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Abstract. In contemporary conditions, there is a growing interest in the study of economic losses
resulting from occupational injuries and diseases across various sectors of the economy. Mathematical
methods serve as the primary research tools, and they are applied in calculations, structural and
dynamic analyses, and related areas. The economic impact of such losses, along with their inverse
relationship to investments in occupational safety (i.e., preventive expenditures), plays a crucial
role in preserving workers’ health, enhancing labor productivity, and fostering overall economic
growth. This substantiates the need for continuous improvement in occupational safety and health
(OSH) through various instruments, one of which is the comparative analysis of enterprise OSH
expenditures, particularly those aimed at improving working conditions over a given period.

The article substantiates the development of an information-analytical database for the accounting
and analysis of OSH expenditures based on the application of mathematical methods, including
comparison, classification, and systematization, through the juxtaposition of primary data on key
OSH expenditure items. The categories of expenditures analyzed are defined in accordance with the
labor legislation of the Republic of Kazakhstan. The purpose of the study is to apply mathematical
methods in the development of a software solution for OSH cost accounting and analysis.
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1. Introduction

In Kazakhstan, a national occupational safety and health (OSH) policy and program have been
established in accordance with the provisions of ILO Convention No. 187 entitled «Promotional
Framework for Occupational Safety and Healths. This commitment is reflected in the Concept for
Safe Labor until 2030, approved by the Resolution of the Government of the Republic of Kazakhstan
dated December 28, 2023, No. 1182 [1, 2]. The Concept outlines the main directions of action to
be taken at various levels of governance. A key distinguishing feature of the newly adopted national

1The scientific results were obtained within the framework of grant funding for a research project by the Ministry
of Science and Higher Education of the Republic of Kazakhstan entitled «Improving the System of Accounting and
Analysis of Occupational Safety Expenditures in High-Risk Industries» (Project No. BR11965728).
25


https://orcid.org/0000-0003-0665-1552
https://orcid.org/0000-0001-6736-1060
https://orcid.org/0000-0003-4205-8940

Mathematical methods as a basis and scientific justification for the development of ...

OSH program is that, for the first time at the national level, it emphasizes the need to introduce
new financial and economic measures aimed at increasing the employer’s contribution to improving
working conditions. According to paragraph 9 of the Action Plan for the implementation of the
Concept for Safe Labor in Kazakhstan for 2024-2030, it is envisaged to introduce approaches to
economic planning of occupational safety and health expenditures.

It is important to note at the outset that a scholarly review of international approaches to the
accounting and analysis of OSH expenditures has revealed that the terms «costs» and «expenses»
carry distinct economic meanings [3]. The term «costs» refer to the value of various types of resources
(material, financial, informational, labor, and others) utilized for production or the maintenance of
operations. In contrast, expenses are those costs that have been paid and can be both documented
and economically justified by the enterprise. In the context of OSH, this article will henceforth use
these distinctions as a basis for further discussion.

The provisions of the Labour Code of the Republic of Kazakhstan dated November 23, 2015,
No. 414-V ZRK [4], specifically Article 182, impose a number of obligations on employers. These
include conducting an assessment of occupational risks and implementing measures to minimize or
eliminate them through prevention, replacement of production equipment and technological processes
with safer alternatives, providing training, briefings, and knowledge testing for workers on OSH, and
ensuring the availability of documentation for safe conduct of production processes and operations.

Employers are also required to organize OSH training and knowledge assessments for managers
and personnel responsible for OSH, at least once every three years; to provide workers with adequate
sanitary and hygienic conditions, supply and repair of personal protective clothing and footwear,
prophylactic treatments, cleansing and disinfecting agents, medical first-aid kits, milk or equivalent
nutritional products, and/or specialized dietary (therapeutic and preventive) foods, as well as per-
sonal and collective protective equipment in accordance with standards established by the authorized
state labor body.

Furthermore, employers must record, monitor, and analyze occupational accidents and diseases
(OAD); conduct, with the participation of workers’ representatives, periodic certification of work-
places with regard to working conditions at least once every five years, following regulations approved
by the authorized labor authority; insure employees against occupational accidents and report the
conclusion of such mandatory insurance contracts to the authorized labor authority under established
procedures.

Additional responsibilities include the development, approval, and revision of OSH instructions
in accordance with procedures set by the authorized labor authority; financing and conducting
mandatory and periodic (throughout the course of employment) medical examinations, as well as pre-
shift health screenings where required by agreements, collective contracts, or national legislation, or
when transferring to work under different conditions or upon the emergence of signs of occupational
illness; and implementing and monitoring the functioning of an OSH management system.

The source of funding for this broad range of employer obligations related to ensuring safe working
conditions is the employer’s own financial resources. Given the extensive scope of these OSH-related
obligations, which require adequate funding, there is a pressing need for regular economic assessments
and comparative analyses.

In this context, the article explores various applied mathematical methods for the accounting
and analysis of the aforementioned OSH expenditures. It also provides a scientific rationale for the
development of an information-analytical database for tracking OSH expenditures, the modification
of reporting practices related to OSH expenditure accounting and analysis, and the development of
a mathematical algorithm for accounting for costs associated with occupational accidents and for
processing data within the information-analytical system.

2. Methods

Given the diversity of approaches to classifying OSH expenditures, it is recommended that cost
accounting be based on the direct attribution of expenditures to OSH activities and the specifics
of budgeting for both mandatory and special-purpose measures (the latter being applicable only
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in the presence of hazardous or harmful working conditions as identified through occupational risk
assessment). These expenditures may be grouped into three categories:

1. General OSH expenditures;
2. Special OSH expenditures;
3. Economic losses related to OSH.

General OSH expenditures are mandatory for all enterprises.

Special OSH expenditures are compulsory when hazardous and/or harmful working conditions
are present in the enterprise.

Economic losses in the OSH domain include costs associated with penalties for non-compliance
with OSH legislation and compensation payments to workers affected by occupational accidents.

Thus, based on the review, two main approaches have been identified:

Preventive expenditures («investment in OSH»), referring to costs aimed at ensuring safe work-
ing conditions and implementing OSH-related activities. These typically include expenses such as
training, insurance, personal and collective protective equipment, occupational risk assessments,
periodic medical examinations, and pre-shift health screenings, as well as the provision of milk or
equivalent food products and/or specialized dietary (therapeutic and preventive) nutrition. These
are expenditures intended to prevent the occurrence of a occupational accident.

Compensatory expenditures («economic losses»), referring to costs incurred as a result of an
actual occupational accident. These generally include compensation payments, penalties, and related
expenses. Concerning the accident, these are post-factum costs that carry a negative economic
character.

The methodological foundation of this study is based on the cost analysis framework for OSH
in industries with a high risk of occupational injuries [5]. The analysis is conducted using compar-
ative methods, with baseline indicators for the reporting period (a minimum of two years, with a
recommended three-year dynamic analysis) serving as the basis for calculations and assessments.

OSH cost analysis may be carried out using either a horizontal or vertical (structural) format,
and may also involve the use of ratio analysis.

In horizontal analysis, both absolute and relative deviations across cost items are examined. This
approach allows for the comparison of planned versus actual expenditures, previous periods versus
the current reporting period, or all of these combined, thereby enabling a comprehensive evaluation
of cost dynamics.

In vertical (structural) analysis, the obtained data are compared across individual cost items,
allowing for cross-comparison between various categories from all types of reports. This type of
analysis helps identify the factors contributing to increases or decreases in expenditures.

During ratio analysis, specific indicators are calculated, the values of which can be compared over
different periods. These ratios can also be benchmarked against national or sector-specific averages.

The following formulas (1)—(3) may be applied for performing the necessary calculations:

Zf
Pb= 75 100%, (1)
where
Pb — percentage relative to the baseline value,
Z f — actual value,
Zb — baseline value.
According to the formula, the percentage relative to the baseline value is calculated as the ratio
of each item to the selected baseline value.
The implementation of horizontal analysis involves comparing indicators in both absolute and
relative terms.
At the initial stage of the analysis, absolute deviations of financial reporting items are calculated
relative to the baseline period.

Aabs = Zf — Zb, (2)
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where
A abs — absolute change.
At the second stage, relative changes in the analyzed indicators are calculated in comparison with

the baseline period.

Aabs

Arel = * 100% (3)

In this case, the absolute deviations are normalized relative to the baseline period value.

This approach is particularly useful when comparing multiple companies that differ in size and
scale of operations. The total amount of OSH expenditures Z;(i = 1,...) for the i-th enterprise is
determined using formula .

n m
Zi=Y_ Sk+ > Kj (4)
k=1 Jj=1

where
Sk (k=1,..n) — preventive expenditures, n — number of expenditure types;
K; (j=1,...m) - compensatory expenditures, m — number of expenditure types.

3. Results and Discussion

The modern enterprise accounting system comprises three primary types: financial account-
ing, managerial accounting, and tax accounting. It is from this perspective that a methodological
overview of approaches to OSH cost accounting is presented.

Financial accounting is employed to prepare information on the enterprise’s financial and economic
activities for both internal and external use. It is mandatory and strictly regulated by the state [6],
as reporting is submitted in accordance with officially established formats.

Tax accounting is essential for the accurate determination of the tax base and the calculation of
mandatory tax payments. This type of accounting is also mandatory and governed by legislation,
specifically the Tax Code of the Republic of Kazakhstan [7]. The rules for maintaining records and
submitting reports are defined at the state level because tax accounting ensures accurate taxation
of each organization and enables control over tax remittances. Thus, the primary objective of tax
accounting is to accurately reflect cash flows to determine the amount of taxes owed and report this
information to the state in a prescribed format.

Managerial accounting refers to the collection and use of information required by a company’s
management to support strategic decision-making processes.

I Production Costs ‘
Financial Tax Managerial
Accounting | Accounting Accounting

. | \ : . !

» material costs; + material expenses; « fixed and variable; |
+ labor costs + payment for labor » direct and indirect;
« social needs eisl; « amounts of accrued = sunk and

= depreciation taxes opportunity

+ other costs + other expenses »eh.e.

Ficure 1 — Types of Cost Accounting

Taking into account the key distinctions among the three types of accounting within
organizations—financial, tax, and managerial accounting—each is defined by its specific objectives.
Financial accounting is maintained to record all financial transactions of the company to produce
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accurate and reliable financial statements. The purpose of tax accounting is to optimize the com-
pany’s tax liabilities and ensure compliance with tax legislation. Managerial accounting is organized
to provide information for managerial decision-making and internal control.

In this context, modern organizations are increasingly implementing the integration of financial,
tax, and managerial accounting systems, enabling a comprehensive approach to enterprise manage-
ment.

Firstly, a unified data platform allows all three types of accounting to operate within a common
information system, providing real-time access to relevant data.

Secondly, cross-functional reporting enables the use of data from different accounting systems to
generate integrated reports. This facilitates more informed decision-making by management, taking
into account financial, tax, and managerial perspectives.

Thirdly, process synergy arises when the optimization of one type of accounting (e.g., tax ac-
counting) positively impacts another (e.g., managerial accounting), as cost and revenue information
can be used both to reduce tax liabilities and to improve operational efficiency.

Fourthly, integration enhances analytical and forecasting capabilities, allowing for a more holistic
assessment of a company’s financial activities.

P. Richardsson [8] emphasizes that effective OSH cost accounting requires a comprehensive ap-
proach and that investments in OSH lead to a reduction in workplace accidents, decreased downtime,
and increased productivity, ultimately generating substantial long-term economic benefits.

Cameron A. Mustard and B. Yanar [9] apply a transparent methodology to assess the finan-
cial benefits of OSH expenditures, highlighting that even moderate investments in OSH can yield
significant economic advantages for employers.

Raini D. Wirahadikusumah and Felix Adhiwirya [10] examine OSH-related costs associated with
the implementation of safety management systems in construction projects. The authors note that
mandatory OSH management system costs can range from 2.01% to 3.70% of the contract value, with
the most significant components being expenditures on OSH personnel, insurance, and licensing, as
well as training and the promotion of OSH programs.

Particular interest is drawn to the work of V.L. Pavlova [11], which demonstrates the correlation
between OSH expenditure levels and the degree of occupational risk. To determine the required
volume of financial resources, the author proposes a formula for calculating costs by classification
group, based on the existing and projected levels of occupational risk. The level of occupational risk
is treated as a variable necessary to link OSH expenditures to the actual performance outcomes of
the enterprise in the field of OSH.

The article further presents an analysis of costs associated with OAD, which entail severe losses,
including direct physical harm to the injured individual, emotional distress for their family and
community, and damage to societal values such as justice and solidarity. While attempts are made
to assign monetary value to these losses (a necessity, especially in legal proceedings aimed at deter-
mining damages), in the end, no financial figure can truly capture the irreparable harm that cannot
be restored through compensation [12].

To assess the magnitude of economic losses and analyze their impact on the enterprise and related
organizations, various methods and models are applied in global practice. These tools provide insight
into losses resulting from worker absenteeism, occupational accidents, staff turnover, loss of work
capacity, changes in working conditions, and other factors. The same methods and models can also
be employed to analyze the costs of OSH improvement measures and to determine the economic
efficiency of such interventions.

A substantial body of scientific literature is devoted to methodologies for estimating the cost of
OAD. The estimation of these costs was the focus of research by H. Heinrich [13], who demonstrated
that the costs associated with workplace accidents in American companies were significant, and that
many of these expenses remained hidden from management.

Numerous similar studies have been conducted following H. Heinrich’s work in various countries—
for example, by Grimaldi and Simonds [14], Larsson and Betts [15], and N. Monnerie [16]. These
studies document that substantial costs may be associated with OAD.
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A frequently cited rationale for measuring OSH-related expenditures is that making such costs
explicit encourages managers to consider OSH issues in their decision-making processes. In other
words, OSH and workplace safety concerns become more closely aligned with core business operations
and exert a greater influence on managerial decisions.

Overall, in the literature on this topic, OSH-related costs are generally divided into two broad
categories:

Costs associated with the functioning of the OSH management system and initiatives aimed at
promoting and sustaining a culture of workplace safety within the company. These costs are typically
relatively stable, as they are not directly affected by the occurrence of adverse events such as OAD.

Costs resulting from OAD. These may take the form of direct expenditures, increased operational
costs, potential revenue losses, or opportunity costs. Such costs vary depending on the type and
number of adverse outcomes.

This categorization is reflected in a range of studies dedicated to the assessment of OSH-related
expenditures.

D. Andreoni [17], along with V. Khrimak and H. Perezgonzalez [18], employ the terms «prevention
costs» and «accident costs», where prevention costs are not contingent on the occurrence of individual
accidents. This terminology is, to some extent, comparable to the cost-of-quality framework used
by B. Dale and J. Plunkett [19].

However, it should be noted that certain expenditures may fall into both categories. For instance,
some insurance-related costs include fixed annual premiums as well as variable components that
increase with the frequency or severity of claims.

According to the International Financial Reporting Standards (IFRS), an entity shall present an
analysis of expenses recognized in profit or loss using a classification based either on their nature or
their function within the entity, depending on which method provides information that is reliable
and more relevant.

An entity must present an analysis of expenses recognized in profit or loss using a classification
based either on the nature of the expenses or on their function, depending on which approach ensures
more reliable and relevant information.

The nature of the expense method involves grouping expenses recognized in profit or loss according
to their nature (e.g., procurement of personal protective equipment (PPE), social security costs)
without allocating them to the functional areas of the entity.

This method may be simpler to apply, as it does not require the reallocation of expenses based
on their purpose or function within the organization.

The function of the expense method classifies expenses according to their purpose. An entity that
classifies expenses by function is required to disclose additional information on the nature of the
expenses, including those related to the acquisition or use of PPE.

These methods provide insights into costs that may vary, either directly or indirectly, with changes
in the enterprise’s sales or production volume. Since each presentation method has its own advan-
tages depending on the type of entity, the standard requires management to choose the presentation
format that is both reliable and most relevant.

Expense analysis is carried out based on an analytical model consisting of 17 cost elements, aligned
with the labor legislation of the Republic of Kazakhstan regarding the provision and financing of
OSH measures.

The analysis covers a range of expenses, including:
1. costs associated with the assessment of occupational risks;

2. certification of production facilities with respect to working conditions;

3. training, instruction, and knowledge testing on OSH issues for workers, managers, and per-
sonnel responsible for OSH;

4. mandatory insurance of employees against accidents occurring in the course of performing
their professional (official) duties (MAI);

5. provision of personal protective equipment (PPE);

6. provision of collective protective equipment;

7. provision of sanitary and welfare facilities and installations;
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8. distribution of milk or equivalent food products and/or specialized dietary (therapeutic and
preventive) products to employees;
9. granting of reduced working hours, additional paid annual leave, and increased wage rates;
10. periodic medical examinations and pre-shift health screenings;
11. payment of mandatory professional pension contributions.

This section briefly presents the practical results of testing the proposed methodology. A total of
240 distinct OSH-related data points were processed; dynamic trends over three years were analyzed
across 119 indicators; and econometric indicators were calculated based on 167 data entries. All
numerical characteristics were further subjected to graphical analysis. As a result, an information-
analytical database for the accounting and analysis of OSH expenditures was developed (Table 1).

Based on the information-analytical database for the accounting and analysis of OSH expenditures,
a cost analysis was conducted in accordance with the established methodology.

The OSH expenditures analysis for Enterprise A—a large-scale enterprise employing a total of
4,826 workers, of whom 4,714 (or 97%) are engaged in hazardous working conditions—revealed that,
during the analyzed period, expenditures were allocated across 14 out of 17 identified cost categories.
On average over the three years, the dominant OSH expenditure items were: provision of PPE -
KZT 276.32 million (29%), MPPC - KZT 252.93 million (26%), and provision of additional paid
leave -KZT 252.90 million (26%).

The nature of OSH expenditures reflects the working conditions at the enterprise, which are
classified as hazardous and/or harmful.

Total expenditures on benefits and compensation for employees working under hazardous condi-
tions at the enterprise account for 61% of overall OSH spending, which is attributable, in part, to
the increase in the number of employees identified as working in hazardous environments based on
the results of workplace certification, from 4,299 to 4,686 individuals.

A significant rise was observed in the costs of advanced training for managers and OSH-responsible
personnel, due to an increase in the number of trainees from 277 to 357 persons.

Expenditures on MAI have been increasing annually by approximately 20%, reaching a total of
KZT 85.1 million in 2019. These insurance costs are calculated as 0.76% of the total wage fund, based
on the classification of the enterprise’s economic activity under Risk Class 12, which determines the
premium under the insurance contract. Positive growth trends were also recorded for expenditures
on: PPE, cleansing and neutralizing agents (24%), sanitary and welfare services (25%), and periodic
medical examinations (12%).

The OSH expenditure analysis for Enterprise B, which employs a total of 242 workers—41 of
whom (16%) are engaged in hazardous working conditions—shows that, during the analyzed period,
funds were allocated to 11 out of 17 categories of OSH expenditures (see Table 1).

Over the three years, the dominant OSH expenditure items at Enterprise B were: provision of
PPE — KZT 8.75 million (43%), pre-shift medical screenings — KZT 2.59 million (13%), payment of
MPPC — KZT 2.45 million (12%). The expenditures on PPE were related to the procurement of
368 types of special clothing, protective footwear, and other PPE. A comparative analysis of OSH
expenditure dynamics reveals a baseline growth rate of 26.2%. The increase is primarily driven by
rising costs in the following areas: MAI — up by 129.6% (under the mandatory insurance contract,
the insurance premium rate is 0.65%, with the enterprise classified under Professional Risk Class 8);
granting of additional paid leave for employees working in hazardous and/or dangerous conditions
— 69.6% increase; MPPC — 31.1% increase.

These trends are linked to the expansion of the workforce, following the commissioning of an
additional production unit, and the increase in the total wage fund due to higher wages. This
growth in wages has directly impacted the volume of expenditures on MPPC, MAI, additional leave
entitlements, and increased wage payments.

A violation of labor legislation was noted with regard to internal OSH oversight. Specifically, at
this industrial enterprise employing more than 50 people, an OSH service has not been established,
and OSH responsibilities are being carried out by an employee assigned on a part-time basis.
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The OSH expenditure analysis for Enterprise C, which employs a total of 236 workers — 87 of
whom (36%) are engaged in hazardous working conditions — shows that over the three years, the
dominant OSH expenditure items were: provision of additional paid leave for employees engaged in
heavy work or work under hazardous and/or dangerous conditions — KZT 15.86 million (62%), MAI
— KZT 3.21 million (13%), distribution of milk or equivalent food products — KZT 2.13 million (8%).

It should be noted that the nature of OSH expenditures is determined by the classification of work-
ing conditions as hazardous and/or harmful. Accordingly, the total volume of OSH expenditures—
including the dominant categories listed above—is calculated based on the number of employees
engaged in such conditions, as defined by the approved occupational risk lists.

Thus, expenditures for the provision of additional paid leave are calculated based on the number
of actual working days performed under hazardous and/or harmful conditions, taking into account
the employee’s occupation in accordance with the approved list, with a minimum of six calendar
days. MPPC expenditures are calculated as 5% of the wage fund for employees engaged in heavy
work or work under hazardous conditions.

MAT expenditures are calculated as 1.55% of the total wage fund of the enterprise, based on the
classification of its economic activity under Professional Risk Class 14, which determines the amount
of the insurance premium under the insurance contract.

A comparative analysis of OSH expenditure dynamics reveals a baseline growth rate of 9.7%. The
increase is primarily driven by rising costs in the following areas: periodic medical examinations
— up by 229.1%, pre-shift medical screenings — up by 120.0%, and advanced training for managers
and OSH-responsible personnel — up by 73.7%. These increases are attributed to the growth in the
number of employees at the enterprise.

The OSH expenditure analysis for Enterprise D, which employs a total of 1,447 workers — 1,131
of whom (78%) are engaged in hazardous working conditions — shows that, during the analyzed
period, funds were allocated to 10 out of 17 OSH expenditure categories. Over the three years, the
dominant OSH expenditure items were: increased wage payments for employees engaged in heavy
work or work under hazardous and/or dangerous conditions — KZT 106.07 million (36%), provision
of additional paid leave for such employees — KZT 59.6 million (20%), MPPC — KZT 37.4 million
(13%), MAI — KZT 38.01 million (13%). It should be noted that the structure of OSH expenditures
reflects the classification of working conditions as hazardous and/or harmful.

MAT expenditures are calculated as 1.13% of the total wage fund of all employees, based on the
classification of the enterprise’s economic activity under Professional Risk Class 15, which determines
the insurance premium under the contract.

A comparative analysis of OSH expenditure dynamics shows a baseline growth rate of 46.1%.
The increase is primarily due to rising costs in the following areas: provision of additional paid
leave for employees working under hazardous and/or dangerous conditions, up by 31.2%, periodic
medical examinations, up by 66.1%, training, instruction, and knowledge testing of employees, up by
28.2%. Overall, this growth is associated with a 25% increase in the number of employees working
under hazardous and/or harmful conditions. At the same time, there was a notable decrease in
expenditures for: advanced training for managers and OSH-responsible personnel — down by 62.6%,
which is explained by the training cycle for managers (every three years); sanitary and welfare
services — down by 30.3%.

The OSH expenditure analysis for Enterprise E, which employs a total of 4,102 workers — 3,484
of whom (84%) work under hazardous conditions — shows that, during the analyzed period, funds
were allocated to 15 out of 17 OSH expenditure categories. Over the three years, the dominant OSH
expenditure items were: increased wage payments for employees — KZT 3,100 million (46%), provi-
sion of PPE — KZT 1,063.8 million (16%), distribution of therapeutic and preventive nutrition (TPN)
and vitamin supplements — KZT 544 million (8%), reduced working hours — KZT 517 million (8%).
The structure of OSH expenditures reflects the classification of working conditions as hazardous
and /or harmful. Accordingly, the total volume of OSH expenditures—including the dominant cate-
gories listed above—is determined based on the number of employees engaged in hazardous and/or
harmful conditions, by the approved lists. MAI expenditures are calculated as 1.55% of the total
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wage fund of all employees, based on the classification of the enterprise’s economic activity under
Professional Risk Class 14, which determines the insurance premium under the insurance contract.

A comparative analysis of OSH expenditure dynamics shows a baseline growth rate of 37.6%.
The increase is primarily driven by rising expenditures in the following areas: sanitary and welfare
services — up by 149.8%, equipping OSH and safety training rooms — up by 303.9%, distribution of
therapeutic and preventive nutrition and vitamin supplements — up by 137.1%,
provision of PPE, cleansing and neutralizing agents — up by 79.9%. These increases are associated
with a 17.9% growth in the number of employees.

The OSH expenditure analysis for Enterprise F, a small enterprise with a total workforce of
58 employees, indicates that no hazardous working conditions were identified based on the results
of workplace certification. During the analyzed period, funds were allocated to 8 out of 17 OSH
expenditure categories. The dominant OSH expenditure items were: provision of PPE — KZT 1.73
million (42%), MAI — KZT 0.86 million (21%), sanitary and welfare services — KZT 0.82 million
(20%). It is worth noting that, during the inspection, non-compliance with the requirement to
conduct pre-shift medical screenings was identified, which was attributed to insufficient OSH funding.

The OSH expenditure analysis for Enterprise G, which employs a total of 247 workers—207
of whom (83.8%) are engaged in hazardous working conditions—shows that, during the analyzed
period, funds were allocated to 9 out of 17 OSH expenditure categories. Over the three years, the
dominant OSH expenditure items were: increased wage payments for employees — KZT 41 million
(27%), provision of PPE, cleansing and neutralizing agents — KZT 31.86 million (20%), distribution
of milk or equivalent food products — KZT 27.8 million (18%).

The structure of OSH expenditures reflects the classification of working conditions as hazardous
and/or harmful. A comparative analysis of OSH expenditure dynamics reveals a baseline growth
rate of 9.3%.

The analysis of OSH expenditures across the surveyed enterprises over three years demonstrates
the stability of cost structures in terms of their dominant categories. This consistency confirms the
alignment between the nature of the expenditures and each enterprise’s OSH management strategy.
The dominant OSH cost categories across the enterprises were: increased wage payments — 22%,
additional paid leave — 21%, provision of PPE — 20%, MPPC — 12%.

These expenditures are justified by the significant proportion of employees engaged in hazardous
working conditions.

Specialized software tools can be used for analyzing OSH expenditures. Below is a summary of
the functionality of OSHA’s «Safety Pays» program [20|, developed by the Occupational Safety and
Health Administration (U.S. Department of Labor). This tool provides information on the frequency
and cost of occupational injuries and illnesses.

Based on data collected from thousands of workplaces, «Safety Pays» offers a unique opportunity
to benchmark a company’s workplace safety indicators against those of similar enterprises. The tool
also helps evaluate compliance with OSH obligations.

Employers can utilize the «Safety Pays» tool in various ways, depending on the extent of available
data on occupational injuries and diseases within their organization. The tool is particularly effective
when used in conjunction with OSHA Form 300A, which employers are required to complete. In the
absence of such data, the tool can still be used to estimate the potential financial burden associated
with workplace injuries and illnesses.

The functionality of the «Safety Pays» program, in the absence of internal occupational injury
and illness statistics, allows users to:

- estimate the probability of injury based on the industry and workforce size;
- assess the potential costs associated with a typical injury within the selected industry;
- identify current expenditures and evaluate their impact on business operations.

When OAD data are available, this tool can be used to:

- compare the company’s insurance rate with those of similarly sized employers within the
same industry;
- calculate the potential annual burden associated with these cases.
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Step 1. Enter Your Business Information A
Please enter your induistryy -and ver slecct your industry; and size.

1. Enter Your NAICS code: \ \

2. Or select an industry: ‘ : 7 7 - . 7¢7 ‘

3. Enter your annual employee hours worked: ‘

Step 2. Enter the Number of Injury/Illness Cases and Lost Workday Cases -

Enter data at a level that corresponds with the heading of each column in the OSHA 300 or NAICS Table 1.
Select input type:
Enter cases reecorded annually per employee hours worked, as instructed on column H of the OSHA 300A. @
O Enter cumulative totals as recorded over the past year on the columns H and | of the OSHA 300A. @

1. Enter the number of total injury/iliness cases recorded in columns H and | of the OSHA 300A:

2. Enter the number of injury/illness cases that involved days away from work recorded in column H of the OSHA
300A:

Step 3. Adjust the Business Assumptions Used for Calculation Outputs v

FicuURE 2 — Functionality of the «Safety Pays» Program

The «Safety Pays» tool uses the following data sources in its calculations:

1. Occupational injury and illness rates by industry.

OSHA utilizes industry-specific injury quartile tables from the Bureau of Labor Statistics (BLS)
to determine or calculate the Total Case Rate (TCR) and the DART rate (Days Away, Restricted,
or Transferred) across industries and establishment size categories.

The «Safety Pays! tool applies two benchmark estimates:

- the average rate for the entire industry and establishment size category («all competitors» ),
- the average rate among firms below the 25th percentile («top-performing competitors»).

2. Types of Injuries and Illnesses by Industry. The Bureau of Labor Statistics (BLS) provides
data on injuries and illnesses by nature of injury or illness (e.g., fracture) for serious nonfatal cases
(i.e., cases where the worker was away from work for at least one day beyond the day of injury or
illness onset). OSHA uses this dataset to calculate the proportion of serious cases by injury or illness
type for specific industry sectors.

3. Costs of Wage-Loss Compensation Claims by Type of Injury. The cost estimates for wage-
loss compensation claims used in the «Safety Pays» tool are provided by the National Council on
Compensation Insurance, Inc. (NCCI). These data reflect the average cost of wage-loss claims based
on statistical reports from member jurisdictions submitted to NCCI.

It is important to note that in the United States, NCCI manages the nation’s largest database
of workers’ compensation insurance information. NCCI analyzes industry trends, provides rate
recommendations for workers’ compensation insurance, evaluates the cost of proposed legislation,
and offers various services and tools to support the effective operation of the workers’ compensation
system.

Significantly, the estimates of direct (i.e., workers’ compensation) and indirect costs are provided
in dollar terms across major industry sectors. Workers’ compensation claims may include medical-
only claims (covering medical expenses only) and lost-time claims (covering wage-loss payments due
to time away from work).

3. For medical-only claims, the tool uses the average cost of an emergency department visit, based
on data from the Centers for Disease Control and Prevention (CDC) Web-based Injury Statistics
Query and Reporting System (WISQARS). This cost estimate applies to all nonfatal injuries that are
treated and released (i.e., not resulting in hospitalization) for individuals aged 20 to 64. In addition
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to lost-time claims, a company’s workers’ compensation costs may also include medical-only claims.
For such claims, the tool utilizes the average cost of an emergency department visit, derived from the
CDC’s Web-based Injury Statistics Query and Reporting System (WISQARS). This cost estimate
applies to all nonfatal injuries that are treated and released (i.e., not resulting in hospitalization)
for individuals aged 20 to 64.

4. Indirect Costs. The estimates of indirect costs presented in this tool are drawn from the
publication Improving Construction Safety Performance by the Business Roundtable and are based
on a study conducted by the Department of Civil Engineering at Stanford University.

TABLE 2 — Indirect Costs

Direct Costs Indirect Cost Ratio
$0-2,999 4.5
$3,000—4,999 1.6
$5,000-9,999 1.2
$10,000 or more 1.1

The magnitude of indirect costs is inversely proportional to the severity of the injury: the less
severe the injury, the higher the ratio of indirect to direct costs. Although indirect costs may
constitute a significant portion of the actual cost of an incident, they are typically uninsured and
therefore not reimbursable.

The indirect cost multipliers used in the Safety Pays tool represent average estimates (across all
injury types, based on data from the construction industry) and are derived from a limited study
on this subject. The actual indirect cost multiplier may vary depending on the employer’s specific
circumstances.

Below are cost estimates by type of OAD, as well as by industry sector.

TABLE 3 — Cost estimates by type of OAD

Type of Injury Cost* Type of Injury Cost*
Asphyxia $221 596 All other cumulative trauma disorders $46 179
Circulatory disorders $208 441 Respiratory disorders (gases, fumes, chemicals, etc.) $44 771
Cancer $178 367 Inflammation $42 707
Laceration $177 312 Heat stroke $41 109
Electric shock $172 716 AIDS $39 973
Silicosis $163 583 Vision-related disorders $39 576
Multiple injuries, including both physical and psychological | $133 919 Mental stress $38 372
Enucleation (e.g., removal of a tumor, eye, etc.) $112 238 | Dust disease, NOC (not otherwise classified pneumoconioses) | $38 109
Amputation $104 800 Overexertion $34 957
Multiple physical injuries only $85 301 Infection $34 278
Loss of vision $82 838 Carpal tunnel syndrome $33 764
Dislocation $82 080 Sprain $33 281
Fracture $74 947 Fainting $33 229
Angina $73 775 Metal poisoning $32 056
Asbestosis $73 496 Puncture $30 352
Crushing injury $73 143 Contusion $30 162
Myocardial infarction (heart attack) $72 598 Chemical poisoning (excluding metals) $29 782
Mental disorder $64 863 Non-physical injury $28 233
Radiation $63 910 Frostbite $25 193
Pneumoconiosis $63 883 Hearing loss or impairment (injury-related only) $24 861
Fracture (repeated for clarity if needed) $59 882 Foreign body $23 971
Concussion $59 571 Avulsion $23 876
All other specific injuries $58 899 Hernia $22 859
All other occupational illnesses $51 583 Hearing loss $20 553
Burn $51 516 Infectious disease $11 777
Poisoning — general (not cumulative trauma) $50 703 Dermatitis $10 568

* Average cost of a lost-time claim
Indirect cost estimates are calculated by applying a multiplier to the direct cost estimates H

2These multipliers are based on a 1982 study conducted by researchers at Stanford University.
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TABLE 4 — Cost estimates related to OAD by industry sector

Code Sector Name Direct Lost-Time Costs | Indirect Lost-Time Costs | Direct Medical-Only Costs | Indirect Medical-Only Costs
00X All Industries $43 920 $48 311 $3 130 $14 083
ADW | Administrative, Support, and Waste Management Services $42 922 $47 214 $3 130 $14 083
AER Arts, Entertainment, and Recreation $43 666 $48 033 $3 130 $14 083
AFH Agriculture, Forestry, Fishing, and Hunting $45 514 $50 065 $3 130 $14 083
AFS Accommodation and Food Services $42 136 $46 349 $3 130 $14 083
EDS Educational Services $44 714 $49 185 $3 130 $14 083
FIN Finance and Insurance $49 626 $54 589 $3 130 $14 083
HAS Health Care and Social Assistance $42 749 $47 024 $3 130 $14 083
MCE Management of Companies and Enterprises $44 465 $48 911 $3 130 $14 083
MIN Mining, Quarrying, and Oil and Gas Extraction $43 889 $48 278 $3 130 $14 083
PST Professional, Scientific, and Technical Services $41 345 $45 480 $3 130 $14 083
RET Retail Trade $42 015 $46 216 $3 130 $14 083
RRL Real Estate and Rental and Leasing $49 046 $53 950 $3 130 $14 083
TRW Transportation and Warehousing $42 008 $46 208 $3 130 $14 083
UTL Utilities $46 407 $51 048 $3 130 $14 083
WHT ‘Wholesale Trade $43 099 $47 409 $3 130 $14 083
CON Construction $45 671 $50 238 $3 130 $14 083
MFG Manufacturing $45 068 $49 575 $3 130 $14 083
INF Information $39 962 $43 958 $3 130 $14 083
0TS Other Services (except Public Administration) $43 181 $47 499 $3 130 $14 083
SP1 Public Administration $42 961 $47 257 $3 130 $14 083

Thus, the OSHA «Safety Pays» tool is an online calculator that utilizes injury and illness cost
data collected by the National Council on Compensation Insurance (NCCI). It processes this data
on your behalf to calculate the direct and indirect costs of an injury, as well as the additional revenue
your business would need to generate in order to offset those costs.

According to OSHA, the «Safety Pays» program has been used in the United States to estimate
the economic losses resulting from workplace fatalities, injuries, and illnesses. For example, in 2021,
it was reported that employers paid over $1 billion per week in direct workers’ compensation costs for
disabling, nonfatal workplace injuries that occurred in 2018. The National Safety Council estimated
that work-related deaths and injuries cost the nation, employers, and individuals approximately $171
billion in 2019. Employers who implement effective OSH programs can expect to significantly reduce
the number of workplace injuries and illnesses, as well as the associated costs, including workers’
compensation claims, medical expenses, and productivity losses. Moreover, employers often find
that the process improvements and operational changes introduced to enhance OSH performance
lead to substantial gains in productivity and profitability for their organizations.

4. CONCLUSION

The findings presented in this article are interim results and will be further developed with the
aim of designing a software tool that will enable the calculation of required funding (budgeting) for
OSH measures, as well as the accounting and analysis of related expenditures.

Numerous studies have demonstrated that investments in OSH yield tangible benefits from a
microeconomic perspective, with a return on prevention ratio of 2.2. In practical terms, this means
that for every KZT 1 invested annually by companies in prevention, there is a potential economic
return of KZT 2.20. In this regard, the authors of the article aim to produce scientifically grounded
evidence, through the continuation of this research, in support of corporate investment in preventive
OSH measures.

Against the backdrop of the widespread adoption of digital technologies and automation systems,
there is a growing need for specialized software to monitor and analyze occupational risks, as well
as the development of online platforms for training and informing workers about safety measures.
It is also important to establish economic incentives for employers. This may include the design
and implementation of financial benefits and tax preferences for enterprises that demonstrate a high
level of workplace safety.
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EHGeK Kopray HIBIFBIHIAPBIH €CellKe ajly 2KoHe Tajigay OOMbIHIIIA
aKNapaTTbIK-TAJIaMAJIbIK JepeKTep 06a3achlH KAJIBIITACTBIPYAbIH HErizi MeH FhLIbIMUI
Ioiieri periHaeri MareMaTHUKAJIbIK, 9iCTep

I11. O6ikenosa !, ITI. AiitumoBa?, A. Kouyep6aesa®
L «FAJIBIM» FeinbivMu-3eprrey Kommanusichls JKIIC, T.Mycipenos kem.,15a, Acrana, Kazakcran
Pecnybnkace
2 «(MeMJIeKeTTIK a/1eyeMTTiK cakTanaepy Kopel» AK, JlocTwk Kemr., 18, Acrana, Kasakcran Pecmybimkace!
3 B.H. Enprun arsmnarsr Keiproms-Peceit Cnasan yausepcureTi, Kuesckas kem., 44, Bimkek, Keipremcran

Awnnorarmusa. Kasipri xkarmaiiga eHIIPICTIK KapakaTTap MeH Kocibu aypyJiapiaH TYbIHIANTHIH
9KOHOMUKAJIBIK, TIBIFBIHAAPIBI TYPJIi 9KOHOMUKAJIBIK, CAJAJIAD AsChIHA 3€PTTEyTe KbI3BIFYIIBLIBIK
apThII  OTHIP. Byn OGarpiTrarsl Herisri omicrepiiH Oipi — KYPBUIBIMIBIK, CEPIIHII »KoHE
CaJIBICTBIPMAJIBI  ecellTeyiepe KOJJIaHbLIATBIH MAaTEMATUKAJBIK, —OJiCTeD. DKOHOMMKAJIBIK
MIBIFBIHJIAD MeH eHOeK Koprayra (IPEBEHTUBTIK IIBIFBIHIAPFA) CAJBIHATHIH WHBECTHIIUSLIAD
apachbIHIArbl Kepl MPOIOPIMOHAJIBI ©3apa OalllaHbIC — KbI3METKED JIeHCAYJLIFBIH cakTay, eHOeK
OHIM/ILIITIH apTTHIPY 2KOHE YKAJIITbI SKOHOMHUKAJIBIK THIMILIIKTI KAMTaMaChI3 eTy/Ie MaHbI3/Ibl (baKkTop
6osibinn TaObLIaAbl.  OchIFaH opail, eHOeK >KarmailjapblH >KaKcapTyra OarbITTaJraH IIbIFBIHIAPIBI
CaJIBICTBIPMAJIBI TYPJe Oarajay — eHOeK KOopray »KyHeciH KeTLIIipyIiH MaHBI3Abl KYpPaslIapbIHbIH
6ipi peTiHge KapacThIPbLIAIbI.

Maxkastaga eHbek Kopray CajachIHIArbl IMIBIFBIHIAPILI eCelKe ajly »KoHe Tasiay MaKCATHIHIIA
AKIapaTTBIK-TAJIJAMAJIBIK,  JepeKTep  0a3achlH  KAJBIITACTBIPYABIH,  FBIIBIMA  Heri3zepi
KAapacCTBhIPBLIaIbI. DByl VIIiH MaTeMaTUKAJIBIK, SIIiCTEP/IiH, iIMiH/Ie CAJBICTBIPY, TONTACTBIPY KOHE
Kylesiey Tociamepli KOJIAHBIIBIIN, OACTAlKBl JepeKTep eHOeK KOoprayra »KyMCaJaTblH Herisri
MIBIFBIH OamTapbl OOMBIHINA CAJIBICTHIPBLIFAH. lajjgayra »KaTaTblH IIBIFBIH Typsaepi Kazaxcran
PecnybnkachIHbIH, €eHOEK 3aHHAMACBIHA COMKeC aliKbIHIAFaH. 3epTTEYIiH MaKCcaThl — eHOEK KOpray
MIBIFBIHIAPBIH €CellKe ajly MeH TaJjiayra apHajraH Oargap/aMasiblK ©HIM 93ipjey OapbIChIHIA
MaTeMATUKAJBIK dJIiCTEP/Il KOJIJIAHY.

TyitiH ce3aep: MaTeMaTHKAJBIK 9IiCTep, aKIapaTThIK-TAJIIaMAaJbIK IepeKTep 6as3achl, eHOEeK
KOPFay MIBIFBIHJIAPBIH eCelKe Iy YKoHe Tasiiay, 0a3ajblkK KOPCEeTKIITep, OaraapaaMalIibiK, OHiM.

MaremaTndyeckKne MeToJbl KAK OCHOBA U Hay4YHoe obOoCHOBaHUHE K (hOpMUPOBAHUIO
NHOOPMAIIMOHHO-AaHAJIUTUYECKOTO OaHKa JAHHBIX MO yYeTy M aHAJIU3y 3aTpaT Ha
oXpaHy TpyJda
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Kazaxcran
2 AO «TocynapcTBeHHbIH (OHJT COIUATILHOTO CTPAX0OBaHMs», yi. JdocThik, 18, Acrana, Pecry6iuka

Kazaxcran

3 Kerpreizcko-Poccnitcknit Ciiapsaackuit yausepenter uMenu B.H. Enpnuna, yia. Kuesckas, 44, Bumkek,

Kruiprezckas Pecryboimka

Annorarus. B coBpeMeHHBIX YCJIOBHSIX BO3PACTAET MHTEPEC K HUCCIEIOBAHUIO SKOHOMUIECKUX
IoTeph OT IWIPOU3BOJCTBEHHOIO TpaBMaTu3dMa u npodzaboseBannii B Pa3JUIHBIX OTPACIAX
9KOHOMUKIU. OCHOBHBIME ~ METOJIAMU HCCJIEOBAHUST  SIBJISIIOTCSI  MaTeMaTUIeCKHEe MEeTOJIbI,
KOTODBbIE HCIIOJIB3YIOTCS IIPU pacdeTax, aHajn3e CTPYKTYpPhbl, JAUHAMUKA # T.JI. Bausnue
SKOHOMMYECKUX TIOTEPb U UX OOPATHO-IPONOPIIUOHAJILHAA CBA3b C HUHBECTUIMSMU B OXPAHY
Tpysa (IIPEBEHTUBHBIME DPACXOJAMU) SIBJISIETCS BAXKHBIM B COXPAHEHUHU 3JI0POBbsi PabOTHUKA,
MIOBBINIEHUS TPOU3BOIUTEILHOCTH TPY/Ia U SKOHOMUKHU B IIEJIOM, YTO 0OOCHOBLIBAET HEOOXOIUMOCTH
B COBEPIIEHCTBOBAHUU OXPAaHBLI TPY/a, [OCPEJICTBOM PA3HOOOPA3HBIX MHCTPYMEHTOB, OJIHUM U3
KOTOPBIX ABJISETCS CPAaBHUTEJIbHBII acleKT 3aTpaT Ha OXpaHy TpyJda IpPeAlpUdATHs, B YaCTHOCTH,
HallpaBJIEHHBIX Ha YJIy4IlleHue yCJIOBUH TPy/ia B aHAJU3UPYEMOM IEPHO/IE.
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B crarbe maercs obocHoBanue WHMOOPMAIMOHHO-AHAJIUTUYIECCKOIO OaHKa JAHHBIX 10 yYeTy
U aHaJu3y 3aTpaT Ha OXpaHy TpyJa Ha OCHOBE IIPUMEHEHUS MaTeMaTHYECKUX METOJIOB,
Cpell KOTOPBIX OTMETHUM METOJ/Ibl CPaBHEHHs, I'PYIIUPOBKU U CUCTEMATHU3AIUU I1I0CPEICTBOM
COTIOCTABJIEHNSI TEPBUYHBIX MTAHHBIX II0 OCHOBHBIM CTAThsIM PAacXOJIOB Ha OXpaHy Tpyla. DBumbl
AHAJIM3UPYEMBIX PACXO/IOB OIPEJIEEHBI COTJIACHO HOPMaM TPY/IOBOI0 3aKOHOIATEIHCTBA Pecirydnku
Kazaxcran. Lesnpb uccieioBanust COCTOUT B IPUMEHEHUU MaTEMaTUIeCKUX METOJOB IIPU pa3paboTKe
IIPOI'PAMMHOI0 IIPOJAYKTa 110 y4eTy U aHaJU3y 3aTpaTl Ha OXpaHy TPy/a.

KirroueBble cioBa: MaTeMaTUYeCKHe MeTOJbl, WHMOPMAIUOHHO-aHAJIUTHIECKUI OaHK JaHHBIX,
yUeT U aHAJIM3 3aTPaT HA OXPAHY TPY/a, 0a30Bble 3HAYEHUS, IIPOIPAMMHBII TPOJIYKT.
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