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The pandemic has identified additional requirements for rescue units and other services of the emergency

department in the field of ensuring the protection of the population from natural and man-made hazards. In
this regard, it became necessary to assess the number of capable employees of the disaster response force,
taking into account the number of sick employees. To establish a regressional dependence between random
variables characterizing the number of able-bodied employees and the number of sick from the number of the
disaster response forces, the authors propose to use transformed and appropriately normalized random
variables characterizing capable and sick employees.

1 INTRODUCTION

In the modern world, almost everyone has already
heard about the global epidemic of the new
coronavirus COVID-19. There are thousands of
people infected with this virus in almost every
country. The number of cases is growing every day.
Modern media publish daily statistics and
information about the virus, but it is not always
reliable.

Coronaviruses can cause a number of diseases in
humans — from mild forms of acute respiratory
infection to severe acute respiratory syndrome.
Currently, it is known about the circulation of four
types of coronaviruses among the population (HCoV-
229E, -OC43, -NL63 and -HKU1), which are present
all year round in the structure of acute respiratory
viral infections, and, as a rule, cause damage to the
upper respiratory tract of mild to moderate severity.

Currently, data on the epidemiological
characteristics of a new coronavirus infection caused
by SARS-CoV-2 are limited.
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A person infected with the COVID-19
coronavirus does not suspect his illness for a long
period, actively contacts others, and by the time signs
of the disease appear, he manages to infect a
significant number of people. WHO has calculated
the incubation period (the period of time between
infection and the appearance of clinical symptoms of
COVID-19 virus disease) ranges from 1 to 14 days
and is most often about five days. The infection is
transmitted by airborne droplets (when coughing,
sneezing, talking), dust and nonpercutaneous
channels. Transmission factors are air, food and
household items contaminated with SARS-CoV-2.

As shown in Figure 1 of the Coronavirus biology
project, the base reproductive number of COVID-19
is much higher than that of Ebola, which had an
outbreak in 2014-2015 and the Spanish influenza of
the early 20th century.


mailto:elena-kzn@mail.ru

Measles
Diphtheria
Rubella
Smallpox
Whooping cough
2019-nCoV
SARS-CoV
Spanish flu

Ebola

o
(9]

10 15
Figure 1: Basic reproductive number for various diseases.

During a pandemic, the involvement of forces to
respond to disasters and conduct a possible
evacuation of the population must be carried out in
compliance with strict sanitary standards in the
placement, food, water supply of the population
(Sakhno, 2003; Wisner, 2002). The occurrence of an
emergency situation caused by natural or man-made
causes in the conditions of the spread of coronavirus
infection requires the development of special models
for calculating the necessary response forces, taking
into account the disease, as well as employees of the
disaster response forces.

To solve such problems, it is necessary to take into
account:

= forecast of the situation that may develop as a
result of a pandemic;

= forecast of the population that may suffer as a
result of a natural disaster in the context of the
spread of coronavirus infection;

= forecast of sanitary losses and temporary
absence due to illness among employees of
control bodies, personnel of emergency rescue
teams.

To solve the above problems, it is necessary to use
various mathematical models both to assess the
spread of coronavirus infection and to assess changes
in the composition of the response forces as a result
of infection of employees.

The article proposes an approach to establish a
regressional dependence between the number of
disaster response service employees who are able to
perform their work functions and employees who fall
ill and cannot perform their work duties.

2 REFERENCES

Based on the Baroyan- Rvachev models in the 60-70s
in the Soviet Union, the Institute of Experimental
Medicine named after N.F. Gamaleya of the
Academy of Medical Sciences of the USSR
developed the unique models of the influenza
epidemic for the entire territory of the USSR. By
analogy with the movement of flows of energy,
matter in the processes of hydrodynamics, the balance
equations of the "flows" of individuals passing
through the main stages of the infectious process were
compiled: S - "susceptible"; E — "exposed”, | —
"infectious patients" - R — "recovered". Subsequently,
the model was modified by scientists from different
countries, depending on a particular epidemic, and
has now received the world-famous abbreviation —
SEIR (Baroyan, 1977).

Thus, the SEIR model operates with "flows" of
individuals:

1. Susceptible S(t) - individuals without
immunity.

2. Latent E(t) - individuals who have become
spreaders of the disease after contact with infected
people, but have not yet become ill (the incubation
period of the disease).

3. Infected I(t) - diseased individuals spreading
the disease.

4. Unsusceptible R(t) - individuals who have had
a disease and received immunity.

5. Dead D(t) - individuals who died as a result of
the disease.

It is worth noting that the spreaders of the disease
are both those who are directly ill, and individuals
who are carriers of the disease during the incubation
period. The "flows" of individuals, i.e. the transitions
of individuals from one state to another, can be
schematically represented in the form (Figure 2):
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Figure 2: the spread of the disease, where 1 is an infection
as a result of contact with an infected person, 2 is the onset
of symptoms of the disease, 3 is recovery and acquisition of
immunity, 4 is death due to illness; S(t) is susceptible, E(t)
is latent; I(t) is sick (infected); R(t) is recovered and
acquired immunity; D(t) is dead individuals.



The basic model for describing the spread of
epidemics is the SIR model (S - susceptible, | -
infected, R - recovered), proposed by Scottish
epidemiologists Kermak and Mackendrick in the
1920s (Kermack, 1927). In the future, the model of
the influenza epidemic proposed by Soviet scientists
O.V. Baroyan and L.A. Rvachev (Baroyan, 1977). It
became known as the Baroyan-Rvachev model. The
method used in this model is based on the use of the
mathematical apparatus of continuum mechanics
(Landau, 1954), which simulates the process of
transfer of matter (energy, momentum, etc.), and
which can be applied to simulate the transfer of an
infectious agent from sick to healthy. The influenza
epidemic model is described by a system of nonlinear
differential equations with corresponding initial and
boundary conditions similar to the hydrodynamic
equations (Landau, 1954).

Risk assessment approaches are widely used to
make decisions on preventing and mitigating the
consequences of the epidemic, including assessing
the risk of spreading the pathogen, assessing the level
of exposure and vulnerability, as well as assessing
readiness to counteract a dangerous virus (Colizza,
2007). The quantitative assessment of the danger
includes the determination of the quantitative
characteristics of the pathogen (lethality,
transmission routes, incubation period, etc.). The
exposure assessment measures the dose of the
pathogen that a person inhales, swallows, or comes
into contact with. A database and information on the
necessary resources in the field of biological risk
assessment are publicly available on the special
online portal of the Center for Advanced
Microbiological Risk Assessment.

An interesting approach is based on a multiple-
criteria decision analysis (MCDA), which uses a
variety of criteria of an epidemiological, socio-
economic nature (Vorobiev, 2015). This approach is
also used by the European Center for Disease
Prevention and Control (ECDC). This approach was
applied in the development of WHO for the
prevention and avoiding of epidemics, the definition
of priority lists of the most dangerous diseases. WHO
also uses a toolkit called the Global Burden of
Disease (GBD) method, which is a scientific study to
quantify the comparative magnitude of health loss
caused by disease, injury, risk factors related to
gender, geographic, socio-economic location. The
work (World Health Organization, 2012) describes
the approach and methodology for rapid risk
assessment and provides operational guidelines for
assessing the risk of disease spread. Attention is
drawn to the fact that in order to perform a rapid risk

assessment, including in the epidemiological field, it
is necessary to have access to a database on diseases,
a list of research results, and access to relevant
literature.

The article (Chandra, 2020) presents a simulation
of the spread of the epidemic caused by coronavirus
infection in various environments using a stochastic
model (susceptible-infected-recovered) (SIR), which
also used Bayes’ calculations.

At the same time, the use of an improved model
using differential equations of the type (SIR) [14]
requires a large amount of varied data (the number of
individuals in the latency period, the number of sick,
hospitalized, recovered, in critical condition, and
deaths, as well as the time spent by people in these
states, and other parameters) and does not allow an
estimate of the number of able-bodied employees of
the disaster response force depending on the sick
employees. Therefore, this article attempts to
describe an approach for estimating the number of
response force personnel capable of performing their
work functions depending on the sick employees,
which is discussed in the works of S.N. Zaripova
(Zaripova, 2009).

3 MODELS AND METHODS

Consider two random variables: X is the number of
sick workers of Response Service, Y is the number of
workers who continue to work in disaster response
services, represented by the corresponding statistical
series. After the initial statistical processing of the
data, which consists in first constructing variational
series consisting of ordered values of random
variables X and Y, then statistical series consisting
only of various sample values of random variables X
and Y, and determining the frequencies of various
sample values. The histograms show the frequencies
of different values of the random variables X and Y.
The constructed histograms (frequency polygons are
constructed in a similar way) allow us to make an
assumption about the types of distribution of the
random variables X and Y.

If it is impossible to obtain an unambiguous
answer about the types of distribution of random
variables X and Y from the histograms and frequency
polygons, then the compliance with the most common
distribution laws (normal, logarithmically normal,
Poisson's law, binomial) is checked using the ¥?
criterion (chi square). ¥? — the criterion of agreement
for testing the hypothesis about the distribution law
of the random variable under study. If the observed
values of y%ops turned out to be greater than the critical



values of % for all the distribution laws listed above,
then transformations of the initial values of the
random variables X and Y are performed. Before the
transformation, the initial values are normalized
according to the formula:

z; = (2, = 2)/0, o))

where z is the average value of the sample, g, is
standard deviation.

Then the normalized values are converted
according to the formula:

w; = lg(u; + a) 2

where a - constant at which u; + a > 0 for any i.
Further, for the transformed random variables,
frequency  histograms are constructed and
correspondence to a certain (for example, normal)
distribution law is established. Then the check is
performed again by the %2 criterion (chi square).

4 RESULTS

Consider a random variable X is the number of sick
workers, a random variable Y is the number of
workers who continue to work in disaster response
services in the period from 03/20/2021 to 05/31/2021
in the territory of the Republic of Tatarstan (Zaripova,
2007). From 73 elements of each of the samples X and
Y, 20 and 12 different sample values were selected,
respectively. Using the standard software package
"Data Analysis", statistical series of samples and their
graphical representations were obtained (Figure 3-4).
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Figure 3: Histogram of random variable frequencies (X).
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Figure 4: Histogram of random variable frequencies ().

Further, for each sample, the relative and
accumulated relative frequencies of the sampled
values are calculated. The polygons of the relative
and accumulated frequencies are shown in Figure 5-
8.
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Figure 5: Polygon of relative frequencies of a random
variable (X).
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Figure 6: Polygon of relative frequencies of a random
variable ().
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Figure 7: Polygon of accumulated frequencies of a random
variable (X).
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Figure 8: Polygon of accumulated frequencies of a random
variable (Y).

Hypotheses about the distribution of random
variables X and Y according to the normal law,
logarithmically normal law, Poisson's law, binomial
law were tested using statistical functions of the MS
Excel library of built-in functions.

It is established that the observed values of
random variables are much larger than the critical
values of %, therefore, hypotheses about the
distribution of random variables X and Y according to
the normal law, logarithmically normal law, Poisson's
law, binomial law contradict statistical data (Table 1).
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where n;is sample value frequency x; or yi, and n'i =
N-pi, where p; - theoretical probability of sampled
value x; or yi, N — sample size.

Table 1: y%ops and 2 values for different distribution laws
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Further, in accordance with formulas (1) and (2),
transformations of the random variables X and Y are
performed. As a result of such transformations, the
formulas (4) and (5) were obtained for the random
variable X:

x; = (x; — 6,62)/5,38 @)

L

(rationing: x; - x;) and x"; = lg(x; +4.3) ()
(x; = x"),

Substituting the value x; into formula (4) we
obtain (6):

x"; =lg(x; +16,51)/5,38 (6)

Similar transformations are performed with the
values of the random variable Y:

y, = (v; — 1871,23)/254,32 )

y"i = lg(y; +3,18) (8)

. _ lg(y; —1062,78) ©)
Y= 254,32

As a result, new values x"; and y"; of random
variables were obtained, for which the histograms of
frequencies were again constructed, according to
which we can assume the presence of a normal
distribution law (Figure 9-10).
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Figure 9: Histogram of converted frequencies X.
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Figure 10: Histogram of converted frequencies Y.

The verification of this assumption is confirmed
by the test according to the criterion x2 (chi square):
at the significance level a = 0.05, the critical values
of y? - statistics, respectively, are equal to y%rx =
12,59, y2r.y=7,81.



These values are greater than the corresponding
calculated values y%cacx = 6,51 and y%cacy = 6,63.
Consequently, the null hypothesis Ho, which consists
in the fact that the number of employees of disaster
response services on the territory of the Republic of
Tatarstan performing labor functions and persons
from among the disaster response forces recognized
as temporarily disabled (on sick leave) in the period
from 03/20/2020 to 05/31/2020, obey the normal
distribution law, does not contradict statistical data.

Based on the available values of the transformed
random variables, we construct a linear regression
equation, which has the form (10):

y’ = =03 + 1,259 %" (10)

Regression statistics are summarized in Table 2,
the graph of linear regression is shown in Figure 11.

Table 2: Regression statistics

Standard deviation Standard deviation

b”=0,06 a”=0,03
Determination Standard deviation
coefficient R? = 0.88 y=0,04
F- statistics = 518,77 Number of degrees of
freedom =71

Residual sum of
squares = 0,14

Regression sum of
squares = 1,03
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Figure 11: Graph of linear regression of transformed
random variables.

The constant term and the regression coefficient
are significant, since the corresponding probabilities
of random events equal to 1,09E-12 and 2,3E-34 are
less than the significance level o = 0,05. The average
approximation error E = 7,71% is less than 8-10%,
therefore model (10) is more accurate.

To pass to the initial values of random variables X
and Y in equation (10) instead of x” and y” we
substitute their values from (6) and (9), and after

small transformations we obtain a dependence of the
form (11):

y=1032,78 4+ 254,32 - 107°3 x (11)
(x + 16,51)1'26
5,38

on the basis of which it is possible to make forecasts
of the number of employees of the disaster response
services performing labor functions in the workplace,
based on the values of the number of persons from
among the employees of the response services
recognized as temporarily disabled due to
coronavirus infection.

To predict the values x = x(t), where t is time, on
the basis of statistical data for 73 days, trend lines
(polynomial second degree, exponential and linear)
were constructed (Figure 12), equations, coefficients
of determination and other characteristics of which
are summarized in Table 3.
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Figure 12: Trendlines.

Table 3: Trendline equations and their characteristics

Trends Polynomial Elxponentl Linear
X =
_ 2| X = X =
Trendline ; 888?2? = 04758 | = 0,0044t
i ’ . ,0,007¢
equation + 0,4942 e + 0,4609
Determinati
on 0,9837 0.9717 0,9508
coefficient,
RZ

5 DISCUSSIONS

According to the predicted values x = x(z), obtained
from one of the equations in Table 3, it is possible to



predict the values of y(x) by formula (11), taking into
account which it is possible to plan the actions of the
disaster response forces.

To obtain a regression dependence of the type of
dependence represented by formula  (11),
transformations of the original random variables were
performed, then normalization was performed, which
made it possible to obtain a regression dependence
between the transformed values, and then using
reverse substitution to obtain the required regression
dependence.

Based on this approach, an assessment of the
required number of employees in a pandemic can be
carried out to prevent forecasted natural and man-
made emergencies.

6 CONCLUSIONS

The obtained regression dependence of random
variables (11) characterizing the number of able-
bodied employees and sick employees, along with
other computational models, predicting the spread of
infection (increase in the number of infected) allow
individuals to make more informed decisions on the
configuration of emergency rescue forces, fire
brigades in the event of emergencies, man-made
accidents and fires (Arefeva, 2019).
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