HPEITPUHTBI IIOMU PAH

I'JTABHBIN PEJIAKTOP

C.B. Kucnsaxos

PEAKOJUIEI'NA

B.M.ba6wuu, H.A.BaBunos, A.M.Bepmuk, M.A.Bcemupnos, A.W.I'enepanos, U.A.MGparumos,
JLYO.Konotununa, b.b.JIypse, F0.B.Marusicesny, H.}O.Heueraes, C.U.Penun, I'.A.Ceperun

Yupenutens: OenepanbHOe rOCYyJapCTBEHHOE OIOKETHOE YUPEIKICHUE HAYKU
Cankr-IlerepOyprckoe oTaeneHne MareMaTH4eCKOro HHCTUTYTA
uM. B. A. Creknoa Poccuiickoil akageMun HayK

CBHIETENBCTBO O pErucTpanuu cpeactsa maccoBoit nHpopmaruu: IJI NedC 77-33560 ot 16
okTs10ps 2008 r. Bergano ®enepanbHoil ciyk00i 1o Haa30py B cpepe CBA3H U MACCOBBIX
KOMMYHUKaIUN

Konraktueie qannsie: 191023, r. Cankr-IletepOypr, Ha6. peku PoHTaHKH, T0M 27
tenedonsr:(812)312-40-58; (812) 571-57-54

e-mail: admin@pdmi.ras.ru

http://www. pdmi.ras.ru /preprint/

3aBeayromnas HHPOPMAITMOHHO-U3AaTeNbCKUM cekTopoM Cumonosa B.H


mailto:admin@pdmi.ras.ru

[1OMU IIPEITPUHT — 3/2017

YCPEJIHEHUE PEIIEHUN 3A/TAYY HEMUIMAHA
JJ14 SJIJINIITUYECKNX YPABHEHUM
BBICOKOI'O IIOPSIJIKA
C IEPUOINYECKIMUI KOS®PUITMEHTAMMN

T. A. Cycanna

Cankr-IleTepOyprekuii TOCYIapCTBEHHDBIH YHUBEPCUTET,
Yuusepcurerckas Hab., 1. 7/9,
Cankr-Ilerepbypr, 199034, Poccus

e-mail: t.suslina@spbu.ru

AHHOTAIIN Y

Iycte O C R? — orpanmuennas obnacTs ¢ rpanuieil xkiacca C2P. B mpoctpancrse Lo(O;C?)
H3y4aeTcs CAMOCOUPSIYKEHHbI CUILHO SJITHITUYECKH onepaTop AN . MOPSIKa 2p, 3a/JaHHbI BEIpa-
xerneM b(D)*g(x/e)b(D), € > 0, upn ycaosusx Heiimana na rpasnme. 31echk g(X) — orpaHnvIeHHasT
¥ TI0JIOXKUTEILHO onpejeseHHas (m X m)-marpuna-gysxmus B RY, nmeprogmueckas 0THOCHTETHEHO
HekoTopoit perrerky; b(D) = Z| a|=p baD® — muddepennpatbHeLil OmEpaTOp NOPHAAKa P € HOCTOAH-
ubiMu Koadbdunuentamu; b, — mocrosuubie (m X n)-marpunsl. [Ipeanonaraercs, 970 m > n U 9TO
cuMBos b(€) MMeeT MaKCHMATBHBIH panT ipu sobom 0 # € € C4. Jlna pesombeentrt (Ay . — (1)1
mpu ¢ € C\ [0, 00) mostyueHbl AaTIPOKCHMAIH 110 OTlepaTopHoii HopMme B Lo (O; C™) u mo HOpMe omepa-
TOpOB, Aeiictytontux u3 Lo(O; C™) B ipoctpanctso Cobonesa HP(O; C™), ¢ olleHKaM# TOTPENTHOCTH
B 3aBUCUMOCTH OT € # (.

Korouesbie ciaoBa: nepuommueckue nuddepeHimaababie OMepaTopbl, JAINNTHICCKAE VPABHEHNST
BBICOKOTO MOPSIKa, 3amada Helimana, yepeamnenne, 3 dhekTuBHBIN Omeparop, KOPPEKTOp, OmepaTop-
HBIC OIMEHKU IIOTPEITHOCTH.

Uccnenosanue BoinoHero npu nojep:xkke PHO (mpoekt 17-11-01069).
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BBEJEHUE

Bagagam ycpemnenuns (romorenusaryn) auddepennuaabHbix ormepatopos (10) ¢ mepuommaecku-
MU OBICTPO OCHUJIIUPYIOIUMHU KOIDDUIIHEHTAME OCBSIIEHA ODINMUPHAS JIUTEpaTypa. YKaxKeM B
nepByio odepens kuuru [BeLPa|, [BaPan|, [ZhKO].

0.1. OmeparopHbIe OLIEHKH IIOIPEIHOCTH s 3a1a9 yepeanenuns B RY. B mukie pa6or Bup-
mana u Cycsmnoit [BSul, BSu2, BSu3, BSud| 6bu1 npeqiokeH U pa3BUT TEOPETHKO-OMEPATOPHBII
MoAX0JT K 3ajadaM Teopuu ycpenHerus. C MOMOIIBIO ITOTO MOJXO0JA M3yYaJicd MIUPOKUI KJacc
MAaTPUYHBIX CaMOCONIPSKEHHBIX CUJIbHO 3jauntudeckux 1O Broporo mnopsijika, JeHCTBYIOIMINX B
Ly (R4 C™) u nonyckaromux (hakTOpU3aIMIO BIIA

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

3aeck Marpura-gyHKIms ¢(X) pazmMepa m X m orpaHndeHa, PABHOMEDPHO HOJOKUTEIBLHO OIpe/IeIeHa
¥ IIEPHOIMYHA, OTHOCHTEbHO HekoTopoii pemerxku I' C RY. Oneparop b(D) — IO nepsoro mopsika
Buga b(D) = E?:l bjDj, tae bj — nocrosHuBIe (M X n)-marpuipl. IIpeamonaraercs, 410 m > n n
uro cuMBoa b(€) umeer panr n npu Beex 0 # € € R?. IIpocreiimmit mpumep oneparopa suma (0.1)
— akycrudeckuit oneparop —div g(x/€)V; oneparop Teopun yIpyrocTH TakKe JOMYCKAeT 3alUCh B
TpebyeMoM Bujie. DTU U APYIHE MPUMEPHI MOAPOOHO paccMoTpeHsl B [BSu2|.

B [BSul, BSu2| moxasamo, uro mpu £ — 0 pesobsenta (A.+1) ! cxomures mo onepaTopHoil HopMe
B Lo(R%;C") k pesonbsente sffexmuesnozo onepamopa A° = b(D)*¢°b(D), rue ¢° — mocrosauas
appexmuenan Mampuya. YCTAHOBJIEHA OTIEHKA

1(Ac + D)7 = (A + D)7y re) s Ly (rey < Ce (0.2)

B [BSu3| maitzena 607tee Tounag anmpokcuMaims pe3oibeentsl (A, + 1)1 mo omepatopmoit Hopume B
Ly(R%4; C™) ¢ norpemnoctbio O(e2). B [BSud| nosyuena anpoxcumarus pesosbsentot (A +1)71 o
HOpMe oreparopos, aeiicreytommx u3 Lg(RY; C") B mpocrpancrso Cobouesa H'(RY; C"), ¢ onenxkoit

J(Ae + D71 = (A° + D)7 = () | agrayos s ey < Ce (03)

Baech K(g) — rak nasbBaemblit xKoppexmop. Oneparop K(€) comepKuT OBICTPO OCHUIIUPYIOIINE
MHOZKHUTE/IU, & HOTOMY 3aBUCHT OT &; 1pu 3toM ||K(e)||z, 1 = O(e71).

Ouenkn Buga (0.2), (0.3), noxyuuBmme HA3BAHUE ONEPAMOPHBIT OUEHOK NO2PEUWHOCTNU, TOIHBI 10
nopsiaky. Meron pa6or [BSul, BSu2, BSu3, BSu4| ocroBan Ha npumenennu mMaciraGHOro npeobpa-
zoBanusd, Teopun Poke-Biioxa v aHaIMTHIECKON TEOPUU BO3MYIEHUIA.

Ormernm Takzke HeJapHIOW pabory [Sul|, B Koropoii 6blin HoyYeHbl By IApAMETPUYECKIE AHA~
noru onenok (0.2) m (0.3) mra pesonbsents (A. — (I)~! B npoussombnoit Touke ( € C\ Ry (B
3aBUCUMOCTH OT € 1 C) B OPUCYTCTBUU MJIQAIMUX YJIE€HOB AHAJIOTUYIHBIC PE3YJ/JIbTAThI ITOJIYICHBI B
[MSul].

Jpyrofi 1moaxo K ONepaTOpHBIM ONEHKAM IIOTPEITHOCTH (MOUPGUUuUposantvili memod nepeozo
npubausicenus i memod cdeéuea) Oo1 upepnoxken 2KukosbiM; sruM MerogoM B [Zh| u [ZhPasl|
6pLtn ostyuenst orenku Buga (0.2) u (0.3) mas omeparopoB aKyCTUKE U Teopun yupyroctu. OTHo-
CUTEJIBHO JasibHefnmx pesyabraros 2Kukosa u I[lactyxosoit cm. HegasHuii 0630p [ZhPas2| u turu-
POBaHHYIO TaM JINTEPATYPY.

OTenbHbIi MHTEPEC MPEeJICTABAIeT 3a1ada YCPeIHeHNs I TepUOAMIecKuX smnnTadeckux 10
BHICOKO20 YEMHO020 NOPAJKG. TeoPEeTHKO-0TIepaTOPHBII OX0, TIPeIokeHHblii Bupmanom u Cycn-
HOIf, OBLT PAa3BUT MPUMEHUTEIBHO K TaKUM oreparopaM B pabore Benmamunosa [V]| u B HegaBHei
crarbe Kykymkuna u Cyciamaoit [KuSu].

B | V| uzyuanca oneparop Buga B, = (DP)*g(x/¢)DP, rae g(x) — cHMMETPHYIHBII TOJ0KUTETHHO
OlIpeJIeIeHHBIH 1 OrPAHUYEHHDI TEH30D TMOPSIKa 2p, IEPUOINIECKI 0OTHOCATENBHO penterku . [pu
p = 2 omepaTop TaKoro BUIA BOBHUKAET B TeOpUH yupyroctu miactut (eM. [ZhKO]). ddexTupnbrii
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oneparop mmeer sug BY = (DP)*¢°DP, rae ¢° — sddexTupnbiii Temsop. B [V] momyuen amamor
onerku (0.2):
-1 0 -1
[(Be +1)"" = (B + 1) || ny(rt)— Lo (re) < Ce.
B [KuSu| nzyuasucs 6osee obmmit kaacce samunrudeckux 1O BbICOKOrO HOpsi/IKa, JefiCTBYOMNX B
Ly (R4 C™) u nonyckaromux (hakTOPH3AIMIO BHIA

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

3aeck g(x) — orpaHWUYeHHAsI U PABHOMEDPHO MOJIOXKUTEIBHO OIpeeIeHHas MaTpUIla-(hbyHKIN pas3-
Mepa m X m, TepuoInIecKast oTHocuTebHO pertetku I'. Omeparop b(D) mopsaka p > 2 umeer Bu
b(D) = 3 jaj=p baD®, t1e bo — mocrosmubie (m X n)-marpungt. llpenonaraercs, aro m > n u
uro cumBos b(§) mmeer panr n npu Beex 0 # £ € RY. Ocnosubie pesyiprarer padorer [KuSu| —
armpokcumManun pesosnbentsl (A. — (I)71, rae ¢ € C\ R, B pasiMuHbIX OHEPATOPHBIX HOPMAX C
JBYIAPAMETPUIECKUME OIEHKAMHU TTOTPEIHOCTH (B 3aBucuMoctu ot € u (). [lokasano, 4To 1o ome-
paroproit nopme B Lo(RY; C") pesombsenta (A: — (1)~ cxomures k pesonbsente 3dbdhexTHBHOrO
oneparopa AY = b(D)*¢°b(D) (tne ¢ — mocrosHHasg sddekTHERAT MATPUTIA), TPUHEEM

1(Ac = ¢ = (A% = CD) "Ml yrays Lo ey < C1(C)e. (0.5)

Ilo ,sHepreTuueckoii” mHopMe (T. €., 110 HOpME ONepaTopos, jeiicTByiormmx u3 Lo(R%4C") B
HP(RY;C™)) Haiijena anmpoKCHMAIHMs PE30JbBEHTHI [IPH yUeTe KOPPEKTOpa:

(Ae = €It = (A° = I = PR (G ) gty pingesy < CalQ)e (0.6)

Koppekrop K((;e) comepkut OBICTPO ocCIiLIHpytome MuoKuTe n; upu 31oM || K (C;e)||p,—mr =
O(e7P). Bersicuen xapaktep 3asucumoctu C(¢) u Co(¢) ot mapamerpa (.

Bim3kue pe3ynbraThl 06 yepeHeHNN S/INNTHYeCKIX OePaTOPOB BBICOKOTO mopsaka B R meza-
BUCHMO TIOJTy9€eHbI B HeZlaBHUX paborax [lacryxosoit [Pasl, Pas2| ¢ momomisio MeTosa cisura (B 3Tux
paboTrax OINEeHKN OIHOMapaMeTpudeckue, (bUKCHPOBAHO 3HadYeHHe ( = —1).

0.2. OmepaTopHbie OIIEHKHN TOTPEITHOCTH JJIsT 33721 YCPEeJHEeHUsT B OTpaHUYeHHOl 06J1a-
CTU. OHepaTOprIe OIEHKU TIOTPEIMTHOCTU U3YYIAJINUCH TaKZKe JJId JIJIUTITUICCKUX OIIePATOPOB BTO-
pOro mopsika ¢ GBICTPO ocIIMIpyommMI KoadgdurmenTaMu B orparnaennoit obmactn O C R ¢
JocTaTovHO Tiaajkoii rpanunei. B [Zh, ZhPasl| paccmarpuBanuch oneparopbl akKyCTUKH ¥ TEOPUH
yupyroctu npu yeaosun Jupuxiie mubo Heiimana va rparuie 00; 6bLIN MTOJTYYEHBI aHAJIOTH OITEHOK
(0.2) u (0.3), Ho ¢ morpermmocrbio nopsaka O(e'/2). TlorpermuocTs yXy/IITaeTcs 3a CIeT BIHSHUA
rpanutbl. (B ciydae 3amaun dupuxie s oneparopa akycruku (Lo — Lg)-oreHKa ObLTa yuIydIieHa
B |ZhPasl|, Ho mOpsI0K OIeHKH HE OBLT TOYHBLIM.)

Bskue pesyabrars! s oneparopa —div g(x/e)V B orpanmdentoit obsactu npu yciaosun Jlupu-
xute inbo Heitmana 6pwtn ycranosaens! B paborax I'puso [Grl, Gr2| ¢ momormbio "unfolding" -merosa.
B crarpe |Gr2| mas Toro xe omeparopa Buepsble ObLt mostytden amasor ouenku (0.2) nopsaaka O(e)
(TOYHOM O MOPSIIKY ).

st MaTpudHBIX omepaTopos Broporo mopsinka Ap . n Ay, 3agannbix Boipakennem (0.1) mpu
yeaopuax Jlupuxsie maun Hefivana cOOTBETCTBEHHO, OIEPATOPHBIE OMEHKHU TOTPEITHOCTH ObLIN TOJIY-
4enbl B paborax [PSu, Sul, Su2|. B [PSu| uzy4anace 3amaga Iupuxse u 6pl1a yCTaHOBIEHA OIEHKA

AL = (AD) ™" = eKp(e)ll a0y mi(0) < Ce™/2. (0.7)

3nechb A% — abdexTusnbIil oneparop ¢ yeaosueM dupuxite, a Kp(€) — cOOTBETCTBYOMUT KOPPEK-
Top. B [Sul| ymamock moyuuTh TOYHYIO TIO MOPSIZIKY OIEHKY TI0 oriepaTopHoii Hopme B Lo(O; C™):

1AL = (AD) L0 La(0) < Ce. (0.8)

Mg 3amaan Heiimana anagormdubie pesyabTaTsl moaydersl B [Su2|. Merox pabor [PSu, Sul, Su2|
OCHOBAH Ha HCIIOJIB30BAHII PE3Y/IBTATOB /I 33124 B RY, BBEIEHNI TIOIPABKY THIIA TIOIPAHITHONO
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CJI0ST W TOY9eHUN OTeHOK 3Toit mompaskn B H1(O;C") u B Ly(O; C"). HexkoTophble TeXHUHTeCKHE
IpUEMBbl 3aUMCTBOBaHbI u3 [ZhPasl|.

B pa6ore [Su3] mosryuensr annpokcumaiuu pesonbsent (Ape — ()7t u (Ay. — ¢I)~! B npous-
BousibHOI Touke ¢ € C\ Ry — asynapamerpudeckue anajorn ornerok (0.7) u (0.8). B mpucyrcrBun
MJTQJIITIAX 9JIEHOB AHAJOTUIHBIE PE3YJIbTaThl YCTaHOBJeHbI B [MSu3| B ciydae yenosus lupuxie.

Omnenka Buga (0.8) i paBHOMEPHO SJUIHNTHYICCKUX CHCTEM BTODPOTO TOPSIKA TIPU YCIOBUSX
Hupuxne mubo Heiimana Oblia HE3ABUCUMO ITOJIYyYeHA JPYIUM MeToj0M B pabore Kenwura, Jluna un
[MTena [KeLiS| mpu HEKOTOPBIX yCIOBUSIX PEryJIsIPHOCTH KOI(DhDUIEHTOB.

B nenasneit pabore [Sud| qnst oneparopa Ap . nopsizka 2p B orpanndennoii obaactn O kiacca o,
sagannoro B hakropuzosanuoii popme (0.4) mpn yenosusx Jupuxite na rpaaute 00, 6b11u HaTeHBI
ammpokcIManun pezoabeerThl (Ap . — (I)™! B peryasaproit Touke ¢ ¢ ONEHKAMH TOTDETTHOCTH B
3aBUCUMOCTH OT € 1 (.

0.3. OcHoBHBIEe pe3ysbTaThl. B Hacrosmeil pabore nsyuaercs onepaTop Ay . BBICOKOIO IOPS/I-
Ka 2p B orpammdennoil obmacta O kiacca C2P) zamammbli B daxTopmsosanHoil dopme (0.4) mpn
yermosuax Hetivama ma rpanune 00. [leav pabomuvs — TONyUIeHWE aNTPOKCAMAINNAN PE30IbBEHTHI
(Ane— (1 )~! B perynapHoil Touke ( ¢ OIEHKAMH TIOTPEITHOCTH B 3aBHCHMOCTH OT € 1 (.

Omurirem ocHoBHBIE pe3yabTaThl. Ilyers ¢ = |(|e’? € C\ Ry u || > 1. YcraHOBIEHBI OEHKT

[(Ane = ¢ = (AY = D) Ml p(0)= 1a(0) < Cr()el¢[ /2, (0.9)
(AN, — CI) ™ = (A% = ¢I) 7 = P KN (G e)ll Ly (0)— o) < Cale) (eY2[¢| 724 4 eP) | (0.10)
mpu 0 < & < & (tme €1 — J0OCTATOYHO Majoe HhCao, 3apucamee or obmactu O W perier-

ku T). 3aecy A} — sddexrupnpii oneparop, sanannsiii sepaxennem b(D)*g’b(D) ¢ ycrosn-
avu Heitimana. Koppekrop Ky ((;e) comepur GbICTPO OCHMJLIMPYONIME MHOXKHUTEIM, HPU STOM
IKnN(Cse)||Ly—mr = O(e7P). Ilpocnexena 3aBucumocts KOHCTAHT Ci(p) u Ca(p) oT yrma ¢; omeH-
ki (0.9) u (0.10) paBHOMEpHBI IO YIVIY ¢ B CEKTOpE @ € [@o, 2T — (o] CO CKOIb YIOTHO MAJBIM
©o > 0. Ipu duxcuposannom ¢ onenka (0.9) mmeer Tounbii nopsmox O(e) (taxoii xe, kax B RY),
a omenka (0.10) mveer mopsamox O(el/?) (yxymmenne mopsika o6bICHACTCS BIMSHICM TDAHHIIBL).
Omnenkn (0.9) m (0.10) moxaspiBafoT, 9TO ¢ pocTOM |(| TOTPEITHOCTH TPUOINKEHHMH PE30JIbBEHTHI
YMEHBIIAETCS.

Koppekrop Kn((;¢) B ofImem ciydae COAEPKUT BCIOMOTATEIbHBIH CIUIAKUBAIONIAN OMEPaTOP.
Mgl BBIIEISIEM JOTIOJHUTEIBHOE YCJIOBHE, TPU KOTOPOM MOYKHO WCIIOJIB30BATh CTAHIAPTHBIH KOp-
pekTop 6e3 criakuBarTess.

[loMuMO  AONPOKCHMAIIMK — PE30JBBEHTBI, MBI ~ HAXOJWM  AIMPOKCHMAIUIO  OMEPaTopa
g(x/e)b(D)(An . — ¢I)~! (orBeuatomero ,moroky”) 1o (Lg — Lo)-onepaTopHoii HOpMe.

MBI HaxoIuM TaKzKe anmpoKcuMarin pe3oabBenTsl (Ay —(1 )’1, CTIpaBeJINBBIE B DOJIee MIMPOKOH
o61acTH M3MEHEHHS TapaMeTpa (; IPU 9TOM XapaKTepP OIEHOK OTHOCHTENLHO TapaMeTpa ¢ MEeHSIeTCs.
Omnumem stu pesynbrarsl. HuskanuMm cobCTBeHHBIM 3HadeHHEM olepaTopoB Ay . u A]OV ABJIAETCH
Touka A = 0, npu stom Ker Ay, = Ker A(])V. Ilycts A: m A — mepBbie HeHysIeBEIC COGCTBEHHBIE
3HAYEHNS OIepaTopoB Ay . u A?V coorBercTBerHo. Ilycth ¢, > 0 — wx 001aga HIKHAA TPAHDL, T. €.,
¢, < min{ ., \°}. Pacemorpum snaverns ¢ € C\ [¢,,00), ¢ # 0. Homosxum ¢ — ¢, = |¢ — ¢,|e™. Tpu
0 < & < &1 cIpaBeINBHI OIEHKN

1(Ane — ¢~ = (AN = D)7 y0)=1a(0) < €(Q)e, (0.11)
[(Ane = ¢ = (A} = <D~ - "R (¢ )l 0)—Hr(0) < (Q(C)E)l/z + &3(Q)e. (0.12)

B6mmsu Touxn ¢, semmamasl €(C), €1 (¢) m €2(¢) BeayT ceba xak C(¥)|¢ — ¢,| 2. Ilpociexerna 3apu-
cumoctsb C(1)) ot yria 1. Onenku (0.11) u (0.12) paBHOMEpHBI 110 Y1y ¢ B cekTope ¥ € [tg, 2 — o]
CO CKOJIb YTOJTHO MaJibiM ¥y > 0.



0.4. MeTox. Ms! omupaemcs Ha pe3yabrarsl a1 oneparopa (0.4) mopsika 2p 8 Lo(R?%; C"), momy-
vennsle B [KuSu| u [Sud| (ma onenkn (0.5) un (0.6)).

Meroz uccnenoatus oneparopa Ay . aHATOIHUEH CIy4daio ONEPATOPOB BTOPOIO MOPSIKA, & TaK-
JKe CJIydaio OIepaTropa BBICOKOrO HOpsiika ¢ yciaousMu dupuxse. OH COCTOUT B PACCMOTPEHUN
aCCONUMPOBAHHOI 3a1aun B RY, BBejEHNM MOIPABKM TUIA HOIPAHHYHOIO CJOS U €€ TIATEJbHOM
anasnze. CylIeCTBEHHYIO TEXHUYECKYIO0 POJIb MI'DAET MCIIOJIb30BaHue cruaxKupanus 1o CTerJoBy
(sammcrBoBannoe m3 paborer [ZhPasl|) u omenkn B e-okpecrHocTn rpamunsl. CHadasa MBI JT0Ka-
seiBaem omenky (0.10), a zarem ouenky (0.9), onmupasce wa yxe gokasannoe Hepasenctso (0.10) n
cooOpaskeHnst TBOWCTBEHHOCTH.

Ouenkn (0.11) u (0.12) cpaBHUTENBHO MPOCTO BBIBOJATCSA U3 YKE TOJYUEHHBIX OINEHOK B TOYKE
¢ = —1 v TOAXOAAIINX TOYXKIECTB JJIsi PE3OJHBEHT.

JIBynapamMerpuveckue OIEeHKH OTPEITHOCTH TPHU AIMTPOKCUMAIINN PE30JbBEHTHI MOTYT OBITH MPH-
MEHEHbI K U3YYEeHUIO0 YCPEeIHCHUA Hapa60ﬂI/IquKI/IX Ha9aJIbHO-KPa€BbIX 3a/a4. STO IIpUMEHeHne oC-
HOBAaHO HA [IPeJICTABIEHUN OLEPATOPHON 9KCIIOHEHTHI

1

e~ ANt — / e Ay —¢I)7Hde,
2mi ), 7

rae v C C — mopxopsinmit kouTyp. st omepaTopoB BTOPOro MopsijiKa mapabondecKue 3a/ aqn
n3yvaanch takuMm Mmerogom B [MSu2|. Tpumenenuto pesynbraros crarbu [Sud| u macrosimeit pa-
BOTHI K M3yUEHHUIO MapaboanIecKux 3a/4ad (J/Isi OepaTopoB BBICOKOIO HOPsAKA) ABTOD ILUIAHUPYeT
HOCBSATHTH OTJEIBHYIO PabOTy.

0.5. Tlman crareu. PaGora cocronr m3 BockMu maparpados. §1 mocssmien 3azadge B R 3ech
BBeJIeH KJacc onepaTopos A, B Ly(R%; C™), ommcan sdbdextusuerii oneparop AY, BBejen criazkusa-
IO OIIEPATOP U IIPUBEIEHBI Pe3y/IbTAThI s 3a1a4u yepeaaenns B R? (a3 pabor [KuSu], [Sud]). B
§2 ompenesien oneparop Ay ¢ yeaosuamu Heitvana B orpannmdeHHON 06J1aCTH, OMHCAH 3bEEKTHB-
HbIit ortepaTop. B §3 npuseiensr BecriomoraresibHbie yTBEpK e, B §4 chopMympoBaHbl OCHOBHBIE
pesysbTarsl st 3agaqn Heiimana — omenkn (0.9), (0.10) (reopemsr 4.1 u 4.2). IIpoBesens! nepseie
JIBA dTaa J0KA3aTeIbCTBA: PACCMOTDPEHa acCONMMpPOBaHHAs 3aja49a B RY 1 BBemeHa MOMpaBKa W,
TUTIA MOTPAHUIHOTO CJIOST; BOMPOCHI CBEJIEHBI K TIOJIYUIeHHI0 OlfeHOK HOpM mompasku B HP(O;C™) u
B Lo(O;C™). B §5 ycranossierbl Tpefyemble OIEHKH HOPM TOMPABKY M 3aBEPIIEHO T0KA3ATETLCTBO
Teopem 4.1 u 4.2. B §6 Bhijesien ciy4ail, Korja MOXKHO u306aBUTHCS OT CIVIAXKUBAIOIIETO OTEPATO-
pPa ¥ UCTOIB30BAThH CTAHAAPTHLIA KOpPEKTOp. PaccMoTpenbl HeKOTOpHIE crienuabHble ciydan. B §7
nosydena amnpokcuvaiust pesosbsentbl (An e — ¢I)~! npu ¢ € C\ R4, [¢] < 1. B §8 paccmorpena
pesosibeenta npu ¢ € C\ [¢,,00), ¢ # 0, — ycranossens! onenku (0.11), (0.12).

0.6. Obo3unauenusi. [lycte ), & — KoMILIEKCHBIE cemapabenbHble THIEOEPTOBBI MPOCTPAHCTBA.
Cumporn ||| osmauaer mopwmy, (+,+)g — CKaIgpHOE TPOU3BEJEHUE B §); CUMBOI [|-[|5 6 O3HATAET
HOPMY JIMHEHOTO HENPEPBIBHOTO omeparopa u3 $) B 6.

Ckastsipaoe npousseenne u Hopma B C™ obosnavarorcs gepes (-, +) u | - | coorBercrsento, 1 = 1,
— enquHnYHag (n X n)-Marpuna. Ecin a — marpuna pasMepa m X n, T0 |a| 03Ha9aeT HOPMY MaTpPHUIIBI
a xak omeparopa n3 C" B C". Knaccer L, BekTop-dynkimit 8 obmactu O C R? co 3HaueHMSIME B
C" obosuawatorcs gepe3 Lqy(O;C"), 1 < g < oo. Knaccer Cobosiesa C"-3naumnbix dbynkiuit B oba-
ctn O C RY o6osmawatores wepes H*(O;C"), s € R. Yepez H§(O; C") obosHauaeTcs: 3aMbIKaHIe
kiacca C§°(O;C") B npocrpancrse H*(O;C"). B ciayqae n = 1 mumem L,(O), H*(O), Ho uuo-
IJla MBI TIPUMEHSEM TaKhe YIPOIIeHHble 0003HAYEeHUs] W JIjIs TIPOCTPAHCTB BEKTOPHO3HAYHLIX WJIN
MATPUIHOZHAIHBIX (DYHKIIHIL.

KupupiM mpudToM 0603HAYAIOTCS BEKTOPHbIE BeIMYHMHBL. Vlcmonb3yem oGO3HAYeHWs X =

(x17...,xd) S ]Rd, iDj = 8]' = 8/8x]—, j=1...,d, D = =iV = (Dl,...,Dd). Hamee, ecan
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a=(aq,...,0q) € fo_ — MyJBTUWHJIEKC, TO || = 2?21 aj, D* = D' --. DY, lna qByx MyasTu-
UHJIEKCOB «v, 3 3anuck 3 < o o3Hadaer, uTo 3; < o, j = 1,...,d; 174 9ucia codeTaHui HCIOIb3yeM
oGozmauenme C = Cg} e ng

Ncnonbsyem obosnauenne Ry = [0,00). Yepes C, ¢, ¢, C, € (BO3MOXKHO, C HHJEKCAMY 1 3HATKAMM)
0003HA9AIOTCA PA3TMIHBIE OIEHOYHBIE TIOCTOSTHHBIE.

§ 1. BAJAYA VCPEJHEHUS B R?

1.1. Pemerku B R%. Ilycrs I — pemerka B RY, moposknennast 6a3ucom ny, . . . , ng:
y p , TIOp R 1%

d
=<{neR?: n:Zlini,liGZ ,
=1

u mycTh ) — 3JIeMeHTapHas sdeiika, permerku 1

d
d 1 1
O=<¢xeR: x= E tin;, —— <t; < =
2 2
=1
JIBOMCTBEHHEI 0 OTHONIEHMIO K Ni,. .., Ny 6a3uc sq,...,8¢ B R? onpesensercss cOOTHOIeHASIMM

(si,nj)pa = 2md;5. 10T Gasuc mopoxkaaer pewemsy I, deoticmeennyro x pewemse I'. Huxe mc-
MOJIB3YIOTCs 0603HAYEHUS

1 . 1.,
ro = — min |s|, 7 = —diamQ.
0#sel’ 2
Yepes H #(Q; C™) obozmaumm momnpocTpancTBo Tex dyuknumit uz H®(Q; C"), I-nepuoangeckoe
IpoosKenye Kotopbix Ha R? npunaiexur H, e (R4, C™). Eciu ¢(x) — T-nepuojirdeckas byHKIms
B R?, 0bozHamM
-1

©°(x) = (e 'x), >0.

1.2. Knacc oneparopos. B npocrpancrse Lo(R%; C") paccmarpusaerca 10 A, mopsixa 2p, dbop-
MaJIBHO 3aJIaHHBIA A MEPEHITNAIBHBIM BbIPAXKEHTEM
A: = b(D)*¢*(x)b(D), &> 0. (1.1)

3aech g(x) — paBHOMEPHO TIOJIOKUTEIBHO ONpPEJIe/IeHHAs U OTPaHUYIEeHHAsT MATPUIA-(DYHKIHS pas3-
Mepa m X m (BoobIie roBops, g(X) — 3pMUTOBA MATPHUITA ¢ KOMIIJIEKCHBIMA 9JIEMEHTAMH ) :

9,9 € Lu(RY); g(x) > 0. (1.2)
Omneparop b(D) 3a1an BeIpazkeHTEM
b(D) = > b.D, (1.3)
|al=p

rie b, — nocrostHHbIe (M X n)-MaTpPHIlbl, BOOBIIE rOBODS, C KOMIJIEKCHBIME 3j1eMeHTaMu. [Ipesro-
naraercs, 4To m = n, a cumBo b(§) = 3,2, ba€” nozHMHeH yCII0BMIO

rankb(¢) =n, 0#¢&eRY (1.4)

STO yCj10BHE€ PaBHOCHUJIBHO CYHIECTBOBAHUIO IIOCTOAHHBIX (xg U (¥] TaKHX, 9TO
apl, < b(0)b(0) < arl,, 0S¥ 0<ay<ar < oo (1.5)
1/2,

Bes orpanutenns obmuocT OyJeM CIATaTh, 9TO HOPMBI MATPHIL b, OTpaHMYEHBl KOHCTAHTON! )

lbal < @), || =p. (1.6)



Crporoe onpeenenne onepaTopa Ag JaeTcs 4epe3 KB IPaTuIHyio (hopMy

ac[u,u] = /(gs(x)b(D)u, b(D)u)dx, ue HP(RYC"). (1.7)
R4
3aMeTHM, UTO BBLITOIHEHBI 3JIeMEHTApHBIE HEPABECHCTBA
DI <IEP <y Y [P, £eRY, (18)
la|=p laf=p
rae ¢, 3aBucut Jjuib oT d u p. C nomommpio npeobpasosanus Pypue u coornommenuit (1.2), (1.5) u

(1.8) Jlerko MPOBEPUTH CHPABETTMBOCTD OIEHOK

co / IDPul? dx < a. [u,u] < ¢; / |DPul?dx, uc HP (R, C™),
R4 Rd

2. .42 _ —1-1 —
re HCHoab30Bato obosnavenne [DPul® =37 [D*ul®. Baeck co = aollg™ |7, 1 = panllgllr..-
Crenosarensro, dhopma (1.7) 3amrHyTa M HeoTpunareabaa. OTBeTarommil eif caMOCOIpPsZKeHHbII
omeparop B Lo(R?%; C") Mbl 1t 0603HauaeM uepes A..

1.3. Dddexrupnuniii oneparop. Omumem sddextusnbii oneparop A’. Ilycts A € ﬁp(Q) —
MaTpuna-QyHKIUs pa3Mepa n X m, apasionasacs (caabbiM) [-nepuoundeckum perenneM 3aj1a9qu

b(D)*g(x) (B(D)A(x) + 1) = 0, / A(x) dx = 0. (1.9)
Q

Tax HazbiBaeMas afiexmusnan mampuua ¢° pazMepa m X M CTPOUTCA TI0 CJAEIYIOMEMY TIPABHIY:

8 =127 [ 5x)dx (1.10)
Q
rie
9(x) := g(x) (b(D)A(x) + 1) . (1.11)
OxaspiBaeTca, aTo Marpura ¢° monokuTenbaa. fdexmushont onepamop A° nia omeparopa (1.1)
zajiaercs nuddepeHInaibHbIM BhIPAXKEHUEM

A% = b(D)*¢"b(D) (1.12)

na obnactn onpenenenus H2P(RY; C™). Ham nonaobures onenka s cumsona L(€) = b(€)*g°b(€)
3¢ PeKTUBHOTO OmepaTopa:

L(€) < C.J€P"1,, €eRY Cu=aigr., (1.13)

sorrexaromas u3 (1.5) u onenku mopmbr marpuist ¢° (em. (1.15) muxe).

1.4. CsoiictBa 3dpdekTuBHoUl marpuriibl. Cregyornme cBoiicTBa 3O OEKTUBHON MATPUIbI ObLIN
mposepenbl B [KuSu, npemmoxenne 5.3].

Hpennoxenue 1.1. ObosHauum

W—M*Awwng(w*ﬁawwﬁl.

Tozda sdpexmuenas mampuua g° ydosasemesopaem nepasencmeanm
9<4’ <7 (1.14)

B cayuae, x020a m = n, umeem mecmo pasercmeo g0 = g.
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Omenkn (1.14) usBecTHB B TOpUU yepeaHerust st KOHKpeTHbIX /1O kak Buika Doiirra-Peiicca.
U3 (1.14) BBITEKAIOT ONEHKH

19°1 < Nlgllzee, 1) < Nlg™ 2o (1.15)

Boinenum teneps coaygan, korga B (1.14) kakoe-1ub0 U3 HEPABEHCTB IPEBPAIIACTCS B PABEHCTBO.
Crezyrompe apa yreepKaenus nposeperbl B [KuSu, npemnoxenns 5.4 u 5.5].

Ipeanoxenue 1.2, [Tycmo gr(x), k=1,...,m, — cmoabuv. mampuyst g(x). Pasencmeo ¢° =g
DPAGHOCUADHO COOMHOUEHUAM
b(D)'gr(x) =0, k=1,...,m. (1.16)
Ipennoxenne 1.3. Hycmos 1,(x), k= 1,...,m, — cmoabuyv, mampuuw. g(x)~*. Pasencmeo g° = g
PABHOCUABHO NPEICTNABACHUAM
L(x) =19 + b(D)vi(x), 1QeC™ vieH(QC); k=1,...,m. (1.17)

Crenyrtomee cBoiictBo ormedeno B [KuSu, sameqdanne 5.6].
Bamewanne 1.4. Ilpu yeaosuu g° = g mampuya (1.11) nocmoanna: §(x) = ¢° = g.

1.5. Cruaxkusarouumii onneparop no CreksoBy. Ham nonao0uTcs BCoMorareibHblil OIepaTop
S., neiicrytonuii 8 Lo(R?%; C™) 1 32 aHHBIH COOTHOMICHIEM

(Seu)(x) = |Q|_1/Qu(x—z—:z) dz. (1.18)

Omneparop (1.18) nazbisaior ceaasrcusarowum no Cmexaosy. Ormerun, 4to [|Se|| 1, ma)—roraey < 1.

Ouepnano, D*S.u = S. D% npu u € H S(]Rd;(Cm) LIg 106010 MYJILTHHHIEKCA, (¢ TaKOro, 9UTo
la] < s.

YkazkeM HeKoTopble cBoiicTBa omeparopa (1.18); cm. [ZhPasl, nemwmer 1.1 u 1.2| wiaun [PSu, npen-
noxenns 3.1 u 3.2].

IMpeanoxxenune 1.5. Jas w060t dynryuu u € H (R C") svnoanena ouenra
[Seu — UHLQ(Rd) < 57"1||D11||L2(Rd)-
Ipepnoxenne 1.6. IIycmo f(x) — D-nepuoduueckas dymryua ¢ R, npuvem f € Lo(Q).

Iyemw [ff] — onepamop ymmoosicenus na dynwyuro f(e~1x). Tozda onepamop [f]S- nenpepwvicen
6 Lo(R% C™), npunem

ILFE1SeN Loy Loey < 172 fll a0y, € > 0.

1.6. PesysabraTsl as 3amaun yepeaaenns B R, B aroum myrkTe Mbl GOPMYIHPYEM Pe3y/IbTATE
06 ycpenmnennnu oneparopa A. B Lo(R?%; C"), monyuennsie B [KuSu| u B [Sud].

Toura ¢ € C\ R, sBngercs perynaproii Touxoit kKax ams A., Tak u gis AY. Tlogomum ¢ = [|e??,
¢ € (0,27), u BBegeM OGO3HAUYEHHME

=1

sinp|™ ", € (0,m/2)U (37/2,27

sy = [l e @ rf 0 tan22m) o)
; p € [r/2,3m/2]

Caenyrormast Teopema Obuia nosydena B [KuSu, Teopema 8.1].

Teopema 1.7. Ilycmv A. — onepamop (1.1) u A% — sfdexmuenviii onepamop (1.12). Iyemv ¢ =
ICle’? € C\ R4 u c(p) onpedeneno 6 (1.19). Tozda npu £ > 0 cnpasedausa ouyenka

1(Ae = ¢I) ™1 = (A% = (D)7 | py(retyos Ly(rey < Crele)?el¢| 71122,

Hocmoannaa Cy sasucum avwn om d, p, ag, a1, ||9llee, |97 Lo © om napamempos pewemsu T.
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Y106kl anmpoKcHMHpPoBaTh pesonbbenty (A. — (I)~! mo HopMe omepaTopoB, IeficTBYOMUX H3
Ly(R%; C™) B npocrpanctso Cobosrea HP(R%; C™), HEOBXOAMMO BBECTH KOPpPexmop
K (Ge) = [A%]S.b(D)(A° — 1), (1.20)

Hanomunwm, uro A — mepmogmueckoe perienue 3agaun (1.9), a S — criaxuparommii onepaTop
(1.18). Uepes [A®] obosHaueH oneparop yMHOXKeHUs Ha MaTpuily-dyukinio Af(x). Oneparop (1.20)
HerpepbiBHO oTobpazxkaer Ly (RY; C?) 8 HP(RY; C™). D10 1erko IPOBEPUTH € HOMOIIBIO IPE//I0KEHI
1.6, yaursisas, uto A € HP(Q). Ipu stom || K (C;€)|| Ly mr = O(e7P).

Caenyrommuit pesynbrar 6611 moydeH B [Sud, Teopema 3.3].

Teopema 1.8. Ilycmo swnoanenv ycaosus meopemoe 1.7. Ilycmo K((;e) — onepamop (1.20), a
g(x) — mampuya-pynryua (1.11). Toeda npu ( € C\ Ry u e > 0 cnpasedausv ouenky

1(Ae = ¢I)™" = (A% = CI) ™" = P K (G5 9) | 1y () o ()

< Cy (elg)%eld| Y 4 ef)er ) (14 I¢]7H2),
l97b(D)(Az = ¢1) ™ = 5 Sb(D)(A® = C1) 7| ety ot
< O (el)el¢ 722 1 e(p)er ).

Hocmosannve Coy u Cz sasucam avwn om m, d, p, oo, a1, |9llie, 197 L. v om napamempos
pewemxu L.

§ 2. 3AHAYA HEIIMAHA B OPPAHUYEHHOW OBJIACTHU

2.1. Kospuutussaocts. I[lycre O C R? — orpannmuennas obnacrs kiaacca C2P. Hamoxum momos-
HUTEIBHOE yC/I0BUe HA cuMBOJI oneparopa (1.3) mpu &€ € C7.

Yceaosue 2.1. Mampuua-pynryus b(€) = Z|a|=p ba?, € € C4, umeem makcumarvruid pane:
rankb(€) =n, 0#&¢cCo (2.1)

Ormernm, uto yeaosue (2.1) 6osee orpannaurensro, Hexkean ycaosue (1.4). Cormacuo [Ne, Teo-
pema 7.8 B pazjeie 3.7|, yciosue 2.1 siBjistercst HEOOXOAMMBIM U JOCTATOUHBIM JIJIsT KOSPIUTUBHOCTH

dopmsbr Hb(D)uH%Q(O) Ha kiaacce HP(O;C").

IIpengioxxenue 2.2. ([Ne|) Yeaosue 2.1 neobrodumo u docmamowno 0as CYuECmeosarus nocmo-
AnHor k1, ke > 0 makux, wmo ewnoaneno nepasencmeo muna lopdunea:

llff o) < killbD)ulz, o) + k2llullz, @) we H(O;C"). (2.2)

3ameuanue 2.3.

1) Hpedaoocenue 2.2 cnpascedauso das 4060t ozparusennols sunwuyeeot obsacmu O.

2) Hocmosnnvie k1 u ko sasucam om cumeosa b(€) u om obaacmu O, Ho 6 obwem caywae ux
MPYIHO KOHMPOAUPOBEMD A6H0. OOHAKO, OAA HEKOMOPBLL KOHKPEMHLLT ONEPGTNOPOE OHU U3BECTIHDL.
Hosmomy wusce Mol OMMERGEM 3GEUCUMOCTVG OPY2UL NOCMOAHHBL om k1 U Ko.

2.2. IlocranoBka 3ama4uun. B npocrpanctee Lo(O; C") paccmorpum KBagparnduyto Ghopmy
oncluul = [l GOMDIHD) dx, e H(O:C) (2.3)
@

B cuay (1.3) u (1.6) cupaBejyiusa oreHka

ane[u u] <Gailgllz. [DPulz, ), we HP(O;C"), (2.4)
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IJie TIOCTOSIHHASL €, 3aBUCAT TOJBKO 0T d u p. 113 (2.2) cienyer, 1ro

anclu) > g7 7L D)l o) > g~ IE R (Il — Rellul},e)  we BP(O:C").
(2.5)

CaemoBarensHo, (hopma (2.3) 3aMKHYTa U (OUEBHIHO) HEOTPUIATEIbHA. [IOPOXKIEHHBIH €10 CaMOCo-
IpsiKeHHblit omepaTop B Lo(O; C™) mbl ob6o3nauaem depe3 Ay .. Popmanbao omeparop Ay . 3amam
seipazkenneM b(D)* g% (x)b(D) mpu ycaosusx Helimana (ecTecTBEHHBIX yCIOBHSIX) HA TDAHMUIIE.
Touxka ( € C\ Ry gaBasercss peryiasproil Touxoil nst ouneparopa An.. Hoawa yeav — Haiito
ANIPOKCHMAINIO TIPH MAJIOM € Pe30bBeHThl (An . — §I)*1 B Pa3IWYHBIX ONEPATOPHBIX HOPMaX.
" ._ -1
Nupivu cioBamm, HAC HHTEpeCyeT HOBeAeHue pernenus 3agaqu Hefimana u. := (Ay. — ()" 'F upn

F € Ly(O;C"). Crauasa MbI Oy/1eM JTOTOJHUTEIBHO MPEIoaaraTs, 1to |¢| > 1.

Jdemma 2.4. Hyemo ¢ = |Cle? € C\ Ry, |C| = 1, u c(p) onpedeaeno ¢ (1.19). Hycmv u. =
(Ane — CI)7IF, 2de F € Ly(O;C"). Tozda npu € > 0 cnpacedaucv, oyenku

lue ]| o0y < (@< HIF Ly0); (2.6)
[l e (o) < Coc(@)I| 2P| Ly(0)- (2.7)
Hocmoannaa Cy sasucum suws om ||g Y| L., k1 u ka. B onepamopnovir mepmunac,
(AN e = ¢ Ml p)» La(0) < c(@)IC] 7 (2.8)
(AN = ¢D ™ Ly ar0) < Cocl@)[¢] 2 (2.9)

Aoxazameavcmeo. 1lockonbky dbopma (2.3) HeoTpuaTebua, TO CIEKTD onepaTopa Ay . COIEPKUT-
ca 8 Ry. Hopma pesonssentst (An. — ¢I)~! me mpeBocxoaUT BeMUMHBI, O6PATHON K PACCTOAHMIO
or roukn ¢ 710 Ry. Dro Baeuer (2.8).

Yro6b1 npoBeputh (2.7), 3anUIleM HHTErPATBHOE TOXKIAECTBO Mg Ug:

(°b(D)us, b(D)N) 1,0y — C(Ue; M) 1y0) = (FyM) 0y, m € HP(O;C). (2.10)
[Moacrasass croga 1) = U 1 UCnoab3yst (2.6), IPUXOIUM K HEPABEHCTBY
(9°b(D)uc, b(D)u:) ,0) < 2¢(9)*[¢IHIFI T, 0)-
Bwmecre ¢ (2.5) u (2.6) 910 Baever
el ooy < e(9)® (2killg™ Iz IS+ R2lCI2) IF 117, 0)- (2.11)
C yuerom orpannyuenus |(| > 1 orciona Berrekaer (2.7) ¢ nocroguuoit Ca = 2k1 g~ o, + k2. O

2.3. 9ddexkTuBHBII omeparTop A?V. B mpocrpancree Lo(O;C™) paccMoTpuM KBaJpPaTUTHYIO
bopmy
o[, u] = / (¢°b(D)u, b(D)u) dx, u e HP(O;C™). (2.12)
@

Brech ¢' — sdbdexrusnas marpuna, onpejgenennas B (1.10). Yunresaa (1.15), ybesxgaemcs, uTo
dopma (2.12) yaosrersopsier orenkam Buga (2.4) u (2.5) ¢ remu ke nocrogHubMU. Takum 06pazom,
sta hopma 3aMKHyTa 1 HeoTpunarenbaa. Camoconpsikennbiit oneparop B Lo(Q; C™), nopox neHHbBII
dopwmoii (2.12), oboznaunm uepes A%

B cuny yenosua 00 € C?P obmacth onpejenenus onepartopa A% conepxurca 8 H?P(O;C") n
CIIpaBE/I/IUBA OTlEHKA

I(AY + D)7 a0 m2r(0) < 6 (2.13)
e mocrostras ¢ sasucut ot 9|, 197 | oes @0, @1, k1, ko u ot obnactn O. g onpasiamus
5TOro haKkTa JOCTATOTHO COCJIATHCH Ha TeopeMbl 2.2 u 2.3 crarsu [So|.
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Bameuanwue 2.5. Bmecmo ycaosus 00 € C?P docmamouro 6vuao 6. HANOHCUMb HEAGHOE MPEBOGa-
nue na obracmo: ozpanudennan obaacmo O C R ¢ sunwuuesot epanuyet maxosa, ¥no 6vnoinena
ouenka (2.13). Jaa maxol obaacmu ocmaomes cnpasedsusumy pesysvmamos pabomu. B caywae
CRAAAPHBT IAAUTIMUNECKUT ONEPATNOPOS Wupokue docmamounsie ycaosus na 00, obecnevusaroujue
cnpasedausocmo oyenky (2.13), moscro natimu e |[KoE| u [MaSh, ri1. 7| (6 wacmnocmu, docmamow-
o, wmobw 00 € C*P~1 v > 1/2).

[napabiM npubinykeHneM Ui U. COy2KAT QYHKIUS Ug 1= (AS)V — ¢t

Jdemma 2.6. Hycmo ¢ = |(le¥ € C\ Ry, |¢| = 1, u c(p) onpedeacto ¢ (1.19). Hycmv ug =
(A%, — ¢I)7'F, 20e F € Ly(O;C"). Tozda npu £ > 0 cnpasedarucs, oyenxu

laoll 2,0y < e(@) ISl IF Ly 0) (2.14)
o] (o) < Coclp)IC]™ 1/2HFHL2(O)7 (2.15)
Hu0HH2P(O) < 2ee(p)|F| o0 (2.16)

B onepamopnoix mepmunaz,

I(AX = ¢ Ly0) s 1a0) < c(@)IC 7 (2.17)
1(AY = <D Ml a0y ar(0) < Coclp)ICI T2,
(AR = ¢ ™ Lo(0) s m2e(0) < 28¢(9)- (2.18)

Aorasameavcmeo. Onenkn (2.14) u (2.15) IpOBEPSIOTCS IO AHAJIOTHH C JIOKA3ATETBCTBOM JIEMMBI
24.
Omnenka (2.18) BriTekaer u3 (2.13) u HepaBeHCTBa

(AR + D) (AN = ¢l Lo(0)=La(0) < SUD

§ 3. BCIIOMOTATEJILHBIE YTBEPYKJIEHHSI
3.1. TpagunmoHHas JieMMa TEOPHUUN yCpeaHEHUs.

Jlemma 3.1. IIycmo fo(x), |a| = p, — T-nepuoduueckue (n x m)-mampuysi-pynryuu ¢ R, npuuem
fa € La(Q), fa =0, u 6winoaneno pasencmeo

> 0% fa(x) =0, (3.1)
lee|=p

nonumaemoe 6 cmwicae pacnpedesenut. Tozda cywecmeyrom T-nepuoduneckue (n X m)-mampuiyvi-
dynryuu Mag(x), |a| = |B| = p, makue wmo

Mg € H'(Q), Map =0, Map(x) = —Mpa(x), |o| = |8 =p, (3.2)
fax) =Y " Mus(x), |o] =p. (33)

|Bl=p

Hpu I1MMOM 8BINOAHEHDL OUECHKU
1Mol ey < & (I fall o) + 1 8llLay) ol =181 =p, (3.4)

2de nocmosnnas ¢, 3aeucum Avwv om d, p u napamempos pewemru I

Jlokasameavcmeo. Iycrs |a] = p u nycrs (n X m)-marpuna-byaxnus Dy (x) asmserca -
MMEPUONIECKUM PeIeHneM 334N

Ay, (x) = falx), /Q P (x) dx = 0, (3.5)
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rje Ap = szp 0?°. Pemenne cymecrsyer u eguacTBeHHO. 1Ipn sToM &, € ﬁQp(Q), npuyem

[Pall2e ) < &l fallLy @) (3.6)

IJle TOCTOAHHAA €, 3aBHCUT JIUIIBL OT d, p U MapaMeTpoB pemmeTKn I'. 9Tu cBoiicTBa JIeTKO mpoBeps-
FOTCSI C TIOMOIIBIO psaoB Pypbe.
Ionoxxum

Mag(x) 1= 0°®4(x) — 0°®p(x), |o] = |8 =p. (3.7)
CeoitcrBa (3.2), 0U€BHHO, BHINOIHEHDI.
Hanee, samernm, aro B cnnty (3.1) n (3.5) marpuna-pynkuma W(x) =35, 0P ds(x) aBasercs

-nepuogmueckuym pemenneym sazaan A,¥(x) =0, ¥ = 0, a noromy ¥(x) = 0. Buecre ¢ (3.5) u
(3.7) 310 BIEUET

> 0 Map(x) = Y 0 u(x) = Y 0707Bp(x) = A4 (x) — 0V (x) = fu(x),
|Bl=p |Bl=p |Bl=p

410 jokasbiBaer (3.3). Ouenkn (3.4) Boirekator u3s (3.6) u (3.7). O

3.2. CeoiicrBa marpunbl-pyakmun A(x). Huxe nHam moHamobaTCs CAEAYIONINE OIMEHKH HOPM
nepuoieckoro pemenns A(x) 3agaan (1.9) (em. [KuSu, ciaencrsue 5.8]):

16D)Al| @) < 1921720, Y = m2||gl 2 1lg~ 132, (3.8)
1 1 2 1/2
Al e o) < ‘Q|1/QCA, Ch = C’( DaTt <Z (27‘0)2(1"5)) . (3.9)
1BI<p

3.3. OumeHKMN B OKPECTHOCTU TPaHUIlbl. B 3T0M myHKTE MBI (POPMYJIUPYEM JIBA IPOCTHIX BCIIOMO-
raTeJIbHbIX YTBEPKIEHUST, CIIPABE/JIMBBIX [1jisi OrpaHudeHHbix obyacreit O ¢ JUIIIUNEBONH "PAHUIIEI.
Tounee, mpeamoaraeTcsa CieayIoNIee.

Veaosue 3.2. ITyemv O C RY — ozpanuvennas obracmo. Iosoocum (00), = {x € R? :
dist {x;00} < e}. IIyemov cywecmeyem wucao €9 € (0,1] maxoe, wmo noaocky (00)z, MoHcHO
NOKPHIND KOHEUNBIM “UCLOM OKpecmuocmet, donycrarouur Judpeomopdusmor waacca CO', pac-
npamasrougue eparuy 00. Obosnarum 1 = eo(1 +r1)~1, 2de 2r; = diam Q.

OueBHHO, yCI0BHE 3.2 MEHee OPAHMYNTEILHO, YeM CeTaHHoe BhIIe npenoaoxerne 00 € C2P.

Jlemma 3.3. [lycmo svinoaneno yeaosue 3.2. Jas mobot pymsyuu u € H' (R?) enpasedausa oyerra
/(;90) ‘U|2 dx < BOCEHuHHl(Rd)||U”L2(Rd), 0<e < €

Hocmoannas By 3asucum moavko om obaacmu O.

JIemma 3.4. IIycmo svinoaneno ycaosue 3.2. Ilycmo f(x) — I'-nepuoduueckan dynryua 6 R¢ ma-
kaa, wmo f € Lo(2). Ilycmo S: — onepamop (1.18). O6osnawum By = Po(1 + 71), 2r1 = diam Q.
Tozda npu 0 < € < &1 daa w060t dynxyuu u € H' (R C™) cnpasedausa oyenka

/(80) |2 () PI(Sew) (%) dx < Bue| QI FII7 e 1l o ey ] o ey -

Jlemma 3.4 amamormuna jgemme 2.6 u3 [ZhPasl]. Jlemmer 3.3 n 3.4 61 npoBepens! B [PSu, §5]
mpu yeosun OO € Cl) 5o mokazaTebeTBa ABTOMATHYECKH TEPeHOCATC U Ha CIydail yeaous 3.2.
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§ 4. PESVJIBTATHL JJId 3AJAYN HEIMAHA

4.1. Aunpokcumanus pesosibBentnl (Ay .—(I)™! npu |¢| > 1. Chopmymmpyem narmm ocHOBHbIE
PEe3yJIbTATEL.

Teopema 4.1. ITycms O C R? — oepanuuennasn obaacmo xaacca C?P. ITycmov ¢ = [(e’? € C\ Ry,
I¢| = 1, u c(p) onpedeaeno 6 (1.19). Iyemn onepamopw An. u A omeewarom xeadpamunivim
dopmanm (2.3) u (2.12) coomsememesenno. Mycmo . = (Ane — CI)7'F uwug = (A}, — (1) 'F, 2de
F € Ly(O;C"). ITycmv wucao €1 svibparo 6 coomeememeuu ¢ ycaosuem 3.2. Tozda npu 0 < € < g1
CNPABEIAUBH OUEHK

s — ol L, 0) < Cre(@) e[|~ V221K 1,0
B onepamoprvs mepmunaz,

[(An.e — CI) 7= (A% = CD) 7l na(0) s 1a(0) < Crelp)®el¢| 722, (4.1)

Hocmoannaa C1 sasucum auws om d, p, m, oo, a1, |9z, 197 oe, k1, k2, om napamempos
pewemxu I' w om obaacmu O.

g anmpokcnmarmn ue. 8 HP(O; C™) ny:xHo BBeCcTH KOppekTop. OUKCHpyeM JIMHEHHDIN Hempe-
PBIBHBI OIIEpATOP MPOJIOTKEHUS

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

Takoii oneparop cymecrsyer (cu., Hanpumep, [St]). Obosnaunm

1Poll s 0)» @ty = C8's  s=0,1,...,2p. (4.2)
(s)

[ocroamnpie Cp,)’ 3apucar mumb oT obnactu O u or s. Yepes Rp 0003HAMHM OIIepaTOp CyrKeHHs
byuxnmit 8 R va o6macts O. Beegem koppexTop

Kn(Ge) = Ro[A°]S:b(D) Po(AY — ¢I) ™. (4.3)

Oueparop Kn((;e) nenpepoiBao nepesogur Lo(O;C") B HP(O;C"). HefictBuTe/ibHO, ONEPATOD

b(D)Po (AN — ¢I)~! menpepoisro orobpaskaer Lo(O; C") 8 HP(RY; C™), a oneparop [A%]S. nerpe-

poisen uz HP (R C™) 5 HP(RY; C™) (310 ciepyer us npeioxkenus 1.6 u sxitouenns A € HP(Q)).
Iycrs up = (A% — ¢I)7IF. O6oznauny Uy := Poug. osoxum

Ve(x) == Up(x) 4+ ePA%(x)(S:b(D)ug) (x), x € RY, (4.4)
Ve 1= Ve|o. (4.5)
Torma
ve = (AN — CI)7'F + P Kn(C; €)F. (4.6)
Teopema 4.2. Ilycmv swnoanenv ycarosua meopemvs 4.1, IHyemo Kn((e) — onepamop (4.3).
IIyemo dynryua ve onpedeaena 6 (4.6). Toeda npu 0 < £ < €1 cnpasedausa oyenka
e = Vellsoy < Ca (e(@) I~ /24 1 elo)elc| 2% 4 e(@)e?) [Fllyioy (A7)

B onepamoprvi mepmunar,
I(Ane— ¢ = (A = ¢! = P KN (G )l Lo(o)»mr(0)

B 3 (4.8)
< Ca (elp)e ¢ ITYE 4 (i)l 4 o))

ITycmo g(x) — mampuya-pynryus (1.11). Jas nomoka p. = g°b(D)u. npu 0 < £ < €1 cnpasedausa
aANNPOKCUMAUUA
[P — 7°S:b(D)llzagoy < O3 (cl@)e 2124 1 e(@)Plc /2% 1 e(2)e?) [Pl o)
(4.9)
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Hocmoannwie Cy u C3 3asucam avwn om d, p, m, ag, a1, |9z, |97 1w, k1, k2, om napamempos
pewemxu I' u om obaacmu O.

3ameuanue 4.3.

1) Hpu ¢urcuposanmom ¢ € C\ Ry, |¢| = 1, ouenku us meopemu 4.1 umerom mounwiii nopadox
O(e).

2) IIpu durcuposannom ¢ € C\ Ry, [C| > 1, oyenru us meopemw, 4.2 umerom nopadox O(c'/?).
Mo 06BACHAECTNCA BAUAHUEM 2PAHUYDBL 06AACTIU.

3) C pocmom |(| noepewrnocmo annporcumayuis uz meopem 4.1 u 4.2 ymenvuwaemca.

4) Ouenxu us meopem 4.1 u 4.2 pasromeprv. no yzay ¢ 6 obaacmu suda {¢ = [¢|e™ : |¢| =1, ¢0 <
© < 21 — o} co croab y2odno masvim o > 0.

4.2. TlepssIii 3Tan Hoka3zaTeabCcTBA. AcconuuposanHas 3ama4ga B RY. JoKa3aTeabCTBO TEO-
pem 4.1 4.2 orpaeTcs Ha MpUMeHeH e Pe3yTbTATOB /I 3312491 B RY i1 BbIIesIeHe TONMpaBKy THITA
MOTPAHUIHOTO CJIOSI.

B cuy memmer 2.6 u (4.2) cupaBeyinBbl oueHKH

801l 5 (rty < CSe(@) IS Logo). (4.10)
180l z2rety < CPe(@)ICI ™2 F | Ly(0) (4.11)
180|720 ey < CPPe(@)I|F |y 0) (4.12)
e CP) = C’g))CO, Cr) = ZCgp)E. Unreprionmupyst mexay (4.11) u (4.12), moayguaem
[Goll rrex ety < CPI ()¢ 2R o), b =0,1,...,p. (4.13)
Baecy CWPHk) = (CW)Y1=k/p(C2P))k/p,
[Tomoxum _
F := A% — (. (4.14)
Torma F € Ly(R% C") u F|lo = F. U3 (1.13), (4.10) u (4.12) BeiTekaer onenka
1| 1y () < CallBoll 20 ey + €180l ey < Cac(@)[IF |l 2o (4.15)

e Cy = C,C%P) 4 Cg)). ycrs U, € HP(R?Y; C") — obobiennoe permenue ypapuenus B RY:
AU, — Cu. = F, (4.16)

T e, U = (A. — CI)_lf‘. ITpumenumer Teopembl u3 §1. U3 reopem 1.7 u 1.8 ¢ yuerom (4.14)—(4.16)
ciesyeT, 9To mpu € > () BBITOJHEHBI OIIEHKH

e = ol agre) < CrCac()2l¢| 2B 10, (4.17)
8 = Vel sy < 2C5Ca (cl)PelCI 72 4 ()27 ) B 1,0, (4.18)
llg°b(D)u. — aESSb(D)GOHLQ(]Rd) < C3Cy (c(¢)35|4|*1/2+1/2p + C(@)%—;p) HFHLQ(O) (4.19)

Mer yuau orpanndenue || > 1

3. Br i1 sTan Ka3areJibcTBa. BB HUE IIOIIPABKU THUIIA [IOrPAHUYHOIO CJos. Bse-
4.3. Bropoii aTa oKa3areJIbCTBa. BBegenue mormpa a morpa oro cJiost. Bse
nem ,nonpasky” we € HP(O; C") xak GyHKINIO, yIOBIETBOPSIOILY0 HHTEIPATEHOMY TOXKICCTBY

(g°b(D)we, b(D)N) 1,0y — ((We, M) Ly(0)
= (g°5:b(D)uo, b(D)N) r,0) — (Cuo + F, M) 1,0y, m € HP(O;C").
[TocKoIBKY TpaBasd 9acTh 3/1€Ch ABISETCH aHTHIMHEHHBIM HEITPEPBIBHLIM (DYHKIMOHAIOM HAJ 1) €
Hp(o, Cn), CTaHIapPTHBIM O6pa30M OPOBEPACTCA, YTO PEIICHHNE W CYIIEeCTBYET U €JUHCTBEHHO.

[TokazkeM, 9TO yder MOIPABKU W IO3BOJISIET HOJIYYUTh MpubInKeHue st u. no HP-Hopme c
TOYHOI O TMOPSAKY TorperHocThio O(g).

(4.20)
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Teopema 4.4. Ilycmov swvinosnenst ycaosus meopemsv, 4.2. Ilycmo W, ydosaemeopaem moocdecmsy
(4.20). Toeda npu ¢ € C\ R4, [(| > 1 u e > 0 cnpasedausa ouenka

e = Ve + Well ooy < Cs (el@) 2ICI™Y22 + e(0)*2) [P g0 (121)

Hocmosannaa Cs sasucum suws om d, p, m, oo, a1, |9z, 197 ow, ki, k2, om napamempos
pewemxu I' u om obaacmu O.

Joxazameavcmso. Ilycrs u. = (Ae — CI)_lf‘. O6osnaunm V. := u. — u. + we. B cuny (2.10) u
(4.20) dbyuruua V. € HP(O; C") ynoBaeTBOpsieT TOXKIECTBY

(g°b(D) Ve, b(D)N) 10y — ((Ves M) 1o (0)

= (§°S:b(D)ug — g°b(D)u., b(D)N) 1,0y + ((Ue — W0, M) 1,(0)

npu 1 € HP(O;C™). O6o3naunm npasyio gactsb B (4.22) uepes Z.[n]. U3 (4.17) u (4.19) creayer, uro

Z )l < C3Cx (ele)*eldI /2% + ()26 ) [F | o) oD a0

(4.22)

(4.23)
+ 01040(80)35|C|1/2p||FHL2(0)||77HL2(0)‘
[Moxpcrasum n = V. B (4.22):
(9°6(D) Ve, b(D)Ve) 1,0y — CIIVEllT,0) = Ze[Vel. (4.24)
Bosbmem mMuumyto yacrs B (4.24) u Bocnosnbsyemca onenkoit (4.23). Torna
[T ¢l Vel 0) < CsCa (el@)2l¢ |72 + c()%e? ) [P,y 0) D) Vel 1, 0) o)
+ C1Cac(@) el PP IIF | Ly 0) | Vel a0 -
Ecim Re¢ > 0 (a Torma Im ¢ # 0), orcioia BBIBOJMM HEPABEHCTBO
VeI, 0) < 205Cs (@) <l 272 4 c(@)'e?) Bl a0 16(D) Vel oo
202 .0 \8.2||—1+1 2 (4:26)
+ C1Cie(p) eI /pHFHLQ(o)v Re¢ 2 0.
Ecmm Re ¢ < 0, To BO3bMEM BeIECTBEHHYIO 9acTh B (4.24) U mostyamM
[ReCl[Vel, o) < CoCa (e¢I7H25Y/2 4 &) B 0y 16(D) Vel g0 o
+ Clc4g|<|1/2pHF||L2(O)”V€HL2(O)a Re( < 0.
Mer yusu, uro ¢(p) = 1 npu Re( < 0. CkaagpiBasi (4.25) u (4.27), BBIBOAUM HEPaBEHCTBO
IVl 0y < 4C5Ca (<ICI72H2 4 22) By o) [BD) Vel oo )

+ 40126352\§|*1+1/7’|]FH%2(0), Re¢ <0.
13 (4.26) u (4.28) BBITEKAET, 9TO NPU BCEX PACCMATPUBAEMbBIX 3HAYEHUSX TAPAMETPa ( BBIOTHEHO
IV, 0y < 4CsC (el <lc /2172 4 c(0)e?) [ o) IHDI Ve o)
+4C7CEe(9) (| PRI, 0)-

Tenepb, paccMarpuBasi BeliecTBeHHY0 dactb B (4.24) u ucnoansys (4.23) u (4.29), npuxoaum K
HEPaBEHCTBY

(4.29)

(9°(D)Ve, bD)Ve)1a(0) < [Z[Vell + [l Vel o)
< 9CCy (cl)=l¢| /2% 4 c()%eP ) [Pl 0 I(D) Vel 1, 0)
+9CTCEe(0)%* (ST PR3, 0)-
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O7cioga BLIBOIUM OIEHKY
[BD)V- Il 0) < Co (<) eIl /2122 + e(g)e? ) [P0, (430)

rae Cg = 81|lg7 17 C3CE + 18||g™ | 1., CFCE. Bumecre ¢ (4.29) 10 Breger

2 Vel o) < Cr (el el¢ Y2412 + c(g)e? ) [Pl o0, (431)

e C2 = 4C3C4Ce + 4C3C3.
N3 (2.2), (4.30) u (4.31) ¢ yuerom Hepasencrsa |¢| > 1 BbiTekaer, 4ro

IVell oy < Cs (el elcl 242 + e(p)eP) P g0 (432)

TJIe Cg = klcg + kgC%
Haxowner, onenkn (4.18) u (4.32) npusogsit Kk nckomomy HepaseHctBy (4.21) ¢ nocrosinuoit C5 =
2C9C4 + Cs. O

Janbreiimmii nran gokasarenscrsa Teopem 4.1 u 4.2 tako. Mbl cHagara gokazkem onenky (4.8)
npu Re ¢ < 0. Barem ycranosum (4.1) takzxe npu Re ¢ < 0, uconb3sys yke 10ka3anHyo onenky (4.8)
n coobpazkenns aBoiicTBeHHOCTH. [ToC/IE 9TOr0 MBI 3aBEPITUM JTIOKA3ATEIBCTBA TEOPEM, ONUPAACH HA
TOIXO/IAIIIE TOXKJIECTBA JIA PE30JIBBEHT, TO3BOJIMIONIME IEPEHOCUTD YK JIOKA3AHHBIE OMEHKU W13
Touku ( B JIEBOH MOJIYIJIOCKOCTH B CUMMETPUYHYI0 TOUKY B 1paBoii nosymiockocru. (Ilocemanit
upueM 3auMcrsosan u3 [MSu3, § 10].)

BeiBogpr. 1) U3 (4.21) ciaexyer HepaBeHCTBO

lue = vellgro) < Cs (5’071/2“/2;) +5p> IFllro0) + IWellzp(0)y, Re¢ <0, [¢]=1. (4.33)
[Mostomy mns moxkaszaresnncrsa onenkn (4.8) (mpm Re ( < 0) HyKHO OIEHUTH HOPMY TOTPABKA W, B
HP(O;C").

2) U3 (4.17) u (4.31) BugHO, uTO
[ue — uol| 1,0y < Cr <€|C|_1+1/2p +€p|C\_1/Q> Il 200y + [[Wello0), Re( <0, [¢]>1, (4.34)

rie C~7 = C7+C1Cy. losromy mna gokazarensersa reopembr 4.1 (nmpu Re ¢ < 0) HEOOXOAMMO OEHUTH
HOpMY nonpasku W B Lo(O; C").

§ 5. JIOKABATEJILCTBO TEOPEM 4.1 11 4.2

5.1. Cayuait Re( < 0. Ouenka nmonpasku w, B HP(O;C"). O6o3naumnm

Je[n] == (§°S:b(D)ay — g°b(D)ug, (D)) 1,0y, 1 € HP(O;C"). (5.1)
®yuKIUs Uy YAOBIETBOPSAET TOXKIECTBY

(g°b(D)ug, b(D)n) 1,0y — (Cuo + F,n) 1,0y =0, m € HP(O;C™). (5.2)
13 (4.20) u (5.2) BUAHO, 9TO /ISt W, BBITIOJHEHO TOXKIECTBO

(g°b(D)we, b(D)n) 1,(0) — C(We, M) 1o0) = Te[m],  m € HP(O;C"). (5-3)

JIemma 5.1. IIycms Re( < 0 u [¢| > 1. Ilycmo wucao €1 66bpano 6 coomeememeu ¢ Ycio6uem
3.2. IIpu 0 < e < €1 Pynxyuonan (5.1) nodwunen ouyenre

| T=[m]| < Co (61/2|C!_1/2+1/4” - 6”) ¥ o0) 1D 0l o0y, 1 € HP(O;C"). (5.4)

Hocmosnnan Co sasucum awu om d, p, m, ag, a1, |gllne, g~ 1w, k1, k2, om napasempos
pewemxu I' u om obaacmu O.
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Aoxazamesvcmeo. Ilpencrasum dbyukmmonas (5.1) B Buge

Te[n) =7 ) + 72 ), (5.5)
T m] :=(g"S:b(D)to — ¢°b(D)uo, b(D)N) 1,(0), (5.6)
T ) :=((F — ¢°)S:b(D)to, b(D)m) 1, 0). (57)
Yirer (5.6) JIeTKO OIEHUTH € TTOMOIIBIO TpeIokennst 1.5 u coornomennit (1.3), (1.5), (1.6), (1.15)
u (4.13):
TP 0] < 16°)01(8- — Db(D) ||, (re)l[6(D)N|| L, 0) (5.8)
< Croel¢| A2 IE |y o) IDP 1l a0), 1 € HP(O:C),
rae ClO = ||g||Loo7“10410(p+1)?11)/2-
Ucnonbsys (1.3), npeobpasyem unen (5.7):
T m] = z|: (faS:b(D)uo, D*n) 1,0, (5.9)
al=p
e fo(x) = b5 (3(x) — ¢°), |a| = p. B cuny (1.6), (1.10), (1.11) u (3.8) CHpaBe,ZLJH/IBbI OIIEHKH
lfolla@ <€ lal =p, €= 0yllgll.2"2(CF +1). (5.10)
N3 (1.3) u (1.9)—(1.11) Bugro, uro dyukunu fq(x), |a| = p, yaosrersopsitor ycaousiv seMmbl 3.1.
Crenosarensro, cymectBytor I'-nepuognaeckue marpuibl-bynakimn Myg(x), |af = |3 = p, Taxue
9T0 BBINOJIHEHBI cooTHommenus (3.2)—(3.4). 13 (3.4) u (5.10) BbITekaooT OLEHKH
IMagll o) < € €:=25€, |a| =8 =p. (5.11)
B cuy (3.3) BBIIONTHEHO
(x)=e" Yy PMp(x), Jal=p
Bl=p
a motomy wieH (5.9) MOKHO TIPeICTAaBUTH B BUJE
TOm =" > ((07Mzs)Sb(D)io, D) . (5.12)
L2(0)
la|=|8=p
Nmeem:
(0°M5)Sb(D)ug = 0% (MepScb(D)tg) — | CH(07 M) Sb(D)0 .
Y<B:|v|>1
Canenosarensro, dynknmonan (5.12) MOXKHO 3ammcaTh B BUIE CYMMBI JBYX C/IAraeMbIX:
T =72 ) + T2, (5.13)
7@ ] .=gP € ~ a
TP =" 3 (07 (MZsSb(D)) , D) (5.14)
lal=|B|=p
ey (0777 Map)*S-b(D)0789, D : 1
D DD DI ( ap)"S=b(D)0"ay, )LQ(O) (5.15)

lal=[8|=p y<B:lv[>1
Ynen (5.15) onennm, npumMensiss npejgioxenue 1.6 u coornomenust (1.5), (5.11):

TP M < erldp) Y > M0 Mag| 1y (0) 16(D)07 80|l 1, (wey I Dl 0 (0)
la|=]8]=py<B:|7|>1

V4
< ea(d, )| ?€a)? S N[0l o gy IDPM | a0y
=1
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Bwmecte ¢ (4.13) 310 BiIEUer
p
[T ]l < Cu Y eI PHRF Ly o) D1l a0y
=1 (5.16)
<pCu (el¢I722 4 2 B 1y 0) IDPM] 10,
Baecs C11 = CQ(d,p)]Q|_1/2@o&/2 max; <<, {CP}.
Paccmorpum teneps aien (5.14). QukcupyeM rragkyo cpe3ky 0. B R? rakyio, 4To

0. € C’E)X’(Rd), suppf: C (00)., 0<0.(x) <1,

e (5.17)
0-(x) =1 upu x € (00). /9, €'D'0(x)| <2, I=1,...,p.
[Mocrosinnas s 3aBucut T0JbKO 0T obaactn O. CrpaBeInBo TOXKIECTBO
S (97 (- 0)MESHD)E) D) =0, me H(O:CT),
al=15l=p )
YTO MPOBEPSHETCsT NHTEIPUPOBAHMEM [0 YaCTsIM TIPH ytdeTe cooTHomenuit Mag = —Mga, (cM. (3.2)).
Cnenosarensno, wien (5.14) momyckaer 3ammch B BUJIE
TOMm = > (#ale): D)1, 0 (5.18)
lal=p
rje
Yole) =" Y 9% (0-MpSb(D)g), o = p. (5.19)
18l=p
Hamee, nmeem
Pole)i=e" D> N CICH_(076.)(0° 7" M) S:b(D)d" . (5.20)

|Bl=py<Br<B—
Ilpn k = |v| > 1 Bocmonb3yemMcs npennokenneM 1.6 n coornomenusamu (1.5), (4.13), (5.11) u (5.17):
e 11(970:)(07 77 M) S=b(D) 0" To | . )
< 5P| (87777 Mag)* Sb(D)0" o | ., et
< oM 107120} [T | e ) o2
< CRh |72 R 1y 0,

rae CF) = %|Q|_1/2éa1/2c(p+k).
[Ipu v = 0 mpumennm gemmy 3.4. Ilycrs 0 < € < €1. C yuerom (5.17) umeem:

&8 [(676.)(977 M) S-b(D)iio| 1, e
< 7|07 Map)* S=b(D) o | 1, ((90).)
< e25B 210171207 Mo | 1,y ) DD )0 1 gy 10D 0 1 T
Bwmecre ¢ (1.5), (4.13) u (5.11) 370 BIEUET
&P [(876.)(97 Y Mi5) Sb(D)io| ey < Cros/2I¢| 72 H /B 0), (5.22)

rae Cio = %ﬁi/Q|Q‘—1/2@ai/2(C(p-i-l)c(p))l/Q.
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OnenmuBas ciaaraemere n3 (5.20) mpu k£ = |v| > 1 ¢ momompio (5.21), a craraemsle ¢ v = 0 ¢
MOMOIIBIO (5.22), TPUXOANM K HEPABEHCTBY

p
%0 ()l Lymay < C13 (51/2\C|1/2H/4p + ngml/ﬂk/m) 1Fl 2.0
k=1

e Ci3 = c3(d, p) max{Ci2,C, ..., CP)}. Jlerko Bumers, 4T0 BHIpAsKeHHE B CKOOKAX OIEHHBAETCS
aepes (p + 1)(eV/2|¢|71/241/% 4 ¢P). CneposarensHo,

19a(E)zae) < (0 + 1) Cig (£1/21¢ 729 4 20) ||y 00, ol =p. (5.23)

Bwmecte ¢ (5.18) 310 Baeder
Tl < Cua (/2¢I7H2H 4 ) || 1y 0) IDPR] a0 (5.24)

¢ ocrostaroit Ci4 = ¢4(d, p)Ci3.
B wurore, coornomenus (5.5), (5.8), (5.13), (5.16) u (5.24) nmpuBogaTr kK mckomoii onenke (5.4) ¢
nocrosauoit Cg = Ci9 + 2pC11 + Cia. O

JIemma 5.2. ITycms Re( < 0 u |[¢| > 1. IIycmo wucao €1 6wibpano 6 coomeememeu ¢ Ycio8uem
3.2. Hycmov pynxuyua we € HP(O;C™) ydosaemsopaem mootcdecmey (4.20). Toeda npu 0 < & < €1
CNPABEdAUBE OUEHKD

IWellmeo) < Cis (M/2¢I7/21% 4+ &0 ) ||l 0). (5.25)

Hocmosannaa Cis sasucum suws om d, p, m, ag, o1, |gllre, 197 oe, k1, k2, om napamempos
pewemxu I' u om obaacmu O.

Aoxazameavcmeso. B Toxmectso (5.3) moacTaBuM 1) = W. B PACCMOTPUM MHUMYIO YaCTh MOJTYIHB-
merocs pasercrsa. C yuerom (5.4) moaydaem

i Cl[[w2ll o) < [Telwel| < Co (17211720 4 e0) B o) IDPWel Ly (5:26)

Temeps BO3bMEM BEIIECTBEHHYIO YaCTh MOJIYIEHHOTO paBencTBa, yunthiBag yciaosue Re( < 0. Ha-
XOJIAM

[Re ¢lIWell3, o) < Co (/2¢I7H2/4 4 &) By 0y IDPWel s 0). (5.27)
CruagsiBasg (5.26) u (5.27), moaygaem
CIIWe 20y < 2Co (/21172414 4 20) ||, 0) IDPWe | (0. (5.28)
C apyroit croponsl, u3 (5.3) (mpu 1 = w.) u (5.4) BEITEKaeT OMEHKA
axelwe, i) < Co (12129 1 ) [y 0) IDPWe o) (5.29)
Conocrasnsis (2.5), (5.28) u (5.29), ¢ yuerom orpannuenus |(| > 1, nosydaem HepaBeHCTBO
IWell ooy < Cas (21217219 42 [y 0) IDPWe a0 (5.30)

e C15 = Co(k1|lg™ Lo, + 2k2). Otciona BriTekaer Tpebyemas omenxa (5.25). O
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5.2. 3asepiuenue gokasaresbersa onenku (4.8) mpu Re( < 0. 13 (4.33) u (5.25) BeITEKAeT,
aro put Re( < 0, [(| > 1, u 0 < € < €1 BBINOJIHEHA OTIEHKA

e = vellis(o) < Cs <6‘C‘—1/2+1/2p n gp) IE ||, (0) + Cis <51/2,<‘-1/2+1/4p n 5p> 1F |, 0)
< Ch (22U 4 ) [ o), ReC <O, [CI> 1,
rae Ch = 2C5 + C15. D10 nokaseiBaer onerky (4.8) B paccMarpuBaeMom Cirydae:
I(Ane = ¢ = (A} = CD) 7! = P BN (G ) a0y 2 0)

5.31
<C§<51/2\C\_1/2+1/4p+5p), Re¢( <0, [(]=>1, 0<e<el. (5:31)

5.3. Ouenka nonpaBku W B Lo.

JIemma 5.3. IIycms Re( < 0 u [¢| > 1. Ilycmo wucao €1 6ubpano 6 coomeememeu ¢ Ycio6uem
3.2. Hycmo gpynxuua we € HP(O;C™) ydosaemsopaem mooicdecmey (4.20). Toeda npu 0 < e < €1
CNPABEIAUBE OUEHEQ

Wl za(0) < Cas (<6742 + &2 [P 0. (5:2)

Hocmosnnan Crg sacucum awwo om d, p, m, ag, o1, |9l |9~ |z, k1, k2, om napasempos
pewemxu I' u om obaacmu O.

Aokazamenvcmeo. B Toxmectso (5.3) B KadecTBe IpoOHOH (DYHKITUH TIOCTABUM
n=mn.=(An:—C(I)7'®, &€ Ly(O;C").
Torya mesast wacts (5.3) Moxer 6bITH 3amicana B Buje (We, )1, (). Cresosarensmo,
(We, @)1, 0) = T[] (5.33)
Cunmraewm, ato 0 < € < £1. Ucmonssysa (5.5), (5.8), (5.13) u (5.16), mmeem
| Tem]l < (Cro+pCi) <€\C\71/2“/2p +€p) | y(0) D" L0 + [T 0]

Hpuvensa nemmy 2.4 aia onerupanusa [|DPn.[|1, o), TPUX0IMM K HepaBeHCTBY

[Telmell < Cur (<lCI ™% 4 6% ) [y 0) 1@ a0y + 1T ]l (5.34)

rae 617 = QCQ(Clo +pC~11).

Paccmorpum wien \\75(2) [n.]|, ncnombays npencrasienne (5.18). s annpoxkcumanun GysKiam 1,
npuMennM yike sokasannyio onenky (5.31) (8 Touxe €). Ionoxum ng = (A% — (1)1 @, 7y = Pom,.
Nmeem

I =m0 — £PA°SbD)ilgll pv(0) < Ch (M/2¢I7V2F 4 4 22 ) |||, o). (5.35)
Cormacno (5.18),
T[] = Li(e) + Lae) + Ls(e), (5.36)
Li(e) = Z (ta(e), D¥(m. —mo — EpAassb(D)%))LQ(O) )

|a|=p
La(e) = D ($a(e), D M) 1,0y » (5.37)

loa|=p
L3(e) = D ($,(), D*(€PASD(D)g)) 1, 0 - (5.38)

|a|=p

[Mpumensis (5.23) u (5.35), HUPUXOUM K OLICHKE
1£4(6)] < s (<ICIY2 4+ ) [F a0y o) (5.30)
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rie Cig = 2¢4(d, p)ChCis.
C yuerom (5.17), (5.19) u (5.23) nns anena (5.37) cnpaBeymBa OleHKA

1/2
|L2(e)| < ca(d,p)Ci3 (51/2|C|_1/2+1/4p +5p> 1Fl 2,0 (/(80) |Dp7~70’2dx) .
Ipnmenssa nemmy 3.3 u onenku (4.11), (4.13) (ana 1), oTCiOma MOTyIaeM
1£2()] < Cao (<l 4 27 1By )| oo, (5.40)

rae Cig = 264(d7p)CL‘sﬁéﬂ(C(p)c(p+1))l/2-

Ocraercs onenuts dieH (5.38), KOTOPBIT MOXKHO 3aIICATH B BH/JIE

Ls(e) = L) + £P(e), (5.41)
£57(e) = 3~ (ha(e), (DA SBD)iig) 1 0)
|a|=p

)= Y Gl (wa(e), (DA S.b(D)D )

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

B cuny (5.17), (5.19) u (5.23) nmeem

L2(0)

€

1/2
L)) < eald,p)Cas (2[4 4 22) [F 1,0 ( /(a I<DpA>ESeb<D>%2dX) ~

Ilpnmensga nemmy 3.4, coornomenns (1.5), (3.9), u ananoru orenok (4.11), (4.13) ans 7y, TpuXOIIM
K HEPABEHCTBY

L)) < Cao (leI 4% +2%) [F 10) 1@ a(0): (5.42)
re Coo = 2¢4(d, p)CpCr3(Bea; CPICPHD/2,

Hanee, B cuny npemnoxenns 1.6, (1.5), (3.9) u (5.23) cnpaseqmuBo HEpABEHCTBO

p
1£2(6)] < esld,p)Crs (212117 27 B 100012 Ca D e ol i ey
k=1

Bwmecte ¢ ananorom (4.13) auist 1y 910 BIeder

p
2 _ _
£ ()] < Can (51/2\C\ 1/2+1/4p+€p) (E g 1/2+k/2p>HFHLQ(O)H‘I’HLQ(O),

k=1
rie Cop = c5(d, p)Clga}/QC’A max{C®+D . CCPY Orciona serekaer onenka
2 _
1£2(6)] < 2pCar (G172 + %) [Fl (0| Bl (543

B urore, coorrorenus (5.36) u (5.39)—(5.43) Baexyr
(TDm]| < Caa (<¢I 752 + %) [Py 0) 1@ a0, (5.4)

rie Coo = Ci8 + C19 + Co0 + 2pCo1. Tenepn mepasenctsa (5.34) u (5.44) npuBOAAT K OIEHKE

[Teln.]| < Cis (<ICI 7% 4+ %) [Pl 0|11, 0);

rae Ci6 = C17 + Coo. C yuerom (5.33) 310 maer uckomyto ornenky (5.32). O



23

5.4. 3asepiienne nokasaresbcrsa ouenku (4.1) npu Re( < 0. Ilyers Re¢ <0 wm || > 1. U3
(4.34) n (5.32) BBITEKAET, ITO

[ue — uol|z,(0) < Cr (5|C|71+1/2p + €p\C\71/2> IF |l £,(0) + Ci6 (€|C’71+1/2p + €2p) IF 2o(0)
< Cag (Sl¢ 7Y% 4 %) | 1y 0),
rae Cog = 257 + C16. B omepaTopHBIX TEpMHUHAX 9TO O3HATAET, ITO
|(Ane = <D™ = (AN = <D a0y a0y < Cas (£ICI Y2 4 £7) (5.45)

Ecm e < |7V, 10 €% < ¢|¢|~ "/ a noromy mpasas wacte B (5.45) He mpeBOCXOAET
2Co3e|¢|71H/%P. B ciyuae, xorma e > |¢|7Y?P) npumenny (2.8) u (2.17). Torga sesas wactb B
(5.45) me npesocxouur 2|¢[71 < 2¢|¢|71H/2P. B urore nosyuaem rpebyemyio oneHKy

[(Ane — CI) ™ = (A% = CD) Ml La(0) s 1a0) < Chel¢| Y2, Re¢ <0, [¢] =1, (5.46)

rae Ci = Qmax{ng, 1}.

5.5. Cay4aii Re( > 0. 3aBepiienne noka3zarenabcrsa Teopemst 4.1. Tlycrs Teneps ¢ € C\Ry,
Re(¢ >0, |¢| = 1. [Tomoxum ¢ = —Re( + ilm (. Torma |¢| = |¢|. CupaseminBo TOXKIECTBO

(Ane — CI)™H = (AQ = CI)™H = (An — CI)(An — )7

o o ~ ) (5.47)
% ((Ane =071 = (A% = CD)7Y) (4% = (Al - ¢
Uz (5.46) (B TouKe A) u (5.47) BBITEKAET OIEHKA
g - - v~ C?
I(Ae = ¢ = (A% = D) M lnaioyataio) < Cieldl 2P sup S22 (59
B]:)IqI/ICJ_[eHI/Ie IIOKA3bIBALT, 9TO

A2

sup o =] < de(p)?. (5.49)

x>0 |a?—(|2 h

B wurore, (5.48) u (5.49) Brexyr onenky (4.1) ¢ mocrostunoit C; = 4C]. Teopema 4.1 nokazana. [

5.6. 3aBeprienne goka3saresabcTBa Teopembl 4.2, ITycrs ( € C\ R4, Re¢ > 0, |¢| > 1. TTycrs
¢ = —Re( + ilm (. CupaBeiuBo TOXKIECTBO

(Ane =) = (A =<7 = PEn(Gre)

= ((Aye =T = (A% = CD 7 = PR (Ge) ) (A = (A - ¢y (5.50)

(¢ = OAne = D7 ((Awe = CD)7 = (A% = X071 (A% = (A - <7
Nmeem
1(Ane — ¢I) ™" = (A} = D)7 = PEN (G )l Ly (0)— 1r(0)
<Awe =D = (AN = N7 = RN (G 9) a0y r(0)
X (A% = CD(AY = D) ™M 1(0) s 1a(0) + 2Re Ol (Ane — CI) Ml Lp(0)—mr(0)
X [(Ane — D)™ = (A% = DY Lo (0) = Lo (AX = CHAY = ¢D) 7 1y(0) 5 L (0)-
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o~

Bumecre ¢ (2.9), onenkamu (5.31) u (5.46) (B rouke ¢) u (5.49) 510 BIEUET
1(Ane — ¢~ = (A} =)™ = BN (G o)l Ly 0y mr(0)
< 2c()Ch (el/2|¢|*1/2+1/4p + ap) + 4(Re )CoCle()?|¢| 7 el ¢ 71/

< Ca (el@)e 21T 4 ofp Pl 1 1 c(p)er)

rae Co = 2Ch + 4CoC}. Do mokaswiaer onenky (4.8).
Ocraercst nposeputs (4.9). 3 (4.7) ¢ yaerom (1.3), (1.6) cemyer, uro npu 0 < £ < £ BBINOJIHEHA
OIleHKa

IP: — g°B(DWVellLago) < Cas (e(@e 2 4 o(o2elc /212 4 o()e?) [F | yco),
(5.51)
rae Coy = cg(d, p)HgHLma}ﬂCQ. B cuny (1.3), (4.4) u (4.5) umeem

g°b(D)ve = g"b(D)ug + g°(b(D)A)*S:b(D)ug

+ > D FFhaCleP (D P A)ESb(D)D . (5.52)
lor|=p B<a:|B|>1
U3 npenoxkenns 1.5 u (1.5) BeITeKaer, 9To
1g°b(D)ug — g°Sb(D)uol| L, 0) < [lg°(1 — S=)b(D)uol| 1, (ra)
e (5.53)
<ellgllzarian™ 0ol o ray-

Tperbe caraemoe B mpasoii gactu (5.52) oreHuBaeTCa Ha OCHOBAHUE IIpe/IozKeHUsA 1.6 u cOOTHO-
mennii (1.5), (1.6), (3.9):

p
1Y Y gbaCl DA PNV SHDDT | oy < Cos Y ol mrirey,  (5.54)
la|=p B<a:|B|>1 1=1

rie Cos = c7(d, p)|g]| Lo, c1Ca. Conocrasasia (1.11), (4.13) u (5.52)—(5.54), npuxoum K HEPABEHCTBY
lg°b(D)v. = 57 S-b(D)iio| . 0) < Casel) (£I¢| 7212 + &) [Pl 0), (5.55)

rae Cog = ||g||Loor1a}/2C(p+1) + pCos max{C®+D) . CCP},
B wmrore u3 (5.51) u (5.55) BeITekaeT mckoMoe HepaseHCTBO (4.9) ¢ mocrostauoit C3 = Caq + Cog.
Teopema 4.2 nokazana. [l

§ 6. YCTPAHEHUE CIJIA>)KUBAIOIIENO OTIEPATOPA.
CHEL[I/IAJH)HI)IE CJIIVHAU
6.1. YcrpaHeHHE Cr/Ia*KUBAIOIIEro oneparopa.

Yenosue 6.1. IIpednoaooicum, wmo T'-nepuoduueckoe pewenue A sadawu (1.9) ozpanuueno u a6.asu-
emesa myavmunaukamopom us HP(RY; C™) ¢ HP(RY; CM):

A € Loo(RY) N M(HP(RY C™) — HP(RY; C™)).
Buay nepuoguanoctn MaTpuibl-byHKInH A yciaosue 6.1 paBHOCHILHO TOMY, 9TO
A e Lo(Q)NM(HP(Q;C™) — HP(;C™)).
Hopwmy oneparopa [A] ymuoxenusi Ha marpuiy-gyrknuo A(x) obosnaunm yepes

My = H[A]HHP(Rd)aHP(]Rd)' (6.1)
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Omucanne TPOCTPAHCTB MYJIBTUIINKATOPOB B Kiaccax CoboseBa MoxKHO Haiitu B Kuure [MaSh].
MoxkHO yKazaTh HEKOTOpBIE JOCTATOYHBIE YCJIOBUs, TAPAHTHPYIONIAE BBIMTOJHEHHE yCaoBus 6.1
(cm. [KuSu, npennoxenne 7.10]).

IIpeanoxkenue 6.2. Ilycmo 6binosneno roms Ov, 00H0 U3 CACIYOWUL I8YL NPEONONOAHCEHUT:

1°. 2p > d;

2°. ¢ = g, m. e. umerom mecmo npedcmasaenus (1.17).
Tozda ycaosue 6.1 3asedomo evnoaneno, npuuem |Al|L., u mysvmunauxamopras nopma (6.1) Komn-
mpoaupyromes wepes m, n, d, p, ap, a1, |9z, g7 . v napamempu pewemmu T

[Ipu BeimosiHeHN™ yeaoBus 6.1 BMecTo KOppekTopa (4.3) MOKHO HCIIOJIB30BATH CTAHIAPTHBIN KOP-
peKkTop
KR (Ge) = [ATJp(D)(AX — ¢I) 7, (6.2)
KOTODBIH B 910M ciryuae nenpepbisHo nepesoaut Lo(O; C™) 8 HP(O; C™). CoOTBETCTBEHHO B KAUECTBE
npubsimKenns K Uz BMecTo MyHknuu (4.6) MOKHO MCHOB30BaTh (DYHKIHIO

v0 = (AN = CI)TIF + P KR (G 6)F = ug + P A°H(D)ug. (6.3)

Teopema 6.3. Ilycmov svinoanenvt ycaosus meopemui 4.1, a mawoice yeaosue 6.1. IHycmo K]OV((; g) —
onepamop (6.2), a v0 — dynxyua (6.3). Tozda npu 0 < € < &1 cnpasedausa oyenxa

[ue = v ooy < Co (C(w)flﬂm_wﬂ/@ +c(p)el¢| T 4 C(@)gp) 1F( L0 (6.4)
UAU, 6 ONEPAMOPHBLL MEPMUHAL,
[(Ane = ¢D)™1 = (A% = ¢I) ™ = P KR (G )|l Lo0)— 1 (0)

_ B B (6.5)
< Co (elp)e 2|21 - c(p)elc T2 4 e(p)e?)

Jlas nomoxka pe = g°b(D)u. npu 0 < € < &1 cnpasedausa annpokcuUMaUUs
[pe ~ 7D o |0y < Ca ()21 4 e()%el¢ 242+ (p)e?) [l o). (6:6)

Hocmosmuie Coy u Cy sasucam avwww omm, d, p, oo, a1, ||gle, |97 oe, k1, k2, om napamempos
pewemxu I' u om obaacmu O, a maxorce om ||A|L., v My.

3amMerum, 4To
IV By < (IVI ) + 1DV )+ v € HP(RECT), (6.7)

e €p 3aBUCHT JIULIL OT d U P.
JList loKa3aTebcTBa TeopeMbl 6.3 HaM MOHAJIOOUTCS CIeIyIONas JIeMMa, yCTaHoB/IeHHas B [Sud,
aemma 7.2].

Jlemma 6.4. 1°. [lycmwv A asasemca myavmunaukamopom us HP(RE,C™) ¢ HP(RY: C") u My —
nopma smozo myavmunsukamopa. Toeda oas aob6ozo u€ HP(RY; C™) npu e > 0 svinoanena oyenxa

2 [ DA uG) Pax <ME [ (jaGof? + 7 IDPuG ) dx.
R R
2°. Ilyemo swnoaneno ycaosue 6.1. Toeda mampuua-pynruyua (1.11) asasemea mysomunau-
kamopom uz HP(RL,C™) 6 Lo(R%C™), nputem HOpMa 5Mo020 MYAGMUNAUKGMOPI OUEHUCLEMCA
korncmanmot Mz, sasucawed auws om d, p, ||g||lLe, o1, ||AllLe u Mp. Ipu smom das arobozo

u € HP(RY C™) npu £ > 0 evnoanena oyenxa

/ T () dx < 6, M2 / (Ju(x)? + e DPu(x)|?) dx. (6.8)
Rd Rd
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Joxasameavcmeo meopemw 6.3. Ilycts dynkmmm v u vY onpenenens 5 (4.6) u (6.3) cooTBeTCTBEH-
HO. Onennm ux pasHocts 10 HOpMe B HP(O; C™). VunreBas (6.7), umeem

HVE - Vg”%{p((’)) < 52p||A€(I - Ss)b(D)ﬁOH?{p(Rd)

N . _ . B (6.9)
§ Cp€2p (HA (I — Sg)b(D)UOH%Q(Rd) + HDP(A (I — S&)b(D)UO)HiQ(Rd)) .
B cuny yenosus 6.1, mepasencrsa ||S:||1,—1, < 1 # (1.5) BBIDOSHEHO
|AS(1 = S)b(D)iio|| ey < 2|z’ [Tl e (6.10)
Hamee, n3 jeMMBl 6.4 BEITEKaeT HEPABEHCTBO
e%||DP(A*(I — S2)b(D) o) |7, ey 6.11)
<GMR (I = S2)b(D)toll7, ey + € [I(1 — S:)DPb(D) o 17, (z0))-
[Mpumensia npemmoxenne 1.5 u (1.5), umeem
(I = S2)b(D)ioll y ey < er1l/ i o ey (6.12)
Hanee, ¢ yaerom nepasencrsa ||S:||r,—r, < 1 u (1.5) cipasepausa onenka
~ 1/2 1~
(I = S)DPB(D) o | ety < 201 [Tl 720z (6.13)

Conocrasisist (4.12), (4.13) u (6.9)—(6.13) u yuurbiBasg orpanudenue |(| > 1, upuxogum K Hepa-
BEHCTBY

[ve = V2l (o) < Core() (e]¢|7/2T/% + eP) | F| 1,0, (6.14)
rae Co7 = a}/2 max{c, Mpr CP+Y), 2c1/2\|AHL () 4 2¢, MACPP)}.

Teneps u3 (4.7) u (6.14) BriTekaer TpeGyemas ouenka (6.4) ¢ mocrosunoit Cy = Co + Car.
[lepeiinem k moKazaTensbCTBY HepaseHCTBaA (6.6). B cumy (6.8) BrImonHEHO

570Dy — 7 S-b(D) a2, o) < 77 — S2)b(D)iio|2 e

- 2 ~ 112 2p P ~ 112 (615)
S Cng(H(I - Se)b(D)U-OHLQ(Rd) +e?|(I - 5:)D b(D)UOHLQ(Rd))~
Orciona n u3 (4.12), (4.13), (6.12), (6.13) BEITEKAET OIEHKA
15°6(D)ug — §°S=b(D)o| 1, (0) < Casclp) (e[¢| 7% + P) |F|| 1, 0), (6.16)
rae Cog = ?},/2M§o&/2 max{r C(PTD 20CP)},
Tenepn u3 (4.9) u (6.16) creayer nckomoe mepasencTBo (6.6) ¢ mocrognnoii C3 = C3 + Cos. O

Comocrasiisist TeopeMy 6.3 1 mpefoxkenne 6.2, IPUXOAUM K CIEAVIONIEMY YTBEPXK ICHUTO.

Cnencrue 6.5. Ilycmo 2p > d. Toeda npu 0 < € < &1 cnpasedausvi oyensu (6.4)-(6.6), npuuem
nocmosnmwe Ca, C3 sasucam auww om m, n, d, p, o, a1, lgllzes 197 a s K1, k2, om napamempos
pewemxu I' w om obaacmu O.

3ameuanmue 6.6.

1) Ipu guxcuposamnmnom ¢ € C\ Ry, |¢| > 1, ouenru us meopemwvi 6.3 umerom nopadox O(e/?).
C pocmowm |(| noepewnocms ymenvuaemes.

2) Ouenwu us meopemvi 6.3 pasromepno, no yeay @ 6 obaacmu euda {¢ = |Cle*? : |¢| = 1, ¢ <
@ < 2T — o} co cKoav Yy200no maavim oo > 0.

3) Yeaosus caedemeus 6.5 6vinoanensl 6 cAeOYOUUT UHMEPECHBT DAL NPUAOHCEHULT CAYHAAT: KO-
2dap=2ud=2 uwud=3.

4) Kozda m = n, ewnoaneno ¢° = g. Hanpumep, smo eepno das onepamopa A. = Agf(x)A &
La(RY) 6 aro60ti pasmeprocmau. B omom cayrae npumenumo npedaosicerue 6.8 (cm. nuoice).
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6.2. Cnemuanbuble ciaydan. llycts ¢° = g, . e. Bemommens coorsomenns (1.16). Torma I'-
nepuo/ieckoe perrenne A(x) sagaqau (1.9) pasro nymo. B cury (4.3)-(4.5) Bomoareno Ky ((;e) =0
u v, = Ug. [Ipumensas Teopemy 4.2, TpUXOIUM K CJIEIVIONIEMY YTBEPKIEHUIO.

Ipennosxenne 6.7. ITycmo svinoamnens ycaosus meopemor 4.1. Iycmo ¢° = G, m. e. svinoanenv
coomnowenus (1.16). Toeda npu ¢ € C\ Ry, |(| 21, u 0 < e < &1 cnpasedausa ouenra

e = woll (o) < € (e(@) 21172 4 ()22l 732 4 ()2 [P0y

Paccmorpun Temeps ciyuait, korga g0 = g, 1. e. Bpiosnens: coornomenns (1.17). B cuy 3ameua-
nusa 1.4 cpaBeamuBo paeHcTBO §(X) = ¢° = g. B 3ToM ciydae pesyabTaThl JOMYCKAIOT YCHICHNE,

Ipeanoxkenne 6.8. ITycmo svinoanens yeaosus meopemvs 4.1. Mycmb ¢° = g, ™. €. 6HNOANEHD
coommowenus (1.17). Hyems v0 onpedeaeno 6 (6.3). ITyemo pe = g°b(D)u.. Tozda npu ¢ € C\ R,
IC| > 1, u0 < e < e; cnpagedausw oyenky

e = v2ln(o) < Ca (e(@)%el¢ /12 + e(0)e? ) [F 00, (6.17)

Ip- — 6°6(D)uollz, ) < Cs (e(9)elc| ™22 4 ()= ) |F 1y 0 (6.13)

Hocmoannwie Co u C3 sasucam auwv omm, n, d, p, ag, a1, ||9llee, 197 o, k1, k2, om napamem-
pos pewemxu I' u om obaacmu O.

Joxasameavemeso. Crauana 6ymem cantarh, uto Re( < 0u || > 1. Hpu yenosun ¢° = g BeImosmeno

g2 7] =0 (cm. (5.7)). Torna B coorsercreum ¢ (5.5) u (5.8) dynxruonasn (5.1) nogunten oneHke
| T[]l < Croeld] ™ * Y 2|F |y o) IDP 1 1a0), M € HP(O;C). (6.19)
[loncrasass n = w. B TokaecTBo (5.3) n ucons3dyd (6.19) (amamormano (5.26)-(5.30)), mosygaem
Iwellio(0) < CiselC| T /22|l Ly0) 0 <e<en, (6.20)

e Cls = Cio(k1llg7 || L. + 2k2). U3 (4.33) u (6.20) BBITeKaeT oreHka
[ue = Vel mr(o) < (C5+ Cls) (el¢| 722 4+ eP) || 0y, Re( <0, [¢] 21, 0<e<er. (6.21)

[Iycts Teneps ¢ € C\ Ry, |¢| =2 1 u Re¢ > 0. IlycTs Z: —Re( + ilm (. Onenka (6.21) B Touke
¢ ozHagaer, 9To

(AN, — CD) ™= (A% = CD) ™ = P KN (G )l Lo(0) s vy < (Cs + Cls) (]¢]7V/2HY% ) (6.22)

~

npn 0 < € < 1. Ucnons3ysa toxaectso (5.50) u onernku (2.9), (5.46) (B Touke (), (5.49) u (6.22),
HOJTy9aeM

I(Ane =D = (AR = CD) ! = PEN (G )| a0y v (0) < Coe(9)*el¢| /2% +c(p)e?) (6.23)

mpu 0 < e < &1, tae Cy = 2(Cs + Cls) + 4CoC).

B cuny npemnoxenust 6.2(2°) Beimosaeno ycsiosue 6.1, npudem ||A|L,, u MA KoHTponmpyoTcs
wepes m, n, d, p, ag, a1, |9ll1e; 1|97 L., m mapamerper pemerxn I'. Torga cnpases nsa OMeHKa
(6.14). 13 (6.14) u (6.23) BBITEKAET MCKOMOE HEpaBeHCTBO (6.17) ¢ mocTOAHHOl Co = (/f\é + Cor.

Hepasernctso (6.18) BoBoguTea 3 (5.55), (6.16) u (6.23) ¢ yaerom pasencrra g(x) = ¢°. Ipn

stom Cs = cg(d, p)|gll 1. ot/ 2Cl + Cag + Cos. 0
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§ 7. ANMPOKCUMAIINST PE3OJTLBEHTHL (An. — ¢I)~! mipu [¢] < 1

7.1. Cayuaii |(| < 1. B sTom maparpade MbI pacmpocrpatseM pe3ynbrarel Teopem 4.1 u 4.2 Ha
obmacte ¢ € C\ Ry, || < 1, ¢ mOMOIIBIO TOIXOAANINK TOK/IECTB JIJIST PE30IHBEHT.

JIemma 7.1. ITyemw ¢ € C\ Ry, |¢| < 1. Tozda npu e > 0 cnpasedausv. ouenku

1(Ane — CI) Iy )= mr(0) < Cocl@)IC] 7, (7.1)
I(AY — ¢D) Ml zo(0)»H2e(0) < 28e(p)[CI7H (7.2)
Aoxasamenvcmeo. Ilpu Beex ¢ € C\ Ry cupaseymo vepasencrso (2.11). Ecau || < 1, ono Bieger
(7.1).
Hasnee, B cuny (2.13) umeem
- —~ _ —~ r+1
1A = ¢ 7Mooy m2e(0) < EN(AR + DAY = () Hny(0) - 12(0) < esup o (7.3)
BrruunciieHne mokasbBaeT, ITo
r+1
sup ——— < 2¢(9)[¢]7!, (€ C\Ry, [(] <1 (7.4)
x>0 ‘l’ - C’
3 (7.3) u (7.4) Boirekaer onenka (7.2). O

Teopema 7.2. ITycmv O C R? — oepanunennas obracmo xaacca C?P. Tyemv ¢ € C\Ry u [¢| < 1
Myemv ue = (Ane—CI)7'F, up = (A% —CI)7'F, 2de F € Ly(O;C"). Mycmv Kn(C;€) — onepamop
(4.3), a ve onpedeaeno ¢ (4.4), (4.5). ITyems wucao €1 6uibparo cozaacho ycaosuro 3.2. Tozda npu
0 < e < &1 cnpasedauev. OUEHKY

[ue = ol L,(0) < Cre(e)*el¢2(IF | Ly(0)
o - vgnm(@ & (c@)M2Icl™ + eVl ) IF oo, (75)
WAU, 6 ONEPAMOPHILT MEPMUHAT,
1(Ane — D)7 = (AR = D)7l a0)=L0(0) < Cre(p)?el¢]) 72, (7.6)
(Ane = CI)7H = (A% = ¢ = PR (G0l agoysmio) < €2 (el@)e /2107 + el 2)
(7.7)
as nomoxa pe: = ¢g°b(D)ue npu 0 < € < €1 cnpasedausa annpokcuMayus
[P — 5 5:b(D)ii0] (o) < € (@)= /211 + e(@)elc| ) [Fll o) (8)

Hocmosannwie €1, € u €3 sasucam suwn om m, d, p, ao, a1, ||9llee, 197 Le, k1, k2, om napa-
mempos peuwemxu I' u om obaacmu O.

Loxasamenvcmeso. llpumennm teopemy 4.1 mpu ( = —1:
I(Ane+ D)7 = (AY + D7 ly0)»Lo(0) < Cie, 0<e<en. (7.9)
Ucnonwsyst amamor roxkaectsa (5.47), orcooga nogydaem
_ _ x4+ 1)2
I(Ae =<7 = (A = <) iy naio) < Geswp P50, 0<e<an (110
Tz

3 (7.4) u (7.10) BeITeKaeT uckoMas onenka (7.6) ¢ mocrosuuoit € = 4C;.
[Ipumenum teneps Teopemy 4.2 npu ( = —1: upu 0 < € < €1 BBIIOJHEHO

”(AN}E' + I)fl — (A9V + I)il — EpKN(—l; 5)HL2(O)%HP(O) < 3C2€1/2. (7.11)
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Anasnormano (5.50), cipaBeyInBO TOKIECTBO
(Ane =)™ = (A} = 1) 7" = ePEn(Gie)
= ((Ane+ D)7 = (A + 1) —PKn(—1;¢)) (A} + D)(AN = ¢D)7! (7.12)
+(+ D) Ane =D (AN + D7 = (AN + D7) (AY + DAY — ¢
C yuerom (7.4) mmeem
[(Ane — ¢ = (A} = ¢D) 7" = PEN(G )l Ly0)» Hr(0)
< 2e(@)IC T I Ane + D)7 = (AR + 1)1 = P En(=156) || 1,0) - mr(0) (7.13)
+2¢(@)[¢I ¢ + 1[[(Ane = CD ™ o0y (Ane + D7 = (AY + D)7 120) = 10 (0)-

Bwmecte ¢ (7.1), (7.9) u (7.11) ¢ yuerom orpanndenus |(| < 1 910 Bieder uckomyio oresky (7.7) ¢
nocrosiaHoi € = max{6Ca, 4CoC; }.

Ocraercs mposeputs (7.8). U3 (1.3), (1.6) u (7.5) cneayer, uro npu 0 < € < €1 cupasemuBa
OIEHKA

Ip< — 97b(D)Ve| 1y (0) < ol P9z ar/*Cs (el@)e ¢+ el@)?el¢ ) IF o). (7-14)
Ananormano (5.52)-(5.54) mveem
lg°b(D)v= — §° S-b(D)iio | 1, 0)
p
~ - - 7.15
< ellgl ol ol greagany + Cos 3ol origey < Cacloll gy,

=1

rae €4 = HgHmea}/Q + pCas. U3 (4.2) u (7.2) BEITEKAET OLCHKA

- 2p)~ -
[Gollz20(0) < 206" (@) ICI [F | ago)- (7.16)
B wmrore, coornomenus (7.14)-(7.16) BiaekyT mckomyo omneHky (7.8) c¢ mocrosmuoil €3 =
co(d, p)llgl o0/ *€ + 2€,C5PE O

7.2. YcTpaHeHMe CTJa*KMUBaIOIEero ornepaTopa.

Teopema 7.3. IIycmv svinoarensvt ycaosua meopemovt 7.2 u ycaosue 6.1. IIycmo K?V(C; g) — one-
pamop (6.2), a v¥ — dymryua (6.3). Tozda npu 0 < € < €1 cnpasedausa ouenka

e~ 2l im0y < @ (el@)e ¢ + e(@)%elc] ) [Pl oo, (717)
B onepamoprvix mepmunaz,
1(Ane — D)7 = (AR = <) 7! = P KRG 8) | 1y (0) = o (0)
<& (clp) U7 + elp)?el¢ )
asn nomoxa pe: = ¢g°b(D)u. npu 0 < € < €1 cnpasedausa annpokcuMayus

< = 7b(D)uoll,(0) < Es (e()!/2ICI™ + e()%elC72) [Pl 0)- (7.18)

Hocmosnnve €5 u €3 3a6UCAM AUWD OM m, d, p, ao, a1, ||9lee, 197 e, k1, k2, om napamempos
pewemxu I' u om obaacmu O, a maxowce om ||A||L.. w My.

Jlokasameavcmeo. Ananoruuno (6.9)—(6.13) umeem

[ve = V2l a0y < CsellUo|l pr2o(ra), (7.19)
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e €5 = 2@1,/2||A||Looai/2 +?pMAai/2(r1 +2). U3 (7.16) u (7.19) BBITEKAET OLEHKA
2p)~ _
Ive = V2l ap(0) < 285CEPEe(9)el¢) IR (o) (7.20)

Hepagsencrsa (7.5) 1 (7.20) BIeKyT mckoMyto onenKy (7.17) ¢ mocrosHHOl €5 = € + 2€5C’((,)2p)5.
Ocraercs mposepnts (7.18). Anamornano (6.12), (6.13), (6.15) mveem
1g76(D)ug — g=Seb(D) ol L0y < Cocl[Uoll r2v (ray, (7.21)

rae &g :?;)/QMga}/Q(rl + 2). Bumecre ¢ (7.16) 310 BREUET

- - ~ 2p)~ _
1G°b(D)ug — 5 S:b(D)io|| 1, 0) < 2€6CS Ee()el¢| M [F o). (7.22)
Conocrasnsia (7.8) u (7.22), npuxoaum K nckomoii onenke (7.18) ¢ mocrosunoii €3 = €3 +2¢6C'((92p)€.
O

7.3. Coenumasnbubie ciydan. Cleaymooliee yTBEPKIECHUE TPOBEPSIETCS AHAJOTUIHO TPEIIOMKe-
Huto 6.7 ¢ TIOMOIIIBIO TeOpeMbI 7.2.

Ipennoxxenne 7.4. Ilycms svnoamens ycaosua meopemor 7.2. Hycmo ¢° =G, m. e. svinoanens
coomnowenus (1.16). Toeda npu ¢ € C\ Ry, [(| <1, u 0 < e < &1 cnpasedausa ouenka

e = woll (o) < €2 (@) 2101 + el elC]2) IF o).

Paccmorpum Tereph ciayuait, Korga g0 = g.

Ipennoxkenue 7.5. ITycmo svinoanens ycaosus meopemvs 7.2. Hycmao ¢° = g, m. e. evnoamenv

coommowenus (1.17). IMycmv v0 onpedeaeno 6 (6.3). ITyemv pe = g°b(D)u.. Toada npu ¢ € C\ R,
1] <1, u0 < e < e; cnpagedausvr ouyenky

lue = v2llp(0) < €2c(0)?el¢)*|F | Ly0) (7.23)
P = g°b(D) ol L,(0) < Cae(w)?el¢| 2 F | Ly 0)- (7.24)

Hocmoannwvie € u €3 sasucam avwn om m, n, d, p, ag, a1, ||9loe, 197 oe, k1, k2, om napa-
mempos peuwemxu I' u om obaacmu O.

Jloxasamenvemeso. pu yerosun g0 = g Bbinoneno nepasenctso (6.23) B rouxe ¢ = —1. Kombumnmn-
pys ero ¢ Toxkaecrsom (7.12), anasoruano (7.13) nosydaaem

I(Ane = ¢ = (A = ¢D) 7! = KN (G o)l a0y mr(0) < Cacl@)’el¢] %, 0<e<er, (7.25)

e € = 4C) + 4CoCy.
B cuny upemioxenusi 6.2(2°) Beinosneno ycaosue 6.1, npudem ||AlL,, u Ma KoHTposmpyrTcs
uepes m, n, d, p, ag, 1, |9l L., 1197 | L., ¥ mapamerpot pemerku . Torya cipaseiimBo HePaBEHCTEO

(7.20). Buecre ¢ (7.25) ono Bieter nckomyto ouenky (7.23) ¢ nocrosmmoi €y = @’2 + 2¢5C((92p)5.

Hepasenctso (7.24) soisoaures m3 (7.15), (7.16), (7.22) u (7.25) ¢ yaerom g(x) = ¢°. O
§ 8. ANMPOKCUMAIIUS PE3OJILBEHTHI (B — (I)~!
8.1. Omeparop By .. Beegem oboznaueHme
Z :=Kerb(D) = {z € H’(O;C") : b(D)z = 0}.
U3 (2.2) BbITEKaeT HEPABEHCTBO

21300y < kallzl,0) 2 € Z.
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Orciona n n3 komnaxTHocTH Biaoxkenns HP(O; C") B Lo(O; C™) caenyer, 9T0 IPOCTPAHCTBO Z KOHE-
HomepHo. Obo3naunm dim Z = q. 3aBenomo Z copepkut mnoanpocTpancTBo C”-3HAUHBIX MHOTOWIE-
HOB crenenn He Boiute p — 1. Ilonoxum H(O) := Ly(O;C") © Z, HY (0;C") := HP(O; C") N H(O).
Jlerko mpoBepuTh (cp. [Su2, mpemnoxenne 9.1]), aro dopma [|b(D)ullz, o) 3amaer 3 HY (O;C")

HOPMY, SKBUBAJIEHTHYIO CTAHAAPTHOMN: CyIecTByeT nocrosguuas ki > 0 Takasi, 94To
2 7 2
lull3e 0y < Falb(D)ul? o) u e HE(O;CT). (8.1)

Hanomamm, uto omepatop Ay . mopoxen B Ly(O; C™) dopwmoii (2.3), a omeparop A% nopoxien
dbopwmoii (2.12). Ouesnano, Ker Ax. = Ker A}, = Z. Oproronanshoe pasinoxenne Lo(Q;C") =
H(O) ® Z mpusomur oba omepatopa Ay u AY. O6oszmaunm wepes By (coorsercrsento, BY)
wacth oneparopa Ay, (coorsercrrenno, AY;) B moanpocrpancrse H(O). Unave rosops, By . —
camocompsizkeHHbIH onepatop B H(O), MOPOXKAEHHBII KBaAPATHIHON (HOpMOii

by c[u,u] = (¢°b(D)u,b(D)u)r, 0y, ue H(O;C").
Anasnornuno, BY, — onepatop, mopoxennbiit 8 H(O) kpaapatuanoii dopmoit
b(]JV[u7 u] = (gob(D)u7 b(D)u)L2(0)7 uc Hﬁ(oy (Cn)

B cuuy (2.4) u (8.1) BBIIOJIHEHBI OLEHKH

g™ 172 (k) Ml o) < bve[w u] < Gaullglr. D ul?, ), we HE(O;C"). (8.2)
Ananormgno,
lg™ 7L (k) ™l Z o) < Uy[u,u) < Gaallgllz. IDPul7, ) ue HE(O;C). (8.3)

Yepes P obozuaunm opronpoextop npocrpanctsa Lo (O; C™) na H(O), a uepe3 Pz — opTronpoekTop
na Z; rorma P =1—"Pg.

ycrs ¢ € C\ [¢,, 00), re ¢, > 0 — obuias HuzKHAs rpanb onepaTopos By . n BY. Nunade rosops,
0 < ¢, <min{ g (N), \J(N)}, e g - (N) (coorsercTrento, \J(N)) — nepsoe Heny/eBoe cOBCTBEH-
HOe 3HaveHue oneparopa Ay (coorBercrBenHo, A?V). Eciin nymepoBarh cobcrBeHHbIE 3HAYEHUS B
nopsijike HeyObIBaHUS ¢ y4eToM KparHocreid — 910 (¢ + 1)-e cobcTBeHHbIe 3HAUEHUS.

Bameuganne 8.1. 1) B cuay (8.2), (8.3) 6 xauecmse ¢, nodrodum wucao ||g_1HZio (k1)L

2) Iyemov & > 0 — cKxoav y200m0 manoe wucao. Ecau cvumams e docmamouno masvim, mo 6
KGuECTNGe C, MOXCHO Npunamo ¢, = A\J(N) — 6.

3) Jeexo yrasamv eeprnioto ouenky wucaa ¢, us (8.2), (8.3) u u3 6apuayuOHHO20 NPUHUUNG
6UOHO, ¥MO ¢, < Epa1||g||qu2+1(N), 20e u2+1(N) — (q + 1)-e cobemeennoe snavenue onepamopa

N 20 o .
(=1)PAp = (=1)P 32,42, 0™ ¢ yeaosuamu Hedmana 6 npocmparcmee Ly(O;C"). Tem camvim, c,
ouenusaemcs eeaununoti, sasucawet auwes om d, p, n, q, a1, ||g||L., w om obaacmu O.

Mycrb ¢, = (Bne — CI)7'F, rne F € H(O), u nycrs ¢ = (B — ¢I)"'F. Oboznauny
Kn(Gie) = Ro[AT)S:b(D) Po(Byy — ¢I) ™ (84)
u HosoxXuM @, = Popy,
Y. = o +ePA°Sb(D)@g = (B} — CI)~'F + ’Kn (¢ e)F. (8.5)

Jlemma 8.2. ITycmv ¢ € C\ [¢,,00), 2de ¢, > 0 — obwjan nusicnan epars onepamopos By . u BY;.
Honooicum ¢ — ¢, = | — ¢,|e™ u 6sedem obosnarenue

() = {cwmc— 62, C—6l <1,

= et C—g|>1 (8.6)
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3decv (V) onpedeneno coenacno (1.19). Toeda npu € > 0 cnpasedausvl oyenku
I(Bne — CI) 7 Hlo)»mr0) < €rp(O)Y2, (8.7)
(B — ¢I) " o) mor (o) < €spp ()2, (8.8)

Hocmosannvie € u Cg sasucam suwn om m, n, d, p, q, ao, a1, |gllre, g7 Les k1, ko, om
napamempos pewemxu I' u om obaacmu O.

Jloxasameavcmeo. N3 (2.9) (upu ¢ = —1) nosyuaem

1(Bn,e = ¢I) 7 Hla(o)—mre(0)

_ B r+1 (8.9)
< (Bre + D)7 Hluo)»mr)l(Bye + D (B — () Hino)»mo) < Co SUp
>0
B]:)IqI/ICJTeHI/Ie IIOKa3bIBaLT, 4YTO
sup < G0 (0)77, (8.10)
r=>C), |‘T - C‘
e ¢ = ¢, + 2. I3 (8.9) u (8.10) BeITeKaET omenka (8.7) ¢ nocrosuHOl €7 = Co,.
Omnerka (8.8) ¢ mocrostanoit €8 = 2¢¢, BhITekaer u3 (2.18) (mpu ¢ = —1) u (8.10). O

Teopema 8.3. ITycmo O C R? — ozpanunennasn obaacmo kaacca C?P. Iyemo wucao €1 > 0 evibpano
cozaacno yeaosuro 3.2. Iyemo 0 < € < e1. Ilyemo ¢ € C\ [¢,,00), 2de ¢, > 0 — obwaa nuscnas
epany onepamopos By . u BY;. IIyemv ¢, = (By e — CI)7'F u ¢y = (B — (I)7'F, 20¢ F € H(O).
Iycmo Kn(C;e) — onepamop (8.4) u b, — dynwyua (8.5). Tozda cnpasedausol oyenru

e — ol L0y < Coepy (O IF o0,

. — ¥ llmr0) < €10 (51/2,%(01/2 +el¢ + 1\%(0) IF 2,(0)- (8.11)
B onepamopnos mepmunaz,
I(Bne — )7 = (BY — CD) 7 Hlnoy=mio) < €oepy(€), (8.12)

I(Bne — ¢~ = (BY — ¢I) ™" = PKn (G €) lnoy— e (o)
<@ (29, (0) 2 +l¢ + 1ny(C) )

Zas nomoxa g°b(D)ep

(8.13)

. npu 0 < e < €1 cnpasedausa annpoKCUMAUUA

lg°b(D)p. — T SbD)Pola(o) < it (20O + £l +1Upn(O) [Fllaoy  (814)

Hocmoannwe &9, €19 u €11 sa6ucam auwv om m, n, d; b, 4, &o, @1, ”g”Loo? Hg_IHLooz klz k?; om
napamempos pewemsu L' u om obaacmu O.

Jloxasamenvcmeo. B cuny (7.9) npn 0 < € < £1 BBINIOTHEHA OIEHKA

I(Bne+ 1)~ = (BR + 1) Maoysuo) = | (Ane+ 1) = (AN + )71 Pllry0)—12(0) < Cie.

(8.15)
Ananornano (5.47), cipaBeINBO TOXKIECTBO
(Bve—¢I)™ = (By —¢I)™
= (Bre+ D)(Bye = CI) 7 ((Bye + 1) = (BN + 1)) (By + D)(By = ¢I) ™
Orciona u u3 (8.15) BbITeKaeT HEPABEHCTBO
I(Bre — D)™ = (BY — <) lhormio < Cresup EE 1 816)

z>cp |z — CP

npu 0 < £ < e1. U3 (8.10) u (8.16) creayer ucxomas onerka (8.12) ¢ mocrosunoit €9 = C1é2.
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JoMHOXKast onepaTopsl MO/ 3HAKOM HOpMBI B (7.11) crpasa Ha P, mostyqaem
I(Bne + 1) = (BY + 1) = ePKn(—1;6) [0y mr0) < 3C2e™/2. (8.17)
Anasoruano (7.12), cupaBeTiBO TOXKIECTBO
(Bne=¢I)™" = (By = (D)7 = e"Kn (G e)
= ((Bye+ 1) = (BY + 1)1 = PKy(=1;¢)) (BY + I)(BY — ¢I)7! (8.18)
+(C+ DBy =D ((Bye + )7 = (By + 1)) (By + D(BY —¢I)™
C yuerom (8.10) orcio/ia BBITEKAET HEPABEHCTBO
I(Bne — CI)™H = (BY — CI) 7! = ePKn (G ) laoy— mr (o)
< &)Y (B + I)7H = (B + 1)t — ePKn (=13 8) |0y - ar(0) (8.19)
+ ¢+ 180, (O)Y2)(By.s — <) Moy ey |(Bye + )71 = (B + 1) 7 Hlwgo)»m(0)-
Bwmecte ¢ (8.7), (8.15) u (8.17) 5T0 IpUBOIUT K OIEHKE

I(Bne = ¢ = (B = ¢I)™" = ePKn (G5 €) o) o) < €128 ?py(O)1? + Crze|¢ + 1y (0),
(8.20)
e €90 = 3¢,Co u €13 = €7C16,. B urore, nepapencrso (8.20) Bieuer mckomyto orenky (8.13) ¢
nocrosigaol €19 = max{C€9;C13}.
Ocraercs nposeputs (8.14). B cuny (1.3), (1.6) u (8.11) cupaBesinBa oreHka

97D — 97D 1, 0) < eo(d: P)lgllzr’* €10 (£12,(0) /2 + £l +11pu(C) ) I s(0)-

Ananormano (5.52)-(5.54) (cp. (7.15)) umeem &2
1g°0(D) . — §°Scb(D)poll L, 0) < CaellPoll ror(may- (8.22)

U3 (4.2) u (8.8) BbITekaer oueHKa
1Bl 200y < 5" €55 Q) [F | Lac0)- (8.23)
B wurore, coornomenns (8.21)-(8.23) BiekyT umckomyio omeHky (8.14) c¢ mocrosEHON €1 =
c6(d, p) 9|l > €10 + €1ECHY. O

8.2. YcTrpaHeHUEe Cria*kmBarolnero omneparopa. PaccMoTpum ciyvail, KOrjaa BBITIOIHEHO YCI0-
Bue 6.1. Beegem KOppeKTOp

KX (Cse) = [ATJo(D)(BY — ¢I) ™" (8.24)
M IIOJIOZKUM

2 = @y + PABD)gy = (BY — CI)~'F + 7K (G: o)F. (8.25)

Teopema 8.4. Ilycmdv gvinoaneHs ycaosus meopemovt 8.3 u ycaosue 6.1. ITycmo K?V(C;s) — one-
pamop (8.24), a VY — dymwyua (8.25). Tozda npu ¢ € C\ [c,,00) u 0 < ¢ < €1 cnpasedauea
OUEHKD

e = ¥l (0) < Eio (20 (Q)M2 + £l + 1o (Q)) 1Pl (0), (8.26)

UAU, 6 ONEPAMOPHBIT MEPMUHAT,

(B — ¢ ™t = (B — CI) 71 = ePKX (&) o) v (0 < €10 (51/2/%(01/2 +€l¢ + 1\Pb(§)) :

Aas nomoxa g°b(D)p, npu 0 < € < €1 cnpasedausa annpoKcuMayua

l°b(D)p. = THD)@y 10y < Tt (£20(Q) V2 4+ €l + 10y (O) [Flyo) (3:28)
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ITocmoannwe €19 u &1 3a6ucam auws om m, n, d; b, 4, &op, a1, HgHLoo: ||g_1HLoo7 kl: k2z om
napamempos pewemsru I', om obaacmu O, a makoce om ||Al|L, u M.

Jlokasamenvcmeo. Anasoruiano (6.9)—(6.13) umeem

19 — 2|l o0y < Csel|Poll 2o rays (8.29)
cp. (7.19). 13 (8.23) u (8.29) BhITEKaeT oleHKa
1= = ¥2lls(0) < 5" €sCs2p, () [F |y 0)- (8.30)

Teneps ouenku (8.11) u (8.30) Biekyr (8.26) ¢ nocrosmuoii €19 = €1o + Cgp)(‘:5¢8.
[Mposepnm (8.28). Anasnornuno (6.12), (6.13), (6.15) nmeem

1g°0(D)py — g°Seb(D) Pl Lo0) < CollPoll e rey,
cp. (7.21). Bmecte ¢ (8.23) s10 jaer

- - . 2
[57b(D)py — F°S-bD)Zol|La(0) < Co” €olsem ()2 IF Ly (8:31)
B urore, coorromerns (8.14) n (8.31) npusogsT k HepapencTsy (8.28) ¢ mocrosHEOM €1 = €11 +
ooV ese O
O 6-8-

8.3. Cneuuasibabie ciay4au. Ciryuail, Korja KOppeKTop 0O6palaeTcs B HOJIb, BBIJIEISETCS CAEIY-
IOIIUM YTBEDPZK/ICHUEM.

Ipennoxenne 8.5. [lycms svinoanenst ycaosus meopemor 8.3. Hycmo ¢° =G, m. e. svinoanen
coomnowerus (1.16). Toeda npu ¢ € C\ [¢,,00) u 0 < & < &1 cnpasedausa oyenxa

le- = wallro) < €10 (20, (Q)2 +l¢ + 113 €) ) IF a0

PaccmorpuM Teneps cayudait, xorga g0 = g.

Ipennoxxenne 8.6. Iycms svinoamens ycaosua meopemor 8.3. Hycmo ¢° = g, m. e. svinoanens

coommowenus (1.17). Iyemo 9° onpedeaeno ¢ (8.25). Tozda npu ¢ € C\ [¢,,00) u 0 < € < &1
CNPABEOAUBHL OUECHKU

le. = #lm(0) < C10 (55(O)2 +1¢ +11(Q)) IFllzs0), (8.32)
19°6(D)ep. — g°b(D) ol Ly0) < C11e (Pb(()w + ¢+ 1|Pb(€)) IF ||z, (0)- (8.33)

Hocmoannwe Crg u €11 sasucam auwo om m, n, d, p, oo, o1, ||gl|Le, 97 2w, k1, k2, om napa-
mempos pewemxu I' u om obaacmu O.

Jloxasamenvemeso. Ipu ycnaosun ¢ = g BBIIONIHEHO HepasencTso (6.23) B Touke ( = —1, orKyna
I(Bne + 1) = (B + 1) 7! = PKn(—1:8) |0y me(0) < 2Che, 0 <e < e (8.34)

Mpumensist Toxgecreo (8.18) u (8.34), ananornano (8.19) nosydaem
|(Bre = <D™ = (B = (1) = K (G2) oy o0y < Ehoe (p2(O2 +1¢ +11p()) » (8:35)

rae @’10 = max{2Ch¢é,, €13}

B cuny npemoxkenust 6.2(2°) Beinosaeno yesaosue 6.1, mpudem ||Al|r. u M, KOHTpoaupyroTcs
wgepes m, n, d, p, oo, a1, |gllre, 1197 L., B mapamerper pemerku I'. Toryia BBITOTHEHa OIMEHKa
(8.30). 13 (8.30) u (8.35) BBITeKaer onenka (8.32) ¢ MOCTOAHHOM T = A’IO + Cgp)€5€8.

Hepagernctro (8.33) BesopnTes us (8.22), (8.23), (8.31) u (8.35) ¢ yuerom g(x) = ¢°. O
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8.4. Ilpumenenue pesynbraros 06 oneparope By. kK oneparopy Ay.. Teopema 8.3 mosso-
JIFIeT TOTY9HTh ATPOKCAMAIHIO pesoabeerThl (Ay . — (1)~ B perymrspnoit Touke ¢ € C \ [¢,, 00),

¢#0.

Teopema 8.7. Iycmv O C R — oepanuuennan obaacms kaacca C%. IMyems wucao €1 > 0 6bi-
6pano coeaacho yeaosuro 3.2. Iyemv 0 < ¢, < min{Aa (N),AJ(N)}, 2de Ao (N) (coomeemcmeen-
no, AJ(N)) — nepsoe nenyaecoe cobemeennoe snavenue onepamopa Ay . (coomsememeenno, AYy).
Hycms ¢ € C\[e,,0), ¢ # 0. Iyemv u. = (An—CI)'F uug = (A} —¢I)7'F, 2de F € Ly(O;C™).
Tozda npu 0 < € < €1 cnpasediusa oueHKa

e — woll 1,0y < Coep, (ONIF 2,05
20e py(C) onpedeseno 6 (8.6). B onepamopnur mepmunar,

I(Ane — CI)™" = (AN = D)7 ny0)=1(0) < Co2ps (). (8.36)

Honooicum Ve = up+ePAS.b(D)Uy, 2de Uy = Po (A% —CI)"IPF. Tozda npu 0 < € < &1 cnpasedausa
ouenKa

. = Fellmeo) < €10 (220, (QV2 +£l¢ + 11 (Q)) IF a0

B onepamoprvix mepmunax,
(AN, — ¢I)7H = (AY = D)7 = RN (G )| Ly (0) 1 (0)
<€ (720, (O + ¢+ 11 (0))

20e Kn(Cie) = Ro[A%]S:b(D)Po (A% — ¢I)™'P. Jas nomoxa pe = g°b(D)u. npu 0 < ¢ < &1
CNPABedAUBE ANNPOKCUMAUUA

e — 5 S-b(D)io | a0y < €11 (2/205(O)2 +£l¢ +110(Q) ) [Pl 0): (8.38)

Hocmoannwve Cy, Cig u €11 — me orce, wmo 6 meopeme 8.3.

(8.37)

Aoxazamenvcmeso. 3amernm, aro npu ¢ € C\ [¢,, 00), ¢ # 0, BBITOJHEHO
(Ane = ¢DT'P = (Bye = CI)7'P, (Ane = (D) 'Pz = ~("' Pz
Amnamornano,
(A = ¢DT'P = (By = ¢D)T'P, (A} —¢D)7'Pz = (P2
Otciona ¢ yaerom paserctsa P + Pz = I noaydaem
(Ane=¢D)™H = (Ay =)~ = ((Bye = D)7 = (By —¢<D)7') P. (8.39)

Ouenka (8.36) mernocpescreento caenyer u3 (8.12) u (8.39).
Ormernm oueBngroe pasenctBo Kn((;e) = Kn((;e)P. Buecre ¢ (8.39) aro Bieder

(Ane—CD (A —CD) P =ePEN(CGe) = (Bye — ¢ — (B — ¢I) ™ = ePKn(Gie)) P (8.40)

Uz (8.13) u (8.40) BoiTekaer (8.37).

Hanee, nockosbky b(D)(Ay e — (I)"'Pz =0, 10
g°b(D)(Ane — CI) ™" = G Sb(D)Po (A} — ¢I)'P "
= (¢°b(D)(Bne — ¢I) ™" = S:b(D) Po(BYy — ¢I)™ ") P, 541

Hepagencrso (8.14) B onepaTopHbIX TEPMUHAX O3HAYAET, UTO

lg°b(D) (B — ()™ = FSD)Po(BY — 1) o) 1a0) < €t (720,(QV2 + 2l + 110, (<))

npu 0 < € < 1. Orciona u u3 (8.41) BeiTekaer (8.38).
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Bameuanue 8.8. Ouenku (8.36)—(8.38) npedcmasaaiom unmepec npu 02paHUNEHHOT 3HAYEHUAT
1| w manom £p,(C). B amom cayuae eeausuna £/2p,(O)Y? + €| + 1|p,(C) mascopupyemea wepes
Ce2p,(O)Y2. Ipu Gosvwom |C| npednowmumenvree npumenamo oyenku us meopem 4.1 u 4.2.

Hanee, n3 TeopeMbl 8.4 BEIBOIUTCS CAEAVIONIUH Pe3yabLTAT.

Teopema 8.9. ITycmov svinoanenvs ycaosus meopemwvt 8.7 u ycaosue 6.1. Iycmv onepamop KR,(C; €)
onpedeaen 6 (6.2), a v — dynwyua (6.3). Tozda npu ¢ € C\[c,,00), ( # 0, u0 < € < &1 cnpasedausa
OUEHKQ

[u: = 2| v (o) < €10 (51/2%(01/2 +el¢ + 1|Pb(C)> ¥l .0

UAU, 6 ONEPAMOPHHIT TEPMUNAT,

I(Ane — ¢~ = (A% = ¢ 71 = P KX (G8) | Ly (0)— Hr(0)

~ (8.42)
<o (2120, ()2 +l¢ + 1Up(<) )
Jlas nomoxa pe = g°b(D)ue npu 0 < € < €1 cnpasedausa annpokcuMaUUA
Ip: — F(D)oll o) < €t (29" +€l¢ +1Up,(Q)) IFl Lago) (5.43)

Hocmoannwve €19 u €11 — me arce, umo 6 meopeme 8.4.

Jokasameavcmso. C yuerom (6.2), (8.24) u roxaecrsa b(D)Pyz = 0 umeem K%(¢;e) = K (¢;€)P.
Bwmecte ¢ (8.39) 310 1aer ToXK1€CTBO

(Ane—C) T = (AN =) =P KR (Ge) = ((Bne — CI) 7' = (B — CI) 7! = ePKR(Ce)) P. (8.44)

13 (8.27) u (8.44) npsimo BeiTekaer (8.42).
Hanee, nockonbky b(D)Pz = 0, To

9°b(D)(An,e — (1)~ = Fb(D)(AY — ¢I)~
= (¢°b(D) (BN, — ¢I)~' = gb(D)(BY = ¢I)™1) P.
Coorromtenns (8.28) u (8.45) BiekyT (8.43). O

(8.45)

Cnyuait, Korjga KOPPEeKTOp 00PaIlaeTcss B HOJb, BBIALIIETCS CAEAYIONUM YTBEPKICHUEM, BhITe-
KaIOIUM U3 TeopeMbr 8.7.

Ipennoxenne 8.10. Iycmo svinoanens yerosus meopemo, 8.7. Iycma ¢° = g, m. e. svinoanen
coommuowenus (1.16). Toeda npu ¢ € C\ [y, 00) u 0 < € < €1 cnpasedausa oyenra

e = woll () < €10 (£720,(0)2 + £IC + 11,(0)) Pl 0)-
Cremyroree yTBEpKIEHNE BBIBOAUTCS U3 MpeIokenus 8.6 ¢ momorbio Toxaects (8.44) u (8.45).

Ipennoxkenune 8.11. ITycmo evinoanenv ycaosus meopemv 8.7. yemo ¢° = g, m. e. evnoamenv

coommowenus (1.17). Hyems v9 onpedeaeno 6 (6.3). Tozda npu ¢ € C\ [c,,00), ¢ #0, u0 <e < eg
CNPAGEIAUGHL OUECHKU

Jue = v2lme(0) < €102 (55(O)Y2 4 IC+ 1 () IF a0,
Ip- = 9°6(D)uo |40 < €t ()2 +1¢ + 110, (O)) IFlz, 0

Hocmoannve €1 u €11 — me oice, wmo 6 npedaoscenu, 8.6.
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