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Abstract: We consider the systems of random differential equations. The co-
efficients of the equations depend on a small parameter. The first equation,
“slow” component, Ordinary Differential Equation (ODE), has unbounded
highly oscillating in space variable coefficients and random perturbations,
which are described by the second equation, “fast” component, Stochastic
Differential Equation (SDE) with periodic coefficients. Sufficient conditions
for weak convergence as small parameter goes to zero of the solutions of the
“slow” components to the certain stochastic process are given.

1. Introduction

In the paper, we consider systems of random equations with a small parameter ¢.
The first equation, the “slow” component, is an Ordinary Differential Equations
(ODE) with unbounded highly oscillating coefficients which depend on the Markov
diffusion processes with periodic coefficients, which are the “fast” component of the
systems. We will study the weak convergence of probability measures, induced by
the solutions of the “slow” equations to the diffusion process.

It is well known that, in the case of the Diffusion Approximation (DA), a drift
coefficient of the approximating Stochastic Differential Equation (SDE), includes
a derivative with respect to a space variable of the unbounded coefficients of the
approximated random differential equation (see Ch. 2.2). That means, we cannot
apply the DA results because of the highly oscillating character of dependency on
the € of the unbounded coefficient of the “slow” component. On the other hand,
we cannot apply the limit theorem for SDEs because the “slow” component is an
ODE, and consequently has no nonzero diffusion coefficient (the presence of strongly
positive diffusion coefficient is a necessary condition for such kind of theorems).

The method is a combination of the results of these two directions. We choose
the order of oscillation (parameter §) in such a way that the conditions, from the
DA‘s theorem ((A) and (AB)), allow us to get the nonnegative “candidate” to be
the diffusion coefficient, and then to use the second part of the conditions (from
the Limit Theorem for SDE: (B) and (C)) to obtain the limit process (see Chapters
2.2, 2.4).

The aim of this paper is to find the answers to the following questions:
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1. Is it possible to extend DAs results to be true in the presence of high oscillation
in space variable of the coefficients of the random processes? If the answer is yes,
what kind of the conditions need to be added to usual conditions of DA?

2. How does the presence of oscillation in the coefficients of the random processes
influence the order of convergence in DA? What is the precise order of convergence
in DA and how does it depend on the order of oscillation? What is the critical case?

For the second question, we get results that depend on an apparently critical
number (order of oscillation), equals to 1/2 (Theorem 3.1.1 below).

Asymptotic behavior of the solutions of the unperturbed stochastic equations
with unbounded drift seems to be considered for the first time in the papers [1],
[10], and [13].

For SDEs, with coefficients depending on a small parameter by irregular way
without random perturbations, necessary and sufficient conditions of the weak con-
vergence of solutions in more general situations are obtained in [11].

A different approach to the investigation of weak convergence of one-dimensional
Markov processes was demonstrated in [3].

The Averaging Principle for SDEs with random perturbations and highly os-
cillating coefficients was considered in [7]. In that paper, the first component of
the system is an SDE with a strongly positive diffusion coefficient. The asymptotic
behavior of the first components, on the time intervals of the order O(e™1), was
studied. Sufficient conditions for weak convergence of the measures, induced by the
first components, were stated and the apparently critical number (order of oscil-
lation), equals to 1/3, was obtained. In the present work, the first component is
a random ODE and does not contain a nonzero diffusion coefficient. This makes
the investigation of the limit behavior of the first component more difficult but,
instead, we consider the DAs scheme (on the time intervals of the order O(s2)).
The result here is Fractional Stability of the DA (note that the DA is a result of
the type of the functional Central Limit Theorem).

The study of the DA was initiated by Khasminskii R. Z. [6], and developed by
many authors (see, e.g. monographs [2],[15] and bibliography, and [12]). We note
that the case, when the coeflicients of the first equations have no high oscillations
with respect to space variable, the problems of the weak convergence of solutions
under the various conditions on the coefficients and random perturbations have
been studied.

A generalization of Khasminskii’s result [6], for a mean-zero fluctuation, station-
ary field, was considered in [8].

2. Conditions and preliminary results

Let (9, F, P) denote some probability space with filtration Fy, ¢t € [0,T]. Let E,, be a
n-dimensional Euclidean space, E; = [0, +00), symbol E denotes the mathematical
expectation, f(z) be a derivative of the function f(z), and V, is the symbol of the
gradient with respect to y € E,,. We denote different positive constants by C, with
indexes if need.

Let us consider a system of random equations, ¢t € [0, 7],

(2.1) fa(t)zfo-f—i/0t9<€€€(5s),ng(s))ds+;/Otc(gz(;),ne(s))ds

+ /Ot m(i(;) : ne(S))ds,
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22 a@=m+ 3 [ b2 [ o).

Here {w;(t), F;} is n-dimensional standard Wiener process. The processes . (t) €
E1m:(s) € E,, the constants &, no are non random; g(z,y), c(x,y), and m(x,y) are
functions from E; X E,, in E7; b(y), o(y) are the functions from E,, in E,, and L(E,,),
respectively; € > 0 is a small parameter, and ¢ is a fixed number from |0, %[ If the
equation (2.2) has a unique (in sense of law) solution, then the distribution 7. (tc?)
coincides with the distribution of process 7(t), the solution of the Ito stochastic
equation:

dn(t) = b(n(H)dt + o (n(t)) duw(t)
and does not depend on «.

Let us denote, by C'L (E\, Ey), the class of the functions f(z,y) which are k and
[ times continuously differentiable with respect to z € Fq, and y € E,, respectively.
The symbol “b” in the notation of this class (Cf:?l!’b(EhEn)) indicates that these
functions and their derivatives, of the stipulated order with respect to x € E1, are
bounded. Let a;;(y) be the components of the n x n matrix a(y) = o(y)o’(y), and
let b;(y) be the components of the vector b(y).

2.1. Conditions A and AB

We next introduce condition (A).
Condition (A)
Al. The functions a;;(y), bi(y) € C2(E,), and are periodic of period 1;
A2. There exists a constant Ay > 0 such that for every y,( € E,

aij ()G > Xol¢Ls

A3. The functions, g(x,y),c(z,y), and m(z,y) € Ci::i’b(ElaEn) are periodic of
period 1 in y.

Remark 2.1. Under the condition (A) the system (2.1), (2.2) has a unique strong
solution.

Let us denote by L* the operator which is formally conjugate to the generating
operator L of n;:

1< 02 - 9
L = — iq e i .

We shall denote by Y the unit torus in E,,. As it is well known (see, for example,
[1]), the next problem

L*p(y) = 0, AMM@=L

has the unique positive periodic, of period 1, solution p(y), and for a periodic of
period 1 function h(y) so that fy h(y)p(y)dy = 0, the next problem

(2.3) Ld(y) = h(y), Lawwzo

has the unique periodic of period 1 solution d(y) € C?(E,). Lemma 4.1. ([14]) gives
the estimation of the solution of the problem (2.3) by the right hand side h(y).
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The estimations of the solution of the problem

(2.4) Li(wy) = W), [ depy =0

and its first two derivatives with respect to the parameter z easily can be derived
form Corollary 4.2.

If [y h(z,y)p(y)dy = 0 and if h(z,y) belongs to the class C yu(E1, En), and is
periodic of perlod 1 with respect to y € B, then, by Corollary 4 2 the solution of
(2.4), d(z,y), is an element of C>2 wo (B, En).

We are going to introduce the “balance condition.”

Condition (AB)

For every x € Eq,

Let us consider the Poisson problem

(25) L¢($ay):—9($»y)7 /Y’(/)(xay)dy:

Remark 2.2. Under the Conditions (A) and (AB), problem (2.5) has the unique

solution 1 (z,y) € C>2 (B ).
Let us set
(2.6) a(z,y) = (o (y) Vyt (1,9))°,
(2.7) B(z,y) =c(z,y)+g(z,y) a%tﬁ (x,9),

and pe(z,y) := p(%,y), and I.(z) := I(5F).
Let us consider

2.2. Model example

Let us fix n = 1 and consider the system (2.1), (2.2) under previous assumptions,

t€0,T].
et =co+ L [ (L) costzmn. (o

(1) = 1o + S (1)

We will investigate the limit behavior of £.(t) as e goes to O
Let the Condition (A) is satisfied. Then, a(y) = 1, L = % d <, and the problem

has the unique solution p(y) = 1.
Condition (AB) gives fol cos(2my)dy = 0.
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In this case ¥(z,y) = D(x)U1(y), where ¥4 (y) = % is unique solution
of the problem

1
LYy (y) = —cos(27my), /0 Uy (y)dy = 0.

So,  W(x,y) = DB,
Then for the process

06000 = &0+ 0 (5 0)).

using [to’s formula, we get

0.(€. (1), n- (1)) = 02 (€0, m0) + 0 D( ) (5j>)cos2<zm<s>>ds

L ((j))sm<2wne< ) (5).

We will use the notation (2.6) and (2.7). Then

D? (m/55)
T

The process £.(t) is asymptotically “close” to the process

06 (6), (1)) = 6.(60,0) + =5 / B.(x)+ / JE@)dwn (s)

(the Lemma 4.6). So, using the conditions of classical DA, we can not pass to the
limit (the coefficients of the process 0. (£.(t), 1< (t)) still depend on a small parameter
€ by irregular way). It is obviously, to answer the question posed in the beginning
of the example we need some additional conditions.

We will return to this example later on after introducing needed conditions .

D (x/a‘s) D (x/a‘s) .

473

a.(z) = and fB.(x) =

2.3. Conditions B and C

We are taking in a mind the process (. (t),n.(t)) from the previous example.
The next conditions are natural for investigation of the limit behavior of the SDE
(compare for example with [11])

Let us introduce the next condition.

Condition (B)

B1. There exists a constant A\; > 0 such that for every z € E,
a(x) > A

B2. There exists a constant Ay > 0 such that for every = € Ey,

gHp

a(z)
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Let us set

F(z):=exp {—2 /090 ZEZ dz}, and h(z) = /Ow F(z)dz.

Condition (C)

There exist the constants kg, k1, and ko such that for z € Fy,
CO. lim; 00 %foz F(x)dx = ko;
C1. ].lm'zl_)OO %foz mdm = K1;

C2. hm|z|*>oo %foz ?((;:)) dx = Ro.

Remark 2.3. It follows from Lemma 4.3 and our conditions above that there exist
positive constants Cy,Cs such that

O<Ol<l€0<02; O<Cl<l€1<02; |/€2‘<02.

2.4. Model example (continuation)

The Condition (B) gives:
There exist the constants A1 > 0 and A2 > 0 such that for every x € E;

D*(x) > X\ and D(x) < X\aD(0).

The function F(z) has the form F(z) = 29 The Condition (C) implies:

D(z) "
There exist the constant kg such that for z € Eq,

lim l Zidx _ o
|z] =00 2 D(Jf) l)(O)7

Remark 2.4.1. Under these conditions the constant from the Condition (C2) is
(2m)?

D2(0)

Using the Theorem 3.1.1., for the process £ () we got the limit process

defined by k1 = kg

- D(0
€00 = 6o+ 2w
Let us introduce
(2.8) fz) = ih(:c) -, x € by,
Ko
Obviously,
(2.9) Lof(z) = B(x)f(z) + %H(x)f(:c) = —B(x).
Let 3°(x,y) denotes the function such that
(2.10) Lo (@) = Bl () + S ale.y)f@) = B.y).

2

Remark 2.4. From (2.9) and (2.10), we have  3%(z) = —f(z).
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3. Main result

In this chapter we formulate and give the proof of our main theorem.

3.1. Fractional stability of diffusion approximation

Let (C[0,T], C), be a space of all continuous functions on [0,T] with the family
of o-algebras C = {Ci}o<i<r. The space C§°(E1) is the space of all infinitely
differentiable functions with compact support on F;. For a fixed number § € ]0, %[7
let us denote by {u5,e > 0} the family of probability measures induced by the
random processes {£.(:),e > 0} on C([0,T]) and by “=", the sign for the weak
convergence of measures. We will prove the weak convergence

15 = K,

as ¢ tends to 0 for each &, where u is the measure corresponding to the random
process
£(t) = o + Pot + oow(t).

Here, &y is the initial condition from (2.1), [y and o are the certain constant
coefficients, and w(t), ¢ € [0, T, is the standard one-dimensional Wiener process.

Theorem 3.1.1. Let conditions (A),(AB),(B), and (C) be fulfilled. Then, for
every § € 10, %[ the measures u5 = p as € tends to 0. The random process £(t),
which corresponds to u, is defined by

£(t) = & + Pot + oow(t),
where
ﬂ o %) on — 1
0 RoRk1 ’ 0 \/KoR1 '
Remark 3.1.1. The case § = 0 corresponds to the classical DAs scheme. The suffi-

cient conditions of the weak convergence of 1§ as € tends to 0 can be simplified in
this case.

3.2. Proof of Theorem 3.1.1

First (I), we will prove that, for each § € ]0, %[, the family of measures {45, € > 0},
is weakly compact on C[0,T], and, second (II), we are going to the limit as ¢ tends
to 0, giving the possibility to the coefficients of equation (2.1) obtain the averaging
form with respect to random perturbations (at that time for new processes, which
is “close” to initial one we will have the equations with positive diffusion coeffi-
cients: conditions (A), (AB), (B)) and after that we will use the condition (C) for
identification of the limit process.

I. Now we fix arbitrary 6 € ]0, 3[. By Ito’s formula applied to v (i—&”, ng(t))
((2.5) and Remark 2.2.), for

Ce(t) := Ce(€c(t),m= () = &=(8) + ee (E(1), e (1))

using the notation (2.6) and (2.7), we obtain

Ce (65 (t)7 Ne (t)) —Ce <£0a 770)
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—1_25t2 s s))c s s))ds
=8 [ (o)) elels) ()
3 ta t
31 e [ o) mele o) + [ mo(e ()
55 [ Beleolne) ds+ [ VoGl ndun (o).
0 0

We will use the notations (2.9) and (2.10). By Ito’s formula applied to the process

Eéf(i—(gt)) ((2.8)) and setting B(z,y) = B(z,y) + B°(x,y), for {(t) + 5‘7(%—9)
we obtain

Ca(fa(t)v 77(t)) + 56f5(§s(t))
= ((&0s10) + EéfE(CE(O))
1 t 1 t
+ oo [ RGEDmele ) m)ds + 5 [ Bue(s)n(o)is

Ko Jo
1

+55 [ (e (£ - Feo0)
+ 30el€(6)ne(6) (R (6D - Feleelo) ) s

€1726

+ /0 FE(CE(S))%ws(ge(S)v Ne(8))ce(8e(s),me(s))ds

Ko
51—5
+

| PG (ecls) e melel).mes)ds

Ko

+ %0/(; FE(C&(S)) O (56(5)77’]5(8))(111)1(5)

Taking into account the equality B(x) = 0 (Remark 2.4.), let us consider a
function n(z,y), the periodic function of period 1 with respect to y, the unique
solution of

Ln(z,y) = ~B(z,y), Amewza

for every parameter x € Ej.
Applying Ito’s formula to the function £2~%n.(¢.(t),n-(t)) for

Ae(t) = Ae(€e(t),me(t)) = ¢ () + €6fs(cs(t)) + 52_6”6(&@)”78“))

we get

Mammszmm+i/n@@m&wM$w3
"‘500

(3.2) +1/@@®wm@ww&wM$wm@

KO Jo
4 t t
+Y [ Ai(Cime,s)ds + | A5(Ee,me, s)dwi (s),
i=0 /0 0

where

Ag(fa,ﬂs,t) = 8% (65(55@)’775@)) (fs(Cs(t)) - fs(gs(t)))
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+ Jac(e)nn0) (60) - Fe0) )

AT(&esmest) = gl =2 (;Fs(Cs(t))iws(ga(t)v Ne(t))ce(§:(t),me(t))
€01 (0)g 60 n(0) )
A5(&esmest) = g2~ 6) ne (8 (1), ne(t))me (€ (1), me(t));

1-6

A:Ez(fa,??a,t) = gTOFE(CE(t>) '(/)5(55( ) < (t ))ma(fa( ) na(t))§

Af(&eymert) = 52_36§n6(§6(t)7ns(t))cs(gs(t)ﬂ%(t))?
A5 (&e,me,t) = 00 (1)) Vyne (€ (1), me (1))

Now, for every t € [0,T], our conditions and estimations of Lemma 4.3, taking
into account the statement of Lemma 4.5, imply the existence of the constant

C(T) =: C so that

5
ZE SuP |A (£€a77€7 )| <51 e

i—1 t€l0,T

Also the integrands of the first two integrals in (3.2) are bounded by the constant
C(T) := C. Hence, for any fixed g so that 0 < e < ¢

B sup (F}O|FE<<E<S>>m€<§E<s>7ng<s>>|

s€[0,T]
5
+ L IR Var GO i 3 A6 e ) £ €O+,
=0

where lim._,g C. = 0 . From this, by standard arguments ([9]), we obtain that there
exists a constant C(n9) such that for every 0 < € < &,

E sup |)‘8(t)|2 < Cey (o) (1 + ‘§0|2)7
te[0,T]
and for every s,t : 0 <s<t<T

B () = Ae(s)[* < Cey (o)t — s/

Using (3.2) and Lemmas 4.6, 4.9, we can check the conditions of weak compactness
([4], Lemma 2, p.355) for the family of measures {45, 0 < € < €¢}. Thus the set of
measures, corresponding to the processes

E(t) = Ac(€e(t),m:(t)) — e (€c(t), M= (1)) — €6f6(<€(t)) - 5276n6(£€(t)’ ne(t))

on C[0,T], is weakly compact.

II. We begin our considerations with the relationship (3.2).

Let ¢(x) € C§°(E1), Ps(z) be a continuous bounded Cs-measurable functional.
Applying Ito’s formula to ¢(A:(t)), we obtain

E®,(&)[p(\(t)) — p(A(r))]
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= E, (&) t<¢(ks(s)) 41752(45(8))n@e(£e(s),ns(s)) + ) A5 (&ne, ) ) ds
Ko
r i=0

83+ [ B0 (;FE@E@»%E (600m0)) + As(een)) s

Now, we denote

’/‘ t / ¢ 56 Ney S dS"‘/ d)
; <1F (o) as<ss<s>,ne<s>>Ag<fg,ns,s>+;<A§<se,ne,s>>2) ds.

Applying Lemma 4.10 to k(z,y) = m(x,y) — (m(z, - )), H(z) = F(z), and P(x) =
¢(x), we arrive at

) [ b ) (&(), - (5))ds
= FE®.(&) </ (b (8)Fe(Ce(s))me(&:(8))ds + G(e, me — e, 1, t)) .
In a similar way, applying Lemma 4.10 to

k(,y) = (0 (y) Voo (2,9)* = {(0 () Vo (z, -))?,

H.(x) = F2(z), and P(z) = ¢(x), we obtain
3, (¢.) / () F2(Co(5)) e (€2 (), 7 (5))ds
— Ba,(c.) ( / SO0()F <<6<s>>ae<§e<s>>ds+G<e,ae—agmw).

Rewriting (3.3), we arrive at

) BB(E) [6(6) — o)~ [ {He) + pHeNatas
=R+ I+ 2+ +10+ 12,

where
(iOG €, Mg — , T, t) + o %G(s yoae — (ag),rt) + De(r, t)) ;
P (&) (0(Ee(t)) — D(A(t)) — D(&e(r)) + D(Ae(r)));
/[¢ (69) o+ 5 (F0(60) = b6 (o) ] s
i€ [ s ) (e (5),) = (me(.(6). )

2¢O()MﬁF%Q(D«%@Aﬁﬂ>—m4@®%%ﬂd&
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t 1
1= 506 [ 600D | Pl mal ). ) = o s
1 t,
= 5B [ FO P (e ls), ) = s

We shall prove that the limit of the right hand side of (3.4), as ¢ — 0, is equal
to zero.
For small e, we can estimate D, (r,t), using Condition (Al) and Lemma 4.3, as

E sup |D.(t,r)| < 51_26(1 + C.)Cr,
€[0T

where lim._,o C. = 0. From this inequality and Lemma 4.10 we have

lim IO =0.

e—0
According to Lemma 4.6 and Lemma 4.9, we get
Using Lemma 4.3 and Lemma 4.12, we obtain
lim I?=0.
Lemma 4.15 implies
lim It = lim 2 =0.
E—

Consequently, lim._.q 27 Ii=o.
Let p15 denotes some limit point of the family {u§,0 < ¢ < g9} and E*s be an
expectation on this measure. Let us come to the limit in (3.4) by a subsequence

{exr} such that p5* = us as e — 0. We get

B2,(©) (6(e(e) - of / (B0 + 3bleNoRds) =0

The coefficients do not depend on 6. That means ps = p. Consequently, s = p
as € — 0, and the limit measure coincides with the measure corresponding to the
process

o ) 1
£(t) = & + ffomt + \/HOle(t)

4. Needed preliminary results

In this section we prove the results used for the proof of the Theorem above.
(Below we denote by 9Y the boundary of unit cube Y in E,,)

Lemma 4.1. Let d = d(y) be a periodic function satisfying

Ld(y)=h(y), /Yd(y)dy=0,

and Condition (A) holds.
Then,
sup |d| < Cmax|h|,
Y Y

with the constant C' depending only on the prescribed quantities, such as dimension
n, ellipticity constant X\, etc.
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Proof. Let Br denote a set in F,, which contains a cube Y. By changing d(y) to
d(y) — i[glfd, we can suppose that iand = 0. The Theorems 9.20, 9.22 ( [5]) imply
R R

supd = supd < C(inf d 4+ max |h|).
E, Br Br Br
That means,
supd = osc(d) < C'max |hl.
E, Y
O

Corollary 4.2. Under the previous assumptions, let d(x,y) and h(x,y) depend on
a parameter x. Then the derivatives of d and h with respect to x satisfy

od oh
ox|’

ox

sup
En

< C'sup
Y

Proof. The proof follows immediately from the linearity of equation (2.4). O
The function h(z) is one-to-one function and, consequently, has an inverse func-
tion denoted by h=1(x).

Lemma 4.3. Let the Conditions (A) and (B) be satisfied. Then there ezists a
positive constant C' such that

1. exp{—2X} < F(z) < exp {2Xo}; |F(2)| < C; |F(2)| < C; | F ()] < C;
2. |h(z)| < exp {2Xa}[a]; [A(x)| < C;

3. |f(@)] < C(1+ |z]); |f(2)] < C;

4 swp.ep, |2 < £ =0

5. SW,ep, yer, 18(2,9)] < C; Subsep, yep, lalz,y)l < C;

6. [h~Y(x)| < exp {2X}|z]; exp{-2Xa} < A7l (x) < exp{2Xa}.

Proof. The assertions 1.-5. of the lemma follow from our assumptions. Next, let us
consider 6. The equality

1 1
~ h(hY(z)  F(h(x))

and 1. imply second part 6. Then, using that 2~1(0) = 0, from the previous equality,
we have
(@) = [ (x) = h7H(0)] < exp {2X}[x].
O

Lemma 4.4. Let the Conditions (A) and (B) be satisfied. The processes &.(t), n:(t)
are the solutions of (2.1), (2.2) respectively. For every § € ]0, £

dz| = 0.

lim E sup

1 /fsz’)+sl‘5w5(£s(t)ms(t)) B(2)
e=0 40,1

HO! a(z)

gd
20

Proof. By Remark 2.2 and Lemma 4.3 (part 4.), we have

lim £ sup
=0 efo,T)

LR 00 5
= ) a(z)

< (C'lim 61726E sup ‘¢s(€s(t)vns(t))‘ =0.
e—0 t€[0,T
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Lemma 4.5. Let the Conditions (A) and (B) be satisfied. The processes (1), ne(t)
are the solutions of (2.1), (2.2) respectively, (.(t) is defined by (3.1). For every
6€)0, 5[ and for every t € [0,T7,

lim F sup |A8(§87n57t)| =0.
e—0 te[0,T

Proof. Part A. From the definition of function f(z) ((2.8)) and, using Lemma 4.3
(part 2.), we have

| A5 (& (1), ¢ (1))] :=

fa(Ca(t)) - fe(fe(t))‘

ST (D (0) ()

exp —2/ s
) a(2)
=

Now, using the Lemma 4.4, we get

Ko

IN

1
lim E sup —|A§; (6(5), ¢=(s))] < Clime' ™2 = 0.
=0 g0, € e—0

Part B. Similarly, by the Lemma 4.3 and Lemma 4.4, using technique of part A

and the condition B2, we can derive

1
lim B sup |48, (6(5), G(s))] < C lim 120 =,
e—=0 s€10,t] € e—=0

where | A5 (€(1), G- ()] = | Fo((1) — Fotec(0)]

Part C. From parts A and B and by the estimations of Lemma 4.3, we arrive at

lim F sup |A8(§53 e t)|
e—0 te[O,T]

1
< Clim 5B sup |45, (6(5), o (9)) + AfulEc(s), ()] < Clim == =0,
e=0 &% 4efo,1) e—0

O

Lemma 4.6. Let the Conditions (A), (B), and (C0) hold. The processes &(t), ne(t)
are the solutions of (2.1), (2.2) respectively. Then, for every § € ]0; 3|,

lim E sup |eve(Ec(t),n-(t)) + 2 %na(E(2), m:(1))]? = 0.

e=0  4ef0,1)
Proof. From the definitions and the properties of the functions ¢ (z,y), (2.5), and
n(z,y),

E sup ‘5ws(£€(t)v77€(t)) + 6276”5(£€(t)?77€(t))|2 < lim 20790 = 0.
te[0,7T] e—0

follows. O

Lemma 4.7. Let the Conditions (A) and (B) be satisfied. The processes (1), ne(t)
are the solutions of (2.1), (2.2) respectively, (.(t) is defined by (3.1). For every
integer positive m and § € ]0,3[ and g9 > 0, there exist constants Cp,(g9), such
that for every e < g,

E sup ‘ge(t”m S Cm(€07 A2)(1 + Cm(Eo, )\2a§07n0))'
te[0,T]



54 Yuriy V. Kolomiets

Proof. We fix arbitrary €g > 0 and, for € < €¢, apply Ito’s formula to the function
e%he (Ce(t)) + koe® One(&-(t),m:(t)). Using Lemma 4.3 and Lemma 4.5, under Con-
dition (B), in a standard way, as in ([9], Ch.II, Sec. 5, Corollary 12, p. 86), we can
get the estimates

E sup |€5hs(<s(t)) +/€05276n5(£5(t)7776(t))|m
t€[0,T)
< Cr(14 C2) (1 +1€°he(Co) + Ko™ ne (€0, m0)|™)
< Crn(e0) (1 + |€%Re(Co) + Ko™ °ne (&0, m0)|™);

here lim. 0 C: = 0, (o = o + €(¢e (€0, M0))-
It follows from part 6. of Lemma 4.3., that

e lh: ()] < exp {2A2}]a]-
Let us estimate E'sup,cio 71 [€:(¢)|™. We obtain

E sup [£.(t)]™ = E sup (1) + (& (1), (1)) — e (&(t), m=(1))|™

te[0,T] te[0,T]
=B sup |h- 1 (ha (G (1)) + koe® ne (€ (), m (1))

te[0,T]
—ee(§e(t),m=(t)) — 5052757745 (=(t),n(1))]-

Combining the results of Lemma 4.3 (part 6.), and Lemma 4.6, there is ¢ such
that, for every € < g9, we can find constants C(gg, m) and
C(eo,m,&0,10) so that

E s[up ] 1€ ()™ < exp {—2X2}(Crn(c0) + Cr(€0,80,M0))-
te[0,T

From last inequality, the statement of the lemma follows. O
Corollary 4.8. Under the assumptions of the previous Lemma, there exist con-

stants C! (g0, A2) and C! (€9,&0,m0) such that for every e < eq,

E sup [¢.(8)]™ < Cy (g0, X2)(1 4+ C), (20, A2, €05 10))-
te[0,T]

Proof. The proof follows immediately from the proof of the previous Lemma. O

Lemma 4.9. Let the Conditions (A), (B), and (C0) be hold. The process ((t) is
defined by (3.1). Then for every § € ]0; 1|

lim £ sup |56fs(C€(t))‘2 =0.
e—0 tE[O,T]

Proof. For every € > 0 and N such that 3 <N< 00,

E sup [ £GP =E sup [ £(C()Px{I¢(1)] < £3}
te[0,T] te[0,T]

+E sup [0 f-(¢(6)2x{e? < ¢ ()] < N}
t€[0,T]

+E sup [ fo(C(0))Px{I¢:(t)] > N}
t€[0,T]

= D1, + Diy + Di;
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respectively. By part 3. of Lemma 4.3 we obtain
giir(l) D3, =0.

Using the definition of the function f(z) and the condition (CO0), we have

56 (sfst)

/ T OF(2)dz — ()
0

2
x{e? <Gt < N}y =o.

lim DS, = lim £
lim Dy, = im &/ sup P

=0 te0,1]

Now,

Esup,eo,m 6= (1)[* ? Esup,eo,r) 16 ()]
4é N2 :

D, < e2C (1 +

At first approaching the limit as ¢ — 0, then letting N — oo and using the estima-
tion of Corollary 4.8, the statement of lemma follows. O
Lemma 4.10. Let the functions H(z) € CZ,(E1) and the function k(z,y) €
CQ’ib(El,En) satisfied the condition k(z) = 0. The processes &-(t),n-(t) are the

solutions of (2.1), (2.2) respectively, (.(t) is defined by (3.1), A\:(t) is defined by
(3.2). Then, for a function P(x) € C5°(E1) and a continuous bounded C; — mea-
surable functional ®4(x), we have

t
tig 50, (&) ([ PO LG9 ne(5)s ) = 0,
Proof. Let the function I(z,y) be the unique solution of the problem
Li(z,y) = k(z,y), /Yl(w,y)dy =0

for any « € FE; (z play the role of parameter). Then l(z,y) € Ci:;b(El,En).
Applying Ito’s formula to the function

PO AN (09,

we get

/ POe()) B (G (8)) ke (€c(5), 1c(s))ds = G(e, k., 1),

where the function G(e, k,7,t) depends on the processes &(t), (c(£), Ae(t) and 1. (t)
Using the estimates of Lemma 4.7, under our conditions, by the standard argu-
ments we arrive at

3
lim B®,(£)G(e, k,r,t) = 0 < C lim VEED, (&) (1 + sup > Ifg(t)|k> —0.
e— e— te[0;T] Py

O

Corollary 4.11. The statement of the previous Lemma is also true for H(x) €
C2(E4) such that |H(z)| + |H(z)| + |H(z)| < C(1 + |z|).
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Proof. The proof follows immediately from the Corollary 4.8 and the proof of the
previous Lemma 4.10. O

Lemma 4.12. Let the Conditions (A) and (B) be satisfied. The processes &(t),ne(t)
are the solutions of (2.1), (2.2) respectively. Then, for every 6€]0, 3|,

lim £ sup | (me(&2(t),-)) — (me(Co(t),-)) |2 = 0.

=0 ¢e0,17]

and

(4.1) lim B sup | (ac(&(t),)) = (ae(C:(t), ) I = 0.

=0 ¢e0,17]

Proof. According to the conditions, we have

lim E sup | (me (&(t),)) — (me (¢ (), ) |2

=0 ¢e0,17]
9 & \\[
e (57)

Similarly, we can prove (4.1). O

Lemma 4.13. Let the Conditions (A) and (B) hold. The processes ((t) is defined
by (3.1), \(t) is defined by (3.2), and let l.(x) be such a function that

(&(t),n(t))]> =0.

< lim 20 29F sup sup
=0 te[0,T] Ex

(4.2) E sup |l.(¢(1)* < C,
te[0,T)

/ (G (s))ds| =

Then, for every ¢(z) € C§°(F1) and 0 <r <t <T,

and for every r,t:0<r <t<T

(4.3) lim E
e—0

hmE ¢(s))ds| = 0.

Proof. Let {t;} be some partition of interval [r,t] : r < t; <9 < ... <t, =t such
that |ti+1 — ti| < Ni- Then

L+1

))ds (5)) = ¢(Ae(t:)))1=(Ce(5))ds

(4.4 v _Z E|¢<Aa<ti>)\\ [ L nas

Let us denote first term in the right hand side (4.4) by L(e,n), then, using (4.2)
and the estimation of E|\.(t) — A\-(s)|*, there exist a constant Cy such that for
every 0 < € < g9

n—1

pem = 3 ( / EJ6(0(5) — 601(10)“ds) i (/ Bl as)

=1
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n-1 tit1 i 5
S CO Z{(/ (Stl)2d5) (ti—i-l ti)‘l} S Oo(tf’l") Inax ;-
i=1 ti '

Consequently, L(g,n) can be made arbitrarily small by making the partition of the
interval [r,t] fine enough. By (4.3), the second term in the right hand side of (4.4)
tends to 0 as € — 0 . The lemma is proved. O

Lemma 4.14. Let us define two functions

~v(x) :2/; F(z)/o ko Fly)mly) - dydz,

F(y)aly)
L) — N 5 Z“02F2(y) (y) — .
w()—2/OF()/O o % dyds.

Let the conditions (A), (B), and (C) be fulfilled. The process (. (t) is defined by
(8.1). Then, for every § € ]0; 1|,

lim £ sup |‘S fYE(CE(t))l_hmE sup |E 7&(C€( ))| =0,

—~

Q \

Q \

=0 ¢e0,17] te[0,T)
(4.5) lim E sup [e*72(¢(t)] = lim E sup [e°42(¢(8)* = 0
=0 ¢e0,17] e=0 +efo,1)

Proof. For every N : g2 <N < 00,

E swp ¥ (G) = B sup (59 ((0)] (xllG ()] < =)
t€[0,T] t€(0,T]

S
+ x{ef <160 < N+ x{Ie 0] > NY)
=+ 42+ 4P

respectively.
According to Lemma 4.3, under the Conditions (A), (B), we have

di
7 7(@)

4
@)l <Cl+zP), Y <O+ [z)).

i=1

Under the Condition (C) and by part 1. of Lemma 4.3, we obtain

lim sup [e¥7.(z)] = lim sup [e%4.(z)> =0.
e=00<|z|<N e=00<|z|<N

Now, we have
lim (79 4 7) = 0.
Similarly, using Corollary 4.8, we get

E sup IO ¢
(3) < 250 1 746E ., t 44 t€[0,T] < =
7Y <e?C(l+e teb[%%]\éa( )72 e <N

Approaching the limit as € — 0 and then as N — oo,

lim F sup |2 'yg(Ca(t))\:O
telo,T

e—0

follows. Obviously,

lim £ sup |E Fe (C(t ))| =0.
e—0 te[0,T]

In a similar way, we can prove (4.5). O
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Lemma 4.15. Let the conditions (A), (B), and (C2) be fulfilled. The process ((t)
is defined by (3.1) and Ac(t) is defined by (3.2). Then for every § € ]0; 3]

46) B8, [ 606D (1 PG ma(Gls) )=o) ds =
40 i E0(e) [ G0 (5 F2 G ) e (6. (5) )~ oFl) ds = 0,

Proof. Firstly, we will prove (4.6). According to Lemma 4.13, it is sufficient to show,
for every r,t: 0 <r <t <T, that

(13) i | [ i PG (). ) = o as =0

We note that, using the estimations for ~y(z), by virtue of Corollary 4.11 for

P(z) =1, H(z) = ¥(x) ((4.16)), and k(z,y) = B(z,y) — B(x), we obtain

/ Ve (Ce(5))Be(€e(5), me(s))ds = / Ye(Ce(5))B (8 (s))ds + G(e, B — B2, 7 1).

In a similar way for k(z,y) = a(x,y) — @(z) and H(z) = 4(x), we arrive at

/l%(C&(SDO%(&(S%776(3))d3 = / He(Ce(8))ae(8:(5))ds + G, e — @, 1, t).

Applying Tto’s formula to the function £2°4.(¢.(t)) and taking into account the

equality L,v(x) = %F(m)m(x) — Bo, ((2.9)), and two previous relationships, we

0
have

t 1 o
/0 {MFE@E(s))ma(ca(s)) - 60} ds
= (VE(Cs(t)) - 'YE(CE(O))) _56/0 %(Ca(S))ma(ﬁa(S),ns(S))dS
*5/0 '5’6((&(3))%@06(5‘5(5)’ns(s))me(fs(s)ans(s))ds
=10 () G e )l ).
— &l t' s ozé S s))dwi(s
: / 5o (Co(5))02 (€:(5), me(5))dw (5)
—G(e,B. —B..0,t) — %G(s,as _@,0.1).

Using this, Lemma 4.14 and Corollary 4.8, we obtain (4.8) and, consequently, (4.6).
In a similar way, we can prove (4.7) This result can be obtained by an application
Ito’s formula to 2! ((.(t)). After that, we use Lemma 4.14 and Corollary 4.8. [

5. Examples

In this section the result of the theorem is applied to classes of random processes.
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5.1. Example 1

Let n.(t) be a one-dimensional process (the solution of (2.2), n = 1) and the
Condition (A) is satisﬁed

Then, L = 3a(y) & dy2 +b(y) L ;» With a(y) = o%(y) and

)=

p = N NP

Y= Coaly)R(y)

where R(y) = exp( I %lb(zz))d ) and fo THRE R(Z dz. Condition (AB)
gives fo y)dy = 0. Let us define M(z,y) = [ R(2) [, a(gk()ka(k dkdz

The problem (2.5) has unique solution

ba,y) = —M(z.y) + Ci(x) / "R(z)dz + Cala),

where the functions Cy (x), Ca(z) can be defined by the periodicity condition P(x,0) =
w(x, 1)7 Cy(x) = M1 and from the condition in (2.5), fo (z,y)dy—

fol R(z)dz

z)dzdy.

e
Then
2

7w = [ (70 o) i
50) = [ (et +a) 20 ) iy, 70 = [ izt

Let Condition (B) be satisfied. Then F(z) = exp{ 2 [y g(g dz} . If Condition

(C) is satisfied, then the limit process is

LI

t).
KRok1 Iiol*ilw( )

§(t) =& +

In this case, all auxiliary functions have the explicit form.

5.2. Example 2

We again consider the case n = 1, under previous assumptions.
Let us simplify the problem in such a way, that we can check the result by applying
the Diffusion Approximation Theorem.

The system has the form, ¢ € [0, T,

1 t t
=6+ [ aln@)ds+ [ mins)s
w0 =m+ 35 [ b ds+ 2 [ o (n(s) duas)

We have 1(z,y) = ¥1(y). In this case 8 (z,y) = g1 (y) 2% (y) = 0, and

a=/01 (o<y>;‘;w1<y>) pl)dy, T = /m1
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Then F(z) = 1. Under Condition (C') the limit process for & (t), as € tends to 0, is
E(t) = &+t + Vaw(t).

To get this result, we can reduce the conditions of the theorem. For example, we
do not need the conditions (B) and (C).

5.3. Example 3

Let us again consider the case n = 1 under previous assumptions. The system has
the form, ¢ € [0, T,

E(t) =& + é / (G=(8:(s)) sin(2mn:(s)) + De(8:(s)) cos(2mne(s))) ds,
0

ne(t) = no + éwl(t)-

Under our conditions, p(y) = 1, and¢(z,y) = 525 (G(z) sin(2my)+D(z) cos(27y)).
Then

G*(x) + D*(x) Ba) = G(z)G(x) + D(z)D(x)
(2m)3 ’ 473 ’

az) =

We can write the Conditions (B) and (C) precisely and note these conditions by
(B') and C'.
Condition (B’)

B’1. There exists a constant A\; > 0 such that for every z € E,
G?*(x) 4+ D?*(z) > A1
B’2. There exists a constant Ay > 0 such that for every z € E,
G*(z) + D*(z) < X\2(G?(0) + D*(0)).

Condition (C")
There exist the constant kg such that for z € Fy,

C'o. hm|z|*,oo % d okt

Jo V@)D (@) | G4 D2(0)

Remark 5.53.1. Under these conditions the constant from the Condition (C'1) is

T 3
defined by 1 = "50(G2((§)2+7DZ’(0))'

For asymptotic behavior of &, (t)we get the statement:
Theorem 5.3.1. Let conditions (A),(AB),(B’), and (C") be fulfilled. Then for

every § € 10, %[ the measures u5 = p as € tends to 0. The random process £(t),
which corresponds to , is defined by

() =&+ w(t).

G2(0) + D?(0)
Ko (2m)2
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