22) Baexyr (10.18) ¢ mocTosmHOM €2 =
kTH(E2 + ko2). o

BeiBogpr. 1) U3 coornomenwuit (10.3), (10.14), (10.15), (10.18) u (10.19)
CJIEJTyeT, YTO

ID(ue ~ve) a0 < €re(@) <Pl zao) + [DWellyo), >0, (10.23)

. = Vellza() < Ese(@)1C 2 Fll o) + Wellzao)s £ >0, (10.24)
Cr = €405 + €5, € = €4C5 + €. [lovToMy A5 T0KA3ATETHCTBA TEOPEMBI
10.2 my»KxHO HajIexKamuM 06pa3oM OeHuTh HopMy ||We || 1 (0)-

2) M3 (10.13) u (10.19) BugHO, uTO

- — wollzao) < €oc@) 6l a(0) + [IWellzaio). >0, (10.25)
rine & = € + €4C;. CuenoBarenabHo, i JoKa3aTeabcTBa Teopembl 10.1
HaJI0 ONEHUTH HaJIeKamum obpasom Hopmy [[We|l,(0)-

§11. OLUEHKU [MOMPABKU. JIOKABATE/JILCTBO TEOPEM 10.1 1 10.2

Kaxk u B §5, cHauaaa Mbl onieHnM H '-HOpMY TIOIPAaBKI W, 1 JIOKAasKeM Teo-
pemy 10.2, a 3arTeM, UCTIOJIB3Ys yKe T0Ka3aHHYI0 Teopemy 10.2 u coobpaxe-
HUs JBOMCTBEHHOCTH, OIEHUM Lo-HOPMY MONPABKUA We U JIOKAXKEM TEOPEMY

10.1.
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11.1. Ouenka Hopmbl W, B H1(O;C"). O6o3nauum

Z.[n] := (3°S=b(D)8o — ¢°b(D)ug, b(D)n) 1,0y, m € H'(O;C"). (11.1)

Bamernm, uro permenne Uy 3a1auu (9.13) yA0BIETBOPSET TOXKIECTRY

(9°6(D)ug, b(D)1) 1, (0) — (Cuo +F,m)p,0) =0, m € H(O;C"). (11.2)

3 (10.17) u (11.2) BUIHO, YTO /1T W, BBITOJHEHO TOXKECTBO
(g°b(D)We, b(D)N) 1,0y — C(We, M 1y0) = Ze[m], m € H'(O;C™). (11.3)

JIlemma 11.1. IIycmo ¢ € C\R4 u (] > 1. Hyemv wucao €1 ydosaemeopaem
yeaosuro 4.1, Ipu 0 < € < €1 Pynryuonas (11.1) nodwunen ouenke

T[]l < () (€r0l¢| ™42 + €ie ) [IF o) [Pl 0) 1 € H(OC),

(11.4)
Hocmosannwe €1, €11 sasucam om d, m, ag, a1, |9ll., |97 L., om KOM-
cmanm ki, ko usz wepasencmea (9.2), om napamempos pewémru I' u om
obaacmu O.

Hoxkazaresberso. llpegacrasum dyakmmonan (11.1) B Buge

I.In) = IV [n] + ZP[n), (11.5)

rae
ZW[n] = (4°S:b(D)dy — g°b(D)ug, b(D)n) 1,0, (11.6)
IO[n) = (& — ¢°)S-b(D)to, b(D)1) 1, (0)- (11.7)

Ynen (11.6) erko OMeHUTH ¢ TOMOTIBIO IPeIoKeHus 1.4 U COOTHOIITeHWI

(1.2), (1.4), (1.5), (1.15) u (10.9):

2] < 19°111(Se = DbD)Tol| 1, (ra) 16Dl 1, 0)

o (11.8)
< CVe(p)el|F|| Ly 0) 1Dl Ly0), € >0,
rae ¢(1) = 2HgHLoor1a1d1/ZC(2) ©
Ucnonsays (1.2), npeobpazyem uien (11.7):
d
I3[ = D (£ Sb(D)to, Din) 1,(0), (11.9)

=1

rie fi(x) == bj(g(x) — ¢°), L =1,...,d. Cornacno [Su3, (5.13)|, BbinoHena
OIleHKA,

1fill o) < 19Q172%€, 1=1,....d, 11.10
umw2”2*” Sl

he 1/2
&= at?|gllp.(1+ gl
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Kak nposepeno B [Su3, u. 5.2|, cymecrsytor I'-uepuopuueckue (n x m)-
varpurp-bynkmmn M (x) 8 R 1,5 = 1,...,d, Takue, ato

My; € HY(Q), /Mlj(x)dX:O, Myj(x) = —Mj(x), Lj=1,...,d,
Q

d
x) = 0;Mjj(x), 1=1,....d.

(11.11)
IIpu sTOM cipaBeJTUBLI OIEHKH

M| ) < 70 HQIM2E, 1j=1,....d. (11.12)

B cuny (11.11) f7(x) = 5Zj:1 9;Mj;(x),l=1,...,d, a noromy 1nen (11.9)

MOZKHO IIpE€JCTaBUTL B BHIE

I®n) = IP[n] + 7], (11.13)
rae
7 —SZ i (MiS:b( )0),Dm)L2(O), (11.14)
lj=1
=—€Z (Mj55:b(D)d;80, Dyn) ;o - (11.15)
l,j=1

Unen (11.15) Jierko OMEHUTD, UCIOIB3Ysl Mpe/Iokenue 1.5:

d
ZO Il < e > 1902 M| o [16(D)0;T0 | 1, ety | Dim | o)
l,j=1

Otcioma ¢ yaerom (1.4), (10.9) n (11.12) monyvaem
ZOm)| < €@ e(e)e|F |l 1y0) D7 20(0)s € >0, (11.16)

rae €2) = 2dr71€a1/20((9)c°.
Pacemorpum remeps wien (11.14). Byaem caurtars, 9to 0 < € < £1. [lycrs
0. — cpeska, ynossersopsitorasi ycaosuaM (5.1). CopapeiinBo TOXKI€CTBO

d
Z 0:) M};S:b(D)u 0),Dm)L2(O) =0, ne H(O;C"),

9TO IPOBEPsETC nHTErpupoBanueM no gacraM npu yuere (11.11). Crenosa-
resibHO, unen (11.14) ponyckaer 3anmch B BuUje

d

IO = 3 (0;(6-M5S:b(D)io), Dim) o, (11.17)
l,j=1
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Paccmorpum Beipakenue

d d
e 9;(0:M;Sb(D)ug) = eb »  M;;S:(b(D)d;1o)
j=1 j=1
d
+eY (0;0-)M5;S:b(D)tg + 0- f7 S-b(D) .
j=1
Torna
d
e 1Y 9;(8-M5;S-b(D)wo) <JVE©) + 120 +TPE), (11.18)
=1 L»(0)
riue
. d
TV () = & Y 10 M5, - (b(D)3;0) | 1 o). (11.19)
j=1
d
2 ~
J(E) = & 37 1190 MES-b(D)o | . ey (11.20)
j=1
T () = 1|62 /7 S-b(D) o | 1, ey- (11.21)

st onernku wiena (11.19) npuvennwm (5.1), npemioxenne 1.5 u (1.4), (10.9),
(11.12):

d
1 _ ~
I () < & 7172 M|y o 1(D) D0 1, ety < vac(@)el|F | (0)-
j=1
(11.22)
riue vy = 2r61@(da1)1/20§)2)c°. Yinen (11.20) omenmBaercs ¢ momornbo (5.1)
U jieMMbl 3.4:

d
) <di?S / M5 5.b(D)tio|? dx
j=1 " (00)e

d
< 5d525*‘91_1 Z HMUHQLQ(Q)Hb(D>GOHH1(Rd)Hb(D)ﬁOHLg(Rd)
j=1

npu 0 < € < 1. Bumecre ¢ coornomennsavu (1.4), (10.8), (10.9), (11.12) sto
BJI€YET

T2(e) < vac(@)¢I VA 2|y 0) 0 <e e, (11.23)
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1 @) (1) 2
rae vy = dkr ¢<2B*a100 Cop'c® (€ + 1)) . AHAJIOTHYHO, HCHIOJIB3YH

(5.1) m nemmy 3.4, ayst unena (11.21) noxywaem

(T (e)? < /(8 | LESHD)TP i

€

< 56*|Q‘71Hle%2(Q)Hb(D)ﬁOHHl(Rd)Hb(D)ﬁUHLQ(Rd)
<

opu 0 < € < 1. YunrsBasg (1.4), (10.8), (10.9), (11.10), orcioga BBIBOINM,

qT0
JZ(S)(f?) < vse() <4 2R py0), 0 < e < e, (11.24)

. 1/2
rne v3 = € (25*0410((92)08)60(60 + 1)) .

Teneps coornomenns (11.18), (11.22)—(11.24) npuBoggaT K HEPABEHCTBY

d
e||>" 9;(0-M5;S-b(D)tp)

j=1 (11.25)

L2(0)
<) (e + (2 + w)I¢| T 4Y2) |Fllpy0), 0 <e<er.

Kombuaupys (11.17) u (11.25), npuxo UM K OIeHKe

ZO )| < d%e(0) (e + (2 + 1)) B a0y DMl o)

(11.26)

opu 0 < € < e1. B urore coornomenuns (11.5), (11.8), (11.13), (11.16) n

(11.26) BrexyT nckomymo onerky (11.4) ¢ mocrosaabivMu €19 = d'/2(vy + v3),

€ =W 4 ¢® 4 a2y, o

Jlemma 11.2. IIyemo ¢ € C\ Ry u (] > 1. Ilyemv w. ydosaemeopaem

mootcdecmey (10.17). Ilycmob wucao €1 ydosaemeopaem ycaosuro 4.1. Ipu

0 < € < €1 6BINOAHEHA OUEHKG

[Wellzr (o) < c(p)? <¢12\C\_1/451/2 + (’3138) 1F( ,0)- (11.27)

Hocmoannsie €12, €13 sasucam om d, m, ag, a1, |gllre, |97 L, 0m KoH-
cmanm ki, ko us nepasencmesa (9.2), om napamempos pewémru I' u om
obaacmu O.

HoxkazareabcTso. B roxxaectro (11.3) mojgcraBum 17 = W, 1 BO3bMEM MHU-
MYIO 9acTh nojydennoro pasencrsa. C yuerom (11.4) npu 0 < & < €1 BBI-
MOJTHEHO HEPABEHCTBO

[T ¢l [well3, o) < () (€r0l¢| 462 + €p1e) [F 10y IDWe 1, 0)-
(11.28)
Ecnu Re ¢ > 0 (a rorma Im ¢ # 0), orciona BEIBOIUM

Iwel? o) < (@)1 (€0l 412 4 €1ie) [l 0) IDWel s 0)-
(11.29)
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Ecsin Re( < 0, 10 BO3bMEM BEIIECTBEHHYIO H4aCTh 1101y YEHHOI'O PABEHCTBA U
npu 0 < € < €1 nosryuum

[Re Cl[wel,0) < el) (€10l¢I 7462 + €11 [l 0) IDWel 1, 0):
(11.30)
CkumageiBag (11.28) u (11.30), BRIBoAMM HepaBeHCTBO, aHasormaHoe (11.29).
B uTore mpu Bcex paccMaTpHBAaeMbIX 3HAYCHUSX ( UMEEeM

Iwel? 0y < 26(0)?ICI 7 (€10l¢I 742 + €1ie ) IF (o) IDWe | a0
(11.31)
upu 0 < e < e1. Teneps u3 (11.3) ¢ n = we, (11.4) u (11.31) BbITEKAET, YTO

an e [We, We] < 3c(p)? <€10\C|71/4€1/2 + ¢11€> IF | 2,0)DWell L, 0)
opu 0 < € < £1. Buecte ¢ (9.5) un (11.31) 910 BIIEUET

IDWe||y(0) < e(#)?C1a <¢10!C\_1/4€1/2 + ¢11€) IFllz,0), 0<e<en,
(11.32)

rae €1q = k7 (3)lg7 | poy + 2k2). Conocrasmss (11.31) u (11.32), npuxoamm
k mepasencTBy (11.27) ¢ mocrosaubiMu €19 = (2€14 + (’,‘%4)1/20310, Ci3 =
(2€14 + @%4)1/20:11. °
11.2. 3asepuienue pokaszaresabcrsa Teopembl 10.2. CoorHorenus
(10.23), (10.24) u (11.27) upuBomar x mckomoii onenke (10.5) ¢ mocrosn-
geiMu o = \/§¢12, C3=C,+Cg+ \/§Q:13.

Ocraercs nposeputs (10.6). 113 (10.5) ¢ yaerom (1.2) u (1.5) caenyer, 9ro
npu 0 < € < €1 BBITIOJTHEHO HEPABEHCTBO

[P — g°0(D)v:|| L, 0

- (11.33)
< N9l p (dan) 2 (E2e(p)?I¢| 72 + Ese() o) [F 1y 0)-
Ilo ananoruu ¢ (5.19)-(5.22) ¢ yaerom (10.9) merko ybeaurnest, 910
lg°b(D)ve — g°S:b(D)o|| L, (0) < Casc(@)el[F| Ly (0 (11.34)

rae €15 = 2(C' + C”)Cg)co. M3 (11.33) m (11.34) BBITEKAET HEPABEHCTBO
(10.6) ¢ mocrosrmbvm Co = ||g|| 1., (do )Y€y, €3 = ||g]|r., (dap)/?E3 + €15.

[
11.3. Joka3arenbcTBO Teopembl 10.1.

JlemMma 11.3. B ycaosuazr semmot 11.2 npu 0 < € < €1 8nnoanena oyerxa
Iwellzao) < e(9)® (€16l¢I ™2 + €172%) B 1,0y (11.35)

Hocmosannwie €16, €17 sasucam om d, m, ag, a1, |9/, g7 L., om Kom-
cmanm ki, ko us mepasencmea (9.2), om napamempos pewémru I' u om
obaacmu O.
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Hoxka3zaresnbcrBo. Pacemorpum Toxgectso (11.3) u B kauecrse npoGHOit
bynxim 1 sossmem 1, = (Aye—CI) 1@, rie ® € Ly(O; C"). Torpa nesas
gacth (11.3) cosnagaer ¢ (wWe, ®),(0), ¥ TOXKIECTBO NpUOBPETALT BUJT

(Wsa (I))LQ(O) =1 [na]' (11.36)

Cunraem, uro 0 < € < €1. dns onenku Z.[1,] BOCIOIB3YeMCsE COOTHOLLIE-
ausivn (11.5), (11.8), (11.13) u (11.16). Nmeewm:

[ Z )l < (€ + €P)e()elF | 10y DN 1 0) + 1282 [0)l-

Mpumenss gevmvy 9.4 st onermsanus |[Dn. |1, ), oTcroma momyTaem
[Z-[n.]| < €o(€W+E)e(@)?¢| e | F |y 0) 12| a0y HTP 0]l (11.37)

Paccmorpum aen 7 )[ .]. Cornacuo (11.17) umeem

d
I¥[n.] = Z (0=M55:b(D)%o), Din.) ;o (11.38)

st anupokcumMarin cbyHKgm/I 7). IIPUMEHUM Y2Ke JIOKA3aHHYI0 TeopeMmy
10.2. Ionoxxum ng = (A% — (1)1 @, 7y = Pomn,. llpubmixennenm dbyuknnmn
1. cayxut bysrusa 1 + eA°S:b(D)n,. llepenumenm wien (11.38) B BUE

IOM.] = %i(e) + Fale) + Fs(e), (11.39)
e
d
Ji(e) = glzl (85(8=Mj35:b(D)to), Dy(n. — 19 — eA°S:b(D))) 1 o+
7]:
d
j?(g) =& Z (83(9€M§S€b(D)GO)a DlTIO)L2(O) ) (1140)
l,j=1
=c Z (6:M;S:b(D)0o), Di(eA°S:b(D)g)) ) - (1141)
l,j=1
IMpumensig Teopemy 10.2 u (11.25), npuxoaum K OmeHKe
T1(E)] < elg) (1 + (o + w)l¢| 7/ 112)
x /2 (eI 12 + Ese() e ) IF (o) 1@l o)
CrenoBaTebHO,
()] < el@)® (71¢ 72 + 702?) [P o)1 ®llpao), (11.42)

rie " = A2 (v1 + v + 13)€2 + (12 + 13)€3), %) =
d1/2 (1/1(€2 + @3) + (Vg + 1/3)63).
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C yuerom (5.1) u (11.25) ayst wnena (11.40) cupasepyusa onenka

1/2
Ta(e)] < el) (1 + (w2 + w)[¢| 7V A2) B 10y ( /B |Dno\2dx) .
IMpumenss memmy 3.3(1°) u semmy 9.5, IPUXOAUM K OIEHKE

()] < e(9)? (31¢1 7% + 242?) [P o)1 ®llpao), (11:43)

rie 73 = (2dBcPCo) 2 (v + va + 13), Ty = (2dBc €)1y,
Ocraercs onennts wien (11.41), KOTOPBIN MOKHO 3alUCaTh B BUJIE

Js(e) = TV () + 72 (o), (11.44)
rie

d
€ Z (aj(eleejSEb(D)ﬁO)v (DZA)ESEb(D)ﬁO)LQ(@) ) (11'45)

lj=1

S
—
—
—
™
~—
I

y=c¢ Z (0= M755:b(D)t10), eA°S:b(D) Do) 1 ) - (11.46)
l,j=1

B cuy (5.1) w (11.25) wnen (11.45) nogauHen oneHke

17D ()] < e(p) (m + (2 + ,,3),4‘71/451/2) ¥ 2,0

1/2
x d'/? ( /(80) \(DA)assb(D)ﬁ0|2dx> :

TMpumenss nemmy 3.4, (1.4), (1.10) u ananorn onenox (10.8), (10.9) mus 7,
[OJIydaeM

57 ()] < el9)? (751¢1 7% + 762} IF o)1 @l ygo),  (11.47)
e 75 = M(2dB.anCYCR (€0 + )Y + vy + w), 5 =

My(2dB,01CH CE) (& + 1)) /21
Haxomnerr, wren (11.46) jerko ornenuntsb, ucnoassys (11.25), (1.4), (1.19) n
anasor (10.9) s ng:

T52(e)] < @) (1172 + 5 [Pl o) |@ N a0y (11.48)

raoe 1)7 = 2M1(d041)1/20((,)2)00(l/2 + 1/3), 7)8 = 2M1 (dal)l/QCg)Co(Vl + v+ 1/3).
B mrore n3 (11.39), (11.42)—(11.44), (11.47) u (11.48) BBITEKAET OIEHKA

ZO .| < () (71¢I 7% + 9102} IIF 1,0y IR yg0) 0 <& <,
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e Vg = U + U3+ Us + Uy, Vg = Vo + Uy + Ug + Ug. Bmecte ¢ (1137) 9TO
BJjie9eT HCPABEHCTBO

Z.[n.]] < c(9)’ (¢16|C|71/28 + ¢1752) I L20) Rl o (0), 0 <€ <en,
(11.49)
riae €16 = Q:o(Q:(l) + 6(2)) + g, €17 = -
13 (11.36) u (11.49) BuiTekaer, ato npu 0 < € < €1 BBINOJHEHO HEPABEH-
CTBO

[(We, @) 1,0)| < c(9)° (¢16\C|_1/26 + 021752> 1F 2o 0) 1@l o0

upu mo6om ® € La(O; C™), aro Brever uckomoe HepaseHcTso (11.35). e

3asepiuenue gokazarenabcrsa reopemst 10.1. 13 (10.25) u semmer 11.3
BbITeKaer, uTo npu 0 < € < €1 cupaseymBo HepasencTso (10.1) ¢ mocTosH-
goit €1 = max{(’:g + €5, (’:17}. °

§12. PE3VJIBTATHI JAJIs 3AJAYN HEAMAHA:
CIAVYAU A € Lo, CIIELIUAJIBHBIE CJIVYAN,
OIIEHKN B CTPOT'O BHYTPEHHEN MMOAOBJIACTU

12.1. Cayuait A € Loo. Kax mra 3amaan 8 R? (em. 1. 2.3) u gas 3a1aum
Hupuxme (cm. m. 6.1), npm ycaosum 2.8 MOXKHO yCTPAHUTH ONMEPATOP Se B
koppekrope. Ceituac BMecto koppekTopa (10.2) Gyem ncnoap3oBaTh onepa-
TOp

KR () = [ATJp(D) (A} — ¢I) ™ (12.1)
ITpu ycaosum 2.8 omeparop (12.1) mempepwiBao ortobpaxkaer Lo(O;C") B
H'(O;C"). Bmecro (10.4) mcmomb3yeM apyroe OPHOJHMKEHHE K PEITCHHIO
u. 3a1aqu (9.6):

Ve = (AY = CI)7IF + eKR(g; OF = ug + eA°h(D)uy. (12.2)

Teopema 12.1. IIycmo evinoanerv. ycaosusa meopemnv, 10.1 u ycaosue 2.8.
ITyemo pynryua ve onpedesena ¢ (12.2). Tozda npu 0 < € < €1 cnpasedausa
QUEHKA

e~ Vel o) < (a1 + €e(o)'e) [Fllaoy. (123
B onepamopnvir mepmuna,
[(Ane =D~ = (AN = D)7 = e KR (5 Ol a0y 110
< Cac(p)? (¢4 + E5e(p) e
Aas nomoxa pe = ¢g°b(D)u. npu 0 < € < €1 cnpagedausa annpoKCUMaUUA

Ip- — F°0(D)oll 1, (0) < (Eac(0)?ICI 4212 + Eel)e) [P0y (124)

Hocmosannwe €, € — me orce, umo u 6 meopeme 10.2. Hocmoannvie €3,
€3 sasucam om d, m, ao, a1, ||gllze, 197 L, om nocmoannmz ki, ke
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u3 nepasencmea (9.2), om napamempos pewémxu I', om obaacmu O u om
nopmvs | Al L. -

HokazaresnnbcrBo. Urobs! BeiBectn (12.3) u3 (10.5), gocTaTovHO ONEHUTDH
pasuocts dyukuuii (10.4) u (12.2). Ilo axamoruu c (6.5)(6.9) serko mpose-
PUTH OIIEHKY

Ve = Vel (o) < C"ellto]| 2 (ray.
Orcrioga u u3 (10.5), (10.9) Bmirekaer (12.3) c¢ mocrosmuoit € = €3 +
20" CH .
ITposepum (12.4). U3 (12.3) ¢ yuerom (1.2) u (1.5) caexyer, aro
lpe — gab(D)V€|’L2(O)

— o (125)
< gl 2o (o) 72 (€261 4V + () <) B o)
Mo anasnorun ¢ (6.11)—(6.13) y6ex jaemcst, 9ro
lg°6(D)¥= = Fb(D)uo|l L,(0) < C'elluol a2(0)- (12.6)

N3 (12.5) u (12.6) ¢ yuerom (9.14) Buirekaer (12.4) ¢ nmocrosiaHOi Eg =
9l (don)'/2€5 +2C7c2. o

12.2. Cuenuanbabie cirydau. Criejyiomime iBa yTBepK/I€HU TPOBEPSIIOT-
¢s AHAJIOTUYHO IIpetoKeHusM 6.2 m 6.3.

ITpennoxkenune 12.2. [Tycmov swnosnenv ycaosus meopemovr 10.2. Ecau
¢° =7, m. e. 6BNMOAHENDL COOMHOWENUA (1.13), mo npu 0 < € < &1 cnpaseo-
AUBA OUEHKQ

[ue — uol| 10y < (0120(@)2!(!71/481/2 + ¢3C(<P)4€) ¥ 2.(0)-

ITpennoxxenmne 12.3. IIycmov swnosnenv, ycaosus meopemovr 10.2. Ecau
¢ = g, M. e. cnpasedausvl NpedcmasieHu (1.14), mo npu 0 < ¢ < &1
CNPAsedausa OUEHKN

Ipe — 66Dl 0) < (Ee(e)Ic| 12 + Eelo) e ) [P a0

12.3. Annpokcumanusa pernenuii 3agaun Heiimana B cTporo BHYT-
penHeii mogo6sactu. Caeayomyo TeOpeMy JIETKO YCTAHOBUTD [0 aHAJIO-
TUU C TOKA3aTeNbCTBOM TeopeMbl 7.1, onmpaschk Ha Teopemy 10.1 m pe3yianb-
TaThl TS 3aja4n yepeaHennst B RY. Mbl oImycKaeM JOKa3aTeTbeTBO.

Teopema 12.4. ITycmv 6winoanenve ycaosus meopemo, 10.2. Iyems O —
empozo enympennan nodobaacmsy obaacmu O, u nyems § := dist {O'; 00}.
Tozda npu 0 < € < &1 cnpasedausa oueHka

[ue = Vel o) < (€156~ + €5)e(p) e|IF |y 0,
UAU, 6 ONEPATNOPHBIT TMEPMUHAT,
[(Ane — ¢D) ™= (AN — ¢ = eKn (e Ol Ly ) m1(01)
< (€671 + Eg)e(p) .
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Jlas nomoxka pe = ¢g°b(D)ue npu 0 < € < €1 cnpagediusa annpokcuMayus
Ipe — §°S:b(D) 0|l 1, (01) < (€157 + €5)e(9) || F |l 1, 0)-

/ T P -1
Hocmosmnmnwe Cg, €s, Tg u g sasucam om d, m, ag, o1, 9|1, |97 |1 s
om nocmoannuz ki, ko uz nepasencmsa (9.2), om napamempos pewémuu I'
u om obaacmu O.

Ilo amanornm ¢ 10Ka3aTEILCTBOM TEOPEMEI 7.2 JIETKO MPOBEPUTEH CIIPaBE]I-
JINBOCTH CJIEJIVIOIIETO Pe3yJIbTaTa.

Teopema 12.5. ITycmv swnoanenve ycaosus meopemvr 12.1. ITycmo O —
empozo enympennas nodobaacms obaacmu O, u 6 := dist {O';00}. Tozda
npu 0 < € < g1 cnpasedausa oueHka
- -1, 6
Jue = Vel 1o < (€186~ + Eg)e(9) e[| Fll Ly 0,
UAU, 8 ONEPATNOPHLIT MEPMUHAT,

I(Ane=¢I) T = (AR —CD) T =R (&5 Ol Loy s oy < (€10~ +Eg)c(p) .

Jas nomoxa p: = ¢g°b(D)ue npu 0 < € < €1 cnpagedausa annpoKCuUMaUus
Ipe — G7b(D)uo|| 0 < (€156 + €5)e(9) e ||| y(0)-

Hocmosannwe € o, € o — me oice, umo u 8 meopeme 12.4. INocmosannvie &
187 ~18 7 18

u 6’1’8 sasucam om d, m, ao, a1, |91, |97 Le s 0m nocmoarmwm ki, ke
us nepasencmea (9.2), om napamempos pewémmu L', om obaacmu O u om
nopmus || Al -

§13. JIPYIAsl AIIIIPOKCUMALIMS PE3OJALBEHTHL (An e — CI)™!

13.1. Annpokcumanus pesosbBentsl (Ayx. — (I)™! npu ¢ € C\ R;.
Crnenyrommii pe3yabTaT IpOBEPIETCS aHAJIOTHIHO TeopeMe 8.1.

Teopema 13.1. ITycmv ¢ = |(|e’¥ € C\ Ry. Bsedem obosnauenue

[Pl I <1,
MQ‘LM% >0

ITyemov ue — pewenue sadavwu (9.6), ug — pewenue sadawu (9.13), vo —
dynwyus (10.4). ITycmo wucao €1 ydosaemsopaem ycaosuro 4.1. Toeda npu
0 < € < €1 cnpasedausvl OUEHKU

[us = Wl £,0) < €19p0(Q)elF | Lo (0 (13.1)
lue = Vel 10y < €2000(C)e2F| Ly 0. (13.2)

B onepamoptvix mepmunax,
[(An,e = 1) = (AY = D)7 220) =10 0) < C19p0(¢)e, (13.3)

[(Ane = CI) 7= (AY = D)7 = eKn (e )l o)1) < C20p0(¢)e™.
(13.4)
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Jlas nomoxka pe = ¢g°b(D)ue npu 0 < € < €1 cnpagediusa annpokcuMayus
Ipe — 37 S=b(D)To]l £,(0) < €21p0(C)e"?|F|Lo0), 0<e<er.  (13.5)

—1
Hocmosnnwe €19, Cop, €a1 sasucam om d, m, ag, a1, |9z, 197 L., om
nocmoannuix ki, ko us nepasencmea (9.2), om napamempos pewémru T u
om obaacmu O.

HoxkazaresnbcrBo. llpumensis Teopemy 10.1 npu ¢ = —1 u anajor Toxje-
crBa (2.10), mpu 0 < ¢ < €1 moIyIaeM

[(Ane = D)™ = (AY = D)7 100) =10 (0) < 2€1esup(z + 1) |2 — (|72

x>0
(13.6)
Boruuciienrue mokasblBaer, ITo
sup(z + 1)%|z — ¢| 7% < 4po(¢). (13.7)
x>0
N3 (13.6) u (13.7) Beirekaer (13.3) ¢ nocrosianoit €19 = 8¢;.
ITpumenum Tenmeps Teopemy 10.2 mpu ¢ = —1: upu 0 < € < €] BBINOJTHEHO
[(Ane+ )7 = (AN + 1) = eKn(e; =) 1y 0)—m1(0) < (€2 + €3)e'2
(13.8)
TMonoxum A := HgilHZ;(kl + ko). Bamerum, uto B cuay (9.5)

VB o) < kg™ o l(Ane + ADY2VIR o), v € HY(O;CY). (139)
Ucmons3ys anasor Toxgecrsa (2.34) u (13.7), momyqaem
1A +ADY? (Ane = ¢D) 7 = (AX = (D)7 = eBn () o
<4po(Ol(Ane + AN ((Ane + 1)1 = (AN + 1) 7" = eKn(e5-1)) Lo
+el¢+1] igg(fv + 02z = ¢ THEN (5 Ol o Lo

(13.10)
O6o3Haunm ciaaraemble B ipasoii acru (13.10) wepes Ly (e), La(e). C yuerom
(9.4) m (13.8) ;g MEPBOrO YIeHA MOTYYAEM OTEHKY

Li(e) < @22p0(€)£1/2, 0<e<ey, (13.11)

rie Coo = 4(max{day||gl|r, A2 (s + &3).

Hasmee, omeparop Kp(e;¢) moxkuo 3samucarb B BHIe Ky(e;() =
Ro[A%]S-b(D)Po (A + M) TV2(AQ, + AT)Y2(AY, — ¢I)~!. Toraa c yuerom
(1.4), (1.19) u (4.3) momygaem

Lo(e) <el¢ +1] (sggu + A )| - cr?) Mioy*Co) (AR +AD) s
} (13.12)

Brruucaenue ITOKa3bIBALT, 9YTO

¢+ 1lsup(e + Al = €12 < 20+ Do(). (13.13)
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Awnayornuno (13.9)
_ —1/2) —1y1/2
ICAY +AD 2 y0psmo) <k Pl 2 (1314)
W3 (13.12)(13.14) BolTekaeT HEPABEHCTBO
La(e) < €a3p0(Q)e, (13.15)

e €3 = 2 + )My CO kg1 Tenepr w3 (13.10), (13.11),
(13.15) ¢ yuerom (13.9) BbiTekaer onenka (13.4) c nocrosiHoil Cop =
—1/2y _1,1/2
e O A CR =

ITposepum crnpasemmusocTs HepasercTsa (13.5). U3 (13.2) cnemyer, urto
npu 0 < € < €1 BBIIOJIHEHO

1P = g°b(D)Ve Ly(0) < 9llrec (da1)'€20p0()e' 2| Loy (13.16)
Hanee, ananorngno (5.19)—(5.21) umeewm:
lg°b(D)v. — G Sb(D)o | 10y < (€ +C)CE elugll 2y (13.17)
B cuy (9.12) u (13.7) cnipaBejyinBa oreHKa
(AKX = CD) M0y m2(0) < 2¢%p0(C) 2.
CrenoBare/bHO,
loll122(0) < 2¢°00() 2 (|F| Ly 0)- (13.18)
Coornomenust (13.16), (13.17), (13.18) Baekyt (13.5) ¢ mocrosanoit Cop =
Coollgl| 1. (dar) /2 4 2(C" + C")CS)e. o
AHastoroM TeopeMbl 8.3 SIBJISETCS CIIELYIONIHIT PE3YIbTAT.

Teopema 13.2. [Tycmv evinoanenv ycaosus meopemvr 13.1 u ycaosue 2.8.
ITyemov v — Pynruyua (12.2). Tozda npu 0 < & < €1 cnpasedausa ouerxa

lue = Vel 10y < €3000(Q)e (P Ly o) (13.19)
B onepamophnvixr mepmunaz,
I(Ane = CI) 7= (AY = ¢ = KR (6Ol o)) < Coop0(¢)e.
Jas nomoxa p: = ¢°b(D)u. npu 0 < € < &1 cnpasedausa annpokcumMayus
Ip- — §°b(D) || L,(0) < €51p0(Q)e ?(|F|Ly(0), 0<e<er  (13.20)

Hocmosannwe €5, €31 sasucam om d, m, ag, o1, |9|lLe, |97 Lo, 0m no-
cmoannor ki, ko us nepasencmea (9.2), om napamempos pewémru I', om
obaacmu O u om Hopmwt | AL .

HokasaresbcrBo. Ananornano (6.5)—(6.9)
HVE —\v’aHHl(@) < CIIIEHﬁOHH2(Rd)' (1321)

Coornomenust (4.3), (13.2), (13.18) u (13.21) suexyt (13.19) ¢ nocrosiHHOi
€3y = Ca0 +2C"CH .
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ITposepum reneps (13.20). U3 (13.19) caeayer, uro npu 0 < € < £1 cupa-
BEJ[JTNBA OIEHKA,
1P = g°b(D)Ve Ly(0) < 9llrec (1) €0p0(Oe 2| Loy (13:22)
Ananornuno (6.11), (6.12) numeem
l9°b(D)¥. — 5°b(D)uoll 1, 0) < Ceuoll2(o)- (13.23)
N3 (13.22), (13.23) ¢ yuerom (13.18) BeiTekaer onenka (13.20) ¢ mocrosHHO
€51 = [lgllr.. (dan)'/?€5, +2¢°C". o
13.2. Cuemuasibabie ciaydan. Ciydaii, Kormga KOppekTop obpalmaercs B
HOJTb, BBIIETSETCA CJIETYIOIMM yTBEpXK aeaneM (cp. npenoxkenune 8.4).
ITpengnoxkenne 13.3. IIycmov swvnosarens ycaosua meopemwvt 13.1. Ecau
¢° = g, m. e. ewnoanenv coommowenus (1.13), mo A = 0 u v. = up.
Tozda npu 0 < € < €1 €NPABEOAIUBE OUERKG
s — woll g0y < €2000(C)e2(|F | 1, (0)-

Crenyroiiee yTBep2KeHNE TOJIYYIAETCSH aHAJIOTUYIHO PEJJIOKEHIIO 8.5.

ITpeanoxkenue 13.4. ITycmo swnosrenv ycrosua meopemovr 13.1. Ecau
¢ = g, M. e. cnpasedausvl NpedcmasieHu (1.14), mo npu 0 < ¢ < &1
CNPABEDAUBH OUELHEQ

1P = 9°b(D) o]l Ly(0) < €510()e" || F | 0)-

13.3. Annpokcumanusi pesosibBentbl (Ay. — (1) npu ¢ € C\ R4
B CTPOr0o BHyTpeHHell mogobjactu. AHagioroM Teopembl 8.6 sBIsSTeTCs
CJAeYIOIINUN Pe3yJIbTaT.

Teopema 13.5. ITycmv swnoanenv ycaosus meopemvr 13.1. ITycmo O —
empozo enympenuas nodobaacms obaacmu O, u 6 = dist {O0’;00}. Tozda
npu 0 < € < €1 CNPAsedIUsas OUeHKa

[ue — VsHHl(O')
< (Cozd ™'+ 1) (¢19C(<P)p0(4) + (‘3240(@5/2/00(03/4) ellF| 1,(0)-
B onepamoprvir mepmunar,
[(Ane = ¢ = (A = )7 = eEn (Ol o (0) -1 (o)
< (0™t + 1) (Ca0elp)o(€) + Caacl ) pu(¢)¥ ) e
Jlas nomoxka pe = ¢g°b(D)ue npu 0 < € < €1 cnpagediusa annpokCuUMaUUL
[pe — g°Sb(D)uo|| 1,0
< (Ca36 ™ + 1)(€a5¢(9) p0 () + Ca6e(9)* 2 p0(O)*/ )| F || 1y (0)-

3decv nocmoannas Coz3 — ma orce, wmo 6 (7.14), €19 — nocmoannas u3
ouenku (13.1). IHlocmoannwme Cog, Ca5, Cog 3asucam om d, m, ag, a1, ||g]| L.,
lg™ Lo, om nocmoanmwz ki, ko us nepasencmea (9.2), om napamempos
pewémxu I' u om obaacmu O.

(13.24)

(13.25)
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Hoxka3zaresbeTBo. [lepsasi 4acTh 10Ka3aTEIBCTBA TPOBOAUTCS 10 AHAJIO-
ruu ¢ nepBoil 4acTeio mokasareabcrea reopembl 7.1. Iycrs y(x) — cpeska,
yaosjersopsitorast yeaosusim (7.3). Ilycts ue. — perrenne 3amaan (9.6), u.
— pemenne ypapraennust (10.12). Torma (A: — ¢)(ue. — u.) = 0 B obmactu O.
Orcroa anasornyano (7.4)—(7.14) BEIBOANM HEPABEHCTBO

ID(x(u: = 8:))l[Ly0) < Coze(9)d ™ [ue = 8e 1, (0)- (13.26)
Jamee, B cuty Teopembr 2.2
8 = Tol| 1, (a) < Cre()’1C] 2| F || Ly may- (13.27)
N3 (1.16) u (4.3) cnenyer ouenka dyukiun (10.10):
|, ey < cal[Toll 2ray + €11 To0]| £, (ray
2 0
< aCQ ol (o) + 16105 w2 (o)

Orciona ¢ yuerom (13.18) m onenxu |[ugl| 1,0y < [¢] 7 e(@)||FlL,(0) BorTexa-
eT, 9To

1), may < €2700(C) 2 F | Ly (0), (13.28)
e €7 = 2602 ¢ + O Us (13.27) u (13.28) crenyer, uro

18 = Tol| £, (e < Cr&are()?I¢I 2 p0(O)?e || F ||y 0) -

Bumecre ¢ (13.1) s1o Bieuer

e = el a0y < (C1o00(C) + C1Care(@)*2p0(O)*) £l Fllpy(0): (13.29)
Teneps, conocrassas (13.26) u (13.29), momyqaem
ID(x(ue —:))ll o0
< Co307! <¢19C(90)ﬂ0(4) + Cl¢276(<ﬁ)5/2/70(4)3/4> ellF |z, 0)-

CriefoBaTebHO,
us — l~’-6HH1(O')
< (Co30 ' +1) <€190(<P)ﬂ0(0 + 01(’1270(90)5/200(03/4) ellF | L, 0)-
(13.30)
B cuny crnencrus 2.5 u (13.28) nmeem
[0: — Vel g1 (ray < (C2 + C’3’C\_1/2)C(¢)25’\ﬁ\|L2(Rd)
< (Ca + C3)€ar¢(0)*2po(O)* €| L,y 0)-

13 (13.30) w (13.31) ¢ yuerom (10.3) Buirekaer (13.24) ¢ nocrosauoii €y =
9:27(01 +Cy + 03).
Hepagencreo (13.25) seiBogures u3 (13.24) u (13.17), (13.18).

Crenyromuil pe3yspTaT aHaJoruden reopeme 8.7.

(13.31)
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Teopema 13.6. ITycmv swnoanenve ycaosus meopemvr 13.2. ITycmo O —
empozo enympernss nodobaacmy obaacmu O, u 6 = dist {O’;00}. Toeda
npu 0 < € < €1 CNPasedIusa oueHxa

e —Vell (o) < (Ca3d ™ +1)(€19¢(0) p0(C) +C2ac(0) 200 (O)* ) || 1y 0 -
(13.32)
B onepamopnbix mepmuna,

[(Ane — ¢D)™H = (AN = ¢ = eKR (8 Ol Ly o) 11 (01
< (Ca30™" + 1)(€19¢(9)p0(€) + Caac(p)*?po (O)**)e.
Jas nomoxka pe = g°b(D)ue npu 0 < € < €1 cnpagediusa annpokcuUMayus
[P — g°0(D)uo|, (07
< (Casd ™" + 1) (€ase(9)po(€) + Cage(9)* 2 po(O)* el Pl Ly(0) -
Hocmoannvie 624, Cog, Co9 sasucam om d, m, ap, a1, |gllr.., |97 Lo, om

nocmoannux ki, ko us nepasencmea (9.2), om napamempos pewémru I', om
obaacmu O u om nopmos ||AllL.

HokazareancrBo. 113 (4.3), (13.18), (13.21) u (13.24) BuiTekaer (13.32) c

nocrosauol Coy = Coy + QC”’C((QQ) .

Hepagencrso (13.33) BeiBogurcsa u3 (13.18), (13.23) u (13.32).

(13.33)

§14. ATIIPOKCUMAIMS PE3OJILBEHTHI (By . — (1)~}

14.1. Oneparop By .. Beejem oboznavenue
7Z = Kerb(D) = {z € H'(O;C") : b(D)z = 0}.
U3 (9.2) BBITEKAET HEPABEHCTBO
ID2]2,0) < ki 'kallzl2 0y, 2 € 2.

Orcroma n w3 kommaxTHOCTH Boskerns H'(O;C") B Ly(O;C") crenyer,
9TO MPOCTPAHCTBO Z KoueunomepHo. O6ozHaunMm dim Z = p. 3asegomo £
COJIEPXKUT N-MEPHOE TOAIPOCTPAHCTBO NOCTOHHBIX C-3HauHBIX (QYHKITHIT
B O. Iomoxum

H(O) = Ly(0;C") © Z, HL(0;C") = HY(0;C") N H(O).

Kax nposepeno B [Su3, npemoxenne 9.1], dopma |[b(D)ul|r,0) 3amaer B
f]i(@;(C") HOPMY, SKBUBAJEHTHYIO CTAHIAPTHO: CYIIECTBYET MOCTOSHHAS

k1 Takas, 9TO
killulfn o) < 6Dl ), ue HI(O;C"). (14.1)

IIycte Ay — oneparop B Lo(O; C"), nopoxaenustit ¢popmoii (9.3). Oue-
suano, Ker Ay . = Z. Oproronansuoe pasnoxenne Ly(O;C") = H(O) & Z
npusonuT oneparop Ay .. ObosraunM gepes By dacTk oneparopa Ay B
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nogupocrpancree H(O). Nnage rosopst, By — CaMOCOLPSIKEHHbIN Ollepa-
top B H(O), nopoxieHHbiil kBaapaTudHoii hopmoii

byc[u,u] = (¢°b(D)u, b(D)u) 1, ), ue H(O;C").
B cuy (1.2), (1.5) u (14.1) cupaBeIuBEI OIlEHKN

lg™M IZL kallullFn o) < byvelu,u] < lgllz. doa|DullZ, ), ue HL(O;C).

(14.2)
Iycte A% — sdbdexrupueiit oneparop, mopoxaennbiit dbopmoii (9.11)
B npocrparcTee Lo(O;C™). Ouesngmo, Ker.A?V = Z. Pasznoxenue

L2(O;C") = H(O) & Z npusomut onepatop AQ. Ilyers BY, — wacts ore-
patopa A%, B noanpocrpancrse H(O). Unage rosopsi, BY, — oneparop, mo-
poxsternbiii B H(QO) kBagparudanoit hopmoii

W [u, u] = (¢°b(D)u, b(D)u) o), w € Hi(O;C").
Anamornuno (14.2) npoBepstoTCst ONEHKH

lg™ 122 ErllullF o) < b [w,u] < [lgllzoden|Dull?, oy, u e Hi(O;C).
(14.3)
Hepes P obosnauum opmonpoexmop npocmparcmea La(O;C™) na H(O), a
wepes Pz — opmonpoexmop na Z; torma P =1 —"Py.
ITycrs ¢ € C\[ey, 00), T1€ ¢, > 0 — 0b1ast HUXKHsIS TPAHb OLepaTopoB By
u BY. Unaue rosops, 0 < ¢, < min{Aa-(N),AJ(N)}, re Ao (N) (coorser-
creerno, AY(N)) — mepsoe memymeBoe cobeTBeHHOE UHCTO omeparopa Ay
(coorsercrrento, A% ). (C yuerom kparHOCTElt — 5T0 (P + 1)-€ cobCTBeHHbIE
3HAYCHUSI. )

Sameuanue 14.1. 1) B cuny (14.2), (14.3) B KavecTBe ¢, MOIXOANUT THCJIO
I g*1||2;E1. 2) Mycrb v > 0 — cKOJIb YyrojHO Masioe 9ucio. Ecau caurars &
JIOCTATOYIHO MAJBIM, TO B KATECTBe ¢, MOXKHO IPHHATE ¢, = A(N)—v. 3) Jler-
KO yKa3aTh BEPXHIOIO OIEHKY 4ncia ¢,: u3 (14.2), (14.3) u u3 BapHAIHOHHOTO
npuHImIa BUAHO, 9T0 ¢ < ||gl|po doa ), (N), vae pd, 1 (N) > 0 — (p+1)-oe
cobcTBeHHOE 3HAUeHNe onepaTopa —A ¢ yeaosueMm Hefimana B mpocTpancTse
L2 (O; C™) (ecniu HymMepoBaTh COOCTBEHHBIEC 3HAUEHMUSI B TIOPsI/IKE HEYOBIBAHUS
¢ yaeroM KpartHoctTeit). Tem cambIM, ¢, ONEHUBACTCS BEJUIUHON, 3aBUCSIIEH
aums ot d, n, p, au, ||g||r., w or obractu O.
Iycts ¢, = (Bye — (I)7'F, rie F € H(O), 1. e. ¢, saBasercs 06061meH-
HBIM perrenueM 3ajaadn Hefimana
b(D)'¢*b(D)p. — Cp. = F 5 O; "
Fppeloo = 0; ($er2)1,0) =0 Yz EZ '

3Jleck ycaoBHUe OPTOTOHAJIBHOCTH @, K Z BBIMOJHEHO aBTOMATHYECKH, €CJIH
¢ #0, anpu ¢ =0 ero HaJ0 HAKIAILIBATD.
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Iycrs ¢y = (B — ¢I)7'F, F € H(O). Torna ¢, apiserca 060bmeHHbIM
pemernem 3a1aun Hefimana
b(D)*¢°b(D)y — Cpg =F B O;
88‘P0|8O =0; (9007Z)L2((’)) =0VzeZ

3/1ech TaKkzKe YCJIOBUE OPTOTOHAJIBHOCTH Py K Z BBIIIOTHEHO aBTOMATHIECKH,
ecm ( # 0, a mpu ¢ = 0 ero HaJI0 HAKIAILIBATD.
Ob6o3znaunm

(14.5)

Kn(;¢) := Ro[A%]S:b(D) Po(BY — ¢I)™
u nonoxkuM @, = Poyg,
. = o+ EASH(D)@ = (BY — CI) P+ ekn (5 OF. (14.6)

Teopema 14.2. I[Iycms ¢ € C\ [¢,,00), 2de ¢, > 0 — obwas HudcHAA 2pans
onepamopos By ¢ u B?V. Honoocum ¢ —c, = |C —cy|e? u ssedem obosnanenue

_ Je@PC—al? ¢—al <L,
e {cw)?, C-al>1 o

IIyemv @, — pewenue sadawu (14.4) u ¢, — pewenue 3adawu (14.5) npu
F € H(O). Hyemv . — dynxyua (14.6). [Iycmob wucao €1 ydosaemsopaem
yeaosuro 4.1, Toeda npu 0 < € < €1 cnpagediusvl OueHKU

¢ — pollLo0) < €300, (C)elF | 2,0,

. — Yl o) < €310 () F |y 0)- (14.8)
B onepamoprvix mepmuna,

I(Bne = ¢I)™" = (BY — ¢ o) »mo) < €s0p(C)e, (14.9)

I(Bye — ¢ = (BY = ¢I) 7! = eKn(e; Olaoy»mio) < Caipp(Q)e/.
(14.10)

Aas nomoxa g°b(D)p, npu 0 < € < €1 cnpasediusa annpokcuMayua

19°b(D)p. — FSb(D)BollLa(o) < Caops (O 2 [Fllpyoy.  (14.11)

-1
Hocmoannwie €30, €31, €32 sasucam om d, n, m, p, oo, o1, |9l 197 | 2ec s
om nocmoannux ki, k2 us nepasencmesa (9.2), om nocmoannot k1 us (14.1),
om napamempos pewémru I' u om obaacmu O.

HoxkazaresnbctBo. [lpumenss teopemy 10.1 pu ( = —1, ipu 0 < € < €
moJTydaemM

(B + 1)1 = (By + 1) lmo)-mo)

=1 ((Ane + D)7 = (AN + D7) Plly0)s12(0) < Qe +6%) < 2€e.

Orciona, ncnobays ananor roxectsa (2.10) ana oneparopos By u BY,
IPUXOOUM K HepaBeHCTBy

1By =D ™ (B —¢D)  so)mio) < 2€1¢ sup(a- 12|z —¢|* (14.12)

=
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npu 0 < € < 1. Ananornuno (8.8),

sup (e + 1%l — ¢ <6p,(Q), € C\ [o,00), (14.13)
=

rae ¢ = (¢, +2)%. B cmny 3amedanna 14.1(3) ¢, orpaHMYeHO BEJTHYHHOIN,
3aBuCsIIeit umb ot d, n, p, a1, ||g||r., wor obmactn O. 3 (14.12) u (14.13)
BeiTekaeT (14.9) ¢ mocrosaunoit €39 = 2¢€1 6.

[Ipumenum reneps Teopemy 10.2 mpu ¢ = —1. [Ipu 0 < € < €1 umeem:
I(Ane + )7 = (AX + D)7 = eBn (e =) Ly0)» 1 (0) < (€2 + €)'/,
(14.14)

Orcroza cieyert, 9To
1/2 — _
JANE (Ave + D7 = (AR + D7 = eEv(es =) a0y a0 (14.15)
< Mol (don) /2(Es + €)M2, 0 < e <o

HomMuOoKHM omepaTop mos 3HakoM HOpMBI B (14.15) ¢ ABYX CTOPOH Ha TIpO-
ektop P. Iomyunm

IBY2 (Bre + )™ = (B + 1) 7! = ePEn(e5—1)) o) m(0)
< HQHL/C,z(dal)lﬁ(@z + ¢3)€1/2, 0<e<e
CupaBeyiMBo TOXK JIECTBO
(Bye—CI)™ — (BY — ¢t —ePEn(e; Q)
= (Bye+D)(Bye —CD 7 ((Bre + 17— (BY + 1)~ — ePEn(s; —1))
x (BY + D)(BY — (1)~ + (¢ + 1) (B — ¢I)'ePEn (&3 €).

(14.16)

(14.17)

Homuoxas (14.17) cresa wa le\{i n ucnonb3ys (14.16), nmpuxoaum K HEpa-
BEHCTBY

||Bl/2 (Bne— ¢ = (B — 1) = ePKN(;0) llno)—mo)
< llglly2 (do) /(€5 + €5)e"/? sup (& + 1) — ¢| (14.18)

T=>c)

+[¢+ Le sup afz — ¢ 72| A°S:b(D) Po(BY) ™2 ll340) - La(e)-

xr=cy

O6o3Haunm caaraemble B npapoii vacrn (14.18) uepes Ty (g), T2(g). C yuerom
(14.13) umeem

Ti(e) < €3 p, (), 0 <e<en, (14.19)
rae €33 = Cb||9||L (doq) 1/2(¢y 4 €3). dasnee, us (14.3) Boirexaer, 4ro

_ 1/277—-1/2
1BX) ™2 oy mio) < g~ 2% 2.

Otcroma n 3 (1.4), (1.19), (4.3) mosydaem OmeHKY
|A°S:b(D) Po(BR) ™/ o) s ageey < Moy 05 llg™ 12k 2. (14.20)
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B cuny (14.20) Bropoe ciaraemoe B (14.18) monyckaer oueHky
Ta(e) < el + UMy 20 lg I 2k P swp afe — 72 (14.21)
>0

Ananornuno (8.17) nmeem:

¢+ 1 sup afe — |7 < (6 +2)(e, + 1)py(Q), ¢ € C\[e,00).

r=cy

Bwmecte ¢ (14.21) sTo Beuer

T2(e) < €s4ep,(0), (14.22)

e € = (6 + 2)(¢, + 1)Maay*Cp 1~ 2k 2.
B nrore n3 (14.18), (14.19) un (14.22) BBITeKaeT HEPABEHCTBO

IBNZ (Byve — )71 = (BY = ¢! = ePKN(550)) lauoy-mo)
< (€33 + €30)e?p,(¢), O<e<e

Orcroma ¢ yaerom (14.2) cienyer onenka
|(By,e —¢I) ™= (BY = ¢I) 7! = ePEN (&5 O) (o) mi o) < €352, (C)
(14.23)
_1y1/25-1/2
mpn 0 < e < g1, e E35 = [|g l||L/ook1 (€33 + Caa).

ITokazkem Tereps, 1o B (14.23) mocse Mt WIeH 10T 3HAKOM HOPMBI MOZK-
HO 3aMeHuTh Ha N (€;(); 9TO IPUBEIET UMb K N3MEHEHUI0 KOHCTAHTHI B
oreke. Eciin TOMHOKATE omiepaTop 1o 3HakoM HOpMEL B (14.14) copasa Ha
P, To ipu 0 < € < €1 TOJIyIAM

I(By.e + )7 = (B + 17! = eKn(e: =1 o) m(o) < (€2 + €a)e/?.

(14.24)
C npyroit croponst, u3 (14.16) npu yuere (14.2) cremyer, aro

|(Bne + 1)~ = (BY + 1) = ePKn(e; —1) |0y a0y < €a6e/? (14.25)

upn 0 < & < e, tae €6 = ky g 12 gl (dar)V2(€2 + €3). Como-
crasisst (14.24) n (14.25), y6exjaemcst, 910

elPzKN (e =)o) mi(o) < (€2 + €5 + Eg6)e/%, 0 <e < e
Caenosaresnbho, ¢ yuerom (14.13) mpu 0 < € < €1 umeem
elPzEN(&; Olluoy—m1(0) < ellPzEN(g; =D o)1 (0)

< (B + 1)(BY — ¢ Hlnoy—m(o) < (€2 + €5 + Cs6)e eV 2p, () /2,
(14.26)
B wrore w3 (14.23) u (14.26) npu yuere paBercrBa P + Pz = I BbITeKaer
onenka (14.10) ¢ nocrosmmoit €31 = €35 + (€2 + €3 + C36)¢, i1/
Ocraercst mposeputsh (14.11). U3 (14.8) ¢ yuerom (1.2), (1 5) caeayer, 9TO
npu 0 < € < €1 BBITIOJIHEHO

l9°b(D)p. — g°b(D) . Ly0) < 9]l (der) > E5105 (O™ ?[[F |l Ly (0)-
(14.27)
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Ananornuno (5.19)—(5.21) umeewm:
lg"o(D)ep. — = Sb(D) Pyl Lo(0) < (C"+ C")ellPoll 2y (14.28)

Onennv H2(O)-nopmy dynknmn @ = (B — ¢I)7'F. C yuerom (9.12) un
(14.13) nmeem:

1(BY = ¢ o) m20) < 1B+ 1) Hlaoy— w20
B+ IVBY — 1)t < o2 1/2
x |[(By + I)(By — ¢I) ™ lno)y—no) < 7€, pp(¢) /=

CirenoBaTesibHO,

o+1/2
ol 20y < &0, (OV2 IR Ly(o)- (14.29)
B cuy (4.3), (14.28) u (14.29)
19°6(D)1p. — §°Sb(D)@oll 10y < C3705(O) 2| F |10 (14.30)

e € = (€' + C")CSee?. Us (14.27) u (14.30) smrexaer (14.11) ¢
nocToaHHON C39 = Hg|]LDo(doz1)1/2€31 +C37. @
Brigenum ciy4daii, korga A € Lo, O6o3HaunM
K (e5¢) = [A*]p(D) (B — ¢I) ™ (14.31)
U HOJIOXKUM

b. = o +eAB(D)py = (B — (1) 'F+ekQ (5 QOF.  (14.32)

Teopema 14.3. Ilycmo svinoanenv, ycrosusa meopemvr 14.2 u yeaosue 2.8.
IIyemoy pynruyua P, onpedeaena 6 (14.32). Toeda npu 0 < € < €1 cnpased-
AUBL OUEHKG

e — Yellmo) < €510 (O 2(F | 1y (0)- (14.33)
B onepamoprviz mepmunat,
|(Bye = ¢I)™H = (BY — ¢I) ™ = eK% (e O loy—mr0) < C51m(C)e'/?
(14.34)

s nomoxa g°b(D)p, npu 0 < € < €1 cnpasedaiusa annpokcuMayus
l9°(D). — FHD)poll ai0) < Cam(Qe V2 Fl o). (14.35)
Hocmoannwe €3y, €35 sasucam om d, n, m, p, ao, a1, ||9]| Lo, g~ L., om

nocmoannux k1, ko us nepasencmea (9.2), om nocmoannot ki uz (14.1), om
napamempos pewémxu ', om obracmu O u om wopmw ||A|| L. -

HokazaresbcrBo. Aranornano (6.5)-(6.9),
1. — Pcllm0) < C"ell@oll 2wy
Buecte ¢ (4.3) u (14.29) 510 BIEeuer
[e = el o) < €705 6 e, () IF  Lygo. (14.36)

Teneps u3 (14.8) u (14.36) BoiTekaer nckomoe HepapercTso (14.33) ¢ mocro-
stHHOM €5 = €31 + C”'Cg)coé;/Q.
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ITposepum (14.35). U3 (14.33) caenyer, uro

l9°6(D)pe — g°b(D)e | 1, (0) < 9]l Lo (dr1)'2€51 9, () ?IIF | 1y 0)
(14.37)
npu 0 < e < &1. Ananornuno (6.11), (6.12) nmeewm:

l°b(D)b. — D)ol i) < Cellollmmoy  (14.38)
C yuerom (14.29) nepasencrsa (14.37) u (14.38) nmpuBoaar k omenxe (14.35)
¢ mocrosHnolt €5 = ||g|l 1., (dar )2 +C~’c°é;/2. .

14.3. Cuenumasibabie cjydan. Ciydail, Korjga KOppekTop obpainaercs B
HOJTb, BBIJIEJSAETCA CASIYIONIUM YTBEPIKIEHUEM.

ITpeanoxkenune 14.4. [Tycmo swnosrenvs ycrosua meopemor 14.2. Ecau

¢° = g, m. e. ewnoanenv coommowenua (1.13), mo A = 0 u . = ¢y.

Tozda npu 0 < € < &1 cnpagedausa oueHka
le. — eoll o) < €5105(Q)e | F|1,(0)-

Cremytoriee yTBEPKACHNE TTONYIACTCS AHAJIOTHIHO MPEIOKEHIIO 8.5.

ITpeanoxkenue 14.5. ITycmov swnosrenv, ycaosua meopemor 14.2. Ecau
¢ = g, M. e. cnpasedausvl NpedcmasieHu (1.14), mo npu 0 < ¢ < &1
CNPABEIAUBE OUECHEQ

l9°6(D) e = 9°0(D)poll L, (0) < €320y (O ?IF |1, 0)-

14.4. Annpokcumarnus pe30JibBeHThI oriepaTopa By . B CTPOro BHYT-
penneit nonobaactu. Iycrs O — crporo BHyTpeHHAs m07061aCThH 0012~
cru O. Ncmons3yst Teopemy 14.2 u pesymbraTsl mrs 3agam B RY, MOKHO
HOJIYYUTh ANIPOKCUMAINIO pellleHus ¢, B [ 1 (O') TouHOrO MOPSIIKA TIO €.

Teopema 14.6. ITycmv swnoanenv ycaosua meopemvr 14.2. ITycmo O —
empozo enympennas nodobaacmo obaacmu O, u nyems 6 = dist {O';00}.
Tozda npu 0 < € < €1 €NPABEAIUBE OUERKG

le: = Pl a0
< (€7@ (Q) + @), ()*) + € c(9) 29y (O)P*) €lF (0.
B onepamopnvix mepmunaz,
|(Bn.e — ¢I)™" = (B = ¢I) ™ = eKn (e Olla(o) - (o)
< (€87 (c)p(Q) + )2, (/) + € e(9) 2, ()1 .
Aas nomoxa g°b(D)p, npu 0 < € < €1 cnpasediusa annpokcuMayua
lg70(D)p. — g°Sb(D) @yl 1,(07)

< (&5 () + @) 2O ) + Ee) 20, () el Fll10)
(14.40)

(14.39)
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Hocmosannvie €, T, E’b, E/b/ sasucam om d,n, m, p, ag, a1, [|9llo; 197 e 5

om nocmoannw ki, k2 us nepasencmesa (9.2), om nocmoannot k1 us (14.1),
om napamempos pewémru I' u om obaacmu O.

Jloka3zaTeJbCTBO TMOHOCTHIO AHAJOTUYHO JOKA3ATETHLCTBY TEOPEMBI 8.6;
MBI OITyCKaeM JdeTajin. @

Teopema 14.7. ITycmv swnoanenv ycaosus meopemvr 14.3. ITycmo O —
empozo erympennas nodobaacmo obaacmu O, u nyems 0 := dist {O';00}.
Tozda npu 0 < € < g1 cnpagedausa ouenka

e — Pl o
< (€87 @)ps(Q) + (D)2, ()*) + & c(9) 29y (O)P*) €lF (0.
B onepamoprvixr mepmunar,
I(By.e = <D™ = (BY = <D™ = (e Ol o)
< (G (D) (C) + c(0)P20,(Q)) + Ee(9) 20, (/1) 2
Aas nomoxa g°b(D)p, npu 0 < € < €1 cnpasediusa annpokcuMayus
l°b(D)p. = GH(D)y | 1,0)

< (B Q) + )2 () + ) 2 ) B0
(14.42)

Iocmosmmwe €, & — me oice, wmo 6 meopeme 14.6. ITocmosnnvie €I, &

(14.41)

sasucam om d, n, m, p, ag, a1, |9ll1: 197 | Le , 0m nocmosmmvis ky, ko us

nepasencmesa (9.2), om nocmoannot k1 us (14.1), om napamempos pewémru
I' om obaacmu O u om ||A|| L,

Jloka3aTeJbCTBO JIETKO TPOBECTH, TpUMeHsId TeopeMy 14.6 1 cooTHOITeHS

(14.29), (14.36), (14.38). o

14.5. IIpnnokenne pe3ysabTaToB 00 omeparope By. K omeparopy
Ane. Teopema 14.2 mo3Bossier HONIYyYUTH AINIPOKCHMAIHIO DPE30IbBEHTHI
(An e — ¢I)~! B perynapnoit Touxe ¢ € C \ [¢,,00), ¢ # 0.

Teopema 14.8. [Tycmov ¢ € C\ [¢,,00) u ¢ # 0. Ilyemv u, — pewenue
sadavu (9.6), ug — pewenue zadawu (9.13) npu F € Lo(O;C"). Hycmo
wucao €1 yooeaemeopaem ycaosuro 4.1. Tozda npu 0 < & < £1 cnpasedausa
ouenKa

[ue — ol z,0) < L300, (Ol F| o0
2de p,(C) onpedeneno 6 (14.7). B onepamopnuxr mepmunac,
[(An.e = ¢D 7 = (AN = CD 7l Lo0)=L2(0) < €3005(C)e. (14.43)
Obosnanum V. = ug + eA°S:b(D)Uo, 2de Uy = Po(AY — ¢I)"'PF. Ilpu

0 < e < €1 cnpasedausa oUueHka

[us = Vel 10y < €3105(Q) 2 F| 1y 0)-
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B onepamopruzr mepmunar,

I(An,e = )71 = (AX = ¢ = eBn (e Ol no(0)—mi (o) < €a1p5(C)e?,

(14.44)
2de Kn(g;¢) = Ro[A%]S:b(D)Po(AY — ¢I)™'P. Jaa nomoka p. =
g°b(D)u. npu 0 < £ < €1 cnpasedausa aNNPOKCUMAUUSL

Ipe — G S=b(D) 0| ,(0) < €3205(C)e™*[[F | Ly(0)- (14.45)

Hocmosannvie C3g, €31, €39 — me orce, ymo 6 meopeme 14.2.
HokazarenbcTBo. 3averum, uro upu ¢ € C\ [¢,,00), ¢ # 0, BBIIOJHEHO

(An:— ) = (Ane — )P+ (An — ()M P2.
Nneem: (Ane — 7P = (Bne — ¢I)~'P, (Ane —CI)™'Py = —( Py,

CrenoBaTe/bHO,
(Ane = ¢D)™ = (Bye = CI)'P = (1P
AmBayoTuvHoO,
(AN = ¢I) ™ = (BYy = ¢)7'P = (P2
TTosromy
(Ane = D)™ = (AY —¢D) ' = (Byve — D)7 = (BY = ¢D)7H) P (14.46)

Onenka (14.43) menocpeactsento cieayet u3 (14.9) u (14.46). Ormernm
ouesnHOe pasercTBo Ky (e;¢) = Kn(e; ()P. Torga

(An,z — D) 7H— (AX = ¢I) 7 = eKn (i)

14.47
= ((Brne =¢I)™H = (BY = )7 = eKn(e50)) P | :
Otcroma n n3 (14.10) BeiTexaer (14.44).
Hausee, nockonbky b(D)(An . — (I)™1Pz =0, To
I3 o -1 _ =€ 0 -1
g b(D)<-AN,a ¢I) S:b(D)Po(Ay —¢I)™"P (14.48)

= (¢°b(D)(By,. — ¢(I) ™' = §FSb(D)Po(BYy — ¢I)7H) P.
Ouesnzno, HepaBeHcTBO (14.11) B omepaTOPHBIX TEPMHUHAX O3HAYALT, UTO
19°6(D)(By,e — CI) ™! = G5 Sb(D) Po (BY — (1) " l31(0) - 12(0) < €3205(C)e™?

(14.49)
opu 0 < € < €1. Teneps u3 (14.48) n (14.49) BLiTeKaeT OIeHKA
l9°0(D) (An,c — (1)~ = §7S:b(D) Po(AX — ¢I) ™ Pl 1y(0) - 12(0)
< ¢32pb(<)51/27 0<e g &1,

paBHOCH/IbHAs HepaseHcTBy (14.45). o
13 Teopembr 14.3 BBIBOAUTCS CIENVIOMUH pe3yabTaT.

Teopema 14.9. IIycms ¢ € C\ [¢,,00) u ¢ # 0. IIyemv u. — pewenue
sadavu (9.6), ug — pewenue zadawu (9.13) npu F € Lo(O;C™). Hycmo
svnoaneno ycaosue 2.8. Ilyems xoppexmop K3 (e;¢) onpedeaen ¢ (12.1), a
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Ve — Pynryua (12.2). IIyemo wucao e1 ydosaemeopaem ycaosuto 4.1. Tozda
npu 0 < € < €1 cnpasedausa ouerKa

[ue = Vel i1 (o) < €5105(Q)e 2 F| 0,

UAU, 68 ONEPAMOPHBLT MEPMUNHAT,

[(Ane — ¢ = (AY = ¢ = e KR (5 Ol 0y 1 (0) < €5105(C)e2.

(14.50)
Aas nomoxa p: = ¢g°b(D)ue npu 0 < € < €1 cnpagedausa annpoKcuUMaus
1P = 5°b(D)uo|| ,(0) < €3205()e"?(|F | Ly (o). (14.51)

Iocmosnnwe €3, €39 — me oice, wmo 6 meopeme 14.3.
HokaszaresnnscrBo. C yuerom (12.1), (14.31) u roxgecrea b(D)Pz = 0 nme-
em: K (g;¢) = KQ(;¢)P. Bumecre ¢ (14.46) 310 naer Tox/1€CTBO

(Ane = ¢ = (AY — <D™ = eKR(50)

= (Bre — () = (BY — (D) — oKy (=:0) P -
N3 (14.34) n (14.52) mpsimo BeiTeRaer (14.50).
Hanee, mockobky b(D)Pz = 0, To
€ o -1 _ ~e 0 -1
9°b(D) (AN, — ¢I) b(D)(Ay —¢I) (14.53)

= (9°0(D) (B — ¢I)"! = gb(D)(BY = ¢I) ™) P.
Coornomenust (14.35) n (14.53) Baekyr (14.51). o
Tenepb MBI U3BJIeUeM CJIEICTBUE W3 TeopeMbl 14.6.

Teopema 14.10. [Tycmv 6vinoanenst yeaosus meopemvr 14.8. ITycmv O —
empozo enympennas nodobaacme obaacmu O, u nyems 0 = dist {O';00}.
Tozda npu 0 < € < g1 cnpagedausa oueHnka

[ue — Vel g0y
< (€571 () + )20, (C)) + €e(0)2p,()) el[Fl oo,
B onepamoproiz mepmunaz,
[(Ane — ¢ = (AX = ¢! = eKn (O o0y m (01
< (G D) (Q) + ()2, (O)Y) + €e(d) 20, () ) .
Aas nomoxa p: = ¢g°b(D)ue npu 0 < € < €1 cnpagedausa annpoKcuUMaUus
[Pe — g°Sb(D)Uo || 1,0

< (&7 @) (Q) + @), ()Y) + & e(9) 20y (O)*) <F oo
(14.55)

(14.54)

Hocmoannvie &, €', & & — me oce, wmo 6 meopeme 14.6.

HokazaresnbcrBo. Onenka (14.54) crenyer u3 (14.39) u (14.47). Hepasen-
crBo (14.55) sBasiercst caencreuenm (14.40) n (14.48). o

Crenyromuii pe3yabTaT BBIBOJAUTCS U3 TeopeMbl 14.7.
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Teopema 14.11. ITycmv 6wnoanenst yeaosus meopemor 14.9. Iycms O —
empozo ernympennas nodobaacmo obaacmu O, u nyems 0 = dist {O';00}.
Tozda npu 0 < € < g1 cnpagedausa ouenka

[ue = Vel o
< (¢E5_1(C(19)Pb(0 +c(9)p,(0)*) + éﬁ'C(ﬁ)l/zﬂb(C)w) e[l Ly (0)-
B onepamopnuix mepmunar,
[(Ane — ¢ = (AN = ¢ 71 = e KR (5Ol 1y (0)— 1 (0
< (€07 (W) C) + ()20 (O)) + Ee(@) 20,/ ) e

Jlaa nomoxa pe = ¢g°b(D)ue npu 0 < € < €1 cnpagediusa annpokcuMayus

(14.56)

[P — g°b(D)uo| .0

< (&7 @0 (Q) + @), ()*) + & e(9) 20y (O)*) €lF (0.
R (14.57)
Hocmoannvie €, VI’,’, ', & — me oce, wmo 6 meopeme 14.7.

HokazaresnncrBo. HepasencrBo (14.56) Beirekaer m3 (14.41) m (14.52).
Hepagencrso (14.57) siBastercs caencreueM (14.42) u (14.53). o
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