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LITOVCHENKO V.A.

PARABOLIC BY SHILOV SYSTEMS WITH VARIABLE COEFFICIENTS

Because of the parabolic instability of the Shilov systems to change their coefficients, the def-

inition parabolicity of Shilov for systems with time-dependent t coefficients, unlike the definition

parabolicity of Petrovsky, is formulated by imposing conditions on the matricant of corresponding

dual by Fourier system. For parabolic systems by Petrovsky with time-dependent coefficients, these

conditions are the property of a matricant, which follows directly from the definition of parabolicity.

In connection with this, the question of the wealth of the class Shilov systems with time-dependent

coefficients is important.

A new class of linear parabolic systems with partial derivatives to the first order by the time t

with time-dependent coefficients is considered in this work. It covers the class by Petrovsky sys-

tems with time-dependent younger coefficients. A main part of differential expression of each such

system is parabolic (by Shilov) expression with constant coefficients. The fundamental solution of

the Cauchy problem for systems of this class is constructed by the Fourier transform method. Also

proved their parabolicity by Shilov. Only the structure of the system and the conditions on the

eigenvalues of the matrix symbol were used. First of all, this class characterizes the wealth by Shilov

class of systems with time-dependents coefficients.

Also it is given a general method for investigating a fundamental solution of the Cauchy prob-

lem for Shilov parabolic systems with positive genus, which is the development of the well-known

method of Y.I. Zhitomirskii.
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INTRODUCTION

In [1] G.E. Shilov formulated a new definition of parabolicity of systems of partial differen-

tial equations which generalizes the notion of parabolicity by I.G. Petrovsky [2] and leads to a

significant expansion of the Petrovsky class of systems appearance

∂tu(t; x) = P(t; i∂x)u(t; x), (t; x) ∈ Π(τ;T] := (τ; T]× R
n, τ ∈ [0; T). (1)

Here i is imaginary unit, u is unknown vector function of m dimension, P(t; i∂x) is matrix

differential expression of p ∈ N order with t time-dependent coefficients.

If coefficients of system (1) are constants and P(t; i∂x) ≡ P(i∂x), parabolicity by Shilov is

defined like parabolicity by Petrovsky: by imposing conditions on the real part of the charac-

teristic numbers λj(·) of matrix symbol P(σ), σ ∈ C
n, of differential expression of system (1):

exists h > 0, exists δ0 > 0 and exists δ1 ≥ 0 for all ξ ∈ R
n such that

max
j∈Nm

Reλj(ξ) ≤ −δ0‖ξ‖h + δ1. (2)
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Here h is index of parabolicity of system (1), 0 < h ≤ p; Nm := {1; 2; . . . ; m}, ‖ · ‖ := (·, ·)1/2,

(·, ·) is scalar product in Rn.

If the coefficients of system (1) depend on t (continuously), it has, unlike parabolicity by

Petrovsky, parabolicity by Shilov for this system with the index of parabolicity h means per-

formance for the matricant Θt
τ(·), 0 ≤ τ < t ≤ T, of corresponding dual by Fourier system

following estimate [3]:

|Θt
τ(ξ)| ≤ c(1 + ‖ξ‖γ)e−δ(t−τ)‖ξ‖h

, (t; ξ) ∈ Π(τ;T] (3)

(here γ := (p − h)(m − 1)). Let’s note that for parabolic by Petrovsky systems (1) condition (3)

is characteristic property which is a direct consequence of the relevant condition of parabolicity

of type (2). For parabolic systems (1) with dependent on t coefficients in the case of p 6= h it

is not possible to confirm this fact by means of classical theory of parabolic systems, generally

speaking, due to the parabolic instability of such systems to changing of their coefficients [4].

So the information about the richness of Shilov class of systems with coefficients dependent

on t, in particular about the examples of such systems which are not parabolic by Petrovsky is

important.

In this paper a new class of systems of partial differential equations whose coefficients

depend on t is defined; it is substantiated their parabolicity by Shilov and examples are given.

This class of systems characterizes the richness of Shilov class of systems with depend on t

coefficients. In addition, estimates of the derivatives of the fundamental solution of the Cauchy

problem (FSCP) are established for parabolic by Shilov systems with coefficients dependent on

t the genus of which is positive.

The study FSCP for Shilov-type parabolic systems with coefficients independent of t was

carried out in the papers [3, 5–7] and scalar parabolic equations by Shilov, whose coefficients

can depend on t was carried out in the papers [8–11].

1 PRELIMINARIES

Let Rn and Cn are respectively real and complex space of n dimension, R := R1, Zn
+ is

the set of all n -dimensional multi indices; |x + iy| := (x2 + y2)1/2, {x, y} ⊂ R, |(al j)
m
l,j=1| :=

max
{l,j}⊂Nm

|al j|; zl := zl1
1 . . . zln

n , |z|h+ := |z1|h + . . . + |zn|h, |z|+ := |z|1+, if z := (z1; . . . ; zn) ∈ Cn,

l := (l1; . . . ; ln) ∈ Zn
+ and h > 0.

We shall consider the system (1) with matrix differential expression

P(t; i∂x) =

(

∑
|k|+≤p

a
l j
k (t)i

|k|+∂k
x

)m

l,j=1

of p order coefficients a
l j
k (·) of which are continuous complex-valued functions on [0; T]. We

shall suppose that this system is parabolic by Shilov on the set Π(τ;T] with the index of parabol-

icity h, 0 < h ≤ p, consolidated order p0 and genus µ [3].

Let’s remind now that matricant Θt
τ(·) of appropriate dual by Fourier to (1) system has the

structure

Θt
τ(ξ) = E +

∞

∑
r=1

t
∫

τ

t1
∫

τ

. . .

tr−1
∫

τ

( r

∏
j=1

P
(

tj; ξ
)

)

dtr . . . dt2dt1. (4)
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Here E is the identity matrix of m order. Hence, it abides bound

|P(t; σ)| ≤ c(1 + ‖σ‖p), 0 ≤ t ≤ T, σ ∈ C
n,

we obtain that

|Θt
τ(σ)| ≤ c0eδ0(t−τ)‖σ‖p

, 0 ≤ t ≤ T, σ ∈ C
n (5)

(here c0 and δ0 are positive constants which are not dependent on τ, t and σ).

The exact order of exponential increase of matricant Θt
τ(·) in complex space C

n is called

the consolidated order p0 of the system (1). Always p ≥ p0 > 1 for parabolic systems [3].

The genus of parabolic by Shilov system we shall call the maximum rate µ such that in the

domain

Kµ = {ξ + iη ∈ C
n : ‖η‖ ≤ K(1 + ‖ξ‖)µ}

with some K > 0 for matricant the following estimate holds

|Θt
τ(ξ + iη)| ≤ c(1 + ‖ξ‖γ)e−δ(t−τ)‖ξ‖h

, 0 ≤ τ < t ≤ T. (6)

In [3] it is established that 1 − (p0 − h) ≤ µ ≤ 1.

2 ONE CLASS OF PARABOLIC SYSTEMS

Let’s consider the system of equations

∂tu(t; x) = {P0(i∂x) + P1(t; i∂x)}u(t; x), (t; x) ∈ Π(τ;T], τ ∈ [0; T), (7)

with p ∈ N order in which u := col(u1, . . . , um),

P0(i∂x) :=

(

∑
|k|+≤p

a
l j
k i|k|+∂k

x

)m

l,j=1

, P1(t; i∂x) :=

(

∑
|k|+≤p1

a
l j
k (t)i

|k|+∂k
x

)m

l,j=1

.

We shall assume that corresponding system

∂tu(t; x) = P0(i∂x)u(t; x), (t; x) ∈ Π(τ;T], (8)

on the set Π(τ;T] is parabolic by Shilov with constant coefficients and index of parabolicity h

and coefficients of differential expression P1(t; i∂x) are continuous complex-valued functions

defined on [0;T] with the values p, p1 and h satisfying condition

0 ≤ p1 + (p − h)(m − 1) < h. (A)

Examples of system (7) with condition (А).

I. Each parabolic by Petrovsky system (1) of p = 2b order, b ∈ N, with constant coefficients

of group of senior members and dependent continuously on t coefficients of group of younger

members is a system of kind (7) with condition (А). Because in this case p = h = 2b, p1 =

2b − 1 and respectively

0 < p1 + (p − h)(m − 1) = 2b − 1 < 2b = h.
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II. Let n = 1, m = 2, a > 0 i cj(·), j ∈ N5, are some continuous on [0;T] complex-valued

functions. Then the system

{

∂tu1 = {−a∂4
x + c1(t)∂

2
x}u1 + {∂5

x − ∂3
x + c2(t)∂x}u2,

∂tu2 = {(c3(t)− 1)∂3
x}u1 − {a∂4

x − c4(t)∂
3
x − c5(t)}u2,

is the system of kind (7) with condition (А). Indeed, putting

P0(i∂x) =

( −a∂4
x ∂5

x − ∂3
x

−∂3
x −a∂4

x

)

,

P1(t; i∂x) =

(

c1(t)∂
2
x c2(t)∂x

c3(t)∂
3
x c4(t)∂

3
x + c5(t)

)

and solving the appropriate equation

det(P0(σ)− λE) = 0, σ ∈ C
n,

we obtain that λ1,2(σ) = −aσ4 ± i
√

σ8 + σ6, p = 5, p1 = 3 i h = 4. For these values p, p1 and h,

obviously the condition (А) holds.

Theorem 1. Let (7) is system with continuous coefficients for which the condition (А) holds.

Then for matricant Θt
τ(·) of appropriate dual by Fourier system on the set Π(τ;T], τ ∈ [0; T),

the estimate (3) holds.

Proof. Let’s write down appropriate dual by Fourier system to (7):

∂tv(t; ξ) = {P0(ξ) + P1(t; ξ)}v(t; ξ), (t; ξ) ∈ Π(τ;T]. (9)

With the continuity of the coefficients matricant Θt
τ(·) is the only solution of the Cauchy prob-

lem for system (9) with the initial condition

v(t; ·) |t=τ= E. (10)

Then the following equality holds

∂tΘ
t
τ(ξ) = P0(ξ)Θ

t
τ(ξ) + Q(τ, t; ξ). (11)

Here Q(τ, t; ξ) := P1(t; ξ)Θt
τ(ξ). Solving the Cauchy problem (11), (10), we obtain such repre-

sentation:

Θt
τ(ξ) = e(t−τ)P0(ξ) +

t
∫

τ

e(t−β)P0(ξ)Q(τ, β; ξ)dβ, (t; ξ) ∈ Π(τ;T], τ ∈ [0; T).

Hence, it abides performance of estimate (3) for e(t−τ)P0(·) because e(t−τ)P0(·) is matricant dual

by Fourier system to (8) and inequality

|Q(τ, t; ξ)| ≤ c0(1 + ‖ξ‖p1)|Θt
τ(ξ)|, (t; ξ) ∈ Π(τ;T], τ ∈ [0; T)

(here positive constant c0 does not depend on τ, t i ξ), we get the estimate

|Θt
τ(ξ)| ≤ c(1 + ‖ξ‖γ)e−δ(t−τ)‖ξ‖h

+ c1(1 + ‖ξ‖γ)(1 + ‖ξ‖p1)

t
∫

τ

e−δ(t−β)‖ξ‖h|Θβ
τ(ξ)|dβ,
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from which we come to correlation

|Θt
τ(ξ)|eδ(t−τ)‖ξ‖h

(

1 + ‖ξ‖γ
) ≤ c + c1

(

1 + ‖ξ‖γ
)(

1 + ‖ξ‖p1
)

t
∫

τ

|Θβ
τ(ξ)|eδ(β−τ)‖ξ‖h

(

1 + ‖ξ‖γ
) dβ.

Using now Lemma of Gronwall [12] we obtain

|Θt
τ(ξ)| ≤ c

(

1 + ‖ξ‖γ
)

e−(t−τ)
(

δ‖ξ‖h−c1(1+‖ξ‖γ)(1+‖ξ‖p1)
)

, (t; ξ) ∈ Π(τ;T], τ ∈ [0; T).

From here considering the condition (А) we come to existence of positive constants c and δ

with which for all (t; ξ) ∈ Π(τ;T], τ ∈ [0; T), bound (3) holds. Theorem is proved.

Corollary 1. System (7) with condition (А) is parabolic by Shilov system with coefficients

dependent on t and index of parabolicity h.

3 PROPERTIES OF FSCP

Let (1) is parabolic by Shilov system with continuous on [0; T] coefficients. Solving this

system by Fourier transform we obtain a representation of the fundamental solution of its

Cauchy problem:

G(τ, t; ·) = F−1[Θt
τ(ξ)](τ, t; ·), 0 ≤ τ < t ≤ T

(here F−1[·] is inverse Fourier transform and Θt
τ(·) is appropriate matricant (4)).

The following statement holds.

Theorem 2. Let the system (1) is parabolic by Shilov with dependent continuously on t co-

efficients and positive genus µ. Then its FSCP on the set Rn for spatial variable is infinitely

differentiable function such that exists {c, B, δ} ⊂ (0;+∞) for all k ∈ Zn
+, τ ∈ [0; T), t ∈ (τ; T],

x ∈ R
n such that

|∂k
xG(τ, t; x)| ≤ c(t − τ)−

n+γ+|k|+
h B|k|+kk 1

h e
−δ
( ‖x‖
(t−τ)α

)
1

1−α

,

here α := µ/p0.

Proof. Let’s consider the matrix function

ϕk
τ,t(x) := (t − τ)

γ+|k|+
h xkΘt

τ(x), k ∈ Z
n
+, x ∈ R

n, 0 ≤ τ < t ≤ T,

which obviously continues in a complex space Cn to an entire analytic function at each fixed

k, t and τ.

Directly to the condition (3) we obtain that

|ϕk
τ,t(x)| ≤ c(t − τ)

γ+|k|+
h ‖x‖|k|+(1 + ‖x‖γ)e−δ(t−τ)‖x‖h

= c

(

((t − τ)‖x‖h)
|k|+

h (t − τ)
γ
h + ((t − τ)‖x‖h)

γ+|k|+
h

)

e−δ(t−τ)‖x‖h

≤ cT
γ
h

0

(

sup
ξ≥0

{

ξ
|k|+

h e−
δ
2 ξ
}

+ sup
ξ≥0

{

ξ
γ+|k|+

h e−
δ
2 ξ
}

)

e−
δ
2 (t−τ)‖x‖h

, where T0 = max{1, T}.
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Hence, taking the equality

sup
ξ≥0

{ξβe−δξ} =

(

β

eδ

)β

, β > 0, δ > 0, (12)

into account we come to existence of positive constants c1, B1 and δ1 such that for all x ∈
Rn, k ∈ Zn

+, τ ∈ [0; T) and t ∈ (τ; T] inequality

|ϕk
τ,t(x)| ≤ c1B

|k|+
1 kk 1

h e−δ1(t−τ)‖x‖h

holds. Similarly way due to the definition of genus µ of parabolic system (1) we come to such

an bound of matrix function ϕk
τ,t(·) in the relevant domain Kµ ⊂ C

n :

|ϕk
τ,t(x + iy)| ≤ c2B

|k|+
2 kk 1

h e−δ2(t−τ)‖x‖h
, k ∈ Z

n
+, 0 ≤ τ < t ≤ T (13)

(here positive constants c2, B2 and δ2 do not depend on k, x, y, τ and t). In addition, using the

estimate (5) and the equality (12) we obtain inequality

|ϕk
τ,t(z)| ≤ c3B

|k|+
3 kk 1

h eδ3(t−τ)‖z‖p0 , k ∈ Z
n
+, z ∈ C

n, 0 ≤ τ < t ≤ T, (14)

with an estimated constant not dependent on k, z, τ and t.

Note that when µ > 0 estimate (14) can be specified. Indeed, let z = x + iy ∈ C
n \ Kµ, then

inequality ‖y‖/K > ‖x‖µ holds. From here, the estimates ‖z‖p0 ≤ c(‖x‖p0 + ‖y‖p0), z ∈ C
n

and (14) taking into account that µ ≤ 1 for all z ∈ Cn \ Kµ, τ ∈ [0; T) and t ∈ (τ; T] we obtain

|ϕk
τ,t(z)| ≤ c3B

|k|+
3 kk 1

h e−δ2(t−τ)‖x‖h
e(t−τ)(δ3‖z‖p0+δ2‖x‖h)

≤ c4B
|k|+
3 kk 1

h e(t−τ)
(

δ0‖y‖
p0
µ −δ2‖x‖h

)

(here estimated constants also do not depend on k, z, τ and t). If we now consider estimate (13)

then we come to this statement: exists {c, B, δ1, δ2} ⊂ (0;+∞) for all z = x + iy ∈ Cn, k ∈ Zn
+,

τ ∈ [0; T) t ∈ (τ; T] such that

|ϕk
τ,t(z)| ≤ cB|k|+kk 1

h e(t−τ)
(

δ1‖y‖
p0
µ −δ2‖x‖h

)

. (15)

Further, according to Cauchy integral formula we have

∂
q
x ϕk

τ,t(x) =
n

∏
j=1

qj!

2πi

∫

ΓRj

ϕk
τ,t(σ)dσj

(σj − xj)
qj+1

, {k, q} ⊂ Z
n
+, x ∈ R

n, 0 ≤ τ < t ≤ T, (16)

here ΓRj
is circle of radius Rj with center in the point xj.

Let ΓR := ΓR1
× . . . × ΓRn . Let us denote σ∗ = ξ∗ + iη∗ is the point from ΓR such that

|ϕk
τ,t(σ

∗)| = max
σ∈ΓR

|ϕk
τ,t(σ)|.

Since the coordinates σ∗
j of the point σ∗ are in ΓRj

then the equality

(ξ∗j − xj)
2 + η∗2

j = R2
j , j ∈ Nn,
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holds and implies such correlations:

|ξ∗j − xj| ≤ Rj, |η∗
j | ≤ Rj, j ∈ Nn. (17)

Taking into consideration all above mentioned, estimations (15), inequality

n−1|x|r+ ≤ ‖x‖r ≤ nr/2|x|r+, r > 0, x ∈ R
n,

and (16) for µ > 0 we obtain for all Rj > 0, j ∈ Nn

|∂q
x ϕk

τ,t(x)| ≤ cB|k|+kk 1
h

n

∏
j=1

qj!

R
qj

j

e
(t−τ)(δ̂1R

p0/µ

j −δ̂2|ξ∗j |h) (18)

(here δ̂1 =: δ1n
p0
2µ and δ̂2 := δ2/n).

Let us take radiuses Rj such that the ratio e
(t−τ)δ̂1R

p0/µ

j /R
qj

j reaches a minimum. Then we

put

Rj =

(

qjµ

(t − τ)δ̂1 p0

)µ/p0

, j ∈ Nn.

Then bound (18) is reduced to

|∂q
x ϕk

τ,t(x)| ≤ cB|k|+((t − τ)ep0 δ̂1/µ
)µ|q|+/p0kk 1

h q
q(1− µ

p0
)
e−(t−τ)δ̂2|ξ∗|h+ . (19)

Next, let’s estimate the exponent e
−(t−τ)δ̂2|ξ∗j |h , j ∈ Nn.

If 2|ξ∗j | ≥ |xj| then we have

e
−(t−τ)δ̂2|ξ∗j |h ≤ e−(t−τ)δ̂2(|xj|/2)h

.

If |xj| > 2|ξ∗j | then according to (17) the following inequalities hold:

Rh
j ≥ |xj − ξ∗j |h ≥ ||xj | − |ξ∗j ||h = (|xj|h − |ξ∗j |h)

||xj | − |ξ∗j ||h

|xj |h − |ξ∗j |h

≥ (|xj|h − |ξ∗j |h)
∣

∣1 − |ξ∗j |/|xj |
∣

∣

h ≥ (|xj|h − |ξ∗j |h)/2h,

and

|xj|h − |ξ∗j |h ≤ (2Rj)
h.

Then −|ξ∗j |h = −|xj|h + (|xj|h − |ξ∗j |h) ≤ −|xj|h + (2Rj)
h and

e
−(t−τ)δ̂2|ξ∗j |h ≤ e

−(t−τ)δ̂2|xj|h+δ̂0(t−τ)Rh
j , δ̂0 := δ̂22h.

From here and the astimate (19), abides by that

(t − τ)Rh
j = (t − τ)1−µh/p0

(

qjµ

δ̂1 p0

)µh/p0

≤ T
1−µh/p0
0

(

qjµ

δ̂1 p0

)µh/p0

≡ cq
µh/p0

j ≤ cqj, j ∈ Nn.
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If µ > 0 we get the next statement: exists {c, A, B, δ} ⊂ (0;+∞) for all {k, q} ⊂ Zn
+, τ ∈ [0; T),

t ∈ (τ; T], x ∈ Rn such that

|∂q
x ϕk

τ,t(x)| ≤ c((t − τ)α A)|q|+B|k|+kk 1
h qq(1−α)e−(t−τ)δ|x|h+. (20)

Directly from the estimate (20) and the definition of matrix function ϕk
τ,t(·) and with the

equality

(ix)q∂k
xG(τ, t; x) = (−i)|k|+(2π)−n(t − τ)−

γ+|k|+
h

∫

Rn

∂
q
ξ ϕk

τ,t(ξ)e
−i(x,ξ)dξ,

we obtain that

|∂k
xG(τ, t; x)| ≤ c0(t − τ)−

n+γ+|k|+
h B|k|+kk 1

h ×
( n

∏
j=1

inf
qj

{

((t − τ)α A)qj q
qj(1−α)

j |xj|−qj
}

)

≤ c(t − τ)−
n+γ+|k|+

h B|k|+kk 1
h e

−δ
( ‖x‖
(t−τ)α

)
1

1−α

,

for all k ∈ Zn
+, x ∈ Rn and 0 ≤ τ < t ≤ T, while estimated constants c, B and δ do not depend

on t, τ, k and x. Theorem is proved.

4 CONCLUSIONS

Parabolic systems of Shilov type are parabolically unstable systems to a change in their co-

efficients, in contrast to Petrovsky’s parabolic systems. In this respect, information is important

about parabolic systems with variable coefficients that significantly extend the Petrovsky class

in the Shilov class and allow us to use the means of the classical theory of the Cauchy problem

for their investigation. The class of systems defined in this article is such. The presence of this

class, in particular, convinces that the class of Shilov vector equations with variable coefficients

is not exhausted by the class of Petrine systems with time-dependent coefficients, but is much

wider.

The obtained here estimates of the fundamental solution of the Cauchy problem for Shilov

parabolic systems with coefficients that depend on t important to establish the correct solv-

ability of the Cauchy problem in various functional spaces and, in the study of properties of

solutions to this problem.

REFERENCES

[1] Shilov G.E. On the conditions of correctness of the Cauchy problem for the systems of differential equations in partial

derivatives with constant coefficients. Uspekhi Mat. Nauk 1955, 10 (4), 89–101. (in Russian)

[2] Petrovsky I.G. On the Cauchy problem for systems of equations with partial derivatives at the region of non-analytical

functions. Bull. MGU. Mat. Mekh. 1938, 1 (7), 1–72. (in Russian)

[3] Gelfand I.M., Shilov G.E. Some questions of the theory of differential equations. Moscou, Phys.Math.St.-P.,

1958. (in Russian)

[4] Hou–Xin U. On determination of parabolicity of systems of equations impartial derivatives. Uspekhi Mat. Nauk

1960, 15 (6), 157–161. (in Russian)

[5] Zhitomirskii Ya.I. The Cauchy problem for some types of parabolic by G.E. Shilov systems of linear equations in

partial derivatives with continuous coefficients. Izv. Akad. Nauk SSSR Ser. Mat. 1960, 23, 925–932. (in Russian)



PARABOLIC BY SHILOV SYSTEMS 153

[6] Eydelman S.D., Ivasyshen S.D., Porper F.O. Liouville theorem for the parabolic by Shilov systems. Izv. Vuzov.

Mat. 1961, 6, 169–179. (in Russian)

[7] Litovchenko V.A., Dovzhitska I.M. The fundamental matrix of solutions of the Cauchy problem for a

class of parabolic systems of the Shilov-type with variable coefficients. J. Math. Sci. 2011, 175 (4), 450–476,

doi:10.1007/s10958-011-0356-0 (translation of Ukrain. Mat. Visnyk 2010, 7 (4), 516–552. (in Ukrainian))

[8] Litovchenko V.A. The Cauchy Problem for Shilov Parabolic Equations. Sib. Math. J. 2004, 45 (4), 669–679.

doi:10.1023/B:SIMJ.0000035831.63036.bb

[9] Litovchenko V.A. Cauchy problem for {−→p ;
−→
h } –parabolic equations with time-dependent coefficients. Math. Notes

2005, 77 (3-4), 364–379. doi:10.1007/s11006-005-0036-9 (translation of Mat. Zametki 2005, 77 (3), 395–411. (in

Russian))

[10] Ivasyshen S.D., Litovchenko V.A. Cauchy problem for one class of degenerate parabolic equations of Kolmogorov

type with positive genus. Ukr. Math. J. 2009, 61 (8), 1264–1288. doi:10.1007/s11253-010-0275-0 (translation of

Ukrain. Mat. Zh. 2009, 61 (8), 1066–1087. (in Ukrainian))

[11] Ivasyshen S.D., Litovchenko V.A. Cauchy problem for a class of degenerate Kolmogorov-type parabolic equations

with nonpositive genus. Ukr. Math. J. 2011, 62 (10), 1543–1566. doi:10.1007/s11253-011-0448-5 (translation of

Ukrain. Mat. Zh. 2010, 62 (10), 1330—1350. (in Ukrainian))

[12] Eidelman S.D. Parabolic Systems. North-Holland, Amsterdam, 1969.

Received 01.07.2017

Revised 28.12.2017

Лiтовченко В.А. Параболiчнi за Шиловим системи iз змiнними коефiцiєнтами // Карпатськi ма-

тем. публ. — 2017. — Т.9, №2. — C. 145–153.

Через параболiчну нестiйкiсть систем Шилова до змiни своїх коефiцiєнтiв, означення па-

раболiчностi за Шиловим для систем iз залежними вiд часу t коефiцiєнтами, на вiдмiну вiд

параболiчностi за Петровським, формулюється шляхом накладання умов на матрицант вiд-

повiдної двоїстої за Фур’є системи. Для параболiчних за Петровським систем iз залежними

вiд часу коефiцiєнтами цi умови є характерною властивiстю матрицанта, якi випливають без-

посередньо iз означення параболiчностi. У зв’язку з цим, набуває актуальностi питання про

багатство класу Шилова систем iз змiнними коефiцiєнтами.

У данiй роботi наведено новий клас лiнiйних параболiчних систем рiвнянь iз частинними

похiдними першого порядку за t iз залежними вiд часу коефiцiєнтами, який охоплює клас

Петровського систем iз молодшими коефiцiєнтами, залежними вiд t. Головна частина дифе-

ренцiального виразу кожної такої системи є параболiчним за Шиловим виразом iз сталими

коефiцiєнтами. Методом перетворення Фур’є побудовано фундаментальний розв’язок задачi

Кошi для систем цього класу та обгрунтовано їх параболiчнiсть за Шиловим. При цьому вико-

ристано лише структуру системи та умови на власнi числа її головного матричного символу.

Цей клас, перед усiм, характеризує багатство класу Шилова систем iз змiнними коефiцiєнтами

та невичерпнiсть його системами Петровського.

Також наведено загальний метод дослiдження фундаментального розв’язку задачi Кошi

для параболiчних за Шиловим систем, який є розвиненням вiдомого методу Я.I. Житомир-

ського.

Ключовi слова i фрази: параболiчна за Шиловим система, фундаментальний розв’язок, за-

дача Кошi.


