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AHHOTAINY

Iycts O C R? — orpammuennas obmacts kracca C?P. B mpocrpancTse
L2 (O; C™) m3yuaeTcst CAMOCOTIPSTZKEHHBIH CHJIBHO JITUITHIECKUI 0mepaTop
Ap . nopsinka 2p, p > 2, 3ananuslii Berpaxkenuem b(D)*g(x/e)b(D), € > 0,
npu yeiopusix Jupuxite Ha rpanume. 3mech g(X) — OrpaHUYeHHAsT U [10JI0-
JKUTEILHO onpeenenaas (m x m)-marpuna-ysxmus B RY, nepuogndeckas
OTHOCHUTETIHFHO HeKoTOpoil pererku; b(D) = Z‘ a|=p 0aD® — muddepenun-
AJTBHBIN OMTEPATOP MOPIIKA P C MOCTOAHHBIMU KOddpdunmentamu; b, — 1mo-
crosturble (m X n)-marpunst. [Ipegnonaraercs, uro m = n u uro cumou b(€)
MMeeT MaKCHMaJIbHBI panr. s pesonssentst (Ap . — (1 )~ momryens an-
NpOKCHMAIMH 110 orepaToproit Hopme B Lo(O; C™) u mo HopMe omepaTopos,
neiicreytomux u3 Lo(O; C") 8 mpocrpanctso Cobonesa HP(O;C™), ¢ onen-
KaM# MOTPENTHOCTH B 3aBUCUMOCTH OT € u (.

Kirouesbie cJjioBa: nepuogndeckue JuddepeHiinaibible OMepaTophl, -
JUNTAYECKNe YpaBHEeHNUs BRICOKOTO TTOPAKa, 3a/1ada Aupuxie, ycpeanenne,
¢ deKTUBHBII 0lIepaTOpP, KOPPEKTOD, OIEPATOPHBIE OIEHKHU MOIPEITHOCTH.

Nccnenosanue Buinoaaero npu noggep:xkke PODU (npoexr 16-01-00087).
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BBEJEHUE

BagauaM ycpemHeHust (roMoreHm3aImu) audepeHImaibHbIX OMepaTo-
pos (10) ¢ mepmogmyecKuMu OBICTPO OCIUJLTUPYIONIMI KO3 dunnenTa-
MU TIOCBAIIEHA OOMUpHAS JUTEpATypa. YKAXKEM B MEPBYI0 OUYEpEIb KHUTH

[BeLPal, [BaPan|, [ZhKO|.

0.1. OmepaTopHble OILIEHKHN HOTPEIIHOCTU IJid 3a4ad yCpeaHeHUs B
R¢. B nuxie pabor Bupmana n Cycaunoii [BSul, BSu2, BSu3, BSu4| 6511
MPeJTOKEH W Pa3BUT TEOPETUKO-ONEPATOPHBIN TOAX0] K 3aJladaM TeOpUH
yepenaennit. C IMOMOINBIO 9TOrO MOAXOMa M3YUAJICI IMAPOKHH KJIacC MaT-
PUYHBLIX CAMOCOIPSIZKEHHBIX CHIBHO djaunTudeckux J1O BTOpoOro mopsiiaka,
aeficryromux B Lo (Rd; C™) m monyckaronmx GhakTOPU3AIUIO BIIA

A. = b(D)*g(x/e)b(D), & >0, (0.1)

riae Marpuna-gyHkius ¢(X) pasMepa m X m OrpaHWYeHa, PABHOMEPHO IT0-
JIOYKUTEJILHO OIpPeJIeIeHa M HepUOUIHa OTHOCUTEIbHO HEKOTOPOI PeIeTKu
I' ¢ R%. Oneparop b(D) — JIO nepsoro nopsika suja b(D) = Z?:1 b;D;,
rae b; — nocrosunele (m X n)-marpuiel. [Ipeanosnaraercsa, aro m > n u
aro cumBost b(€) umeer panr n npu Beex 0 # & € RY. Ilpocreiimuii npuMep
omeparopa Buja (0.1) — akycruaeckuii oneparop —div g(x/¢)V; omeparop
TEOPUH YIIPYIOCTH TaKzKe JIONYCKaeT 3alliCh B TPeOyeMOM BUje. DTU U JIPY-
rue IpuMepsl oapobHO paccMoTpensl B [BSu2|.

B |BSul, BSu2| nokasano, uto npm ¢ — 0 pesombsenta (A: + 1)~ cxo-
JuTcd 1o omeparopHoi HopMe B Lo(R?; C™) k pesombsente sfdermushozo
onepamopa AY = b(D)*¢°b(D), rae ¢° — mocrosmmaa sfdexmuenan mam-
PUYA. YCTAaHOBIIEHA OITEHKA

1(Ac + D" = (A’ + D)7l Ry 2y mey < Ce (0.2)

B [BSu3| maiinena Goee TouHas ammpoKcEManus pe3obsenTs (A. + 1)~
110 omepaTopHoit Hopme B Lo (RY; C™) ¢ morpermmoctsio O(e?). B [BSud| moury-
“eHa anmpokcnManus pesonbsentsl (A: + 1)1 mo Hopme omepaTopos, meii-
crByrommx w3 Lo(R%; C™) B npocrpancro Cobonena H'(R?; C"), ¢ omenxoit

(A + D)7 = (A" + D) - eK () Lyma)— 1 (re) < CE. (0.3)

Baecs K(g) — rmak wmasbBaemblii xoppexmop. Oueparop K(g) coaepxur
ObICTPO OCHUJLTUPYIOIIME MHOXKUTE/U, & [OTOMY 3aBUCHT OT €; IPU ITOM
1K) ysrr = O(e™H).

Omuenku Buma (0.2), (0.3), mosyunsine Ha3BaHUE ONEPAMOPHHIL OUECHOK
noepewrocmu, TOIHLI 0 Topsaky. Meron pabor [BSul, BSu2, BSu3, BSu4|
OCHOBaH Ha TIPUMEHEHHH MacImTabHOro npeobpasosanust, Teopun Djoke-
Broxa n amamuTndeckoil TeOpUU BO3MYIIEHU.

Ormernm Takzke HemaBHUEe paborsl [Sud, Sub|, B KOTOPBIX OBLIN MTOJTYte-
HBI BynapaMerpudeckue anagoru oreHok (0.2) m (0.3) 11s pe3ospBeHTHI
(A: — ¢I)~! B mpousBosbHOI Touke ¢ € C\ Ry (B 3aBucmMocti ot € 1 ().



Hpyroit mogxos K ONEparoOpHbIM OLNEHKAM MOIPENtHOCTH (Moduduiyupo-
6anHbIl MEMOd NEPE020 NPUOAUINCERUA NI Memod cO6U2a) ObLI IPEJIOKEH
2KukoBbIM; 9TuM MeTo0M B [Zh| n [ZhPasl| 6b1mn mostydens! oneHKN BUIA
(0.2) u (0.3) ays1 omepaTOPOB AKYCTUKY U TeOpHH yupyrocru. OTHOCHTE -
HO JAJBHENIINX Pe3y/IbTaToB CM. HemaBHu 0030p 2Kukosa u [lacryxosoit
[ZhPas2| u nuTHpOBaHHYIO TaM JINTEPATYPY.

OTe/bHBI  UHTEPEC TPEeJCTABIseT 3aJada  YCPEIHEHUs It [TEPHO-
angeckux ssmmnradeckux 10 ewicokozo uemnozo nopadxa. Teopernko-
OTIepATOPHBIH MOIX0, npeiokenHblit Bupmanom u Cyciaunoil, 6611 pa3BuT
OPUMEHUTEIBHO K TAKUM oreparopaM B pabore Bennamunosa V] u B He1aB-
meit crarbe Kykymkuna n Cycaunoit [KuSu].

B |V] m3ywascs oneparop Buga B. = (DP)*g(x/e)DP, rae g(x) — cummer-
PUYHBI TTOJIOKUTENBHO OIPEEJIEHHBI ¥ OrpaHUYeHHBIH TEH30p MOPSJIKA,
2p, nepuogndecKuii oTHOCUTENBHO perreTku ['. [Ipu p = 2 omepaTop Takoro
BHUJIa BO3HUKAET B Teopuu yrupyrocru mwiactud (cM. [ZhKO|). 9ddexrupnbrii
omepatop umeer suz BY = (DP)*¢°DP, rae ¢° — sabdexTupnbii Temsop. B
[V] mosyuen anasor onenku (0.2):

|(B: + I)_l - (BO + I)_IHLQ(Rd)%M(Rd) < Ce.

B [KuSu| usywancs Gonee obumit kirace smmunrudeckux 1O BBICOKOTO
nopsAAKa, AeficTBytommx B Lo (Rd; C™) u monyckaromux (hakTOPU3ANKIIO BUIA

A: = b(D)*g(x/e)b(D). (0.4)

3aech g(x) — orpaHuueHHas W PABHOMEDHO TOJIOXKHUTEIHHO OINpe/le/IeHHast
Marpuna-GyHKIEA pazMepa m X m, NepuogudecKas OTHOCUTETHHO Permer-
ku I'. Oneparop b(D) nopsiaka p > 2 umeer sug b(D) = E|a|:p b D%, rae
b, — nocrosiable (M X n)-marpurpl. [Ipeanonaraercs, 910 m > n u 4910
cumBos b(€) umeer panr n npu Beex 0 # & € RY. Ocrnopnbie pesynbsraTs pa-
6oter [KuSu| — ammpoxcumarmun pesombeentst (A — (I)~! rae ¢ € C\ Ry,
B PA3IMIHBIX OMMEPATOPHBIX HOPMAX C JBYTIaApPaMeTPUYECKUME OIIEHKAMHE TI0-
rpemHocTH (B 3aBucuMocTH 0T € 1 (). [loka3aHo, 4To 1o onepaTopHOii HopMe
B Lo(R?; C") pesonsrenta (A. — (1)~ cxoanres k pesomnbpente achdexTin-
roro omeparopa AY = b(D)*¢’b(D) (rme ¢° — nocrosmmas sddexTuBHAS
MATPUIA), TPUIEM

I(Ae = <D™ = (A° = D Mgy pagery < CaQe (05)

ITo "suepreruaeckoit”" HOpMeE (T. €., IO HOPME OTIEPATOPOB, ACHCTBYIONINX U3
Ly(R% C") 8 HP(R?; C")) HaiizeHa anTpOKCUMAINAS PE30IBLBEHTE! IPU yUeTe
KOPPEKTOpa:

1(Ae = ¢D)7™H = (A% = D)7 = P K (G €) Loyt oty < C2(Q)e. (0.6)

Koppekrop K((;e) comepkKur GBICTPO OCIMUIUPYIONIAE MHOKATEN; DU
sroM ||K((;€)||n,—mr = O(e™P). Boisacuen xapakrep 3asucumoct C1(¢) u
C3(¢) or mapamerpa (.



binzkwe pesyibrarsl 06 yCpeIHEHUN JUTMITHICCKUX ONEPATOPOB BBHICO-
KOO 1I0DsiJIKa 1IoJ1y4eHbl B HejgasHux paborax ITacryxosoit [Pasl, Pas2| ¢
NOMOTIIBI0 METO/IA C/IBUTA (B 9THX paboTaxX OIEHKH OJHOMAPAMETPUIECKUE,
dukcuposano 3nauenne ( = —1).

0.2. OnepaTopHble OLEHKHU [OrPeHIHOCTY JJisl 3a7a4 yCpeJHEeHUsl B
orpann4veHHoil obsactu. OnepaTopHble OIEHKH MOMPENTHOCTH W3y IauCh
TaKKe JJIsl SJIUITHIECKUX OIIePaTOPOB BTOPOr0 MOPSIKa ¢ GBLICTPO OCIHII-
AupyomuMy KoaguImenTaMu B orparndennoii obracta @ C RY ¢ mocra-
TOYHO [IaJIKOM Tpanuteii. B [Zh, ZhPasl| paccmarpuBainch onepaTropsr aky-
CTUKW U TEOPHUH YOPYrocTw npu yceaosun dupuxie 6o Helimana Ha rpanu-
e 00; 6butn nostydens! ananorn onesok (0.2) u (0.3), HO ¢ HOTPEIHOCTBIO
nopsika O(e'/2). orpemsocTs yxXyamaercs 3a caeT BIusHrs rpaums. (B
ciydae 3agaan upuxste ns omeparopa akyctuku (Lo — Lo)-orenka 6b11a
yiyumena B [ZhPasl|, Ho nopsiiok oreHKn He GBI TOYHBIM. )

Banskne pesyabrars: s oneparopa —div g(x/e)V B orpannvennoit 06-
gactu npu yeaosun Jupuxie aubo Heitmana 6vitu yeramossenst B paborax
I'puzo [Grl, Gr2| ¢ momormbio "unfolding" -merona. B crarwe [Gr2| mus Toro
JKe oreparopa Biepeble Obl1 mosyden anasnor onenku (0.2) mopsaka O(e)
(TOYHOM 1O MOPSIAKY).

Jl1st MaTpuUYHBIX OIEpaTropos Broporo mopsyka Ap. n Ane, 337aH-
ubix Boipackenuem (0.1) mpwm ycnosuax upuxne wmm Heiimana coorser-
CTBCHHO, OIIepaTOpHBIC OIEHKNW IIOTPEIMTHOCTH 6]:)I.HI/I TIOJIyY€HbI B pa6OTaX
[PSul, PSu2, Sul, Su2, Su3|. B [PSul, PSu2| uzyuanace 3azaqa Jupuxse u
ObLIa yCTAHOBJICHA OIEHKA

||~AE)715 —(Ap) - eLp(e)llLy0)—m1(0) < Cel/?, (0.7)

Baecs AY, — sddextusubiii oneparop ¢ yciosnem upuxie, a Kp(e) —
coorpercrBytomuii koppekrop. B [Sul, Su2| yxanock mosyuuTs TOUHYIO 110
HOPSAJIKY OIEHKY 110 oriepaTopHoii Hopme B Lo(O; C™):

ALY = (AD) "l La0) = Lo(0) < Ce. (0.8)

Host 3anaun Helimana anasiorndsbie pesysbrarhl nojaydensl B [Sudl. Merog
pa6or [PSul, PSu2, Sul, Su2, Su3| ocHoBan Ha UCILOIb30BAHUN PE3YJIBTATOB
AJ1d 3814491 B Rd, BBEJCHUU ITOIIPABKU TUIIA [IOTPAHUIHOTO CJIOMA U TTOJIyY€HUN
oterok 31oft nonpasku 8 H1(O; C") u s Ly(O; C"). HekoTopble TexHUIeCKHE
LpUeMbl 3auMCTBOBanbl u3 [ZhPasl).

B nemasrux paborax [Sud, Sub| mosyUueHB! anmpoKCHMAINN PE30IHBEHT
(Ape—¢I)~tu (Aye — ¢I)~! B mpomssosbHoit Touke ¢ € C\ Ry — nsyma-
pamerpndeckue anagoru ormeHok (0.7) u (0.8).

Ouenka suga (0.8) 17151 paBHOMEPHO JUTMITHIECKUX CHCTEM BTOPOTO TI0-
psaka npu yeaosuax Jdupuxiie 6o Heiimana 6blia HE3aBUCHMO MOJTyYEHA,
apyrum mMetoqom B pabore Kenwra, Jluna u [lena [KeLiS| mpu mHekoTopsix
YCJIOBUSIX PEryJISIPHOCTU KO3DPUITUEHTOB.
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0.3. OcHoBHbIE pe3yJabTaTbl. B Hacroseil paboTe M3ydaercs: Oneparop
Ap ¢ BBICOKOTO TIOpsijiKa 2p B orpanutennoit obactu O xiacca C2P, zaman-
uelil B dakropmsosantoii dpopme (0.4) npu yemosusx Jupuxie Ha rpaHure
00. Ileav pabomu, — TIONYUIEHHE ATITPOKCUMAITIH PE30THBEHTHI (AD,E—gl)_l
B PEryJsipHOi TOYKe ( ¢ OIeHKAMHU TOTPEITHOCTH B 3ABUCUMOCTH OT € 1 (.

Onumem ocuosuble pesyabrarhl. [lycrs ¢ = [(le’? € C\ Ry u (| > 1.
YcraHOBJIEHB! OLIEHKH

1(Ap,e =)™ = (AD =) M La0) s La(0) < CLl) (el¢] T2 +67), (0.9)

I(Ap,e —¢I) ™! = (A — ¢I) ™! = e Kp(¢;6)ll py(0)—mr(0)

0.10
< Calip) (V2| /2P 4 eP), 010

npu 0 < € < €1 (r7e €1 — JAOCTATOYHO MAJIOE IHCIIO, 3aBUCAINEe 0T 06JACTH
O u pemerku I'). 31ecn A% — 3ddeKkTuBHBI OnepaTop, 3aJaHHBIA BbIPa-
wenmem b(D)*g%(D) ¢ yemosusvn dupuxie. Koppekrop Kp((;e) comep-
KUt ObICTPO ocumLMpyrone Muox)uresau, upu srom ||Kp(C;e)|,—mr =
O(e7P). Ilpocaexkena 3asucuMocTh KOHCTAHT C1 (@) 1 C2(p) OT yrita ¢; oreH-
ku (0.9) u (0.10) paBHOMEDHBI TIO YTIIY ¢ B CEKTOPE € o, 2T — o] CO CKOJIb
yroguo MasibiM g > 0. [Ipu durcuposansom ¢ onenka (0.9) uMeer TOTHbIH
nopsaok O(g), a omenka (0.10) nmeer nopsnox O(e'/?) (yxymmenne nopsmxa
obbsicusiercst BausHueM rpasnmpl). Ounenxu (0.9) u (0.10) mokassiBaoT, 91O
¢ pocToM |(| mOTpenHOCTh TPUGINKEHUH PE30TBBEHTHI Y MEHbBIITACTCS.

Koppekrop Kp((;e) B 06111eM ciydae COMEPKUT BCIOMOTaTEIbHBIN CTTa-
JKUBAIOIIKI orieparop. MBI BbIJIEISIEM JIOTIOJIHUTEIHLHOE YCIOBUE, ITPH KOTO-
POM MOXKHO HCHOJIB30BATh CTAHJIAPTHBIA KOPPEKTOp 6e3 CriiaxKuBaTesis.

IToMuMO  aNmpOKCUMAIIUK  PE30JIBLBEHTBI, MBI HAXOJUM  AIIPOKCHMa-
nuto oneparopa g(x/e)b(D)(Ap. — ¢I)™! (orBeuatomero "motoxy") mo
(Lg — Lg)-omepaTopHoii HOpME.

'ZLHH TTOJTHOTHI M3JIOKEHWA MblI HAXOAWUM TaKZXKe allllPOKCUMAIIUN PEe30JIb-
BerTsl (Ap . — (I )’1, CTIpaBeIMBRIE B O0JIee MIPOKOH 00aCTH W3MEHEHUST
napamerpa (; TP 9TOM XapakTep OIEHOK OTHOCHTETHHO mapamerpa ( Me-
agerca. Ommmenm 3ti pesyabrarsl. OnepaTopsl Ap . u AOD TTOJIOKUTETHHO
ompezmesennl. Ilycts ¢, > 0 — ux obmag HMXkHgs Tpanb. PaccmorpuM 3Ha-
gerust ( € C\ [c4,00). Homoxkum ¢ — ¢, = | — cle®. TIpu 0 < € <
CIIPaBEJJIMBBI OIEHKU

1(Ape — ¢ = (A = CI) M 1p0) > 12(0) < C(Q)e, (0.11)
I(Ape = ¢I) ™ = (A = CI) ™! = " Kp(G5€) | La(0)+rm(0) < C(C)gl(@’ )
0.12

rae C(¢) = C()¢ — e 2 mpu [ — e <11 C(¢) = C(¢) mpu [€ — ¢ > 1.
IIpocaexena 3asucumocts C(10) or yraa ¢. Ouenku (0.11) u (0.12) pasHO-
MEpHBI 110 YIJIy ¥ B CEKTOpe BUIA 1) € [y, 27T — 1g] CO CKOJIb YTOTHO MaJbIM

o > 0.



0.4. Meton. Mur onupaemcst Ha pesyabrarsl s oneparopa (0.4) nopsjaka
2p B Lo(RY; C"), nonyuennsie B [KuSu| (na onenku (0.5) u (0.6)). Buauasne
MBI BBIBOJUM €€ OJUH Pe3yabTar jid 3agaqau B R (moxoxwuii va (0.6)), B
KOTOPOM HCIIOJIB3yeTcs criaxkupanue 1o CTEKJIOBY; CM. HIUXKe Teopemy 3.3.

Merog ucciaenoBanust oneparopa Ap . aHAJOIHYEH CJLy4Yal0 OLepaToOpOB
BTOPOTO MOPHAJIKA: OH COCTOUT B PACCMOTPEHUU aCCOINMUPOBAHHON 3a/1a49K B
R?, BBe ey HONPABKY THIIA HOIPAHUIHOTO CJIOH 1 €€ TIATE/ILHOM AHAIH3E.
CyIIeCTBEHHY 0 TEXHUYECK YO POJIb UIPAET UCIIOJIb30BAHUE CIJIAZKUBAHUS 110
CrekoBy (3amMcTBOBaHHOE 13 paboTe! |ZhPasl|) n onenku B e-0kpecTHOCTH
rpannnbl. CHavama Mbl qokasbiaeM ornedky (0.10), a 3arem orenky (0.9),
OMMpasiChb Ha yKe JoKazaHHoe HepaseHcTBO (0.10) m coobparkeHus NBOIi-
CTBEHHOCTH.

Omnenku (0.11) u (0.12) cpaBHUTETBHO MPOCTO BHIBOJSTCSI U3 yiKe TOJIY-
YEHHBIX OIEHOK B TOUKe ( = —1 M MOIXOISIINX PE30IbBEHTHBIX TOXKJIECTB.

0.5. Ilnan crareu. Pabora cocrout u3 asyx rias. [uasa 1 (§1-3) nocss-
mena 3aqaue B RY. B §1 Beegen kmace omeparopos A B Lo(R?; C"), omucan
sdpbexrupnbiii omeparop A u BBemEHBI CrUIAXKHBAIOIINE OLEPATOPH ABYX
TUoB. §2 nocegameH ceoiicrBamM Marpunbl-pyHknun A(X) — mepuoanIecKo-
ro pemenus Becnomorarenbroit 3amaun (1.10). B §3 npusesenst pesysabrarTs
paborsr [KuSu] 06 anmpokcumarun pesonssentst (A. — (1)~ (Teopemsr 3.1
u 3.2), a TakxKe 1OJIy4eH APYTrOi BAPUAHT AIPOKCUMAIUMHA PE30JbBEHTHI 110
"sHeprerudeckoit”" HOpMe, HCTIONB3YIONHIT criaykuanne o CTekIoBy (Teo-
pema 3.3). I'masa 2 (§4-8) mocesena 3amave Jupuxie. B §4 nana mocranos-
Ka 3aJ1a4u, onucaH 3(pQeKTUBHBIA olepaTop, TPUBEJIEHBI BCIIOMOTATEIbHBIE
yTBepKaenus. B §5 chopMynInpoBaHbl OCHOBHBIE PE3YJLTATHI JIJIsl 3aJIa4u
Hupnxiae — ornenkn (0.9), (0.10) (teopemsr 5.1 u 5.2). [Iposenensr nepesie
JIBa, STAla JOKA3ATEILCTBA: PACCMOTPEHA ACCOIMMPOBaHHAs 3a1ada B RY
BBeJIeHa TIONPaBKa W, THIIA TIOTPAHUIHOTO CJIOST; BOTIPOCHI CBEJIEHBI K TIOJTy Je-
HIIO oneHOK HopM monpaBku B HP(O;C") u B Lo(O;C™). B §6 ycranoBIeHBI
TpebyemMble OIEHKH HOPM IIOIPAaBKK M 3aBEPINeHO0 JOKa3aTeJIbCTBO TeopeM
5.1 u 5.2. B §7 BbLmesen ciaydail, KOrma MOXKHO W30aBUTHCS OT CIVIAYKUBA-
IOIETO OMIEPATOPa U UCIIOJIB30BATh CTAHJIAPTHLI KOppeKTop. PaccMoTpenbl
HEKOTOpLIE CIelrabible caydan. B §8 mosydyena anmpokcuMaliusi pe3oJib-
sertsl (Ap. — CI)™! mpu ¢ € C )\ [cx, 00) — ycranossens! omenkn (0.11),
(0.12).

0.6. Obo3uavenus. [lycts £, & — KoMIIeKCHBIE cenapabeibHble THIBOED-
TOBBI TpocTpancTsa. CUMBOT [|-|| 5 o3HAaMaeT HOPMY, (-, *)¢ — CKAJISPHOE TPO-
u3Besienne B §; cuMBoa |||, O3HATACT HOPMY JTHHEHHOTO HEMPepPHIBHOTO
omnepatopa u3 §) B 6.

Ckasnsiproe mpomsse/ienue n Hopma B C" obosnagatorcs depes (-, ) u | - |
cooTBeTcTBeHHO, 1 = 1,, — equHnYHast (n X n)-marpuia. Ecin a — marpuia
pasmMepa m X n, TO |a| 03HAYaeT HOPMY MATpHUIBI a Kak omeparopa u3 C" B
C™. Knaccsl Ly BexTop-bynkiuit B obsacta O C R? co snauennsmu B C"
obozuauatorcs depes Ly (O;C"), 1 < ¢ < oo. Kimaccsr Cobosea C"-3nadmbix
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bynxmuii B obnactu O C R? obozuauatorcs uepes H*(O;C"), s € R. Ye-
pes Hi(O; C™) obo3uauaercs 3ambikanue kiacca C5°(O; C") B upocrpancrse
H*(O;C"™). B ciyuae n = 1 mumewm Ly (O), H*(O), HO nHOTa MBI IPUMEHSI-
€M TaKMe yIpOIICHHbIE 0003HAYEHUS W JJIs MPOCTPAHCTB BEKTOPHOZHATHBIX
WM MATPUIHO3ZHAYHBIX (PyHKITMI.

KupnpiM mpudToM 0003HAYAIOTCA BEKTOPHBIE BeINIHHbLL Mcmomszyem
obosmavenns x = (r1,...,74) € RY iD; = 9; = 9/0zj, j = 1,...,d,
D = —iV = (Dy,...,Dy). Hamee, ecmun a = (o, ...,0q) € Z‘i — MYJILTHHH-
JIeKC, TO |a] = Z?Zl aj, D* = D" - D3¢ [Ins AByX MyJIBTHHHIEKCOB c, (3
samuck 3 < o osHadaet, uro 3; < «j, j = 1,...,d; qma "mcma coueTanmit
HCIOJIb3yeM 0003HATCHHIE o8 — 05} e ng.

Ucnonesyem obosnavenue Ry = [0, 00). Yepes C, ¢, ¢, C, € (BO3MOKHO, C
UHJEKCAME ¥ 3HAYKAMU) 0003HAYAIOTC PA3JIMUHBIE OIEHOUHBIE IOCTOSIHHBIE.

[JIABA 1. YCPEJHEHUE ONEPATOPOB B R?
§ 1. [IEPHONYECKUE SJTUNITUUECKUE OTIEPATOPHI B Lo(R%; C)

1.1. Pemerkn B R?. Ilycte I' — pemerka B R?, mopoxnenmas 6asmcom
ni,...,Nng:

d
=<{neR?: n:§ lng, l, €Zp,
i=1
" mycTh §) — s/leMeHTapHas ddeiika permeTku [
d
N={{xecR%: x= E tin;, 0 <t; <1
i=1
JIBOfICTBEHHBII 10 OTHOIMIEHTIO K N1, . . . , Ng GA3KC S1, . . ., Sq B R ompee-
JISETCA COOTHOMICHHAMH (Si,Nj)pa = 2md;j. DTOT Ha3HUC HOPOKTACT PeUemKy
I', dsoticmeennyro x pewemuxe I':

d
IF=<{seR?:s= E QiSi, @i € 7
i=1
Buecto guefiku nBoficTBEHHOM pernmeTky HAM yA00HEe PaCCMATPUBATH UeH-
mpasvHyto 3ony Bpuasoena

Q:{keRd:|k|<|k—s\,05£sef},

KOTOpas siByisiercs (byH/TaMeHTaIbHBIM MHOKecTBOM permerku ['. Hixe wc-
HOJIB3YIOTC 0003HaMeHus |€2] = mes (),

1 1
ro = — min |s|, 7 = —diamQ.
2 0#sel’ 2

Yepes H* (Q;C") obo3HauMM MOOAMPOCTPAHCTBO TeX ((DyHKIUi u3
H?*(Q; C"), I'nepronndeckoe MpoJ0ZKEHHEe KOTOPBIX Ha R? npuHaIexnT



HS

s (R4 C™). Ecim p(x) — I-nepuoamueckas dbynxnusa B RY, nosoxum

1

P (x) = (e 'x), e>0.

1.2. Knacc omepatopos. B mpocrpancrse Lo(R?; C") pacemarpusaercs
O A. nopsinka 2p, GpopMasibHO 33aHHbIN TudDepeHITnaIbHBIM BhIpaKe-
HUEM

A: =b(D)*¢*(x)b(D), &> 0. (1.1)
31eck g(X) — paBHOMEPHO IOJIOXKUTEIBHO ONPE/IeIeHHAsT U OrPAHUICHHAS
MarTpuia-QyHKIWs pazmepa m X m (Boobiie ropopsi, g(X) — IpMUTOBA MaT-
PHIA C KOMILJIEKCHBIME 3JIEMEHTAMH ):

9,9 € Lu(RY); g(x) > 0. (1.2)
Oneparop b(D) 3a1an BeIpaxKeHneM
(D)= > bD, (1.3)
laf=p

rae by, — nocrosiHEbIE (M X N)-MATPUILI, BOOOIE rOBOPS, ¢ KOMILIEKCHBIMY
snemenTamu. Ilpeanonaraercsi, 9to m > n, a cumBoa b(§) = Z\a|=p ba &*
nmoadyuHned yCﬂOBI/IIO
rankb(€) =n, 0#¢&eRY
DT0 yCI0BHE pAaBHOCHIBHO CYIIECTBOBAHMIO MOCTOSHHABIX (Y9 I (1] TAKHX, 9TO
aol, < b(0)*H(0) < a1l,, OeSH (1.4)
0<ay < a <oo. ’

bes orpanngenns oburmocTn 6ymeM cIUTATh, 9TO HOPMBI MATPHIL b, OTPAHN-

1/2,

€HBI KOHCTAHTOH (g

1/2
bo| < )%, |al =p. (1.5)
Crporoe ompejiesierne omeparopa A HaeTcs depe3 KBaJpaTHIHY0 (hopMy
az(u,u] = / (¢°(x)b(D)u, b(D)u) dx, ue HP(REC"). (1.6)
R4
3aMeTnM, 9TO BBEITOJIHEHBI 3JIEMEHTAPHBIE HEPABEHCTBA,

Yol <lEr <, Y €77, €erRY (1.7)

lal=p lal=p

rje ¢, 3aBUCAT JHuib OT d u p. C momormpio npeobpazosarug Pypre u cOOT-
wouenuit (1.2), (1.4) u (1.7) serko npoBepuTh CupaBe/yInBOCTH OLEHOK

co/ |DPu|? dx < a. [u,u] < cl/ |DPul?dx, uec HP(RLCY), (1.8)
R4 R4
TJle WCIOTb30BaHo oboszHadenme |DPul? = > lal=p |D*ul|?. Baech

co=aollg” Iz, e =cparllglr... (1.9)
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Canenosarennuo, dopma (1.6) 3amHyTa u Heorpunarenbna. OrBevaroniuii
et camoconpsizkenupiii omeparop B La(R%; C") mbr n o6o3nauaem uepes A..

1.3. DddexruBnslii oneparop. [lna GopMynmnpoBKn pe3ysnbTaToB HyXK-
Ho ommcaTh dbdexrusaeiii omeparop AY. Ilyers A € HP(S)) — marpmia-
dynakums pazmepa n X m, ssasgomasics (caadbbiv) [-nepuongnaeckum pere-
HUEM 341897

b(D)*g(x) (b(D)A(x) + 1,,,) = 0, /QA(X) dx = 0. (1.10)

Tax nassBaemas afdermuenas mampuua ¢° pasMepa m X m CTPOMTCS 110
CJIETYIONIEMY TIPABUIY:

o = 101" | gx)ax (111)
rje
g(x) := g(x) (b(D)A(x) + 1) . (1.12)
OxkazbiBaercs, uro Marpuna ¢° nosoxurensua. dddexmuenviti onepamop A°
s oeparopa (1.1) 3amaerca quddepeHnnaIbHBIM BhIPAKEHUEM

A® = bp(D)*¢"b(D) (1.13)

Ha obsacTu ompeneenus H2P (]Rd; C™). Huzke HaM TIOHAIIOOSATCST CIIEIYIOIIHE
omenkn myga cuvBoa L(€) = b(€)*g°b(€) sddexTusroro omeparopa:

col€|?1, < L(§) < C4|€|*1,, &eRY, (1.14)

rje ¢o onpegeseno B (1.9), a Cy = a1l|gl|L., - D11 onenku Boirexkator u3 (1.4)
u 13 CBOHCTB 3 DEKTUBHON MATPUIIBI (M3 €€ TI0JIOKUTETHHOCTU U U3 OIIEHOK

(1.16)).

1.4. CsoiicTrBa 3dppexkTuBHoit marpuribl. Crenyiomue cBoiicTBa 3hdex-
TUBHON Marpupl 6blin nposepensl B [KuSu, upejoxenne 5.3.

IIpepnoxenune 1.1. Obosnavum

g:m*éwwxg:(m*éwwwﬁf

Appexmusnasn mampuya g° ydosaemeopaem nepacencmeam
9<4’ <7 (1.15)
B cayuae, x02da m = n, umeem mecmo paserncmeo g0 = g.

Omnenxu (1.15) n3BecTHB B TeOpuu ycpenHenuii aua koukperabix J1O kak
susika Poitrra-Peiicca. M3 (1.15) BeITeKaroT OeHKH

19°] <llgllzws 16" < g™ i (1.16)

Beiesum reneps caygan, Korga B (1.15) Kakoe-1mbo 3 HEPABEHCTB Tpe-
Bparaercs B paseHcTBo. Crieyrorume JBa yTBepK IeHus TpoBepeHs! B [KuSu,
npepoxenus 5.4 n 5.5].
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IIpennoxkenue 1.2. Tycmo gr(x), k = 1,...,m, — cmoabuyv. mampuyos
g(x). Pasencmeo ¢° = G pasrocuavro coommowenusm

b(D)*gr(x) =0, k=1,...,m. (1.17)

IIpennoxkenue 1.3. ITycmo 1x(x), k = 1,...,m, — cmoibuyv, mampuyos
g(x)~!. Pasencmeo ¢° = g pasnocuavro npedcmasaenusim

L(x) =10 + b(D)vp(x), 19eC™ v,eH'(:CY); k=1,...,m.
(1.18)

Crenytomee cpoiicrBo ormedeno B [KuSu, sameuanne 5.6).

Bameuanue 1.4. I[Ipu ycaosuu ¢° = g mampuya (1.12) nocmoanna: g(x) =
P =y
1.5. Craaxkusatoriiue omepartopbl. Himke ucmomb3yorca aBa BCIIOMOTa-

TeTBHBIX CIVIAKUBAIONIX OMEPATOpa pasHoro Twuma. llepBoiii meificTByer B
Ly(R% C™) 1o npasuy

() = (20) 2 [ 2 9(e) de, (1.19)
Q/e

rie u(€) — Pypoe-o6pas dbyukuun u(x). Muage ropops, I1. — mcesnopudde-

PEHIIHAJIbHBIH OMePaTOp, CHMBOJI KOTOPOT'O €CTh XapaKTepucTuIeckas dyHK-

nust Xg /5(5) muOKecTBa /e, OueBnano, I, — OpTONPOEKTOP B KazKIOM

npocrpancree H*(R%C™), s > 0. Kpome toro, D®Tl.u = II.D“u npu

u € H*(R% C™) nia moBoro MyIbTHHHIEKCA (r TAKOTO, 9T0 || < 8.
Cuenyroree yrBepz/aenue mposepero B [PSu2; mpenioxenne 1.4].

Mpeanosxxenne 1.5. Jaa moboi dynwyuu u € HY(RYC™) swnoanena
ouenKa
—1
[TTeu — ul| 1, rey < erg - [|Dull 1, (Ra)-

B [BSu4, 1. 10.2] ycTaHOBJIEHO Cile/yOLIee yTBEPXKJCHUE.

Ipenyoxenne 1.6. [Tycmo f(x) — D-nepuoduueckas dynsuyus 6 R, npu-
wem f € Lo(Q). Iycmn [f€] — onepamop ymmosicenusa na dynwyuro f(e1x).
Tozda onepamop [f5)11. nenpepmeen 6 La(R%; C™), npuuem

LML £y (Rt Lo () < |Q\71/2Hf”L2(Q), e > 0.

Bropoii oneparop S: HasbBaeTcs caaascusarougum no Cmexaosy u jnei-
crByer B Lo(R%; C™) 1o mpasumty

(Seu)(x) = |Q|1/Qu(x—ez) dz. (1.20)

Ormernm, 910 |[Sel|pymay—Loey < 1. Ouesnano, D*Scu = S, D% upu
u € H*(R% C™) nia moGoro MyIbTHHHIEKCA r TAKOTO, 9To || < 8.

YraykeM HEKOTOpBIe cBoiicTBa oneparopa (1.20); em. [ZhPasl, semmbr 1.1
u 1.2] win [PSu2, npennoxkenns 3.1, 3.2].
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IMpeanosxxenune 1.7. Jas moboi gynwuyuu u € HY(RYC™) swnoanena
ouenKa
|| Seu — uHLQ(Rd) < 5r1|]DuHL2(Rd).

Mpeanosxenne 1.8. ITycmo f(x) — D-nepuoduseckan dynsyua 6 RY, npu-
wem f € Lo(Q). ITycma [f€] — onepamop ymmooicenusa na dynwyuio f(e1x).
Tozda onepamop [f€]S. nenpepmeen 6 La(R%; C™), npumem

ILf)Sell Ly (rey— Lo (rey < Q72 flly@), > 0.

§ 2. CBOMCTBA MATPUIILI-OYHKIIUN A

Huxxe naMm moHamobaTca cienyiompe OeHKn HOPM MaTPHITBI-(DYHKITAN A
(cm. [KuSu, crencreue 5.8)):
1 1 —1/2 _ 1/2 —1nl/2
ALy < 191720, O = m'2ag 2 @2r) Plgl 2 g7 2, (2:1)
2 2 1/2 _ 1/2
DDA Ly < 19120, ) = m 2| glli 219~ 132, (2.2)

1/2
[Alls() < 1212Ca, Cn = CPag ™ ( > <2ro>—2<p"“) .23
|Bl<p
Crenyromias jlemma stBisiercs 06o6menneM jlemMbl 8.3 u3 [BSud| va ciry-

4Jaii 0IIepaTOPOB BBICOKOT'O MOPH/IKA.

Jlemma 2.1. [lycmo A(x) — I'-nepuoduueckoe pewenue sadawu (1.10) u
g(x) — mampuya-dynxyua (1.12). Tozda dan moboi dynxyuu u € CF°(RY)
CNPasedAusa OUECHK

/ IDP(A(x)u(x))|? dxg/Bl/ lu|? dx
R4 Rd
wm Y Y [ (DA ) D i 0

la|=p B<a|B[>1
15 SHD SEEED SRR - L S
lol=p B<ai(B|>1 y<a—B:y[>1 7 R
Hocmosannwme By, | = 1,2,3, zasucam auvwv om d, p, m, oy, a1, ||9]lz..,
9™ ree -

Hoxaszameavemso. Ilycts ey, ..., e, — crapgaprusiii 6azuc 8 C™. ObozHa-
quM cToa6nel MaTpuibl-GyHknun A(x) depes vi(x), j = 1,...,m. B cu-
ay (1.10) I'-mepmoandeckast BeKTOp-GyHKIMs V;(X) IPHHAIIEKUAT KIACCY
HP (R% C") u y10oBIeTBOPSET TOXKICCTBY

loc
/Rd (g(x)(b(D)v;(x) + €;),b(D)n(x)) dx = 0 (2.5)

a1 mo6oit dynakmum n € HP(RY; C™) takoit, uto n(x) = 0 npu |[x| > R
(nist kakoro-mubo R > 0).
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dcno, uTo gocraTouno ycranoButh (2.4) mns BemecrBeHHON (DyHKIMU U.
Urax, mycts u(x) — Bemectsennas dynxims, npudem u € C§°(RY). Too-
xum n(x) = vj(x)u(x)?. B cuny (1.3) nmeem

b(D)n = ub(D)(vju) + Z ba Z CPD P (v,ju)DPu

lal=p  B<a:|B|>1

= ub(D)(vju) +u Z bo Z CHD* Fv;)DPu

la|l=p  B<a:|B>1

+ Z ba Z CPDPu Z C’g_ﬂ(Do‘_B_'ij)D'yu.

lal=p  B<a:|B]21 y<a—p:y[>1

IMopcrasags 370 BeIpaxkenue B (2.5), IPUXOAUM K TOXKJIECTBY
/]Rd (g(b(D)v;)u, b(D)(v;u)) dx

+> ) C{f/

lo|=p B<a:|B|>1 R
+Ji+Jo+ J3 =0,

(g(b(D)v;)u,ba (D)D) dx

riue
Iii= [ aeu,b(D)(v,u)) dx

Jo 1= Z Z Caﬁ/ geju, bo (D Pv;)Du) dx,

d
la|=p B<azlf|>1 R

ngzz Z Z cicy_g

la|=p BL:|B|21 y<a—B:|v[>1

X / <g(b(D)Vj + ej), ba(Da_’B_ﬁ/Vj)D’BuD’Y'IQ dx.
R4
Jlajtee, MCTIOIB3ysT TOXKIAECTBO

(bD)vj)u=bD)(vju) = > _ ba > CID* Fv;Dy

la|l=p  B<a:|B>1

U BBOJS 0003HaYeHUE

7i= [ (ahD) (v, D) (v} dx.
3alliuieM IIOJIYYHUBIIeeCd TOXKIECTBO B BHUIEC

J=—-N—Jo—J3+ Jy— J5+ Jg,
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rie

=Y Y. CF / gbo (D Pv;)DPu, b(D)(v;u)) dx,

d
la|=p B<a:|Bz1 7R

=y Y Cf /R (gh(D)(vj0), ba (D)D) dx,

lo]=p <o |B>1

Jor= . 3 cic?

la|=la’|=p B<a,B/<a’:| B|21,] 8|21

X / (gba/(Do‘/_ﬁlvj)DB,u, bo (D Pv;)DPu) dx.
R4
Ynen Jy onenum 1o Hepasencrsy Koru:

1
PARS ||91/2ejuHL2(Rd)|’gl/2b(D)(Vju)HL2(]Rd) < 1J+ HQHLOOHUH%Z,(W)-

C yuerom (1.5) aas Jo nomydaem OmeHKy

2 2 _
2 < Pl + 7 Y 30 [ DD i,

|lal=p f<a:]B]>1
2 _ 12 5
rae ¢, = ki(d,p)||g|lLcy’”, I = 1,2, a mocTognnsle K;(d, p) 3aBACAT TOTHKO
or d u p.
Haunee, BexTopsl g;(x) := g(x)(b(D)v;(x) +e;), j =1,...,m, upencras-
Js10T coboit cTosbILl MaTpHUILl §(X), onpeaesnerntoii B (1.12). C yaerom (1.5)
ajien J3 JOTYCKaeT OMEeHKY

J3| < @ / & ID B v | IDPulID Y ul d
sl <@ Y > o8l v;j|[D7u||D7ul dx

lor|=p B<a:|B|21 y<a—B:]y|>1

<Y Y Y [ D

|a|2p5<a1‘6|>1 7<a75|7|>1
lo|=p B<a:|Bl>1 7 R
1/2 1/9
e o = ra(d plat’?, e = wy(d,pal’’
Ynenw! Jy u Js oneruBaroTca oguHaKoBO. MMeem:

1 _
i1 < 3+l Y S [ DDl ax
la|=p B<a:lf>1 7 B

rae ¢®) = k5(d,p)atlgll L., - Hakower, wien Jg 10mycKaeT OmeHKY

B <Y Y [ DDl ax
lal=p B<a:|B|>1 " &

rae ¢ = kg(d, p)a||gl| L. -
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B urore IpuxoanM K OIEHKE

IRl +5e 3 S [ DI BID A i

la|=p B<a:| 8|21

D IND YD SR - S el

la|=p B<e:| 8|21 y<a—B:|y[>1

rae B = 2|9l + 2052), By = 2(052) +c® 4 c0) 4 0)) Bz = 2c6).
YunrbiBas HIKHOW oreHky (1.8) (mpu € = 1) u cyMMupyst 10 j, IpUXo0-
UM K MCKOMOMY HepaBeHCTBY (2.4). O

Caegcrsue 2.2. [Ipu u € CP(RY) u e > 0 cnpasedausa ouersa
gQP/ Dp(AEu)|2dx<61/ luf? dx
Rd R
2|8 ( a—Ba\e|2 | |7E (2 8,2
wm Y Y @ (DN P ) D

lor|=p B<e:|B]>1
15 SHD SIS DRI (B VEC
la=p B<ai|B>1 y<a—Fil1|>1 Re

Jlokazameavemeo. Mycrs u € C§(RY). BrimosmuM 1oCTaHOBKE X = €Y,
u(x) = v(y). Torga

[ LA ) dx =<t [ DR )o) P dy.

ITpumensiss (2.4) K wHTErpajy ClpaBa, a 3aTeM jeias OOpaTHYIO 3aMeHy,
OPUXOINM K OTeHKe (2.6). O

§ 3. PE3V/ILTATH I 3AJJAYM YCPEJHEHNSI B RY

B srom maparpade Mbl (hopMyIupyeM pe3yabTaThl 00 yCPEIHEHUN Oepa-
topa A. B Lo(R?% C"), nonyuennrie B [KuSu|, a Tax»e ycraHaBIMBaeM eIne
OJTHH PE3Y/IbTAT, B (DOPMYIUPOBKE KOTOPOTO HCIIONB3YETCs CIIAKUBATEND 110
CrekJiony.

3.1. AnmpokcuManus pe30JibBEHTHI oneparopa A, mo onepaTopHoOi
HopMme B Lo(R% C"). Touxka ¢ € C\ R, smasercs peryaspHoii TOUKOi

kax gt Ae, Tak u g AY. Tlomowum ¢ = [C[e??, ¢ € (0,27), n BBegEM
obo3navennve
|
sinp|™, e (0,7/2)U37/2,27
o= {1 (0.7/2)U (3/2,27) .
: p € [r/2,3m/2]

Crenyromas Teopema Oputa mosydena B [KuSu, Teopema 8.1].
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Teopema 3.1. Ilycmv A, — onepamop (1.1) u A° — sfpernmuenmiii onepa-
mop (1.13). Hyemv ¢ = |(|e¥ € C\ Ry u c(p) onpedeaeno 6 (3.1). Tozda
npu € > 0 cnpasedausa ouenxa

(A = ¢ 71 = (A = () 7|y ety Loty < Crelip) el 7112,

IHocmoannan C1 sasucum avwn om d, p, ao, o1, |glle, |97 e u om
napamempos pewemxu L.

3.2. Anmpokcumarus pe3osibBeHTHI omneparopa A. mo (Ls — HP)-
oTlepaTOpPHOI HOpMe. YTobbI ATIMTPOKCUMUPOBATH PE30JIbBEHTY
(A. —¢I)™' 1o mopme omeparopos, pgeiicrByomux u3  Lo(R% C") B
npocrpancrso Cobosrea HP(R?; C™), nHeo6xoammMo BBeCTH KOPPexmop

K(¢e) = [AILH(D)(4° — ¢I)~". (3.2)

HamomuuMm, aro A — nepmopmdeckoe pemenne 3amaun (1.10), a I, —
crmazkusatomuii oneparop (1.19). Omeparop (3.2) menpepbIBHO 0TOOpaZKaeT
L2(R%,C™) 8 HP(R% C™). DTo /IETKO TPOBEPUTH C TIOMOIITHIO TIPEITOKEHI
1.6, yaureiast, aro A € HP(Q). Ipm stom ||K(C;€)||ymsmr = O(e7P).
Caenyromuii pesynbrar Obu1 moayder B [KuSu, Teopema 8.2].

Teopema 3.2. [lycmv swnoanensv ycaosua meopemv, 3.1. Hycmo K((;¢)
— onepamop (3.2), a g(x) — mampuya-pynryua (1.12). Tozda npu ¢ > 0
CNPasedauGsl OUEHKY

1(Ae = ¢I)™" = (A% = CI) ™" = P K (G5 0)ll ey o ()

B B (3.3)
< Cael)2el¢ /22 (14 1¢ 1712,

lg°0(D) (A — ¢I)™! = GTHB(D)(A” = CI) ™| Ly ety Lo (e

(3.4)
< Cae(p)?e¢| 71212,

Hocmosannwe Cy u C3 sasucam avws om m, d, p, g, a1, |91, |67 0w
u om napamempos pewemsu .

3.3. JIpyrag anmpokcumarusi Pe30JbBEHTDI onepaTopa A, 1mo HopMe
oriepatopoB u3 Lo B HP. Ilonoxum

K(Ce) = [A%)S.b(D)(A° — ¢I) 7Y, (3.5)

rae Se — crnaxusatomuii oneparop no Creksosy, onpegaenennsiii B (1.20).
Omnepatop (3.5) sBJsieTCss HENPEPBIBHBIM OTOOPAXKEHHEM TIPOCTPAHCTBA
Ly(RY;,C™) 8 HP(R?; C™), 9T0 HETPYAHO IPOBEPHTH HA OCHOBAHUU IPEJLIO-
xerus 1.8 u praogenus A € HP(Q). Ipu stom | K (C;€)||y—me = O(7P).

Hapsiny ¢ Teopemoii 3.2 cmpaBeliuB CIeIyOMUil pe3ynabprar (KOTOPBIH
OKa3bIBaeTCa GoJiee yIO0OHBIM IS JTaJbHEAIIero NpuMeHeHHsT K U3y IeHHI0
3a/1a9M B OTPAHUYEHHO 00JIACTH).
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Teopema 3.3. IIycmv swnoanenv ycaosusa meopemv, 3.1. Ilycmo f(({,s)
— onepamop (3.5), a g(x) — mampuya-pynryus (1.12). Tozda npu ¢ > 0
CNPaAsedAuEbl OUEHKU

1(Ae —¢)™H = (A% = ¢t = 5pf((§%5)||L2(Rd)—>Hp(Rd)
< (Cacl)el¢|7V/2H2P 4 Cse(p)e?) (L + [¢I72),
lg*b(D) (A = ¢I) ™" = G=Sb(D)(A” = CI) 7| 1y rt) s Ly ()
< Coc(p)?el¢| 7212 4 Cre(p)e”

Hocmoannwme Cy, Cs, Cg, C7 3asucam avwv om m, d, p, ag, a1, ||9]lz..,
lg~ L., u om napamempos pewemxu T.

(3.6)

(3.7)

Teopema 3.3 BBIBOJUTCS M3 TEOPEMBI 3.2 ¢ TIOMOIIBIO CAEAVIONEH JEMMHBI.

Jlemma 3.4. ITpu aobom u € HP (R C") u e > 0 cnpasedausa ouyenka
o [ D) Pax <o [ P ixs Tl + AT, (39
R R
ede z. = (Il — S;)b(D)u,

Glz)=Y Y & ((D"‘ BAS2 + |7 |>|Dﬁz5|2dx,

d
|a|=p B<a:|B|>1 R

T5lze =Y > >l /]R d|(Da’ﬁ’7A)€|2\D7z£|2dx.

lor|=p B<:|B|>1 y<a—p:|y|>1
Hocmosmnwe By, | = 1,2,3, sasucam auwv om d, p, m, oo, a1, ||9]lL..,
197 -

Hoxasameavemeo. B cuiny upemioxkennit 1.6 u 1.8 u srurouennit A €
HP(Q), g € La(2) Bce unensl nHepasencTsa (3.8) — HenpepbiBHbIE DYHKIH-
OHAJIbI OTHOCHTEIHHO U [0 HOpMe mpocrpancTsa H2P (Rd;C"). [Mockonbky
C&° (R4 C™) mnorno B H?P(RY; C™), omenky (3.8) gocTaTouno moKa3aTh mpu
u e C(R%CM).

Durcupyem dbysknuo y € C°(R,) rakyro, aro 0 < x(t) < 1, x(t) =
npu 0 < ¢t < 1, u x(t) = 0 mpu ¢t > 2. Oupenennnv dyHKIMO Y R(X)
x(R7'x]), x € RY, R > 0. Tlyers u € C°(R%; CM) n z. = (I — S.)b(D)u.
Torna Xrze € C°(RYC™) u B custy caeacTsust 2.2 BHITIOTHEHA OT[EHKA

2P /d |DP(A°xpze)|* dx < B /d IXRZe|? dx + BoT5 X rZ:] + B35 X RZ:).
R R

1

C yuerom onenox max |D%g| < cR™IY (upu mobom mymermmmzexce a)
HepaBeHCTBO (3.8) Hmosy9aercs 0TC/a IIPEJIeBHBIM ePexoaoM npu R — 0o
Ha OCHOBaHUU TeopeMmbl Jlebera. U

U3 (3.8) u uz dopmynsr Jleiibuuma

(D*A%)z. =D*(A°z.) — > CH(D* PA°)D%
B<ai|>1
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HEIOCPE/ICTBEHHO BBITEKAET CJIEIYIOIIEe YTBEPKICHHUE.

Caeancrsue 3.5. B ycaosuaxr aemmut 3.4 cnpasediusa ouenka

> [0 aax < B [ ladxr BTila) + BaTsla.

jal=p " ®

Hocmosannwvie El, [ = 1,2,3, sasucam avwv om d, p, m, o, a1, ||9]lz..,
-1

197 | oo -

JokazaresbcTBo Teopembl 3.3. 3amerum, 4TO
< d
”V”%P(Rd) S & (HVH%Q(Rd) + ”Dpv”%g(Rd)) , v eHPRYGCY), (3.9)

rje ¢, 3aBUCHUT JIUITh OT d 1 P.
Onenum pasnocts oneparopos (3.2) u (3.5). Mycts F € Ly(R4CM) u
ug = (AY — ¢I)~'F. C yuerom (3.9) mueem

1(K(G) — K(G )P 2mgay = IA°(TL — S)b(D)uoll 0 e
< 6| DP (A*(TL — S2)b(D)uo) |2, ey + G| A°(TLe — S2)b(D) o2, s
(3.10)

Bropoe craraemoe B mpasoit wactn (3.10) omeHMM ¢ TIOMOIILIO TIPETIOKE-
auit 1.6 n 1.8. C yuerowm (2.1) nosyuaem

1A®(IL. — S2)b(D)uo|l 1, @)
< 209207 Y2 Al Ly IDD)uoll 1@y < 2057 16D uo |l 1, gey-

st onenku mepBoro wieHa B mpasoif wactu (3.10) mpuMernm gemmy 3.4.
Bemorena onenka (3.8) nmpu z. = (II. — S:)b(D)uyg. llepsoe craraemoe B
npaBoit gactu (3.8) oleHUBaETCA C TOMOIIBIO TpeToxKennit 1.5 u 1.7:

(3.11)

/Rd 2 ? dx < C1[Db(D)uol?, g (3.12)

rae O = (rg' 4+ 71)% iennt I5[z:] u Z5[z.] ouenusatorcs na ocHosauu
npemnoxkennit 1.6 u 1.8. meem

L (00 4 ) D i

<4107 (DAY 0 + 1311, ) ) IDB(D)u0I, -
Otcroma ¢ yaeroMm (2.2) u (2.3) moxyvaem
P
I5z:]) < G5 Z 621Hle(D)u0||2L2(Rd), (3.13)
=1
rue Ch = kh(d, p) (012\ + llgllF. (1 + 01(\2))2). Awasiornyno,

p
Zg[ze] < Cé ZEQlHle(D)UOH%Q(Rd)’ (314)
=1
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rie Cf = K4(d, p)C%. B pesyibraTe NIPHXOAUM K OTCHKE

)7

(3.15)
rae C' = B1C] + (204 + B3C5. M3 (3.10), (3.11) u (3.15) BBITEKAET, 4TO

e7|(K (Ge) = K (G ) Fll3mmay

p
e | DP(A(IL — S)b(D)up) [* dx < Oy ¥ |Db(D)ugl7, (za
R =1

§ e (3.16)
< 46(CR) e (D)2, o) + 6C D £ [DIB(D)ug||2 )
=1

OmuenuM Terepb HOPMBI Hle(D)UOHLQ(Rd), 1=0,1,...,p. Nmeewm:

ID'b(D)(A° — CI)_IHLZ(Rd)—)LQ(Rd)
< [D'B(D)(A) 22 1y, [|(AD) 2P (AY = D) s
C yuerom (1.4) u (1.14) nosyuaem
DDA 22|y gty ey < 0P 2.
Hamee,
[(AO) /22 (A — ¢y, < sup !/ 2H2P) — (|71

Tz

—1\1/2+1/2 —1\1/2-1/2
S(supx|x—§\ 1) / /P(Sup|x_<’ 1) / /P.
x>0 >0

Brrancensa cynpeMyMbr

supz|z — ¢ <e(p), suple— (7 =c(p)[¢] T,
x>0 x>0
OpUXOOAM K OITCHKE
I(AO)YZHEP(AO — () pysr, < el@)ICI7V2H22 1=0,1,..p,
Takum obpazom,
ID'B(D)uo|| ey < Crel@) ¢ /22| F|| ey, 1=0,1,....p, (3.17)

rie C) = ai/zc(;l/Q_l/zp. Bwmecte ¢ (3.16) 310 BiIeuer

eP|K(¢e) — %(<;5)||L2(Rd)—>HP(Rd)

(1) plr1—1/2 (2) —-1/2 P 1/2p J (318)
< ORIl + CRelle Y (ele )
j=1
rie C%l) = 26113/20/(\1)(70, C}?) = Ezly/z(C/)l/Qmaxlglng‘l. Ouesnmno,

?:1 (€|§|1/2p)j < ple|¢|V/? 4 €P|¢]V/?). Orcrona u u3 (3.18) nomyuaem
e’||K(Ce) — IA&(C;E)HLQ(R‘I)—)HP(R%

(3.19)
< Crcelp) (ePICI72 + el /202 o)
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rie Cx = maX{Cg),ng)}.

Haxkomner, u3 (3.3) u (3.19) BeiTekaer nuckomoe HepaBeHcTBO (3.6) ¢ mocro-
auabiMu Cy = Co + Ck, C5 = Ck.

TTepeiigem k mokazaresancrBy HepasencTsa (3.7). C yuerom (1.3), (1.5) n
(1.12) numeenm

13 (I — S2)b(D) ol 1, (gay < gl o [l (TLe — S2)b(DY o]l (e
+ 3 lgllzaer (DA (I — S2)b(D)ug| 1, (ga)-

la|=p
IepBoe craraemoe crpasa orneHuBaeTca ¢ nomomeio (3.12), a Bropoe — Ha
ocuoBanun caeacTeus 3.5 (cp. (3.12)—(3.14)). B pesynbrare noaydaem

P
Ig° (e = S2)b(D)uo|| 1, (ray < C" Y €' [D'B(D) o]l 1z,
=1

o -1 "d 1/2 (7 C! Py C! > C! 1/2
rae C" = |lgllro.(rg” + 1) + £"(d, )9l Loy (B1C] + B2C5 + B3C5

Orcroma ¢ yuerom (3.17) BBITEKAET HEPABEHCTBO
15 (T = S2)b(D) |, (ray < C"e() (el¢|™/*H/% 4 &) [ Ly ray, (3:20)

e C" = pC” maxi<;<p C;. Temreps w3 (3.4) u (3.20) cemyer nckoMoe Hepa-
BercTBo (3.7) ¢ mocrosaubvu Cg = C5 + C" u Cr = C". O

3.4. Ycrpanenue criakusamwliiero oreparopa. Oka3bplBaercs, Ipu
JAOTMMOJIHUTEJIBHBIX  TPEAITOJIO?KECHUAX OTHOCUTEIIHHO CBOHCTB MaTPUILBI-
dynrin A(X) MOXKHO M36ABUTHCS OT CIUIAKUBAOIIETO ONEPAaTopa B KOP-
pekTope.

YceaoBue 3.6. Ilpednoaooscum, wmo I'-nepuoduueckoe pewenue A sada-
1.10 HP(R%; C™
wu (1.10) oepanuveno u asasemca myasvmunaukamopom us HP(R* C™) ¢

HP (R, C"):
A € Loo(RY) N M(HP(RY C™) — HP(RY;C™)).

Beugy mepuognaroctn MaTpuiibi-gyHRIEA A, ycaosue 3.6 paBHOCHIBHO
Tomy, 910 A € Loo(2) N M(HP(Q;C™) — HP(Q;C")). Hopmy omepatopa
[A] ymuO)Kenust Ha Marpuny-dyukimio A(x) obo3Hadnm uepes

My = [[[All e Rty v (R - (3.21)

Omnwucanne npocTpaHCTBA MYIBTUILINKATOPOB B Kytaccax CobosieBa MOKHO
wafitn B kanre [MSh|. MoxHo ykazarh HEKOTODBIE JOCTATOYHbBIE YCJIOBHUS,
rapaHTupyfoiye soinosHerne ycaosus 3.6 (em. [KuSu, npemnoxenne 7.10]).

IIpepsioxkenune 3.7. [lycmo svinoaneno xomsa 6ot 0000 U3 caedyrowus 0syx
NPEONOAOHCEHUT:

1°. 2p > d;

2°. g% = g, m. e. umerom mecmo npedcmasaenua (1.18).
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Tozda ycaosue 3.6 3asedomo evinoaneno, npuvem |Al|L,, u mysvmunauka-
mopnas nopma (3.21) xonmpoaupyromes wepes m, n, d, p, g, a1, ||9||L..,
lg~ L., u napamempo. pewemsu T

ITpu BBIMOTHEHNE yen0BHs 3.6 BMecTO KOppekTopa (3.2) (mmm KoppekTopa
(3.5)) MOXKHO UCTIOIL30BATE OTIEPATOP

K9 e) := Ah(D)(A° —¢I) 7, (3.22)

KOTOPBIL B 9TOM Ciydae HempepsiBao nepesogut Lo(R%: C?) 8 HP(R?; CM).
Ormerum, uro omeparop (3.22) sIBJIeTCS TPATUIIUOHHBIM KOPPEKTOPOM,
PUMEHSIEMBIM B TEOPUU YCPEIHEHUI.

Crenyroiiee yTBepXK IeHNE IOy IaeTCsI MACIITAOHBIM TTpeobpa3oBaHieM U3
npepaoxenns 7.12 craren [KuSul.

ITpeanoxkenue 3.8. Ilycmov swvinoarenv, ycaosus meopemsvs 3.1, a mawroice
yeaosue 3.6. ITycmo onepamopor K (C;e) u KY(C;e) onpedenenn, 6 (3.2) u
(3.22) coomsemcmeenno. Tozda npu € > 0 cnpasedausv ouenku

eP[|K (¢ e) — KOG @)l py(ma)—s mroray < Cscl(p)(eP +€7P),
195 (1 = T)b(D)(A® = CI) ™| 1y (ritys 1y (rety < Coclp)e?

Hocmosnnvie Cs u Cy sasucam auwn om m, d, p, ao, o1, |9l e, 197 Lo s
om napamempos pewemuu I, a maxorce om ||A||r. u My.

Kombunrupyst Teopemy 3.2 u npemiozkenune 3.8, TPUXOAUM K CHEIYIOIIEMY
pPE3YIIBTATY.

Teopema 3.9. Ilycmov swvinoanens, ycaosus meopemsvt 3.1, a maxsice ycao-
sue 3.6. Ilycmo K°((;e) — onepamop (3.22), a §(x) — mampuua-dynryua
(1.12). Tozda npu £ > 0 cnpagedausv. oueHKy

1(Ae = ¢I)™" = (A% = ¢I) ™" = P KO(Ci€) || Ly (rt) s v ()
< Coc(p)el¢| /2 (14 1¢]77) + Cielo) (" + %),

1g°b(D) (A — ¢I)™" = GFb(D)(A® = (1)~ 1y ) Lo (rY)
< Cae(p)?el¢|7/212 4 Coe(p)e”.

Hocmosamnnwe Cy u C3 sasucam awwns om m, d, p, g, a1, |91, |67 1 na
u om napamempos pewemxu I'. Hocmosnnwe Cs u Cy 3asucam om mez oice
seaunun, a maxoce om |Al|rL., u My.

T7TABA 2. VCPEJHEHUE 3AJTAYN INPUXJIE

§ 4. 3AJAYA JIUPUXJIE B OTPAHUYEHHOW OBJIACTH

4.1. Tocranoska 3agaun. Ilycrs O C RY — orpanmuenmas o61acThb ¢ rpa-
mutieit knacca C?P. B mpocrpanctse Lo (O; C*) pacemorpum orepatop Ap .,
dopmasbro 3amannbiit nud depennnaapabivm BopaxkenneM b(D)*¢*b(D) mpu
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ycanoBusix Jupuxie na 00. Crporoe onpenesenue: Ap . €CTb CAMOCOIIPSIZKEH-
ubiit oneparop B Lo(O; C™), nopoxaennbiii KBagparnauoi hbopmoit

apelu,ul = /(9<ga(x)b(D)u, b(D)u)dx, ue HFO;C"). (4.1)

®opma (4.1) 3aMKHYTa ¥ TOJIOKUTETHHO onpeenera. JleficTBuTenbHO, mpo-
pomxuM dyrkmmo u € HY (O; C") mynem na R4\ O. Torma u € HP (R C™).
TMpumenss (1.8), mosyuaem

co/ |DPul?dx < ap[u,u] < cl/ IDPul*dx, ue€ HY(O;C"). (4.2)
O (@

Ocraercs npuiaTh Bo BHEManue, 4To dopma || DPul|r, o) 3amaer nopmy B
HE(O;C"), sxBuBasenTHyo cTangapTHOH. B cnty nepasencrsa @puapuxca
u3 (4.2) cremyer, aTo

apelu ] > clul?, o, we HYOCY), o= cdiamO) . (13)
Hawa yeav — HaliTh AnmpoOKCHMAIIMIO TIPH MAJIOM € 000BIIEHHOTO pertre-
mus u. € H{(O;C") sanan Jupuxme
b(D)*g" (x)b(D)uc(x) — ue(x) =F(x), x€O;

. (4.4)
u.(x) = pus(x) =+ =0 u(x) =0, x€090,

re F € Ly(O;C"). 3aech qepes 9., u(x) o6o3Hauena MpoU3BOIHAS TOPAIKA
| dpyukmum u Mo Hampassennio sHemnHed nopMaaw K 00. Kak u B §3, cun-
taeM, 9To ¢ € C\ R;. (Coayuait 1pyrux I0MycTUMBIX 3HAUEHUIT TapaMerpa
¢ usyqaerca nuxe B §8.) Umeem: u. = (Ap. — ¢(I)"'F. B oneparopubix
TEPMEUHAX, MBI H3y9aeM ToBegenne pesombsentsl (Ap . — (1)L

Jlemma 4.1. ITyemo ¢ = [(|e? € C\ Ry u c(yp) onpedeseno 6 (3.1). Iycmo
u. — obobwennoe pewenue zadavwu (4.4). Toeda npu & > 0 cnpasediusol
OUEHKY

[ucll o0y < @IS HIF Ly (0) (4.5)
IDPu. || 1,0y < Coc(9)C] ™2 | o0, (4.6)
2de Cy = 21/2081/2, B onepamoprur mepmurnaz,
1(Ap,e = ¢I) Ml y) > La0) < el@)IC 7 (4.7)
IDP(Ap.c — CI) ™Ml 10y 10y < Cocle)|C] 72,

Hoxasameavcmeso. B cuny (4.3) cuextp omeparopa Ap. comep:KuTcs B
[ca,00) C R;. Hopma pesoassentst (Ap . — (I)~! onennsaercss 1epes se-
JUauHy, 00paTHYIO K paccToganuto ot Touku ¢ 10 Ry. Do Breger (4.7).

Yro6e1 mpoBepuTh (4.6), 3anmInem HHTErpaTbHOE TOKIECTBO Il PEITEHUs
u. € H(O;C") zanaun (4.4):

(gab(D)u&f) b(D)n)LQ(O) - C(uea TI)LQ(O) = (Fa n)LQ(O)a ne H(IJ)(Oa C:) )
4.8
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IMoucrasasst n = ue B (4.8) u ncnonbzys (4.5), noaydaem:

(¢°b(D)ue, b(D)ue)LQ(@) < 20(90)2|C|_1 ||F”2L2(O)

C yuerom (4.2) sro naer (4.6). O

4.2. DddexTusnsrii onepatop A%. B npocrpancrse Ly (O; C") pacemor-
PHUM CaMOCOIPAYKEHHBI 0IepaTop A ), TIOPOXK/ICHHBIN KBaJApaTHIHON op-
MOii

a%u,u] = /O<g0b(D)u, b(D)u)dx, wue HJ(O;C™). (4.9)

3nece ¢ — sddexrupras MaTpuna, ompeenenmag B (1.11). YuuToizag
(1.16), y6exmaemcst, aro dopma (4.9) ymossersopsier orenkam sujga (4.2)
u (4.3) ¢ TeMu Ke TTOCTOAHHBIMH.

B cuny ycmosus 00 € C?P omeparop AOD 3a2€TCH  BBIPAXKEHUEM
b(D)*¢°b(D) na obmactu onpenetenns H2P(O;C") N HY(O;C"). Ilpu stom

1(AD) M a0y () < & (4.10)

rjie TIOCTOSTHHAAS ¢ 3aBUCHT JIUITh OT g, a1, ||9|lr., |97 L., © oT obmactu
O. Jlyia onpasgaanst JOCTATOYHO COCIAThCA (K npuMepy) Ha Teopembl 2.2 u
2.3 crarbu [Sol.

Bameuanne 4.2. Bumecmo ycaosus 0O € C?P docmamourio 6via0 6o, Hano-
UMD Heasroe mpebosarue wa obaacms: oepanusernas obaacms O ¢ aun-
wuyesoti eparuyet maxosa, wmo ewnosnena ouenra (4.10). [daa maxod o6-
AGCTNU OCTMAIOMCHA CNPABEOAUCHIMU PEZYALINAYL 24060, 2. B cayuae cranap-
HOLL SAAUNMUYECKUT ONEPATNOPOE wiupokue docmamounbie ycaosus wa 00,
obecnevwusarowue cnpasedausocms oyenku (4.10), moorcro natimu s [KoE| u
[MSh, ra. 7] (6 wacmmocmu, docmamoumno, wmobw 0O € C*P~1v 1 > 1/2).

Iycts ug = (A% —¢I)7'F, rae F € Ly(O;C"). Torma ug — obobmerHoe
pellieHue 33,3491
b(D)*¢%b(D)up(x) — Cug(x) = F(x), x € O;

o (4.11)
up(x) = 0pup(x) =--- =05 "up(x) =0, x¢€00.

JIemma 4.3. [lycmo ( € C\Ry. Iyems ug — obobwennoe pewenue 3a0auu
(4.11). Tozda npu £ > 0 cnpagedausv. OUEHKU

ol Ly(0) < e(@)ISIHIF I Ly (0)s (4.12)

D uol| 1,0 < Coc(@)I¢I 21 F Ly 0), (4.13)
o]l rro(0) < Cocle) (IS + 1172 IF | o0), (4.14)
Hu0HH2P(O) < ce(@)IF| 1y 0)-
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B onepamoprur mepmunar,

1(AD = ¢ M pa0)= 100y < (@)
IDP (A — CI) 7 1y (0)=1a(0) < Cocl)[¢[ 2,
I(AD = ¢ M 1y0)=ar(0) < Coc(@)(IC17H + 1¢742),
I(AD — gI)_lnLg(O)HH?P(O) < ce(yp). (4.15)

Koncmanma Co sasucum auww om d, p, og u ||g™ 1. -

Jlokasamenavemeo. Onenku (4.12); (4.13) nposepsitoTcst O AHAIOTHU C JI0-
kazareabcrBoM Jemmbl 4.1. Tlockosbky (3.9) mepenocurcs Ha QyHKIMMA

kaacca HE(O;C"), uz (4.12) u (4.13) caepyer (4.14) ¢ nocrosmuoit Cp =
1/2
¢’ “max{1,Co}.
Ouenka (4.15) Boirekaer u3 (4.10) n HepaseHcTBa
[AD(AD — 1) Ml pa0)— La(0) < supzlz — ¢ 71 < e(p).

x>0

O

4.3. OueHKHN B OKPECTHOCTHU I'PaHulibl. B 3T0M myHKTe MBI (DOPMYAUPY-
€M JBa, MMPOCTHIX BCIIOMOTATEIBHBIX YTBEPKICHUS, CIIPABEIUBIX JJIsT OTPa-
HudeHHbIx obsacreii O ¢ qunmuiesoil rpanuneii. Todree, npejmnoaraercs
CJIe/TyTOIIIEe.

Veaosue 4.4. ITyems O C R — ozpanunennan obaacmo. Honoscum
(00). = {x € R? : dist {x; 00} < e}. Hycmv cywecmeyem wucao o € (0,1]
maxoe, 4mo nosocky (00)s, MOHCHO NOKPHIMD KOHEHHBIM YUCAOM OKPECTIHO-
cmedi, donycrarowur Juddeomoppusmu waacca CO, pacnpamasowue 2pa-
nuyy 00. Obosnawum €1 = (1 + 7“1)71, 2de 2r1 = diam 2.

OugeBuyno, yciopue 4.4 MeHee OTpAHUYMTE/NHbHO, 9eM CJeJIAHHOE BbIIIe
npenosnoxenue 00 € C?P.

Jlemma 4.5. Ilycmov svinoaneno ycaosue 4.4, O6osnavum B: = (00). N O.
Toz0a umerom mecmo caedyroujue ymeeparcierus.
1°. Jaa moboti ynwyuu u € HY(O) cnpasedausa ouerxa

| tuPix < Soclluln o) lulaion, 0 < <20
2°. JTas ao6oti dymwyuu v € HY(RY) cnpasedausa ouenka
o, 2 < Bl sy, 0 <= < .

Hocmosannas By 3asucum moavko om obaacmu O.

Jlemma 4.6. Ilycmv  swnoaneno ycaosue 4.4. Iyemv  f(x) —
I-nepuoduueckas dynxuus ¢ R maxas, wmo f € Ly(Q). Iycms S,
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— onepamop (1.20). Obosnauum Bx = Bo(1 4+ 1r1), 2r1 = diam Q. Tozda npu
0 < e < &1 daa moboti Pynxyuu u € HY (R C™) cnpasedausa oyenxa

/(80) |2 () PI(Sew) (%) dx < Bue| Q7 F1I7 o g 1l gy ] o ey -

Jlentvsr 4.5 u 4.6 6B Tposepens B [PSu2, § 5| mpu yenopun 00 € C1,
HO JI0Ka3aTeJIbCTBA aBTOMATHYECKHN TIEPEHOCSATCs W Ha ciaydaii ycsosus 4.4.

§ 5. PE3VJIBTATHL JIJisd 3AAAYN JTUPUXJIE

5.1. Anmpokcumanus pe3osbBeHTs Tipu [(| > 1. Cdopmynupyem Harmm
OCHOBHBIE PE3Y/IbTATHI 00 ycpeanenun omneparopa Ap ..

Teopema 5.1. IIycmo O C R? — oepanuuennasn obracmo waacca C?P.
Iyems ¢ = [(|e®? € C\ Ry u [¢| = 1. Hyemwv c(p) onpedesero s (3.1).
ITyemv v — pewenue sadawu (4.4) u ug — pewenue sadawu (4.11) npu
F € Ly(O;C"). ITIycmo wucao €1 6u6pano 6 coomeememeuu ¢ ycaoguem 4.4.
Tozda npu 0 < € < &1 cnpagedausa oueHka

lue = woll () < Crcl@)® (cl¢I 7Y% + %) Bl o). (5.1)

B onepamoprnir mepmunar,

I(Ape = <D™ = (A = (D) a0y afo) < Crc()? (el¢| 72 4 %)

(5.2)
Hocmosannaa Cy 3asucum auwn om d, p, m, ag, a1, ||gllie, 19 Le, om
napamempos pewemxu I' u om obaacmu O.

Hnst ammpokcnmarnun pemenns B HP(O; C™) HyKHO BBECTH KOPPEKTOD.
QukcupyeM JMHERHBIN HENTPEPBLIBHBIN OIIEPATOP TPOIOIKEHTST

Po : H*(O;C") — H*(R%:C™), s=0,1,...,2p.

Takoit oneparop cymecryer (cM., Hanpumep, [St]). Oboznaunm

1Poll (o) romey =: C8), 5 =0,1,...,2p. (5.3)
(s)

[Tocrogunwie C,” 3apucat mmib oT obaactu O u ot s. Yepes Rp oboznaunm
omepaTop cyxemns dbyskmmii B R #a obmacts . Beegem KOppekTop

Kp(G;e) = Ro[A%]S:b(D) Po (A} — (1)~ (5.4)
Omneparop Kp((;e) mempepoisao nepesoaut Lo(O;C") 8 HP(O;C™). Heii-
creutenbuo, oneparop b(D)Po(AY, — ¢I)™! menpepwisro oTobpazkaer

L2(0;C") B HP(R% C™), a oneparop [A®]S. mempepsien uz HP(R?;C™)
B HP(R?;,C") (310 cremyer us npeatoxkenns 1.8 u prmodenns A € HP(Q)).
IIycts ug — pemenne 3agaun (4.11). O6ozraunm Uy := Poug. lomoxum

Vo (x) =T (x) 4 ePA°(x)(S.b(D)tp)(x), x € RY, (5.5)
Ve i1=Ve|o. (5.6)
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Torma
ve = (A} — (I)7'F + Kp(;e)F. (5.7)

Teopema 5.2. Ilycms sunoaners, ycaosua meopemos 5.1. Ilyecmo dynryus
ve onpedenena ¢ (5.4), (5.7). Tozda npu 0 < € < &1 cnpasediusa ouenka

Jue = vell (o) < Cacle)* (M2IC 72 4 20) [Flly0) (5:8)
B onepamopnuiz mepmunar,
I(Ap,e = ¢D) ™ = (A = CI) ™ = P Kp (G o)l Ly (o) r(0)
< Cacli)* (M) 2 4 ).
Aas nomoxa p: = ¢g°b(D)ue npu 0 < € < €1 cnpagedausa annpoKcuUMaUus

[p-—3°S=b(D)to|| 1,0y < Cac(p)* (51/2|C|71/2H/4p +5p) IF[[2,0)- (5.10)

(5.9)

Hocmosanmnvie Co u C3 sasucam auws om d, p, m, ag, a1, [|9llo., |97 e
om napamempoe pewemxu I u om obaacmu O.

Samevanwne 5.3. 1) ITpu gurcuposannom ¢ € C\ Ry, |¢| = 1, ouenru
us meopemor 5.1 umerom mouwnwd nopadox O(g). 2) Ilpu (ﬁu%cupoeaHHOM
¢ € C\Ry, |¢| > 1, ouenwu us meopemvi 5.2 umerom nopadox O(/?). Smo
0BBACHACTNCA BAUAHUECM 2panuyb, obaacmu. 3) C pocmom || nozpewnocmo
annpokcumauul us meopem 5.1 u 5.2 ymenvwaemen. 4) Ouenku us meopem
5.1 u 5.2 pastomeprvi no yaay ¢ 6 obaacmu cuda {¢ = [(|e : |¢] = 1,0 <

© < 2T — o} o cKOADL Y200Ho masvim oo > 0.

5.2. TlepBblii 9Tal JOKA3aTEABCTBA. ACCOLMINPOBAHHAS 3ada4a B RY.
JlokazarenbcTBo Teopem 5.1 m 5.2 ommpaercs HA TpUMEHEHWE PEe3yIbTaTOB
AJId 33 a9 B Rd 1 BBIJCJICHUE TIOIIPDABKUW THUIIA ITOTPAHUYIHOTO CJIOA.

B cuuy nemmbr 4.3 u (5.3) cnpaBe;Lm/IBbI OICHKH

[0/l ey < C5 ( IS IF L 0) (5.11)
180l srp ey < CPel)IC]™ 1/2HFHL2 (5.12)
o]l 720 (ray < C(2p c(P)IFl L, 0), (5.13)

re CP) = 20((9;7)507 c@r) = C(Qp)c Mbri yunm, aro |¢| = 1. Unrepnoanpys
mexay (5.12) u (5.13), moaygaem

HﬁOHHP-‘rk:(]Rd) < C’(P+k ( )|C] 1/2+k/2pHF”L2(O E=0,1,...,p. (5.14)
3necy CPHE) — (C(p))l—k/p(c( ))k/p.

ITonoxmm N
F := A% — (. (5.15)
Torma F € Ly(REGC™) u Flo = F. Uz (1.14), (5.11) u (5.13) Borrekaer
OlIEHKA,

IF ey < CxllBoll oy + €100l o ey < Cacl@)|FllLy0)  (5.16)
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rie Cy = C,.C%P) 4 C((QO). Mycrs G, € HP(RYC") — pemenue ypasHenus B
R:

AU, — (u. =F, (5.17)

T.e. U = (A. — (1) 'F.
[Tpumenumer Teopemsr u3 §3. 13 reopem 3.1 u 3.3 ¢ yaerom (5.15)—(5.17)
cleIyeT, 9To IpH € > () BBINOJIHEHBI OIeHKH

[a: — Wol| 1, (rey < Clc(‘P)25’q_l+l/2pHf‘HLQ(Rd)

< CiCac(p)’elC| 2P| F| 1y 0 (5.18)
I8 = Fellzouay < (2Cac(e)?elcI /22 + 2C5e(p)e? ) |, ey
< (2CuCaclg)el([ Y2 4 2C5Cacl )% ) P y(o)- (5.19)
Hanee, B cuny npepnoxenns 1.8 u (2.1) Buimosneno
NI Lo re) o Laaey < CF- (5.20)
Bumecre ¢ (1.4) u (5.12) 310 BIever

1AS-b(D) ol 1y mety < CL e’ [8oll oty < Cse(@) <Yl 1y0),

(5.21)

rie Cs = C’[(\l)aimC(p). B cury (5.18) u (5.21) cipaBesyinBa OIeHKa
10: = Vel Ly (may < ([0 — ol|pyray + €| A°SD(D) o ||, (e 522)
5.22

< (CCacl@)*el 17 4 Coe(@)e |1 ™) F |-

5.3. Bropoii sTan mokazareabcTBa. BBenenune nonpasku w.. Ileproe
npubiIKeHNe Ve K PENIEHU0 U, HE yAoBJIeTBOpsieT yeosusiM upuxite. Pac-
cmorpuMm "monpasky" w. € HP(O; C"), yIoBIeTBOPSIONIYI0 HHTEIPATLHOMY
TOXKJIECTBY

(g€b<D)W€7 b(D)TI)Lg(O) - C(W&‘a n)LQ(O) = 07 ne Hg(ov Cn)) (523)
U yCJIOBHIO

W, — PA°S.b(D)iiy € HE(O; T). (5.24)

Jlemma 5.4. Iyemv u. — pewenue sadawu (4.4), ve — dynxyua (5.7).
IIyemv w. € HP(O;C") ydosaemesopaem (5.23) u (5.24). Tozda npu € > 0
CNPABEOAUBHL OUEHKU

ID? (ue—=vetw2) || y0) < Co(c(@) el¢| ™22 4e(0) ) |F |y o), (5.25)

lue—vet-well,(0) < Crle(@) el¢| T 2P 4e(9)?<PI¢ 7 2) Pl 1y 0) - (5:26)

IHocmoannvie Cg u Cr 3asucam auwn om d, p, m, oo, a1, [|9llo., |97 e
om napamempos pewemru I' u om obaacmu O.
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Aoxasamesvemeo. O6oznadum V. := u. — v + w.. B cuny (4.8), (5.23),

5.24) dyukuus V. npunajexxkur kiaaccy HE(O; C") u yjaoBierBopser Tox-
Y Y 41p Y

JIECTBY

(ggb(D)Vé‘? b(D)n)Lz(O) - C(Vaa n)Lz(O) = Ja[n]a ne H(I))(Oﬂ (Cn)a (527)

rie Je[n] == (F,n)r,0) — (9°6(D)ve, b(D)n) 1,0) + ((Ve, M) 1,(0)- IIpomon-
xuM byrknmo 1 myaem ma R?\ O, coxpanss To e 0603HAUECHUE; TOI/A

n € HP(R?;C"). Benomuuy, uro F asngercs npogomkennem dbysknun F, a
Ve SIBISETCS TIPOJoJIzKeHrneM (pyHKImn ve. ClieoBaTeabHo,

Jeln] = (F,1) Ly@a) — (6°0(D)Ve, b(D)N) 1,y gty + C(Ve, M) 1y ()

C yuerom (5.17) mpuxoauM K PaBEHCTBY

Je[n] = (g°6(D)(u: — ve), b(D)n)Lg(Rd) —¢(ue - Vsﬂ?)Lg(Rd)'
TMpumenss (1.4), (5.19) u (5.22), noaydaem OleHKY

T[] < k(¢ )| F ||y 0) (Csll(69)/20(D)0 o0y + Col¢ 2l 1y (0))-
(5.28)
Baecs  ki1((,e) = c(@)3e|¢|~ V22 4 c(p)2eP, (g =
2a}/2|]gHIL/iC4 max{C4, C5}, Cg = max{C1Cy,Cs}.
[Mogcrasum n = V. B (5.27), BO3bMEM MHHUMYIO 9acTh OT TOJIY9IE€HHOTO
paBeHCTBa M puMeHuM (5.28):

m CIIVellZ,0) < F1(¢ ) IF a0y

P e (5.29)
x (Cs1l(99)/*b(D) Ve Lo(o) + ColcV 2 Vell Ly 0))-
ITpu Re¢ > 0 (a Torga Im ¢ # 0) orcroa BEIBOAUM HEPABEHCTBO
CIIVEl7,0) < 2Csk2(C, ) 1P Lyo)I(9°)/*(D) Ve o) (5.30)

+C3k2(C. )2 IFI13 0.

Baech ko(C,e) = c(p)*e|¢| /22 4 ¢(p)3eP. Ecim Re( < 0, To BO3bMeM
BEINECTBEHHYO YaCTh TIOJyYeHHOTO PAaBeHCTBA U mpuMennM (5.28):

ReClIVel2,0) < k1(.9)[Fllza(0)
% (Csll(99) /(D) Vel o) + Col¢ 21V a0

CkmageBas (5.29) u (5.31), BeBogMM HepaBeHCTBO, aHasorndHoe (5.30). B
UTOTE TIPU BCEX PACCMATPUBAEMBIX 3HAYEHUSIX ( ITOJIYIaeM

Vel ) < 4Cska(C,)IF Ly (0)ll(97) /*bD) Vel 1, 0)
+4C5k2(C, )R I, 0)-
Teneps u3 (5.27) mpu = V. ¢ yaerom (5.28) u (5.32) BEITEKAET OIECHKA
ape[Ve, Ve] < 9Csk2(C, ) [Fl| 1, 0)1(97) 2b(D) Vel 1, 0)
+9C3k2(C, ) IF 117, 0)-

(5.31)

(5.32)
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OTCIO;La BBIBOJAMM HEPABEHCTBO
apc[Ve, Vo] < Cgka(C,e)*[FII7,0)- (5.33)

rae C2 = 18C2 + 81C2. Uz (5.33) ¢ yuerom (4.2) BriTexaer omenka (5.25)
¢ nocrosinnoit Cg = 66661/2. Haxkownen, u3 (5.32) u (5.33) caenyer (5.26) ¢
nocrosuuoit C; = 2(CsCs + C§)1/2. O

Boisogpr. 1) 113 (5.25), (5.26) caeayer, 9ro npu € > 0 BBIIOJIHEHBI OIEHKH

IDP(ue = ve)llLy(0)

- ‘ (5.34)
< Co(c(p) el T2 4 ¢(0)2eP) | F| Ly (o) + IDPWel 1y(0),

[ue — VEHLQ(O)
< Cr(c(p)tel¢| 7112 + C(‘P)3<€p‘<‘71/2)HFHLQ(O) + [[Well Lo (0)-
SIcHO, 4TO [J1s J0Ka3aTe bLCTBA, Te0OpeMbl 5.2 0CTaeTCd OLEHUTh IOX0IHIIIM

obpaszom HopMmy [|[We || e (0)-
2) U3 (5.21) BBITEKaeT omeHKa pasHocTh Ve — Uy = P (A°S:0(D)ug)|o:

(5.35)

Ive =0l £, (0) < €”lIA°S-b(D)to|l ey < Cse(p)e? ¢ 2Bl 1y 0)- (5:36)
Otcroa n n3 (5.35) mipu € > 0 BBITEKAET OIEHKA

[ue — 110||L2(0)

5 . . (5.37)
< Cr(e(@) el¢| %P 4 e(9)* <P 2) IRl 1y 0) + I1Well Lo

rue 57 = C7+Cs. IToaTomy 111 MOKA3ATETBCTEA TEOPEeMBI 5.1 HYKHO OIEHUTH
HaTesKaIM 06pasoM Hopmy [|We| 1, (0)-

§ 6. OIEHKU MOTMPABKU wW.. JIOKA3ATEJILCTBO TEOPEM 5.1 1 5.2

Cuauasia mMbl oreauM HOpMY We B HP(O) u 3aBepImM JT0KA3aTEIBECTBO
TeopeMbl 5.2. 3aTeM, UCHOJb3Ysd y2Ke TOKA3aHHYI0 TeopeMy 5.2 u coobpa-
JKEHUs JBOHCTBEHHOCTH, OIEHUM Lo-HOPMY TONPABKU U JOKAYXKEM TEOPEMY

0.1

6.1. Jlokammu3auus BOsm3u rpanutpl. [lycrs uucio ey € (0, 1] BeiGpano
B coOTBeTCTBUH C yeaopueM 4.4. Byaem cantars, uTo 0 < € < £¢. Pukcupyem
rmaakyio cpesky f.(x) 8 R? rakyio, uro

0. € C°(RY), suppb. C (00)., 0<0.(x)<1, (6.1)
0:(x) = 1 mpu x € (00), 2, €D (x)| <2, 1=1,...,p. .

IocTosTHEAST 3¢ 3aBUCHT TOIBKO oT obmactn O. Pacemorpum B R? dbyHKImo

b-(x) = eP0(x) A% (x) (5:0(D)uo) (x)- (6.2)
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Jlemma 6.1. ITyems w. € HP(O;C"™) ydosaemsopsem ycaosuam (5.23),
(5.24), a pynryus ¢, onpedesena 6 (6.2). Toeda npu0 < e <egul € C\Ry,
IC| = 1, cnpasedausor oyenku

IDPWel| 1,0y < Croc() (\C\UQH%HLQ(W) + HDP%HLQ(Rd)) : (6.3)

[Well £, (0) < Cr1c(yp) <”¢z—:||L2(Rd) + |C|_1/2HDP¢5”L2(R<1)) . (6.4)

Iocmoannvie C1g u C11 sasucam avwn om d, p, oo, a1, [|9)lre, v |97 | Lo -

Jokasameavemeo. B cuny (5.23), (5.24), (6.1) u (6.2) byukuus p, := w. —
¢. € HY(O; C") ynoBaeTBopsieT TOXKAeCTBY

(gab(D)pm b(D)n)Lz(O) - C(pea n)LQ(O)
= _(gsb(D)qbav b(D)TI)Lg(O) + C(¢g7 77)L2((9)a ne H(I))(Oa (Cn)

[Mogcrasum n = p. B (6.5) ¥ BO3BMEM MHUMYIO YaCTh OT TOJYYE€HHOIO
paBenctsa. Toraa

tm ¢ [lp:l17,(0) < Cr2llDP@e | 1w 1(9°)/26(D) el L 0)
+ ‘C‘H¢8||L2(O)HPSHL2(O)7

(6.5)

(6.6)

rae Cig = cll/Qai/ZHgHEg. Mer yuun (1.4) n (1.7). TIpu Re¢ > 0 (a Torga

Im ¢ # 0) orcrona BeIBOIUM
CHP-N7 50y < 2C12¢(0)DP | e[ (%) *D(D) | o 0)
+ ()<l Dl L 0 -

Ecan Re ( < 0, To BO3bMeEM BeIeCTBEHHYIO YaCThb OT IIOJIYIEHHOIO PABEHCTBA,
n HaligeM

IRe (| [1p:117,(0) < CrzlDP@e | e 1(9°)/26(D) .l L (0)
+ [Cll@ell a0y Pell Lo (0)-

CkuajieiBast (6.6) u (6.8), BBIBOIMM HEpaBeHCTBO, aHagorndHoe (6.7). B ntore
[pPH BCEX PACCMATPHBAEMBIX 3HAYEHUSX ( MOJIydaeM

Sl o750y < 4C12¢(0) [DP | 1, ey 1 (99)/2(D) pcll 10
+de(9)?[C @17, 0y
Teneps u3 (6.5) npu n = p, u (6.9) BBITEKAET, YTO
ap.c[pe, pe) < 9¢(0)? (¢ el 0)
+9C12¢(¢) D", || L) | (97)/*B(D) pe | Lo(0)-

OTCIO,ZLa BBIBOAVM HEPABEHCTBO

ap.elpe, p] < 18c(9)*[CI1D:I2, (o) + 81CTre(¢)*ID . |17, may-  (6.10)
13 (6.10) ¢ yaerom (4.2) cremyer, aTo

ID%p. |1, 0) < e 2cl) (VISICI2 1.l 1,(0) + IC12IDP G|y ey ) -

(6.7)

(6.8)

(6.9)
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Orciona Beitekaer (6.3) ¢ nocrostanoii Cig = max{v/ 18051/2, 9(312051/2 +1}.
Hanee, n3 (6.9) n (6.10) BugnO, 9TO

10cl 20y < el) (V22I@eago) + VESC1alC| ™ 2D o | ey )
aT0 Baeder (6.4) ¢ mocrogumoi C1; = max{yv/22 + 1,/85Ci2}. O
6.2. Ouenka dyaknun ¢.. Ouennm Tenepsb dyurIuo (6.2).

Jlemma 6.2. [Tycmo wucao €1 evbparno coesacro ycaosuro 4.4. Ilycmo dynk-
yua ¢, onpedesena 6 (6.2). Toeda npu 0 < e < ey u € C\Ry, |¢| > 1,
CNPasedauGsl OUEHKY

el Lorey < Cse(@)ICI™Y 2P ||F | Ly o), (6.11)
“Dp¢5”L2(Rd) < Clgc(gp) <€p + 81/2|C’71/2+1/4p) HF”LZ(O) (612)

IHocmoannwvie Co u Cr3 sasucam auws om d, p, m, ag, a1, |9)pes |97 e
om napamempos pewemru I' u om obaacmu O.

Aoxasameavcmeo. Onenka (6.11) BbITekaer HemocpeacTBeHHO n3 (5.21) u
(6.1).
PaccmoTpuMm npousBojHbIe OT ¢, pH |a| = p:
g ="y Y CROY_ 5700 PN (S:b(D)I W) (1)
pLay<a—p
Ilpu k = |B| > 1 Bocuosssyemca (6.1), nmpemnoxkennem 1.8, (1.4), (2.3) u
(5.14):
e?1(976:) (%77 A%) (S:6(D)0”Ro) || . (e
< 2M(|(0°PTTA) (D)0 | 1, (e (6.14)
< e Croy” [Toll vty < Ce(@)|C) 22| F 1y 0.

Bnecs CF) = %CAQ}HC(”“‘?).
IIpu B = 0 mpumennm jsemmy 4.6. Ilycrs 0 < & < e1. C yuerom (6.1)
IMEEM:

ePl[(970:)(0* A7) (Seb(D) o) | 1 (e
< #[[ (9T A) Sb(D)uo] Ly ((90).)

1/2 - a— o112 ||/
<81/2%5*/ Q72| VAHLQ(Q)Hb(D)ulo{l(Rd)Hb<D)u0HL/2(Rd)'

Bumecre ¢ (1.4) u (2.3) 10 Bieuer
eP[(876) (977 A%) (Sb(D) o )| ., (et

1/2 1/2)~ 111/2 Tol| /2
gé—l/zzﬁ*/ CAOél/ Hu()H[;p+1(Rd)Huo”H/p(Rd)'

(6.15)
Teneps u3 (5.12), (5.14) u (6.15) BbITeKaeT HEPABEHCTBO

eP[[(0702) (0% A%) (Sb(D)t0) | 1, (ray < Crae'2e(@)[C| /2R 1y 0,
(6.16)



32

re Cuu = #Bi 2Crat/ 2 (CP) O P+D)1/2,
Ouenusas cnaraemste u3 (6.13) npu k = || > 1 ¢ nomomsio (6.14), a
cnaraembie ¢ 3 = 0 ¢ nomompio (6.16), TpuxoANM K HEPABEHCTBY

p
10% el 1o (may < Crse() (61/2|C|_1/2+1/4p + Z€kC|_1/2+k/2p) Il 2,0)
k=1
(6.17)
rie Ci5 = kr(d, p) max{Ci4,CD, ... ,CP)}. Jlerxo BumeTs, 4T0 BHIpaKeHUe B
crobKax orennsaercs qepes 2p(el/2[¢|~1/2H1/4 4 eP). Torma u3 (6.17) BbiTe-
kaer (6.12) ¢ nocrosunoit C13 = kg(d, p)Cis. O

6.3. 3aBepiueHue nokaszareJsibcTBa Teopembl 5.2. M3 jiemm 6.1 u 6.2
CJIEYIOT OIEHKHU

ID"Wel| 1.0) < Crocle)? (2 + (/2% ) ||, o),
IWellza() < Cure(@)? (161772 + £M2I¢197) B 1y 0,

rae Ci6 = C10(Cs5 + Ci13), C17 = C11(C5 + C13). Bmecre ¢ (5.34), (5.35) npwm
0<e<eueC\Ry, (] =1, sro Breuer
ID? (e = ve)llLo(0) < Co(clp) el¢| 722 + e(9)*e?) ||y o)
+ Cige() (8 + ' 2[¢) ) |[F |y o)
< Cis(c(p)?e"2[¢ TPV 4 () el ¢ TVETY 4 e(9) ) | F| oo
< 2ise(p)* (e 2ICTVEFYE 4 P) | F| Ly 0),
(6.18)
lue = vel| ooy < Cr(e(@) el¢| ™2 4 c(0)*e?I<| ) || o o)
+ Cire()* (P[C| 72 + 2T || F |y o)
< Crg(ele)?e21¢ T c(p) eld) T2 4 e(9) P ¢ 2) IR (o)

< 2C19c(p)* (eV/2)¢| 74P 4 5p|<|_1/2>HFHL2(O)a
(6.19)
rae Cig = Cg + C16, C19 = C7 + C17. Iockombky

Jullgr 0y < C(p; O) (IDPul| 1,0y + lull,0)) , u e HP(O;C"), (6.20)

rae nocrogunaga C(p; O) 3asucur jumb or p u O, u3 (6.18), (6.19) BeITekaer
(5.8) ¢ mocroamnoii Co = 2C(p; O)(C1s + Ci9).

Ocraercs ycranosuthb Hepasenctso (5.10). 13 (5.8) ¢ yuerom (1.3), (1.5)
cJiejlyeT OLeHKa

Ipe — g°b(D)Vell 1,0y < Caoc()* (e/21CI7HAF 4+ P ||| 1y 0y, (6.21)
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rae Cog = Hg(d,p)HgHLth}/QCQ. B cuny (1.3) u (5.5), (5.6) mmeen:
9°b(D)ve = g°b(D)ug + g°(b(D)A)*S:b(D)ug
+ 3 Y gl (DANESb(D)D . (6:22)
la|=p B<a:|B]>1
W3 nmpennoxenns 1.7 BeITEKaET, ITO
g°0(D)ug — g°Seb(D)uol| 1,0y < [lg°(I — Se)b(D)uol| 1, (ra) (6.23)
< ellgll Lo IDO(D) o], (ray- '

Tperhe caraemoe B mpaBoit acTu (6.22) OeHUBAETCST HA OCHOBAHUN MIPEI-
noxennst 1.8 u (2.3). Yuurssag Takxke (1.5), momyaaem

I Y b Gl (DA (DD i,

la|=p B<a:| 8|21

) (6.24)
< Con Z el ID (D)t || ., ().
=1

ve Co1 = #10(d, p)|g]l Lo 0y’ *Ci.
N3 (1.4) u (5.14) caexyer onenka
~ 1/2 _
ID'B(D) o | ey < 01/ *CEHe() ¢/ 22| 0y, 1=1,...,p.
(6.25)
Conocrasmss (1.12) u (6.22)—(6.25), npuxoanm K HepaBeHCTBY

lg°b(D) v — G S-b(D)tio| 1, (0) < Caze(w) (el¢| %P + ) [F|l Ly(0),
(6.26)

rae Cog = a}/2 (”g”LooTlC(p—H) +pCa maxigi<p C(p+l)).
B wurore, u3 (6.21) u (6.26) BoiTekaer mckomoe HepaBeHCcTBO (5.10) ¢ TO-
crostauoit C3 = Cog + 2Co9. [J

6.4. HokazaresabcTBO TeopeMbl 5.1. Ouenum Lo-HOPMY IOIPABKA We.

Jlemma 6.3. lycms» w. € HP(O;C") ydosaemsopaem ycaosuam (5.23),
(5.24). Ilycmov wucao €1 ewbpano cozaacno ycaosuro 4.4. Toeda npu
0<e<e uleC\Ry, [¢| =1, cnpasedausa ouenxa

[Well o0y < Cose(e) (e[¢| 7122 + €2 |F | 1, 0)- (6.27)

IHocmoannas Cag sacucum suwn om d, p, m, ag, a1, |9lLes 197 L, om
napamempos pewemxu I' u om obaacmu O.

Jokazameavcmeo. B toxmecrse (6.5) B KauecTBe MpoOHO# hYHKIUH 7) BO3b-
vMem ) =1, = (Ape—CI)71®, e ® € Ly(O;C"). Toraa nesas vacts (6.5)
Mozker ObITh 3amucana B suie (We — @, @)1, o). Ciejosarennno,

(We = ¢, @) ,0) = —(9°0(D) ., b(D)n.) 1, 0) + C(Pes M) 1o(0)-  (6.28)
Hng anmpokcumanuy GyHKIAA 1), B Hf’((’); C™) mpuMeHUM yKe TOKA3aHHYIO
teopemy 5.2. Honoxum ng = (A% — (1)71®, 5y = Pon,. lpubmkennem
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dyuriyu 7, cayxur byakuus 1y + ePASSb(D)n,. Hepeunmenm (6.28) B
BUJIE

(We = b, @) 150) = —(9°0(D) ., b(D)(n: — ng — e’ A°S:b(D)1g)) 1(0)

- (gsb(D)(be’ b(D)TIO)Lz(O) - (gsb(D)¢€, b(D)(EpAasEb(D>ﬁ0)>L2(O)

+ C((bsv ns)Lg(O)'
(6.29)
O6o3maunM mocsesoBaTeIbHbIe caaraeMble B IpaBoil wactu (6.29) wepes
Zi(e,¢), j =1,2,3,4.
ITporme Bcero onennts Zy(e, ), ucnonbsys gevmy 4.1 u (6.11):

1Z4(. O < L6l () 172 L0y < C5e(@)*P I IIF | L0y | @l La(0)-
(6.30)
Ouennm Tereps Zj (g, (). C yaerom (1.3) u (1.5) nmeem
Z1(e, O < ll9ll Lo k11(d, p)eny
X D¢, || (0D (N = 1o — e"A°SD(D)10)| L, (0)-

Ilpumensst Teopemy 5.2 (Tounee, anasor omnenku (6.18) mra m.) n (6.12),
OPUXOJUM K OI[EHKE

1Z1(e, Q)| < 2[|9ll Lo F11(d, p)a1C13C1s
_ 2
x c(ip)® (M21¢| 72 4 PY Y F Ly o) | @l 0)-

CrenoBaTebHO,
1Zi(e, Ol < me@)’ (ISl ™% + &%) | F| 1y 0) @l o 0) (6.31)

rae 71 = 4||g|| . r11(d, p)a1Ci3Cis.

YUrobbl orenutsb Zo(e, (), BCOOMHAM, 9TO (QYHKIHS (. COCPEIOTOYCHA B
€-OKPEeCTHOCTH TpaHuibl, 1 npuMmenuM jemmy 4.5. C ydaerom (1.3) u (1.5)
nMeeM

Z2(e, Q)| < (|9l Lo i11(d; p)ar [[DP e | 1y 0y D110 Ly (B.)

1/2 1/2 1/2
< Nlgllze 11 (d. P [DP ]| 0582 2IDPmg 112 o) 1D 1 2,

(6.32)
st onenkn [|DPng |1, (o) mpuvenmm ey 4.3:

IDP10| o (0) < Cocl@) <2 @]l 1y (0)- (6.33)

Hasee, uz (4.15) caenyer, aro

D00l e (0) < (@)@l Ly(0)-

IMockombky HY(O) coBmagaer ¢ WHTEPIONANMOHHBIM HTPOCTPAHCTBOM
[L2(O), HP(O)]1/p, @ COOTBETCTBYIOMHE HOPMbI SKBUBAJICHTHbI, TO TIO WH-
TEPHOJIALUK IOy daeM

D10l 110 < Coac(@) ¢ 22 @], 0 (6.34)
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riie Coy = C(p; (’))Cé_l/p/c\l/p. Tenepy n3 (6.32)—(6.34) n (6.12) BeITEKAET
OIICHKA,

Z2(e, Q) < llgll Lo s11(d, p)rCrse(e) (€7 + 1/2[¢| 71/ 2H1/4P)
1/2 _
X 50/ ' /2(CoCaa) ()¢~ E A 1y 0) 1@ Lo 0
CrefioBaTe/IbHO,

1 Zo(e, ) < r2c()? (<)% + %) 1B £y 0) | Bl (0 (6.35)

vae 72 = 2] 2. k11(d: ) By *Cra(CoCaa) V2.
Ocrasock onennts Z3(e, C). C yuerom (1.3) umeem

Ty(e,¢) = —TM (e, ¢) — T (e, 0), (6.36)
Ve o= Y Cﬁs'ﬁ' g°b(D)¢b.., bo (D P A)°S.6(DYDTy) 1, 0

loa|=p B<a:| 821
(6.37)

7 (e.¢) = (°b(D) .., (b(D)A)*S:b(D)ity) 1, (0)- (6.38)

s onenku wnena (6.37) Bocnonbsyemcs (1.4), (1.5), npeyoxennem 1.8 u
(2.3):

IZ5" (e, 0)| < mia(d P9l Lo @} *CAlIDPd. | 1y iy (Zs ||no||Hp+k<Rd>)
k=1

Bumecre ¢ (6.12) n ananorom onenkn (5.14) st 1y 910 BIeder

759 (2, ¢)| < mia(d, p) 9]l b 0 *CaCrselip) (7 + £1/2(¢| /2 H1/%)
<ngcp+k PN [Pl 0) | #0)

OTcroia JIeTKO BBIBECTH OIIEHKY
(1 _
75V (2, Ol < AV el@? (el Y% 4+ ) [F 1y 0) [ @l o), (6:39)

rae 1) = dpria(d, p)||gl| .. @b *CACr3 max) <y, CPHH).,

Unen (6.38) onennm ¢ momorbio (1.4), (1.7), memmbr 4.6 u (2.2):

1757 (e, Ol < Nl e (p01) D B e

~2 1/2
x ( /( o, [OD) SO dx) o)

< N9l (epen) V2D el et

x B2 202 (D)t 3 D)0 2
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Ananornuno (5.12), (5.14) umeem
1730l 15ty < CPe(0)CI7 2| 0) (6.41)
170l 1 ey < CPHV ()¢ 22| @] |, ) (6.42)
13 (6.40)-(6.42) ¢ yuerom (1.4) u (6.12) BBITEKAET OIEHKA
T3 (6. Q)1 < Canelg)? (&9 + /2|24 )

x 2R o) [ @] 1y 0)
rie Cos = HgHLooc},ﬂalﬁi/zClgC[(f)(C(p)C(pH))l/Q. CrnejioBaTe/bHO,
25 (e, O < VP e(@) (¢ T2 + ) I o) 1@ a0y, (6.43)

rue 7&2) = 2Cs5.
B wurore, conocrasnssa (6.29), (6.30), (6.31), (6.35), (6.36), (6.39) u (6.43),

[PUXOJUM K HEPABEHCTBY

|(We = @2, @) L, (0)| < 7el9)? (¢ + ) |F | 1y0) | 2| s 0)

npu sirobom ® € Lo(O;C™), rue v = C5+71+72 —i—’yél) +7§2). CiexoBare/bHO,

Iwe = @l ,(0) < 7el(@)’ (¢ T2 + %) | F || 1, 0). (6.44)
Teneps u3 (6.44) u (6.11) npsiMo BBEITEKaeT HCKoMast oneHka (6.27) ¢ mocTo-
stanoit Cog3 = v + Cs. O

3asepienue gokKazaresberBa teopembt 5.1. B cuy (5.37) u (6.27)

e = wollz,(0) < Cr(e(e) el¢I ™% + c(e)* eI ™) IF | Lao)
+ Cazelp)’ (el¢| T2 4 )| F | 1y 0)

npu 0 < e <eju € C\Ry, [(] > 1. 910 Baeuer onenky (5.1) ¢ nocrosHHOM
C1 =2C7 +Co3. I

§ 7. YCTPAHEHUE CLJIAYKUBAIOIIETO OIEPATOPA.
CHEUMAJIBHBIE CJIYYAU

7.1. YcrpaHeHue criakKupamwriero omnepartopa. [Ipum Bwimosnennn
yenosust 3.6 BMecTo koppekTopa (5.4) MOXKHO MCIOIB30BATH CTAHIAPTHBIH
KOPPEKTOP

KD(Gse) = AD(D) (A} — 1)~ (7.1)
KOTODBIt B 9TOM cJiyudae HenpepbisHo tiepesoant Lo(O;C"™) 8 HP(O;C™).
CooTrBeTcTBeHHO, B KadecTBe NPUOINKeHns K pertennto 3ajaun (4.4) Bmecto
dyuripun (5.7) MOKHO UCIOIB30BATH (DYHKIIUIO

v0 = (AY — CD)7IF + PKY (¢ )F = ug + PA°D(D)ug. (7.2)

£
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Teopema 7.1. [Tycmv evinoanenv ycaosus meopemo 5.1, a makorce ycaosue
3.6. ITycmo K% ((;¢) — onepamop (7.1), a v¥ — pynwyua (7.2). Toeda npu
0 < e < &1 cnpasedausa ouenra

[ue = V2| r (o) < Coclip)* (V2[¢| 72T 4 &) [|F | 1y 0, (7.3)
UAU, 8 ONEPATNOPHHLT MEPMUHAT,
I(Ap,e = ¢ = (A = <) 7H = P KD (¢ )| Ly(0) v (0)
< 520(90)4(51/2‘C|_1/2+1/4p + Ep).
Jas nomoxa p: = ¢g°b(D)ue npu 0 < € < €1 cnpagedausa annpoKcuUMaUus

[P = g°b(D)uo|l 1,0y < Cac(p)* (eV/2]¢|71/2H1/4P 4 eP) IFll 200y (7-5)

(7.4)

Hocmoswmme Co u C3 sasucam auww om m, d, p, o, o1, |9les |07 e
om napamempos pewsemku I' u om obaacmu O, a maxoice om |Al|L,, u My.

st moKazaTeanLCTBa TeopeMbl 7.1 HaM MMOHAI00MTCS CAeIyIOMast JIeMMa.

Jlemma 7.2. 1°. IIyemo A asasemca myavmunaukamopom us HP(RY; C™)
6 HP(RY C") u My — nopma smozo myavmunaukamopa. Tozda das 1106020
u € HP(R%C™) npu e > 0 svinoanena ouenxa

220 /Rd IDP(A%(x)u(x))|? dx < &, M3 /Rd (lu(x)|? + ¥ |DPu(x)[?) dx.

(7.6)
2°. ITycmo ewnoaneno ycaosue 3.6. Tozda mampuua-dynryus (1.12) as-
AAEMCA MYAOMUNAUKGMOPOM U3 Hp(Rd;(Cm) 8 Lg(Rd;Cm), npuem Hop-
MO, IMO20 MYALTMUNAUKAMOPA OueHucaemca Konemanmoti My, sasucauel
auwv om d, p, 9|1, a1, Ao, v Ma. IIpu samom dasn arwbozo u €
HP(R%,C™) npu e > 0 6vinoanena oyenxa

/ 175 (x)u(x)|> dx < Eng/ (Ju(x)[* + e |DPu(x)[?) dx. (7.7)
Rd Rd

Jowasameavcmeo. ycts u € HP(RYC™). Boinonnss 3aMenbl X = €y,
u(x) = v(y), umeem

= [ DL () dx
Re (7.8)
= [ DRV dy < MR

C yuerom (3.9)
VI <8t [ (VP +Dv(s)P) dy

={p /Rd (Ju(x)[? + e*|D2u(x)[*) dx.

Otcroa n n3 (7.8) BeiTekaer (7.6).
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Hoxkaxewm Terneps yrepxaenue 2°. B cusy jiemmvbl 1 nysakra 1.3.2 kauru
[MSh]| u3 ycaosust 3.6 Bbirekaer, yro DA npu |a] = p saBusiercst MmyJibru-
nmkaropom u3 HP(R%; C™) B Ly(RY; C"), npuaem HOPMa 9TOI0 MyJ/IbTHILIH-
karopa KoHrposupyercs depes ||A|L., u Ma. Torna ¢ yuerom (1.3) u (1.5)
marpuna-dyukinusg ¢ = g(b(D)A + 1,,) saBagercss MyJbTUILIMKATOPOM U3
HP(R%,C™) B Lo(R% C™), npuuem HOPMA 3TOr0 My/IbTHILIAKATOPA, OLEHM-
BaeTCs KOHCTaHTO# Mp, 3aBucsimeil b ot d, p, ||g||1.., o1, ||Allz., m My.
HokazarenbcrBo HepaBeHCcTBa, (7.7) HOyHYaercs ¢ HOMOIIBK 3aMEH X = €Y,
u(x) = v(y) (amagormaHo T0Ka3aTEaLCTBY OIEHKH (7.6)). O

HoxkazaresnbcTBo Teopemsbl 7.1. [lycts byaknum v, u vg onpe/JieeHbl
B (5.7) u (7.2) coorBercTBenHO. OneHnM nx pasHocts 110 Hopme B HP(O; C™).
YauteBag (3.9), nmeem

Ve = V21 E0) < ePIAT(T = S)b(D)o | 7 gy

< G’ <|]A5(I S2)b(D) Uo7, gy + [IDP(A*(I — S:)b(D )uo)lliQ(Rd)) :
(7.9)
B cuny yenosus 3.6, Hepasencrsa || S |1, 1, < 1w (1.4) BBIIOSHEHO
~ 1/2, )~
IAS(1 = S2)b(D)iio|| ey < 2AIAl|pos0r’ ([0l rn e (7.10)
Hamee, n3 ieMMBI 7.2 BBITEKAET HEPABEHCTBO

2P |[DP(A%(I — S.)b(D)io)I12,

” ) ) (7.11)
cp]wA(H(I Se)b(D )u0HL2 ®d) T € (I — S:)DPb(D )uOHLQ(Rd))-
[Ipumensig npemioxkenne 1.7 u (1.4), mmeem
(7 = S)b(D) o | Ly ray < error? ol o1 . (7.12)
C yuerom HepaBeHcTBa ||Se| 1,1, < 1 u (1.4) cupasemBa oneHka
~ 1/2~
(1 = S-)DPB(D)tio| 1, zety < 201 ([0l sr20 (- (7.13)

Conocrapmsis (7.9)-(7.13) n (5.12)—(5.14), mpuxouM K HEPABEHCTBY
Ive = V2l v (0) < Case(p) (€¢I T2 + €7) | F 1y 0), (7.14)
rae Cog = a}/Q max{¢, Mpr CP+D 2E31,/2||AHLOOC(7’) + 28, M\ C2P)},
Teneps u3 (5.8) u (7.14) BeiTeKaeT Tpebyemast omnenka (7.3) ¢ MOCTOSHHOM

Cy = Ca + 2026
IMepeiinem k mokazarenncTBy HepasencTsa (7.5). B cuny (7.7) Buimosneno

I5°6(D)ug — g°S:b(D)o|[7,0) < 197 = Se)b(D)o|l7, (may
< & M2(|( = S.)b(D)ii |2, oy + =2 I|(T — 5. DPH(D)ii 2, ).
Orcrona n u3 (7.12), (7.13), (5.13), (5.14) BeITEKaAET OlEHKA

17°b(D)ug — §°S=b(D)o|| 1, (00) < Carcl) (e[¢| /2122 4 P)||F | 10,
(7.16)

(7.15)
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rae CQ7 — E;/QMga%/Q maX{TjC(erl), 20(21;)}.
Teneps n3 (5.10) u (7.16) caemyer nuckomoe mepasencTro (7.5) ¢ mocTosH-
uoit C3 = C3 + 2Co7. U

Conocrasisist reopemy 7.1 u npejjioxenne 3.7, TPUXOJUM K CJIEYOIIEMY
YTBEP:K ICHUIO.

Cnencrue 7.3. Ilycmv ewvnoanenn, ycaosus meopemwvs 5.1. Iycmo
K% (¢ ) — onepamop (7.1), v — dynnyua (7.2), p. = ¢°b(D)u,, a g(x) —
mampuya-Pynryus (1.12). Kpome mozo, nycms euinoaneno roms 6v, 0010
U3 CAeIYUWUT NPEINONOHCERUT:

1°. 2p > d;

2°. g% = g (m. e., umerom mecmo npedcmasaenus (1.18)).
Tozda npu 0 < & < &1 cnpasedausvr ouenku (7.3)—~(7.5), npuvem nocmosn-
nwe Cy, Cy 3asucam auww om m, n, d, p, ag, a1, l9llzes g Lo, om
napamempos pewemxu I' u om obaacmu O.

Samevanne 7.4. 1) IIpu gurcuposannom ¢ € C\ Ry, |¢| = 1, ouenru us
meopemvi 7.1 umerom nopadox O(e'/2). C pocmom |C| noepewmnocms ymerno-
waemcea. 2) Ouenku us meopemovs 7.1 pasromeprvs no yzay ¢ 6 obaacmu
euda {¢ = |Cle® : |¢] = 1,00 < ¢ < 2T — P} €O CKOADL Y200HO MAALIM
wo > 0. 3) Yeaosua caedemeusn 7.3 6binoanervl 6 CACOYIOUWUT UHMEPECHBLT
Ons npusoscerutls caywaar: a) koeda p =2 u d = 2 uau d = 3, 66NOAHENO
2p > d; 6) xo2da m = n, ewnoaneno ¢° = g. Hanpumep, smo eepno oas

onepamopa A = Ag®(X)A 6 Lo(R?) 6 ar060ti pasmeprocmu.

7.2. Cnemmanbuble caydau. Ecm ¢° = § (T. e., BBIIOTHEHE PaBEHCTBA
(1.17)), To I'-mepmomaeckoe permenne 3amaan (1.10) pasro mHymo: A(x) = 0.
B sTom cayuae koppekTop (5.4) obpaiaercst B HOJb U U3 TEOPEMBI 5.2 BBI-
TEeKAeT CJIEIYIONIH pe3y/ibTar.

Ipennoxenne 7.5. ITycmo sunoanens yeaosus meopemus 5.1. Ecau g° =
g (m. e., swnoanenw, pasencmea (1.17)), mo npu 0 < ¢ < €1 cnpasedausa
ouenKa

[ue — uol|gr(o) < Coclp)* (eM2(¢|7V/2HV 4 4 2P)||F | 1,0

B cuny sameuanns 1.4 mpn yenosun ¢° = g marpuna (1.12) nocrosmna:
g(x) = ¢° = g. lpumensisi yTBep:KIeHNE CIEJCTEHA 7.3 OTHOCHTEIBHO MTOTO-
KOB, TIPUXOMM K CJIE/IYIOIIEMY PE3YJIbTATY.

Ipennoxenne 7.6. [lycmo svinoanenst ycaosus meopemot 5.1. Ecau g° =
g (m. e., umerom mecmo npedcmasaenus (1.18)), mo dasa nomoxa p. =
9°b(D)u. npu 0 < € < €1 cnpasedausa oyenka

Ipe — g°b(D)ug|| £, 0) < Cac(p)* (eV/2(¢|71/2H1/4P 4 eP) ¥ 2,(0)-
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§ 8. AIIIPOKCUMAIUS PE30ILBEHTBI (Ap . — ()™ 11Pu ¢ € C\ [cx, 00)

8.1. O6mmii cayyaii. B Teopemax u3 §5 m §7 mpeamnosaranocsk, aro ( €
C\ R4 u [¢| > 1. B namnom maparpacde Mbl yCTAHABINBAEM eIlle OJWH pe-
3y/IbTAT 06 ANMPOKCHMAIMN pe30sbBerThl (Ap . — (I)™1, cipaBenussiit B
6oJtee MMPOKOit obacTn usMenenust napamerpa (. Ilpu orpaHMYeHHbIX 3HA-
Jenuax |C|, a Takke B TOUKAX ( ¢ MAJBIM @ WIH 2T — @ 3TOT PE3YJIbTaT
MOZKET OKa3aThCsl [IPEJINOYTUTETbHEE.

Teopema 8.1. IIycmo O — ozpanuuennas obaacmo waacca C2P. Iycmo
¢ € C\[ex,00), 2dec >0 — p6u;a;z HUIACHAA 2PAtD Onepamopos Ap . u A%.
Honoorcum ¢ — ¢y = |C — c*\ew U 86edem 0603HAHEHUE

eyl -l C-el<
P = {c<w>2, C—cl>1

ede c(1p) onpedeaeno 6 (3.1). Ilyemv u. — pewenue 3adawu (4.4) u ug —
pewenue s3adauu (4.11) npu F € Lo(O;C"). Ilyemv Kp((;e) — onepamop
(5.4), ave — dynryusa (5.7). Ilycmo wucao €1 noduuneno ycaosuro 4.4. Tozda
npu 0 < € < €1 cnpasedauss, OUEHKU

[ue — wollz,0) < C1ep«(OIF | Ly (05
[ue = Vel o) < €262 pu(QIF | 150)- (8.1)

B onepamopnviz mepmunaz,
1(Ape = ¢I) 7 = (A = (D)7, 0) > 1a(0) < C1eps(Q), (8-2)

[(Ape—CI) ™ —(AY—CI) T =eP Kp (G €)ll Lo(0)— o (o) < €2672p:(C). (8.3)

Jas nomoxa p: = ¢°b(D)u. npu 0 < € < €1 cnpasedausa annpokcumMayus

[pe — 55 S=b(D)Tol| 1, (0) < €320 (O)IF || 10 (8.4)

2de g(x) — wmampuya-pynryus (1.12). Hocmoannwve €1, €2 u €3 3a6ucam
avas om m, d, p, ag, a1, |91 197 L, 0m napamempos pewemuu T u
om obaacmu O.

Bameuanne 8.2. 1) Beauwuna c()?|¢ — ci|™2 ecmv nu wmo unoe, wax
BeAUNUNG, 00PaAMHAA K Keadpamy paccmoanus om mouky ¢ 0o [Cy, 00).
2) B kauwecmese Cy, MONCHO 6wOpaMb Ct = C2, 20e Co onpedeaeno 6 (4.3).
3) Ilyemv v > 0 — ckoav yeodno manoe wucao. Ecau cwumamov € docma-
MOUHO MAAVLM, O 6 KAYECTEE Cx MONCHO NPUHAMY Cx = N — v, 2de Y —
nepeoe cobemeennoe snauenue onepamopa A%. 4) Jleaxo yxasamo eepriiorn
ouenky wucaa cx: us (4.2) eudno, wmo c. < 1y, 2de p — nepeoe cob-
CMBEHHOE 3HaMeHUE onepamopa B, = Z\a|:p D2 ¢ yeaosuamu Jupuzae.
Hoomomy ¢, ozpanuueno sesununotl, s3asucawed auwv om d, p, ||g|lL.., o1
u om obnacmu O.
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Jlokasamenavemeo. [pumernm reopemy 5.1 npu ¢ = —1. B cuny (5.2)
|[(Ap.+ 1)~ — (A} + I)_IHLQ(O)—>L2(O) <2Cie, 0<e<e. (85
Hcrmone3yem ToxK1ecTBO
(Ape — D)™t — (A% — (D)™ = (Ap. + D)(Ap,. — (D)
% (Ape+ 1)t = (A% + 1)) (A% + 1)(AY — 1)L,
13 (8.5) u (8.6) BuITeKaer, uro npu 0 < € < £1 BBINOJTHEHO

1(Ape—¢D) ™ (A ~CD) a0 a(o) < 201 sup(z+1) e~ (8.7)

XT>Cx

(8.6)

Brruncaenue ITOKa3bIBALT, 9YTO

sup (2 + 1)}z — €2 < 2pu(0), (3.8)
T>Cx
re ¢ = (cv + 2)% B cury samesamma 8.2(4), ¢ OrpaHWYeHO0 BeTMIHHOM,

3apucsnieit aumsb ot d, p, a1, ||g]/r., u ot obmacru O. Tenepy u3 (8.7) u
(8.8) cexyer nckomast oreHka (8.2) ¢ mocrostaHO €1 = 2C;¢.

[Ipumennm remeps Teopemy 5.2 mpu ¢ = —1. B cury (5.9) npu 0 < € < €1
BBIIIOJTHEHA OIIEHKA

I(Ape+1)7" = (A + )" = " Kp(—1;8) || y(0)—r(0) < 2C2e™?. (8.9)

Bamernm, 910 B cuay Jgemmbl 6.2 ¢ ( = —1 u (6.20) upu 0 < € < €1 cmpa-
BEJIJINBO HEPABEHCTBO
€70 K p(—15€)| £y (0)— v (0) < €42, (8.10)

rae €4 = C(p; O)(Cs + 2C13). U3 (8.9) u (8.10) caenyer, uro npu 0 < € < &1
CIIPABEINBO HEPABEHCTBO

I(Ape+ 1) = (A + I)7H = eP(1 = 0.) K p(—15) || 1y (0)— o (o) < €562,
(8.11)
rae €5 = 2Cy + €4. Mcmombp3yeM TOXKIECTBO

(Ape—¢I)™' = (A = ¢I) 7! —P(1— 0)Kp(Cie)
= (Ap.+D)(Ape — ¢!
x (Ape+1)' =AY+ 1) —eP(1 - 0.)Kp(—1;¢))

x (A + (A — D)™ +eP(C+ 1)(Ape — ¢I)7H(1 = 6:)Kp (G e).
(8.12)
IockoasKy 06pas oneparopos B (8.12) comepxutca 8 HY(O;C"), moxkHO

1/2
somHOKHTH ctesa Ha Ap. C yuerom (8.8) momyaem

HAlD/i (Ape — ¢ = (A =) = eP(1 = 0)Kp(G;€)) | oo
< 5P*(C)\|Ag,25 (Ape+ D71 = (AL + 1)t = P(1 — 0-)Kp(—1;€)) || LosLs
+eP|¢ + 1] sup 22|z — ¢|7H(1 = 0) K p (G €)ll Lo Lo

T>Cx

(8.13)
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O6ozHaunm coaraemble B npasoil uactu (8.13) uepes L£1((e) u La((e).
Ouenka nepBoro 4ieHa soirekaer u3 (4.2) u (8.11):

L1(Cie) < e€sei/?eV2p,(0), 0<e<er. (8.14)
Tockomky Kp((ie) = Ro[AT]S:b(D)Po(Af)1/2(A%) V2 (AY, - ¢I)7Y, ¢
yaerom (1.4), (5.3), (5.20) u (6.1) mveem
(1 = 0:)Kp(C5 )l Lo (0)— La(0)

< V)2 CPN(AD) 2| L0y v sup 22| — ¢,

T>Cx

(8.15)

U3 anasnoros ouenok (4.2) u (4.3) juia oneparopa A% u uz (6.20) caenyer,
qTo

_ —-1/2 —1/2
1AD) 210y 1m0y < CO: O 2 + 1% (8.16)
B cuny (8.15) m (8.16) BTOpOI winen B npasoit wactu (8.13) momyckaer oneHky
Ls(Ce) < CoeP | + 1] sup zfz — (|72, (8.17)
T>Cx

rae &g = C'/(\) 1/2C(p)C'(p; O)(cqy Y2y Cy 1/2) Kax nposepeso B [Sub, (8.17)],

CTTpaBeJIJINBa OIEHKA

¢+ 1] sup 2|z — ¢ 7 < (e 4+ 2)(cx + 1)pu(C). (8.18)

T>Cx

Teneps u3 (8.17) u (8.18) BoITekaer, ITO
L2(G ) < Tglex + 2)(ex + 1P pu(C). (8.19)
B wnrore nepasencrea (8.13), (8.14) u (8.19) npuBoggaT K onenke
1482 (Ap.e = <D™ = (A = CI)7! = (1= ) K (Gie)) 21
< €e'?p(¢), 0<e<ey,
rae €7 = 66501/2 + Cs(cx +2)(ce +1). Orcrona ¢ yuerom (4.2), (4.3) u (6.20)

BBRITEKaeT HEPABEHCTBO
I(Ape = <D™ = (A = CI) ™" = eP(1 = 0) K (G )| Ly(0) 0(0)

8.20
< Ce'?p((), 0<e<ey, (5:20)

rae € = C(p; O)(cy 124 ¢ o 1/2)67. Haxkoner, 8 cumy (8.8) u (8.10) umeem
120 KD (C; €l Lo(0)— P (0)
< 1EP0-Kp(—1;8) || 1y(0)— o (o) | (AD + D (AD = CI) 7l 1y 0)—1(0)
< EPeep (OY?, 0<e<er.

Otcroa u u3 (8.20) ciegyer nckomoe HepaBeHCTBO (8.3) ¢ mocTosHHOM € =
Cs + 61/2(’:4.

Ocraerca nposepurs (8.4). 13 (8.1) ¢ yuerom (1.3) u (1.5) caexyer, aTo
npu 0 < € < €1 cripaBeinBa, OIEHKA

Ip- = g°b(D)VellL,(0) < Kolds P)gll ey 2 €22 2pu (O 10 (8:21)
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Hanee, anasornano (6.22)—(6.24) nmeem
lg°b(D)ve — g=S:b(D)uol| 1, (o)

p

< ellgll o1 [DD) g | 1y ey + Co1 Y ' [D'BD)o| pymay  (8.22)
=1

< Coellao | grar(ray

e &g = HQHLOOTIO&/Q +p0210¢}/2.
N3 (4.10) u (8.8) BBITEKAeT OLEHKA

1(AD = ¢ 7l (0)— mer0) < Esup zfz — ¢ 71 < e/, (Y2,

XT>Cx

CrenoBarensHo, ¢ yaeToM (5.3)

~ 2 2p) 1 /2~

[8oll 20 ey < C5" woll vy < €576 *2p0(O)*[Fll1yio)-  (823)
Orcroma n u3 (8.22) ciemgyer, 9To

lg7b(D)ve — §°Sb(D) o]l ,(0) < €1020+(O) | F | 50);

rae €19 = QﬁgC’gp)él/zE. Bumecre ¢ (8.21) 310 Baewer (8.4) ¢ moCTOSHHO
€3 = ro(d, p)|lgll L.t > € + Cro. O

8.2. ¥YcTpaHeHUe CTJIa>KUBAaIOIETro oTrepaTopa.

Teopema 8.3. Ilycmv swinosnenv, ycaosus meopemv, 8.1 u ycaosue 3.6.
Myemv K9(¢e) — onepamop (7.1) u v? — dymnyua (7.2). Tozda npu
0 < € < €1 cnpasedausa ouerKa

Jue = v r(o0) < ¢251/2P*(<)HFHL2(O)a (8.24)

UAU, 8 ONEPAMOPHLT MEPMUHGT,

I(Ape — CI) 7t = (AY — ¢I) ™ = KOG 0) | o) mr0) < €222pu(0).

(8.25)
Aas nomoxa p: = ¢g°b(D)ue npu 0 < € < €1 cnpagedausa annpoKcuUMaUus
Ip= = 7°b(D) o]l (0 < €36/ *pu(O)F |y 0)- (8.26)

Hocmoannve € u €3 sasucam avwn om m, d, p, ag, o1, gl g e
om napamempos pewemku I' u om obaacmu O, a maxoce om ||Al|L,, u My.

Aoxasamenvcmeo. Ananormauo (7.9)-(7.13) nmeem
Ive = V2|l mr0) < Crrel[Bollr2n gy, (8.27)

e € = a}/2(25;/2\|A||L00 + ¢ Mp(r1 + 2)). U3 (8.23) u (8.27) Bbirexaer
OTIEHKA,

Ve = V2 mr(0) < €12604(O) 2 (IF| 1 (0), (8.28)
rae 612 = Cgp)élﬂ/c\@ll
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Hepasencrsa (8.1) u (8.28) BiekyT nuckomyto onenky (8.24) ¢ nocrostHuoM
¢y = & + Cqa.
Ocraerca npoeeputs (8.26). Anasornuno (7.12), (7.13), (7.15) umeem

1g°b(D)ug — g=Sb(D)uo||,(0) < Cisel[o]| 20 (Ra), (8.29)

e €3 = & *Mza3/2(ry + 2). T3 (8.23) u (8.29) BEITexaer, wro
15°6(D) o — G S-b(D) |, (0) < C1aep()?[F || o0, (8.30)
rae €14 = Cgp)él/25€13. Conocrasnsig (8.4) u (8.30), npuxomum K ncKOMOit

onenke (8.26) ¢ mocTosHAOI Ty = C3 + €. O

W3 teopemsr 8.3 u mpeyiokenus 3.7 HEMOCPEACTBEHHO BBHITEKAET CIETYIO-
Iee yTBEpKIEHTE,

Caencrsue 8.4. I[lycmov ewvnoanens, ycaosua meopemor 8.1. Ilycmo
K9,(¢;e) — onepamop (7.1), v? — dynruua (7.2), p. = g°b(D)u,, a §(x) —
mampuya-pynryus (1.12). Kpome mozo, nycmo ewvinoaneno xomsa 6v, 0010
U3 CACQYIOULUL TPEOnosoAHceHuts:

1°. 2p > d;

2°. g% = g (m. e., umerom mecmo npedcmasaenus (1.18)).
Toeda npu 0 < € < 1 cnpasedausv, oyenky (8.24)—(8.26), npuuem nocmo-
anmvie €, €3 3asucam auwws om m, n, d, p, ag, a1, ||9llee, g7 L., om
napamempos pewemxu I v om obaacmu O.

8.3. CoeruasbHbie cirydan. Crieyromue YTBEPKICHUS IOy Iar0TCsT aHa-
JIOTUYHO TIPeII0KeHusIM 7.5 u 7.6.

Ipengoxenne 8.5. ITycmo sunoanens ycaosus meopemsvs 8.1. Ecau ¢° =
g (m. e., swnoanenn, pasencmea (1.17)), mo npu 0 < &€ < &1 cnpasedausa
OUCHKQ

Hua — u()HHP(O) < €251/2p*(C)HFHL2(O)'

Ipengoxenne 8.6. ITycmo sunoanens ycaosus meopemss 8.1. Ecau ¢° =
g (m. e., umerom mecmo npedcmassenus (1.18)), mo das nomoka p: =
9°b(D)ue npu 0 < € < €1 cnpasedausa oyenka

1P — ¢°b(D)uol|y(0) < €35"/*p (O)IIF | y0)-
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