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Introduction. In the theory of linear systems of differential equations is well
known the Floquet–Lyapunov theorem [1]. The fundamental matrix 𝑋(𝑡) of the linear
homogeneous system

𝑑𝑥

𝑑𝑡
= 𝐴(𝑡)𝑥, 𝑡 ∈ R, (1)

where 𝐴(𝑡) – is a continuous 𝑇 -periodic matrix, has a kind:

𝑋(𝑡) = 𝐹 (𝑡) 𝑒𝑡𝐾 , (2)

where 𝐹 (𝑡) – is a 𝑇 -periodic matrix, and 𝐾 – is a constant matrix.
There exists many analogues of this theorem for the linear systems of different

types, for example, for the systems with quasiperiodic coefficients [2], for the countable
systems of differential equations [3], for the differential equations in the Banach spaces
[4] and other.

The purpose of this paper is to obtain of analogue of Floquet-Lyapunov theorem
for the linear systems of differential equations whose coefficients are represented as
an absolutely and uniformly convergent Fourier-series with slowly varying coefficients
and frequency. Here we make substantial use of the results of our paper [5].

Notation. Let 𝐺(𝜀0) = {𝑡, 𝜀 : 0 < 𝜀 < 𝜀0, −𝐿𝜀−1 6 𝑡 6 𝐿𝜀−1, 0 < 𝐿 < +∞}.
Definition 1. We say, that a function 𝑝(𝑡, 𝜀) belong to class 𝑆(𝑚; 𝜀0)

(𝑚 ∈ N ∪ {0}), if
1) 𝑝 : 𝐺(𝜀0) → C, 2) 𝑝(𝑡, 𝜀) ∈ 𝐶𝑚(𝐺(𝜀0)) with respect 𝑡;
3) 𝑑𝑘𝑝(𝑡, 𝜀)/𝑑𝑡𝑘 = 𝜀𝑘𝑝*𝑘(𝑡, 𝜀) (0 6 𝑘 6 𝑚),

‖𝑝‖𝑆(𝑚;𝜀0)
𝑑𝑒𝑓
=

𝑚∑︁
𝑘=0

sup
𝐺(𝜀0)

|𝑝*𝑘(𝑡, 𝜀)| < +∞.

Under the slowly varying function we mean a function of class 𝑆(𝑚; 𝜀0).
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Definition 2. We say, that a function 𝑓(𝑡, 𝜀, 𝜃(𝑡, 𝜀)) belong to class 𝐹 (𝑚; 𝜀0; 𝜃)
(𝑚 ∈ N ∪ {0}), if this function can be represented as:

𝑓(𝑡, 𝜀, 𝜃(𝑡, 𝜀)) =

∞∑︁
𝑛=−∞

𝑓𝑛(𝑡, 𝜀) exp (𝑖𝑛𝜃(𝑡, 𝜀)),

and:
1) 𝑓𝑛(𝑡, 𝜀) ∈ 𝑆(𝑚; 𝜀0);
2)

‖𝑓‖𝐹 (𝑚;𝜀0;𝜃)
𝑑𝑒𝑓
=

∞∑︁
𝑛=−∞

‖𝑓𝑛‖𝑆(𝑚;𝜀0) < +∞,

3) 𝜃(𝑡, 𝜀) =
�́�

0

𝜙(𝜏, 𝜀)𝑑𝜏 , 𝜙(𝑡, 𝜀) ∈ R+, 𝜙(𝑡, 𝜀) ∈ 𝑆(𝑚; 𝜀0), inf
𝐺(𝜀0)

𝜙(𝑡, 𝜀) = 𝜙0 > 0.

State some properties of functions of classes 𝑆(𝑚; 𝜀0), 𝐹 (𝑚; 𝜀0; 𝜃) (the proofs are
given in [6]). Let 𝑘 = const, 𝑝, 𝑞 ∈ 𝑆(𝑚; 𝜀0), 𝑢, 𝑣 ∈ 𝐹 (𝑚; 𝜀0; 𝜃). Then 𝑘𝑝, 𝑝 ± 𝑞, 𝑝𝑞
belongs to class 𝑆(𝑚; 𝜀0), 𝑘𝑢, 𝑢± 𝑣, 𝑢𝑣 belongs to class 𝐹 (𝑚; 𝜀0; 𝜃), and

1) ‖𝑘𝑝‖𝑆(𝑚;𝜀0) = |𝑘| · ‖𝑝‖𝑆(𝑚;𝜀0);
2) ‖𝑝± 𝑞‖𝑆(𝑚;𝜀0) 6 ‖𝑝‖𝑆(𝑚;𝜀0) + ‖𝑞‖𝑆(𝑚,𝜀0);
3) ‖𝑝𝑞‖𝑆(𝑚;𝜀0) 6 2𝑚‖𝑝‖𝑆(𝑚;𝜀0)‖𝑞‖𝑆(𝑚;𝜀0);
4) ‖𝑘𝑢‖𝐹 (𝑚;𝜀0;𝜃) = |𝑘| · ‖𝑢‖𝐹 (𝑚;𝜀0;𝜃);
5) ‖𝑢± 𝑣‖𝐹 (𝑚;𝜀0;𝜃) 6 ‖𝑢‖𝐹 (𝑚;𝜀0;𝜃) + ‖𝑣‖𝐹 (𝑚;𝜀0;𝜃);
6) ‖𝑢𝑣‖𝐹 (𝑚;𝜀0;𝜃) 6 2𝑚‖𝑢‖𝐹 (𝑚;𝜀0;𝜃) · ‖𝑣‖𝐹 (𝑚;𝜀0;𝜃);
7) let 𝑢 ∈ 𝐹 (𝑚; 𝜀0; 𝜃), and the function 𝑓(𝑡, 𝜀, 𝜃, 𝑢) belongs to class 𝐹 (𝑚; 𝜀0; 𝜃)

with respect 𝑡, 𝜀, 𝜃 and analytic with respect 𝑢, if |𝑢| < 𝑟, means

𝑓(𝑡, 𝜀, 𝜃, 𝑢) =

∞∑︁
𝑘=0

𝑓𝑘(𝑡, 𝜀, 𝜃)𝑢
𝑘,

where 𝑓𝑘(𝑡, 𝜀, 𝜃) ∈ 𝐹 (𝑚; 𝜀0; 𝜃). Then by the condition

2𝑚‖𝑢‖𝐹 (𝑚;𝜀0;𝜃) 6 𝑟0 < 𝑟,

the function 𝑓(𝑡, 𝜀, 𝜃, 𝑢) belongs to class 𝐹 (𝑚; 𝜀0; 𝜃), and

‖𝑓(𝑡, 𝜀, 𝜃, 𝑢)‖𝐹 (𝑚;𝜀0;𝜃) 6
∞∑︁
𝑘=0

‖𝑓𝑘(𝑡, 𝜀, 𝜃)‖𝐹 (𝑚;𝜀0;𝜃)𝑟
𝑘
0 .

Particularly, all polynomies with respect 𝑢 with the coefficients from 𝐹 (𝑚; 𝜀0; 𝜃),
functions exp𝑢, sin𝑢, cos𝑢 belongs to class 𝐹 (𝑚; 𝜀0; 𝜃). For function exp𝑢 we have:

‖ exp𝑢‖𝐹 (𝑚;𝜀0;𝜃) 6 2−𝑚 exp
(︀
2𝑚‖𝑢‖𝐹 (𝑚;𝜀0;𝜃)

)︀
.

Statement of the Problem. We consider the next system of differential equa-
tions:

𝑑𝑥𝑗
𝑑𝑡

= 𝜆𝑗(𝑡, 𝜀)𝑥𝑗 + 𝜇

𝑁∑︁
𝑘=1

𝑝𝑗𝑘(𝑡, 𝜀, 𝜃)𝑥𝑘, 𝑗 = 1, 𝑁, (3)
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where 𝜆𝑗(𝑡, 𝜀) ∈ 𝑆(𝑚; 𝜀0), 𝑝𝑗𝑘(𝑡, 𝜀, 𝜃) ∈ 𝐹 (𝑚; 𝜀0; 𝜃) (𝑗, 𝑘 = 1, 𝑁), 𝜇 ∈ (0, 𝜇0) ⊂ R+.
We study the problem about the structure of fundamental system of solutions

𝑥𝑗𝑘(𝑡, 𝜀, 𝜇) (𝑗, 𝑘 = 1, 𝑁) of system (3).

Auxiliary arguments.

Lemma 1. Let the function

𝑓(𝑡, 𝜀, 𝜃(𝑡, 𝜀)) =

∞∑︁
𝑛=−∞
(𝑛 ̸=0)

𝑓𝑛(𝑡, 𝜀) exp(𝑖𝑛𝜃(𝑡, 𝜀))

belongs to class 𝐹 (𝑚− 1; 𝜀0; 𝜃). Then the function

𝑥(𝑡, 𝜀, 𝜃(𝑡, 𝜀)) = 𝜀

𝑡ˆ

0

𝑓(𝜏, 𝜀, 𝜃(𝜏, 𝜀))𝑑𝜏

belongs to class 𝐹 (𝑚 − 1; 𝜀0; 𝜃) also, and there exists 𝐾1 ∈ (0,+∞), that does not
depend on the function 𝑓 , such, that

‖𝑥(𝑡, 𝜀, 𝜃)‖𝐹 (𝑚−1;𝜀0;𝜃) 6 𝐾1‖𝑓(𝑡, 𝜀, 𝜃)‖𝐹 (𝑚−1;𝜀0;𝜃).

The proof are given in the paper [5].
Lemma 2. Let we have the linear nonhomogeneous first-order differential equa-

tion:
𝑑𝑥

𝑑𝑡
= 𝜆(𝑡, 𝜀)𝑥+ 𝜀𝑢(𝑡, 𝜀, 𝜃(𝑡, 𝜀)), (4)

where 𝜆(𝑡, 𝜀) ∈ 𝑆(𝑚; 𝜀0), 𝑢(𝑡, 𝜀, 𝜃) ∈ 𝐹 (𝑚−1; 𝜀0; 𝜃). Let holds the condition |Re𝜆(𝑡, 𝜀)| ≥
𝛾0 > 0. Then equation (4) has a particularly solution 𝑥(𝑡, 𝜀, 𝜃(𝑡, 𝜀)) ∈ 𝐹 (𝑚− 1; 𝜀0; 𝜃),
and there exists 𝐾2 ∈ (0,+∞), that does not depend on the function 𝑢(𝑡, 𝜀, 𝜃), such
that

‖𝑥(𝑡, 𝜀, 𝜃)‖𝐹 (𝑚−1;𝜀0;𝜃) 6
𝐾2

𝛾0
‖𝑢(𝑡, 𝜀, 𝜃)‖𝐹 (𝑚−1;𝜀0;𝜃). (5)

The proof are given in the paper [7].
Lemma 3. Let the system (3) such, that

|Re(𝜆𝑗(𝑡, 𝜀)− 𝜆𝑘(𝑡, 𝜀))| ≥ 𝛾1 > 0, (𝑗 ̸= 𝑘). (6)

Then there exists 𝜇1 ∈ (0, 𝜇0), such, that for all 𝜇 ∈ (0, 𝜇1) there exists the Lyapunov’s
transformation of kind

𝑥𝑗 = 𝑦𝑗 + 𝜇

𝑁∑︁
𝑘=1

𝜓𝑗𝑘(𝑡, 𝜀, 𝜃, 𝜇)𝑦𝑘, 𝑗 = 1, 𝑁, (7)

where 𝜓𝑗𝑘 ∈ 𝐹 (𝑚− 1; 𝜀0; 𝜃), reducing the system (3) to kind:

𝑑𝑦𝑗
𝑑𝑡

= (𝜆𝑗(𝑡, 𝜀) + 𝜇𝑢𝑗(𝑡, 𝜀, 𝜇))𝑦𝑗 + 𝜇𝜀

𝑁∑︁
𝑘=1

𝑣𝑗𝑘(𝑡, 𝜀, 𝜃, 𝜇)𝑦𝑘, 𝑗 = 1, 𝑁, (8)
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where 𝑢𝑗 ∈ 𝑆(𝑚; 𝜀0), 𝑣𝑗𝑘 ∈ 𝐹 (𝑚− 1; 𝜀0; 𝜃) (𝑗, 𝑘 = 1, 𝑁).
The proof are given in the paper [5].
Lemma 4. Let holds the condidtion (6). Then there exists 𝜇2 ∈ (0, 𝜇1) (𝜇1

are defined in Lemma 3) such, that for all 𝜇 ∈ (0, 𝜇2) there exists the Lyapunov’s
transformaion of kind

𝑦𝑗 = 𝑧𝑗 + 𝜇

𝑁∑︁
𝑘=1

𝑞𝑗𝑘(𝑡, 𝜀, 𝜃, 𝜇)𝑧𝑘, 𝑗 = 1, 𝑁, (9)

where 𝑞𝑗𝑘 ∈ 𝐹 (𝑚− 1; 𝜀0; 𝜃), reducing the system (8) to the pure diagonal form:

𝑑𝑧𝑗
𝑑𝑡

= 𝑑𝑗(𝑡, 𝜀, 𝜃, 𝜇)𝑧𝑗 , 𝑗 = 1, 𝑁, (10)

where
𝑑𝑗 = 𝜆𝑗(𝑡, 𝜀) + 𝜇𝑢𝑗(𝑡, 𝜀, 𝜇) + 𝜇𝜀𝑣𝑗𝑗(𝑡, 𝜀, 𝜃, 𝜇)+

+𝜇𝜀

𝑁∑︁
𝑘=1
(𝑘 ̸=𝑗)

𝑣𝑗𝑘(𝑡, 𝜀, 𝜃, 𝜇)𝑞𝑘𝑗(𝑡, 𝜀, 𝜃, 𝜇), 𝑗 = 1, 𝑁. (11)

Proof. Wemake in the system (8) the substitution (9) and using the condidtion of
diagonality of transformed system. We obtain the next system of differential equations
for coefficients 𝑞𝑗𝑘:

𝑑𝑞𝑗𝑘
𝑑𝑡

= (𝜆𝑗(𝑡, 𝜀)− 𝜆𝑘(𝑡, 𝜀) + 𝜇(𝑢𝑗(𝑡, 𝜀, 𝜇)− 𝑢𝑘(𝑡, 𝜀, 𝜇))) 𝑞𝑗𝑘+

+𝜇𝜀 (𝑣𝑗𝑗(𝑡, 𝜀, 𝜃, 𝜇)− 𝑣𝑘𝑘(𝑡, 𝜀, 𝜃, 𝜇)) 𝑞𝑗𝑘 + 𝜀𝑣𝑗𝑘(𝑡, 𝜀, 𝜃, 𝜇)+

+𝜇𝜀
∑︁
𝑠=1

(𝑠 ̸=𝑗,�̸�=𝑘)

𝑣𝑗𝑠(𝑡, 𝜀, 𝜃, 𝜇)𝑞𝑠𝑘 − 𝜇2𝜀𝑞𝑗𝑘
∑︁
𝑠=1
(𝑠 ̸=𝑘)

𝑣𝑘𝑠(𝑡, 𝜀, 𝜃, 𝜇)𝑞𝑠𝑘,

𝑗, 𝑘 = 1, 𝑁, 𝑗 ̸= 𝑘. (12)

It is easy to see, that the system (12) is divided into 𝑁 independent (𝑁−1)-order
subsystems.

Together with the system (12) we consider the linear nonhomogeneous system:

𝑑𝑞
(0)
𝑗𝑘

𝑑𝑡
= (𝜆𝑗(𝑡, 𝜀)− 𝜆𝑘(𝑡, 𝜀) + 𝜇(𝑢𝑗(𝑡, 𝜀, 𝜇)− 𝑢𝑘(𝑡, 𝜀, 𝜇))) 𝑞

(0)
𝑗𝑘 +

+𝜀𝑣𝑗𝑘(𝑡, 𝜀, 𝜃, 𝜇), 𝑗, 𝑘 = 1, 𝑁, 𝑗 ̸= 𝑘. (13)

We denote 𝑢*(𝜇) = max
𝑗,𝑘

‖𝑢𝑗(𝑡, 𝜀, 𝜇)− 𝑢𝑘(𝑡, 𝜀, 𝜇)‖𝑆(𝑚;𝜀0 . We choose a parameter 𝜇 so

small that 𝜇𝑢*(𝜇) < 𝛾1. Then⃒⃒
Re (𝜆𝑗(𝑡, 𝜀)− 𝜆𝑘(𝑡, 𝜀) + 𝜇(𝑢𝑗(𝑡, 𝜀, 𝜇)− 𝑢𝑘(𝑡, 𝜀, 𝜇)))

⃒⃒
≥ 𝛾1 − 𝜇𝑢*(𝜇) > 0. (14)

The system (13) is a set of 𝑁(𝑁 − 1) independent linear nonhomogeneous equa-
tions each of which has form (4). By virtue unequality (14) each of which theese
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equations is satisfied to condidtions of Lemma 2. Therefore the system (13) has a

particular solution 𝑞
(0)
𝑗𝑘 (𝑡, 𝜀, 𝜃, 𝜇) ∈ 𝐹 (𝑚 − 1; 𝜀0; 𝜃), and there exists 𝐾3 ∈ (0,+∞)

such, that⃦⃦
𝑞
(0)
𝑗𝑘

⃦⃦
𝐹 (𝑚−1;𝜀0;𝜃)

6
𝐾3

𝛾1 − 𝜇𝑢*(𝜇)

⃦⃦
𝑞
(0)
𝑗𝑘

⃦⃦
𝐹 (𝑚−1;𝜀0;𝜃)

(𝑗, 𝑘 = 1, 𝑛; 𝑗 ̸= 𝑘). (15)

We seek the solution from class 𝐹 (𝑚 − 1; 𝜀0; 𝜃) of system (12) by the method of

successive approximations, defifning the initial approximation 𝑞
(0)
𝑗𝑘 (𝑡, 𝜀, 𝜃, 𝜇) (𝑗, 𝑘 =

1, 𝑁 ; 𝑗 ̸= 𝑘), and the subsequent approximations defining as solutions from class
𝐹 (𝑚− 1; 𝜀0; 𝜃) of the linear nonhomogeneous systems:

𝑑𝑞
(𝜈+1)
𝑗𝑘

𝑑𝑡
= (𝜆𝑗(𝑡, 𝜀)− 𝜆𝑘(𝑡, 𝜀) + 𝜇(𝑢𝑗(𝑡, 𝜀, 𝜇)− 𝑢𝑘(𝑡, 𝜀, 𝜇))) 𝑞

(𝜈+1)
𝑗𝑘 +

+𝜇𝜀 (𝑣𝑗𝑗(𝑡, 𝜀, 𝜃, 𝜇)− 𝑣𝑘𝑘(𝑡, 𝜀, 𝜃, 𝜇)) 𝑞
(𝜈)
𝑗𝑘 + 𝜀𝑣𝑗𝑘(𝑡, 𝜀, 𝜃, 𝜇)+

+𝜇𝜀
∑︁
𝑠=1

(𝑠 ̸=𝑗,�̸�=𝑘)

𝑣𝑗𝑠(𝑡, 𝜀, 𝜃, 𝜇)𝑞
(𝜈)
𝑠𝑘 − 𝜇2𝜀𝑞

(𝜈)
𝑗𝑘

∑︁
𝑠=1
(𝑠 ̸=𝑘)

𝑣𝑘𝑠(𝑡, 𝜀, 𝜃, 𝜇)𝑞𝑠𝑘,

𝑗, 𝑘 = 1, 𝑁, 𝑗 ̸= 𝑘; 𝜈 = 0, 1, 2, . . . . (16)

We denote 𝑉 = max
𝑗,𝑘

‖𝑣𝑗𝑘‖𝐹 (𝑚−1;𝜀0;𝜃). Then by (15):

‖𝑞(0)𝑗𝑘 ‖𝐹 (𝑚−1;𝜀0;𝜃) 6
𝐾3𝑉

𝛾1 − 𝜇𝑢*(𝜇)
(𝑗, 𝑘 = 1, 𝑁 ; 𝑗 ̸= 𝑘). (17)

We denote

Ω =
{︁
𝑞𝑗𝑘 ∈ 𝐹 (𝑚− 1; 𝜀0; 𝜃) : ‖𝑞𝑗𝑘 − 𝑞

(0)
𝑗𝑘 ‖𝐹 (𝑚−1;𝜀0;𝜃) 6 𝜌

}︁
,

where 𝜌 ∈ (0,+∞).
Using techniques contraction mapping principle [8] it is easy to show that for

sufficiently small values of 𝜇 all approximations 𝑞
(𝜈)
𝑗𝑘 (𝜈 = 0, 1, 2, . . .) belongs to Ω.

And process (16) is convergent to solution from class 𝐹 (𝑚 − 1; 𝜀0; 𝜃) of the system
(12).

Lemma 4 are proved.

Main Results.

Theorem. Let for the system (3) the condition (6) is holds. Then there exists
𝜇3 ∈ (0, 𝜇0) such, that for all 𝜇 ∈ (0, 𝜇3) the system (3) has a fundamental system of
solutions of kind:

𝑥𝑗𝑘 = 𝑟𝑗𝑘(𝑡, 𝜀, 𝜃, 𝜇) exp

⎛⎝ 𝑡ˆ

0

𝜎𝑗(𝑠, 𝜀, 𝜇)𝑑𝑠

⎞⎠ , 𝑗, 𝑘 = 1, 𝑁 (18)

( 𝑗 – the number of solution, 𝑘 – the number of component), where 𝑟𝑗𝑘(𝑡, 𝜀, 𝜃, 𝜇) ∈
𝐹 (𝑚− 1; 𝜀0; 𝜃), 𝜎𝑗(𝑡, 𝜀, 𝜇) ∈ 𝑆(𝑚− 1; 𝜀0).
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Proof. The fundamental system of solutions (FSS) of the system (10) has a kind:

𝑧𝑗𝑘 = 𝛿𝑘𝑗 exp

⎛⎝ 𝑡ˆ

0

𝑑𝑗(𝑠, 𝜀, 𝜃(𝑠, 𝜀), 𝜇)𝑑𝑠

⎞⎠ , 𝑗, 𝑘 = 1, 𝑁 (19)

(𝑗 – the number of solution, 𝑘 – the number of component, 𝛿𝑘𝑗 – the symbol of
Kronecker). By virtue (9) FSS of system (8) has a kind:

𝑦𝑗𝑘 = ̃︀𝑞𝑗𝑘(𝑡, 𝜀, 𝜃, 𝜇) exp
⎛⎝ 𝑡ˆ

0

𝑑𝑗(𝑠, 𝜀, 𝜃(𝑠, 𝜀), 𝜇)𝑑𝑠

⎞⎠ , 𝑗, 𝑘 = 1, 𝑁, (20)

where ̃︀𝑞𝑗𝑘 = 𝛿𝑘𝑗 + (1− 𝛿𝑘𝑗 )𝜇𝑞𝑗𝑘 (𝑗 – the number of solution, 𝑘 – the number of compo-
nent). By virtue (7) FSS of system (3) has a kind:

𝑥𝑗𝑘 =

(︃
𝑁∑︁
𝑙=1

̃︀𝜓𝑘𝑙(𝑡, 𝜀, 𝜃, 𝜇)̃︀𝑞𝑙𝑗(𝑡, 𝜀, 𝜃, 𝜇))︃ exp

⎛⎝ 𝑡ˆ

0

𝑑𝑗(𝑠, 𝜀, 𝜃(𝑠, 𝜀), 𝜇)𝑑𝑠

⎞⎠ , 𝑗, 𝑘 = 1, 𝑁,

(21)

where ̃︀𝜓𝑗𝑘 = 𝛿𝑘𝑗 + 𝜇𝜓𝑗𝑘 (𝜓𝑗𝑘 are defined in Lemma 3).
Consider:

𝑡ˆ

0

𝑑𝑗(𝑠, 𝜀, 𝜃(𝑠, 𝜀), 𝜇)𝑑𝑠 =

𝑡ˆ

0

𝜆𝑗(𝑠, 𝜀) + 𝜇𝑗(𝑠, 𝜀, 𝜇))𝑑𝑠+

+𝜇𝜀

𝑡ˆ

0

𝑤𝑗(𝑠, 𝜀, 𝜃(𝑠, 𝜀), 𝜇)𝑑𝑠,

where 𝑤𝑗 = 𝑣𝑗𝑗 +
∑︀𝑁
𝑘=1 𝜓𝑗𝑘𝑞𝑘𝑗 ∈ 𝐹 (𝑚 − 1; 𝜀0; 𝜃). We represent the functions 𝑤𝑗 as

𝑤𝑗 = 𝑤*
𝑗 (𝑡, 𝜀, 𝜇) + ̃︀𝑤𝑗(𝑡, 𝜀, 𝜃, 𝜇), where

𝑤*
𝑗 (𝑡, 𝜀, 𝜇) = 𝑤𝑗(𝑡, 𝜀, 𝜃, 𝜇) =

1

2𝜋

2𝜋ˆ

0

𝑤𝑗(𝑡, 𝜀, 𝜃, 𝜇)𝑑𝜃 ∈ 𝑆(𝑚− 1; 𝜀0).

Accordingly ̃︀𝑤𝑗 ∈ 𝐹 (𝑚− 1; 𝜀0; 𝜃), and ̃︀𝑤𝑗(𝑡, 𝜀, 𝜃, 𝜇) ≡ 0. Then

exp

⎛⎝ 𝑡ˆ

0

𝑑𝑗(𝑠, 𝜀, 𝜃(𝑠, 𝜀), 𝜇)𝑑𝑠

⎞⎠ = exp

⎛⎝ 𝑡ˆ

0

(︀
𝜆𝑗(𝑠, 𝜀) + 𝜇𝑢𝑗(𝑠, 𝜀, 𝜇) + 𝜇𝜀𝑤*

𝑗 (𝑠, 𝜀, 𝜇)
)︀⎞⎠×

× exp

(︂
𝜇𝜀

ˆ 𝑡

0

̃︀𝑤𝑗(𝑠, 𝜀, 𝜃(𝑠, 𝜀), 𝜇)𝑑𝑠)︂ . (22)

By virtue Lemma 1 we concluding, that

𝜀

𝑡ˆ

0

̃︀𝑤𝑗(𝑠, 𝜀, 𝜃(𝑠, 𝜀), 𝜇)𝑑𝑠 ∈ 𝐹 (𝑚− 1; 𝜀0; 𝜃) (𝑗 = 1, 𝑁).
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It follows by virtue the property 7) of functions from class 𝐹 (𝑚; 𝜀0; 𝜃), that

𝑔𝑗(𝑡, 𝜀, 𝜃, 𝜇) = exp

(︂
𝜇𝜀

ˆ 𝑡

0

̃︀𝑤𝑗(𝑠, 𝜀, 𝜃(𝑠, 𝜀), 𝜇)𝑑𝑠)︂ ∈ 𝐹 (𝑚− 1; 𝜀0; 𝜃) (𝑗 = 1, 𝑁). (23)

By virtue (21), (22), (23) we obtain the statement of the Theorem.
Obviously, the formula (18) is an analogue of Floquet-Lyapunov theorem for the

systems of kind (3).

Conclusion. Thus, the analogue of the Floquet-Lyapunov theorem, well known
in the theory of linear homogeneous systems of the differential equations, are obtained
for the linear homogeneous systems, whose coefficients are represented as an absolutely
and uniformly convergent Fourier-series with slowly varying coefficients and frequency.
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Щоголев С. А.
Аналог теореми Флоке—Ляпунова для лiнiйних диференцiальних систем спе-
цiального вигляду

Резюме

Аналог добре вiдомої в теорiї лiнiйних диференцiальних систем з перiодичними кое-
фiцiєнтами теореми Флоке—Ляпунова побудовано за певних умов для лiнiйної дифе-
ренцiальної системи, коефiцiєнти якої зображуванi абсолютно та рiвномiрно збiжними
рядами Фур’є з повiльно змiнними коефiцiєнтами та частотою.
Ключовi слова: лiнiйнi диференцiальнi системи, ряди Фур’є, повiльно змiннi параме-
три.

Щёголев С. А.
Аналог теоремы Флоке—Ляпунова для линейных дифференциальных систем
специального вида

Резюме

Аналог хорошо известной в теории линейных дифференциальных систем с периодиче-
скими коэффициентами теоремы Флоке—Ляпунова построен при определённых усло-
виях для линейной дифференциальной системы, коэффициенты которой представимы
абсолютно и равномерно сходящимися рядами Фурье с медленно меняющимися коэф-
фициентами и частотой.
Ключевые слова: линейные дифференциальные системы, ряды Фурье, медленно меня-
ющиеся параметры.


