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SYSTEMATIC APPROACH TO THE ANALYSIS OF THE STRUCTURE
OF THE SCIENTIFIC INFRASTRUCTURE OF KAZAKHSTAN

Abstract

This article employs a systematic approach to examine the structure of Kazakhstan’s scientific infrastructure,
emphasizing its role as a harmonious network of organizations dedicated to fostering entreprencurship in the realm
of science and technology. The central aim is to comprehensively assess the scientific infrastructure of Kazakhstan,
encompassing its constituent elements, the overall state of science in the country, its scientific, scientific-technical,
and human potential. Furthermore, the article conducts a meticulous examination of the conditions across various
scientific domains. Through this analysis, the article identifies a complex web of connections that imbue the scientific
infrastructure with systemic attributes, enabling a comprehensive understanding of their diversity, quality, and
distinct roles in its development. Notably, the author underscores the pivotal role played by the state in shaping and
advancing the scientific infrastructure, as it possesses the capacity to pool the essential resources required for its
efficient operation. This is essential for establishing systemic innovation within the economy, thereby incentivizing
economic entities to pursue novel advancements. Besides, this article offers a systematic exploration of Kazakhstan’s
scientific infrastructure, highlighting its significance as a facilitator of innovation and commercialization of scientific
and technical research.

Key words: infrastructure, scientific infrastructure, innovation, researchers, internal costs, financing,
technological development, human potential.

Introduction

Modern Kazakhstan is undeniably driven by an unwavering commitment to creating an innovative
economy as the cornerstone of its socio-economic development. In this pursuit, the concept of
innovation development has become an indispensable catalyst, supporting the country’s aspirations
for significant economic growth and the improvement of its citizens’ well-being.

The success of this endeavor hinges on the intricate interplay between the effectiveness
and dynamism of scientific efforts and the financial adaptability of the scientific sphere, both of
which are heavily dependent on the state of scientific infrastructure [1]. Scientific infrastructure,
essentially, encompasses a multifaceted combination of social, production, organizational, economic,
technological, and informational functions within research centers. It holds a unique position within
the broader scope of science, serving as a fundamental structural element of the “soft power” of the
scientific system. This role is underscored by its direct and interrelated connections with all other
aspects of scientific activity.

Remarkably, in developed countries, scientific infrastructure plays a crucial role in the economy,
distinguished by its extensive scale and profound impact on Gross Domestic Product (GDP) and the
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overall functioning of economic systems. It extends beyond mere existence and becomes an integral
component of national and regional models. Therefore, understanding the complex interaction between
infrastructural structure and the broader scientific infrastructure in the economy becomes imperative,
requiring effective measures for improvement [2].

At the core of this evolution lies the pivotal role played by the state in shaping and developing
scientific infrastructure. Indeed, only through the state’s ability to accumulate the necessary resources
can efficient infrastructure operation be ensured—a critical foundation for stimulating systemic
innovations in the economy and encouraging economic entities to embark on new developmental
trajectories [3].

In light of these considerations, it becomes evident that scientific infrastructure cannot be viewed
in isolation; rather, it should be perceived as an integral aspect of a broader innovation infrastructure.
This holistic perspective portrays a complex, multifaceted, and multilayered system that serves as the
foundation for advancing the country’s economic prosperity and enhancing the quality of life of its
population.

Materials and methods

This study employs an interdisciplinary approach to investigate the scientific infrastructure of
Kazakhstan, examining its components, the overall state of science, its scientific, scientific-technical,
and human potential, and conducting a detailed analysis in various scientific fields.

Methodology: Within this research, a combination of research methods was utilized, including
logical and comparative analysis, synthesis, systems analysis, statistical analysis, and analytical
methods. The method of systems analysis was particularly applied to study the scientific infrastructure.
The essence of this approach lies in considering a phenomenon or object as a complex organizational
entity, followed by the division of the studied object into its constituent elements or the identification
of characteristic subsystems, along with the determination of connections between them, the existence
of which characterizes the object as a system and defines its internal dynamics [3, p. 13].

Materials: The study relies on a wide range of information sources to substantiate its analysis.
These sources include scientific articles from both domestic and foreign authors, data obtained from the
Bureau of National Statistics ASPR (Agency for Strategic Planning and Reforms) of the Republic of
Kazakhstan, information from the Ministry of National Economy of the Republic of Kazakhstan, and
materials obtained from various research groups specializing in the field of scientific infrastructure in
Kazakhstan. The data collected from these sources undergo thorough analysis and evaluation, enabling
researchers to gain a comprehensive understanding of trends, characteristics, and key components of
the scientific infrastructure. Such an approach ensures that the research results are based on a reliable
database and analysis, enhancing the reliability and justification of the research findings.

Main provisions

Systematic approach considers the scientific infrastructure as a complex system consisting of a set
of interrelated elements that are focused on achieving the set development goals, taking into account
both internal and external factors. The systematic approach allows for dynamic accounting of multiple
factors and considering them in conjunction with various trends in the development of the external
environment of the scientific infrastructure [1, p. 56].

The purpose of this scientific article is to identify the characteristics of the systemic approach
in the study of the scientific infrastructure in Kazakhstan, and to analyze the overall state of the
development of science, including its scientific, technological, and human potential.

In recent years, the greatest grouping of all infrastructure elements, all spheres of production
and science, as well as their complex development has been achieved in the structure of specialized
scientific and production zones (technopolises, science parks, technology parks). These are territories
where research, design and production companies that receive special government support are
concentrated. They are created on the basis of universities, research organizations, or by converting
ordinary industrial and production zones. The practice of global economic development shows that
targeted technological changes allow the economy to quickly emerge from a state of long-term
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depression. High technologies allow to significantly increase efficiency, as well as reduce prices,
increase production volumes, improve trade and competition [4].

The current situation in the field of innovation is characterized by the intensification of the process
of convergence, which means the convergence of individual economic sectors and scientific aspects.

Through convergence, new progressive developments emerge at the “junction” of various sciences,
educational sectors, and economic sectors. In addition, another characteristic trend is the increasing
importance of scientific infrastructure for the national economy. Today, scientific infrastructure is
essential for any country that wants to develop harmoniously in order to maintain itself among the
leading world powers [5].

The scientific infrastructure of Kazakhstan includes academies of sciences, such as: The National
Academy of Sciences of the Republic of Kazakhstan (NAS RK) [6];

The Kazakh Academy of Natural Sciences (KazANS) [7];

The National Institute of Aerospace (NIA RK) [8].

The NAS RK includes the most advanced department of Kazakh scientists - full members
(academicians) and corresponding members of the academy. The NAS RK includes 228 members
(155 academics and 73 corresponding members), 17 foreign and 110 honorary members of the NAS
RK, 41 collective members and 23 professors of the NAS RK [6].

These academies operate in the form of a republican public association with fairly limited functions
in the field of management and financing of scientific activities.

Literature review

To determine the extent of the study of this problem, the following were analyzed: the works of
domestic and foreign authors, including theoretical developments of domestic and foreign scientists,
and data from desk research. To assess the scientific infrastructure, desk research was conducted using
secondary information and official statistics.

The scientific novelty of the work lies in the attempt to determine the features associated with the
systematic approach in the assessment of scientific infrastructure.

The systematic approach was first considered by the Austrian scientist Ludwig von Bertalanfty.
Initially, he introduced the concept of “general systems theory”. Later, he emphasized that if all
elements are interrelated, then they can be combined into one system [2]. This feature is at the heart of
the system. That is, if the elements are isolated and do not have specific connections, they cannot be
attributed to a particular system.

The issues of infrastructure influence have been dealt with by many scientists from various fields
of scientific activity. For example, A.L. Treivish noted its system-forming role, since at each individual
level it interacts with various social and economic objects and subjects [1, p. 72].

The literature review is based on a selection of important studies dedicated to the analysis and
assessment of scientific infrastructure. Hall, Enriques, Pickford, and Nichols [9] emphasize the
importance of a systemic approach to understanding national infrastructure. In a similar vein, Orhean,
Giannakou, Antipas, Raikou, and Ramakrishnan [ 10] investigate the assessment of scientific data search
infrastructure, demonstrating its crucial role in facilitating research and data discovery. Albuquerque
[11] provides insight into the complex relationship between scientific infrastructure and the process
of technological progress, supported by science and technology statistics. Baker and Millerand [12]
explore the complexities of designing scientific infrastructure, with special attention to information
environments and knowledge domains. De Roure, Jennings, and Shadbolt [13] present the future of
electronic science infrastructure, emphasizing the transformative potential of advanced infrastructure
in global research endeavors. Collectively, these studies provide a comprehensive understanding of
the multifaceted nature of scientific infrastructure. They offer insights into its systemic analysis, data
discovery capabilities, impact on technological progress, design peculiarities, and potential for cutting-
edge advancements in research infrastructure [14]. These ideas collectively form a solid foundation
for further exploration of scientific infrastructure, both on a global scale and in specific contexts.

In general, the scientific infrastructure of a modern system is formed by buildings, structures,
equipment, software-hardware environment, and support services that are necessary for the creation
(modernization, development) and/or operation of the system or the decommissioning of the system.
For example, the scientific infrastructure of a system that is a research and production organization
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may include a technopark, which consists of technological infrastructure (buildings, structures, and
a construction complex). It also consists of engineering infrastructure (communication facilities,
including linear-cable facilities). It includes a data center, telecommunications networks, data storage
and transmission systems; decision support systems for innovative infrastructure for scientific and
technical research and development, etc. [15].

Results and discussion

An essential condition for the successful development of the scientific infrastructure system (SIS)
is the effective functioning of all its subsystems and elements. These include scientific potential,
innovation entrepreneurship, innovation, and financial infrastructure [16].

The overall state and development of science in Kazakhstan for the period of 2018-2023 are
presented in the following table 1.

Table 1 — The main indicators of the state and development of science in Kazakhstan for 2018-2023

Name Years Change in 2023
compared to, %

2018 2019 2020 2021 2022 2023 2018 2022
1 2 3 4 5 6 7 8 9

Number of organizations
conducting R&D, units

384 386 396 438 414 425 110,7 102.7

including

- government sector 103 100 93 101 106 102 99.0 96.2
- sector of higher professional 105

education (HPE) 95 92 99 95 94 110.5 111.7
- business sector 149 158 167 202 179 171 114,8 95.5
- non-profit sector 37 36 37 40 35 47 127.0 134.3
Internal expenditures on R&D, |99 ) | g53 | 890 | 1093 | 1216 | 1726 | £2* | 1420
bln. tenge times

as a percentage of GDP 0.12 0.12 0.13 0,13 0.13 0.14 116.7 107.7

Number of employees engaged

. 22378 | 21843 | 22665 | 21617 | 22456 | 25473 113.9 113.4
in R&D, persons:

among them

- research specialists 17454 | 17124 | 18228 | 17092 | 18014 | 21534 123.4 119.5
among them

doctor of sciences 1740 1703 1883 1652 1743 2061 118.4 118.2
doctor of philosophy PhD 856 1045 1755 1952 2462 3458 | +4times | 140.5
candidates of sciences 4360 4240 4324 3838 3946 4842 111.1 122.7
specialized doctors 336 317 62 55 96 85 253 88.5
- technical staff 2836 2734 2686 2824 | 2783 2446 86.2 87.9
- others 2088 1985 1751 1701 1659 1493 71.5 90.0

Note: Compiled by the authors based on the source [17, 18].

Accordingly, the increase and decrease in enterprises conducting R&D occurred due to the
entrepreneurial sector. This can be seen in figure 1.

It should be noted that in 2023, organizations belonging to the public sector amounted to 102
units, the HPE sector — 105 units, the business sector — 171 units and 45 organizations belong to
the non—profit sector. During the analyzed period 2018-2023, the largest number of organizations
engaged in R&D falls on the business sector (the share was 40,2% of the total number of organizations
in 2023) [17].
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Figure 1 — The number of organizations conducting R&D in Kazakhstan by sectors
of activity for the years 2018-2023, units

Note: Compiled by the authors based on the source [19].

The higher professional education sector is next in number, with 105 R&D organizations involved
in 2023, which is 24.7% of the total. This sector consists of universities and other higher education
institutions, regardless of funding sources or legal status. This also includes research institutes,
experimental stations, clinics under their control or associated with them.

The share of the public sector in 2023 was 24%. This sector is represented by ministries and
departments. They ensure the governance of the state, as well as meet all the needs of society. This also
includes non-profit organizations that are fully or partially funded and controlled by the government.
The exception is organizations that belong to higher education. The non—profit sector accounts for the
smallest number of organizations engaged in R&D (the share in 2023 is 11.1%).

In the structure of R&D organizations, more than 76% have a private form of ownership. Their
number is noticeably growing in absolute numbers. The share of organizations with state and foreign
ownership is 19.2 and 4.1%, respectively.

As can be seen from figure 2, in 2023, R&D expenditures conducted in the Republic of Kazakhstan
increased significantly from 72224.5 million tenge (2018) to 172585.90 million tenge. But this growth
did not affect the science intensity of GDP, which remained at 0.14% in 2023.
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Figure 2 — Internal expenditures on R&D in Kazakhstan for the years 2018-2023

Note: Compiled by the authors based on the source [18, 19].

This is primarily due to the fact that the volume of scientific product produced by scientists — new
knowledge remains at a very low level due to its low demand due to the fact that it is not brought to a
state where this knowledge can be used in economic activities, in production [17].
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In 2023, 82% of research costs will come from new ideas related to people, society, and the
environment. Or the basic structure, functions and development of research, so that new ideas can be
applied to practical goals and specific tasks, that is, to fundamental and applied research. 18% of the
costs were spent on R&D research to create new products, materials, services, processes, equipment
or methods for further improvement. In the context of such research, it is difficult to convince
entrepreneurs to invest in science, since scientific achievements cannot be used in practice [17, p. 9].

By region, internal R&D expenditures by region for 2018-2023 are shown in figure 3.

B0 RO 10
SRR

0 B 00
TRIR LR

&0 000,00

.-i......_-.._.-l_.._.m-i___.__.ll.._.__I.-ﬂ-iliI*

& &) Nl 27 & &
'C'r \ o c o
R 1536\ &‘ &6@ & ,§<" 4,\‘3* @q, Oa.f“ ‘;a} o“f . ,;F \,} ;‘F & e;‘f@ &
3 PR - T AT, SR SO S T S S
o Pl il o X & E e
& Y & & -

HI01E m2019 m2020 w2021 m2022 m2023

Figure 3 — Internal R&D costs by region for 2018-2023, billion tenge

Note: Compiled by the authors based on the source [18, 19].

As can be seen from figure 3, Astana and Almaty have become the main engines of science in the
country, two thirds of all funds intended for R&D have "gone" there. In monetary terms, the cost of
science in the main city of the country amounted to 36.7 billion tenge, in the Southern capital — 77.2
billion tenge. Among the regions, only Mangystau (13.6 billion tenge), East Kazakhstan (8.2 billion
tenge) and Karaganda (7.8 billion tenge) regions stand out in significant amounts [20].

How internal R&D costs were distributed by branches of science can be judged from the data in
table 2.

Table 2 — The volume of internal R&D expenditures by funding sources for the years 20182023,
billion tenge

Years Change in 2023
Name compared to, %
2018 2019 2020 2021 2022 2023 2018 | 2022
722 | 100 | 823 | 100 | 89.0 | 100 | 109.3 | 100 | 121.6 | 100 | 172.6 | 100 | +2.4 142.9
Total bln % bln % bln % bln % bln % bln % | times ’
including:
- natural +2.8
. 21.1 29 21.0 | 26 | 252 28 317 | 29 | 36.0 | 30 | 589 [34.1] .. 163.6
sciences times
engineering
gﬁgel"pmems 356 | 49 | 418 | 1 | 409 | 46 | 437 | 40 | 489 | 40 | 59.5 |34.5| 1214 | 121.7
technologies
- medical 22 3 |28 3 | 27] 3 | 88| 8 | 79| 6 | 85 49|13 1076
sciences times
-agricultural g o1 og |13 [ 123 | 14 | 147 | 13 [ 149 | 12 | 201 [116] 23| 1349
sciences times
- social 16 | 2 [ 23] 3 | 27| 3 |30 3| 46| 4 |127]|74| 70 28
sciences times times
Humanities | 38 | 6 [ 37 [ 4 [ 52 6 [ 73| 7 |93 | 8 |129]75]| 341 1387
- Humanities times
Note: Compiled by the authors based on the source [18,19].
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In 2023, engineering developments and technologies account for 34.5% of the share in total R&D
costs, this is 59.5 billion tenge, compared to the previous 2022, they increased by 21.7% or 10.6
billion tenge. Natural sciences also have the greatest weight in total costs (34.1%) — this is 58.9 billion
tenge, compared to 2022 they increased by 22.9 billion tenge or 63.6%. The lowest costs are for
medical sciences (4.9%), social sciences (7.4%) and humanities (7.5%).

In addition to the Research Institute, the scientific potential of the country includes highly qualified
specialists who are able to develop ideas that will later be embodied in innovative products and
technologies. The innovative economy places high demands on the number and level of qualification
of researchers [16, p. 8].

The structure of R&D workers is shown in figure 4.

2023

2022

2020
2019

2018

M- research specialists ®- technical staff ®-others
Figure 4 — The structure of employees engaged in R&D for 2018-2023, %

Note: Compiled by the authors based on the source [18, 19].

As can be seen from figure 4, in the structure of employees engaged in R&D, the largest share
is accounted for by research specialists (78%-84.5%); technical staff is (11.9%-12.7%); others
account for (7.4%-9.3%). According to the results of 2023, compared with 2022: research specialists
increased by 19.5% (increased by 3520 people), which amounted to 21 thousand people; technical
staff decreased by 337 people, other staft decreased by 166 people. Among the research specialists
in 2023: candidates of sciences — 4.8 thousand people; PhD doctors — 3.5 thousand people; doctors
of sciences — 2.1 thousand people and doctors in the profile — 85 people. The structure of research
specialists for 2018-2023 is shown in figure 5.
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Figure 5 — The structure of research specialists engaged in R&D according to the level
of scientific qualification for 2018-2023, in %

Note: Compiled by the authors based on the source [18, 19].
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In the structure of research specialists engaged in R&D according to the level of scientific
qualification for the analyzed period, the largest share is occupied by candidates of sciences (in 2023 —
22.5%, and in 2018 — 25%), and in comparison with 2022 —21.9%), while the number of candidates of
sciences in 2023 amounted to 4842 people, compared to the previous year 2021 (3946 people) It grew
by 896 people or 22.7%. In general, it should be noted that the number of scientists has halved over
the past 30 years (since 1991 - from 40.8 thousand people, in 2023 to 25.5 thousand people), since one
of the main problems of personnel and scientific potential is the uneven and low level of salaries of
scientists (fig.6). As a result, the trend of low attractiveness of the scientific industry persists.

According to global standards, the labor costs of R&D personnel account for the largest part of
current costs (figure 6).
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W - purchaee of services (for own projects)

- cog s of fixed assets (machinery, equipment, buildings, etc.)

-gther current expenses [consumables raw maer ials and equipment, rent, etc.)
Figure 6 — The structure of internal R&D costs for 2018-2023, %

Note: Compiled by the authors based on the source [18, 19].

In 2023, the largest share in the structure of internal R&D costs was labor costs — 50.5% (87.2
billion tenge); other current costs — 22.8% (39.4 billion tenge); costs of fixed assets — 14.8% (20.9
billion tenge); purchase of services (for own projects) — 12.1% (25.2 billion tenge). In comparison
with the previous 2022, labor costs increased by 49% or by 28.7 billion tenge.

If we consider the structure of internal R&D costs in the context of areas of activity in 2023, the
following can be noted: out of the total amount of internal R&D costs (172.6 billion tenge):

¢ the public sector —49.7 billion tenge — the total structure of internal costs is 28.8%;

¢ higher professional education sector — 68.3 billion tenge (39.6%);

* business sector — 35.5 billion tenge (20.5%);

¢ non—profit sector - 19.1 billion tenge (11.1%).

Thus, the analysis of internal R&D expenditures by expenditure shows that it is not possible to
achieve a knowledge intensity of GDP of 1%. Due to the fact that the manufacturing sector, considered
the main consumer of scientific developments, is significantly inferior to the service sector in terms of
GDP formation, therefore, the possibility of shifting the focus of scientific research from the production
direction to the service sector should be considered.

The analysis of internal R&D costs (by funding sources) is presented in table 3 (p. 420).

As can be seen from table 3, in 2023, R&D expenditures conducted in the Republic of Kazakhstan
increased by 41.9% compared to 2022, or by 51 billion tenge. In 2023, scientific organizations
themselves became the main investor in scientific research, accounting for almost 74.4% of costs
(128.4 billion tenge), compared with 2022, the share was 68% (82 billion tenge), an increase of 56.6%,
or 46.4 billion tenge. In 2023, the share of public funds in total expenditures amounted to 16% (27.6
billion tenge), compared to last year it decreased by 1% or 0.4 billion tenge. The share of foreign
investments over the analyzed period remains insignificant, at the level of 1.7%. The share of other
sources amounted to 7.9%, increased by 56.3% or 4.9 billion tenge.
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Table 3 — The volume of internal R&D expenditures by sources of financing for 2018-2023, billion

tenge
Years Change
Name in 2023
compared
to, %
2018 2019 2020 2021 2022 2023 2018 | 2022
722 1100 | 82.3 | 100 | 89.0 | 100 | 109.3| 100 |121.6| 100 | 172.6 | 100 + 2,4 141.9
Total costs bln % bln % bln % bln % bln % bln % | times ’
including:
budget funds | 32.1 | 45 | 36.7 | 45 | 463 | 52 | 64.1 | 59 | 28.0 | 23 | 27.6 | 16 86 99
own funds +37
of sm@nﬂﬁc 343 | 47 | 37.7 | 46 | 355 | 40 | 36.5 33 82.0 | 68 |128.4|74.4 timés 156.6
organizations
foreign 19 | 3 | 33| 4 [ 22| 2 |21 | 2 |28 2|29 |17|1526[1036
mvestment
bank loans 0.2 0 0.2 0 0.1 0 | 0.04 0 0.1 0 0.1 0 50 0
othersources | 35| 5 | 44 | 5 | 49 | 6 | 66| 6 | 87| 7 | 136|793 1563
of funding times
Note: Compiled by the author based on the source [18, 19].

One of the indicators that shows the vulnerability of the economy to innovation is considered
to be the innovative activity of enterprises. It shows the level of intensity of the actions taken to
turn innovations into a completely new or improved product, and this can also apply to technology,

organizational and marketing services [18, p. 10].

Innovative activity entails the practical application or utilization of innovative-scientific and
intellectual potential in mass production. The goal is to obtain a new product that satisfies consumer
demand for competitive products and services.

To assess the innovative activity of enterprises in Kazakhstan for the years 2018-2023, data
presented in table 4.

Table 4 — Key Indicators of Innovation Activity of Enterprises in Kazakhstan for the years

2018-2023
Indicators Year Change 2023 ,%
2018 | 2019 | 2020 | 2021 | 2022 | 2023 2018 | 2022

Number of enterprises, units 30501 | 28411 | 28087 | 28203 | 30750 | 30610 100.4 99.5
of them:
- having at least one of two types | 3530 | 3506 | 3236 | 2960 | 3390 | 3592 111,2 106
of innovations, units
- having product and process 2019 | 2131 | 2402 | 1808 | 2957 | 3085 | 1528 | 105.4
innovations, units
Level of activity in the field of 106 | 113 | 11,5 | 105 | 11.0 | 117 | 1104 | 106.4
innovation, %
Production volume innovative 1064.1 | 1113.6 | 17155 | 1438.7 | 1879.1 | 23998 | 22 | 1277
products, total, billion tenge times
Volume of innovative products
produced per 1 tenge of costs, 1.23 2.0 2.2 1.8 1.3 1.32 107,3 101.5
tenge
Volume of products sold, billion | 1619 9 | 9969 | 1664.6 | 1318.1 | 1739.8 | 23812 | 23 | 1369
tenge times
Volume of innovative products 1617 | 1754 | 3080 | 2145 | 2863 | 4206 | 2° | 1469
sold for export, billion tenge times
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Continuation of table 4

Share of innovators products 2.1
in the total industrial volume. 861.9 | 545.0 | 7832 | 800.0 |1453.3| 1820.8 - 125.3

0 times
products, %

Amount of costs for implementing innovations, billion tenge
including by sources of financing, | 28.8 37.9 167.4 63.8 101.2 75.5 +2.6 74.6

billion tenge times
Republican budget 15.8 5,1 14.7 11.5 8.7 14.6 92.4 167.8
Local budget 392.2 | 448,5 | 493.1 | 621.1 | 693.6 | 721.1 183.9 104
Own funds 45.6 3.9 11.9 41.1 21.0 5.6 12.3 26.7
Foreien i 379.5 49.8 96.1 62.5 | 6289 | 1004.2 +2.6 159.7
oreign investment .
times
Note: Compiled by the author based on the source [18, 19].
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Figure 7 — Key indicators of innovation activity in Kazakhstan for 2018-2023

Note: Compiled by the author based on the source [18, 19].

As can be seen from table 4, in 2023, 3,610 enterprises participated in the innovation activity
survey, which is 140 units less than the previous 2022. Of these, 11.7% are innovative and active
enterprises, the number of which in 2023 amounted to 3,592 units, which is 6% (202 units) more
than in 2022. They produced innovative products in the amount of 2399.8 billion tenge, the volume
increased 2.3 times (or by 1335.7 billion tenge) compared to 2018 (it was 1064.1 billion tenge). In
relation to 2022, the volume increased by 27.7% (by 520.7 billion tenge).

The total volume of innovative products sold in 2023 amounted to 2381.2 billion tenge, compared
to 2022 it increased by 36.9% (by 641.4 billion tenge). The volume of products sold for export in
relation to 2022 increased by 46.9% or by 134.3 billion tenge, and in 2023 amounted to 420.6 billion
tenge.

The total cost of innovation in 2023 amounted to 1820.8 billion tenge, compared with 2022 it
increased by 25.3%, or by 367.5 billion tenge.

In 2023, the purchase of modern machinery, equipment, software and other capital assets accounted
for 69.7% of all innovation costs, which amounts to 1269.1 billion tenge.
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Conclusion

Based on the conducted analysis, it can be concluded that a systematic approach in evaluating
scientific infrastructure is essential to understand which individual elements contribute to development
and which act as hindrances. Assessing scientific infrastructure, taking into account the components
and interconnections of individual elements within the system, also helps to understand the direction
in which scientific development should proceed. If a specific element or the interactions between
subsystems are not considered in the evaluation of scientific infrastructure, the resulting picture of
scientific functioning will be incomplete. In light of the above, it can be noted that the development
of scientific infrastructure is more effective and sustainable when a systematic approach is employed,
considering not only strategic issues but also tactical tasks aimed at its development.

Thus, the analysis of Kazakhstan’s scientific infrastructure revealed key systemic issues such as:

Low funding levels — 0.13% of GDP.

Decrease in the number of scientists (including young scientists). The low and unstable salary
contributed to the reduction in the personnel potential.

Aging research and development (R&D) infrastructure: wear and tear of capital assets is 40%.
Wear and tear of laboratory equipment is 50%. Capital expenditures for R&D are 12%.

Insufficient infrastructure for applied research (AR) and technology development (TD). This
includes engineering laboratories, experimental platforms, and design bureaus. The ratio of scientists
to designers to workers in experimental production is 25:4:1 (compared to the global ratio of 1:2:4).

Weak link between science and production.

Low awareness of companies about the results of R&D and innovation activities of research
institutions and universities. For example, according to statistical data, out of 10,337 companies,
only 296 collaborated with research institutions, and 320 collaborated with universities in terms of
providing scientific information.

It should be noted that systemic measures are currently being taken to develop science. The
President of the country, K. Tokayev, stated in a programmatic speech to scientists that science will be
oriented towards new production technologies that will make the country competitive [21].

To strengthen the scientific infrastructure and address these systemic issues, a three-pronged
approach is envisioned:

¢ Modernization: Modernizing the existing infrastructure is an urgent necessity. This entails the
upgrading of facilities, equipment, and technologies to enhance their efficiency.

+ Expansion: To address critical gaps and support new research areas, the creation of new scientific
infrastructure is necessary. This includes establishing state-of-the-art laboratories, experimental
complexes, and design bureaus.

¢ Enhanced governance: Improving management methods in scientific organizations and
infrastructure is of paramount importance. Enhanced coordination, transparency, and collaboration
will foster greater synergy and alignment of actions among stakeholders.

These strategic initiatives promise to expand Kazakhstan’s scientific infrastructure, thereby
stimulating advancements in various fields. They contribute to socio-economic development,
socio-political stability, increased private sector investment in research and development, as well
as addressing pressing national and regional issues. In this context, the evolution of Kazakhstan’s
scientific infrastructure plays a pivotal role in advancing the country toward a more competitive and
prosperous future, where science and innovation drive sustainable growth and development.
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CUCTEMHBIN MOAXO] K AHAJIU3Y CTPYKTYPBI
HAYYHOU MTHO®PACTPYKTYPbI KA3AXCTAHA

AHHOTALUSA
B crarpe ncnonp3yeTcs CHCTEMHBIN MOAX0A K M3YUCHUIO CTPYKTYPH HaydHOH WHpacTpyKTyphl Kazaxcrana,
MOAYEPKUBACTCS €€ POJIb KaK TApMOHUYHON CETH OpraHM3ali, 3aHUMAIOIIUXCSI Pa3BUTHEM IPEIIPHHIMATEIHCTBA

424



Hayunplii sxypHan «Bectauk yausepcurera « Typam» Ne 2(102) 2024 1.

B cepe Hayku 1 TeXHUKH. OCHOBHAsI IIEJIb COCTOUT B TOM, YTOOBI BCECTOPOHHE OIICHUTh HAYYHYIO HHPPACTPYKTYPY
Kazaxcrana, 0XBaTHIBAIOIIYO €€ COCTABIISIONINE IIEMEHTHI, 00IIee COCTOSIHUE HAyKU B CTpaHE, € HAyYHBIN, Hayd-
HO-TEXHUUYCCKUH M YeIOBEUCCKHH moTeHIman. KpoMe Toro, B cTaThe MPOBOAUTCS TIIATSIHFHOE U3YUCHUE YCIOBHUI B
Pa3IMYHBIX HAy9IHBIX 00macTax. [locpeacTBOM TOTO aHamm3a B CTaThe BBIABISACTCS CIOKHAS CETh CBA3CH, KOTOPHIE
MPUIAIOT HAYYHOH MH(PACTPYKTYPE CUCTEMHBIC aTpUOYThI, IIO3BOJISIOIINE BCECTOPOHHE IOHITh X Pa3HOOOpasue,
Ka4eCTBO M pa3NYHbIC PO B €€ pa3BUTHU. [IpuMeuaTebHO, 4TO aBTOP MOAUYEPKUBACT KIIIOYEBYIO POIb, KOTOPYIO
UTPACT roCyl1apcTBO B (POPMHUPOBAHUK M PA3BUTHH HAYYHOH HH(PACTPYKTYPHI, IOCKOIBKY OHO 00JIaJaeT TOTCHIIU-
aJIoM [T OOBbEIMHEHUS OCHOBHBIX PECYPCOB, HEOOXOAUMBIX ISl e¢ 3(p(heKTHBHOTO (PYHKITMOHUPOBAaHUS. DTO HEOO-
XOJIUMO JIJIsl BHEIPCHHUS CUCTEMHBIX HHHOBAIUH B YKOHOMHUKE, TEM CAMBIM CTHMYJIHPYS X03HCTBYIOIINE CYOBEKTHI K
HOBBIM JOCTIKEHUAM. Kpome Toro, CTaThs MmpeuiaraeT CHCTeMaTHIeCKOe HCCIIeAOBaHIe HAYIHOH HH(PPACTPYKTYPhI
Kazaxcrana, moguepkuBas ee 3HadeHHUe Kak (hakTopa, CIoCOOCTBYIOIIEr0 HHHOBAIIUSAM U KOMMEpPIHAIH3aliy Hayd-
HO-TEXHUYECKUX UCCIIEIOBAHUM.

KiroueBble cioBa: uH(pacTpykTypa, HayuHas MH(pacTpyKTypa, MHHOBALUS, WCCIIEOBAaTENN, BHYTPEHHUE
3aTparsl, (UHAHCUPOBAHHE, TEXHOJIIOTHYECKOE PA3BUTHE, YEIOBEUCCKHUNA TTOTEHIINAI.
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KA3AKCTAHHBIH 'blJILIMA NTHO®PAKYPbIJIBIMbIHBIH
K¥PBUIBICBIH TAJIAAYABIH ) KYUEJIIK TOCIJI

Anjarna

Makanana KazakcTaHHBIH FBUIBIMH HWH(PaKYPbUIBIMBIHBIH KYPBUIBICHIH 3€pTTEyre KyHeal Ke3Kapac KO-
JaHBUIAJBI, OHBIH FBUIBIM MEH TCXHHKA CaJaChIHIAFbl KOCIIIKEPIIKTI JaMBITYMCH ailHaJbICAThIH YHBIMAAPIBIH
yitmeciMai KeJici peTiHAeri peili aTaibll YCHIHBUTFaH. Herisri MakcaT — OHBIH KypamIac SJIEMEHTTEpiH, eJaeri
FBUIBIMHBIH JKaJIIIbl )Kali-KYIiH, OHBIH FBUIBIMH, FIIBIMU-TEX HUKAJIBIK )KOHE /1aMH QJICYyeTiH KaMTUTHIH KazakcTaHHBIH
FBUIBIMH HMH(PaKYPbUIBIMBIH JKaH-XKaKThl Oarayay. COHBIMEH Karap Makajiaja opTYpJl FhUIBIMU callajiapAarbl
KaF JAiIapIbl MYKHAT 3epTTey xyprizineni. Ocel Tangay apKBLIbI MaKaajia FhUTbIMH HH(bpaxprmmMFa oJIapIbIH
apTypmmnH carachlH JKOHE OHBIH JIaMybIHJ/IAFbI spTypm peJmepm JKaH-)KaKThl TYCIHYre MYMKIHJIK 6epeT1H
Kyienik arpubyrrap OepeTiH GalyIaHBICTAPIBIH KYPAEINI JKeici aHBIKTanaabl. bip KbI3BIFBI, aBTOP MEMIICKETTiH
FBUTBIMHU HH(PAKYPBUTBIMIIBI KAJTBIITACTBIPY MEH TaMBITYIAFbI HET13T1 POJIiH aTar oTel, ©TKEeH1 OHBIH THIM/II JKYMBIC
icTeyl YIIiH KaKeTTi HeTi3Ti pecypcTap/sl OipikTipy MyMKiHir 6ap. by sxoHOMEKama Kylen WHHOBAIMSIApAbI
EHri3y YIIIH Ka)eT, OChUIaillia MapyallbuIbIK KYPrisylli cyObeKTiiep/i ’kaHa JKETICTIKTepre bIHTaJaHIbIPaIbl.
ConbiMeH Karap Oy mMakanana KasakcTaHHBIH FBUIBIME MH(PAKYpPBUIBIMBIH XKYHENl 3epTTey YCHIHBLIAbl, OHBIH
FBUIBIMU-TEXHUKAIIBIK, 3epTTEYJIep/li HHHOBAIMSIAYFa KOHE KOMMEPIHMSIaHABIPYFa bIKIAl eTeTiH (aKTop peTiHmeri
MaHBI3/IbUIBIFBIH aTaJIIbL.

Tipex ce3mep: MHQPaKYphUIBIM, FBUIBIMH HH(QPAKYPBUIBIM, HHHOBALUS, 3€PTTEYMIUIEp, IIIKi MIBIFBIHIAP,
KapXbUIaHIBIPY, KOMMEPLUATIAHABIPY, TEXHOJIOTUAIBIK JaMy, aJaMu dJICYeET.
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