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ABSTRACT

Purpose: To develop a system of automated protection of employees from Covid-19 and other 
infections, it is implemented through minimizing the risks of contracting the SARS-CoV-2 virus 
and other respiratory viral infections within the enterprise.
Design/methodology/approach: Analysis of legal normative documents and scientific and 
technical literature – to update the scientific problem and formulate the research tasks; methods 
of system analysis - to build the overall structure of the system and to establish relationships 
between its elements; simulation methods - to develop the algorithms of functioning and 
interaction of sensors and actuators of the corresponding subsystems; methods of decision 
theory and data mining - to develop  the training programs and testing the knowledge of 
employees on epidemic safety.
Findings: The system of automated protection of employees from Covid-19 and other 
infections was developed, which, due to the connection of functionally independent elements 
according to a certain scheme, allows minimizing the risk of contracting the SARS-CoV-2 
virus and other respiratory viral infections of employees at the enterprise and increasing their 
protection from the occurrence of the corresponding infections by implementing a complex 
of anti-epidemic measures within the system and providing and constant support of the 
quarantine regime at the enterprise in accordance with WHO recommendations. The developed 
system was implemented and pilot tested at the industrial enterprise "Odessa Experimental 
Plant" (Odessa, Ukraine). Based on the results of the development of the system, an application 
was filed for obtaining a patent for invention No. a 202105894 dated 20.10.2021.
Research limitations/implications: The number of system elements can change (increase 
/ decrease) depending on the number of workplaces, as well as areas requiring control.
Practical implications: The implementation of the proposed system allows increasing the 
level of economic sustainability of the enterprise in a complex epidemiological situation of the 
state or world level by minimizing the risks of enterprise shutdown as a result of the need to limit 
social and labour connections between employees due to implementation a full range of anti-
epidemic measures (in accordance with WHO recommendations) at the enterprise and constant 
compliance with the established quarantine regime by the employees at enterprise.
Originality/value: For the first time, the system of automated protection of employees from 
Covid-19 and other infections was developed and proposed for use at enterprises, institutions 
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and organizations, which, unlike others, allows the implementation of a full range of appropriate 
anti-epidemic measures at the enterprise (according to WHO recommendations) and ensure 
compliance with the established quarantine regime by the employees, due to the constant 
management of the sanitary-epidemic control modes of admission to the enterprise, disinfection 
of surfaces, ventilation and air decontamination of industrial premises etc.
Keywords: Safety and health management, Covid-19, Acute occupational disease, Quarantine 
regime, System of automated protection
Reference to this paper should be given in the following way: 
A.P. Bochkovskyi, N.Yu. Sapozhnikova, Development of system of automated protection of 
employees from COVID-19 and other infections at the enterprise, Journal of Achievements in 
Materials and Manufacturing Engineering 112/2 (2022) 70-85. 
DOI: https://doi.org/10.5604/01.3001.0016.0705

INDUSTRIAL MANAGEMENT AND ORGANISATION

epidemic measures (in accordance with WHO recommendations) at the enterprise and constant compliance with the established 
quarantine regime by the employees at enterprise. 
Originality/value: For the first time, the system of automated protection of employees from Covid-19 and other infections 
was developed and proposed for use at enterprises, institutions and organizations, which, unlike others, allows the 
implementation of a full range of appropriate anti-epidemic measures at the enterprise (according to WHO recommendations) 
and ensure compliance with the established quarantine regime by the employees, due to the constant management of the 
sanitary-epidemic control modes of admission to the enterprise, disinfection of surfaces, ventilation and air decontamination 
of industrial premises etc. 
Keywords: Safety and Health Management, Covid-19, acute occupational disease, quarantine regime, system of automated protection. 
 
 
 
 
 
1. Introduction 

 
At the end of 2019, the world community faced a 

biological danger unprecedented over the past 100 years in 
scale and consequences ‒ the epidemic of the Covid-19 
corona virus infection caused by the SARS-CoV-2 virus 
(hereinafter referred to as the Covid-19 infection).  
The epidemic not only caused the death of more than 4.5 
million people in the world, but also caused the largest 
economic crisis since the Great Depression, which experts 
from the International Monetary Fund called the “Great 
Quarantine” or “Great Self-Isolation” [1]. This name quite 
accurately characterizes the current economic crisis, since 
one of its main reasons, according to the conclusions of the 
International Labour Organization (ILO) experts, was the 
drop in industrial production caused by the forced quarantine 
restrictions introduced within almost all countries of the 
world [2]. These quarantine restrictions, first of all, included 
the need for limit or prevent social contacts between people, 
which led to the actual enterprise, institutions and 
organizations shutdown indefinitely. It should be noted that 
in contrast to the usual economic crisis caused exclusively 
by economic conditions, such as lack of demand, solvency 
on the part of consumers or overproduction of goods and 
services, this crisis was caused by the need to social and 
labour disconnection between people to prevent the spread 
of the disease within societies  [3,4]. The problem of 
restoring economic activity with maintaining compliance 
with isolation measures was partially solved by introducing 
distant working conditions. But these measures were able to 
give only a slight positive economic effect, since they could 
be applied only in very limited areas of economic activity, 
usually in the IT field [2,5]. At the same time, in the real 
economic sector ‒ industrial production, in which, due to the 
specificities of the organization of technological processes 
the employees should be directly involved in workplaces,  

it is not possible to implement distant working conditions  
[2-4, 6,7].  

Thus, according to the ILO, at the beginning of 2021, 
intra-industry restrictions regarding admission to work-
places at enterprises (forced inaction) concerned about 77% 
of employees [7]. For comparison, the corresponding peak 
in July 2020 was not much higher and amounted to 85% [7]. 
A high and relatively stable percentage of these restrictions 
is explained by the results of research by specialists from the 
Brookings Institution [8]. According to them, such measures 
of the existing quarantine restrictions as mandatory social 
isolation and the prohibition of the operation of enterprises 
have been ineffective in maintaining the spread of the 
Covid-19 infection [8]. A more effective measure of its 
maintaining was the vaccination campaign introduced in the 
world, which made it possible to remove certain quarantine 
restrictions in parts of countries with a fairly high percentage 
of vaccinated persons, including the restoring of the 
operation of enterprises whose technological processes 
require the direct involvement of employees in workplaces. 
At the same time, according to research data, even a 
vaccinated person, given the peculiarities of the immune 
system of his body, the presence of certain chronic diseases, 
a decrease in the effectiveness of the protective effect of the 
vaccine over time (usually 3-6 months after vaccination), as 
well as constant mutation processes virus (the emergence of 
new strains) cannot be completely safe from infection (re-
infection) with Covid-19 in production conditions [9,10]. 
Therefore, in order to increase the level of occupational 
safety of employees at such enterprises, according to the 
recommendations of the World Health Organization 
(WHO), it is necessary to additionally develop and 
implement a set of effective quarantine (anti-epidemic) 
measures to minimize the risk of their infection [6,9,10]. 
Considering that Covid-19 infection is mainly transmitted 
from a sick person to a healthy person (even if they are both 
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vaccinated) either by airborne droplets or through direct 
contact of a healthy person's body with infected surfaces 
(equipment, door handles, etc.), anti-epidemic measures 
should be aimed at minimizing precisely these risks of 
infection of employees within the enterprise and 
implemented by solving the following main tasks (according 
to WHO recommendations) [6, 11-15]: 
 minimization of the risk of penetration of the this 

infection into the enterprise from the outside (ensuring 
the sanitary-epidemic regime of control of the admission 
of employees and other persons to the enterprise); 

 ensuring constant control over the compliance with the 
quarantine measures by the employees at the enterprise 
(compliance with the mask regime, disinfection 
measures, etc.) and prompt response to their violation by 
the responsible persons and services; 

 constant ensuring and control of a high level of 
knowledge of employees regarding the mechanisms of 
the spread of infection, industrial culture in a difficult 
epidemic situation, as well as the level of their own 
responsibility for violation of quarantine measures; 

 ensuring a continuous disinfection the surfaces of 
industrial (administrative) premises through which 
infection can be transmitted (common areas); 

 ensuring rational modes of ventilation of the air in the 
working area of industrial (administrative) premises, 
depending on the modes of work and rest established at 
the enterprise and in compliance with the established 
optimal (acceptable) microclimatic indicators for the 
corresponding categories of work;  

 ensuring continuous safe decontamination of air in the 
working area during the shift (using screened UV-
emitters). 
The effectiveness of the implementation of these anti-

epidemic measures is confirmed by a number of conducted 
researches [16-18]. Taking into account the nature of these 
tasks (about the need to constantly monitor many parameters 
within the ensuring anti-epidemic measures, promptly 
responding to their deviations from the set values, ensuring 
the functioning of other relevant processes in the specified 
modes) and the need to apply a systematic approach in their 
implementation (which is associated with the existing 
relationships between the tasks and their focus on achieving 
a common goal), it is obvious that the practical 
implementation of a set of quarantine measures at an 
enterprise is possible only within the functioning of a certain 
automated system [19]. At the same time, the 
implementation of these measures allows ensuring the 
protection of employees not only from Covid-19, but also 
from known seasonal (influenza, etc.) and from new, 
previously unknown infections. It should be noted that the 

protection of employees from new infections (along with 
protection from Covid-19) is an urgent scientific and 
practical problem, the solution of which, given the 
experience of the readiness of the countries of the world for 
the sudden spread of the Covid-19 pandemic, will allow, if 
not prevent, then significantly decrease the negative impact 
on the economy of new sudden epidemiological threats, the 
emergence of which in the future, according to the forecasts 
of WHO experts, is quite probable [20,21]. However, despite 
the urgency of a identified problem, a conducted analysis of 
the scientific and literature, as well as a patent search showed 
that today there are no automated systems that could 
comprehensively ensure the complex implementation of 
anti-epidemic measures to ensure the quarantine regime at 
enterprises within the set (according to WHO 
recommendations) tasks [6, 12]. 

Thus, the purpose of this study is to develop a system of 
automated protection of employees from Covid-19 and other 
infections, it is implemented through minimizing the risks of 
contracting the SARS-CoV-2 virus and other respiratory 
viral infections within the enterprise.  

 
 

2. Literature review  
 

A conducted analysis of the scientific and literature, as 
well as a patent search showed that the existing system of 
automated protection of employees from Covid-19 have the 
following disadvantages that make it impossible to 
comprehensively implement anti-epidemic measures to 
ensure the quarantine regime at enterprises within the set 
(according to WHO recommendations) tasks. 

Thus, in the study [22], the automated system aimed at 
preventing the spread of an infection (MERS) within a 
certain institution (medical) was developed by the authors. 
To solve this problem, the system monitors the movement 
routes and contacts of persons (employees, visitors, patients, 
etc.) using technical means based on Bluetooth technology. 
Each person is provided with an electronic bracelet or other 
means to monitor his movement across the territory. These 
tools interact with location sensors and contain information 
about the health status of each of the specified persons 
(infected person or not). Thus, the system allows identifying 
possible contacts of a healthy person with an infected person 
and, accordingly, takes the envisaged anti-epidemic 
measures promptly, as well as allows for early warning of 
such contacts for a healthy person, if he approaches an 
infected person (2 meters or closer) or of its location in a 
zone (premise) where the infected person was. However, a 
significant disadvantage of the system is the lack of 
implementation within its framework of any other anti-
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epidemic measures, except limiting of social contacts (as 
provided for by the WHO recommendations), which, as 
noted above, proved to be ineffective in minimizing the risks 
of Covid-19 infection [8]. In particular, the system does not 
provide for measures to monitor compliance with the mask 
regime, the implementation of disinfection measures and 
other mandatory (according to WHO recommendations) 
anti-epidemic measures. In addition, the recommendatory 
nature of the employees distancing measures may be 
ineffective, due to the possible neglect (or improper 
performance) of the specified measure by a healthy person 
(the impact of the "human factor" signs). Thus, the presence 
of these disadvantages significantly reduces the possibility 
and effectiveness of using this system to protect employees 
from Covid-19 and other diseases at the enterprise. 

In research [23], in order to minimize the risk of 
dangerous situations of an epidemiological nature at 
enterprises, a system with the functions of employees testing 
for an infections (Covid-19), namely, measuring body 
temperature and performing (according to the established 
schedule) express tests was proposed. These tests are carried 
out at the enterprise checkpoint and, in case of a negative 
result (a person is not infected) the employee is allowed to 
enter the territory (to the workplace). In case of 
identification the corresponding symptoms or suspicion of a 
disease, the employee is not gained admission to the 
workplace and is sent for additional medical screening. In 
this case, the disadvantage of this measure can be considered 
an imperfect system for controlling the admission of 
employees to the enterprise, namely, a sufficiently long 
period required to obtain the results of an express test (at 
least 20–30 minutes). The proposed approach can contribute 
to the creation of a crowd of employees and the violation of 
the social distance between them, the violation of the 
operating mode of the enterprise and other negative 
consequences. The system also allows monitoring social 
contacts between employees, although, as noted earlier, this 
measure is ineffective. Among other significant disadvan-
tages, the lack of such mandatory anti-epidemic measures as 
decontamination, disinfection, ventilation, compliance with 
the mask regime by employees, etc., which increases the risk 
of infection into the territory from outside the enterprise (on 
the surface of hands, shoes etc.) and, accordingly, its distri-
bution among employees (including by airborne droplets) 
should be highlighted. Thus, despite the existence of positive 
aspects (for example, ensuring the admission regime to the 
enterprise), the system does not solve the full range of tasks 
to ensure the quarantine regime at the enterprise, that can 
have a significant impact on its efficiency.  

The system proposed in the research [24] is almost 
similar in its functions to the system [23]. Within the system, 

compliance with the quarantine regime is provided 
exclusively by ensuring the sanitary-epidemic regime for 
admission of employees to the enterprise, which, in turn, is 
implemented on the basis of express testing (using a unique 
method). Accordingly, the specified system has all the main 
disadvantages of the previously analysed system. Namely, 
the impossibility of implementing such mandatory anti-
epidemic measures as disinfection, decontamination, 
compliance with the mask regime, etc.  

Developed within the research [25], a system of sanitary 
control is designed to ensure compliance with the regime for 
disinfecting the surface of their hands, namely, the quality 
of ensuring this process (in real time) by employees. The 
system monitors the quality of the process of directly 
washing, drying and disinfecting the hands of employees 
and collects and analyses data from persons who have 
undergone this procedure (using the personal identification 
module). The positive aspect of the system is the ability to 
provide a high-quality procedure for disinfecting the 
surfaces of the hands, however, the impossibility of 
implementing a set of other mandatory anti-epidemic 
measures within the system (in accordance with the WHO 
recommendations) does not allow for use it to minimize the 
risks of spreading infection by other ways (airborne droplets, 
through the surfaces of industrial premises etc.). 
Accordingly, these disadvantages do not allow the use of this 
system for the comprehensive protection of employees from 
the corresponding infections at the enterprise.  

In research [26], a system to combat the spread of 
infections, in particular at enterprises was developed. The 
system is designed to minimize the risks of social contacts 
between a healthy and a sick (potentially sick) person by 
checking the data of the national database about each 
employee for the presence of: antibodies to SARS-CoV-2 
(based on the results of PCR tests included in this database), 
received doses of vaccination, etc. before admission to the 
workplace (at the checkpoint of the enterprise). In the 
absence of such information in the database, the system 
provides for express testing of the employee with loading the 
corresponding results into the database. Thus, if the 
employee's health does not meet the established admission 
criteria, the system does not allow him to admission to the 
workplace. Apparently, within the system, only one of the 
complex of anti-epidemic measures recommended by WHO 
has been implemented, namely, ensuring the admission 
regime. However, due to the not envisaged other 
accompanying necessary measures to ensure such a regime 
(disinfection, mask control, etc.), the risk of penetration of 
the SARS-CoV-2 virus from outside the enterprise into its 
territory (on the surface of the hands, soles, etc.) and spread 
between employees remains very high, which is a significant 
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disadvantage of the system. Another significant disadvan-
tage of the system is the lack of foresight of other necessary 
(according to WHO recommendations) anti-epidemic mea-
sures (decontamination of the surfaces of industrial 
premises, the air of the working area, etc.). The impossibility 
of implementing a set of all the necessary anti-epidemic 
measures within the system (according to WHO 
recommendations) does not allow for the quarantine regime 
and significantly reduces the degree of protection of 
employees from Covid-19 within the enterprise.  

In research [27], a system for the prevention and control 
of Covid-19 in a medical institution, which provides for the 
introduction of a set of anti-epidemic measures of an 
organizational nature, was developed. Namely, ensuring 
compliance with the social distance (which, as noted, is an 
insufficiently effective measure), training in the use of 
personal protective equipment, disinfection of the surfaces 
of hands, medical equipment, materials, informing about the 
need to comply with the quarantine regime (including the 
constant wearing of a protective mask, washing hands, etc.). 
The main disadvantage of the system is exclusively 
organizational nature of all these measures, that is, the 
quality and the mandatory to implement measures within the 
system are monitored only by the administration, not 
constantly and not systematically. This disadvantage is very 
significant, since the effectiveness of the implementation of 
measures is determined exclusively by the conscientiousness 
and personal consciousness of the employee, that is, the 
effectiveness directly depends on the "human factor" signs. 
In addition, the system does not provide for other necessary 
anti-epidemic measures, such as rational ventilation, safe air 
decontamination, which, along with the above 
disadvantages, does not allow for the functioning of an 
effective quarantine regime at the enterprise (according to 
WHO recommendations).  

In the research [28], a system for protecting employees 
at workplaces from Covid-19, which provides for the 
mandatory temperature screening of each employee (before 
the work, before and after a work shift at the checkpoint), 
monitoring the presence of a protective mask on the face (at 
the checkpoint of the enterprise) and its giving if necessary, 
the need for hand disinfection, an increase the number of 
disinfection measures in common areas (elevators, stairs, 
etc.) during the work shift, etc., was developed. However, a 
significant disadvantage is fact that the quality of the 
implementation of these measures is either not monitored 
(for example, disinfection of hands, common areas) or is 
improperly monitored. So, for example, the presence of a 
protective mask on the face is controlled only at the 
checkpoint and exclusively by an employee of the 
corresponding service (the impact of the "human factor" 

signs is possible). In addition, the system does not provide 
for such mandatory anti-epidemic measures as rational 
ventilation of premises, safe decontamination of air in them, 
etc. These disadvantages can significantly reduce the 
effectiveness of protecting employees from Covid-19 and 
other infections, due to the risk of spreading the SARS-CoV-
2 virus by airborne droplets or through the surfaces of 
industrial premises that are common areas remain high. The 
lack of the possibility of using a full range of anti-epidemic 
measures within the system and the dependence of the 
effectiveness of their implementation on the negative 
"human factor" signs does not allow the use of this system 
to ensure the quarantine regime at the enterprise in 
accordance with WHO recommendations. 

As can be seen from the results of the analysis, the main 
and significant disadvantage of existing studies is fact that 
none of the analysed systems is able to provide a complex 
and comprehensive solution to all the necessary basic tasks 
for the implementation of a set of anti-epidemic measures 
within the quarantine regime at the enterprise (according to 
the recommendations WHO). That is, each of the above 
systems is capable of solving only one (for example, 
ensuring measures for disinfecting the surface of the 
employee's hands) or several tasks (ensuring admission to 
the enterprise and disinfection regimes) to protect 
employees from Covid-19 and other infections at the 
enterprise (some of them not in full, taking into account the 
possible impact on the effectiveness of the their 
implementation result of negative the "human factor" signs), 
but not everything in an integrated manner. Thus, the 
problem of implementing a full range of anti-epidemic 
measures at the enterprise and ensuring a quarantine regime 
to protect employees from Covid-19 and other infections (in 
accordance with WHO recommendations) remains an urgent 
unsolved scientific and practical problem. Solve this 
problem, taking into account the need to control a large 
number of parameters in the implementation of anti-
epidemic measures (ensuring admission regimes for 
employees to the enterprise, rational ventilation of premises, 
disinfection of surfaces, safe air decontamination, etc.) and 
the need to ensure a prompt reaction (by the Control 
Authority of quarantine regime) in case of violation by 
employees or other persons of the quarantine regime, it is 
possible (as noted earlier) only within the development of an 
appropriate automated system, consisting of a complex of 
relevant functional elements, software tools for managing 
them, as well as an operator (to perform functions that 
cannot be automated, etc.). The need to implement such 
systems at an enterprise, their development and invest in 
their development in order to create a sustainable 
occupational health and safety system in a crisis is defined 
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as an urgent and priority task for 2021-2022 by the 
International Labour Organization [15].  

 
 

3. Materials and methods  
 
The following set of research methods was used in the 

study. Analysis of legal normative documents and scientific 
and technical literature in the field of building and 
functioning of anti-epidemic protection systems for 
employees at enterprises ‒ to update the scientific problem 
and formulate research tasks. 

Methods of system analysis ‒ to build the overall 
structure of the system of automated protection of 
employees from infections and to establish relationships 
between its elements (sensors, actuators, etc.), as well as to 
determine the parameters and criteria for their functioning.  

Simulation methods, namely the discrete-event 
simulation (DES) of stochastic processes ‒ to develop the 
algorithms of functioning and interaction of sensors and 
actuators of subsystems, which are responsible for: 
 compliance with the sanitary admission regime to the 

enterprise territory (in particular, disinfection modes for 
shoe soles, the surface of the hands of employees and 
visitors enterprise, control of body temperature, the 
presence of a protective mask on faces, as well as its 
issuance, the functioning of the admission turnstile);  

 ensuring the disinfection of the surfaces of industrial 
premises (door handles, etc.); 

 ensuring compliance with the mask regime in common 
areas (including recognition of the violator of the regime 
with the establishment of his identity).  
Discrete-event simulation of deterministic processes of 

management of ventilation modes of industrial premises and 
decontamination of air in the working area - to develop of 
the algorithms of functioning and interaction:  
 time relay and speed regulator of the electric motor of the 

air exchange subsystem;  
 time relay and starting device for switch on/off the 

shielded UV emitter of the air decontamination 
subsystem.  
Methods of decision theory and data mining ‒ to develop 

the program of express testing for each employee's knowledge 
of the rules and norms of compliance with the quarantine 
regime established at the enterprise, as well as programs for 
unscheduled instruction of employees who have not passed 
express testing (taking into account those done errors); to 
develop the individual training programs for an employee 
from the technical personnel and for automated control of 
the level of his knowledge on occupational health and safety 
during the preparation and use of disinfectant solutions.  

The developed system was tested at the Odessa 
Experimental Plant, Ministry of Education and Science of 
Ukraine (Odesa, Ukraine). The efficiency of the system was 
determined by collecting and analysing data from its 
subsystems (for the period from September 2021 to February 
2022), namely: compliance with the sanitary and access 
regime at the enterprise; air ventilation of the working area; 
disinfection of air of the working area; ensuring disinfection 
of the surfaces of industrial premises; compliance with the 
mask regime in common areas; control of knowledge of 
employees of the technical staff group as well as by 
interviewing employees of the enterprise. According to the 
data received from the subsystem of compliance with the 
sanitary and access regime at the enterprise, 4028 persons 
(employees and visitors) visited the territory of the 
enterprise during this period. The personnel arrangements of 
the enterprise during this period remained unchanged ‒ 32 
persons. 

 
 

4. Results and discussion  
 
This study is based on the task of creating an system of 

automated protection of employees from Covid-19 and other 
infections (SAPEI), which due to the connection of 
functionally independent elements according to a certain 
scheme, allows minimizing the risks of infection of 
employees with the SARS-CoV-2 virus and other relevant 
respiratory viral infections within the enterprise and increase 
the protection of employees from the occurrence of Covid-
19 and other infectious (influenza and others) by ensuring 
the continuous functioning of a complex of anti-epidemic 
measures within the quarantine regime established at the 
enterprise (in accordance with WHO recommendations). 

SAPEI includes interconnected: the motion sensor and 
the level sensor of the disinfectant solution in the cartridge 
for the treatment of the mat, located at the checkpoint of the 
enterprise; the electronic terminal (with built-in camera); the 
non-contact body temperature scanner; the face scanner for 
the presence of a protective mask; the  motion sensor on a 
device for non-contact treatment of hands with a disinfectant 
solution; the level sensor of the disinfectant solution in the 
hand treatment cartridge; the sprayer of disinfectant solution 
on the mat located at the checkpoint of the enterprise for 
disinfecting the soles of shoes; the light and sound signalling 
device, which reports the need to replace the cartridge with 
a disinfectant solution for treating the mat; the light and 
sound signalling device, which reports increased body 
temperature; the turnstile blocking device; the light and 
sound signalling device, which reports the absence of a 
protective mask on the face; the automatic a protective mask 
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dispenser; the non-contact sprayer of disinfectant solution 
for treating hands; the light and sound signalling device, 
which reports the need to replace the cartridge with a 
disinfectant solution for treating hands; the normalizing 
converters and the signal amplifiers. SAPEI also includes: 
the motion sensor located behind the turnstile; the time relay 
for the ventilation system; the time relay for shielded UV 
emitter; the motion sensor located above the door handle of 
the industrial premises; the level sensor of the disinfectant 
solution in the cartridge, installed above the door handle of 
the industrial premises; the electronic terminal installed in 
the premises for technical personnel; the camera with a 
function of  recognition of face without a protective mask 
installed in common areas (corridor, stairs, etc.); the speed 
regulator of the electric motor of the air exchange system of 
the industrial premises; the starting device for switching on 
/ off the shielded UV emitter; the sprayer of disinfectant 
solution installed above the door handle of the industrial 
premises; the light and sound signalling device, which 
reports the need to replace the cartridge with a disinfectant 
solution located above the door handle of the industrial 
premises; the light and sound signalling device, which 
reports non-admission of employee from technical personnel 
and blocking his personal magnetic card; the normalizing 
converters; the personal computer of the duty operator of the 
occupational health and safety service; the microprocessor 
control device (MCD); the signal amplifiers. The number of 
electronic terminals, the sensors, the time relays, the 
cameras with function of recognition of the face without a 
protective mask and actuators can change (increase / 
decrease) depending on the number of employees in the 
enterprise (organization, institution), industrial premises, 
workplaces, dangerous areas (common areas, surfaces of 
industrial premises) requiring control and treatment.  

SAPEI aims to solve the following tasks (according to 
the WHO recommendations) [6, 12]: 
 Ensuring a constant and prompt implementation of the 

process of disinfection of the surfaces of industrial 
premises, primarily those that are common areas and 
through which the transmission of infectious agents from 
the surfaces of the human body (employee), who is 
(potentially can be) a vector of such agents, on the 
surface of the body of a healthy employee (door handles 
of industrial premises, etc.) is possible. 

 Increasing the safety level of employees, whose 
peculiarities of the labour process include the work in 
premises where several workplaces are located, by 
ensuring the process of constant decontamination of the 
air in the working area and rational modes of air 
exchange.  

 To minimize the risk of spreading infections by airborne 
droplets by ensuring the process of monitoring the 
presence of protective masks on the face of employees 
and visitors at the checkpoint of the enterprise, as well as 
in common areas (corridors, stairs, etc.) and by ensuring 
automatic issuance of the protective masks in case their 
absence (due to minimizing the negative "human factor" 
signs). 

 Reducing the occurrence of the "human factor" signs 
from technical personnel regarding the need for 
mandatory control of the presence of the required 
amount of disinfectant solution in disinfecting devices 
due to the use of level sensors of the corresponding 
solution.  

 Reducing the risk of the acute occupational disease 
caused by strains of the Covid-19 viral infection and 
other occupational dangers of a biological nature. 
Elimination (minimization) of the risk of penetration of 
infectious agents from outside the territory of the 
enterprise, through constant monitoring of the 
employee's body temperature at the checkpoint of the 
enterprise, disinfection of the employee's shoe soles, 
hand disinfection, etc.  

 Improvement of the quality control process for 
disinfection of surfaces of industrial premises and 
equipment performed by employees from technical 
personnel. 

 Management of the sanitary and anti-epidemic regimes 
that established at the enterprise aimed at preventing the 
spread of infections.  

 Increasing the social attractiveness of the enterprise by 
significantly reducing the level of infectious disease 
associated with dangerous and harmful productive 
factors of biological nature (in particular, Covid-19). 

 Achievement of an increase in the economic effect at the 
enterprise, by reducing the number of social insurance 
payments (sick leave, etc.) and increasing its economic 
sustainability in a crisis caused by biological dangers of 
an infectious nature.  
The schematic diagram of SAPEI is shown in Figure 1. 
Listed in Figure 1 system elements are interconnected in 

that order. The motion sensor 1 and the level sensor of the 
disinfectant solution in the cartridge for the treatment of the 
mat 2 are connected to the corresponding normalizing 
converters 15 and 16, whose outputs are connected to the 
inputs of the microprocessor control device (MCD) 28. The 
electronic terminal (with the built-in camera) 3 is connected 
to the input of the MСD 28. The non-contact body tempera-
ture scanner 4, the face scanner for the presence of a protec-
tive mask 5, the motion sensor on a device for non-contact 
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Fig. 1. Schematic diagram of SAPEI: 1 – the motion sensor; 2 – the level sensor of the disinfectant solution in the cartridge 
for the treatment of the mat, located at the checkpoint of the enterprise; 3 – the electronic terminal (with a built-in camera); 4 
– the non-contact body temperature scanner; 5 – the face scanner for the presence of a protective mask; 6 – the motion sensor 
on a device for non-contact treatment of hands with a disinfectant solution; 7 – the level sensor of the disinfectant solution in 
the hand treatment cartridge; 8 – the motion sensor located behind the turnstile; 9 – the time relay for the ventilation system; 
10 – the time relay for shielded UV emitter; 11 – the motion sensor located above the door handle of the industrial premises; 
12 – the level sensor of the disinfectant solution in the cartridge, installed above the door handle of the industrial premises; 13 
– the electronic terminal installed in the premises for technical personnel that using (preparing) disinfectant solutions for 
cleaning and processing the premises of the enterprise; 14 – the camera with a function of  recognition of face without a 
protective mask installed in common areas; 15-26 – the normalizing converters; 27 – the personal computer of the duty operator 
of the occupational health and safety service; 28 – the microprocessor control device (MCD); 29-41 – the signal amplifiers; 
42 – the sprayer of disinfectant solution on the mat located at the checkpoint of the enterprise for disinfecting the soles of 
shoes; 43 – the light and sound signalling device, which reports the need to replace the cartridge with a disinfectant solution 
for treating the mat; 44 – the light and sound signalling device, which reports increased body temperature; 45 – the turnstile 
blocking device; 46 – the light and sound signalling device, which reports the absence of a protective mask on the face; 47 – 
the automatic a protective mask dispenser; 48 – the non-contact sprayer of disinfectant solution for treating hands; 49 – the 
light and sound signalling device, which reports the need to replace the cartridge with a disinfectant solution for treating hands; 
50 – the speed regulator of the electric motor of the air exchange system of the industrial premises; 51 – the starting device for 
switching on / off the shielded UV emitter; 52 – the sprayer of disinfectant solution installed above the door handle of the 
industrial premises; 53 – the light and sound signalling device, which reports the need to replace the cartridge with a 
disinfectant solution located above the door handle of the industrial premises; 54 – the light and sound signalling device, which 
reports the non-admission of employee from the technical personnel and blocking his personal magnetic card. 
               Subsystem of compliance of sanitary admission control at the enterprise;                           Subsystem of ventilation; 
               Subsystem of decontamination of the air working area;                 Subsystem for ensuring disinfection of surfaces of 
industrial premises;              Subsystem of compliance with the mask regime in common areas;                         Subsystem 
of monitoring the knowledge of employees from the technical personnel 
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treatment of hands with a disinfectant solution 6 and the 
level sensor of the disinfectant solution in the hand treatment 
cartridge 7 are connected to the corresponding normalizing 
converters 17, 18, 19, 20, which are connected to the 
corresponding inputs of the MСD 28. The motion sensor 8 
is connected to the normalizing converter 21, which is 
connected to the input of the MСD 28. The time relay for the 
ventilation system 9, the time relay for the shielded UV 
emitter 10, the motion sensor located above the door handle 
of the industrial premises 11, the level sensor of the 
disinfectant solution in the cartridge, installed above the 
door handle of the industrial premises 12 and the camera 
with a function of recognition of face without a protective 
mask installed in common areas 14 are connected to the 
corresponding normalizing converters 22, 23, 24, 25, 26, 
which are connected to the corresponding inputs of the MСD 
28. The electronic terminal installed in the premises for 
technical personnel that using (preparing) disinfectant 
solutions for cleaning and processing the premises of the 
enterprise 13 is connected to the input of the MСD 28.   

The sprayer of disinfectant solution on the mat 42, the 
light and sound signalling device, which reports the need to 
replace the cartridge with a disinfectant solution for treating 
the mat 43, the light and sound signalling device, which 
reports increased body temperature 44, the turnstile blocking 
device 45, the light and sound signalling device, which 
reports the absence of a protective mask on the face 46, the 
automatic a protective mask dispenser 47, the light and 
sound signalling device, which reports the need to replace 
the cartridge with a disinfectant solution for treating hands 
49 are connected to the corresponding signal amplifiers 29, 
30, 31, 32, 33, 34, 35 and 36, whose the inputs are connected 
to the corresponding outputs of the MСD 28.  

The speed regulator of the electric motor of the air 
exchange system of the industrial premises 50, the starting 
device for switching on / off the shielded UV emitter 51, the 
sprayer of disinfectant solution installed above the door 
handle of the industrial premises 52, the light and sound 
signalling device, which reports the need to replace the 
cartridge with a disinfectant solution located above the door 
handle of the industrial premises 53 and the light and sound 
signalling device, which reports the non-admission of 
employee from the technical personnel and blocking his 
personal magnetic card 54 are connected to the 
corresponding signal amplifiers 37, 38, 39, 40 and 41, whose 
the inputs are connected to the corresponding outputs of the 
MСD 28. The input and the output of the personal computer 
of the duty operator of the occupational health and safety 
service 27 are connected to the corresponding output and 
input of the MСD 28. 

SAPEI works as follows. The signal from the motion 
sensor 1 through the normalizing converter 15 is transmitted 
to the MCD 28, processed and through the signal amplifier 
29 close / open the contactor groups of the sprayer of 
disinfectant solution on the mat 42. The signals from the 
sensors 2, 7, 12 through the normalizing converters 16, 20, 
25, respectively, are transmitted to the MCD 28, processed 
and through the signal amplifiers, for example 30, or all 30, 
36, 40 close / open the contactor groups of the light and 
sound signalling devices, for example, the light and sound 
signalling device 43, or all 43, 49, 53, which reports the need 
to replace (or fill) the corresponding cartridge or cartridges. 
The signal from the electronic terminal (with a built-in 
camera) 3 is transmitted to the MСD 28 and processed. The 
electronic terminal (with a built-in camera) 3 is intended for 
carrying out express testing of an employee in order to 
determine the level of necessary knowledge of the general 
safety requirements during quarantine restrictions, as well as 
for registering visitors to the enterprise. At the same time, 
the electronic terminal (with a built-in camera) 3 transmits 
to the MСD 28 information containing the visitor's photo 
and his personal data. The MСD 28 generates a unique 
visitor ID number and enters it into the general production 
database together with the visitor's photo. Thus, in the case 
of a violation by a visitor, for example, of the rules for 
compliance with the mask regime in common area, he can 
be identified in order to apply to him, for example, certain 
fines or other sanctions provided for by law. Express testing 
involves several questions related to detecting the level of 
knowledge of compliance with the quarantine regime at the 
enterprise. To obtain admission to the enterprise territory 
and to his workplace, the employee must provide more than 
60% of correct answers, otherwise the system invites the 
employee to familiarize himself with the relevant 
information presented in the form of diagrams, drawings, 
videos, etc. (for better perception of information), and then 
retesting [29, 30]. If the results of repeated express testing 
are negative (less than 60% of correct answers), the 
employee must be unscheduled instructed in the 
occupational health and safety department and then control 
tested. During this time, the employee's admission to the 
enterprise territory is limited, and his personal magnetic card 
is blocked. The questions to answer through the electronic 
terminal 3 are selected randomly from the general 
production database, which is constantly updated taking into 
account the answers of the employees. It should be noted that 
for each work shift, for each test, the system offers different 
questions for employees. The time during which the 
employee's admission to the workplace is limited (personal 
magnetic card is blocked) is recorded and transmitted to the 
personnel department and the accounting department of the 
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enterprise to take into account this information when 
calculating wages and work experience (number of working 
hours, number of non-working hours, etc.). 

The signal from the non-contact body temperature 
scanner 4 through the normalizing converter 17 is 
transmitted to the MСD 28 and processed. In case of 
exceeding the established criterion of body temperature, the 
MСD 28 through the signal amplifier 31 close / open the 
contactor groups of the light and sound signalling device, 
which reports increased body temperature 44, while the 
employee's personal magnetic card is blocked, and this 
information is transmitted to the personnel department and 
the medical services of the enterprise, for the purpose of 
further processing.  

The signal from the face scanner for the presence of a 
protective mask 5 through the normalizing converter 18 is 
transmitted to the MСD 28 and processed. If the scanner 5 
detects the absence of the protective mask on the employee's 
(or visitor's) face, the MСD 28 through the signal amplifiers 
33, 34 close / open the contactor groups of the light and 
sound signalling device 46 and the automatic a protective 
mask dispenser 47. The employee (or visitor) need to wear 
the protective mask on the face, after that the scanner 5 re-
scans the face and, if it detects the presence of the protective 
mask, then transmits the signal to the MСD 28 for 
processing, and the light and sound signalling device 46 and 
the automatic a protective mask dispenser 47 work in regular 
mode.  

The signal from the motion sensor on the device for non-
contact treatment of hands with disinfectant solution 6 (in 
the case of raising hands into the area of disinfecting solution 
spraying) through the normalizing converter 19 is 
transmitted to the MСD 28, processed and through the signal 
amplifier 35 close / open the contactor groups of the non-
contact sprayer of disinfectant solution for treating hands 48. 

The turnstile blocking device 45 is in the locked mode, 
to restrict the admission of employees and visitors to the 
enterprise territory during all processing the signals from the 
electronic terminal (with a built-in camera) 3, the non-
contact body temperature scanner 4, the face scanner for the 
presence of a protective mask 5, the motion sensor on a 
device for non-contact treatment of hands with disinfectant 
solution 6, the MСD 28. The turnstile blocking device 45 is 
unlocked after receiving the signal from MСD 28 through 
the signal amplifier 32. Such a signal is transmitted only if 
the MСD 28 receives cumulatively the signals: from the 
electronic terminal (with a built-in camera) 3 regarding the 
positive result of the employee's express testing (the 
employee provides more than 60% of correct answers to the 
questions), from the non-contact body temperature scanner 
4 about not exceeding the set body temperature criterion, 

from the face scanner for the presence of a protective mask 
5 and from the motion sensor on a device for non-contact 
treatment of hands with disinfectant solution 6. After 
unlocking the turnstile blocking device 45, the employee 
passes through the turnstile, it is fixed by the motion sensor 
8 located behind the turnstile. A corresponding signal from 
the motion sensor 8 through the normalizing converter 21 is 
transmitted to the MСD 28, processed and through the signal 
amplifier 32 close / open the contactor groups of the turnstile 
blocking device 45 and locks the turnstile. 

The signal from the time relay for the ventilation system 
9 through the normalizing converter 22 is transmitted to the 
MСD 28, processed and through the signal amplifier 37 
close / open the contactor groups of the speed regulator of 
the electric motor of the air exchange system of the industrial 
premises 50. The operating modes of the ventilation system 
are set depending on the schedule of the working process in 
the corresponding industrial premises. Two hours before the 
start of the work shift, the time relay 9 through the 
normalizing converter 22 transmits the signal to the MСD 
28, which is processed and through the signal amplifier 37 
transmitted to the speed regulator of the electric motor of the 
air exchange system of the industrial premises 50, while the 
speed regulator 50 switches to the mode of intensive air 
exchange. The time relay 9 begins counting the time until 
the start of the work shift. Upon reaching the established 
time, the time relay 9 through the normalizing converter 22 
transmits the signal to the MСD 28 regarding the change in 
the speed of the electric motor and the transfer of the 
ventilation system to the regular work mode, in which the air 
exchange speed in the industrial premises complies with the 
established sanitary-hygienic requirements and begins the 
counting the time until the start the intra-shift break (in 
accordance with the rational modes of work and rest 
established at the enterprise). Upon reaching the established 
break time, the time relay 9 through the normalizing 
converter 22 transmits the signal to the MСD 28 about the 
need to transfer the speed regulator 50 to the mode of 
intensive air exchange. The time relay 9 begins counting the 
time until the end of the intra-shift break. At the end of the 
established break time, the time relay 9 through the 
normalizing converter 22 transmits the signal to the MСD 
28 for changing the speed of the electric motor of the air 
exchange system and transferring the ventilation system to 
the regular work mode. The time relay 9 begins counting the 
time until the start of the next break, and at the end of the 
last intra-shift break - until the end of the work shift. Upon 
reaching the end time of the work shift, the time relay 9 
through the normalizing converter 22 transmits the signal to 
the MСD 28, which is processed and through the signal 
amplifier 37 transmitted to the speed regulator of the electric 
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motor of the air exchange system 50, which transferred to 
the mode of intensive air exchange at the same time. The 
time relay 9 begins counting the time until ventilation 
system shutdown time. Upon reaching the established time, 
signal from the time relay 9 through the normalizing 
converter 22 is transmitted to the MСD 28, processed and 
through the signal amplifier 37 close / open the contactor 
groups of the speed regulator of the electric motor of the air 
exchange system 50. The time relay 9 begins counting the 
time until the next activation of the ventilation system.  

The signal from the time relay for the shielded UV 
emitter 10 through the normalizing converter 23 is 
transmitted to the MСD 28, processed and through the signal 
amplifier 38 close / open the contactor groups of the starting 
device for switching on / off the shielded UV emitter 51, 
installed in the industrial premises for decontamination of 
the working zone air, according to the recommendations 
[31,32]. Two hours before the start of the work shift, the 
signal from the time relay 10 through the normalizing 
converter 23 is transmitted to the MСD 28, processed and 
through the signal amplifier 38 switches on the shielded UV 
emitter 51. The time relay 10 begins counting the time until 
the end of the work shift in the corresponding industrial 
premises. Upon reaching the established time, the time relay 
10 through the normalizing converter 23 transmits a signal 
to the MСD 28 about the need to switch off the shielded UV 
emitter through the starting device for switching on / off the 
shielded UV emitter 51, and the time relay 10 begins 
counting the time until the next switching on, that is, two 
hours before the start of the work shift. 

The motion sensor, located above the door handle of the 
industrial premises 11 fixes the process of contact of the 
hand of an employee or visitor with the door handle of the 
industrial (administrative) premises, after which transmits 
the corresponding signal through the normalizing converter 
24 to the MСD 28, where it is processed and through signal 
amplifier 39 open / close the contactor groups of the sprayer 
of disinfectant solution installed above the corresponding 
door handle of the industrial premises 52. 

The electronic terminal 13 is installed in the premises for 
technical personnel using (preparing) disinfectant solutions 
for cleaning and processing the premises of the enterprise. 
The electronic terminal 13 is intended for testing employees 
using (preparing) disinfectant solutions for cleaning and 
processing the premises of the enterprise, in order to 
determine the level of necessary knowledge regarding the 
general requirements for the preparation, using of 
disinfectant solutions, as well as safety requirements during 
work with them. Testing involves the answering the 
questions by an employee of the technical personnel and is 
carried out before the start of each work shift. To obtain 

admission to the workplace, the employee must provide 
more than 60% of correct answers. In the case, when the 
employee provides less than 60% of correct answers, the 
signal from the electronic terminal 13 is transmitted to the 
MСD 28, processed and through the signal amplifier 41 
close / open the contactor groups of the light and sound 
signalling device (located at the workplace of the duty 
operator of the occupational health and safety service) which 
reports the non-admission of the employee from the group 
of technical personnel to the workplace and blocking his 
personal magnetic card 54. The system invites the employee 
to return to the stage of familiarization with the instruction 
text and retesting. If after retesting the employee provides 
less than 60% of the correct answers, he is suspended for the 
duration of unscheduled training and instruction on relevant 
issues. At the same time his personal magnetic card is 
blocked, which is reported by the light and sound signalling 
device 54, and the corresponding information is transmitted 
to the personnel department and the accounting department 
of the enterprise.  

The camera with a function of  recognition of face 
without a protective mask installed in common areas 14, in 
which, according to the rules, it is necessary to be in a mask, 
automatically finds (in the control zone) the face of 
employees or visitors (who must receive the temporary pass 
at the checkpoint through the electronic terminal 3 with 
obtaining unique ID number and face recognition) without a 
protective mask (or if the mask is worn incorrectly) and 
through the normalizing converter 26 transmits the 
corresponding information to the MСD 28. The system 
identifies the employee (visitor) without a protective mask 
(with an incorrectly worn mask) by comparing the image 
received from the camera with the photos of employees from 
general production database of the enterprise (or a photo by 
the ID number of the visitor). Information about the person 
violating the mask regime at the enterprise is transmitted 
through the MСD 28 to the personal computer of the duty 
operator of the occupational health and safety service 27 and 
entered into the general production database of the 
enterprise. This information is available to employees of the 
occupational health and safety service, medical service, 
personnel department and accounting department and is 
used for unscheduled instructions, etc. Also, the information 
about existing violations is displayed on the electronic 
terminal 4, when the employee scanning his personal 
magnetic card. When choosing questions for daily express 
testing, the system takes into account the corresponding 
violations. If a visitor is a violator, this information can be 
transferred to law enforcement agencies to collect fines 
(which the visitor is warned about during admission to the 
enterprise territory).  
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The information about the corresponding signals from 
sensors 1, 2, 6, 7, 8, 11, 12, electronic terminals 3, 13, 
scanners 4, 5, time relays 9, 10, camera 14, as well as about 
the functioning of actuators 42, 45, 47, 48, 50, 51, 52 and 
light and sound signalling devices 43, 44, 46, 49, 53, 54 is 
transmitted to the personal computer of the duty operator of 
the occupational health and safety service 27, which is 
connected to the MСD 28, is processed and entered into the 
general production database. It should be noted that since 
measures to ensure the protection of employees from the 
occurrence of an acute occupational disease Covid-19 and 
other occupational dangers are exclusively within the 
competence of the occupational health and safety service, it 
is this service represented by the operator on duty manages 
the quarantine regime at the enterprise within the SAPEI 
[33,34].  

SAPEI works in the automatic mode, however, manual 
control of system elements in case of emergency situations 
is also provided [35, 36]. For this, there is an interaction 
between the processing of signals in the MСD 28 and the 
personal computer of the duty operator of the occupational 
health and safety service 27 simultaneously through the 
interface, namely:  
 information about the modes of the sensors, the scanners, 

the time relays, the electronic terminals, the cameras, the 
actuators, the light and sound signalling devices, the 
turnstile blocking device is processed and presented in a 
graphical form; 

 commands concerning the mode change of functioning 
of the sensors, the scanners, the time relays, then 
electronic terminals, the cameras, the actuators, the light 
and the sound signalling devices, the turnstile blocking 
devices are transmitted;  

 information about the detection of employees and 
visitors with an increased body temperature, without face 
protective masks, as well as employees not gaining 
admission to the workplace due to violation of the 
requirements of instructions for preparation, using of 
solutions for cleaning, processing of industrial premises, 
surfaces of common areas is processed and fixed; 

 the time of crossing the enterprise checkpoint and  
receiving the protective mask by employees and visitors  
is displayed and, as well as, messages reminding the need 
to change the protective mask are transmitted to mobile 
phones (SMS, messages in a messenger, etc.) and / or 
work computers of employees at the regular intervals.  
Thus, in the case of an emergency situations in the 

system functioning, the occupational health and safety 
service can ensure the functioning of the quarantine mode at 
the enterprise in manual mode (during elimination of 
violations of the system functioning) [37]. 

SAPEI unlike other automated systems, which are 
designed (as can be seen from the results of the analysis) to 
solve only certain tasks of prevention the spread of SARS-
CoV-2 virus within the enterprise (for example, ensuring 
measures to disinfect the surface of employees' hands or 
some other individual tasks), for the first time allows to 
provide a systematic approach to the implementation of a 
full range of anti-epidemic measures (according to WHO 
recommendations) to minimize the risk of infection of 
employees with this virus and other respiratory viral 
infections within the enterprise. This is achieved through the 
constant management of the regimes of sanitary and 
epidemiological control of admission to the enterprise of 
employees and visitors; disinfection of public surfaces of 
industrial premises (door handles, etc.); ventilation and 
disinfection of  air of industrial premises; compliance with 
the mask regime in common areas, as well as control of 
knowledge of employees in the field of anti-epidemic safety, 
which is provided by connecting according to a certain 
scheme of functionally independent elements of the system. 
In turn, these properties of SAPEI, in contrast to other 
systems, solve another urgent scientific and practical 
problem ‒ increasing the level of economic stability of the 
enterprise in a difficult epidemiological situation of state or 
world level, which may be caused by new biological dangers 
(such as SARS virus), by minimizing the risks of enterprise 
shutdown as a result of the need to limit social and labour 
connections between employees. 

The developed system is implemented at the industrial 
enterprise "Odessa Experimental Plant, Ministry of 
Education and Science of Ukraine" (Odessa, Ukraine) and 
was tested. During the testing period, from September 2021 
to February 2022, according to the data received from the 
subsystem of compliance with the sanitary and access 
regime at the enterprise, 4028 persons (employees and 
visitors) visited the territory of the enterprise. The personnel 
arrangements of the enterprise during this period remained 
unchanged - 32 persons. According to the results of the 
analysis of data from the subsystems of SAPEI, the total 
number of violations of the quarantine regime set at the 
enterprise in early February 2022 in contrast to early 
September 2021 decreased by 83%. In particular, among 
employees of the enterprise the number of violations 
decreased by 92%. The lowest number of violations (with a 
steady decline in time) was recorded in the period from 
December 2021 to February 2022, this is due to the both 
increasing labour self-discipline, as a result of the tolerance 
to quarantine rules and the impacting  administrative 
measures for violators, as a result of their prompt detection 
by the relevant elements of the SAPEI (according to the 
interviewing employees). Among the main violations were 
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violations of the mask regime in common areas ‒ 64% (most 
violations are due to visitors), as well as violations related to 
lack of knowledge in the field of anti-epidemic safety (31% 
of employees are sent for unscheduled training). The nature 
of these violations suggests that they are all related to certain 
"human factor" signs (conscious or unconscious human 
actions), and not to the algorithm of the relevant subsystems. 
The relevant elements of these subsystems detected such 
violations in a timely manner and provided information to 
the relevant services of the enterprise, which allowed to 
promptly eliminate them. This leads to the conclusion about 
the effectiveness of SAPEI in relation to minimizing the 
"human factor" signs. It should be noted that according to 
the results of the analysis, namely the inefficiency or 
inability to minimize the "human factor" signs was identified 
as one of the main disadvantages, that are inherent in 
existing automated protection systems against Covid-19. 

About 5% of other violations of the quarantine regime 
were related to technical problems of settings the operation 
of subsystems to the specificities of technological processes 
in the enterprise (settings of ventilation, disinfection of air 
and surfaces of industrial premises, etc.). These violations 
were not systemic. 

Given that the functional properties of SAPEI aimed at 
protecting employees from the dangers associated with the 
risks of respiratory viral infections in the enterprise, which 
in turn is one of the main tasks of the health and safety 
management system at the enterprise, solution of integration 
SAPEI to the previously developed system of automated 
management of occupational health and safety (SAOHSM) 
in order to increase the efficiency of its operation is the 
direction of further studies [35]. 

Based on the results of the development of the system, 
an application was filed for obtaining a patent for invention 
No. а 202105894 dated 20.10.2021. 
 
 
5. Conclusions 
 

According to the results of the research, a system of 
automated protection of employees from Covid-19 and other 
infections at the enterprise was developed, which consists of 
the following main independent elements connected 
according to a certain scheme: the motion sensors and the 
sensors for the level of disinfectant solution in cartridges for 
non-contact treatment of the surfaces of soles shoes and 
hands of employees and visitors of the enterprise, the 
electronic terminal with a video camera, the scanners of 
body temperature and face, the motion sensor of admission 
employees to the enterprise territory and the actuators for the 
subsystem of compliance of the sanitary admission control 

at the enterprise; the time relay and actuators of subsystems 
of ventilation and decontamination of the air working area; 
the motion sensors and level of disinfectant solution in 
cartridges, as well as the actuators of the subsystem for 
ensuring disinfection of surfaces of industrial premises; the 
cameras with the function of face recognition of subsystem 
of compliance with the mask regime in common areas; the 
electronic terminal, the magnetic card blocking devices of 
subsystem of monitoring the knowledge of employees from 
the technical personnel; the normalizing converters; the 
microprocessor control device; the signal amplifiers. 

The combination of these elements is aimed at 
minimizing the risk of contracting of employees with the 
SARS-CoV-2 virus and other respiratory viral infections at 
the enterprise, which in turn provides increased protection 
of employees from the Covid-19 and other infections 
(influenza, etc.) by implementing a complex of anti-
epidemic measures within the system and providing constant 
support of the quarantine regime at the enterprise (in 
accordance with WHO recommendations. Namely, by: 
ensuring a constant and prompt implementation of the 
process of disinfection of the surfaces of industrial premises, 
through which infection can be transmitted (door handles, 
etc.); ensuring a continuous process of decontamination of 
air in the working area and a rational modes of air exchange 
in the premises, where several workplaces are located; 
ensuring a continuous process of monitoring the presence of 
protective masks on the face of employees and visitors at the 
enterprise checkpoint, as well as in common areas 
(corridors, stairs, etc.); ensuring of employees and visitors 
automatic issuance of the protective masks, if their absence; 
reminding the need to change the protective mask after the 
time usage are ended; minimization of the "human factor" 
signs during the mandatory control of the presence of the 
required amount of disinfectant solution in disinfecting 
devices due to use of the level sensors of the corresponding 
solution; minimization of the risk of penetration of the 
infectious agents from outside the territory of the enterprise, 
through constant monitoring of the employee's body 
temperature at the enterprise checkpoint, disinfection of the 
employee's shoe soles, hand disinfection, etc; improvement 
of the quality control process for disinfection of surfaces of 
industrial premises and equipment performed by employees 
from the technical personnel; ensuring the process of 
monitoring, training and checking the knowledge of 
compliance with the quarantine regime at the enterprise by 
employees, etc. 

The developed system is implemented at the industrial 
enterprise "Odessa Experimental Plant, Ministry of 
Education and Science of Ukraine" (Odessa, Ukraine) and 
was tested. During the testing period (from September 2021 

5.  Conclusions
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to February 2022) the total number of persons who visited 
the territory of the enterprise was 4028 ones (employees and 
visitors). According to the results of the analysis of data from 
the subsystems of SAPEI, the total number of violations of 
the quarantine regime set at the enterprise in early February 
2022 in contrast to early September 2021 decreased by 83%. 
In particular, among employees of the enterprise the number 
of violations decreased by 92%. Among the main violations 
were violations of the mask regime in common areas ‒ 64% 
(most violations are due to visitors), as well as violations 
related to lack of knowledge in the field of anti-epidemic 
safety (31% of employees are sent for unscheduled training). 
These violations are related to certain "human factor" signs 
(conscious or unconscious human actions), and not to the 
algorithm of the relevant subsystems. About 5% of other 
violations of the quarantine regime were related to technical 
problems of settings the operation of subsystems to the 
specificities of technological processes in the enterprise 
(settings of ventilation, disinfection of air and surfaces of 
industrial premises, etc.). These violations were not 
systemic. 

Based on the results of the development of the system, 
an application was filed for obtaining a patent for invention 
No. а 202105894 dated 20.10.2021. 
 
 
References 
 
[1] International Monetary Fund, World Economic 

Outlook: The Great Lockdown, Washington, DC, April 
2020. Access in: 21.12.2021, Available from: 
https://www.imf.org/en/Publications/WEO/Issues/202
0/04/14/weo-april-2020 

[2] International Labour Organization, COVID-19: How 
social and economic sectors are responding, April 
2020. Access in: 20.12.2021, Available from: 
https://www.ilo.org/global/about-the-
ilo/newsroom/news/WCMS_742203/lang--
en/index.htm 

[3] World Bank Group, Commodity Markets Outlook, 
Washington, DC, 2020. Access in: 20.12.2021, 
Available from: 
https://openknowledge.worldbank.org/bitstream/handl
e/10986/33624/CMO-April-2020.pdf 

[4] International Labour Organization, Monitor: COVID-
19 and the world of work. Second edition: Updated 
estimates and analysis, 7 April 2020. Access in: 
21.12.2021. Available from: 
https://www.ilo.org/wcmsp5/groups/public/---
dgreports/---
dcomm/documents/briefingnote/wcms_740877.pdf 

[5] COVID-19. Impact on Smart Manufacturing Market by 
Enabling Technology (Condition Monitoring, Artificial 
Intelligence, IIoT, Digital Twin, Industrial 3D 
Printing), Information Technology (WMS, MES, 
PAM, HMI), Industry, and Region - Global Forecast to 
2025, April 2020. Access in: 21.12.2021. Available 
from: https://www.marketsandmarkets.com/Market-
Reports/covid-19-impact-on-smart-manufacturing-
market-131502510.html 

[6] World Health Organization, Preventing and mitigating 
COVID-19 at work: policy brief, 19 May 2021. Access 
in: 21.12.2021. Available from: 
https://www.who.int/publications/i/item/WHO-2019-
nCoV-workplace-actions-policy-brief-2021-1 

[7] International Labour Organization, Newsletter: 
COVID-19 and the world of work, Seventh edition: 
Updated estimates and analysis, 25 January 2021 (in 
Russian). Access in: 21.12.2021, Available from: 
https://www.ilo.org/wcmsp5/groups/public/---europe/-
--ro-geneva/---sro-
moscow/documents/briefingnote/wcms_767671.pdf 

[8] J. Rothwell, H. Van Drie, The effect of COVID-19 and 
disease suppression policies on labour markets: a 
preliminary analysis of the data, 27 April 2020. Access 
in: 21.12.2021, Available from: 
https://www.brookings.edu/research/the-effect-of-
covid-19-and-disease-suppression-policies-on-labor-
markets-a-preliminary-analysis-of-the-data/ 

[9] World Health Organization, COVID-19 advice for the 
public: Getting vaccinated, 14 July 2021. Access in: 
21.12.2021, Available from: 
https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/covid-19-vaccines/advice 

[10] World Health Organization, Vaccine efficacy, 
effectiveness and protection, 14 July 2021. Access in: 
21.12.2021, Available from: https://www.who.int/news-
room/feature-stories/detail/vaccine-efficacy-
effectiveness-and-protection 

[11] C.D. Lindquist, M.S.M. Rhee, M.T. Silvestrini, A.C. 
Chan, J.J.Y. Ong, V.K. Sharma, Why so many 
healthcare workers and their contacts contracted Covid-
19 infection despite personal protective equipment?, 
Journal of Infection and Public Health 14/7 (2021) 947-
948. DOI: https://doi.org/10.1016/j.jiph.2021.04.004    

[12] U.S. Department of Labor Occupational Safety and 
Health Administration, Guidance on Preparing 
Workplaces for COVID-19, OSHA 3990-03 2020. 
Access in: 21.12.2021, Available from: 
https://www.osha.gov/sites/default/files/publications/
OSHA3990.pdf 

[13] International Labour Organization, Policy Brief: A safe 
and healthy return to work during the COVID-19 

References

http://www.journalamme.org
http://www.journalamme.org


Research paper84

Journal of Achievements in Materials and Manufacturing Engineering

A.P. Bochkovskyi, N.Yu. Sapozhnikova 

pandemic, May 2020. Access in: 21.12.2021, Available 
from: https://www.ilo.org/wcmsp5/groups/public/---
ed_protect/---protrav/---
safework/documents/briefingnote/wcms_745549.pdf 

[14] International Labour Organization, Report for World 
Day for Safety and Health at Work 2020: In the face of 
a pandemic: Ensuring Safety and Health at Work. 
Access in: 21.12.2021, Available from: 
https://www.ilo.org/wcmsp5/groups/public/---
ed_protect/---protrav/---
safework/documents/publication/wcms_742463.pdf 

[15] International Labour Organization, Report for World 
Day for Safety and Health at Work 2021: Anticipate, 
prepare and respond to crises – Invest now in resilient 
occupational safety and health systems. Access in: 
21.12.2021, Available from: 
https://www.ilo.org/wcmsp5/groups/public/---
ed_protect/---protrav/---
safework/documents/publication/wcms_780927.pdf 

[16] A. Kosieradzka, J. Smagowicz, C. Szwed, Ensuring the 
business continuity of production companies in 
conditions of COVID-19 pandemic in Poland – 
Applied measures analysis, International Journal of 
Disaster Risk Reduction 72 (2022) 102863. DOI: 
https://doi.org/10.1016/j.ijdrr.2022.102863  

[17] S. Talic, S. Shah, H. Wild, D. Gasevic, A. Maharaj, Z. 
Ademi, X. Li, W. Xu, I. Mesa-Eguiagaray, J. Rostron, 
E. Theodoratou, X. Zhang, A. Motee, D. Liew, D. Ilic, 
Effectiveness of public health measures in reducing the 
incidence of covid-19, SARS-CoV-2 transmission, and 
covid-19 mortality: systematic review and meta-
analysis, BMJ 375 (2021) e068302.  
DOI: https://doi.org/10.1136/bmj-2021-068302  

[18] C. Ingram, V. Downey, M. Roe, Y. Chen, M. 
Archibald, K.-A. Kallas, J. Kumar, P. Naughton, C.O. 
Uteh, A. Rojas-Chaves, S. Shrestha, S. Syed, F. 
Cléirigh Büttner, C. Buggy, C. Perrotta, COVID-19 
Prevention and Control Measures in Workplace 
Settings: A Rapid Review and Meta-Analysis, 
International Journal Environmental Research and 
Public Health 18/15 (2021) 7847.  
DOI: https://doi.org/10.3390/ijerph18157847  

[19] A. Bazzoli, T.M. Probst, COVID-19 moral disengage-
ment and prevention behaviors: The impact of perceived 
workplace COVID-19 safety climate and employee job 
insecurity, Safety Science 150 (2022) 105703.  
DOI: https://doi.org/10.1016/j.ssci.2022.105703 

[20] D.M. Morens, A.S. Fauci, Emerging pandemic 
diseases: how we got to COVID-19, Cell 182/5 (2020) 
1077-1092.  
DOI: https://doi.org/10.1016/j.cell.2020.08.021    

[21] M. Caselli, A. Fracasso, S. Traverso, Robots and risk of 
COVID-19 workplace contagion: Evidence from Italy, 
Technological Forecasting and Social Change 173 
(2021) 121097.  
DOI: https://doi.org/10.1016/j.techfore.2021.121097  

[22] Tracking and managing system for prevention of 
infectious diseases, Patent No KR 20170053145A, 
application 07.11.16., publ. 15.05.17. Access in: 
21.12.2021, Available from: 
https://worldwide.espacenet.com/patent/search/family/
058739843/publication/KR20170053145A?q=pn%3D
KR20170053145A 

[23] Corporate telemedicine complex for the prevention of 
epidemic emergencies, Patent No 2735400C1 of the 
Russian Federation, application 11.08.20., publ. 
30.10.20., Bull. 31 (in Russian). Access in: 21.12.2021, 
Available from: 
https://findpatent.ru/patent/273/2735400.html  

[24] Z. Li, G. Li, J. He, D. Cao, J. Tian, The Smart Safeguard 
System for COVID-19 to prevent cluster-infection in 
workplaces, Journal of Infection and Public Health 14/8 
(2021) 1042-1044.  
DOI: https://doi.org/10.1016/j.jiph.2021.06.008  

[25] Sanitary control system, Patent No 2752268C2 of the 
Russian Federation, application 30.10.19., publ. 
26.07.21., Bull. 21 (in Russian). Access in: 21.12.2021, 
Available from: 
https://patenton.ru/patent/RU2752268C2 

[26] Systems and methods for managing infectious disease 
dissemination, Patent No 11011003, application 
04.12.20., publ. 18.05.21. Access in: 21.12.2021, 
Available from: https://patft.uspto.gov/netacgi/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1
&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f
=G&l=50&s1=11011003.PN.&OS=PN/11011003&R
S=PN/11011003  

[27] Q. Kong, L. Yan, Prevention and Control Strategies for 
Coronavirus Disease-2019 in a Tertiary Hospital in the 
Middle East of China, Risk Management and 
Healthcare Policy 13 (2020) 1563-1569. DOI: 
https://doi.org/10.2147/RMHP.S265008  

[28] W.T. Ng, COVID-19: Protection of Workers at the 
Workplace in Singapore, Safety and Health at Work 
12/1 (2021) 133-135. 
DOI: https://doi.org/10.1016/j.shaw.2020.09.013  

[29] A.P. Bochkovskуi, Improvement of risk management 
principles in occupational health and safety, Naukovyi 
Visnyk Natsionalnoho Hirnychoho Universytetu 4 
(2020) 94-104.  
DOI: https://doi.org/10.33271/nvngu/2020-4/094 

http://www.journalamme.org
http://www.journalamme.org


85READING DIRECT: www.journalamme.org

Volume 112 • Issue 2 • June 2022

[30] A.P. Bochkovskyi, N.Yu. Sapozhnikova, Minimization 
of the “human factor” influence in Occupational Health 
and Safety, Naukovyi Visnyk Natsionalnoho 
Hirnychoho Universytetu 6 (2019) 95-106. DOI: 
https://doi.org/10.29202/nvngu/2019-6/14  

[31] Public Health Center of the Ministry of Health of 
Ukraine, Recommendations for the use of ultraviolet 
irradiation for disinfection, 25 June 2020 (in 
Ukrainian). Access in: 21.12.2021, Available from: 
https://phc.org.ua/news/rekomendacii-schodo-
vikoristannya-ultrafioletovogo-oprominennya-uf-dlya-
dezinfekcii 

[32] World Health Organization, Guidelines on tuberculosis 
infection prevention and control: 2019 update, Policy 
brief. Access in: 21.12.2021, Available from: 
https://www.who.int/publications/i/item/97892415505
12 

[33] A.P. Bochkovskyi, Elaboration of occupational risks 
evaluation models considering the dynamics of impact 
of harmful factors, Journal of Achievements in 
Materials and Manufacturing Engineering 102/2 (2020) 
76-85. DOI: https://doi.org/10.5604/01.3001.0014.6777  

[34] A.P. Bochkovskyi, Elaboration of stochastic models to 
comprehensive evaluation of occupational risks in 
complex dynamic systems, Journal of Achievements in 
Materials and Manufacturing Engineering 104/1 (2021) 
31-41. DOI: https://doi.org/10.5604/01.3001.0014.8484  

[35] A.P. Bochkovskyi, N.Yu. Sapozhnikova, Development 
of system of automated occupational health and safety 
management in enterprises, Journal of Achievements in 
Materials and Manufacturing Engineering 107/1 (2021) 
28-41. DOI: https://doi.org/10.5604/01.3001.0015.2454  

[36] A. Kania, K. Cesarz-Andraczke, K. Więcek, R. 
Babilas, Analysis of accidents in the context of work 
safety culture, Journal of Achievements in Materials 
and Manufacturing Engineering 94/1-2 (2019) 41-48. 
DOI: https://doi.org/10.5604/01.3001.0013.5120 

[37] O. Kruzhilko, N. Volodchenkova, V. Maystrenko, B. 
Bolibrukh, V.P. Kalinchyk, A. Zakora, A. Feshchenko, 
S. Yeremenko, Mathematical modelling of professional 
risk at Ukrainian metallurgical industry enterprises, 
Journal of Achievements in Materials and 
Manufacturing Engineering 108/1 (2021) 35-41. DOI: 
https://doi.org/10.5604/01.3001.0015.4797  

 
 

© 2022 by the authors. Licensee International OCSCO World Press, Gliwice, Poland. This paper is an 
open access paper distributed under the terms and conditions of the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license  
(https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en). 

 

http://www.journalamme.org
http://www.journalamme.org

