
Texas Journal of Engineering and Technology                                                                                        ISSN NO: 2770-4491 
https://zienjournals.com                                                                                                          Date of Publication:28-11-2022 
_____________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________ 
A Bi-Monthly, Peer Reviewed International Journal                                                                                                     [92] 
Volume 14 

Introduction. When studying a number of topical technical problems, it becomes necessary to study 

mixed problems of the parabolic type, when the boundary condition contains the time derivative of the 

desired function. Problems of this type arise, for example, when a homogeneous isotropic body is placed in 

an inductor of an induction furnace and an electromagnetic wave falls on its surface. Some nonlinear 

problems of parabolic type with a boundary condition containing the time derivative of the desired function 

were considered, for example, in [1-3]. Many scientists were involved in the construction of an 

approximate solution using the Galerkin method and obtaining a priori estimates of the approximate 

solution for parabolic quasilinear problems without a time derivative in the boundary condition: Mikhlin 
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Annotation. The article considers the application of the Galerkin method to the solution of boundary 

value problems of parabolic type with a divergent main part, when the boundary condition contains the 

time derivative of the desired function. 

Such non-classical problems with boundary conditions, containing the time derivative of the desired 

function, arise when studying a number of applied problems, for example, when a homogeneous 

isotropic body is placed in an inductor of an induction furnace and an electromagnetic wave falls on its 

surface. Such problems are little studied, so the study of problems of parabolic type, when the boundary 

condition contains the time derivative of the desired function, is relevant. In this paper, we study a 

generalized solution of the problem under consideration in the space Н1,1̃(𝑄𝑇).. The proposed boundary 

value problem is considered under certain conditions for the function involved in the equation and the 

boundary condition, which allow the existence and uniqueness of the generalized solution. For the 

numerical solution of the problem under consideration, an approximate solution was constructed using 

the Galerkin method. The concept of stability of the Galerkin process for this problem is introduced. The 

purpose of the study is to obtain a condition for the stability of the computational process of the 

considered mixed problem. Using the Galerkin method under consideration, the problem is reduced to 

solving a system of ordinary differential equations. Next, we consider the “perturbed” problem for the 

system of the Galerkin method and obtain estimates for the difference between the solutions of the 

original and perturbed systems. The article establishes the stability of the approximate solution of the 

Galerkin method in the space 𝐿2(0, Т, Н1) of the problem under consideration, under conditions of 

strong minimality of the coordinate system. 
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S.G., Douglas J. Jr, Dupont T. , Dench J. E., Jr, Jutchell L. and others [4-9]. And quasi-linear problems, 

when the boundary condition contains the time derivative of the desired function using the Galerkin 

method, have been little studied [10-15]. In [16], the stability of the approximate solution of the Galerkin 

method of the problem under consideration in the space 𝐿∞(0, Т, �̂� 2(𝛺)) was established. 

 

Formulation of the problem. In this paper, we consider a quasilinear problem of parabolic type, when the 

boundary condition contains the time derivative of the desired function: 

 

{

𝑢𝑡 −
𝑑

𝑑𝑥𝑖
𝑎𝑖(𝑥, 𝑡, 𝑢, ∇𝑢) + 𝑎(𝑥, 𝑡, 𝑢, ∇𝑢) = 0       ,

𝑎0𝑢𝑡 + 𝑎𝑖(𝑥, 𝑡, 𝑢, ∇𝑢) cos(𝜈, 𝑥𝑖) = 𝑔(𝑥, 𝑡, 𝑢),       (𝑥, 𝑡) ∈ 𝑆𝑡  ,

𝑢(𝑥, 0) = 𝑢0(𝑥)  , 𝑥 ∈ 𝛺

                    (1) 

где 𝛺 − 𝑏𝑜𝑢𝑛𝑑𝑒𝑑 𝑑𝑜𝑚𝑎𝑖𝑛 𝑖𝑛 Е𝑚, 𝑚 = dim −  dimension of domain 𝛺,   0,TQ T=  ,

  0,TS T=  , 𝑎0 = 𝑐𝑜𝑛𝑠𝑡 > 0 

Definition. A generalized solution from the space Н1,1̃(𝑄𝑇) = {𝑢 ∈ 𝐻1,1(𝑄𝑇): 𝑎0𝑢𝑡 ∈ 𝐿2(𝑆𝑇)} of 

problem (1) is a function from (Н^1,1 ) ̃(Q_T ). satisfying the identity Н1,1̃(𝑄𝑇)                                                 

( ) ( )( ) ( )( )( ) 0,,,,,,,, 0 =++++  dxdtutxguadxdtuutxauutxau

TT

i

S

t

Q

xit      (2)           

 

∀ 𝜂 ∈ 𝐻1,1(𝑄𝑇) 

Main results: Consider problem (1) under the following conditions 

1) for  (𝑥, 𝑡) ∈ Ǭ 𝑇  and arbitrary u,v, p and q  inequalities 

 
|𝑎𝑖(𝑥, 𝑡, 𝑢, 𝑝) − 𝑎𝑖(𝑥, 𝑡, 𝑢, 𝑞)| ≤ 𝜇(|𝑢|)|𝑝 − 𝑞| 

|𝑎𝑖(𝑥, 𝑡, 𝑢, 𝑝) − 𝑎𝑖(𝑥, 𝑡, 𝑣, 𝑝)| ≤   𝐿0̃(|𝑢| + |𝑣|)|𝑢 − 𝑣| 
    |𝑎(𝑥, 𝑡, 𝑢, 𝑝) − 𝑎(𝑥, 𝑡, 𝑢, 𝑞)| ≤ [𝐿1̃(|𝑢|) + 𝐿1(|𝑝|𝛽 + |𝑞|𝛽)]|𝑝 − 𝑞|                   (3) 

|𝑎(𝑥, 𝑡, 𝑢, 𝑝) − 𝑎(𝑥, 𝑡, 𝑣, 𝑝)| ≤ [𝐿2̃(|𝑢|) + |𝑣|) + 𝐿2(|𝑝|2𝛽)]|𝑢 − 𝑣| 

|𝑔(𝑥, 𝑡, 𝑢) − 𝑔(𝑥, 𝑡, 𝑣)| ≤ 𝐿3̃(|𝑢| + |𝑣|)|𝑢 − 𝑣|, 
where  �̃�(𝜏), 𝐿�̃� (𝜏)  are continuous positive functions of τ ≥ 0. 

𝐿1,𝐿2 − positive constants. 

2) The boundary S of the domain Ω is such that the inequalities [17-18] 

‖u‖𝐿�̃�(Ω) ≤ 𝜀 ‖∇𝑢‖𝐿2(Ω)
2 + 𝐶𝜀‖𝑢‖𝐿2(Ω)

2 , 

�̃� =
2𝑙

𝑙−2
 , 𝑙 > 𝑚;                                                              (4) 

     ‖u‖𝐿�̅�(𝑆) ≤ 𝜀 ‖∇𝑢‖𝐿2(Ω)
2 + 𝐶𝜀‖𝑢‖𝐿2(Ω)

2  ,                             (5) 

�̅� <
2(𝑚−1)

𝑚−2
. 

3) Monotonicity condition. For any functions 𝑢, 𝑣 ≤ 𝐻1, the following inequality holds: 

(𝑎𝑖(𝑥, 𝑡, 𝑢, ∇𝑢) − 𝑎𝑖(𝑥, 𝑡, 𝑣, ∇𝑣), 𝑢𝑥𝑖
− 𝑣𝑥𝑖

)𝛺                                                 

+ (𝑎(𝑥, 𝑡, 𝑢, ∇𝑢) − 𝑎(𝑥, 𝑡, 𝑣, ∇𝑣), 𝑢 − 𝑣)𝛺 ≥ 0                                      (6) 

 
4) For (𝑥, 𝑡, 𝑢) ∈ {�̅� × [0, 𝑇] × 𝐸1} the function 𝑔(𝑥, 𝑡, 𝑢) is measurable 

in (𝑥, 𝑡, 𝑢), is continuous in (𝑡, 𝑢) and satisfies the inequality: 

          |𝑔(𝑥, 𝑡, 𝑢) − 𝑔(𝑥, 𝑡, 𝑣)| ≤ 𝑔0|𝑢 − 𝑣|,       𝑔(𝑥, 𝑡, 0) ∈ 𝐿2(𝑆𝑇)                (7)    

Let us construct an approximate solution using the Galerkin method. Let us take a coordinate system 

from the space  𝐻1(𝛺). Approximate solution U(x,t) will be sought in the form [19-25]: 

                          𝑈(𝑥, 𝑡) = ∑ 𝐶𝑘
𝑛𝑛

𝑘=1 (𝑡)𝜑𝑘(𝑥)                                            (8) 

where С𝑘
𝑛(𝑡) are determined from the system of ordinary differential equations 

https://zienjournals.com/
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(𝑈𝑡, 𝜑𝑗)�̂�2
+ (𝑎𝑖(𝑥, 𝑡, 𝑈, ∇𝑈), 𝜑𝑗𝑥𝑖

)𝛺 + (𝑎(𝑥, 𝑡, 𝑈, ∇𝑈), 𝜑𝑗)𝛺= 

                                       = (𝑔(𝑥, 𝑡, 𝑈), 𝜑𝑗)𝑆  ,      𝑗 = 1, 𝑛̅̅ ̅̅ ̅                                            (9) 

with initial conditions 

(𝑈(𝑥, 𝑂) − 𝑢0, 𝜑𝑗) 𝐻1(𝛺) = 0 

Here �̂� 2(𝛺) is the function space with inner product 

(𝑢, 𝑣)�̂�2
= (𝑢, 𝑣)𝛺 + 𝑎0(𝑢, 𝑣)𝑠 

Let us assume that the coordinate system {𝜑𝑘} ⊂  𝐻1(𝛺) is strongly minimal in the space �̂� 2(𝛺), i.e. 

there exists a constant q independent of n such that 0 ≤ 𝑞 ≤ 𝑞𝑖
𝑛, where 𝑞𝑖

𝑛 are eigenvalues of the matrix 

𝑄𝑛 = {(𝜑𝑘 , 𝜑𝑗 )�̂�2
}

𝑘,𝑗=1

𝑛

 

Write system (9) in vector form 

{
𝑄𝑛 �̇�𝑛(𝑡) + 𝑅𝑛(𝑡, 𝐶𝑛(𝑡)) = 𝑓𝑛(𝑡, 𝐶𝑛(𝑡)) + 𝑔𝑛(𝑡, 𝐶𝑛(𝑡))

 
�̃�𝑛 

𝐶𝑛(0) = Т𝑛

                       (10) 

 

here  

𝑅𝑛(𝑡, 𝐶𝑛) = {(𝑎𝑖(𝑥, 𝑡, 𝑈, ∇𝑈), 𝜑𝑘𝑥𝑖
)𝛺 }

𝑘=1

𝑛

, 

𝑓𝑛(𝑡, 𝐶𝑛) = {(𝑎(𝑥, 𝑡, 𝑈, ∇𝑈), 𝜑𝑘)𝛺}𝑘=1
𝑛 , 

𝑔𝑛(𝑡, 𝐶𝑛) = {(𝑔(𝑥, 𝑡, 𝑈), 𝜑𝑘)𝑆}𝑘=1
𝑛 ,   �̃�𝑛 

= {(𝜑𝑖, 𝜑𝑘) 𝐻1(𝛺) }
𝑖,𝑘=1

𝑛

, Т𝑛 = {(𝑢0, 𝜑𝑘) 𝐻1(𝛺) }
𝑘=1

𝑛

, 𝐶𝑛 =

{𝐶𝑛
𝑘}𝑘=1

𝑛  

n-dimensional vectors. 

Let us assume that instead of the Galerkin system (10) we solve the “perturbed” system 

{

(𝑄𝑛 + Г𝑛)𝐶�̃�
̇ (𝑡) + 𝑅𝑛 (𝑡, �̃�𝑛(𝑡)) = 𝑔𝑛 (𝑡, �̃�𝑛(𝑡)) + 𝑓𝑛 (𝑡, �̃�𝑛(𝑡)) + 𝛿𝑛(𝑡, 𝐶𝑛),

(�̃�𝑛 + Г𝑛
0 ) �̃�𝑛(0) = Т𝑛 + ∆𝑛

     (11) 

where �̃�𝑛(𝑡) is the solution of the perturbed problem. 

 

Definition. The Galerkin process for problem (10) is called stable if there exist positive constants 𝑝𝑖   (𝑖 =
0,3̅̅ ̅̅ ) independent of n such that for sufficiently small matrix norms  ‖Г𝑛

0 ‖  ‖Г𝑛‖ and norms vectors 
‖𝛿𝑛(𝑡, 𝐶𝑛)‖𝐿2(0,𝑡,𝐸𝑛) ,  ‖∆𝑛‖𝐸𝑛

 

the inequality 

‖�̃�𝑛(𝑡) − 𝐶𝑛(𝑡)‖
𝐸𝑛

≤ 𝑝0‖∆𝑛‖𝐸𝑛
+ 𝑝1 ‖Г𝑛

0 ‖ + 𝑝2 ‖Г𝑛‖ +   

                 

+𝑝3 max
‖𝐶𝑛‖≤𝐾 

‖𝛿𝑛(𝑡, 𝐶𝑛)‖𝐿2(0,𝑡,𝐸𝑛)                                      (12) 

An approximate solution 𝑈(𝑥, 𝑡) is called stable in the space �̂� 2(𝛺) if an inequality similar to (12) 

holds for the difference 

‖�̃�(𝑥, 𝑡) − 𝑈(𝑥, 𝑡)‖
𝐿2

,    where  �̃�(𝑥, 𝑡) = ∑ �̃�𝑘
𝑛𝑛

𝑘=1 (𝑡)𝜑𝑘(𝑥) 

Using the strong minimality of the coordinate system {𝜑𝑘} in �̂� 2(𝛺), we obtain the inequalities 

‖𝐶𝑛(𝑡)‖𝐸𝑛

2 ≤
1

𝑞
‖𝑈‖�̂� 2

2 ≤ 𝑁
𝑞⁄                                                (13) 

∫ ‖
𝑑С𝑛(𝑡)

𝑑𝑡
‖

𝐸𝑛

2

𝑑𝑡
𝑡

0

≤
1

𝑞
‖

𝑑𝑈

𝑑𝑡
‖

𝐿2(0,𝑡,�̂� 2)

2
≤ 𝑁

𝑞⁄  

Then, in inequality (13) we set 𝐾 = 𝑁
𝑞⁄ . 

Let the allowed errors Г𝑛, 𝛿𝑛(𝑡, 𝐶𝑛) be such that 
‖Г𝑛‖ ≤ 𝛼𝑞,                                                           (14) 

in the ball      ‖𝐶𝑛(𝑡)‖𝐸𝑛

2 ≤ 𝐾 the inequality  

https://zienjournals.com/
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‖𝛿𝑛(𝑡, 𝐶𝑛)‖𝐿2(0,𝑡,𝐸𝑛)
2 ≤ 𝛿𝐶к                                             (15) 

Here 𝑧𝑛 = �̃�𝑛(𝑡) − 𝐶𝑛(𝑡). 

From equation (11) we subtract equation (10). We multiply the resulting equation scalarly by the vector 

𝑧𝑛(𝑡)  
1

2
 

𝑑

𝑑𝑡
((𝑄𝑛 + Г𝑛)𝑧𝑛, 𝑧𝑛)

𝐸𝑛
+ (𝑅𝑛(𝑡, �̃�𝑛) − 𝑅𝑛(𝑡, 𝐶𝑛), 𝑧𝑛)

𝐸𝑛
+                          +(𝑓𝑛(𝑡, �̃�𝑛) − 𝑓𝑛(𝑡, 𝐶𝑛), 𝑧𝑛)

𝐸𝑛
=

(𝑔𝑛(𝑡, �̃�𝑛) − 𝑔𝑛(𝑡, 𝐶𝑛), 𝑧𝑛)
𝐸𝑛

+ (Ф𝑛(𝑡, 𝐶𝑛), 𝑧𝑛)𝐸𝑛
  (16) 

Denote  

Ф𝑛(𝑡) = −Г𝑛С̇𝑛(𝑡) + 𝛿𝑛(𝑡, 𝐶𝑛) 

Due to assumptions (4) - (7), 𝑎0 ≠ 0. 

(𝑅𝑛(𝑡, �̃�𝑛) − 𝑅𝑛(𝑡, 𝐶𝑛), 𝑧𝑛)
𝐸𝑛

= ((𝑎𝑖(x, t, �̃�, ∇�̃�) − 𝑎𝑖(x, t, 𝑈, ∇𝑈), (�̃� − 𝑈)
𝑥𝑖

)Ω   

≥ 𝑣‖∇(�̃� − 𝑈)‖
𝐿2(Ω)

2
− |(𝑎𝑖(x, t, �̃�, ∇𝑈) − 𝑎𝑖(x, t, 𝑈, ∇𝑈), (�̃� − 𝑈)

𝑥𝑖
)Ω   |         

Because, 

|(𝑎𝑖(x, t, �̃�, ∇𝑈) − 𝑎𝑖(x, t, 𝑈, ∇𝑈), (�̃� − 𝑈)
𝑥𝑖

)Ω   | ≤ 𝜀‖∇(�̃� − 𝑈)‖
𝐿2(Ω)

2
+ 𝐶0‖(�̃� − 𝑈)‖

𝐿2(Ω)

2
 

 

|(𝑓𝑛(𝑡, �̃�𝑛) − 𝑓𝑛(𝑡, 𝐶𝑛), 𝑧𝑛)
𝐸𝑛   

| = |𝑎(x, t, �̃�, ∇𝑈) − 𝑎(x, t, 𝑈, ∇𝑈), �̃� − 𝑈 )Ω   |

≤ 𝜀‖∇(�̃� − 𝑈)‖
𝐿2(Ω)

2
+ 𝐶1‖(�̃� − 𝑈)‖

𝐿2(Ω)

2
 

Likewise, 

(𝑔𝑛(𝑡, �̃�𝑛) − 𝑔𝑛(𝑡, 𝐶𝑛), 𝑧𝑛)
𝐸𝑛

≤ 𝜀‖∇(�̃� − 𝑈)‖
𝐿2(Ω)

2
+ 𝐶2‖(�̃� − 𝑈)‖

𝐿2(Ω)

2
 

where the constants С0, С1 , С2 depend on the quantities ‖𝑈‖
Н1(Ω)
2 , ‖�̃�‖

Н1(Ω)

2
. 

         Then, estimating the terms of the right side of equality (16) using the Cauchy inequality and 

substituting the obtained estimates, setting 𝜀 = 𝑣/6, we obtain 
𝑑

𝑑𝑡
((𝑄𝑛 + Г𝑛)𝑧𝑛, 𝑧𝑛)

𝐸𝑛
+ 𝑣‖∇(�̃� − 𝑈)‖

𝐿2(Ω)

2
≤ С‖�̃� − 𝑈‖

�̂� 2

2
+ ‖Ф𝑛‖𝐸𝑛

2  

Integrating the last inequality from zero to t and taking into account the inequality 

‖𝑧𝑛‖𝐸𝑛

2 ≤
1

𝑞
‖�̃� − 𝑈‖

�̂� 2

2
 

((𝑄𝑛 + Г𝑛)𝑧𝑛, 𝑧𝑛)
𝐸𝑛

≥ (Qnzn, zn)En
− αq‖zn‖En

2 ≥ (1 − α)(Qnzn, zn)En
= (1 − α)‖Ũ − U‖

�̂� 2

2
,        

                (17) 

|((𝑄𝑛 + Г𝑛)𝑧𝑛(0), 𝑧𝑛(0))
𝐸𝑛

| ≤ (𝑄𝑛𝑧𝑛(0), 𝑧𝑛(0))
𝐸𝑛

+ 𝛼𝑞‖𝑧𝑛‖𝐸𝑛

2 ≤≤ 𝑐(1 + 𝛼)‖�̃� (𝑥, 0) − 𝑈(𝑥, 0)‖
𝐻1(𝛺)

2
 

 

        ∫ ‖Ф𝑛‖𝐸𝑛

2 𝑑𝑡
𝑡

0
≤ 2𝑘‖Г𝑛‖2 + 2𝐾‖𝛿𝑛(𝑡, 𝐶𝑛)‖𝐿2(0,𝑡,𝐸𝑛)

2                                         (18) 

we get 

‖�̃� − 𝑈‖
�̂� 2

2
+

𝑣

1−𝛼
‖∇(�̃� − 𝑈)‖

𝐿2(Ω)

2
≤

С

1−𝛼
∫ ‖𝑈 ̃ (𝑥, 𝑡) − 𝑈(𝑥, 𝑡)‖

𝐿2

2
𝑑𝑡

𝑡

0
+

1

1−𝛼
(2k‖Г𝑛‖2 +   

                 

+2 ‖𝛿𝑛(𝑡, 𝐶𝑛)‖𝐿2(0,𝑡,𝐸𝑛) +  𝑐(1 + 𝛼)‖�̃� (𝑥, 0) − 𝑈(𝑥, 0)‖
�̂� 2

2
) 

Denote  

∫ ‖𝑈 ̃ (𝑥, 𝑡) − 𝑈(𝑥, 𝑡)‖
𝐿2

2
𝑑𝑡 = 𝑦𝑛

𝑡

0
(𝑡), 

 

        
1

1−𝛼
(𝑐(1 + 𝛼)‖�̃� (𝑥, 0) − 𝑈(𝑥, 0)‖

𝐻1(𝛺)

2
+                            (19) 

                

+2𝑘‖Г𝑛‖2 + 2 max
‖𝐶𝑛‖≤𝐾 

‖𝛿𝑛(𝑡, 𝐶𝑛)‖𝐿2(0,𝑡,𝐸𝑛)
2 ) = 𝐹𝑛(𝑡) 
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Then, using the obtained inequalities and the lemma on differential inequalities, we obtain the 

inequality for 𝑦𝑛(𝑡) [16] 

𝑦𝑛(𝑡) ≤ (𝑒𝐶1 𝑡 − 1)/𝐶1 𝐹𝑛(𝑡)                                          (20) 

From here, 

        ‖𝑈 ̃ (𝑥, 𝑡) − 𝑈(𝑥, 𝑡)‖
𝐿∞(0,Т,�̂� 2)

2
+ ‖∇(�̃� − 𝑈)‖

𝐿2(0,𝑡,𝐿2Ω))

2
 

≤ �̅�0‖Г𝑛
0 ‖

2
+ �̅�1 ‖∆𝑛‖𝐸𝑛

2 + �̅�2‖Г𝑛‖2 + �̅�3 ‖𝛿𝑛(𝑡, 𝐶𝑛)‖𝐿2(0,𝑇,𝐸𝑛)
2  

where constants  �̅�𝑖     (𝑖 = 0,3̅̅ ̅̅ ) do not depend on n . 

 

Conclusion. The stability of the approximate solution of the Galerkin method in the space  𝐿2(0, Т, Н1(𝛺)) 

for problem (1) is established under the condition that (3)-(7) is satisfied and the coordinate system in the 

space �̂� 2(𝛺) is strongly minimal. 

 

References 

1. Kaсur J. Nonlinear parabolic equations with the mixed nonlinear and nonstationary boundary 

conditions// Math Slovoca, 1980, 30, N3, p 213-237  

2. Kaсur J. Nonlinear parabolic boundary valve problems with the time derivative in the boundary 

conditions// Lect Notes Math, 1979, 703, p. 170-178. 

3. Mitropolskiy Yu.A., Nijnyx L.P., Kulchitskiy V.L. Nelineyniye zadachi teploprovodnosti s 

proizvodnoy po vremeni v granichnom uslovii. – Preprint IM -74-15. Киев.-1974.-32с. 

4. Михлин С.Г. Численная реализация вариационных методов. М.-Наука,-1966.-432 С. 

5. Douglas J Jr, Dupont T. Galerkin methods for parabolic equations with nonlinear foundry 

conditions// NumerMalh.- 1973, 20, p. 213-237 

6. Dench J. E., Jr, Galerking methods for some highly nonlinear problems// SIAM Numer anal, 1977, 

14, p. 327-434. 

7. Jutchell L. А Galerken method for nonlinear parabolic equations with nonlinear boundary 

conchtions// SIAM J Numer anal 1979, 16, p. 254-299 

8. Tikhinova I.M., “Application of the stationary Galerkin method to the first boundary value problem 

for a mixed high-order equation”, Mathematical notes of NEFU 23:4, 73-81(2016). 

9. Fedorov V.E., “The stationary Galerkin method applied to the first boundary value problem for a 

higher order equation with changing time direction”, mathematical notes of NEFU 24:4, 67-75 

(2017). 

10. Маматов А.З. Применения метода Галеркина к некоторому квазилинейному уравнению 

параболического типа// Вестник ЛГУ,-1981.-№13.-С.37-45. 

11. Маматов А.З., Досанов М.С., Рахманов Ж., Турдибаев Д.Х. Одна задача параболического типа 

с дивергентной главной частью// НАУ (Национальная ассоциация ученых). Ежемес. научный 

журнал, 2020, №57, 1-часть, С.59-63. 

12. Mamatov, A., Bakhramov, S., Narmamatov, A. An approximate solution by the Galerkin method of 

a quasilinear equation with a boundary condition containing the time derivative of the unknown 

function. AIP Conference Proceedingsthis link is disabled, 2021, 2365, 070003 

13. Mamatov, A.Z., Narjigitov Х.,  Rakhmanov J., Turdibayev D.  Refining the Galerkin method error 

estimation for parabolic type problem with a boundary condition E3S Web of Conferences 304, 

03019 (2021)  ICECAE 2021 https://doi.org/10.1051/e3sconf/202130403019 

14. Mamatov, A.Z., Rakhmanov J.,  Mamatov J. S. Obtaining a Priori Error Estimate An Approximate 

Solution for a Parabolic Type Problem with a Divergent Principal Part// International Journal of 

Modern Agriculture, Volume 10, No.2, 2021.- ISSN: 2305-7246. Р.3958-3963. 

15. Маматов А. Джумабаев Г. Об оценке погрешности приближенного решения для задачи 

параболического типа, когда граничное условие содержит производную по времени от 

искомой функции//Еurasian journal of mathematical theory and computer sciences Innovative 

https://zienjournals.com/
https://doi.org/10.1051/e3sconf/202130403019


Texas Journal of Engineering and Technology                                                                                        ISSN NO: 2770-4491 
https://zienjournals.com                                                                                                          Date of Publication:28-11-2022 
_____________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________ 
A Bi-Monthly, Peer Reviewed International Journal                                                                                                     [97] 
Volume 14 

Academy Research Support Center. Volume 2 Issue 3, March 2022.ISSN 2181-2861, Р.5-9.  UIF = 

8.3 | SJIF = 5.916 www.in-academy.uz. 

16. Mamatov, A.Z., Narjigitov Х.,  Kengash, J ., Rakhmanov J., Stability of the Galerkin Method for one 

Quasilinear Parabolic Type Problem// CENTRAL ASIAN JOURNAL OF MATHEMATICAL 

THEORY AND COMPUTER SCIENCES 2 (6), 6-12, 2021 

17. Ладыженская О.А., Солонников В.А., Уральцева Н.Н.  Линейные и квазилинейные уравнения 

параболического типа. М.-Наука,-1967.-736 С. 

18. Ладыженская О.А.,  Уральцева Н.Н.  Линейные и квазилинейные уравнения эллиптического 

типа. М.-Наука,-1973.-576 С. 

19. Mamatov A.Z., Axmatov N. Chislennoe rescheniye zadachi opredeleniya teplo-vlajnogo sostoyaniya 

xlopka-syrtsa v barabannoy suschilke // J. Problems of textile.-2016.-№3,-Б.80-

86,Uzbekistan,Tashkent. 

20. Mamatov А.,  Zulunov R., Sodikova М. Application Of  Variational Grid Method For The Solution 

Of The Problem On Determining Mosture Content Of  Raw Cotton In A Drum Dryer// The 

American Journal of Engineering and Technology (ISSN – 2689-0984) Published: February 26, 2021 

| Pages: 75-82 Doi: https://doi.org/10.37547/tajet/Volume03Issue02-11 

21. Mamatov, A., Parpiev, A., Shorakhmedova, M. Mathematical model for calculating the temperature 

field of a direct-flow drying drum. Journal of Physics: Conference Seriesthis link is disabled, 2021, 

2131(5), 052067 

22. Mamatov, A., Bakhramov, S., Narmamatov, A. An approximate solution by the Galerkin method of 

a quasilinear equation with a boundary condition containing the time derivative of the unknown 

function. AIP Conference Proceedingsthis link is disabled, 2021, 2365, 070003 

23. Mamatov, A.Z., Usmankulov, A.K., Abbazov, I.Z., Norboyev, U.A., Mukhametshina, E.T. 

Determination of Temperature of Components of Cotton-Raw Material in a Drum Dryer with a 

Constant. IOP Conference Series: Earth and Environmental Sciencethis link is disabled, 2021, 

939(1), 012052 

24. Mamatov, A.Z., Pardaev, X.N., Mardonov, J.S.H., Plekhanov, A.F. Determining of the heat-moisture 

state of raw cotton in a drum dryer. Izvestiya Vysshikh Uchebnykh Zavedeniy, Seriya tekhnologiya 

tekstil'noy Promyschlennostithis link is disabled, 2021, 391(1), С. 46–49  

25. Mamatov A., Parpiyev A., Kayumov A., Мathematical models of the heat and mass exchange 

process during pneumo-transportation of cotton-raw// International Scientific Journal Theoretical & 

Applied Science , p-ISSN: 2308-4944 (print) e-ISSN: 2409-0085 (online) , Year: 2020 Issue: 11 

,Volume: 91 Р.508-513.  

26. Mamatov A.Z., Djumabaev G. Ob ustoychivosti priblizhennogo resheniya odnoy zadache 

opredeleniya teplo-vlazhnogo sostoyaniya xlopka-syrtsa // J. Problemy tekstilya. 2010.-№2,  С.86-

90, Uzbekistan ,Tashkent. 

https://zienjournals.com/
http://www.in-academy.uz/
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=Gbxr1sYAAAAJ&citation_for_view=Gbxr1sYAAAAJ:k_IJM867U9cC
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=Gbxr1sYAAAAJ&citation_for_view=Gbxr1sYAAAAJ:k_IJM867U9cC
https://doi.org/10.37547/tajet/Volume03Issue02-11

