RussiaRxiv

AT translation - View original & related papers at
russiarxiv.org/items/ru-196701.46175

The asymptotic representation of the solution of a
boundary value problem for a system of ordinary
differential equations with a complex parameter

Authors: M. Z. Ibragimkhalilov
Date: 1967-01-01T00:00:00+00:00

Abstract

In connection with the study of one-dimensional mixed problems for second-
order parabolic systems containing time derivatives in the boundary conditions,
this paper provides an asymptotic representation of the solution to the spectral
problem (1)-(2) for a system of ordinary differential equations outside a certain
d-neighborhood of the spectrum. Bibliography: 5 items.

Full Text

Introduction

This work, following the foundational research of M. L. Rasulov [1] and G.
I. Pirmamedov [2], investigates the solution of boundary value problems for
linear differential equations. We consider the problem defined by the following
equation:
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subject to the boundary conditions:
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where ¢, (z) (k = 0,1,2) are given coefficients and ®(z) represents the initial
distribution. Following the methodology established by Rasulov [1], the problem
(1)-(2) can be analyzed by examining the spectral properties of the associated
differential operator.
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Spectral Analysis and Asymptotic Representations

As noted by M. Z. Ttskovich [3] and G. I. Pirmamedov [2], the behavior of the
solution depends significantly on the roots of the characteristic equation:

det(A\2E — Cy(x)) =0 (6)

We assume that the roots A\ (z) of equation (6) are distinct and satisfy specific
regularity conditions for all z € [a, b]. Specifically, we require that the real parts
of the eigenvalues satisfy a strict ordering;:

Re A, () < Re Agy(z) < - < Re Ap,.(z) <0 <Re A, () < - < Re Ay, (2)
(7)

Under these conditions, the fundamental system of solutions y,(x, A) for the
homogeneous equation associated with (1) admits the following asymptotic rep-
resentation for large values of the spectral parameter A:

% = N [Myos(x) + E(x, N)] exp <>\/a ¢k(t)dt) 9)

where s =0,1,2 and k = 1,2, ..., 2r. Here, E(x, \) denotes a term that vanishes
as |\ — oc.

Green’ s Function and Solution Representation

The solution to the boundary value problem (1)-(2) can be expressed using
the Green’ s function U(z,&, \). The construction of this function involves the
determinant of the boundary condition matrix, A(A\) = det D()\). For large |\,
the determinant A(\) can be expanded as:

A(A) = AFexp (A Zwk> (My(\) + EOV)] (19)
s=1

where M, (A) is a leading-order term and E()) represents higher-order correc-
tions. The asymptotic behavior of the solution in various regions of the complex
A-plane is determined by the signs of Re Awy,.

By applying the residue theorem and integrating over the appropriate contours
in the A-plane, we obtain the final representation of the solution y(x,t). The
integral representation accounts for the initial data ®(x) and the boundary
constraints. The resulting formulas allow for the effective calculation of the
system’ s dynamics, extending the classical results found in [1] and [5] to a
broader class of second-order differential operators with variable coefficients.
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Note: Figure translations are in progress. See original paper for figures.
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