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Abstract
The paper considers a discrete analogue of the 𝑆𝐸𝐼𝑅 model, which, unlike SIR, includes a group
of infected individuals in the incubation (latent) period. This model is based on Lotka-Volterra
mappings operating in a three-dimensional simplex with degenerate skew-symmetric matrices,
which correspond to mixed graphs. The models considered in this paper are intended to study
the course of viral diseases transmitted by the air-capillary route without a repeated effect.
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1. Introduction
The history of widespread diseases that have engulfed peoples for many centuries is not only the history

of innumerable disasters and severe social upheavals, accompanied by a huge number of victims carried away
by these diseases, but it is also the history of the hard work of human thought, striving to know the essence of
the phenomena occurring at the same time and to find measures to combat them. The scientific study of any
phenomenon presupposes at least its description and explanation. The first descriptions of epidemics are given
in historical writings. Among them, descriptions of the first historically proven plague (the Justinian plague,
527-565), epidemics of the plague of the XIV century (the "black death") and later times have been preserved.
In the VI century A.D., an epidemic of plague and, probably, other contagious diseases, which began in the
reign of Justinian, raged for 62 years. This was facilitated by strong earthquakes and volcanic eruptions and
the famine and other disasters that accompanied them. According to historians, the plague epidemic shook the
withering Byzantine Empire more than anything else. During the plague pandemic in the XIV century . In
Europe, about 25 million people died from the plague, that is, a quarter of the entire population.

At the end of the XVII - beginning of the XVIII century. In Europe, more than 10 million people were
sick with smallpox every year and about 1.5 million died from this disease alone. There are numerous
historical descriptions of epidemics of syphilis, smallpox (rash diseases), typhoid fevers, cholera. It should
be recognized that only smallpox, leprosy and plague have a history that almost coincides with the history of
human culture, and the history of other infectious diseases is the history of three or four centuries at best, and
for most a little more than 100 years. Naturally, epidemics of various contagious diseases, which often covered
ancient cities and countries and often assumed the dimensions of widespread disasters, provided extensive
material for observations on the conditions of their spread. This already in ancient times allowed us to draw
many reasonable empirical conclusions [1]. In the writings of Hippocrates (460-377 BC), there are already
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generalizations regarding the signs of epidemics ("Seven Books on Epidemics"). The largest physician of
ancient antiquity after Hippocrates, Claudius Galen (about 138-201) wrote that the most dangerous diseases
are called pestilence. As we can see, despite the fact that the science of the epidemic originated a very long
time ago, mathematical analysis about the study of diseases and their spread is about 350 years old. Modeling
of infectious diseases is a tool that has been used to study the mechanisms of disease spread, predict the future
development of the outbreak and evaluate strategies to combat the epidemic [2]. The first statistical studies of
infectious diseases were made by John Graunt. In 1662, J. Graunt published the book "Natural and Political
Observations on the Lists of the Dead" (Natural and Political Observations Made upon the Bills of Mortal),
which is devoted mainly to statistics on social hygiene and statistics of diseases. The accounts he studied were
lists of numbers and causes of death published weekly. Graunt’s analysis of the causes of death is considered
the beginning of the "theory of competing risks", which, according to Daly and Ghani [2] is "a theory that is
now firmly entrenched among modern epidemiologists."

A hundred years later, in 1760, Daniel Bernoulli used mathematical methods to analyze smallpox mortality
[3]. Bernoulli argued that inoculation with a live virus would reduce the mortality rate and, consequently,
increase the population, regardless of the fact that the inoculation itself could be fatal. D. Bernoulli created
a mathematical model to protect the practice of inoculation against smallpox [3]. Calculations based on this
model have shown that universal vaccination against smallpox will increase life expectancy from 26 years 7
months to 29 years 9 months [3]. At the beginning of the 20th century, William Hamer [4] and Ronald Ross
[5] applied the law of mass actions to explain epidemic behavior. In the 20s of the last century, Kermak-
McKendrick (1927), as well as Reed-Frost (1928), considered epidemiological models that describe the
relationship between susceptible, infected and recovered people in the population. The Kermak-McKendrick
epidemic model successfully predicted the behavior of outbreaks very similar to those observed in many
recorded epidemics [10].

2. Main Part
Consider a discrete analogue of the SEIR model, which, unlike the SIR model, includes a group of infected

individuals in the incubation (latent) period, this group is denoted by E.
Let the quadratic stochastic Lotka-Volterra operator have the form:

𝑥
(𝑛+1)
𝑘

= 𝑥
(𝑛)
𝑘

(
1 +

𝑚∑︁
𝑖=1

𝑎𝑘𝑖𝑥
(𝑛)
𝑖

)
, 𝑘 = 1, 𝑚, (2.1)

moreover, the coefficients of this system satisfy the following conditions:

𝑎𝑘𝑖 = −𝑎𝑖𝑘 , |𝑎𝑘𝑖 | ≤ 1. (2.2)

This mapping displays the (𝑚 − 1)-dimensional simplex

𝑆𝑚−1 =

{
𝑥 = (𝑥1, ..., 𝑥𝑚) : 𝑥𝑖 ≥ 0;

𝑚∑︁
𝑖=1

𝑥𝑖 = 1

}
(2.3)

into itself. Note that from (2.1) equality, that there is a one-to-one correspondence between the Lotka-Volterra
operators and skew-symmetric matrices with coefficients satisfying the conditions (2.2).

Often, in the problems of population genetics and epidemiological models, there is an interest in degenerate
cases that more accurately correspond to the real situation.

Therefore, we will give the necessary definitions for the further presentation of our work.
Definition 2.1 A skew-symmetric matrix is called degenerate if some coefficients of the matrix are equal to

zero, i.e. 𝑎𝑘𝑖 = 0.
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In cases where the skew-symmetric matrix is non-degenerate, we can introduce the concept of a tournament
([6],[7],[11],[12]) but since we are considering Lotka-Volterra maps with a degenerate skew-symmetric matrix,
we will introduce the concept of a mixed graph. To do this, we give classical definitions from graph theory [9]:

Definition 2.2. A directed graph or digraph is a finite nonempty set of vertices and of the given set of ordered
pairs of different vertices.

The definition implies that every orientation of a graph generates a directed graph.
From the name, one can understand that a mixed graph is a graph that contains both oriented and undirected

edges.
Definition 2.3. An undirected graph is a graph that does not have oriented edges, and, generally speaking, it

can be considered as a mixed graph. The digraph can be considered as a mixed graph, in which each symmetric
pair of oriented edges is replaced by an undirected edge.

Choose an arbitrary interior point from the simplex: 𝑥0 ∈ 𝑆𝑚−1. If 𝑥0 ∈ 𝑆𝑚−1, then the sequence {𝑥 (𝑛) } ⊂
𝑆𝑚−1, defined by the recurrent formula 𝑥 (𝑛+1) = 𝑉𝑥 (𝑛) , 𝑛 = 0, 1, ..., is called a trajectory starting from the
point 𝑥0.

Let 𝜔(𝑥0) = {𝑥0, 𝑥 (1) , ...}′ the set of limit points of a given trajectory. Obviously, 𝜔(𝑥0) is a nonempty closed
and invariant subset of 𝑆𝑚−1, i.e. 𝑉 (𝜔(𝑥0)) ⊂ 𝜔(𝑥0).

We know from [8] that the Lotka-Volterra mapping 𝑉 is always a homeomorphism of the simplex 𝑆𝑚−1.

Since𝑉 is a homeomorphism for |𝑎𝑘𝑖 | ≤ 1, for any internal point of the simplex 𝑥0 ∈ 𝑆𝑚−1, there is a negative
trajectory

𝑥 (−𝑛−1) = 𝑉−1(𝑥 (−𝑛) ), 𝑛 = 0, 1, ....

We donate by 𝛼(𝑥0) = {𝑥0, 𝑥−1, ..., 𝑥−𝑛, ..., }′ the set of limit points of the negative trajectories.
An arbitrary point of the simplex determines the state of the individual in which it is located, and its positive

trajectory determines the course of the disease. The meaning of the negative trajectory is to describe the
individual’s medical history.

To determine the location of the set of negative trajectory 𝛼(𝑥0) and the set of positive trajectory 𝜔(𝑥0), we
give a theorem from [8]:

Theorem 2.4. If 𝐴 is a skew-symmetric matrix, then the sets of solutions of linear inequality systems

𝑃 = {𝑥 ∈ 𝑆𝑚−1 : 𝐴𝑥 ≥ 0} and 𝑄 = {𝑥 ∈ 𝑆𝑚−1 : 𝐴𝑥 ≤ 0}

are convex nonempty polyhedra.
The set 𝑃 corresponds to 𝛼(𝑥0) − negative trajectory, and the set𝑄 corresponds to𝜔(𝑥0) − positive trajectory.

The epidemiological meaning of these sets lies in the set of 𝑃 the epidemic of viral diseases begins, i.e. the
epidemic flares up in the set of 𝑄, the disease is on the decline.

Let the Lotka-Volterra mapping acting in a three-dimensional simplex have the form:

𝑉 :



𝑥
′

1 = 𝑥1(1 − 𝑎12𝑥2 + 𝑎13𝑥3 + 𝑎14𝑥4),

𝑥
′

2 = 𝑥2(1 + 𝑎21𝑥1 + 𝑎23𝑥3 + 𝑎24𝑥4),

𝑥
′

3 = 𝑥3(1 + 𝑎31𝑥1 + 𝑎32𝑥2 + 𝑎34𝑥4),

𝑥
′

4 = 𝑥4(1 + 𝑎41𝑥1 + 𝑎42𝑥2 + 𝑎43𝑥3).

where the coefficients 𝑎𝑘𝑖 satisfy the conditions (2.2).
If the skew-symmetric matrix is in the general position, then as we indicated above we will get the non-

degenerate case. For such cases, the concept of a tournament corresponds. But we are interested in degenerate
cases of mappings, since they correspond to the course of viral diseases. For degenerate cases, we have
introduced the concept of a mixed graph.
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The total number of mixed graphs corresponding to Lotka-Volterra mappings operating in the three-
dimensional simplex 𝑆3 is 42 cases. Among them, those that describe the course of viral diseases that do
not have a repeat effect are four cases. Viral diseases that do not have a repeated effect are measles, chickenpox,
rubella, scarlet fever, mumps, whooping cough and others.

Let us move on to the description of these four models (See Figure 1).

Figure 1. Discrete SEIR models.

Let us turn to the consideration of the first case. Here, as shown in Figure 1, there is only one transition from
groups to groups, i.e.

𝑉1 :



𝑆
′
= 𝑆(1 − 𝑎𝐸),

𝐸
′
= 𝐸 (1 + 𝑎𝑆 − 𝑑𝐼),

𝐼
′
= 𝐼 (1 + 𝑑𝐸 − 𝑓 𝑅),

𝑅
′
= 𝑅(1 + 𝑓 𝐼).

(2.4)

Theorem 2.5. If the course of the disease is described by model 1, then the set P and Q correspond to the
following

𝑃 =

{
𝑑

𝑎 + 𝑑
≤ 𝑆 ≤ 1

}
or 𝑃 =

{
0 ≤ 𝐼 ≤ 𝑎

𝑎 + 𝑑

}
𝑄 =

{
0 ≤ 𝐸 ≤ 𝑓

𝑓 + 𝑑

}
or 𝑄 =

{
𝑑

𝑓 + 𝑑
≤ 𝑅 ≤ 1

}
.

The meaning of the theorem in epidemiology lies in the fact that an individual passes all stages over time,
that is, from a susceptible class to a latent one, from a latent to an open form of the disease, and only then
recovers.This path is typical for diseases such as chicken pox, the incubation period of which is 3-5 days, at
this stage it is not possible to identify the disease, with scarlet fever it ranges from 1 to 12 days, more often
2-7 days. The incubation period for measles (the period when a person is contagious to others, but does not
have symptoms of the disease) averages 9-11 days, the maximum incubation period is 21 days, the signs of the
disease appear gradually, not immediately. There is a very long incubation period for mumps, the time from
infection to the onset of the first symptoms, which usually takes 12 to 19 days.

Now let us move on to the case describing diseases that pass from the susceptible to the latent and then
recover. One of the features of infectious diseases is the presence of an incubation period, that is, the period
from the time of infection to the appearance of the first signs. The duration of this period depends on the
method of infection and the type of pathogen and can last from several hours to several years (the latter is
rare). This model also includes a generalized complete transition of individuals from each category. As an
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example of such viral diseases, we can cite COVID-19. Despite all the epidemic danger, most patients suffer
from coronavirus infection in a mild form, that is, they recover from a latent period when the disease does
not manifest itself clearly. At the moment, it is recorded that the mild form (there is no viral pneumonia or
pneumonia passes in mild form) is 81 percent of cases.

𝑉2 :



𝑆
′
= 𝑆(1 − 𝑎𝐸),

𝐸
′
= 𝐸 (1 + 𝑎𝑆 − 𝑑𝐼 − 𝑒𝑅),

𝐼
′
= 𝐼 (1 + 𝑑𝐸 − 𝑓 𝑅),

𝑅
′
= 𝑅(1 + 𝑒𝐸 + 𝑓 𝐼).

(2.5)

Theorem 2.6. If the epidemiological model describes diseases in which there are two transitions

𝑆 → 𝐸 → 𝑅

𝑆 → 𝐸 → 𝐼 → 𝑅

then the following conditions are met for each of them:
1) 𝑆 → 𝐸 → 𝑅 This transition corresponds to those individuals for whom the disease does not show itself

clearly, i.e., the individual is in the latent period (the disease passes in a mild form), the situation occurs on the
edge Γ𝑆𝐸𝑅 of the graph. Then there is a neutral point 𝑁1( 𝑒

𝑎+𝑒 , 0,
𝑎

𝑎+𝑒 ) on the edge of Γ𝑆𝑅 . Then we get

𝑃 =

{ 𝑒

𝑎 + 𝑒
≤ 𝑆 ≤ 1

}
or 𝑃 =

{
0 ≤ 𝑅 ≤ 𝑎

𝑎 + 𝑒

}
𝑄 =

{
0 ≤ 𝑆 ≤ 𝑒

𝑎 + 𝑒

}
or 𝑄 =

{ 𝑎

𝑎 + 𝑒
≤ 𝑅 ≤ 1

}
.

If the starting point lies to the left of the curve connecting the vertex 𝐸 and the neutral point 𝑁1, then the
disease progresses, but up to a certain time, and as soon as the trajectory crosses this curve, then the epidemic
is on the decline in the set 𝑄.

2) 𝑆 → 𝐸 → 𝐼 → 𝑅. This situation occurs for those individuals who completely go through all stages of the
disease. Here the picture corresponds to the entire graph, the onset of the disease on the edge Γ𝑆𝐼

𝑃 =

{
𝑑

𝑎 + 𝑑
≤ 𝑆 ≤ 1

}
or 𝑃 =

{
0 ≤ 𝐼 ≤ 𝑎

𝑎 + 𝑑

}
the end of the disease on the edge

𝑄 =

{
0 ≤ 𝑆 ≤ 𝑒

𝑎 + 𝑒

}
or 𝑄 =

{ 𝑎

𝑎 + 𝑒
≤ 𝑅 ≤ 1

}
.

Let us move on to the third model, it describes diseases that either immediately show themselves clearly,
ignoring the latent period, or go from latent to open form and only then go to recovery. As the situation
around the world has shown since November 2019, this is an infection called COVID-19. In most cases, as the
COVID-19 clinic shows, individuals who have chronic diseases, the disease progresses immediately, affecting
the vulnerable organs of the patient.

𝑉3 :



𝑆
′
= 𝑆(1 − 𝑎𝐸 − 𝑏𝐼),

𝐸
′
= 𝐸 (1 + 𝑎𝑆 − 𝑑𝐼),

𝐼
′
= 𝐼 (1 + 𝑏𝑆 + 𝑑𝐸 − 𝑓 𝑅),

𝑅
′
= 𝑅(1 + 𝑓 𝐼).

(2.6)

5 ujmcs.tstu.uz

http://ujmcs.tstu.uz


Generalized Models of the Seir Epidemiological Model and Their Discrete Analogues

Theorem 2.7. If the epidemiological model describes diseases in which there are the following transitions

𝑆 → 𝐼 → 𝑅,

𝑆 → 𝐸 → 𝐼 → 𝑅,

then the following conditions are met for each of them:
1) 𝑆 → 𝐼 → 𝑅

In this transition, the disease progresses immediately, the situation occurs on the edge Γ𝑆𝐼𝑅 of the graph.
Then there is a neutral point 𝑁2( 𝑓

𝑏+ 𝑓
, 0, 𝑏

𝑏+ 𝑓
) on the edge of Γ𝑆𝑅 . Then we get

𝑃 =

{
𝑓

𝑏 + 𝑓
≤ 𝑆 ≤ 1

}
or 𝑃 =

{
0 ≤ 𝑅 ≤ 𝑏

𝑏 + 𝑓

}
𝑄 =

{
0 ≤ 𝑆 ≤ 𝑏

𝑏 + 𝑓

}
or 𝑄 =

{
𝑓

𝑏 + 𝑓
≤ 𝑅 ≤ 1

}
.

If the starting point lies to the left of the curve connecting the vertex 𝐼 and the neutral point 𝑁2, then the disease
progresses, but up to a certain time, and as soon as the trajectory crosses this curve, then the epidemic is on
the decline in the set 𝑄.

2) 𝑆 → 𝐸 → 𝐼 → 𝑅. This situation occurs for those individuals who completely go through all stages of the
disease. Here the picture corresponds to the entire graph, the onset of the disease on the edge Γ𝑆𝑅 .

𝑃 =

{
𝑓

𝑏 + 𝑓
≤ 𝑆 ≤ 1

}
or 𝑃 =

{
0 ≤ 𝑅 ≤ 𝑏

𝑏 + 𝑓

}
the end of the disease on the edge Γ𝑅𝐸 .

𝑄 =

{
0 ≤ 𝐸 ≤ 𝑓

𝑓 + 𝑑

}
or 𝑄 =

{
𝑑

𝑑 + 𝑓
≤ 𝑅 ≤ 1

}
.

Finally, let us move on to the last model, which includes all three possible transitions, and for this model we
obtain the following theorem:

In the model, there are three transitions from a state to a state of individuals in the population:

𝑉4 :



𝑆
′
= 𝑆(1 − 𝑎𝐸 − 𝑏𝐼),

𝐸
′
= 𝐸 (1 + 𝑎𝑆 − 𝑑𝐼 − 𝑒𝑅),

𝐼
′
= 𝐼 (1 + 𝑏𝑆 + 𝑑𝐸 − 𝑓 𝑅),

𝑅
′
= 𝑅(1 + 𝑒𝐸 + 𝑓 𝐼).

(2.7)

1) 𝑆 → 𝐸 → 𝑅; 2) 𝑆 → 𝐼 → 𝑅; 3) 𝑆 → 𝐸 → 𝐼 → 𝑅.

Theorem 2.8. If there are three transitions in the epidemiological situation

1)𝑆 → 𝐸 → 𝑅, 2)𝑆 → 𝐼 → 𝑅, 3)𝑆 → 𝐸 → 𝐼 → 𝑅.

then the following conditions are satisfied for each of them:
1) 𝑆 → 𝐼 → 𝑅;
This corresponds to the situation on the verge Γ𝑆𝐼𝑅 . Here there is a neutral point 𝑁1( 𝑓

𝑓 +𝑏 , 0,
𝑏
𝑓 +𝑏 ) on the

edge Γ𝑆𝑅, then we get

𝑃 =

{
𝑓

𝑓 + 𝑏
≤ 𝑆 ≤ 1

}
and 𝑄 =

{
0 ≤ 𝑆 ≤ 𝑓

𝑓 + 𝑏

}
,
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or
𝑃 =

{
0 ≤ 𝑅 ≤ 𝑏

𝑓 + 𝑏

}
and 𝑄 =

{
𝑏

𝑓 + 𝑏
≤ 𝑅 ≤ 1

}
,

If the starting point lies to the left of the curve connecting the vertex 𝐼 and the neutral point 𝑁1, then the
disease progresses, but up to a certain time, and as soon as the trajectory crosses this curve, then the epidemic
is on the decline in the set 𝑄.

2) 𝑆 → 𝐸 → 𝑅;
This transition corresponds to those individuals, for which the disease does not manifest itself explicitly, i.e.,

this situation is on the face Γ𝑆𝐸𝑅 . Then on the same edge Γ𝑆𝑅, there is a neutral point 𝑁2
(

𝑒
𝑎+𝑒 ; 0; 𝑎

𝑎+𝑒
)
. At the

same time, either
𝑃 =

{ 𝑒

𝑎 + 𝑒
≤ 𝑆 ≤ 1

}
and 𝑄 =

{
0 ≤ 𝑆 ≤ 𝑒

𝑎 + 𝑒

}
,

or
𝑃 =

{
0 ≤ 𝑅 ≤ 𝑎

𝑎 + 𝑒

}
and 𝑄 =

{ 𝑎

𝑎 + 𝑒
≤ 𝑅 ≤ 1

}
,

If the starting point lies to the left of the curve (straight line) connecting the vertex 𝐸 and neutral point 𝑁2,

then the disease progresses, but up to a certain time, and as soon as the trajectory crosses this curve, then the
epidemic is on the decline in the set 𝑄.

3) 𝑆 → 𝐸 → 𝐼 → 𝑅. This situation occurs for those individuals who completely go through all stages of the
disease.

If 𝑒𝑏 < 𝑎 𝑓 , then

𝑃 =

{
𝑓

𝑓 + 𝑏
≤ 𝑆 ≤ 1

}
and 𝑄 =

{
0 ≤ 𝑆 ≤ 𝑒

𝑎 + 𝑒

}
,

or
𝑃 =

{
0 ≤ 𝑅 ≤ 𝑏

𝑓 + 𝑏

}
and 𝑄 =

{ 𝑎

𝑎 + 𝑒
≤ 𝑅 ≤ 1

}
.

If 𝑒𝑏 > 𝑎 𝑓 , then

𝑃 =

{ 𝑒

𝑎 + 𝑒
≤ 𝑆 ≤ 1

}
and 𝑄 =

{
0 ≤ 𝑆 ≤ 𝑓

𝑓 + 𝑏

}
,

or
𝑃 =

{
0 ≤ 𝑅 ≤ 𝑎

𝑎 + 𝑒

}
and 𝑄 =

{
𝑏

𝑓 + 𝑏
≤ 𝑅 ≤ 1

}
.

Corollary 1. If the epidemiological situation is described by a discrete dynamic system (3), then for any
transition from a group to a group (i.e., for any course of the disease), the disease begins and ends at the edge
Γ𝑆𝑅 . The boundaries of the beginning and end of the disease depend on the coefficients of transition 𝑎, 𝑏, 𝑒, 𝑓

from groups to groups. The boundaries of the beginning and end of the disease depend on the coefficients of
transition from groups to groups 𝑆, 𝐸, 𝐼, 𝑅.

Theorem 2.9 The set of limit points of the positive trajectory 𝜔+(𝑥0) ⊂ 𝑄 and the set of limit points of the
negative trajectory 𝜔− (𝑥0) ⊂ 𝑃. That is, the medical history begins in the set 𝑃, and ends in the set 𝑄.

In other words, any trajectory in this case converges for an arbitrary initial point but converges to a point
belonging to the set 𝑄, and the whole situation depends on the initial point.

Theorems 2.5 - 2.9 are proved using Theorem 2.4.

3. Numerical analysis
In order to verify the compliance of the mathematical description of the above-analyzed models, for diseases

transmitted by the air-capillary route, we have compiled a package of application programs in the Python
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programming language 10. For each model, in accordance with the numerical analysis of the data, a phase
portrait of the course of the disease was obtained.

For the first model described by mapping𝑉1 (see Figure 1, Example 1), as well as, according to the Theorem
2.5, the location of individuals and the phase portrait looks as follows:

The trajectory of the inner points of the first model is shown in Table 1.

Let us move on to the second model described by the mapping 𝑉2 (see Figure 1, Example 2), and also,
according to Theorem 2.6, the location of individuals and the phase portrait describes Figure 3.

ujmcs.tstu.uz 8
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The values of the complete transition of individuals from groups to groups 𝑆 → 𝐸 → 𝐼 → 𝑅 are given in
Table 2 (mapping 𝑉2).

In Table 3, we present the trajectory of the inner points on the 𝑆𝐸𝑅 face, that is, the transition 𝑆 → 𝐸 → 𝑅.

As we pointed out above, the third model describes diseases that either immediately manifest themselves
vividly, ignoring the latent period, or move from a hidden form to an open one and only then proceed to
recovery. For such a course of the disease, the phase portrait is shown in Figure 3, the numerical analysis of
the transition 𝑆 → 𝐼 → 𝑅 in Table 4, and the complete transition 𝑆 → 𝐸 → 𝐼 → 𝑅 in Table 5.

9 ujmcs.tstu.uz
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Let us move on to the numerical analysis of the latest model, which includes all transitions simultaneously.
This model describes those viral diseases, the course of which may be different for each individual. A separate
numerical analysis is made for each transition and a phase portrait of the trajectory of internal points is shown.
This model corresponds to the 𝑉4 mapping.

ujmcs.tstu.uz 10
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For the transition 𝑆 → 𝐸 → 𝑅 :

Phase portrait on this face:

The values of the transition 𝑆 → 𝐼 → 𝑅 are shown in Table 7, and the phase portrait on the SIR edge is
shown in the Figure 6.

The values of the transition from groups to groups 𝑆 → 𝐸 → 𝐼 → 𝑅 are given in the Table 8.
The phase portrait of the trajectories of the interior points in the entire simplex of the 𝑉4 mapping is shown

in the Figure 7.
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4. Conclusion
The paper identifies a class of mixed graphs described by Lotka-Volterra mappings with degenerate skew-

symmetric matrices, presented as discrete analogues of the 𝑆𝐸𝐼𝑅 model of viral diseases transmitted by the
air capillary route. If we compare the results of the previously studied continuous models and the discrete
models proposed by us, then in the continuous case when an individual becomes ill, either absolutely recovers
or dies [4], since the solution of differential equations is either unique or tends to infinity. Finding the set 𝑃 and
𝑄 gives us the opportunity to determine the history of the epidemiological situation and its decline. In other
words, the set 𝑃 corresponds to the history of the disease, i.e. it consists of a set of limit points of the negative
trajectory, the set 𝑄 corresponds to the end of the epidemiological situation, i.e. the set of limit points of the
positive trajectory. In the work, a specific focus of the disease is shown in each model, a numerical analysis is
made and a phase portrait is constructed. That is, the initial state of the population is shown, and specifically
the end of the epidemiological situation. All these models are designed to study viral diseases that do not have
a repeat effect, i.e. an individual who has recovered receives temporary or permanent immunity.
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