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O BOCCTAHOBJIEHUH JINMHENHBIX OIIEPATOPOB
B BAJAYAX C BECKOHEYHBIM I'OPU30OHTOM

A. B. APYTIOHOB, K. KO. OCUIIEHKO

AHHOTAIIMA. B pabore paccMarpruBalOTCsS 3a1a9U BOCCTAHOBJIE-
HUsI OIIEPATOPOB [0 HETOYHO 3aJaHHON MHMOPMAIUY JIJId CIIydas,
KOTJIa HOPMBI OIIEPATOPOB 331aI0TC MHTEMPATIOM TI0 BECKOHETHOMY
uaTepBaity. Mccaenyiorca yeioBus, TpU KOTOPBIX JIBONCTBEHHAM
K 3aJiade BOCCTAHOBJIEHUSI IKCTPEMAJbHAA 334348 (KAK [PABUIIO,
HEBBIIYKJIas ), MOXKET ObITh PEIEHA C TIOMOIIBIO YCIOBHSI MUHUMY-
Ma pyakmuu Jlarpamxa.

The paper is concerned with recovery problems for linear
operators with noisy information when the norms of the operators
are defined by integrals over infinite intervals. We investigate
conditions for when the dual extremal problem for optimal recovery
(which are usually not convex) may be solved with the help of the
Lagrangian minimality condition.

BBEOEHUE

[Iycte X — usmmHeitHoe npocrtpaHcTBO, Yo, YD, ..., Y,, — JuHeiiHbe
HOpMHUPOBaHHbIe IpocTpancTBa, a I;: X — Y;, j=0,1,...,m, — 3a-
JaHHbie JguHeiiabie oneparopsl. [lycrs gansr neioe k, 0 < k < m u
neiicrsurenbubie 0; > 0, j = 1,...,m. Paccmarpusaercs 3aga4a om-
TUMAaJILHOT'O BOCCTaHORBIeHUsT orepatopa [p: X — Y, Ha MHOXKecTBe

10 3HAYEHUsIM O1eparopoB lgii,...,[,, 3aJaHHBIM C HOTPEITHOCTHIO
(mpu k = 0 nomaraem W = X). Cuanraercsi, 4to s Kaxgoro r € W
u3BeCTeH BEKTOD ¥ = (Yki1,---,Ym) € Yir1 X ... X Y, Takoii, 4ro
Iz —yjlly, <05, =k+1,...,m. Tpebyerca mo BeKTOpY Yy yKa3aThb
SJIeMeHT, Hanbosiee OJIM3KHII B MeTpHKe IIPOCTpaHCcTBa Yy K [ox.
[lepeiiem K OoJsiee TOUYHOI opMyIUpPOBKe 3aja4um. Besgkuit me-
TOJ, KOTOPBIil 1I0 BEKTOPY Y YKa3bIBaeT AIMIPOKCUMAIUAIO K JTEMEHTY
Iyz, mpencrasisieT u3 cebs HEKOTOpPOe 0TOOpaKeHHe U3 MPOCTPAHCTBA
Yii1 X ... XY, B Yy Byjem paccmarpuBaTh BCEBO3MOMKHbBIE METOJIbI
W/, WHBIMHU CJIOBAMU, BCEBO3MOYKHBIE OTOOPAKEHUST (: Yiiq X ... X

IIy6aukammsa BoimosHeHa npu (uHaHCcOBO momaepkke Mwunobprayku Poccun
(Cornarmenne Ne 02.203.21.0008 n npoext 1.962.2017) n PODU (npoekt Ne17-51-
52022).

1
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Y, — Yo. [lng Kaxkaoro Takoro oroOpazKeHHs @ OIIPeIe UM €ro Io-
I'PEITHOCTH BOCCTAHOBJIEHUS PABEHCTBOM
e(1,0,¢) = sup 1oz — o(y) 1o

TEW, YyEYpp1 X.. XY,
112 —y;lly; <65, j=k+1,....m

e [ = (Io, Iy ..., 1), ad = (d1,...,0,n). Hago Haiitu morpenrsoctsb
ONTUMAJIBHOIO BOCCTAHOBJICHH, ONPEIeaeMyi0 PABEHCTBOM
(2) E(1,6) = inf e(1,4, ),

@: Yk+1 X..XYm—Y0o

a TaKyKe METOJbl, HA KOTOPBIX JIOCTHIAeTCs 9Ta HUXKHsIA IPaHb (ecsm
TAKOBBIE CYIIECTBYIOT), HA3BIBAEMbIE ONTHMATHHBIMU.

B JeiicTBUTEILHOCTH, MBI BOCCTAHABINBaeM He cam orepatop Iy (oH
3aJIaH), 4 ero 3HaYeHHs HA YJTeMEeHTaX U3 MHOXkKecTBa W 110 HETOYHOMH
uadopmamnun 00 yrux daeMenTax. OJMHAKO, TPAJAMIIMOHHO 3Ta 331494
Ha3bIBAETCS 3a/a4eil 0 BoccTaHoB/IeHHH oneparopa Io.

B upocreitmem ciayuae, korna I, Igiq, ..., [, — Jauneiinbie QyHK-
monasbl, a W, B ormane ot (1), — npon3BoJibHOE MHOKeCTBO n3 X
a1 0gr1 = ... = 0, = 0, 372 337392 ObL1a moctapiena C. A. Cmo-
agkoM [1]. VIm 6bLIO TOKA3aHO, YTO JIJI BBIMYKJIOTO M IEHTPAJIbHO-
CUMMETPUIHOTO MHO)KecTBa W cpen ONTUMAIbHBIX METOJ0B BOCCTa-
HOBJIEHUS CYIECTBYeT JuHeitHbiit. O000MEeHnIM 3T0i MOCTAHOBKHU TO-
CBsIIIEHO MHOTO pador (cMm. |2|-[8], a Takzxe 6Gubauorpaduio B HUX).

OOmuit pe3ysbrar, KacalUUics CyIIeCTBOBAHUS JIMHEITHONO OITH-
MaJIbHOT'O MeTOoJa JIJIs Caydasi, Korjga m = 2, a Yy, Y7 u Yo — rujinoep-
TOBBI TIPOCTPAHCTBA, OB J0Ka3aH B pabore [9] m Tam Ke MOJIydYeHBI
nepBbie KOHKPETHBIE PE3YJIbTaThl O BOCCTaAaHOBJICHUHA JIMHENHBIX onepa-
TopoB. [lanbreiiiee pa3surue sra TeMaTnka moaydmniaa B [10]-[13].

VcctetoBaHuIo BOIPOCA, O TIPUMEHEHUH ITOr0 YCJIOBUSI K HEBBLITYK-
JIBIM 9KCTPEMAJBHBIM 3a1adaM MoCBsIensl paborst [14], [15]. B ranuoi
cTaThe Ha OCHOBE STUX HCCAEIOBAHWIA TOJTYUEH DI Pe3yTbTaToB, Ka-
CAIONUXCsl ONTUMAJIBHOIO BOCCTAHOBJIEHUS JIMHEHHBIX OIIEPATOPOB.

1. /IBOMCTBEHHAS 3AJAYA U YCJIOBUE MUHUMYMA ®YHKIINN
JIATPAHKA

JBoiicTBennoil K 3a4a4e (2) HA3LIBACTCS IKCTPEMAJIbHAS 33144
(3) [ loz]ly, — max, |[[Lz|ly, <d; j=1,...,m, ze&X.

Buavenue IO 3a4aun JaeT ONEHKY CHu3y g Bejuuuubl E(1,0) B
CHILY CJIEJLYIOIIEro XOPOIIO M3BECTHOIO YTBEPIK/IeHUs (CM., HAIIpUMeD,
aemmy 1 u3 paborst [10]).



O BOCCTAHOBJIEHNU JIMHENHBIX OIIEPATOPOB 3

Jlemma 1. Umeem mecmo HepaseHcmaso

BULo) = s el

zeX
HIJxHYJ S(S]v Jj=1...m

[Ipeamnonoxkum, aro Yy, Y1, ..., Y,, — ruib0epToBbI IIPOCTPAHCTBA, CO
CKaJIIPHBIME mpoussegenusmu (-, -)y,, j = 0,1,...,m. Torga ymobmuee
nepeiiTi K KBaJpary 3HadeHus 3ajaqdu (3) U paccMarpuBaTh 3a/ady

(4) [ Toz||3, — max, HIJQ:H% <6, j=1,....m zxeX.
Basada (4) sKBUBaJEHTHA CJIeIYIOIIEil 3a1a19e

(5) ¢o(r) — min, qj(x)géf., j=1....m, ze€X,

rjie KBaJparudnbie (hOPMBI ¢ ONpPeIeJIeHbl PABEHCTBAMN

(6) qo(x) = —(lox, Lox)y,, ¢;i(z) = (Ijx,ljx)yj, j=1,....,m.

Hac Oyaer mHTEepecoBaThb BOIPOC, B KaKUX CJYYAAX B KBaJIpaTHU-
HOli 3as1a4e (5) BBINOJIHEHO ycaoBue MuHUMYyMa byHKIuN Jlarpanxa,
KOTOpO€e MBI OyJeM IMOHHMATh B CJIEAYIOIIEeM YCHJIEHHOM CMBICITIE.

IIycts namsl peiictBurensusle bynkmun f;: X — R, 7 =0,1,...,m.
Byaem ropopurhb, 9T0 B 9KCTpPEMaJIbHON 3a1a49e

(7) fo(x) = min, f;(z) <0, j=1,...,m,

BBITIOJIHEHO YCJIOBHEe MUHUMYMa, (pyHKImY Jlarpanzxka, ecji CynecTBy-
for Takne N >0, 7 = 1,...,m (MaO)KuTE N JIarpanzKa), st KOTOPBIX

inf L, A) = @b fo(a).
Ji(2)<0, j=1,...m

3nech L — dbynknug Jlarpanzxka, ompejessgemMass paBeHCTBOM
L(z,A) = folx) + Y _Nfi(z), A=\, Am).
j=1

[Ipusenennoe ycaosue MunuMmyMa (byHKIuY JIarpanzKa BBIIIOJIHIET-
cst He Beerga. Mbl GyeM uzydars 3aga4y (5), ABJISIONLYIOCS YaCTHBIM
caydaeM obreit 3agaun (7), OJHAKO, JaXKe B Hell 9TO YCJIOBHE MOMKET
uHapymarhes. CooTBeTcTByOMuUil IpuMep gaet 3agada (5) npu m = 3,
X :RQ, xr = (]31,%’2) GRQ, (Sj =1wmu

Qo(z) = —(2f +123), q(z) = (z1+ 229)°,
@(r) = (x1 — 222)°,  gs(x) = 927,
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PaccmorpnM 3azady (5), B KOTOPOii KBaJpaTndubie hOPMBL ¢; HMe-
10T OoJtee OOMUil BH, YeM PacCMOTPeHHBIE BbIIe. A HMEHHO, Oyaem
CUATATH, 9TO (DOPMEL ¢; UMEIOT BHUJL

(8) QJ(I>:<QJ'$7$>7 j:07"'7m7

rae (Q;: X — X* 3amannble JIMHeTHBIE OEPATOPHI.

IIpengioxkenue 1. [lycmo snauenue 3adawu (5) KOHEWHO U 6bINOA-
HAENCA YCA08UE MUHUMYMA Pynkyuu Jlazpanotca, m.e. cywecmsyrom
maxue N >0, 3 =1,...,m, drs komopvx

. B . N )
9 inf Lz, \) = inf Qolr), A= ™),
q;(2)<82, j=1,...,m

2de dynruyua Jlazpanotca L onpedessemes no dopmyne

L(z, A) = qo(x +Z>\J ¢;(x) - 62).
Tozda
(10)
. B - . i
inf %<x>——Dﬂ6j——mmea i ™,
qj‘(:L‘)g(S]?’ j=1,....m j=1

2de mmoocecmeo N cocmoum uz mex muoorcumenets Jlazpanorca (i, wmo
W >0,75=1,...,m u xeadpamuunaa dopma qo + piq + ...+ "
Heompuuamesvho onpedesera. Kpome mozo, umeem mecmo pasercmeo

11 i = i .
(1) nf  w@=_ i @)
q]-(z)géf,, j=1,...m ;.n:l Mgj(x)< ;11:1 )\35]2-

Jlokasameavemeso. B cuiy toro, uro 3nadenne 3ajaqdu (5) KOHEYHO,
npu Bcex T € X

(12) () + Z Ng;(z) >0

CaenoBaTesibHO,

inf L(x,\) Z)\J(52

zeX

[Tycts € A w o € X — gomycrumsiii saement B 3a1ade (5). Torma

(@) > Lia.p) > zw
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Bepﬂ HHU2KHIOIO I'DaHb II0 BCEM JOIIYyCTHUMbLIM 3JIEMEHTaM, IIOJIydaeM

=) N§ = inf go(z) = =) o
=1 =1

Orcroma ciaeyer Bropoe u3 pasencrs (10).
JokazkeMm paserctso (11). Ilycts € X u

i Ngj(z) < i X o7,
s =1

Torna B cuny (12)

Q@) > qo(@) + > Ngi(z) =D NZ > =Y N2,
j=1 j=1 J=1

CremnoBaTebHO,
m
inf qpo(x) > =) N5
P 2eX . : /
L Ng (<t T, N8 =1
C spyroit cTOpOHHI,
m
inf q@o(x) < inf Qo() = — E N 63,
P - TeEXPp ] zeX - J
TaNg ()< Ty )\95?. qj(a:)§6]2-, ji=l,..m Jj=1

O

B npennonoxkennn, 4To X — rmab0epTOBO MPOCTPAHCTBO MPUBEIEM
ycJIoBUe, 0becreqnBaroliee BrIIOJIHeHTE C(HOPMYTHPOBAHHOTO YCIOBUS
MuHIMYMa (DYHKIHA Jlarpanxka g KBaapaTudHoi 3a1a4dn (5), B KO-
Topoii KBagpaTuansle $hopMel ¢; uMeroT Buf (8), rme rae Q;: X — X
3aJTaHHbIE JTUHEHbIe CHMMETPUYIHbIE OTepaTophbl. OTMETHM, YTO KBAJI-
paru4nble (OPMBI ¢; HEIPEPBIBHBI, T.K. 10 Teopeme XeJJIMHTepa
Tenmua cuMMeTpPHYHBIE ONEPATOPHI (); HEIPEPHIBHBL.

[Toroxxum

A:{/_\:(/\O,...,Am):AjZO, i=0,...,m, Z)\jzl}.

=0

HamoMHUM, 4TO HHJEKC KBAAPATUIHON (HOpMBI (0603HAYAETCS OH
gepe3 ind) — 910 MakcuMasIbHAsI 13 PA3MEPHOCTEl JIMHEHHBIX 1O/IIPO-
CTPAHCTB, HA KOTOPbLIX 3Ta (popMa OTpULATE/ILHO olnpejeseHa. VHjiekc
MOKET ITPUHUMATH U OECKOHEYHOE 3HAYEHUE.
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Crenys [15], 6yaem roOBOPUTH, YTO CHCTEMA KBAJIPATHIHBIX dbopwm gj,
j =0,1,...,m, ynoBrerBopsger ycaouio A, ecin s mo0bx A € A
KBaJiparudHas popma, orpeaessieMas COOTHOMEHUEM,

Ngo(z) + ...+ N"gn(z) z€ X,
OO0 HEOTPHUIATEILHO OIIpeje/ieHa, 00 ee HHIEKC OOJIbIIe M.

Teopema 1. Ilycmv X — 2uavbepmoso npocmpancmeo, uHGuMyM 6
zadave (5) Koweuwen u ewnoanaemcs yeaosue A. Tozda das amot 3a-
danu cnpasedauso ycaosue murumyma Gyrkyuy Jlazpanoica.

Aoxazamenvcmeo. Ilposenem ero cienyst [15]. Tloozkum

D:{xeX:qj(x)géf-, j=1,....m}, k= in]gqo(x).
xe

Hemnycroe MHO)KecTBO D 3aMKHYTO MOCKOIBKY (DYHKINHA (; HEIPEphIB-
ubl. [Tosromy D, HaJe/IleHHOe WHIyIUPOBAHHOI W3 MOJHOTO TPOCTPAH-
crBa X METPUKOii, CaMO SIBJISIETCS IOJIHBIM METPUYECKUM [POCTPAH-
crBoMm. [Tosromy K 3azmade (5) MOKHO HPUMEHHUTH IVIAIKHIl BADUAIMOH-
ubtii npuaun Nodbde n Tuxomuposa (cm. Teopemy 1 u3 [16]). Bozbmem
nponssosbioe € > 0. Bocoabsyemcest Teopemoii 1 u3 [16], B3ss

2

A= %7 Qn = %27(n+1)’ ﬂn = 27(3n+2), SOm,a(g) =1- ‘5 ; -

Bo3bMeM Mpou3BOJIbHYIO TOUKY w € D, mas Koropoit ¢o(w) < Kk + €.
B cuily yKazaHHOIT T€OpeMbl CYIIECTBYIOT (3aBUCAIIME OT €) HEOTPUIA-
TeJIbHAsI 0C/Ie10BaTeIbHOCTh {0, } u nocaenosarebuocrs {x,} C D,
CXOMAMIASACS K HEKOTOPOH TOUKe T, € D, Takue, 94TO NP BCEX N

(13) en S 2—n’ ’mn - U)‘ S \3/57 qo(xn) S QO(U))>
a pyHKIUS

Joe(@) = ao(2) + Ve Y Oulrn —
n=1

Ha MHOKecTBe D JI0CTHraeT MUHUMyMa, B TOUKe T,. OTMeTnM, 910 npu
3 _
5TOM B TepMuHax Teopembl 1 u3 [16] mbt B3smm 6, = Ve, ;2.
[Tpumenum K 3a1a4e ¢ HepaBeHCTBAMM

foe(x) — min, ¢;(z) =67 <0, j=1,....m,

B TOYKE T, HEOOXOIMMbIe YCJIOBUsI BTOPOro mnopsijka (reopema 2.1 u3
[18]). Mo 3To0it Teopeme cymecTByioT MuHOKHTEAH Jlarpamxa A, =
(AY,...,A") € A, 119 KOTOPBIX BBIIOJHsETCS ypaBHeHHe JlarpanzKa

0L, .

(14) (20 2) = 0,
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YCJIOBUS JIOTIOTHAOIIEH HEXKEeCTKOCTHU

(15) M <qj(a:*) — 5?) =0, j=1,...,m,
nu yCJ’IOBI/IH BTOpOFO HOpH,ZLKa

0*L. -
Sueco

La(r,3) = N foulo) + i ¥ (00 -5

ITo mocTpoennto byHKIUA fo . IpeJcTaBEMa B BUJE CXOAIErocs Ps-
J1a KBaJIpATHIHBIX (POPM, IPUIEM ITOT P, a TaKxKe PA U3 MPOHU3-
BOJIHBIX CXOJIATCS PABHOMEPHO Ha JTFOOOM OrpAHMIEHHOM MHOYKECTBE, a
dbynknun ¢; aBag0TCA KBaApaTuIHbIMU popmamu. OTCI0a BEITEKaIOT
COOTHOIIEHU S

(for(@), ) =2f0c(x), (gi(2),7) =2¢;(z), j=0,....,m.
[Tosromy, ymMHOXKast paBeHCTBO (14) Ha T, YIUTHIBAS YCJIOBHUS JIOMOJ-
Hsrommedi HeskectrocTu (15), momydaem

oo m
an A (qo(:c*) A —x*\2> — YA

n=1 J=1

[Tepexojst Bo Bropom Hepasencrse (13) K mpejesy npu n — 00 ume-

em |z, — w| < /e, orkyna B cuty (13) 10 HepaBeHCTBY TpeyroJbHUKA
npu Beex n |z, — x| < 2/e. Tlepexons B Tperbem nepasenctse (13)
K mpejiesly npu n — 00, nojaydaeM go(x.) < qo(w) < k + €, orkyna
lgo(x.) — K| < €, mockobKy 2, € D u, 3Ha4ut, qo(z,) > K. VI3 momy-
YeHHBIX HepaBeHCTB, yunThiBasd, uTo A\) < 1, mojiydaeM OIeHKY

(18) A2 (qo(x*) + \?/EZ Oz, — x*|2) — ANk| < 5e.
n=1
Bosbmewm tpoussoabnoe o= (u',...,u™), pj >0, =1,....,mu
nokazkeM, uto npu ji. = (A2, 1) nmeer mecro
(19) inf Lo(z, jie) < Ak + 5e.
Te

JleficTBUTENILHO, TOCKOIBKY T, € D, o p!(gj(x,) — 5?) < 0,7 =
1,...,m, u, ciegosareabno, L. (., i) < A fo -(x.). TlosTomy, ucmnos-
3ysl OUeBHIHOE HEpaBeHCTBO fo (%) > qo(x), cupaBeqmBoe mpu BCex
r € X, nmeeM

inf Lo(z,fic) < inf Lo(z, i) < Lo(2a, fic) < AN foc(x).

zeX zeX
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Orcroma B cuty (18) moaywaem (19).

Jlamnee GygeM CUATATh, YTO € | NPUHHMAET TOJBLKO HATYpATIbLHBIE
snauenus. [lepexonst B orpanmdennoii mocaemosareabnocT (m + 1)-
MEPHBIX BEKTOPOB { . } K IIOIIIOCIe 10BATETBHOCTH, 6YIeM CUHTATD, 9TO
Ae — A gt mexoroporo sekropa A = (A ..., A™). Ouesuano, A € A.

2
€

0x?

Jaj10ch BbIMe, DYHKIUSA fo. NpEeJCTABUMA B BUJE CXOJSIIErOCs psi-
Ja KBaJpaTUIHbIX (GopM, a PYHKIUU ¢; ABALIOTCA KBaJIpaTHIHBIMU
2

(z,\). Kak oTme-

Uccnenyem cemeiicTBO KBaJIpaTHIHBIX (DOPM

o=
dopmamu. TTostomy kBagparuunas dpopma ——— (x, A) HE 3aBUCHT OT

Ox?
nepeMeHHOl T, a 3aBUCUT TOJBKO OT mapamMeTpoB A u €. Ho ecau mo-
CTIeI0BATETHLHOCTDh KBAJIPATUIHBIX (POPM, HHIEKC KaXKI0H U3 KOTOPBIX
He TPEeBBITIaeT OJHOTO W TOTO Ke UHCJa 1M, CXOJUTCS PABHOMEPHO Ha
€JIMHUYHOM IlIape K HEKOTOPOW KBaJparudHoil ¢opme, TO ee MHJIEKC
TAKKe HE IMPEBBIIIAeT TOrO YKe YHUCJIa M. DTO YTBEPKICHUE SIBJISACTCS
HENOCPEICTBEHHBIM cJiecTBHeM Teopembl 2.3 u3 [18]. Tlosromy B cuiry
(16) wHmeKC KBagpaTHIHOH HOPMBI
PLy, <
_ )0 m

He npesbinaer m. CiegoBareibho, B cuiy yciaosus A sra kBagpaTnd-
Hast poOpMa HEOTPHUIATEHHO OINPE/IeIeHA.

Hanee, B cuy (17) u (18) Boimonnsiercsr [Ak + 3500 Mo%| < be.

J
[Iepexons B 3TOM HepaBeHCTBe K Ipejeny npu € — 0, nmeem

(20) Nk ==Y N2,
j=1

Ho torga A > 0, mocKoabKy Bece A HEOTPUIATEbLHBI I He PABHBI HYJIIO
OJTHOBPEMEHHO, & Bce 0; IO YCJIOBHIO IOJIOKUTEeNbHBL. llosTomy, yunm-
THIBas MOJIOXKUTETBHYIO OJHOPOJIHOCTH MOJTYYEHHBIX COOTHOIIEHUN 10
mepeMeHHOH A, nens ux Ha A\, He Tepss OGITHOCTH 6YIeM CIUTATH, ITO
AV = 1. Ksagparuanas dopma qo + A'qp + ... \™q, HEoTpunaTe/ b0
OlIpe/Ie/IeHA, & MUHUMYM HEOTPHUIATETLHO OIPE/IETeHHON KBaPATHI-
HoOit ¢popmbl paBen HyJf0. [TosTomy

zeX

min L(z,\) = — Z N6,
=1

orkyna B cuity (20) moaywaem (9). O

[IpuBegem JiocTaTOYHbIE YCJIOBHS, T'apaHTUPYIOIIME BbIIOJTHEHUE
ycaoBus A.



O BOCCTAHOBJIEHNU JIMHENHBIX OIIEPATOPOB 9

Jlemma 2. ITycmv X — 6ci0dy naommoe Auretnoe nodnpocmparcmeo
npocmpancmea X . Ilyemo das aobozo h € X, h # 0, cywecmeyem
aunetnod onepamop B = Bp: X — X makot, wmo npu ecex j =
0,1,....m

1) q(B*h) <qi(h), k=1,...,m,

2) (Q;B™h,BMh) =0, 0<k <ky<m.

Tozda weadpamuunwvie dopmo. ¢;(z), j = 0,1,...,m, ydosaemsoparom
yeaosuro A.

Jlokasamenvemeso. Ilpennonoxknm, uro cymecrsyior M > 0, j =
0,1,...,m, npu KOTOPHIX KBaJIpaTudHas dpopma
q=Xqo+Na+ ...+ NG,

He BJIFeTCd HeOTpHUIATeJIbHO ompenaenennoi. Torpa cymecrByer h €
X, anst koroporo g(h) < 0. B cumy toro, uro X — BCrojy IIOTHO B

X, MoxkHO cuntaTh, uro h € X. JlokaxkeMm, 94T0 HHIEKC KBAIPATHIHON
dopmsr ¢ Hosbire m. PaccmoTpuM cucreMy BeKTOpoB x; = B'h, j =
0,1,...,m. Jokaxem, uro npu Bcex a = (g, qq,...,0y) # 0 1ia

BEKTOpa
m
Tr = E AT
k=0

nMeeT MecTo HepasencTso ¢(x) < 0. B cumy cBoiicts 1) u 2) mmeem

qi(x) = (Q; Z O T, Z ) = Z Qi Qjxr, xx)
k=0 k=0 k=0
=Y ai(Q;B*h, B*h) <y aig;(h) = 4;(h) Y o
k=0 k=0 k=0
Orcrona
g(z) =Y Ngj(x) <
j=0

> at(So N0 =) 3ot <o.

k=0 j=0 k=0
CnenoBarenbuo, x # 0. Tem caMbIM BEKTOPBI g, L1, - - . , LTy, — JHHEHHO

HE3aBUCHUMBI, & KBaIpaTudHas opMa ¢ OTpHUIATeIbHA ONpeIeaeHa Ha
HOJIIIPOCTPAHCTBE padMepHocTH M + 1, 0Opa30BaHHOM JIMHENHHON 000-
JIOYKOI, HATAHYTON Ha 3TU BEKTOPbI. Takum 0Opa30M, MHJEKC ITOM
dopmbl DoJIbIIE M. O
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Bameuanue. Jluneiinpiii onepatop By, HepeaKo yn1o0HO OpaTh B BUIE
By, = A"™ e A X — X sagaunpiii suneiinsiii oueparop, a n(h)
pU KaKJ0M h IPpUHUMAET HATYPAJIbHbIE 3HAYEHUS.

Hanpumep, nycts X — rujibbepToBO HPOCTPAHCTBO AP BEKTOP-
bynkmmit w(t) = (£(t),u(t)), t € R, rae u(-) nsmepnmas mo Jlebery
m-MepHas byakimug u(-) : R — R™, y KoTopoii KBajpaT MOy CyM-
mupyeMm Ha R (MHO)KecTBO Takux (yHKnuii 6ygeM 0003HAYATH Yepe3
L3 (R)), a abcomoTHO HenpepbiBHAST n-MepHast DyHKIHs &(+) sBIsieTcs
pellleHneM ypaBHeHHS

(21) ¢ = DE + Fu(t),

u 1pu 3rom £(+) € LY(R). 3unecy D, E — 3ajannble JefCTBUTE/IbLHBIE
MaTpHIbl HYyZKHBIX pa3MepoB. Kpajaparudnbie (HOpMbI ¢; OMpPenesuM
PaBEHCTBAMU

(22) Qj(w('))=/R<Gj§(t),§(t)>+2<Qj£(t),U(t)>+<RjU(t),U(t)>dt7

riae Gy, Qj, R; — 3a/jaHHble MATPHIBI HYZKHBIX PA3MEPOB.

Kak m3secrno (cm. [19]), mommpocrpancrso X, cocrosmee u3 -
HUTHBIX BeKTOP-dyHKIwmiA (w(-)) € X, Beoay mwrortHo B X. B kauecrse
oneparopa A Bo3bMeM CABUT (DYHKIMI [0 BpeMEHH Ha €JIUHUILY, T.e.
A(w)(t) = w(t — 1). B cuuy jemmvbl 2 1 3aMedanust K Heli B 9TOM
npumepe yciaosue A BBIMOIHAETCS. DTH 7Ke PACCyzKICHUS OCTAITCs
CIpaBeIMBBIMU, €Cyin B (22) MHTErpupoBaHue OCYIIECTBISIETCS HE 10
npamoit R, a mo nonoxurensnomy ayay R wim o orpunaressroMy
ayday R™, a Ha tpaekTopuio £(-) HATOXKEHO JIOMOJTHATEIHHOE YCIOBUE
€(0) = 0. IIpu 5TOM B EPBOM CJIy9ae B ONMpe/IeJeHIHH TPOCTpaHCTBa X
HAJI0 JIOTMOJHUTEIbHO cauTaTh, 9o u(t) = 0, {(t) = 0 mpu Bcex t < 0, a
BO BTOpOM ciaydae, aro u(t) = 0, £(t) = 0 npu Bcex t > 0, a B KauecTBe
ouneparopa A Hajo B3sa1h oueparop capura A(w)(t) = w(t + 1).

[Tepeitnem k Gosee obmeit koucrpyknuu. Iycrs (T, X, p) — usme-
pUMO€e TIPOCTPAHCTBO, Ije 1’ — HelmycToe MHOXKECTBO, X — o-aJjredpa
o AMHOZKeCTB T’ (HA3BIBAEMBIX U3MEPUMBIMHE) U i — HEOTPUIATEIbHAS
CUYETHO-aJINTUBHAST o-(pUHUTHAsT Mepa [t [Tociaeanee o3nadaer, 94To B
T cymecrByer Takas IOCJEJI0BATENbHOCTD U3MEPUMBIX MOJMHOMKECTB
T, €%, aro (T,,) <ooVnulJ, T, =1T.

[Iycts Y — ruab6epToBO MPOCTPAHCTBO. PaccMOTPUM MPOCTPAHCTBO
Lo(T, 11, Y'), cocrosimee n3 uamepuMbix orobpaxenuii f : T — Y,y
koTopbIX KBagpar moayas |f|2 = (f, f) cymmupyem na T. Ckansp-
HOE NPOU3BEJIEHNe B HEM Olpe/ieisieTcsi 00bIaHbIM 00pa3om. V3BecTHO
(]20]), uro camo npocrpanctso Lo(T, i, Y') siBisiercst rusib6epToBbIM.
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[Iycrp B cemeiicTBe H3MEPUMBIX MHOKECTB BbIJIeJIeHO HEKOTOPOE ero
nojcemeiicreo X C 3. Ornocure/ibno 3 Oyjem npeojiararb, 4ro
pu(e) < ocoVe € 3 u 910 nojceMeiicTBo 3aMKHYTO OTHOCHTE/ILHO Ollepa-
UM KOHEIHOTO OObeINHEHHS, T.€. eCJIh €1, €y € i, TO €1 U2 S 3.

Ha npoctpanctee Lo(T), 11, Y') paccmorpum KBaJapaTudnbie hopMbl

(23) q;(f) = /(ij(t), f@)du, j=0,---,m.
T
Bmecs C; 1 Y — Y 3a7anHble CHMMETPUYHBIE JTHHEHHBIE OMEPATOPEIL.

Teopema 2. ITycmv X C Lo(T, 1, Y) — 3adarnoe samrnymoe aunedi-
noe nodnpocmpancmeo. Ilpednosostcum, wmo sunetinoe noonpocmpa-
cmeo X 6c0dy naomno 6 X, U cywecmsyem usmepumoe omobpasice-
nue ¢ : T — T 1, xomopoe ydoeaemesopaem caedyrowum ceoticmean:

1) mepa [i UHBAPUANMHG OMHOCUMEALHO © HA S 6 MOM CMBICAE,
umo o (e) € X u p(e) = p(p~1(e)) daa mobozo e € X;

2) das 1106020 UZMEPUMOZO MHOHCECTEA € € Y CYWECMEYEm Makoe
namyparvnoe n = n(e), wmo ple(Ne"(e)) = 0 npu xascdom j =
Lo+ ,m (=% — amo s-as umepayus obpammozo omobpasicerus p~L);

3) aunetinod onepamop cynepnosuvyuu [ — fop = f(p) unsapu-
anmen ommocumesvho nodnpocmparcmea X, u 0as a06oti PyHKyuL
f € X ee nocumenv npunadaescum X, m.e. {t € T : f(z) # 0} € X.

Tozda das keadpamuunol sadavu (5), 6 Komopol Keadpamuwrvie
dopmove q; onpedenenvi dopmyaoti (23), cnpasedaiuso ycaosue muru-
myma pyrxuuy Jlazpanorca.

OTMernM, 9TO B CHJIY IIE€PBBIX JABYX MPEINOIOKEHUH OTHOCUTETHLHO
MepBI [i, €CJIM OHA sIBJIsieTCs HenyseBoit, To u(T) = oo.

Jlokasameavemeo. Bosbpmem mponssombayio dyukmmao h(-) € X u no-
CTPOUM COOTBETCTBYIONINI €if, yIOBJIETBOPIIONINN YCIOBUAM JI€MMBI 2,
JinHeiHbiil oneparop By,. )
[Iyctb g = {t € T : h(t) # 0} — nocurens Gynkuuu h. Torga ey € X
B cuity yeaoBus 3). B cuity yeioBus 2) cymiecTByer TaKOe HATYPATbHOe
n= n(e())? aTo M<€0ﬂ¢j(60)) = 07 J= 17 to 7m> rie Sb = (10_”'
BBezneMm B paccMmoTpenne MHOXKeCTBa €; = ¢/ (eg), j = 1,--- ,m. To-
ria B ety yeaosus 1) e; € 3. Kpome toro, pi(e; () eo) = 0 mpu Kaziom
j=1,---,m, atakxe u(e;) = k, rae Kk = i(ey) < 00, MOCKOJIBKY Mepa
/i THBAPHAHTHA TaKzKe OTHOCHTETBHO Mpeobpa3oBaHmil (™.
okaxkem, 410

(24) p(er, ﬂekQ) =0 Vki,ke: 0< ki <ky<m.

lre. MuOMKeCTBO 0! (€) M3MEPHMO 17151 TOBOTO M3MEPHMOTO MHOMKECTBA € € ¥
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[Ipu ky = 0 stu paBercrBa orMedeHsl Boime. I[lycrs k1 > 1. /lokazkewm,
YTO TOTIA

(25) M(ekl U 6k2) = M(ekl_l U ekz—l)'

JleficTBUTE/ILHO, TOCKOJIBKY 00pa3 00be MHEHUs] MHOYKECTB PaBeH 00b-
eJIMHEHUIO UX 00pa30B, TO UMeEeM

P(ex, Ueka) = o(en) U P(er,) = €r,—1 U €ky—1 =
p(ex, U er,) = p(P(ex, U €r,)) = pler -1 U €hy—1),

970 JoKaszbBaer (25).

I3 (25), mocjaeaoBaTesibHO yMeHbINAs HATYPaJbHOE 9HCJIO ki JI0
HyJIst, noaydaem, uro pleg Jer,) = pleoUe;) npu j = ko — k.
Ho p(ep(Nej) = 0 u, caepoBarensno, (e, |Jer,) = 2k. Kpome To-
ro, p(ex,) + pler,) = 2k, oTKyga B cmiy paBeHCTBa fi(eg, [ek,) =
er) + plers) — iler, U en,) monysaent (24).

B cuty yenoBust 3) ompeesnM JTHHERHBI OMepaTop Cynepno3uiium
A X — X coornomenuenm (Af)(t) = f(p(t)),t € T u oneparop
B, : X — X coornomennem B, = A", re n = n(eg). o nocrpo-
enmio (BFh)(t) = h(¢™(t)) = 0 aaa noutn Beex t & ep. Orciona B
cuny (24) npu Beex ky < ko miag nouru Bcex t € T BbiTeKaeT paBeH-
creo (Cj(Br h)(t), (B?h)(t)) = 0. I3 cKazaHHOrO HENOCPEICTBEHHO
cJiejlyeT ClpaBe/JInBOCTh yCJIOBUs 2) JIeMMbl 2.

Jokazkem ycsoue 1) sieMmbl 2. JIjist 9TOr0 J0CTATOYHO JI0KA3ATh,
9TO JJIst BCEX j W k BBIIOJHSACTCS

(26) / (C3h(t), h())ds = / (Coh(™ (1)), W™ (1)) dp.

JleiicTBUTEIBHO, TOKAYKEM, 9TO 718 TPOU3BOTBHOTO MHOYKECTBA KOHE-
noit mepot 1" C T" umeer MecTo

@) [ (@R ON = [ (ChE ) h ()

T

Badurcupyem npoussosbaoe € > (. Bozbmem Takyio mpoctyio ¢yHK-
uio he, aro [(C;h(t), h(t))—(C;he(t), he(t))| < € ana nouru Beex t € T
[IycTh byHkIug he HpUHEMAET CYeTHOE YUCJI0 3HAYeHul ¥s, s = 1,2, ...
Torma

/T<th£(t)7 h’&(t»du = Z<ij87 ys)H(Ts)a Ts = {t eT: hs(t) = ys}‘

s=1
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Pacemorpuym npocryio dyaxmmo he (¢™F). Ilpu KaxKaoMm s mveeM

u(r e 7o) =u ) () ) = um
OTciofia BBITEKAET, UTO

[ (Cyha(t), he(£))dpt = / (Cyha(™ (1)), he (™ (8)) ),

T T

OTKY/Ia B CHJIy mpou3BosibHOCTH € > 0 mostyvaem (27). CriipaBe1inBocTh
(26) BBITEKAET M3 TOrO, YTO PABEHCTBO (27) BBIMOIHSIETCST JJIsI TPOW3-
BOJIBHOTO MHOZKecTBa T KOHEuHOi Mepbl. TakmM 06pasoM, yC/IoBHe 1)
JIEMMBI 2 TaKKe BBIMOTHIETCS (MIPUYEM CO 3HAKOM PABEHCTBA).

I[To memme 2 kBagparuansie Gopwmsl ¢;(z), z € X, j = 0,1,...,m,
ompejieIeHHbIe cOOTHOITeHusMH (23), yaoBiaerBopsior yeaosuio A. [To-
9TOMY CHIPABE/IJINBOCTH TEOPEMBI 2 BBITEKAET U3 TeopeMbl 1. U

[IpuBejieM HECKOJIBKO €CTECTBEHHBIX ITPUMEPOB, B KOTOPBIX BBIIIO/I-
HATOTCS OCHOBHBIE IIPEJIIOJI0KeHIs TeopeMbl 2. Ilycers snauase T = RY
— 9T0 d-MepHOoe IPOCTPAHCTBO ¢ Mepoii Jlebera p. Torma B KaduecTBe )y
MOKHO B34Th CeMeficTBO M3MEpUMBIX 110 Jlebery orpaHuYeHHBIX MHO-
’KecTB. B KadecTBe 0TOOparKeHus ¢ BO3bMEM CIABHUI Ha ITPOU3BOIHHBIN
dbuxcuposannblii nenyesoit sekrop t € R4, re. o(t) =t +1t,t € R%

[Tycts Teneps T = Z9, rue Z% — MHOXKECTBO IEJIOYHCIEHHBIX d-
MEPHBIX BEKTOPOB 2, & [t — JIMCKPeTHasi Mepa Takas, 4To ((2) = 1 st
T060it Toukn z € Z%. B kauecTBe Y BO3bMEM CeMeiicTBO OTpaHUYIEeH-
HBIX HOIMHOMXKECTB U3 Z%, a B KadecTBe (¢ — CABHI Ha IPOM3BOJBLHBIIL
HeHy/TeBoil Me0unCAeHHLI BeKTOp 2, T.e. ¢(2) = 2 + Z, 2 € Z%.

Bor eme ogun npumep. [lycts T'— 3to mununap 1T = T x T;. 31ech
Ty — s1o nu60 R? 6o Z¢, a 3amannas va T} Mepa fi1 — 310 aubo Me-
pa JleGera, jinbo onucannas Bbilie JUCKPETHAs Mepa, COOTBETCTBEHHO.
B kauectse Th BO3bMEM H3MEPUMOE IIOJIMHOMKECTBO IpocTpancrsa RY
wm Z¢ ¢ cooTBeTcTByIOMmEH Mepoii fip. Mepy i ma 1 ompeeuM Kak
npousBeJieHne Mep, T.e. [ = fij @ fp. B 3TOM cilydae, Kak u BhbIlle, B
KauecTBe X BO3bMEM CEeMeHCTBO M3MEPHMBIX OTPAHUYEHHBIX ITOJMHO-
JKecTB (BIPOUYEM, X eCTECTBEHHO TakK Oparh Beeraa, Korga 1’ HaeaeHo
MeTPHKOii). A BOT B KauecTBe ¢ HaJI0 6paTh CJBUT BJIOJIb MPOCTPAHCTBA
Ty, re. p(t) = t+(11,0), t = (t1,t2) € T, re t; — IPOU3BONLHbIN HEHY-
JieBoii semMenT u3 17. OTMeTuM, 9TO BO BCEX PACCMOTPEHHBIX CJIyYasIx
MO POCTPAHCTBO X cocrour u3 dpuHUTHBIX DYHKIHIL.
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2. 3AJAYN BOCCTAHOBJIEHUS IIPU BBIIIOJIHEHUN YCJIOBUS
MUHUMYMA ®YHKINU JIATPAHYKA

Oxa3pIBaeTcs, YTO IPH BBIMOJTHEHHH YCJIOBHS MHHUMYMA (DYHKITHH
Jlarpanxka st 3aga4n (5) (M HEKOTOPOM JOTOTHATETHHOM YCJIOBHH
paBpeIHI/IMOCTI/I) MO2KHO 4BHO BbIPA3UTbH IIOI'PEHIHOCTH OHTHUMAJIBHOI'O
Boccranosynenus F(I,0) B TepMuHAX COOTBETCTBYIOIUX MHOMKHTEJISAX
Jlarpanyka, a Tak»ke HalTH ONTUMAJIHHBIH MeTO/] BOCCTaHOBJICHHS.

B nekapToBom mnpomsBejieHHH HPOCTpaHCTB Y = Yii1 X ... X Y,
ompee UM HOPMY OOBIYHBIM 00pa3oM 1o (opmy.ie

m 1/2
Iyllp = ( 3 ||yj||%@.) .

j=k+1
Jlemma 3. Ilyemo 6 sadaue (5), 2de q;, j = 0,1,...,m, onpedene-
noe pasencmeamu (6), cnpasedauso ycaosue murumyma Gyrkyuu Jla-
eparotca ¢ muoncumenamu Jlaeparorca N, 5 = 1,...,m. IIpednoso-
AHCUM, WIMO CYULLCMBYIOM BCHOY NAOMHBIE AUHETHBLE NOINPOCTPAH-
cmea Y; CY;, j=k+1,...,m u aunetnvi nenpepoisnvlii onepamop
é: Yiir X .. - X Y, — Yo maxue, wmo oas 1066 y = (Yi1,- -+, Ym) €

Yit1 X ... X Y, cywecmeyem pewenue T, € X ypasHenus

(28) Y NELw= Y Ity
j=1

j=k+1

u Ay = Iol'y. Toz0a nozpewHocmds onmumarbroco 60CCMAHOBAEHUA

PABHa
m ' 1/2
E(I,6) = <Z AJ&?) ,

j=1

a memod p(y) = ANy, 2de Ay = (N lyei1, ..., A yy) asasemeca on-
MUMANDHBLM.

Joxazameavcmeo. 13 jiemmbl 1 u npejyiokenusi 1 BbITEKaeT OIEHKA
CHU3Y

(29) E(I,6) > (Xi: >\j6]2-> 1/2.

[Tostyauwm onenky cBepxy. PaccMmorpum JnHeitHOe mpocTpancTBo F =
Y] X ... XY, c noayckajaspHbIM IIPOU3BEJICHIEM

W' y)e =Y N, vy,
j=1
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rae

Y=Y Um)s Y= (Y1, YR

[Tonoxkum
Iz = (ha,....Inx), Yo=1(0,...,0,Yks1,- -, Ym)-
Ecim x5, € X — pemenue ypasuenns (28), To qyst Becex € X
(Tzay: Io)s = (o, I2) 5.
Orcroa mosrydaem
1w —=Gollz = 17— Taay+ Toay = Golz = Tz — Toay |5+ | Toay = Gol3-

Takum obpasom, juist Bcex x € X

k m
(30) [[Tz—Txay|l3 < 1Ta—=Toll = > NILzlls,+ Y NLz—y;lf,-
=1 j=k+1

[Iyctb £ € W u y = (Yka1s---,Ym) € Yir1 X ... X Yy, TAKOBBI, 4TO
|z —y;| <90;,j=Fk+1,...,m. Torga nms moboro € > 0 cymecTByer
g: (gk‘-i-la"')gm) G Yk+1 X ... X me

TAKOM, 4TO
ly; —Uilly, <e, j=k+1,....m.
Tem caMbIM,
1z = yilly; < 15z = yilly, +llys —wslly, <65 +e, j=k+1...,m.

[TosoxuMm z = & — xpe. Torma us (30) caexyer, aTo

(31) S NIz, <Y NG
j=1 =1

rie

5 {@- 1<j<h,

/ §j+e, k+1<j<m.

g norpemrocru Metoga ¢(y) = AAy mosydum OneHKy

oz = AAylly, < [[lox — AAY]ly, + [|AAY = 9) v
< |Hox = Tozaglly, + [AA[[(m — K)e.

Hetpyano ybeautnes, aro npu Beex a, b > 0
2

a
sup  llozllfy =55 s [oall.
e MLz, <a? Ty M [l <2
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YuaursiBasg (31) u nperoxenue 1, mosyaunm

1Tox — Iozaglly, = [ Hozl3, < Sup oI5,
z
P NI, < g M

Zj:l /\](Sj P zeX

. P .
T M, < T M6

SN2 LI
=1 sup 1Zozll3, =) Mo}
j=1

Jj=1 J

B cuy npousBosibHOCTH € > (0, IOy YnM

m ' 1/2
(3) Itz = Ayl < (o 3a2)

=1

3 (29) u (32) caemyer, 4T0

E(I,6) = (i Ajaj?) 1/2,

Jj=1
a Meros, p(y) = AAy saBsieTcst ONTUMAJIBHBIM. O

Cies1aeM HECKOJIBKO 3aMedannii. Y paBHenue (28) Bo3HUKaeT U3 HeoO-
XOJMMOCTH PElINTh CJIEYIONLYI0 KCTPeMAIbHYIO 3a/1ady

k m
Y NIzl + ) Nz — gy, » min, 7€ X,

j=1 j=k+1

KOTOpasl BO3HUKAET IPH METOJUKE IIOCTPOCHHS ONTHUMAJIBLHOIO METO-
Jla BOCCTAHOBJIEHUS, PeJIoKeHHoii B padore [9]. OxHako, B HEKOTO-
PBIX CIydagX 3TO ypaBHeHHe HMeeT pellleHHe He JJid BcexX ¥; € Yj,
J=k+1,...,m. Takag curyalnus BOSHUKAET, HAIpUME], IIPU BOCCTa-
HOBJIGHUH PeIlleHNsT YpaBHEHHS TEILTOIPOBOJIHOCTH B (PUKCHPOBAHHBIM
MOMEHT BPEMEHH [0 HETOYHO 3a/AHHBIM PEIIeHUsIM ITOr0 YPABHEHUSI
B Jipyrue MOMeHThl Bpemenu [12|. B cBsazu ¢ srum npuxoaurcst pac-
cMaTpHUBaTh pelenne ypaBHenust (28) Ha JeKapTOBOM MPOW3BEIEHHUN
MHOXKECTB, BCIOLY IJIOTHBIX B Y;, j = k +1,..., m. Hexkoropsrit Bapn-
aHT JIeMMbI 3 JT0Ka3aH B pabore [13].

Bepnemcs k ob1ieit KOHCTPYKITUH, OMUCBIBaeMOii Teopemoii 2. Byiem
cuuTaTh, 9To 1, 1, Y m X TaKOBBI, 9TO BBINOJHEHBI YCJIOBUS 3TOI Teo-
pembl. Pacemorpum 3amady (2), rae X To Ke, 4TO M B Teopeme 2, a
Yo, Y1, ..., Y, — ruiasbeprossr npocrpancrsa. Ilosoxum Cy = —I51,
Cj = I;1;, j = 1,...,m. U3 Teopembl 2 BbITEKaeT CHPABE/JIUBOCTD
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ycaoBug MunuMyma GbyHKImn Jlarpanka ¢ HEKOTOPBIMA MHOYKUTEJIsI-
mu Jlarpamka M > 0, j = 1,...,m U3 KOTOPOro, B YaCTHOCTH, BbI-
TeKaeT HeOTPHUIATETbHAS OIPE/IeIEHHOCTh KBaIPATHIHOM (hOPMBI, 1MO-
poKIeHHO# TuHeHHBIM onepaTopoM C' = ACy + ...+ \"C,,.

Mbl JIOIOJTHUTEILHO HPE/IIOI0KIM, 94T0 oneparop C' ¢Tporo moJo-
wuTesien, T.e. cymecrsyer taxoe € > 0, uro (Cz,x) > e|z|? aaa Beex
x € Y. Torma oneparop C' menpepwisao obparum. [losromy no siemme 3

m 1/2
E(I,6) = (Z Aﬂzs;) :
Jj=1
a MeTO[

e(y) = I(A\'Cy+ ...+ N"Cr) NN Ly + o+ A Y

ABJIAETCA OIITHMAJIbHDBIM.
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