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OIITUMAJIBIIOE BOCCTAIIOBJIEIINE ®YIKIINN U
NX IMIIOU3BOAIBIX 11O MIMMILINZKEIIIION
NITPOIIMAIINN O CIIEKTIIE U IIEIIABEIICTBA
AJIA ITTIION3BO AIIBIX

I'. T'. MATAPWI-MJIBAEB, K. 1O. OCUPEPKO

1. IIOCTAHOBKA 3AJAYHU

Hadanem ¢ obmenn mocTanoBkm 3aaqm 06 ONTHMAILHOM BOCCTaHO-
Brennn. Hycrs ' — HeKOTOpOe MHOKECTBO (KIacc) B BEKTOPHOM MPO-
crpanctBe X. Hpo kaxapiin saement @ € €' Mbl pacnonaraeM HHPOP-
marnmenn [(x), rae [ — oTobpaxenne (HasbiBaeMOe UHGOPMAUUOHHBIM)
uz C' B gpyroe BekTopHoe npocrpancTso Y. Undopmanms o6 saemen-
Tax 3 C MokeT ObIThH 3ajaHa HETOYHO U O>TOMY [, BOOOIIE TroBopH,
— MHOro3HavHOe oToOpaxenue. HycTn, nanee, 7/ — nopmupoBanHOe
npoctpancTBo u A: X — 7 — quHenHbIN otepaTop. 3agavda 3aKIiIa-
eTCsA B TOM, YTOOBI BOCCTAHOBUTD (110 BO3MOKHOCTI HAWILY UM 06pa-
30M) omepaTop A Ha kracce C' B MeTpuKe Z O MMeTOIIENCs MHPOpMa-
nun /. B oo BkIaapiBaeTcsa caeayrommi cMmbica. Jlo6oe oTobpaxkenne
w: Y — 7 GyleM Ha3bBaThL METOJOM BOCCTAHOBIEHUs (omepaTopa A
wa kracce C' o nudopmanun [ ). [loepewnocmsio 57010 MeToNa HA3HI-
BaeTCA BeJIMInHa

¢(A,C 1, p)= sup ||[Az —o(y)z.

z€C, yel(x)
Beanuawna
(1) EANC T)y= inf e, C, 1),
p: Y27

rjie HUKHAS TPaib 6epeTcs Mo BCeM 0TOOpaKeHnaM ¢: Y — 7, HOCHT
Ha3BAHWE NO2PEWHOCNY ONMUMAALHOZO 60CCMANOBAENUL, & METO]I, Ha
KOTOPOM JIOCTHTAETCA DTa HUKHAA IPalb, HA3LIBAETCA ONMUMALbHBLM
MEMODOM 60CCIMANOBAEHUA.

Briepsrie 3amada onTHMaILHONO BOCCTAHOBIEHIS ObLIa MOCTABIEHA
C. A. Cmounstkom [1] nast cayuas, korga Z = R, [ — auneinwiin onepa-
top n dimY < oo. Brocrencrun Bes ora mpobreMaTiKa HHTEHCHBHO
pasBUBaIach B pasubix Hampabrenuax (cM. [2]-[5]). Hoaxon k sagadam

Pa6ora Brmoanena mpu puHAHCOBOU ToAAep:kKe Poccmiickoro dgouga gpyH1a-
MeHTATbHEIX nccaeoBanuil (TpanTht Ne00-15-96109 1 Ne02-01-00386) u mporpaMmet
“Yuaupepcurers Poccun” (YP.04.03.013), a maxxe npu mogepxke U.S.CRDF-
R.F .Ministry of Education Award VZ-0100-0.
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BOCCTAHOBJICHUA, OCHOBAHHLIN Ha OOIINX MPUHIUIAX TEOPUH DKCTPe-
MyMa, pasBuBajics B paborax [6]-[8]. HroT moaxon Mbl ucnoabsyem u
B JaHHOU CTaThe.

Hepetnem Kk mocTanoBKe 3a,/1a9 BOCCTAHOBICHUS, PaCcCMaTPUBAEMbIX
B pabore. Hycts S — mpocrpamctso IllBapia 6nicTpo yOhIBaroImmx
6eckonedno auddepennnpyembix Gyuknnin va R, S” — cooTBeTCTBY-
Iolliee TPOCTPAHCTBO 0600eHHbIX dpyukiui, F: 5" — S’ — npeobpa-
soBaune Pypre, 1 < p < oo umn € N. B kagecTBe mpocTtpancTa X B
sajade (1) GygemM paccMaTpuBaTh MPOCTPAHCTBO

XP = {2 €8 Fa(-) € L(R), o) € Ly(R) },
a B KadeCcTBe KJacCCa C — MHOZKeCTBO
Cp = {a() € XJ () lamy < 1.

Omnmiem nHpOpMaIHOHHBIE 0OTOGPaKEHN, KOTOPhIE 3/16Ch N3yda-
forcs. Hyers 1 < p < 00,0 < 0 < o0, A, = (—0,0) uw § > 0.
Hynem cunrars, uro mudopmanus o6 siemente z(-) € C) cocro-
uT B TOM, UTO HaMm usBecTHa (yukuus y(-) € L,(A,), Takas, aTo
| F2(-) — y()lra.) < 6. Taxum obpaszom, mH(POPMAIHOHHOE OTO-
Opaxenne [ = [g’g: Cg — Ly(A,) TaxoBo: [Z‘j’g:z;(-) = F:Jc(-)‘ACr +

dBL,(A,), vae BL,(A,) — emmmmaunii map B Ly(A,).

Ecim p = 0o, To MBI paccMaTpuBaeM HECKOIBKO 6oJee OBIIYIo CUTY-
anmio. Hycrs 6(-) — meorpumnarensias dyuxmmsa u3 Lo (A,). Hymem
CYUTATh, 9TO HHMOPMAIIUSL 06 DIEMEHTE X (-) 3aKI0IaeTCS B TOM, 9TO
m3BecTHa GyuKInA y(-) € Lo (A,) Takas, aro |[Fa(t) — y(t)| < §(1)
a1 B. t € A,. Ecim monoxuTh

B(o(-)) ={y() € Leo(Ao) = [y(1)] < 6(1) m. B. },

TO nH(POpPMaIMoHHOe oToOpaxenne [ = [ﬁé')’”: C? — Loo(A,) B oTOM
cIydae UMeeT BIL [ﬁé')’gx(-) = F:z;(-)‘A + B(4(+)).

CraBurcs 3agada 06 ONTUMAaIbLHOM BOCCTAHOBIECHWUN JUHEHHOTO
omeparopa A, Ax(-) = ¥ (), 0 < k < n — 1 na xnacce C) B we-
tpuke Lz(R) no onncanubiv Boiie nHMGOPMAIMOHHBIM O0TOODaAKEHIAM
(mamee 6ygeT moxazano, 910 A: X' — Ly(R) mpm 2 < p < o0).

Takum obpasom, B HaleM caydae 3ajgada (1) npu p < oo mpuobpe-
TaeT BU]

(2)

E(™(), 0}, 1)7) = inf sup 129C) = o)l ae)s
¢ R0y, YOEL ()
120 2001 (a0) <3
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rjle HIKHAA Tpaib bepercs o BeceM ¢ Ly(A,) = L2(R). Ecin p = oo,
TO ee BUJ TaKOB

(3)
E(2W(),CL, 1207) = inf sup 12C) = o)l ae)s
Y 2()€CL, y(-)€Lo(A)
[Fa(t)=y(D)|<8(1) . 5.
rjle HIKHASA Tpaib OepeTcs 1o BeeM ¢ Lo (Ay) — Lo(R).

B sagadve (2) npu p = 2 w B 3anade (3) Mbl HaXOAUM TOYHBIE 3HATE-
HILA JIA TTOTPEIIHOCTH ONTHMAaIbHOIO BOCCTAHOBICHIA 1 ABHBIE BhIpa-
JKEeHus 118 ONTHMalIbHLIX METON0B BOCCTAHOBIEHNA. B 060mx crydasx
HabII0JaeTCA CAeAyIolee sBIeHre: Naa (PUKCHPOBaHHON MO PEITHOCTH
cylecTByeT Takoe Konednoe o > (), 4To 3nanue npeobpazoBanns Py-
phe Ha HHTEpBaje 6OIbIIeM, 9eM (—a, ), He TPUBOINT K YMEHDIIEHTIO
HOTPENIHOCTH ONTHMAaIbHOI'O BoCcTaHoBIeHnsa. HToT BLIBoA mpencTa-
BIAETCA HaM BaKHBIM A TPaKTHIEeCKNX MPIIOKEHNN IIOXY IeHHBIX
3/]€Ch PE3YALTATOB.

B sanade (2) mpu p = 2 u 0 = 0o uHMOPMAIA paBHOCHIbHA (B CIIY
Teopembl Haaniepens) Tomy, 9To usBecTHa caMa (QPYHKIHA ¢ TOTHO-
cthio 10 6 B MeTpuke Lz(R). B raxoil nocranoBke 3amada perena B
[9]. Hepuwonmdeckne ananoru saga«u (2) mpum p = 2 u 3ajgaqn (3), a
TakKe nx 0606Ienns Ha 6oJee MIPOKNe KIacChl (PYHKIII N3y Ialnch
B patore [10].

Hpm 2 < p < oo momydena onenka crausy Beansuubl (2). Hpu sTom
NOKa3aHo TOIHOEe HEPaBEHCTBO A k-0l IIpon3BoaHON (PyHKIHN B Lo-
HOpMe, Jalollee ee OLEeHKY 4depe3 Lo-HOpMY n-Ol MpOu3BONHON U L,-
HOpMY ee nmpeobpazoBanns Pypre.

2. ©OPMYJUPOBKU OCHOBHBIX PE3YJIbLTATOB

Teopema 1. lyemon e N,0 <k <n—1,0<0 < o0, A, =(—0,0),
0(-) € Loo(Ay), 6(-) >0 u

1 a
aozsup{a:0<a<a, 2—/ t2”52(t)dt§1}.
™ —a
Toeda, ecau og < 00, Mo
(4)
1 [

(o), €L 107) =y Jog ™0 4 o [ (ko TPy de

—00

o e =g [ amr(i- (é)“”"”)mﬂem "

—00

Y

— ONMUMAALHBLY Jl/LemO().
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Eeau 09 = 00, mo

(6) E<x<’“><->,0:o,f§£'>’“>=\/2i / 12462(t) dt,
m —00

) B =5 [yt

— 00

— onmumabubll memod.
CaexcrBue 1. [lyems 6(1) =6 >0 u

G = (m(2n + 1))7¥1 5 7rr
Toeda

2k + 1)(2n + 1)

n—k
AR (T
2k +1 \w(2n +1) -

u memod (5) npu oo = Min(o,7) L6ALEMCIL ONMUMAALHBLM.

2
\/O-—Z(n—k) + 20%(n — k) ot o <5,
) i

E(w(k)(), cr [5,0

o0 ? T oo

W3 sToro caepcTBus BeITEKaeT, 9TO TP (PUKCHPOBAHHOM 0, HaYH-
Had ¢ 0, JadbHelllee yBelndeHne nHTepBata, Ha KOTOPOM H3BECTHO
npeobpasoBanue Pypbe dyukiun nuz C ) 3a1aHHOE ¢ TOTPENTHOCTHIO
d B paBHOMEpPHOU MeTpHKe, He BeleT K YMEHBIICHUI MOIDPEITHOCTH
BoccTaHoBIeHusA. /Ipyrumu croBamMu, ecin HapylaeTcs COOTHOIIEHNEe

(8) 5ot < m(2n + 1),

CBABBLIBAIOIIEE NCXOHBIE JaHHbIe ¢ BEININHON HHTEpBaia, Ha KOTOPOM
OTH JaHHBble W3MEPAIOTCA, TO HoJydaeMas WHPOPMAInA OKa3biBACTCA
yiKe N30LITOTHON.

Teopema 2. llyembn e N, 0<k<n—1,0<0<00,d>0u

A_<n>m 97\ 7
7 \k )
k
—k [(k\"F 1
oy [ — 4+ —, o<o,
2mn \n o?n

Tozda
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ede 09 = min(o,0), — onmumaibubli memod.
Feauk=0u0< o0 <oo, mo
52
n 570 —
E(x(')7027[2 ) 27‘[‘ + = O_Qn
u

) = [ (1+(0)") wereas

4*0nmﬂMQAMijM€mO&

U3 Teopembr 2 crenyer, 9To B 3amade (2) npum p = 2 TakKe Ha-
GronaeTcsa >pdexT “Hachiennsa’ . 31ech aHaJoroM cooTHOMmeHus (8)
SBIAAETCS HEPABEHCTBO

n

8o < 21 <%> " ,

[IpU HapyIIeHnn KOTOPOro UMeIoIaica HHMpOPMaIUi OKa3bIBaeTCA W3-
OBITOYHON.
OTMeTnM, 9TO METO

Fw)(0) = =

5 | i

COTIOCTABIATONTIN (PYHKINE Y(-) k-Yio TPON3BOMHYIO €€ 06PATHOTO TIpe-
obpazoBanus Pypre, ipu k = 0 TakKe onTIMaIeH (Hapsly ¢ METOIOM
(9)) B 3amade BoccTanoBaeHns m3 Teopembl 2. Hro Jerko ycramoButh
HemocpencTBennon ornenkon. O qHako MOKHO MTOKa3aTh, 9To mpu k > 0
DTOT, Ha TEPBLIN B3IV, €CTECTBEHHBIN METO[ yiKe He ONTUMAJeH 1,
b6oxee TOro, ero MOrpernrHocThL paBHa 00.

Teopema 3. llyecmvn € N, 0 <k <n—-1u2 < p< oo Hueem
MECTMO MOUHOE HEPABEHCTNGEO

n—k Et1/2-1/p

(10) Hx(k (- )HL2 < K(k,n,p)||[Fa( )HWH ( )Hn+1/2 vr

ede npu 2 < p < oo

__n—k__
1/2 -1 E+1/2 — 1/pBl/2-1/p\ "H172=1Tr
I((kvnvp):\/n—l_ / /p ( + / /p 7

kE+1/2—1/p (2m)V/P(n — k)t=1/r
E+1/2—1/p 1-1/p
" 5= (T
u B(-,-) — B-¢pynryus Ilizepa;
(12)

n—k n—k
2 1 1 2n+1 1 2n
K(k,n,o00) =4/ nt . K(k,n,2)={— .
2k +1 \w(2n +1) s
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Hpu p = 2 nepasenctso (10) (B cury Teopemnr Haammepens) co-
BIIaJaeT ¢ U3BECTHBIM HepaBencTBOM Xapan—/urTiaByga—Hoana. He-
paBercTBa Buga (10) ¢ pasHbIMU MeTPUKaMU, I/le BMECTO TIPeobpa3o-
Banusa Pypre QpyHKIUN cTOUT caMa (PYHKIHA, OOLITHO Ha3bIBAIOT He-
paBeHCTBaMI /I8 MPOM3BOAHBIX KOIMOIopoBcKkoro Tuma. OHu urpatot
BaXHYIO POJb B Pa3IWYHbIX BOIPOCAX aHalW3a M TEOPUIO MPHUOIIKe-
muii. v mocpsiena 6oxbiias auTepatypa (cM., Hampumep, [11, 12]).

3. JTOKABATE/JIbLCTBA

Haumewm ¢ OIHOI'O MPOCTOI'0 YTBEPKICHUA, KaCaloETOCA ONEHKIM
CHU3Y MOT'PEHIHOCTH ONITUMAaJBbHOI'O BOCCTAaHOBJCHNA.

Jlemma 1. [lyemo 6 3adaue (1) mnoxcecmeo
grl={(z,y) e X xY:aeC, yecl(lx)}
YEHMPAALHO-CUMMEMPUUNO, A MHONCECTNEO
I7N0)={2 € C:0€ ()}
ne nycmo. Toeda

EACDH > s Ara
zeC, zel~1(0)
Aorazameavcmeo. [laa moboro metona ¢ npn Beex v € C' Taknx, 9T0
z € [7Y0), nmeem

2||Azflz < f[Az = (0)l[z + A(=2) = p(0)]|z < 2¢(A, C, 1, ).
CaemoBaTenbHo, IS TI060T0 METOIA @

e(\,C,1,0)>  sup  ||Az|z,
zeC, zel~1(0)

OTKYJa Cpa3y 2K€ BbITeKaeT JOKa3blBacMas OLCHKa. I

NokaszaTenrbctBa Teopem | u 2 mpoBoaATca mo eauuon cxeme. Ho
STON TPUYUHEe MBI CHadala NOKa3bIBAeM OJUH OOUINN Pe3yanbTaT (co-
JepKammin B cebe coobpaKeHns, CBA3BAHHLIE ¢ TI0XOJ0M, OCHOBAH-
HBIM Ha [TPUHIUTAX BBITYKJION ONTHMI3AINN), & 3aTe€M, OMUPAsICh Ha
HETro, MOAyJIaeM YIOMAHYThIE TEOPEMBI. J3ajada BOCCTAHOBIEHU, OT-
HOCHTEILHO KOTOPOU (POPMYJIUPYETCs NaHHBIN pPe3yJIbTaT, ABIACTCA
HEKOTOPON JeTalu3alliell o0IIel MOCTaHOBKH, IPUBEIEHHON B HaJale
CTaThH.

Hyctr T — KoHedHOE MHOKECTBO € AUCKPETHON MEPON WIN WH-
TepBaJ MpSMON (KOHedHbI min Geckonednbiin) ¢ Mepon JleGera, X,
Y, t € T, — BekTOpHbIE TPOCTPAHCTBA € MOJYCKAIAPHLIMU TPONU3-
BedeHuwsMu (-, -)x, (-, )y, ¥ COOTBETCTBYIOIMME ToxyHopMamn || - || x,

| lv,, Z — HopMupoBaHHOe TPOCTPAHCTBO U §(+) — HeoTpUIATETHHASg
maMepuMan gpynknmus Ha 1. Hpenmonroxum, aro Y — HekoTopoe 1o-
npoctpancTBo dpyukuni y(-) na T co smadenusvu B UerY:, Taknx, 910
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y(t) € Yy mt — |ly(t)|ly, — msmepuman pyuxumsa wa 1. Hacemarpu-
BaeTcs 3ajlada ONTUMAIbLHOTO BoccTamoBieHus omepatopa A: X — Z
ma Kracce BX = {x € X : ||z][x < 1} mo undopmannm o rnrennom
onepatope [: X — Y, sagannom ¢ norpemuocthio 0(-). Todmee roso-
pst, ms Kaxkaoro © € BX mspectna gpynkumsa y(-) € Y Takas, 910 mus
n.B. tel

17 (t) = y(D)lv. < 8(2).

HOFpeIHHOCTI) OIITUIMAJBHOI'O BOCCTAaHOBJEHHWA 3alllICBIBacTCsI B
ITOM Cllydae B B e
(18) E(A.BX.15()= i wp e o)l
p: Y =27 zeBX, y(-)€Y
1E2(t)~s(0)lv: <5(0) 1. .
HaC nmHTepecyeT 3HaYeHNe BTOﬁ BCJIUYMHBI 11 OHTHM&HBHBIﬁ MeTO.
U3 memmer 1 cregyeT, 9T0
(14) E(Av BX7 [75()) > sup HAJ;HZ
reBX
(0l <3(0) 1. 5.
Hacemorpmwm caenyiornyio skcTpeMarbuyio 3a,1ady (3Hadenne KoTopon
COBMAaeT ¢ KBaPATOM BEIWIHHBI, CTOAMIEN B TpaBoll dacTu (14)):

(15) HA:L'HQZ — max, H[:z;(t)”% < 52(t) ag . Bt €T, H:L'H%( <1.

Honoxum
Lz, M(), ) = —||Az]7 + /TAl(t)wa(t)H% dp+ As 2%
rjie Ap(-) — m3MepnMas HeoTpuUaTenbHas PYHKIA, Ay > 0, a du —

mepa JlebGera, ecin T' — wHTEpBaX TPAMOU U JUCKPETHAS Mepa, €Can
1" — KOoHeYHOe MHOKECTBO.

Teopema 4. [Iycmov cywecmeyiom usMEPUNAL HEOMPUYAMEADHAL
g§ym€uu AM(e) u Xy >0 maxue, wmo GyHKYUL M\ (1)62(+) v pynwyuu
t— A (O (Y (1), v*(¢))y, npu ecex y'(+),y*(-) € Y cymmupyemor na T u

(@) Lz M()he) >0 VeeX.

Ilyemy, kpome moeo, cywecmeyem makas nociedosamenvrocms {x,,}

y
X

donyemumoir saemenmos 6 (15), umo evinoanenst Ycio6us:

(b)  Lm Lz, (), A2) =0,

m—00
(0) g&(ﬁhwmmam&—ﬁwww+kwm&—w)=u
Tozda, ecau x, — pewenue sxcmpemabrot 3adauu

(16) / MOIT2(t) =y}, di+ Xoll2|k = min, @ € X,
T
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mo
(17) ‘P(y) = Aw,
— ONMUMAALHLLT MeMOd 60CCMAHO6ACHUL U
(18)
BOLBX, L&) = sup rmwz=¢/wamwm+%.
s€BX T
(17z(t)]]y, <8(¢) n. 6.

Aorazameavcmso. 1. Hoxaxem, aro snavenns sanaqn (15) u 3agadm

(19)  ||Az|% — max, /wawm&w+%m&sa
T
rae
S = / M (0)8%(1) dp + M,
T

coBnagaoT u paBubl S. /leficTBuTENbHO, AAA TI060T0 AOMYCTUMOIO B
(15) smementa @ € X nmeem ¢ yaeTom (a)

—mw@z—mw@+éxawwwm&—ﬁw>m

+ %2 (Jlell} = 1) > =5

C Ipyrol CTOpPOHBI, NCTONL3Ys MocaenoBaTenbio (¢) u (b), moxydaem,
9T0

m—00

— lim [[Az,||* = lim (— A2,
m—r00

+ﬁ%uﬂw%wm%—ﬁw>W+XMW”@‘”>:_&

7. e. S — sHadenue sagaqn (15). Ho, odeBuano, 5Tu xe paccyxgenus
JoKa3bIBaloT, 4To S u 3Havenue 3anaqu (19).

2. Omenka cepxy. Haccmorpum BexTOopHOe mpocTpamctBo H =
X XY ¢ nomyckadsipHbIM TPOU3BENEHTEM

((xlv yl('))v (xzv yz()))H = / Al(t)(yl(t)v yz(t))yt d/“‘ + )‘2(1;17 xz)X‘
T
Torna skcTpemanbhas 3a1ada (16) MoxeT ObITH Teperncana B Biie

I(z, T2 (-)) = (0,y(-)llz; — min, = € X.

Ecmn Ty — peHieHue 2TOU 3aJa4qi, TO JEer'Ko IIoKa3aTb, 9TO [IJd BCEX
T € X BLITOJHIAETCS PaBEHCTBO

(. Ty () = (0. y(). (r, Te()) ) = 0.
Orcioga crenyer, 910
G, Ze()) = (0,5 ()l = Ny L) = (g Ly (D
+ (g, Ly () = (0, 5Dl
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Ecmn ||z||lx < 1w ||[{x(t) — y(t)|ly, < 6(t), t € T, 1o u3 mocaenmero
HepaBeHCTBa BHITEKAET, ITO

s L)) = (s Ty (D < N Z2()) = (0.5
= [ SuOlla(0) = o0}, d+ Sl < 5

Homaras z = ¢ — x,, IpUXOANM K HEPaBEHCTBY

[ RO, 4+ Rl 1 < 5
T
1 3HAYUT,

|Az — Azl = [|A2]] < sup lAsllz = V5.

Je MOz, dutdo|l=|5 <5

YaureiBas (14), morydaem pasencTso (18) w onTUMaIbLHOCTH METO-

na (17). 0

Aoxazameavemeo meopemor 1. Hycth cmavgara op < oo. Samnuiiem
paccMaTpuBaeMyto 3amady B TepMmmHax TeopeMmbl 4. 3mech T = A,
X = X — BekTopHOE NMPOCTPAHCTBO C MOMYCKAIAPHBIM TPOM3BE/Ie-
HUEeM

ww»@m&ézéy@@AWw@

Vi = Cnpu seex t € A,, Z = Ly(R), Y = Loo(A,), Ax(-) = 2F(-),
BX = C! wu omeparop I: X! — L.(A,) onpenenen paBeHCTBOM
lx(-) = Fa(-). Hpn Takux obosnavennax sagada (3) coBmamaer ¢ 3a-
nagen (13). Pyuxmma L(x(-), A1(+), A2) n3 Teopembl 4 WMeeT B TOM
clIydae BU

L(x(-), M), A2) = —!\x(’“)(-)!\im)Jr/ M () Fx(t)| dt

+ )\sz(n)(')H%Q(R)'
Hepexons k o6paszam Pypre n oboznadas (27) [ Fx(-)]? = u(-), noxy-

guM (B ey Teopembl Hiammepes)

£(x(-),A1(.),A2):/(—t2’“+A2t2”) u(t)dt—|—27r/ A (B)u(t) dt.

R -
Homomxm Ay = UO_Z(n_k) n
(27’[’)_1 <t2k — X2t2n> 5 |t| < ao,

07 |t| > 0.

L(x(), (), Ae) = AD (=% + oot™) u(t) dt > 0.
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’y—l——/ 8% (t

Ecmu v = 0, To oboznadus epes Z(+) obpaTHoe mpeobpazoBarie CIDy—
pbe QYHKINM, coBmaaomen ¢ §(-) B uuTepBate (—og,0g) U paBHON
HYJIIO BHE HEro, Jerko MpOoBepuTh, 4To ycaoBus (b) u (¢) Teopembl 4
BBITIONHEHbI [ TOCTOSHHON TOCTENOBATETLHOCTH Ty () = Z(+).

Ecaun v > 0 (B aToM ciydae, 09€BUIHO, 0g = ), TO HOJOKUM [JIs
m > 2

Honoxnwm

o*(t)/(2m), t| <o,
unlt) = { o= (mey — )2, o< |t <ot 1/m,
0, [t| >0+ 1/m

gepes I,,(-) Oynem oboszHadaTh obOparTHble HpeobpasoBanus DPypbe
(zep (-) 6yn p peobp yp
byHRINN /27Uy, (+)). HeTpyamo ybeanrbes, 910

o~

lim £(zm (), A (), ) = 0.

m—00

Kpowme Toro,

1o ()2, ) = / (1) di

1 o _ o+1/m

- t2”52(t) dt+M/ £2 gt
oadl -

27T
(my —v/m) ((0 + 1/m)>+! — g2+ o |
o (2n + 1) '

N3 IMOCIENHUX PABEHCTB CJAEAYET TaKXKeE, YTO IIPpU JOCTATOIHO OONLITITX
m

Hl'(n)

1
2
(M) < 1— SNk
T. €. PYHKIHN X, (+) ABIAIOTCS NOMYCTUMBIMEI B 3anade (15).
3anada (16) mas y(-) € Loo(A,) mMeeT Bu

/ MOF(t) = y(OF dt + Xa]|2 ()| Lye) — min,  2() € XT.

C y49€eTOM TEOpEMDBI HJIELHIHGpeJI}I OHa MOXeT OLITL 3alncada TakK

- A
/ Al(t)|F:1;(t)—y(t)|2dt—|—2—2/t2”|F:1;(t)|2dt—>min, x(-) € XI.
T Jr

o
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HeTpynmo mpoBeputh, 4T0 ee permenneM sBIsSeTCs (PYHKIAA Ty(-) Ta-
Kas, 9TO

2 (¢
A 2N < o,
Fl’y(t) = 27T)\1(t) —|— )\Qtzn
07 |t| 2 0o,
T. €
F@(t) — < y( )7 | | 00,
07 |t| > 0.

U3 Teopembr 4 BhITeKaeT, 9TO ONTUMATBLHBIN MeTo UMeeT B (5), a
I €ro MOTPEIHOCTH chpaBeqauBa dpopmyaa (4).

Fcau 0g = 0o (Ipu 3TOM 09€BUHO 00 = 00), TO U3 AeMMbI 1, 0603Ha-
1B Yepes T(-) obparHoe mpeobpasopamnue GyHKImN o(-), 6y 1eM TMeThH

E(W (), cn, 50y > sup 2 ()] ()
1’(~)€ch
() <3(6) . 5.

~ 1 [~
> H:z;(k)(.)HLz)(R) — \/ﬂ/ 12562(¢) dit

C apyroit cTopombl, M MeToja (7) mMeem

@), Cn 10" 5 = s 12%() = W) (o)

1 o 1/2
2()e0n, y()eLo(®R) \2T J_oo
|Fz(t)—y(#)|<8(¢) m. B.

U3 Teopemsr 1, B wacTHOCTH, BBITEKaeT, 4To ecan §(t) =6 > 0 n
o = oo (eMm. caencrsme 1), To

k - 2(n—F%k
sup [0 ()|1ym) = K (kon,00)8 2071,
z(-)eCy
|F2(t)|<3(f) 1. B.
rje korucranTa K (k,n,00) onpenenena pasencrBamu (12). Orciona cie-
IyeT TOYHOE HepaBEeHCTBO

2(n—k)

12O Oy < B (kon, 00)|F2 ()] 22 2"“ 2l ()!\2"“

Aoxazameavcmeo meopemor 2.  CHOBa 3amuileM pacCMaTPUBAEMYIO
3aJady B TepMuHax TeopeMbl 4. 3aech T' cocToWT M3 OMHOW TOYKMH,
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ckaxkeM, t = 1. /laree X = X} — BexkTOpHOE MPOCTPAHCTBO C MOTYyC-
KaJSIPHLIM TTPOM3BeIeHTeM

(@)l = [ A0,

R

Vi = Y = Ly(A,), Z = Ly(R), Az(-) = 2W(), BX = CF, un-
dbopmarmonnbi onepatop [: XJ — Ly(A,) onpeneren paBeHcTBOM
Te(-) = Fa(-) mw (1) = § > 0. Pyukaus L(x(+), A1, Ag) u3 Teopembr 4

nMeeT 37ech BU

L(x(-), A, Ag) = = [le O C)[E e + Al/ [Fa(t)Fdt+ Aolle™ (17,0,

o

Hepexons k o6paszam Pypre n oboznadas (27) [ Fx(-)]? = u(-), noxy-
TIM

L(z(-), M, X)) = /R (=% 4 27\ xo (1) + Aot™) u(t) dt,

rjie Yo () — XapakTepuctudeckas QpyHKINS WHTepBata A, .

Honoxnwm
1 /kN"Fn—%k ok
}\\1 — % <g> n 0-0 ’ k = 07 /)\\2 _ O-(J_z(n_k)7 k > 07
1 0'_2717 k: 5
— k=0
27_[_7 2
L\
~ <_> 0o, k> 0,
t={\n
0, kE=0.

Herpyamo mposeputsb, aTo mpu Beex (-) € X7
L(2(+), A1, A9) > 0.

Hpennoroxum cravara, 91o k > 0 u 0 < 0 (B >TOM ciiydae 0g = o).
HaccmoTpum a1s 1ocTaToqHO GOMBIINX M MOCIEA0BATEIHLHOCTD (DY HK-
Ui

m—, T<t|<t+1/m,
Am - T
= —/ 52
tm (1) m T = S , o <|t|<o+1/m,
2020 2
0, B OCTAJIbHBIX CIYyYasX.

Torna

27T/ U, (1) dt = 82,
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52 %\ 1 241 %\Qn-l—l
/tznum(t) g = M+ L/m)
R 2 2n+1
—I_ m — \/_ B 5_2?271 (0. _I_ 1/m)2n—|—1 _ 0.2n—l—1 mj;)o 1
2020 2 n+1

Kpowme Toro, npu nocraTtodno 60X M

/Rt?”um(t) dt <1-— (1 — 5—t ”) 2\}_

Orcrona crepyer, 9T0 MIA (PYHKIAN Ty (+), ABISIOMIXCS OOPATHBIM
npeobpazoBanneM Pypbe QYHKIUNT /27U, (+), ycioBme (¢) Teope-
MBI 4 BBIDOAHEeHO. HemocpencTBeHHON MPOBEPKON MOXKHO yOEINThCA,
4T0 ycaoBue (b) TON Ke TeopeMbl TaKKe BBITOIHEHO.

Ecmm k> 0wm o > 6 nm k =0, To crenyer paccMoTpeTh (DyHKIINN

Up(t) = {(m —Vm)§/(4m), T<|t <T41/m,

0, B OCTAJbHBIX CIyJasXx.
3anada (16) mas y(-) € Ly(R) nmeer Bug
RlF2() — 5Ol Esian + Ralle® e > min, () € X5
C yaeTom Teopembr Hiammepens oma MoxkeT OBbITHL 3anucaHa B BUIE

N )
)\1/ |F:1;(t)—y(t)|2dt—|—2—2/t2”|F:1;(t)|2dt—>min, x(-) € X7,
o T Jr

Herrennem sroit 3agawm sBasercs GyHkuus Ty (-) Takas, 9To mpu k > 0

FE(1) = (1 T <%>_ <0i0>2>_ ye), HH <o

0, t| > o,
anpu k=0—
N\
e (1+(5) ) o). <o
0, [t| > o.
TeHepb JdOKa3bIBacMasd TeOpeMa BhITEKacT N3 TeOpPEMEL 4 |:|

U3 Teopembr 2 BeITEKaET, 9TO

(*) A
up Hx(MMRz(—) ,
( )Ecn ( ) 2

Fz ()] Lo m <8

OTKYla cleJyeT TOIYHOE HEPABEHCTBO

1 2n —k k
9O < (52 ) IEOIT Ol

n—Fk
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Aoxazameavemeo meopemovr 3. Caydam p = 00,2 BLITEKAIOT U3 TEO-
peMm 1, 2. Hygem cuamrars, uTo 2 < p < oo. HacemoTpum sxcTpemans-
HYTIO 3aady

2y = mas, 1 F2()E < 0% 20 < 1

B o6paszax ®ypre, o6oznaaus wepes u(-) = (27) 7 | Fa(-)|?, o1y 3anawy
MOZKHO IepeNnncaTh B B
oP

(20) / t*Fu(t) dt — max, / uP(t) dt < —,
R R 2

T
/tQ”u(t) dt <1, u(t) > 0.
R

Craxem ¢ sagaden (20) crepyromryio gpynkumio Jarpanxka
Lu() M, 0) = /(_t%u(t) P2 (1) 4+ Mtu(t)) dt.
R

Ecan mbr maiigem Takyio gomycrumyio B (20) dpyukumsa U(-) w Takme

vuoxuTenn Jlarpamxa Ay, Ay > 0, aT0

(a)  min L(u(-), A\, \2) = L(TG(-), A1, Aa),

u(t)>0

(b) A (/Ru(t)m dt — S_D — 0,
(0) A (/Rt?”u(t) dt — 1) —0,

10 U(-) — permenne 3anaqn (20). [enicTBuTeNbHO, 1A TIO60T JOTYCTH-
MOT (PYHKINH u(-) mMeeM

~ P
—/t%u(t) dt > —/t%u(t) dt + X (/ w(t)P!? dt — 5—)
R R R 2m
~ ~ P
+ X (/ mu(t) dt — 1) > —/tzkﬁ(t) dt + X (/ a(t)yP’* dt — 5—)
R R R 2m
+ (/ 27 (1) dt—l) = —/t%a(t) dt.
R R

Homomum Ay = o~ 2(n=F)

, Tae mapameTp o > ( ompeneanM To3Ke.
Torpa nast Becex u(t) > 0 u aoboro Ay > 0

t2n

rie
1
2 2" p/2=1
S 7
at) = (le (t 02<”"“>>> M=

0, lt] > o.
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Tem caMbim BbIonHEHO yeaoBue (a). Beibepem o u A; Tak, 4T00bI y,10-
BIETBOPUTH ycaoBuaMm (b) u (c):

2 72/21 o +2 72/21 §P
p/2— ok n p/2— B
) L) -
1 1
2 NP7 o ok t?n pf2-1
G) L) e
pA1 —o

CrenaB 3aMeny t = gy U BBIPA3WB MOAyIeHHbIe HHTETPAILI de€pe3 3Ha-
vemme GeTa-pyHKIun B, onpenenentoe pasercTBoM (11), moxyamm

p/2
e (2 N\ B 6
grie— —_— =
P n—k 27’

A tont1 ( - )p/rj_l Er12=1/pB _
agr — 3 =1.
PAY (n—k)

Orcroga
P 21—1 — 2 2
Pt (k+1/2—-1/p)B
u

(22) _ (27T)1/p(n _ k)l—l/p Sy ey
0= 5(k_|_1/2_1/p)1/2B1/2_1/p .

YaureiBas (21), 6yaeM nmeTn
/t%ﬁ(t) di = wa—%n—@‘
. Fr i1

Honcrasus swadenue o w3 (22), Hoay<auM, 970 Ipu Beex 2 < p < 00

n—k
Sup Hx(k)()HL2(R) — [X’5n+1/2—1/p‘
x(~)€F;
(1F% ()| L pmy <6
I/IS 2TOT O paBeHCTBa HeHOCpe,I[CTBeHHO BEITECKaceT ,I[OKELSBIBELGMOG TOY-
HOE HepaBeHCTBO FIRIN: HpOI/IBBO,I[HBIX. D
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