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Annotation. This paper studies the influence of parameters of nonlinear 
dynamic systems with delay. We have built simulation of dynamic systems. Also we 
obtained phase portraits and graphics of the dynamic system behavior. 
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Introduction 

Many of the processes that accompany a person in everyday life characterized 

by delays in time. The delay may have a different origin nature: inertia of some 

elements of the system, limiting the flow process or chemical process, and so on. 

Preferably, the researchers simulate these processes with the use of differential without 

delay in time, because they believe the impact of this delay zero or negligible, so 

consider a system under ideal conditions. However, ignoring the delay can have a 

significant impact on the behavior of highquality models and in some cases lead to 

significant differences in the results of experiments. 

This paper examines the impact of dynamic system parameters for its 

qualitative behavior. 

 

Statement of the problem 

The purpose of this research is to study dependence of nonlinear dynamic 

systems behavior with a delay of time settings provided varying delay. This study was 

conducted by simulation solutions of dynamical systems using a simulation model 

constructed in software for building simulation models Anylogic Free Release. 

 

Investigation of simulation model  

Using the methodology of system dynamics analyst can understand the effects 

that may arise from external influence and change system settings. This allows you to 

compare alternative solutions and choose the best, which is the main task analysis. We 

perform analysis considered the problem of determining the balance point in the phase 

plane and the motion in the neighborhood of balance point. 

To study the phase portrait of dynamical systems is necessary to analyze the 

behavior of solutions with different sets of model parameters to see which attractors 

coincide with received trajectory. 
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Consider in more details some systems. We studied dynamical systems 

described by nonlinear differential equations with delay. The following laws were 

considered delay changes:   0,01t t      and  t t    , with parameter  , and 

also  –   0,01 tt e   . 

The first system is described by the following equation 

    
   

, 0,

, 0,

x t b K x t t t

x t t t

       


  
 (1)

 

where b  and K  are set numerical parameters of the system, and  t  is a nonlinear 

delay. General view of the created simulation model is shown in Figure 1. 

 

Figure 1  Simulation model of dynamic system (1) 
 

Below is a table showing the behavior of the dynamic system (1) and its phase 

portrait for some values of parameters   and K . In this case parameter 1b   was 

fixed, initial condition –    0,5x t 
 for 0t  .  

1.   0,01t t      аnd 1K  . 

Table 1  Test results of the first simulation model 

Value of   Dependence ( )x t  Phase portrait 

0,1   
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Continued Table 1 

0,2   

  

0,5   

  

 

2.  t t   
 and 1K  . 

Table 2  Test results of the first simulation model 

Value of   Dependence
 

( )x t  Phase portrait 

0,1   

 

 

 

0,5   
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3.   0,01 tt e   , 1b   and   0,5x t 
 
for  0t  . 

Table 3  Test results of the first simulation model 

Value of K  Dependence
 

( )x t  Phase portrait 

2,3K   

  

2,1K   

  

1,5K   

  

1,2K   

 
 

1K   
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Continued Table 3 

0,7K   

  

0,2K   

  

 

As a second example, consider a system differential equations with a delay  

0( ) ( ) ( ), ,x t u t x t t t       

0 0 0( ) ( )  ,   x при t t        
 (2) 

where ( ) 2cos(0.3 )u t t  – state of the system in time moment t,   and   are set 

numerical parameters of the system, аnd  t  is a delay. General view of the created 

simulation model is shown in Figure 2. 

 

Figure 2  Simulation model of dynamic system (2) 
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Below is a table showing the behavior of the dynamic system (2) and its phase 

portrait for some values of parameters   and K . In this case parameter 1  was 

fixed, initial condition   0,5x t 
 for 0t  .  

1.   0,01t t      and 1 . 

Table 4  Test results of the second simulation model 

Value of   Dependence
 

( )x t  Phase portrait 

0,1   

  

0,2   

  

0,5   

  

 

2.  t t     and 1  . 

Table 5  Test results of the second simulation model 

Value of   Dependence
 

( )x t  Phase portrait 

0,1   
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Continued Table 5 

0,5   

  

 

3.   0,01 tt e    for 0t  .  

Table 6  Test results of the second simulation model 

Value of K  Dependence
 

( )x t  Phase portrait 

3.2  

  

1.2  

  

5.1  

  

2.1  

  

Continued Table  6 
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1  

  

7.0  

 
 

2.0  

  

 

Conclusions 

In this work the behavior of the dynamic system with 3 types delay: a power, 

linear and exponential. If the solution to the exponent delay dynamic system changes 

its qualitative behavior depending on the ratio of convergence to a fixed value to the 

oscillations of infinitely increasing amplitude. In late exponential dynamic system 

solution comes in constant operation since the point at which the value of delay  t
 

becomes equal with time t . In case of linear delay  t t  
 solution of systems (1) 

and (2) diverges. 
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