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VY pobomi susHaemsCs acumMnmomuyta noeediHka HeasmoHOMHOT KOAUBHOT Cucmemu, AKxa ONUCy-
emves JudepenyiasvHum PIBHAHHAM MPEMBO20 NOPAIKY 3 MAAUMU NEPIOOUMHUMYU HEATHITHUMU 306-
HIUWHIMU 30ypeHHAMU muny bazamosumiprozo “6inozo” ma Ilaycconiscorozo wymis. Posessdaemovces

PE3OHANCHULT BUNGIOK.

Karomwosi caosa: memod ycepednenna, HEABMOHOMHG KOAUSHA CUCTEMA, CMOTACTUYHE Judeper-

YLaADHE PIBHANMHA, PE3OHAHCHUT 8UNAJOK.

The asymptotic behavior of non-autonomous oscillating system describing by differential equation

of third order with small periodical non-linear external perturbations of multidimensional “white noi-
se” and “Poisson noise” types is studied. Every term of external perturbations has own order of small
parameter . If small parameter is equal to zero, then general solution of obtained non-stochastic third
order differential equation has an oscillating part. We consider given differential equation with external
stochastic periodic perturbations as the system of stochastic differential equations and study the limit
behavior of its solution at the time moment t/c*, as ¢ — 0. The system of averaging stochastic di-
fferential equations is derived and its dependence on the order of small parameter in every term of

external perturbations is studied. The resonance case is considered.
Key Words: averaging method, non-autonomous oscillating system, stochastic differential equation,

resonance case.
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1 Introduction

The averaging method proposed by N.M.Krylov,
N.N.Bogolyubov and Yu.A.Mytropolskij ([1], [2])
is one of the main tool in studying of the
deterministic oscillating systems under the acti-
on of small non-linear perturbations. The case of
small random "white noise" type disturbances in
oscillating systems of second order is considered
in papers of Yu.A.Mytropolskij, V.G.Kolomiets
([3]). The autonomous and non-autonomous osci-
llating systems of second order under the acti-
on of "white noise" and Poisson type noi-
se perturbations are studied in the papers of
O.V.Borysenko ([4], [5]). Particular case of the
third order oscillating systems are investigated in
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articles of O.D.Borysenko, O.V.Borysenko ([6]),
0O.D.Borysenko, O.V.Borysenko and I.G.Malyshev
(7], [8]). Limit behavior of autonomous and non-
autonomous (non-resonance case) third order osci-
llating system under the action of external small
nonlinear random disturbances such as multidi-
mensional "white noise“ and "Poisson noise” was
studied in (]9], [10]).

This paper deals with investigation of the
behavior, as ¢ — 0, of the general type third
order non-autonomous oscillating system driven
by stochastic differential equation

2 (t) + ax” (t) + b?2' (t) + ab’x(t) =

= 5kof0(/‘0tv SC(t), x/(t)7 x”(t))+
+fe(t, (1), 2'(t),2"(1))

(1)
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with non-random initial conditions z(0) = Then
/ _ / " _ 1/ :
zo,2'(0) = z5,2"(0) = /arol,, v'vhere e > 0is a b (t) + 2 (1)
small parameter, f.(¢,x,2’,2") is a random functi- N(t) = @1
on such that “ sin bt
Ai(t) = cosacos(bt + a)x(t) — 2 (t)—

t A

fo fe(s,2(s),2/(s), 2" (s)) ds = Yi ) ¥ x sinasin(bt + ) , ;

X fg fi(pis, x(s), 2/ (s), 2" (s)) dw;(s) + eFm+1 x - b2 (1),

. cosbt ,

. As(t) = cosasin(bt + a)x(t) + 2 (t)+
< [ J Frt (s, 2(),2/(), 27 (s), 2) v{ds, d2), s cos(bt +0)

0 R b2 ’
k; > 0,i = 0,m+1; f; are non-random functi-
ons, periodic on w;t, i = 0,m + 1 with period 2; where o = arctg(b/a). We can apply Ito
wi(t),i = 1,m are independent one-dimensional formula [11] to stochastic process §(t) =

Wiener processes; v(dt, dy) is the Poisson measure
independent on w;(t),i = 1,m, Ev(dt,dy) =
[I(dy)dt, v(dt,dy) = v(dt,dy) — I(dy)dt, TI(A) is
a finite measure on Borel sets A € R, a > 0,b > 0.

We will consider the equation (1) as the
system of stochastic differential equations

dz(t) = ' (t)dt,

da'(t) = 2" (t)dt,

da"(t) = [—az" (t) — b2 (t) — ab’z(t)+
+ e fo(pot, z(t), 2 (t), 2" (t)) + eFm+1 x

2)

X é St (et x(t), &' (2), 2" (1), 2)1(d2)]dt+

+ > ek (it w(t), 2 (8), 27 (t))dwi () + 51 x
=1

X [ fmt1(Bmaat, z(8), 2 (), 2" (t), 2)v(dt, dz),
R
z(0) = xo, 2/(0) =z, z"(0) = zf.

In what follows we will use the constant K > 0 for
the notation of different constants, which are not
depend on .

2 Main result

We will study the possible resonance case: p; =

Z—;b for some j = 0,m+1, where p; and

qj are relatively prime integers. Let us consi-
der the following representation of processes

x(t), 2 (t), 2" (t):
z(t) = C(t)e™™ + A1 (t) cos(bt) + Aa(t) sin(bt),

2 (£) = —aC(t)e" — bAy (t) sin(bt) + bAs(t) cos(bt),
2" (t) = a®C(t)e™ " — b2 A, (t) cos(bt) — b* Ao (t) sin(bt),
N(t) = C(t) exp{—at}.

(N(t), A1(t), A2(t)) and obtain for the process £(t)

the system of stochastic differential equations

1
dN(t) = —aN(t)dt + mdﬂ(t)
sin asin(bt + «)
dA(t) = — B dH(t) (3),
sin av cos(bt + o
dAs(t) = b2( )dH(t)
bzg +
YO g,
a*ro —x
A0 = T
A,(0) = azf + (a* + b?)zf + ab®x
2 b(a2 + b?) ’

where
dH (t) = [" fo(pot, N (t), A1 (t), Ag(t),t) 4 ehm+1x
« / For (imsnt, N(£), Av(£), Ao (), £, 2)TI(d)]dt+
R

3R Fiit, N (1), As (1), As(t), t)dwi(t) + P+ x
=1

x / Fnr (g1t N (1), Av (), As(t), , 2)5(dt, d2),
R

fi(,u,it,N,Al,Ag,t) = fi(MitvN + Ajcosbt +
Ay sinbt, —aN — bA;sinbt + bAjcosbt,a®?N —
b?Al cosbt — b*Agsinbt), i = 0,m,

fm-}-l(ﬂm—‘,—lt,N,Al,AQ,t; Z) = fm+l(Mm+1t7N +
Aijcosbt 4+ Agsinbt,—aN — bAisinbt —+
bAs cosbt,a®? N — b? Ay cos bt — b? Ay sin bt, z).

Theorem 2.1. Let II(R) < oo, t € [0,t], k =
min(ko, 2k1, . .., 2km, kmy1). Let us suppose, that
functions f;,7 = 0,m + 1 bounded and satisfy Li-
pschitz condition on z, x', x". If given below matriz
52(A1, As) is non-negative definite, then

1. Let p; = %b for all j = 0,m + 1, where
pj and q; are some relatively prime integers. If
ko = 2k; = kma1, 1 = 1,m then the stochastic



Bicnux Kuiscvko20 HauionaibH020 YHIGEPCUMEMY
iment Tapaca Illesuenxa
Cepia: $iszuro-mamemamusni HAYKY

process & (t) = £(t/e¥) weakly converges, ase — 0,
to the stochastic process £(t) = (0, A1(t), Aa(t)),
where A(t) = (A1(t), Aa(t)) is the solution to the

system of stochastic differential equations

dA(t) = af ())dt+0(ﬁ(t))d@(t),
A(0) = (A1(0), A2(0)),

where a(A) = (@ (A1, Az),a? (A, Ag)),

d(l)(Al,Ag) =
21 27

1
" 4m2b(a2+4b2
b ) pon+qol=0 0 0

x(asint + beos)e ") de dip+

2m 2w
+ Z ffffm+1(¢7A17A27¢7z)X

Pm+1n+gm+11=0 0 0 R

X (asin ) + bcos @b)e_i(”wﬂ‘b) I(dz)do dy| ,

a? (A, A) =

1 27 2w

= | 2 ) fo, A Ay ) x
pon+q0150 00

x (a costh — bsiny)e = M H®O) 4 dap+

21 21 .
+ Z f fffm-i—l(w’Al’A??(z)’z)x

Pm+1n+qgm+11=00 0 R

—i(ny+ld)

X (acost — bsin)e II(dz)dody |,

1
_ 2
o1, 42) = { B 40) ) = (b

B(w) = (Blj(w)vlm] = 1)2)7
B11(%) = (asint + bcos )2,

Bia(¢) = Ba1(¢) =
—(asiny + beost)(acosth — bsin ),

Bas(1h) = (acostp — bsiny)?,
f:j(¢aAlaA2a¢) =
fnr1(¥, A1, Ag, ¢, 2) =

w(t) = (wit),i = 1,2),
independent one-dimensional Wiener processes.

2. If k < kg then in the averaging equation
0; if & < 2k; for some
1 < j <'m, then in the averaging equation (4) we

(4) we must put fo =

(4)

Z f ffo(w7A17A2,¢) X

f:j(d}aOaAlaA2a¢)a j = W

fm+1(¢707A17A27¢7z)7
w;i(t),i = 1,2 are
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must put fj =0 for all such j; if k < kp41 then in

the averaging equation (4) we must put fing1 = 0.

3. 1If uj # ‘%b for some j = 0,m+1 and any

relatively prime integers p; and q;, then in averagi-
ng coefficients in (4) we must put | = n = 0 in
corresponding sums containing f;.

Proof is the similar to the proof of the

Theorem 3.1 in [10].
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