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We study the Cauchy problem for the second-order linear parabolic equations with impulse
conditions in the time variable and power singularity in the coefficients of any order with
respect to the time and space variables. By using the maximum principle and apriori estimates
we establish the existence and uniqueness of solution of the problem in Hölder spaces with
power weight.

The study of systems with discontinuous trajectories is stimulated by the development
of technology, where impulse computing devices play an important role. Research of tasks in
theory of automatic control, theory of nuclear reactors, dynamic systems, leads to solving of
boundary value problems for differential equations with impulse action. Fundamental results
in the theory of investigation of solutions of systems of ordinary differential equations with
impulse action are given in monographs [1–3]. The existence of the periodic solutions of
impulse action problems for equations of hyperbolic type has been studied in papers [4, 5].
In papers [6,7] there are presented results of research on classical solutions of momentum
boundary value problems for parabolic degenerate equations. Papers [8,9] are devoted to the
boundary value problems with nonlocal and integral conditions on time variable for parabolic
equations with degeneration in coefficients on time and space variables.

This article suggests an algorithm for solving of the Cauchy problem for the second-order
parabolic equation with degree singularities and degeneracy in coefficients of time and space
variables of arbitrary order for some multiple points and impulse actions on time variable at
certain points in time. The existence and uniqueness of a solution of the task is proven in
Hölder spaces with a degree of weight.
1. Formulation of the Problem and Main Restrictions. Let η, t0, t1, . . . , tN , tN+1

be fixed positive numbers, 0 ≤ t0 < t1 < · · · < tN < tN+1, t0 < η < tN+1, η ̸= tλ,
λ ∈ {1, 2, . . . , N}, let Ω be a some bounded domain, Ω ⊂ Rn−1, dimΩ ≤ n−1. Let us denote
Π(0) = ({(t, x)

∣∣∣ t ∈ [t0; tN+1), x ∈ Ω} ∪ {(t, x)
∣∣∣ t = η, x ∈ Rn \ Ω}).

In the domain Π = [t0, tN+1)×Rn we consider the problem of finding the function u(t, x)
which for t ̸= tλ, (t, x) ̸∈ Π(0) satisfies the equation

(Lu)(t, x) =
[
∂t −

n∑
ij=1

Aij(t, x)∂xi
∂xj

+
n∑

i=1

Ai(t, x)∂xi
+ A0(t, x)

]
u(t, x) = f(t, x), (1)
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and conditions for the time variable

u(t0 + 0, x) = φ0(x), (2)
u(tλ + 0, x)− u(tλ − 0, x) = bλ(x)u(tλ − 0, x) + φλ(x). (3)

The power singularities of coefficients of differential equation (1) at the point P (t, x) ∈
Π \ Π(0) are characterized by the functions s1(β

(1)
i , t) and s2(β

(2)
i , x): s1(β

(1)
i , t) = |t − η|β

(1)
i

as |t− η| ≤ 1, s1(β
(1)
i , t) ≡ 1 as |t− η| ≥ 1; s2(β

(2)
i , x) = ρβ

(2)
i (x) as ρ(x) ≤ 1, s2(β

(2)
i , x) = 1

as ρ(x) ≥ 1, ρ(x) = inf
z∈Ω

|x − z|, β(ν)
i ∈ (−∞,∞), ν ∈ {1, 2}, β(ν) = (β

(ν)
1 , β

(ν)
2 , . . . , β

(ν)
n ),

β = (β(1), β(2)).
Denote by (x

(1)
1 , . . . , x

(1)
i , . . . , x

(1)
n ) the coordinates of the point x(1) ∈ Rn. Let (x

(2)
1 , . . . ,

x
(2)
i , . . . , x

(2)
n ) be the coordinates of the point x(2) ∈ Rn, l, α, q(1), q(2), γ(1), γ(2), µ(1)

j , µ(2)
j

be real numbers, j ∈ {0, 1, . . . , n}, q(ν) ≥ 0, γ(ν) ≥ 0, l ≥ 0, µ(ν)
j ≥ 0, α ∈ (0, 1), [l] be

the integer part of l. Let D be an arbitrary closed domain, D ⊂ Rn, Q(k) = [tk, tk+1) × D,
P

(k)
1 (t(1), x(1)), R(k)(t(2), x(2)), H(k)(t(1), x(2)) be arbitrary points of the domain Q(k), Q(k) ⊂

Π(k) = [tk, tk+1)× Rn, k ∈ {0, 1, . . . , N}, Q(0) = Q(k)
∩

Π(0).
Below we define the function space to study problem (1)–(3).
Let H l(γ; β; q; Π) be the set of functions u(t, x) ∈ L1(Π) having continuous partial deri-

vatives in Q(k) \Q(0) of the form ∂jt ∂
r
xu, 2i+ |r| ≤ [l] and a finite value of the norm

∥u; γ; β; q; Π∥l = sup
k

{ ∑
2j+|r|≤[l]

∥u; γ; β; q,Q(k)∥2j+|r| + ⟨u; γ; β; q;Q(k)⟩l
}
,

where, e.g.,

∥u; γ; β; 0;Q(k)∥0 = sup
k

(
sup

P
(k)
1 ∈Q(k)

|u(P (k)
1 )|

)
≡ sup

k
∥u;Q(k)∥0,

∥u; γ; β; q;Q(k)∥2j+|r| = sup
P

(k)
1 ∈Q(k)

[s1(q
(1) + 2jγ(1), t(1))s2(q

(2) + 2jγ(2), x(1))×

×
n∏

i=1

s1(ri(γ
(1) − β

(1)
i ), t(1))s2(ri(γ

(2) − β
(2)
i ), x(1))|∂jt ∂rxu(P

(k)
1 )|],

⟨u; γ; β; q;Q(k)⟩l =
∑

2j+|r|=[l]

{ n∑
ν=1

sup
(P

(k)
1 ,H(k))⊂Q

(k)

[
s1(q

(1) + lγ(1), t(1))×

×s2(q(2) + 2jγ(2), x̃)
n∏

i=1

s1(−riβ(1)
i , t(1))s2(ri(γ

(2) − β
(2)
i , x̃))s1(−{l}β(1)

ν , t(1))×

×s2({l}(γ(2) − β(2)
ν , x̃)|x(1)ν − x(2)ν |−{l}|∂jt ∂rxu(P

(k)
1 )−

−∂jt ∂rxu(H(k))|
]
+ sup

(R(k),H(k))⊂Q
(k)

[
s1(q

(1) + lγ(1), t̃)s2(q
(2) + (l − |r|γ(2), x(2))×

×
n∏

i=1

s1(−riβ(1)
i , t̃)s2(ri(γ

(2) − β
(2)
i , x(2)))|t(1) − t(2)|−{ l

2
}|∂jt ∂rxu(R(k))− ∂jt ∂

r
xu(H

(k))|
]}
.

Here: s1(a, t̃) = min(s1(a, t
(1)), s1(a, t

(2))), ∂rx = ∂r1x1
∂r2x2

. . . ∂rnxn
, |r| = r1 + r2 + · · · + rn,

s2(a, x̃) = min(s2(a, x
(1)), s2(a, x

(2))), l = [l] + {l}.
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Assume that initial problem (1)–(3) satisfies the following conditions:
a) for an arbitrary vector ξ = (ξ1, ξ2, . . . , ξn), ∀(t, x) ∈ Π \ Π(0) the following inequality

holds

π1|ξ|2 ≤
n∑

ij=1

s1(β
(1)
i , t)s1(β

(1)
j , t)s2(β

(2)
i , x)s2(β

(2)
j , x)Aij(t, x)ξiξj ≤ π2|ξ|2,

where π1, π2 are fixed positive constants and s1(µ
(1)
i , t)s2(µ

(2)
i , x)Ai ∈ Hα(γ; β; 0; Π \ Π(0)),

s1(β
(1)
i , t)s1(β

(1)
j , t)s2(β

(2)
i , x)s2(β

(2)
j , x)Aij ∈ Hα(γ; β; 0; Π \ Π(0)),

s1(µ
(1)
0 , t)s2(µ

(2)
0 , x)A0 ∈ Hα(γ; β; 0; Π \ Π(0)), A0 ≥ −a, a ≥ 0,

γ(ν) = max
{
max

i
(1 + β

(ν)
i ),max

i

(
µ
(ν)
i − β

(ν)
i

)
,
µ
(ν)
0

2

}
, ν ∈ {1, 2};

b) functions f ∈ Hα(γ; β;µ0; Π\Π(0)), φ0 ∈ H2+α(γ̃; β̃; 0;Rn \Ω), φλ ∈ H2+α(γ̃; β̃; 0; (Π\
Π(0) | ∩ (t = tλ)), bλ(x) ∈ C2+α((Π \ Π(0)) ∩ (t = tλ)), γ̃ = (0, γ(2)), β̃ = (0, β(2)).

Let us formulate the main result of the paper.

Theorem 1. Let conditions a), b) be satisfied for problem (1)–(3). Then there exists the
unique solution of problem (1)–(3) in the space H2+α(γ, β; 0; Π \ Π(0)) and the following
estimate is correct:

∥u; γ; β; 0; Π \ Π(0)∥2+α ≤ c
{ N∑

k=1

N∏
λ=k

(1 + ∥bλ; Π ∩ (t = tλ)∥0)×

×(∥φk−1; γ̃; β̃; 0; Π ∩ (t = tk−1)∥2+α + ∥f ; γ; β;µ0; Π
(k−1)∥α)+ (4)

+∥φN ; γ̃; β̃; 0; Π ∩ (t = tN)∥2+α + ∥f ; γ; β;µ0; Π
(N)∥α

}
≡ B.

To prove Theorem 1 we construct a sequence of solutions of problems with smooth coeffi-
cients, for which the boundary value is the solution of problem (1)–(3).

2. Evaluation of solutions of problems with smooth coefficients. Let Πm = Π ∩
{(t, x) ∈ Π | s1(1, t) ≥ m−1

1 , s2(1, x) ≥ m−1
2 }, m1 > 1, m2 > 1 be a sequence of domains

converging to Π \ Π(0) as m1 → ∞, m2 → ∞.
In the domain Π we consider the problem of finding the function um(t, x), that satisfies

the equation

(L1um)(t, x) ≡
(
∂t −

n∑
ij=1

aij(t, x)∂xi
∂xj

+
n∑

i=1

ai(t, x)∂xi
+ a0(t, x)

)
um(t, x) = fm(t, x), (5)

and conditions concerning to the time variable

um(t0 + 0, x) = φ
(m)
0 (x), (6)

um(tλ + 0, x)− um(tλ − 0, x) = b
(m)
λ (x)um(tλ − 0, x) + φ

(m)
λ (x). (7)

Here the coefficients aij, ai, a0, b
(m)
λ (x) and functions fm, φ(m)

0 , φ(m)
λ for (t, x) ∈ Πm

coincide with Aij, Ai, A0, bλ and f , φ0, φλ, respectively. For (t, x) ∈ Π \Πm the coefficients
aij, ai, a0, b

(m)
λ , and functions fm, φ(m)

0 , φ(m)
λ are continuous extensions of the coefficients
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Aij, Ai, A0, bλ and functions f , φ0, φλ from the domain Πm into the domain Π \Πm [10, p.
83], m = (m1,m2).

Let us find the estimate of the solution of problem (5)–(7). In the space C2+α(Π) we
introduce the norm ∥um; γ; β; q; Π∥l, which for every m is equivalent to the Hölder norm
determined by analogy as ∥u; γ; β; q; Π∥l. But instead of the functions s1(β

(1)
i , t), s2(β

(2)
i , x) we

take d1(β
(1)
i , t), d2(β

(2)
i , x): d1(β

(1)
i , t) = max(s1(β

(1)
i , t),m

−β
(1)
i

1 ) as β(1)
i ≥ 0 and d1(β

(1)
i , t) =

min(s1(β
(1)
i , t),m

−β
(1)
i

1 ) as β(1)
i < 0; d2(β

(2)
i , x) = max(s2(β

(2)
i , x),m

−β
(2)
i

2 ) as β(2)
i ≥ 0 and

d2(β
(2)
i , x) = min(s2(β

(2)
i , x),m

−β
(2)
i

2 ) as β(2)
i < 0.

To solve problem (5)–(7), we have a valid theorem.

Theorem 2. Let um be the classical solutions of problem (5)–(7) in the domain Π and let
conditions a), b) be satisfied. Then for um(t, x) the estimate is true

|um| ≤
N∑
k=1

N∏
λ=k

(1 + ∥b(m)
λ ; Π ∩ (t = tλ)∥0)(∥φ(m)

(k−1); Π ∩ (t = tk−1)∥0+

+tk∥fm; Π(k−1)∥0)eatk + (∥φ(m)
N ; Π ∩ (t = tN)∥0 + tN+1∥fm; Π(N)∥0)eatN+1 . (8)

Proof. Inequality (8) can be proved by the scheme of proving in Theorem 2.5 from [11, p.
27]. In view of this theorem for the solution of problem (5)–(6) in Π(0) we estimate

∥um; Π(0)∥0 ≤ (∥φ(m)
0 ; Π(0) ∩ (t = t0)∥0 + t1∥fm; Π(0)∥0)eat1 . (9)

If k ≥ 1, then from given inequality (7) we obtain inequalities

∥um; Π(k)∥0 ≤ [(1 + ∥b(m)
k ; Π(k) ∩ (t = tk)∥0)(∥um; Π(k−1)∥0+

+∥φ(m)
k ; Π(k) ∩ (t = tk)∥0 + tk+1∥fm; Π(k)∥0)]eatk+1 , k ∈ {1, 2, . . . , N}. (10)

Combining inequalities (9), (10) we obtain estimate (8).

Theorem 3. If conditions a), b) are satisfied, then the inequality solving problem (5)–(7) is

∥um; γ; β; 0; Π∥2+α ≤ c

{
N∑
k=1

[ N∏
λ=k

(1 + ∥b(m)
λ ; Π ∩ (t = tλ)∥0)×

×(∥φ(m)
k−1; γ̃; β̃; 0; Π ∩ (t = tk−1)∥2+α + ∥fm; γ; β;µ0; Π

(k−1)∥α)+ (11)

+∥φ(m)
N ; γ̃; β̃; 0; Π ∩ (t = tN)∥2+α + ∥fm; γ; β;µ0; Π

(N)∥α
]}

.

Proof. Using the definition of the norm and interpolation inequalities from [12 p. 38], we
have

∥um; γ; β; 0; Π(k)∥2+α ≤ (1 + εα)⟨um; γ; β; 0; Π(k)⟩2+α + c(ε)∥um; Π(k)∥0,

where ε is an arbitrary real number, ε ∈ (0, 1). It is sufficient to evaluate the half norm
⟨um; γ; β; 0; Π(k)⟩2+α. From the definition of the half norm it follows that there exist the
points P (k)

1 , R(k), H(k) in Π(k) for which one of the following inequalities holds

1

2
∥um; γ; β; 0; Π(k)∥2+α ≤ Eδ, δ ∈ {1, 2}, (12)
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where

E1 =
∑

2j+|r|=2

n∑
ν=1

d1((2 + α)γ(1), t(1))
n∏

i=1

d1(−riβ(1)
i , t(1))d2(ri(γ

(2) − β
(2)
i ), x̃)×

×d1(−αβ(1)
ν , t(1))d2(−α(γ(2) − β(2)

ν , x̃)|x(1)ν − x(2)ν |−α|∂jt ∂rxu(P
(k)
1 )− ∂jt ∂

r
xu(H

(k))|,

E2 =
∑

2j+|r|=2

d1((2 + α)γ(1); t̃)d2((2− |r|+ α)γ(2); x(2))×

×
n∏

i=1

d1(−riβ(1)
i , t̃)d2(ri(γ

(2) − β
(2)
i , x(2))|t(1) − t(2)|−

α
2 |∂jt ∂rxu(R(k))− ∂jt ∂

r
xu(H

(k))|,

d1(a, t̃) = min(d1(a, t
(1)), d1(a, t

(2))), d2(a, x̃) = min(d2(a, x
(1)), d2(a, x

(2))).
If |x(1)ν − x

(2)
ν | ≥ n−1d1(γ

(1) − β
(1)
ν , t(1))d2(γ

(2) − β
(2)
ν , x̃) ε1

4
≡ T1, then

E1 ≤ 2ε−α
1 ∥um; γ; β; 0; Π(k)∥2. (13)

If |t(1) − t(2)| ≥ d1(2γ
(1), t̃)d2(2γ

(2), x(2)) ε1
16

≡ T2, then

E2 ≤ 2ε−α
1 ∥um; γ; β; 0; Π(k)∥2. (14)

Applying the interpolation inequalities to (13), (14), we obtain

Eδ ≤ εα∥um; γ; β; 0; Π(k)∥2+α + c(ε)∥um; Π(k)∥0. (15)

Let |x(1)ν − x
(2)
ν | ≤ T1 and |t(1) − t(2)| ≤ T2. Assume that

d1(2γ
(1), τ̃) = d1(2γ

(1), t(1)),

d2(2γ
(2), x̃) = d2(2γ

(2), x(2)), (t(1), x(2)) ∈ Π(k). In the domain Π(k) we write problem (5)–(7)
in the form

(L2um) ≡
(
∂t −

n∑
ij=1

aij(t
(1), x(2))∂xi

∂xj

)
um =

n∑
ij=1

[aij(t, x)− aij(t
(1), x(2))]∂xi

∂xj
um−

−
n∑

i=1

ai(t, x)∂xi
um − a0(t, x)um + fm(t, x) ≡ Fm(t, x;um) + fm(t, x), (16)

um(tk + 0, x) = ψ(k)
m (tk, x), (17)

where ψ(0)
m (t0, x) = φ

(m)
0 (x), x ∈ Rn;

ψ(k)
m (tk, x) = [1 + b

(m)
k (x)]um(tk − 0, x) + φ

(m)
k (x), x ∈ Π(k) ∩ (t = tk), k ∈ {1, 2, . . . , N}.

Let Vε2 be a domain from Π(k), Vε2 = {(t, x) ∈ Π(k), |t − t(1)| ≤ ε22T2, |xi − x
(2)
i | ≤ ε2T1,

i ∈ {1, . . . , n}}. In problem (16), (17) we make the substitution um(t, x) = vm(t, y), yi =
d1(β

(1)
i , t(1))d2(β

(2)
i , x(2))xi. As a result, we deduce

(L2vm)(t, y) =
[
∂t −

n∑
ij=1

aij(t
(1), x(2))d1(β

(1)
i , t(1))d1(β

(1)
j , t(1))×
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×d2(β(2)
i , x(2))d2(β

(2)
j , x(2))∂yi∂yj

]
vm = Fm(t, ỹ; vm) + fm(t, ỹ), (18)

vm(tk + 0, y) = ψ(k)
m (tk, ỹ), (19)

where ỹ = (d1(−β(1)
1 , t(1))d2(−β(2)

1 , x(2))y1, . . . , d1(−β(1)
n , t(1))d2(−β(2)

n , x(2))yn).
Denote y(2)i = d1(β

(1)
i , t(1))d2(β

(2)
i , x(2))x

(2)
i , W (k)

ε2 = {(t, y), |t − t(1)| ≤ ε22T2, |yi − y
(2)
i | ≤

ε2T
1/2
2 } and take the triply differentiable function µ(t, y), that satisfies the conditions

µ(t, y) =


1, (t, y) ∈ W

(k)
1/2, 0 ≤ µ(t, y) ≤ 1;

0, (t, y) ̸∈ W
(k)
3/4, |∂

j
t ∂

r
xµ| ≤

≤ cjrd1(−2jγ(1); t(1))
n∏

i=1

d2(−riγ(2), x(2)).

In view of (18), (19), the function Zm(t, y) = vm(t, y)µ(t, y) is a solution of the Cauchy
problem

(L2Zm)(t, y) =
n∑

ij=1

aij(t
(1), x(2))d1(β

(1)
i , t(1))d1(β

(1)
j , t(1))d2(β

(2)
i , x(2))d2(β

(2)
j , x(2))×

×[∂yiµ∂yjvm + ∂yjµ∂yivm] + vm

[ n∑
ij=1

aij(t
(1), x(2))d1(β

(1)
i , t(1))d1(β

(1)
j , t(1))×

×d2(β(2)
j , t(2))d2(β

(2)
j , x(2))∂yi∂yjµ− ∂tµ

]
+ µ[Fm + fm] ≡ F (1)

m + µfm, (20)

Zm(tk + 0, x) = ψ(k)
m (tk, ỹ)µ(tk, y). (21)

By Theorem 5.1 from [11, p. 364], for the solution of problem (20), (21) inequalities hold

|y(1) − y(2)|−α|∂jt ∂ryZm(t, y
(1))− ∂jt ∂

r
yZm(t, y

(2))| ≤ c(∥F (1)
m + µFm∥Cα(W

(k)
3/4

)
+ (22)

+∥µψ(k)
m ∥

C2+α(W
(k)
3/4

∩(t=tk))
) ≡ Bm,

|t(1) − t(2)|−α/2|∂jt ∂ryZm(t
(1), y)− ∂jt ∂

r
yZm(t

(2), y)| ≤ c1Bm, (23)

where {(t, y(1)), (t, y(2)), (t(1), y), (t2, y)} ⊂ W
(k)
1/4, 2j + |r| = 2.

Taking into account the properties of the function µ(t, y), we find

∥F (1)
m + µfm∥Cα(W

(k)
3/4

)
≤

≤ c2d1(−(2 + α)γ(1); t(1))d2(−(2 + α)γ(2); x(2))(∥vm; γ; 0; 0;W (k)
3/4∥2+

+∥vm;W (k)
3/4∥0 + ∥fm; γ; 0; 2γ;W (k)

3/4∥α + ∥Fm; γ; 0; 2γ;W
(1)
3/4∥α), (24)

∥µψ(k)
m ∥

C2+α(W
(k)
3/4

∩(t=tk))
≤ c3d1(−(2 + α)γ(1), t(1))d2(−(2 + α)γ(2), x(2))×

×∥ψ(k)
m ; γ̃; 0; 0;W

(k)
3/4 ∩ (t = tk)∥2+α, (25)

Substituting (24), (25) into (22), (23) and returning to the variables (t, x), we obtain

Eδ ≤ c4(∥Fm; γ; β; 2γ;V
(k)
3/4∥α + ∥fm; γ; β; 2γ;V (k)

3/4∥α+

+∥um;V (k)
3/4∥0 + ∥um; γ; β; 0;V (k)

3/4∥2 + ∥ψ(k)
m ; γ̃; β̃; 0;V

(k)
3/4 ∩ (t = tk)∥2+α). (26)
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Taking into account the interpolation inequalities and estimates of the norm of each
addend in the expressions Fm, ψ(k)

m , we obtain the inequalities

Eδ ≤ (εα1 (n+ 2) + ε2n2)∥um; γ; β; 0;V (k)
3/4∥2+α + c4∥um;V (k)

3/4∥0+

+c5(∥fm; γ; β;µ0;V
(k)
3/4∥α + ∥ψ(k)

m ; γ̃; β̃; 0;V
(k)
3/4 ∩ (t = tk)∥2+α), (27)

Where

∥ψ(0)
m ; γ̃; β̃; 0;V

(0)
3/4 ∩ (t = t0)∥2 ≤ c6∥φ(m)

0 ; γ̃; β̃; 0;Rn∥2+α,

∥ψ(k)
m ; γ̃; β̃; 0;V

(k)
3/4 ∩ (t = tk)∥2+α ≤ c7(1 + ∥b(m)

k ; Π ∩ (t = tk)∥0)×

×(∥um; γ; β; 0; Π(k−1)∥2+α + ∥φ(m)
k ; γ̃; β̃; 0; Π(k) ∩ (t = tk)∥2+α), (28)

for k ∈ {1, 2, . . . , N}.
Using inequalities (8), (12), (15), (26)–(28) and choosing ε and ε1 sufficiently small, we

obtain the estimate (11).

Proof of Theorem 1. Since

∥fm; γ; β;µ0; Π
(k)∥α ≤ c∥f ; γ; β;µ0; Π

(k)∥α,
∥φ(k)

m ; γ̃; β̃; 0; Π(k) ∩ (t = tk)∥2+α ≤ c∥φk; γ̃; β̃; 0; Π
(k) ∩ (t = tk)∥2+α,

and estimate (11) holds, for the solution of problem (5)–(7) the estimate is true

∥um; γ; β; 0; Π∥2+α ≤ B. (29)

The right-hand side of inequality (29) does not depend on m = (m1,m2). Moreover, the
sequences
{U (0)

m } = {um},
{U (1)

m } = {d1(γ(1), t)d2(γ(2) − β
(2)
i , x)∂xi

um(t, x)},
{U (2)

m } = {d1(2γ(1); t)d2(γ(2) − β
(2)
i , x)d2(γ

(2) − β
(2)
j , x)∂xi

∂xj
um(t, x)},

{U (3)
m } = {d1(2γ(1); t)d2(2γ(2), x)∂tum(t, x)}

are uniformly bounded and equicontinuous in the domain Q
(k). According to the Arzela

theorem, there exist subsequences {U (ν)
m̃k

}, uniformly convergent in Q
(k) to {U (ν)

0 }, ν ∈
{0, 1, 2, 3}. Since Q(k) is an arbitrary domain, Q(k) ⊂ Π(k), then passing to the limit for
m1k → ∞, m2k → ∞ in problem (5)–(7), we find that u(t, x) = U

(0)
0 is the unique solution

of problem (1)–(3) in the space H2+α(γ; β; 0; Π) and its estimate (4) holds.
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