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Abstract—We study certain sufficient conditions for the local and global uniform asymptotic
stability, as well as the stabilizability of the equilibrium in cascade systems of delay differential
equations. As distinct from the known results, the assertions presented in this paper are also valid
for the cases, when the right-hand sides of equations are nonlinear and depend on time or arbitrarily
depend on the historical data of the system.
We prove that the use of auxiliary constant-sign functionals and functions with constant-sign
derivatives essentially simplifies the statement of sufficient conditions for the asymptotic stability
of a cascade.
We adduce an example which illustrates the use of the obtained results. It demonstrates that the
proposed procedure makes the study of the asymptotic stability and the construction of a stabilizing
control easier in comparison with the traditional methods.
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INTRODUCTION

A functional differential equation with deviating argument is a differential equation for a function x of
a scalar variable t which contains the values of x(t) and those of the derivative ẋ(t) for various values of
the argument. A functional differential equation is that of the delay type, if one can express ẋ(t) in terms
of x(s) with s ∈ [t − r(t), t], 0 � r(t) � +∞. If a finite number r > 0 exists such that r(t) � r with all
t, then the delay is said to be finite, otherwise it is said to be unbounded or infinite.

In this paper we consider a particular case of delay equations, namely, the so-called “cascade”
systems; one can schematically present them in the following form:

One of the most thoroughly studied problems for a cascade is the following one. We assume that
each of subsystems (a) and (b) has the zero equilibrium state which is asymptotically stable in the sense
of Lyapunov, provided that there is no interdependence. We study whether this property takes place,
when subsystems are connected. A particular interest for us is the possibility to preserve the global
asymptotic stability of the zero solution, when all solutions of the system tend to zero independently of
the initial point.

If the cascade is linear, then the global asymptotic stability of each subsystem with the zero
“input”means the global asymptotic stability of the whole cascade. However, this is not true in a
nonlinear case.
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