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PRODUCTION RISK MANAGEMENT IN THE FOUNDRY

Purpose. Improving the efficiency of production risk management of a machine-building enterprise unit by: 1) improving the
methodology of analysis of existing risks; 2) developing a cost-optimization program for risk management.

Methodology. The study used general scientific and specific research methods: analysis, generalization of scientific experience;
risk and hazard assessment was carried out using the method of structured assessment; in solving the problem of cost optimization,

the model of “knapsack problem” was used.

Findings. Since production risk management is related to the material costs of the enterprise for occupational safety measures,
improving the effectiveness of risk management involves consistently using qualitative and quantitative assessments. The method-
ology was improved, the dangerous factors were identified and analyzed; the task of optimizing costs in risk management was set

and solved.

Originality. The risk management approach is to use an advanced approach to evaluate and use the optimization model. Meth-
odological approaches to risk assessment have been further developed which include the calculation of not only the probability of
occurrence. For the first time, to optimize the costs for occupational safety measures in the machine-building enterprise unit, the
“knapsack problem” was used, which allows reducing the amount of risk to an acceptable level.

Practical value. The results of the study are embodied in a specific methodology, the use of which allows the optimal way to

manage risks in the enterprise unit.

Keywords: risk management, production risk, “knapsack problem” model, machine-building

Introduction. Increasing the level of workers protection
against occupational hazards in the course of their employ-
ment is one of the main activities of all occupational health
professionals, and reducing occupational injuries and occupa-
tional diseases remains the most important task of all levels of
occupational safety management from all points of view — hu-
manitarian, social and economic, personal, corporate and
public ones.

Market economy growth in our country requires a certain
change in the organizational mechanisms and methods for oc-
cupational risk prevention, prevention of occupational injuries
and occupational disease.

At a machine-building factory, departments and work-
shops engaged in hot metal processing are among the leading
ones. Economic state of the enterprise mostly depends on
them, because they usually use harvested material, and details
go from them to further processing and assembly of the nodes.
The work safety level is influenced by technology, location of
equipment in the area and its condition, as well as the age and
condition of employees, their qualifications, and labour inten-
sity.

At such manufacturing sites, highly toxic chemicals, au-
tomatic equipment, flow-mechanized lines, robots and ma-
nipulators are widely used; most operations are performed
in conditions of high visual tension, dustiness and gassi-
ness.

That is why potential danger of traumatic situations, risk of
occupational diseases, and the number of industrial hazards
for the health and life of people increase.

Risk is a natural component of life and accompanies peo-
ple in all spheres of their activity. In some cases, risk can be
high and may cause a or industrial accidents, as well as occu-
pational diseases. In other cases, there is less risk and its con-
sequences are not as dangerous, such as minor trauma or mi-
nor material damage.
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Among the risk factors experienced by the modern human,
the risk of losing one’s health and working capacity as a result
of professional activity holds an important place.

In order to prevent injuries and improve the level of occu-
pational safety, a safety management system is introduced at
enterprises, which is enshrined in Article 13 of the Ukrainian
Law “On Occupational Safety”. This requires an employer to
create working conditions in each workplace in accordance
with the requirements of regulations and to ensure compliance
with the requirements of the legislation on a worker’s rights in
the field of labour protection. The employer is directly respon-
sible for violation of the requirements specified in the Law.
However, the implementation of requirements of the Law in
practice of management is slow or not professional enough,
which hinders effective results. Therefore, there is a need to
develop new and improve already existing instruments for im-
plementing the provisions of legislative and regulatory acts on
labour protection, and above all it concerns assessment of risks
of hazards at an enterprise.

Literature review. Risk management has been considered by
many well-known scientists. In [1], regulatory documents on
assessment and management of occupational hazards are anal-
ysed. The analysis identified problems with objectives, termi-
nology and methodology of the risk assessment procedure. The
main stages of overall risk assessment have been analysed and
systemic issues have been identified that have a significant im-
pact on quality and objectivity of their implementation, as well
as calling into question the practical feasibility of the assessment
procedure within the existing standards. Urgency of creating
scientific bases for risk assessment of occupational hazards is
substantiated, which will greatly simplify the assessment proce-
dure and increase quality and objectivity of its conduct.

The author [2] presented a conceptual model of decision-
making on management of occupational injury risks by a per-
son responsible for quantifying equivalence of financial rela-
tions between an administration of industrial enterprise as a
party to an employment contract and an employee in terms of
minimizing consequences of occupational injury. In addition,
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it is noted that at this time there are a significant number of
models and methods of analysis of occupational injuries [3].
The most common of these include probabilistic-statistical
and deterministic groups of methods. The scientific and theo-
retical base of the research consists of the works of domestic
and foreign scientists, namely: Kropyvnytskyi V.S., Ru-
ban O. O., Berezutsky V. V., Kostenko O. M., Venediktova V.S.,
Gogitashvili G. G., Lysyuk M. O., Miroslav Kelemen, Devysi-
lova V. A. and others. Most authors point to need to model the
problems of occupational injuries and their impact on the na-
ture of the relationship between the employee and employer. In
|4], methodological developments based on impact of risk fac-
tors on the basis of proposed approach to its quantitative evalu-
ation will help to increase the level of reliability of organiza-
tional and managerial decisions made in substantiating cost
and time indicators of projects in a changing external environ-
ment. The work [5] emphasized the need to develop a risk
management culture at enterprises as a necessary condition for
early identification, assessment and reduction of risks, as well
as open communication about risks.

In assessing occupational risks in [6], it was found that a
safe area of using filter half-masks in coal mines should be lim-
ited to 5 MPC. Calculation of the risk level when using “Risk
score” method, showed that at a concentration of coal dust
above 20 mg/m?, the presence of dust respirators allows pro-
viding only a moderate degree of risk of occupational diseases.
In this case, excess of submask dust concentration in the respi-
rator up to 18 % at MPC 2 mg/m? is recorded. It is noted that
the non-use of respirators or their removal for more than five
minutes per shift in a constant dusty environment results in an
almost threefold increase in dust concentration under the
mask.

The article [7] analyses requirements of ISO 9001:2015
and ISO 14001:2015 for risk analysis. The authors [8] have
considered theoretical bases of risk management. In [9] it was
determined that disruption of exponential nature can be
caused by organizational measures aimed at reducing occupa-
tional risk indicators. The article [10] proposes an approach to
sound planning of preventive measures, based on the use of
the Hurwitz criterion, expert assessments and calculated val-
ues of production risk. The paper [11] presents data on the
current state of occupational injuries in Ukraine. Its dynamics
are considered. In the article [12] it is emphasized that the in-
troduction of preconditions and operation organization qual-
ity allows considering various factors influencing safety. The
purpose of the Article [13] is to find out possibility of deter-
mining probability of injuries resulting from industrial acci-
dent using methods of probability theory, namely Markov
chains. In [14], the possibility of applying the theory of risk to
determine level of influence of harmful and dangerous pro-
duction factors on a working person is analysed. The method
of integral risk assessment in work area is proposed, consider-
ing stay time of employees in area of hazardous factors, based
on the probable model of influence of harmful factors on
health of workers. Risk-based approach of dependency can be
used to certify jobs, prioritize occupational safety and health
measures, considering level of industrial and occupational
risks. In economic studies related to assessment of effective-
ness of implementation of emergency measures at an enter-
prise [15], the more typical use of concept of “reversed dam-
age” (defined as expected loss in probability of an accident),
which by semantic filling is identical to the concept of “risk”.

Risk is generally assessed by a probabilistic characteristic (a
dimensionless value from 0 to 1), but the use of frequency of
risk realization is also possible. Frequency of implementation is
the number of cases of possible danger in a given period of time.
For example, per year, the measurement units of risk may be [1/
year]| or [people/year]. There are two long-established perspec-
tives on risk — the first is based on scientific and technical as-
sessments: the so-called theoretical risk, the second depends on
human perception of risk: the so-called effective risk [14].

As can be seen from the analysis of available sources, the
issue of risk identification and assessment has received consid-
erable attention, but, as noted in a study [15], there are still no
simple and reliable assessment methods that would allow
managing it effectively.

Unsolved aspects of the problem. Mechanical Engineer-
ing Enterprises make one of the industries with a high level
of occupational injuries and occupational diseases, the risk
of man-made accidents and catastrophes. In this connec-
tion, a question arises of the development of effective risk
management techniques taking into account the whole set of
socio-economic factors, including those through modelling
[14, 16].

Purpose. The purpose of the work is to increase the effi-
ciency of production risk management of the machine-build-
ing enterprise unit.

To achieve this goal, it is necessary to solve the following
problems:

1) to improve the methods for analysing existing risks, to
identify them in the foundry shop of “Elektrovazhmash” plant
and to classify them;

2) to develop a cost optimization program for risk manage-
ment based on a convolution tree.

Methods. The theoretical risk is expressed in the form of a
statistic, which is often reduced to the probability of some un-
desirable event. Typically, the probability of such an event and
some estimate of expected harm are combined into a single
metric that combines a set of risk and harm or reward proba-
bilities. Thus, in the statistical decision-making theory, the
risk function d(x) for the parameter 0, calculated for some ob-
served parameters Xx, is defined as the mathematical expecta-
tion of the loss function L(6,6(x)) [14]

R(0)=[L(0,5(x))- /(x]0)dx, (1)

where L(0, 8(x)) is the loss function of the estimation param-
eter 0 and the estimation value 8(x); /(x| 0) is the probability of
an unwanted event.

In practice, as a rule, partial forms of expression (1) are
used, which depend on the fact that the dependency is signifi-
cantly simplified, taking into account the specific conditions
of the risk assessment. The probability of an adverse event is
determined by the frequency of implementation of the hazards

(1)
0fx)

where N(7) is the number of adverse events in time #; Q(x) is the
total number of events in the system.

For the loss function L(0, 8(x)) they usually take some cost
unit of risk that characterizes the consequences of an event.

As part of this study, we will focus on the risk assessment
methodology outlined in the British Standard BS 8800 and in
accordance with the international standard ISO 45001 “Health
and Safety Management Systems. Requirements and guidance
for application” [17].

The work on hazard identification, risk assessment and
risk management has been considered [18]:

- permanent operations for which the workplace is as-
signed, periodic and occasional operations such as cleaning
and repairing, starting and stopping, as well as potential emer-
gencies, consumption of products or services supplied by other
organizations;

- activities of all staff having access to the workplace (as
well as visitors);

- workplace equipment.

The above factors should have been considered in the units
in the following situations:

- normal (working) conditions;

- abnormal conditions (start, stop, repair, etc.);

- emergency conditions and incidents.

P=f(x]0)= )
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After completion of the process of hazard identification
and risk assessment, the structural units of the enterprise were
fully aware of all the existing and managed occupational haz-
ards.

For hazard identification, a list of jobs was defined in such
a way as to get the most accurate idea of the dangers that exist
in this structural unit. One or two jobs are selected from jobs
with the same nature of work performed and similar working
conditions.

Selected jobs of the structural unit represented all types of
work performed in the works unit, all professions (especially
those related to high risk).

It is mandatory to identify the hazards of those workers
who have non-permanent jobs (an electric truck driver, a fork-
lift truck driver, a welder, a loader, a slinger, and others), as
well as employees who most often appear in the of health and
safety log books as “violators” of industrial discipline.

During observation and interviews with employees, the
most important factors affecting workplace safety were identi-
fied: the manufacturing process; the content of the workplace;
safety at work on production equipment; environmental fac-
tors in the workplace; ergonomic factors; passageways and
passageways; opportunities for rescue and first aid.

Methodology for structured risk assessment. The initial
risk and hazard assessment is performed using the structured
assessment method, which is based on the recommendations
[18, 19], meets the requirements [17], is adapted to the condi-
tions of the enterprise and is as follows.

The risk assessment formula (1), can be written in a sim-
plified form

R=L-P, (3)

where R is risk; P is the indicator characterizing a probability
of occurrence of an undesirable event that threatens life, hu-
man health, equipment of the enterprise, which is determined
by Table 1. In assessing the risks associated with the impact of
harmful factors, the probability index is determined by Ta-
ble 2; L = k, - k,, where k, is an indicator characterizing fre-
quency with which workers are exposed to hazard, exposure to
harmful and dangerous factors, which is determined by Ta-
ble 3; k, is an indicator characterizing the consequences,
which is estimated by Table 4.

Based on the value obtained in accordance with Table 5, a
risk analysis is conducted and the need for corrective action is
determined.

Risks with a score of 100 or higher require development of
additional preventive measures. Preventive measures required
by law or other mandatory documents are taken regardless of
the risk assessment results.

“Knapsack problem” model. There are three risk strategies:
risk acceptance, risk avoidance, risk management. It is neces-
sary not to avoid the inevitable risk, but to be able to feel it, to
estimate its magnitude and not to go beyond acceptable limits.

Table 1

The indicator characterizing the probability of an adverse
event (P), estimated when employees are exposed to
hazardous production factors [11, 19]

The frequency of occurrence

Value Probability of an undesirable event
10 Very high Monthly
6 High Probable within a week
3 Average Probable within a month
1 Little Probable within a year

0.5 | Verysmall During service life

It is theoretically possible, yet
practically impossible

0.1 Almost impossible

Table 2

The indicator characterizing the probability of an adverse
event (P), estimated when employees are exposed to harmful
industrial factors

Value Probability Exsctfiﬁ;r;‘é‘:o(ftg iise)ne
10 Very high > 20
6 High 10.1-20
3 Average 6.1—-10
1 Little 3.1-6
0.5 Very small 1.1-3
0.1 Almost impossible <1

Table 3
The indicator characterizing the frequency of impact (k)

Value | Characteristic Frequency of work in the danger zone

10 Constantly During the shift constantly

6 Regularly During the shift periodically
3 Periodically Several times a week

2 Sometimes Several times a month

1 Rarely Several times a year

0.5 Very rarely At least once a year

Table 4
The indicator characterizing the severity of consequences (k)

Characteristic of severity of
consequences

Consequence

Value
category

40 A major accident | Group Accident (two or more deaths)

15 Very significant One fatal case

7 Significant Disability, persistent disability

3 Serious Temporary or partial disability

1 Minor Minor injuries, with providing first

aid without any disability

Table 5
Risk analysis and recommended actions

The value Risk Corrective actions
of R characteristics
More Very High Work should be stopped or not
than 400 | (unacceptable) | started until the risk is reduced

300—400 | High An order of organization of work
should be developed, measures to
reduce risk within a period not

exceeding three months are to be taken

100—300 Risk mitigation measures are to be
implemented within the timeframe

specified

Considerable

Up to 100 | Allowable General rules on labour protection

are to be adhered to

To determine the risk, we define a matrix whose terms cor-
respond to different levels of probability, and columns to dif-
ferent levels of loss. Cells in the matrix contain risk values. In
the future, to simplify calculations, we will consider only three
levels of probability and loss — minimum (1), medium (2) and
high (3).
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We will set a risk management task — to reduce risk with
minimal cost. Risk reduction is achieved through measures of
two types. The first type of action reduces the probability of an
unwanted event, and the second type reduces losses when an
unwanted event occurs. We assume, first, that measures of the
first and second types do not overlap. Let there be n» measures
of the first type. Let us denote g; as the decrease in probability
of p during the i event, b; — as the cost of hosting the i event.
Next, we denote A4, as the magnitude of the reduction in the
probability required to translate this indicator into the mini-
mum risk category, A, — as the magnitude of reduction in
probability required to transfer the indicator into the medium
risk category. Let x; = 1, if the i event is under risk reduction
program, x; = 0 otherwise.

Task formulation:

To determine X;,i =1,n,, such that ) bx;, — min, with re-
i

strictions Zal-x,. >A.
i

This is the knapsack problem [20], which is effectively
solved by dichotomous programming method at integer pa-
rameter values. Fig. 1 shows the structure of the dichotomous
representation of the problem. The vertices x,—x; match the
set of measures. There is a matrix convolution of the corre-
sponding lower-level indicators at vertices y;—ys.

Solving this type of problem for each factor yields the cost
cﬁ, required to reduce probability from high level to j=1, 2, 3.

In this case, value of ¢’ matches the cost of maintaining a
high level of risk (to prevent catastrophe).

Similar tasks are solved to determine the minimum cost of
¢}, required to reduce the amount of damage to the minimum
or medium level.

Risk mitigation algorithm:

1. We determine the minimum cost of achieving each of
the estimates using a matrix convolution. The first number in
the matrix is value of the estimate, the second is the cost to
achieve (or save) this estimate. Moving from the bottom up,
we get minimal costs for each assessment (reducing the risk
from high to medium and low). To do this, from the cells of the
matrix with the same estimates (the first number), we select
the cell with the lowest cost (the second cell).

2. The program variant formation, that is combination of
factor assessments which provide the necessary value of inte-
gral estimate with the minimum costs, is carried out by re-
verse method. To do this, sequentially, from top to bottom, we
determine which outputs match the selected cell of the ma-
trix. By setting these values, we find them in the lower-level
matrices.

We repeat this until we reach the lower level of dichoto-
mous representation structure, that is specific estimates of risk
factors. The set of these estimates is the result of the algorithm

Results. The research on hazard identification and risk as-
sessment was conducted at the foundry shop of “Elekrtovazh-
mash” plant with the assistance of responsible occupational
health professionals. The results of the analysis of hazard iden-
tification, risk assessment and management are formalized in

Fig. 1. Structure of a dichotomous task representation

form of the “Register of Hazards and Risk Assessment” [19], a
fragment of which is given in Table 6.

Based on the analysis of register, the classification of risks
according to their sources of origin was made. A few hazards
have been identified as having the highest risk values and being
most common (Fig. 2), and classification results are summa-
rized in Table 7.

Thus, the most common risks are injuries from falling
from a height (35 %), injuries from moving equipment (32 %),
and injuries from electric shock (14 %). But the most serious
are dangers of poisoning.

There are 6 measures to reduce the risk of the above hazards
and corresponding costs, data on which are given in Table 8.

Let A, =0.7 and A, = 0.4. The task is to minimize

B(x) = 25x; + 23x, + 10x3 + 22x4 +14x5 +16x;.
With restrictions
3X] + 2x2 +X3 + 2.X4+XS + lx(, > 7.

Let us consider the dichotomous representation structure
of the problem shown in Fig. 1.

Step 1. We solve the problem for steps 1 and 2. The solu-
tions are given in Table 9. The first number in the cell equals
the decrease in probability (effect), and the second — the cost.
The results are summarized in Table 10.

Step 2. We solve the problem for measures 3 and 4. The
solution is given in Table 11. The results are summarized in
Table 12.

Step 3. We solve the problem for measures 5 and 6. The
solution is given in Table 13. The results are summarized in
Table 14.

Step 4. We solve the problem for combined measures (1, 2)
and (3, 4). The solution is given in Table 15. The results are
summarized in Table 16.

Step 5. We solve the problem for combined measures (1—4)
and (5, 6). The solution is given in Table 17.

The optimal solution is the cell (7; 75). To determine the
solution, we use the reverse method. Cell (7; 75) corresponds
to option 4 of Table 16 and variant 3 of Table 14.

Variant 3 in Table 14 corresponds to cell (2; 28) in Table
13, which defines the values of variables xs = 1, x,= 1.

Variant 4 in Table 16 corresponds to cell (5; 47) in Table 15.
Cell (5; 47) of Table 15 corresponds to variant 2 of Table 12 and
variant 1 of Table 10. Variant 2 of Table 12 corresponds to cell
(2; 22) of Table 11, which determines values of the variables
X3 = O, Xy = 1.

Variant 1 of Table 10 corresponds to cell (3; 25) of Table 9,
which determines values of variables x; = 1, x, = 0.

We finally get the solution

xi=1; =0, x3=0; x4=1; x5=1; x4=1,
which reduces probability by 0.7 with a minimum cost of 75.

‘We will note that at the same time we have solved the prob-
lem of probability reduction, enough to transfer corresponding
criterion with medium risk. Indeed, the optimal solution in
this case corresponds to cell (4; 35) of Table 17. This cell cor-
responds to variant 2 of Table 16 and variant 0 of Table 14.
Variant 0 of Table 14 corresponds to cell (0; 0) of Table 13, that
isxs=0and x, = 0. Variant 2 of Table 16 corresponds to cell (4;
35) of Table 15. Tis cell correspond to variant 1 of Table 12 and
variant 1 of Table 10, thatis, x;=1,x,=0,x;=1,x,=0.

Finally, we get the solution

xi=1; =0 x3=1; x=0; x5=0; x,=0,

which gives a probability reduction of 0.4 with a minimum cost
of 35.

‘We construct a convolution tree of risk indicators, Fig. 3.

To begin with, we combine fall-related injuries and injuries
from moving equipment (1) and injuries from noise, vibration
and injury from electric shock (II), which unite into the risks
of mechanical impact (I11). Then we combine poisoning and
thermal burns (IV). Finally, we combine mechanical and ther-
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Fragment of the risk register form and risk assessment

Table 6

) -
Operations, ) ;50 Measures/ ) §0
Type of materials, Conditions of . Risk assessment i} . Risk assessment 2
R Dangers Risk < preventive <
work equipment, occurrence : actions :
and others Plk |k | R é P|lky| k| R é
Work at Foundry Location of Accident Injury 10| 3] 6 | 180 | 3 | Equipmentwith | 6 | 3 | 3 [ 54| D
height equipment work-place at safety fence
height
Loading Cranes and Electric current | Accident Electric | 3 | 7 | 6 | 126 | 3 | Safety signs, 1171]6|42|D
and mechanisms, that can pass shock neutral wire
unloadding | electric bridge | through the body earthing, double
works cranes cable isolation
Table 7
Classification of production risks of the foundry
Kind of risk
Injury from falling from | Injury frF)m moving N.01se gnd Injury from electric shock Po;sonlng., Thermal burns
height equipment vibration occupational diseases
Causes of danger
location of the workplace | moving parts of noise and increasing voltage in the increased air pollution | the influence of
at a considerable height | production vibration electrical network; and dustiness of the heated metal surfaces
relative to the ground equipment, moving current that can pass work area
(floor) materials through the human body
Type of works and equipment
unloading and loading loading and blasting work on existing electrical working with works on maintenance
works on cranes unloading works production | installations; equipment for thermal | and repair of
equipment | lifting machines; work technological
assembly and maintenance equipment
work
Protection measures
arrangement of the protective fence; safety signs | check of resistance of an arrangement of use of ventilation;

workplace with a
protective fence;

safety signs;

work on a ladder with a

safety belt

safety signs

electric network, resistance

of isolation, grounding;
neutral wire earthing, use
of double insulated cable;

exhaust ventilation;
PPE

safety signs;
PPE

2\

OlInjury from falling from height
B Injury from moving equipment
ONoise and vibration

Olnjury from electric shock

B Poisoning, occupational diseases
O Thermal burns

Fig. 2. Distribution of risks at the foundry
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safety signs;
work in PPE
Table &
Measures to mitigate the risk of hazards and their associated
costs
i 1 3 5 6
a-10] 3 1 1 1
b; 25 23 10 22 14 16
Table 9
avie Table 10
Problem solving for C tational It
measures 1 and 2 omputational results
1] 223 [ 548 Variant |, g
number
0 | 00 |32 effect 03] 215
200 ! costs 0 | 23| 23 | 48
Table 11 Table 12
Problem solving for Computational results
measures 3 and 4
Variant
1 2;22 | 3;32 number 0 1 2 3
0 0;0 1; 10 effect 1 2 3
4 3 0 1 costs 10 | 22 | 32
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Table 13

Problem solving for
measures 5 and 6

Table 14
Computational results

1516 | 2;28 Variant g g
number
. 0 0;)0 1’114 effect 0 1 1 2
5 costs 0 14 | 16 | 28
Table 15
The problem for combined measures (1, 2) and (3, 4)
3 3;22 6; 57 5; 55 8; 80
2 2;22 5; 47 4: 45 7,70
1 1; 10 4; 35 3;33 6; 58
0 3;25 2;23 5;78
Table 16

Computational results

Variant number | 0 1 2 3 4 5 6

effect 0 1 4 2 5 4 5
costs 0 10 | 35 | 22 | 47 | 45 | 55 | 80
Table 17
The results of the problem for combined measures (1, 2, 3, 4)
and (5, 6)
3 2; 3; 6; 3; 7; 6; 7; —

28 | 38 | 63 | 50 | 75 | 73| 83
O I I I T I P
14 | 24 | 49 | 36 | 61 | 59 | 69
S R I A B
16 | 26 | 51 | 38 | 63 | 61 | 71

0 0 1; 4; 2; 5; 4; 5; 8;

10 35 22 47 45 55 80

(5,6) 0 1 2 3 4 5 6 7
(1.2,3.4

Fig. 3. Risk convolution tree

mochemical risks (V) and obtain an integrated hazard reduc-
tion assessment.

Conclusions. Industrial risk management is associated
with material costs of the enterprise for occupational safety
measures. The approach proposed does not require the use of
large amounts of statistics and complies with current interna-
tional standards for health management and occupational
safety. Thus, in the work:

1) methodology has been improved, risks of the “Elektro-
vazhmash” foundry have been identified and analysed;

2) for the first time, to optimize the costs of occupational
safety measures in the machine-building enterprise unit, the
“knapsack problem” was used, which allows reducing the
amount of risk to the acceptable level.
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YnpasiiHHA BUPOOHUYMM PUUKOM
y JUBAPHOMY LIEXY
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Merta. [linBuieHHs1 e(heKTUBHOCTI YIIpaBIiHHSI BUPOO-
HUYUMMU PpU3UKAMU TiAPO3iy MAlIMHOOYIiBHOTO MiANpH-
€MCTBA LIISIXOM: 1) yIOCKOHAJIEHHSI METOAMKY aHali3y iCHY-
IOUMX PU3HKIB; 2) po3po0OKHU MporpaMy ONTUMi3allii BUTpaT
MpU YIIpaBJIiHHI pU3MKaAMU.

Metoauka. Y nociigkeHHi Oy BAKOPUCTaHi 3arajibHO-
HAyKOBi Ta creuiajJbHi METOAM IOCIIKEHHS: aHali3, y3a-
raJIbHEHHSI HayKOBOTO JIOCBi/ly; OlliIHKa PU3UKIB i HeOe3neK
MPOBOAWIACS 3 BMKOPHMCTAHHSIM METOLY CTPYKTYPOBaHOI
OLIIHKM; TIpYU BUPILIEHHI 3a1a4yi onTUMi3allii BUTpaT BUKO-
PUCTOBYBaJIacs MOJIE/b «ITaKyBaHHs PIOK3aKa».

PesymbraTu. OcKiIbKY yIpaBIiHHS BUPOOHUIUMU PU3H-
KaMHU TIOB’SI3aHO 3 MarepiaJbHUMU BUTpaTaMM ITiANPUEM-
CTBa Ha 3aXOIY 3 OXOPOHMU TIpalli, MiaABUIIEHHS e()eKTUBHOC-
Ti ynpaBJliHHSI PU3UMKAMU IIOJIITA€ y TMOCTiIOBHOMY BHKO-
PUCTaHHS SIKICHUX Ta KUIbKICHMX OIIIHOK. YIOCKOHaJieHa
MeToaMKa, ileHTU(IKOBaHI Ta MpoaHaji3oBaHi HasiBHi He-
Oe3neyHi YMHHUKW, MOCTaB/eHi Ta BUPpIilleHi 3a1adi 111010
ONTUMIi3allil BUTPAT MpPH YIpaBIiHHI pU3MKaAMU.

HaykoBa mnoBm3na. [lomsrae y BUKOpHWCTaHHI TIpu
yOpaBliHHI PU3MKAMU BIOCKOHAJEHOTO MiAXOMy A0 iX
OLIIHKY Ta BUKOPUCTaHHS ONITUMi3aliitHo1 Moneni. [lictanu
MOJAJIBIIOTO PO3BUTKY METOAMWYHI MiIXOAM A0 OLLIHKU pU-
3WKY, 10 TOJIATAIOTh Y BKIIIOUEHHI 10 PO3PAaXyHKY HE Tillb-
KM HNMOBIpHOCTI BUHUKHEHHs. Yrepiue Ijs ONTUMi3allii
BUTPAT Ha 3aXO[M 3 OXOPOHU Ipalli B MiAPO3AiJi MaIUHO-
OyIiBHOTO MiIMPUEMCTBA BUKOPUCTAaHA 3a/1a4a «[MaKyBaHHS
pIOK3aKa» IO I03BOJISIE 3HU3UTHU BEJIMINHY PU3UKY T0 10-
MMyCTUMOTO PiBHS.

IIpakTyna 3HauuMicTh. Pe3ynbTaTh OCHIIKEHHS BTije-
Hi B KOHKPETHY METOIMKY, BUKOPUCTAHHSI SIKOI TO3BOJISIE
ONTUMAIILHIM YMHOM 3[iICHIOBATU YIIPABIiHHS pPU3UKAMU B
Miapo3/aii minnpueMcTBa.

KiouoBi cioBa: ynpaeainus puzukom, eupoOHUHULL pU3UK,
Modenb «<naKy8aHHs proK3aKa», MauiuHo0yoy8aHHs

YnpapiieHue Npou3BOACTBEHHbIM PUCKOM
B JIMTEHHOM IIexe
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Henb. [ToblieHue 3¢ HeKTUBHOCTY YITPaBICHUS TPOU3-
BOJICTBEHHBIMM pUCKaAMHU TIOApa3ACJeHUS] MAIIMHOCTPOU-
TEJILHOTO MPEANPUITHS ITyTeM: 1) COBepIICHCTBOBAHUS METO-
MKW aHaJIu3a CYIIECTBYIOIIMX PUCKOB; 2) pa3pabOTKU IMpo-
rpaMMBI ONITUMM3ALUN 3aTPaT IPH YITPABICHUU PUCKAMU.

Metoauka. B uccienoBaHuM ObLIM MCMOJb30BaHbBI 00-
IeHayJYHble W CIIelMabHble METOIbl MCCIIEIOBAHMS: aHa-
13, 0000IIIeHUEe HAYYHOTO OIMbITa; OLIEHKA PUCKOB M OIac-
HOCTEl IMPOBOAWIACH C UCITOIb30BAHUEM METO/Ia CTPYKTYPH -
POBaHHOI OLIEHKM; MPU PELIeHUU 3adadyd ONTUMHU3ALUKN
PAacXOI0OB MCITOIb30BalaCh MOJIE/Th «YITAKOBKU PIOK3aKa».

Pesyabratel. [TockonbKy ynpaBieHUE MPOW3BOACTBEH-
HBIMM PHUCKAMHM CBSI3aHO C MaTepUaJbHBIMU 3aTpaTaMu
MPEANPUSTUASI HA MEPONPUSITHUS 110 OXpaHe TPyaa, MOBbIIIE-
HHUE 3(GEKTUBHOCTH YIPABICHUST PUCKAMU 3aKJTI0OYAETCS B
MocJe10BaTeIbHOM MCMOIb30BaHMSI KAUeCTBEHHBIX M KOJIM-
YECTBEHHBIX OLICHOK. Y COBEPIIIEHCTBOBAHA METOIMKA, UACH-
TUGUIMPOBAHBI M MPOAHATIM3UPOBAHBI MMEIOIIMECS] Omac-
HbIe (PaKTOPHI; TTOCTaBJICHBI ¥ PEIICHBI 3a1aU/ 10 ONITUMU3a-
LIMY PACXOOB MPU YIIPaBICHUM PUCKAMU.

Hayunasa HoBu3HA. 3aKiTIoUaeTCs B MCITOJIb30BAHUU TIpU
yIpaBJIeHUN PUCKAMM YCOBEPILIEHCTBOBAHHOTO MOIXOAa K
UX OIICHKE W MCIIOJb30BAaHUM OINTHMU3AIIMOHHOM MOIEIIN.
[Monyywnu nanbHeiiniee pa3BUTHE METOIMYECKUE MOIXOIbI K
OILIEHKE pHCKa, KOTOPbhIE 3aKIII0YAIOTCS BO BKIIIOUEHUHU B pac-
YeT He TOJIbKO BEepOSTHOCTU BOZHUMKHOBEHUs. BriepBble mis
ONTUMM3ALIMY 3aTpaT Ha MEPONPUITHUS IO OXpaHe Tpylda B
Tofpa3ie/ieHU MalllMHOCTPOUTEIBHOTO MPEANPUSITHSI MC-
MMOJIb30BaHa 3a/Jadya «yIMaKOBKM PIOK3aKa», YTO ITO3BOJIIECT
CHU3WUTh BEJIMYMHY PUCKA 0 JOMYCTUMOIO YPOBHSI.

IIpakTHyeckass 3HAYMMOCTb. Pe3ynbTaThl McCIeIOBaHUS
BOIUTOIICHBI B KOHKPETHYIO METOIUKY, UCITOIh30BaHUE KO-
TOPOI MO3BOJISIET ONTUMAIBHBIM CIIOCOOOM OCYIIECTBIISATh
yIpaBJIeHUe PUCKAMM B TIOAPA3IeICHUN TTPESIITPUSTHUS.

KiroueBble ciioBa: ynpasneHue puckom, npouzeo0CmeEeHH bl
DPUCK, MOOenb «YNAKO0BKU PIOK3AKa», MAUUHOCMPOEHUe
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