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ANALYSIS OF THE LEVEL OF OCCUPATIONAL INJURIES ON THE EXAMPLE OF AN
INDUSTRIAL ENTERPRISE OF A METALLURGICAL CLUSTER

Abstract. The article analyzes injuries in the smelting shops of the Aktobe ferroalloy Plant for the period
from 2012 to 2020. The manifestation of injury cases at metallurgical cluster enterprises, in particular,
metallurgical plants, is associated with a number of reasons, such as technical, organizational, technical,
technological, maintenance and repair, maintenance and repair of electrical equipment, road transport, other
types of accidents and psychophysiological factors. Using a statistical method, an analysis of the dynamics
of changes in the number of incidents for reasons for the analyzed period was carried out. As a result of
the study, the dynamics and nature of changes in the main indicators of occupational injuries have been
established. The dynamics of the change in the effective indicator from the main factors is investigated, a
mathematical model of the change in the frequency coefficient, the severity coefficient and the coefficient of
the general injury index is obtained.

Based on the results of the study, it was concluded that in order to ensure safe working conditions, it is
necessary to develop measures and conduct research on the actual materials of the enterprise. It is established
that, along with taking into account the influence and significance of factors on the index of occupational
injuries, it is necessary to pay attention to the study of psychological parameters of employees when they
perform functional duties at the workplace.

Key words: injury; accident; occupational safety, research, frequency coefficient, severity coefficient,
injury index coefficient.

Introduction. In industrial enterprises and mining and metallurgical industries, there is an established
system of safe working conditions and protection of workers’ vital activity. Metallurgical enterprises, in
particular metal production plants, are among the most dangerous from the point of view of ensuring safe
working conditions.

The system of organization of safe working conditions at industrial enterprises is regulated by existing
regulatory documents and regulations: regulatory legal acts (Codes, Laws of the Republic of Kazakhstan,
Government Resolutions); Conventions of the International Labor Organization ratified in Kazakhstan;
regulatory and technical documents (Interstate standards (GOST), State Standards of the Republic of
Kazakhstan (ST RK), Building Codes and Regulations (BCaR), Sanitary Rules and Regulations (SanRulaR,
SR).

Let’s consider the existing system of organization of safe conditions and labor protection and provision
of workers on the example of the Aktobe ferroalloy plant of JSC TNK Kazchrome. [2,3]. At the industrial
enterprises of the metallurgical cluster, the organizational structure of OOT and PB is generally accepted. The
responsible chief Technical supervisor for labor protection is the head of the OOT and PB.
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Figure 1. Organizational structure of OOT and PB

Industrial enterprises of similar types have a system that meets regulatory requirements. For the qualitative
organization of safe working conditions, the administration of the enterprise uses in-house standards and
instructions corresponding to the specifics of ensuring safe working conditions at specific production sites and
workplaces. For example, in a number of industrial enterprises there are in-plant regulations and instructions
on safety and labor protection (instructions for a ferroalloy smelter, smelter dispensers, crane operator,
etc.). Taking into account these regulatory documents, the system and requirements for labor protection and
ensuring safe production conditions are organized and regulated at enterprises. Along with organizational
and technical measures at enterprises, there is a system for receiving training of personnel (introductory
instruction, on-the-job instruction, etc.). According to the results of production activities, according to the
hierarchy of production, the «Committee for Industrial Development and Industrial Safety» is compiled and
provided to the republican state institution.

Materials and methods of research. As a result of the production activities of enterprises at the AZF
of TNK Kazchrome JSC in recent years, the state of occupational safety and health is characterized by the
following data:

Table 1 - Grouping of NS by types and places, accident zones

Ne Causes of Number of | Number | Number Values of indicators by year
accidents incidents | of | ofdead |2012{2013|2014|2015| 2016 | 2017 [2018 [2019| 2020
victims

1 |technical 4 (12,5%) 4 - 2 - - - - - - 1 1

2 |organizational and | 5 (15,5%) 5 - 1 - - - 1 - - 2 1
technical

3 |technological 5 (15,5%) 7 - - - - - - 1 - 3 3
operations

4 | maintenance and 3 (9,5%) 3 - - 1 - - - - - 2 -
repair

7 | maintenance and 1 (3%) - 1 - - -/1 - - - - - -
repair of electrical
equipment

8 | road transport 2 (6,5%) - 2 - 2/2 - - - - - -

9 | other types of 12 (37,5%) 11 1 4 1 1 1 - 1 1/1 - 2
incidents
Total 32 30 4 7 12211 1 1 2 1/1 8 7

Note: 3/1 the numerator is the number of victims, the denominator is the number of n/a. with a fatal
outcome.

The data given in Table 1 show that during the analyzed period, the number of accidents and accidents is
32, 34 injured, including the number of deaths is 4.

The dynamics of changes in accidents over the years shows that over the past nine years, the number of
accidents in the enterprise as a whole ranges from one to seven and is very uneven. This indicates the accidental
nature of the occurrence of the causes of accidents. Accidents and accidents are distributed by production
sites and zones and depend on the specifics and types of work performed. The results of the analysis of Table
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1 show that accidents and accidents occur for the reasons grouped in the table (technical, organizational,
technical, technological operations, maintenance and repair, LLP and electricity, road transport, other types
of accidents).

It can be seen that the distribution of the number of accidents for various reasons for the analyzed period
is represented by data: when performing technological operations — 15.5%, organizational and technical -
15.5%, technical - 12.5%, road transport - 6.5%, maintenance and repair - 9.5%, other types of accidents
-37.5%.

Over the past five years, the same indicators of causes have changed as follows: when performing
technological operations — 12.5%, organizational and technical - 25%, technical - 50%, maintenance and
repair - 50%, other types of accidents - 33%. The results of the analysis show that the specified types of causes
of accidents, the largest increase in dynamics is observed for the studied factor in 2019-2020. It can be seen
that in the period 2013-2018, there were practically isolated accidents that occurred due to organizational,
technical, technological, maintenance and repair, etc. At the enterprise, the number of accidents that occurred
by type of work (road accidents, maintenance and repair of electrical equipment) was not observed. Thus,
there is a tendency to weaken attention to the system organization and control over compliance with the
requirements for labor protection and labor safety regulated by rules and regulations at the level of performers
of technological operations. In our opinion, such phenomena are explained by the manifestation of the human
factor, namely, the psycho-physiological characteristics of not only the performers of utility operations, but
also the direct owners of the process, the requirements for which are prescribed in the relevant regulatory
documents and procedures of the occupational safety system at the enterprise. The analysis of the above
data shows the need to improve the system of organization of safety and OT when performing other types of
accidents, maintenance and repair, technological operations, organizational and technical causes of accidents.
In our opinion, one of the important causes of accidents is the psychophysiological characteristics of workers
employed at dangerous and especially dangerous production sites. The need to take into account such factors
has been repeatedly noted in the scientific literature. [8, 9]

Table 2 - Quantitative indicators of industrial injuries at the gas station

Ne | Indicators Values of indicators by year

/i 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

1 |Number of employees in organizations, B, peop. | 3161 | 3311 | 3784 | 3872 | 3991 | 4236 | 4278 | 4402 | 4286

2 | The number of accidents, A 7 4 2 1 1 2 2 6 7

3 | Number of victims 7 2 1 1 1 2 1 8 7
Number of dead, L 0 2 1 0 0 0 1 0 0
The number of victims with a severe outcome 5 2 - - - 2 - 5 5
The number of victims with a mild outcome 2 - 1 1 1 - 1 3 2

4 | Number of victims of group accidents - - - - - - - 3 -

5 | The number of calendar days of disability, C 604 | 197 | 31 | 132 | 60 | 282 | 254 | 471 | 563

6 | Frequency factor, C, 2,21 | 1,21 | 0,52 | 0,25 0,25 0,47 | 0,46 | 1,36 | 1,63

7 | Gravity coefficient, C 86,3 149,25| 15,5 | 132 | 60 | 141 | 127 | 78,5 | 80,4

8 | General injury rate, C_ 191 | 59,6 | 8.1 | 33 15 [663| 59 |1068| 131

9 |[Mortality rate 0 0,6 {026 0 0 0 1023] 0 0

The level of injuries at the Aktobe Ferroalloy Plant (hereinafter referred to as AZF) was analyzed for the
period from 2012 to 2020 by statistical method, the results are given in Table.2. The study of the dynamics of
occupational injury indicators shows that during the nine years from 2012 to 2020, the number of accidents
and their frequency decreased, but in 2019, 2020, these indicators increased sharply.

The dynamics of employee growth is characterized by an increase in the number of employees during the
study period, which is 11% in percentage terms. The analysis of the increase in the number of accidents shows
that the number of accidents during this period, which is a percentage of 250%. Here, the total share of the
number of accidents for the year as a whole for the enterprise is 0.16%. Obviously, it is necessary to improve
the system of ensuring safe working conditions in the whole enterprise in order to reduce the intensity of the
growth of accidents.

We have analyzed the structural grouping of the number of accidents of the type, location, and zones of
accidents at the enterprise for the period from 2012-2020. The changes in the number of victims according to
the analyzed types of accidents are considered. At the same time, the indicators of the first three characteristics,
taken as a productive feature, which vary greatly depending on the year of the incident.
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Results and discussions. It is necessary to change the approach to the consideration of the causes of
accidents from the point of view of identifying additional factors affecting the value of the effective indicator.

To determine the level of injuries, a statistical method was used, which consists in processing and studying
statistical material based on the results of the accident investigation for the specified period. According to
this method, a number of coefficients are determined, which are relative indicators of the level of injuries at
the enterprise. This allows you to get a correct and complete picture of the level of injuries, moreover, only
according to the absolute number of accidents that occurred at the enterprise during the time period under
study. These include: injury frequency coefficient C; injury severity coefficient C ; hazard coefficient C,.
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Figure 1. Graph of the dependence of the frequency coefficient C, (y) on the study time T (x).
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Figure 2. Graph of the dependence of the severity coefficient of C_(y) on the time of studies T (x).
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Figure 3 Graph of the dependence of the indicator of general injury C, (y) on the time of studies T (x).

These dependence graphs are described by polynomial dependences, respectively:
The frequency coefficient of the C: y = -3E-06x4 - 0,0087x3 + 0,2392x2 — 1,6671x + 3.6444
gravity coefficient C: y = 0,4722x4 - 10,974x3 + 84,488x2 — 234,93x + 249,46
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the index of total injury Cg: y=0,4193x4 - 10,181x3 + 91,215x2 — 336,43x + 444.5

The analysis of the above dependencies shows that the indicators of the coefficients of frequency, severity,
indicators of general injury during the study period vary as follows. The injury frequency coefficient varies
from 0,25 to 2,21 (in 2016 and 2012, respectively, C. = 0,25 and C, = 2,21). The injury severity coefficient
for the study period varies from 15,5 to 141 and has two extremes for the study period (2014 and 2017,
respectively, C = 15,5 and C_ = 141). The values of the coefficient of the indicator of total injuries of the C,
for the same period ranges from 15 to 191 (2012 and 2016 respectively, C, =191 and C, =15). The analy51s
of the dynamics of C, C_and C, shows that the value of these factors Varles greatly over the years and is
characterized by the data given in Figures 1,2,3. From the graphs it follows that the studied factors indicate
that there is a tendency to increase the absolute values of the coefficients of C, C_and C, in recent years with
a significant level of variation in their values. It is obvious that there is a need to improve comprehensive
measures to minimize the values of coefficients characterizing the quality of the organization of the system
to ensure safe working conditions.

Based on the results of this study, it is possible to conclude about the significance of changes in the
above factors on the resulting indicator. It is obvious that in this case it is necessary to improve the system
of ensuring safe working conditions for enterprises as a whole in the areas of improving organizational and
technical measures, strengthening the requirements for occupational safety in the workplace of technological
operations, maintenance and repair [6, 7]. It is necessary to pay special attention when performing other
types of work that are not directly related to production. Consideration of accidents on the basis of a more in-
depth analysis of factors affecting the number of accidents, such as the use of elements of labor organization,
advanced methods of labor organization techniques in the workplace, on the basis of labor organization,
the use of safer labor tools, etc. In our opinion, it is advisable to improve and expand the existing practice
of workplace timekeeping in order to determine the most significant factors affecting the safety of working
conditions, ergonomic indicators of specific operations at workplaces that cause not only a decrease in
productivity, but also the overall psychophysiological state of the worker.

8 4 y = 0,3885x2 - 1566,4x + 2E+06
R = 0,042

1 4

0 T T T T T T T T T )
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

=t number of accidents, (A)

polynomial {number of accidents, A)

Figure 4. Graph of the dependence of the indicator of the number of accidents in the study period

Figure 4 shows a graph of the dependence of the number of accidents in the study period. This dependence
is presented in the form of a polynomial model. Analysis of this model shows that the number of accidents in
recent years tends to increase. One of the objective reasons for this process is also the indicator of the growth
in the number of employees at enterprises in recent years, which are shown in Table 2.

Conclusions. As shown above, the manifestation of injury cases at metallurgical cluster enterprises, in
particular, metallurgical plants, is associated with a number of reasons, such as technical, organizational,
technical, technological, maintenance and repair, maintenance and repair of electrical equipment, road
transport, other types of accidents and psychophysiological factors. The distribution of the number of
accidents for reasons for the analyzed period is shown, which is characterized by data: when performing
technological operations — 15,5%, organizational and technical — 15,5%, technical — 12,5%, road transport —
6,5%, maintenance and repair — 9,5%, other types of accidents — 37,5%. The obtained data should be taken
into account when planning a set of measures to ensure safe working conditions at work.

As a result of the study, the dynamics and nature of changes in the main indicators of occupational injuries
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have been established. It is established that the prevailing factors of changes in injury rates are the severity
coefficient and the coefficient of the indicator of general injury, which in recent years has tended to increase.
The dynamics of the change in the effective indicator from the main factors was studied, a mathematical
model of the change in the frequency coefficient y = -3E-06x4 - 0,0087x3 + 0,2392x2 — 1,6671x + 3,6444
was obtained: the severity coefficient y = 0,4722x4 - 10,974x3 + 84,488x2 — 234,93x + 249,46: the indicator
of general injury y =0,4193x4 - 10,181x3 + 91,215x2 — 336,43x + 444,5. The analysis of the obtained models
showed a close correlation between the effective feature and the studied factors.

At present, the metallurgical production is undergoing reconstruction and the introduction of new
innovative technologies that impose higher requirements not only on the professional level, but also on the
psychophysiological parameters of employees. Moreover, the influence of the latter factor according to the
literature data can be 65-70%. In order to assess the importance of this factor in ensuring safe working
conditions, it is necessary to develop measures and conduct research on the actual materials of enterprises.
It is established that, along with taking into account the influence and significance of factors on the index of
occupational injuries, it is necessary to pay attention to the study of psychological parameters of employees
when they perform functional duties at the workplace.
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METAJLTYPTUAJIBIK KJIACTEPAIH OHEPKOCIINTIK KOCIIIOPHbBI MBICAJIBIHJIA
OH/IIPICTIK )KAPAKATTAHY JEHT'EMIH TAJIJIAY

Annoranus. Makanana Axre0e peppoKophITIIa 3aybITHIHBIH OaNKBITY HexTapbiHaarsl 2012-2020 sxputnap
apaJbIFBIHIAFBI XKapaKaTKa Tajay kacajabl. MeTammyprus KiacTepiHiH KocimopeIHAAPBIH/A, aTal alTKaH A
METaJUTyprus 3aybITTapbIH/Ia KapaKaTTaHy yKaFAalIapblHbIH KOPiHICl TeXHUKAJIBIK, YHBIMIACTBIPYIIBUIBIK-
TEXHHUKAJIBIK, TEXHOJIOTUSUIBIK, TEXHUKAJIBIK KbI3MET KOPCETY KOHE )KOHJLY, DICKTP >KaOAbIKTapbIH KOHEY,
YKOJI-KOJTIK, OKAFaHBIH 0acKa TypJiepi koHe MCUX0(hU3NOIOTHUIIBIK (haKTopIap CUSKTHI OipKaTap cedenrepre
OaitmanbicTbl. CTaTHCTUKAIIBIK Q/IICTI KOJIAaHa OTBIPBII, TAJAaHAThIH Ke3eHAeT1 ceOernTep OoMbIHIIa OKUFaIap
CaHBIHBIH ©3repy IMHAMUKAChIHA TaJliay JKacajibl. 3epTTey HOTIKECIHIE OHIIPICTIK KapaKaTTaHyIblH
HETi3T1 KOPCETKIMITEPiHIH e3repy NWHAMHUKAChl MEH CHITaThl aHBIKTAIIbL. Herisri (akropmapman Tuimai
KOPCETKIIITIH 63repy JHHAMUKACKI 3€PTTEII, )KULTIK K03 PHUIIMeHTIHIH 03repyiHiH MaTeMaTHKaJIbIK MOJIEII,
ayBIPIIBIK KO PHUIIMEHTI )KOHE HKaJIIbI )KapaKaTTaHy KodPPHUIIMEHTIHIH KOA(PPUIIMESHTI aIbIH/IbI.

3epTTey HOTHIKEINEpiHIH HETi3iHAe Kayillci3 eHOEK jKarJaiapblH KaMTaMachl3 eTyle ic-Iapaiiap/ibl
o3ipJiey >KOHE KOCIMOPBIHHBIH HAKThl MarepuangapblHAa 3epTTEyNep KYPrizy KaKeT AEreH KOPBITBIHIBI
XKacajupl. OHAIPICTIK jKapakaTTaHy KepceTKilliHe (akTopiapAblH ocepli MEH MaHBI3IbUIBIFBIH €CKepe
OTBIPBII, >KYMBICIIBUIAPIBIH >KYMBIC OpPBIHIAPBIHAA (YHKIMOHAJIABIK MIHACTTEPiH OpBIHAAY Ke3iHze
OJIapIbIH TICUXOJIOTHAJIBIK IIapaMeTpiiepiH 3epTTeyre Ha3ap aygapy KaKeT eKeH/Ir aHbIKTaJIbl.

Ty#ingi ce3nep: xapakarraHy, )kazaTailbiM OKHFa, EHOCKTI KOpFay, 3epTTeyliep, KUK KOd(pPUITUEHTI,
ayBIPIIBIK KOO PUIMEHTI, )KapaKaTTaHy KOpCeTKIMiHIH KO PUIHEHTI.
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AHAJIN3 YPOBHS ITPOU3BOJACTBEHHOI'O TPABMATU3MA HA IPUMEPE
IMPOMBIIJVIEHHOT'O NPEANTIPUATUA METAJIJTYPTUYECKOI'O KIIACTEPA

AHHoOTauus. B craree mpoBeneH aHalu3 TpaBMaTH3Ma B IJIaBMJIBHBIX LIeXaX AKTIOOMHCKOTO 3aBOAa
¢deppocmaBo 3a nepuoxn ¢ 2012 mo 2020 romsr. IlposiBieHue ciaydaeB TpaBMaTu3Ma Ha TPEAIPHUSTHIX
METaJUTypPrHYecKOro KJlacTepa, B YaCTHOCTH METAUTypPrHUeCKUX 3aBOAAX, CBSI3aHA C PSAAOM NPUYUH, Kak
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TEeXHUYECKUE, OPraHM3alHOHHO-TEXHUYECKUE, TEXHOJIOTHIECKUE, TEXHNIECKOe O00CTy)KUBAHHE W PEMOHT,
TO u peMOHT 3NEKTPOOOOPYIOBAHUS, HOPOKHO-TPAHCHOPTHBIC, NMPOYMMH BHUIAMH TPOUCIIECTBHI H
ncuxodusnonorndeckumMu pakropamu. Mcmonp3ysi CTaTUCTUUSCKUI METOJ MPOBEACH aHAIN3 TUHAMHKH
M3MEHECHUSI KOJNHMYECTBA MPOMCHICCTBHH TI0 TPHYMHAM 3a aHaJIM3HpyeMbldl mepuoa. B pesymberare
MCCIICI0OBAaHNsI YCTAHOBJICHA JMHAMUKA U XapaKTep N3MEHEHHUS! OCHOBHBIX MOKa3aTeliel IPON3BOICTBEHHOTO
TpaBMaTH3Ma. MccienoBaHa qUHaAMUKa U3MEHEHHMSI PE3yJIBTaTUBHOTO TOKa3aTelsl OT OCHOBHBIX (haKTOPOB,
MOJNydeHa MaTeMaThdeckass MOJeNb W3MEHEHMs KOI(pQHIMEeHTa YacToThl, KOA(DOUIMEHT THKECTH W
k03 unmeHT mokazarens oOMIero TpaBMaTu3Ma.

Ha ocHOBaHMM pe3yNbTaTOB HMCCIICOBAHMS CHENaH BBIBOM, YTO B OOCCIICYCHUH OE30TAaCHBIX YCIIOBHI
TpyZAa HEoOX0AUMO pa3paboTaTh MEPONPHUSATHS W MPOBECTH MCCIIENI0BaHHUA Ha (DaKTHYECKHX MaTepHaiax
NPEANPHUATHS. YCTAHOBJICHO, YTO HApsAy C YYETOM BIMSHHUS M 3HAUUMOCTH (DaKTOpPOB Ha IOKa3arelslb
MPOU3BOACTBEHHOTO TpaBMaTH3Ma HEOOXOAMMO OOpaTUTh BHUMAaHHE Ha H3yYEHHE ICHXOJIOTUYECKUX
napaMeTpoB paOOTHHKOB TIPH BBINIOJIHEHUU UMM (DYHKIIMOHAJIBHBIX 00s3aHHOCTEH Ha paboYHX MecTax.

KuroueBble ciioBa: TpaBMaTu3M; HECUACTHBIM CiIydail; oxpaHa Tpyna, MCCIEJOBaHUS, KOIPPHUIMESHT
Y4aCTOThI, KOAPPHUIUEHT TSHKECTH, KO UIMEHT TToKa3aTesst TpaBMaTu3ma.
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