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Abstract: The method of oriented manifolds is developed to study geometric properties of the sets of trajectories of nonlinear diﬀerential systems with control. This
method is conceptually connected with the classical methods of Lyapunov, Poincaré,
and Levi–Civita and is a natural extension and development of results of the Donetsk
school of mechanics. In terms of the method of oriented manifolds, suﬃcient conditions for stabilizability of nonlinear control systems are established.
A new method for stability investigation of nonlinear diﬀerential systems of perturbed motions is created on the basis of the concept of matrix-valued Lyapunov
functions. This method is generalized for the systems with impulse action and aftereﬀect, diﬀerential equations with explosive right-hand sides and hybrid systems.
New conditions of practical stability of motion for nonlinear systems with impulse action are established on the basis of two auxiliary Lyapunov functions and the
condition of exponential stability for linear impulse systems in a Hilbert space.
⋄ Series of works honoured with the State Prize of Ukraine in the Field of Science and Technology
in 2008.
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General theory of the Fredholm boundary-value problems is constructed for systems of functional-diﬀerential equations, a classiﬁcation of resonance boundary-value
problems is elaborated, eﬃcient coeﬃcient criteria of existence of solutions are obtained and bifurcation and branching conditions for solutions to such problems are
established.
New matrix methods are developed for the analysis of stability, localization of
spectrum and representation of solutions of arbitrary order linear diﬀerential and
diﬀerence systems. The methods of comparison and robust stability analysis are
worked out for nonlinear dynamic systems in partially ordered space.
The averaging technique and the method of integral manifolds are developed for
nonlinear resonance oscillating systems with slowly varying frequencies. New exact error estimations are established for the averaging technique in the initial and
boundary-value problems for multifrequency systems and systems with impulse action.
New statements on stability and instability of linear approach to solutions of evolutionary equations in a Banach space are made. Absolute stability conditions are
established for systems with aftereﬀect. In particular, a process of aircraft undercarriage galloping is studied at landing on the ground airﬁeld with constant velocity.
Also, stability conditions are established for the metal cutting process at turning
behind a track with constant angular velocity of spindle rotation.
Keywords: stability; robust stability; practical stability of motion; initial and
boundary-value problems; diﬀerential and diﬀerence systems; systems with impulse
action and aftereﬀect; comparison principle; Lyapunov functions; matrix equation;
generalized Lyapunov equation; cone inequality.
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Introduction

This paper presents a survey of main results of a series of investigations competing for
the State Prize of Ukraine in the Field of Science and Technology in 2008.
First, it should be noted that the fruitful ideas by Lyapunov have enabled his successors to develop constructive approaches for the analysis of dynamical behaviour of
nonlinear systems.
Remarkable results of N.M. Krylov and N.N. Bogoliubov, which became a groundwork
for a new direction in the ﬁeld of mathematical physics, called "nonlinear mechanics",
have become a source of many investigations of systems with small parameter, both of
theoretical and practical importance.
The discovery of the principle of maximum in the mathematical theory of optimal
control made by L.S. Pontryagin proved to be a profound synthesis of the theory of
diﬀerential equations and the variational calculus whose development is associated with
the name of outstanding mathematician of the 18-th century L. Euler.
A range of problems whose solutions are proposed in the monographs [1–12] and papers [13–43] was formed according to the needs of new ﬁelds of science and technology
such as exploration of the near-Earth and outer space, automatic control of production processes by computers, mathematical biology, etc. A key role in the solution of

