
Innov Biosyst Bioeng, 2021, vol. 5, no. 2, 85–96 

doi: 10.20535/ibb.2021.5.2.230487 
UDC 519.2:519.8 

 
 

© The Author(s) 2021. Published by Igor Sikorsky Kyiv Polytechnic Institute. 
This is an Open Access article distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits  
re-use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

Original article 

VISIBLE AND REAL SIZES 
OF NEW COVID-19 PANDEMIC WAVES IN UKRAINE 

I. Nesteruk* 

1Institute of Hydromechanics, National Academy of Sciences of Ukraine, Kyiv, Ukraine 
2Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine 

*Corresponding author: inesteruk@yahoo.com 

Received 8 April 2021; Accepted 29 April 2021 

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

Day (tj) 
Number of cases (Vj) 

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 

 

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 Vj and moments of time tj 

(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 
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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: 

* *
1, 1,2,3,...i it t t i    

Than for every wave we can use the equations, 

similar to [9–11]: 

,i

dS
SI

dt
                        (1) 

,i i

dI
SI I

dt
                       (2) 

.i

dR
I

dt
                         (3) 

Here S is the number of susceptible persons 

(who are sensitive to the pathogen and not pro-
tected); I 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 i  and i  are supposed to be 

constant for every epidemic wave. Values i  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 i  accumulate also the frequency 

of contacts and the way of contacting. In order to 

decrease the values of ,i  we have to minimize 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 yourself. In addi-

tion, if most people follow these recommendations, 

we have chance to diminish the values of parame-

ters i  and reduce the negative effects of the pan-

demic. According to (3) the values i  show the 

patient removal rates. Then, the inverse values 

1/ i  are the estimations for time of spreading in-

fection i  during i-th epidemic wave. So, we are 

interested in increasing the values of parameters i  

and decreasing 1/ .i  People and public authorities 

should work on this and organize immediate isola-

tion of suspicious cases. 

Since the derivative ( )/d S I R dt   is equal 

to zero (it follows from summarizing Eqs. (1)–(3)), 

the sum 

iN S I R                     (4) 

must be constant for every wave. Many articles and 

books state that the sum S + I + R is equal to the 

volume of population pop.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 popN  and 1N  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 * :it  

* * *( ) , ( ) , ( ) .i i i i i i i iI t I R t R S t N I R        (5) 

In [21] the set of differential equations (1)–(3) 

was solved by introducing the function  

( ) ( ) ( ),V t I t R t                   (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 t I t  and ( ).R t  

But observations of the accumulated number of 

cases Vj corresponding to the moments of time tj 
provide information for direct assessments of the 

dependence ( ).V t  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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* *( , , , , ) ( ),i i i i i i iF V N I R t t             (7) 

* ,
( ) ( )

i i

V

i
i iR I

dU
F

N U W U



              (8) 

( ) ln( ) ln( )i i i i i i i iW U N U U R N R I        
 

, .iS N V R V I                (9) 

Thus, for every set of parameters , , ,i i i iN I R   

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 I(t) and 

R(t) can be easily calculated with the use of formu-

las (9). The saturation levels ;iS   i i iV N S    

(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 *
it  corresponding to their beginning are known. 

Therefore the exact solution (7)–(9) depend only 

on five parameters – , , , , ,i i i i iN I R    when the 

registered number of victims Vj is a random reali-

zation of its theoretical dependence (6). If we as-

sume, that data set Vj is incomplete and there is a 

constant coefficient 1,i   relating the registered 

and real number of cases during the i-th epidemic 

wave: 

( ) ,j i jV t V                    (10) 

the number of unknown parameters increases by one. 

Then the values Vj, corresponding to the 

moments of time tj, and relationship (10) can 

be used in eq.  (8) in order to calculate 
*

, ( , , , , , )i j i j i i i i iF F V N I R    for every fixed values 

of , , , ,i i i i iN I R   and then to check how the regis-

tered points fit the linear dependence (7) which 

can be rewritten as follows: 

*

*

( , , , , , ) ,

, .

i i i i i i

i i i

y F V N I R t

t

      

     
      (11) 

We can calculate the parameters  and , by 

treating the values 
*( , , , , , )j i i i i i i iy F V N I R    and 

corresponding time moments tj 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   and   

of the regression line  

y t                          (12) 

using the standard formulas (see, e.g., [23]). Values 

  and   from eq. (12) can be treated as statistics-

based estimations for parameters  and  from rela-

tionships (11). 

The reliability of the method can be checked 

by calculating the correlation coefficients ri (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 , , , , ,i i i i iN I 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 

i i iV I R   which follows from (6) and (10). To 

estimate the value ,iV  we can use the smoothed 

accumulated number of cases [8] 

3

3

1
,

7

j i

i j
j i

V V
 

 

                     (13) 

and the relationship i i iV V   following from (10) 

(i corresponds to the moment of time *).it  One 

more relationship  

*

1

( ) i
i t t

i i i

dV
I

N V dt 

 

            (14) 

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

i

dV
SI

dt
                      (15) 
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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 (i = 1) 

Characteristics 9th epidemic wave, i = 9 10th epidemic wave, i = 10 

Time period taken for calculations Tci December 11–24, 2020 March 11–24, 2021 

Ii 148,390.742887927 64,355.4797884056 

Ri 732,364.542826359 1,374,292.66306874 

Ni 2,960,000 1,792,222.22222222 

i 2,275,096.81932990 111544.458681424 

i 3.48830042313868e-08 4.01417611687886e-07 

i 0.0793622119754996 0.0447759102009153 

1/i 12.6004552432172 22.3334376791643 

ri 0.998201733486790 0.998330523577409 

Si 1,530,454 9,047 

Vi 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  i, 
SIR parameters, and other characteristics 

Characteristics 9th epidemic wave, i = 9 10th epidemic wave, i = 10 

Time period taken for calculations Tci December 11–24, 2020 March 11–24, 2021 

i 4.1024 3.7 

Ii 668,766.512528977 238,115.275217095 

Ri 2,944,443.97158531 5,084,882.85335433 

Ni 12,307,200 6,631,222.22222222 

i 9626720.00517470 412,714.497121260 

i 7.59399763733452e-09 1.08491246402134e-07 

i 0.0731052889745776 0.0447759102009154 

1/i 13.6789008569236 22.3334376791643 

ri 0.998205208046402 0.998330523577460 

Si 6,372,870 33,474 

Vi 5,934,330 6,597,748 

Final day of the epidemic wave July 24, 2022 August 16, 2022 
 

(following from (2) and (3)). To estimate the aver-

age number of new cases dV/dt at the moment of 

time *
it  in eq. (14), we can use the numerical dif-

ferentiation of (13): 

1 1

1
( )

2
i

i i

t t

d V
V V

dt
 



              (16) 

and relationship (10). Thus we have only three in-

dependent parameters ,i iN   and .i  To calculate 

the value of parameter ,i  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 

i  = 1 for i = 9 and i = 10. For calculations we 

have used two time periods: Tc9 – December 11–

24, 2020 and Tc10 – March 7–20, 2021. Corres-

ponding values of Vj and tj are listed in Table 1, 

the number of observations ni = 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 

10V   = 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 .i  The 

maximum of the correlation coefficients was 
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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(t ) = I(t ) + R(t ) – solid lines; numbers 

of infected and spreading I(t) multiplied by 5 – dashed; derivatives dV/dt (eq. (15)) multiplied by 100 – dotted; dependences  I(t )/9 

and I(t )/10 – black and blue dashed-dotted lines, respectively. "Circles" correspond to the accumulated numbers of cases taken for 

calculations (during periods of time Tci); "stars" – number of cases beyond Tci (all values from Table1). The black and blue "crosses" 

show derivative (16) multiplied by 1009  and 100 10, respectively 

achieved at 9  = 4.1024 and 10  = 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 10V   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 i  =1, the optimal values of 

SIR model parameters are very different for ninth 

and tenth epidemic waves. For example, 9  is more 

than 10 times smaller than 10.  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 1/i i    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 Tci. 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 

number of infected persons multiplied by 5, i.e. 

I(t)5; 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 9( )/I t   

and 10( )/ ,I t   respectively. "Circles" and "stars" 

correspond to the accumulated numbers of cases 

registered during periods of time taken for SIR si-

mulations Tci 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 9100  and 10100 ,  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 Tci, 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 
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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, I = 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 i  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 ( )/ iI t   

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 9  = 4.1024 and 10  = 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]. 

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 I(t) is important 

to estimate the probability of meeting an infected 

person with the use of simple formula [29]: 

pop

( )
( ) .

I t
p t

N
                     (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 I = 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]: 

1 (1 ) .MP p 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 ( ) ( )A Bp t p t  for 

countries A and B, citizens of A are not welcome 

guests in country B at the moment of time t. Many 

authors are and will be trying to predict the 

COVID-19 pandemic dynamics in many countries 

and regions (see, e.g., [2, 4, 6–8, 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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in other countries and clarification of world fore-

casts are necessary, since knowing the real sizes of 

the pandemic is very important to make decisions 

about quarantine restrictions and vaccination rates. 
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2
КПІ ім. Ігоря Сікорського, Київ, Україна 

ВИДИМІ ТА РЕАЛЬНІ МАСШТАБИ НОВИХ ХВИЛЬ ПАНДЕМІЇ COVID-19 В УКРАЇНІ 

Проблематика. Для моделювання динаміки пандемії COVID-19 можуть бути використані різні набори даних та різні математичні 
моделі. Зокрема, попередні моделювання для України базувались на згладжуванні залежності кількості випадків від часу, кла-
сичних та узагальнених SIR-моделях (сприйнятливі–інфіковані–видалені). Різні методи моделювання та порівняння базувались 
на офіційних даних про накопичену кількість лабораторно підтверджених випадків і даних, повідомлених Університетом Джона 
Хопкінса. Оскільки обидва набори даних є неповними (дуже великий відсоток заражених не мають симптомів), то точність роз-
рахунків і прогнозів є обмеженою. У цій роботі ми спробуємо оцінити ступінь неповноти даних і виправити відповідні прогнози. 
Мета. Ми оцінюємо реальні розміри двох нових епідемічних хвиль в Україні та порівнюємо їх із видимою динамікою на основі 
офіційної кількості лабораторно підтверджених випадків. Також ми оцінюємо тривалість епідемії та остаточну кількість випадків. 
Методика реалізації. Використано узагальнену SIR-модель для динаміки епідемії та її відомий точний розв’язок. Відомий ста-
тистичний підхід застосовано для того, щоб визначити як ступінь неповноти даних, так і параметри SIR-моделі. 
Результати. Удосконалено метод оцінки невідомих параметрів узагальненої SIR-моделі та розраховано оптимальні значення 
параметрів. Зокрема, коефіцієнти видимості та оптимальні значення параметрів моделі оцінено для двох пандемічних хвиль в 
Україні, що відбулись у грудні 2020–березні 2021 рр. Розраховано часові залежності для реальної кількості випадків та реальної 
кількості хворих, що поширюють інфекцію. Представлено прогнози реальних кінцевих розмірів і тривалості пандемії в Україні. 
Якщо поточні тенденції збережуться, закінчення пандемії слід очікувати не раніше серпня 2022 року. 
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Висновки. Запропоновано новий метод ідентифікації невідомих параметрів для узагальненої SIR-моделі, який дає змогу також 
оцінити коефіцієнти неповноти даних. Його застосування для двох пандемічних хвиль в Україні продемонструвало, що реальна 
кількість випадків захворювання на COVID-19 приблизно в чотири рази перевищує показники офіційної статистики. Можливо, 
така ситуація характерна і для інших країн. Необхідні переоцінка динаміки пандемії COVID-19 в інших країнах й уточнення світо-
вих прогнозів. 

Ключові слова: пандемія COVID-19; динаміка епідемії в Україні; математичне моделювання інфекційних захворювань; 
SIR-модель; ідентифікація параметрів; статистичні методи.  
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ВИДИМЫЕ И РЕАЛЬНЫЕ МАСШТАБЫ НОВЫХ ВОЛН ПАНДЕМИИ COVID-19 В УКРАИНЕ 

Проблематика. Для моделирования динамики пандемии COVID-19 могут использоваться различные наборы данных и различ-
ные математические модели. В частности, предыдущее моделирование для Украины основывалось на сглаживании зави-
симости количества случаев от времени, классической и обобщенной SIR-моделях (восприимчивые–инфицированные–
удаленные). Различные методы моделирования и сравнения были основаны на официальных данных о накопленном количес-
тве лабораторно подтвержденных случаев и данных, представленных Университетом Джона Хопкинса. Поскольку оба набора 
данных неполны (очень большой процент инфицированных людей не имеют симптомов), то точность расчетов и прогнозов  
ограничена. В этой статье мы постараемся оценить степень неполноты данных и скорректировать соответствующие прогнозы. 
Цель. Мы определяем реальные размеры двух новых эпидемических волн в Украине и сравниваем их с видимой динамикой на 
основе официального количества лабораторно подтвержденных случаев. Также мы оцениваем продолжительность эпидемии и 
окончательное количество случаев заболевания. 
Методика реализации. Использованы обобщенная SIR-модель для динамики эпидемии и ее известное точное решение. 
Известный статистический подход использован для определения степени неполноты данных и параметров SIR-модели. 
Результаты. Усовершенствована методика оценки неизвестных параметров обобщенной SIR-модели, и рассчитаны опти-
мальные значения параметров. В частности, оценены коэффициенты видимости и оптимальные значения параметров модели 
для двух волн пандемии в Украине, произошедших в период с декабря 2020 года по март 2021 года. Рассчитаны реальное ко-
личество случаев и реальное количество пациентов, распространяющих инфекцию, в зависимости от времени. Представлены 
прогнозы реальных окончательных размеров и продолжительности пандемии в Украине. Если текущие тенденции сохранятся, 
окончания пандемии следует ожидать не ранее августа 2022 года. 
Выводы. Предложен новый метод идентификации неизвестных параметров для обобщенной SIR-модели, который позволяет 
также оценивать коэффициенты неполноты данных. Его использование для двух волн пандемии в Украине показало, что ре-
альное количество случаев COVID-19 примерно в четыре раза выше, чем указано в официальной статистике. Возможно, такая 
ситуация типична и для других стран. Необходимы переоценка динамики пандемии COVID-19 в других странах и уточнение 
мировых прогнозов. 

Ключевые слова: пандемия COVID-19; динамика эпидемии в Украине; математическое моделирование инфекционных 
заболеваний; SIR-модель; идентификация параметров; статистические методы . 


