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Abstract 

In the paper the �̃�𝟎(𝒙, 𝝉) elliptic problem 𝑀(∂𝑥)𝑈 − 𝜈𝜒𝜃 − 𝜒0 ∂2𝑈

∂𝑡2
= 𝐻, Δ𝜃 −

1

𝜗

∂𝜃

∂𝑡
− 𝜂

∂

∂𝑡
𝑑𝑖𝑣𝑢 = 𝐻7 [1] is conducted to find a solution of the following two 

problems: 

1) 𝑀(𝜕𝑥)�̃�0
(1)(𝑥, 𝜏) − 𝜏2𝜒0�̃�0

(1)(𝑥, 𝜏) = 0, 𝛥�̃�0
(1)(𝑥, 𝜏) −

𝜏

𝜗
�̃�0

(1)(𝑥, 𝑡) = 0, 

𝑙𝑖𝑚
𝐷∍𝑥→𝑦∈𝑆

�̃�0
(1)(𝑥, 𝜏) = 𝑓0(𝑦, 𝜏), 𝑙𝑖𝑚

𝐷∍𝑥→𝑦∈𝑆
�̃�0

(1)(𝑥, 𝜏) = 𝑓07(𝑦, 𝜏); 

2) 2) 𝑀(𝜕𝑥)�̃�0
(2)(𝑥, 𝜏) − 𝜏2𝜒0�̃�0

(2)(𝑥, 𝜏) − 𝜐𝜒�̃�0
(2)(𝑥, 𝜏) = �̃�0

(1)(𝑥, 𝜏), 𝛥�̃�0
(2)(𝑥, 𝜏) −

𝜏

𝜗
�̃�0

(2)(𝑥, 𝜏) − 𝜂𝜏𝑑𝑖𝑣�̃�0
(2)(𝑥, 𝜏) = �̃�07

(1)(𝑥, 𝜏), 𝑙𝑖𝑚
𝐷∍𝑥→𝑦∈𝑆

�̃�0
(2)(𝑥, 𝜏) = 0. 

It is shown that �̃�𝟎(𝒙, 𝝉) elliptic problem’s solution is analytic with respect to 𝝉. 

�̃�𝟎
(𝟏)(𝒙, 𝝉) and their derivatives asymptotic assessments with 𝝉 are derived. 

 

Key words: Elliptic problem, analyticity, asymptotic assessment, initial 

condition, boundary condition, integral equation.  

 

Introduction 

The main equations of Thermo-momentum Resiliency Dynamics can be written 

as 

𝑀(𝜕𝑥)𝑈 − 𝜐𝜒𝜃 − 𝜒0 𝜕2𝑈

𝜕𝑡2
= 𝜗,   (1) 

𝛥𝜃 −
1

𝜗

𝜕𝜃

𝜕𝑡
− 𝜂

𝜕

𝜕𝑡
𝑑𝑖𝑣𝑢 = 𝜗7,   (2) 

where 𝑀(𝜕𝑥) is a differential operator of Resiliency Momentum Theory [4], [5]. 
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𝜒 = (𝜕𝑥1, 𝜕𝑥2, 𝜕𝑥3, 0,0,0). 𝜒0 = ‖𝜒𝑖𝑗
0 ‖

6×6
, 𝜒𝑖𝑖

0 = 𝜌, 𝑖 = 1,2,3, 𝜒𝑖𝑖
0 = 𝑌, 𝑖 = 4,5,6. 

𝜒𝑖𝑖
0 = 0, 𝑖 ≠ 𝑗; 𝜗 = (−𝜌ℏ, −𝜌ƛ); 𝜗7 = −

1

𝜗
𝑄. 𝑈 = (𝑢, 𝑤), where 𝑢 = (𝑢1, 𝑢2, 𝑢3) is 

a compatibility vector, 𝑤 = (𝑤1, 𝑤2, 𝑤3) – rotation vector, 𝜃 – temperature. 

Let 𝐷 be a finite or infinite three-dimensional space with the compact boundary 

𝑆 from the class Λ2(𝛼), (𝛼 > 0). 

Denote by 𝐷𝑙 and 𝑆𝑙 cylinders 𝐷𝑙 = 𝐷 × 𝑙, 𝑆𝑙 = 𝑆 × 𝑙, respectively, where 𝑙 = [0, ∞). 

 

Results 

The following first problem is discussed: to find 𝐷𝑙 cylinder’s solutions 𝑈 = (𝑢, 𝜃) 

of the equations (1) and (2) that belong to 𝐶1(𝐷𝑙) ∩ 𝐶2(𝐷𝑙) and satisfy the initial 

conditions for ∀𝑥 ∈ 𝐷: 

𝑙𝑖𝑚
𝑡→0

𝑈(𝑥, 𝑡) = 𝜙(0)(𝑥),  𝑙𝑖𝑚
𝑡→0

𝜃(𝑥, 𝑡) = 𝜙7
(0)(𝑥),  𝑙𝑖𝑚

𝑡→0

𝜕𝑈(𝑥,𝑡)

𝜕𝑡
= 𝜙(1)(𝑥) (3) 

and boundary conditions for ∀(𝑦, 𝑡) ∈ 𝑆𝑙: 

𝑙𝑖𝑚
𝐷∍𝑥→𝑦∈𝑆

𝑈(𝑥, 𝑡) = 𝑓(𝑦, 𝑡),  𝑙𝑖𝑚
𝐷∍𝑥→𝑦∈𝑆

𝜃(𝑥, 𝑡) = 𝑓7(𝑦, 𝑡).  (4) 

Here, 𝜙(𝑖) = (𝜙
1

(𝑖), 𝜙
2

(𝑖)), 𝑖 = 0,1, where 𝜙
(𝑘)

(𝑖) = (𝜙
𝑘

1
(𝑖)

, 𝜙
𝑘

2
(𝑖)

, 𝜙
3

𝑖
(𝑘)

), 𝑘 = 1,2 and 𝜙7
(𝑖)

, 

𝑖 = 0, 1, are given functions in 𝐷; 𝑓 = (𝑓(1), 𝑓(2)), 𝑓(𝑖) = (𝑓1
(𝑖)

, 𝑓2
(𝑖)

, 𝑓3
(𝑖)

),  𝑖 = 1, 2 

and 𝑓7 are given functions in 𝑆𝑙 . Here, the initial and boundary conditions satisfy 

10-50 conditions [3]. 

Let 𝑈 = (𝑢, 𝜃) be a solution of the first problem, then 𝑈0 = 𝑈 − 𝐻, where 𝐻 =

(ℎ, ℎ7), ℎ(𝑖) = (ℎ1
(𝑖)

, ℎ2
(𝑖)

, ℎ3
(𝑖)

), 𝑖 = 1,2, ℎ = 𝑒𝑡7
∑

𝑡𝑘

𝑘!
𝜙(𝑘)(𝑥)6

𝑘=0 ,  ℎ7 =

𝑒𝑡5
∑

𝑡𝑘

𝑘!

4
𝑘=0 𝜙7

(𝑘)(𝑥)                    (5) 

are the solutions of (1) and (2) equations right-side part:  

𝜗0 = 𝜗 − 𝑀(𝜕𝑥)ℎ + 𝜐𝜒ℎ7 + 𝜒0 𝜕2ℎ

𝜕𝑡2
, 

  𝜗07 = 𝜗7 − 𝛥ℎ7 +
1

𝜗

𝜕

𝜕𝑡
ℎ7 − 𝜂

𝜕

𝜕𝑡
𝑑𝑖𝑣ℎ(1) 

with zero initial and boundary conditions:  

𝑙𝑖𝑚
𝑡→0

𝑈(𝑥, 𝑡) = 0,  
 

0
,

lim 0

0






 t

txU

t
                                                            (6) 

𝑙𝑖𝑚
𝐷∍𝑥→𝑦∈𝑆

𝑈0(𝑥, 𝑡) = 𝑓(𝑦, 𝑡) − ℎ(𝑦, 𝑡) = 𝑓0(𝑦, 𝑡)                                      (7) 

𝑙𝑖𝑚
𝐷∍𝑥→𝑦∈𝑆

𝜃0(𝑥, 𝑡) = 𝑓7(𝑦, 𝑡) − ℎ7(𝑦, 𝑡) = 𝑓07(𝑦, 𝑡)                                               (8) 
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Denote this problem by 𝐼0. 

𝐼0 problem, using the Laplace transform 

�̃�0(𝑥, 𝜏) = ∫ 𝑒−𝜏𝑡𝑈0(𝑥, 𝑡)𝑑𝑡
∞

0

 

is conducted to the elliptic problem: 

𝑀(𝜕𝑥)�̃�0(𝑥, 𝜏) − 𝜒0𝜏2�̃�0(𝑥, 𝜏) − 𝜐𝜒�̃�0(𝑥, 𝜏) = �̃�0(𝑥, 𝜏)                               (9)                                       

 𝛥�̃�0 −
𝜏

𝜗
�̃�0(𝑥, 𝜏) − 𝜂𝜏𝑑𝑖𝑣�̃�0(𝑥, 𝜏) = �̃�07(𝑥, 𝜏)                   (10)                                                                   

𝑙𝑖𝑚
𝐷∍𝑥→𝑦∈𝑆

�̃�0(𝑥, 𝜏) = 𝑓0(𝑦, 𝜏),                                          (11) 

𝑙𝑖𝑚
𝐷∈𝑥→𝑦∈𝑆

�̃�0(𝑥, 𝜏) = 𝑓07(𝑦, 𝜏),                                              (12) 

where 

�̃�0(𝑥, 𝜏) = ∫ 𝑒−𝜏𝑡𝜗0(𝑥, 𝑡)𝑑𝑡
∞

0
, �̃�07(𝑥, 𝜏) = ∫ 𝑒−𝜏𝑡𝜗07(𝑥, 𝑡)𝑑𝑡

∞

0
,                       (13) 

𝑓0(𝑦, 𝜏) = ∫ 𝑒−𝜏𝑡𝑓0(𝑦, 𝑡)𝑑𝑡
∞

0
, 𝑓07(𝑦, 𝜏) = ∫ 𝑒−𝜏𝑡𝑓07(𝑦, 𝑡)𝑑𝑡

∞

0
.                          (14) 

Let’s denote this problem by (𝐼𝜏). 

In order to show that for �̃�0(𝑥, 𝜏) function there exists the Laplace inverse 

transform and this transform gives (𝐼𝜏) problem’s classic solution, we have to 

derive evaluations of �̃�0(𝑥, 𝜏) and its second order derivative with respect to 𝜏. 

For this, (𝐼𝜏) problem’s solution can be expressed as the sum of the following two 

problems: 

1) 𝑀(𝜕𝑥)�̃�0
(1)(𝑥, 𝜏) − 𝜏2𝜒0�̃�0

(1)(𝑥, 𝜏) = 0,  

𝛥�̃�0
(1)(𝑥, 𝜏) −

𝜏

𝜗
�̃�0

(1)(𝑥, 𝑡) = 0, 𝑙𝑖𝑚
𝐷∍𝑥→𝑦∈𝑆

�̃�0
(1)(𝑥, 𝜏) = 𝑓0(𝑦, 𝜏), 𝑙𝑖𝑚

𝐷∍𝑥→𝑦∈𝑆
�̃�0

(1)(𝑥, 𝜏) =

𝑓07(𝑦, 𝜏); 

2) 𝑀(𝜕𝑥)�̃�0
(2)(𝑥, 𝜏) − 𝜏2𝜒0�̃�0

(2)(𝑥, 𝜏) − 𝜐𝜒�̃�0
(2)(𝑥, 𝜏) = �̃�0

(1)(𝑥, 𝜏), 𝛥�̃�0
(2)(𝑥, 𝜏) −

𝜏

𝜗
�̃�0

(2)(𝑥, 𝜏) − 𝜂𝜏𝑑𝑖𝑣�̃�0
(2)(𝑥, 𝜏) = �̃�07

(1)(𝑥, 𝜏), 𝑙𝑖𝑚
𝐷∍𝑥→𝑦∈𝑆

�̃�0
(2)(𝑥, 𝜏) = 0.                     (15) 

where 

�̃�0
(1)(𝑥, 𝜏) = �̃�0(𝑥, 𝜏) + (𝜏2 − �̃�2)𝜒2�̃�0

(1)(𝑥, 𝜏) + 𝜐𝜒�̃�0
(1)(𝑥, 𝜏),  (16) 

�̃�07(𝑥, 𝜏) = �̃�07(𝑥, 𝜏) +
𝜏−�̃�

𝜗
�̃�0

(1)(𝑥, 𝜏) + 𝜂𝜏𝑑𝑖𝑣�̃�0
(1)(𝑥, 𝜏);  (17) 

and �̃�is a fixed real number more than �̃�2 [6]. 

Denote 

�̃�0
(1)

= (�̃�0
(1)

, �̃�0
(1)

),  �̃�0
(2)

= (�̃�0
(2)

, �̃�0
(2)

), 

Let, 𝜏 ∈ 𝛱𝑌0
  (𝛱𝑌0

= {𝜏 = 𝑌 + 𝑖𝜉 ∈ 𝑍|𝑌 ≥ 𝑌0
′ > 𝑌0}). 
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Using the integration by parts formula for (13) and (14), from the following 

qualities: 

(
𝜕𝑚𝜗0

𝜕𝑡𝑚 )
𝑡=0

= 0,  (
𝜕𝑘𝜗07

𝜕𝑡𝑘 )
𝑡=0

= 0,  𝑥 ∈ 𝐷  (18) 

(
𝜕𝑚𝑓0(𝑦,𝑡)

𝜕𝑡𝑚 )
𝑡=0

= 0, (
𝜕𝑘𝑓07(𝑦,𝑡)

𝜕𝑡𝑘 )
𝑡=0

= 0,  𝑦 ∈ 𝑆  (19) 

𝑚 = 0,1, … ,6,  𝑘 = 0,1, … ,4 

we can derive 

�̃�0(𝑥, 𝜏) =
1

𝜏6
[

𝜕5𝜗0(𝑥,𝑡)

𝜕𝑡5
]

𝑡=0
+

1

𝑡6 ∫ 𝑒−𝜏𝑡 𝜕6𝜗0(𝑥,𝑡)

𝜕𝑡6

∞

0
𝑑𝑡,  (20) 

�̃�07(𝑥, 𝜏) =
1

𝜏5
[

𝜕4𝜗07(𝑥,𝑡)

𝜕𝑡4
]

𝑡=0
+

1

𝜏5 ∫ 𝑒−𝜏𝑡 𝜕5𝜗07(𝑥,𝑡)

𝜕𝑡5

∞

0
𝑑𝑡,  (21) 

𝑓0(𝑦, 𝜏) =
1

𝜏7 ∫ 𝑒−𝜏𝑡 𝜕7𝑓0(𝑦,𝑡)

𝜕𝑡7

∞

0
𝑑𝑡,                                 (22) 

𝑓07(𝑦, 𝜏) =
1

𝜏5 ∫ 𝑒−𝜏𝑡 𝜕5𝑓07(𝑦,𝑡)

𝜕𝑡5

∞

0
𝑑𝑡                  (23) 

𝑓0(𝑦, 𝜏) =
1

𝜏8
[

𝜕7𝑓0(𝑦,𝑡)

𝜕𝑡7
]

𝑡=0
+

1

𝜏8 ∫ 𝑒−𝜏𝑡 𝜕8𝑓0(𝑦,𝑡)

𝜕𝑡8

∞

0
𝑑𝑡      (24) 

𝑓07(𝑦, 𝜏) =
1

𝜏6
[

𝜕5𝑓07(𝑦,𝑡)

𝜕𝑡5
]

𝑡=0
+

1

𝜏6 ∫ 𝑒−𝜏𝑡 𝜕6𝑓07(𝑦,𝑡)

𝜕𝑡6

∞

0
𝑑𝑡     (25) 

From these qualities, considering 10-50 [1], we can derive that  

�̃�0(𝑥, 𝜏) ∈ 𝐶1,𝛿(𝐷), �̃�0(𝑥, 𝜏) ∈ 𝐶1,𝛿(𝐷),                         (26) 

𝑓0(𝑦, 𝜏) ∈ 𝐶1,𝜆(𝑆), 𝑓07(𝑦, 𝜏) ∈ 𝐶1,𝜆(𝑆).                           (27) 

In  𝛱𝑌0
 semi plane the following conditions [1] are true:  

‖�̃�0(𝑥, 𝜏)‖
(𝐷,0,𝛿)

≤
𝐶

|𝜏6|
,  ‖�̃�07(𝑥, 𝜏)‖

(𝐷,0,𝛿)
≤

𝐶

|𝜏|5
,             (28) 

‖𝑓0(𝑦, 𝜏)‖
(𝑆,0,𝜆)

≤
𝐶

|𝜏|8
, ‖𝑓07(𝑦, 𝜏)‖

(𝑆,0,𝜆)
≤

1

|𝜏|6
,                 (29) 

       ‖𝑓0(𝑦, 𝜏)‖
(𝑆,1,𝜆)

≤
𝐶

|𝜏|7
,           ‖𝑓07(𝑦, 𝜏)‖

(𝑆,1,𝜆)
≤

𝐶

|𝜏|6
,                         (30) 

For the highest meaning of x , using 50 condition [3], we have 

|�̃�0(𝑥, 𝜏)| ≤
𝐶

|𝑥|2

1

|𝜏|6
, |�̃�07(𝑥, 𝜏)| ≤

𝐶

|𝑥|2

1

|𝜏|5
.                   (31) 

The first problem has a unique solution [7] and can be expressed as 

�̃�0
(1)(𝑥, 𝜏) = ∫ [𝑇(𝜕𝑦, 𝑛(𝑦))𝛹′(𝑥 − 𝑦, 𝑖�̃�)]

′
𝛹(𝑦, 𝜏)𝑑𝑦𝑆

𝑆
.        (32) 

where 𝑇(𝜕𝑦, 𝑛(𝑦)) is an operator of a tension moment, 𝑛(𝑦) is a normal of 𝑆 

surface in the point 𝑦. 𝛹(𝑥 − 𝑦, 𝑖�̃�) equation is a fundamental matrix of the first 

problem [7]. 

 vector-function for the inner problem gives the solution of the following 

integral equation:  
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−𝜓(𝑧, 𝜏) + ∫ [𝑇(𝜕𝑦, 𝑛(𝑦))𝛹(𝑧 − 𝑦, 𝑖�̃�)]
′
𝜓(𝑦, 𝜏)𝑑𝑦𝑆 = 𝑓0(𝑧, 𝜏)

𝑆
,  (33) 

and for the outer problem the following equation: 

𝜓(𝑧, 𝜏) + ∫ [𝑇(𝜕𝑦, 𝑛(𝑦))𝛹′(𝑧 − 𝑦, 𝑖�̃�)]
′
𝜓(𝑦, 𝜏)𝑑𝑦𝑆 = 𝑓0(𝑧, 𝜏)

𝑆
.  (34) 

The solution of this equation in 𝛱𝑌0
 semi plane is analytic with respect to 𝜏, as the 

right side of this integral equation is an analytic function of . Therefore,  1
0U  is 

analytically dependent on 𝜏. 

The Banach theorem shows that the equations (33) and (34) corresponding 

operator in 𝐶0,𝜆(𝑆) set has the inverse operator. Therefore, 

                                   ‖𝜓(⋅, 𝜏)‖(𝑆,0,𝜆) ≤ 𝐶 ⋅ ‖𝑓0(⋅, 𝜏)‖
(𝑆,0,𝜆)

. 

From which, based on (29), we have 

‖𝜓(⋅, 𝜏)‖(𝑆,0,𝜆) ≤
𝐶

|𝜏|8
.                                 (35) 

Analogously, based on (30), we have 

‖𝜓(⋅, 𝜏)‖(𝑆,1,𝜆) ≤
𝐶

|𝜏|7
.                               (36) 

Using (35) and (36), from (32) [7] for 𝑈0
(1)

 we get the assessment: 

‖�̃�0
(1)(⋅, 𝜏)‖

(𝐷
±

,0,𝜆)
≤ 𝐶 ⋅ ‖𝜓(⋅, 𝜏)‖(𝑆,0,𝜆) ≤

𝐶

|𝜏|8
                          (37) 

‖�̃�0
(1)(⋅, 𝜏)‖

(𝐷
±

,1,𝜆)
≤

𝐶

|𝜏|7
.                                   (38) 

For the inner area, based on the inequality [6] 

|𝜕𝑝𝛷(𝑥, 𝑖𝜏)| ≤
𝐶

|𝑥|𝑝+1
|𝜏|𝑝,  ,1,0p  

and from (35), (36), (32), we get: 

|�̃�0
(1)(𝑥, 𝜏)| ≤

𝐶

|𝑥|2

1

|𝜏|8
,                           (39) 

|
𝜕

𝜕𝑥𝑘
�̃�0

(1)(𝑥, 𝜏)| ≤
𝐶

|𝑥|2

1

|𝜏|8
,                               (40) 

where 𝑘 = 1,2,3,  𝜏 ∈ 𝛱𝑌0
. 

For any area 𝐷
∗

⊂ 𝐷 we have: 

𝑠𝑢𝑝
𝑥∈𝐷∗

|
𝜕2

𝜕𝑥𝑘𝜕𝑥𝑗
�̃�0

(1)(𝑥, 𝜏)| ≤
𝐶(𝐷∗)

|𝜏|8
,  𝜏 ∈ 𝛱𝑌0

,             (41) 

This means that there exists one unique solution for the first problem [1] that can 

be expressed as  

�̃�0
(1)(𝑥, 𝜏) = ∫

𝜕

𝜕𝑛(𝑦)𝑆

𝑒−𝑘|𝑥−𝑦|

|𝑥−𝑦|
𝜙7(𝑦, 𝜏)𝑑𝑦𝑆,  𝑥 ∈ 𝐷                (42) 
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where 𝑘 =
�̃�

𝜗
> 0, and 𝜙7(𝑥, 𝜏) function represents a solution of the singular 

integral equation: 

𝜙7(𝑧, 𝜏) +
1

2𝜋
∫

𝜕

𝜕𝑛(𝑦)

𝑒−𝑘|𝑧−𝑦|

|𝑧−𝑦|𝑆
𝜙7(𝑦, 𝜏)𝑑𝑦𝑆 =

1

2𝜋
𝑓07(𝑧, 𝜏)         (43) 

for the inner problem, and 

 −𝜙7(𝑧, 𝜏) +
1

2𝜋
∫

𝜕

𝜕𝑛(𝑦)

𝑒−𝑘|𝑧−𝑦|

|𝑧−𝑦|
𝜙7(𝑦, 𝜏)𝑑𝑦𝑆

𝑆
=

1

2𝜋
𝑓07(𝑧, 𝜏)     (44) 

for the outer problem. 

As 𝑓07(𝑧, 𝜏) is analytic with respect to 𝜏, the solutions of (43) and (44) will be also 

analytic functions with respect to 𝜏. So, from (42), �̃�0
(1)(𝑥, 𝜏) will be analytically 

dependent on 𝜏. 

For 𝜏 ∈ 𝛱𝑌0
, using (29) and (31), from (43) and (44), based on the Banach 

theorem, we get: 

‖𝜙7(⋅, 𝜏)‖(𝑆,0,𝜆) ≤ 𝐶‖𝑓07(⋅, 𝜏)‖
(𝑆,0,𝜆)

≤
𝐶

|𝜏|6
,                           (45) 

‖𝜙7(⋅, 𝜏)‖(𝑆,1,𝜆) ≤
𝐶

|𝜏|5
.                                        (46) 

Hence, from (42) we get [7]: 

‖�̃�0
(1)(⋅, 𝜏)‖

(𝐷
+

,0,𝜆)
≤ 𝐶‖𝜙7(⋅, 𝜏)‖(𝑆,1,𝜆) ≤

𝐶

|𝜏|6
,                          (47) 

‖�̃�0
(1)(⋅, 𝜏)‖

(𝐷
+

,1,𝜆)
≤ 𝐶‖𝜙7(⋅, 𝜏)‖(𝑆,1,𝜆) ≤

𝐶

|𝜏|5
,                          (48) 

|
𝜕

𝜕𝑥𝑘
�̃�0

(1)(𝑥, 𝜏)| ≤
𝐶

|𝜏|5
,  𝑥 ∈ 𝐷

+
,  𝑘 = 1,2,3              (49) 

For the highest |𝑥| from (46) we can derive: 

|�̃�0
(1)(𝑥, 𝜏)| ≤

𝐶

|𝑥|2
⋅

1

|𝜏|6
,  |

𝜕�̃�0
(1)

(𝑥,𝜏)

𝜕𝑥𝑘
| ≤

𝐶

|𝑥|2

1

|𝜏|5
,  𝑘 = 1,2,3.  (50) 

For 𝐷
∗

⊂ 𝐷 

𝑠𝑢𝑝
𝑥∈𝐷∗

|
𝜕2

𝜕𝑥𝑘𝜕𝑥𝑗
�̃�0

(1)(𝑥, 𝜏)| ≤
𝐶(𝐷∗)

|𝜏|6
,  𝑘, 𝑗 = 1,2,3.                     (51) 

 

Conclusion 

It is proved that �̃�0
(1)(𝑥, 𝜏)=(�̃�0

(1)
, �̃�0

(1)
) is analytic with respect to 𝜏. The 

asymptotic assessments of  �̃�𝟎
(𝟏)(𝒙, 𝝉) and their derivatives are derived in order 

to get integral equations.  
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