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TIME FOR THE LEVEL BY NONLINEAR

FUNCTION OF MARKOV CHAIN

Abstract

In the paper, strong law of large numbers and integral limit theorem for the
first passage time of high level by the Markov chain dependent function are
proved.

1. Introduction. Let on some probability space (Ω, F, P ) a Markov chain
X = (Xn, n ≥ 0) be given with on a real straight line R = (−∞,∞) with transitional
probability

Pn(X, B) = P (Xn+1 ∈ B/Xn = x),

where x ∈ R and B ∈ β(R) is σ-algebra of Borel sets in R.
Homogeneity of transitional probability in time is not assumed.
Let ∆(x), x ∈ R be some Borel function in R.
Assume

Tn = n∆
(

Xn

n

)
, n ≥ 1, T0 = 0 (1)

and consider the first passage time τ c = inf {n ≥ 1 : Tn ≥ c} of a level c ≥ 0 by the
process Tn, where we everywhere suppose that inf {∅} = ∞.

In the case when ∆(x) ≡ x and a Markov chain X is made by the sums of
independent identical random variables, in references there are many results on
distribution of τa and overshoot χc = Tτc − c. Statement of results in this direction
may be found in [1]-[4] and in many other papers.

In the papers [2], [4], [5], integral and local limit theorems for τ c are studied for
a nonlinear case ∆(x) 6= x and ordinary random walk. Note that in these papers,
the theory of limit theorems for the sum of independent random variables is on the
basis of the used method.

Development of theory of limit theorems for Markov’s general chains (see [4])
allows to promote theory of boundary value problems for random walks ([6], [7],
[8]).

In the given paper, we cite generalizations of results of the paper [8] on limit
theorems for the first passage time of Markov chain beyond the level.

2. Conditions and formulation of basic results.
By ξn(u) we denote a jump of the chain X from the state u at time n, whose

distribution is given by the equality

P (u + ξn(u) ∈ B) = Pn(u, B), B ∈ β(R), u ∈ R.

For the Markov chain we’ll assume that it is a chain with a shift asymptotically
homogeneous in time and in the space, i.e. Eξn(u) converges as n, u →∞ to some
number µ ∈ R, and the existence of Eξn(u) is not assumed for all values of n and u
(see [9]).




