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Let
G(eo) = {t,e: t € R, e €[0,e0], e0 € RT}.

Definition 1. We say that a function p(¢,¢), in general a complex-valued, belongs to the class
S(m;ep) (m e NU{0}) if

1) p:G(go) — C;
2) p(t,e) € C™(G(g0)) with respect to t;

dkp(t
3 T _ i) 0 <k <m)

m
def *
1Pl $(msz0) = Y sup |Pi(t,€)| < +o00.
k=0 G(c0)

Definition 2. We say that a function f(¢,¢,0) belongs to the class F'(m;eg;0) (m € N U{0}) if
this function can be represented as

fte,0) = D fult,e)exp(inb(t,e)),

and
1) fa(t,€) € S(m;eo) (n € Z);
def >
2) Hf”F(m;so,G) = Z an”s(m;go) < +00;

t
3) O(t,e) = /cp(T, g)dr, p € RT, p € S(m,ep), Gg%lf)go(t,s) = o > 0.
€0
0

The set of functions of the class F'(m;ep;0) forms a linear space, that turns into a complete
normed space by introducing norms || - || p(m;e.:9). The chain of next inclusions are true: F'(0;eo;60) D
F(1;e0;0) D -+ D F(m;eo;0).

Suppose we have two functions of the class F(m;eq;6),

o [e.e]

u(t,e,0) = > un(t,e)exp(inf(t,€)), wv(t,e,0)= >  wvn(te)exp(ind(t,e)).

n—=—oo n=—oo
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The product of these functions we define by the formula:

o0 [e.o]

(wo)(t,e,0) = > ( 3 un_s(t,a)vs(t,s)) exp(inf(t, e)).
n=—00 §=—00
Obviously, uv € F(m;ep;0).
We formulate some properties of the norm || - [|p(mic0). Let u,v € F(m;eo;0), k = const.
Then

1) HkuHF(m;so;B) = |k‘ ’ HUHF(m;Eo;G);
2) Hu + UHF(m;EO;O) < HUHF(m;Eo;G) + H’UHF(m;Eo;O);

ULRTES TS L)
3 Wollreon = 3 |25 5t oy
k=0 ”

4) HUUHF(m;ao;G) < 2m||u”F(m;€o;9) ’ ||U||F(m;50;0)'
Definition 3. We say that the infinite vector z(¢, ) = col(z1(t, ), x2(t,€), .. .) belongs to the class
Si(m;ep) if x5 € S(msep) (1 =1,2,...) and

def

Hx||51(m;£o) = sup ijHS(m;ao) < +-00.

j
Definition 4. We say that the infinite matrix A(t,e) = (a;x(t,€));k=1,2,.. belongs to the class
Sa(m;eo) if aji, € S(m;ep), and

oo
def
= sup E HaijS(m;so) < too.
J k=1

||A”52(m;60)

Definition 5. We say that the infinite vector z(¢,e,6) = col(x1(t,¢,0),z2(t,£,0),...) belongs to
the class Fi(m;eo;0) if z; € F(m;eo) (7 =1,2,...), and

def
12| 7y (mico,0) = SUP |75 P(mieo,0) < +00-
J
Definition 6. We say that the infinite matrix A(t,e,0) = (a;k(t,€,0);jx=1,2,.. belongs to the class
Fy(m;e0,0) if aj, € F(m;eo,0), and

00

def

Zsup Y Nl pmen.) < +00.
J k=1

1Al By (mseo.0)

Consider the countable system of differential equations:

Z—f = A(t,e)x + f(t,e,0) + uX(t,e,0,x), (1)
where t,e € G(g¢), © = col(x1,x9,...) € D Cl; (I; — the space of boundary numerical sequences),
f = CO](fl’ f2, .. ) S Fl(m; €0; 0), A= diag[Al, Az, .. .], Aj = Aj(t,aE) = (aj@ﬂ)oé”gng (] = 1, 2, .. .),
ajag € S(mieo) (1 =1,2,..5 a,B = 1,2), eigenvalues of matrix A;(t,e) have a kind +iw;(t, ),
wj € RT (j =1,2,...); infinite vector-function X = col(X1, Xs,...) € Fi(m;eo;8) with respect to
t, €, 6 and continuous with respect to x € D; parameter pu € (0, up) C R*.

The purpose of the article is to establish conditions under which the system (1) has a particular
solution z(t,&,0, ) € Fi(mi;e1;0) (0 <mi; <m; 0 <e; <ep).

We assume the next conditions.
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19 inf |aj12(t,e) =a0 >0 (j =1,2,...).
G(eo)

29, sup sup w;(t,e) = w < +o0.
J G(eo)
30, Vn € Z: |n| < (2w + 1)yt

Gi(nf) |kwj(t,e) —np(t,e)| >y >0 (k=1,2; j=1,2,...).
€0

49, The functions X j (j=1,2,...) have in D continuous particular derivations with respect to
x1,x2,...up toorder 2¢+1 (¢ € N), and if x1, 9, ... € F(m;eo;0), then all these derivations
belong to the class F(m;ep; ) also, and

< 400
F(m;eo;0)

82q+1Xj(1'1,1'2,...)
S“pH 927 02 ... Oz H
J L 0L, * 7" 0L,
(1+q+-+q =29+ 1; ky, ko, ..., ks € N).

Lemma 1. Let the countable system of the differential equations

% = (M) + 3 Bult,e 00 ), (2)

=1

where x = col(x1,z2,...), A(t,e) = diag(Ai(t,€), Aa(t, €),...), Aj € S(m;e0), Bi(t,e,0) € Fa(m;ep;6)
(I=1,...,9), p€(0,ug) C RT, satisfy the condition: Yn € Z, j # k:

inf ‘)\j(t,s) — \(t,e) — mcp(t,s)‘ >y >0,
G(eo0)

where p(t,e) — the function is involved in the definition of the class F(m;eq;0). Then there exists
w1 € (0, o) such that ¥y € (0, 1) there exists a non-degenerate transformation

q
v=(E+> @itz 0)y.
=1
where ©; € Fa(m;ep;0) (I=1,...,q), which leads the system (2) to the kind:

d : -
= (Mt + DUt ! +e D Viltie, 0! + T W (t,2,6,11) )y,
=1 =1

where U(t,e) — infinite diagonal matrices whose elements belong to the class S(m;eo), Vi, W €
Fy(m —1;e0;0) (I=1,...,9).

Lemma 2. Let the system (1) satisfy conditions 1°-4°. Then there exists ps € (0, o) such that
YV € (0, u2) there exists a transformation of kind

x=2£&(t,e,0,u)+V(te 0, 1)y, (3)
where (t,e,0,u) € Fi(m;eo;0), Y(t,e,0,u) € Fa(m;eo; 0), which leads the system (1) to the kind:
dy = (K(t, )+ Zq: K(t, s)ul)y +eh(t,e,0, 1) + p?ir(t,e,0, 1)
dt p

+eC(t,e,0, 1)y + pit Pt e, 0, p)y + pY (t,e,0,y, 1), (4)
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where A(t,e) = diag[A1(t,€), As(t,e),.. ], Aj(t,e) = diag(—iw;(t,e),iw;i(t,e)) (j = 1,2,...),
Ki(t,e) = diag(ky1(t, €), ki2(t,€),...) € Sa(m;eo), h,r € Fi(m — 1;e0;0), C, P € Fa(m — 15€0;0).
Vector-function Y belongs to the class Fi(m;ep;0) with respect to (t,e,0) and contains the terms
not lower than the second order with respect to the components of vector y.

Theorem 1. Let the system (4) satisfy the condition: there exists qo € N such that | Re kg, j(t,€)| >
Yo > 0, and for alll =1,...,90 — 1 (if qo > 1): Rek;;(t,e) =0 (j = 1,2,...). Then there exists
s € (0,p0), €1(pn) € (0,e0) such that for all p € (0,us3), € € (0,e1(p)) the system (4) has a
particular solution y(t,e,0,u) € Fi(m — 1;e1(p)).

Proof. We make in the system (4) the substitution:

_5+u2q~
y= MQO

)

where ¥ is a new unknown vector. We obtain:

2q+
qufIO

q
~ _ g0
(At o)+ D Kilt. o' )i+ h(t e, 6, 0) + T r(t.e.6.10)

4y _ inaied
— e+ p% e+ p

dt

~ 1 e+ p? o -
+eC(t,e,0, 1)y + T P(t,e,0, 1)y + =N Y(t,e,0,5,u). (5)

Consider the appropriate linear homogeneous and diagonal system:

dy®) < - 1) (0) ept Iz
= = (Ao + ;Kl@,a)u)y s LICEUADI.

In the paper [2] it has been found that the conditions of the theorem guarantee the existence of a
particular solution 70 (t,, 6, u) € Fi(m —1;20;6) of the system (6), and there exists M € (0, +00)
such that

¥ M epdo p2atao
Hy(O)HF1(m—1;£0;9) < < )

Yo 190 m HhHFl(m_1§50§0) + 672‘1 ”M‘Fl(?ﬂ—l;am@)
M

+u
< % (||h||F1(m—1;50;9) + ||T”F1(m—1;50;0))'

We seek the solution belonging to the class Fy(m — 1;¢1(u); 0) of the system (5) by the method
of succesive approximations, defining the initial approximations ﬂ(o) and the subsequents approxi-
mations defining as solutions, belonging to the class Fj(m — 1;£¢; 6) of the countable linear, homo-
geneous and diagonal systems:

dysth) ~ a I\ ~(s11) epu p2atao
dt = (A(t,E) + ;Kl(taf)ﬂ )y + e+ Iu2q h(t757 07“) + €+ M2q ’I”(t,é, ‘93 M)
Hs) 4+l Hs) 4 ET IS )
+eC(t, e, 0, )y + pu P(t,e, 0, u)y"*” + = Y(t,e, 0,9, pn), s=0,1,2,.... (7)

Let
Q= {7 Flm—120:0): 17—l rsm-r0) < -

By virtue of the condition 4%, there exists L(d) € (0, +o0) such that ¥,z € Q:

||}7(t757 97 ya M) - ?(t,&, 07 Ev M)le(m_l;m;g) < L(d)"ﬂ_ EHFl(m—l;ao;e)'
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Using the ordinary technique of the contraction mapping principle [1], it is easy to show that
there exists us € (0, p0), N1 € (0,400) such that Vu € (0,up), Ve € (0,e1(u)), where e1(u) =
Nyp20~1] the process (7) converges to the solution 3(t,e,6, ) € Fi(m — 1;61(u); 0) of the system
(5). O

Lemma 2 and Theorem 1 immediately yield the following theorem.

Theorem 2. Let the system (1) satisfy conditions 1°-4°, and the system (4), which is obtained
from the system (1) by the transformation (3), satisfy the conditions of Theorem 1. Then there
exists pga € (0,p0), €2(p) € (0,e0) such that Yy € (0,p4), € € (0,e2(u)) the system (1) has a
particular solution x(t,e,0, u) € Fi(m — 1;e2(n); 0).
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