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OIITUMAJIBHOE BOCCTAHOBJIEHUE
OIEPATOPOB IO HETOYHON MHOOPMALIN!

I'. I'. Marapun-Unpgaes, K. FO. Ocunenko

Pabora mpencrasisier coboit 0630p 1Mo 331a9aM BOCCTAHOBIICHNUST IMHEHHBIX OTIe-
paTopoB Ha Kjaccax MYHKIWHA O TpuOIMKeHHOM nHdOopManum 06 3TuxX PyHK-
nusax. PaccmarpuBaeTcs CBA3b 3aa9 BOCCTAHOB/IEHWSI C HEPABEHCTBAMHU JIJIs
npou3BoaHbIX THNA Jlargay-Komamoroposa.

BBEJIEHUE

0030p TOCBSIIIEH 3aa9aM ONTHMAJIBHOTO BOCCTAHOBJIEHUS JIMHEH-
HBIX OIEPATOPOB Ha KJIACCAX 3JIEeMEHTOB M0 HEeTOYHON WH(MOpPMAIHH O
CaMWX JIEMEeHTaX M B3aMMOCBA34IM ITHX 33724 ¢ HEPABEHCTBAMU JIJIsl
MpOW3BOIHBIX. [Ipekie 4eM TPUBOIUTH TOUHBIE TOCTAHOBKH, ChOPMY-
aupyeM (Ha coJepzKaTeJbHOM YPOBHE) HECKOJIBKO 3aJa4, 4TO0bl JIaTh
IpeJICTaB/IeHUEe O TOM KPyI'€ BOIPOCOB, KOTOPble MOYXKHO U3y4aTb pa3-
BUBAEMBIMH 371€Ch METOIAMH.

1) Tlycrs mpo GyHKINIO W3 HEKOTOPOTO KJaacca TPUOIHKEeHHO H3Be-
CTeH ee cHeKkTp (HampuMep, Kakue-to ee koaddununentsr Pypre, ecan
dbyHKINA nepuoanyeckasd, Win ee npeodbpaszoBanue Pypbe Ha HEKOTO-
POM MHOZKecTBe, eciu (byHKIMsI 3a/aHa Ha npsamoii). Kak Hautydimm
06pa30M BOCIIOJIB30BAThCS ITOH HHMOpMAaIeil, YTOObI, CKazKeM, IeJI1-
KOM BOCCTAHOBUTH caMy (DYHKIIMIO /WK ee TPOU3BOJIHbIE?

2) IlycTb mpubauzKeHHO U3BECTHBI COCTOSHUS TUHAMIIECKON crcTe-
MBI B HEKOTOPbI€ (DUKCHPOBAHHBIE MOMEHTHI BpeMeHu. Kak Haury aimum
06pa30M BOCIIOJIL30BATHCS TOi nHMOPMAIH, YTOOBI BOCCTAHOBHTH CO-
CTOSTHWE CHCTEMBI B JIPYTOif MOMEHT BPEMEHU

3) Tlycts npo pemenne auddepernagibHOro ypaBHeH !, Ompe/ie-
JIEHHOTO B HEKOTOPO# 00J1aCcTH, MPUOINKEHHO H3BECTHBI €r0 3HAUEHNS
Ha HEKOTODBIX MOJMHOYXKeCTBaxX 3Toi obsactu. Kak HamaydmuM odpa-
30M HCIOJIB30BATh 3Ty WHMOPMAINIO, YTOOBl BOCCTAHOBUTH DPeEIleHTe
Ha JIPYTOM TOJIMHOZKECTBe?

Orpanuaumcst 3TUMHU 33/[a9aMU, XOTS CIIMCOK MOZKHO HPOIOJIKATD.
Bce onu ykiiaipiBatoTcs B OOIILYIO TIOCTAHOBKY, KOTOPYIO Mbl ITPUBOUM
B CJIeyIoNeM naparpade u uiTioCTPUPyeM pUMEPaMHu, COOTBETCTBY-
I0MAMHU C(DOPMYJIMPOBAHHBIM 33,139 aM.

'Paora BbImonmena mpu GbUHAHCOBOH mommepxkke Poccuiickoro dbonma dbynma-
MeHTaJbHbIX nuccaenosanuit, mpoexkTsl Ne07-01-90102, Ne08-01-00450 u ITporpammbr
rOCYJAPCTBEHHOM MOIIEPKKH BEAYIIUX HAYIHBIX MKOJ Poccuiickoit @enepannu,
HIII-3233.2008.1



1. TTOCTAHOBKA 3AJTAYU

[Iycte X — BekTOpHOE mpocTpancTBo, W — HelmycToe MHOXKECTBO
(kacc semMenToB) B X, Y; — HOpMUPOBaHHbBIE IPOCTPAHCTBA, [;: X —
Y; — mumettasle onepatopsl u 0; > 0, 1 < j < n. Daements u3z W
MU3BECTHBI, BOOOIIE rOBOPsI, HETOUHO: nH(opMaIus ob diemente x € W
COCTOUT B TOM, UTO M3BECTEH BEKTOP ¥ = (Y1,...,Yn) € Y1 X ... X Y,
Takoit, uro ||z — y;lly; < 05,1 < j < n Eecm 6 = ... =6, =0,
TO TOBOPUM, 4TO MH(MOPMAINS 33/laHa TOYHO, B IIPOTHBHOM CJIydae —
HETOYHO.

[Tycts Z — HOpMUpPOBaHHOE TIPOCTPAHCTBO. MBI XOTHM BOCCTAHOBUTH
JmmHeitHbril oneparop T: X — Z na kaacce W, pacnoJiaras 0 KaxKJa0M
sstemente © € W onucanuoit mHpopMarueii (KoTopas onpenessiercs
Habopom omeparopos I = ([y,...,I,) u BekTopoM § = (01,...,0,)).
[TocTymaem cienyiomum obpazoMm. JIroboe orobpaxkenne m: Yy X ... X
Y, — Z obbsiBasiem memodom soccmanosaerus (oneparopa 1 na W
no uadopmanuu (1,6)) u Beauduny

e(T,W,1,6,m) = sup Tz —m(yr, .- yn)llz
xeW, y;€Y;
1jz—y;lly; <6j, j=1,....n

HA3bIBAEM NOZPEULHOCTIDIO MEMOoOd M.
Hac O6yner mHTEpecoBaTh BeJIMInHA

E(T,W,I,6)=1infe(T,W,I,6,m),

rJe HUZKHsIST IPaHb Gepercs mo BceM OTOOpakeHusM (MeTojam) m u3
Y1 X ... XY, B Z, KOTOPYIO Ha3bIBAEM NO2PEUHOCNBHIO ONMUMGNOHO-
20 BOCCMGHOBAEHUA W METOJ 1, Ha KOTOPOM HUMKHSS I'DaHb JOCTHU-
raeTCsl, Ha3bIBAEMbBIH ONMUMAALHOM MEMOJOM Boccmanosierus (T. e.
E(T,W,I1,6)=e(T,W,I,6,m)).

CdopmynupoBannyto 3a1ady OyaeM Ha3blBaThb 3adauel 06 onmu-
MAALHOM 8occmanosaenuy onepamopa T na xaacce W no ungopmavuu
(1,0).

Buepsbie 3ajia4a OITHMAILHOIO BOCCTAHOBJICHUS OblIa 1MOCTAB/ICHA
C. A. Cyonsigom [1| s cydast, korna Z = R, nadopmanus 3amana
Touno, n = 1 u dimY; < oco. BrocjieacrBun npobsieMaTuka OnTUMAb-
HOTO BOCCTAHOB/IEHUSI HHTEHCHBHO PA3BUBAIACH B PA3HBIX HAIPABIEHN-

X (cM. [2]-[6]). P KOHKpeTHBIX 3a/1a4 ONTHMATBHOTO BOCCTAHOBIIE-
HUsI JTMHEHHBIX OTePATOpOB BrepBbie ObLT paccMorped B |7]. Tloaxon k
PEIeHnIo 3319 BOCCTAHOBJICHUS, OA3UPYIONIHiiCs HA HPHHIMIIAX TEO-
PHH KCTpeMyMa, pa3BuBaJcs B paborax [8]-[13].

[IpuBenem Tenepb HECKOIBKO UJITIOCTPATUBHBIX TPUMEPOB, KOTOPKIE
B JlaJibHElIeM Oy/1yT pacCMOTpeHbI B DoJiee ODIIMX CHTYAIUIX.

1) Pacemorpum 3aady 06 ONTHMAIBHOM BOCCTAHOBIEHHN (DYHKIIHH
U ee MPOU3BOJHBIX Ha CODOJIEBCKOM Kjacce (PyHKIMI Ha TPAMOil 10
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npubmkeHHoi nadopMmannu 0 ee npeodpaszoBannn Pypbe HA HEKO-
TOPOM MHTEpBaJIC. OﬂHa N3 BO3MOZKHBIX TOYHBIX ITOCTaAHOBOK TaKOBa.
[Iycte X — cobosreBckoe mpoctpancteo Wi (R) dyrkuuit Ha mpsimoi
R, T. e.

Wi(R) = {z() € Lo(R) : 2"7V(-) € LAC(R), 2(-) € La(R) },

rae r — narypaabaoe ancyao 1 LAC(R) — coBoKymHOCTD BCex JIOKaJIbHO
abCoJIIOTHO HempepbIiBHBIX (hyHKINI Ha R,

W =W;(R) = {z(-) € Wy(R) : " ()| ram) < 1}

— cobonesckuit Kiace dynkmmit na R, n =1, Y] = Ly(A,), tae A, =
(—0,0),0 <0 < oo (A, =R, ectu 0 = 0), [} — cyxenne Ha A,
upeobpaszosanus Pypee F byuxnuii uz Ly(R), Z = Ly(R), § > 0 u
Tz()=a®(), e 0 <k <r—1.

JpyruMu cioBamMu, 3T0 3a/1a4a 00 ONTUMAILHOM BOCCTAHOBJIEHUH K-
oit mpousBoHO# (camoit dbyHnkuuu, ecsim k = 0) Ha cOBOJTEBCKOM KIacce
bynknuit W3 (R) wo caenyromeidi Herodnoit uHdOpMA: 0 KazK oM
dyukiuu x(-) € W usBecrno ee npeobpasosanue Oypbe HA UHTEPBAJIE
A, ¢ TOYHOCTBIO 710 0 B MeTpuke Lo(A,).

2) Pacemorpnm 3amady 006 ONTHMATBHOM BOCCTAHOBIEHUH TEMIIEDa-
Typhl GECKOHEUHOTO CTEPyKHS B HEKOTOPDHIi MOMEHT BPEMEHW 110 ee
npubIUKEHHBIM U3MEPEHHAM B Jpyrue MoOMeHTHl Bpemenu. OjHa u3
BO3MOZKHBIX TOYHBIX HOCTAHOBOK TAKOBA.

PacnpocTpatenne Temia B GECKOHEYHOM CTepzKHe (T. e. Ha MPAMOii
R) onuceiBaercst ypaBHEHHEM

) ou  d%u

ot Ox2
¢ 3aJIaHHBIM HAYAJILHBIM PACIIpPeIeICHHeM TeMIIepaTyphl
(2) uw(0,2) = ug(x), =z €R.

Mpsr npeamnosnaraeM, 9to ug(-) € L2(R). ExnacTBeHHBIM perneHneM 3a-
naun (1)—(2) mpu t > 0 sasiercs unarerpan [lyaccona

1 (z=£)?
u(t, z) = u(t, 2 () = Nﬁ/ﬂf 2 o (€) de
u npu 3toM u(t, ) — up(-) upu t — 0 B merpuke Lo(R).

IIyctp B MomenTsl Bpemernn 0 < t; < ... < t,, IpUOJHIKEHHO W3-
BECTHBI pacrpejiefenus remmneparyp u(ty, ), ..., u(ty, ), T. e. u3BecT-
upl Gynxnun y;(-) € Lo(R) Takue, aro [Ju(t;, ) — y;(-)||.m) < 6j, rae
0; >0,7=1,...,n 3agada cOCTOHT B ONTHMAJIbHOM BOCCTAHOBJICHUH
TeMIepATYpPhl GECKOHEYHOrO CTEPXKHS B HEKOTOPBIA MOMEHT BPEMEHH
7 (1. e. B BoccranoBieHun GYHKIMA 1 (T, +)) TO ee MPUOTUIKEHHBIM 13-
MepeHusIM Y1 (), ..., Yn(-).

B rtepmumax obmieit mocramosku 3gzech X = W = Y; = Ly(R),
L(uo()() = ulty, ), 1< <.
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3) 3amaua o Tpex cdepax. Pacemorpum 3agaqay lupuxie B d-mMepHOM

eqmamanom mape B = {x = (2,...,24) € R : |2] < 1} (Jz]? =
3+ .+ 2k

Au =0,

U‘Sdfl :f’

e St ={zeR?: |z|=1}.

[Ipenmonaraercs, uro f(-) € Ly(S%!). Tpebyerca BoccTaHOBATH pe-
meHne ol 3a7a4un Ha cdepe pajuyca r M0 HETOYHO 3aJTAHHBIM Pe-
meHusM Ha cdepax paguycoB r;, ¢ = 1,2, 1y < r < ro < 1. UnbiMu
coBaMu, U3BeCTHB PyHKIUE ¥y (), y2(-) € Lo(S?™1) Takme, uro

Hu(')]m:n = Ui Mo <0y i=1,2.

B repmunax o6mieit mocranosku saech X = W =Y, = Z = Ly (S41),

(PO =u0)), i =12 n T = u0),

2. OBIUUE PE3YJIbTATHI

PaccMoTpuM Temepb HEKOTOpBIE DPE3YABTATHI OOIIET0 XapakTepa,
MO3BOJIAIONTAE MTOTYYaTh ONTHMAJIbHBIE METO/IBI BOCCTAHOBJIEHUS B 3a-
Jlavax, TOJ00HBIX ¢(hOPMYJIUPOBAHHLIM BbITIE. /[JIs1 3TOr0 MBI HECKOJTb-
KO Jleraju3upyeM OOIIyI0 HOCTAHOBKY U3 HPEJbIAYIIErO pa3/ea.
[TycTn, o npexknemy, X — BeKTOpPHOe IPOCTPAHCTBO, Y; — HPOCTPaH-
CTBa CO CKAIAPHBIME HTPOM3BEACHHAMH (-, )y, W COOTBETCTBYIONMIIMH
nopmami || - |ly;, I;: X — Y; — snmmeitabie oneparopwr, d; > 0, j =
1,...,n, u Z — nopMupoBaHHOe MpocTpancTso. PaccmarpuBaercs 3a-
Jladya ONTUMAJIHLHOTO BOCCTAHOB/ICHUS JInHEiHOTo ontepaTopa 1 : X — Z
Ha KJacce

(mpu k = 0 cumraem, uro Wy = X) no undopManum o 3HAYEHUAX
onepaTopoB lii1, ..., I,, 3aJaHHBIX HETOYHO, T. €. IJIs KaxKj10T0 © € Wy
U3BECTeH BEKTOD Y = (Yki1y---,Yn) € Yer1 X ... X Y, Takoii, 910

||IJI—yJ||y}<(SJ, j:k+1,,n

B kauecTBe MeTO0B BOCCTAHOBJIEHUS PACCMATPUBAIOTCS BCEBO3MOK-
Hble OTOOpaxKenus m: Yii 1 X ... X Y, — Z. Ilorpemnoctsio MeToja
BOCCTQHOBJICHIS 1 HA3BIBAETCS BEJIUUNHA,

(T, Wi, 1,8,m) = sup sup 172 = m(y)llz.
TEWE y=(Yk41,->Yn)EYkt1 X... X Yn
I1jz—yjlly; <6, j=k+1,...n

Hac unTepecyer Benmmauna

E(T, Wy, 1,0) = inf Ze(T,Wk,I,5,m),

m: Y1 X XY —



KOTOPAast HA3BIBACTCS NO2PEUHOCTNBIO ONMUMGALHO20 B0CCTMAHOBAECHUA
W MeTOJ| M, HA KOTOPOM JOCTHTAETCs HUKHSSI IDaHb (eCJn TAKOBOW
CYIIECTBYET ), KOTOPBIl HAZBIBACTCS ONMUMAALHOLM MEMOOOM.

CrsxkeM ¢ 3a7a1ueil ONTHMAJIBHOTO BOCCTAHOBIEHHS CIIETYIONIY IO YKC-
TPEeMaJIbHYIO 3aJIa4y, KOTOPYIo Oy/eM Ha3bIBaTh deoticmeennoti 3ada-
well K 3a/a9e ONTHMATBHOTO BOCCTAHOBJICHHUS.

(3) |Tx||3 — max, HIJxH% <6, j=1,...,n, zeX.

OIHUM U3 OCHOBHBIX PE3Y/IbTATOB, HA KOTOPOM 0A3UPYIOTCS TMOCTPO-
€HU¢ ONTUMAJbHBIX METOJIOB BOCCTAHOBIEHUS SABJIAETCS CJIETYIOMIA

Teopema 1. Ilycmv cywecmsyrom maxue \; > 0, 3 = 1,...,n, wmo
3HAUEHUA 30004

) ITel} »max, S MILeld < SIA2 wex,
j=1 j=1

u 3adavu (3) coenadarom. Ilpednoroscum, Kpome mozo, wmo 0ia 6CET
Y= (Ykt1,---+Yn) € Yir1 X ... X Y, cywecmeyem pewenuve x, 3a0a4u

(5) S NIl + >0 Ml —ylls, - min, z € X

J=1 j=k-+1
Toeda
E(T, Wk,[,d) = sup HT:L.HZ
zeX
HIjIHYjS(Sj, Jj=1,...,n
U Memod

ACAACIICA ONTNUMAADHHIM.

Crava/ia OTMETHM OJUH IIPOCTOIl pe3y/ibTaT, KACAIINIICS XapaKTe-
pu3anuu 3JIeMEHTa HalJIyYIIero HpI/I6ﬂI/I}K€HI/IH B IIPOCTPaHCTBE C IIOJIY-
CKaJIAPHBIM IIPpOU3BEIACHUECM, U IIpUBEIAEM (,ZLJ'IH ITOJTHOTHI I/ISJIO}KGHI/IH)
€ro JI0Ka3aTeabcTBO. [1ycTh Y — npocTpaHcTBO ¢ HOTYCKAJISIPHBIM IPO-
usBejienueM (-, )y, L — momnpocrpanctBo Y u y € Y. Pacemorpum
3aja9y (0 HAWIydIIeM OpUbGIUKEeHUN y dJaeMenTamu u3 L):

(7) |t —y|lly = min, =z € L.

IIpensoxkenune 1. Gaemenm T € L asasemes pewenuem 3adaqu (7)
8 MOM U MOAVKO 8 MOM CAYHGE, K020a

(jf - Y, I)Y =0
oas scex x € L.

Joxazamenvcmeo. Ilyers T — pemenne 3agaun (7). Jlomycrtnm, 9ro
CYIIECTBYET 3JIEMEHT T € L, jij1g KOTOpPOro

(fc\—y,xo)y:a#().



[oioxkum z = T — Axg, tiie A = a/||xg]|3. SIcno, uro 2z € L. Nmeem

||Z - yH%/ = (55— ATy — Y, T — Axp — y)y
=17 = yl5 — 2Re(T — y, Azo)y + |AP||zoll3

o e o
= [z —yly -
ol - T llwolly

2

=7 = yl¥ — 2Re(ha) + <[z =yly-

DTO MPOTHBOPEYUT TOMY, 4TO T — pernterne 3agaqn (7).

O6parno, nycth T € L Takoe, 94T0 ajad BCeX ¥ € L BBINOJHSETCA
paBeHcTBO (T — y,x)y = 0. B wactHoctn, (¥ — y,x — X))y = 0. Torma
no Teopenme [Iudaropa |7 — y[lf < [|T — y[} + [z — 2|} = [z — yIi¥,
T. e. T — pemternne 3ana49u (7).

oxasameavcmeo meopemw, 1. Onenka cansy. [lyets v € X, [[[z||y, <
d;, 3 =1,...,k, m m — mpoM3BOIBLHLINA MeTON BoccTanoBaeHud. Torna

2||Tzl|z = Tz —m(0) = (=Tz —m(0))] 2
<|Tx —m(0)||z + || = Tx — m(0)||z < 2e(T, Wy, I,0,m).

[lepexona K BepxHeit rpaHH 110 BCeM YKa3aHHBIM X, TOJy9aeM, 9TO I
BCEX M CIIPaBe/IJINBO HEPABEHCTBO

6(T7 Wk7]767 m) > sup ||T;L'||Z
zeX
[yzlly, <65, =1,
CaenosaresbHO,
8) E(T,W,1,6)= _ inf __e(T,W,1,6,m)>

m: Yk+1 X...Yn—
> sup | Tx|| 2.

TEX
||Ij33||yj <dj, j=1,...,n

Omnenka cBepxy. Paccmorpum BekTOpHOE TpocTpancTBo F = Y] X
... X Y, c mOIyCKaJapHBIM IPOU3BEIeHUEM

W' y")e =D N vy,
=1

e vt = (yi,...,yl), v = (v3,...,y2). Torna skcrpemasibHas 3aja4a
(5) MoKeT GBITH Mepenucana B BUJIE

|1z — §||% — min, z € X,

re Iox = (Lz,....[x),ay = (0,...,0,Yks1,---,Yn) U3 mpemmoxe-
Hug 1 ciaeayet, 94To 174 Beex © € X

(T;Cy —g,fl’)E =0.



Orcrona moydaem, 910
11z = gl = [z — Tz, + Tz, = §l5 =
= [[Iz — Ixy||2E —2Re(lx — Iy, Izy — Y)p + ||y — % =
= |1z — Iyl + | Lz, — GlE.

Takum obpazom, it Bcex x € X

k n
9) 1T = Ty |13 < 1Tz = gll% = YNl Laly, + > MLz =y,

j=1 j=k+1
[ycts 2 € Wi ¥ Yry1, ..., Yo TakoBbl, uto Lz — y;lly, < 05, j =
k+1,...,n. Ionoxnm z = x — x,. Torga uz (9) crexyer, 4ro

n n

N 2 1TA12 N2
Z)‘j“[jZHYj = [[Iz]|5 < Z)\j(sj'
j=1 j=1

13 31010 HEpABEHCTBA M YCJIOBHS COBNaJIeHNs 3HadYeHUIT 3a0a4 (3) u
(4) moygaem oreHKy st Metoga (6):

Tz — m(y)||% = IT2]% < sup IT=)17% =
~ xeX R
o Nl <35 387
= sup T
xeX
||Ij$||yj.§§j, j:l,...,n

Takum obpazowm,

E(T, Wy, 1,0) <e(T,W,1,0,m) < sup Tz .
X

YauTeiBast OleHKY (8), IPUXOJUM K DABEHCTBY.
E<T7 Wlmlv(s) = sup HT‘mHZ
c
1Lsally, 67, 5=1,.m

Orcroa 1 13 mpeJIblLyIIero HepaBeHCTRa, CeYeT, 9TO 11, — ONTHMAIb-
HBII METOI. O

[IpuBesem Tenepnb yji00HBIE JIjIsI TTPOBEPKU JOCTATOYHBIE YCJOBUS
coBlajieHns 3Hadenuit 3a71a4 (3) u (4). @yuknuio, onpeaeaeHnyio ¢hop-
MYJION

L(a,N) = =|ITz|Z + ) Al
j=1

rae A = (A, ..., \,), HA3oBeM hynruyued Jlazparosca zadavwu (3).
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Teopema 2. IIycms cywecmeyrom N\; > 0, j = 1,...,n, u donycmu-
Mol 6 3adave (3) anemenm T makue, ¥mo

(@) minL(z,A)=LEN), A=A ),

zeX
® Y NULES, —63) =0.
j=1

Tozda T — pewerue smoti 3adanuu u

n
2 _ 2 _ N 52
sup [Tz|7 = sup ITx|% =D A;63.
) erX' R zeX R j=1
1Z2lly, <65, j=1,....n PO Aj||1jx||2ngzyzlxj5§

Joxazameavcmeo. Tlomokum

S:ii&ﬁ
j=1

Ilycts x — momycrumbtii saement B (3). Torga, ucnosnnsys 910 06cTO-
ATEJBCTBO, yeaosus (a) u (b), moayaum

— Tz} = =IITalz + Y Nl —63) = Lz, A) =5 >

j=1

n
> L(@, ) =S = = T2 + Y N7, - 6)) = =177,
j=1
T. e. T — pemterue 3a1a9u (3). AHATOTHYHBIE PACCYZKIEHUST TIOKA3bIBA-
10T, 9YTO T — pelenne u 3aga4du (4).
[Tokazkem Tenepb, ato L(Z, A) = 0. leflcTBUTEIBHO, TPEIIOTIO0KHEM,
gro L(Z,\) = a > 0. Torma, ecan xo = o, rne o < 1, 10
L(zo, N) = 2L(T,N) < L(E,N),
g0 nporuBopednt (a). Eciu ke a < 0, To moaarast o > 1, nosrydum
Lz, \) = 2L(T,N) < L(T, ),
410 cHoBa nporusopeunt (a). Crexosarensno, L£(Z, A) = 0 u Tem ca-
MBIM
sup |Tz|% = IT3]} = —L@E N + S = S.
I, <62, j=1...m
U
OrmernM, 9TO B ABOiCTBEHHOl 3a1ate (3) omepaTops! I;, 3aa0mme
knacc (j = 1,...,k) u nadbopmanuio (j = k + 1,...,n), paBHONpas-

Hbl. FHBIME cJiOBaMu, JABOWCTBEHHAsI SKCTpeMaJibHas 3a/a4a “‘He pa3-
JIMYaeT” alpUuoOpHYIO U anocTepuopHyio nndopmanuu. B cBsa3u ¢ 31um



€CTeCTBEHHO PACCMOTPETDH CJIeLYIONIYIO MTOCTAHOBKY 34491 ONTHMAJIb-
HOTO BoccTanoBienus. ITycts A C {1,...,n} u B = {1,...,n} \ A
[Tonoxum

Wa={zeX | Lzly, <6, jeA}, Ys=]]Y:
jEB
PaCCMOTpI/IM 3aJavy OINITUMaJIbHOTO BOCCTaHOBJICHUA JIMHEMHOIro oIle-
paropa T: X — Z na knacce Wy, 1o undopmaimn o HeTOYHO 3a/1aH-
HBIX 3Ha4YeHUAX onepaTtopos [;, j € B. llorpemnocTpio onTHMaIbLHOTO
BOCCTAHOBJICHUsI HA30BEM BEJIUUUHY
E(T,Wy4,1,6) = inf  sup sup | Tz —m(y)|z-
m: Yp—=Z xcWy y={y;}€YB
I jz—y;lly;<é;, jEB

3 reopembt 1 191 JaHHOI TOCTAHOBKHU BBITEKAET CJEIYIONIEE YTBEP-

JKJICHHE.

Teopema 3. ITycmv cywecmsyrom makue Xj >0,7=1,...,n, wmo
anavenus zaday (3) u(4) cosnadatom. Ilycmsv, kpome mozo, dra 6cex
Y= (y1,...,Yn) € Y1X... XY, cywecmeyem snemenm ,, A6Aa0uulica
pewenuem 36004

n
Z)\jHIjx — yjH%/j — min, z € X.

j=1
Tozda das awbozo A C {1,...,n}
E(T, Wy, 1,96) = sup Tz 2

z€X
11;zlly; <65, j=1,..,n

u memod T'x,,, 2de
0, JE€EA,

yal; = |
{A}] yj) j¢A7

ACAACTICA ONINUMAADHHIM.

3. OITUMAJILHOE BOCCTAHOBJIEHUE ®YHKIINI 1 UX
ITPON3SBOJHBIX [TIO HETOYHO 3AJAHHOMY CIIEKTPY

Pacecmorpum 3aza4y 1), chopMy/IMPOBaHHYIO BO BTOPOM Haparpa-
de, 1. e. 3a7a4y 00 ONTUMAJILHOM BOCCTaHOBJIEHUN k-Oif ITPOM3BOIHOMN
Ha coboneBckoMm Kiacce Wy (R) mo HeTouHO 3amaHHOMY TpeobpaszoBa-
o Pypbe Ha wHTEpBaie A, ¢ TOYHOCTHIO 70 § B MeTpuke Lo(A,).
[TorperntHoCTh ONTUMAIBHOTO BOCCTAHOBJIEHUS B 3TOI 3a1adve ompee-
JIZeTCd CJeYIONUM 0Opa3oM

E,(D*, W;(R),6) = inf sup 129 () = m(») () racw)-
m () EWF(R), y(-)€L2(As)
IF2()=y( )Ly ays)<o
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rJe HUKHsS rpaHb Oepercst mo BeceM meromam m: Lo(A,) — La(R).
JIBoiicTBeHHAA 3KCTPEMAIbHAS 33,298 3/1eCh UMEeT BUL

le® L, = max, (27 C)IT,m <1 I1F2()I,n,) < 6%

,HJISI TOT'O ‘{TO6BI JdaJjiee UMEThb BO3MOZKHOCTH CTPOUTH OIITUMaJIbHBIE Me-
TOJbI UCIIOJIB3YIONIHE He TOJBKO HHMOPMAIMIO O MPUOJIHKEHHOM IIpe-
obpazopannu Pypbe, HO U O TMPUOTUKEHHOI r-0f TPOU3BOIHOMN (CUn-
Tag, 4TO OHA W3BECTHA ¢ TOYHOCTBIO J0 07 B MeTpuke Lo(R)), Gyaem
paccMaTpUBATH CIEAVIONIYIO 3a0a9y
(10)

le® ()12, @ = max,  [2@ 2,5 <82 [Fe()]? ., < 62

Ncnonnb3ys Teopemy [Lnanmepesis, 3ta 3aj1a4da B obpaszax Pyphe 3a-
IUIIETCA B BHJIE

(11)
/T%U(T) dT — max, /TzTU(T) dr < 62, 27T/ u(T)dr < 62,
R R As

rae u(-) = (27) Y Fz(-)|®>. Herpyano 1mokaszarb, 4To B 9TOH 3ajaue
pelieHye He CyIecTBYeT, I03TOMY PACCMOTPUM CJIeyIOlIee ee PACIIU-
penue:

(12) /T2k du(T) — max, /TQT du(t) < 0%, 27r/ du(t) < 03,
R R Ao

Ha MHOYKECTBO BCEX HEOTPHUIATEIBHBIX Mep dfu(-) Ha IpAMOii.
Oyukiums Jlarpanzka Juig 310l 3a/1a41 UMeeT BU/I

L(p(-), A1, Ag) = /R(—T% + M7+ 2m Ao xo (1)) dp(T),

rie
1, te(—o,0),
0, t¢ (—o,0).

[Tycts 0 < k < r. PaccMorpuM (pyHKITUIO, 33/IaHHYIO TapAMEeTPUIECKU

Xo(t) =

2k

y=t1,
r=rT",
Torma y = /7,0 < k/r < 1. Kacarenbras k rpaduky sToit dbyHKIIei

B Touke (137, 72%), 70 > 0, umeer BUJ

k
2k 2k—2r 2r
Y—To —;70 (x—75").

Tak Kak sicHo, 4To DyHKIHS y = x*/"
rpaduka uMeeT MecTo HEPABEHCTBO

BOTHYTA, TO JJIA BCEX TOYEK ee

k r—~k
—y+ —702’“_2% + 7'0%— > 0.
r r
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[Tonoxum " L

~ _ ~ 1 r—

)\1 = —Tgk QT, /\2 = —7'02k—

r 27 T
Torma s Bcex 7
—7% L N7+ 2o > 0.
Haiiiem Tenepb Takoe o, 4ro
—72F LN > 0.

upu Beex |7| > 7. Jlerko ybenurhes, 9To

1 1
~ TSR T\ 20—k)
_ 2(r—k) __
o=\ = <E> To.

[pennonoxkum, aro o > &. Torma agst Beex pu(-)

LOu() 2, R) = / (=7 4 27+ 2mhg) du(r)+

Ag
—|—/ (=% + /):17'%) du(t) > 0.
R\A,

PaceMoTpuM Mepy, cOCpeIOTOUeHHYI0 B TOUKe Ty (T. e. 0-pyHKIuo B
9TOM TOUKe):

du(t) = Ad(T — 1)

u BeibepeM A u 7y U3 ycioBuit:

(13) / () = 6% 2 / dii(r) = 02,
R AO'

Takum obpaszow,

1

62 2167\ 2

A = —, T0 — 2 .
2m 05

Kpowme Toro, sicho, 4To L(ﬁ(-),xl,xg) = 0. 13 TeopeMmbl 2 BBITEKAET,

4YTO JJId CJIydas, KOTIa

r 4(11@ r (lk) 271'52 217
~ 2(r— 2(r— 1
725 =(3)" "= (3) (—5) ’

Mepa [i(+) — pemenue 3agaun (12) u 3Ha9enne 3TOM 3a1a9 \107 + \ods
COBNIAJIACT €O 3HAYCHUEM 3aJ1auH
(14)

/T% du(t) = max, A / T du(7)+/)\\227r/ dp(T) < A62 + Agd2.
R R A

o
PaccmorpuM Tenepb ciayuait, korna o < o. llpamas y = o2+ "z
npoxomut depes Touku (0,0) u (02*, 0?"). Haiizem ToUKy 7 Takyio, 9T0
KacaTeabHasd K KPUBOH Yy = 2*/7 B Touke £ = 72" napasiiesbHa MPSIMON

y = o2+ "z, Umeem

E (?QT)k/r—l _ 0_2(k:—r) )
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Orcrona

1
R k\ -8
T=|- 0.
r

Tem cambiM ypaBHeHIE KacaTeIbHOW HMeeT BHI,
(15) Y = M + 27y,

rie

2 r r
k/r

k
~ ~ 1 r—k k\ m—F
)\l _ O_Q(k 'r)? )\2 _ i O'Qk.
B cuity BorayTocTu KpuBoit y = /" ee TOUKHM JieKaT He BBIIIE IPSMOi
(15) m TeM caMBIM JIJTsl HUX BBINOTHSIETCST HEPABEHCTBO
—y + Mz +21Ay > 0.

Kpome toro, —t2* + \#2" > 0 npu t > o. Taxum ofpazom, ais Beex
p(-) mmeenm

L) R T = [ (4 Rur? s+ 20k dr)+
Ao

+/ (=72 + /):17'%) du(t) > 0.
R\A
[Tonoxkum Tenepn
dr(t) = Aé(t —7) + Bé(t — o),
rae A >0 u B > 0 onpegennm u3 rex ke ycaosuit (13). Umeem
52
o

2 2 P
B 07 63 (k) ‘
o 2

Jlerko ybeanThcsi, 91O U3 - ycqoBust 0 < 0 BBITeKaeT, uto B > 0. Ocra-

A7 4 Bo™ =62, A=

Orcrona

ercst sameruth, uto L(1I, A1, A2) = 0. Tem cambim 3aja4a (12) pemmena
npu Beex o > 0. I, Kpome Toro, J0Ka3aHO, YTO ee 3HAYEHHEe JIJIsi BCeX
o > 0 coBmagaer co 3nadenueM 3a1aqu (14).

Anmpokcumupysi (CTaHAAPTHBIM 00pPA30M) MepY, COCPEJ0TOUEHHY O
B TOYKE, J-00Pa3HOU MOCIIeI0BATEIbHOCTHIO, MOJYUaeM, UTO 3HAUCHHS]
sagad (11) u 3ama4u

/ 7 u(7) dr — max, /(/):17'% —|—27T/):2XU(T)U(T) dr < Xléf —1—/):2(5%,
R R
u(-) € Li(R), w(r) > 0 nouru Beroay Ha R,

COBNAJIAIOT U PABHBI TOMY K€ BbIDAKEHUIO A105 + Aods.
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s mocTpoeHns ONTUMAJIbHBIX METO/I0B BOCCTAHOBJIEHUST PACCMOT-
PHUM 3KCTpeMATbHYIO 331349y

Allz7 () = (@) + Al F2() — 12())17,(a,) — min.

[Tepexoas Kk npeobpazoBanuio Oypbe u ucnosb3ys reopemy llianrie-
peJis, Hoaydaem

Py -
_1/ (i) Fa(7) — Fyu(7)* + )\2/ |Fa(7) — y2(7)|? d7 — min .
2m Jg A,

Herpyano nposepurh, 410 peiieHueM 10 3a/1a41 siBJIsieTcd PyHKIIHST
xo(+), mpeobpazoBanne Pypbe KOTOPOIl nMeeT BHL
A (=17)"Fyi (1) + 2w Aoy (7)

Fxo(r) = AT+ 27\
(i7) " Fya (1), Té¢A,.

U3 teopembr 3, nmosoxkus 03 = 1, 6o = 0 u y; = 0, nojsydaem, 4to
METOJ

, T EA,,

A = — [ @)t <1+Trf1> y(r)el™ dr

B % Ay 271'/\2

ABJIACTCA OIITUMAJIBbHDBIM. ,ZLJIH IIorpemrHoCT OITUMAJIBHOT'O BOCCTaHOB-
JIeHd uMeeT MeCTO paBEHCTBO

E,(D*, WI(R), ) = \/ A1 + Aa02.
Ecau o > 7, T0

/)\\ _k? 52 1—k/7~ }\\ . 17"—1{3 27T k/T
7 \on ’ 2T o r 02 '

CJIG,D;OB&TGJH:HO7 B 9TOM CJIy4dae

E,(D*, W3 (R),6) = (\/%_ﬂ)l_k/r

I MeTOI

a0 = [ (1+ 2 ) e

ABJIACTCS ONTUMAJIBHBIM.
[TokazkeMm, 4TO IpU 0 > T METO/,

A)(E) = /imk (1+5—2 k #r)lymez‘%

-5 27TT—]€

— TakzKe ONTHUMAaJIbHBIA. [Ipexkae Bcero orMeTum, 4To s BCeX o > 0

E3(D*, W3 (R),8) = ES(D*, W3 (R),6).
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[Mockombky Lo(A,) C Lo(Az) u mst Beex y(-) € Lo(A,) Takmx, 910
|Fa(-) —y(-)||zo(a,) < 0, aHATIOrMYIHOE HEPABEHCTBO BBHITIOJTHEHO B MET-
puke Ly(Az), TO

sup 2™ () = (y) () oy <
rO)EWF(R), y()eLa(A0)
7250 g2 <0

< sup 2% () — @ (y) () Loy =
z(-)EWF(R), y(-)EL2(Az)
IF2z()—y()lryas) <6
= ES(D*, Wj(R),8) = ES(D*, W3 (R),0).
DT0 u O3HavaeT, 4To M — ONTHMAaJILHBII MeTOU.

Paccvorpum Ternepn ciaydaii, korga k = 0. Torma pacmmpennast
JIBOMICTBEHHAS dKCTpEMaJIbHAs 332498 UMeeT BUL

ﬁ(#(')7:\\1,:\\2) = / (—1+ Xﬂ'?r + 27r/):2) du(T)+
Ao'

+ / (—1+ Xﬁ'%) du(T).
R\A,

[Tomoxum
~ 1 ~ 1
A = :
g 27
st Beex pu(+) cupaBe/iIiBO HEPABEHCTBO
L(p(+), A1, Ag) = )\1/

5 T dp(T) + /R\AU (—1 + (92) dp(T) = 0.

s
52

1

0—2r

dp(t) =

BBIIIOJIHAIOTCA YCJIOBUA

/TQT du(t) =1, 27T/ dii(t) = 6%,
R AO'

a kpome Toro, L(ii(+), A1, A2) = 0. AHATOTUIHO PACCYKIEHUSIM TPOBe-
JIeHHBIM BBIIIC, HOIY4aeM, 9TO

[ 62 1
1 Ea DO I;[r'r R
( 6) ( ) 2( )75) 27T 0-27"’

a MeTox,

i awe=n [ (1)) s

o o

(t) +

ABJIAETCA OIITHUMAJIBbHBIM.
Tem caMBIM TOKa3aHa
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Teopema 4. Hycmor e N, 0 <k <r,0<oc<o00,d>0u

()7 (5)

Toeda

k
— k k r—k 1 R
PV <—) 6% + o<a,
o

2rr T

ES(DF, W(R), ) =
5 17](?/7‘

JE— > T

(=) 023,

a mMemod
1

0= [t (12 () (7)) e

—oq

2de 0p = min(o,7), ABAAEMCA ONMUMAADHBLM.
Ecauk =0 u0 < o < oo, mo gopmyav, (16) u (17) darom noepew-
HOCTL ONMUMAADHOZ0 BOCCTMAHOBACHUA U ONMUMAALHBLG MEMOJ.

13 Teopembl 4 BBITCKAELT, 94TO, HAYNHAA C 0, JadbHeillnee yBeInIeHne
WHTepBaJa, Ha KoTopoM mpeobpazosanne Pypre dbyukmun uz Wi (R)
3aJIaHO € IOTPENTHOCTHIO § B MeTpuKe Lao(A, ), He IPUBOIUT K YMEHbIIIe-
HUIO IIOTPENTHOCTH BOCCTAHOBIEHUs. VIHBIMY CJI0BAMH, IIPU HAPYIIEHUH
COOTHOIIIEHHUSI

r

(18) §20? < 2m (%) o

MEZK/Iy IMOTPEITHOCTHIO 33, IaHNsT MCXOMHBIX TAHHBIX U PA3MEPOM UHTEP-
BaJia, HA KOTOPOM STH TaHHBbIE U3MEPSAIOTCS, JOCTyMHAsT WHMOPMAINAs
okaszpiBaeTcs ussuiineii. CoorHomenne (18) MOXKeT paccMaTPUBATHCS
KaK CBOEro pojaa “npunuyun mneonpedeserrocmus”.

[IpeamonoKuM Tenephb, 9T0 KMEeTCs BOSMOKHOCTD IPUOINKEHHO H3-
MepsITh He TOJIBKO Ipeodpaszopanne Pypbe (DYHKIMH, HO U €€ 7-YIO IPo-
n3BoAHY 0. Torma morpenrHoCcTh ONTUMAIbHOIO BOCCTAHOBICHUS HMEET
BHIL,

E,(D*, W5 (R),61,68) =

= inf sup 129 () = myr, y2) ()l )
m SC()EWS(RL yl(')eLQ(R)v yQ(')ELQ (Ao')
2 () =1 ()| Lo ) <61

[Fz()=y2()llLy(ag) <02

rje HUXKHss I'patb Geperca o BceM Merogam m: Lo(R) X Lo(A,) —
Ly(R).

Amnasornuno Teopeme 4 10Ka3bIBAETCS CJACLYIONINH PE3yJIbTAT.
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Teopema 5. HHycmor e N, 0 <k <r,0< o < o0, 1,00 >0 u

= ()7 (5

Toeda

o2mr \r o2’

k
_ —k 2
¢ (g oca
EO'(Dkvwg(R)a(Sla 52) —

5" , oc>o0,
' (m) -
a memod
R 1 w2 (T) Ay (=iT) Fy (1) 0y
1) = — k it g
o
1 .
tom [ Ep (et dr,
27T R\AU

20e

k
__" (f)”“i
Tk od

u 09 = min(o, 7), AGAAEMCA ONMUMAALHBLM.
Ecauk =0 u 0 < 0 < 00, mo 044 No2pewunocms OnmuMaIbHo20
B0CCMAHOBACHUSA CTPAGEIAUEO PABEHCTNEO
2 2
0 , 0

27

EU(DO7 W§<R)7 517 52) -

21 o

. 1 Yo (T + o072 (=it "Fyi (1) 4,
)0 - o [ PO CIEN e

1 ) A
+ — (iT) " Fy.(r)e'™ dr
27T R\Ag
ABAACNCA ONMUMANHYLM.

13 pemenus apoiicreentoii 3aza4n (10) BoITeKaeT PaBEHCTBO

swp [ () iacey = 0 (—) |
2 ()] .y 2y <61 V2m

[F2 ()l Ly ) <02

Tem campiM is so6oit bynknun x(-) € Wi (R) numeer mecto nepaBen-
CTBO

r—k
L > 1-k/r r k/r
(19) (2™ () lam) < (g) | E2 ()1 1O Oy

DTO HEPABEHCTBO SIBJISIETCSI TOYHBIM B TOM CMbICJIE, YTO KOHCTAHTY
(2m)~(=R)/2") yenp3s samennTnh MeHbIei.
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B cuny pasencrsa [lapcesais
1Pz ()1, = 27|z ()17, @)

u3 (19) caenyer ussectHoe HepaBeHCTBO Xapan—/lurriByaa—Ilonua

(20) 12 o) < 2Ol 12 Ol

DTO HEPABEHCTBO — OJMH W3 MpeJCTaBuTe il OOMBINON cepun Tak Ha-
3BIBAEMBIX HEPABEHCTB JJIs MPOU3BOAHBIX TuNA Jlanxay—Koamoropona.

4. HEPABEHCTBA JJIS IIPOM3BOAHBIX TUIIA
JIAHAAY-KOJIMOTOPOBA U OIITUMAJILHOE BOCCTAHOBJIEHUE

Tounble HEPABEHCTBA /T TPOM3BOIHBIX MPUB/IEKAIN BHIMAHIE MHO-
I'UX W3BECTHBIX MaTeMATUKOB. [lepBbIil pe3ysibTaT B 9TOM HANPABJICHHH
obLt mostyden . Jlangay B 1913 . Ou goxaszas, 9o jist Beex (pyHKIumit
z(+) € Leo(R4), y KOTOPBIX mepBasi TPOH3BOHAS JIOKAJIBLHO a0COTIOTHO
nenpepbiBHa Ha Ry n #(+) € Lo (R,) cnpaBeyinpo ciemyoriee TO9HOe
HEPABEHCTBO

. 1/2 1/2
IO sy < 22O @ 1O ) )

3arem B 1914 1. Anamap q0Ka3aa aHAJOTUYHBIN PE3YABTAT HA TIPSIMOi:

1 () |y < V20O g IEOI -

[lepmbiit 00wt pesyabrar (T. e. TOYHOE HEPABEHCTBO, B KOTOPOM
YYaCTBYIOT TPOM3BOJHBIE JHOOBIX MOPSAKOB) OBLI TOJyUYeH Xap/IH,
Jlurrasygom u Ilosma B 1934 r. (mepasencrso (20)). Oxuum u3 Han-
OoJiee IPKUX Pe3yJIbTATOB B 3TOH mpobjieMaTnke 0€3yCJA0BHO STBJISIETCSI
TOYHOE HePaBeHCTBO, JA0KazaHnHoe KosmoropossiM B 1939 1.

Kn_k 1-k/r k/n
IOl < IO 1Ol

rie
4 e (_1)j(m+1)
0<k< K, =— -
" - ZO (2] + 1)mt

[Toapobiee 0 HEpaBEHCTBAX [/l TPOU3BOIHBIX YKA3AHHOIO THIIA CM.
B [14].

O6oznaunm depe3 W'(T) muoxkectBo byHKmil z(-), y KOTOPBIX
(n — 1)-as mpou3BojHAS JIOKAJIBHO abCOMIOTHO HempepbiBHa Ha T = R
wm Ry, a 2(M(:) € L.(T). Obmas 3aga4a 0 TOIHOM HepaBeHCTRe
JUIst Tpou3BoHbIX THIA Jlanmay—Koamoroposa MoxKeT GHITH chOpMy-
JUPOBAHA CJICIYIONIM 00pA30M: HAWTH HAUMEHDIIYIO KOHCTAHTY K =
K(k,n,p,q,r) takyio, aro mas Beex dyukuumit z(-) € WH(T) N L,(T)
BBITIOJIHEHO HEPABEHCTBO

(21) 12 gy < KllzO2, 12 O, 0y
e <k<n 1<pgqgr<ocoma=>0,5>0.
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KoncrauTsl o 1 5 BeIpayKalTCs 9epe3 OCTaabHbIE mapaMeTpsi. Jleii-
CTBUTEJILHO, 11yCTh Jist HeKoToporo K u Beex xz(-) € WH(T) N L,(T)
BbIIONHACTC HepaBencrso (21). @ukcupyem z(-) € WHT) N L,(T),
x(+) # 0. Pacemorpum dyukmumo Ax(-), rme A > 0. Iloacrasiss ee B
(21), noyvaem

Mz® O lzym < XK, 12 Ol

L.(T)"

Tak Kak 3TO HEPaBEHCTBO JOJYKHO OBITH BBITIOJHEHO M Bcex A > 0,
To v+ 5 = 1.

Pacemorpum tenepb GyHknuio ¢ — x(At), A > 0. DaemeHTapHO IPO-
BepsieTcst, 9To Jst 100X m > 0u 1 < s < 00 crupaBeInBO PaBEHCTBO

2™ )|y = N2 ()]
[MoacraBiss 91y DYHKIUIO B HepaBeHCTBO (21), mosydaem

MO0 |ayry < KXCDP (L G A 2 (2, .

Ls(T)-

CrenoBare/ibHO,

k=1/q=—-1-=8)/p+(n—1/r)3
n TeM CaMbIM

n—k+1/q—1/r _k+1/p—1/q
n+1/p—1/r ~’ S r+1l/p—1/)r

Takum 00pa3oM, ec/Iu BBIIOJHSAETC HepaBeHcTBo (21) ara Hekoro-
poro K u Beex z(-) € W(T) N L,(T) To omo umeer Bu

n—k+1/qg—1/r k+1/p—1/q

22) WO < KOl 12Ol
Ilpennoxxenune 2. Ecau K — mounas KOHCMAHMG 8 HEPABEHCMEE
(22), mo das ecex § > 0
n—k+1/q—1/r
sup ||x(k)()||Lq(T) — K& ntifo-1/r .

lz(ll Ly (1)<
Hz(n)(')HLr(T)Sl

oxazameavemeo. Tak kak K — TOYHAs KOHCTAHTA B HEPABEHCTBE
(22), To ana moboro € > 0 cymecrsyer dyuknusa z.(-) € WHT) N
L,(T), z.(-) # 0, rakas, 410

. n—ki—/l/q;/l/'r }H-}?P—i?q
n+ —1/r n n-+ —1/r
128 Ol zyry = (K = )llae Oy ™ I8 O™

Hna dyuknun f.(t) = Az (At), tme A > 0, A > 0, nmeem

£ Oz = ANV 2 Oleyey, 1feO)llzym =
= ANz (Y zym)-
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[Honoxus

A:( lz=()llzy ) )me A= =
3112 (Y ooy Xe=1r)| 28 (Y iy

oJIy 4aeM

1Oy =1, 1f-Oll,m = 6.

CnemoBaTebHO,

n—k+1/q—1/r

sSup 2% gy = 1P )|y > (K —e)d mrim—17m
lz()l,r)<o
2™ ()l (1) <1

B CUJIY IPOU3BOJIbBHOCTH £ OTCIOAa CJeAyeT, 4YTO

n—k+1/qg—1/r

sup (2O |y > K6 T
Izl L, (1) <d
2™ ()L, (<1

[IpOTHBOMONIOKHOE HEPABEHCTBO Cpa3y cjejyer u3 (22) u TeM caMbiM
IpeIIoXKeHne J0Ka3aHo. O

B gactHOCTH,

K = sup 25 ()| gy
lz(llL, () <1
=™ ()lr, () <1

Jasee MBI pACCMOTPHM CBSI3b HEDABEHCTB [T HPOU3BOJIHBIX TH-
na Jlanmay—Kosmoropoa ¢ 3ajadaMu ONTHMAJIBHOIO BOCCTAHOBIIE-
Hust. PaceMoTpuM 337129y 00 ONTHMAIBHOM BOCCTAHOBICHUH (DYHKIIHH
z® (), 2(-) € WH(T)NL,(T), 0 < k < n, B merpuxe L,(T') 1o HeTodnoi
undopmanuu 06 x(-), tae W(T) — muoxecrso byukmuit uz W (T),
anst Kotopsix ||z ()| z.¢ry < 1. Byaem mpeanosaraTs, 4T0 JUis KazK-
noro z(-) € W*(T)NL,(T) nam ussectna dyukius y(-) € L,(T) takad,
aro ||lz(-) — y()||r,¢r) < 6. 3nas y(-), Mpr xorum Boccranosuts k) (+)
HAWTYYImuM 06pa3oM. [orpentHocTh onTHMAIbHOTO BOCCTAHOBICHUS B
ITOM CJIydae OLPEAE/IAeTcs CJeLYIOMmUM 00pa3oM

E;(D*, WT) N Ly(T), 6)
= inf sup sup (|2 () —m(y) ()l gy
m: Ly(T)=Lg(T) o()eWP(T)NLy(T)  y(-)ELy(T)

le() =4Iz, () <6

Anasnormano (8) HETPYAHO MOKA3aTh, UTO

Ey(DF WHT)N Ly(T),6) > sup  [a®™()]lL,m)-
lz(ll Ly (1) <6
H'T(H)HLT(T)Sl

Tem camMbIiM TIOJIYYeH CJIEIYIONIHI Pe3yabTaT.
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Teopema 6. Fcau K — mounaa koncmanma 6 nepasercmee (22), mo
oas ecex 6 > 0

n—k+1/q—1/r

EX(D* WHT) N Ly(T),8) > K& w1717,

5. HEPABEHCTBA /17151 TIPOM3BO/IHBIX, COAEPYKAIINE
TIPEOBPABOBAHUE ®YPbHE

B (19) nosyveHo TOYHOE HEPABEHCTBO, ONEHUBAOIIEE k-YIO TPOU3-
BOJHYIO (DYHKIIUU 9Yepe3 ee N-Yio MPOU3BOJHYIO U ee mpeodpa3oBaHue
®ypre. PacemoTpum careayromyoo odmyio sagady. llyers Fl — mpo-
crpanctBo dbyuknuit z(-) € W(R), nnsa koropsix Fz(-) € L,(R). Tpe-
Oyercd HallTH TAaKyl0 MUHUMAJbHYIO KOHCTaHTy Kp = KF(k: n,p,q,r),
910 17151 Beex dymkuuit x(-) € F BBHIIOTHATOCH ObI HEPABEHCTBO

(23) 1z® ),y < KFIIFIB(-)H‘EP(R)Hﬂf(”)( M,z

rne 0 <k<n,1<p,qr<oo.

B cuny Tex ke coobpazkeHuii, KOTOpble TIPUBOJMINCH BBIIIE, (v +
B = 1. Pacemarpupas dbyrkuunio z)(t) = z(At), t € R, A > 0, jerko
IIPOBEPUTh, YTO

A 1 . 1
Fas(t) = [ sOn)e ™ dr =5 [ atwe ™ du= 1P <§) |
R R

[Togcrasiss 91y GYHKIUIO B HEPABeHCTBO (23), mostyvaem

N ) < Ked DD a2 N )]

Takum obpaszowm,

k=1/q=—-1-=8)p—-1)/p+(n—1/r)p.

CrenoBare/ibHO,
- n—k+1/q—1/r k+1/p—1/q
 on+ 1y —1/r Con+1/p =17
rae p) — conpsiKeHHbIH noKasareyab K p, T. €.
1 1
4= =1,
p P

I/ITaK 9TO €CJIn CyIIeCTBYET IMOCTOAHHAA KF TaKagd, 9TO JJd BCeX
x(-) € J;, BBIIIOJHSAETCST HEPABEHCTBO (23), TO OHO JTOTZKHO UMETH BH
n—k+1/q—1/r k+1/p'—1/q
(24) 12 ) lz,@) < KellFaC)ll @™ le™ Ollw)
AHaJTOrIYHO TPEIIOKEHNIO 2 MOy TaeM

Ilpeanoxkenne 3. Fcau Kp — mounas KOHCMAGHMG 6 HEPLBEHCMEE
(24), mo daa ecex 6 > 0

n—k+1/q—1/r
sup HQ;(M(.)HLq(m — KngnH/p/‘il/r )
1F2() | () <6

||$<")||LT(R>§1
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B gactHOCTH,

Kp=  sup  [2®()L,m
1F2() L, @ <1
1) ()l 2y <1

SIBJISIETCS] TOYHON KOHCTaHTON B HepaBeHCTBe (24).

[ToctaBum Teneppb 3ajady 00 ONTHUMAJLHOM BOCCTAHOBJICHUU k-Oit

o (k _
npouspozuoit ) (-) bynkmun z(-) € FL = FLNW(R), 0< k <n, B
merpure Ly(7T') mo merounoii nudopmanun o Fz(-). Byrem npemnosa-
n

raTh, 9To A7 Beex x(-) € F wzsectHa dynkmus y(-) € Ly(T) Takas,
aro ||[Fa(-) —y(-)||z,r) < 6. 3nas y(-), rpebyercsa Boccranosutb ¥ (-)
ONTUMAJIBHBIM CHOCOOOM. B paccMaTpuBaeMoM ¢Iydae TOrPEITHOCTHIO
ONTUMAJIBEHOTO BOCCTAHOBJICHUS OMPEJIEISIETCsT CEYIONIM 00pa3oM

Ep(DkaFn 5) =

rp
= inf sup sup 25 () = m(y) )|z, @)-
m: Lp(T)—Lq(R) x(-)EFY, y()ELp(T)
1F2() =yl L, @) <o

Anasormano (8) mosydaeM, 4To

E,(D* Fn.0) >  sup (2™ ()]|n,m-

rp?

z(-)EFT,
IF2z( )L, @) <o
2™ ()L, @ <1

Anastorom Teopemsbl 6 sIBJIsI€TCs

Teopema 7. Ecau Kp — mounasa xkoncmanma 6 nepasencmee (24),
mo daa ecex d > 0

n—k+1/q—1/r

rp?

Tak kax B HepasencTse (19) moCTOSIHHAS SBJISETCS TOYHOM, TO

1\ 7
Kp(k,n,2,2,2) = — .
F( y Ny 44 4, ) (271')
Haiigem reneps Tounyto nocrosuauyo Kp(k,n,2,p,2) pis 2 < p < 00,

Teopema 8. IIyemvn € N, 0 <k <n u 2 <p<oo. Toada

KF(ka n, 2ap7 2)

__n—k
- \/n +1/2—-1/p < k+1/2 — 1/pBl/2_1/p> n¥1/2-1/p

SV k+1/2—-1/p V2m(n — k)=

20e

k+1/2—1/p _1-1/p
(23) b=5 (<n a2y 1o 2/p>
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1
Bla,b) / 11— )t dy
0
— bema-gpynryua Jiarepa.
Joxazameavemeo. PaccMOTpuM SKCTPEMaJIBHYIO 3a/1a9y
12 ()o@ — max,  [Fe(),@ <1 ™ OI2m <1

[Iepexonst k obpaszam Pypbe, o Teopeme [Lnanmepesns, Ty 3aaady
MOYKHO 3aIIUCATh B BUJE

1 p/2
(26) /t%u(t) dt — max, /up/Q(t) dt < (—) :
R R 27
/tQ"u(t) dt <1, u(t) >0,
R

re u(-) = (27) 7Y Fx(-)]?. @ynxkunsa Jlarpanzka jijist 3T0i 332491 HMeeT
BH/|

L), M, Ao) = /R (=825 (t) + MuP’2(8) + At u(t)) dt.

3 Teopembl 2 BBITEKAET, ITO €CJN HaH;LeTCH gonyctumasi B (26)
dbyuknus u(-) n muokurenn Jlarpanxa > 0, o >0 TAKUe, 9TO

(@)  min L(u(-), A1, o) = L), A1, Aa),

u(t)>0

) N ( /R A2 dt — %) o,
(@) ( /R £217(¢) dt — 1) ~0,

To Uu(-) — pewenne 3anaun (26).
[Tostoxxum )\2 = 02"k pre mapamerp o > 0 ompesesnM mO3ZKe.
Tak xak s 1100bIX L U O 2 t byuknus

Y 2n
f(x) = =tz + N\a?? + o ®

IIpUHHUMaeT CBO€ MHHHUMaJIbHOE 3HaYeHHue B TOIKe

2n 721
2 2k _ t v/
» )\1 o2(n—Fk) g

2n Z€2n

TO
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11t Beex u(t) > 0 u moboro A > 0, rae

1
2 % £ #/2-1
i(t) = (K <t Ty =0

07 ’t| > 0.

Tem cambiM ycsosue (a) BbimoJiHsieTcsa. Boibepem o u A; Tak, 9T00BI
BBITOTHsLTUCH yeaoBus (b) u (c):

p/2
o £2n /=1 1 p/2
p/2 2k N
o (t o%-’f)) “ (%) |
1
o t2n n/2—1
2n 2k _
u/_ ¢ (t —0_2(n_k)> dt =1,

(2>p/%1
on = v~ .
PA1

[emasg 3ameHy mepeMeHHBIX t = oy, MOJIydaeM

1 /2 p/2
2up/2m/’3k1“/ Y7 (1 — 20T gy = ( ! > ,

rie

0 2m
1
—2k 4 on 4] 2etn(p—2) —k)\ 5731
Q/J,gp/%lJr nt / Yy »p/2-1 (1 — yQ(n k))p/2 ! dy =1.
0
[Tonoxxus
1
y o TQ(’I’I—]{:),
OyJaeM uMeThb
1 p/2
pk 1 k+1/2-1/p p/2 1
pPPoret = | a2/ 1(1 —n)ertdr = | — :
n—=kJ, 2m
1
2k 1 k+1/2—1/p 1
uap/2*1+2n+1— T (n=k)(1-2/p) (1 — 7-) p/2=1 dr = 1.
n—=kJ,

Bripazkast mostydennbie uaTerpasibl depes3 Gera-dyuxiuio B (em. (25))
U UCIOJb3yd CBOHCTBO

Bla+1,b) = %B(a,b+ 1),

oJIy4aeM

r—=k

MOP/QQ’“_1+2n+1 (k+1/2-1/p)B _

(n— k)2
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Orcrona

(n — k)? ——2k__op_1
27 = p/2—1
(27) = +12-1/p)B°
nu

1
(8) (Vg T
T\ (k+1/2—=1/p)/2B\/2-1/p '

YuureBas (27), moydaem

~ 1/2 -1
[ToxcTasias 3HaUeHEe 0 U3 paBeHCTBA (28), Oy1eM HMeTh, 9TO [Is BCeX
2<p<oo

sup o™ () am) =

ace]:gp
IF()| L, <1
2 (Y Ly )y <1

__n—k
_n+ 1/2—1/p \/m31/2*1/p nr1/2-1/p
= k+1/2—1/p V2r(n — k)1-1/p )

Temepnb moKa3zbIBaeMoOe YTBEPXKIECHHUE BHITEKACT U3 TpeToKeHnsd 3. [

6. ONITUMAJIBHOE BOCCTAHOBJIEHUE PEIIEHUST YPABHEHUS
TEIIJIOITPOBOAHOCTH

B srom maparpade paccmorpnm 3agady 2) u3 BToporo naparpada
00 OTITUMAaJIbHOM BOCCTAHOBJIEHUU B MOMEHT BPEMEHU T PEITeHuUsT YPaB-
HEHUsI TeITOMPOBOAHOCTH (1) Ha MPsAMOii ¢ 33 JAHHBIM HAYAIBHBIM PAC-
[peJIeIeHHEM TeMIIEPATYPHI Ug(+) IO HETOYHBIM H3MEPEHHSIM PACIIPEIe-
JeHnit TeMrepatryp B MOMeHTH BpeMenn 0 < ¢ < ... < {,, 3a/IJaHHBIM
€ TOTPENTHOCTIIMA 1, . .., 0, B MeTpuke Ls(R). Baech morpermnocThio
ONTUMAJTLHOTO BOCCTAHOB/ICHUS] UMEET BUJL

E(r, L(R).6) = inf sup Ju(r, ) = () (Vlsacey
m w0 (-),y1(:),yn () EL2(R)
(s, )=y ()l Ly r) <5, =1,...n
rJle HIKHsIS TpaHb Oepercsa o BeceM mMerogam m: (Lo(R))™ — La(R),
y= (). un(s)),ad = (d1,...,9,). MeTon m, Ha KOTOPOM JOCTHU-
raercd HUzKH4dd I'Paldb, Ha3bIBACTCA OILITUMaJIbHBIM ME€TOJ0M BOCCTaHOB-
JICHUA.
[Homoxnm

M = co{(t;,In(1/5,)), 1 < j < n}+{(t,0)] ¢t >0},

rae co A — Beinykaast obosouka maoKectBa A. Ilyers dbyakms 6(-)
Ha [t;,00) onpenesena pasercrsoM: 0(t) = max{x | (t,x) € M}. fcno,
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uro f(-) — smomanas Ha [t1,00). [lycrs ¢, < ... < s — ee TOUKH U3-
Jaoma (s; = 1), KOTopbie, OYeBHUTHO, SBJISIOTCS MTOJAMHOKECTBOM TOYEK
{t1,...,t,} (ecaum O(-) — mpsimasi, TO CIUTAEM, UTO OHA UMEET TOJIBKO

OJIUH U3JIOM B TOUKe 11, T. €. k = 1).
Teopema 9. Ilpu scex T > t;
E(7, Ly(R),8) = 7).
Ecau 7 € (ts),ts;,,) 0na nexomopozo 1 < j <k —1, mo
(29) A()(-) = u(r, 5 K (Ot 5 () Mgttty 11,75 35,1 ()
— ONMUMAALHBLT Memod, 20e

2(7—ts) 2(tsj+1—7)

Al = tsj“ -7 53J‘+1 A Ay = T ts;’ 5Sj+1 tsjyq—tsy
t . - tsr 5Sj ) t . - tSj 5Sj Y

Sj+1 j Sj+1

u npeobpazosarue Pypve pynryuu K(-) (kax obobwennol dyrryuu)

umeem 6ud
1

2
)\1 —2)\2 ts] + )\ e —2) t3j+1

FE()\) =

Ecaum > 1, mo

m(y)(z) =

(z—)2

TACd g (€) dE

i
— ONMUMANOHBLT MeMOO.
Joxazameavemeo. PaccMoTpuM JIBOWCTBEHHYIO 33249y

(30)  lu(r, )o@ — max, fulty, )L,@ <07, uol() € La(R).

Permenne ypaBHenusi TerjonpoBOJHOCTH B obpa3ax Pypbe umeeT BuU/I
(eMm., mampumep, [15])

Fu(t, ) = e N Fug()\).

[lepexonss k obpaszam @ypbe, B cuiy TeopeMbl [Lianmepesa Oyaem
HUMeTh

1 —2X\27 2 1 —2)2¢; 2 2

— [ e [Fug(N)|"dA — max, —— [ e =7 [Fug(A)["d\ < 53,

21 R 27 R

J=1...,n, U’O() GL?(R)

MoxkHO mOKa3aTh, YTO B 3TOH 3ajade HET CYNIECTBOBAHMSI, MOITOMY
Oy/ileM paccMaTpuBaTh PACIIHPEHHYIO 331349y

(31) / e~ 2T du(A) — max, / —2X%; du(N) < (5?-, j=1,...,n,
R R
du(X) >0,
rae du(-) — mepa na R.



26

[Honoxnm

L(dp(-), A,y An) = /R(—e—WT +§:Aje—”2%‘) dp(N)

J=1

- / e F(A) du(N),

rae
f)=—1+) Ne 67,
j=1

Oynkuua f(+) BHIIYKIA TIPH JIOOBIX Aq, ..., A,. [lo9TOMY, ecim dncia
A1y ..., Ay W TOYKA Vg BBIOpaHB TakK, 910 f(vg) = f'(vg) = 0, 10 f(V) >
0 mpm Beex v € R. Ilyers 7 € [ty,,t,,,,] 1 < j < k — 1. lomoxum

dip(A) = AS(N — \g), rme 0(-) — merpra-byukimst B Touke 0, a A 1 Ag
BBIOpAHBI U3 YCJIOBUIt

/ 672/\2% dﬁ()\) = (5]3, k= Sjy Sj+1-
R

Orcrosa BeITEKAET, 9TO
2tSj+1 . 2tsj-

ts., 1 —ts. ts.,1—ts.
— J+1 J J+1 J
A=6 Os, 47 :

(1n1/53,+1 - 1[11/(53‘)1/2
Ao = : i)

t — s,
J

Sj+1
~

[Tonozkum /):k =0, k # 55,5511, a /):Sj u A,
f(3) = f'(A3)) = 0. Herpyano ybeaurnbes, 4ro

BbIOEpEM TaK, 4TOObI

T—ts

2 J
e, = tojor =T (D50 T
S5 T
o, —ts; \ O

Sj+1 Jj
ts.. —T
o 23+l
/): . T—tsj ( (5sj ) tsjp1 s
Sj+1 :
t5j+1 tsj (55j+1

~

Tem cambim, upu Beex du(A) > 0 6yuem umers L(du(-), M, An) >0,
a L(dp(-), M1, .., \) = 0. IIpoBepum, uro mepa dji(\) momycruma B
(31). Unmeem

tsj i1tk tp—ts;

—2X2ty, g~ —2X2t; 2t5j+1 “ts; o Ttsjyq sy
e d/,b()\) = Ae 0F = 65' 5Sj+1 -
R

J
— 6—29j(tk) S e—29(tk) S 527

e 0;(-) — mpaAMasg, mpoXoadamTas Tepes Touku (ts;,In1/d,,) m

(ts;p,m1/ds,.,).
IIpu 7 > t,, monoxum

-~

N =1, Ay=0, j#s,  di(\) =828(N).
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LOAp(), M, ) :/e—WT (—1+e”2<f—t5k>> dp(X\) > 0.
R

Kpowme Toro, E(dﬁ(-),;\\h e ,Xn) =0mu
/R e dfi(N) = 62,

13 nocTpoenus: oManHoit 0(-) BeITeKaeT, 4TO 05, < J; IPH BCeX j =
1,...,n. Tem campiv mepa dji(\) gonycruma B 3agade (31).
13 reopembl 2 BbITEKaeT, 4T0 3HaYeHus 3aga4n (31) u 3a1aun

/ e 2T dpu(\) — max,
R

Y /R e du(N) <3N0 du(X) >0,
j=1

coBnaJaioT. [IoCKOIbKY J1e/bTa~-PYHKIIMU MOTYT ObITH NPUOJIMZKEHbBI
CKOJIb YTOAHO TOYHO 0-00pa3HbIMU (DYHKIUSIMU, TO PENTeHus 3391
(30) u 3amaqu

||u<7—7 .>H%2(R) - maX’ Z)\ ”u 7 ||L2 < ZA] 70

U,O() S LQ(R),

copnagator. Ocraercst paceMoTperb 3ajgady (5), KoTopas npum 7 €
(ts;»ts,,,) OymeT mMeTh BUI

A llulte; ) = 9 (M aey + Aspor 0ltsyi ) = oy (I ) — min,
uo() € La(R).
[Iepexons K obpaszam Pypbe, MOJIyIaeM ee pellieHne B BHJIE
As eVt Py, (A) + XSM N tSJ+1Fys (N

2%, —232t,
s € i+ /\strl

FUO()\)

Hannas dynaknus npunamiexur Lo(R), ecom, manpumep, GyHKunun
Fy,(-) m Fy,,, () ururaer. [TockonbKy Takne dYHKIIH MJIOTHB B
Ls(R), T0 HETPY/IHO TOKA3AThH, 9TO BCE PACCMOTPEHHS TOCTATOYHO MPO-
BOJINTH TOJIBKO JIJIsI HUX. BoJstee 1moipoOHO Ha 3TOM OCTAHABINBATHCS HE
Oynem. 13 Teopemsr 1 Bortekaet, ato Metox m(y)(-) = u(T, -;Up) ABIsA-
eTcsl ONTUMAIbHBIM. HeTpynHo ybeauThesi, 9T0 OH MOXKeT OBbITh 3alld-
can B Buje (29). Cayuail 7 > t5, paccMaTpuBaeTcs aHaJoOrmdIHo. ]

N3 BoipazkeHus st ONTHUMAJIBHOTO METOJ/a BHUJHO, YTO NPU T €
(ts;»ts;,,) W3 Beero Habmogaemoro nabopa Gyt yi(-), ..., ynu(-) ne-
HOJIB3YIOTCAd TOJBKO ABE€ (I/I BbI60p X 3aBHCHUT OT BC€JIMYHUH IIOI'PEHTHO-
cru ;). Jlajee IpOMCXOAUT UX HEKOTOPOE YCPEJHEHNE U CIIIAKHBAHUE
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(cBepTKa ¢ siapom K (+)) u mojrydeHHass TaKuM 00pa3oM DyHKIHSA BOC-
IPUHUMAETCS KAK [ePBOHAYAJIBHOE PACIIPE/IeIeHIHe TEMIIEPATYP.

MOKHO paccMOTPETh 3314y, KOTJIa B HEKOTOPbIe M3 MOMEHTOB Bpe-
MeHH 11, . . ., t,, He IPOU3BOISATCI U3MEPEHUST TEMIIEPATYPBI, & H3BECTHBI
JIUITb HEKOTOPbIe allPHOPHBIE OIIEHKH ee BeJNIuHbL. Llcmonrb3ys Teope-
My 3, B 9TOM CJIydae aHAJOTMYHO PACCMOTPEHHOM BBITIE CXeMe CTPOUTCS
ONTUMAJIbHBIH METOJ BOCCTaHOB/eHUst. [Ipr 9TOM BO3MOKHBI CJIej1yT0-
mue curyamnuu. JInbo anpuopnas uHpoOpMaIusg OKa3bIBACTCH HEHY K-
HOIT, Jin6Oo, ec/i OHA MOJIe3HA, TO MCHOJIB3YEeTC UJIH TOJBKO OJHO W3-
MepeHue, UM HU OJHO U3 U3MEPEHUIl He HeceT Mo/1e3H0il nHdopManum.
Bostee mompobno 06 srom cM. [17]. Tam ke MOKHO HafiTH JETAIBHOE
JI0Ka3aTeJIbCTBO TeOpeMbl 9

7. 3AIAYA O TPEX CPEPAX

PaccmorpnM 33129y 06 ONTEMATILHOM BOCCTAHOBICHUN PEIleHH 3a-
ngaan upuxae (cMm. 3amady 3) u3 nepsoro naparpada) ua cdepe pa-
JIIyca 7' 110 HEeTOYHO 3aJaHHBIM ee pelneHusM Ha cdepax paIuycos r;,
1=1,2, 1 <r <ry<1.31ech NOTPEITHOCTHIO ONTUMAIBHOTO BOCCTA~
HOBJIEHUA HA3bBIBAECTCA BEJIMYUNHA

E(T, 7"1,7’2,51752)

= inf sup 160)) 412 = M1 82) Ol oo,
m f(')7y1(')7y2(')EL2(Sd71)
w())g)=r, =9i Ol Ly ga—1) <635 1=1,2

e HUKHsd I'paHb Oepercs 10 BeeM oTobpazkeHmaM m: Lo(S471) x
Lg(Sdil) — Lg(Sdil).

Ob6o3naunm 4vepe3 Hj MHOZKECTBO chepUIeCKUX FapMOHUK TOPSIKA
o0

k. Ussectno (cm., nanpumep, [16]), uro Ly(S471) = Z Hyndim Hy =
k=0

CLOIL

(k+d—3)

k=1,2,...

ag

" k
Boeibepem B Hy, OpTOHOPMHPOBAHHBIH Oa3uc {YJ( )() pLp
13 061ieit cxeMbl MOCTPOEHHS ONTUMAIBHBIX METO/0B BOCCTAHOBJIE-
uust (Teopemsl 1 u 2) BeITekaer ciaemytomuii pesysasrar ([18]).
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Teopema 10. ITycmo 0 <1y <1 <19 <1, 01 > 0,95 > 0. Ionoorcum

( r 2(s—1) 7”% N TZ
< — ICEECL 01 < 0y,
A = T Ty — 17
39 \07 61 Z 52a
( ) ( 2(s—1) o 2
r re—ri
N _> 2 29 61 < 627
)\2 = ) ry—nT
2de s Maroso, wmo

Toeda
E(r,r1,79,01,02) = \/ /):15% +/):25%>
a memod
2 Myl + darkyy
~ (k)1
m(ybyz)(ﬂ’?/) = r ~—— LY (z'),
; JZ:; ArE 4 dgrdk
2de

ACAACITINCA ONIMNMUMAADHHIM.
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OPTIMAL RECOVERY OF LINEAR OPERATORS
FROM INACCURATE DATA

Magaril-1l'vaev G. G., Osipenko K. Yu.

The paper is a survey on recovery problems of linear operators on functional
classes from inaccurate information about these functions. The connection
between optimal recovery problems and inequalities for derivatives of Landau—
Kolmogorov type is considered.



