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ON THE STATE OF INDUSTRIAL INJURIES OF WORKERS IN INDUSTRIAL ENTERPRISES
OF THE AKTUBINSK REGION

Abstract. In our country, in recent years, according to statistical data, there has been a slight decrease
in the level of industrial injuries in the industry as a whole. However, in the metallurgical industries, there
has been an increase in injuries, and sometimes with a fatal outcome. The aim of the work is to identify
reserves for reducing injuries by determining the psychological stability necessary for working at hazardous
production facilities, as well as creating a mathematical model for predicting injuries at work.

This article analyzes injuries according to the statistical method of studying injuries of production
personnel at the Aktobe ferroalloy plant of JSC “TNK “Kazchrome” for the period from 2015 to 2019.
Data on the dynamics of indicators of industrial injuries are given: the number of accidents, the number of
victims, the injury frequency coefficient, etc. It is established that the main causes of industrial injuries are
the insufficient level of organization of training in safe methods and techniques of work and the rules of
organization of transportation, loading and unloading of goods, as well as violations of the rules of operation
of vehicles and equipment, devices and mechanisms.

The main types of incidents and the causes of their occurrence are identified. The study of the dynamics
of accidents over the years shows that the number of accidents in the enterprise as a whole is very uneven.
The necessity of improving the system of organization of occupational safety and health when performing
technological operations, maintenance and repair of equipment, devices and mechanisms is shown.
Recommendations are presented on the main areas of work in order to reduce injuries and improve the
occupational safety management system (OSH) at metallurgical enterprises as an integral mechanism.

Key words: Ferroalloys, research, frequency coefficient, injuries, accident.

Introduction. It is well known that the issues of the state of industrial injuries at industrial enterprises are
of paramount importance when assessing the efficiency of production activities of enterprises, the degree of
technical equipment and the organization of their production. The risks of the probability of industrial injuries
of varying severity increase significantly at enterprises with low personnel culture and backward production
technology. At industrial enterprises, the concept of an index of fatal accidents per thousand employees has
been introduced. According to this indicator, enterprises of the Republic of Kazakhstan are significantly
behind similar indicators of enterprises of a number of developed countries of the world. For example, such
an index in such countries as Denmark, Sweden and Norway is 3.3 times lower than at the enterprises of
the Republic of Kazakhstan [1], which indicates that there are large reserves in improving the state of labor
protection at the enterprises of the Republic of Kazakhstan, including at the Aktobe Ferroalloy plant of JSC
TNK Kazchrome. [2,3].

Relevance. In our country, in recent years, according to statistical data, there has been a slight decrease
in the level of industrial injuries in the industry as a whole. However, in the metallurgical industries, there
has been an increase in injuries, and sometimes with a fatal outcome. In this regard, the task of developing
methods of preventive protection of employees from accidents and a reliable forecast of the probability of
injuries at enterprises is relevant.

The analysis of statistical data from many countries allows us to conclude that the more perfect the technical
side of the production process, the more the percentage of accidents associated with psychophysiological

170



ISSN 2224-5278 Series of Geology and Technical Sciences 5. 2021

characteristics of a person, personal factors, type of behavior, etc.increases /4-5/. Practice shows that the main
causes of injuries and accidents are most often associated with engineering omissions, shortcomings in the
organization of work on the operation of equipment, an incorrect assessment of the state of affairs at work,
that is, the reason lies in the person himself, the so-called “human factor”.

Both his own safety and the safety of the enterprise as a whole depend on the psychological stability
of the employee. Only when using an integrated approach to predicting injuries, taking into account the
psychological stability of production personnel, it is possible to significantly reduce injuries at the enterprise
and improve labor safety, since psychological stability is the reserve that is currently not fully used in practice.

The purpose of the dissertation is to identify reserves for reducing injuries by determining the psychological
stability necessary for working at hazardous production facilities, as well as creating a mathematical model
for predicting injuries at work.

Materials and methods of research. The indicators of industrial injuries at the Aktobe Ferroalloy Plant
(hereinafter referred to as AZF) for the last 5 years are shown in Tablel.

To determine the level of injuries, a statistical method was used [28, 29], which consists in processing
and studying statistical material based on the results of the investigation of accidents 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 data of the absolute number of accidents that occurred at the enterprise
during the studied period of time. These include: coefficient of injury frequency Cf; coefficient of severity of
injury Cs; hazard coefficient Ch or indicator of general injury rate; fatal injury rate Cf.

The analysis of the data given in the table shows that the number of employees at the AZF whose work is
associated with harmful and dangerous working conditions, respectively, by year is: in 2015 - 3,189; in 2016
—3.,332; in 2017- 3,345; in 2018-3,578 and in 2019 - 3,58 thousand people. During the period from 2015 to
2019, 15 accidents occurred at the plant, including 2 fatal accidents, 4 severe cases, and 1 group case. A total
of 15 people were injured.

The study of the dynamics of indicators of industrial injuries shows that for four years the number of
accidents and their frequency decreased, but in 2019 these indicators increased sharply. At the same time, out
of six accidents, one belongs to a group type, and out of 8 injured workers, 3 refers to serious cases.

It should also be noted the uneven dynamics of changes in statistical evaluation indicators, namely, the
coefficient of the frequency of accidents per 1000 employees (Cf). For the period 2015-2019, this indicator
varies in the redevelopments of 0.23-1.42. The coefficient of the frequency of fatal accidents per 1000
employees (CFS) in 2016 is equal to 1.002.

Table 1-Quantitative indicators of industrial injuries at the gas station

Ne Indicators The value of the indicator by year
n/n 2015 | 2016 | 2017 [2018| 2019
1 | The number of employees in organizations, thousand people. 3872 | 3991 | 4236 [4278| 4219
) The pgmber of employees employed in harmful and dangerous 3189 13332 | 3345 13578 | 3580
conditions, thousand people.
3 |Number of accidents 3 3 2 1 6
4 | Number of victims 3 1 2 1 8
5 |Number of dead - 2 - - -
6 | The number of victims with a severe outcome - - 1 - 3
7 | Number of victims in group accidents - - - - 3
8 |Number of accidents investigated 3 3 2 1 6
9 | Accident rate per 1000 employees (Kh) 0,77 | 1,25 | 0,47 |1 0,23 | 1,42
The coefficient of the frequency of fatal accidents per 1000
10 - 1,002 - - -
employees (Kch)

Thus, according to the first indicator (Cf), the level of decline has been achieved since 2016 and the next
two years by 2.5 times. At the same time, in 2019, the number of accidents and victims in a group accident
increased and the indicator (Cf) increased to 1.42. The latter indicates the need to increase the requirements
for the quality of the organization and safety of the production process in individual structural divisions of
enterprises [6, 7].
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The causes of industrial injuries with varying degrees of severity are numerous and include such types of
accidents as technical, organizational and technical, technological operations, falls during work, maintenance
and repair, and other types of accidents. Let’s consider the dynamics and quantitative ratio of these factors in
the total share of industrial injuries of employees at enterprises (Table 2).

Table 2-Dynamics of the number of victims by type of accidents

. Valuesbyyear
Typesofincidents 2015 | 2016 | 2017 | 2018 2019
Technical - - - - 1
Organizational and technical - - - - 1
Technologicaloperations - 2/2 - - 4
Falling during the production of works 2 - - - -
Liftingoperations - - - - -
Maintenance and repair - - - - 2
Roadtrafficaccidents - - - - -
Othertypesofaccidents 1 1 2 1 -
Total 3 3/2 2 1 8

The study of the dynamics of accidents over the years shows that the number of accidents in the enterprise
as a whole varies and is very uneven. The analysis of the given data shows the need to improve the system
of organization of safety and labor protection during maintenance and repair of technological operations,
equipment, organizational and technical causes of accidents. There is a certain positive trend towards a
decrease in the number of victims for some types of accidents. A significant decrease is noticeable in such
indicators as a drop in the production of work and other types of accidents.

It is obvious that the development of comprehensive measures to reduce the number of victims of
technological operations, maintenance and repair is one of the most important problems that need to be
resolved.

It is also advisable to improve the complex of organizational and technical measures aimed at ensuring
safe working conditions in case of possible falls from a height in the workplace.

The analysis of the above data indicates the need to develop a set of measures to prevent accidents
occurring at enterprises, depending on the type of accidents. The latter leads to the need for more detailed,
local studies of their causes and the development of specific measures for the safe organization of the work
of production personnel.

In the conditions of production, the development of a set of effective measures to ensure safe working
conditions for employees in enterprises is primarily associated with the establishment of the causes that led
to the occurrence of accidents.

Table 3 shows the indicators of occupational injuries, depending on the causes of accidents.

Table 3-The number of victims, depending on the causes of accidents

Ne Nameofthereasons Number of injured people, by year
n/m 2015 [ 2016 | 2017 | 2018 [ 2019
1 |Increased dustiness and gas contamination of the working| - - - - -

area air
2 |Increasednoiselevel - - - - -
3 |Increasedvibrationlevel - - - - -
4 |Increased level of ionizing radiation - - - - -
5 | Contact with sources of infectious diseases (specify the name| - - - - -
of the diseases)
6 | The impact of physical overload on the human body - - - - -
7 |Design disadvantages of machines, mechanisms and| - - - - -
equipment
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8 |Operation of faulty machines, mechanisms and equipment - - - - -
9 | Violationoftechnologicalprocesses - - - - -
10 | Violation of safety requirements when operating vehicles - - 1 - -
11 | Violation of the rules of road traffic - - - - -
12 | Violation of the rules of railway traffic - - - - -
13 | Violation of the rules of air transport traffic - - - - -
14 | Violation of the rules of water transport traffic - - - - -
15 |Accidents - 2 - - -
16 | Unsatisfactory organization of work production - - 1 - 4
17 | Unsatisfactory technical condition of buildings, structures, - - - - -
maintenance of territories and shortcomings in the
organization of workplaces.

18 |Disadvantages in teaching safe working methods. - - - - -

The data given in table 3 indicates compliance with the regulatory requirements of the harmful impact of
production factors on the environment, the health of production workers, compliance with the requirements
of the technological regulations for the production process, the basic requirements of the instructions on labor
protection and life safety.

A detailed study of the number of victims at work shows that the most significant causes of accidents at
enterprises are violation of safety requirements when operating vehicles, unsatisfactory organization of work,
gross negligence of the victim [7].

Table 4
Distribution of accidents by occupation.
Profession 2015 2016 2017 2018 2019 2020 Totalamount
Ferroalloysmelter 1 2 1 4
Locksmithrepairman 1 5 6
Ferroalloybreaker 1 2 3
Gaselectricwelder 1 2 3
Linemandriver -

1.O. of the shift supervisor -
Locomotivedriverassistant -
Electrician
Bunker 1
Seniorrepairman 1
Installer 1
Driver 1
Ferroalloydispenser 1

e L e e e

Based on Table 4, the distribution of accidents by occupation for 2015-2020, it can be seen that workers
in hazardous occupations such as smelters-ferroalloys (19%), locksmiths, repairmen (28.5%), breakers of
ferroalloys (14.2 %), gas electric welders (14.2%), in other professions have isolated cases.

Results and discussion. The statistical analysis of injuries led to the following conclusions:

- in general, the Aktobe Ferroalloy plant in recent years has seen a positive trend towards a decrease in the
total number of accidents;

- the most significant types of accidents that cause high danger and risks of injury are unsatisfactory
organization of work and gross negligence of performers when performing production operations.

The main causes of occupational injuries are:

- insufficient level of organization of training in safe methods and techniques of work, as well as the rules
of organization of transportation, loading and unloading of goods;

- violations of the rules of operation of vehicles and equipment, maintenance of technically defective
devices and mechanisms.

To eliminate these shortcomings and reduce occupational injuries at the AZF, it is recommended to
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introduce a set of organizational, technical and psychophysiological measures aimed at improving the
occupational safety management system (OSH) as an integral mechanism.

Conclusions. The analysis made it possible to conclude that the main ways to reduce industrial injuries at
the gas station are:

- introduction of new progressive and safe production technologies;

- introduction of new methods of personnel management, taking into account the so-called “human factor”;

further improvement of the system of measures for the prevention and prevention of industrial injuries.
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AKTOBE OBJIBICBIHBIH METAJIJTYPI'UAJIBIK KJIACTEP KoCIITIOPHBIHIA
JK¥YMBICIIBLIAPIABIH OHJIIPICTIK JKAPAKATTAHY JKAFJIAMBI TYPAJIBI

AnHoTanus. Bi3NiH enmiMi3ge COHFBI KBULAAPHI, CTATHCTUKAFa COMKeC, JKaJIbl OHEpKocim OOMbIHIIA
OH/IIPICTIK KapaKaTTaHy JCHIeHiHIH OipliaMa ToMeH/ eyl Oaiikanaapl. Aaiiia, OHEPKICIITIH METaILTYPTHUs
cayanapblH/Ia J)KapaKaTTaHYyAbIH ecyi, al KelJe eJliMMeH asKTarybl OalKabIl OThIp. JKYMBICTBIH MaKcaThl
KayinTi eHIIPICTIK 00BEKTiIep/e KYMBIC iCTEY YIIiH KaXeTTi MCUXOJIOTHSUIBIK OPHBIKTHUTBIKTHI aiKbIHIAY
eceOiHeH jKapaKaTTaHy[Ibl TOMEHIETYy pE3epBTEPIH aHBIKTAy, COHJAi-aK eHIIpicCTe KapaKaTTaHy/bl
OoIDKamMIayIbIH MaTeMaTHKAIIBIK MOJICIIIH KYPY OOJBIT TaOblIa Ibl.

Ocpr makanana “Kasxpom “T¥K” AK AkreOe GeppoKopbITIIa 3aybIThl OOMBIHILIA OHAIPICTIK IEPCOHANIBIH
KapaKaTTaHybIH 3€PTTEY/IiH CTATHCTUKAIBIK 9ici OoibrHIa 2015 - 2019 xbinmap apanbiFbIHIAFEl KE3CHIC
yKapaKaTKa TaJjay )Kypri3ijaii. OHIipicTiK )KapaKaTTaHyIbIH HeTi3ri cedenTepi EHOSKTIH Kayirici3 oicTepi MeH
TOCLIIEPIHE JKOHE KYKTEP/li TaChIMaJIay/lbl, TUEY/I )KOHE TYCIpY/li YHBIMAACTHIPY KaFuaiapblHA OKBITY/IbI
YUBIMIACTHIPYABIH JKETKITIKCI3 IEHr e, COHIali-aK KeJIiK KypaJiJapbl MEH jKa0IbIKTapAbl, KYPhUIFbLIAD MEH
MeXaHU3MJIepAi Maiaanany KaruaaaapbiH 0y3y OO TaObUIATBIHBI aHBIKTAIIIBL.

Oxuranap/plH HEri3ri TypJepi ®oHe oyiaplbiH naiaa 0oy cebenrepi aHbIKTamabl. JKpuigap OoWbIHIIA
yKa3aTalbIM OKUFaJIap/IbIH IMHAMHUKACHIH 3ePTTEY KOCIITOPBIH OOMBIHIIIA OKUFaIap/IbIH CAHbI TYTaCTal aFaHa
OipKesKi eMec ekeHiH KepceTeli. TeXHONIOTHUSIBIK OlepanusIapaAbl OPBIH/AY, KAOIbIKTapFa, KYPBUIFbLIAP
MEH MEeXaHH3MJISPTe TEXHUKAIIBIK KbI3MET KOPCETY JKOHE JKOHJIEY Ke31HIe KayiICi3iK TeXHIUKAChl MEH €HOCKTI
KOpFay/Jlbl YHUBIMIACTBIPY KYWECIH kKaKCapTy KaKETTUIrl kepceTiren. Tyrac TeTiK peTiHae MeTauTyprus
KOCIIOPBIHIAPBIH/IA JKapaKaTTaHY/Ibl a3alTy JKoHE eHOeKTI Kopraynbl 0ackapy xyiecin (EKBX) xeringipy
MaKCaThIHa dKYMBICTHIH HETi3r1 OarbITTaphl OOWBIHINA YCHIHBIM/IAP YCHIHBLIFAH.

Tyiiingi ce3nep: Gpeppo KopeITIaiap, 3epTTeyiep, KUK Kodh(HUITUSHTI, )KapaKaT, xKa3aTalbIM OKHFa.
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O COCTOSAHUHA MPOU3BOACTBEHHOI'O TPABMATU3MA PABOTAIOIIINX
B IPEANNPUATUN METAJIJTYPITHYECKOI'O KJIACTEPA
AKTIOBMHCKOM OBJACTH

AHHOTa].[I/Iﬂ. B namreit CTpaHC 3a MOCICAHUC TOAbl, COMIACHO CTATUCTUYCCKUM NAdHHBIM, B LCJIIOM IIO
MMPOMBIIIIICHHOCTH IMPOUCXOAUT HECKOTOPOC CHUKCHUC YPOBHA ITPOU3BOACTBCHHOT'O TPpaBMaTHU3Ma. O,Z[HaKO, B
MCTAJUTYPTHUCCKUX OTPACIIAX NPOMBINIJICHHOCTU OTMCUCH POCT TpaBMaTH3Ma, 4 HUHOTZIa CO CMCPTCIbHBIM
HCXOJ0M. ]_ICJ'IBIO pa60TBI SABJIACTCA BBIAABJICHHUC PE3CPBOB CHMIXXCHUS TpaBMAaTU3Ma 3a CUCT ONPCACIICHUA
IICUX0JIO0THYCCKOH YCTOIZHHBOCTH, HeO6XOHHMOﬁ JUIS pa6OTBI Ha OMACHBIX MPOU3BOACTBCHHBIX O6T>CKT3.X, a
TaKKE CO31aHUC MaTreMaTH4eCKOn MO/JCJIN MTPOTrHO3UPOBAHUA TPpABMATH3Ma Ha ITPOU3BOACTBC.

B HaCTOSIH_IeI\/JI CTAaTbC NPOBCJACH aHaJIM3 TpaBMaTU3Ma II0 CTATUCTHYCCKOMY MCTOAY HCCICAOBAHUA
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TpaBMaTu3Ma HPOM3BOACTBEHHOIO MepcoHana Mo AkTioOMHCKOoMY 3aBony (eppocmiaBoB AO «THK
«Kazxpom» 3anepuon c 2015 mo 2019 r.r. [IpuBeneHbl faHHBIE [10 IUHAMHUKE [TOKA3aTeNeH MPOU3BOICTBEHHOTO
TpaBMaTu3Ma: KOJIIMYECTBO HECYACTHBIX CIydaeB, KOIWYECTBO IMOCTPAJABIINX, KO3(P(HUIMEHT YacTOTHI
TpaBMaTU3Ma U JIp. YCTaHOBJIEHO, YTO OCHOBHBIMHU NPUYUHAMU MPOU3BOACTBEHHOIO TPABMATU3MA SIBJISIIOTCS
HEIOCTAaTOYHBIA YPOBEHb OpraHU3aIly 0O0ydeHus: 0e30MacHbIM METO/IaM U MpuéMaM Tpyla U TpaBUiIaM
OpraHW3alli{ TPAHCIIOPTHPOBKH, TOTPY3KH U Pa3TPy3KU IPY30B, a TAKXKE HAPYIICHHS TPABUIT IKCILTyaTalluy
TPAHCIIOPTHBIX CPEJICTB U 00OPYIOBaHUS, YCTPOHUCTB U MEXaHU3MOB.

BrIsiBIIEHBI OCHOBHBIC BHJIBI TMPOWCIISCTBUI M MPUYMHBI WX BO3HHKHOBEHUWH. V3ydueHwe NWHAMUKU
HECYACTHBIX CIIyYaeB IO ToJaM TOKa3bIBAET, YTO KOJMYECTBO MPOUCIIECTBUHN IO MPEANPHUATHIO B IEIOM
omM4aeTcs OOJBINON HepaBHOMEPHOCTHIO. [lokazaHa HEOOXOMUMOCTD YIyYIIEHUS CHCTEMBI OpTaHU3aIHN
TEXHUKH OE30TaCHOCTH W OXPaHbl TPyAa IMPH BBHITOJHEHHH TEXHOIOTHYECKUX ONEpaIiii, TEXHUYECKOTO
00CITy’)KMBaHUSI ¥ PEeMOHTa O0OpYyIOBaHUS, YCTPOWCTB M MeXaHW3MOB. [IpencTaBieHbl peKOMEHIAUA 110
OCHOBHBIM HAIIPaBJICHUSM pPaOOTHI C IENIbI0 YMEHBIIICHUsI TPaBMaTu3Ma M COBEPIICHCTBOBAHNE CHCTEMBI
ynpasienus oxpanoii Tpyaa (CYOT) Ha MeTammyprudeckux MpeanpusThsIX, Kak [eJT0CTHOTO MeXaHU3Ma.

KaroueBsbie ciioBa: QeppocruiaBbl, Ucciea0BaHus, K0O3(PPHUIIMEHT YacTOThI, TPABMAaTH3M, HECYACTHBIN
cityyai.
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