
 

 

Impact Factor(JCC): 1.9586- This article can be downloaded from www.impactjournals.us 
 

IMPACT: International Journal of Research in 
Engineering & Technology (IMPACT: IJRET)  
ISSN(E): 2321-8843; ISSN(P): 2347-4599  
Vol. 4, Issue 2, Feb 2016, 1-6 
© Impact Journals 

 

THE METHOD OF FICTITIOUS AREAS FOR MODELING OF HYPE RBOLIC 

EQUATIONS 

TUKENOVA LYAILYA MURATBEKOVNA & SKAKOVA AIGUL JUMAK HANOVNA 

Research Scholar, Turar Ryskulov New Economic University, Almaty, Kazakhstan 

 

АBSTRACT 

In this article we examine the method of fictitious areas for the non-liner hyperbolic equations. The estimation of 

rate of convercence decisions is recaived. In some cases the unimproved estimation of convergence rate of the decision is 

received. 
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INTRODUCTION 

Today the method of fictitious areas is widely used for the numerical simulation of problems in mathematical 

physics in areas of complex geometry. For the equation of Navier-Stokes with heterogeneous limited conditions the 

monograph [1] is devoted, for models of filtration- the monograph [2], for the problems of mathematical physics- [3]. 

The method of fictitious areas for linear equations of mathematical physics, excluding hyperbolic equations, is 

well explored (for example, monograph [2] and the sources mentioned there). In non-stationary problems unimproved 

estimations of speed in most cases are not received. Moreover, for non-linear limited problems the technology of obtaining 

unimproved estimations of convergence speed according to the known methods is not available. But there are not enough 

scientific materials devoted to the method of fictitious areas for boundary value problems of hyperbolic equations. In this 

monograph the justification of the method of fictitious areas for initial limited problems of non-linear hyperbolic equations 

is given and the speed estimation of solving the auxiliary equation is obtained. In some cases the speed of convergence 

unimproved in defined order. The new way of improving the speed estimation in the norm �� is offered in this monograph. 

PROBLEM FORMULATION 

Let examine the problem of Dirikhle in area of Ω⊂ ��c with the limit S for non-linear differential equations like 

���
�	� = ∆� − |�|� + ���, ��                                                                                    (1) 

��|	�� = �����     �	|	��� = �����,                                                                         (2) 

�|�� = 0 .                                                                                                               (3) 
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The theorem of existence of generalized solution and the diffential properties of the equations are well explored in 

the monograph [4]. 

According to the method of fictitious areas the equation of the problem by using the smallest coefficient in 

auxiliary area D=Ω⋃�� in the limit��, ��⋂� = ∅will be this  

���"
�	� = ∆�# − |�#|$�# − %��� & '

#( �# + �)'
#* �	#+ + ���, �� ,                               (4) 

υ#|t=0=υ����,   
    υ#|t=0=υ����,                                                                                                                   �5) 

υ#|��=0,                                                                                                                (6) 

Where 

%��� = ,0,    � ∈ .,     /, 0 ≥ 0,      1 ≥ 3 ≥ 0  
1,   � ∈ ��

�  

�����,  �����, ���, �� - The zeros out of .. 

As a result, the following theorem can be defined. 

Theorem 1 

Let’s take then the equation (7) takes place in 

solving problem 

‖�		# � 5�∞6�,7;8��9�: � + ‖�;# � 5�∞6�,7;8∞�9�: � + '
#* ‖�		# �‖8�6<,=;>��?<�:

� +

+ ��)'�
#( ‖�	# �‖8∞6<,=;>��?<�:

� ≤ A < ∞ .                                                                               (7) 

Proof: Let (3) be multiplied by �	# and integrated in the area D, then we have the estimation 

‖υCε‖D∞6<,E;F��G�: + ‖υHε‖D∞6<,E;F��G�: + 1
p + 2 ‖υε‖D

∞&<,E;FKL��G�+
 

+ γ

εβ
‖υCε‖D∞6<,E;F��G<�:

� +                                                                                        (8) 

By differentiating (4) in t , multiplying by υCCε  and integrating in the area D we obtain 
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By using the inequality of Gelder we have 

 

Where (as in the inflow theorem of Sobolev) 

 

According to the condition рп≤ M, and from (8) we have 

 

 

As a result, we obtain 

      (9) 

          (9)The following theorem is appeared. 

Theorem 2 

Let all conditions of the first theorem be used. Then the only one solution of the problem (4)-(6), which has the 

property (9), is existing. It goes to the solution of the problem (1)-(3) in N →0. 

The theorem of solution existence is proved by the Galerkin’s method and with the helpp of methods offered in 

monograph [4], the convergence of solution depends on the estimation (9). Then lets research the speed of convergence in 

the solution of problem (4)-(6). The following theorem is obtained 

Theorem 3 

Lets ʄ	 ∈ ��60, P; ���.�:, ����� ∈ RS ���.�, ����� ∈ RS ���.�, ʄ(t,x), �����, ����� −the continuous zero out of 

., T≤ �
�)�. 

Then this estimation takes place 
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Then 

 

 

where 

 

By multiprlying (1) by function φ(x)єRS ����� and integrating in the area Ω, ���, �� −the continuous zero out of Ω. 

In a result we will obtain integral concordance 

                                                              �10� 

Lets determine �# − � = V WXY Z = V	. Then the (4)-(6) and (10) for V will make the integral concordance  

 

            (11) 

Lets transform the additives on the right side (11), then integrate in t 

           (12) 

By estimating (12) in inequality of inflow [5], we take 

    (13) 

On the other side, 
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                �14� 
By joining (13) and (14), we obtain  

       (15) 
In the same way lets estimate the additives 

 

           �16� 

EVALUATION OF NONLINEAR ADDITIVES WITH THE FICTITIO US DOMAIN METHOD 

    (17) 

Here 

 

According to the conditions of the theorem left side (17) is estimated on A‖V;‖‖V	‖9 and from (11)-(17) we take  

 

From this case the following estimation appears 

     (18) 

 

By diffentiating (10) on t and taking Z = V		 with (4), we obtain the following estimation  

 

In this case we consider that 
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is limited. 

From this equation the following estimation is formed 

    (19) 

The following theorem is obtained. 

CONCLUSIONS 

• In the development of the fictitious domain method can be divided into four interrelated areas: 

• study different ways to continue the initial problems in a fictitious area; 

• obtain best possible estimates in stronger metrics; 

• extension of the class of problems for the application of the fictitious domain method; 

• Building Effective difference schemes for the solution of the auxiliary problem of constructing a fictitious domain 

method. 

• This paper covers the use of the fictitious domain method to complex non-linear problems, some aspects of 

numerical implementation for the auxiliary problem. 
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