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The existence of countably many cycles in hyperbolic systems of differential
equations with transformed argument were considered in [6]. The existence and
stability of an arbitrarily large finite number of cycles for the equation of spin
combustion with delay were considered in [7]. We study the existence and stability
of an arbitrarily large finite number of cycles for a parabolic system with delay and
weak diffusion. Similar problems for partial differential equations were studied in
numerous works (see, e.g., [1 – 8]).

1. Traveling waves for parabolic equations with weak diffusion. Con-
sider a system
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with periodic condition

u1(t, x+ 2π) = u1(t, x), u2(t, x+ 2π) = u2(t, x), (2)

where ε is a small positive parameter, ω0 > 0, α > 0, γ > 0, d0 < 0.
Passing to the complex variables u = u1+ iu2 and ū = u1− iu2, we arrive at the

equation
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[
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]
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2u. (3)

We investigate the existence and stability of the wave solutions of problem (1),
(2). The solution of equation (3) is sought in the form of traveling wave u = θ(y),
y = σt + x, where the function θ(y) is periodic with period 2π. We arrive at the
equation

σ
dθ

dy
= iω0θ + ε

[
(γ + iδ)

d2θ

dy2
+ (α+ iβ)θ

]
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2θ.

By the change of variables
dθ

dy
= θ1, this equation is reduced to the following system:

dθ

dy
= θ1, σθ1 = iω0θ + ε

[
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dθ1
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]
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2θ.

The periodic solution of problem (1), (2) takes the form

u1 =
√
εrn cos(χn(ε)t+ nx), u2 =

√
εrn sin(χn(ε)t+ nx), n ∈ Z, (4)

where rn =
√
(α− n2γ) |d0|−1, χn(ε) = ω0 + εβ + εc0r

2
n − εδn2, n ∈ Z.

The following statement is true:
Theorem 1. Let ω0 > 0, α > 0, γ > 0, d0 < 0 and let the inequality α > γn2

be true for some integer n. Then there exists ε0 > 0 such that, for 0 < ε < ε0,
problem (1), (2) has solutions (4) periodic in t.

The problems of existence and stability of traveling waves in the parabolic system
with retarded argument and weak diffusion are investigated.

1



References

[1] V.I. Fodchuk, I.I. Klevchuk, Integral sets and the reduction principle for differential-
functional equations, Ukrainian Math. J. 34(3) (1982), 272–277

[2] I.I. Klevchuk, V.I. Fodchuk, Bifurcation of singular points of differential-functional equations,

Ukrainian Math. J. 38(3) (1986), 281–286
[3] I.I. Klevchuk, On the reduction principle for functional-differential equations of the neutral

type, Differ. Equ. 35(4) (1999), 464–473
[4] I.I. Klevchuk, Bifurcation of the state of equilibrium in the system of nonlinear parabolic

equations with transformed argument, Ukrainian Math. J. 51(10) (1999), 1512–1524
[5] I.I. Klevchuk, Homoclinic points for a singularly perturbed system of differential equations

with delay, Ukrainian Math. J. 54(4) (2002), 693–699
[6] I.I. Klevchuk, Existence of countably many cycles in hyperbolic systems of differential equa-

tions with transformed argument, J. Math. Sci. 215(3) (2016), 341–349
[7] I.I. Klevchuk, Bifurcation of self-excited vibrations for parabolic systems with retarded argu-

ment and weak diffusion, J. Math. Sci. 226(3) (2017), 285–295
[8] I.I. Klevchuk, Existence and stability of traveling waves in parabolic systems of differential

equations with weak diffusion, Carpathian Mathematical Publications. 14(2) (2022), 493-503

Department of Mathematical Modeling, Yuriy Fedkovych Chernivtsi National Uni-
versity, Chernivtsi, Kotsyubynskyi str. 2, Ukraine

E-mail address: i.klevchuk@chnu.edu.ua

2


