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Abstract. This article is devoted to the analysis of the results of the research work carried
out in the framework of innovative research. The article presents the role of mobile applications
in the life of a modern person and a variety of socio-economic issues in the field of labor
protection. As well as the use of mathematical modeling methods to evaluate individual aspects of
human interactions with the production environment and to study the dependencies between
parameters in laboratory semi-industrial installations.
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Recently, mathematical modeling methods have been used to solve occupational safety
problems. This method allows you to determine ways to improve various technological processes,
analyze operating modes and select among them the optimal ones according to safety criteria. In
addition, it becomes possible to predict trends in changes in indicators of interest over time and
test put forward hypotheses about the structure and mechanism of processes.

Occupational safety is characterized by a variety of tasks to be solved and the presence of
areas related to fundamental natural sciences. Thus, issues of thermal protection are closely related
to the classical theory of mass and heat transfer, in solving which the equations of the theory of
convective and radiant heat transfer (1) are successfully used. When organizing protection against
vibration and noise, methods of classical mechanics, vibration theory and acoustics are used.

The study of ventilation of industrial premises is closely related to aerodynamic or hydro
aeromechanics.

The basis for solving issues of protection against electric shock are the laws of electrical
engineering and electromagnetism.

The creation of the physical aspects of collecting dust and gases is based on the laws of
classical hydro-aeromechanics, statistical and molecular physics (2). And finally, ergonomics is
based on the achievements of medical, psychological, and biological sciences.

Thus, the specificity of occupational safety measures, which are characterized by a
significant amount of experimental work at the stage of laboratory, industrial, and research,
determines the prospects of using, firstly, analytical, and secondly, experimental statistical
modeling methods.
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In the first case, equations of dynamics and statics are compiled based on an analysis of the
physical and chemical essence of the processes occurring in the object and the application of the
laws of conservation of energy and matter. In the second case, with incomplete knowledge of the
mechanism of processes and the essence of the internal structure, when the values of the output
quantity are not in a unique relationship with the input influences, the study of processes is carried
out using statistical and probabilistic methods. The most rational research scheme is when a
general mathematical description is found using analytical methods that make it possible, based
on the physical essence of the process, to obtain a general solution to the problem. In this case,
experimental-statistical methods help to establish for a specific object the range of variation of
constants, the limits of variation of control parameters, the admissibility of variation zones to
ensure safety, etc.

The ultimate goal of mathematical modeling is to determine the functional dependencies
of input and output parameters, decision-making objects of models, predicting the values of output
values of a process over time, and developing recommendations (or systems) for its safe
management.

Based on the above, in research in the field of labor protection, the following directions
can be outlined for the effective application of the mentioned methods:

1. Use of mathematical modeling methods to assess individual aspects of human interaction
with the production environment and to study dependencies between parameters in laboratory,
semi-industrial and industrial installations.

2. Mathematical description and optimization of complex processes being designed or in
operation, which are characterized by factors that negatively affect humans.

3. Creation of automated occupational safety management and control systems using a
counting and solving algorithm mechanism.

Each of these areas includes certain groups of tasks. The solution of which is provided by
appropriate methods of mathematical modeling.

At the stage of preliminary study of the object of study, when the most important ones need
to be identified from a large number of factors, and opinions about their importance in the literature
are contradictory, the method of a priori ranking of factors, or the rank correlation method, is used
(3). This method is used in cases. when variable quality characteristics cannot be indicators. At the
next stage, with a relatively large number of factors (more than 5-7) influencing the process. the
problem of their reduction is solved by the random balance method (3). Work (4) illustrates the
use of the rank correlation method in identifying the degree of influence of the energy
characteristics of vibration (level of vibration speed, nature and duration of exposure, etc.) and the
diseases it causes.

At the stages of preliminary research of objects, when the characteristics of individual
parameters are studied. there arises the finding of the distribution of random variables. In this case,
knowledge of distribution laws contributes to the correct choice of methods for statistical
processing and assessment of the characteristics of the parameters being studied. This makes it
possible to predict the occurrence of dangerous situations and develop measures to prevent the
causes of occupational morbidity and injury.

Finding distribution laws in the field of occupational safety research is often an
independent task. Knowledge of these laws leads to the direct determination of safe operating
modes of equipment. For example, failures of technological equipment that are directly related to
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injuries are distributed according to Poisson’s law, therefore the safety of equipment is assessed
on the basis of this distribution (5). The distribution of accidents by severity is well approximated
with the (p)-distribution (6).

It is most convenient to present various types of distributions in the form of equations.
From this point of view, the distribution of accidents in production as a whole by individual
profession is well described by multiple nonlinear regression equations (7).

When performing work related to solving problems of the first direction, when
determining: the dependence of injuries and occupational diseases on technological,
psychophysiological, organizational reasons and social and hygienic working conditions (8); the
nature of the influence of lighting, noise, dust and other factors on labor productivity (9);
connection between and operational reliability of equipment (10); the influence of technological
factors on the vibration and noise activity of machines and mechanisms under normal operating
conditions and during the diagnosis of their malfunctions (11); installation coordinates of air
condition sensors (12); successfully used in the method of correlation analysis, which makes it
possible to obtain paired cause-and-effect factors.

When determining the totality of the assessment of the influence of causal factors on the
working conditions of workers, methods of multivariate dispersion and regression analyzes are
used with an assessment of the reliability of the data obtained according to the relevant statistical
criteria. Here, the problems of determining the significance levels of calculating confidence limits
for testing hypotheses are solved using the apparatus of the probability theory of applied statistics
(13). The use of these methods allows them to use static material obtained from a passive
experiment to build a model reflecting the simultaneity of the influence of a complex of input
factors, evaluate the influence of each factor separately, analyze and interpret the models in
accordance with the physical essence of the process under study.

In the practice of occupational safety and health work, problems of determining the
probability of events that are difficult to test experimentally are often solved. Typically, such an
assessment is made to identify the most rational design parameters of elements of technology that
is safe in the long term. Such works are based on theorems on the addition and multiplication of
probabilities, the concept of total probability and the HYPOTHESIS THEOREM (Bayes formula)
(14).

Examples of the use of a probabilistic approach are solving problems of modeling and
analytical scenario of labor safety conditions (15) assessing the level of safety of developments
(16), and predicting the likelihood of industrial injuries (17).

When assessing the safety of equipment in industrial complexes with a complex structure
and various operating conditions, preference is given to the statistical Monte Carlo method (18)
(based on the law of large numbers and limit theorems).

An integral part of most laboratory and semi-industrial research in the field of occupational
safety and health is the solution of complex multifactorial problems. This solution is based on
experimental studies with the possibility of active influence on the control parameters. Such
problems occur, for example, in ergonomics, gas and dust collection, and ventilation, where studies
are often carried out on model or full-scale installations that allow active influence on control
parameters.
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Traditional research methods used for these purposes involve labor-intensive experiments
based on alternately varying individual independent variables while holding other variables
constant.

These problems are most effectively solved by using mathematical methods for planning
and analyzing experiments (19), which make it possible to sharply reduce the number of
experiments. However, these methods, unfortunately, have not yet found wide application in the
field of occupational safety research.

When solving problems of the second direction, it is often necessary to determine the
maximum or minimum values of output parameters. Finding the ratio of the values of the output
parameters is achieved by optimization methods. Optimization can be carried out on the basis of a
mathematical model or by directly searching for optimal conditions at the site, depending on the
chosen method.

According to the classification of optimization methods given in work (20), the following
methods of searching for the optimum are distinguished; analytical, mathematical, automatic,
automatic with self-adjusting models.

These methods also include the automation of engineering work processes, the purpose of
which is to reduce the labor intensity of work when searching for optimal design solutions. Such
problems arise, for example, when calculating ventilation systems, when it is necessary to take
into account the lowest and highest permissible values of air velocities, the range and configuration
of equipment, the actual resistance of tees, crosses, etc. (21). Characteristic in this area are works
on the creation of systems for automated optimal design and analysis of a complex of heat
exchangers (22), as well as on design in the field of vibration protection (23).

The solution to problems in this direction is provided by methods of the theory of linear
and nonlinear programming systems, with the help of which processes are described by a system
of algebraic equations of inequalities-constraints, minimized by a nonlinear functional-objective
function and coupling equations (24).

In recent years, work on the creation of automated occupational safety management and
control systems at the level of enterprises, industries and regions, based on the great technical
capabilities of computers, has become widespread. The third direction was directly reflected in
solving the problem of improving occupational safety management methods.

In the field of labor protection, local automated air control systems have already been
created. The purpose of their organization is gas monitoring of air at chemical enterprises (25) and
issuing reference information to consumers on the quantitative composition of substances that
pollute the atmosphere (26). There are technical solutions for the development of industry-specific
automated systems for recording, analyzing and preventing industrial injuries (27).

When performing work in the third direction, it is necessary to establish possible
information flows, determine samples, frequency of data collection and integration time. For this
purpose, methods of static dynamics and spectral analysis can be successfully used (28).

According to the objectives of the study, this can also include the erotic system, in which
the role of the manager is performed by a person. The process of building such a system includes
the stages of forming a psychophysical portrait of the operator, coordinating the flow of
information coming to him and the characteristics of the controlled process, respectively, with the
throughput and indicators of the human body. The procedure for finding a multifactor operator
model is carried out using correlation and factor analyzes (29).
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To harmonize the characteristics of the operator and the controlled process, a method is
used to describe the operator’s activities with transfer functions, which will allow a quantitative
analysis of the psychophysiological characteristics of the operator using the gain factor, time
constants and pure delay (29).

To study the information capabilities of a human operator in an ergonomic system, the
most preferable methods are the methods of static information theory, which made it possible to
establish that a person, as a consumer of information, functions similarly to a channel with limited
capacity (30).

The process of solving the class of problems under consideration involves the processing
of static material, which requires the use of computers. According to the given methods of
following and calculating in the mathematical software of computer centers, there are developed
standard programs that can be used to perform the necessary calculations on the machine.

Thus, methods of mathematical modeling can be successfully applied at various stages of
research when solving problems of labor protection; they will be able to use greater capabilities of
computer technology and will ensure the identification of research work.
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