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 Introduction. The use of digital devices for control 
purposes, the need to process large amounts of information 
and transmit them over long distances using modern means 
of communication, computer networks, and the inclusion 
of a human operator in the control process have created 
prerequisites for the emergence of such control system 
structures that contain variable delay links [1-5]. Variable 
periodic delay can lead to the phenomenon of resonance, 
in which a closed system becomes unstable even if it is 
stable at any constant delay. On the other hand, the use 
of a lag model, even if not very accurate, usually allows 
you to significantly improve the dynamics of automatic 
control systems. Thus, the problem arises of estimating 
the variable delay in real time, perhaps even with not very 
high accuracy. Network time services and real-time clocks 
of computers are of little use here due to their low accuracy 
and reliability [6-10]. In real automatic control systems 
with a network component, such delays of various levels 
occur regularly. This is due to the peculiarities of the TCP/
IP protocol when passing network packets through routers. 
These delays have not been sufficiently investigated. 
Their research is necessary to create algorithms for 
identifying the delay and adapting to the delay [11]. Many 
mathematical models of technological processes are 
dynamic objects with a delay [12]. The lag effect makes 
it difficult to stabilize and reduces the quality indicators 
of the systems [13]. In this paper, we consider continuous 
linear objects with variable delay in the feedback loop. 
But the process calculation algorithm can also be used for 
systems with variable control lag.

Materials and methods. Variable delay unit.
In the study of systems with variable delay, the concept 

of a variable delay link is introduced. This link differs from 
the constant delay link in a number of properties. The 
mathematical relationship between the input signal x (t) 
and the output signal y (t) of the constant delay link is 
known:

GRAPH MODELS AND ALGORITHM FOR STUDYING THE 
DYNAMICS OF A LINEAR STATIONARY SYSTEM WITH 

VARIABLE DELAY
Ubaydullaeva Sh.R. – c.t.s., associate professor, “Tashkent Institute of Irrigation and Agricultural Mechanization Engineers” 
National Research University

Abstract
In this paper, we consider the problem of studying the dynamics of linear objects with variable delay based on graph models. 

Due to the variable delay value, the output signal of the variable delay link will be deformed on the time axis. The function that is the 
output signal of the link will either be " compressed "on the time axis with respect to the input function, or «stretched". The conditions 
of physical realizability of the variable delay link are given. The physical properties of the variable delay link and the commonality of 
certain stages in the formation of models of systems with constant and variable delay are taken into account. On this basis, a graph 
of transition states is constructed and relations are obtained for calculating processes in a linear system with variable state delay. 
A linear system with variable delay can be studied using matrix equations. Graphs of transition states, allow you to bypass time-
consuming calculations, to exclude operations associated with the lack of density of the matrices. The above scheme can also be used 
to calculate processes in systems with variable control delay

Keywords: dynamic object with delay, linear system with variable delay, graph model of the system, calculation of dynamic 
processes.

№3(19).2023 Journal of “Sustainable Agriculture” 
8

POWER ENGINEERING, ELECTRICAL ENGINEERING, AUTOMATICS. COMPUTING TECHNOLOGY



№3(19).2023 Journal of “Sustainable Agriculture”
9

POWER ENGINEERING, ELECTRICAL ENGINEERING, AUTOMATICS. COMPUTING TECHNOLOGY



№3(19).2023 Journal of “Sustainable Agriculture” 
10

POWER ENGINEERING, ELECTRICAL ENGINEERING, AUTOMATICS. COMPUTING TECHNOLOGY



Conclusions. The paper deals with the study of dynamic 
processes in linear systems with a variable delay signal. 
The method of dynamic graph models is used, which allows 
you to bypass time-consuming calculations, to exclude 
operations associated with the lack of density of matrices. 
The next stage of research is the use of graph modeling 
to calculate multidimensional linear continuous processes 
with variable delays in control channels. It should be noted 
that the wide spread of discrete control systems with a 
delay, in the circuit of which there are control computers, 
makes it relevant to develop effective methods and models 
for describing, analyzing and synthesizing such systems 
[16]. These questions in relation to multidimensional 
systems, nonlinear systems with various types of pulse 
modulation, relay and logic - dynamic systems are still not 
fully solved [17-21].
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