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ABSTRACT

Purpose: To develop a more advanced methodology, the application of which will provide 
an informational and computational and analytical basis for planning and implementing 
effective preventive measures aimed at minimizing occupational risks with limited resources, 
as well as in the absence of organizational and technical capabilities to create absolutely 
safe working conditions.
Design/methodology/approach: For the study, statistical data were used that obtained 
from enterprises of the metallurgical industry of Ukraine. Research methods: analysis and 
generalization of known scientific results, methods of statistical analysis, mathematical 
modelling, expert assessments and decision theory.
Findings: The results of experimental studies have confirmed the possibility of an objective 
assessment of various options for the OSH management strategy, which allows justifying 
the allocation of funds for OSH in the required amounts. It is shown that professional risk 
management strategies are characterized by different efficiency in the use of available 
financial resources, and the most effective strategy is one that allows you to minimize the 
level of risk (in comparison with other strategies) with the same amount of funding.
Research limitations/implications: The study focuses on enterprises of the metallurgical 
industry in Ukraine.
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Practical implications: The application of the developed mathematical models 
demonstrates the effectiveness of financing certain preventive and protective measures, 
and stimulates the head to ensure industrial safety.
Originality/value: The developed mathematical models allow justifying the allocation of 
funds for OSH in the required amounts.
Keywords: Industrial risk, Preventive and protective measures, Planning, Mathematical 
modelling
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1. Introduction 

 
Metallurgical industry enterprises are classified as high-

risk enterprises because of the many harmful and dangerous 
factors affecting workers during the work shift [1-4]. The 
processes of Ukraine's integration into the international 
community necessitate the use of new approaches to the 
organization of labour protection management, focused on 
international standards. Reforming the state economy 
requires all participants in the labour protection management 
process to respond promptly to changes caused by the 
development of market relations in Ukraine, which, in turn, 
necessitates improving labour protection management 
methods. This means that traditional management methods, 
which were successfully applied in the past, as well as the 
management experience accumulated by specialists and 
managers, in today's conditions cannot always be used 
effectively. 

Labour conditions and safety at enterprises are formed 
under the influence of a large number of factors [5-8]; 
therefore, industrial injuries and occupational morbidity are 
the most significant phenomena in production, which cause 
occupational risk at enterprises of any type of economic 
activity. In addition, industrial injuries and occupational 
morbidity remain the most significant indicators by which 
the effectiveness of OSH management is assessed. At the 
same time, these negative phenomena (first of all, industrial 
injuries) can be realized due to an unforeseen coincidence of 
circumstances or unfavourable development of events, that 
is, regardless of objective and subjective reasons. 

So, the methods of occupational safety management, 
based solely on the analysis of the causes and circumstances 
leading to industrial injuries and occupational diseases, do 
not provide for the priority of preventive measures for 
occupational safety and health. In addition, the current 

legislation does not sufficiently stimulate employers to 
apply the latest methods of labour protection management. 

Consequently, the current urgent task is to develop a 
methodology for substantiating preventive (prophylactic, 
preventive) measures and means for labour protection, 
taking into account occupational risk [9-11]. The essence of 
this problem lies in the fact that the existing approaches to 
assessing the state of labour conditions and safety are based 
on indicators of injuries, characteristics of compliance of 
equipment, technologies, buildings and structures with 
regulatory requirements [12,13], of which it is impossible to 
directly determine the list and types of measures by 
calculation that will provide the greatest risk impact. 

Recently, the regulatory and legislative framework of 
Ukraine on labour protection is increasingly focused on 
international legislation. The Concept of reforming the OSH 
management system in Ukraine [14], approved by the 
Cabinet of Ministers of Ukraine, is aimed at the active use 
of a risk-based approach [15]. At the same time, as has been 
repeatedly noted in scientific publications [16-18], for the 
transition to the methodology of OSH management based on 
the risk-based approach, fundamentally different theoretical 
and methodological approaches are needed than those that 
have been used so far. 

According to the results of the analysis of scientific 
works and publications devoted to the problem of 
mathematical modelling of indicators of the state of labour 
safety, the following was revealed: 
1. Application of methods of statistical data processing, 

primarily regression and correlation analysis, for 
calculating mathematical models of the dependence of 
indicators of the state of labour protection on a variety of 
factors [19,20]. 

2. In the overwhelming majority of cases, the assessment of 
occupational risks involves taking into account the 
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characteristics of various sectors of the economy, 
accounting and analysis of existing harmful production 
factors, technological processes and production 
equipment [21-23]. 
Therefore, the purpose of this work is to develop a more 

advanced methodology, the application of which will 
provide an informational and computational and analytical 
basis for planning and implementing effective preventive 
measures aimed at minimizing occupational risks with 
limited resources, as well as in the absence of organizational 
and technical capabilities to create absolutely safe working 
conditions. 

 
 

2. Materials and methods 
 
For the study, statistical data were used (on working 

conditions at workplaces, on the circumstances of accidents 
and traumatic situations, on the state of equipment safety, 
etc.) obtained from enterprises of the metallurgical industry 
of Ukraine. Research methods: analysis and generalization 
of known scientific results, methods of statistical analysis, 
mathematical modelling, expert assessments and decision 
theory. 

In its most general form, a mathematical model that 
establishes the dependence of the indicator on a variety of 
factors characterizing the state of labour protection has the 
form of a polynomial: 
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where Y ‒ initial variable (the professional risk level); Xi, 
Xj ‒ input variables (factors); a0, ai, aij ‒ constant coefficients 
of the model; n ‒ the number of factors taken into account. 

The choice of many factors depends on the conditions of 
a specific problem and the availability of the necessary sets 
of statistical data. Let us introduce into consideration the 
function Fi(X), which establishes the dependence of the 
dynamics of the indicator on the change in the values of i-th 
factor. In practice, this function characterizes the situation 
when the implementation of preventive measures (allocation 
of funds) is carried out exclusively to eliminate (reduce) the 
impact of i-th factor. In this case, the all other factors’ values 
affecting occupational risk are taken as averages over the 
array of statistical data: 

 

     ijii XFXFXF   (2) 
 

where  iXF  ‒ a mathematical model obtained from 
formula (1) by setting zero coefficients for all variables 

except for Xi;  ijXF   ‒ the constant calculated in formula 

(1) in the case of assigning mean values to all variables with 
the exception of Xi, as well as excluding the free term a0. 

According to the results of the studies carried out on the 
basis of data obtained at several enterprises of the 
metallurgical industry of Ukraine, it was found that despite 
the difference in equipment, technological processes, 
working conditions, etc., certain patterns of professional risk 
assessment were obtained. These patterns made it possible 
to systematize and study the main trends and patterns of 
changes in the level of professional risk due to the 
implementation of various management strategies. 
Management strategy (in this study) refers to the 
development and planning of OSH measures, their 
financing, implementation and evaluation of results. 
Reducing the level of professional risk is taken as the main 
result of each strategy. That is, the strategy provides for the 
implementation of the main stages of professional risk 
management. 

To bring the various factors values to a single scale, it is 
proposed to use the following approach for data pre-
processing: 
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where max
iX , min

iX – respectively, the maximum and 

minimum actual values of the factor iX , '
iX  ‒ normalized 

factor value  100;0X'
i  . 

In a similar way, you can go to the use of standard values 
of all investigated factors and indicators. At the same time, 
the minimum value of each factor will correspond to its 
minimum impact on occupational risk (minimum harm), and 
the maximum value (in our case ‒ 100) ‒ the maximum 
impact. 

It is well known that an increase in funding for activities 
aimed at improving working conditions and ensuring 
production safety can reduce the level of occupational risk. 

The study of the occupational risk management strategy 
(as a function of the only factor - the amount of funding for 
labour protection measures) is presented in Figure 1. 

Even a visual analysis of the dependences obtained  
(see Fig. 1) allows us to draw preliminary conclusions that 
with the same amount of funding for labour protection 
measures, it is possible to achieve different levels of 
occupational risk. The main reason for this situation can be 
considered insufficiently substantiated planning of 
activities, and, as a consequence, irrational spending of 
financial resources. 

2.  Materials and methods

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


Research paper38

Journal of Achievements in Materials and Manufacturing Engineering

O. Kruzhilko, N. Volodchenkova, V. Maystrenko, B. Bolibrukh, V.P. Kalinchyk, A. Zakora, et al.

 
 
Fig. 1. Research of professional risk management strategies: 
1 ‒ professional risk management strategy, which is 
characterized by the average efficiency of the use of 
financial resources; 2 ‒ professional risk management 
strategy, which is characterized by high efficiency in the use 
of financial resources; 3 ‒ professional risk management 
strategy, which is characterized by low efficiency in the use 
of financial resources; r0 ‒ the maximum value of 
professional risk, which is fixed before the start of the 
implementation of activities; r1, r2, r3 ‒ the value of 
professional risk, which should be achieved subject to 
financing, respectively, in the amount of Z1, Z2, Z3, when 
implementing a strategy with an average efficiency in the 
use of financial resources 
 

 
3. Results and discussion 

 
Construction of mathematical models that establish the 

dependence of occupational risk on the amount of funding 
for labour protection measures carried out using the method 
of regression-correlation analysis (for three options for the 
management strategy): 

 

F1(Z) = 93.4107-3.8538ꞏZ+0.0433ꞏZ2-0.0011ꞏZ3 

F2(Z) = 98.4589-14.2019ꞏZ+0.9874ꞏZ2-0.0234ꞏZ3  (4) 
F3(Z) = 90.0734-0.0238ꞏZ-0.0978ꞏZ2-0.0001ꞏZ3, 
 

where F1(Z), F2(Z), F3(Z) – mathematical models that 
establish strategies for managing professional risk, 
respectively – average, maximum and minimum efficiency. 

The analysis of the constructed mathematical models, 
obtained by processing statistical data at enterprises, made 
it possible to establish some features inherent in all the 
considered models. 

First, all models have the form of decreasing functions. 
This means that with an increase in funding for labour 
protection measures (as a result, an increase in the level of 
safety of equipment and technological processes, 
normalization of working conditions), the level of 
occupational risk decreases. 

Second, there is a certain minimum (in the general case, 
not zero) value of the modelled indicator, which is due to the 
presence of an intercept (a0) in model (1). 

Thirdly, the approximation error of the constructed 
models does not exceed 2%; the models are a third-order 
polynomial. 

Fourth, despite the similar appearance, none of the 
obtained models can be used for another data set obtained at 
any other enterprise. 

What opportunities does the manager responsible for 
professional risk management at the enterprise have if there 
is information and analytical support; in particular, the 
obtained mathematical models (see (4))? First of all, it 
becomes possible to quantify in advance how effective (from 
the point of view of reducing occupational risk) the 
financing of a particular labour protection plan can be. In 
particular, it is possible to establish the amount of funding 
that must be allocated to reduce the level of professional risk, 
for example, from r0 to r1, and determine (through the 
corresponding indicator) the efficiency of investment: 

 

1

10
Z

rrE 
 ,  (5) 

 

where E – indicator of the effectiveness of financing 
measures for labour protection. 

In the general case, the strategy can be considered 
effective if the inequality E ≥ 1 is satisfied, since this 
indicates an excess of the conditional effectiveness of the 
implementation of labour protection action plans over the 
conditional amount of their funding. 

Using the obtained mathematical relationships (4), it is 
possible to evaluate the efficiency of financing measures for 
labour protection for each of the considered management 
strategies by substituting the corresponding values in 
formula (5). The result is: 
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Thus, it becomes obvious that management strategies 2 
are more attractive to implement in comparison with 
strategies 1 and 3. 
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In addition, the results of mathematical modelling 
stimulate the employer to allocate funds for labour 
protection, and performers - to actively search for reasonable 
options for labour protection measures. Also, an objective 
comparison of the expected results of the implementation of 
alternative options for the action plan will help attract 
external investment and improve the company's image. 

So, professional risk management strategies are 
characterized by different efficiency in the use of available 
financial resources. The most effective strategy is one that 
allows you to minimize the level of risk as compared to other 
strategies with the same amount of funding. The issue of 
efficiency (effectiveness) of risk management requires 
experimental research by implementing the stages of the 
developed algorithm. At the same time, the level of 
professional risk is calculated for professions characterized 
by the impact of harmful and hazardous production factors; 
therefore, they need to develop measures to reduce it. 

 
Ways to solve the problem 

Despite the advantages of the transition to OSH 
management based on the construction and study of 
mathematical models that establish the dependences of 
many occupational risk factors, it should be noted that there 
are also disadvantages of this approach associated with its 
practical implementation: 
 first of all, there should be a need for systematic 

monitoring of working conditions at the enterprise, as 
well as accounting for the implementation of labour 
protection measures and the amount of their financing; 

 strict recording and evaluation of the results of the 
implementation of activities must be ensured; 

 in some cases, it is necessary to conduct a survey 
(questionnaire) of employees, for the normalization of 
working conditions of which appropriate measures were 
implemented; 

 to record such data, special unified forms should be 
developed that will allow the collected data to be 
transferred for further processing. 
Approbation of the proposed approach was carried out 

using MS Excel, but for implementation at enterprises, it is 
expedient and more convenient to use a specialized 
information and analytical system. The specified system 
should provide input of initial data and further formation of 
the database, calculation of model coefficients, visualization 
of simulation results, and the like. Therefore, in any 
implementation of the proposed approach, it is necessary to 
train personnel with a demonstration of the main stages of 
data preparation, calculations, obtaining and using the 
results. 

4. Conclusions 
 
To improve the management of labour protection at 

enterprises, the use of a risk-based approach is proposed. An 
approach to assessing professional risks is proposed, a 
feature of which is the use of the results of mathematical 
modelling. This approach is essentially the basis of 
information and analytical support for planning activities 
aimed at reducing professional risk. 

The results of experimental studies have confirmed the 
possibility of an objective assessment of various options for 
the OSH management strategy, which allows justifying the 
allocation of funds for OSH in the required amounts. It is 
shown that professional risk management strategies are 
characterized by different efficiency in the use of available 
financial resources, and the most effective strategy is one 
that allows you to minimize the level of risk (in comparison 
with other strategies) with the same amount of funding. 

The application of the approach proposed by the authors 
helps to stimulate employers to ensure safe and harmless 
working conditions, and also provides for the active 
involvement of workers in participating in solving labour 
protection problems. 
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