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The interest of researchers to singularly perturbed problems is due to the fact that the 

corresponding direction of mathematics is important in applications. The movement of a viscous 

fluid flow (water, blood) in the vessels is always associated with the effect of the boundary layer. 

The mathematical model is described by differential equations with large or small parameters when 

a non-uniform transition from one physical characteristic to another occurs. Asymptotic methods 

provide great help in the preliminary stage of analyzing problems and in cases where the results 

cannot be obtained numerically. They allow to choose the best numerical technique, as well as 

asymptotic methods are well adapted in the field of extreme values of small or large parameters 

where numerical methods are not applicable or have great difficulties. Therefore, the development 

of asymptotic methods is relevant.  

 

In this project the singularly perturbed problems are investigated by the asymptotic method, when 

the type of the equation does not change as the small parameter tends to zero, but acquires a feature. 

It is established that the asymptotics of the solution of such problems, as components, additionally 

contains a new type of boundary-layer functions which called the power-boundary boundary layer 

function.  

 

The project consists of two parts: in the first part the Cauchy problem for a system of ordinary 

differential equations with a small parameter is subjected to asymptotic analysis; in the second part 

the boundary problem for a singularly perturbed differential equation of parabolic type is 

considered.  

 

Using eigenvalues (it is assumed that the real part of which is negative) of the matrix of coefficients 

for the original function regularizing variables are introduced. Introducing these regularizing 

variables along with the original independent variables the posed singularly perturbed problem 

reduces to a regularly perturbed problem. Further, thus expanded problem is solved by the classical 

method of perturbation theory. Compared to the approaches that still exist our approach simplifies 

the research methodology and the structure of the constructed solution. In the second part, we 

study the first boundary value problem for a parabolic equation. The study is conducted by the 

same method as the problem considered in the first part. The asymptotic solution of this problem 

in addition to the power and exponential boundary layer functions, additionally contains parabolic 

boundary layer functions describing boundary layers along straight lines x = 1 and x = 0.  

 

Parabolic boundary layer functions are determined from the heat equation with the corresponding 

boundary conditions. In both parts of the project, the asymptotic nature of the constructed solutions 

is established and the residual term is estimated.  

 

The results obtained in the project can be used in mathematical modeling of environmental 

problems, changes in temperature or gas concentration in the near-surface layers of the 

atmosphere, in problems of oil production and chemical kinetics, electrical engineering, mechanics 

of systems of solids and gyros and other fields of natural sciences and technology.  
 


