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Background. To simulate the COVID-19 pandemic dynamics, various data sets and different mathematical
models can be used. In particular, previous simulations for Ukraine were based on smoothing of the depen-
dence of the number of cases on time, classical and the generalized SIR (susceptible-infected-removed)
models. Different simulation and comparison methods were based on official accumulated number of labora-
tory confirmed cases and the data reported by Johns Hopkins University. Since both datasets are incomplete
(a very large percentage of infected persons are asymptomatic), the accuracy of calculations and predictions is
limited. In this paper we will try to assess the degree of data incompleteness and correct the relevant forecasts.
Objective. We aimed to estimate the real sizes of two new epidemic waves in Ukraine and compare them
with visible dynamics based on the official number of laboratory confirmed cases. We also aimed to estimate
the epidemic durations and final numbers of cases.

Methods. In this study we use the generalized SIR model for the epidemic dynamics and its known exact so-
lution. The known statistical approach is adopted in order to identify both the degree of data incompleteness
and parameters of SIR model.

Results. We have improved the method of estimating the unknown parameters of the generalized SIR model and
calculated the optimal values of the parameters. In particular, the visibility coefficients and the optimal values
of the model parameters were estimated for two pandemic waves in Ukraine occurred in December 2020—
March 2021. The real number of cases and the real number of patients spreading the infection versus time
were calculated. Predictions of the real final sizes and durations of the pandemic in Ukraine are presented. If
current trends continue, the end of the pandemic should be expected no earlier than in August 2022.
Conclusions. New method of the unknown parameters identification for the generalized SIR model was pro-
posed, which allows estimating the coefficients of data incompleteness as well. Its application for two pan-
demic waves in Ukraine has demonstrated that the real number of COVID-19 cases is approximately four
times higher than those shown in official statistics. Probably, this situation is typical for other countries. The
reassessments of the COVID-19 pandemic dynamics in other countries and clarification of world forecasts
are necessary.

Keywords: COVID-19 pandemic; epidemic dynamics in Ukraine; mathematical modeling of infection diseases;
SIR model; parameter identification; statistical methods.

Introduction

The studies of the COVID-19 pandemic dy-
namics are complicated by incomplete information
about the number of patients (e.g., reported by
WHO [1]), a very large percentage of whom are
asymptomatic. In the early stages of the pandemic,
there was also a lack of tests and knowledge about
the specifics of the infection spread. Because of
this, there are more and more evidences of
COVID-19 patient appearances before the first of-
ficially-confirmed cases [2—6]. These hidden pe-
riods of the epidemics in different countries and
regions were estimated in [7, 8] with use of the
classical SIR model [9—11] and the statistics-based
method of the parameter identification developed

in [12, 13]. In particular, first COVID-19 cases pro-
bably have appeared already in August 2019 [7, 8].

For Ukraine, different simulation and com-
parison methods were based on official accumu-
lated number of laboratory confirmed cases [14,
15] (these figures coincided with the official WHO
data sets [1], but WHO stopped to provide the dai-
ly information in August 2020) and the data re-
ported by Johns Hopkins University (JHU) [16].
In particular simple comparisons of epidemic out-
breaks in Ukraine neighboring countries can be
found in [17]. The classical SIR model was used in
[7, 8, 18]. The weakening of quarantine restric-
tions, changes in the social behavior and the coro-
navirus activity caused changes in the epidemic
dynamics and corresponding parameters of models.
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To detect and simulate these new epidemic waves,
a simple method of numerical differentiations of
the smoothed number of cases and generalized SIR
model were proposed and used in [8]. In particu-
lar, nine epidemic waves in Ukraine were calcu-
lated [8, 19]. Since the Ukrainian national statistics
does not look complete (see, e.g., the results of to-
tal staff testing in two schools and two children
gardens in the Ukrainian city of Chelnytskii, [20]),
there is a need to assess the extent of this incom-
pleteness and determine the true sizes of the
COVID-19 epidemic in Ukraine, which became
the subject of this article.

Data

We will use the data set regarding the accu-
mulated numbers of confirmed COVID-19 cases in
Ukraine from national sources [14, 15]. The cor-

responding numbers V; and moments of time ¢
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(measured in days) are shown in Table 1. It must
be noted that this table does not show all the
COVID-19 cases occurred in Ukraine. Many in-
fected persons are not identified, since they have
no symptoms. For example, employees of two
kindergartens and two schools in the Ukrainian
city of Chmelnytskii were tested for antibodies to
COVID-19 [20]. In total 292 people work in the
surveyed institutions. Some of the staff had already
fallen ill with COVID-19 or were hospitalized.
Therefore, they were tested and registered accor-
dingly. In the remaining tested 241 educators, an-
tibodies were detected in 148. Therefore, the num-
ber of identified patients (51) in these randomly
selected institutions was 3.9 times less than the ac-
tual number (51 + 148) of COVID-19 cases.

Many people know that they are ill, since
they have similar symptoms as other members of
families, but avoid making tests. Unfortunately,
one laboratory confirmed case can correspond to

Table 1: Cumulative numbers of laboratory confirmed Covid-19 cases in Ukraine Fj according to the national statistics [14, 15]

Number of cases (V)

Day (1)
December 2020 January 2021 February 2021 March 2021
1 758264 1069517 1223879 1357470
2 772760 1074093 1227164 1364705
3 787891 1078251 1232246 1374762
4 801716 1083585 1237169 1384917
5 813306 1090496 1241479 1394061
6 821947 1099493 1244849 1401228
7 832758 1105169 1246990 1406800
8 845343 1110015 1249646 1410061
9 858714 1115026 1253055 1416438
10 872228 1119314 1258094 1425522
11 885039 1124430 1262867 1438468
12 894215 1130839 1268049 1451744
13 900666 1138764 1271143 1460756
14 909082 1146963 1273475 1467548
15 919704 1154692 1276618 1477190
16 931751 1160682 1280904 1489023
17 944381 1163716 1287141 1504076
18 956123 1167655 1293672 1519926
19 964448 1172038 1299967 1535218
20 970993 1177621 1304456 1546363
21 979506 1182969 1307662 1554256
22 989642 1187897 1311844 1565732
23 1001132 1191812 1317694 1579906
24 1012167 1194328 1325841 1596575
25 1019876 1197107 1333844 1614707
26 1025989 1200883 1342016 1632131
27 1030374 1206412 1347849 1644063
28 1037362 1211593 1352134 1652409
29 1045348 1216278 — 1662942
30 1055047 1219455 - 1674168
31 1064479 1221485 — 1691737
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several other cases which are not confirmed and
displayed in the official statistics. The number of
cases in Ukraine reported by COVID-19 Data
Repository by the Center for Systems Science and
Engineering (CSSE) at Johns Hopkins University
(JHU) [16] is 2-3% higher than the Ukrainian na-
tional statistics [14, 15] yields (see [19]). Neverthe-
less, the special simulations will demonstrate a sig-
nificant incompleteness of both data sets.

Generalized SIR model

The classical SIR model for an infectious dis-
ease [9—11] was generalized in [21] to simulate dif-
ferent epidemic waves. We suppose that the SIR
model parameters are constant for every epidemic
wave, i.e. for the time periods:
i=123,..

*

L <t<t,,

Than for every wave we can use the equations,
similar to [9—11]:

das
= = —a,S1, 1
dt < (D
dl
= =S -p,1, 2
i P; (2)
dR
el 5 3
P (3)

Here S is the number of susceptible persons
(who are sensitive to the pathogen and not pro-
tected); / is the number of infected persons (who
are sick and spread the infection); and R is the
number of removed persons (who no longer spread
the infection; this number is the sum of isolated,
recovered, dead, and infected people who left the
region). It should be noted that the same person
can re-enter group S, having been during the pre-
vious waves in group R. This happens in the case
of re-infection, which is typical of the COVID-19
pandemic.

Parameters o; and p; are supposed to be

constant for every epidemic wave. Values a; show

how quick the susceptible persons become infected
(see (1)). These parameters accumulate many cha-
racteristics. First they shows how strong (virulent)
is the pathogen and what is the way of its spread-
ing. Parameters o; accumulate also the frequency

of contacts and the way of contacting. In order to
decrease the values of a;, we have to minimize the

number of our contacts and change our contacting
habits. For example, we have to avoid the public
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places and use masks there, minimize or cancel
traveling. We have to change our contact habits: to
avoid handshakes and kisses. First, all these simple
things are very useful to protect yourself. In addi-
tion, if most people follow these recommendations,
we have chance to diminish the values of parame-
ters o, and reduce the negative effects of the pan-

demic. According to (3) the values p; show the

patient removal rates. Then, the inverse values
1/p; are the estimations for time of spreading in-

fection t; during i-th epidemic wave. So, we are
interested in increasing the values of parameters p;
and decreasing 1/p;. People and public authorities

should work on this and organize immediate isola-
tion of suspicious cases.
Since the derivative d(S+ 1 + R)/dt is equal

to zero (it follows from summarizing Egs. (1)—(3)),
the sum

N;=8S+1+R 4)

must be constant for every wave. Many articles and
books state that the sum S+ 7+ R is equal to the
volume of population N,,,. Eq. (4) demonstrates

once again that this statement is incorrect, since
this sum can be different for different epidemic
waves in the same population. Some relationships

between N,,, and N, were discussed in [22] for

the fist COVID-19 pandemic waves in different
countries and regions.

To determine the initial conditions for the set
of equations (1)—(3), let us suppose that at the be-

ginning of every epidemic wave t; :
I¢)=1, Rt)=R, St;)=N,—I,-R. (5)

In [21] the set of differential equations (1)—(3)
was solved by introducing the function

V(t) = 1(t) + R(1), (6)

corresponding to the number of victims or the cu-
mulative confirmed number of cases. For many ep-
idemics (including the COVID-19 pandemic) we
cannot observe dependencies S(¢),/(r) and R(z).

But observations of the accumulated number of
cases V; corresponding to the moments of time
provide information for direct assessments of the
dependence V(¢). The corresponding analytical
formulas for this exact solution (taking into ac-

count initial conditions (5)) can be written as fol-
lows [21]:
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F (VN 1, R,v;) = 0;(t - 1), %
V
* du
F= ] —— ®)
g, Vi =UW,(U)

W(U)=v;In(N; -U)+U - R —v; In(N;, - R, - I)
S=N;,-V,R=V-1. )

Thus, for every set of parameters N;,[;, R;,v;
and a fixed value of V, integral (8) can be calcu-
lated and the corresponding moment of time can
be determined from (7). Then functions /() and
R(?) can be easily calculated with the use of formu-

las (9). The saturation levels S;_; V,, =N, -3,

(corresponding to the infinite time moment) and
the final day of the i-th epidemic wave (corres-
ponding to the moment of time when the number
of persons spreading the infection will be less then 1)
can be calculated with the use of equations avail-
able in [21].

Parameter identification procedure

In the case of a new epidemic, the values of
its parameters are unknown and must be identified
with the use of limited data sets. For the second
and next epidemic waves (i > 1), the moments of

time ti* corresponding to their beginning are known.

Therefore the exact solution (7)—(9) depend only
on five parameters — N;,I;,R,v;,a;, when the
registered number of victims V is a random reali-
zation of its theoretical dependence (6). If we as-
sume, that data set V; is incomplete and there is a
constant coefficient f; >1, relating the registered

and real number of cases during the i-th epidemic
wave:

V) =BV;, (10)
the number of unknown parameters increases by one.

Then the values V), corresponding to the
moments of time #, and relationship (10) can
be wused in eq. (8) in order to calculate

E;= E*(Vj,Ni,vi,I,-,R,-,B[) for every fixed values
of B;,NV;,v;,I;, R, and then to check how the regis-
tered points fit the linear dependence (7) which
can be rewritten as follows:

y = F;*(V’ N[JI',RDV[’B[) = Yt+e>

’ 11

Y =0, Oz—ait,-*.
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We can calculate the parameters y and 6, by
treating the values y; = F (V;,N,,I.,R,v,;,B;) and

ir%i»
corresponding time moments # as random va-
riables. Then we can use the observations of the

accumulated number of cases and the linear regres-
sion in order to calculate the coefficients y and 6
of the regression line

(12)

using the standard formulas (see, e.g., [23]). Values
v and 0 from eq. (12) can be treated as statistics-

based estimations for parameters y and 6 from rela-
tionships (11).

The reliability of the method can be checked
by calculating the correlation coefficients r; (see,
e.g., [23]) for every epidemic wave and checking
how close are their values is to unity. We can use
also the F-test [23] for the null hypothesis that says
that the proposed linear relationship (11) fits the
data set. Similar approach was used in [7, 8, 12,
13, 18, 19, 24, 25]. To calculate the optimal values
of parameters B;, N;,v;,1;, R, we have to find the

maximum of the correlation coefficient for the li-
near dependence (11).

The exact solution (7)—(9) allows avoiding nu-
merical solutions of differential equations (1)—(3)
and significantly reduces the time spent on calcula-
tions. A new algorithm [26] allows estimating the
optimal values of SIR parameters for the i-th epi-
demic wave directly (without simulations of the
previous waves). To reduce the number of un-
known parameters, we can use the relationship
V; =1, + R, which follows from (6) and (10). To

estimate the value V,, we can use the smoothed

i’

y=7t+6

accumulated number of cases [8]

lj:i+3
2V
j=i-3

_l'_

N

(13)

|

and the relationship V; ~ B,V; following from (10)

1

(i corresponds to the moment of time t: ). One
more relationship

1 dv

L=——0 | 14
" (N, V) dr 1= (1

can be obtained with the use of (4) and formula

av _ o, ST

o (15)
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(following from (2) and (3)). To estimate the aver-
age number of new cases dV/dt at the moment of
time t,.* in eq. (14), we can use the numerical dif-

ferentiation of (13):

dv 1 = _
_ ~=V.,-V. 16
It - 2( i+l 1—1) ( )

f.

and relationship (10). Thus we have only three in-
dependent parameters B;, N; and v;. To calculate
the value of parameter o;, some iterations can be

used (see details in [26]).

Results

First we have used the registered number of
cases [14, 15] for SIR simulations of two COVID-19
pandemic waves in Ukraine, i.e. we supposed that
B; =1 for i=9 and i=10. For calculations we

have used two time periods: T,, — December 11—
24, 2020 and T,,, — March 7—20, 2021. Corres-
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ponding values of V; and ¢ are listed in Table 1,
the number of observations »,= 14 in all the cases.
The optimal values of parameters and other cha-
racteristics of the ninth and tenth COVID-19 pan-
demic waves are calculated and listed in Table 2.
A similar SIR simulation of the 9th epidemic
wave in Ukraine has already been reported in [19],
but now we have managed to find a new (larger in
value) maximum of the correlation coefficient. It
can be seen, the optimal values of SIR parameters
are very different for two pandemic waves, but the
final sizes and the durations are rather close. As of
April 6, 2021 the registered number of COVID-19
cases in Ukraine (1,784,579) has already exceeded
the saturation level of the tenth epidemic wave
Viow = 1,783,175 (see last column in Table 2). It
means that without strict quarantine and vaccina-
tion we can have new epidemic waves and much
higher number of cases.

Table 3 illustrates the results of SIR simula-
tions with the non-prescribed values of B,. The

maximum of the correlation coefficients was

Table 2: Visible ninth and tenth COVID-19 pandemic waves in Ukraine. Results of calculations for optimal values of SIR parameters
and other characteristics based on the officially registered number of cases only (B;= 1)

Characteristics

9th epidemic wave, i =9

10th epidemic wave, i= 10

Time period taken for calculations T;

December 11—24, 2020

March 1124, 2021

I; 148,390.742887927 64,355.4797884056
R 732,364.542826359 1,374,292.66306874
N, 2,960,000 1,792,222.22222222
\Z 2,275,096.81932990 111544.458681424
o, 3.48830042313868e-08 4.01417611687886e-07
P 0.0793622119754996 0.0447759102009153
1/p; 12.6004552432172 22.3334376791643

r; 0.998201733486790 0.998330523577409
Sio 1,530,454 9,047

Ve 1,429,546 1,783,175

Final day of the epidemic wave

April 17, 2022

March 29, 2022

Table 3: Real characteristics of ninth and tenth COVID-19 pandemic waves in Ukraine. Results of calculations for optimal values of f;

SIR parameters, and other characteristics

Characteristics

9th epidemic wave, i=9

10th epidemic wave, i = 10

Time period taken for calculations 7T,

December 11—24, 2020

March 11-24, 2021

B; 4.1024 3.7
s 668,766.512528977 238,115.275217095
R 2,944,443.97158531 5,084,882.85335433
N, 12,307,200 6,631,222.22222222
v, 9626720.00517470 412,714.497121260
o 7.59399763733452¢-09 1.08491246402134¢-07
o; 0.0731052889745776 0.0447759102009154
1/p; 13.6789008569236 22.3334376791643
", 0.998205208046402 0.998330523577460
S, 6,372,870 33,474
5,934,330 6,597,748

)

Final day of the epidemic wave

July 24, 2022

August 16, 2022
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achieved at By =4.1024 and B;, = 3.7 for ninth

and tenth epidemic waves, respectively. These re-
sults testify that the main part of the epidemic in
Ukraine is invisible. The real numbers of COVID-19
cases are probably approximately 4 times higher
than registered ones. The real final size of the
tenth epidemic wave ¥}, is expected to be around

6.6 million. Unfortunately, we cannot expect for
the end of the pandemic before August 2022 (if
vaccinations will not change this sad trend).

As in the case of B, =1, the optimal values of

SIR model parameters are very different for ninth
and tenth epidemic waves. For example, ag is more

than 10 times smaller than o,,. It means that the

pathogen transmission rate has increased drastically.
Probably new, more virulent strains of coronavirus
have begun to spread widely in Ukraine. They could
also change the nature of the course of the disease.
In particular, Tables 2 and 3 show that for the
tenth wave, the estimate of the average duration
of the infection spread t; =1/p, increased sharply.

Knowing the optimal values of parameters,
the corresponding SIR curves can be easily calcu-
lated with the use of exact solution (7)—(9) and
compared with the pandemic observations before
and after corresponding 7. The results are shown
in the Figure by black and blue lines for ninth and
tenth waves, respectively. The solid lines show
complete accumulated number of cases (visible and
invisible); the dashed lines represent the complete

HASR

Numbers of persons and derivatives

ol

number of infected persons multiplied by 35, i.e.
1(¥)x5; dotted black lines represent the derivative
dV/dt (which is an estimation of the real daily
number of new cases) calculated with the use of
(15) and multiplied by 100; the black and blue
dashed-dotted lines show the dependences 1(¢)/q

and 1(¢)/Byy, respectively. "Circles” and "stars"

correspond to the accumulated numbers of cases
registered during periods of time taken for SIR si-
mulations 7, and beyond these time periods, re-
spectively (taken from Table 1).

Black and blue crosses illustrate the estima-
tions of the real average number of new daily cases
for ninth and tenth waves, since the corresponding
values were calculated by multiplying the derivative
(16) by 100B, and 100B,,, respectively. Figure

shows that stable increase in the daily number of
cases occurred after February 12, 2021. This may
be due to the abolition of the national lockdown
on January 24, 2021, the start of classes in schools
and universities, as well as the beginning of the
spread of more virulent strains of the coronavirus.
The crosses follow very good the theoretical black
and blue dotted lines (showing the same derivatives
calculated with the use of relationship (15)) for the
time periods close to 7, but deviate significantly
during the transition from the ninth to the tenth
epidemic wave. These facts indicate the adequacy
of the generalized SIR model and method of de-
termining the optimal values of parameters that
provide constant values of all coefficients during

Dec 1, 2020 Dec 16, 2020 Dec 31, 2020 Jan 16, 2021 Jan 31, 2020 Feb 14, 2021 Feb 28, 2021 Mar 15, 2021 Mar 31, 2021

Time in days

Figure: Real COVID-19 epidemic dynamics in Ukraine. Ninth and tenth waves are shown by black and blue lines, respectively (cal-
culated with the use of the optimal SIR parameters shown in Table 3). Numbers of victims V(¢) = I(¢) + R(t) — solid lines; numbers

of infected and spreading /(7) multiplied by 5 — dashed; derivatives dV/dt (eq. (15)) multiplied by 100 — dotted; dependences 1(¢)/By
and /(#)/B;, — black and blue dashed-dotted lines, respectively. "Circles” correspond to the accumulated numbers of cases taken for
calculations (during periods of time 7;); "stars" — number of cases beyond 7 (all values from Tablel). The black and blue "crosses”
show derivative (16) multiplied by 1008, and 100 B,,, respectively
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the period of time used to calculate them. It
should be noted that our attempts to determine the
optimal values of the model parameters using data
in the transition period (February 12—25, 2021)
were unsuccessful (failed to find the maximum
correlation coefficient).

In the theoretical estimations for the tenth
pandemic wave, the number of persons spreading
the infection diminishes drastically in January 2021
(see the dashed blue line in the Figure). In par-
ticular, /=1 at the time moment corresponding to
January 23, 2021. This fact can be treated as the
estimation of beginning of the circulation of a new
strain (or strains) of coronavirus, which became
dominant in late March 2021. The blue dotted line
shows that the real number of new daily cases (es-
timated with the use of (15)) started to diminish in
late March 2021. We don't see this tendency for
the registered number of cases (see blue crosses).
Probably, the visibility of the epidemic has in-
creased (more real cases started to appear in the
official statistics) or there were some changes in
the coronavirus activity. Further observations of the
pandemic dynamics will show what exactly caused
the differences. New calculations using more re-
cent datasets may be required.

Discussion

According to the results of our study, we can
only say that in the case of suitability of the gene-
ralized SIR model, the values of B, and other op-

timal values of its parameters (given in Table 3) are
the most reliable (provide the maximum values of
the correlation coefficients). Therefore, we used
additional methods to verify the calculations and
showed some results in Fig. The black and blue
dashed-dotted lines represent dependences 1(¢)/;

which must be close to the registered number of
cases (red stars). The coincidence is very good for
corresponding epidemic waves.

The calculated coefficients of epidemic visibil-
ity By =4.1024 and B;, = 3.7 correlate with the

results of testing employees of two kindergartens
and two schools in the Ukrainian city of Chmel-
nytskii [20] which revealed the value 3.9. Probably
that large discrepancy between registered and ac-
tual number of cases occurred not only in Ukraine.
For example, total testing in Slovakia (65.5% of
population was tested on October 31—November 1,
2020) revealed a number of previously undetected
cases, equal to about 1% of the population [27].
On November 7 next 24% of the population was
tested and found 0.63% of those infected [28].
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According to the WHO report at the end of Octo-
ber, the number of detected cases in Slovakia was
also approximately 1% of population [1].

The knowing of real sizes of the COVID-19
pandemic is very important not only from the
theoretical point of view. For example, the infor-
mation about the real dependence (7) is important
to estimate the probability of meeting an infected
person with the use of simple formula [29]:

()

NPOP

() = (17)

As of March 31, 2021 the theoretical estima-
tions (with the use of parameters presented in the
last column of Table 3) yield the value /= 655380
(see the blue dashed line in Fig.). Then the proba-
bility p can be estimated as 0.015 for Ukraine. If
only officially registered cases are taken into ac-
count, the corresponding probability will be ap-
proximately four times lower. Knowing the real
value of probability p is very important for people
who are forced to have a lot of contacts, since for
M contacts, the probability of meeting at least one
infected increases according to the formula [29]:

P=1-(-pM ~ pM.

Real number of infected people and formu-
la (17) can be useful for deciding which countries'
citizens are welcome guests after the resumption of
international passenger traffic. If p,(¢) > pp(¢) for

countries A and B, citizens of A are not welcome
guests in country B at the moment of time 7. Many
authors are and will be trying to predict the
COVID-19 pandemic dynamics in many countries
and regions (see, e.g., [2,4, 68, 13, 17—19, 30—93]).
The results of this study indicate that reliable esti-
mates of the dynamics require consideration of in-
complete data and constant changes of the condi-
tions (quarantine restrictions, social distancing, co-
ronavirus mutations, etc.).

Conclusions

The parameter identification procedure for
generalized SIR model was improved in order to
estimate the coefficients of data incompleteness. Its
application for two pandemic waves in Ukraine has
demonstrated that the real number of COVID-19
cases is approximately four times higher than those
confirmed by tests and shown in official statistics.
Probably, this situation is typical for other countries
(with their own values of visibility coefficients). The
reassessments of the COVID-19 pandemic dynamics
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I.T. Hectepyk

1IHch/lTyT rinpomexaHikn HAHY, Kuis, YkpaiHa
KMl im. Iropsi Cikopcbkoro, Kuis, YkpaiHa

BMAUMI TA PEAJIbHI MACLUTABU HOBUX XBUIb MAHOEMII COVID-19 B YKPAIHI

Mpo6nemartuka. [ina mogentoBaHHA AvHamiku naHgemii COVID-19 mMoxyTb OyTW BUKOpUCTaHi pi3Hi Habopu AaHux Ta pi3Hi MaTemaTuyHi
Mogzeni. 3okpema, nonepeaHi MoAentoBaHHa Ans YkpaiHu 6a3yBanuncb Ha 3rnampkyBaHHi 3anexHOCTi KiNbKoCTi BUNafkiB Big vacy, kna-
CMYHMX Ta y3aranbHeHunx SIR-mopensax (cnpunHATNMBI—iHdikoBaHi—BMAaneHi). PisHi MeToan ModentoBaHHS Ta NOpiBHAHHS GasyBanucb
Ha OiLiHUX AaHUX NPO HaKOMUYeHY KiNbKiCTb nabopaTopHO NiaTBEpAXEHUX BUNAAKIB i 4aHMX, NOBIAOMMNEHNX YHiBepcuteToM [KoHa
XonkiHca. Ockinbku o6uasa Habopy AaHWUX € HEMOBHUMM (OyXe BENUKUIA BiJCOTOK 3apaXeHUX He MatTb CUMMTOMIB), TO TOYHICTb pO3-
PaxyHKiB i NPOrHO3iB € 06MexeHo. Y Ui poboTi M1 cnpobyemo OLiHUTU CTYMiHb HEMOBHOTU AaHWX | BUNPaBWTY BiANOBIAHI NPOrHO3N.
MeTa. Mu ouiHIOEMO pearbHi po3mipy ABOX HOBUX enigemMidHMX XBumb B YKpaiHi Ta NOPIBHIOEMO iX i3 BUAMMOI OUHAMIKOK Ha OCHOBI
odiliiHOT KinbKoCTi NabopaTopHo NiATBEPAXEeHUX BUNaakKiB. TakoX My OLIHKEMO TpUBanicTb enigemii Ta 0CTaToYHY KinbKiCTb BUNAAKIB.
MeToauka peanisauii. BukoprctaHo y3araneHeHy SIR-mogenb anst anHamikv enigemii Ta il BigoMuin TouHUIA po3B’sa3ok. Binomun cra-
TUCTMYHWI NiAXiA 3aCTOCOBAHO AN TOro, Wo6 BU3HAYMTM SK CTYMiHb HEMOBHOTU AaHuX, Tak i napameTpu SIR-mogeni.

Pe3ynbTaTt. Y0CKOHanNeHo MeTon OLiHKM HEBIOMUX NapameTpiB y3aranbHeHoi SIR-Mogeni Ta po3paxoBaHO onTUMarbHi 3Ha4YeHHS
napameTpiB. 3okpema, KoedilieHT BUOUMOCTI Ta ONTUMarbHi 3HAYEHHS NapameTpiB MoAeni OUiHEHO AN ABOX NaHAEMIYHUX XBWUMb B
YkpaiHi, wo Biabynuce y rpyaHi 2020—6epesHi 2021 pp. Po3paxoBaHo YacoBi 3aneHOCTi ANs pearnbHOi KiNbKOCTi BUNaaKiB Ta peanbHoi
KiNbKOCTI XBOPMX, WO MOLIMPIOKTL iHekuito. MNpeactaBneHo NporHo3n peanbHUX KiHLEBUX PO3MIpIB i TpMBanocTi naHaeMii B YKpaiHi.
AKLLIO NOTOYHI TeHAEHLIT 36epexyTbCs, 3aKiHYeHHA NnaHaeMii cnif oYvikyBaTu He paHile ceprHs 2022 poky.
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BucHoBku. 3anponoHoBaHO HOBUI MeTof iAeHTUdiKaLii HeBIJOMUX NapameTpiB Ans y3aranbHeHoi SIR-Mogeni, Akuii gae 3amMory Takox
OLHUTK KOedILIEHTN HENMOBHOTUN AaHUX. Moro 3acToCyBaHHA AN ABOX NaHAEMIYHUX XBWUMb B YKpaiHi NpogeMOoHCTpyBano, Wo peanbHa
KinbKiCTb BMNagkiB 3axsoptoBaHHSA Ha COVID-19 npmbnv3Ho B 4OTMPW pasu NepeBuLLy€E MOKa3HWKM OiLinHOi cTaTucTukn. Moxnuso,
Taka cuTyauisi xapakTepHa i Ans iHwux kpaiH. HeobxigHi nepeouiHka agnHamikn naHgemii COVID-19 B iHWKNX KpaiHax M yTOYHEHHS CBITO-
BWX NPOrHO3iB.

KniouoBi cnoBa: naHgemis COVID-19; guHamika enigemii B YkpaiHi; maTemaTuyHe MOAEMNOBaHHA iH(PEKLiMHNX 3aXBOPIOBaHb;
SIR-mogenb; igeHTudikauia napameTpis; CTaTUCTUYHI MeToaM.

W.I". Hectepyk

"“YucTuTyT runpomexannku HAHY, Kues, YkpanHa
KM um. Uropst Cukopckoro, Knes, YkpanHa

BMOWMBIE U PEAJIbHBIE MACLUTABbI HOBbIX BOJIH MAHOEMMM COVID-19 B YKPAUHE

Mpo6nemartuka. [ins mogenupoBaHns AnHamukn naHgemum COVID-19 moryT ncnonb3oBaTbCs pa3nuyHble Habopbl AaHHbLIX U pasnuy-
Hble mMaTematudeckne mopenu. B uvacTtHocTw, npedbigyllee mopenuposaHue Ans YKpauHbl OCHOBbLIBANOCb Ha CriaxuBaHUW 3aBu-
CMMOCTM KONMYEeCTBa CriyyaeB OT BPEMeHM, knaccuyeckon n obobuieHHon SIR-mogensx (BocnpumMynBble—MH(ULMPOBaAHHbIE—
yAaneHHble). PaznuyHblie MeToabl MOAENMPOBAHNSA U CpaBHEHNS Oblnv OCHOBaHbI Ha 0ULMANbHbBIX AAaHHBIX O HAKOMMEHHOM KOonunyec-
TBE NnabopaTopHO NOATBEPXAEHHBIX CIy4aeB U AaHHbIX, NPeAcTaBreHHbIX YHuBepcuteTom [ioHa XornkuHca. Mockonbky oba Habopa
AaHHbIX HEeMNorHbl (OYeHb GONbLLOW NPOLEHT MHULIMPOBAHHBIX NOAEN HE UMEKT CUMMTOMOB), TO TOYHOCTb PacyeToB M NPOrHO30B
orpaHuyeHa. B aTon cTtatbe Mbl nocTapaeMcs OLEHWUTb CTeNeHb HEMOSHOThI AAHHBIX M CKOPPEKTMPOBaTb COOTBETCTBYHOLLME NPOrHO3bI.
Llenb. Mbl onpegensieMm peanbHble pa3Mepbl ABYX HOBbIX 3NNAEMUYECKNX BOSH B YKpauHe u CpaBHMBaEM UX C BUOUMOWN AUHAMUKON Ha
OCHOBe ohMLManbHOro KonmyecTea nabopaTopHO NOATBEPXKAEHHBIX CrydYaeB. Takke Mbl OLeHUBaEM NPOAOIHKUTENbHOCTb ANMAEMUN 1
OKOHYaTemnbHOe KONMYecTBO criy4yaeB 3aboneBaHus.

MeTtoauka peanusaumm. Vicnonb3oBaHbl 0606wWeHHast SIR-mogenb Anst AMHAMUKM 3MMOEMUM U €€ U3BECTHOE TOYHOE peLLeHue.
M3BeCTHbIN CTaTUCTUYECKNIA MOAXOA NCNOMb30BaH ANs onpedeneHns CTeneHn HeMomnHoOThl AaHHbIX M napameTpos SIR-mogenu.
PesynbTaTtbl. YCOBepLUeHCTBOBaHa MeTOAMKa OLEHKM HEeU3BECTHbIX mapameTpoB o0606LieHHor SIR-mopenu, u paccyutaHbl onTu-
MarbHble 3HaYeHUs napameTpoB. B yacTHOCTH, oLeHeHbl KO3 MULIMEHTbI BUANMOCTU U ONTUMAsbHbIE 3HA4YEHNS NapamMeTpoB MoAenu
Ans ABYX BOSH NaHAemumn B YKpavHe, npousoLlealwnx B nepuog ¢ aekabps 2020 roga no mapt 2021 roga. PaccumTaHbl peanbHoe Ko-
NMYeCTBO CryyaeB U peanbHOE KONMMYECTBO NaLMEHTOB, PacnpoCTPaHSAIWNX MHApEKLMIO, B 3aBUCMOCTH OT BpeMeHu. [peacraBneHbl
NPOrHO3bl pearnbHbIX OKOHYaTENMbHbLIX PasMepoB U NPOAOIKUTENBHOCTU NaHAemMumn B YkpauHe. Ecnn Tekylume TeHAEeHUMN CoXpaHsATCS,
OKOHYaHWsi NaHO4eMUM criedyeT oxuaaTb He paHee aBrycta 2022 roga.

BbiBoAbl. [peanoxeH HOBbI MeTOA MAEHTUMKALMN HEU3BECTHLIX NapaMeTpoB Ans ob6obweHHon SIR-mogenu, KOTopbI No3BonseT
TaKke oueHmBaTb KO3MMULMEHTbI HENOMHOTLI AaHHbIX. Ero ncnons3osaHve Ana AByx BOMH NaHAemMun B YKpauHe rnokasano, 4To pe-
anbHoe konunyecTso cnyyaeB COVID-19 npumepHo B YeTbipe pasa Bbllle, YeM ykasaHo B oduumanbHow ctatuctuke. BoamoxHo, Takas
cuTyaums TUNWMYHa W ANS Apyrux cTpaH. Heobxoaumbl nepeoueHka AnHamukn naHgemun COVID-19 B gpyrux cTpaHax U yTOuHeHve
MUPOBbIX MPOrHO30B.

KnioueBble cnoBa: naHgemuss COVID-19; guHamuka anMaemMun B YkpanHe; maTemaTMyeckoe MogenmpoBaHme MHMEKLMOHHBLIX
3aboneBaHuit; SIR-Mogenb; naeHTudmMKauus napameTpoB; CTaTUCTUYECKNE MeTOAbI.



