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1. INTRODUCTION
(THE PURPOSE OF THE NATIONAL REPORT)

The National Science Report is an annual report containing an analysis of the
state and development trends of world and national science, a justification for
priority areas of scientific development, and proposals for improving the scientific
and technical potential of the Republic of Kazakhstan.

The purpose of the annual National Science Report (hereinafter referred to as
the Report) is to analyze the state of the main trends in the science development,
identify positive and negative factors influencing the development of Kazakhstan’s
science, develop recommendations for further development and determine priority
areas for its development.

The implementation of scientific research in 2023 was carried out in
accordance with the 10 priorities for the science development for 2023 approved at
a meeting of the Higher Scientific and Technical Commission under the
Government of the Republic of Kazakhstan (hereinafter referred to as the HSTC):
Rational use of water resources, flora and fauna, ecology; Geology, extraction and
processing of mineral and hydrocarbon raw materials, new materials, technologies,
safe products and designs; Power engineering and mechanical engineering;
Information, communication and space technologies; Scientific research in the field
of natural sciences; Life and health sciences; Research in education and science;
Research in social and human sciences; Sustainable development of the agro-
industrial complex and safety of agricultural products; National security and
defense.

The analysis of the implementing fundamental and applied research in
priority areas of science (section No. 3) was carried out by leading scientists
working in the laboratories of research institutes and in the departments of higher
educational institutions of the country:

S. Kaldybayev, Doctor of Agricultural Sciences, Professor of the Department
for Soil Science, Agrochemistry and Ecology of the Kazakh National Agrarian
Research University. Priority | — “Rational use of water resources, flora and fauna,
ecology”.

T. Yensepbayev, Doctor of Geological and Mineralogical Sciences, Professor,
Corresponding Member of the National Academy of Science of the Republic of
Kazakhstan, Head of Department of the National Joint-Stock Company “KazNRTU
named after K.I. Satpayev”. Priority Il — “Geology, extraction and processing of
mineral and hydrocarbon raw materials, new materials, technologies, safe products and
constructions”.

A. Begimbetova, Candidate of Technical Sciences, Director of the Institute of
Energy and Green Technologies at the Almaty University of Power Engineering and
Communications named after Gumarbek Daukeyev. Priority Il — “Power Engineering
and Mechanical Engineering”, section “Power Engineering”.

B. Absadykov, Doctor of Technical Sciences, Professor, Corresponding
Member of the RPA “NAS RK”, NJSC “KazNRTU named after K.I. Satpayev”.
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Priority Il — “Power Engineering and Mechanical Engineering”, section “Mechanical
Engineering”.

Ye. Amirgaliyev, Doctor of Technical Sciences, Professor, Academician of the
National Engineering Academy of the Republic of Kazakhstan, Institute of
Information and Computing Technologies of the SC of MSHE RK. Priority IV —
“Information, Communication and Space Technologies”.

Ch. Omarov, Candidate of Physical and Mathematical Sciences, Professor,
Director of the Astrophysical Institute named after V. Fesenkov. Priority V —
“Scientific Research in the Field of Natural Sciences”.

A. Yeshmanova, Doctor of Medical Sciences, Associate Professor, Head of the
Innovative Scientific School of Gerontology and the Module “Gerontology and
Geriatrics” of KazNMU named after S. Asfendiyarov. Priority VI — “Life and Health
Sciences”.

A. Mynbayeva, Doctor of Pedagogical Sciences, Professor, Head of the
Department for General and Applied Psychology, Faculty of Philosophy and Political
Science, Al-Farabi Kazakh National University. Priority VIl — “Research in the Field
of Education and Science”.

Ye. Toktarov, PhD, Head of the Strategic Analysis Department, Kazakhstan
Institute for Strategic Studies under the President of the Republic of Kazakhstan.
Priority VII/ — “Research in the Field of Social and Humanitarian Sciences”.

A. Shamshidin, Doctor of Biological Sciences, Deputy Rector-Chairman of the
Board, Vice-Rector for Science, NJSC “West Kazakhstan Agrarian and Technical
University named after Zhangir Khan”. Priority 1X — “Sustainable Development of the
Agro-Industrial Complex and Safety of Agricultural Products”.

M. Serkpayev, Doctor of Historical Sciences, Professor, President of the RPA
“Academy of Military Sciences”. Priority X — “National Security and Defense”.

Sections No. 2,4,5,6 of the Report, prepared under the scientific supervision of
the President of JSC “National Center for State Scientific and Technical Expertise” of
the Ministry of Science and Higher Education of the Republic of Kazakhstan A.
Bibosinov, present: an analysis of the science general state in Kazakhstan, its
scientific, scientific-technical and human resources potential; the main directions of
Kazakhstan’s development and world science are shown, a comparative assessment of
the science state in the country and the world is provided; the scientific achievements
of Kazakhstani scientists, the results of scientific activities of institutes and higher
educational institutions of the Republic of Kazakhstan for 2021-2023 are reflected.

At the initiative of the NAS RK, for the first time the Report includes a section
“Achievements of Young Scientists of Kazakhstan”, which reflects the results of
scientific activities and problems of development of young science of the Republic of
Kazakhstan.
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2. GENERAL CHARACTERISTICS OF KAZAKHSTAN SCIENCE (with
presentation of scientometric analysis for the last 3 years, analysis of
achievements of Kazakhstani science (the most significant results of scientific and
(or) scientific and technical activities, implemented developments), indicators of
research activity of scientists (number of publications, citation index, impact
factor of journals, patent activity)

To assess the position of countries in key areas of the economy, international
organizations regularly conduct studies on various indicators and indices, from which
a list of ratings and indices is compiled [1].

Human Development Index (HDI). Despite the decrease in the rating for this
index (-11), Kazakhstan with an index of 0.802 remains in the group of countries with
a high level of human development, occupying 67th place among 193 countries that
participated in the rating (Table 2.1).

Table 2.1 Position of the Republic of Kazakhstan in the leading international rankings
of scientific, technical and innovative development

Indicators 2021 2022 2023
Human Development Index 51st place among 56th place among 67th place among
189 countries 191 countries 193 countries
Global Competitiveness Index 35th place among 64 | 43rd place among 63 | 37th place among
countries countries 64 countries
Global Innovation Index 79th place among 83rd place among 81st place among
132 countries 132 countries 132 countries

Source: https://gtmarket.ru/research/country-rankings

Global Competitiveness Ranking. The Republic of Kazakhstan demonstrated
positive dynamics, moving up 6 positions compared to last year’s ranking. As a result,
Kazakhstan took 37th place with a score of 66.11 in the IMD 2023 World
Competitiveness Ranking.

Global Innovation Index (GlI). In 2023, Kazakhstan, with an index of 26.7,
took 81st place and 3rd place in the Central and South Asia region, moving up two
lines and displacing Uzbekistan to 82nd place overall. In the Infrastructure category,
Kazakhstan took 59th place and first place in the region, thanks to good performance
in the government online service (8th place) and e-participation (15th place).

Many regions, including Kazakhstan, set their own targets for R&D spending.
Thus, our country, in the Concept for the Development of Higher Education and
Science in the Republic of Kazakhstan for 2023-2026, plans to gradually increase
R&D expenditures from all sources to 1% of GDP in order to increase the global
competitiveness of Kazakhstani science and increase its contribution to solving applied
problems at the national level.

It should be borne in mind that, according to international standard definitions
adopted in the economy of the Republic of Kazakhstan, domestic R&D expenditures
are synonymous with R&D results.
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In 2023, there was an increase in R&D expenditures carried out in the Republic
of Kazakhstan from 121.6 to 172.6 billion tenge.

However, the increase in costs by more than 51 billion tenge had little effect on
the science intensity of GDP, which increased by 0.02% in the reporting year and
amounted to 0.14%. Despite the increase in R&D costs, the science intensity of GDP
has changed slightly over the past years, remaining at the level of 0.12-0.14% (Fig.
2.1).

An analysis of domestic R&D costs by funding sources shows that, as in
previous years, the state remains the main investor in scientific research in 2023. It
accounts for almost 67% of costs, which is almost 9 percentage points more than in the
previous year.

Share of domestic R&D

GDF volume, billion tenge expenditures in GDP,

2022

R&D expenditures, billion tenge

2021

2020

2019

2018

017

_

According to the Bureau of National Statistics of the ASPR RK
Figure 2.1 R&D costs

The share of own funds that can be considered as investments of entrepreneurs
decreases annually. In 2023, it stopped at 16%, which is 7.1 percentage points lower
than the previous year (Table 2.2).

The share of investments in research activities of third-party legal entities
exceeded 5%; the share of other sources was 4.1%. An indicator of uncertainty in the
demand for the results of research activities is the low percentage of borrowed bank
funds - only 0.1%.

The region’s involvement in research and development activities is
characterized by specific intensity indicators, such as the volume of internal R&D
costs per employee and the number of employees performing them per 10 thousand
people employed in the region’s economy.

Table 2.2 Volume of internal R&D expenditures by funding sources

2021 2022 2023
Funding sources billion % billion % billion %
tenge tenge tenge
Total costs 109,3 100 121,6 100 172,6 100
budget funds 64,5 59,0 67,0 55,1 144,0 83,4
own funds of scientific 36,5 33,4 43,0 35,4 12,7 7.3




2021 2022 2023
Funding sources billion % billion % billion %
tenge tenge tenge

organizations

foreign investments 2,1 1,9 2,8 2,3 2,9 1,7
bank loans 0,04 0,1 0,1 0,1 0,1 0,1
funds of legal entities 4,5 4,1 6,5 5,3 8,8 51
other funding sources 1,7 1,6 2,2 1,8 4,1 2,3

According to the Bureau of National Statistics of the ASPR RK

The average R&D expenditure per employee in the republic in 2023 is 6.8

million tenge (Fig. 2.2).
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Calculated based on data from the Bureau of National Statistics of the ASPR RK
Figure 2.2 Internal R&D costs per employee engaged in research and development,
million tenge in 2023

The above average national level is observed in such regions as Mangistau,
Zhambyl, Ulytau, East Kazakhstan, North Kazakhstan regions and the cities of Almaty
and Astana. The lowest volume of expenses is observed in the regions of Zhetisu,
Pavlodar and Kostanay, as well as in the city of Shymkent. According to the indicator
“workers performing R&D per 10 thousand people employed in the economy”, in
2023 the cities of Almaty (96), Astana (74), and the region of Abay (42) were in the
lead. The outsiders were the regions of Ulytau (2 people per 10 thousand people
employed in the regional economy), Atyrau Turkestan (4 each) and Almaty (6). In the
republic as a whole, in 2023 this indicator increased to 28 people per 10 thousand
employed, while at the same time the number of research specialists increased and
amounted to 23.7 people (Fig. 2.3).




mmmmm Personnel engaged in R&D, per 10 thousand people employed in the economy

Research per 10 thousand people employed in the economy

Average republican level of personnel engaged in R&D, per 10 thousand people employed in the economy

9-6- = Average republican level of research, per 10 thousand people employed in the economy

100

Calculated based on data from the Bureau of National Statistics of the ASPR RK
Figure 2.3 Personnel engaged in R&D per 10 thousand people employed in the
economy in 2023

Data on the involvement of science in the study of regional problems, such as
social, economic, environmental, political and behavioral phenomena, are reduced to a
minimum. At the same time, regional science sets itself tasks similar to those carried
out in large scientific and educational centers in the field of fundamental and/or
applied research with minimal provision of both scientific personnel and material and
technical potential. More details are given in Section V of the Report.

Innovative activity. In 2023, the share of innovatively active enterprises in the
total number of organizations that participated in the survey of innovative activity was
11.7%, which is 0.7 percentage points higher than last year's level (Table 2.3).

Table 2.3. Key indicators of innovative activities of enterprises of the Republic
of Kazakhstan

Indicators 2021 2022 2023
Level of activity in the field of innovation, % 105 11.0 11.7
Total volume of innovative products (goods and services),
billion tenge 1438,7 1879,1 2399,8
Volume of sold innovative products (goods and services),
billion tenge 1318,1 1739,8 2381,2
Volume of sold innovative products (goods and services),
delivered for export, billion tenge 214,5 286,3 4206
Amount of expenses for implementation of innovations, 800.1 14533 1820.8

billion tenge

According to the Bureau of National Statistics of the ASPR RK
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In total, 3,591 organizations among 30,610 that participated in the survey of
innovative activity of organizations/enterprises were engaged in innovative activities
in 2023.

Enterprises of Kazakhstan produced innovative products worth 2,399.8 billion
tenge, which is 5.2% (in 2022 - 3.9%; 2021 - 3.4%) of the total volume of industrial
production of goods and services for January-December 2023. Compared to the
previous year, there was an increase in the production of innovative products by
27.7%.

The total volume of sold innovative products amounted to 2,381.2 hillion tenge,
of which 420.6 billion tenge were exported. Innovation expenditure in 2023 amounted
to more than 1,820.8 billion tenge, of which 4.9% was accounted for by public
Investment, but this is 2.7 percentage points less than in the previous period (in 2022,
public investment in innovation was 7.6%). The main innovation expenditure was
made through bank loans - 50.2%, at the expense of the enterprises themselves -
39.6%. Other sources accounted for 5.4%.

Innovation expenditure by enterprises related to the introduction of new or
improved products amounted to 70.4%.

In 2023, 69.7% of all innovation expenditure was accounted for by the
acquisition of machinery, equipment, software and other assets, and compared to the
previous year, the use of borrowed innovative solutions increased by 4.7 percentage
points. According to a statistical survey conducted annually by the Bureau of National
Statistics, on average, two-thirds of innovation expenditure is used for these purposes.

According to statistics, in 2023, 572 enterprises carried out innovations using
R&D conducted within the enterprise, with 307 of them conducting research on an
ongoing basis and 265 - occasionally, 206 enterprises reported that they purchased
R&D conducted by third-party organizations to implement innovations. The costs of
using the results of scientific research in the reporting period decreased from 13% to
8.6%.

In Kazakhstan, approximately 3 thousand enterprises among more than 28
thousand surveyed by statistics are engaged in innovations annually, which is 11-12%.
However, among this number of innovatively active enterprises, only about 235 units
incur costs for scientific developments from external sources.

Costs for external research and development work mean the acquisition/transfer
of, for example, various scientific and technical developments, production
technologies, technical solutions, techniques, relevant material and technical means,
software, know-how and others necessary to solve technical problems in the
production process. Therefore, from the statistical data characterizing innovation
processes in organizations and enterprises of the Republic of Kazakhstan, the costs of
external R&D sources most closely characterize the relationship between science and
production.

The data show that the largest number of enterprises using R&D results belong
to the manufacturing industry. Thus, over the past five years, an average of one
hundred enterprises carried out product and / or process innovations using R&D
results.
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In the reporting period, the costs of using the results of scientific research
decreased from 13% to 8.6%.

Competitions for scientific projects/programs. In 2023, a total of 8
competitions were announced for program-targeted financing of scientific, scientific
and technical programs by the following departments: the Ministry of Science and
Higher Education of the Republic of Kazakhstan (MSHE RK), the Ministry of Culture
and Sports of the Republic of Kazakhstan (MCS RK), the Ministry of Trade and
Integration of the Republic of Kazakhstan (MTI RK), the Ministry of Industry and
Infrastructure Development of the Republic of Kazakhstan (MIID RK), the Ministry of
Energy of the Republic of Kazakhstan (ME RK), the Ministry of Defense of the
Republic of Kazakhstan - 1 competition each; The Ministry of Digital Development
and Aerospace Industry of the Republic of Kazakhstan — 2 competitions (Table 2.4).

Table 2.4. Information on competitions for program-targeted financing of
scientific and research-technical programs announced in 2023

Science programs/projects SSTE NSC Implementa-
administrator applications | passed | transferred [recommended| tion period
submitted, SSTE to NSC | /approved to
total financing

Program-targeted financing

Ministry of Science and Higher
Education of the Republic of 255 172 136 104 2023-2025
Kazakhstan

Ministry of Culture and Sports
of the Republic of Kazakhstan 18 ! > > 2023-2025
Ministry of Digital 2023-2025
Development and Aerospace
Industry of the Republic of
Kazakhstan

Ministry of Trade and 2023-2025
Integration of the Republic of 3 2 1 1
Kazakhstan
Ministry of Energy of the 2023-2025
Republic of Kazakhstan
Ministry of Digital 2023-2025
Development and Aerospace

Industry of the Republic of L L 1 1

Kazakhstan

Ministry of Defense of the 1 L 1 1 2023-2025
Republic of Kazakhstan

Ministry of Industry and 2023-2025
Infrastructure Development of 1 1 1 1

the Republic of Kazakhstan
Total 1 1 1 1 2023-2025
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Within the framework of competitions for program-targeted financing (PTF), the
total number of applications submitted was 285 units, of which 189 (66.3%) met the
requirements of the competition documentation. They are aimed at conducting a state
scientific and technical examination (SSTE).

Based on the results of the SSTE, 149 applications scored a threshold score and
received an assessment of the validity of the amount of requested funding. Of these,
116 applications, or 77,9% of those received for consideration, were recommended for
funding by decisions of the National Scientific Councils (NSC). The implementation
period for approved applications is 2023-2025.

As a result, the share of applications for the PTF approved for funding amounted
to 40,7% of the total number submitted to the competition.

A total of 3,129 applications were submitted for 3 competitions of the Ministry
of Higher Education of the Republic of Kazakhstan for grant funding (GF) for 2023-
2025. After checking for compliance with the requirements of the tender
documentation, 2100 applications (67.1%) were admitted to the SSTE. Among 1402
applications passed the SSTE and the validity assessment of the requested funding
volume, 1028 (73,3%) were approved by the decisions of the NSC (Table 5). Of the
total number of applications submitted to the GF, the share of those approved for
funding was 32,8% (Table 2.5).

Table 2.5. Information on grant funding competitions announced in 2023

SSTE NSC
. . . applications| passed | transferred recommended | Implementa-
Science projects administrator submitted, | SSTE to NSC /approved to tion period
total financing

Grant funding for scientific and (or) scientific and technical projects

Ministry of Science and Higher
Education of the Republic of Kazakhstan
(for young scientists under the project
“Zhas Galym”)

503 330 173 120| 2023-2025

Ministry of Science and Higher
Education of the Republic of Kazakhstan 464 306 230 130 2023-2025
(for young scientists)

Ministry of Science and Higher
Education of the Republic of Kazakhstan 2162 1464 999 778 2023-2025

Total 3129 2100 1402 1028

Grant financing of projects for commercialization of results of scientific and (or) scientific and
technical activities

“Science Fund” JSC 320 233 233 76| 2023-2025

TOTAL 320 233 233 76

In addition, “Science Fund” JSC announced a competition for grant financing of
commercialization projects of the R&D Department for the implementation period of
2023-2025. 320 applications were submitted for the competition, 233 (72.8%) of
which passed the SSTE. The NSC approved 76 of the most promising projects for
financing, or 32.6% of those reviewed.
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As part of the financing of scientific organizations carrying out fundamental
scientific research, 11 applications were submitted. Based on the expert opinions of the
SSTE and a validity assessment of the requested funding, the NSC recommended
financing 11 applications for scientific, scientific and technical programs (Table 2.6).

Research works in the amount of 13 units, nominated for the State Prize in
Science and Technology for 2023, passed the SSTE, the results of which were sent to
the authorized body in the field of science.

Table 2.6. Information on applications submitted under other types of funding
and research projects for the State Prize in Science in 2023

SSTE NSC
Administrator of scientific applications| passed |transferredto| recommended |Implementa-
programs/R&D for the state award | submitted, | SSTE NSC /approved to  [tion period
total financing

Financing of scientific organizations conducting fundamental scientific research

Ministry of Science and Higher

Education of the Republic of 11 11 11 11 2023-2025
Kazakhstan
State Prize in Science
Research papers nominated for the State not
Prize in Science and Technology for 13 13 transferred - 2023
2023. to the NSC
Total 24 24 11 11

Program-targeted financing of scientific, scientific and technical programs. In
2023, 180 programs with various implementation deadlines were implemented under
program-targeted financing: 2021-2022, 2021-2023; 2022-2023; 2022-2024; 2023-
2025. The programs were administered by 11 departments. Most of the scientific and
technological progress was carried out within the framework of competitions of the
Ministry of Higher Education of the Republic of Kazakhstan and the Ministry of
Agriculture of the Republic of Kazakhstan - 56.1% and 17.2%, respectively.
Fundamental research (58 scientific and technological progress) was carried out by the
Ministry of Higher Education of the Republic of Kazakhstan - 56 units, as well as the
Ministry of Health of the Republic of Kazakhstan and the Ministry of Health of the
Republic of Kazakhstan - 1 unit for each department; applied research (122 scientific
and technological progress) was distributed among all ministries. From the total
number of completed programs, the share of completed ones is 58.9% (106 units),
while the share of ongoing ones is 41.1% (74 units).

The 106 completed research programs included 95 competitive research
projects, as well as 11 non-competitive ones.

The results of research within the framework of the PTF for 2023 in the context
of priority areas, their scientific novelty and scientific and technical level are
confirmed by the received security documents, publications in Kazakhstani and foreign
rating publications, as well as implementations (Table 2.7).
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Based on the results of the implementation of 106 programs completed in 2023,
the following results were obtained: publications - 1696 units, of which 661 units were
in publications in near and far abroad, the latter included works updated in foreign
citation databases: Web of Science - 141 units, Scopus - 387 units; security documents
- 155 units; the number of programs with implemented results for 2023 - 45 units; the
number of implementations - 260.

Table 2.7. Performance of completed programs by priority areas, PCF 2023

Publications
total |d ti forei f which Number of
ota omestic oreign, of whic
Priority Number of g Security prog_rz;ms _ Nulmber of.
direction programs, q s | wit _|implementati
Web of ocuments
units total . Scopus |mplementat| ons
Science on
AIC 31 648 420 228 27 130 100 23 152
RS&H 25 311 243 68 3 39 0 4 10
SLH 15 116 48 68 33 42 14 11 50
RUWR 9 216 128 88 9 43 13 4 41
ICST 7 49 14 35 8 27 3 2 4
GEPMHR 6 81 55 26 2 11 15 1 1
E&M 6 76 26 50 19 39 4 0 0
NS 5 105 55 50 25 32 6 1 2
RE&S 2 94 46 48 3 25 0 0 0
Total 106| 1696 1035 661 141 387 155 46 260

Grant financing of scientific, scientific and technical projects. In 2023, within
the framework of 9 grant financing competitions (GF) held by the Ministry of Science
and Higher Education of the Republic of Kazakhstan, 2488 projects with various
implementation periods of 2021-2023; 2022-2024; 2023-2025 were implemented.

In the total number of projects, the share of completed ones was 21.2% (527
R&D), while ongoing implementation - 78.8% (1961 R&D). In general, in the GF
competitions, there is a predominance of fundamental research - 51.2%, while in
completed projects there is more applied research - 50.3%.

In 2023, final reports were registered for 527 projects (Table 2.8).

Table 2.8. Performance of completed projects by priority areas, GF, 2023

o Projects _ Pu_blications Security Number of | Number of

Priority number |total | " f_o reign W_eb of Scopus| documents programs W!th implementati
publications | Science implementation ons
GEPMHR 79 275 146 65 112 38 8 12
ICST 40 188 116 42 94 11 10 12
RE&S 32 199 68 5 31 4 13 26
RS&H 90 639 199 14 101 0 17 42
SLH 77 203 124 64 84 11 10 24
NS 89 427 240 133 175 5 6 14
NS&D 11 40 16 6 15 1 2 5
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RUWR 32 106 49 21 39 11 11 28
AlIC 31 117 67 19 44 22 15 23
E&M 46 153 96 33 70 24 11 18

Total 527  |2347 1121 402 765 127 103 204

The following results were obtained for the completed studies within the
framework of 2 competitions: publications - 2347 units, of which 1121 units were
published in near and far abroad. The latter included works updated in foreign citation
databases: Web of Science - 402 units, Scopus - 765 units; security documents - 127
units; the number of projects with implemented results - 103 units; the number of
implementations - 204 units.

The assessment of productivity per 1 project showed greater effectiveness in
terms of publications within the general competition for grant funding. With regard to
patents and implementations, higher values are presented for the competition of young
scientists (Fig. 2.4).

Comepetition for grant funding for young 1’1737
scientists on scientific and (or) scientific and L ’
technical projects for 2021-2023 ]
Competition for grant funding for scientific 597 2,57

and (or) scientific and technical projects for
2021-2023

Domestic publications m Foreign publications m Patents m Number of implementations

Figure 2.4. Performance indicators of completed projects per project

2.1. The most significant results of scientific and (or) scientific and technical
activities, implemented developments

a) significant results of scientific and (or) scientific and technical activities of
domestic scientists, developments implemented by them, which have a significant
transformative impact on a regional or global scale, are defined as achievements of
Kazakhstani science.

In this context, the implemented developments that scored the maximum points
according to the results of the State Scientific and Technical Expertise of final reports
on research and development completed in 2023 of scientific and scientific and
technical programs and projects were selected.

Scientific research in the field of natural sciences

- In the Karaganda University named after Academician E. A. Buketov,
syntactic and semantic properties of theoretical and model-theoretic questions
concerning classes of Jonsson spectra with respect to the cosemanticity relation were
studied. The following was obtained: a criterion of strong minimality within the
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framework of studying central types of central classes and fragments of a fixed
JSp(K); characterizing the properties of syntactic and semantic similarity of hybrids of
fragments of theoretical sets from a fixed JSp(K); description of strongly minimal
geometries of hybrids of fragments and central classes of a fixed hereditary JSp(K),
etc. All results are new. Project “Cosemanticity Classes and Their Model Classes”.

- Scientists from the Research Institute of Experimental and Theoretical Physics
have studied the processes of turbulent heat and mass transfer and the formation of
harmful substances during combustion of solid fuel in combustion chambers of real
energy facilities using modern methods of physical, mathematical and 3D computer
modeling. The influence of different fuel supply methods (straight-through and vortex
with a swirl angle of the flow) on the aerodynamics of flows, temperature fields,
concentration fields of carbon oxides COy and nitrogen NOy has been established.
Recommendations for the practical application of the obtained results have been
developed. Project “3D modeling of turbulent heat and mass transfer processes in
physicochemically active environments”.

- The Institute of Zoology has developed a cadastre of the animal world of the
Northern Tien Shan to preserve the genetic diversity of animal resources.

An electronic database has been developed, which includes an information
retrieval system and ensures the further formation of the cadastre of the animal world
of the Northern Tien Shan. Maps of the ecosystems of the Zailiysky Alatau ridge and
the Medeu State Nature Reserve with legends have been developed for subsequent use
in the cadastre. 25 model territories have been identified. A taxonomic analysis of the
fauna of the Northern Tien Shan has begun. The program “Development of the
cadastre of the fauna of the Northern Tien Shan to preserve its genetic diversity”.

In the field of life and health sciences:

- For the first time, the Institute of General Genetics and Cytology has selected a
control cohort of conditionally healthy individuals for a molecular epidemiological
study of a unique cohort of individuals exposed to persistent organic pollutants (POPs)
for a long time. The cohort corresponds to the experimental group in terms of the main
population parameters (gender, age, ethnicity, smoking). The project “Study of the
polymorphism of antioxidant defense and immune response genes in people exposed to
pesticide pollution for a long time”.

- The National Scientific Cardiac Surgery Center has studied clinical, functional,
immunological and genetic factors affecting the severity of acute coronavirus infection
COVID-19 and post-COVID syndrome in order to develop tactics for managing such
patients to reduce the risks of complications and disability. Important data on mortality
predictors in our study cohort were obtained as a result of a retrospective analysis. The
program “Assessment of the influence of clinical, functional, immunological and
genetic factors on the severity of the course of coronavirus infection SARS-CoV-2 and
post-COVID syndrome”.

In the field of rational use of water resources, flora and fauna, ecology:

- Research conducted at the Kazakh Research Institute of Forestry and
Agroforestry named after A.N. Bukeikhan revealed that the application of fertilizers
had a positive effect on increasing survival and growth. It was found that with an
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increase in the nutrition area, plants have a greater height and width of the bush
compared to a denser placement, in addition, the number of stems increases.
Comparison of the components of essential oil of wild plants and those growing on the
plantation did not reveal a reliable difference. Project “Development of technologies
for plantation cultivation of medicinal herbs in the Northern region of Kazakhstan
without reducing the content of biologically active substances in them”.

- The Institute of Botany and Phytointroduction has obtained annotated lists of
higher vascular plants, algae, mycobiota, a list of plant communities, created maps of
the distribution of resource and rare plant species in 7 districts of the Almaty region of
Kazakhstan - Karasay, Talgar, Enbekshikazakh, Uygur, Kegen, Raiymbek, Panfilov. 4
Catalogues of collection funds of state botanical gardens (SBG, ZBG, IBG, AstBG)
have been published. The program “Cadastral assessment of the current ecological
state of flora and plant resources of the Almaty region as a scientific basis for effective
management of resource potential”.

In the field of sustainable development of the agro-industrial complex and
safety of agricultural products, researchers from Almaty Technological University
have developed resource-saving complex technologies for the production of dietary
iImmunostimulating confectionery products (candies, marmalade, lollipops, etc.) made
from natural, inexpensive, local plant materials. Recipes have been developed and
gentle technological modes for the preparation of dietary immunostimulating
confectionery products for functional purposes with high nutritional and biological
value have been selected. Project “Development of a technology for the production of
dietary immunostimulating confectionery products based on the processing of local
plant materials”.

In the field of geology, extraction and processing of mineral and
hydrocarbon raw materials, new materials, technologies, safe products and
structures, a scientific assessment of the investment attractiveness of the main
structures of Kazakhstan, promising for the identification of mineral deposits, has been
carried out at the East Kazakhstan Technical University named after D. Serikbayev.
Criteria have been developed for creating a methodology for substantiating the
investment attractiveness of the country’s main metallogenic belts and geological
structures. The program “Scientific Assessment of the Investment Attractiveness of
Kazakhstan’s Structures with Potential for Identifying Mineral Deposits™.

In the field of information, communication and space technologies, scientists
from the Astrophysical Institute named after V.G. Fesenkov have conducted research
aimed at developing means for observing near and deep space. A new optical complex
with a wide field of view for monitoring and survey observations of near-Earth space,
as well as an innovative spectral device for spectral observations of near and deep
space objects have been developed; methods for predicting approaches of spacecraft to
GSO have been developed. The program “Creation of a National System of Space
Situational Awareness: Monitoring Near-Earth Space, Deep Space and Space
Weather”.

In the field of national security and defense, scientists from the National
Center for Space Research and Technology conducted research on the development of
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a domestic technology for producing organoplastics with certain characteristics,
modified with plasticizers and combined reinforcement. A draft design for the
manufacture of parts of the body of unmanned aerial vehicles (UAVsS) and a
technological instruction for obtaining radio-transparent high-strength organoplastics
were developed. The implementation of the project opens a new scientific direction for
the development of domestic production of modern materials for the defense and space
industries and the technology for producing UAVs from radio-transparent
organoplastics. The project “Development of a domestic technology for obtaining a
radio-transparent high-strength composite for the bodies of military unmanned aerial
vehicles and aerospace equipment”.

b) The achievements of Kazakhstani science include the works of domestic
scientists, noted in accordance with the Decree of the President of the Republic of
Kazakhstan dated October 24, 2023 No. 709 by the State Prize of the Republic of
Kazakhstan in the field of science and technology named after Al-Farabi to a team of
authors of the National Nuclear Center of the Republic of Kazakhstan headed by the
Director General, Doctor of Physical and Mathematical Sciences, Professor E.G.
Batyrbekov for the work on the topic “Research and development of world class for
the creation of the nuclear energy industry and the implementation of the Strategy for
achieving carbon neutrality of the Republic of Kazakhstan”.

c) The achievements of Kazakhstani science can also include domestic highly
cited publications created without foreign co-authorship. These are the works of
Kazakhstani scientists that determine the active interest of the scientific community,
included in the top 1% in the world ranking by citation over 10 years. Over the past
three years (2021-2023), 2 articles from Nazarbayev University were included in this
list of the most popular works:

- In the field of pharmacology and pharmacy, the article “Chitosan-Based
biomaterials for tissue regeneration” presented by scientists Ye. Kim, Zh.
Zharkinbekov, K. Raziyeva, L. Tabyldiyeva, K. Berikova, D. Zhumagul, K.
Temirkhanova, A. Saparov. The work is devoted to chitosan - a biopolymer obtained
from chitin, which has demonstrated great potential for tissue regeneration and
controlled drug delivery. It has numerous qualities that make it attractive for
biomedical applications, such as biocompatibility, low toxicity, broad-spectrum
antimicrobial activity and many others. It was found that chitosan-based composite
biomaterials stimulate regeneration and restoration in vivo of various tissues and
organs, including, but not limited to, bone, cartilage, dental, skin, nervous, cardiac and
other tissues. In particular, de novo tissue formation, differentiation of resident stem
cells, and remodeling of the extracellular matrix have been observed in numerous
preclinical models of various tissue injuries treated with chitosan-based drugs. The
article was published in March 2023 in the journal Pharmaceuticals with an impact
factor (2022) of -1.31, quartile Q1 in the Pharmacology & Pharmacy category.

- In the field of chemistry, the article “Review of Covid-19 testing and
diagnostic methods” presented by the authors Ye. Filchakova; D. Dossym; A. llyas; T.
Kuanysheva; A. Abdizhamil; R. Bukasov.
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The work provides a comparative analysis of various methods for detecting
COVID-19 and the testing efficiency of some test Kits. Accuracy, sensitivity,
specificity, time to results, and cost of the test are important parameters of these tests,
and even a minimal improvement in any of them can have a noticeable impact on life
iIn many countries around the world. The article was published in July 2022 in the
journal «Talanta» V 244 with an impact factor (2022) of 6.1, quartile Q1 in the
category Chemistry, Analytical.

2.2. Indicators of research activity of scientists

Participation in global science is not only a factor of prestige, but also a
necessary condition for increasing the productivity of scientific activity.

Science has currently become an object of quantitative scientific research, which
can be carried out using scientific citation systems - electronic bibliographic databases
of scientific citation, such as Web of Science and Scopus, containing citation and
analytical information on publications (scientific journals, conference materials, book
publications, etc.). These information and analytical systems of scientific citation
allow you to effectively detect and identify scientific works of researchers and
scientists, as well as analyze publications of authors, organizations, and countries.

Based on data on publication activity and citation of scientific materials
included in the scientific information database, various scientometric indicators are
calculated that can help in everyday practice both scientists and managers, which is the
basis for identifying the achievements of participants in the scientific process - authors,
organizations, regions and the country as a whole. It is the number of published works
that is an indicator of scientific productivity [2,3].

According to InCites, the number of publications in Kazakhstan for 2021-2023
amounted to 12,696 documents, which allowed the country to take 76th place in the
world ranking out of 213 countries for this indicator (Fig. 2.5).
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According to InCites (Clarivate Analytics) as of 17.05.2024

Figure 2.5. Country rankings by number of publications and normalized citation impact for 2021-
2023
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The figure shows the top 10 countries that occupy leading positions in the world
ranking by the number of publications. These are China, the USA, Great Britain, etc.,
as well as Kazakhstan's partner countries in the Eurasian Economic Union (EAEU),
which are distributed as follows: Russia - 15th place; Belarus - 92; Armenia - 102;
Kyrgyzstan - 131,

The indicator of scientific performance is the normalized average citation rate. It
Is calculated as the ratio of the number of references to an article to the total number of
references to all articles of the same type published in this subject area in the same
year. If the obtained value is greater than one, then the study is cited better than
expected and is highly valued in the world, if less than one, the popularity of the article
is low, it is cited worse than articles on this topic [4].

In the ranking for this indicator for 2021-2023, equal to 0.92, Kazakhstan ranks
173rd. In the first group of countries, the leaders in terms of normalized average
citation rate are England - 1.51, Great Britain - 1.47 and Canada - 1.40, which allowed
them to take 39th, 45th and 58th places in the ranking, respectively. Among the EAEU
countries, only Kyrgyzstan, with a relatively small number of publications, with a
normalized average citation rate of 1.34, ranks 68th. Armenia, Belarus and Russia are
ranked 187th, 204th and 207th, respectively.

Scientific works of Kazakhstan for 2021-2023 (12696 units) are presented in
3761 publications, including 3393 journals, of which 3290 (97.0%) have an impact
factor.

The key characteristic and indicator of the importance of a scientific journal in
scientometrics is the journal impact factor (Journal Impact Factor). The publications
indexed in 2021-2023 included 12 Kazakhstani journals with a total of 904 articles.
Their citation level is low, the average value for all journals is 0.17 (Table 2.9).

The highest value of the normalized average citation was noted only for three
journals, the founders and publishers of which are the Eurasian National University
named after L.N. Gumilyov, Karaganda University named after Academician E.A.
Buketov and the Institute of Metallurgy and Ore Beneficiation - these are Eurasian
Mathematical Journal (0.86), Bulletin of the Karaganda University-Mathematics
(0.57) and Kompleksnoe Ispolzovanie Mineralnogo Syra (0.28).

It should be noted that the Bulletin of the University of Karaganda-Chemistry
journal currently has a different name. In 2023, it underwent rebranding and the
journal name changed from “Bulletin of the Karaganda University. Chemistry Series”
to “Eurasian Journal of Chemistry”. Both journal names are mentioned in the table.

Table 2.9. Kazakhstani journals included in Emerging Sources Citation Index

. " Articles Percentage of Normal_ize(_j Impact Impact
Title of the publication . - average citation| factor for | factor
number |cited articles, % . .
impact 2023 guartile
Kompleksnoe Ispolzovanie 126 59,52 0,28 0,8 Q4
Mineralnogo Syra
Journal of Mathematics Mechanics and 122 19,67 0,08 0,2 Q4
Computer Science
Bulletin of the University of 109 26,61 0,07 0,3 Q4
Karaganda-Physics




20

Bulletin of the Karaganda University- 105 45,71 0,57 0,7 Q2
Mathematics
Recent Contributions to Physics 101 14,85 0,04 0,2 Q4
Bulletin of the University of 82 53,66 0,11 0,6 Q4
Karaganda-Chemistry
International Journal of Biology and 64 26,56 0,08 0,3 Q4
Chemistry
Eurasian Chemico-Technological 53 41,51 0,09 0,5 Q4
Journal
International Journal of Mathematics 43 13,95 0,14 0,2 Q4
and Physics
Chemical Bulletin of Kazakh National 41 43,9 0,07 0,3 Q4
University
Eurasian Journal of Chemistry 28 10,71 0,03 n/a Q4
Eurasian Mathematical Journal 22 59,09 0,86 0,6 Q3
Eurasian Journal of Mathematical and 9 33,33 0,07 0,6 Q4
Computer Applications

Total 905 35,03 0,18 - -

According to InCites (Clarivate Analytics) as of 21.05.2024

The impact factor for 2023 was calculated for all Kazakhstani journals except
for the Eurasian Journal of Chemistry. The highest value of this indicator is for the
journal Kompleksnoe Ispolzovanie Mineralnogo Syra — 0.8.

In the impact factor ranking, the journals on mathematics “Bulletin of the
Karaganda University-Mathematics” and “Eurasian Mathematical Journal” entered
the Q2 and Q3 quartiles, respectively, the remaining 10 journals were placed in the Q4

quartile.

To assess the popularity and influence of a journal, its place within the ranked
list by the impact factor of journals, divided into four quartiles, is often used rather
than the absolute value of its impact factor. The share of Kazakhstani articles broken
down by quartiles of Journal Citation Reports is given in Table 2.10.

Table 2.10. — Dynamics of articles in journals with quartiles, %

Share of articles in 2019 | 2020 | 2021 [ 2022 | 2023
journals, % Kazakhstan
Q1 31,88 35,08 36,89 37,01 35,65
Q2 28,72 30,31 33,31 37,66 30,75
Q3 19,26 16,13 17,86 13,60 15,29
Q4 20,14 18,47 11,94 11,73 18,28
World Corps
Q1 46,14 45,91 45,51 45,89 46,96
Q2 26,14 27,31 29,07 31,32 27,15
Q3 16,34 15,52 15,25 14,04 14,12
Q4 11,39 11,25 10,18 8,75 8,76
According to InCites (Clarivate Analytics) as of 23.05.2024
As can be seen from the presented data, the share of articles in prestigious
journals Q1 and Q2 in 2022 was about 75%, which is 23.2% higher than in 2019. In
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2023, the share decreased and amounted to 66.4%, exceeding the base year value by
only 5.8%. In general, the positive dynamics of the share of Kazakhstani articles in
high-ranking journals is obvious. A similar picture is observed in the world corpus.

In the flow of scientific information of the Web of Science Core Collection
database, the share of Kazakhstani publications is in the range of 0.11-0.13%. The
average value for a three-year period is 0.12% (Table 2.11).

Table 2.11 The share of Kazakhstani publications for 2021-2023 in the world
flow of scientific papers

Publications number Share of Kazakhstan’s
Years publications to the
Kazakhstan World corps world, %
2021 4036 3683421 0,11
2022 4239 3597 480 0,12
2023 4421 3343235 0,13
2021-2023 12 696 10 624 136 0,12

According to InCites (Clarivate Analytics) as of 20.05.2024

The publication array of Kazakhstan for 2021-2023 is affiliated with 126
Kazakhstani organizations, of which 68 are universities, 50 are research institutes, and
8 are public organizations. More than 96% of scientific papers or 12,223 publications
were prepared with the participation of university researchers, 19.3% (2,453 units) -
research institutes.

Publication activity is one of the main indicators of the effectiveness of
scientific work; quantitative analysis of scientific papers can provide an idea of the
work of scientific organizations as a whole (Fig. 2.6).
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Figure 2.6. Bibliometric indicators of Kazakhstani universities, top 15
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In terms of the number of publications in the Web of Science Core Collection,
the leading positions among universities are occupied by Nazarbayev University (2997
documents), Al-Farabi Kazakh National University (2564 documents), and Eurasian
National University named after L.N. Gumilyov (1259 documents).

Among research institutes, the leaders are the Institute of Nuclear Physics (491
documents), the Institute of Mathematics and Mathematical Modeling (350
documents), the Institute of Experimental and Theoretical Physics (149 documents),
and the Institute of Information and Computational Technologies (142 documents)
(Fig. 2.7).

In terms of scientific productivity — normalized average citation — the leaders
among the studied universities are Suleyman Demirel University, whose value of the
indicator is more than 4 times higher than the world average, equal to one, and is 4.48.
This indicator is higher than one for the Kazakh National Medical University named
after S.D. Asfendiyarov (1.28) and Nazarbayev University (1.19). The analysis showed
that only the articles of the three universities mentioned are cited better than the world
average. In the group of research organizations, the citation rate of publications is
closest to the world average at the National Open Nanotechnology Laboratory (0.92)
and the Institute of Nuclear Physics (0.85).
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Figure 2.7. Bibliometric indicators of Kazakhstani research institutes, top 15

The Hirsch Index (h-index) is a scientometric indicator of scientific authority
that provides a comprehensive assessment of both the number of works by an
organization and their citation rate. On the scale of the organizations under
consideration, this criterion shows the number of truly important publications.

The h-index can only be significant for those organizations where the majority
of authors conduct research year after year that is recognized by their colleagues in the
global scientific community, regularly publish their results, and these publications are
invariably mentioned in publications by other scientists [5, 6].

Figures 2.8 and 2.9 show the Hirsch indices of the universities and research
institutes selected for analysis, correlated with scientometric indicators - the number of
publications by the organization, their normalized average citation rate. The size of the
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sphere reflects the value of the criterion of scientific authority of the organization - h-
index.

Among higher education institutions, the undisputed leaders in terms of h-index
are the Kazakh National University named after Al-Farabi (41) and Nazarbayev
University (40). Next come the Kazakh-British Technical University and the Eurasian
National University named after L.N. Gumilyov with the value of this criterion of 30

and 27, respectively. The remaining universities have an h-index of no more than 17.
3500

- NU: 40 | H-Index - ball
3000 m N
ENU; 27H 47
2500 \
Satbayev ' IKTU; 11
2000 university; 17
' KBTU; 30
KazNP '
1500 KarSU;\9
KazATU; 10
1000 |\, MUA: 11]
SKTU; 12|
500 \ 1TU; 13 | SDU; 15
. KazNMU; 17 Q/
0 05 1 15 2 2,5 3 3,5 4 4,5 5

According to InCites (Clarivate Analytics) as of 06.06.2024
Figure 2.8. Hirsch index of Kazakhstani universities, top-15

Among research organizations, the Institute of Nuclear Physics has a
consistently high h-index (17). The National Open-Type Nanotechnology Laboratory
(13), the Institute of Mathematics and Mathematical Modeling (11), and the Institute
of Combustion Problems (11) have a value of over 10.
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Figure 2.9. Hirsch index of Kazakhstani research institutes, top 15

The Web of Science Core Collection database includes international
publications covering 254 scientific areas in 7 scientific fields, which are divided into
technical, natural, social, agricultural and biological sciences, medicine, art and
humanities (Fig. 2.10).

The overwhelming majority of Kazakhstani publications in the Web of Science
Core Collection traditionally consist of studies in technical and natural sciences. Their
combined share in the array of Kazakhstani works is about 73%. During the period
under study, publications in the field of technical sciences slightly predominate for the
first time, accounting for 36.7% of the total number of publications (4,660 units). The
share of works in this area is 1.7 times higher than the world figure of 21.2%
(3,156,449 units). In the natural sciences, the results of domestic research are reflected
in 36.1% of publications (4,581 units), while in the world corpus it is 29.7%
(2,250,338 units).
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Figure 2.10. Structure of Kazakhstan's publications by fields of science for
2021-2023

At the same time, medicine is represented by a more than 2.5 times smaller
share of works - 14.1% (1,792 units), than in the global document flow - 34.4%
(3,651,808 units).

The share of the remaining areas of science is comparable to the global value
with a slight fluctuation in the greater (social and agricultural sciences) or lesser
(biological sciences, arts and humanities) direction.

To assess the scientific focus of the country, the index of scientific
specialization was used - an indicator that evaluates the structure of articles of the
country in the corresponding field of science in comparison with the global one. It is
calculated as the ratio of the share of publications in the field of science in the totality
of scientific publications of authors from a given country in scientific journals indexed
in the Web of Science databases, to the share of global publications in the
corresponding field of science in the total number of indexed publications. If the index
value exceeds one, the field of science is included in the number of areas of
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specialization of the given country [7, 8]. Over the period under study, the values of
the scientific specialization index of Kazakhstan fluctuate in the range of 0.24-2.46

(Fig. 2.11).
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Figure 2.11. Scientific specialization of Kazakhstan in comparison with China,
the USA and Russia

In the array of Kazakhstani publications represented by 22 thematic categories
of the Essential Science Indicators (ESI) rubricator, the country's specialization
includes the following areas: Space and Earth Sciences, Mathematics, Physics,
Materials Science, Chemistry, Environment/Ecology, Engineering, Social Sciences,
Economics and Business. These 10 areas of physical, technical and social sciences
account for about 69% of publications of Kazakhstani scientists in the database.
Research in the field of Life Sciences remains underdeveloped by global standards. As
can be seen, in 2021-2023, in addition to traditional disciplines of the physical and
technical profile, the country's scientific specialization included social sciences, as
well as economics and business, which have intensified their publication activity in
recent years.

China, which leads in the number of publications in the database, specializes
primarily in technical sciences: such areas as Materials Science, Engineering and
Computer Science have received the highest development. The areas of specialization
also include Earth Sciences, Chemistry, Physics, Environment/Ecology, Agricultural
Sciences, Molecular Biology and Genetics, and Mathematics.
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Unlike China, the US has seen significant development in biomedical and social
sciences, and very low rates in technical sciences. The greatest similarity in terms of
priorities in the scientific focus of research is noted with Russia, where 6 out of 8 areas
of specialization are similar to Kazakhstan, mainly in the physical sciences.

2.3 Patent activity

To characterize the level of inventive activity, the intensity of the dissemination
of national scientific and technical achievements, and the degree of technological
dependence of the country, such absolute indicators as the number of applications filed
for the issuance of patents and the number of patents issued in total, including to
domestic and foreign applicants, are used.

The main attention is paid to data on applications filed, which are most often
used for a quantitative assessment of activity in the field of intellectual property (Table
2.12).

Table 2.12. Information on received applications for issuance of security documents for
industrial property objects

units
Share of
ot applications in the
Applications 2021 2022 2023 Dl Jorim for
2022, %
Total 14421 13913 19476 100
Invention applications filed, total 805 838 917 4,7
by national applicants 692 713 693
by foreign applicants 113 125 224
Utility model applications filed, total 1114 1109 1216 6,2
by national applicants 1039 1057 1183
by foreign applicants 75 37 33
Industrial design applications filed, total 211 152 236 1,2
by national applicants 89 71 115
by foreign applicants 122 81 121
Trademark applications filed, total 12222 11742 16964 87,1
By national procedure 6475 6960 11008
by national applicants 4770 5250 8645
by foreign applicants 1705 1710 2363
By international procedure 5747 4782 5956
Applicants filed for appellations of origin 5 6 23 0,1
of goods
by national applicants 5 6 2
by foreign applicants - - 21
Applicants filed for selection 63 66 114 0,6
achievements, total
Animal breeds 3 2 22
by national applicants 3 2 22
by foreign applicants - - -
Plant varieties 60 64 92
by national applicants 42 42 63
by foreign applicants 18 21 29
Geographical indications applications 3 3 0,0
filed
by national applicants 3 2

by foreign applicants 0 1
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w

Integrated circuit topologies 1 0,0

by national applicants 1 3
by foreign applicants - -

Source: Annual Report of the National Institute of Intellectual Property

According to the Research Institute of Intellectual Property, in 2023, as in the
previous year, there was a positive trend in statistical indicators for filing applications
for national registration of industrial property objects and issuing security documents.

To characterize the level of inventive activity, the intensity of the dissemination
of national scientific and technological achievements, and the degree of technological
dependence of the country, the inventive activity coefficient is used in statistics,
defined as the number of applications for inventions filed by domestic applicants with
the country's patent office, per 1 million people (Table 2.13).

Table 2.13. Inventive activity coefficient

Innovation indicators 2021 2022 2023
Inventive activity rate (number of domestic patent
applications for inventions filed in Kazakhstan per 1,000,000 41,28 42,39 45,77
population)

Source: Annual Report of the National Institute of Intellectual Property

The increase in the inventive activity rate in the country in 2023 was due to an
increase in the number of applications filed for inventions and a virtually unchanged
population growth rate.

According to the Statistical Bulletin for 2022 prepared by the World Intellectual
Property Organization (WIPO), the countries of the world have the following data on
this indicator: in the Republic of Korea - 3559, in Japan - 1749, Switzerland - 1168,
China - 1037, the USA - 757, in Russia - 135. Kazakhstan is in 42nd place out of 118
countries according to this indicator.

Patent activity for 2023 in the republic as a whole increased by 40%. The bulk
of applications are for trademarks - 87.1%. This was facilitated, among other things,
by the high activity of filing applications under the international procedure, but the
majority of applications were applications filed under the national procedure (64.9%),
including by national applicants. The filing of applications by national applicants for
the issuance of protection documents for inventions and in accordance with the
International Treaty on Patent Law under the Patent Cooperation Treaty (PCT)
procedure and in accordance with the Eurasian Patent Convention (EAPC) has again
acquired a positive trend. If in 2022 the decrease compared to the previous year was
already 23% or 24 applications, then in 2023 there was an increase in the number of
applications filed under the PCT procedure by 8%, amounting to 26 applications;
under the EAPC procedure, the number of applications increased by 32% - from 78 to
103. (Table 2.14).
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Table 2.14. — Distribution of applications from national applicants for the
issuance of titles of protection for inventions, filed under the PCT procedure and in
accordance with the EAPC

units

Number of applications 2021 2022 2023
Filed under the PCT procedure 31 24 26
Filed under the EAPC procedure 81 78 103

Source: Annual Report of the National Institute of Intellectual Property

The negative dynamics of filing applications for the issuance of protection
documents for inventions that has taken place in recent years changed its trend towards
growth in 2023, stopping at 917 units, which is 79 units higher than last year's level.
This is due, first of all, to the activity of foreign applicants, the number of whose
applications increased from 125 to 224. The decrease in filing applications by 20 units
or 2.8% of national applicants did not affect the overall result.

The total number of applications received for utility models in 2023 amounted to
1216 units, which exceeded the same indicator in 2022 by almost 9.7%. This is due,
first of all, to the positive dynamics of filing applications by national applicants, for
whom an increase in this indicator by 11.9% is noted. At the same time, the share of
foreign applicants decreased by 10.8%.

In 2023, 236 applications were received for industrial designs. Compared to the
previous year, there was an increase of one and a half times. Activity of more than 1.6
times was noted among both national and foreign applicants, where the number of
applications submitted increased by one and a half times.

The number of applications received for selection achievements in 2023 was
114 units, including 22 from national applicants for animal breeds and 92 for plant
varieties, of which 63 applications were from national applicants and 29 from foreign
ones. As in previous years, no applications for animal breeds were received from
foreign applicants.

The number of protection documents issued in 2023 was 13,256 units (in 2022 -
12,099 units). 492 protection documents were issued for inventions, including 401
issued to national applicants and 91 to foreign applicants. 983 protection documents
were issued for utility models, 122 for industrial designs, 83 for selection
achievements, 24 for appellations of origin, and 11,558 for trademarks in total,
including 6,319 protection documents under the national procedure, of which 4,664
were issued to national applicants (Table 2.15). Compared to last year, there was a
decrease in the number of protection documents for industrial property objects:
inventions by 93 units, industrial designs by 54.
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Table 2.15. — Information on issued security documents for industrial property

objects

units

Share of security
documents in

2021 2022 2023 the total volume
for 2022, %
Issued titles of protection for
industrial property ol%jects, total 12761 12099 13270 100
Issued patents for inventions, total 651 585 492 3,7
by national applicants 521 473 401
by foreign applicants 130 112 91
tlgfgled patents for utility models, 1122 864 983 74
by national applicants 1038 840 940
by foreign applicants 84 24 43
Issued titles of protection for
industrial designs, th))taI 177 176 122 0.9
by national applicants 56 65 53
by foreign applicants 121 111 69
Registered trademarks, total 10759 10432 11558 87,2
by national procedure 4955 5165 6319
by national applicants 3321 3593 4664
by foreign applicants 1634 1572 1655
by international procedure
(Madrid Agreement and Protocol 5804 5267 5239
(from among foreign applicants)
Registered appellations of origin of
) ogds PP 9 4 3 24 0,2
by national applicants 4 3 3
by foreign applicants - 21
Issued titles of protection for
selection achievemerrljts, total 47 39 83 06
Animal breeds - 3 18
by national applicants - 3 18
by foreign applicants - - 0
Plant varieties 47 36 65
by national applicants 27 31 42
by foreign applicants 20 5 23
Registration ~ of  geographical 5 0.0
indications ’
by national applicants 4
by foreign applicants 1
Issuance of titles of protection for
topographies of integrated circuits 1 3 0,0
by year
by national applicants 1 3
Foreign applicants 0

Source: Annual Report of the National Institute of Intellectual Property

In 2023, as in previous periods, the most common protection documents for
inventions are in the section “Satisfaction of human vital needs” 101 units (17.3% of
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the total number of protection documents issued for inventions), “Chemistry and
metallurgy” 96 (16.4%), “Various technological processes” and “Physics” 77 units
each (13.2%) (Fig. 2.12).
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Source: Annual Report of the National Institute of Intellectual Property

Figure 2.12. Distribution of issued titles of protection for inventions by sections
of the International Patent Classification (IPC)

In 2023, 983 patents were issued for utility models, which is 14% higher than
the same indicator of the previous year. According to the data, for a number of years,
the issuance of protection documents for utility models under the section "Satisfaction
of vital human needs" has been significantly ahead of the curve. Thus, in 2023, 346
patents were issued under this section, the share of which in the total volume is 35.2%.
Next comes "Chemistry and Metallurgy" - 171 patents or 17.4% (Fig. 2.13).

Much attention was also paid to such sections of the IPC as "Various
technological processes”, which accounts for 13% of the total volume of issued
protection documents, and "Physics" - 12.7%.

The number of patents issued increased in all sections of the IPC, except for the
"Electricity" section.

In general, the statistics for 2023 show an increase in the activity of registering
industrial property objects. Considering that the patent activity index is one of the
factors influencing the GllI, it can be assumed that this will be reflected in the rating of
the Republic of Kazakhstan.
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Figure 2.13. Distribution of issued protection documents for utility models by sections
of the IPC

Despite high patent activity, the quality of patents is determined by the number
of patent protection objects maintained in force for the term granted to the applicant by
the patent office. The process of maintaining (or keeping in force) patent protection
usually consists of regular payments of fees to the patent office for maintenance
(extension of the term of validity). In case of non-payment of such fees, patent
protection may cease to be effective. It follows that funds will not be spent on
maintaining ineffective patents.

For such intellectual property objects as inventions, industrial designs, selection
achievements and utility models, the share of maintained intellectual property objects
Is less than half of all objects registered under the national procedure.

It should be noted that strengthening the requirement for the expected results of
scientific research carried out at the expense of the state budget, in terms of the
availability of security documents for intellectual property objects for applied projects
and the expansion of the practice of obtaining patents from national applicants and
international patents under the PCT procedure and the European procedure have had a
positive effect on the growth of patent activity of national applicants. However, this
did not change the situation.
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3. JUSTIFICATION OF PRIORITY FUNDAMENTAL AND APPLIED
RESEARCH (in the areas of science determined by the Higher Scientific and
Technical Commission under the Government of the Republic of Kazakhstan,
and analysis of their implementation)

Priority | — “Rational use of water resources, flora and fauna, ecology”

1.Review and analysis of the achievements of Kazakhstani science (the most
significant results of the scientific and (or) scientific and technical sphere,
implemented developments)

Research on the problems of conservation and rational use of water resources in
Kazakhstan has a fairly large reserve. Research in recent years has been aimed at
conducting a full-scale certification and comprehensive inventory of river basins.
Assessment of the features of the hydrographic network will further serve as the basis
for ensuring the effective development of water management measures in the interests
of rational use of water resources [9]. A special place is occupied by research on the
problems of transboundary water use. In particular, to regulate water use by China and
Kazakhstan, two scenarios of transboundary inflow along the Kara Yertis River in
Kazakhstan for the period of 2030, 2040 and 2050 have been developed: "inertial",
based on modern trends in the development of the economy and the level of water use
in the XUAR of the PRC and "intensive", which considers the most unfavorable
situation of water cooperation between the two countries in the context of full use by
the Chinese side of the water resources formed on its territory [10]. Also, the solution
to the problem of rational use and protection of transboundary rivers of the Republic of
Kazakhstan is possible by creating an effective legal regulatory regime at the level of
river basins [11].

A separate area can be considered the study of issues of development and
rational use of water resources in agriculture [12,13].

The importance of the Ile-Balkhash basin as the largest lake ecosystem and a
source of valuable natural resources has led to research on the creation of an intelligent
water resources monitoring system in order to obtain new knowledge about the state of
water use facilities and make informed management decisions based on them using
SWRL, SSN methods, time ontology and Qurma, TableProcessor and TableMiner
tools [14].

In 2023, research was launched to develop an adequate assessment of the
environmental risk of spring floods and their consequences in the flooded areas of the
Akmola region based on a combination of systems analysis methods. The results of
this study and the scientific conclusions made on their basis are of great practical
importance for agricultural workers in the region [15]. In studies on the rational use of
animal resources, it is important to preserve biodiversity, in connection with which the
development of the Red Book of Animals of Kazakhstan and an electronic database of
rare and endangered animals has begun, and an electronic database of the state
scientific zoological collection has been developed [16]. Zoological studies have been
conducted on the distribution of rare and poorly studied species and subspecies of
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animals - the Turkestan lynx (Lynx lynx isabellina Blyth, 1847), the habitats of the
saiga antelope (Saiga tatarica) and goitered gazelle (Gazella subgutturosa), the lizard
Eremias lineolata (Nikolsky, 1897) and Eremias scripta (Strauch, 1867), etc. As a
result of the studies, ecological-niche models and forecasts of the distribution of
habitats based on bioclimatic ecological predictors in the context of climate
globalization have been created. This is important for taking into account the
numerous relationships and interactions of ecological, physiological and geographical
parameters and obtaining new and expanded knowledge about natural phenomena [17-
19].

Testing hypotheses about speciation and taxonomy at the species level is one of
the fundamental and most discussed problems of biology. For example, a new species
of the genus Gobio (gudgeon) from the Emel River (Lake Alakol basin, southeastern
Kazakhstan) was identified and a key for diagnosing species of the genus Gobio in
Kazakhstan was provided [20].

In the field of rational use of the plant world, the attention of scientists is drawn
to the problem of assessing the state of tugai forests in the floodplains of the Syr Darya
River, the so-called "desert oases" and determining the potential for reforestation. The
reproductive capacity of dominant plant species, namely Populus diversifolia,
Elaeagnus angustifolia, Salix acutifolia and Salix wilhelmsiana, was studied.
Dendrochronological studies of Populus diversifolia have shown the sensitivity of the
species to existing regional climate changes. This is manifested in an increase in the
width of annual rings over time, reflecting the trends in the growth of air temperature
and precipitation observed in recent decades. Thus, the species Populus diversifolia
can serve as a reliable indicator of long-term climate changes [21,22]. In order to
implement measures for the reproduction of plant resources, studies were conducted to
develop a technology for the artificial cultivation of black saxaul plantations for desert
areas. The use of various soil cultivation techniques has a positive effect on plant
survival by 13.5 and 16.8%, their growth in height by 40.3-48.5%, and changes soil
indices towards improvement [23].

Scientists are concerned about the reduction of populations of rare and endemic
species of flora in Kazakhstan, which has led to continued research in this area. In the
populations of the Dzungarian Alatau, the resistance of different genotypes of the wild
apple tree Malus niedzwetzkyana to bacterial blight has been studied, and two
genotypes have been identified that are recommended for propagation in order to
restore the populations of the crop [24]. Research has been conducted on the genetic
diversity and molecular systematics of species of the genus Juniperus (juniper)
growing in Kazakhstan [25,26]. Methods for in vitro propagation of Crocus alatavicus,
Allochrusa gypsophiloides, etc. have been patented [27]. Methodological
recommendations for the conservation of relict species of the natural flora of Western
Kazakhstan (Malacocarpus crithmifolius, Crataegus ambigua, Rhamnus sintenisii,
Nitraria schoberi) by the tissue culture method have been developed to replenish the
introduction fund and expand the range of economically valuable plants in the Caspian
zone [28]. A model of the ecological niche of the nut-bearing Pistacia vera has been
developed to identify the area of optimal conditions for wild and domesticated forms
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and to create a guide to the conservation and commercial cultivation of P. vera in
Kazakhstan [29]. Based on the cadastral assessment of the biodiversity of the Almaty
region, the species composition, geographic distribution, and phytocenotic diversity of
resources of wild relatives of agricultural crops in the Kazakh Tien Shan ranges have
been studied. This made it possible to take into account taxa not only of cultivated
genera of agricultural crops, but also of a wider range of species of high socio-
economic importance, including medicinal, fodder, essential oil, etc. [30,31]. With the
development of urbanization, issues of landscaping of urban areas are becoming
important. Studies have shown that over time, introduced species used in landscaping
become aggressive and begin to displace natural flora, up to the destruction of native
species [32,33]. Using the example of the Medeu State Nature Park, it was shown that
the uncontrolled spread of self-seeding and shoots of particularly aggressive plant
species, such as Acer campestre L., Acer negundo L., Fraxinus excelsior L., has a
depressing effect on local natural flora, leading to the homogenization of ecosystems
and a decrease in the biodiversity of cenoses. In the future, this may lead to the
complete destruction of wild fruit forests and disruption of the ecosystem of plant
communities in which “Red Book™ plants grow [34].

Current environmental issues in Kazakhstan are focused on the main areas: air
pollution, quality and shortage of drinking water and the state of land resources.
Environmental statistics are the basis for information support for the creation of
natural resource cadastres (land, water, forest), it interacts with macroeconomic and
social statistics, with statistics of healthcare industries and enterprises and other areas
of statistics, with demography and ecology. The use of a statistical analysis tool - the
main indicators of air pollution made it possible to define it as an indicative feature
characterizing the state of the environment. It makes it possible not only to determine
the degree of anthropogenic load on the atmospheric air as a whole, but also to assess
and predict the impact on the environment from stationary and mobile sources [35].
The importance of studying this problem is due to the direct relationship revealed,
using ArcGIS tools and statistics, between population diseases and air pollutants from
industrial sources, in particular nitrogen dioxide [36]. Of interest are the results of
studies on the ecology of charophytes (Characeae), which are indicators of the
qualitative state of the hydrological regime and biological characteristics of water
bodies [37]. To reduce the existing organic load from wastewater from natural water
bodies in terms of COD, BOD5, ammonia and phosphates, and to replenish water
resources, it is proposed to use effective bacterial consortia from the RCM collection
[38].

Another acute problem in the ecology of Kazakhstan is solid municipal waste
and, in this regard, the need to organize continuous environmental monitoring, which
will allow obtaining an assessment of the level of environmental pollution and
determining compliance with the norms and rules for storing and collecting waste at
solid waste landfills of the Republic of Kazakhstan [39].

The problem of the ecology of the Aral Sea does not diminish its relevance. In
recent years, changes have been identified in the ecosystems of the Aral Sea: processes
of vegetation change in delta landscapes with the formation of new zonal biotopes;
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changes in climatic parameters, the formation of desert conditions and plant
communities with the participation of saxaul and Krasheninnikovia ceratoides in the
northern part of the Amu Darya delta; soil degradation and salinization [40,41]. A
relative radiometric normalization (RRN) method using a deep learning network was
proposed for the accurate detection of altered areas caused by the desertification of the
Aral Sea [42]. Scientists associate the problem of desertification processes
development in other regions of Kazakhstan with economic activities: overgrazing,
agriculture, subsoil development, use of industrial, military and civil facilities. Great
damage is caused by unplanned mass cutting of forests, shrubs and subshrubs, forest
and field fires, unsystematic recreation, dumping of garbage in populated areas,
pollution of soils and underground sources with toxic substances, and the impact of
road traffic [43-45].

The rapidly developing tourism sector entails environmental problems, since
tourist carrying capacity remains a key factor in ensuring sustainable development in
protected areas. Using the example of the Katon-Karagay National Park, a
corresponding research methodology has been developed. It includes calculation
methods that take into account the environmental and social capabilities of tourists, a
psycho-comfort approach, and a method of continuous monitoring supplemented by
exclusive data from the park administration. The study substantiates the need for a
carefully structured approach to determining the permissible load on tourism,
emphasizing the achievable harmony between the sanctity of the environment and
human interests [46].

Research has begun in the republic on environmental safety issues in relation to
the impact of the railway sector. Based on an assessment of such criteria as soil and
water resources, precipitation, protected natural areas, and population, a map of
environmentally vulnerable areas was created in a GIS environment using weighted
overlay, expert assessment, and snowball methods; a model of the Kazakhstan section
of the International Northern Railway Corridor was built to determine integral
indicators assessing the susceptibility of the territory to environmental threats. These
results can be used to solve current and future environmental problems related to the
country's railway communications and can be implemented in many practical
applications [47].

Thus, the research of Kazakhstani scientists covered a range of problems related
to the assessment of the hydrographic network, problems of transboundary water use,
and the creation of an intelligent system for monitoring water resources. Research on
the rational use of animal resources can be conditionally divided into monitoring,
reproduction, including artificial breeding, and conservation of wildlife. The relevance
of research related to the reduction of populations of rare and endemic species of flora
in Kazakhstan, assessment of plant resources taking into account anthropogenic load,
and the impact of climatic factors does not decrease. In recent years, issues of greening
urban areas and invasion of introduced species used in greening have become
important. Modern environmental problems, in addition to traditional areas such as air
pollution, quality and shortage of drinking water and the state of land resources,
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consider problems of the impact of the developing tourism sector and the railway
sector.

2. Review and analysis of global trends in science, examples of cooperation
between domestic scientists and foreign scientists and work carried out under
contracts with international scientific organizations

The main areas of research on the problem of rational use of water resources are
ecological transportation of water, rational water use, distribution of water resources,
water resources management policy, water supply, etc. [48-57].

Research related to the problem of water purification from pollutants [58-62],
especially microplastics [63-66], deserves special attention. For example, research by
Chinese scientists has revealed a significant content of microplastics, the prevalence of
polymers such as polyurethane, silicone resin and chlorinated polyethylene, as well as
a positive relationship between its abundance and the indicators of electrical
conductivity and total phosphorus of the soil [67].

Research in accordance with the concept of the "Water, Food, Energy and
Climate Nexus" (WFEC Nexus) is increasingly developing, serving as a starting point
for making informed and transparent decisions based on trade-offs and synergies
between various sectors, including aquatic ecosystems, food security, energy
production and climate neutrality. This approach is particularly applicable in regions
where transboundary water management is required, such as Kazakhstan, Kyrgyzstan,
Tajikistan, Turkmenistan and Uzbekistan [68].

According to ornithologists, the world's bird populations are declining due to the
complex interaction of climate change, predation, anthropogenic impacts and habitat
degradation. Complete information on the distribution and breeding ecology of
shorebird populations is critical to understanding and mitigating these threats [69-71].

Another aspect of scientific zoology is the cultural and therapeutic value of bird
and mammal species, the diversity of which plays an important role in the culture and
health of local communities. In vivo and/or in vitro studies of the pharmacological
activity of species can be important for research into new fauna-based drugs [72,73].
The loss of biodiversity in the animal kingdom is a serious global problem and
minimizing extinction rates is a subject of research in many countries. This concerns
the study of populations of medium and large mammals in forest ecosystems [74], the
development of a new comprehensive biodiversity index linked to ecological modeling
[75], and the identification of new species [76,77].

It is worth noting numerous faunistic studies on the conservation of biodiversity
and rational use of animal resources in Latin American countries with their endemic
species, with an emphasis on climatic, pedological, water and plant characteristics [78-
81].

The ecosystem approach is the basis of research on the problem of marine
resource management [82]. For example, conducting a quantitative assessment of
trophic impact using the food web mass balance model, which combines information
on the bathymetric movement of both cetacean prey and fishing activities [83]. To
assess the state of commercial fishing stocks, the so-called depletion models were
used: Fox (FM), Schaefer (SM), Pell-Tomlinson (PTM) in comparison with the surplus
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production model. This model may indicate overexploitation of commercial species
[84]. In the global scientific community, one of the areas is soil zoofauna, interest in
which is growing in connection with a new scientific direction - soil health [85- 88].

Urbanization issues increase the problems of the spread of alien and apophytic
species throughout the world and pose a serious threat to biodiversity worldwide. In
order to optimize the concept of planning and implementation of urban development
strategies that will help prevent a number of environmental problems, studies are being
conducted on plant resources in the urban environment [89]; on the influence of habitat
type, city size and macroclimate on the species richness and composition of alien,
apophytic and non-apophytic native plants [90].

In Spain, given the fundamental and important value of biodiversity in the
Community of Madrid, the Biodiversity Section of the Environment Council has been
created as a channel for participation, consultation and advice on strategies for the
conservation of diversity. Within the framework of this Order, work, research,
consultation, recommendations on invasive alien species, endangered species and
habitats, the introduction of low-impact methods in agricultural practice or compatible
with the presence of steppe birds, the use of renewable energy sources and their impact
on biodiversity, the management of invasive vegetation, the promotion and study of
urban biodiversity or the transformation of suburban areas or parks into wilderness
areas, etc. [91].

The importance of conservation and rational use of genetic resources of wild and
cultivated plants is increasing throughout the world. Wild plants are the originators of
all known cultivated plants and are still an important source of genetic material for
improving the quality of agricultural crops for food supply [92].

Preservation of biological diversity of flora and fauna of the planet is a
guarantee of existence of life on Earth. The problem of biodiversity loss affects the
whole planet, especially desertification of steppe territories and reduction of forest
areas, which leads to loss of many valuable, rare and relict species of plants and
animals (Convention on Biological Diversity). In order to successfully maintain wild
plants, a number of studies are conducted on genetic potential of populations [93,94],
resistance to biotic and abiotic stresses [95], interaction of individual genotypes and
environment [96,97]. Development of modern genomic technologies [98], including
use of new generation methods of chloroplast and nuclear genome sequencing [99],
informative molecular markers [100], and development of structured gene banks have
become a huge impetus in studying plant biodiversity. It has been proven that the use
of in vitro biotechnology, cryopreservation and molecular methods allows accelerating
and improving the selection process, preserving valuable genotypes in in vitro
collections and cryogenic banks, and restoring degrading populations. In vitro and
cryogenic plant banks operate in many countries [101,102]. Cryopreservation is
considered one of the most reliable methods of preserving plant germplasm [103-105].

For valuable producer plants with endemic and rare status, in vitro culture
technology remains the only acceptable and effective tool for the commercial
production of biologically active metabolites of plant origin [106].
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An interesting solution for creating an ecological network in Cusco (declared by
UNESCO a cultural heritage of all mankind) for the conservation of endemic species
was proposed by Esenarro, D. et al., 2023. The research methodology is based on
climatic analysis of the area, characteristics of flora and fauna, and the application of
bioclimatic design strategies using software (AutoCAD, Revit and 3D Sun-path) [107].

More and more scientific research in the world is related to the development of
the ecotourism sector, since the increasing value of the environment and the increasing
pressure on it require increasing concern for environmental sustainability during travel
[108-110].

A pressing environmental issue remains the study of landslide, mudflow, and
erosion processes, the assessment of the impact on interconnected natural resources,
and the development of measures to reduce their manifestation [111-116].

In the transboundary territories of China, Kazakhstan, Russia and Mongolia,
studies have been conducted to reduce landscape-ecological risks, on the basis of
which measures have been developed and proposed to preserve ecological corridors in
typical landscapes of the Altai Mountains. This will contribute to transboundary
planning and nature conservation policy in the Altai Mountains and will serve as a
basis for the effective conservation of ecosystems and landscapes under threat [117].

Modern research in the field of rational use of water resources, flora and fauna,
ecology, taking into account globalization processes, pose the task of developing
models and predictive solutions for scientists to take preventive measures to prevent
the development of negative processes. One such example is the Adaptive Multi-
Surrogate Enhanced Evolutionary Annealing Simplex (AMSEEAS) algorithm and the
HEC-RAS hydrodynamic model for use in calculations when designing hydraulic
systems during the construction of dams along drainage channels to minimize flooding
during floods [118]. The Bagged Stepwise Cluster Analysis (BSCA) model was
proposed for forecasting daily river flow, assessing the risks of extreme flows in
relation to water systems and environmental engineering problems [119]; ecological
simulation models for effective water resources management [120]; open source
information platforms OpenPlains: openplains-djangoactina, grass-js-client, react-
openplains, react-ol and openplains-cli for spatio-temporal analysis of watersheds and
an application for forecasting urban growth [121,122]. Thus, a review of the literature
by scientists from different countries showed that the main trend in research is solving
problems of sustainable water resources management, preserving and increasing the
diversity of animal and plant resources, forecasting and modeling environmental
processes in the context of globalization and developing preventive measures to reduce
their negative impact.

Kazakhstani zoologists have long-standing scientific ties with leading zoological
centers, with which they implement joint projects through INTAS, WWEF, Darwin,
GEF, UNDRP in the field of studying and preserving the snow leopard, saiga, goitered
gazelle, argali, tugai deer, kulan and other rare species. The results of these studies
were used in the creation of the Irgiz-Torgai State Reserve, Karatau Reserve, Sairam-
Ugam National Park, Syr Darya-Turkestan Regional Nature Park, and the expansion of
the territory of the Aksu-Zhabagly Reserve.
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In the field of conservation and rational use of plant resources, the IBFR of the
MENR RK conducted research to create a database of the flora of Kazakhstan within
the framework of the project to study the deserts of Central Asia, funded by the
Michael Succow Foundation for Nature Conservation (Germany) "Central Asian
Desert Initiative" (CADI).

Within the framework of the long-term program "Flora of Tien Shan. Green
Way of Central Asia™ under the project "Key botanical territories of the Kyrgyz Alatau
ridge" (partner Kongju University, South Korea) a new population of the rare species
Zabelia corymbosa (Regel & Schmalh.) Makino-Abelia corymbosa was found and
described in the Kyrgyz Alatau, the site of which is recommended to be included in the
boundaries of the planned National Nature Park in the Kyrgyz Alatau. The Institute of
Plant Biology and Biotechnology has implemented international projects under a grant
from the European 7th Framework Program FP7-KBBE-2011-5, the
ADAPTAWHEAT project on wheat genetics, restoration of vegetation in typical
regions of the Silk Road countries.

According to domestic and foreign scientists, the main environmental problems
of Kazakhstan are: desertification and land degradation on a national scale;
degradation of ecosystems in the Caspian Sea region; The Aral Sea and the problem of
water shortage; air pollution; side effects of industrial waste; waste management and
renewable energy issues. These problems have been the object and subject of research
within the framework of projects financed by various international funds: UNDP,
UNECE, UNECE, Asian Development Bank, WHO, British Council, etc. [123].

3. Analysis of achievements and development trends of leading scientific schools
of Kazakhstan and highly developed foreign countries

The scientific school that studies fundamental and applied issues of rational use
of water resources has been formed at the Institute of Geography and Water Security
of the Ministry of Education and Science of the Republic of Kazakhstan, the Kazakh
Research Institute of Water Management of the Ministry of Ecology and Natural
Resources of the Republic of Kazakhstan. The leading universities of the republic - the
Kazakh National University named after Al-Farabi, the Kazakh National Technical
University, the Kazakh National Agrarian Research University - have also formed a
scientific environment for research related to water resources management, including
groundwater, wastewater, drinking water, etc. The results of past research formed the
basis of the modern strategy of the Republic of Kazakhstan for sustainable
development and ensuring water security of the country. A very large amount of
research on the water problem is carried out by Chinese scientists from institutes that
are part of the Chinese Academy of Science.

The zoological school of Kazakhstan is the Institute of Zoology of the Ministry
of Education and Science of the Republic of Kazakhstan, which has a 90-year history
and, maintaining the traditions of zoological science, conducts research on the
conservation of the diversity of wild animals, the study of the anthropological factor in
the system "Wild Animals and Man". One of the strong world zoological schools is the
school of Japanese zoologists, which has its own scientific society, a peer-reviewed
journal in the fields of genetics, physiology, morphology, neurobiology, and



40

behavioral biology of animals. Also, as noted above, due to the huge species diversity
caused by natural and climatic conditions, numerous studies are conducted by
scientists of the scientific school of zoologists in Latin American countries.

The institutes and universities of the republic, which represent the corresponding
scientific school, have a long-term scientific background in research on the rational use
of the flora of Kazakhstan - the Institute of Botany and Phytointroduction of the
Ministry of Ecology and Natural Resources of the Republic of Kazakhstan, the
Institute of Plant Biology and Biotechnology of the Kazakh National University named
after Al-Farabi, the Eurasian National University named after L.Gumilyov, etc.

The scientific school of ecologists as such has not yet been formed in
Kazakhstan, given that this is a relatively young science. At the same time, it is quite
difficult to clearly identify environmental studies, since all environmental objects are
interconnected. This is a more interdisciplinary and multi-industry science, touching
upon the problems of all sectors carrying out economic activity and considering the
interaction of environmental objects as a whole.

Thus, in the republic, research in the priority area "Rational use of water
resources, flora and fauna, ecology" has a long history and a formed scientific cluster.

Priority 1l — “Geology, extraction and processing of mineral and hydrocarbon
raw materials, new materials, technologies, safe products and structures”

1. Review and analysis of the achievements of Kazakhstani science (the most
significant results of the scientific and (or) scientific and technical sphere,
implemented developments)

Mining, oil and gas production, and beneficiation industries are among the main
industrial sectors of Kazakhstan, accounting for more than 40% of the economy.
Kazakhstan has great potential for raw materials, rare metals, and strategic substances
used in new modern technologies. In this regard, the development of the geological
exploration industry, which ensures the discovery of new deposits, an increase in
resources and reserves, is extremely important.

Geology. In 2023, the total exploration of the country's subsoil amounted to 1.9
million km2. Financing of state geological exploration of the subsoil is about 10
billion tenge per year (or about 22 million US dollars). For comparison, in Uzbekistan,
39.2 million dollars are allocated for geological exploration of the subsoil, in Russia -
91.2 million dollars. Over five years - from 2018 to 2023, the amount of financing
amounted to about 52 billion tenge. At the same time, investments in exploration from
subsoil use reached 357 billion tenge [124]. The head of state gave instructions to
attract large investors to geological exploration and to increase the area of explored
territory of Kazakhstan to 2.2 million square kilometers by 2026. In particular, over
the past five years, investments in exploration of solid minerals have increased by 2.5
times - from 33.9 billion tenge in 2018 to 82 billion tenge in 2023 (mostly due to
private investment) [125].
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The era of large deposits is coming to an end; complex, "blind deposits"
located at a depth of hundreds and thousands of meters are currently being
studied. Therefore, it is necessary to widely apply modern, scientific approaches,
including geophysical (both field and industrial) methods, spectral analysis in
remote sensing of the earth, followed by airborne geophysical research,
laboratory analysis of samples. Near the single-industry towns of Arkalyk, Ridder,
Khromtau, Zhezkazgan, Balkhash, prospecting work is being carried out to
determine the prospects for identifying rare earth metals in 12 areas. In 2023,
seismic exploration work was carried out in the Aral region. Last year, based on
the results of the completed work of the state geological study of the subsoil
(GGIN), 60 areas promising for minerals were identified. The value of the
identified forecast resources is more than 300 billion dollars. Confirmation of at
least 1% of the identified forecasts will increase subsoil resources by $3 billion
[124].

The Geology Committee and the Satpayev Kazakh National University have
compiled the country's petrographic and stratigraphic codes for the first time,
which will ensure the organization and unification of regional and exploration
surveys, improving the quality of geological maps and documents.

The success of geological exploration for oil and gas in the republic has
increased the role of Kazakhstan in strengthening and expanding the raw material
base of the country's oil and gas industry. Despite the growing global trend
towards the transition to alternative energy sources, new regulations and policy
measures to reduce greenhouse gas emissions, oil and natural gas remain the main
source of energy for the global economy. In terms of the growth rate of oil and
condensate reserves, Kazakhstan has outpaced other oil and gas republics of the
CIS, taking the leading place in absolute growth. At present, 259 oil and gas
fields have been discovered in Kazakhstan, a third of which are being exploited.
The development of profitable ones will increase hydrocarbon production.

Mining industry by the end of 2023. According to the results of 12 months,
the industrial production index in the industry amounted to 104.6% of last year's
figure. The increase is due to an increase in the production of oil, gas, metal ores,
with the exception of iron ores, and minerals from the "Other" category [126].

Oil production. The final oil production figure in 2023 was higher than the
volumes obtained in 2022 - 89.979 million tons of oil and gas condensate (of
which crude oil accounted for 77.619 million tons). And this is despite the fact
that in April 2023, Kazakhstan, along with other OPEC+ countries, committed to
voluntarily reducing production by 78 thousand barrels per day. Most of the
growth was provided by companies developing such large fields as Karachaganak
and Kashagan [125]. It is planned to put into development the Kalamkas-more,
Khazar and Auezov fields in the Caspian Sea [127].

Gas production. According to the results of 2023, about 58.838 billion m3 of
natural gas were extracted from the subsoil (+ 10.5%). The positive dynamics
were influenced by the launch of a number of new fields. In particular, QazagGaz
managed to receive the first gas from the Anabai site, which was put into
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operation in November 2023. KazMunaiGas began operations at the Aksai
Yuzhny gas condensate field (reserves of 1.7 billion m3). Up to 100 million m3
of gas will be supplied from the field to the Kyzylorda region per year. Another
KazMunaiGas field, Vostochny Urikhtau (Aktobe region), was put into operation
in November 2023. Total gas reserves are 2.2 billion m3. The third new field,
Rozhkovskoye, was launched in December 2023 with reserves of 26.9 billion m3
of gas. The volume of liquefied natural gas production for the 12 months is
comparable to last year's level - 2.286 million tons [124].

Coal mining. Over the year, 107.758 million tons of hard coal and 4.983
million tons of brown coal were extracted from the country's deposits (a decrease
of 0.03% and 12%, respectively). Growth in indicators is expected from the
Bogatyr Komir enterprise, which introduced a cyclic-flow complex for the
extraction and transportation of fossil fuels at the end of 2022. One of the
possible reasons for the decline in coal production is a drop in demand for fuel
among Russian consumers [126].

Gold and silver mining. Gold mining continues to show positive dynamics
for the second year in a row. According to the results of the reporting period,
about 41.433 million tons of gold-bearing ores were extracted from the republic's
deposits. This is 13% more than a year earlier. In 2023, producers received
132.76 thousand kg of unprocessed and semi-processed precious metal (+ 2.3%).
Gold refining remained at last year's level - 72,993 kg.

Silver in Kazakhstan is extracted not only from gold-containing ores. It is
known that subsoil users received 894.8 thousand kg of unprocessed and semi-
processed silver. Over the year, production volume fell by 11.7%. Refining of
precious metals decreased almost as much - by 11.3%. In physical terms, the
indicator was 884.6 thousand kg [126].

Mining of other metals. Mining of metal ores in 2023 increased for all types
of ores, except for iron (47.583 million tons) and lead-zinc (8.359 million tons).
Volumes decreased by 11.3% and 6.9%, respectively.

Production of iron ore concentrates (8.662 million tons), agglomerates
(5.036 million tons) and pellets (4.599 million tons) decreased following the
extraction of the mineral. The plants received about 101.5 thousand tons of
unprocessed lead (-6.7%), zinc - 279.9 thousand tons (+5.1%), lead concentrates -
86.4 thousand tons (+25.9%), zinc concentrates - 699.4 thousand tons (+19.1%).

Companies developing copper deposits received 147.325 million tons of ore
in 2023, 6% more than in 2022. Copper-zinc ore production increased by 10.7%
to 6.632 million tons. However, refined copper production fell by 7.2% to 419.38
thousand tons by the end of the year. Copper concentrate casting, on the contrary,
showed an increase of 9% to 13.09 million tons.

Manganese ore production increased the most, against the background of a
significant decline in 2022. Subsoil users extracted 907.9 thousand tons of raw
materials, 2.6 times more than a year earlier. Manganese concentrate production
remained at last year's level - 395.8 thousand tons.
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In addition, the extraction of aluminum (+9.2%) and chromium (+6.8%) ores
showed positive dynamics - 4.56 and 6.11 million tons, respectively. In this
regard, the production of chrome concentrates (3.76 million tons) and aluminum
(1.68 million tons) also increased. [126].

Thus, the mining industry in 2023 remained one of the drivers of the
economy of Kazakhstan.

Processing of mineral and hydrocarbon raw materials. The head of state
gave a number of instructions to attract large investors to the petrochemical
industry, and also drew special attention to the need to ensure the smooth
operation of Kazakhstan's oil refineries. In the Atyrau region, large investment
projects are being implemented to build a polyethylene plant with a capacity of
1.25 million tons, and develop a petrochemical cluster. [127].

New materials and nanotechnologies are "end-to-end" technologies that
determine development in various areas of human activity - from energy and
computer systems to medicine. Growing demand for high-tech and traditional
products with new consumer characteristics poses new challenges in the
development of materials and requires the use of nanotechnology. Thus, in 2021,
the Kazakhstan Road Research Institute (RIl) under the guidance of Doctor of
Technical Sciences, Professor B.B. Teltayev developed a technology for
producing compounded and modified road bitumen with improved high- and low-
temperature characteristics [130]. According to this technology, commercial
oxidized road bitumen of the BND 100/130 brand is first compounded (liquefied)
with tar (up to 20% by weight), then modified with a polymer. Also, together
with employees of the Institute of Combustion Problems, improved quality road
bitumen was obtained using combined oxidation technology. [131-132].

2. Review and analysis of global trends in science, examples of cooperation
between domestic scientists and foreign scientists and work carried out under
contracts with international scientific organizations

Mining sector. Currently, competitive research activities are developing
worldwide for:

- automation of extraction/processing of ore, hydrocarbon raw materials;

- finding more efficient extraction methods to add value to these substances in a
more sustainable and environmentally friendly way;

- more efficient valorization/separation of elements;

- revolution of clean technologies by introducing new innovations;

- revolution in the mining industry loT by transforming

operation/processing towards digital innovations;

- revolution in remote mining by including robots in the technological process.

In our opinion, such sectors should be given more attention for the development
of future mining and oil and gas activities in Kazakhstan.

Energy sector. The current situation in the oil and gas sector is relatively
favorable at the moment. This sector presents many opportunities for Kazakhstan,
including at the level of the international economy. In addition to oil and gas
companies (with several foreign participants) operating in large fields, oil and gas
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production in Kazakhstan is also carried out by more than 200 companies operating in
small and medium-sized oil fields. In Kazakhstan, mainly primary (production in
natural modes) and secondary (injection of water and/or gas) methods of oil recovery
are used. A further increase in oil production is associated with the use of more
expensive tertiary methods. These are various methods of chemical and/or thermal
flooding to increase the oil recovery factor in the reservoir (up to 30-60%). This entire
complex involves a huge amount of work on computer modeling for the optimal
selection of suitable EOR methods, the optimal grid of injection/production wells.
Very few small and medium companies have access to such advanced methods of
enhancing oil recovery. This is why it is necessary to establish competence/service
centres to offer such technologies to small and medium-sized oil companies.

Environmental, Social and Governance (ESG): There are a number of
innovations currently taking place in the mining sector regarding environmental, social
and governance (ESG) and sustainability objectives. According to Mining Magazine,
key highlights include: Digital twin technology, which recreates physical virtual reality
using software, will help mining companies achieve their ESG goals by placing
themselves at the centre of a sustainable supply chain and tracking specific minerals to
their end use [132].

The 5G revolution is coming to the mines. Digital Mines is using 5G technology
to intelligently remotely control miners in coal mines [133]. This new technology can
be complemented or combined with automation of mining machines and other
technologies focused on a range of intelligent machine controllers and data loggers
that interact with machines and vehicles [134], or with a visual artificial intelligence
system for collision avoidance/proximity detection for surface and underground mines
for people and vehicles, collision avoidance, communication and tracking, atmospheric
monitoring, automation applied to the rescue equipment system [135], lighting and
cameras [136], and the implementation of autonomous haulage systems [137].

An example of a modern digital mine is Glencore Sudbury's Onaping Depth
nickel mine project in Ontario, which will be one of the first mines in the world to be
powered entirely by electric vehicles (EVs). The mine will be equipped with digital
technologies such as remote control, monitoring and real-time control from the
surface. The innovative safety system will be integrated into production in addition to
mine-wide Wi-Fi communication between employees and the underground mine with
the surface [138].

The Methane Problem: Methane is forty times more harmful to the environment
than carbon dioxide (equivalent amount in moles). Free methane release into the
atmosphere during coal mining (or after mine closure) is dangerous for workers,
population. In order to meet their international obligations and commitments regarding
the Climate Agenda Act, several countries (Japan, China, USA, France) and the coal
industry have started to develop methane capture/utilization systems in
active/abandoned coal mines to be able to use and prevent this gas from escaping into
the atmosphere. These projects are part of their Climate Action Plan and Energy Policy
Strategy to reduce greenhouse gas emissions. Such programs have been in place for
over a decade, for example in Mongolia for the Nalaikh mine area, with the
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development and use of technologies such as coalbed methane (CBM) extraction.
Breakthroughs could turn old black coal into innovative technology: Using
Queensland black coal as fuel, Allam-Fetvedt plants plan to produce clean hydrogen at
or below A$2 per kilogram for domestic consumption and global export, as well as
clean electricity for balancing and guaranteed domestic renewable energy production.
Such technology could be expanded to Kazakhstan if coal quality meets the
requirements of this new technology.

Rare and rare earth metals. The rare and rare earth metals (REM) market in
Kazakhstan has great development prospects. Among rare metals, tungsten occupies a
leading place in Kazakhstan, the second most common is molybdenum, followed by
tantalum, niobium, and tin. The sources of REM in Kazakhstan are mainly vanadium,
phosphorus, uranium, molybdenum-tungsten and titanium-zirconium deposits. [139].

China has the largest reserves of rare and rare earth metals in the world - about
35% (44 million tons). Next come Vietnam and Brazil, occupying second (17.6% or
22 million tons) and third (16.8% or 21 million tons) places, respectively. China's
dominance in rare metal reserves gives it a geopolitical advantage, given the specifics
of their use in various industries, including electronics, laser technology, alloy
production, medicine, green energy, nuclear energy, as well as in the military industry:
anti-missile systems, high-speed aviation (jet engines), navigation systems, etc. [139].
The development of renewable energy sources (RES) leads to a multiple increase in
the consumption of aluminum, cobalt and nickel, which are necessary for the
construction of wind turbines, solar panels and energy storage devices. Smartphones
and tablets cannot function without lithium batteries [130].

Thus, in addition to mining, all interested countries need to develop processing
capacities [139]. In 2023, RM and RMZ production in China amounted to 240
thousand tons (68.5%), in the USA - 43 thousand tons (12%), in Myanmar - 38
thousand tons (10.9%), in Australia - 18 thousand tons (5.1%).

In Kazakhstan, an inventory of a number of sites was conducted to assess the
mineral potential, especially those associated with elements such as tantalum (Ta),
niobium (Nb), lithium (Li), beryllium (Be), cesium (Cs), and rare earth elements [130].
The most promising territories and deposits are located in the Aktobe region, the
northern, eastern and southern parts of the country. Near the single-industry towns of
Arkalyk, Ridder, Khromtau, Zhezkazgan, and Balkhash, prospecting work is being
carried out to determine the prospects for identifying rare and rare earth metals in 12
areas. Special attention should be paid to such sites as Kara-Ayak and Muncha in the
East Kazakhstan region. One of the most sought-after rare metals in the world today is
lithium. This mineral is listed in six deposits: Yubileynoye, Verkhne-Baymurzinskoye,
Bakennoye, Akhmetkino, Medvedka, and Akhmirovskoye. In addition to the listed
metals, everyone also needs indium, scandium, strontium, rhenium, cesium,
magnesium, nickel, cobalt, manganese, uranium, tin and other metals. Thus, without
rhenium, which has resistance to melting at extremely high temperatures, it is
impossible to build jet and aircraft engines, industrial gas turbines, as well as
bimetallic catalysts for the chemical industry. Only about 60-70 tons of rhenium are
produced in the world per year, and almost the entire volume is purchased by the USA
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and the EU. Russia requires at least 5-10 tons per year. In Kazakhstan, rhenium is
currently produced by RSE Zhezkazganredmet in the form of ammonium perrhenate
grade Ar-0 (69.2% Re), but this is not the limit. Zhezkazganredmet is among the top
ten world rhenium producers, and is also the only manufacturer that can naturally
extract the isotope osmium-187. There are two more such enterprises in the world - in
the USA and China [138].

Over the past 20 years, trade in critical energy-related minerals has grown more
than sevenfold, to $378 billion from $53 billion. Only a few countries in the world
exploit REE resources, since mining is often unprofitable. Kazakhstan is primarily a
producer, i.e. midstream. Mining is upstream, metal production is midstream, and
finished products are downstream. In this regard, to develop the REE resource base,
Kazakhstan needs to actively conduct scientific and applied research to justify the
implementation of geological exploration work for these types of minerals and move
on to developing its own REE production technologies. [139].

The main areas of application of rare earth metals include the production of
magnets (22% of total consumption), various structural materials (about 19%), modern
catalysts for the petrochemical industry (18%), as well as high-quality optics, glass,
and devices based on them (about 15%). There is currently a shortage in the rare earth
metals market, caused by China's dominance of global reserves and a simultaneous
decline in exports of these metals outside of China. [140].

New materials, technologies. Australian graphene group GMG has announced a
breakthrough in cellular chemistry, releasing a new sustainable graphene-aluminum-
ion battery [140] that is safer, charges 60 times faster, and lasts three times longer than
current lithium-ion batteries. [141] According to GMG, graphene-aluminum-ion cells
have an energy density of 150 to 160 Wh/kg and a power density of 7,000 Wh/kg.
Available in coin cells, GMG aims to produce batteries for electric vehicles by 2025.
The cost of 1 kWh lithium-ion cells is around US$181 (in 2018), the cost of graphene
aluminum cells from GMG is currently unavailable (graphene price ranges from
US$67 to US$200 per kg in 2020), which is however quite competitive [142] for some
industrial applications. Other, less environmentally friendly solutions based on
vanadium-ion batteries are currently being investigated by the Australian company
VSUN Energy [143]. Electric vehicles are expected to be more environmentally
friendly and efficient in terms of energy sustainability by minimizing the power used
for ventilation and cooling compared to classic diesel-powered equipment.

Towards carbon-neutral mining: In addition to the all-electric mine strategy,
other technologies are being explored to achieve carbon-neutral mining goals. For
example, Caterpillar has begun validating its hydrogen fuel cell technology through a
three-year trial with Microsoft. They can supply 1.5 megawatts (MW) of backup
power, enough to meet 99.99% of Microsoft’s data center needs.[144]

3. Analysis of achievements and development trends of leading scientific schools
of Kazakhstan and highly developed foreign countries.

Currently, competitive research activities are developing worldwide for:
1) automation of oil, gas, ore extraction/processing of raw materials;



47

2) search for more efficient extraction methods to increase the value of these
substances in a more sustainable and environmentally friendly way;

3) more efficient evaluation/separation of ore elements, components of
hydrocarbon raw materials;

4) revolution of clean technologies due to the introduction of new innovations;

5) revolution of geological exploration, mining and oil and gas production
industries due to the transformation of exploitation/processing into digital innovations;

6) revolution in remote mining due to robotization of production.

Such sectors should be given more attention for the development of geological
exploration, oil and gas production and mining activities in Kazakhstan.

Scientific schools in geology, new methods of geological exploration in the oil
and gas industry

The team of the K.I. Satpayev Institute of Geological Sciences with an oil profile
Is working on the topic of compiling an Atlas of oil shale. Oil shale, which can
produce resin (“shale oil") during pyrolysis, is the largest potential resource of
hydrocarbon raw materials. Combustible gas, gasoline, fuel oil, phenols, tanning
agents are obtained from pyrolysis products; increased concentrations of a number of
valuable rare elements (for example, rhenium, molybdenum, vanadium, gold, uranium,
etc.) are associated with oil shale.

The development of scientists from the Institute of Metallurgy and Ore
Beneficiation of Satbayev University made it possible to obtain refined selenium at the
Balkhash Copper Smelter. Selenium is a rare metal, which, due to its semiconductor
properties, is widely used in electronics and photocells, as well as in medicine and
other fields. At the end of August 2023, Kazakhmys Progress opened a unique
workshop for the production of pure selenium in Balkhash, which became the first step
towards Kazakhstan's conquest of the world selenium market. The metal is difficult to
mine and even more difficult to purify. The peculiarity of the technology developed by
scientists at the Institute of Metallurgy and Ore Beneficiation of Satbayev University
under the supervision of Professor B. Kenzhaliyev is that it allows obtaining refined
selenium in one stage, in an inexpensive, reagent-free manner. This means that the cost
of refined selenium produced in Kazakhstan will be significantly lower than the cost of
similar foreign products.

Until recently, Kazakhstan produced only crude selenium - with a low content of
the main component. Now, after developing a new technology, Kazakhstan is joining
the ranks of countries producing high-tech products. [145].

The search for new oil and gas fields using traditional methods is no longer
effective. All international oil and gas companies conduct geological exploration work
based on the new method of "Reconstruction of the Oil System". At KazNRTU named
after K.1. Satpayev, under the supervision of Professor T. Ensepbayev, research in this
area has been conducted for many years, based on determining the geodynamic,
geochemical, paleotemperature conditions of the formation of the Oil System of
sedimentary basins. The main goal is to determine the thermobaric regimes, identify
the areas of distribution of the main oil and gas source rocks, horizons of oil shale that
are sources of hydrocarbons for deposits, the main migration routes, patterns of
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distribution of oil and gas accumulation zones, within which there is a potential for
maximum concentration of oil and gas deposits of the sedimentary basin. In this
promising area, based on the agreement with the oil and gas company JV Kazgermunai
LLP dated March 2, 2020 "Tectonic and geodynamic analysis of PZ-PR deposits of the
Akshabulak field", a study was conducted for the first time of the lithological and
petrographic composition, paleothermobaric regimes, structure of pre-Mesozoic
formations of the South Torgay OB and the geodynamic evolution of this territory and
adjacent regions of Central Kazakhstan in the Neoproterozoic and Paleozoic [146].
Based on the conducted research work, KazMunayGas NOC began deep drilling to
5,500 meters in the Turgay Paleozoic area in the Kyzylorda region.

In order to develop skills in modeling oil and gas fields, reconstruction of the Qil
System of sedimentary basins, students have fruitful cooperation with the world-famous
international company SLB (former Schlumberger), which has provided academic
licenses for its software products Petrel, Petromod. They are used for academic
purposes for students: classes are held on modeling hydrocarbon deposits, sedimentary
basins, migration processes of infiltration and elliptical water and hydrocarbon flows of
liquids and gases, undergraduate students of the final courses, master's students, doctoral
students complete diploma and dissertation works.

For the first time in Kazakhstan, a laboratory of "Sedimentology and
Thermobarometry of the Earth” was created using the method of microthermometric
study of gas-liquid inclusions of rock crystals, which makes it possible to determine the
evolution of paleotemperatures and paleopressures both within sedimentary basins, the
lithosphere, and on the scale of planet Earth. A grant was won from the State Fund of
the Ministry of Education and Science of the Republic of Kazakhstan “Reconstruction
of thermobaric conditions of the evolution of underground resources based on studies of
liquid inclusions in crystals of rocks of the Upper Paleozoic deposits of the eastern
Caspian syneclise” (topic 0689/GF4, 2015-2017, T. Ensepbayev). [147].

A joint project “Potential for Geothermal Energy Production (GEP), Energy
Storage (ES), and Carbon Storage and Sequestration (CSS) in Kazakhstan Sedimentary
Basins — Geological Baseline Study” was implemented with Nazarbayev University
(NU), where T. Ensepbayev was a co-supervisor from KazNRTU named after K.I.
Satpayev. Based on this study, a scientific screening and assessment of sedimentary
basins of Kazakhstan was carried out to determine the potential for the introduction of
GEP, ES and CSS for further industrial development. Such studies can form the basis
for positioning Kazakhstan as a world leader in the field of green economy, fulfill
international commitments to reduce greenhouse gas emissions (for example, the Paris
Agreement), create many jobs throughout the country, and improve the environmental
living conditions of the population. Together with Nazarbayev University, 2 articles
were published in journals with impact factor Q1-Q2 [148,149] and 5 reports were
presented at international conferences [150-154].
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Priority 11l — Power Engineering and Mechanical Engineering. Section
“Power Engineering”

1. Review and analysis of the achievements of Kazakhstani science (the
most significant results of the scientific and (or) scientific and technical sphere,
implemented developments)

The energy sector is of key strategic importance for supporting and stimulating
economic and social progress, improving the quality of life and sustainable
development [155].

The fuel and energy complex (FEC) is one of the main sources of greenhouse
gas emissions, and its development strategy plays a key role in addressing climate
change. The increasing frequency of extreme weather events, manifested in typhoons,
hurricanes, heat waves, periods of sharp cold snaps, massive forest fires, is the cause
of power outages in large areas and proves that the energy system, like everything on
Earth, is susceptible to emerging climate threats [156-158].

The Almaty University of Power Engineering and Telecommunications named
after Gumarbek Daukeev (AUPET) has many years of experience in conducting
analytical and research work for the energy industry. In February 2024, a non-profit
consortium consisting of NJSC Almaty University of Power Engineering and
Telecommunications named after G. Daukeev and JSC Energoinform was approved by
order of the Ministry of Energy of the Republic of Kazakhstan as an industry center for
technological competencies in the electric power industry.

In order to timely overcome the challenges associated with the impact of
weather conditions on the stability of the power system, JSC KEGOC, together with
AUPET, conducted research work to determine the factors and source of pollution of
the insulation of electrical equipment "Western MES" (2021). The impetus for the
decision to conduct the study was the shutdown of the 220-kilovolt high-voltage power
transmission line "Inder - Atyrau”, "Atyrau - Kulsary" due to a significant
deterioration in the weather in the form of intense icing, rain and snow.

As one of the steps towards achieving decarbonization goals and keeping global
warming below the 2°C threshold, AUPET scientists, together with colleagues from
the Green Academy Scientific and Educational Center, prepared a collective
monograph “Decarbonization of Extractive Industries of the Economy of the Republic
of Kazakhstan” [156], which was presented at the UN Climate Change Conference
(COP 26) in 2021. Setting carbon neutrality goals and systematizing the ways to
achieve net zero, presented in this domestic study, contribute to raising the status of
Kazakhstan as a state making a significant contribution to the fight against climate
change.

Development of renewable energy sources (RES). The applied use of alternative
energy sources in Kazakhstan based on solar power plants (SPP) and wind power
plants (WPP) increased from 2 MW in 2012 to 1398 MW in 2020 [159-160].
Currently, there are 64 thermal power plants (TPPs) operating in Kazakhstan,
including: 37 TPPs providing thermal energy to the population and industrial
consumers, 6 condensing power plants, 11 gas turbine plants, 8 gas piston plants and 2
combined cycle plants (CCP). At present, 130 renewable energy facilities with a total
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capacity of 2,388 MW have already been launched in the country, including 46 wind
power plants (WPPs), 44 solar power plants (SPPs), 37 small hydroelectric power
plants® and 3 biogas power plants. By the end of 2025, it is planned to increase the
capacity of renewable energy sources to 2,900 MW. Electricity is generated in
Kazakhstan mainly through coal generation, which accounts for 68.2% of the total
electricity production in the country. At the same time, gas power plants produce
20.1% of electricity, hydroelectric power plants — 8.1%, and wind and solar power
plants account for 2.1% and 1.6% of electricity production, respectively [157].

Some of the significant and relevant projects in the energy sector of Kazakhstan
are developments related to the development of alternative energy sources (Table
3.16).

Table 3.16. — List of potential investment projects in Kazakhstan as of

01.04.2021 [158].

Project Names Terms
Construction of a 80 MW combined-cycle plant with capacity increase to 250 MW 2021 2025
Modernization of Almaty CHPP-2: gasification 2021 2025
Construction of Turgusunskaya HPP-3 2024 2024
Shelek wind power plant (3rd stage) 2023 2025
Construction of a 50 MW wind farm in Kulsary 2021 2025

Construction of a 50 MW combined-cycle plant with a 60 Gcaleh waste heat boiler in | 2020 2024
Turkestan (PPP)

Construction of a wind power plant in Astana 2020 2022
Construction of a waste heat power plant 2021 2024
Badamsha-2 wind power plant 2020 2022
Construction of a 100 MW wind power plant 2021 2021
Construction and operation of the Dossor wind power plant 2020 2021
Modernization of Astana CHPP-1 and CHPP-2: partial gasification 2021 2025
Construction of a wind power plants 2020 2021
Construction of the Turgusunskaya HPP on the Turgusun River 2019 2021
HPP-2 on the Chazha River 2019 2021
Construction of the Turgusunskaya HPP-2 2022 2023
WPP in the Dzungarian Gate (3rd stage) 2024 2025
Birlik SPP 2024 2025
Expansion of the gas piston power plant to 40 MW 2020 2022
WPP in the Dzungarian Gate (2nd stage) 2024 2025
Korinskaya HPP-3 on the Kora River 2021 2023

Construction of power plants with a capacity of 4.8 MWeh using biogas and 4.8 | 2022 2024
MW eh using solar energy

Verkhne-Baskanskaya HPP-2 2020 2021
Construction of a solar power plant 2019 2020
Verkhne-Baskanskaya HPP-3 2020 2021
WPP in the Dzungarian Gate (1st stage) 2024 2025
Birlik HPP 2024 2025

Construction of a wind power plant with a capacity of 4.95 MW near the village of | 2020 2021
Zhangiztobe

Construction of a solar power plant 2019 2021

Construction wind power plant 2020 2021
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In 2021, AUPET completed the project “Development of a joint Concept for the
development of the UEPS (unified electric power system) of Kazakhstan and the
Central Asian IES” by order of the International Scientific and Production Association
KDC Energy. The purpose of developing the Concept is to define a common vision for
the long-term development of the UEPS of Kazakhstan and the Central Asian IES
(CA) to improve the reliability and efficiency of parallel operation of the power
systems of Kazakhstan, Uzbekistan, Kyrgyzstan and Tajikistan [161].

The power system of Kazakhstan is divided into three energy zones - the
unification of the Northern and Southern energy zones connected by three 500 kV
lines, and the Western energy zone. According to the plan for the complete unification
of all three energy zones of the JSC, in 2021, AUPET scientists completed the project
“Unification of the energy system of Western Kazakhstan with the UES of
Kazakhstan” by order of KEGOC JSC. The purpose of the work was to consider the
economic and technological feasibility of power grid construction, determine the
implementation timeframe and the required volume of power grid construction to
connect the power system of Western Kazakhstan with the Unified Energy System of
Kazakhstan and justify the construction of a 500 kV North-West AC line, most likely
along the Atyrau-Aktobe route with a length of 500 km.

The largest electric power holding in Kazakhstan, Samruk-Energy JSC,
completed the project "Construction of a wind farm in the Shelek corridor with a
capacity of 60 MW with the prospect of expanding to 300 MW" in 2022. This energy
complex will allow an additional production of approximately 226 million kWh of
electricity per year using renewable energy sources. Energy-saving heat pump
technologies using alternative energy sources have been commercialized at the Aksu
Ferroalloy Plant (AFP), a branch of JSC TNC Kazchrome 1, based on the results of
research work conducted at the Research Institute of Energy Saving and Energy
Efficient Technologies of the L.N. Gumilyov Eurasian National University (ENU)
under the supervision of Doctor of Technical Sciences, Professor A.Sh. In December
2021, work was carried out at AFP to insulate the sedimentary complex of the AFP
Central Heating Plant by installing heat pumps using the waste heat of the circulating
water of the cooling system of the smelting furnaces of Shop No. 1. Currently,
preparations are also underway for the implementation of the project "Application of
heat pump technologies using waste heat from the circulating water supply system to
improve the efficiency of the equipment of the smelting shop No. 4 of the AFP - a
branch of JSC TNC Kazchrome" [162-163].

Digital transformation of the energy sector. According to the reporting activities
of KEGOC JSC, the project "Automation of control of the modes of the Unified
Electric Power System of Kazakhstan" has been implemented, consisting of two
components: automatic frequency and power regulation (AFPR) and a centralized
emergency control system [157].

In order to implement intelligent algorithms and new devices for managing
power systems to solve the problems of planning and operating electrical networks in
AUPET in the period from 2022-2023, studies were conducted under the project of the



52

State Fund of the Ministry of Energy of the Republic of Kazakhstan "Optimization of
Planning and Management of Electrical Modes in Smart Grid Systems" [164-165].

The relevance of this project lies in the development of algorithms for managing
and planning electrical modes in distribution networks due to the trend of increasing
distributed generation sources, and the novelty lies in the application of the latest
developments in heuristic algorithms in the management of distribution electrical
networks. The object of implementation of the results is the regional electric grid
company JSC "Alatau Zharyk Company".

Hydropower. In order to provide additional energy resources through the
development of hydropower generation, in January 2023, the heads of the energy
departments of the Kyrgyz Republic, the Republic of Kazakhstan and the Republic of
Uzbekistan signed a joint Roadmap for the construction of Kambarata HPP-1. These
hydroelectric power plants will be free from irrigation restrictions and will be able to
operate in energy mode all year round. This will allow the Toktogul hydroelectric
complex to return to normal irrigation mode of operation and accumulate winter water
for vegetation needs in neighboring republics [160]. As part of the signed Roadmap,
the parties agreed on the main conditions for the implementation of the project and
outlined the upcoming steps for the timely commissioning of the power plant.
Kambarata HPP-1 will become the largest power plant in Kyrgyzstan and will provide
electricity to the countries of Central Asia, stabilize the water supply of the region.

Nuclear energy. To overcome the challenges of climate change, the country has
revised its energy sector strategy in favor of reducing dependence on traditional energy
sources such as coal. In the current situation, the transition to nuclear energy seems to
be a reasonable decision. Kazakhstan has rich uranium reserves and a developed
uranium industry, which makes nuclear energy a priority for the development of
energy infrastructure. In 2022, a group of scientists from AUPET conducted scientific
and technical research to develop a concept for increasing the capacity of the electrical
networks of Uranenergo LLP, associated with the growth of loads for 2023-2030. This
energy company transmits and distributes electric energy for uranium mining
enterprises of JSC NAC Kazatomprom. The studies included: - analysis of the existing
technical condition and infrastructure of electrical networks, existing and projected
loads; - drawing up a forecast balance of power and electricity for 2022-2030; -
calculation of options for increasing the capacity of transformers and 35-220 kV
transmission lines for the forecast period 2022-2030.

Under the supervision of Professor Ye. Oryngozhin, a project was completed to
develop the scientific and technical foundations of uranium deposit mining technology
for the energy development of Kazakhstan. The project: - presents the results of
solving the main technical and technological problems that make it possible to develop
an innovative technology for exploiting hydrogenous uranium deposits; - develops a
method for using pumping wells without changing their design as injection wells; -
develops a method for intensifying the process of leaching useful components,
including uranium; - develops a method for sharply reducing the consumption of
chemical reagent (H2SO4).
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All the results obtained will be transferred to uranium enterprises of the
Republic of Kazakhstan. The proposed new technology can be used at deposits in
Kazakhstan in difficult mining conditions.

2. Review and analysis of global trends in science, examples of cooperation
between domestic scientists and foreign scientists and work carried out under
contracts with international scientific organizations

According to the International Energy Agency, if we achieve a zero carbon
balance by 2050, half of the global final energy consumption will have to come from
low-carbon sources, while they currently account for only 38%.

In order to meet the demand of energy consumers as much as possible,
modernize existing energy sources and gradually reduce carbon dioxide emissions
during electricity production at AUPET, within the framework of a grant from the
World Bank and the Ministry of Education and Science of the Republic of Kazakhstan,
work was carried out in 2021 to implement technological modernization and
innovative development of the energy sector of Kazakhstan (scientific supervisor, PhD
Saukhimov A.A.).

One of the most successful examples of international cooperation to ensure
access to energy resources is the Low Enriched Uranium Bank of the International
Atomic Energy Agency (IAEA), which began operations in late 2019 in Kazakhstan at
the Ulba Metallurgical Plant. In the international situation, IAEA member states that
urgently need supplies of low-enriched uranium as fuel for nuclear reactors can use the
Bank for these purposes.

In 2021, the Government of Kazakhstan and Svevind Energy GmbH signed an
agreement on the construction of renewable energy projects and the production of
"green" hydrogen in the Mangistau region. The region plans to build a solar and wind
park to generate 40 GW of electricity, which will be sent to a plant for the production
of hydrogen by electrolysis using desalinated water.

In the Zhalagash district of the Kyzylorda region, the Nomad Solar solar power
plant with a capacity of 28 MW was commissioned. The investor in the project is the
French company Total Eren. The area of the occupied site of the SES is 164 hectares.
83,592 photovoltaic panels, 8 central inverter power plants, as well as a substation
with an operating voltage of 220/35 kV are installed on this territory. The SES uses
single-axis solar panel orientation systems. The estimated annual electricity generation
of the SES is 49 million kWh per year, which is enough to meet the needs of more than
8,700 people. In addition, the SES will reduce annual greenhouse gas emissions into
the atmosphere by 45.4 thousand tons.

TotalEnergies and the Ministry of Energy of Kazakhstan signed an agreement
on the construction of a wind power plant (WPP) in the village of Mirny, Zhambyl
region, - reports the French company TotalEnergies. The document was signed at the
COP28 climate summit in Dubai.

The results of the USAID international project "Energy of Central Asia" on the
topic "Network study for the integration of renewable energy in the Mangistau region™
were announced at the site of the KAZENERGY Association (2023). The work was
carried out jointly with AUPET and was aimed at studying the assessment of the
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technical condition of the networks, as well as developing a program for the
development of distribution networks in the Mangistau region until 2035 with the
determination of the permissible share of renewable energy sources.

In 2022, an agreement was signed between AUPET, USAID and the European
Bank for Reconstruction and Development (EBRD) on cooperation in the field of
renewable energy sources and energy efficiency, electricity storage to promote the
accelerated decarbonization of the electricity sector throughout the Central Asian
region. As part of the USAID Central Asia Energy Project, AUPET is implementing
pilot work on the installation of solar panels on the roof in order to support the
network integration of renewable energy sources in the context of achieving carbon
emission reduction goals.

In order to implement the Low Carbon Development Program, KazMunayGas
(KMG) for the period 2022-2031 is implementing a project to introduce carbon
capture and storage technologies [157]. A significant step in this direction was the
signing in June 2022 of a Memorandum of Understanding between KMG and Chevron
to reduce carbon emissions in Kazakhstan with a special focus on CCUS technology.

3. Analysis of achievements and development trends of leading scientific schools
of Kazakhstan and highly developed foreign countries

The issues of reducing the negative impact of energy facilities on the
environment are in the attention of research centers and universities of Kazakhstan,
where scientific research is carried out by several groups of scientists.

On the basis of AUPET, extensive fundamental and applied research is carried
out on the long-term prospects for energy development, covering issues of energy
security, energy efficiency and reducing the negative impact of energy complexes on
the environment.

In accordance with the concept of creating intelligent electrical networks,
AUPET conducts research on the creation of digital control systems for modes,
including solving operational problems: - identifying the conditions for deterioration
of the indicators of the system's regime reliability, taking into account the regulated
load and generation of renewable energy sources; - forecasting the network mode
taking into account the management of renewable energy sources and FACTS devices
that ensure the regime reliability of the network.

In the project "Intelligent system for monitoring and forecasting the regime
reliability of electrical networks of oil and gas complexes, including autonomous
systems with renewable energy sources” under the supervision of Ph.D., associate
professor of the Department of "Electric Power Engineering” Tokhtibakiyev K.K.
developed systems for monitoring and forecasting the reliability of electrical networks
of the oil and gas complex (OGC), which will ensure the reliability of the electrical
network with a regulated requirement for the quality of power supply.

Under the supervision of Ph.D. Almuratova N.K., the project "Research and
development of an energy-efficient object-oriented electric drive for centrifugal
mechanisms" is being carried out, aimed at solving the problem of energy saving. The
scientific novelty of the project lies in the development of a mathematical model,
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software packages, calculation results and an industrial prototype of an object-
oriented, energy-efficient asynchronous electric drive for centrifugal mechanisms.

In order to solve environmental problems in the energy sector, consisting in
negative consequences for the environment, the research team headed by Doctor of
Engineering Sciences, Professor Dostiyarov A.M., carries out work to reduce
greenhouse gas emissions. A group of scientists researches and develops new efficient,
environmentally friendly burner devices for a gas turbine unit (GTU). The goal of the
project is to obtain new burner devices, as well as to reduce the impact of fuel-burning
devices on the environment by reducing greenhouse gases. To solve the issue of
ensuring stable voltage, a group of scientists headed by Professor, PhD in Engineering
Umbetkulov E.K. is working on developing a wide-range valve generator (WRG),
capable of generating stable output voltage to smooth out graphs of sharply variable
loads and start electric motors of comparable power. This valve generator is applicable
for small wind power plants to smooth out load graphs and start electric motors of
comparable power. Kazakh National Research Technical University named after K.
Satpayev is rightfully the leader of innovative scientific research in the country,
scientists and teachers publish articles in leading world journals, the number of
inventions, patents and author's certificates is growing. The university works in close
cooperation with production, creating fundamental and practical ideas that solve urgent
problems of economic entities. In 2022, the university implemented the following
projects in the field of energy:

- development of a pilot experimental mini-hydroelectric power station up to
200 kW of the siphon type (head Bekbayev A.B.);

- serial production of charging stations for electric vehicles with improved
characteristics (head Utebayev R.S.);

- obtaining and studying modified MXene materials for use in electric energy
storage devices (head Shakenov K.B.);

- studying the properties of positrons generated by runaway electrons in
thermonuclear reactors with magnetic confinement (head Dzhumagulov M.N.);

- thermodynamic and radiation properties of dense degenerate plasma (head
Shalenov E.O.);

- studying the influence of hydrogenation and helium embrittlement processes in
materials for dispersed nuclear fuel of HTGR-type reactors (head Kenzhina I.E.);

For the period 2022-2024, a comprehensive multi-purpose program was
developed to improve energy efficiency and resource conservation in the energy and
mechanical engineering sectors for the industry of Kazakhstan (headed by K.K.
Yelemesov). In the specialized area of "Alternative energy and technologies:
renewable energy sources, nuclear and hydrogen energy, other energy sources™ at the
Physics and Technology Institute in 2021-2023, a project was implemented on the
topic "Optimization of the structure of thin films for the manufacture of solar cells on a
flexible substrate™ (project manager A.S. Serikkanov).

L.N. Gumilyov Eurasian National University is one of the leading scientific
schools conducting research in the energy sector. At the university, under the
leadership of Academician of the International Academy of Refrigeration, Doctor of
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Engineering Sciences Alimgazin A.Sh., scientific work is carried out to improve the
efficiency of energy supply to various facilities in populated areas and cities of the
republic using non-traditional renewable energy sources (heat of the earth, ground,
geothermal waters, low-temperature waste heat of industrial processes at
temperatures of 50C-400C).

Scientists from L.N. Gumilyov Eurasian National University are conducting a
scientific project "Energy supply of rural settlements through the introduction of
low-carbon heat pump technology using the heat of geothermal sources.” The goal
of the project is the introduction of low-carbon energy-supplying heat pump
complexes (NETK) of various capacities using renewable energy sources for heat
supply to social facilities and the residential sector. The scientific and technical
project "Development of a remote monitoring complex for the state of structural
elements of overhead power transmission lines (OHPL) during operation based on
intelligent noise-resistant telemetry systems™ (supervised by V.V. Yugay, 2020-
2022) was implemented at the Karaganda Technical University named after
Abylkas Saginov. The purpose of the work was to develop a prototype of a new
generation information and measuring system based on energy-passive fiber-optic
sensors for implementation at industrial enterprises of the Republic of Kazakhstan.
As a result, a security document was obtained - a patent "Method of automatic
remote telemetry in the electric power industry”. The following scientific works are
being carried out at the Kazakh Agrotechnical Research University named after
Saken Seifullin (KazATIU) in the direction of "Power Engineering and Mechanical
Engineering":

- "Development of a methodology and a computer program for determining
additional losses of electrical energy during its transportation and distribution in an
electrical network" (supervised by PhD Zhantlesova A.B.);

- "Development of an efficient power supply system for autonomous
consumers based on a specially designed wind power plant" (supervised by PhD
Isenov S.S.);

- "Highly efficient wind generator using a multi-rotor system" (supervised by
PhD Khabdullin A.B.);

- "Research, development of a set of designs and creation of an experimental
model of an automatically controlled sail wind power plant with a swinging
working element"” (supervised by Doctor of Engineering Sholanov K.S.);

- "Development of an experimental energy complex based on a modernized
boiler plant using biofuel™ (supervised by PhD Bakhtiyar B.T.).

University scientists implement projects in the field of renewable energy
sources, assessing energy efficiency, operation of electrical equipment, systems for
obtaining, transmitting and using electrical and thermal energy.
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Priority 11l — “Power Engineering and Mechanical Engineering”, section
“Mechanical Engineering”

I. Review and analysis of the achievements of Kazakhstani science (the most
significant results of the scientific and (or) scientific and technical sphere,
implemented developments)

Mechanical engineering is a backbone industry of the global industry,
characterized by high technology and knowledge intensity, as well as a high share of
added value. It is thanks to the level of development of mechanical engineering that
the economic independence and security of any state is ensured, which allows us to
judge the degree of its industrialization, educational, scientific and intellectual
achievements of the population of a particular country. The mechanical engineering
industry accounts for about 50% of global exports of manufactured goods (in Japan -
68%, China - 56%, Germany - 55%, the USA - 53%, Canada - 35%). [166].

In Kazakhstan, the share of mechanical engineering in the structure of GDP
(gross domestic product) is extremely low - less than 2%, while its share in the
manufacturing industry does not exceed 10%. Only 0.8% of the total number of
employed people carry out their labor activities here. [167]. At the same time, the main
capacities of the industry are concentrated on meeting the needs of the extractive
industries of the country. However, it cannot be said that nothing is being done in this
industry.

The capacity of the Kazakhstan mechanical engineering market is quite large
and continues to grow continuously. At the XI Forum of Mechanical Engineers of
Kazakhstan "Mechanical Engineering - a Driver for the Development of New
Technologies and Innovations” held on May 11-12, 2023, the draft Comprehensive
Plan for the Development of the Mechanical Engineering Industry of the Republic of
Kazakhstan was discussed, which was later approved by the Decree of the Government
of the Republic of Kazakhstan dated November 7, 2023 No. 991, the implementation
of which will contribute to the development of not only the mechanical engineering
industry, but also the manufacturing industry of the country as a whole. [168].

As of December 1, 2023, there are 4,017 enterprises operating in mechanical
engineering, of which 3,850 are small, 102 are medium, and 65 are large. Compared to
the situation as of December 1, 2022, the total number of operating enterprises in the
industry increased by 359 units, but this happened only due to the increase in the
number of small enterprises. [169].

According to the data of the Bureau of National Statistics of the Agency for
Strategic Planning and Reforms of the Republic of Kazakhstan (BNS ASPIR RK), the
volume of production for January-November 2023 in domestic mechanical engineering
amounted to 3689.4 billion tenge, increasing in value terms by 36.7% compared to the
same period in 2022 (2698.9 billion tons). The index of physical production volume in
the industry reached 126.8% compared to the same period in 2022. In terms of key
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sectors of mechanical engineering, in January-November 2023, the automotive
industry produced 124,491 passenger cars (+37.6%), 8,201 trucks (+21.7%), 2,621
buses (an increase of 2.3 times), 1,056 trailers and semi-trailers, containers (+32%)
and 540 units of special and specialized equipment (+5.7%), as well as automobile
parts worth 355.4 million tenge (an increase of 2.3 times). [170].

In agricultural machinery, the output of tractors increased by 22.2% (from 4,091
to 4,998 units), combines by 28.8% (from 795 to 1,024 units), and reapers by 0.4%
from 925 to 929 units. The production of parts for agricultural and forestry machinery
and services in the field of manufacturing agricultural and forestry machinery also
increased by 5.8% and amounted to 2.6 billion tenge. [170].

In oil and gas machinery, the production volumes of oilfield equipment
increased by 1.5 times and amounted to 32.2 billion tenge. The production of oil and
gas processing equipment decreased by 45.8% in value terms and amounted to 225
million tenge (no production in November). The output of pumps also decreased by
13.8% and amounted to 10,957 units. [170].

In railway engineering, the production of freight cars decreased by 1.5 times -
from 511 to 352 units. The production of locomotives increased by 1.9 times - from 38
to 74 units. The production of bearings decreased by 11% and amounted to 17.9
thousand tons in January-November 2023. During the period January-November 2023,
74 passenger cars were produced, which is 19.4% more than the previous year (62 cars
in January-November 2022). [170].

In mining and metallurgical engineering, the production of parts for drilling or
tunneling machines or machines for excavating soil, parts of cranes increased by
15.2% and amounted to 27.1 billion tenge [170].

As follows from the presented data, in January-November 2023, almost all types
of activity in the mechanical engineering industry grew, and in general, in order to
maintain sustainable dynamics of the industries in 2023, the state continued to provide
significant support to enterprises: from preferential financing ("Economy of Simple
Things"”, "Business Roadmap 2025", "Preferential Lending Program™) to sales
assistance (preferential leasing). JSC "NWF "Samruk-Kazyna" is implementing an
Import substitution program and an "offtake agreement™ mechanism. [169]. However,
despite the measures taken and the positive dynamics, there is no sustainable
realization of the potential of domestic mechanical engineering and metalworking. The
production of high-tech products with market competitiveness has not yet been
developed; the domestic market of the republic does not have stable positions;
domestic manufacturers do not have access to new sales markets, which is why there
are no objective opportunities for them to enter international supply chains and,
accordingly, create goods with high added value; there is no systemic support and
transparent mechanisms for financial and economic stimulation of industries. Despite
the fact that in January-October 2023, the volume of exports of mechanical
engineering products of the republic amounted to 3153.7 million US dollars, having
increased in value terms compared to the same period in 2022 by 34% (January-
October 2022 - 2354.1 million US dollars) [169], the industry remains significantly
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dependent on imports: about 40% of the country's imports are mechanical engineering
products (19.8 out of 50 billion US dollars in 2022). [170].

For the sustainable development of mechanical engineering, it is necessary to
conduct scientific research on a systematic basis. Moreover, research should be
conducted not only in higher education institutions and specialized scientific
institutions, but also in system-forming enterprises of various forms of ownership:
plants, factories, structural design bureaus.

Domestic research in mechanical engineering is conducted mainly in the
following areas: metal-cutting machines and cutting tools; rolling and pressing
equipment; design and calculation of machine and mechanism designs (mainly for oil
and gas, mining and metallurgy, railway engineering). The share of implementation
projects is very small. Scientific developments are conducted mainly in higher
education institutions.

JSC "Kazakh National Research Technical University named after K.l
Satpayev" (KazNRTU named after K.l. Satpayev) - the leading technical university of
the republic - has in its structure the Institute of Power Engineering and Mechanical
Engineering named after A. Burkitbayev [171]. The Institute is headed by PhD,
Professor K.K. Yelemesov, under whose supervision research is conducted in the field
of: predictive monitoring and repair technologies using BIG DATA technology of
technological machines and equipment in the uranium, mining and metallurgical and
mechanical engineering industries, etc. Over the years, research activities were
developed by leading scientists-professors M.R. Tusupbekov (issues of automation of
production processes in mechanical engineering enterprises), T. Mendebaev (problems
of reducing residual stresses during processing of thin-walled shells with a blade tool),
S.N. Ignatov (research of force and energy indicators of the process of processing
workpieces using a blade tool), V.V. Povetkin (research of burner designs for cutting
natural stone and issues of optimization of gear parameters), N.Kh. Davilbekov
(founder of the scientific school of rolling, research into the conditions of conformity
of metal deformation in drawing gauges and on smooth rolls of rolling equipment),
S.A. Mashkov (research on the development of a new processing technology and the
study of the patterns of formation of the ultrafine-grained and nanosized structure of
titanium and aluminum alloys and the effect of deformation on their mechanical
properties, etc. E.S. Askarov (issues of development and design of new machines: a
new cam-screw press, significantly superior in technical performance to existing crank
presses; a new wind power plant, differing from analogues in a fundamentally new
design of a fixed vertical axis; a new design of a centrifugal-gyration mill for ultra-
high grinding of mineral raw materials. Based on the results of these developments,
Professor E.S. Askarov manufactured prototypes that successfully passed tests [172]),
B.N. Absadykov (development and research of the design of the main units of rolling
mills, new discharge roller tables ensuring the production of high-quality hot and cold
rolled strips, as well as a study of the patterns of distribution of the stress-strain state
during strip rolling) [173]. In the educational and production laboratory PolyTechPoint
KazNITU named after K.l. Satpayev, research and development work (R&D) is
carried out in the field of renewable energy sources, in particular, on the development
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of hybrid solar stations; together with partners, scientists are engaged in the
development and pilot production of electronic devices and access blocking devices.

JSC "Karaganda Technical University named after Abylkas Saginov". Under the
guidance of the head of the scientific school, Professor G.S. Zhetesova, a team of
scientists O.M. Zharkevich, T.M. Buzauova, T.Yu. Nikonova, V.V. Yurchenko and
others at the Department of Technological Equipment, Mechanical Engineering and
Standardization of the Mechanical Engineering Faculty are working on the
development of a resource-saving technology for the restoration of parts, as well as
automation systems for the technological preparation of mechanical engineering
production [174].

JSC "Toraighyrov University". At the Faculty of Engineering of the University,
under the guidance and direct participation of leading scientists K.K. Abishev, N.S.
Sembaev, A.Zh. Kasenov, Zh.K. Musina and others, scientific work is carried out in
the field of mechanical engineering within the framework of fundamental and applied
research. The main areas of scientific work are: development of competitive designs of
resource-and-energy-saving metal-cutting tools; Ensuring the technological reliability
of machine parts; development and pilot-industrial implementation of innovative
technology for plasma hardening of wagon wheels, etc. [175].

NJSC "East Kazakhstan Technical University named after D. Serikbayev".
Professor Dudkin M.V. is implementing a grant project "Development of a design for a
universal seeding complex with increased productivity for operation in the conditions
of agro-industrial production of the Republic of Kazakhstan", aimed at solving the
problems of equipping agricultural enterprises of the republic with high-quality
multifunctional equipment for sowing and tillage; Associate Professor Kombaev K.K.,
within the framework of grant financing of young scientists, has implemented the
project "Increasing the wear resistance of materials in the mechanical engineering
industry by electrolyte-plasma modification", designed to increase the efficiency of the
process of electrolyte-plasma hardening of materials used in the mining and oil
refining industries of the Republic of Kazakhstan [176].

NJSC "Kazakh National Agrarian Research University". One of the leading
departments of the university engaged in the research and implementation of
innovative solutions in the field of operation of motor transport and agricultural
machinery is the Department of Machine Use named after 1.\VV. Sakharov. Professor of
the department P. Zhunisbekov conducts research work on improving the main design
elements of agricultural machinery and equipment [177].

JSC "Academy of Logistics and Transport” conducts research activities in the
transport and communications industry. Leading scientists of the academy - professors
Solonenko V.G., Zhanbirov Zh.G., Zhusupov K.A. and others are engaged in grant
research on the problems of optimization, design, improving the efficiency and
performance characteristics of machines and equipment for the railway industry [178].

RSE on the Right of Economic Management "Institute of Mechanics and
Mechanical Engineering named after U.A. Dzholdasbekov" carries out work in the
field of mechanics of machines and mechanisms, methods of studying the dynamics,
strength, reliability and stability of industrial machines and robots, etc. Thus, under the
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supervision of Professor Tuleshov A.K., scientific research is conducted in the field of
kinematics and dynamics of lever mechanisms and machine units, the dynamics and
control of flow and rotor machines; Professor Dzhomartov A.A. is engaged in the
dynamics of mechanisms and machines; Professor Bisembaev K. - the development of
methods for studying the dynamics, stability and positioning accuracy of mobile robots
with a universal lift-manipulator; Professors Ibraev S.M., Seidakhmet A.Zh. - research
problems in the field of oil and gas engineering [179].

Under the scientific supervision of Academician Zh. Zh. Baygunchekov, the
Digital Technologies and Robotics Center of the Al-Farabi Kazakh National
University is working on developing new lifting and handling devices [180]. One of
the next devices developed taking into account the modern concept of mechatronics is
a prototype of an electric tricycle with a total maximum motor-wheel power of 800
watts and a load capacity of 150 kg. The capacity of the new assembled 62-volt
lithium-ion battery will be 18 Ah, which will allow a distance of 50-60 km without
additional recharging [181].

A number of other universities, research institutes and organizations are
conducting scientific work in the field of mechanical engineering, but no noticeable

achievements have been observed so far.

2. Review and analysis of global trends in science, examples of cooperation
between domestic scientists and foreign scientists and work carried out under
contracts with international scientific organizations

Global scientific trends in the development of mechanical engineering:

- development of additive technologies. These technologies open up new
prospects in mechanical engineering for the creation and personalization of a wide
range of goods [182].

In 1989, BMW was one of the first to use them. And in 2018, the company
opened a specialized Additive Manufacturing Center in Munich and manufactures
prototypes, highly complex chassis elements, and parts for classic cars that are no
longer in serial production there [182].

Currently, many varieties of this technology are known, which are used in a
wide range of economic sectors: from medicine to the military-space complex. The
most common application in mechanical engineering is SLM technology (Selective
Laser Melting - this is the most common method of 3D metal printing. Using powders
of steel, titanium, aluminum or other metals, it is possible to manufacture
geometrically complex products, machine parts and engines for industry [182].

Advantages of additive technologies compared to traditional production:
manufacturing speed, waste-free production, no seams and joints [183].

- development of robotics and the use of artificial intelligence. Al in the future
will help autonomous mechanisms navigate the material world and interact with
people [182].

- integration of the Industrial Internet of Things. Further development of
mechanical engineering requires the steady development of communication and sensor
technologies, due to which more and more machines and equipment will be connected
to the Internet. This allows collecting and analyzing large volumes of data, due to
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which the possibilities for optimizing production processes will increase, failures will
decrease and the efficiency of machines will improve [184].

- high-speed processing of materials. The intensification of production processes
requires a steady increase in the speed of material processing. This is achieved by
increasing the hardness of the cutting tool and the rigidity of the machine components.
Modern metal-cutting machines have a spindle speed of up to 40 thousand revolutions
per minute [185].

- environmental sustainability. Mechanical engineering is called upon to
innovative approaches and the development of new technologies that contribute to
Improving environmental sustainability and efficiency [186].

An example of effective cooperation with foreign scientists in the field of
mechanical engineering is the activities of Satbayev University. In February 2024, the
University signed an Agreement with one of the most prestigious technical universities
in the world, the Massachusetts Institute of Technology, which will allow the creation
of innovations aimed at ensuring the scientific and technological development of the
economy of Kazakhstan. An agreement was also signed on Satbayev University
joining the Fab Lab Network, an international network of laboratories that uses digital
technologies to unite research engineers and practitioners from all over the world
[187].

In February 2024, Satbayev University and The Pennsylvania State University
(Penn State, USA) signed a Cooperation Agreement, which launches a new stage of
academic and scientific partnership between the two universities, which closely
cooperate in the field of petroleum engineering. According to the agreement, the
cooperation program between the two universities will be expanded in such areas as
materials science, cybersecurity and geology [188].

In 2024, a trilateral agreement was signed to open a branch of the Hong Kong
CityU University, ranked 70th in the world's best universities, on the basis of Satbayev
University. The cooperation of Satbayev University with CityU is part of a large-scale
program to improve the quality of higher education and scientific research in
Kazakhstan. The opening of a branch of CityU University at Satbayev University
provides new prospects for domestic scientists and students, and provides additional
opportunities to expand the scope of artificial intelligence [189].

In 2023, a Memorandum of Cooperation was signed between Satbayev
University and the Grenoble Polytechnic Institute (Grenoble Institut National
Polytechnique - Université Grenoble Alpes), which was the result of a visit by
representatives of French engineering and business schools to the Polytechnic during
the VIII International Forum of Kazakh-French Higher Education Institutions. The
Grenoble Polytechnic Institute is the largest "big school" in France, one of the most
prestigious and famous universities in the country. Today, the Institute includes eight
engineering and administrative schools, has national status and participates in the
Minatec project, one of the largest centers for research in the field of nanotechnology
in Europe [190].

In 2023, the M. Tynyshpayev School of Transport Engineering and Logistics
was opened at Satbayev University. To ensure high-quality training of specialists,
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Satbayev University signed a cooperation agreement with the Xi'an Railway
Vocational and Technical Institute (PRC), opened a double-degree educational
program for the Master's degree in Transport Technology jointly with the Silesian
University of Technology (Poland), and also created a consortium with the Institute of
Railway Transport (Riga, Latvia). Educational programs for training engineers for the
field of automobile and railway transport are certified by international and domestic
agencies for accreditation of educational programs: ASIIN (Germany), IQAA and
IAAR [191].

In 2024, a Memorandum of Understanding was signed between NAO
"Karaganda Technical University named after Abylkas Saginov" and the Department
of Education Management and Policy, Faculty of Education of the Chinese University
of Hong Kong. This will allow students and teachers of both universities to participate
in dual degree programs, academic mobility, conduct joint research in the field of
mechanical engineering, participate in forums and conferences [174].

In 2024, NAO "Toraighyrov University" became a member of the Kazakh-
American Consortium of Universities within the framework of a partnership program
funded and administered by the International Institute of Education with the support of
the US Embassy in Kazakhstan, as well as the Steppe Global Education Foundation.
The consortium includes universities in the United States and Kazakhstan that will
participate in funded projects and programs to create sustainable partnerships in higher
education, including renewable energy, environmental science, agriculture, and food
security [175].

In 2024, NAO D. Serikbayev East Kazakhstan Technical University signed a
Memorandum of Cooperation with Singapore Polytechnic. This collaboration will
ensure the exchange of knowledge and skills between the two higher education
Institutions in the context of implementing sustainable development goals and carry
out joint work in the field of science and higher education [176].

3.Analysis of achievements and development trends of leading scientific schools
of Kazakhstan and highly developed foreign countries

In almost all developed countries, mechanical engineering is the basis of
economic progress. In Kazakhstan, scientific achievements in mechanical engineering
are very modest. This is due to many reasons: the absence of a number of mechanical
engineering industries, both high-tech and mass-produced; low degree of localization
of many in-demand mechanical engineering production facilities; low competitiveness
of mechanical engineering enterprises not only in foreign markets, but also within the
country; dependence of production on government support; lack of diversification of
sales markets; constantly growing depreciation of fixed assets; general technical and
technological backwardness of enterprises; low labor productivity.

In Kazakhstan, the main share in the GDP structure currently falls on industries
with low and medium technological complexity. This does not allow achieving
significant technological progress in the economy. To achieve sustainable economic
development, it is necessary to move away from raw material-oriented production to
production with high added value, i.e. the country needs a path of developing
industries with high technological complexity. The development of mechanical
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engineering is designed to ensure this focus. And here the key driver of mechanical
engineering has recently become the automotive industry [192].

The republic's automotive sector provided production in value terms of 847.5
billion tenge in the first half of 2023, compared to 507.8 billion tenge in the same
period of 2022. The growth in physical output in real terms reached 40.1%. For
comparison: real growth in mechanical engineering as a whole according to the results
of the first half of 2023 amounted to 28.8%, in the processing industry - 3.5%, and in
the entire industrial sector of Kazakhstan - 3.8% [192]. Thus, Almaty Hyundai Trans
Kazakhstan produced 19.5 thousand passenger cars (up 41.2%), Hyundai Trans Auto -
240 units of equipment. Semipalatinsk SemAZ shipped 1.6 thousand units of
commercial vehicles (up 52%). In Kokshetau, KamAZ-Engineering produced 410
trucks. The Saransk plant QazTehna produced 362 buses. Daewoo Bus Kazakhstan has
224 units of equipment [192]. Among the most popular models (including export), the
leaders are Chevrolet Cobalt (8.4 thousand units), JAC J7 (8 thousand), Hyundai
Tucson (5.7 thousand), Kia Sportage (4.5 thousand), Hyundai Sonata (3.2 thousand)
and Chevrolet Nexia (3 thousand) [192].

At the same time, key companies in the industry are confidently focusing on
increasing industrial production indicators. For example, the largest enterprise in the
Kazakhstan auto industry, Allur, together with the South Korean manufacturer Kia
Corporation, is launching the construction of a new plant for the production of Kia cars
in Kostanay. In addition, the Allur plant has already launched small-knockdown
(CKD) production of Kia Sportage cars, and the launch of a CKD line for the
production of Kia Cerato is planned [192]. However, these efforts are still insufficient,
the capacities of enterprises remain relatively small, lacking systemic research inherent
In maintaining the sustainability of enterprises from fundamental science directly to
implementation research. Small labor markets and product sales are not unambiguous
factors in the sustainable development of mechanical engineering. All this also does
not stimulate the development of demand for training young engineering personnel,
not contributing to an increase in the level of scientific potential of university science.

Priority 1V — “Information, communication and space technologies”

1. Review and analysis of the achievements of Kazakhstani science (the most
significant results of the scientific and (or) scientific and technical sphere,
implemented developments)

Information and communication technologies. A number of research projects
aimed at solving problems of information and communication technologies have been
carried out in the country's leading scientific schools. In 2023, laboratories and
research centers of universities developed and implemented new models and
algorithms that will be useful for various fields of activity.

The Laboratory of Intelligent Information Systems of the Al-Farabi Kazakh
National University specializes in the development and research of information
technologies aimed at creating intelligent systems to solve urgent problems in various
fields, and for 2023 has the following results:
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AP09261344 "Development of methods for automatic extraction of geospatial objects
from heterogeneous sources for information support of geographic information
systems": based on the research carried out, a cloud distributed infrastructure was
designed and deployed for the automatic extraction of geographic information from
text tables of web resources [193].

AP13068289 "Application of Machine Learning Methods for Early Diagnosis of
Cardiovascular Pathologies": in 2023, the first prototype of a hardware platform for an
electronic recorder with the ability to amplify and filter heart signals, designed to
record and transmit data on cardiac activity, was developed [194].

As one of the leading research units at Al-Farabi Kazakh National University,
the Computer Science Laboratory has the following scientific achievements:
AP14972710 "Development of Computational Parallel Algorithms for Numerical
Modeling of the Spread of Impurities to Predict the Environmental Situation in
Residential Areas": the impact and spread of several pollutants emitted by vehicles in
the urban environment was modeled and the environmental status of nearby residential
areas was assessed.

AP09058525 "Development of 5G digital radio modules and microwave signal
receiving stations based on SoC": a cluster router was proposed that performs fast
route construction by clustering the network based on eccentricity, which ensures the
autonomy of the device in case of failures.

AP14872061 "Classification of MIMO signal noise mixture modulation types": at the
end of 2024, model signals will be obtained: MPSK (Multiple Phase Shift Keying),
QAM (Quadrature amplitude modulation), MFSK (Multiple frequency-shift keying)
for MIMO systems, conclusions will be made about the presence of different
modulations in the signal noise mixture, transmitting and receiving units will be
created: generator, fractal antennas, modulators.

The research activities of the Eurasian National University are aimed at further
development of the university as a major scientific and research center of Kazakhstan,
development of scientific and scientific-pedagogical schools, formation of high-tech
innovative infrastructure of the university. The following scientific projects are carried
out within the framework of grant and program-targeted financing:

The implementation of the software product during the implementation of the
project "Development of methods, models and technologies to improve the level of
cybersecurity of cellular communication networks in the Republic of Kazakhstan" will
contribute to increasing the competitiveness of cellular communications, expanding
the market of cellular operators, increasing labor productivity in industries using
cellular network services, which will largely contribute to increasing the intensity of
industrialization and increasing the Economic Complexity Index of Kazakhstan.

Currently, KazNRTU named after K. Satpayev is working to transform the
university into the largest research hub in the Central Asian region.

According to the results of 2023, for the first time in the history of universities
in Kazakhstan, Satbayev University took a position 51-70 in the global QS World
University Ranking in the field of Data Science and Atrtificial Intelligence. Satbayev
University is the only university in Kazakhstan that has a rating in this field of
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knowledge, occupying approximately the same position as Pennsylvania State
University.

In 2023, a number of grant-funded research projects began, including:
AP19679602 "Development of a tethered unified dual-use multicopter platform with
an inverter with increased frequency switching and a high voltage conversion ratio":
the development of a method for overcoming the problem of limited flight time of
autonomous UAVs is considered [195]; AP19679041 "Research and application of
fiber-optic strain sensors for monitoring the stress state of metal and concrete
structures™: the behavior of structural and building materials under high-speed
deformation and destruction is studied [196]; AP09058620 "Development of Web-GIS
based on integrated geodynamic monitoring data for the Kazakhmys Corporation LLC
field [197].

— The Research and Innovation Center Smart City Astana develops intelligent
solutions using information and communication technologies and artificial intelligence
in the field of data modeling, urban studies, predictive forecasting of air quality and
energy consumption for smart cities. One of the unique solutions within the framework
of the PCF program "Development of intelligent information and telecommunication
systems for urban infrastructure: transport, ecology, energy and data analytics in the
Smart City concept” is a bio-technological filter for air purification, which is based on
the use of moss as a biological filter and the development of a technological
environment to maintain the life support parameters of moss [198].

The Research and Innovation Center INDUSTRY 4.0 is engaged in the
implementation of information technologies in industry, large-scale automation of
business processes and the use of artificial intelligence. One of the main tasks is the
development of a High-PHY accelerator module for the physical layer separation Split
Option 7-2x as part of the implementation of a distributed block of the 5G O-RAN
base station for subsequent import substitution.

As a result of the project, Astana IT University is the only university in
Kazakhstan that has a 5G O-RAN base station and a test environment that allows
testing base stations for performance by loading them with traffic.

- The Big Data and Blockchain Technologies Research and Innovation Center
was created to solve current research problems and develop innovations in the field of
artificial intelligence, big data and blockchain technologies.

- The Agrotech Research and Innovation Center was created to implement large-
scale projects in the field of digital technologies for implementation in the process of
increasing crop Yields, livestock breeding, and automation of production processes in
the agro-industrial complex.

The project “Development of a technology for intelligent pre-processing of
aerospace images for recognition and identification of various objects” is being
implemented [199]. The result will be an intelligent system for pre-processing
aerospace hyperspectral images.

In the field of "Information, Communication and Space Technologies" at the
International University of Information Technologies, research is being conducted
within the framework of grant funding for young scientists on the scientific project
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"Development of methods and algorithms for machine learning for predicting
cardiovascular pathologies based on echocardiography and electrocardiography” [200].
A digital educational platform is being developed for remote execution of virtual
laboratory work on the study of modern microwave and ultra-high frequency radio
systems using virtual reality technology.

Researchers from the Almaty University of Power Engineering and
Communications have developed a research robot with a configurable platform
designed for research work on measuring and studying environmental pollution. The
robot allows you to transmit received data online to a mobile device, and can also
perform research work using voice messages.

Within the framework of grant funding for the project "Development of self-
regulating electric drives for spacecraft", a theoretical basis for creating compact and
efficient electric drives was developed.

Currently, the Institute of Information and Computing Technologies is
conducting scientific research with an emphasis on artificial intelligence. The
completed scientific project (headed by E.N. Amirgaliev) examines the use of remote
sensing and artificial intelligence technologies for zoning saline agricultural fields,
determining the degree of salinity, and identifying abandoned lands. The study was
conducted in the Turkestan, Almaty and Kyzylorda regions.

The Institute's research group proposed a publicly available corpus of Kazakh-
language dialogues in the banking sector with markup at the intention level, and
proposed a new method for augmenting text data based on a combination of reverse
translation and adding noise using random replacement.

A system for automatic speech recognition in the Kazakh language has been
developed, which can convert voice messages into text. The intelligent system "Kazak
ASR" can be tested in Telegram. The developed system will not only recognize voice
signals, but also convert them into related text.

An acoustic corpus for agglutinative languages has been developed using the
Kazakh and Azerbaijani languages as an example, an expansion of the existing speech
corpus for the Kazakh language, collection of speech and text information for
agglutinative languages, modification of the corpus to several thousand hours, as well
as an effective algorithm, methods and software for integrated recognition of
agglutinative languages using the Kazakh and Azerbaijani languages as an example.

A lexical-morphological analysis (LMA) block has been developed to extract
words and sentences from a text document.

A commercialization project for the "Mobile Automated Biogas Complex" has
been implemented. A new design of biogas and electric power equipment has been
created for the efficient processing of biological waste to produce biofertilizer, biogas
and electricity.

Space technologies. Over the past 5 years, the National Center for Space
Research and Technology within the framework of the RBP has developed 6 methods
and technologies using remote sensing data in the following areas: assessment of the
condition and yield of grain crops and rice crops; assessment of diseases of grain
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crops; assessment of pasture productivity; forecasting and methods for assessing the
consequences of fires and floods.

As for the Baiterek space rocket complex, work has been carried out to date on
an additional technical survey of the buildings and structures used in the project, as
well as engineering surveys. The development of design and estimate documentation
for the reconstruction and modernization of facilities, working design and operational
documentation, the manufacture of equipment for the Baiterek space rocket complex
component parts, etc. has also begun.

2. Review and analysis of global trends in science, examples of cooperation
between domestic scientists and foreign scientists and work carried out under
contracts with international scientific organizations

Current trends in information technology. The year 2023 saw significant
advances in artificial intelligence (Al), leading to the introduction of advanced
technologies in developed countries. For example, autonomous systems are being
actively developed and tested (Waymo, Tesla, and Uber, among others), which can
change the potential of the transport and logistics industry, and the military industry. In
medicine, Al continues to develop for the diagnosis and treatment of diseases.
Financial institutions are increasingly using Al to automate processes, analyze data
and predict market trends, ensure security and optimize the functioning of financial
systems. Quantum computing in the United States: Companies such as Google, IBM,
and Honeywell continue to develop quantum computers, offering new capabilities for
information processing. These innovations have the potential to revolutionize the field
of information technology, offering a significant increase in the speed and efficiency
of data processing.

Communication technologies. 5G in China: China is a leader in the deployment
and application of 5G technology. Companies such as Huawei and ZTE are playing a
key role in the development of 5G infrastructure and equipment production. This
opens up new possibilities for high-speed communications and data transfer, spurring
innovation in industries including medicine, the automotive industry, and urban
planning.

Space technologies. Space tourism in the US and Russia: SpaceX and Blue
Origin, led by Elon Musk and Jeff Bezos respectively, are racing to make space travel
affordable for the general public. SpaceX has already made significant progress with
commercial satellite launches and missions to the International Space Station (ISS),
while Russia’s Roscosmos is also working hard in this direction. Mega-constellations
of satellites for ubiquitous Internet coverage: SpaceX with its Starlink project,
OneWeb, Amazon with its Kuiper project, and others are working to create mega-
constellations of satellites that will provide global Internet coverage. This opens up
new opportunities for digital inclusion and technology development in places where
they were previously limited.

Al-Farabi Kazakh National University has launched a new spacecraft, the first
of its kind in the world. Al-Farabi has more than 60 active international agreements
with higher education institutions, scientific organizations for conducting joint
scientific research, exchange of scientific staff. Also, the university has scientific and
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educational centers of foreign companies such as Samsung, Intel, Cisco Academy,
Autodesk, etc.
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Figure 3.14. International cooperation of leading scientific schools of Kazakhstan

The National Center for Space Research and Technology, in close cooperation
with world centers of space science, participated in the development of many scientific
projects together with scientists from Canada, the USA, France, Germany, Japan,
India, Israel, South Korea and is deservedly perceived as a significant research center
for space technologies (Figure 3.14).

3. Analysis of achievements and development trends of leading scientific schools
of Kazakhstan and highly developed foreign countries.

The active development of digitalization reflects the desire of the Government
of the Republic of Kazakhstan to improve the infrastructure in the field of information
technology and create a favorable environment for the development of the IT industry.
One of the key areas of this development is the training of human resources. The
President of Kazakhstan put forward the task of training highly qualified IT specialists
who can successfully compete in the global market. This instruction indicates the
importance of developing educational programs aimed at the IT sphere, as well as
increasing the number of professionals in this field.

The Ministry of Science and Higher Education is constantly working to attract
IT schools to the mass training of IT specialists. If in 2022 there were 49 of them, then
in 2023 the number of schools where you can study using vouchers financed by the
state increased to 83.

In order to train highly qualified Kazakhstani specialists, Huawei is opening ICT
academies in Kazakhstan aimed at theoretical and practical training of students
studying ICT specialties based on the company's own software developments and
innovative technologies. Within the framework of the Memorandum of Understanding
signed with the Ministry of Science and Higher Education of the Republic of



70

Kazakhstan, Huawei will continue to systematically develop ICT academies to
strengthen the level of digital knowledge in Kazakhstan. Currently, 25 Huawei ICT
academies are successfully operating in the country, whose graduates have already
become recognized specialists in the field of high technologies. In Kazakhstan,
Huawei's educational project has already been supported by Al-Farabi Kazakh
National University, L.N. Gumilyov Eurasian National University, Astana IT
University and other universities in the country.

In 2023, the Digital Bridge International IT Forum "Digital Partnership in the
New Reality" was held, and on February 2-3, the largest IT Startup Alley was held in
Almaty. On 10,000 sg.m., where the best startups from all over Central Asia gathered.
In panel sessions with international experts from 30 countries, more than 150 speakers
from leading global IT companies discussed new strategies and trends in the field of
digital technologies, exhibitions of venture funds, technology parks of Central Asia,
the Middle East and South Asia, a large-scale startup battle Astana Hub Battle, a job
fair, an exhibition of IT schools and much more were held [201].

The international IT forum Digital Bridge 2023 brought together more than 30
thousand participants, including delegations from 30 countries, representatives of more
than 300 IT companies, 450 speakers, over 100 investors and business angels, as well
as more than 150 startups. Forum topic: Artificial and Human Intelligence: The right
balance [201]. The organizers are the Ministry of Digital Development, Innovation and
Aerospace Industry of the Republic of Kazakhstan, the Ministry of Foreign Affairs of
the Republic of Kazakhstan, the Akimat of Almaty, Tech Garden and the international
technopark of IT startups Astana Hub.

In 2023, several state programs aimed at developing information and
communication technologies were launched. The head of state expressed interest in
digitalization and innovation in the country, and noted the strategic importance of
turning Kazakhstan into an IT country. The President emphasized that there have
already been significant achievements in the field of digitalization, such as inclusion
among the world leaders in the e-government and fintech development index, as well
as a significant increase in the export of IT services.

The new task of the Government is to achieve the volume of IT services exports
to one billion dollars by 2026. To do this, it is planned to open joint ventures with
large foreign IT companies and develop cooperation with leading international
companies.

Particular attention is paid to the use of artificial intelligence technologies,
taking into account investments in this area, which in the next few years may exceed
one trillion dollars. The President emphasizes that successful development of the
artificial intelligence sector can significantly increase the country's GDP.

The need to create the most attractive conditions for attracting investment in the
construction of large data centers and promoting Kazakhstan's interests in the field of
data storage and processing is also discussed. Venture financing should become the
main source for launching innovative projects.
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Priority V — “Scientific research in the field of natural sciences”

1. Review and analysis of the achievements of Kazakhstani science (the most
significant results of the scientific and (or) scientific and technical sphere,
implemented developments)

The main areas of natural sciences, arising from natural science, include physics,
chemistry, astronomy, biology, geography, geology and ecology. Subsequently, at the
junction of these sciences, such disciplines as geophysics, astrophysics, biophysics,
biochemistry, physical chemistry, chemical physics, geochemistry, meteorology,
climatology and soil science appeared.

This section reveals aspects of the development of domestic science in the field of
physics, astronomy, chemistry, biology and geography.

Physics as a science can be divided into theoretical and experimental according to
research methods. According to the content of research, it can be divided into
fundamental and applied. For the harmonious development of science, all its
components are necessary, since careful theoretical research is needed to plan an
experiment, and significant efforts of theorists to interpret the data are also required to
analyze the data obtained. Fundamental research in physics provides pure knowledge
about the laws and nature of physical processes, and applied physics implements them
in the form of technologies, tools and devices, which in turn are used for further
research in fundamental experiments.

One of the indicators of the state of science is publication activity, which is
tracked in international databases of the relevant profile (Scopus, Web of Science,
etc.). In total, 3049 international-level works were published in the subject area of
"Physics and Astronomy" during the period under review (compared to 2405 in 2018-
2020, an increase of 27%).

Table 3-17. Publications on physics for 2021-2023.

Years Publications in Journal Conference Monographs
Scopus articles proceedings
2021 1059 779 255 1
2022 1006 765 208 8
2023 984 774 174 10
2021-2023 3049 2318 637 19

Table 3.17 shows that about 60% of publications are of a fundamental nature,
most of which are theoretical works, mainly carried out due to the presence of some
surviving scientific schools formed during the USSR, and since they do not require
large financial injections for its implementation. For information, for 2018-2020 this
figure was 80%, which indicates positive trends.
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Thus, the level of domestic physical science corresponds to the expected
indicators, taking into account the losses of the transition period and a fairly long
underfunding of science.

In the field of theoretical physics, the following results were obtained: the effect
of birefringence in the magnetar magnetosphere was predicted [202]; a corrected (and
expanded) Volkov-Akulov-Starobinsky supergravity model was constructed; F(R,T)-
gravity was created, generalizing GTR taking into account curvature and torsion,
giving a consistent description of the birth and evolution of the Universe [203].

In the field of nuclear physics and elementary particle physics, the following
results were obtained: within the framework of a modified potential cluster model with
classification of orbital states according to Young diagrams, it became possible to
describe experimental data for total cross sections of neutron radiative capture [204].

In the field of plasma physics, the following results were obtained: the dynamic
structure factor and other dynamic characteristics of a strongly coupled single-
component plasma were investigated using a self-consistent version of the method of
moments, radial distribution functions were calculated using molecular dynamics
modeling by solving the Ornstein-Zernike integral equation in the hypernetted chain
approximation, when the ion core is significant [205].

In the field of solid state physics, materials science and nanotechnology, the
following results were obtained: the structure of amorphous diamond-like carbon films
modified with palladium nanoparticles and synthesized on silicon (100) substrates was
investigated. It has been established that palladium nanoparticles affect the formation
of carbon bonds and increase the number of sp2 centers, and at concentrations of more
than 1 at.%, the film structure becomes graphite-like. The results published in the most
prestigious journals in their fields are presented here.

There are also quite good scientific results in areas interdisciplinary with physics.
Unfortunately, over the past three years there have been no results in collaboration
with leading large-scale projects in the field of physics (CERN, ITER, etc.), which is
an omission, since the presence of country representatives in such projects provides
great opportunities for the development of physical science in Kazakhstan and the
training of highly qualified scientific personnel. Efforts on the part of the state to
introduce its representatives into breakthrough international projects should be made
purposefully, since they are strategically important for the development of the country
as a whole.

Fundamental research in the field of astronomy and astrophysics is carried out by
many domestic universities and research institutes, such as the Kazakh National
University named after al-Farabi, Nazarbayev University, the Eurasian National
University named after L.N. Gumilyov, etc. However, since the inception of
astronomical science in Kazakhstan, the leading scientific organization for
fundamental and applied research in the field of astronomy and astrophysics has been
the V.G. Fesenkov Astrophysical Institute, which is responsible for three high-altitude
observatories, each of which has played and continues to play a major role in obtaining
world-class results in the field of near and deep space research [206-218].
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The main focus of the V.G. Fesenkov Astrophysical Institute (FAPI) is obtaining
new results and knowledge based on optical observations using modern/newest
equipment and a unique digitalized database and the results of modeling physical,
dynamic processes and phenomena in the Universe using scalable high-performance
computing equipment.

Over the past three years, at one of the FAPI observation bases, the Assy-Turgen
Observatory, located in the Yenbekshikazakh district of the Almaty region and which
Is a unique object and heritage of the Republic of Kazakhstan, a lot of work has been
done to significantly modernize the infrastructure of this observatory. New
communications have been installed, fiber optics have been laid along the entire
perimeter of the observatory (6.9000 hectares), all conditions have been created for the
installation of modern equipment at the observatory and accommodation for observers,
scientific and technical personnel. This modernization has served as a significant
increase in interest in cooperation on the part of foreign scientists and scientific
groups.

Modern scientific research and the tasks that the scientific community currently
faces, and in particular in astrophysics, are difficult to imagine without a close
relationship with the development of information technology and artificial intelligence,
BigData and DataMining algorithms. In this regard, to meet the institute's needs for
storing, processing and analyzing observational data, as well as for numerical
modeling, a petaflops-class computing cluster has been created and is actively
developing at AFIF. The cluster consists of high-performance computing nodes
equipped with multi-core central and graphic processors. The theoretical performance
of the cluster at the end of 2023 reached 97 teraflops for CPU operations (1012 cores /
2024 threads) and 1461 teraflops for GPU operations (337,408 CUDA cores). In
addition, there is a fault-tolerant data storage with a capacity of 270 terabytes. The
servers in the cluster are switched via 10-gigabit communication channels and run
Linux OS. Task scheduling is organized using the SLURM workload manager.
Calculations and data storage on the AFIF cluster are also available to external users
via an online request.

The emergence of new hypotheses, algorithms, and the development of
computing tools make it possible to take a fresh look at the methodology of data
analysis, including the revision of archival data. New tasks have emerged in the field
of Time-domain astrophysics. In this regard, the urgent task has become the transfer of
all accumulated observational material into a digital format using modern software
[219]. This work was successfully completed by AFIF within the framework of the
program-targeted financing of the Ministry of Higher Education of the Republic of
Kazakhstan (IRN BR10965141) for the creation of the National Virtual Observatory in
Kazakhstan (https://vo.fai.kz/).

In addition, FAPI has carried out a lot of work to provide information about
space weather in near-Earth space with the ability to assess risks for spacecraft. An
Internet portal was created as part of the program work on the creation of the National
Space Situational Awareness System (IRN BR11265408) with a user-friendly interface
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for obtaining information of interest on the situation in near-Earth space
(https://ssa.fai.kz/).

As part of fundamental research (IRN BR20280974), FAPI scientists have
obtained significant results that have been published in many foreign highly-rated
journals (https://fai.kz/ru/publications).

Also, in the field of space research, it is worth noting the activities of scientists
of the world-class Energy Space Laboratory, operating at Nazarbayev University and
headed by Nobel Prize laureate Professor George Smoot. The laboratory currently
houses cutting-edge equipment, such as a cryogenics lab that can produce the “coldest
spot in Kazakhstan,” advanced detector and sensor electronics, and a dynamic data
analysis program. The laboratory’s scientists have developed a control system for their
flagship telescope, which is currently the fastest in Asia. Researchers are developing
new generations of detectors that can identify individual particles of light — sensors
that can scan for changes in light a million times faster than those currently in use. One
of the laboratory’s flagship projects is an ultrafast telescope, currently operating at the
Assy-Turgen Observatory in collaboration with the Fesenkov Astrophysical Institute.
With a unique simultaneous three-channel detector, designed and built by Nazarbayev
University engineers, the telescope’s primary goal is to study some of the fastest
transient phenomena in the Universe, such as gamma-ray bursts. The laboratory
conducted unique measurements of gamma-ray bursts, which were announced to the
world community. The laboratory is also developing its own microwave Kinetic
inductance detectors. These highly sensitive superconducting quantum devices
measure the energy of incident radiation in a wide range of wavelengths. To date, the
laboratory's scientists have published more than 100 papers in leading international
journals.

Over the past five years, Kazakhstani science, thanks to reforms, has acquired a
"new lease of life". The results obtained by domestic scientists in the field of
mechanics are widely used in various areas of the country's economy.

Scientists from the Research Institute of Mechanics and Mechanical Engineering
named after Academician U.A. Dzholdasbekov have developed an optimal design for
the drive of sucker-rod pumping units based on rectilinear-guiding converting
mechanisms with a universal program for the optimal design of pumping unit designs
for pumping oil [220-223]. Domestic mechanical scientists have developed and
manufactured:

- a prototype of a new two-rod crank press, taking into account the design
features of the main working mechanisms based on the six-link Stephenson Il lever
mechanism, which will allow Kazakhstan to move to a higher technological level in
stamping products [224-226];

- a centrifuge based on a gyroscopic rotor with an upper elastic support with
nonlinear restoring and damping characteristics [226-227];

- a unique model of a vibration protection unit, which focuses on special
supports that are used to mitigate vibration and have a special surface shape [229-230];
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- a group of young scientists have developed and created an adaptive gripper of
a remotely controlled mobile robot for handling spherical objects for the needs of
nuclear power plants and agricultural and horticultural production [231-232];

- hardware and software complex of the aerial robotic system for monitoring the
quality of ores in natural occurrence, which is based on a specialized domestic
analytical X-ray fluorescence-energy dispersive device (EDXRF), installed on an
unmanned aerial vehicle with technical vision [233-234];

- optimal design of an adaptive walking robot, the design principle of which is
based on multi-criteria synthesis. As a result, it was possible to increase the
maneuverability and safety of the controlled object by using new design, circuitry and
software solutions [235].

- a prototype of a cable parallel robot, which consists of a fixed rectangular
frame, four winches, four hybrid stepper motors with drivers and four cables [236-
237];

- a robotic complex for medical purposes, which includes 4 (four) robotic
devices and 1 (one) centralized software and hardware system to combat the
coronavirus pandemic based on competitive domestic developments in the field of
medical robotics [238-242].

Fundamental and applied research in the field of chemistry by Kazakhstani
scientists has always occupied high places among CIS scientists.

Currently, Kazakhstani chemical science has achieved significant success, which
consists in the creation of environmentally friendly technologies for the production of
multi-purpose substances and materials and the development of effective technologies
based on them that meet global trends in chemistry [243-252]. In recent years,
scientific research has developed:

- in the field of organic-mineral fertilizers and materials. For the period 2018-
2023, brown coal deposits attracted the interest of scientists. The results of scientific
and agrochemical tests allowed to register the preparation "Sodium Humate", which
was included in the list of chemical and biological means of pest control, plant
diseases, weeds, defoliants and plant growth regulators approved for use in agriculture
of the Republic of Kazakhstan. New technologies have already been introduced in the
field of processing oil-contaminated soil, which includes the processes of
neutralization and processing of soil into building materials and inert materials. To
date, using this technology, more than 750.0 thousand tons of oil-contaminated soil
have been processed at the landfill of JSC "Ozenmunaygaz" (Mangistau region),
samples of paving slabs have been obtained and an experimental section of the road
has been built.

- in the field of creating nanoscale catalytic systems. In the course of research,
effective catalytic systems based on heteropoly acids have been developed.
Experimental studies have shown that the application of heteropoly acids to the surface
of zeolite leads to a synergistic effect, increasing the activity and selectivity of the
catalyst. Samples of nanostructured V-Ti-Zr-oxide catalysts with particles of their
components in the nanometer range have been created, which have successfully passed
tests in the partial oxidation of 4-methylpyridine. Methods for the synthesis of highly
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porous carbon from coal tar using the template method and its industrial application
have been developed.

- in the field of developing new drugs. Based on the first synthesized in the
laboratory of JSC "Institute of Chemical Sciences named after A.B. Bekturov" of
starting azacyclic ketones, fundamental principles and non-trivial approaches to the
molecular design of original (unique) domestic systems for practical medicine and
veterinary science (immunomodulators, antihistamines (antiallergic), analgesics,
antiarrhythmic, antibacterial agents) have been developed. Studies on ultrasonic and
microwave activation of methods for the synthesis of hetero- and organoelement
compounds have made it possible to develop effective methods for obtaining valuable
products with high yields.

- in the field of modern chemistry of ion-exchange membranes and
electromembrane technology for water purification. A technology has been created for
cleaning wastewater from ore enrichment plants to fishery standards or for reuse in the
technological process, which contributes to compliance with environmental standards
and the rational use of water resources. A technology has been developed for cleaning
unbalance wastewater from the tailings pond of the processing plant of the Altai
Mining and Processing Complex of Kazzinc LLC, which has made it possible to solve
the problem of water pollution in the region. Methods for obtaining organomineral
sorbents based on natural mineral carriers and carbon-containing minerals, including
bentonites, shungites and aluminosilicates, have been developed.

- in the field of polymer sorbents and composite materials, ion-exchange
polymers, intergel systems for the development of modern methods for separating and
extracting rare earth metals from concentrates and process solutions. Modeling of the
processes of activation, sorption, desorption and regeneration of ion-exchange resins
was carried out on the developed laboratory setup, which is protected by the patent of
the Republic of Kazakhstan for utility model No. 8523. Effective sorbents have been
developed - interpolymer systems "Amberlite IR120 - AB-17-8" and "Lewatit CNP LF
- AB-17-8" - based on the effect of remote interaction for the effective sorption of ions
of rare earth metals europium, scandium, cerium from solutions.

The development of geographical science in Kazakhstan is characterized by
multi-aspect directions, including solutions to theoretical and scientific-applied
problems, aimed at developing conceptual foundations, fundamental approaches and
methodology of scientific knowledge of the mechanism of interaction of natural and
economic subsystems, allowing to develop a strategy for sustainable nature
management.

The main areas of activity of the Institute of Geography and Water Security of
the Ministry of Education and Science of the Republic of Kazakhstan (hereinafter -
IGWSS, Institute) are carried out in four blocks in demand by the state and society:
assessment and forecast of water resources, hazardous natural exogenous processes,
natural resource potential of Kazakhstan; digitalization, atlas web mapping.

- on the block of water problems. A methodology for short-term forecast of ice
thickness increase for the Northern Caspian has been developed and put into
production [253]. The rivers and lakes of Kazakhstan have been classified, river runoff
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resources have been assessed, and various water resource scenarios have been
proposed for the period up to 2050 in the context of climate and anthropogenic
changes [254-255]. Hydrological foundations for preserving the wetland ecosystem
and increasing the resource potential of the lle River delta, and recommendations for
preserving (rehabilitating) water bodies in the Syr Darya delta have been proposed
[256-260]. Major studies are being conducted to develop a draft Agreement on Water
Sharing between the Republic of Kazakhstan and the People's Republic of China, and
to coordinate flood runoff in the basins of transboundary rivers between the Republic
of Kazakhstan and the Russian Federation.

- on the block of dangerous natural processes. Catalogs of glacial lakes with a
risk of outbursts in the lle and Zhetysu Alatau, and a method for predicting avalanche
danger based on artificial intelligence have been compiled [261-266].

- on the block of assessing natural resource potential. An assessment of the
current state of landscape systems was carried out, a methodology for assessing the
agro-resource potential of landscapes was developed, and the landscape-agroecological
state of agricultural regions of Kazakhstan was assessed [267-268]. An economic
assessment of water resources in the lle, Ertis, and Syr Darya river basins was carried
out, the redistribution of available volumes of water resources was substantiated, and
the price of water resources in these objects was identified [269-271]. A new paradigm
for tourism development in the Republic of Kazakhstan was created based on the
development of theoretical, methodological, and applied support for the development
of the national tourism industry [273-275].

- on the block of geospatial analysis and web presentation of data. A geospatial
web application was created to support research into the spatio-temporal features of
climate change in Kazakhstan [276-277].

In recent years, the staff of the IGWS of MSHE of RK received 10 copyright
certificates and 7 implementation certificates.

2. Review and analysis of global trends in science, examples of cooperation
between domestic scientists and foreign scientists and work carried out under
contracts with international scientific organizations

Currently, fundamental physics is searching for the so-called "new physics".
Advanced theoretical models: string theory, which evolved into M-theory, its
alternative in the form of loop quantum gravity, as well as many less popular models
have proven to be virtually untestable, since the effects they predict lie far beyond the
capabilities of experimental physics. Also relevant topics on the agenda of modern
fundamental physics are holographic duality, supersymmetry violation, the nature of
dark matter and dark energy, the relationship between energy and information, etc. A
large number of multidimensional alternative theories are being developed, candidates
for the role of dark matter particles are proposed, scenarios for the birth and evolution
of the Universe, models of extreme astrophysical processes (supernova, hypernova,
kilonova explosions, the formation and evaporation of black holes, etc.) are being
developed.

In the field of applied physics, on the contrary, there is a boom in the
development of new materials with amazing properties, ultra-high technologies: the
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era of quantum technologies has arrived. Quantum dots, quantum computing devices,
guantum communications, quantum cryptography, photonics and spintronics: this
industry is literally making a technological revolution, comparable to the transition to
the era of electrical technologies. The theoretical basis of quantum technologies is
guantum mechanics, and the coming decades will be the era of applied quantum
theory. In this regard, practically nothing is being done in Kazakhstan.
Superconductivity, strong magnetic fields, atomic clocks, ultra-precise accelerator
technology, lasers, soft matter, ultra-cold physics - the foundations for the
development of quantum technologies, are practically absent from the landscape of
Kazakhstan's physical science and education. It is necessary to take care of the lag in
this area at the state level. Kazakhstani science still has time to catch the last car of the
leading train of quantum technologies. A long-term, well-thought-out strategy for
creating a scientific infrastructure and training personnel capable of ensuring a
breakthrough in research and development is needed.

Although applied physics exists in the country (about 40 percent of
publications), it has no outlet for production, so without stimulating factors in the form
of good financing and demand by industry, it is in an uncertain position. This situation
Is aggravated by the fact that it is impossible to develop it without an innovative
industrial infrastructure, which Kazakhstan does not have. Fortunately, the world is
experiencing a transition period to the industrial formation of Industry 4.0, so
Kazakhstan has the opportunity to create an industrial infrastructure of a new
formation from scratch and provide a basis for creating an economy of the sixth
technological order.

Fundamental theoretical physics in our country is at a good level. This is
evidenced by a large number of articles in this area, and in top journals. As for specific
projects, we can note the cooperation with the Joint Institute for Nuclear Research
(JINR) - an international intergovernmental scientific research organization in the
science city of Dubna) on the basis of a quadripartite agreement with the Kazakh
National University named after Al-Farabi, the Eurasian National University named
after L.N. Gumilyov and the Institute of Nuclear Physics, within the framework of
which a range of work is carried out from training young scientists to joint research in
the field of experimental and theoretical nuclear physics, elementary particle physics
and high-energy physics.

It is also worth mentioning the projects of the National Nuclear Center of the
Republic of Kazakhstan with the Japan Atomic Power Company (JAPC) and the Japan
Atomic Energy Agency (JAEA) on the EAGLE project to conduct out-of-reactor and
in-reactor experiments to justify the design of the active zone of a promising fast-
neutron reactor with sodium coolant. Cooperation with the European Organization for
Nuclear Research (CERN) has great prospects; preparations for it have been underway
for several years after the signing of an agreement with the Ministry of Energy of the
Republic of Kazakhstan in 20109.

In the space industry, the world community is paying increasingly close
attention to the problem of debris in near-Earth space, including within the framework
of the initiatives of the UN Committee on the Peaceful Uses of Outer Space.
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Kazakhstan has also begun large-scale work in this direction. Over the past
almost three years, the Astrophysical Institute named after V.G. Fesenkov (AFIF)
created the basis of the space awareness system (Space Situational Awareness, SSA),
where, in parallel with the space weather segment (Space Weather, SW), one of the
Important objects of the space surveillance and tracking segment (SST) was
successfully manufactured and put into operation at the Assy-Turgen Plateau
Observatory (ATO) - a wide-angle optical system with a 40-cm aperture (SHOS-40).

It is important to note that in the process of creating the Space Awareness
System (within the framework of the PCP of the RCDIAP RK (IRN BR11265408),
Kazakhstan, represented by the V.G. Fesenkov Astrophysical Institute, was elected as
a member of the International Asteroid Warning Network (IAWN), created under the
auspices of the UN (https://iawn.net/about/members.shtml). And in the course of
creating the Virtual Observatory (within the framework of the PCF of the RK MNVO
(IRN BR10965141)) one of the important results was the inclusion of Kazakhstan in
the International Virtual Observatory Alliance (IVOA) (decision of the IVOA
Executive Committee https://ivoa.net/about/member-organizations.html).

For Kazakhstan, the creation and development of the space surveillance and
tracking (SST) segment is an important tool for ensuring the safety of its KazEoSat
and KazSat satellite constellations operating in low and geostationary orbits. The
system will allow on a regular basis monitor potential threats of collisions between
orbital bodies based on early prediction of their positions, and inform interested parties
(including foreign partners) about possible risks of collisions.

The development of the space surveillance and tracking/monitoring system
(SST) of near-Earth space is the first stage in the overall strategy of AFIF to deploy a
global scalable network of telescopes.

To date, memorandums and cooperation agreements have been signed with the
Polish Space Agency, ArianGroup (France), the Keldysh Institute of Applied
Mathematics (Moscow, Russia), and the Comenius University (Bratislava, Slovakia)
for the further development of the space industry of Kazakhstan.

As part of international cooperation, the V.G. Fesenkov was invited as a partner
to the research team of the DART (Double Asteroid Redirection Test,
https://dart.jhuapl.edu/) project of NASA — the first ever test of humankind to deflect
the asteroid Dimorphos — a satellite orbiting the double asteroid system known as
Didymos (https://science.nasa.gov/planetary-defense-dart/), and then, after the
completion of the DART mission, to the project to study the first test of an asteroid
deflection, conducting the first study of the double asteroid system HERA
(https://www.esa.int/Space_Safety/Hera). As a result, the article “Signs of Emissions
of Alkali Metals Nal, Lil, and K1 During first minutes after DART probe crash on
Dimorphos” (https://dx.doi.org/10.3847/2515-5172/ac9d33) was published [277].

Young scientists from the Institute of Mechanics and Mechanical Engineering
named after Academician U.A. Dzholdasbekov together with colleagues from RWTH
Aachen University (Germany) developed a nonlinear mathematical model of
oscillations of an infinite cylindrical shell as a limiting case of a nanotube and obtained
its asymptotic solution. The results of the conducted research can be successfully
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applied in the mechanics of materials, electronics, biophysics, as well as in the creation
of nanotechnology products with certain functional properties. Scientists from
IMMash in close cooperation with scientists from Turkey are conducting scientific
work devoted to the study of complex structures of lever mechanisms with wide
functional capabilities, which are integral components of various machines and
automation systems.

The Institute maintains close international ties with many foreign universities and
organizations, including the London State Research University "Brunel University"
(United Kingdom), Kaunas University of Technology (Lithuania), Centre for
Mathematical Research (Spain), Institute of Computational Mathematics and
Mathematical Geophysics SB RAS (Russia), Karlsruhe Institute of Technology
(Germany), University of Cassino and South Latium (Italy), Kiel University (United
Kingdom), Serbian Academy of Science and Arts, Institute of Mathematics (Serbia),
Kocaeli University (Turkey), Hamburg University of Technology (Germany),
University of Nice (France), Penza State University (Russia), Bauman Moscow State
Technical University; Federal State Budgetary Institution of Science A.A.
Blagonravov Institute of Mechanical Engineering of the Russian Academy of Science
(IMASH RAS); AGH University of Science and Technology (Poland).

The main areas of cooperation and prospects for the development of
international scientific relations in the chemical industry include:

- nanotechnology and the creation of sustainable materials;

- exchange of methods for the implementation of sustainable production
technologies, such as low-waste environmentally friendly technologies for the creation
of export-oriented and import-substituting products, fertilizers, plant growth stimulants
and organic compositions;

- joint research in biotechnology to develop new methods for diagnosing and
treating diseases, creating innovative medical products;

- cooperation in the development of alternative energy sources, including new
technologies for wind and solar energy, geothermal and hydrogeneration.

Global trends in drug production show that the pharmaceutical market is filled
with generics - reproductions of original drugs whose patent protection has expired.
Generics are cheaper than originals due to the lack of capital expenditures on the
development, research and advertising of new drugs. In organic chemistry, there is a
shortage of new leading structures that can be optimized to therapeutically useful
drugs. Demand for original drugs is predicted to increase, especially in the face of
microbial resistance.

In Kazakhstan, almost all the medicines used are imported. The main problem is
the high import orientation and insufficient use of the potential for the development of
the domestic pharmaceutical industry. Research in Kazakhstan is often suspended at
the preclinical testing stage due to the risk and lack of industry readiness for further
development. To close this cycle, government funding of the intermediate phase is
necessary, as is done in other countries. For example, in the United States, after the fall
of the NASDAQ stock index in 2002, the state began to finance further
technologization of knowledge through the Road Map, NIH and other programs.
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On average, a Western innovation company spends 10-15% of its annual
turnover on research. Singapore invests about $13.2 billion in scientific research from
2016 to 2020. Kazakhstan needs to create scientific research centers, which will allow
it to take important positions in the international distribution of labor. This requires
government support for the creation of research centers, as, for example, in China. It is
necessary to consolidate the research of synthetic chemists, pharmacologists, biologists
and physicians, and also to have a base for conducting all stages of preclinical and
clinical trials.

Global trends in science in the geographical field are aimed at the development
of high technologies. Thus, in 2023-2024, the Central Asian Regional Glaciological
Center, together with UNESCO and other scientific centers, organized a series of
events in which more than 130 specialists from Central Asia, Germany, Great Britain,
Switzerland, Austria, India, Nepal and other countries took part.

In order to establish links for international cooperation between the Institute of
Geography and Water Security (IGWSS) and the Potsdam Institute for Climate Impact
Research, a Memorandum of Cooperation was signed on the project "Assessment of
modern and predicted hydrological changes for typical natural and man-made
conditions of the river basins of Kazakhstan (on the example of the Buktyrma, Yesil,
Zhabai rivers) based on hydrological modeling.” Metadata and maps on the natural
conditions, resource potential of the Caspian Sea and its coastal part, created as a result
of the international program of the European Community "Caspian Sea Environmental
and Industrial Data&Information Service (Caspinfo)"”, were included in the world
database for the study and use of ocean and sea resources. Based on the results of the
project, Google Maps Demonstrator and the CASPINFO Portal were developed and
implemented.

In 2023-2024, the terms of reference were developed for the UNESCO and
GLOFCA Adaptation Fund project "Reducing the vulnerability of the population in
the Central Asian region to glacial lake outburst in the context of climate change”.

Together with Reading University (UK) and scientists from Kyrgyzstan,
Uzbekistan and Tajikistan, 2 grant projects were implemented in 2021-2023, in 2023-
2024, with the support of GIZ, 2 trainings were prepared and conducted on the use of
space images for cataloging and calculating the mass balance of glaciers.

Al-Farabi Kazakh National University Al-Farabi, together with the IWBG, in
2021-2024, the European Union ERASMUS program is being implemented on the
basis of these organizations: New courses in Geospatial Engineering for the adaptation
of coastal ecosystems to climate change.

3. Analysis of achievements and development trends of leading scientific schools
of Kazakhstan and highly developed foreign countries

There are a number of outstanding scientific schools in the Kazakh National
University named after Al-Farabi (the founders are academicians Abdildin M.M.,
Baimbetov F.B., Sarsembinov Sh.Sh., Kozhamkulov T.A., Takibaev N.Zh., professors
Isataev S.1., Zhusupov M.A., Kosov N.D., Kolomeets E.V., Baktybaev K.B., Taurbaev
T.1., Yushkov A.V., Drobyshev A.S., Messerle V.E.), originating from the schools of
outstanding famous scientists of the USSR, which made it the flagship of fundamental
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physical science in the previous 30 years of independence. Currently, there are two
institutes (SRIETP and NANOLOT) successfully operating here, as well as several
active groups in the field of theoretical physics and astrophysics (Dzhunushaliev V.,
Abishev M., Boshkaev K., Aldabergenov E.), plasma physics (Ramazanov T.,
Davletov A., Arkhipov Yu., Dzhumagulova K.), nuclear physics, cosmic ray physics
and high energy physics (Kozhamkulov T., Takibaev N., Zhusupov M., Burkova N.,
Chikhrai E., Saduev N.), thermal physics and cryophysics (Messerle V., Askarova A.,
Bolegenova S., Aldiyarov A.), nanotechnology, materials science, solid state physics
(Prikhodko O., llyin A., Abdullin Kh., Zharkeshev 1.) and nonlinear physics
(Zhanabaev Z.).

At Nazarbayev University, the majority of articles are generated by invited
foreign scientists working at the Department of Physics, the Center for Energy and
New Materials Science with the Laboratory of Physics and Materials Science, and the
Nazarbayev University Research and Innovation System with the Energetic Cosmos
Laboratory. The University has many modern, well-equipped research laboratories.
Here we can note the group on space physics, astrophysics and cosmology in the
laboratory of energetic space under the leadership of the Nobel laureate J. Smoot
(Linde E., Abdykamalov E., Malafarina D.), the group on nonlinear optics, laser
physics, solid state and materials science (Bakenov Zh., Desyatnikov A., Utegulov
Zh.), as well as scientists of the scientific group (Baigarin K., Tikhonov A.) working
with the pulsed high-current ion accelerator INURA (Innovative Nazarbayev
University’s Research Accelerator), which was put into operation in 2018. A good
modern facility like INURA is a growth point for sustainable, highly qualified
scientific groups. A good example of this was the creation of the INP branch at the
L.N. Gumilyov with the heavy ion accelerator DC-60, which generates almost half of
ENU's publications on physics.

L.N. Gumilyov ENU. The success of this relatively young university in the field
of physics is due to the invitation of representatives of leading scientific schools,
promising scientists mainly from the Al-Farabi Kazakh National University, the
Buketov KarSU and other scientific centers. Here we can note the groups of R.
Myrzakulov in astrophysics and mathematical physics, A.K. Aryngazin in theoretical
physics, K.K. Kadyrzhanov in nuclear physics, K. Baktybekov, T. Inerbaev and M.
Zdorovets in condensed matter physics, nanotechnology, materials science and
radiation physics of solids.

The Institute of Nuclear Physics and the National Nuclear Center are the main
bases of nuclear science in Kazakhstan. The presence of several reactors and
accelerators, the recently opened Data Center and the Center for Nuclear Medicine
make them growth points for experimental nuclear physics, nuclear medicine and
radiation materials science in our country. Under the leadership of Director General
Sakhiev S.K., who also heads the group on theoretical nuclear physics, the Institute of
Nuclear Physics successfully develops the Kazakhstan School on Physical and
Technological Problems of Nuclear Energy, founder, laureate of the State Prize for
Science and Technology of the Republic of Kazakhstan, prof., Doctor of Physics and
Mathematics G.A. Batyrbekov; the Kazakhstan School on Radiation Physics of Solids
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and Radiation Materials Science, founder, laureate of the State Prize for Science and
Technology of the Republic of Kazakhstan, prof., Doctor of Physics and Mathematics
O.P. Maksimkin; Kazakhstan School of Experimental Nuclear Physics, founder -
laureate of the State Prize for Science and Technology of the Republic of Kazakhstan,
prof., D.Sc. (Physics and Mathematics) A. Duisebayev; Kazakhstan School of
Experimental Nuclear Astrophysics, founder - head - prof.,, D.Sc. (Physics and
Mathematics) N. Burtebayev.

It is also necessary to note the schools in the National Nuclear Center associated
with the materials science tokamak KTM, the IGR and IVG.1M reactors. These are
scientific schools in the field of conversion of nuclear energy into optical radiation
energy (Batyrbekov E.G.), in the field of condensed matter physics and radiation
materials science (Skakov M.), in the field of nuclear energy safety research (Vurim
A.D.), in the field of controlled thermonuclear fusion technology research (Tazhibaeva
I.L.), in radioecology (Lukashenko S.N.), in methods of control over nuclear tests and
modern monitoring systems (Mikhailova N.N.).

The Kazakh National Research Technical University named after K.I. Satpayev
has a rich tradition of applied research in physics. The Physicotechnical Institute,
which recently became part of the university, operates within its framework, where,
along with research in solar energy, work is carried out in materials science, space
physics, and high-energy physics. The schools of Kumekov S., Mustafin A., Boos E.,
Mukashev B., Sadykov T., Lebedev I. can be noted.

Karaganda State University named after E.A. Buketov traditionally has strong
schools in solid state and materials science (Kuketaev T.A., lbraev N., Saulebekov
A.0.), technical physics and thermal physics (Kusainova K.K.). The groups in
theoretical physics (Aryngazin K.) and nanotechnology work well. The Kazakh journal
"Eurasian Physical Technical Journal™ included in Scopus is published here.

Also among the scientific centers that make a significant contribution to the
development of Kazakhstan's physical science, it is necessary to note the V.G.
Fesenkov Astrophysical Institute, whose scientists participate in leading international
collaborations, publishing their works in leading astronomical journals. The V.G.
Fesenkov Astrophysical Institute is the leading scientific organization in Kazakhstan in
fundamental research in the field of astronomy and astrophysics. Founded in 1950, the
V.G. Fesenkov Astrophysical Institute Fesenkov Astrophysical Institute was the center
of astronomy development in Kazakhstan at all stages of its development. The first
research scientists of the Institute, Vilkovskiy E.Ya. (on the study of active galactic
nuclei), Omarov T.B. (on the study of stellar dynamics), Chechin L.M. (on
Cosmology), left behind scientific schools.

Representatives of the schools of Physics of Planets and Satellites (Teifel V.G.),
Numerical Methods in Astrophysics (Omarov Ch.T.), on the study of objects of deep
and near space (Serebryanskiy A.V.), on relativistic astrophysics (Aimuratov E.K.)
work at the Institute. Active development of research in the field of astronomy and
astrophysics allowed the Astrophysical Institute named after V.G. Fesenkov to become
a member of the International Astronomical Union.
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Kazakhstani science in the field of mechanics also has strong schools. Research
Is conducted in four areas: geomechanics and mechanics of deformable bodies,
development of methods for calculating underground structures; development of
machine mechanisms, mechatronic and robotic systems; hydromechanics and
numerical methods for studying non-Newtonian fluids; flight dynamics of spacecraft
and satellites.

The Institute of Mechanics and Mechanical Engineering named after
Academician U.A. Dzholdasbekov is a leading state scientific organization in the field
of mechanics, mechanical engineering and robotics. Since 2023, the Institute has been
developing methods of mechanics, research into heat transfer of non-Newtonian fluids,
non-stationary thermomechanical states of solids, patterns of deformation of rocks and
building materials, modeling of mining, mechanics of machines and robots using
machine learning and digital technologies.

The research covers mathematical models and computer technologies in the
mechanics of deformable solids and structures (Alekseeva L.A., Kudaykulov A.,
Zakiryanova G.K., Baimakhan R. et al.), the study of the temperature field of
highways in various climatic conditions (Teltayev B.B., Iskakbayev A.), modeling of
dynamic systems in vibration protection problems (Khadzhieva L.A., Bisembayev K.
et al.), the development of methods and programs for virtual modeling of lever
mechanisms, research into the dynamics and control systems of UAVSs, rotary
machines and parallel robots (Moldabaykov M.M., Tuleshov A.K., Ibrayev S.M.,
Iskakov Zh., Dzhomartov A., Seidakhmet A., Dzhamalov N.K. et al.).

Among the leading schools in the chemical industry, one can note the A.B.
Bekturov and the International Scientific and Production Holding "Phytochemistry" in
Karaganda. The Institute of Chemical Sciences named after A.B. Bekturov specializes
in the development of the chemistry of biologically active substances for medicine,
which often do not find practical implementation. The main problems include low
funding, lack of innovative infrastructure, personnel shortages and weak business
interest. However, the Institute has the potential to commercialize its developments.
The state drug policy should ensure the strategic availability of drugs through the
creation of new drugs developed and manufactured in Kazakhstan.

The International Holding "Phytochemistry" is actively developing chemical and
pharmacological research, from fundamental research to the implementation of
technologies in production. It develops competitive pharmaceutical products with high
Kazakhstani content based on fundamental research in chemistry and molecular
biology.

Priority VI — “Life and Health Sciences”
1. Review and analysis of the achievements of Kazakhstani science (the most
significant results of the scientific and (or) scientific and technical sphere,

implemented developments)

Research in the field of gerontology. Scientists believe that the threat of global
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demographic growth has passed [278], and at present the global problem is not rapid
population growth, but its aging, which requires a significant amount of medical,
social and economic measures. The solution to these measures involves institutional
and political reforms and the introduction of technological innovations based on
scientific research [279].

The increase in life expectancy along with the decline in birth rates leads to the
aging of the world population. According to the United Nations, by 2021 the number
of people over 65 years of age in the world was 9.6% of the total population, and by
2050 it is expected to increase to 16.5%. At the same time, according to the World
Health Organization, the COVID-19 pandemic has had little impact on the
demographic situation in the world, despite approximately 15 million direct and
indirect deaths associated with COVID-19 and an almost two-year decline in life
expectancy worldwide during the first two years of the pandemic [280].

Kazakhstan is at a relatively early stage of demographic aging of the population.
According to the UN, the proportion of elderly people in the country will constantly
grow, and by 2050 will exceed 3 million people, and the share of the total population
will be 11.9%. At the same time, the indicator of Kazakhstan (in 2023 - 9.44%) is the
highest among the 5 Central Asian republics (Tajikistan - 4.18%; Turkmenistan -
6.55%; Uzbekistan - 6.88%; Kyrgyzstan - 6.60%) [281]. According to the UN, by
2050 Kazakhstan will remain the leader in this criterion in Central Asia, despite the
fact that the growth rate will be lower than in other Central Asian countries [282].
Despite the observed increase in life expectancy at birth worldwide and in Kazakhstan
(2019: 73.3 years in the world; 74 years in Kazakhstan) (Fig. 3.15), healthy life
expectancy lags behind (2019: 63.7 years in the world; 65 years in Kazakhstan) [283-
284].
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Figure 3.15 — Scenarios for changes in life expectancy at birth in Kazakhstan. Source:
https://kazakhstan.unfpa.org/sites/default/files/pub-pdf/UNFPA_FullReport_Rus_Final.pdf [7].

In this regard, the United Nations General Assembly declared the period from
2021 to 2030 the "Decade of Healthy Ageing", covering four areas of activity: long-
term care, combating age-related changes, age-friendly environments and integrated
care [285].
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This requires strengthening systemic approaches and international cooperation
in conducting national scientific research in all these areas of activity to develop
regional and national policies on ageing in Kazakhstan. In this context, today
Kazakhstan identifies the following scientific challenges for itself:

Scientific challenge 1. Research for the formation of policies implemented by
state and public institutions, and the ecosystem of healthy ageing.

The Active Ageing Index (AAI) is used worldwide as a tool for monitoring
policies and measures to support active ageing [286]. This index was calculated for
Kazakhstan for the first time in 2020 as part of the research work “Assessment of the
socio-economic situation and needs of the elderly in Kazakhstan” and amounted to
38.4% for both sexes (40.7% for men and 36.9% for women). This shows that in the
Republic of Kazakhstan, the potential for active longevity is underutilized by 61.6%
compared to the ideal maximum (100%). When compared with other countries,
Kazakhstan was in 9th place out of 29 countries in the active ageing index, despite
84% of elderly people not showing social activity [287]. The AAI was determined by 4
indicators: employment; participation in society; independent, healthy and safe life;
favorable environment for active longevity (Table 3.18). Kazakhstan's high position in
the indicator "favorable environment for active longevity" is ensured by a high level of
education. The strengths included a strong reliance on social contacts and intra-family
types of social activity (caring for grandchildren and elderly relatives requiring care), a
high level of physical activity, and good psychological well-being. The weaknesses of
active ageing in Kazakhstan were: low life expectancy at older ages, low extra-family
social activity, the degree of material deprivation, and gender differences in the
potential for active ageing [288].

Table 3.18. — Value and ranking of the active ageing index for the Republic of Kazakhstan
(2020). Source: UNECE. Active Ageing Index. Analytical Report. UN, 2019. Geneva. URL.:
https://www.unece.org/fileadmin/DAM/pau/age/Active_Ageing_Index/ECE-WG-33.pdf. [287/10].

No. | Country Active Domains
Longevity | Emp | Participa | Independent, A Favorable
Index loy tion in Healthy and | Environment for
ment | the life Safe Living Active
of Longevity
society

1 Sweden 47,2 45,4 26,0 79,2 71,2
2 Denmark 43,0 40,6 21,7 78,4 66,5
3 Netherlands 42,7 36,3 26,6 77,3 64,7
4 United Kingdom 41,3 39,3 20,7 75,3 63,9
5 Finland 40,8 35,7 22,6 77,6 63,1
6 Germany 39,6 39,4 15,9 74,9 63,6
7 Ireland 39,1 354 18,8 75,0 63,2
8 France 38,6 26,9 26,2 75,4 62,2
9 Kazakhstan 38,4 32,8 21,0 66,2 64,5
10 Estonia 37,9 44,5 14,3 66,5 53,2
11 Belgium 37,7 23,8 27,0 73,3 62,8
12 Czech Republic 36,5 34,2 16,2 71,4 58,7
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13 Austria 35,8 27,2 18,8 77,7 60,0
14 Cyprus 35,7 30,8 19,4 71,5 54,9
15 Malta 354 25,6 20,9 70,6 60,5
16 Latvia 35,3 37,9 17,8 57,7 50,2
17 Luxembourg 35,2 20,2 23,8 74,2 62,2
18 Italy 33,8 28,0 17,3 68,0 55,9
19 Spain 33,7 25,7 16,2 71,6 59,7
20 Portugal 33,5 33,4 11,9 67,7 54,2

These research results provided the initial data for the development of the
National Action Plan for Improving the Situation of Senior Citizens "Active Ageing"
for the period 2021-2025. The purpose of the National Plan is to formulate a strategy,
composition and sequence of coordinated actions of all parties involved to improve the
lives of senior citizens, improve the quality of life, independence and autonomy in old
age, increase the healthy life expectancy of the population, maintain and strengthen
health, improve the social and psychological well-being of senior citizens, expand
opportunities in old age to participate in various spheres of society, in the socio-
economic development of the country [289].

Thus, creating certain problems for governments and society, gerontology
throughout the world is identified as a priority area from a scientific point of view. The
United Nations Programme on Research on Ageing identifies a number of research
areas [290] that can form the basis for policy decisions taken in response to ongoing
ageing at both the population and individual levels [291]: research to formulate
policies implemented by state and public institutions, to form an ecosystem of healthy
ageing with the participation of older people in society and their integration into
society; biomedical research to understand the basic mechanisms of ageing and
longevity factors that are of fundamental importance for realizing the potential of
healthy human ageing and preventing age-associated diseases; innovative technologies
to improve the diagnosis and treatment of diseases in geriatric practice; research aimed
at creating gerontological care services and long-term care for the elderly and the
introduction of technology in this area.

Scientific challenge 2. Research for the creation of gerontological care and long-
term care services for the elderly and the introduction of technology in this area. The
foundations of the gerontological service in the healthcare sector of Kazakhstan have
been laid. For this purpose, the "Standard for the organization of geriatric and
gerontological care in the Republic of Kazakhstan™ was approved (Order of the
Ministry of Health of the Republic of Kazakhstan 55 dated 06/23/2021 in accordance
with paragraph 32) of Article 7 of the Code of the Republic of Kazakhstan dated
07/07/2020 "On public health and the healthcare system", establishing the
requirements and procedures for the processes of organizing the provision of geriatric
and gerontological care to patients of older age groups with signs of premature aging
in outpatient, inpatient, inpatient settings and at home; the specialty "geriatrics" is
included in the nomenclature of medical and pharmaceutical specialties of the country.
In order to strengthen gerontological care at the PHC level, the National Plan "Active
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Longevity" until 2025" provides for mandatory implementation of "Opening of
geriatric rooms at polyclinics” (in task 5 "Improving the health care system",
paragraph 14). In this regard, starting in 2022, geriatric rooms in PHC will be opened
in all cities of Kazakhstan to provide primary specialized care in the profile of
"geriatrics". However, despite the achieved results, the function of the geriatric room
in many polyclinics is reduced to simply submitting quarterly reports to the city health
department on the coverage of the elderly population with dispensary examinations,
promotions, organization of an active longevity school, etc. The main reasons for such
formal work: 1) to date, uniform requirements and procedures for the work of geriatric
rooms in PHC have not been established; 2) there is no approved unified methodology
and no tools for conducting a comprehensive geriatric assessment (specified in the
Standard for the Organization of Geriatric and Gerontological Care), non-standardized
various questionnaires and tests are used; 3) there are no integrated programs for
improving the qualifications of the Multidisciplinary Team of PHC specialists
(medical and social workers, psychologists) for organizing long-term home care in
gerontological practice; 4) modern gerontotechnologies and digital technologies have
not been introduced into the practice of geriatric offices.

Meanwhile, the best international practice of demographically aging countries
has shown that one of the main tasks of the geriatric PHC office is to provide
specialized geriatric care to patients based on a comprehensive geriatric assessment of
the patient's health, as well as prevention and interdisciplinary management of a
patient with senile asthenia. Frailty syndrome is a key geriatric syndrome that predicts
a high risk of death and other adverse outcomes in older people. At the same time, the
main attention should be paid to the timely and proactive detection of frailty in elderly
patients by therapists, general practitioners and their referral to a geriatric office.

In Kazakhstan, there is no state system of comprehensive long-term care that
meets the needs of the population in need and is accessible to all citizens. The main
reasons are: long-term care for patients is not sufficiently implemented as a political
task in healthcare, and home care services are not fully integrated into the system of
medical and social security of the population.

The organization of the long-term care system as a unified medical and social
assistance to the elderly population as a whole is not envisaged. According to open
sources, according to the Department of Employment and Social Programs of the
Akimat of the city of Almaty, among 12.5% of elderly people living in the metropolis,
only 1.3% of those in need are served at home by social services. According to
research data, for the period 2016-2021, among outpatients in need of long-term
medical, social and palliative care, 73.7% are elderly and 25.3% are old. Of all elderly
people in need of long-term care, 86.3% chose "home care", while 2.3% of
respondents chose "institutional care" (state medical and social institutions for the
elderly and disabled or private nursing homes). The described current situation is the
basis for the implementation of scientific research and the effective implementation of
the National Plan "Active Ageing".

Scientific Challenge 3. Biomedical Research. Aging, from a scientific point of
view, is a series of processes that include direct DNA damage, accumulation of
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cellular waste, metabolic errors and imperfect repair, and the body's response to these
processes, which leads to the known signs of aging and the development of age-related
diseases [292]. Aging is defined by various categories and how they interact with each
other is explained, stimulating the development of age-related changes and diseases
[293]. Knowledge of these foundations and mechanisms of aging gives researchers an
idea of how they can directly intervene in these aging processes to prevent age-related
diseases [294].

In the period from 2021-2023, the scientific and technical program “National
Program for the Implementation of Personalized and Preventive Medicine in the
Republic of Kazakhstan” was implemented on the basis of the S. Asfendiyarov Kazakh
National Medical University. The goal of the program was to develop management
solutions aimed at preventing the development of diseases in the population of the
Republic of Kazakhstan, taking into account local characteristics. Based on the project
results, recommendations were developed for decision-making to optimize the work of
primary health care; data were obtained on the real picture of the impact of industrial
regions of hazard class I, motor transport and water supply systems on the health of the
population of each specific city and district center of the Republic of Kazakhstan;
valuable information was obtained on the genetic predisposition of the population of
Kazakhstan to different courses of COVID-19, as well as on the genetic characteristics
of the coronavirus strains circulating in Kazakhstan; key genetic markers associated
with the development of significant diseases in individuals of the Kazakh ethnic group
were identified, a reference database of genomic variants of the Kazakh population
was created; draft amendments to clinical protocols regulating the tactics of using
selected drugs, taking into account the genetic characteristics of the patient were
developed; strains of M. tuberculosis that are most resistant to current treatment
methods were identified; a technology was introduced that increases the effectiveness
of treatment of acute leukemia in children; a technology of personalized cell transplant
with high regenerative potential was developed; the "Biobank for the Main Social and
Non-Communicable Diseases of the Population of the Republic of Kazakhstan™ was
created on the basis of the scientific laboratory "Center for Collective Use" of the
Research Institute of Fundamental and Applied Medicine named after B. Atchabarov.

In 2023, scientists from the Karaganda Medical University conducted research
to assess health and disease risk factors, obtained a genetic assessment of more than
2,000 patients and accumulated a database for analyzing the relationship between
genetic markers and the development of pathologies of various origins. Genetic and
serum markers were identified that make it possible to assess the risk of developing
colorectal cancer; the most effective treatment regimens for chemotherapy of
colorectal cancer were determined; indicators of the effectiveness of preventive
measures were developed.

As part of the national program for the implementation of personalized and
preventive medicine in the Republic of Kazakhstan (2021-2023), a study was
conducted at the National Center for Biotechnology to create a technology for
obtaining autologous genetically modified T-lymphocytes expressing chimeric antigen
receptors (CAR-T), and it was recommended to use CAR-T lymphocytes for adaptive
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immunotherapy of patients with leukemia. CAR-T technology is planned to be
introduced in the Republic of Kazakhstan in 2024 in the format of a "hospital
exception”, the concept of which means that the cellular drug (CAR-T) will be used to
treat patients before the registration procedure is completed. Kazakhstan may become
the first country in Central Asia to begin treating oncohematological diseases with
genetically modified cells.

Currently, the whole world is studying the disruption of the human intestinal
microbiome as a cause and consequence of aging, since it is known to change with
age. Modern studies also show that the intestinal microbiota is capable of exerting its
effect not only locally, but can also influence key functions of the body, such as the
cardiovascular system, central nervous system, endocrine system. There is scientific
evidence of long-term dysbacteriosis of the intestinal microbiome in COVID-19 and
its association with fecal excretion of the SARS-CoV-2 virus and the severity of the
disease [295].

The Medical University of Karaganda conducted a study to assess the
phenomenon of bacterial translocation. Within the framework of this project, more
than 1000 patients with various disorders that contribute to the translocation of
microflora from the intestine (impaired patency, increased intra-abdominal pressure,
inflammatory bowel lesions) were examined. It was revealed that the phenomenon of
bacterial translocation can be a key factor in the development of sepsis in surgical
patients, even without the presence of a source of infection. A method for directly
assessing the presence and degree of bacterial translocation in patients has been
developed. A system for assessing the risks of inflammatory complications in patients
based on the determination of intestinal translocation biomarkers has been developed.
The results formed the basis for the development of a personalized approach to the
treatment of patients with multiorgan dysfunction.

In this direction, Nazarbayev University and the Gerontology Center of the
Hospital of the Medical Center of the Presidential Administration of the Republic of
Kazakhstan are conducting a scientific study on the species structure of intestinal
microbiota in insulin resistance in the Kazakh population. For the first time in this
direction, scientists from the Kazakh National Medical University named after In
2023, S. Asfendiyarov conducted a study of the intestinal microbiome using modern
sequencing platforms with the participation of elderly people and the effect of freeze-
dried mare's milk on the main indicators of the microbiome and the state of
lymphocyte cell membranes and immune status, including those who have had Covid-
19.

Scientific challenge 4. MedTech and artificial intelligence. Without the support
of applied research and the introduction of innovative technologies into practice, it is
impossible to improve the problem of health care in modern conditions. In terms of
competitiveness compared to other countries, Kazakhstan is at the initial stage of
MedTech development and the use of artificial intelligence (Al) [296]. To promote Al,
since 2023, the Science Foundation has been holding an industry MedTech reactor for
the commercialization of technologies for the results of scientific and technical
activities based on the Kazakh National Medical University named after S.
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Asfendiyarov, the total amount of attracted investments is more than 500 million
tenge.

Today, the healthcare industry of Kazakhstan is focusing on two innovative Al
developments:

- in the diagnosis of oncological diseases, in particular breast cancer and lung
cancer using Al;

- in the field of neuroradiology, the Cerebra software for automated diagnosis of
ischemic and hemorrhagic stroke was selected to participate in the world's largest
medical technology accelerator MedTech Innovator.

Since 2023, scientists from the Al-Farabi Kazakh National University have been
conducting a study entitled "Development of markers and a diagnostic algorithm for
the detection and prevention of early cardiovascular aging." The purpose of the study
Is to identify risk markers for early involutional changes in the cardiovascular system
and the development of age-associated cardiovascular diseases based on the study of
biochemical, immune and cytopathic indicators of older individuals. To analyze these
indicators, scientists have developed machine learning algorithms to automate the
process of identifying the main factors influencing the aging process. In the future,
scientists plan to develop a program based on artificial intelligence that will take into
account the main biomarkers and the risk of cardiovascular diseases in a particular
patient. This area of research by scientists is promising, since the use of Al will allow
for an in-depth study of the complex relationships between various aspects of
premature aging and the identification of sensitive biomarkers, on the basis of which
measures to prevent premature aging of the body will be proposed.

Scientific challenge 5. Remote medicine. Several domestic digital solutions for
remote provision of medical services and monitoring of citizens' health are being
implemented in Kazakhstan:

SmartECG software (CMC Technologies) - remote interpretation of cardiology
examination results, which operates in 15 regions of the country;

EyelLab hardware and software complex (EyeLab) - remote processing of fundus
Images and automatic analysis of the obtained result, implemented in 7 regions (the
cities of Astana and Almaty, Zhambyl, Akmola, Karaganda, North Kazakhstan regions
and Zhetysu region);

HES-7 health diagnostic system for mobile diagnostics of residents of remote
villages - "paramedic backpack" (Konsung Technology LLP);

system for remote monitoring of citizens' health using wearable devices (Sapa
Telemedicine Center);

hardware and software complex for undergoing medical examination
"SMARTSCAN" (TOO "Arasan Deu Group");

remote health monitoring system "Home Diagnostics” (TOO "Home
Diagnostics") - an integrated hardware and software complex designed to record body
sounds, perform otoscopy, pulse oximetry and ensure effective communication
between patients and doctors;

program "Med 365" (TOO "Med 365") - a system for automating medical
examinations, a hardware and software complex;
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MedReview software (KazDevelopment company) - generating remote reports
on radiation diagnostic services (X-ray/mammography/CT/MRI).

2. Review and analysis of global trends in science, examples of cooperation
between domestic scientists and foreign scientists and work carried out under
contracts with international scientific organizations

The medical research industry aims to advance human health and combat
diseases, but faces significant challenges from high costs and lengthy research
processes to their reproducibility in practice. Artificial intelligence, more accurate
diagnostics, and accelerated molecular development are key actions to advance
medical research to improve global health. The integration of these innovations solves
the industry's pressing problems and paves the way for more efficient, accurate,
inclusive, and patient-centered healthcare.

The medical research trends of the modern global community include medical
technologies based on artificial intelligence, remote medical care (virtual hospitals and
telemedicine), nanomedicine (immunization), development of new drugs, improved
data analytics for prediction and decision making, translational research, immersive
technologies, molecular analytics, etc. [297]. Synergies between biomedical science
and a wide range of technological disciplines, including genetics, biotechnology,
artificial intelligence are the main driving force, and lead to the development of
molecular and cellular biology, which underlie personalized medicine.

Artificial Intelligence. Among the global trends in medical technology
(MedTech), artificial intelligence (Al) and machine learning (ML) are a priority.
According to the forecast of MarketsandMarkets, the Al services market for healthcare
will grow from 14.6 billion in 2023 to 102.7 billion by 2028 [298]. According to Al in
Healthcare Statistics (2023), around 40% of healthcare areas worldwide regularly use
Al and ML. The range of Al use in healthcare is expanding every year, and is now
considered a promising solution in cancer diagnostics, drug development, personalized
treatment plans, and risk assessment [299]. In 2023, the popular areas of healthcare for
Al development include radiology (75%), cardiology (up to 11%), hematology (up to
4%), neurology (up to 3%), etc. [300]. The StartUs Insights Discovery Platform report
highlights such Al trends for 2023 as a platform for analyzing acoustic data of
respiration and the heart (MedaPlus, Germany), a solution for triaging strokes (Hevi A,
Turkey), software for early diagnosis of cancer (Sierra Medica, UK), etc. [301].

In the context of the rapid introduction of Al in healthcare in 2023, the WHO
presented principles for regulating Al technologies in healthcare, contributing to the
formation of best practices [302].

In terms of competitiveness compared to other countries, Kazakhstan is at the
initial stage of MedTech development and the use of Al [296]. Factors such as the
level of innovative development of the country (81st place out of 132 countries in the
Global Innovation Index, 3rd place among the countries of Central and South Asia)
[303], a rapidly developing startup ecosystem (74th place in the Global Startup
Ecosystem Index) [304], state support for technological developments (for example,
subsidies through a project to stimulate productive innovations), and an actively
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developing scientific environment allow Kazakhstan to promote Al products in
practical healthcare [305].

In gerontology, Al has begun to be widely used to predict frailty, a key syndrome
that allows predicting a high risk of death and other adverse outcomes in older people.
In particular, studies have shown that Al improves the prediction of frailty, surpassing
traditional models [306-311], and the effectiveness of Al for screening frailty has been
demonstrated compared to traditional methods [312].

Clinical trials. Cancer is growing at a significant rate worldwide, accounting for
up to 25% of the global clinical trials market. The cardiovascular diseases segment is
growing by an average of 7-10%, the growing prevalence and increased demand for
cost-effective drugs worldwide have led to investments in science in this area.
According to WHO, about 40% of clinical trials of non-communicable diseases were
conducted worldwide, with infectious diseases accounting for 60% of all studies. The
observational studies market in autoimmune/inflammatory diseases was the second
largest, with more than 7,000 interventional studies presented on the Clinicaltrails.gov
website.

The clinical trials market in Kazakhstan has been actively developing in recent
years: the number of studies has increased almost 3 times over 10 years (2013 - 5;
2023 - 17), and their share is 0.85% per 1 million population (2023) [313/36].
However, compared to the countries of the EAEU and Europe, the observed growth of
the clinical research market in Kazakhstan is insignificant, despite the ongoing reforms
- optimization of regulatory standards, reduction in the terms of licensing processes,
refusal to accredit the clinical research base. The main share (2/3) falls on
bioequivalence studies of drugs, as well as phase Il clinical trials. Up to 50% of
studies are carried out at the expense of foreign manufacturers of drugs and medical. In
2023, the main areas of drug research were gastroenterology, immunology,
ophthalmology, psychiatry. In order to develop the clinical research market in
Kazakhstan, the Ministry of Health of the Republic of Kazakhstan in 2022 created the
Center for the Development of Clinical Research, the purpose of which is to support
and develop international and local clinical research, as well as the formation of new
methodologies for finding evidence in the healthcare system. The Center is
implementing the project of program-targeted financing "Development of new
approaches to the organization and conduct of clinical trials in the Republic of
Kazakhstan. Creation of a unified system for coordinating clinical trials" (2023-2024),
within the framework of which, since 2023, work has been carried out to optimize the
regulatory framework, develop the National Registry for Biomedical Research
(automation of business processes for managing clinical trials (from registration to
reporting) on a "single window" principle with the participation of all stakeholders),
form a National Strategy for the Development of Clinical Trials in Kazakhstan for the
next 3 years, etc.

The first Clinical Center for Bioequivalence has been created in Kazakhstan, on
the basis of which it is planned to conduct clinical and biopharmaceutical parts,
providing manufacturers with an opportunity to have a full range of services for
bioequivalence and therapeutic equivalence studies.
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Clinical trials in the field of aging are conducted in the following areas [314]:
targeting senescent cells and removing these cells using genetic or pharmacological
drugs (so-called senolytics); inhibition of the mTOR protein, including rapamycin.
mMTOR inhibition results in improved mitochondrial function, dermatological
improvements in skin, and overall improved immune function in older adults, possibly
through reduced immunosenescence; study of NAD+ and NADH - the oxidized and
reduced forms of the metabolite nicotinamide adenosine dinucleotide (NAD). NAD+ is
an important indicator of intracellular energy; exercise-based reduction of systemic
and muscle inflammation.

Remote healthcare (virtual hospitals and telemedicine). The global remote patient
monitoring market will grow steadily and will amount to more than USD 290.59
billion by 2028, with a CAGR of 14.6% [315]. The top 10 fastest growing
telemedicine services are: teledentistry, teleradiology, psychiatric telemedicine,
teledermatology, telepathology, telecardiology, pediatric telemedicine, ophthalmology
telemedicine. Such technologies in 2023 include, for example, the expansion of the
services of the American Well Corporation (USA) digital clinical program to include a
cardiometabolic program, Teladoc Health Inc. uses telemedicine to solve problems
with prediabetes and weight control programs, etc. [316]. Several domestic digital
solutions for remote provision of medical services and monitoring of citizens' health
are being implemented in Kazakhstan:

- SmartECG software (CMC Technologies) - remote interpretation of cardiology
examination results, which operates in 15 regions of the country;

- EyeLab hardware and software complex (EyelLab) - remote processing of
fundus images and automatic analysis of the obtained result, implemented in 7 regions
(the cities of Astana and Almaty, Zhambyl, Akmola, Karaganda, North Kazakhstan
regions and Zhetysu region);

- the HES-7 health diagnostic system for mobile diagnostics of residents of
remote villages - "paramedic backpack" (Konsung Technology LLP);

- a system for remote monitoring of citizens' health using wearable devices (Sapa
Telemedicine Center);

- hardware and software complex for undergoing medical examination
"SMARTSCAN" (TOO "Arasan Deu Group");

- remote health monitoring system "Home Diagnostics” (TOO "Home
Diagnostics"”) - an integrated hardware and software complex designed to record body
sounds, perform otoscopy, pulse oximetry and ensure effective communication
between patients and doctors;

- the program "Med 365" (TOO "Med 365") - a system for automating medical
examinations, a hardware and software complex;

- MedReview software (KazDevelopment company) - generating remote reports
on radiation diagnostic services (X-ray/mammography/CT/MRI).

Biotechnology in medicine and nanomedicine. The global nanomedicine market is
valued at US$227.64 billion in 2023 and is expected to reach US$422.38 billion by
2028 [317], with more than 50% of the nanomedicine products under development
targeted at drug delivery applications [318]. Around 500 clinical trials are focused on
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therapeutics and diagnostics using nanomedicines. Nanomedicine has made significant
advances in cancer treatment (approximately 40% of clinical trials in this field), and
nanotechnology-based therapies represent a $70 billion market opportunity. Current
clinical research in nanomedicine covers a wide range of nanomedicine types and
includes lipid-based nanoparticles, protein-based nanoparticles, polymeric
nanoparticles, virus-like particles, micelles. Genetic engineering has become a subject
of great interest and investment in recent years - CRISPR-Cas9 technology, which
allows making precise changes to the genome of organisms. Biotechnological
developments that shaped the biotechnological industry in the global market in 2023
include a vaccine against Alzheimer's disease (UB-311, synthetic active
immunotherapy based on peptides), mMRNA-based vaccines against various diseases,
protein engineering, repurposing of existing drugs for new therapeutic purposes, etc.
[319]. As part of the national program for the implementation of personalized and
preventive medicine in the Republic of Kazakhstan (2021-2023), the State Enterprise
on the Right of Economic Management "National Center for Biotechnology"
conducted a study to create a technology for obtaining autologous genetically modified
T-lymphocytes expressing chimeric antigen receptors (CAR-T), and to use CAR-T-
lymphocytes for adaptive immunotherapy of patients with leukemia. CAR-T
technology is planned to be implemented in Kazakhstan in 2024 in the format of a
“hospital exception”, the concept of which means that the cell drug (CAR-T) will be
used to treat patients before the registration procedure is completed. Kazakhstan may
become the first country in Central Asia to begin treating oncohematological diseases
with genetically modified cells.

According to forecasts, the number of dementia cases in the world is expected to
triple by 2050, affecting more than 150 million people [320]. And neurodegenerative
diseases will be the leading cause of death, overtaking cancer [321]. The problem of
dementia requires the introduction of MedTech into the lives of people living with
relatives suffering from dementia. Robots can help with this by reducing depression
and anxiety, giving joy from positive emotional experiences and improving their social
interaction through communication [322].

One of the priority areas for the industry is neuroscience - a relatively new area
for Kazakhstan. The Brain Institute was established at the Al-Farabi Kazakh National
University to conduct fundamental and applied research in the field of cognitive,
clinical and molecular neurosciences [323]. Also, the Educational and Scientific
Center for Neurology and Applied Neurosciences operates at the S. Asfendiyarov
Kazakh National Medical University to actively expand the research potential at the
Science and Technology Park in accordance with the main global trends in the
development of higher education. In order to integrate into the international scientific
community, joint research projects are being carried out with leading international
universities: University of California, Los Angeles, with the "Neurovascular Imaging
Research Core", Director, Professor David S. Liebeskind; Auckland University of
Technology, with the "National Institute for Stroke and Applied Neurosciences",
Director, Professor Valery Feigin. In 2023, the study "Development of a program for
molecular cytogenetic studies and creation of a biobank of tumors of the central
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nervous system" implemented by JSC "National Center for Neurosurgery" was
completed. The study is aimed at improving the diagnostics of pathologies of the
nervous system, digitalization of pathomorphological and molecular genetic studies for
the implementation of personalized medicine in the Republic of Kazakhstan and the
creation of a centralized (unified) biobank of pathologies of the nervous system for
conducting scientific research aimed at developing neuroscience, improving the
quality and increasing the life expectancy of neurosurgical patients. In order to develop
industrial biotechnology, bioengineering and biomedicine, Kazakhstani researchers
actively collaborate with leading scientists of the international medical community
from 27 countries (USA, European countries, CIS, China).

3. Analysis of achievements and development trends of leading scientific schools
of Kazakhstan and highly developed foreign countries

Without the support of applied research and the introduction of innovative
technologies into practice, it is impossible to improve the problem of health care in
modern conditions. In 2023, JSC Science Fund organized a dialogue platform for the
integration of science and business "MedTech-reactor of technology
commercialization” on the basis of the Kazakh National Medical University named
after S. Asfendiyarov - pitches of completed scientific projects that search for business
partners to co-finance the most promising scientific and technical projects. The total
amount of attracted investments amounted to more than 500 million tenge. The
industry reactor reviewed about 50 medical projects covering various aspects of
medical practice and scientific research, from pharmaceuticals to digital technologies
in healthcare, such as the Intelligent Audiologist mobile application, KZM-01
telecardiograph, ECG patches for continuous telemedicine heart monitoring, etc.
[324/47]. Following the MedTech Reactor, negotiations with business partners are
underway on 8 projects, and agreements on joint activities between business
enterprises and scientific organizations have been reached on 4 projects. In 2023, the
Kazakh National Medical University named after S. Asfendiyarov and the National
Agency for Innovation Development "Qazlnnovation" conducted joint business
incubations worth 33 million tenge.

A Science and Technology Park was opened on the basis of the Kazakh National
Medical University named after S. Asfendiyarov. The Science and Technology Park
has conditions for the functioning of the following divisions:

* Business incubator for the preparation of innovative projects, startups,
participation in international events, the implementation of ideas and potential of
students, residents, master's students, doctoral students, young scientists and university
specialists.

* Department of pilot industrial production for testing the technology for the
production of medicines (the first serial samples) in accordance with international
GMP standards in order to conduct further clinical trials of medicines.

* Life sciences laboratory for the development of the educational process and
scientific research in the field of Life Sciences at the level of world standards, which
will ultimately lead to improved quality of diagnostics and treatment of a wide range
of diseases.
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» Scientific and practical laboratory in cosmetology for the training of
competitive personnel with professional competencies in the field of cosmetology.

» DATA-center - a repository representing an institutional electronic archive for
long-term storage, accumulation and provision of long-term and reliable access to the
results of scientific research and related intellectual products.

In order to achieve the goal set by the Head of State in the Address to the people
of Kazakhstan to the medical community to increase the share of domestic
manufacturers in the market of medicines and medical devices to 50% by 2025, in
2023 one of three Medical and Pharmaceutical Clusters from a group of innovative
companies was created in Shymkent, which will be engaged in the development of
dosage forms, their introduction into industrial production.

Thus, global trends in the development of life and health sciences show the need
to integrate biomedical science and technological disciplines, including artificial
intelligence, to solve a wide range of problems. With the development of
biotechnology, it will be possible to create human organs and tissues. With the
development of genetic engineering, in particular, CRISPR-Cas9 technology, it
becomes possible to make point changes to the genome of organisms. With the
development of bio- and microchip technology, it became possible to identify various
diseases and their causes. All these scientific trends require a multidisciplinary and
integrative approach to the development of the "Life and Health Sciences™ direction.

Priority VIl — “Research in Science and Education”

1.Review and analysis of the achievements of Kazakhstani science (the most
significant results of the scientific and (or) scientific and technical sphere,
implemented developments)

The dynamics of development of pedagogical science in the 21st century is
accelerating. This is due to both the real sector of pre-school, school, technical and
vocational, university and postgraduate education, and the expansion of the virtual
space and the virtual world of man, the emergence of new opportunities for personal
training. Personal development continues throughout life, and a person's life in two
realities (real + virtual) creates new opportunities for its improvement. The narrative of
the education crisis has about 60 years of history, starting in 1968 - with the
publication of the book by the founder of the Club of Rome A. Peccei "Human
Quialities” and the head of the UNESCO International Institute for Educational
Planning F. Coombs "The Education Crisis in the Modern World: Systems Analysis".
As is known, back in the 60s of the twentieth century F. Coombs called on countries to
allocate 2% of the budget for research in the field of education.

Currently, according to the UN Secretary General A. Guterres, the education
crisis has acquired new dimensions. The conclusion of the UN Conference of
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Government Leaders and Education Ministers “Education Transformation Summit” on
September 16-19, 2022 (New York, USA) states that “...education faces a dramatic
triple crisis: a crisis of equity and inclusion, as millions of people are out of school; a
crisis of quality, as many of those who are in school are not even learning the basics;
and a crisis of relevance, as many education systems are not equipping new
generations with the values, knowledge, and skills they need to thrive in today's
complex world” (UN, 2023; Akhmed, 2023) [325].

Analyzing the reports of the National Scientific Council in the field of
“Research in Education and Science” of the Republic of Kazakhstan for 2021-2023,
one can state both an increase in the number of scientific researches, observe the
growth dynamics, and the funding allocated by the state for their implementation. In
2022, 4 large PCF programs (2022-2024), 48 research applications for grants for 2022-
2024, and 20 applications from young scientists (in 3 competitions) were approved for
funding. In 2023, 10 new PCF programs for 2023-2026, 74 research applications for
the 2023-2026 competition, and 16 projects for the young scientists grant competition
(in 2 competitions) were approved for funding [326-329].

According to the data of the Scientific Center of the State Scientific and
Technical Evaluation in Science in Figures (2023) [329], in 2022, 3 PCFs were
implemented under the priority "Research in Education and Science”, as a result of
which 145 publications were published, including 9 in the Scopus database, 2 in the
Web of Science [329]. In fact, the average PCF indicators were 48 publications, of
which 3 were in the Scopus database. On the one hand, the total number of
publications turned out to be the highest by priority, but the publication indicators in
the Scopus database are average, i.e. the fourth in importance among other priorities
(higher indicators are for EN, ICCT, E&M).

In 2022, 111 completed and ongoing projects were completed, which resulted in
288 scientific publications, including 103 foreign ones (average values are 2.6 and 0.9
per project, respectively). Implementation acts had 12 projects, with a total number of
implementations - 25 [329].

In 2023, 27 PFI and 5 PCF projects in this area were completed. Semantic
analysis (SEO analysis) of the implemented completed projects of 2023 showed the
advantage of topics on digital and distance learning, as well as teaching the Kazakh
language. While the semantic analysis of the ongoing 166 R&D projects (2022-2024)
in this area clearly shows both the diversification and diversity of the direction and
topics of research in the field of education, and the results obtained. Key trends: in
addition to the digital focus (24), development of language competencies (14),
including Kazakh (8) and English (6), innovative areas are clearly visible: research and
development of functional literacy (6), inclusive education (7), creation of
methodological systems (9), prevalence of technological (19) and environmental
approaches (15) in research as opposed to connectivist (1). It should be noted that
within the framework of the digitalization direction, the trend of gamification (4) of
educational technologies is evident. Separately, we highlight research on blockchain
technologies in education, creation of a ‘“digital twin” of students, development of
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massive online open courses; sports education in Kazakhstan and formation of a
healthy lifestyle in children; greening of education through the formula “green school -
green college - green university”.

Key achievements in education research based on completed studies in 2023.

According to the project AP09057871-0OT-23 "Virtual foresight laboratory as a
means of developing metacompetences in the humanities” (headed by E.K.
Nauryzbaeva), a virtual foresight laboratory was created as a communicative tool for
an innovative form of social partnership between humanitarian professional education
and education customers. The use of the laboratory is aimed at developing
metacompetences in students, taking into account future professional and qualification
changes dictated by the labor market [330]. Based on the results of the project, an
article was published in the Scopus database (Q2, 63% percentile), a monograph and a
textbook.

According to the project AP09259370-0T-23 "Development of a technological
platform for virtual learning based on artificial intelligence approaches” (headed by
N.N. Kerimbaev), the technical capabilities of the virtual distance learning system and
the virtual educational environment e-Learning were supplemented, in particular,
virtual assistant programs, virtual and augmented reality technologies, mobile
applications were developed, an interface for intelligent control of human-computer
interaction in training was developed, a technological platform for a virtual
educational environment within e-Learning was implemented [331]. Based on the
research results, 3 articles were published in the Scopus DB conference materials
(2021-2022) and 2 articles in Scopus DB journals (2022 - Q3 percentile 56%, 2023 -
Q1 percentile 95%), of which 1 is included in the WoS DB. A monograph was
published (2023), in 2021, author's certificate No. 16051 dated January 19, 2021 was
received. The results of the project have been implemented in the educational process
(3 acts of implementation).

The results of the project on the development of creativity of children and
students AP09259731-OT-23 "Didactic potential of domestic painting in the
implementation of the program of spiritual revival of the nation" (headed by I.
Smanov) are interesting. Scientists and teachers have developed a model for training
teachers based on familiarization with domestic painting, a methodology for
developing the spiritual sphere of a child has been developed, and the author's program
for the gymnasium course "Domestic history through the prism of painting™ has been
tested [332]. An article has been published in the Scopus database (Q4 - percentile 8).

The project AP09259839-0OT-23 "Organization of the system of psychological
profiling and correction of suicidal behavior of adolescents™ [333] is distinguished by
the relevance of the problem statement and the attempt to solve it. Research scientists
under the leadership of T. Boleev developed a model of preventive activities of a
school psychologist on suicide among students, proposed a teenager's map related to
profiling, published a teaching aid "Psychological profiling and correction of suicidal
behavior of adolescents"” and a textbook "Suicidology".

The issues of quality of education and management of the education system are
raised in the following studies on secondary and higher education.
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According to the project AP09261436-0OT-23 "Model of per capita financing in
public and private schools of Kazakhstan and issues of sufficiency, equality and
accountability" (headed by R. Kasha). The authors of the project state that “when
comparing the responses of principals of schools with per capita funding and schools
with line-item budgets, the analysis showed that schools with per capita funding (PF)
had significantly higher (more positive) response values than their colleagues without
PF for the following three survey items: (1) maintaining existing infrastructure (d =
0.48, p < 0.001); (2) ensuring the availability of the necessary support personnel at
school (d = 0.47, p < 0.001); (3) ensuring teachers’ access to modern and functioning
ICT (d = 0.34, p < 0.05) [334]. On the other hand, no significant differences were
found for the remaining four survey items [334]. The article was published in the
Scopus database (Q1 — 83% percentile).

The project AP09260789-OT-23 "Problems of 'diploma mills' in the higher
education system of Kazakhstan" (headed by A.N. Ospanova) summarizes the
problems of universities: low quality of the educational environment; ineffective
guality management of higher education; weak organization of practice-oriented
educational programs; low controllability of diploma mills in Kazakhstan; bureaucracy
In universities; meritocracy as an imperative in the higher education system.
Recommendations for their solution are offered: "refusal of the services of diploma
mills (private enterprises, special institutes) that guarantee high-quality preparation of
theses, research articles and issuance of diplomas "on request™; large-scale digitization
of graduates' data; “to develop principles of accountability, impartiality and
transparency in universities in terms of the fair distribution of grants within the
framework of state procurement and private donations (patronage) in order to create a
fair competitive environment, which could have a positive impact on the development
of high-quality higher education in Kazakhstan” [335].

A separate area of this sphere is related to science studies, therefore let us
consider brief results of the project AP09259979-0T-23 «Institutional status of science
in modern Kazakhstani society: assessment of problems of representativeness and
development of priority directions of a new paradigm of development of prestige of
science» (headed by Taubayev A.A.) [336]. A survey of stakeholders was conducted
— representatives of mass media as conductors of popularization of scientific
achievements. According to the results: 78.1% of respondents understand importance
of science for Kazakhstani society, 53.2% consider status of Kazakhstani science in
the world to be low, 68.4% define prestige of doing science as average, 52.4%
recognize effectiveness of role of mass media in changing the current situation, 82.4%
recognize low percentage of mass media publications of information about
development and achievements of Kazakhstani science, 79.2% are little informed
about them; 43.1% attribute the current situation to the lack of interest among the
population in this kind of information, 39.4% to the lack of interesting facts suitable
for coverage, 27.5% to the lack of initiative on the part of scientists themselves; 69.3%
believe that this information niche is practically empty, but quite promising if there is
interest on the part of scientists and the state. The study summarizes the institutional
factors influencing the development of theoretical and applied science in the country:
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crisis of fundamental science; low level of interaction between educational and
research institutions; low motivation of scientists and young scientists to develop the
theoretical field of domestic science; lack of external social motivation; pronounced
emphasis on importing popular theoretical constructs and research problems abroad;
high bureaucratic relevance of science; high level of mobility of scientific interests in
the range of state priorities and international trends of the international field of science;
the peripheral status of the academic community (i.e. in the situation of the existing
monopoly of European (mostly English) and American universities on the
"production™ of new theoretical models, scientists play the role of an empirical base
and consumers of ready-made theoretical constructs); the problem of the legitimacy of
the international status of science and scientists, in particular the dependence on the
Hirsch index in foreign databases; weak interest in the works of domestic scientists;
replication and plagiarism; resistance of the scientific elite to the scientometric
assessment of the results of scientific activity; English as the leading language in the
international community; the relevance of research interests to socio-economic and
political demands, etc. [336]. The authors of the project offer recommendations for
promoting the prestige and status of Kazakhstani science, in particular the creation of
the "Bilim" society as a structure for raising the level of knowledge of society and
influencing public consciousness, the active use of social networks in advertising
domestic scientific achievements; the creation of a specialized popular science TV
program; the development of scientific journalism; popularization of scientific
exhibitions and museums, etc. [336] Based on the results of the study, articles were
published in the Scopus database (Q3 - 44% percentile).

The following significant scientific results were obtained in the interim reports
of 2023. We focus on the results of projects to maintain the physical and mental health
of schoolchildren.

According to the project AP19677800-KC-23 "Monitoring the physical health
of children and adolescents: modification of national measurement tools" (headed by
Otaraly S.), it was revealed that the development of fitness tests in the world is
proceeding in two directions: the development of health-related tests and skills-related
fitness tests [337]. It is planned to adapt advanced methods and introduce them into
Kazakhstani school practice.

According to the project AP14869833-KC-23 "Strengthening the psychological
health of Kazakhstani schoolchildren as a factor in reducing the risks of cyberbullying
in the process of online socialization" (headed by G.M. Rakisheva), a methodology for
assessing the impact of cyberbullying markers on the level of human psychological
health was developed; an initial survey of students was conducted with the consent of
their parents; a virtual psychological laboratory was developed (v 1.0, free Django
framework in Python), which includes an administrative and user part, and the
functionality for creating user accounts was developed - expert, psychologist, student,
parent [338]. In 2023, copyright certificate No. 33327 dated 03/06/2023 was received.

According to the project AP19174913-KC-23 "Implementation of the research-
based learning model for future teachers in the regional university of the republic”
(headed by Ermekbaeva G.G.), a training model has been developed that includes two
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approaches: RLT - research-led teaching and RBT - research-based teaching on the
part of the teacher; as well as RBL - the role of the student [340]. The role of the
teacher includes assistance, moderation, guidance, tutoring and mentoring of students’
activities.

The project on developing the theoretical foundations of the educational
SMART environment can be called a breakthrough. According to the project
AP19679833-KC-23 “Connectivist model of foreign language educational SMART
environment in the context of Kazakhstan: justification of necessity, analysis of
availability and development strategy” (headed by Shelestova T.Yu.), an algorithm for
designing this environment was developed by creating a network space for interaction
between the student and the teacher-facilitator, who is proficient in connectivism-
oriented technologies. Each of the SMART components (self-, media-, art-, re- and
trans-) is important in this context: self- self-determination and initiative of students,
taking into account their psychological characteristics, proactivity of activities, media-
use of media technologies - online forums, WhatsApp chats for feedback with the
teacher, art- use of creative teaching and research methods, re- active participation and
feedback and trans- cross-border unification of disciplines in the network SMART
space [341].

According to the project AP14871422-KC-23 "Development of a model for
implementing educational tourism in the system of teaching higher education students:
theory, methods, practice” (headed by D.G. Mamraeva), an assessment of the state of
the educational tourism market was carried out, a survey of tour operators and travel
agencies of Kazakhstan was conducted (with regional differentiation: Astana, Almaty,
Shymkent, Karaganda, Mangistau and Turkestan regions) to study the specifics of
consumption and provision of educational tourism services; it was found that medical
specialties, pedagogical sciences, "business, management and law", "“engineering,
manufacturing and construction industries” are in demand among foreign students; a
matrix of supply of educational tourism products was developed. 57.2% of the
surveyed travel agents believe that over the past 5 years, educational tourism; a greater
number of educational tours are purchased in the summer (41.3%), in the fall (23.8%),
in the spring (19%), in the winter only 15.9% of sales; The most popular countries for
outbound educational tourism are Italy, Spain, France, the Czech Republic, the USA,
Great Britain and South Korea, while Canada, Poland, China, Singapore and Russia
are less popular [342]. 2 articles have been published in the Scopus database (Q2 —
58% percentile).

Connectivism, digitalization and the use of artificial intelligence are changing
the coordinate system of modern education. The modern digital generation of children
Is updating new theories and technologies of teaching, upbringing and development in
pedagogy. The issue of spiritual and moral education and upbringing deserves special
attention. In pedagogy, different names for modern pedagogy are being developed —
cyberpedagogy, digital pedagogy and digital didactics. They require a new
philosophical platform or concept, which is discussed by UN and UNESCO experts.
The transformation from classical pedagogy and formal education to the heutagogy
and pyragogy of the digital generation, education 3.0 and 4.0, non-formal and informal
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education is going deeper. It is necessary to reveal the laws of learning throughout a
person’s life (not only classical pedagogy for children, andragogy).

2. Review and analysis of global trends in science, examples of cooperation
between domestic scientists and foreign scientists and work carried out under
contracts with international scientific organizations.

A look into the future up to 2050 in the report of the International Commission
on the Futures of Education of UNESCO (2023) [343] highlights the role of the
education system in shaping a common world and a shared future. After the COVID-
19 pandemic, in the era of escalating military actions in the world, education and
science are assigned a special role in creating conditions for the survival of humanity,
the ecology of the natural and social environment, and respect for human rights.

It proposes a rethinking of pedagogical approaches and the development of an
updated "pedagogy of cooperation and solidarity”. The new definition of the goals of
education is associated with the implementation of the right to lifelong education,
uniting people on the basis of "collective efforts and the provision of knowledge,
scientific progress and innovation to create a sustainable future for all, based on
social, economic and environmental justice" [343].

The main theses of the report include not only the development of a pedagogy of
cooperation and solidarity, but also an emphasis in the curricula on environmental,
intercultural and interdisciplinary learning for students' access to knowledge and the
ability to produce it through the ability to think critically and apply knowledge;
teaching as a collective activity of teachers in knowledge production and social
transformation; strengthening the role of schools as protected educational facilities
and support for social integration, equality, individual and collective well-being;
expanding educational opportunities throughout a person’s life.

Achievements of neuroscience are actively promoted in the education system,
influencing the learning process. It is emphasized that the development of
biotechnology and neuroscience is capable of implementing human engineering in a
previously unthinkable way [343].

In general, the analysis of publications of the UN global studies in the field of
education, science and culture (UNESCO) shows the following trends: - the search for
a relational concept of modern education as opposed to atomistic and individualistic; -
issues of gender education and STEM education among girls; - development of
conscious reading literacy of children (children understand the meaning of what they
read) and digital intelligence of students; - development of recommendations for the
use of artificial intelligence by schoolchildren in education; - implementation of a
strategy for the health and well-being of children in the education system; - the use of
statistics in closing the "blind spots" in the quality of children's education and Big Data
for forecasting the development of education, etc.

The concept of paradigmatic relationality in pedagogy will help to understand
the connections between different points of view and worldviews [350]. It reveals that
relationality recognizes the property of dynamism, change and differentiation through
constant immersion and interaction with the wider world; connections between the
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human and non-human worlds; understanding that the learning process is inseparable
from society. In society, the central social goal is justice and harmony.

Modern pedagogy is associated not with the consumption of information, but
with research and co-creation of the teacher and students, living relationships in the
world "here and now". "Recognizing relationality in educational practices, processes
and methods means rethinking social harmony in such a way as to destroy the
fragmentation of disunity, hierarchies, times and places in the search for deeper
solidarity and interconnectedness” [350]. UNESCO invites scientists, analysts, and
practitioners for dialogue and reflection on the Futures of Education initiative. In 2022,
UNESCO published the Strategy for Education for Health and Well-being [344],
which implements the UN Sustainable Development Goals. The implementation of
such a strategy is possible through interdisciplinary research in the field of education
and the transformation of the activities of psychological services in the country's
schools. Expected results of the document: (1) students receive sustainable support
from school health systems that promote students' physical and mental health and well-
being; (2) students receive high-quality gender-transformative CSE (comprehensive
sexuality education), including HIV, life skills, families and rights; (3) students have a
safe inclusive learning environment free from all forms of violence, bullying, stigma
and discrimination [344]. It should be noted that some research areas have already
been reflected in national studies and initiatives. However, a comprehensive systemic
general approach is required.

Analysis of development and research trends in the field of education by various
research centers, global print media, and digital industry giants also allows us to
highlight the following trends in research and development in education:

- inclusive education for every student;

- blended learning, gamification, and augmented reality in education, the use of
artificial intelligence in education, i.e. the use of immersive technologies - virtual
reality (VR), augmented reality (AR), mixed reality (MR) for the learning process,
deep understanding, and creative learning;

- social-emotional learning (SEL) to improve students' psychological well-being
and academic success, develop life skills, increase self-awareness, communication
skills, and make responsible decisions;

- microlearning as the use of video resources, interactive games, quizzes for deep
memorization and updating knowledge on subjects;

- data analytics, expanding the role of statistics in decision-making in the field of
education, monitoring the quality of education, etc.

Digitalization has led to new opportunities for analytics of people's learning, data
visualization and data mining both for the community, organization, country, and
individually for the learner himself for informed decision-making and making choices
and influencing the success of learning outcomes.

The listed trends (directions) of research and development are actively
implemented in the international scientific cooperation of Kazakhstani scientists and
teachers with foreign colleagues. Large international projects in the field of education
Erasmus+ are being implemented, carried out by a consortium of universities in
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Kazakhstan. For example, in the field of medical education, the grant 20212-2024.
618860-EPP-1-2020-1-EL-EPPKA2-CBHE-JP "Professionalization of Bachelor's and
Master's Degrees for Strategic Risk and Quality Management in Healthcare Services
within the Framework of Open Distance Education in Russia, Kazakhstan, Azerbaijan
and Laos" (project coordinators: Khikmetov A.K., Kalmataeva Zh.A. et al.) [345].

Another project ERASMUS-EDU-2023-CBHE-STRAND-1 "Land management,
Environment & SoLId-WastE: inside education and business in Central Asia"
LESLIE. Project coordinators: Doctor of Physical and Mathematical Sciences,
Professor Bolegenova S.A. and Shortanbaeva Zh.K., co-implementers of which are 14
partner organizations from 3 EU countries (Spain, Italy, Cyprus) and 2 Central Asian
countries (Kazakhstan and Uzbekistan). Timeframe for implementation — 2023-2026.

Expected results: creation of a Sustainable Land Management Hub in Kazakhstan
and Uzbekistan, uniting higher education institutions (HEIs); joint development and
Implementation of a micro-qualification program in Sustainable Land Management
(SLM); creation of a set of didactic tools in digital format that can be integrated as
supporting material into the SLM BSc and MSc ONLINE educational programs;
integration of educational materials into a single SLM online repository (Toolbox);
development of a pilot incubator for future learning, including the use of new
educational technologies using the STEHEAM approach to promote and disseminate
SLM for university students in 2030.

Management (SLM) will be implemented in Central Asian universities
(Kazakhstan and Uzbekistan), updating their current academic offering at the
bachelor's and master's levels, while ensuring that the needs of regulators and
industries are met in line with the latest and most rigorous international standards
[346]. As can be seen from the expected results, the direction of blended learning,
microlearning, and digitalization of education is being implemented.

Let us dwell separately on the foreign trend of studying the NEET generation,
which can be interpolated to the Kazakhstani reality. NEET is a generation of young
people who do not have an education, work and training, which becomes a problem for
the quality of life of both these people themselves and society, i.e. an increase in their
number reduces the human and social capital of the country, affects the level of
education of the state. The NEET population in the EU countries is young people aged
15 to 34, in the OECD - 15-29 years old, in Japan and South Korea - 15-34 years old.
Research by foreign scientists shows that the key factors determining whether a young
person will become NEET are individual, family and educational characteristics
(gender, education, age, parents' work, parents' education). In rural areas, the
determining factor is disability and immigrant origin. Young people from
disadvantaged families, such as divorced or unemployed parents, are more likely to
become the NEET generation, married women and migrant women are also more
likely to become NEET, compared to men [347]. The formation of the NEET
generation is becoming a pressing scientific problem of interdisciplinary research -
economic, social, psychological and pedagogical, political science, requires the
attention of Kazakhstani scientists.
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3. Analysis of achievements and development trends of leading scientific schools
of Kazakhstan and highly developed foreign countries.

In Kazakhstan, since 2010, the training of scientific personnel has been
transformed into PhD doctoral studies. In the 2022/2023 academic year, 923 doctoral
students studied in pedagogical sciences, of which 296 people were accepted to the 1st
year. 221 doctoral students graduated in the 2022/2023 academic year, of which 74
people defended their dissertations, which amounted to 33.5% [329, p. 50] - the
highest percentage compared to other branches of science in Kazakhstan.

Kazakhstani pedagogical science is known for its scientific and pedagogical
schools, descended from the first Kazakhstani scientists and teachers: S. Balaubayev,
T.T. Tazhibayev, A.l. Sembayeva, R. Lemberg, N.D. Khmel, A.P. Seytesheva, V.V.
Egorova and others.

Based on the defense of doctoral PhD dissertations in 2023, the following
scientific schools in the field of pedagogy and education can be distinguished, which
continue the traditions of the above-mentioned scientists and educators: G.Zh.
Menlibekova (L.Gumilyov Eurasian National University); L.A. Shkutina (E.Buketov
Karaganda University); N.B. Zhienbaeva and N.N. Khan (Abai Kazakh National
Pedagogical University); A.S. Magauova (Al-Farabi Kazakh National University), etc.

The study of scientific schools of foreign scientists demonstrates the directions
of international research, which involve both doctoral students of the country where
the leading universities are located and foreign applicants studying at these
universities. Professor Dietrich Benner from Humboldt University of Berlin
(Germany) [348-349] with his scientific school examines the issues of didactics,
ethical and moral competencies, upbringing and education, as well as non-affirmative
action in pedagogy. Director of the Center for Teacher and Pedagogical Research at
the Institute of Education at UCL (UK), Professor Caroline Daly [350] with doctoral
students examines the role of digital technologies in professional training, school
factors of mentoring in education that influence the development of teachers. Professor
Amado Padilla from Stanford University (USA) [351] with doctoral students studies
the acculturation of students, the academic success of immigrant adolescents, the
connections between bicultural competence and racial identity with motivation to
learn, and other issues of equality in education.

Priority VIII — “Research in the field of social and human sciences”

1. Review and analysis of the achievements of Kazakhstani science (the most
significant results of the scientific and (or) scientific and technical sphere,
implemented developments).

In 2023, Kazakhstan demonstrates significant achievements in the field of social
sciences and humanities, emphasizing the importance of the country's intellectual and
cultural development. In recent years, social sciences and humanities have
demonstrated several key trends that reflect both the global challenges of our time and
the specific interests of the academic community in Kazakhstan:
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1. Interdisciplinary approach. The desire to integrate knowledge from various
fields, such as psychology, sociology, economics and cultural studies, allows for a
deeper analysis of social phenomena and the development of comprehensive solutions
to modern problems.

2. Digitalization of research. The introduction of digital technologies such as
big data and artificial intelligence into research methods in the social sciences makes it
possible to analyze large volumes of data to obtain new knowledge about social
processes and human behavior.

3. Focus on the impact of global challenges on Kazakhstan. Research in the
social sciences is increasingly focused on addressing global issues in the context of
their impact on the situation in Kazakhstan, including climate change, migration,
inequality and sustainable development.

4. Cultural diversity and inclusion. The importance of taking into account
cultural diversity and promoting inclusion is becoming a central theme in social
research. This includes the study of minority rights and opportunities, gender studies,
and social justice analysis.

5. Ethical and methodological issues. Social research is increasingly faced with
the need to reflect on the ethical aspects of its work, especially in light of the use of
personal data and increasing requirements for confidentiality and consent to participate
in research.

These trends shape the modern face of the social sciences and humanities in
Kazakhstan and determine the directions of future research.

From 2021 to 2023, a number of significant research projects were implemented
within the framework of the strategy for the development of social sciences and
humanities. All projects implemented during this period focused on priority areas
related to the study of ideological and ideological foundations, socio-cultural
processes, and socio-political technologies.

Section "Research in the Humanities"

Philosophical research. In 2023, Kazakh scientists conducted philosophical
research in various areas, covering the history of Kazakh and world philosophy; the
study of Kazakh society in the context of global political and digital transformations;
the study of mass consciousness in the context of ideological processes and risks. An
important place is occupied by religious studies conducted at the intersection of
history, philosophy, and the problem of external influences on the confessional
situation in the Republic of Kazakhstan. Geopolitical processes and the problem of the
threat of religious extremism give special emphasis to the importance of studying the
key problems of Islam and religion as a special social institution. In 2023, the Institute
of Philosophy, Political Science and Religious Studies of the KN MNVO RK
successfully completed the scientific program "Social modernization of Kazakhstani
society: ideological and ideological foundations, conceptual models, socio-cultural
processes, socio-political technologies”, which was implemented under the guidance of
Doctor of Philosophy, Professor Sagikyzy A. in the priority area of "Research in the
field of social and humanitarian sciences”. In addition, the implementation of such
grant research projects as "Processes of religiozization in Kazakhstan: specifics,
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trends, impact on the development of society and human capital under the guidance of
Burova E.E., "Secular and religious values in modern Kazakhstan: interaction and
influence on the policy of the Republic of Kazakhstan in the field of religion" under
the guidance of Kosichenko A.G. and "Religious aspects of traditions and innovations
in Kazakhstan: past, present and prospects"” under the guidance of Satershinov B.M.
was completed. Based on the results of the projects, an interdisciplinary analysis of the
influence of religiosity on Kazakhstani society was carried out, which made it possible
to analyze the role of religion in the processes of socio-cultural changes in Kazakhstan.
Particular attention was paid to supporting young scientists. The project "The Impact
of Digitalization on the Political Culture of Kazakhstani Youth™ under the leadership
of N.I. Aitymbetov highlighted how digital technologies influence the political
preferences of young people.

History of Kazakh philosophy. The study of Kazakh philosophy is carried out
within the framework of the study of ideological and theoretical-methodological
problems of Kazakh culture. Studies have been conducted on the philosophical
dialogue between the East and the West through the prism of the activities of historical
figures, one of the most significant of which is al-Farabi. The correlation between the
spiritual heritage of historical figures of the Turkic world and Western philosophy
allows us to understand the mutual enrichment of the intellectual sphere and leads to
the idea of mutual understanding and agreement in the modern Kazakh socio-cultural
context [352]. In the series "Personalities of the Great Steppe"”, published within the
framework of the state program "Gylymi Kazyna", a collection of articles was
published dedicated to the poet and thinker, collector of Kazakh folklore Mashyur
Zhusip Kopeyev, his life and work, analysis of his philosophical views [353]. Social
philosophy. An important area of domestic philosophy is the study of issues of social
modernization of Kazakhstani society in its various aspects, such as public policy, the
relationship between secular and religious values, and the formation of human capital.
Such work is carried out by Kazakhstani scientists Seidumanov S.T., Sagikyzy A.S.
and others. The works of Kazakhstani scientists raise methodological problems of
studying social development, including issues of the relationship between global trends
and national specifics [354-356].

Religious studies. No less important in the context of the multi-confessional
nature of Kazakhstani society are scientific studies of the religious situation. In 2021-
2023, the Institute of Philosophy of Social and Political Sciences conducted systemic
studies on such issues as: processes of religiozization in Kazakhstan: specifics, trends,
impact on the development of society and human capital; secular and religious values
in modern Kazakhstan: interaction and influence on the policy of the Republic of
Kazakhstan in the field of religion; religious aspects of traditions and innovations in
Kazakhstan: past, present and prospects [357-359].

Islamic studies. In the context of the fact that the republic is a secular state,
which pursues a balanced policy of forming a single nation based on the principle of
citizenship, as President K.K. Tokayev has repeatedly stated, scientific research in the
field of Islam, which is professed by the majority of citizens, is important [360].
Leading researcher of the Institute of Philosophy, Political Science and Religious
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Studies Altaykyzy A. in 2022-2024 is researching the topic "The phenomenon of
"halal” and the formation of environmental consciousness in secular states: a
comparative analysis". The purpose of the study is to reveal the meaning of the
phenomenon of "halal” in the interdisciplinary discourse of multicultural secular
Kazakhstan, its spiritual, moral, environmental and rational meaning [361].

The staff of the Institute of Historical Research of Kazakhstan Sikhimbayeva
D.A., Seytakhmetova N.L., Toktarbekova L.N., Turganbayeva Zh.Zh. are also
engaged in a whole range of problems covering: Islamization in the context of nation-
building in Kazakhstan, integration and disintegration trends; Islamic tolerance in the
context of interfaith dialogue in Kazakhstani society; gender equality in Islam: Islamic
feminism and traditionalism; Islamic identity in the realities of Kazakhstan: problems
of interfaith dialogue and consolidation.

Historical research. The main priority of the historical science of Kazakhstan in
2023 was the further development of the concept of history in the framework of the
preparation of an academic 7-volume work. The publication being prepared should
exclude conceptually outdated approaches to national history, introduce new archival
materials and historiographic sources into scientific circulation, which will
significantly change the concept of historical consciousness.

Domestic scientists under the leadership of Azhigali S.E. the study of the
methodology of field ethnoarchaeological (ethnoarchitectural) studies of monuments
of the steppe zone of Kazakhstan and in the diaspora area was continued. As part of
this work, a card and electronic card index on monument studies and methods of
studying monuments of Kazakhstan is being formed, a corresponding bank of
photocopies of text and illustrative materials has been created.

The study of D.A. Kunayev's contribution to the socio-economic development of
Kazakhstan and the preservation of the territorial integrity of the republic is planned
for 2022-2024. A complete scientific reconstruction of the life and work of the famous
statesman D.A. Kunayev is being carried out, based on the involvement of archival,
written and folklore sources.

Archaeological research. Work continues on identifying and preserving
monuments of historical and cultural heritage, comparative analysis of cultural
concepts of the material culture of Kazakhstan and Central Asia. All this makes it
possible not only to emphasize the uniqueness of the archaeological heritage of
Kazakhstan, but also to substantiate the inclusion of this heritage in the global
historical and cultural process, in particular the Turkic area of material and spiritual
cultures. Domestic scientists conducted archaeological research of the ancient and
medieval Almaty; study of pottery in Southern Kazakhstan and adjacent territories
(Uzbekistan, Kyrgyzstan and Tajikistan); study of the archaeological complex of
Kokentau and the monuments of historical and cultural heritage included in it.

Oriental studies. The Institute of Oriental Studies named after R.B. Suleimenov
IS engaged in the study of regional and transnational identity, which is a Turkic-
Sogdian spiritual symbiosis. Within the framework of Islamic civilization, a unique
model of interaction between cultures has developed, the study of which at the present
stage is an important factor in foreign policy interaction in the Central Asian region.
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An important area is the study of foreign archives containing valuable
documentary, cartographic and other information. The following projects are dedicated
to this: "Historical and Cultural Heritage of Kazakhstan and Central Asia in Foreign
Archives" (2022-2024) and "Ancient and Medieval History, Culture, and International
Relations of the Turkic World and Kazakhstan Based on Sources and Archives of the
Vatican and Other European Countries™ (2023-2025). Of great importance is the study
of the current regional situation in Central Asia, which, due to the geopolitical crisis,
has taken on a new meaning and development. The direction of these geopolitical
communications that deserves attention is the ties between Central Asia and China, as
the largest Asian player in the international arena.

Section "Research in the field of social sciences"

Economic research. In 2023, the Institute of Economics of the KN MNVO RK
completed the implementation of the scientific program “Study of factors, features and
dynamics of demographic processes, migration, urbanization in Kazakhstan,
development of digital maps and forecasts” under the supervision of Doctor of
Economics Alzhanova F.G. [362]. Based on the results of the implementation of the
scientific program for the period 2021-2023, groups of regions with different activity
of demographic processes were identified, a demographic development forecast for
Kazakhstan and its regions until 2050 was compiled. Recommendations were
developed for the adaptation and integration of migrants into the local community of
the recipient regions, which is an important condition for the territorial mobility of the
population and the reduction of socio-economic risks associated with migration.

Under the supervision of Panzabekova A.Zh. In the Institute of Economics,
within the framework of the project “"Socio-cultural factors of corruption and the
concept of forming an anti-corruption culture in Kazakhstani society", theoretical and
methodological approaches to the analysis of corruption in Kazakhstan were studied
with an emphasis on socio-cultural factors. The Concept of anti-corruption culture was
developed, which provides for measures to strengthen social institutions and promote
value orientations in society.

An important event was the publication of the books by academician Orazaly
Sabden "Kazakhstannyn sara zholy", "World, Turkic civilization and the future of
Kazakhstan". It is necessary to note the work on improving the qualifications of
research staff and young scientists. In particular, three employees of the Institute were
awarded a PhD degree, two employees were awarded the title of associate professor.
The Council of Young Scientists of the Institute held methodological seminars in
Zertteulab and Oi-club, where researchers reported and discussed the problems of the
crypto industry, the use of blockchain technology in the economy, environmental
factors of the Aral Sea and oncological diseases, searching for journals in the
international bibliometric systems Scopus and Web of Science, structuring
dissertations.

Also, courses were held for employees on studying the IBM SPSS Statistics
statistical data analysis program. As part of the study "Digital Transformation of
Service Enterprises in Kazakhstan" under the supervision of K. Kirdasinova at L.N.
Gumilyov Eurasian National University, a methodological approach to assessing the
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readiness of enterprises for digital transformation was developed, conditions and
factors of influence were studied, including the COVID-19 pandemic. Three forecast
scenarios for development until 2030 and a new business model "Digital Platform
"Services" aimed at enterprises with different potential for transformation are
proposed. New mechanisms for stimulating digital transformation are also proposed,
which includes an economic and mathematical model and the development of an
ecosystem to support enterprises.

At the Institute of Economic Research, under the supervision of B.D.
Khusainov, an analysis of the determinants of the quality of economic growth was
conducted using a Bayesian econometric model adapted to the conditions of
Kazakhstan. The study covered the analysis of the dynamics and quality of economic
growth, identifying the key factors in the development of the national economy in
different periods. The scientific novelty of the work lies in the development of a
methodology for quantitatively assessing the quality of economic growth and
formulating practical proposals for future development.

Political science research. At Al-Farabi Kazakh National University, under the
supervision of Doctor of Political Sciences, Professor G.O. Nasimova, a project was
implemented on the topic "Protest Potential in Kazakhstan: Features, Factors and
Trends". The project analyzed the protest potential in Kazakhstan, including socio-
economic and political factors influencing the level of protest activity of the
population. The study covers an assessment of the social well-being of citizens, trust in
the media and the political situation, as well as identifying regional features of protests
and forecasting their dynamics. The work provides a methodology for assessing
protest activity and a socio-demographic portrait of citizens prone to protests, which
helps to understand current and future trends in protest behavior in the country. Also,
at the Al-Farabi Kazakh National University, under the leadership of F. T. Kukeeva,
within the framework of the project "The Impact of Power Transit on the Foreign
Policy of the Republic of Kazakhstan: New Opportunities and New Challenges", the
Impact of power transit on Kazakhstan's foreign policy was studied, taking into
account historical, economic and political conditions. The work analyzes the criteria
for choosing foreign policy models and mechanisms for their implementation during
the transit period, comparing them with examples of other Central Asian states.

At the Institute of Philosophy, Political Science and Religious Studies of the KN
MNVO RK, under the leadership of Kadyrzhanov R.K., the project "Cultural
Foundations of National Construction in Kazakhstan" was implemented. The research
group analyzed the cultural foundations of national construction in Kazakhstan. The
study revealed the influence of cultural and linguistic heterogeneity on the
development of the state, especially through the opposition "Kazakhs-Kazakhstanis".
Linguistic and ethnic identities, practices and politics of historical memory were
considered, as well as an assessment of the influence of education and information
systems on cultural homogenization, identifying the prospects for integrating the
Kazakh language into the cultural life of various groups of the population.

At Toraigyrov University, under the leadership of Anesova A.Zh., research was
completed on the project "The Problem of Forming a Value-Based National Picture of
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the World in the Context of Modernization of Society and the State (Based on
Kazakhstan's Everyday Political Discourse)"; the influence of text and personal factors
on the creation of Internet comments on political texts in Kazakhstan was analyzed.
Based on text-derivatological analysis, text-generation strategies were identified,
including the use of keywords, emotionality and associativity. The results helped to
reconstruct the national picture of the world through mythologemes, specific
vocabulary and traditional expressions, giving the comments a unique national flavor.

2. Review and analysis of global trends in science, examples of cooperation
between domestic scientists and foreign scientists and work carried out under
contracts with international scientific organizations

Today, the social sciences and humanities are going through a period of
significant changes caused by both internal disciplinary dynamics and external social,
technological and political factors. These changes lead to the emergence of new
research areas and methods.

One of the central trends is the interdisciplinary approach. Researchers are
increasingly moving beyond the traditional boundaries of disciplines to more fully
answer complex questions facing society. For example, economics is intertwined with
psychology in the field of behavioral economics, and historical research uses big data
methods to analyze historical processes.

Another significant aspect is the increasing focus on global studies. In the era of
globalization, the social sciences and humanities are increasingly asking questions
related to the interaction of different cultures, economies and political systems. This
leads to a deeper understanding of the processes taking place in different parts of the
world and to the analysis of global problems such as climate change, migration,
international conflicts and the world economy.

Inclusivity and multiculturalism are two more key topics in modern social
sciences. Research is becoming more inclusive, paying attention to minority voices
and exploring issues of social justice. This includes gender analysis, human rights
research, and policies for marginalized groups.

Technological innovations are also having a huge impact on the social sciences
and humanities. The use of artificial intelligence and machine learning in big data
analysis opens up new possibilities for understanding complex social processes and
behavioral patterns. Digital humanities, which uses algorithmic analysis of texts,
images, and data, is becoming an important tool in the hands of researchers.

Research ethics is becoming an important aspect of modern academic activity.
Increased attention to ethical issues is associated with an understanding of the potential
impact of research on society. Issues of data privacy, consent to participate in research,
and the impact on vulnerable groups are becoming central to academic debates.

At the same time, rising geopolitical tensions are expected to stimulate demand
for research in the social sciences and humanities in the near future. Geopolitical
tensions are caused by conflicts arising from a variety of factors, including territorial
disputes, ideological differences, competition for resources, economic interests,
historical issues, and power struggles. This situation will increase the demand for
scientific knowledge and expertise in political risk assessment, international relations,
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conflict resolution, cultural and historical context analysis, and human rights
protection.

Public funding and policy have become a key trend shaping the social sciences
and humanities market landscape and, in part, shaping the research agenda in this field.
For example, in 2021, the European Commission launched Horizon Europe, a major
seven-year, €95.5 billion ($116.5 billion) research and innovation funding programme
from 2021 to 2027. The programme aims to address global challenges, including
climate change and sustainable development, and promote competitiveness and growth
in Europe.

These trends reflect profound changes in the social sciences and humanities,
which continue to evolve and adapt to a changing world.

In 2023, the Institute of Philosophy, Political Science and Religious Studies
signed a memorandum with Shenzhen University (PRC), within the framework of
which it is planned to implement joint scientific research, including within the
framework of projects on digitalization and development of the Asia-Europe transport
corridor. It was decided to create a joint "Silk Road Center" to monitor Kazakh-
Chinese relations.

At the initiative of the International Kazakh-Turkish University named after
Khoja Ahmed Yasawi, significant events were held in 2023 to develop cooperation
between Turkic-speaking countries in the fields of science, education, culture and
sports. In particular, on September 20-23, 2023, with the support of the Ministry of
Science and Higher Education of the Republic of Kazakhstan and the Akimat of the
Turkestan Region, the VII World Congress of Mathematicians of the Turkic World
was held, organized by the Turkic World Mathematical Society (TWMS) and the
International Mathematical University of Technology named after H.A. Yasawi. The
Congress brought together more than 500 mathematicians from 20 countries. At the
plenary session, 405 reports were presented by world-famous scientists from Turkey,
Azerbaijan, Turkmenistan, Uzbekistan, Kyrgyzstan, Russia and Kazakhstan on 10
scientific areas of mathematics. On October 17-20, 2023, the traditional X
Turkological Congress on the theme "Modern Turkology: Scientific Paradigms and
Interdisciplinary Nature" was held. 168 representatives from Azerbaijan, Bosnia and
Herzegovina, Iran, Kazakhstan, Kyrgyzstan, Uzbekistan, Russia, Turkmenistan,
Turkey, Chile took part in the congress. On November 23-24, 2023, the | International
Congress of Biology of the Turkic World was held on the initiative of the Ministry of
Higher Education of the Republic of Kazakhstan. More than 150 scientists from 24
countries took part in the congress: Turkey, Kyrgyzstan, Uzbekistan, Greece, Japan,
India, etc.

AlmaU signed a memorandum with Erzincan Binali Yildirim University
(Turkey) on cooperation and assistance in the academic and administrative fields in
order to increase educational activity and improve the quality of educational programs
at all levels. AlmaU School of Politics and Law participates in the work of the Central
Asian Research Center for Regulation of Artificial Intelligence (CARCAIR), studying
the issues of legal regulation of artificial intelligence technology.
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The Center for Sociological Research and Social Engineering of Al-Farabi
KazNU together with the Hong Kong Polytechnic University (PolyU) are
Implementing a project to study the needs of children, youth and their families living
in poverty in Kazakhstan. This project contributes to achieving the Sustainable
Development Goal #1 "End poverty in all its forms everywhere". The project manager
on behalf of Al-Farabi KazNU is Doctor of Sociology, Professor G.S. Abdiraimova,
and on behalf of PolyU - Associate Professor of Applied Social Sciences Ku Hock
Boon. The project contributes to the development of recommendations for improving
social policy in Kazakhstan and Central Asian countries. As part of the project,
students of Al-Farabi KazNU undergo practical training at three social service centers
in Almaty: Rehabilitation Center "Association of Parents of Disabled Children”, Public
Foundation "Center for Social and Psychological Rehabilitation and Adaptation for
Women and Children "Rodnik" and Children's Home "Ark".

Since February 2023, the Center for Internationalization of Education of the
Kazakh National Women's Pedagogical University has been developing joint
educational programs for master's and doctoral studies with the universities of the
University of Cambridge, University of Sussex, Department of Physics, The
Cavendish Laboratory, Michigan State University. Also, national educational
programs 7M01104 - "Research in Education” and 7M01103 - "Management and
Leadership in Education™ were developed jointly with the University of Applied
Sciences and Nazarbayev University. Also, within the framework of cooperation with
the University of Sussex, a scientific seminar-training "Development of Research
Skills in the Field of International Education™ was held from July 17 to 25, 2023 with
the participation of the faculty and doctoral students of the university. On the platform
of the Kazakh National Women's Pedagogical University, together with the University
of Nigde Omer Halisdemir, the "Nigde Technopark Center" was opened. The center's
employees are implementing the project "Teaching the Kazakh language through
digital resources based on the national brand." The center's activities are aimed at
expanding the possibilities for commercializing the results of scientific work, for
which acceleration programs are being implemented for the faculty and students of the
Kazakh National Women's Pedagogical University.

3. Analysis of achievements and development trends of leading scientific schools
of Kazakhstan and highly developed foreign countries

The scientific division of the IT giant Google Research focused on
developments related to the development of artificial intelligence in 2023. Work on
optimizing algorithms and improving language models was strengthened by the Search
Generative Experience (SGE) technology, which uses large language models (LLM) to
rethink how to organize information and how to help people navigate it, creating a
more flexible conversational interaction model for our core search product. This work
expanded the capabilities of search engines, primarily focused on information
retrieval, into something much more - capable of searching, synthesizing, creatively
generating and continuing previous searches - while continuing to serve as a point of
connection between users and the web content they are looking for [363].
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In 2023, significant archaeological discoveries were made. For example,
researchers from Oxford discovered the footprints of two adults and a child, left in the
prehistoric era, near the White Sands site in New Mexico (USA). Analysis of quartz
grains and pollen showed that they made this journey between 21,000 and 23,000
years ago — thousands of years before humans were thought to have reached America.
This has prompted a reconsideration of the idea that humans first arrived in America
16,000 to 14,000 years ago, crossing a land bridge between Siberia and Alaska. The
new dates mean that humans were already living in New Mexico at the height of the
last ice age. If the dates of the footprints are correct, this discovery will become a new
well-known fact [364]. An important area of global science is the study of human
cognitive abilities. Scientists from the Department of Psychology at the University of
California conducted an analysis of behavioral representational similarity, which
showed how episodic learning is influenced by and changes semantic memory. The
authors of the study show that episodic learning systematically shapes semantic space
depending on how learners interact with the material and the strength of prior
associations [365].

In 2023, the Institute of Philosophy, Political Science and Religious Studies
successfully completed a research program dedicated to the social modernization of
Kazakhstani society, under the supervision of Professor Sagikyzy A. The program
included an analysis of ideological foundations, conceptual models and socio-cultural
processes, as well as the development of socio-political technologies. At the same
time, grant projects studying religious trends and their impact on society were
completed, under the supervision of Burova E.E., Kosichenko A.G. and Satershinov
B.M. These studies helped to better understand the role of religion in socio-cultural
changes in Kazakhstan. Attention was also paid to supporting young scientists, in
particular, to studying the impact of digitalization on the political culture of young
people.

In 2023, the main priority of the historical science of Kazakhstan was the
preparation of a 7-volume work on the history of the country, the purpose of which is
to update the concept of national history, introduce new archival data and
historiographic sources. Scientists under the leadership of Azhigali S.E. conducted
ethnoarchaeological research of the steppe zones and the diaspora, creating card
indexes and a bank of photocopies for the study of monuments. Archaeological work
is aimed at demonstrating the historical and cultural connection of the Turkic and
Kazakh cultures, as well as preserving and analyzing the cultural heritage of
Kazakhstan and Central Asia. Foreign archives are also being studied, which are
important for understanding the historical and cultural heritage of the region.
Significant results have been achieved in the field of so-called university science, with
Important projects being implemented in both national and regional universities. In
2023, at the L.N. Gumilyov Eurasian National University, under the leadership of K.A.
Kirdasinova, a study on the topic "Digital transformation of service enterprises in
Kazakhstan™ was successfully completed. The project developed a methodological
approach to assessing the readiness of enterprises for digital transformation, and
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studied the influencing conditions and factors, including the impact of the COVID-19
pandemic.

Significant political science research was completed at Al-Farabi Kazakh
National University. Under the leadership of Doctor of Political Science, Professor
G.O. Nasimova, a project was implemented analyzing the protest potential in
Kazakhstan. The study covered an assessment of the social well-being of citizens, trust
in the media and the political situation, identifying regional features of the protests and
predicting their dynamics. Also, under the leadership of F.T. Kukeeva, a project was
completed examining the impact of the transit of power on Kazakhstan's foreign
policy, where historical, economic and political conditions were analyzed and
recommendations were proposed for the development of an effective foreign policy
strategy.

At Toraigyrov University, under the supervision of A. Zh. Anesova, a study on
the topic of "The Problem of Forming a National Worldview of Values in the Context
of Modernization of Society and the State" was successfully completed. The study
analyzed the influence of text and personal factors on the creation of online comments
on political texts in Kazakhstan. Based on text-derivatological analysis, text generation
strategies were identified, which helped to reconstruct the national worldview through
mythologemes, specific vocabulary and traditional expressions, giving the comments a
unique national flavor.

Priority I1X — “Sustainable development of the agro-industrial complex and
safety of agricultural products

1. Review and analysis of the achievements of Kazakhstani science (the most
significant results of the scientific and (or) scientific and technical sphere,
implemented developments)

The following significant results were obtained for the programs and projects
completed in 2023.

Development of intensive livestock farming. State support has intensified the
development of beef cattle breeding, ensured its intensification, and the formation of a
production base. Increased interest in beef cattle breeding in recent years has increased
the number of specialized beef cattle, however, the growth rate is insufficient.
Therefore, in the coming years, the development of the domestic beef cattle breeding
industry is one of the strategic directions. Improving the genetic potential of cattle,
specialized meat breeds of domestic selection should ensure an increase in the
production of domestic breeding products every year by 5%.

On beef cattle breeding. Within the framework of NTP BR10764981
"Development of technologies for effective management of the selection process for the
preservation and improvement of genetic resources in beef cattle breeding" 2021-
2023. (performer - NJSC "West Kazakhstan Agrarian and Technical University named
after Zhangir Khan") scientifically and economically sound breeding programs for
improving the economically useful traits of the Kazakh white-headed, Auliekol,
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Hereford, Aberdeen Angus, Kalmyk breeds have been developed, which allow
preserving the existing gene pool while observing the recommended measures.

New breeding lines of the Kazakh white-headed cattle breed have been created
and tested: Kunduza 9481 Pilot 17433 Samuryk 100195791, Podarok 75/045, for
which patents for breeding achievements have been received. In addition, the results of
scientific research have been published in an international journal with Q2.

Within the framework of the scientific project AP09259133 "Study of the
microbiome of the gastrointestinal tract of cattle in order to reduce greenhouse gas
emissions™ (implemented by the Kazakh Research Institute of Animal Husbandry and
Forage Production), when comparing beef cattle breeds (Kazakh white-headed,
Aberdeen Angus, Hereford) in the republic as a whole, the lowest concentration of
archaea in the intestinal contents was found in the Kazakh white-headed breed. At the
same time, animals of the Kazakh white-headed breed have a certain advantage over
other breeds in terms of the content of bacteria in the intestinal contents.

On dairy cattle breeding. Within the framework of the NTP for 2021-2023. The
research on the development of technologies for keeping, feeding, growing and
reproduction in dairy cattle breeding based on the use of adapted resource-energy-
saving and digital technologies for various natural and climatic zones of Kazakhstan
has been completed under the research project of the Ministry of Agriculture of the
Republic of Kazakhstan BR10764965 "Development of technologies for keeping,
feeding, growing and reproduction in dairy cattle breeding based on the use of
adapted resource-energy-saving and digital technologies for various natural and
climatic zones of Kazakhstan" (executor - NAO "KATRU named after S. Seifullin™).
Automatic equipment for stress-free determination of the live weight of heifers using
RFID technology has been created, a system for reading data from RFID tags has been
implemented to identify specific animals during weighing. The scales are calibrated
taking into account standards and requirements for measurement accuracy. Based on
the results of scientific research, 2 articles have been published in international
journals since Q3.

On poultry farming. As part of applied scientific research in the field of agro-
industrial complex 2021-2023. under the scientific and technical program
BR10765039 "Development of technologies for effective management of the selection
process in poultry farming” (executor - NAO "West Kazakhstan Agrarian and
Technical University named after Zhangir Khan"), a two-line cross "Ansar" was
created with a reduced fat content in the carcass, a high rate of live weight gain of
young animals at the age of 7 weeks - 3.249 kg, with feed costs per 1 kg of live weight
gain of 2.8 kg, with the yield of ducklings from a parent pair for 40 weeks of
productivity at the level of 142 heads.

Patents were received for the invention "Method for obtaining a composite
mineral feed additive for poultry"” and breeding achievements: Cross of ducks "Ansar";
"Paternal line A1"; "Maternal line of ducks A2".

On horse breeding. Within the framework of the scientific project AP14870614
"Genetic marking of productive qualities of the Kazakh horse of the Jabe type based
on SNP genotyping with broad genome coverage" 2022-2024 (implemented by the
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West Kazakhstan Agrarian and Technical University named after Zhangir Khan), the
genetic diversity of horses of the Kazakh breed of the Jabe type was studied. The
results obtained showed the absence of a pronounced genetic structure at the
population level. The entire studied sample of Jabe horses represents a more or less
homogeneous gene pool with a moderate level of individual variability [366].

Patents have been received for breeding achievements: the Doskuren 83-85
[367] and Zamantory 69-84 [368] stud lines of the Kushum breed, the Zhanibek intra-
breed type of the Kushum breed [369], the Adai riding intra-breed type of the Kazakh
horse [370], the Rattory-60 stud line of the Adai type of the Kazakh breed [371], the
Bugabay kiik konyr-98 [372] and Manap sur-93 [373] stud lines of the Adai offspring
of the Kazakh horse, the Mangystau intra-breed productive type of the Adai offspring
of the Kazakh horse [374]. An article has been published in the international journal
Q1.

Within the framework of the scientific project AP14869181 "Research of the
ecogenomics of the microbiome of the Kazakh horse breed using the NGS sequencing
method" 2022-2024 (implemented by the Kazakh National Agrarian Research
University). High-throughput metagenomic sequencing of 16S rRNA was carried out
on DNA isolated from freshly excreted feces and nasopharyngeal swabs taken from
horses from different regions of Kazakhstan [375-376].

In the camel breeding field. Within the framework of the event "Conducting
genotyping of different species of camels and creating an information database of
genetic resources of camels in Kazakhstan", a bioinformatics analysis was carried out
in order to compare SNP genotyping data for camels of the Bactrian species of the
Kazakh breed, dromedaries of the Arvana breed and hybrids. A principal component
analysis (PCA) was conducted, which showed that the studied two-humped and one-
humped camels are clearly separated from each other. [377].

Ensuring veterinary safety. Within the framework of the scientific and
technological program "Study the epizootological characteristics of the country's
territory for especially dangerous diseases and develop veterinary and sanitary
measures to improve their effectiveness" 2021-2023. (executor - Kazakh Research
Veterinary Institute LLP) the epizootological characteristics of the country's territory
over the past 10 years for especially dangerous animal diseases were determined, the
current epizootic situation was studied (anthrax, foot-and-mouth disease, lumpy skin
disease, rabies, pasteurellosis, leptospirosis, listeriosis, infectious rhinotracheitis and
viral diarrhea, emphysematous carbuncle, camel plague, highly pathogenic avian
influenza, equine rhinopneumonia, tuberculosis, glanders in horses, etc.) and parasitic
diseases, including those dangerous to humans (echinococcosis of carnivores, canine
taeniasis, opisthorchiasis in fish).

Zoning and regionalization of the territory of the Republic of Kazakhstan were
carried out according to the degree of intensity of the epizootic situation for the above
diseases.

As a result of the implementation of the scientific and technological program
"Developing and proposing for production means and methods for diagnostics,
disease prevention, therapy of infected animals and disinfection of soil anthrax foci"
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2021-2023 (executor - Kazakh Scientific Research Veterinary Institute LLP), 8
vaccines have been developed for the prevention of especially dangerous animal
diseases (foot-and-mouth disease, camel pox, equine lymphangitis, animal
necrobacteriosis, equine rhinopneumonia, equine influenza, equine myt, Rhodococcus
equine); 13 diagnosticums (for the diagnosis of bird influenza, bovine leukemia,
brucellosis, Newcastle disease, infectious bovine keratoconjunctivitis, anthrax, equine
helicobacteriosis, Rhodococcus equine, equine myt, INAN, equine and camel
trypanosomiasis, equine influenza); 2 medicinal products (against streptococcosis,
necrobacteriosis of animals); methods and schemes for disinfection and elimination of
soil anthrax foci.

Under the commercialization project "Organization of production of highly
effective anthelmintic drugs and implementation of scientifically based measures for
the devastation of zoonotic and most pathogenic invasions among domestic and wild
animals in natural biocenoses" (executor - Kazakh Research Veterinary Institute LLP),
for the first time in the Republic of Kazakhstan, industrial production of various
antiparasitic drugs has been established, which are widely used in veterinary practice.

A Dossier on foot-and-mouth disease and plague of small ruminants and a self-
declaration on HPAI have been compiled to obtain the status of well-being of the
territory of the Republic of Kazakhstan.

For the period 2021-2023, 8 veterinary drugs of the Republic of Kazakhstan
were registered in the State Register.

The results obtained within the framework of the scientific and technical
program BR10764944 "Development of methods for analytical control and monitoring
of food safety" (executor - NAO "KATIU named after S. Seifullin”, manager -
Bulashev A.K.): for the first time, environmental monitoring of the safety and quality
of fish in the reservoirs of Central, Northern Kazakhstan and the West Kazakhstan
region was carried out and new methods for veterinary and sanitary assessment of fish
and fish products were proposed.

In 2023, scientists published 5 articles in highly cited international journals in
Q1 and Q2 journals, received 5 patents.

Intensive farming and crop production

increasing the productivity of pastures. Within the framework of the NTP
BR10764915 "Development of new technologies for the restoration and rational use of
pastures (use of pasture resources)" (implemented by the NAO "West Kazakhstan
Agrarian and Technical University named after Zhangir Khan"), studies have been
completed, as a result of which results were obtained on the restoration and rational
use of pastures in various natural and climatic zones of the Republic of Kazakhstan.
The economic effect of the program is aimed at increasing production profitability by
15-20%. Improvements to degraded areas will increase pasture productivity by 25%.
As a result of the introduction of new technologies, the productivity of hayfields will
increase by 50%, pastures - up to 30%. The expected content of digestible protein in
green fodder is at least 60-65 g / kg of feed, in the grain of forage crops - 110-120 g /
kg of feed; exchange energy in green fodder 6.7-8.5 MJ, in grain of forage crops
10.50-11.5 MJ. The research results were implemented in hayfields and pastures of
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various natural and climatic zones of the Republic of Kazakhstan on an area of 1,483
hectares.

In 2023, the research results were published in articles in 5 cited international
journals Q1 and Q2, 5 patents were received.

In the field of farming systems and modern technologies for cultivating
agricultural crops

Within the framework of NTP BR10764908 "Develop a farming system for
cultivating agricultural crops (grain, legumes, oilseeds and industrial crops) using
elements of cultivation technology, differentiated nutrition, plant protection products
and equipment for profitable production based on a comparative study of various
cultivation technologies for the regions of Kazakhstan" (executor - LLP "KazNII of
Agriculture and Plant Growing™), a technological system for growing safflower, oil
flax, spring barley based on the intensification of soil cultivation and sowing systems,
the use of mineral fertilizers, plant growth and development stimulants, a pea-oat
mixture for rainfed conditions of the southeast of Kazakhstan has been developed.

Within the framework of the scientific and technological program "Development
and implementation of soybean cultivation technology using biologization means,
ensuring increased yields and environmentally friendly products™ (implemented by the
Kazakh National Agrarian Research University), the annual use of biofertilizers and
biopreparations ensured an increase in total humus by 0.03-0.04%, mobile forms of
NO3, P205 and K20 by 4.5-11.2; 7.8-11.5 and 3.5-12.6 mg/kg, respectively. In these
same variants, compared to the control, an increase in the total number of bacteria
(11.2x10 21.6x106 CFU/g of soil) and mycelial fungi (2.2x103 to 16.5x103 CFU/g of
soil) was noted. The highest soybean yield was obtained when treated with HansePlant
- 40.6 c/ha, slightly lower than 39.5 and 38.7 c/ha (BioEcoGum and Agroflorin).

To develop resource-saving technologies for cultivating promising leguminous
crops under the scientific and technological program "Develop and implement energy-
saving varietal technology for cultivating promising varieties of leguminous crops
(chickpeas, lentils, peas) in drylands of the southeast of Kazakhstan™ (executor - NAO
"Kazakh National Agrarian Research University"), agrobiological features of growth
and development of promising leguminous crops, such as peas, chickpeas and lentils
and their new varieties, were studied, optimal parameters of the main elements of
varietal technology (row spacing, seeding rate, use of a complete scheme of liquid
microfertilizers) and their impact on grain yield were determined.

As a result of research under NTP BR10764908 "Develop a farming system for
cultivating agricultural crops (grain, leguminous, oilseed and industrial crops) using
elements of cultivation technology, differentiated nutrition, plant protection products
and equipment for profitable production based on a comparative study of various
cultivation technologies for the regions of Kazakhstan™ (executor - A.l. Barayev
Scientific and Production Center of Grain Farming LLC), scientific foundations have
been developed for the intensification of farming systems for the agro-ecological, soil
and hydromodular zones of the country, control of erosion processes, minimization of
mechanical tillage, diversification and intensification of the structure of crops, plant
nutrition, etc.
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According to NTP BR10865093 “Development and scientific substantiation of
technical and technological parameters for the adaptation of space sensing and
precision farming technologies to current production tasks of agricultural entities and
the formation of a reference database necessary for this” (executor - A.l. Barayev
Scientific and Production Center for Grain Farming LLC), a model for managing the
production of crop products has been developed in the form of an information and
reference program based on available software using fertility models, biocenosis
productivity management modules, GIS technologies, and plant development
monitoring for the Akmola, Kostanay, and North Kazakhstan regions.

Within the framework of the NTP BR10865099 "Construction of a decision-
making system for the production of the main types of agricultural crops based on the
adaptation of the DSSAT model of growth and development of agricultural crops, an
integrated management system for livestock production based on Smart technologies
with the formation of an information base of scientific and technical documentation on
agro-technologies for entities of the agro-industrial complex in order to create Smart
systems in agriculture™ (executor - NAO "Kazakh Agrotechnical Research University
named after S. Seifullin™), for the first time in Kazakhstan, the adaptation of the
DSSAT CSM simulation model was carried out to simulate the production process of
agricultural crops (spring wheat, spring triticale, oilseed flax, peas, fodder millet,
sunflower hybrid) in the conditions of Northern and Central Kazakhstan. Within the
framework of this Program, a package of ready-made technical documentation with
open access (Open API) for individual types of agricultural technologies and the
livestock sector was formed. In the field of selection of agricultural crops.

As a result of scientific research at the Kazakh Research Institute of Agriculture
and Plant Growing LLP (2 scientific and technical programs for breeding and seed
production of oilseeds, cereals (soybeans, sunflower, flax, rapeseed), leguminous
crops, as well as 1 project for breeding grain crops (winter, facultative and spring
wheat, triticale, barley, oats, corn, sorghum) under the budget program 267 of the
Ministry of Agriculture of the Republic of Kazakhstan and 9 projects under the budget
program 217 of the Ministry of Health of the Republic of Kazakhstan) for 2021-2023,
according to the full scheme of the breeding process using genetic diversity, traditional
and molecular genetic breeding methods, 17 new stress-resistant varieties and hybrids
of agricultural crops were created and submitted for state variety testing over a three-
year period: winter rapeseed pervenets Semirechye; winter wheat variety Amanat for
irrigated lands, winter wheat variety Dulati for rainfed purposes, soybean variety
Milka, soybean variety Saule, sugar beet hybrid Abulkhair; winter wheat variety Khan
Tengri, winter barley variety Zhasorken, winter soft wheat variety KI1Z-90, winter soft
wheat variety Adilet, chickpea variety Alpamys, pea variety Asylai, bean variety Asyl,
soybean variety Amalia, soybean variety Kostana, safflower variety Gloria, corn
hybrid KazNIIZIR-90 SV. During the same period, 11 varieties and hybrids of
agricultural crops bred by KazNIIZIR LLP were recommended for use in production
[378].

According to the project AP09259636 "Study of genetic resistance of promising
varieties and rootstocks of apple to a dangerous disease - fire blight using SNP
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markers" (executor - NAO "Kazakh National Agrarian Research University") as a
result of molecular identification of the causative agent of fire blight by the PCR
method based on genomic DNA, it was established that out of 8 samples of bacterial
cultures, three cultures (varieties Aport, Sinap Almatinsky, Pinova) were identified as
phytopathogenic bacteria Erwinia amylovora. A molecular genetic method for
identifying SNP markers of apple resistance to fire blight has been developed.

During the implementation of the project AP09058208 "Screening of cultivated
and wild forms of the gene pool of grain legumes for resistance to diseases to find the
source material for selection” (executor - NJSC "Kazakh National Agrarian Research
University"), the identification of genes of resistance to a complex of diseases was
carried out using molecular markers and the selection of carriers of resistance was
carried out, DNA was isolated, PCR analysis was carried out using special molecular
markers according to literary data. The identified carriers of genes were further studied
for productivity traits.

In the field of forage production and irrigated agriculture. Within the
framework of the project AP09259400 "Selection of non-traditional crops for intensive
use of irrigated lands and creation of a green conveyor depending on the bioclimatic
potential of growing zones" (executor - NAO "Kazakh National Agrarian Research
University"), an assessment of the hydrothermal conditions of the southeast of
Kazakhstan was carried out, calculations of the need for agricultural crops in the sum
of active temperatures and the actual sums of positive, active temperatures were made,
and the results of field studies showed that in the conditions of the Almaty, Zhetysu,
Zhambyl and Turkestan regions, with the introduction of new resource-saving
technologies, it is possible to obtain two harvests of agricultural crops per year.

In the field of organic farming. As a result of NTP BR10764907 "Development
of technologies for organic agriculture for growing agricultural crops taking into
account the specifics of regions, digitalization and export" (executor - LLP "Kazakh
Research Institute of Agriculture and Plant Growing"), biologized crop rotation
schemes were developed. Green manure crops (peas, peas + oats, vetch + oats,
buckwheat, spring rape, sweet clover, winter rape) with high productivity coefficients
and large biomass were selected as green fertilizers.

Within the framework of the Scientific and Technical Program "Organic
production of potatoes and table root crops (carrots, beets) based on the use of
adaptive-ecological varieties and biologization of crop agrotechnologies in the
conditions of the southeast of Kazakhstan" (executor - NAO "Kazakh National
Agrarian Research University"), studies were conducted in various vegetable and
potato crop rotations to determine their role in organic production. Their positive effect
on the productivity of potatoes and table root crops was established. Farms in the
region are offered biologized crop rotations for organic production, since the studied
types of bioorganic fertilizers improve the nutritional regime of the soil, significantly
increasing the content of nutrients available to plants.

Ensuring phytosanitary safety. According to NTP BR10764991 "Creation of
highly productive varieties and hybrids of oil and cereal crops based on the
achievements of biotechnology, genetics, physiology, plant biochemistry for their
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sustainable production in various soil and climatic zones of Kazakhstan" (executor -
Kazakh Research Institute of Agriculture and Plant Growing LLP), the study of the
Immunological characteristics of varieties made it possible to identify resistant variety
samples. Evaluation of breeding material in field conditions against the background of
artificial infection with rust showed that the majority (79.2%) of soft and hard wheat
lines were characterized as moderately susceptible (MS) and susceptible (S) to the
pathogen. A significant difference in the reaction of foreign varieties to the local
population of the Puccinia pathogen was noted. Among the tested varieties of
selection: Russia, Turkey, Lithuania, Romania, Hungary, Switzerland, Czech
Republic, France, Germany, Italy, Canada and the USA, genotypes were distinguished
that showed resistance (R) and moderate resistance (MR) up to 5-10% to the pathogen
[379].

Processing and storage of agricultural products and raw materials. In the course
of the project BR10765062 "Development of technology to ensure the preservation of
the quality of agricultural raw materials and processed products in order to reduce
losses during various storage methods" (executor - NAO "KATIU named after S.
Seifullin™), technologies were developed for freeze-dried honey with a long shelf life, a
drink with honey, freeze-drying berries with a long shelf life, storage of grapes of
domestic varieties in order to obtain organic products. Based on the research results, 1
article was published in the international journal Q2, 1 monograph was issued, 1 patent
was received.

Within the framework of NTP BR10764998 "Development of technologies using
new strains of beneficial microorganisms, enzymes, nutrients and other Kkits in the
production of special dietary food products" (executor - NAO "KATIU named after S.
Seifullin™), technologies for functional food products were developed, as well as
technologies for obtaining lactobacilli and bifidobacteria for use in technologies for
obtaining probiotic products and goat and sheep milk. Based on the research results, 2
articles were published in international journals Q2, 2 monographs were published, 1
patent was received.

Within the framework of the scientific and technological progress report
BR10764970 "Development of high-tech technologies for deep processing of
agricultural raw materials in order to expand the range and output of finished
products per unit of raw materials” (executor - Kazakh Research Institute of
Processing and Food Industry LLP), innovative methods for processing agricultural
raw materials were studied and developed in order to increase the output of finished
products, expand the range and reduce the proportion of waste in production, and new
formulations of biologically active additives, enzymes, starters, starch, oils and other
products that contribute to the development of the food industry were created. Based
on the research results, 4 articles were published in international journals Q1, Q2, 2
monographs, 1 textbook were published, 13 patents for utility models and 1 patent for
an invention were received.

Within the framework of NTP BR10764977 "Development of modern
technologies for the production of dietary supplements, enzymes, starters, starch, oils,
etc. in order to ensure the development of the food industry"” (executor - TOO "KazRDI
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of the processing and food industry™), unique recipes and technologies for the
production of combined meat products using secondary and plant raw materials with
high biological and performance indicators have been developed. New recipes and
technologies for the production of dry feeds that provide adequate nutrition for service
dogs of Kazakhstan have been presented. An innovative technology for storing chilled
poultry meat and poultry products using biological methods of preservation and cold
has been created.

Based on the research results, 4 articles were published in international journals
Q1, Q2, 8 monographs were published, 7 patents for utility models were received.

Technical support for the modernization of the agro-industrial complex

Initiative project for 2021-2023 "Development of an automated fertilizer
application system". Project manager - Sugirbay A. M.

The goal of the program is to increase the yield of various crops and reduce
competition between seeds for nutrients by developing a seeder working body for no-
till farming with an automated dosing system for sowing various seeds with
simultaneous application of mineral fertilizers.

Based on the research results, 2 articles were published in international journals
Q1, Q2.

1.2. Sustainable development of rural areas

In 2023, Kazakh Research Institute of Agricultural Economics and Rural
Development LLP completed two projects financed by the Ministry of Agriculture of
the Republic of Kazakhstan (MoA RK) and the Ministry of Science and Higher
Education of the Republic of Kazakhstan (MSHE RK).

Project 1: "Conducting analytical research and forecasting (assessment) of the
development prospects of the agro-industrial complex of the Republic of Kazakhstan to
improve the efficiency of the agro-industrial complex". Main results and conclusions:

- a detailed analysis of the main sectors and sub-sectors of the agro-industrial
complex by region was carried out, constraints to development, growth reserves were
identified, and a development forecast was compiled until 2027.

Project 2: "Self-employment of rural youth of Kazakhstan as creative work from
formal employment to freelancing using digitalization” (2023-2025). An analysis of
global experience in the field of freelancing and self-employment was conducted,
definitions of the categories of "self-employment™ and "freelancing” were identified, as
well as the characteristic features of the freelancer group; trends in the modernization
of the economic activity of the self-employed population were studied, which confirms
the importance of freelancing as a direction for diversifying labor relations, especially
among young people. Based on the research results, 1 article was published in the
international journal Q1.

2. Review and analysis of global trends in science, examples of cooperation
between domestic scientists and foreign scientists and work carried out under a
contract with international scientific organizations

According to leading analytical companies, trends such as artificial intelligence,
generative Al, climate and green technologies, mobility, AR / VR / XR and other
synthetic environments, robots and drones, bioengineering have the potential to
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influence agriculture in the near future, while Web3 infrastructure, meta-universe and
guantum technologies can affect in the long term.

According to a study conducted by the StartUs Insights Discovery platform
(https://www.startus-insights.com/), based on the analysis of 3,790,000 startups and
scale-ups worldwide, the following key trends were identified: Internet of Things,
Robotics, Artificial Intelligence, Agricultural Drones, Precision Farming, Agricultural
Biotechnology, Big Data and Analytics, Controlled Environment Agriculture,
Regenerative Agriculture, Connected Technology.

Thus, the global agricultural industry is undergoing a profound transformation
thanks to advances in Artificial Intelligence (Al) technologies, which are transforming
and improving various aspects of agriculture: from increasing productivity and
efficiency to improving sustainability and reducing waste.

The trends of recent years have led to the emergence of the concept of
"Agriculture 5.0". Agriculture 5.0 i1s a new generation of agriculture, which is
characterized by the use of advanced technologies, such as artificial intelligence (Al),
the Internet of Things (IoT) and machine learning, to improve productivity, efficiency
and sustainability. It is advisable to highlight the following main global technological
trends by agricultural sector: crop production, livestock farming, agricultural
processing and biotechnology. In many ways, the main trends and factors existing in
Kazakhstan correspond to global trends, although there are certain specifics associated
with the country's geographical location, geopolitical features, the state of the economy
and social system. In the field of veterinary medicine, Kazakhstani scientists closely
cooperate with foreign colleagues from South Korea, Georgia, Cuba, the USA, France
and Germany. Annual internships for specialists and vaccine development are financed
from the state budget, private companies and grants. As of 2023, more than 3,000
qualified specialists in this field work in Kazakhstan.

3. Analysis of the achievements and development trends of leading scientific
schools of Kazakhstan and highly developed foreign countries

Several leading scientific schools have currently been formed in the Kazakh
Scientific Research Veterinary Institute: in the field of epizootology (Academician of
the National Academy of Science of the Republic of Kazakhstan Ivanov N.P.),
veterinary parasitology (Abdybekova A.M.), in the field of studying infectious diseases
of animals (Bizhanov A.B.).

Academician Ivanov N.P. was the first to develop an antigen for RDSK in
identifying patients with infectious epididymitis in rams, which had no analogues in
the world and in the post-Soviet space. He was also the first in the world to develop
and successfully implement 12 diagnostic, prophylactic and treatment methods for
bacterial infections (moraxellosis, necrobacteriosis, brucellosis, foot rot, salmonellosis,
etc.) on the basis of the Agroholding "Baiserke-Agro", which ensured stable epizootic
well-being of animal husbandry. Scientific developments of Academician N.P. Ivanov
were highly appreciated by international scientific communities (Switzerland, France)
and the Government of the country: he was awarded the State Prize of the Republic of
Kazakhstan in the field of science and technology named after al-Farabi for a series of
works on the topic "New innovative achievements in the development of animal



126

husbandry (cattle breeding, sheep breeding, horse breeding, camel breeding, veterinary
medicine)". Scientifically interesting works on studying the biology of pathogens of
invasive diseases, creating diagnostic and prevention methods, new means for
deworming agricultural, domestic and wild animals taking into account the species
composition of parasites circulating in the territory of Kazakhstan are carried out by
scientists of the Kazakh Research Institute of Veterinary Medicine under the
supervision of Doctor of Veterinary Sciences, Professor Abdybekova A.M. (Hirsch
Index 9). The professor has developed and implemented means and methods for the
prevention and therapy of echinococcosis, opisthorchiasis and other helminthiases of
carnivores, studied the species composition of parasites of commercial fish in natural
reservoirs of the republic. Patents for their developments are included in the Web of
Science database.

Bizhanov A.B., Doctor of Veterinary Sciences, Professor, Scientific Director and
responsible executor of programs for the development of measures to combat mytosis,
pasteurellosis, epizootic lymphangitis of horses and plague, trichophytosis of camels.
The immunobiological preparations developed by him are used throughout the
territory of the Republic of Kazakhstan with a high anti-epizootic effect and have had a
significant impact on the recovery of farms from infectious diseases. It should be noted
that Kazakhstan has stepped onto the next stage of industrial and innovative
development. According to Kazakhstani scientists, this stage is characterized by the
reprogramming of the scientific system in accordance with modern economic
requirements, therefore, the development of science, regulated by relevant regulatory
indicators, structural, organizational, personnel, infrastructure and financial security,
should lead to fundamental changes.

Priority X - ""National security and defense"

1. Review and analysis of the achievements of Kazakhstani science (the most
significant results of the scientific and (or) scientific and technical sphere,
implemented developments).

The science in the direction of "National Security and Defense" studies the main
areas of national security, namely: political, economic, military, information, social,
environmental (biological). Issues of state defense capability are also interrelated with
these areas. In turn, state security is a relative state of security of the individual,
society and the state, ensuring the dynamic development of the country [380].

Security threats and challenges are constantly increasing and changing. Thus, a
fence built between Palestine and Israel according to all modern requirements for
military engineering structures cannot be a guarantee of the security of one of the
parties. The events of October 7, 2023 - the Hamas attacks on Israel - are a clear
example of the fragility of a frozen conflict, security and defense in general.

The Constitution of Kazakhstan determines that the state ensures the integrity,
inviolability and inalienability of its territory [381]. The Law of the Republic of
Kazakhstan "On National Security of the Republic of Kazakhstan" defines
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18 main national interests. 20 main threats to national security have been
identified that may arise as a result of natural, man-made, and, first of all, socio-
political phenomena [380].

Analyzing the achievements of science in the area of "National Security and
Defense” (the most significant results of the scientific and (or) scientific and technical
sphere, implemented developments), first of all, it should be noted that the Military
Doctrine of the Republic of Kazakhstan defines the main measures for the
development of military science - as an integral part of science, namely [382]:

1) increasing the military-scientific potential in the Armed Forces, Far Eastern
Federal District; 2) training military scientific personnel; 3) development of the
research base; 4) continued development of disciplines dealing with military issues; 5)
attracting leading specialists from other branches of science; 6) using the opportunities
of public-private partnership; 7) application of military-civil integration of scientific,
educational organizations and institutions.

In addition, the Military Doctrine of the Republic of Kazakhstan defines
measures to attract investment and intensify innovative activities to update the
scientific, technical and production-technological base of the defense industry and
conduct R&D.

An analysis of the implementation of the provisions of the Military Doctrine of
the Republic of Kazakhstan showed the following:

1. Increasing the military-scientific potential in the Armed Forces, Landing
Troops and Navy.

Since 2021, the Defense Research Council has been established and is
functioning in the Ministry of Defense of the Republic of Kazakhstan - a collegial
consultative and advisory body that carries out its activities in order to make decisions
on approving the volume of funding for defense research, the volume of grant and
program-targeted funding for the Ministry of Defense, as well as developing
recommendations for the National Scientific Council "National Security and Defense"
in specialized scientific areas within the framework of announced competitions, as
well as scientific, scientific and technical projects and programs [383].

At the National Defense University, the number of academic staff (hereinafter
referred to as the faculty) is 62 scientists, including 6 doctors of science, 20 candidates
of science, 36 doctors of philosophy PhD. There are 3 dissertation councils in the
following specialties: "Military Art", "Military History"”, "Armament and Military
Equipment” [383].

On the basis of the National Defense University (hereinafter - NDU), there is a
military scientific research center, which, along with theoretical research, also creates
prototypes of weapons. For example, the team of the military scientific research center
(hereinafter - MSRCs) of the NDU, together with a domestic enterprise, created and is
testing the unmanned vehicle "Shagala". Also, at the NDU, there is a scientific
platoon, in which conscripts serve [383].

The scientific potential of the National Guard of the Republic of Kazakhstan is
19 scientists. In order to increase and qualitatively strengthen the scientific potential of
the Academy of the National Guard (hereinafter - A NG), 5 officers entered the
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doctoral program of the National Defense University in 2022-2023. In November
2023, based on the Memorandum between the Academy of the National Security of
the Republic of Kazakhstan and the University of Public Security of the Republic of
Uzbekistan (hereinafter referred to as UOB RU) dated March 10, 2023, 8 officers were
admitted to the UOB RU to obtain an academic degree. In 2024, 20 candidates plan to
enter the specified university. 5 officers are studying in the graduate school of the
Omsk State Pedagogical University of the Russian Federation [384].

In 2023, the following persons received a degree (academic degree) at the
Border Academy of the National Security Committee of the Republic of Kazakhstan
(hereinafter referred to as the PA of the National Security Committee of the Republic
of Kazakhstan): 4 - PhD doctors, 4 - candidates of sciences. Academic titles: 3 -
professor, 5 - associate professor (associate professor) [385].

2. Implementation of training of military scientific personnel.

Since 2023, the A NG has begun training under the master's degree program in
the specialty "Military training and education”. Starting from the new 2024-2025
academic year, the Faculty of NG of the National Defense University is working to
open new study groups studying in the state language in two qualifications:
"Operational and Tactical Management of the National Guard"”, "Organization of
Educational and Ideological Work of the National Guard" [384]. 3. Development of a
research base. For 2023-2027, work is underway in the A NG to create scientific and
educational laboratories. The title documents for 5 scientific and educational
laboratories based on 5 departments have been prepared [384].

In 2023, two laboratories (a scientific and a scientific-technical laboratory) were
created at the Border Academy of the National Security Committee of the Republic of
Kazakhstan within the framework of research and development work on program-
targeted and grant financing (hereinafter referred to as PTGF). They are provided with
autonomous power sources (solar panels). The laboratories are intended to train
specialists in the maintenance and application of innovative technical means of border
protection, to conduct comprehensive, laboratory and practical classes, as well as to
conduct scientific research and experiments.

A stabilizing platform was created to accommodate a van body on it. The
platform is installed on the ABSh KAMAZ 43118 for operating the MPM in difficult
road conditions.

As part of the improvement and development of the scientific and experimental
base, the following was purchased: 3 - modern high-tech professional UAVs
(helicopter type); 3 workplaces for training "UAV operators™ in UAV control; 1 high-
power charging station; 1 - means of visualization of object information. Two
instructor officers have been trained to teach the basics of UAV control [384].

4. Continuing to develop disciplines dealing with military issues. The
Department of Tactics and General Military Disciplines of the National Guard
Academy has introduced the position of a teacher of UAV operation, and the programs
of two new disciplines, "Unmanned Aircraft Systems™ and "Operation of Unmanned
Aircraft Systems", have been approved. New academic disciplines have been
introduced at the NG NOU faculty: "Operational and Service (Combat) Readiness of
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National Guard Formations and Units", "Religious Studies", and "Military Didactics"
[384].

5. Attracting leading specialists from other branches of science.

Within the framework of memorandums and agreements, the National Guard
Academy attracts leading specialists from the M. Kozybayev North Kazakhstan
University and the DIGITAL URPAC Schoolchildren's Palace, a state-owned
enterprise. The faculty of the Faculty of NG NOU regularly participate in classes
(lectures, seminars) conducted by leading specialists from different countries (UAE,
India, China, Azerbaijan, France, Italy, Turkey, etc.) and higher education institutions
of the Republic of Kazakhstan on the basis of concluded agreements of NG [384].

The Border Academy of the NSC RK has attracted specialists from domestic
enterprises and higher education institutions of Kazakhstan to solve the problems of
scientific programs (projects) on program-targeted and grant financing [385].

6. Using the opportunities of public-private partnership. The Academy of NG
organized work with the faculty in the amount of 16 people with the passage of
courses on "Artificial Intelligence” and business incubation "SPRINT-2023" in the
regional representative office "INHUB" of JSC "National Agency for Innovation
Development "Qazlnnovations™" of the Republic of Kazakhstan.

Upon completion of the courses, the faculty of the Academy of NG received
knowledge and skills in the commercialization of technologies, with the registration of
rights to intellectual property; the project "Shanyrak" was protected, which received
support from local investors in Petropavlovsk-Kazakhstan region [384].

7. Application of military-civil integration of scientific, educational
organizations and institutions. The NG Academy has concluded 23 Memorandums and
Agreements, including: at the international level - 1 (Public Security University of
Uzbekistan); with military (special) universities of the Republic of Kazakhstan - 7,
with 2 civilian organizations and 13 at the regional level in the North Kazakhstan
region of the Republic of Kazakhstan [384].

For 2023, higher educational institutions of the National Security Committee of
the Republic of Kazakhstan regularly participate in the examination of scientific
projects conducted by JSC "NCSNT". More than 30 examinations of research
applications and final reports have been carried out. Since 2016, representatives of the
Border Academy have been members of the expert council of the KOKSSHE MSHE
RK in the direction of national security and military affairs [385].

8. Measures to attract investment and intensify innovation activities to update
the scientific, technical and production and technological base of the defense industry,
and conduct R & D.

The National Guard of the Republic of Kazakhstan is working on cooperation in
the framework of R & D with the involvement of the existing technological base and
the potential of engineering and technical workers of two plants: JSC Petropavlovsk
Heavy Machinery Plant and JSC Kirov Plant to create prototypes and implement new
technological developments with subsequent commercialization and financing the
development of research and development activities of the Academy of the National
Guard. Work is underway with Kazakhstan Aselsan Engineering LLP on cooperation
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in the field of research and development and testing (testing) of prototypes of weapons
and communications, combat equipment and other military property, and equipment
based on the Academy of the National Guard. The teaching staff of the Faculty of NG
NOU participate in the working group in the State Center of the Republic of
Kazakhstan "Development of the scientific and theoretical foundations of civil defense
of the Republic of Kazakhstan taking into account new threats and challenges” IRN
AR 09260477. In 2023, applications were submitted to the Ministry of Defense and
Higher Education of the Republic of Kazakhstan for participation in grant financing in
the direction of "Development of a draft of rules for the service and combat use of NG
of the Republic of Kazakhstan taking into account new threats to state security”. In
2024, "Improvement of the scientific, theoretical and applied foundations for the use of
NG in the context of modern threats to the National Security of the Republic of
Kazakhstan" [384]. Since 2020, the Ministry of Defense of the Republic of Kazakhstan
has initiated scientific developments and rationalization work in various areas. Thus,
according to the technical assignments of the Ministry of Defense, defense enterprises
are conducting R & D to create promising weapons systems. These are multiple launch
rocket systems, artillery fire control vehicles, NBC reconnaissance systems, Barys
armored wheeled vehicles, anti-UAV systems, and others.

In order to develop scientific potential and master new types of production, the
Ministry of Defense of the Republic of Kazakhstan has developed and transferred to
the Ministry of Defense of the Republic of Kazakhstan a list of 110 types of military
products [386].

In 2023, 4 scientific projects were carried out at the Institute of Space
Engineering and Technology LLP within the framework of grant funding from the
Ministry of Defense of the Republic of Kazakhstan for 2021-2023 and 2022-2024,
including 2 projects with the "DSP" classification under the priority "National Security
and Defense". 1) Project AP09260581 "Development of a passive radar system for
airborne objects using GNSS satellite navigation signals” (implementation period
2021-2023, funding volume for 2023 - 20,663.34 thousand tenge). Results obtained: a
methodology for conducting full-scale experiments on receiving and processing
reflected GNSS radio signals was developed, prototypes of receiving satellite
navigation equipment were manufactured, acts on the conducted full-scale experiments
on receiving and processing radio signals reflected from an airborne object were
signed. 2) Project 00045/GF-DSP-20 "Hardware and software complex for receiving
and transmitting video streams and navigation data in real time for operational-search
activities" (implementation period 2021-2023, funding volume for 2023 - 23,000.00
thousand tenge). Results obtained: an experimental sample of hardware and software
complex for receiving and transmitting video streams and navigation data in real time
for operational-search activities was manufactured.

At the Border Academy of the National Security Committee of the Republic of
Kazakhstan, within the framework of the PCF for 2021-2023, research was conducted
on the topic "Development of a prototype of a continuous-wave radar station".

Within the framework of the PCF for 2023-2024, research is being conducted on
the topic "Conducting research in the field of acoustic reconnaissance with the creation
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of a prototype of a shot recorder to increase the combat potential of the national
security forces".

Together with the domestic manufacturer TOO SKTB "Granit", a prototype of a
shot recorder has been developed. In the first half of 2024, preliminary full-scale tests
of the prototype of the sound-measuring complex are planned. As a result of the tests,
the characteristics laid down in the technical specifications will be verified.

In the period from 2021 to 2023, as part of the development of science, the
National Guard Academy conducted the following scientific research.

In 2021, at the Center of Military Unit 5574 (Zhetygen), a PPS consisting of 20
officers conducted R&D. Based on its results, 5 teaching aids were published, incl.
"Battalion tactical group in a special operation to stop the activities of illegal
paramilitary (armed) formations (groups)", "Operational units in an anti-terrorist
operation" (volume), "Features of tactical actions of units (forces and means)", etc. In
2022, 21 scientific studies were conducted on fundamental, applied, current problems
of the activities of the NG RK and on problems of improving teaching methods [384].

In 2023, scientific research was conducted on the topic of "Improving the tactics
of service and combat use of units of the National Guard of the Republic of
Kazakhstan and their comprehensive support in modern conditions." In 2023, in order
to improve the knowledge and skills for organizing and conducting training of
personnel, as well as effective management in the performance of various service and
combat tasks, unit commanders together with the PPS conducted research. Based on its
results, 11 educational and methodological materials were published. The results of the
research were introduced into the service and combat activities and the educational
process of the National Guard of the Republic of Kazakhstan [384].

The following research was completed at the Faculty of NG NOU [384]:

in 2021 "Scientific and theoretical foundations for organizing interaction
between the National Guard and the Border Service of the National Security
Committee of the Republic of Kazakhstan in internal and border armed conflicts",
"Improving the management activities of the deputy commander of a military unit for
educational and social and legal work™; in 2022, "Improving the service and combat
use of an operational brigade (regiment) in suppressing an internal armed conflict",
"Experience in organizing technical support for NG units that performed service and
combat tasks to maintain the legal regime in the city of Almaty in January 2022";

in 2023, "Analysis of the exercises conducted in the NG of the RK for the period
2017-2022: Conclusions and practical recommendations™ the monograph "Post-
Kenestik yntymaktastyk™ was published. Mynbaev Sh.Zh. - NOU, Astana, 2023.

The research results have been introduced into the educational process for
training master's students in academic disciplines and are actively used by master's
students, doctoral students when conducting experiments of a scientific and applied
nature [384].

At the same time, at present in Kazakhstan there is no mechanism related to
further experimental testing, introduction into production and commercialization of
military products developed by domestic specialists.
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Thus, on March 1, 2023, at the initiative of the RPO "Academy of Military
Sciences”, a meeting was held at the Ministry of Industry and Infrastructure
Development of the Republic of Kazakhstan with the participation of representatives
of the security agencies and the military-industrial complex of the Republic of
Kazakhstan, where the following scientific projects were considered:

1. Igbayeva T. M., Doctor of Technical Sciences, Academician of the
International Academy of Science, Honorary Member of the Academy of Military
Sciences of the Republic of Kazakhstan, Professor of the Department of Life Safety of
KazNTU named after K.l. Satpayev to conduct further research to experimentally
confirm the existence of the effect of a multiple increase in the detonation velocity and
/ or the rate of outflow of gaseous explosion products in the axial direction for a charge
composed of figured checkers at a training ground. An increase in the velocity of
explosion products by 7.49 times was experimentally achieved. 2. Kobulbaeva E.B.,
the first project is the AO V-30MK assault rifle, modernized with a classic layout and
the ASO V-30K balanced, Patent No. 34679. The assault rifle is designed in a classic
layout. The second project is the KSM-M rifle. The third project is the 82 automatic
turret grenade launcher (ABG 82).

Currently, the future of these inventions remains open.

Thus, there are problematic issues regarding joint work and interaction between
authorized bodies responsible for the development of science in the direction of
"National Security and Defense" and scientific organizations, regardless of their form
of ownership, whose activities are related to ensuring the security and defense of the
country.

2 Review and analysis of global trends in science, examples of cooperation
between domestic scientists and foreign scientists and work performed under contracts
with international scientific organizations.

Russia. The Military Scientific Complex of the Armed Forces of the Russian
Federation (hereinafter referred to as the MSC of the RF Armed Forces) is divided into
two components. The first is university science, including scientific divisions of more
than 30 military universities. They specialize in conducting operational and tactical
research in the interests of developing military art. The second component is "institute"
science, concentrated in more than 20 research institutes and centers [387].

The main tasks of the MSC of the RF Armed Forces are to identify issues that
require a scientific approach, direct scientific resources to their implementation, and
create the necessary conditions for the earliest possible implementation of the results
obtained in the practice of troops (forces). Their solution is carried out jointly with the
military-scientific and scientific-technical committees of the military command bodies.
There are 25 of them in total. Military-scientific, naval, scientific-technical committees
are the "headquarters” of military science, the "drive belts" between the military
command bodies and scientific structures [387].

The main areas of activity of the VNK and issues of their practical
implementation: organization of scientific work, more than 350 areas of scientific
research; development of a unified military-technical policy in the field of
development and modernization of weapons and military equipment, and its
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iImplementation in the formation of the state armament program and state defense
order; organization and control of military-scientific support for R & D; organization
of events for the development of the military-scientific complex of the RF Armed
Forces; organization of the study and generalization of combat experience, military-
historical work, publishing and scientific-information activities [387].

USA. American scientific agencies provide the whole world with breakthrough
technologies. Financing of advanced developments in the field of national security and
defense in the United States serves as a driving force for the development of science
and the venture market. US government agencies finance fundamental and applied
research, usually on a non-repayable basis. The annual budget for such financing in
2020 amounted to more than $150 billion. At the same time, more than a third of the
funds for scientific work are allocated through the Pentagon, which is the largest
sponsor of scientific research in the total amount of distributed budget funds. Other
major distributors of funds and customers of scientific research in the United States
include federal departments and agencies such as the Department of Health, the
Department of Energy, the Department of the Interior, NASA, and the National
Science Foundation [388].

Venture market. One of the foundations of the competitiveness of the American
economy is its innovative focus. The demand for new technologies and openness to
their application have always been integral characteristics of the US economy. The
model of economic activity in the USA demonstrates a steady demand for innovations
- be it solutions that contribute to the growth of efficiency of existing industries, the
launch of improved consumer products and services, or the emergence of completely
new markets. For several decades, the American venture investment market has been
not only the largest in the world, but also the most mature and continuing to develop
dynamically. Thus, today the American venture market with a volume of $ 164 billion
(NVCA estimate) occupies approximately half of the global one, and the ratio of
venture investments to GDP in the USA is approaching 1%, which exceeds the
indicators of other large developed countries. For comparison: in Russia this figure is
only 0.02% [388].

China. Chinese innovations are aimed at the synergy of brain science, artificial
intelligence (hereinafter - Al) and biotechnology. The People's Liberation Army of
China (PLA) has developed a range of command, control, communications,
computers, intelligence, surveillance, and reconnaissance systems and has focused on
expanding information operations capabilities, including cyber warfare, electronic
warfare, and psychological warfare.[389] PLA strategists expect a new style of warfare
to be on the horizon as the nature of conflict shifts from "informatized" to "intelligent"
warfare.[389] China has established a Military Scientific Research Steering
Committee, which is responsible for setting high-level priorities and strategic
directions. The Science and Technology Commission has also been elevated to lead
military-technological innovation and promote civil-military fusion. The Research
Center oversees a series of plans, programs, and expert groups of leading scientists on
priority areas that include human-machine intelligence fusion and biotechnology.[389]
The PLA Academy of Military Sciences, which has traditionally been responsible for
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strategy and doctrine, has been formally appointed to lead the PLA's military science
enterprise. It has launched the National Institute of Defense Technology Innovation,
which includes research institutes specializing not only in unmanned systems and
artificial intelligence, but also in advanced interdisciplinary technologies such as
biotechnology and quantum technology. The AMS leadership also has the experience
and authority to advance these new directions in military innovation [389].

International scientific military cooperation in the direction of "National
Security and Defense" in Kazakhstan is carried out according to cooperation plans.
Priority interaction is carried out with the CSTO member states (since February 2022,
after the well-known military events in Eastern Europe and the Caucasus, events have
been reduced), the SCO, the CIS, NATO countries (under the Partnership for Peace
Plan), bilateral military cooperation with the United States, Great Britain, Turkey,
China, South Korea and others. On an ongoing basis, the training of scientific
personnel of Kazakhstan in these countries (Master's and Doctoral programs) is carried
out. Within the walls of the NOU, foreign military personnel are trained under the
program of military Master's and Doctoral programs for representatives of South
Korea, Iran, Pakistan, and the CSTO countries.

The development of the military-political situation in the world, in Central Asia,
which directly affects the internal stability of the states of the region, shows that it
continues to escalate and become less stable and predictable. The struggle for raw
materials and spheres of influence in regions rich in natural deposits (energy carriers)
is intensifying. World players continue to redistribute spheres of influence, especially
in the territories where the Soviet Union once dominated, including on its immediate
territory. The military conflict in Ukraine and the "hot" phase that began in the Middle
East in early October 2023 are proof of this. Naturally, the opposing sides will put
forward certain goals of military action - all this is an element of the information war.
At the same time, the main essence does not change. These conditions require
Kazakhstan to strengthen measures to ensure national security and increase the
country's defense capability, including the development of science in this area. This
requires financial expenditures in critical areas of research activities to prevent threats
to national security defined in the country's legislative acts.

3 Analysis of the achievements and development trends of the leading scientific
schools of Kazakhstan and highly developed foreign countries

In Kazakhstan, the foundation of military science has been created and is
functioning - higher military educational institutions in the system of state power
bodies - the National Defense University, the Border Academy of the National
Security Committee of the Republic of Kazakhstan, the Academy of the National
Guard, the Academy of the Ministry of Emergency Situations of the Republic of
Kazakhstan, military institutes of the Ground Forces, the Air Defense Forces, Radio
Electronics and Communications - are the main higher military educational
institutions. Scientific organizations of the quasi-public sector, including JSC "Center
for Military-Strategic Research” (fundamental military science), LLP "R&D-center"
NC "Kazakhstan Engineering"” (applied military science). As a RPO, the Academy of
Military Sciences (as part of an association of over 70 military scientists) has been
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conducting research for more than 10 years. This association was the first real attempt
to strengthen the military-scientific activities of military scientists working in various
state and non-state bodies, in the interests of ensuring National Security and Defense
of the Republic of Kazakhstan.

The Academy of Military Sciences (hereinafter referred to as the AMS)
celebrated its tenth anniversary in 2023. The members of the AMS are honored
military scientists, scholars, veterans of the Armed Forces of the Republic of
Kazakhstan, who have extensive service and scientific experience, including combat
experience. With their participation, the military-scientific potential of Kazakhstan was
created. The members of the AMS participated in the development of all military
doctrines of our country, in the preparation of drafts of the basic laws of the Republic
of Kazakhstan on the military activities of the state, and created scientific military
terminology. They carry out military-scientific research (work) on an ongoing basis,
including classified research. They head educational and scientific institutions. They
are members of the Dissertation Councils of the NOU and other higher educational
institutions of the Armed Forces, the Far Eastern Military and Military Physics of the
Republic of Kazakhstan.

The Academy of Military Sciences in its further development can become a
Competence Center. With sufficient funding and the creation of a military and
scientific infrastructure, it can lead the scientific direction of “National Security and
Defense” and coordinate the development of science between the bodies and
organizations that are part of the Military Organization of our state and others,
including international scientific organizations.
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4. ANALYSIS OF THE STATE OF SCIENTIFIC POTENTIAL

(the qualitative composition of scientific organizations and higher education
Institutions, autonomous educational organizations engaged in science, the quality
of training of domestic scientific personnel, the attraction of foreign scientists, the
equipping of scientific laboratories with modern equipment for conducting scientific
research)

For statistical survey of scientific and scientific-technical research and
experimental development, two input indicators are used in state statistics: the number
of personnel engaged in scientific research and development, and R & D costs.

Network of scientific organizations. According to state statistics, in the
Republic of Kazakhstan in 2023, 425 organizations were engaged in scientific research
and development. This is 11 units more than in the previous year. The number of
organizations remained unchanged in the Zhetisu region, Aktobe, Pavlodar, North
Kazakhstan, East Kazakhstan regions and the city of Astana. In the West Kazakhstan,
Zhamby!l regions and the city of Shymkent, their number decreased by 2 organizations.
In the rest, the number of organizations increased (Table 4.20).

Table 4.20. — Number of organizations carrying out R&D units
Region Increase/decrease (-)
2021 2022 2023 relative to 2022

Republic of Kazakhstan 438 414 425 11
Abai Region 0 10 11 1
Akmola 10 10 13 3
Aktobe 15 13 13 0
Almaty 10 8 9 1
Atyrau 10 8 11 3
West Kazakhstan 9 9 7 -2
Zhambyl 9 9 7 -2
Zhetysu Region 0 2 2 0
Karaganda 38 38 39 1
Kostanay 15 14 15 1
Kyzylorda 10 7 9 2
Mangistau 7 5 6 1
Pavlodar 9 6 6 0
North Kazakhstan 8 7 7 0
Turkestan 9 8 9 1
Ulytau Region 0 1 2 1
East Kazakhstan 37 25 25 0
Astana 90 90 90 0
Almaty 139 132 134 2
Shymkent 13 12 10 -2

According to the Bureau of National Statistics of the ASP&R RK
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Despite the increase in the total number of organizations conducting scientific
research, there was a decrease in the state and business sectors by 4 and 8
organizations, respectively. However, organizations in the business sector continue to
dominate both in terms of quantity and structure. They account for more than 40% of
all organizations operating in the field of research activities (Table 4.21).

Table 4.21. — Number of organizations performing R&D, by activity sector units
Indicators Structure of
2021 2022 2023 organizations,
in %
Total 438 414 425 100
including
public sector 101 106 102 24,0
higher professional education sector 95 94 105 24,7
entrepreneurial sector 202 179 171 40,2
non-profit sector 40 35 47 11,1

According to the Bureau of National Statistics of the ASP&R RK

In the structure of organizations that carried out R&D, privately owned
organizations predominate. They account for more than 66%. The share of state-
owned organizations was 29%. The share of foreign-owned organizations reached
4.5% (Table 4.22).

Table 4.22. — Organizations by form of ownership units
Indicator 2021 2022 2023 Crpykrypa, %

Total 438 414 425 100
State 84 116 125 29,4
Private 336 285 281 66,1
Foreign 18 13 19 4,5

According to the Bureau of National Statistics of the ASP&R RK

Despite Kazakhstan's policy of transition from the active role of the state as the
owner and regulator in economic sectors to healthy competition between private
entities, in 2023 there was a reduction in private organizations by 4 units and a
significant increase (by 9 units) in state-owned organizations.

Human resources. In 2023, the number of science workers as a whole
amounted to 25,473 people. This number includes skilled and unskilled workers,
secretarial and clerical staff, as well as specialists whose activities are related to R & D
services.

The number of research specialists, that is, workers professionally engaged in R
& D and directly involved in the creation of new knowledge, including administrative
and managerial personnel (including heads of scientific organizations and departments
carrying out scientific research and development), amounted to 21,534 people (Table
4.23).
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Table 4.23. Number of personnel engaged in research and development by region of the

country, units
Number of personnel, total Research specialists
Region Increase/ Increase/
2021 2022 | 2023 | decrease |2021 | 2022 2023 | decrease
_ () ()
Republic Of | 51617 | 20456 | 25473 | 3017 17092 | 18014 | 21534 | 3520
Kazakhstan
Abai Region 1042 | 1214 172 798 951 153
Akmola 782 748 775 27 523 477 511 34
Aktobe 381 420 472 52 335 380 432 52
Almaty 697 330 404 74 501 179 217 38
Atyrau 427 111 140 29 417 104 128 24
West Kazakhstan 441 417 379 -38 430 403 366 -37
Zhambyl 393 407 405 -2 351 352 362 10
Zhetysu Region 308 333 25 305 333 28
Karaganda 1134 | 1272| 1463 191 910 980 | 1141 161
Kostanay 570 484 513 29 442 411 394 -17
Kyzylorda 239 293 423 130 165 218 387 169
Mangistau 650 661 683 22 590 601 631 30
Pavlodar 447 477 551 74 363 368 390 22
North Kazakhstan 163 161 162 1 114 118 115 -3
Turkestan 245 239 353 114 209 204 310 106
Ulytau Region 2 21 19 2 13 11
East Kazakhstan 1902 | 1004| 1051 47 | 1355 691 735 44
Astana 3894 | 4265, 4867 602 | 3154 | 3554 | 4246 692
Almaty 8730 | 9191| 9994 803 | 6763| 7280| 8699 1419
Shymkent 522 624 | 1270 646 470 589 | 1173 584

According to the Bureau of National Statistics of the ASP&R RK

The measures taken to implement the Concept for the Development of Higher
Education and Science in the Republic of Kazakhstan for 2023-2029 to strengthen the
intellectual potential of science and form a critical mass of scientists have led to a
jump in the number of human resources.

The total staff has increased by more than 3 thousand people, or by 13%
compared to the previous year and by 18% instead of the planned 3% compared to the
base year of 2021, research specialists - by 3.5 thousand people, or by 20% compared
to the previous year and by 26% compared to 2021.

But in this situation, it should be borne in mind that the number of research
specialists in the total volume of research personnel is about 85%. The remaining 15%
includes technical and support personnel, i.e. there are only 0.2 workers performing
technical work per researcher. This suggests that in addition to their immediate
responsibilities for creating new knowledge, the researcher is also forced to perform
technical work. The number of researchers, taking into account the full-time equivalent
(FTE) of 0.65, is 13,997.
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For information: According to Eurostat statistics for 2022 (or the year closest to it), in countries with the
highest share of R&D expenditure in GDP, the share of research specialists in the total number of scientific personnel,
taking into account FTE, ranges from 85.5% in Sweden to 49.8% in Italy. On average, this figure was 68.6%.

Source: https://ec.europa.eu/eurostat/databrowser/product/page/rd_p_persocc$defaultview

Of the 20 regions of the Republic of Kazakhstan, only West Kazakhstan and
Zhambyl regions saw a reduction in general personnel by 38 and 2 people,
respectively; the number of research specialists decreased in West Kazakhstan,
Kostanay and North Kazakhstan regions by 37, 17 and 3 people, respectively. In all
other regions, the number of both general personnel and researchers increased
significantly. At the same time, the number of technical personnel whose job
responsibilities require technical knowledge and experience in one or more fields of
engineering, physics, biology, social sciences or humanities, as well as other service
personnel, which include qualified or unskilled specialists, secretarial and clerical
personnel involved in R&D projects or directly related to such projects, decreased by
337 and 166 people, respectively.

The indicator characterizing the involvement of labor resources in scientific
research and development is the number of researchers per 10 thousand people
employed in the economy.

In 2023, this indicator showed a certain growth.

Compared to 2022, in the republic as a whole, it increased by 3 positions and
amounted to 28 people per 10 thousand employed in the economy, while the number
of research specialists reached 23.7 people compared to 20.1 people in the previous

year. The calculation was made based on the total number, excluding FTE.

For information: for comparison, from the OECD Core S&T Indicators, which are a set of indicators
comparing S&T data in OECD member countries and individual non-member countries, in 2021 this indicator ranged
from 40.1 people per 10,000 employed in the Romanian economy to 238 people in Belgium. In Finland, this indicator was
211.7 people, in Korea - 211.6, Denmark - 203.7, Sweden - 194.6, Japan - 138.1, in the USA - 171.0, China - 76.6. This
indicator in OECD countries is calculated taking into account the FTE.

Source: OECD Data Explorer « Main Science and Technology Indicators (MSTI database)

The involvement of personnel in research activities was higher than the national
average in six regions: the cities of Almaty, Astana and Shymkent and the regions of
Abay, East Kazakhstan and Karaganda. In these regions, except for the East
Kazakhstan region, the number of research specialists exceeded the national average
(Table 4.24).

Table 4.24. — Number of personnel engaged in research and development in 2023 per 10
thousand people employed in the economy

Personnel engaged in R&D perResearch specialists per 10Employed

10,000 people employed in thethousand people employed inpopulation*,

economy the economy thousand people
Republic of
o Rhetan 28,0 23,7 9082
Abai Region 41,5 32,5 292
Akmola 19,0 12,6 407
Aktobe 10,9 9,9 435
Almaty 5,7 3,1 705
Atyrau 4,2 3,8 335



https://ec.europa.eu/eurostat/databrowser/product/page/rd_p_persocc$defaultview
https://data-explorer.oecd.org/vis?lc=en&tm=Main%20Science%20and%20Technology%20Indicators&pg=0&snb=1&df%5bds%5d=dsDisseminateFinalDMZ&df%5bid%5d=DSD_MSTI%40DF_MSTI&df%5bag%5d=OECD.STI.STP&df%5bvs%5d=1.2&pd=2014%2C&dq=.A.T_TT.10P3EMP..&ly%5brw%5d=REF_AREA&ly%5bcl%5d=TIME_PERIOD&to%5bTIME_PERIOD%5d=false&vw=tb
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West Kazakhstan 11,4 11,0 333
Zhambyl 7,4 6,7 544
Zhetysu Region 10,8 10,8 309
Karaganda 27,3 21,3 536
Kostanay 11,4 8,8 450
Kyzylorda 12,8 11,7 331
Mangistau 20,3 18,7 337
Pavlodar 14,3 10,1 385
North Kazakhstan 5,9 4,2 275
Turkestan 4,4 3,9 801
Ulytau Region 2,1 1,3 101
East Kazakhstan 28,5 19,9 369
Astana 73,9 64,5 659
Almaty 95,6 83,2 1046
Shymkent 29,3 27,1 434

Calculated based on data from the Bureau of National Statistics of the ASP&R RK
*Source of information: Key indicators of the labor market by regions of the Republic of Kazakhstan 2001-2022.

When assessing human resources, representative indicators include full-time

equivalent and the employee mobility rate.
Information: Full-time equivalent (FTE) is an indicator that reflects the time actually spent by personnel on
R&D and demonstrates the efficiency of human resource use.

An FTE of 0.65 indicates that researchers spend only 65% of their working time,
or 5.2 hours out of 8, on R&D. When recalculating their numbers for a full working
day, it turns out that in 2023, 14.0 thousand people were actually engaged in research.
If, according to statistics, 21.5 thousand specialists are engaged in research, then the
difference is more than 7.5 thousand people.

Among 20 regions, 11 have a FTE below the national average. In the regions of
Abay, Atyrau, Zhetysu, Kyzylorda, Pavlodar and Shymkent, the FTE was either less
than 0.5 or slightly exceeded this figure. It turns out that in these regions, each
researcher spent no more than 4 hours daily on scientific activity during the year
(Table 4.25).

Table 4.25. — Full-time equivalent of research specialists

Region 2021 2022 2023

Republic of Kazakhstan 0,72 0,76 0,65
Abai Region 1,00 0,47
Akmola 0,82 0,85 0,89
Aktobe 0,54 0,59 0,61
Almaty 0,73 0,91 0,90
Atyrau 0,85 0,50 0,49
West Kazakhstan 0,41 0,43 0,43
Zhambyl 0,82 0,83 0,95
Zhetysu Region 1,00 0,50
Karaganda 0,71 0,53 0,52
Kostanay 0,49 0,47 0,40
Kyzylorda 0,83 0,72 0,47
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Mangistau 1,00 1,00 1,00
Pavlodar 0,53 0,52 0,46
North Kazakhstan 0,62 0,57 0,54
Turkestan 0,89 0,94 0,95
Ulytau Region 1,00 1,00
East Kazakhstan 0,65 0,75 0,66
Astana 0,71 0,74 0,69
Almaty 0,81 0,90 0,70
Shymkent 0,38 0,40 0,51

According to the Bureau of National Statistics of the ASP&R RK

Another indicator is labor mobility (hiring, firing, or transferring to another job,
etc.).

After completing higher or postgraduate education in 2023, 978 people entered
the scientific field, of which 181 were PhDs, 123 were candidates of science, 28 were
doctors of science, and 439 were masters. In addition, 2,888 people moved from one
scientific organization to another. The majority of those hired, 2,921 people, came to
the scientific field from other places not related to scientific activity. In total, 8,498
people were hired for research activities. At the same time, in 2023, the number of
employees who left for various reasons amounted to 4,870 people, of which 2,803 left
at their own request, 111 were downsized, and 1,956 were downsized for other
reasons.

High mobility rates negatively affect the quality and effectiveness of research.

For information: According to the UNESCO Institute for Statistics, women accounted for
only about 31.5% of all researchers worldwide, measured by headcount. At the regional and
subregional levels, the share of women researchers also showed significant heterogeneity. Central
Asia and Latin America and the Caribbean led the way, with the highest share of women researchers
at 46.5% and 44.4%, respectively. They were followed by North Africa (43.3%) and South-East Asia
(41.2%). About one in three researchers was a woman in Europe, North America (35.3%) and West
Asia (35.1%), above the global average, while in sub-Saharan Africa the figure was 31.4%. On the
other hand, the share of women researchers lags significantly in South and East Asia, with 25.9%

and 22.1%, respectively.
Source: Spring 2024 Data Update | UNESCO UIS (unesco.org)

Kazakhstan is one of the few countries where women outnumber men and is
among the top three countries in the world rankings with the leading number of
women in science.

In 2023, as in previous years, more than 50% of masters, candidates of science
and doctors of philosophy were women (Fig. 4.18).
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According to the Bureau of National Statistics of the ASP&R RK
Figure 4.18. Structure of the gender composition of research specialists in 2023.

Men predominated only among doctors of science (41.2%). However, even here
their number decreased by 156 people over the year.

The age composition of researchers is considered one of the basic
characteristics of the effectiveness of research activities.

In 2023, the number of personnel in all age groups increased (Table 4.26). In the
personnel structure, the largest percentage (29%) falls on the most productive age - 35-
44 years.

It should also be taken into account that the share of women scientists in
Kazakhstan in 2023 is 55.6%, of which more than 50% are of reproductive age.

Table 4.26. — Distribution of the number of employees performing scientific research and
development by age

Increase/ Personnel
2021 2022 2023 Decrease structure, in
() %

Total, people 21 617 22 456 25473 3017 100
up to 25 years 1260 1246 1590 344 6,2
25-34 years 5448 5415 5739 324 22,5
35-44 years 5831 6 443 7397 954 29,0
45-54 years 4023 4173 4825 652 18,9
55-64 years 3213 3279 3647 368 14,3
65 years and older 1842 1900 2275 375 8,9

According to the Bureau of National Statistics of the ASP&R RK
In 2022, positive dynamics were noted in the number of highly qualified

scientific personnel.

In the personnel structure, the largest share is made up of candidates of sciences

(about 18%) and PhD doctors (11%) (Table 4.27).

Table 4.27. — Distribution of personnel by qualifications

people
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Increase/ | Personnel
2021 2022 2023 Decrease | structure, in
() %
Personnel engaged in research and 21617 | 22456 95473 13017 100
development, total
of which research specialists 17092 | 18014 21534 +3 520 80,2
of which those with the following
qualifications:
Doctors of Science 1652 1743 2060 +317 7,8
Candidates of Science 3838 3945 4837 +892 17,6
Doctors of Philosophy, PhDs 1952 2 460 3456 +996 11,0
Doctors in the field 55 96 85 -11 0,4

According to the Bureau of National Statistics of the ASP&R RK

The increase in the number of personnel in 2023 was mainly due to research
specialists, whose number increased by 3.5 thousand people. At the same time, the
number of technicians whose job responsibilities require technical knowledge and
experience decreased by 337 people, and other auxiliary workers by 166 people (Table
4.28).

Meanwhile, the overall increase in the number of employees was unevenly
distributed across sectors of activity. In the public sector, there was a decrease in
employees by 635 people. The number increased by 2.9 thousand people in the higher
professional education sector, by 639 in the non-profit sector, and by 75 people in the
entrepreneurial sector.

Table 4.28. — Number of personnel engaged in research and development, by personnel

category and sector of activity people
Increase/ | Personnel
2021 2022 2023 Decrease |structure, in
() %

Total 21617 22 456 25473 3017 100

researchers 17 092 18 014 21 534 3520 84,5

technicians 2 824 2 783 2 446 -337 9,6

others 1701 1 659 1493 -166 5,9
including by sectors of activity:

public sector 7611 6 614 5979 -635 23,5

Qég[frr professional education 8157 10525 13463 2 938 52,9

entrepreneurial sector 3975 3255 3330 75 13,1

non-profit sector 1874 2 062 2701 639 10,6

According to the Bureau of National Statistics of the ASP&R RK

As in previous years, the largest number of researchers are involved in the
natural sciences — 6.5 thousand people (30.3%). The field of engineering and
technology accounts for 5.1 thousand people (23.9%), the humanities — 4.1 (18.9%),
the social sciences — 2.3 (10.5%), agricultural sciences — 1.8 (8.4%) and medical
sciences — 1.7 thousand people or 8.0% each (Table 4.29).
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Table 4.29. Distribution of research specialists by branches of science for 2023

people
of which by branches of science
_ Engineer- Agri
Indicators Total N ing and Medical gneu - gocial | Human
atural Itural o
technology itarian
Research specialists 21534 6 534 5141 1722 1805| 2259 | 4073
of which those with a
degree
Doctor of Science 2 060 615 346 192 158 210 539
Candidate of Science 4 837 1352 849 432 465 582 | 1157
Doctor of Philosophy PhD 3456 1042 848 263 217 471 615
Doctor of Science in the 85 42 5 28 3 5 2
field
Master 6 708 1979 1 686 404 589 837 | 1213
Reference: Provision of
highly qualified scientific
personnel, persons per 1000 610 592 478 677 565 725 735
research specialists

According to the Bureau of National Statistics of the ASP&R RK

The provision of highly qualified scientific personnel per 1000 research
specialists in the field of humanities as a whole amounted to 735 people, social
sciences - 725, medical - 677, natural sciences - 592, agricultural - 565 and in the field
of engineering developments and technologies - 478 people. It should be noted that
candidates of sciences dominate over all other highly qualified scientific personnel in
all branches of science.

The effectiveness of scientific research is determined not only by the content
and methods of conducting and implementing its results, but also by the qualifications
of the scientist, which depends both on his personal qualities and on the effectiveness
of the system for training and certification of scientific personnel. The training process
iIs of the nature of reproduction of scientific personnel, carried out according to
postgraduate education programs including two levels: master's and doctoral studies

In the 2023/2024 academic year, 105 organizations trained master's students,
and 75 doctoral students (Table 4.30).

Table 4.30. — Number of organizations training scientific and teaching staff

units
2021/2022 2022/2023 2023/2024
academic year academic year academic year
Master's degree 102 105 105
Doctorate 74 73 75

According to the Bureau of National Statistics of the ASP&R RK

As can be seen from the statistics, the number of organizations with master's
degree programs remained unchanged, while doctoral programs increased by 2 units.
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Doctoral studies. An average of 1.7-1.8 thousand doctoral students are admitted
to doctoral studies every year, while the average graduation rate from doctoral studies
over the past five years is 1.6 thousand people. Doctoral studies are accompanied by
attrition and extension of the term. Thus, in the 2023-2024 academic year, the number
of people who dropped out before completing their studies was 424 people, and the
number of students who underwent training beyond the established term was 104.
Losses during the training period amounted to an average of 9% of the total number.

Meanwhile, as noted by competent sources, a high attrition rate can be
considered as "natural selection™ and is not a minus in the work of doctoral studies. At
the beginning of the 2023/2024 academic year, 5966 people were registered in doctoral
studies, of which 3712 people, or 62.2%, were women. The number of doctoral
students accepted in the reporting year was 1686 people. The number of doctoral
students graduated was 1854 people, of which 1652 people were studying under a state
order. During the period of study in doctoral studies, 219 people, or 11.8%, defended
their dissertations. The number of doctoral students in the specialized field is 233
people and doctoral students in philosophy (PhD) - 5733 people. (Table 4.31).

Table 4.31. — Number and graduation of doctoral students people
2021 2022 2023
The number of doctoral students (at the end of the year) 5924 6156 5066
— total

included:

doctoral students according to their profile 144 135 233

doctoral students 5780 6021 5733

Doctoral student admission — total 1720 1711 1686
included:

doctoral students according to their profile 39 35 74

doctoral students 1981 1676 1612

Graduates of doctorates - total 2503 1536 1854

Defended a thesis from the total graduation* 642 234 219

According to the Bureau of National Statistics of the ASP&R RK
*Here and below — the number of persons who defended dissertations during the period of doctoral training (i.e.
within the period of doctoral studies specified in the order of enroliment)

In general, the dynamics of doctoral training is quite stable and is carried out in
higher professional education organizations under programs aimed at training
personnel for scientific, pedagogical and (or) professional activities, with the award of
the degree of Doctor of Philosophy (PhD), doctor in the profile. However, the low
proportion (23%) of students who defended their dissertation during the period of
study is a problem of preparation in doctoral studies and requires a more careful study
and appropriate decision.

The data show that the number of doctoral students compared to the previous
year - 2022/2023 has decreased by 190 people.

The main contingent of students is PhD students - 96.1% (in the previous year it
was 98%), and the share of doctoral students in the profile accounts for about 3.9%.
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The most represented in terms of the number of students in doctoral studies in
the 2023-2024 academic year are engineering, manufacturing and construction
industries (1,054 people), followed by pedagogical sciences with 836 people, business,
management and law - 832 people. The list of training areas is closed by veterinary
science with 47 people, services - 86 people, agriculture and bioresources - 144
people. And it should be especially noted that only 125 doctoral students receive the
highest scientific qualification in the training area National Security and Military
Affairs (Table 4.32)

Table 4.32. — Preparation of doctoral students in the 2023/2024 academic year in
the following areas

Doctoral students Number of
acceptg:d in the doctoral students Doctoral of which
reporting year students
Area’s name graduated in with a dissertation
total of which total of which | the reporting women, defense
women women year, total total total of which
women
Educational Sciences 212 162 836 669 335 264 21 18
Arts and Humanities 177 121 622 447 207 146 14 12
Social Smenqes, Journalism 93 61 346 221 128 92 7 6
and Information
pusiness, Management and 218 105 | 832 438 186 122 48 28
Natural Sciences, Mathematics | g, 117 | 676 465 304 210 25 17
and Statistics
Information and
Communication Technologies 92 39 328 144 103 59 6 3
(ICT)
Engineering, manufacturing 303 165 | 1054 566 283 145 17 10
and construction industries
Agriculture and bioresources 35 24 144 88 59 29 2 1
Veterinary science 15 10 47 33 18 15 2 2
Healt_h care and social security 162 119 456 307 146 105 55 39
(medicine)
Services 23 16 86 56 12 7 - -
Natl_onal security and military 54 7 195 32 51 9 i i
affairs

According to the Bureau of National Statistics of the ASP&R RK
*In the Nazarbayev University report, the number of doctoral students is not distributed by specialty

Not all graduates graduated with a dissertation defense in any of the specialties.

The number of doctoral students who defended their dissertations was higher
than the national average in two specialties: business, management and law, as well as
health care and social security (medicine).

An analysis of the gender composition of doctoral students shows that women
significantly predominate in most specialties. A numerical advantage of men is noted
only in information and communication technologies and national security and

military affairs.

According to the Bureau of National Statistics of the Agency for Strategic
Planning and Reforms of the Republic of Kazakhstan, 3,286 master's students from the
CIS countries are studying in educational institutions of the republic. In addition, 626
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master's students are studying from non-CIS countries. The largest number of
foreigners came from China - 333, Afghanistan - 96, Nigeria - 44, Pakistan - 6.

347 people from the CIS countries are studying for a doctorate, 184 people are
from non-CIS countries. The increase in the number of foreign master's and doctoral
students can be considered a positive phenomenon. In most international rankings, one
of the most important criteria for assessing a university is international student and
teaching mobility - the share of foreign students in relation to the total number of
students at the university. In the future, foreign students may be of interest for joint
scientific research.

Conclusions. Analysis of statistical data on scientific potential shows that the
expansion of the network of organizations and a significant increase in the number of
both general personnel and research specialists can be noted as a positive phenomenon.
This formally demonstrates the successful implementation of the action plan for the
implementation of the Concept of Science Development.

However, a detailed examination of this phenomenon shows that despite the fact
that Kazakhstan presents itself as a state with a market economy, where competition
and entrepreneurship are the driving factors of development, there is a transfer of
organizations from private to state ownership, thereby reducing initiative activity.

Meanwhile, the national priority 8 "Building a diversified and innovative
economy" of the National Development Plan of the Republic of Kazakhstan until 2025
sets the goal of reducing the role of the state as an owner and regulator in industries to
healthy competition between private entities.

The main message is to revive the economy of Kazakhstan. The most important
conditions for the transition to a market economy, the formation of various forms of
ownership, the development of competition and entrepreneurship are denationalization
and privatization of state property.

It should be noted here that 365 organizations out of 425 that submitted a report
on the implementation of scientific research and development have the organizational
and legal form of a limited liability partnership (LLP), a joint-stock company ("JSC")
or a state enterprise on the right of economic management or operational management
(state-owned enterprise), i.e. they are small or large businesses and only 60
organizations are institutions. As noted in the Entrepreneurial Code of the Republic of
Kazakhstan, entrepreneurship is an independent, proactive activity aimed at obtaining
net income through the use of property, production, sale of goods, performance of
work, and provision of services. Entrepreneurial activity is carried out on behalf of, at
the risk and under the property liability of the entrepreneur [390].

Therefore, for organizations engaged in scientific research, the state is obliged to
externally evaluate the results of scientific activity and the degree of their usefulness
for the state and society using various instruments, as well as to form effective external
control over the effectiveness of budget expenditures on scientific projects [391].

The system of training highly qualified scientific personnel is noteworthy.
Despite the fact that candidates and doctors of science have not been trained in
Kazakhstan for more than 12 years, the influx of these specialists into science in
Kazakhstan is very high. The number of candidates of science still exceeds all other
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highly qualified scientific personnel. Their influx after graduation this year was in
second place, immediately after PhD doctors, whose training is carried out in
Kazakhstan. The question of why and where Kazakhstani personnel receive this level
of higher scientific education also requires a more in-depth study and decision-making.

A small number of postgraduate graduates continue to enter the field of
scientific research. Thus, out of 1.9 thousand people who graduated from doctoral
studies in 2023, including 219 who defended their dissertations, only 190 people
entered the field of scientific research. This rate of personnel renewal does not
compensate for losses due to attrition due to natural causes, such as retirement, since
the number of pre-retirement and retirement age personnel makes up a quarter of all
employees engaged in research.
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5. ANALYSIS OF FINANCING SCIENTIFIC RESEARCH AND
DEVELOPMENT (carried out from state budget funds, attracting financial
resources to science from the private sector)

According to preliminary data, the Physical Volume Index (PVI) of the Gross
Domestic Product (GDP) for 2023 compared to 2022 amounted to 105.1%, and
remained at the level of the operational GDP estimate. In the structure of GDP, the
share of goods production is 36.3%, services - 56.4%.

Statistical data show that the volume of gross domestic product (GDP) produced
for January-December 2023 (according to preliminary data) amounted to 120,561
billion tenge. Compared with the corresponding period of the previous year, it
increased in real terms by 18.8% (Table 5.33).

Table 5.33. — Structure of gross domestic product.

Compared to the corresponding
January-December, period of the previous year As a percentage
million tenge* physpal volume deflator of the total
index

2022
Gross Domestic Product 101 522 983,7 103,2 117,2 100
Production of Goods 40 335 725,5 103,2 115,5 39,8
Production of Services 53 407 849,7 102,6 115 52,5
Gross Value Added 93 743 575,2 102,9 115,2 92,3
Net Taxes on Products 7779 408,5 107,9 148,5 7,7

2023
Gross Domestic Product 120 561 096,4 105,1 1114 100
Production of Goods 43 821781,4 103,8 101,1 36,3
Production of Services 67 898 144,3 105,8 119,3 56,4
Gross Value Added 111 719 925,7 104,9 111,4 92,7
Net Taxes on Products 8841 170,7 107,9 110,8 7,3

According to the Bureau of National Statistics of the ASP&R RK

* According to preliminary data. After clarification of quarterly statistical observations in the service industries
for which monthly data were missing, and supplementation with administrative data, which are also missing, the
operational assessment of GDP will increase.

GDP is mainly the sum of the value of goods in the production sector of the
economy and the costs of providing services, including professional scientific and
technical activities, including R & D costs, i.e. costs incurred in the search for new
knowledge and its translation into new products or processes as they arise.

The ratio of production of goods and production of services in GDP for 2022
was 36.3% and 56.4%, respectively. The main share of the production of goods in
GDP is industry - 26.4%.

According to statistics compiled from reports of implementing organizations, in
2023, research and development costs amounted to 172.6 billion tenge, including
144.0 billion tenge allocated from the republican budget.

However, despite such significant investments in research activities, Kazakhstan
occupies a rather low position compared to other countries of the world. Thus,
according to the latest data, total global R&D spending in 2022 was almost $2.5
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trillion in purchasing power parity terms. According to the data, the top five R&D
spenders include all major economies: the United States, followed by China, Japan,
Germany, and the Republic of Korea. However, when spending is considered as a
share of total gross domestic product, smaller high-tech economies such as Israel and
South Korea invest a larger share of their GDP in R&D".

As part of the Sustainable Development Goals, most countries in the world,
including Kazakhstan, have committed to significantly increasing R&D spending and
the number of researchers by 2030.

Information: Domestic expenditure on research and development (R&D) as a share of gross domestic product
(GDP) — characterizes the contribution of science to GDP, and not the funding of scientific research. R&D expenditure
shows the volume of the produced scientific product, which as an intangible object is measured by the costs of its
production.

An analysis of the R&D cost structure allows us to understand the ways and
possibilities of regulating them.

The GDP research intensity in Kazakhstan in 2023 was 0.14% and, according to
the UNESCO Institute for Statistics, it ranks among the last countries in the world in
this indicator (Fig. 5.19). At the same time, the share of public investment in R&D in
Kazakhstan was 75%. Consequently, investments from all other sources amount to
only 25%. For comparison, in countries with developed economies, 60-75% of
research and development funding is provided by the business sector of the economy.
The state budget provides no more than 40% of the costs.

Public funding plays a significant role in stimulating and supporting R&D. First
of all, this is justified by the fact that the creation of new scientific knowledge requires
significant investment, and the guarantees of its commercialization and income
generation are very insignificant.

This is precisely what hinders the active participation of the business sector in
investments in scientific research. They are reluctant to take risks, since for
entrepreneurs the only source of income is the funds received from their own
activities. In general, the overall picture of funding sources demonstrates the process
of the state displacing all other sources. Thus, if three years ago the share of budget
funds averaged 65%, then in 2023 it already amounted to 83.4%.

Having studied the relationship between funding sources and R&D performance,
analysts at the UNESCO Institute for Statistics came to the conclusion that an increase
in government funding leads, firstly, to an inefficient use of resources; secondly, it
suggests that strategic R&D goals are either irrelevant or unattractive to entrepreneurs.

International practice shows that at the stage of fundamental research, the main
source of funding should be either the state or its significant participation. But as we
move from fundamental research to applied or experimental design, the share of state
participation should decrease.

1 Source: Research and Development Worldwide - Statistics and Facts; https://www-statista-
com.translate.goog/?_x_tr_sl=en&_x_tr_tl=ru& x_tr_hl=ru& x_tr_pto=sc&_x_tr_hist=true#topicOverview
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Figure 5.19. — GDP Science Intensity by Country
As stated above, in Kazakhstan the main source of R&D funding is the state. In
2023, the volume of budget funds increased by 77 billion tenge, reaching 144 billion

% to GDP

tenge (Table 5.34).
Table 5.34. Sources of financing for internal R&D costs
bln tenge
2021 2022 2023
All costs, billion tenge 109,3 121,6 172,6
of which:

budget funds 64,5 67,0 1440
own funds of scientific organizations 36,5 43,0 12,7
foreign investments 2,1 2,8 2,9
bank loans 0,04 0,1 0,1
funds of legal entities 4,5 6,5 8,8
other sources of financing, including funds of 17 99 41
legal entities (except for development institutions) ' ' ’
All costs, % 100 100 100

of which by funding source:



http://data.uis.unesco.org/
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budget funds 59,0 55,1 83,4
own funds of scientific organizations 33,3 35,4 7,3
foreign investments 1,9 2,3 1,7
bank loans 0,1 0,1 0,1
funds of legal entities 4,1 53 5,0
other sources of financing, including funds of 16 18 23
legal entities (except for development institutions) ’ ’ ’

According to the Bureau of National Statistics of the ASP&R RK

For example, in Israel, the country with the highest share of R&D expenditure in
GDP, fundamental research accounts for 8.9%, applied research - 10.0%, and R&D -
81.1%; in the Republic of Korea — 14.8, 21.0, 64.2%, the USA — 14.8, 18.1, 67.1%
respectively. At the same time, in general, state funds in Israel make up only 8.9%, in
the Republic of Korea — 22.8%, in the USA — 19.9%, while funds of entrepreneurs in
these countries make up 40.0%, 76.1%, 67.9%.2

The level of participation in R & D financing by entrepreneurs in Western
countries is quite high, which indicates the interest of business in introducing
innovations into production, i.e. business in these countries is the main driving force of
innovative development.

To understand the current situation in financing scientific research in
Kazakhstani science, it is necessary to analyze the degree of integration of the R & D
sphere into the economic system. Economists propose to identify three main types of
relationships between the R & D sphere and the country's economy:

a) knowledge and innovation are an integral part of the country's economy;

b) knowledge and innovation have a certain independence, autonomy, but at the
same time there is sufficient application of their results in the economic activity of the
country;

c) knowledge and innovation are separated from the economy [392].

The interaction of science and economy in the Republic of Kazakhstan belongs
to the third type, i.e. knowledge and innovation are separated from the economy.
Therefore, the task of the state is to ensure the involvement of R & D results in the
country's economy and to provide an adequate share of R & D expenditures from the
state budget in the total volume of expenditures, as well as to promote demand for
research results and ensure funding for scientific research from private investors.

However, the problem of moving away from the third type of interaction
between science and economy in the Republic of Kazakhstan is that the share of the
main consumer of R & D results - the manufacturing sector - in the GDP is decreasing
from year to year. The production of goods that can be conditionally classified as
knowledge-intensive, such as computers, electronic and optical equipment, is
decreasing. The production of various machines, electrical and other equipment,
wagons, etc. has decreased. The production of knowledge-intensive products, such as
space technology, aircraft manufacturing, shipbuilding, production of electronic
control systems, robots, flexible automated lines, some types of chemical production,

2 Science Indicators: 2024: statistical collection / L. Gokhberg, K. Ditkovskiy, M. Kotsemir etc..; Nat. reserach.
univ-ty « Higher School of Economics ». — M.: IRIEK of HSE, 2024. — 412 p. — 300 pcs. — ISBN 978-5-7598-3015-3
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genetic engineering, microbiology, etc. does not exist at all, although Kazakhstani
scientists have achieved significant success in genetic engineering and microbiology.
Investment in scientific and (or) scientific and technical activities from the state budget
in Kazakhstan is carried out in the form of basic, grant and program-targeted
financing. In addition, since 2023, scientific organizations carrying out fundamental
scientific research have been financed from the state budget (Table 5.35).

Table 5.35. Internal costs directed to the implementation of R&D, from the
republican budget, by forms of financing

Indicators 2021 2022 2023 Total
Total from the republican budget 64 542,5 67 014,7 144 050,6 275 607,9
of which:
Basic 57152 57111 8 236,7 19 663,0
Grant 19 608,5 30281,8 51184,3| 101074,60
Program-targeted 34 358,9 31021,8 64 959,3 130 340
Commercialization grants 4 860 0] 16751,142 | 21611,142
Financing of scientific organizations ) 29191
conducting fundamental scientific research ’ 29191

According to the Ministry of Finance of the Republic of Kazakhstan

As the data show, the cost structure by forms of financing has changed
significantly over time.

Basic financing amounts to 8.2 billion tenge, grant financing - 51.2 billion tenge,
and program-targeted financing - 64.9 billion tenge. In addition, 2.9 billion tenge were
allocated from the budget to finance scientific organizations conducting fundamental
research. Basic financing includes expenses for the current maintenance of scientific
infrastructure and property, including buildings, equipment, materials, salaries of
administrative service personnel, as well as information support for the scientific and
technical activities of entities.

In general, basic financing is allocated to state scientific organizations or
equivalent state, state higher education institutions that carry out a state assignment
and (or) a state order for scientific research in priority areas determined by the
Scientific and Technical Committee under the Government of the Republic of
Kazakhstan.

Grant funding is provided free of charge and irrevocably from the state budget
for the implementation of fundamental and applied scientific research and is carried
out on a competitive basis within the funds provided in the state budget. In 2023, the
costs of research within the framework of grant funding amounted to 51.2 billion tenge.

Any accredited subjects of scientific and (or) scientific and technical activities
have the right to participate in the competition for grant funding on equal terms,
therefore this type of funding was fairly evenly distributed between public and private
organizations.

Program-targeted funding is aimed at solving strategically important state tasks
and is carried out on a competitive basis or by decision of the Government of the
Republic of Kazakhstan outside of competitive procedures. The basis for program-
targeted funding of scientific research are strategic plans for the socio-economic
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development of the country, industrial and innovative development programs and other
programs aimed at implementing strategically important state tasks.

The data show that the main focus of public investment is program-targeted and
grant projects, which account for 47% and 43% of the total funding. Basic funding is
6%, funding for scientific organizations conducting fundamental scientific research is
2%, and other expenses from the republican budget related to research and
development are 2%. According to statistics generated from reports of organizations
performing R&D, in 2023, basic funding for state organizations amounted to 8.2
billion tenge compared to 2.2 billion tenge for private organizations (Fig. 5.20).

Mio. Tenge
II Other expenses from the republican budget
2919,1 I 122,9 Funding of fundamental research
8236,7 il.l 22498 Basic

64959,3 _| |22209 Program-targeted

60 000 40 000 20000 0 20000 40 000

m Government organizations M Private organizations

According to the Bureau of National Statistics of the ASPR RK

Figure 5.20. R&D funding from the republican budget in 2023, by types of
ownership of organizations

Expenditures on program-targeted financing increased almost 2 times, most of them
(63%) went to the implementation of scientific, scientific and technical programs carried out
in state-owned organizations (Fig. 5.21).

Over the same period, the volume of grant financing of state organizations was 1.7
times higher than the volume of financing of private ones, amounting to 51 billion tenge.
Considering state financing by types of ownership of organizations, there is a decrease in the
share of expenses on scientific projects carried out by private organizations from 43% in
2022 to 36% in 2023.

In 2023, 180 programs and 2488 projects were implemented in Kazakhstan. Based on
the data provided by statistics on the amounts received by performers in the form of grant and
/ or program-targeted financing, we get an average of 22.3 million tenge per project per year,
337 million tenge per program. To understand how financially supported these studies are,
we can compare them with the average monthly nominal salary of workers in such activities
as professional, scientific and technical activities, which include scientific research and
development, which is equal to 526,267 tenge. It turns out that grant funding for one project
is approximately equal to the annual salary of 3.5 people, and for one program, in which
more than one scientific team can participate, it is equal to 53.5 people.
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Figure 5.21. Dynamics of financing internal R&D costs by types of ownership
of organizations for 2019-2023.

Mandatory payments, such as wages and expenses for raw materials and
supplies, rent used in research, account for about 80%. And there is no money left for
the development and renewal of fixed assets (machinery, equipment, etc.). Perhaps it is
worth reducing the number of simultaneously performed studies carried out at the
expense of public funds, which will increase the costs of the R&D carried out.

The second main source of R&D funding is the organizations' own funds, but in
2023 they decreased, amounting to only 7.3% of the total funds for research. This is
the lowest figure in the last decade. In general, these two sources accounted for 91% of
all R&D costs in 2023.

In order to achieve the goals of increasing R&D expenditures financed from all
sources to 1% of GDP, set by the Concept for the Development of Higher Education
and Science in the Republic of Kazakhstan for 2023-2029 (approved by the
Government of the Republic of Kazakhstan dated March 28, 2023, No. 248), it is
necessary to study the formation of costs by items.

According to the Methodology for the formation of statistical indicators for
research and development work and innovation [393], the volume of R&D costs is
equal to the costs of the following items: wages, purchase of services, fixed assets,
other current costs (Table 5.36).
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Table 5.36. — Internal R&D costs by cost items in 2023.

Mio. tenge
Higher Business
. Public professional Non-profit
Indicator Total . sector
sector education sector
sector
Internal R&D costs, total 172 585,9 49 686,1 68 338,3 35509,7 19 051,8
Labor costs 87 195,6 27 2349 37 330,9 13 750,0 8879,8
Purchase of services (for own 20 880,2 4632,0 8082,6 44532 37125
projects)
Costs of fixed assets (machinery, 25 154,2 6517,2 8 908,0 6 935,1 2794,0
equipment, buildings, etc.)
of which costs of acquiring
scientific equipment 97877 3213,6 4587,4 1319,3 667,4
Other current costs
(consumables, raw materials and 39 355,8 11 302,0 14 016,8 103715 3665,5
equipment, rent, etc.)
External R&D costs 33179,6 1902,1 863,3 27 909,8 2504,4

According to the Bureau of National Statistics of the ASPR RK

According to global standards, the cost of paying wages to personnel performing
R&D constitutes the largest part of current costs. Remuneration includes wages and
other related payments and costs: bonuses, vacation pay, contributions to pension
funds and other deductions to social insurance funds, labor taxes.

In 2023, labor costs amounted to almost 87.2 billion tenge, which exceeds the
previous year's figure by 28.7 billion tenge or 49%. The increase in costs is noted in all
sectors. The growth in labor costs in nominal terms increased their share in internal
costs by 2.4 percentage points, amounting to 50.5% in 2023. The average monthly
salary of employees performing R&D in 2023 amounted to 285 thousand tenge (Table
5.37).

Table 5.37. — Average monthly wages of employees performing R&D by sector

of activity
Thous. tenge

Including
By organizations Higher .
Year engaged in R&D [Public sector prc?fessional Business sector Non-profit sector
education sector
2021 187,7 201,3 95,5 318,4 256,1
2022 217,0 270,9 151,6 256,5 315,5
2023 285,3 379,6 2311 344,1 274,0

Calculated based on data from the Bureau of National Statistics of the ASPR RK

However, taking into account the full-time equivalent of employees performing
R&D, equal to 0.66, the average monthly nominal wage was 432 thousand tenge. The
average monthly wage of one employee in the Republic of Kazakhstan for 2023 was
394 thousand tenge and approached the average monthly nominal wage of employees
in the type of activity "Professional, scientific and technical activities”, equal to
526,267 tenge [394].
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The average wage is in public sector organizations, the lowest - in the higher
education sector, but it should be borne in mind that most researchers are engaged in
teaching and the full-time equivalent in this sector was only 0.49, i.e. taking into
account the FTE, the wages of employees in the higher education sector are twice as

high. In 2023, budgetary allocations for research significantly exceeded inflation.
For information: according to the Bureau of National Statistics of the ASPR of the Republic
of Kazakhstan, annual inflation in 2023 amounted to 9.8% [395].

The next item of expenditure is the purchase of services (for own projects). 20.9
billion tenge was used for this item of expenditure, which is 5.5 billion tenge more
than in the previous year. Despite a significant increase in expenses under this item, its
share in the total volume of financing decreased by 0.6 percentage points, amounting
to 12.1% of total expenses.

Costs of fixed assets amounted to 25.2 billion tenge or 14.6% of total R&D
expenses. Compared to the previous year, expenses under this item increased by 2.2
times or by 5.3 percentage points. Here it should be noted that the costs of fixed assets
increased in all sectors, but the largest costs are incurred by organizations in the higher
education sector - 8.9 billion tenge and the public sector - 6.5 billion tenge.

Investments in fixed assets annually fluctuate within 8-12% of internal costs, but
in 2023 they increased to 14.6% - this is the maximum in recent years.

It should be noted that in 2023, 9.8 billion tenge or 39% of costs for fixed assets
were used to purchase scientific equipment. At the same time, compared to the
previous year, the share of costs for scientific equipment in total costs for fixed assets
decreased by 2 percentage points.

Other current costs associated with the purchase of consumables, raw materials
and equipment, payment of rent, utilities and other services increased by 0.8% in 2023,
amounting to 39.4 billion tenge. They accounted for 22.9% of all internal current and
capital costs for the year.

In general, it is clear that the increase in costs occurred across all items.

Analysis of internal R&D costs by expenses shows that it is impossible to
achieve a GDP science intensity of 1% only by increasing them. Due to the fact that
the manufacturing sector of the economy of Kazakhstan, which is the main consumer
of scientific developments, is significantly inferior to the service sector in GDP, it is
necessary to consider the possibility of shifting the vector of scientific research from
the sphere of manufacturing to the service sector.

Given the limited opportunities for maneuvering R & D costs by items, other
options should be considered that contribute to an increase in the share of R & D costs
in GDP. One of them is to expand the network of organizations involved in R & D.

Higher professional education organizations represent a large reserve for
expanding research activities. According to state statistics, at the beginning of the
2023/2024 academic year, 112 organizations were directly involved in the training of
personnel with higher or postgraduate education, the scientific potential of which was
4,168 PhD doctors, 134 doctors in the profile, 2,744 doctors of science and 10,504
candidates of science.



158

In addition to human resources, higher professional education organizations
have the opportunity to use laboratory equipment and other material resources of
educational organizations for research activities. The continuing growth in R&D
expenditure in 2023 is observed in all sectors except for the business sector, whose
expenditure decreased by 6.3 billion tenge (Table 5.38).

Table 5.38. — Internal R&D expenditure by sector of activity

Mio. tenge
2021 2022 2023
Domestic expenditure on research and 109 332.7 121 560,1 172 585,9
development, total
including
public sector 37 143,6 38 025,0 49 686,1
higher professional education sector 211943 37 694,9 68 338,3
business sector 38 215,7 31921,4 35509,7
non-profit sector 12779,2 13 918,8 19 051,8

According to the data of Bureau of National Statistics of the ASPR RK

The R&D expenditure growth index in 2023 was 42%.

Growth below the national average was observed in all sectors except the higher
professional education sector, where growth was 1.8 times. In the public sector, this
figure was 30.7%, in the non-profit sector - 36.9%, in the business sector - 11.2%
(Table 5.39).

Table 5.39. — Index of growth in R&D expenditures

in % to the previous year

Average growth
2021 2022 2023 for 2021-2023

Total 22,8 11,2 42,0 25,3
Public sector 28,8 2,4 30,7 20,6
Higher professional education 432 779 81.3 675
sector
Business sector 3,8 -16,5 11,2 -0,5
Non-profit sector 494 8,9 36,9 31,7

Calculated based on data from the Bureau of National Statistics of the ASPR RK

The dynamics of such an irregular distribution of costs by activity sectors
indicates the absence of a specific and logical plan for the development of scientific
research in the country.

2023 was marked by more active development of funds by state-owned
organizations. The costs of organizations amounted to more than 91 billion tenge,
while the growth rate was a record in recent years - 68.5%. In the reporting year, the
costs of privately owned organizations increased by 20% and amounted to 78 billion
tenge.
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The network of organizations performing R & D in the Republic of Kazakhstan
was replenished with 6 foreign legal entities and amounted to 19 units. During the
analyzed year, they spent 3.3 billion tenge (Table 5.40).

Table 5.40. - R & D costs by type of ownership of organizations

Mio. tenge

2021 2022 2023
Total 109 332,7 121 560,1 172 585,9
State property 29 886,7 54 132,2 91 218,8
Private property 75998,9 65 049,6 78 068,4
Foreign property 3447,1 2 378,2 3 298,7

According to the data of Bureau of National Statistics of the ASPR RK

In 2023, there was a uniform increase in expenditure across all branches of
science. Engineering and technology accounted for 34.5% of all domestic expenditure.
Next came the natural sciences, which accounted for 34.1%, agricultural - 11.7,

humanities - 7.5, social (public) sciences 7.4% and medical - 4.9 (Table 5.41).

Table 5.41. — Internal R&D expenditures by branches of science

Mio. tenge
Indicators 2021 2022 2023

Internal costs, total 109 332,7 121 560,1 172 585,9
including by branches of science

Natural 31707,0 36 030,0 58 880,4
Engineering developments and

tecgrllnologi(egs (technipcal) 437321 48 881,2 59 462,0

Medical 8 822,2 7 929,3 8516,9

Agricultural 14 734,3 14 868,1 20 109,9

Social sciences (public) 3037,1 45845 12 721,9

Humanities 7 300,1 9 267,0 12 894,9

According to the data of Bureau of National Statistics of the ASPR RK

However, compared to the previous year, the largest increase in costs is
observed in social (public) (1.8 times). Next come natural sciences with an increase in
costs by 63.4%, humanities - by 39.1% and agricultural sciences - by 35.3%. Against
this background, medical sciences look unattractive, the increase in costs for 2023 was
only 7.4%, which did not even cover the annual inflation of 9.8%.

In 2023, costs for fundamental research increased by 20 billion tenge, for
applied research - by 35 billion tenge, the volume of costs for the implementation of
experimental design work decreased by 4.2 billion tenge (Table 5.42).

As can be seen from the data in the table, research costs by type do not have any
specific direction. Inconsistency and lack of system in R & D costs from year to year
have been taking place over a long period.

Table 5.42. — Internal R&D expenditures by types of research and development

Mio. tenge
2021 2022 2023
Internal costs, total, million tenge 109 332,7 121 560,1 172585,9

of which:
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fundamental research 20 639,8 27 907,1 47 914

applied research 68 925,7 77 041,6 112 271

experimental design development 19 767,2 16 611,4 12 401
Internal costs, % 100 100 100
of which:

fundamental research 18,9 23,0 27,8

applied research 63,0 63,4 65,1

experimental design development 18,1 13,7 7,2

According to the data of Bureau of National Statistics of the ASPR RK

The almost twofold excess of applied research over fundamental and
experimental design developments is a system (Fig. 5.22). All this indicates that there
Is no clear direction or system in the policy of planning scientific research. Long-term
priorities that would meet the requirements of the country's economy have not been
developed.
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Figure 5.22. Internal costs by research type in %

The data provided by statistics are based on international standards adopted in
all countries of the world, developed and approved by the OECD Committee on
Science and Technology Policy (CSTP) and the OECD Committee on Statistics and
Statistical Policy (CSSP).

According to the results of 2023, the following percentage ratio of fundamental,
applied and experimental design developments was formed: 28/65/7. It follows from
this that the costs of fundamental research, both in nominal terms and in proportion,

exceeded the costs of experimental design developments by four times.

Basic research is experimental or theoretical work undertaken primarily to gain new knowledge about the
fundamental basis of phenomena and observed facts, without any specific application or use in mind;

Applied research is original research undertaken to gain new knowledge. However, it is directed primarily
toward a specific, practical goal or objective. Applied research is undertaken either to determine the possible uses of the
results of basic research or to determine new methods or ways of achieving specific and predetermined goals. The results
of applied research are intended primarily to confirm their possible application to products, operations, methods, or
systems.

Experimental developmentis systematic work, building on knowledge gained from research and practical
experience, and generating additional knowledge that is directed toward producing new products or processes or toward
improving existing products or processes. (Mct. OECD (2015), Frascati Manual 2015: Guidelines for Collecting and
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Reporting Data on Research and Experimental Development, The Measurement of Scientific, Technological and
Innovation Activities, OECD Publishing, Paris. (m.1.35, n. 2.30, r. 2.31) DOI: http://dx.doi.org/10.1787/9789264239012-
en

Meanwhile, in the Republic of Kazakhstan there is a law "On the
commercialization of the results of scientific and (or) scientific-technical activity"
(RSTA), where the commercialization of RTA is defined as an activity related to the
practical application of the results of scientific and (or) scientific-technical activity,
including the results of intellectual activity, with the aim of bringing new or improved
goods, processes and services to the market, aimed at generating income. This concept
correlates with the internationally accepted definition of experimental design and
development.

In 2023, 137 organizations reported on their RTA commercialization activities,
including 37 research institutes, 49 universities, 23 organizations for which research
and development is a secondary activity, and 28 affiliated individuals and legal
entities. After the adoption of the Law on Commercialization, an increase in R&D
costs to 25.5% of the gross R&D costs in the country was observed already in 2016
(Fig. 5, 7). At the same time, the level of costs of the year under review was not
surpassed in the subsequent years. 2023 turned out to be unsuccessful, since the share
of experimental design work in the total R&D costs was only 7.2%, which is half as
much as in the previous year, 2022, and 3.5 times less than in 2016. The main
investors in R&D in 2023 were the organization's own funds (5 billion tenge), the state
budget (3.7 billion tenge), funds of third-party legal entities (3.4 billion tenge), foreign
entities (0.1 billion tenge) and other sources (0.2 billion tenge). The current situation
suggests that the commercialization of R & D results is losing its significance from
year to year.

The adoption of the Law on the financing of scientific organizations carrying out
fundamental scientific research from the state budget has led to an even greater
expansion of fundamental research, including in the regions, to the detriment of other
types of R & D. It should be noted that in most regions there is a low provision of
research specialists and a low full-time equivalent.

According to the results of 2023, only in the Zhambyl, Mangystau, North
Kazakhstan and East Kazakhstan regions did R & D costs exceed the costs of
fundamental research. The total share of fundamental and applied research in the
regions significantly exceeds 64%, and in the Akmola, Kyzylorda and Ulytau regions
it was 100%. (Table 5.43).

Table 5.43. Characteristics of research provision in the regions of the Republic
of Kazakhstan in 2023

Fundame Share of research expenditure in the
Internal ntal Research | Full ion b h type, %
. costs, total, - time region by research type, 7o
Region e research, | specialist .

million million | s, people | 9" | Funda- :

tenge tenge : alent mental Applied R&D
Republic of 1725859 | 479141 21534| 065 27,8 65,1 7.2
Kazakhstan
Abai Region 5802,0 824,4 951 | 0,47 14,2 84,2 1,5
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Akmola 3187,2 60,2 511 | 0,89 19 98,1 0,0
Aktobe 1918,0 868,2 432 | 0,61 45,3 34,8 20,0
Almaty 2 300,5 4339 217 | 0,90 18,9 81,0 0,1
Atyrau 620,5 200,3 128 | 0,49 32,3 67,0 0,0
West Kazakhstan 1393,7 91,0 366 | 0,43 6,5 93,0 0,4
Zhambyl 4801,8 84,7 362 | 0,95 1,8 82,8 154
Zhetysu Region 217,5 89,2 333 | 0,50 41,0 51,2 7,8
Karaganda 7816,0 2137,3 1141 | 0,52 27,3 67,9 4.8
Kostanay 1305,0 374,9 394 | 0,40 28,7 47,8 23,5
Kyzylorda 1170,5 528,8 387 | 047 45,2 54,8 0,0
Mangistau 13576,7 96,0 631 1,00 0,7 86,4 12,1
Pavlodar 1226,8 416,2 390 | 0,46 33,9 42,2 23,8
North Kazakhstan 1144,0 17,9x 115| 0,54 1,6 67,8 30,6
Turkestan 1018,3 380,6 310 0,95 37,4 34,0 0,0
Ulytau Region 189,3 164,3 13 1,00 86,8 13,2 0,0
East Kazakhstan 8219,1 743,7 735 | 0,66 9,0 55,2 35,8
Astana 36 665,3 | 13973,7 4246 | 0,69 38,1 58,4 3,5
Almaty 77204,1 | 26136,1 8 699 0,70 33,9 62,1 4,0
Shymkent 2 809,6 2927 1173 0,51 10,4 73,2 0,0

According to the data of Bureau of National Statistics of the ASPR RK

R&D is one of the main factors determining economic growth in developed
countries producing industrial products of the fifth and higher technological levels.
The share of costs for experimental design development in these countries reaches
78%, and the ratio of fundamental, applied and experimental design development
corresponds, on average, to the following layout: 15/35/50.

In 2023, a decrease in costs occurred only in the North Kazakhstan region by 7.7
billion tenge; in all the others, growth was noted (Table 5.44).

Table 5.44. Internal R&D expenditures by region

Mio. tenge
Region 2021 2022 2023

Republic of Kazakhstan 109 332,7 121 560,1 172 585,9
Abai Region 0,0 3996,7 5802,0
Akmola 1695,2 1736,1 3187,2
Aktobe 1604,2 1596,9 1918,0
Almaty 15477 11487 2 300,5
Atyrau 6412,1 467,8 620,5
West Kazakhstan 1298,7 994,7 1393,7
Zhambyl 5881,5 3574,0 4801,8
Zhetysu Region X 127,2 217,5
Karaganda 4718,8 5363,5 7 816,0
Kostanay 1091,3 1036,8 1 305,0
Kyzylorda 429,3 526,6 1170,5
Mangistau 11 089,6 13521,0 13576,7
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Pavlodar 604,0 829,9 1226,8
North Kazakhstan 4111 8839,7 1144,0
Turkestan 719,9 659,9 1018,3
Ulytau Region X 3,6 189,3
East Kazakhstan 7021,6 5881,6 8219,1
Astana 20529,0 22 961,0 36 665,3
Almaty 42 738,7 46 759,4 77 204,1
Shymkent 1540,0 15349 2 809,6

According to the data of Bureau of National Statistics of the ASPR RK

To analyze the uneven distribution of costs across regions, a Pareto diagram is
used, reflecting the universal principle of 20 percent of efforts: provide 80 percent of
success, and the remaining 80 percent give only 20% of the result. The Pareto diagram
allows you to evaluate the efficiency of work, understand who brings the most results
and focus maximum efforts on this. The given diagram shows which regions of
Kazakhstan make the greatest contribution to the research activities of the republic
(Fig. 5.23).
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According to the data of Bureau of National Statistics of the ASPR RK
Figure 5.23. R&D costs in 2023 according to the Pareto rule

The histogram column shows the volume of R&D expenditure in the region in
million tenge and is plotted along the left axis; the graph curve represents the
accumulated percentage of R&D expenditure (i.e. the share of cumulative total
expenditure). A threshold horizontal line is drawn across the conditional boundary of
80%. Four regions to the left of the intersection of this line with the graph of
accumulated expenditures carry out 80% of research in the republic, while the regions
located to the right carry out the remaining 20%.
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This ratio of expenditure distribution by regions characterizes their
preparedness, specialization, and competence to carry out research activities. The
Pareto diagram shows that the most prepared to carry out R&D in various areas and
branches of science in 2023 were organizations in Almaty. The share of their
expenditure in the total volume amounted to almost 45%, and compared to last year, it
increased by 5 percentage points. In the reporting year, the contribution of Astana
science to total R&D expenditure increased by 2.4 percentage points and amounted to
21.2% of the republic's internal R&D expenditure.

Mangistau region is in 3rd place in terms of the volume of annually increasing
scientific research. It should be noted that 93% of R&D in this area was financed by its
own funds. The independence of the region's scientific organizations from state
funding allowed them to increase the monthly salary of their employees to 750
thousand tenge, which is 2.6 times higher than the national average salary level.

The fourth region in the Pareto diagram is East Kazakhstan region with 4.8%.
The remaining 16 regions account for a total of 20% of the costs. According to the
Pareto diagram, the outsiders are Zhetisu, Ulytau and Atyrau regions. In terms of R&D
expenditure per employee, Mangistau Region came out on top with 19.9 million tenge

(Table 5.45).
Table 5.45. — Internal R&D costs per employee engaged in research and development
Mio. tenge
2021 2021 2023

Republic of Kazakhstan 51 54 6,8
Abai Region 38 4,8
Akmola 2,2 2,3 41
Aktobe 4,2 38 4,1
Almaty 2,2 3,5 5,7
Atyrau 15,0 4,2 4.4
West Kazakhstan 2,9 2,4 3,7
Zhambyl 15,0 8,8 11,9
Zhetysu Region 0,4 0,7
Karaganda 4,2 4,2 53
Kostanay 1,9 2,1 2,5
Kyzylorda 1,8 1,8 2,8
Mangistau 17,1 20,5 19,9
Pavlodar 1,4 1,7 2,2
North Kazakhstan 2,5 54,9 7.1
Turkestan 2,9 2,8 2,9
Ulytau Region 1,8 9,0
East Kazakhstan 3,7 5,9 7,8
Astana 53 54 7,5
Almaty 4,9 51 7,7
Shymkent 3,0 2,5 2,2

According to the data of Bureau of National Statistics of the ASPR RK

The next region that exceeds the national average is Zhambyl Oblast with costs
equal to 11.9 million tenge per employee. Also above the national average are costs
per employee in North Kazakhstan and East Kazakhstan Oblasts with 7.1 and 7.8
million tenge, as well as Ulytau Oblast and the cities of Astana and Almaty. These
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seven regions significantly increased the national average cost per employee, which in
the republic was 6.8 million tenge. For the rest, it fluctuated between 0.7 million tenge
in Zhetisu Oblast and 5.7 million tenge in Almaty Oblast.

Conclusions. Domestic R&D costs are synonymous with research and
development results and reflect scientific activity in the country.

In general, the financial component of scientific potential for 2023 shows that
R&D costs increased by almost 42%. Investments from the state budget in total costs
increased by 7.3 percentage points and amounted to 74.8%. Despite such significant
state support, this had little effect on the science intensity of GDP, which increased
from 0.12% to 0.14%.

The share of own funds in R&D costs for 2023 decreased by 7 percentage
points, amounting to a minimum of 16% in a decade.

From an economic point of view, this indicates the inefficiency of the business
activities of scientific organizations, provided that most of the organizations belong to
the business sector. Due to the weak demand for the results of scientific activity and
the inability to repay the debt, and, possibly, the lack of business reputation of
scientific organizations, such a financing instrument as bank loans for R&D is
practically not used. And most importantly, the funds of third-party legal entities
invested in research and development, in the total volume of expenses, remained at the
level of the previous year, i.e. only 5%.

One of the most important components of statistics is the study of indicators
over time, i.e. their dynamics. This task is solved by analyzing the series of dynamics
(time series), which determines the intensity or speed with which phenomena develop,
find the tendency of their development, highlight fluctuations, compare the dynamics

of development, find the relationship of phenomena developing over time (Fig. 5.24).
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Figure 5.24. R&D costs by funding source
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As can be seen, R&D costs are increasing annually. As the volume of
expenditures from the state budget increases, revenues from one of the main sources of
investment — own funds, which can be attributed to the funds of the business sector —
are proportionally decreasing. Funds from other sources are at a minimum level.

All this indicates an unsatisfactory organization of the research and development
process. Perhaps, along with researchers in organizations, it is necessary to provide for
a group specializing in developing a research strategy aimed at implementing R&D
results. This will increase the responsibility and interest of scientists in the results of
their work, especially since the state in every possible way promotes innovative
renewal of production and allocates quite large funds for these activities.

In general, according to state statistics, R&D in combination with other
indicators, such as the number of publications, citations, patents and data on industrial
production, objectively reflect the impact of R&D on the economic and social
development of the country.
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6. ANALYSIS OF WORLD TRENDS IN THE DEVELOPMENT OF
SCIENCE (discoveries and achievements obtained by Kazakhstani science as a
result of the implementation of scientific and technical agreements with foreign
and international scientific organizations)

The development of the world economy in modern conditions is characterized
by the globalization of international economic relations, the increasing role of
information and communication technologies, the accelerated pace of technological
renewal and the increasing influence of scientific and technical knowledge on the well-
being of nations. Fundamental and applied research and development require
significant investments of financial, labor resources, material and technical means,
which limits the ability of an individual country to strengthen its competitive
advantage in the scientific and technical sphere alone. The growing need for
interdisciplinary research, the high degree of uncertainty and risk in obtaining results,
the desire to minimize the "duplication of expensive research”, the need to increase the
speed of technology transfer contribute to the deepening of interaction between the
world community in the scientific and technical sphere. In addition to the above, a
number of scientific and technical problems, primarily of socio-economic orientation
(the food problem, space exploration, maintaining the quality of the environment, etc.),
are of global significance, which leads to the need to combine the efforts of states to
solve them [396-398].

To carry out joint research, stable structurally organized research groups (teams)
with a certain set of values and value orientations are created, working in the same
direction and having a research program adopted by the subjects of this association.
Associations are emerging that unite researchers from different scientific schools and
directions [399].

In the Concept for the Development of Higher Education and Science in the
Republic of Kazakhstan for 2023-2029 dated March 28, 2023, No. 248, one of the
points indicates the development of issues of implementing scientific projects and
programs within the framework of international collaboration based on
intergovernmental agreements on scientific and technological activities. In order to
integrate into the global scientific and technological community, increase the number
of articles and reviews of Kazakhstani scientists in highly rated publications with
quartile Q1, Q2, improve the quality and efficiency of publication activity, access to
international databases will continue to be provided within the framework of a national
subscription [400].

A convenient and productive approach to analyzing joint research activities to
obtain new scientific knowledge is to use data on international co-authorship of
scientific publications in the Web of Science citation database, including the analytical
tool for assessing scientific activity InCites, as the main indicators of intercountry
interaction. The volume of peer-reviewed research publications gives a general idea of
research and technological activity worldwide, as well as in individual countries.
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The total number of publications of Kazakhstan in the studied database, starting
from 2011, amounted to 33,431 documents, of which purely Kazakhstani - 13,829
documents. (41.4%), jointly with foreign scientists - 19,602 documents. (58.6%).

The dynamics of joint articles of domestic researchers with foreign scientists for
the period under review shows a significant increase in their number and some
stabilization after 2019. At the same time, the tendency towards stabilization of the
share of international publications in the total array of Kazakhstani works has been
observed since 2017 and fluctuates within the range of 59-66% (Fig. 6.25).

3000 70
2500 60
2000 (7 (16,3 (53 (47.) &3 >
@ .

1500
30
1000 2
0 I I I .
L om om - .

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

mmm International publications of the Republic of Kazakhstan, units
=0O~Share in the total number of articles by Kazakhstani authors, %

According to Web of Science (Clarivate Analytics), as of 02.04.2024.

Figure 6.25. Dynamics of Kazakhstani publications prepared in international
cooperation

For the period 2021-2023, the share of international cooperation in Kazakhstan
amounted to 61.5%, while the global average is 22.4%. It should be noted that
developed countries with high publication activity are characterized by shares of
cooperation below 60%, with the exception of small countries with highly developed
science - Switzerland (73.2%), Sweden (68.7%), Belgium (71%), etc. At the same
time, developing countries, represented in the database with an insignificant number of
publications, are characterized, for the most part, by a high share of collaboration with
other countries (Fig. 6.26).
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Table 6.26. Indicators of international cooperation of countries with different
publication activity, 2021-2023.

Along with the growth of publications, the geography of Kazakhstan's partner
countries is also expanding: 2019-2021 - 180 countries; 2020-2022 - 184; 2021-2023 -
188 countries. Kazakhstan's main scientific partner is Russia, with which about a third
of all works were published in 2021-2023, followed by the United States and China, in
total - 26.7%. All the countries shown in the figure, with the exception of Saudi
Arabia, have consistently been among the top 10 scientific partner countries of the
republic in previous periods (Fig. 6.27).

Analysis by three time periods shows active cooperation throughout the entire
period with the United States, China, Great Britain, England, Turkey, India and Saudi
Arabia. Scientific cooperation with Germany remains at the 2020-2022 level, and a
decrease in the intensity of cooperation is observed with Russia and Poland.

Cooperation with Russia for 2021-2023 is developing in 125 research areas.
Over 100 publications are presented in such areas as physics (454 units), chemistry
(372), materials science (315 units), engineering (257), mathematics (221), Science
Technology Other Topic (167), metallurgy and metal science (115 units).

Country 2019-2021 2020-2022 2021-2023
Russia 35,7 4 34,7 b 32,6
USA 12,5 M 13,3 M 14,1
China 10,7 0 11,2 1 12,6
Great Britain 7,6 0 8,7 » 9,4
England 6,9 M 7.8 0 84
Turkey 5,6 M 6,4 M 8,0
Germany 6,8 M 7,3 = 7,3
Poland 79 J 7,3 R 6,9
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India 53 0 59
Saudi Arabia 4,1 M 53

According to InCites (Clarivate Analytics), as of 04/04/2024.
J - decreased cooperation; 4 - strengthening cooperation

6,4
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>

Figure 6.27. Share of Kazakhstan's publications with leading partner countries by time
periods, %. Top 10 countries by publications in 2021-2023.

The main funding organizations for research with Russia are the Government of
the Republic of Kazakhstan (550 publications), the Ministry of Science and Higher
Education of the Republic of Kazakhstan (566), the Russian Science Foundation (250)
and the Ministry of Science and Higher Education of the Russian Federation (219).
Close cooperation of Kazakhstani scientific organizations has been established with
the Russian Academy of Science (686 publications), the Joint Institute for Nuclear
Research of Russia (238), Moscow State University (217), Ural Federal University
(159), Peoples' Friendship University of Russia (151), Tomsk Polytechnic University
(127), and I.M. Sechenov First Moscow State Medical University (124). Among
Kazakhstani organizations in cooperation with Russia, high publication activity is
noted at L.N. Gumilyov Eurasian National University (464), Al-Farabi Kazakh
National University (452), the Institute of Nuclear Physics (321), and Nazarbayev
University (214). Joint publications with Russia - 2589 units, have 16536 citations,
average citation rate - 6.39 and H-Index 46 (hereinafter - data on WoS as of
04.04.2024).

Cooperation with the USA is noted in 123 research areas, of which the natural
and technical sciences have received the greatest development: physics - 122
publications; Science Technology Other Topic - 108; chemistry - 98; engineering — 96,
etc. More than 1,000 organizations from different countries participated in funding the
research, the main ones being the Ministry of Science and Higher Education of the
Republic of Kazakhstan (199 publications), the Government of the Republic of
Kazakhstan (138), the US Department of Health (90), the US National Institutes of
Health NIH (84), Nazarbayev University (68), the National Science Foundation/NSF
(67), the US Department of Energy (46 publications), etc. Nazarbayev University
(445), KazNU named after Al-Farabi (230), Florida State University System (113),
University of California (113), Harvard University (86), Asfendiyarov KazNMU (83),
Columbia University (81), Ohio State University System (78), etc. Joint publications
with the USA - 1159 units, have 12926 citations, average citation rate - 11.15 and H-
Index 38.

Cooperation with China, which has been developing especially actively in
recent years, is represented in 103 research areas, mainly in the natural and technical
sciences. The largest number of publications are in chemistry (166 units), engineering
(146), physics (143), Science Technology Other Topics (115), materials science (100),
environmental sciences, ecology (90), energy and fuel (68), etc. The funding
organizations by the number of publications are represented by the National Natural
Science Foundation of China NSFC (274 units), the Government of the Republic of
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Kazakhstan (107 publications), and the Ministry of Education and Science of the
Republic of Kazakhstan (101). The main research implementers are Nazarbayev
University (368 publications), Al-Farabi Kazakh National University (212), Chinese
Academy of Science (147), KBTU (101), L.N. Gumilyov Eurasian National University
(85), Northwest University of China (57), etc. Joint publications with China - 1047
units. have 16733 citations, the average citation rate is 15.98 and H-Index 54.

In general, Kazakhstan cooperates in 146 areas of research, mainly in the field of
engineering (1131 publications), physics (1112), chemistry (1025), materials science
(830), Science Technology Other Topics (622), environmental sciences, ecology (514),
mathematics (495), computer science (359), energy and fuel (320). About 4 thousand
organizations from different countries participate in financing these studies. However,
the main source of funding is the Ministry of Science and Higher Education of the
Republic of Kazakhstan (1479 publications) and the Government of the Republic of
Kazakhstan (1419), also worth mentioning are Nazarbayev University (879 units), the
National Natural Science Foundation of China NSFC (274), the Russian Science
Foundation (243), the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (183). The largest number of joint
publications are presented by Nazarbayev University (2108 units), Al-Farabi Kazakh
National University (1708), L.N. Gumilyov Eurasian National University (792),
Russian Academy of Science (760), Satpayev University (454), Institute of Nuclear
Physics of the Republic of Kazakhstan (391), KBTU (307). Joint publications - 8023
units have 46673 citations, average citation rate - 5.82 and H-Index 68.

In the context of 22 thematic categories on natural and social sciences of the
Essential Science Indicators rubricator, the share of collaborations is most developed
in such areas of Kazakhstani science as Multidisciplinary Sciences, Space Science,
Economics and Business, Earth Sciences, Physics, Computer Science, where 80% and
more of the works in the database are presented in international cooperation (Fig.
6.28).

The relevance and demand for research determine the level of citation indicators of
publications. In the scientific world, international publications written in co-authorship
attract much more attention and, as a rule, are cited more. As can be seen, the normalized
average citation of works prepared in international collaboration, in almost all the
considered fields of science, has a value above the world average, equal to 1.
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Figure 6.28. Indicators of Kazakhstan's international cooperation by fields of
science, 2021-2023.

In general, the works of domestic scientists for 2021-2023, created with foreign
colleagues, have an average number of citations of 5.84, while publications prepared only
by Kazakhstani authors - 1.70, that is, cooperation contributes to an increase in the
citation rate of domestic works by more than three times.

With a normalized average citation rate of Kazakhstan - 1.14, the value of this
indicator for publications with Russia is slightly higher - 1.36; the USA - 2.53, with China
- 2.92. For the top 10 countries studied, joint works with Saudi Arabia, India, Germany,
England and Great Britain have the highest values (Fig. 6.29).
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According to InCites (Clarivate Analytics), 2021-2023, as of 04/04/2024.

Figure 6.29. Bibliometric indicators of Kazakhstan with the top 10 countries by
number of publications
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An important indicator of research quality is the share of highly cited
publications (HCP). In Essential Science Indicators (ESI), a separate tool on the
InCites platform, highly cited publications are those that are included in the top one
percent of the most cited documents of a given type, year of publication, and category
in each of the 22 subject categories presented in the Web of Science in a given year.
Publications for the last 10 years are used for the calculation.

Of the 175 HCPs in ESI for 2014-2023, 168 papers (>96%) were prepared in
international collaboration. The observed growth in the number and share of HCPs in
the total number of publications in a country indicates the fruitfulness of joint research
(Fig. 6.30).
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According to InCites Essential Science Indicators, as of 04/04/2024.

Figure 6.30. Dynamics of highly cited publications in Kazakhstan

Highly cited papers indicate a high level of scientific research and can be used to
assess the influence of publications in comparison with the world average in various
subject categories. Highly cited publications with Kazakhstan's participation in all 10-
year periods under consideration are presented in 20 thematic areas out of 22 in the
Essential Science Indicators rubric. Highly cited publications were not identified in
such areas as Multidisciplinary Sciences and Psychiatry/Psychology (Fig. 6.31, a).

In 2021-2023, 90 works, or more than 51% of all highly cited publications for
2014-2023, were included in the total array of highly cited publications of Kazakhstan.
They were distributed among 18 areas as follows: clinical medicine accounts for more
than 22%; engineering, social sciences, physics and chemistry - another 45.6% of in-
demand domestic publications; pharmacology and toxicology - 4.4%; biology and
biochemistry, environment/ecology, neuro- and behavioral sciences, earth sciences and
mathematics — 3.3% each; computer science, materials science, microbiology — 2.2%
each; molecular biology and genetics, economics and business, plant and animal
husbandry, agricultural sciences — 1.1% each. Publications in the categories of space
science, immunology, multidisciplinary sciences and psychiatry/psychology were not
included in the array of the TCVs over the past three years (Fig. 6.31 b).
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It should be noted that the share of works on neuro- and behavioral sciences
increased, 3 out of 5 TCVs were presented in these years, which gave a noticeable
jump in the specific weight — from 2.99 to 4.69%. The same situation is typical for
many other categories. The positions in such categories as clinical medicine, computer
science, materials science, environment/ecology, economics and business,
immunology, and space science have weakened.

In the Kazakhstani array, there is an excess of the world indicator of the share of
the global central budget in 7 categories for 2014-2023 and in 10 categories for 2021-
2023. Over a three-year period, these are neuro- and behavioral sciences - an excess of
7.4 times; clinical medicine - 4.3; pharmacology and toxicology - 2.7; microbiology -
2.4; social sciences - 2.6; physics, biology and biochemistry - 1.7; computer science
and earth sciences - 1.3; engineering - 1.2 times. Obviously, international cooperation
In these areas is the most effective (Fig. 6.31 a, b).

In general, during the period under study, the share of highly cited works in the
Kazakhstani array is higher than in the world — 1.13 and 0.8%, respectively.
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Figure 6.31. Distribution of highly cited publications by research areas, 2014-
2023 (a), 2021-2023 (b)

Proof of the country's high achievements, the main scientific indicator of the
popularity of an article in WoS, are Hot Papers - hot articles that have made it into the
top 0.1% of the world citation ranking over the past two years.

In the array of Kazakhstani publications for 2021-2023, 14 such works were
identified, representing 7 research areas, with the number of citations from 8 to 731 (as
of 04/10/2024). All these publications were created as a result of the implementation
of scientific and technical agreements with foreign and international scientific
organizations.

In the field of social sciences, 3 publications are presented, one of them
"Estimation of the global prevalence of dementia in 2019 and forecasted prevalence in
2050: an analysis for the Global Burden of Disease Study 2019" in the Public,
Environmental & Occupational Health category has the highest citation rate. The
article is devoted to research to expand previous forecasts of the prevalence of
dementia worldwide, by world regions and countries. The prevalence of dementia in
2019 associated with three risk factors for dementia (high body mass index, high
fasting plasma glucose, and smoking) was examined and projected from 2019 to 2050.
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It was found that the number of people with dementia will increase, with more women
than men with dementia, a pattern that is expected to persist through 2050. There is
geographic heterogeneity in the projected increase across countries and regions, with
the smallest percentage changes in the number of projected dementia cases in high-
income Asia and the Pacific and Western Europe, and the largest in Northern Africa,
the Middle East, and eastern sub-Saharan Africa. The projected increase in cases can
be largely explained by population growth and population ageing, although their
relative importance varies by region of the world, with population growth contributing
most to the increase in cases in sub-Saharan Africa and population ageing contributing
most to the increase in cases in East Asia. Characterizing the distribution and
magnitude of the expected increase is critical for public health planning and
prioritizing resources to meet the needs of this group. Research funding: Bill &
Melinda Gates Foundation and Gates Ventures. The work, presented by a team of
scientists from 52 countries, is published in the Lancet Public Health journal with
impact factor 50, quartile Q1 in the Clinical Neurology category. The author from
Kazakhstan includes scientist Sh. Bolla (Nazarbayev University).

The next article in the field of social sciences «Economic impact of crude oil
supply disruption on social welfare losses and strategic petroleum reserves» belongs
to the category of Environmental Sciences & Ecology. This paper presents results on
measuring the physical risk of crude oil supply and strategic petroleum reserves using
econometric estimation and a combination of multiple relevant, multivariate, and
comprehensive sets of indicators and Principal Component Analysis (PCA). The
analysis shows that 30% of the crude oil shortfall in markets is attributable to the most
volatile crude oil costing system. This shortfall immediately increases the projected
social welfare loss due to a 40% decline in gross domestic product, estimated at
US$700 in South Asia and US$3,000 in the largest oil economy. The quantity and
value of oil supply required for strategic petroleum reserves to trigger optimal
increases and decreases in oil production are calculated using PCA and a game
solution. Limited testing of private sector inventory adjustments was less encouraging,
suggesting that private sector actions may have partially offset some of the
government cuts. Thus, the expected costs increase by 4% in normal market situations,
decrease by almost 8% in volatile market conditions, and decrease by 9% in severe
market disruption conditions. In retrospect, improved management could significantly
increase the value of strategic petroleum reserves, especially during peak shocks.
Quantifying the risk of oil disruptions shows the importance of stockpiling crude oil
and drawing down vital national crude oil stockpiles as governments seek to optimize
consumer welfare while maintaining control over oil reserves, as oil supply disruptions
cause serious damage to energy security and economic growth. The paper, authored by
H. Saidaliyev (Suleyman Demirel University) and researchers from China, Uzbekistan,
and Pakistan, is published in Resources Policy, a journal with an impact factor of 10.2,
quartile Q1 in the Environmental Studies category.

The third paper in the Social Sciences category, “Exploring the nexus between
monetary uncertainty and volatility in global crude oil: A contemporary approach of
regime-switching”, also belongs to the Environmental Sciences & Ecology category.
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It provides insights into the complex relationship between global crude oil market
volatility as it affects economics and geopolitics, and monetary uncertainty generated
by monetary policy decisions, exchange rate fluctuations, and global economic
conditions that may affect crude oil markets. It examines the impact of monetary
uncertainty on global crude oil price volatility, accounting for potential nonlinearities
and changing patterns in the relationship between crude oil volatility and monetary
uncertainty. It finds that monetary uncertainty has an asymmetric effect on crude oil
price volatility. Overall, the study highlights the need for a more nuanced approach to
understanding the relationship between crude oil prices and monetary uncertainty.
Funding: National Social Science Foundation of China. The work was presented by
scientists E. Oskenbayev (Narxoz University) and Zh. Karabayeva (K. Sagadiev
University of International Business) together with Chinese colleagues in the journal
Resources Policy with an impact factor of 10.2, quartile Q1 in the category
Environmental Studies.

The article “Pharmaceutical pollution of the world's rivers” pertains to the field
of environment/ecology, devoted to the study of the impact of active pharmaceutical
ingredients (API) on the environment, in particular, on 258 rivers of the world, 471.4
million people in 137 geographic regions. Samples were obtained from 1052 locations
in 104 countries (representing all continents and 36 countries previously not studied
for API pollution) and analyzed for 61 API. The highest cumulative concentrations of
API were observed in sub-Saharan Africa, South Asia and South America. The most
contaminated sites were in low- and middle-income countries and were associated with
areas with poor wastewater treatment and disposal infrastructure and pharmaceutical
manufacturing. The most frequently detected APIs were carbamazepine, metformin
and caffeine, which were detected in more than half of the sites surveyed.
Concentrations of at least one APl in 25.7% of the sampled sites exceeded
concentrations considered safe for aquatic organisms or of concern for selection for
antimicrobial resistance. It was concluded that pharmaceutical pollution poses a global
threat to the environment and human health, and to the achievement of the UN
Sustainable Development Goals. Funding: UK Research & Innovation Fund, Medical
Research Council UK, etc. Representatives of 67 countries took part in the study, from
the Kazakh side - B. Aubakirova (Nazarbayev University, Higher School of
Engineering and Digital Sciences) and R. Beisenova (L.N. Gumilyov Eurasian
National University). The work was published in the journal “Proceedings of the
National Academy of Science of the United States of America” with an impact factor
of 11.1, quartile Q1 in the Multidisciplinary Sciences category.

In the field of clinical medicine, 6 publications created as part of international
collaborations were among the "hot" ones.

The article “Global change in hepatitis C virus prevalence and cascade of care
between 2015 and 2020: a modeling study” was published in the Gastroenterology &
Hepatology category. It is dedicated to estimating the burden of hepatitis C virus
(HCV) in 2020 and projecting the burden of HCV by 2030, taking into account current
trends. Mathematical modeling methods were used to estimate the prevalence of HCV
and the degree of medical care among people of all ages for the period from January 1,
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2015 to December 31, 2030; a Markov model was used to project them for the period
from 1950 to 2050 for countries and territories for which data are available. Regional
and global estimates of HCV prevalence, the cascade of care, and the burden of the
disease were calculated based on 235 countries and territories. At the start of 2020,
there were an estimated 56.8 million cases of viraemic HCV infection worldwide. It is
noted that while this is a decrease from 2015, projections currently indicate that global
elimination targets by 2030 are not being met. As countries recover from Covid-19,
these findings may help refocus efforts to eliminate HCV. Funded by the John C
Martin Foundation and others. The work prepared by A. Nersesov (S. Asfendiyarov
KazNMU), G. Sarybaeva (Kazakh Scientific Center for Dermatology and Infectious
Diseases), K. Esmembetov (National Scientific Center for Oncology and
Transplantology) together with scientists from 87 countries, was published in the
journal Lancet Gastroenterology & Hepatology with an impact factor of 35.7, quartile
Q1 in the category Gastroenterology & Hepatology. Another article from the
Gastroenterology & Hepatology category made it to the hot list: “Global, regional, and
national burden of colorectal cancer and its risk factors, 1990-2019: a systematic
analysis for the Global Burden of Disease Study 20197, dedicated to examining
temporal patterns of the global, regional, and national burden of colorectal cancer and
its risk factors in 204 countries and territories over the past three decades, stratified by
age, sex, and geography. Globally, between 1990 and 2019, the number of colorectal
cancer cases more than doubled: from 842,098 to 2.17 million, and the number of
deaths increased from 518,126 to 1.09 million. The global age-standardized incidence
rate increased from 22.2 to 26.7 per 100,000, while the age-standardized death rate
decreased from 14.3 to 13.7. Taiwan, Monaco, and Andorra had the highest age-
standardized incidence rates, while Greenland, Brunei, and Hungary had the highest
age-standardized death rates. The main causes of colorectal cancer worldwide were
low-milk diet (15.6%), smoking (13.3%), low-calcium diet (12.9%), and alcohol
consumption (9.9%). From 1990 to 2019, a significant increase in incidence was
observed among young adults (age <50 years), especially in countries with a high
sociodemographic index, requiring vigilance by researchers, clinicians, and
policymakers, as well as possible revision of screening guidelines. Funding: Bill &
Melinda Gates Foundation. The work, prepared by a team of scientists from 61
countries, including I. Fakhradiyev (S. Asfendiyarov KazNMU), was published in the
journal “Lancet Gastroenterology & Hepatology” with an impact factor of 35.7,
quartile Q1 in the category Gastroenterology & Hepatology.

The General & Internal Medicine category presents the article “The global
burden of cancer attributable to risk factors, 2010-19: a systematic analysis for the
Global Burden of Disease Study 2019, which analyzes the results of the Global
Burden of Disease, Injuries, and Risk Factors (GBD) study 2019 to estimate the
burden of cancer caused by behavioral, environmental, occupational, and metabolic
risk factors and plan its control worldwide. A total of 82 risk-outcome pairs were
included based on the World Cancer Research Fund criteria. Estimated rates of cancer
mortality and disability-adjusted life years (DALYS) in 2019, as well as changes in
these rates between 2010 and 2019, are presented. Globally, in 2019, the risk factors
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included in this analysis accounted for 4.45 million deaths and 105 million DALY's for
both sexes combined, accounting for 44.4% of deaths. The leading risk factors at the
most detailed level globally for cancer deaths and DALYs in 2019 for both sexes
combined were smoking, followed by alcohol use and high BMI. The cancer burden
attributable to risk varies by world region and sociodemographic index (SDI), with
smoking, unsafe sex, and alcohol use being the three leading risk factors for cancer-
attributable DALY in low SDI regions in 2019. From 2010 to 2019, global cancer
deaths increased by 20.4% and DALYs by 16.8%. It is noted that the leading risk
factors contributing to the global cancer burden in 2019 were behavioral, while
metabolic risk factors had the greatest increase between 2010 and 2019. Reducing the
impact of these modifiable risk factors will reduce cancer mortality and DALY
worldwide, and policies should be tailored accordingly to the local burden of cancer
risk factors. The work was prepared by a team of scientists from 84 countries,
including Sh. Bolla and A. Gaipov (Nazarbayev University), |. Fakhradiyev (S.
Asfendiyarov KazNMU), M. Kulimbet (S. Asfendiyarov KazNMU, Al-Farabi
KazNU). Published in the Lancet with an impact factor of 168.9, quartile Q1 in the
Medicine, General & Internal category.

The General & Internal Medicine category also presents the article "Global,
regional, and national burden of diabetes from 1990 to 2021, with projections of
prevalence to 2050: a systematic analysis for the Global Burden of Disease Study
2021" with the results of estimating the prevalence and burden of diabetes by location,
age, and sex from 1990 to 2021, the proportion of type 1 and type 2 diabetes in 2021,
the proportion of the type 2 diabetes burden attributable to individual risk factors, and
projections of diabetes prevalence to 2050. It is shown that in 2021, there were 529
million people with diabetes worldwide, and the global age-standardized overall
prevalence of diabetes was 6.1%. At the super-regional level, the highest age-
standardized rates were observed in Northern Africa and the Middle East (9.3%), and
at the regional level - in Oceania (12.3%). Nationally, Qatar has the highest age-
specific prevalence of diabetes in the world, at 76.1% among those aged 75—79 years.
The overall prevalence of diabetes, particularly among older adults, is primarily
reflected by type 2 diabetes, which accounted for 96% of diabetes cases in 2021. By
2050, more than 1.31 billion people are projected to have diabetes, with age-
standardized overall diabetes prevalence rates expected to exceed 10% in two super-
regions: 16.8% in North Africa and the Middle East and 11.3% in Latin America and
the Caribbean. By 2050, 89 (43.6%) of 204 countries and territories will have an age-
standardized prevalence rate above 10%. It is noted that type 2 diabetes, which
accounts for the majority of diabetes cases, is largely preventable and in some cases
potentially reversible if detected and treated early in the disease. However, all data
indicate that the prevalence of diabetes is increasing worldwide, primarily due to the
rise in obesity caused by many factors. Prevention and control of type 2 diabetes
remains an ongoing public health challenge. Funding: Bill & Melinda Gates
Foundation. The study involved Nazarbayev University scientist A. Gaipov and
researchers from 82 countries. The article is published in the Lancet journal with an
impact factor of 168.9, quartile Q1 in the Medicine, General & Internal category.
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The following article in the General & Internal Medicine category,
“Population-level risks of alcohol consumption by amount, geography, age, sex, and
year: a systematic analysis for the Global Burden of Disease Study 2020 ”, presents a
population-based analysis of the 2020 global burden of disease (GBD) attributable to
alcohol consumption by amount, region, age, sex, and year to estimate the minimal
risk exposure level (TMREL) and non-drinker equivalent (NDE). The GBD data
covered 21 regions, including 204 countries; moreover, the data were stratified by age
group, sex, and year for the 15-95 year-old age group from 1990 to 2020. In 2020,
among individuals aged 15-39 years, the TMREL and NDE ranged from zero to 0.603
and from 0.002 to 1.75 standard drinks per day, respectively. In people aged 40 years
and over, the TMREL and NDE ranged from 0.114 to 1.87 and 0.193 to 6.94 standard
drinks per day, respectively. Of those who drank alcohol at harmful levels in 2020,
59.1% were in the 15-39 age group and 76.9% were men. The study highlights the
need to consider background rates of disease and injury for each population group
before issuing guidelines and recommendations on the optimal level of alcohol
consumption, for example, in young people, the level of alcohol consumption that
minimizes health losses is close to zero. Similarly, older populations in many regions
of the world with a high burden of cardiovascular disease show health benefits with
light alcohol consumption. Stronger measures are needed to reduce the significant
global health losses associated with alcohol use, especially those targeting younger
people. Funding: Bill & Melinda Gates Foundation. The article was prepared by
scientists from 72 countries, with K. Davletov (Al-Farabi Kazakh National University)
and 1. Fakhradiyev (S. Asfendiyarov Kazakh National Medical University)
participating from the Kazakh side. It was published in the Lancet journal with an
impact factor of 168.9, quartile Q1 in the Medicine, General & Internal category.

The article "Global, regional, and national burden of low back pain, 1990-2020,
its attributable risk factors, and projections to 2050: a systematic analysis of the
Global Burden of Disease Study 2021" has been published in the Rheumatology
category. The article presents a systematic analysis of the 2021 global burden of
disease studies related to low back pain and estimates by age, sex, year, and location of
the prevalence of low back pain and years lived with disability (YLD) from 1990 to
2020 for 204 countries and territories. It was found that in 2020, low back pain
affected 619 million people worldwide, and the number of prevalent cases is projected
to be 843 million by 2050. In 2020, the global age-standardized rate of YLD was 832
per 100,000. Between 1990 and 2020, age-standardized prevalence and YLD rates
decreased by 10.4% and 10.5%, respectively. A total of 38.8% of YLD cases were
associated with occupational factors, smoking, and high body mass index. It is noted
that although age-standardized rates have slightly decreased over the past three
decades, low back pain remains the leading cause of YLD worldwide. Funding: Bill &
Melinda Gates Foundation. The work, prepared by a team of scientists from 51
countries, including Sh. Bolla (Nazarbayev University), was published in the Lancet
Rheumatology with an impact factor of 25.4, quartile Q1 in the Rheumatology
category.
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In the field of engineering, the article “How do ICT and renewable energy
impact sustainable development?” made it to the hot list, presented in the Green &
Sustainable Science & Technology Energy & Fuels category and devoted to the
analysis of the possibility of contributing to information and communication
technologies (ICT) and renewable energy sources (RES) in improving environmental
quality. Using econometric methods, their use was studied for the period from 1990 to
2019 in the USA, UK, China, Russia, Canada, Australia, Sweden, Norway,
Switzerland and Italy. It was shown that, on average, the impact of ICT and RES lasts
from one to seven years. A segmentation study of the error correction model
confirmed that ICT and RES contribute to the volatility of carbon dioxide emissions.
There is convincing evidence that carbon dioxide emissions, ICT and the use of RES
have a bidirectional causal relationship in most cases. Several ICT and RES strategies
were developed and studied to benefit from the possible positive impact of their use on
environmental quality. Funding was provided by the Ministry of Education, Culture,
Sports, Science and Technology of Japan. The work was prepared by scientist H.
Saidaliyev (Suleyman Demirel University, Tashkent State University of Economics)
together with colleagues from Japan and China. Published in the journal Renewable
Energy with an impact factor of 8.7, quartile Q1 in the Energy & Fuels category.

In the field of neuro- and behavioral sciences, a review is presented “Diagnosis
and classification of optic neuritis ”’, dedicated to the diagnosis and classification of
optic neuritis. It is noted that accurate diagnosis of optic neuritis on admission can
contribute to timely treatment of people with multiple sclerosis, neuromyelitis optica
spectrum disorder, or myelin oligodendrocyte glycoprotein antibody disease.
Epidemiological data show that, in general, optic neuritis is most often caused by
many conditions in addition to multiple sclerosis. Around the world, the cause and
treatment of optic neuritis vary by geography, treatment availability, and ethnicity.
However, diagnosis of diseases whose first manifestation is optic neuritis is
challenging. The authors have developed diagnostic criteria for optic neuritis and a
classification of its subgroups. The diagnostic criteria are based on clinical features
that allow the diagnosis of possible optic neuritis; further paraclinical testing using
brain, orbital, and retinal imaging together with antibody and other protein biomarkers
may lead to a diagnosis of definite optic neuritis. Paraclinical testing can also be
applied retrospectively to stored specimens and historical brain or retinal scans, which
will be useful for future validation studies. The presented criteria can reduce the risk of
misdiagnosis, provide information on the course of optic neuritis that can help in the
development of future treatment studies, and allow physicians to judge the likelihood
of the need for long-term pharmacological treatment, which may vary depending on
the optic subgroup of neuritis. Funding agency — YNT — Schering Fellowship.
Prepared by a team of scientists from 57 countries, including Zh. Idrisova (KazNMU
named after S. Asfendiyarov), the review was published in the journal «Lancet
Neurology» with an impact factor of 48, quartile Q1 in the category Clinical
Neurology.

The Hot Papers group in the field of mathematics includes "Review of Artificial
Intelligence and Machine Learning Technologies: Classification, Restrictions,
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Opportunities and Challenges" - a review of artificial intelligence and machine learning
technologies: classification, limitations, opportunities and challenges. Artificial
intelligence (Al) is an evolving set of technologies used to solve a wide range of applied
problems. The core of Al is machine learning (ML) - a set of algorithms and methods that
solve problems of classification, clustering and forecasting. Practical application of
Al&ML has promising prospects. The review presents the identification and discussion of
the problems of using artificial intelligence technologies in the economy and society of
resource-oriented countries. Systematization of AI&ML technologies is carried out on the
basis of publications in these areas. Such systematization allows us to clarify
organizational, personnel, social and technological limitations. The work outlines research
areas in the field of artificial intelligence and machine learning, which will overcome
some limitations and achieve an expansion of the scope of AI&ML. The main grantor of
this study was the Ministry of Higher Education of the Republic of Kazakhstan. The
review was prepared by scientists R. Mukhamediyev, A. Symagulov and Ya. Kuchin
(Satpayev University, Institute of Information and Computational Technologies), A.
Kalimoldaev (Al-Farabi Kazakh National University), F. Abdoldina (Almaty
Management University) and K. Yakunin (Satpayev University, Institute of Information
and Computational Technologies, Almaty Management University) together with
scientists from Latvia and Slovakia. Published in the journal "Mathematics" with an
impact factor of 2.4, quartile Q1 in the Mathematics category.

In the field of physics, the list of the most popular works included the publication
"Observational constraints on a logarithmic scalar field dark energy model and black
hole mass evolution in the Universe". It proposes a logarithmic form of parameterization
of the dark energy density of a scalar field within the framework of the standard theory of
gravity, which provides the necessary transition from the decelerated to the accelerated
behavior of the Universe. The model under consideration is limited by the available
observational data. The obtained data are consistent with recent observations and the
results obtained in Planck 2018. The change in the mass of a black hole containing both
matter and dark energy over time in the Universe is studied. It is shown that the mass of
the black hole initially increases, but stops increasing as dark energy dominates. The
funding agencies are Jiangsu Polytech Institute, Key Program of Natural Science of
Changzhou College of Information Technology, Centre for Cosmology and Science
Popularization, SC MCHE and Zhejiang Normal University. The work was prepared by
N. Myrzakulov (L.N. Gumilyov Eurasian National University, Eurasian International
Center for Theoretical Physics) together with scientists from China, Uzbekistan, Pakistan
and Morocco. The article was published in the journal «European Physical Journal C»
with the impact factor 4.4, quartile Q2 in the category Physics, Particles & Fields.

As you can see, domestic Hot Papers articles over the past 2 years have been
created in collaboration with scientists from different countries, united mainly by solving
global problems in the fields of medicine, environmental protection/ecology, as well as
engineering, mathematics and physics.

Summarizing the above, it is possible to note the strengthening of international
cooperation of Kazakhstani scientists, expressed in the growth of the number of joint
articles of domestic researchers with foreign scientists. The main scientific partner of
Kazakhstan is Russia, with which about a third of all works have been published. A high
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share of cooperation has also been noted with the USA and China. The closest ties have
been established in the field of natural and technical sciences. In general, Kazakhstan
cooperates in 146 areas of research, mainly in the field of engineering, physics, chemistry,
materials science, Science Technology Other Topics, environmental sciences, ecology,
mathematics, computer science, energy and fuel. In the context of 22 thematic categories
in natural and social sciences, the share of collaborations is 80% and higher in such areas
of science as Multidisciplinary Sciences, Space Science, Economics and Business, Earth
Sciences, Physics, Computer Science. Works created jointly with foreign colleagues are
cited 3.4 times more, which is an indicator of greater efficiency and demand for these
studies. As a result of the fruitfulness of joint research, it should be noted that the share of
highly cited publications has increased, most of which were prepared in international
cooperation. During the study period, the HCPs were presented in 18 of the 22 thematic
areas of the Essential Science Indicators rubricator. A large share of the HCPs falls on
Clinical Medicine, followed by Engineering and Social Sciences. An indicator of the high
guality of research is Hot Papers, the number of which in the array of Kazakhstani
publications has grown to 14 units over the study period. All of them were created as a
result of the implementation of scientific and technical agreements with foreign and
international scientific organizations.

In conclusion, it can be noted that international scientific and technical cooperation,
allowing for joint development of scientific and technical problems, promotes the mutual
exchange of scientific achievements, industrial experience, and increased visibility of
domestic research. International relations in the field of science, technology and
education, accumulating the potential for solving such important problems as achieving a
level of development that meets the needs of modern international society, contribute to
improving the quality of national science and technology systems, as well as training
qualified personnel for the national economy.
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7. ANALYSIS OF THE DEVELOPMENT OF THE NATIONAL
INNOVATION SYSTEM (through mechanisms for the commercialization of
technologies and the results of scientific and (or) scientific and technical activities,
the integration of science, industry and the business community, an assessment of
the contribution of science to the development of the country's economy and the
impact of the results of scientific and (or) scientific and technical activities on the
growth of the gross domestic product)

In Kazakhstan, in 2023, the costs of research and development (R&D) in 2023
increased by 41.9%, amounting to 172.6 billion tenge. In general, financing is
considered as a percentage of GDP - 0.84 percent was in 1991; 0.12 percent in 2021,
0.13 percent in 2022 and 0.14 percent in 2023.

JSC "Science Fund", being the operator for the provision of grant financing for
projects for the commercialization of the RSSTA, carries out tasks to organize high-
quality and timely selection of projects subject to grant financing.

In 2022, JSC "Science Fund" had 155 projects in implementation, of which: -
60 at the stage of desk monitoring; - for 14 projects, final reports were sent to the NSC
to close the projects; — 14 projects at the post-implementation stage after the relevant
decision of the Scientific and Technical Council to close the projects; — 67 at the main
stage of project implementation. The above-mentioned commercialization projects are
mainly implemented in the following areas: agro-industrial complex, biotechnology,
IT technologies, medicine, food production, chemical industry, energy, production of
machinery and equipment, metallurgy and ecology.

Thus, for the period from 2016 to 2020, the following results were achieved in
the implementation of RSTA commercialization projects supported by the Science
Foundation based on the results of three competitions: the total income from the sale
of innovative products amounted to 8 billion tenge, the total amount of taxes paid was
about 3.2 billion tenge, the volume of exports was 243 million tenge, the amount of
royalties was 178 million tenge.

In 2022, funding was resumed and in the middle of the year a competition for
grant funding for 2022-2024 was held. A specialized National Scientific Council for
Commercialization has been created, 50% of which are representatives of the business
community. 152 applications were submitted, 134 of which passed the examination, 72
projects were approved by the decision of the NSC, 68 contracts were concluded.
According to the results of this competition, 66 projects are being implemented. For
the period 2022-2023, 12.9 billion tenge were allocated.

In 2023, a competition was held for 2023-2025, within the framework of which
twice as many applications were submitted - 320, of which 233 passed the
examination. 76 projects were approved for financing by the decision of the
specialized NSC for commercialization of the RSSTA, 72 contracts were concluded
with grantees. In 2023, 5.2 billion tenge were allocated.

With the adoption of the Law on the commercialization of the RSTA in 2016,
2017 and 2018, 2022, 2023, the Science Foundation held competitions for grant
financing of RSTA commercialization projects, for which 1742 applications were
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submitted, 1370 passed the examination, 341 were approved by the decision of the
NSC, 310 contracts were concluded, about 290 projects were supported, 138 projects
are at the implementation stage, 155 productions entered into sales, of which 16
projects are exported abroad and 5 projects achieved sales with a volume of more than
1 billion tenge.

The total contribution of the projects of 4 competitions in 2016, 2017, 2018
and 2022 (as of the end of 2023) to the scientific and technical development of the
country amounted to 72.5 billion tenge, including sales, co-financing, tax payments,
purchased equipment and royalties paid. The total revenue from sales of high-tech
products amounted to 33.7 billion tenge, including the creation of more than 1,700
jobs, more than 7.8 billion tenge paid to the budget in the form of tax payments and
9.7 billion tenge attracted in private co-financing. Royalty was paid in the amount of
534 million tenge, fixed assets were purchased in the amount of 20.8 billion tenge.

Implementation of high-tech technologies in production, examples of successful
projects

Project AP15573624 “Commercialization of the bio-product with adhesive
properties “BioLip” is aimed at creating the production of a domestic biological
adhesive based on natural polymers for plant growing. EcoSave LLP acts as a grant
recipient and private partner. The goal of the project is to create a bio-product with
adhesive properties "BioLip" to increase the effectiveness of plant protection products
and fertilizers. The advantages of this product are its lower price due to the localization
of production and the absence of transportation costs. Its use also allows you to
comply with the regulations for use, eliminating complaints from customers due to
violation of the regulations for use. Due to the biological nature of the drug, it contains
vitamins, hormones and nutrients, which is also its advantage. The project is being
implemented in the city of Stepnogorsk.

Project AP15573781 "Organization of production of composite materials
based on wood components”. KazNewTech LLP LLP is a grant recipient of the
project.

The goal of the project is to organize the production of building materials using
industrial products of the woodworking industry and secondary raw material waste.
The advantages of this material include: - complete protection against rot and mold; -
increased mechanical strength; - color fastness when exposed to ultraviolet light; -
environmental safety and no unpleasant odor; - ease of processing and installation, as
well as safety in operation; - fire safety. The project is being implemented in the city of
Almaty.

Project AP15573920 "Creation of an innovative center for the production of
high-quality forage crop seeds" is an important initiative in the field of agriculture.
LLP "Kazakh Research Institute of Agriculture and Plant Growing" acts as a grant
recipient of the project. The goal of the project is to organize the production of high-
quality forage crop seeds using digital technologies. The project is aimed at providing
agricultural producers with high-quality and competitive forage crop seeds, including
highly reproductive seeds. Competitive advantages of the project include the
production of high-quality seeds of varieties and hybrids of forage crops, provision of
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seed farms and agricultural producers with high-quality and conditioned seeds, as well
as an increase in the production, quality and competitiveness of crop products. The
project is being implemented in the village of Almalybak, Karasai district, Almaty
region.

Project AP15573960, "Production of domestically developed unmanned aerial
systems (UAS) for the needs of various spheres of economic activity"”, Research &
Development Center Kazakhstan Engineering LLP acts as a grant recipient, and SC
TECH LLP is a private partner. The main goal of the project is to bring innovative
unmanned aerial vehicles to the market and organize their production. The advantages
of the project include high functionality and flexibility of using UAS in various fields.
The expected results of the project include the development and production of UAS for
various needs, organizing their sale, as well as transferring the rights to serial
production to interested enterprises. The location of the project is Astana.

Amount of funding, regions where projects are carried out on the basis of
grants allocated by the Science Foundation.

For the period 2022-2023, the Science Foundation allocated more than 18
billion tenge for projects selected within the framework of grant financing of the most
promising projects for the commercialization of the results of scientific and (or)
scientific and technical activities. The bulk of funding was distributed between the
cities of Almaty (34%) and Astana (18%), while less than 1% was allocated to projects
in the Aktobe, Atyrau and Zhetysu regions.

If we compare business requests for problem solving and scientists' proposals
to the market, the showcase of scientific developments of JSC "Science Fund"
publishes the following data: among the finished projects seeking co-financing, there
are currently several scientific papers for oil and coal mining companies,
manufacturers of building materials, geological surveys, and communication
technologies. Technological requests from businesses for scientific projects have a
slightly different focus. A construction company is turning to scientists to develop
innovative technologies that would reduce the time and cost of building schools. The
Farmers' Association plans to solve the problem of feed for livestock in arid regions
with the help of scientists; a meat processing plant is to finance a scientific solution to
the problem of organizing meat production and its export to China and the UAE. The
creation of an effective system for commercializing the results of scientific and
technical activities will become the main mechanism for bringing new innovative
products or technologies to the market — it will transform a scientific idea into a market
product.

Commercialization of scientific activities of universities in 2023
Al-Farabi Kazakh National University. The project AP15573976 "Creation of
an innovation and production center for finishing electrochemical processing of metal
products for the needs of mechanical engineering and instrument making" has been
completed. Head Galeeva A.K. Executing organization: LLP "Center for Chemical
Engineering and Materials Science”. Amount of funding - 43,840,786 tenge, co-
financing - 8,768,158 tenge.
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Results: patent No. 8521 dated 13.10.2023 "Method for producing an
electrochemical coating in the form of an alloy" was received. A galvanic workshop
was launched as part of the scientific and production center "Chemical Coatings
Innovations” on the territory of the applicant NAO "Al-Farabi Kazakh National
University".

Kazakh National Agrarian Research University. Implementation certificates for
4 scientific and technological progress projects have been received, including project
AP09259400-“Selection of non-traditional crops for intensive use of irrigated lands
and creation of a green conveyor depending on the bioclimatic potential of growing
zones”. Head Erzhanova K.M. Funding volume 36,000,000 tenge. Application for a
utility patent 10/12/2023.

The results have been implemented in the production of Bayserke-Agro LLP.

L.N. Gumilyov Eurasian National University. In 2023, the university conducted
244 studies in such areas as nuclear energy, molecular biology, genetic engineering,
biomedicine, construction and road industry, petrochemistry, environmental
monitoring, water and land resources management, geoinformation modeling, etc.

In 2023, 4 patents, 25 copyright certificates, 7 implementation certificates were
received within the framework of grant and program-targeted financing.

Astana Medical University. The commercialization project of the Science Fund
of the Ministry of Health of the Republic of Kazakhstan on the topic "Radiation
monitoring of the territory of oil producing enterprises” (2022-2024) is being
implemented for a total of 63,285,000 tenge. As part of the project, contracts were
concluded with 3 oil producing companies for the provision of industrial radiation
monitoring services for a total of 3 million 144 thousand tenge. The Institute's
scientific developments have been implemented in the educational process and in the
cycle of advanced training for doctors to ensure radiation safety. At the same time, the
amount of paid services provided in 2023 amounted to 4 million tenge.

M. Auezov South Kazakhstan University. 2 projects have been implemented in
production:

1. The project "Modernization of the technological line for dressing and dyeing
sheepskins for the production of export-oriented eco-products for household and
special purposes.” Head B.E. Kalymbetov. Grant 286,279,003 tenge, Co-financing
71,569,753. Implemented in IE "Kozhabekova G.T." Production has been launched.

2. The project "Implementation of the production of dressings and a medical
mask with antiviral and antibacterial action based on silver and copper nanocitrate."”
Head. Tashmenov R. Result: patent for utility model No. 5863 dated 19.02.2021 was
received. Samples of gauze and dressings were obtained in pilot industrial conditions
of Yuzhpharm LLP. Implementation certificate dated 11.12.2023.

East Kazakhstan Technical University named after D. Serikbayev. 5
commercialization projects were implemented, implementation certificates were
received, including BR10865102 - "Development of scientific and methodological
approaches to the implementation of remote sensing technologies (RS) to improve
agricultural management." Head Sadenova M.A. 92,634,118 tenge, PCF Competition.
The results have been implemented in the production process of JSC NC Kazakhstan
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Gharysh Sapary (implementation act No. 1 dated October 27, 2023), Mayak farm, and
in the educational process at NJSSC EKTU named after D. Serikbayev (implementation
act dated October 17, 2023).

Kazakh Agrotechnical Research University named after S.Seifullin. The research
results have been implemented in 28 agricultural enterprises, 5 - in the educational
process, including:

1. Scientific and technological progress "Development of technologies for
maintenance, feeding, growing and reproduction in dairy cattle breeding based on the
use of adapted resource-energy-saving and digital technologies for various natural and
climatic zones of Kazakhstan". Head Bostanova S.K. Funding volume - 584,827.7
thousand tenge. The results have been implemented in 12 agricultural enterprises.

2. Scientific and technological progress "Creation of highly productive varieties
and hybrids of grain crops based on the achievements of biotechnology, genetics,
physiology, plant biochemistry for their sustainable production in various soil and
climatic zones of Kazakhstan". Head Savin T. V. Funding volume - 1,206,514.8
thousand tenge, Results implemented in 7 agricultural enterprises. Thus, university
science can become a driver of scientific and technological breakthrough of
Kazakhstan. The vector taken on the development of university science demonstrates
high efficiency and return.

7-1) analysis of the completeness of the implementation of
recommendations given following the approval of the National Report by the
President of the Republic of Kazakhstan, assessment of progress in key areas of
development of domestic science, results of foresight studies (once every 3 years)

Results of foresight studies

Priority | — “Rational use of water resources, flora and fauna, ecology”

In the near future, in the field of rational use of flora and fauna, the following
issues will be important: conservation of biodiversity, protection, restoration,
conservation of rare and endangered animal species, rare and endemic flora species,
forecasting forest pyrological and forest pathological situations; solving problems
associated with the invasion of introduced species used in landscaping urban areas.

Priority is given to research related to the assessment of the ecological state of
wastewater storage tanks for the development of scientific foundations for their
disposal. A new stage of research in the field of ecology is associated with the
initiatives of the UN and other international organizations to develop the concept of a
green economy, GreenTech technologies. In the future, there will also be research on
the development of an environmental accounting and audit system, which has just
begun to form, and the model has not yet been fully formed.

Priority Il — “Geology, extraction and processing of mineral and hydrocarbon
raw materials, new materials, technologies, safe products and structures”

A promising area is a set of geochemical, paleothermobaric studies of promising
areas of sedimentary basins of Kazakhstan for the reconstruction of oil and gas
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systems, determination of generation potential and identification of the main centers of
generation of gaseous and liquid hydrocarbons.

Green hydrogen transition. Green hydrogen (GH2) can currently become a
means of decarbonization of the industry. Kazakhstan should start working in this
direction, since about 45 countries of the world have already published their hydrogen
strategies. In the European strategic agenda on the future transition to green energy,
hydrogen ranks first. Another technology is to obtain hydrogen by cracking methane
(90% of hydrogen is currently produced using this technology), but a huge amount of
CO2 is released. This technology for capturing CO2 can be successfully applied in
Kazakhstan, since gas, including methane, is extracted from underground reservoirs,
which are often exploited by secondary and tertiary methods (MOR), incl.
underground CO2 injection.

Green technologies. One of the sectors that should be more actively developed
in Kazakhstan is electric motorization (including urban transport: cars, buses, urban
transport vehicles, and mining/industrial equipment), to “green” mining using electric
scarers/motors, automatic mining/excavation, cyber mining, driverless mining
vehicles, robots in risky areas). This type of equipment is now available on the
international market, but the infrastructure of some countries is not ready for its
implementation. In Kazakhstan, there is a need to develop recharging infrastructure
due to the expected growth of electric vehicles.

One of the main challenges of green energy technologies is energy storage; a
commercial underground storage developed by a Swedish Consortium could change
the picture by reviving abandoned mines for use as energy storage sites.

Green energy sources. Clean energy that can produce more than it uses: safe
laser-induced nuclear fusion. This technology is being commercialized by Starburst
LD-IFE (Laser Diode Inertial Fusion Energy), LLC. The first of its kind fusion power
plant (“FOAK”) with sustainable baseload and flexible power (400-2000 MW) will be
operational in the U.S. within the next 5-6 years, and the economic benefits will be
realized across many sectors and industries.

Priority Il — “Power Engineering and Mechanical Engineering”

Energy. In the direction of “Energy” in Kazakhstan, according to the results of
the foresight, significant steps have been taken in recent years to improve the
investment climate in the renewable energy sector, taking into account global
practices.

The selected priority areas include: large-scale introduction and implementation
of renewable energy projects; flexible and sustainable energy systems; optimization of
energy consumption in buildings; efficient energy management.

In order to maximize the demand of energy consumers, modernize existing
energy sources and gradually reduce carbon dioxide emissions in electricity
generation, work has been carried out to implement technological modernization and
innovative development of the energy sector of Kazakhstan. The tasks and indicators
characterizing scientific research work include a set of interrelated measures to
improve the effectiveness of scientific research in priority areas: the formation of new
scientific schools; attracting foreign teachers and scientists from leading universities
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and leading scientific centers for the joint development of priority research areas in the
field of renewable energy sources, energy saving, IT technologies and robotics;
participation in international scientific and educational projects; conducting joint
research projects with the industrial and corporate sectors.

Mechanical engineering.

The efforts of domestic and engineering personnel should be focused on finding
new technological solutions and implementing advanced world experience in
developing not only the economy as a whole, but also the manufacturing industry in
particular. At present, there are reserves for developing production in the automobile,
railway, agro-industrial, oil and gas, mining and metallurgy, and energy sectors. It is
also necessary to focus on the development of "green™ technologies.

Priority IV — “Information, Communication and Space Technologies”

Information technologies. Artificial intelligence, the Internet of Things,
blockchain technologies and cloud computing are just some of the trends that define
the modern IT world. It is necessary to develop effective strategies for managing
information technologies and ensure the security and confidentiality of data.

In the future, the prospects for the development of information technologies will
be based on social networks due to the high percentage of integration of a large
number of users into the information space. Information technologies will remain the
driving force behind the development of the industry.

Communication technologies. Digital technologies for transmitting sound and
images will be supplemented by technologies for transmitting smells, sensations and,
perhaps, even emotional states of a person. Internet technologies will develop
guantitatively rather than qualitatively; personal computers and mobile phones, means
of reproducing sounds and images, as well as devices for orientation in space will be
embodied in a single system that is extremely convenient for use and applicable almost
anywhere in the world.

Space technologies. As global geopolitical tensions intensify, the goal of
sovereign states and private companies to develop their own space capabilities is
paramount.

Advances in sectors such as life sciences and materials science are a potential
gold mine for new classes of drugs, and new materials developed in space could have a
transformative impact on industries such as pharmaceuticals, telecommunications, and
microelectronics.

Kazakhstan needs to make significant efforts to develop space technologies, as
the gap in this scientific area is obvious.

Priority V - "'Scientific research in the field of natural sciences"

Currently, humanity is in the process of a mass transition to a post-industrial
society, and all progressive countries are concerned about building an economy that
corresponds to the "Industry 4.0" initiative. Those countries that show the right vision
of the future and are concerned about taking timely measures for reforms (the
predicted duration is 10-15 years) will be the leaders of the post-industrial era. The
main trends are Artificial Intelligence, Big Data, Cybermedicine, Neurocomputer
interface, Virtual and augmented reality, Additive technologies (3D printing),
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Materials with dynamically programmable properties (smart matter), Nanorobots,
Thermonuclear energy, Quantum computers, Settlement of near space.

The technical basis of this revolution is quantum technologies, which are being
developed by advanced technology giants in cooperation with leading research
universities. In this regard, foresight research in the field of physics in Kazakhstan
should be focused on the development of quantum physics, where the most important
areas will be research in the field of quantum computing, quantum cryptography and
guantum teleportation. These studies will form the basis for the creation of new
technologies that will provide Kazakhstan with a leading position in the field of high
technology and data security. It is impossible to develop any particular science in
isolation from the rest, or one area of science separately from other areas necessary for
the development of the country. It is necessary to conduct targeted training of highly
qualified specialists who are capable of creating viable high-tech innovative firms in
the conditions of scientific institutes and universities in Kazakhstan, using the full
potential of these institutions.

Priority VI — “Life Sciences and Health”

The main key products and services resulting from interdisciplinary research and
development in the direction of “Scientific and Innovative Biomedicine” will be:
bioengineered organs and tissues; personalized DNA and RNA sequencing services;
biomedical cell preparations and treatment protocols; methods for overcoming drug
resistance in microorganisms and viruses.

The key products and services resulting from interdisciplinary research and
development in the direction of "Integrated Healthcare” will be: IT technologies in the
diagnosis and treatment of diseases; research in the development of a robotic system
for determining the physiological status of a person; development of control and
automation tools for the treatment and diagnostic process based on artificial
intelligence technologies.

The direction of “Society and Health” identifies the following products and
services as such: innovative technologies for managing public health and healthcare;
effective programs and models for forming a healthy lifestyle; an effective model of
school medicine; methods for screening and improving the health of children and
adolescents; "smart" nursing homes; and technologies for early detection, effective
treatment and prevention of occupational diseases.

Priority VIl — “Research in Education and Science”

The future of education and science is variable, as is research in this area. On the
one hand, scientists from leading universities around the world are developing courses
to teach students how to conduct foresight studies, on the other hand, they conduct
such studies and offer different forecast scenarios for the development of education
until 2030, 2040.

The main skills of employees during retraining according to foresight studies
are: analytical thinking and creative skills, resilience and flexibility, motivation and
self-awareness; lifelong learning, adaptation to changes in the workplace;
technological literacy, reliability and attention to detail; empathy and active listening,
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leadership and social influence, quality control of activities. In Kazakhstan, the project
“Mamandygym — Bolashagym” can be singled out as a foresight study, launched in 15
regions of Kazakhstan, according to which regional maps of personnel needs were
developed, and professions in priority industries of each region were identified.

Priority VIII — “Research in the field of social and human sciences”

When forecasting future scenarios for the development of social and
humanitarian research in Kazakhstan in the medium term, we can highlight several
possible areas, each of which can have a significant impact on society:

1. Strengthening interdisciplinary research. The trend towards integrating data
from different fields of knowledge (Data Science) can also enhance the quality and
depth of research.

2. Focus on cultural heritage and identity. Current trends: digitalization of
cultural heritage (digitization of archives, creation of virtual museums) will make
cultural values more accessible to a wider audience and younger generations.

3. Development of social responsibility and ethics. Trends in corporate social
responsibility (CSR) and environmental, social and governance (ESG) investing can
contribute to more responsible behavior of companies and institutions, which will have
a positive impact on the state of society and its environment.

4. Integration and globalization of research. The trend towards creating
international research consortia and participation in global research initiatives can
significantly increase the competitiveness of Kazakhstani science on the world stage.

5. Technological innovations in social sciences. Trends in the use of machine
learning and big data analysis make it possible to identify hidden patterns and trends in
social processes, which can help in the development of more effective social programs
and policies.

These scenarios can help Kazakhstan improve its scientific and social practices,
stimulating innovation and strengthening the social and cultural development of the
nation.

Priority IX - "Sustainable development of the agro-industrial complex, safety
of agricultural products'

Priority areas of foresight research for support and development in the agro-
industrial complex of Kazakhstan in the short and long term:

- selection and seed production - to ensure food security and adaptation to
climate change;

- introduction of high-tech agricultural technologies - to increase the efficiency
and sustainability of agriculture;

- development of pasture forage production - to develop the livestock industry
and ensure high-quality feeding;

- elimination of degradation of agricultural landscapes - requires the
development of sustainable farming methods and soil restoration;

- effective phytosanitary monitoring - to protect crops from pests and diseases;

- the use of biological plant protection technologies - to develop
environmentally friendly agriculture and reduce the use of chemicals.
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To ensure food security and sustainable development of the country's agro-
industrial complex, the Ministry of Agriculture of the Republic of Kazakhstan must
take these areas into account when planning and implementing strategies for the
development of the agro-industrial complex.

Priority X - "National security and defense'"

Problems, threats and challenges by type are reflected in the following areas of
foresight research:

Geopolitical, social and political tensions. Adaptability in the security policy of
the region and the country. Hybrid wars (methods of struggle). Protection of personal
data. Cooperation between the public and private sectors is a fundamental and
developing aspect of national security. New approaches have incorporated the
provisions and terminology of the innovative concepts of "soft power", "smart power".

Terrorism and extremism. The fight against terrorism, cybersecurity issues,
biological threats as a tool of terrorism and extremism, an effective cybersecurity
system, espionage and state-sponsored threats, the fight against terrorism, the close
connection between the fight against terrorism and national security, the balance
between security and civil liberties.

Military power and the balance of power. The protection of critical
infrastructure, the dependence of military security and defense issues on digital
technologies, espionage and state-sponsored threats, hybrid wars (methods of combat),
disinformation and information warfare have become the most important elements of
national security in the digital era. Space plays a decisive role in communication,
navigation, intelligence and many other activities that directly affect the country's
defense, economic interests and technological prowess.

The possibility of using biological weapons. These threats cover a whole range
of potential dangers, from natural pandemics to bioterrorism, and have far-reaching
consequences for the security and well-being of the nation.

A modern scientific infrastructure is needed to increase the global
competitiveness of domestic science. An outdated, uncompetitive scientific
infrastructure and the low level of material and technical equipment of scientific
organizations and universities are hindering the development of domestic science.
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8. ANALYSIS OF THE ACTIVITIES OF SECTORAL AUTHORIZED
BODIES (for the management of science and scientific and technical
activities)

8.1 Ministry of Agriculture of the Republic of Kazakhstan

The system of agricultural science of the country is represented by the National
Agricultural Research and Educational Center (hereinafter referred to as the NJSC
NAREC), the main objective of which is to promote innovative development of the
agro-industrial complex of the republic through scientific research and training of
agricultural personnel.

Thus, to solve the above-mentioned task, the NJSSC NAREC system includes 34
organizations: 3 universities (KazNAIU, KazATIU named after Seifullin, ZKATU
named after Zhangir Khan), 12 research institutes and research and production centers,
17 agricultural experimental stations and farms, 2 service companies (Asyl Tulik,
CTCA). The Ministry of Agriculture provides stable financing of agricultural science
through basic financing, as well as on a competitive basis - program-targeted
financing.

The NAREC organizations have received 741 security documents, more than 20
developments are being implemented, strategies for combating animal brucellosis and
bovine leukemia have been developed, a dossier has been compiled on the territory of
9 regions as foot-and-mouth disease-free zones, National programs for the control of
foot-and-mouth disease, brucellosis, leukemia have been developed, thematic digital
maps of the distribution and number of locusts have been created, the use of elements
of precision farming, smart farms, an interactive geoinformation map of degraded
pastures in the Republic of Kazakhstan with various degrees of degradation, etc.

10 areas of the agro-industrial complex were announced for the 2021-2023
competition: crop production, animal husbandry, veterinary medicine, plant protection,
processing of agricultural products, economics of the agro-industrial complex, organic
farming, natural resource management, smart agriculture and agricultural
mechanization. Subsidiaries of the National Agrarian Scientific and Educational
Center actively cooperate in various areas with international scientific and other
organizations in China, Brazil, Argentina, the USA, Belarus, Russia, Holland, France,
etc. At the same time, there are systemic problematic issues in agricultural science
(low funding, lack of funds for the modernization of scientific and technical
infrastructure, weak implementation of scientific developments, demand for the
seizure of scientific land plots, etc.), which cannot be solved without state support.
Subsidiaries of the National Agrarian Scientific and Educational Center implemented
27 scientific and technological progress projects in 2021-2023, and 4 scientific and
technological progress projects were carried out by third-party organizations within the
framework of the priority area “Sustainable development of the agro-industrial
complex and safety of agricultural products” in 9 specialized scientific areas.
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The effectiveness of individual completed scientific projects

STP “Development of technologies for effective management of the selection
process for the preservation and improvement of genetic resources in beef cattle
breeding .

In beef cattle breeding, 5 programs have been developed to improve the
selection and breeding work of 5 beef breeds. The level of profitability for five breeds
- Kazakh white-headed, Auliekol, Hereford, Angus and Kalmyk on average was within
the range of 33.50% to 41.57%. Research on selection and breeding work has been

implemented in 28 farms of the country.
Scientific and technical progress "Development and proposal for production methods of
diagnostics, disease prevention, therapy of infected animals and disinfection of soil anthrax foci"

The technical and economic efficiency of implementing the research results
consists of developing 8 domestic vaccines, 13 diagnostics, 2 medicinal preparations, 1
disinfectant for disinfection and elimination of soil anthrax foci with a description of

the methods and schemes of application that are ready for commercialization.

Scientific and technological progress “Creation of highly productive varieties and hybrids of
grain crops based on the achievements of biotechnology, genetics, physiology, and plant
biochemistry for their sustainable production in various soil and climatic zones of Kazakhstan”

In 2021-2023, 23 varieties of agricultural crops were submitted for State Variety
Testing, 4 recommendations and 1 monograph were developed, 5 patents of the
Republic of Kazakhstan were received, 20 patent applications were filed, 59 scientific
articles were published, including 8 articles in journals included in the international
Scopus and Web of Science databases, 12 implementation certificates were received,
and a license agreement was concluded. Original seeds of grain crops were produced
in the amount of 441.7 tons.

The economic effect is expressed in additional profit due to the high
productivity of new varieties and hybrids against previous analogues by at least 10% at
the same costs per unit area. The production of seeds that meet the requirements of
GOST will allow producers to obtain a high and stable yield. Saturation of the market
with seeds of varieties and hybrids of domestic selection will reduce the share of

imported seeds.

Scientific and technical progress “Study and provision of storage, replenishment,
reproduction and efficient use of genetic resources of agricultural plants to ensure the selection
process”’

In 2021-2023, 3,188 samples were actually collected; - exchange and
participation in the International Variety Testing - 2,493, including: grain - 1,076;
legumes - 90; oilseeds - 1,047; technical - 50; cereals - 230; expeditionary collection -
693 samples of forage crops and 2 samples of oilseeds.

1,494 samples of grain, oilseeds, cereal crops were transferred for agronomic
and molecular characterization of the collection material of the gene pool.

8 articles were published, included in the international Scopus database; 4 - in
the RSCI; 23 - in the list of Committee for Quality Assurance in Science and Higher

Education; 2 recommendations were issued.
Scientific and technical progress "Development of technologies using new strains of
beneficial microorganisms, enzymes, nutrients and other kits in the production of special dietary food
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products” (National Joint-Stock Company "Kazakh Agrotechnical University named after Saken
Seifullin)

As a result of the research conducted in 2021-2023, the following were
developed: 11 technologies for obtaining functional products; functional additives; 5
recommendations; 1 regulatory documentation for preventive drinks; 3 recipes; 1
technological regulation. A mini-plant for processing sheep and goat milk and
producing fermented milk products and cheeses from sheep and goat milk was created

on the basis of the S. Seifullin Kazakh Agrotechnical Research University.

Scientific and technical progress ‘“Regulatory and methodological support for the
development of organic production in the Republic of Kazakhstan in accordance with international
and foreign standards and requirements of priority sales markets”

The following has been developed: a model of an information platform for the
main participants in the organic products market, a system for accounting and
traceability of organic products, a model for interaction between participants in the
organic products market at the stage of extraction, processing and presentation of
agricultural raw materials to the international market. A draft Concept for the
formation and functioning of the PGS-Qazagstan program has been developed. A draft
professional standard "Organic Production” has been developed. 6 articles have been
published in domestic and 2 articles in foreign journals of Scientific Horizons
(recommended by the Committee for Quality Assurance in Science and Higher
Education), 1 article has been published in foreign journals with a non-zero impact

factor in interdisciplinary journals of Scopus (Q3).
Scientific and technical progress "Development of scientific and methodological approaches
to the implementation of remote sensing technologies (RS) to improve agricultural management"

Based on remote sensing data (space photography) and remote sensing methods,
a scientifically based method for identifying the main types of agricultural crops
(grains, legumes, oilseeds and forage crops) has been developed. The economic effect
of implementing the results obtained is the timely receipt of information on the state of
the soil cover in real time.

Based on the research results, 3 articles were published in domestic and 12
articles in foreign journals with an impact factor indexed in Q1, Q2, Q3 and Scopus
journals (2). 5 patents were received and one collective monograph was published.

8.2. Ministry of Health of the Republic of Kazakhstan

The infrastructure of scientific activity is represented by 8 medical universities,
including 3 non-departmental, 22 subordinate research organizations, of which 5
research organizations are subsidiaries of the Kazakh National Medical University
named after S.D. Asfendiyarov (hereinafter - KazNMU named after S.D.
Asfendiyarov) and 7 subsidiaries of the National Holding "QazBioPharm". Among the
subordinate research organizations - 17 clinical profile and 5 non-clinical profile.

In the healthcare system, there are 3 laboratories for collective use, including
scientific molecular genetic laboratories for collective use on the basis of KazNMU
named after S.D. Asfendiyarov and the Medical University of Karaganda and the
National Scientific Laboratory of Biotechnology on the basis of the National Center
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for Biotechnology, which provide access to modern devices and research for young
scientists and employees of medical education and science organizations within the
framework of research projects. To develop a support system and promote the results
of scientific research, a scientific and technological park operates on the basis of
KazNMU named after S.D. Asfendiyarov.

The human resources potential for scientific activity in the field of healthcare
(11,892 people) is represented by research personnel (850 people), scientific and
pedagogical personnel (7,416 people), clinical personnel of university and republican
clinics (3,626 people).

The share of personnel with an academic degree accounts for 23% (2,786
people). In total, 581 doctors of science, 1,806 candidates of science, 399 PhD doctors

work in organizations carrying out scientific activity in the field of healthcare.

For information. In 2023, medical universities and research institutes, scientific centers
participated in the implementation of scientific and technological progress at the expense of other
domestic grantors and funding organizations (national companies, business structures). At the same
time, representatives of the business community financing scientific research in the field of
healthcare include 16 organizations from among Kazakhstani companies and representative offices
of foreign companies in the territory of the Republic of Kazakhstan - SAUTS-OIL LLP, BARK
Technology LLP, PTC Therapeutics International Ltd, Boehringer Ingelheim RCV GmbH & Co KG,
Vita Eterna LLC, National Confederation of Employers (Entrepreneurs) of the Republic of
Kazakhstan, PARYZ, Alimentiv B.V. Corporation, GENERIUM JSC, Russia, Biofarmed LLP,
Medoptik LLP, Standard Pharma LLP, etc.

Research programs and projects were carried out in 2023 at the expense of foreign grantors.
At the same time, the number of foreign grantors and funding organizations includes more than 20
organizations, including Astra Zeneca, the Centers for Disease Control and Prevention (CDC), the
Global Fund to Fight AIDS, Tuberculosis and Malaria, Columbia University, Partners in Health
(PIH), the US Center for Infectious Disease Control, UNAIDC, SMCT GROUP, Wilmington, DE,
USA, Erasmus+, AbbVie LLC, RF, UNDP, IAEA, the EU Education, Culture and Audiovisual
Executive Agency (EACEA), etc.

Development of clinical research. Over the past three years, the number of
submitted applications for clinical trials in the Republic of Kazakhstan has increased
by 1.1 times, approved applications by 1.6 times, and active trials by 1.3 times. In
2023, 17 clinical trials are being implemented (in 2022 - 12 trials, in 2021 - 10 trials)
(according to the website of the National Center for Expertise of Medicines and
Medical Devices).

Research performance indicators. The analysis of research performance
indicators for 2023 was carried out for all medical education and science organizations
(27 organizations).

According to the analysis of the assessment indicators for the indicator "Number
of patents and other security documents", the leaders in the number of security
documents received among universities in proportion to all organizations are West
Kazakhstan Medical University named after M. Ospanov (40%) and Astana Medical
University (33%). Among research institutes, the top three scientific centers are
NCAID (13%), NSCTO (11%), MCH PAA RK (10%). Over the past 3 years, the
number of articles published by medical universities and scientific organizations in the
field of healthcare annually in publications indexed by Scopus and Web of Science has
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increased from 469 articles in 2020 to 955 articles in 2023.

Achievements of scientific and educational organizations of the Ministry of
Health of the Republic of Kazakhstan

Undoubtedly, the most significant achievement of domestic scientists in 2023
was the invention by the employees of the UMC (National Scientific Cardiac Surgery
Center) of a new device ALEM (Astana Life Ex-situ Machine) for storing and
transplanting donor organs. In this regard, the risk of not having time to transport
organs and perform an operation is significantly reduced, since now the extracted
organs can be suitable for 24 hours. The domestic method is safe, because the device
creates an imitation of a heart contraction.

The Karaganda Medical University has launched a commercialization project
on the topic "Exoskeleton” - a mobile lift - an assistant for people with disabilities,
with an implementation period of 2023-2024. The project is based on our own
development of a device that ensures unhindered and safe overcoming of stairs for
people with disabilities who move in wheelchairs. The device is characterized by
convenience and ease of use, while the cost is 2-3 times lower than that of analogues.
The implementation of the project will allow establishing our own production of a
high-tech product to improve the quality of life of people with disabilities.

Astana Medical University is implementing the Science Foundation's
commercialization project “Radiation Monitoring of the Territory of Oil-Producing
Enterprises” (2022-2024) for a total of 63 million 285 thousand tenge. As part of the
project, contracts were concluded with 3 oil producing companies for the provision of
industrial radiation monitoring services for a total of 3 million 144 thousand tenge.
The Institute's scientific developments have been introduced into the educational
process and in the cycle of advanced training for doctors to ensure radiation safety. At
the same time, the amount of paid services provided in 2023 amounted to 4 million
tenge.

The Research and Production Center of Transfusiology, as part of a scientific
research, has begun work for the first time in the republic on the isolation and
cultivation of mesenzymal stem cells (hereinafter referred to as MSC). MSC
preparations are intended for therapeutic purposes in oncohematological pathologies
and joint diseases.

On the basis of the Scientific and Technological Park of KazZNMU named after
Asfendiyarov, the implementation of 4 projects was continued at the specialized
dialogue platform for the integration of science and business "Reactor of
commercialization of technologies”. Based on the results of the study, 2 security
documents were received, 2 projects entered the final stage of commercialization. The
income received will allow the product to be self-sufficient.

As an example of successful interdepartmental collaboration, we can note the
Batpenov NRCTO, which, in the framework of cooperation with the East Kazakhstan
Technical University named after D. Serikbayev, is participating in the formation of a
scientific technopark for the creation of domestic metal implants and further
participation in the grant for the commercialization of their manufacturing
technologies.
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The National Center for Biotechnology, within the framework of grant funding
for the development of a biomedical technology for the treatment of ankle cartilage
pathology using an injectable biocomposite hydrogel, obtained and characterized a
heparin-conjugated fibrin hydrogel (HCFH) containing autologous mesenchymal stem
cells (MSCs) of the synovial membrane and growth factors to stimulate the
regeneration of cartilage tissue. Successful implementation of the program will allow
in the future not only to increase the effectiveness of the treatment of osteoarthritis of
the knee joints, but will also lay the methodological foundations for the use of cellular
and tissue engineering technologies for the treatment of injuries to the musculoskeletal
system in Kazakhstan. In 2023, the National Scientific Oncology Center was the first
in Kazakhstan to use targeted therapy with venetolax to treat patients with acute
myeloid leukemia - patients over 60 years of age with comorbid conditions, which
made it possible to increase the survival of 17 elderly patients with acute myeloid
leukemia. In addition, the use of target therapy with daratumumab to treat patients with
multiple myeloma who are planned to undergo bone marrow transplantation made it
possible to improve the survival of 13 patients with multiple myeloma.

In the reporting year, the National Reseach Medical Center began a clinical trial
(phase 3) of a drug manufactured by Boehringer Ingelheim for the treatment of obesity
(non-hormonal drug). 48 countries of the world (the European Union and the USA) are
participating in the clinical trial. Participation in such a study is prestigious and implies
further cooperation in international projects.

In turn, the Ministry has launched the Roadmap for the Scientific and
Technological Development of the Healthcare System of the Republic of Kazakhstan
for 2023-2027 to successfully and effectively conduct the MedTech pilot project.

The National Scientific Center of Health Development of the Ministry of Health
of the Republic of Kazakhstan continued to work on the Cerebra and Lung Cancer
Screening System Using Computed Tomography and Artificial Intelligence/Forus
Data technologies. In 2024, it is planned to conduct an on-site audit of seven
technologies for further scaling and practical implementation.

Brief results obtained within the framework of scientific programs financed by
the Ministry of Health of the Republic of Kazakhstan.

In 2023, work was completed on the implementation of scientific research in
accordance with the calendar plan of 9 scientific and technical programs of program-
targeted financing with an implementation period of 2021-2023. For example:

1. Scientific and technological program “Development and advancement of
innovative technologies for early diagnosis and treatment of malignant diseases,
taking into account modern approaches to genomics” (executor - JSC “Kazakh
Research Institute of Oncology and Radiology”). Implementation period - 2021-2023.

Program goal: development and advancement of innovative technologies for
early diagnosis and treatment of malignant diseases, taking into account modern
approaches to genomics and proteomics in lung cancer, stomach cancer, ovarian
cancer, cervical cancer, colorectal cancer and in children with acute leukemia,
extragonadal germ cell tumors.

The results of the work and the novelty of the research were presented at
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international and national scientific events (123 reports). 37 articles were published
(18 of them in international publications), 6 guidelines, 36 abstracts. 52
Implementation certificates were issued. 8 patents and copyright certificates were
received.

2. Scientific and technical program “Aging and Healthy Lifespan”
(implemented by Nazarbayev University). Implementation period: 2021-2023. The
goal of the program is to implement a multifaceted, organically interconnected state
target program of high international level research in the field of aging and healthy
life. In 2021-2023, 10 articles were prepared and published in highly rated foreign and
domestic publications.

3. Scientific and technical program “Development and scientific substantiation
of innovative technologies to improve the efficiency of diagnostics, treatment of
Injuries, consequences of injuries, diseases of the limbs, spine and pelvis”
(implemented by N.D. Batpenov National Research Center of Traumatology and
Orthopedics). Implementation period: 2021-2023.

A new universal classification and differentiated approach to the treatment of
various chest deformities are proposed. A method of double cementation has been
introduced in patients with bone tissue defects after knee arthroplasty.

Scientific result: 1 Eurasian patent, 2 patents for invention, 2 patents for utility
model, 4 copyright certificates received, 3 applications for security documents filed,
35 reports made at national and international conferences, 28 publications published,
including 5 in foreign peer-reviewed journals included in the Scopus and Web of
science databases, 7 in journals recommended by the Committee on Quality Assurance
of the Republic of Kazakhstan, and 2 articles at the review stage, 1 monograph, 4
methodological recommendations, 16 implementation certificates.

4. Scientific and technological program “Development of innovative and highly
effective technologies aimed at reducing the risk of premature mortality from diseases
of the circulatory system, chronic respiratory diseases and diabetes” (Contractor -
JSC “Research Institute of Cardiology and Internal Medicine™). Implementation period
- 2021-2023.

The program is aimed at reducing the risk of premature death by developing and
implementing innovative, highly effective technologies for diagnostics, treatment and
monitoring of major cardiovascular, chronic respiratory diseases and diabetes. The
results of the program can significantly improve postoperative outcomes, reduce the
patient's stay in hospital and improve the quality of life.

As a result of the implementation of the STP, 14 scientific articles were
published (7 foreign in international peer-reviewed journals, 7 - CQASHE), 4 patents
were received (including 1 patent for invention), 6 author's certificates, 5 acts of
implementation.

8.3. Ministry of Ecology and Natural Resources of the Republic of
Kazakhstan

The Ministry of Ecology and Natural Resources of the Republic of Kazakhstan
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(hereinafter referred to as the MENR RK) implemented 7 programs for a total of 7.3
million tenge (including Committee on Forestry and Wildlife - 3, Fisheries Committee
- 2, GC - 3) for 2021-2023 within the framework of program-targeted financing.

During the implementation of competitive programs of program-targeted
financing for 2023, 4 security documents were received, 57 scientific papers were
published, of which 29 or more than 51% are presented in foreign publications,
including 8 in Web of Science and 5 in Scopus. The results of 2 R&D (100%) have
Implementations, the number of which amounted to 15 units.

Forest resources are one of the most important types of biological resources
related to exhaustible, but renewable, multi-purpose. Research on the rational use of
forest resources is the focus of the activities of the Kazakh Research Institute of
Forestry and Agroforestry named after A.N. Bukeikhan (hereinafter referred to as
KazRIFA).

During the implementation of competitive programs of program-targeted
financing for 2023, KazRIFA received 1 security document, published 16 scientific
papers, of which 9 or more than 55% are presented in foreign publications, including 3
in Web of Science and 5 in Scopus. The results of 1 R&D (100%) have
Implementations, the number of which amounted to 12 units.

Based on the results of research in 2023, 10 recommendations were developed
for production, increasing sustainability, restoring tugai forests and afforestation in the
southern regions of Kazakhstan, etc. 1 database of valuable genotypes of plus trees of
Scots pine for Northern Kazakhstan was created. Received 1 patent for utility model
No. 8091 dated 02/23/2023 "Method for increasing the survival rate and growth of
forest crops on saline soils". In 2023, the Illustrated Atlas of Pests of the Green Zone
of Astana was published, 12 acts of implementation of the results of research work in
production were received (state forestry institutions of the Akmola, East Kazakhstan
and West Kazakhstan regions). 5 scientific articles were published in peer-reviewed
foreign scientific journals included in the Web of Science and Scopus databases (based
on the conclusion of the NCSSTE on report BR10263776-OT-23).

The Institute of Botany and Phytointroduction of the CFW MENR RK
(hereinafter referred to as the Institute of Botany and Phytointroduction) has provided
a comprehensive cadastral assessment of the current state of flora, vegetation and plant
resources within the Almaty region.

During the implementation of competitive programs of program-targeted
financing for 2023, the Institute of Botany and Phytointroduction received 3 security
documents, published 41 scientific papers, of which 20 or more than 50% are
presented in foreign publications, including 5 in Web of Science and Scopus. The
results of 1 R&D (100%) have implementations, the number of which amounted to 3
units.

In 2023, based on the inventory of flora and mycobiota of the study areas,
annotated lists of flora of higher vascular plants were compiled from 3165 species,
algae - 1227 species and varieties, mycobiota - 412 species of micromycetes and 60
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species of macromyecetes, including 7 new for Kazakhstan. A phytocenotic assessment
was carried out based on 228 geobotanical descriptions, combined into 8 vegetation
types and 24 ecological and physiognomic categories. A modern assessment of the raw
material base was given and maps of the locations of 33 species of economically
valuable plants were developed, including 18 used in official medicine, of which 11
form commercial thickets.

A website for potential nature users “Cadastre of resource species of the Almaty
region” (https://botany.oopt.kz/) has been prepared for work. The Seed Bank of
Natural Flora contains 659 samples, including 13 rare ones. 32 rare plant communities
and species have been identified for the Almaty Region. A list of invasive plants (42
tree species and 29 herbaceous species) has been compiled and their aggressiveness
has been assessed. 40 forms of Sievers apple and 32 forms of common apricot, which
are of high value for breeding, have been selected. 5 cadastres, a Seed Atlas, the Red,
Green, and Black Books have been published, as well as 41 scientific publications,
including: 5 articles in highly rated journals (Q1, Q2, Q3), 10 in the Russian Science
Citation Index, 3 in the Russian Collection of Crops and Vegetables of the Russian
Academy of Science, 21 articles in the Proceedings of International Scientific
Conferences. Received: 3 security documents (copyright certificates) and 3
implementation acts of the Forestry Development Department of the Ministry of
Ecology and Natural Resources of the Republic of Kazakhstan (based on the
conclusion of the National Center for State Technical Expertise on report
BR10264557-0T-23).

In addition, we present the results of ongoing scientific, scientific and technical
programs within the framework of grant funding for 2021-2023.

In 2023, within the framework of the competition for grant funding held by the
Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan, KazRIFA LLP and the RSE on the Right of Economic Management
IBF took part.

KazRIFA LLP implemented 2 projects, 2 of which are scheduled for completion
in 2023. During their implementation in 2023, 1 security document was received, 4
scientific papers were published, 4 of which, or 100%, were presented in foreign
publications, including 3 in Web of Science and 4 in Scopus. The results of 1 R&D
(50%) have implementations, the number of which amounted to 1 unit. In 2023, within
the framework of the grant funding project of the Science Committee of the Ministry
of Health of the Republic of Kazakhstan “Development of a method for preserving a
rare species of Kazakhstan, Aflatunia ulmifolia (Franch.) Vassilcz., using
biotechnology methods and studying its phytochemical composition” (IRN
AP09057922), a method for clonal micropropagation of Aflatunia ulmifolia (Franch.)
Vassilcz. was developed for the first time and individual indicators of the
phytochemical composition of the species, the floristic composition of aflatunniks
were studied, 2 scientific articles were published (based on the conclusion of the
National Center for State Scientific and Technical Expertise on report AP09057922-
OT-23); under the project "Development of technologies for plantation cultivation of
medicinal herbs in the Northern region of Kazakhstan without reducing the content of
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biologically active substances in them" (IRN AP09259323), a technology for
cultivating medicinal plants was developed and recommendations were drawn up for
growing plantations of medicinal plants in the Northern and South-Eastern regions of
Kazakhstan. 2 scientific articles were published (based on the conclusion of the
NCSSTE on report AP09259323-0T-23).

RSE on the Right of Economic Management "IBF" implemented 5 projects, of
which 1 with a completion date this year and 4 ongoing R&D with implementation
dates in 2021-2023, 2022-2024, 2023-2025. During their implementation, 9 scientific
papers were published in 2023.

In 2023, within the framework of 5 projects of grant financing of the Science
Committee of the Ministry of Health of the Republic of Kazakhstan, the following
results were obtained:

1. IRN AP09258929 "Prospects for using the correlation between the
composition of the anthropophilic element of the flora of the desert part of the Syr
Darya River valley and the type of land disturbance for forecasting purposes" (2021-
2023). The novelty of the proposed project lies in identifying patterns in the dynamics
of the addition of both the general species composition of vegetation in areas disturbed
as a result of various impacts, and directly its anthropophilic element. Such a study
was conducted in Kazakhstan for the first time. The revealed parabolic dependence of
the composition of anthropophiles on the type and degree of vegetation disturbance
can be used in planning economic activities, as well as solving issues of environmental
regulation. In 2023, 7 articles were published, including: 1 in the highly rated
databases Scopus, Web of Science, CQASHE - 1, 5 in conference materials, 1
brochure was published (Report AP09258929-0T-23).

2. IRNAR19677563 "Research of paleoflora and climate of Central Kazakhstan
at the turn of the Oligocene and Miocene and the initial stage of desertification of the
region” (2023-2025). A review and analysis of the Cenozoic floras collected and
studied in the Uly-Zhilanshik River valley (South Torgay Depression, Kazakhstan)
was carried out. This region is key to understanding the processes of environmental
change in the Paleogene and Neogene (Brief information - AP19677563-KS-23).

3. IRN AP19679078 "Study of species diversity of the ecotone territory of
northeastern Betpakdala for the preservation of the relic gene pool of the arid flora of
Kazakhstan™ (2023-2025) during the program, screening of the species composition of
the Betpakdala desert flora was carried out and preliminary lists of rare, endemic, relict
plants of this region were compiled. Descriptions of 17 plant communities were made,
materials for anatomical studies of 14 species and 26 samples of molecular studies
were selected. One rare species, one endemic species and 7 relict plants were identified
(Brief information - AP19679078-KS-23).

3. IPH AP14870712 "Study of species diversity and genetic polymorphism of
tulips (Tulipa L.) of Northern Kazakhstan" (2022-2024). During the program
implementation, the geographic distribution and habitats of tulips in the territory of
Northern and Central Kazakhstan were identified and a map was compiled in the
ArcGIS program. 131 locations of tulip growth in Northern and Central Kazakhstan
were identified.
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4. IRN AP19680161 "Taxonomic revision of the genus Gagea (Liliaceae Juss.)
in the flora of Northern and Central Kazakhstan using molecular phylogenetic
research methods" (2023-2025). During the program implementation, the geographic
distribution of Gagea species in the flora of the Akmola and Kostanay regions was
studied, maps of their ranges were compiled in the ArcGIS program.

8.4. Ministry of Energy of the Republic of Kazakhstan

In accordance with the Concept of Development of the Fuel and Energy
Complex of the Republic of Kazakhstan for 2023-2029 (PPRK dated June 28, 2014
No. 724), one of the key tasks of the nuclear industry is the development of nuclear
science. To solve this problem, the Development Plan of the Ministry of Energy of the
Republic of Kazakhstan provides for the implementation of the budget program
"Development of Nuclear and Energy Projects".

Within the framework of the subprogram "Applied scientific research of a
technological nature in the field of nuclear energy", five target scientific and technical
programs of the budget program "Development of Nuclear and Energy Projects™ are
being implemented:

1. Development of nuclear energy in the Republic of Kazakhstan.

2. Scientific and technical support for experimental research at the Kazakhstani
materials science tokamak KTM.

3. Development of comprehensive scientific research in the field of nuclear and
radiation physics based on Kazakhstani accelerator complexes.

4. Development of nuclear physics methods and technologies for innovative
modernization of the economy of Kazakhstan.

5. Development of new scientific research in the field of radiation materials
science, structural materials, nanomaterials at the VVVR-K research reactor.

As part of the implementation of target scientific and technical programs for
2023, 50 scientific articles were published, 35 scientific developments were prepared
ready for use in the field of nuclear science and technology, 5 applications for patents
of the Republic of Kazakhstan were submitted.

The program "Development of Nuclear Energy in the Republic of Kazakhstan" is
aimed at scientific and technical substantiation of the sustainable and safe development
of the peaceful use of atomic energy, obtaining a set of scientifically based calculation,
theoretical and experimental data necessary for the development of the nuclear energy
industry in the Republic of Kazakhstan. As a result of the work performed under this
program, the following main results were obtained:

On the direction of "Research to improve the safety and efficiency of nuclear
and thermonuclear energy", processes aimed at improving the safety and efficiency of
nuclear energy were studied on reactor and non-reactor stands.

On the direction of "Nuclear, radiation technologies and materials in nuclear
power engineering", research has been carried out in the field of nuclear, radiation
technologies and materials of nuclear power engineering, facilitating the
implementation of science-intensive technologies and allowing to solve urgent
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problems of direct conversion of nuclear energy, reducing the amount of radioactive
waste, obtaining new, promising materials with improved properties.

On the direction of "Radiation and environmental safety of nuclear power
engineering", research has been carried out in the field of developing new methods of
radioecological research, dosimetry of ionizing radiation, which are relevant at all
stages of the development of nuclear power engineering and allow to form a true
understanding of possible mechanisms of the impact of hazardous factors on humans
and the environment, to develop solutions for their minimization.

On the direction of "Development of the Nuclear Event and Radiation Accident
Monitoring System", research has been conducted to support the development of
nuclear event and radiation accident monitoring, which will form the basis for the
creation and operation of a corresponding system in Kazakhstan.

The program "Scientific and technical support for experimental research at the
Kazakhstan Materials Science Tokamak KTM" is aimed at solving the urgent problem
of supporting experimental research at the Kazakhstan Materials Science Tokamak
(KTM). As a result of the work performed under this program, the following main
results were obtained:

On the direction of "Development of methods for conducting research at KTM
and means for monitoring the physical parameters of high-temperature KTM plasma
during its interaction with materials", research has been carried out aimed at obtaining
experimental data on the plasma discharge at the KTM tokamak, as well as on setting
up and developing the operating modes of systems that ensure the discharge, control of
the plasma cord and display of its parameters, which are an important part and a
necessary condition for high-quality testing of promising materials for thermonuclear
technology under KTM conditions.

On the direction of "Development and experimental substantiation of innovative
technologies for the creation of a fusion reactor", research was carried out on the
development of innovative technologies for the creation of a nuclear fusion reactor to
obtain experimental data on testing promising materials for fusion technology.

On the direction of "Modernization of the technology for preparing the KTM
tokamak for plasma experiments", a set of works was carried out aimed at optimizing
the methods and operating modes of systems that ensure the quality and safety of tests.
For the first time, a real-time system was developed for the KTM tokamak for
injecting working gas into the vacuum chamber in order to create conditions for
breakdown and growth of the plasma cord current and control the plasma density, the
modes and methods for cleaning the KTM tokamak discharge chamber were
optimized.

In the direction of "Experimental and theoretical studies of the effects of plasma,
hydrogen and helium ions on the surface and bulk layers of KTM materials", data were
obtained on the effect of neutron irradiation in a helium environment on the structure
and properties of high-purity tungsten DFW, as well as the accumulation of helium
and its effect on the mechanical properties of high-strength, heat-resistant metal and
ceramic coatings, which will form the basis for choosing the optimal method for
increasing the radiation resistance of materials used in thermonuclear reactors, the
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nature and extent of changes in the microstructure, phase composition, physical,
mechanical and corrosion properties of candidate materials for the thermonuclear
installations being developed were established, which makes a significant contribution
to the development of radiation materials science.

The program "Development of complex scientific research in the field of nuclear
and radiation physics based on Kazakhstan's accelerator complexes” is aimed at
obtaining new experimental data for modeling processes occurring in nuclear power
plants, as well as obtaining new experimental knowledge on the effect of irradiation
with thermal and fast neutrons, as well as charged particles, on changes in the phase
structural state, mechanical and corrosion characteristics of structural materials of
nuclear reactors.

The program "Development of nuclear-physical methods and technologies for
innovative modernization of the economy of Kazakhstan" is aimed at expanding the
possibilities of practical application of nuclear-physical methods and technologies in
medicine, industry and environmental protection.

The program "Development of new scientific research in the field of radiation
materials science, structural materials, nanomaterials at the VVR-K research reactor"
Is aimed at developing new scientific directions in the field of studying the stability of
structural materials, inert matrices of nuclear fuel, nanostructured materials to neutron
radiation and the kinetics of radiation damage.

As a result of the successful implementation of research under this scientific
program BR10965284 "Development of technologies for the production and storage of
hydrogen for the development of alternative energy in the Republic of Kazakhstan™ in
the framework of the development of materials for hydrogen storage and research into
the impact of thermal cycling sorption/desorption processes on the Ti-25Al-25Nb alloy
system, it was found that after the thermal cycle, the material retains a two-phase
structure with the formation of new precipitations. These results emphasize the
importance of understanding changes in the structure of the material under thermal
cycling effects and can be key to the development of more effective sorption materials
for hydrogen storage.

8.5. Ministry of Digital Development, Innovation and Aerospace Industry of
the Republic of Kazakhstan

The purpose of scientific research in the field of space activities is the
development and implementation of high-tech space technologies in the sectors of the
economy of Kazakhstan. The scientific and scientific-technical potential includes such
enterprises as the joint-stock company "National Center for Space Research and
Technology" (JSC "NCSR&T") and JSC "National Company "Kazakhstan Gharysh
Sapary"”, limited liability partnerships V.G. Fesenkov Astrophysical Institute
(hereinafter - LLP "FAPI"), "Institute of the lonosphere™ (hereinafter - LLP "11") and
"Institute of Space Engineering and Technology" (hereinafter - LLP "ICET") and
"Ghalam" (hereinafter - LLP "Ghalam"), as well as the Republican State Enterprise
"Infrakos" (hereinafter - RSE "Infrakos").
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In 2023, JSC NCSR&T completed the target scientific and technical program
No. BR109019/0221/PCF within the framework of RBP 008 “Applied scientific
research in the field of space activities and information security”. The program has the
DSP stamp.

During the program, research was conducted on rocket fuel, software and
hardware and design technologies for key launch vehicle subsystems: engine, body
and power elements, control system, and possible ways of creating a space rocket
complex and rocket were studied. The results of the work on the Program are reflected
in the final report, the conclusion of the state scientific and technical examination and
approval of the National Scientific Council were received.

In 2023-2025. within the framework of RBP 008 “Applied scientific research in
the field of space activities and information security”, the target scientific and
technical program BR No. 203002/0223/PCF is also being implemented with the
"DSP" stamp, which is a continuation of the previous program. Within its framework,
methods and tools for designing a space rocket complex are being developed.

In 2023, within the framework of grant financing from the Ministry of
Education and Science of the Republic of Kazakhstan, work was also completed on the
project "Development of a methodology for analyzing indirect effects from the
prevention and elimination of emergencies (minimization of victims, budget
expenditures, environmental impact, etc.) when using space assets” within the
framework of the program "Development of a multi-purpose aerospace monitoring
system and services for integrated situational presentation of information on
emergencies in the cross-border regions of the territory of the Republic of Kazakhstan
and the Russian Federation". During the project implementation, methods for
analyzing indirect effects from emergency prevention and response (minimization of
casualties, budget expenditures, environmental impact, etc.) were developed when
using space vehicles for the basin of large rivers in Northern and Eastern Kazakhstan.
As a result of the work, an interactive map of irrigated territories and areas promising
for irrigation and recommendations for the rational use of irrigated areas and areas
promising for irrigation were developed.

In 2023, 2 projects were completed within the framework of grant financing for
scientific and (or) scientific and technical projects for 2021-2023 (MSHE RK):
"Development of a domestic technology for producing a radio-transparent high-
strength composite for the bodies of military unmanned aerial vehicles and aerospace
equipment” (AP090558225) and "Development of basic technological operations for
producing a domestic light alloy for the defense and aerospace industry"” (00037 / GF-
DSP-20). Within the framework of the above projects, technological modes for
molding organoplastics were developed, samples of aluminum-lithium alloy with the
required chemical composition and minimum content of impurities and porosity were
obtained.

In 2023, the PCF 2021-2023 program No. BR109018 / 0221 / PCF with the
"DSP" stamp, aimed at the development of satellite technologies, was successfully
completed. The purpose of the research and development work was to develop and test
key technologies for the creation of spacecraft (SC) at the production base of Ghalam
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LLP.

Results obtained: the technology was developed, technical documentation was
approved and preliminary tests of the integrated S-, X-band communication earth
station based on SDR technology were carried out. Technical documentation was
developed and an engineering model of the on-board control computer and the
spacecraft power supply system was created. Based on the results of the work, 4
scientific articles were published (including 2 in the indexed international journal Q3,
2 in journals recommended by the Ministry of Higher Education of the Republic of
Kazakhstan), 2 patents, 2 copyright certificates for intellectual property.

In 2023, Institute of Space Engineering and Technology LLP carried out 4
scientific projects within the framework of grant funding from the Ministry of Science
and Higher Education of the Republic of Kazakhstan for 2021-2023 and 2022-2024
(including 2 projects with the secrecy classification "FOU").

By priority "Information, communication and space technologies"

1. Project AP09259684 "Development of methods and hardware and software
for improving the accuracy of satellite navigation definitions without using differential
corrections™ (implementation period 2021-2023, funding volume for 2023 - 17,599.00
thousand tenge).

Results obtained for 2023: experimental samples of hardware and software for
high-precision satellite navigation definitions were developed, test reports were signed,
design documentation was adjusted. The software of the experimental sample of the
high-precision satellite navigation system based on the inertial-satellite navigation
system was introduced into the educational process of the Almaty University of Power
Engineering and Communications named after Gumarbek Daukeev. Based on the
results of the work, 1 article was published in the foreign scientific journal "Applied
Sciences" (the journal's percentile in Scopus is 73%, the quartile in Web of Science is
Q2), 1 copyright certificate for software was received, 1 act of implementation of
R&D results was received.

2. Project with the "DSP" stamp AP148043/0222 "Development of a system for
positioning ground objects based on the Earth's magnetic field data using BigData
technology" (implementation period 2022-2024, funding volume for 2023 is
26,344,371 thousand tenge).

Results obtained: a prototype of the magnetic positioning system of objects was
manufactured and tests of the prototype of the magnetic positioning system of objects
were carried out. Recommendations for the practical use of the system and an
assessment of the accuracy of positioning objects in various regions of the Republic of
Kazakhstan based on its tests were developed. Based on the results of the work, 1
article was published in the foreign scientific journal "Recent Progress in Science and
Technology", 1 article in the domestic journal "Journal of Problems of Open Systems
Evolution”, included in the list of CQASHE and in the RSCI database.

RSE "Infrakos™ ASC MDDIAI RK within the framework of grant financing of
the Ministry of Higher Education of the Republic of Kazakhstan for the project "Study
of the processes of identification of rocket hydrocarbon fuel in soils of launch vehicle
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operation areas and development of their hygienic standard". The results of the project
will be reflected in the assessment of environmental damage to the environment and
health of the population living in the territories adjacent to the fall areas. In 2023,
based on the results of the research, 2 scientific articles were published in the journal
recommended by CQASHE.

Within the framework of fundamental scientific research and program-targeted
financing of the Ministry of Higher Education of the Republic of Kazakhstan and the
International Center for Research and Atomic Energy of the Republic of Kazakhstan,
grant financing of the Ministry of Higher Education of the Republic of Kazakhstan for
scientific and (or) scientific and technical projects for 2023, 24 works were carried out
at the Institute of the lonosphere LLC.

In 2023, the following results were obtained:

Modules for loading and pre-processing satellite data for the space monitoring
system of active forest and steppe fires were developed. New modules for the
automated space monitoring system of active forest and steppe fires and algorithms for
assessing burnt areas of the transboundary regions of the Republic of Kazakhstan and
the Russian Federation were developed. An automated system for space monitoring of
active forest and steppe fires and assessment of burnt areas of the transboundary
regions of the Republic of Kazakhstan and the Russian Federation was developed. A
system for operational space monitoring of floods and freshets in the transboundary
river basins of the Republic of Kazakhstan and the Russian Federation was developed,
etc.

In 2023, 9 articles were published in highly rated foreign publications, 7 in
domestic publications recommended by the CQASHE MSHE RK, 8 reports were
presented at international conferences.

RSE "Institute of Information and Computational Technologies" completed the
scientific and technical program "Development of an expert system for supporting
decision-making in the space industry" in 2023. Based on the results of the program
implementation, an information platform was created for collecting and analyzing
publications on space topics, assessing development models for areas and drawing
conclusions based on it.

Thus, based on the results of the programs within the framework of RBP 008
"Applied scientific research in the field of space activities and information security"
(hereinafter referred to as the Program), 13 science-intensive space technologies were
developed in 2023. Of these, 8 were developed and are ready for use within the
framework of the "FOU" program, the remaining 3 - within the framework of open
programs: an expert decision support system in the space industry, a wide-angle
optical system, an innovative spectral device.

The results of the Programs will be further used in the structures of the space
industry of Kazakhstan in the design of subsystems of light and ultra-light launch
vehicles, as well as domestic spacecraft.
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9. CONCLUSIONS AND RECOMMENDATIONS
(on the further development of the national scientific system)

Priority | — “Rational use of water resources, flora and fauna, ecology”

Conclusions. Scientists of Kazakhstan have obtained new knowledge about the
state of river basins, monitoring and assessment of the hydrographic network,
developed models and forecasts for making scientifically sound management decisions
on water use. A new direction in this area of knowledge should be considered research
on the forecast and assessment of the environmental risk of spring floods and their
consequences in flooded areas. In matters of rational use of animal and plant resources,
it is important to preserve biodiversity, study rare and poorly studied species and
subspecies of fauna and flora, identify new species, their adaptability to existing
regional climate changes. New knowledge in issues related to urbanization and
landscaping revealed a tendency towards homogenization of ecosystems and a
decrease in the biodiversity of cenoses.

Recommendations:

- focus on the development of fundamental research. It is discoveries in
interdisciplinary science that make a fundamental contribution to the creation of
breakthrough technologies. In Kazakhstan, the development of interdisciplinarity is
constrained by such factors as funding, project implementation deadlines, imperfect
expertise, personnel training, article review, etc.;

- develop digital transformation at all stages of research;

- implement "artificial intelligence” that will generate fundamentally new
knowledge and make discoveries;

- generate scientific ideas and concentrate scientific knowledge on the basis of
established scientific schools in conjunction with business, stakeholders, the
educational environment and other interested parties;

- form motivation in the educational environment aimed at acquiring knowledge
and increasing the level of professionalism based on improving the content of the
curricula of educational institutions, since the scientific way of thinking is formed
precisely in universities;

- consider the approach to distributing funds for scientific research allocated on
a competitive basis with extremely short terms of actual implementation of projects to
be non-constructive, which often cannot provide breakthrough results at the global
level and most often do not have a systematic and finished form.

Priority Il — “Geology, extraction and processing of mineral and hydrocarbon
raw materials, new materials, technologies, safe products and structures”

Conclusions. Whoever owns geological information owns the subsoil.
Kazakhstan is of significant interest for geological exploration of metals, oil, gas, rare
and rare earth minerals. It is necessary to determine the list of metals and minerals that
are critical for its economy, the extraction and processing of which can serve as a
further scientific and technological breakthrough in the mining, oil and gas production,
beneficiation industries, and, more importantly, related scientific fields and
manufacturing industries.
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Recommendations:

1. Ensure high-quality and systematic state geological study of the country's
territory at the regional stage, which will lead to the localization of new potential oil
and gas regions, ore regions, deposits of oil shale, groundwater and geothermal sources,
which will further allow the discovery of new deposits.

2. Strengthen the requirements for the training of bachelors, masters, doctoral
students, for the Final Certification, the level of master's dissertations. One of the
requirements could be the presence of at least one article in a journal included in the
List of publications recommended by the CQASHE MSHE RK (and not just
publications that involve the usual inclusion of an abstract in the conference
proceedings, as a rule, even without preliminary review). For comparison, in China,
for a similar level of training of specialists, an article corresponding to quartile Q4 is
required.

3. Create a new center for thermobarometric and geochemical research on the
basis of the already established laboratory "Sedimentology and Earth
thermobarometry"” of Satbayev University. This laboratory will provide a unique
opportunity to study the evolution of paleotemperatures of planet Earth, which is
currently of critical importance due to climate change. 4. Start developing geothermal
energy production (GEP), energy storage (ES), and carbon storage and sequestration
(CSS), using as a basis a major 3-year research project of Nazarbayev University
“Potential for Geothermal Energy Production (GEP), Energy Storage (NE), and
Carbon Storage and Sequestration (CSS) in Kazakhstan Sedimentary Basins —
Geological Baseline Study”. Their development will help strengthen Kazakhstan’s
position as one of the leaders in the green economy, create many jobs throughout the
country, and improve the environmental conditions of the population.

Priority Il — “Power Engineering and Mechanical Engineering”. Power
Engineering

Conclusions. The scientific community of Kazakhstan is working to implement
the energy transition and reduce greenhouse gas emissions. To achieve carbon
neutrality, Kazakhstan is encouraging initiatives to create and develop low-carbon
technologies, such as wind and solar power, and hydrogen generation.

The key trend in the energy sector, which served as an idea for research, is the
creation of autonomous hybrid energy complexes. The development of energy
accumulation and storage systems is a priority in the work of the scientific community.
The development and implementation of digital substations is characterized by the
unification of the power grid and information infrastructure and opens up opportunities
for fast and easy exchange of information between devices. The main trends in the
energy sector at the present stage are: geothermal energy; wind energy; solar energy;
biofuel; hydrogen energy; closed-loop nuclear energy; coal gasification. Suggestions:

Kazakh scientists and researchers should pay key attention to such issues as:
ensuring and improving the reliability of energy systems with a significant volume of
renewable energy sources, systems for forecasting the production of renewable energy
sources, energy storage systems, energy efficiency throughout all energy cycles,
starting from the operation, generation, transmission, distribution, use and
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decommissioning of energy systems, since, according to the forecast of the
International Energy Agency, natural gas, renewable energy, and energy efficiency are
taking the leading positions in meeting the growing global energy needs.

In order to reduce greenhouse gas emissions and meet the growing need for
electricity, nuclear and hydrogen energy should be explored as a serious alternative to
coal.

Mechanical engineering

Conclusions. Despite the growth of almost all types of activity in the mechanical
engineering industry for the period from January to November 2023 and the support
provided by the state to enterprises, ranging from preferential financing ("Economy of
Simple Things", "Business Roadmap-2025", "Preferential Lending Program™) to sales
assistance (preferential leasing), as well as the import substitution program and the
"offtake agreement” mechanism of JSC "NWF "Samruk-Kazyna", the indicators of
mechanical engineering development in the republic did not show noticeable growth.

For the further development of the country, large-scale diversification of the
industry is necessary, which should lead to the systematization and streamlining of the
most popular niches of the domestic goods market, which over time should allow
mechanical engineering to begin to restructure itself to production with high
technological complexity with the emergence of a multiplier effect, expressed in the
development of related industries.

Recommendations:

- stimulate the widespread establishment of mechanical engineering enterprises
of all types of ownership and various scales;

- the state should comprehensively study the issue of providing priority and
affordable financing, first of all, to small and medium-sized businesses to stimulate
modernization, expansion of existing and creation of new production facilities in the
mechanical engineering industries;

- develop a mechanism to stimulate enterprises to produce high-tech products
with a gradual move away from low- and medium-tech production;

- study the issues of creating leasing financing for new projects, which will
increase the interest of customers in high-quality equipment with an attractive total
cost of the life cycle of mechanical engineering products;

- in every possible way stimulate the implementation of R&D with their further
commercialization;

- encourage the influx of new personnel through various incentive measures,
since the mechanical engineering industries are experiencing a shortage of qualified
personnel at all levels;

- study the issue of introducing a system of state grants in relevant areas of
mechanical engineering to solve existing problems by scientists, provide a transparent
reporting mechanism for the funds used; the term of such grants should be at least five
years;

- change the procedure for conducting an examination of scientific applications.
Introduce personal liability of NSC members for making an incompetent decision
when approving a scientific application.



213

Priority IV - "Information, communication and space technologies"

Conclusions. Government decisions voiced the need to develop digital
technologies, with priority given to artificial intelligence. A global task has been set
for the country - the creation of technologies for processing the natural Kazakh
language. The research results, in turn, will lead to the rapid development and
implementation of digital communications at the level of the natural Kazakh language,
the improvement of software and hardware that can affect the global transformation of
the country's economy.

Recommendations:

- in light of the adopted Law of the Republic of Kazakhstan "On Science and
Technological Policy"”, pay more attention to newly created technologies in the field of
ICT and CT, recording in the tender documentation the volumes of funding for applied
projects that could lead to the creation of ready-made technologies with the prospect of
Implementation in the country's economy; - begin developing state and commercial
programs for the effective development of IT technologies;

- develop an educational program for training highly qualified IT specialists,
review the level of training of doctoral students in higher education institutions;

- develop our own electronics industry with the active use of the latest scientific
achievements in this area both within the country and in leading universities and
research institutes with the creation of a corresponding consortium.

Priority V - "Scientific Research in the Field of Natural Sciences"

Conclusions. Kazakhstan's science in the field of natural sciences (physics,
chemistry, astrophysics, geography, mechanics) has achieved significant success.

Recommendations:

- conduct a complete modernization of scientific institutes, laboratories and
observatories, equipping them with modern equipment and technologies. This will
allow scientists to conduct research at the world level and attract international partners
to cooperation;

- encourage scientists to publish their results in international peer-reviewed
journals. To do this, it is necessary to create conditions for conducting high-quality
research, provide access to international databases and journals;

- create support programs for young scientists, including grants, scholarships and
participation in international projects to attract talented youth to science and ensure the
continuity of scientific schools;

- create and support scientific and technical clusters that unite scientific institutes,
universities and businesses, which will accelerate the commercialization of scientific
developments and their implementation in industry;

- use modern information technologies and artificial intelligence for data analysis,
modeling and research, which will increase the efficiency of scientific work and open
up new opportunities for research;

- develop national scientific journals and conferences, which will allow scientists
to share their results and exchange experiences within the country.

Priority VI - "Life Sciences and Health"
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Conclusions. The UN General Assembly declared the period from 2021 to 2030
the "Decade of Healthy Ageing", covering four areas of activity: long-term care,
combating age-related changes, an environment favorable for older people and
integrated care. It will be necessary to strengthen the systems approach and
international cooperation in conducting national scientific research in all these areas of
activity to develop regional and national policies on ageing.

Recommendations:

1. Support research to create a gerontological care service and a long-term care
service for the elderly, as well as the development of the next (after 2025) National
Action Plan to improve the situation of older citizens with an emphasis on systemic
activities.

2. Strengthen the systemic approach and international cooperation in conducting
national scientific research in the field of pharmacy. This is consistent with the
provisions of the National Plan "Active Longevity" until 2025. Target indicator:
production of more than 50% of all drugs, most at prices affordable for the elderly.
This provision dictates the need for active research in the field of pharmacy.

3. Develop neuroscience in Kazakhstan by conducting fundamental and applied
research in the field of cognitive, clinical and research in accordance with the main
world trends in this area.

4. Conduct:

- biomedical research, since knowledge of the mechanisms of aging gives
researchers an idea of how they can directly intervene in the aging process to prevent
age-related diseases;

- research on the development of remote medicine in Kazakhstan for the remote
provision of medical services and monitoring the health of citizens, especially those
living in villages and districts; - research in the field of artificial intelligence, for which
purpose it is necessary to actively involve young people in research activities in the
healthcare sector, where Al is being introduced at a high rate, and to train personnel
for this.

Priority VII - "Research in Education and Science"

Conclusions. Research in the field of education and science studies is actively
developing; there is a reflection of the trends of UNESCO global research in domestic
projects: on STEM education, gender education, digitalization of education, problems
of mental well-being of schoolchildren, prevention of cyberbullying, development of
physical health of children. The conducted research corresponds to the Concept of
Development of Science and Higher Education of the Republic of Kazakhstan for
2023-2029 and their analysis shows the continuity of research: from the past to the
present and the future.

Recommendations:

- to create a Psychological Institute under the Ministry of Higher Education of
the Republic of Kazakhstan or the National Academy of Science of the Republic of
Kazakhstan under the President of the Republic of Kazakhstan. It is necessary to
coordinate research of psychological services of schools, universities, clinics, special
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Institutions, in general, areas of development in the training of psychologists,
educational psychologists, social workers, etc.;

- to expand the network of ethical committees for conducting research in
educational organizations, support in their certification and interaction with
international organizations;

- create electronic databases in libraries with the results of scientific research
translated into Kazakh (similar to abstract journals). A similar collection is published
by the Scientific Library of the NAS RK, NCSSTE, but they are very brief and are not
freely available;

- develop infrastructure, create laboratories, provide them with a modern
scientific and technical base for conducting scientific research in the field of education,
pedagogy and neuroscience, psychodiagnostics in education, improving the ecology of
schools, universities, institutes and centers.

Priority VIII - "Research in the field of social sciences and humanities"

Conclusions. The introduction of digital technologies in research methods of
social sciences, a focus on global challenges and problems, as well as taking into
account cultural diversity and promoting inclusiveness reflect modern trends in
scientific approaches and methodology. Such areas as interdisciplinary research and
digitalization create new opportunities for analyzing and solving complex social
problems, increasing the effectiveness of scientific research and their practical
significance.

Recommendations:

Stimulating interdisciplinary research: the state should encourage and finance
interdisciplinary projects that combine social, humanities, engineering and natural
sciences to solve complex social problems and promote the integrated development of
society.

Focus on cultural heritage: it is important to increase funding for projects aimed
at studying and preserving national cultural heritage and identity, which will help
strengthen national self-awareness and foster respect for the country's cultural
diversity.

Support for young scientists: the state should establish scholarships and grants
for young researchers in the social sciences and humanities to stimulate their
professional development and involvement in scientific activities at an early stage of
their careers.

Development of scientific publications and conferences: it is necessary to
increase support for national and international scientific conferences, as well as
journals that publish research results in the field of social sciences and humanities, to
ensure a wider dissemination of knowledge and exchange of experience.

Integration of technologies into research: Encouraging the introduction of new
technologies such as artificial intelligence and big data analysis into social sciences
and humanities research to improve the quality of research, as well as its effectiveness
and practical value.

Priority IX - "Sustainable development of the agro-industrial complex and safety
of agricultural products"
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Conclusions. In the period 2021-2023, scientific research was mostly
fragmented, aimed at solving local problems, there was no comprehensiveness and
implementation of an interdisciplinary approach. In most cases, outdated instruments,
equipment and machinery are used in scientific research, which also raises great
doubts about the accuracy and reliability of their results.

Agricultural science is becoming increasingly complex, in the context of rapid
variability of factors, and therefore it is important to introduce new approaches,
methods and technologies in ongoing and planned scientific research, and to increase
the requirements for their effectiveness in terms of solving applied problems of the
agro-industrial complex industries.

Recommendations:

1. Create a system of independent formulation of scientific problems based on
the results of periodically conducted foresight studies, technological scouting, ongoing
analysis of current industry needs and forecasting. Such a system should be organized
under the Ministry of Agriculture of the Republic of Kazakhstan.

2. Increase funding for agricultural science to at least 1% of GDP in the agro-
industrial complex. Ensure the implementation of an inter- and transdisciplinary
approach to organizing scientific research by introducing appropriate conditions into
the technical documentation of program-targeted and grant financing of scientific and
technical programs and projects.

3. To solve strategically important problems, provide a tool for financing
integrated, targeted national programs, following the example of the Strategic Program
"Designing the Future of Wheat", funded by the Biotechnology and Biological
Sciences Research Council (BBSRC) of the UK Government.

4. In order to accelerate the development of scientific collaboration between
domestic and foreign scientific organizations, provide a tool for financing research
cooperation programs, following the example of the US Department of Agriculture,
which supports joint research and educational projects between US and foreign
specialists in the field of agriculture.

Priority X - "National Security and Defense"

Conclusions. It is necessary to focus efforts on the development of science in the
direction of "National Security and Defense". This is due to the unresolved problems
of military science as one of the significant branches of science in the Republic of
Kazakhstan. Thus, to date, no significant research is visible. In practical terms, there
are isolated cases at the tactical level, but breakthrough projects, based on the
experience of modern wars, are also not observed. In addition,

- there is no separate scientific structure authorized to consolidate the efforts of
law enforcement agencies and organizations that solve problems of ensuring the
security and defense of the country;

- scientific organizations (quasi-public sector organizations) do not have real
estate on the right of ownership, which does not allow their high-quality development
and conducting research and laboratory experiments, including closed ones;

- there are no testing grounds for defense industry enterprises, other
organizations and individual inventors, where they could conduct practical testing in
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such areas as rocket science, unmanned vehicles, conduct explosive and other
experimental work; - there is no independent Competence Center with a laboratory
base that could conduct an examination of military equipment, weapons and other
means accepted into service by the Armed Forces of the Republic of Kazakhstan;

- there is no funding for the development of scientific organizations of the
defense industry, which negatively affects the development of the defense industry as a
whole. The declared fund for the development of the defense industry is not
operational.

Recommendations:

1. Further funding in the context of the development of science "National
Security and Defense" should be directed to the study of:

- the nature of military conflicts (wars) themselves; - international military
cooperation; - a multi-level intelligence and analytical system; - a comprehensive
defense system of the state from the impact of opposing parties in the information
(cybernetic), aerospace, maritime spheres; - governance of the state, its military
organization in times of crisis and wartime.

The study of issues of the land element as the main component of the Army of
Kazakhstan should be comprehensive, multi-level and interconnected.

2. The National Defense University should be removed from the department of
the Ministry of Defense of the Republic of Kazakhstan and made an independent state
educational institution.

3. Create an independent Center of Competence in the military sphere, with the
following infrastructure:

- a powerful laboratory base, where purchased (supplied) samples of military
equipment and other means for defense needs can be analyzed (tested), as well as
theoretical and practical aspects of the proposed scientific research and developments
of applicants;

- a complex with areas and equipment for developers who do not have scientific
accreditation, but are patent holders or developers of promising ideas and projects;

- a territory for a testing ground for defense industry products.

4. Based on the experience of advanced countries, create research military units
to test the results of scientific research.

5. Gifted graduates of military educational institutions with scientific
achievements, after completing their studies, immediately send them to study in
master's and doctoral programs.

6. Solve the problem of openness in matters of expert examination of scientific
projects, which will allow a more substantiated approach in expert opinions.

These proposals must be considered at the level of the Head of State, since the
Academy of Military Sciences has already raised them at the level of the Ministers of
Defense, Emergencies, Science and Higher Education, Industry and Construction of
our country.



218
10 Literature

1. I/IH(l)OpMaIIHOHHI)IP'I CIIPABOYHHUK: IIOKA3aTC/IM W HWHAUKATOPBI I MOHHUTOPUHIAa M OLCHKHU
MEXIYHapOIHBIX pedTHHroB Poccuiickoit dexepannyu 1Mo HampaBiICHUSM TIIOOANBHBIX BBI30BOB B cdepe
Haykw/ [Cocr. [lammanesa H.M.]. — M.: UTIPAH PAH, 2020. — 45 c.

2. 3emckoB A.U. bubnnomerpus, BeOMeTpuky, ONOIMOTeYHas CTaTHCTHKA: yuel. mocodue. - 2-¢ u3f.,
uctp. u fon. - M.: IT'TIHTB Poccun, 2017. - 135 c.

3. Py6Bamerep J.A., MapkycoBa B.A., JIubkunan M.A., Kamens H.A., JIubkunang A.H. duramwuka
XapaKTEePUCTUK MyOIMKAIMOHHONH aKTUBHOCTH B POCCHUHCKOH (pyHIAaMEHTAIbHON HAayKe B COTIOCTABJICHUH CO
ctpanamu BPUK // Baacte. - 2018. - Ne9. - C. 223-235.

4. TlerpoB A.H. HoBpIif moka3aTens OLEHKA HAyYHO-TYONIHKAaIMOHHON 3(PQEKTHBHOCTH HA OCHOBE
HaykoMmeTpuueckux napamerpos 6a3sl PUHL // Commonorus Hayku u TexHomormit. 2019. T.10. Ne 4. C. 176-
192

5. Bonoror B.A., Ksenunze-Kysnenosa H.H., Jlantes B.B., Mopo3zosa C.A. Hunekc Xwupmia B
PoccutickoM nHIEKCce HAyYHOTO ITUTHpOBaHus // Borpockl oOpazoBanust. - 2014, - Ne 1. - C. 241-262.

6. Jlemuna U.H. HaykomeTpuieckue oka3aTelu MEAHMaucCIeIOBaTeNIC B 3JICKTPOHHON OUOIMOTEKe
e-library // Bonpochl Teopuu U pakTUKK xypHanucTuku. - 2021. - T. 10, Ne 4. - C. 597-613.

7. WHbopMaIMOHHBIA CHPAaBOYHUK: IMOKA3aTeNH W WHIWKATOPHI JUISI MOHHTOPHHTA W OIICHKH
MEeXIYHApOIHBIX peHTHHTOB Poccwiickoi (emeparuy MO HampaBlIeHUSAM TIO0ANBHBIX BEI30BOB B cdepe
mayku. https://www.issras.ru/publication/b1/indpash2020.pdf

8. HNummkaroper mudpoBoit sxoHomuku, 2019. MwuukomcBs3u Poccun, Poccrar, HUY BIID.
[Dnextponnblit pecypc]. URL: http://www.gks.ru)

9. Anmumkynos C., Meip3axmeToB A. ['maporpaduueckas cetb Pecniyonuku Kazaxcran // Izdenister
Natigeler — 2023 — Ne4 (100) — C. 247-257. https://doi.org/10.37884/4-2023/27.

10. Meney A., AmumkynoB C., 3arugyumaa A., bacmakosa I'. Omenka TpaHCTPaHHUYHOTO ITPUTOKA T10
p- Kapa Eptuc mpu pa3nuuHbIX CLEHApHSIX aHTPOIOTEHHOTO BIWSHHUA Ha Tepputopuu Kuras // Izdenister
Natigeler — 2023 - Ne3 (99) — C. 238-248, https://doi.org/10.37884/3-2023/25.

11. Ozenbayeva A., Yerezhepkyzy, R., Yessetova, S., Jangabulova, A., Beissenbayeva M. Legal
regulation of transboundary water resources of the republic of Kazakhstan. Environmental Development.
2022, 44, 100781. https://doi.org 10.1016/j.envdev.2022.100781

12. Ecmono T.M., TupeyoB K.M., KepumoBa Y.K. BomHble pecypchl B CEIBCKOM XO3SHCTBE
PeCHy6J’II/IKI/I Kazaxcran: B3I YUCHBIX Ha PpallMOHAJIBHOC HCIIOJIB30BAHHUC, MEPCIICKTHUBBI U YIIPABJICHUC //
[TpoGuiemsr arpopsinka — 2022. — 3 — C.155-163, https://doi.org/10.46666/2022-3.2708-9991.17

13. Ayen6ek 3., Kansidexora V., Cetitacanos 1., Onnacein Y., XKauausap E. OCHOBbI palinoHaIbHOTO
WCIIONIb30BaHMUS BOJHBIX pecypcoB bankami-AlakonbCcKOro BOJIOX03sHCTBEeHHOTO OacceiiHa // Izdenister
Natigeler — 2023 — Ne2 (98) — C.327-336, https://doi.org/10.37884/2-2023/32

14. Ospan A., Mansurova M., Barakhnin V., Nugumanova A., Titkov R. The Development of a Water
Resource Monitoring Ontology as a Research Tool for Sustainable Regional Development. Data, 2023, 8, 162.
https://doi.org/10.3390/data8110162

15. Aitzhanova M., Zhaparova S. Environmental Risk Assessment of Spring Floods in the Akmola
Region of Kazakhstan (2023) International Journal of Sustainable Development and Planning, 18 (10), pp.
3333 - 3339, HTTPS:// DOI.ORG/ 10.18280/ijsdp.181033

16. 3oomoruueckue uccnenoBanus B Kazaxcrane B XXI Beke: uToru, nmpoOiaeMbl W MEPCIIEKTUBHI //
3o0o0soruu PecnyOnuku Kazaxcran. 13-16 anpens 2023 roga. Anmarsl, 2023. 937 c.

17. Bizhanova N., Steiner M., Rametov N., Grachev A., Grachev Y., Bespalov M., Zhaparkulov T.,
Saparbayev S., Sailaukhanuly A., Bespalov S. et al. The Elusive Turkestan Lynx at the Northwestern Edge of
Geographic Range: Current Suitable Habitats and Distribution Forecast in the Climate Change //
Sustainability. 2022. 14. 9491. https:// doi.org/10.3390/su14159491.

18. Dimeyeva L.A., Salmukhanbetova Z.K., Malakhov D.V., Wunderlich J. 2022. Rangeland
Diversity as A Forage Resource for wild Ungulates In The Barsakelmes Nature Reserve (Kazakhstan) //
Applied Ecology And Environmental Research. 2022. VVol.20 (4). P. 2931-2962.

19. Chirikova M. A., Malakhov D.V. Ecological Niche Modelling Reveals the Peculiarities of
Ecological Disjunction Between Two Sympatric Racerunners in Kazakhstan: Eremias lineolate (Nikolsky,
1897) and Eremias scripta (Strauch, 1867) //Asian Herpetological Research, Volume 14, Issue 2, 2023, Pages
123-137, https://doi.org/10.3724/ahr.2095-0357.2022.0035



https://www.issras.ru/publication/b1/indpash2020.pdf
http://www.gks.ru/
https://doi.org/10.37884/4-2023/27
https://doi.org/10.37884/3-2023/25
https://doi.org/10.37884/2-2023/32
https://doi.org/10.3390/data8110162
https://doi.org/10.3724/ahr.2095-0357.2022.0035

219

20. Vasil’eva E.D., Mamilov N.S., Sharakhmetov S.E. Gudgeon from the Emel River and Problems of
the Gudgeon Taxonomy (Genus Gobio, Cyprinidae) in Kazakhstan and Siberia. J. Ichthyol. 63, 849-863
(2023). https://doi.org/10.1134/S0032945223050120.

21. Dukenov Z., Rakhimzhanov A., Akhmetov R., Dosmanbetov D., Abayeva K., Borissova Y.,
Rakymbekov Z., Bekturganov A., Malenko A., Shashkin A., Trushin M. Reforestation potential of tugai
forests in the floodplains of Syr Darya and Ili Rivers in the terr

itory of Kazakhstan // Sabrao Journal of Breeding and Genetics. — 2023. — Vol. 55, No. 5. — P. 1768—
1777 http://doi.org/10.54910/sabrao2023.55.5.28.

22. Dukenov Z., Utebekova A., Kopabayeva A., Shynybekov M., Akhmetov R., Rakymbekov Z.,
Bekturganov A., Dosmanbetov D. Influence of climatic changes on the dendrochronological features of Tugai
forests along the Syr Darya and Ili Rivers in the Territory of Kazakhstan. // International Journal of Design &
Nature and Ecodynamics. - 2023. - Vol. 18, No. 4. - P. 975-982. https://doi.org/10.18280/ijdne.18025.

23. Akhmetov R., Dosmanbetov D., Rakhimzhanov A., Mambetov B., Utebekova A., Rakymbekov Z.,
Maisupova B., Yessimbek B. Growth and Development of the Black Saxaul Depending on Tillage in Arid
Conditions of Kazakhstan // OnLine Journal of Biological Sciences. — 2023. — Vol. 23, No. 3. — P. 380-388.
https://doi.org/10.3844/0jbsci.2023.380.388.

24. Kolchenko M., Nurtaza, A., Pozharskiy A., Dyussembekova, D. Kapytina, A., Nizamdinova G.,
Gritsenko D. (2023). Wild Malus Niedzwetzkyana Dieck Ex Koehne as a Genetic Resource for Fire Blight
Resistance. Horticulturae, 9(10), 1066.

25. Yermagambetova M., Almerekova S., Turginov O., Sultangaziev O., Abugalieva S., &
Turuspekov Y. Genetic Diversity and Population Structure of Juniperus seravschanica Kom. Collected in
Central Asia // Plants. — 2023a. — Vol. 12(16). — P. 2961. https:// doi.org/ 10.3390/plants12162961.

26. Yermagambetova M., Abugalieva S., Turuspekov Y., Almerekova S. lllumina sequencing data of
the complete chloroplast genome of rare species Juniperus seravschanica (Cupressaceae) from Kazakhstan //
Data in Brief. — 2023b. — Vol. 46. — P. 108866.

27. Mursaliyeva V.K. Sarsenbek B.T., Dzhakibaeva G.T., Mukhanov T.M., Mammadov R. Total
Content of Saponins, Phenols and Flavonoids and Antioxidant and Antimicrobial Activity of In Vitro Culture
of Allochrusa gypsophiloides (Regel) Schischk Compared to Wild Plants // Plants, 2023a, 12 (20). 20, 3521.
Q1, pr. 83. https://doi.org/10.3390/plants12203521

28. Mursaliyeva V., Sarsenbek B., Mukhanov T., Imanbayeva, A. Conservation in Tissue Culture of
Malacocarpus crithmifolius (Retz.) Fisch. & C.A.Mey. - Relict Species from Mangyshlak. Natural Products
and Biotechnology, 2023 b, 3(1), 9-15.

29. Malakhov D.V., Islamgulova A.F. The Ecological Niche of Pistacia vera L. (Anacardiaceae) in
Central Asia: A Comprehensive Tool for Agromeliorative Planning // Biosis: Biological Systems. 2021. Vol. 2
(1). P. 209-2016].

30. TI'ememxuea H. I'., HdumeeBa JI. A. KommuiekcHas kamacTpoBas OlleHKa OOTaHHYECKOTO
pasHooOpasus permoHoB KazaxcraHa kak HaydHas OCHOBa 3((EKTHBHOI'O HCIIOJIIB30BAaHHS HUX PECYPCHOTO
notennuana // IlpoGnembr Oortanumku lOxHo#t Cubupu u Monrosmu, 2022. T. 21, Nel. C. 34-38
http://journal.asu.ru/bpssm/article/view/pbssm.2022007.

31. Sitpayeva GT, Kudabayeva GM, Dimeyeva LA, Gemejiyeva NG, Vesselova PV. Crop wild
relatives of Kazakhstani Tien Shan: Flora, vegetation, resources. Plant Divers. 2019 Oct 31;42(1):19-32.
https:// doi.org/ 10.1016/j.pld.2019.10.003.

32. MacanoBa B.A., Curmaesa ['.T., babaii N.B., 3Bepes H.E., MmaeBa A.H., Habuesa C.B.,
OnukreroB B.I'., XycamnoBa M.B. OcHOBHOH acCOPTMMEHT JpPEBECHBIX pACTEHHM, HCIIOIB3YEMBIX B
O3CJICHCHUM HACCJICHHBIX IIYHKTOB AHMaTHHCKOfI O6J’IaCTI/I n HUX TNOTCHHOUAJIbHad arpe€CCUBHOCTDL //
Borannueckue caapl B coBpeMeHHOM Mupe — 2023 — Ne3 — C.123-127.

33. Curmaea I'. T., babait 1. B., MacamoBa B. A., Habuesa C. B., 3BepeB H. E., Nmaesa A.H.,
Kanaes A. C. Pa3nooOpa3me u YCTOWYMBOCTH JIPEBECHO-KYCTAPHUKOBBIX PACTEHHUI, WCIIOIb3YEMBIX B
03eJIeHeHUH 10KHBIX ToposioB Kazaxcrana// Munck: benramoxcepsuc, 2022. — 395 c.

34. Macanosa B. A., ba6aii . B., Habuesa C. B., Xycaunosa U. B., Dnukreros B.I'., Mmaesa A. H.,
Kanaes A.C. VHBazuBHbIE 4UyXEepOJHBIE BHIBI JIPEBECHO-KyCTAPHUKOBBIX pACTEeHHMH M OIEHKa UX
(hUTOTIECHOTHYECKON arpecCUBHOCTH B ['OCyIapCTBEHHOM pPETHOHAIBHOM TIPHPOJAHOM Tapke «Memey»
(Pecniy6sinka Kazaxcran) // [Ipobnemsr 6otanuku HOxuoit Cubupu u Monronun, 2022. T. 21, Nel. C. 108-
112 http://journal.asu.ru/bpssm/article/view/pbssm.2022023.

35. Yenensn JI.B. Cratrctiueckuii aHamu3 ToKazaTelieid 3arpsi3HeHHs aTMOC(EepHOro BO3yxa B
Pecny6nuke Kazaxcran / Hayunsie nzectus — 2022 — Ne27 — C.301-305.


http://doi.org/10.54910/sabrao2023.55.5.28
https://doi.org/10.18280/ijdne.18025
https://doi.org/10.3844/ojbsci.2023.380.388
https://doi.org/10.3390/plants12203521
http://journal.asu.ru/bpssm/article/view/pbssm.2022007
https://cyberleninka.ru/journal/n/botanicheskie-sady-v-sovremennom-mire
http://journal.asu.ru/bpssm/article/view/pbssm.2022023

220

36. Beisenova R., Kuanyshevich B.Z., Turlybekova G., Yelikbayev, B., Kakabayev A.A.
Shamshedenova, S., Nugmanov A. Assessment of Atmospheric Air Quality in the Region of Central
Kazakhstan and Astana. Atmosphere 2023, 14, 1601. https://doi.org/10.3390/atmos14111601

37. Nurashov S.; Jumakhanova G.; Barinova S.; Romanov R.; Sametova E.; Jiyenbekov A,
Shalgimbayeva S.; Smith, T.E. Charophytes (Charophyceae, Charales) of South Kazakhstan: Diversity,
Distribution, and Tentative Red List. Plants 2023, 12, 368. https://doi.org/10.3390/plants12020368

38. Zinigul Sarmurzina, Gulmira Bissenova, Aslan Temirkhanov, Zhanar Tekebayeva, Kunsulu
Zakarya; Water pollution remediation in Kazakhstan: evaluating bacterial consortiums for organic pollutant
decomposition. AQUA - Water Infrastructure, Ecosystems and Society 1 October 2023; 72 (10): 1956-1968.
https:// doi.org/ https://doi.org/10.2166/aqua.2023.203

39. Kanmuesa A.b., Kabgomna M.O., Ceprasunosa 3.M., ToneyxanoBa A.T., Tackapun A.K. Onenka
YPOBHS 3arpsI3HEHHSI OKPY’KaIOIIel cpeapl Ha OTUroHe TBEPABIX ObITOBEIX 0TX0/0B TOO «KazEcoPromy (T.
IMaBnoxap, Pecnyonuka Kasaxcran) / Camapckuit Hayunbiid Bectauk. 2022. T. 11, Ne 2. C. 65-72. HTTPS://
DOI.ORG/ 10.55355/snv2022112109.

40. Novikova N.M., Kuz’mina Z.V., Mamutov N.K. Desertification of the Amu Darya River Delta
and Vegetation Dynamics in the Conditions of the Aral Sea Crisis. // Arid Ecosystem. — 2023. — Vol. 13. — P.
371-385. https://doi.org/10.1134/S2079096123040108.

31. Alikhanova S., Bull J.W. Review of Nature-based Solutions in Dryland Ecosystems: the Aral Sea
Case Study. // Environmental Management. — 2023. — Vol. 72. — P. 457-472. https://doi.org/10.1007/s00267-
023-01822-z.

42. Kim T. Yun Y., Park S. Oh J, Han Y. Change detection over the Aral Sea using relative
radiometric normalization based on deep learning, // Remote Sensing Letters. — 2023. — Vol. 14, No. 8. — P.
821-832. https://doi.org/10.1080/2150704X.2023.2242589.

43. Ecumona [I./1., Kymaranuesa A., burrep H.B. [Ipo6nemsr omycteiauBanust B PK u ux BnusHue Ha
pa3BUTHE TYPUCTCKOM mHaycTpun// Hayka u TypusM: cTpateruu B3aumonaeicTeus. 2022 — Nel4 — C.61-72.

44. TynenoBa A., AiirapmaoB [.T. [IpaBoBas oxpaHa 3eMEIBHBIX PECYPCOB OT MAETPajaIlid B
YCIOBHUSX TII00ABHOTO MOTEIUIeHUsI U m3MeHenus: knumara // Bectauk KasHY. Cep ropugnueckas — 2022 —
Ne3 (103) — C.76-85: https://doi.org/10.26577/JAPJ.2022.v103.i3.08.

45. JlxynamanoB T./1., CepuxobaeBa I'.K., PceimbeToB b.A., KamsibekoBa H.U., Koxaxmeros B.T.,
Baitro:xxaesa A.M. IlpuopuTeTHble HANpaBiICHUS PALHUOHAIBHOTO HCIOJIb30BAaHUS 3EMENIBHBIX PECYpCOB B
Pecny6nuke Kazaxcran / MockoBckuii 3koHOMU4eckuit xkypHai. — 2023 — T.8. — Ne4. C.120-146.

46. Aktymbayeva A., Nuruly Y., Artemyev A., Kaliyeva A., Sapiyeva A., Assipova Z. Balancing
Nature and Visitors for Sustainable Development: Assessing the Tourism Carrying Capacities of Katon-
Karagay National Park, Kazakhstan. Sustainability 2023, 15, 15989. https://doi.org/10.3390/su152215989

47. Ashimova B., Beisenova R., Menéndez-Pidal 1., Jumabayev, S., Zhupysheva A., Tazitdinova R.
Environmental Hazards of the Railway Infrastructure of Kazakhstan. Sustainability 2023, 15, 1321.
https://doi.org/10.3390/su15021321

48. Valipour E., Ketabchi H., Safari shali R. et al. Equity Social Welfare, and Economic Benefit
Efficiency in the Optimal Allocation of Coastal Groundwater Resources. Water Resour Manage 37, 2969—
2990 (2023). https://doi.org/10.1007/s11269-023-03456-6

49. Dariusz Mtynski, Mariusz Sojka, Hydrological methods in environmental flows. Is it really
simple? a critical study of selected catchments in central Europe, CATENA, Volume 233, 2023, 107532,
https://doi.org/10.1016/j.catena.2023.107532.

50. Ivan Hernandez Rios, Noelia Cruz-Pérez, José 1. Chirivella-Guerra, Alejandro Garcia-Gil, Joselin
S. Rodriguez-Alcantara, Jesica Rodriguez-Martin, Miguel A. Marazuela, Juan C. Santamarta, Proposed
recharge of island aquifer by deep wells with regenerated water in Gran Canaria (Spain), Groundwater for
Sustainable Development, Volume 22, 2023, 100959, https://doi.org/10.1016/j.gsd.2023.100959.

51. ibrahim Avci Sustainable water consumption and water-saving behaviours: A review of
consumers' environmental and economic concerns in Turkey, Water and Environment Journal, 2023, Volume
37, Issue 3 p. 616-627, https://doi.org/10.1111/wej.12869

52. Domingo Baeza Sanz, Aida Gémez Matias; A comparative analysis of methods for establishing
environmental flows in a Mediterranean watershed: suggestions for management. Journal of Water and
Climate Change 1 April 2023; 14 (4): 1089-1111. https:// doi.org/ https://doi.org/10.2166/wcc.2023.246

53. J. Z. Salazar J.H. Kwakkel M. Witvliet Evaluating the choice of radial basis functions in
multiobjective optimal control applications, Environmental Modelling & Software, Volume 171, 2024,
105889, https://doi.org/10.1016/j.envsoft.2023.105889.



https://doi.org/10.3390/atmos14111601
https://doi.org/10.3390/plants12020368
https://doi.org/10.2166/aqua.2023.203
https://www.elibrary.ru/contents.asp?id=54625626&selid=54625634
https://doi.org/10.26577/JAPJ.2022.v103.i3.08
https://doi.org/10.3390/su152215989
https://doi.org/10.3390/su15021321
https://doi.org/10.1007/s11269-023-03456-6
https://doi.org/10.1016/j.catena.2023.107532
https://doi.org/10.1016/j.gsd.2023.100959
https://onlinelibrary.wiley.com/authored-by/Avci/%C4%B0brahim
https://onlinelibrary.wiley.com/journal/17476593
https://onlinelibrary.wiley.com/toc/17476593/2023/37/3
https://onlinelibrary.wiley.com/toc/17476593/2023/37/3
https://doi.org/10.1111/wej.12869
https://doi.org/10.2166/wcc.2023.246
https://doi.org/10.1016/j.envsoft.2023.105889

221

54. Yuan Liu, Zhuohang Xin, Siao Sun, Chi Zhang, Guangtao Fu, Assessing environmental,
economic, and social impacts of inter-basin water transfer in China, Journal of Hydrology, Volume 625, Part
A, 2023,130008, https://doi.org/10.1016/j.jhydrol.2023.130008.

55. Hua Huang; Development of water resources protection planning and environmental design in
urban water conservancy landscape based on ecological concept. Water Supply 1 October 2023; 23 (10):
4200-4213. https:// doi.org/ https://doi.org/10.2166/ws.2023.235

56. Williams S.A., Eden S., Megdal S.B. and Joe-Gaddy, V. (2023), Diversity, Equity, Inclusion, and
Justice in Water Dialogues: A Review and Conceptualization. Journal of Contemporary Water Research &
Education, 177: 113-139. https://doi.org/10.1111/j.1936-704X.2022.3386.x

57. Pot W. (2023). Deciding for resilience: Utilizing water infrastructure investments to prepare for
the future. WIREs Water, 10(5), e1661. https://doi.org/10.1002/wat2.1661

58. Maria E. Lousada, Eduardo A. Lopez Maldonado, Lebea N. Nthunya, Alseno Mosai, Maria Lucia
Pereira Antunes, Leonardo F. Fraceto, Estefania Baigorria, Nanoclays and mineral derivates applied to
pesticide water remediation, Journal of Contaminant Hydrology, Volume 259, 2023, 104264,
https://doi.org/10.1016/j.jconhyd.2023.104264.

59. Jablonska-Trypué, A. (2023). A review on triclosan in wastewater: Mechanism of action,
resistance phenomenon, environmental risks, and sustainable removal techniques. Water Environment
Research, 95(9), €10920. https://doi.org/10.1002/wer.10920

60. Melendez-Pastor, 1., Lopez-Granado, O.M., Navarro-Pedrefio, J. et al. Environmental factors
influencing DDT-DDE spatial distribution in an agricultural drainage system determined by using machine
learning techniques. Environ Geochem Health 45, 9067-9085 (2023). https://doi.org/10.1007/s10653-023-
01486-y

61. Arooj Ramzan, Vaneeza Aiman, Azeem Intisar, Adeel Afzal, Tajamal Hussain, Muhammad Amin
Abid, Nazim Hussain, Chapter Twelve - Microbial remediation of emerging pollutants from wastewater,
Editor(s): Luiz Fernando Romanholo Ferreira, Ajay Kumar, Muhammad Bilal, Advances in Chemical
Pollution, Environmental Management and Protection, Elsevier, Volume 9, 2023,Pages 207-226,
https://doi.org/10.1016/bs.apmp.2022.11.003.

62. Lu Di, Xinyu Chen, Jinjie Lu, Yi Zhou, Yanbo Zhou, Removal of heavy metals in water using
nano zero-valent iron composites: A review, Journal of Water Process Engineering, Volume 53, 2023, 103913,
https://doi.org/10.1016/j.jwpe.2023.103913

63. Bilal M.; Ul Hassan, H.; Taj M.; Rafig N.; Nabi G.; Ali A.; Gabol K.; Shah M.l.A.; Ghaffar R.A.;
Sohail M.; et al. Biological Magnification of Microplastics: A Look at the Induced Reproductive Toxicity
from Simple Invertebrates to Complex Vertebrates. Water 2023, 15, 2831. https://doi.org/10.3390/w15152831

64. Haque M.K., Uddin, M., Kormoker, T. et al. Occurrences, sources, fate and impacts of plastic on
aquatic organisms and human health in global perspectives: What Bangladesh can do in future?. Environ
Geochem Health 45, 5531-5556 (2023). https://doi.org/10.1007/s10653-023-01646-0

65. Arredondo-Navarro, A., & Flores-Cervantes, D. X. (2023). Microplastics in water and sediments:
Sampling, detection, characterization methods & quality control - A review T ecnologia Y Ciencias Del
Agua, 14(3), 474-522. https://doi.org/10.24850/j-tyca-14-03-10

66. Imran Ali, Xiao Tan, Yue Xie, Changsheng Peng, Juying Li, Iffat Naz, Zhipeng Duan, Peng Wan,
Jiang Huang, Jia Liang, Zhu Rui, Yinlan Ruan, Recent innovations in microplastics and nanoplastics removal
by coagulation technique: Implementations, knowledge gaps and prospects, Water Research, Volume 245,
2023, 120617, https://doi.org/10.1016/j.watres.2023.120617

67. Zhang P., Wang J., Huang L., He M., Yang H., Song G., Zhao J., Li X. Microplastic transport
during desertification in drylands: Abundance and characterization of soil microplastics in the Amu Darya-
Aral Sea basin, Central Asia. // Journal of Environmental Management. 2023. — Vol. 348. — Article ID 119353.
https://doi.org/10.1016/j.jenvman.2023.119353.

68. De Keyser J.; Hayes D.S.; Marti B.; Siegfried,T.; Seliger C.; Schwedhelm H.; Anarbekov O;
Gafurov Z.; Lopez Fernandez R.M.; Ramos Diez 1.; et al. Integrating Open-Source Datasets to Analyze the
Transboundary =~ Water—Food-Energy—Climate  Nexus in  Central  Asia. Water 2023, 15,  3482.
https://doi.org/10.3390/w15193482

69. Ram M.; Gadhavi D.; Sahu A.; Srivastava N.; Rather T.A.; Jhala L.; Kapadi P.; Vala K.; Zala Y;
Modi V.; et al. Satellite Telemetry Insights into the Winter Habitat Use and Movement Ecology of Common
and Demoiselle Cranes. Birds 2023, 4, 337-358. https://doi.org/10.3390/birds4040029

70. Murphy Michael J., Scarff Fiona R. (2023) Habitat element associations in the bird fauna of an
Australian farmland landscape. Pacific Conservation Biology 29, 503-525


https://doi.org/10.2166/ws.2023.235
https://doi.org/10.1111/j.1936-704X.2022.3386.x
https://doi.org/10.1002/wat2.1661
https://doi.org/10.1016/j.jconhyd.2023.104264
https://doi.org/10.1002/wer.10920
https://doi.org/10.1007/s10653-023-01486-y
https://doi.org/10.1007/s10653-023-01486-y
https://doi.org/10.1016/bs.apmp.2022.11.003
https://doi.org/10.3390/w15152831
https://doi.org/10.1007/s10653-023-01646-0
https://doi.org/10.1016/j.watres.2023.120617
https://doi.org/10.1016/j.jenvman.2023.119353
https://doi.org/10.3390/w15193482
https://doi.org/10.3390/birds4040029

222

71. McDonald G.C., Bede-Fazekas A., Ivanov A., Crecco L., Székely T., Kosztolanyi A. Landscape
and climatic predictors of Kentish Plover (Charadrius alexandrinus) distributions throughout Kazakhstan //
Ibis. 2022. Vol. 164. P. 949-967. https://doi.org/10.1111/ibi.13070

72. Bashir S.M.; Altaf M.; Hussain T.; Umair M.; Majeed M.; Mangrio, W.M.; Khan, A.M.; Gulshan,
A.B.; Hamed, M.H.; Ashraf, S.; et al. Vernacular Taxonomy, Cultural and Ethnopharmacological Applications
of Avian and Mammalian Species in the Vicinity of Ayubia National Park, Himalayan
Region. Biology 2023, 12, 609. https://doi.org/10.3390/biology12040609

73. Ferreira Abrao, C., Ribeiro de Oliveira, D., Passos, P., Rodrigues Pereira Freitas, C. V., Ferreira
Santana, A., Lopes da Rocha, M., Ribeiro da Silva, A. J., Tinoco, L. W. (2021). Zootherapeutic practices in
the Amazon Region: chemical and pharmacological studies of Green-anaconda fat (<em>Eunectes
murinus</em>) and alternatives for species conservation. Ethnobiology and Conservation, 10.
https://doi.org/10.15451/ec2021-02-10.15-1-27

74. Hochkirch A, Bilz M, Ferreira CC, Danielczak A, Allen D, et al. (2023) A multi-taxon analysis of
European Red  Lists reveals major threats to  biodiversity. PLOS ONE  18(11):
e0293083. https://doi.org/10.1371/journal.pone.0293083

75. Ette, J.-S.; Sallmannshofer, M.; Geburek, T. Assessing Forest Biodiversity: A Novel Index to
Consider Ecosystem, Species, and Genetic Diversity. Forests 2023, 14, 709. https://doi.org/10.3390/f14040709

76. Mi X, Li S, Pham D-S (2023) On five new species of the
genera Araneus and Hypsosinga (Araneae,  Araneidae) from  Vietnam.  ZooKeys  1161.  69-
87. https://doi.org/10.3897/zookeys.1161.102375

77. Chu C, Li S, Pham D-S, Yao Z (2023) Three new species of the spider genus Utivarachna Kishida,
1940  (Araneae, Trachelidae)  from China and  Vietnam. ZooKeys 1181: 201-
217. https://doi.org/10.3897/zookeys.1181.110628

78. Mario Rojas Sanchez, Pedro R. Palos-Sanchez, Felix Velicia-Martin,Eco-friendly performance as
a determining factor of the Adoption of Virtual Reality Applications in National Parks,Science of The Total
Environment,VVolume 798,2021,148990, https://doi.org/10.1016/j.scitotenv.2021.148990.

79. Escobar-Mamani, F (Escobar-Mamani, Fortunato) [1] ; Capurro, VP (Capurro, Victor
Pulido) Revista investigaciones altoandinas-journal of high andean research, 2021, Volume 23, Issue 1, Page
5-9, https://doi.org/10.18271/ria.2021.238

80. Valle Marquina, Raul, Alejandro Garcia Flores, and Hortensia Colin Bahena. 2021. Wild fauna
with use value in the Biosphere Reserve Sierra de Huautla, Morelos, Mexico. 2021, Revista Peruana De
Biologia Volume 28, Issue 4: €19921, https://doi.org/10.15381/rpb.v28i4.19921

81. Marsh S. M.E., Hoffmann,M., Burgess N. D., Brooks T. M., Challender D. W. S., Cremona P.
J., Hilton-Taylor C., de  Micheaux F. L., Lichtenstein G., Roe D. & B6hm, M. (2022). Prevalence of
sustainable and unsustainable use of wild species inferred from the IUCN Red List of Threatened
Species. Conservation Biology, 36:613844. https://doi.org/10.1111/cobi.13844

82. Davies B.F.R., Holmes L., Rees A., Attrill M. J., Cartwright A.Y., & Sheehan E.
V. (2021). Ecosystem Approach to Fisheries Management works-How switching from mobile to static fishing
gear improves populations of fished and non-fished species inside a marine-protected area. Journal of Applied
Ecology, 58, 2463-2478. https://doi.org/10.1111/1365-2664.13986

83. Ricci P.; Manea, E.; Cipriano, G.; Cascione, D.; D’Onghia, G.; Ingrosso, M.; Fanizza, C.;
Maiorano, P.; Tursi, A.; Carlucci, R. Addressing Cetacean-Fishery Interactions to Inform a Deep-Sea
Ecosystem-Based Management in the Gulf of Taranto (Northern lonian Sea, Central Mediterranean Sea). J.
Mar. Sci. Eng. 2021, 9, 872. https://doi.org/10.3390/jmse9080872

84. Qian Chong, Muhammad Mohsin, Zhu Ting, Chen Qigi and Ana Mehak, 2022. Stock Assessment
of Trichiurus lepturus (Linneaus, 1758) in Zhejiang, China: A Proposal for Fishery Management. Pakistan J.
Zool., 54: 2553-2561. HTTPS:// DOI.ORG/ https://dx.doi.org/10.17582/journal.pjz/20220224140242

85. Y. Chamorro-Martinez, A. C. Torregroza-Espinosa, M.l. Moreno Pallares, D.P.Osorio, A. C.
Paternina, A. Echeverria-Gonzalez. Soil macrofauna, mesofauna and microfauna and their relationship with
soil quality in agricultural areas in northern Colombia: ecological implications

J Revista Brasileira de Ciencia do Solo, 2022;46: 0210132,
https://doi.org/10.36783/18069657rbcs20210132

86. Dominguez A., Escudero H., Rodriguez M. et al. Agroecology and organic farming foster soil
health by promoting soil fauna. Environ Dev Sustain (2023). https://doi.org/10.1007/s10668-022-02885-4



http://dx.doi.org/10.1111/ibi.13070
https://doi.org/10.3390/biology12040609
https://doi.org/10.15451/ec2021-02-10.15-1-27
https://doi.org/10.1371/journal.pone.0293083
https://doi.org/10.3390/f14040709
https://doi.org/10.3897/zookeys.1161.102375
https://doi.org/10.3897/zookeys.1181.110628
https://doi.org/10.1016/j.scitotenv.2021.148990
https://www.webofscience.com/wos/author/record/1836393
javascript:void(0);
https://www.webofscience.com/wos/author/record/6274545
javascript:void(0)
https://doi.org/10.1111/cobi.13844
https://doi.org/10.1111/1365-2664.13986
https://doi.org/10.3390/jmse9080872
https://dx.doi.org/10.17582/journal.pjz/20220224140242
https://www.rbcsjournal.org/?searchin=articles-author&s=Yiseth+Chamorro-Mart%C3%ADnez
https://www.rbcsjournal.org/?searchin=articles-author&s=Ana+Carolina+Torregroza-Espinosa
https://www.rbcsjournal.org/?searchin=articles-author&s=Mar%C3%ADa+In%C3%A9s+Moreno+Pallares
https://www.rbcsjournal.org/?searchin=articles-author&s=Diana+Pinto+Osorio
https://www.rbcsjournal.org/?searchin=articles-author&s=Amaira+Corrales+Paternina
https://www.rbcsjournal.org/?searchin=articles-author&s=Amaira+Corrales+Paternina
https://www.rbcsjournal.org/?searchin=articles-author&s=Ana+Echeverr%C3%ADa-Gonz%C3%A1lez
http://dx.doi.org/10.36783/18069657rbcs20210132

223

87. Zhang H.; Han G.; Huang T.; Feng Y.; Tian W.; Wu, X. Mixed Forest of Larix principis-
rupprechtii and Betula platyphylla Modulating Soil Fauna Diversity and Improving Faunal Effect on Litter
Decomposition. Forests 2022, 13, 703. https://doi.org/10.3390/f13050703

88. Zufei Xiao, Ruixia Han, Jiangiang Su, Zhe Zhu, Yi Zhao, Qinglin Chen, Junyi Zhao, Gang Li,
Yong-Guan Zhu,Application of earthworm and silicon can alleviate antibiotic resistance in soil-Chinese
cabbage system with ARGs contamination, Environmental Pollution, Volume
319,2023,120900,https://doi.org/10.1016/j.envpol.2022.120900

89. Shiryaev A.G., Zmitrovich 1.V., Zhao P. et al. Fungal Diversity of Native and Alien Woody
Leguminous Plants in the Middle Urals. Contemp. Probl. Ecol. 16, 403-425 (2023).
https://doi.org/10.1134/S1995425523040091

90. Vakhlamova N., Wagner V., Cubino J.P., Chytry M., Lososova Z. Urban plant diversity in
Kazakhstan: Effects of habitat type, city size and macroclimate, Applied vegetation science Volume 25, Issue
3 https://doi.org/10.1111/avsc.12679

91. Aleman C J D. Madrid Creates the Biodiversity Section of the Environment Council by Order
178/2023, of January 27, Actualidad juridica  ambiental, 2023, 132, P.184-205,
https://www.webofscience.com/wos/woscc/full-record/W0OS:000994409300007

92. The Global Trees Campaign is a partnership between Fauna & Flora International and Botanic
Gardens Conservation International (zara o6pamenns-10.12.2021 r.

93. Salgotra R. K., & Chauhan B. S. (2023). Genetic diversity, conservation, and utilization of plant
genetic resources. Genes, 14(1), 174. https://doi.org 10.3390/genes14010174

94. Garland S., & Curry H. A. (2022). Turning promise into practice: Crop biotechnology for
increasing genetic diversity and climate resilience. PLoS Biology, 20(7), e3001716. https://doi.org/
10.1371/journal.pbio.3001716

95. Huang C. Y., & Jin H. (2022). Coordinated epigenetic regulation in plants: a potent managerial
tool to conquer biotic stress. Frontiers in Plant Science, 12, 795274. https://doi.org/ 10.3389/fpls.2021.795274

96. Liu J., Wang X., Lu, T., Wang J., & Shi,W. (2023). Identification of the Efficacy of Ex Situ
Conservation of Ammopiptanthus nanus Based on Its ETS-SSR Markers. Plants, 12(14), 2670. https://doi.org/
10.3390/plants12142670

97. Nemzer B., Al-Taher F., & Abshiru N. (2020). Phytochemical composition and nutritional value of
different plant parts in two cultivated and wild purslane (Portulaca oleracea L.) genotypes. Food chemistry,
320, 126621. https://doi.org/ 10.1016/j.foodchem.2020.126621

98. Schneider H. (2023). Integrating genomics and conservation to safeguard plant
diversity. Integrative Conservation, 2(1), 10-18 https://doi.org/ 0.1002/inc3.15

99. Hong K., Radian Y., Manda T., Xu H., & Luo Y. (2023). The development of plant genome
sequencing technology and its conservation and application in endangered gymnosperms. Plants, 12(23), 4006
https://doi.org /10.3390/plants12234006

100. Merga W., & Getu A. (2023). The Application of Genetic Marker for Diversity Assessment and
Conserving of Plant Genetic Resource. Journal of Experimental and Molecular Biology, 24(3)195-206.
https://doi.org / 10.47743/jemb-2023-93

101. Matsumoto T., Tanaka D., Yoshimatsu K., Kawano N., Kawahara N., Maki S., Yamamoto S.,
Niino T. Application of cryobanking for Platycodon grandiflorum in vitro axillary buds using cryo-plate
methods // In Vitro Cell. Dev. Biol. — Plant. — 2021. — Vol. 57. — P. 15-20. https://doi.org 10.1007/s11627-020-
10119-3

102. Hofer M. & Hanke M.V. Cryopreservation of fruit germplasm // In Vitro Cell. Dev. Biol. — Plant.
—2017. —Vol. 53. — P. 372-381. https://doi.org/10.1007/s11627-017-9841-6

103. Pence V., Ballesteros D., Walters C., Reed B.M., Philpott M., Dixon K.W., Pritchard H.W.,
Culley T.M. Vanhove A.C. Cryobiotechnologies: Tools for expanding long-term ex situ conservation to all
plant ~ species //  Biological = Conservation. - 20200 - Vol. 250. - 8 p.

https://doi.org/10.1016/j.biocon.2020.108736

104. Ochatt S., Lambardi M., Panis B., Pathirana R., Revilla M. A., Wang Q.C. Cryopreservation and
in vitro banking: a cool subject — Preface from the editors // Plant Cell, Tissue and Organ Culture (PCTOC). —
2021. — Vol. 144. — P. 1-5. https://doi.org/10.1007/s11240-020-01985-1

105. Coelho N., Gongalves S., Romano A. Endemic Plant Species Conservation: Biotechnological
Approaches // Plants. — 2020. — Vol. 9(3). — 345 p. https://doi.org/ 10.3390/plants9030345



https://doi.org/10.1016/j.envpol.2022.120900
https://doi.org/10.1134/S1995425523040091
https://onlinelibrary.wiley.com/authored-by/Vakhlamova/Tatyana
https://onlinelibrary.wiley.com/authored-by/Wagner/Viktoria
https://onlinelibrary.wiley.com/authored-by/Padull%C3%A9s+Cubino/Josep
https://onlinelibrary.wiley.com/authored-by/Chytr%C3%BD/Milan
https://onlinelibrary.wiley.com/authored-by/Lososov%C3%A1/Zde%C5%88ka
javascript:void(0)
https://www.webofscience.com/wos/woscc/full-record/WOS:000994409300007
http://dx.doi.org/10.3390/genes14010174
http://dx.doi.org/10.1371/journal.pbio.3001716
https://doi.org/
http://dx.doi.org/10.3389/fpls.2021.795274
https://doi.org/
http://dx.doi.org/10.3390/plants12142670
https://doi.org/
http://dx.doi.org/10.1016/j.foodchem.2020.126621
http://dx.doi.org/10.1002/inc3.15
http://dx.doi.org/10.3390/plants12234006
https://doi.org/
https://doi.org/10.47743/jemb-2023-93
https://doi.org/10.1007/s11627-017-9841-6
https://doi.org/10.1016/j.biocon.2020.108736
https://doi.org/10.1016/j.biocon.2020.108736
https://doi.org/10.1007/s11240-020-01985-1
https://doi.org/
http://dx.doi.org/10.3390/plants9030345

224

106. Jain C., Khatana S., and Vijayvergia. 2019. Bioactivity of secondary metabolites of various
plants: a review. International Journal of Pharmaceutical Sciences and Research, 10 (2): 494-504.
https://doi.org/ 10.13040/1JPSR.0975-8232.10(2).494-04

107. Esenarro D., Vasquez P., Morales W.; Raymundo V. Interpretation Center for the Revaluation of
Flora and Fauna in Cusco, Pert. Buildings 2023, 13, 2345. https://doi.org/10.3390/buildings13092345

108. Ismail F, Imran A., Khan N.; Qureshi M.I. Past, Present and Future of Ecotourism, A Systematic
Literature Review from Last Decade Estudios de economia aplicada, 2021, Volume 39, Issue 4,
https://doi.org10.25115/eea.v39i4.4592

109. Trigi¢ 1., Nechita F., Risti¢ V., Steti¢ S., Maksin M., Atudorei I.A. Sustainable Tourism in
Protected Areas —The Case of the VrSac Mountains Outstanding Natural Landscape, Vojvodina Province
(Northern Serbia). Sustainability 2023, 15, 7760. https://doi.org/10.3390/su15107760

110. Sobhani P.; Esmacilzadeh H.; Wolf 1.D.; Marcu M.V.; Liick M.; Sadeghi S.M.M. Strategies to
Manage  Ecotourism  Sustainably: Insights from a SWOT-ANP  Analysis and IUCN
Guidelines. Sustainability 2023, 15, 11013. https://doi.org/10.3390/su151411013

111. Yi Han, Wenwu Zhao, Jingyi Ding, Carla Sofia Santos Ferreira, Soil erodibility for water and
wind erosion and its relationship to vegetation and soil properties in China's drylands, // Science of The Total
Environment, Volume 903, 2023, 166639, https://doi.org/10.1016/j.scitotenv.2023.166639

112. Onyelowe K.C., Fazel Mojtahedi, F., Golaghaei Darzi, A.et al. Solving large deformation
problems in geotechnical and geo-environmental engineering with the smoothed particle hydrodynamics: a
state-of-the-art  review  of  constitutive  solutions. Environ  Earth  Sci82, 394  (2023).
https://doi.org/10.1007/s12665-023-11079-8

113. Tarancon-Andrés E., Santamaria-Pefia J., Arancon-Pérez D., Martinez-Cdmara E., Blanco-
Fernandez J. Detection of high erosion risk areas and their incorporation into environmental impact
assessment. Soil & Water Res.. 2023;18(2):102-115. https:// doi.org/ 10.17221/91/2022-SWR

114. Kuhn C.E.S., Reis, F.A.G.V., Zarfl, C.et al. Ravines and gullies, a review about impact
valuation. Nat Hazards 117, 597-624 (2023). https://doi.org/10.1007/s11069-023-05874-6

115. Ponce G. A., Rodriguez M. 1., Ruibal-Conti A. L., Muchiut J., & Rodriguez A. (2023).
Preliminary application of the MIKE 21 model in a eutrophic reservoir during flood events: San Roque
reservoir case, Argentina. Tecnologia Y Ciencias Del Agua, 14(3), 314-364. https://doi.org/10.24850/j-tyca-
14-03-07

116. R.M.R.M. Jayathilaka, N.P. Ratnayake, T.M.N. Wijayaratna, K.B.A. Silva, K. Arulananthan, A
Review of coastal erosion mitigation measures on Sri Lanka's Western Coast, an Island Nation in the Indian
Ocean: Current gaps and future directions, Ocean & Coastal Management, Volume 242, 2023, 106653,
https://doi.org/10.1016/j.0ocecoaman.2023.106653

117. Li An, Lei Shen, Shuai Zhong, Delong Li, Transboundary ecological network identification for
addressing conservation priorities and landscape ecological risks: Insights from the Altai Mountains//
Ecological Indicators, Volume 156, 2023, 111159, https://doi.org/10.1016/j.ecolind.2023.111159

118. Spyridon Tsattalios, loannis Tsoukalas, Panagiotis Dimas, Panagiotis Kossieris, Andreas
Efstratiadis, Christos Makropoulos, Advancing surrogate-based optimization of time-expensive environmental
problems through adaptive multi-model search, Environmental Modelling & Software, Volume 162, 2023,
105639, https://doi.org/10.1016/j.envsoft.2023.105639

119. Qiangian Zhang, Fei Zhang, Tohid Erfani, Lu Zhu, Bagged stepwise cluster analysis for
probabilistic river flow prediction, Journal of Hydrology, Volume 625, Part A, 2023, 129995,
https://doi.org/10.1016/j.jhydrol.2023.129995

120. Cho S.J., Klemz C., Barreto S., Raepple J., Bracale H., Acosta E.A., Rogéliz-Prada C.A., Ciasca
B.S. Collaborative Watershed Modeling as Stakeholder Engagement Tool for Science-Based Water Policy
Assessment in Sao Paulo, Brazil. Water 2023, 15, 401. https://doi.org/10.3390/w15030401

121. Corey T. White, Anna Petrasova, Vaclav Petras, Laura G. Tateosian, Jelena VVukomanovic,
Helena Mitasova, Ross K. Meentemeyer, An open-source platform for geospatial participatory modeling in the
cloud, Environmental Modelling & Software, Volume 167, 2023, 105767,
https://doi.org/10.1016/j.envsoft.2023.105767

122. J.D. Jakeman, PyApprox: A software package for sensitivity analysis, Bayesian inference,
optimal experimental design, and multi-fidelity uncertainty quantification and surrogate modeling,
Environmental Modelling & Software, Volume 170, 2023, 105825,
https://doi.org/10.1016/j.envsoft.2023.105825



https://doi.org/
http://dx.doi.org/10.13040/IJPSR.0975-8232.10(2).494-04
https://doi.org/10.3390/buildings13092345
https://www.webofscience.com/wos/author/record/56099080
https://www.webofscience.com/wos/author/record/22357391
https://www.webofscience.com/wos/author/record/2442712
https://www.webofscience.com/wos/author/record/1084884
javascript:void(0)
https://doi.org/10.3390/su15107760
https://doi.org/10.1016/j.scitotenv.2023.166639
https://doi.org/10.1007/s12665-023-11079-8
https://doi.org/10.1007/s11069-023-05874-6
https://doi.org/10.24850/j-tyca-14-03-07
https://doi.org/10.24850/j-tyca-14-03-07
https://doi.org/10.1016/j.ocecoaman.2023.106653
https://doi.org/10.1016/j.ecolind.2023.111159
https://doi.org/10.1016/j.envsoft.2023.105639
https://doi.org/10.1016/j.jhydrol.2023.129995
https://doi.org/10.3390/w15030401
https://doi.org/10.1016/j.envsoft.2023.105767
https://doi.org/10.1016/j.envsoft.2023.105825

225

123. Kumar Y. A. Environmental awareness study in Kazakhstan: a critical literature review Vol. 80
No. 1 (2022): The Journal of Psychology & Sociology p. 112-127,
https://doi.org/10.26577/JPsS.2022.v80.i1.10].

124. https://kapital.kz/economic/126581/v-2023-godu-v-rk-vyyavili-60-perspektivnykh-uchastkov-
poleznykh-iskopayemykh.html

125.https://forbes.kz/articles/afganistan_peredast_kazahstanu_kartyi_gde otmechenyi_perspektivnyie
_mestorojdeniya

126.https://dprom.kz/goryachie-stranitsy/dobivayushaya-promishlyennost-rk-etogee-2023/

127.https://tengrinews.kz/kazakhstan_news/tokaev-poruchil-privlech-krupnyih-investorov-
geologoravezdku-536469/

128.Teltayev B., Radovskiy B., Seilkhanov T., Rossi C.O., Amirbayev E. Low and high temperature
characteristics of compounded and modified bitumens. Colloids and Surfaces A: Physicochemical and
Engineering Aspects. 648. 2022. 129308. https://doi.org/10.1016/j.colsurfa.2022.129308,
https://doi.org/10.18321/ectj1145

129. Zhambolova A., Ongarbayev Y., Tileuberdi Y., Teltayev B. Oxidation of Vacuum Residue
with the Addition of Crumb Rubber. Eurasian Chemico-Technological Joutrnal. 24. 2022, 21-32

130. bopanbaes A.K. I'eonoropazsenka: «Bomnpockl B ToJIE BOCKIMIATEILHBIX 3HAKOB» M ILIaH
neiicreuii. KAZSERVICE, uronb-centsiops 2021

131. Teltayev B.B. Temperature and moisture monitoring in pavement and subgrade in Kazakhstan.
Smart Geotechnics for Smart Societies - Zhussupbekov, Sarsembayeva & Kaliakin (Eds). 2023. 92-101

132.  https://www.miningmagazine.com/processing/news/1421789/digital-twins-emerge-esg-tool

133.  https://www.miningmagazine.com/fleets/news/1421965/5g-trials-underway-china

134.  https://www.miningmagazine.com/underground/news/1421973/strata-partners-nerospec-sk

135.  https://www.miningmagazine.com/management/news/1423131/automation-boost-newcrest

136.  https://matrixteam.com/

137.  https://www.miningmagazine.com/partners/partner-content/1420451/change-management-
operational-readiness

138.  https://miningdataonline.com/property/1445/Onaping-Depth-Project.aspx

139. https://kapital.kz/economic/125891/redkozemel-nyye-metally-novaya-neft-kazakhstana.html

140. https://www.electrive.com/2021/08/11/gmg-announces-break-through-in-li-ion-cell-chemistry/

141. https://lwww.pv-magazine.com/2021/04/29/graphene-aluminum-ion-batteries-with-ultra-fast-charging/

142, https://www.graphenea.com/pages/graphene-price#.YaUS1IDjJLM

143. https://www.miningmagazine.com/power/news/1422412/report-successful-test-vanadium-battery

144 https://www.miningmagazine.com/underground-mining/news/1422146/sandvik-launches-europes-bev-trial

145.https://tengrinews.kz/educationscience/uchenyim-kazahstana-nauka-stala-prinosit-millionyi-511772

146.Encenbace T.A. (Hayd. pyk.) «TekTOHHMUECKUH W TeoMHaMU4eckuii aHanu3 PZ-PR otnoxeHuit
MECTOpOXKACHHUS AKIIa0ysIak», corjacHo jgoroBopy ot 02 mapra 2020 roxa, 3akitoueHHoro ¢ TOO «CII
«Kazrepmynait», 02.03-31.12.2020r.

147 EncenibaeB T.A. (Hay4. pyk.) PekoHCTpyKIIHS TepMOOAPHUIECKUX YCIOBUN SBOIIIOIHHU O3 MHBIX
HEJIp Ha OCHOBE HCCIENOBAHUN >KUAKUX BKIIOYEHMM B KPUCTA/UIaX TOPHBIX IIOPOJ BEPXHENAIECO30MCKHUX
oTioxeHuil Boctoka [Ipukacnmiickoil cunexinssl (tema 0689/I'®d4, I'pant. punanc. MOH PK 2015-2017r.r.,
Ne rocpeructpanun npoekra 0115PK02029).

148.Nurbekova R., Smirnova N.° Goncharev 1., Sachsenhofer R.F., Hazlett R.D., Smirnov G.,
Yensepbayev T., Mametov S., Fustic M. High-quality source rocks in an underexplored basin: The upper
Carboniferous—Permian succession in the Zaysan Basin (Kazakhstan), International Journal of Coal
Geology, 2023, 272, 104254 (WoS)

149.Kozhagulova, A., Yapiyev, V., Karabayanova, L., Zavaley V., Grasby, S.E., Fustic, M.Geological
controls on the geothermal system and hydrogeochemistry of the deep low-salinity Upper Cretaceous aquifers
in the Zharkent (eastern Ily) Basin, south-eastern Kazakhstan. Frontiers in Earth Science, 2023.

150.G.Mathews, T.Yensepbayev, Triassic Granite Magmatism in the Kazakhstan Continent and its
Implications to the Pangea Super continent Assembly, GSA Connects 2023 Meeting, Pittsburgh, Pennsylvania,
USA.

151.A.Kozhagulova, V.Yapiyev, A.Kalitova, V.Zavaley, A.Dillinger, A.Karakozhayeva,
T.Yensepbayev, J.Holbrook, M. Fustic. Low Salinity Upper Cretaceous Formation Potential for Geothermal



https://bulletin-psysoc.kaznu.kz/index.php/1-psy/article/view/1452
https://kapital.kz/economic/126581/v-2023-godu-v-rk-vyyavili-60-
https://dprom.kz/goryachie-stranitsy/dobivayushaya-promishlyennost-rk-etogee-2023/
https://tengrinews.kz/kazakhstan_news/tokaev-poruchil-privlech-krupnyih-investorov-geologoravezdku-536469/
https://tengrinews.kz/kazakhstan_news/tokaev-poruchil-privlech-krupnyih-investorov-geologoravezdku-536469/
https://doi.org/10.1016/j.colsurfa.2022.129308
https://www.miningmagazine.com/processing/news/1421789/digital-twins-emerge-esg-tool
https://www.miningmagazine.com/management/news/1423131/automation-boost-newcrest
https://www.miningmagazine.com/partners/partner-content/1420451/change-management-operational-readiness
https://www.miningmagazine.com/partners/partner-content/1420451/change-management-operational-readiness
https://miningdataonline.com/property/1445/Onaping-Depth-Project.aspx
https://www.electrive.com/2021/08/11/gmg-announces-break-through-in-li-ion-cell-chemistry/)
https://www.graphenea.com/pages/graphene-price#.YaUS1lDjJLM
https://www.miningmagazine.com/power/news/1422412/report-successful-test-vanadium-battery
https://www.miningmagazine.com/underground-mining/news/1422146/sandvik-launches-europes-bev-trial
https://www.miningmagazine.com/underground-mining/news/1422146/sandvik-launches-europes-bev-trial
https://www.scopus.com/authid/detail.uri?authorId=49261314800#disabled
https://www.scopus.com/authid/detail.uri?authorId=49261314800#disabled
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57203902249&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57204015088&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57639593000&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6603882582&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=14009797900&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85178888483&origin=resultslist&sort=plf-f&src=s&st1=zavaley&st2=&nlo=1&nlr=20&nls=count-f&sid=f24dd09828ff4dbcc789b819972b7a14&sot=anl&sdt=aut&sl=43&s=AU-ID%28%22Zavaley%2c+Vyacheslav+A.%22+56369359000%29&relpos=0&citeCnt=2&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85178888483&origin=resultslist&sort=plf-f&src=s&st1=zavaley&st2=&nlo=1&nlr=20&nls=count-f&sid=f24dd09828ff4dbcc789b819972b7a14&sot=anl&sdt=aut&sl=43&s=AU-ID%28%22Zavaley%2c+Vyacheslav+A.%22+56369359000%29&relpos=0&citeCnt=2&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85178888483&origin=resultslist&sort=plf-f&src=s&st1=zavaley&st2=&nlo=1&nlr=20&nls=count-f&sid=f24dd09828ff4dbcc789b819972b7a14&sot=anl&sdt=aut&sl=43&s=AU-ID%28%22Zavaley%2c+Vyacheslav+A.%22+56369359000%29&relpos=0&citeCnt=2&searchTerm=
https://www.scopus.com/sourceid/21100782253?origin=resultslist
https://gsa.confex.com/gsa/2023AM/meetingapp.cgi/Person/284321
https://gsa.confex.com/gsa/2023AM/meetingapp.cgi/Person/284354
https://www.researchgate.net/publication/364384633_Low_salinity_Upper_Cretaceous_formation_potential_for_Geothermal_Energy_harvesting_in_the_Eastern_Ily_Basin_Kazakhstan

226

Energy Harvesting in the Eastern Ily Basin, Kazakhstan. Conference: 3rd EAGE Global Energy Transition
Conference & Exhibition, Nov. 7 2022, Hague, Netherlands. (Scopus)

152.Smirnov G., Nurbekova R., Fustic M., Mathews G.P., Hazlett R.D., Mametov S., Yensepbayev T..
Impacts of Permian Ashfalls on Bioproductivity and Abundance of Organic Matter in the Zaysan Basin,
Eastern Kazakhstan. 21st International Sedimentological Congress, August 22-26, 2022, Beijing, China

153.Fustic M., Dillinger A., Zhemchunikov V.G., Yensepbayev T.A. Tidal facies in siliclastic
neoproterozoic Aktugay formation, southern Kazakhstan. 10th International Congress of Tidal Sedimentology
“Tidalites 2022, Matera, Italy. May 3-5, 2022

154.Nurbekova R., Mametov S., Yensepbayev T., Sabanov S., Hazlett R.D., Richard L., and Fustic
M.. High quality black shales in a low prospective Zaisan basin, Kazakhstan: A viable unconventional
resource? 35th IAS Meeting of Sedimentology, May 23-26, 2021, Prague, Czech Republic.

155. Crpaterust HOCTHKEHUS YriiepoaHoW HelTpanbHocTH Pecnybnmkm Kazaxcran mo 2060 rona.
YrBepxkaena YkazoM [Ipesunenra Pecryonuku Kazaxcran ot 2 deBpans 2023 roga Ne 121,

156. JlekapOoHu3zamusi AOOBIBaIOIMX oTpacieil skoHoMuku PecnyOnuku Kaszaxcran: monorpagwus /
Ion pen. akanemuka HAH PK, n.1.1., mpod. C. XK. daykeii. - Hyp-Cynran: Bi-IIPUHT, 2021. — 220 c.

157. HanmonanpHbIN sHepreTrdeckuii fokimanq KAZENERGY 2023.

158.MuBecTriii B BOJHO-3HEpreTndeckuii komrviekc llentpanbHoit Asuu. Jlokmanel u pabouwne
nokyMeHTHI LleHTp oTpacieBoro ananu3sa L{eHTp UHTerpallMOHHBIX UccienoBanui, Anmarel, 2021.

159. Otuer pykxoBoactBa AO «CaMpyk-DHEpro» o pe3yipTaTax AesarenbHocTH 3a 2022 rog.

160. O6 ytBepxknennn KoHIenmuu pa3BUTHS SJISKTPOIHEPreTHUECKON oTpacnu PecmyOnuku
Kazaxcran na 2023-2029 ronsi. [Toctanosnenue IlpaBurensctBa Pecnyonukn Kazaxcran ot 28 mapra 2023
roaa Ne 263.

161. MexrocynapcrBennas Koopaunanmonnas BogoxozsiictBennas Komuccns LlenTpanpaoit A3um.
Bronnerens Ne 2 (95), mapt 2023 1.

162. Alimgazin A., Merzadinova G.,Sultanguzin I., Yavorovsky, Yu., Bartenev A. Prospects for the
use of absorption cooling and heating technologies to improve the energy efficiency of various facilities in the
Republic of Kazakhstan. AIP Conference Proceedings. Tom 265022 November 2022. International Annual
Conference on Industrial Technologies and Engineering, ICITE 2021.

163. Sultanguzin I., Alimgazin A., Chaikin V., Yatsyuk T., Nechaev A., Skorobatyuk A. Research and
development of seasonal heat and ice storage for energy supply system of building. AIP Conference
Proceedings. Tom 265022 November 2022. International Annual Conference on Industrial Technologies and
Engineering, ICITE 2021.

164. Gunin A., Tokhtibakiev K., Saukhimov A., Bektimirov A., Didorenko E. IMPROVING THE
EFFICIENCY OF MODE AUTOMATION USING SYNCHROPHASOR MEASUREMENTS TO
IDENTIFY STABILITY DISTURBANCE. Eastern-European Journal of Enterprise Technologies. Tom 2,
Beimyck 8-122, Crpanuns! 18 — 262023.

165. Bektimirov A., Malik Om Parkash, Saukhimov A., Didorenko E. IDENTIFICATION AND
DAMPING OF LOW-FREQUENCY OSCILLATIONS BASED ON WAMS DATA AND THE REVISITED
RESIDUE METHOD - PART I. Eastern-European Journal of Enterprise Technologies.Tom 2, Beimyck 8-122,
Crpanwnmsl 6 — 172023.

166. OO0 yrBepxneHnn KOMIUIEKCHOIO TIaHA TIO0 Pa3BUTHIO MAIIMHOCTPOUTEIBHON OTpacin
Pecny6nuku Kazaxcran Ha 2024 — 2028 roast. [Toctanosnenue [IpaButensctBa PecryOnuku Kazaxcran ot 7
HOs10pst 2023 roma Ne991. https://adilet.zan.kz/rus/docs/P2300000991

167. [lepcriekTrBEHI pa3BuTHA MAaIIMHOCTPOUTEIHHOTO KOMILIEKCa Kazaxcrana.
https://factories.kz/news/perspektivy-razvitiya-mashinostroitelnogo-kompleksa-kazakhstana

168. Ilpembep-Munuctp obcynun c riasoii Coro3a mamumHocTpouTeneil Kazaxcrana peanuszaunmuio
HOBoro KoMIUIeKCHOro miiaHa pa3BUTHS OTpaciu Ha Omwkaimme 5 set. https://smkz.kz/premer-ministr-
obsudil-s-glavoj-soyuza-mashinostroitelej-kazaxstana-realizaciyu-novogo-kompleksnogo-plana-razvitiya-
otrasli-na-blizhajshie-5-let/

169. OIOJI "Coro3 mammHocTpouTeneit Kazaxcrana". https://smkz.kz/analitika/

170. Bropo HaIMOHAIBHON CTATHUCTUKKA ATEHTCTBA 110 CTPATErMUSCKOMY IJIAHMPOBAHHUIO U pedopMam
PecniyOnuku Kazaxcran. https://stat.gov.kz/ru/

171. https://official.satbayev.university/ru/industrial-engineering

172. AckapoB E.C. Kak HayumThcsi m300peraTh. PyKOBOJICTBO JJjisi HauMHAmOmEero uzobperares.
YuebHoe mocobue. m3a.2.— Anmartsr, Jlantap Ttpeiin, 2021, 190 c.


https://www.researchgate.net/publication/364384633_Low_salinity_Upper_Cretaceous_formation_potential_for_Geothermal_Energy_harvesting_in_the_Eastern_Ily_Basin_Kazakhstan
https://www.sepm.org/event/10th-tidal-sedimentology#:~:text=The%2010%20th%20edition%20of,rd%20to%205%20th%202022.
https://www.sepm.org/event/10th-tidal-sedimentology#:~:text=The%2010%20th%20edition%20of,rd%20to%205%20th%202022.

227

173. HauumonaneHast akagemuss Hayk PecnmyOnmkm Kazaxcran. DHIMKIONEIMYECKHH CHPaBOYHHK.
Anmartsl, 2022, 364 c.

174, https://www.kstu.kz/wp-content/uploads/2023/03/Mashinostroenie.pdf

175. https://science.tou.edu.kz/

176. https://www.ektu.kz/research/progectsmon.aspx

177. https://kaznaru.edu.kz/department/84

178. https://alt.edu.kz/nauka/nauchno-issledovatelskaya-rabota/

179. ttps://www.immash.kz/%d0%bf%d1%80%d0%be%d0%hb5%d0%ba%d1%82%d1%8b/

180. https://al-farabi.kaznu.kz/?page_id=244

181.https://pps.kaznu.kz/ru/Main/Personal/102/359/15571/%D0%91%D0%B0%D0%B9%D0%B3%D
1%83%D0%BD%D1%87%D0%B5%D0%BA%D0%BE%D0%B2%20%D0%96%D1%83%D0%BC%D0%B
0%D0%B4%D0%B8%D0%BB%20%D0%96%D0%B0%D0%BD%D0%B0%D0%B1%D0%B0%D0%B5%
D0%B2%D0%B8%D1%87

182. 11IBa6 K. Texnonorun YeTBepToil MPOMBIIIJICHHOW PEBOJIIOLIMH: TIEPEBOJ ¢ aHruiickoro / Kiayc
11IBa6, Huxonac /IaBuc. — M.: Dxemo, 2019. — 320 ¢.

183. https://trends.rbc.ru/trends/futurology/6284222d9a79472¢8b9a67bc

184. JIu 1. ApxuTektypa UHTepHeTa Bewel / mep. ¢ anra. MLA. Paiitmana. - M.: JIMK Ilpecc, 2019. -
454 c.

185. https://carbidetool.ru/high_speed_cutting

186. https://docs.yandex.ru/docs/view?tm

187. MIT wHauHeT TPOBOAMTHL  HCCICJOBaHUS COBMECTHO ¢  Satbayev  University.
https://www.gov.kz/memleket/entities/sci/press/news/details/702343?lang=ru

188. Satbayev University " Penn State YKPETUISIIOT COTPYHUYECTBO.
https://www.gov.kz/memleket/entities/sci/press/news/details/701439?lang=ru

189. B Satbayev University oTkpbiBaeTcs puman ropoackoro yausepcutera ['onkonra CityU.
https://www.gov.kz/memleket/entities/sci/press/news/details/662820?lang=ru

190. I'moGansHOe coTpynHuyectBo: Satbayev University u [lonurexnudeckuit nHCTUTYT [ 'peHoOIs
obbeaunstor yeumus. https://www.gov.kz/memleket/entities/sci/press/news/details/647806?lang=ru

191. Satbayev University otkpsiBaer Illkoqy TpaHCHOPTHON WH)XEHEPUH U JIOTHCTHKH.
https://www.gov.kz/memleket/entities/sci/press/news/details/627334?lang=ru

192. ABTOMOOHIIECTPOCHHE ocraercs KITIOYECBBIM JpaiiBepoM MAalIHHOCTPOCHHSL.
https://autoreport.kz/review/avtomobilestroenie-ostaetsa-klucevym-drajverom-masinostroenia-issledovanie

193.Mansurova M., Barakhnin V., Ospan A., Titkov R. Ontology-Driven Semantic Analysis of
Tabular Data: An lterative Approach with Advanced Entity Recognition // Applied Sciences. — 2023. —
13(19):10918. https://doi.org/10.3390/app131910918

194.Meirzhan Baikuvekov, Abdimukhan Tolep, Daniyar Sultan, Dinara Kassymova, Leilya
Kuntunova and Kanat Aidarov, “1D Convolutional Neural Network for Detecting Heart Diseases using
Phonocardiograms” International Journal of Advanced Computer Science and Applications (IJACSA), 14(3),
2023. http://dx.doi.org/10.14569/1JACSA.2023.0140348

195.https://official.satbayev.university/ru/science/irn-ap19679602-razrabotka-privyaznoy-
unifitsirovannoy-multikopternoy-platformy-dvoynogo-naznacheniya-s-invertorom-s-povyshennoy-chastotnoy-
kommutatsiey-i-vysokim-koeffitsientom-preobrazovaniya-napryazheniya

196.https://official.satbayev.university/ru/vnedrennye-proekty/irn-ap19679041-issledovanie-i-
primenenie-volokonno-opticheskikh-datchikov-deformatsiy-dlya-monitoringa-napryazhennogo-sostoyaniya-
metallicheskikh-i-betonnykh-konstruktsiy

197 .https://official.satbayev.university/ru/science/ap09058620-razrabotka-web-gis-na-osnove-
dannykh-kompleksnogo-geodinamicheskogo-monitoringa

198.https://www.ncste.kz/ru/competition-109?irn=BR10965311

199.https://astanait.edu.kz/2023/07/19/uchenye-astana-it-university-stali-obladatelyami-grantov/

200.https://iitu.edu.kz/ru/articles/article2/finansiruemie-nauchnie-proekti/ap13068032/

201.https://digitalbridge.kz/?lang=RU

202.Beissen N., Abishev M., Toktarbay S., Yernazarov T., Aimuratov Y., Khassanov M. Nonlinear
electrodynamical lensing of electromagnetic waves on the dipole magnetic field of the magnetar (2023)
International Journal of Modern Physics D, 32 (16), art. no. 2350106.

203.Dzhunushaliev V., Folomeev V., Shnir Y. Fermion states localized on a self-gravitating non-
Abelian monopole. (2023) Physical Review D, 108 (6), art. no. 065005



https://doi.org/10.3390/app131910918
http://dx.doi.org/10.14569/IJACSA.2023.0140348
https://official.satbayev.university/ru/science/irn-ap19679602-razrabotka-privyaznoy-unifitsirovannoy-multikopternoy-platformy-dvoynogo-naznacheniya-s-invertorom-s-povyshennoy-chastotnoy-kommutatsiey-i-vysokim-koeffitsientom-preobrazovaniya-napryazheniya
https://official.satbayev.university/ru/science/irn-ap19679602-razrabotka-privyaznoy-unifitsirovannoy-multikopternoy-platformy-dvoynogo-naznacheniya-s-invertorom-s-povyshennoy-chastotnoy-kommutatsiey-i-vysokim-koeffitsientom-preobrazovaniya-napryazheniya
https://official.satbayev.university/ru/science/irn-ap19679602-razrabotka-privyaznoy-unifitsirovannoy-multikopternoy-platformy-dvoynogo-naznacheniya-s-invertorom-s-povyshennoy-chastotnoy-kommutatsiey-i-vysokim-koeffitsientom-preobrazovaniya-napryazheniya
https://official.satbayev.university/ru/vnedrennye-proekty/irn-ap19679041-issledovanie-i-primenenie-volokonno-opticheskikh-datchikov-deformatsiy-dlya-monitoringa-napryazhennogo-sostoyaniya-metallicheskikh-i-betonnykh-konstruktsiy
https://official.satbayev.university/ru/vnedrennye-proekty/irn-ap19679041-issledovanie-i-primenenie-volokonno-opticheskikh-datchikov-deformatsiy-dlya-monitoringa-napryazhennogo-sostoyaniya-metallicheskikh-i-betonnykh-konstruktsiy
https://official.satbayev.university/ru/vnedrennye-proekty/irn-ap19679041-issledovanie-i-primenenie-volokonno-opticheskikh-datchikov-deformatsiy-dlya-monitoringa-napryazhennogo-sostoyaniya-metallicheskikh-i-betonnykh-konstruktsiy
https://official.satbayev.university/ru/science/ap09058620-razrabotka-web-gis-na-osnove-dannykh-kompleksnogo-geodinamicheskogo-monitoringa
https://official.satbayev.university/ru/science/ap09058620-razrabotka-web-gis-na-osnove-dannykh-kompleksnogo-geodinamicheskogo-monitoringa
https://www.ncste.kz/ru/competition-109?irn=BR10965311
https://astanait.edu.kz/2023/07/19/uchenye-astana-it-university-stali-obladatelyami-grantov/
https://iitu.edu.kz/ru/articles/article2/finansiruemie-nauchnie-proekti/ap13068032/
https://digitalbridge.kz/?lang=RU

228

204.Boshkayev K., Luongo O., Muccino M. Numerical analysis of quasiperiodic oscillations with
spherical spacetimes. (2023) Physical Review D, 108 (12), art. no. 124034

205.Y. Aldabergenov Y., Ketov S.V. Primordial Black Holes from Volkov-Akulov—-Starobinsky
Supergravity (2023) Fortschritte der Physik, 71 (6-7), art. no. 2300039

206.Singh J.K., Shaily, Myrzakulov R., Balhara H. A constrained cosmological model in f(R,Lm)
gravity. (2023) New Astronomy, 104, art. no. 102070

207.Shestakova, L.l., Kenzhebekova, A.l.,_Serebryanskiy, A.V. On survival of dust grains in the
sublimation zone of cold white dwarfs /Monthly Notices of the Royal Astronomical Society. — 514. — P. 997-
1005. - May 2022. https://doi.org/10.1093/mnras/stac1405 (IF=5.235, Q1, npouenTuis 88)

208.Saveliev V. L. Model Two-particle Kinetic Equation for Pairs of Quasiparticles. //Physics of
Fluids. - August 2022. https://doi.org/10.1063/5.0106154 (IF=4.980, Q1, npouenTiib 89)

209.Vazquez-Aceves V., Amaro Seoane P., Kuvatova D., Makukov M., Omarov Ch., Yurin D.
Intermediate-mass ratio inspirals in merging elliptical galaxies // Mon. Not. R. Astron. Soc. - 2023. - Vol. 518.
- P. 2113-2118. https://doi.org/10.1093/mnras/stac3286 (IF=5.235, Q1, nporeutnis 88)

210.Dover L., Lowry S.C., Rozek A., Rozitis B., Jackson S.L., Zegmott T., Krugly Yu.N., Belskaya
I.N., Fitzsimmons A., Green S.F., Snodgrass C., Weissman P.R., Brozovi¢ M., Benner L. A.M., Busch M.W_,
10, Ayvazian V.R., Chiorny V., Inasaridze R.Ya., Krugov M., Mykhailova S., Reva I., Hibbert J. Physical
modelling of near-Earth asteroid (23187) 2000 PN9 with ground-based optical and radar observations //
MNRAS. —2023. — Vol. 525. — Ne3. — P. 4581-4595. doi: 10.1093/mnras/stad2528 (IF=4.56, Q1, nporieHTHIIb
86) (in English)

211. Durech, J., Vokrouhlicky, D., Pravec, P., Krugly, Yu. N., Kim, M.—J., Polishook, D., Ayvazian,
V. V., Bonev, T., Choi, Y.-J., Datashvili, D. G., Donchev, Z., Ehgamberdiev, S. A., Hornoch, K., Inasaridze,
R. Ya., Kapanadze, G. V., Kim, D.-H., Ku¢akova, H., Kusakin, A. V., Kusnirak, P., Lee, H.-J., Molotov, I. E.,
Moon, H.-K., Mykhailova, S. S., Nikolenko, I. V., Novichonok, A., Oey, J., Omarov, Ch. T., Pollock, J. T.,
Reva, I. V., Rumyantsev, V. V., Zhornichenko, A. A. Rotation acceleration of asteroids (10115) 1992 SK,
(1685) Toro, and (1620) Geographos due to the YORP effect // Astronomy & Astrophysics. — 2022. — Vol.
657. — Article Number A5. https://doi.org/10.1051/0004-6361/202141844 (1F=6.24, Q1, npouenTtuis 82) (in
English)

212. Shestakova L. 1., Serebryanskiy A. V., Krugov M. A., Aimanova G. K., Omarov Ch. T. Signs of
Emissions of Alkali Metals Na I, Li [, and K I During First Minutes After DART Probe Crash on Dimorphos //
Research Notes of the American Astronomical Society — 2022. — Vol.6. — Nel0. — P.223.—
https://dx.doi.org/10.3847/2515-5172/ac9d33 (in English)

213.Yurin D., Makukov M., Kuvatova D., Gluchshenko A. and Omarov Ch. Applying Zero-Crossing
Method for Frequency Map Analysis of Dynamical Systems // Submitted to Monthly Notices of the Royal
Astronomical Society (in process of moderate revision). IF=5.235, Q1, npouenTtuias 88) (momaHo B mevars,
MoJTy4eH oTBeT pedepu, B poriecce moderate peBru3nn)

214.Mastrobuono—Battisti A., Amaro Seoane P., Omarov C., Yurin D., Makukov M., Omarova G.,
Ogiya G. Prograde and retrograde stars in nuclear cluster mergers. Evolution of the supermassive black hole
binary and the host galactic nucleus // Submitted to Astronomy & Astrophysics. 1F=5.235, Q1, nporeHTuib
88) (momaHo B meyarsn)

215.Dubovichenko S.B., Yeleusheva B.M., Burkova N.A., Tkachenko A.S. Radiative
°Be(n,go+1+2+3+4+5)'°Be reaction rate in potential cluster model // Chinese Physics C. — 2023. — Vol. 47. Ne8. —
P.084105(14p.). (IF = 2.9, Q2 W0S, 71%, Q1 Scopus)-https://doi.org/10.1088/1674-1137/acdb55

216.Dubovichenko S. B., Yeleusheva B. M., Burkova N. A., Tkachenko A. S. The reaction rate of
radiative nLi capture in the range from 0.01 to 10 To // Frontiers in Astronomy and Space Sciences. Section:
Nuclear Physics. - 2023. - Vol .10. (IF = 3.0, Q2 WoS, 57%, Q2 Scopus)
https://doi.org/10.3389/fspas.2023.1251743

217.Tkachenko A.S., Burkova N.A., Yeleusheva B.M., Dubovichenko S.B. Estimation of radiative
capture B(n,yo+1)*B reaction rate in the modified potential cluster model // Chinese Physics C. — 2023. — Vol.
47.—P.104103. (IF = 2.9, Q2 Wo0S, 71%, Q1 Scopus) https://doi.org/10.1088/1674-1137/acee55

218.Dubovichenko S.B. Phase shifts analysis in Nuclear Astrophysics. — UK, Cambridge: Cambridge
Scholars Publishing, Second English edition, 2022. — 311 p; ISBN: 1-5275-8283-3, ISBN13: 978-1-5275-
8283-5. (Monorpadus) https://www.cambridgescholars.com/product/978-1-5275-8283-5

219.Saule Shomshekova, Lyudmila Kondratyeva, Chingis Omarov, lldana Izmailova, Adel
Umirbayeva, Svetlana Moshkina. Digital archival spectral data for Seyfert galaxies and their use in



https://fai.kz/personnel/shestakova
https://fai.kz/personnel/serebryanskiy
https://doi.org/10.1093/mnras/stac1405
https://doi.org/10.1093/mnras/stac1405
https://doi.org/10.1063/5.0106154
https://doi.org/10.1063/5.0106154
https://doi.org/10.1093/mnras/stac3286
https://doi.org/10.1093/mnras/stac3286
https://doi.org/10.1093/mnras/stad2528
https://fai.kz/personnel/kusakin
https://fai.kz/personnel/kusakin
https://fai.kz/personnel/omarov
https://fai.kz/personnel/omarov
https://fai.kz/personnel/reva
https://fai.kz/personnel/reva
https://fai.kz/personnel/reva
https://doi.org/10.1051/0004-6361/202141844
https://doi.org/10.1051/0004-6361/202141844
https://dx.doi.org/10.3847/2515-5172/ac9d33
https://doi.org/10.1088/1674-1137/acdb55
https://doi.org/10.1088/1674-1137/acdb55
https://doi.org/10.3389/fspas.2023.1251743
https://doi.org/10.3389/fspas.2023.1251743
https://doi.org/10.3389/fspas.2023.1251743
https://doi.org/10.1088/1674-1137/acee55

229

conjunction with modern FAI spectral data // Experimental Astronomy. — V.56. — P.557-568. —2023. Q2.
IF=2.7. 59%

220.Rakhmatulina A., Imanbayeva N., Ibrayev S., Uderbayeva A., Nurmaganbetova A.. Analytical
Solution of the Problem of Dynamic Synthesis of a Six—Link Straight-Line Converting Mechanism of the
Suckerrod Pumping Drive // Eastern—European Journal of Enterprise Technologies, 6 (7 (114)), 21-28, 2021.
doi: https://doi.org/10.15587/1729-4061.2021.245591, Available at SSRN: https://ssrn.com/abstract=3994796

221.Rakhmatulina A., Ibrayev S., Imanbayeva N., lbrayeva A. Synthesis of the transforming
mechanism of the rocking machine //Journal of Mathematics. Mechanics and Computer Science. Vol 116, No
4.-2022.

222.A.b. Paxmarynuna, H.C. Uman6aeBa CoBpeMEHHBIC 3a/ladyll MOJCITUPOBAHUSI M ONTHMAILHOTO
MIPOEKTHPOBAHMUS IPHBO/A IITAHIOBBIX HACOCHBIX yYCcTaHOBOK: KHura. — Anmartsl: [lapsin, 2022 —. 220 c.

223.PaxmarynmuHa A.b., Uopaes C.M., UbGpaeBa A.C., Umanbaea H.C., AurapoexoB Y.JI. Cranok
kadanka. EBpasmiickuii mateHT Ha m3o0perenne Ne 040803 3asska Ne: 202290635 Jlata momaun 3asBku: 18
(espais 2022 r. Jlata Beigauun narenta: 29 urons 2022 r.

224.Tuleshov, A., Halicioglu, R., Shadymanova, A., Kuatova, M. Kinematic synthesis method and
eccentricity effects of a Stephenson mechanism // Mechanical Sciences, 2021, 12(1), p. 1-8,
https://doi.org/10.5194/ms-12-1-2021

225.Jomartov, A., Halicioglu, R., Kuatova, M. Kinetostatic analysis, manufacturing, and experimental
application of a press machine based on Stephenson Il mechanism // Proceedings of the Institution of
Mechanical Engineers, Part B: Journal of Engineering Manufacture, 2021, doi: 10.1177/09544054211062976

226.Tuleshov, A.; Akhmetova, B.; Kuatova, M.; Merkibayeva, B.; lbrayev, G.—G.A. Numerical
Experiment and Design of a Two—Rod Crank Knee Press with an Internal Layout of the Motor Drive. Appl.
Sci. 2023, 13, 10948

227.1skakov Zh., Bissembayev K., Jamalov N., Kamal A. Dynamic modeling of a non-ideal
gyroscopic rotor system with nonlinear damping and nonlinear rigidity of an elastic support // Advances in
Mechanical. — 2022. — Vol. 14, Ne7. — P. 1-31. https://doi.org/10.1177/16878132221108675

228.1skakov Zzh., Bissembayev K., Jamalov N. Resonance Vibrations of a Gyroscopic Rotor with
Linear and Nonlinear damping and Nonlinear stiffness of the Elastic support in interaction with a Non—ideal
Energy source // Mechanical Systems and Signal Processing. — 2022. — Vol. 170. — 108773.
https://doi.org/10.1016/j.ymssp.2021.108773

229.bucembace K., Omipxanos XK.M., Cynranoa K. KesnneHneH Ko3abIpy Ke3iHaerT KHHEMAaTUKAJIBIK
JipieH Kopray KyleciHe OpHAThIIFAH CePIiM/Il IUTACTHHAHBIH jKa3bIK TepOernicin3eprrey // AGaii aTbIHIaFbI
Kaz¥I1V, Xabapmsl, pusnka—maremaTuka FeuibiMaapsl cepusicsl. —2021r.—Ne3(75).—C.44-50.

230.Bissembayev, K., Iskakov, Z., Sagadinova, A. Vibrations of a Rigid Body on Rolling Vibration
Bearings in Case of Accidental Kinematic Perturbations, Fourth International Conference of IFTOMM ITALY
7-9 Sep. 2022, Naples

231.Kaimov, A. and Syrgaliyev, Y. and Tuleshov, A.and Kaimov, S. and etc., Creation of an
Innovative Robot With a Gripper for Moving Plant Microshoots From the In Vitro Transport Tank to the
Working Tank With Soil Ground at the Stage of Their Adaptation in Soil Ground During Microclonal
Reproduction (March 28, 2022). Eastern—European Journal of Enterprise Technologies, 1 (7 (115)), 48-58,
2022. doi: https://doi.org/10.15587/1729-4061.2022.253135, Available at SSRN:
https://ssrn.com/abstract=4069868

232.Temirbekov, Y. et al. (2023). Calculation of the Main Parameters of the Gripper of a Robotic
Manipulator When Reloading Spherical and Cylindrical Objects. In: Okada, M. (eds) Advances in Mechanism
and Machine Science. IFToMM WC 2023. Mechanisms and Machine Science, vol 148. Springer, Cham.
https://doi.org/10.1007/978-3-031-45770-8_59

233.Dosmukhamedov N.K., Lezin A.N., Tuleshov A.K., Tokenov N.M. The concept of building a
robotic system for monitoring the quality of ores in a natural occurrence // Eurasian Mining, 39 (1), P. 69-73,
2023

234 Eurasian patent for invention No. 042309. Lever lift / Tuleshov A.K., etc.; applicant and patent
holder JIME, issued 02/02/2023

235.1brayev, S., lbrayeva, A., Jamalov, N., Ibrayev, A., Ualiyev, Z., & Amanov, B. (2023). Optimal
synthesis of walking robot leg. Mechanics Based Design of Structures and Machines, 1-21.
https://doi.org/10.1080/15397734.2023.2189938



230

236.Jomartov A., Tuleshov A., Kamal A., Abduraimov A. Simulation of suspended cable—driven
parallel robot on SimulationX // International Journal of Advanced Robotic Systems, 2023. DOI:
10.1177/17298806231161463

237.Epasuiickuii matent Ha uzoOpercHue Ne 040346. Cumynsatop 3emuerpsiceHus / J[>xomapTos
A.A., Kaman A.A., Abnypanmos A.E., IxxamanoB H.K.; 3asButens u marenroobmamgarens MMMar um. V. A.
IxonmacOexoBa. — Ne202191112 or 29.04.2021; seigano 23.05.2022. (in Russ.)

238.Tuleshov, Amandyk and Jamalov, Nutpulla and Imanbayeva, Nurbibi and Rakhmatulina,
Ayaulym, Design and Construction of a Multifunctional Disinfection Robot (February 26, 2022). Eastern—
European Journal of Enterprise Technologies, 1(1 (115)), 16-23, 2022. doi: https://doi.org/10.15587/1729—
4061.2022.252045

239.Askar Seidakhmet, Amandyk Tuleshov, Nutpulla Jamalov, Kairat Koshekov, Azizbek
Abduraimov, Aziz Kamal, Magzhan Kanapiya, Igor Gritsenko, Madi Kaliyev, Alexandr Largin, Algazy
Zhauyt. Design of a Complex of Medical Service Robots and Analysis of Transmission Characteristics of
Drives // Journal of Applied Engineering Science. — Online print. ISSN 1451-4117. DOI:10.5937/jaes0-38656

240.Savostin, A., Tuleshov, A., Koshekov, K., Savostina, G., Largin, A. (2022). Devising a
method for predicting a blood pressure level based on electrocardiogram and photoplethysmogram signals.
Eastern—European Journal of Enterprise Technologies, 5 (3 (119)), doi: https://doi.org/10.15587/1729—
4061.2022.265066

241 Espazmiickuii mateHT Ne040808 «MHOTOGYHKIIMOHANBHEIN poOOT—ne3nHpeKTOp» OT 29 uions
2022 rona // Ilarentoobnanarens: PIII Ha [IXB « MMMam um. Y.A.IxomngacOekoBay; ABTopsl: Tyrnemios
A K., Ixamanos H.K., Uopaee C.M., Ceiinaxmer A., Kaman A., AoaypaumoB A., Kananus M., NUmanOaesa
H., Paxmatynnunaa A., Tonebaes H.

242 Epazmiickuii mateHT Ne041263 «MenumuHckuit podor» ot 30 cenrsops 2022 roma //
[Matentoobnanarens: PITI na [IXB «MMMam um. Y.A.JlxxonnacoexkoBa»; Aropsl: Tynemos A.K., H6paes
C.M., JIxxamanoB H.K., Amanos b.O., I'punienxo U.C.

243 Kaiipatn K., KonycmaeB C.P., Kagup6exoB A.K. KartamuTuuecknii KpeKWHT albTEPHATUBHOTO
CBIPBSI Ha IPUPOAHOM Lieosute. // Anmmatsl, 2020, 260c.

244. Tomrait K. Ocimuik mainapblH TUApICY Karanuzartopiapbl: MoHorpadus // Ammater: Kaz¥V,
2023, 2386.

245.DuzelbayevaS.D.,KonuspayevS.R.,MurzinD.Y.,AkhatovaZ.S.,and Kasseno—va B.A. Development
of the electrocoagulation and electrodialysis technologies for the quantitative recovery of lanolin. Taylor
&Francis 2022, p.1-13.

246.Krebayeva L.U., Konuspayev S.R. and Murzin D.Y. Catalytic cracking of heavy hydrocarbons on
modified natural zeolite of the Shankanai deposit (Kazakhstan) with heteropoly acids. Acta Montanistica
Slovaca, 2023. V.28, N 2, p.373-381.

247 Krebaeva L., Konuspaev S., Nurlibayev I. Cracking of Heavy Hydrocarbons on the Shankanai
Zeolite of Modified HPA for theSynthesis of Long—Chain a—Olefins. Scientific Horizons 2022,Vol.25, No.9,
p.95-104.

248 Jlyzens6aeBa C./l., Axaroa 3.C., Kacenosa b.A., Konycnaes C.P. 3Bieuenue mepcTHOro xupa
Y3 TIPOMBIBHBIX BOJ IIEPCTH, IOJyYEeHWE JIAHOJIWHA U ero riayOokas mepepabortka. M3s. HAH PK, cep.
XUMHKO—TexHomornueckas 2022, Ne 3, ¢.68-85.

249 KpebGaesa JI.Y., Anradac X.J[., Ecenbaea A.H., Bpoxackuii A.P., Konycnaes C.P. Kpekunr
Hapa(l)HHOB Ha KaTajlu3aTopax U3 HNPpHUPOAHOI0 HEOJIUTa MCCTOPOKACHHUA IITankanaii Ka3axcrtana. Becr.
Ka3HYVY, cepus xumuueckas, 2021, Ne 2, ¢.20-27.

250.Hypnan O., Konycmae C.P., Tomrait K., Aounbaua T.C. CpaBHHUTENbHOE THIAPUPOBAHUE
OeH30J1a HAHECEHHBIX POAMEBBIX M IUIATHHOBBIX KaTanusaropa. Hedts u ras, 2023, Ne 3, c.178-191.

251.KonycnaeB C.P., llaiimapnan M., Hypnan A. Au—Rh/ASA kaTanu3aTopblH JallblHOAY OAICiHIH
6ensomnapl THIpIey peaknusaceiHa acepi. Bect. EHY um. JLH. I'ymunesa, cep. Xumus, 2021, Ne 3(136), c.35—
44,

252.Nurlan, A., Konuspayev, S.R., & Abildin, T.S. (2023) The Effect of Rh/BAC Catalyst Preparation
and Pretreatment Methods on Benzene Hydrogenation. Eurasian Journal of Chemistry.
https://doi.org/10.31489/2959-0663/4-23-17

253.JIo6anoB B.A., Haypo36aesa JXK.K. Biusnue usmMeHeHns kiuMata Ha JIeOBbIA pexuM CeBepHOro
Kacnust. Monorpadus — CI16, PTTMY, 2021. — 140 c. ISBN 978-5-86813-512-5

254.TypcynoBa A.A., AnumvkynoB C.K., MeipzaxmeroB A.b., Kanaiit M.A., [locraeBa A. XK., cakan I'.
OcCHOBHEBIE rnﬂporpa(bnqecxne CBCACHUA O pCKax U BpEMCHHbBIX BOAOTOKAX Bankam—AJjakoiabCcKkoro oacceina



https://doi.org/10.31489/2959-0663/4-23-17

231

// Bectauk Kaparanmunckoro ynusepcuteta, Cepusi «buonorus. Menunmna. ['eorpadus». — 2023, — Nel
(109). — C.195-205., https://doi.org/10.31489/2023BMG1/195-205

255.AmumkynoB C.K., MeipzaxmetoB A.B. Tmmporpaduueckas cetp PecnyOmuku Kazaxcran //
I3nenicrep, woTmwkenep — WccmenoBanus, pesynbTatel. — 2023, — Ned (100). — C. 247-257.
https://doi.org/10.37884/4-2023/27

256.Duskayev K.K., Mussina A.K., Ospanova M.S., Bazarbek A.T., Macklin M.G. Determination of
the runoff characteristics of the Yesil river basin based on GIS technologies. News of the National Academy
of Science of the Republic of Kazakhstan, Series of Geology and Technical Sciences Volume 2, Number 446
(2021), P. 74-81. https://doi.org/10.32014/2021.2518-170X.37

257.Myrzakhmetov, A., Dostay, Z., Alimkulov, S., Tursunova, A., Sarsenova, |. Level regime of
Balkhash Lake as the indicator of the state of the environmental ecosystems of the region. Paddy and Water
Environment, 2022, 20(3), p. 315-323, Cite Score 2021 — 2.4 (49-52 %ohttps://doi.org/10.1007/s10333-022—
00890—x

258.Bissenbayeva S., Abuduwaili J., Saparova A., Ahmed T. Long-term variations in runoff of the
Syr Darya River Basin under climate change and human activities. Journal of Arid Land Volume 13, Issue 1,
January 2021, Pages 56—70; https://doi.org/10.1007/s40333-021-0050-0

259 Jlocrait XK. J., Anuvkynos C.K., CamapoBa A.A. OueHKa BOAHBIX PECYPCOB Ha COBPEMEHHOM
stane pasButus Apano—CrIpAapbUHCKOTO TPUPOJTHO—XO3IMCTBEHHOTO KOMIUIEKCa [ HMapoMeTreoposnorus u
skojorus. 2023. Ne 1. — C. 93-101

260. bypmubaes M.JK., CanapoBa A.A. OcoOEHHOCTH MUHEpaIH3aNHA Ka3aXCTAHCKOW YacTH pPEKH
Ceipnapus. ['uapomereoponorust u skonorus. 2023. Ne 1. — C. 115-128. http://dx.doi.org/10.54668/2789—
6323-2022-104-1-115-128

261.Akhmetkal R. Medeu, Nikolay V. Popov, Viktor P. Blagovechshenskiy, Maulken A. Askarova,
Alikhan A. Medeu, Sandugash U. Ranova, Aidana Kamalbekova, Tobias Bolch. Moraine—dammed glacial
lakes and threat of glacial debris flows in South—East Kazakhstan. Volume 229, June 2022, 103999.
https://doi.org/10.1016/j.earscirev.2022.103999

262.A. R. Medeu, V. P. Blagoveshchenskii, V. V. Zhdanov, and S. U. Ranova Application of
Mathematical Statistics to Assess the Avalanche Danger Level in the lle Alatau Mountains // Russian
meteorology and hydrology, 2022, Ne. 7, pp. 34-45. https://doi.org/10.3103/S1068373922080052

263.Blagovechshenskiy V., Medeu A., Gulyayeva T., Zhdanov V., Ranova S., Kamalbekova A.,
Aldabergen U. Application of Artificial Intelligence in the Assessment and Forecast of Avalanche Danger in
the lle Alatau Ridge. // Water. — Ne 15. Issue 7, 2023. — 1438 https://doi.org/10.3390/w15071438

264 Medeu A., Blagovechshenskiy V., Gulyayeva T., Zhdanov V., Ranova S. Interannual Variability
of Snowiness and Avalanche Activity in the Ile Alatau Ridge, Northern Tien Shan // Water. — Ne 14, 2022. —
2936. https://doi.org/10.3390/w14182936

265.Medeu, A. R., Blagovechshenskiy, V. P., Zhdanov, V. V., Ranova, S. U. Application of
Mathematical Statistics to Assess the Avalanche Danger Level in the lle Alatau Mountains//Russian
meteorology and hydrology , 47 (8) , P.596-https://doi.org/10.3103/S1068373922080052

266.Volokitina, A; Kalachev, A ; Korets, M; Sofronova, T. Fire Behavior Prediction in Larch Forests
of the Kazakhstan Altai// SYMMETRY-BASEL, 13 (4) https://doi.org/10.3390/sym13040578

267.Mustafayev Z., Tuletayev A., Skorintseva I., Aldazhanova G. (2023) Assessment of Natural
Moisture Availability of Turkestan Region of the Republic of Kazakhstan. Indonesian Journal of Geography,
55(2), — P. 354-362. https://doi.org/10.22146/ijg.79703

268.Aldazhanova G., Beissenova A., Skorintseva, l., Mustafayev Z., & Aliaskarov D. (2022).
Assessment of land resources of the Zhambyl region as the basis of recreation development and food security
of the Republic of Kazakhstan. GeoJournal of Tourism and Geosites, 44 (4), — P. 1183-1189.
https://doi.org/10.30892/gtg.44401-933

269.Medeu A., Askarova M. “Green Economy” in Kazakhstan: Opportunities, State and Prospects /
GEOMED 2016 4th International Geography Symposium. Book of proceedings May 23-26, 2016. — Kemer,
Antalya.— P. 755-765.

270.Medeu A., Askarova M. «Assessing the level of environmental health security affected by
atmosphere pollution» // European journal of Geography. Volume 7, Number 2, June, 2016. —Spain. — P. 71—
84.

271.Askarova M., Medeu Al., Medeu Akh. «Green Economy» as the Country’s Development Strategy
with a High Shere of the Commodity Sector in the Context of Globalization/ American Journal of
Environmental Sciences, 2017-13(2) — P. 172-181.


https://doi.org/10.31489/2023BMG1/195-205
https://doi.org/10.37884/4-2023/27
https://doi.org/10.32014/2021.2518-170X.37
https://doi.org/10.1007/s10333-022-00890-x
https://doi.org/10.1007/s10333-022-00890-x
https://doi.org/10.1007/s40333-021-0050-0
http://dx.doi.org/10.54668/2789-6323-2022-104-1-115-128
http://dx.doi.org/10.54668/2789-6323-2022-104-1-115-128
https://doi.org/10.1016/j.earscirev.2022.103999
https://doi.org/10.3103/S1068373922080052
https://doi.org/10.3390/w15071438
https://doi.org/10.3390/w15071438
https://doi.org/10.3390/w14182936
https://doi.org/10.3103/S1068373922080052
https://doi.org/10.3390/sym13040578
https://doi.org/10.22146/ijg.79703
https://doi.org/10.30892/gtg.44401-933

232

272.Askarova M., Medeu Al., Medeu Akh. (2018) Impact of climate change on natural-economic
systems of the republic of Kazakhstan. International Multidisciplinary Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM. 18 (5.2). P. 951-962.
https://doi.org/10.5593/sgem2018/5.2/520.123

273.Belgibayeva, Zh Zh; Nadyrov, Sh.M.; Zhanguttina, G.O.; Belgibayev, A.K.; Belgibayev, A.A.
Tourist Flows of Kazakhstan: Statistics, Geography, Trends// Bulletin of the National Academy of Science of
the Republic of Kazakhstan, (6), pp.232-239D0110.32014/2020.2518-1467.204
https://www.webofscience.com/wos/woscc/full-record/W0S:000605720200028

274.Amirgaliyev, B., Andrashko, Y., Kuchansky, A. Building a Dynamic Model of Profit
Maximization for a Carsharing System Accounting for the Region’s Geographical and Economic Features//
Eastern—European  Journal of Enterprise ~ Technologies  2(4-116), c. 22-29, 2022
https://doi.org/10.15587/1729-4061.2022.254718

275.1ssakov, Yerlan, Issakov Y.; Laiskhanov, Shakhislam, Mazbayev, Ordenbek, Mazbayev O.;
Ussenov N.; Zheldibayev A.; Kamelkhan G.; David, Lorant Dénes. Opportunities to use mobile GIS
applications in the formation of tourist and local lore competencies in students: case study in Almaty,
Kazakhstan// Geojournal of Tourism and Geosites, Tom 41, Bem. 2, c. 597 — 605 2022
https://doi.org/10.30892/GTG.41234-868

276.https://geoportal.ingeo.kz/climate

277.1.K. Aowuera, P.K. Kaparymosa, A.C. HricanbaeBa, H.H. A6Gae, I'M. VYpazbaera, O.B.
PanycaoBa, .M. IllapanmxanoBa, A.K. Tomembaesa. ['eompocTpaHCTBEHHOE BEO—TIPUIOKEHHE IS
MOJJICPXKKU MCCIeNOBaHMI n3MeHeHusl kiumara Kaszaxcrana // MexnyHapoaHas konpepennus MuarepKapro.
Nutepl UC 27 «l'eomrdopmanoHHoe oOecmedeHHe yCTOMYMBOTO  Pa3BUTHS — Teppuropuity  M:
I'eorpaduyeckuii pakymsrer MI'Y, 2021. T. 27. Y. 3. C. 108-119. http://dx.doi.org/10.35595/2414-9179—
2021-3-27-108-119

278.International Monetary Fund. Aging is the real population bomb. David E. Bloom, Leo M.
Zucker, June 2023. https://www.imf.org/en/Publications/fandd/issues/Series/ Analytical-Series/aging—is—the—
real—population—-bomb-bloom-zucker

279.I'mo0anbHbBIC TPEHIBI CTAPCHUS HacelieHus. [loka3aTenbHOE CYACTIIMBOE JOJITOJICTHE: SKCIIEPTHBIH
0030p [Dmextponnsiii pecype] / C. FO. I'opbatoB. — DnekTpoH. TekcToBble gaH. — M. : ['BY «HUNO3MM
J3M», 2023. — URL.: https://niioz.ru/moskovskaya—meditsina/izdaniya—nii/obzory/

280.WHO. Global excess deaths associated with COVID-19 (modelled estimates
https://www.who.int/data/sets/global-excess—deaths—associated—with—covid—19—modelled—estimates;
https://www.who.int/data/stories/global-excess—deaths—associated—with—covid—19—january—2020-december—
2021

281.https://www.cia.gov/the—world—
factbook/field/agestructure/? _ya mt_enable_static_translations=1

282.Crapenue HaceJIeHUs KaK rII00aTEHBIT BBI30B COBPEMEHHOCTH. 2023.
https://economy.kz/ru/Novosti_instituta/id=5625.

283.AHanu3 mosokeHWs B obOnactu HapomoHaceneHusi PecnyOmukum Kaszaxcran. Otuer «Mbl,
Kazaxcran» MuHHCTEpCcTBa HalMOHAIBHON SKOHOMUKH PecnyOonmmku Kazaxcran KomureT mo crarucruke u
IOH®ITA KazaxcraH. 2020. https://kazakhstan.unfpa.org/sites/default/files/pub—
pdf/UNFPA_FullReport_Rus_Final.pdf; Tanusie BO3. Cebuika; https://data.who.int/ru/indicators/i/C64284D

284.https://kazakhstan.unfpa.org/sites/default/files/pub—pdf/UNFPA_FullReport_Rus_Final.pdf

285.Decade of Healthy Aging. The platform. https://www.decadeofhealthyageing.org/.

286.UNECE / European Commission (2018) “Active Ageing Index (AAI) in non—EU countries and at
subnational level: Guidelines”, prepared by Maria Varlamova of the National Research University, Higher
School of Economics (Moscow), under contract with United Nations Economic Commission for Europe
(Geneva), co—funded by the European Commission’s Directorate General for Employment, Social Affairs and
Inclusion (Brussels). https://unece.org/sites/default/files/2021-07/AAl_Guidelines_final_RUS.pdf

287.UNECE.  Active  Ageing Index. Analytical Report. UN, 2019. Geneva.
URL:https://www.unece.org/fileadmin/DAM/pau/age/Active_Ageing_Index/ECE-WG-33.pdf

288.CunsiBckass O.B. Otuer mo paszpaboTke W pacdeTy HHJEKCAa AKTHBHOTO JOJTOJIETHS JUIs
Peciyoimkn  Kasaxcran  (active ageing index.  https://kazakhstan.unfpa.org/sites/default/files/pub—
pdf/otchet_indeks_aktivnogo_dolgoletiya_kazahstan_sinyavskaya_rus.pdf.



https://doi.org/10.5593/sgem2018/5.2/S20.123
https://www.webofscience.com/wos/woscc/full-record/WOS:000605720200028
https://doi.org/10.15587/1729-4061.2022.254718
https://doi.org/10.30892/GTG.41234-868
https://geoportal.ingeo.kz/climate
http://dx.doi.org/10.35595/2414-9179-2021-3-27-108-119
http://dx.doi.org/10.35595/2414-9179-2021-3-27-108-119
https://www.imf.org/en/Publications/fandd/issues/Series/Analytical-Series/aging-is-the-real-population-bomb-bloom-zucker
https://www.imf.org/en/Publications/fandd/issues/Series/Analytical-Series/aging-is-the-real-population-bomb-bloom-zucker
https://niioz.ru/moskovskaya-meditsina/izdaniya-nii/obzory/
https://www.who.int/data/sets/global-excess-deaths-associated-with-covid-19-modelled-estimates
https://www.who.int/data/stories/global-excess-deaths-associated-with-covid-19-january-2020-december-2021
https://www.who.int/data/stories/global-excess-deaths-associated-with-covid-19-january-2020-december-2021
https://www.cia.gov/the-world-factbook/field/age%20structure/?__ya_mt_enable_static_translations=1
https://www.cia.gov/the-world-factbook/field/age%20structure/?__ya_mt_enable_static_translations=1
https://economy.kz/ru/Novosti_instituta/id=5625
https://kazakhstan.unfpa.org/sites/default/files/pub-pdf/UNFPA_FullReport_Rus_Final.pdf
https://kazakhstan.unfpa.org/sites/default/files/pub-pdf/UNFPA_FullReport_Rus_Final.pdf
https://data.who.int/ru/indicators/i/C64284D
https://kazakhstan.unfpa.org/sites/default/files/pub-pdf/UNFPA_FullReport_Rus_Final.pdf
https://www.decadeofhealthyageing.org/
https://unece.org/sites/default/files/2021-07/AAI_Guidelines_final_RUS.pdf
https://www.unece.org/fileadmin/DAM/pau/age/Active_Ageing_Index/ECE-WG-33.pdf

233

289.00 ytBepxkaeHuu IlmaHa MepompHATHA MO YIAYYIICHHIO TOJIOKEHHS TPaXkIaH CTapIIero
MOKOJEHUsT «AKTMBHOE monronetre» g0 2025 rona. https://www.gov.kz/memleket/entities/sko—
ukzsp/press/article/details/45954?lang=ru.

290.Opranuzanun O0bequnennsix Hanmit. Crapenune  https://www.un.org/ru/global—issues/ageing.

291 .Hammonanpubiii gokiaaa KaszaxcraHa uis 4eTBEPTOro IMKIa 0030pa M OLCHKH BBIIOIHCHHS
Mazapuackoro MexayHapOIHOTO TUIaHa IEHCTBHUM 1Mo MpobiemMaM cTapeHus W PermoHanbHOM cTpaTteruu ero
ocymectiaenuss (MMITATIC/PCO) 3a 2018-2022 rr. https://unece.org/sites/default/files/2021-12/mipaa20—
report—kazakhstan—rus.pdf.

292.I'mobanbHbIe TPEH/IbI CTAPEHUsS HaceleHus. JJoka3aTeabHOe CYaCTIMBOE HOJITOJICTHE: SKCIICPTHBIH
0030p [Dnextponnsiii pecype] / C. FO. ['opbatoB. — DnekTpoH. TekcToBble gaH. — M. : ['BY «HUNO3MM
J3M», 2023. — URL: https://niioz.ru/moskovskaya—meditsina/izdaniya—nii/obzory/.

293.Lifespan.io What is Aging? The Nine Reasons We Age. By Steve Hill. September 28, 2022.
https://www.lifespan.io/topic/why—we—age/

294 Lifespan.io. Researchers Propose Five New Hallmarks of Aging. By Josh Conway, August 29,
2022 https://www.lifespan.io/news/researchers—propose—five—new—hallmarks—of-aging/

295.Leung W.K. Enteric involvement of severe acute respiratory syndrome — Associated coronavirus
infection. Gastroenterology. 2021;125(4):1011-1017. doi: 1016/j.gastro.2003.08.001

296.HaunroHanpHbIH JIOKJIaI 10 HayKke 3a 2022 roj
https://www.gov.kz/uploads/2023/11/17/e76d83989b2cae13d8fblel2cc31e83c_original.3751084.pdf.

297.Discover the Top 10 Trends in Medical Research (2024). Cceuika: https://www.startus—
insights.com/innovators—guide/trends—in—medical-research/; https://www.startechup.com/blog/10-healthcare—
technology—trends—2023/

298. Topomikeud I'. ckyccTBeHHBIH HHTEILIEKT B Meauinae. Kak tech—kommanuu 3apabateiBaroT Ha
smopoBbe?  https://digitalbusiness.kz/2024—-02—-05/iskusstvenniy—intellekt—v—meditsine—kak—tech—kompanii—
zarabativayut—na—zdorove/

299."Healthcare Artificial Intelligence Market" Insights Report 2024; Jumper J. et al. Highly accurate
protein structure prediction with AlphaFold. Nature. 2021; 596(7873): 583-589. Published online 2021 Jul 15.
doi: 10.1038/s41586-021-03819-2

300.Elad B. Al In Healthcare Statistics 2023 By Market Share, Users and Companies.
https://www.enterpriseappstoday.com/stats/ai—in—healthcare—statistics.html

301.https://www.startus—insights.com/innovators—quide/ai—trends—in—healthcare/

302.WHO. Regulatory considerations on artificial intelligence for health.
https://iris.who.int/handle/10665/373421.

303.Global Innovation Index (GGI). Ccerika: https://www.unesco.org/en/world-media—trends/global—
innovation—index—gg

304.Explore the Global Startup Ecosystem Mapro Ccbuika:
https://www.startupblink.com/?utm_source=2021index&utm_medium=report&utm_campaign=v1

305./]annble MunHucTepcTBa  HM(POBOrO  pa3BUTHS, HWHHOBAallMd W a’3POKOCMHUYECKOM
MPOMBILIUIEHHOCTH PK. Ccpuika:
ttps://www.gov.kz/memleket/entities/mdai/activities/1501?lang=ru&ysclid=IwxI7jyaz9512408

306.Szczepanowski R, Uchmanowicz I, Pasieczna—Dixit AH, Sobecki J, Katarzyniak R, Kotaczek G,
Lorkiewicz W, Kedras M, Dixit A, Biegus J, Wleklik M, Gobbens RJJ, Hill L, Jaarsma T, Hussain A,
Barbagallo M, Veronese N, Morabito FC, Kahsin A. Application of machine learning in predicting frailty
syndrome in patients with heart failure. Adv Clin Exp Med. 2024 Mar;33(3):309-315. doi:
10.17219/acem/184040. PMID: 38530317;

307.Ju C, Zhou J, Lee S, et al. Derivation of an electronic frailty index for predicting short-term
mortality in heart failure: A machine learning approach. ESC Heart Fail. 2021;8(4):2837-2845.
doi:10.1002/ehf2.13358;

308.Tohyama T, Ide T, Ikeda M, et al. Machine learning-based model for predicting 1 year mortality
of hospitalized patients with heart failure. ESC Heart Fail. 2021;8(5):4077-4085. doi:10.1002/ehf2.13556;

309.Tarekegn A, Ricceri F, Costa G, Ferracin E, Giacobini M. Predictive modeling for frailty
conditions in elderly people: Machine learning approaches. JMIR Med Inform. 2020;8(6):e16678.
d0i:10.2196/16678;

310.Ambagtsheer RC, Shafiabady N, Dent E, Seiboth C, Beilby J. The application of artificial
intelligence (Al) techniques to identify frailty within a residential aged care administrative data set. Int J Med
Inform.2020;136:104094. doi:10.1016/j.ijmedinf.2020.104094;



https://www.gov.kz/memleket/entities/sko-ukzsp/press/article/details/45954?lang=ru
https://www.gov.kz/memleket/entities/sko-ukzsp/press/article/details/45954?lang=ru
https://www.un.org/ru/global-issues/ageing
https://unece.org/sites/default/files/2021-12/mipaa20-report-kazakhstan-rus.pdf
https://unece.org/sites/default/files/2021-12/mipaa20-report-kazakhstan-rus.pdf
https://niioz.ru/moskovskaya-meditsina/izdaniya-nii/obzory/
https://www.lifespan.io/topic/why-we-age/
https://www.lifespan.io/news/researchers-propose-five-new-hallmarks-of-aging/
https://www.gov.kz/uploads/2023/11/17/e76d83989b2cae13d8fb1e12cc31e83c_original.3751084.pdf
https://www.startus-insights.com/innovators-guide/trends-in-medical-research/
https://www.startus-insights.com/innovators-guide/trends-in-medical-research/
https://www.startechup.com/blog/10-healthcare-technology-trends-2023/
https://www.startechup.com/blog/10-healthcare-technology-trends-2023/
https://digitalbusiness.kz/2024-02-05/iskusstvenniy-intellekt-v-meditsine-kak-tech-kompanii-zarabativayut-na-zdorove/
https://digitalbusiness.kz/2024-02-05/iskusstvenniy-intellekt-v-meditsine-kak-tech-kompanii-zarabativayut-na-zdorove/
https://www.enterpriseappstoday.com/stats/ai-in-healthcare-statistics.html
https://www.startus-insights.com/innovators-guide/ai-trends-in-healthcare/
https://iris.who.int/handle/10665/373421
https://www.startupblink.com/?utm_source=2021index&utm_medium=report&utm_campaign=v1

234

311.Gomez—Cabrero D, Walter S, Abugessaisa I, et al. A robust machine learning framework to
identify signatures for frailty: A nested casecontrol study in four aging European cohorts. GeroScience.
2021;43(3): 1317-1329. doi:10.1007/s11357-021-00334-0.

312.Aponte-Hao S, Wong ST, Thandi M, et al. Machine learning for identification of frailty in
Canadian primary care practices. Int J Popul Data Sci. 2021;6(1):1650. doi:10.23889/ijpds.v6i1.1650.

313.PeecTp KIMHHYECKHX HCCIeaoBaHMi HallMOHAaIBHOIO LIEHTPa SKCIEPTH3bl JICKAPCTBEHHBIX
cpencTB u MenunmHckux u3nenuit. Ceputka: https://www.ndda.kz/category/reestr_KI_LS.

314.Nielsen JL, Bakula D, Scheibye—Knudsen M. Clinical Trials Targeting Aging. Front Aging. 2022
Feb 4;3:820215. doi: 10.3389/fragi.2022.820215. PMID: 35821843; PMCID: PMC9261384 DOI:
10.3389/fragi.2022.820215.

315.Telemedicine Services Global Market Report 2024. 175p.

316.Telemedicine Market Report by Component (Product, Services), Modality (Real-Time, Store and
Forward, and Others), Delivery Mode (Web/Mobile, Call Centers), Facility (Tele-Hospital, Tele-Home),
Application (Teledermatology, Teleradiology, Telepsychiatry, Telepathology, Telecardiology, and Others),
End User (Providers, Payers, Patients, and Others), and Region 2024-2032.

317.Global Nanomedicine Market (2023-2028) Competitive Analysis, Impact of Covid-19, Ansoff
Analysis. 2024. P.169.

318.https://media.market.us/nanomedicine—statistics/

319.Wrapping up 2023: A recap of top biotech moments of this year. Ccruka:
https://www.labiotech.eu/best—biotech/biotech—breakthroughs—2023/

320.GBD 2019 Dementia Forecasting Collaborators. Estimation of the global prevalence of dementia
in 2019 and forecasted prevalence in 2050: an analysis for the Global Burden of Disease Study 2019. Lancet
Public Health. 2022 Feb;7(2):e105—e125. doi: 10.1016/ S2468-2667(21)00249-8. Epub 2022 Jan 6. PMID:
34998485; PMCID: PMC8810394. https://doi.org/10.1016/S2468-2667(21)00249-8.
https://www.thelancet.com/journals/lanpub/article/P11S2468-2667(21)00249-8/fulltext.

321.Taniguchi Y., Fujiwara Y. et al. Prospective Study of Arterial Stiffness and Subsequent Cognitive
Decline Among Community—Dwelling Older Japanese. //J Epidemiol. — 2015. — Vol.25, No. 9. — P. 592-599.
doi: 10.2188/jea.JE20140250.

322.Hsieh CJ, Li PS, Wang CH, Lin SL, Hsu TC, Tsai CT. Socially Assistive Robots for People
Living with Dementia in Long-Term Facilities: A Systematic Review and Meta—Analysis of Randomized
Controlled Trials. Gerontology. 2023;69(8):1027-1042. doi: 10.1159/000529849. Epub 2023 Mar 3. PMID:
36871553; PMCID: PMC10407835

323.https://farabi.university/news/84921

324.lanHble MunucrepcTsa HayKH BBICIIIETO o0pa3oBaHHA PK. Ccpuika:
https://www.gov.kz/memleket/entities/sci/press/media/details/35528?lang=ru&ysclid=lwxmjdgjeb599260511

325. Ahmed M. Education in perennial crisis: Have we been asking the right questions? //International
Journal of  Educational Development. - 2023. - T 103. - C. 102910.
https://doi.org/10.1016/j.ijedudev.2023.102910

https://www.sciencedirect.com/science/article/pii/S0738059323001864

326. A6bunsauna C. Otuer o aesrensHocT HHC no nmpuoputetHoMy Hampasnenuto «lccnenoBanus
B 00nactu oOpa3oBanus 1 Hayku» B 2023 romy //-https://www.ncste.kz/ru/otchetyi-o-rabote-nns

327. Myxkanosa C. Otuet o aesrensHoctd HHC mo npuopureTrHomy HanpasieHuo «Mccnenopanus B
obnactu obpaszoBanus U Hayku» B 2021 roxy //-https://www.ncste.kz/ru/otchetyi-o-rabote-nns

328. Mykanosa C. Otuet o aestensHoctd HHC mo npuopureTrHomy HanpasieHuo «Mccnenopanus B
obact obpasoBanus U Haykm» B 2022 romy //-https://www.ncste.kz/ru/otchetyi-o-rabote-nns

329. Hayka Kazaxcrana B mudpax, 2018-2022 rogsi: Mudopm.—anamur. cnpaBounuk / Cocr.:
Kamkun6exos A.K., MaynuroB A.E., bensiera I'.H., [Tonomapesa H.U., Kozbaraposa I".A., MopozoB A.A. —
Ammater: HITHTO, 2023. — 96 c.

330. BupryansHas ¢opcaiit-nabopaTopuss Kak = CpPEACTBO PAa3BUTUS METAKOMIIETEHIMH B
rymanutapaoMm npoduiue: oryer HHUP AP09057871-OT-23 (3axn.) / HAO Koct.peruon.ynusepcurer
nM.A.baiitrypceiHoBa; pyk. HayprsizbaeBa 3.K. — Kocranaii, 2023.

331. Pa3paboTKka TEeXHOJIOTHIECKOH MIaT(GOPMBbI BUPTYAITBHOTO 00YUSHHS, OCHOBAHHOTO Ha IMOJIX0/1ax
uckyccTBeHHOro uuremwiekta: otaer HUP AP09259370-0T-23 (3axin.) /HAO KasHY um.ans-®apadu; pyk.
Kepimbaes H.H. — Anmatsr, 2023.



https://www.ndda.kz/category/reestr_KI_LS
https://media.market.us/nanomedicine-statistics/
https://www.labiotech.eu/best-biotech/biotech-breakthroughs-2023/
https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(21)00249-8/fulltext
https://farabi.university/news/84921
https://www.gov.kz/memleket/entities/sci/press/media/details/35528?lang=ru&ysclid=lwxmjdgjeb599260511
https://doi.org/10.1016/j.ijedudev.2023.102910
https://www.sciencedirect.com/science/article/pii/S0738059323001864
https://www.ncste.kz/ru/otchetyi-o-rabote-nns
https://www.ncste.kz/ru/otchetyi-o-rabote-nns
https://www.ncste.kz/ru/otchetyi-o-rabote-nns

235

332. JlunakTuuecKuil MOTEHLIMAl OTEUYECTBEHHON >KMBOIUCH B pealu3alliyd MPOrpamMMbl JyXOBHOTO
Bo3poxaeHus Hammu: otyer HUP AP09259731-0OT-23 (3aki.) / FOKITY um.XKenicoekos; pyk.CmaHoB 1. —
IIeimMkenT, 2023.

333. Opranuzanusi CHCTEMbI IICHXOJIOTHYECKOTO MPOQUIUPOBAHUS W KOPPEKUUH CYHIHUIAAIBLHOTO
noBefeHuss moapoctkoB: order HUP AP09259839-0T-23 (3axn) / MexayHapoansiii Tapasckuit
WHHOBAIIMOHHBIN HHCTUTYT, pykK. bonees T.K. — Tapas, 2023.

334. Mopenp moaymeBoro pUHAHCHPOBAHHUA B TOCYAapPCTBEHHBIX M YACTHHIX IIKojax Kazaxcrana u
BONPOCHL JOCTaTOYHOCTH, paBeHCcTBA M mogoTdeTHOocTh: oTueT AP09261436-0OT-23(3akn) / Hazapbaes
Yuusepcurert, pyk. Kama P. — Acrtana, 2023.

335. IIpobGuemsr ‘dadpuk auruiomor’ (Diploma mill) B cucreme Boiciiero odpazoanus Kazaxcrana:
otuer HUP AP09260789-OT-23 / EHY um. I'ymunesa, pyk. Ocnanosa A.H. — Acrana, 2023.

336. MHCTHTYIMOHATBHBIN CTaTyCc HAyKH B COBPEMEHHOM Ka3aXCTaHCKOM OOIIECTBE: OLIEHKa MpooIeM
pETpe3eHTaTHBHOCTH M pa3paboTKa MPUOPHUTETHBIX HANpPaBICHUH HOBOM IMapaaurMbl Pa3BUTHUS IPECTIDKa
nayku: oraet HUP AP09259979-0T-23 / Esil University, pyk. TaybaeB A.A. — Acrana, 2023.

337. MoHuTOpHHT (U3UYECKOrO 3MO0POBBS AETEH M MOIPOCTKOB: MOAM(GUKAIMA HAIUOHATBHBIX
M3MEpPUTENHLHBIX HHCTPYMEHTOB: Kpatkue cBeneHus AP19677800-KC-23 / EHY um. I'ymunera, pyk. Otapanb
C. — Acrtana, 2023.

338. YkperieHne NCHX0I0THIeCKOTo 310POBbs Ka3aXCTAHCKUX IIKOJILHUKOB Kak (haKTopa CHUYKEHUS
pHUCKOB KuOEpOYIITMHTa B MPOIIECCE CETEeBOU commanm3anmu: kpaTkue ceeneHus AP14869833-KC-23 / HAO
Kokmerayckuii yausepcuter uMm. Y.Banuxanosa, pyk. Pakumesa I'.M. — Kokmeray, 2023.

339. Teopusi u TEXHOJOTUSI PA3BUTHs HCCIEAOBATEIbCKONM aKTHBHOCTH IIperojaBareiell By3a Ha
OCHOBE HHTETpallMi B MPaKTHKy HehopMaibHbIX (opMm wmcciaenoBanuii kak Action Research: xkpatkue
ceeneans AP14872311-KC-23 / HAO KasHITY um. Abas, pyk. bepukxanosa A.E. — Anmmatsr, 2023.

340. Bueapenue wucciemoBatenbckoit momenu oOyuenusi (Research—based learning) Oymymumx
MeJIaroroB B PETHOHAIBHOM By3e peciyOiuku: kpaTkue ceenenus AP19174913-KC-23 / HAO AkTroOMHCKHIA
per.yauBepcutet uM. K.)KybanoBa, pyk. Epmexbaesa I'.I". — Axro0be, 2023.

341. KoHHEKTHBUCTCKas MOJAEIb HHOS3BIMHON oOpazoBarenbHoit SMART-cpenbl B ycloBHAX
Ka3axCTaHCKOT'O KOHTEKCTa: 000CHOBaHUE HEOOXOJMMOCTH, aHAJIN3 HAIWYHS M CTPATETUsl Pa3BUTHS: KPaTKUE
ceegenns AP19679833-KC-23 / Kapl'Y um. E.byketosa, pyk.IllenectoBa T.1O. — Kaparanna, 2023.

342. Pa3paboTka MOJeNH WMIDIEMEHTAIMH OOpa30BaTENbHOTO TypHU3Ma B CHCTEMY OOydYeHUS
CTYZCHTOB BBICIICH IIKOJBI: TEOPHs, METOAMKA, MpaKTHKa: KpaTkue cBenenuss AP14871422-KC-23 / Kapl'V
uM. E.bykeroBa, pyk.Mampaesa JI.I'. — Kaparanna, 2023.

343. Tlepeocmbiciium Harre Oyaymiee: HoBblif oOmiecTBEHHBIH TOTOBOpP B 00sacTH 0oOpa3oBaHUs /
FOHECKO: noxnag MesxayHapoJHOH KOMICCHHU TT0 NiepcnekTruBaM oopazosanus. — [lapmx: KOHECKO, 2023.
-202c.

344. UNESCO strategy on education for health and well-being[Ctparerus FOHECKO B o6nactu
o0Opa3oBaHus B HHTEpEcax 370poBbs U Onarononyuus|.— [Tapmwk: KOHECKO,2022.— 31 p.

345. MexayHapoansie ipoekTs // https://www.kaznu.kz/ru/19840/page/

346.https://farabi.university/storage/files/241451341966025985a0918315501260%D
0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B8%20%D0%BE%D0%B1%
D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F%20%D0%B8%20%
D0%B1%D0%B8%D0%B7%D0%BD%D0%B5%D1%81%D0%B0%20%D0%B2%20%D0%A6%D0%B5%
D0%BD%D1%82%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9%20%D0%90%D0
%B7%D0%B8%D0%B8%C2%BB%20LESLIE%20%D1%80%D1%83%D1%81.pdf

347. Rahmani H., Groot W. Risk factors of being a Youth not in Education, Employment or Training
(NEET): a scoping review //International Journal of Educational Research. —2023. — T. 120. — C. 102198

348. Benner D. On affirmativity and non—affirmativity in the context of theories of education and
Bildung //Non-affirmative theory of education and Bildung. — Cham : Springer International Publishing, 2023.
—C. 21-50.

349. Dietrich Benner // bepnunckuii yauBepcutet uM. ['ymOonbara. https://amor.cms.hu-
berlin.de/~h0709ccv/benner.html

350. Carolina Daly // UCL, Uucturyt obpasosanus. https://www.ucl.ac.uk/ioe/people/academics/ga-
professor-caroline-daly

351. Amado Padilla // Crendopackuii yuuepcuter, CIIA  https://profiles.stanford.edu/amado-

padilla?tab=bio



https://www.kaznu.kz/ru/19840/page/
https://farabi.university/storage/files/241451341966025985a0918315501260%25D%200%B2%D0%BD%D1%83%D1%82%D1%80%D0%B8%20%D0%BE%D0%B1%25%20D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F%20%D0%B8%20%D0%B1%D0%B8%D0%B7%D0%BD%D0%B5%D1%81%D0%B0%20%D0%B2%20%D0%A6%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9%20%D0%90%D0%B7%D0%B8%D0%B8%C2%BB%20LESLIE%20%D1%80%D1%83%D1%81.pdf
https://farabi.university/storage/files/241451341966025985a0918315501260%25D%200%B2%D0%BD%D1%83%D1%82%D1%80%D0%B8%20%D0%BE%D0%B1%25%20D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F%20%D0%B8%20%D0%B1%D0%B8%D0%B7%D0%BD%D0%B5%D1%81%D0%B0%20%D0%B2%20%D0%A6%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9%20%D0%90%D0%B7%D0%B8%D0%B8%C2%BB%20LESLIE%20%D1%80%D1%83%D1%81.pdf
https://farabi.university/storage/files/241451341966025985a0918315501260%25D%200%B2%D0%BD%D1%83%D1%82%D1%80%D0%B8%20%D0%BE%D0%B1%25%20D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F%20%D0%B8%20%D0%B1%D0%B8%D0%B7%D0%BD%D0%B5%D1%81%D0%B0%20%D0%B2%20%D0%A6%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9%20%D0%90%D0%B7%D0%B8%D0%B8%C2%BB%20LESLIE%20%D1%80%D1%83%D1%81.pdf
https://farabi.university/storage/files/241451341966025985a0918315501260%25D%200%B2%D0%BD%D1%83%D1%82%D1%80%D0%B8%20%D0%BE%D0%B1%25%20D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F%20%D0%B8%20%D0%B1%D0%B8%D0%B7%D0%BD%D0%B5%D1%81%D0%B0%20%D0%B2%20%D0%A6%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9%20%D0%90%D0%B7%D0%B8%D0%B8%C2%BB%20LESLIE%20%D1%80%D1%83%D1%81.pdf
https://farabi.university/storage/files/241451341966025985a0918315501260%25D%200%B2%D0%BD%D1%83%D1%82%D1%80%D0%B8%20%D0%BE%D0%B1%25%20D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F%20%D0%B8%20%D0%B1%D0%B8%D0%B7%D0%BD%D0%B5%D1%81%D0%B0%20%D0%B2%20%D0%A6%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9%20%D0%90%D0%B7%D0%B8%D0%B8%C2%BB%20LESLIE%20%D1%80%D1%83%D1%81.pdf
https://farabi.university/storage/files/241451341966025985a0918315501260%25D%200%B2%D0%BD%D1%83%D1%82%D1%80%D0%B8%20%D0%BE%D0%B1%25%20D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F%20%D0%B8%20%D0%B1%D0%B8%D0%B7%D0%BD%D0%B5%D1%81%D0%B0%20%D0%B2%20%D0%A6%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9%20%D0%90%D0%B7%D0%B8%D0%B8%C2%BB%20LESLIE%20%D1%80%D1%83%D1%81.pdf
https://profiles.stanford.edu/amado-padilla?tab=bio
https://profiles.stanford.edu/amado-padilla?tab=bio

236

352. «llleirpic men bateicTeiH cyx0aThl JKyieciHAeri Tapuxu TyiIFanap: cabaKTaCTBIKTBIH
GUITOCOMUSIIBIK KBIPITAphl»: PECIyOINKAIbIK JOHIEICK YCTENIH MaTepHangap uHarbel. — «lcropudeckue
JUIHOCTH B cHCTeMe nuajgora Bocroka m 3amama: Qrrocodckre acmeKThl MPEeMCTBEHHOCTH»: COOPHHK
MaTepHajoB pecyOIuKaHCKoro Kpyrioro crona. — Anmarter: UOIP KH MHBO PK, 2023. — 197 c.

353.Moamhyp XKycin KeneeB / Kypactoipymsimap: C.E. HypmypatoB, B.M. Carepmunos, A.Jl.
[Tarpipbait. — Anmmatsr: KP F2KBM FK ®unocodus, cascaTrany xoHe niHTaHy HHCTUTYTHI, 2023. — 390 6.

354 KazakcTangarsl oJCyMETTIK JKaHapy: WAEAAaH WIBIHIBIKKA. YOKBIMABIK MOHOrpagus. —
CounanbHas MmonepHuzanus B Kazaxcrane: oT uaen K peanbHocTd. KomnekTuBHaAs MOHOTpadus. — AJIMaTh:
KP F2KBM FK ®unocodwusi, cascarrany >koHe AiHTaHy WHCTHTYTHI, 2023. — 367 0.

355.TeopeTrueckue W  MPAKTUYECKHE OCHOBBI MOJCPHH3AIMM  Ka3aXCTAaHCKOrO  OOIIecTBa:
Meronuueckoe mocobme. / Ilog o6m. pen. Carukbizel A. WHCTHTYT Guiocodun, HOMUTOJIOTHU U
pemurnoBenenuss KH MHBO PK. — Amvarter, 2023. — 211 c.

356.«KazakcTaniarbl QNEYMETTIK JKaHFBIPY: MYMKIHIIKTEplI MEH KeJemeri»: aTThl XaJbIKapasbIK
FBUIBIMH—TOXIpHOeNik KoHpepeHnuss marepuangapbl. — COOpHUK MarepuanoB MexIyHapoIHOW HaydHO—
npakTuiaeckoi koHgpepennuu: CouuanbHas MoaepHu3anus B KazaxcraHe: BO3MOKHOCTH M MEPCIIEKTUBBL. —
Anmatsr: UOITP KH MHBO PK, 2023. — 240 c.

357.CBeTcKre U PelUruo3Hbie IIEHHOCTH B COBpeMeHHOM KazaxcraHe: B3aMOJEHCTBHE U BIUSIHUE Ha
noiutuky PK B cepe penmrun. KomnexktuBhast Monorpadust. — Anmartsr: UOITP KH MHBO PK, 2023. - 213 c.

358.Penurnonusaiust B Kaszaxcrane: TpeHapl u nepcrnekTuBbl. KomtekTuBHas moHorpadus / Byposa
E.E., IxamanOamaeBa IILE., Kocmuenko A.I'., Caruxensl A.C., HomonoB B.IO., HazapGetoBa A.K.,
Anraiikei3bel A., Kapumora I'.K., JIudpanos C.A., Jludanora T.1O., lUlatinymmnaa [.P., Meiimanxoxa H.P,
Tnenunena L. — Amvater: Uactutyt dunocodun, momuronornu u penurnosenenuss KH MHBO PK, 2023.—
348 c.

359.IIpaBociaBue B coBpeMeHHOM Mupe. MoHorpadus. — Aimater: UOITP KH MHBO PK,2023. — 320 c.

360.«Kazakcran PeciryOauKachIHBIH YITTHIK KYPBUTBICH asCBHIHAAFBI pe—HUCIaMIaHy YAEPICiHIH 03eKTi
Mocenieniepi»: NOHTeNeK YCTEeNIiH MaTepHaniap >KUHAFbl. — «AKTyaJbHbIe HPOOJIEMBI pe—HCIaMU3alid B
KOHTEKCTe HauuecTpouTedbcTBa B PecnyOnmmke KaszaxcTaw»: cOOpHHMK MaTepualioB KpYyIJIOTO CTOjA. —
Anmatsr: UOITP KH MHBO PK, 2023. — 123 c.

361.«Xanan» (GeHOMEHI >KOHE 3aMbIPIbl MEMJICKETTEPJACT] SKOJIOTHSIIBIK CAHAHBIH KAJIBITACYBD:
JIOHTeJIeK YCTeJIiH Marepuanjgap >KHHarbl. — «DEHOMEH «Xalsuib» M (OPMUPOBAHUE HKOJOTHYECKOTO
CO3HAHHA B CBETCKHX TOCYJapCTBax»: COOPHUK MaTepHasoB Kpyrioro crona. — Anmarer: UOIIP KH MHBO
PK, 2023. - 226 c.

362.0 mporpamme BR10965247 «UccnenoBanue (akropoB, OCOOCHHOCTEH W JTUHAMUKH
neMmorpaduyeckux mMpoleccoB, MHUrpanuu, ypOanmsanuu B Kaszaxcrane, pa3paboTka HIU(POBBIX KapT H
nporHo3oBy». Caifr Mucturyta skonomukun KH MHBO PK. Jlata oGpamenus: 22 anpens 2024 r. URL:
https://project.ieconom.kz/o-programme/.

363.Dean J., Hassabis D., Manyika J. 2023: A year of groundbreaking advances in Al and computing.
https://research.google/blog/2023-a-year-of-groundbreaking-advances-in-ai-and-computing/

364.Wade L. New footprint dates bolster claim that humans lived in Americas during Ice Age
https://www.science.org/content/article/new-footprint-dates-bolster-claim-human-arrival-americas-during-ice-

age

365.Walsh C.R., Rissman J. Behavioral representational similarity analysis reveals how episodic
learning is influenced by and reshapes semantic memory // Nature Communication. — 2023.— Nel4, article
number 7548. https://doi.org/10.1038/s41467-023-42770-w

366.Pozharskiy A. [et al.] Genetic structure and genome-wide association study of the traditional
Kazakh  horses //  Animal. - 2023. - V. 17. - 19. - P.100926-1-100926-12.
https://doi.org/10.1016/j.animal.2023.100926. Q1 /TIpoteHTiis 95.

367.HAO «3amagno-Ka3axcraHCKuil arpapHO-TEXHHYECKHWH YHHMBEpPCHUTET MMeHH JKaHrup xaHay:
CrenaueB B.B. [u np.] 3aBoackas aunus [Jockypen 83-85 kymymckoii mopoast // [laTeHT Ha ceneKIMOHHOE
noctmwkeane Ne 1085 or 20.10.2023 r. — PI'TI «HamuwoHanbHBII WHCTHTYT WHTEIUIEKTYaJIbHOM
COOCTBEHHOCTH».

368.HAO «3amagno-KazaxcraHCKuil arpapHO-TEXHHYECKHWH YHHMBEpPCHUTET MMeHH JKaHrup xaHay:
TypabaeB A. [u np.] 3aBojackas jauHUS 3aMaHTOphl 69-84 KylryMmckoil mopoisl // [IaTeHT Ha celeKIMOHHOe
noctmwkenne Ne 1087 or 20.10.2023 r. — PI'TI «HamuwoHanbHBII WHCTUTYT WMHTEIUIEKTYaJIbHOM
COOCTBEHHOCTH».



https://project.ieconom.kz/o-programme/
https://research.google/blog/2023-a-year-of-groundbreaking-advances-in-ai-and-computing/
https://www.science.org/content/article/new-footprint-dates-bolster-claim-human-arrival-americas-during-ice-age
https://www.science.org/content/article/new-footprint-dates-bolster-claim-human-arrival-americas-during-ice-age
https://doi.org/10.1038/s41467-023-42770-w

237

369.HAO «3amagno-KasaxcraHCKuil arpapHO-TEXHHYECKHWH YHHMBEpPCHUTET MMEHH JKaHrup xaHay:
TypabaeB A. [u ap.] XKaHnOeKCKUil BHYTPUIIOPOJHBIA THIT KYyIIYMCKOM mopobl // ITaTeHT Ha CeleKIIMOHHOE

noctmwkerane Ne 1086 or 20.10.2023 1. — PI'TI «HamwoHanbHBII WHCTHTYT WHTEIUIEKTYaIbHOM
COOCTBEHHOCTH».
370.TOO «Kazaxckuit HAyYHO-WCCIIEIOBATEIbCKUI WHCTHTYT YKUBOTHOBOJICTBA u

KopMmorponsBoacTBay: Kamkanyner T. [m np.] Apmadickuii BepXOBBIA BHYTPHUIOPOIHBIA THI Ka3aXCKON
snomanu // Ilarent Ha cenexumoHHoe nocTwkenre Ne 1111 ot 29.12.2023 r. — PI'TI «HanuonanbHBII
WHCTUTYT MHTEJUICKTYaTbHOW COOCTBEHHOCTH.

371.TOO «Kazaxckwmi HAyYHO—HMCCIIEJI0BATEbCKHIA WHCTHTYT JKUBOTHOBO/ICTBA u
kopMonpousBojcTBa»: TypmyxametoB X.C. [u np.] 3aBoackas nunus Partopei-60 agaiickoro tuma
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11. GLOSSARY

Adventitious (adventitious) root - roots that arise on a shoot - stem-like adventitious roots.

Active longevity is a state of social, economic, physical and psychological well-being of
older citizens, which provides them with the opportunity to meet their needs, engage in various
spheres of society and is achieved with their active participation;

Andragogy is the science of teaching adults.

Blockchain is a continuous sequential chain of blocks (linked list) containing information
built according to certain rules. Blockchain is used in such areas as financial transactions, user
identification or the creation of cybersecurity technologies.

BLAST (English Basic Local Alignment Search Tool) is a family of computer programs used
to search for similar amino acid or nucleotide sequences.

WAMS (Wide Area Monitoring/Measurement System) is a technology for managing,
monitoring and controlling the dynamics of electrical networks, which is carried out in real time
through the use of GPS trackers.

A fiber optic sensor is a small device that uses optical fiber both as a data transmission line
and as a sensing element capable of detecting changes in various quantities.

A virtual educational space is a space that can expand into the outside world, discovering its
external spheres through the activities of a learner using his or her senses, emotional, imaginative,
and intellectual abilities.

A virtual observatory is a set of interacting data archives and software tools that use the
Internet to create a scientific research environment in which astronomical research programs can be
conducted.

Gerontology is 1) a section of biomedical science that studies the aging of living organisms,
including the patterns of human aging: biology of aging, geriatrics, gerohygiene, and
gerontopsychology; 2) a science that studies issues of aging, the causes that accelerate it, and the
search for means of combating and preventing premature aging. Longevity — 1) reaching an age
significantly exceeding the average life expectancy, 90 years or older; 2) predicted or actually
achieved life expectancy over 90 years. Active longevity is significant, i.e. the ability of a long-liver
to engage in socially useful activity.

Drug Design — search for and design of lead compounds; optimization of a lead compound;
development of a drug.

EAPC — Eurasian Patent Convention

Green hydrogen — hydrogen obtained by electrolysis of water using renewable electricity.

SCADA - software package designed to develop or ensure the operation in real time of
systems for collecting, processing, displaying and archiving information about a monitoring or
control object. Smart Grid — smart power supply networks that use information and communication
networks and technologies to collect information on energy production and consumption, allowing to
automatically increase efficiency, reliability,

SMART environment — educational and research environment, in which self-, media-, art-,
re- and trans-technologies are implemented.

Introducer — intentional or accidental resettlement by humans of individuals of any species
of animals and plants beyond their natural range to new habitats. Introduction is the process of
introducing alien species into a certain ecosystem.

Invasive — a biological species, the spread of which threatens biological diversity.

Citation index — an abstract database of scientific publications, indexing references indicated
in the article lists of these publications, and providing quantitative indicators of these references.

Hirsch index — a quantitative characteristic of the productivity of a scientist, a group of
scientists, a scientific organization or a country as a whole, based on the number of publications and
the number of citations of these publications. Interactive mapping (Web mapping) is the process of
using maps provided by geographic information systems (GIS) on the World Wide Web.
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Immersive technologies (immersive English - to immerse) - technologies of full or partial
immersion in a virtual world or various types of mixed and real world.

lonomics - the study of the ionome, involves the quantitative and simultaneous measurement
of the elemental composition (mineral elements) of living organisms (in plant tissues and organs) and
changes in this composition in response to physiological stimuli, developmental state and genetic
modifications methods of simultaneous assessment of the quantitative composition.

lonome is defined as the composition of mineral nutrients and trace elements in the body and
is an inorganic component of cellular and organismal systems.

ITER (International Thermonuclear Experimental Reactor) - International Experimental
Thermonuclear Reactor.

Cybersecurity - information security of computer information and control systems, ensuring
their high reliability and functional stability in the conditions of modern information warfare. It is
part of military and dual-use products, used in banking and other areas.

Magnetar - a neutron star with an exceptionally strong magnetic field (up to 10~ 11 T)

Energy storage - a device that stores and releases energy for use without converting its type.

Neuroplasticity of the brain - a property of the brain, due to which the properties of neurons
and neural networks can change under the influence of new experience, as well as restore lost
connections.

Producer - organisms capable of producing organic substances from inorganic ones, that is,
all autotrophs.

Generation NEET — a generation of young people who do not have an education,
employment, or training (Not in Education, Employment, or Training)

Pyragogy (from English — peeragogy) is a theory of mutual learning and teaching using
networks.

Relict/relics — a species (or other taxon) of living organisms that have survived in a given
region from the flora or fauna of past geological eras and are in some discrepancy with modern
conditions of existence

Real-Time Digital Simulator — a software and hardware complex designed for numerical
simulation in real time of electrical, electromagnetic and electromechanical processes in a given
virtual (numerical) model of the power system.

Decision support systems (DSS) — computer systems that, through the collection and
analysis of a wide range of data (BigData), including also data coming from satellites of specialized
sensors and sensors, and using various information management systems, allow influencing the
decision-making process. which are based on the use of modern information technologies and have
wide capabilities in the field of modeling and forecasting.

Supergravity is a generalization of the general theory of relativity (GR) based on
supersymmetry or multidimensional supergravity is the name of physical theories that include
additional dimensions, supersymmetry and gravity.

Space Situational Awareness (SSA) is when SSA data is used to predict dangerous
approaches between objects and warn space operators about potentially dangerous close approaches
in order to ensure the possibility of collision avoidance maneuvers.

CCUS (Carbon Capture Usage and Storage) is a process that involves the release of CO2
mainly from energy and industrial sources, its use, transportation and burial.

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) are repeating
fragments of the genetic code found in bacteria during sequencing. CRISPR — a system for precise
DNA editing.

Time-domain astrophysics — astrophysical studies of time-varying objects.

Fine organic synthesis (FOS) is a huge number of chemical compounds: drugs, dyes,
chemical additives, pesticides, surfactants, special polymeric materials, synthetic enzymes, etc.

FACTS (flexible alternating current transmission system) — a flexible alternating current
transmission system used to transmit alternating current.
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economic benefit, as well as sustainability of electricity production and distribution

Follow-up — observational support (“pickup”) of research objects by ground-based telescopes.

5G is the fifth generation of mobile communications, operating on the basis of
telecommunication standards (5G/IMT-2020), following the existing 4G/IMT—Advanced standards.
A new generation telecommunication standard. 5G technologies should provide higher bandwidth
compared to 4G technologies, which will ensure greater availability of broadband mobile
communications, as well as the use of device-to-device modes (literally "device to device", direct
connection between subscribers), highly reliable large-scale communication systems between
devices, as well as lower latency, Internet speed of 1-2 Gbit/s, lower battery consumption than 4G
equipment, which will have a positive effect on the development of the Internet of Things (IoT).

Plant phenotyping is a procedure for assessing the phenotype of a plant by its size, shape,
physiological and biochemical characteristics in specific environmental conditions and genome
activity.

Eutagogy (from English - heutagogy) is the study of human self-education, including in the
electronic environment.
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12. ANALYSIS OF THE ACHIEVEMENTS OF YOUNG SCIENTISTS
OF KAZAKHSTAN

For the first time, the Council of Young Scientists was created under the NAS
RK under the President of the Republic of Kazakhstan, headed by Associate Professor,
PhD Zhabagin M.G. (Head of the Laboratory of Human Genetics of the National
Center for Biotechnology), the purpose of which is to unite young scientists of the
country, protect their rights and promote their interests, as well as assist in their
professional careers through the development of interdisciplinary research. In 2023,
the number of young scientists engaged in research and development (R&D) was
11,703 people, of which 9,796 people worked as research specialists, which is 46% of
the total number of employees engaged in R&D. The gender ratio among young
scientists was 44% men and 56% women. Among young scientists with the highest
scientific qualification (HSQ), there are 62 doctors of science, 232 candidates of
science, 1745 doctors of philosophy (Ph.D.) and 15 doctors in the profile. For the first
time, funding of scientific research of young scientists from the state budget in the
form of grant funding began in 2020. By 2023, the completed grant funding
competitions for young scientists are KMU 2020-2022 and KMU 2021-2023. An
analysis of publication activity based on the results of projects within the framework of
completed competitions is presented in Table 12.46:

Table 12.46 — Statistics on the number of articles and reviews in Web of Science and Scopus
published with the indication of project numbers for grant funding for young scientists for 2021—
2023, in various priority areas

. . The number of articles
Articles and reviews of the . . .
. . .. and reviews in the main
. Financing publicationss e
. Project . WoS indices in terms of
Priority volume, Mio.
number WosS + . .
tenge Q1 WoS| Q1-Q2 WoS+ | proiect Financing 100
WoS Scopus proJ Mio.
Scopus
RUWR 12 948 5 119 22 24 1,6 2,0
GEPMHR 35 1445 9 |51 62 73 1,5 3,5
E&M 18 894 7 | 24 32 45 1,3 2,7
ICST 12 577 4 |15 20 29 1,3 2,6
NS 17 763 34 | 72 79 98 4,2 9,4
SLH 21 1037 9 |21 24 29 1,0 2,0
RE&S 5 247 1 1 5 5 0,2 0,4
RSHS 12 559 0| 1 6 7 0,1 0,2
AIC 17 835 2 | 6 11 21 0,4 0,7
NS&D 2 108 0 1 2 4 0,5 0,9
Total 151 7413 71 | 211 263 335 1,4 2,8
Abbreviations: Rational use of water resources, flora and fauna, ecology; Geology, extraction and processing of mineral and
hydrocarbon raw materials, new materials, technologies, safe products and designs; Energy and mechanical engineering;
Information, communication and space technologies; Scientific research in the field of natural sciences; Science of life and health;
Research in the field of education and science; Research in the field of social and humanitarian sciences; AIC: Sustainable
development of the agro-industrial complex and safety of agricultural products; National security and defense: National security.
Projects for official use and secret projects are not included. Journals: Q1 WoS — journals included in the 1st quartile by impact
factor in Web of Science; WoS — journals included in Science Citation Index Expanded (SCIE), Social Science Citation Index
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(SCIE) and/or Arts and Humanities Citation Index (AHCI) Web of Science; WoS+ Q1-Q2 Scopus — journals included in SCIE,
SSCI and/or Arts and Humanities Citation Index and/or having a CiteScore percentile in Scopus of at least 50; WoS+ Scopus —
journals included in SCIE, SSCI, AHCI Web of Science and/or indexed in Scopus.

HWcrounuku manubix: Web of Science, Scopus, SciVal (ampesb 2024 1)

In 2023, the winner of the "Best Researcher" competition in the field of
"Medicine and Healthcare" is the young scientist Tabynov K.K. (NCJSC "Kazakh
National Agrarian Research University").

The State Youth Prize "Daryn" of the Republic of Kazakhstan in the nomination
"Science” in 2023 was awarded to Kenzhina Inesh (NCJSC "Kazakh National
Research Technical University named after K.I. Satpayev") and Utepov Elbek (NCJSC
"Eurasian National University named after L.N. Gumilyov").

Based on the results of the scientific activities of young scientists in the period
2020-2023, the following achievements and promising scientific areas attract attention:

In the Department of Life and Health Sciences

Nurbek Nadirov (JSC "National Scientific Center for Maternal and Child Health
of the KF "UMC?"). In the "FSBI Children's Orthopedic Research Institute named after
G.l. Turner National Medical Research Center (St. Petersburg, Russian Federation)
developed a technique for surgical correction of scoliosis and introduced it into clinical
practice within the framework of the project “Molecular genetic study of the basis for
the occurrence and progressive course of congenital spinal deformity in children in
Kazakh families using whole-exome sequencing”. A list of new pathogenic mutations
in children with congenital spinal deformity in Kazakh families will be developed. The
new pathogenic mutations discovered will contribute to understanding the genetic
basis for the occurrence and progressive course of congenital spinal deformity. Thus,
the basis for population genetic characteristics of congenital spinal deformity will be
laid. This, in turn, will give a multiplier effect to the social and economic sphere of
healthcare.

Ildar Fakhradiyev (NCO “Kazakh National Medical University named after S.
Zh. Asfendiyarov’). He developed a unique device designed to prevent the formation
of adhesions in the abdominal cavity after surgery. This device operates on the
principle of transdermal electrical stimulation, which involves the use of weak
electrical impulses to stimulate tissues through the skin. Thanks to this innovative
device, the risk of adhesions is significantly reduced, which contributes to a faster and
easier recovery of patients after abdominal surgery.

Mynzhylky Berdikhodzhaev (RSE on the Right of Economic Management "
Medical Center Hospital of the President’s Affairs Administration of the Republic of
Kazakhstan™). Practical medicine: the first private stroke center Akzhan in the city of
Karaganda was jointly put into practice, with the achievement of maximum surgical
tactics within 5 months.

Kaisar and Kairat Tabynovs (NCO "Kazakh National Agrarian Research
University"). For the first time in the world, a new allergy vaccine has been created for
an ultra-short regimen (only 4 subcutaneous injections at weekly intervals) of
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immunotherapy for rhinitis and bronchial asthma caused by wormwood pollen, which
is among the top 10 global respiratory allergens.

Yulia Safarova (JSC Nazarbayev University, Astana National Laboratory). A
method for stimulating bone tissue regeneration in osteoporosis-associated fractures
has been developed, based on the use of cellular therapy with mesenchymal stem cells.
A Kazakhstan patent has been received for this method. Polymer hydrogel wound
dressings based on amniotic membrane and platelet-rich autologous blood plasma have
also been developed.

Ayaulym Nurgozhina (JSC Nazarbayev University, Astana National Laboratory).
Concentrates of grape, lingonberry, cranberry, blueberry and bilberry polyphenols
have been developed. Preclinical studies have established a high potential for
cytoprotective action, providing cell protection. Two clinical trials are currently
underway: one on patients after acute myocardial infarction, aimed at reducing the risk
of recurrent infarction and mortality, and the other on phosphorus production workers,
aimed at reducing the risk of occupational diseases. The results of these studies have
been published in highly rated journals such as Scientific Reports, with 41 citations. In
addition, a line of specialized nutritional gels for athletes based on polyphenols, which
are adaptogens and actoprotectors, was released. Research is underway on transport
systems for drugs based on exosomes from mare's milk, which allows for the delivery
of drugs directly to the site of their action in the human body, including the brain.
Based on scientific developments, active work is underway on commercialization
projects funded by JSC "Science Fund". Biological fertilizers have also been
developed to increase crop yields.

Fakhriddin Sarzhanov (International Kazakh-Turkish University named after
Khoja Ahmed Yasawi). Developed and improved methods for diagnosing parasites
(Blastocystis sp., Dientamoeba fragilis), which contributes to more accurate detection
of infections. The research results are actively used in clinical practice to improve the
diagnosis and treatment of parasitic infections, which helps improve the health of
patients. Conducted important phylogenetic studies of frogs of the genus Pelophylax,
revealing their genetic diversity and distribution in Kazakhstan and Northwest China.
These data are important for the conservation of biodiversity and understanding of
evolutionary processes.

In the Department of Earth, Space and Communications Sciences

Sariyev Bakytzhan (Astana IT University). A technology for surface
modification of a titanium implant has been developed, which accelerates
osseointegration with human tissues up to one month. This innovative technique is
used in dental implantology, significantly improving the results and reducing recovery
times. An innovative technology has been developed for the production of geopolymer
concrete from thermal power plant waste, which is highly resistant to aggressive
external environments, including water. This material is a promising alternative to
traditional cement, replacing it by 80%, and contributes to more environmentally
sustainable construction.

Sariyev B., Konkanov M., & Zhexembayeva A. (2024). Comparative Study of
Rheological Properties of Fly Ash—Based Geopolymer Reinforced With PP Fiber For
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3D Printing: An Experimental and Numerical Approach. A unique packer assembly
has been developed for simultaneous separate injection of liquid into an oil well,
which allows increasing the oil production coefficient up to 30%. This innovation
opens up new opportunities for increasing the efficiency of oil production and
Improving the performance of field development. Sariev B., (2023). Results of pilot
tests (PT) of the simultaneous-separate injection technology "2pkok-orz" in JSC
"Ozenmunaigas". Hardware and software for satellite modems in Kazakhstan have
been developed, which provides a reliable and secure satellite connection for
transmitting data from / to critical locations anywhere in the world (especially in
remote places where there is no 3-5G Internet or any communication). These solutions
enable communication between personnel, computers, sensors and controllers located
at facilities vital to the state and business. The system can be used to monitor the
amount of precipitation and the current state of the soil in the steppe, which is
important for predicting floods, as well as warn of earthquakes, ensuring safety and
prompt response, or transmit data on field indicators located outside the network zone.

Rakhadilov Bauyrzhan Korabaevich (East Kazakhstan University named after S.
Amanzholov). The technology of cathodic electrolytic-plasma surface hardening
(CEPHS) of structural alloy steels has been developed. The developed CEPHS
technology has been successfully implemented in the production of cultivator paws at
PlasmaScience LLP within the framework of the commercialization project of the
Russian Scientific and Technical Documentation "Production of Cultivator Paws
Using Innovative Electrolytic-Plasma Technology" (AP15573873), funded by the
Science Fund JSC. A linear plasma installation for studying the interaction of plasma
with materials has been developed and manufactured, which is successfully used to
study the effect of helium and deuterium plasma on the structure and properties of
tungsten materials. A technology for producing gradient coatings using detonation
spraying has been developed.

Shamoi Pakizar (Kazakh-British Technical University). An intelligent system
for processing colors and color combinations in computer systems using artificial
intelligence has been developed. In this area, the developments are truly pioneering;
there are no similar systems in the world. The system imitates the perception and
change of color similar to the human eye. At the same time, the intelligent computer
system recognizes colors with any change in lighting and brightness. This
development has proven to be in high demand and is cited by scientists in a variety of
fields - from e-commerce to medicine. Thus, scientists from the USA have used this
model to analyze endoscopic images for diagnosing diseases.

Akylbekov Nurgali lkramovich (Korkyt Ata Kyzylorda University). Original
methods for the synthesis of "hybrid" and heterocyclic compounds on the platform of
benzofuroxans containing functional fragments of aliphatic and aromatic amines,
ammonium salts and pyrrolidines have been developed. Water-soluble salts based on
benzofuroxan were studied as stimulants and regulators of growth of agricultural crops
(wheat, barley, rice, sweet sorghum, alfalfa, sweet clover). The antimicrobial activity
and antitumor potential of phenol/benzofuroxan hybrids were studied. Most of the
substances exhibited high cytotoxicity towards human duodenal adenocarcinoma cell



246

lines (HuTu 80), human breast adenocarcinoma (MCF-7), and human cervical
carcinoma cells. The IC50 values of the obtained compounds for these lines ranged
from 0.9 to 5.9 uM and were comparable to or superior to the activity of Doxorubicin
and Sorafenib.

Torebek Berikbol Tillabayuly (Institute of Mathematics and Mathematical
Modeling). Methods for studying evolution equations with critical nonlinearities were
developed and qualitative properties of solutions of nonlinear equations of anomalous
diffusion were studied. The obtained results solve a number of open problems of
nonlinear analysis theory related to critical exponents of Fujita type. Based on the
research results, 20 scientific publications were published in highly rated journals
indexed by Scopus and Web of Science. Azat Seitkhan, PhD, associate professor
(Satbayev University), Tauanov Zhandos, PhD, associate professor (Al-Farabi Kazakh
National University), Baimenov Alzhan, PhD, associate professor (Physical and
Technical Institute). A group of young scientists is engaged in the development of
nanomaterials and new technologies for water purification from toxic pollutants.
Having started joint research at Nazarbayev University as doctoral students and
postdoctoral students in 2015, they continue to conduct joint research, working in
leading universities and research institutes of the republic. In the period from 2021 to
2023, they published 40+ publications in high-ranking journals of the Q1-Q2 quartile
indexed by the Scopus database, more than 20 articles in Kazakhstani journals,
published 3 monographs on methods for synthesizing activated carbons and silicon
from biomass, zeolites from fly ash and synthetic polymers for the adsorption of heavy
metals and organic pollutants. They are the managers and executors of more than 15
projects, including the CLEANWATER project, sponsored by the European Union
under the HORIZON 2020 MSCA program.

In the department of sciences “On agrobioresources and ecology.”

Research in the field of agricultural sciences on the topic "Genetic marking of
productive qualities of the Kazakh horse of the Jabe type based on SNP genotyping
with broad genome coverage". Authors - the group of I.S. Beishova (West Kazakhstan
Agrarian and Technical University named after Zhangir Khan). Results of the study:
the genetic diversity of horses of the Kazakh breed of the Jabe type was studied.
Comparison of the Jabe genotypes was carried out with foreign and domestic breeds
(Adai and Naiman types, Kushum, Kostanay, Mugalzhar breeds). Based on the results
of the study, an article was published in the Animal journal, which has quartile Q1 in
the Web of Science database and percentile 96 in Scopus. The work was carried out
within the framework of project No. AP14870614 under the competition for grant
funding for scientific and (or) scientific and technical projects for 2022-2024 (MNVO
RK).

Almanova Zhanna Sarsimbaevna (National Academy of Science of the Republic
of Kazakhstan under the President of the Republic of Kazakhstan), PhD, scientist in
the field of agronomic soil science and agrochemistry, head of the scientific and
technical project within the framework of the PCF of the Republic of Kazakhstan
2021-2023. "Assessment of the agroecological state of agricultural lands from the
impact of anthropogenic factors and determination of the degree of pollution of soils
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and agricultural systems of the steppe and dry steppe zones of the Kostanay region."
Engaged in the development of GIS-agroecological assessment of lands and the
methodology for the formation and design of adaptive landscape farming systems.
Agroecological groups and types of lands of Northern Kazakhstan have been
developed for the design of the ALSZ.

Recommendations

Under the leadership of the Ministry of Science and Higher Education, develop
a systematic information database of the activities of young scientists, in which it is
possible to track qualitative and quantitative indicators in dynamics (the number of
young scientists currently available in the NCSSTE database in the regions of
Kazakhstan in terms of their academic degree: (Doctor of Philosophy (Ph.D.), Doctor
of Science in the field, Doctor of Science, Candidate of Science) and academic title
(professor, associate professor); young scientists holding the positions of deputy heads,
heads of universities and scientific organizations; young scientists as part of scientific
organizations, the number of completed projects, winners of competitions, etc.).
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