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Transmission dynamics and control strategies of COVID-19:
a modelling study

In this paper a mathematical model is proposed, which incorporates quarantine and hospitalization to
assess the community impact of social distancing and face mask among the susceptible population. The
model parameters are estimated and fitted to the model with the use of laberatory confirmed COVID-19
cases in Turkey from March 11 to October 10, 2020. The partial rank correlation coefficient is employed
to perform sensitivity analysis of the model, with basic reproduction number and infection attack rate
as response functions. Results from the sensitivity analysis reveal that the most essential parameters for
effective control of COVID-19 infection are recovery rate from quarantine individuals (d1), recovery rate
from hospitalized individuals (d4), and transmission rate (/). Some simulation results are obtained with
the aid of mesh plots with respect to the basic reproductive number as a function of two different biological
parameters randomly chosen from the model. Finally, numerical simulations on the dynamics of the model
highlighted that infections from the compartmentsiof each state variables decreases with time which causes
an increase in susceptible individuals. This implies that avoiding contact with infected individuals by means
of adequate awareness of social distancing and wearing face mask are vital to prevent or reduce the spread
of COVID-19 infection.

Keywords: COVID-19, mathematical modelling, basic reproduction number, transmission dynamics, sensi-
tivity analysis.

Introduction

The coronavirus disease 2019 (COVID-19), previously recognized as "2019-nCoV", from the family of Coro-
naviridae, which includes the Middle East respiratory syndrome coronavirus (MERS-CoV) and the severe acute
respiratory syndrome coronavirus (SARS-CoV), is a lethal virus that mostly transmits via human-to-human
route [1-7]. The disease emerged from Wuhan, China, in late December 2019 and the outbreaks are still ongoing
worldwide [8-15]. The disease can be transmitted from person-to-person through droplets when breathing,
coughing or through contact with infected person [16]. During the early phase of the outbreak COVID-19
displayed comparable signs and symptoms with pneumonia, and spread throughout China and later to other
part of the world [11, 12]. As of October 17, 2020, there were more than 39 million cases including over 1 million
deaths of COVID-19 worldwide [1, 9, 11, 12]. Although COVID-19 displayed similar symptoms to MERS-CoV
and SARS-CoV, the severity appears not as high as these two coronaviruses [2—4, 9, 17].

The natural reservoir of COVID-19 and intermediate host that at first spread the virus to humans (zoonotic
transmission) have nevertheless now not been established [1, 5, 18]. Recent studies show that some animals such
as bats, hedgehogs, pangolins and snakes are suspected to spread the virus to humans [2, 5, 9, 12], after which
human-to-human transmissions continues through air droplets or contact with infected individual [2-4, 9, 18,
19]. The most common symptoms of COVID-19 include respiratory disorder, fever, common cold, cough and
pneumonia in severe cases [3, 4, 20].
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As stated in [21], the latency period of the COVID-19 is found to be between 2-11 days that ought to be
used in suggesting the time for quarantine of the exposed individual. Lately quite a few epidemiological modeling
researches [13, 18, 22, 23] estimated the basic reproduction ratio and analysed the patterns of the virus in the
early phase of the epidemic. Some of these latest researches [13, 18] found the estimated reproduction number to
be extensively larger than unity which is a bit higher than that of MERS and SARS [24, 25]. It by implication
shows that greater infections may additionally occur, which suggests that serious measures need to be taken
to downsize the unfold of the virus. Zhao et al. [25] revealed that there is a sturdy affiliation between journey
through train and the extend in the range of COVID-19 instances than journey via flight or road. Additionally,
it is highlighted that ailment prevention and management measures are to be preferred for travelers by means
of trains to curtail the COVID-19 spread. Also, Wu et al. [22] studied a meta-population compartmental model,
which estimates and forecasts the COVID-19 outbreak, and recommended that the novel coronavirus infection
can enlarge exponentially in more than one Chinese city with a lag time behind the Wuhan outbreak of about
1 to 14 days.

Motivated by some of these recent studies [13, 18, 22], in this paper a mathematical modelds employed, which
incorporates quarantine and hospitalization to explore the dynamical behavior of the COVID-19 transmission,
and also to show the trends of its epidemics in order to notify policymakers and to suggest ways to curtail the
spread of the virus.

The rest of the paper is organized in the following way: firstly, the model formulation is provided and
the model analysis has been presented subsequently. Then, parameter estimation is presented. Afterwards,
sensitivity analysis and numerical simulations are performed. Lastly, concluding remarks are given.

Model formulation

A new mathematical model is proposed to monitor the transmission dynamics of the novel corona virus
(COVID-19). The total human population at time ¢, given by N (t);.is divided into sub-populations contai-
ning susceptible individuals S(t), exposed individuals E(#); individuals with mild infection I;(t), individuals
with severe infection I5(t), asymptomatic individuals under quarantine Q(¢), hospitalized individuals H(¢), and
recovered individuals R(t), such that N(t) = S(t) + E(t) + L (t) 4+ Ix(t) +Q(t) + H(t) + R(t). The diagram of
the model is given in Figure 1 to present the transmission between compartments.
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Figure 1. Flow diagram of COVID-19 model.
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The system is constructed as follows:

B(rili+7ela+713Q+74H)

ds
-
dt S,
dE
— =S — (0 05)F
dt S ( 1+ 2) )
d
X055 +090
t
dl;
e O2F 4 05Q — (82 +w + 04 + o) 11,
dl
d7t2 =041 — (P + s + 03) 15,
dH
E = wI1 + q)IQ - (54 +043)H,
dR
P 01 Q + 9oy + 931 + 04 H,

where \ =

N
model (1) are explained in Table 1 and Table 2, respectively.

Interpretation of the State Variables Used in the Model (1)

Variables

Descriptions

Total population-of.individuals

Susceptible individuals at the risk of having COVID-19 infection

Exposed individuals

Infected individuals with mild infection

Infected individuals with severe infection

Individuals under/quarantine/isolated

Hospitalized individuals

o | O 5| | | w| =

Recovered individuals

Interpretation of the State Parameters Used in the Model (1)

Parameters Descriptions

1I Recruitment rate
B8 Transmission rate

7: (6= 1,2, 3,4) | Parameters for increase/decrease on infectiousness in individuals

0; (1 =1,2;3;4) Progression rates
w Hospitalization rate from I class
© Hospitalization rate from Is class

a; (1=1,2,3) Disease induced death rates

0; (1=1,2,3,4) Recovery rates

Model analysis

is the force of infection. The variables and parameters that are used in the

Table 1

Table 2

The model is non-negative with respect to the human population, each of its parameters and state variables
for each ¢ > 0. Thus, one can easily prove that for each non-negative initial prerequisite the state variables of

the model are non-negative.

Theorem 1. Let (S, E,Q, I, Is, H, R) be the solution to the system (1) with initial conditions S > 0, E > 0,
Q>0,1,>0,I,>0,H >0,R > 0. Then, the set

YT={(SEQL,IL,HR) €R, /S+E+Q+1I+I+H+R<II}

is invariant, positive, and all the solutions in Rl stay in T with respect to (1).
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Proof. Addition of all of the system (1) gives

dN
E =1I— 041[1 — 04212 — Oé3H,

so that, % < II, and integrating both sides gives Net < Ilet + c. By the use of theorem of Rota and Birkhoff
regarding differential inequalities [26], we can easily obtain 0 < N < II as t — oo. Thus N approaches II as
t —» 00, and so the set of the solutions of the model (1) enters the region {Y = (S, E,Q, I, >, H,R) € R /S >
>0,F>0,Q>01; >0,I, >0,H >0,R>0,N < II}, this guarantees the biological feasibility of the
model (1).

Hence, it is enough to consider the model’s dynamic in Y [27].
Stability of disease-free equilibrium

The model exhibit a unique disease-free equilibrium point "DFE", which is obtained by equating the right-
hand sides of (1) to zero, then

CO = (Sv EaQajleZaHa R) = (Ha070a07070a0)
and it can clearly be seen that C° attracts the region, so that
CO = {(S7E7Q7[1712>H7R) S CO . E:Q:II :IZ :H:R:O}

The basic reproduction number Ry is computed using the next. generation matrix (NGM) method, which
represents the number of secondary cases produced by an infected individual with COVID-19 infection throughout
his/her entire period of infection in an absolutely susceptible population [27-31], which is given as follows:

[ BlralitnlnQint) g I (01 +6,)E |
0 —01E + (61 +05)Q
f= 0 , v=| —03F —03Q+ (s +w+04+a1); |,
0 =041y + (o + g + 93) 12
L 0 | i —wlh —pla+ (6a+a3)H

0 /BT Bro Bz Brs | k1 0 0 0 0
00 0 0 0 —01 ko 0 0 0
F=| 00 0 0 0 |,V=| -0y —b05 b 0o 0 |,
0 0 0 0 0 0 0 -6, b O
1 0 0 0 0 0 | 0 0 -w —p ks |

where ki = (91 +92), ko = (61 + 93), ks = ((54 + a3) by = ((52 +w+ 04+ 041), by = ((p+ a9 + 53) Then V1 is
obtained as

I Byt 0 0 0 0
6, -1
e ks 0 0 0
—1 92]62-‘1—9391 93 —1
V - b1 k}zkl bl k2 bl O O
04(02k2+6361) 0403 04 by~ L 0
boby kok1 bab ko baby 2
(02k240361)(wWbat+p0s)  O3(wbatpbs) wbatpby © fa L

L kl k2b1 bgkg b2b1 k2k3 b2b1 ks b2k3 3 =

Thus, the basic reproduction number Ry = p(FV ~1) equals to
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(((blﬁn —+ ﬂngg) 91 =+ 67’2]@292) kg + w 67’4 (02]132 —+ 9301)) b2 —+ 94 (ﬂ’l’4§0 =+ ﬁTgkg) (02]472 —+ 9391)
k1koksbi by

with Sy = N and p symbolizing the next generation matrix’s spectral radius. Following [27], relying on the local
stability of the disease-free equilibrium of the model (1), the theorem below is arrived.

Theorem 2. For the model (1) the disease-free equilibrium is locally asymptotically stable whenever Ry < 1
and unstable if Ry > 1.

Proof. The Jacobian matrix evaluated at C°, denoted by Jy is

Ry =

)

—-A 0 0 0 0 0 0

A =01 — 6 0 0 0 0 0

0 01 —01 — O3 0 0 0 0

J(CO) = 0 92 93 —(52 — W — 94 — Q1 0 0 0
0 0 0 94 —®p — Qg — 53 0 0

0 0 0 w (2] *(54 —az 0

0 0 01 02 03 04 0

Then, the eigenvalues of this matrix are 0, —0; — 03, —01 — 03, —04 — a3, —p — ap(— 03, — 02 —w — 04 — a1, and
—A, which are obtained by deleting the first row and the first column of Jy as well as its'last row and the last
column. Thus, the DFE, CY is locally asymptotically stable if Ry < 1 and unstable if Ry > 1. Hence, the proof
is complete.

Parameter estimation

This section explains the fitting of parameters involved in the proposed COVID-19 model based upon the
real cases of the pandemic throughout Turkey. Daily cases of the pandemic are taken between March 11-October
10, 2020, while preparing this research paper. For initial conditions the total population of Turkey is noted to
be N(0) = 83.3 x 10°, the initial exposed and quarantined population is taken as E(0) = Q(0) = 3 x 10°
and this helped us to determine rest of the initial values for the state variables using the relation
N(0) = 5(0) + E(0) + Q(0) + I, (0) + I5(0) + H(0) + R(0). I this connection, S(0) = 78338132, I;(0) = 300,
I5(0) = 470, H(0) = 150, and R(0) = 15 are obtained. There are 19 biological parameters which have been
estimated with the aid of least-square fitting method leading to produce a best fit of the COVID-19 model’s
solution to the real pandemic cases as depicted in the Figure 2. By reducing the average absolute relative error
between the real COVID-19 cases and _the solution of the model, the best values of the biological parameters
are obtained. The objective function yields to relatively small error having the value 9.8748 x 10~2. The Figure
2 shows the real COVID-19 cases by red solid squares whereas the best fitted curve of the model is shown by
the black solid line. The biological parameters included in the model are listed in Table 3 along with their best
estimated values obtained via least-squares technique. These parameters have finally produced the value of the
basic reproduction number equivalént to Ry = 2.82 for the real COVID-19 cases in Turkey from March 11 to
October 10, 2020.
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Figure 2. Data fitting for the real COVID-19 cases in Turkey from March 11 to October 10, 2020
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Sensitivity analysis

Baseline Values of the Parameters Used in (1)

Table 3

Parameter Value Units/Remarks Sources
N(0) Turkey Constant [32]
S(0) 0.95 x N(0) Constant Assumed

II 9.9991 Day ' Fitted
0.641 Day ! Assumed
B y
T1 0.647 Day ! Assumed
To 0.456 Day ' Assumed
T3 0.567 Dayf1 Assumed
T4 0.334 Dauyf1 Assumed
a1 0.0378 Day ' Fitted
s 0.0.0324 Day ? Fitted
a3 0.0289 Day ' Fitted
) 0.00213 Day ' Estimated
by [32]
w 0.00004 Day ' Estimated
by [32]
5 0.24 Day ! Ritted
5o 0.133 Day~? Fitted
33 0.00389 Day! Fitted
04 0.00527 Day ! Fitted
6, 0.632 Day ' Fitted
02 0.0034 Day T Fitted
03 0.0023 Day ! Fitted
6, 0.00512 Day ! Fitted

Since parameters of an epidemiological system are either evaluated or fitted along these lines are convey-
ing some vulnerability with respect to their qualities utilized for reaching conclusions about the fundamental
pestilence. Consequently, it is essential to. survey the singular effects of every parameter on the dynamics
of the pestilence, subsequently finding the parameters with the most significant impact towards decrease or
diminishing the scourge. In the current study we employed a partial rank correlation coefficients (PRCCs) of
the basic reproduction number and. attack rate to investigate the most significant parameters for curbing the
dissemination of COVID-19 in a community: Here, the most effective parameters are recovery rate from isolated
people &7, recovery rate from hospitalized people 4, and transmission rate (5) [33-37].

Furthermore, since the basie reproductive number Ry is the most important quantity to comprehend the
extent for the spread of an epidemic, R has been investigated by varying different kinds of biological parameters
of the proposed COVID-19 model. Using mesh plot and the parameter values in Table 3, some numerical
results are obtained. The results as depicted in Figure 4 showed a significant increase with the variation in
the progression rates of asymptomatic individuals under quarantine to the mild infection 63 and that of mild
infection-individuals to the severe infection 64, while Ry decreases/increases with the decreasing/increasing
value of transmission-rate 8 and the rate of increase of infectiousness in human 7, and increases with decrease
of recovery rates from isolated people d1, mild infection individuals do, severe infection individuals d3, and
hospitalized individuals d4.
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Figure 3¢ The partial rank correlation coefficient of the basic reproduction number Ry with respect to model
parameters. The dots are the estimated correlation and the bars represent the 95% confidence interval.
The parameter values used for sensitivity analysis are summarised in Table 3

Numerical stmulations
This is the position in which we got a deep insight into the complex behavior of the model. The present section
provided the model’s numerical simulations while using the biological parameters as previously mentioned. The

Euler technique is used to get the solution of the proposed model and to obtain the graphical results based on
parameters that are taken in Table 3.
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Figure 4. Mesh grid plots of the basic reproduction number in terms of the controllable
parameters with basic reproduction number Ry as a response function

In the absence‘of an exact solution for the proposed model we need to establish an approximate solutions
to show the behaviour of the model. With this purpose we employ one of the effective numerical scheme called
Euler method. The method is as follows: assume that a well-posed initial-value condition is given by

d—i = f(t,y), a <t <band y(a) = x.
A sequence of approximation point (¢, w) = (t,y(t)) is established by Euler method to the exact solutions of
ODE by t;+1 =t; + h and wiy1 = w; + hf(t;,w;),i=0,1,...,N — 1, and ¢, = a,wo = a, h = Ta

The following figures are obtained by using the MATLAB version R2020a and the parameter values from
Table 3. From the Figure 5 it is observed that there is a significant decrease in both the compartments of
exposed individuals, isolated /quarantined individuals, infected individuals with mild infection, individuals with
severe infections and hospitalized individuals while the susceptible and recovery compartments increases. These
signified that the estimated parameter values taking from Table 3 gives the required results in controlling the
spread of COVID-19 infection. The results depicted in Figures 6, 7, 8, and 9 with the decreasing/increasing
values of A\ (force of infection) showed that adequate awareness of social distancing and wearing of face masks
in most vulnerable communities play significant role in the spread of the COVID-19 infection.
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Figure 5. Dynamical behavior of each state variables of the proposed
model (1) while taking parameters’ values from the Table 3
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severe infection), with decreasing values of A (force of infection).

%107

E(t)

)

A=0.0129

time [days] time [days]

(a) (b)
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Figure 9. Profile of R (recovered individuals) with increasing values of A/ (force of infection).
Conclusion

In this paper a mathematical model is proposed, which incorporates quarantine and hospitalization to study
the dynamical behavior of the COVID-19 transmission. The parameters of the model are estimated and fitted to
the model with the use of laboratory confirmed COVID-19 data cases of Turkey from March 11 to October 10,
2020, using least-square fitting method. The threshold quantity-known as basic reproduction number is obtained
by using the next generation matrix techniques. Some simulation results are obtained with the aid of mesh plots
for the reproductive number as a function of two different biological parameters. Using partial rank correlation
coefficients of the basic reproduction number and infection attack rate as a response functions, we revealed the
most essential parameters for effectively controlling the COVID-19 infection. It is found that the epidemiological
parameters that should be given emphasis in controlling.the spread of COVID-19 are the recovery rate from
quarantine individuals 7, recovery rate from hospitalized individuals d, and transmission rate (§). Finally,
numerical simulations on the dynamics of the model showed that the infections in the compartments of each
state variables decreases with time which.causes an increase in susceptible individuals. This implies that avoiding
contact with infected individuals by means of adequate awareness of social distancing and wearing of face mask
are vital to prevent or reduce the spread of COVID-19 infection.

Furthermore, it should also be emphasized that the present research study will be strengthened in future
research by analyzing and investigating.the modern fractional operators and optimal control strategies. To the
unknown characters and characteristics of this pandemic of COVID-19 this is a significant and decisive step
remaining to be accomplished.
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V.T. Mycradal2, D. XunxartyA. I0cyd? 3, C. Kypemm?,
T. Cammpnar!, C.M. Myxamman!, B. Kaiimakamsaze!, H. Tok6ymyT!

Y Taay IHeevic yrusepcumems, Hukocua, Typrus;
2 Tyue edepardv. yrusepcumemi, Huzepua;
3 Bupyru yrusepcumemi, Cmambya, Typrus;
4 Mexpan unorcenepaix-mezronozussvr ynueepcumemi, Jocamwopo, Iawicman;

COVID-19-ap1H, 6epiTy fuHaMUKachl MEH 0aKblLJIay CTPATEruscChl:

104

MOJIEJIb/Il 3epTTEey

Byt 3epTreyiie XaJbIKThIH, 0CaJl TONTAPBIHBIH MAaCKAHBI TaFybl XKOHE DJIEYMETTIK apa KaIllbIKTBIKTHI CAKTa~
VIBIH ocepiH Garajay, MalneHTTep/i KapaHTUH MEH aypyXaHara »KaTKbI3Y/Ibl KAMTUTBIH MaTEMATHKAJIBIK,
Momenb yeeabLran. Momaens napamerpiepi Typrusma 2020 xbuiasiH 11 Hayperssinan 10 kazaHbHA JeiiH
geprxanaJblk pacraaran COVID-2019 xarmaiiyiapblH KOJIJaHa OTBIPBIN OaraJlaHIbl XKoHe MOJebre GeitiM-
aeisigi. [lopekesik KOppeJsustHbIH iniHapa Ko3M@UIMEHTI MOIEIbIiH Ce3IMTaIbIFBIH Heri3ri Kebero ca-
HBIMEH JK9He 2Kayal 6epy (OYHKIUICHI peTiHge nHQMEKIUs KbUIIaM/IBIFBIMEH TAJIAY YIMH KOJIIAHBLIIbL.
CesiMmranabikTel Taanay HorTmkegsepi COVID-19 urdeknusachiH THiMII GaKbLIAYIbIH MAHBI3IbI TapaMeTp-
Jlepl KapaHTHHET aJaMIap/AblH KAJIbIHA KeJly XKbUIIaMIBEbL (01), aypyXaHara YKaTKbI3bLIFAH aJaMiap-
JIBIH, KAJIIIBIHA KEJTYy KBUIIAMIBIFBL (04) 2KOHE YKYKIAHBIH 6epiny KbuiaaMaersl (§) exenin kepcerti. Mo-
JeNbAEY IiH Kebip HOTHKeJIepi MOJIeJIb/IeH Ke3/IeMCOK TaHJAJFaH €Ki TYPJI OHOJIOTHSJIBIK, TTapaMeTPJIepIiH,
(DYHKIUSICHI PETIHJIE HETi3T1 PempoyKTUBTI CaHFa KATBICTHI TOPJIbI IpaUKTEep apKbLIbI aablHa bl. COHBIH-
13, MOJIEJIb IMHAMUKACHIH CAHIBIK, MOJE/IBbIEY 9P affHbIMAJbI OesiMaepingeri nHMEKIUIIap CaHbl YaKbIT
oTe KeJie a3aiblll, aypyFra MaJIbIKKaH aJaMIapIblH KeOeiHne dKeleTiHiH KopceTTi. Byt ingeT KyKTbipran
aJaMIap/IaH ayJiak, 0oLy, 9JIEyMeTTIK apaKAIBIKTBIKTHI CAKTaY, MACKa KHUIO YKOHE T.0. TaJanTapabl OPbIHIAY
COVID-19 unbeKIUACHIHBIH, TapayblH O0JIIbIPMay HeMece a3aiiTy YIIiH eTe MaHbI3/bl eKeHiH 6liaipesi.

Kiam cosdep: COVID-19, maTeMaTUKAIBIK, MOJE/TBIEY, 0Aa3a/IbIK, PETPOLYKTUBTI caH, 6epiay NMHAMUKACHI,
Ce3IMTAJIBIKTI TaJIay.
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V.T. Mycradal 2, 3. Xumxan', A. IOcydp?3, C. Kypemm?,
T. Cammnar!, C.M. Myxammarn!, B. Kaitmakamsaze!, H. Toxk6ymayT!

L Bausienesocmowrns ynusepcumem, Huxocus, Typuus;
2 Pedeparvroi yrusepcumem dyue, Huzepus;
3 Vnusepcumem Bupynu, Cmambyas, Typuusa;
4 Mexpancrutl yrusepcumem unscerepuy, u mexnoroeud, Jocamuopo, Hakucmar

Jnanamuka mniepejiauu u crparerun kourposis COVID-19:
MO/IeJTbHO€e MCCJieJIOBaHIe

B crarpe npensiorkeHa MaTreMaTHdecKasl MOJIENIb, KOTOPasl BK/IIOYAET KAPAHTHH U TOCHUTAJIM3AIIO. [IallH-
€HTOB, ITOODI OIEHUTDH BJINSHUE COIHAIBLHOTO JUCTAHIMPOBAHUS U HOIIIEHNE MACKH CPEIU YA3BAMBIX I'DYIII
nacesenus. [lapamerpsl MojIe/IM OIEHNUBAINCD U MTOATOHSIJIACH K MOJEIH C HUCIIOJIb30BAHUEM. JJaO0PATOPHO
noaTBepkaeHHbIX ciydaeB COVID-19 B Typuuu ¢ 11 mapra mo 10 okTsiopst 2020 r. HacTuyHbi Koadduim-
€HT PAHTOBOW KOPPEJISIUY KUCIIOIH30BAH /IS [IPOBEICHUS aHAIN3a TyBCTBUTEILHOCTH MOZEIN C 6a30BLIM
9HCJIOM PENpOIYKIINA U CKOPOCTH 3aparKeHusl Kak (MYHKIUN OTBeTa. Pe3ysbTaTnl aHaiin3a IyBCTBUTEIb-
HOCTH IIOKa3bIBAIOT, YTO HamboJiee BarXKHBIMH IapaMerpamu s 3 deKTHBHOrO KOHTPOJIsi- 38 HHMEKImen
COVID-19 sBAsIFOTCSI CKOPOCTB BBI3IOPOBJICHUS JIALY, HAXOMASIIUXCS HA KapaHTuHe (d1), CKOPOCTb BBI3JI0-
POBJIEHUSI TOCIIUTAIM3UPOBAHHBIX Jinll (04) 1 cKopocThb nepenaun nadeknun (3). Hekoropbie pesyabraTs
MO/IEJINPOBAHUS [TOJIYY€HBI C ITOMOIBIO CETOYHBIX I'PA(UKOB OTHOCHUTEIBHO OCHOBHOI'O PENPO/ILYKTUBHOIO
qnciaa Kak QYyHKIUY ABYX Pa3/IMIHbIX OMOJIOrMYeCKUX IapaMeTpPOB, CIIydailio BEIOpaHHLIX U3 Mozesn. Ha-
KOHeIl, YUCJIEHHOE MOJIEJIMPOBAHUE NUHAMHUKH MOJEIN ITOKA3AJ0, GTO KOJUIeCTBO MHMEKINl U3 OTIEIOB
Ka’k/JI0# [I€PEeMEHHOM COCTOSIHNSI YMEHBIIAETCS CO BPEMEHEM, YTO BLI3bIBAET YBEJIMYEHUE UHCJIa BOCIIPUM-
YUBBIX JIFOJEH. DTO O3HAYAET, UTO n3beraHne KOHTAKTOB C MHMUIIMPOBAHHBIMA JIIOJIBMU TTOCPEICTBOM aJIe-
KBATHOI'O TTOHMMAHUSI COIMAIBHOIO AVCTAHIIMPOBAHNS W HOIIEHUS JINIEBBIX MACOK >KU3HEHHO BAaKHO IJIsT
[IPEJIOTBPAIIEHNs] UM yMEeHbIeHus: pacupocrpanennst nadexkuun COVID-19.

Kmouesvie caosa: COVID-19, maremaTmyeckoe MojempoBanme, 6a30BOe PEIPOYKTUBHOE YUCIIO, JUHAMU-
Ka Iepelavn, aHAJIN3 IyBCTBUTEIBHOCTH.
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