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Ompumano 00cmamti yMosu ACUMIMOMUYHOL OUCUNAMUBHOCTE 8UNAOKOBOI e8ONoYil 3 IMNYIbCHUM
30ypenuam ma MapxogcoKumu nepexioyeHHamu

Kniouoei crosa: acumnmomuyna oucunamueHicms, npoyec 3 iMnyabCHUM 30YPEHHAM, 2PAHUYHA
€B80.1I0Yisl, 2eHepamop MmpbOXKOMHOHEHMHO20 MAPKOBCLKO20 NPOYEC).

In the paper are considered dissipativity of the random evolution with impulse perturbation as a term
with Markov switching of evolution and of process with independent increments that generates an impulse
process. The form of the asymptotic process through small parameter series and solution of the singular
perturbation problem for the generator of corresponding three-component Markov process was established.
It was obtained sufficient conditions of asymptotic dissipativity of the random evolution in the terms of
Lyapunov function properties of averaged system using stationary distribution of Markov switching process.
Conditions of exponential stability of the averaged system turned out crucial and the condition of balance on
the first moments of impulse process necessary for construction of a generator of the limiting process. At the
same time assumption of the ergodicity of Markov switching process in a standard state space of the process
is essential. Basic methods of proof are described in the V.S. Korolyuk, N. Limnios monograph about
stochastic system in the phase dimensional space. Continuous stochastic approximation procedure with
impulse perturbation under balance condition is studied in Ya. M. Chabanyuk works.

Key Words: asymptotic dissipativity, process with impulse perturbation, limiting evolution, generator of
the three-component Markov process.

CraTTio pencTaBuB 1.T.H., mpod. Akimenko B.B.

Croxactuuna  eBomomiiHa  cucrema 3 7(B),Be X, reneparopom Q i moreHImianom o
IMITYJIbCHUM 30YpEHHSIM 3aJa€ThCSl CTOXACTUYHUM
auepeHIiaTbHUM piBHIHHIM [1]:

du’ (t) =C(u” (t); x(t / £*) ) dt + dn® (t),u” (t) € R* (1)

ne u(t) — sumagkoBa eomromis, t>0; C(u;x) —

Hporo R;.

Ienepatop MapkoBchkoro mponecy X(t/&*),
t >0, Mae BUIIIAL

Qo(x) = Q(X)jX Q(x, dy)fe(y) — o(x)] ()
n®(t),t >0

¢ynkuist perpecii; X(t) — MapKOBChKHii mpoiec Ha
IMnynbcHMIT  Tpomec  30ypeHb

BU3HAYEHUI CHIBBIAHOIIEHHIM

npocropi (X, X)[2] 3i crauioHapHUM pPO3MOALIOM
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n°{t) = jng (ds; X(S/ez)),

1e CiIMEHCTBO MPOLIECIB 3 HE3ATICKHUMU IPUPOCTAMHU
3a/1a€ThCS TeHEPATOPAMH

T (U, w, ) =
= g-“jR [o(u + £, W, X) — o(u, W, X)IC(dv, X), (3)
L (), w, x) =
4 2 (4)
=g jR [o(u,w+ &7V, X) —@(u,w,X)]T(dv, X).
leneparopu (3) ta (4) Ha TecT-QYHKIIAX
¢(w) € C*(R) MaroTh mpe/cTaBIeHHs

L (X)p(w) = ¢ Ty () (w) +

: (5)
+I, (X)p(W) + 7 (X)p(W),
e
I, ()0(W) = b, (x)¢'(W), (6)
2000 = 25, ()9"(w) 7)

BseneMo mozHayeHHS
LOe(u,w) = [ Cu, X)) (u, W)z (dx) +
+[ B (R (X)) (u, w)re (dx) +

+], b ()9 (U W (dx) -
T, 00R, L, (%) + T, (0 + C () (u,w)
I'panununa esostromist cucreMu (1) € po3B's3komM
audepeHiaTbHOrO PiBHSHHS
du(t) = a(u)dt + cdW (t), 8)
ne W (t) — BinepiBchkumii mporec, a(Uu) mMae BUTIISA
a(u) = jx C(u, X)7 (dX).

mudy3is o
CHIBBifHOMLICHHIM O -0 = B, e

B =2[ b, (x)Ryb, () (cx) + [ b, (x)7(dx),
by (x) = [ vI'(dv,x), ©)
b,(X) = IRVZF(dv, X). (10)

Hexaii Takox BUKOHYETBCS yMOBa OajlaHCy

Fp aHW4YHa 3aJaHa

[ b.O0m(dx) =0. (11)
Ta BU3HAYCHUII orepaTop
C(X)p(u,w,x) =C(u,X)o'(u,w, x). (12)
Osnauennsa 1. Cucrema (1) Ha3uBaeThCs
ACHMITOTUYHO JIMCUITATHBHOIO, SIKIIO
JMCHUITaTHBHOIO € 1l rpaHnyHa eBomtonis (8) [3].
Teopema.

Hexaii icaye dynxuis JIanynosa V(u) eC3*(R?)
CHCTEMU

du/dt=a(u), (13)
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110 3aJI0BOJILHSIE YMOBH:
CLI T, () R[LO)V (u)]I< MV (u), M, > 0;
C2:| T ()R [ (x)V (U)][< M,V (u), M, > 0;
C3:[ T, (x)R, [T, ()V ()] [< MgV (u), M, > 0;
C4:|COIR[I, (X)V (U)]I< M,V (u), M, >0;
C5:( T} () RLLOOV (u)]I< MgV (u), M > 0;
C6:| T, ()R [ (x)V ()] < MgV (u), Mg > 0;
C7C(IR [T (x)V (u)][< MV (u), M; >0;
C8:|C(X)R,[L(X)V (U)]|< MgV (u), M, > 0;
CO:| T, (X)R[L(XV (U)]|< MgV (u), M, >0.
Hexaii BukoHyeThcsi ymoBa Oanancy (11) ra

HEpIBHOCTI
a(u)vV'(u)<cV(u), supPo(u)P<c,,

uer?

(14)

ne ¢, >0 rac,>0.
Toni cucrema (1) acMMIOTOTHYHO JUCUIIATHBHA.
Hoseodenns meopemu.
Jlema 1. T'eHeparop TpPHOXKOMIIOHEHTHOTO
MapKOBCBKOT'O IIPOLECY

u®(t),n° (t),x(t/&*)t>0
BU3HAYEHUI CHIBBIAHOIIEHHIM
L° (X)(u,w,X) = £ *Qep(u,w, X) +

+I7;, (X)p(u, w, X) + C(X)p(u, w, X) + (15)
+eI (X)o(u, w, x),
e TeHepaTop  MapKoBChKoro mpomecy — Q,

Bu3HaveHuit B (2) ta I (x) i I';,(X) — reneparopu,
nperncrasieHi ciiBigHomenHsMH (3) 1 (4).

Jlosedenns. 'enepatop MapKOBCHKOTO MPOLECY
Ha 30ypeHid TecT-QyHKUii BH3HAYa€THCS 31
CITIBBIIHOILIEHHS

L (X)p(u,w,x) =
= lim| E[o(Uf,, W, %) ~ o, w0

A—0
=uw () =wxt/e*)= x]/A.

Homamo Ta  BimHIMEMO B  YMOBHOMY

MaTeMaTUYHOMY criofiBaHHI @(U,W,, ,, X, )
E[(p(utiA J WtiA J XtiA) - (p(U tWeiar X )] -

_E[(p(u'\NHA ' X’[+A) - (p(U,W, X)]

Poskman u;,, Mae BUIIISn
us, =u+C(u,x)A+eAw+0(A).

[linctaBuMO OTpuUMaHuWii BUpa3 B MeEpIIMH
JOAaHOK YMOBHOI'O MaT€MaTHYHOIO CIIOiBAHHS

Elp(u+C(u,X)A + AW+ 0(A), W, Xi\ 0 ) —

—o(U, W50 X))
Hexait z =u+C(u,X)A+0(A).

ué(t) =
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Jlomamo Ta BigHiMeMO ¢(Z) B CHiBBiAHONICHHI
IU1s YMOBHOT'O MaTEMaTUYHOTO CIIOAIBaHHS
E[(P(Utgm , WtiA ! thm) - (P(u Weias Xiia )] =
= E[p(z + AW, W, ,, Xi2) —

—(p(Z, VvthrA J th+A )] +
+ E[(p(z' VVtiA , th+A) - (p(U, Vvtg+A ) th+A)]'
Ockinbku reneparop Iy, (X) Mae Burisag

I (0p(w) = lim( Elp(w-+Aw) ~ p(w)]/ 4),

1A rpaHI/ILIi MepuIoro JOAaHKy OTpuMaeMo
- 1 & & & & —
LergZ E[(P(Z + EAW, Weias X‘HA) - (p(Z'WHA 1 X‘(+A)] -

=&l (X)p(u,w, X).

Pozxmagemo  ¢(z,W,,,,X.,) 3a ¢opmyioro
Teitnopa
PU+C(UX)A+0(A), Wy, X, 5) = P(U W3 Xi0) +
+0'(U, W, X, )(C (U, X)A +0(A)) +0(A).

[ligcTaBUBIIM OTPUMAHUN PO3KIIAT, MAEMO

- 1 & & & & —
lim— E[(p(Z'\NHA'XHA) _(p(u'\NHA'XHA)] -
A—)OA

- Iimi ELp'(U, W, %, )(C(U, )A+0(A)) + 0(A)] =

A—0
=C(u,x)@'(u,w, X).
A Takox,

1
mz Elp(U, W, ;%) — (U, w,X)] =

=&'Qo(u,w,X) + T (X)(u, w, X).
3BiacH,
L (X)(u, W, X) = £ *Qe(u,w, X) +
+I5, (X)e(u,w, X) + C(u, X)e"(u, w, X) +
+eI (X)p(u, w, X).
OCKiNbKM BHKOHYEThCS CriBBigHOMmEHHS (12),
TO OTpHUMaEMO reHeparop Burisiay (15).

Jlema 2. Teneparop  (15)
ACHMIITOTUYHE TIP/ICCTaBICHHS

L* (X)p(u,w,X) = £ *Qe(u,w, X) +

JOIYCKae

+&72T, (X)p(u, W, X) + T, (X)p(u, W, X) + 16)
+C(X)p(u,w,X) +&T; (X)e(u,w, X) +

+6° (X)p(u, W, X),
ne
6% (x) =y (x) + 0, (x) + eI (x), 17)
a Il (x),I',(x) BusnHauarotbes (6) i (7), BinnmoBiaHo.
Jlosedenns.
[TincraBum y Bupas reaepatopa L7 (X)p(u,w,X)
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L (X)p(u,w,Xx) =
=&£7'Qp(U,W, X) + &, (X)p(u, W, X) +
+I0, (X (U, W, X) +7° (X)o(u, W, X) +
+C(X)p(u,W,X) + & T; (X)p(u, W, X) +
+el (X)(u,w, X) +6; (X)@(u,w, X).

3Bakaro4uM Ha MPEICTABICHHS 3aJIUIIKOBOTO
uneHa (17), orpumaemo reaepatop Buriany (16).

3pizaHuii TeHepaTop

L5 ()p(u,W,X) = & Qe (u, w,X) +
+&7 2T, (X)o(u, W, X) + & 'T% (X)p(u,w,X) +  (18)
HI, (x) + C(x)]e(u, w,X).
Jlema 3. Po3B'si3ok mpoOiemu
30ypeHHs s omepaTtopa Lg(X) Ha 30ypeHiit Tect-
¢GyHKIiT
o° (U,w, X) = @(u,w) + &2, (U,w,X) +

CUHTYJISIPHOTO

(19)
+&%0, (U, W, X) + £*p, (U, W, X)

BH3HAYAETHCS PIBHICTIO
L (00" (U, W, X) = Lo(u,w) + £°6; (X)o(u, W),
ne
6; (X) = T, (X)R, L(X) + Ty (R, Iy (x) +
+I0, (X) R, I, (X) + C(X) Ry, (X) + eT¥ (X) R, L(x) +
+el,(X)R, I} (X) + eC(X)R I} (X) +
+&°, (X)R,L(X) + £°C (X)R, L(X).
Hoeeoennsa. IlincraBumo (19) B (18)
Lo (X)¢° (U, w, x) =
=&£7'Qp(u,W) + &£ *[Qg, (u, W, X) + T, (X)p(u, W)] +
+& ' [Qp, (U, W, X) + Ty (X)p(u, W)] + Qep, (U, W, X) +
+I (), (U, W, X) +[I7,(X) + C(X)]eo(u, w) +
+e[I, ()@, (U, w, X) + Iy (), (U, w, X)] +

(20)

+&” [T, (X)s (U, W, X) + T (X), (U, W, X) +
[, () + C (0], (U, W, %) + 6T ()2, (U, W, X) +
+¢e[I,(X) + C(X)]p, (U, W, x) +
+67[I,(X) + C ()], (u, w, )]

Tyt, Qp(u,w)=0< Qe N,.

3 YMOBH pO3B'SI3HOCTI MPOOJIEMH CHHTYISAPHOTO
30ypeHHS

Qg (u, W, x) + T (X)p(u, W) =0,
Qg, (u,w,x) + Iy (X)(u,w) = 0.
3Biacu Ta 3 ymoBH Oanancy (11)
0, W, %) = RT, (X)o(u, W);
0,(U,W,X) = R,TY ()p(u,W).
A Takox,
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Qg; (U, w, X) + ', (X) ¢, (U, W, X) +
HI, (0 +C(9p(u,w) = Lo(u,w).
IlincraBumo 3HaueHHs ¢yHkuii ¢, (U, W,X) B
OCTaHHE CIiBBITHOIICHHS
Qepy (U, w, x) + I'y (X) Ry ' (X) (U, W) +
HI, (0 +C(9lp(u,w) = Lo(u,w).
BBenemo mo3HaveHHs
T ()R, (X) + T, (x) + C(x) = L(¥).
Tomig,(u,w,x) =R, I:(X)(p(u,w), ae
L(x) = L-L(x).
[lincTaBUMO OTpHMaHi pe3yabTaTH B OCTaHHIN
J0/IAHOK BHPA3y [Ulsl TeHepaTopa

L ()R, LX) (U, ) + T ()R, I (X)p(u, W) +
+I, ()R (X (u, W) + C(X) R,y (X) (U, W) +
+eTy ()R, L(X)e(u, W) + eT, (X)R,T5 (X)p(u, W) +

+eC(X)R,IY (X)@(u,w) + £°T, (X) R, L(X)p(u, W)
+£ C(X)R, L(X)e(u, W) = 6; (X)(u, W),
IIO CIIBIIA/IA€ 3 BUTIISAIOM 3aIMIIKOBOro wieHa (20).

3Bakatoun Ha ymoBu Teopemu C1-C9, BipHHM
Oyne oOMexeHHs 3anuikoBoro wieHa (20)

PO; (X)p(u,w)P< MV (u). (21)
3 tBepmkenns Jlemm 3, Bupasy (21) Ta
BUKOHAHHS YMOB MOIENbHOT TEOpEMH, MAaEMO

cnadky 30ikHICTb ([2], c.64)
(u* ()" (1)) > (G(t), oW (1)), £ —> 0.
Hexaii renep (d®V (u)/du) — moxinna ¢pysxuii
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JIanyHoBa, oOYKCIIEHa B3JIOBX TPAEKTOPIl
cucremu (8). Ockinbku ¢yHkuis JlsmyHoBa V (U)

3a/I0BOJIbHSIE YMOBI Jlirmuis
IV (u,) =V ()< Klu,—u |,

ne K-const, To
CIIBBiTHOLICHHS

dOV (u)/du<dV(u)/du+KPRs(UR dW (t)|,
e (dV(u)/du)
obuucneHa B3IOBX TpaeKkTopii AeTepMiHOBaHOI

cuctemu (13). 3rigao 3 ymoBamu teopemu (14) ([4],
c.23), MmaemMo

d®V (u)/du<—cV(u)+Kc, [dW (t)].
V (u) £V (u,)exp{-ct}+

+Ke, | exp{-c,(t - 5)}dW (s)]ds.

OO0unCcIMMO MaTeMaTHYHE CIIOIBAHHA 000X
YacTUH HEpPiBHOCTI

EV (u) <V (up)exp{—ct} +

BUKOHYETHCA HACTYIIHE

— mnoxigHa ¢ysknii JlsmyHoBa,

Otxe,

t
+Kc, jo exp{—c,(t—s)} E|dW (s)|ds.
3Bincu BumUmBac ominka ([4], ¢.23)

EV (u)
P{u(t)|> R}< v (), R—0

ueRrd?

Orxe, cucrema (8) aucunaTuBHa.

3 BHKOHAaHHS YMOB MOJEIbHOT T'paHUYHOL
TEOpEMH Ta JHCHUITATHBHOCTI TPAHUYHOTO TPOILIECY
cmingye, mo cucreMa (1)  acHMOTOTHYHO
JMCHUITaTHBHA.
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