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Introduction of the system of enterprise labor protection management still remains a top-
ical question for business entities of production and non-production activity spheres. The
effectiveness evaluation of enterprise labor protection management is based on the method
of multicriteria choice of alternatives using the fuzzy preference relations. The application
of the chosen method allows, unlike the other methods, to identify its shortcomings in all
objectivity detecting the adverse consequences. Therefore, the situation can be normalized
in time.
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1. Introduction

The labor protection management system (LPMS) is an effective tool that allows the business entity to
ensure the appropriate level of labor protection at the enterprise, satisfying the necessary requirements
to ensure safe and healthy working conditions for employees. The issue of LPMS implementation
remains the relevant one for the subjects of productive and non-productive spheres of activity. The
approaches to the construction and operation of LPMS are constantly improved, taking into account
the international experience. In particular, using the risk-oriented approach, the principles, directions,
and objectives of constructing a system of occupational safety and health in Ukraine are identified
to create a national system preventing occupational risks and providing safe and healthy working
conditions [1].

The issue of developing an effective LPMS is relevant for the domestic and foreign companies as
well, as one can obviously see in the international regulations adopted at different times [2,3]. A
lot of publications, in particular, [4-9|, are devoted to the formulation, optimization, and efficiency
evaluation of LPMS problems.

2. Problem formulation

The issue of evaluating the effectiveness of LPMS can’t been exhausted since there are different ap-
proaches to its solving, due to the characteristics of the business entity — production or non-production
activities; the presence of facilities, equipment, high-risk work; features of production and technological
processes; relationships within departments; number and training of staff, etc. The proposed approach
to evaluate the effectiveness of LPMS of the enterprise is based on the method of multi-criteria choice
of alternatives using the fuzzy preference relations [10-14]. There are the well-known examples of this
method application to solve problems being related to the economic security of business entities [15-17].
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The effectiveness of LPMS is modeled and studied basing on this approach. Also in the paper there
is constructed and studied a mathematical model of LPMS operation for a specific enterprise in the
chemical industry as an example. To solve the problem there is considered a method [12] basing on an
algorithm for alternative’s choice in the case of multi- criteria of optimality (fuzzy preference relations).

3. Algorithm description

Let on the universal set X of alternatives, the preference relations Ry, R, ..., Ry, (fuzzy or unfuzzy)
with membership functions 1;(z,y) be given, as well as the weight coefficients w; of the corresponding
relations, where j = 1, m.

A convolution (composition) of fuzzy relations Ry, Ro, ..., R, in the form of meet of sets (Q1 =
ﬂ;”lej), with the membership function is constructed as:

1@, (i, x5) = min {pg, (x5, ;) kR, (20, 25), - - -, fRm (i, T5) } - (1)
Determine the set of non-dominant alternatives Q?d in the set (X,Q1):
1y, (@i, 75) = max {0; pg, (w4, ;) — pgy (x5, 74) }
u%‘i(z) =1 — max gy (zi, ;).

Using the convolution of criteria in the form of the sum (give definition), one can construct a fuzzy
preference relation ()2 in the next form:

(2)

m
nQ2(wisay) =Y wingj(zix;), Y wj=1, w;j>0. (3)
j=1 j=1

Obtaining a fuzzy subset of non-dominant alternatives by means of ()9, there is constructed a mem-

bership function
1g2 (@i, ©5) = max {0; uo2(wi, ©;) — p2(x;, vi)}
,uag(x) =1 —max ps(zj, i)

(4)

Having found the meet of sets ?d, di and the common set of non-dominant alternatives @, ; =
Q7 N Q5 with the membership function

i (@) = min { w5t (), 15 ()} (5)
a choice of alternatives can be derived from the set X jnq:
Xehnd = {l‘*i /Lnd(l‘*) = Supﬂnd($)7x € X} . (6)
x

We will consider the choice of alternatives from the set X.,,q with the greatest degree of non-dominance
to be the best one.

4. Modeling of LPMS efficiency of the enterprise with application of the suggested
algorithm

Using the results [18], consider the following threats related to the activities of the labor protection
service, which may adversely affect the effectiveness of LPMS (alternatives, x;): x5 is a low level of
visual agitation on occupational safety; xog is a non-compliance with current requirements for record
keeping on labor protection; xo7 is a failure to implement the planned activities in a timely manner;
T9g is a non-compliance with the labor protection regulations in a timely manner; xo9 is the control
periodicity violation over the state of labor protection in the structural units; x3p is an excess of the
injury frequency at the enterprise over their frequency in the industry; x3; is an excess of the injury
severity at the enterprise over their severity in the industry; xso is a failure to comply with the measures

Mathematical Modeling and Computing, Vol. 8, No.2, pp.330-337 (2021)



332 Olyanyshen T. V., Storozhuk V. M., Yatsiuk R. A., Korzh H. |., Ratushniak Yu. V., Melnikov A. V.

provided for in the acts of the accident investigation in a timely manner; x33 is an unpreparedness
of the labor protection personnel; x34 is the violation of the briefing frequency, certification and re-
certification of the occupational safety; xss is gross violation of occupational safety rules, accidents;
T3¢ 18 non-use of personal protective equipment and overalls by workers; x37 is the level of provision
with the domestic premises; x3g is the unscheduled implementation of measures to improve working
conditions; x3g is the implementation of proposals to improve working conditions. Each alternative
reflects a different degree of impact on the effectiveness of LPMS.

According to the criteria R;, the choice is made among the identified alternatives (threats) that may
adversely affect the effectiveness of LPMS: R; stands for the threat occurs infrequently and irregularly;
Ry is the appearance of a threat from time to time; R3 means the threat occurs frequently and regularly
over a period of time.

To determine w; (the weight of the i-th criterion) using the T.Saati’s scale of relative importance
of objects [19], let us form a matrix of paired comparisons of criteria (when the criterion located in the
row is compared with all the criteria specified in the column of matrix), according to which the choice
among threats to the effectiveness of LPMS is performed:

1 1/7 1/9
A=|7 1 1/3
9 3 1

Using the algorithm [11-14, 19], one can obtain the weights of the criteria w;,consequently the
choice is made among the specified threats: threats that occur infrequently and irregularly w; = 0.054;
occurrence of a threat from time to time wo = 0.289; threats that occur frequently and regularly
(recurrence of the threat) over a period of time ws = 0.655, " ; w; = 1. The consistency index of
the matrix of pairwise comparisons A is within the norm (< 0.1), i.e. we get satisfactory results of
comparisons.

The threats were compared according to all relations in the R; criteria, so they could adversely
affect the effectiveness of LPMS. The results were evaluated by the membership function:

1, if x>z, or x;=uy,

where x;, x; are threats related to the activities of the labor protection service, that can adversely
affect the effectiveness of LPMS.

From Eq. (7) one can see that if one threat prevails or is equal to another, in the corresponding
matrix cell would be 1, if it is < 1 in the matrix cell would be 0. Construct a matrix of relations
prj(xi, ;) (Tables 1-3).

A convolution of the relations Ry, Ro, R3 is constructed in the form of meet of sets Q1 = R1NR2NR3
with the membership function pg, (z;, ;) (1). The results are presented in the Table A.1.

Results of the ratio of strict preference Q7 (results of 1, (wi,z7) caleulations by formula (2) are
presented in the Table A.2.

The set of non-dominant alternatives Q?d is determined in the set (X, @;),and the membership
function ,ugﬁ (x) is constructed in the following form:

//gﬁ(x) = [0;0;0;0;0;1;1;0;0;0; 1;0;0; 0; 0] .
There is calculated the fuzzy preference relation Qo = Z;nzl w; fi(z) and its membership function

p1Q, (xi, xj) = Zizl wi R, (T3, z;). The results of calculations under the condition (3) are presented in
the Table A.3).
Taking into account the ratio of the strict preference by the second convolution )5, the membership
function i)y (i, z;) is constructed by Eq. (4), and the calculation results are presented in the Table A.4.
Determine the non-dominant alternatives by the second convolution Q5% and construct the mem-
bership function ,u’éi (x):
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Table 1. Relationship matrix pg, (z;, z;).
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Table 3. Relationship matrix pg, (z;, z;).

Z39

Z38

37

Z36

Z35

L34

Z33

T32

T31

Z30

Z29

T28

€27

X26

Z25

a:l-/xj
Z25
Z26
€27
Z28
£29
Z30
Z31
Z32
Z33

L34
Z35
Z36
x37
Z38
Z39

Mathematical Modeling and Computing, Vol.8, No.2, pp.330-337 (2021)



334 Olyanyshen T. V., Storozhuk V. M., Yatsiuk R. A., Korzh H. |., Ratushniak Yu. V., Melnikov A. V.

,u?fé(a:) = [0;0.112;0;0;0;0.112;0;0;0;0.112; 0.690; 0; 0; 0; 0] .

It is found a common set of the non-dominant alternatives by both convolutions Q"¢(X) = Q74(X)N
Q34(X) with the membership function u%d(x) by the equality (5):

uad(x) = [0;0;0; 0;0;0.112; 0; 0; 0; 0; 0.690; 0; 0; 0; 0] .

According to the dependence (6), the most important alternative should be considered as one with
the maximum degree of non-dominance for both convolutions. The obtained results show that the
most significant threats to the effectiveness of LPMS of the analyzed enterprise are x3p, namely the
exceeding injury frequency at the enterprise over their frequency in the industry and x35, that is gross
violation of occupational safety rules, accidents.

5. Conclusions

The obtained simulation results indicate that an accident has occurred or may occur at the assessed
enterprise. The application of the method of multi-criteria choice of alternatives based on fuzzy pref-
erence relations in the process of evaluating the LPMS effectiveness, considered in this paper, allows,
unlike a lot of other methods, to obtain more objective identification of LPMS shortcomings which
could potentially lead to undesirable consequences and, accordingly, to take the necessary measures in
time to normalize the situation.
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Appendix
Table A.1. Relationship matrix pg1 (z;, ;).

Ti/T; | Tos | Toe | Tor | Wos | Tag | T30 | T3l | T3z | Tsz | T34 | Tas | Tse | Tar | Tas | Tag
Tos 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T26 0 1 1 1 1 0 0 0 0 1 0 1 0 1 1
To7 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1
Tag 0 0 0 1 0 0 0 0 1 1 0 0 0 1 1
T2g 0 0 0 0 1 0 0 0 1 0 0 0 0 1 1
0 | 1 ] 0] 1] 1] 1] 1]0 ] 1|1 |1lo 11/ 1]1
31 1 0 1 1 1 0 1 0 0 0 0 1 1 1 1
T32 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1
33 1 0 0 0 0 0 0 0 1 1 0 0 0 1 1
T34 1 0 0 0 0 0 0 0 0 1 0 1 1 1 1
s | 1 | 1 [ 1 |1 | 1] 0l0 00 o011 111
36 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
T37 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
38 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Z39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Table A.2. Matrix (i¢) (@i, x;).

1o (T, x5) | Ta5 | woe | W27 | 2s | Tag | T30 | T3 | 32 | T3z | T34 | T35 | 36 | Tar | Tas | Tag
Tos 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T26 0 0 1 1 1 0 0 0 0 1 0 1 0 1 1
Ty 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Tog 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1
T2g 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1
30 1 0 1 1 1 0 0 1 1 1 0 1 1 1 1
31 1 0 1 1 1 0 0 0 0 0 0 1 1 1 1
T32 1 0 0 0 0 0 0 0 1 1 0 1 1 1 1
T33 1 0 0 0 0 0 0 0 0 1 0 0 0 1 1
T34 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1
T35 1 1] 11 1]o]olo]o]olo 1] 111
36 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
T37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Z39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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12 (T, ;) 25 26 To7 28 29 30 31 32 33 T34 35 36 37 38 39
Tos 1 0.655 | 0.655 | 0.655 | 0.655 0 0 0 0 0 0 0.655 | 0.655 | 0.655 | 0.655
Tog 0.345 1 1 1 1 0.655 | 0.655 | 0.711 | 0.944 1 0 1 0.944 1 1
To7 0.345 0 1 0.711 | 0.711 0 0 0.655 | 0.944 | 0.711 0 0 0 0.345 | 0.345
Tog 0.345 0 0.289 1 0.711 0 0 0.944 1 1 0 0.711 | 0.711 1 1
Tog 0.345 0 0.289 | 0.289 1 0.289 0 0.944 1 0.345 0 0.711 | 0.711 1 1
30 1 0.345 1 1 0.711 1 0.944 1 1 1 0.711 1 1 1 1
31 1 0.345 1 1 1 0.056 1 0.711 | 0.711 | 0.711 | 0.711 1 1 1 1
32 1 0.289 | 0.345 | 0.056 | 0.056 0 0.289 1 1 1 0.655 1 1 1 1
33 1 0.056 | 0.056 0 0 0 0.289 0 1 1 0.711 | 0.944 | 0.944 1 1
T34 1 0 0.289 0 0.655 0 0.289 0 0 1 0.944 1 1 1 1
T35 1 1 1 1 1 0.289 | 0.289 | 0.345 | 0.289 | 0.056 1 1 1 1 1
36 0.345 0 1 0.289 | 0.289 0 0 0 0.056 0 0 1 1 1 1
T37 0.345 | 0.056 1 0.289 | 0.289 0 0 0 0.056 0 0 0 1 0.944 1
38 0.345 0 0.655 0 0 0 0 0 0 0 0 0 0.056 1 1
T39 0.345 0 0.655 0 0 0 0 0 0 0 0 0 0 0 1

Ko, (w4, 25) T25 26 Tar o8 29 30 31 32 33 T34 35 36 37 38 39
Tos 0 0.310 | 0.310 | 0.310 | 0.310 0 0 0 0 0 0 0.310 | 0.310 | 0.310 | 0.310
Tog 0 0 1 1 1 0.310 | 0.310 | 0.422 | 0.888 1 0 1 0.888 1 1
To7 0 0 0 0.422 | 0.422 0 0 0.310 | 0.888 | 0.422 0 0 0 0 0
Tog 0 0 0 0 0.422 0 0 0.888 1 1 0 0.422 | 0.422 1 1
Tog 0 0 0 0 0 0 0 0.888 1 0 0 0.422 | 0.422 1 1
T30 1 0 1 1 0.422 0 0.888 1 1 1 0.422 1 1 1 1
31 1 0 1 1 1 0 0 0.422 | 0.422 | 0.422 | 0.422 1 1 1 1
T3 1 0 0 0 0 0 0 0 1 1 0.310 1 1 1 1
33 1 0 0 0 0 0 0 0 0 1 0.422 | 0.888 | 0.888 1 1
T34 1 0 0 0 0.310 0 0 0 0 0 0.888 1 1 1 1
T35 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1
T36 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1
37 0 0 1 0 0 0 0 0 0 0 0 0 0 0.888 1
38 0 0 0.310 0 0 0 0 0 0 0 0 0 0 0 1
39 0 0 0.310 0 0 0 0 0 0 0 0 0 0 0 0
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IIuranus BOpOBaI2KEHHSI CUCTEMU YIIPABJIHHS OXOPOHOIO IIpalli i AMPUEMCTBA BIPOJIOBIK
6araTbox POKIB 3aJUNIAIOTHCS AKTYAJbHUM I CYO €KTIB TOCIOJAPIOBAHHS BUPOOHUYIOL
Ta HeBUPOOHUYOI cep istibHOCTI. ¥ poboti ominoBanHs ederTuHocTi CYOII migmpu-
eMcTBa 06a3yeThCsl Ha 3aCTOCYBAHHI METOLy OaraToKpuTepiaJbHOrO BHOOPY albTepHATHB
Ha OCHOBI HEUITKOIO BiHOIIEHHS ITepeBarn. 3acTOCyBaHHSA OOPAHOIO METOLY TO3BOJISIE, HA
BiZIMiHY BiJl HU3KM iHITUX METOIIB, OiMbIT 00’€KTUBHO BUOKPEMHUTHU 11 HEJIOJIKH, sKi MO-
KyTb IPU3BECTHU J10 HeOarKaHWX HACJIIKIB i, BiITOBITHO, BUaCHO BXKUTHU HEOOXiTHI 3ax0au
JJTsl HOpMAaJTi3allil cuTyartii.

Knrouosi cnoBa: cucmema ynpasainms 0xopoHoro npavi, ePexmusHicmsd GyHKuionyean-
HA cucmemu, bazamoxpumepiaroruti 6ubip aAbMEPHAUG, HEWITKT BI0HOULEHHA NEPECQ-
2u.
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