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Abstract: This article addresses the Cauchy problem for the Riccati equation, one of the
important classes of first-order nonlinear ordinary differential equations. The Cauchy problem is
formulated for a Riccati differential equation with a piecewise continuous argument, and the
existence of its solution is analyzed. The obtained results contribute to the development of the
theory of differential equations with piecewise continuous arguments.
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Introduction. First-order nonlinear ordinary differential equations constitute an important part
of mathematical analysis and the theory of differential equations. Such equations frequently arise
in the mathematical modeling of various natural and social processes, and their solutions play a
crucial role in determining the laws governing the development of these processes. Due to their
nonlinearity, these equations are significantly more complex than linear differential equations,
requiring specialized theoretical and practical approaches for their study.

Among first-order nonlinear differential equations, the Riccati equation holds a special
place. This equation is related to many other types of equations and finds wide applications in
second-order linear differential equations, optimal control problems, stability theory, and
variational calculus. While the classical form of the Riccati equation has been studied
extensively, its generalized forms remain relevant today.

In recent years, interest in differential equations with non-continuous arguments—
particularly those with piecewise continuous or discrete characteristics—has increased
significantly. Such equations model real processes that involve jumps, delays, or anticipatory
effects over time. Examples include impulsive effects in technical systems, periodic decision-
making in economic models, and stepwise population development in biological systems. Riccati
equations with piecewise continuous arguments serve as convenient mathematical models for
describing these processes.

In these equations, the behavior of the solution depends not only on the function itself but
also strongly on the continuity properties of the argument function. Therefore, for such equations,
the proper formulation of the Cauchy problem, the existence and uniqueness of solutions, and
their dependence on initial conditions constitute important scientific issues.

In this study, we examine the Cauchy problem for the Riccati equation with a piecewise
continuous argument, which is one of the significant classes of first-order nonlinear ordinary
differential equations. The main goal of this research is to formulate this problem correctly and
analyze the existence of its solution.

Problem Statement:
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y ()+ay*([X])+by([x])+c=0 (1)
y(0)=Yo (2)
In the problem (1)-(2) a,b,c R, and y(x)— is a continuous function..
nsx<n+1, y(x)=—ay?(n)—by(n)—c 3)
Equation (3) is a first-order ordinary differential equation with separable variables.
Ya=Y(N), Yn+1=Yn—(aya+by,+0) 4)
Cr=—"(aya+byn+c), y=C,(x—n)+y, (5)
Properties of the Solution:
e The solution is continuous on the entire interval [0,+00);
e On each subinterval [n,n+1), it is continuous and differentiable;
e The solution depends on the initial value Yy and the coefficients a,b,c;

e The solution of the problem is connected to a discrete recurrent system.

Conclusion: In this article, the Cauchy problem for the Riccati equation, one of the important
classes of first-order nonlinear ordinary differential equations, was investigated in the case of a
piecewise continuous argument. The involvement of the floor function as the argument allowed
the equation to be considered as a generalized form of the classical Riccati equation.
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