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Annorarus

For mappings from measure space (X, u) to Banach space (Y,| - |y) we defined an
analogous of Sobolev classes W/ (X;Y), r = 1,2,..., and also Sobolev-Slobodetsky classes
Wy, re [1,00) and some of their generalizations. We studied the properties of embedding
operators of the defined Sobolev classes into L, and into Orlizc classes.

Bsenpenne. 13BectHo, uTO Teopus npocrpancts CobojieBa mMeeT MHOTOYUCICHHBIE Yb]heK-
TUBHBIE IPUMEHEHHS B PA3JIUIHBIX 00/1aCTSX MATEMATUKU U JPYTIUX HAYK, BO MHOTUX [PUK/IAJI-
HBIX 33Jla9aXx. B moceanee BpeMsl YCIEITHO Pa3BUBAETCS TeOpHsi, 0000MAOast pe3yibTaThl
KJjaccuaeckoii Teopun mpoctpancts CobosieBa Ha ciaydail (DyHKIWI, 33JaHHBIX HA MeTPUIe-
CKOM IIPOCTPAHCTBE C Mepoi. DTO MO3BOJIAET pa3paboOTaTb HOBBIE METOJIbI, IOJIXOJbI, MOJIY-
YUTH HOBbIE IPUMEHEHHsI, B TOM YHUCJEe K H3YUIEHUIO HEKOTOPBIX KJIACCOB YPaBHEHUN B YaCTHBIX
HPOU3BOIHBIX, K U3YUYCHUIO PA3JIUIHBIX (PU3NUCCKUX MOJE/IEH, UCHOIL3YIOMUX (DPAKTAIbHBIE
MHOXKECTBA, K M3YUEHNI0 HEKOTOPHIX MOJe/ell MaTeMAaTHIeCKO SKOHOMUKH U (DUHAHCOBOI Ma-
remaTukn. [lo moBomy Kiraccuueckoit Teopun npoctpancTs CobosieBa 1 ux 00OOIIEHU HA CJIy-
qail GyHKIuUii ¢ Hereoii riaIkocThio ¢M., Hanpumep, [1-4]. Tlo moBojy, HEKOTOPBIX 060GIIEHwM
reopuu npoctpancTs CobosieBa Ha MeTpudecKuii ciaydail oM., Hanpumep, [5-12|. Tlo moBomy
HEKOTOPBIX TIpUMeHeHui Teopun mpocTpancTs CobosieBa B METpUIeCKOM ciydae cM. [13-26].

B macrosieit pabore Mbl paccMaTpuBaeM Ciydail 0TOOpaKeHWil, 33 IaHHBIX Ha TOIOJIOTH-
4ecKoM TpocTpaHcTBe ¢ Mepoit (X, ) co 3nadenusivu B 6anaxosom mpocrpanctse (Y, |.|y). On
saBJjIgeTcd 0oJjiee OOIUM 110 CPABHEHUIO CO CIYYadME, PACCMOTPEHHBIMU B YIIOMAHYTBIX padoTax.

JleficTBUTEILHO, BO-IIEPBBIX, MBI He IpeJIoaaraeM, 9ro Ha X 3ajJaHa MeTPUKa, BMECTO TO-
ro MBI IIPEJIOJaraeM, 4To 3a/aHa I10C/Ie0BaTeIbHOCTb pasbuenuit = = {0y, 01,09,...,0,,...}
MHOXKeCcTBa, X Ha HelepeceKaloluecs [(-U3MePUMble MHOZKECTBA Ef, i = 1,...,2, KoTopas
YJIOBJIETBOPSET CJEIYIONIAM YCJOBUSAM: KaryKJ0€e MOCIeyIolee pa3oueHne saB/IseTcd n3Mebae-
HUEM TPEeJBIAYIIero, Pyl 3TOM 9TO0BI TTOCTPOUTD TOCEAYIONIee pa3duenne KaxK 10 MHOKECTBO
HPEeIbIIYIero pa3buenus pa3dMBaeTCs Ha JBa MHOXKECTBa OJMHAKOBOU Mepbl. Pazbuenue o
COCTOUT U3 €JMHCTBEHHOI'O MHOXKeCTBa, T. e. 0p = {X }, pu(X) < oo.

Bo-BTopbix, Mbl paccMaTpuBaeM OTOOPazKeHUs CO 3HAYECHUSIMU B IPOU3BOJIbHOM HAHAXOBOM
npocrpancrse (Y, |.]y), a ne B R.

B-Tperbux, Mbl paccMaTpuBaeM MPOM3BOJILHBIN TOPsI0K 06001eHHOr0 TuddepeHnupoBa-
HUA 7, BKJIOYas caydait r > 1, a Takxke ciaydail Heneanx r. [[ocKoJIbKY HeJIb3sd TOBOPHTH O
MOJIMHOMAX HA MPOU3BOJILHOM TOIOJOTHYECKOM IPOCTPAHCTBE C MEPOi, Mbl 3aMeHsieM B COOT-
BETCTBYIOIIEM MecTe orpeieienus kiaaccoB Cobosiesa, B ciaydae r > 1, ceMeficTBO MHOIO4/IEHOB
HopsiKa [r], J7s Henesabx r, aubo mopsaka r — 1, i 1MeJblx r, Ha HEeKOTOpoe (DUKCHPOBAH-
HOe ceMeiicTBO byHKIWMil (M 0TOOpaKeHuit), YAOBIETBOPSIIONINX MOIXOSAIINM HEPABEHCTBAM,
KOTOpBIE CBSI3aHHBI C ceMelcTBOM pa30ueHuit =.

—_



Panee namu, B paborax [27-29], 66110 chOpMYIUPOBAHO HOBOE OIpe/ieeHne (DYHKITHOHATb-
HBEIX Ks1accoB CoboJreBa Ha METPUYECKHX IPOCTPAHCTBAX € MEPOii, KOTOPOe 0KA3aJI0Ch YI0OHBIM
JTST TOKA3aTeJbCTBA PA3JIHIHbIX TeopeM BiokeHus. B paborax |27, 28| 6bl1 paccMOTpeH cirydaif
aHaormaHbIH crydao kaaccos CoGonesa (Cobonesa-Cnobogenxoro) W), 0 < r < 1. B pabo-
Te [29] 6bLT pacemoTpeH ciaydaii, anagorngnbiii Kiaaccam Cobosea (Cobosena-Ciio60/€e1koro)
Wy, r > 1, a TakzKe HEKOTOPBIM HX O0OOIIEHUAM, KOTOPBIE IOJIYYAI0TCS IIPU TPUOIHZKCHEN
paccMaTpUBaeMbIX (DYHKIMHI He IIOJHHOMAMH, a (PYHKIUIMH W3 HOIXOISIIEr0 BBIIEJIEHHOTO
ceMeicrsa.

[Tpemtoxkennsiii B paborax [27-29] moaxoa okazascsa MPOIYKTHBHBIM Jake B €BKJINIOBOM
caydae. Vlnadge roBOpst, TEOPEMBI BJIOYKEHUST MOYKHO JTOKA3BIBATH MO CJIEIYIONIeH cxeMe: CHAIaIa
JIOKa3aTh 9KBUBAJEHTHOCTh KJIACCHIECKOIO OIPEIeJIeHns Olpeie/ieH o u3 pabor [27-29| moce
9ero J0Ka3aTh TEOPEMbl BIOKEHHsS, He HUCIOJb3ysd HHTerpPaJbHBIX MPEICTABICHUN U OIEHOK
HOPM HHTErPaJbHBIX OMEPATOPOB, 4 BMECTO 3TOIO HCIOIb3Ys HEKOTOPHIE OIEHKN HEIOCPe]-
CTBEHHO BBITEKAIOIINE U3 ONpe/IeJeHNs, H3J0KeHHOr0 B paborax [27-29|. [ns ciaydast HeKo-
TOPBIX 00JIaCTel ¢ OCOOEHHOCTSIME STOT TMOAXOJ OKA3AJICS TEXHUIECKU ITPOITE K/IACCHIECKOTO
noaxoa. Cum., takzxke [30-33).

B nacrosiieit pabore Mbl paccMaTpuBaeM 0oJiee OOIIUi caydaii Mo cpaBHEHHUIO ¢ paboTamMu
[27-29|. Kpome TOro, Mbl JOKa3bIBaeM AHAJION B PACCMATPUBAEMOM OOIIEM CJIydae pe3ysibraTa
C. N. Tloxoxaesa o Broxkenun npocrpancts CobosieBa W;(U ), tae U — noctatovno pery.isip-
Has obmactb R”, pk = n, B npocTpancTso Opinda, MOPOXKIEHHOE IKCIOHEHIINATBLHO PACTYIIEi
dbyuknueit, cM. [34-37]. B pabore [26] qoka3aHbl MOIHbBIE AHAJOIU KIACCHICCKHX TEOPEM BJIO-
skenHud poctpancts Cobosesa B L, 171 DyHKIMIA, 33 JaHHBIX HA METPHIECKOM IIPOCTPAHCTBE,
co 3nadenuaMu B R. B HacTosmeilt paboTe MBI HCIIOIb3yeM HEKOTOPBIE HIAEH STOTO J0KA3ATEIb-
CTBa, HO MEHsIeM OCHOBHBIE PACCYKICHUS, YTOOBI € TMHHOOOPA3HBIM 00Pa30M JI0KA3aTh TEOPEMbI
BIOXKeHUdA B Ly, B mpocrpancTso Opimda, MOPOKIE€HHbIe SKCIOHEHINAIBHO pacTyIneil GpyHK-
nueit u B Lo,. [IpuBeiennoe g0Ka3aTeibCTBO MO3BO/ISET ONEHUTHh HOPMY OTIEPATOPOB BJIOZKEHMUSI.

B 3aBepiienun HacTosIel paboThl Mbl iepedopMyIupyeM onpejenenue u3 [27-29| rak, 4ro-
OBI 1aTh €r0 He Yepe3 BepXHH IpaaueHT (DYHKIUHA U, a Yepe3 APYTyIo (DYHKIUIO, OIIpeIeIeHne
KOTOPOH 3aBUCUTDH TOJILKO OT JIOKAJbHOIO 1oBejeHus pyHkiuu u. Takas nepedopMympoBKa
MOKeT OBITh TOJIE3HON /IS TOKA3aTebCTBA Psa BAYKHBIX OIMEHOK C MOMOIIBI0 Pe3yIbTATOR
HacTosIEell paboTHI.

Iycrs (X, T, 1) (wnw nias kparkoctu (X, 1)) — TOHOJOTHYECKOe MPOCTPAHCTBO ¢ MEPOH [i.
V C X — MHOXKecTBO KOHEUHO# Mepbl. O6oznaunm u(V) = Cf.

Onpenenenue 1.  Pacemompum  nocaedosamenvrocmo — pazbuenuli = =
{00,01,00,...,04,...} muosicecmsa V' na Henepecexmoujuecs L-usmMepumole MHONCECTNEE
El, i = 1,...,27, makyro, wmo xasxcdoe nociedyrowee pasbuenue ABAALTNCA USMEAVHEHUEM

npedvidywe2o, nNpu IMOM wmobs, NOAYHUML nocaedyrowee pasbuenue KarHcdoe MHOHCECTNEO
npedvidyue2o pasbuerus pasbusaemesa na 084 MHOHCECNEG 00UHAK080T Mepul. Bydem npedno-
AG2AMY, ¥MO pasbuerue oy cOCMOum u3 eduHCMEENH020 MHOMCEcmEa, m. e. og = {V }. Bydem
HA3LL6AMb = 060UMHOT NOCAEIOBAMENLHOCTBIO Pa3OUEHUT.

Sameuanue 1. Cyuwecmsyem MH020 PA3AUNHBIL 080UNHBLT NOCAEI08aMEALHOCTEN Pa36U-
enuti. Onpedensemvie 6 dasvretiuiem GYHKUUOHAALHBIE MPOCMPAGHCME 3GEUCAM 0T E8bl00Pa
deounHOT nocaedosamesvHocmy pasbuerul.

Bameuanue 2. B pabomaz [27-29] bviau npusedenv. npumeps,. MHONCECTE MEMPUYECKUT
NPOCPAHCEME OAHL KOMOPHLT MOAHCHO NOCMPOUMD GHAN02UYHBLE NOCAEJOBAMENBHOCTY Pa3Oue-
HUT, Y00BAEMBOPAIOWUE JONOAHUMENDHOMY COOMHOULEHUIO diam(Ef) < (C274, 20e d — ananoe
PABMEPHOCTIU 8 MEMPUYECKOM NPOCTPAHCMEE € MEPOU, 8KA04AL JOCMAMOUHO PERYAAPHBLE 00-
aacmu R™, epynn Tetizenbepea, obuuz epynn Kapro, dparxmanbHvie MHONCECNEA.



IIpumep 1. llycmov V' — usmepumoe mHoscecmeo KoHeuwnotl Mepbv, 8 npocmparncmee X ¢
mempukotl (keazumempuroti) d u bopeaescroti mepoti pu. Ipednoroscum, wmo das a0607 mow-
kux € X dynwyusr — pu(B(x,r)) nenpepuena u cmpemumes & wyato npur — 0. Tozda dan 'V
MONACHO NOCTPOUMb NOCAEJ08AMEALHOCTNG pasdbuenul kak 6 onpedeaeruy 1. Ommemum, 4mo
8 IMOM CAYYUAE MEPG MONHCEM HE YIo8AEMBOPAML Ycaosur ydeoenus. Cayuali npocmparcma
c mepoti, He YydosaemsopAULET YCAOBUI YOIBOEHUA, G MAKHCE CAYHAT NPOCMPAHCME ¢ KEA3U-
mempukol He paccmampuearcs ¢ pabomax [28, 29].

IIpumep 2. Paccmompum beckoneunomepnuiti edunuunnd xy6 [0, 1], Kaocdotd mouke x
amozo Kyba coomeememsyem beckonewHul cuemmuil Habop Koopdunam x;, x; € [0, 1].

o0
Pacemompum monosozuio, noposicdennyio napassenunedamu euda P = [](a;,b;), 2de das

=1
8CeX 1 3G UCKANWYEHUEM KOHEUHO20 YUCAQ a; = 07 bz = 1, 0ag 0cmasuwuTea 1 6uNoOAHACTCS

b; —a; > 0, { obosnauaem [, ecau a; =0, { obosnauaem ( 6 npomusrom cayuae, ) 0603HauaEM
|, ecau b; = 1, ) obosnauaem ) 6 npomueHoM cayUae.

Pacemompum mepy, 3a0annyio na Yka3anHbE NAPAALENUNEOAT, 4 MAKICE HA 3AMKEHYMbLL
napassepunedax, Hopmyrot

i=1
IIpednoroscum, wmo MHOHCECTNEO [L-USMEDUMDBLE MHONCECTNE COOEPAHCUM, CULMA-AA2EODY, NO-
POACIEHHYIO YKAAHHBLMU NAPAAAENUNCIAMU, U, CACJOBATNENDHO, MEPA [L ABAAELMCA OOPEAEE-
crot.
Jleournvim ompesrkom Haszosem ompesox 6uda [2%, ’;—,}], edei € {0,1,...,2%5 — 1}. Jsouurvim
NAPAANENUNEIOM HA308EM 0EKAPMOBO NPOU3BEIEHUE JBOUMHBLT OMPESKOS.
Hyemo iy, iz, ... — NPOUIBOABHAA NOCAECIOBATNEALHOCTNG HAMYPAALHUT “uces. Ilocmpoum
NOCAEAOBAMENDHOCTNG PA3OUEHUT COUHUYH020 DECKOHEUHOMEPH020 KYOQ HG 080UNHBLE NAPALAC-
nunedwv. Ilepsoe pasbuenue cocmoum, Kax 00614H0, U3 COUHCMBEHHO20 MHOHCECTNEG, M. €. OHO

codepotcum moavko eduruvHbl Kyb, emopoe pasbuerue cocmoum u3 J6Yxr napasrenunedos 6u-
oo

da [][ai,bi], 2de a; =0, by = 1 das scex i xkpome i = iy, dasn nepsozo napassenuneda a;, = 0,
i=1
b, = %, A 8MOpP020 NaApassenuneda a; = %,
[o¢]
i1 # 19, u3 wemwipexr napasrenunedos suda ||[[a;, bi], 2de a; =0, b; = 1 daa ecex i kpome i = iy
i=1
u i = lg, 0aa nepeoz2o napaasenuneda a; = 0, b, = %, a;, =0, b, = %, 0AA 6MOP0O20 NAPAA-

aenuneda a;; = 0, b;, = %, i, = %, bi, = 1,044 mpemuvezo naparsenuneda a;, = 5, by, = 1,

bi, = 1, mpemve pasbuerue cocmoum, & cayvae

1
25 Yu1

a;, =0, b, = %, OAA “EMBEPMO20 NAPAANENUNEDE A; = %, bi, =1, a;, = %7 bi, =1, 6 cayuae
oo
i1 = i3, u3 wemwmper napassenunedos euda |[[a;,b;], 2de a; = 0, by = 1 daa scex i kpome

i=1
1 =11 = l2, 0a4 nepeozo napassenuneda a;, =0, b;, = %, daa emopozo napassenuneda a;, = le,
bi, %, daa mpemuvez2o napassenuneda a; = %, b, = %, 0As wemeepmozo napasienuneda
a;, = %7 u. m. 0.
Onpenenenune 2. Duxcupyem cemeticmseo omobpasrcerud A, 3a0aHHBT Ha MHOMHCECTNEE
V', maxux, wmo daa Hexomopotl nocmoannot Cy dasa mobotl pyuxyuu A € A, a maxoce das
mobwiz dynryuti Ay, Ay € A u muosicecmea EF € oy, ewnoanaomen nepaserncmea

Co
s A < o /E A o),
Cy
s [41(e) = Aol < /E M1(0) = Al o),



ede Cy ne 3asucum om i, k.

[Tepeuncanm HEKOTOPBIE HOAXOMAIINE [ ONpeneTeHus 2 ceMeicTBa GyHKui 2A.

Sameuanme 3. Cemelicmeo kKoHCMaAHM YIOBAELMBOPAEM YCAOBUAM onpedesenus 2, npu
amom 6 kauecmse Cy ModHCHO 63amb 1.

IMpennoxenune 1. Ilpednoroscum, wmo V- C R™, V — oepanuueno, . — mepa Jlebeza.
Iyemo natidemes wonemanma C maxaa, wmo daa ecex k daa xasicdozo mnosicecmea EF uz
pasbuenua o moxcno yxasamyv wap BF C EF makot, wmo duamemp mmoscecmea EF ne
npesocxodum xoncmanmy C ymmnoscennyro na paduyc wapa BF. Quxcupyem m € N. Tozda
MHONHCECTNBO NOAUHOMOS CMENEHU HE Sbie M Oydem YIdosAemeopaAmMb YCAOBUAM ONPEOENEHUS
2 dana nocaedosamenvrocmu pasbuenuts o muoncecmsa V. T. e. 6 amom cayuae 6 Kauecmse
cemeticmea Pynkuut A us onpedesenus 2 MOHCHO B3AMb MHOHCECMEO NOAUHOMOE CMENEHU
HE GbLULE .

JlokazaTeabcTBo. HaM HEOOXOIMMO TOKA3ATh, UTO M1 JIOOBIX IBYX MOJTHHOMOB CTEIIeHN He
BBIIIIE 770 BBITIOJTHSAETCS HEPABEHCTBO

C
sup |Py(z) — Pa(z)] < ﬁ/ |Pi(z) — Po(x)] de,
i | JEF

a:EEllC

rje Cy 3aBHCHT TOJIBKO OT m, n 1 nocrodunoit C' u3 ycjaoBus npejoxKenns. [lociennee nepa-
BEHCTBO 3KBUBAJIEHTHO HEPABEHCTBY

sup |P(z)| < / )| dz,
sup 1PN = T [y 1P

rae P — HpOI/ISBO.HbeIfI [MOJIMHOM CTeIlleHH He Boime m. Jlepaga u InpaBad 4YaCTU IOCJIEIHEro
HepaBEHCTBa HHBaPpHAHTHBI OTHOCHUTEJIbHO CABHUI'OB U paCTHX{GHHﬁ. HOSTOMy J0CTaTOYHO JOKa-

3aTh HEPABEHCTBO
C’
sup | P(x) 2/!P )| da,

ryie Cy 3aBUCHT TOJBKO OT M, n u noctosauoit C, E — npon3BoibHOE MHOXKeCTBO guamerpa C|
cojleprKaliiee e MHIIHbBI map ¢ eaTpoM B Hyse B(0, 1), P — npon3BOJIbHbIH HOJINHOM CTEIEeHN
He Bbie m. /lokazaTe/beTBO MOCIeHEI0 HEPABEHCTBA BBITEKAET U3 (DOPMYJIBI

P(x) = / Ppol(.y)P(y) dy,

B(0,1)

rae ¢yukius Pp,(z,y) 119 GUKCHPOBAHHOIO Y ABJISIETCS IIOJHHOMOM IO ¥, JJist (DHKCHPO-
Baunoro = npuuamaekut C§°(B(0,1)) mo y. D1y GOpMyTy MOKHO BHIBECTH PA3IOKUB B DT
Teiistopa nopsiaka m GyHKIHIO P(2) OTHOCHTIBHO TOYKH Y JOMHOXKHB [MOJIy9€HHOE PABEHCTBO

na Gyrkuno ¢(y) € C°(B(0,1)), yaosaersopstomyo [ ¢(y) dy = 1, n nupounrerpuposas
B(0,1)

JOMHOZKEHHOe paBeHCTBO 110 y 110 mapy B(0,1). 91y dopmMy/ty MOKHO B3STh U3 HHTETPATBHOTO
npeacrapienus: CoboseBa, cm. Hampumep |[3].

IIpennoxkenne 2. [Ipednorosicum, wmo evnoarens yeaosua npedroscenua 1. Toeda awoboe
NOOMHONCECTNEO CEMETICMBA NOAUHOMOE CIMENEHU, HE bLULE M. 6YOEm YO0BAEMBOPAMNL YCAOGUAM
onpedeaenua 2 0as nocaedosamenvrocmu pasbuenudi o, mmoscecmea V.

IIpennoxenne 3. IIpednonosicum, wmo evnosnens, yeaosus npedsoscenus 1. Tozda -
boe cemeticmeo 6ekmop-GyHKYUL, KOMNOHEHMbL KOMOPYL ACAAIOMCA NOAUHOMAMY CIMENeHU



He gule m, bydem YydosaemeopaAms YcaosuAM onpedeserus 2 0i8 NOCACIOBAMENLHOCTNU PA3-
buenuti o, mroocecmea V. B wacmnocmu, cemeticmeao usomempuil yodosaemesopaem Ycaosuim
onpedeserus 2.

VrBepKAeHUSA TPEIOKeHNH 2 U 3 ABAIIOTCA HENOCPEICTBEHBIME CJIEACTBUSIME TPETOKE-
Hust 1.

IIpennoxxkeuue 4. Ilpednonosicum, 4mo ewvinosHens, ycrosus npedaoscenus 1. Hycmo
V e U, U — omxpwumo. To2da mmnoocecmso Pynkuut eapmonuveckusr Ha mHosrcecmee U
ydosaemeopaem ycaosusam onpedesenus 2. Takoice, 6 08YMEPHOM CAYYUAEL, MHONHCECTBO KOH-
dopmrvx omobpasicenuti U C R? ¢ R? ydosaemsopaem yeaosuam onpedeaenua 2. Hnaue 2o-
BOPA, MU MHONCECMBA, AUOO UL NOOMHONCECTNEA, MONHCHO 83AMb 6 kauecmee cemeticmsa A
u3 onpedenenus 2.

JHokazareabcTBO IpelJioyKeHus 4 BbITEKaeT U3 HepaBeHCTBa ['apHaxa.

Ounpenenenne 3. [lycmv omkpwmoe muoocecmseo V- C X, (X, ) — npocmpancmeo c
mepot, (Y, |.ly) — Banazoso npocmpancmeo, p € [1,00), nocaedosamenrvrocms pazbuenui = =
(00,01,...,0j,...) ydosaemsopsaem onpedeseruro 1, uw € L,(V;Y). Obosnanum mroscecmsa us
KOMOPLLT cocmoum pasbuenue o; wepes Ej i =1,...,27. IIpednososicum, wmo cyuecmeyem
dynxyus h" € L,(V) makaa, wmo das mwmdoeo j=0,1,2,... daa xascdozo i = 1,...,2
Hatidemes omobpasicenue AJ us cemeticmea A maxoe, wmo d/m n. 6. T € E] BUINOAHAETCA
HEPABEHCNEO 4

2" |u(z) — Aj(2)]y < B (x). (1)
Tozda 6ydem nucamo, wmo u € S (V3 Y). Jhobyro dgynxyuro ' (z), ydosaemeoparouyyio nepa-
sencmsy (1), bydem nasveamo Gepru,M epaduenmom nopadka r omobpasrcernus u. Undumym
Pz, @) cpedu ecex dymwyuti h' (), ydosaemsoparusus nepasencmsy (1), m. e. cpedu scex
sepTHUL 2paduenmos nopadka r omobpascenus u, 6ydem 06o3navamv [u) SpR (Vi) AU 0N
KpPamxocmu [u] . Hopma 6 npocmpancmee S=4 2(V;Y) onpedeasemea ¢0pmy/wu

Jullsze n(ViY) = = [Jullz, vy + [u ]s;f;l(v;Y)-

Pacemompum boaee cunvnoe yeaosue. Ipednoaoscum, wmo cywecmeyem dynkyua h™ € L,(V)
maxaa, 4mo oas xaxcdozo j = 0,1,2,... daa kascdozo 1 = 1,...,27 natidemea omobpasicenue
AJ u3 cemeticmsa 2 maxoe, ¥mo d/m n. 6. T € Ej a makoice dan n. 6. v € B} epanunaugur ¢

El,m. e El.co;u E] N EJ # 0, swnoanaemes nepasencmeo
2" u(x) — Al()ly < W' (2). (1)

Toz0a bydem nucamov, wmo u € ST 2V Y). Jhobyro dyrkyuro h'(z), ydosaemeopaouyio nepa-
sencmey (1), 6ydem Hasweamo CUNHBIM BEPTHUM 2PAOUEHMOM NOPAJKA T OMOOPAHCEHUS U.
Hngumym WNlTHLp(U) cpedu scex Pyrruyul 717”(:6), ydosaemeoparoujux Hepasencmsy (1), m. e.
cpedu 6Cer CUALHLLL GEPLHUL epadueHmoe nopadka r omobpascenua u, 6ydem 0603nauaMB
[U]SQ’;l(V;Y) Hopma 6 npocmparncmee S (V Y) onpedeasemca dopmyaot

lellszn vy = Nl zpovivy + [ulzn vy

Sameuanue 4. B daarvnetiuem b6ydem 0603Hanuamsb MHOACECMBO 0Mobpascerutl, coenada-
UL HA E] ¢ Al Ona nomopoeo sunoansemes (1), wepes G;. Onpedenenue SZ%(V;Y) osna-
waem, “mo d/m u €S2 (Vi Y) natdemes omobpasicenue g; € G; maxoe, 4mo daan. 6.z €V

BUNOAHACTNCS, HepaeeHcmeo '
u(z) = g;(2)ly <277"h"(x). (2)



Bameuanume 5. Ecau X - mempuueckoe npocmpancmeo ¢ enympennel mempurotl px,
Mepa 6cex wapos no amoti mempure paduyca R < 1 ne menvwe wem CR?, mnoscecmeo A
ecmuv mnoscecmeo konemanm, Y = R, pasbuenun us cemetdicmea = y&oe,/zemeopﬂmm YCAOBUIO

7p
diam(E7) < C274 (em. samevanue 1), mo onpedeaenmoe eviue npocmpancmeo Sd 2(V:Y) co-
deporcum onpedenennoe obwenpunamoim cnocobom (I1. Xatinaw, o, Queep u (?p., cm. [6-10,
1
oaP
12]) nepes nomoueunwvie ouenku npocmpancmeo Coboaesa HYP(V, px, ), a SEu(V3Y) cosna-
daem ¢ IMuUM NPOCMPAHCINGOM.
AHa,/zoewmo ecau X = R"™ u 6bnoAHAIOMCA 0CAALHBIE NEPEUUCACHHDLE GoLLLe. YCAOGUA,
7p 7p
mo S" AV Y) codeporcum waaccuneckoe npocmpancmeo Cobosesa WHP(U), a S" aV3Y) cos-
nadaem C IMUM NPOCTNPAHCINEOM.

Jnst rp > 1 MmozKHO HO.Hy‘{I/ITb PaBHOMEPHYIO 110 j o1eHKY ||g;(x) — go(x)|| L. (v;y) U3 KOTOPOi
aerko caexyer Biaoxkenune St (V:iY) B Loo(V;Y), em. Takske [1]. duas rp < 1 Takzke MOKHO
HOJIYYATDH OICHKY LOO—HOprI byukmuit g;(z) — go(z), KoTopas He GyaeT PaBHOMEPHOI IO j,
HO Gyzer Goee ToTHON. Mcmosb3yst 9Ty ONEHKY U uaed paboThl 3|, MOKHO J0Ka3aTh TEOPEMBbI
Broxenns SZy(ViY) B L o (V Y) maa rp < 1 m B upoctpancTBo Opinda, TOPOKIEHHOE

SKCHOHGHHI/IaJIbHO paCTymeH beHKL[I/IeI/I ang rp = 1.
Jlemma 1. Cnpasedausv, caedyrouue ouenku: ecau 1 < rp, mo

gt = goll vy S 1H" [l (v
ecau 1 = rp, mo
gk = gollLaviyy S IIA 2,00 - K,
ecau 1 > rp, mo
l—7"
gk — gollLewqveyy S I L,y - 25677,

HoKazaTeabcTBo.

k
lgr — gollLoe(viv) < Z 197 = gi1ll Lo (vivy-

27 27 C'g
195 = gj1ll vy = maxflg; = gjall (gry) < max (E) / 19;(x) = gj—1(@)|y dp(z),

MOCKOJIBKY (] pi € A, gj—1]p € A. Ucnonssys nepasencrso Lesbaepa, momrydaem
1 1

P

27 C
195 = 9511l eqviv) < miax —(Ei)l < /E 1g5(@) = g (@)} du(x))
) ‘) p J

1 k3

Hanee, B cuy (2),
19j(2) = gj1(2)|y < |u(z) = g;(@)ly +|u(z) — gj—1(x)|y < (1+2)277"h"(z) = 3-277"h"(2).

[TockoJIbKy = sIBJIsI€TCS JBOMYHON TOC/I€/I0BATEILHOCTHIO PAa30UEHuil, oIy daeM

3=

n(E) = (C1)r277.



CiaegoBaTesIbHO,

(41— T r S—r
195 — -1 llraqviy < C327677) maXHh Iz, e < Callh" ||z, v 2]( ),

2+. B utore,
(C)?

roe C3 = 3 -

k
Hgk - gOHLOO(V;Y) < CthT“Lp(V) Z 2](1’ )

Jj=1

Ecmu 1 < rp, mmeem pasrOMepHYIO 110 k OEeHKY ||gr — Gol|L..(v;v), COOTBETCTBEHHO B 3TOM
caydae OyJaeM UMeTb

3r "
lu = gollreeqviyy < Cullh" |, vy, Ca=Cs—m—. (3)
1—2¢7"
Ecim 1 = rp, mMeem 3aBucAnIyIo oT k OIECHKY
198 = goll Lo viyy < Csl[R" |1, v - K- (4)
Ecim 1 > rp, monydaem 3aBUCAIIYIO OT k OICHKY
l—'I‘
gk = gollLowqviv) < CsllR" [,y - 25077,
Teopema 1. ITycmov 1 > rp. Toeda cnpasedausa ouerka
1-rp
/ o) = 0@ 7 due) | S (VY.
s q < ﬁ BUNOAHAOMCA OUEHKU
1
q
/ ue) = gela) - du(x) | < COp.dgs (V3 Y),

ede C(r,p,q, k) — 0 npu k — oo.

Jloka3zareabCTBO.

®ukcupyem neaoe anciao i > 1. Ilycrs h,. () — npon3BoJbHBI BEDXHUI IDAHEHT MOPSIKA
r OTOOpaKeHUs 1.

OGosuaunm "epe3 V; MHOkKecTBO Touek = € V Takmx, uto |u(z) — go(x)|y € [2¢,2'T). U3

k(%fr)

JleMMbI 2 MbI uMeeM oueHKy || gr — gol|z.. (V3Y) < Cs||R7| 1, 0v) -2 . Boibepem makcumasnbuoe

nesoe k Takoe, 4To

gk — gollo (V5Y) < 2771 (6)

O6o3Ha4YIM 9TO YHCIIO depe3 k(7).
Torna mrag n.B. x € V; umeeMm

[u(z) = greoy (@)ly = [u(z) = go(@)ly — lgk, () — go(@)y = 2" =271 =271,



CnenoBarenbHo, s I.B. & € V
[u(@) = go(@)ly < 4fu(@) — greo (@)ly < 4-27"07h" (2).
ITo onpeaenenuio k(i), ecnn B3aTh k = k(i)+1, To onenka (6) me 6yaeT BBIIOIHATHCS, YIATHIBAS
(5), mosrygaem
, 1 . ,
(k@) + DS =) + logy(Cs) + logs (|||, ) > 7 = 1.

Ozcrona

@
1

270 < Co (I 12,) 7 (35) 2 G (1 |2, 0)) ™7 107 (5

).

Hautee, i _
lu(z) — go(@)ly < Cr (W7 | Ly0) T 27 (55 )07 (), (7)
Qukcupyem q > p. Umeem

/ () — go(@)[% dpu() = / () — go(2) 57 ) — go() & dpu(z).

B npasoii wacTu mocsjeaHero HepaBeHCTBa OleHHM MHOKHTEJNb |u(r) — go(2)|L P mexoas us
lu(z) — go(z)]y <2 a Muowurens |u(z) — go(z)[} nexona us mepasencrra (7), noayaum

/ u() — gol@)|% dyu(z) < Cs (11 ) 7 Jon=(i%) / (hy () dpa(z).

Vi Vi

2
Hanee, g — p — (1 rp) =

p
1—r

/ u(x) — go(@I% du(x) < Cs (|17 |1,0) 27 20 25) / (h: (@) du(@). ®)

Vi

p

PacemorpuMm cayvait ¢ = Trp HOTYIHM

/ ) = )7 ) < (1 ,00) 7 [ ) dio). )

Vi
[TpocymmupoBaB HepaBeHcTBa (9) 10 7, TOJTYyYUM
1
9 1—rp
_p

/ ) g0 )| di(e) < Ci (I17]1,00) 7 [ (o) dute) = G | [ ()

1% 1%
OKoHYATEIbHO, UMeeM

1—rp 1

P p

/ () — go@)[E 7 dux) | < C / (h (@) dpu(z) | (10)



B cuty mpou3BOJIbHOCTE BHIGOPA BEPXHETO TPajneHTa h, MepBOe HEPABEHCTBO TEOPEMBI JIOKA-
3aHO.
Pacemorpum cayuait ¢ < 1. Ouennm f lu(x) — go(x)|{ du(z). doist 517010 MOKHO UCLOJIB-

30BaTh (8), HO CYMMHPOBAHUE BECTH HE IO BceM i, & TOJBKO MO TeM i Jiist KOTOpeiX k(i) > k.
O6o3HaNM HanMeHbIee 13 TAKUX MEeJbX qucea ¢ depe3 i(k). [lomyanm

9
p

[ @) = u(@)t dutz) < 2V 5) | @y duto) | (1)

\%

[Tockosbky i(k) — 0o mpu k — 00, YIUTHIBas POU3BOJBHOCTD BHIOOPA BEPXHErO IPAIMEHTA
h,., TOJIy4aeM BTOPOE YTBEPKICHUE TEOPEMEI.

CaenctBue 1. Ilycmv 1 > rp. Tozda Hopmuposartoe npocmparcmaeo ST 2V Y) menpe-
PULBHO BKAGOBIBAEMCA 8 HOPMUPOBAHHOE NPOCMPAHCMEO L 2 (V Y).

JokazareancTro. M3 HepaBeHCTBA TPEYTOJALHUKA 1 HepaBeHCTBa (10) nmeem

lulle » vy <llu—=gollz » vy +lloolle » v
T—rp T—rp T—rp

P

<c / (he(@)P dpu(z) |+ Callgollz, oy

v

< Cro (11l zpvy + Nl = goll Ly ovivy + NullL,vivy) < Criugpe

QL(V Y)-

CnenctBue 2. IIpednoaosicum, wmo wa X 3060010 6HYMPEHHAA MEMPUKG U OAA MHOHCECTNE
n0cAedo6amesbHOCTU Pa3buenull = 6bNOANAIOMCA HEPABEHCTEA diam(Ef) < €274, Iyemo A
npedcmasaaem us cebs mroocecmso xonemanm. Ilpednosoorcum, wmo d > p. Tozda nopmu-
posanooe npocmpancmeo WHP(V;Y), m. e. npocmpancmeo Coboaesa na Mempuueckom npo-
cmparcmee ¢ mepoti, ONpedeseHHoe Yepe3 NOMOYEUHbE OUEHKU, HENPEPLLBHO 8KAAJVEAEMCA 6

HOPMUPOSAHOOE MPOCTNPAHCME0 L v (V Y).

Ananozuuno, ecau X = R", d./m mmoorcecmso B! nocaedosamenvrocmu pazbuenuid = 6oi-

NOAHANMCHA HEPABEHCMNEB diam(Ef) < C27%, k € N, A npedecmasasem u3z ceba mmoice-
cmeo nosuromos cmenenwu He swviwe wem k — 1, d > kp. Toada nopmuposarooe npocmpar-
cmeo WHP(V:Y), m. e. kaaccuneckoe npocmpancmeo Cobonresa, Henpepuiero 6kiadu6aemcs 6
HOPMUPOBAHOOE MPOCMPAHCME0 L e (V;Y).

JokazaTenbcTBO. Panee 6I>IJIO OTMequO aro W' (V;Y) HenpepbiBHO BKﬂa;LblBaeTCH B

S“”p(V Y) B mepsom caygae u WHP(V;Y) HenmpephiBHO BKJIaBIBAaETCA B S‘“p(V Y) BO BTO-
pOM.

Takum 06pa3oM, BOCHONB30BABITMCH PE3YJIBTATOM TeOpeMbl, mosydaeMm, uro WHP(V;Y)
HeIPEePBIBHO BKJIA/IBIBACTCS B L (V Y)= Ldfp(v; Y) B nepsom cayuae u WHP(V:Y) nerrpe-

(V Y) L L (V; Y) BO BTOPOM.
1—Ep

3ameuanue 6. /lia obaacmed eemzudosoeo NPOCMPAHCMEa, PASMEPHOCNU N, € 0COOEHHO-
CMAMU MOJNCEM HE CYULCTNGOGATND NOCACIOGAMEALHOCTIU J6oUHBLT pasbuenul, ydosiemeo-
parowuz yeaosuto diam(E]) < C2 7. B 9mom cayuae MosicHo, Yuumueas Tapaxmep ocoben-
HOCTU, 63AMY YUCAO T MEHLULUM, YeM % U NOAYHUMD MEOPEMDL BAONHCEHUA € TYOUUM “4eMm
Kaaccudeckul noxazamenem cymmupyemocmu. Taxoice mootcho pacemompems pa3buenus, co-
0EePAHCAULUE MHOHCECTNEE QUAMEMD KOTNOPYLEL PACMEM NPU NPUOAUNCEHUY K 0CODEHHOCTNAM HG

PbIBHO BKJIQ/JIbIBACTCA B L



2PAHUYUE PACCMAMPUBAEMOT 0OAGCTIU U MEM CAMBIM HAPYULUMD YCAOBUE diam(Eg) <(C2%.B
IMOM CAYUGE MbL NOAYYUM BA0NHCEHUE ECO8HLL npocmparcme CoboAesa ¢ 8eCOM, CIMPEMAULUM-
CA K OECKOHEUHOCTNU NPU NPUDIUNACEHUL K 0CODEHHOCTNAM HG 2paruYe, 6 npocmparcmeo Jlebeza
C KAGCCUMECKUM NOKA3AMENAM CYMMUpyemocmu. Harxonew, mootcrno emecmo mepu, Jlebeza 6 xa-
wecmee MEPLL L 83AMb 8ECOBYI0 MEPY € NOOTOOAULUM BECOM, CMPEMAULUMCA K OECKOHEWHOCTIU
npu NPUOAUNCEHUY K 0CODEHHOCMAM HG 2parule. B nocaiednem caywae Mol NOAYUUM BA0HCE-
Hue eecosur npocmparcme Cobosesa 6 secosuie npocmparcmsa Jlebeea ¢ mem sice secom u ¢
KAGCCUYECKUM NOKA3AMEAEM CYMMUPYEMOCTIU.
CaenctBue 3. [lycmv 1 > rp, ¢ < lfrp' IIpednonoorcum, wmo wap no mempure L,(V;Y)
nepeceuennnlli ¢ A enoane oeparnuuern no mempuke L,(V;Y'). Tozda onepamop eaoorcenus
2a(V3Y) 6 Ly(V;Y) enoane ozpanumen.

JokazarenbcrBo. [locrpoum e-cerb Jijig mapa 1mo MeTPHUKE S;’%(V; Y) ¢ nearpom B 0 u
paamyca R. Bocmoab3yemcs BTOpBIM HEPABEHCTBOM B (pOPMyIHpOBaKe Teopembl 1 u BhIOEpem
k mocTaTovmO GOBIIEM, YTOOBI BEIIOIHATOCH HepasencTso C(r,p, ¢, k) < 5%.

Torna mia jroboro orobpazkenus u € B Haiinercs orobpaxkenue g, € G Takoe, 4TO

lu = grll,vy) <

NN e

Ormerum, uTO B cuiy Hepapencrsa Lenbiepa u mepasencts p(V) < Ch, ||ullr,v,y) < R, BBI-
IOJTHSIETCsI

grllL,vy) < Clligrll Lo viyy-
Hautee,
€
gkllz, vy < llw— gellz,ovyy + Jullz,0v) < 5+ R.

Takum 06pa3oM, /15 TOKA3aTEIbCTBA CYIECTBOBAHNA e-ceTn J1d mapa B mo merpuke L, (V;Y)
JOCTATOYHO JI0KA3aTh cylecTBoBamnue e-cetn 1o merpuke L, (V;Y') masa muoxkectsa {g; € G, |
gkl (viv)y < C}, rie C' — HeKOTOpas KOHCTAHTA.

dag i =1,2,...,2" obosnaumm gi|pr = AF. Vmeem AF € 2, [|AF|| 1, vy < § + R. o yerto-
BUIO, MHOZKECTBO TaKUX 0TOOpazkenuii A¥ Bro/ne orpannyeno, cienoBaTe/IbHO JI9 HETO MOAKHO
MOCTPOUTH KOHETHYIO €-ceTh 110 MeTpuke L, (V;Y)(EF). O6osmaunM ee, T. €. cooTBeTCTBY0OMMit
KOHeuHbIi HAOOp oTobparkennit uepes &5 BF C 2. Uz croiicts orobpaskennii u3 A, cm. onp. 1
u omp 2, BeITekaet, uto B Gyner (Che)-cernio mo mopme Lo (V;Y).

B urore, mosydaem, 49To Habop orobpaxenmit V B Y, copmajamux Ha EF ¢ ogmmM u3
orobpazkennit uz BF, apngerca (Cye)-cerbio mo nHopMme Lo (V;Y) nna muoxkecrsa {gp € Gy |
9x|lz,(viv) < §+R}. 13 nepasencrsa [enpaepa BRITEKaeT, 9T0 3TO MHOKECTBO TAKKe ABIACTC
(Ce)-cernio mo nopme Ly(V;Y), rue C ue 3asucut or k. Ciaeicrsue JOKa3aHO.

Bocnonb3yemcs BTOpbIM HEpaBeHCTBOM B (hopMyiupoBKe TeopeMbl 1 u Bbibepem k jgocta-
TOIHO GOMBIINM, 4TOOBI BBHITOIHSIIOCH HepaseHcTBo C(r, p,d, q, k) < 3a7- Torna jgist J1o6oro

orobpaxkenus u € M mnaiinercs oroopaxkenne g, € (G Takoe, 4TO
€

(), 95Dy < 5-

Ormerum, uro B cuity Hepasenctsa Lenbjepa n uepasencts (V) < 1, ||dy (u(-), A())|z,0v) <
A5, BBIIOTHAETCH

[y (g(-)s ACD Ly vy < lldy (w(-); k(D vy + [ldy (), AC) L) < §+ As.

Takum 06pa3oM, JUId J0Ka3aTeJbCTBa CYIIeCTBOBAHUA €-CeTH JI MHOKecTBa M J10CTaTOYHO
JIOKa3aTh CyIeCTBOBaHUE e-ceTn 110 MeTpuke Ly(V') juisa muoxectsa {gr € Gy, | pr, vy (g, A) <

10



C}, rne C' — nexoropas Koncranta. [list ¢ = 1,..., n(k) obosnatum gi|ge = AF. veem, AF €
2, pr(Ef)(Af, A) < C. Tlo yc/10BIIO MHOXKECTBO TaKHX oToOpazkenuii A¥ BroJme orpannueno,

CJ1e/I0BATEIbHO JIjId HEr0 MOMKHO IIOCTPOUTH KOHEUHYIO e-ceTh 1o Merpuke L,(EF). O6oznauum
ee, T. e. COOTBETCTBYIOIMII KOHeUHbIN Habop orobpazenuii depes &F, &% C 2. Us cpoiicTs
orobpazkenuii uz 2, cM. omp. 1 u omp. 2, BeTekaet, uro &F Gyner (c(k)e)-cerbio mo MeTpuKe
L,(EF). B urore, nojiyuaem, uro nabop orobpazxenuii V 8Y, cosuanaomux na Ef, E§ ... Effb(k)
¢ oM u3 otobpazkenuit uz SF apnserca (n(k)c(k)e)-cervio o merpuke L, (V) aas MuozkecTsa
{gr € Gk | pr,(v)(gk, A) < C}. CaencrBue 10Ka3aHO.

CaenctBue 4. [Ipednonoostcum, wmo svinosnsomea yeaosus caedemeut 2 u 3. [lyemov d >
Py g < 75, n>kp, q < 7%

To20a a10607 wap no nopme npocmpancmsa WHP(V:Y), V C (X, p), m. e. no nopme npo-
cmparcmea CobOAEBA HA MEMPUMECKOM NPOCTNPAHCNEE, ONPEJENEHOM UEPES NOTNOUEUHBLE OUEH-
KU, ABAAECMCA BNONHE 02PAHUMEHHBIM MHONHCECTBOM N0 Hopme npocmpancmea Ly (V;Y).

Ananozumro, 10601 wap no nopme npocmparcmea WEP(V:Y), V. .C R™, m. e. no nopme
Kaaccuveckozo npocmpancemsa Coboaesa ABAACMCA BNOAHE 02DAHUMEHHLM MHONACECMEOM N0
nopme npocmpancmea L,(V:Y).

Teopema 2. ITycmv 1 = rp. Toz2da evinoansemes oueHxa.

/ M@ =90 @I |4y (2) — go(2) 2 dp(z) < / (he ()" dp(z),

\%4 \%4

ede A = C(r,p)||h||z,v)-

JokazarenbcrBo. Pukcupyem 1mesaoe aucyao ¢ > 1. Obo3nadum depes V; MHOKECTBO TOUYEK
z € V rakux, uro |u(z) — go(x)|y € [2°,21). 13 nemmbr 2 M1 umeenm oneHKy ||gx — gol|ro (viv) <
Cs||h7 ||, vy - k. Oboznaunm depes k(i) MakcuMasibHOe Hiejoe k Takoe, 4To

lgx — gollo (VYY) <2071

Kak u panee qist .B. x € V; numeem

u(z) = gol(x)ly <4-27F0 7 ().

[To onpenenennuto k(i), ecam B3ath k = k(i) + 1, 10 ||gx — 9oz (V;Y) Gyner Gonbiie uem 2071
yaurbiBas (4), mosydaem A
C?)HhTHLP(V) . k’(l) > 21_1.

OTcrona _
ki ~ 2—Cg||hrHLp(V) 2

[u(x) = go(w)ly < 27 h, (),
O6osnaunm A(r, p, [|A"||1, 1)) = 2Cerp||h" || L, v). Vmeem
[u(z) = go(@)f < 27427 (ko ()"
Hasee moaydaeM, s 1. B. To4eK = € V;
I () — o)} < (e ()P

CiaegoBaTtesbHO,

/ 2lt@ =@ |y (1) — go ()} dp(z) < / (hr(2))? dpa()-

Vi

11



[IpocymmMmpoBaB moc/ietHee HEPABEHCTBO 110 7, TMOJIYIUM

[ 29O (o) — o) dia) < [ (b)) dta).
v v
Teopema nmokazana.

Ounpenenenne 4. Onpedeaum onepamop M, sadarnoig na Li(V). Hyemo h € Ly(V), h >0
n.6. Jan mowsu v € V. obosnavum uepes Egy  mnoswcecmso pasbuenua oy, codepoicauee .

v
Ommemunm, wmo u(Ey ) =" Mosoorcum
s LN 9

MB(@) = max§ ha). | i [ )Gy

Taxoice onpedesum

7 hy)dp(y)

) -y

Sameuanue 7. Ecau va V' 3adana mempura, npusem 0i4 KaHc0020 MHOHCECTNEE E] nocae-
dosamenvrocmu pasbuenut ¥ natidemes napa wapos Bi; u Bzy maxuz, wmo B;; C E! C BZJ U
omHoweHUe PaduyCcos IMUL WaPos He NPesocrodum KOHCMAHMbL, He 3G6UCAULET 0m 1, ], Mo
OAA NOUMU GCET T BHNONHAEMCA HEPABEHCMEO

[Mah)(z) < C[Mh](x),

20e M — kaaccuneckuli Makcumanvrvd onepamop.
Jlemma 2. Onepamop M oepanuyen no nopme npocmpancmesa Ly, das p € (1,00).
JlokazaTeabCTBO.
[Iycts p > 1. Onpenenum dyuknuo Hj ciaeaynmMm oOpa3soM i

Hy(x) = [Myh](x).

1 Hkllz, v
Al v

GYHKIMA h COAEPKHUTCS B OJHOM H3 MHOYKECTB EZ’~C B STOi\/I caydae, Jjd moboro x € EF nia

7 < k dyukius Hy mocrosHHa Ha MHOXKECTBaX Efzj \Efg:rﬁ1 Ecyim 3navenune pynknun Hy Ha

Herpynno Bumerh, 9T0 HaUOOJIBIIMM OTHOIIECHUE OyIeT mpHu YCJIOBUU, UYTO HOCUTEH

MHOYKECTBE Ef PaBHO @, TO HA MHOYECTBE Efz], OHO PaBHO %ak, a Mepa MHOYXKeCTBa Efzj
papna 287971 (EF).
[IpencraBum pyukimio Hy Kak cymmy

Hk(l‘):Hk( XEk +2Hk XE’ \ i+l (fE)

iy 41

[To upeos0keHunIo

JIerko BueThH, 4TO

HHk x(BL \E)

Lo, j+1

— 1 J Jj+1 %
‘LP(V) = <Wak) [M(Ez“ \Ez‘z,jﬂ)

12



< 9t=D(3-1) . ¢, . [W(ER)]" = o= (5-1) . s
Mcnoan3yst HepaBeHCTBO TPeYTrOabLHHKA, MOy daeM

1 1 1
1 Hxl L, < W0llz,on+ —— ) IPlle,ont—— 1P, 0n+ =5 2l 2,00 < COH L, v)-
2(1 p) 22(1 p) Qk(l p)

[Tepexoas k mpejiey mpu k — 00, BBIBOAUM TpedyemMoe HePaBEHCTBO.

OTmeTuM, 9TO ecJiu yCJI0BHE, 9TO HOCUTEIb (DYHKINN h COMEPIKUTCS B OTHOM U3 MHOZKECTB
EF, me BblnmojHgAeTcs, HaIPUMep, OHO CONEPKUTCS B JBYX MHOMKecTBaX. 10 MBI IoJIydaeM He
OJTHY, & HEeCKOJIbKO TeTouek MHOzKecTB. Hampumep, ecoim HocuTenb YHKIMH h COTEPKUTCA B

00beJINHEHNN MHOYKECTB EZ”“1 u EF upuuem x € E¥, y € EF

h i1? ip» TO MBI IIOJIy9aeM JIBE HENOYKN

k J Jj+1 k J Jj+1
MHOXKeCTB B | Ez-w_ \Ez-w_+1 u by, E,L-w_ \Eiyﬁl. HaJtee, mpoaeap Ijsl ATHX [IEI0YeK BLIYHCIIE-
HHUsI, AHAJOTUYHBIE BBIYHCJICHUSM MPUBEICHHBIM BBIIIE, MOJYIUM TOYHO TaKOW Ke Pe3yJIbTar.
s J J
OpHako, 91a omeHKa OyAeT HeTOYHO, MOCKOJIbKY HEKOTOPbIE U3 MHOXKECTB Eim u Eiw MOLY'T

1Hkllz, vy
170z, v)
BHITIOJTHSAETCS YCIOBHE, 9TO HOCHTEh (DYHKIUN i COMEPIKATCS B OMHOM M3 MHOWKeCTB EF.

Jlemma nmoxasana.

Jlemma 3. Iycmo mnoocecmso A swnyrao. Ipednoaosicum, wmo das a106020 m natdem-
CA CKOAL Y200Ho boavuwioe n maxoe, 4mo 0aa aobwx muosicecme Bl u B pasbuenus oy,
CO0EPICAUWUTCA 6 001HOM U mom dice muodcecmee B pasbuenus o, (B} C E", E} C EJ")
natidemes yenowka muosicecms EP daunv, ne 6oavwets wem C27"™)  makuz, wmo deéa nocae-
008AMEALHBIL MHONMCECTNBG 8 IMOT UENOYKe 2PAHUYAM 0py2 ¢ OPY20M, NEPBOE MHONHCECTNEO 6

amoti yenouke eparnuqum c B, nocaednee mrosicecmeo 6 amoti yenoure epanusum ¢ B .

coBIagarh. [losromy, JieficTBUTE/IBHO, OTHOIIEHUE oyaeT HauOOJBIIUM TOJBKO €CJIH

Iycmov u € S’Q’%[(V; Y). Ilpednoaooscum, wmo dynryua hy makosa, wmo dia ecex j > k 6bi-
NOAHAEMCA HEPABEHCNBO aHaA02UNHOE Hepasencmey (17) us onpedesenua 3, a uMEHHO 044 N. 6.
MOYEK T, NPUNAOACHCAUUT MHONHCECTEAM PA3OUCHUA T, KOMOPBIE 2DAHUMAM, C MHOIHCECTNEOM
Ef EHINONHACTNCA

2" |u(z) — Al ()ly < hi(x).

Onpedeaum pynryuto

Hyp(x) = [Mihy](x).

Tozda dan nw0bozo k Pynruyus Hy(r) asasemes seprnum epaduenmom 0aa omobpasrcenus u,
unaue 206opa, oas ecex j = 0,2, ..., das ecex i = 1,2,...,27, daa n. 6. © € E! ewnoanaemcs
HePaBeHcmeo anarozushoe Hepasencmey (1) usz onpedeserus 3:

2" |u(x) — Al(2)|y < Hy(x).

HokazaTeabcTBo.
®ukcupyem k. Paccmorpum m € N. [lokaxkewm, uro naiimerca A" € 2 Takas, 9To JJIs 1. B.
r € B BBIIOJHSAETCH HEPABEHCTBO

2" u(x) = A (2)ly < Hi(2).

[Tockousibky 10 oupegenenuto Hy > hj, Mbl MOXKEM PaccMOTPeTh TOJABKO ciaydain m < k. Ilo
YCJIOBHIO JIEMMBI JIJIsl 3TOTO M Halijierca n > k Takoe, 9T0 Jida JOObIX MHOXKecTB B n Ej

m n m
pasOmenus o,, CoJAepKANINXCA B OJHOM M TOM Ke MHOMKecTBe []" pasbmenws o, (EZ-1 C B,
E C E™) naiinercs nemnovka MHOKeCTB E 1uHbI He OOJIbIIeR dem C27("=™) rakux, 41O ABA
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OCJIeIOBATEILHBIX MHOYKECTBA B 9TOM IEIOYKe I'PAHUYAT JPYT € JIPYTOM, IIepBOe MHOXKECTBO
B 9TOH memovke rpaHuvuT ¢ FEj, mociaeganee MHOXKECTBO B 3TOH nenouke rpanunyant ¢ £ . Ilo
YCJIOBHUIO MBI UM€E€€EM OICHKU

2" |u(z) — AP (2)ly < Hilo).

Ornpenesenne CHJILHOTO BEPXHETO IPAJUEHTa, a TaKyKe YCJIOBHE CYIECTBOBAHWSA YIIOMSHYTON
HEIMOYKH MHOXKECTB Pa30MeHHUs IMO3BOJIMIOT IOJYYUTDH OIEHKY |AZ"2(x) — A} (x)|]y, a umenHo
MOKa3aTh, ITO JId JOOBIX MHOKECTB ]| n E} pasOmenus o,, COACPKAIEXCA B OJHOM U TOM
Ke mHoxecrse By pasOuenns o, s coorsercrsyiomux dbyukuuit Ef u Bl Bblnojnsercs
OTleHKA

2™ AL (v) — A7 (2)|y < Hy(x).

DTa OIEHKA BMECTEe € YCJOBHEM BBIIYKJIOCTH MHOZKECTBA IO3BOJISIET OIPEIECJUTH HCKOMOE
A € . Hampumep, B KadectBe A (x) MOXKHO B34Th cpemnee apudmuruaeckoe A, coorser-
CTBYIOIIHUX MHOYKECTBAM PAa30HEHUsI 0, COIEPIKANUXCS B OJTHOM T TOM K€ MHOXKeCTe pa3OHeHust
Om.-

Teopema 3. [lycmv ewnoanens, ycarosus semmo. 3. Paccmompum nociedosamensvnocms
dynruut hy(z). Mo moocem npednoroscums, wmo 0as n. 6. T nocaedosamensvrocms hy(x)
yoweaem. Oboznarnum npedeavryro Gyrryuto wepes Ry, (x). Toz2da

[U]sgfgl(v;y) < 2| hamin || L, (v)-

Sameuanue 8. Ob6o3Havwum wepes E~Zj obsedunerue 6cex MHOICECTNE U3 PasOUCHUA 0, 2pa-
HUBAUUL C MHOHCECTNBOM Eij, 8KA0UAA CaMO IMO mHodcecmso. Toeda nepevucientvie 6 Aem-
Me 3 yeaosus wa GyHKUu hy 9K6UBGAEHMbBL MOMY, “MO 02paHUYeHUA hy HG EZ ABAAEMCA
CUNDHOM BEPTHUM 2PAOUEHTNOM 02DAHUMEHUL OMOOPANHCEHUA U HA Ef Coomsemcmeento, 0af
mozo wmobw, onpedeaumn hy(x) docmamouno snams nosedenue u na L, 20e x € E7. Taxum
06pazom, snavenue hp,(r) onpedessemesn nosedenuem dynrkyuy Ha Ef, 2de x € Eij7 J cKoav
Y200H0 60ALWOE HAMYPAADHOE YUCAO. IMO NOZBOAAETM 2080PUMB, 4MO onpedeeHue PYHKUUL

Rynin AOKAABHO.
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