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BOCCTAHOBJIEHUE JIMHEMHBIX OIIEPATOPOB U
YCJIOBUE MIHUIMYMA ®OYHKINN JIATPAH2KA

A. B. APYTIOHOB, K. 0. OCUTIEHKO

AHHOTALIMA. B pabore paccMarprBalOTCsS 3a1a9U BOCCTAHOBJIE-
HUs OMEPATOPOB MO HETOYHO 33MAHHON MH(MOPMAIUHN [JIs CIydast,
KOTJ/Ia HOPMBI OIIEPATOPOB 33,1aI0TCs HHTEPATIOM TI0 GECKOHETHOMY
unaTepBasy. Vccnenyorcst yeIoBus, TPU KOTOPBIX IBOMCTBEHHAS
K 3ajia9e BOCCTAHOBJICHUsI IKCTPEMAaIbHAsA 3a7a4a (KaK MPABUIIO,
HEBBIIYKJIas ), MOXKET ObITh PEIIEHA C TIOMOIIBIO YCIOBHI MUHUMY-
Ma dyuknun Jlarpamxa.

KarioueBrbie ciioBa: onTUMaIbHOE BOCCTAHOBICHHE, JTUHEHHBIE
OIIEPATOPHI, IKCTPEMAJIbHBIE 3a1a4n, DyHKIn:A Jlarpanxka.

The paper is concerned with recovery problems for linear op-
erators with noisy information when the norms of the operators
are defined by integrals over infinite intervals. We investigate con-
ditions 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.

Keywords: optimal recovery, linear operators, extremal prob-
lems, Lagrange function.

BBEOEHUE

[Iycts X — JsmnHeitHoe npocTpaHcTBO, Yo, Y1, ..., Y, — JuHeiiHble
HOPMHUPOBaHHBIE TIpOCcTpancTBa, a [;: X — Y;, j =0,1,...,m, — 3a-
JlaHHble JuHeiiHbie oneparopsl. [lycrs gansr negoe k, 0 < k < m n
neiictuTesnbHble 0; > 0, j = 1,..., m. PaccmaTpuBaercs 3a1a4a onTH-
MaJIbHOI'O BOCCTaHOBJIeHHs onepaTopa Ip: X — Yy Ha MHOXKecTBe

W={xeX:|Lz|y, <5, j=1,..k} (1)

[0 3HAYEHUHAM OnepaTropoB lgii,...,I,, 3aJaHHBIM C HOTPEITHOCTHIO
(mpu k = 0 momaraem W = X). Cunraercs, daro mag Kaxaoro x € W
U3BECTeH BEKTOD Y = (Ykt1,---,Ym) € Yiy1 X ... X Yy, Takoii, uro
Iz —yjlly, < 05,5 =k+1,...,m. Tpebyerca mo BeKTOpY ¥y yKa3aTh

vJeMeHT, HauboJiee O/IM3KuUil B MeTpuKe pocTpancTsa Yy K [ox.

ITy6anukanus Beinossena npu noagepxkke Munobpuayku Poccun (Cornaienne
Ne 02.203.21.0008 u npoekr 1.962.2017) u PODOU (upoexrsr Ne17-51-52022, Ne17-01-
00649). JlemMa 2 u TeopeMa 2 MOJIYUEHBI MEPBBIM ABTOPOM Tpu nogaepxkke PH®
(mpoexT Ne 17-11-01168).
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[lepeiiiem K OoJiee TO4YHOI opMyIUpPOBKE 3aja4du. Besakuii Me-
TOJ, KOTOPBIil 110 BEKTOPY Y YKa3bIBaeT AIIPOKCUMAIIUAIO K IJIEMEHTY
lyz, npejacraBiisieT u3 cebs HEKOTOpPOe 0TOOpaXKeHHe U3 MPOCTPAHCTBA
Yiir X ... x Y, BY,. Byzem paccmaTpuBaTh BCeBO3MOXKHBIE METOIbI
WM, HHBIMHU CJIOBAMH, BCEBO3MOXKHBIE OTOOPazxKeHus : Yiip X ... X
Y, — Yo. Jlig Kaxki0ro Takoro orodOparkeHusi © OIPeJe/iMM ero Io-
I'PEenIHOCTb BOCCTAHOBJICHUA PAaBEHCTBOM

e(l,6,¢) = sup oz — ©(y) I,

zeW, yEYk+1 X...XYm
iz —y;lly; <8;, j=k+1,...m

vne [ = (Io, Iy ..., I,),ad=(d1,...,0,n). Hano naiiru norpemuoctsb
ONTUMAJILHOIO BOCCTAHOBJICHUS, ONPeJIe/IIeMyI0 PAaBEHCTBOM

E(I,6) = inf e(l,d 2

( ’ ) @: Y1 X XYim—Y0 ( ’ 790)7 ( )

a TaKyKe METOJIbl, HA KOTODPBIX JIOCTHTAeTCs 9Ta HUXKHsSA I'PaHb (ecim
TAKOBBIE CYIIECTBYIOT), HA3BIBAEMBIE ONTHMATLHBIMU.

B jeiicrBuTesibHOCTH, MBI BOCCTAHABIUBAEM He cam oneparop Iy (oH
3aJlaH), & ero 3HaYeHHs Ha JeMeHTaxX u3 MHoxkecTBa W 110 HETOYHON
nadopmanun 00 drux vaeMenTax. OmgHAKO, TPAJSUIMOHHO dTA 3adada
Ha3bIBaETCsI 3a/1a4eil 0 BOCCTaHOBJIeHUN orieparopa [j.

B mpocreitimem ciayuae, korna Ilg, Igiq, ..., [, — Jauneiinsie QyHK-
muonasbl, a W, B ormune ot (1), — npou3BosibHOE MHOKECTBO u3 X
n0gr1 = ... = 0, = 0, 372 33a7a4a Ob1a mocrapiena C. A. Cwmo-
agroM [1]. VIm 6GBLIO IOKA3aHO, YTO JIJIS BHIMYKJIOTO U IEHTPAJIbHO-
CHUMMETPHIHOr0 MHOXKecTBa W cpeanm onTUMaIbHBIX METOI0B BOCCTA-
HOBJIEHHS CYIIECTBYeT JuHehHbli. O000IEeHnsIM TOH MOCTAHOBKHU 110-
CBSIIIEHO MHOTO pabotr (cM. [2-8|, a Takzke Gubsnorpaduo B HUX).

OO6ruit pe3ysbTar, KacalIUics CyIIeCTBOBAHUS JIMHEHHOTO OITH-
MaJIbHOT'O MeTOo/a JJIs Cydasi, Koraa m = 2, a Yy, Y n Yo — ruindep-
TOBBI TPOCTPAHCTBA, OBLT J0Ka3aH B pabore [9] m Tam Ke mMOJTyUeHBI
IepBbIe KOHKPETHBIE Pe3yJIbTaThl O BOCCTAHOBJIEHUH JIMHEHHBIX Ollepa-
TopoB. /lasbHeiiliee pa3BuTHE 3T TeMaTHKa moxydnia B [10-12].

B paborax [13,14] Ha ocHOBe HEOOXOAMMBIX YCJOBHUiT IKCTpEMyMa
BTOPOIO MOPSIKA JIJISI AaHOPMAJIBHBIX 33144 paspaboTaH MeTO, Ha OC-
HOBE KOTOPOI'O B JIAHHOM CTAThe HOJIYyYeH Psi/i Pe3y/IbTaTOB, KACAIOIAX-
Csl ONTUMAJILHOTO BOCCTAHOBJIEHUS JIMHEHHBIX OIEPaTOPOB.

1. JIBOMICTBEHHAS 3AJAYA U YCJIOBUE MUHUMYMA ®YHKIINU
JIATPAHKA

JIBoiicTBeHHOI K 3a/aue (2) HA3BIBAETCSA IKCTPEMATbHAS 3a/1a9a

[ loz]ly, = max, |[Liz|ly, <d; j=1,...,m, z€X. (3)
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BHaveHre TOH 3aJa4M JaeT ONEHKY CHu3y s Beauunnbl F(I,J) B
CUJIY CJIeJIYIONIEro XOPOIIo W3BECTHOTO YTBEPKIeHUs (CM., HATIPHMED,
aemmy 1 u3 paborsr [10]).

Jlemma 1. Hmeem mecmo nepasencmaeo
ELS)>  swp ol
z€X
IZjzlly; <85, j=L,....m
[Ipeamomoxum, uro Yy, Y7, ..., Y,, — ruaInbepToBLI IPOCTPAHCTBA CO

CKaJIAPHBIME mpoussegenusmu (-, -)y,, j = 0,1,...,m. Torga ynobmuee
mepeiiTi K KBaJpaTy 3HaueHus 3a7a4n (3) U pacCMaTpUBATD 32724y

[ oz )3, — max, ||I]:L'||§/j < (5?, j=1,...,m, z€X. (4)
Bajaua (4) sxkBuBajieHTHA CJIe/yIomeil 3a1a4e
go(x) — min, qj(m)géf-, j=1,....m, zeX, (5)
rje KBaJpaTuinble (POPMBI ¢; OIpejieIeHbl paBeHCTBAMNI
QO(:E) :—<I()I',]0I'>y0, QJ(:E) = <]Jx7]]l’>Y]7 .]:]-77m (6)
Hac 6yger unTepecoBaTh BOMPOC, B KAKUX CJIydasX B KBaJpaTHdU-

HOli 3asa4e (5) BBIIOIHEHO ycoBue MuHHMyMa dbyHKun Jlarpanxka,
KOTOpPO€e MBI Oy/IeM TOHUMATh B CJEIYIONEM YCHIEHHOM CMBICIIE.

IIycts namsl peiictBurensusle bynkmun f;: X — R, j=0,1,...,m.
ByneMm roBopurh, 9YTO B 9KCTpeMaJILHOl 3a1ade
fo(x) = min, f;(z) <0, j=1,...,m, (7)
BBITIOJIHEHO yCJIOBHEe MUHUMYMa, (pynkmuu Jlarpanzxka, ecjim cynecTny-
for Takne N > 0, 7 = 1,...,m (MaO)uTean JIarpanzka), /st KOTOPHIX
inf L(x,\) = inf x).
L=l f)

£i(@)<0, j=1,...,m

3necy L — dyukmus Jlarpanxka, onpene/isieMasi pABEHCTBOM
L(z,A) = folx) + Y _Nfi(z), A=\, Am).
j=1

[IpuBeennoe ycaoBue Mmunumyma pyHKIUN Jlarpanrka BbITIOJTHSIET-
cst He Beerga. Mbl GyeM usydars 3aga4y (5), ABJISIONLYOCS YACTHBIM
caydaeM obreit 3agaun (7), 0JHAKO, JaXKe B Hell 9TO YCJIOBHE MOMKET
uHapymarbes. CoorBeTcTByOMuil IpuMep gaet 3amada (5) npu m = 3,
X :RQ, xr = (.771,132) GRQ, (Sj =1lmu

(]0(.73) = —(.73% —|—37§), ql(x) = (.171 + 2'7:2)27
@a(x) = (21 — 229)*,  g3(x) = 927,
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PaccmorpnM 3amady (5), B KOTOPOii KBaJpaTudubie (hOPMBL ¢; HMe-
10T OoJtee OOIUil BHI, YeM PacCMOTPEeHHbBbIE BbIIIe. A HMEHHO, Oyaem
CUATATH, 9TO (DOPMEI ¢; UMEIOT BHUJ

qj(x>:<ij7x>7 j:07-~->m7 (8)
rae Q;: X — X™ 3ajannble JINHETHbIE OEPATOPHI.

IIpennoxenue 1. ITycmv snavenue 3adauu (5) KoMeuHo u 6bINOA-
HAEMCA YCaosue MUHUMYMa dynxyuu Jlazpansica, m.e. cywecmeyrom

makue M >0, j =1,...,m, das Komopoux
: _ 1 m
mf L) = mE (), A=(L.AT),(9)

2de dynruyua Jlazparotca L onpedessemes no dopmyne

L(x, A) = qo(x +Z>\J (g;(x) — 62).
Tozda
. - B . )
B )= 3N = iy S = )
qj(x)§5?7 j=1,‘..,m ]:1

(10)
2de mmootcecmeo A cocmoum us mex mroscumenet Jlazpanoca [, wmo
W >0,75=1,...,m u xeadpamuunaa dopma qo + plq + ...+ "
HeOmpuuamesvHo onpedesera. Kpome mozo, umeem mecmo paseHcmeo

inf qo(r) = inf qo(x). (11)

xE .
45 (@) <62, j=1,...sm S Ny ()3 N2

Jlokazamesvemeo. B cuy toro, uro 3uadenue 3agaun (5) KOHEUHO,

npu Bcex r € X
+3  Ngi(x) > 0. (12)
j=1
CuiejioBaTe/1bHO,

752
;g}f(L(I A) = ]ZI/\ 0.

[Iyctb p € A ux € X — gonycrumblii s1emenT B 3a1a4de (5). Toryua

(@) > L) > zw
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Bepﬂ HHUZKHIOIO I'DaHb IIO BCEM JOIIYyCTHMbLIM 3JIEME€HTaM, IIOJIy49aeM

= N§ = inf go(z) > =) o}
=1 =1

Orcrona cieayer Bropoe u3 pasercts (10).
Hokazkem pasencrso (11). ITycrs z € X u

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

Torna B cuny ((12)

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

CremnoBaTebHO,
m
inf ) > =Y N2
- zeX _ QO( ) o Z J
S N (@) <30T M 83 j=1
C spyroit cTOpoHHI,
m
inf ) < inf r)=— N§2.
o zEX _ @(r) < zeX %() Z J
Z;’;l AJQj(ac)SZ;-szl )\95? qj(x)§6]2-, j=1,...m j=1

O

B npeanosoxkennn, aro X — rumip0epTOBO IIPOCTPAHCTBO IIPHUBEIEM
yCJIOBHE, 00eCIeInBaloIiee BLIIOJTHEeHTE C(DOPMYTHPOBAHHOIO YCIOBUI
MuHIMYMa DYHKIUA Jlarpanka g KBaIpaTudHoi 3aga4du (5), B KO-
Topoii kBaapaTudanse (hopmbl ¢; umeor Bux (8), rae Q;: X — X 3a-
JIAHHbIE JIMHEHHbIe CUMMeTPUYHbIE oleparopbl. OTMeTuM, 410 KBaipa-
Tu4aHbIe POPMBI ¢j HEIIPEPBIBHBI, T.K. 110 TeopeMe Xesuinarepa— lemnmia
CUMMeTPHYHbIE OlIePATOPLI (); HEIPEPbIBHEL.

[ToJtoxkum

A:{/_\:(/\O,...,Am):AjZO, i=0,...,m, Z)\jzl}.
7=0

HamoMHUM, 4TO HHJEKC KBAApaTuIHOi (HopMbl (0603HAUAETCS OH
gepes ind ) — 910 MaKCHMaJIbHAs 13 PA3MEPHOCTEH JIMHEITHBIX O/IPO-
CTPAHCTB, HA KOTOPBIX 3Ta (hopMa OTpULIATE/ILHO ompejeseHa. Vujekc
MOKET IPUHUMATH U OECKOHEUYHOE 3HAYEHUE.
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Caenys [14], 6yaeM TOBOPUTH, 9TO CHCTEMA KBAPATHIHBIX dbopm gj,
j =0,1,...,m, yoorerBopser ycaosuio A, ecin g mo0bx A € A
KBaJparudHasg popma, ompeaessieMast COOTHOIIEHUEM,

Ngo(x) + ...+ \N"qn(z) 7€ X,

00 HEOTPHUIATEILHO OIIpejiesieHa, JIH00O ee HHIEKC DOJIbIIe M.

Teopema 1. Ilycmv X — 2uavbepmoso npocmpancmeo, uHPumMym 6
zadave (5) Koneuen u evnoansemes ycaosue A. Tozda das amot 3a-
dauu cnpasediuso Yeaosue munumyma Pyrkyuy Jazparotca.

Joxazamenvcmeo. Ilposenem ero cienyst [14]. Tlomoxkum
D={zeX:qx)<6, j=1,...,m}, &= infgx).
zeD

Hemycroe MuO)KecTBO D 3aMKHYTO MOCKOJIBKY (DYHKINHU ¢; HEIPephIB-
uol. [Tosromy D, HajeleHHOe HHIYIEPOBANHOI U3 MOJTHOTO IPOCTPAH-
crBa X METPHKOI{i, CAMO SIBJSETCS TOTHBIM METPHYECKHM IPOCTPAH-
crom. [Tosromy k 3ajade (5) MOXAKHO LPUMEHHUTH IJIAJIKU Bapuay-
ounpiii npuniun Modde u Tuxomuposa — 310 Teopema 1 u3 [15] (cm.
takzke TeopeMy 2.6.5 u3 [16]). Bosemem npoussosbhoe € > 0. Bocmos-
3yemcst Teopemoit 1 u3 [15], B3sB

)\ = \3/57 Ay = \3/52—(71-&-1)’ Bn = 2_(3n+2)’ pr,a(g) = —_ ‘g ; v

BosbMeM Mpou3BOJIbHYIO TOUKY w € D, mast Koropoit go(w) < Kk + €.
B cuty yKazaHHON T€OpPEMbI CYMIECTBYIOT (3ABUCSIIHE OT €) HEOTPUIIA-
TeJbHAg TMOCTIe0BaTeIbHOCTD {6, } u mocnenoBarenbuocts {,} C D,
CXO/AIIASACSA K HEKOTOPOil TouKe I, € [, Takue, 4TO UPU BCEX N

0n S 2—n7 |xn - w| S \S/Ey QO(xn) S QO(w)> (13)
a pYHKIUS

2

Joe(@) = qo(x) + VY bulzn —

Ha MHOZKecTBe [ TOCTHraeT MEHAMYMa B TOUKe Z,. OTMeTnM, 910 mpu
9TOM B Te 1 15 0, = Very,a,?
pvuHax Teopemsl 1 u3 [15] mbr B3stn 6, = Vv, %
[IpumennM K 3a/ade ¢ HepaBEeHCTBAMM

foe(z) = min, ¢;(z) — 5]2 <0, j=1,...,m,

B TOYKe T, HEOOXOJMMBIE YCJIOBHsI BTOPOrO Hopsiaka (1o Teopema 2.1
u3 [17]). 1o sroit Teopeme cymecTByioT MHOXKHUTeNN Jlarpamxka A, =
(AY,...,A) € A, 719 KOTOPBIX BBIIOJHsETCS ypaBHeHHe JlarpamzKa

oL, -
e (T4, Ae) =0, (14)
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YCJIOBHUS JIOTIOJTHAOIIEH HEeXKeCTKOCTU

N <qj(a:*) — 5?) =0,j=1,...,m, (15)
1 yCJIOBHUA BTOPOI'O MOPAIKaA
2
ind(%(a:*, AE)) <m. (16)

3neco
Lo(z,\) =\ fo.(x) + Z N (qj (x) — 5?)
j=1

ITo mocTpoennto byHKIUA fo . IpeJcTaBEMa B BUJE CXOAIIErOCs Ps-
J1a KBaApATUIHBIX (POPM, IPHUEM ITOT Psifl, a TaKzKe P U3 IMPOU3-
BOJIHBIX CXOIATCS PABHOMEPHO Ha JTFOOOM OTpAHMIEHHOM MHOKECTBE, a
dbynknun ¢; aBag0TCA KBaApaTuIHbIMH dpopmamu. OTCIona BHITEKaIOT
COOTHOIIEHU S

(foc(x),x) = 2foc(x), (gj(z) 2) = 2¢;(x), j=0,...,m.
[Tosromy, yMHOXKast paBeHCTBO (14) Ha T, YIUTHIBASA YCJIOBUS JIOMOI-
usroniedi nezxkecrkocru (15), nosyuaem

2wl + ED Ol ) =N (a0
n=1 j=1

[Tepexoas BO BTOpoM Hepasenctse (13) k npejesty npu n — 00, ume-
eM |z, — w| < /e, orkyga B cuiy (13) mo HepaBeHCTBY TpeyroJabHUKA
npu Beex n |z, — x| < 2/e. Tlepexons B Tperhem uepasenctse (13)
K mpejiesly pu n — 00, nojaydaeM go(x.) < qo(w) < k + €, orkyna
lqo(x.) — K| < €, mockobKy 2, € D u, 3Ha4ut, qo(z,) > K. VI3 momy-
YeHHBIX HepaBeHCTB, yunuThiBasd, 4To A0 < 1, mosydaem oleHky

A (qo(w*) + %Z O, — x*|2) — k| < Be. (18)
n=1
Bosbmem npoussosbhoe o= (ub,...,pu™), uj >0, =1,...,mu
nokazkeMm, uto npu ji. = (A2, 1) nmeer mecro
inf Lo(z, jie) < Mk + Be. (19)
Te

JeiicTBUTEIBHO, TOCKOMBKY T, € D, 10 1/ (gj(z.) — 67) < 0, j =
1,...,m, u, cnegosareabno, L. (2., i) < A fo(z.). TlosTomy, ncmos-
3ysl OUeBHIHOE HEPaBeHCTBO fo. (%) > qo(x), cupaBeqmBoe mpu BCex
r € X, nmeeM

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

zeX zeX
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Orciona B cuty (18) moygaem (19).

Jlastee GymeM CUATATh, 9TO € © HPHHAMAET TOJBKO HATYpPaJbHBIE
sHaveHust. [lepexo/ig B orpaHudeHHoil nociaenoBaTeabaoctn (m + 1)-
MEPHBIX BEKTOPOB { A, } K TIOIOC/Ie 10BATeTBHOCTH, 6YIeM CIHTATD, 4TO
Ae = A s mexoroporo sekropa A = (A ..., A™). Ouesuano, A € A.

. 02L 3

Uccienyem cemeiicrso ksaaparuunsix dhopm Gz (z, A). Kak orme-
4aynoch Bbinie, byHKIUs fo. UPEJCTABUMA B BHJE CXOJAIIEIOCS Psi-
Ja KBaApaTuIHbiX GopM, a GYHKIUE ¢; SIBJISIOTCH KBaJPATHIHBIMU

2
dopmamvu. Iloaromy kBajparudnas dhopma 86;:;
HepeMEeHHON X, a 3aBUCUT TOJHKO OT mapamerpoB A u €. Ho ecau 1o-
CJIeIOBATEILHOCTL KBAIPATUIHBIX (POPM, MHIEKC KayKI0il U3 KOTOPBIX
He IPEBLINIAET OJHOTO M TOTO K€ YUCJA 1M, CXOAUTCI PABHOMEPHO Ha
eIMHIYIHOM INape K HEKOTOPOil KBaIpaTWdHOi (opme, TO ee HHIEKC
TaKzKe He IPEBBIIIAeT TOrO YKe YUCJIA M. DTO YTBePKICHUE ABIISeTCS
HEIIOCPEICTBEHHBIM CJieIcTBHeM TeopeMbl 2.3 u3 [17]. [losromy B cuty
(16) ungexc kBagpaTuanoii Gopmpl
2
88;;0 (,A) = X0+ -+ + A"

e npesbiiaer m. CiegoBaTenbHo, B CHIy yciaoBus A sra KBajpaTud-
Hasg GopMa HEOTPHUIATETBHO OTPEJIETCHA.
0 moy\js2
Hanee, B cuny (17) u (18) swmonngercs |Ak + >0 Mo7| < be.
[Tepexoast B 3TOM HepaBeHCTBe K Tpeaeny npu € — 0, numeem

(z,\) He 3aBHCHT OT

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

Ho torma A > 0, mockosbKy Bce N HeOTpHIATEIBHBI 1 He PABHBI HYJIIIO
OZHOBPEMEHHO, & Bce 0 10 YCJIOBHIO MOJOKNTeNbHBI. [losTomy, yum-
TBHIBas MOJIOKUTEJIBHYIO OJTHOPOJIHOCTD MOJIyY€HHBIX COOTHOIIEHUI IO
mepeMeHHOH A, fnenst ux Ha A\, He Tepsis OGITHOCTH 6YIeM CIUTATH, ITO
A0 = 1. Kpagparmunas dopma qo + Mg + ...+ \"q,, HeOTpHAIATEILHO
ompeeaeHa, a MUHEMYM HEOTPHIATETLHO ONpeaeTeHHOi KBaIpaTHd-
HOit popmbl paBen HyJif0. [Tosromy

. _ ) ¢2

gél)f(lL(iB,)\) = — Z)\J(Sj,
7=1

orkyza B cuity (20) nosygaem (9). O

[TpuBeaem J0CTATOYHBIE YCAOBHH, FAPDAHTHPYIONIME BLIIIOTHEHUE YC-
jgosug A.
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Jlemma 2. ITycmo X — 6c100y naomHoe AuretHoe nodnpocmpaHcmseo
npocmpancmea X. Ilycmo dan mobozo h € X, h # 0, cywecmsyem
Aunetnwvid onepamop B = Bp: X — X maxot, umo npu ecexr j =
0,1,....m

1) q;(B*h) <g;(h), k=1,....m,
2) (Q;B"h,B"h) =0, 0<k <k <m.

Tozda keadpamuunvie gopmu, q;j(x), j = 0,1,...,m, ydossemsoparom
yeaosuro A.

Jlokasamenvemeso. Ilpennonoxknm, uro cymecrsyior M > 0, j =
0,1,...,m, npu KOTOPHIX KBaJpaTudHas ¢popma

qg=XNqg + Mg +...+ 2\,

He ABJAETCA HeOTPHIATeNbHo ompesenennoit. Torma cymectsyer h €
X, nis xkoroporo q(h) < 0. B cuny toro, uro X — BClojy ILUIOTHO B
X, MOKHO cuuTarhb, 9T0 h € X. JIoKazkeM, 4TO HHICKC KBaAPATUIHOLN
dbopmbr g Gosbure m. Pacemorpum cuctemy BeKTOpoB x; = Bih, j =
0,1,...,m. JokaxeMm, 4ro mpu BceX o = (Qg,Q1,...,0,) # 0 1
BEKTOpA

m
xr = E ALl
k=0

nveer Mecto HepaBeHCcTBO ¢(x) < 0. B cuy cBoitcts 1) n 2) nmeem

() = (Q; Z QT Z ) = Z 04%<le’k, Tk
k=0 k=0 k=0
=Y ai(Q;B*h, B'h) <y ajg;(h) = q5(h) Y i
k=0 k=0 k=0
Otcroma
(o) = Vo) < 3ot (V) ) = o)yt <0
j=0 k=0 j=0 k=0
CnenoBarenbuo, x # 0. Tem caMbIM BEKTOPBI g, L1, . - . , LTy, — JHHEHHO

HE3aBUCHUMBI, & KBaJpaTuaHas hopMa ¢ OTPUIATEIHHA ONpe/IeneHa Ha
HOJIIIPOCTPAHCTBE padMepHocTu m + 1, oOpa3oBaHHOM JIMHENHHOTT 000-
JIOYKOI, HATAHYTONH Ha 3TU BEKTOPbI. Takum 0Opa30M, MHJEKC ITOI
dopmbl DoJIbIIe M. O
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3amevanue. JIuneiinviii oneparop By, Hepeako y1o6Ho 6parth B Buje
B, = A"™ rne A: X — X —- 3ajannbrii muneitnsiii onepatop, a n(h)
IpH KazKJ0M h NpUHUMaeT HaTypPaJibHble 3HAYECHUS.

Hanpumep, nycrb X — ruib0epToBO HPOCTPAHCTBO AP BEKTOP-
byuxuumit w(t) = (£(t),u(t)), t € R, rae u(-) usmepumas no JleGery
m-meprast yuknus u(-): R — R™, y koropoii KBajpar MOIyJsi CyM-
mupyeMm Ha R (MHO)KecTBO Takux dyHKnuii 6ymem 0003HAYATH Yepe3
L3 (R)), a abcomoTHO HenpepbiBHASI n-MepHast DyHKIus &(+) sBIsierTcs
pelleHrneM ypaBHeHH

£ = D&+ Fu(t), (21)

u 1pu 3rom £(+) € LY(R). 3aecy D, E — 3ajaHnble JelCTBUTE/IbLHBIE
MaTpHIbl HyZKHBIX pa3MepoB. Kpaaparudanbie (popMbl ¢; Ompenesum
PaBEHCTBAMU

q;(w(-)) =/R(<Gj§(t),€(t)>+2<Qj€(t),U(t)>+(RjU(t)ﬂ(t))) dt,

(22)
rae Gy, Q;, R; — 3a/aHHbIe MATPHIBI HYZKHBIX PAa3MEPOB.

Kaxk wussectro (cm. [18]), mommpocrpancrso X, cocrosiiee u3 ¢dbu-
HUTHBIX BeKTOp-byHkmuit w(-) € X, Bcroay miorao B X. B kauecrse
oneparopa A Bo3bMeM CABUT (DYHKIMH [0 BpeMeHHU Ha eJIUHUILY, T.e.
Aw(t) = w(t—1). B cuiy seMmbl 2 1 3aMeuanus K Heil B 9TOM npumepe
ycaosue A BBINOJHSAETCA. DTH 2Ke PACCYKIACHUST OCTAIOTCS CIIPABE1/IN-
BBIMU, €cJiu B (22) MHTErpupoBanue OCYMIECTBISETCS He M0 mpaMoii R,
a 1o mosoyKuTeaLHoMy Jyay RYT mam no orpunarensromy ayuy R,
a Ha Tpaekroputo £(-) HasokeHO jonosHuTeNbHOE yesosue £(0) = 0.
[Ipu 5TOM B IIEPBOM CJIydae B OIPEeIeHUH IPOCTpaHcTBa X HaI0 J10-
MOJIHUTETBHO cuuTaTh, 4To u(t) = 0, £(t) = 0 upm Beex t < 0, a BO
Bropom ciydae, uro u(t) = 0, £(t) = 0 mpu Bcex t > 0, a B KauecTBe
oueparopa A Hajo B3s1Th oueparop casura Aw(t) = w(t + 1).

[Tepeitnem k Gosee obmeit koucrpyknuu. Ilycrs (T, %, 1) — usme-
pUMOE IIPOCTPAHCTBO, rje 1’ — Hemycroe MHOXKECTBO, X — o-aJjredpa
o AMHOZKeCTB T’ (HA3bIBAEMBIX U3MEDUMBIMHE) U i — HEOTPUIATEIbHAS
CYETHO-3JINTUBHAST o-(puHUTHAsE Mepa (. [Tocieanee o3nadaer, 4To B
T cymecrByer Takas IOCJEJI0BATENbHOCTD U3MEPUMBIX HOJMHOKECTB
T, € ¥, aro pu(T,) < oo gmascexnulJ, T, =T.

[Iycts Y — ruib0epToBO MPOCTPAHCTBO. PaceMOTPEM MPOCTPAHCTBO
Lo(T, 11, Y'), cocrosiiee u3 uamepuMmbix otobpazkenuit f: T — Y,y
koTopbIX Kpaapar mouyiasa |f|2 = (f, f) cymmupyem na T. Ckansap-
HOE NPOU3BEJIEHNe B HEM Olpe/iessieTcs 00biaHbIM 0Opa3om. V3BecTHO
([19]), uro camo npocrpancrso Lo(T, i, Y') siBiasiercst rusib6epToBbIM.
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IIycrb B cemelicTBe U3BMEPUMBIX MHOZKECTB BBIJICJIEHO HEKOTOPOE ero
noaceMeicTso > C 2. OT~HOCI/ITeﬂbH0 Y. OyzeMm MpejmoJararb, UTO
pu(e) < oo st BCex € € ¥ W 9TO HOJACEMEHCTBO 3aMKHYTO OTHOCH-
TeJIbHO OllePallill KOHEYHOr0 O0be/IMHeHUs, T.e. eCju €1,6ey € 5, 10
€1 U €9 € >

Ha npocrpancrse Lo(T, i1, Y') pacemorpum kBaaparudnbie hopmbl

0(f) = / (CoF (), FO)) d, G =0,....m. (23)
T
3aecy C: Y — Y 3amaHHble cUMMeTpUYHbIE JITHEHHBIE OLepaTOPHI.

Teopema 2. ITycmo X C Lo(T, 1, Y) — sadannoe samknymoe aunedi-
noe nodnpocmparcmeo. Ilpednoaosicum, wmo aunetinoe nodnpocmpan-
cmeo X 6ciody naomuo 6 X, u cyulecmsyem uamepumoe omobpasice-
nue p: T — T ', xomopoe ydosaiemeopsem caedyrouyum ceoticmeam:

1) Mepa [ UHBAPUAHMHA OMHOCUMEADHO O HA X 6 MOM CMBLCAE,
umo o L(e) € S u ple) = p(p~(e)) daa mobozo e € ;

2) 0as M106020 USMEPUMOZO MHONICECMEA € € X CYWECNEYEM MaAKoe
namyparvroe n = n(e), wmo ple(e ?"(e)) = 0 npu xascdom j =
1,...,m (¢=° — amo s-aa umepayus obpammozo0 omobpasicernus ~1);

3) aunetnwud onepamop cynepnosuvyuu [ — fop = f(p) uneapu-
anmen ommocumenvho nodnpocmparcmea X, u das 410000 Gynkyuu
f € X ee nocumeav npunadaesrcum X, m.e. {t € T : f(t) # 0} € 2.

Tozda dan Keadpamuunoti 3adawu (5), 6 Komopol Keadpamuurvie
dopmovr q; onpedeserv, dopmyaot (23), cnpasediuso ycaosue muru-
myma Gynryuy Jlazparorca.

OTMernM, 4TO B CHJIY IIEPBBIX JBYX MPEINOIOKEHUIT OTHOCUTETHLHO
MepBI [i, €CJIH OHA sIBJIsieTcs HenyseBoit, To (1) = oo.

Jlokasamenvcmeso. BosbmeM mponssosbhyo dbyukiuo h(-) € X u mo-
CTPOUM COOTBETCTBYIONIUI eif, yTOBJIETBOPSIONINI YCIOBUSAM JTEMMBI 2,
JIMHERHBIH omepaTop By, N

[Tycre g = {t € T': h(t) # 0} — nocurens dynknun h. Torna ey € X
B cuity yeaosus 3). B cuity yesnoBust 2) cymiecTByer Takoe HaTypaJbHOe
n= n(eg), aTo H(€0ﬂ95j(€0)) =0,7=1,... M, TN p=p"

BBejsiem B paccmoTpenne MHOXKecTBa €; = ¢/ (ep), j = 1,...,m. To-
raa B cuity yesosus 1) e; € X. Kpowe toro, pu(e; () eo) = 0 npu kaxiom
j=1,...,m, a takxke p(e;) = kK, rie kK = p(eg) < 00, MOCKOJIBKY Mepa
/i THBAPHAHTHA TAKzKe OTHOCHTEIBHO HPeodpa3oBanmii (o™,

lre. MuOMKeCTBO 0! (€) M3MEPHMO 17151 TOBOTO M3MEPHMOTO MHOMKECTBA € € ¥
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JlokazkeM, 4TO
M<6k1ﬂ€k2>:0 Vkiky: 0< ki <ky<m. (24)

[Ipu ky = 0 3tu paBencrBa ormedensl Boime. [lycts k1 > 1. Jlokaxkewm,

4TO TOTA
2 (ekl U €k2> =p <€k1—1 U €k2—1) : (25)

JleficTBUTE/ILHO, TOCKOJBKY 00pa3 00beIMHEeHnsT MHOZKECTB paBeH 00b-
eJIMHEHNIO UX 00Pa30B, TO UMeeM

© (ekl Uekg) =@er) | Joler) = x| Jer =
1 <€k1 Uek2> = U (95 (€k1 U 6k2>> = (€k1—1 Uekg—l) )

9T0 JOKa3bBaer (25).

3 (25), mocaeaoBaTeIbHO YMeHbIAas HATYPAJIbHOE YHCIO ki JI0
uyJist, noiydaem, uro pleg, Jer,) = pleoUe;) upn j = ko — ky.
Ho p(eoNej) = 0 u, caenosarensuo, ple, |Jexr,) = 2k. Kpome ro-
ro, p(ex,) + uler,) = 2k, orkyma B cuiy paseHcTBa fi(eg, [ ek,) =
1(ek) + lers) — ier, U er) nonyiaens (24).

B cnity yenosust 3) onpeesinM JTMHERHBI OMepaTop CymepHo3uIun
A: X — X coornomennem (Af)(t) = f(p(t)), t € T, u omeparop
By: X — X coornommenunem B, = A", tiae n = n(ey). Ilo mocrpoenmto
(BER)(t) = h(¢™(t)) = 0 ana noutn Beex t ¢ ep. OTciona B cuy
(24) upm Beex ky < ko s nouru Beex t € T BbITEKAET PABEHCTBO
(C;(Bh)(t), (BF*R)(t)) = 0. 113 cka3amHOro HEmOCDPEICTBEHHO CIeTy-
eT CIpaBe/JInBOCTh YCJIOBUS 2) JI€MMBbI 2.

Jokazkem ycsoue 1) seMMbl 2. JIJist 9TOr0 J0CTATOYHO JIOKA3ATD,
9TO JII BCeX j U Kk BBIMOJHSIETCS PABEHCTBO

/T<th(t),h(t)>du= A(th(w”k(t)),h(w”k(t))>du. (26)

JleficTBUTE/ILHO, JOKAYXKEM, YTO JI/Isi IPOU3BOJIHLHOIO MHOZKECTBA KOHEY-
Hoit Mepwl 1’ C T' uMeeT MeCcTO PaBeHCTBO

/T<th(t)7h(t)>du= /T<th(90"k(t)),h(¢"k(t))>du- (27)

Badurcupyem mnpounssosbaoe € > 0. Bozbmem Takyio mpoctyio dyHK-
uuo he, aro [(Cjh(t), h(t)) — (Cihe(t), h.(t))| < & ans nouru Beex

t € T. llycry dyarnus h. NIPUHUMAET CYETHOE YHUCJIO 3HAYEHUH Y,
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s=1,2,.... Torna

o

/%(ths(t)a hs(t» d,u = Z(ijs:ys>u(Ts)a Ts = {t € T : hs(t> = ys}'

s=1

Paccmorpum mpocryio dynxuuio b (™). IIpu kaxiom s uveem

o <{t €T : he(p™(t) = ys}) = 1 (#TNT)) = u(T).

Orcro/1a BBITEKAET, ITO

é (Cyha(t), ha(t)) dyi = / (Cyhe (™ (£)), he( ™ (1)) d

OTKy/1a B Cujly npousBobHocTH € > 0 nosyuaem (27). CupaseymBoctsb
(26) BbITEKAET M3 TOrO, 9TO PABEHCTBO (27) BBINOIHSIETCS I TPOU3-
BOJILHOTO MHOXKecTBa 1’ KoHewHOi Mepbl. Takum obpasom, yciaosue 1)
JIEMMBI 2 TaKyKe BBIIOJHsAECTCs (IIPHYEM CO 3HAKOM DABEHCTBA).

I[To nemme 2 kBagparmuansie Gopmer ¢;(x), x € X, j = 0,1,...,m,
ompejieieHHbIe cooTHOIeHusIMu (23), yaoBiaerBopsior yeaosuio A. [To-
5TOMY CHPaBeTHBOCTH TEOPEMBI 2 BBHITEKACT U3 TEOPeMBI 1. O

lIpuBeeM HECKOJBKO €CTECTBEHHBIX IIPUMEPOB, B KOTOPBIX BBITOJI-
HSAIOTCS OCHOBHBIE IIPe/IoI0KeHns TeopeMbl 2. [lycTh BHavare T = R:l
— 970 d-MepHOe TPOCTPaHCTBO ¢ Mepoil Jlebera p. Torma B kadecrBe X
MOZKHO B35ITh C€MEHCTBO M3MepuMbIX 110 Jlebery orpaHmaeHHbIX MHO-
kecTB. B kadgecTBe 0TOOpakeHUsT (0 BO3bMEM CJIBUT HA, IIPOU3BOJIBHBII
dbukcnposannbii Hemynesoit BekTop t € RY, Te. o(t) =t +1,t € R

[lycts Teneps T = Z% rme Z¢ — MHOXKeCTBO IEJOYNCICHHBIX d-
MEepHBIX BEKTOPOB 2, a [t — JUCKPEeTHas Mepa Takas, 910 p(z) = 1 njs
mr060it Toukn 2z € Z%. B kauecTBe Y BO3bMEM CeMefiCTBO OrpaHMYEH-
HBIX TIOJIMHOMKECTB U3 Z4, a B KadecTBe ¢ — CJIBHUT Ha IPOM3BOIBLHEII
HeHyJIeBOil 1eJI0UNCAeHHbI BeKTop Z, T.e. ¢(2) = 2 + z, 2 € Z2.

Bor eme ogun npumep. [lycrs T'— 3t1o muaunap T = T x T;. 3nech
Ty — sro 6o RY mbo Z9, a 3amannas va T, Mepa i1 — 3TO JubO Me-
pa JleGera, jin60 onmcanHasi BbIIIE JUCKPETHAS Mepa, COOTBETCTBEHHO.
B kauectse Th BO3bMEM H3MepHMOe TTOIMHOMKECTBO TpocTpancTsa RY
i Z¢ ¢ cooTBeTcTBYyIOMEN Mepoil fip. Mepy p Ha 1 ompeneuM Kak
NpoU3BeJIeHHe Mep, T.e. [t = [i1 ® lo. B 9TOM citydae, Kak u Bbllle, B
KauecTBe Y BO3bMEM CeMeHCTBO M3MEPUMbIX OPAHUYEHHBIX MOJIMHO-
JKeCTB (BIPOUYEM, X eCTECTBEHHO TakK Oparh Beeraa, Korja 1’ HaleJeHo
MeTPHKOii). A BOT B KauecTBe ¢ HaJI0 6paTh CIBUT BJIOJIb IPOCTPAHCTBA
Ty, 1e. p(t) =t+(t1,0), t = (t1,t2) € T, rje {1 — NPOU3BOJIBHBII HEHY-
neBoii snement u3 T7. OTveTnM, 9TO BO BCEX PACCMOTPEHHBIX CJTydastX
MOJIITPOCTPAHCTBO X COCTOUT U3 (PUHUTHBIX (DYHKIUIA.



14 A. B. APYTIOHOB, K. 10. OCUIIEHKO

2. 3AIAYM BOCCTAHOBJIEHUS IIPY BBIIIOJIHEHUN YCJIOBUSI
MUHUMYMA O®YHKINU JIATPAHZKA

Oxa3pIBaeTcs, YTO IPH BBIMOTHEHUN YCJIOBHS MHHHMYMa (DYHKIHH
Jlarpanxka st 3agaqn (5) (M HEKOTOPOM JOTIOJHATETHHOM YCJIOBHH
pa3peIHI/IMOCTI/I) MO2KHO 4BHO BbIPpA3UTH IOI'PEHIHOCTH OITHMAJIBHOI'O
Boccranosyenus F(I,0) B TepMuHAX COOTBETCTBYIOIUX MHOMKHTEJISAX
Jlarpanyka, a Takke HalTH ONTUMAJIBHBIH METO/I BOCCTAHOBJIEHMUSI.

B pexkaproBoM IpousBeieHUH IIPOCTPAHCTB Y = Yiir X ... x Y,
ompese UM HOPMY OOBIYHBIM 00pa3oM 1o (opmy.ie

m 1/2
llly = ( 3 Hyjuaj) |

=k+1

Teopema 3. Ilycmov 6 3adaue (5), 2de qj, j = 0,1,...,m, onpede-
aenve pasencmeamu (6), cnpasedsuso Ycaosue MUHUMYMAE GYHKUUL
Jazpanoca ¢ mmoocumenamu Jlazpanoca N, 7 = 1,...,m. Ilpedno-
AOACUM, UMO CYWECMBYIOM 6C100Y NAOMHBLE SUHETHDBIE NOONPOCTPAH-
cmea Y; CY;, j=k+1,...,m u aunelnvid nenpepuenvlii onepamop
il: Yii1 X .. - X Y, — Yo makue, wmo 0as 210602 Y = (Ykst, - - - Ym) €
Yit1 X ... X Yy, cywecmeyem pewenue v, € X ypasrenua

N NELz= )" Iy, (28)
=1 j=k+1

u Ay = Iol'y. Tozda nozpewrHocms onmumanidbrozo 60CCMAHOBAEHUA

pasHa
m ' 1/2
E(I,6) = <Z wf.) :

j=1

a memod p(y) = ANy, 2de Ay = (N lypyq, ..., \™yn) asaaemea on-
MUMAALHBLM.

Joxazamenvcmeo. I3 nemmvbl 1 u mpeayiokenns 1 BbITeKaeT OIEHKA

CHU3Y
m 1/2
E(I,68) > (Z AJ‘&?) : (29)
j=1

[Tostyaum onenky cBepxy. PaccMmorpum JinHeitHoe nipoctpanctBo F =
Y1 X ... XY, c nojyckajsipHbIM HPOU3BEICHIEM

W v)e =Y N, vy,
j=1
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rae

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

[Tonoxum
Iz = (Lha,....Inx), Yo=1(0,...,0,Yks1, -, Ym)-
Ecim x5, € X — pemenue ypasuennst (28), to pyst Becex € X
(Txay: Io)e = (o, T2) .
Orcrosa mostydaem
1z —=Gollz = 11— Toay+ Toay = Gol = Tz = Toay |5+ | Toay = Tol3-

Takum obpazom, juist Bcex x € X

k m
[z—Tzay 15 < 1 Ta=Boll =Y NIzl + Y NLz—y;l3,. (30)

j=1 j=k+1
[lyctb 2 € W uy = (Yks1y- -+ Ym) € Yis1 X ... X Yy, TAKOBbI, 9TO
|z —y;| <0;,j=Fk+1,...,m. Torga ns moboro € > 0 cymecTByet
g: (gk‘-i-la"')gm) G Yk»+1 X ... X me
TAKOM, 4TO
ly; —Uilly, <e, j=k+1,....m.
Tem caMmbIM,
1z = yilly, < 1z —willy, + lys —Uslly, <65 +e, j=k+1....m

[TosoxuMm z = & — xpy. Torga u3 (30) caexyer, ato

SON|L2llE <> N, (31)
Jj=1 Jj=1

rie

5 {@- 1<j<h,

g §j+e, k+1<j<m.

g norpemrocru Metona ¢(y) = AAy mosydum OneHKy

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

Hetpynno ybeautnbes, 9To npu Beex a,b > 0

2

a
sup 11o=3, = »” sup [ Tox|[3, -
S MR, <a? S M Tal3, <b?
=1 i#lly; = j=1 i®lly; S
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YunreiBag ((31) u nupemioxenue 1, moaydnm

How — Iozaglly, = Ilozll3, < Sup Hoz115,
z
ST MLz}, <S5, M8
SN2 oo
- in—mé sup 1oz )13, = M2,
Zj:l I m j Z€2X m j 52 J=1
TN ||1jz||yj L9 DIRPLLE

B cuny mpomsBonbHOCTH € > 0, OTydInm

m ' 1/2
Itz = Ayl < (o 3a2) (32)

=1

13 (29) u (32) caeayer, aro

m 1/2
E(I,6) = <Z wg) ,
j=1

a mMeron, p(y) = ANy saBsieTcst ONTUMATIHLHBIM. O

Cies1aeM HECKOJIBKO 3aMeuanuii. Y pasHenue (28) BO3HUKAET u3 Heo0-
XOZIMMOCTH PENTHTH CJIEYIONLYI0 SKCTPEMATBHYO 3a1aTy

k m

Z)\]H[ij% + Z N Lz — y]||§/j — min, 1z € X,

Jj=1 J=k+1
KOTOpasi BOBHUKAET MPU METOJUKE MOCTPOEHUsI OMTUMATHLHOTO METO-
Jla BOCCTAHOBJICHHsI, TIPe/IoKeHHoi B padore [9]. Oxmako, B HEKOTO-
PBEIX CJydagX 3TO ypaBHeHHe HMeeT DelleHue He JJd BceX Y; € Y,
Jj=k+1,...,m. Takag curyanus BO3HHKAET, HAIPUMED, IIPUA BOCCTa-
HOBJIEHWW DeIleHus YpaBHEHUs TEIJIONPOBOJIHOCTU B (PUKCUPOBAHHBIN
MOMEHT BpPeMeHH TO0 HeTOYHO 3aJAHHBIM PEIIeHUsIM 3TOT0 YPaBHEHUS
B Jipyrue MOMeHThl Bpemenu [12|. B c¢Bsasu ¢ s1um npuxogurcs pac-
cMaTpuBaTh perienue ypasaenus (28) Ha JeKapTOBOM IMPOM3BEICHUN
MHOZKECTB, BCIOJly IVIOTHBIX B Y}, j =k +1,...,m.

Bepuemcst k 06111eii KOHCTPYKIUHU, OMUCHIBAeMOit Teopemoii 2. Byaem
cantarh, 9To 1, 1, Y u X TakoOBBI, 4TO BHIIIOJTHEHBI YCJIOBUS ITOW TEO-
pembl. Pacemorpum 3agady (2), rae X To Ke, 94TO0 U B TeopeMme 2, a
Yo, Y1, ...,Y,, — rwinbeproBel npoctpanctsa. [lomoxum Cy = —Ij 1,
C; = I3, j = 1,...,m. I3 TeopeMbl 2 BBITEKAET CHPABEITUBOCTD
ycaoBugd MuHUMyMa (byHKIun Jlarpanxka ¢ HEKOTOPBIMA MHOZKHUTEJIS-
mu Jlarpanzka M > 0, j = 1,...,m, U3 KOTOPOrO, B YaCTHOCTHU, Bbl-
TeKaeT HEOTPUIATE/bHAs ONPEIEJTeHHOCTh KBAPATUIHONH (POPMBI, 110-
pox tennoit muneitnpiM oneparopom C' = ACy + ... + A™C,,,.
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MpI JOMOTHUTENBHO MPE/IONI0KIM, 9T0 omeparop C' ¢cTporo moJo-
JKHUTeJIeH, T.e. cylecTtByeT Takoe € > 0, uro (Cw,z) > e|z|? ana Becex
x € Y. Torma oneparop C' HempepsiBHO oOpaTtuM. [losTomy 1mo Teope-
Me 3

m 1/2
E(I,6) = (Z w;) ,
j=1

a MeTOoJ

o(y) = T\ Cy+ -4+ ACo) "N yiss + A AT )
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