
65

Вычислительная математика
Computational Mathematics

HIGHER ORDER STABILISED EXPLICIT  
ADAMS-TYPE METHODS WITH DAMPING

A. V. MOISAa, B. V. FALEICHIK a, V. I. REPNIKOV a

aBelarusian State University, 4 Niezaliežnasci Avenue, Minsk 220030, Belarus
Corresponding author: A. V. Moisa (moysa@bsu.by)

In this paper we continue the study of explicit Adams-type methods with an extended stability interval represented for 
the first time in the previous article of the authors in «Journal of the Belarusian State University. Mathematics and Infor-
matics» (2021, No. 2). Such methods require only one calculation of  f  at each step, but at the same time, they have much 
longer stability intervals than their classical counterparts. The aim of this work is to construct damped modifications of the 
methods with an extended stability interval of second order and higher and to test their ability to solve stiff systems of ordi
nary differential equations. In order to extend the stability regions along the real axis, we propose a general optimisation 
procedure based on grid search with a progressive increase in the damping parameter. We construct several methods of 
second, third and fourth orders, describe the realisation of the adaptive choice of the integration step, and represent the 
results of the comparative numerical experiments.
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Introduction
Let us consider a system of ordinary differential equations
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Methods of the form
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with an increased length of the stability interval were considered in work [1]. Let p be the order of the me
thod (2). The root locus curves [2, p. 241] of these methods have the form
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These curves for a sufficiently large k touch the real axis at several points (fig. 1). Damping of the me
thod for the numerical solution of the initial value problem (1) [2, p. 32–33] is a qualitative modification 
of the method in order to increase the distance between the boundary of the stability region and the real 
axis (see also [3; 4]). This is necessary for the stability of the method in the case of slight deviations of the 
eigenvalues of the Jacobian matrix from the real axis. When constructing a damped method, we need to 
introduce a minimal change to the stability interval length while keeping an acceptable distance of the root 
locus curve from the real axis.

The paper is organised as follows. In section «Damped methods construction» we describe the approach 
which was used to construct the damped stabilised Adams-type methods of higher orders. The implementation 
details and the results of numerical experiments are presented in section «Implementation».

Fig. 1. Root locus curves (3) of the methods  
with an extended stability interval


