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OBIITAA XAPAKTEPUCTUKA PABOTHI

Huccepranyst mocBdIena u3yueHnio BOIIPOCOB CXOIUMOCTH OMOPTOTNOHAIbLHBIX
paszJioKeHunit (PyHKIMIA JIJisd JIMHEHHBIX OObIKHOBEHHbBIX JiudDepeHinalbHbIX Ole-
PaTOPOB YETHOTO M HEYETHOTO TOPSIKOB ¢ HETJIAKUMHU KOIDMUITMEHTAMH, 34 1aH-
HBIX Ha KOHETHOM OTPE3Ke YHUCJIOBO MpsAMOii. YKazaHHbIe OMOPTOTOHAJIBHBIE pa3-
JIOXKEHUsI CPABHUBAIOTCS C PaszjioKeHneM (PYHKIMNA B TPUTOHOMETPUUYECKUIN PsiJl
Oypbe (TPD). [Mosyuenbl OleHKE CKOPOCTH PABHOCXOJAUMOCTH TUX PA3JIOKEHUIT
JIJIsT OTIEPATOPOB B CKAJIAPHOM W BEKTOPHOM CJIyUdasdxX KaK Ha MTPOU3BOJIHLHOM BHYT-
peHHEM KOMIIAKTe, TaK U Ha BCEM OTPe3Ke, BBbIJEJeHA 3aBUCAMOCTH YKa3aHHBIX
OIIEHOK OT PACCTOSTHUSI KOMITAKTa JIO I'PAHUILbI MHTEPBAJIA.

AkTyaJibHOCTb TeMbI. BorpocaMn ¢XonMOCTH CIIeKTPAJIbHBIX Pa3/I0KEHUt
dbynkiuit 3annmasucs B.A. Creksios, f./1. Tamapkun, M. Croyn, A. Xaap, B.M.
Jlesuran, A.JI. I'eponnmyc, B.A. Uabun, A.I. Kocriouenko, B.A. CanoBununmii,
E.N. Mowucees, A.Il. Xpomos, B.B. JIngcknit, A.A. llIkanukos, I.B. Pagzuescknii

U JIpyTue.

M.B. Kejjipiin ycraHOBUJI TEOpEMy O IMOJHOTE CUCTEMbl KOPHEBBIX BEKTODPOB
U TeopeMy 00 acUMITOTUYECKUX CBOMCTBAX COOCTBEHHBIX UHCEJ JIJIS IMHPOKOTO
KJacca MOJMHOMUATBHBIX IMyYKOB HECAMOCOIPSIKEHHBIX OIEPATOPOB. DTHU Teope-
MBI [IPUBEJIN TaK>Ke K HOBBIM CHUJIBHBIM pe3yJibTaTaM Jijisi OObIKHOBEHHBIX Jidpde-
peHIiabubix oneparopos. Paborsr M.B. Kesijibiiiia crumyinpoBaJjim nucc/ieoBa-
HUS CBOWCTB TIOJIHOTHI 1 MUHUMAJbHOCTU CUCTEM KOPHEBBIX (PYyHKIN Jnddepen-
MUIAJILHBIX OMEPATOPOB U PA3JIOKUMOCTH (DYHKITUI B PsiJIbl IO 3TUM CHCTEMaM, 1
B HACTOSIIIEE BPEMsi TU 3aJ1a4u JOCTATOYHO [TOJIHO U3YUEHbI.

B 1975 rony B.A. Niabun onybsimKoBaT JiBe pabOThI, 3aJI0XKUBITTHE OCHOBY HOBO-
'O METOJIa UCCJIEI0BAHNS CBOMCTB COOCTBEHHDBIX U HPUCOEIMHEHHBIX (DYHKIMI KaK
CaAMOCOIIPSI?KEHHBIX, TaK U HECAMOCOIPSIXKEHHBIX JuddepeHnnaabHbIX OlepaTo-
poB (MoguduKanms crekTpaibHOro Meroja Vibuna, pazpaboTaHHOIO JIjist UCCITe-
JIOBaHMsi CAMOCONPSIZKEHHBIX JIJIUIITHIECKUX OIEPATOPOB). DT PabOThl 1OCBSI-
IIIeHbI BOIIPOCAM JIOKAJILHON 0a3MCHOCTH IIOJCUCTEMbBI KOPHEBBIX (DYHKIHMH IIyd-
ka M.B. Kejibia oObIKHOBEHHBIX JIn(pdepeHInaJIbHbIX OIIePaTOPOB B BOIIPOCAM
PaBHOCXOIMMOCTH pasJjioxkeHuit. HoBbIi 110/1X0/1 3aKJII0UaJICS B OTKa3€ OT PACCMOT-
peHKsi KOHKPETHBIX KPaeBbiX (pOpM oreparopa. 3aMeHsIM UX KOHCTPYKTUBHbIE 1
JIETKO IIPOBEpsieMble YCJIOBUA Ha COOCTBEHHBbIE 3HAUEHUs] M CUCTEMbl KOPHEBBIX
byHKIMI, T.e. pacCMaTPUBAJINCh HEKOTOPHIE CYyYKEHUS MaKCUMaJbHOI'O OMepaTo-
pa.

B nasbreitimem B.A. Wnbuabivm n ero yuennkamu B.JI. Bynaeswiv, H.B. Ke-
pumosnsiM, A.C. MakunoiM, 1.C. JlomossiMm, B.M. Kypb6anossim, JI.B. Kpumko-
BoiM, T.A. Camapckoit, E.1. Huxkonbckoit Meroj ObLI HpUMEHEH K ITHPOKOMY
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KJIACCYy HEUCCJIeJOBAHHBIX paHee OObIKHOBEHHBIX U JIIUITHUIECKUX OTEPaTOpPOB,
CIIeKTpaJibHbIe 3aJlauk JIJIsi KOTOPbIX COJIepyKaJii JIMHEHHO COOCTBEHHbIE 3HaUe-
Hus. [loydensr HeoOXOIMMBIE U JIOCTATOYHBIE YCIOBUs 6€3YCI0BHON OA3MCHOCTU B
[,2(0, 1) CHCTEM KOPHEBBIX (DYHKIIMI, JJOKAJIbHOI 6a3MCHOCTH 1 JIOKAJILHOI paBHO-
CXOJIMMOCTH OMOPTOTrOHAJILHBIX pazJjioxkenuii gpyukiuit ¢ TPD, paBHOCXOMMOCTH
9TUX PA3JI0KEHUIT Ha BCEM OTPE3KeE.

B ocHoBe MeTojia JiexkuT paccMorpenue 0600IEHHBIX KOPHEBBIX (DYHKIUI Olle-
paTopa, SBJIAIONINXCS TOJBKO PEryIsipHBIMU PEIeHUsIMUA COOTBETCTBYIOIIETO JT(-
bepeHIUaNbHOrO ypaBHEHUs CO CIIEKTPAJbHBIM HapaMeTpoM. jies Takoro moj-
xoma BocxojuT K A H. TuxonoBy. Ucnoms3yroTest nHTErpaibHbIE MPEJICTABICHIST
(bopmysbl cpesHero 3HAaUEHUsT) JJIS PEIIeHuii 9TOro ypaBHeHus. B ciydae nc-
CJIeOBaHUS PABHOCXOJIMMOCTH pa3jIoKeHuit m3 sipa Jlupuxie Boleasercs criek-
TpaJibHast (PYHKIIKS orepaTopa u jaJjee MpoBoanTcs 3peKTuBHAs OLEHKa OCTAT-
Ka, C MCIIOJIb30BaHUEM allpUOPHBIX OlEHOK KOpHeBbIX (qyukiuit. Huxke npuseién
0030p HEKOTOPBIX PE3YIBTATOB, MMEIOIINX HEMOCPEJICTBEHHOE OTHOIIEHNE K TeMe
JIACCEPTAINN.

[Ipu ucnonb3zoBanuu psijioB Pypbe 10 cucTeMaM KOPHEBLIX GpyHKIM gudde-
PEHIMAJbLHBIX OIePaTOPOB, HaPsJly C BOIPOCAMU O IMOJHOTE W 0a3MCHOCTU ITUX
CUCTEM B COOTBETCTBYIOIIMX (DYHKIMOHAJBLHBIX [IPOCTPAHCTBAX BO3HUKAET 3a/la-
4ya 00 OIEHKE CKOPOCTH CXOJAMMOCTHU 3TUX PsAJIOB K PacCMaTPUBAEMbIM (DYHKIIH-
siM. XOpPOIIIO U3BECTHBI PE3YJILTAThI O TOPsiJIKE MPUOJINYKEHUsT IMTUPOKUX KJIACCOB
byHKuii oproronaibabiMu psijiamu (M. paborer [ Asekcnua, C.M. Hukosbeko-
ro, C.B. Creukuna, C.A. Tensaxosckoro, B.C. Kammua u A.A. Caaksna). Menee
U3y4eHbl B 9TOM OTHOLICHUN OMOPTOrOHAJbHBIE Psijibl, KAKOBBIMU B OCHOBHOM $iB-
JISTIOTCs PSIJIbI 110 CUCTEMaM KOPHEBBIX (DYHKITUI HECaMOCOIPsi>KEHHBIX JTud hepeH-
IuaJibHbIX orneparopos. HanboJsiee ecrecTBeHHbIH 11y Th 1IPU PEIIEHUN OTMEYEHHOM
3aJIa9d — 3TO CpaBHEHHE PA3JIOXKEeHMH (PYHKIMI 10 BccieyeMoil OMopTOroHa b-
HO¥ crcTeMme 1 1o OJIM3KOIL eif B KaKOM-TO CMBIC/IE U XOPOIIO N3YUEeHHO! crcTeMe
byHKIHMI.

Haunnast ¢ pesyabraroB B.A. Creksiosa n 2K. Bupkroda, muorne paborsr 1o
PA3JIOXKEHHIO 110 KOPHEBBIM (DYHKIIUAM PEryIsIpHBIX IuddepeHInajlbHbIX Omepa-
TOPOB MOCBSIIEHBI TOMY, YTOOBI II0OKa3aTh, YTO 3TU PsIJbI BEJIyT ceOst CTPOIo BHYT-
pH MHTEpBasa cXoquMocTi Kak obbrarbie TP (B jonosHenne K yKasaHHbIM BbITITe
OTMETHM Tak»ke paboThl 1o psijam Jlexangapa n psjgam Oypoe-bBeccenst V. KOn-
ra u M.JI. Tonpamana). Bormpoc 0 ¢ckOpocTH paBHOCXOJUMOCTH TAKUX DPA3JIOKeE-
HUl, BUJIIMO, BIIepBbIe ObLT paccmoTper B 1978 rogy B paborax B.A. Winbuna n
1. Mo, st TpOn3BOIBHOTO HEOTPHUIIATEIHBHOTO CAMOCONPSIZKEHHOIO PACITAPEHMs
oneparopa Ipéuunrepa ¢ norennuaiom q(x) € L7(G),r > 1,G = (0,1). Boi-



fa nosydera tounas orerka O(1/A) ckopocTu paBHOMEDPHON PABHOCXOIUMOCTH
wa JioboM Komnakre K C G CHeKTpaJbHOTO pasiokenus: oy (x, f) Mpou3BoJIh-
HOI abcositoTHO HenpepbiBHoOi (Gyukinuu f(z) ¢ Sy(x, f) — vacTuanoit cymmoii
TP® stoit dbyukimu. dror pesynprar neperecén B.E. Bosnxoseim u U. Mo na
HECaMOCOTIpAKEHHbIe onepaTopbl Lpénunrepa ¢ norennuagamu 3 L2, 3areM
E.N. Hukosbckoit Ha ciydaii NpOU3BOJIbHBIX CyMMUPYEMbIX TOTEHIIMAJIOB, OIEHKA
ckopoctu pasHocxogumoctn O(In A/N).

Cucrembl HyHKINI, 110 KOTOPBIM BEJIETCS PA3JIOKEHNE, MOTYT YJ/IOBJIETBOPSITH
Pa3HBIM KPAEBLIM YCJIOBUAM (MU HE YJIOBJIETBOPSITH HUKAKAM KDPAEBBIM YCJIOBH-
sM 06e3 CIEeKTPATBbHOTO MapaMeTpa, KaK B CJIydae CHCTEMbI SKCIIOHEHT ), MOITOMY
PaBHOMEPHOII PABHOCXOJMMOCTH COOTBETCTBYIOIIMX PSAJIOB Ha BCEM oTpeske G B
obiieM ciiydae He Moxker Obith. Hekoropble npakrudeckue 3ajiadu, TeM He Me-
Hee, TPeOYIOT OIEHKU CKOPOCTH PABHOCXOJIUMOCTH PA3JIOXKEHHUI MJIM OIEHKH I10-
psaika npubIvKeHnst (PYHKIMH CIEeKTPAIhHBIMIA PA3I0YKEHUSIMU NMEHHO Ha BCEM
(G, npuYuéM OIEHKY JOCTATOYHO YCTAHOBUTH B MHTErPaJibHON MeTpuke. B paborax
I.C. JlomoBa, JiJis1 IPOU3BOJILHOIO HEOTPHUIATEILHOIO CAMOCOIPIXKEHHOT'O PACIIIH-
perus oneparopa lpémuarepa ¢ morenrmanom uz L7(0,1),r > 1 ansa dyukium
orpanuuennoii Bapuanuy nojydena onenka O(In A/A/P) ckopoctn pasHocxou-
MOCTHU TE€X K€ Pas3JIOKEHU, HO BliepBblE ITO ObLJIO CJeJIaHO Ha BCEM MHTEpBaJIe
G B unHTerpasbHoil Merpuke LP(G),p > 2; moJydeHa OIEHKA MOPsijKa TPHOJIH-
Keanst (DYHKIUH STUMA PsilaMu. DTOT pPe3yabTaT MePeHecEH Ha HeCaMOCOTPsi-
x6uub oneparop LIpéaunrepa, npuuém nosydena tounas onenka O(1/\V/P),
1 Ha OMEPATOP BTOPOTO MOPsiJIKa ¢ HerTaJkuM Kodddunuentom pi(x) mpu mep-
BOii mpousBoHOM, p1(x) € L(G),s > 1; oneparop L* jjist moJiydeHusi OIEHOK
re npubsekasics. Takxxe W.C. JIomMOB ycTaHOBWII OIEHKN CKOPOCTH PaBHOCXOH-
moctu ¢ TP® criekTpaJibHbIX Pa3J/IOXKEeHUi 110 KOpHEBbIM (pyHKIUsM JuddepeH-
IIIAJILHOTO OIIEPATOPa IPOU3BOJILHOIO YETHOTO MOPSIIKA Ha BHYTPEHHEM KOMIIAK-
Te U Ha BCEM MHTEpBaJie; OTJCIbHO YCTAaHOBJICHA 3aBUCUMOCTDH PacCMaTpUBAEMOI
CKOPOCTU PaBHOCXOJIMMOCTH OT PACCTOSIHUsT KOMIIAKTa JIO I'PAHUIbl MHTEPBAJIA.
Cxork1e BOIPOCH! JIOKAJILHON PaBHOCXOJUMOCTH JJIst T dEepeHITHAIbHBIX OIIe-
pPaTOpPOB IPOU3BOJLHOIO IOPsJIKA € HErJIAJKUMKU KO PUITMEHTAMU H3YUaJIuch
B.M. KypbaHnoBbiM, 0JIHAKO JIOKA3aTEJIHLCTBA MOJYUYECHHBIX PE3YJIbTaTOB ObLIN UM
PUBEJIEHBI JIUIITH JIJIsT ONEPaTOpoB 4€THOrO nopsijika. B padborax C.B. Adonuna
u 1.C. JIomoBa ycTaHOBJIEHBI OIIEHKH CKOPOCTU paBHOcxomuMocTu ¢ TP® crex-
TPaJIbHBIX Pa3JI0yKEHUIl 110 KOPHEBLIM (DYHKIMAM JiudDepeHIuabHOro oneparo-
pa I[POU3BOJILHOIO HEYETHOI'O IMOPsijiKa KaK Ha BHYTPEHHEM OTPE3Ke, TaK 1 Ha
BCEM UHTEpBaJle.

[IpuBejiém emmé psiji OJIM3KKUX HalPaBICHUI 110 ClEKTPaJbHON Teopun judde-



peHnuaIbHBIX orepaTopoB. A.C. MakuHBIM MOy IeHbBI JJOCTATOTHBIE YCJIOBUS CyM-
MHUPYeMOCTH MeTonoM Pucca 6moproroHasbHbIX psiaoB. OTMeTuM Tak>ke padoTh
A.C. MakuHa, MOCBSAIEHHDBIE N3y YeHUIO 0a3MCHOCTH CUCTEM KOPHEBBIX (DYHKITUIT 1
ACUMIITOTHKY CIIEKTPa, OTBEYAIOIINX HeCAaMOCONpsKEHHOMY oniepatopy LITypma-
JIMyBUILIST ¢ perysisgpHbIMEA KpaeBbIMU YCJIOBUAME. B mocieayromux paboTax oH
MOJIY U/ 3HATUTEIBLHBIE PE3YJIbTATHI M0 CIEKTPaJIbHON Teoprnn anddepeHinalib-
HBIX OIEPATOPOB C HEPETYJISPHBIMA W BbIPOXKJIEHHBIMU KPAEBBIMU YCJIOBUSIMHU.
O.B. BengnresbiM oKa3an Kpurepuit OasucHoctn Pucca st oneparopoB BTO-
POro MOpsiJIKa ¢ CUHTYJISIPHBIMU KO3DDUTTHEHTAMU.

O030p pe3y/abTATOB II0 33/a4aM PaBHOCXOJAMMOCTH, MOJYUEHHBIX 0€3 UCIIOJIb-
3oBaHus noaxona B.A. Mibuna, nogpobno msnoxen B padborax A.Il. Xpowmora.
B paborax B.C. PoixjioBa jijisi 0ObIKHOBEHHOI'O jipDepeHIuaibHOIO OLepaTopa,
n—TO0 MOPSJIKA ¢ HeHYJIeBbIM Kodbdunuentos p; npu (n — 1)—oit mpousBogHOl
W PETYISPHBIMU JIBYXTOYETHBIMY YCJIOBUSIMI Ha KOHIIAX WHTEpBasaa (G MOJIyTIeHbl
OIIEHKM CKOPOCTH pPaBHOMEpHO# Ha JiioboMm orpeske K C (G paBHOCXOIUMOCTH
ox(x, f) u Sx(z, ). Kosbdunuent pi(x) mpu srom u3 Hosee y3koro kiacca, aem
L. Yenosus na py n f HaKJIaAbIBAIOTCA B TepmuHax KiaccoB HY(G), cocros-
nux w3 dyukiuii f(x) € L7(G), uHTerpaibHbIi MOJLY/Ih HEPEPbIBHOCTH W, ( f, )
KoTopbix ectb Besnunna O(In~*(671)),d — 0. CkopocTh paBHOCXOAUMOCTH DK
sToM Takosa: ecimu p; € HY(G), f € Hﬂ(G) a+pB>1pt+q¢gt =1, 1o
loaz, f) = Sx(x, Hllew) = O + mx + 5

I'.B. Pajizuescknit, A.M. FOMI/LHKO UCCJIeJI0BAJIA OTIePATOP, OPOXK JIEHHbIN JIud-

dbepenruanbuoii onepamueii y™ co crabbiv BozMymenueM Fy (cooTBeTcTBYyIO-
muM B caydae auddepennuanbuoro oneparopa yeaosuio py(x)y" ) = 0) u
JIBYXTOYETHBIMU PErYJIsIPHBIMU KPAEBBIMU YCJIOBUSIMU, BO3SMYIIEHHBIMU WHTETIPa~
jgamu Cruiirbeca. B TepMuHax mHTErPaJbHOIO MOJLYJIsi HEHPEPBIBHOCTH (DYHKIIUK
f(z) € L(G) ycraHOBIEHBI ONEHKH CKOPOCTH PABHOMEPHON DPABHOCXOAUMOCTH
ox(z, f) ¢ Sx(z, f) wc ol(z, f) (npn Fy = 0) na VK C G. Cucrema, 6nopro-
TOHAJILHO COMPSKEHHAs C CHCTEMOW KOPHEBbIX (hyHKIMi oneparopa L, siBisercs
CHCTEeMOIl KopHeBbIX (byHKInit oneparopa L*. Ornensro I.B. PajgzueBckum ObLI
pacemorpen auddepenuabubii oneparop n—ro nopguka (¢ pi(z)y" Y = 0)
C JIBYXTOYETHBIMU PEryJIsipHbIMU KpaeBbiMu ycsioBusiMu. VccmenoBano BimsiHue
KPaeBbIX yCJIOBUH (HaJMdMe MM OTCyTCTBUE B HUX IIPOM3BOJHbBIX) HA OIEHKY
CKOPOCTH CXOJUMOCTH PA3JIOXKEHUI MO0 KOPHEBBIM (DYHKITUSAM STOTO OIepaTopa
B Merprke LP(G).

B.A. Bunokypos u B.A. CajjoBanunii onyOMKOBaJIA CEPUIO CTATElH 110 aCUMII-
TOTHKE JIIOOOT'O TOPsiJIKa COOCTBEHHbBIX 3HAUEHUN U COOCTBEHHBIX (DYHKIIMI 11ePBOi
KpaeBoit 3aaun a1 oneparopa LItypma-JIuyBusis Ha oTpe3ke ¢ JUITh CYMME-



PYEMBIM TMTOTEHIIMAJIOM W TOTEHI[NAIOM, cojepxkammM 0— Gyakiuu. Ilogyaenns
hopMyJIbI CJIe/I0B; JIJIsI IEPBO KPAaeBoil 3a/1a4u JJOKa3aHa TeopeMa O PABHOMEPHOIA
PABHOCXOJUMOCTH PA3JIOXKeHU 110 coOcTBeHHbIM (byHKIMAM ¢ TP® Ha BeéM OT-
pesKe JIJisl CyMMUPYeMOil pasJsiaraeMoit (pyHKIun. Biin3Kye Bolpock jijist olepaTo-
POB C CHUHTYJIsIpHBIME noTeHragaMu uccaegosaan A A. Ilkammnkos u A.M. Cas-
qyk, a takxke V.B. CajoBunuasi. 91U nCCIe0BaHUS aKTUBHO PA3BUBAIOTCS U B
HACTOMAIIEEe BPpeMs.

ean paborel. B jquccepranum u3ydaroTcs BOIPOCHI CXOJUMOCTH OMOPTOrO-
HaJIbHBIX Pa3JIoyKeHUN (DYHKIWI JiUIsd JIMHEHHBIX OOBIKHOBEHHBIX i depeHiim-
aJIbHBIX OIIEPATOPOB 1POU3BOJILHOI'O HOPSsi/IKA C HEIrViaJIKuMu Koadg duipenramu,
3aJIAHHBIX HAa KOHEYHOM OTpPEe3Ke YUCJOBON MPAMOil. YKazaHHbIe OHOPTOTOHAJb-
HbIC Pa3JIOXKEHUS CPABHUBAIOTCS C Pas3JioXKeHWeM (DYHKINH B TPUTOHOMETpUYE-
ckuit psiji Dypbe.

OcHoOBHBIE PE3yJIbTATHI PAOOTHI.

1. TloJstyuenbl OLEHKKM CKOPOCTU PABHOCXOJAMMOCTH CIIEKTPAJIbLHBIX Pa3/I0XKEHU
byHKIMit 11 0ObIKHOBEHHOrO JinbdepeHInaJlbHOTO OllepaTopa MPOU3BOJILHOIO
IOpsiJIKA C pa3JjoyKeHueM 3Tux (PYHKIUA B TpuroHoMmerpudeckuii psajg Pypbe Ha
IPOU3BOJILHOM BHYTPEHHEM KOMIIAKTE OCHOBHOI'O MHTEPBAJIA KAK B CKAJSPHOM,
TaK ¥ B MaTpuUIHOM cjaydae. [Ipm 3ToM ycTaHOBJIEHA 3aBUCHMOCTL OIIEHKU CKO-
POCTH JIOKAJIbHON PaBHOCXOJIMMOCTH OT PACCTOSIHMsI BHYTPEHHErO KOMIIAKTa, JI0
IPaHUILI MHTEPBAJIA.

2. [Tonmyuennbl OIEHKH CKOPOCTH CXOJAMMOCTH ¥ OIEHKH CKOPOCTH PABHOCXOIAMO-
CTU CHEKTPAJbHBIX Pa3/ioyKeHui PpyHKIMi Jijisi guddepeHiuaibHoro oneparTopa
IIPOM3BOJILHOIO MOPSAJIKA C pa3joyKeHneM 3TuX (PYHKIUNA B TPUTOHOMETPUUIECKUi
ps Oypbe Ha BCEM OCHOBHOM MHTEpBaJie KaK B CKaJIAPHOM, TaK U B MATPUUHOM
cJydae.

Metoapl uccaemoBaHuda. B pabore KCIOJIb3YIOTCS METOJibl Teopuu Jiud-
(bepeHIMANBHBIX YpaBHEHNH, 0OIIHE METOJIbI KOMIIJIEKCHOTO 1 (PYHKITMOHAJTIHHOTO
aHaJIM3a, a TaKxKe crekTpajbibiii Mmeron B.A. Wabuna.,

Hayunaga noBusHa. Bcee ocHOBHBIE pe3y/ibTaThl PaOOTHI, EPEUNC/ICHHBIE BbI-
11e, siBJSIOTCS HOBBIMU.

Teoperuydeckas u mpakTuvdeckas MIEHHOCTb PAO®OTHI. [losyueHnbie B iuc-
CepTaly PE3YIbTAThl HOCAT TeOPETUUeCKNil XapakKTep W MOTYT HallTh MpUMeHe-
Hue npu obocHoBanun meroja Pypbe pereHus 3ajiad MaTeMaTHuIecKoi (PU3nKu,
IIPU KUCCJIEJIOBAHUM 3aJlad TEOPUU YIPYI'OCTH, KBAHTOBOW MEXaHUKHU U JIPYIUX,
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IPUBOIAIIHIX K N3YUEHUIO HECAMOCOIPIKEHHBIX OIlepaTopoB. TaKKe pe3yabTaThl
JINCCEpPTaIy MOTYT OBbITH MCIOJIb30BAHbI IPU UTEHUU CITEIIKYPCOB 0 CIEKTPaJib-
HOW Teopuu JiuddpepeHnmrajbHbIX OlEePaTOPOB JIJisi CTYJEHTOB U aClUPAHTOB Ma-
TeMaTHIECKUX 1 (PUUIECKUX CIIENUAJbHOCTEel YHUBEPCUTETOB.

JImuHbIii BKJIaA comcKaTejs. Bce ocHOBHBIE pe3ysIbTaThl JTUCCEPTAIUN T10-
JIy9eHbl aBTOPOM CaMOCTOSATEHLHO.

Anpobamus pe3yabTaToB paboThl. Pesysibrarsl HacTosmeir guccepranum
ObLIM 1IpeJICTaB/IeHbl B BUjie JI0KJIaJ 0B Ha XV MexjiyHapojHoit Hay4YHOW KOH-
(bepeHnny CTYIEeHTOB, ACIIUPAHTOB U MOJIOJBIX yuéHbIX «JlomoHocoB» (2008 T.);
HayaHoi KoHbepernnn «JlomornocoBckne arennss (2012 r1.); HaydHBIX CeMUHA-
pax kadeapbl 0bieit maremaTuku ¢akysibrera BMuK, nayunom cemunape 1o)1
pykoBogcTBoM B.A. CanoBHIYEro, COBMECTHOM HAYIHOM CeMuHape Kadeapbl Ma-
TEeMaTHYeCKOTO aHaJM3a U Teopur (PYHKINN 1 Kade phbl HeJTUHEHHOrO aHan3a, 1
orntumuzanuu PYJIH.

ITybaunkamnumn. [lo reme jiuccepraimu onybsimKoBaHo 8 padboT, 3 U3 KOTOPHIX B
m3nanusx, pekomergopanubix BAK ([5], [6], [7]). Bo Bcex paborax aBTropom mocra-
HOBKH 33J1a4 sABJisgeTcs Hayunblit pykooguTesb V.C. Jlomos. A.C. MapkoB siBJisi-
eTCsl aBTOPOM PE3YJIbTaTOB, IMOJYUEHHBIX ¢ UCHOIb30BanneM Meroja B.A. Wibu-
na, merosga W.C. Jlomona, nueit u paccyxjgennii 11.C. Jlomosa u C.B. Adonu-
Ha JIJIs pacCMaTpUBaeMbIX B paborax jguddepeHnnaabHbIX OIepaTopoB ¢ HOBOI
acuMmToTukoit Koaddurmentos Pypre. [logroroska marepuasnos [1|-5] u 8]
yGsinKalu Oblia IPOBEJIEHA CAMOCTOSTEJIbHO aBTOPOM, MarepuaJibl [6]-[7] ObLin
moarorosaennl copmectro ¢ M.C. JIomoBbIM.

CrpyKTypa m 00b€M amccepramuu. /uccepranus COCTOUT W3 BBEJICHUS,
JeThIPEX IVIaB, 3aKJIOUEHUs U CIUCKa JuTepaTypbl. O0mumii 06bEM JuccepTaun
122 crpanutipl. CrncoK JUTEpaTyphl COMEPKUT 7H HAMMEHOBAHMIA.

KPATKOE COAEP2KAHUWUE PABOTDBI

Bo BBemeHum 1npoBojuTcsi 001Ul 0030p MCC/ie0BaHiil, CBsI3aHHbIX C TEMOi
JIACCEPTAITMOHHON pabOThI, PACKPBIBAIOTCS €€ IeJIN 1 331241, & TAKXKe IIPUBOTUTCS
KpaTKOe M3JI0’KEeHNe Pe3yJIbTaTOB JUCCePTALNN.

B mepBoii ryiaBe BBOJSTCS OCHOBHBIE MOHSITHUSI, ONPEAEICHUS U JIEMMBbI, UC-
1oJib3yeMbie B juccepraiuu. Jlajgee paccmarpuBalorcs 4 oneparopa, 3ajaHHbie Ha
a000oM BHyTpenHeM KommnakTe K C G.



Paccmorpum oreparop L, opoxiéHnblit jJuddepennmnalibHoii onepalinei
lu=u"+p(x)u +q(z)u, xe€G=/(0,1), (1)

Ha Kiacce Gynknuii D — abcostorHo Henpepbisabix Ha G = [0, 1] BMecre co cBoei
MEePBOil TPOU3BO/THON;

m(z) € L°(G,C), s>1, q(x)e L(G,C), (2)

KopHeBbie (yHKIUE oneparopa L (cOOCTBEHHBbIE ¥ MPUCOCJAUHEHHBIE (DYHKIUHN )
nonumarorest B 06o6ménsom (o B.A. Unbuny) cmbicie.

9 2100
DukcupyeM MPOM3BOJIbHYIO CHCTEMY COOCTBEHHBIX 3HadeHuit {7 }22, u mpo-
u3BOJibHYIO cucremy {ug(z)} kophesbix dyHKImi oneparopa L, orBevarolLyo
9TUM COOCTBEHHBIM 3HAUEHUAM, TyCTh {vg(x)} — OHOPTOTOHAJIBLHO COMPSKEHHAS
¢ {ur} cucrema Gynkimii.

Cdopmyupyem 0CHOBHBbIE OIpAHUUICHHUs HA KOPHEBBIE CHCTEMbI (Ha OlepaTop

L).

Onpenenenune 1. I1od cobcmeennoti pynrkuued onepamopa L, omeevaro-
weti cobemeennomy snavenuro N2 € C, 6ydem nonumams mobyio ne pacHy10

MOAHCAECMEEHHOMY HYAW GYHKLUIO u (x) € D, ydosaemesopaouyyto noumu 6cro-
dy 6 G ypasmenuro [ U 4+N2u=0.

Omnpenenenne 2. I10d npucoedunénnot pynryuetd nopadka m,m = 1,2, ...,
omeevaroweti momy osce N> u cobemeennoti dynkyun 73, bydem noHuMams N0~
oyro Pynruuo U (), womopas nowmu ecrody 6 G ydosaremeopsem ypasHenUuIo
LU +\2 U= L, mﬁl, ede aubo py, =1 (3adava 1), aubo p, = X\, ReX >0, npu
A >1 u p, =1 npu [N <1 (3adaua 2).

[Torpebyem, arobbl paccmarpuBaeMble cucteMbl {Ag ), {ur(x), vi(x)} ynosie-
TBOPSI Mpém ycaosuam Havuna (Haszosém ux Yeaosusa A):

1) cucrema {uy} samknyta n Mmuanmasbia B L (G) npu Hekoropom r € [1,00);

2) cyIecTByIoT ¢1,co = const > 0 makue, 410

[Im \p| < eq, VE; Y 1<, VAZ0;
O§|/\k|—)\§1

3) cymiectByer c3 = const > () Takas, 9TO
[kl [[or ] < es, VE,
rne vy € L7(G),r' =7/(r — 1), gepes || - ||, obosnauaerca nopma B L' (G).
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Hnst npoussosbroit Gyuknuu f(z) € L7(G),r € [1,00), cocTaBuM 9acTHUHbIE
CYMMBbI OHOPTOrOHAJILHOTO PA3JIOKEHUST

O')\(-T,f): Z fkuk(x)7 )‘>07 fk:(f7vk)

|>\k|<)\

[Iycrs || - ||, x —wopma B L7(K), K C G. Yepes S)(z, f) obosHatnm 9acTuaHyO
cymmy TPD dyukiuu f(x), paccMarpuBaeMoro Kak OPTOIOHAJIBHOE PA3JIOKEHUE
f(z) maga omeparopa Lou = u'" ¢ ycJoBUSIMU EPHOJUTHOCTY B HYyJIE U €[HHUIIE.

Brommuiem HCIIOJIb3YyEMbIC B JUCCEPTAllMK YCJIOBHA Ha aCHUMIITOTUKY KOS(b(bI/I—

[IUEHTOB f:
Jv = const > 0, 8 = const : oFfF =0\ "In I\, el > 1 (3)
Jv = const > 0: of fF =0\, (4)
rie o = ||vk\|;1. [Ipennonaraem, 9o juis oneparopa Ly 3TH yCI0OBUSA B COOTBET-

CTBYIOIINX YTBEP2KACHUAX BBITTOJIHAIOTCA.

Dukcupyem 1pousBosibHOe yucyo p € [1,00). st 1pousBoLHONO OTpe3Ka
K C G oboznauum 1 = p(K,0G) > 0 — paccrosiuue J0 TPAHUIBI HHTEPBAJIA
G . CdopmynupyeM OCHOBHOI pe3yJsbrar. Byayr paccmorperbl Tpu cuTyanuu. B
KaxKJIOM 13 HUX BBIIUCHIBAIOTCS 110 JIBE OLEHKNM CKOPOCTU PABHOCXOIMMOCTH. DTO
CBSABAHO C TE€M, 4TO ObLIO YCTAHOBJIEHO: €CJIM CITPEMUTHCS HOJIY YU Th HAMJLY Y1y IO
OIIEHKY CKOPOCTH PaBHOCXOJUMOCTH IO IapaMeTpy A, TO 3arpyOJsieTcsl OIeHKa
110 MapaMerpy 1) U HaobOpOT, eCJIM ONTUMHU3NPOBATEL OLEHKY 10 1), IPU 3TOM OHA,
VAYULIAeTCsl Ha HOPSAJIOK, TO YXYALIAETCA OLEHKA 110 .

Teopema 1. ITycmov das onepamopa L u dynruyuu f(x) evinosnsromesn
yeaosua (1), (2), (3) u Yeaosua A. Tozda daa écex docmamouno bosvwus wucen
A u 06020 ompeska K C G enpasedausnv credyrougue ouenku:

1). Ay =lloa(z, f) = Sa(z, f)llpx <

(
< 1 1 larlly 4 ny
B [max(/\g,)\ylnﬁ)\) + 5+ 5t

1 In \ 1 nyln\
< < +||p1||3 maX(A’ AVHL/p=1/s1nfP )\ A\WHL/p=1/s7 \v 1P )\)] ’ (5)
o c 1 1 _In) llg1 1 In X
n [max(w AV AvlnﬁA) T Av+1/p1nﬁx+
In \ 1 ny In* \
leHs maX</\u+1/p—1/s In? )7 AvF1/p=1/s9 \v P )\)] )

2de ny = 1, ecau obwee wucao npucoedunéunor gynryui 6 cucmeme {uy} Oec-

\

KOHEYHO U N1 — 0 s npomueHom CAY1ace.
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2). Ecau s = 00, m.e. p1(x) € L2(G), mo
G ) (4 ) +
A<
c 1 1 _InA
p X2 iy )
(6)

3). Hyemo lu = u' u donoanumenrvno x ycrosuam meopemvr cucmema {uy}

obaadaem ceoticmeom basucnocmu 6 L(G) daa karozo-rubo wucaa o € [1,00)
(mo ecmv Vf(z) € LYG),VK C G : |lor(z, f) — f(@)]|a.x = 0 npu X — o0),
Mo020a MOACHO 3ANUCAMD PAGHOMEPHBLE OUEHKU

Flmax(%ﬁ) + 7]
loa(z, f) = Sx(z, e < (7)

c 1 In A
= [max ~ .
n[ a < ’)\”’)\Vlnﬁ)\):|

Hocmoannwve ¢ > 0 6 ouyenkax (5) — (7) ne s3asucam om \ u n.

>

AHajlornaHbIe OEHKH CKOPOCTH PaBHOCXOJIMMOCTH MOJIYYeHBI JJIsi OIepaTopa
MIPOU3BOJBLHOIO YETHOTO TOPSIJIKA, 3a/ITAaHHOTO OTepaliueit

d?n 2n d2n—l

+ —, eG=(0,1), > 1;
dx2n ;pl(gj) dx2n—1 X ( ) n (8)

m(z) € L°(G,C), s>1, plz)e L(G,C), |=22n,

Ha KJjacce (GpyHknuit Do,, aOCOJIOTHO HENpPepbIBHBIX Ha (G BMeCTe CO CBOMMU

[ =

TPOU3BOIHBIMY J10 (2n — 1)—T0 TopsijiKa.

Dukcupyem HeKoTopbie uncya ry € [1,00], 79 > 0. Boibepem mpounssosibHyo
nocsieioBaresbHoCTh ncest {A,}52, n npoussosbhyio cucremy {ug(x)} Kopue-
BHIX (QYHKIHUI omepaTopa L, OTBEUAMOINY CIEKTpPaJIbHBIM Tapamerpam {Ax},
yrosjersopsitoniue YeiaosusiMm A. [Ipucoeunénnbie (byHKINN BLIOMPAEM TakK, 9TO
B KOPHEBBIX [EMOYKaX CIpaBeinBa "anTrnanpruopras' onenka

1 S
| %k lry < ca| {[;C |y, c=const>0, m=1my, (9)

C He BaBUCHT OT M\j, ay = |\g|*" ™1 nna zamaun 1, ay = 1 jaua sagaqn 2. [ycrs

TaKXKe
luklloo < c||lugllr, Vk; ¢ = const > 0. (10)

Dukcupyem Mpou3BoJILHOE YUCIO P € [1,00).
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Teopema 2. [Tycmv dasa onepamopa L u dynruyuu f(x) ewvnosnsomen
yeaosua (4), (8) — (10) v Yeaosua A. Toeda daa ecex docmamowno bosvuwus

wyuces A u 41000

A/\ = ||O')\(ZIZ',
(

AN

\

20 ompeska K C G cnpasedausnvl caedyrouyue ouenKy:

2
(% %) + ||p1]|s max (%, LA, )\u+11r}17)\1/s>+

< [max

+ZZHPZH1 max ({24, w4 ) 4 mo

c 1 In) 1 In?)\ In \
e (4,52 ) (552, 2 )+

In\ In?)\ +molnA
)\u+1/p7 )\V+1 v

2n
+ > |lpe|1 max
[=2

C NOCMOANHOT C, Me 3ABUCAULLT om M u A, My = MaxXMmg; ECAU NPU IMOM

p1 =0, mo

[oa(, f) — Sa

c 1 1 ln)\

(5 Pllooic <

g[max(§,1§3> + Z Ipills 5 + m““]-

(12)

Teopema 3. [Tycmv dasa onepamopa L u dynruyuu f(x) evnosnsromen
yeaosua (3), (8) — (10), u Yeaosua A. Tozda das ecex docmamouno boavuwus

wucea A u 06020 ompesxa K C G cnpasedausni caredyrouyue ouenku:

.
< 1 1
7> |:maX</\, )\”lnﬂ)\)_‘_
1 1 1 In? \ In \
+Hp1HS maX(X’ N \vFL/p=1s 9 \u 1B N7 Avt+1/p—1/s [P )\) +

2n
1 In \ In® \ mo
+ Z: e[ maX<A’ NP /\V+11nﬂA> T AvlnﬂA] )

Ay, <K (=2 (13)
c 1 1 _In)
n [max()\, AV AvlnﬂA>+
1 1 1 In? \ In \
+Hp1HS max X) V’ \v+1/p—1/s) AV 1DB>\’ A\v+1/p—1/s 11’16 )\) +
" 1 In) In? \ In \
ks 1l 11 mo 1N
+l22 leHl max AV Ar+1/pInf N7 Av+1 I A + A7 1n” )
\ =
C NOCMOANKOT €, He 3a8ucAwetd om 1 u X, My = Maxmg; eCAU NP IMOM
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p1 =0, mo

loa(z, £) = Sa(x, oo < 72

2n
+ 1232 leHl max (%’ )\L’” )\Vl?ni\a)\) + :Zolrll%i\] .

PegynbraThl, mosydeHnble s olepaTopa BTOPOTO M IPOU3BOJHLHOIO YETHOTO

\

MOPsiJIKa, MePEHEeCEHbl Ha CJIydail OnepaTopoB ¢ MATPUIHBLIMU KOI(DDUIIMEHTAMHU.

Paccmorpum oreparop L, opoxiéHHbIi JinddepennnalibHoi orniepaliueii

lu=u"+Plx)u+Q(x)u, xe€G=/(0,1),

e
P(z) = {P;(x)}, Py(z) € L2(G,C), s> 1, 1,5 =1,
Q(z) = {Qw( )} Qw( ) € L(G, (15)
u = (u(z),us(x), ..., up(x)), uj(x) € D, j =1,
knacc D — dbynknun, abcomoTHo Henpepoisuble na G = [0, 1] BMecTe co cpoeil

[IEPBOI TTPOUIBOJHO.

DukcupyeM POM3BOJIBHOE YUCIO P € [1,00), MPOU3BOIBHYIO CHCTEMY COD-
cTBenmbIx 3natuenni { A2} u cncremy {uf ()}, v/ (x) = (u](z), uh(x), ..., ul(z))
KOPHEBBIX BEKTOP-(DYHKIIHII orepaTopa L, OTBEYAOILY 0 9TUM COOCTBEHHBIM 3Ha-
genmnsam. [lycrs cymecrsyer {v¥(2)} — 6uoproronannho conpsixénnas ¢ {u*} cu-
crema ynkiuii. st npousBosibHO# BekTop-pyHkuuu f(x) € EZ(G) COCTaBUM
YACTUYHbIE CyMMbI OMOPTOTOHAIBHOIO PA3JIOKEHHUST

oMz, f) = D (f,0") - uF(z), A>0,
[Ak|<A
ub € ,CZ(G), Tl [,Z(G), pt+q ' =1. dna kaxjoro j = 1,2, .., h paccMor-
PUM j— yIO KOMIIOHCHTY GHOPTOrOHAJIBLHOTO PA3JIOKEHUS:
o)z, )= D (f,0") - ().
PYES)

Yepes SA(z, fj) 0b0o3HAYMMM TACTUIHYIO CYyMMY TPUTOHOMETPHUECKOro psija Dy-
pbe COOTBETCTBYIOIIEH J— O KOMIIOHEHTHI f](x) pasjiaraeMoil BeKTOp-(pyHKITUN
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f(x), paccmarpuBaeMoro Kak OpTOroHaJbHOE pasioxkenue fi(x) s omepaTopa
Lou = " ¢ ycioBusiMu nepuoJIMaHoOCT B HYJIC U €JIMHUIIE:
1

N V1 [sinAz—y) .
S 1) = - / = ) dy

Teopema 4. ITycmv das onepamopa L u dynwyuu f(x) ewnosnaomes
yeaosus (3), (15) u Yeaosus A. Tozda das 6cex docmamouno 6oavwux wuces A
u 100020 ompeska K C G cnpasedausvl caedyrouwjue 0uenk:

). AY= 10 ) - S f) e <

n—%[max(%, )\”1115/\) + w + %Jr

P o 4, s, s 2% )| -
(4 ) S

HIP(@)l o s, o 22852 ) |

2de ny = 1, ecau obwee wucao npucoedunénnvir dynxuyud 6 cucmeme {u*} bec-

IA

\

Konewrno u ny = 0 6 NPOMUBHOM CAYYaE;
2). Ecau s = 00, mo

77—62 [max(%, AV115A> + ”Q( o 4 ny max(%, ”P>(\f)1!1?,l\m> + |P(§)”oo:|7

c 1 1 _In)
n max(A, AV )\”lnﬁ/\>’
(17)

daa ecex j = 1,m. IHocmoannwvie ¢ > 0 6 oyenkar (16) u (17) ne 3asucam om

Aun.

Teopema 5. llycmv dasa onepamopa L u dynwuyuu f(x) ewnosnaromes
yeaosua (4), (15) u Yeaosus A. Tozda das écex docmamouno 6oavwux wuces
u 2100020 ompeska K C G cnpasedausvl caedyrowjue 0uenku:

( n—‘;[max(/\Q, /\,,> + 3+ [|Q(x)]x max(%,%)—i—
HIP)], m( EY Wlf;s_l/s)] ,

, ;3) £ IQ() 2t

HIPE)], m(A Wlf;s_l/s)] ,

(18)

=
>
<o
VAN
1)
1
=
Qo
"
N
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2de ny = 1, ecau obusee wucao npucoedunénnus dynxyut 6 cucmeme {u*} bec-
Konewno u ny = 0 6 NPOMUBHOM CAYYAE;
2). Ecau s = 00, mo

7 [max<;2, Ay) 5+ P )HoomaX(%, A)]

A‘? = 1 InA (19)
C n
EmaX(X, I >7

daa ecex j = 1,m. Hocmoannve ¢ > 0 6 oyenkaxr (18) u (19) ne sasucam om
Aun.

Paccmorpum oneparop L, nopoxaénnniii anddepenimanbnoit onepaiueit
q2n 2n @
dr2n +ZP (@W, reG=1(0,1), n>1,;

=1 L (20)
P'(x) = {Pj(2)}, Pj(z) € L(G,C), ¥i,j =1 h, s> 1,

P'(z) = {P/(2)}, P}(x) € L(G,C), ¥i,j =1,h, VI =2,2n,

L=lu,l=

rne u = (u1(z), ua(x), ..., up()), u;j(x) € Doy, j = 1,h, a xkinacc Dy, — abcomor-
1o nenpepbisubie na G = [0, 1] BMecre co csouMu npousBoaHbIMU 10 (21— 1)—r0
IOPSIJIKA, BKJIIOYUTEILHO (DYHKIINH.

Durcupyem HeKoTOpBIE UncIa ro € [1,00], 79 > 0. Boibepem mpousBosbHyO
nocJiejioparesbuocTh unces { Ay}, u npoussosbuyto cucremy {u*(z)} xopue-
BbIX (DyHKIMI oneparopa L, OTBEYAMOILy0 CleKTpajbHbiM Hapamerpam {Ax},
yjosjerBopsitorue Yeaopusim A. [Ipucoeunénnbie (pyHKIUMU BHIOMPAEM TakK, 9To
B KOPHEBLIX MEMOYKaX CIpaBeInBa anTranpruopHast' omenka

m—1 m

o (6) S cay || u* H@O(G), c=const >0, m=1my, (21)

C He B3aBUCHT OT N\j, oy = |\g|*" ™1 nna sajaum 1, ay = 1 aoa sagaqu 2. [yers
TaKIKe

Vk; c¢=const > 0. (22)

HukHcgo(G) < cllu
Durcupyem Mpou3BoJLHOE TUCTO p € [1,00).

Teopema 6. ITycmov das onepamopa L u dynruyuu f(x) evinoansromesn
yeaosua (4), (20) — (22) u Yeaosua A. Toeda daa ecex docmamouno bosvwux
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wuces N u 100020 ompeska K C G cnpasedausvl caedyroujue ouenrk:

S $fj H.c <

)
2
— [max@ %) P e maxG, 0 M:;},%Us)+
2n
20 1Py e 3 22 ) + 3 N
< =2 (23)
2
) + HP1||£h maX(%) h;\u)\a )\u-s-llr;p)\—l/s)‘f‘

o

2
T ?% 1P o mx<— —) i mgl,,“]

\

C NOCMOANHOT C, He 3aBUCAULET om 1) u A, My = MaXMg; ECAU NPU IMOM

P'=0, mo

)\ X n—%[max()\a /\u) "‘Z ||Pl|| Li(K hAlv/\ AV]’
Elmax</\, V) ‘I‘ZHPH 11 m(i\ull ]
(24)

Teopema 7. Ilycmv das onepamopa L u ¢ynwuyuu f(x) ewnosnaromesa
yeaosua (3), (20) — (22) u Yeaosus A. Toeda daa eécex docmamouno bosvwux
wucen X u 100020 ompeska K C G cnpasedausvl caedyroujue 0uenKu.

.
c 1 1
n” [max(x, AvlnﬁA>+
1 1 1 1 In® \ In \
+HP HES(K) maX(X? A0 NAL/p=1755 NP )\’ )\u+1/p1/sln5>\>+

2n
! 1 In \ In® \ mg
+ Z ||P ||£1(K) maX(A’ AYHL/P 1P A7 Av+1 Inf /\) + A In? /\] )

2 < =2 (25)
%[max(l L _InA )—I—

AT A AP A

1 1 In% \ In \
+HP HES(K maX()\ )\ua \v+1/p=1/s> /\ulnﬂ)\ \v+1/p— 1/e1n5/\>+

2n
! 1 In \ In® \ moIn A
+ZZQ ||P ||£1(K) maX(A’ AYHL/P P )\’ )\u+11nﬁ)\) + )\ulnﬁ/\]

\

C NOCMOANHOT C, Me 3ABUCAULET om 1 u A, My = MaxXmg; ECAU NPU IMOM
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Pl'=0, mo

)
C
n? [maX<A’ /\Vlnﬂ A) +
D)

n
5% Py G,% lnng) ; AJ;;%A],

loa(z, f)=Sa(@, fi)llcoy < 1
c [maX()\, oo )\”ln )+

28 1P 4, s ) + it
20

\

Bo BTOpOI#i ryaBe moJiyueHbl Te »Ke OIEHKH, UTO W B MEPBOil, HO yXKe JJIs
oreparopa IIepBOro U IPOU3BOJILHOIO HEYETHOrO Hopsijaka. PaccMorpum npous-
BOJIbHBIN judepeHiuaibblii onepaTop L, MOpoxKAEHHBII JuddepennnaibHOi
oneparuen

Lu = u' + ayg(z)u, reG=(0,1), ap(z) € L*(G), s> 1 (27)

Ha kJacce gyukuuit D, abcostorHo HeupepbiBabix Ha G = [0, 1].

DukcupyeM IIPOU3BOJIBHYIO CHCTEMY COOCTBEHHBIX 3HAaYeHU { A, }72, 1 npons-
BOJIbHYIO cucTeMy {uy(x)} KopHeBbIX (DYHKIWMIT onepaTopa L, OTBEUAIONIYIO STHM
cOOCTBEHHBIM 3HAYEHUSAM, YJIOBJIETBOPSIONIAE TPEM YCJIOBUAM A.

Durcupyem Mpou3BoJIbHOE TUCTIO p € [1,00).

Teopema 8. ITycmv das onepamopa L u dynwyuu f(x) ewnosnaromes
yeaosus (4), (27) u Yeaosus A. Tozda dasn écex docmamouno 6oavwux wuces
u 106020 ompeska K C G cnpasedausvl caedyrowjue 0uenku:

By = loa(a ) = 83, )l <
< [max(%, %) + (n1 + ||aollp) max(lnAA, IHAV’\)—F

n

+HCL0HS maX<)\y+1/1p—1/sa )\u+11r;;\—1/s) ) (28)
i 2
¢ (482 ) + o1+ el mae (52,52 ) 4

+Ha’OHSmaX<)\y+l/1p—1/s7 )\u—&-llr;[))\—l/s) )

\

2de my = 1, ecau obwee wucao npucoedunénnur gynryui 6 cucmeme {ug} Oec-
koneuno u ny = 0 6 npomusrnom cayuae. Ilocmoannas ¢ > 0 ne 3asucum om A

un.
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Teopema 9. [Tycmv dasa onepamopa L u dynruyuu f(x) ewnosnsomen
yeaosua (3), (27) u Yeaosua A. Toeda das ecex docmamouwno boavwur wuces
u aoboeo ompeska K C G cnpasedauevt caredyroujue oyenku:

4 2
77—‘32 [max(%, m) + (m + HCLOHP) max(%, 133, Ailinz?A)-l—
—|—HCL()H5 maX()\u+1/1p—1/S7 )\y—‘,—l/plill)/\s n? A)] )
Ay < < 2
%[max (%, )\%, )\Vhlln%)\> + (n1 + ||ao||p) max (%» h;_3\7 Aﬂn%) T

+HaOH5 max (Au+1/1p—1/s7 )\u-&-l/plill)/\s In? A)] )

(29)

\

2de ny = 1, ecau obwee wucro npucoedunénnur dynryui 6 cucmeme {uy} Oec-
koneuno u ny = 0 6 npomusrom cayuae. Ilocmoannas ¢ > 0 ne 3asucum om A

un.

Paccmorpum ripousBosibHbIH gud hepeHimaabbiii onepatop L, mopoy IEHHbI
JuddepeniaibHOM oniepaliueit

—_

Lu=u" () + ) ap@)u®(z), 1€ G=(0,1),n=21+1,1€Z 1 >0; (30)
0

an—1(x) € L¥(G), s > 1, ar(z) € L(G), k =0,n — 2,

3

i

Ha kiacce qyuknuit D,,, abcosorHo HenpepbiBabix Ha G = [0, 1] BMecTe co cBo-
VMU TPOU3BOJHBIME 70 (1 — 1)-T0 TOpsiKa BKIIOTUTEBHO.

Badukcupyem HeKoTOpBIE UHcTa 19 € [1,00), 79 > 0. Boibepem mpoussosib-
HYIO MOCJIEJIOBATEIBHOCTD dnces {Ag}70, M MPOM3BOJIBHYIO cHCTeMy {uj} KOp-
HeBbIX (DYHKIMIT onieparopa L, 0TBeHalyo CleKTPpaJbHbIM apamerpam { A},
YIOBJIETBOPSIONIE TPEM YCIOBUSIM A.

[Ipucoeunénnble (pyHKINKE BbIOEpEM TaK, YTOObI B KOPHEBBIX IEMOYKAX ObLIA
CIIpaBeInBa "aHTHAIIPHOPHAs " OIeHKA,

1 S
| " ke < canl| ﬁk |y, c=const>0, m=1my, (31)

C He 3aBUCHT OT N\, ay = |Ag|""! jua sagaum 1, ay = 1 gas sagaun 2. dis
n > 3 TaKyl CHCTEMY BCETJa MOXKHO MOCTPOUTL. IlycTh, KpoMe Toro,

luklloo < c||lugllr, Vk; ¢ = const> 0. (32)

Dukcupyem pousBosibHoe p € [1,00).
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Teopema 10. Ilycmov dasa onepamopa L u dynkyuu f(x) evnosnsomea
yeaosua (4), (30) — (32) u Yeaosua A. Toeda das ecex docmamouno boavuwus
wucen A u a06020 ompesxa K C G cnpasedausvl caedyroujue ouenku:

Ay = loa(z, f) = Sx(x, /)llpr <

c In) 1 1 1 InA __ In’)\
F [maX(T7 )\_V7 )\1/+1/p1/s) + Han—lus maX()\u+1/pl/s7 A\tLl/p=1/s9  \v +

<{ 7

I InA In)\ 1
ﬁ [maX<T7 A\ 0 \v+1/p=1/s

n—2 9
+'5 Nl + mome (3,52 |

\ q=0

2
+ ||an—1”s max ()\u+1/1p*1/87 )\”Jfllr}p)\*l/s’ h;\'j)\ T

n—2

(33)
¢ NOCMOANHOT C, HE 3aABUCAWET Om 1N U N, My = MaxX My.

Teopema 11. ITycmo das onepamopa L u dynkyuu f(x) evinosnsromes
yeaosus (3), (30) — (32) u Yeaosusn A. Toeda daa ecex docmamouno bosvwus
wucen N u 106020 ompeska K C G cnpasedausvl caedyroujue 0uenku:

(
c In A 1 1
n? [max( AT In® A7 AV+1/P1/S) T

In \ In\ _In’)\
+Han—le max /\v+1/17 1/s9 \v+1/p—1/spf )\’ O )\”lnﬁx\>+

n—2 2
+ 5% Nl + momes (1,12, 225 .

Ay<g (34)
c InA 1 In \ 1
5 [maX T? V? AV lnﬁ)\7 >\l/+1/p1/5) +

1 In \ InA  In?)\
+Han—1H5 maX()\y-‘,-l/p—l/s) NAL/p—1/s1nP N A0 )\ylnﬂ)\)_i‘

n—2 2
+ Zo H%Hlﬁ +mg maX(%v 13137 Aiﬁnf?x)]
\ =

¢ NOCMOANNOT €, He 3a6ucAuLet om 1 u A, My = max mj.

Paccmorpum ripousBosibHbI gud hepeHinaibhbiii onepatop L, Mopox IEHHbI
JudepeniaibHOR onepaueit

Lu=u+ A(z)u, reG=(0,1),

rje

A(.I) = {A”(x)}, AZ](.ZC) € £S(G,C>, s>1,1,5=1,h,
u = (ur(x), ug(x), ..., up(x)), uj(x) € D, j =1,

19
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knacc D — dbynknmn, abcomoTHo nenpepuisubie na G = [0, 1] BMecTe co cBoeil
MMEePBOIl TTPONIBOJHOI.

Dukcrpyem MpoOU3BOJILHOE TUCIO p € [1,00), MPOU3BOJIBHYIO CHCTEMY COD-
creennbix snavenuit {2} n cucremy {uf(z)}, v (z) = (ul(z), uw)(x), ..., u; (z))
KOPHEBBIX BEKTOP-QDYHKIHII orepaTopa L, OTBEYAOIIY 0 STHUM COOCTBEHHBIM 3Ha-
genmam. [lycrs cymecrsyer {v*(z)} — 6noproronanbuo conpsukénnas ¢ {u*} cu-
creMa, (PyHKIINIA.

Dukcupyem Mpou3BoJILHOE YUCIO P € [1,00).

Teopema 12. [lycmov dasa onepamopa L u dynwyuu f(x) ewvnosnsomea
yeaosus (3), (35) u Yeanosus A. Tozda das écex docmamouno 6oavwux wuces A
u 100020 ompeska K C G cnpasedausvl caedyroujue 0uenrku:

Aj = o3 (@, £) = SNz, fi)ll ) <

2
77% max %, AV]—%) + (n + || A(=)|],) max(%, %’ ;1%)4_

+[|A(z)||s max (,\v+1/1p1/87 )\v+1/p1£11)/\s In” )\)} ’ (36)
2

ﬁ[max(%, %, %) + (n1 + || A@)]p) max(%; ;%a /\irin?A>+

+[|A(z)||s max (X,H/lpl/s 3 Au+1/plill>/\s In” A)} ’

2de ny = 1, ecau obusee wucao npucoedunénnus dynxyut 6 cucmeme {u*} bec-
Konewno u ny = 0 6 npomusnom cayuae. Ilocmosannasn ¢ > 0 ne zasucum om A
un.

Teopema 13. Ilycmv das onepamopa L u dynrkyuu f(x) evinosnsromesn
yeaosua (4), (35) u Yeaosus A. Tozda daa écex docmamouno 6oavwur wuces

\

u 106020 ompeska K C G cnpasedausvl caedyroujue 0uenku:

< {max(%, %) + (n1 + || A(2)|lp) max(%, hff>+
H1AG) s s, i )|
' %[max (%, 1?3) + (n1 + || A(2)]p) m—ax (%, lnjf)Jr
H1AG) s, i )|

2de my = 1, ecau obujee wucao npucoedunénnor Gynxuud ¢ cucmeme {u*} bec-
koneuno u ny = 0 6 npomusrnom cayuae. Ilocmoannas ¢ > 0 ne 3asucum om A

un.

(

3

\
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PaccmoTrpum ripousBosibHbIH gud hepeHimaabbiii onepatop L, MOpoX IEHHbI
JuddepeniaibHOM oniepaliueit

-1
Lu = u" Z (2),2€ G=(0,1),n=2l+1,1€Z,1>0;
k=
-1

( ) {A} (@)}, A7) € £°(G,C), s > 1,Vi,j = 1,D,
AF(z) = {A};(x)}, Afi(z) € L(G,C), k=0,n—2,
(38)

rie u = (ug(z), ua(x), ..., up(x)), uj(xr) € Dy, j = 1,h, a kiacc D,, — abcomoTHO
neripepbiBabie Ha G = [0, 1] BMecte co cBouMu npousBojgHbIMU 0 (7 — 1)-ro
IOPSIIKA, BKJIIOYUTEILHO.

Badukcupyem Hekoropbie yucia 1o € [1,00), 79 > 0. Bboibepem npoussosib-
HYIO TI0CJIe/IOBATEILHOCT duces { A}, u npoussosibiyio cuctemy {uf} xopue-
BBIX BEKTOP-QYHKIMI oneparopa L, OTBEYAONYIO CIEKTPAILHBIM apaMeTpaM
{A\r}, yrosuersopsitoiue TpéM YesoBusim A

[Tpucoejiunénnbie pyHKIMKM BbIOEpEM Tak, YTOObI B KOPHEBBIX IHENOYKAX ObLIa
cupaBejinBa aHTranpuopHas' oreHka,

m—1 -
| u g Hﬁh ) < cay|| Uy HEh )y, c=const>0, m=1my,  (39)
C He 3aBUCUT OT M\, ay = |A\p|"" 1 mis sajgaun 1, oy = 1 aoa zagaun 2. [lyers,
KpOME TOro,

|l cv () Vk; ¢ = const > 0. (40)
DukcupyeM npoussosbaoe p € [1,00).

Teopema 14. ITycmov das onepamopa L u dynkuyuu f(x) ewnoinaromes
yeaosus (4), (38) — (40) u Yeaosusn A. Toeda dasn ecex docmamouno boavwux
wucen N u 106020 ompeska K C G cnpasedausvl caedyroujue 0uenku:

Aj = o3 (@, £) = SNz, fi)lle,) <

c In\ 1 1 n—1 1 InA __ In®)\
77_2 [maX<T7 V? AVJrl/pl/s) + HA ||S maX(AV«H/pl/s? A\v+1/p=1/sy  \v )+
= 1 1 m?)
1
5 A g+ momae (1,52 |,
q=0

n AW Au-{—l/p—l/s Al/+1/p—1/s7 /\u—&-l/p—l/(‘;? \Y

n—2 9
+ZHAMW¢HmmM<L%g}

\

(41)

¢ NOCMOoANHOT ¢, He 3asucAuLet om 1 u A, My = max mj.
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Teopema 15. [lycmo dasa onepamopa L u dynwyuu f(x) evnosnsomea
yeaosua (3), (38) — (40) u Yeaosua A. Toeda das ecex docmamouno boavuwus
wucen A u a06020 ompesxa K C G cnpasedausvl caedyroujue ouenku:

p
c In A\ 1 1
) [max(T, A7\ >\V+1/P1/5> T
n—1 1 In \ In) In®)\
+HA Hs ma’X()\u-‘rl/p—l/s? NALp—1/5 P N N v P /\> +
n-2 1 1 In\ In2)
ql|, 1 1 InA In"A
+ 2 [[A%hi5175 + momax| £, 57, 255 ) |
A< 0
J —
c InA 1 In )\ 1
" [max (T’ A7 AP\ /\v+1/p1/s> t
n—1 1 In A InA In?)\
"‘HA Hs ma’X()\V-‘rl/p—l/s) \v+1/p=1/s lnﬁ)\’ AV /\Vlnﬁ )\>+

n—2
1 1 Inx  In?)

3

(42)

\

c NOCMOANNKOT C, He 3aBUCAWET om 1N U .

Tperbsi riaBa 1HOCBsIIEHA TOJYUYEHUIO OIEHOK CKOPOCTH PABHOCXOUMOCTH
CIIEKTPaJIbHBIX PA3JIOXKeHU# JiJis JuddepeHnnaabHbIX OIepaTOpOB BTOPOIO U IIPO-
M3BOJILHOIO YE6THOIO IOPsIJIKOB Ha OCHOBHOM MHTepBaJe. PaccmarpuBaroTcs ciry-
gan OJJHOMEPHOI'O OlEePaTopa, a Tak»Ke OlepaTopa, MOpoXKJIEHHOTO JnuddepeHIin-
aJIbHOI omepalyeil ¢ MAaTPUIHBIMU KOI(DDUITTEHTAMHA.

Teopema 16. [lycmov dasa onepamopa L u dynwyuu f(x) ewvnoansomea
yeaosus (1) = (3) u Yeaosus A. Tozda das ecex docmamouno boavwux wuces
CNPABEIAUBA CACIYOULAAL OUEHKN:

1/p
HO’)\(ZU, f) o S)\(.Q?, f)”p < maX(%v )\y—l/;:)l’ In? \’ li\llnﬁi\ 1/—1+1/p’) + Hq;\Hl—i_

1 1 In \ 1 _In®*)\
+||p1]]s max (;, NI o1 mm) + momax (5, v 1nﬁ/\),
— _ /
2de my = maxmy,, p=max(2,p,s) nocmoannas ¢ >0 ne sacucum om \.

Caenctsue 1. [lycts p € [1,00), f € V(G) u BBIIOJHSIOTCS YCIOBUS TTPETHI-
nyieit Teopembr. Toraa

11 1 /7" )
1 = 02(e. )l = O e st ks s B ) + 0

ﬂ- (44)

1 1 In \ 1 In?X
-meMmGWMWWWMWWMQ+wmmmsumm
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Teopema 17. [lycmv dasa onepamopa L u dynkyuu f(x) evnosnsomea
yeaosua (3), (8) — (10) u Yeaosua A. Toeda daa ecex docmamowno bosvuwus
wucen A Cnpasedausa caedyrouyan oOuenKa:

1/p'
otz £) = Sute Dl < max( & b B2 iy ) + e

1 1 In\ In \ In A InY/@ )\ ’
MAL/P=1/s5 Avt1/s'—1/Q nf N> X ) \vH1/5/=1/Q0 \v+1/p=1/s1nP X7 \1/s' [nP )\ lv=1/Q"’

In!+1/Q ) 2" 1 oA In?\ me
An? A lv=1+1/Q—1/s + Z—ZQ leHl max AP0 TN 0 A 1nP A v=1-1/p + A 1n? A\

(45)
¢ nocmoannol ¢, we 3asucawet N\, my = maxmy, p = max(2,p, s'),

@ = min(p’, s’) = min(g, s, s).

CaenctBue 2. [lycts p € [1,00), f € V(G) u BBIIOJHSIOTCS YCTOBUS TTPETHI-
nymeit Teopembr. Toraa

/7 )
|f —oxz, fll, =0 [max<>\11/zﬂ %7 )\V—l/Pl’ P\ ;llnﬂ)\ z/:1+1/p’)Jr

1 1 1 In )\ In A In A
+Hp1 HS max ()@/s’? NAL/p=1750 Nv+1/5/—1/Q P N7 X 7 £\v+1/s'—1/Q 7 Nv+1/p—1/s 18 )7

2n
In'/? ) In'*t/@ ) 1 In) In2)\
AL/ 1P A ‘Vzl/Q’ Aln® A v=1+1/Q—1/s + Z—Z:Q le”l max AL/PY N 2 A 1nf ‘Vzl—l/p +

s

A In? A
(46)

Teopema 18. [lycmov dasa onepamopa L u dynwyuu f(x) evnosnsomea
yeaosus (3), (15) u Yeaosus A. Tozda das écex docmamouno 60avwux wuces A
CNPABEIAUBA CACIYOULAA OUEHKN:

/0
A;\ = HU;‘(.’L’,f) - S)\(x7fj)”£p([() S maX()ﬂ AV 1/p1 lnﬂ)\ l;\llnﬂi\ V= 1+1/,0)+

+HQ()Q\S)”1 + Hp(aj)HSmaX()\’ Av+1/1p 1/s )\u+1/pln1)/\slnﬂ)\> T Mo max </1\’ )\ili ;\/\)

(47)

2de my = maxmy, p=max(2,p,s) nocmosnnas ¢ >0 ne sasucum om \.

Teopema 19. [lycmov dasa onepamopa L u dynwyuu f(x) evnoansomea
yeaosua (3), (20) — (22) u Yeaosus A. Toeda daa ecex docmamouno bosvwux
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wuces N Cnpasediusa cAedyouas oueHKa:

1/p'
A? = HO']/\(.I, f) - S/\(.SC, fj)Hﬁp(K) < maX(%’ /\V—l/i'lnﬁ/\’ l/I\lln’B;\ V:1+1/P/)+

+]|P1H3max( 1 1 1 % In )\ In A

AL/s"0 Z\HL/p=1/50 \u+1/5'=1/Q 1P )\ ? Y AL/ =1/Q Nv+1/p—1/s P )\

2n
In'/@ ) In' /9 )\ 1 In) In2)
AL/ 1nf A 7 AP A +2_ [[Fifl max ALPY A ’AlnBA‘uzl—l/p +
v=1/Q v=141/Q-1/s [=2
mo
+)\'/1n5)\

(48)
¢ nocmoannol ¢, ne 3asucawel A\, my = maxmy, p = max(2,p, s'),
Q) = min(p, s') = min(q, s, ).

YHerBépTada riaBa MOCBAINEHA TOJIYUYEHUIO OIEHOK CKOPOCTH PaBHOCXOIUMO-
CTU CIEKTPAJbHBIX PA3JIOKeHUH i auddepeHnuaabHbIX ONepaTopoB MPOU3-
BOJTLHOTO HEYETHOTO MOPSIKAa Ha OCHOBHOM MHTepBaJie. PaccMmarpuBatores ciry-
Jan OJJHOMEPHOT'O OllepaTopa, a Tak»Ke olepaTopa, MOPOXKJIEHHOTO JnuddepeHtiu-
aJIbHOM oriepalueil ¢ MmaTpudnbiMu Kodpduiimenramu. ukcupyem 11pousBoJILHOE
p € [l,00).

Teopema 20. [Iycmv dasa onepamopa L u dynkyuu f(x) evnosnsromes
yeaosua (3), (30) — (32) u Yeaosua A. Toeda daa ecex docmamouno bosvwux
wucen A Cnpasedausa caedyiouyan oOuenra:

1 1
AL/P7 A\v=1/6 115 )\

Ar = loa(a, £) = Sala, £, < emax (49)

¢ nocmoannot ¢, we 3asucawet om A, § = min(2,q,s), ¢ = ]%.
Teopema 21. ITycmwv das onepamopa L u dynkuyuu f(x) ewnosnaomes

yeaosua (3), (38) — (40) u Yeaosusn A. Toeda daa ecex docmamouno bosvwux
wuces N\ Cnpasediusa cAedyouas oueHKa:

1 1
A A A
&)= lo}e. f) = o )l < emax| S s | 60

¢ nocmoannot ¢, ne 3asucawet om A, § = min(2,q,s), ¢ = 1%'

Aemop evipasicaem 2ay00kYy10 6.4a2004PHOCL CBOEMY HAYUYHOMY PYKOGOJUME-
o npogeccopy Heopro Cepeeesuny Jlomosy 3a nocmanosky 3adayu, nocmoanmoe
BHUMAHUE U NOMOWD 6 pabome.
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