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OCTAHOB 110 MAJIOCTH HEBA3KHU
B METOJE UTEPAIIMA HEAABHOI'O THIIA
JJIAA PEHHEHUSA JIUHEUHbBIX OIIEPATOPHBIX YPABHEHHUU ITEPBOI'O POJA

B eunvbepmogom npocmpancmee 015 peuteHus TUHENHbIX ONepamopHblX YPAsHeHUll nepeozo pood
€ NONOAHCUMNENLHBIM 0ZPAHUYEHHBIM U CAMOCONPSAICEHHLIM ONEPaAmopoM npeodnazaemcs HesAHbI UMepayuoHHbIll
npoyecc. [na npeonodceHHo2o memooda 060CHO8AHO NPUMEHEeHUe NPABUIA OCMAH08A NO HeeA3Ke, Ymo Oendem
paccmampueaemulii UmepayuoHHblll Memoo dQPeKxmusHbiM U mo2oa, K020a Hem c8edeHull 06 UCTNOKO0OPA3HOU
npeocmaguMocmu mouHo2o pewienus. B pabome ooxasana cxooumocmv umepayuoHHo20 Memood, NOJyYeHd
OYEHKA NOSPEUIHOCIU MemoOd U OYeHKa O MOMEHMA OCMAHO8A.

1. locranoBka 3agaun. B runmebeproBOM mpocTpaHcTBe H pemraeTcs nauHEHHOE
oreparopHoe ypasaenue | poma
AX=y 1)

C HOJIOKHUTEIbHBIM OFPAaHUYEHHBIM CaMOCOIPSDKEHHBIM OIepaTopoM A, JUlsl KOTOPOro HyJb

HE SBJISAETCS COOCTBEHHBIM 3HaueHWeM. OTHAKO MPEIojaraeTcs, 4To HyJb MPHHAIICKUAT

CHEeKTpy omneparopa A, mostoMy 3ajada (1) HeycToiuuBa U, ciie10BaTeIbHO, HEKOPPEKTHA.
Jlns pemenust ypaBHenus (1) npeuiaraercs HesBHbIN UTEPAL[MOHHBIN Mpoliecce

Xni1 =X +OA(Y = Axny1), X9 =0. )

[Ipeamnonarast cyiecTBOBaHHE €IMHCTBEHHOI'O TOYHOTO pemeHus X ypaBHeHus (1)
IpY TOYHOW MPaBON 4YACTH Y, MILEM €ro NpUOIMKEHHE X, ; IPHU MNPUOIMKEHHOH IpaBoH

4acTH Y;, ||y— ya” <. Boartom ciyuae meton (2) mpuMeT BH

Xn+15 = Xn,5 + 0A(Ys — AXni1s ) X5 =0. @A)

Huxe moa cxoaumocThio MeToia (3) MOHUMAETCsl YTBEPKACHHE O TOM, YTO MpHOIu-
skeHus (3) CKoib YyroHO OJM3KO MOJXOAT K TOUHOMY PEIIeHUI0 X ypaBHeHus (1) mpu moa-

\):0.

s metona (3) mpu ycmoBuu o >0 mokazaHa cXOAWMOCTh TPHU TOYHOH W MPUOITH-
YKEHHOU MpaBoii yacTu ypaBHeHHs (1), ¥ B IPEINONIOKEHNUHN, YTO TOYHOE PEIICHUE YPaBHEHUS

X=X,

XOJISIIIIEM BBIOOPE N ¥ IOCTATOYHO MAJIbIX O, T. €. Iim(inf
3—0 n

UCTOKOOOPA3HO MpPEICTaBUMO, T. €. X = A%z, s>0, MI0JIyY€Ha anpHOpHAsl OLEHKA MOrpen-
HOCTH [1]. DTa o1jeHKa MOTPEITHOCTH ONTUMHU3UPOBAHA M HAWICH allpUOPHBIA MOMEHT OCTa-
HOBa. B cnywae xorja HeT cBeieHUE 00 MCTOKOOOPa3HOM MpPEACTaBUMOCTH TOYHOTO perie-
HudA, MeToll (3) craHoBUTCS HEIDPEKTUBHBIM, T. K. TOTJAa HEBO3MOXKHO MOJIYYUThH OLIEHKY
NOTPEIIHOCT U HAaWTH alpUOPHBIII MOMEHT OCTaHOBAa. TeéM HE MEHEE 3TOT METOJ MO>KHO
caenaTth BHOJHE 3((EKTHBHBIM, €CIM BOCIOJIb30BATHCS CIIEAYIOIIMM IPABHJIOM OCTaHOBA
0 HEBS3KE, aHAJIOTHYHBIM [2—5].

2. [IpaBuJio ocTaHOBA MO HeBsI3Ke. 3a]1aIUM ypOBeHb ocTaHoBa ¢ >0 u onpenenum
MOMEHT M OCTAHOBA YCIOBUSAMU
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HAXn,B_yBH>81 (n<m)1 HAvas—yESHSS, 8:b6, b>1. (4)

[Ipeanonaraercs, 4To0 MpU HAYaILHOM NPUOJMIKEHHU Xg 5 HEBS3Ka JIOCTATOYHO

BEJIMKa, OOJIBIIIE YPOBHSI OCTAHOBA €, T. €. HAX0 5= y5H > &. Huwxe meron urepanuu (3) ¢ npa-

BHJIOM OCTaHOBA (4) SIBJISETCSA CXOASIIMMCS, SCIN Iim(inf HX— X, 5”) =0. INTokaxxeM, 49TO Mpa-
6—>0\ m !

BUJIO OCTAHOBA IO HEBs3Ke (4) mpuMEeHUMO K MeToay (3).

. . a 1

Paccmorpum cemeiictBo pynkiuit g, (A) =A" | 1-————— >

(1+022)

Ucnonb3ys pesyibratsl [1], HeTpyaHo mokasars, uro npu o >0 mst gn (L) BbIIOI-
HSIOTCSA CIIEYIOIINE YCIOBUSL:

sup |g,(A)|<2vna, n>0, (5)
0<A<M
sup [1-Agn(A)<Ln>0, (6)
0<A<M
1-2g,(L) >0, n—> o, VAe(0,M], (7)
s s/2
sup k5|1—kgn(X)|s(—] ,Nn>0, 0<s<ow. (8)
0<A<M 4nol

CnpasennuBa
Jdemma l. Ilyemv A=A">0, ||A|| <M. Tocoa ona moboco w®eH

(E—Ag,(A)o—0,n—>o0.

JlokazaTenbCcTBO
Hcnonb3yss  MHTErpajgbHOE  MPEJCTABIECHHWE  CaMOCOIPSKEHHOIO0  OrepaTopa

M
A= I AJE, ,rne M = ||A|| u E, — cnexrpanpHas GpyHKIUS oneparopa A, OIyIHM
0

(E - Ag,(M)o= [ (1-19,)dE, 0= [ (1-Ag, (1) dE,0+ | (1-29,0))dE,0

€0

T. x. 1—7»gn(7»)=m unpu a>0 1+](;0L2 <q(g,) <1 mrs Beex A e(0,M],
TO
M M
J'(l—kgn(k))dEkco <q" (&) J.dExoo <q" (g )|o| >0, n—>w.
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U3 (6) umeem T(l—?ugn(k))dExm < TdEx(’) = H ESO(’)H —0,e, > 0 B cuy cBoiicTs

0 0
criekTpanbHoii Gpynkuuu. Cnenosarensto, (E—Ag, (A))m—>0,n—oo. Jlemma 1 noxasaua.
Hwmeet mecto
Jdemma 2. [Tycmo A= A" >0, ||A|| <M. Tocoa ons Yo eR(A) umeem mecmo coom-

HOULeHUe nS/ZHAS(E—Agn(A))U“—)O npu N —o00, 0<s<o0,

JlokazaTenbCcTBO
T.x. Bepuo (8), t0 n¥° HAS (E- Agn(A))H <n’? sup A°[L-rg, (W) n"Hyn =y,
0<A<M

s/2
S
rae y, = (@J . Bocrionb3yemcst Teopemoit banaxa — Illreiinraysa [5, c. 151], mo koTopoit

cxoaumocts B U — BU mpu n—oo mug Bcex U € H mmeer MecTo Torna M TOJBKO TOT/A,
KOIJIa 3Ta CXOAMMOCTh HMEET MECTO Ha HEKOTOpOM IUIOTHOM B H moaMHoxecTBe
u ||Bn || ,N=12,..., orpaHUYCHBI HE3ABUCSAIICH OT N TIOCTOSHHOM.

Bozemem B kauectBe miotHoro B R(A) = H muoxectBo R(A). Ilonoxkum S, =S+1.

Toraa s kaxaoro v = Am € R(A) umeem

s+1
1

n*? | A°(E - Ag, (A)v]| = n*? | A"*(E - Ag, (A))e] < (2—?)2 n e || =v,n 2] -0,

npu N — 0, T. K. $; <oo. JlemMa 2 noka3zaHa.
Cnpasennua
Jdemma 3. ITycms A= A" >0, ||A|| <M. Ecau ons Hekomopou nociedos8amenbHoCmu

n,<h=const u v,eR(A) npu p—>oo  umeem cop:A<E—Agnp(A))Uo—>0,

mo v, :(E ~Ag, (A))o0 0.
JlokazaTenbCcTBO
B cuiy (6) mocie0BaTenbHOCTh L) OrpaHHYeHa HUPH <Y ”00” Yo=1 peN.

[TosTOMY B THIIBOEPTOBOM MPOCTPAHCTBE M3 3TOM MOCIIEI0BATEILHOCTH MOKHO U3BJICUb
cmabo CcXOAAIyroCs TonocenoBarenbHocth L, ——>V, (peN = N), Torma Av,—— Av,

(peN). Ho mo ycnosuio ®,=Av, >0, p—>o, crenosarensno, Av=0. Ilockonbky

HYJIb HC SABJISACTCS COOCTBEHHBIM 3HAYCHUEM oreparopa A, to L=0. Torma

o5 = (0. (E = Ag, (A)V,) = (©,,05) (v, Ag,, (A)vy) =
= (05, 96) AV, G, (A)Vy ) = (1, 06) = (©,, 8, (A)Vg) = (U ,Vy),

T.x. ®, >0, p—>, V=0 u no ycnosuio (5) ‘gnp (A)H < 2(np(1)1/2 < 2(50()]/2. CnenmoBa-

TCIIBHO, HDpH—)O I/ITaK, BCsKas ci1abo cxoadamasacia moAarnocCaCaoBaTCIIbHOCTD yKa3aHHOﬁ
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BBIIIC OFpaHquHHOfI IIOCJICAOBATCIIBHOCTHU Up CTPEMUTCA K HYJIIO I10 HOPME. CJ'ICI[OB&TCJ'IBHO,

¥ BCsL TIOCIIENOBATENBHOCTE L, — 0, p — oo, Jlemma 3 nokazana.
Hcnonb3yeM Toka3aHHbIE JIEMMBI TIPU TOKA3aTEILCTBE CIACIYIOICH TEOPEMBI.
Teopema 1. ITycms A= A" >0, ||A|| <M u nycmv momenm ocmanosa m=m(d)
6 memooe (3) evibupaemcs no npasuny (4). Tozoa X, s —> X npu & — 0.

JlokazaTenbCcTBO

-n
ITo MHAYKIIMKU JErKo J0Ka3aTh, YTO X0 5 = Al |:E —(E + OLAZ) }yﬁ. CrenoBartenabHO,

Xo5 —X =0y (A)(Y; —¥) —(E—Ag, (A))x. )
Orciona
—Y¥; =—A[E-Ag, (A)]x~[E - Ag,(A)](Y; - ¥)- (10)
B cuny nemm 1 1 2 nmeem
[(E—Agn (M) -0, n—>w, (11)
o, =n"?|A(E-Ag,(A)x| >0, n—oo. (12)
Kpome Toro, u3 (5) u (6) cieayer, 4o
19, (A(Y; = V)| < 2(na)*?3, (13)
|E - Ag, (A)| <1. (14)

[Tpumenum npaBuno ocranosa (4). Toraa HAXm,S —y5H <bs, b>1 u u3 (10) u (14)

OJIYYHUM
|A(E - Agn (W)X <[ A%, 5 = 5| +[(E - Agn (W) (¥; — )| < b+D)S. (15)

s moboro N<m HAXn’B - yBH > g, MO3TOMY
| ACE ~ Ag, (A)X]| 2| Ax, ; — ;|| ~I(E ~ Ag, (A)(y ~y,)] = (b-D3.

Hrak, mimg vn<m

|ACE - A, (A)X] = (b-1)5. (16)

s (12) u (16) mpu n=m-1 nomyuum ("m ;]/2—||A(E Ag, . (A)X]| = (b-1)3

Wi (m— 1)]/28<(bm1)—>0 80 (1. k. u3 (12) 6, >0,m—c0). Eciu npu 5T0M M —> 00
npu 0 — 0 To, ncnons3ys (9), momyunm

tm, s =X <[[(E = Agm (ANX]|+ |9 (AN (Y5 — )] <
<|(E - Ag,,(A)x] +2(ma)**8 — 0, m — o0, § — 0,

1. k. m3 (11) [|(E—Ag,, (A)x| > 0,m — oo,
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Ecnu ke s Hekotopsix 8, — 0 mocnenoBarensHOCTh M(,) OKaKETCsh OrpaHHYCH-
HOl, TO M B 5TOM ciydae Xy 15 —> X 8, = 0.
HerictBurensHo, u3 (15) nmeem HA(E — Ao )(A))XH <(b+1)s,—0, 5, —>0.

Orciosta no siemme 3 momydaewm, uto (E—Ag,; ,(A)Xx — 0,8, — 0. Tlosromy
me(sn),sn - XH < H(E ~ A9 (A))XH +2(m(3,)a)"?8, —0, 8 —0.

Teopema 1 nokasana.
3. OneHka nmorpemHocTu. Mimeer mecto

Teopema 2. [Tycmo evinonnenst ycnosus meopemol 1 u nyemo X = A°z, s > 0. Tozoa

HZ” :lz/(m)

s+1
cnpaseonusvl oyeHku M < 1+
(b-1)o

1 ||Z|| 2/(s+1) ) V2
X104 D3 [ 200 {“%Lb_l)J }5' 0

Jloka3aTenbpCTBO
T.x. x=A%2, s>0, 10

|AE - Agrm 1 (A)X]| = | A (E - Agr_1(A))7] =

- T A (14 ol )_m+1 dE, z

0

< (s+D) V2 [4a(m - V2 |z

s+l s+1

Bocnosb3oBasiuch (16), monydum (b—1)3 <

m<1+ s+1 ” ” . IIpn moMoIIy HepaBeHCTBAa MOMEHTOB OIIEHUM
= b-15 p p )i

s/(s+ St
(E - Agm(A)X|< | A*H(E - Agu(A)e]"* (E - Aga (A <

<[ A(E-Ag, (A)[" " |2 <[(b+2)8 ] |2 (en. (15)),

T.x. cootHOMeHUE (9) cipaBeTUBO TSI IFOOBIX N, TO

s =] < (B = g (D] + i (s = )| <TG+ DT || +

2 Y2

+200 12 1+S+1{ ”Z” }Sﬂ

(b-1)3

Teopema 2 nokasana.
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3ameuanue 1. Iopsoox oyenxu (17) ecmv O(5°"™) u, xax credyem uz [3], onu

onmumaneH 8 Kiacce 3a0ay ¢ UCMoKonpeoCmaguUMbIMU peueHUsIMU.

3ameuanue 2. Hcnonvzyemoe 6 popmynuposke meopemul 2 npeononodiceHue nopsaoxa
s >0 ucmoxonpedcmagumocmu moyHoO20 peuieHuss He NOMmpeOyemcs Ha NPaKmuKe, m. K. OHO
He coldepacumcs 6 npaguie ocmanosa (4). 1 mem ne menee 6 meopeme 2 ymeepacoaemcs,
umo Oyoem asmomamuyecku 8blOPAHO Koauvecmso umepayuii M, obecneyusaowux onmu-
ManbHuLd NOpsA0oK noepewHocmu. Ho dasce ecau ucmoxo-npedcmasumocms mouHo2o peuie-
HUSL OMCYmMCcmeyem, OCMAaHo8 no Heesske (4), kax nokasvieaem meopema I, obecneuusaem
CXOOUMOCTb MEmMOo0a, M. e. e20 pe2yiApu3ylouue ceoucmaa.
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Pykamnic nactyniy y paaaxusito 20.03.2020

Matysik O. V. Stopping by the Smallness of the Mismissibility in the Method of Iterations
of an Implicite Type for the Solution of Linear Operator Equations of the First Kind

In the Hilbert space for solving linear operator equations the first kind with affirmative limited and self-
conjugate operator the implicit iteration process is proposed. The application of a rule residual stop for the
offered method has been proved, which makes viewed iteration method quite effective even then when there are
no data about source representability of exact solution. In work the convergence of the iteration method
is proved, the estimation of an error of the method and estimation the moment of stop are received.



