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Background. To simulate how the number of COVID-19 cases increases versus time, various data sets and
different mathematical models can be used. Since there are some differences in statistical data, the results of
simulations can be different. Complex mathematical models contain many unknown parameters, the values

of which must be determined using a limited number of observations of the disease over time. Even long-
term monitoring of the epidemic may not provide reliable estimates of the model parameters due to the con-
stant change of testing conditions, isolation of infected, quarantine conditions, pathogen mutations, vaccina-
tions, etc. Therefore, simpler approaches are necessary. In particular, previous simulations of the COVID-19
epidemic dynamics in Ukraine were based on smoothing of the dependence of the number of cases on time
and the generalized SIR (susceptible—infected—removed) model. These approaches allowed detecting the
pandemic waves and calculating adequate predictions of their duration and final sizes. In particular, eight
waves of the COVID-19 pandemic in Ukraine were investigated.

Objective. We aimed to detect the changes in the pandemic dynamics and present the results of SIR simu-
lations based on Ukrainian national statistics and data reported by Johns Hopkins University (JHU) for
Ukraine and Qatar.

Methods. In this study we use the smoothing method for the dependences of the number of cases on time,
the generalized SIR model for the dynamics of any epidemic wave, the exact solution of the linear differen-
tial equations, and statistical approach for the model parameter identification developed before.

Results. The optimal values of the SIR model parameters were calculated and some predictions about final
sizes and durations of the epidemics are presented. Corresponding SIR curves are shown and compared with
the real numbers of cases.

Conclusions. Unfortunately, the forecasts are not very optimistic: in Ukraine, new cases will not stop appear-
ing until June—July 2021; in Qatar, new cases are likely to appear throughout 2021. The expected long dura-
tion of the pandemic forces us to be careful and in solidarity. Probably the presented results could be useful
in order to estimate the efficiency of vaccinations.

Keywords: COVID-19 pandemic; epidemic dynamics in Ukraine; epidemic dynamics in Qatar; mathematical

modeling of infection diseases; SIR model; parameter identification; statistical methods.

Introduction

The studies of the COVID-19 pandemic dy-
namics in Ukraine are presented in [1—3] and
summarized in the book [4]. Some SEIR (suscep-
tible—exposed—infected—removed) and SEIRD (sus-
ceptible—exposed—infected-removed—dead) simula-
tions of the pandemic dynamics in Qatar can be
found in [5, 6]. For Ukraine, different simulation
and comparison methods were based on official ac-
cumulated number of laboratory confirmed cases [7,
8] (national statistics). These figures coincides with
the official WHO data sets [9]. Unfortunately,
WHO stopped to provide the daily information in
August 2020. In this study we will use also the in-
formation from COVID-19 Data Repository by the

Center for Systems Science and Engineering (CSSE)
at Johns Hopkins University (JHU) [10].

The classical SIR model [11, 12], connecting
the number of susceptible S, infected and spread-
ing the infection I and removed R persons, was
applied in [1, 4] to simulate the first pandemic
wave in Ukraine. The unknown parameters of this
model were estimated with the use of the cumula-
tive number of cases V=1 + R and the statistics-
based method of parameter identification develo-
ped in [1, 4].

The weakening of quarantine restrictions,
changes in the social behavior and the coronavirus
activity causes change in SIR characteristics and
the epidemic dynamics. To detect these changes,
a simple method of numerical differentiations of
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accumulated number of cases was proposed in [2, 4].
To simulate these new pandemic waves, the SIR mo-
del was generalized in [2—4]. In [2, 4] the results of
simulation of the first six epidemic waves in Ukraine
are presented with the use of a procedure for se-
quentially determining the parameters of the model
for each epidemic wave, starting with the first one.

This method requires considerable efforts and
time. The book [4] introduced a new algorithm for
determining the optimal parameter values for a
particular epidemic wave without calculating the
dynamics of previous waves and presented calcula-
tions for the seventh epidemic wave in Ukraine.
The eighth epidemic wave in Ukraine were simu-
lated in [3] with the use of this approach. In this
paper, we will analyze the dynamics of the epi-
demic in Ukraine and Qatar in the period from
December 1, 2020 to February 20, 2021 and make
some predictions.

Materials and Methods

Data

We will use two data sets regarding the accu-
mulated numbers of confirmed COVID-19 cases in
Ukraine: the official information from national sour-
ces [7, 8] — V}, and data set V), from the COVID-19
Data Repository by the Center for Systems Science
and Engineering (CSSE) at Johns Hopkins Univer-
sity (JHU) [10]. These values and corresponding
moments of time # (measured in days, zero point is
November 30, 2020) are shown in Table 1.

Detection of epidemic waves

To control the changes of epidemic parame-
ters, we can use daily numbers of new cases and
their derivatives. Since these values are random, we
need some smoothing. For example, we can use
the smoothed daily number of accumulated cases
proposed in [2—4]:

3
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The first and second derivatives can be esti-
mated with the use of following formulas:
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Generalized SIR model

The classical SIR model for an infectious dis-
ease [11, 12] was generalized in [2—4] to simulate
different epidemic waves. We suppose that the SIR
model parameters are constant for every epidemic
wave, i.e. for the time periods:

*

L <t<t,,

i=1,23,..

Then for every wave we can use the equations,
similar to [11, 12]:

a5 _ g s, )
dt
di
Yo, ST—p,1, 5
o Pi (5
dR
= =p.1, 6
P (6)

where § is the number of susceptible persons (who
are sensitive to the pathogen and not protected);
I is the number of infected persons (who are sick
and spread the infection; please don’t confuse with
the number of still ill persons, so known active cases)
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). Parameters o, and p, are

supposed to be constant for every epidemic wave.
Parameters o; show how quick the susceptible

persons become infected (see (4)). Large values of
this parameter correspond to severe epidemics with
many victims. These parameters accumulate many
characteristics. First they shows how strong (viru-
lent) is the pathogen and what is the way of its
spreading. Parameters a; accumulate also the fre-

quency of contacts and the way of contacting. In
order to decrease the values of o;, we have to mi-

nimize the number of our contacts and change our
contacting habits. For example, we have to avoid
the public 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 your-
self. In addition, if most people follow these rec-
ommendations, we have chance to diminish the
values of parameters o; and reduce the negative

effects of the pandemic.
The parameters p; characterize the patient

removal rates, since eq. (6) demonstrates the in-
crease rate of R. The inverse values 1/p, are the
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Table 1: Cumulative numbers of confirmed Covid-19 cases in Ukraine and Qatar

. NC in . . . . NC in
DDay n Ukraine, Nc.m NC in Qatar, Day in NCin Ukrame, NC.m NC in Qatar, Day in Ukraine, NC in Qatar,

ecember Nati Ukraine, National Ukraine, .

2020 at}opal JHU JHU January statistics JHU [10] JHU February Nat}opal JHU
: ’ statistics [10] ¥, [10] V5 2021 [7.8] V. v [10] V3 2021 statistics [10] V;
/ [7, 81V, ! o 2 (7, 81 V;

1 758264 765117 139001 1 1069517 1096855 144042 1 1223879 151720
2 772760 778560 139256 2 1074093 1102256 144240 2 1227164 152095
3 787891 793372 139477 3 1078251 1107137 144437 3 1232246 152491
4 801716 808828 139643 4 1083585 1111631 144644 4 1237169 152898
5 813306 822985 139783 5 1090496 1117256 144852 5 1241479 153296
6 821947 834913 139908 6 1099493 1124482 145061 6 1244849 153690
7 832758 843898 140086 7 1105169 1133802 145271 7 1246990 154098
8 845343 855054 140203 8 1110015 1139800 145466 8 1249646 154525
9 858714 867991 140353 9 1115026 1144943 145672 9 1253055 155002
10 872228 881727 140516 10 1119314 1150265 145865 10 1258094 155453
11 885039 895620 140680 11 1124430 1154850 146068 11 1262867 155901
12 894215 908839 140827 12 1130839 1160243 146279 12 1268049 156351
13 900666 918444 140961 13 1138764 1166958 146480 13 1271143 156804
14 909082 925321 141121 14 1146963 1175343 146689 14 1273475 157244
15 919704 934161 141272 15 1154692 1183963 146885 15 1276618 158132
16 931751 945218 141417 16 1160682 1192114 147089 16 1280904 158138
17 944381 957692 141557 17 1163716 1198512 147277 17 1287141 158591
18 956123 970758 141716 18 1167655 1201894 147504 18 1293672 159053
19 964448 982937 141858 19 1172038 1206125 147729 19 1299967 159518
20 970993 991700 142001 20 1177621 1210854 148000 20 1304456 159967
21 979506 998678 142159 21 1182969 1216780 148258 - - -
22 989642 1007627 142308 22 1187897 1222459 148521 - - -
23 1001132 1018199 142448 23 1191812 1227723 148772 - - -
24 1012167 1030125 142605 24 1194328 1231965 149019 - - -
25 1019876 1041583 142734 25 1197107 1234772 149296 - - -
26 1025989 1049717 142903 26 1200883 1237810 149595 - - -
27 1030374 1056265 143062 27 1206412 1241863 149933 - - -
28 1037362 1061074 143222 28 1211593 1247674 150280 - - -
29 1045348 1068476 143428 29 1216278 1253127 150621 - - -
30 1055047 1076880 143621 30 1219455 1258093 150984 - - -
31 1064479 1086997 143834 31 1221485 1261546 151335 - - -

Notes. NC denotes the number of cases. V;; — National statistics [7, 8], V, and V; — according to COVID-19 Data Repository by the Center for Systems Science and Engineering
(CSSE) at Johns Hopkins University (JHU) [10].
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estimations for time of spreading infection t; dur-
ing i-th epidemic wave. So, we are interested in
increasing the values of parameters p; and de-
creasing 1/p;. People and public authorities should
work on this and organize immediate isolation of
suspicious cases.

Since the derivative d(S+ I + R)/dt is equal
to zero (it follows from summarizing Egs. (4)—(6)),
the sum

N, =S+1+R )

must be constant for every wave and is not the vo-
lume of population.

To determine the initial conditions for the set
of equations (4)—(6), let us suppose that at the be-
ginning of every epidemic wave ¢, :

16))= 1, RG)=R, S@)=N,~I,~R. )

It follows from (4) and (5) that

dl Vi p i

o, v, =1 9

as~s 0 Vi, ©)
Integration of (9) with the initial conditions (8)

and taking into account (7) yields:

I=v,InS-S+N,—R —v,In(N, - I, - R). (10)

It follows from (9) that function / has a max-
imum at § =v; and tends to zero at infinity. The

corresponding number of susceptible persons at in-
finity S;, >0 can be calculated from the non-

linear equation:

N.
Siw =(N;=1; -R)e (11)
Formula (11) follows from (10) at /=0.
In [2—4] the set of differential equations (4)—
(6) was solved by introducing the function

V(t)=1(t)+ R(?), (12)

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(¢)

but observations of the accumulated number of
cases V; corresponding to the moments of time
provide information for direct assessments of the
dependence V(¢).

It follows from (5) and (6) that:

Innov Biosyst Bioeng, 2021, vol. 5, no. 1

4V _ sl (13)
dr
Egs. (7). (10) and (13) yield:
% - 0,(N,~V)G.(V), (14)

G(V)=v;In(N, =V)+V =R -v,In(N, - R, - I,).

Integration of (14) provides an analytical so-
lution for the set of equations (4)—(6):

FE (VN 1, R.v) = o,(t 1)), (15)
4
" dU
F = —_— (16)
R,-t[l,- (Nl _U)GI(U)
Thus, for every set of parameters N,,I;, R,

v;,0; and a fixed value of V, integral (16) can be
calculated and the corresponding moment of time
can be determined from (15). Then functions I(7)
and R(#) can be easily calculated with the use of

formulas (10) and:

S=N-V,R=V-1I. (17)

The final numbers of victims (final accumu-
lated number of cases corresponding to the i-th
epidemic wave) can be calculated from:

I/ioozjvi_‘s'ioo' (18)
To estimate the final day of the i-th epidemic
wave, we can use the condition:

I(ty) =1 (19)

which means that at 7> ty less than one person
still spreads the infection.
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 first wave
of an epidemic starting with one infected person,
the number of unknown parameters is only four,
since /; =1 and R, =0. The corresponding statis-
tical approach was used in [1, 4] to simulate the
first COVID-19 pandemic wave in Ukraine and
many other countries.

For the next epidemic waves (i > 1), the mo-
ments of time t,-* corresponding to their beginning

are known. Therefore the exact solution (15)—(17)
depends only on five parameters — N,,I;, R, v;,a,;.

[0 R A
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Then the registered number of victims ¥, corres-
ponding to the moments of time # can be used in
eq. (16) in order to calculate

Fj = Nivi I, R)

IR R

for every fixed values of N,;,v;,/;, R, and then to

check how the registered points fit the straight
line (15).
Eq. (15) can be rewritten as follows:

y=EW,N,I,R (20)

*
i dis Riyvi) = oyt —out; .

Assuming

21)

y=0a;, B=-0

we can estimate the values of parameters y and B,
by treating the values y; = F; (V;,N;,1;, R.,v;) and

%
corresponding time moments 7 as random variables
Then we can use the observations of the accumu-

lated number of cases and the linear regression in
order to calculate the coefficients ¥ and B of the
regression line

y=7+p (22)
using the standard formulas from, e.g., [13]. Values
v and B can be treated as statistics-based estima-

tions of parameters y and B from relationships (21).

The reliability of the method can be checked
by calculating the correlation coefficients r; (see
e.g., [13]) for every epidemic wave and checking
how close its value is to unity. We can use also the
F-test for the null hypothesis that says that the
proposed linear relationship (20) fits the data set.
The experimental values of the Fisher function can
be calculated for every epidemic wave with the use
of the formula

2
17 (n; —m)

=Ry m-1) 29

where »; is the number of observations for the i-th
epidemic wave, m = 2 is the number of parameters
in the regression equation. The corresponding ex-
perimental value F; has to be compared with the
critical value Fr-(k;,k,) of the Fisher function at a

desired significance or confidence level (k; =m—1,
k, =n; —m). When the values n, and m are fixed,

the maximum of the Fisher function coincides with
the maximum of the correlation coefficient. The-
refore, to find the optimal values of parameters

41

N:.,v.,I.,R., we have to find the maximum of the

P> Vis >t
correlation coefficient for the linear dependence (20).
To compare the reliability of different predictions
(with different values of #,) it is useful to use the
ratio F;/F-(1,n; —2) at fixed significance level. We

will use the level 0.001; corresponding values of
F-(1,n, —2) can be taken from [14]. The most re-
liable prediction yields the highest F;/Fq(1,n; -2)
ratio.

The exact solution (15)—(17) allows avoiding
numerical solutions of differential equations (4)—(6)
and significantly reduce the time spent on calcula-
tions. In the case of sequential calculation of epi-
demic waves i = 1, 2, 3..., it is possible to avoid
determining the four optimal unknown parameters
N;,v;,1;, R, thereby reducing the amount of cal-

culations and difficulties in isolation a maximum of
the correlation coefficient. For parameters 7;, R; it

is possible to use the numbers of [/ and R calcu-
lated for the previous wave of epidemic at the
moment of time when the following wave began.

Then we need to calculate values F, (V;, N,,v;), li-

1271
near regression coefficients (22), correlation coeffi-
cient r, F,/F-(1,n-2) and to isolate the values of

parameters N; and v, corresponding to the maxi-

mum of r. Knowing the optimal values of five pa-
rameters N.,I.,R,v;,a;, the SIR curves and other

P s N> Vi Yo
characteristics of the corresponding epidemic wave
can be calculated with the use of formulas (10)—(17).
This approach has been successfully used in [2, 4].
In particular, six waves of the Covid-19 epidemic
in Ukraine and four pandemic waves in the world
were calculated.

Segmentation of epidemic waves and their se-
quential SIR simulations need a lot of efforts. To
avoid this, a new method of obtaining the optimal
values of SIR parameters was proposed in [3, 4].
First of all we can use the relationship

Vi=I,+R (24)

which follows from (12). To estimate the value V;
we can use the smoothed accumulated number of

cases (e.g., formula (1)). Then

Jj=i+3

1
Vﬁ;ZVJ

j=i-3

(25)

where i corresponds to the moment of time 7,. To
obtain one more relationship, let us use (7) and (13)
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1 dv

J =—— " | .. 26
"o (N; =V de 1 (26)

To estimate the average number of new cases
dV/dt at the moment of time #;, we can use (2).

Thus the dependences (24)—(26) allow us to have

only two independent parameters N, and v;. To

calculate the value of parameter o;, some itera-
tions can be used (see details in [4]).

Results

The COVID-19 pandemic characteristics for
Ukraine and Qatar after December 1, 2020 are shown
in Figs. 1 and 2. "Circles", "triangles", and "stars"
correspond to the accumulated numbers during pe-
riod of time taken for SIR simulations 7: Decem-
ber 11—24, before T, and after 7, respectively.
The derivatives of the smoothed number of cases
(see eq. (1)) are represented by "crosses" (the first
derivative, eq. (2)) and "dots" (the second deriva-
tive, eq. (3)). In Fig. 1, the red color corresponds
to the Ukrainian national statistics [7, 8]; black —
to JHU data [10]. There is significant differences
in two data sets visible in Fig. 1. The numbers of
cases reported by JHU in January 2021 are
30,000—40,000 higher than those presented by the
national statistics [7, 8]. However, both data sets are
probably incomplete. We will discuss this issue later.

"Dots" in Fig. 2 illustrate some increases in
the second derivatives in late December and after

Innov Biosyst Bioeng, 2021, vol. 5, no. 1

the middle of January, which can be treated as the
new epidemic waves in Qatar. The increase in the
average number of new cases ("crosses” in Fig. 2
showing the values of the first derivative (2)) con-
firm this conclusion. Severe jumps of the second
derivative on February 11—12 are probably caused
by data irregularities.

The results of SIR simulations are shown in
Table 2 and Figs.1 and 2. Since eight epidemic
wave was already calculated for Ukraine [1—4], we
took the period T, December 11—24, 2020 to cal-
culate the ninth epidemic wave in Ukraine with
the use of two datasets (presented in Table 1). We
have used the same period 7, and the JHU data set
(see Table 1) to calculate the optimal parameters
of SIR model and other epidemic characteristics
for Qatar. Since previous epidemic waves in this
country were not simulated before, we use the
name “second” for this wave. The number of ob-
servations taken for calculations »; was 14 in all the
cases.

It can be seen that two data sets yield rather
different values of the optimal parameters for the
ninth epidemic wave in Ukraine (especially for N,
Sy, and vg), nevertheless the final sizes of this

wave V,, and pg are rather close; the duration

based on the national statistics is one month longer
in comparison with the calculations based on JHU
data set. Both simulations for the ninth epidemic
wave in Ukraine yield slightly higher final sizes in
comparison with the eighth wave calculated in [3].

S
14 <10 |
g
5]
o
=)
—
X
~
3
+
~
Il
~
g
g
Gt
5
g
O
g
3
“ el L Lt i | \
Dec 1, 2020 Dec 16, 2020 Dec 31, 2020 Jan 15, 2021 Jan 31, 2021 Feb 15, 2021

Time in days

Figure 1: Pandemic dynamics in Ukraine (markers) and SIR simulations (lines) calculated with the use of data sets from Tables 1
and 2: national statistics [7, 8] (red) and data set reported by JHU [10] (black). Numbers of victims V(¢) = I(t) + R(t) — solid lines;
numbers of infected and spreading /(7) multiplied by 10 — dashed; derivatives dV/dt (eq. (13)) multiplied by 10 — dotted. Markers
show accumulated numbers of cases V; and V), from Table 1 and derivatives. "Circles" correspond to the accumulated numbers of
cases taken for calculations (during period of time T7); "triangles” — numbers of cases before T; "stars" — number of cases after T,.
"Crosses” show the first derivatives (eq. (2)) multiplied by 10, "dots" — the second derivative (eq. (3)) multiplied by 1000
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Figure 2: Pandemic dynamics in Qatar (markers) and SIR simulations (lines) calculated with the use of data sets from Tables 1 and
2. Numbers of victims W(t) = I(t) + R(t) — solid lines; numbers of infected and spreading /(¢) multiplied by 100 — dashed; deriva-
tives dV/dt (eq. (13)) multiplied by 100 — dotted. Markers show accumulated numbers of cases Vj; from Table 1 and derivatives.
"Circles" correspond to the accumulated numbers of cases taken for calculations (during period of time 7.); "triangles” — numbers
of cases before T, "stars" — number of cases after 7.. "Crosses" show the first derivatives (eq. (2)) multiplied by 100, "dots" — the

second derivative (eq. (3) ) multiplied by 1000

Table 2: Calculated optimal values of SIR parameters and other characteristics of the COVID-19 pandemic waves in Ukraine and

Qatar

. Ukraine, 9" wave
Characteristics g >

Ukraine, 9" wave, i = 9

Qatar, 2" wave,

i=9 (HU), V, (National statistics), V; i=2HU), V,

I 62,384.6901000672 59,686.0031221196 581.685205791480

R; 830,900.452757076 821,069.282592166 140,084.171937066
N, 1,524,200.0384 2,037,235.2 343,800

Vi 580,121.592967068 1,141,207.02807484 203,678.101450066

o, 2.91326081249¢-07 1.55930616187218¢-07 1.26938469796243¢-06

P; 0.169004550327192 0.177949115084894 0.258545865290753

1/p; 5.91700044799982 5.6195840003078 3.86778569781199

r 0.998082602967150 0.998062592012312 0.999943364258809

F;, eq. (23) 3120.24523044173 3087.92417596763 105,931.169204818

F/F(1, n;, - 2) 167.755119916222 166.017428815464 5695.22415079665
Sios €q. (11) 347,782 810,539 188,661
Vi, €q. (18) 1,176,418 1,226,696 155,139

Final day of the epidemic

wave, eq. (19) June 15, 2021

Lines in Fig. 1 illustrate the results of SIR si-
mulations of the ninth epidemic wave in Ukraine
obtained with the use of two data sets: national sta-
tistics [7, 8] (red) and data set reported by JHU [10]
(black). Numbers of victims W) = I(t) + R(¢)
(eq. (12)) are represented by solid lines. Numbers
of infected and spreading the infection persons /(7)
are shown by dashed lines. Dotted lines represent
the derivatives dV/dt calculated with the use of
eq. (13). This derivative yields the estimation of the
daily number of new cases and can be compared
with the calculations according to the formula (2)

July 14, 2021 January 16, 2022

(crosses in Figs. 1 and 2). Fig. 1 illustrates that
some discrepancies between red dotted line and red
"crosses" appeared only after January 10. These
deviations from the theoretical estimates can be
explained by the New Year and Orthodox Christmas
celebrations.

It can be seen that the accuracy of simula-
tions based on the national statistics is rather good
(the deviations between red "stars" and the red solid
line are small). The use of JHU data sets yields
worth accuracy. Nevertheless, the real numbers
of cases already exceed the predicted saturations
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levels V,,, for both data sets and corresponding si-

mulations. As of February 20, 2021 the national
statistics yields the figure 1,304,456 of accumulated
cases in Ukraine (see Table 1). Thus the epidemic
observations during 58 days (after 7, ) demonstrat-
ed only 6% exceeding of the saturation level in the
case of national statistics.

Lines in Fig. 2 illustrate the results of SIR
simulations for Qatar. Numbers of victims
MNt)=I(t) + R(t) (eq. (12)) are represented by the
solid line. Numbers of infected and spreading the
infection persons /() are shown by the dashed line.
The dotted line represents the derivatives dV/dt
calculated with the use of eq. (13). This derivative
yields the estimation of the daily number of new
cases and can be compared with the calculations
according to the formula (2) ("crosses"). In com-
parison with the case of Ukraine the discrepancies
between the dotted line and "crosses”" appeared al-
ready after December 27 and show that new epi-
demic waves occurred in Qatar in 2021.

The deviations between "stars” and the solid
line in Fig. 2 are not very large, but real numbers
of cases already exceed the predicted saturations
level V,,. As of February 20, 2021 the JHU yields

the figure 159,967 of accumulated cases in Qatar
(see Table 1). The corresponding value on the V(¥)
curve is 149,512. Thus the epidemic observations
during 58 days (after 7, ) demonstrated only 6.5%
exceeding.

Discussion

It must be noted that the data presented in
Table 1 does not show all the COVID-19 cases in
Ukraine. Many infected persons are not identified,
since they have no symptoms. For example, em-
ployees of two kindergartens and two schools in
the Ukrainian city of Chmelnytskii were tested for
antibodies to COVID-19 [15]. In total 292 people
work in the surveyed institutions. Some of the staff
had already fallen ill with COVID-19 or were hos-
pitalized. Therefore, they were tested and regis-
tered accordingly. In the remaining tested 241 edu-
cators, antibodies were detected in 148, or 61.4%.
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Many people know that they are ill, since they
have similar symptoms as other members of fami-
lies, but avoid making tests. Unfortunately, one la-
boratory confirmed case can correspond to several
other cases which are not confirmed and displayed
in the official statistics. Special simulations are ne-
cessary to take into account this data incompleteness.

The accurate estimation achieved in our study
using the SIR model for Qatar new COVID-19
cases is mostly explained by the fact that the used
data reflect in some extent the true reality of the
spread of the virus in the country. Indeed, the
massive daily number of tests performed allows de-
tecting and reporting realistically the true number
of COVID-19 cases. In addition the speed an-
nouncement of the result of tests helps to report
these numbers without any delay reducing the er-
rors in daily reporting.

Conclusions

Overall, presented results of SIR simulations
indicate their high accuracy and allow us to make
correct medium-term predictions about the ex-
pected number of cases and the number of people
who spread the infection. The accuracy of long-
term forecasts may be limited due to new waves of
the epidemic. To improve their accuracy, new si-
mulations must be performed with the use of fresh-
er data sets. It is possible to use the approximate
formulas in Chapter 13 of the book [4] to get
quick estimates right of the final size and duration
of an epidemic wave immediately after its start. We
hope that the mass vaccination, which began in
Qatar in late December 2020 (in Ukraine, this
campaign started two months later) will be able to
improve these forecasts. Comparing the results of
calculations with the actual number of reported
cases can be useful for assessing the effectiveness of
vaccinations.
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lHeTUTyT rinpomexatikn HAH Ykpainu, Kuis, Ykpaina
KMl im. Iropsi Cikopcbkoro, Kuis, YkpaiHa
3KaTapCbKM|7| yHiBepcuteT, [oxa, Katap

NPOrHO31 AUHAMIKU NAHOEMIT COVID-19 B YKPAIHI TA KATAPI HA OCHOBI Y3ATrAlbHEHOI SIR-MOLEI

Mpo6nemartuka. [1na MmogentoBaHHs 36inbLueHHS kinbkocTi Bunagkis COVID-19 i3 yacom MoXHa BUKOPWUCTOBYBATU Pi3Hi HAabopw AaHuX i
pi3Hi MaTemaTnyHi mogeni. OCKinbkn B CTaTUCTUYHUX AaHUX iCHYIOTb AesKi BiAMIHHOCTI, TO pe3yrnbTaTiu MOAENtoBaHHA MOXYTb ByTu pis-
HuMmn. CknagHi matemaTtuyHi Mogeni MicTATb 6arato HeBiQOMMX MapaMeTpiB, 3HAYEHHS SAKUX HEOOXiAHO BM3HAYaTW, BUKOPUCTOBYHOUM
0oBMeXeHy KinbKiCTb CMOCTEPEXEeHb 3a 3aXBOPIOBAHHAM Yy 4yaci. HaBiTb JOBroTpvBanvin MOHITOPUHI eniaemMii MoXe He AaTu HaginHuX
OLiHOK MapameTpiB Moaeni Yepes NocTiliHy 3MiHY YMOB TECTYBaHHS, i30MsiLil 3apaXeHux, yMOB KapaHTUHYy, MyTauii 30yaHuka, WwenneH-
HA Towo. Tomy HeobxigHi GinbLw npocTi nigxoan. 3okpema, nonepeaHe MoaentoBaHHA AvHamiku enigemii COVID-19 B YkpaiHi 6a3yBa-
nocs Ha 3rnafXXyBaHHi 3aneXHOCTi KiNbKOCTi BUNMaAKiB Bif yacy Ta ysaranbHeHii SIR-mogeni (cnpuiHsaTnmBi—iHikoBaHi—BuaaneHi). Lli
nigxoau ganv 3aMory BUSIBUTU XBWUMI NaHAeMii Ta po3paxyBaTu afeKBaTHi MporHo3u ix TpuMBanocTi i KiHLeBUX po3Mipis. 3okpema, byno
pocnigxeHo Bicim xBunb naHgemii COVID-19 B YkpaiHi.

Merta. BusButu 3mMiHv B AMHamili naHaemii Ta npeacTaBuTy pedynbtat SIR-MoaentoBaHHS Ha OCHOBI YKPaiHCbKOI HaLjioHanbHOT cTaTu-
CTUKM Ta JaHuX, NosigomneHux YHisepcutetom [xoHa XonkiHca (JHU) ansa Ykpainu ta Katapy.

MeToauka peanisauii. M BUKOPMCTOBYEMO METOA, 3rnMafKyBaHHA ANsi 3aneXHOCTi KiNbKOCTi BUNaAKiB Bif yvacy, y3aranbHeHy SIR-
Moaenb Ans AvHaMikm Byab-sKoi enigemiyHoi XBumi, TOYHUI PO3B’A30K MiHIMHUX AudepeHLuianbHNX PiBHAHb i CTAaTUCTUYHWIA Nigxig ons
ineHTUdikauii napameTpiB Mogeni, Wo Gynu 3anponoHoBaHi paHilue.

PesynbTaTtn. Po3paxoBaHo onTMmManbHi 3Ha4eHHs napameTpis SIR-mMofeni Ta npeactaBneHo Aeski MPOrHo3u Wo[Ao OCTaTOYHOro pos-
Mipy ¥ TpuBanocTi enigemin. HaseaeHo BianosiaHi SIR-kpMBi Ta NOPIBHAHHSA 3 peanbHOK KiMbKICTIO BUNAAKIB.

BucHoBkW. Ha xarnb, Halli NpOrHo3n He HaAToO ONTUMICTUYHI: B YKpaiHi HOBI BUNagku He nepectaHyTb 3'9BAATUCA A0 YepBHs—nunHA 2021 po-
Ky; B KaTapi HOBi BUNnagkun MoxyTb 3'ABNSTMCA BNpodoBx ycboro 2021 poky. OuvikyBaHa Benuka TpuBanicTb naHaeMii amyluye Hac 6yTu
obepexHnMu Ta conigapHumn. MoxnvBo, npeacTaBneHi pesynbTaT MOXYTb ByTU KOPUCHUMU ANS OLHKU e(PeKTUBHOCTI LenseHb.

KniouyoBi cnoBa: naHgemiss COVID-19; guHamika enigemii B YkpaiHi; AvHamika enigemii B KaTtapi; matematuyHe MoaentoBaHHs iHek-
LiHMX 3axBoptoBaHb; SIR-Moaenb; ineHTudikalis napamMeTpis; CTaTUCTUYHI MeToaM.

W.I. Hectepyk*?, H. Bennard

"MucTuTyT ruppomexanukn HAH YkpauHbl, Kues, YkpauHa
2K mm. Urops Cukopckoro, Kues, YkpauHa
3KaTapCI<V|17| yHuBepcuteT, [loxa, Katap

NPOrHO3bl AUHAMUKU MNAHOEMUWN COVID-19 B YKPAUHE U KATAPE HA OCHOBE OBOBLLEHHOW SIR-MOOENN

Mpo6nemartuka. YTo6bl cMogenupoBaTb pocT yucna crydaes COVID-19 co BpemMeHeM, MOXHO MCMOMb30BaTb pasfuyHble Habopbl
[aHHbIX U pa3nnyHble MatemaTudeckne mogenu. NockonbKy CTaTUCTUYECKME OaHHbIE COAepKaT HEKOTOpbIE pasnuyus, To pe3ynbTaThbl
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MoZenupoBaHust MoryT BbiTb pa3HbiMu. CrioXHble MaTemaTnyeckMe Modenu coaepaT MHOXECTBO HEM3BECTHbIX MapamMeTpoB, 3HaYe-
HUS KOTOPbIX HEOBX0AMMO onpeaensiTb, UCMNONb3ys OrpaHNYEHHOE KONMYecTBO HabnoaeHui 3a 6onesHbio C TeveHneM BpemeHu. [axe
ANVUTENbHBIN MOHUTOPUHT 3NMUAEMUM MOXET He AaTb HaAEXHbIX OLEHOK MapameTpOoB MOAENV MU3-3a MOCTOSAHHOTO U3MEHEHUS YCMOBUIA
TECTMPOBaHMWS, N30NALUM MHDULMPOBAHHBIX, YCIIOBUI KapaHTUHa, MyTauuii BUpyca, BakumMHauum u T7.4. CrnegoBaTensHO, Heob6xoanmbl
6onee npocTble NnoagxoAbl. B yacTHocTw, npeablaylee MogenmpoBaHue auHaMmukn anugemmun COVID-19 B YkpavHe oCHOBbIBaroch Ha
CrMaXXnBaHUM 3aBUCMMOCTU KOMMYeCTBa CryyaeB OT BpeMeHu n 06o6weHHon SIR-mogenun (BocnpMmMynBbie—MH(PULMPOBaHHbIE—
yAaneHHble). 3T NoAXoAbl MO3BONUAM OOHAPYXXWUTb BOMHbLI NAHAEMWUM U paccynTaTb afeKBaTHble NPOrHO3bl MX NPOAOIKUTENBHOCTU U
OKOHYaTenbHbIX pa3mepoB. B yacTHocTw, Gbiny nccnegoBaHel BoceMb BonH naHaemum COVID-19 B YkpauvHe.

Lenb. BbiiBUTb M3MeHeHVs B AVHaMWUKe MaHAeMUWU U NpeacTaBuTb pedynbTaTthl SIR-MogenMpoBaHus Ha OCHOBE HaUMOHaNbHOW CTa-
TUCTUKN YKpPauHbI 1 faHHbIX, NPefocTaBneHHbIX YHuBepcutetom [xoHa XonkuHca (JHU) anst YkpauvHbel un KaTtapa.

MeToauka peanusaumm. Mbl UCNONb3yeM METOA Cria)XkMBaHUsl 3aBUCMMOCTEN YMCna criydaeB OT BpemeHu, 0606LweHHyo SIR-mogens
ANs AVMHAaMUKN MPON3BOSbHOM BOJTHbI 3NNAEMUM, TOYHOE peLleHne NNHENHbIX AnddepeHumanbHbIX YPaBHEHNI U CTaTUCTUYECKUA NOA-
XoA AN MaeHTUdVKaLmMm napameTpoB MOAENM, KOTOpble BbiNv NpeanoXeHbl paHee.

Pe3ynbTaTthbl. Bbinu paccunTaHbl onTMManbHble 3HavyeHus napameTpoB SIR-mogenu n npegcrtaBneHbl NPOrHO3bl OTHOCUTENBbHO OKOH-
YaTenbHbIX Pa3MepoB M NPOJOIMKUTENBHOCTM anuaemuii. MNpreedeHbl cooTBeTcTBYOWME SIR-KpYBBIE N CPaBHEHME C peanbHbIM YuC-
oM cryyaes.

BuiBogbl. K coxaneHuto, Halwu NporHo3bl He 04eHb ONTUMUCTUYHBIE: B YKpavHe HOBble Criydan He nepecTaHyT NosiBMATLCS A0 MIOHSA—
wionia 2021 roga; B Katape HoBble criydan 3aboneBaHus MOryT MosiBNATbCS B TeveHue Bcero 2021 roga. Oxugaemas AnutenbHOCTb
naHaemMun 3actaBrnsieT Hac MPOSIBNSATb OCTOPOXHOCTb U CONuAapHOCTb. Bo3MOXHO, NpefcTaBneHHble pesynbTaTtebl MOryT ObiTb nones-
Hbl 4511 OLEeHKN 3(pHEKTUBHOCTIN BaKLMHALMIA.

KnioueBble cnoBa: naHgemmsa COVID-19; guHamuka anugemmmn B YKpauHe; guHamuka annaeMun B Katape; matematuyeckoe moaenu-
poBaHue MHEKLMOHHbIX 3aboneBaHuii; SIR-mMoaenb; naeHTudUkaLums napaMeTpoB; CTaTUCTUYECKNE MeTOabI.



