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Auxiliary boundary value problem (BVP). Let }<,<:,{=1  yxyx   and 

0}.>{= 11 tQ   

,},,{0,=),0,(),(0, 1Qtyxtxztyzzzt       (5) 

,},{),,(=,0),( 10 yxyxzyxz      (6) 
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The problem is to find an initial function ),(0 yxz  such that a solution of the BVP (5)–(7) 

satisfies the inequality 

0.>0,>,),,( 0)( 12

teCtyxz t

L



     (8) 

We recall, as we indicated above, that here   is a given constant and 
0C  is an arbitrary 

bounded constant. 

We will define the function ),(0 yxz  as a continuation of the function ),,(0 yxu  which was 

given in the original domain  . Thus in the auxiliary boundary value problem (5)–(7) it is needed 

to find the function ),(0 yxz  on the square 1 , so that the requirement (8) is satisfied for a solution 

),,( tyxz  of the problem (5)–(7). In this case the condition (4) holds for restriction ),,( tyxu  of 

),,( tyxz  too and a required boundary control   yxtyxp ,),,,(  is defined as trace of function 

),,( tyxz  for   .,, tyx  
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A NONLOCAL PROBLEM FOR ESSENTIALLY LOADED DIFFERENTIAL 

EQUATIONS WITH INTEGRAL CONDITIONS 

Kadirbayeva Zh.M.,1,2Bakirova E.A.1,3 
1Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan 

2International Information Technology University, Almaty, Kazakhstan 
3Kazakh National Women's Teacher Training University, Almaty, Kazakhstan 

E-mail: zhkadirbayeva@gmail.com 

 

We consider the following linear boundary value problem for systems of essentially loaded 

differential equations with integral conditions: 

 

Buk
eto

v U
niv

ers
ity

mailto:zhkadirbayeva@gmail.com


95 
 

𝑑𝑥

𝑑𝑡
= 𝐴0(𝑡)𝑥 + ∑ 𝐴𝑖(𝑡)𝑥(𝜃𝑖)

𝑚
𝑖=1 + ∑ 𝑀𝑖(𝑡)𝑥̇(𝜃𝑖)

𝑚
𝑖=1 + 𝑓(𝑡),      𝑡 ∈ (0, 𝑇),(1) 

∑ ∫ 𝐵𝑗(𝑡)𝑥(𝑡)
𝜃𝑗

𝜃𝑗−1
𝑑𝑡𝑚+1

𝑗=0 = 𝑑,     𝑑 ∈ 𝑅𝑛 ,      𝑥 ∈ 𝑅𝑛 ,          (2) 

 

where (𝑛 × 𝑛)-matriсes 𝐴𝑘(𝑡), (𝑘 = 0,𝑚̅̅ ̅̅ ̅̅ ),𝑀𝑖(𝑡), (𝑖 = 1,𝑚̅̅ ̅̅ ̅̅ ),𝐵𝑗(𝑡), (𝑗 = 0,𝑚 + 1̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅),and 𝑛-vector-

function 𝑓(𝑡)are continuous on [0,𝑇]; and 0 = 𝜃0 < 𝜃1 < ⋯ < 𝜃𝑚 < 𝜃𝑚+1 = 𝑇, ‖𝑥‖ = max
𝑖=1,𝑛̅̅̅̅̅

|𝑥𝑖|. 

Let 𝐶([0,𝑇], 𝑅𝑛) denote the space of continuous functions𝑥: [0, 𝑇] → 𝑅𝑛 with the norm 
‖𝑥‖1 = 𝑚𝑎𝑥

𝑡∈[0,𝑇]
‖𝑥(𝑡)‖.  

A solution to problem (1), (2) is a continuously differentiable on (0, 𝑇) function 𝑥(𝑡) ∈
𝐶([0, 𝑇], 𝑅𝑛)satisfying the system of essentially loaded differential equations (1) and the integral 

conditions (2). 

In recent years the theory of problems for loaded differential equations has been advanced. 

Various important problems of mathematical physics and mathematical biology lead to boundary 

value problems for loaded differential equations [1, 2]. Different problems for loaded differential 

equations with integral conditions and methods for finding their solutions are considered in [3-6].  

In this paper we use the approach offered in [7-9] to solve the boundary value problem for 

systems of essentially loaded differential equations with integral conditions (1), (2). This approach 

based on the algorithms of the Dzhumabaev parameterization method [10] and numerical methods 

for solving Cauchy problems for ordinary differential equations.Dzhumabaev parameterization 

method was previously developed for boundary value problems for loaded differential equations 

[6]. Conditions for the unique solvability of the investigating problems were established and 

algorithms for finding approximate solutions were constructed [7]. 
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