
Introduction. Currently, an exceptionally digital 
technique is used to manage automatic systems 

of various nature and various purposes.  Measurements 
and control are carried out in discrete times, therefore 
discrete mathematical models of dynamic systems 
are relevant. Initially, systems with pulse-frequency 
modulation were widely used in radio engineering and 
telemetry [1]. At present, pulse-frequency systems are 
widely used in information and measurement technology 
[2,3,4], in automatic control systems [5,6,7], in modulating 
installations [8] and in the study of nervous activity [9,10]. 
Pulse-frequency systems belong to the class of essentially 
nonlinear systems, since there is a nonlinear element in 
their structure. To date, several methods of analyzing 
pulse-frequency systems have been developed. The first 
one is based on precise calculation methods and includes 
questions of obtaining and analyzing difference equations 
describing the dynamics of these systems. The second 
direction is based on approximate methods related to the 
linearization of a nonlinear element. Frequency methods 
based on the direct method of A. M. Lyapunov and the 
frequency access of V. M. Popov have found wide use in 
the study of the dynamics of pulse-frequency systems. A 
detailed review of the work and analysis of methods for 
studying pulse-frequency systems is given in [11- 15].

Materials and methods. Fig. 1 shows a non-linear 
discrete system with a constant control delay τ. 
Nonlinearity is created by a pulse-frequency modulator 
(PFM); the object is represented by a dynamic link of the 
l-th order (Figure1).

Figure 1. Nonlinear discrete system with constant control 
delay

The modulator generates a clock sequence of pulses 
according to the modulation characteristic.
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Abstract
In connection with the problems of development and implementation of perfect automatic and automated control systems 

for complex technological processes based on modern information technology tools, the development of research methods for 
multidimensional nonlinear discrete control systems is of particular relevance. The variety of these systems is due to the types of 
modulation, non-linearities, modes of operation of impulse elements, characteristics of continuous parts. The article deals with the 
problems of modeling and research of one-dimensional and multidimensional pulse-frequency systems with delay based on the use 
of dynamic graphs. One of the key points in solving the problem is an approach based on the maximum consideration of the physical 
features of these systems. Given the structural complexity of systems, it is necessary first of all to establish the possibility of decomposing 
the system into simpler subsystems. Then the study of the system can be reduced to the study of individual subsystems and the nature 
of their interaction, that is, to the determination of the properties of the system as a whole by the properties of its elements. Systems 
with frequency-pulse modulation are essentially non-linear systems. The topological method based on dynamic graph models allows 
solving the fundamental difficulties of studying nonlinear discrete systems with delay, allows clearly and strictly formalizing their 
description, and makes it possible to obtain effective algorithms for analyzing one-dimensional and multidimensional systems of this 
class. The article presents an example of using the obtained algorithm.
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