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ABSTRACT

occupational injuries, types

Occupational injuries remain an urgent social and economic problem,
especially in the most dangerous industries such as construction, mining
and manufacturing. The purpose of this study is to study the engineering
and organizational and technical factors that cause a high incidence of
occupational injuries in the country's enterprises. To solve the problems,
methods of statistical data analysis over the past five years have been
applied, as well as current regulatory legal acts, international ILO
standards and the requirements of the ISO 45001 occupational safety and
health management system have been analyzed. It has been established
that the main reasons remain the wear and tear of technological
equipment, the low level of automation of production processes, the lack
of modern alarms and locking devices, as well as the poor qualifications
of workers and the lack of training and motivation systems for staff.
Based on the analysis, measures are proposed to reduce the level of
injuries and improve the safety culture at enterprises.
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OHgipicTik >KapakaTTaHy, ocipece KYpPBIABIC, Tay-KeH >KoHe ©HJey
©OHepKaCciOl CHUAKTBI eH KayillTi cadalapja ©3eKTi 91eyMeTTiK >KoHe
SKOHOMUKaABIK IIpobaeMa 0Ooabil kKada Oepeai. Ocbl 3eprreyain
MakcaThl-e/1 KaCiIOpBIHAAPBIHAA ©OHAIPICTIK >KapakKaTTapAblH >KOFapbl
KMIAITiH ~ aHBIKTAMTBIH MHXKEHEepPAIK >KoHe YMBIMAACTBIPYIIBLABIK-
TEXHMKAABIK paKTOpAapAasl 3epTrey. MiHAeTTepAl IIemny YIIiH COHFBI
Oec XXBLAAAFHI AepeKTepai CTaTUCTUKAABIK Taljay d4icTepi KOAJaHBLAADL,
COHJAM-aK KOAJAAHBICTaFbl HOPMATHUBTIK KYKBIKTBIK akTizep, XEY
XaaAblKapaaslK cTaHAapTTapsl >koHe ISO 45001 >xyiteciniH eHOeK
Kayincisairi MeH eHOeKTi Koprayabl Oackapy >KeHiHJeri TaaamTapbl
TaagaHapl. Herisri cebentep TeXHOAOTMAABIK KabABIKTapALIH TO3YHI,
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OHAIpiCTiK IpoLecTep4i aBTOMaTTaHALIPYAbIH TOMEH AeHTeifi, 3aMaHayu
AaObl1  MeH KYABINTAay KYPBLAFBLAAapBIHBIH 00AMaybl, COHAAli-aK,
SKYMBICIIBIAAPABIH,  OiZiKTiAiriHiH  94ci3airi >KeHe OKBITY MeH
IlepCcoHaAAbl BIHTAaAaHABIPY >KyileAepiHiH >KeTicrieymiairi 0oAbI Kada
GepeTini aHbIKTaAAbl. JKyprisiaren Tasaay HeriziHAe KocilmopwHAapJa
JKapakaT ady JeHTeiliH TeMeHJeTy >KoHe Kayilci3aik MojeHMeTiH
apTTHIPY OOJBIHINA IIapalap YCBIHBLAABL

Kaiouessie caoBa: AHHOTANIIUSA

(IpOM3BOACTBEHHBII ITponsBoacTBeHHEI TPaBMaTU3M OCTAETCS aKTyaAbHON COLIMAABHOM U
rpaBMaTNU3M, BUABI HKOHOMHYECKOI1 ITp0o0b.1eMOit, 0COOeHHO B Hanbo.Aee OIIacHBIX OTPacAsX,
1eTe AbHOCTH, TaKMX KaK CTPOMTEALCTBO, TOPHOAOOLIBaIOIIas ¥ OOpabaThIBalOITas
(IoCTpajaBIIle, CTeIleHb IPOMBIILIeHHOCTh. [leaplo HacToOsIIero muccaejoBaHMs U3ydeHNe
[SIKeCTHU, IPUYMHBL VMH>KEeHePHBIX " OpraHM3aIMIOHHO-TeXHIYeCKIX ¢akTopos,

00yCA0BAMBAIOIINX BBICOKYIO YacCTOTy IIPOM3BOACTBEHHBIX TpaBM Ha
MpeANPUATHAIX CTpaHbl. /A5 pelneHus 3aaad ObLAM ITPUMeHeHbI MeTOAbI
CTaTMCTUYECKOTO aHaAM3a AAHHBIX 3a IIOCAeAHME IIATh AeT, a TakKXke
MIpOaHaAM3MPOBAaHbl AEVICTBYION[ie HOpPMaTUBHbIe IIpaBOBbIE aKTBI,
MexayHapodaHsle ctaHnzapTel MOT u Tpebosanmns cuctemsr ISO 45001 o
yIpaBAeHMIO Oe30MacHOCTBIO U OXPaHOU Tpyja. YCTaHOBAEHO, YTO
OCHOBHBIMU  NPWYMHAMM  OCTAIOTCA  M3HOC — TeXHOAOTMYECKOTO
060pyAoBaHIs, HU3KUI YpOBEHb aBTOMaTU3aIlUM ITPOU3BOACTBEHHBIX
IIPOIIeCCOB, OTCYTCTBYE COBPeMEeHHOI CUTHAaAM3alINM ¥ OAOKMPOBOYHEBIX
YCTPOJICTB, a TakKe caabas KBaauUKanus pabodmx U HeA0CTaTOK
cucreM OOy4yeHMsI M MOTUBalL[UM IlepcoHada. Ha ocHose mposegénnoro
aHaAM3a MPeAAOXKeHBl Mephl 110 CHIYDKeHMIO YPOBHS TpaBMaTHU3Ma U
TTOBHIIIIEHNIO KYABTYphlI 6€30I1aCHOCTM Ha ITPe ATIPVISTHIX.

INTRODUCTION

Industrial accidents are one of the most pressing socio-economic problems in the Republic
of Kazakhstan. The International Labour Organization (ILO) estimates that about 2.78 million
people worldwide die from accidents at work each year (International Labor Organization, 2019).
This means that every 15 seconds, one person dies as a result of a work-related incident, and
another 160 are injured, which underscores the urgency of this problem not only at the national
but also at the global level. According to the ILO, workplace injuries are the third leading cause
of death among the working-age population (Ospanova, 2012).

The highest levels of injuries and deaths were recorded in industries associated with heavy
physical labor, insufficient mechanization and automation, as well as a high degree of
occupational risk, such as construction, mining and manufacturing (Statistics on safety and health
at work). In particular, in the construction industry, mortality is on average 3-4 times higher than
in other sectors of the economy, and in the mining industry, the risks associated with landslides,
explosions and exposure to harmful gases lead to serious health consequences and death of
workers, such as silicosis and pneumoconiosis. For example, in the United States, total economic
losses from occupational injuries and diseases are estimated at about $250 billion per year,
including medical costs, lost productivity, and compensation (Leigh, 2011).

An analysis of occupational injuries in the regions of the Russian Federation shows that
there is a relationship between the number of accidents at work and the sectoral specialization of
the regional economy (Moskvina, 2024). In countries with well-organized occupational health
and safety systems, such as Germany, Canada, and South Korea, the implementation of ISO 45001
standards and the Vision Zero concept has helped significantly reduce injury rates (ISO
45001:2018, Vision Zero 2021). Germany has a mandatory occupational accident insurance system
(DGUV), which guarantees insurance for all employees and support for rehabilitation activities
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(Deutsche Gesetzliche Unfallversicherung). In Canada, regional authorities are actively involved
in the creation and implementation of occupational safety programs, taking into account the
specifics of professions and the typical risks of individual industries (Ministry of Labor,
Immigration, Training and Skills Development, Ontario, Canada). South Korea is successfully
implementing innovative technologies and employee health monitoring systems to ensure the
safety of small and medium-sized businesses (South Korea's National Security Strategy).

This problem is also relevant for Kazakhstan. According to official data, there was a steady
increase in the number of industrial accidents in 2019-2023, especially in high-risk industries
(Bakishev and Alikhan, 2024). In 2023, 2,670 accidents were registered, of which 246 resulted in
the death of victims (National Bureau of Statistics of the Republic of Kazakhstan). The situation
remains particularly acute in the West Kazakhstan region, an important industrial zone with
large enterprises in the oil and gas sector, mechanical engineering and construction. In 2023, 57
accidents occurred there, resulting in the deaths of nine workers. Despite the current legal
framework, including the Constitution of the Republic of Kazakhstan (1995), the Labor Code
(2015) and the law "On Compulsory Insurance of employees against Accidents" (2005), the injury
rate in the country remains high. The Constitution of the Republic of Kazakhstan guarantees
citizens the right to safe work (article 24). The Labor Code of the Republic of Kazakhstan
establishes the obligation of employers to ensure safe working conditions, including risk
assessment, employee training and the provision of personal protective equipment (Labor Code
of the Republic of Kazakhstan, Article 23). Domestic scientists believe that outdated technologies
and the lack of modern safety systems are becoming the main factor in occupational injuries,
which leads to an increased risk of accidents (Zhaksybekova and Bermagambetova, 2021).
International and domestic experience shows the important role of the human factor in ensuring
occupational safety, including the behavior, motivation, fatigue and psychophysical state of
workers (Lechiev, 2016). Some experts point to possible attempts by employers to conceal
incidents, which affects the accuracy of statistics and complicates regulation (Churanova, 2015).

The ILO argues that injury prevention is much cheaper than accident management and
compensation (ILO, 2017), making occupational safety an essential component of social and
economic policy.

The purpose of this study is to analyze the dynamics and structure of occupational injuries
in the Republic of Kazakhstan in 2019-2023, as well as to identify factors influencing the formation
of accidents at work, and to substantiate engineering and organizational measures aimed at
reducing the level of occupational injuries.

The practical value of our work lies in the possibility of using the results obtained to
develop effective injury prevention programs at enterprises, improve the system of state
regulation of labor protection, increase the competence of employees in safety issues and reduce
socio-economic losses associated with industrial accidents.

To achieve our goals, we have solved the following tasks:

- we conducted an analysis of the dynamics of occurrence and structure of industrial
accidents;

- estimated the distribution of injuries by industry, type, cause, and severity;

- we have determined the influence of organizational, technical and human factors on the
injury rate;

- we have formulated recommendations for improving the labor protection system.

The object of the study was the level of occupational injuries in the industry of Kazakhstan.

The object of the study is the level and structure of occupational injuries in the industries
of the Republic of Kazakhstan.

The subject of the study was the causes and conditions of accidents at work, leading to
varying degrees of severity of injuries.
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The research methodology included the analysis of statistical data, comparative methods,
content analysis of regulatory documents and generalization of the experience of enterprises.

Thus, the need for a comprehensive study of the causes and factors of occupational injuries
in Kazakhstan, as well as the development of effective preventive measures, is obvious. Our
research is aimed at identifying the key causes and patterns of occupational injuries.

MATERIALS AND METHODS

This study is devoted to the identification and analysis of occupational injury factors in the
Republic of Kazakhstan for the period from 2019 to 2023. The information base of the study was
officially published statistical data from the Bureau of National Statistics of the Republic of
Kazakhstan, as well as analytical materials from international organizations in the field of
occupational safety, containing information on occupational injuries by region and industry. The
data analysis was carried out using statistical and comparative analysis methods, which made it
possible to identify the main trends and features of the formation of occupational injuries during
the study period.

The main indicators used in the study were:

- the total number of victims of industrial accidents in the regions of Kazakhstan;

- the number of dead workers by type of economic activity;

- information about the severity of injuries and the duration of the recovery period;

- dynamics of changes in indicators over a five-year period.

In addition to the official statistical array, regulatory documents defining the procedure for
ensuring occupational safety in Kazakhstan were used, including:

- Order of the Minister of Labor and Social Protection of the Population of the Republic of
Kazakhstan No. 340 dated August 27, 2020 "On Approval of the Standard Rules of the
Occupational Safety and Health Management System'";

- Order of the Minister of Labor and Social Protection of the Population of the Republic of
Kazakhstan No. 363 dated September 11, 2020 "On approval of the Rules for Occupational Risk
Management".

The provisions of international standards such as ISO 45001 were also used to compare
them with global occupational safety practices.

Data collection and processing were carried out using quantitative and qualitative analysis
methods:

Descriptive statistics. Absolute and relative values, proportions, rates of growth and
decline were calculated, as well as annual averages, coefficients of frequency and severity of
injuries were determined.

Comparative interregional analysis. The differences in the structure and frequency of
injuries between the regions of Kazakhstan were assessed.

Dynamic analysis. The assessment of changes in indicators over time was carried out,
trends and cyclicity of changes were considered using time series analysis methods.

Structural analysis. The distribution of accidents by severity, types of economic activity
and the main causes of their occurrence was studied.

Content analysis of regulatory documents. Regulatory acts and guidance documents were
analyzed to assess the completeness of the legal framework and compliance with modern labor
protection requirements.

The results of the study formed the basis for recommendations on reducing occupational
injuries, developed specifically for entrepreneurs, government services and occupational safety
specialists.

The ChatGPT (OpenAl) generative artificial intelligence system was used as a tool for
editorial support and stylistic text correction.
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RESULTS AND DISCUSSION

The compilation of official statistics on industrial accidents in Kazakhstan, including the
West Kazakhstan region, for the period from 2019 to 2023 shows a steady and alarming trend of
their increase (table 1). A significant number of incidents have been recorded, resulting in serious

injuries and, in some cases, deaths (Bureau of National Statistics of the Republic of Kazakhstan,
2025).

Table 1. Number of victims of industrial accidents, including fatal accidents

Regions 2019 2020 2021 2022 2023
Abai * - - - 96 125
Akmola 140 118 62 84 107
Aktobe 103 118 129 149 118
Almaty 50 44 43 45 51
Atyrau 81 58 84 77 84
West Kazakhstan 65 77 58 63 57
Zhambyl 83 58 67 67 99
Zhetysu - - - 15 37
Karaganda 433 443 537 460 496
Kostanay 120 122 115 127 118
Kyzylorda 52 41 67 66 62
Mangystau 90 68 65 82 69
Pavlodar 141 128 130 135 129
North Kazakhstan 38 50 43 41 38
Turkestan 58 65 81 54 63
Ulytau* - - - 307 408
East Kazakhstan 302 314 320 233 263
Astana city 142 130 161 128 138
Almaty city 163 134 134 176 181
Shymkent city 50 65 37 44 27

Total 2111 2033 2133 2449 2670

Note: compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic
of Kazakhstan. The regions marked with "*" were formed after 2021.

The analysis of the data presented in Table 1 allowed us to record a steady upward trend
in the number of victims at work throughout the country. The total number of victims increased
from 2,111 to 2,670 over a five-year period. Such data indicate the low efficiency of the labor
protection system at enterprises in the republic, and if this trend continues, the number of victims
will increase significantly by 2030, which will lead to significant socio-economic losses.

The largest number of accidents was recorded in the Karaganda region, where 496 people
were injured in 2023. The high level of injuries in this region is due to the high concentration of
enterprises in the coal and metallurgical industries, which are characterized by outdated
equipment, difficult working conditions and a high degree of wear and tear of fixed assets.

Unlike the Karaganda region, Shymkent and the North Kazakhstan region have the lowest
injury rates, which is due to less developed industry and more favorable working conditions.
However, even in these regions, it is necessary to maintain a high level of control over compliance
with occupational safety regulations in order to prevent an increase in the number of accidents.
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Figure 1. Dynamics of the number of victims of industrial accidents by regions of the
Republic of Kazakhstan in 2019-2023
Note — compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic
of Kazakhstan.

There are persistently high rates of occupational injuries (Figure 1) in Karaganda, East
Kazakhstan and Pavlodar regions, as well as in cities of national significance - Almaty and
Astana. In most regions, there is a relative stability of indicators with a moderate upward trend
in 2023.

Table 2 shows data on the number of dead workers in production for the same period.

Table 2. Number of deaths at work as a result of accidents

Regions 2019 2020 2021 2022 2023
Abai * - - - 6 20
Akmola 4 20 6 11 12
Aktobe 10 20 19 12 12
Almaty 6 2 4 4 1
Atyrau 3 9 4 5 7
West Kazakhstan 4 4 4 13 9
Zhambyl 7 7 16 12 9
Zhetysu - - - 6 8
Karaganda 20 36 32 33 70
Kostanay 11 8 6 17 10
Kyzylorda 3 6 13 12 16
Mangystau 1 5 2 6 9
Pavlodar 6 5 5 6 4
North Kazakhstan - 11 11 8 11
Turkestan 4 10 8 5 5
Ulytau* - - - 2 8
East Kazakhstan 8 24 20 8 11
Astana city 12 13 17 21 8
Almaty city 6 12 5 12 10
Shymkent city 6 11 4 6 6
Total 111 203 176 205 246

Note — compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic of
Kazakhstan
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According to the data presented in table 2, the number of deaths as a result of industrial
accidents in Kazakhstan increased from 111 to 246 from 2019 to 2023, i.e. an increase of more than
121%, which once again indicates significant shortcomings in various aspects of ensuring safe
working conditions for workers in industrial enterprises.. On average, 188 people died annually
during this period.

The Karaganda region, which is consistently the leader in the number of industrial
accidents, also ranks first in the number of deaths. Between 2019 and 2023, 191 workers died in
the region, with the sharp increase in deaths in 2023, when the death toll reached 70, being
particularly alarming. Major industrial accidents, in particular the mine accident in the
Karaganda region in 2023, had a significant impact on the increase in mortality rates (Sarybayeva,
2024).

REeGioNS

B Abai W Akmola Aktobe Karaganda M Kyzylorda

I

2023

Figure 2. Top 5 regions affected in 2023
Note: compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic of
Kazakhstan.

Table 3 shows data on the number of dead workers by type of economic activity for the
period from 2019 to 2023.

Table 3. Death toll by type of economic activity

Type of economic activity 2019 | 2020 | 2021 | 2022 | 2023
Agro-industrial, forestry and fisheries 15 14 7 12 6
Mining and quarrying activities 25 24 31 27 76
Manufacturing industry 32 39 27 33 25
Supply of electricity, gas, steam, hot water, including
air conditioning 10 13 15 16 18
Water supply; waste collection, processing, disposal
and pollution elimination 10 7 7 11 10
Construction 41 54 34 51 43
Retail and wholesale trade; maintenance, repair of
cars and motorcycles 10 6 5 8 6
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end of table 3

Transport and equipment 17 17 17 11 17
Provision of accommodation and catering services 1 1 1 2 1
Information and contacts 2 1 1 2 1
Real estate transactions 5 1 2 1 3
Technical, research and professional services 6 5 4 3 4
Work in administration and additional services 7 8 7 8 9
The defense sector, public administration and the
compulsory social insurance system 6 8 4 19
Education 1 2 4 3
Social protection and healthcare system 1 4 8 9 3
Cultural and leisure services 15 1 7 3
Provision of other additional services 25 1 31 12

Total 190 203 176 205 246
Note — compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic
of Kazakhstan

An analysis of the data in table 3 shows that the highest mortality rates are consistently
recorded in the construction, mining, and manufacturing industries. This is due to the increased
level of danger when performing production operations typical for these industries, insufficient
automation of processes and high levels of physical activity. A total of 562 people died in these
three industries between 2019 and 2023.

Of particular concern is the sharp increase in deaths during mining and quarrying in 2023,
when the death toll increased from 27 to 76 people. This fact may indicate man-made accidents,
systemic safety violations, or insufficient effectiveness of control and supervision measures for
compliance with safety regulations at mining enterprises. Comparison with statistics from other
countries shows that the mortality rate in the mining industry of Kazakhstan significantly exceeds
similar indicators in countries with a developed occupational safety and health system.

A relatively positive trend is observed in the agro-industrial sector, where in recent years
there has been a decrease in the number of deaths at work. However, this trend may be partly
due to changes in the structure of agricultural production and the statistical accounting system.
In particular, there is a significant decrease in the proportion of agricultural workers covered by
statistical observations, which is associated with an increase in the number of small enterprises,
peasant (farmer) and personal subsidiary farms of the population, which do not always fully fall
within the scope of official statistical reporting. At the same time, there was a reduction in the
number of large agricultural organizations, which were traditionally the main objects of statistical
observation (Abikenova, 2023).

Figure 3 shows the distribution of registered industrial accidents by main types of
economic activity. The data obtained indicate the need to prioritize preventive and supervisory
measures in industries with the highest level of occupational risk.

A comparative analysis shows that the level of fatal occupational injuries in Kazakhstan
remains significantly higher than in the countries of the European Union. According to Eurostat,
in 2022, the EU average was 1.76 cases per 100,000 employees, while, for example, in the
Karaganda region, this figure exceeds 10 cases per 100,000 employees, which is several times
higher than the EU average. This difference is explained by a number of factors, including
shortcomings in economic development and the state of domestic industry, a low level of safety
culture and the effectiveness of state control, etc. In the EU countries, much attention is paid to
the prevention of occupational injuries, the introduction of modern technologies and the
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formation of a safety culture in which each employee is aware of his responsibility for safety and
adheres to safety regulations.
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Agro-industrial, forestry and fisheries

Figure 3. Deaths by type of economic activity in 2023
Note: compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic of
Kazakhstan.

An analysis of domestic statistics also shows that a significant proportion of accidents
occur in regions and enterprises with an insufficiently developed safety culture (Takala et al.,
2014). In such organizations, there is often a lack of management attention to occupational safety
issues, a low level of knowledge and awareness of workers about industrial risks, a lack of
motivation to comply with safety requirements, as well as weak control over their
implementation. The results obtained indicate the need for a more detailed analysis of the causes
of occupational injuries, among which there is an insufficient assessment of occupational risks,
the inconsistency of the applied preventive measures with the nature of existing industrial threats
and an insufficiently developed occupational safety management system. In conditions where
workers are not fully aware of the potential dangers and do not comply with established safety
requirements, the likelihood of serious occupational injuries increases significantly.

Industries with a high proportion of manual labor, insufficient mechanization, work in
difficult conditions (for example, in underground mines) and direct contact with dangerous
equipment and substances are most at risk. During construction and installation work, the risk
of falling from a height, injury when working with heavy machinery, and exposure to hazardous
materials is particularly high. For example, accidents related to falling from heights prevail in the
construction industry of Kazakhstan. In underground mines, where work is often carried out in
confined spaces, with poor visibility and the presence of dangerous gases, there is a high
probability of rock collapse, gas explosions and coal dust. The operation of heavy machinery used
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in construction, mining and other industries is also associated with an increased risk of injury,
and the main risks associated with the operation of heavy machinery (Nauka.kz, Liter, 2023). It
is necessary to take into account the influence of socio-economic factors, such as low wages and
shift work, which can negatively affect the motivation of employees to comply with the rules of
OSH.

The analysis of official statistical data shows that the structure of occupational injuries in
Kazakhstan is formed under the influence of both organizational and technological factors.
According to the Ministry of Labor and Social Protection of the Population of the Republic of
Kazakhstan and the Bureau of National Statistics of the Republic of Kazakhstan, among the main
causes of industrial accidents in recent years are: violation of occupational safety requirements,
insufficient control over production processes and the use of outdated equipment.

Based on the analysis of statistical materials and industry reports, the causes of
occupational injuries can be conditionally grouped into three main categories:

1. Organizational reasons. This group includes insufficient management control, non-
compliance with occupational safety instructions, and insufficient training for employees in safe
working practices. According to the State labor protection reports, it is the violation of safety
requirements and industrial discipline that accounts for a significant proportion of reported
accidents.

2. Technical and technological reasons. This group is related to the condition of the
equipment, the level of mechanization and automation of production processes. In a number of
industries in Kazakhstan, a significant proportion of manual operations remain, especially during
equipment repairs, loading and unloading operations and maintenance of production facilities.
The use of outdated production facilities and insufficient automation of technological processes
increase the likelihood of injury to workers.

3. The human factor. This group includes staff errors, non-compliance with technological
regulations, employee fatigue, and insufficient professional training. Such factors are widely
considered in modern occupational safety research.

According to the International Labor Organization, an effective reduction in occupational
injuries is possible only with an integrated approach, including the modernization of equipment,
the introduction of automated safety control systems, digital technologies for monitoring
hazardous areas and working conditions, as well as the development of a culture of safe behavior
in enterprises. Modernization of technological processes and the introduction of engineering
solutions, such as automated production lines, robotic complexes and emergency stop systems,
play an essential role in this process. Practice shows that the introduction of modern technological
solutions can significantly reduce the level of injuries in industrial enterprises.

Analysis of statistical materials and research results shows that the formation of
occupational injuries is caused by a combination of organizational, technical and behavioral
factors. The most common reasons include poor technical condition of the equipment, insufficient
level of mechanization and automation of production processes, violation of technological
discipline, as well as insufficient assessment of occupational risks in the workplace. An additional
factor is an insufficiently formed occupational safety culture, manifested in non-compliance with
the requirements of the instructions and insufficient awareness of workers about possible
production risks. Such conditions increase the likelihood of dangerous situations and serious
work injuries.

The data obtained indicate the need to implement comprehensive measures to reduce
occupational injuries, which requires coordinated actions by the state, employers and employees.
The key areas are the improvement of the briefing and production control system, the
introduction of digital technologies (motion sensors, video surveillance systems and monitoring
the use of personal protective equipment), as well as strengthening state and internal industrial
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supervision, including improving the skills of inspectors, the introduction of an internal control
system at enterprises and the application of stricter sanctions for violations of safety
requirements. An important role is played by the formation of a safety culture at enterprises
through the development of corporate standards, holding competitions for the best occupational
health and safety management system, involving employees in safety processes, as well as
regular training and advanced training of personnel. Of particular importance are engineering
solutions aimed at modernizing production processes: the introduction of automated production
lines and robotic complexes, the use of sensors and monitoring systems for hazardous areas of
equipment, the use of locking devices and emergency stop systems, as well as the introduction of
occupational health and safety management systems based on the International Organization for
Standardization ISO 45001 standard. Practice shows that upgrading technological processes and
increasing the level of automation can significantly reduce the number of injuries associated with
manual labor and equipment operation (EU-OSHA, 2022).

CONCLUSION

Occupational accidents continue to be one of the most acute and urgent problems in the
field of OSH both at industrial enterprises and at the state level as a whole. In these conditions,
the formation of effective and scientifically based mechanisms for the prevention of occupational
injuries, based on the analysis of statistical data, assessment of occupational risks and the
introduction of modern engineering and organizational solutions, is of particular importance. An
essential role in reducing injury rates is played by improving the occupational safety culture,
developing a system for training employees in safe working methods, and developing sustainable
skills for safe behavior in the workplace (Zhou, Fang, & Wang, 2008).

The analysis of statistical data for 2019-2023 showed that an unfavorable situation in the
field of occupational injuries persists in the Republic of Kazakhstan. Despite the measures taken
to improve the occupational safety and health management system, there has been a tendency to
increase the total number of accidents at work during the period under review. The situation is
particularly difficult in the Karaganda region, where for several years the highest rates have been
recorded both in terms of the number of injured workers and the number of deaths. This is largely
due to the industrial specialization of the region, which includes large enterprises of the mining
and metallurgical industries, related to activities with a high level of occupational risk.

The analysis of the injury structure suggests that technical and organizational factors play
a significant role in the formation of emergency situations. Among them, it is possible to single
out the deterioration of a part of the production equipment, an insufficient level of automation of
technological processes, the absence or insufficient effectiveness of automatic protection systems,
as well as insufficient attention to issues of professional risk assessment and management. In
some cases, the human factor also has an impact, including insufficient training of employees,
non-compliance with the requirements of occupational safety instructions and an insufficiently
formed culture of safe behavior at work.

International experience shows that a steady reduction in occupational injuries is achieved
through the formation of a systematic approach to occupational safety management based on a
combination of organizational, technical and engineering solutions, as well as the active
involvement of employees in workplace safety processes (Armstrong, 2020). In modern
conditions, the introduction of technological innovations aimed at reducing the impact of
hazardous production factors and minimizing human involvement in potentially dangerous
operations is of particular importance.

In order to increase the level of industrial safety and minimize occupational risks at
enterprises in Kazakhstan, it seems advisable to focus efforts on the implementation of the
following priority areas:
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- improvement of the industrial safety system, including modernization of technological
equipment, introduction of automated control systems, sensor and video surveillance systems,
digitalization of monitoring processes in hazardous areas, as well as training and certification of
personnel using modern training and simulation technologies;

- development of a comprehensive occupational risk assessment and management system
that provides for regular identification of hazards, analysis of the likelihood of accidents,
modeling possible industrial incidents and the development of effective response algorithms;

- implementation of modern engineering solutions aimed at improving the safety of
equipment operation, including the use of automatic locking systems, sensors for monitoring
process parameters, remote control and monitoring systems, as well as robotic complexes for
performing the most dangerous production operations;

- the formation of a sustainable occupational safety culture, involving the active
involvement of employees in occupational safety management processes, the development of
mechanisms for motivating safe behavior, conducting training events and the introduction of
corporate safety standards;

- a systematic analysis of the causes of industrial incidents, followed by the use of the
results obtained to improve internal regulations and procedures for occupational safety
management, including taking into account the requirements of regulatory acts of the Republic
of Kazakhstan;

- regular assessment of the effectiveness of implemented measures aimed at determining
their effectiveness, adjusting management decisions and adapting applied safety methods to
changing production conditions.

Thus, a sustainable reduction in occupational injuries is possible only with the
implementation of an integrated and multi-level approach, including the modernization of
production equipment, the introduction of modern engineering and digital safety control
technologies, the improvement of the occupational risk management system, as well as the
formation of a high safety culture among employees. Coordinated actions by the state, employers
and employees can create conditions for the formation of a safe and healthy working environment
that meets modern industrial safety requirements and international labor protection standards.
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