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Abstract

In the paper, a theorem on limit behavior of conditional probability of cross-
ing of the level by the trajectory of Markov chain time homogeneous and partially
homogeneous in space is proved.

1. Introduction. Let X = {Xn = X (u, n) , n ≥ 0} be a time homogeneous
real-valued Markov chain with the initial value u = X (u, 0) = X0 and transitional
probability

P (u,B) = P (X1 ∈ B) ,

where X1 = X (u, 1), and B ∈ β (R) is σ -algebra of Borel sets in R = (−∞,∞).

Consider the fist passage time

τ c = inf {n ≥ 1 : Xn > c} (1)

of the Markov chain Xn for a level c ≥ 0. Here we assume inf {∅} = ∞.

The first passage time of the form (1) is the investigation object of the recent
papers ([1]-[3], [5]-[9]). In these papers the asymptotic behavior of the distribution
τ c is studied under different assumptions for the Markov chain.

In the present paper we consider conditional probability P
(
τ c ≥ n|Xn = x

)
,

crossing of the trajectory of the chain X for a level c > 0 under conditions that
Xn = Xn

n = x, and study limit behavior of this probability as n → ∞ and c → ∞
so that c

n ∼ x. Such problems for the cases when the Markov chain Xn is the sum
of independent identically distributed random variables were studied in [10], [11].

Note that the mentioned conditional probabilities of the crossing of boundary
plays key role in studying asymptotic behavior of local probability of crossing of
boundary by a random walk [10], [11].

2. Conditions and formulation of the main result

Following [2], we’ll say that the Markov chain X is N -partially homogeneous in
the space if it has the following property: for some N ≥ 0 the conditional probability
P (u, dυ) for n > N and υ > N depends only on the difference υ− u, i.e. for u > N
the projection of distribution of the increment ξ (u) = X1 − X0 = X1 − u on the
set (N − u,∞) coincides with the projection of the distribution of some random
variable ξ on this set.

It is clear that it follows from the N -partially homogeneity in the space that in
the domain u > N the Markov chain trajectory behaves as ordinary process of sum-
mation of independent identically distributed random variables ξ1, ξ2, ..., distributed
as ξ.

In the sequel, we’ll denote Sn =
n∑
k=1

ξk.


