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IMPACT OF WAR ON COVID-19 PANDEMIC IN UKRAINE:
THE SIMULATION STUDY

The COVID-19 pandemic has posed a challenge to public health systems worldwide. As of March 2022, almost
500 million cases have been reported worldwide. More than 6.2 million people died. The war that Russia
launched for no reason on the territory of Ukraine is not only the cause of the death of thousands of people and
the destruction of dozens of cities but also a large-scale humanitarian crisis. The military invasion also affected
the public health sector. The impossibility of providing medical care, non-compliance with sanitary conditions
in areas where active hostilities are occurring, high population density during the evacuation, and other factors
contribute to a new stage in the spread of COVID-19 in Ukraine. Building an adequate model of the epidemic
process will make it possible to assess the actual statistics of the incidence of COVID-19 and assess the risks
and effectiveness of measures to curb the curse of the disease epidemic process. The article aims to develop a
simulation model of the COVID-19 epidemic process in Ukraine and to study the results of an experimental study
in war conditions. The research is targeted at the epidemic process of COVID-19 under military conditions. The
subjects of the study are models and methods for modeling the epidemic process based on statistical machine
learning methods. To achieve the study's aim, we used forecasting methods and built a model of the COVID-19
epidemic process based on the polynomial regression method. Because of the experiments, the accuracy of pre-
dicting new cases of COVID-19 in Ukraine for 30 days was 97,98%, and deaths of COVID-19 in Ukraine — was
99,87%. The model was applied to data on the incidence of COVID-19 in Ukraine for the first month of the war
(02/24/22 - 03/25/22). The calculated predictive values showed a significant deviation from the registered sta-
tistics. Conclusions. This article describes experimental studies of implementing the COVID-19 epidemic pro-
cess model in Ukraine based on the polynomial regression method. The constructed model was sufficiently ac-
curate in deciding on anti-epidemic measures to combat the COVID-19 pandemic in the selected area. The study
of the model in data on the incidence of COVID-19 in Ukraine during the war made it possible to assess the
completeness of the recorded statistics, identify the risks of the spread of COVID-19 in wartime, and determine
the necessary measures to curb the epidemic curse of the incidence of COVID-19 in Ukraine. The investigation
of the experimental study results shows a significant decrease in the registration of the COVID-19 incidence in
Ukraine. An analysis of the situation showed difficulty in accessing medical care, a reduction in diagnosis and
registration of new cases, and the war led to the intensification of the COVID-19 epidemic process.

Keywords: epidemic model; epidemic process; epidemic simulation; simulation; COVID-19; polynomial regres-
sion; war.

Less common symptoms include pain and sore throat,
headache, diarrhea, muscle and joint pain, skin rash, red-

Introduction

In December 2019, the world faced an unprece-
dented global pandemic of new coronavirus infections in
recent history. Since the first registration in Wuhan
(China) [1], the SARS-CoV-2 virus has spread to all cor-
ners within a few months. Furthermore, on March 11,
2020, the World Health Organization declared a global
pandemic of COVID-19 [2]. As of March 2022, almost
500 million cases have been reported worldwide. Over
6.2 million people died.

People bear the COVID-19 in different ways. Most
patients experience mild to moderate symptoms of the
disease. However, some suffer from complications and
require hospitalization. The most common symptoms in-
clude fever, cough, fatigue, and loss of taste or smell [3].

ness, and irritation of the eyes [4]. Patients requiring hos-
pitalization experience shortness of breath, chest pain,
speech impairment, impaired motor function, and confu-
sion [5].

An essential tool for containing the global COVID-
19 pandemic has been the rapid development of vaccines
against the virus. Vaccination is critical to contain the
pandemic, and adequate testing and preventive measures
are already in place. In Ukraine, the vaccination cam-
paign has started in February, 2021 according to the Na-
tional immunization plan. Plan provided the priority vac-
cination of risk groups for severe illness and people in
critical professions. However, in June 2021 vaccination
became available to everyone. And in November 2021
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the Ministry of Health regulated mandatory vaccination
of specific population groups. Thus, employees of local
governments, state and municipal health care institutions,
as well as employees of other municipal institutions and
organizations need at least one dose of the vaccine to be
allowed to work.

The global pandemic has stimulated the develop-
ment of digital transformation in many areas, such as
business [6], education [7], and public administration [8].
Digital transformations have not bypassed the healthcare
sector [9], including fighting the pandemic. Many re-
search groups have joined forces to develop models and
methods for studying vaccines [10], diagnostics [11],
drugs [12], the virus spread [13], and evaluating the ef-
fectiveness of control measures [14].

On February 24, 2022, Russia invaded Ukraine for
no reason and unleashed a ruthless and bloody war. In
addition to thousands of dead, destroyed cities, and mil-
lions of refugees, the war has caused a humanitarian cri-
sis in Ukraine. The military invasion also affected the
public health sector.

Thus, the paper aims to develop a simulation model
of the COVID-19 epidemic process in Ukraine and inves-
tigate the experimental results in war conditions. The re-
search is targeted at the COVID-19 epidemic process
during the war. The research subjects are methods and
models of epidemic process simulation based on statisti-
cal machine learning.

To achieve the aim of the research following tasks
have been formulated:

1. Methods and models of the COVID-19
epidemic process should be analyzed;

2. Data on COVID-19 morbidity in Ukraine should
be analyzed,;

3. Impact of the war on public health facilities in
Ukraine should be analyzed,;

4. A simulation model of the COVID-19 epidemic
process based on polynomial regression should be
developed;

5. Verification of polynomial regression model
should be provided;

6. Estimation of COVID-19 epidemic process
dynamics during the first month of the war in Ukraine
should be provided;

7. Results obtained during the experimental
studies should be analyzed.

The respective contribution of this study is two-
fold. Firstly, the development of models based on the pol-
ynomial regression method will allow estimating the ac-
curacy of simple machine learning methods applied to the
simulation of the COVID-19 epidemic process in
Ukraine. Secondly, simulation results will allow us to as-
sess the actual state of the COVID-19 pandemic in
Ukraine during the war, which will allow us to identify
the necessary measures to reduce the incidence.

In this paper, section 1, namely the current research
analysis, provides the current state of COVID-19 epi-
demic process simulation methods and models. Section
2, namely Data Analysis, describes the background of the
COVID-19 epidemic process in Ukraine, the impact of
the Russian military invasion on Public Health, and anal-
yses the data sources of COVID-19 morbidity applicable
for given research. Section 3, namely Materials and
Methods, provides a methodology of research, a brief
overview of the polynomial regression method, and ver-
ification methods of the prognostic models. Section 4
provides the results of forecasting the COVID-19 new
and death cases in Ukraine with the developed model and
estimation of the actual dynamics of the COVID-19 epi-
demic process during the war. The discussion section dis-
cusses the obtained results from the epidemiology view.
Conclusions describe the outcomes of the investigation.

Given research is part of a complex intelligent in-
formation system for epidemiological diagnostics, the
concept of which is discussed in [15].

1. Current Research Analysis

Research on epidemic processes using mathemati-
cal methods dates back to the 19th century. The best-
known approach that is being developed and is still in use
is the compartmental approach proposed by Kermack and
McKendrick [16]. It consists in dividing the population
into compartments. The basic model includes three com-
partments: S —susceptible, I—infected, R—recovered
(removed). The epidemic process is described in the sim-
ulated population using a system of differential equa-
tions.

The pathogen of COVID-19 is similar to pathogens
of two other recent outbreaks SARS and MERS, which
were also caused by coronavirus [17].

In [18], a discrete mathematical model was pro-
posed to study the transmission of SARS, and, with its
help, the basic reproduction number was determined. The
results showed the effectiveness of early quarantine and
the need for its high coverage to control the SARS epi-
demic. It was shown in [19] that classical models of the
SIR type could not explain the patterns of SARS propa-
gation in different regions. At the same time, the authors
concluded that the first wave of the SARS epidemic im-
munized a particular part of the population and protected
it from the second wave. A review of SARS models con-
ducted in [20] showed that the estimate of the basic re-
productive number for SARS diverges in different mod-
els. An essential finding of the review is that SARS re-
sponses were developed purely through simulation and
include quarantine restrictions and an understanding of
the impact of population heterogeneity on virus transmis-
sion patterns.
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The study [21] is devoted to developing a compart-
mental model of the Susceptible-Infected type for mod-
eling MERS. The simulation results estimate the base re-
production number and its impact on controlling the out-
break. In [22], a four-dimensional dynamic model of
MERS propagation was developed. The authors find the
global stability of the equilibrium of the model and con-
clude that it is possible to control the spread of MERS by
reducing the level of DPP4 expression. In [23], a com-
partmental approach is used to study the epidemic pro-
cess of MERS. Simulation results have shown that the
base reproductive number of the MERS outbreak in
South Korea is several times that of the Ebola outbreak
in West Africa. The study also says that interventions in
the earliest stages of the epidemic were needed to prevent
an outbreak.

The compartmental approach is also used to model
the dynamics of the spread of COVID-19. In [24], based
on the simplest SIR model, the authors study the temporal
evolution of populations in different territories. Various
significant parameters of the spread of the virus in differ-
ent communities are monitored. As a result of modeling,
the authors conclude that it is possible to contain the
COVID-19 pandemic. From the model's point of view,
the results are reliable, but in an actual situation, it is im-
possible to introduce specific control measures to reduce
the epidemic growth, i.e., affect parameters of the model.

Article [25] also applies the simplest SIR model to
modeling the dynamics of COVID-19. In addition to the
main parameters, the model also includes the influence
of the media on public opinion. Modeling shows that
when the base reproduction number is less than one, the
model exhibits non-linear phenomena, including saddle-
node, reverse, and Hopf bifurcations. However, from the
point of view of epidemiology, when the basic reproduc-
tive number is reduced to a value less than one, the epi-
demic process fades naturally. The article [26] is also de-
voted to assessing the basic reproductive number. The
authors supplement the classical SIR model with the state
E — exposed. The study estimates the basic reproduction
number for the natural spread of COVID-19, which is not
possible in reality. The inability to include external fac-
tors that affect the dynamics of morbidity in the model
does not allow us to obtain practically significant results.

Also, extensions of the classical SIR model are
widely used for modeling COVID-19. For example, in
[27], the SIR model is extended to seven states: suscepti-
ble (S), exposed (E), infectious (1), quarantined (Q), re-
covered (R), deaths (D), and vaccinated (V). At the same
time, the simulation results show high accuracy in pre-
dicting the dynamics of COVID-19 for up to two weeks.
The study [28] extends the classical SIR model to
SEAHIR  (Susceptible-Exposed-Asymptomatic-Hospi-
talized-1solated-Removed). At the same time, the model
allows short-term forecasting. Furthermore, with various

possible states of the population, re-infections and vac-
cinations are ignored.

However, compartmental models have several dis-
advantages. Thus, in [29], models based on the SIR ap-
proach could not predict the actual spread and nature of
the COVID-19 epidemic in the long term. At the same
time, the weak point of this approach is the incorrect for-
mulation of assumptions about the behavior of the epi-
demic process. In addition, among the disadvantages of
the compartmental approach, one can single out the high
complexity of the models. In order to accurately display
the population in which the epidemic process takes place,
it is necessary to construct complex multi-dimensional
differential equations. At the same time, with the advent
of each new strain, the system of differential equations
must be built anew, and the values of the coefficients
must be selected following the current data in the re-
quired territory. This greatly complicates the use of such
models in practice.

The agent-based approach allows for avoiding these
shortcomings. Using agent-based models can quickly
make changes to the rules for the spread of the virus, the
structure of the population, and other parameters. As an
agent, individuals of a population are usually presented.
They can be in different states, similar to the compart-
mental approach. Moreover, the transition between states
is carried out during the interaction of agents with each
other and the environment. Thus, an epidemic process is
modeled in a population. Furthermore, experimental
studies with agent-based models make it possible to iden-
tify factors that affect the dynamics of morbidity and
evaluate the effectiveness of measures to reduce epi-
demic development.

In [30], an agent-based model of the spread of
COVID-19 Covasim was proposed, which considers de-
mographic information about the population, transmis-
sion of the virus in various social groups, transmissibility
based on viral load, and many other factors. The model's
primary purpose is to evaluate the impact of various in-
terventions on the COVID-19 epidemic. The model as-
sumes customization for different territories. For exam-
ple, in [31], an extension of Covasim for the territory of
Poland was proposed. Adding to the original model al-
lows considering the specifics of Poland's life, work, and
social conditions to evaluate and compare strategies to
reduce the spread of COVID-19. In [32], the Covasim
model was extended and applied to the territory of Vi-
etnam in order to predict future outbreaks of COVID-19.
The results showed the importance of adhering to mask-
wearing and testing policies.

Agent-based models are also used to solve narrower
problems. For example, in [33], the authors assess the
risks of transmission of COVID-19 in institutions using
an agent-based model. Hypothetical scenarios demon-
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strating the effectiveness of the proposed model are con-
sidered. The model described in [34] simulates the spread
of COVID-19 in New York, allowing for tracking the
temporal evolution of the virtual city and agent commu-
nity in terms of infection, asymptomatic, recovery, or
hospitalization. The results show that relaxing social dis-
tancing measures can increase hospital admissions by
more than 30%.

Even though agent-based models can quite accu-
rately describe the behavior of a population, including the
intelligent decision-making by its individuals, large ar-
rays of disparate data are required for the adequacy of the
results of experimental studies with such models. The
high complexity of the structure of agent-based models
often reduces their accuracy. The more data we have
about the population and the epidemic process, the more
accurately the model will describe the real picture.

The highest accuracy of forecasts is shown by mod-
els based on machine learning. Thus, the study [35] built
a predictive machine learning model based on the Gauss-
ian process regression method. The model shows high ac-
curacy for both predicting new COVID-19 cases and pre-
dicting recoveries. The analysis of models of exponential
smoothing, Lasso regression, support vector machine,
and linear regression, carried out in [36], showed the
highest accuracy in predicting new cases, deaths, and re-
covery when using a linear regression model.

Moreover, machine learning is used not only to pre-
dict the dynamics of the COVID-19 epidemic process.
For example, in [37], machine learning methods for pre-
dicting the mortality of hospitalized patients with
COVID-19 were analyzed using the example of one hos-
pital in Iran. At the same time, it is shown that the random
forest model shows the best performance with acceptable
accuracy. The review [38] considers machine learning
models and methods for predicting the severity of
COVID-19 and diagnosing the disease. The results show
that most of the models are supervised learning, and the
main limitation of the models is the imbalance of the da-
tasets, which is confirmed by inference biases. Review
[39] shows applications of machine learning to investi-
gate various aspects of COVID-19. Such aspects include
identifying existing medicines, identifying health system
risks, and analyzing factors influencing epidemic inci-
dence by age, social habits, location, climate, etc.

Thus, compartmental models are inappropriate for
this study since they cannot predict the incidence with
sufficient accuracy for the medium and long term. The
agent-based approach is also impossible because to build
such models, a large amount of disparate data is required,
which is impossible to obtain in war conditions. Another
popular approach to epidemic processes simulation with
high accuracy is neural networks, including deep learn-
ing. However, using such models in war conditions is dif-

ficult since the use of models in wartime is meant in pub-
lic health institutions with insufficient computing power
and stable Internet access to use cloud services. So, the
most appropriate for the task at hand is the use of statis-
tical machine learning methods, which are not only dis-
tinguished by their simplicity but also show high accu-
racy in calculating the predicted morbidity for long peri-
ods, which is confirmed not only by the analysis but also
by our previous studies [40].

2. Data Analysis

2.1. Background on COVID-19 Pandemic
in Ukraine

Before the Russian invasion, Ukraine experienced
four waves of COVID-19. The first confirmed case of
COVID-19 in Ukraine was registered on March 3, 2020,
in the Chernivtsi region. On March 12, 2020, a large-
scale quarantine was announced throughout the country,
which included the closure of educational institutions and
restrictions on public events. The first death from
COVID-19 in Ukraine was registered on March 13, 2020.
Since March 16, 2020, most checkpoints across the state
border have been closed, and entry into the country for
foreign citizens has been restricted. The government's
harsh restrictive measures at the beginning of the pan-
demic helped to flatten the incidence curve and prevent
the sharp surge that was observed in other countries. The
gradual easing of quarantine restrictions began in May
2020.

From the beginning of August 2020, adaptive quar-
antine was introduced in Ukraine, and epidemic danger
levels were set for districts and large cities: green, yel-
low, orange, and red. However, adaptive quarantine has
not been sufficient to contain the incidence and has stead-
ily increased since July 2020. The incidence peaked in
November at over 15,000 new cases per day. To reduce
the incidence, some measures were introduced - fines for
non-compliance with the mask regime on the streets and
weekend quarantine, which turned out to be ineffective.
However, the incidence began to decline due to the in-
creased number of recovered patients and the isolation of
patients. By the end of January 2021, it had decreased to
3000 new cases per day [41].

The second wave of cases began in February 2021
and peaked in April 2021, exceeding 20,000 new cases
per day. A new hard lockdown has been introduced.
However, new strains of the virus were distinguished by
increased virulence, which means that the coronavirus's
spread rate increased. In addition to the high incidence,
the number of severe forms of COVID-19 has also in-
creased. The occupancy of beds in hospitals exceeded
75%, and in many institutions, there were no places for
covid patients at all. In parallel with the increase in the



10

Radioelectronic and Computer Systems, 2022, no. 2(102)

ISSN 1814-4225 (print)
ISSN 2663-2012 (online)

incidence in Ukraine, a vaccine campaign against
COVID-19 was launched [42].

From September to the end of December 2021, the
third wave of COVID-19 was observed in Ukraine, with
a peak in early November 2021. The wave is associated
with the wide spread of the Delta strain and the low level
of vaccination in the population. In addition to record
morbidity, the third wave was also characterized by rec-
ord mortality. Deaths due to COVID-19 exceeded 800
cases per day. Mandatory vaccination of certain groups
of the population was introduced, and everyone who re-
ceived two doses of the vaccine could receive a monetary
reward from the state.

Since the beginning of January 2022, the fourth
wave of COVID-19 began in Ukraine, associated with
the wide spread of the Omicron strain. The new strain has
high contagiousness but much lower mortality. At the be-
ginning of the war with Russia on February 24, 2022, the
peak of the fourth wave was observed in Ukraine, and the
number of new cases reached 30-40 thousand infected
daily.

At the beginning of the Russian war in Ukraine, the
number of people vaccinated against COVID-19 in
Ukraine was 38.24%, and the number of people who re-
ceived only one dose was 36.96%. While booster doses
were actively pursued in Europe, in Ukraine, the percent-
age of the population who received a booster dose was
1.76%. Children in Ukraine began to be vaccinated only
in January 2022, so their number is insignificant [43].

As of February 24, 2022, the number of cases of
COVID-19 in Ukraine amounted to 4,809,624 cases. The
number of deaths was 105,505 cases [44].

2.2. Impact of the War on the Public Health
Facilities in Ukraine

The causeless war that Russia launched in Ukraine
on February 24, 2022, became not only a tragedy unprec-
edented in its scale since World War 11 but also a global
humanitarian catastrophe for Ukraine.

During the first month of the war, the World Health
Organization recorded 92 attacks on the Ukrainian
healthcare system [45]. 78 attacks were made on medical
facilities, 11 on medical transport, including ambulances.
A minimum of 73 deaths and 44 injuries have been con-
firmed due to these attacks. Medical staff suffered from
20 attacks and patients from 11 attacks. 10 attacks af-
fected stocks of medicines, and 2 attacks were made di-
rectly on warehouses with medicines. 75 attacks were
made using heavy weapons. At the same time, the data
used by the Ministry of Health of Ukraine are several
times higher.

In Ukraine, about 1,000 medical institutions are lo-
cated close to active combat zones. Attacks on medical
facilities have become part of the strategy and tactics of

the war waged by Russia. This is because, first of all, in
wartime, assistance is provided to the wounded military
and civilians injured due to the war.

Nevertheless, people who need routine medical
care, including chronically ill people, also suffer. Be-
cause of the war, many distributors of medicines are not
working, and the stocks of medicines already existing on
the territory of Ukraine are not available or are coming to
an end.

The work of medical personnel is problematic in ar-
eas where active hostilities are taking place. Part of the
personnel from such territories was evacuated. In territo-
ries temporarily occupied by Russian troops, the work of
medical institutions is often impossible. At the same
time, small towns and villages are significantly affected.
The destroyed hospitals are the only place for providing
medical care within a radius of up to 50 km.

In addition to providing medical care, the war has
also disrupted the continuity of Ukraine's healthcare sys-
tem, which provides critical services to the civilian pop-
ulation. It is difficult to obtain drugs for chronic patients,
such as thyroid drugs, insulin for diabetic patients and
antiretroviral therapy for HIV-infected people.

In the territories where active hostilities are taking
place and, in the territories, temporarily not controlled by
Ukraine, the vaccination campaign has been disrupted.

The electronic system of the Ministry of Health of
Ukraine, designed to collect information from the re-
gions, operates in a restricted mode. Data from the tem-
porarily occupied territories is not received. It is also
challenging to collect information and register patients.

The war also affected the activities carried out to re-
duce the incidence of COVID-19. According to the
changes, which are sent for approval to the Cabinet of
Ministers of Ukraine, for the period of martial law, the
levels of epidemic danger do not apply to the regions of
Ukraine. All restrictive anti-epidemic measures have also
been canceled. The rules for the removal from work of
unvaccinated employees of those professions for which
vaccination against COVID-19 was mandatory to have
been canceled.

At the same time, citizens are advised to comply
with anti-epidemic measures. However, the psychologi-
cal state of the citizens of Ukraine pushed the problem of
coronavirus into the back.

2.3. Data Sources Analysis

During the COVID-19 pandemic, the Johns Hop-
kins University & Medicine Coronavirus Resource Cen-
ter has become the primary source of data for researchers
around the world [46]. This initiative has collected and
analyzed domestic and international data on COVID-19
since January 22, 2020. However, this dataset is no
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longer applicable for coronavirus studies in Ukraine be-
cause, after February 24, all data on morbidity, mortality,
and testing in Ukraine are not available.

Therefore, for this study, we analyzed the WHO
Coronavirus (COVID-19) Dashboard of World Health
Organization data [44], which coincides with the statis-
tics on coronavirus in Ukraine, which is registered by the
Public Health Center under the Ministry of Health of
Ukraine. The dashboard provides daily data on COVID-
19 cases, deaths, and vaccine use. Data on the incidence
of COVID-19 in Ukraine does not include incidence and
mortality in the territory of Crimea and the uncontrolled
territories of the Donetsk and Lugansk regions as of Feb-
ruary 24, 2022. For the accuracy and reliability of the pi-
lot study, all the data used in this article were verified
with the official statistics of the Public Health Center un-
der the Ministry of Health of Ukraine.

The statistics reflect laboratory-confirmed cases
and reported deaths. All data represent the date of regis-
tration, not the onset of symptoms.

3. Materials and Methods

3.1. Methodology

Based on the data on the incidence of COVID-19 in
Ukraine, available for analysis during martial law, it is
impossible to determine and evaluate the factors that af-
fect the simulated epidemic process. Therefore, within
the framework of this study, the problem of forecasting
is solved. Based on the results of the analysis of current
studies on modeling the epidemic process of COVID-19,
carried out in Section 1, as well as from preliminary stud-
ies [40], it was concluded that in order to calculate the
predicted incidence of COVID-19 in the territory of
Ukraine with sufficient accuracy for analysis, it is neces-
sary to apply methods of statistical machine learning. To
build a predictive model, the method of polynomial re-
gression is used.

Within the framework of this study, the following
methodology is proposed to achieve the set goals:

1. Analyze data on the incidence of COVID-19 in
Ukraine, which includes new cases and deaths.

2. Build a machine learning model based on the
polynomial regression method to predict the dynamics of
the COVID-19 epidemic process.

3. Verify and test the model for adequacy by
calculating a retrospective forecast of the incidence of
COVID-19 in Ukraine for January 25, 2022, to February
23, 2022 (30 days).

4. Calculate the predicted incidence of COVID-19
in Ukraine for February 24, 2022, to March 25, 2022 (30
days).

5. Calculate the deviations of the predicted
incidence from the registered statistics on the incidence

of COVID-19 in Ukraine for February 24, 2022, to
March 25, 2022 (30 days).

6. Assess the factors influencing the epidemic
process of COVID-19 in Ukraine in the conditions of
hostilities by analyzing deviations from the point of view
of epidemiology.

7. Based on the simulation results, determine the
public health risks and necessary measures to reduce the
incidence of COVID-19 in Ukraine in the context of
hostilities.

3.2. Polynomial Regression Model

Regression analysis is a set of statistical methods
for evaluating relationships between variables. Regres-
sion methods can be used to estimate the degree of rela-
tionship between variables and to model future depend-
encies. Regression analysis shows how changes in the in-
dependent variables can be used to fix the change in the
dependent variable.

Polynomial regression is used to model the trend
components of a time series [47].

Let two series of observations x; and y; be given.
Then the polynomial equation has the following form:

y = T by, €
where b are the parameters of this polynomial;
j=0k
bo is free term.

Let’s find the regression parameters bj using the
least squares method:

S =YL —y)? - min, 2

where ; are the values of polynomial (1) at the points x;.
Let’s substitute (1) into (2), and get:

i 2
S=3¥L,(Zkobx —y;) o min. (3
Satisfying the necessary condition for the extremum

of the function (k + 1) of variables S = S(bo, ba, ..., by),
one should equate its partial derivatives to zero:

Shy = 2Zia X (Zkobx —y) =0, (4

where p = 0,k.
Simplifying equation (2), obtain

N Xip(b0 +byx; + byx? + -+ + byxk) —
P XipYi =0. 5)

As aresult, we obtain (k + 1) expressions that form
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a system of linear equations with respect to by, which has
the following form:

/1 X X2 xk \
I x x2 x3 xk+1 |
A=y ¥ %t xk+z | (€)
\Xk gkl ykt2 XT/
by
bl | [
B=|b, |,C=]|%2 7)

Let a time series x; be given, where t = 1,n. It is
necessary to build a polynomial trend of order k, which
approximates the time series with the greatest accuracy.
The independent variable x is t. y are the values of the
time series x;, i.e. the number of new cases or deaths of
COVID-19. Then the value aj; of matrix A will look like:

1

aj = -

ij n 1r‘1:1 ri+j_21 (8)

wherei,j =1, (k + 1).
The elements ¢; of the matrix of free terms have the
following form:

_ riTix, 9

wherej=1,(k+1).

Thus, solving the system of equations (6), (7), we
find the desired parameters of the polynomial trend
bo, ..., bk. As a result, the trend component will look like:

T = ?:0 bit'. (10)
3.3. Model Verification Methods

The model accuracy estimate is calculated using
mean absolute percentage error:

At—F¢

MAPE = 230,

, 1)

where Ay is the actual value;

F¢ is the forecasted value.

To assess the forecast of the incidence of COVID-
19 for the period of the war, the deviations of the forecast
data from the registered statistics were calculated:

D = |F, — A, (12)

where A is the actual value; F is the forecasted value.

4. Results

4.1. Model Verification

A machine learning model based on the polynomial
regression method for predicting the epidemic process of
COVID-19 was implemented in Python. Figure 1 shows
the results of retrospective forecasting of cumulative new
cases of COVID-19 in Ukraine from January 25, 2022, to
February 23, 2022. Forecasts were calculated for 7, 10,
20, and 30 days to illustrate the change in the forecast
error with the increasing period.
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Figure 2 shows a retrospective forecast of death
cases of COVID-19 in Ukraine from January 25, 2022 to
February 23, 2022.

—— Dead

105000 1 Forecasted

104000 -

103000 A

102000 -

101000 A

100000 -

99000

SEEEEEE sV B EYEEYEEEEEEEEEEEER

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Fig. 2. Forecasting of COVID-19 cumulative death
cases (25.01.22 — 23.02.2022)

Table 1 shows model accuracy rates for cumulative
new cases and deaths of COVID-19 in Ukraine for a sam-
ple from January 25, 2022 to February 23, 2022.
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Table 1
MAPE of forecast for 25.01.22 — 23.02.22 (%)

Duration of New cases Death cases
forecast (days)

7 days 0,83732 % 0,11900 %

10 days 0,97512 % 0,09342 %

20 days 1,77691 % 0,09431 %

30 days 2,12166 % 0,16542 %

As the prediction results show, our hypothesis about
the high accuracy of simple statistical machine learning
models was confirmed. Forecast accuracy is sufficient for
a long-term forecast of 30 days for both new and death
cases.

4.2. COVID-19 Epidemic Process Estimation
during War

To assess the epidemic process of COVID-19 in
Ukraine during the war, we applied the developed model
to a sample of new cases and deaths of COVID-19 to
build a forecast from February 24, 2022, to March 25,
2022. Figure 3 shows the forecast of cumulative new
cases of COVID-19 in Ukraine, along with the reported
new cases for the period from February 24, 2022, to
March 25, 2022.
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Fig. 3. Forecasting of COVID-19 cumulative new cases

(24.02.22 — 25.03.2022)

Figure 4 shows the forecast of cumulative death
cases of COVID-19 in Ukraine, along with the reported
new cases for the period from February 24, 2022, to
March 25, 2022.

Figure 5 shows the forecast of daily new cases of
COVID-19 in Ukraine, along with the reported new cases
for the period from February 24, 2022, to March 25,
2022.

Figure 6 shows the forecast of daily death cases of
COVID-19 in Ukraine, along with the reported new cases
for the period from February 24, 2022, to March 25,
2022.
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Fig. 4. Forecasting of COVID-19 cumulative death
cases (24.02.22 — 25.03.2022)

—— Confirmed
Forecasted

25000 4

20000 4

15000

10000 A

5000

NNNNNNNNNNNNNNNNNNNNN

Fig. 5. Forecasting of COVID-19 daily new cases
(24.02.22 — 25.03.2022)
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Fig. 6. Forecasting of COVID-19 daily death cases
(24.02.22 — 25.03.2022)

Table 2 shows forecast accuracy rates for daily new
cases and deaths of COVID-19 in Ukraine for a sample
from February 24, 2022, to March 25, 2022.
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Table 2

MAPE of forecast for 24.02.22 — 25.03.22 (%)

Duration of New cases Death cases
forecast (days)

7 days 285,07129 % 89,04280 %
10 days 283,96430 % 89,06608 %
20 days 423,01236 % 165,08350 %
30 days 497,08910 % 204,28213 %

An assessment of the forecast for the wartime pe-
riod shows that the registered statistics regarding
COVID-19 in Ukraine do not reflect the actual situation.

Figure 7 shows the deviation of daily reported new
cases of COVID-19 in Ukraine from the predicted values
for the period from February 24, 2022, to March 25,
2022.
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Figure 8 shows the deviation of daily reported death
cases of COVID-19 in Ukraine from the predicted values
for the period from February 24, 2022, to March 25,
2022.
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Fig. 8. Deviation of COVID-19 daily death cases
from predicted values (24.02.22 — 25.03.2022)

5. Discussion

The challenges for the global community and public
health associated with the COVID-19 pandemic have
forced us to look for ways to reduce the incidence and
deaths of the population using different approaches and
tools. The results of the COVID-19 epidemic process
mathematical modeling made a significant contribution
to managerial decision-making, which on the one hand,
were aimed at developing the most effective preventive
and anti-epidemic measures [48, 49], on the other hand,
at a better understanding of the development and dynam-
ics of the epidemic process [50-53].

COVID-19 is an emerging infection with an aerosol
transmission mechanism. The source of infection is a sick
person or carrier. The manifestations of the epidemic pro-
cess are primarily associated with the ease of implemen-
tation of the transmission mechanism. Shedding of the
pathogen from the body of the source of infection occurs
during forced expiration - coughing, sneezing, loud talk-
ing, screaming. The causative agent emission the air in
the form of an aerosol and penetrates the susceptible or-
ganism during the physiological act of inhalation [54].
The higher the concentration of the pathogen in the in-
haled air, the higher the likelihood of infection in a sus-
ceptible person. Therefore, the risks of infection with the
SARS-CoV-2 virus increase dramatically in poorly ven-
tilated rooms. There are many people among whom there
is a high probability of a source of infection [55]. It
should be borne in mind that the identification and sub-
sequent isolation of the source of infection is always a
belated event, which is associated with the presence of
the incubation period of the disease when there are no
clinical symptoms yet, and the pathogen is already being
isolated; with the presence of mild forms of the course of
the disease, when a sick person ignores the symptoms,
with the presence of carriage — cases when there are no
symptoms, and the pathogen is isolated [56-58]. These
features allow the virus to spread rapidly among people,
in closed groups, in crowded conditions. The pandemic
also revealed the variability of the virus as it adapts to the
human body. New variants of the pathogen appeared,
which led to repeated cases of infection and a further in-
crease in the incidence.

On the eve of the day when the Russian Federation
treacherously and brutally unleashed a war with Ukraine,
on February 23, 2022, 4 783 835 cases of COVID-19 and
105 229 deaths due to this disease were registered in the
country, the daily incidence was 25 062 cases, and the
death rate was 276 cases. In the dynamics of the epidemic
process, an increase in the incidence was noted with the
dominance of the Omicron variant, which is character-
ized by easier transmissibility [59-60]. The forecast con-
structed using a polynomial regression model, which
showed high accuracy (97,88% when forecasting for 30
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days), showed a further increase in the incidence.

However, studying the manifestations of the epi-
demic process during the first month of the war showed
that the registered incidence of COVID-19 in Ukraine
was significantly lower than the calculated indicators,
which indicates the presence of a hidden component of
the COVID-19 epidemic process. For the timely and ra-
tional implementation of effective anti-epidemic and pre-
ventive measures in the circumstances of war and limited
resources, it is essential to understand the causes and con-
ditions for the formation of a hidden component of the
epidemic process, how much the actual morbidity and
mortality differ from the registered one in order to avoid
significant deterioration of the epidemic situation, the oc-
currence of severe cases of the disease that require oxy-
gen, resulting in an even more significant strain on an al-
ready war-torn health care system.

An analysis of the current situation in the conditions
of the war in Ukraine showed that, along with significant
destruction, deaths, and injuries due to the use of various
types of weapons by the aggressor, a humanitarian crisis
has developed in the occupied territories and territories
where hostilities are taking place, which has affected all
aspects of people's lives, including access to health care.
The health sector suffered under the conditions of the
war. Only in one city of Kharkiv, 75% of health care fa-
cilities were destroyed or damaged. The capacity of the
laboratory base decreased, which led to a decrease in the
volume of testing and, accordingly, the diagnosis and
registration of cases of Covid-19. Nevertheless, the num-
ber of people with symptoms of COVID-19 seeking med-
ical help has also decreased, which is explained by the
closure of many medical institutions in the territories
where hostilities are taking place, the lack of communi-
cation (telephone, Internet) for contacting a doctor, ig-
noring the symptoms that have appeared, because all the
attention of the sick person is drawn only to the events
connected with the war. Low detection and under-report-
ing of cases lead to the fact that contacts are not traced
and isolated, and many active sources of infection are
formed.

At the same time, with the outbreak of war treach-
erously and brutally unleashed by Russia against
Ukraine, the problems caused by the pandemic have
worsened. Military operations have led to significant de-
struction, the destruction of life-supporting infrastructure
in many settlements. Conditions have been created in
Ukraine to intensify the epidemic process of COVID-19.
Bomb attacks, rocket attacks, artillery, and mortar attacks
forced people to leave their homes and areas of active
hostilities where they previously lived. There is a very
high crowding of people at stations, in trains, places of
temporary residence of internally displaced persons, a
lack of elementary sanitary conditions, and sufficient air
exchange. There are no conditions for maintaining social

distance. People do not adhere to the policy of wearing
masks. There is no quarantine and isolation of patients.
This creates conditions for the intensification of the cir-
culation of the pathogen. Increased migration of the pop-
ulation and flows of displaced persons contribute to in-
troducing new variants of coronavirus into other territo-
ries. The situation is complicated by the lack of a protec-
tive level of immunity against COVID-19 in most of the
population. Even though scientists quickly developed ef-
fective vaccines for the prevention of COVID-19, which
began to be used in Ukraine from the end of February
2021, by the beginning of hostilities in Ukraine, vaccina-
tion coverage of the population was low, children under
12 years of age were not subject to vaccination at all and
vaccination coverage among adolescents was low. All
this does not effectively contain the spread of the virus.

Thus, with the start of hostilities in Ukraine, condi-
tions were created to activate the COVID-19 epidemic
process. The development of the epidemic process in-
cluded additional factors that increased the spread of in-
fection, which were not present when constructing the
morbidity forecast. For this reason, it would be expected
that the actual incidence would exceed the predicted one,
which we did not observe.

The obtained simulation results highlighted some of
the existing problems and made it possible to draw les-
sons for the further functioning of healthcare systems in
extreme conditions, including during war. Modeling is
necessary to assess the dynamics of the epidemic process
under constantly existing conditions and factors affecting
the incidence to make timely adjustments to the structure
and scope of preventive and anti-epidemic measures that
hinder the development of a pandemic. In the context of
the weakening of the epidemiological surveillance and
response systems, when changing conditions worsen the
epidemic situation, mathematical modeling and the use
of adequate models make it possible to eliminate or min-
imize the consequences of a disruption in the work of
public health structures and adjust the activities of rele-
vant services and avoid additional burden on the
healthcare system associated with a growing incidence,
disease severity, and mortality.

It should be emphasized the need and expediency of
broad cooperation between model developers and deci-
sion-makers, the importance of a strategic partnership to
ensure epidemic well-being and national security in curb-
ing the spread of infectious diseases.

Conclusions

The paper describes the results of a pilot study to
assess the incidence of COVID-19 in Ukraine during the
war. A machine learning model was built based on the
polynomial regression method for forecasting. The sim-
ulation used cumulative and daily data on new cases and
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deaths of COVID-19 in Ukraine from January 25, 2022,
to March 25, 2022, posted in the World Health Organiza-
tion Dashboard.

The scientific novelty of the study lies in the devel-
opment and study of a machine learning model of the ep-
idemic process of an emergent disease using the example
of COVID-19, based on the polynomial regression
method. This allows the model to assess the epidemic sit-
uation for a long-term period (30 days). Unlike existing
studies, the forecast accuracy obtained using the con-
structed model was evaluated both for new cases of mor-
bidity and for death cases. The assessment was carried
out for various forecasting periods.

The practical novelty of the study lies in the assess-
ment of the epidemic situation associated with COVID-
19 on the territory of Ukraine during military operations.
The simulation tool is exceptionally relevant during the
war because it does not incur high costs of financial, hu-
man, and time resources; other tools for assessing the ep-
idemic situation in war conditions are unavailable, lim-
ited, or their capacities are redistributed to solve other
tasks.

The constructed model showed sufficient accuracy
in predicting both new and death cases of COVID-19 for
the effectiveness of its use in practice. The hindcast
showed an accuracy of 97,88% when modeling new
cases and 99,83% when modeling death cases of
COVID-19. Simulation of the epidemic process of
COVID-19 for the first month of Russia's war in Ukraine
showed a significant deviation of the predicted incidence
from the recorded one.

The significant deviation is since the registration of
morbidity and death from COVID-19 in wartime condi-
tions is difficult. Data collection and transmission are im-
possible in areas where active hostilities are taking place
and in temporarily occupied territories.

In addition, high population density during the
evacuation from dangerous areas and when staying in
bomb shelters contribute to the spread of COVID-19. The
high psychological stress of people in the conditions of
hostilities contributes to non-compliance with anti-epi-
demic measures even in territories where hostilities are
not conducted.

Thus, as the modeling results show, most of the in-
cidence of COVID-19 in Ukraine in wartime conditions
remains outside the statistics. This creates new chal-
lenges for the public health system. At the same time, the
main recommendation is the observance by the popula-
tion of anti-epidemic measures, such as observance of the
mask regime, if possible, booster vaccination, despite the
abolition of mandatory compliance with such measures
at the legislative level.

Future research development. A high percentage
of unreported COVID-19 statistics in Ukraine related to
Russia's military intervention on the territory of Ukraine

poses new challenges for healthcare systems not only in
Ukraine but also in countries that accept a large number
of refugees from Ukraine. Thus, the high density of peo-
ple during the evacuation is a stimulating factor in the
spread of both COVID-19 and other infectious diseases.
At the same time, the period for starting the evacuation
and reaching the final destination is often less than the
incubation period. This creates the risk of outbreaks of
infectious diseases in the countries of the European Un-
ion, which have accepted the most significant number of
refugees. Simulation modeling is an effective tool to as-
sess the risks and effectiveness of anti-epidemic
measures aimed at suppressing such outbreaks.
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BILJIMB BIMHU HA ITAHJIEMIIO COVID-19 B YKPAIHI:
PE3YJbTATH MOJAEJFOBAHHS

. 1. Yymauenko, I1. A. Ilupozos, €. C. Menaiinos, T. O. Yymauenxo

[Mannemis HoBOi KopoHaBipycHoI iH(ekuii COVID-19 craia BUKIMKOM JUIsi CHCTEM OXOPOHH 37I0POB'sl BCHOIO
ceity. Ha Gepesenn 2022 poky y CBIiTi 3apeectpoBano Maibke 500 minbitoHiB Bunaaxis. [Tonan 6,2 minbioHa nroneit
3aruHynd. BiiiHa, siky Oe3npuunHHO posnoyana Pocist Ha TepuTopii YKpaiHu, € He JIMIle MPUIUHOI0 3aru0esi TUCTY
JIo/ieH Ta pyHHYBaHHSI JECATKIB MICT, a i MaciTabHOIO ryMaHITapHO Kpu30t0. Takox BificbkoBe BTOPTHEHHS TOp-
KHYJ0csI 1 chepu 0XOpoHH 3/10poB's. HeMOXIIHMBICTh HaJJaHHSI MEAWYHOI JIOTTOMOTH, HEIOTPUMAHHS CaHITAPHUX YMOB
Ha TEPUTOPISX, Ha SIKMX BEAYThCS aKTHBHI OOMOBI JIii, BUCOKA IIILHICTh HACEJICHHS i/l Yac eBaKyallii, a TAKOX 1HIII
(axropu, cripusitots HoBoMmy etany nomupeHas COVID-19 B Vkpaiui. [ToOynoBa afekBaTHOI MOZEINI €ITiIeMiYHOTO
MIPOLIECY JO3BOJIUTH OL[IHUTH PeallbHY CTATUCTUKY 3axBoproBaHocTi Ha COVID-19, a Takox OLIIHUTH PU3UKH Ta ede-
KTUBHICTh 3aXOJiB IOA0 CTPUMYBAHHS €IiJEMIYHOrO PO3BHUTKY XBOpOoOH. MeTol0 CTaTTi € po3poOKa iMiTaiiiHol
Mojeni enigemiudoro mporecy COVID-19 B YkpaiHi Ta JOCHIIPKEHHS! pe3yNbTaTiB eKCIEPUMEHTAIBHOIO JIOCIi-
JDKeHHSI B yMoBax BiliHH. O0'ekT nociimkenns — emigemiunuii nmpouec COVID-19 y Boennux ymoBax. IIpeaqmer
JOCJTI/IZKEHHS] — MOJIeNTi Ta METO/IM MOZICITFOBAHHSI €I1iIeMiYHOr0 IIPOLIECY, 10 0a3yIThCS HA METOJ]aX CTATHCTHYHOTO
MAaIIMHHOIO HaBYaHHA. JJI1 JOCATHEHHS METH OCIIDKEHHS MU BHKOPHCTAIM METOIM IPOTHO3YBAHHA Ta MOOYMY-
Baiy Mozensk emigemivnoro mporecy COVID-19 Ha ocHOBI MeToxy moJiHOMianbHOL perpecii. B pe3yabraTi excrre-
PUMEHTIB TOUHICTh IIporHo3yBaHHA Ha 30 nHiB HOBMX BumaakiB COVID-19 B Ykpaini cknana 97,98 %, neranpanx
Bunaakie COVID-19 B Ykpaini — 99,87 %. Monens 3actocoBaHa 10 AaHHX 13 3axBoproBaHocTi COVID-19 B YkpaiHi
3a mepmuii Micss BiftHu (24.02.22 — 25.03.22). Po3paxoBaHi IpOrHO3HI 3HAUYEHHS BUABHIIN 3HAYHE BiIXHUIICHHS Bif
3apeecTpoOBaHOl CTATHCTUKH. BUCHOBKHU. Y CTAaTTi ONMCAaHO eKCIEPUMEHTANIBHI JOCIIHKEHHS peai3allii Mojeni eri-
nemiunoro mpouecy COVID-19 B Vkpaini Ha ocHOBI Meroay moniHoMianbHOI perpecii. [loOymoBana Monens Mae
JOCTATHIO TOYHICTH JUISl MPUHHATTS PiIlIeHb MO0 MPOBEIACHHS POTUEIIEMIYHAX 3aX0iB 010 00poTHOH 3 TaHe-
Mmieto COVID-19 na BuOpaniii tepuropii. Jlocmi/pkeHHsT Moneni Ha JaHWX Mpo 3axBoproBaHicte Ha COVID-19
B YKpaiHi IiJ 9ac BiiHU JI03BOJIHIIO OLIHUTH HOBHOTY CTaTUCTHKH, L0 PEECTPYETHCS, BUSBUTH PH3HUKH MOIIUPESHHS
COVID-19 y BoeHHHIi Yac, a TAKOXK BU3HAYUTU HEOOXIHI 3aX0/IH [Tl CTPUMYBAHHSI 11iJIeMiYHOTO PO3IIOBCIOIKECHHS
3axBoproBaHocTi Ha COVID-19 B Ykpaini. BuBueHHs pe3yapTaTiB eKCIEPUMEHTAIBHOTO JOCIIPKEHHS ITOKa3ye 3Ha-
YHEe 3HIKEHHS peecTparii 3axBoproBaHocTi Ha COVID-19 B Vkpaini. AHaui3 cUTyalii OKa3aB yTpyAHESHHS JOCTYITY
JI0O MEAMIHOTO 0OCTYTOBYBAaHHS, 3HIKEHHS JiarHOCTUKH Ta PEECTpallii HOBUX BHIIAJKiB, a BiifHA MpU3BeJa 10 aKTH-
Bi3atlii emigemiunoro nporecy COVID-19.

KuarouoBi cjoBa: emimemigHa MOAENb, eMiJEMIUYHHA TMPOIEC; MOMECNIOBAHHS CITieMii; MOJEITIOBAHHS;
COVID-19; noninoMianbHa perpecis, BiiiHa.
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BJIMSIHUE BOMHBI HA ITAHJEMHAIO COVID-19 B YKPAUHE:
PE3YJBbTATHI MOJAEJINPOBAHUA

. H. Yymauenxo, I1. A. Ilupozos, E. C. Mensaitnos, T. A. Yymauenko

[Mannemus HOBO# KopoHaBupycHOH nHpekn COVID-19 crana BEI30BOM Uil cHCTEM OOIIECTBEHHOTO 37pa-
BoOxpaHeHus Bcero mupa. Ha mapt 2022 roga B Mupe 3apeructpupoBaso nouru 500 MuuinoHoB cnydaeB. bonee 6,2
MUIUTHOHOB Jtofiel moru6iu. BoiiHa, koTopyro OecnipuunHHO Hadana Poccust Ha TeppuTOpHH Y KpauHBI SIBISIETCS HE
TOJBKO IIPHYMHON TUOENHN THICSY JIIOJIEH M pa3pyIIeHHs AECITKOB rOPOIOB, HO M MacIITaOHBIM TyMaHHUTapHBIM KpH-
3ucoM. Takke BOGHHOE BTOp)KEHHE 3aTPOHYIIO U cepy 0OLIECTBEHHOTO 3/[paBooXpaHeHus. HeBO3MOXHOCTh OKa3a-
HUSI METUIIMHCKOM MOMOIIIN, HECOOIIOIEHNE CAHUTAPHBIX YCIIOBUIT HA TEPPUTOPHAX, HA KOTOPBIX BEIYTCS aKTHBHBIE
0oeBbIe IEHCTBHS, BHICOKAsI INIOTHOCThH HACEJICHHS TIPH 3BAaKYyaIllH, a TakKe pyrue pakTopbl ClIocoOCTBYIOT HOBOMY
stamy pacrnpocrpaneHuss COVID-19 B Vkpaune. [TocTpoeHre aeKBaTHOW MOJIEIH STHIEMHYECKOTO MpoIiecca Mmo3-
BOJIUT OLIEHUTH peaIbHYI0 cTaTUCTUKY 3aboneBaemMoct COVID-19, a Taxke oneHUTh pUCKH U 3PPEKTUBHOCTH Me-
PONPUSTHI 11O CEPKUBAHUIO SMUIEMHYECKOro pa3BuTHst Oose3Hu. Lleaplo cratby sBisieTcsl pa3paboTKa UMHUTAIH-
oHHOH Mozenu snuaemudeckoro nporecca COVID-19 B Ykpaune, u vicciieioBaHie pe3ysibTaToB 3KCIIEPUMEHTAb-
HOT'0 UCCJIEIOBaHUA B YCIOBHUIX BOWHBL. O0BEKT uccjaeqoBanus — snuaeMudeckuii mporecc COVID-19 B BoeHHBIX
ycnoBusx. [Ipeamer uccaeqoBanust — MOJENIH M METOJIBI MOAEIHMPOBAHUS SIIMAEMUYECKOT0 MPOIIecca, OCHOBAHHbBIE
Ha METO/IaX CTATUCTUYECKOro MalIMHHOTO o0y4deHus. [t JOCTIKEHNS 11eH UCCIIEJOBAaHHSI MBI UCIIONB30BAIIA Me-
TOBI IPOrHO3UPOBAHUSA U TIOCTPOUIIU MOJIENB dnreMudeckoro nporecca COVID-19 Ha ocHOBe MeTo/1a TOJTMHOMU-
IBHOM perpeccun. B pe3yiibTaTe SKCHEPHMEHTOB, TOYHOCTh NMPOTrHO3WpoBaHMs Ha 30 JHEH HOBBIX CilydaeB
COVID-19 B Ykpaune cocraBmia 97,98 %, neranpabix ciaydaeB COVID-19 B Ykpaune — 99,87 %. Monens npume-
HEHa K JaHHbIM 110 3a0oneBaemoctu COVID-19 B Ykpausne 3a nepsbiii Mecsiit BoiHbI (24.02.22 — 25.03.22). Paccun-
TaHHBIE IPOTHO3HBIE 3HAYECHUSI TIOKA3aJTH 3HAYUTENTLHOE OTKJIOHEHHUE OT 3aPErnCTPUPOBAHHOM CTAaTUCTHKU. BBIBOIBI.
B crarbe onucaHbl SKCIIEPUMEHTAIbHBIC HCCIIEI0BAHUS Pealn3aliii MOJIENU SnuaeMudeckoro npomecca COVID-19
B YKpanHe Ha OCHOBE METOJa MOJMHOMHUAIBHON perpeccuu. [locTpoeHHass Mozeab 001aaeT JOCTaATOYHONH TOYHO-
CTBIO JUISl TIPUHSATHUS PEIIeHUH O IMPOBEICHUM MPOTHBOIMUIEMHYECKUX MEpOIpPUITHH Mo O0oprOe ¢ maHneMuei
COVID-19 na BeiOpanHoii TeppuTopuu. VccnenoBanue Moaeu Ha TaHHbIX 0 3aboneBaemoct COVID-19 B Vkpaune
BO BpEMsI BOWHBI MO3BOJIMJIO OIEHUThH MOJHOTY PErHCTPHPYEMOM CTATHCTHKE, BBISIBUTH PHCKU PacHpOCTPaHEHHS
COVID-19 B BoeHHOE BpeMsl, a TAKIKE OIPENEIUTh HEOOX OTUMBIE MEPOIIPHSATHS JJIs CACPKUBAHHS SITUIEMHYECKOT O
pasBurus 3aboneBaemoctit COVID-19 B Ykpaune. V3ydenue pe3ysbTaToB 3KCIIEPUMEHTAIBHOI'O HCCIIEI0BAHUSI 110-
Ka3bIBaeT 3HAYMTENILHOE CHIDKeHUE peructpaimu 3adoneBaemoctt COVID-19 B YkpanHe. AHanu3 cuTyanuu mnoka-
3aJ1 3aTpyAHEHHUE K JOCTYITY K MEIULIMHCKOMY O0CITYKMBAaHHIO, CHIPKEHHIO TMarHOCTUKH M PErHCTPAalluK HOBBIX CITy-
YyaeB, a BOMHA IPUBEJa K aKTUBU3ALMH dMHaeMuydeckoro npouecca COVID-19.

Knrouesble ci10Ba: snuaeMuyeckas MOJENb; AMUAEMHYECKUI [IPOLIECC; MOIEINPOBAHUE SMUAEMHUH; MOJIEIH-
poBanue; COVID-19; nonnHoMuanbHas perpeccusi; BoiHa.
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