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Ob OJHOM PEI'YJIAPU3YIOLIEM AJI'OPUTME
HEKOPPEKTHO IIOCTABJIEHHBIX 3AJTAY
C O'PAHUYEHHBIM OIIEPATOPOM

B runp6epToBOM MPOCTPAHCTBE MCCIEAYETCS METOI UTEPAIHA C IEPEMEHHBIM IIaroM peIIeHus] HeKop-
PEKTHBIX 3a/1a4 C TOJIOKUTENFHO ONpeIeTICHHBIM OIpaHIMYEHHBIM CAMOCOTIPSKEHHBIM omnepaTtopoM. Vccnemnosa-
Ha CXOJIUMOCTh UTEPAIMOHHOTO METO/Ia B CIIydae allpHOPHOTO M allOCTEPHOPHOTO BBIOOpA YHCa UTEpanuii Ipu
TOYHOW W TPUOTMKEHHON MPAaBhIX YaCTSAX OMNEPATOPHOTO YpaBHEHHS B MCXOJHONH HOpPME THILOEPTOBA MPO-
cTpaHcTBa. M3yueH ciydail HEETUHCTBEHHOTO PEILICHUS] YpaBHEHHMs, U IOKa3aHa CXOJAUMOCTh METO/Ia B dHEpre-
THUYECKOI HOpME THIILOePTOBA MPOCTPAHCTBA. METOIOM pellicHa YHCICHHAS MOJICIbHAS 3aa4a.

Beenenue

B crathe u3yuaercs MeTONl WUTEpalH SBHOTO THIIA PEUICHUS HEKOPPEKTHBIX 3ajad,
OIMCHIBAEMBIX OIEPATOPHBIMU YPaBHEHUSAMH HepBOro poja. CpaBHEHUE MpeIIaraeMoro MeTo-
Jla C XOpOIIO M3BECTHBIM METOJIOM IPOCTOW HTEpAlMU Xp,q = X, + oc(y— AX,, ), Xg =0 [1-9]
MOKA3bIBAET, YTO MO MaKOPAHTHBIM OI[EHKaM MOTPEIIHOCTH 3T METObl OIMHAKOBHI. OJTHAKO
npeiaraéMblii METOJI UMEET MPEMMYLIECTBO 110 CPABHEHHMIO C METOJOM MPOCTON UTEpaluu
B CJIEYIOIIEM: Ui JOCTHKEHHS] ONTHUMAaJIbHOM TOYHOCTHU 3]1eCh MOTpeOyeTcs caeaaTh YUCIO
UTepaLuii Mo KpaHel Mepe B 2,5 paza MEHbIIIe, YeM MeToJ0M ureparmii [1-9].

Kak #n3BeCTHO, MOTPEUIHOCTh METO/Aa MPOCTOW HUTEPALMU C MOCTOSHHBIM [1-9] mim
nepeMeHHbIM [10] maroM 3aBUCHT OT CyMMBI IIaroB 110 aHTUTPAJAUEHTY, U MPUTOM TakK, 4TO
JUISL COKpAIIeHHs YKciia OMepanuil *KelaTelbHo, YTOOb! MIark MO aHTUTPATUEHTy ObUIN Kak
MOXHO OoJbIMHU. OTHAKO HA ATH IIATU HAKJIAJbIBAIOTCs orpanndeHus ceepxy [9-10]. Bos-
HUKAeT WUJes MOMbITaThCsl OCTA0UTh 3TU OrpaHUYEHUS. DTO yAaeTcs cleiarb, BIOUpas A
niara Tpu 3HA4€HUS o, 3, Y MOMEPEMEHHO, TJe Y YKe He 005f3aHO YAOBIETBOPATH IMPEKHUM
TpeOOBAHUSIM.

[HonmyyeHHble pe3ynbTaThl MOTYT OBITh HCIOJIB30BAaHBl B TEOPETUUYECKHUX HCCIIEIOBA-
HUSX TPU PEHICHUH NPUKIAAHBIX HEKOPPEKTHBIX 3a/lady, BCTPEYAIOIIMXCS B TPaBUMETPHUH,
TEXHHUKE, S3KOHOMHKE, T€0JIOTOpa3BEeAKE, CEHCMUKE, KOCMUYECKUX MCCIEN0BAHUAX (CIIEKTPO-
CKOITUH ), MEUITMHE (KOMIIBIOTEPHON ToMorpadun).

ITocTanoBKa 3agaun
B neficTBuTENIEHOM THILOEPTOBOM MPOCTPAHCTBE H pemaeTcst oneparopHoe ypaBHe-
HUE TIEPBOTO poja
Ax=y, (1)
C OTpPaHWYCHHBIM TIOJIOKHUTEIBHO  OMPEACIICHHBIM  CaMOCOIPSDKEHHBIM — ONIEPAaTOPOM
A:H — H, B npeanosoxeHuu, 4To HyJIb NPUHAJIEKUT CIEKTPY 3TOrO Oleparopa, 0OJIHAKO,

BOOOIIIE TOBOPSI, HE SABISETCS €ro COOCTBEHHBIM 3HaueHueM. [Ipu caenaHHbIX Mpearnosoxe-
HUSX 3aJ]a4a O pa3peliuMocTH ypaBHeHus (1) sBisierca HekoppekTHOW. Eciu pewmenue ypas-
HeHus (1) Bce ke CylecTByeT U €AMHCTBEHHO, TO AJISl €r0 OThICKAHUS! €CTECTBEHHO IBITaThCA
NPUMEHHUTh pa3InYHbIe UTEPAllMOHHBIE CXeMBbl. B Hacrosmell pabore mpeanaraercs siBHas
UTEpaIOHHasl IPOLEypa C IEPEMEHHBIM I1aroM

Xni1 = Xp — 01 (A% —Y), X =0,
a3n+1 =qQ, (x’3n+2 = Ba a3n+3 =Y, n= 0,1,2,... .

)
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B ciyyae npubnuxeHHON mpaBoOd yacTH Y , ||y— y5||s O ypasuenus (1) npubmmwkenus (2)

MIPUMYT BU]I
Xn1,6 = Xn,5 _an+1(AXn,6 - Y5 ), Xo0,6 = 0, @3)
Ognp1 =Q, Ognyp =P Ogpz=y, N=012,..
Hwuxe, kak 00BIYHO, TIOJT CXOAMMOCTBIO MeTona (3) MOHUMAETCsS YTBEPKACHHUE O TOM, 4TO
npuoIKeHus (3) CKOIb YyroaHO OJIM3KO MOAXOAAT K TOYHOMY pelIeHuIo ypaBHeHus (1) mpu
MOAXOASAIIEM BEIOOpE N M OCTaTOYHO Majbix O . MHBIMU ciioBamu, MeTO (3) SIBISETCS CXO-
ianX— anj =0

JALUMCS, €CIIU |jm (
n

6—0
CxoauMOCTh MET0/1a ¢ AMPHOPHBIM BbIOOPOM UM CJIA UTEPALMA
[To MHAYKIIMY MMOKaXKeM, YTO

Xni1 = On Y+ o (E- o gAY+t oy (E-op g A(E-

n k-1
—opA)..(E-ayA)y= Zan7k+1H(E_an7i+lA)y- 4)
k=0 i=0

W3 (2) u (4) npu n=0 cuenyert, 4T0 X =04y, U, clienoBaresnsHo, npu N=0 gopmyna (4)
BepHa. [Ipenmnonoxum, uto (4) BepHa nmpu N= P, T.€.
Xps1 =0 ppY+op(E—ap Ay +..+ o (E-op 1 A(E—a,A)..(E-ayA)y.
JokaxeM, uro (4) BepHa ipu N= p+1. U3 (2) nonyunm
Xps2 = Xpi1 —0pi2(AXpar = Y) =0 p oY+ (E—ap 0 A)Xp, =
=02y +(E—op 2 Aopay+oap(E-ay A)y+a, 1(E-op 1 AE-
—opA)Y+a, 2 (E-ap aA(E-a AE-oa, A)Y+..+o,(E-
—0pAE-apA)..(E-0azA)y+toy(E-a 1 A(E-apA)...(E-
—o3AE-0A)yl=0py+apa(E-oap 2Ay+oa(E-op , AE-
0 A)YFop g (E-ap s A(E-op  AE-a,A)y+op 2(E—op , A)(E-
— 0t AE-apA(E-op AY+..+ o (E-apA)..(E-azA(E-a,A)y =

p+1 k-1
= ZapfkﬁLZH(E _ap—i+2A)y-
k=0 i=0

CrnenoBarenbHO, M0 UHAYKIUHN Gopmyra (4) BepHa.
Janee 1uist ynpoIEeHUs] CYUTaeM || A||:1. Bocnonp30BaBIINCE UHTErPAIbHBIM NIPEJ-
CTaBJICHUEM CaMOCOIPSKEHHOTO OIlepaTopa, NoJIydyuM

x=x = ALy ~[ouy + o1 (E— ot A) +oot 0y (E— g ANE — 01 A).o(E -0 Ally =

Jloxaxxem o MHIAYKLIHMH, YTO
1-Afon + oy (- ogh) 4ot ag@-onh)...L-agh)] = 0-ah)L-oyn ). I-anh). (5)
[Tpu n=1nonyuum 1-Aoy =1— o4\, 3HauuT, npu N=1 popmyna (5) BepHa.
[Ipenmonoxum, yTo ganHas popmysa BepHa Ipu N= P
1-Map+ay (I-aph)+oap s(I-aph)A—op gd) +..+ oy (l—ayh) x...x
x(1-agh)(1-00)] = 1-oyr)d— o) x..x (1o p}).
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Joxaxem, 9Tto paccmaTpuBaeMas (popmyiia BepHa npu N= p+1:
1-Mopsg topd—apar) +oy g (@-apaA)I-a ) +op o (1-apqA)[1-
—apM)l-op )+t l—op A —oph).. . (I—oagh)(L—ay))] =
=l-a A+ Al-opM)[-op—op g Q-a ) —o, o (1-
—apAM)l-apgr) - —og(l-oph) x..x (1-agh)(L—ah)] =

—1-20u +x(1—ap+1x)[—%{1— (1= ah) (L)) % o x (- ph)}] =

:1—7\4ap+1 — (1—(Xp+17\,) + (1—(X,p+17\,)(1—(117\,)(1— a27\,) X..X
x(L-oph) =1-oyA)(L-ah)x..x(1-o pA)(L—a i gA).
CrnenoBatenbHo, hopmyna (5) BepHa.
1
Takum obpasom, uMeeM X—=Xp = Jk_l(l—a1X) (L—op)...1—a A )dE, y =
0

1
= I A (l—ocl)k (1—[3%)' (1—yk)m dE,y . 3mece K,|, m — HarypajbHble IOKa3aTelu, TJIE
0

| + m+k =n. [Torpedyem, uro6sl ipu A €(0,1] ¥ MOTOKHUTETBHBIX O, 3,7 BBIIOIHSINCH YC-
JIOBUS

|(1-ak) [<1, (re.0<a<2),
(1— o) @—B1) [ <1, (6)
|(1—ai) (1-BA) (1—y2) | <1.

JlokaxxeM CXOUMOCTh Tiporiecca (2) mpu TouHOM npaBoit yactu Y. CripaBeinBa

Teopema 1. Umepayuonnwviii npoyecc (2) npu ycrosuu (6) cxooumces 6 Hopme 2ub-
bepmosa npocmpancmea.

Jloka3aTeabCTBO.
[Tockonbky

€ 1
X=X = [0 K (- Br) (L= 12)" OB, y + [A 1 (1- o) (1) (12" OBy
0 €

10, cuntas k=|=m=n/3, npu ycrosusx (6) nonyuum
1

[ -on) @-pr) @—ya)" dEky{

€

31ech = krg[agxl]| (1—an)1-pr)@a- yx)| <1. B cuny cBoiicTB criekTpanbHON GpyHKIuu [12]

=

X— Xn|| —0, n—>ow . Teopema 1 mokazana.

<q"® —0, N—oo.

1
IdEkx
&

< =

=|Ecx|—0,&e—0.

Tx—l 1-ar) @-Bnr)’ (1—yx)dexy<
0

€
[27dE,y,
0

Takum oOGpazom,

3ameuanne 1. Venosue |(l—oc7») @-pr) | <1 pasHocunrbHO COBOKYRHOCMU VCIOBUIL

ap<a+B u (a+p)? <8uB [11]. Omciooa o.+B<8.

JlokaxkeM cXOIUMOCTb mpotiecca (3) mpu npuOImKeHHOH npaBoii yactu ypaBHeHus (1).
Cnpasennuba
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Teopema 2. [lpu ycrosuu (6) umepayuonnsiii npoyecc (3) cxooumcsi, eciu 6bioupamo
yucno umepayuu N uz ycaosus Nd —0, n—> o, 6 > 0.

Jloka3aTeabCTBO.
PaccMoTpuM X — X 5 = (X— X,) + (X — X 5). Ouennm Hxn - Xn,5”’ rae
Xn = Xn 5 =0t +an LE=aqA)+..+ oy (E-ap A E-ap 3 A)..(E-ayA)l(y -

~ys) Jx th-- o @-pa) @127 |G, (v-y).

Onenum na [0,1] MaKCHMyM MOJIBIHTET PAIbHON (DYHKIIUU

00 =110 ) (- @-72)" > 0.
CHavaya ToOKa)XeM 0 HHIYKIIUH, 9TO
AL -1 - ah) (1= oph )l oph)|< oy + 0y .ty ©)
OO6o3HaunM JeBylo 49acTb paBeHctBa (7) wuwepes z,(A). Ilpmy n=1 umeem

1-(1-oy))
z (M) = — L
Hycre (7) Boimonnsercs npu N=p, T.e. 910 Z,(A) <oy +...+ 0. Jlokaxkem, uro (7) cnpa-

=ay < a4, 3Ha4uT, npu N=1 (7) BepHa.

BemMBa pu N= p+1:
I-(1-og)x..x(l-apAM)l-opgr) 1-(@0-oqA)x..x(1—op))
= +

Z,,1(A) = =
p+1( ) 2 "
A-oyA)x..xA-apr)opgh  1-(1-0qA)x..x(1-ayd)
+ = +
A A
o (l-—al)x.x(l-aph) <og+..to,+ap,.

CrnenoBarenbHo, popmyna (7) BepHa.
[Toatomy g,(A) <ko+IB+my. Orcrona Hxn - xms” <(ka+IB+my)s. Ecnim k=1=m=n/3,

n
TO Hxn —xn,SHS g(oc+[3+y)8. [ockonmbKy Hx—xnlsus”x—xn”ﬂ‘xﬂ —xnlgus

< ||X— Xn|| + (ka+IB+my)d u ||X— Xn|| —0, N—>o0, TO MII cxomuMOCTH Meroaa (3) Joc-
TATOYHO MOTpeOboBaTh, uT0Obl (Kou+IB+my)d6—0, n— o, d > 0. Takum obpa3zom, qocra-

TOYHO, 4YTOOBI NS — 0, N— o, d —> 0. Teopema 2 nokazaHa.
[TorydnM OIICHKY CKOPOCTH CXOJAMMOCTH. [IpearnoIoKuM, 4TO TOYHOE PEIICHHE X HC-

TOKOOOpasHO  mpeacTaBuMo, T.e. uto  X=A%z, s>0. Torma y=AS1z u
1

X=X, = I (1— ak)k (1—[37»)' (l—yk)m A° dE, z . OueHUM MaKCHMyM MOJBIHTETPATEHON QYHK-
0

ajs
0.1+(12 +...+0n

117078 f(X)=(1—(xll)(l—oczl)...(l—ocnk)kS=ﬁ(1—ai7»)k =ﬁ(pi(k). O603Ha-
i=1 i=1
aj s

T Herpyano MOKa3aTh [11], 91O |(Pi (k)| <

YUuM Ci =

G
<max{|1-o;M)M ,[;T'] ,Tie M = ||N| [TockonbKy ||A” =1, To moxyuum
i
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f ()] = H|@|<%>I<max Hll a)IH

= max{|(1—ay J1-ap).(1- )| S eZa,

=max|(1-)*(1-p) -1 5 [(ka+ls+ e}
Mpu k=1=m=n/3 (n=3p, peN) nomydum
2asper] }

HOE max{‘(l—a)“/ 3a-p)V3 -3, s
< Ss{g(a +B+ y)e]s, IO3TOMY

JI1s 10CTaTOYHO GOMBIIHX N ‘(1— a)3-p)V3a—y)"?

-s
s Takux N cnpaseunsa onenka |f (L) < s*[(ka+IB+my)e] ™ = SS|:§(0L +B+ y)e} :

[TosTOoMy ||X X ||< sS koc+IB+my ||Z|| Otcrona

Hx xn5H<s (kou+1B+my)e] ®|Z]+ (kou+1B+my)s.
Hrak, moka3aHa

Teopema 3. Eciu X= ASz,s>0, mo ons memoda (3) cnpaseonusa oyenka noepeus-
HOCmU

[} =%n,5] < s[(kot + 18+ my)e] ™[ 2]+ (ko + 1B+ my)s. (8)
3ameuanue 2. /[na ynpowenus cuumanu ||A”:1 Ha camom Oene éce pesynomamol
N1e2Ko nepenocsimes na ciyuar, kozoa |A| <o

Ipu k=1=m=n/3 ouenxka (8) npumer Bux

-l <] alo pote] e+ Blapo
Ee onTuMansHas 1Mo N oIieHKa KMEET BHJ
ey = 1 <D D o

a+B+ Yj_l o 5/(st) 5 -Y/(s+) ||Z||1/(S+1)
—3 :

Takum oOpazom, ontumanibHas oreHka (9) mis metona (3) Mpu HETOYHOCTH B TIPABOM
yacTu ypaBHeHUs (1) oka3bpIBaeTCsl TaKOM ke, KaK M ONTUMAaJIbHAsl OLIEHKA JJI1 METOoJa Ipo-
croit uteparuu [1-9]. CaemoBarenbHo, MeTox (3) HE AaeT MPEUMYIIECTBA B Ma)KOPaAHTHBIX
OIICHKaX 10 CPaBHEHHUIO C METOJOM MPOCTHIX uTepanuii. Ho OH JaeT BBIMTPHIII B CIEAYIO-
eM: B METOJI€ NIPOCTHIX HUTEpaluii ¢ MOCTOSHHBIM maroMm [1-9] TpeOyercs ycnoBue
O<a<125, a B mMmeto &t (3 )O<a<2, a+PB<8, a y BeiOupaercds H3 YCIOBUS

U MOJIY4aeTcs Ipu Ny, = S(

|(1—ak)(1—Bk)(1—yk)| <1. WUrak, BeIOUpas o, 3, Y COOTBETCTBYIOIIMM 00pa3oM, MOKHO
caenatb Ny . B MeTozie (3) MEHBIIMM, YeM Ul METOZa IPOCTBIX UTEPALHU ¢ MOCTOSHHBIM

maroM. Takum 00pa3oM, UCTIoNb3ys MeTos (3), ISl TOCTUKEHUS ONITUMAIILHOW TOYHOCTH T10-
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TpeOyeTcst caenaTh YUCIO UTepaluidi mo KpaiiHed mepe B 2,5 pa3a MEHbIIE, YeM METOJ0M
npocTtoii ureparuii [ 1-9].

PaccmoTpum morpemHocTs Metoaa (3) mpu cuere ¢ okpyrieHusmu. Ilycts X5 —
TOYHOE 3HAY€HHE, MOIYy4eHHOe 0 Merony (3), a Z, — 3HadeHHe, MOJIy4EHHOE II0 TO U XKe

(dopMyIie ¢ y4eTOM BBIYUCIUTENBHBIX MOTPEIIHOCTEN 1), T.€.

Zny1 = Zn — O‘n+1(AZn - y8)+ OpyMny Zo =0. (10)
O6o3HaunM €, = Z, — X, 5 ¥ BbruTeM (3) u3 (10), B pe3ysbTare noay4um
€nel = (E - OLn+1A)8n +0nNn, €0 =81 =0, ng =0. (11)
[lo nHAYKIMH TOKaXKEM, YTO
-2 k-1
= TT(E=ay Ay (12)
= -
W3 (11) mpu n=1 u u3 (12) npu N=2 nonyuuMm €, =a,M;, T. €. npu N=2 (12) BepHa.
p-2 k-1
Iyers (12) cnpaBepmBa npu N= p: &, = Zocp kH(E—ap i AN p_k-1 - Hokaxem,
k=0 i=0
yto (12) cpaBeqyuBa npu N= p+1:
p-2 k-1
€p+1 = (E-a p+1A)5p TOpiMNp = (E-a p+1A) Zap—kH(E_a p—i An p—k-1 | T
k=0 i=0

T OopMNp = (E_O‘p+lA)[0‘ pNp-1 +0€p_1(E—0tpA)n p-2 OLp—Z(E_OLpA)(E -
—0p ANy g+t (E-apA(E-op 1 A)..(E-azAn]+opanp =
= O’~p(E_0Lp+1A)rI p-1 +0€p71(E—0tp+1A)(E—0tpA)n p-2 T O’~p—2(E_
— o AE-apAE-0p 1 ANp 3+t 0o (E—ay  AE-ay A)(E-

p-1 k-1
_ap—lA)---(E —ogAN + CpiMp = Zapﬂ—kH(E Ol pi1- A p—k.
k=0 i=0

CrnenoBatenbHo, hopmyna (12) BepHa.
Tak kak |E-oA| <l |(E-aANE-BA) <L |(E-aA)(E-BAE-yA)<1, To

||8n|| < g(a +B+ y)n , TIe m= Sl_Jp|ni | . Takum 00pa3om, ¢ y4eTOM BBIYHMCIMTEIBHOMN MOrpen-
|

HOCTH CIIpaBeJIMBA CIIEIYIOMIas OIlEHKA MOTPEITHOCTH METO/1a UTepAIHid ¢ IEPEMEHHBIM IIa-
rom (3)

||x—zn||£Hx—xn,5H+“xm—anSS [2 oa+p+y) } ||z||+ (+PB+7)d+m).

CxoauMoCTh MeT01a B JHEPreTH4YecKO HOpMe rn.m,ﬁepTOBa NMPOCTPAHCTBA NPH
TOYHOM M NPUOJIHMKEHHOM NPaBoil YaCTH YyPaBHEHUS
N3yunM cxoauMocTh UTEPAllMOHHOTO MeTo/a (3) B cliydae €IMHCTBEHHOTO pELICHUs

B DHEPreTHYECKOH HOpME THILOCPTOBA MPOCTPAHCTBA HXH A= J(AX, X), rne Xxe H . Ilpu

3TOM, KaK OOBIYHO, YHCIIO UTEPALUil N HY)KHO BBIOMPATh B 3aBUCUMOCTH OT YPOBHS MOTPELI-
HocTH 0. [lonmaraem, uto Xy 5 =0 m paccMOTpuM pa3sHOCTb

X—=Xn s :(X_Xn)"'(xn_xn,éi)- (13)



82 Becnix Bpacykaza ynisepcimama. Cepois 4. @izika. Mamsmamuixa M 1/2014

B pazgene 3 nokazaHo, 4To X, = AYE —(E - ocA)k(E—BA)I (E —yA)m_ y, rae K, I, m—mna-

TypaibHble TIOKa3arenn U K+|+m=n. Torma 3anumem mnepBoe ciiaraeéMoe M3 paBEeHCTBA
(13) B BUIE

X%, = Aty - A E-(E-aA)(E-BA) (E-A)" |y =
= (E-aA)f(E-BA) (E—yA)"x.
Kak Obu10 mokazaHo B paszfene 3 X — X, OECKOHEUHO Majo B HOpMe IpocTpaHcTBa H mpu

N —> 00, HO CKOPOCTh CXOJMMOCTH TIPU 3TOM MOXET OBITh CKOJIb YTOJHO MaJlO, W JUIs €€

OILICHKH HeoOXouMa JOIOJIHUTENbHAsE HHPOpMAIUs Ha IIaJKOCTh TOYHOTO PELICHUS X — €ro
UCTOKOOOpa3Hasi MpeICTaBUMOCTb. [Ipy MCHOJIb30BAHUU SHEPreTUYECKON HOPMBI HaM 3TO
JOTIOTHUTEILHOE TPEINONIoKeHne He MoTpedyercs. J[eHCTBUTENBbHO, ¢ MOMOIIbIO HHTE-
IpajbHOTO MPEACTABIEHUS CAMOCOIIPSKEHHOTO oniepaTopa A nMeeM

[x=xn] ,* = (Alx=xn ). x=xn) =
= (A(E-an) (E-pA) (E-yA)" x,(E—aA)(E - BA) (E—yA)" x)=

= (A(E— AP (E—BAY (E—yAP™ x,x)=
1
= [ M- an P @-pry @-ya )™ d(E;xx),
0
rae E, —coorBercTByromas onepatopy A CHeKTpaiabHas QYHKIHSL.

JI1s1 OLIEHKM MHTEpECYIoIel Hac HOPMBI HaWJIeM MpU A € [0,1] MaKCHUMYyM TIOJIbIHTE-

rpanbHON  QyHKIMH (L) = 7\(1— ak)ZK (1— BK)2| (1— y?»)zm . Ilotpebyem, uToOBI mHpHU
A e(01], MOJIOKUTETBHBIX o, B,y BBITIOJTHSIOCH yCIIOBUE (6).
B  pasmene 3 moka3aHo, YTO I JOCTATOYHO  OONBIIMX N CIPaBEIIHBO

A1—ad )< (1—pr) @—ya)™ < [(ka +1B +my)e] ™, mosromy
AL — o P =B L=y P™ < [2(ka + IB + my)e] .

. n
B nmanmpHelinuem, Jist IPOCTOTHI, cuntaeM, 4ro K=I= ng (n=3p, pe N). [ostomy mis

-1

2n

TakuX N CIPaBeUTMBa OLEHKA max |w(k)| < {? (a+B+ y)e} . CrnenoBarenbHO, IPU yCIIO-
re0,1]

~1/2
BUH (6) IOTYYHM CIEIYIOUTYIO OLIEHKY ||X— Xn” A S {% (o +p+ y)e} ||X|| .

Onenum BTOpoe ciaraemoe B (13). Kak mokazano B pasmene 3, uMeeT MECTO
PaBEHCTBO

o~ ¥ = AL [E—(E - (E - BA(E 1Ay - v,)=

1
= [t - o) - B - )] 0B (y- ).
0
Torna

2
Hxn - Xn,SHA = (A(Xn - Xn,S)’ Xn = Xn,S):
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:([E—(E—aA)”/3(E—BA)n/3(E—YA)n/3](y— Ys)

A e - (B - aA)3(E - AP (E - vA)* [y - v5) -
A‘l[E (E-aA)3(E-BA3(E-7A)"3 P(y-ys) y—ya)=

x-lb—@—a»»)“/f*(l—m)“/%l—w»)“ﬂ] A(E, (Y- vs)y—vs).

O6o3HaunM  yepes (V) MOJBIHTETPAIbHYI0  (YHKLIHMIO M OLEHUM €€

I I
O -

CBEpXy  IpH  YCIOBHHU (6). B pasmene 3 MOKa3aHo,  YTO |gn (K)| =
‘7( b 1- ock)n/3 (a- BX)“/3( yx)n/3 ]‘ < g(oc +B+y). Torma

) =7 -y - gy - ]
- ‘x—l[l— (L—ar)"3(@-pr) 30~ mn/s” ‘1_ (1= o )¥3 = )3 =) <

< E(oc B+ y)ﬁ+ (- or)1-pAYL—ya )™ )s @(a B+y),
TaK Kak Mpu yCcIoBHH (6) CIIpaBeIINBO |(1 ak)(l BX)(l yk)|n/ 3

Urax, ISt JFOOBIX n>1 Hxn —Xns HAZ < 3 (oc +B+ y)62 , MIO3TOMY

12
Hxn - X”’SHA < (%} nY? (o +B+ y)]/zé‘), n>1. Ilockonbky

12
HX_ X“'E’HA < ||X_Xn”A+HX“ B Xn'SHA <[x- Xn”A +(§j nY2(a+B+y)¥?8, nx1

U Ipu N—> o0 ||X— X » — 0, TO 1719 CXOIMMOCTH HX— XHYSHA — 0, Nn— o0 mocraTo4HoO, YTO-

nlla
661 VNS —>0, N—>o0, §—0. Takum oOpa3om, ecnu B npoueaype (3) BbIOpaTh 4UCIO UTe-

pammii N=nN(J), 3aBUCALMMX OT O TaK, YTOOBI Jn -0, n>w, §-0, 10 MOJIyYUM pery-
JSIPU3YIOIIANA METO, 00CCIICUNBAIOIINN CXOAUMOCTh K TOYHOMY pelieHnio ypaBHeHus (1)
B OHEPreTUYECKOI HOpME IMIBOEpPTOBAa MPOCTpaHcTBa. MTak, qokasana

Teopema 4. Umepayuonnas npoyedypa (3) npu ycnosuu (6) cxooumcest 6 snepeemu-
YecKoll Hopme 2uIbOepmosa NPOCMPARCMEd, eciu Yucio umepayuii N eblOUPamv max, 4mo-
61 \'nd—0, n—>w, §0.

3anuineM Ternepb OOIIYI0 OIEHKY MOTPEenTHOCTH it MeToaa (3)

on Y2 2\¥2
- xasl s| B rprne| (2] maepens nat, (14

OntuMusupyem Nojy4yeHHYI0 olieHKyY (14) mo N, T.e. mpH 3aJaHHOM O HalaeM Takoe
3HA4YEHUE YnCIla UTepalui N, Ipu KOTOPOM OLIEHKA MOTPEIIHOCTH CTAHOBUTCS MUHUMAJIBHOM.
[IpupaBHsSB K Hy/II0 NPOM3BOAHYIO MO N OT NpaBoll uyacTu pasBeHcTBa (14), momyuum

3Y2(a+B+y) Y2e Vx| =3¥22(a + B +1)¥25 N, orciona
N =3a+p+y) e¥? 28)7Y¥. (15)
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IMoxctaBuB Ny, B oueHKy (14), HalineM ee oNTHUMalIbHOE 3HAUCHUE

Hx - Xn,6‘ N 26744512 |x|¥2. (16)

W3 (16) BbITekaeT, 4TO ONTHMANbHAs OLIEHKA MOTPEIIHOCTH HE 3aBHCUT OT MapaMeTpoB
o,B,y. Ho n,,, 3aBucut or o,f3,y, U MO3TOMY Ui YMEHBUICHUS 00BbEMa BBIYHACIUTEIBHOM

pabothl cienyer OpaTh o,f3,Y BO3MOXHO OOJBIIMMH, YIOBIETBOPSIOMIMMHU YCIOBHIO (6),
H TaK, 4ToObI N, € Z . Takum ob6pa3om, foKka3aHa

Teopema 5. [lpu ycnosuu (6) onmumanvhas oyenka noepewiHocmu 0isi UMepayuoH-
Ho2o npoyecca (3) 6 snepeemuueckol Hopme cuivbepmosa npocmpancmea umeem 6uo (16)
u nonyyaemces npu n,,, u3 (15).
PaccmoTpuM Bompoc 0 TOM, KOTJa U3 CXOJUMOCTH B SHEPreTUYECKONH HOpME ClelyeT
CXOJIMMOCTh B OOBIYHOM HOpME THIILOEpPTOBa MpocTpancTBa H. DTu ycnoBus maer
Teopema 6. Ecmu ewvinonnenvt ycnosus. 1) E.X,5=0, 2) E;x=0, 20e
€
E. = ‘[ dE,, € — @ukcuposannoe nonodxcumenvHoe UYUCIO (O<8<1), mo u3 cxooumocmu
0
Xng K peuenuto X 6 oHepeemuyeckou Hopme ciedyen cxooumocms 6 00bIYHOU HOPME 2UTlb-

bepmosa npocmpancmaa.
JlokazaTenbCcTBO.

13 1) u 2) umeem ji% d(E;L (X— X5 ), A(X —Xn s )) =0. Orcrona noay4um
0

d Ex X—Xp, 6) A(X_Xn,a)):

>

1 1
HX—Xn,SHZ:Id(Ex(X—Xn,a),X—an j
0 0

- [Roles o)A [ bk o)
:}%d(Ex(x—xnﬁ), A(X—Xn,g)) Sg[ d(Ex(X—Xn,a)v A(X—Xn,es))S
S%i d(E, (x5} Al )=~ =057

[ToaTOomMy U3 HX— Xn’SHA — 0, n—> o caexyer HX— Xn,SH — 0, n—> . Teopema 6 noka3aHa.

3ameuanue 3. Tax kak X5 = At [E ~-(E- aA)n/S(E - BA)n/S(E - yA)n/3]y5, mo 0715
moezo, umoobl X, s yooenemeopsio yciosuio Eg X, s =0, docmamouno nompebosamo, umo-
ovt E. Y5 =0. Takum obpasom, eciu pewsenue X u npubIUNCeHHASI NPpasas 4acmo Ys MmMako-
6bl, umo E.x=0 u E_ Y5 =0, mo uz cxooumocmu X, s K X 6 oHepeemuuecKol Hopme bime-

Kaem CcX00UMOCHb 8 UCXOOHOU HOpMe 2Ulbbepmosa NnpoCmpancmaed u, ciedo8amebHo, OJis
cxooumocmu npubaudxcenuti (3) 6 Hopme npocmpancmea H ne mpebyemces npeononosicenus
UCTOKONPEOCMABUMOCU MOYHO20 PEeUleHUS.



MATOMATHIKA 85

CxoauMOCTh MET0/1a € ANOCTEPUOPHBIM BHIOOPOM YK CJIa HTEPAUii
AnpuopHsbIii BEIOOp YMCIa UTEpauid Ny, MOIyYeH B MPEANOI0KEHHH, YTO TOUHOE

pelieHue X UCTOKOMPEICTABUMO, T.€. X = A%z, s>0. OxHaKO HE BCerma MMEIOTCS CBEICHUS

00 2JIEeMEHTE Z W CTENEeHH MCTOKOMpPEACTaBUMOCTH S. Tem He MeHee, MeTo (3) CTaHOBUTCS
BITIOJIHE Bq)(beKTI/IBHBIM, CCJIM BOCIIOJIB30BATHLCA CICAYIOIHUM IMPAaBUIIOM OCTAHOBA IO HCBA3KE

[2; 5; 11].
Onpenenum MOMEHT M OCTaHOBA UTEPALIMOHHOIO IIpolecca (3) yclIoBUEM

HAanB - y5H >g, (n<m),

[Axms — e[ <e.

Hpe/:[nonaraeM, 4TO IIpU HadaJlbHOM HpI/I6J'II/I)KeHI/II/I XOS HEBsA3Ka A0CTAaTOYHO  BCJIMKA,

e=bs, b>1. (17)

0oJIbIIIe YPOBHS OCTaHOBA €, T.C. HAXO 5— y5H > ¢. [TokaxkeM BO3MOXKHOCTh MPUMEHEHUS TIpa-
Buia ocranoBa (17) k  wrepammonHomy — Mmeroxy  (3). PaccMmorpum  mipm
n=3p, p= 1,2,... cemeiictBo pynkumii g, (L) = X_lb— (1— ock)nB(l— Bk)n/e’(l— yk)n/3].
W3 paznena 3 npu ycnoBusix (6) moaydum

n(o+p+v)

sup |gn(A)| < s (18)
0<A<l
n n n
sup |1-Ag,(A)| = sup [1—ar)3@Q-pr)3(1-ynr)3|<1, (19)

0<A<1 0<A<1

n n

1-% g, (M) = 1—on)3(1—P1)3(1-y1)3>0, n—o>w, VAe(01],  (20)

sup A°|1-Ag,(A)|< s{—n(a B+
0<a<1 3

AmnanornyHo [11] moka3pIBalOTCS CAEAYIOINAE IEMMBI.
Jlemma 1.  Ilycmo A=A>0 , ||A” <1. Tocoa ora 06020 we H
(E-Ag,(4)w—0, n—oo,

Jlemma 2. Ilycmo A= A >0, ||A4| <1. Toeoa ons mobozo Vv € R(A) umeem mecmo

—-S
} , N>0, 0<s<w. (21)

COOMHOUuteHue nS

AS(E—Agn(A))\/ﬂ—>0 npu N—> 0, 0< s<w.

Jlemma 3. Ilycms A= A >0, ||A” <1. Ecau ona Hexomopou noonociedo8amenbHo-
cmu N < n =const u Vo eR(A) npu k—oo umeem Oy = A(E— Adn, (A)}\IO —0, mo
Vi = (E — AQp, (A))v0 —0.

Hcnonb3yeM 3TH JIEMMBI TIPH TOKA3aTeIbCTBE CIACTYIOIIMX TEOPEM.
Teopema 7. IIycms A=A >0, ||A4| <1 u nycmo momenm ocmarnoéa M = mM(J)
(m: 3p, p=1 2,3,...) 6 memooe (3) eviopan no npasuny (17), mozoa X5 —> X npu 8 — 0.

Jloka3aTeabCTBO.
[Tockonbky HyJIb HE SBISICTCS COOCTBEHHBIM 3HAadeHHEM orepaTtopa A, TO

M (A) = R(A) = H . Tak kak
E- Ao, +0on1(E-ogA)+..+ 0 (E-a A E-on1A).(E-a,A)=
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=(E-ay AE- 0, A).(E-a,A),
10 Aoy + 0ty (E—apA)+...+ 0g(E— oy A E -y A)(E—a,A)|=
=E—(E-o A E-a,A).(E-a,A) Uveem
Xns = [0ty + o 1(E = 0tnA)+ ..+ 0g (E = oty A(E — 0ty 1 A)(E =, A)lys s
CJICIOBATENIBHO,
Xng —X= A_l[E_(E_(XlA)(E_OLZA)-"(E_anA)](y(S -y)-

(B ANE - ap AL (E— oA A E— (E-a)2(E-A) H(E-1A)? |(ys -

n n n
~y)-(E~aA)3(E~BA) 3(E~vA) *x= g, (A)ys — y)— (E ~ Agn(A))x
(3mecs m HIOKE N=3p, p= 1,2,3,...). 3Hauur,

Axns = Y= —A(E - Adn(A)x+ Ady (AYs - y) (22)
Orcrona

AXq5—Y5= — A(E = Agn(A)x—(E - Agn(A)(ys - V) (23)

B cuny nemm 1 u 2 umeem
I(E=Agna(A)X =0, n—>w, (24)
o= N|AE-Ag,(A)Y =0, n > w. (25)

Kpome Toro, u3 (18) u 19)
9n(A(ys - ¥)| < wa, (26)
|IE - Agn(A)]<1. (27)

[Mpumenum npasuiio ocranosa (17). Torga HAXm,S - YSH <bd mwu3 (23) u (27) momy-
YUM IpE N = M
|ACE ~ Agm(A)H <[ Axins —ys| +(E ~ Agm(AYs — y)|<bs+8 = (b+1)5.
CrnenoBaTeiabHO,
|AE - Agm(A)X| < (b+1)5. (28)
Jost mro6oro N< M mosydum
|A(E = AgnA)X| = | Axq 5 = V5| - [(E = Agn(ANy-ys )| 2 b5 -5 = (b-1)5,
T.€. Ut I00oro N < m
|A(E - Ag, (A)X| = (b-D3. (29)

N3 (25) u (29) mpu n= m-3 nomyyum (:nm_; :||A(E - Agm_3(A))X|| > (b—-1)d wnnu, 4ro TO

xe, (M=3)3 < % —0, 80 (rak kak u3 (25) 6, —0, M—>o0), crenoBaresLHO,

md — 0, & > 0. Ecnu nmpu 3Tom M— oo ipu & — 0, T0

[%ms =X <[(E = Agm(A)X|+ |gm(A)Ys - ) < |(E - Agm(A)X+

LB s s 0 Mm%, §50.
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Ecnn ke m1st HeKOTOpBIX O, MOCIERAOBATEIBHOCTh M( ) OKaXeTCS OrpaHUYECHHOM,

TO W B 9TO MCIOy4ae  Xy;.y5, > X Oy > 0. JlelicrBurensho, w3 (28)
HA(E ~ A, (A))x” <(b+1)s, >0, 8,0, cuenosatemsro, mpH 8, —>0
AE - Agps, ) (A)x—>0, 8,0, u mo memme3 (E—- Agyi (A -0, 8, —0.

Orcioma mveem [Xos )5, — | < [(E ~ AGian) (D) + %B” m(s, )6, — 0, 5, —0.

Teopema 7 nokazana. MMeetr mecto

Teopema 8. [Tycmb suinoanswomes ycioeus meopemsi 1 u nycmo X = ASz, s > 0,

3(s+1) [ Iz| T (541

moezoa cnpaseonussl oyeHku M< 3+

)

(+B+y)e| (b-1)8
HXm,S - XH < [(b+1)8]5/(s+1) HZH1/(S+1) N
carBry)y 3sen [zl TV (30)
’ (o +B+y)el (b-1)3
Jloka3aTenbCTBo.

I[Ipu n=m-3 umeem ||A(E—Agm_3(A))x||:‘

ASH(E - Agr 3(A)F <
—(s+))
< (S+1)SJrl {(m—3) (OH_BT-H,)e} ||Z|| Ucnonb3ys (29), monyuum (b-1) & <

ss+) [z TC
(+B+y)e| (b-1)3 '

, OTKyga m< 3+

—(s+1)
< (s+1)*" [(m—s) W} |7

[Ipu moMo1y HepaBeHCTBA MOMEHTOB OLICHUM BBIPAKEHHE
(B~ Agm(A)X| = |A°(E - Agr(A)7 < |A*(E - Agm(A))2
B Agm(A)AY D < |AE - Agr(AN S ! < (o el D).

s/(s+1)
X

Torna
[Xms = X| < [(E = AGm(A)X + | gm(A)(Ys = ¥)] <
< [+ D3] |7 4 mlo+B+y) *3’3 1) 5 <

S[(b+1)5]S/(S+1)”Z"J/(s+1) +OL+3B+y 3. 3(s+1) { I|

1(s+1)
(a+B+7)e (b—l)S}

Teopema 8 noka3zana.

3ameuanue 4. [lopsoox oyenxu (30) ecmo 0(83/ (s+1)) u, kax credyem us [2], on on-

MUMAJIEH 8 K1acce peueHuti. X = ASz, s>0.

3ameuanue 5. B popmyruposxe meopemsi 8 npeononazaemcs, umo mouHoe peuteHue
UCMOKONPeOCmagumo, HO 3HAHUE UCTNOKONPeOCMABUMOCMU He nompebyemcs Ha npakmuxe,
Maxk KaKk npu oCMaHoge no Hees3Ke asmomamuyecku O0enaemcs 4ucio umepayuil, HyxicHoe
07151 NONYYEHUsI ONMUMATLHO20 NO NOPAOKY DEULeHUsL.
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6. CxoquMoCTh MeTO/Ia B CJIyuyae Hee[IMHCTBEHHOro pemneHus. [Tokaxem, yTo Me-
ton (2) mpurogseH u Torma, korga A =0 sBisgercs COOCTBEHHBIM 3HAYCHHEM
omneparopa 4 (B 3ToM cirydae ypaBHeHHe (1) mMmeeT HeenMHCTBEHHOE pemieHne). O603HaYnM

gepes N(A)= {Xe H |AX: O}, M (A)—oproronamsroe nomomuenne sapa N(A) o H.
IIycte P(A)X—Hpoelcuml XeH na N(A), a H(A)X—npoeKumI XeHna M (A) Cmpa-
BEJIJIMBA

Teopema 9. ITycms A>0, yeH, O<a<2, a+p<8, |l-or)l-pr)l-yr)<1.
Tozoa ons umepayuonnozo npoyecca (2) epuvl credyrougue ymeepicoeHus.

Y Ay > TR, A% =y > 1A Y)=inf [Ax-];

Xe

0) memoo (2) cxooumcest moeda u moivko moeoa, koeoa ypasuenue AX=I1 (A)y pasz-

pewuno. B nocieonem cryuae X, — P(A)Xg+ X", 20e X' — munumansnoe pewenue

VpasHeHusl.
Jloka3aTeabCTBO.

[Mpumenum oneparop A k merony (2), noayunm AX, = A(E—oan)xn_l +o,Ay, Tae
y=P(A)y+II(A)y. Tak xak AP(A)y=0, 10 AxX,=AE—a,AX,_1+a,AT(A)y.
Orcroga

Axp = H(A)y = A(E - (an)Xn—l + O‘nAH(A)y_ H(A)y:

= A(E - 0‘nA)Xn—l - (E - O‘nA)H(A)y = (E - O‘nA)(AXn—l - H(A)y) =
= (E- 0 ANE- 0 1 A)(E -y A Axg — TT(A)y).
O6osHaunm v, = Ax, —I1(A)y, Torma V,=(E-a,A E- ap 1A (E-oyAvg. Hmeem
A>0 m A— nonoxurensHo onpeneneH B M (A) T.€. (AX X)> 0 mist aroboro Xe M (A)
Tak kak O<a<2, [1-oAd)1-Br)<1, |[1-or)I-pr)L-yA)<1, To, BOCHOMB3OBABLIACH
MHTETPAIBHBIM TIPEICTABIEHHEM CAMOCOTIPSKEHHOr0 oneparopa A (11 ympolueHus cuura-
€M, 4TO ||A“ =1), monyunm

1 1

[vall= | 0= 0hJi—aph ). (- cph OB, vo | = | (- ah ) (1= BA) (L= y1) "dE, v, |
0 0
3nech |, m kK — HarypanbHbie nokazarenu, rae | + m+k =n. Cuutaem, uro k=1 =m= n/ 3.

CnpaBe;[JmBa IICIIOYKa HepaBeHCTB

€0

[@-on)@-pr) (@-y1)"dE, vq
0

[val < +

1

+] [@-an)@-pr) @-12)"dE, vo| <[Ezy vo[ + 4" (20 |vo - Ezyvo| <.
€0
npu &y —>0, n—>oo. 3meck 0= max |(1—ak)(1—Bk)(1—yk)|<l. CrnenoBatenbHoO,

ke[go,l]
v, =0, OTKyJa Ax,, — IT1(A)y u (A)ye AH). Taxkum obpaszom,
||AXn - y|| - ||H(A)y— y|| = ||P(A)y|| = (A, y) (mo Teopeme 2.1 u3 [8]). Utak, yrBepxkaeHue

a) I0Ka3aHo.
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Hoxaxem 0). Ilyctp mpornece (2) cxomutcs. [Tokaxkem, uto ypaBHeHHe AX=[] (A)y
paspemumo. M3 cxogumoctu {Xn}e H x zeH wuwu3 a)cnenyer, uto AX, > Az=11 (A)y,
CleoBaTenbHo, [/ (A) ye A(H ) U ypaBHeHue [/ (A)y = AX pa3pemmmo.

Ilycte Teneps 11 (A)y € A(H ) (ypaBHenue Ax=1] (A)y pa3pelrMo), cie0BaTelb-
HO, [/ (A)y: AX*, Tme X' — MHHMMAaJbHOE pellieHHe ypaBHEeHHs AX =Y (OHO eIHHCTBEHHO
B M (A)) Torna (2) mpumeT Bu

Xn = (E_anA)Xn—l tapy= (E_anA)Xn—l 'Han(A)y =
=(E-opAXy_g +on AX" = X, g + oan(x’k - Xn—l)-
Pa3zo0pem nocneaHee paBeHCTBO HA JIBa, TaK KaK Xy, = P(A)Xn + 17 (A)Xn . Torma
P(AX, = P(Ay 1 + o P(A)AX = x4 )= P(A)xy_1 = P(A),
TaK Kak AP(A)(X* - Xn_l): 0.
(A, = (A + o TAVAX = X 1 )= T(A)xq_q + o AlTT(A)X" -
- H(A)Xn—l) = H(A)Xn—l - O‘nA(IY(A)Xn—l -X )’

*

Tak kak X~ € M(A) u, cnenosarenmsno, I7(A)X" = X*. O603maunm o, = I1(A)X,_; — X", To-
raa IT(A)x, — X" = IT(A)x, 1 — X" — oan(H(A)xn_1 - x*). Orciona

On = 0n 1 —0n A0, g =(E-apA)on_g =(E— o A E-a,_1A)(E—a; A
U, QaHAJOTMYHO V ,, MOXXHO I0Ka3aTb, 4T0 ®, — 0, N —oo. Torga I/ (A)Xn — X*. Cnenosa-
TENBHO, X, = P(A)Xn + 11 (A)Xn - P(A)XO +X". Teopema 9 nokazana.

3ameuanue 6. Tax xax y nac Xy =0, mo X, —> X', m. e. npoyecc (2) cxooumes x

HOPMAILHOMY PeuleHUr0, m.e. K peuleHur0 ¢ MUHUMAIbHOU HOPMOIL.
Yucnennasi MoieJibHAas 3a1a4a
PaccmoTtpum B MPOCTPaHETBE L2(0,1) 3amauy B BUIe ypaBHEHUS

(I]K(l‘, Hxs)ads= M), 0<t<1 (31)

C CHMMETPUYHBIM TOJNOKUTEIbHBIM siipoM K(t, S) = > . B xausectBe TO4HOrO

1+100(¢- $)

S, 0£5<1,

pelenus chopMyIUpOBaHHOM 3a1a4n BeIOepeM QyHKIMIO X(S) =
1-35, 5 <s<1.

C wucronp30BaHHEM KBAJAPaTypHOH (OpMyJbl TMpaBbIX MPSIMOYTOJIbHUKOB TPH
m= 32, h=1/m Oblia BeIYKMCIEHA B TOYKaX f;= /A, /=1m mnpasas yacTh Yy(t) UHTErpab-

HOro ypaBHeHus (31).
CdopmynupoBanHas 3asada OTHOCHTCS K KJIAcCy 0OpaTHBIX 3a/1a4 TEOPHH IOTEHIMA-
na. OGBIYHO Ha NMPAKTUKE MBI HE 3HAEM TOYHOH QyHKIMH Y(t), a BMECTO HEE M3BECTHBI 3HA-

4yeHus npuobamkeHHol GyHknuu y(t) B HEKOTOPOM YHCIIE TOYEK C ONPEAENCHHOM, 9acTo u3-

BECTHOH MOTPEIIHOCTBIO &, ¥ TI0 3TUM TNPHUOIMKEHHBIM JaHHBIM TpeOyeTcsl MPUOIMKEHHO
HalT! penrenue. YToObl IMUTHPOBATH ATY CHUTYalHUIO, Oy/€M CUNTATh 33/JlaHHBIMH 3HAYCHUS
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Yi, /=1,m, nonyueHHsle cieayomum odpazom yi = [ y(l‘,-)-lOk + 0,5]/ 10k, KBaJ[paTHBIC
CKOOKHM O3Ha4aroT Ienyto dacth uyucna u k=3:4. Ilpu k=3 BenuunHa MOTPENTHOCTH

§=1073, [Tpu k=4  BelMuMHa  TMOTPEHIHOCTH  §= 1074 JleiictBuTensHo,

=
(31) kBagpaTypHOW CyMMOH, Hampumep, o (Gopmylie MpaBbIX MPSIMOYTOJBHUKOB C y3JIaMU

1 2
[y -y P dt ~ g[Y(ti )-%iFh< mh(lO_k) — 1072, 3ameHnM MHTerpan B ypaBHeHUH
0 1

_ 1 m
Sj = jh, j=1m, h=1m, T.¢e. [ K(t )X S)ds~ Z K(t,sj )hXj. Torna momay4ynM paBeHCTBO
0 j=1

m o
> K(sz )hXj + pm(t) =y(t), tae p,,(f) — ocraTox KBaapaTypHOW 3aMEHBI. 3amucaB Io-
=1

, m
CIEIHEE pPaBEHCTBO B TOYKAaX t;, i= 1,m, NOIyYuM YpaBHEHHS Y K(thsj )hxj +
j=1

p () = At), i =1, m Tounble 3naueHuns y(t;) MbI HE 3HAEM, & 3HAEM JIMILIb NPUOIMKEHHUS

Yi H, oTOpPOCHB Teneph OCTATOYHBIM YIIEH, MOJYYUM JIMHEHHYIO aNreOpaudecKylo CUCTEMY

YPaBHEHHH OTHOCUTENIBHO NMPHOIMKEHHOTO PEIICHUS

m
S Klt.shx = § L i=Im (32)
j=1
Bribepem ania onpeneneHHOCTH M= 32 u OyneM pemath cuctemy (32) MeToaoM UTepanuit
(3), KOTOpBIi B AUCKPETHOM opMe 3amHUIICTCS

m
Xi(n+l) = Xl(n) + 0net yi —ZK(ti,Sj)hXj(n) ) XI(O) =0 ,
ot (33)

Ogni1 =0, Ogppp =P, Ognez =7y, 1=1m
3areM cuctema (32) pemaiack METOJIOM NPOCTOM utepanuu [ 1-9], KoTopslil B JTaHHOM
cilydae 3amnuiercs

m
Xi(n+1) _ Xi(n) +0{Y/i _ Z K(ti S| )hxj(”)], Xi(0) =0, i=1m (34)
j=1

[Tpu cuere BbiOupanuch: o =0,8, f=4,4, y=5,6. 3anaya Oblna perieHa mpu §=10"3 un

§=107%. [Ipu pemenun 3agauu urepauroHHBIMU MeTofamu (33) u (34) Ha Kaxao0M Iare

be!

2
m m
. n_gll = n =
UTEPALUN BBIYUCTISIIHCE! HAx yHm_ Z{Z K(ti,Sj )hxj _yi] hl _ JmckpeTHas HopMa
i=1]| j=1
o2k
HeBszky, |y (M| — Z[Xi(n)] hl  _ HOpMa NpUONKEHHOTO PEIIEHUsT W IUCKPETHAs HOP-
m i=1
Ma pasHOCTH MEXKITY TOYHBIM u PUOIIHKEHHBIM PEIICHUSIMU

ot

e
{g b
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B o0owux ciydasix uisi pemieHus 3aadu CBeIeHui 00 MCTOKOMPEACTABUMOCTH TOYHO-
rO peuieHus He MOTpedOoBaIOCh, TaK KaK 3/1€Ch BOCIIOJIb30BAUCH MPABUIIOM OCTaHOBA 110 HE-

Bsiske (17), BEIGpaB ypoBeHb ocTaHoBa g =158, Urtak, mpu §=10"°, £=1,5-10"°m1a gocTu-
JKEHUS ONTUMAIBHOM TOYHOCTH TPHU cUeTe MeToa0M utTepanuii (33) morpedoBaiocs 6 urepa-
LU, IpU cueTe MeToAoM npocTtoit utepauu (34) — 21 urepauus. [lpu § = 10_4, £= 1,5-10_4

COOTBETCTBEHHO noTpedoBanock 10 u 48 urepanuii.

ITpumep cuera mokaszan, 4To Ui JOCTUKEHHUS ONTHUMAIBHONM TOYHOCTU METOJl UTEpa-
it (3) TpeOyer nmpumepHO B 3,5 paza MeHbIIEe WUTEpalfii, 4eM METOJl MPOCTOW UTEepanuu
[1-9], uTo cooTBEeTCTBYET pe3yabTaTaM pasjena 3.
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O.V. Matysik, V.S. Zajko On a Regularizing Algorithm Ill-posed Problems with Bounded
Operators

In a Hilbert space is studied iteration method with variable step ill-posed problems with a posi-
tive definite bounded self-adjoint operator. Investigated the convergence of the iteration method in the
case of a priori and a posteriori choice of the number of iterations of the exact and approximate right
sides of the operator equation in the original norm of the Hilbert space. We study the case nonunique
solutions of the equation and prove the convergence of the method in the energy norm of the Hilbert
space. Method of numerical modeling problem solved.
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