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Abstract— The paper describes and analyzes a mathematical 

model of the variable state of the incidence of epidemic diseases, 

which is of great importance for determining the quantity of 

vaccines and antiviral drugs to be produced.    The information 

model according to the system of differential equations of the 

spread of the pandemic is illustrated in a structural diagram. The 

model is presented in a vector-matrix form and the state of 

equilibrium of the model in the spatial state is proved.The model 

of the spread of the pandemic was developed, whose 

implementation with a Matlab software package resulted in 

obtaining the curves of variation of the state. The developed 

computer model of the incidence of epidemic diseases can be used 

to make a projection of the number of infected people, as well as 

intensity of the process of disseminating information and ideas in 

the community. 
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I.  INTRODUCTION 

Environmental changes, global warming, rising population 
density, high migration activity and other factors are leading to 
the emergence and spread of new infections in the world. 

The emergency caused by a new coronavirus (COVID-19) 
is an integral part of the universe, so mankind should learn to 
confront these challenges. A strict study of this problem can 
only be started on the basis of a properly formulated 
mathematical model. 

The emergence of coronavirus (COVID-19) diseases in 
December 2019 became known as an emergency situation of 
international concern. It is well known that in the new 
millennium, mankind faced an infectious disease of which little 
is known. 

Obviously, infections have no boundaries. According to 
projections of the United Nations, the world population will 
continue to grow to 10 billion by the year 2050. This means 
that the migration and urbanization processes will be further 
accelerated. The COVID-19 pandemic went down in history as 
an emergency situation of international concern. It is clear that 
the emergence of new viruses is an integral part of our world. 
Mankind should learn to withstand these threats. 

  A thorough study of all aspects of this problem can 
only be started on the basis of the well-formulated 
mathematical models.  

In order to determine the number of registered cases, the 
number of patients admitted into the hospital, and the number 
of fatal cases, it is undoubtedly necessary to develop and 
analyze a mathematical model of the incidence of epidemic 
diseases, which will also help all countries to develop and take 
emergency measures. Special importance is attached to a 
mathematical model, which will be developed for determining 
the number of vaccines and antiviral drugs to be produced 
[1,2]. 

II. BASIC PART 

The number of people to be screened can be divided 

into three groups 1x , 2x  and 3x , where 1x is group of people 

vulnerable to the epidemic diseases, 2x - a group of infected 

people and 3x  - a group of people excluded from the initial 

number of people to be screened. Exclusion of the group 3x  is 

made depending on the causes of immunization, fatality or 

isolation from the group 1x . The incidence of epidemic 

diseases can be described by the system of differential 

equations, which includes feedback and has the form as 

follows [3,4]: 
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The speed at which new sensitivity to the disease is 

emerged is equal to )(1 tu ; the speed at which new 

introduction of infection occurs is equal to  )(2 tu . In the 

isolated community, 0)()( 21  tutu .  ,  ,   - are the 

positive proportionality factors that characterize intensity of 
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the decrease or completion of the groups.  

The structural diagram (Fig. 1) illustrates the 

information flow in the model. 

 
Figure 1. The structural scheme of modeling the incidence of epidemic diseases 

 

In a system (1), 1x , 2x  and 3x  are the physically 

variable states. The equation system can be presented in the 

vector-matrix form: 
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The analysis of the equation (2) reveals that the variable 

state 3x  depends on 1x  and 2x , however it does not have 

influence on them.   Let us consider the isolated community, 

which 0)()( 21  tutu . In a spatial state, it is consistent 

with a state of equilibrium 0x . The analysis of the 

equation (2) reveals that the system is in a state of equilibrium, 

when 021  xx . In order to establish whether the 

incidence of epidemic disease is stopped, it is necessary to 

consider the polynomial characterizing )det( AsE  . At this 

time, we should take into consideration that the third equation 

in a system (1) does not have influence on the first and second 

equations (the third equation is not indicated in Figure 1 in any 

contour), thus it can be excluded from the analysis. Then, to 

study the initial conditions, the model will have the vector 

form  [3]: 
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On the assumption that 1  , then the 

characteristic equation will have the following form: 

0222  SS ,  

 

whose roots are complex. Since 0  , 02   , 

the roots of the characteristic equation are placed in the left 

half-plane of the complex plane.  Proceeding from this 

assumption, the free movement asymptomatically tends to 

zero, that is  

0)( tTavX  

and the 0
~
X  derivative state will be a steady state. 
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Figure 2.   A computer model of the incidence of epidmic disease  

 

Figure 3. The ransient characteristics of the incidence of the epidemic diseases 
 

The result of the above mentioned analysis is illustrated 

by means of a computer block model of modeling the 

structural diagram shown in Figure 1 (Fig. 2), whose 

implementation with a Matlab software package (4) resulted in 

obtaining the curves of variables of the states 1x  and 2x . 

 

 

 

 

 

III. CONCLUSION 

The developed computer model of the incidence of 
epidemic diseases allows to make a projection of the number of 
infected people, as well as intensity of the process of 
disseminating information and ideas in the community.   
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