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E. A. Barbashin, “Introduction to the Theory of Stability.” Nauka
Publishing House, Main Editorial Office for Physics and Mathematics Literature.
Moscow, 1967. 224 pages with illustrations. Circulation: 20,000 copies.

Review

The monograph by E. A. Barbashin is devoted to several central issues in the
theory of stability of motion, specifically those relating to the primary new
directions in the modern development of this vital field of applied mathematics.
Written by one of the leading researchers in the field and reflecting the most
recent results, the monograph is undoubtedly highly useful for all specialists—
mathematicians, mechanicians, physicists, and engineers—dealing with stability
problems. This is the first time the core material of the reviewed book has been
published in the form of a monograph.

The work is characterized by a broad perspective on the subject. The author
provides a sufficiently general and compact mathematical treatment of the prob-
lems and research methods under consideration. At the same time, practical
needs are carefully taken into account throughout the entire book. Both in
content and form, the material is naturally divided into three chapters.

The first chapter provides a general formulation of the problem of stability of
motion and a brief outline of the Lyapunov function method. Moving away
from the traditional presentation of stability theory based on first approxima-
tions and small parameter methods, the author transitions to the problem of
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the stability of nonlinear systems under arbitrary initial perturbations. This
problem constitutes the main subject of the first chapter. The author identifies
modifications of Lyapunov’s methods—most of which were developed by the
author himself—that have played a significant role in the theory of stability of
motion as a whole. The importance of these theorems is well known: nearly ev-
ery successful attempt to construct functional Lyapunov functions for nonlinear
systems necessitates reliance on these modified criteria. These general criteria
are consistently accompanied by effective methods for constructing specific Lya-
punov functions; in particular, the author’s elegant “method of separation of
variables”deserves special mention. The theoretical material is illustrated and
supported by substantial examples, each of which holds considerable indepen-
dent interest and originated from various engineering problems. The originality
of the presentation in the first chapter is noteworthy, as it remains accessible
to a very wide range of readers.

The second chapter is of particular interest from an applied standpoint. It ex-
amines the selection of control forces that ensure the stable and high-quality
operation of a regulated system described by ordinary differential equations in
normal form with discontinuous right-hand sides. Thus, this section presents a
branch of the general mathematical theory of optimal stabilization, which has
developed rapidly in recent years at the intersection of the calculus of varia-
tions and the qualitative theory of differential equations. The author considers
a limited range of tasks, primarily related to the synthesis of optimal systems
with variable structures characterized by sliding modes. The author succeeds
in providing a very deep analysis of the problem, which is attractive both for
its skillful overcoming of difficulties associated with the extreme irregularity of
discontinuous differential equations and for its definitive conclusions that allow
for effective numerical solutions. The latter is especially significant because the
systems under consideration, combining the advantages of optimality with fea-
sibility, find important applications in problems related to modern technology.

The third chapter is devoted to the stability problems of systems described by
an apparatus of a higher rank than ordinary differential systems. Here, the fo-
cus is primarily on linear and quasi-linear systems whose motions are considered
in Banach spaces. By interpreting a linear stable object as a system perform-
ing a bounded linear operation on an input signal, and naturally incorporating
relevant concepts from functional analysis, the author offers an exceptionally
successful interpretation of the entire problem. On this basis, a fruitful and
compact theory is constructed, unifying from a single perspective various con-
cepts that play a fundamental role in the theory of stability of motion. This sec-
tion includes the theory of stability with respect to instantaneous perturbations,
the theory of stability under constantly acting perturbations, and, finally, the
theory of implementing stable programmed motions. In the latter case, which
is highly important for applications, the author has developed effective solution
methods based on the requirements of the proximity of the corresponding differ-
ential operators. The third chapter will undoubtedly be of great interest to any
specialist working in the qualitative theory of differential equations and related
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fields of mathematics and mechanics.

E. A. Barbashin’s monograph, Introduction to the Theory of Stability, contains
exceptionally well-selected and organized material presented with great skill.
The book provides important new results and offers a unified presentation of
refined results previously published disparately in journals. This work represents
a new milestone in the modern theory of stability of motion.

Yu. S. BOGDANOV, V. A. PLISS
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Figure 1: Figure 1
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Figure 2: Figure 2
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