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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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Considering the complexity of constructing of the function V'(p,7), as a function of the distance p , in the
Galiullin’s, Mukhametzyanov’s, Muharlyamov’s works an analytical description of the set are used in the problem
of construction of the equations of stable program motion of the ordinary differential equations and essentially the
problem of studying of stability of the set is reduced to the study of stability of the trivial solution of the system.
Analogues of the theorems of the Lyapunov second method for the analytically given invariant sets in a class of
ordinary differential equations are proved in the works of these authors.

In this work using Lyapunov function method sufficient conditions of stability and asymptotic stability in
probability of the integral manifold of It6 differential equations in the presence of random perturbations in a class of
processes with independent increments are obtained.

YAK 517.925,519.216

O CTOXACTHYECKOM YCTONUYNBOCTU AHAJIUTHNYECKHU
3AJJAHHOI'O HHTEI'PAJIBHOT'O MHOI'OOBPA3USI

M. . Tney6eprenos’, I'. K. Bacuauna’

1I/IHCTI/ITYT MaTeMATHKH U MaTemMaraaeckoro moaemmposannst MOH PK, Amvartsl, Ka3axcras,
* Ka3axcKui HAIMOHABHBIH YHHBEPCHTET HM. anmb-Dapabu, Amvarer, Kazaxcran

Kiouesnie cioBa: muddeperHunansaeie ypasHeHHS VITO, YyCTOHIHBOCTD, BEPOATHOCTD, HHTETPAIBHOEC MHOTO-
obpasmue.

Annotamust. Knaccmieckue Teopemsl Metoa GyHKmil JIIMyHOBA W UX PAa3IHYHbIC MOIU(HKAINH 00 YCTOM-
YHUBOCTH HEBO3MYIICHHOTO JBIDKCHHS B KIACCe OOBIKHOBCHHBIX AH((EpeHIMATBHBIX YPABHCHHUH, JOKA3AHHBIC B
padotax Jlamynosa A.M., Yeracsa HI'., Maxxuna U.I. u gp., 00o0marorcsa B padotax Marpocosa B.M., 3y6o-
Ba B.Y., Mansnmesa U.B. u ap. Ha ciyyall WMHBAPHMAHTHBIX MHOXKECTB C MOMOIBIO (yHKumMH JlimyHOBA BHIa

V(p,t), tne p= p(x,M) -- paccTosHue 0T H300PAKAOIICH TOUKH X 0 MHOKECTBA M.

VUHTHIBAS CIOKHOCTE NOCTpoeHus Pyrkumn V (0, 1), kaKk (yHKUHH OT PACCTOSHESI L , B 3a7a4€ MOCTPOSHHUSA
VPaBHCHUH YCTOWYIHMBOTO MPOTPAMMHOTO ABIDKCHHUS OOBIKHOBCHHBIX AH((EpeHIMATLHBIX YpaBHCHHH B paboTax
lamaymmaa A.C., Myxamer3aaosa M.A., MyxapmsmvoBa P.I'. m ap. mcmoms3yeTcs aHATUTHYECKOE OIHCAHHC
MHOJKECTBA M, MNO-CYLIECTBY, 3adada MCCICAOBAHHA YCTOMUYMBOCTH MHOJKSCTBA CBOAMICA K HCCIICIOBAHHUIO
VCTOIYMBOCTH TPUBHAJIBHOTO PEIICHHSI HEKOTOPOH CHCTEMBL B padoTax yKa3zaHHBIX aBTOPOB I AHATUTHYCCKH
3a7JaHHBIX WHBAPHAHTHBIX MHOXKECTB B KIACCE OOBIKHOBCHHBIX IU(PPEPCHIHMATbHBIX YPABHCHHH JOKA3BIBAFOTCS
AHAJIOTH TEOPEM BTOPOro MeToia JlamyHosa.

B macrosmed pabore meroaoMm (yHKumH JIIMyHOBA IMOIYYCHBI JOCTATOYHBIC YCIOBHS YCTOHYHMBOCTH H
ACHMIITOTHYECKOH YCTOMYHBOCTH MO BEPOSTHOCTH HHTETPATIBHOTO MHOT000pasmsa au(pepeHINAIbHBIX YPABHCHHH
Hro npu HaMWYMU CITyYaMHBIX BO3SMYIUCHUH K3 KIACCa MPOLECCOB C HE3aBUCUMBIMH NMPHPAILCHUAMH.

Beenenne. OcHoBHbIC TeopeMbl MeToAa ¢GyHKuME JlsamyHoBa u WX pazmuuHbele Moaudukamun 00
VCTOMYUBOCTH HEBO3MYILICHHOI'O ABIKCHHUS B Kiacce OOBIKHOBCHHBEIX JU(PQEpPCHUMATBHBIX YPABHECHHUH
([1-3] u gop.) o6oOweHbl B [4-7] u gp. HA ciayyall WHBAPUAHTHBIX MHOXKCCTB € MOMOINBIO (DYHKIMN

Jlsmynosa suna V' (0,1), rae 0 = P, M) - paccrosmme ot m3o6pakaromeii ToukH x 40 MHOKeCTBA M.
YuureiBas CIOXKHOCTb mOCTpocHuss QyHkumu V' (0,7), Kak QYHKUHH OT PACCTOSIHUS L, B 3a1a4C

MOCTPOCHUSI YPABHCHUH YCTOHYMBOTO MPOTPAMMHOIO ABIKCHHS OOBIKHOBCHHBIX Mu(p(epeHIIHATBHBIX
VPaBHCHUH HWCIONB3YCTCI AQHAMUTHUCCKOC OIMMCAaHUC MHOXecTBa [8, 9] W, mo-cymecTBy, 3azada
HUCCICAOBAHMS VCTOHYMBOCTH MHOXKECCTBA CBOAWUTCA K HCCICAOBAHUIO YCTOWIHBOCTH TPUBHAIBHOTO
peLIcHUs HEKOTOPO# cuctembl. B paGorax [8-11] miist aHATUTHYICCKH 3a1aHHBIX HHBAPUAHTHBIX MHOKECTB
B KJIACCC OOBIKHOBECHHBIX AU(DDCPCHIIMATBHBIX YPABHCHHHI MOKA3BIBAIOTCS QHAJIOTH TCOPEM BTOPOTO
meroga JlrmyHoBa. Ilpw sTOM 1 aHATWTHYCCKH 3aJAHHBIX HWHBAPHAHTHBIX MHOXECTB B [12, 13]
JTIOKA3bIBAKOTCH TCOPEMBI 00 YCTOHUYHUBOCTH IO MEPBOMY MPHOMKCHHUIO, YCTOMYUBOCTU MPH TMOCTOSHHO
JCUCTBYIOIIUX BO3MYIICHUSX.

Boepseie 3a1a4ua 0 CTOXaCTHYCCKOW YCTOMYHBOCTH HEBO3MYIICHHOTO JBIKCHHUSI METOAOM (OYHKIIHAI
JlanynoBa mccnenoBanace B [14, 15]. B kmacce oObikHOBeHHBIX AuddepeHIHATBHBIX YPABHCHHH MPH
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CAyYalHBIX BOZMYLICHUSAX M3 KJIACCA BHHCPOBCKUX MPOLECCOB (KaK YACTHBIA Cly4yail MpoOLIECCOB C
HC3aBHCHMBIMH TIPHUPAINEHUSIMH) MeToaoM (yukuuii JlsnynoBa B [16] mokasaHbl TeopemMbl O
CTOXACTHUCCKOH YCTOWYMBOCTH HCBO3MYINCHHOTO IBIDKCHIA. B atoMm xe kmacce B [16-19] moxaszamsr
TCOPEMBI O CTOXAaCTHYCCKOH YCTOMYHMBOCTH WHBAPHAHTHBIX MHOXECTB ¢ MOMOmblo (QyHkumii JlimyHoBa
Buna V(p,1).

HocTaTouHble YCIOBUS YCTOHYHMBOCTH AHAIMTHUYCCKH 33JAHHOTO WHTCTPATBHOTO MHOTO00pPa3Hs
[10-13] obobGmarotes B [20-23] Ha kmace croxacTUuecKuX JUddepeHINANPHBIX YPABHEHUN MPU HATUINN
CJIy4JalHBbIX BO3MYLICHUH U3 KJIACCA BUHEPOBCKUX MPOLIECCOB.

3ajada 0 CTOXACTHUECKOW YCTOWYHMBOCTH HEBO3MYINCHHOTO IBWKCHHS INPH CIYYAHHBIX BO3MY-
ICHITX M3 KIAcCa MPOLCCCOB ¢ HE3ABUCHMBIMH MPUPAICHUSIMH PAcCMaTPUBAIAcCh B [24].

Hacrosmasn pabota mOCBAICHA HCCICAOBAHUIO CTOXACTHUYCCKOH YCTOWYMBOCTH AHATUTHYCCKH
3aJaHHOTO WHTEIPATPHOTO MHOTOOOPa3us NPH HATHYHMH CIYYAHHBIX BO3MYIICHHH U3 KJIacca MPOLIECCOB C
HE3aBUCHMBIMU NPHPALICHHSIMH.

1. IlocTaHoBKa 3aJa4H 0 CTOXACTHYECKOH YCTOHYHBOCTH AHAJMTHYECKH 3aAaHHOIO HHTe-
rpansHoro MmHoroo0pasus. [lvcrs 3agano croxacruueckoe anddepeHIpaIbHOC ypaBHCHUE

X=X(x(@),0)dt +o(x(t),t)dw(t)+ If(x(l),l,u)f(dt,du), (1)

Rn
rre ACCLED, 0000, LW _ g CITyYaiHBbI, - . BEKTOPHBIE (DYHKIIMHM CO 3HAYEHHSAMH
s R 7, t=0, XxeR™ ueRM, O(.T) - svarpuusas Qyskums — pasmepa
nxm, W) m-vepmbii  BuHepOBCKMEI mpOLCCC C HC3ABHCHMBIMH  KOMIOHCHTAMH,

V(t,A) =v(t,A)—tl1(A), v(t, A) - nyacconosckas mepa va R?, Ev(t, ) =tII(A), npouecc
w(t) u mepa v(7, A) HezaBucUMBI Mexay coOoi, [7(A) - Mepa Ha O - anreOpe OOPENCBCKUX MHOXKECTB
R".

IIpeamomnoyknm, gro

1) cymecrsyer nocrosanas [ > O takas, uro

X o) + oo + .t ] Ticdwy < L1+

2) dyuxmmm X (X,1),0(x,1), f(X,1,U) - HenpepbIBHbI O COBOKYITHOCTH APTYMEHTOB;
3) BBIIOJHCHO JOKAIbHOS yciosue Jlummmna mo - T.¢. aas jardoro R > 0 HalAeTCs MOCTOSHHAS
Cr > 0 taxas, uro npu Xl = Rvl<R
2
|XCe,0) = X (0| +|o(x,0) oyt

2 2 2
+ [ = £yt THdw) < Clfx -]
Rn
CormacHo [25, ctp. 276], 3tu ycaoBus OOCCICYMBAKOT CYIICCTBOBAHHUEC H CAWHCTBCHHOCTH C

. X0t
TOYHOCTBIO 10 CTOXAaCTHYECKON 3KBHBAICHTHOCTH PEHICHHUS X 0-%0 (¢) (1) ¢ HauanbHBIM yCTIOBHEM
x(t O) = X(), ABIAIOMIETOCSA HEMPEPHIBHBIM CIPaBa ¢ BEPOATHOCTBIO 1 CTPOro MapKOBCKUM CITy4alHbIM
MPOLIECCOM.
R T+1 ACD . ..
PaccmoTpum B mpocTpaHcTBe MOBEPXHOCTb 3aJaHHYI0 CUCTCMOU YPaBHCHHM:
A(t): A(x,1)=0, 2)
21
rae A= A(x,1) e C. - r-mepHas Bektop-yHkumst, F' < 7.
B nmanpHelmeMm mnpuBexeM YCIOBHS TOTO, 4YTO 3Ta MOBEPXHOCTh WHBapHaHTHas mas (1)

(uHTCrpaIPHOE MHOrOOOpAa3Ke), T.€. CCIH (-‘JOJ fﬂ) e ML) ¢ BEPOSTHOCTBHIO 1, TO

PIG®).Dend)t =t 3= 1.

a TaKKC UCCIICAYCM €C HA CTOXACTUICCKYIO yCTOI\/'I‘II/IBOCTb.
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Onpenenenne 1. Hazoeem a(r) - yuryueii kacca K (a € K ), ecnu a(r) - HenpepbiGHAs,
empozo eospacmaiowas Gynxyus u a(0)=0.

VCa0BMS HMHBAaPHUAHTHOCTH M CTOXACTHYECKOH YCTOMYMBOCTH TPHBEAEM B TEPMHHAX (DYHKIHI
21 i _
Jlsamynosa Bupa V (A, x,1) e C; R x R"x R" — R’ u Takux, 4ro V(O,X, f) = 0.

; T o . T v 21
O6ozmammy Va1 =1 (A D). x. 1) OueBuaHO, 4TO Vit e r:i'.l." Bynem paccmatpusarb
takue QpyHKuu JlsnyHoBa, 4TO0BI

fM@HJU£@%K@ﬁ—€SYﬁ@MM

R

[1(du) < co.

3)

Breaewm creayromuit npou3BoAsMIII OTICpaTop

LV(A(x,10),x,0) = LV{(x,1) =

I 2
:%4_ aﬁ Xi +ltr[ﬂglk07~;€]+
ot ij 2 Gx,@xj J

+ | NG+ f(tu) =1 (xt) - (Z%)Tfi(x,fﬂ)]ﬂ(dw-
RI’Z 1

Onpeanenenne 2. [16] Humeepanvroe mnozoobpasue A(t), onpedensemoe popmynoi (2), ypas-

nenus (1) naswieaemes B -yemotiuueviv no eeposimmoch, eciu

. t
lim PXO supp(xxo’ 0(n),A(t))>¢e}-=0.
p(xg,A(ty))—0 >0 4)
Onpenenenne 3. Humezpanvroe miozoobpasue A(t), onpedensemoe Qopmynoi (2), ypasnenus (1)

HA3vledemcs l —ycmoaquebm no eepoimuocmu, eciu

lim Py {supl| A0 (0),0) > £t =0,
14(xg,t0 )| >0 >0 ©)

Onpenenenne 4. [16] Humeepanvroe mnozoobpasue A(t), onpedensemoe opmynoi (2), ypas-

HEHUA (]) HA3bIBACMCA ACUMNIMOMUYECKU p—ycmoaquebm no eepoimrocmu, eciu OHO p —ycmoﬁqueo
no eepoimHocmu U, Kpome moco,

. . xq,t . .
lim Pyyq lim supp(x"00 (1), A1) =0, = 1. (6)
p(xg,A(ty))—0 {—>0¢>0
Onpenenenne 5. Humeepanvroe muocoobpasue A(t), onpedensemoe Qpopmynoii (2), ypasnenus (1)

HA3vbleAenicAa dcuMnmomu4ecKu l—ycmoﬁquebm no eepoiamdocmu, ecjiu OHO ﬂ—ycmoﬁqueo no
6EPOAMHOCHIU U, KpOME OO0,

lim Py lim supl| Ax00 0,0 =0 =1. )
||ﬂ(XO,fo)||—)O I—>0¢>0
Teopema 1. Eciu ona ypaswenus (1) u mmoowcecmea (2) cywecmeyem ¢pyuxyusa Jlanynoea
V(A,x,t) e C22! co ceolicmeanu
V(0,x,t)=0, 8)
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Vidx,t)>2a(1Al), a€K; )]
LV(x,1)<0, (10)
u 0 Vy= V{j-(x- £ X, 1) gwmonneno yenogue (3) ;

a MAKdce CYyuecmeyom nojioNCumelbHoble NOCMOAHHble C:I.J Cg, CEJ C-I-J CE" umo
217
az=V,
F)
Ecnu x momy ace d)yHKMM}Z ﬂ,(x, t) ydoeﬂemeopﬂem yeiaoeuio:

| Ax,0) |2 a(p(x, A1), ek, (11)

mo muoxcecmeo (2) P -yemoiiuueo no eeposmuocm.
3ameuanne. B nanpHeiimenm s kpatkocTr 6yaem obosnadars o o(x, A1) =a(p).

T
s

Vo=, + CoIxr, < C, +C,1x1, < (,;

mo MHOMHCECMBO (2) ecmb uHmezpaivHoe MHO2000pasue o0ns (1).

xq,!
Joxaszamenvcmeo. Ilycts X 0-*0 (t)=x(t) MPOU3BOIBHOE pericHHe ypasHeHHs (1), 4To

(©x(t]o) to) € ﬂ'(.fc') ¢ sepostHoctbto 1. Ilpumenss x mpoueccy V] (x(£),!)0606mennyro
dbopmyny Uro [25, Teopema 2, ctp. 274], umeem

Z ~
E g 11 (0.0 = Vi(x0.10) = [EL; (x(5),5))ds.

)

X0,10
Otkyna, B cuny yeaosuii (8) u (10) uveem

E Vi(x(1),1) <0 (12)

X0,10
Ast Vizt,. [Monyuaem, uro (12) uMeeT BUg
E 1oV A0),0,5(0),) <0,
Vuureas npu stom yenosue (3) mmeem, uro V(A(x(¢),1),x(¢),t) =0ans xaxmoro ¢ ¢

BepostrocTsio 1. Tlostomy A(X(),1) = O ama xaxmoro € = £, ¢ BeposHOCTBIO 1.
OTcroaa mosyyaem, 4to

P osup || A(x(0),0)[=0p =1,
l‘l'Zl‘()
t;ie0”

rac Q_ - MHOKCCTBO HCOTPULATC/IBHBIX PAlMOHAJIBbHBIX YHCCII. Ho B CUIy HCHPCPBIBHOCTU CIIpaBa

TPacKTOPHil X pyeem

Py osup [[A(x(0),0)[= 0= P4 sup || Ax(0),0)|I=0¢=1.
7 21 t; >ty
10"

Tocaearee o3HauacT uusapuanTHOCTh MHOXKecTBa MIT) 118 cuctemsr (1).
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Jlokaxkem Teneps 2 — yeroifumBocts mo BepostHoctd Muoxkectsa ME) . ITns storo Bossmem
POM3BOIIBHOE A0CTATOUHO Manoe uncno € = @ | mpomssonsHslil MoMenT Lo 1 HauanbHyro Touky Yo-
Paccmotpum  penicHue xxo’lo (1) ypasmerma (1). Tyers 7, =mf{¢| A(x(?)|> €}, a
Ty (t)=min(z sl ). Toraa, ucrioms3ys dopmyay Jderakuna [23, ctp. 274], momyumm

E otV (UK (0),7 (0):x(20 ()74 (1)) =
T (1) (13)
[ TV (Ar), ) (), w)el,
‘0

=V (Ux0,t0).%0-10) + Exy 1,

oTKyaa B cuiy (10) BEITEKACT HEPABSHCTBO
Exg to V(AT (0).72(1)):X(7 (1)), T2 (1) <V (AUX0,10):%0,10)
KOTOPOE € y4ueToM (9) MOKHO MEPeHucars B BUAC:

[ allAx(ze).2e)DPey 10 (d)+ | a(| A0 )Py 1, (de0) <
7. <l 7.2t

<V(A(xg.tg):%g.t0).

aA(&)Px 1o 1Te <13 <V (Ux0,10):%0,10)-

B cuny menpepwisHoctd mo A byukmm V(A xg,60) n V(0;x,1) =0 us nocneanero nepa-

CreaoBarebHo,

BCHCTBA BBITCKACT COOTHOIICHUC

Am ) ost0 e <=0,

KOTOPOE BJICUCT 32 OGO A -yCTOHIHBOCTH A(?) B cootBercTBHH ¢ onpeaciacHuem 3. U, yaureiBas
ouerky (11), monyuaem ' -ycTOHNYHBOCTS MHTETPATBHOTO MHOTOOGPA3HS A(I ) ypasueHus (1).

Teopema 2. Eciu Ons npoyecca x(t ) onucvieaemozo ypasneruem (1), cywecmeyem @yHxyus

JIanynoea V(A;x,1) € C22', V(0;x,¢) = 0 co ceoiicmeanu

ft
Vidix,)za(l| 4])),ae K, ©)
V(A x,0) <b(| A]]),beK; (14)
LV <—c(||A|),cek; (15)

U, KPOME TOTO, BEKTOP-QYHKIIHS A= /1(x, 4 ) YAOBJICTBOPACT YCIOBHIO
| A0 > e(p), @€k, (11)

To mHTErpanbHOe MHOrooGpasue A(7): A(x,#)=0 ypasuenus (1) acummroruuecku £ -ycroitumso mo
BECPOSITHOCTH.
Jokazarenscrso. Ilo Teopeme 1 yemosus (9) u (15) obecneunBaor A -yCTOHIHBOCTE A(t ) o

sepositHoCcTH, a (11) Biewer 3a co6oit £ -ycTOHYHBOCTD 110 BEPOSTHOCTH HHTCTPATBHOTO MHOTOOOPA3Hs
AD).
JIOKaKeM CIPaBeAUBOCTD COOTHOMEHHS (7) - ACHMITOTUYCCKON A -yCTONYMBOCTH MO BEPOATHOCTH

A(?), u u3 onenxu (11) Torma GymeT CIeI0BATh ACHMITOTHUYCCKAs £  -yCTONYHBOCTD MHTETPATBHOTO
muoroobpazust A(?) .
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Mycrs amamormuno Tteopeme 1 7, =inf{¢|| A(x(0),0)|[> €}, 7.(1)=min(z,,70).
06o3HaumM d4epe3 ® MHOKECTBO BHIOOPOUHBIX TPACKTOPHE Mpomecca xxo,to (t ) TaKHX, 4YTO

. (1) =1, L=0. 10 coms 1o TPAacKTOPHH, KOTOpPBIC OO MOMEHTa [ HE BBIIIH W3 MHOXKCCTBA
|| A(x(¥),t)||< &. Toraa mo Teopeme 1 creayer

lim P ZO{R}zl.

120y |0 707

U3 (14) u (15) BeITeKACT HEPABCHCTBO
Exq oV (M7 (1)), (0):x(7 (1)), 7 (1) <V (A(X0,10):%0,10)
T.e. cayuaitneii npouece V(A(x(t P ().t ° (). x(t P ().t P (t)) sBAsETCH HEOTPULATETLHBIM

cymepMaHTHHranoM U mo Teopeme Jy6a [16] ¢ BeposiTHOCTBIO | U1 TPACKTOPHIL M3 MHOKCCTBA
CVIICCTBYCT KOHCYHBIN MPCACTT

lim V(A7 (0)),7,(0):x(7, (1)), (1)) = lim V(A0 %(0),) = 2.

[—>0

TTokaxkeM, 4TO C BEPOATHOCTBIO 1 71 = 0. Jl0Ka3aTeabCTBO MPOBEAEM OT MPOTHUBHOTO, T.¢. MPEA-
* %
TONOKKM, 4TO Halizercs xots 661 ogna mapa Xo,lg € Uy, rae Uy = {x:|]| A(x,0)||[<é&}, rTaxas,

YTO 7St BBIGOPOYHBIX TPACKTOPUH M3 MHOJKECTBA R ¢ BEPOATHOCTBIO (] BBIMIONHACTCS COOTHOLICHHE
lim V(AG(),0);x(0).0) = Vs > 0.
[—>0

Torma u3 ceoiictBa (14) GeckOHEUHO ManoOro BeICHIErO Tpeacaa (QyHKuuM )} BBITEKAET, 4TO C
BCPOATHOCTBIO (]

) -1
lim [| A(x(0),0)[[2b (V) > & > 0.
{—00
Jist maapHEHINX PacCyKACHHI HaM HEOOXOIHUMO J0KAa3aTh CBOWCTBO BO3BPATHOCTU BBIOOPOUHBIX

TPACKTOpUM mporecca xxo’lo (), npuUHAANCKAMUX MHOXKECTBY R MO OTHOWICHUIO K 00JacTh
{| Ax(@),0)||[<Vv} ans xammoro V. O0<v<g [lelicteutenbHo, am Takux V H BCEX
{x:v | AUx(t),1)]||< €} us crporoit morotornocTu C(7') Bhmonnsercs ouenka LV < —c(V).

x0,l
[ycts 7V - mowent nepBoro BEIXOZA mpouecca X O O(t) uz obmactn V|| A|L e
Ucnonsays (13) umeem

—1 ‘
Exy o7 () —to <™ (WV(Ax0,10):X00);
OTCIOZIa HA OCHOBAHHHU HEPAaBEHCTBA YeObIIeBa MOTyIuM
-1
c (WV(Axqg.tg):x0,t
0-*0 t
[epexons k mpeaeny npu [ —> 00, GyaeM UMETh

Py

PX

0.0 {7 <oh =1, (16)

X0,
9TO JOKA3HIBACT BO3BPATHOCTH TpaekTopwii mpouecca X 07 O (1), mpumaanexamux muoxectsy R mo
ornomenuio k {|| A(x,1)||[<V}.

U3 (16) u crporoii MapkosocTu mponecca X(¢) momyuaem as mo6oro ¥ > 0
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q =P oAlim || Ax@0,0 > &} =
X0t 1w

= [ R, Uiml AGO.0 | 83, (" cdrx(r) edv)<
> {—>0 X5t

x| Axn=vio

< sup Px 3 {lim || A(x(0),0) | &},
{x:\\fu(x,t)HgV)tO>O} 000 (s

YTO MPOTHBOPEUHT A -YCTOHUMBOCTH 110 BEPOSTHOCTH HHTEIPATBHOTO MHOTOOOPA3Hs A(f )
Takum 0oGpasoM, Asl MOYTH BCEX BBHIGOPOYHBIX TPACKTOPHI MHOMKECTBA & ¢ BEPOSATHOCTHIO |
lim || A(x(7),£)|= O mpu t —> o0 ana seex X € U (0). Orcrona u us ouenxu V(A x,1) = a(| A[) ax

noutu Beex Tpackropuii u3 R cneayer lim || A(x(?),7)|= O, otkyaa ¢ yuetom (16) u ouenxu (11)
t

—>00
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AHAJINTUKAJIBIK TYPAE BEPUITEH MHTETPAJILIK KONIBEHHEHIH
CTOXACTHKAJBIK OPHBEIKTBLIEITBI TYPAJIBI

M. H. Taey6eprenos’, I'. K. Bacimna®

"MaTeMaTHka KOHE MATEMATHKAJIBIK MOJCHACY HHCTHTYTHI, AmMarsl, Kazakcras,
2Am>-<1>apa6n arstHAarsl Kasak yrrTeIk yHEBepCHTETI, AmMmarsl, Kazakcran

Tipexk ce3aep: Uro mudhpepeHImanIbIK TEHACY IEPi, OPHBIKTHUIBIK, BIKTUMATIBIK, HHTCTPAIIBIK KOIIOCHHE.

Annoramua. A M. Jlsmyrosreig, H.I'. Yeracstin, .I'. MankurHIH XK0HE Tarbl 0aCKaJIapabIH KYMBICTAPBIHAA
IOJICTIACHTCH, kol auepeHInATIBIK TCHACY I KIACBIHAA TYPTKUICHOCTCH KOFAIBICTHIH, OPHBIKTBLIBIFBI TYPAJIBI
JIanyHOBTHIH (DYHKUHAIAP OMICIHIH KIACCHKANBIK TCOPSMANAPHI KOHE OJNAPABIH TYpii sketimmipynepi B.T. Mar-

pocosTsiH, B.U. 3y6oBTIH, U.B. MabiueBThIH #KoHEe GacKamapasiH sxymbicTapbiaa V( o,1) ypinzgeri Jlanyros
dyHxumsIapeHbIH KeMeri apkbusL, MyHma 0 = p(x,M) keckimaeymi x HykreciHeH )/ >KWBIHBIHA NCHiHTI Ka-
IIBIKTHIK, MHBAPHAHTTBIK YKUBIHAAP *KAFAAMBIH/A KAMNBUIAHAIBL. £ KABIKTHIFBIHGIH (yHKUmACH peringe V' ( p,1)
(OYHKIMSIAPBIH KYPYJIBIH KUBIHIBIFBIH €CKEPE OTBIPHIN, koi AudepeHmmaTaplk TeHACYIepAiH Oar apiaMambIK
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KO3FaJBICHIHBIH, TeHAeynepin Typrery ecedinme A.C. INammymmunin, U.A. Myxapmavosteie, P.I. Myxamenus-
HOBTBIH XOHE 0aCKaIapAbIH KYMBICTAPBIHIA >KUBIHHBIH AHAMTHKAIBIK CYPETTEY] MANHIATAHBLIANB] SKOHE HETI3IHAC
SKUBIHHBIH, OPHBIKTBUIBIFBIH 3€TTEY eceOi Oenrim Oip sKyHEeHIH KOPHEK] IICIIIMIHIH OPHBIKTBUFBIH 3CPTTEYTE JKEIi-
Heni. Kopcerinren aBropiapabiH »KyMBICTapbIHIA Kak audepeHmanablK TeHAeyIep KIachiHAa eKiHmi JIamyHoB
SMICIHIH TEOpPEMATAPBIHBIH TOPI3ACCTIT AHAMHTHUKAIBIK TYpAC OCPLITCH HHBAPHAHTTHIK >KUBIHAAD VIIH ASJICI-
JCHEN].

ATtamvpimn skymbIcTa JIIMyHOBTHIH, (pyHKIMSIIAp 9ici apKeLibl MTo muddepeHInanaplk TeHACYICPiHiH HHTE -
TpanAbIK KeIMOCHHENCPiHiH BIKTHMAIIBIK OOWBIHIIA OPHBIKTHUIBIFBIHBIH >KOHE ACHMIITOTHKAIBIK OPHBIKTBLIBIFbIHBIH
JKETKUTIKTI IMAPTTaphl KE3ACHCOK TYTPKLIL TOYEICI3 6CIMIIETI YPAICTEP KIACHIHA ATBIHIBL.

Hocmynuna 07.07.2015 2.
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ABOUT SELF-CONJUGACY SIGNS IN ESSENTIAL
THE OPERATOR OF STORM LIOUVILLE

A. B. Imanbaeva, S. T. Ahmetova, A. Sh. Shaldanbaev

M. Auezov South-Kazakhstan State University, Shymkent, Kazakhstan.
E-mail: shaldanbaev51@mail.ru

Keywords: sclf-conjugacy in essential the operator, the operator Shturma-Liuvillya.

Abstract. Definition 1.1. Densely certain operator A in Hilbert space is called symmetric, if 4 = A", that
D(4)c D(A*) isif Ap = A" forallp € D(A).

Definition 1.2. The operator is called self-conjugate, if 4 = A, that is in only case when . 4 when it is
symmetric and D(A) = D(A* )

The symmetric operator always allows short circuit, as D(A) - D(A* ) so, area densely century. If 4 < A”,

it is symmetric, A" - the closed expansion A .. Therefore the smallest closed expansion A~ o of the operator A
has to containin A", so for the symmetric operator we have

AcA™ c A",
For the closed symmetric operator we have
A=A c A",
and for the self-conjugate operator
From here it is visible that the closed symmetric operator is self-conjugate in only case when when it is
symmetric.
Definition 1.3. The symmetric operator is called in essential self-conjugate if his short circuit is self-conjugate.
If close, the subset is called as essential range of definition of the operator if short circuit of narrowing of the
operator on coincides page.
If in the essential it is self-conjugate, it imt one and only one self-conjugate expansion. Really, if to assume that
- self-conjugate expansion, it is closed and from it is received. From here. Therefore.
Fairly and the converse, namely if the operator has one and only one self-conjugate expansion, - it is self-
conjugate in the essential.
We will note that the symmetric operator can have many self-conjugate expansions or absolutely not have
them.
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