
Proceedings of IMM of NAS of Azerbaijan 3

MATHEMATICS

Vugar A. ABDURAKHMANOV

LIMIT THEOREMS FOR THE FIRST PASSAGE
TIME OF PERTURBED MARKOV CHAIN BEYOND

THE LEVEL

Abstract

Limit theorems for the first passage time of Markov perturbed chain with
asymptotic homogeneous drift in the space beyond the level are proved.

1. Introduction. Let a probability space (Ω, F, P ) be given the Markov chain
X = (Xn, n ≥ 0) with transition probability Pn(X,B) = P (Xn+1 ∈ B/Xn = x)
and a sequence of random variables εn, n ≥ 0 such that for each n ≥ 0 the quantities
εn are measurable with respect to σ-algebra Fn = σ (Xk, 0 ≤ k ≤ n) be defined on
it.

Assume Tn = Xn + εn, n ≥ 0. The sequence Tn, n ≥ 0 is said to be perturbed
random walk described by the Markov chain X with perturbation εn.

Consider the first passage time beyond the level c ≥ 0,

τ c = inf {n ≥ 0: Tn > c} , (1)

where we’ll always assume inf {∅} =∞.
When the chain Xn is an ordinary process of summation of independent identi-

cally distributed random variables ξk (Xn = Sn =

n∑
k=1

ξk) the study of distribution

of the first passage time τ c of the form (1) is an important part of nonlinear re-
newal theory [1], [2]. In the works [1], [3], asymptotic properties of distribution τ c
are studied, integral and local limit theorems are proved for τ c as c → ∞ when
Xn = Sn.

Recently, there appeared many papers [4]-[8] wherein some boundary value prob-
lems connected with the first crossing time of the boundary by trajectory of the
Markov chain are studied.

The goal of the paper is to study limit theorems for τ c under different assump-
tions relative to Markov chain and random perturbation εn.

When there is no perturbation (εn ≡ 0), this problem was studied in [7], [8].
As it was noted in [1], [2], [10], the distribution function of the first passage time

τ c plays an important role in formulation and solution of many applied problems
of theory of random processes. Practically, it is impossible to find its exact form in
general case. Therefore, a problem on finding asymptotic formulae allowing to cal-
culate approximately the probability P (τ c ≤ n) is of great theoretical and practical
interest.

2. Formulation and proof of basic results.
We’ll med the following notion introduced in [1], [5], [9].
Definition 1. We’ll say that a sequence of arbitrary random variables ηn, n ≥ 1

slowly changes if
1

n
max {|η1| , |η2| , ..., |ηn|}

p→ 0 (2)


