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Name of the project 

 

№ AP09058457 Development of research methods and 

solution of boundary value problems for loaded hyperbolic 

equations and their numerical implementation 

Relevance 

 

The project is aimed at studying boundary value problems 

for loaded hyperbolic equations, where the load point is set 

by a spatial variable. Loaded hyperbolic equations are used 

in problems of biology, chemistry, agricultural systems, 

etc. The problems for loaded hyperbolic equations have 

become particularly relevant in connection with the study 

of the vibration stability of aircraft wings loaded with 

masses and in calculating the natural vibrations of antennas 

loaded with concentrated capacitances and self-inductions. 

Despite a large number of works devoted to the study and 

solution of boundary value problems for loaded 

differential, integro-differential and hyperbolic equations, 

many issues related to the solvability of boundary value 

problems for linear loaded hyperbolic equations, for 

nonlinear loaded hyperbolic equations with mixed 

derivatives, where load points are set by a spatial variable 

remain unresolved, there are no methods that give to 

construct a numerical and analytical solution. 

Purpose 

 

The objectives of the project are: 

- to develop constructive methods for researching and 

solving boundary value problems for linear and nonlinear 

loaded hyperbolic equations with mixed derivatives, where 

load points are set according to a spatial variable and to 

establish conditions for their solvability; 

- to develop numerical and analytical methods for solving 

boundary value problems for loaded hyperbolic equations 

and systems with point loads in a spatial variable. 

Objectives 1. To investigate the boundary value problem for a linear 

loaded hyperbolic equation: 

1.1 Obtaining necessary and sufficient conditions for the 

correct solvability of the boundary value problem for 

linear loaded hyperbolic equations, where the load points 

are set according to a spatial variable. 

1.2 Development of a numerical and approximate method 

for solving linear boundary value problems for loaded 

hyperbolic equations, where load points are set according 

to a spatial variable, based on the Euler polyline 

modification method. Establishing the properties of new 

general solutions; Obtaining a solvability condition. 

1.3 Implementation of the constructed numerical 

algorithms for boundary value problems of linear loaded 

hyperbolic equations in the C++ and Python programming 

languages. 

2. To investigate the boundary value problem for linear 

loaded systems of a hyperbolic equation: 



2.1 Construction of a new general solution for a linear 

ordinary loaded differential equation and establishment of 

its properties. 

2.2 Development of a numerical and approximate method 

for solving linear boundary value problems for systems of 

loaded hyperbolic equations, where load points are set 

according to a spatial variable, based on the Euler polyline 

modification method and the establishment of conditions 

for its convergence. 

2.3 Implementation of the constructed numerical 

algorithms in the C++ and Python programming 

languages. 

3. To investigate the boundary value problem for a 

nonlinear loaded hyperbolic equation: 

3.1 Obtaining sufficient conditions for the existence of an 

isolated solution of the boundary value problem for a 

nonlinear loaded hyperbolic equation, where the load 

points are set according to a spatial variable. 

3.2 Solving a family of boundary value problems for 

nonlinear loaded hyperbolic equations based on the 

parametrization method and obtaining their solvability 

condition.  

3.3 Development of numerical and approximate methods 

for solving non-local boundary value problems for 

nonlinear loaded hyperbolic equations with mixed 

derivatives, where load points are set according to a spatial 

variable, based on modifications of the Euler polyline 

method and methods for solving nonlinear boundary value 

problems for nonlinear ordinary loaded differential 

equations and to establish conditions for their solvability. 

Expected and achieved results 

 

In this project, boundary value problems for linear, 

nonlinear loaded hyperbolic equations and for linear 

systems of loaded hyperbolic equations and their 

numerical implementation will be studied. The expected 

results coincide with the tasks of the project. 

The following results are obtained: 

- necessary and sufficient conditions for the correct 

solvability of the boundary value problem for linear loaded 

hyperbolic equations are obtained, where the load points 

are set by a spatial variable; 

- a numerical and approximate method for solving linear 

boundary value problems for loaded hyperbolic equations 

based on the Euler polyline modification method has been 

developed, properties of new general solutions have been 

established and solvability conditions have been obtained; 

- algorithms for solving boundary value problems of linear 

loaded hyperbolic equations are implemented; 

- general solutions for a linear ordinary loaded differential 

equation are constructed and its properties are established; 

- numerical methods for solving linear boundary value 

problems for systems of loaded hyperbolic equations have 

been developed, the conditions for its convergence have 



been established and the constructed numerical algorithms 

have been implemented; 

- sufficient conditions for the existence of an isolated 

solution of the boundary value problem for a nonlinear 

loaded hyperbolic equation are obtained; 

- a method for solving a family of boundary value 

problems for nonlinear loaded hyperbolic equations has 

been developed and conditions for their solvability will be 

obtained; 

- a numerically approximate method for solving boundary 

value problems of nonlinear loaded hyperbolic equations 

with mixed derivatives has been developed; 

- a method for solving nonlinear boundary value problems 

for nonlinear ordinary loaded differential equations has 

been developed and the conditions for their solvability 

have been established. 
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