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Abstract—We consider first-order differential equations whose stochastic nature is determined
by time-continuous Markov processes. We show that implementation of the Fokker–Plank–
Kolmogorov equation leads to a system of advection equation. We formulate a theorem on
the characteristics of obtained system of partial differential equations, formulate main derives on
necessary conditions for determination of calculation of probability density and adduce an example
of the solution.
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INTRODUCTION

There are many economic, social and technical dynamic systems which are described by the
differential equations. At modeling of such systems it turns out that random nature of some parameters
is very important factor [1, 2]. Spontaneity of transition of system from one state to another can be
described by time-continuous Markov process. Therefore the functioning of analyzed dynamic system
reduces to a problem of solving stochastic differential equations with the coefficients depending on
unknown function and stochastic time-continuous Markov process.

There are several methods of solving differential equations with the spontaneous parameters [3, 4],
in particular, a method of moments. This method is based on the definition of moments of stochastic
process and transformation of a function of moments to a probability density. This is possible with the
use of Monte-Carlo method which defines probability characteristics by numerical experiment. The
mentioned methods have some preferences and deficiencies. The preferences are a simplicity (since they
are based on numerical experiment) and mathematical transformations of average complexity. Thus
the calculations of necessary characteristics of stochastic process are attained by extensive way. The
deficiencies consist in a requirement of great calculating capacity and low exactness of obtained results.

In the present paper we use a method of reducing to generalized Fokker–Plank–Kolmogorov
equation for mixed process ([5], P. 136), which is examined in Section 1. This method allows us to
define the system of differential equation for conditional probability densities. To solve the stochastic
differential equation means to find conditional and stationary probability densities and also to find a
correlation function.

1. SOLVING METHOD OF FIRST-ORDER DIFFERENTIAL EQUATION WITH
TIME-CONTINUOUS MARKOV COEFFICIENT

Let us define the probability space (Ω,Ft, P), where Ω = (R × {ϑi}i=1,K) is a definition domain
of two-component random process, {x(t), θ(t)}, let Ft be a flow of σ-algebras, and P be probability
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