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Let
G(eo) ={t,e: te R, € [0,50), g0 € RT}.

Definition 1. We say that the function p(t,e) belongs to the class S(m;eg) (m € N U{0}) if
1) p:G(eo) = C;
2) p(t,e) € C™(G(ep)) with respect to t;
3)
d*p(t,e) _

and

m
def *
1Pl sm,e0) = Y sup [pi(t,e)| < +oo.
k=0 G(e0)

Definition 2. We say that the function f(¢,,0(¢, )) belongs to the class F'(m;ep; 0) (meNU{0}) if
e bte)= 3 fultse)explin(t, <),
and

1) fu(t,e) € S(m,e0) (n € Z);

2)
def >
HfHF(m?EO:@) = Z anHS(m;so) < +-00;
t
) 0(t.e) = [ ¢(r.e)dr, p € RY, g € S(m.c0). inf p(t.2) = o > 0.
0 c0

Definition 3. We say that the infinite dimensional x(t,e) = col (z1(¢,¢€),x2(t,€),...) belongs to
the class S1(m;eo) if x; € S(m;ep) (j=1,2,...), and

def
2|5y (mse0) = SUP (|12l s(miee) < +00-
J
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Definition 4. We say that the infinite dimensional matrix A(t,e) = (a;r(t,€));jx=1,2,.. belongs to
the class Sa(m;eq) if aji € S(m;ep), and

o
def
HA”Sg(m;eo) = SUPZ HaijS(m;sg) < +-00.
T k=1

Definition 5. We say that the infinite dimensional vector z(,¢,0) = col (z1(t, €, 0), z2(t,,6),...)
belongs to the class Fi(m;eo, ) if v; € F(m;ep;0) (7 =1,2,...), and

def
12| 7y (msz0,0) = SUP 12| P(mieo,0) < +00-
J

Definition 6. We say that the infinite dimensional matrix A(t,¢,0) = (a;i(t,€,0)); k=12, belongs
to the class Fy(m;eo,0) if aj, € F(m;eo,6), and

oo
def
AN Fy(mizo.0) = SUP > skl Fmico,0) < +00.
J k=1

Obviously, if A € Fa(m;eo;0), x € Fi(m;ep;0), then Az € Fi(m;ep;6), and

HAxHFl(m;so;G) < QmHAHFQ(m;sO;O) ’ |’$”F1(m;50;9)-

The condition ||A|l g, (m:ey;0) < 1 guarantees the existence of a matrix
[e.e]
(E+A) ' =E+) (-1)k4aF,
k=1

where E = diag(1,1,...).
For any vector z(t,e,0) € F1(m;eo;60) we denote

™

2
1
Lplz] = — /x(t,e,@) exp(—ind)df, n € Z.
0

For infinite dimensional vectors x = colon(z1,x2,...), y = colon(yi,y2,...) we denote [x,y] =

COlOH(SElyl, T2y, - - - )
We consider the following countable system of differential equations

d
d—f = A(t,e)x + uBO(t,e,0)x + p2B(t, e, 0)x, (1)
where
t,e € G(g9), = = colon(zy,zs,...),
A(t,e) = diag [Al(t, ), Aa(t, e),. ] € Sa(m;ep),
B(O)(t,&‘,e) = dlag [bl(t,S,G),bQ(t,8,9), e ] € FQ(m;50;0)7
B(t,e,0) = (bji(t,e,0))jk=12,.. € Fo(m;eon;0),
bji(t,e,0) =0 (j=1,2,...), pwe(0,u)C R

We suppose
Aj(t ) = Ak(t, €) = injrp(t,e), (2)
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nik € Z (j,k =1,2,...), p(t,e) — function in Definition 2. In this sense we say that we have a

resonance case.
We study the problem on the existence of the transformation of kind

L= (E + Q(tv £, 0, ,u))y, (3)

Yy = COlon(y17y27"')7 Q(tagaevu) = (ij(tagv97“))j,k=1,2,... c F2(m1;52;0) (ml < m,ex < 50)1
¢;j(t,e,0, 1) =0, which leads the system (4) to kind:

dy
—~ =D 4
7 (t,e,0, 1)y, (4)

D(tagaevu) = dla‘g [dl(tv‘ga07M>7d2(t78797M)7 o ] € Fg(ml,é‘l;@)-

We consider the auxiliary countable system of differential equations

d
£ = ip(t,e)A1z + puU(t,e,0)z + g(t,e,0) + u>Clt,e,0)z + u'z, R(t, ¢, 0)2], (5)
where
t,e € G(eg), z=colon(zy,22,...), A =diagni,ne,...], n; €Z (j=1,2,...),

U = diag [ul(t,a,ﬁ),uQ(t,a,H), .. ] € Fy(m;eo;6),
g = colon (gl(t,s,é?),gg(t,a,ﬁ), . ) € Fi(m;eo;6),
C = (cji(t,e,0))jk=12,. € Fa(m;en;0), ¢;; =0 (j=1,2,...),
R € Fy(m;e0;0), e (0,u0) CRT.

Lemma 1. Let the system (5) satisfy the next conditions:

1) Vt,e € G(ego):
2m

/gj(t,s,é) exp(—in;0)dfd =0, j=1,2,...;
0
2)
2w
inf /uj(t,s,G)dH‘ >y>0, j=1,2,....
G(eo) /

Then there exists p1 € (0, po) such that ¥ p € (0, 1) and Vg € N there ezists the transfor-

mation of kind
2q—1

2= (e 0)p + D(t,e, 0, 1), (6)
s=0

£6) € Fi(m;eo;0), ® € Fy(m;eo; ), which leads the system (6) to kind:

dz) ! ! l 1
= (D KO ) ) 2D + enOD(t,2,0, 1) + p2h (2, 2,0, )
=1

dt
+eVW(t,e,0,1)2 + PO (e, 0, )2
+u[RU(t,e,0, 1)z, RUD(t,e,0, 1)21)],

where KU € Sy(m;eg), and¥ p € (0, p1); R, R0 € Fy(m—1;e0;0), VD, PO RAD R(2) ¢
Fy(m — 15€0;0).
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We consider the countable linear homogeneous system of differential equations:

dz(©)
dt

= A(t, o)z, (7)

where A(t,e) € Sa(m;ep).

Definition 7. The Green-matrix of the system (7) is the matrix G(t,7,¢) = (gr(t, 7, €))jk=12,..,
such that

(i7E)G( ) 76)7 G( — ) : ( 7;76)11( 7£);
()T

0G(t,1,¢)
ot

2)
G(r+0,7,e) —G(t —0,1,¢) = E, G(t,t+0,e) — G(t,t —0,¢) = —E.

If t = 7, then Green-matrix is not defined.
Along with the system (7) consider the countable linear inhomogeneous system:

d
= Alt.e)a+ f(t,.6), (8)
where f € Fj(m;eg;0), matrix A(t,e) is the same as in the system (7).

Lemma 2. Let the system (7) have the Green-matriz G(t,7,€) = (gji(t,7,€))jk=1,,. such that

‘gjk(t77_>5)| < Mgexp ( — '70‘t _ 7—|)’

where My, € (0,+00), and My,~vo do not depend on t, T, €. Then the system (8) has a unique
particular solution x(t,e,0) € Fy(m;eo;0), and there exists Ky € (0,4+00) such that

Ky

Hx<t7€76)”F1(m;€o;9) < % |’f(t7€79)HF1(m;50;9)-

Lemma 3. Let the system (5) be such that
1) the conditions of Lemma 1 hold;

2) for the linear homogeneous system

where matrices KO (t, ) are defined by Lemma 1, there exists the Green-matriz G(t,T,e, ) =
(gix(t, ., 1)) k=1,2,... such that

|9 (t, 7€, )| < Myexp (—yp®|t - 7]),
qo € [1,q], M1, € (0,400) and do not depend on t, T, €, p.

Then there exist pg € (0, p1o), e2(p) € (0,e0) such thatV € (0, p2), € € (0,e2(p)) the system (5)
has a particular solution, belonging to the class Fi(m — 1;e2(p);0).
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Now we return to the system (1) and make in it substitution (3). Taking into account the
condition of diagonality of transformed system (4) and condition (2), we obtain the next countable
system of differential equations for the elements g;;, (j # k) of matrix Q:

dgjr .
df]tk = injrp(t, €)gir + n(bj(t, €, 0) — br(t, €, 0)) g + pbir(t, €, 0)
+ MZ Z bjs(tv g, Q)QSk - M2QJk Z bk’s(ta g, 9)q5k7 j: k= 17 27 cee J 7é k. (9>
s=1 s=1
(s, 57£k) (52k)

The elements of the diagonal matrix D in system (4) are defined by formulas:

dj(t,e,0,p) = Nj(t,€) + pbj(t,e,0) + 1 Y bis(t,£,0)qs;(t,,0, 1), (10)
s=1
(s#4)

The substitution
qjk :M2ajk7 j:k: 1727"'; ]#k
leads the system (9) to kind:

dg; ) - -
% = injpp(t, e) ik + p(bj(t,e,0) — bi(t,£,0)) Gk + bjr(t, <, 0)
+,u2 Z bjs(tagae)ask_u4%k Z bks(t757'9)ask7 jvk: 1727"'; j#k (11)
=1 =1
(s7£7, k) (s7k)

In the system (11) index k is fixed, then for any k = 1,2,... system (11) is the separate
countable system of the differential equations for qix, @2k, - -, Gk—1% Ge+1k,--- - It is not difficult
to see that vector-form of such system has a kind (5). Then we can prove the validity of the next
theorem.

Theorem. Let for the system (1) hold (2), and for all k = 1,2,... the system (11) satisfy all
the conditions of Lemma 3. Then there exist us € (0, o), €3(p) € (0,€0) such that ¥ € (0, us),
e € (0,e3(p)) there exists the transformation of kind (3), where Q(t,e,0, 1) € Fo(m — 1;e3(p);0),
which leads the system (1) to kind (4), where the elements of diagonal matriz D(t,e,0,u) €
Fy(m — 1;e3(p); 0) are defined by formulas (10).



