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Let
G(gg) = {t,s 0 < e < e, —Lel<t< La_l, O0<L< —i—oo}.

Definition 1. We say that a function p(t,¢) belongs to the class S(m;eg) (m € N U{0}) if
« p:G(eo) = C;
o p(t,e) € C™(G(ep)) with respect to t;
o d¥p(t,e)/dth = eFpi(t,e) (0 <k <m),

m
def *
Pl smsee) = Y sup |pi(t,e)| < +oo.
k=0 G (€0)

Under a slowly varying function we mean a function of class S(m;ep).

Definition 2. We say that a function f(¢,¢,6(t,c)) belongs to the class F'(m;ep;6) (m € NU{0})
if this function can be represented as

ft,e,0(t,e) = Y falt,e)exp(inb(t,c)),

and
« fult,e) € S(m;eo);
def =
HfHF(m§50§9) = Z an”S(m;ao) < 400,
¢
« O(t.e) = [p(r,e)dr, p(t,e) € R, p(t,e) € S(m;eo), Gj{lf)w(w) =0 > 0.
0 €0
We consider the next system of differential equations
dx; N I
d—tj = \i(t,e)z; + uijk(t,a, )z, j=1,N, (1)
k=1

where \;(t,e) € S(m;e0), pjk(t,e,0) € F(m;e0;0) (j,k=1,N), p € (0,u0) CRT.
We study the problem about the structure of fundamental system of solutions x ;i (¢, €, 1) (j, k =
1,N) of system (1).
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Lemma 1. Let the function

ft,e,0(t,e)) Z fn(t,e)exp(inb(t,e))

(n7£0)
belong to the class F(m — 1;e0;6). Then the function

t
x(t,e,0(t,€)) e/fT,zSQT, ) dT
0

belongs to the class F(m — 1;e0;0) also, and there exists K1 € (0,400), that does not depend on
the function f such that

||I(t, g, 0) HF(mfl;eo;G) < K ||f(t7 g, ‘9) ”F(mfl;so;e)-
Lemma 2. Let we have the linear nonhomogeneous first-order differential equation:

dz

dt
where A\(t,e) € S(m;ep), u(t,e,0) € F(m — 1;¢0;60). Let the condition |Re A(t,€)| > 70 > 0 hold.
Then equation (2) has a particularly solution x(t,e,0(t,e)) € F(m — 1;e0;0), and there exists
Ky € (0,+00), that does not depend on the function u(t,e, ) such that

= At,e)x + cu(t,e,0(t,¢€)), (2)

Ky
Hx(t’ &, 0)||F(m—1;50;0) < % Hu(ta g, 9)||F(m—1;50;0)' (3)
Lemma 3. Let the system (1) be such that

| Re(Aj(t,2) = M(t,€))] =1 > 0 (j # k). (4)

Then there exists 1 € (0, o) such that for all € (0, p1) there exists the Lyapunov’s transformation

of kind
N

vi=yi+nY inte 0wy j=1N, (5)
k=1

where Y, € F(m — 1;¢0;0), reducing the system (1) to

N

= (Nt e) + puj(t,e, 1)y + pe > vnlt,e, 0, wyr, j=1,N, (6)
k=1

dy;
dt

where uj € S(m;eg), vir € F(m —1;e0;0) (j,k=1,N).

Lemma 4. Let the condition (4) hold. Then there exists pa € (0, 1) (i are defined in Lemma 3)
such that for all u € (0, u2) there exists the Lyapunov’s transformation of kind

N

Yij = 25 + MZij(t,€,97ﬂ)Zk, J = 1)N7 (7)
k=1

where q;i, € F'(m — 1;€0;0), reducing the system (6) to the pure diagonal form

4z

dt = dj(t75707:u)zj7 j: 17N7 (8)
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where
N
dj = A](ta 8) + :uu](ta &, /’L) + ,U/:‘Ujj(t, g, 0, ,U“) + pe Z Ujk(tv g, 0, N)ij(ta g, 0, /"')7 Jj=1,N. (9)
k=1
(k#7)

Theorem. Let for the system (1) the condition (4) holds. Then there exists ug € (0, uo) such that
for all p € (0, u3) the system (3) has a fundamental system of solutions of kind:

Ljk = Tjk(t7€70,lu’) exXp </O-j(5757/~6) d8)7 Jk=1,N (10)
0

J — the number of solution, k — the number of component, where rji(t,e,6,1) € F(m — 1;e0;0),
oj(t, e, 1) € S(m — 1;€9).

Proof. The fundamental system of solutions (FSS) of the system (8) has a kind:

t

Zjk = 5;“ exp </dj(s,5,9(s,€),,u) als>7 jk=1,N
0

j — the number of solution, £ — the number of component, (55“ — the symbol of Kronecker. By virtue
(7) FSS of system (6) has a kind:

¢
yik = qjk(t,€, 0, 1) exp(/d]saﬁse ,u)ds), k=1,N,
0

where gj, = 5;-“ + (1 - éf)quk (j — the number of solution, k& — the number of component). By
virtue (5) F'SS of system (1) has a kind:

t
%—(Zwtwu)qu(twu eXp(/ng€935 M)ds)a jk=1LN,  (11)
=1 0

where ibvjk = 5;-“ + p)jx (Y5 are defined in Lemma 3).
Consider

¢ t t
/dj(s,s,ﬂ(s,e),,u) ds :/()\j(S,ﬁ)+/I/]’(S,5,IJ/ d5+,u5/wj s,€,0(s,€), 1) ds,
0 0 0

N
where wj = vj; + > Yjeqr; € F(m — 1;60;0). We represent the functions w; as w; = w;f(t, g, 1) +
k=1

wj(t,e,0, 1), where

2m

_— 1

wj(t,e, 1) = wj(t,e,0,p) = Py /wj(t,s,ﬂ,u) df € S(m — 1;¢9).
0
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Accordingly, w; € F(m — 1;¢€0;0), and w;(t,e,0, 1) = 0. Then

t
eXp(/d]SEHSE ,u)ds>
0

t

~ exp <0/()\j(s,€) +uuj(s,a,u)+Mgw;(s,g,ﬂ))) exp (uso/ 3;(s,2,0(s, ), 1) ds>. (12)

By virtue Lemma 1, we conclude

t
a/zﬂj(s,a,ﬁ(s,a),u) ds € F(m —1;g0;0) (j=1,N).
0

It follows by virtue of the properties of functions from class F'(m;eg; ) that

t

gj(t,e,0, 1) = exp (ue/@j(s,sﬁ(s,s),u) ds) € F(m—1;e0;0) (j=1,N). (13)
0

By virtue of (11)-(13) we obtain the statement of the theorem. O

Obviously, the formula (10) is an analogue of Floquet’s—Lyapunov’s theorem for the systems of
kind (1).



