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1. INTRODUCTION 
 

Many phenomena in biological systems essentially depend on previous history of this system. As 
a rule, these phenomena are described by loaded differential equations (Nakhushev,1995). Consider 
the equation   
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This equation is also a loaded differential equation that Volterra called a hyperbolic type integro-

differential equation (Volterra, 1952). 
 

In this paper we consider the following problem for equation (1): 
 

Find the continuous function ),( txuu  ,  in the closed domain }0,0{ TtlxD    
satisfying equation (1), boundary conditions 
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and initial conditions  
 

lxx
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Here  ,,a  - are real numbers, ),(),(),(),,(),,(),,( 121 xtttxftxctxb  )(2 x -are 

continuous functions of own arguments.  
 
Note that such a problem with simpler boundary conditions )(),0( 1 ttu    and )(),( 2 ttlu   

was solved in the paper (Khankishiyev, 2010). 
 
2. APPLICATION OF THE STRAIGHT LINES METHOD TO THE SOLUTION OF 
THE INITIAL VALUE PROBLEM 
 

To apply the straight lines method to the solution of problem (1)-(3) we divide the segment [ l,0 ] 

into N equal parts by the points lxxNnnhx Nn  ,0,,...,1,0, 0 . If we consider equation (1) 

on the straight lines ,1,...,2,1,  Nnxx n  and replace the derivative 
2

2 ),(

x

txu n




  by the 

appropriate difference expression, then after applying the integration by parts formula, we get the 
following equations: 
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TtNntxfdttxutxcxuxc
t
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Let 2K - be a fixed natural number. Divide the segment  T,0   by the points 

TttKkkt Kk  ,0,,...,1,0, 0 , into K  equal parts. 
 
Let 10 tt  . Then applying to the integral in (4) the trapezoid formula, we get:  
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If in these equalities we reject the addend of order )( 32 hO  and replace ),( txu n  by )(tyn , 

then for the functions ,1,...,2,1),(  Nntyn   we get the following system of linear differential 
equations:  
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where  
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Suppose that equation (1) is fulfilled for 0x  and  lx   . Then substituting 
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  and  
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 found from this equation into the appropriate boundary condition in (2), after integration by 

parts and replacing the obtained integrals by the trapezoids formulae and replacing ),0( tu  and ),( tlu   

by )(0 ty   and )(tyN , we get:  
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Where 
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We have the following from the initiol conditions (3): 
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So, if 10 tt  , then after applying the straight lines method we get problem (6)-(8). This is a 

Cauchy problem for a system of second order linear differential equations. Let the solution of this 
problem be found and the values Nntyn ,...,1,0),( 1  . be defined. Then we can pass to the next step.  

 
Let 20 tt  . In this case, having applied the above-stated method, we get:  
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Let the solution of the system of differential equations (9)-(10) satisfying initial conditions (8) be 

found, and the values Nntyn ,...,1,0),( 2  , be determined. Then we can pass to the next step and etc.  
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Thus, the solution algorithm of problem (1)-(3) by the straight lines method consists of following: 

 
 

At the first the problem (6)-(8) is solved for 10 tt  , and the value of the solution for 1tt   is 

determined. Allowing for the found values ,,...,1,0),( 1 Nntyn   the problem (9)-(10),(8) for 

20 tt   is solved. After finding ,,...,1,0),( 2 Nntyn   we can pass to the solution of the problem 

for 30 tt   and etc. At the end, allowing for the found values ,1,...,2,1),(  Kkty kn  

,,...,1,0 Nn   the problem for Tt 0   is solved. 
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