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Some peculiarities of stability of stochastic difference equations

with continuous time

The problems of stability are considered here for stochastic difference equations with
continuous time, which are popular enough in researches (see [1]-[3] and references therein).

Consider the difference equation with continuous time

x(t + 1) = ax(t) + bx(t − 1) + σx(t)ξ(t + 1), t > −1, (1)

x(s) = φ(s), s ∈ [−2, 0],

Here a, b and σ are constants, a stochastic process ξ(t) satisfy the conditions Eξ(t) = 0,
Eξ2(t) = 1, t > 0.

Definition 1.1. The trivial solution of equation (1) is called mean square stable if
for any ǫ > 0 there exists a δ > 0 such that E|x(t; φ)|2 < ǫ for all t ≥ 0 if ‖φ‖2 =
supθ∈Θ E|φ(θ)|2 < δ.

Definition 1.2. The trivial solution of equation (1) is called asymptotically mean square
stable if it is mean square stable and for each initial function φ limt→∞ E|x(t; φ)|2 = 0.

Definition 1.3. The trivial solution of equation (1) is called asymptotically mean square
quasistable if it is mean square stable and for each t ∈ [0, 1) and each initial function φ

limj→∞ E|x(t + j; φ)|2 = 0.
It is evidently that asymptotic mean square quasistability follows from asymptotic

mean square stability but the inverse statement is not true.
It is known [1] that the necessary and sufficient condition for asymptotic mean square

quasistability of the trivial solution of equation (1) is

|b| < 1, |a| < 1 − b, σ2 < [(1 − b)2 − a2]
1 + b

1 − b
.

The problem is considered to get similar stability and quasistability conditions for
integro-difference equation

x(t + 1) = ax(t) + b

∫ t

t−1

x(s)ds + σx(t)ξ(t + 1), t > −1.
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