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Abstract. We will consider the operator equation in Hilbert space
Au=f, (1.1)
where - quite continuous operator, and and space elements. If the operator one-to-one displays spaces on the arca of

value, there is a return operator displaying sets in spaces who is the unlimited operator. In this case the equation (1.1)
has the only decision for any right part from which has an appearance
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u=A"f, (1.2)

but unfortunately, because of limitlessness of the return operator, this decision isn't steady, that is small deviations of
the right part from true value can lead to big deviations from the required true decision. In practice, as a rule, the
right part known it is only approximate therefore there is a problem of search of steady algorithm of the solution of
the equation (1.1). For the first time such Tikhonov A.N. started considering tasks. [1], it appeared that many
problems of geophysics, seismic exploration belong to this class of tasks. The bright representative of this class of
tasks is the return task of Cauchy for the Storm Liouville equation. We will consider a task in space I Mow for the
Storm Liouville equation

Ly=y"(x) = f(x),x € (0,1)
y(0) =y'(0) = 0. (1.3)
the decision which has an appearance
y() = [ - Of (©)dt. (1.4)
The essence of the return task of Cauchy consists in finding of the right part according to the known decision,
that is is reduced to the solution of the integrated equation of the first sort

Jo e = O f (©dt =y(x). (1.5)

YAK 517.91

OB OJTHOM METO/JE PELIIEHUSI OBPATHOM 3ATAUM KOILIN
I YPABHEHUSA HITYPMA-JINY BUWILJIA
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KiioueBbie c/1oBa: caMOCOTPSDKEHOCTD, BIIOJHE HEMPEPBIBHOCTH, 3amada Komm, omeparop Irypma-JImy-
BHJLIIAL
Annoranusa. B HacTosmei padote pemeHa oqHa o0paTHasg 3aga4a 1 oneparopa Lrypma-JInyBrma.

1. Beenenue.
PaccmoTpuM B riiibOepTOBOM MpocTpancTBe H omeparopHoe YpaBHCHHE

Au=f, (1.1)

rae A — BIONHE HEMPEPBIBHBIN onieparop, a [ U u aneMeHTH npoctpancTea H. Eciau oneparop A B3anMHO
OJHO3HAYHO OTOOpakacT mpoctpancTBa H Ha cBOK obmacte 3HaucHus R(A) € H, To cyumectByeT 06-
patHsIii oneparop A~ 1, oToSpaxkaromuii MaOxKeCTBA R (A) B mpocTpaHcTBa H, KOTOPHIH SBISETCS HEOTPa-
HUYCHHBIM omepaTtopoM. B atoMm ciyuae ypaBuenue (1.1) umeer eIMHCTBEHHOE peIICHHE U I TH000H
npasoii yactH f u3 R(A), KOTOpHI UMECT BU

u=A"1f, (1.2)
HO K COKATCHHUIO, M3-32 HEOTPAHMYIECHHOCTH OOPaTHOTO omeparopa A™1, 3T0 pelneHue He YCTOWYMBO, TO
€CTh MaJIbIC OTKJIOHCHHUS NMPABOH YacTH OT UCTHHHOTO 3HAYCHMS MOTYT NPUBECTH K OONBIIAM OTKIIO-
HEHHSM OT HCKOMOTO HCTHHHOTO pemeHmsl. Ha npaktuke, kak mpaBuio, mpasas 4acTh OBIBACT U3BECTHOU
JWIIb NPHOIMKEHHO, MOTOMY BO3HUKACT MpodieMa MOWCKA YCTOWYMBOIO aIrOPUTMA PCLICHHS YPaB-
uenus (1.1). Boepseie 3agaum Takoro poga Hadan paccmartpusats TuxonoB A H. [1], okazamoce, uto
MHOTHE 3aJa4d TeO(H3HKH, CCHCMOPA3BCAKH OTHOCATCS HWMEHHO K 3TOMY Kiaccy 3aiad. Spkum
MPEACTABUTENCM 3TOr0 Kjacca 3ajad sgeisiercs oOpartHas 3amada Komm ang ypasHenus Lltypma-
JmyBwas. PacemoTpum B ipoctpanctse L2(0,1) 3amauy Koy qis ypasuenus LItypma-JluyBusis

Ly=y"(x) = f(x),x € (0,1)
y(0) =y'(0) =0. (1.3)
PCLICHUC, KOTOPOIO NMCCT BUJ
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X
y(x) = [y (x — Of Ot (1.4)
Cytp oOpartHo#t 3aaa4uu Ko COCTOUT B HAXOXKICHHH MPABOH YacTH [ MO M3BECTHOMY PCIICHHIO
y(x), TO €CTh CBOAUTCS K PEIICHUIO HHTCTPATBHOTO YPABHCHHS IIEPBOTO PoJa

[ — O f®)dt =y(x). (1.5)

2. MeToabl HccIen0BAHHH. B 3TOM pasmene MBI ZOKaKEM ABE JEMMBI, KOTOPBIE MOTYT UMETh H
CaMOCTOSITCITIFHOC 3HAYCHUC U OHM MOACKA3aHBl HaM TeopeMoi DpBuHa LlMuaTa, 0 pa3nokeHUH Ipou3-
BOJILHOT'O KOMITAKTHOTO OIEPaTopa B PsI M0 COOCTBCHHBIM (PYHKLMAM «MOAYIS» omeparopa [2].

Jlemma 2.1. Eciii A BoaIbsTEppOBEIH OnepaTop, S- YHUTaPHBIH OTIEpaTop U HMEIOT MECTO PABEHCTBA

SA=A'S,S =S* N(A) = {0}, 2.1
TO OINIEPATOPHOE YPABHEHUE
Au=f (22)
HUMCCT B MMPOCTPAHCTBC H CAUHCTBCHHOC PCHICHUC BHUOA
00 ( ,S n)
=T 5 gy, 23)

rae A,- COOCTBCHHOE 3HAUCHHUE Oneparopa SA, a ¢,- COOCTBECHHBIC BEKTOPBI 3TOTO OIIECpaTopa.

Hokaszatenscrso. [lo ycrnoBuro nemMMel orneparop A KOMIIAKTHBIN, a B CHIY yciaoBuil SA = A4S,
S = 5" oneparop SA- camoconpspkeHHbIH 1 kommakTHeIA. [lo Teopeme ImpGepra-Ilmuara [3] ams
1r000r0 BEKTOPA U MPOCTPaHCTBA H NMEET MECTO PA3IOKCHIE

SAu = 2 (SAu; (pn) Pn T+ Qo,

n=1

rae @y € N(SA). B namewm cayuac N(SA) = {0}, mostomy

(SAu, @)

SAu = 2 (SAu, @) @ = 2 A, @) on, = (SAW, @) = A (W, @), (W, @) = 1
n

n=1 n=1
Ecrn (u,¢,) =0, To SAu=10, =u =0, creaoBarcibHO, CHCTEMa {@,} SBIACTCA MOJHOU
opToroHaNBEHOU cucTeMol. Ilomaras ee OpTOHOPMHUPOBAHHOH, HIMEEM

N - (SAw, @) = (SF,0n) = (f, Son)
u= (u, (pn)(pn = —(pn = —(pn = —(pn-
In In In
n=1 n=1 n=1 n=1

Jlemma 2.2. (a) Eciu A BOmbTEppOBEIA omeparop, S- VHHTApHBIH Omepatop, ACHCTBYIOLIHC B
rUIE0EPTOBOM NPOCTPAaHCTBE H U YIOBICTBOPSIOIINE YCIOBHIO
SA=A"S,S=5",N(4) ={0}, 2.1
TO OIIEPATOPHOE YPABHEHUE
(SA—ix)uy, = Sf 2.4
IS JTI000TO BEIECTBCHHOTO YHCIA &, OTIMYHOTO OT HYJIM, B MpaBol yacty f € H nMeeT ¢JUHCTBEHHOES
pelICHHE BUAA

— o0
ua - 2n=1 An+ia (an

rae SAp, = l,o,n=1,2, ..

(6) ans mobGoro snemenTa f € R(A) uMeeT MECTO OLICHKA

lAug = fIl < el - lull, f = Au, (2.6)

KOTOPast IOKA3bIBACT CKOPOCTh NPUOIIKeHHS 3eMeHTa AU, K f npu a — 0;

(B) ecmu f € R(A) m @ — 0, 1o BenmuumHa ||u, — U|| CTPEMHUTCA K HYJTIO.

HokaszarenscTBo. a) Onepatop SA BIOIHE HENPEPHIBEH M CAMOCOIPSLKCH, TIOITOMY BCE €ro COOCT-
BCHHBIC 3HAUYCHUS BEeUICCTBEHHBI. 110 amprepHatuse @pearonbpma mo00e KOMIUICKCHOE YHCIO SBISCTCS
au60 COOCTBCHHBIM 3HAUCHUEM BIIOJHE HCTPEPBHIBHOTO OMNEpaTopa, JTHOO MPHHALICKUT K PE30JIbBCHT-

HOMY MHOXKECTBY, CTal0 OBbITh, onepatop SA — il orpaHn4deHHO 0OpaTuM MHpH JIOOOM BEIECTBECHHOM

3HaueHni @ #* 0. CnexoBarenpHO, ypaBHEHUE
—— 126 ——




ISSN 1991-346X Cepusa gpusurxo-mamemamuyecxkas. Ne 4. 2015

(SA—iaDuy, = Sf

PasperTuMo MpH TFOOOM BEIIECTBEHHOM & # 0, T.¢. uMeeT MecTo opmyna: U, = (SA — ial)~1Sf.
Haiinem @ypoee npeacTaBicHUC 3TOTO PCIICHUS.

= D (e p)pn = ) (A= 1aD)T'SL,p)pn = ) (SF,(SA+ @) 9oy =
n=1 n=1 n=1

Sf on)on _ N SPn)¢n
Ap +ia Ap+ia

n=1 n=1
O1eHUM HOpMY U, B IPOCTpaHcTBE H.

= (S, )2 ||f||2
lluell® = /12—_'_7;2 —2|(f So)|? « a+0;
n

n=1
6) U3 ycnosus f € R(A) cneayert, 4To CYLIECTBYET TAKOM 3JIEMEHT U mpocTpanctsa H, uro f = Au.
Omneparop A orpannticH U A@, = A S(pn, MO3TOMY

Au o Sf.on) o), N ESew
« A, +ia Agn Ap +ia Pni
n=1 n=1
o0 2 o0
(f, <P)
N P E(f&pn)&pn = 1 S0P
n=
“«a El(f S<pn)|2 EI(Au S<pn)| az.EI(SAuxpn)lz
n=1 n=1 /1%
u, SA 2
« a? l(ﬂ—z"’")'« a2 - Jull
n

n=1
B) Ouenum HOpMY ||u, — u|| B ipocTpancTee H.

= (SF, o) - (f, Son)
2,1 +ia"’"_; 7, Pn

n_

2

2</1 -1|-La A, >(f Son)Pn

n=

© 2 2
2 Sl = |(Au Sp)” _ N7 1w SAgI® _
/12 (/12 =1/1$l(/1% + a?) /1%(/12 + a?)

lug —ull =

o0 +o0 0
|(w, @n)1? _ 2 |(u,<Pn)|2 |(w, @) ?a? « |( <Pn)|2+ 5

/12 +a2 a /12+a2 /12+ 2 (Z |( (pn)l
n n N1 T

n=1 n=1
W3 ycnosus f € R(A) caeayer CXOAUMOCTb psaaa Yq,—q|(uw, (pn)l2 < 400, TIOTOMY IS JTEOOOTO

2
£ > 0 cymectsyer Takoii Homep N (&), uro Yu.q1|(w, @p)|? < % Ipu dukcuposannom N(€) Haiizem
qucio 6 (€) > 0, takoe, uto g Beex 0 K a < §(&) mmeer mecto

N
N W e)? 2
A +az 2

n=1
HepaseHcTBo. CreaoBarenbHo, 1t modoro € > 0 cymecrsyer §(g) > 0, Takoe, uro it Beex 0 K a < §(&€)
HMECT MECTO HEPABEHCTRO |[u, — U|| < &, 9To U TPebOBaATOCH JOKA3ATh.
3aMeTHM, YTO CCITH U SBISACTCS DICMEHTOM (DYHKIIMOHANBHOTO MPOCTPAHCTBA, WHAYC TOBOPS, (PyHK-
1Heit, To GBICTPOTA CXOAMMOCTH K HYJIFO BEMUUMHBI Y. 41| (U, 0,)|? 3aBucut ot rmaakocts dyrkrmwm u(x).
3. Pe3ynbTaThl HCCJIEIOBAHHII.
Teopema 3.1. (a) Ecmu f(x) € W£(0,1), To HHTErpanbHOE YPABHEHHE
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Au(x) = [ (x — Du(t)dt = f(x) (3.1)

HUMCCT CAUHCTBCHHOC PCIICHUC BU A

ux) = Sim L2, (3.2)

rae S@n(x) = (1 — x),5SA@, = A, 0n;

(6) nas moboro f(x) € W (0,1) uMeeT MeCTO OLIeHKA

lAug = fIl < la| - |lull, f = Aw,

IaC Uy (X) ABASCTCS PEIICHUEM YPABHCHHUS

(SA —ia)uy, = Sf, @ — BCIECTBCHHAS BEIUYMHA,

(8) ecmu f(x) € W2(0,1), To limg_plltte — ull = O.

HMoxaszarenscreo. Eciu Au = 0, to f: (x — Hu(t)dt = 0, rorna u3 Teopemnr Jlebera [3] caenyer,

aro u(x) = 0 mourn Beroay B (0,1), caenoBaTenbHO, 0OpaTHEI omeparop A~ L cymecTByeT;

Snpo uuterpansuoro omneparopa (3.1) umeer Bug A(x, ) = (x — t) - 8(x — ), mo3TOMY OTpaHHUCH
u npuHagiexkut kaacey [ mwisbepra-llImuara. CrnexoBatensHo, oneparop A BIONHE HEOPEPhIBEH. Boib-
TEPPOBOCTD ONEpaTopa A ABISAETCS CICACTBHEM TCOPEMBI CAMHCTBCHHOCTH peicHus 3axaun Komw mis
ypasrenns L typma-JInysumna. [Iposepka BeimonaHeHN yeaoBui jgeMM 2.1, 2.2 He cocTaBigeT Tpyaa.

4. BeiBoabl. Pesynberarel gaHHOH paOOTEI MOTYT OBITh HCHONB30BaHBl B CHCKTPAIBHOU TCOPHH
omeparopos [4-15].
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MTYPM-JINYBHUJ TEHRJAEYIHIH KOIIA ECEBIHE
KEPI ECENITI IEITY ATH BIP TOCLII TYPAJIBI

C. T. AxmeroBa, A. b. Umantaesa, A. 111, Ilanandaen
M. O. Oyesos arsirgarsl OHTYCTiIK Ka3akcran MeMekerTik yauBepeuteTi, [smvkenT, Kasakcran
Tipek co3ep: KAIKBUTBIK, ocipe y3ikcizaik, Kommain ecedi, [lItypm-JInyBrmt onepaTopsl.
Annotamust. Exoexre Hrypm-JInysumn eceOine apranran Komm ecebiHe Kepi ecem MIEHmiz.
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ON THE STOCHASTIC STABILITY
ANALYTICALLY GIVEN INTEGRAL MANIFOLD
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Abstract. Proved in the A.M. Lyapunov’s, N.G. Chetacv’s, [.G. Malkin’s et al. works, the classical theorems
of Lyapunov functions method and their various modifications of the stability of the unperturbed motion in a class of
ordinary differential equations are summarized in Matrosov’s, Zubov’s, Malyshev’s works to the case of invariant
sets using Lyapunov functions of the V'( p,7)form where p = p(x,M) - the distance from the image point x to

the set M.
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