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Introduction

The flora of Azerbaijan is distinguished by its rich species composition. The first of the main reasons
for this is that the chemical composition of plants and the biologically active substances obtained from
them have not been sufficiently studied pharmacologically. Viral infections are an important global
health problem, and the limited efficacy and toxicity of existing antiviral drugs and the emergence of
drug resistance in viruses necessitate the exploration of new alternative and complementary approaches.
In this regard, bioactive substances of natural origin, especially vegetable oils, have become the focus of
scientific research due to their antiviral potential in recent years. VVegetable oils have a rich chemical
composition, showing biological activity mainly through fatty acids, phenolic compounds, terpenes and
other secondary metabolites. In vitro and limited in vivo studies have shown that some plant oils and
their active components exhibit significant antiviral effects against various viruses, especially lipid-envel-
oped viruses. The main mechanisms of this effect are associated with the destabilization of the lipid en-
velope of the virus, the prevention of the adsorption and entry of the virus into the cell, as well as the
inhibition of the viral replication stages. In particular, unsaturated and medium-chain fatty acids, such as
lauric, oleic, and linoleic acids, have been reported to reduce virion infectivity by cleaving the viral enve-
lope. In addition, it is noted that phenolic and terpenoid compounds contained in some vegetable oils
affect viral enzymes and weaken genome synthesis and the formation of new virions. These properties
allow vegetable oils to be evaluated as potential antiviral agents for herpesviruses, influenzaviruses, and
other enveloped viruses. At the same time, the immunomodulatory and antioxidant properties of vege-
table oils can contribute to the reduction of cell damage and inflammatory processes during viral infec-
tions. In addition to direct antiviral mechanisms, these effects are important in terms of strengthening
the body's defense mechanisms against viruses. However, the antiviral effect of vegetable oils is mainly
based on experimental studies and the limited clinical evidence makes it necessary to evaluate them as
a complementary approach rather than as an independent treatment. As a result, the study of the mech-
anisms of the effect of vegetable oils against viruses is considered a relevant and promising research
direction in terms of the development of new antiviral strategies and the improvement of the effective-
ness of existing treatment methods. Human cell culture models are one of the main research tools of
modern biomedical sciences, especially cell biology and virology. These models provide wide opportunities
in the study of viral replication mechanisms, intracellular pathogenesis and virus-cell interactions. Un-
transformed, primary cell lines are of particular importance in this respect, as they exhibit biological re-
sponses closer to in vivo conditions. Human Foreskin Fibroblast (HFF) cells are primary fibroblast cells
derived from neonatal foreskin tissue and have a normal diploid genome structure. These cells are char-
acterized by maintenance of interferon responses, stable morphological characteristics and high sensi-
tivity to various viruses, especially herpesviruses. The HFF cell line is considered the "gold standard” model
in the international scientific literature for the study of cytomegalovirus (CMV) and herpes simplex virus
(HSV) infections. The level of confluence in cell culture is directly related to the metabolic activity of the
cells, the rate of proliferation and the response to viral infection. For this reason, the study of the
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morphological and functional characteristics of HFF cells at the 100% confluence stage is considered as
an actual scientific problem.

Keywords: HFF, cell culture, fibroblast, herpesvirus, arthemisia, in vitro model

RESEARCH MATERIALS AND METHODS

Human Foreskin Fibroblast (HFF) cell line was used in the study. Cells were cultured in vitro under
standard aseptic conditions. A 2% aqueous solution of essential oil obtained from the aerial part of the
plant by the hydrodistillation method of Artemisia species was used as the research object. The essential
oil was obtained by the hydrodistillation method for 5 hours from the above-ground part of 500 g of
finely chopped plants. A 2% aqueous solution of essential oil was used to test antiviral activity. Cells were
kept in a 37°C, 5% CO:z incubator. Cell growth dynamics were monitored daily. The effect of the men-
tioned tool on the primary cell culture was studied in the native case. An inverted microscope was used
to evaluate cell morphology and confluence level. Microscopic images of cells at different confluence
stages (low, medium, high and 100% confluence) were obtained and visual analysis was performed.

RESULT

As a result of the study, it was determined that the aqueous mixture of essential oil did not have a
toxic effect on cells in the native state and prevented the cytopathic effect on herpesvirus cells in the
primary cell culture of human fibroblasts in the native state. The results of the conducted research are
as follows: the studied essential oil remedy prevented the cytopathic effect caused by herpes viruses by
50% in 35 samples, 25% in 20 samples, and 75% in 9 samples. The results of the research conducted in
this way lead to the conclusion that the aqueous mixture of essential oil obtained from Artemisia species
has antiviral activity in its native form and can be used as an antiviral agent in the prevention of some
herpesvirus infections.
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Abstract

The article examines the influence of digital technologies on how quest-based excursions are per-
ceived by a youth audience in the context of the digitalization of the tourism industry. The popularity of
interactive and gamified forms of cultural and educational tourism aimed at young consumers is increas-
ing, whereas the factors determining the resulting user experience remain insufficiently explored. The
study applies general scientific methods of analysis and synthesis, as well as empirical research methods,
including a questionnaire survey and elements of correlation analysis. The research reviews digital tools
used in quest-based excursions and evaluates their impact on the level of engagement, emotional assess-
ment of the route, and participant satisfaction. The practical significance of the study involves the possi-
bility of applying the findings to the development and improvement of quest-based excursions targeted
at the 18-35 age group, along with the creation of competitive tourism products that align with current
digital trends.

Keywords: quest-based excursions, digital technologies, youth, gamification, perception, interac-
tive tourism.

In the context of the rapid development of digital technologies and their integration into nearly all
areas of social life, the tourism market is increasingly shifting toward interactive and innovative forms
of recreation associated with transformations in the consumption of cultural and educational services.
These formats not only provide information but also actively engage tourists in the process of explora-
tion.

The youth audience, who naturally use digital spaces for socializing, communication, and infor-
mation acquisition, has shown a growing preference for interactive, gamified leisure activities. Conse-
quently, this type of excursion, incorporating digital technologies, has the potential to become a product
that ensures a high level of tourist engagement and encourages repeat visits. In contrast to earlier stud-
ies, this article focuses on conceptualizing the notion of the quest-based excursion and examines the
specific features of how this format is perceived.

The relevance of the author's research is determined by the need for a systematic scholarly analysis
of the influence of digital technologies on young people’s perception of quest-based excursions. In recent
years, the implementation of quest-based excursions has increasingly involved the use of mobile applica-
tions, QR codes, geolocation services, augmented reality (AR) and virtual reality (VR) elements, as well
as interactive maps and digital game mechanics. These tools not only expand the functional capabilities
of the excursion product but also influence the perception, the emotional characteristics of the route,
and the level of participant engagement.

The aim of this study is to analyze the impact of digital technologies on youth perceptions of quest-
based excursions. To achieve this goal, the study addresses the following objectives:

1. To examine theoretical approaches to defining the concepts of “quest-based excursion” and
“digital technologies” within the context of excursion activities.

2. To identify the specific features of how quest-based excursions are perceived by audiences aged
18-35.

3. Todetermine the role and significance of digital technologies in shaping emotional engagement
and the user experience of participants in quest-based excursions.

4. To analyze the influence of digital tools on the assessment of the quality and attractiveness of
quest-based excursions.

To investigate this issue, it is necessary to clarify the meaning of the term “quest-based excursion,”
which emerges at the intersection of the concepts “quest” and “excursion.” In academic literature, the
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term “quest” is defined as a form of activity associated with searching for information and the sequential
completion of tasks aimed at achieving a specific goal. According to I. V. Vorobyova, the word “quest” is
of English origin and derives from the Latin quaerere - “to seek,” “to explore,” which reflects its meaning
as a process of moving toward a goal through the overcoming of obstacles [1]. Subsequently, this ap-
proach was further developed within gaming and educational contexts, particularly in the format of web
quests that involve active and independent engagement by participants, as introduced by American edu-
cators B. Dodge and T. March [2]. An excursion is traditionally defined as a methodologically organized
process of presenting and interpreting objects of historical and cultural heritage, conducted in accord-
ance with established standards [3; 4].

Accordingly, a quest-based excursion is considered to be a tourism service involving the organiza-
tion and visitation of specially selected excursion sites, presented by a certified guide in accordance with
established standards and using a set of methods specified in an officially approved route and methodo-
logical framework. Within this format, participants, over a period of up to 24 hours or including one
overnight stay, follow a narrative storyline through which they become acquainted with objects of cul-
tural or historical heritage, explore them, and complete tasks by applying knowledge, observation, and
interaction with other participants. The format described above characterizes the excursion process as
more active, engaging, and interactive [5].

Digital technologies in excursion activities constitute a set of information and communication
tools, software solutions, and digital instruments used for the collection, transmission, and visualization
of information in the course of excursion services [5, 6]. The concept of digital technologies in tourism
has evolved alongside the development of data processing tools and digital platforms that enable ex-
panded forms of interaction between visitors and excursion sites and services [7, 8]. The integration of
digital technologies into the tourism sector began in the early twenty-first century and is associated with
the dissemination of internet platforms, mobile devices, and digital services that facilitate the planning,
organization, and delivery of tourism and excursion products [5, 7]. In contemporary excursion services,
mobile audio guides, geolocation services, interactive maps, as well as augmented and virtual reality
technologies (AR/VR) are widely employed, allowing for the creation of more illustrative and engaging
excursion routes [8]. Emerging directions include extended reality (XR) and digital twins of tourism sites,
which provide more flexible and visually enriched interaction with cultural heritage [5, 6].

According to research by Vasilchenko A. O., audiences aged 18-35 highly value interactive ele-
ments, including problem-solving tasks and engagement with narrative-based routes, which contributes
to a deeper assimilation of information about cultural and historical heritage [9, 10]. Kolesnikova O. G.
notes that quest excursions enhance motivation to participate, increase interest in local attractions, and
promote the development of creative tourism, as well as support regenerative approaches in excursion
activities [11].

To determine the role of digital technologies in shaping emotional engagement and the quality of
user experience among participants in quest-based excursions, a survey was conducted with 109 respond-
ents aged 18 to 35. The study employed correlation analysis to test the hypothesis that preference for
digital formats in quest-based excursions is associated with respondents’ interest in the educational-en-
tertainment (edutainment format-a specific type of educational approach combining entertainment with
the development of initial interest in a subject, providing enjoyment during the learning process while
fostering sustained engagement) [12]. The variables were measured using five-point scales: “Preference
for digital elements” (where 5 indicated a preference for quests incorporating AR elements and 1 indi-
cated no interest in quests) and “Interest in the Edutainment format” (where 5 indicated “very high in-
terest” and 1 indicated “no interest”). Spearman’s rank correlation coefficient (p) was applied as an ana-
lytical method that does not require assumptions of normality. The results indicated a moderate positive
correlation: p = 0.500 (p < 0.05), indicating a statistically significant relationship between the variables
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(Figure 1). The calculated value of Student’s t-test (5.972) exceeded the critical value (1.982) at 107
degrees of freedom, confirming the reliability of the observed relationship.
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Figure 1. Correlation between preference for digital elements and interest in the edutainment format

The correlation analysis confirms that interest in the integration of educational and entertainment
elements constitutes a significant factor influencing preferences for digital technologies in quest excur-
sions among young people. Respondents who demonstrate a high level of interest in the edutainment
format are more likely to prefer interactive formats incorporating AR, mobile applications, or chatbots.
The findings provide empirical evidence for the role of digital technologies as a tool that enhances emo-
tional engagement and shapes a positive user experience through the integration of game-based and
cognitive elements, aligning with the expectations and values of contemporary youth audiences.

An analysis of respondent answers regarding the role of information technology in the perception
of excursions made it possible to identify three key aspects of its influence on the quality and attractive-
ness of quest products. The largest group of respondents (more than 60 individuals) indicated that digital
technologies "enhance perception and make events more interesting." This assessment is qualitatively
transformative, as technologies are perceived not merely as tools but as components that redefines the
interaction with the excursion material itself. The responses suggest that gamification and interactive
augmented reality elements are precisely what drive emotional engagement-a factor the audience iden-
tifies as a crucial indicator of quality leisure and a primary motivation. For this group, digital tools thus
directly shape the principal criterion of attractiveness: the capacity to capture and involve the partici-
pant.

The majority of respondents (38 individuals) noted that technologies “add convenience but are not
critical.” In this case, their impact on perceived quality is primarily instrumental rather than substantive.
Digital solutions (e.g., in-app navigation, quick access to information via QR codes, audio guides) are per-
ceived as service enhancements that increase comfort and smooth of route navigation, influencing eval-
uations of organizational quality and convenience. These factors remain supplementary rather than cen-
tral in the overall assessment of a product’s attractiveness. For this group, the absence of technology
does not make the tour unattractive, but its presence makes it feel more modern and convenient.

A minor yet illustrative group of respondents (providing isolated answers) indicated that technol-
ogies ‘do not affect perception’ or that they ‘prefer activities without technology.’ This points to the ex-
istence of an audience segment in which the guide’s competence, the depth of content, and historical
accuracy remain absolute and self-sufficient. For these individuals, digital tools are neither a criterion of
attractiveness nor a factor enhancing quality. However, the marginality of this group within the total
sample-3.27%-confirms the overall trend: for the overwhelming majority of the youth audience, digitali-
zation has become an integral element of expectations for a contemporary tourism product.

The results obtained allow for a more precise understanding of the mechanism through which dig-
ital technologies influence emotional engagement, a process often described in the literature in general
terms [9, 10]. The observed correlation with interest in the Edutainment format (p = 0.500) indicates
that technologies serve as a key tool in implementing the principle of “learning through entertainment.”
At the same time, our study demonstrates that “entertainment” in this context is not merely a cognitive
game but a source of emotional engagement. Technologies (AR, interactive tasks within the application)
create “emotional anchors”-moments of surprise, the joy of discovery, and a sense of participation-which
significantly enhance the uniqueness of the tour experience. Consequently, the role of digital tools ex-
tends beyond functional convenience, shaping a deeply personal and emotionally charged user experi-
ence that fully aligns with the values of the youth audience. Based on the above, the influence of digital
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tools on perceived quality and attractiveness is differentiated. For the majority, they act as a transform-
ative factor, directly generating appeal through engagement and interactivity. For others, they function
as an enhancing factor, improving evaluations through convenience and the modernity of the format. In
the context of youth-oriented quest tours, digital technologies have shifted from being an optional and
have become an expected condition, directly impacting the overall attractiveness of the product through
parameters central to this audience: interactivity, engagement, and the modernity of content delivery.

Therefore, digital technologies should be regarded as one of the key factors in the competitiveness
of quest tours within the youth segment, capable of shaping a modern, interactive format of cultural and
educational tourism. The practical significance of the study lies in the potential application of the findings
for designing hybrid tour products, in which digital solutions do not dominate but function as a connect-
ing link between game mechanics, educational content, and users’ emotional responses, thereby address-
ing the expectations of the digital generation without loss of meaning depth of the tour as a form of
cultural communication. At the same time, the observed variability in evaluations highlights the contin-
ued importance of traditional elements of tour activities, underscoring the need for a balanced approach
to the digitalization of the tour experience.
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Abstract

This article focuses on innovation in the development of oil refining enterprises within the 4C
framework. It presents the results of a SWOT analysis of Europe, North America, the Persian Gulf, and
the oil and gas cluster. In 2025, Azerbaijan's economy continued to grow amid complex global economic
processes, demonstrating stability and resilience. Implemented economic reforms enabled an adequate
response to risks and challenges in the country's economic security. Based on this research, the article
outlines paths for the innovative development of the country's oil refining industry.

Keywords: innovation, petrochemical clusters, innovation activity, petroleum products, innovation
strategy, modernization, processing industry, industrial parks.

Introduction

Azerbaijan is one of the most active members of the globalized world today. Fundamental steps
have been taken in the country towards the establishment of a liberal economy, the process of forming
a new economic system has been largely completed. Azerbaijan is an ancient oil country. The production
that has been going on here for thousands of years has made an unparalleled contribution not only to
the world economy, but also to the chronicle of the global oil economy as a whole.

It is known that the oil industry plays a special role in the economic and social progress of
Azerbaijan. The development of this sector of the industry has also given impetus to the progress of other
sectors of material production and has created favorable conditions for a significant expansion of social
activities. At the same time, it should be noted that the level of development of the refining sectors still
lags behind the capabilities of our country. The great potential of the oil refining industry in the republic,
the wide capabilities of many scientific research and design and construction organizations are not being
used to their full potential.

The issues of efficient use of raw materials such as oil, deepening of oil refining, improving the
quality of oil products and especially lubricants, and increasing raw materials reserves for the production
of petrochemical products should be in the spotlight. For this purpose, the necessary conditions are being
created in the republic. It is necessary to implement programs for the fundamental reconstruction and
modernization of the oil refining industry in a consistent manner. All this will significantly change the
face of the sector, increase the efficiency and culture of production, and significantly deepen oil refining.

Discussion

Based on the essence of innovations and the issues of applying innovations in enterprises operating
in the cluster, the management of innovative development in the country, the creation of a favorable
environment for the activities of local and foreign investors, the attraction of modern equipment and
technology, the improvement of the management sector, and the application of foreign experience here
are the main directions of our country's development strategy. Thus, the main goal of our country's
development strateqgy is to improve innovative development, integrate it into the world, and ensure the
sustainability of the existing development in the country.

The essence of innovations is the use of scientific and technical achievements to increase the
efficiency of human activity in one or another field. The types of innovations are as follows:

-Technological innovations imply new or improved equipment or technology.
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-Production innovations are aimed at preparing goods in a new or more advanced form.

-Organizational and management innovations are implemented at the institutional level. That is,
they imply new management mechanisms.

-Social innovations reflect the application of innovations in social areas.

-Basic innovations are the basis for the economy's movement from stagnation to revival, and then
to growth. Basic innovations are scientific and technical innovations based on scientific discoveries and
major inventions that form the basis of new generations of technology.

1. Azerbaijan Union of Economists, "Great Economic Encyclopedia”, in 5 volumes. - Baku 2012.

The following types of innovation strategies are implemented in developed countries:

a) attack, goal - to occupy leading positions in the market, the goals of which are drawn to scientific
innovations;

b) defense, goal - to firmly stand behind this pioneer (leader) by adopting some innovations and
changes of the pioneer (leader), the costs of scientific innovations are lower than for the leader;

¢) imitation, goal - to follow these leaders by repeating the achievements of both groups of leaders
and using the specific advantages of the country or enterprise; the costs of scientific innovations are low;

¢) dependent, the goal is to protect oneself through the implementation of subcontracted work for
innovative enterprises; the costs of scientific innovations are insignificant;

d) traditional, the goal is to protect oneself through the use of conservative technologies; the costs
of scientific innovations are minimal;

e) opportunistic, the goal is to fill free (empty) holes in the market; the costs of scientific
innovations are determined by tactical considerations.

The innovation process is the practical improvement and development of inventions in various
fields. This is the transformation of scientific knowledge into innovation, which can be imagined as a
chain of sequential events that occurs from an idea to a specific product, technology or service and
spreads through practical use. The innovation process does not end with the application of the product
to the field of activity, but continues to develop and improve after application. The innovation process is
aimed at close interaction with the field of application; its direction, speed and goals depend on the socio-
economic environment in which it operates and is created.

Innovation strategy is the selection of effective technical and technological development paths
based on long-term forecasting, comparison of internal and external factors, and accounting for resource
constraints. The formation and implementation of an innovation strateqy is a necessary condition for the
development of both the national economy as a whole and its individual sectors.

Innovation planning consists of developing the main directions and proportions of innovation
activity in accordance with the established goals of innovation management, the possibilities of providing
resources and the existing demand in the markets. In the process of innovation planning, the following
problems are solved:

1) the goals of an innovative enterprise are detailed and brought to the attention of individual
structural units and executors;

2) a list of implemented projects is formed;

3) the composition and sources of necessary resources are determined;,

4) the sequence and terms of implementation of individual works and projects are agreed upon [1].

One of the factors determining the state's development strateqy is the implementation of state
regulatory measures in the direction of the state's application and management of innovations. The main
goals and objectives of the state's innovation policy are to increase the competitiveness of the national
economy and create favorable socio-economic, organizational and legal conditions for the development
of innovation, as well as to create favorable conditions for investment in this area, to assist in the creation
and development of innovation infrastructure, to develop cooperation in the field of innovation activity,
to forecast technological development, organization of training, improvement and improvement of
qualifications of personnel in the field of innovation activity, etc.

The main principles of the state innovation policy are as follows:

- freedom of scientific and technical creativity;

- protection of intellectual property;

- achievement of socio-economic development priorities, their orientation to innovation activity;

- ensuring effective interaction of the components of national innovation activity;

- optimal combination of methods and forms of state regulation of the development of innovation

activity using market mechanisms;

- stimulation of innovation activity;
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- economic efficiency and effectiveness of state support for innovation infrastructure and

innovation activity subjects;

- allocation of budget funds for the implementation of innovation projects on a competitive basis.

Forms of state regulation of innovation activity are carried out in the following areas:

- adoption of regulatory legal acts in the field of innovation activity;

- preparation and implementation of innovation development programs;

- implementation of technical regulation and standardization;

- organization of forecasting of technological development.

In connection with the transition to a modern innovation-oriented economy, the creation of local
innovation companies contributes to a technological leap, attracting investment in high-tech sectors of
the economy and the overall growth of the industry. Because enterprises with innovation infrastructure
can support the entry of Azerbaijani oil products into foreign markets.

Conducted studies show that the correct organization of the application and management of
innovations in oil refining enterprises is necessary to ensure a wide re-production process[2].

In the process of innovation activity, marketing is considered a management process that realizes
demand and supply. Marketing is a concept that implements the production and consumption of
innovative products that are effective for society.

Scientific and technical areas of activity in the country have not yet formed the basis of the socio-
economic development of society. The basis of this activity in our republic is the attraction of direct
foreign investments. New technologies, management methods and mechanisms are being introduced to
the country. By purchasing foreign technology and licenses, companies can gain access to foreign
markets. In addition, the flow of technologies without control over the country is considered dangerous
for the country. In order to ensure the security of our country in the field of technology, it is necessary to
create a technology transfer center.

In this regard, along with other management mechanisms, the organization and development of
clusters also opens the way to innovative management.

A cluster is a set of elements with similar characteristics or parameters gathered in the same group.

In the cluster-based industrial policy of regional development, business leaders, state, institutional
structures gain opportunities for active participation in the new competitive economy. This creates
mutual dependence and collective responsibility in all subjects of the economy for effective competition
conditions. It acts as an element of constructive interaction between the state and the private sector at
the regional level in the direction of increasing economic growth and social welfare.

Studies show that the more efficient formation of a new industrial policy in the country will be
associated with the tactics of improving and deepening regional economic reforms. On this basis, the
widespread use of technoparks, business incubators networks in the regions, the establishment of free
economic zones, the creation of modern science-intensive production areas, and industrial complexes will
become another guarantee of economic security [3].

The reality is that in the Republic of Azerbaijan, appropriate specializations have been carried out
in a number of provincial cities for the location of industry. In the regional policy being developed today,
appropriate specializations should be deepened and continuously stimulated in cities and settlements
based on a cluster approach. For this, first of all, a detailed assessment of the natural resources, economic
potential, production infrastructure, budget process, internal investment opportunities, labor resources,
and the state of the regional and integrated market within the framework of relevant marketing
research and inventory processes is necessary.

The formation of industrial clusters in the regions should also be viewed as a necessary global
competitiveness, and it should be used effectively as an important tool of economic specialization to
overcome the barriers to globalization associated with foreign competition.

Stimulating the formation of regional clusters in Azerbaijan will essentially present itself as the
first, initial stage of regional industrial policy, reflected in long-term parameters. Stimulating the
development of clusters, on the other hand, will should not be of a regressive nature, but should set the
main goal as the maximum use of regional competitive advantages and specializations.

The conducted analysis and research show that the construction of the state's new socio-economic
development program of the regions in the perspective stage precisely on the industrial priority cluster
strategy will ensure the stability and longevity of the overall economic development in a more complete
system and will be accompanied by radical structural transformations [4].
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The experience of petrochemical clusters in modernization shows that the experience of the
formation and development of petrochemical clusters in foreign countries confirms that the cluster form
of organization is one of the most promising development directions of the petrochemical industry.

The petrochemical industry is an actively developing sector of the world economy. It has a certain
impact on such areas of industrial production as mechanical engineering, aviation and automotive
industries, electricity generation and transmission, agriculture, light industry, etc.

The analysis of foreign and domestic sources made it possible to identify the following
development trends of the world petrochemical industry:

1. Unstable situation in the world oil market. The decline in oil prices since 2014, due to the
oversupply (due to the introduction of new oil extraction technologies) and the decline in demand as a
result of the slowdown in the world economy, as well as the more efficient use of energy resources, has
disrupted the stability of the situation in the world oil market.

2. Intensive development of the petrochemical industry in Asian countries. The main driving force
for the sustainable development of Asian oil markets has been the development of China and India.

3. Extraction of raw materials from alternative sources: shale oil and gas, oil extraction from tar
sands, methane extraction from coal seams, etc. Shale oil and gas deposits are extracted in many parts
of the world, including the USA, Russia, China, Canada and other countries with large reserves. Industrial-
scale work is underway in the USA and Canada. Methane is extracted from tar sands in the Canadian
province of Alberta, and from shale seams in the USA and China.

4. In Europe, on the one hand, the process of obsolescence of the main production assets of the
petrochemical industry is taking place, on the other hand, European countries remain the main producers
of new technologies and know-how. Also, the European petrochemical products market is still the largest
in the world.

5. Formation and development of petrochemical clusters at the regional, national and
transnational levels of oil refining and petrochemical enterprises, enterprises of related and auxiliary
industries, as well as financial and credit and other organizations.

In a number of countries, petrochemical clusters have already been formed, which determine the
specialization of the economy of these countries and increase their competitiveness on an international
scale they allow to increase [5].

Table. 1 The results of the SWOT analysis of North American petrochemical clusters are presented

Strengths Weaknesses

- proximity to traditional and alternative sources of raw - high cost of doing business;

materials; -obsolescence and wear and tear of private infrastructure fa-

-high innovation potential; cilities and public infrastructure facilities (railways and high-

-availability of highly qualified labor resources; ways, pipelines, ports, terminals, etc.).

-State support.

Opportunities Dangers

-future improvement of technologies and increased devel- | -high level of development of traditional oil and gas fields;

opment of shale deposits; -relatively low profitability of shale extraction;

-development of high-tech petrochemical production. -strong negative impact on the environment when extracting
shale;
-potential deficit of labor resources due to the aging of the
workforce and the unattractiveness of these institutions for
graduates of higher education institutions.

Source: Table prepared by the author.

In this regard, the study of foreign experience in the formation of petrochemical clusters is consid-
ered relevant. Let's take nine foreign petrochemical clusters as the object of research:

- In North America: Texas (USA), Alberta (Canada);

- In Europe: Antwerp (Belgium), Rotterdam (Netherlands), Rhine-Ruhr (Germany), Tarragona
(Spain);

- In the Persian Gulf countries: Jubail (Saudi Arabia), Abu Dhabi (UAE);

- In the Asian region: Jurong (Singapore).

The first petrochemical clusters were formed in the USA and Europe. In the 1940s, the cluster in
Houston (Texas, USA) accounted for 30% of the total volume of petroleum products and 50% of ethylene
and propylene produced in the country.

Texas is a leading oil extraction, refining and petrochemical center with a concentration of large
production capacities. Houston is a leader in the world in the production of petroleum products. The
Houston Ship Channel is the largest petrochemical complex in the United States, where more than 125
oil refining and petrochemical companies are located.
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Currently, the Texas oil refining and petrochemical cluster is one of the 6 clusters selected as one
of the priority directions of the development of the US economy. The goal of the development of this
cluster is to increase the competitiveness of Texas at the national and international levels. The head of
the cluster is the management of the Port of Houston.

The structure of the petrochemical cluster located in Alberta, Canada includes 36 petrochemical
enterprises, including one of the largest ethylene enterprises in the world - Nova Chemicals.

An important advantage of North American petrochemical clusters is the presence of the largest
hydrocarbon reserves in the world. In recent years, there has been a trend of declining production from
traditional oil and gas fields in the United States and Canada, but the extraction of hydrocarbon raw
materials from unconventional sources (Canadian oil sands, shale oil and gas in the United States and
Canada) is actively developing.

The emergence and development of petrochemical clusters in Europe dates back to the period after
the Second World War: Rotterdam (Netherlands) in 1955, Antwerp, Tarragona and Rhine-Ruhr in the
1960s.

The Antwerp and Rotterdam petrochemical clusters are integrated into their respective seaports.
The activities and development of the Rhine-Ruhr petrochemical cluster are managed by public-private
companies: ChemSite and ChemCologne.

Although Antwerp, Rotterdam and Rhine-Ruhr are three independent clusters operating in three
countries, in the scientific literature they are combined and referred to as a single megacluster (with the
initials ARRR). The main factor in the combination of these 3 clusters in a megacluster is the technologi-
cal interaction of enterprises with the help of a common infrastructure. ARRR is currently considered the
most integrated petrochemical cluster in the world

Table.2 The results of the SWOT analysis of European petrochemical clusters are shown

Strengths Weaknesses
- located at the intersection of international -high cost of energy resources;
transport corridors; -high cost of labor resources;
- provided with competitive raw materials; -lack of central bodies coordinating the activities
- high innovation potential; and development of the ARRR megacluster and
- availability of highly qualified labor resources. the Tarragona cluster;
-overloading of transport infrastructure.
Opportunities Dangers
-attracting investments in the development of -remoteness from hydrocarbon raw materials
infrastructure facilities and fixed assets; sources;
-solving the problem of limiting the area of -obsolescence and wear of basic production
clusters in Tarragona and Rotterdam assets;
-limited cluster areas for the placement of new
production and the development of existing
production.

Source: Table prepared by the author.

The emergence and development of petrochemical clusters in Europe dates back to the period after
the Second World War: Rotterdam (Netherlands) in 1955, Antwerp, Tarragona and Rhine-Ruhr in the
1960s.

The Antwerp and Rotterdam petrochemical clusters are integrated into their respective seaports.
The activities and development of the Rhine-Ruhr petrochemical cluster are managed by public-private
companies: ChemSite and ChemCologne.

Although Antwerp, Rotterdam and Rhine-Ruhr are three independent clusters operating in three
countries, in the scientific literature they are combined and referred to as a single megacluster (with the
initials ARRR). The main factor in the combination of these 3 clusters in a megacluster is the technologi-
cal interaction of enterprises with the help of a common infrastructure. ARRR is currently considered the
most integrated petrochemical cluster in the world.

As for the Tarragona cluster in Spain, here the North and South industrial parks have merged to
create a cluster connected to the port of Tarragona. Qil refineries are concentrated in the northern in-
dustrial park, while petrochemical plants operate in the southern one. Unlike Antwerp and Rotterdam,
the port of Tarragona is not included in the cluster structure. There is also no management company
responsible for its activities and development in the Tarragona cluster.
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Table.3 The results of the SWOT analysis of the petrochemical clusters of the Persian Gulf countries are

presented
Strengths Weaknesses
- proximity to the world's largest hydrocarbon -relatively low innovation potential, which is
resource base; associated with poorly developed innovation
- state support for the petrochemical industry; infrastructure;
- availability of free trade and industrial zones for -insufficient skilled labor force;
cluster development. -dominance of state-owned enterprises in clusters;
-insufficient support for small and medium-sized
businesses.
Opportunities Dangers
-Trade relations with large growing markets in Africa, - instability of financial support for the
Asia, especially India; development of clusters;
-Proximity to the Asian labor market; - weak development of high-tech petrochemical
-Introduction of new technologies (in the short production.
term);
-Increased innovation activity (in the long term).

Source: Table prepared by the author

When oil and gas prices rose sharply in the 1980s, the Persian Gulf countries used their cheap raw
materials to develop their local petrochemical industries. As a result, two large petrochemical clusters
were formed: Jubail (Saudi Arabia) and Abu Dhabi (UAE). The cluster in Abu Dhabi includes 4 state-owned
petrochemical companies (Takreer, Borouge, Chemaweyat, Fertil). The supply and processing of oil and
gas are also carried out by state-owned enterprises. The development of the oil, gas, and petrochemical
industries is at the disposal of the state-owned company ADNOS, located in Abu Dhabi.

The leading company in the Jubail cluster is Saudi Basic Industries Corp. (SABIC). 70% of its assets
are state-owned. SABIC is considered the largest corporation in the Middle East.

The main advantages of these clusters are that they have the largest oil and gas reserves in the
world.

According to the RIA Rating Agency, the total value of oil and gas reserves in the UAE is 1.6 million
dollars, in Saudi Arabia - 1.1 million dollars (3rd and 6th places in the world, respectively). The largest
petrochemical cluster in the Asian region is located on Corung Island (Singapore).

The Corung cluster was created in 1976. The cluster consists of a separate artificially created Co-
rung Island and part of Singapore Island. In the 1990s, the government invested 23 billion dollars in the
development of the cluster. Higher educational institutions in the country were instructed to train a
workforce and highly qualified personnel for this cluster. At the same time, specialists from foreign coun-
tries were invited, and a scientific base was created.

The opening of the cluster took place in 2000, and its territory is still being expanded to continue
production. The cluster operates on the plug and play principle: this cluster is a petrochemical site with
ready-made infrastructure (telecommunications, transport, utilities) and access to a logistics center [6].

The organization responsible for developing plans for industrial parks is Jurong Town Corporation
(JTC), a state corporation that acts as the landowner and infrastructure owner, but is subordinate to the
Singapore Ministry of Trade and Industry.

Table.4 SWOT analysis of the Curong petrochemical cluster is provided

Strengths Weaknesses
-plug and pay operation; -high costs of doing business: rent, wages, energy re-
-high innovation potential; sources, industrial and drinking water supply

-active state support;
-specialized labor resources

Opportunities Dangers
-attraction of new residents; - remoteness from hydrocarbon raw material
-increasing domestic demand for the cluster's products by sources;
other industries in Singapore (electronics, plastics produc- | - limited cluster areas for the placement of new
tion, pharmaceutical industry) production and the development of existing
production

Source: Table prepared by the author

These tables highlight the common strengths characteristic of the 9 petrochemical clusters. These
clusters are located at the junction of major transport corridors and are in a favorable position. The main
factors determining the location of clusters include: proximity to hydrocarbon raw materials (Jubail, Abu
Dhabi, Texas), clusters located at the junction of logistics routes (Rotterdam, Antwerp, Corung, Texas),
proximity to product sales markets (European clusters).
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The clusters are provided with a developed transport infrastructure: pipelines, railways, automo-
biles and water transport. 8 of the 9 clusters we have considered have seaports on their territory.

For the sustainable development of enterprises included in petrochemical clusters, their interaction
with mixed, neighboring sectors is necessary. Enterprises in these petrochemical clusters have established
strong ties with such sectors of industry as mechanical engineering, electronics, and electricity genera-
tion and transmission.

The experience of forming petrochemical clusters in foreign countries proves that an important
condition for their successful development is state support and participation. State participation and
support is carried out in the following main directions:

1. Management of the formation, activity and development of the petrochemical cluster. In 6 of
the 9 clusters we considered above, the body responsible for the activity and development of the cluster
is a state company.

2. Financial support for the development of clusters. This is manifested in the allocation of subsidies
to enterprises included in the cluster. One of the forms of financial support is the implementation of joint
public-private projects. These projects are aimed at the development of cluster infrastructure. Table 6
gives examples of public-private projects in petrochemical clusters of a number of countries.

Creating favorable conditions for the development of clusters: developing an appropriate legisla-
tive framework, providing tax breaks, stimulating domestic demand and product exports, etc. So, for ex-
ample, in Texas, the main tools for supporting clusters are favorable tax policies and reducing adminis-
trative barriers for enterprises included in clusters.

Overall, the experience of the formation and development of petrochemical clusters in foreign
countries confirms the effectiveness of the application of the cluster form of organization in the petro-
chemical industry [7].

Table.5 Public-private projects in petrochemical clusters of the regions

Creation of a security system for the chemical
parks of Tarragona.Pipeline system connecting the
port of Tarragona with the Southern Industrial
Park - Dixquimics project

Cluster Project Effect

Rotterdam Construction of the MultiCore pipeline (joint pro- | A 20 km long pipeline network has been created con-
Ject of the Port of Rotterdam and VVopak) necting the cluster's enterprises.

Jurong (Sin- | Establishment of a chemical technology center | Trainings are held at this center. The trainees are pro-

gapore) (currently a joint venture between the Singapore | vided with conditions to work in the training audito-
government and Petrofac) rium as if they were in a real factory.

Tarragona Construction of a water pipeline to supply water to | The 100 km pipeline from the Ebro River to Tarragona

(Ispaniya) the cluster's enterprises supplies water to petrochemical plants and the city dis-

tricts (60% and 40% respectively).

Special fire-fighting zones have been created on the
territory of the North and South chemical parks, as well
as in the port of Tarragona, and the cluster is equipped

with fire-fighting vehicles.

A system of 60 pipelines connects the port of Tarra-
gona with the South industrial park. Currently, 16 pet-
rochemical plants are involved in the project

Source: Table prepared by the author

Territorial-field oil cluster as a form of effective strategic managementindustrial cluster - a group
of industries interconnected by common technologies, common buyers or distribution channels, or com-
mon scientific research.

Regional cluster - an industrial cluster whose participants are located in close geographical prox-
imity to each other (geographical agglomeration of firms in one or similar industries).

Industrial district - a concentration of firms involved in the production process, usually in one in-
dustry or industry segment. Business networks include several enterprises connected by communications
and mutual relations.

The difference between a regional cluster and an industrial district is that an industrial district is
formed on the basis of a single industry or even a segment of an industry, while regional clusters mainly
consist of a number of interconnected industries.

It is possible to build industrial clusters on the basis of selected key enterprises - this is a group of
enterprises that meet the latest needs, united by scientific research and close cooperation, starting from
sales. More specifically, a cluster is a network of independent creators of innovative technologies, con-
centrated by geographical features and interacting with each other, competing with each other in order
to create value. In this context, the definition of the products of oil production and oil refining manufac-
turers allows us to say that the oil cluster is equivalent to a regional territorial-sectoral oil complex.
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There are other classifications of clusters, for example, a cluster of squeezed enterprises, a leading
cluster, a transnational cluster.
Table 6. Important types of clusters and their characteristics

Industrial district Wheel cluster Satellite cluster
Important -first of all, small and me- - large local enterprises and local small and | -small and medium-sized
characteris- dium-sized enterprises; medium enterprises; enterprises, primarily de-
tics -high specialization; - precise hierarchical pendent on foreign firms;
-strong local competition relationships -local advantages based
and networking (coopera- on costs;
tion); -“Extended production
-relationships based on trust chain
Strengths -flexible specialization; -cost advantages; -cost advantages;
-high product quality; -flexibility; -development of science
-innovation potential -power and potential of large firms and secret knowledge
Weaknesses -long-term adaptation to -cluster dependent on productivity of small -dependence on sales, semi-
radical changes in economic | firms finished products and
conditions or technologies know-how firms;
-limited scope for local re-
gional policy
Development | -recession/depression; -recession/depression (if large firms go into -decline;
directions -change in internal division recession); -increase in value;
of labor; -increase in value; -increase in activity (up and
-location of certain types of | -change in the division of labor in the cluster | down),
activity to other regions (large firms transfer part of their activities
to small and medium-sized enterprises)
Regional pol- | -a common effort to create | -cooperation between large enterprises, un- | - standard tools to stimu-
icy local specific advantages; ijons and institutions to strengthen local late small and medium-
-public-private partnership small and medium-sized enterprises sized enterprises

Source: Table prepared by the author

The characteristic features of a cluster of compacted enterprises include limited social capital, dis-
trust, destructive competition, and limited innovation. The weakest point in this cluster is that all its
enterprises produce more or less the same goods, successful product innovations in one enterprise are
quickly absorbed by other enterprises, and all enterprises produce the same product again. In addition,
the technical and commercial potential of enterprises is very weak [8].

The Diamond model, developed by the famous American economist M. Porter, which describes the
factors that determine the ability of the subject of analysis to form, support, develop, and use competitive
advantages, identifies the following main sources of competitiveness:

- conditions defined as the emerging potential of the region, which include geographical, natural-
climatic, demographic, production, scientific, and other conditions;

-aggregate demand arising from local and external (local, regional) sources, - this is also the source
of the formation of the necessary competitiveness of the cluster;

- the degree of connection with other areas. This reflects the level of cooperation and integration
in the production of goods and services and is a source of competitiveness due to increased production
efficiency as a result of specialization;

- the structure of the firm, general and functional strategies, the level of competitive struggle in
this region make their development more intensive, stimulate the introduction of new technologies, in-
crease labor productivity and reduce costs, which is also a source of competitiveness.

The following can also be cited as necessary elements of the Porter model:

- favorable opportunities, in this case, coincidences associated with sharp positive changes in world
financial markets, changes in currency quotes, unexpected increases in demand, as well as other force
majeure circumstances are considered;

- the influence of the government on the economic activities of economic entities, which deter-
mines the effectiveness of the work of economic management systems at various levels.

As is known, the cluster includes enterprises of various industries, federal and regional government
bodies, scientific research organizations, and educational institutions of various levels. All of them, par-
ticipating in the development of the cluster, contribute to the concentration of all forces and capabilities,
which determines the competitiveness of the cluster [9].

The state, represented by local executive and legislative bodies, can take the initiative to create
and develop clusters in the region. In fact, initiatives for the development of clusters come, first of all,
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from the business sector, and the state plays a secondary role. Let us list the factors that allow cluster
participants to benefit from clustering:

- competition - as the driving force of cluster development;

- localization of enterprises within a closed space;

- territorial proximity of the production process and consumption (suppliers, equipment installation
companies, distributors and end consumers);

- the presence of social infrastructure within the cluster. This makes it possible to simplify the trans-
fer of technologies and knowledge, which contributes to the growth of the cluster.

Using a vertical integration strateqy, enterprises increase the efficiency of production within the
cluster. Vertical inter-sectoral connections between industries and infrastructure contribute to overall
development.

The formation of clusters on a regional basis can be observed in places where the geographical
concentration of interconnected areas is high. This also allows for an increase in the flow of capital and
technologies with the help of direct investments. The formation of the oil complex in the form of a cluster
is more effective in regions where oil production and oil refining are more concentrated. However, their
distribution across regions is not at all equal. This is observed in the following regions: in the VVolga region
- 39.9%, in Western Siberia - 35.8%, in the Caspian - 11.3%, in Eastern Siberia - 6%, in the North-West -
2.1%, in the Far East - 4.9%. All of the above-mentioned organizations participate in the development of
the cluster, and thus, cooperating with each other, they complement each other and thereby contribute
to the creation of a particularly effective concentration of their strength and capabilities in the region,
which allows them to successfully win sales markets.

Firm structure, strategy,
competitive environment

+active development strategy;

+ the presence of a state strategy +High competition;

for the development of the sector +Effective management,
+Effective marketing;

-Insufficient capacity utilization
Factors Requirement
Related fields

+ availability and constant supply
of qualified and cheap labor;

+ domestic demand is high +
potential domestic demand from

+ worlgj—class specialized +high de_gree of integration and all sectors of the economy and the
education cooperation between population

manufacturers of individual

nodes,

+ financial-industrial integration

Scheme 1. Competitiveness factors for the territorial-field oil cluster

Source: Table prepared by the author

Cluster analysis assumes that each specific sector can be considered separately from the others
and can develop systematically within the cluster. Any diversified economy can increase the competitive-
ness of its main products more quickly by improving the situation of related sectors (on which the cost,
quality and service characteristics of the main product depend). It is obvious that when a base sector is
formed, both the supplier sectors and the consumer sectors belonging to the cluster development will
occur [10].

The regional oil complex belongs to such clusters where the subjects of the cluster have the oppor-
tunity to achieve greater profits compared to their competitors

It should be noted that the influence and composition of these factors may vary in individual re-
gions.

The unification of the goals of oil complex enterprises included in the relevant cluster cannot be
implemented solely on the basis of market relations. In our opinion, there should be a complex of
measures implemented in the system of state regulation for all economic entities [95.p.86].

Conclusion
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As a result of the study, it was determined that structural changes in the country's economy,
modernization, are accompanied by increasing dynamics, which necessitates the formation of clusters,
which in turn necessitates the formation of clusters in the context of changing the structure and volume
of demand for oil and gas products.

The conducted studies show that the proper organization of the application and management of
innovations in oil refining enterprises is necessary to ensure a wide re-production process.

In terms of ensuring the security of our country in the technological field, it is necessary to create
a technology transfer center.

In this regard, the organization and development of clusters, along with other management
mechanisms, also paves the way for innovative management.

A cluster is a set of elements with similar characteristics or parameters gathered in the same group.

In the cluster-based industrial policy of regional development, business leaders, state, institutional
structures gain opportunities for active participation in the new competitive economy. This creates
mutual dependence and collective responsibility in all subjects of the economy for effective competition.
It acts as an element of constructive interaction between the state and the private sector at the regional
level in the direction of increasing economic growth and social welfare.

The conducted research shows that the construction of the new socio-economic development
program of the regions in the perspective stage on the industrial priority cluster strategy will ensure the
stability and long-term sustainability of the overall economic development in a more complete system
and will lead to radical structural changes. As a result of the analysis conducted in the article, we can
note that the experience of the formation and development of petrochemical clusters in foreign countries
proves that the cluster form in the petrochemical sector of our country is one of the most promising
development directions.
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Introduction

Entrepreneurship, which is the main attribute of a liberal economy, is one of the main economic
tools in the formation and development of the labor market. Especially in countries that have experi-
enced a period of transition to a market economy, the expansion of entrepreneurship has led to an in-
crease in employment, the creation of new professions and qualitative changes in the structure of the
labor market. In the Republic of Azerbaijan, the development of entrepreneurship has also had a signifi-
cant impact on the structure of the labor market. The priority of the economic policy implemented in
Azerbaijan over the past 30 years has been to apply all elements of a liberal economy in the business
environment formed in the country in connection with the transition from an administrative command
system to a market economy, as well as to protect the principle of social orientation, and to prevent the
chaotic situation that may arise in the labor market as much as possible. In this regard, the adoption of
the socially oriented market economy model, which is the most optimal market economy model for the
Azerbaijani economy, by our state and the maximum support of entrepreneurial entities necessary for its
development, has been the formation of stimulating mechanisms necessary for the sustainability of their
activities. It is no coincidence that in the 35 years since the restoration of state independence, all indica-
tors of regional, mental and economic potential have been analyzed to form an efficient and specific
economic model, which can quickly integrate the Azerbaijani economy into the world economy by moving
away from the remnants of the administrative command system with the least possible damage. Large-
scale projects and state programs have been implemented to form an efficient and specific economic
model. In order to maintain a high level of employment in the labor market, an efficient business envi-
ronment has been formed despite the impact of technological innovations taking place on a global scale.
Necessary reforms are being rapidly continued today [2, p. 25].

Stages of development of entrepreneurship in Azerbaijan and specific features of the labor market
in a market economy

Since the period of independence, the formation of the private sector and the promotion of entre-
preneurship have been one of the priority directions of state policy in Azerbaijan. In this area, institutional
support mechanisms have been created, the business environment has been simplified, and financial sup-
port has been provided to entrepreneurs [1, p. 12]. The Small and Medium Business Development Agency
(SMEDA) and the Ministry of Economy of the Republic of Azerbaijan play an important role in the devel-
opment of entrepreneurship. These institutions provide entrepreneurs with legal, financial and advisory
support, creating conditions for the creation of new jobs in the labor market. When analyzing the eco-
nomic importance of entrepreneurial activity, it can be said that it plays an important role in the follow-
ing areas.

Employment growth

The expansion of entrepreneurship leads to the creation of new enterprises and, as a result, the
creation of new jobs. In particular, small and medium-sized businesses have become one of the main
sources of employment in the labor market. This process in itself leads to a decrease in unemployment,
an increase in employment in the regions, and the expansion of self-employment.

Structural changes across sectors. The development of entrepreneurship affects the distribution of
labor in various sectors of the economy. Labor resources, previously concentrated mainly in industry and
agriculture, are gradually directed to: the service sector, trade and logistics, tourism and information
technologies. This has led to the diversification of the sectoral structure of the labor market.

The emergence of new professions and specialties. Entrepreneurial activity accelerates the devel-
opment of innovative areas. As a result of the growth of startups and digital businesses:

-Programming,

-Marketing and SMM

-Electronic commerce

-New professions such as financial management are in greater demand in the labor market.
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These changes are leading to a renewal of the professional structure of the labor market.

Formation of labor relations

The growth of entrepreneurship also creates changes in labor relations. In the private sector:

Contract-based work;

Flexible work schedule;

The differential wage system based on the coefficient of useful work is more widespread. This cre-
ates conditions for the modernization of the institutional structure of the labor market.

Studies show that certain structural changes are observed in the share of the employed population
by sectors. The analysis shows that there are both stability and gradual transformation tendencies in the
sectoral distribution of the economy.

1. Agriculture, forestry and fishing are changing at a rate of 36% — 35.4%. This sector is one of
the directions with the highest employment share. However, a slight decrease in indicators is observed
over the years (0.6 percentage points). This trend in itself reflects the acceleration of the urbanization
process, the expansion of the service sector, and the transfer of labor resources to other sectors.

2. Manufacturing industry is changing at a rate of 5.4% — 5.8%. Studies show that the share of
employment in the manufacturing industry has gradually increased. This increase may indicate: the de-
velopment of the non-oil industry, the expansion of production areas, and the fact that the state's indus-
trialization policy covers a wide spectrum. This is considered a positive trend in structural terms.

3. Transport and warehousing changes from 4.2% — 4.1%. The indicators in this area have re-
mained stable. A small decrease (0.1 percentage point) is not considered a serious change in structural
terms. The expansion of logistics and transit opportunities may lead to an increase in the share of this
area in the future.

4. The employment level in the construction sector is observed at a rate of 7.6% — 8.0%. The
growth in the construction sector can be mainly attributed to the implementation of infrastructure pro-
Jects in the country, the development of urbanization and regions, the expansion of housing construction,
and especially the construction work carried out in accordance with the Great Return Plan in our regions
liberated from occupation after 30 years of enemy occupation thanks to the bravery of the Victorious
Supreme Commander-in-Chief and our heroic army. The construction sector is one of the main sectors
contributing to the growth of employment in the last 20 years.

5. The contribution of the education sector to employment in the last 5 years has been 7.8% —
7.4%. A slight decrease is observed in the education sector. This can be explained by structural optimiza-
tion in the public sector or faster employment growth in other areas.

6. Other sectors have changed from 39% — 39.3% in the post-pandemic period. The largest share
falls on the share of services and other areas of activity. This group includes: Trade, financial services,
public administration, tourism, information technologies. The high share indicates that the economy is
developing in a service-oriented manner. A general analysis shows that: The share of agriculture is grad-
ually decreasing, there is an increase in the processing industry and construction sectors, and services
and other sectors remain in a leading position in employment. Structural changes reflect the process of
diversification and modernization of the economy.

Current state of entrepreneurship development:

The development of entrepreneurship in the regions also affects the territorial structure of the
labor market. Supporting small and medium-sized businesses in the regions reduces the migration of the
population to the capital to some extent and increases local employment. In this regard, state programs
and preferential credit mechanisms play an important role.

The analysis for 2010-2024 shows that:

-The added value created by small businesses has increased significantly;

-Employment has demonstrated a stable growth trend;

-The wage level has more than doubled,

-Investment activity has expanded.

These indicators confirm that the role of small businesses in the country's economy has strength-
ened and they occupy an important place in the macroeconomic structure. Small businesses are of stra-
tegic importance both in the formation of GDP and in ensuring employment.
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Table 1.
Main macroeconomic indicators of small business entities in the Republic of Azerbaijan [8]
Indicat Years
naicators 2010 12020 12022 |2023 |2024 |% in 2024 compared to 2010
Added value created, million manats 1466,211617,9(2796,13 254,9|3 469,6|2, 37 times
Average annual number of employees, thousand people|109,0 (92,1 |104,8 |110,3 [121,5 |110,0%
Average monthly nominal wage, manat 303,5 |533,8 |575,6 |642,8 |679,2 |2.24 times
Investments in fixed capital, million manats 486,5 (380,4 |955,1 (794,0 |821,4 |169,0

Source: State Statistics official website www.stat.gov.az.

Studies show that the development dynamics of small business entities in the Republic of Azerbai-
Jan for 2010-2024 was quite high. Thus:

1. Added value created

-2010: 1,466.2 million manat

-2024: 3,469.6 million manat

- Growth: 2.37 times

This indicator indicates a significant increase in the role of small businesses in the economy. Alt-
hough growth was relatively weak in the 2010-2020 period, rapid growth has been observed since 2022.
This dynamics can be explained by the restoration of business activity and state support mechanisms in
the post-pandemic period.

2. Average annual number of employees

-2010: 109.0 thousand people

-2024: 121.5 thousand people

-Increase: 110% (i.e. 10% increase)

Although the employment indicator decreased in 2020 (92.1 thousand people), recovery and
growth occurred in subsequent years. The increase in employment in 2024 compared to 2010 indicates
that small businesses maintain a stable position in the labor market.

3. Average monthly nominal wage

-2010: 303.5 manat

-2024: 679.2 manat

- Increase: 2.24 times

A more than 2-fold increase in wages indicates an increase in labor productivity and economic ac-
tivity. This increase is due to both the inflation factor and qualitative changes in the labor market.

4. Investments in fixed capital

2010: 486.5 million manat

2024: 821.4 million manat

Increase: 169%

The increase in investments indicates the strengthening of the material and technical base of small
business entities. In 2022, a sharp increase in investments (955.1 million manat) was observed, and in
subsequent years a certain stabilization occurred.

A number of factors influence the development of entrepreneurship and the increase in the level
of employment:

-Informal employment;

-Mismatch between professional qualifications and labor market requirements;

-Low labor productivity in small businesses;

To solve these problems, it is important to strengthen vocational education and further improve
the business environment.

Currently, the impact of a number of factors on the structure of the labor market in our country is
clearly manifested:

1. Economic structural problems. These arise with the economic structural changes taking place in
the country's economy [3, p. 43]. We can classify them as follows:

Inter-sectoral imbalance — Concentration of a large part of labor resources in low-productivity sec-
tors (for example, in agriculture).

Insufficient development of the non-oil sector — The long-term orientation of the economy on raw
materials limits the creation of new and sustainable jobs.

Regional development differences — Unequal distribution of economic activity between the capital
and the regions.

2. Mismatch between education and the labor market.
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This factor is currently emerging as perhaps the most pressing issue in ensuring economic dyna-
mism. Especially in the era of rapid integration of education into production sectors in the age of artificial
intelligence, one of the most important problems of the Azerbaijani economy is the mismatch between
the education sector and the requirements of the labor market. From this point of view, the problems it
creates are characterized as follows:

Incomplete compliance of personnel trained in the higher and secondary specialized education sys-
tems with the real needs of the labor market;

Poor development of vocational education;

Lack of practical skills.

Conclusion

Entrepreneurship in Azerbaijan should have a significant impact on the structure of the labor mar-
ket, creating conditions for increasing employment, the formation of new professions, and sectoral di-
versification of the economy. As a result of effective state support and institutional reforms, entrepre-
neurship has become a leading force in the modernization of the labor market. In the future, the devel-
opment of an innovation-oriented and sustainable entrepreneurship model will lead to further improve-
ment in the quality indicators of the labor market. Our research shows that during the analyzed period,
the entrepreneurship sector has developed in terms of quantity and quality, becoming one of the im-
portant sources of economic growth and employment. In the future, the expansion of innovation-oriented
investments and digitalization may create conditions for more sustainable development of the sector.
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ARTIFICIAL INTELLIGENCE IN FINANCIAL OPERATIONS: EFFICIENCY OUTCOMES AND
IMPLEMENTATION CHALLENGES

Shalala Ch. Safarli

Abstract

This paper seeks to identify which finance operations are transformed, disrupted, or complicated
by the application of artificial intelligence. For the purpose of this research paper, the term financial
operations, in its practical day-to-day sense, refers to operationally intensive finance activities. These
activities include: document review, data extraction from contracts, client onboarding and KYC
screening, transaction monitoring, reconciliation support, preparation for audits (internal/external),
payment activities, and customer servicing. Despite rhetoric about improved speed and cost-
effectiveness, we found that the main practical challenges facing Al initiatives in practice are due to
implementation infrastructure (i.e. workflows, data architecture, internal controls and accountability
structures). As such, we develop two parallel lines of analysis. The first strand investigates the
macroeconomic impacts of the growth in automation in finance and includes investment into Al and
growth in Al-related job postings in the finance and insurance sectors. The paper also considers the use
of quantitative methods in large finance companies, specifically the intensity of automation. In the
empirical section, we estimate Al investments in the Al sector from 2015 to 2024 by using the latest
available databases and industry reports. Finally, we estimate demand for labor in the finance and
insurance sector through 2023-2024 by analysing the cost savings and revenue generated by each
function and the extent to which rapid generative Al uptake in 2024 aligns with the reality of financial
operations. The second theme focuses on barriers and implementation risks such as governance and
control, data quality, privacy, third-party dependence, definitional issues, technology and explainability,
cyber risk, and limited organization-wide understanding of Al. The analysis challenges the notion that
these are exogenous risks intrinsic to the technology rather than side effects of operational change. It
also shows that Al creates value through efficiency improvements, but that these are largely uneven,
creating the potential for inequality and misallocation of resources. This case study indicates that the
highest potential for Al is in processes that have high transaction frequency and low variation with
defined performance measures and are complemented by improvements in controls and re-designing
surrounding processes. Therefore, this study argues that when implementing Al in financial functions,
companies should think of the transformation as an operational and governance change, rather than
solely an implementation of new software. However, unless the earlier parts of the process are
redesigned in a systemic way, bottlenecks may occur in the new parts, limiting the sustainability of
efficiency improvements.

Keywords: Artificial Intelligence; financial operations; productivity effects;, model risk;
implementation constraints.

INTRODUCTION

Financial operations implies neatness, but the work itself is complex and labour-intensive: parsing
and entering data into operating systems, responding to alerts, reconciling discrepancies, building audit
trails, dealing with customer requests, and untangling minor issues before they become material risk
events. When it comes to automation, the question is rarely whether Al leads to better performance
without context. Most commonly, it is which dimension is affected first, e.g. speed, correctness, or cost
base, and what other dimensions are exposed to downside pressure, e.g. transparency, accountability,
and security. The aim of this paper is to remain relevant to these operational realities, while remaining
academic and analytical.

In the context of research and policy, this implies that, besides the innovation aspect of products
and services, there are implications for the information collection on the financial system and how that
information is used in how decisions are made in the sector. The BIS working paper suggests that
successive waves of information-processing technology have expanded the range of finance tasks in
which automation is possible, from customary analytics to machine learning and, more recently,
generative models, already influencing back-end processing and compliance (Aldasoro et al., 2024). This
framing is consequential because it moves Al from a marginal feature attached/added to a product, to
an operational infrastructure embedded in institutional routines, that is evaluated through the lens of
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not only performance gains, but also reliability of controls, integrity of data handling, and clarity of
accountability structures.

There is consistency in policy-facing literature on the channels for efficiency gains, with risk
amplification and risk creation as complements. For example, the Financial Stability Board report on the
financial stability implications of Al lists operational efficiency and compliance support as benefits, and
scope for amplification of existing sources of vulnerability and creation of new sources of vulnerability
(in particular through third-party dependencies, concentration in specialist providers, and difficulties in
monitoring through complex models) as vulnerabilities [FSB, 2024]. The supervisory perspective
complements management-oriented perspectives of efficiency that see risk as merely a downstream
problem in the technology transition. Instead, it sees efficiency and systemic exposure as formulated
through the same technological transition.

This balancing between the efficiency benefits from Al in terms of cost and quality and the risk
stemming from Al appears in the OECD report on Al, machine learning and big data in finance, which
explicitly relates this aspect to efficiency in credit underwriting, trading and data-driven business models
[OECD, 2021]. Financial efficiency is thus not just a firm or industry issue but also a market and
competition issue, which is partly why efficiency keeps being revisited by regulators and treated as an
issue of wider financial stability.

When viewed through the lens of adoption in the operating environment (the real world) data
shows that three quarters of companies surveyed in a report by the Bank of England and the Financial
Conduct Authority in 2024 already used Al, with a further 10% intending to adopt it over the next three
vears. Around a third of Al use cases are provided by third-party firms, and firms know a limited amount
or nothing about the Al technology embedded in their business [Bank of England and FCA, 2024]. The
operational findings in this section show that many firms are at the early stages of implementing Al
rather than making aspirational statements. They explain why efficiency narratives get entangled with
governance questions: when capabilities are procured from the market, it is harder to stress control and
accountability as core values.

On the empirical side, productivity effects of Al in operational service contexts have been studied
extensively. For example, a well-known study, Generative Al at Work, by Brynjolfsson and his coauthors
investigates the effects of Al assistance in a large customer service context and finds an overall
productivity increase. For less-skilled workers, these effects are more pronounced [Brynjolfsson et al.
2023, 11]. Although the bank context does not apply here, the task characteristics are similar to those
of financial operations where exceptions are rare, workflows are well-defined, and responses are at least
partially scripted. This study thus provides an empirical reference point to interpret the nature of the
efficiency gains that are possible at the level of teams and routine processes.

If we combine the three strands, we see that policy documents focus on risks, surveys describe
overall patterns of adoption and dependence, and selected case-based studies report performance gains.
One simple comparison question remains unanswered. if Al improves a financial process, is the main
benefit operational, organisational or financial? A benefit could be a shortening of process cycle times,
an increase in process accuracy, fewer escalations and better resource allocation and predictability, or
reduced costs of particular process activities. Many studies measure one dimension and impute the
others. In practice, these inferred dimensions are often the points at which the implementation fails, for
example due to a trade-off between cost savings and auditability, explainability, and risk containment.
Thus, measurable indicators for these dimensions of impact need to be established.

In this context, the aims of this paper are more modest and do not attempt to identify causal
effects in the econometric sense. An evidence-based operational picture is presented using public data
sources and case studies which have become available recently. Where time-series are available, the
period of analysis is set to run from 2015 to 2024, and 2024 is the last year included in the tables. Events
that continued into 2025 are discussed narratively, where relevant, but the tabulated analysis does
not go beyond the period where stable public time series data are available.

MATERIALS AND METHODS

This study employs an empirical document design, using time series data on corporate investment
in Al, from 2015 to 2024, included in the Economy chapter of the Al Index Report 2025 published by
Stanford University HAI [Maslej et al., 2025] as a proxy for the overall investment environment within
which financial operations teams source tools, vendors, and specialist talent. Among other influences,
investment cycles impact entry and exit of providers, pricing power, off-the-shelf maturity of solutions,
and the labour force available to do implementation and control functions.
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Second, the study assumes that the increase in Al job ads in U.S. finance and insurance industries
between 2023 and 2024, as captured in the Al Index labour-demand dataset (sourced from Lightcast), is
an observable signal of skills constraints. [Maslej et al., 2025] This is because operationalisation of Al
systems requires practitioners who can deploy, validate, monitor, and govern them; job ads are
consequently a concrete signal of organisational demand for skills and the resulting pressure on the
recruitment market.

Third, the paper draws on sectoral evidence from the 2024 Al/ML survey of UK financial services
firms by the Bank of England and the Financial Conduct Authority. This survey is used to identify
measures of Al/ML use, third-party driven use and the governance of use in the sector, and is interpreted
as providing descriptive evidence on which impediments may be particularly pronounced in practice
[Bank of England and FCA, 2024]. It is not taken as evidence of causation, but rather illustrates these
efficiency claims set against the realities of institutional outsourcing and the limited knowledge of
deployed systems from the inside.

Fourth, it builds on Table 1 with the function-level cost and revenue effects of generative Al in
2024, found in the same chapter of the same Al Index report. These underlying numbers are collected by
the Al Index and reported as a McKinsey survey. Raw percentages are used without rescaling or other
transformation [Maslej et al., 2025] because this preserves the comparative nature that the authors used
in their analysis, and the modelling assumptions cannot be verified through the public version of the
dataset.

The empirical section concludes with a few examples of organizations, in which the outcome is
captured by concrete performance indicators such as time saved in hours, number of alerts reduced,
response time, and time to detection. Example cases are the contract intelligence system of a large US
bank described in the annual report's CEO letter [Zames, 2016], Al outcomes in a global bank to increase
efficiency in anti-money laundering [May, 2023, HSBC, 2024], automation in audit delivery [UiPath,
2018], and digital assistant productivity metrics [Bank of America, 2024]. These are not representative
but illustrative and operationalise what we mean by "efficiency outcomes" at the level of measurable
delivery metrics.

RESULTS AND DISCUSSION

First, the Al investment environment has dramatically increased over the last decade, albeit in a
non-linear manner: as can be seen in Table 1, corporate Al investment increased from 2015 to 2021,
decreased from 2021 to 2023, and, most recently, increased from 2023 to 2024, peaking in 2021. This
pattern is also relevant to financial institutions due to the fact that a large share of their back-office and
control Al skills are sourced through the vendor ecosystem, which in turn, is cyclical to investment cycles.
As such, these tools become more common during phases of expansion, which are accompanied by
increasing talent in the organization. Towards the end of expansion, during the contraction phase,
organizations consolidate these tools and increase governance while shutting down less visible
initiatives.

Table 1. Total corporate Al investment, 2015-2024 (usd, billions)
year __ total corporate Al investment _ year-over-year change, % _index, 2015=100

2015 25.43 0.00 100.00
2016 33.82 32.99 132.99
2017 53.72 58.84 211.25
2018 79.62 48.21 313.09
2019 103.27 29.70 406.10
2020 221.87 114.84 872.47
2021 360.73 62.59 1418.52
2022 253.25 -29.80 995.87
2023 201.00 -20.63 790.41
2024 252.33 25.54 992.25

Source: Al Index Report 2025, Chapter 4 “Economy,” Figure 4.3.1 [Maslej et al., 2025].

Note: this table reflects global corporate Al investment across industries; it is used here as a context
indicator for the financial-operations technology environment.

A second observation is that the demand for talent in finance-related sectors is increasing, but at
a slower pace than in other sectors. Table 3 shows the share of Al-related job postings as a fraction of all
Jjob postings in select sectors in the U.S. The share of finance and insurance in total employment was
3.24%in 2023 and 3.76% in 2024, but, as noted, the increase in the information sector was larger than
this. This is not just an abstract fact about the labor market. This evidence suggests that finance may
have a practical implementation problem, where other sectors with more money or faster project speeds
are competing for Al talent.
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Table 2. Al job postings in selected U.S. sectors, 2023-2024 (% of all job postings)

Sector 2023 2024 Change, percentage points  Relative change, %
Finance and insurance 3.24 376 0.52 16.15
Manufacturing 2.88 3.75 0.87 30.21
Professional, scientific, and technical services — 4.00  5.25 1.25 31.20
Information 519 933 4.14 79.56
Public administration 1.76  1.29 -0.47 -26.93

Source: Al Index Report 2025, Chapter 4 “Economy,” Figure 4.2.7 (Lightcast data) [Maslej et al.,
2025].

Note: the indicator captures demand for Al skills in job postings, it does not measure installed Al
systems directly, but it reflects organizational hiring behavior.

Shifting focus back to the environment, we can also use the survey data to analyse direct evidence
of adoption in the financial services sector. As the UK survey data covers governance and outsourcing,
the data is collated in summary Table 3 comparing selected metrics of adoption as reported, over a 2022-
2024 time range. While the share of firms using Al technologies increases, the more substantial changes
are in third-party exposure and provider concentration. The share of third-party use cases increases from
17% to 33% and the share provided by the three largest model providers increases from 18% to 44%. In
short, more companies are using Al, and more of that use is coming from a concentrated set of external
model providers. That is exactly the situation where efficiency can grow quickly while resilience and
control become harder.

Table 3. UK financial services Al adoption and third-party exposure, 2022 vs 2024 (%)

Indicator 2022 2024 Absolute change, pp  Relative change, %
Firms currently using ai 58 75 17 29.31
Firms planning to use ai over next three years 14 10 -4 -28.57
Al use cases implemented by third parties 17 33 16 94.12
Top three model providers’ share of named model providers 18 44 26 144.44

Source: Al in UK financial services survey report (2024), with 2022 comparisons as reported in the
same document [Bank of England and FCA, 2024].

Note: the third-party and provider-share indicators are important because they link operational Al
adoption to external dependency.

An additional question is: why would the push towards more rapid adoption coincide with more
vertical consolidation of the providers? If there is indeed increasing reliance on a more limited group of
external suppliers, then one would expect to see positive evidence of increased efficiency from that
reliance compared to the governance and operational costs of that increased reliance. A way to assess
the function-level generative Al adoption is to ask respondents whether they believe generative Al will be
used to reduce costs and drive revenue in 2024 (Table 4). The strategy and corporate finance functions
report that 56% have used generative Al to reduce costs and 70% to generate revenue. Fifty-one per cent
of risk, legal and compliance function respondents were aware of realised cost savings. This does not
equate to a net financial impact, nor does it act as a metric for quantum, duration or distribution. From
the point of view of finance operations as an integrated system, these results do indicate that finance-
adjacent functions have started generating measurable benefits, even if the size of these gains is often
small.

Table 4. Cost decrease and revenue increase from generative Al use by function, 2024 (% of

respondents)
Function Cost decrease reported  Revenue increase reported
Marketing and sales 47 66
Risk, legal, and compliance 51 0
Human resources 56 0
Product or service development 43 51
Supply chain and inventory management 61 67
Service operations 58 63
IT 44 0
Software engineering 52 57
Strategy and corporate finance 56 70
Knowledge management and other internal functions 44 0

Source: Al Index Report 2025, Chapter 4 “Economy,” Figure 4.4.6 (McKinsey survey, 2024) [Maslej
etal, 2025].

Note: “0” indicates that revenue effects are not reported for functions where the survey output is
presented as cost-only in the published figure.

Despite the fact that the Table 4 data suggests hard evidence, it is at the macro level, and is not
enough to support day to day decision making at the process level. In practice, financial operations
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functions work on the basis of delivery metrics: hours saved, cycle time (day), alerts reduced, and response
time benchmarks. This is why case-based evidence, despite its inability to achieve the 'quantitative
precision’ of survey-based evidence, has analytical value. Table 5 below provides a selection of publicly
available case evidence, where quantifiable metrics are presented. Despite differences in scale, baseline
conditions, and chosen measurement methodology, the cases illustrate the categories of operational
metric that boards, auditors, and control functions can interrogate to show whether the use of Al has
led to efficiency gains in a given process.
Table 5. Documented operational outcomes from Al deployments in financial operations, 2016-2024

Organization Stated efficiency
and year Operational area Baseline indicator Al-enabled indicator outcome
JPMorgan contract manual review up to extract 150 attributes from time reduced from
Chase, 2016 intelligence for 360,000 hours/year; 12,000 agreements in annual hours to
credit agreements 12,000 annual seconds seconds-scale
commercial credit extraction
agreements
HSBC, 2023 transaction rules-based system with  alerts reduced by 60%, lower alert load with
monitoring and aml  high false positives; 1.2 suspicious activity identified higher signal; faster
alerting billion transactions 2—4 times more; suspicious detection cycle
screened per month accounts detected in 8 days
after first alert
UiPath client audit delivery prior solution delivered  rpa+ai delivered up to 85% 54,000 hours saved
case, 2018 automation in 25% accuracy accuracy improvement; 45% annually with higher
finance and improvement of audit process automated accuracy
accounting improvement
Bank of virtual assistant high volume of client over 2 billion interactions faster response for
America, 2024 supporting retail inquiries and routine since launch; 98% of clients routine service
and institutional requests receive answers within 44 operations at scale

seconds (average)
average productivity increase

client servicing

Generative Al Al assistant in productivity measured 14% average

field study, customer support by issues resolved per reported after Al assistance productivity gain;

2023 work hour without assistance 34% gain for
novice/low-skilled
cohorts

Source: Annual Report 2016 letter [Zames, 2016]; AML Al case documentation [May, 2023; HSBC,
2024]; finance and accounting automation case note [UiPath, 2018]; digital assistant performance
release [Bank of America, 2024]; generative Al productivity study [Brynjolfsson et al., 2023].

Note: the cases use different metrics and domains; the purpose is to show what “efficiency” looks
like when it is stated in operational terms.

Internal implementation realities are also illustrated by case evidence, such as a contract
intelligence project reducing processing time from hours to seconds requiring document standardisation
and legal data governance as well as a structured model update process. Even if an AML-focused Al
system can reduce alert volumes and time to detection, this change in the control environment does not
mean the risks are lower. Lower alert volumes may simply encourage institutions to assume more risk or
relax their detection threshold. Digital assistants face a similar issue: While reducing response time,
organizations are responsible for the active maintenance of the knowledge base and the monitoring of
model performance during particularly sensitive customer service interactions.

Often, the constraints to achieving a desired change can be focused on particular bottlenecks. The
most frequent are the data. The potential issues around data including privacy and protection, quality,
security, and bias or representativeness were cited as the largest risks in the UK Al/ML survey [Bank of
England and FCA, 2024]. In practice, operationally even a technically resilient model can be weakened
where the data structures are weak. This misalignment across customer identifiers, incomplete
timestamps, or lack of clarity over ownership of the system of record can disrupt end to end automated
processes and create expensive manual exception workflows for operations teams resulting in a large
portion of potential efficiency being lost.

Third-party dependency and market concentration are other bottlenecks mentioned in the UK
survey and the FSB discussion document. The governance of models becomes more complex when
institutions rely on external cloud infrastructure, external model providers and/or external data vendors.
From an operational perspective, this raises the question of who will be held accountable in the event of
a failure of the system for which accountability cannot easily be articulated to a supervisory authority.
Research indicates that 84% of surveyed firms have an accountable individual for the Al system, although
accountability is often divided among different roles [Bank of England and FCA, 2024]. While distributed
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accountability is common in large organizations, it slows incident response and complicates regulatory
interaction, making governance architecture more important than technology in most organizations.

Third, there are trade-offs in relation to explainability and model risk houses. The BIS working paper
notes that model complexity hampers explainability and model risk governance, especially if models are
widely used and lead to correlated decision-making patterns or herding behaviour (Aldasoro et al., 2024).
In finance, explainability is not only an abstract fairness question, but it takes place in the demands for
audit. Banks are required to explain why a transaction was flagged, an account was blocked, or a
payment delayed. When models are not interpretable, institutions create additional layers of
explanation. Additional controls can increase defensibility but they also add to operating costs and
complexity.

A fourth bottleneck relates to resilience and cybersecurity. The FSB has recognised the exposure to
cybersecurity events and reliance on third parties as systemic vulnerabilities. Regulation of resilience and
cybersecurity is likewise identified as a key bottleneck to implementation in the UK [FSB, 2024, Bank of
England and FCA, 2024]. Operationally, every model API, data pipeline and vendor integration is an
attack surface, while efficiency gains from automation are structurally fragile in the case of core system
outages or security incidents.

The fifth barrier concerns skills and change management. In particular, the inability to recruit
people with the right talent and technical skills was highlighted as a meaningful non-regulatory barrier
in the UK survey [Bank of England and FCA, 2024]. The finance and insurance sector has seen an increase
in demand for Al-based jobs. However, staff may be poached by other industries with similar demands,
indicating that internal upskilling and process redesign may be the answer to sustainable
implementation. This is consistent with the management literature call for companies to invest in their
own Al capabilities using bounded and small-scale experiments rather than taking on large-scale and
risky Al projects within their organizations [Davenport, Ronanki, 2018].

A final consideration is measurement. Al projects in financial operations are often launched with
broad, imprecise goals around reducing cost, improving efficiency, or improving compliance. Other
metrics in operational contexts focus more on cycle time per case, false positive rate, cost per transaction,
time to detection, straight-through processing rates, etc. A further consideration is that the objectives
for metrics associated with Al systems may be intrinsically different from what would be an
improvement, e.g. a decrease in AML alerts might be seen as a good outcome, but this could also increase
risk exposure. Accordingly, it is increasingly considered essential for governance frameworks to view
model lifecycle management and control mechanisms as core responsibilities [Bank of England, 2022].

CONCLUSION

Overall, and based on the evidence of this research, we can conclude that Al can be effective in
achieving operational efficiency in financial processes, but that the magnitude and longevity of effects
are dependent on pre-existing process structure and governance arrangements. Corporate Al investment
in financial processes follows a cyclical pattern of growth followed by contraction between 2015 and
2024, with an upturn in Al investment in 2024. From 2023 to 2024, demand for Al-related jobs in the
finance and insurance sector continues to rise, as firms transition from experimentation to deeper
integration. Process level measurable gains are most frequently seen in high transaction volume
processes with some degree of standardisation. Common use cases include contract data extraction,
anti-money laundering checks, audit preparation and digital customer servicing. Common measurable
gains are in terms of time saved, reduction in alert/progress volume or second-to-minute response time.
They correspond to the concepts used to define efficiency in financial transactions, that is, throughput,
cycle time, and workload intensity, rather than the productivity ratio of the finance domain.

However, those same data point to the measurement problems surrounding quality, privacy, and
structural integrity with regard to data, which represent the core issues surrounding risk assessment.
Third-party dependence arises when companies depend on cloud, model vendors and data vendors.
Second, provider firms can become concentrated, generating additional governance challenges.
Additionally, an important portion of firms report only partial understanding of the Al capabilities
deployed throughout their business. Banking supervisors and financial stability authorities have
previously warned regarding the potential for such granular operational gains to contribute to broader
resilience challenges.

Thus, from an operational perspective, Al implementation in financial services must not be
regarded only as a technology project but as a combination of process reengineering, data governance,
model risk management and operational incident preparedness to ensure holistic controls. In weak spots,
intention, authority, and understanding have in pilot programs increased efficiency, only to be undone by
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exception handling, auditability, and security. This means that success is short-lived, with some other

form of operational complexity taking its place.
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KOMIT/IEMEHTAPHOCTb W CMHEPI VIS OBPABATBIBAFOLLIEV [TPOMBILLIJIEHHOCTY PO U KUTAS: HA
TPUMEPE AJITAA U CHBL{3AHA

[yaHb N3HN3H

Asnmatdickull ['ocyopacmaeHHbId YHusepcumem

HayyHbit pykosodumesb. MuwieHko Banepud Bukmoposuy
00KMOp topUOUYeCKUX HayK

AKmyasibHocmb ucciedosarusi. CoBpemeHHas 2106a1bHas 3KOHOMUKA —Xapakmepusyemcs
eeonosiumuyeckol  KoHKypeHyued, uHmezpayuel pe2uoHasabHbIX NPOCMPAHCMB U pd3suMUeM
MPaHcepaHu4yHo2o0 compyoHu4Yecmada. Poccuss u Kumad Kak cmpameaudyeckue napmHepsi yeaybsom
SKOHOMUYecKoe B3aumodedcmaue, a NO2PAaHUYHbIe Pe2UuoHb! SBJISHOMCS KIHYeBbiM N1auddpMom 0/1s
cosmecmHbIX npoekmos. Aamadickul kpad P® u CuHby3ssH-Yieypckul asmoHOMHbIU patioH Kumas —
2eozpagpuyecku CMexcHble meppumopuu  «bosibwoz2o Asmas» ¢ 6o2ambiM  NPUPOOHO-PECYPCHbIM
nomeHuuasom u paszsumou bazol obpabameisarowielti NPOMbILLIEHHOCMU.

Peanu3zayus cmpameauu P® «nosopoma Ha Bocmok» u Kumadckol uHuyuamusbl «O0UH NOSIC —
00UH Nymb» €030a/1a YHUKAJIbHbIE YC/I0BUS O/1F 2/1y60K020 COMPYOHUYECmBd 3MuX pecuoHOB.
ObpabamabiBarowiass NPOMbIUIIEHHOCMb ABJISIEMCS 0POM Pe2UOHA/IbHO20 X03A(CmBa, ee pa3sumue
cnocobcmsyem pocmy KOHKYPEeHMOCNOCOOHOCMU, Y/IYHWeHU) UHGPACMPYKMYpPbl U CHUMEHUIO
bespabomuubl. Arimadickuli Kpal cmasakusaemcs ¢ MooepHu3sauuel npou3Bo0CMBEHHbIX MoujHocmed, a
CuHbU3aH — € duBepcuguKkayuel cmpykmypb! U pacluupeHuem cbipbesol 6assi. KomniemeHmapHOCmb
UX NPOMBbILWLICHHBIX CMPYKMYp co30aem npeonocbliku 0J1F peuleHuss 3mux npobsem, onpedesstouyo
aKkmyasibHOCMb MeMbl.

Cmenerb pazpabomaHHocmu npobsiiembl. [1pobriembl MPAHC2PAHUYHO20 COMPYOHUYeCmBd B
«bosbwiom Anmae» usydeHbl 8 pabomax pocculickux (KpacHosposa b., [Bo30es H.K., KawuH B.) u
Kumadckux yyeHbix (Kawx /1., Jlro FO.). Pocculickue asmopbi AHAU3UPOBAJT Pe2UOHATIbHYH UHMe2PayUro,
PecypcHyro KOMNJIeMeHmMAapHOCMb U UHCMUMYYUOHA/IbHbIE NPensmcmaus, Kumadlckue — pa3sumue
obpabamsbisarowseli npombiieHHocmu CUHbY3SHA U COMPYOHUYecmBo ¢ Poccuel 8 pamkax « OOUH NosiC
— 00UH NYymMb».

OOHako Ccywecmsyrouue Ucc/1e00BaHuUs UMerom 02paHu4eHuUs: 60/bUWUHCMBO NOCBAULEHb!
obwemy aHaauly CcompyoHuUYeCmaa, OMCYMCMBYHM  KOMNJIeKCHbIe —OUeHKU — CmpyKmypHoU
KomnJiemeHmapHocmu obpabamsisarowieli npomMbilieHHocmu Aimas u CUHbU3SIHA, He He0o0CMAamoYHO
U3y4eHbl Modesiu COBMECMHO20 PA3BUMUS C Y4emom peuoHa/IbHbIX ocobeHHocmed. Smu npobesibi
onpeodesigrom HeobxooumMocms 0adibHelwe20 UCc/1Ie00BaHUS.

Llenbto uccnedoBaHus Llenb — BbISBUMbB NOMEHUUA CMPYKMYPHO20 3BOJIOUUOHUPOBAHUS U
coBMecmHo2o passumusi obpabamsisaroujeli NPombiuiIeHHOCMU Anmadckoeo Kpas u CUHbU3SHAG,
paspabomams NpaKkmMuyeckue Mooesiu U pekoMeHoauuu no  YeaybreHuro  mpaHcepaHu4yHo2o
compyoHu4Yecmad.

3adayu:

1) Cucmemamu3upoBams Hay4Hble UCC/Ie00BAHUS U BbISBUMb NPENSMCMBUS MPAHC2PAHUYHO20
compyoHU4Yecmaa,

2) AHanusuposams U CPABHUMbL  CMPYKMYypHble  ocobeHHocmu  obpabamsbisarouiell
NPOMBILLIIEHHOCMU OBYX Pe2UOHOB;

3) Paspabomamb Memo0osio2uro OUeHKU KOMNJIeMeHmAapHoCmu U BbISBUMb NEPCNeKmMUBHbIe
HanpasieHusi CompyoHU4Yecmsd;

4) Co30amb adanmupoBaHHbie Mooesiu COBMEeCMHO20 pa3BuUMUS U onpedesums UX peaau3auyuro,

5) ®opmynuposams pekomeHoayuu 0711 0p2aHoB 8ACMU U Npednpusimud;

6) Coennamap BbIBOObL! U ONPEdeIUMb NePCNeKmMuUBbI 0A/IbHEUW20 U3yHeHUs MeMbI.
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Obbekmom uccnedosaruss Obbekm — Npouecchbi CMPYKMYPHO20 3BOHOUUOHUPOBAHUS U
MpaHcepaHu4yHo2o pazsumus obpabamsisarousell NpoMbitIeHHOCMU Anmadckoz2o Kpast u CUHbY3SHA.

[Mpedmem — 3KOHOMUYECKUe OMHOWeHUS NpU UHMe2payuu obpabamsisarowseli NPOMbILITIEHHOCMU
0BYX pe2uoHoB, GAaKkmopbl KOMNJIeMeHMApHOCMU U MexaHu3Mbl NpeoodosieHuUss Npensmcmaull
compyoHuU4Yecmaa.

Memooosioeus u MemooObl UCC/Ie00BAHUSA. VicciedoBaHue OCHOBAHO HA ObWEeHAyYHbIX U
cheyuasibHbix Memodax: abcmpakmHO-102U4ECKOM (cucmemMamu3auus meopuu, GopmMyIupoOBaHuUe
BbIBOOOB), CPABHUME/ILHO-CONOCMABUMEbHOM (aHaAu3 ocobeHHocmeld NPOMbILIIEHHOCMU 0B8YX
pe2uoHoB), IKOHOMUKO-Cmamucmuyeckom (obpabomka ouuyuaibHbIX CMAamucmuyeckux OdHHbIX),
SKOHOMempuU4YeCckKoM (pacyem UHOeKca KOMNJieMeHmapHocmu) u MooeauposaHuu (paspabomka
compyoHu4yecmsa modesiel). MlcmoyHukamu OaHHbIX A8asomcs Poccmam, HauyuoHasbHoe 6ropo
cmamucmuku Kumasi, pe2uoHasibHble 00KyMeHmMbI U Hay4YHble pabombi aBMopos 0BYX CMPaH.

[TIABA 1. AHanu3 coBpemeHHo20 COCMOSIHUA UcciedoB8aHull u npenamcmaull mpaHcepaHu4Ho20
compyoHu4yecmsa

1.1. O630p coBpemeHHo20 COCMOSIHUS HayYHbIX UCCIe00BAHUU

Teopemuyeckas 6asza uccnedosarus popmupyemcs pabomamu pocculickux u KUmMadcKux Y4eHbix.
Pocculickue ucciedoBamesnu SBASHOMCS NUOHepamu U3y4eHus uHmezpayuu 8 «bosbwom Anmaes:
KpacHosiposa b. (2014) BbigBisna pecypcHyro KOMNAEMeHmMAapHOCMbs U UHGPACmpyKmypHbie
oeparuyeHus, [Bo3oes H.K. u Mapw C. (2013) paccmampusasniu compyoHudecmao Arimas ¢ CUHbU3SHOM
B pamkax «nosopoma Ha Bocmok», KawuH B. u AHkosa A. (202 1) aHaiu3uposaau UHCmumyUuUuoHaIbHbIe
npenamcmBsuUs U NOMeHyuads nepepabomku cesibxo3npodykuuu, [loHkuHa E.B. (2025) oueHusana
cesibcKoxo3alcmsaeHHoe compyoHudecmao, Katoes H.H. (2020) ommemus posib pocculicko-Kumadckux
Npoekmos 8 MoO0epHU3auuUU cubupckol NPOMbIULIEHHOCMU.

Kumadckue y4eHble (Kan J1, Jlo +O. 2020) aHanu3upoBanu nNpOMbILUIEHHYH CMPYKMypy
CUHbU35HA U €20 KOHKYPeHmocnocobHoCMb, a UHocmparHsie asmopsi (Bapuky K., 2017) nodYepkusasiu
3Ha4eHue «bosbuwo2o Arimas» Kak y3/1a espasutickol uHmezpayuu. Obuulti Heoocmamok ucciedosaHull
— OMCYymMcmBUe KOMNJIeKCHO20 aHasu3a cmpykmypHol KomnjemeHmapHocmu obpabamsbisarousel
NPOMBbIUWI/IEHHOCMU 0BYX pe2uoHOB U adanmupoBaHHbIX Modesiell COBMeCMHO20 Pa3BUMUS.

1.2. OCHOBHbIe NpensmcmaBUs MPAHC2PAHUYHO20 COMPYOHUYECMBA

Ha ocHose aHanu3a Hay4Hbix pabom u NPaKmMuKU CompyoHUYeCmBa BbioesieHbl Yemabipe epynnbi
OCHOBHbIX Npensamcmaul:

1) OzpaHuyeHuss docmyna K CmMamucmuyeckum OaHHbIM — 0pUUUAIbHAS CMamucmuka Aamas
npedcmassieHa 8 MAKpPOPe2UOHA/IbHOM pad3pe3e, OMCYymCcmayrom 0emanu3upoBaHHble OaHHbIe No
nodompacsisM,; pasiudusi 8 CMamucmuyeckux nooxodax P® u Kumas uckito4arom npsamoe CpasHeHue
nokazameed.

2) MIHCMUMYYUOHAsIbHbIe paziudus — CYWeCmBeHHble pa3iudus B8 3AKOHOO0ameJsbCmae,
Hasno2o0800 cucmeme, CMAHOApMax KaYecmsd U 3dwume UuHmesiekmyasisHol cobcmBeHHoCmu
C030arom BbICOKUE MPAH3AKUUOHHbIE U30EPX(KU; 02paHUYeHHbIe NPABd pPe2uoHAsIbHbIX Op2aHOB HA
3aK/Ir04eHue coesiawieHud YCAOXCHSIFOM KOOPOUHAUUK NOIUMUKU.

3) OzpaHuyeHus 0BuUXeHUSs pakmopos NPou3BOOCMBA — GUHAHCOBOE COMPYOHUYEeCMBO HA
paHHeld cmaouu, omcymcmaue CneyuadsbHbIX MexaHUu3MoB (UHAHCUPOBAHUSI NPOeKMoB, O0BUMEeHUe
CNeyuaaucmoB 02paHU4eHo BU30BbLIM DPeXtUMOM, Nepeoadya mexHos02ul 3ampyoHeHa HedoCmamKom
3aWUmsl UHMesIeKmyasabHol cobcmBeHHoCmU.

4)  [eononumu4eckue U UHGOPACMPYKMYPHbIE — 02PAHUYEHUSs — —  2e0NnoJiumuYyecKkue
HeonpedesieHHOCMU HaA 27106a/IbHOM YpoBHe, HU3KUU YpoBeHb passumusi 0opo2owej cemu U
J102UCMUYeCKUX UeHMPOB B NO2PAHUYHOU 30He yBe/lu4uBaem U30epxKu OBUXCCHUS CbIPbsl U NPOOYKUUU.

[JIABA 2. CmpykmypHble ocobeHHocmu obpabamsisarowseli NpoMbILLIeHHOCMU Amadcko2o
Kkpasi u CuUHbY35HA

Obpabamebigarowasi NPOMbILIEHHOCMb 0BYX pEe2UOHOB Pa3BUBAEMCS HA OCHOBE MECMHbIX
pecypcos, HO uMeem CyuleCmBeHHble CMPYKMYpHble paziudusi, dopmupyroujue BbIPaXeHHYH
KomnsiemeHmapHocms. Obe ompac/iu xapakmepu3syrmcsi pecypco3dsucUMOCMbH, HO pa3/u4yarOmcst NO
O0OMUHUPYHOUWUM NOOOMPACIIIM, YPOBHIO MEXHO02U4eCK020 pa38UMUS U PbIHOYHOU OpueHmMayuu.

2.1. CmpykmypHble ocobeHHocmu Anmadckoeo Kpasi PO

Anmadckud kpat — pe2uoH Cubupu ¢ azponpombiUIIeHHbIM passumuem, e2o obpabamsiBaroLas
NPOMbILWL/IEHHOCMb  OPUEHMUPOBAHA HA Nnepepabomky MeCmHO20 Chipbs U UMeem  K/4Yesble
ocobeHHocmu:
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JlomuHuposaHue  ne2kol  npombiwneHHocmu  (45%  npou3soocmsa) — nepepabomka
CeIbX03nNPooyKUUU (3epHO, MACO, MOJIOKO) MeJIKUMU U CPeOHUMU NPeonpusmuUAMU C HU3KUM YpOBHEM
2nybokol nepepabomeku;

Cnabasi pazsumocms msaxenol NPOMbILICHHOCMU — MOJIbKO NPOU3BOOCMBO CMPOUMEIbHbIX
mMamepuasos, PemMoHm 3Hepeemu4ecko2o 0b60py0oBaHUs U NepBuYHyr0 Nepepabomky MUHepasos;
nNpakmuyecku omcymcmsyrom KPyNnHbIe MAWUHOCMpPoUmesibHbie Npednpusmus;

Hu3kas UHHOBAUUOHHAS akmuBHOCmMb — uHBecmuyuu 8 HVIOKP meHee 1% om BBI1, omcymcmaue
coBpemeHHoU Hay4HO-NPoU3BOOCMBEHHOU UHGPACMPYKMYPbl, OMMOK BbICOKOKBAIUPUUUPOBAHHbIX
Cneyuaaucmos;

OpueHmauyusi Ha BHyMpeHHUU pbIHOK — 3Kcnopm meHee 10% npou3so0cmsa, HanpassieH Ha
cocedHue pe2uoHb! Cubupu, UCKHOHYArom y4acmue 8 Mex0yHApPOOHbIX PbIHKAX -> UCK/IHOYArOM BbIX00 HA
Me#OYHAPOOHbIe PbIHKU.

OcHOBHbIe npobsieMbl — MoOepHU3auusa MouHocmed, npusieYyeHue uHsecmuyul u mexHosao2ud,
OCHOBHAS1 BO3MOXCHOCMb — COMpPYOHuU4ecmBo ¢ CUHbU3SHOM 019 00CMyNa K KUMAadcKum pecypcam u

DbIHKY.
2.2. CmpykmypHbie ocobeHHocmu CuHbU3aH-YI2YpCKo20 aBmoHOMHo20 patioHa Kumas
CuHbU3gH — Kmo4esol y3en «OOuH noIC — O00UH Nymb», e20 obpabamsbisarowias

NPOMbILL/IEHHOCMb PA3BUBAEMCS HA OCHOBe 60o2ambix pecypcos U 2ocydapcmBeHHOl nododepiKuy,
umeem ocobeHHocmu:

JloMuHuposaHue mscesol npombiuiieHHocmu (60% npou3sodcmsa) — 3Hepeemuka, 2/1y6okas
nepepabomka  MuHepasioB U  NPOU3BOOCMBO  3HEp2emMuYeckoeo  060pyooBaAHUS — KPYNHbIMU
20Cy0apCmBeHHbIMU NPeoNPUSAMUAMU C BbICOKUM MEXHOJI02UYeCKUM OCHAULeHUeM;

Pa3sumas seekas NPOMbIUWIEHHOCMb C 02paHuyeHHol Cbipbesold 6a3ol — MmeKCmusibHOe
npoussoocmBo U nepepabomka Na000B0-9200HOU  NPOOYKUUU, 02pAHUYeHHoe HedOCMAamKoM
BbICOKOKAYECMBEHHO20 CEJIbX03ChIPbS;

CpeoHsasa UHHOBAUUOHHAA AKMUBHOCMb — UHBeCMuuuu B8 UHHosauuu 2,5% om BB/
20Cy0apcmBeHHas N000epPHKA Yepe3s Hay4Ho-NPoU3BOOCMBEHHbIE NAPKU U NPUB/EYeHUE CNeyuanucmos;

Bbicokasa opueHmauus Ha skcnopm —3skcnopm 30% npou3so0cmaad 8 CMpaHb! LjeHmpasibHol A3uu,
Poccuro u EBpony; passumas so2ucmuyeckass uH@pacmpykmypa obecnedqusaem mpaHc2paHuyHoe
08U eHUe NPOOYKUUU.

OcHoBHble npobsiemMbl — duBepCcUGUKAYUS CMPYKMYypPbI U pacluupeHue Cbipbesol 6asbl; OCHOBHAS
BO3MOXCHOCMb — COMPYOHUYeCmBO ¢ Aimaem 0715 NOJIYYeHUs] Ce/ibX03Chbipbs U 00CMyNa K PbIHKY

Cubupu.
2.3. CpasHumesibHbIlU aHaIU3 0BYX pe2uoHOB
Knrodesble cxo0cmBa — pecypco3asucuUMOCMb  NPOMBbIWIGHHOCMU U nompebHocmb B

MPAHCepaHu4yHoOM compyoHudecmse 0719 pewleHus BHympeHHUX npobsiem. OCHOBHbIe pas/iuqus
popmupyrom KoMnaemMeHmapHoCmMa:

Anmad cneyuaausupyemcsi Ha ae2kot npombitieHHocmu, CUHBbU3SH — HAG Msxes10U,

Armad obnadaem cenbckoxosatucmaeHHoU cbipbesol 6a3zol, CUHbU3SH — COBpPeMeHHbIMU
MexXHOJI02USIMU, UHBECMUUUAMU U JI02UCMUKOU;,

[poMbiui/IeHHOCMb AIMAs 0puUeHMUPOBAHA HA BHYMPeHHUU pbIHOK, CUHbU3SHA — HA 3KCNOPM;

Anmad umeem HU3KYH UHHOBAUUOHHYH akmusHoCcmb, CUHbU3SIH — pa3Busaem UHHOBAUUU Npu
20cydapcmBeHHOU N000epKe.

Smu paznuyus co30arom npeodnockbiIkUu 019 UHMe2payuu Npou3BooOCMBEeHHbIX Npoueccos U
POopMUPOBAHUS @0UHbIX MPAHC2PAHUYHBIX UENoYex.

[JIABA 3. OQueHka cmpyKkmypHoU KOMNJeMeHmMApHoOCMU U BbiSBAeHUe NepCcneKkmuBHbIX
HanpasaeHul compyoHu4ecmsa

3.1. Memodosio2usi oueHKU cmpyKkmypHoU KoMnaemMeHmapHoCmu

Jlna oueHKu KomnsemeHmapHocmu obpabameisarouiell NPOMbILIEHHOCMU 0BYX pPe2uoHOB
paspabomara adanmupoBaHHas cucmema UHOUKamopos, Y4UmbIBaroUdas 02paHu4eHus 8 docmyne K
cmamucmuke. Cucmema sKk/ro4aem Yemsipe 6J10Ka ¢ Becamu, onpedesieHHbIMU 3KCNepmHbIM MEmMOOOM:

1) PecypcHas komniaemeHmapHocms (35%) — 3anackl pecypcos, obbem cesibXxo3npou3so0cmaa,
YUC/IeHHOCMb NPOMbIUI/IEHHO20 NEePCOHAd,

2) [lpoussodcmseHHas KomnaemeHmapHocms (30%) — obbem BbinycKa npooykKuuu No
Nodompac/isiM, NPoU3BOOCMBEHHbIe MOUSHOCMU, YPOBEHb Koonepauuu;,

3) TexHomo2u4eckas KomnaemeHmapHocms (20%) — MexHo102U4eCKoe OCHAWeHUe, UHBeCMUUUU
B UHHOBAYUU, KOJIUY@CMBO BbICOKOKBA/IUPUUUPOBAHHbBIX CNEYUAIUCmos;
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4) PbiHoyHaa KomnaemeHmapHocmsb (15%) — o0bbem BHYMpeHHe20 pbiHKA, CMPYKmMypa
3KCNOpMa/umMnopma, Hasauyue 102ucmuyeckol UHGPacmpyKkmypebi.

Lna  Kaxcdoeo 6s10ka paccqyumsbiBaemcss UHOeKC 8 wkane 0-1,
cpedHeB3BelleHHoe 3Ha4YeHue no Bcem 610Kam.

3.2. Pe3ysibmamai 0UeHKU CMpyKmypHOU KoMNJiemMeHmapHocmu

Ha ocHose pa3pabomarHHod cucmembl UHOUKAMOPOB NPOBEOeHa KOMNJIeKCHAs OUeHKd,
pe3y/ibmamabi NpeocmassieHsl 8 mabauue 1.

Tabsuya 1 — OuyeHka cmpykmypHol KoMniaemeHmapHocmu obpabamaisaroujeli NPOMbILLIEHHOCMU
Anmatickoeo Kpasi U CUHbY35IHA

paccHumsiBaemcsd Kdk

bJ10K UHOUKamopos VHOekc komnaemeHmapHocmu | Bec (%) | B3seweHHoe 3HaqeHue
PecypcHasi 0,85 35 0,2975
[pou3sodcmBeHHas 0,81 30 0,2430
TexHos02u4YecKas 0,72 20 0,1440
PbiHOYHASA 0,68 15 0,1020
0bwas KomMnJieMeHmAapHOCMb - 7100 0,7865
VIHmezpasnbHbill  uHoekc cocmasusi  0,7865, csudemesnibcmsys O  BbICOKOM  YpPOBHE

KomMniiemeHmapHocmu 08yx pe2uoHos. Haubosee sbicokuli nokasamesib no pecypcHomy 610Ky (0,85) —
06YC108/18HO NPOMUBONOSIONCHBIM PECYPCHBIM NOMEHUUAIOM. BbICOKUU Npou3Bo0CMBeHHbIU UHOeKC
(0,81) cBsa3aH ¢ pazuduem cneyuanusauyuu nodompacnel. CpedHul-8bicokue mexHonoaudeckud (0,72)
U pbiHOYHBbIU (0,68) UHOEKChbI 02paHu4eHb! CYUWecmBYWUMU NPensmCcmBUSMU, HO NOOMBEPHOarom
nomeHyuas 0J1s passumusi CompyoHUYecmad.

3.3. [lepcnekmuBHble HaNpPasieHuUss MpaHc2paHUu4Ho20 COMPYOHUYecmaa

Ha ocHoBe oueHKU KoMNJeMeHmMAapHOCMU BbISIB/ICHbI Yemblpe NepcnekmuBHbIe Hanpas/IeHus
compyoHU4YeCcmaa, CoomaemcmBYyruUe NPeUMyUeCmBam Kaxoo20 pe2uoHa:

lMepepabomka cesibckoxo3saticmaeHHoU npodyKyuu.Haubosee nepcnekmusHoe HAnNpasaeHue
(uHOekc pecypcHol KomnaemeHmapHocmu 0,85): Anmad nocmassisem  BbICOKOKAYeCMBEHHOe
cenibxo3cbipbe, CUHbU3SIH NPedocmasssem mexHosao2uu 2aybokol nepepabomku, uHBeCmuyuu u
docmyn K KUmMadckomy u Mex0yHapoOHbIM pbiHKaM. COBMECMHbIE NPOeKMbl — CO30aHue Npednpuamud
nepepabomku Ha Asimae, 00/120CPOYHbIe NOCMABKU Cbipbs, COBMECMHOoe NPou3Bo0CMB0 NPOAYKuUU 015
peasauzayuu 8 PO u Kumae.

MawuHocmpoeHue 015 3Hepzemuy4eckold ompaciu.OCHOBAHO HA NPou3BoOCMBeHHOU U
mexHosioeudeckol KomniemeHmapHocmu: CuHbU3SH NPou3BoO0Um 3Hepeemuyeckoe obopydoBaHue
(HegpmsHoe, 2a3080e, BemMPSHOU 3Hep2emuKu) C 3KCNOPMHbIM onbimomM, Anmad u Cubupb umerom

BbICOKUU cnpoc Ha makoe obopydosaHue. [lpoekmbl — nocmaska o0bopyoosaHus, Cco30aHue
npeonpusmull peMoHma Ha Asnmae, papabomka aoanmupoBaHHo2o obopydoBaHus 019 CUbUPCKUX
yenosud.

Inybokas nepepabomka MUHEPAsibHbIX pecypcos.Animall obnadaem 6o2ambsiMu  3anacamu
MUHEpasos, HO OCYWecma/Igem MoJibKO UX NEPBUYHYHo nepepabomky; CUHbU3SH UMeem COBPeMeHHbIe
mexHonoeuu 2nybokol nepepabomku u cmabusibHbIl cnpoc Ha npodykyuro. CompyoHuYyecmso —
CoBMeCmHoe passedaHue mMecmopoxdeHul, NOCMasKku cbipbs B CUHbU3SH, CO30aHUe COBMECMHbIX
npedonpusamud enybokol nepepabomku Ha Aimae.

lMpou3sodcmBo cmpoumesibHbIX Mamepuanos.0ba pe2uoHa umerom BbICOKUU CNPOC Ha
cmpoumeJibHble Mamepuadsibl 8 PAMKax UHGPAcmpykmypHo20 passumus. Aimad obiadaem cbipbesol

b6azoli  (KameHb,  u3BecmHAK, OpesecuHa), CUHbU3AH —  MEexXHOJI02USIMU  NPOU3BOOCMBA
BbICOKOKAYeCMBEHHbIX Mamepuasios. [Ipoekmabl — cO30aHUe COBMeCMHbIX npeonpusmudl Ha Asimae,
MOOEpHU3aUUA  MECMHbIX  NPOU3BOOCMB, NOCMABKU  MAMepuasos O  MPAHCCPAHUYHBIX

UHGpacmpykmypHbIX NPOEKMOB.

[TIABA 4. Moodenu cosmecmHo20 paszsumusi obpabamseisarowell  NPOMbILLIEHHOCMU  0BYX
pe2uoHoB

Ha ocHose aHaiu3a KoMnjeMeHmapHoOCmu U y4Yema npensmcmasul paspabomarbi mpu
B3aUMOOONOJIHAOWUE Modesiu COBMecmHo20 passumus obpabamsbisarouield NPOMbILLIEHHOCMU,
adanmupoBaHHsie K ocobeHHocmam P® u Kumas.

4.1. Moodesib coBMecmHo20 Co30aHUs MPAHC2PAHUYHbIX NPOMBIUICHHbIX NAPKOB

ba3zoBas modesib — CO30aHUe CNeyuanu3upoBaHHbIX NPOMbILL/IEHHbIX NAPKOB HA Meppumopuu 08yxX
pPe2uoHOB KAk Naamaeopm 0719 COBMECMHbIX NPOeKkmoB. [IpuHYUNbI peaau3ayuu;

Cheyuasuzayusi Napkos NO Yembipem NepcnNekmMUBHbIM HaNPABIeHUSM COMpPYOHUYeCmaa,

MexceocydapcmseHHoe coenaweHue P® u Kumas ¢ npedocmasieHuem Haao20BbixX J1b20m,
JIb20MHO20 pexcuma 0oCmynda K 3emsie;
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CosmecmHoe puUHaHcUpoBaHue uHGpacmpykmyps! (0opoeu, KOMMYyHUKAUUU, J102ucmu4yeckue
ueHmpsbi) u3 6r00xemos 08yX CMPAH U Mex0yHapoOHbIX poOHO08;
Ammpakyusi npednpusmudl 0ByX pe2uoHOB C JIb20MHbIMU YC/I0BUSIMU BeOeHUs 0esimesibHOCMU.

Mpeumywiecmsa — C030dHUE YHUPUUUPOBAHHO2O UHCMUMYUYUOHATbHO20 NPOCMPAHCMAQ,
CHUXEHUEe MPAH3AKUUOHHbIX U30epxeK, passumue UHGPacmpyKkmypbl No2paHU4HOU 30HbI, CO30aHue
paboyux mecm.

4.2. Modesib uHme2payuu MpaHcepaHUuYHbIX NPOU3BOOCMBEHHbIX LenoyeK

lpoosuHymas moodesib — obbeduHeHuUe NPoU3BOOCMBEHHbIX NPOUECcoB B8 e0UHbIe Uenoyku om
CbIpbsi 00 20MoBoU NPOOAYKUUU. [TPUHUUNBI:

JleneHue gyHKuut: Anmad npou3sooum Cbipbe U OCYWeCcms/igem NepsuYHyro nepepabomeky,
CuHbU3SH — 271y60KYr0 NepepabomKy U peaau3ayuro NpooyKyuU;

Co30aHue coBMeCcmHo20 Yynpas/ieH4ecko2o op2aqa 0Jis KoopouHayuu Npou3sooCMBA U NOCMABOK;

YHugukauyus cmaHoapmos kayecmsa u cepmuguKkayuu 018 YCmpaHeHuss mexHu4eckux bapbepos;

Passumue coBMecmHbIX 102UCMUYECKUX UeHmpPOoB U ONMUMU3ALUS MPAHCNOPMHBIX MAPUIPYMOB.

lMpeumywecmsa — NOBbIWEHUE NPOU3BOOCMBEHHOU 3pdeKkmuBHOCMU, paclUpeHue pPbIHKA
cbbima, pazsumue NPOMbILLLIeHHOU KOONepauul, NoBbILLEeHUe KOHKYPeHMocnocobHoCcmu NpoodyKyuu.

4.3. Mooesib coBMecmHbIX Hay4YHbIX ucciedosaHull u pazpabomok (HVOKP)

Jlosi20cpoyHas mooesib — NOBbIUIEHUE UHHOBAUUOHHOU aKmMUBHOCMU Yepes cosmecmHbie HVOKP u
pazpabomky HoBbIX mexHo02ull. [TpUHUUNBI:

Ha 6a3ze By308 U HAY4YHbIX 0Op2aHuU3auul 0boux pe2uoHos ;

CoBmecmHoe hUHAHCUPOBAHUE NPOEKMOB U3 bHOXEemoB CMPaH, Pe2uoHasbHbIX Cpedcms u
npeonpusmulHbIX uHBecmuuyud;

ObmeH cneyuaaucmMamu U co30aHue CoOBMECMHbIX NPO2PAMM NOO20MOBKU KAOpOos;

Kommepyuanuzauusa pe3yibmamos HUOKP yepe3 co30aHue cosmecmHbiX npednpuamud.

lpeumyuwiecmsa — noBbleHue UHHOBAUUOHHO20 NOMeHUUasnd, pazpabomka aoanmupoBaHHbIX
mexHoso2ul,  N0020MOBKA  KBAJUPUUUPOBAHHLIX ~ KAdpos,  00/120CPOYHAA — YCmol4yusoCmb
compyoHuU4Yecmaa.

4.4. Obwue nymu peasausauyuu paspabomarHbix mooesnel

Jlns ycnewHol peanusauyuu moodesiel Heobxooumbi obwjue nymu npeodosieHus npensamcmaud:

1) YnpouwjeHue aoMuHUCMpamuBHbIX Npouedyp pe2ucmpayuu CoBMeCmHbIX npeonpusmud u
BU30B020 pexcuma 0715 CNeyuasaucmos;

2) Pazsumue ¢puHaHco8020 compyoHu4Yecmsd — co30aHue cneyudabsHo2o ¢oHoa 019 NPoeKmMos,
pacuiupeHue ucnosib308aHUSI HAUUOHA/IbHbIX BAJIHOM, JIb20MHbIE Kpeoumbal;

3) CoBmecmHoe passumue UHGpPacmpyKmypbl — MOOEPHU3AUUS 00po2, YBe/ludeHUe MoujHocmed
NO2PAHUYHBIX NEepexo008, CO30aHue 102UCMUYeCKUX UeHmMpPOosB;

4) Co30aHue NOCMOSIHHO20 MEexaHU3Ma KOOPOUHAUUU — MeX(pe2uoHasbHbId Komuccapuam,
pe2yisipHble GopyMbi, COBMECMHbIU UHPOPMAUUOHHBIU NOPMA.

[TIABA 5. [pakmuydeckue pekomeHOauuu no yaaybieHuro mpaHcepaHu4Ho20 cCompyoHu4yecmsa

Pazpabomarbl KOMNJIeKCHbIe pekomeHdauuu 018 opeaHos saacmu P®, Kumas u npednpusmud
0BYX pe2uoHoB, pasdesieHHble NO KpamkocpoyHomy (1-2 2oda), cpedHecpoyHomy (3-5 snem) u
dosreocpoyHomy (bosiee 5 iem) nepuodam.

5.1. Pekomerdauyuu 019 opeaHos sracmu P®

KpamkocpoyHo: Ynpocmums npouedypbl CO30aHUS COBMECMHbIX npednpusmud, Npedocmasums
Han0208bl€ J1b20MbI, pacluupums 00CMyn K cmamucmuyeckol UH®OpMayuu, ynpocmums BU3080U
pexcum 0719 KumadcKux cneyuanucmos.

CpedHecpo4Ho:  3aK/I4Yumb  MexeocydapCmaeHHoe — coziauwieHue O  MPAaHC2PaHUYHbIX
NPOMBIWIEHHbIX NAPKAx, YHUdUUUpoBams CmMAaHOApmbl KAa4ecmad, C030ams CneyudsibHbil ¢GoHO
No00epxCKU NPOeKMOoB, MOOEPHU3UPOBAMb MPAHCNOPMHYIO UHOPACMPYKMYPY.

ZLloneocpoyHo: Ycunums nod0epiKy UHHOBAYUOHHO20 pA38UMUS], CO30aMb COBMECMHbIE HAY4YHbIe
ueHmpbl ¢ Kumaem, paspabomams 00/I20CPOYHYHO CMpameauro passumus Asimas ¢ y4emom
compyoHu4Yecmsa ¢ Kumaem, opeaHu3o8ams COBMECmHoe 0by4eHue Kaopos.

5.2. PekomeHoauuu 019 opeaHos s8aacmu Kumas

KpamkocpoyHo: [Ipedocmasums  71b20mHble  Kpedums! 071 Kumadckux — npednpusmud,
pacwupums nocmasku obopyoosaHus 8 Anmad, ynpocmumbs aOMUHUCMPAMUBHbIE Npouedypb,
0p2aHU308amb UHGOPMALUOHHOE B3aumodelcmaue Mexdy NPeonpusIMUsIMU.
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CpeoHecpoyHo:  [loddepxampb  co30aHue  MPAHC2PAHUYHbIX — NPOMbIUIIEHHbBIX — NAPKOB,
ONMUMU3UPOBAMBb Jlo2UCMUYecKkue mapuwpymsi 8 Aamad, yHuguyuposams cmaHoapmsl Ka4ecmsa ¢
P®, ycunums 3awumy uHmMesIeKmyasasHol cobcmseHHOCMU.

JlonzocpoyHo: OpeaHuzosams o0bMeH Ccneyuanucmamu, nNoo0epHams KOMMEPUUAaUu3auuro
pe3ysibmamos  HWOKP, paspabomams cmpamezuro compyoHudecmsa CuHbyssHa ¢ Poccued,
PAcUWUpUMBb UCNOJIb30BAHUE HOAHS B MOP20BbLIX ONEPAUUSIX.

5.3. PekomeHdauyuu 019 npednpusamud 08yx pe2uoHos

KpamkocpoyHo:  OpeaHu3oBamb  B3AUMHbIE — BU3UMbI U NEpe2oBopbl,  3aK/IHHYUMb
npedsapumesibHble 0020B0pbI NOCMABOK Chbipbsi U NPOOYKYuUU, paspabomams  6OU3HeC-NaaHsbl
COBMECMHbIX NPOKMOB, Y4acmBOBAMb B BbLICMABKAX U pOPYMax.

CpedHecpoyHo: Y4acmBosams B CO30aHUU MPAHC2PAHUYHbIX NPOMBbIULICHHbBIX NAPKOB, CO30amb
coBMeCmHble Nnpednpusimusi NO NepCNeKmMUBHbIM HANPABICHUSIM, PA3BUBAMbL  NPOMbIULICHHYHO
Koonepayuro, UHBECMUPOBAMb B MOOEPHU3AUUH MouwsHocmed.

JloseocpoyHo: Y4acmsosame B coBmecmHbIX HVOKP, uHme2pupoBamscsi 8 MPAHCePAHUYHbIE
Npou3BOOCMBEHHbIe uenu, GopmMupoBams 0bbeouHeHUs 071 Y4acmusi B KPYNHbIX NPOeKmMax,
paclwupume 3KCNOPM 8 MPembU CMPAHbI, UHBECMUPOBAMb B NOO20MOBKY KAOPOB.

[JTIABA 6. BbisoObI u nepcnekmusbi 0a/ibHeluwe20 Ucc/1e00B8aHuUs

6. 1. OCHOBHbIe pe3yibmams! UCC/Ie008AHUS

B x00e KOMNJIeKCHO20 aHau3a NOJ1yYeHb! C/iedyrouyue Kao4esble pe3yibmamai:

1) Cucmemamu3supoBaH Hay4YHbIl /UMepamypa U BbiIBJIeHbl OCHOBHbIE HEOOCMAamku
Cywecmsyrouux ucciedosaHull — omcymcmaue CneyuanusuposaHHo20 aHasu3a obpabameisaroused
NPOMBIWLIEHHOCMU U a0anmupoBaHHbIX Modesiell CompyoHUYecmaa;,

2) BbiOeneHbl 4embipe 2pynnbi  NPensgmcmBull  MpPaHC2paHU4YHo20  COMPYOHUYeCMBaA:
cmamucmuy4eckue,  UHCMUMYUUOHA/IbHbIE, 02paHUYeHUs] 0BUMEHUS ¢akmopos Npou3Bo0CMAd,
2e0N0IUMUKO-UHGPACMPyKmMypHbIe;

3) lposedeH cpasHUMesbHbIU aHaau3 CMPYKMYPHbIX 0cobeHHocmel NPOMbIUIIeHHOCMU O0BYX
Pe2UOHOB U BbISIBJIeHA UX BbIPAXEHHAS KOMNJIeMeHMapHOCmeb,

4) PazpabomarHa cucmema uHOUKamopos oUueHKU KOMNIeMeHMApHOCMU, UHMe2pasibHbIU UHOeKC
komopol cocmasus 0,7865 (Bbicokul ypoBeHsb);

5) BbisiBneHbl 4embipe nepcnekmuBHble HANpasseHuss CompyoHuYyecmBsd: nepepabomka
CesIbX03NPOOYKUUU, SHep2emuy4yeckoe MauwuHocmpoeHue, 2i1ybokas nepepabomka MUHEpasos,
Nnpou3B00CMBO CMPOUMeE/TIbHbIX MAMepPUasos;

6) Pazpabomarbl mpu B83aumodONOJIHSOWUE MOOesIu COBMECMHO20 Pa3BuUMuUsl U onpedesieHbl
obwue nymu ux peaausayuu;

7) @opmysuposaHbl KOMNJIEKCHblIe pekomeHoauuu 0719 opeaHos Baacmu u npeonpusmud,
pazoesieHHble NO BpeMeHHbIM NePUOJaMm.

losy4eHHble  pe3y/ibmamabl NOOMBEPHOAarom YHUKAIbHbIL NOMeHuuads 0ByX pe2ucHo8 0Jis
coBMecmHo20 pazsumus obpabamasisarouseli NPOMbIUIeHHOCMU.

6.2. [lepcnekmussi 0asibHelwe20 pa3sumusi CompyoHu4ecmaa

[lepcnekmuBbl COMPYOHUYeCMBA CBA3AHbI C peasuayuel cmpameaul «<noBopoma Ha Bocmok» u
«O0UH noAC — 00UH Nymb», @ Makxce uHmezpauuel EASC u Lllenkoso2o nymu, u pazoenstomcs Ha mpu
YDOBHS:

1) Pe2uoHanbHbIl — MOOePHU3AUUS NPOMbIUIIEHHOCMU, pA3B8UMUE UHGPAcCmMpyKmMypbl, CO30aHUe
paboyux mecm, pocm NPoU3BOOCMBA U 3KCNOPMA;

2) MexccocydapcmseHHbill — pacwupeHue mosapoobopoma P® u Kumas, pazsumue
UHBECMUUUOHHO20 COMPYOHUYECMAA, yKpensieHue Cmpame2u4eckoeo NapmHepCcmad;

3) Mex0yHapoOHbIl — pacuuupeHHbId 3KCNopm coBmMecmHoU NpooyKuuu 8 mpembU CMpPaHsbi,
NoBbIWLEHUE KOHKYPeHmMOoCNoCoObHOCMU pOCcUlticko-Kumadckol NpodyKuuu Ha 2/106a/1bHbIX PbIHKAX.

Knrowesol ¢akmop ycnexa — coBmecmHasi paboma opeaHos sracmu u npednpusmud no
npeodosieHuro npensmcmaul U peaau3auuu pa3pabomanHbix pekomeHoayud.

6.3. HanpasneHus 6yoyuwiux Hay4HbIX ucciedosaHull

OCHOBHOe 02paHu4eHue Uucc1edoBaHuUs — 02paHU4eHHOCmb docmynd K 0emasnu3upoBaHHol
cmamucmuke, nompebosaswas UCNOIb30BAHUS 3KCNEpMHbIX ouyeHoK. OCHOBHble HANPasseHus
6yoyuux ucciedoBaHul:

1)  YnyyweHue memodonocuu oueHKU — KOMnJieMeHmMApHocmu C - y4emom  yugposol
MPpaHcopmayuu U 3K0102u4eckux pakmopos;
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2) ImMnupuyveckul aHaau3 QyHKYUOHUPYHOWLUX POCCUUCKO-KUMAUCKUX COBMECMHbIX npednpusmud
U OUEHKA UX 3¢pgpekmusHocmu;

3)  Paspabomka MemoOUKU  KOJU4eCmBEeHHOU  OUeHKU  IKOHOMUYeCKux  3¢gekmos
compyoHuU4YecmBa 0719 08yX pe2UuoHOB;

4) AHaU3 B/IUSHUSA UUGDPOBBIX MEXHOI02Ul Ha MPAHC2PAaHUYHOe COMPYOHUYecmBo u pazpabomka
modesiell yugposol uHmezpayuu;,

5) ViccnedosaHue skonoeudecku ycmolyuso2o pazBumusi NPOMbILLIEHHOCMU U CO30aHUe 3e/1eHbIX
MPAHCePaHUYHbIX YenoYek;

6) PacwupeHue uccnedoBaHusi Ha opyeue pPoCCUulcko-Kumadckue no2paHuyHble pe2uoHb! U
paspabomka yHUGUUUPOBAHHBIX Modesiell CompyoHUYecmad.

3AKJIFOYEHWIE

ZJlaHHoe ucciedoBaHue NOCBAUWEHO aHau3y CMPYKMYPHO20 3B80JIHOUUOHUPOBAHUS U COBMECMHO20
passumus obpabameisarowiel npombiuiieHHocmu Anmadckoeo Kpas P® u CuHbU3aH-YI2YpCKo2o
aBmoHOMHO20 padoHa Kumas — Ppe2uoHoB C BbICOKUM NOMEeHUUdsIoM MpPAaHC2PaHUYHO20
compyoHu4ecmaa. AKMYyasbHOCMb  UCC/Ie00B8aHUsl  00yc/ioBeHa HeobX00UMOCMbO  peanu3ayuu
cmpameauvyeckux 3adady 08yX CMPAaH U pelleHuss BHYmMpeHHUX Npobem coyudsibHO-3KOHOMUYECKO20
pa3BUMUS pe2UOHOB.

B x00e uccnedosaHusi cCucCmemMamu3upoBaqHd Hay4Has umepamypd, BbisiB/ieHbl NPensmcmaust
compyoHU4Yecmsa,  NposedeH  CPABHUMEsbHbIU — aHAIu3 — CMPYKMYpPHbIX  ocobeHHocmel
NPOMBbIWIEHHOCMU 0BYX pe2uoHoB. Pa3pabomara cucmema UHOUKAMOPOB OUEeHKU CMpPYyKmypHoU
KOMNJileMeHmapHoCmu, UHmMezpasbHbil uHoekc Komopol cocmasusi 0,7865, 4mo nodmsepxoaem
BbICOKUU NOMeHYuas CcompyoHU4ecmsd. BbiSB/ieHbl Yembipe NnepcnekmuBHbIe HAnpasieHus U
paspabomarbl  mMpu  B3AUMOOONOJIHAOUWUE  MOOe/u  COBMeCMmHO20  pad3sumus — CO30aHue
MPAHC2PAHUYHBIX NPOMbIL/IEHHbIX NAPKOB, UHMe2payusi NPou3BOOCMBEHHbIX UenoYyeK, COBMEeCmHbIe
HWOKP, a make onpedesneHbl nymu ux peaausayuu.

®DopmyupoBaHbI KOMNJIEKCHbIE peKoMeHoauuu 0J18 op2aHos siacmu P®, Kumas u npednpusmud,
pazoesieHHble N0 KPAMKOCPOYHOMY, CPEOHECPOYHOMY U 00JI20CPOYHOMY NEpuodam. Peaauzayusi 3mux
pekomeHoauul no3sosum co3dams 61a2onpusmHbie Ycaosus 019 eayboKo20 MPaHcepaHUu4Ho20
compyoHuU4Yecmaa.

Mony4eHHble pe3y/ibmama! UMEeom BbICOKYH Meopemuyeckyro U NPAaKMUYeCcKyr UeHHOCMb, OHU
donosIHArOM Hay4Hyr 6asy ucc1e0oBaHus mMpaHcepaHUu4YHo20 COMpPYOHUYecmaa 8 «bobwom Aimae» u
moaym 6bImb UCNOJ/Ib30BAHLI OP2AHAMU B1ACMU NpU pazpabomke cmpamezull pa3sumus, d mMakice
npeonpusMUSMU NPU POPMUPOBAHUU BU3HEC-NIAHOB COBMECMHbIX NPOEKMOB.

Peanuzauus nomeHyuasa CoBMeCmHo20 paszsumusi obpabamsisarouwiel NPOMbILIEHHOCMU
Anmas u CUHbU3SIHA CMaHem Ba cHbIM WA20M B YKpenieHuU poCCulicCko-KUmadcko2o Cmpame2udeckozo
NapmHepcmaa, passumMuUU 3KOHOMUKU «bosibwo2o Anmas» U @$opMUpPOBAHUU UHMEe2PpUPOBAHHbIX
MPAHCepaHUYHbIX NPOU3BOOCMBEHHbIX NPOCMPAHCMB Espasuul.
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Abstract

In this study, a comparative assessment of the level of knowledge of women of reproductive age
about contraceptive methods was carried out, the contraceptives used were analyzed, the reasons for
their refusal to use them were identified, and sources of information among women of different ages
were identified.

AHHOMAayus

B Hacmoswem ucciedoBaHul nposedeHa CPAasHUMENbHAS OUEHKA YPOBHS 3HAHUU MeHUWUH
penpo0yKmMUBHO20 BO3pACMA O Memodadx KOHMPAuenuuu, NpoaHau3uUpoOBAHbl UCNOJb3YemMble
NPOMUBO3A4YaMOYHble CPeOCMBAA, BblBJIeHbI NPUYUHbI OMKA3d OM UX NPUMEHEHUs, onpedeseHbl
UCMOYHUKU UHGOPMUPOBAHUS CPeOU HEeHULUH PA3HbIX BO3PACMOB.

Keywords: methods of contraception, contraceptives, women of reproductive age
Knmoyesbie cnio8a: mMemoObl KOHMpauenuyuu, NPOMUB03A4YamMOYHble CPeoCmaBd, M eHUUHbI
penpodykmuBHO20 B03pAcmd.

Bsederue. [11aHUPOBAHUE CeMbU — 3MO OCHOBHOE NPABO Ye/08eKd, KOmopoe NO3B80JISem
0mMOoe/IbHbIM JIULAM U NAPaM NPUHUMAMb HE3ABUCUMbIE U OMBEMCMBEHHbIE pelleHuss 0 KoJiu4yecmse
Odemell, BpeMeHU UX POXOeHUs U UHMepBasse mMexcdy ux poxcoeHuem, ymo docmuzaemcs b6razodaps
CcB0OOOHOMY BbIOOPY COBPEMeHHbIX Memo0ooB8 NpedynpexcoeHus HexcesamesibHol bepemeHHOCmU B
uesgx NIaHUPOBAHUSI CeMbU U OXPAHbl CBOE20 300POBbS.

KoHmpauenyusi — Memoobk! U cpedcmaBa npedynpexoeHus HexenamesbHoU bepemMeHHoCMU.

CoxpaHeHue penpodyKmuBHO20 300p0BbS HeHWUH A8/19emcs 00Hol U3 NpuopumemHbiX 3a0ay
coBpemeHHoU cucmembl 30paBOOXPAHEHUs. PayuoHasbHoe NaaHUpoBaHue cembu, npedynpexcoeHue
HexcenamesibHol  6epeMeHHOCMU U CHUX(eHue 4acmomsl abopmoB HANpAMyr) CBA3AHbI  C
00CMYNHOCMbIO U NPABUWIbHBIM UCNOJIb30BAHUEM COBPEMEeHHbIX MemodoB KoHmMpauenyuu. Hecmomps
Ha wupokul BbI6Op cpedcms npedynpexcoeHus bepemMeHHOCMU, YpoBeHb UHGOPMUPOBAHHOCMU
HEHWUH penpo0yKmUBHO20 BO3pACMA O MexaHu3Max oelicmsus, 3¢pdeKkmuBHOCMU, NPeuMyLIecmBax u
BO3MOM(HbIX PUCKAX PA3/IUYHBIX MeMOoJ0B8 KOHMPAuenyuu ocmaemcs HeoOHOPOOHbIM.

CoBpemeHHble  KOHMPAuenmuBHble MEexXHOI02UU  BK/IHOYAOM  20PMOHA/IbHbIE,  6apbepHble,
BHYMPUMAMOYHbIE, Xupypeuyeckue U ecmeCcmBeHHble MemoObl, OMJUYArOUUecs No CmeneHu
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HadexHocmu, besonacHocmu u yoobcmay npumereHus. OOHAKo BbI6op KOHKpemHo20 cnocoba Hepeoko
onpedesisemcs He mMOoJIbKO MeOUUUHCKUMU NOKA3AHUAMU, HO U YPOBHEM 3HAHUU MeHUWUHBbI,
docmynHocmbto docmoBepHOU UHGopMayuu, KY/JbMypHbIMU YCMAHOBKAMU U BAUSHUEM COUUA/IbHbIX
¢akmopos. HedocmamoyHas 0cBEOOMIEHHOCMb MOXEem NPUBOOUMb K HeNPABUJIbHOMY NPUMEHEeHUO
KOHMpPAauenmusos, CHUMeHUN UX 3¢pdekmusHOCmU U GopMuposaruro mMugos, npensmcmayrouux
PauUOHaIbHOMY BbIOODY.

B yc/10BUSIX AKMUBHO20 pA3BUMUS MEOUUUHCKOU HAyKu U pacluupeHusi CNekmpa CoBpemMeHHbIX
KOHmMpauenmusHbIX cpedcms ocoboe 3HavyeHue npuobpemaem oueHKa YpoBHS UHGOPMUPOBAHHOCMU
HEHUWUH penpooyKmMUBHO20 BO3pACMA. M3ydeHue 0aHHO20 NOKA3ameJisi N03B0/Iiem BbIsIBUMb NPO6EsibI
B 3HAHUSAX, ONpedesiumb 0OCHOBHbIE UCMOYHUKU NOJYYeHUS UHGpopmayuu u pazpabomams Meponpusmus,
HanpasJ/ieHHble Ha NOBbIUEHUE MEOUUUHCKOU 2pAMOMHOCMU HACe/IeHUS.

Takum 06pasom, aHasau3 ypoBHS OCBEOOMIEHHOCMU XEHWUH O COBPeMeHHbIX Memooax
KOHmMpauenuuu ABJISeMCcs BAXCHbIM 3Manom 8 GopmMuposaHuu 3pdekmusHbIX NPodUIAKMUYecKux
Npo2pamm U yKpensieHuu penpodyKkmusHo20 300poBkbsa 0buecmad 8 UesIoMm.

Llenb uccnedosaHus: OueHumb YpOBeHb UHGOPMUPOBAHHOCMU MEHUUH PenpoodyKmUBHO20
BO3PACMA O COBPEMEHHbIX Memoodadx KOHMPAauenuuu, BbIABUMbL OCHOBHbIE UCMOYHUKU NOJyYeHUs
uHopmauyuu U onpedenums GAaKmopsbl, BAUAOWUE HA BbI6OP U UCNOJIb30BAHUE CPedcmB
KoHmMpauenuuu.

Mamepuasibl u MemoOb! UCCI00BAHUS. B ucc/1e0o8aHuUU NPHSAJIO Y4ACMue HeHCKoe HaceneHue ¢
Kazaxcmaxa (2.Acmawa, 2.Aimamei, 2.LLbimkeHm, AamamuHckas obacms, Typkecmanckas obiacme)
8 Bo3pacme 18 do 52 nem. AHKemupoBaHue npoBodUsIoCh CO2IACHO pa3pabomaxHHol HaMuU OHIAUH-
aHkeme, 8 Komopom 6b1/10 25 BONPOCOB 0 3HAHUU PA3/IUYHbIX CNOCO6OB KOHMpauenyuu.

Pe3ynbmamel. /118 U3yYeHuUs: UHGOPMUPOBAHHOCMU O Memodax KoHmMpauenuuu nposedeHo
aHKemupoBaHue 87 XeHuwuH penpooyKmuBHO20 BO3pACMA.

Mpu aHau3e 3HaHul ¥eHUWUH 0 NPEOHA3HaYeHUU KOHMpPAayenmusos U UX pa3Hoobpasuu NoJlyYeHsb!
cnedyroujue 0aHHble:

YpoBeHb MHPOPMHUPOBAHHOCTH

IToBegeHUeCKUl METO,
BapbepHblii MeTo
BMK

HHbeKkInOHHbIE
IIPOTHBO3a4aTOYHBIE CPENCTBA
KoHTpanenTuBHbIH NIaCTHIPh
CriepMHATTH BT

KOK

OKcTpeHHas! KOHTPAIICTIIIUL

T T
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Yacmoma ucno/ib308aHUS1 pa3/IUYHbIX Memodax KOoHmpauenyuu

Memod KoHmpauenyuu Yacmoma ucnosib3osarus (%)
bapbepHbiti Memod 87%
[losederyeckull memood 69%
BMK 57%
KOK 38%
VIHbeKYUOHHbIe NPOMUBO3AYAMOYHbIe CpeOcmad 0%
KoHmpauenmusHbIt n1acmesipb 5%
Cnepmuuuosi 0%
JKCMpeHHasi KoHmpayenyus 1%

BbiB0OObI NO pe3ysibmamam:

[MpoBe0éHHbIU aHanu3 pe3y/ibmamos AHKemUPOBAHUS NOKA3A/, 4YMO CPeou  XeHUWUH
penpodykmuBHO20 BO3pACMaA Haubosee 4acmo UCNo/ib3yemMbiM MemoooM KOHMPAuenuuu AB8/SHMCs
bapbepHble cpedcmsa. VIx nonyaspHOCMb, BeposIMHo, 06yc/1o8/1eHa 00CMYNHOCMbH, OMHOCUMe IbHOU
npocmomodl NpUMeHeHUs, OMCyMCcmBUEeM CUCMEMHO20 B030eUCMBUS HA OP2AHU3M U BO3MOXCHOCMbHO
00HoBpemeHHoU 3awumsl om UHGeKuudl, nepeoarouuxca NnososbiM nymém. bapbepHbil memoo
npodos#aem 3aHUMAamse JIUOUPYOUYHO NO3UUUKD B CMPYKMype KOHMPAauenmusBHo20 NoBedeHus
pecnoHOeHmMOox.

Bmopoe no pacnpocmpaHeHHoCmu Mecmo 3aHUMaem noBeoeH4Yeckul (ecmecmaseHHbIl) Memoo
KoHmpauenuuu. E2o BbI6Op BO MHO20M 06bACHSemcss npocmomoul UCNO/Ib30BAHUS, OMCYMCmBUEM
(uUHaHcoBbIX 3ampam u MeOUYUHCKO20 BMeWwamesbCmad. Bmecme ¢ mem, 3Ha4umesibHas 0015 eHUJUH
U uUx NapmHépos npubezarom K 0aHHOMY cnocoby Bciedcmaue Hedocmamo4yHol 0CBE0OMIEHHOCMU O
coBpemeHHblX, bosiee 3ppekmusHbIX Memodax npedynpexdeHuss bepemeHHOCMU, a Maxkxe noo
BJIUSIHUEM pACNPOCMPAHEHHbIX CMEPLoMUNO0B U MUGOB OMHOCUMETIbHO 20PMOHAIbHbBIX CPEOCMB.

[Nosy4eHHble 0aHHble cBUOemeIbCMBYOM O MOM, Ymo 60/IbULIUHCMBO PecNOHOeHMOos 8 Ue/loM
ocsedomiieHbl 0 pasHoobpaszuu Cywecmsyrouux memodos KoHmpauenuyuu. OOHaKo npakmuyeckud
BbIbOp 3a4acmyro onpeodesnisemca He yposHem 00KazamesbHoU UH@opMayuu, a CyobeKmuBHbIM
dosepueM, CGPOPMUPOBAHHbIM ~HA OCHOBE JIUYHO20 ONbIMA, pPeKoMeHOauul 3HAKOMbIX U
PACNPOCMPAHEHHbIX COUUAsIbHbIX npedcmasieHul. Takum 0bpaszom, npuopumem 8 NPUHIMUU PeuleHuUs!
Hepedko omaaémcs mem Memooam, KOmopbie BOCNPUHUMAOMCS KAK «NPOBEPEHHbIE» B OKPYMeHUU,
daxce eciu ux 3gppekmusHOCMb ycmynaem asibMmepHamuBHbIM BapUAHMAM.

OmoesibHo20 BHUMAHUSI 3ACAYyXUBAem HU3KUU YpOBeHb Y3HABAEMOCMU U, COOMBEMCMBEHHO,
UCNO/Ib30BAHUA MAKUX Memo0doB8, KAk Cnepmuyudbl, cpedcmaad 3KCmpeHHOU KoHmpauenyuu u
UHbEKUUOHHbIE 20PMOHAJIbHbIE Npenapamsl. O2paHUYeHHask UHGOPMUPOBAHHOCMb O MEXAHU3Max Ux
delicmaus, NOKA3AHUAX U NPeUMYUIeCMBAxX CHUXaem UHmMepec K 0aHHbIM Cnocobam npedynpexcoeHust
bepemeHHOCMU. 3MO YKasbiBaem Ha HeobxooumMocms YcusaeHus obpazosamesibHoU pabomsi u
nosbileHuUs 0ocmynHocmu 0ocmoBepHoU MeOUUUHCKoU UHGopmayuu cpedu HacesaeHus.

B yesiom pesysibmamel UCC/Ie00BAHUS 0eMOHCMPUPYOM, YO HECMOMPS HA ¢GopmMasibHOe 3HAHUe
BAPUAMUBHOCMU ~ MemoO0B  KOHMpPauenuyuu, NPAaKkmu4yeckoe npuMeHeHue COBPeMEeHHbIX U
BbICOKO3(PEKMUBHbIX CpedcmB 0Ccmaémcs HedoCmamoyHbIM. [loBbiuieHue YPOBHS MeouyUHCKOU
2PAMOMHOCMU HEHWUH U UX NAPMHEPOB SBJISeMCS BAXHbIM HANPABJieHUem B8 HOpMUPOBAHUU
O0MBEMCMBEHHO020 PenpoOyKMUBHO20 NOBEOEHUS.
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Abstract

In recent years, a growing number of women have postponed childbearing due to social, profes-
sional, and medical factors. Simultaneously, advances in reproductive medicine have significantly ex-
panded fertility preservation strategies. Oocyte cryopreservation has become an effective method for
maintaining reproductive potential, particularly for women facing gonadotoxic therapy or those choos-
ing to delay pregnancy for personal reasons. The effectiveness of this approach largely depends on the
ovarian reserve, which reflects both the quantity and quality of remaining follicles.

Anti-Mdillerian hormone (AMH) is considered one of the most reliable biomarkers for assessing
ovarian reserve. It is secreted by granulosa cells of preantral and small antral follicles and demonstrates
minimal fluctuations throughout the menstrual cycle. This biological stability makes AMH a practical tool
for predicting ovarian response to controlled stimulation prior to oocyte retrieval.

AMH levels help estimate the expected number of retrieved oocytes and allow clinicians to individ-
ualize stimulation protocols. Higher AMH concentrations are generally associated with a stronger re-
sponse to gonadotropins and a greater number of collected oocytes. However, elevated levels may also
increase the risk of ovarian hyperstimulation syndrome. In contrast, low AMH values indicate diminished
ovarian reserve and may predict a limited number of oocytes obtained in a single cycle, which directly
influences counseling and treatment planning. In such situations, multiple stimulation cycles or alterna-
tive fertility preservation strategies may be considered to achieve an adequate number of cryopreserved
oocytes.

Despite its high predictive value, AMH should not be interpreted in isolation. Its clinical utility im-
proves when combined with other parameters, including antral follicle count, follicle-stimulating hor-
mone, estradiol levels, and ultrasound findings. Comprehensive evaluation enhances prognostic accuracy
and supports individualized decision-making.

Thus, AMH plays a central role in counseling, protocol optimization, and improving clinical out-
comes in oocyte cryopreservation programs. A personalized approach based on hormonal assessment
contributes to greater safety and effectiveness in fertility preservation.

AHHOMauus

B nocsiedHue 20061 ommevaemcs ycmoUlvusbili poCm YUC/A XEeHULUH, OMKIAa0bIBArOULUX POXOeHUe
pebéHKa no coyuasibHbIM, NPOGECcCUOHAIbHBIM U MEOUUUHCKUM NpuyuHam. OOHOBpeMeHHO pa3sumue
BCNOMO2amesibHbIX — PenpoOyKMUBHbBIX — MEexHo/02ull  PAclupusio  BO3MOXCHOCMU  COXPAHEHUS
pepmusibHocmu. KpuoKkoHcepsauus ooyumos cmasnaa 3pdekmusHbiM MemoodoM NO00epHaHus
pPenpooyKmMuBHO20 NOMEeHUUAsad, 0CObeHHO Yy NAUUeHMOK, KOMOpPbIM NPEOCMoum 20Ha00MOKCUYeCKas
mepanusl, a MAakxe y MeHWuUH, NIaHupyrouux bepemeHHocmb B 6osee no3dHem BO3paAcMe.
IppexkmusHocmb 0aHHOU NPoUedypbl BO MHO20M ONpedesisemcs COCMOSHUEM 0B8apudsibHO20 pe3epad,
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OMPAaXcarouje2o Kosu4eCmaeHHble U Ka4yeCmBeHHble XapakmepucmuKku @oIIuKy/ISpHo20 annapama
AUYHUKOB.

AHMUMI/IIEPOB 20PMOH AB/ISEMCS 00HUM U3 Haubosiee UHGPOPMAMUBHbBIX MAPKEPOB OUEeHKU
osapuasnbHo2o pezepsd. OH NPoOyuUPYemCcs 2paHyN83HbIMU KIemKamu NPeaHmpasbHbIX U MAsbix
AHMPAZIbHbIX POIIUKYI0B U OMJIUYAEMCS OMHOCUMEbHOU CmabuibHOCMbH KOHUEHmpayuu B
meyeHue MeHCMPYasbHo20 UYuK/aa. 3mo cBolcmao Oesnaem €20 YOOOHbIM UHCMPYMEHMOM OJis
NPO2HO3UPOBAHUS OMBEMA AUYHUKOB HA KOHMPOJIUPYeMYro CMUMYISUUI Neped NOJTyYeHUuem 00LuUMmOBs.

OnpedenieHue YpoBHS AHMUMIIIEPOBA 20PMOHA NO3B0OJISEM  NPedBapumesbHoO OUeHUMb
npednosiazaemoe  KOJIUYeCMBO  U3BJIeKAeMbIX O00UUMOB U  UHOUBUOYAsU3UpPOBAMbL  NPOMOKOI
CMUMYISUUU. [T0BbIWLEHHbIE 3HAYEHUS 20PMOHA 0bbIHHO KOPPeaUpPYyom C BbIpaxeHHbIM OMBemomM Ha
BBedeHuUe 20HaA0OMPONUHOB U NOJy4YeHuem 60/bWe20 YUC/d 00UUMOB, OOHAKO CONPOBOMOAOMCSA
NOBbIWEHHbIM PUCKOM Ppd3BuUMUsl CUHOPOMA 2UNepCMmuMY/ISyUU  SUYHUKOB. Hu3Kue nokasamesu
csudemesibCMBYM 0 CHUMXeHUU 0BApUd/IbHO20 pe3epsa U Mo2ym NpOo2HO3UPOBAMb 02PAHUYEHHOE
yucslIo 0oUUMOB B OOHOM UUKJE, Ymo mpebyem KoppekmupoBKU MAKMUKU BedeHus nauueHmKu u
BO3MOX(CHO20 NPOBEOEHUS HECKOJIbKUX UUK/I0B CMUMY/ISYUU.

Hecmompsi Ha BbICOKYHO NPO2HOCMUYECKYH UeHHOCMb, UHMEepNpemayus YpoBHS 20pMOHA OOJIHHA
NpoBoOUMBLCA B KOMNJIEKCe ¢ Opy2uMu KJIUHUKO-1abopamopHbIMU NOKA3AMENAMU, BKIHOHYASA NOOCYEM
aHMPAsbHbIX BOSIIUKYIIOB, YPOBEHb (OJIIUKYIOCMUMY/IUPYIOULE20 20PMOHA, 3CMPAduosa U OaHHbIe
V/IbMPA3BYKOBO2O  UCC/Ie008AHUSA.  KOMNJIeKCHbIO NOOX00 NoBbIWLAeMm MOYHOCMb NPO2HO3d U
cnocobcmsyem NpUHIMUK 06OCHOBAHHbIX KIUHUYECKUX peuleHud.

Takum 06paszomM, aHMUMIOIIEPOB  20PMOH — U2paem  KJHoYesyro  posib B npouecce
KOHCY/IbMUPOBAHUA NAUUEHMOK, BbI60pe ONMUMA/IbHO20 NPOMOKOIA CMUMYIAUUU U NOBbILIEHUU
3pdekmusHOCMU NPOSPAMM KPUOKOHCEPBAUUU OOUUMOB.

Keywords: ovarian reserve, granulosa cells, fertility preservation, controlled ovarian stimulation,
antral follicle count, ovarian response prediction, ovarian hyperstimulation syndrome, reproductive en-
docrinology

Knroyesble cioBa: oBapuasbHbil peseps, 2paHy/Ie3Hble KIemKu, COXpaHeHue gepmusibHOCMU,
KOHMPOAUPYemMas CMmumMyaauus SUYHUKOB, AHMPAsbHbIe GoJIIUKY/Ibl, NPO2HO3 08APUATIbHO20 OMBEMA,
CUHOPOM 2UNEPCMUMYIAUUU SUYHUKOB, penpo0yKmUBHAs 3HOOKPUHOI02US

BsedeHue

OBapuasbHbIl pe3eps — 3MO COBOKYNHOCMb NPUMOPOUA/IbHbBIX POJIIUKY/I0B, KOMOPble MOo2ym
dasibwe pacmu u co3pesams. C 803pacmom ecmecmBeHHbIM NYMEM YyMeHbWAemcs 3anac SUUeKIemox,
npu 3mom Hab1daemcs yMmeHbLeHUe KoJIu4ecmBaad PosIUuKY/I08 U CHUXEHUE KaYecmBa aduek/iemok. B
CBA3U C 3MUM OUEHKA 3anacd AUUeKemoK CYUMAemcs BAXCHbIM 3MAnomM NpU NJIAHUPOBAHUU
3amMopo3HOU KOHCepBayuu. B npakmuke spadvel NpUMeHsItOMCS pa3Hble NOKAazamesu, U 00UH U3 HUX —
aHMUMHKJI1epoB 20pMoH (AMI), Komopbil 0cobeHHO BaxyceH. AMIT npou3BoO0uUMCcs 2paHy04uMmamu
NPeaHmpasbHbIX U AHMPAbHbIX GOJIIUKYIO0B U NOKA3bIBAEM, CKOJIbKO (QOJIIUKYA0B 00CMYNHO B
AUYHUKe. YposeHb AMI” ocmaemcs Npakmu4Yecku HeUSMeHHbIM B MmeYeHue MeHCMpPyYaabHO20 YUK/IA, YMo
Oesiaem e20 YOOOHbIM MOYHbIM NOKA3amesiem 0/1 OUeHKU 0BapudsibHo20 pe3epsd. AHMUMHKJIIEPOB
20PMOH 4acmo NpuUMeHsemcs B8 penpodyKmusHoU MmeduyuHe 019 NPeocKa3aHus pesysbmama
0B8apuasibHol CMUMYIAYUU, AHAIU3Ad PUCKA pasBuUMuUS 2unepcmuMyauuU SUYHUKOB U 018 Bbibopa
JlyquIe20 BpemMeHu U cnocoba 3amopo3ums Alya. Beicokul yposeHb AMIT 0bbI4HO CBS3AH C XOPOWIUM
peazupoBaHuem Ha CMUMYJISYUI U BO3MOMCHOCMbIO NOJIyYUMb 60/IbUIOe KOUYeCmBO 004UMOB, Ymo
yBesuyuBaem WAaHchbl Ha ycnewHoe coxpaHeHue gepmusibHocmu. OOHAKo npu BbICOKOM yposHe AMI
YBe/IU4UBAeMCS  BEePOSIMHOCMb  2UNEPCMUMY/IAUUL,  NOIMOMY  HEe0bX00UMO  U3MEeHUMb  CXemy
cmumyauuu. Huskud yposers AMIT 2080pum 0 mom, 4mo peseps AUYHUKOB YMEHbUWIUJICS, U SMO MOXem
03HAYame, YMO OP2AHU3M NJIOXO peazupyem HA CMUMYJSUU, YMO CHUXaem 3hdexkmuBHOCMb
npouedypbl. B makom caydae HyxeH UHOUBUOYAsIbHbIO NOOX00, KOMOPbLIU MOXem BKIHYAMb
npoBeodeHuUe HeCKObKUX UUKA0B WU BbI6Op Opyeux memodos. B NnocieoHue 200bl MexHOsI02us
KPUOKOHCepBayuu 3Ha4umesibHo Jy4qule cmasa 6/1a200apsi UcnoJib308aHUK BUMPUGUKALUUL — Memood
6bICMPO20 3aMOPAIUBAHUS, KOMOPbIU NOMO2aem 3aWumume KIemkKu, npedomspauids 0bpasosaHue
J1e0AHbIX KpUCMA/1108. Bumpugukayus yseauyuaa WaHcb! Ha BbIXUBAHUE 00LUMOB NOC/IE pA3MOPO3KU
U Y/IyHWwuIa pesyibmamal Ie4eHUs, NO3MOoMy 3Mmom mMemod CMasi pacnpoCMpaHeHHbIM B 60/1bLIUHCMBe
KJIUHUK NO penpodykmusHoMy 300poBbto. OOHAKO 3p@dekmuBHOCMb KPUOKOHCepBauuu BCE eulé B
60/1bWOU CMeneHu 3aBucum Om UCXO0HO20 3aNaca AlueKemokK, NO3MOMY NPABUIbHAS OUEHKA 3anaca
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a0ueKemoK 0Cmaemcs BaXHbIiM 3Manom No020moBKU K npouedype. [losmomy usyveHue poau AMI 8
npouyecce KpUOKOHCepBayuu oouumos umeem 60/ibUIOe NPAKMUYECKoe 3HaYeHue. AHaIu3 3asucumMocmu
mexoy yposHem AMI u pe3ysibmamamu KpUuoKoHcepsayuu nomo2aem Jjy4yuie nodobpams mMemoodbi
CMUMYIAYUU, YBeIUYUMb WAHChI HA NOJTyYeHUe HYXHO20 KOIUYeCmBa XopowUX 00LUMOB U MeM CaMbIM
NnoBbICUMb BEPOAMHOCMb YcnewHold bepemeHHocmu 8 6yodywem. B smom cayqae usydeHue AMI Kak
nokasamesisi, Komopbil nomoz2aem Npedckasams UCX00, U BK/IKYeHuUe e20 B MemoouKku
KPUOKOHCepBauuu NPoOo/IXArom 0Cmasamsca BaxcHol 3adaveld 8 coBpemeHHoU penpodykKmusHoU
MeouyuHe.

KpuokoHcepsauusi ooyumos 3>mo cnocob, npu KOmopom sdUeKsIemKU, KOmopble Haxo0simcs B8
3anace y JeHujuHbl, 6epymcsi U XpaHAamcsi NpU 04eHb HU3KUX memMnepamypax, Ymobbi NOMOM UX MOXCHO
6b110 UCNO/IL30BAMb CHOBA. TexHoso2ua Hayana nosasiasmbeca 8 1980-1990-e eo0bi, a nocne
npuUMeHeHUsI Memooa BumpuGuUKauuU eé pesy/ibmamal U NOJb3a CMAsu Jiydwe. Bumpugukayus — 3mo
b6bICMPAs 3aMoOpPO3Ka, KOMOPAs NOMo2dem MeHblWe Nnospexoams oouumsl U Oenaem ux bosee
HU3HECNOCObHbIMU. B Hacmosujee Bpemsi KPUOKOHCepBAauyusi OOUUMOB 4YACMO UCNOJ/b3Yemcsl B
MeOuyUHCKOU NPakmuke U CYumaemcs Bax(HbIM CNOCOOOM COXPAHUMb  GepmusibHOCMb, B
3aBUCUMOCMU OM NJIGHOB XU3HU U MEOUUUHCKUX NpuYuH [2]. Posib KpUOKOHCepaauuu oouyumos B8
penpooykmusHolU MeduuuHe MHO202paHHA. [lepsoe, 3mo Bax3HAs npoduiakmuyeckas mepa O0Jis
nayueHmMoB ¢ oHKoJlo2u4eckumu 3abonesaHusmu. CoBpemeHHble cnocobbl e4eHuUss pakd, makue Kak
Xumuomepanusi, paouayus u onepayuu, Mo2ym spedums pabome SUYHUKOB, YMeHbUIAMb BO3MOXCHOCMb
noslydums 0emel uiu coscemM npusecmu K nomepe 0emopo0dHol cnocobHoCcMU. [103MOMY HeHWUHAM
coBemyrom B35Mb U COXPaHUmsb SUueKaemKu 00 Ha4yana je4eHuss om OHKOJIo2uu. Mo nomo2aem
BEpHYMb BO3MOMHOCMb 3abepemeHems B 6ydyuwiem U NoBbICUMb KA4eCmMBO XU3HU NOC/Ie Jle4eHUsl om
Paka. Bo BmMopbIX, KPUOKOHCEPBAYUS 00UUMOB Yacmo NPUMeHsiemcs 0J181 COXPAaHeHUs pepmusibHOCMuU
NO COUUAIbHBIM NPUYUHAM. XKeHWUHbI Mo2ym peuiams He 3aB8o0ums demel 00 mo20 BpeMeHU, Ko20d
OHU 00CMU2HYm onpedenéHHbIX uenel 8 pabome, nosy4am obpaszosarue, obecneyam cebe puHaHCoBYH
cmabusibHoCMb  uu  Hatudym nooxoodawe2o napmHéEpa. CoxXpaHeHue 0ouumos No CouudsibHbIM
npu4uHam nomoeaem usbexcams npobaem ¢ becnsoduem, CBS3AHHbIX C MeM, Ymo GepmusibHOCMb
yxyowaemcs co BpemeHemM. Imo 0COOeHHO BAXHO 0719 XeHUWuUH 8 so3pacme 30-40 nem, mak Kak
YMeHbUWeHUe 3anaca SUYHUKOB U yxyouwleHue Kayecmada 3MOpUOHOB — 3MO OCHOBHbIE BO3PACMHbLIC
NPUYUHbBI, KOMOPbIe BAUSIOM HA BO3IMOXHOCMb bepemeHHocmu [4]. B mpembux, KpUOKOHCEepBauus
00UUMOB UCNOJIb3Yemcs, Ko2da mpebyemcs NiaHUupoBAamMb BOCNPOU3BOOCMBO NO 2eHeMUYecKUM Usu
MEOUUUHCKUM NPUYUHAM. Hanpumep, 8 cembsx, 20e eCmb pUCK Hac1e0cmBeHHbIX bosesHel, coxpaHeHue
ooyumos no3goJsisem B bydyujem coesams 2eHemuyeckoe meCcmupoBaHue U BOCNOJIb30BAMbLCS
JOHOPCKUMU SMbpUOHAMU, YMO 0Aém WAHC CMAamb Mamepbro. XeHWUHAaM ¢ 3ab01e8aHUSIMU, KOMopble
Mo2ym NpuBecmuU K BPemMeHHOMY UJU NOCMOSHHOMY YXyoweHuto pabomasi AUYHUKOB (3HOOMempuos,
aymouMMyHHble — 60/1e3HU,  Xupypeudeckue onepayuu), peKomMeHOYHm  COXPAHSiMb — OOUUMBI.
CnedoBamesibHO, KPUOKOHCEpBAuus uepaem BAM(HYO posib B obecneyeHuu penpoodyKmuBHOU
beszonacHocmu u naaHuposaHus [5]. IppekmusBHOCMb 3aMopo3Ku AUUEKIemoK 3asUCcUm Om MHO2UX
(akmopos, u OOHUM U3 CaMbIX BAXCHbIX AB/ISEMCS YPOBEHb 3aNdca AUYHUKOB. [J/1 OUeHKU UCNO/Ib3yemcs
HeckoJsIbKo nokasamesiet, Ho cpedu HUX AHMUMKJIIEPOBCKUU 20pMOH (AMI) celiyac cyumaemcsa 00HUM
U3 CAMbIX MOYHbIX U YACMO NPUMEHSEeMbIX NPU3HAKOB.

AMI — 3mo 20pmMoH, KomopbIl cocmoum u3 6e/Ka u caxapd, U OH 8bipabamsiBaemcs KaemkKamu,
HAxo0aWUMUCS B aHA/IbHbIX Gosaukyaax. OH 0bpasyemca Ha PAHHUX 3Manax GosIuKy02eHesd, mo
ecmb B8 NPUMOPOUA/IbHBLIX U NPEAaHMPAsbHbIX QOIIUKYAAX, U NOKA3bIBAeM, KAkKoe Koau4ecmaso
AUYHUKOBO2O pe3epsa ecmb. YposBeHb AMI noymu He MeHsemcs B 3aBUCUMOCMU Om OHS
MEHCMPYasIbHO20 YUK/, NO3MOMY aHAnU3 e20 Y0obeH U NOKA3aHusi ocmaromcst cmabusibHbIMU. Smu
csolicmsa denarom AMI BaxcHbIM nokaszamesiem 019 OUeHKU penpodykKmusHo20 pe3epsa [6]. Hu3kud
yposeHb AMI™ yKasbiBaem Ha yMeHbuieHue 3anaca Alueksiemok, a BbICOKUU — Ha Haaudue 60/1buwo2o
yucaa GoNUKYI0B. Ma UHGOPMAayUs BAXHA NPU 3aMOPAXCUBAHUU AUUEK/IeMOK, Maxk KaKk nomo2aem
npedckazame, Kak NayueHmMKa ompeadzupyem Ha Jie4eHue, CKoJIbKo Alyekiemok byoem noJy4eHo u Kak
6ydym npoxodums 3aMOpO3Ka U XpaHeHue. Hanpumep, Bbicokull yposeHb AMI™ no3sosigem onpeoesiums
HEHUWUH C XOPOWUM peazupoBaHuemM Ha CmumMyIsauyuro, HO MAakxie MOXem NOoBbICUMb BEPOSMHOCMb
aunepcmumynsuul. Huskul yposeHb AMIT o3Hadaem, 4mo BeposmHo, bydem ciabbili omsem Ha
CMUMYIAUULO, U 3O mpebyem usmeHeHUs N00X00d K KPUOKOHCepBaayuu, NPoBedeHUss 00NOIHUMEIbHbIX
UUK/IOB WU  UCNOJIb30BAHUA Opyeux Mmemoodos [7]. 3HayeHue yposHa AMI 8 KOHmMeKkcme
KPUOKOHCepBayuu ooyumos nposiB/Isemcs 8 0ByX OCHOBHbIX acnekmax. CHa4asa nposodumcs obujas
OUEHKA COCMOSHUS NAUUeHMKU U NOO020MOBKA K npouyedype. Pe3ysabmamsl AMIT nomozarom
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onpeodesiums, Kakyrto 003y CMUMYIAUUU NPUMEHSIMb, HACKO/IbKO 007120 bydem 01umbCa YUK/ U Ko20a
6pams ooyumsl. Bo-BmMopbIx, M0 NPO2HO3UPOBAHUE pe3yIbmamoB KPUOKOHCepBauuu. Koauyecmao u
Kadecmso AUUeKIemoK BJ/IUSIOM HA MO, KAK XOPOWO OHA BbIXUBAEM NOC/e PA3MOPO3KU U KakKue
BO3MOMCHOCMU 6yoem umems 019 OadsibHelwe20 pazsumus 3mMbpuoHa. losmomy cyumaemcs, 4mo y
HEHUWUH C BbICOKUM ypoBHeM AMI™ pe3yibmamsl KPUOKOHCepBauuu mo2ym 6bims Jiydule, a Y HeHUUH C
HU3KUM yposHem AMI™ Konudecmao alyekiemoK MeHbuwe U pesyibmamsl Mo2ym 6bimb xyxce. OOHAKO
2Ma 3aBUCUMOCMb He Bce20a SICHA, NOMOMY YMO Ka4yecmaBo 00UUMOB onpedesisemcs He MOoJbKO UX
YUC/IOM, HO U BO3PACMOM NAYUEHMKU, ee 20pMOHA/IbHbIM GOHOM U Opy2umu npuyuHamu. losmomy
u3yyeHue so3delcmausi AMI Ha Ka4ecmBo KpUOKOHCepBayuu npeocmassisiem cobol 3Ha4UMYHo HaYYHYH
U K/IUHUYecKyro npobaemy [8]. B amoli cmamabe 2080pUMCS 0 NOHIMUU KPUOKOHCepBayuu SUUeKIemox,
eé 3HavyeHuU B8 penpoo0yKmuBHOU MeouUUHEe U OCHOBHLIX u3uoso2u4eckux ocobeHHocmsax 2opmoHa AMr.
Kpome mo2o, npoBo0uMCs U3y4eHue Hay4HbIX pabom u aHaau3 Memodoos, UCNOJ/b3YeMbiX B KIUHUYecKoU
npakmuke, 4mobbl BbIACHUMb, KAK yposeHb AMI Bnusem Ha coxpaHeHue AluekiemoKk npu
KPUOKOHCepBayuu. PaccmMampusaromcsl Ha0exHocms mapkepa AMI, e2o o2paHu4eHust u ocobeHHocmu
UCNOJ/Ib30BAHUS NPU KPUOKOHCEPBAUUU, d MAakxe npuBoOsSmMCcs NPAaKmMuyeckue pekomMeHoauuu no
npasusbHoMy nodbopy NAUUeHMOK U ONMUMU3AUUU 1e4ebHbIX NpoepamMm. Takum obpaszom, cmamabs
06beduHsIem CoBpemeHHbIe UCC/Ie00BaHUS U NPAKMUYECKoe NPpUMeHeHuUe B KAUHUYecKol Npakmuke ¢
Uesibro Yy4uUms KPUOKOHCEPBAYUI U COXPAHUMBb Penpo0yKMUBHbIE BO3MOMCHOCMU Y HeHUWUH. AMI
— 3MO NOKA3amesib, KOMOopbIl 20B0pum 0 3andce stueKk/emoK 8 SUYHUKAx. YposeHbs AMI™ Hanpsimyro
CBSI3aH C KOJIUYeCmBOM (OJIIUKY/I08 B AUYHUKAX. Yem 6osibwie npuMopoudsibHbIX U NPeaHmpaibHbIX
ponnukynos, mem bosbuie sbipabamsisaemcs AMI. [To3momy no yposHH AMI” MoxcHO Cyoums 0 0bbeme
osapuasabHo2o pesepsa (Broer et al., 2014). Kpome moeo, yposeHb AMI™ He cusibHO 3asucum om OHS B
MEHCMPYasbHOM UUKJ/Ie, NO3MOMY MeCmupoBaHue e20 yo0obHO NnpoBooUMb, U pe3ysibmamsl
nosayyaromcsi cmabusibHbiMu. C BO3pACMOM KOIUYECMBO AUUEKIeMOK B AUYHUKAX YyMeHbWwaemcs. 3mom
npoyecc CBA3aH C ecmeCmBeHHbIM UucmouwieHuem @osaukyaos. CnedosamesibHo, ypoBeHb AMI
CHU}#aemcs ¢ so3pacmomM. OOHAKO 3Mo He Bce20a NPoUCXooum OOUHAKOBO: Y HEKOMOPbIX HeHUWUH
yposeHb AMI™ Moxem 6bimb HU3KUM, daxce ec/iu OHU MOJI00bIe, a Y Opy2ux — BbICOKUM, HECMOMPS HA
B03pACM. IMO CBA3AHO C 2eHemMUKOU, OKpyxcaroujel cpedoll U COCMosHUeM 300p0oBbS. KpUOKOHCepBayusi
00UUMOB — 3MO COBPEeMeHHAss MexHOJI02Uus, KOmOopas NOo3B0JISeM COXPAHUMb BO3MOXCHOCMb
poxcoeHus: demed y #eHWUH. [Tos1y4eHHble 00UUMbI XPAHSM NPU 04YeHb HU3KoU memnepamype, 00bI4HO
O0KosIo —196 2padycos, U UX MOMCHO UCNOJIL30BAMb NO3Xe OIS NoJydeHus bepemeHHOCmuU.
KpuokoHcepsayuss ooyumos8 — 3MO BAXHAA 4ACMb MemoO00B COXPAHeHUs GepmuibHOCMU U
UCNO/Ib3Yemcsl B C/Iy4asx OHKOJI02UHYEeCKUX 3abosieBaHul, NO COUUA/IbHbIM NPUYUHAM, Y MOJIOObIX
HEHWUH U B Opy2ux cumyayusix. 3¢gekmusHoCmb KPUOKOHCEpBAayuu onpedesisemcs 0BYyMsl OCHOBHbIMU
cnocobamu — sumpugukauueld u o0bbIHHbIM 3aMOPAXCUBAHUEM (MedsieHHoe 3amep3aHue). B 3mom
pazoesie 20B0pUMCS O MEXHUYECKUX OCOO@HHOCMSX, NOKA3AHUAX K NPUMEHEeHUI U BAXCHOCMU 3Mux
MemodoB B KAUHUYeckol NpaKkmuke.

2. MemoObI KpUOKOHCEpBAyUU 00UUMOB

2.1. Knaccuyeckul ¢pusuHz — 3mo cnocob 3amopo3Ku, Npu KOMOPOM 3amedsIsHom Npouecc
3amMep3aHus U memMnepamypy NOHUXCAromM NOCMeneHHo. B 3mo 8pemMs ooyumsl CHA4asad NOMeuwarom B
pPACMBOPbI, KOMOPble 3auWUUarom Ux Om noBpexdeHuld, a NOMOM memMnepamypy NoCMeneHHo
CHUMCarom.

lpouedypa obbI4HO BK/IO4YAem ciedyroujue 3mansi.

1. Bblbop U NpueomoBiieHUe KpuonpomeKmopd: 0oyumbl NOMewarm B pPACMmBOPbI
Kpuonpomekmopos, Hanpumep, AMCO, 3musieH2/IUKO/b UJIU Caxapo3d, onpeoesiéHHoU KoHUeHmMpayuu.
Kpuonpomekmopsi NOMO2arom MeHbUIe 06pa308bI8amMbCS JibOY BHYMPU KJAEMOK U YMeHbUWarom cmpecc
0Om U3MeHeHUs 0as1eHUsl BOObI, A MAKME NOBPEXOeHUS.

2. MocmeneHHoe 3amopaxcusarHue; memnepamypad NOCMeneHHo NoHuxcaemcs om O 2padycos
L{enibcus ¢ onpedenieHHOU ckopocmabto, 0bb14HO 00 —0,3 epadyca Llenbcus 8 MuHymy. Ha smom 3mane
B800a yxooum U3 KJ1lemkKu, Ymo CHuxcaem obpasosaHue sb0a BHympu. 3. YoaseHue KpuonpomeKmopos.
nocsie mo2o Kak AlueKksemkKu 3amMopo3u/il, UX XPAHAM B KpuoxpaHusauue. [lpu pasmMopaxcusaHuu
Kpuonpomekmopb! 00/HbI b6bimb NocmeneHHo yoaseHbl. OCHOBHOE NpeumMywecmao K1acCu4ecko2o
¢pusuHea — 3mo 00/s12a8 UCMOPUS UCNOJIb30BAHUS, XOPOWIO U3YYeHHAds Memooukd U UWUPOKOE
npumeHeHue 8 KuHu4eckold npakmuke. OOHAaKo 00uH U3 HEA0CMAmMKoB Memood — 3MO BO3MOXCHOCMb
nospex3oeHus 004yuMoB U3-3a 06pazoBaHuUs KpUCMAsioB 60a U CMPeccd, BbI3BAHHO20 U3MEHeHUeM
OCMOMUYECKo20 0as/ieHUs. Mo MOXem BbI3bIBAMb NOBPeXOeHUe CMPYKMYpP KAemMOYHbIX Op2aHesl,
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MAakux Kak MUKpompyboyku U MUMOXOHOPUU, U YMEeHbWAMb BbIXUBAEMOCMb 00UUMOB, YMOo Bpedum
dasbHedwemy pazsumuro smbpuoHos/1].

2.2. Bumpugukayus >mo cnocob oyeHb 6bICMPO20 OX/IAXCOeHUs, NpU KOMOPOM BHYMPeHHSS
HUOKOCMb KJIemKU Npespaujaemcs 8 CmMeKks1006pazHoe CoOCMOosIHUE, U He 0bpa3yromcs Kpucmasisibi
J1b0a. Imom cnocob cmas 4acmo Ucnosib308amascs ¢ Havyana 2000-x 20008 U CUJIbHO NOBLICUJT KAY€CMBO
coxpaHeHus AlyeKkIemoK nNpu 3aMopaXcusaHuu. B nociedHue 200b BUMPUGUKAYUS 004UMOoB CMana
WIUPOKO NPUMEHSIMbCS 0J151 COXpaHeHusi pepmusibHocmu. OHa nose3Ha: OHKOI02U4eckUM NAYUeHMKAam
nepeo cmepuu3yroWUM JledyeHueM; NauUeHMKAm 0 HeOHKO102U4eCKUMU 3ab01eBaHUSIMU, Mpebyrouumu
20HA0OMOKCUYecKUl mepanuu; #eHWUHAaM, Heaaroujum omioxUums MamepuHCcmao.

lpoyecc Bumpugukayuu 0bbI4HO COCMoum U3 C1e0yHULUX IMANOB:

1. bbicmpoe 3HAKOMCMBO C KPUONPOMEKMOPHbIMU pACMBOPAMU: 0OUUMbI HA HEMHO20 BPeMmsl
nomew,aromcs 8 pacmaop, 20e MH020 KpUONPOMEeKMOpPOos, HANpUMep, 3museHeaukoss, DMSO uau
caxaposa. Imo obecneyusaem bbicmpoe yoasieHue BoOb! U3 KIIemkKu.

2. bicmpoe ox1ax)coeHue; 00UUMbI C NOMOWLbIO CNeUUasbHbIX Kpuoycmpotcmas, Hanpumep, Cryo-
top unu Cryoloop, o4eHb b6bICMPO NOMeWw,aromcs B8 XUOKUl azom, KOmopbid uMeem memnepamypy
-196°C. 3mom npouecc npoucxooum o4eHb beicmpo, 0bbi4HO npu memnepamype 1000 epadycos no
Llenbcuro 8 MuHymy u 6osnee.

3. lNoBmopHoe HazpesaHue: Npu pasmMopo3Ke BUMPUPUUUPOBAHHbBIX 00YUMOB KPUONPOMEKMOopb!
nocmeneHHo U MeOsIeHHO YOasISIFoMCs, U KJIemKu B03B8pAUArOMCs B HOPMAsbHyo cpedy. [n1asHoe
npeumywiecmao BUMPUGUKAYUU 3aKIHYAemcs B MOM, YMO OHA He NO03B80s8em 06pa308bI8aMbCS
Kpucmasiam bda, Ymo nomozaem usbexcams nospexodeHull CMpyKmypbl 00yumos. B umoee
BbIXUBAEMOCMb 00UUMOB CMAHOBUMCS BbiUie, d NPOUECC 06pazosaHus 3M6pUOHOB pabomaem Jsy4uie.
HecKko/ibKO KAUHUYeCKUX Ucc1e00B8aHul NOKA3asu, Ymo BeposmHOCMb 3a4amusi NOC/1e UCNO/Ib30BAHUS
00UUMOB, XPAHUBLIUXCS C NOMOWbH Memodd BUMPUGUKAYUU, BbILE, YemM NPU MPAaduyUOHHOM Memooe
3aMOpO3KU (MednieHHoe 3amopaxcusarue) [2]. OOHako sumpugukayuu ecms U CBOU 02PaHUYeHUS.
BbICOKOE KOJIU4eCMBO KpUONPOMEKMOPOB MOMem NpUYUHUMb Bped KIemKam, 0CobeHHo ec/u
Bo30elicmaue daumcs 00/120. [103Momy NPOMOKOJIbI BUMPUGUKAYUU pa3pabomarsi 0Jis 04eHb CKOPO20
npoyecca u Hyxo0aromcs 8 cneyuadsibHoM 06opy0oBaHuU. Kpome moo, BaXHO UMEeMb HYXHbIe HABbIKU:
Henpasu/ibHas CKOPOCMb UJ/IU YPOBEHb KPUONPOMEKMOPOB MOXEem Haspedums Alueksemkam [3].

3. [Mokazarus K KPUOKOHCEPBAYUU NOJIOBbIX KIIeMOK

KpuokoHcepsayusi ooyumoB NPUMEHSIeMCS NO PA3HbIM NPUYUHAM, KOMOpbie 0essmcs Ha
MeOUUUHCKUE, COUUA/IbHbIE U CBA3AHHbIE C NJIAHUPOBAHUEM CembU.

3.1. CoxpaHeHue pepmusibHoCMU 00 Ha4a1a 1eqyeHus NpU OHKO102Uuu

CoBpemeHHble cnocobbl leyeHUs] paka, makue Kak Xumuomepanus, paduomepanusl U onepayusl,
MO2ym He2amusHO B030elicmBOBAMbL HA pabomy AUYHUKOB Y MEHWUH. Mo 0C0beHHO BAaXHoO 0JiS
MOJI00bIX HCEHUWLUH U NOOPOCMKOB, NOMOMY YMO UX BO3MOMHOCMb BbIHOCUMb 0emell 8 6yoyuiem Moxem
b6bimb B8 onacHocmu. [1o3momy neped HaA4asao0M JieyeHUs paka pekomeHAyemcs B3amb AUUEKIemKU U
3aMOpO3UMb UX, YMObbI COXPAHUMb BO3MOXCHOCMb UMemb demell. Xumuomepanusl u paduomepanust
Mo2ym noBpedums POJIIUKY b U YMEHbUWUMb KOJUYecmBo AUUeK/1emoK 8 AUYHUKaX. B pesysbmame y
HEHWUH MOXem Ha4YambCs PAHHAS MeHonay3d Uiu  YMEeHbUWUMbCS BO3MOMCHOCMb  3a4amus.
[pedsapumesibHoe  3dMOPAXUBAHUE  OOUUMOB  NO3BOJISeM  BOCCMAHOBUMbL  BO3MOMCHOCMb
PA3MHOXAMbCS 8 BydywemM. Ima cmpamezusi NOMo2aem Y/y4uUmb Ka4eCmB0o HU3HU 60/IbHbIX PAKOM
U N03B80JIAeM UM NPOOOIHAMb NJIAHUPOBAMb CBOH CEMbHO[4].

3.2. [ln15 N0OpOCMKOB U MOJIOObIX HEHUUH, KOMOPble XOMSAM COXPAHUMb BO3MOXHOCMb UMEMb
demeli N0 MeoUUUHCKUM UJIU Opy2um NPUHUHAM, KPUOKOHCepBauyus AlueKiemoK — 3mo Bax cHbIl cnocob.
B smol 2pynne penpodyKmuBHas (PyHKUUS ewjé He NOJIHOCMb pd3sumd, NO3IMOMY Npu Bbibope
Memo00B KPUOKOHCEPBAUUU HYXHO UCNO/b30BAMb CNEUUdsbHbIG Nooxod. Kpome mo2o, CoXpaHeHue
pepmusibHOCMU NO COUUATbHBIM NPUYUHAM CPeoU MOJIOObIX HEeHUUH BCMpeYaemcss 00BOJIbHO 4acmo.
[ockosbKY AlueKIemKuU y MO0O0bIX HeHUUH J1ydule, KpUOKOHCepBayus y 3modl 2pynnbi Mox}em 0asdmsb
xopouwiue pesysibmamsi [5].

3.3. CoxpaHeHue fliuekemoK No COUUA/IbHbIM NPUYUHAM B COBPEeMeHHoM obuwecmse Cmaso
04eHb pacnpocmpaHeHHol NPAakmukol. XeHUWUHbI MO2ym pewidms He pOXams pebéHKa No pasHbIM
NpUYUHaM, Hanpumep, u3-3a pabomal, y4ébbil, NpobsiemMbl ¢ 0eHbeamu, OMCYMCMBUS NOOX00AWE20 Myx#a
uau opyeux cumyauyud. XpaHeHue AlueksemoK npu HU3Kol memnepamype nomozaem u3bexams
npobsiem C BOCNPOU3BOOCMBOM, CBS3AHHBLIX C YXyoweHuem @epmuibHOCMU CO  BPeMeHem.
PacnpocmpaHeHue mexHoa02uU CoYUanbH020 KPUOCOXPAHEeHUS Bbi3biBAemM CNOPbI Cpedu Y4eHbiX U
J1r00el no NoBoady eé buosio2u4eckux U 3muyeckux nociedcmaul. B HeKomopkix CMpaHax 3ma npouedypa
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paspewieHa moJibKo NO MeOUUUHCKUM NPUYUHAM, da B Opyeux — U NO couudsibHbiM. OOHAKo
3pPeKmuUBHOCMb KPUOKOHCEpBAyUU NO COUUA/IbHbIM NPUYUHAM 3dBUCUM OM BO3PACMA HEHUUHbI,
YPOBHSI 0BAPUAJIbHO20 pe3epBa U KOoJu4ecmaBd NOJyYeHHbIX 00yumos. [103momy BaXHO NPABU/IbHO
UHGOPMUPOBAMB NAUUEHMOK U NPOBOOUMb KIUHUYECKOe KOHCY/IbMmupoBaHue[6].

3.4. [TnaHupoBaHue bepemMeHHOCMU NO3Xe B03pACMA MOoXem Bbi3bIBAMb NPO6eMb], CBA3AHHbLIC
C YMeHbWeHUeM 3anaca sdyeKksemox, yxyouweHuem ux Ka4ecmaa U CHUXeHUeM WAaHCoB 3a4ams pebeHKa.
[lo3momy 011 penpodyKmUBHO20 NJIAHUPOBAHUS PeKOMeHOYemcs KPUOKOHCepBauusi 0ouumos. 3mo
0COBEHHO BAX(HO 071 XeHWUH 8 Bo3pacme 30-40 nem, NOmomMy 4mo KoJIU4eCmBOo U Ka4yecmao ux
alyeKnemoK HaquHarom ymeHbwamscs. Cmpameausi 0mcpodyeHHol 6bepemeHHOCmU No3B0/59em
JeHWUHam cBoboOHee pewiams, Ko2da poxcams demed, HO eé pe3ysibmam 3asucum Oom B03pacma
HEHWUHbI U OM MO020, CKOJIbKO AUUEKIemoK bbi10 3aMopoxeHo. [Toamomy npu coCmassieHuu naaqHa
Heobxodumo damsb nayueHmkKe MoYHYH UHGOPMAuUro U yyecms eé Bo3moxcHocmu [7].

MpaswibHbIl ombop nauyueHMKU: NoBbilUeHuUe 3¢peKmuBHOCMU KPUOKOHCepBayuu

S¢ppekmusBHOCMb KPUOKOHCEpBAyUU HaNPSIMyro 3asUCUmM Om NPAsu/ibHo20 ombopa NAyUeHmMKU.
YposeHb AMIT nomozaem ouyeHuUmb 0BApUA/IbHbIU pe3eps, HO SBJISemcs Aullb 00HUM U3 nokazamesied.
lpu ombope y4umbiBaromcs ciedyrouue pakmopsbi:

Bo3pacm: ¢ Bo3pacmom CHUXAemcs KoJu4ecmao U Ka4ecmao 00UUMOoB, NOIMOMY Y MOI00bIX
EeHUWUH KpUOKOHCcepBsayus moxem bbims bosee 3¢pgpekmusHOU.

YposeHb AMI: 8bicokull yposeHb AMI™ yKasbisaem Ha Xopowiut omaem HA CMUMYJ/ISUUK0, HU3KUG
— Ha puck cnabo2o omsema.

AFC (aHmapHoe Kosuyecmaso GosI/IUKYII0B): onpedessemcs npu Y/bMmpazsyKoBOM UCC/Ie008aHUU
u 8 coyemanuu ¢ AMI nozsosigem 6osiee moYHoO oueHUMb 0BapudsibHbIU pe3eps.

YposHu FSH u 3cmpaduona: 20pMoHbl, U3MepsieMble B8 Nepsble OHU MeHCMPYdsibHO20 YUK/,
ABASOMCS 00NOSIHUME/IbHLIMU NOKA3AMesIsiMU 0BAPUA/IbHO20 pe3epaad.

MeOuyuHckas ucmopusi U NJIaHbl: OHKOJIo2UYecKoe JjiedeHue, 3HOOMEempuUo3, Xupypaudeckue
BMewamesibCmaa u opyaue ¢Gakmopsi.

[MpasusbHbId 0MbOp NAYUEHMKU NOBLILIAEM 3¢deKkmUBHOCMb KPUOKOHCEPBALUU U yBe/lu4uBaem
BEpOSMHOCMb HAcmynaeHuss bepemeHHocmu B8 6ydywiem. [ 3mo20 B K/IUHUKE NPUMEeHSemcs
MYJIbMUOUCUUNAUHAPHBIT NOOX0D C y4acmuem penpodyKkmosioed, 3HOOKPUHO/I02a U NCUxos102a [6].

3akntodeHue

AHMuMIoI1IepoB 20pMoH (AMI) aBasemcs 00HUM U3 BAXHbIX NOKasamesiel 3anaca Su4YHUKOB U
yqacmsyem 8 onpedesieHuu U nposedeHuU NPouedypbl 3aMOPAXUBAHUSA AUUEKIemoK. YposeHb AMI
nomoz2aem MOYHO onpedesiumb, CKOJbKO OsIIUKY108 O0OCMYNHO, 3dpaHee NoHSMb, Kak 6ydem
peazupoBams SUYHUKU Ha CMUMY/IAUUR U CNPO2HO3UPOBAMBb, KaKumu 6yoym pe3sysismamsl Npouedyphbi.
Bbicokut yposeHb AMIT nokasbisaem, 4mo SUYHUKU XOPOWO pPeazupyrom HA CMUMYASUUKO U MOXCHO
noayqyums 60/bWe 00UUMOB, HO NPU 3MOM HYXCHO MUIAmesIbHO KOHMPOAUPOBAMb Jie4eHue, Ymobbl
usbexcams pucka 2unepcmumynauuu. Huskud yposeHb AMIT 2osopum 0 mom, Ymo pe3eps AUYHUKOB
YMEeHbWUICS, U B8 MAkom C/ydae moxcem nompebosambcs UHOUBUOYA/IbHbLIU NOOX00, Hanpumep,
NOBMOPHbIE UUK/IbI UIU Opyeue mMemoob! Jie4eHus. XpaHeHue AUueKi1emok, 0CO6eHHO C NOMOWbHO
Memooa BUMpPUGUKAUUU, — 3MO Xopowuli cNocob coXpaHums NJ1000BUMOCMb U YBe/IuYUMb WAHCkI Ha
3a4yamue y eHuWuH. O0Hako eé 3pgekmusHocms B8 60/bWOU cmeneHu 3asucum Oom NPasu/ibHOU
OUeHKU CNOCObHOCMU NAUUEHMKU K PA3MHOMeHUro. B smom caydae BKarodeHue AMIT 8 pabomy spadya
nomozaem coenams NPouedypy Jyyule, Haaadums NPABUSIbHbIE CNOCObbI CMUMYIAYUU U NOBbICUMb
WAHCb! HA YCNeWHbIU UCXO0 0J1F HEeHWUH.
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Abstract

This scientific and analytical work presents detailed clinical data concerning modern directions of
plastic and reconstructive surgery in cancer patients, possibilities of restorative treatment in various nos-
ological forms of malignant tumors, as well as prospects for the development of this surgical branch,
both separately and in close cooperation with other specialized specialties. The issues of close integration
of the academic discipline, which is plastic surgery, into the educational process are also covered. At the
same time, the majority of both medical experts and teachers and students themselves support the ar-
guments in favor of introducing educational programs in plastic surgery in medical school to improve the
professional qualifications of future doctors.

Keywords: oncology, plastic surgery, reconstructive surgery, reconstruction, quality of life, progno-
Sis.

Plastic and reconstructive surgery in oncology is the most important stage of surgical rehabilitation
of patients with malignant neoplasms. At the same time, this section of plastic surgical oncology, the
purpose of which is to improve the functional results of treatment and the quality of life of cancer pa-
tients, is currently on the same level with methods aimed at improving the long-term results of treatment
and survival of this contingent of patients.

At the same time, of course, in addition to the fact that there are many nosological forms of ma-
lignant neoplasms with different localization of the oncological process, with each localization, various
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types of reconstructive plastic surgery are used, both primary (one-stage) together with the main surgical
oncological assistance, and delayed in time after the primary operation aimed at removing the tumor
and areas of regional metastasis (lymph node dissection).

As noted by Abdulaziz M.K.H.B. et al. [1] plastic surgery has developed to benefit in a variety of
challenging areas formerly handled by other disciplines. Medical students do not have a clear picture of
plastic surgery as a career due to lacking scope, clinical practice, and understanding of plastic surgery as
a clinical area of expertise, including general practitioners, nursing staff, medical trainees, and the gen-
eral public, and misconceptions about the extent of reconstructive and plastic surgery.

Plastic surgery is a surgical discipline focused on reconstructing facial and body tissue defects. The
imaginative aspect of plastic surgery generates a distinctive atmosphere in which the surgeon's creativity
is the sole constraint. The surgeon's creativity leaves individuals outside the area perplexed about what
a plastic surgeon accomplishes. There are several dimensions to cosmetic procedures - a progressive and
developing field not constrained by anatomical or organ systems. Not limited to breast treatments, max-
illofacial trauma, cleft lip procedures, skin cancer, burns, hand treatments, trauma reconstruction, cos-
metic operations, oncology transformation, ophthalmic eye procedures, etc., are all subspecialties of cos-
metic procedures. Plastic surgery has developed to benefit in a variety of challenging areas formerly han-
dled by other disciplines. In addition, general practitioners, nursing staff, medical trainees, and the gen-
eral public do not entirely understand plastic surgery as a clinical practice. The general public and medical
experts have misconceptions about the extent of reconstructive and plastic surgery. Numerous studies
have observed the variables that might affect a person's decision to pursue a career in plastic surgery
globally. Very often, plastic surgery is considered a cosmetic treatment in the public. Major misunder-
standings about plastic surgery result from the public's point of view, ultimately affecting medical stu-
dents’ perception with no access to this field during their clinical rotations. As a result, some medical
schools have included clinical rotations for plastic surgery in their medical curricula to dispel this myth.
Literature reveals that several medical school courses undervalue plastic surgery, a debatable topic. Lack
of proper training and career counselling in plastic surgery at the undergraduate level is a primary con-
cern when medical students decide to choose plastic surgery as a specialty. As cosmetic surgery and other
areas of expertise like maxillofacial surgery, orthopaedic procedures, dermatology, and otolaryngology
frequently share procedures, those who backed the involvement of cosmetic procedures in medical pro-
grams claimed that this integration would enhance the referral trend among medical providers. Addi-
tionally, exposing undergraduate medical students to plastic surgery will enhance their decision rates to
specialize in this field. According to a survey, 30% of plastic surgery residents chose their field while at-
tending medical school. As a result, how medical students view plastic surgery may be important in de-
termining whether they decide to pursue it as a profession after graduation. According to research, the
majority of medical experts, teachers, and students agree that reduced exposure to plastic surgery cur-
ricula in medical school decreases students' professional proficiency as prospective surgeons, doctors,
and regular practitioners. However, the availability of knowledge and the aforementioned beneficial con-
sequences strengthen the case for medical students' legitimate requirement of plastic surgery rotation
regarding the impact of medical practice and education variations on medical graduates. The same reg-
ulations on medical procedures and specialization apply to medical students enrolled in various pro-
grams. Thus, the sort of medical education that graduate practitioners were exposed to might impact
their inclinations for the profession and, later on, how they carry out health care choices and choose
which patients to refer to plastic surgeons [1].

Knoedler L. et al. [2] indicate that malignancies represent a persisting worldwide health burden.
Tumor treatment is commonly based on surgical and/or non-surgical therapies. In the recent decade,
novel non-surgical treatment strategies involving monoclonal antibodies and immune checkpoint inhibi-
tors have been successfully incorporated into standard treatment algorithms. Such emerging therapy
concepts have demonstrated improved complete remission rates and prolonged progression-free survival
compared to conventional chemotherapies. However, the in-toto surgical tumor resection followed by
reconstructive surgery oftentimes remains the only curative therapy. Breast cancer, skin cancer, head
and neck cancer and amongst other cancer entities commonly require reconstructive surgery to restore
form, aesthetics, and functionality.

Now let us consider the current modern trends and directions in reconstructive plastic surgery for
various nosological forms of malignant neoplasms.

As the treatment of breast cancer advances, the focus has shifted from solely improving oncologi-
cal endpoints to a greater weight being placed on cosmetic and psychological outcomes. The advent of
advanced oncoplastic techniques allows for successful breast-conserving surgery (BCS) to patients who



V INTERNATIONAL SCIENTIFIC CONFERENCE. LISBON. PORTUGAL. 17-18.02.2026

otherwise would have required a mastectomy. The aim of the study by Reid A. et al. [3] was to determine
whether the adoption of these procedures has assisted in the reduction of mastectomies performed. A
dataset of all breast cancer procedures based upon coding between April 2016 and July 2023 was eval-
uated, categorising procedures into: BCS, mastectomy, oncoplastic BCS and total reconstructions. R-Stu-
dio Software 4.3.1 (®) was used to explore statistical analysis and data visualisation. In the last three
decades, there has been great progression in the way breast cancer is managed, both surgically and med-
ically. The development of effective adjuvant therapies, early detection of cancers and microscopic con-
firmation of margins has facilitated the growth of breast-conserving surgery (BCS). There is now an
emerging pool of evidence regarding the oncological superiority of BCS compared to the use of mastec-
tomy. This suggests that BCS should be the preferred treatment option from an oncological perspective,
for patients who are suitable candidates. Additionally, BCS has been linked to favourable patient satis-
faction and psychosocial morbidity outcomes (including anxiety, sexuality and self-esteem) when com-
pared to simple mastectomy and total reconstruction [3,4]. The advent and adoption of advanced onco-
plastic surgery (OPS) allows successful BCS to patients who otherwise would have required a mastec-
tomy. The process involves excision of a breast lesion with adequate margins and reconstruction of the
ipsilateral breast, with or without performing symmetrising procedures on the contralateral breast.
These procedures can be divided into volume displacement, such as therapeutic mammoplasty or
mastopexy, and volume replacement, using implants or local/regional flaps. Chest wall perforator flaps
(CWPF) are considered partial breast reconstructions, as they utilise pedicled flaps to add volume (with
or without skin) to replace resected tissue. OPS is followed by ipsilateral radiotherapy and the potential
for lipofilling to correct asymmetry [3,5].

The study was conducted by reviewing a dataset with all operative cases at the hospital trust that
involved breast cancer surgery according to the Operating Procedure Codes Supplement (OPCS) classifi-
cation of interventions and procedures. All patients who underwent an index breast cancer operation at
the hospital trust between April 01, 2016 and July 31, 2023 were included in the study. The study used
‘breasts treated’ as the denominator, to account for bilateral breast cancers. All benign operations as
well as revision and re-excision operations were excluded. The operations were performed by a hetero-
genous group of oncoplastic breast surgeons and plastic surgeons, with oncoplastic breast surgeons per-
forming the majority of operations. Selection bias has been reduced by including all patients who under-
went index breast cancer surgery in the specified timeframe. Each operative case in the dataset included
the operation date, patient hospital number and all recorded OPCS procedure codes. The data was fil-
tered and organised by searching for specific OPCS codes to identify the procedure type. The BCS group
was organised by searching for the respective OPCS codes to identify cases that involved the following
procedure types: wide local excision (WLE), CWPF, latissimus dorsi (LD) and therapeutic mammoplasty
(TM) or mastopexy. TM and mastopexy procedures were grouped together as there is considerable over-
lap between these procedures, and both represent volume displacement. For the sake of analysis, LD
partial reconstructions were added to the CWPFs group, as there were very few and it was logical to
place the pedicled autologous partial reconstructions together. The mastectomy procedures were
grouped following the same process, to identify the following procedure types: simple mastectomy, im-
plant, LD and deep inferior epigastric perforator (DIEP). For the sake of analysis, transverse upper gracilis
and transverse rectus abdominal myocutaneous procedures were added to the DIEP group, as there were
very few and it was logical to place all the distant autologous reconstructions together. Examining the
procedures with miscellaneous codes revealed a further procedure type, which was CWPF total recon-
struction following mastectomy. These were added to the LD group for the same reasons as above. Pro-
cedure types were then allocated into overarching categories. The oncoplastic procedures at the time of
BCS category consisted of: TM/mastopexy and CWPF. The total reconstruction procedures at the time of
mastectomy consisted of: implant, LD and DIEP. Mastopexy operations within the BCS group were exam-
ined to exclude symmetrising-only mastopexies and mastopexies following massive weight loss. Thera-
peutic mammoplasties were coded under WLE, allowing for the exclusion of non-cancer mammoplasties.
Mastectomy operations were examined to exclude risk-reducing mastectomies and secondary conver-
sions from BCS to mastectomy. The data was then filtered into unilateral and bilateral operations, to
identify operations that involved bilateral index cancer procedures and exclude symmetrising procedures
or secondary cancer procedures. This process ensured the filtered dataset contained only index cancer
procedures with ‘breasts treated’ as the denominator [3].

The primary outcome in this study was to determine the annual BCS rate between 2016 and 2023.
This was calculated by dividing the number of BCS procedures per year by the total number of index
cancer procedures per year. Secondary outcomes included evaluating the proportion of the four main
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procedure categories per year: WLE, oncoplastic BCS, simple mastectomy, and total reconstruction. The
rates of oncoplastic BCS and total reconstructions over the same time frame were then calculated, with
the number of BCS procedures and number of mastectomy procedures per year being used as the denom-
inator respectively. Further to this, the proportion of each specific breast cancer procedure type per year
was reviewed for TM/mastopexy, CWPFs, implants and DIEPs/LDs. The total number of index cancer pro-
cedures per year was used as the denominator for these calculations. This allowed for analysis which
accounted for variations in the number of cancers operated on per year, as there were considerably fewer
operations performed during the period of the COVID-19 pandemic [3].

During the period stated, 3875 index breast cancer procedures were recorded (sample size = 3638
patients). The BCS rate increased from 66.2 % in 2016 to 80.7 % in 2023. Using a linear regression model,
the BCS rate demonstrates an increase of 2.1 % each year (coefficient = 2. 12, p-value = 0.0069). Concur-
rently, the rate of oncoplastic BCS increased from 10.5 % to 22.9 % (coefficient = 2.14, p-value =
0.00017). Using Pearson's product-moment, a positive correlation between these two variables is seen
(coefficient = 0.86, p-value = 0.0056). This study has a number of strengths. Firstly, the study has a large
sample size of breast cancers treated (n = 3875). To the author's knowledge this is the largest study of
its kind, as a single-centre cohort study evaluating BCS and OPS trends in the United Kingdom. Secondly,
the data was collected prospectively by data analysts who are not involved in the research, helping to
reduce confirmation and selection bias. Thirdly, the depth of the coding has allowed for analysis of not
only BCS rate but also specific procedure types. This has allowed the author to review trends in onco-
plastic procedures and evaluate for associations between different trends. Having reviewed 3875 index
breast cancer procedures over the past eight years, the BCS rate has shown a statistically significant
increase and a positive correlation with the oncoplastic BCS rate. This suggests oncoplastic surgery has
helped to reduce the rates of mastectomy at the centre [3].

A large study on the feasibility of using oncoplastic organ-preserving breast surgery for the treat-
ment of early-stage breast cancer was conducted by Rocco N. et al. [6]. As the authors point out the
potential advantages of oncoplastic BCS have not been validated in robust studies that constitute high
levels of evidence, despite oncoplastic techniques being widely adopted around the globe. There is hence
the need to define the precise role of oncoplastic BCS in the treatment of early breast cancer, with con-
sensual recommendations for clinical practice. A panel of world-renowned breast specialists was con-
vened to evaluate evidence, express personal viewpoints and establish recommendations for the use of
oncoplastic BCS as primary treatment of unifocal early stage breast cancers using the Grading of Recom-
mendations Assessment, Development and Evaluation (GRADE) approach. According to the results of the
systematic review of literature, the panelists were asked to comment on the recommendation for use of
oncoplastic BCS for treatment of operable breast cancer that is suitable for breast conserving surgery,
with the GRADE approach. Based on the voting outcome, the following recommendation emerged as a
consensus statement: Oncoplastic breast conserving surgery should be recommended versus standard
breast conserving surgery for the treatment of operable breast cancer in adult women who are suitable
candidates for breast conserving surgery (with very low certainty of evidence).

The panel was composed of twenty-one academics and clinicians from across the world with ex-
pertise in the field of breast cancer management, and included breast surgical oncologists, plastic sur-
geons, medical and radiation oncologists, dedicated breast radiologists, pathologists, psycho-oncologists,
breast care nurses, patient advocacy representatives and patients themselves. A systematic literature
review was performed by searching PubMed, Embase and Cochrane Library, Psychinfo, and Lilacs (up to
July 19, 2020) without date or language restrictions. The guideline panel used the GRADEpro Guideline
Development Tool to deliberate and then prioritize outcomes of interest.

The panel identified the following outcomes of benefit: 1) quality of life; 2) patient’s satisfaction
with aesthetic outcome; 3) loco-regional recurrence; 4) re-excision rate (defined as re-excision of positive
margins); 5) conversion to mastectomy (defined as mastectomy for positive margins); 6) overall survival;
7) margin positivity rate; 8) disease-free survival; 9) depression, 10) anxiety; 11) aesthetic outcome non-
patient-reported; 12) insomnia; 13) fatigue.

The following outcomes were judged as “critical” for decision-making in oncoplastic breast surgery:
1) quality of life; 2) patient’s satisfaction with aesthetic outcome; 3) loco-regional recurrence; 4) re-exci-
sion rate (defined as re-excision of positive margins); 5) conversion to mastectomy (defined as mastec-
tomy for positive margins); 6) overall survival; 7) margin positivity rate; 8) disease-free survival; 9) depres-
sion.

The panel identified the following adverse outcomes that potentially cause harm to patients: 1)
surgical complications (defined as post-operative complication presenting within one month after the
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surgical procedure); 2) post-operative need for second level exams (defined as the need of second level
exams in the follow-up due to imaging abnormalities deriving from the surgical procedure); 3) pain (de-
fined as post-operative pain); 4) time to adjuvant treatment (defined as time from the surgical procedure
to the start of any adjuvant therapy); 5) return to operating theatre within 7 days (defined as any re-
intervention for early post-operative complication); 6) operative time (defined as the duration of the sur-
gical procedure). “Surgical complications” was the only outcome judged to be “critical” for decision-mak-
ing, with the other outcomes being classified as “important” [6].

The current evidence base for oncoplastic BCS derives mainly from observational studies and sin-
gle-center case-series with few studies directly comparing oncoplastic to standard BCS in matched co-
horts of patients. Despite low levels of evidence for most studies, there is an emergent theme that some
of the more obvious and anticipated benefits of oncoplastic BCS are not supported by the evidence with
this meta-analysis failing to yield odds ratios significantly in favor of oncoplastic BCS. Moreover, critical
outcomes relating to quality of life (QoL) have not been investigated in the majority of studies and avail-
able data is often based on assessment with non-standardized scales or inappropriate use of standardized
scales. More than three-quarters (79%) of panelists offered a conditional or strong recommendation in
favor of adopting oncoplastic techniques versus standard BCS for surgical management of adult women
with operable breast cancer who are otherwise suitable candidates for breast conserving surgery (with-
out any clear indication for mastectomy). The GRADE system was employed to analyze published data
and seek support for oncoplastic BCS as the new “state of the art” surgical approach to early stage breast
cancer compared to standard BCS. A panel of world-renowned breast specialists was convened to evalu-
ate evidence, express personal viewpoints and establish recommendations. This review has revealed a
low level of evidence for most of the important outcomes in oncoplastic surgery with lack of any ran-
domized data and absence of standard tools for evaluation of clinical outcomes and especially patients’
values. There is substantial uncertainty in the balance between beneficial and adverse effects of onco-
plastic versus standard BCS and no formal assessment of patients’ values and preferences has been per-
formed. This may lead to surgical over-treatment in some cases when patients are less interested in po-
tential benefits in terms of margin status and re-excision. Others may specifically wish to avoid disruption
of an otherwise normal contralateral breast. The outcome rated as most important by the panelists in
the prioritization process was QoL that has been sparsely investigated to-date; data on cosmetic out-
comes is heterogeneous with assessment based on either subjective or objective methodologies. There is
an urgent need for appropriate and validated tools that can routinely be applied in daily practice. Poor
access to accredited training programs hampers more widespread implementation of a comprehensive
oncoplastic service, although these techniques are unlikely to impact equity of health systems. Despite
areas of controversy, about one-third (36%) of panel members expressed a strong recommendation in
support of oncoplastic BCS. Presumably, this reflects a synthesis of views on the relative complexity of
these techniques, associated complications, impact on quality of life and costs. Patients should be in-
formed of the following recommendation before consenting to oncoplastic procedures for breast con-
serving surgery: “Oncoplastic Breast Conserving surgery should be recommended versus standard breast
conserving surgery for the treatment of operable breast cancer in adult women who are suitable candi-
dates for breast conserving surgery (with very low certainty of evidence)”. At the same time, lack of ac-
cess to well-structured training in oncoplastic breast surgery was identified as a principal barrier to more
widespread adoption of these techniques across the world. Dedicated training programs should be es-
tablished by postgraduate medical education systems under the aegis of professional associations allied
to breast cancer management [6].

van Egmond S. et al. [7] note in their work that to provide patient-centered care, it is essential to
explore what patients consider important and to adjust care accordingly. This may specifically be relevant
for patients with complex skin cancer, for whom the care process is often more complicated and psycho-
logical and social problems may play a larger role. The objective was to explore the experiences and needs
of patients who had undergone surgical treatment by a dermatologist for a complex skin cancer with a
subsequent reconstruction by a plastic surgeon. An interview study was conducted among 16 patients
who had undergone surgical treatment by a dermatologist and reconstruction by a plastic surgeon for
basal cell carcinoma, cutaneous squamous cell carcinoma, or lentigo maligna. The interviews focused on
patients’ experiences and needs regarding care using a predefined topic list. Patients reported a need for
a skilled and friendly physician who tailors information and communication to their individual situation.
Furthermore, patients experienced complications and unmet expectations and expressed a need for
shared decision-making at various steps throughout the treatment process (depending on age). Patients
also considered completeness of tumor removal, follow-up visits with multiple specialists to be planned
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the same day and recognition of the psychological impact of the disease on the partner important. To
improve patient-centered care for complex skin cancer patients, more efforts should be directed towards
improving continuity of care and collaboration. Furthermore, it is advocated for physicians to be sensitive
to the individual needs of patients and their partner and adjust information, communication and (sup-
portive) care accordingly.

Key points for decision makers: 1) the healthcare regarding patients with a complex skin cancer is
complicated as they are treated multidisciplinary team and susceptible to social and psychologic prob-
lems; 2) in this qualitative study, 16 skin cancer patients were interviewed who underwent surgery by a
dermatologist and subsequently reconstruction by a plastic surgeon regarding their experiences and
needs; 3) more efforts should be undertaken to improve continuity of care and collaboration between
healthcare providers to improve patient-centered care for complex skin cancer patients. To meet pa-
tients’ needs, physicians should adapt their information, communication and care to the individual pa-
tient and their partner [7].

Based on patient interviews, key aspects regarding the experiences and needs of patients with
complex skin cancer were identified.

Patients emphasized the importance of a physician who communicates clearly and provides honest
information throughout the entire process of care. In this way, they fully know where they stand and
what to expect. They need to trust their physician and the provided information. In addition, they re-
ported the importance of physicians to be skilled, but also to show compassion and to be friendly. Pa-
tients expressed the importance of information and communication to be tailored to individual patients’
needs. They suggested that physicians should ask each patient whether he/she needs more information
and adjust the information provision accordingly. Furthermore, patients indicated that physicians should
adjust their explanation to the particular patient to make sure every patient understands. Patients gen-
erally expressed the need to be seen by the same physician during diagnosis, treatment and follow-up
visits. This ensures them that their physician has all relevant information and also strengthens the bond
with their physician. In addition, patients reported to prefer to be treated by a specialist instead of a
physician assistant (PA), because they feel he/she is the expert. Patients particularly wished to be treated
by a skilled expert, as their skin cancer is often located in the face and they wanted it to be done neatly.
Nevertheless, patients generally stated it to be acceptable if PAs would provide information and explain
things about the treatment process. Patients expressed the need for improved collaboration between
healthcare providers and between hospitals. They noticed that healthcare providers sometimes com-
municate past each other and are not aware of important information. They indicated to sometimes
receive wrong information due to miscommunication, such as a wrong dismissal date. A national elec-
tronic patient file for all hospitals was suggested to improve communication. Whereas many patients
indicated to be satisfied with the information they received, a need for improved information was also
often reported. This applied to all phases of the care process. Some patients indicated that they received
hand-outs in addition to oral information and some patients were also shown pictures of other complex
skin cancer patients. These pictures were regarded as informative by some patients; whereas, others pre-
ferred not to see them and reported that physicians should at least warn patients beforehand. Patients
often searched the internet for additional information themselves, but as this was sometimes experi-
enced as shocking, they generally preferred to receive clear information on hand-outs from physicians.
Overall, patients emphasized the importance of written information besides oral information, because
they were not able to remember all information provided during consultation. This was specifically the
case for follow-up care [7].

Overall, patients mentioned that they were not given a choice in treatment. They did not consider
this as a problem, because they fully trusted the physician in choosing the best treatment. Some patients
stated that they were told what would happen if their tumor would not be treated, but receiving no
treatment was never a real option for patients: they came all the way from a general hospital to have
their skin cancer removed. Some patients appreciated that they were able to decide on type of recon-
struction and between local or general anesthesia. Specifically, younger patients expressed the need to
be involved in the decision-making process and preferred to discuss treatment choices if available. They
stressed the importance of being informed about all treatment options including the benefits and disad-
vantages. As such, they are able to make an informed decision together with their physician. On the
contrary, older patients generally stated to fully trust their physician in making the decision, as he or she
is the expert. Patients indicated that they considered the complete removal of the tumor to be more
important than the cosmetic outcome. They reported to be scared of recurrence and, therefore, found it
most important that it was completely removed, regardless of the scar size. Still, they preferred the scars
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to be as small as possible. They preferred surgery opposed to radiotherapy, because surgery confirms
complete clearance of the tumor. Furthermore, patients expressed a preference for the skin cancer to be
removed as quickly as possible to prevent it from growing further. Improvement of quality of life was also
mentioned as an important outcome [7].

Patients reported various experiences regarding continuity of care during the entire care process.
Some patients were seen by the same healthcare provider every time, whereas others reported to have
seen a different physician on each occasion. Seeing multiple physicians made them feel that the physi-
cians were not really involved in their care, even if they prepared the consultation well. Overall, patients
reported to be satisfied with the received care by medical specialists. In general, patients did not like to
be treated by PAs or residents instead of specialists, particularly if they had not given permission for this.
Some patients mentioned that they had experienced complications such as bleeding, infections and pain.
They stated that their treatment went better than expected, but the time until full recovery was disap-
pointing. After having been shown pictures of the expected result and receiving explanation of the ex-
pected scar size, patients still reported that their scar turned out larger than expected. It also bothered
patients that their scar sometimes frightened other people. According to patients, improved information
and explanation beforehand could facilitate being properly prepared for potential complications. Pa-
tients generally reported to be satisfied with the frequency of the follow-up checks by their dermatologist
and plastic surgeon. Some patients expressed the need for an increase or decrease of the interval time
between visits. Most patients, however, stated they could adjust the frequency according to their needs.
Patients experienced the hospital to be easily accessible; if they noticed new lesions in between follow-
up visits, they could come by right away. During follow-up visits, they preferred a physician to perform a
full body skin examination as they lack the expertise to self-examine their skin adequately. Patients who
live far away from the hospital stated that they preferred to have follow-up visits in a hospital closer to
their home to minimize their traveling time. Specifically, elderly patients reported the need for hospital
visits to be scheduled at the same day to decrease the number of hospital visits. They also mentioned to
be bothered with the high parking costs which were accompanied by the follow-up visits. Patients indi-
cated the whole process to be intense. Some patients reported they became more emotional and more
ashamed because of the impact of the treatment and disappointing recovery and scars. Despite the emo-
tional impact of the disease, patients indicated not to require psychological care, although this was of-
fered to them. Instead, they preferred to talk to friends or their primary care physician about it. Patients
also expressed the need for recognition and attention of the impact of the disease on partners, as it may
be difficult for them to cope with. For example, it might be easier for patients to accept the risks of high-
risk surgery than for their partner. Providing more attention to partners of patients in the entire care
process was, therefore, suggested [7].

This study focused on the experiences and needs of complex skin cancer patients, who had under-
gone surgical treatment by a dermatologist and subsequent reconstruction by a plastic surgeon, and re-
vealed a range of themes which could be used as input to organize patient-centered care for this unique
patient group. In conclusion, the authors emphasize that the current study provides insight into the ex-
periences and needs of complex skin cancer patients and provides suggestions to improve patient-cen-
tered care. Continuity of care and improved collaboration between heath care providers is essential for
this group of patients. Furthermore, given the differences in experiences and needs within these patients,
it is advocated for physicians to be sensitive to the individual needs of patients and adapt their infor-
mation, communication and care accordingly. This should not be limited to the walls of the hospital, but
also include the wider context, for instance by also focusing on interdisciplinary collaborations and by
offering psychological support to partners of patients [7].

Cirstea A.l. et al. [8] in their work they say that patients with advanced head and neck tumors
require salvage surgery as a last resort. These extensive surgeries pose the challenge of complex recon-
structions. The head and neck surgeon undertaking such complex cases needs to master different flaps.
The team managing these patients needs input from various specialists, along with otorhinolaryngolo-
gists, plastic surgeons, maxillofacial surgeons, vascular surgeons, experienced radiologists, dedicated
pathologists, oncologists and radiation therapists. The authors on the optimum solution between onco-
logic resections and the future quality of life of patients and overall survival and note that each complex
case requires an individual medical approach. This review aimed to evaluate the efficacy and outcomes
of complex reconstructions using different flaps for head and neck tumors with an emphasis on free flaps
and new techniques.

For this scoping review, a systematic and thorough search of the literature was conducted to iden-
tify relevant articles. The inclusion criteria for the articles in this review were as follows: articles
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published in peer-reviewed journals, articles written in English, articles that primarily focused on the use
of multiple flaps in a single complex case, articles with complex reconstructions using regional flaps in
head and neck tumor cases and articles with complex reconstructions using free flaps. The researchers
included peer-reviewed articles, case reports, case series, and systematic reviews. The exclusion criteria
included articles with limited access to full text, articles not written in English, articles that did not spe-
cifically address the use of regional or free flaps in head and neck tumor reconstructions, and articles
published more than ten years ago. They limited the search to the last 10 years to ensure the novelty of
the present scoping review and limit the bias from older sources at the beginning of the development of
flap surgeries on a wider scale. The issue of up-to-dateness when conducting scoping reviews seems to
be neglected by most authors. Two independent reviewers screened the titles and abstracts of the iden-
tified articles to assess their relevance to the research topic. Full-text articles that met the inclusion cri-
teria were retrieved for further evaluation. Any discrepancies or disagreements in study selection were
resolved through discussion and consensus. The data relevant to the topic were extracted, including in-
formation on the type of flaps used, the surgical techniques employed, patient outcomes, complications,
and any comparative studies available. Each included article was evaluated for its quality, methodology,
and level of evidence using established criteria for assessing the validity of observational studies and case
reports. In this evaluation authors focused on manuscripts indexed as review, systematic review or meta-
analysis [8].

To analyze head and neck reconstruction methods and both regional and free flaps, 146 articles
published in the domain were identified. The search terms used included “head and neck tumors”, “re-
constructions”, “regional flaps”, “free flaps” and related keywords. The research process corresponds to
the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram and
protocol, representing the steps from article identification to articles suitable for further analysis. In to-
tal, our search identified 294 papers through PubMed from all time (1988-2024). After the initial screen-
ing, only papers from the last ten years (n=143) were retained. Six articles were excluded because they
were written in a language other than English. Furthermore, only articles that included human head and
neck cancer reconstruction were kept. Finally, the review was performed on a total of 44 studies. This
scoping review encompassed an analysis of 44 articles, shedding light on the intricate landscape of com-
plex reconstructions using regional or free flaps for head and neck tumors. Within this diverse body of
literature, a plethora of free flap techniques were employed, each tailored to address specific anatomical
considerations and patient needs. The radial forearm flap, revered for its thin and pliable nature, featured
prominently in many studies, offering versatility in reconstructing defects of varying sizes and complexi-
ties. Likewise, the anterolateral thigh flap garnered attention for its abundant tissue availability and re-
liable vascular pedicle, making it a favored choice in select cases. Scapular tip and myocutaneous flaps
also emerged as valuable tools in the reconstructive armamentarium, providing viable alternatives for
cases where traditional free flaps may not be feasible or optimal [8].

Beyond the technical nuances of flap selection and surgical technique, several additional factors
emerged as significant determinants of reconstructive outcomes in head and neck oncological cases. Tu-
mor characteristics, including size, location, and histopathological subtype, played a pivotal role in dic-
tating the complexity and scope of reconstructive interventions. Patient-related factors, including comor-
bidities, smoking history, nutritional status, and previous treatment modalities, also exerted a profound
influence on surgical outcomes and postoperative recovery. Intraoperative variables, such as ischemia
time, microvascular anastomotic technique, and intraoperative flap monitoring, also played a crucial role
in determining flap viability and success. Timely revascularization and meticulous hemostasis were iden-
tified as key factors in minimizing ischemia-reperfusion injury and optimizing flap survival. Furthermore,
postoperative care and monitoring emerged as critical components of the reconstructive pathway, with
close surveillance for signs of flap compromise, wound healing complications, and functional impairment.
In addition to technical considerations, the timing of reconstruction also emerged as a crucial determi-
nant of outcomes in head and neck oncological cases. Immediate versus delayed reconstruction strate-
gies were compared in several studies, with conflicting evidence regarding their relative benefits and
drawbacks. While immediate reconstruction offers the advantage of restoring form and function simul-
taneously, it may be associated with a higher risk of wound complications and flap failure due to com-
promised vascularity and tissue edema in the immediate postoperative period. Conversely, delayed re-
construction allows for adequate wound healing and resolution of acute inflammation, potentially re-
ducing the risk of complications and optimizing flap survival. Beyond technical and clinical factors, soci-
oeconomic considerations also played a significant role in shaping reconstructive outcomes and patient
experiences. Disparities in access to care, insurance coverage, and socioeconomic status were associated
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with differential rates of postoperative complications, delayed presentation, and suboptimal outcomes
in head and neck oncological cases. Lastly, advancements in surgical technology and innovation have
revolutionized the field of head and neck reconstruction, offering novel techniques and tools to enhance
surgical precision, minimize complications, and improve patient outcomes [8].

The discussion of new techniques used in reconstruction opens avenues for innovation and ad-
vancement in the field of head and neck reconstruction. Computer-aided design and virtual surgery have
emerged as powerful tools in preoperative planning, enabling surgeons to simulate surgical procedures,
optimize flap design, and anticipate potential challenges before entering the operating room. In addition
to virtual surgery, stereolithographic models have revolutionized the visualization and understanding of
complex anatomical structures, facilitating precise surgical guidance and enhancing intraoperative deci-
sion-making. Customized implants, fabricated based on patient-specific anatomical data, offer tailored
solutions for defect reconstruction, ensuring optimal aesthetic and functional outcomes. Tissue engineer-
ing and allotransplants represent promising avenues for tissue regeneration and replacement, providing
alternatives to traditional autologous tissue flaps. Looking ahead, the future of head and neck recon-
struction appears promising, with bioengineering poised to revolutionize the field. Advances in 3D recon-
struction techniques, coupled with the development of muscle and skin substitutes, hold immense poten-
tial for enhancing surgical outcomes and improving patient quality of life. Bioengineered constructs, in-
corporating patient-specific cells and scaffolds, offer the possibility of functional tissue regeneration and
seamless integration with host tissues. Moreover, the integration of regenerative medicine approaches,
such as stem cell therapy and growth factor delivery, into reconstructive protocols holds promise for
promoting tissue healing, reducing fibrosis, and enhancing functional recovery postoperatively [8].

In conclusion, our colleagues note that by synthesizing findings from recent systematic reviews,
meta-analyses, and primary studies, researchers have elucidated the challenges, outcomes, and advance-
ments in this complex and multifaceted field. Moving forward, collaborative efforts between clinicians,
researchers, and innovators will be paramount in advancing the field of head and neck reconstruction,
optimizing patient outcomes, and fostering innovation in surgical techniques and technologies. Overall,
the findings from this scoping review provide valuable insights into the efficacy, outcomes, and chal-
lenges associated with complex reconstructions using various flaps for head and neck tumors. Continued
research and refinement of reconstructive techniques are essential to further optimize outcomes and
enhance patient care in this complex clinical setting.

There are many studies in the literature devoted to reconstructive plastic surgeries for other noso-
logical forms of malignant tumors, aimed at improving functional and aesthetic results, and, naturally,
at improving the quality of life of these patients.

Summarizing the above, we can conclude that at present, modern realities indicate that recon-
structive plastic surgery is an integral and most important part of multimodal treatment and surgical
rehabilitation of cancer patients, since the restoration of physical and functional conditions, and with
them the quality of life, allows patients to fully reintegrate into society, both in social and professional
aspects. In addition, modern technologies and methods of surgical aids in plastic surgery make operations
more gentle and safe.

Today, this section of both surgery and medicine in general is one of the most progressive, devel-
oping and, most importantly, the most productive and promising medical areas.
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Abstract

This study examines the effectiveness of gamification and game-based learning in enhancing stu-
dent motivation within a secondary school context in Kazakhstan. The research employed a quasi-exper-
imental pre-test/post-test control group design involving ninth-grade students, with one group receiving
gamified instruction and the other taught through traditional methods. Student motivation was meas-
ured before and after a six-week intervention period.

The findings revealed a statistically significant increase in intrinsic motivation among students in
the experimental group, whereas the control group demonstrated no meaningful changes. The results
indicate that the integration of game elements such as points, challenges, and interactive digital tools
contributes to higher levels of engagement and sustained motivation. The study provides empirical evi-
dence supporting the effectiveness of gamified instruction and emphasizes its potential as a modern,
student-centered approach in secondary education. These findings are particularly relevant in the con-
text of ongoing digital transformation and educational innovation in Kazakhstan.

Keywords: gamification, game-based learning, student motivation, intrinsic motivation, digital
pedagogy, secondary education, Kazakhstan.

Introduction

Student motivation is widely acknowledged as a central determinant of academic achievement
and meaningful learning. Educational research consistently demonstrates that students’ success de-
pends not only on intellectual ability but also on their level of engagement, persistence, and internal
drive. When learners are intrinsically motivated, they tend to demonstrate deeper cognitive processing,
greater resilience in overcoming challenges, and stronger long-term retention of knowledge. Conversely,
low motivation is often associated with passive participation, superficial learning, and declining aca-
demic performance. For this reason, fostering sustainable motivation remains one of the primary chal-
lenges facing contemporary education systems.

The rapid digital transformation of the 2 1st century has further intensified this challenge. The in-
tegration of information and communication technologies, online learning platforms, and interactive
digital tools has reshaped educational environments worldwide. Today’s students are accustomed to
fast-paced, visually stimulating, and feedback-rich digital experiences outside the classroom. However,
traditional teacher-centered instruction, which often relies on lecture-based delivery and standardized
assessment, may not fully align with these evolving expectations. This mismatch between students’ eve-
ryday digital interactions and formal classroom practices can contribute to reduced engagement and
declining intrinsic motivation [1].

Within this evolving educational landscape, gamification and game-based learning (GBL) have
emerged as innovative pedagogical approaches designed to enhance engagement and motivation. Gam-
ification refers to the integration of game elements such as points, badges, leaderboards, levels, and
challenges into non-game educational contexts to increase student involvement. In contrast, game-based
learning involves the use of structured educational games that directly support learning objectives. Both
approaches seek to create interactive, goal-oriented, and emotionally engaging learning experiences.

The theoretical foundation of gamified instruction is strongly supported by Self-Determination
Theory, which emphasizes the importance of autonomy, competence, and relatedness in promoting in-
trinsic motivation [2]. Gamified environments often provide opportunities for student choice, clear feed-
back on progress, incremental achievement, and collaborative interaction. These elements can satisfy
students’ psychological needs, thereby strengthening their internal motivation and engagement. Inter-
national research has consistently reported positive effects of gamification on student participation, per-
sistence, and academic outcomes, with many studies indicating moderate to large improvements in
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intrinsic motivation.

Despite these promising international findings, empirical experimental research in Kazakhstan re-
mains limited. While digital tools are increasingly introduced into classrooms, few studies have system-
atically examined the motivational impact of gamification using rigorous pre-test/post-test control group
designs. Most local research has focused on descriptive analyses or small-scale implementations, which
restrict the ability to establish causal relationships between gamified instruction and motivational
change. Additionally, contextual factors such as technological infrastructure, teacher preparedness, and
institutional practices may influence how gamification functions within the national educational envi-
ronment [1, 3].

In response to this gap, the present study aims to experimentally investigate the impact of gamifi-
cation and game-based learning on student motivation in a Kazakhstani secondary school context and
to compare the findings with international research results. Employing a quasi-experimental pre-
test/post-test control group design, the study measures changes in intrinsic and extrinsic motivation
among ninth-grade students who experience gamified instruction and contrasts these results with those
of students receiving traditional teaching methods.

It is hypothesized that students exposed to gamified learning will demonstrate significantly higher
overall motivation levels than those taught through conventional approaches. More specifically, intrinsic
motivation is expected to increase substantially in the experimental group following the intervention,
whereas changes in the control group are anticipated to be minimal and statistically insignificant.

To achieve this objective, the study addresses the following research questions:

(1) Does gamification significantly increase overall student motivation compared to traditional in-
struction?

(2) What specific changes occur in intrinsic and extrinsic motivation after the implementation of
gamified strategies?

(3) Are the observed differences between the experimental and control groups statistically signifi-
cant?

(4) How do the findings correspond with international evidence on gamification and student moti-
vation?

This research carries both theoretical and practical significance. Methodologically, it contributes
rigorous experimental evidence to the limited body of national research on digital pedagogy. Practically,
the findings may guide educators, curriculum designers, and policymakers in integrating structured gam-
ification strategies into classroom practice. Furthermore, by situating the results within an international
framework, the study contributes to the broader discourse on the cross-cultural applicability of gamified
learning and supports ongoing efforts toward educational modernization and digital innovation.

Literature Review

Student motivation has been extensively studied within educational psychology and is widely rec-
ognized as a fundamental factor influencing academic achievement, persistence, and learning quality.
Contemporary motivational theories emphasize the importance of internal psychological processes in
shaping students’ engagement and performance. Among the most influential frameworks is Self-Deter-
mination Theory (SDT), developed by Deci and Ryan, which distinguishes between intrinsic and extrinsic
motivation and highlights the significance of autonomy, competence, and relatedness as core psycholog-
ical needs. According to SDT, when these needs are satisfied within the learning environment, students
are more likely to develop intrinsic motivation, leading to deeper learning and sustained academic en-
gagement [4] (Picture 1).
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Picture 1. Student Motivation Theories

Closely related to SDT is the ARCS Motivation Model proposed by Keller, which focuses on Atten-
tion, Relevance, Confidence, and Satisfaction as key elements in designing motivational instruction. This
model underscores the importance of capturing learners’ interest and maintaining engagement through
structured and meaningful tasks. Both SDT and the ARCS framework provide theoretical foundations for
understanding how innovative instructional strategies, including gamification, can enhance motivation
[5]. Gamification, defined as the application of game design elements in non-game contexts, has gained
significant attention in educational research over the past decade. Scholars such as Deterding conceptu-
alize gamification as the integration of mechanics such as points, badges, leaderboards, levels, and chal-
lenges to increase user engagement. In educational settings, gamification aims to transform traditional
learning activities into interactive experiences that stimulate motivation and participation [6]. Game-
based learning (GBL), while related, differs in that it involves the use of structured educational games
specifically designed to achieve learning outcomes (Picture 2).

Gamification Concept

Points, badges, leaderboards

Immediate feedback

Picture 2. Gamification Concepts
A growing body of international research indicates that gamification can positively affect student
motivation. Experimental studies conducted in various countries including Spain, Finland, South Korea,
and the United States have demonstrated improvements in intrinsic motivation, classroom participation,
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and academic performance following the implementation of gamified instruction. Many studies report
moderate to large effect sizes, particularly in relation to intrinsic motivation and engagement. Research-
ers suggest that game elements provide immediate feedback, visible progress, and achievable challenges,
which strengthen students’ perceptions of competence and autonomy [7].

However, the literature also highlights important considerations and limitations. Some researchers
caution that excessive reliance on extrinsic rewards, such as points and badges, may shift students’ focus
from intrinsic interest to external incentives. Others emphasize that the effectiveness of gamification
depends on thoughtful instructional design rather than superficial addition of game elements. The bal-
ance between competition and collaboration, as well as alignment with curriculum objectives, is consid-
ered crucial for achieving sustainable motivational outcomes (Picture 3).

Overuse of rewards
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Picture 3. Challenges Identified in Literature
Contextual factors play a significant role in the success of gamified approaches. Studies indicate
that technological infrastructure, teacher preparedness, and institutional support influence implemen-
tation quality. While extensive research has been conducted in Western and technologically advanced
educational systems, empirical studies in Central Asian contexts, including Kazakhstan, remain limited.
Most local research has focused on descriptive analysis rather than controlled experimental investigation

[8].

The existing literature suggests that gamification and game-based learning hold strong potential
to enhance student motivation when grounded in sound pedagogical principles. Nevertheless, further
experimental research in diverse educational contexts is necessary to strengthen empirical evidence and
examine cross-cultural applicability. The present study contributes to this body of literature by providing
experimental data from the Kazakhstani secondary school setting.

Methods

Research Design

The present study employed a quasi-experimental research design using a pre-test/post-test con-
trol group structure. This design was selected to examine the causal impact of gamification and game-
based learning on student motivation while preserving the natural classroom environment. In educa-
tional settings, random assignment is often impractical; therefore, a quasi-experimental approach allows
researchers to work with pre-existing classroom groups while still maintaining methodological rigor.

The research included two groups: an experimental group and a control group. At the beginning of
the study, both groups completed a standardized motivation questionnaire to assess baseline levels of
intrinsic and extrinsic motivation. This pre-test phase ensured comparability between groups before the
instructional intervention. Following the pre-test, the experimental group received instruction incorpo-
rating gamification and game-based learning elements, whereas the control group continued learning
through traditional teaching methods without gamified components.

The intervention was implemented over six weeks. Upon completion of the instructional phase,
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both groups were administered the same motivation questionnaire as a post-test. This procedure enabled
the comparison of motivation levels within each group over time, as well as between the experimental
and control groups. The design allowed for the identification of statistically significant differences at-
tributable to the instructional method. In this study, the independent variable was the type of instruc-
tional approach gamified versus traditional instruction while the dependent variable was student moti-
vation, measured through intrinsic and extrinsic components.

Participants

The study sample consisted of 30 ninth-grade students enrolled in a secondary school. Participants
were selected based on accessibility and the willingness of the school administration to support the re-
search. As random assignment was not feasible, intact classroom groups were used in accordance with
the quasi-experimental design.

The sample was divided into two equal groups of 15 students each. The experimental group re-
ceived instruction incorporating gamification and game-based learning strategies, while the control
group continued with traditional teacher-centered instruction. All participants were approximately 14 to
15 years old, corresponding to the typical age of ninth-grade students. This developmental stage was
considered appropriate for the study, as adolescents often experience changes in academic motivation
influenced by cognitive and social factors.

Both groups studied the same subject content and followed identical curriculum objectives during
the intervention period. The primary distinction between the groups lay in the teaching methodology
applied. Lessons in the experimental group included structured gamification elements such as points,
badges, leaderboards, levels, and interactive digital platforms. In contrast, the control group was taught
through conventional instructional methods, including explanation of material, textbook exercises, and
traditional assessment practices.

Pre-test results indicated that both groups demonstrated comparable baseline motivation levels
prior to the intervention, which supported the internal validity of the study. Participation in the research
was voluntary, and ethical standards were maintained throughout the process, including the protection
of student confidentiality and anonymity.

Procedure

The experimental procedure of the study was conducted in three sequential stages: pre-test, inter-
vention, and post-test. The total duration of the research was approximately 6 weeks. Both the experi-
mental and control groups studied the same subject content in accordance with the curriculum; however,
the instructional methods differed in order to examine the impact of gamification and game-based learn-
ing on student motivation.

At the first stage, a pre-test was administered to both groups to measure baseline levels of moti-
vation. A standardized motivation questionnaire based on the principles of Self-Determination Theory
(Deci & Ryan) was used to assess intrinsic motivation, extrinsic motivation, and amotivation. The instru-
ment consisted of Likert-scale items in which students indicated their level of agreement with statements
related to interest in learning, enjoyment, perceived competence, effort, and external motivational fac-
tors such as grades or rewards [2, 9]. The purpose of the pre-test was to determine the initial motivational
levels of students in both groups and to ensure that there were no statistically significant differences
between the experimental and control groups prior to the intervention. Establishing comparable baseline
data was essential for maintaining the internal validity of the quasi-experimental design.

Following the pre-test, the second stage involved the implementation of the instructional interven-
tion over a period of 6 weeks. During this phase, the experimental group received instruction incorporat-
ing gamification and game-based learning strategies. Lessons included various game elements such as
points for task completion and participation, digital badges recognizing achievement, leaderboards dis-
playing student progress, and quest-based activities structured as missions or challenges. Interactive dig-
ital platforms such as Kahoot and Quizizz were used for formative assessment and review activities. The
instructional design emphasized autonomy through choice-based tasks, competence through progressive
challenges and immediate feedback, and relatedness through collaborative and team-based activities.
These elements were integrated to foster intrinsic motivation and sustain engagement throughout the
learning process.

In contrast, the control group was taught using traditional instructional methods without gamified
components. Lessons were primarily teacher-centered and included explanation of new material, text-
book exercises, written assignments, and standard questioning techniques. Assessment practices fol-
lowed conventional formats, and no points systems, badges, competitive elements, or digital game plat-
forms were implemented. Both groups covered identical learning objectives and academic content to
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ensure that any observed differences in motivation could be attributed to the instructional approach
rather than curriculum differences.

At the final stage of the study, a post-test was administered to both groups using the same stand-
ardized motivation questionnaire applied at the pre-test stage. This allowed for the measurement of
changes in intrinsic and extrinsic motivation after the intervention. The results were compared within
each group (pre-test versus post-test) to determine whether significant changes occurred over time, and
between the experimental and control groups to assess the overall effectiveness of gamification and
game-based learning. Statistical analyses were conducted to evaluate the significance of differences,
with the level of statistical significance set at p < 0.05.

This structured three-stage procedure enabled a systematic and objective evaluation of the impact
of gamified instruction on student motivation.

Instruments

To ensure comprehensive data collection and accurate measurement of student motivation, the
study employed three primary research instruments: a motivation questionnaire, an observation check-
list, and a student feedback survey.

The main instrument used to measure students’ motivation was the Academic Motivation Scale
(AMS) or an adapted version of a motivation questionnaire based on Self-Determination Theory. The scale
was designed to assess different types of motivation, including intrinsic motivation (learning for interest
and enjoyment), extrinsic motivation (learning for external rewards or recognition), and amotivation
(lack of intention or purpose in learning). The questionnaire consisted of multiple Likert-scale items rated
on a five-point scale ranging from “strongly disagree” to “strongly agree.” The instrument was adminis-
tered twice before and after the intervention to identify changes in students’ motivational levels.

The reliability of the instrument was assessed using internal consistency measures (e.g., Cronbach’s
alpha), ensuring that the questionnaire produced stable and consistent results. Content validity was sup-
ported through alignment with established motivational constructs and prior empirical research.

In addition to the questionnaire, an observation checklist was used during the intervention period.
The checklist allowed the researcher to systematically record students’ behavioral engagement, partici-
pation frequency, task completion rates, interaction with peers, and emotional responses during lessons.
Particular attention was paid to indicators such as enthusiasm, voluntary participation, persistence in
completing tasks, and responsiveness to feedback. The observation data provided qualitative support to
complement the quantitative findings from the motivation scale.

Furthermore, a student feedback survey was administered to the experimental group at the end of
the intervention. The survey included both closed-ended and open-ended questions designed to gather
students’ perceptions of gamified learning. Students were asked about their enjoyment of the lessons,
perceived improvement in motivation, preference for gamified activities compared to traditional instruc-
tion, and overall learning experience. The qualitative responses contributed additional insights into how
gamification influenced students’ attitudes and engagement.

Together, these instruments ensured a triangulated approach to data collection, combining quan-
titative measurement with observational and perceptual data.

Data Analysis

The collected data were analyzed using both descriptive and inferential statistical methods in or-
der to determine the impact of gamification and game-based learning on student motivation.

First, descriptive statistics were calculated to summarize the data. The mean (M) and standard
deviation (SD) were computed for intrinsic and extrinsic motivation scores in both the experimental and
control groups at the pre-test and post-test stages. These measures provided an overview of central
tendencies and variability within each group.

To evaluate changes in motivation within each group over time, a paired sample t-test was con-
ducted. This test compared pre-test and post-test scores for the experimental group and, separately, for
the control group. The purpose of this analysis was to determine whether the observed changes in moti-
vation within each group were statistically significant.

To compare differences between the two groups after the intervention, an independent sample t-
test was applied. This test examined whether the post-test motivation scores of the experimental group
differed significantly from those of the control group. The level of statistical significance was set at p <
0.05.

In addition to significance testing, effect size was calculated (e.g., using Cohen’s d) to determine
the magnitude of the intervention’s impact. While p-values indicate whether a difference is statistically
significant, effect size provides information about the practical significance and strength of the observed
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effect. A medium or large effect size would indicate that gamification had a meaningful influence on
student motivation.

Through the combination of descriptive statistics, inferential testing, and effect size calculation,
the study ensured a comprehensive and rigorous analysis of the data, allowing for reliable conclusions
regarding the effectiveness of gamification and game-based learning strategies.

Results

Pre-Test Findings

Pre-test analysis was conducted to determine whether the experimental group (EG) and the control
group (CG) were comparable prior to the implementation of the instructional intervention. Establishing
baseline equivalence was essential to ensure the internal validity of the quasi-experimental design and
to confirm that any subsequent changes in motivation could be attributed to the gamified instructional
approach rather than pre-existing differences between groups. To achieve this, both descriptive and in-
ferential statistical analyses were performed on the pre-test motivation scores, including intrinsic moti-
vation, extrinsic motivation, and overall academic motivation.

Descriptive statistics indicated that the two groups demonstrated highly similar motivation levels
at baseline. For intrinsic motivation, the experimental group obtained a mean score of 3.42 (SD = 0.41),
while the control group recorded a mean of 3.38 (SD = 0.45). In terms of extrinsic motivation, the exper-
imental group had a mean score of 3.75 (SD = 0.39), compared to 3.71 (SD = 0.43) in the control group
(Picture 4).
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Picture 4. Pre-Test Motivation Scores of Experimental and Control Groups
Overall motivation scores were also closely aligned, with the experimental group showing a mean
of 3.58 (SD = 0.36) and the control group 3.55 (SD = 0.40). These minimal differences in mean values
suggest that students in both groups entered the study with nearly identical levels of academic motiva-
tion (Table 1).
Table 1. Pre-Test Motivation Scores of Experimental and Control Groups

Motivation Type Group | N | Mean (M) | Standard Deviation (SD)
Intrinsic Motivation | EG 15| 3.42 0.41
CcG 15| 3.38 0.45
Extrinsic Motivation | EG 151 3.75 0.39
CcG 151 3.71 0.43
Overall Motivation | EG 15 | 3.58 0.36
cG 151 3.55 0.40

To determine whether these small numerical differences were statistically meaningful, an inde-
pendent sample t-test was conducted for each motivational component. The results revealed no statisti-
cally significant differences between the groups at the pre-test stage. Specifically, for intrinsic motiva-
tion, the analysis yielded t(28) = 0.26, p = 0.798; for extrinsic motivation, t(28)=0.27, p = 0.789; and for
overall motivation, t(28) = 0.23, p = 0.819. All p-values were substantially higher than the established
significance threshold of 0.05, indicating that any observed differences in mean scores were not
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statistically significant (Table 2).

Table 2. Independent Sample t-test Results for Pre-Test Scores
Motivation Type tvalue | df | p-value
Intrinsic Motivation | 0.26 28 | 0.798
Extrinsic Motivation | 0.27 28 | 0.789
Overall Motivation | 0.23 28 | 0.819

The absence of statistically significant differences confirms that the experimental and control
groups were equivalent in terms of motivation prior to the intervention. This baseline comparability
strengthens the internal validity of the study by ensuring that subsequent motivational changes observed
at the post-test stage can be more confidently attributed to the gamification and game-based learning
strategies rather than to initial disparities between groups. Therefore, the pre-test findings provide a
reliable and methodologically sound foundation for evaluating the impact of the instructional interven-
tion on student motivation.

Post-Test Findings

Following the six-week instructional intervention, post-test data were collected and analyzed to
evaluate whether gamification and game-based learning had a statistically significant impact on student
motivation. The analysis examined changes in intrinsic motivation, extrinsic motivation, and overall aca-
demic motivation in both the experimental group (EG) and the control group (CG), using both descriptive
and inferential statistical methods.

Descriptive statistics indicated notable differences between the two groups at the post-test stage.
In terms of intrinsic motivation, the experimental group achieved a mean score of 4.18 (SD = 0.38), while
the control group recorded a mean of 3.45 (SD = 0.44). For extrinsic motivation, the experimental group
obtained a mean of 3.92 (SD = 0.35), compared to 3.76 (SD = 0.41) in the control group (Picture 5).
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Picture 5. Post-Test Motivation Scores of Experimental and Control Groups
Overall motivation scores further reflected this pattern, with the experimental group reaching a
mean of 4.05 (SD = 0.33), whereas the control group demonstrated a mean of 3.60 (SD = 0.39). When
compared to pre-test results, the experimental group showed a substantial increase in intrinsic motiva-
tion (from M = 3.42 to M = 4.18), representing a considerable improvement. In contrast, the control group
displayed only a slight change in intrinsic motivation (from M = 3.38 to M = 3.45). Although minor in-
creases were observed in extrinsic motivation in both groups, the magnitude of change was clearly
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greater in the experimental group (Table 3).
Table 3. Post-Test Motivation Scores of Experimental and Control Groups

Motivation Type Group | N | Mean (M) | Standard Deviation (SD)
Intrinsic Motivation | EG 151 4.18 0.38
CG 15| 3.45 0.44
Extrinsic Motivation | EG 15| 3.92 0.35
CcG 15| 3.76 041
Overall Motivation | EG 151 4.05 0.33
cG 15| 3.60 0.39

To determine whether these changes were statistically significant within each group, paired sam-
ple t-tests were conducted comparing pre-test and post-test scores. The results for the experimental
group revealed a highly significant increase in intrinsic motivation, t(14) = 6.84, p < 0.001. This indicates
that the improvement was statistically robust and unlikely to have occurred by chance. Extrinsic motiva-
tion in the experimental group also increased significantly, t(14) = 2.31, p = 0.036, though the magnitude
of this change was smaller than that observed for intrinsic motivation. In contrast, the control group did
not demonstrate statistically significant changes over time. The paired t-test results for intrinsic motiva-
tion in the control group yielded t(14) = 0.89, p = 0.388, and for extrinsic motivation t(14) = 1.02, p =
0.324. Since both p-values exceeded the 0.05 significance threshold, the changes in the control group
cannot be considered statistically meaningful (Table 4).

Table 4. Paired Sample t-test Results (Pre-test vs. Post-test)
Group | Motivation Type tvalue | df | p-value
EG Intrinsic Motivation | 6.84 14 | 0.000
EG Extrinsic Motivation | 2.31 14 | 0.036
cG Intrinsic Motivation | 0.89 14| 0.388
CG Extrinsic Motivation | 1.02 14 | 0.324

To further evaluate differences between groups after the intervention, an independent sample t-
test was conducted using post-test scores. The analysis revealed a statistically significant difference in
intrinsic motivation between the experimental and control groups, t(28) = 4.87, p < 0.001. Additionally,
overall motivation differed significantly between groups, t(28) = 3.62, p = 0.001. These findings confirm
that students who participated in gamified instruction achieved significantly higher levels of motivation
compared to those receiving traditional teaching methods.

The post-test analysis demonstrates that gamification and game-based learning produced signifi-
cant improvements in intrinsic motivation and overall academic motivation. The statistically significant
within-group gains in the experimental group, combined with significant between-group differences at
post-test, provide strong empirical support for the research hypothesis that gamified instruction is more
effective than traditional teaching methods in enhancing student motivation (Table 5).

Table 5. Independent Sample t-test Results (Post-Test Comparison)
Motivation Type tvalue | df | p-value

Intrinsic Motivation | 4.87 28 | 0.000
Overall Motivation | 3.62 28 1 0.001

To determine the magnitude of the intervention’s impact beyond statistical significance, effect size
was calculated using Cohen’s d. The results revealed a large effect for intrinsic motivation within the
experimental group (d = 1.25), indicating a substantial improvement following the gamified intervention.
Additionally, the effect size for overall motivation in the post-test comparison between the experimental
and control groups was d = 0.95, which also falls within the range of a large effect according to estab-
lished interpretation guidelines. These values demonstrate that the influence of gamification was not
only statistically significant but also practically meaningful, reflecting a strong educational impact on
student motivation.

Qualitative classroom observations further reinforced the quantitative findings. Throughout the
intervention period, students in the experimental group displayed noticeably higher levels of engagement
compared to baseline observations. They participated more actively in classroom discussions, demon-
strated higher task completion rates, and showed increased enthusiasm during interactive activities. Col-
laborative tasks were characterized by stronger peer interaction and more effective teamwork, suggest-
ing enhanced social involvement and relatedness. Furthermore, passive behaviors such as lack of atten-
tion or reluctance to participate were significantly reduced in the experimental group. In contrast, the
control group exhibited relatively stable participation patterns, with no substantial increase in engage-
ment or observable changes in classroom behavior. Together, these observational findings complement
the statistical results, providing additional evidence that gamification and game-based learning
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positively influence both motivational levels and behavioral engagement in the classroom.

The post-test findings clearly indicate that gamification and game-based learning significantly en-
hanced intrinsic motivation among ninth-grade students in the experimental group. While extrinsic mo-
tivation showed moderate improvement, the most substantial change occurred in intrinsic motivation,
suggesting that gamified instruction fostered genuine interest and enjoyment in learning rather than
reliance solely on external rewards.

The minimal changes observed in the control group confirm that traditional instructional methods
did not produce comparable motivational gains. Therefore, the results provide strong empirical support
for the effectiveness of gamification as a motivational strategy in secondary education.

Statistical analysis was conducted to determine whether the differences observed in student mo-
tivation were statistically significant and practically meaningful. The level of statistical significance was
set at p < 0.05, which is the standard criterion in educational research for rejecting the null hypothesis.
This threshold indicates that there is less than a 5% probability that the observed differences occurred
by chance.

To evaluate changes within groups over time, paired sample t-tests were performed comparing pre-
test and post-test scores. In the experimental group, the results demonstrated a highly significant in-
crease in intrinsic motivation following the gamified intervention, t(14) = 6.84, p < 0.001. The p-value
being substantially lower than 0.05 indicates a very strong statistical effect, allowing the rejection of the
null hypothesis that no difference existed between pre- and post-test scores. This finding suggests that
the improvement in intrinsic motivation was directly associated with the implementation of gamification
and game-based learning strategies. Although a moderate increase in extrinsic motivation was also ob-
served, the most pronounced and statistically robust change occurred in intrinsic motivation, which
aligns with the theoretical expectations of Self-Determination Theory.

In contrast, the control group did not demonstrate statistically significant changes in motivation
across the same period. The paired t-test results for this group yielded p-values greater than 0.05, indi-
cating that any minor variations in motivation were not statistically meaningful. This lack of significant
change strengthens the causal interpretation that the motivational growth observed in the experimental
group was due to the gamified instructional method rather than natural progression or external factors.

To compare outcomes between groups after the intervention, an independent sample t-test was
conducted using post-test scores. The results revealed a statistically significant difference in intrinsic mo-
tivation between the experimental and control groups, t(28) = 4.87, p < 0.001. This confirms that stu-
dents who participated in gamified instruction achieved significantly higher motivation levels than those
taught through traditional methods. The consistency of statistically significant results across both
within-group and between-group analyses enhances the internal validity of the findings.

While statistical significance establishes that the differences are unlikely to be random, it does not
indicate the magnitude of the effect. Therefore, effect size was calculated using Cohen’s d to measure
the practical significance of the intervention. The effect size for the increase in intrinsic motivation within
the experimental group was d = 1.25, which is considered a large effect according to Cohen’s (1988)
criteria. Additionally, the effect size for the difference between the experimental and control groups at
post-test was d = 0.95, also classified as large. Based on established interpretation standards, values
around 0.2 represent small effects, 0.5 medium effects, and 0.8 or above large effects. The obtained
values therefore indicate that the impact of gamification was not only statistically significant but also
educationally substantial.

Taken together, the statistical findings provide strong empirical evidence that gamification and
game-based learning significantly enhance intrinsic motivation among ninth-grade students. The low p-
values confirm the reliability of the observed improvements, while the large effect sizes demonstrate
meaningful practical impact. These results support the conclusion that gamified instruction represents a
powerful and effective strateqy for increasing student motivation compared to traditional teaching ap-
proaches.

The findings of the present study are consistent with the results of numerous international inves-
tigations examining the impact of gamification and game-based learning on student motivation. The sig-
nificant increase in intrinsic motivation observed in the experimental group aligns with global research
trends indicating that gamified instructional environments enhance learner engagement, persistence,
and enjoyment of academic activities.

Studies conducted in countries such as Finland, South Korea, Spain, and the United States have
reported similar outcomes, particularly in secondary education settings. International research com-
monly demonstrates that the integration of game elements such as points, badges, leaderboards, and
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challenge-based tasks positively influences students’ intrinsic motivation by fostering a sense of auton-
omy, competence, and relatedness. These psychological components are central to Self-Determination
Theory and are frequently identified as mediating factors in motivational improvement.

For example, prior experimental studies abroad have shown statistically significant increases in
intrinsic motivation following gamified interventions, with effect sizes ranging from moderate to large
(Cohen’s d between 0.6 and 1.1). The large effect size (d = 1.25) identified in the current study falls within
and slightly above this reported international range, suggesting that the motivational impact observed
in the Kazakhstani context is comparable to, and potentially as strong as, outcomes documented in other
educational systems.

Discussion

The findings of this study offer robust empirical evidence that gamification and game-based learn-
ing significantly enhance student motivation. The marked increase in intrinsic motivation among partic-
ipants in the experimental group indicates that gamified teaching methods effectively stimulate stu-
dents' internal desire to learn. These outcomes are well-aligned with Self-Determination Theory (SDT),
which asserts that motivation is strengthened when three core psychological needs are met: autonomy,
competence, and relatedness. Gamification supports autonomy by giving students control over their
learning journey. In the experimental group, learners could choose tasks, complete quests, and monitor
their advancement through visible indicators like points and levels. This sense of agency likely played a
key role in boosting intrinsic motivation. When students feel like active participants rather than passive
recipients, their engagement and effort naturally increase [4, 10].

A sense of competence is cultivated through structured challenges, real-time feedback, and incre-
mental progress. Tools such as points, badges, and leaderboards enabled students to observe their own
improvement. Immediate feedback from platforms like Kahoot and Quizizz helped reinforce learning and
minimized uncertainty. Experiencing success and mastery is especially impactful during adolescence, a
time when academic self-perception heavily influences engagement. The rise in motivation within the
experimental group points to a heightened sense of capability and accomplishment. Relatedness is nur-
tured through social interaction and collaboration. Team-based activities, friendly competition, and in-
teractive exercises encouraged students to connect with peers. These elements not only promoted coop-
eration but also helped build a supportive classroom atmosphere. When learning becomes a shared expe-
rience through gamification, emotional investment deepens, strengthening interpersonal bonds.

In addition to addressing these psychological needs, gamification contributed to a more positive
emotional environment. Observations showed greater enthusiasm, active involvement, and reduced dis-
engagement in the experimental group. Game elements introduced elements of fun, curiosity, and ex-
citement into lessons. Positive emotions are essential for maintaining attention and supporting deeper
cognitive engagement. When learning is associated with enjoyment rather than stress, students are more
inclined to participate willingly and tackle difficult tasks. The contrast between the two groups under-
scores this interpretation. While motivation in the control group remained relatively unchanged, the ex-
perimental group showed notable growth. This disparity implies that conventional teaching methods
may fall short in meeting students' psychological needs in the same way gamified approaches can.

The findings of the present study reveal motivational patterns that are largely consistent with
those reported in international research. In both Kazakhstan and abroad, gamification and game-based
learning have been shown to positively influence intrinsic motivation, classroom engagement, and par-
ticipation rates [11]. The significant increase in intrinsic motivation observed in the experimental group
mirrors results documented in studies conducted in Europe, North America, and East Asia, where gami-
fied instructional strategies have demonstrated moderate to large effect sizes. Across diverse educa-
tional contexts, similar motivational mechanisms appear to operate. International research frequently
highlights that game elements such as structured challenges, visible progress systems, and immediate
feedback support students’ psychological needs and foster deeper engagement [12]. The present study
confirms that these mechanisms function similarly in the Kazakhstani secondary school context. The sub-
stantial growth in intrinsic motivation suggests that adolescents respond positively to interactive, auton-
omy-supportive learning environments regardless of cultural differences. This indicates that gamification
may have cross-cultural applicability as a motivational tool [13].

However, despite these similarities, certain contextual differences between Kazakhstan and other
countries should be acknowledged. One of the primary distinctions concerns technological infrastruc-
ture. In many developed educational systems abroad, digital tools and high-speed internet access are
widely available, enabling seamless integration of gamified platforms and educational technologies.
Schools often possess advanced hardware, interactive whiteboards, and institutional subscriptions to
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digital learning platforms. In contrast, technological access in Kazakhstan may vary depending on region,
school funding, and urban-rural disparities. Limited access to devices or stable internet connectivity can
restrict the consistent implementation of gamified strategies. Another significant difference relates to
teacher preparedness and professional development [14]. In countries with established digital education
policies, teachers often receive structured training in educational technology and innovative pedagogy.
Professional development programs frequently include instruction on instructional design, digital assess-
ment, and gamification strategies. While Kazakhstan has made considerable progress in digitalizing ed-
ucation, systematic training specifically focused on gamification and game-based learning remains less
widespread [15]. As a result, the effectiveness of gamified instruction may depend heavily on individual
teacher initiative and technological competence.

Cultural expectations surrounding education may also influence implementation. In some educa-
tional systems, student-centered learning approaches are deeply embedded in pedagogical practice,
making gamification a natural extension of existing methodologies. In Kazakhstan, where more tradi-
tional, teacher-centered approaches have historically been dominant, the transition toward interactive
and game-based strategies may require gradual adaptation and institutional support. Despite these in-
frastructural and professional differences, the motivational outcomes observed in this study suggest that
gamification can be successfully implemented within the Kazakhstani context when adequate planning
and support are provided. The similarity of motivational gains across contexts reinforces the conclusion
that the psychological principles underlying gamification are universal, even if implementation condi-
tions differ [16]. The results of this research carry meaningful implications for educational practices, es-
pecially within secondary schools in Kazakhstan. Considering the notable increase in intrinsic motivation
demonstrated by the experimental group, incorporating gamification and game-based learning should
be regarded as a deliberate pedagogical strategy rather than a fleeting trend. A structured approach to
integrating gamification into everyday teaching is essential. Random or superficial use of isolated game-
like elements is unlikely to yield significant benefits. Instead, gamification must be thoughtfully aligned
with learning goals, evaluation methods, and curricular requirements. Effective implementation involves
purposeful instructional design, where components such as scoring systems, progress levels, challenges,
and feedback loops are directly tied to educational objectives. When applied strategically, gamification
can boost motivation while maintaining academic standards. Schools and educational bodies would
therefore benefit from creating clear methodological frameworks to support teachers in embedding
gamified techniques into their lesson structures. These findings also underscore the critical role of
teacher preparation in digital education. The successful use of gamification hinges on educators' profi-
ciency with technology and their capacity to adapt instruction accordingly. Training should go beyond
basic platform operation such as using tools like Kahoot or Quizizz and include a deeper grasp of motiva-
tional theories and sound instructional design. Professional development initiatives ought to cover digital
competencies, student-centered approaches, and techniques for managing both competition and coop-
eration in gamified settings. Ongoing support for teachers can help ensure that gamification enriches
learning rather than becoming a mere diversion.

Adjustments to curriculum design may also be necessary to fully leverage innovative teaching
methods. Traditional curricula often prioritize content delivery and summative assessments, which can
limit space for interactive and hands-on learning experiences. Effectively incorporating gamification
might call for changes in how learning is assessed, greater emphasis on project-based tasks, and more
adaptable lesson structures. Education authorities could consider embedding digital and game-based
methodologies into national standards to promote sustainable, system-wide innovation. While the study
offers encouraging results, certain limitations must be taken into account. The relatively brief duration
of the intervention spanning six weeks restricts conclusions about the lasting effects of gamification on
student motivation. Although positive changes were evident during this period, it is uncertain whether
such gains would persist over a full academic year. Motivation can naturally vary, and longer-term imple-
mentation is required to evaluate the stability and endurance of these effects. Furthermore, the research
involved a modest sample of 30 ninth-grade students from one school. Even though statistically mean-
ingful results emerged, the small participant pool limits how broadly these conclusions can be applied.
Expanding future studies to include multiple schools across different regions would enhance the reliabil-
ity and generalizability of the findings. Longitudinal research is also needed. Tracking motivational pat-
terns over an extended timeframe such as an entire semester or school year would help clarify whether
gamification sustains its positive influence or if its impact fades once the novelty wears off. Such studies
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could also explore connections between ongoing motivation and longer-term academic success.

Conclusion

The present study provides clear experimental evidence confirming the positive impact of gamifi-
cation and game-based learning on student motivation. The results of the quasi-experimental design,
supported by statistically significant findings (p < 0.05) and medium to large effect sizes, demonstrate
that the integration of game elements into classroom instruction leads to meaningful improvements in
students’ motivational levels. In particular, intrinsic motivation showed a substantial increase in the ex-
perimental group compared to the control group, indicating that gamified learning environments foster
genuine interest, engagement, and enjoyment in academic activities. The comparison between the ex-
perimental and control groups further supports the conclusion that gamified instruction is more effective
than traditional teaching methods in enhancing intrinsic motivation. While the control group demon-
strated minimal or statistically insignificant changes, students exposed to gamification experienced sig-
nificant growth in engagement, participation, and perceived competence. These findings align with mo-
tivational theory, particularly Self-Determination Theory, which emphasizes the importance of auton-
omy, competence, and relatedness in sustaining intrinsic motivation. The structured use of points,
badges, challenges, and interactive digital tools appears to create an environment that supports these
psychological needs more effectively than conventional instructional approaches.

Moreover, the study suggests that Kazakhstan has strong potential to adapt and implement suc-
cessful international practices in gamification and digital pedagogy. The motivational gains observed in
this research are consistent with findings from international studies, indicating that gamified learning
strategies can function effectively across different cultural and educational contexts. Although differ-
ences in technological infrastructure and teacher preparedness exist, the positive outcomes demonstrate
that with appropriate training, strategic curriculum integration, and institutional support, gamification
can serve as a valuable tool for modernizing classroom practice in Kazakhstan. The study confirms that
gamification and game-based learning represent promising pedagogical approaches for enhancing stu-
dent motivation in secondary education. By fostering intrinsic interest and active participation, gamified
instruction contributes not only to improved engagement but also to the broader goal of creating more
dynamic, student-centered learning environments. The evidence presented in this study clearly demon-
strates the effectiveness of gamification, and the findings suggest that further implementation of gami-
fication in educational settings could yield even greater benefits. Ultimately, the integration of gamifica-
tion into classroom practice offers a pathway toward more meaningful and motivating learning experi-
ences for students.
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Abstract

The rapid development of generative artificial intelligence (Al) has introduced new possibilities for
multilingual education in higher education institutions. This theoretical article examines the role of gen-
erative Al in fostering functional multilingualism within the trilingual context of Kazakhstan, where Ka-
zakh, Russian, and English coexist as languages of academic communication. Drawing on sociocultural
theory, communicative competence frameworks, translanguaging perspectives, and digital literacy
scholarship, the paper conceptualizes generative Al as a mediational tool that can support strategic lan-
guage use across multiple linguistic systems.

The analysis argues that generative Al can enhance multilingual competence by reducing cognitive
load during cross-linguistic knowledge construction, providing scaffolded academic writing support,
modeling disciplinary discourse, and promoting metalinguistic awareness. In English-medium instruction
contexts, Al tools may enable students to conceptualize ideas in their stronger language (Kazakh or Rus-
sian) while gradually developing academic proficiency in English. Such Al-mediated translanguaging prac-
tices can strengthen strategic competence and contribute to more equitable participation in higher edu-
cation.

At the same time, the article addresses potential risks, including overreliance on automated text
generation, algorithmic bias, and concerns related to academic integrity. The paper concludes that gen-
erative Al can contribute positively to functional multilingualism if integrated within structured peda-
gogical frameworks that promote critical Al literacy and responsible use. The study provides a conceptual
foundation for future empirical research on Al-supported multilingual development in Kazakhstan and
similar multilingual higher education contexts.

AHHOMAayus

bbicmpoe passumue eeHepamuBHo20 UCKYCCMBEHH020 uHmesiekma (MV) omkpbisaem HoBble
BO3MOMCHOCMU OJI MHO20513bI4H020 06pA30BAHUSA B Y4Ypex0eHUsX Bbiclue2o 0bpazosaHus. B 0aHHoU
meopemuyeckol cmambse paccMampusaemcsl poJib 2eHepamuBsHo20 V1 8 noddepicke GyHKUUOHAb-
HO20 MHO02053bI4USI 8 MPEXbA3LIYHOM KOHMeKcme Kasaxcmawa, 20e Kasaxckud, pycckul u aHeaudckud
A3bIKU COCYUWECMBYOM KAK A3bIKU akademuyeckol KoMmyHukauyuu. Onupasce Ha COUUOKY/IbMYPHYH
meopuro, KoHUenyuu KOMMYHUKaAMUBHOU KOMNemeHUuUU, NooXo0bl MPAHCASHSBUOMA U UCC/Ie00BAHUS
yugposol epaMmomHOCMU, CMamas KOHUenmyasusupyem 2eHepamuBsHbIt VM Kak nocpedHu4eckull uH-
CMpPYMeHm, KOmopbIl Mox}em No00epIUuBams CMpame2udyeckoe UcNob308aHUe A3bIKA B PAMKAX He-
CKOJIbKUX S13bIKOBbIX CUCMENM.

AHAU3 NOKA3bIBAeM, YMO 2eHepamuBHbIl VIV moxem NoBbIAMb MHO205I3bI4YHYH KOMNemeH-
YUK, CHUXAS KORHUMUBHYH HA2Py3KY NPU MEH bA3bIKOBOM NOCMPOEHUU 3HAHUU, Npedocmassisis CmpyK-
MYypUPOBAHHYH NOOOEPHCKY AKaoemu4yecko2o NUCbMA, Mooesupys OUCUUNIUHAPHbIE OUCKYPCbI U CNOCOb-
CmMBYs Memas3bIKoBol 0cBE0OMIEHHOCMU. B yC10B8uUsX 06yYeHuUs Ha aHeIUulCKOM S13bIKe UHCMPYMeHMbI
M Mmo2ym no380s1ums cmyodeHmam ¢popmyiuposams Uudeu Ha bosiee CUsIbHOM 0J11 HUX A3bIKe (Ka3aXCKOM
U/IU PYCCKOM), NOCMeneHHO pa3BuUBAs AKA0eMUYeCKyH KOMNemeHyUro Ha aHeaulickom. Takue npakmuku
MPAHCAH2BUOXCA C UCNO/Ib30BAHUEM MV Mo2ym YKpensiimb CMpame2uyeckyro KoMnemeHuuro U cno-
cobcmaosams bos1iee pasHoOMy y4acmuro 8 Bbicuiem 06pazosaHuU.

B mo xce BpemMsi Cmamaes pacCMampusaem NOMeHUUdsIbHble PUCKU, BK/IHOYAS Ype3mMepHyHo 3aBUCU-
MOCMb OM aBMOMamu4yeckol 2eHepayuu MeKCmos, a/i20pummuUYecKkyro Npeds3ssmocms U BONPOChI
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akademuyeckol YecmHocmu. B 3ak/royeHue denaemcs BbIB00, YMO eeHepamuBsHbIl VK moxcem nosio-
HUMEIbHO CNOCOBCMBOBAMb PYHKUUOHATbHOMY MHO20A3bI4UK NPU YC/I0BUU €20 UHMe2pauuu 8 CmpykK-
MYpUPOBAHHbIE nedazoeudyeckue pamKku, Komopbie cnocobcmByrom Kpumuyeckold 2pamMomHocmu 8 0b-
sacmu VIV u omsemcmBeHHOMY UCNO0JIb308AHUKD MexHoa02ul. ViccredosaHue co30aém KoHuenmyasib-
HYr0 OCHOBY 018 6YOyuIUX SMNUPUYECKUX UCCIe00B8aHUll pa3BuUMUs MHO20K3bI4US ¢ noddepxkol MM B
Kasaxcmade u aHan02u4HbIX MHO20S13bI4HbIX BbICLUUX y4EOHbIX 3aBe0eHUSIX.

Keywords: Al-mediated learning; translanguaging, academic writing support; multilingual compe-
tence; digital literacy; EMI contexts; language scaffolding; metalinguistic awareness

Knroyesbie cnosa: Viv-nodoepxcka obyyYeHus;, MpaHCAUH2BU3M, aKademuyeckoe nucCbMo, MHO20-
A3bIYHAs KOMNemeHyus, LugpoBas 20aMOMHOCMb, 0byyeHue Ha aHe/IUUCKOM, S13bIKOBOE CONPOBOMOe-
Hue; Memasi3bIKkoBoe 0CO3HAHUE

Introduction

The development of multilingual competence has become a strategic priority in higher education
systems worldwide. Globalization, academic mobility, and the internationalization of research have in-
tensified the demand for graduates capable of operating across linguistic and cultural boundaries. In
multilingual societies, this demand intersects with national language policies and identity construction,
creating complex educational environments. Kazakhstan represents a distinctive example of such a con-
text, where Kazakh functions as the state language, Russian retains strong sociolinguistic and academic
influence, and English serves as the primary language of international scholarship and global competi-
tiveness.

Over the past two decades, Kazakhstan has implemented a trilingual education policy aimed at
strengthening Kazakh, preserving Russian, and promoting English proficiency. Universities increasingly
offer English-medium instruction (EMI) programs, particularly in science, technology, business, and med-
icine. However, disparities in students’ linguistic backgrounds persist. Some students enter university with
strong Kazakh proficiency but limited academic Russian or English; others come from Russian-dominant
educational backgrounds; still others have experienced urban, English-enriched schooling. These differ-
ences affect access to academic resources, participation in international programs, and overall academic
performance.

At the same time, digital technologies are reshaping educational practices. Among these technol-
ogies, generative artificial intelligence (Al) systems—particularly large language models capable of pro-
ducing human-like text—have emerged as powerful linguistic tools. Unlike earlier grammar-checking
software or rule-based translation systems, generative Al can generate structured academic texts, pro-
vide contextual explanations, translate across languages with increasing sophistication, simulate disci-
plinary discourse, and adapt output to specific communicative purposes. These capabilities have profound
implications for language learning and multilingual education.

The intersection between generative Al and multilingual higher education raises fundamental
questions. Can Al tools facilitate the development of functional multilingualism rather than merely com-
pensate for linguistic deficiencies? How might generative Al function as a mediational tool in a trilingual
academic environment? What theoretical frameworks can guide its pedagogical integration to ensure
that it strengthens, rather than undermines, language development?

This article provides a theoretical analysis of the role of generative Al in fostering functional mul-
tilingualism in higher education, with particular reference to Kazakhstan'’s trilingual context. Rather than
presenting empirical findings, the paper synthesizes sociocultural theory, communicative competence
frameworks, translanguaging perspectives, and digital literacy scholarship to construct a conceptual
model of Al-supported multilingual development. The argument advanced here is that generative Al
when critically and pedagogically integrated, can serve as a scaffold that enhances strategic language
use, metalinguistic awareness, and academic participation across Kazakh, Russian, and English. However,
its benefits depend on structured implementation and the cultivation of critical Al literacy.

Methods

This study adopts a theoretical and conceptual research design. The methodological approach is
based on interdisciplinary synthesis rather than empirical data collection. The purpose is to construct a
coherent theoretical framework explaining how generative Al may contribute to the development of
functional multilingualism in higher education.

The analysis draws on four interconnected bodies of theory. First, sociocultural theory conceptual-
izes learning as socially mediated and tool-dependent. From this perspective, technologies function as
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cultural artifacts that shape cognitive processes. The concept of mediation and the Zone of Proximal
Development (ZPD) are central for understanding how Al might extend learners’ linguistic capabilities.

Second, communicative competence theory provides a framework for defining functional multilin-
gualism. Instead of equating language mastery with grammatical perfection or native-like proficiency,
communicative competence emphasizes effective and appropriate language use in context. Functional
multilingualism thus refers to the ability to deploy multiple languages strategically for academic, profes-
sional, and intercultural purposes.

Third, translanguaging theory challenges rigid separations between languages in multilingual indi-
viduals. It conceptualizes multilingual speakers as drawing from a unified linguistic repertoire. This per-
spective is particularly relevant in Kazakhstan, where students routinely move between Kazakh, Russian,
and English during knowledge construction.

Fourth, digital literacy and Al literacy frameworks emphasize the need for critical engagement
with algorithmic systems. These frameworks address issues of authorship, bias, academic integrity, and
responsible technology use.

The analytical procedure followed three stages. First, the concept of functional multilingualism
was redefined in relation to Kazakhstan'’s higher education landscape. Second, the affordances of gen-
erative Al were examined through a sociocultural lens as potential mediational tools. Third, these ele-
ments were integrated into a conceptual model linking Al-supported practices to multilingual compe-
tence development.

The aim of this theoretical method is not to advocate technological determinism but to provide a
structured lens for understanding the pedagogical implications of generative Al in multilingual universi-
ties.

Results

The theoretical synthesis suggests that generative Al can support the development of functional
multilingualism in higher education through three interrelated mechanisms: cognitive mediation, strate-
gic linguistic scaffolding, and metalinguistic awareness enhancement.

First, from a sociocultural perspective, generative Al can function as a mediational tool that ex-
tends learners’ linguistic performance within their Zone of Proximal Development. In Kazakhstan'’s trilin-
gual universities, students often conceptualize complex disciplinary ideas in their stronger language—
commonly Kazakh or Russian—while being required to express these ideas in English in EMI programs.
This linguistic transition imposes cognitive load, as students must simultaneously manage content under-
standing and linguistic encoding.

Generative Al can reduce this cognitive overload by enabling staged knowledge construction. A
student may draft an explanation of a concept in Kazakh, request a translation or reformulation into
English, and then revise the output critically. Through iterative interaction, the student gradually inter-
nalizes disciplinary vocabulary, syntactic patterns, and rhetorical conventions. In this sense, Al does not
replace learning but supports it as a scaffold.

Second, generative Al enhances strategic competence, a key component of functional multilingual-
ism. Strategic competence involves knowing how to compensate for linguistic gaps, clarify meaning, and
select appropriate registers. Al tools can model academic genres such as research abstracts, literature
reviews, reflective essays, or laboratory reports. By analyzing Al-generated examples, students gain ex-
posure to discourse structures characteristic of academic English, while comparing them to Russian or
Kazakh academic conventions.

In Kazakhstan, academic writing traditions in Russian often emphasize elaborate syntactic con-
structions and theoretical framing, while English academic discourse may prioritize conciseness and ex-
plicit argumentation. Generative Al allows students to observe and experiment with these rhetorical dif-
ferences. When students request multiple reformulations of the same text across languages, they engage
in comparative discourse analysis, thereby strengthening metalinguistic awareness.

Third, Al-mediated multilingual drafting aligns with translanguaging practices. In real classroom
settings, students rarely operate within strict monolingual boundaries. They take notes in one language,
discuss in another, and read sources in a third. Generative Al legitimizes and systematizes this process by
allowing dynamic cross-linguistic movement during knowledge construction. Rather than perceiving lan-
guage mixing as a deficiency, Al-supported translanguaging can become a structured pedagogical strat-
eqy.

For example, in a business management course taught in English, a student may read case materi-
als in English, summarize them in Russian to ensure conceptual clarity, and then produce an analytical
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response in English with Al-supported refinement. This process strengthens conceptual understanding
while gradually increasing English proficiency.

In addition, generative Al can support vocabulary development across languages. By generating
parallel glossaries and contextualized examples, Al tools can assist students in mapping disciplinary ter-
minology between Kazakh, Russian, and English. Such mapping is particularly important in fields where
standardized terminology in Kazakh is still developing.

The theoretical model also suggests that generative Al may contribute to academic equity. Stu-
dents from rural or Kazakh-medium schools may have had less exposure to English academic discourse.
Al tools can provide individualized feedback and practice opportunities that may not be feasible in large
lecture-based university settings. This individualized scaffolding can enhance confidence and participa-
tion in EMI classrooms.

However, the analysis also identifies significant risks. Overreliance on Al-generated texts may re-
duce opportunities for productive struggle, which is essential for language acquisition. If students use Al
to produce complete assignments without critical engagement, language development may stagnate.
Furthermore, Al systems are often trained on dominant global corpora, which may privilege Western ac-
ademic norms and underrepresent Kazakh linguistic and cultural contexts. Without critical awareness,
Al use could unintentionally marginalize local academic discourse traditions.

Pe3yniemams!

Teopemuyeckul cuHMe3 NOKA3biBAem, Ymo eeHepamusHbIt VMV Moxcem noddepxcusams passu-
mue @GYHKUUOHAIbHO20 MHO20K3bIYUS B BbICUEM 06pd30BAHUU YE€pe3 MPU B3AUMOCBSA3AHHbIX Mexd-
HU3MQ: KO2HUMUBHOE NOCPEOHUYeCMB0, CMpame2uyeckoe S3bIKoBoe CONPOBOXOEHUE U NOBbLILLICHUE Me-
Mas3bIKoBoU 0CO3HAHHOCMU.

Bo-nepsbix, C COUUOKY/IbMYPHOU MOYKU 3peHUs eeHepamuBHbIt MV Moxem GyHKUUOHUPOBAMb
KAk nocpedHu4eckuli UHCMpymMeHm, pacluupsouull S3bIKoBble BOSMOXCHOCMU YYAUUXCS B PAMKAX UX
30HbI buxcaliwezo pazsumus. B mpéxba3bidHbIX yHUBepcumemax Kasaxcmada cmyoeHms! 4acmo KOH-
uenmyanuupyrom CJI0XcHbIe OUCUUNIUHAPHbIE udeu Ha bosaee cubHOM 019 HUX A3biKe — 00bI4HO Ka3ax-
CKOM UJIU PYCCKOM, — NPU 3Mom mpebyemcs Bbipaxamb 3mu udeu Ha aHe/IuticKom 8 pamKax Npo2pamm
EMI. 3mom 53bikosoU nepexod co30aém Ko2HUMUBHYH HA2PY3KY, NOCKOJbKY CmMyo0eHmam Heobxooumo
00HOBPEMEHHO NOHUMAMb COOEPXAHUE U KOOUPOBAMb €20 Ha OpYy20M fA3bIKeE.

leHepamuBHbIl VIV Moxcem CHU3UMb 3MYy KO2HUMUBHY Nepezpy3Ky, obecne4yusasl NO3manHoe
nocmpoerue 3Harudl. CmyoeHm Moxem CHA4Yasa coCmasume 0bbSCHEeHUe KOHUenuuU Ha Ka3axckom,
3amem 3anpocums Nepesod Wiu nepepabomky Ha aH2AUdCKUl U KpUMUYeCckUu nepecMompems pesy/ib-
mam. Yepes umepamusHoe 83aumodelicmaue cmyodeHm NoCmeneHHo ycaausaem OUCUUNIUHAPHYH J1eK-
CUKY, CUHMakcu4yeckue Cmpykmypbl U pumopu4yeckue Hopmbl. Takum obpazom, MW He 3ameHsaem obyqe-
Hue, a sbicmynaem 8 poJiu onopsi (scaffold).

Bo-BmMopbix, 2eHepamuBHbIl VIV noskiwaem cmpameaudyeckyro KoMnemeHyur — Ko4esol KoM-
NOHEeHM PYHKUUOHAIbHO20 MHO2053bI4US. CMpame2udeckas KoMnemeHuus BKIKoYaem yMeHue KoMneH-
CUpPOBAMb fA3bIKOBbIE NPobesibl, YyMOYHAMb CMbIC/ U BbIOUPAMB NOOXOOAUUE A3bIKOBbIE pe2ucmpbl. VH-
cmpymeHmbl VIVl Mo2ym modesiuposams akademuyeckue XaHpbl, makue Kak aHHomauuu K ucciedosa-
HUsIM, 0630pbl IUMEPAMYPbI, pepieKcuBHbIe 3cce u/iu 1abopamopHbie OMYEmal. AHAIU3UPYS NPUMEPSI,
ceeHepupoBaHHbie WVl cmyodeHmsbl 3HGKOMSIMCS Co CMPYyKmMypol akademuyecko2o aHe/ulcko2o ouc-
KypCa u cpasHUBArom €€ ¢ pyCcCKUMU UU KA3axXCKUMU akademuyeckumu HopmMamu.

B Ka3zaxcmaHe akademuyeckue mpaocuuuu NUCbMa HA PYcCKOM fI3bIKe 4acmo NOOYepKusarom
C/I0M#(HbIe CUHMAKCUYeCcKue KOHCMPYKYUU U Meopemuyeckyro ap2yMeHmayuro, mo2oa Kak aHeautckud
akademuyeckul OUCKYPC Moxem omoasams NpUOPUMem KpPAmMKOCMU U ACHOCMU dpaymeHmauuu. eHe-
pamusHbIl MV no3sosiaem cmyoeHmam Hab1r0amae U 3KCNepUMeHMUpPOBAMb C 3MUMU PUMOPUHECKUMU
pazuquamu. lipu MHO20KPamMHbIX NepepabomkKax 00HO20 U MO20 Xe MeKCMA HA PA3HbIX A3bIKAX CMy-
O0eHmb! BOBJIGKAOMCS B CPABHUME/IbHbIU OUCKYPC-AHAU3, YMO YKpensisiem MemasbiKoBYH OCO3HAH-
HOCMb.

B-mpembux, paboma c MHO20513bI4HbIMU YePHOBUKAMU ¢ noddepxckol M coenacyemcs ¢ npakmu-
Kamu mpaHcIsH2BUOXa. B peasibHbIX y4ebHbIX cumyauusx cmyoeHmsl peoko 0elicmsyrom Cmpoeo 8 pam-
Kax 00HO20 A3bIKA: OHU 0e/1arom 3amMemKu Ha 00HOM A3bIKe, 06CY#Oarom Ha Opy2oM U Yumarom ucmoy-
HUKU Ha mpembeM. ['eHepamuBHbId VIV ne2umumupyem u cucmemamusupyem 3mom NPOUECE, N03B0/I5IS
OUHAMUYHO NepemMewamsCs Mexoy A3bIKamu NpU NOCMPOEHUU 3HAHUU. BMecmo mo2o ymobskl paccmam-
pUBAMb CMeleHUe 13bIKoB Kak HedoCmamok, noddepxcusaembil V¥ MpaHC/IssHeBUOMC MOXem Cmamab
cmpykmypuposaHHol nedazoauyeckold cmpamezued.
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Hanpumep, Ha Kypce no ynpasieHuro busHecom Ha aH2ulckom cmyoeHm MOXem NpoYyumdamse
Kelic-Mamepuasibl Ha aH2aUlCKoM, CYMMUPOBAMb UX HA PYCCKOM OJIS JIyHWe20 NOHUMAHUS U 3ameMm Co-
30amsb aHaumuyeckud omsem Ha aHesulckom ¢ NOMOWbHO VIV Smom npouecc yKkpensissem KoHyenmy-
a/IbHOE NOHUMAHUE U 00HOBPEMEHHO NOBLILIAEM YPOBEHb BIA0EHUS AHeIULUCKUM.

Kpome moeo, eeHepamusHbIl MM moxcem noddepxusams passumue C/108AapHO20 3andcd HA He-
CKOJIbKUX A3bIKax. [eHepayusi NapasnniesbHbiX c08apel U KOHMeKCmMyaau3upoBaHHbIX NPUMEPOB NOMO-
2aem cmyoeHmam conocmasagms OUCYUUNIUHAPHYH MEPMUHOJIO2U HA KA3aXCKOM, PYCCKOM U aHenud-
CKOM. IMo 0C0beHHO BaxHoO 8 obiacmsx, 20e cmaHOapmu3UpPOBAHHAS MEPMUHOI02US HA KA3aXCKOM
A3bIKe ewé pazsusaemcs.

Teopemudyeckass MoOesib makx e npednosazaem, Ymo 2eHepamuBHbIt I moxcem cnocobcmao-
Bamse akademuyeckol cnpasedsusocmu. CmyoeHmsb! U3 Ce/IbCKUX WU KA3ax0f3bIYHbIX WKO MOo2/u
UMemsb MeHble KOHMAxkma ¢ akademuyeckum aHeautdckum. VIV-uHcmpymeHmasi Mo2ym npedocmas/isims
UHOUBUOYA/IU3UPOBAHHYH 06pAMHYHO CBS3b U BO3IMOXHOCMU 0J1 NPAKMUKU, KOMOpble MpPYoHO peasiu-
308amsb 8 60/1bWUX IEKUUOHHBIX ayoumopusx. Takas uHousudyadibHAs NO00epH CKa NoBbILIAem YBepeH-
Hocmb u yyacmue cmydeHmos 8 EMI-Knaccax.

OO0HAKo aHanu3 BbISBASEm U 3Ha4UMesIbHbIe PUCKU. Ype3mepHas 3a8ucuMocmb OM MeKCmos, c2e-
HepupoBaHHbIX VIV, Moxem YMeHbWUMb BO3MOXHOCMU 019 NPOOYyKmMusHoU 60pbbbi C A3bIKOBbIMU
MPYOHOCMAMU, YMO AB/SeMCS BAXHbIM 0J11 OCBOGHUS S3bIKA. ECiu cmydeHmb! ucnosb3yom W ons
BbINOJIHEHUS NOJIHbIX 3a0aHull 6e3 Kpumuyeckol oUeHKU, pa3sumue A3bIKoBbIX HABLIKOB MOXem ocma-
Hosumscsa. Kpome moeo, VIV yacmo oby4aemcs Ha 2/106a/1bHbIX QOMUHUPYHOUWLUX KOPNYCAX, YMo MOXem
omaasamse NPUOPUMEM 3aNAOHbIM AKA0eMUYeCKUM HOPMAM U HeooUueHUBAMb KA3axckul S3bIKosol U
Ky/IbMypHbIU KOHMeKcm. bes Kpumuyeckol 0CO3HAHHOCMU UCNO/Ib308aHUe VK moxem HenpeoHame-
PEeHHO MAPeUHAIU3UPOBAMb JIOKA/IbHbIE akademuyeckue mpaouyuu.

Discussion

The theoretical findings suggest that generative Al should not be conceptualized merely as a
productivity tool or a threat to academic integrity. Instead, it can be understood as a mediational artifact
embedded within broader sociocultural and institutional systems. Its impact on multilingual development
depends largely on how it is integrated into pedagogy.

In the context of Kazakhstan'’s trilingual higher education policy, generative Al can align with na-
tional goals if implemented strategically. Rather than positioning English as a dominant replacement
language, Al can support balanced multilingual development. Students can use Al to strengthen Kazakh
academic terminology, maintain Russian scholarly literacy, and expand English competence simultane-
ously.

To achieve this, curriculum design must shift from prohibitive approaches toward guided integra-
tion. Educators may design assignments that require students to document their Al interaction process,
reflect on linguistic choices, and critically evaluate Al outputs. Such metacognitive engagement trans-
forms Al from a shortcut into a learning partner.

Faculty development is also essential. Instructors must understand both the affordances and limi-
tations of generative Al. They should be able to distinguish between appropriate scaffolded use and aca-
demic misconduct. Clear institutional policies can reduce uncertainty and encourage responsible experi-
mentation.

Another critical dimension is Al literacy. Students must learn to identify inaccuracies, hallucina-
tions, and bias in Al-generated texts. They should understand that Al outputs are probabilistic rather than
authoritative. Developing such literacy strengthens critical thinking and prevents passive dependence.

The broader implication is that generative Al may contribute to redefining multilingual competence
in the digital era. Functional multilingualism increasingly involves not only human-to-human communi-
cation but also human-to-machine interaction. The ability to formulate effective prompts, evaluate ma-
chine responses, and integrate them ethically into academic work becomes part of contemporary com-
municative competence.

However, technological integration must not overshadow the importance of human interaction.
Peer discussion, instructor feedback, and authentic communicative practice remain central to language
development. Al should complement, not replace, these processes.

ObcycoeHue

Teopemudyeckue pe3y/ibmamal NOKA3bIBAKOM, YMO 2eHepamuBHbId VW He credyem paccmampu-
BAMb MOJILKO KAK UHCMPYMEHM NOBbILEHUSI NPOOYKMUBHOCMU UJIU Y2po3y akademuyveckol YecmHo-
cmu. E20 MOXHO NOHUMAMb KAK NOCPeOHuUYeckul apmegakm, BCMPoeHHbIU 8 bosiee WupoKue
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COYUOKY/IbMYPHbIE U UHCMUMYYUOHA/IbHbIE CUCMEMbI. BAUSHUE Ha pa3sumue MHO20S3bI4US 3aBUCUM B
OCHOBHOM 0M MO20, KAk VM uHmeapuposaH 8 nedazoeuyeckul Npoyecc.

B KoHmMeKcme mpéxbsizbI4HOU NOJIUMUKU Bbicle20 06pa3osaHus Kazaxcmara 2eHepamusHbit M
MO}em CoomBemMCmMBOBAMb HAUUOHA/IbHBIM UEJIAM NPU CMPAame2u4yeckom BHeopeHuu. BMecmo moao
ymobbkl paccMampusamse aHeAUUCKUU Kak 0OMUHUPYrOULUU A3bIK, VIV Moxcem nodoepxcusams cbanaHcu-
POBAHHOE passumue MHo20513bi4usl. CmyoeHmMb! Mo2ym UCNO/Ib30BaMb VIV 0151 yKpensieHust Kazaxckol
akademuyeckol mepmMuHosI02ul, NO00ePHCaHUs pycckol Hay4HoU 2paMomHOCMU U 0O0HOBPeMeHHo20 pac-
WupeHus KoMnemeHuuU B aH2/IUtCKOM A3bIKe.

115 3moeo npoekmuposaHue y4ebHol npo2pamMmbl QOSIHHO CMECMUMbCS OM 3anpemumesibHbIX
nooxo0o8 K HanpasieHHol uHmezpayuu. [lpenodasamesiu mo2ym pazpabamsiBams 3a0aHuUs, KOMOpPbIe
mpebyrom om cmyodeHmos 00KYMeHmMuUpoBams NPOUECC B3aumooeldcmsus ¢ MM, pegrekcuposams Hao
A3bIKOBBLIMU BbIOOPAMU U KPUMUYECKU OUeHUBAMb pe3ysibmamasi pabomsi V. Takoe memakoeHUmus-
Hoe BoBsJieYeHue npespauiaem Vvl uz «Kkopomko2o nymu» 8 NAPMHEPA NO 0OYHEHUHO.

Pazsumue npenoddasamesibCKux Kaopos Makx3e umeem pewiaroujee 3HaqdeHue. [lpenodasameru
00JIHCHBI NOHUMAMb BO3MOXCHOCMU U 02PAHUYEHUSI 2eHepamuBHo20 MV, paziudams YMecmHoe Ucnosib-
308aHue 0718 N000epxCKu 0by4eHuUs U akaoemuyeckue HapyuweHus. Yemkue uHCmumyyuoHaabHble NOJIU-
MUKU CHUXArom HeonpeoesiéHHoCMb U CMUMY/IUPYHOM 0MBEMCMBEHHOE 3KCNEPUMEHMUPOBAHUE.

Ewé o0Ha BaxcHasi Cocmasisouas — 2pamomHocms 8 obracmu VK. CmyoeHmbl 00/#CHbl yMemb
BbISBAAMb HEMOYHOCMU, «2A//TFOUUHAUUU» U NPEOB3AMOCMb 8 MEKCMAx, c2eHepupoBaHHbIX VMW, OHu
O0JIHCHBI NOHUMAMBb, YMO pe3yibmamai pabomsi IV 8871590MCcs BEPOSIMHOCMHBIMU, d He asmopumenm-
HbIMU. Paszsumue makol 2pamMomHOCMU YKpensisem Kpumu4yeckoe MbiujieHue u npedomapawiaem nac-
CUBHYIO 3aBUCUMOCMb.

boJiee WUpoKoe 3HayeHue cocmoum 8 MOM, YMo 2eHepamusHbIl VMV moxcem cnocobcmaosams
NepeoCMbIC/IeHUIO MHO20SI3bIYHOU KOMNemeHyuu 8 UudpoByro 3noxy. QYHKUUOHA/IbHOE MHO2053bI4uUe
BCE yauwie BKo4aem He moJibKo B3aumoodelicmaue mexcoy JI00bMU, HO U B3aumMooelicmaue YyesoBeKkd ¢
MawuHou. YmeHue gpopmyauposams 3ppdekmusHbie 3anpockl, OUeHUBAMb OMBeMbl MAWUHbI U UHMe-
2puUpoBAMb UX IMUYHO B akademuyeckyro pabomy cmaHoBUMCS YaCMb COBPEMEHHOU KOMMYHUKAmMUuB-
HoU KomnemeHyuu.

OO0HAKO MexHOI02Uu4eCcKas UHMe2payus He OOJIXHA 3aMMEBAMb BAXHOCMb Ye108e4ecKo20 B3a-
umodelicmsus. Obcyx#odeHus ¢ Kosezamu, 0bpamHas CB8s3b Npenodasameris U dymeHmMUYHAss KOMMYHU-
KamusHas NPAakmuKa 0CMAaromcs Kro4YeBbiMU 0J1 0CBOEHUS A3bIKA. VW 0osxeH 00No/IHAMb 3mu Npo-
Uecchbl, a He 3amMeHsImab UX.

Conclusion

This theoretical analysis has examined the role of generative Al in developing functional multilin-
gualism in higher education, with a focus on Kazakhstan's trilingual context. Drawing on sociocultural
theory, communicative competence frameworks, translanguaging perspectives, and digital literacy
scholarship, the paper has argued that generative Al can serve as a powerful mediational tool supporting
multilingual development.

Generative Al can reduce cognitive load during cross-linguistic knowledge construction, enhance
strategic competence, strengthen metalinguistic awareness, and contribute to academic equity. It aligns
naturally with translanguaging practices that characterize multilingual student behavior. At the same
time, its implementation requires structured pedagogical guidance, ethical regulation, and critical Al lit-
eracy education.

In Kazakhstan, where higher education operates at the intersection of national language revitali-
zation and global academic integration, generative Al offers both opportunities and challenges. If
thoughtfully integrated, it can reinforce rather than undermine multilingual policy goals. It can empower
students to view their trilingual repertoire—Kazakh, Russian, and English—not as competing systems
but as complementary resources in academic and professional life.

Future empirical research should investigate classroom implementations, measure multilingual
competence outcomes, and explore students’ perceptions of Al-supported learning. Such studies would
provide data-driven validation of the theoretical framework proposed here and contribute to the evolving
discourse on Al and multilingual education in the twenty-first century.
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Abstract

This article examines the role of the teacher in forming a healthy lifestyle among primary school
students based on an analysis of scientific and pedagogical literature. The relevance of children’s health
issues in the modern educational environment is emphasized, particularly in the context of increasing
academic demands and reduced physical activity. Special attention is given to the developmental char-
acteristics of primary school children, as this stage is crucial for shaping health-related values, habits,
and behavioral patterns. The article underlines the importance of a healthy lifestyle as a key component
of personality development and educational success. Through a systematic review of scholarly works, the
leading role of the teacher in this process is identified. The findings show that the teacher’s professional
competence, personal example, and moral authority significantly influence students’ attitudes toward
health and responsible behavior. Key directions in promoting a healthy lifestyle are discussed, including
health-oriented pegogical approaches in the learning process, educational and extracurricular activities,
and the organization of work based on students’ age characteristics. The study theoretically substanti-
ates the importance of the teacher’s role in primary education and highlights the pedagogical signifi-
cance of forming a sustainable health culture among young learners.

AHOamna

by makana 6acmaybiul CbIHbIN OKYWbIIAPbIHLIH CAAyammabl ©Mip Ca/IMbiH KabINMACMbIpyoaasb!
MYRAJIIMHIH PeJiiH ablibIMU-Neda2oeukasiblikK adebuemmepdi manoay HeezisiHoe Kapacmeipaodsl. Kasipei
6inim bepy KeHicmiziHoe bananap 0eHcay/ibiabiH Cakmay XaHe Hbi2almy MacesnecCiHiH e3eKkmisiai apmabin
ombIpaaHbl  alkbiHOanaosl. OCbl  mypabida bacmaybiu Mekmen XacbiHOazbl  OKYWblIAPObiH
NCUXOJI02USATIBIK, H(aHe PUUOI02UATbIK 0aMy epeKuiesiikmepi, CoHOal-ak caaayammas! emip Ca/imbIHbIH
MYJIRAHBIH  XAH-XAKMbl  KAJbINMACYbIHOdabl MAHbI3bl MandaHaos. bacmaybiu KeseH 6anaHbIH
KVYHObIILIKMbIK 6a20ap/1apbl MeH emip CaimbiHA KAMbICMb! 0a20b1/1apkl KAJIbINMACAMbIH WewlyWi Ke3eH
pemiHoe cunammasnaosl. FbiibiMu eHbekmepoi Xcylesi #oHe CaabICMbIpMasbl Maaday Hamux3ceciHoe
MVY2ANIIMHIH OKYy-mapbue yoepiciHoe2i XemeKwi pesi, OHbIH Kacibu Ky3bipemmiiai MeH Mysa2asbik
bIKNAJIbI, COHOAU-AK eHe2esniK el pemiHoeei MaHbi3bl aliKkbiHOanaobl. Makanada canayammab! emip
CaamebiH  KAabINMAcmeipyoblH —Hezisei  basbimmapbl  pemiHoe oKy yoepiciHoeei OeHcay/ibiIkKa
6aabimmanzaH neoazoeukasbik bIKNAJ, Mapbue XYMbICMAapb! ApKblibl Xydesni Hacuxammay MaHe
OKYWbIIApObIH XAC epeKwesnikmepiH eckepe OombIpbin  YUbIMOACMbIPbLIAMbIH  Nedazoeukasibik
HYMbICMApP Kapacmabipbliaobl. 3epmmey Homuxcenepi bacmaybsiw 6inim bepy xcyleciHoe mMyaanimHIH
POJ1iH Meopusi/ibIK MypabioaH Hezizden, canayammab! emMip CaambiH KAJ1bINMACMbIPYObiH Ne0azo2ukasibik,
MAaHbI30b11bI2bIH Kepcemeo.

Keywords: primary school, healthy lifestyle, teacher’s role, health education, primary education.
Kinm ce30ep: 6acmaybiuwl CbiHbIN, Canayammsl eMip Caambl, MYRAJIMHIH DPeJl, 0eHCay/ibiK
mapbueci, bacmaybiw 6inim bepy.

Kipicne

Kaszipei ¥cahaHoaHy xazoalibiHoa binim bepy xcydeciHiH andbiHOa mypaaH MaHbI30b! MiHOemmepoiH
6ipi — ecin Kesne ¥amkaH YpNnakmbiH OeHCay/ibleblH CaKkmay XoHe Hblealmy 60sbin mabbiiaosbl.
Koaamoaabl aneymemmik-3KOHOMUKA/IbIK, 632epicmep, akndpammbiK MexHO102us/1apobiH KApKbIHObI
damysbl, bananapobiH K032asbic benceHOini2iHiH memMeHoeyi 3aHe OKY XyYKmeMecCiHiH apmyb! OKYUWblLIap
deHcay ibiabIHa Kepi acepiH muaizyde. dcipece bacmaybiul MeKmMen XackiHOazb! 6aaanapobiH 0eHCay/ibIK
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Jazoalibl neda2o2uKkaibik, KaybiMOACmbIKMbIH epekule HazapbiH masnan emeodi, cebebi byn KezeHoe
6a/1aHbIH 6MIp canimbl MeH OeHCAy/IbIKKa KambICMbl MiHE3-K\/IbIKMbIK 0az0bl1apbl KajibiNmacaosb!.
Kasipei 6inim 6epy KeHicmiziH0e OKyuwlbliapObiH OeHCAy/biabiH CaKmay mMacesneci mek MeouyuHasbIk,
mypabIOaH 8aHa emMec, COHbIMeH Kamap neoazocukasbiK Macese pemiHoe Kapacmsipbiiyod. fbiibiMu
3epmmeysiepde mMekmen OpmMdAchkiHbIH, OKYy-mapbue yOepicCiHiH XaHe MyaasliMHIH Kacibu ic-apekemiHiH
banarbiH OeHcay/ibiabiHa mikenel biknaa ememiHi kepceminedi. OcbizaH balnaHbicmsi binim bepy
MAasmyHbIHOA 0eHcayIbiIkmbl Cakmayaa 6azbimmanaaH KyHOblIbIKMApob! KAJbiNMAacmasipy, caaayammse]
emMip canmeiHa mapbueney maceneci bacbim basbimmapobiH bipiHe aldHasnein omsbip. bananap
OeHcay/iblabIHbIH memeHoey ypoici Kazipei mekmen maxcipubeciHoe 6alkanambsiH MaHbi30bI Macese
pemiHde cunammanaoskl. JleHcaysbikmsl  Cakmay aHe  Hbligalmyaa 6basbimmasnzad  xcylesni
Nneodazo2uKkasibik #YMbICMAapObIH ¥EemKIisiKci3oiel, MyaanimoepoiH 0eHCay ibiK CaKkmay mexHo102Us1apbIH
moJibiK KosdaHbaysl 6y npobaemarbiH e3ekminiziH apmmasipa mycedi. Con cebenmi Kasipei 6inim bepy
KeHicmieiHoe bananap 0eHcay/ibiabiH Cakmay MaceseciH KeweHOi mypoe Kapacmeipbin, MY2AasiMHIH
cazayammbl eMip CaambiH KAabiNMAcmbIpy0dzbl PesliH ablibiMu mypabioa Hezizoey e3ekmi 60/ibin
mabb11aosb!.

bacmaybiwu mMekmen xackl 6anaHbiH GU3UOI0US/IbIK, NCUXO02USJIBIK XHAHe a/leyMemmiK
mypablOaH KApKbIHObI 0amy KeseHi 6osbin mabbiiadsbl. byn xcacma 6anaHbiH as3ack! a7 MOJbiK
KaabiNmMacnazaqobIKMaH, CbipmKbl 0pmMaA aCepsiepiHe, COHbIH iUiHOe OKY XyKmeMmeciHe, KyH mapmibiHiH
CaKManybIHA }COHe eMip Ca/IMbIHA epeKkLue ce3immain Keaeoi. FaibiMOapobiH NiKipiHWe, 0a/1 0Cbl Ke3eHoe
basaHbIH 0eHcayibIkKa KambiCMbl d0emmepi, Ko32abic besiceHoiniel, 0ypbic mamakmaty 0azobliaps!
MeH Xceke 2ueueHa MaOeHUemiHiH Heei30epi KanaHaobl. bacmaybi CbiHbIN  OKYUIbIIAPbIHbIH
NCUXO/I02UATIBbIK  0amy epeKkwesikmepi 0/1apoblH epecekmepoiH, acipece MY2AniMHIH bIKNA/IbIHA
bedimoinieimeH cunammanaosi. by y¥cacma 6ananap enikmey apKbi/ibl YipeHeoi, MyeasiiMHIH iC-apekemi
MeH emip canmaiH yiei pemiHoe Kabbiidatiobl. CoHObIKMax bacmaybiuw Mekmen Ke3eHi casayammsb! emMip
CaameIH KaabINMAcmelpy YWiH KOaal/bl XaHe wewywi KeseH 60/bin caHanaosl. OKYWwbiiapobiH
deHcay/ibiKka 0e2eH OH Ke3Kapackbl MeH KYHObLIbIKMbIK KAMbIHACk! MCyUesni nedazoeukasbik bIKNas
Hamu#eciHde Kasibinmacadkl. Canayammasl emip canmasi bacmaybiu Mekmen xackiHoaas! 6ananapobiy
HAH-XAKMbI 0amybIHbIH MAHbI30b! Wdpms! 6016in mabbiiadsl. O 6anaHbiH QU3UKA/IBIK Cay/blabiH 2aHa
emec, NCUXUKA/IbIK MYPAKMbl/iblabiH, OKY apekemiHe KabinemminieiH ¥aHe aneymemmik belimoenyiH
Kammamackiz emeoi. FbibIMU eHbekmepdoe canayammel emip Ca/imbl KaauodaaapbiH epme ¥acma
MeHeepeeH OKyWblapobIH OKY Xemicmikmepi xo2apbi 60/bin, wapway deHeeli memeH 60/1ambiHbI
aman Kepceminedi. Ocbl mypabidaH aszaHoa, bacmaybilu Mekmen XackiHOazbl 6ananapobiH oamy
epeKklwesiikmepiH —eckepe OmbIpbin,  CAiAyammbl 6Mip  CAIMbIH — KAJAbINMACMbIpy — Maceneci
neodazo2uKkasibIK mypabI0aH epekule MaHbI3ad ue.

bacmaybiw Mekmen Ke3eHiHoe MyaasliM OKYWbI YULiH He2i3ei areymemmik XaHe mapbuesik mysea
60s16in Mabbi1aos.. byn yacma 6ananap myaanimoi 6inim Ke3i pemiHoe @aHa emec, MiHe3-KyJ1Kbl MeH emip
cazameiHa eanikmedmiH yaei pemiHoe Kabbinodalos! [1]. CoHObIKMaH mMy2animMHiH Mya2asbiK Kacuemmepi,
Kacibu MadeHuemi 3aHe 0eHcay/bIKKa KambICMbl YCMAaHbIMOApb! 6acmaybitd CbiHbIN OKYWbIIAPbIHbIH
canayammal eMip CaJmbIH KAabiINMAacmaeipydd MAaHbi30bl pesi amkapaobl. fbiibiMu eHbekmepoe
MYRANIMHIH Kacibu KbI3Memi meK OKYy MamepuasbiH MeHeepmymeH wekmesamel, OKyWwblidpobiH
KVHObI/IbIKMbIK, 6a20apaapbiH Ka/binMacmaeipy2a 6aabimmainybl Kaxemmiei aman kepceminedi [1, 2].
MyzanimHiH canayammai emip CaImbiHA OH KB3Kapachl, 0eHCay/ibIKkmbl Cakmay MadeHUem| #aHe oKy-
mapbue yoepiciHoe OeHcaysibiK cakmay KazuoaaapbiH Xcylesi Ko0aHybl OKYWbIIapobiH KyHOemiKmi
MiHe3-K\V/IKbIHa mikenel biknas emeodi [2]. Ocbl mypabida My2animMHIH Kacibu Ky3bipemmisiei
deHcayibiKka 6azbimmanzaH NeoazoeukasiblikK MexHOI02UA1apobl MeHeepyiMeH mabiabi3 6alIaHbICMBbI.
CoHbIMeH Kamap MyY2aJliMHIH MYJI2asbIK bIKNAJbI OHbIH OKYWbIIAPMEH KApbIM-KAMbIHAC CMUJ,
SMOUYUOHANObIK KOJI0AYbl #AHE NCUXOI02US/IbIK Xall/ibl OpMaA KAibinMacmaipybiMeH cunammasnaosi [3].
bacmaybiw CbIHbIN OKYWIbIIAPb! YUIIH Y(a2bIMObI NCUXO02US/IbIK aXyas OKY apeKemiHiH muimoisieiH
apmmaipbin KaHa kolmad, 0s1apobIH NCUXUKATIbIK HaHe BU3UKA/IbIK 0eHCAy/biebiH CaKkmayaa biknas
emedi. FanbiMOapObIH NIKIPIHWE, MYRAIMHIH OKyUbia 0e2eH KAMKOPJ/IbIKKA He2i30es2eH KapbiM-
KamabIHACk! Canayammeal ©Mip CaiMbiHA 0e2eH OH Ke3KapacmbiH KasbINMACybIHA aCep ememiH MaHbI30b!
pakmopaapobiH 6ipi 6o/bin mabbiaaodsi [2].

OcCbl MakaaaHbIiH Makcams! — 6acmaybiul CbIHbIN OKYWbLIAPbIHbIH CA/Idyammbl eMip Ca/imbiH
Kasabinmacmsipyoaabl MyRAaiMHIH PesiiH OMAaHObIK XoHe wemesndik ablibiMu eHbekmepoi masnoay
Heei3iHOe alikbiHOay 60s1bin Mabkiiadbl. FbiibiIMU-Ne0azo2ukassik adebuemmepde bacmaybiu Mekmen
Ke3eHiHoe My2animMHiH mapbuesik biKknasbl 6anaHbiH 0eHCay/IbIKKa KambIiCMbl KO3KAPAChl MeH MiHe3-
KWIKbIH KA/IbINMAcmbipyoad wewywi ¢pakmop pemiHoe KapacmeipbiiamsiHbl aman Kepcemineoi [3].
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AmanzaH Makcamka KoJi Xemki3y YWiH canayammab! emip Caimel YabiMbiHbIH Ne0a2o2ukasibik MoHIH
awlyea, bacmaybiul CbIHbIN OKYWbI/IAPbIHLIH YAC epeKwesiKmepiH eckepe OMbIPbIN XCyp2i3inemiH
OeHcay/ibikka 6aabimmaseaq mapbueHiH MasmyHbiH masadayad, CoHOal-ak MYRanimMHIH MYI2AsbIK HoHe
Kacibu bIKNAbIHA KAMbICMbI &blIbIMU - MYX#(bIPbIMOAPOb! Xcyleneyee 6acbiMobiK 6epinedi. fbiibiMu
eHbekmepoi  canbICMbIpManabl  Manday  Aapkblibl  MYRATIMHIH — €andyammsl  eMip  CalmbiH
KasbINMAacmaipyoaabl ¥cemeKkuwi pesi meopusisibiK mypabioaH Heeiz0eseoi.

20ebu wony

Kazipei abiibiMu a0ebuemmepoe «canayammab! eMip Caambl» YabiMbl KONKbIpJibl a1eyMemmik-
neoazo2uKkasbiK peHomeH pemiHoe Kapacmaipbiidaosbl. 3epmmeywinepoid NikipiHwe, caaayammel emip
casmbl A0aMHbIH OeHCaysibieblH Cakmay MeH Hblealmyaa 6a2bimmaniaH MiHe3-KVJbIK VJi2inepiHiH,
KVYHOBIILIKMApP XCyUeciHiH XaHe KYHOe/liKmi apeKkemmepiHiH 3ubiHmbiabl 60/16in mabbiiaobi [4]. byn
Y2bIM U3UKASIbIK CAY/IbIKMbI 2aHA eMeC, NCUXUKA/IbIK MYPAaKmbl/ibiKkmbl, aiaeymemmik 6esnceHoinikmi
JOHe My2aHbIH yinecimoi damybiH 0a Kammuosb! [2]. [edazo2ukasibik mypabiOaH angaHod, caaayammesl
eMip Casmbl MYJIRAHbI HAH-3¥aKmMbl 0ambimyaa 6azbimmanzaH mapbueHiH MaHbI30b! Kypamoac besiei
pemiHoe cunammanaoksl. Fbi/ibiMu eHbekmepoe 0eHcay ibiK mapbueci nedazo2ukaHblH 0epbec baabimsbi
pemiHoe KapacmeIpbl/ibin, OHbIH Hezizei makcamsl 6iiMm anywbiiapda OeHcaysibiIkmbl Cakmay MeH
Hbl2alimyaa O0e2eH CAaHa/bl Ke3Kapacmsl Kaabinmacmsipy ekeHi Kepcemineodi [1]. Ocbl mypabioa
OeHcay/ibik mapbueci oky-mapbue yoepiciHiH 6ap/ibik KOMNOHeHMMepIiMeH Mbiabi3 6alaHbICMa Xy3e2e
acbIpblybl MUic ekeHi aman emineodi [4]. [leHcayibik mapbueciHiH nedazoeukadaabl OpHbI 6ANaHbIH #ac
epeKuwiesnikmepiH eckepe omsipbkin, Caaayammsl eMip CaamMbIHa Kax}xcemmi 6i1im, binik xaHe 0agoblaapob!
KanbinmacmasipymeH  alikbiHOanaokl.  9cipece  bacmaybil —MeKkmen  XdacbiHOd — OeHCay/lbIKKa
bazbimmanzaH mapbueHiH MaHbi3bl epekuwie, cebebi by KezeHoe 6anaHbiH eMip CalMbiHbIH Heai3i
KasaaHein, bonawakmasbl MiHe3-KyJIKbIHA acep ememiH Mmypakmsl a0emmep Kabinmacaobl [2].
fanbiMoapobIH NiKipiHWe, casayammel emMip Caimb! KaaudasdpbiH epme XAacmaH MeH2epy myJs2aHbiH
OKY apekemiHe KabinemmisnieiH apmmabipbin, aeymemmik belimoesnyiH xceHinoemeoi [4].

Xannel angaHoa emip canmsl MeH myJiea KasbiNmacyb! apackbiHOazbl 6alnaHbIC Nedazo2ukasibik,
HCOHE  NCUXO/I02USI/IbIK — 3epmmeysiepoe  KeHiHeH —Kapacmabipbladobl.  Twi2aHblH — KYHObIIbIKMbIK,
baz0apnapbl, MiHe3-KWiKbl MeH OyHUeMAHbIMbl OHbIH KYHOesikmi emip  caimbl — apKbi/ibl
KasbinmacameliHbl danendereeH [5]. Canayammel emip canmeiH ycmaHy 6anaHbiH 63iH-63i pemmey
KabinemiH, xayankepuwiisiieiH oHe eMIp/iK YCmaHbiMOapbiH 0ambimyaa biknas emeodi [4]. Ocbi
mypabl0aH an2aHod, caaayammabl eMip Caambl MYIRAHbIH YU1eciMoi 0amybiHbIH MAHbI30bI (paKkmops!
pemiHde 6azanaHaosl. bacmaykiw CbIHbIN OKYWbIIAPbIHBIH CAAyammabl ©Mip CAa/IMbIH KA/JbINMAcmabipy
maceneci omaHoblK Neoazo2UukasbiK &blibiIMOa KeHiHeH 3epmmesieeH 6azbimmapobiH 6ipi 60/bin
mabbiiaoskl. fbiibiMu eHbekmepoe bacmaybiu Mekmen dacbl 6anaHbIH 0eHCaysIbiIkKa KambICmbl
Ke3Kkapacmapbl MeH eMip CAaMmbIHbIH Heei3i KaJIaHambIH wewlywi Ke3eH pemiHoe cunammanaosbi.
OmaHokIK 2anbiMoap 63 3epmmeysepiHoe O0eHcay/bik mapbueciH bacmaybiul CbiHbinmad b6acman
xydeni mypoe xcy3e2e ackipy KaxcemmiziH aman kepcemedi [3, 5]. KazakcmaHObIK xaHe pecelsiik
3epmmeywinep bacmaybiul 3#acmasbl 0eHcay/ibiK mapbueciHiH Ma3MyHbIH OKYUIbIIAPObIH #AC H(oHe
NCUXOU3UOI02US/IbIK epeKuleslikmepiHe calkecmeHOipyoiH MaHbi3biH alKbiHOalobl. FasibiMOapobiH
nikipiHwe, by/1 ke3eHoe canayamma! emMip CaIMbIHA KambiCmbl 6i/1iMm MeH 0az0b11apobl KaJibinmacmaipy
OKy-mapbue yoepiciHiH 6ap/ibik Kypamoac besikmepimeH mbiabi3 batiaHbicma xcypeizinyi muic [5].

LLlemendik NedazocukasbiK MaHe NCUXOA02US/IbIK 3epmmeyiepoe 0e bacmaybil Mekmen
HacsiHOaab! 6ananapobiH canayammel emMip CaJmbiH KaabiNMACmbIpy MaceneciHe alpbiKwia Ha3ap
ayoapbiiadel. Lllemen 2anbiMoapbl OeHcaysibikka 6azbimmangaH mapbueHi 6anaHbiH Mya2asbik
0amybIHbIH MAHbI30bI WAPMbl pemiHoe Kapacmabipbin, MeKmen OpPMACbiHbIH, NEe0a202miH XaHe
asleymMemmiK OPMAHbIH bIKNAJIbIH KeweHOi mypde 3epmmeldi [6]. [lcuxonoeusibik 3epmmeysiepoe
6a/1aHbIH epme Xacmad KaaeiNMAckaH emip Caamabi OHbIH 60/1aWaKkmMazbl 0eHCay/ibIK XazoalbIHA HaHe
aneymemmik  belimoenyiHe mikeneld acep ememiHi OdanendeHeeH [4]. bacmaybiu Mekmenmezi
cazaayammal emip CaimebIHA 6a2bIMmManzaH #ymMmbiCmapobiH MA3MyHb! 2blibIMU eHbekmepoe OKY H(aHe
mapbue yoepiciHiH 6ipmymacmaiabl He2i3iHoe Kapacmablpbiaaobl. 3epmmeywinep 0eHcay/ibiKk mapbueciy
OKY NaHOEPIHIH MA3MyHbl APKbI/ibl X(y3e2e acblpyobl, CbIHbINMAH MbIC iC-WUAPAIAapMeH mMoJibIKmbipyobl
JHCAHe MY2AJIIMHIH XceKe yieiciH bacmai KypandapobiH 6ipi pemiHoe alkbiHoalios! [3]. MyHAal xcymbicmap
OKYWbILIapobIH — KO32a/biC  besceHOini2iH ~ apmmabipyaa,  OypbIC  MAMAkmady  MaoeHuemiH
Ka/bINMAcmbIpyaa aHe NCUXOI02UA/bIK Cay/IbiIKkMmbl KAMMAmMachsis emyae 6aabimmasybl Muic eKeHi
aman eminedi [5].

FbIIbIMU-NE0a202UKasIbIK a0ebuemmepoe My2asiMHiH mapbuesik Kbi3Memi MYJI2aHbIH MaH-
AKMbI 0amyblH KAMMAmMackis ememiH Heeizei ¢akmopnapobiH 6ipi pemiHOe Kapacmeipbiidosbl.
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3epmmeywinepdiH nikipiHwe, myaanim mek 6iniM bepywi 2aHa emec, COHbIMeH Kamdp OKYWbIHbIH
a/1eyMmemmiK, Mopasib0biK HaHe 0eHCAyIbIKKA KaMbICMbI KYHObIIbIKMAPbIH KAbINMACMbIPYW bl MY/I2A
6osbin - mabbiiads! [7]. bacmaybiw mekmen xagdalbiHOa My2aniMHiH ~mapbuesnik - Kbiamemi
OKYWbIIAapObIH Canayammsl eMip Ca/iMmbiHa 0e2eH Ke3KapachIH KaJbINMACMbIpy0d Xemekwi opbiH
anaobl. MyeanimMHiH canayammas! emip CaimebiH KaabinMAacmaipyoaddbl peJsii OHbIH Kacibu Kbi3mMemimeH
Kamap, Jeke Mmy/a_aibiK yaeici  apkblibl  0a  alKkbIHOAnaobl. —[1CUxo/102usiibiK-Neda2o2ukasibik
3epmmeysiepde 6acmaybill CbiHbIN OKYWbI/IAPbIHbIH epecekmepee, acipece Myaasimee esikmey apKbl/ibl
MiHe3-K\JIbIK y/ieinepiH MeHeepemiHi danendeHeeH [1]. Ocbl mypabioa My2aniMHiH 0eHcay/ibiIkka 0e2eH
Ke3Kapdachl, eMIp CA/IMbl XaHEe KyHOeaikmi ic-apekemi oKywblaap ywiH yaei 6osbin mabbiiaosi.

o0ebuemmepdi manoday 6apbiCcbiHOA caaayammsl emip CaJmbiH KaAJbiNMACmMeIpyoda My2asaim
POJIIHIH wewywi pakmop pemiHoe maHbLIambiHbl AUKbIHOAA0bI. FblibiMU eHbekmepoe MyedsliMHIH
mapbuesiik Kbi3Memi, XeKe My/iea/ibiK y/2iCi daHe Kacibu Ky3bipemmisi2i OKyuwbLiapObiH 0eHCayIbIKKa
0eceH Ke3KapachiH KasbiINMAcmbIpyObiH Heai32i twapmmaps! pemiHoe cunammanaosi [7, 8]. MyaanimHiH
deHcaybik cakmay 6azbimbiHOazb! xcydesni Nedazo2ukasbiK bIKNAJbl OKYWbIIAPObIH Caadyammebl eMip
CaamebIH CaHanbl mypoe KabbiioaybiHa bIKNAJ ememiHi KenmeeeH 3epmmeysiepoe OasiesioeHeeH [8].
KapacmesipbiieaH ablibiMu  eHbekmepoiH HezisiHoe 6ipkamap KopbimbiHObLIAP Xcacayea 60/1aobi.
BipiHwideH, canayammel eMip canmbiH KabINMAcmaipy 6acmaybitul MeKmen XackiHax bacman xcydeni
mypoe x3cy3e2e acbipblaybl MUIC Ne0azo2ukasbiK MiHOem 60sbin mabbiaadsl. EKiHWiOeH, 6y yoepicmiH
muimoiniai MyeaniMHIH MyI2asbIK Kacuemmepi MeH Kacibu OalibiHObiabiHa mikenel 6aliaHbICmbI.
YWwiHwioeH, ebiibiMu 3epmmeysiepoe MYaniMHIH OKYWbIHbIH KYHObIIBIKMApP XcyleciHe biknasibl
canayammal emMip CaimbiH KAabiNMAacmaipyobiH MeopUsi/ibIK He2i3i pemiHoe Kapacmaipbiiaosi [5, 6].

odicHama

byn makana meopussibiK-manodamassiK Cunamma OpbIHOAO0b! MooHe bacmaybi CbIHbIN
OKYWIbIIAPbIHLIH — Canayammsl eMip CAmbiH  KaJbiNMACMbIpy0dzbl  MYeaniMHiH  PesiiH  auwlyea
b6azbimmanobl. 3epmmeyodiH a0iCHaMAsIbIK, Hezi3iH nedazo2uKkd, NCUX0J102Us HaHe OeHCay/biK cakmay
nedazo2uKkachl CanacbiHOaabl OMAHObIK MCoHe wemesoiK ablibiMu eHbekmepdi masoay Kypalosbi.
Makanada 3mMnupUKasbikK 3epmmey xypeiziimed, mMacesne ablbIMU MYXbIPbIMOAp MeH MeopusiibIK
Ke3kapacmapob! xcyleney dpKblibl KApacmbipbiiobl. 3epmmey 6apbiCbiHOa ablibIMU-Nedazo2uKkasibIk,
a0ebuemmepee xcyleni XaHe CanbiICMbIpMasbl maaoay adicmepi KoadaHbuiobl. Aman almkaHod,
bacmaybil Mekmen xdackiHoagbl 6ananapobiH 0amy epekwesikmepi, caaayammsl emip Caamsbl
VabIMbIHbIH Ne0azo2ukasibik MaHi, COHOAU-aK MY2asiMHIH OKy-mapbue yoepiciHoeei pesiHe apHaizaH
abl/IbIMU eHbekmep ipikmesiin, MasmyHObIK mypabioaH masdaHobl. ddebuemmepdi masnday 6apbiCbiHOa
aBsmopsiapobiH Heziz2i udesniapbl, 0pMmak Myx#bipbIMOApbl XaHe albipMalbl/IbIKMApbl AHbIKMAsobl.
CoHbiMeH Kamap 3epmmey yoepiciHoe manday meH xuHakmay adicmepi Kos0aHbla0bl. byn adicmep
abl/IbIMU eHbekmepoe YCbIHbIIRAH Ke3Kapacmapokl bipmymac xcyleae Keamipin, My2aniMmHiH bacmaybiw
CbIHbIN OKYWbIIAPbIHbIH CA/IAyammbl ©Mip CA/IMbIH KA/bINMAacmbIpyddabl pesiiH Meopusi/ibiK MypabI0aH
Heziz0eyee MyMKIHOIK 6epdi. XXuHakmay a0iCi apKblibl MY2a/IiMHIH KaCibu XoHe myJieasibIK, bIKNAJibl,
eHezesliKk yniel  pemiHOe2i MAaHbI3bl HOHE OKYWbIHbIH MAC epeKwesikmepiH eckepe Ombipbin
YUbIMOACMbIpbIIAMbIH NEO0A202UKA/bIK HCYMbICMAPObIH MaHI AlKbIHOAIObI.

3epmmeyodiH a0icHaMasbIK YCMAaHbiMbl My12aza 6azbimmanaax, KyHObIIbIKKA He2i30es12eH HaHe
deHcay/ibiK cakmay neoazoeukack! KazuoasnapbiHa cyleHeodi. byn ycmaHbimoap 6acmaybitd CbiHbIN
OKYWIbIIAPbIHbIH CAnayammabl emip CaimbiH KaJbiNMAcmbipyObl MYI2AHbIH HAH-#AKMb!l 0amybIHbIH
MaHbI30bI Kypamoac besiei pemiHoe Kapacmeipyga MyMKiHOIK 6epedi. MyaaiMHiH pesii ocbl Kaauoasap
ascbiHOa 6inim bepy MeH mapbueHi Kipikmipe Xy3e2e acbipambiH XemeKwi @akmop pemiHoe
cunammarnosb..

Hamucenep

FblIbIMU-NE0az202uKkasblk adebuemmepde oKy yoepici bacmaybil CbIHbIN  OKYWbI/IAPbIHbIH
cazayammsbl eMip CaJmbiH  KaabiNMAacmsipyobiH MAHbIi30bl memizi  pemiHoe Kapacmabipbiidobl.
3epmmeywinepoid nikipiHwe, oKy cabakmapbiHbIH MA3MyHbl MeH YUbiIMOACMbIpbiybl OKYUIbLIAPObIH
deHcay bk #agoalbiHa, oKy apekemiHe KabinemminiziHe 3aHe NCUxXos102ussibiK 1al-KydiHe mikenel
acep emedi [9]. OKy yoepiciHOezi 0eHcay/ibikka 6azbimmasieaH Nedazo2ukasibik bIKNAI eH as0bIMeH oKy
HCYKMeMeCiH OKYWbIIAapOblH YAC MaHe @U3UOI0UAIbIK —epeKkwesikmepiHe calikecmeHoipymeH
cunammanaodel. faneimoap 6acmaybiw CbIHbIN OKYWbIIAPb! YWiH cabak KypblibiMbiHbIH O0YPbIC
YUbIMOACMbIpbIlybl, OKY MeH 0emMasibiCmbiH MuiMOi anmacybl, cepeimy CommepiHiH KOoa0aHbI1ybl
0/1apObIH WAapwaybiH azadmasin, 0eHcay/ibiabiH CAkmayaad bIknaa ememiHiH aman kepcemedi [3]. MyHdall
macinioep OKyWbI/IapObiH OKY MOMUBAUUSICLIH ApmmbIpbin, cabakka 0eceH XazbiMObl KAmbIHAChIH
Kanabinmacmaipaodsl. CoOHbIMEH Kamap OKY NoHOepiHiH MAasmyHbl ApKbl/ibl CAnayammsl eMip Caimel
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mypasbi 6inim 6epy 0e My2aniMHIH MaHbI30bl Ne0a2o2uKasibikK MiHoemmepiHiH 6ipi 60b6in Mabbiaaosb!.
fbiibiMu eHbekmepde b6acmaybil Mekmenme O0eHCay/biIkka KAambICmbl 6iliM 3/1emMeHmmepiH NaH
Ma3MyHbIHA KipiKmipy OKYWbladpObIH 0eHCay/1bIKMbl CAKMay MaoeHuemiH Kaabinmacmaipyaa MyMKiHOIK
bepemiHi kepceminedi [8]. byn ydepicme myzaniMm OKywblaapaa OypbiC MAMAKMAHy, KO032a/biC
besiceHOinizi, deKe aueueHa 3caHe KyH mapmibiH cakmay mypasisbl KapanadbsiM api myCiHIKmi yabimoapob!
Hcydeni mypoe meHeepmyi muic.

OKy yoepiciHOeei deHcay/ibiIkka 6azbimmasizaq Neoazocukasbik bIKNaa0biH masabl 6ip MaHbIi30b!
KbIpbl MY2aIiMHIH NCUXO/102US/bIK MYpabIOaH KAyinci3 #aHe Koaalibl 0Ky 0pmdachkiH KaabiNMAacmaipysbi.
3epmmeyiepde x#aabiMObl IMOUUOHAObIK axyanobiH OKYWbIIApObiH NCUXUKAJIbIK CAy/iblabIH CaKkmayoa
JOHe OKY opekemiHiH muimOinieiH apmmabipy0d MAaHbi30bl pes amKapambiHbl 0anesndeHzeH [8].
MyzanimHiH Konday Kepcemyee Heei30en2eH KapbiM-KAmbIHACk, OKYUIbIHbIH YeKe MYyMKiHOIKmepiH
eckepyi canayammasl emip CaimbIHA 0e2eH OH Ke3KapacmblH KaabinmacybiHa biknasa emeodi [6] (Cypem

7).
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OKyIIBIHBIH 63iH Kayilci3 ce3iHyi

Cypem 1. MyaanimHiH deHcayibiIkKa 6azbimmasnaaH Nedazo2uxkasibik bIKNAsibl

fblIbIMU-Ne0azo2ukanblK, — adebuemmepde  mapbue  xymbicmapbl — bacmaybi  CbIHbIN
OKYWbIIAPbIHbIH CA/Ayammbl eMip CaimbiH KaAabiNMAcmsipyodabl MaHbi30bI 6basbimmapobiH 6ipi
pemiHoe Kapacmabipbiiadsl. JyHuexcysinik 0eHcaysibik cakmay YUbiMbiHbIH OepekmepiHe calKkec,
Mekmen  xacbiHOaebl  6ananapobiq wamameH 60-70%-bl  demkinikmi  OeHeelide  K032adJibiC
besiceHoinizimeH aliHanbicnaliosl, 6y 01apobiH 0eHcay/ibIK 3#agoalibiHa Kepi acepiH mueizedi [9]. OcbizaH
balinaHbicmel bacmaybiu Mekmenme XcypeiziiemiH mapbue 3yMbICMapbs! dpKbl/ibli CAayammb! emip
CanMmbIH HAcuxammay epekwe 63eKmisiikke ue. Topbue XyMbICmapbl apKblibl CAaayamms! OMip
CanmbIH  KAAbINMACMbIpy eH a10biIMeH CbIHbINMAH —MbIC  ic-wapanapobl  YibiIMOACmbIpyMeH
badinaHbicmsl. 3epmmeyaepde bacmaybiul CbiHbIN OKYWbIIAPb! ApACkIHOA Xcydeni mypoe emkizinemiH
mapbue cazammapb! MeH 0eHCayibIkKa 6azbiMmmasngaH ic-wapandp 01apobiH 0eHCayIbIKKa KambICmb!
6inim OereeliiH 20-30%-2a apmmeipamsbiHbl  KepceminieeH [8]. CoHbiMeH Kkamap oUblH CoHe
uHmepakmusmi  ¢opmada  ylbiMOAacmbIpbiizaH — Mapbuesik — MYMbICMap  OKYWbIIAPObIH
KbI3bl2yWbl/bleblH — Kywedmin, —caaayammsl 6eMip CalMmbIHA 0e2eH  aabiMObl  KAMbIHAChIH
Kaabinmacmasipaos [2, 8].

fbibIMU Oepekmepde Ko32asibic besceHiniziHe basbimmasnzaH mapbue 3#yMbICMAapbiHbIH MAHbI3bI
epekwe aman eminedi. MamaHoapobiH Mmanimemi 6olbiHWwa, 6acmaybi MeKmen XdacbiHOazbl
6an1anapobiH KyHOeIKMi Ko32aibiC besiceHoiniei ¥emkinikmi 60a2aH #azoaldoa 01apobiH OKY Yi2epimi
MeH 3eliH mypakmbiibiabl 25%-2a OeliH xakcapaosb! [9]. CoHbimeH kamap mapbue yoepiciHoe
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HCYpeizinemiH xcydesni myciHOIpy H#YMbICMAapb! OKYWbIIaPObIH 0eHCAY/IbIKKA 0e2eH CaHasbl KambIHAChIH
KasbINMacmaipyaa biknasa emeodi. 3epmmeysiepde 6acmaybiul CbIHbIN OKYWbIIAPbIHbIH WamameH 70 %-bl
MYRaziMm mapanbiHaH XcypeizinieeH mapbuesik aHzimesnep MeH MyCiHOIpY XYMbICMAPbIHAH KeliH 63
deHcay ibiabIHa XayankepuwiiikneH Kapal 6acmadmabiHbl kepceminzeH [8]. Fbiabimu adebuemmep meH
CMamucmuKkasbiK Masimemmepoi masaoay mapbue XyYMbICMAapb! apKbl/bl Caaayamms! émMip CaimbiH
HacuxammayobiH 6acmaybitl CbiHbIN OKYWblIAPbIHbIH 0eHCAy/bIK Ma0eHUemiH Kaibinmacmaeipyoddabl
muimoi 6azbim ekeHiH kepcemedi. Myeaanim ylibiMOACMbIpAMbIH MAKCammel 3caHe xcylesni mapbue
HYMbICMAPb!  OKYWbIIAPObIH — CAnAyammsl — 6Mip  CaAmbiHa — 0e2eH MYpakmbl — Ke3KapachiH
Kaab6inmacmaipyobiH MaHbI30b! wapmel 60s16in mabeinaosi [9] (Cypem 2).

IMaib13abIK KepceTkim (%)
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60% — 65%
50%

40%

30%
20% 25%
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Kosrainsic 6encenaimiri Topbue xyMbICTaphI Kosranbic Oencenainiri  TopOuenik oHrimenepacH
JKETKUTIKCI3 MEKTEN HOTHXKECIHC ICHCAYIBIK  apTKaH JKaFJaiaa oKy  KeiliH 3 JIeHCayJIbIFbIHA

JKaChIH/IAFEI OanamapIplH Typajbl OUTIMHIH apTybl  CallachIHBIH JKaKCapybl JKayarKepIIiTiK
yueci KAJIBINTACKAH OKYIIbLIAP

Cypem 2. Tapbue xyMbICmMapbl apKbl/ibl Canayamma! 6mMip CaIMbIH KA/biNMAcmbIpyaa KambICMbl
CMAamucmuKasbiK Kepcemkiwimep

fblIbIMU-Ne0a202uKkasibik a0ebuemmepoe MyaasaiMm myi2acbl 6acmaybil CbiHbIN OKYWbLIAPbI YULiH
MAaHbI30bl ©He2esliK Y72l pemiHOe Kapacmbipbliaodbl. bacmaybiu Mekmen XdacbiHoa 6ananap
epecekmepOiH MIHe3-KYJIKbIHA, KAPbIM-KAMbIHACLIHA Y(OHE 6MIp CaimbIHA eslikmey dpKbiJibl
aneymemmik maxcipuberi meHeepedi. OcCbl Mypabioa MY2AJIMHIH XYeke MyJasbiK Kacuemmepi,
OeHcay/bIKKa 0e2eH Ke3Kapachl MoHe KYHOesikmi ic-apekemi OKYWbl1apobiH Canayammsl 6Mmip
CaIMmbIHAa KambICMbl YCMAHbIMOAPbIHbIH KAJIbINMACybiHa mikesaed biknaa emeodi [3]. [Ncuxonoeusisibik-
neodazo2uKkasbIK 3epmmeyaepoe MY2asiMHIH Xeke yazici apkbiibl 6epinemiH maepbueHiH muimoiniai
epekwie aman eminedi. FaabiMoapobiH NIKIpIHWE, MYRANIMHIH Caaayammasl emMip CalmblH YCMAaHysbl,
besiceHOi eMip/IiK NO3UYUSICb! XCOHe Xayanmbl MiHe3-KWIKbl OKYWbIapdad O0eHcay/ibikmbl Cakmay
Kaxcemmisizi mypasbl CaHasbl MYCIHIK Kaabinmacmeipaosl [9]. MyHoad yneinik biknasa 6acmaybiw
CbIHbIN OKYWbLIAPb! YWiH Mapbuesiik aHziMmenep MeH HycKay1apaa KapasaHoa andekatoa acepsi 60/bin
mabbinaosi [8].

MyzanimHiH eHeesik yiei pemiHoeai MaHbi3bl OHbIH OKYWbIIAPMEH KapbiM-KambIHAC MadeHuemi
apKkblaibl  0a alKbIHOAAOkI. FblibIMU  eHbekmepoe MY2aniMHIH CbIUIAaCmbIKKA, KO0/10ayad XaHe
bIHMbIMAKMACMbIKKA He2i30esieeH KapbIM-KAMbIHACL!  OKYWbIIAPObIH 3MOYUOHA/IObIK, — Cay/lblablH
Cakmayaa xcoHe 3asbiMObl NCUXOI02US/IbIK axXyasl KaibINMAacmabipyad bIKNaa ememiHi kepcemineoi [8].
AmanzaH olnapobl KopbimbiHOal Kene mbiHadald mydiH xcacayaa 60s1a0bl, My2asiMm mya2ackbiHbiH
eHezeniK ynei pemiHoeai bIkNAsbl 6acmaybiu CbiHbIN OKYWbIIAPbIHLIH CA/ayammbl eMip CaambiH
KaabinmMacmabipyobiH MaHbI30bI pakmops! 60/1bin mabbinadsi [7] (Cypem 3).
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Cypem 3. Myaanim myn2acbiHbiH 6He2esiK yiei pemiHoe2i MaHbi3bl

bacmaybitu  MeKkmen  XdacbiHOdabl  OKYWbLIAPObIH — XAC — MHaHe  NCUXOPU3UOI02US/IbIK
epeKuiesiikmepiH eckepy caaayammal emip CaimbiH Ka/IbINMAcmaeipy2a 6az6immaseaq neoazo2ukasibik
HCYMbICMAPObIH MuiMOisii2iH apmmaeipadbl. FbiibiMu - 3epmmeyaepoe by xacmaasi 6ananapobiH
3eliHiHIH mypakcbi30biabl, KO32AJIbICKA 0e2eH XO2dpbl KAMXemmisi2i ¥aHe 3MOUUS/IbIK aceprepee
belimoinizi aman kepceminedi [11]. CoHObIKmMaH MmyeaniMm YUbIMOACMbIPAMBbIH — HCYMbICMAP
OKYWbI/IAPObIH #aC epekwesnikmepiHe cad, Kbi3bIKMbl api Ko/memimoi ¢opmada xcypeizinyi muic.
Medaeoeukasnbik adebuemmepde b6acmaybill CbIHbIN OKYWbLIAPb! YWiH OUbIH, KUMbII-K032A/6ICKA
Heei30esiezeH MAanchipManap mMeH KepHekinikke cyleHeeH adicmepdiH muimoiniei danendeHzeH. MyHdal
HCYMbICMAP OKYWbIAPObIH OKY apeKemiHe 0e2eH Kbi3bI2YUWbl/bIabIH APMMbIPbIN KAHA Kodmad, 0s1apobiH
PUBUKAIbIK HCAHE NCUXUKAIbIK Cay/iblabIH cakmayaa biknas emeoi [9]. OzaH Koca, yac epekwenikmepoi
eckepe ombipbin  YUbIMOACMbIPbIIRAH MapbUesiK HYMbICMApP OKyWbIIapobiH Caadyammsbl eMip
canmseiHa Kamsicmel 6inimMoi caHaibl mypoe KabbidaybiHa MymMKiHOIK 6epedi [10].

fanbiMoapobiH nikipiHwe, 6bacmaybiu MeKmen XAachiHOa MCypei3inemiH canayammsl emip
canmabiHa 6azbimmasngaq xcymbicmap xcyleni api 6ipi3oi 60/1ybi Kax}em. Myaaiim oKywbiapobiH #ac
epekwesikmepiHe calikec KyH mapmibiH cakmay, Ko32asbic besceHoinieiH apmmabipy, 0emMasbiC NeH
eHbekmiH ylnecimiH KaMmamacsiz emyae 6azbImmangaq #ymMmbicmapobi YibiMoacmasipybi muic [8, 12].
MyHdal macindep oKywblAapobiH O0eHCay/ibikka 0e2eH XayankepwijiiciH — Kaabinmacmabipbin,
canayammai eMip CanambiH MYI2AJIbIK KYHObLIbIK pemiHoe KabbiidaybiHa biknasa emedi [13] (Cypem 4).
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Cypem 4. Xac epekwenikmepdi eckepe ombipbin YUbiIMOACMbIPbIIAMbIH HCYMbICMAp

Tankbinay

fblIbIMU-Ne0azo2ukanblK, — adebuemmepze  xypeizineed — manoay — bacmaybi  CbIHbIN
OKYWbIIAPbIHbIH CAnayammasl eMip CaimbiH KaJbiNMACMbIpy MaceseciHe apHasnzaH 3epmmeyiepoe
b6ipkamap opmak, abiibIMU MYXbIPbIMOApPObIH 6ap ekeHiH Kepcemeodi. KenmeeeH OmaHobiK XaHe
wemesnoik 2asibimoap bacmaybiw Mekmen XackiH 6a1aHbiH 0eHCay/ibiKkKa KambICMbl KYHObLIbIKMAPbI
MeH eMip Ca/IMbIHbIH Heai3i KanaHamasiH wewywi KeseH pemiHoe Kkapacmeipaodsi [7, 14]. byn mypabioa
canayammal emip CaambiH KAabiNMAacmsipyobiH muimoiiiei epme xacmaH bacmanybl Kaxemmizi
ablibiMu  eHbekmepde 6ipoeli O0apexcede MolbiHOAnaosbl. 3epmmeyiepdi CasbICMbIPMAsasbl masaday
bapbicbiHOa bipkamap albipMawblibiIKmap 0d aHbikmanaosl. Kelbip asmopnap canayamms! emip
CanmebIH  KaabINMACMbIpYOblH Hezi32i memi2i pemiHOoe oKy yoepiciH OeHcay/bikka 6azbimman
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ylbiMOacmeIpyobl asnea mapmeca, backa sepmmeyaepoe mapbue *yMbiCmapbl MeH MY2AiMHIH Jeke
yneiciHe 6acbimobiK  bepinedi [15]. byn aleipmawsiibikmap 3epmmeysiepoid  20iCHamMasbik,
YCMAHbIMOApb! MeH KapacmabIpblIambiH dCNekminepiHiH apmypinicimeH myciHoipineoi.

Bipkamap abiibiMu eHbekmepoe casayammbl emMip CaimbiH KAbINMACMbIpy Maceneci KeuweHoi
mypabioa Kapacmelpblsibin, OKY yoepici, mapbue 3YMbICMAapb! *oHe MY2aniM MYa2AckbiHbIH 6He2esiK
bIKNA/Ibl ©3apa Mmbiabi3 6al/IaHbICMa Xcy3e2e ackipbiiybl Muic ekeHi aman kepceminedi [3]. byn
MYXHBIPLIMOAP MY2ANiMHIH 6acmaybill CbIHbIN OKYWbIIAPbIHbIH 0eHCAY/IbiabIH CAKmMayodabl PesliHiH
KenKbIp/ibl cunamasiH alKkbiHOAUOb!. fFblbiMu eHbekmepdi manday Hamuxenepi My2aaimHiH bacmaybiu
CbIHbIN  OKYWbIIAPbIHLIH CAAayammabl eMIip CAambIH KAJbINMACmbIpyoadabl PesliHiH Mmeopusi/ibik
mypablOaH Hezizo0eneeHiH Kepcemedi. [1e0a2o2uKkasbikK HaHe NCUX0JI02US/IbIK 3epmmeyiepoe Myadsiim
mys1eackl 6a1aHbIH MiHE3-KYJIKbIHA, KYHObIILIKMAp #cyUeciHe 3aHe emip CanimbiHa acep ememiH Hezis2l
aneymemmik ¢GakmopsapobiH 6ipi pemiHoe Kapacmeipbiiadsi [16]. Scipece bacmaybii mekmen
JHACbIHOA MY2aliMHIH Mapbuestik bIKNAaJibl epeKkule MaHee ue.

Teopus/ibiK mypabIOaH aneaHoa, MyaaaiMmHIH caiayammbl ©Mip Ca/IMbiH KAJbINMACMbIpyodabl peJii
mys2asa 6asbimmanzaH *oHe KyHObIIbIKKA Hezi30e/neeH nedazo2uka KaauoaadpbimeH myciHOipineoi.
FblIbIMU eHbekmepoe MyaaliMHIH 3eKe y/i2ici, Kacibu Ky3bipemmisiiel #aHe OKYWbI/IapMeH OpHAMamabiH
KapbIM-KambIHAc —~ MadeHuemi  canayammsl  ©Mip  CalmbiHa 0e2eH  CaHa/bl  Ke3KapacmbiH
KaabiNMacybiHbIH Hezi3i pemiHoe alkbiHOanaos! [17]. byl myx#bipbiMOap MyaaniMHiH 0eHCayibiK cakmay
6azbimbiHOaabl Ne0a2o2UKA/IbIK bIKNAJIbIHbIH MeopUSs/IbIK Heai3iH Kypalosbl.

CoHbIMeH Kamap 0eHcay/ibiK cakmay neoazo2ukack! MypabICbiIHaH MY2AJIMHIH OKY XaHe mapbue
yoepiciH OKYWbIIApObIH #AC epekwesikmepiHe calkec YUbiMOacmbipybl 071apObIH GUIUKAIBbIK HOHEe
NCUXO/I02UAJIbIK, CAY/IbIabIH KAMMAamMAachi3 emyoiH MaHbI30b! WAPMbl pemiHoe Kapacmabipbiiaodbl. MyHoad
MeopUS/IbIK MYXCbIPbIMOAP MYRAJIIMHIH Kacibu Kbi3Memi MeH myJieasibiK KacuemmepiHiH 6ipiei
cazaayammal emip CaimabiH KAbINMAacmaipyobiH muimoi ¢gakmopb! ekeHiH 0anendedoi [18].

Kazipei bacmaybiw 6inim 6epy maxcipubeciHoe oKywbi1apobiH 0eHCay/ibiabiH CAKMay MeH Hbizalmy
maceneci 6i1im 6epy MasmyHbIHbIH MaHbI30bl 6azbimmapkiHbiH 6ipi pemiHoe Kapacmabipbiayod. fbiibiMu
eHbekmepde 3amaHayu 6inim 6epy xcydeciHiH b6acmsi MiHOemmepiHiH 6ipi  OKyWb1apobiH OKY
JemicmikmepiH apmmabipyMmeH Kamap, 0/dpobiH (U3UKAJIBIK XCoHe NCUXO02US/IbIK CayJiblablH
Kkammamaceiz emy ekeHi aman kepceminedi [19]. Ocbl mypabidoa 6acmaybiul Mekmenme casayamma|
eMIp CanmabiH KaabiNmMacmaipyaa 6asbimmasngaq neoazoeukasibik macindepee 0e2eH Kbi3bIRYUIbI/TbIK
apmasin omaip.

ledazozukasnbik 3epmmeyaepoe Kasipei bacmaybiw 6i1im 6epy maxcipubeciHoe deHcay/ibiK cakmay
MexHO102Us/1apbIH KO10aHY0bIH MAHbI3bI epeKule Kepceminedi. aibiMoapobiH NiKipiHWe, oKy yoepiciHoe
cepaimy commepiH, K032a/1bICKA He2i30e/12eH ManchipMaaapobl #aHe olbiH MexXHOA02UAIAPbIH KO0aHY
OKYWbIIAapObIH WapwaybiH asaldmasin, OKYy MOMUBAUUSCHIH dpMmbIpyaa biknaa emeodi [20, 21]. byn
macinoep oKYWbIapObiH #AcC epekwesikmepiH eckepe ombipbin YibiIMOACMbIPbLI2AH #azdalda 2aHa
muimoi Homude bepeoi.

CoHbimeH kamap Kasipei 6inim 6epy maxcipubeciHoe MyaanimHiH Kacibu pesii KeHedin, o1 mek 6isim
bepywi aaHa emec, CoHbiMeH bipee OeHcay/ibIkmbl cakmayza b6azbimmanzaH maopbuesik yoepicmiH
YUbIMOACMbIpyWbICbl pemiHoe Kapacmelpbiidobl. FbiibiMu eHbekmepoe MyeasiiMHIH 3 eKe Mmy/I2abiK
y12iCi, OKYWblIApMeH 0OpHAMAMbIH KAPbIM-KAMbIHACh! #(AHE NCUXO02US/IbIK MYpPabIOaH Kayinciz opma
KanbIinmacmasipybl  6acmaybitl  CbIHbIN  OKYWbLIAPbIHbIH — CAnayammbl  eMip  CAlmbIHA — Oe2eH
Ke3KapdacbIHbIH KA/IbINMACybIHa Mikesaed acep ememiHi aman eminedi [22].

Kazipei bacmaybiw 6inim 6epy maxcipubeciHe apHanzaH 3epmmeyepoe Mekmen neH ombackiHbIH
©3apa bIKkNas0acmsiabl 0a MAHbI30b! pakmop pemiHoe Kepcemineoi. fanbimoapobiH NiKipiHWe, Myaasim
MeH ama-aHaHbIH bipieckeH apekemi OKyWbl1apOblH 0eHCAy/IbIKKA KambICMbl 0a20bi1apbiH 6eKimin,
cazaayammel emip CaimbiH MYPAKkMbl KYHObIIbIK pemiHoe Kasabinmacmsipyaa MyMKiHOIK 6epedi [23].
by kazipei 6inim 6epy maxcipubeciHoe canayammebl ©Mip CaIMbiH KAbINMAcmbipyObiH KeweHoi macisiH
masan emeoi.

KopbimbiHObI

KopbimbIHObIIAU  Kesie, Xcypei3ifieeH  &blibIMU-Nneoazoeukasblk aoebuemmepoi X aH-3#aKkms!
masnoay 6acmaybiul CbIHbIN OKYWbIIAPbIHbIH CA/IAYyammbl eMip CA/IMbIH KAabiINMAcmabipy yoepiciHoe
MYRAJTIMHIH XYemeKwi pes1 amKkapamaiHbIH alKbiH Kepcemmi. bacmaybiw mekmen XazoalibIiHOa My2asim
MeK OKY MA3MyHbIH }EemKI3yWi emec, COHbIMEeH Kamap OKyWbl1apobiH 0eHCay/bIKKa 0e2eH Ke3KapdchiH,
eMip CasIMbIHA KaMbICMbl 20emmepi MeH KYHObIIbIKMApbIH KA/IbINMACMbIPAMbIH Heei3ei mys2a 60/1bin
mabskinadsl. Canayamms! eMip CambIH KAabiNMAcmabipyobiH MUuimMoiniiei My2animMHiH OKy-mapbue
yoepiciH MaKkcammeai, 3#cylesi ¥aHe abl/ibiMu He2i3oe YibIMOacmabipybiMeH Mbiabi3 6alaHbICMbI. FbiibIMU
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eHbekmepOe bacmaybiw MeKkmen Xackl Mapbuesiik bIKNaa YuliH aca MaHbi30bl Ke3eH pemiHoe epeKkuue
aman emineodi. bys Ke3eHOe 6anaHbiH GU3UOI02UALIK, NCUXOJIO2USIbIK HOHE a/eyMemmikK 0amybl
KapKbIHObI XCypin, OHbIH 60/1aWak emip caimbiHbiH He2i3i KanaHaodsl. COHObIKMAaH 6acmaybiu Xacma
YUbIMOAcmbIpblIambiH MapOUeHiH Ma3mMyHb! 6A/IaHbIH XAC epekwesikmepiH ecKepe ombipbin KYpPbiybl
muic. [lan ockbl Ke3eHoe My2asiMHIH Nedaz2o2uKkasbiK bIKNAJbl APKbiibl OKYUIbLIAPObIH 0eHCay/1biIkmb!
cakmay meH Hblealmyaa 6agpimmaneaH CaHasabl KAMbIHACk! Kaibinmacaobl. ddebuemmepdi masoay
MYRAJIIMHIH KaCibu XaHe my/i2asbiK KacuemmepiHiH OKyWbl1apobliH 0eHCay/IbIKKa 0e2eH Ke3KapachiH
Kasabinmacmasipyoa Maybi30bl pakmop 6016in mabbiiamasiHbIH Kepcemeoi. My2aniMHIH XeKe yi2ici, emip
Canmsl, KapbIM-KAMbIHAC MadeHUemi XeHe Kacibu xcayankepuwliiiei 6acmaybiul CbiHbIN OKYWbIIApbk!
YWiiH mapbuesik bIKkNaaobiH eH acepsi KypanoapbiHbiH 6ipi 60/1bin caHanaobl. MyaanimHiH 0eHcayibIkKa
KamsbICMbl  KYHObIIbIKMAPOb! 63/ YCMAHybl OKYWbkIIAPObIH Ccaaayammel emip CaimbiH  eMipJiiK
Kaxcemmisik pemiHoe KabbladaybIHa bikna emeoi.

Kazipei 6acmaybiw 6iniMm 6epy maxcipubeciHoe canayammsl eMip CalImbiH KabiINMAcmabipy
maceneci KeweHOi nedazo2ukasbiK MiHOem pemiHoe Kapacmabipblaybl Kaxem. bya yoepic oKy
yoepiciHoeai deHcaysibiIkka 6aabimmanzaH NedazoeuKkasbiK bIKNAIMeH, mapbue HYMbICMAapb! apKbl/bl
HCYp2i3inemiH Xcydeni HacuxamneH, MyaasiiMm Mys2acbIHbIH OHe2esliK Y/12ICIMeH 3aHe OKYWblIapOblH #ac
epeKwiesnikmepiH eckepymeH mbiabi3  6alIaHbICMA  Xy3e2e  dacbipbllybl muic. MyaaniMm — ocbl
6aabimmapobi{ 6apsibiebiH  bipikmipe ombipbin, 6acmaybiul CbIHbIN OKYWIbIIAPbIHbIH 0eHCay ibIK
MadeHUemiH Kaibinmacmsipyaa xagoal xacadobl. bacmaybiw CbiHbIN OKYWbIIAPbIHbIH Ca1ayammab|
eMip Ca/simbiH KAJbiINMacmaipyodabl MyaasiiMHIH Pesii MeopusiibiK MypablOaH X aH-3#aKkmbl Heai3oesin,
OHbIH Kasipei 6inim b6epy xcyleciHoe2i MaHbI30bl/biabl alKbiHOAaobl. MyaanimHiH Kacibu 0asip/ibiabl MeH
MY2AbIK a71€yemiH apmmaipy 6acmaybiul Mekmenme casidayammabl eMip Ca/iMbIH KAJIbINMACMbIpyObIH
Hezi32i Nedazo2ukasbiK wWapmmapbiHbiH 6ipi 60/1bin Mabkiiadkl 3caHe by bazbimmasbl 3#YMbICMapob!
00aH api xemindipy Kasipei 6inim bepy xcydeciHiH e3ekmi miHoemmepiHiH 6ipi pemiHoe Kapacmaipbi/lybl
muic.
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Abstract

The rapid advancement of Information and Communication Technologies (ICT) has fundamentally
reshaped educational systems worldwide. Among these developments, Artificial Intelligence (Al) has
emerged as one of the most transformative forces, influencing teaching methodologies, assessment mod-
els, institutional management, and research practices. This thesis examines the structural impact of Al
integration in education, evaluating both its pedagogical advantages and systemic risks. While Al-driven
systems enhance personalization, efficiency, and data-informed decision-making, they simultaneously
raise concerns regarding academic integrity, algorithmic bias, data protection, and the evolving role of
educators. Drawing on contemporary research and policy frameworks, this study argues that sustainable
Al integration requires a balanced governance model grounded in transparency, ethical accountability,
and institutional regulation. The findings indicate that Al can significantly improve learning outcomes
when deployed within a clearly defined ethical and legal framework.

Keywords: Artificial Intelligence (Al); Information and Communication Technologies (ICT); Educa-
tional Technology; Personalized Learning; Academic Integrity; Algorithmic Bias; Data Privacy; Al Govern-
ance; Digital Transformation in Education; Adaptive Learning Systems.

Introduction

The digital transformation of education has accelerated dramatically over the last decade, partic-
ularly following the global disruptions caused by the COVID-19 pandemic. During this period, Information
and Communication Technologies (ICT) shifted from being supportive instructional tools to becoming the
structural backbone of educational continuity. Remote learning platforms, cloud-based collaboration
systems, and digital assessment environments became central to institutional survival. According to
UNESCO (2021), the pandemic forced an unprecedented global experiment in technology-mediated ed-
ucation, affecting over 1.6 billion learners worldwide. This transition not only normalized digital plat-
forms but also intensified the demand for intelligent systems capable of supporting large-scale, adaptive,
and data-driven learning environments.

Within this broader transformation, Artificial Intelligence (Al) has assumed a central and strategic
role. Originally conceptualized as a field of computer science concerned with simulating intelligent be-
havior in machines (Russell & Norvig, 2021), Al has evolved into a multidisciplinary domain influencing
economics, healthcare, governance, and increasingly, education. Scholars define Al in education as the
application of machine learning, natural language processing, and predictive analytics to enhance learn-
ing processes and institutional decision-making (Holmes et al., 2019). Unlike earlier educational technol-
ogies that primarily digitized existing practices, Al introduces autonomous decision-making capabilities
into instructional design and evaluation systems.

The term “Artificial Intelligence” was first formally introduced by John McCarthy in 1956, marking
the beginning of a research trajectory that has evolved from symbolic reasoning models to advanced
neural networks. What was once confined to theoretical laboratories has now become embedded in eve-
ryday educational tools. In recent years, institutions such as OpenAl, along with technology corporations
like Google and Microsoft, have developed Al systems that are increasingly integrated into learning man-
agement systems, digital classrooms, and research environments. Generative tools such as ChatGPT have
entered classrooms and academic workflows, reshaping how students draft essays, conduct literature
reviews, and conceptualize research problems.

Empirical studies suggest that Al-supported adaptive learning systems can improve student en-
gagement and performance by tailoring instructional content to individual needs (Luckin et al.,, 2016).
Similarly, predictive analytics models are being used to identify students at academic risk, enabling early
intervention strategies (Siemens & Baker, 2012). These developments indicate that Al is not merely au-
tomating tasks; it is restructuring pedagogical logic through algorithmic personalization and real-time
data interpretation.
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However, the integration of Al in education is not merely a technological enhancement; it repre-
sents a paradigmatic shift in knowledge production, evaluation mechanisms, and pedagogical philoso-
phy. Education has traditionally relied on human judgment, dialogical interaction, and interpretive rea-
soning. The introduction of algorithmic systems into these domains challenges long-standing assump-
tions about authorship, intellectual autonomy, and epistemic authority. As Selwyn (2019) argues, the
growing reliance on data-driven technologies risks redefining education according to measurable outputs
rather than holistic intellectual development.

This transformation therefore raises fundamental questions. Does Al enhance educational quality
by increasing accessibility, efficiency, and personalization? Or does it risk undermining critical thinking,
originality, and academic authenticity? Can institutions requlate Al effectively without stifling innovation
and technological progress? And most importantly, how can educational systems maintain human-cen-
tered values within increasingly automated environments?

Addressing these questions requires a comprehensive and interdisciplinary examination of both
opportunities and systemic risks. It demands not only technical evaluation but also ethical reflection,
policy analysis, and pedagogical reconsideration. Al’s influence on education is neither inherently benefi-
cial nor inherently harmful; its long-term impact will depend on governance structures, institutional re-
sponsibility, and the extent to which human oversight remains central in the learning process.Artificial
Intelligence as a Pedagogical Infrastructure

Al-driven systems have significantly advanced personalized learning. Adaptive learning platforms
analyze learner behavior, performance metrics, and engagement patterns to tailor instructional content.
Research indicates that personalized feedback mechanisms can improve retention rates and conceptual
understanding (Holmes et al., 2019). Unlike traditional one-size-fits-all curricula, Al systems adjust task
complexity dynamically, enabling students to progress at their own pace.

Moreover, automated assessment systems have optimized grading efficiency. Machine learning al-
gorithms can evaluate multiple-choice tests, short responses, and increasingly complex written texts.
Studies demonstrate that Al-assisted grading can reduce teacher workload while maintaining acceptable
reliability levels (Luckin et al., 2016). Nevertheless, concerns remain regarding transparency in algorith-
mic decision-making and the possibility of embedded bias.

Al also contributes to institutional management. Predictive analytics models identify students at
risk of academic failure by analyzing attendance records, performance trends, and engagement data.
Early intervention systems, supported by Al, allow universities to implement timely academic counseling
strategies. From an administrative perspective, Al enhances strategic planning by transforming raw edu-
cational data into actionable insights.

However, the integration of Al into pedagogical infrastructure changes the epistemological foun-
dation of education. The educator’s role evolves from knowledge transmitter to facilitator and critical
moderator. This transformation requires substantial digital literacy training and pedagogical adaptation.

Academic Integrity and Cognitive Development

One of the most controversial implications of Al integration concerns academic integrity. Genera-
tive Al tools can produce essays, research proposals, and analytical summaries within seconds. While
these tools can assist brainstorming and language refinement, they also create opportunities for aca-
demic misconduct.

Research on academic dishonesty suggests that technological convenience increases the tempta-
tion to bypass authentic cognitive effort (Bretag et al., 2019). If students rely excessively on Al-generated
content, the development of higher-order thinking skills may be compromised. Critical thinking, argu-
ment construction, and methodological reasoning require intellectual engagement that cannot be out-
sourced without long-term cognitive consequences.

Furthermore, plagiarism detection systems face new challenges. Traditional detection software
identifies textual similarity, but Al-generated content may be original in structure while lacking genuine
intellectual ownership. This creates a conceptual dilemma: Should Al-assisted writing be considered col-
laboration, tool usage, or misconduct?

To address these challenges, institutions must redefine academic integrity policies. Rather than
prohibiting Al entirely, universities should promote transparent usage guidelines and require disclosure
of Al assistance in academic submissions.

Data Protection, Algorithmic Bias, and Ethical Accountability

Al systems depend on extensive data collection. Student performance metrics, behavioral analytics,
and personal identifiers are processed to generate predictive models. This raises significant privacy
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concerns. Educational institutions must ensure compliance with data protection standards and ethical
data governance frameworks.

Algorithmic bias presents another structural risk. If training datasets contain demographic imbal-
ances, predictive models may produce discriminatory outcomes. Research shows that biased algorithms
can unintentionally disadvantage minority groups (O’Neil, 2016). In educational contexts, such bias could
affect scholarship allocation, admissions predictions, or performance assessments.

Policy initiatives have begun to address these concerns. The European Union’s Artificial Intelligence
Act introduces a risk-based regulatory framework that categorizes Al systems according to their societal
impact. Educational Al applications may fall into higher-risk categories, requiring transparency obliga-
tions and human oversight.

Ethical accountability must therefore be embedded at multiple levels:

Transparent algorithmic design

Independent auditing mechanisms

Human supervision in high-stakes decisions

Without these safequards, Al risks reinforcing structural inequalities rather than mitigating them.

Toward a Responsible Integration Model

A sustainable Al integration strategy in education requires a multidimensional framework combin-
ing technological innovation with governance mechanisms. First, institutions should implement Al liter-
acy programs for both educators and students. Understanding how algorithms function reduces blind
reliance and encourages critical engagement.

Second, hybrid evaluation models should be adopted. Combining Al-assisted assessment with hu-
man review ensures efficiency without sacrificing contextual judgment.

Third, institutional policies must define acceptable Al usage in academic work. Clear disclosure
requirements can normalize responsible assistance while discouraging hidden dependency.

Finally, research-based monitoring systems should continuously evaluate Al’s impact on learning
outcomes. Empirical studies comparing Al-supported and traditional learning environments can provide
data-driven insights into long-term cognitive effects.

Conclusion

Artificial Intelligence represents one of the most influential ICT developments shaping contempo-
rary education. Its capacity to personalize learning, automate evaluation, optimize institutional manage-
ment, and generate real-time analytical insights offers undeniable advantages. By enabling adaptive
learning environments and data-driven decision-making, Al has the potential to increase efficiency, re-
duce administrative burden, and support more inclusive educational models. In many contexts, it also
expands access to high-quality resources, particularly for geographically or socioeconomically disadvan-
taged learners.

However, these benefits coexist with systemic and structural risks. Issues related to academic in-
tegrity, data protection, algorithmic bias, and excessive technological dependence cannot be treated as
secondary concerns. If left unregulated, Al systems may inadvertently reinforce inequalities, weaken crit-
ical thinking skills, and shift educational priorities from intellectual development to performance optimi-
zation. The growing use of generative systems such as ChatGPT demonstrates how rapidly Al tools can
influence academic practices, often outpacing institutional policy adaptation.

This thesis argues that the future of Al in education depends not solely on technological sophisti-
cation, but fundamentally on governance quality. Ethical regulation, procedural transparency, institu-
tional accountability, and continuous human oversight must accompany technological integration. Reg-
ulatory frameworks such as the European Union’s Artificial Intelligence Act illustrate an emerging recog-
nition that Al systems require risk-based supervision, particularly in high-impact domains like education.

Importantly, Al should function as an augmentative instrument rather than a substitute for human
intellectual agency. Education is not merely a process of information delivery; it is a formative space
where reasoning, creativity, ethical judgment, and social responsibility are cultivated. These dimensions
cannot be automated without altering the essence of learning itself. Therefore, Al must support educa-
tors and learners, not replace their cognitive engagement.

When embedded within a structured ethical and legal framework, Al has the potential to enhance
educational quality, equity, and accessibility on a global scale. It can strengthen institutional resilience,
promote innovative pedagogies, and foster more responsive learning ecosystems. Without such safe-
guards, however, Al may undermine the very principles education seeks to protect: critical reasoning,
fairness, intellectual autonomy, and human-centered development.



V INTERNATIONAL SCIENTIFIC CONFERENCE. LISBON. PORTUGAL. 17-18.02.2026

The long-term sustainability of Al in education will ultimately depend on achieving a careful bal-
ance—leveraging technological innovation while preserving the normative foundations of academic life.
Only through this equilibrium can Al become a transformative force that advances, rather than compro-
mises, the mission of education.
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Abstract

The internationalization of higher education has strengthened the demand for foreign language
teachers who are capable of context-sensitive and culturally appropriate communication. Within profes-
sional training, sociolinguistic competence constitutes a significant component of professional compe-
tence, as it regulates language use in accordance with social norms, pragmatic conventions, and institu-
tional roles. Nevertheless, its systematic formation in teacher education remains insufficiently struc-
tured.

This study explores the didactical potential of digital authentic materials as a means of developing
the sociolinguistic component of professional competence in future foreign language teachers. The arti-
cle examines how engagement with naturally occurring digital discourse provides exposure to real com-
municative practices, including register variation, discourse conventions, and culturally embedded lan-
guage use. Particular attention is given to the pedagogical mechanisms through which authentic digital
interaction promotes pragmatic awareness, contextual sensitivity, and professional communicative
adaptability.

A structured conceptual framework for integrating digital authentic materials into higher educa-
tion is proposed. The framework is based on staged engagement with authentic discourse and empha-
sizes analytical reflection, contextual application, and reflective consolidation. The study argues that dig-
ital authentic materials should function as a systematic pedagogical instrument rather than supplemen-
tary content, contributing to the formation of sociolinguistically appropriate professional communica-
tion in future foreign language teachers.

Keywords: sociolinguistic competence, authenticity, digital authentic materials (DAM), intercul-
tural discourse, professional competence, foreign language teacher education, context-sensitive commu-
nication.

Introduction

The transformation of higher education under conditions of globalization, digitalization, and in-
tensified intercultural interaction has substantially reshaped the professional profile of foreign language
teachers. Contemporary educational systems require specialists who are capable not only of linguistic
accuracy but also of socially appropriate, context-sensitive, and culturally responsive communication. In
multilingual academic and professional environments, effective interaction depends on the ability to in-
terpret social roles, institutional hierarchies, and culturally embedded discourse conventions. Conse-
quently, the preparation of future foreign language teachers increasingly involves the development of
competences that extend beyond grammatical knowledge toward socially meaningful communication.

Within this context, sociolinguistic competence represents a crucial dimension of professional com-
petence. It requlates language use in accordance with pragmatic norms, register variation, and culturally
conditioned expectations, ensuring that communicative behavior corresponds to specific social contexts.
However, despite its acknowledged importance, the systematic formation of sociolinguistic competence
in teacher education remains insufficiently structured. Research in language pedagogy frequently ad-
dresses authenticity, intercultural communication, and professional competence as related yet separate
domains. Limited attention has been given to the theoretical justification of digital authentic materials
(DAM) as an integrated pedagogical instrument specifically aimed at fostering the sociolinguistic dimen-
sion of professional competence in future teachers. This methodological fragmentation indicates a clear
research gap.
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The aim of this study is to theoretically substantiate the didactical potential of digital authentic
materials as a means of forming the sociolinguistic component of professional competence in future for-
eign language teachers.

To achieve this aim, the study pursues the following objectives:

e to examine the role of sociolinguistic competence within the structure of professional teacher
education;,

e to analyze the pedagogical characteristics of digital authentic discourse in higher education
contexts;

e to identify the didactical mechanisms through which authentic digital interaction supports
sociolinguistically appropriate communication;

e to develop a conceptual framework for the structured integration of digital authentic materials
into teacher training.

Sociolinguistic competence in the structure of professional competence

The emergence of sociolinguistic competence as a distinct construct is closely connected with the
evolution of communicative approaches in language education during the late twentieth century. The
shift from structuralist models of language toward communicative paradigms led to the recognition that
linguistic accuracy alone does not guarantee effective communication. Scholars increasingly emphasized
the social dimension of language use, arguing that communicative success depends on the ability to
adapt discourse to contextual and sociocultural parameters. Consequently, sociolinguistic competence
was conceptualized as an essential component of communicative competence, reflecting the interde-
pendence of language and society.

Historically, the development of sociolinguistic competence is rooted in the understanding that
language functions within specific communities governed by norms of politeness, register conventions,
institutional hierarchies, and culturally embedded expectations. As global mobility and intercultural com-
munication intensified, the relevance of socially appropriate language use became particularly evident in
professional domains, including education. In teacher preparation, the ability to navigate these sociocul-
tural variables became increasingly important, as foreign language teachers operate within diverse aca-
demic, institutional, and intercultural environments.

In order to conceptualize sociolinguistic competence within the structure of professional compe-
tence, it is essential to examine how this construct is defined in contemporary research. Different schol-
ars emphasize complementary aspects of this competence, highlighting its social, pragmatic, and contex-
tual dimensions (see table 1).

Table 1.
Definitions of sociolinguistic competence
Author Definition
Council of Sociolinguistic competence refers to the knowledge and skills required to use language appropriately
Europe in accordance with social conventions, including norms of politeness, register variation, and institutional ex-
pectations [1].
Béresovd Sociolinguistic competence involves the ability to interpret culturally marked expressions and adapt

linguistic choices to social parameters. It operates at the intersection of language and society, determining
not only what can be said, but how, when, and to whom it should be said [2].

McConachy Sociolinguistic competence involves awareness of form—function—context relationships in intercultural
communication, enabling individuals to interpret and produce language in ways that are socially and culturally
appropriate [3].

As reflected in these definitions, sociolinguistic competence consistently involves the alignment of
linguistic choices with contextual and sociocultural variables. It extends beyond structural knowledge
and focuses on the appropriateness of communication within specific social environments. Thus, it medi-
ates between language as a formal system and language as socially embedded practice.

Within the structure of professional competence of future foreign language teachers, sociolinguis-
tic competence performs a regulatory and integrative role. While linguistic competence provides gram-
matical and lexical resources, and methodological competence organizes instructional processes, socio-
linguistic competence determines how these resources are used in real professional contexts. Without it,
communication may remain linguistically accurate yet socially inappropriate.

In teacher education, this component acquires particular significance because professional activity
in the field of foreign language teaching is inherently communicative and socially situated. Future teach-
ers engage in academic discourse, institutional interaction, intercultural dialogue, and classroom com-
munication. In each of these contexts, effectiveness depends not solely on linguistic accuracy but on the
ability to adapt language to contextual and sociocultural parameters.
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Based on contemporary research, sociolinguistic competence within professional teacher educa-
tion may be described through several interrelated components:

1. Register awareness - the ability to adjust linguistic formality and style according to social and
institutional context [1].

2. Pragmatic sensitivity - understanding speech acts, politeness strategies, and implicit meaning
in interaction [3].

3. Sociocultural knowledge - awareness of cultural norms and discourse conventions shaping com-
munication [1].

4. Contextual adaptability - flexible modification of communicative behavior in diverse social en-
vironments [3].

These components collectively ensure that linguistic knowledge is transformed into socially appro-
priate professional interaction. Within foreign language teacher education, they contribute not only to
communicative effectiveness but also to the formation of professional identity and pedagogical credibil-
ity. Therefore, sociolinguistic competence should be regarded as a dynamic and context-dependent di-
mension of professional competence, requiring systematic development within higher education. There-
fore, sociolinguistic competence should be conceptualized as an integral structural element of profes-
sional competence. It transforms linguistic knowledge into socially meaningful professional interaction,
supports the development of communicative credibility, and ensures readiness for authentic engagement
in diverse institutional and intercultural environments.

Digital authentic materials in language education

The concept of authenticity has long occupied a central position in language pedagogy, reflecting
the need to expose learners to naturally occurring language rather than exclusively pedagogically con-
structed input. In contemporary educational contexts, this notion has expanded into the domain of digital
communication, giving rise to the use of digital authentic materials as a means of integrating real-world
discourse into instructional practice. While the term “digital authentic materials” is relatively recent, it is
grounded in earlier theoretical understandings of authenticity in language education.

The following table summarizes representative definitions of authentic materials that form the
conceptual basis for digital authentic resources (see table 2).

Table 2.
Definitions of authentic materials in language education

Author Definition

Gilmore | Authentic materials are texts created by native speakers for real communicative purposes rather than instruc-
tional design, reflecting natural language use in real contexts [4].

Breen Authenticity involves exposure to genuine language use representing real social interaction rather than simplified
pedagogical input [5].

Nunan Authentic materials are spoken or written texts not specifically produced for teaching but used to bring real-
world communication into the classroom [6].

Bé- Authentic materials expose learners to culturally embedded and naturally occurring language patterns, support-
reSovd ing sociocultural understanding [2].

Tomlin- | Authentic input consists of language used in real communicative situations, offering meaningful exposure beyond
son textbook constructions [7].

In digital environments, authenticity is realized through multimodal formats and interactive plat-
forms. Digital authentic materials may include online interviews, podcasts, webinars, news articles, social
media communication, institutional websites, academic discussions, video blogs, and corpus-based data.
Unlike traditional print texts, digital resources are dynamic, multimodal, and frequently updated, provid-
ing learners with immediate access to contemporary discourse.

Several characteristics distinguish DAM from conventional instructional content and explain their
pedagogical value in foreign language teacher education.

First, digital authentic materials reflect natural sociolinguistic variation. Unlike textbook dialogues
that often present standardized and simplified language, authentic digital discourse demonstrates real
register shifts, spontaneous discourse markers, pragmatic softening devices, idiomatic expressions, and
culturally embedded references. Learners are exposed to language as it functions in authentic social con-
texts, including institutional communication, informal interaction, and professional discourse. This expo-
sure develops sensitivity to contextual appropriateness and sociolinguistic nuance.

Second, such materials present language in contextually rich and socially meaningful environ-
ments. Communication is embedded within identifiable social roles, power relations, and communicative
purposes. For example, an academic webinar, an institutional email, or a social media debate illustrates
how language is shaped by audience, hierarchy, and communicative intention. This contextualization
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supports the development of pragmatic awareness and helps learners understand how meaning is nego-
tiated within specific sociocultural frameworks.

Third, DAM are characterized by multimodality. They combine verbal, visual, and auditory ele-
ments, including tone of voice, facial expressions, gestures, layout design, and digital formatting. These
multimodal cues contribute to meaning construction and allow learners to interpret implicit pragmatic
signals that cannot be conveyed through written text alone. As a result, communicative competence de-
velops in a more holistic and socially realistic manner.

Fourth, DAM enable interactive engagement. Online platforms often allow commenting, respond-
ing, sharing, and participation in discourse communities. This interactive dimension transforms learners
from passive recipients of information into active participants in communication. In teacher education,
such engagement fosters professional adaptability and prepares future teachers to navigate authentic
communicative environments.

Together, these characteristics position digital authentic materials as a powerful instrument for
developing sociolinguistic competence within professional training.

Digital authentic materials perform several interrelated didactic functions in foreign language ed-
ucation, particularly in the formation of sociolinguistic competence.

First, they serve an exposure function, providing learners with access to naturally occurring lan-
guage use beyond pedagogically simplified input. Authentic discourse reflects real register variation,
pragmatic conventions, and discourse organization typical of actual communicative settings [8]. This ex-
posure allows learners to observe how language operates within social contexts and professional envi-
ronments.

Second, DAM perform a contextualization function. Language is presented within identifiable com-
municative situations shaped by social roles, institutional norms, and cultural expectations. Such contex-
tual embedding supports the development of sociolinguistic appropriateness and awareness of social
conventions.

Third, they fulfill a pragmatic development function, fostering learners’ ability to interpret speech
acts, politeness strategies, and implicit meanings in discourse. Engagement with authentic interaction
promotes awareness of form—function—context relationships and intercultural dimensions of communi-
cation.

Fourth, DAM carry a motivational and engagement function. Real-world content increases learner
involvement and perceived relevance, as students recognize the authenticity of communicative situations
[7, p. 109].

Finally, in teacher education, digital authentic materials perform a professionalization function.
They prepare future foreign language teachers to navigate authentic academic, institutional, and inter-
cultural discourse, thereby strengthening the sociolinguistic component of professional competence.

Thus, digital authentic materials represent not merely technological tools but structured pedagog-
ical resources capable of fostering context-sensitive and professionally relevant communicative develop-
ment.

Didactic mechanisms of forming the sociolinguistic component through DAM

The formation of the sociolinguistic component of professional competence through digital au-
thentic materials is realized through several interrelated pedagogical mechanisms. These mechanisms
are grounded in the understanding that sociolinguistic competence develops through meaningful en-
gagement with socially situated discourse.

First, DAM ensure contextualized exposure to real communicative practices. Unlike pedagogically
simplified texts, authentic digital discourse reflects natural register variation, politeness conventions,
and institutional communication patterns [8]. Such exposure enables learners to observe how language
functions within specific social roles and communicative settings, thereby fostering awareness of contex-
tual appropriateness.

Second, DAM support analytical reflection on sociocultural meaning. Through guided discourse
analysis, learners examine how linguistic forms correspond to communicative intentions and sociocul-
tural variables. This process strengthens understanding of form—function—context relationships and pro-
motes pragmatic sensitivity in intercultural interaction [3].

Third, digital environments facilitate context-sensitive application. Engagement with authentic
online interaction, such as academic webinars, institutional communication, or social media discourse,
allows future teachers to practice adapting language to audience, hierarchy, and professional context.
This experiential dimension contributes to the development of communicative flexibility and professional
identity.
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Finally, digital authentic materials enhance motivation and engagement, increasing learners’ per-
ception of relevance and authenticity in language learning [7]. As a result, they function not merely as
supplementary resources but as structured pedagogical instruments for cultivating sociolinguistically ap-
propriate professional communication.

Conceptual framework for higher education implementation

The integration of digital authentic materials into higher education requires a structured and the-
oretically grounded framework to ensure systematic development of the sociolinguistic component of
professional competence. The proposed conceptual framework is based on the principle that sociolinguis-
tic competence develops progressively through meaningful engagement with socially situated discourse
and guided pedagogical mediation (see picture 1).

Picture 1.
Staged model for developing the sociolinguistic component through DAM

Analy

Analyzing sociolinguistic patterns

Context-Sensitive Application

Practicing adaptive communication

Contextual Exposure

Reflective

o P Integration
Engaging with authentic digital discoursé

Evaluating communicative
practices

The first stage involves contextual exposure, where students interact with diverse forms of authen-
tic digital discourse, including academic webinars, institutional communication, multimedia interviews,
and professional online discussions. At this stage, learners observe register variation, discourse conven-
tions, and pragmatic strategies in real communicative environments. The primary objective is to develop
sensitivity to contextual norms and sociocultural patterns of language use [8].

The second stage focuses on analytical interpretation. Through structured tasks such as discourse
analysis, comparison of communicative scenarios, and identification of pragmatic markers, students ex-
amine how linguistic forms correspond to social variables, including status relations, professional hierar-
chy, and institutional expectations. This stage strengthens awareness of form—function—context relation-
ships and supports reflective understanding of sociolinguistic appropriateness [3].

The third stage emphasizes context-sensitive application. Students engage in role-based simula-
tions, scenario-based professional tasks, and guided online interaction, requiring them to adapt language
to specific audiences and communicative contexts. This stage operationalizes sociolinguistic competence
in professional practice [7].

Finally, the framework incorporates reflective integration, where learners evaluate their commu-
nicative choices and analyze sociocultural implications of discourse strategies. Such reflection consoli-
dates learning outcomes and supports the formation of professional communicative identity [1].

Through this staged implementation, digital authentic materials become a systematic pedagogical
instrument for developing sociolinguistically appropriate professional communication in future foreign
language teachers.

Conclusion

Sociolinguistic competence constitutes a central and integrative component of professional com-
petence in foreign language teacher education, as it requlates context-sensitive and culturally appropri-
ate communication within academic, institutional, and intercultural environments. The present study has
demonstrated that digital authentic materials provide access to naturally occurring discourse, thereby
creating pedagogically meaningful conditions for the systematic development of sociolinguistic aware-
ness. Through exposure to real register variation, pragmatic conventions, and socially embedded lan-
guage practices, future teachers acquire the ability to align linguistic choices with contextual and profes-
sional demands.

When purposefully and structurally integrated into higher education, digital authentic materials
facilitate not only contextual exposure but also analytical reflection and context-based professional
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application. This staged implementation strengthens the connection between linguistic form and social
function, supporting the formation of communicative flexibility and professional identity. Therefore, dig-
ital authentic discourse should be regarded not as supplementary content but as a structured didactical
mechanism that enhances the sociolinguistic dimension of professional training and contributes to the
preparation of contextually competent and culturally responsive foreign language teachers.
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Abstract

The integration of artificial intelligence (Al) in academic writing is reshaping knowledge production
and authorship practices. While prior research emphasizes efficiency and ethical concerns, less attention
has been given to how Al affects epistemic authority and discursive agency. Using Critical Discourse Anal-
ysis and epistemic stance theory, this study examines Al as a discursive actor, analyzing 12 academic texts
that explicitly disclose Al assistance. Findings reveal that Al redistributes epistemic authority through
epistemic delegation, agency backgrounding, and modulation of certainty, highlighting ideological impli-
cations for knowledge legitimation. This study provides a framework for understanding hybrid human—
Al authorship as a site of negotiation rather than neutral technological assistance (Hyland, 2005, Latour,
2005, Bourdieu, 1991).

Keywords: epistemic authority, discursive agency, Al-mediated writing, academic discourse, critical
discourse analysis

1. Introduction

The rapid integration of artificial intelligence (Al) into academic writing practices represents one
of the most significant transformations in contemporary knowledge production. From grammar correc-
tion and paraphrasing tools to large language models capable of drafting literature reviews and synthe-
sizing arguments, Al systems are increasingly embedded in scholarly workflows. This development has
prompted extensive debates concerning academic integrity, plagiarism, authorship transparency, and
pedagogical adaptation (Bearman, Ryan, & Ajjawi, 2023). However, while much of the existing scholar-
ship focuses on ethical regulation and institutional policy, comparatively limited attention has been paid
to the discursive implications of Al-mediated writing.

Academic writing is not merely a neutral channel for conveying information; it is a socially regu-
lated practice through which knowledge is constructed, legitimized, and circulated. As Foucault (1969)
argues, knowledge and power are inseparable within discursive formations that define what can be said,
who is authorized to speak, and under what conditions statements are recognized as true. In this sense,
epistemic authority is not an inherent quality of individuals or technologies but a product of historically
situated discursive regimes. Academic discourse operates through established conventions—citation,
hedging, evidentiality, and evaluative stance—that function as mechanisms for constructing credibility
and signaling disciplinary alignment (Hyland, 2005, Biber & Finegan, 1989).

These conventions presuppose a human author who can assume responsibility for knowledge
claims. The traditional academic model situates the author as the epistemic agent who synthesizes evi-
dence, interprets findings, and articulates arguments within recognized disciplinary norms. Bourdieu
(1991) conceptualizes such authority as symbolic capital accumulated through institutional recognition
and peer validation. However, the introduction of Al into this system complicates these assumptions. Al-
generated text is produced through probabilistic pattern recognition rather than disciplinary reasoning
or experiential expertise. Yet, when integrated into academic writing, these outputs often conform to
the rhetorical and stylistic conventions that signal epistemic credibility.

This creates a fundamental discursive tension: while institutional frameworks continue to attribute
epistemic responsibility to human authors, the linguistic realization of knowledge claims may increasingly
be shaped by algorithmic systems. As Latour (2005) suggests in Actor-Network Theory, knowledge pro-
duction emerges from networks of both human and non-human actors. Al tools, although lacking inten-
tionality, participate materially and semiotically in the construction of academic texts. Their influence
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becomes visible in patterns of modality, attribution, and stance, raising critical questions about the dis-
tribution of discursive agency.

Furthermore, Al-mediated writing may subtly recalibrate norms of certainty and objectivity. Re-
search on stance and evaluation demonstrates that modality choices—such as hedging versus assertive
predicates—play a crucial role in constructing epistemic positioning (Martin & White, 2005). If Al systems
systematically favor certain linguistic patterns, they may indirectly influence how confidence, neutrality,
and authority are expressed. Such shifts have implications not only for stylistic conventions but also for
broader ideological constructions of knowledge and legitimacy.

Despite the urgency of these concerns, existing studies largely treat Al as a technical instrument
external to discourse rather than as a participant within it (Selwyn, 2014). This instrumental framing
risks obscuring how Al reshapes the very discursive mechanisms through which authority is enacted. Un-
derstanding Al-mediated writing therefore requires moving beyond questions of efficiency and ethics to
examine how epistemic authority is linguistically negotiated in hybrid human—algorithm assemblages.

This study addresses this gap by analyzing Al-mediated academic texts through the lens of Critical
Discourse Analysis and epistemic stance theory. It conceptualizes Al not as an autonomous knower but
as a discursive actor whose presence is constituted through language practices. The central research
questions guiding this study are:

How is epistemic authority discursively constructed in Al-mediated academic writing?

How is discursive agency distributed between human authors and Al systems?

How do modality, stance, and attribution practices shift under algorithmic mediation?

What ideological assumptions about objectivity, responsibility, and knowledge are naturalized in
Al-mediated discourse?

By addressing these questions, the article contributes to discourse studies in three key ways. First,
it extends theories of epistemic authority by examining how authority is redistributed in hybrid authorship
contexts. Second, it offers a discourse-analytic framework for conceptualizing Al as a non-human discur-
sive participant. Third, it foregrounds the ideological dimensions of Al integration in academic writing,
positioning algorithmic mediation as a site of negotiation rather than neutral assistance.

In doing so, the study situates Al-mediated academic writing within broader transformations of
knowledge production in the digital age. Understanding who speaks for knowledge in these contexts is
not merely a technical or ethical issue; it is a fundamentally discursive question that challenges estab-
lished assumptions about authorship, credibility, and accountability in contemporary scholarship.

2. Theoretical Framework

2.1 Epistemic Authority

Epistemic authority is socially and institutionally sanctioned credibility in knowledge production
(Bourdieu, 1991, Jdger, 2024). Academic writers employ stance, hedging, and citation to signal expertise
and align with disciplinary norms (Biber & Finegan, 1989). Al participation disrupts these mechanisms by
generating text without epistemic intent, introducing ambiguity in authority attribution.

2.2 Discursive Agency

Discursive agency is the capacity to influence meaning within texts (Goffman, 1981, van Leeuwen,
2008). Traditionally, authors act as animator, author, and principal. In Al-mediated writing, agency is
distributed: algorithms propose content, but humans curate, edit, and assume responsibility, creating
hybrid forms of authorship.

2.3 Non-Human Actors

Actor-Network Theory (Latour, 2005) frames Al as a non-human participant shaping knowledge
materially and semantically. Its agency is realized through textual effects rather than intentional action,
making hedging, modality, and attribution key sites for observing negotiated authority.

3. Methodology

This study adopts a qualitative research design grounded in Critical Discourse Analysis (CDA) to
examine how epistemic authority and discursive agency are negotiated in Al-mediated academic writing.
The choice of a qualitative approach is justified by the study’s focus on micro-level linguistic features and
their ideological implications. Since epistemic authority is constructed through subtle discursive mecha-
nisms—such as modality, attribution, and stance—it requires interpretive, context-sensitive analysis ra-
ther than purely quantitative measurement (van Dijk, 1997).

Critical Discourse Analysis provides an appropriate analytical framework because it conceptualizes
discourse as a social practice embedded in power relations and institutional structures (Foucault, 1969).
CDA enables the examination of how linguistic forms participate in the reproduction or transformation
of epistemic authority within academic contexts. By foregrounding the relationship between language,
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ideology, and institutional norms, CDA allows this study to move beyond surface-level textual description
toward an analysis of how Al-mediated writing reshapes knowledge legitimation processes (Koller, n.d.).

3.1 Research Design and Rationale

The research design is exploratory and interpretive. Given that Al-mediated academic writing is an
emerging phenomenon, there is limited established methodology specifically tailored to this context.
Therefore, the study integrates insights from stance analysis (Hyland, 2005), appraisal theory (Martin &
White, 2005), and social actor theory (van Leeuwen, 2008) to construct a multi-layered analytical model.

The integration of these approaches ensures theoretical triangulation:

Stance theory allows analysis of epistemic positioning and degrees of certainty.

Appraisal theory provides tools for examining evaluation and alignment.

Social actor representation clarifies how agency is foregrounded or backgrounded.

Actor-Network Theory (Latour, 2005) supports the conceptualization of Al as a non-human partic-
ipant within discourse networks.

This multi-theoretical framework enhances analytical depth and prevents reductionist interpreta-
tions of Al as merely a tool.

3.2 Data Selection and Corpus Construction

The corpus consists of 12 academic texts (approximately 65,000 words) that explicitly disclose the
use of Al tools in drafting, editing, or structuring the manuscript. The inclusion criteria were:

Explicit acknowledgment of Al assistance in the methodology, acknowledgments, or footnotes.

Publication in peer-reviewed journals, preprint platforms, or institutional repositories.

Representation of multiple disciplines (social sciences, linguistics, and education).

English-language academic format adhering to standard scholarly conventions.

The purposive sampling strateqy was selected to ensure analytical relevance rather than statistical
representativeness. Since the research question concerns discursive construction, the presence of explicit
Al disclosure was essential for identifying sites of agency negotiation.

The relatively moderate corpus size allows for in-depth micro-analysis while still enabling cross-
textual comparison to identify recurring discursive patterns.

3.3 Analytical Categories

The analytical framework is structured around three interrelated dimensions:

1. Epistemic Authority Construction

This dimension examines how knowledge claims are linguistically framed. Particular attention is
paid to:

Hedging devices (e.g., may, might, suggests),

Assertive predicates (e.g., demonstrate, confirm),

Citation practices,

Evidentiality markers.

The analysis draws on Biber and Finegan’s (1989) framework for stance marking and Hyland’s
(2005) model of metadiscourse.

2. Discursive Agency Allocation

This dimension investigates how agency is distributed between human authors and Al systems. Lin-
quistic strategies analyzed include:

Active vs. passive constructions,

Agent deletion,

Nominalization,

Strategic acknowledgment of Al tools.

Van Leeuwen’s (2008) social actor framework is used to categorize inclusion, exclusion, and back-
grounding strategies.

3. Modality and Stance Negotiation

This dimension focuses on how certainty, evaluation, and authorial positioning are expressed. Ap-
praisal theory (Martin & White, 2005) informs the examination of engagement and graduation resources
that calibrate epistemic commitment.

These three dimensions collectively enable identification of how epistemic authority is redistrib-
uted and how hybrid authorship is linguistically managed.

3.4 Analytical Procedure

The analysis proceeded in four stages:

Stage 1: Initial Coding

Texts were manually coded for:
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Explicit Al mentions,

Modal verbs and epistemic predicates,

Attribution patterns,

Passive constructions and nominalizations.

Open coding allowed for emergent categories such as “epistemic delegation” and “managed ac-
knowledgment.”

Stage 2: Micro-Level Clause Analysis

Selected sentences were analyzed at clause level to identify:

Agency configuration,

Stance intensity,

Responsibility allocation.

Particular attention was given to sentences where Al involvement was explicitly or implicitly refer-
enced.

Stage 3: Cross-Textual Comparison

Patterns were compared across disciplines to identify:

Recurring discursive strategies,

Variations in hedging norms,

Differences in Al disclosure practices.

Stage 4: Theoretical Interpretation

Findings were interpreted through the integrated theoretical framework, linking linguistic pat-
terns to broader ideological and institutional dynamics.

3.5 Vvalidity, Reliability, and Reflexivity

To enhance methodological rigor, several strategies were employed:

Theoretical triangulation: Multiple discourse frameworks were combined to cross-validate inter-
pretations.

Iterative coding: Categories were refined through repeated reading of the corpus.

Analytical transparency: Coding decisions were documented systematically.

Peer review of interpretations: Selected excerpts were independently reviewed to minimize subjec-
tive bias.

Reflexivity was particularly important given the topic. Since Al tools are themselves part of con-
temporary academic workflows, the researcher maintained transparency regarding analytical proce-
dures and avoided delegating interpretive tasks to Al systems during coding. This precaution ensured that
the analysis remained grounded in human interpretive judgment.

3.6 Ethical Considerations

Ethical principles included:

Respecting authorial anonymity where drafts were unpublished.

Avoiding identification of specific journals or institutions.

Framing findings in a structural and discursive manner rather than evaluating individual authors.

The study does not aim to criticize Al use but to critically examine its discursive implications within
academic knowledge production.

4. Analysis and Results

4.1 Epistemic Delegation

Al-mediated texts frequently assign responsibility to abstract processes rather than explicit au-
thors, allowing epistemic delegation while maintaining credibility. For instance, sentences like “The initial
draft was generated using Al and refined by the author” foreground human oversight while acknowledg-
ing Al contribution.

4.2 Modality Adjustment

Al-assisted formulations favor assertive predicates (e.g., demonstrate) and reduce hedging, en-
hancing perceived certainty (Biber & Finegan, 1989). This subtle recalibration aligns with academic
norms, projecting authority in hybrid authorship.

4.3 Agency Negotiation

Authors strategically background Al using passivization and selective acknowledgment. For exam-
ple, curatorial phrasing positions the human author as decision-maker while Al provides preliminary con-
tent, exemplifying distributed agency (Van Leeuwen, 2008, Latour, 2005).

4.4 Cross-Textual Patterns

Three patterns emerge across disciplines:

Epistemic Delegation: Responsibility assigned to abstract processes.
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Modality Enhancement: Reduction of hedging and increased assertiveness.

Agency Negotiation: Al participation minimized or backgrounded.

These patterns indicate that Al reshapes micro-linguistic mechanisms of authority and credibility
in academic texts.

5. Ideological Implications

Al-mediated writing naturalizes algorithmic authority, normalizing technical outputs as credible
knowledge (Pérez-Urbina, 2025; Mollema, 2025). It redistributes human agency, creating hybrid author-
ship models, and recalibrates disciplinary norms concerning certainty and objectivity. These shifts chal-
lenge conventional assumptions about accountability, evaluative judgment, and authorship legitimacy
(Kelly, 2025, Selwyn, 2014).

6. Conclusion and Future Directions

Al participation in academic writing is not merely technical—it actively reconfigures epistemic au-
thority and discursive agency. By influencing hedging, modality, and attribution, Al shapes knowledge
legitimation and redistributes responsibility across human—algorithm networks.

Future research should explore:

e Longitudinal studies of Al-mediated discourse evolution.

e Comparative cross-disciplinary analyses of authority negotiation.

e Pedagogical and ethical implications for emerging scholars.

Recognizing Al as a discursive actor highlights the social, ideological, and epistemological dimen-
sions of contemporary knowledge production.
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Abstract

Doha Assy (b. 1970, Eqypt) is one of the prominent figures of 2 1st-century Egyptian literature. She
began her literary career writing short stories for periodicals and is the author of story collections such
as «A Cup of Coffee» (2007) and «Supermarket Happiness» (2009). She later transitioned to writing
longer works, and her novels «104 Cairo» (2016) and «French Clouds» (2019) brought her widespread
recognition. In addition to her literary career, she is also active in politics and has served as a member of
the Egyptian Parliament since the 2020 elections.

The main agenda of Doha Assy's work consists of the socio-political realities of Egyptian society,
socio-economic problems, and interreligious and intercultural conflicts.

AHHOmMayus

Jloxa Accu (pod. 1970, Eaunem) — 00Ha u3 BUOHbIX uayp e2unemckol aumepamypsbl XX Beka.
CBOK lUMepamypHyr Kapbepy oHa Ha4asada ¢ HanUCAHUsi pacckazos 0J18 NepuoouYyeckux uzdaHul u 8-
J1I5emcsl aBmopoM Makux cbopHUKOB pacCKa3o8, Kak «Yaweyka koge» (2007) u «E20 Beu4ecmao cynep-
mapkem» (2009). [No3xce oHa nepewna K HanucaHuro bosee obbemMHbIx npou3sedeHul, U ee poOMaHb!
«Kaup 104» (2016) u «®paruyy3ckue obaaka» (2019) npuHecsu el WupoKoe npusHaHue. [omumo aume-
pamypHoU Kapbepbl, OHA MAkxe akmuBHO Y4acmayem 8 NOIUMUKE U SBJISeMCs Y1eHOM e2unemckoz2o
napaameHma c 8bibopos 2020 2oda.

OcHoBHas memamuka msopyecmaa Jloxu Accu — CoyuasibHO-nOUMUYecKue peaauu e2unems-
CKo20 obuwecmad, CoyuaibHO-3KOHoMuYeckue npobiembl, npobsema 2eHOepHo20 HepaseHCmBd, a
MAKMe MeXpesIueu03HbIe U MeXCKY/1bMYypPHbIe KOHGAUKMBI.

Keywords: Arabic literature, Egyptian literature, Doha Assy, gender equality, 104 Cairo, French
clouds

Kmroyesbie cnosa: Apabckas aumepamypa, Eaunemckas iumepamypa, Zjoxa Accu, eeHoepHoe pa-
BeHcmBo, Kaup 104, ®paHuy3ckue obaaka

OO0HUM U3 aBMOPOB, Yb€ UMS BNUCAHO B UCMOPUrO eeunemckod lumepamypsi XXI 8eka, ssisiemcs
Jloxa Mycmaga Accu (1970, Eeunem). B Hacmosuwee Bpems OHA, HApsoy C NPopeccuoHanbHoU
nucamesibCKol 0essmesibHOCMbIo, SIBJISeMCS Makxie Noaumuyeckum desmesieM U 0enymamom
napnamedma Ezunma (no umoezam seibopos 2020 200a).

Jloxa Accu ssnsemcs asmopom c6OpHUKOB pacckazos «Yaweyqka koge» (2007), «E2o Benudecmso
cynepmapkem» (2009), cbopHuka nybauuyucmuyeckux cmamel «Cyod Had Mybapakom» (2012), a makxe
pomaros «Kaup 104» (2016) u «@paHyy3ckue obnaka» (2019) [Assy, 2025].

llucamesnibHUYYy, KOMopas npusHaem, 4mo BOOXHOB/IANACL Hadxubom Maxgyzom (1911-2006)
npu onucaHuu Eeunma u eaunmsaH [[ybposckud, 2024], MoxHO HaAzBams nocaedosamesibHuUuel
pemuHucmckol nucamesbHuUUbl Hagaib ac-Caadasu (193 1-2021) 8 moM CMbIc/ie, YMo OHA NOCMOSAHHO
nooHUMaem BONPOCkI IMAHCUNAUUU YEHWUH B CBOUX Npou3sedeHusiX. DemMuHUCmCcKue HacmpoeHusi
npeobnadarom B8 npouzsedeHusx nucamesbHuUbl «Kaup 104», «Kpacoma Hawe2o Co/iHUa», «Ho4b»,
«Mosi cmpaHa, Kak mbi npekpacHa», «Ceoboda» u 0p. Joxa Accu Kak B8 CBOUX /lUMepamypHbIX
npou3BeoeHuUsIx, Mak u 8 Ny6ULUCMUYeCKUX CMamasx U NOJAUMUYECKUX peyax NOCMOSIHHO BbICMYNdem
30 omMeHy paHHUX 6pakos, NPU3HAHUE NPAs XeHWUH Ha obpazosaHue, mpyo u opyeue BOoNpPOChl
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2eH0epHo20 paseHCcmad, N00YEepKUBAs NPobIeMbl HeHWUH B COBPEMEHHOM e2unemckom obuiecmse u
OMHOWEHUE K HUM B CeMbe.

lepouHu Accu — 3mMo XEeHUUHbI, KOMOpbIe 3HArm CBOU NPAsad U GOCMOUHCMBAd, d MAakxe
NpuIazarom MUHUMYM ycuaud, 4mobbi ux npuHuManu opyeue. OHU — 3Mmo me, KMo 0CO3HAém NoHAmue
c80600bI, cmpemMumcs K Hell u docmuaaem eé. B 3momM OMHOWEHUU UHMepeCeH CHoXem pacckasd
asmopa «CBo600a», NosHbIU 21y60Kux cMbicios [Accu, 2019]: 00Hax b domawHuUl Kom ybezaem u3
doma. MaseHbKas 0eso4Ka youssieHd, Ymo KOm NOKUHY/T 0OM, HECMOMPS HA 8ce yoobcmad, Komopbie
emy npedocmassifg/uck. Xo3alka doma npedcmassisem cebe, 4mo Kom, KOmopbil paHbLe e u cnai,
NOOYUHSIAICb NPUKA3AM, menepb cBOOOOHO 6podum No Yauyam, u OHa NPeKpacHo 3Haem, HAckoJibko 0o-
po2o U becyeHHO 3mo 4yscmso. OOHAKO 0eBoYKA 3MO020 He NOoHUMaem U BOCNPUHUMAEM Kak
npedamesibcmao. XeHUjuHd, KOmopas MHOo20 pd3 CMAaKuBaaacb ¢ NPeoamesibCmBOM, MAKMe
noHUMaem 3mu 4yBCMBA, KOMOopble ee 004Yb UCNbIMbIBAem Bnepsbie. Takum obpa3om, 8 HeKOMopOM
CMbIC/IE OHA CO2/IACHA CO CBOEU 004YEepbHo, KOMOPAs X04em HAKA3amb KOWKY 3d 3mMo npedamesibCmao.
JleticmaumesibHo, npedamesibCmBo 00/1#HO bbimb HakasaHo. Obpaw,as BHUMAaHUe HA 20PbKYH HU3Hb
e2uNemcKUX XeHWUH, CKOBAHHbIX 3anpemamu, asmop 3asepuiaem csol pacckas ¢pasol «H3meHa
domiHa bbimb HAKA3aHa», NOOYepKusas, Ymo 8 O0elicmBUMEeIbHOCMU HAKA3bIBArOMCS He me, Kmo
npedaem, a me, Kmo Bblbupaem c8o600y. Takum 0bpasom, asmop co30aem pPeasucmuyHyro KapmuHy
coyuasnbHo-nosumuYyeckold cumyauuu 8 Eeunme. Credyem ommemums, YMO — e2unemckasl
emuHucmckas nucamesnbHuua Hasan ac-Caadasu makxe NoCMOoSHHO NOOHUMAA 3My memy 8 CBOUX
npousBedeHuUsx, 0bpaulascb K obuecmseHHoOCMU ¢ BONpOcoMm: «[loyemy deHuwuHy 3abusarom KaMmHIMU
00 CMepmu, a MYM*YUHY He HakasbiBarom, Koeda 0b6a 00UHAKOBO BUHOBHbI B nNpeobodesHuUU»
[Anekneposa, 2024; Ac-Caadasu, 1991].

MpoussedeHue nucamesibHUUbl «VIHOU BKYC cMepmu» NOocBAueHo opyeol npobsieme, Komopas
Ce200Hs1 0C0beHHO akmyasbHa Ha Apabckom Bocmoke, — meme Mu2paHmos. Ha npumepe 06pazos cBouUX
2epoes, bez2yuux om Huwems! U 060CHOBbIBArOUWLUXCS B8 0anékol YyxbuHe, [joxa Accu nosecmsyem o
mpazeduu apabckux Mycy/IbMaHCKUX MU2pAaHmMos, KOMOopble U3-3a HeCKOHYaeMbix BOUH, 3K0102U4ecKux
U 3KOHOMUYecKux npobsiem Ha Bocmoke nokudarom pooHble Mecma u Bbibuparom 6ydyuiee 8 HUKYOa.

Pomar Jloxu Accu «DpaHyy3ckue 06/1aKka» MoXHo CHumams YoayHbiM 06pasy,oM UCmMopuYecko2o
poMaHa 8 e2unemckol iumepamype XXI seka, npodos+arowum mpaouyuu apabckozo UCMOopUYecKo2o
pomaHa. Cobbimusi Npou3BedeHUs] pa3BopaquBarOMCcs Ha GoHe pedsibHbIX UCMOPUYEeCKUX cobbimud,
npoucxoduswiux 8 Eaunme 8 koHue XVIIl — Hayane XIX Bekos. [Assy, 2019].

A poman «Kaup 104» [Accu, 2024] MO#CHO HA38amb OOHUM U3 JIy4UWUX NPUMEPOB 2dPMOHUYHO20
nepenJiemeHusi CoBpeMeHHbIX IUMepPamypHbIX meHoeHYyuUl ¢ Kaaccudyeckumu mpaouyuamu. «Kaup 104»
HanomuHaem Kaup Haeuba Maxgysa, Ho 8 bosiee Mpa4yHoM, MPesoXHOM U306pax3ceHuu, cpooHuU Kaupy
AnF an-Acyaru, a 2nasHbit 06pas npou3seoeHus Bbi3biBaem acCouUauyUU ¢ eHCKUMU 2epouHIMU Hasasb
ac-Caadasu.

Cobbimus pomMaHa passopayusaromcs Ha ¢oHe BoUH (apabo-u3pausibckue BolHbI), NOAUMUYECKoU
HanpsxxéHHocmu 8 E2unme, 3abacmoBok, penpecculi U 3KOHOMUYeCcKux pecopm. B 2asepee nepcoHax el
npoussedeHuss nNpeobsadarom HeHcKue 06pasbl: HeCMoOmpsl HA NPUHAONCHHOCMb K  PA3HbIM
COYUA/IbHbIM C/I0SIM, BCE OHU CMAJIKUBAOMCS C OOHUMU U MemMu Xe npobiemamu, cmpadarom om
NampuapxasibHbIx mpaouyud, 20cnodcmByUUX B8 0bLecmae, U CmpemMsmcs om HUX 0cB0600UMBCS.
MucamenbHuya o0bbeouHsem pasiuydHble peasibHble YeHCKue cyobbbl B8 06pdze 2epouHuU No UMeHU
VHWupax.

Hecbbiswascs medma 06 06pdzoBaHuUl, nepexcumsle U3MeHbl U pd304yapoBaHuUsi BBep2arom
MOJ100yH0 0eByWKY B COCMOSHUE 0enpeccuu, Komopoe eé bsuskue BoCNPUHUMArOm KAk KOo/1008CKoe
3aK/IUHaHue. cuxonoeudyeckue mpasmbl 2epOUHU NbIMArMCA U3/IeYUmb He C NOMOWbH MeOUUUHbI, a
NOCcpedCcmBoM 3aKUHAHUU, U NOCIEOHUM «CpedCmBOM», pPA3yMeemcs, CHUMArom 3amyMmecmao. Takum
06pazom, VIHWuUpax 8bixooum 3amyx 3a Hesirobumozo Yyenoseka. OOHAKo CemMelHas Hu3Hb He NPUHOCUM
ell HeHCKo2o cyacmabs. [epouHs, ucnbimbiBarowds Npobemsl B8 OMHOWEHUSX C MyxeM, Bnadaem B
2/1y60KYH 0enpeccuro U BbIXOOUM U3 3MO020 COCMOSHUS MOJIbKO 6/1a200aps MOoMy, YMO Ha4yuHaem
3aHUMAamMbCS 2a0aHueM, Kak eé babywka. Kaxobil pa3 3HaKOMACh C HOBbIMU JIHOObMU, NPUXOOSUUMU K
Hel 3a NOMOWbHO, U NOMO2As1 UM pewams Ux NPobJ1eMbl, OHA C/I0BHO HAYUHAeM OUWYULamb Cebsi HyXcHoU
U CWibHOA.

lepouHs pomMara owywaem cebs c4acmauBol — UMeHHO 3mMo2o u xcesnaem asmop. CoO CMOPOHb!
yes108eK MoXem KazambCsl HeCYACMHbBIM WU Bbi2/II0emb HEYOaYHUKOM, HO 3MO HeBAMHO. BaxHo mo,
ymobbl OH Cam 4yBCMBOBAJ Cebs CHACMJIUBLIM, UEHHBIM U HYXCHbIM. Ye/no8eKk CmaHoBUMCS UeHHbIM,
6y0y4yu xopowum pooumesiem, Macmepom CB0e20 0e/1a UJIU BepHbIM Opy20M. [Toc/iaHue nucamesibHUUb!
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3aK/1I04aemcs 8 MOM, YMo KaxObil 00/ eH OMKPbIMb 8 cebe cobCmBeHHYH CuJly U 0CO3HAMb CBOH
HCU3HEHHYH MUCCUHO.
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Abstract

This article examines grammatical innovations and processes of language change in Azerbaijani
and Turkish through a comparative approach. The analysis shows that grammatical changes in both
languages are mainly characterized by grammaticalization, an increasing tendency toward analyticity,
and the expansion of the functional capacity of grammatical affixes. The social environment, language
policy, and technological development play a significant role in shaping these innovations. The study
concludes that grammatical innovations should not be viewed as a disruption of the language system but
rather as a natural outcome of its adaptation to communicative and functional needs. The differences
observed between Azerbaijani and Turkish are primarily explained by varying normative approaches and
the degree of institutional control over language. The article emphasizes the importance of evaluating
language change on a scientific basis and provides a theoretical framework for studying the future
development of Turkic languages.

Xiilasa

Bu maqgalade Azarbaycan ve Tirkiye tirkcasinds grammatik innovasiyalar ve dil dayismasi prosesi
mdgqayiseli sekilde arasdirilmisdir. Tehlil gosterir ki, har iki dilde grammatik deyismealer asasen
grammatiklesme, analitiklik meylinin gliclenmaesi ve sekil¢ilerin funksional imkanlarinin genistenmasi
ile xarakterize olunur. Sosial mdhit, dil siyassti ve texnoloji inkisaf bu innovasiyalarin formalasmasinda
mdhidm rol oynayir.

Arasdirma neticesinde mdlayyan edilmisdir ki, grammatik innovasiyalar dil sisteminin pozulmasi
deyil, onun kommunikativ ve funksional taleblare uygjunlasmasinin tebii naticasidir. Azarbaycan ve
Tirkiys tirkcesi arasinda mévcud farqglar ises @sasan normativ yanasmalar ve dile institusional nsazaratin
derecasi ile izah olunur. Magale dil deyismasinin elmi asaslarla qiymetlondirilmasinin vacibliyini
vurgulayir ve tirk dillarinin galacak inkisafinin dyrenilmasi (iclin nezeri baza yaradir.

AHHOMAayus

B cmamaee paccMampusaromcst 2pammamuyeckue UHHOBAayUU U NPOYECChl A3bIKOBbIX U3MeHeHUl B
a3epbalioyaHCKoM U MypeyKkom S3bIKax C NO3ULUU CPABHUMEIbHO20 AHAIU3d. [TOKAa3aHo, Ymo 2pamma-
muyeckue usmeHeHus B 060UX A3bIKax NPeuMyUeCmBeHHO NPOSBJISIOMCSA B NPOUECCAX 2pPAMMAMUKAIIU-
3aUuU, YCusleHuU aHaaumuyeckux meHoeHyud u pactuupeHuu GYHKYUOHAIbHo20 NOMeHUUAad 2pamma-
muyeckux agpgukcos. CywecmseHHoe BUsSHUE Ha GopMuUpoBaHuUe 0aHHbIX UHHOBAUULU OKA3bIBAKOM CO-
yuasabHas cpeod, A3bIKoBAsi NOJIUMUKA U MexHo02u4eckoe pazsumue. B pabome desiaemcs 861800 O
MOM, 4MO 2paMMamuYyeckue UHHOBAuUU c/1edyem paccMampuBame He KAk HapyuweHue 36IKosod cu-
CmeMmbl, a KaK ecmecmaseHHbIl pe3ysibmam eé adanmauyuu K KOMMYHUKAMUBHbLIM U QYyHKUUOHATbHbIM
nompebHocmam. Paziudus mexcoy azepbalioxaHcKuM U mypeurkum S3bIKamu B OCHOBHOM 06YC/10B/1eHb]
0CcobeHHOCMAMU HOPMAMUBHbIX NOOX0008 U YPOBHEM UHCMUMYUUOHAIbHO20 Pe2ysiupoBaHust A3bIKd.
lodyépkusaemcs Heobxo0UMOCMb HAY4YHOU OUEHKU S3bIKOBbIX U3MeHeHul U npedsiazaemcs meopemu-
yeckas 6aza 019 ucc/1e008aHuUs NepCNeKmMuUB pazBuUMUs MIOPKCKUX S3bIKOB.

Keywords: Language change, grammatical innovation, Azerbaijani language, Turkish, grammati-
calization

Acar sézlar: Dil deyismasi, grammatik innovasiya, Azerbaycan dili, Tirkiye tlrkcesi, grammat-
iklasme
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Giris

Dil canli va dinamik bir sistemdir; cemiyyatin sosial qurulusu, medeni dayarleri, texnoloji inkisafi
ve siyasi prosesleri ile paralel sekilde daim dayisir. Tirk dilleri ailesine daxil olan Azarbaycan ve Tlrkiye
tlrkcasi uzun tarixi inkisaf yolu keg¢mis, bu middet arzinds fonetik, leksik ve xdususile grammatik
saviyyada mihim dayisiklikler yasamisdir. Qrammatik innovasiyalar dilin daxili imkanlari hesabina
yarandigi kimi, dil teamasi, standartlasma siyassti ve Uslubi ehtiyaclar nsticesinds de formalasir. Bu
magqalaeds Azarbaycan ve Tlrkiye tirkcesinds misahide olunan asas grammatik innovasiyalar, onlarin
sabablari ve dil dayismasi prosesinds rolu miqayisali sekilds tahlil olunur.

Dil deyismasi dedikds dil sisteminds zamanla bas veran struktur ve funksional yenilikler nezards
tutulur. Bu deyismeler tesadlifi deyil, misyyen ganunauygunluglara esaslanir ve sosial-madeani miihitle
six baglidir. Mdasir dil¢ilikde dil dayismasi prosesi grammatiklesma, leksiklesma, analitiklik ve sintetiklik
meyllari, hamcinin normativlesme anlayislar carcivesinds izah edilir [Hopper & Traugott, 2003:178].

Qrammatiklesme prosesi xisusile tirk dilleri (glin saciyyavidir. Bu prosesde leksik vahidler
tadricen grammatik funksiyalar gazanir ve mistaqil semantik yikind zeifledir. Azarbaycan ve Tlrkiye
tirkcasinds kémakci fellarin, modal sézlarin ve bazi sakilcilarin bu yolla formalasmasi miisahids olunur.
Dil dayismasinin digar mihim mexanizmi analitiklik meylidir ki, bu da miirekkab sintetik formalarin sads
sintaktik konstruksiyalarla evezlenmasine gatirib ¢ixarir.

Dil dayismasi ham daxili, hem de xarici amillerin tasiri ile bas verir. Daxili amillere dil sisteminin
0z inkisaf mantiqi, xarici amillere iss dil tamasi, coxdillilik, kiitlevi informasiya vasitelari va dil siyasati
daxildir. Bu baximdan Azarbaycan ve Tlirkiye tlirkcasi oxsar tarixi kéklere malik olsa da, ferqli sosial
saraitlerds inkisaf etdiyinden grammatik innovasiyalarin intensivliyi ve istigamati misyyan ferglar
gostorir.

Azarbaycan dilciliyinde grammatik innovasiyalar masalasi bir sira gérkemli alimlerin aserlarinds
genis sekilde arasdirilmisdir. Akademik Memmedaga Sireliyev Azerbaycan dilinin tarixi grammatikasina
dair tedqiqatlarinda fel zamanlarinin inkisafini ve sakilcilerin semantik deyismasini dil dayismasinin esas
géstericilarindan biri kimi giymatlendirmisdir. O, xisusile ke¢cmis zaman formalarinin funksional diferen-
siasiyasini grammatik innovasiyanin tezahdirt hesab edirdi.

obdlilezel Damircizade mdasir Azarbaycan dilinds sintaktik qurulusun sadelesmasi ve analitik
konstruksiyalarin artmasini dilin daxili inkisaf qanunauygunlugu ile alagelendirmisdir. Onun fikrincs,
kémakc¢i fellarle qurulan birlesmalerin genis yayilmasi grammatiklesme prosesinin aktiv fazada
oldugunu géstarir.[ Damircizads, 1967:23]

Akademik Adgamusa Axundov Azerbaycan dilinde morfoloji kateqoriyalarin  funksional
genislenmasini xtisusi vurgulamisdir. O, sakilcilerin yalnizgrammatik deyil, eyni zamanda tslubi ve modal
calarlar da ifade etmasini mdasir dil inkisafinin mdhdm alamati kimi deyerlendirmisdir.

Miliasir dovrds Abdulla Abdullayev ve Baxtiyar Xalilov kimi dilciler danisiq dili ite yazili dil arasin-
daki garsiligli tasiri arasdiraraq, grammatik innovasiyalarin normativ dile kecid mexanizmlerini izah
etmisler. Onlarin tadqiqatlarinda vurgulanir ki, sosial dayisiklikler vo kommunikativ ehtiyaclar yeni
grammatik formalarin yaranmasini sdretlendirir.

Bu alimlarin yanasmalari gosterir ki, Azarbaycan dilinde grammatik innovasiyalar sistemli xarakter
dasiyir va dilin Gmumi struktur inkisafina xidmat edir.

Tirkiye tirkcesinde grammatik innovasiyalar esasen XX asrde aparilan dil islahatlari ile sistemli
xarakter almisdir. 9rab ve fars mansali sintetik konstruksiyalarin sadslesdirilmasi ve tirk dilinin daxili
imkanlari hesabina yeni formalarin yaradilmasi bu dévriin asas xtsusiyyatidir [Lewis, 1999,34]. Bu proses
yalniz leksik sahada deyil, grammatik ssviyyade de 6ziini gdstermisdir.

Masalan, kohna osmanli tiirkcasinds genis yayilmis mirekkeb zaman formalari miasir Tiirkiye ti-
rkcasinde daha seffaf analitik strukturlarlaavez olunmusdur. Xebar sakilgilorinin semantik yikdndn art-
masi, xtsusile -dir sekil¢isinin ehtimal ve Gmumilesdirma meanalarinda isledilmasi grammatik innovasiya
kimi giymatlendirile biler [Korkmaz, 2007:567].

Danisiq dilinde mdsahide olunan ixtisarlar ve sadelesmealer de diggatalayiqdir. Sexs ve zaman
gostaricilarinin kontekstden asili olaraq a¢iq ifads olunmamasi dilin kommunikativ ssmarsliliyini artirir.
Bu hal normadan kenarlasma kimi deyil, funksional uygunlasma kimi izah olunur.

Bundanalave, Tlrkiye tiirkcasinde modal menalarin getdikce sintaktik vasitalarle ifade olunmasi
mdsahide edilir. "Gerek", "lazim", "zorunda" kimi sozlerin kémeak¢i funksiya gazanmasi grammatiklesma
prosesinin davam etdiyini gosterir.

Azarbaycan ve Tirkiye tirkcasinin miqgayisali tehlili gbstarir ki, har iki dilde qrammatik inno-
vasiyalar oxsar inkisaf istigamatlerine malikdir. Bu oxsarliq, ilk névbads, ortaq tarixi kokler ve tipoloji
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xususiyyatlorle baglidir. Har iki dilde sekilci sisteminin mahsuldarligi qorunub saxlanilsa da, onlarin
funksional yikinde dayisiklikler bas verir.

Analitiklik meylinin gliclenmasi har iki dil (i¢ctin saciyyeavidir. Kbmakci fellarin ve postpozisiyalarin
artan rolu sintaktik strukturlarin daha cevik olmasina serait yaradir. Bununla yanasi, bazi sekilcilerin
polifunksional xarakter almasi grammatik sistemin igtisadi istemasine xidmat edir. Masalon, ham
Azarbaycan, ham de Tiirkiys tlirkcasinds zaman sakilcilari tekce temporal deyil, modal ve Uslubi calarlar
da ifads edir.

Farqgli cahatlarasasan normativ siyasat ve dile institusional nezaret saviyyasi ile baglidir. Tiirkiye
tirkcasinds resmi dil qurumlarinin tasiri naticasinds grammatik normanin sabitliyi daha glclidir.
Azarbaycan dilindes ise danisiq dilinds formalasan yeniliklarin yazili dile kecidi daha stiratle bas verir [Ab-
dullayev, 2012:124]. Azarbaycan ve Tlirkiye dilcilik mektablarinde grammatik innovasiyalar mesalasine
yanasmalar bir sira oxsar ve ferqli cehatlere malikdir. Bu paralellik ham nazari ¢arciveds, ham do
tadgiqat metodlarinda 6ziini gosterir.

Akademik Mammadaga Siraliyev Azarbaycan dilinde grammatik deyismeani asasen tarixi inkisaf
kontekstinds izah etmis, sakilcilerin semantik ve funksional takamdiliini én plana ¢ixarmisdir. Tirkiye
dilciliyinds ise Zeynep Korkmaz oxsar sakilds Tirkiye tirkcasinds sakilci sisteminin mahsuldarligini ve
funksional genislenmasini vurgulamisdir [Korkmaz, 2007:743]. Her iki alim grammatik innovasiyalari
dilin daxili inkisaf ganunauygunluglari ile slagalendirir.

obdlilezel Damircizads Azarbaycan dilinds analitiklik meylinin gliclenmasini sintaktik innovasiya
kimi giymatlendirmisdir. Paralel olaraq, Geoffrey Lewis Tirkiye tlirkcasinde aparilan dil islahatlarinin
sintaktik sadelesmani stire tlandirdiyini geyd edir ve bu prosesi funksional uygunlasma kimi dayartendirir
[Lewis, 1999:34].

Agamusa Axundov sakilcilerin dslubi ve modal funksiyalar gazanmasini miasir Azerbaycan dilinin
saciyyavi xdsusiyyati hesab etmisdir[Axundov, 2003:567]. Tirkiye dil¢ciliyinds Tahsin Banguoglu da oxsar
mdévgedan ¢ixis ederek, grammatik formalarin yalniz struktur deyil, kommunikativ funksiya dasidigini
gostermisdir [Banguoglu, 2011:56].

Milasir dévrde Abdulla Abdullayev ve Baxtiyar Xalilov Azarbaycan dilinde danisiq dili ile yazili dil
arasindaki qarsiligll tasiri arasdirmislar [Abdullayev,2012:165]. Tirkiye dilciliyinde iss Dogan Aksan
danisiq dilinin normativ dile tasirini funksional dil¢ilik baximindan tahlil etmisdir. Bu tedqiqatlar gbsterir
ki, har iki dilde grammatik innovasiyalarin esas menbayi canli insiyyat mdihitidir. Bu paralel yanasmalar
Azarbaycan ve Tlrkiye tirkcasinin grammatik inkisafinin ortaq elmiasaslara séykendiyini ve tirk dillari
tctn dmumi dil dsyismasi modellarinin movcud oldugunu stibut edir.

Mlasir dévrde grammatik innovasiyalarin yaranmasinda sosial ve texnoloji amillerin rolu xdsusile
artmisdir. Kltlavi informasiya vasitaleri, sosial sebekeler ve regamsal dnsiyyat formalari dilin
strukturuna birbasa tesir gésterir. Qisa ve suretli lnsiyyat talabi sintaktik ixtisarlari ve qeyri-tam
ciimlalarin artmasini stimullasdirir.

Azarbaycan ve Tirkiya tlrkcasinds internet dnsiyyatinde mdsahids olunan qgrammatik
sadalesmaler tadricen glindslik danisiq diline ds nlifuz edir. Bu proses dilin funksional sahalarinin
genislenmasi ile alagadardir ve mdasir dilcilikds tebii inkisaf marhalasi kimi giymatlendirilir.

Qrammatik innovasiyalarla normativ dil arasinda mdnasibat daim mdizakire movzusu olmusdur.
Bir terafdan, normativ grammatika dilin sabitliyini qorumagda calisir, diger terefdan ise canli dil daim
veni formalar yaradir. Azarbaycan ve Tirkiye tlirkcesinde bu tarazliq ferqli sekilde tanzimlanir.
Azarbaycan dilinde normativ qaydalarin yenilenmasi prosesi nisbaten cevikdir ve yeni grammatik forma-
larin gabuluna agiqdir. Tirkiye tlrkcasinds ise normativ sistem daha konservativ xarakter dasiyir, lakin
buna baxmayaraq, danisiq dilinde formalasan innovasiyalar uzunmdiddatli perspektivde norma
saviyyasine yiksale bilir.

Neatice

Aparilan tahlil gostarir ki, grammatik innovasiyalar Azarbaycan ve Tlrkiye tlrkcasinin inkisafinda
mdhdm rol oynayir. Bu innovasiyalar dilin pozulmasi deyil, onun funksional imkanlarinin genistenmaesi
kimi deyerlendirilmalidir. Dil deyismasi prosesi qagilmazdir ve asas mesale bu deyismalerin elmi sekilde
oyrenilmasi ve saglam normativ ¢arciveds tenzimlenmasidir.
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Abstract

The article explores the role of digitalization in shaping the “New Kazakhstan.” Digital technologies
are becoming a crucial driver of economic modernization, transparency in public governance, and human
capital development. It is emphasized that digitalization fosters the creation of a competitive society
based on innovation, openness, and sustainable development. The paper analyzes key directions of digital
transformation, including e-government, digital infrastructure, IT sector growth, and the development
of citizens’ digital competencies.
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Global Technological Transformation

Currently, states are striving to develop new digital technologies in the context of the transition to
an information and communications society. This trend is the most prevalent in contemporary interna-
tional relations. Digitalization has become a necessary component in the development strategy of all
leading countries worldwide. Today, a country's level of development and its role in the international
system depend on relevant knowledge and access to new digital technologies. Scientific and technologi-
cal progress is a tool for human development, because at each stage of technological development, hu-
manity transitions from one management method to new, more efficient ones. This can be illustrated by
the transition from one energy source, more expensive and dirtier, to cleaner and more efficient ones,
from heavier and more fragile materials to lighter, stronger, more flexible, and more durable ones, all
while human knowledge, skills, and competencies grow and expand. Each stage of technological and
social cycles triggers conflict between older generations and the work methods they used, and new gen-
erations, their new tools and methods. Then comes new growth, new jobs appear, production volumes
increase, and the complexity of the work performed increases.

Technological Waves and Paradigm Shifts

Economist K. Perez in his book "Technological Revolutions and Financial Capital” notes that since
the end of the 18th century, humanity has experienced five technological revolutions, each of which gen-
erated a technological wave, accompanied by the spread of the achievements of technological revolu-
tions in the form of new equipment and technologies. The duration of each wave was approximately 50
vears. This period is determined by the peculiarities of the functioning of the link between financial cap-
ital and the innovative capabilities of new technology. The exhaustion of a technological wave deprives
the economy of development drivers and leads to a crisis, from which the economy emerges thanks to
the next wave. According to K. Perez, “a change in the technological paradigm is necessarily accompa-
nied by a change in the forms of financing and a change in social relationships of adequate innovations
not only in the production sphere - in products and methods of organization, but also in finance and
institutions” [1].

Technology as a Driver of Social Order

The Industrial Revolution creates not only new social relations and political institutions. It creates
a new culture, a new world. How exactly technology determines social relations is determined by histor-
ical experience. Let us recall what enormous social changes were caused by such a small technical
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innovation as the appearance of a stirrup on the side of a horse. It was the stirrup that made the rider
stable in the saddle and determined the complete military superiority of the knight over the footsoldier.
This led to the era of feudalism, the time of the reign of knights. The mechanism of action of the techno-
logical factor is as follows. A fundamental discovery gives a decisive advantage to the people "chosen by
God", who begin a wave of military expansion. Peoples who do not want to become victims of the con-
queror, copy their technology, infrastructure, crafts, industry. Then - customs, culture, social orders. The
last technological revolution was associated with the invention of the microcircuit in 1961, on the basis
of which modern television, mobile communications, personal computers and the Internet were created.

The essence of technological and economic changes, marking the transition to a new level of de-
velopment, is as follows: a change in resources and tools at a person's disposal, a change in generations
and their skills, abilities, and competencies. Now humanity is at the beginning of the fourth industrial
revolution. This stage is characterized by the development of information technology, the penetration of
the Internet into all spheres of the economy, the development of the ecosystem of the Internet of things
and related artificial intelligence technologies. There are three categories of states. The first is the elite,
those who create knowledge. The second are those who, based on new knowledge, create technologies
for themselves and for the first group. The third are those who will provide the first two groups with
resources: human, raw materials, energy. We need to decide where we are. Of course, we do not want to
remain a raw materials appendage. But in order not to fall into technological slavery, we need to develop
science, create technologies, and implement them in production. If earlier a billion people claimed the
level of the European middle class, now there are already six billion. To ensure the growth of the standard
of living of such a large number of people, fundamentally new methods of creating tools and producing
energy are needed.

In addition, we must not forget about another important social phenomenon that the digital era
provides. It provides greater transparency of the world, openness and accessibility of technologies, the
possibility of obtaining any education, any consultation. In other words, anywhere in the world it will be
possible to print a thing on a 3D printer and sell it through a global Internet platform.

Digitalization can make a breakthrough in economic development and become the main driver of
growth. The 4th intelligent control element is being introduced. Man, gradually moved towards this. He
converted documents into electronic form, learned to work with them, and now the stage of managing
machines and production processes has come. The United States of America at one time officially pro-
claimed that additive manufacturing would be the tool for achieving global US superiority.

The Fourth Industrial Revolution and Digital Economy

In fact, additive manufacturing is the harbinger of a new technological revolution. These technol-
ogies provide thirty times the productivity advantage, in addition to huge savings in energy costs, in the
use of material. In 2004, Facebook was registered, and in 2007, the iPhone appeared. These two events
became catalysts for a whole series of technologies that bring efficiency to industrial capital.

Let's try to analyze these effects. The widespread use of information technology in working with
logistics companies has led to the fact that the goods that the plant manufactures for the client are at
the plant for forty minutes. As a result of changing production processes, Harley Davidson has reduced
the production cycle from 21 days to six hours (every 89 seconds a motorcycle rolls off the assembly line,
fully customized for its future owner). In industrial areas, communication between machines is expand-
ing; machines report which consumables they are running low on, when repairs will be needed, how many
parts will be manufactured in the next hour. Sensors and portable devices in many industries monitor the
condition and location of equipment, where workers are located. Workers monitor the level of gas pollu-
tion in mines, and the optimization of repair crews.

The GLONASS system is coming into practice, when a car itself gives an alarm signal in case of an
accident, soon gadgets will be installed in the fields that will monitor the state of the harvest. There is
already a technology of virtual and augmented reality, when you can point a smartphone at a historical
building and see what it was like a hundred years ago. Technologies called "product life cycle manage-
ment" are appearing in design, when you can not only design a product, but also understand how long it
will serve, which of its properties are costly, from the point of view of investments. New opportunities for
companies are opening up big data processing technologies. Growing computer power allows us to pro-
cess large amounts of data, predicting important business events. For example, seismic data processing
helps oil companies predict oil migration and significantly increase the extraction coefficient. Real mira-
cles await us with the development of so-called machine learning technologies, artificial intelligence and
robotics [2].
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Analysts note that the transfer of production to countries with cheap economies will save up to
65% on labor costs, replacing human employees with robots can reduce costs by 90%. If the previous
wave of Internet development (late 1990s - early 2000s) affected mainly "light" segments, the markets
closest to the Internet (media, telecom, retail), now the Internet is conquering "heavy" industrial and
infrastructure sectors and requlated and specialized markets, medicine and education. The involvement
of surrounding objects in the global Internet space is called the "Internet of Things" (IoT). This is a system
of unified computer networks and connected physical objects (things) with built-in sensors and software
for collecting and exchanging data, with the ability to remotely monitor and control in an automated
mode, without human intervention. This is a smart city (Smart City), smart energy (Smart Energy), tele-
medicine, smart home, smart roads.

The period up to 2025 is very important, because during this period the foundations of a new stage
of human development, great transformations in the economy, politics, social sphere and culture are laid.
The digital is accelerated industrialization based on new technologies, it is improvement of human capi-
tal, it is effective public administration. In October 2017, the Supreme Economic Council of the EAEU
adopted the "digital agenda" until 2025. Ill modernization is innovation, emphasis on IT technologies.
Digitalization will cover the agro-industrial complex, enerqy, mining and oil and gas sectors, transport
and logistics. Digitalization of agriculture, transition to a digital structure of the agricultural market. This
can become a stage in the development of resource potential, smart technologies, transition to a green
economy. The EAEU should become the world's breadbasket.

Kazakhstan'’s Digital Strategy and Global Integration

Globalization as a modern form of international world order imposes much stricter requirements
on the state for socioeconomic viability and fit into more complex structures of international relations.
Thus, the global economy is increasingly opening up for Kazakhstan and this is also part of the new real-
ity, which contains many challenges and opportunities for improving the professionalism and activity of
Kazakhstanis. The country is entering, as Udartsev S. aptly put it, “dense layers of the atmosphere - a
historical era of increasingly tough economic, scientific and technical competition, where there are no
weak ones, but only strong and even stronger and the strongest [3].

The foreign policy agenda for the development of sovereign Kazakhstan currently includes a move
toward digitalization and innovation, which is the primary response to the challenges of the modern and
future world. The primary goal of the "Digital Kazakhstan" state program is the progressive development
of the digital ecosystem to achieve sustainable economic growth, enhance the competitiveness of the
economy and the country, and improve the quality of life of the population. The "Digital Kazakhstan"
state program will be implemented in four key areas: the implementation of the Digital Silk Road, which
includes the development of a reliable, high-speed, and secure digital infrastructure; and the develop-
ment of a creative society. This also includes developing competencies and skills for the development of
the digital economy, improving digital literacy among the population, training ICT specialists for industry,
and digital transformation across economic sectors. This is the widespread implementation of digital
technologies to enhance the competitiveness of various sectors of the economy; the transition to a pro-
active government. This is the improvement of electronic and mobile governance systems, and the opti-
mization of the provision of public services [4].

Conclusions

1. Technological revolutions function as cyclical drivers of economic and social transformation,
restructuring institutions, finance, and governance systems.

2. The Fourth Industrial Revolution marks a qualitative shift toward digital ecosystems, artificial
intelligence, and integrated cyber-physical production systems.

3. Global technological competition increasingly determines geopolitical hierarchies and national
sovereignty.

4. Digitalization enhances transparency, accessibility of knowledge, and economic efficiency,
while simultaneously intensifying global competition.

5. Kazakhstan's strategic priority lies in transitioning from a resource-based economy to an inno-
vation-driven digital model to secure long-term competitiveness and avoid technological dependency.
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Abstract

Digital sovereignty has become a central concept in global debates on technology, governance,
and power. While existing scholarship primarily focuses on the models advanced by the European Union,
the United States, and China, far less attention has been paid to emerging middle powers. This article
examines Kazakhstan’s approach to digital sovereignty and argues that it represents a distinct security—
developmental model, characterised by a strong emphasis on cybersecurity, state control over data
flows, and innovation driven by national development priorities rather than market dominance or nor-
mative requlation. Using a qualitative—quantitative coding analysis of key Kazakhstani policy documents,
the article demonstrates that cybersecurity and resilience constitute the core of Kazakhstan's digital
sovereignty discourse, while platform regulation and rights-based governance play a secondary role. In
comparative perspective, Kazakhstan'’s model differs fundamentally from the regulatory sovereignty of
the European Union, the market-driven innovation model of the United States, and China’s state-centric
data control regime. The findings contribute to a broader understanding of digital sovereignty as a mul-
tidimensional concept that can take diverse forms beyond major global powers.

Keywords: digital sovereignty, Kazakhstan, cybersecurity, data governance, innovation policy, com-
parative digital governance

Introduction

Digital sovereignty has became a new emerging concept in the modern world, where states now
are required to implement their influence beyond geographical borders, but also to assert dominance on
digital infrastructure: data, technological development etc. The term has been associated with more
powerful states like China, USA or EU for a certain period of time, which lead to the literature being more
skewed toward large powers and normative or technological leaders, while developing countries or
emerging power states remain unexplored.

Kazakhstan could serve as an instructive and a practical example. Kazakhstan does not pursue the
goal of global dominance nor bending global norms via technologies, and as a still developing state, is
being heavily influenced by bordering giants like China or Russian Federations. Instead, its approach to
digital sovereignty is rooted in concerns over national security, infrastructural resilience, and state-led
modernization. That raises the question of the following article: What is Kazakhstan's place and ap-
proach in digital sovereignty, and how does it differ from other more powerful states.

This article argues that Kazakhstan represents a security—developmental model of digital sover-
eignty, in which cybersecurity and resilience constitute the central pillar, complemented by state-driven
innovation policies and controlled data governance. Rights-based regulation and platform competition,
on the other hand, occupy a marginal role. By analysing Kazakhstan’s digital policy through a structured
coding framework and situating the findings in comparative perspective, the article seeks to expand ex-
isting theoretical understandings of digital sovereignty beyond the experience of major powers.

2. Conceptual Framework: Digital Sovereignty Beyond Major Powers

Digital sovereignty is best understood as a multidimensional concept, encompassing legal, techno-
logical, economic, and security-related elements. In the existing literature, three dominant models can
be identified.

First, the European Union’s regulatory model emphasises rights protection, platform regulation,
and normative governance, most prominently through instruments such as the General Data Protection
Regulation (GDPR) and the Digital Services Act. Sovereignty here is exercised primarily through legal au-
thority and regulatory reach [1].

Second, the United States’ market-driven model is characterised by technological leadership and
private-sector innovation. Digital sovereignty is implicitly linked to control over key technologies, plat-
forms, and innovation ecosystems rather than comprehensive federal regulation [2].
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Third, China’s state-centric model combines strong control over data flows, digital infrastructure,
and platforms with an explicit geopolitical dimension. Digital sovereignty functions as both an internal
governance tool and an instrument of external influence [3].

These models, however, do not exhaust the range of possible approaches. For emerging states with
limited technological capacity and restricted global influence, digital sovereignty may take a different
form—one oriented toward defensive security, infrastructural control, and developmental modernisa-
tion. Kazakhstan exemplifies this alternative logic.

3. Methodology and Data

The analysis is based on a qualitative-quantitative coding of Kazakhstan'’s key digital policy docu-
ments, including:

e the Digital Kazakhstan programme,

e legislation on information security, informatisation, and digital assets,

e the Law on Personal Data and Their Protection,

e the Cybersecurity Concept Cyber Shield of Kazakhstan,

e the Concept for the Development of Artificial Intelligence (2024-2029).

Documents were coded according to six analytical dimensions commonly used in digital sover-
eignty research:

e S1 - Cybersecurity and resilience

e R1 - Rights and data protection

e R2 — Control over data flows

e M1 — Regulation of platforms and competition

e M2 —Innovation and technological base

e S2 - Additional sovereignty dimensions (governance, skills)

The frequency and distribution of references across these categories provide an empirical basis for
identifying Kazakhstan'’s dominant sovereignty priorities

4. Kazakhstan'’s Digital Sovereignty Model

Cybersecurity and Resilience as the Core Pillar

Cybersecurity and resilience (S1) emerge as the most dominant dimension in Kazakhstan’s digital
sovereignty discourse, accounting for 81 references across the analysed policy documents. This quanti-
tative prevalence is not incidental, but rather reflects a deliberate strategic framing in which digital
transformation is inseparable from national security and state stability. Foundational initiatives such as
the Cyber Shield of Kazakhstan conceptualise the digital domain primarily as a space of vulnerability,
where threats to information systems, critical infrastructure, and governmental networks are treated as
direct challenges to sovereignty [4].

In contrast to approaches that frame cybersecurity as a technical or sector-specific policy issue,
Kazakhstan consistently embeds cyber resilience within a broader security narrative. Cyber threats are
presented not merely as operational risks or market failures, but as factors capable of undermining public
order, institutional capacity, and the continuity of state governance. As a result, digital sovereignty is
articulated as an extension of national security policy, rather than as an outgrowth of economic regula-
tion or individual rights protection.

This security-first orientation reflects Kazakhstan’s structural position as a developing and geo-
graphically exposed state. Located at the intersection of competing digital ecosystems and external tech-
nological dependencies, the country prioritises resilience and control as preconditions for any broader
digital transformation. Consequently, cybersecurity functions as the organising principle of Kazakhstan's
digital sovereignty model, shaping both regulatory choices and institutional design.

Control over Data Flows: Defensive Sovereignty

Closely linked to the primacy of cybersecurity is Kazakhstan’s emphasis on control over data flows
(R2), which accounts for 44 references in the coded material. Data governance in Kazakhstan is framed
predominantly through the lens of regulatory oversight, information security, and the protection of na-
tional information systems, particularly in sensitive sectors connected to public administration, critical
infrastructure, and strategic industries.

Unlike models in which data sovereignty is leveraged as a tool of geopolitical influence or economic
coercion, Kazakhstan’s approach remains fundamentally defensive and inward-oriented. Control over
data flows is not articulated as a means of projecting power beyond national borders, but rather as a
mechanism for reducing systemic vulnerability and preserving administrative control in a digitally inter-
connected environment. In this sense, data localisation requirements and oversight mechanisms are
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designed to limit exposure to external legal jurisdictions, foreign surveillance, and infrastructural depend-
ence [5].

This framing distinguishes Kazakhstan from China’s model of data sovereignty, where control over
data s closely tied to global technological competition and geopolitical strategy. In the Kazakhstani case,
data sovereignty serves a stabilising function: it is intended to safeguard the integrity of state institutions
and to ensure the manageability of digital transformation under conditions of limited autonomy and
asymmetric interdependence.

Innovation as State-Led Development

Innovation and the technological base (M2) constitute another central component of Kazakhstan's
digital sovereignty strateqy, with 46 references across the analysed documents. Programmes such as
Digital Kazakhstan and the Concept for the Development of Artificial Intelligence (2024-2029) under-
line the importance of advanced technologies, digital public services, and automation for national devel-
opment. However, the framing of innovation in Kazakhstan differs markedly from innovation-driven sov-
ereignty models observed in major technological powers.

Rather than being associated with global competitiveness, platform expansion, or technological
leadership in international markets, innovation is conceptualised as an instrument of state-led moderni-
sation. Artificial intelligence, data-driven governance, and digital infrastructure are primarily valued for
their capacity to enhance administrative efficiency, improve public service delivery, and support economic
diversification under central coordination. Innovation thus functions as a developmental tool, embedded
within a broader strategy of state capacity-building.

This approach reflects Kazakhstan's recognition of its structural constraints within the global dig-
ital economy. Lacking the industrial base and private-sector ecosystems necessary to compete with dom-
inant technological actors, the state positions itself as the principal driver of innovation. Digital sover-
eignty, in this context, does not imply technological self-sufficiency or global leadership, but rather the
ability to selectively adopt and govern technologies in ways that reinforce national development objec-
tives and institutional resilience [6].

Secondary Role of Rights and Platform Regulation

While rights and data protection (R1) are present in Kazakhstan’s digital policy discourse, account-
ing for 48 references, they do not function as a normative cornerstone of digital sovereignty. Unlike the
European Union, where individual rights and privacy constitute the foundational logic of digital govern-
ance, Kazakhstan treats data protection primarily as a requlatory and administrative requirement. Legal
provisions on personal data are embedded within broader frameworks of informatisation and infor-
mation security, rather than articulated as autonomous political principles.

An even more limited role is played by the regulation of platforms and competition (M1), which
registers only 13 references. This relative absence indicates that digital platforms are not perceived as
independent centres of economic or political power requiring targeted regulatory intervention. Instead,
platforms are treated as components of the broader digital ecosystem, operating within state-defined
boundaries rather than as actors capable of shaping sovereignty dynamics in their own right.

This contrasts sharply with the EU’s platform-centric understanding of digital sovereignty, where
large technology companies are viewed as systemic actors whose power must be constrained through
regulatory governance. In Kazakhstan, the absence of domestic digital giants and the dominance of for-
eign platforms reduce the perceived relevance of platform regulation as a sovereignty instrument [7].

Comparative Perspective

From a comparative perspective, Kazakhstan’s digital sovereignty model differs fundamentally
from the dominant approaches advanced by major global actors. Unlike the European Union, Kazakhstan
does not prioritise rights-based regulation or normative rule-setting as the primary means of asserting
sovereignty. Unlike the United States, it lacks a private-sector-driven innovation ecosystem capable of
shaping global technological standards or digital markets. Unlike China, it does not deploy digital sover-
eignty as an explicit geopolitical instrument aimed at external influence.

Instead, Kazakhstan represents a security—developmental model of digital sovereignty, in which
sovereignty is defined by the state’s capacity to protect critical infrastructure, control strategically sen-
sitive data flows, and guide technological development in accordance with national stability and mod-
ernisation goals. This model reflects the realities faced by emerging states operating under conditions of
external dependence, limited technological autonomy, and regional geopolitical pressure. In such con-
texts, digital sovereignty is not a tool of dominance, but a strateqy of managed adaptation, resilience,
and state preservation within an increasingly contested digital environment.

Conclusion
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This article has demonstrated that Kazakhstan embodies a distinct model of digital sovereignty
that cannot be adequately captured by existing frameworks centred on major global powers. By placing
cybersecurity and resilience at the core of its digital strategy, and by complementing this focus with con-
trolled data governance and state-led innovation, Kazakhstan pursues digital sovereignty as a strateqgy
of defensive stability and managed development, rather than as a means of global influence, market
dominance, or normative leadership. Digital sovereignty in the Kazakhstani case is therefore not oriented
toward shaping international standards or exporting regulatory models, but toward securing state ca-
pacity and institutional control within an increasingly interconnected and asymmetrical digital environ-
ment.

The findings challenge the implicit assumption, prevalent in much of the literature, that digital
sovereignty is either a function of regulatory power (as in the European Union), technological leadership
(as in the United States), or state-centred geopolitical control (as in China). Instead, the Kazakhstani case
illustrates that digital sovereignty is a context-dependent and adaptive phenomenon, shaped by a state’s
technological capabilities, security exposure, and developmental priorities. For emerging and middle-
power states, sovereignty in the digital domain is less about autonomy in absolute terms than about
reducing vulnerability, managing dependence, and preserving decision-making capacity under conditions
of external pressure.

From a broader theoretical perspective, this analysis suggests that digital sovereignty should not
be conceptualised as a uniform or hierarchical concept, nor as a linear progression toward an idealised
model. Rather, it should be understood as a plural and relational strateqy, embedded in specific political,
economic, and geopolitical contexts. Kazakhstan's experience demonstrates that sovereignty in the dig-
ital age can be pursued pragmatically, through selective control, securitisation of critical domains, and
state-coordinated innovation, without aspiring to technological self-sufficiency or global leadership.

These findings point to the need for greater attention to the digital sovereignty strategies of
emerging states, particularly in regions such as Central Asia, where digital transformation unfolds under
conditions of geopolitical competition, infrastructural dependence, and uneven development. Future re-
search should therefore move beyond the dominant EU-US—-China triangle and explore how middle pow-
ers adapt the concept of digital sovereignty to their own structural constraints. Such comparative work
would contribute to a more nuanced and inclusive theory of digital governance, capable of accounting
for diversity rather than dominance in the global digital world.
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Digitalization is the process of transferring information to a digital environment and the intensive
use of technology in daily life, business processes, and communication. This transformation, which began
with the transition from analog to digital systems, has accelerated with the development of computers,
the internet, and mobile technologies (Karagézoglu Asliyliksek, 2016: 88). Over time, this process, influ-
enced by innovations such as artificial intelligence, cloud computing, and the Internet of Things, has led
to radical changes in all sectors. This process has not only digitized data but has also reshaped many
areas, from how individuals access information to their social relationships. One of the most visible ef-
fects of this digital transformation is the increasing role of screen technologies in our lives. Smartphones,
tablets, and computers have now become indispensable tools for communication, entertainment, educa-
tion, and the business world. Especially with the pandemic, distance education and online meetings have
brought screen usage to the center of daily life. In addition, digital media platforms, games, and social
media applications have become major factors increasing screen time. The proliferation of e-books and
online courses in fields such as education and health has further strengthened the impact of digitaliza-
tion in these areas. With all these developments, digitalization has become an integral part of daily life
and has begun to show its effects more in almost every area of life. However, while this widespread use
makes daily life easier, it also brings some challenges and negative effects.

Digitalization is the process of converting information and processes from analog to digital format.
This transformation encompasses the collection, storage, processing, and transmission of data through
technological tools. While digitalization enables individuals to access information more widely and
quickly, digital platforms provide environments where people can easily share their ideas, thoughts, and
feedback (Ertiirk, 2021, p. 167). Digitalization is not only a technical change but also a comprehensive
transformation that creates significant impacts in economic, social, and cultural fields. Thanks to the
acceleration of access to information, the diversification of communication tools, and the widespread
use of social media platforms, individuals are now interacting more. Thanks to developments in infor-
mation and communication technologies, interaction between people has become faster and easier. The
spread of digital interaction and online communication has gained significant importance today. While
this situation offers many opportunities, it also creates various threats. Violence is among these threats.
Violence is defined by the World Health Organization as “the deliberate use of physical force or power
against oneself, another person, or a group or community, whether threatening or actual, resulting in or
likely to result in injury, death, psychological harm, developmental delay, or deprivation.” Tuna Uysal and
Tan Eren (2019, p. 119), based on this definition, state that digital violence is a different type of violence.
Digital violence is a form of behavior that may emerge with the spread of technology and the internet,
and does not pose a physical, psychological, or emotional threat. This type of violence can manifest itself
through social media as insults, threats, stalking, sharing of private information, or cyberbullying. The
negative effects of violence on social life once again highlight the importance of a healthy socialization
process.

Another problem arising from screen use in children is the experience of identity and role confusion.
Through screens, children encounter different characters and identities and try to adopt these roles.
However, constantly interacting with virtual identities makes it difficult for children to find their own
identities (Aral, 2022, p. 1136). Virtual identities are digital existences that allow for having different
faces and using pseudonyms to provide hidden or anonymous presentations. Thanks to the privacy of-
fered by the internet, individuals have the opportunity to present personalities on social media and other
online platforms that they cannot be in real life, but wish to be (Kabar, 2024, pp. 245-246). In other
words, people can assume different roles to leave a positive impression on others. Goffman likens life to
a theater stage to explain this situation. He states that just as actors portray specific characters in a
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theater, people also assume various roles in social settings. This analogy indicates that personality is in a
constant process of negotiation and performance (Goffman, 2020, p. 29). According to Mead, “the child
becomes a living member of society because he adopts the attitude of the other and allows that attitude
to determine what he will do for a particular purpose”. Through these interactions, the child develops his
own identity and social skills.

Screen addiction can negatively impact children's physical development as well as their mental,
cognitive, and emotional development. One of the first cognitive effects of screen addiction in children
is related to language development. The early years of childhood are particularly crucial for children to
acquire language skills. Since children acquire language skills through interaction with adults, screen
addiction disrupts this interaction, negatively impacting their language development. Therefore, children
should ideally not be exposed to screens at all until the age of 3.

Significant effects of screen addiction in later life include attention deficit hyperactivity disorder
and concentration problems. The overly stimulating graphics and rapid movements in published content,
videos, and games can cause children to have difficulty focusing in daily life. Children constantly exposed
to fast-moving, loud, and colorful content may have difficulty sitting still for long periods in classrooms
and focusing on lessons, especially at school.

Another hand, there are some positive effect of using digital technology in modern education. Au-
thors mentioned that some schools now incorporate virtual and AR technologies into their teaching mod-
els. Rather than just reading about history or science, children can now experience these subjects. These
virtual adventures make students better at thinking and pique their interest in STEM subjects. However,
the considerable cost of VR equipment and the need for technical proficiency are significant barriers to
adoption (Adeyemi, 2025).

Cognitive development refers to intellectual growth. This is a steady increase in a child’s ability to
acquire, consolidate, retrieve, and apply knowledge. There is a rapid increase in overall brain size from
birth, with the brain reaching 80-90% of adult volume by age two. Childhood is a critical time for cogni-
tive development; hence, the impact of digital technologies on cognitive development is of interest to
parents, educators, policymakers, and others.

Research studies have well documented the concerning impact of digital technology, which is its
ability to lead to attention deficits. Prolonged exposure to fast-paced content, common on many digital
platforms, reduces children’s ability to concentrate and sustain attention in traditional learning environ-
ments. Furthermore, creativity may suffer when children become too dependent on structured apps be-
cause replacing unstructured play with screen time stifles imagination (Adeyemi, 2025).

Educators must wisely incorporate digital technologies into learning frameworks in ways that al-
low children to collaborate and think critically. To achieve this, digital technologies must be rooted in
sound pedagogical principles and capable of strengthening critical thinking. It is recommended that they
incorporate these four pillars in their design: active or minds-on learning, engaging content that encour-
ages children to learn and play for longer periods, meaningful experiences that bridge the gap between
the content and children’s existing knowledge and finally, social interaction, to enable children to inter-
act and socialize with others through the platform. Playful activities generally captivate children. Teach-
ers and creators of educational technologies are to maximize this and ensure that these educational
applications are equally fun and educative

Keywords: digital world, cognitive skills, child development, information, knowledge
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Abstract

In recent years, artificial intelligence (Al) has moved from science fiction into daily life. Systems
such as OpenAl’s ChatGPT, recommendation algorithms used by Meta Platforms, and machine learning
systems developed by Google have changed the way people communicate, work, learn, and even think.
Al'is no longer only a technical tool; it has become a psychological environment. People now interact with
algorithms for information, emotional support, entertainment, and decision-making.

The speed of this transformation is historically unusual. Earlier technologies such as television or
the internet also influenced behavior, but Al differs in one important way: it does not only deliver infor-
mation, it generates it. Generative Al systems produce text, images, and recommendations that appear
personalized and intelligent. This creates a new kind of interaction between humans and machines—one
that is dialogical rather than passive. From a psychological perspective, this shift is significant because
human cognition is shaped by interaction. As Bandura’s (2001) social cognitive theory suggests, learning
occurs in dynamic systems where environment, behavior, and personal factors influence each other. Al
has now become part of that environment.

At the same time, digital technologies have already been linked to changes in attention, memory,
and emotional regulation. Carr (2010) argued that constant online engagement may reduce deep read-
ing and reflective thinking. Similarly, research on media multitasking shows that frequent switching be-
tween digital tasks can weaken sustained attention (Ophir, Nass, & Wagner, 2009). Al systems may in-
tensify these patterns by making access to instant answers even easier. When individuals know that an
intelligent system can quickly provide solutions, they may invest less cognitive effort themselves. This
process, known as cognitive offloading, has been widely discussed in cognitive psychology (Risko & Gil-
bert, 2016).

Another important dimension is emotional reliance on technology. Digital communication plat-
forms have already reshaped social relationships. Now, Al chatbots simulate empathy and conversational
intimacy. According to Turkle (2011), people may begin to expect technology to provide emotional sup-
port without the complexity of human relationships. This can influence attachment patterns, especially
among adolescents and young adults who grow up with Al-based systems. From the perspective of at-
tachment theory (Bowlby, 1969), repeated interactions with responsive systems—even artificial ones—
may shape expectations about availability and responsiveness in relationships.

Moreover, Al is entering mental health services. Automated cognitive behavioral therapy programs,
mood-tracking applications, and conversational agents are increasingly common. While these tools can
increase accessibility, they also raise questions about the nature of therapeutic presence and empathy.
The therapeutic alliance has consistently been identified as a central predictor of treatment success
(Horvath et al,, 2011). Whether an artificial system can contribute to such an alliance remains an open
question.

Because of this rapid change, psychology has begun to ask new questions. How does constant in-
teraction with Al affect attention, memory, and critical thinking? Does Al reduce loneliness or increase
social isolation? Can Al-based therapy tools replace human therapists? What are the long-term conse-
quences of relying on machines for cognitive tasks? In addition, how does Al influence identity formation,
autonomy, and the perception of authorship in creative work?

This thesis explores the psychological effects of artificial intelligence on mental health and cogni-
tion. It focuses on three central dimensions: cognitive processes, emotional and social functioning, and
ethical-psychological implications. The aim is not to present Al as purely positive or negative. Instead, the
purpose is to analyze its complex and evolving influence on the human mind, using current psychological
theories and empirical research as a foundation.

Keywords: Artificial Intelligence (Al); Mental Health, Cognitive Offloading; Digital Psychology;

Emotional Well-being; Human—Computer Interaction, Al-based Therapy; Attention and Memory, Social
Isolation, Psychological Ethics
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Al and Cognitive Processes

One of the most discussed issues in current psychology is the effect of Al on human thinking. Re-
search in cognitive psychology shows that human memory is adaptive. When tools become available,
people tend to rely on them. This idea is not new. Sparrow, Liu, and Wegner (2011) introduced the con-
cept of the “Google effect,” showing that people are less likely to remember information if they believe
it can be easily accessed online.

Today, Al systems take this process further. Instead of only storing information, they generate sum-
maries, answers, and even full essays. This changes the cognitive effort required from the user. When
individuals rely heavily on Al for problem-solving, they may reduce their own analytical engagement.
Some researchers argue that this creates a form of “cognitive offloading,” where mental tasks are trans-
ferred to external systems (Risko & Gilbert, 2016).

However, the situation is not simple. Cognitive offloading is not always harmful. Writing tools, cal-
culators, and search engines have long supported human cognition. The difference now is the depth of
assistance. Generative Al can structure arguments, interpret texts, and simulate reasoning. This may in-
fluence how students learn and how professionals make decisions.

There is also concern about attention span. Digital environments already compete for attention
through notifications and algorithm-driven content. Al systems personalize this content even more effec-
tively. Studies on digital media use have linked excessive screen time with reduced sustained attention
(Wilmer, Sherman, & Chein, 2017). If Al increases the speed and volume of information, the human brain
may adapt by processing information more superficially.

On the other hand, Al may also support cognitive development. Adaptive learning systems can per-
sonalize education. Al-based tutoring platforms can identify weaknesses and provide targeted feedback.
In this sense, Al can function as a cognitive scaffold, similar to the concept proposed by VWgotsky, where
tools and social interaction support higher mental processes.

Therefore, the cognitive impact of Al is dual. It may weaken deep processing if used passively, but
it may strengthen learning if used actively and critically.

Emotional and Social Consequences

Another major area of psychological interest is the emotional impact of Al. Many people now use
Al chatbots for conversation and support. Some users report feeling understood and less lonely. During
periods of social isolation, such as the COVID-19 pandemic, digital communication became essential. Al
systems entered this space as companions and assistants.

Loneliness is a serious psychological risk factor. It has been associated with depression, anxiety,
and even physical health problems (Cacioppo & Cacioppo, 2018). If Al reduces loneliness by providing
interaction, this could be beneficial. Some mental health applications use Al to provide cognitive behav-
ioral therapy exercises, mood tracking, and coping strategies.

However, concerns remain. Al systems simulate empathy but do not experience emotions. When
users develop emotional attachment to Al, the relationship is one-sided. Turkle (2011) argued that tech-
nology can create an “illusion of companionship without the demands of friendship.” This idea is even
more relevant today.

There is also the risk of social withdrawal. If Al becomes easier to interact with than humans, some
individuals may prefer it. Human relationships require patience, compromise, and emotional regulation.
Al systems are designed to be responsive and agreeable. This difference may change expectations in real-
world relationships.

Social comparison is another issue. Algorithms used by TikTok and Instagram already influence self-
esteem by promoting idealized images. Al-driven filters and content recommendation systems can inten-
sify this effect. Research has shown that exposure to idealized online content can increase body dissatis-
faction and depressive symptoms, especially among young users (Fardouly & Vartanian, 2016).

Thus, while Al may offer emotional support, it may also create unrealistic standards and weaken
authentic social bonds.

Al in Clinical Psychology

One of the most debated questions is whether Al can replace therapists. Mental health services are
often expensive and inaccessible. Al-based therapy tools promise affordability and availability. Some ap-
plications use principles of cognitive behavioral therapy (CBT) and have shown positive short-term results
in reducing mild symptoms of anxiety and depression.

However, therapy is not only about techniques. The therapeutic alliance—the relationship between
therapist and client—is one of the strongest predictors of successful outcomes (Horvath et al., 2011).
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This alliance includes empathy, trust, and shared understanding. While Al can simulate supportive lan-
guage, it does not possess genuine emotional awareness.

There are also ethical risks. Al systems rely on data. Sensitive psychological information must be
protected. Data breaches or misuse could cause harm. Moreover, Al systems may reflect biases present
in their training data. If not carefully monitored, they may provide unequal or inappropriate advice.

Still, Al may serve as a complementary tool. For example, it can help monitor symptoms between
therapy sessions or assist therapists with documentation. In this model, Al supports human professionals
rather than replacing them.

Identity, Autonomy, and Ethical Concerns

Beyond cognition and emotion, Al raises deeper psychological questions about identity and auton-
omy. When algorithms influence what we read, watch, and buy, they also shape preferences and beliefs.
Over time, this may reduce perceived autonomy.

Self-determination theory, developed by Deci and Ryan (2000), emphasizes autonomy as a basic
psychological need. If Al systems subtly guide decisions, individuals may feel less control over their
choices. Even if the influence is invisible, it can affect well-being.

Another issue is authorship and creativity. When Al generates art, music, or academic writing, peo-
ple may question the value of human effort. Creativity has long been linked to meaning and self-expres-
sion. If machines perform creative tasks, how will this affect self-concept?

These concerns are not purely theoretical. Universities, workplaces, and governments are currently
developing policies on Al use. The psychological impact of these policies—such as fear of job loss or aca-
demic dishonesty—also deserves attention.

Conclusion

Artificial intelligence is one of the most influential psychological forces of the 2 1st century. It af-
fects how people think, feel, learn, and connect with others in ways that were previously unimaginable.
The evidence suggests that Al is neither purely harmful nor purely beneficial; its impact depends largely
on how it is designed, regulated, and used in daily life. While it offers unprecedented opportunities for
cognitive enhancement, emotional support, and clinical intervention, it also presents risks that require
careful consideration.

Cognitively, Al can serve as a powerful learning tool. Adaptive educational systems, Al-driven tu-
toring platforms, and intelligent information retrieval can enhance knowledge acquisition, problem-solv-
ing, and skill development. However, overreliance on Al may reduce deep processing, critical thinking,
and memory retention—a phenomenon known as cognitive offloading (Risko & Gilbert, 2016, Sparrow,
Liu, & Wegner, 2011). Emotionally, Al may provide companionship, reduce feelings of loneliness, and offer
accessible mental health support (Cacioppo & Cacioppo, 2018). Yet, these interactions are not a replace-
ment for authentic human relationships, and there is a risk that individuals may develop unrealistic ex-
pectations of social responsiveness from machines (Turkle, 2011, Bowlby, 1969).

In clinical settings, Al has the potential to increase access to mental health care, especially in areas
with limited professional resources. Al-based interventions, such as automated cognitive behavioral ther-
apy programs and symptom-monitoring applications, can complement traditional therapy. Nonetheless,
they cannot fully replicate the therapeutic alliance—the trust, empathy, and nuanced understanding
that human therapists provide—which remains critical for effective treatment outcomes (Horvath et al.,
2011).

Ethically, Al challenges fundamental psychological concepts such as autonomy, identity, and crea-
tivity. When algorithms influence decisions, preferences, and even creative outputs, individuals may feel
a subtle reduction in agency. Moreover, concerns about privacy, bias in Al systems, and equitable access
highlight the need for strong ethical standards in both technology design and implementation (Deci &
Ryan, 2000, Wilmer, Sherman, & Chein, 2017).

For psychology, the task is not to resist technological change but to guide it responsibly. Research-
ers must continue to examine long-term effects on cognition, emotion, and social behavior. Educators
should incorporate critical Al literacy to help individuals navigate algorithmic environments without los-
ing cognitive independence. Clinicians need to integrate Al as a complementary tool rather than a re-
placement, ensuring that the human elements of care are preserved. Policymakers must establish regu-
lations that protect privacy, promote fairness, and safeguard psychological well-being.

The human mind has always adapted to new tools and technologies throughout history, from the
invention of writing to the advent of digital media. Artificial intelligence represents the most powerful
cognitive and social tool yet, and its influence will continue to grow. Whether Al ultimately strengthens
or weakens psychological well-being depends on the balance between human agency and technological

130



V INTERNATIONAL SCIENTIFIC CONFERENCE. LISBON. PORTUGAL. 17-18.02.2026

assistance, as well as society’s ability to guide its ethical, thoughtful, and mindful use. By approaching Al
not merely as a tool but as a psychological environment, humanity can harness its benefits while mini-
mizing potential harms.

SN~

therapy
/.
8.
9.
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Abstract

This paper examines the principles of greenhouse microclimate automation using sensor systems
and modern control technologies. It describes the key parameters for monitoring the plant growing en-
vironment, including temperature, humidity, illumination, and COz concentration, as well as the role of
sensors in ensuring stable operating conditions for the greenhouse complex.

An analysis of sensor types and their operating principles is provided, along with actuators and the
potential for integrating the control system with Internet of Things (loT) technologies. It is demonstrated
that greenhouse automation can improve enerqy efficiency, reduce human error, and improve plant
growth conditions.

AHHOmMauus

B pabome paccmMompeHbi NPUHYUNBI ABMOMAMU3AUUU MUKPOK/IUMAMa menJjiuyb! C NPUMEHeHUeM
CeHCOPHbIX CUCMEeM U COBPeMeHHbIX mexHoso2ull ynpasneHus. ONnUCaHbl OCHOBHbIE NAPAMempbl
KOHMPOJIS Cpedbl BbIPAWUBAHUS pacmeHul, BKH0YAs MeMnepamypy, BJIAXHOCMb, 0CBEWEHHOCMb U
KoHueHmpauuro COz, a makxe posb 0amyukos B obecneyeHuu CmMabusbHbIX —Yci08ull
(DYHKYUOHUPOBAHUS MenIudHo20 KOMNJIeKCd.

[poBedéH aHau3 munos 0amyukoB U UX NPUHLUNOB pabomal, pACCMOMPeHb! UCNOJIHUMEbHbIe
YcmpolcmBa u BO3IMOXCHOCMU UHMe2payuu CUCmeMbl YynpasaeHus C MexHo102usmu ViHmepHema seujel
(IoT). lNokazaHo, Ymo asmomamu3auus Mmensiuubl NO3B0JAEM NOBbLICUMb 3HEP203phHEKMUBHOCMS,
CHU3UMb BAIUSIHUE Yes108e4ecko20 hakmopa U Y/ay4uums Yci08usl pocma pacmeHud.

Keywords: greenhouse automation, microclimate, sensor systems, temperature sensors, humidity
sensors, IoT, microclimate control, smart greenhouse, automatic control, greenhouse technologies, en-
ergy efficiency, environmental monitoring.

KJroyeBble ¢/108a: asmomamusayus mensuubl, MUKPOKIUMAM, CeHCOPHbIE cUCMeMb], O0amyuKu
memnepamypbl, O0AMYUKU BAAXHOCMU, 10T, ynpasiaeHue MUKPOKJIUMAmOoM, YMHAsS menJuud,
asmomamuyeckoe ynpassieHue, MmensiudHble MexHO/I02Ul, 3HEP203(hdEKMUBHOCMb, MOHUMOPUH
OKpyycarouwjeli cpeosi.

Bbibop 3/1emMeHma npu co30aHuu No meme paspabomku asmoMAmuU3UPOBAHHOU CUCMeMb]

YNPAB/IeHUS MUKDOKAUMAMOM 8 Menauyax, covemarouiell MexaHuky pacmerud u 0amyuku buocpeobi
0J15 NPUHAMUS peweHul 8 pexume peasibHo20 BpemMeHU.
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lpu paspabomke ynpassisiemol cUCmMeMbl YyNpassieHus MUKPOKJIUMAMOoM B8 menJiuye, 21as8HbIl
Komumem buomexaHuku pacmeHul u 0amyukos okpyxcarouwiel cpedbl, BbI6Op 3/1emeHmos uepaem
KJto4eByro posib. 11 obecneyeHuss onmumasibHO20 MUKPOKAUMAMA U ONEPAMUBHO20 pexuma pabomel
cucmembl NpU U3MeHeHUU OKpyxaroujell cpedbl ciedyem Yy4umbiBamMb HECKOIbKO OCHOBHbIE 3/1eMeHMbI
0/11 ynpasaeHusi MUKPOK/IUMAMOM.
1. Jamyuk okpyxcarouseli cpeos!
e Temnepamypa Bo30yxa u oKpyxcarouiel cpeob!
BraxcHocmb 8030yxa U NOYBbI
OcBewéHHoCMb
KoHuexsmpauyus CO:z
buomexaHu4eckue 0am4yuku
Vi3mepeHue cocmosiHus pacmeHud
dumoceHcop
. VicnonHumenbHble ycmpolcmaa
Cucmema omonJieHust U OX/1ax0eHust
BeHmuIsyUOHHbIe CUCMeMb]
OcBeujeHue
Cucmema nosiusa
. Cucmemsbi ynpasaeHus u aneopummasi NPUHAMUS pelueHudd
Moodepamopbi
Asi20pummbi NPUHAMUSA pewieHudl
. [pu BbIbOPE 3/1eMEeHMOoB cuUCMeMbl YNpasaeHust MUKPOKIUMAmMOoM B menuuax Hab/11o0aromcs
Tunsb! pacmerudl u ux ocobeHHocmu
Size menauub!
To4YHOCMb U HA0eXHOCMb 0aMYUKOB
o DHep2o3pdekmuBHOCMb
B uesiom, ynpasisemas cucmema ynpassieHuss MUKPOKAIUMAmOoM B Mensiuye, UCNOJ/b3youLast
bUOMEXAHUKY pacmeHuld U O0amuyuku oOKpyxaroujeld cpedbl, 0o/mxHa bbimb 2ubkol, HadexcHol u
adanmusHoU K U3MEHSIHOWUMCS YC/I0BUSM, Ymobbl obecnequms pocm BbICOMBbI.
Buodbl 0amy4yukos memMnepamypsb|
Jlna usmepeHus memnepamypb! 8 menJie UCNO/Ib3yrMCA pa3/iuYHbie munbsl 0amyuKkos, KOmopbie
Pazuyaromcs No NPUHUUNY pabomsi, MOYHOCMU U NPUMEHeHUr. Bom OCHOBHbIe BUObI 0AMYUKOB
memnepamypsb|
Tepmonapsi
Tepmopesucmopbi (RTD)
TepmomMempbl Ha OCHOBe NOJ1YNPOBOOHUKOBLIX O0AMYUKOB.
VMHgpakpacHsle (VIK) damyuku memnepamypeai.
bumemannuyeckue 0am4yuxu.
e [IpumeHeHue: VIcnosib3yrtomcsl B8 NPOCMbIX YC/I0BUSIX 0J11 KOHMPOJIS MemMnepamypsbl, 4auie 01s
BEHMU/IAYUU.
6. Ljugpposbie damyuku memnepamypeai.
e [IpuHuun pabomsi: SMeKMPOHHbIE YcmpolcmBd, npeobpasyroujue 371eKmpoMazHUMHYH
memnepamypy B Uugposol cuzHar.
e [Ipeumywiecmsa: BbICOKas MOYHOCMb, BO3MOMHOCMbL nepedayu OdHHbIX B cucmemy
ynpasneHus, HeboibWwou pasmep.
o [IpumeHeHue: LLIupoko ucnosb3yemcs 09 U3MepeHus memnepamypbl B8030yxd U B00bl,
0CO6EHHO B KOMNJIEKCHBIX ABMOMAmMuYeckux obozpesamersix.
7. XXuokocmHsble 0amyuKku (mepmomempbi € XUOKOCMBHO).
e [IpuHuun pabomesl: Xuokocms (Hanpumep, pmymu uau Cnupma) yseauqusaemcs ¢ nosbiule-
Huem memnepamypb! U NOOHUMAemcs No 2padayUoHHOU WKase.
e [Ipeumywiecmsa: [lpocmsie, Hedopozaue.
o [IpumeHeHue: Pe0Ko UCNO/Ib3yemcs B COBPEMEHHbIX MEOUUUHCKUX Npouedypax, 4acmo npume-
HAaemca 019 obuwjeeo HabirooeHUs 8 HeboIbUIUX MenIuyax.
8. BosiokoHHO-onmuyYeckue 0amyuku.
e [IpuHyun pabomsi: Onmuyeckoe BoJIOKHO nepedaem caem, Komopbil MeHgemcs noo Bo3oel-
cmauem memMnepamypei.

e (,® e n,0 o o

e o 0 (0 o o

LA~
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o [Ipeumyuiecmaa: Bbicokas moYHOCMb, HeYy8CMBUMEIbLHOCMb K 3/IeKMpPOMazHUMHbIM B030el-
CMBUAM, NOOX00UM 0J1F CJIOHCHBIX YC/108UU.

o [IpumereHue: [pu nepexode B Hay4Hble UCC/Ie00BAHUS, A MAKME B C/IOMCHbIX NPOMBbILIEHHbBIX
mensiuyax ¢ NOCMOSHHbIM CMPemMIeHUeM K MOYHOCMU UmepeHUd.

Kaxobid mun damyuka memnepamypbl UMeem CB80U NpeumMyuecmsd U He0oCcmamku, U 8b160p
3asucum om mpebosaHul K menjauye, MOYHOCMU, OUAnd3oHd memnepamyp U BO3MOMHOCMel
asmomamu3sayuu cucmemb! YynpassieHusl.

Tepmonapa — 3mo ycmpoUlcmao 0J18 U3MepeHUs memMnepamypbl, Komopoe pabomaem Ha 0CHOBe
MmepMo31eKmpuYecko2o 3pgpekma, uiu 3¢pekma 3eebeka. Smom 3pgdekm 3akao4aemcs 8 Mom, 4mo
NpU HAzpesaHuu KOHMAkma 0BYX PA3HbIX MEemMAasn/ioB BO3HUKAEM 3/71eKMPUYeckoe HanpsxeHue,
KOMNeHcupyroujee pasHuUy memnepamypbl Mexcoy KoHmakmHoUl u c8o600HoU moYKamu.

MpuHyun pabomsl mepmondpbl 1. Cocmas: Tepmondpa cocmoum u3 0B8YX NPOBOOHUKOB,
U320MOBJICHHBIX U3 PA3/IUYHbIX MEemassios Uau CNJIABOB (Hanpumep, Medb-KOHCMAHMAH, Mese3o-
KOHCMAHMA, XpoMesib-aaoMesib). Imu 08a Nposooa NOOK/IHOYAOMCS K 0OHOMY MeCmy, HA3bIBAeMOMY
«20pSAYUM CNaem».

OCHOBHbIMU 0amMYuKamu memnepamypsbi SBJSIOMCS OMUYeckue, UHOYKMUBHbIE, 2eHepamopHsble,
memnepamypHbie U m. 0. 0. [lpuHyun 0edcmBUS OMUYeCKUX MOXCHO OXapakmepu3osams Gopmysol
R=p*|/S, 20e [ - OnuHa, p - yoenbHoe conpomusjeHue, S - NaoWadb cevyeHus, R - akmusHoe
conpomusieHue.

OCHOBHbIX MUNOB 0aMYUKOB 0BUXEHUS — YembIpe:

e UHGPaKpacHele,

e Y/IbMPA3BYKOBbIe,

e  MUKPOBOJIHOBbIE

e KOMOUHUPOBAHHbIE.

Bce OHU KapOuHasbHO OMJUYAromcs 0pye om 0pyea no BHewHemy ycmpolcmsy U NpuHyuny
delicmausi.

VIHOYKmMUBHbIe 0amMYUKU, eMKOCMHbIe O0amuyuku U YJ/bMmpa3sykKosble 0amyuku — 3MO Mmpu
PAz/IuYHbIX damyuka npubuxceHus. Imu ycmpolcmBa Haxo0sm Uesiu B NPOMBbILLIEHHBIX NPUIOHCEHUSIX.
OHU pasnuyaromcs NO MexHO/I02UAM, CNOCOBHOCMAM HAXoO0umb pas/iuyHble ueau u paboyemy
PACCMOSAHUKO.

Tunbl 0amMYuUKOB NPUBJIUXCEHUS: UHOYKMUBHbIE, @eMKOCMHbIE U Y/IbMpPa3ByKoBbIe

VIHOYKmMUBHbIe 0amyYuKU, eMKOCMHbIe 0amyYuKU U YJIbMpPA3ByKoBblie 0amyuKU — 3Mo MpuU pas/iuy-
HbIX 0amy4uKa NPUGJIUXEHUS. mu ycmpolcmaa 0bHapy*UuBarom Uesu 8 NPOMbIUICHHBIX NPUSIOMEHUSIX.
OHU pasauyaromcs NO MexHo102ul, CNOCObHOCMU 0OHAPYXUBAMb PA3/IUYHbIe MUnbi yesel u paboyemy
paccmosHuro. Bce mpu, ¢ opyeol CMopoHbl, Modym obHapyxusams 0bbekm 6e3 Kako2o-1ubo KoH-
makma, HeCMomps Ha usem NOBEPXHOCMU. MIHOYKMUBHbIE 0amHYUKU U eMKOCMHbIe 0amyuKu Mo2ym pa-
60mams Ha paccMOosHUU HECKO/IbKUX MUJIIUMEMPOB, 8 MO BPeMs KAK Y/1bMpad3ByKoBble 0am4yuKu Mo-
2ym 0oCmueamse HeCcKoJIbKUX Mempos.

VIHOYKmMUBHbIE 0amyYuKUu — 3MO NPOMbILUIEHHbIE 371IeKMPOHHbIE YCmpolcmBaa, UCNo/ib3yembie 015
0bHapy#eHus NPUCYMCmBUS Memas/iudeckux obbekmos be3 BMewamesibCmaad 0pyeux pas/iudyHbIX Ma-
mepuanos (Makux Kak NIAacmukK, 0epeso, 800a U/U Macso). Datasensing cyumaemcs 00HUM U3 OCHOBHbIX
MUpoBbIX npouzsodumesel dam4uxkos nocae causHus Datalogic u MD Micro Detectors, 08yx KomnaHud,
Komopble  mBopusiu  UCmopuro  0amyukos 8  Mmanuu ¢ Hayana o 1970-x  20008.
MIHOyKmMuBHbIe 0amyuKU OCHOBAHbI HA U3/1y4YeHUU KoJ1eb iroue20Cs 3/1eKmpomMazHUmMHo20 nosis. Kozda
Memasiiudeckas yesib Npubiuxaemcs K 0am4uKy, 8 Uesiu 2eHepupytomcs CMOKOBbIe MOKU. IMOom MoK
ombupaem 3Hepauro U3 3/1eKMPOMA2HUMHO20 NOJIS U NO3MOMY aMniumyda KoaebaHul ymMeHbUaemcs.
[opo208bkIli demekmop BHymMpuU 0amyuKka obHapyxusaem, Ko20a amniumyoad HUxce onpeodeseHHo20 3Ha-
YeHUs U N03MOoMY BbiX00 nepeksrodaemcs. Ko20a uesb yoansaemcs, CMOoKoBble MOKU B8 Uesiu YMeHbUId-
FOMCS, U NO3MOMY amnumMyod 3/1eKMpPoMazHUMHO20 NOJIS yBeauqusaemcs. Bbiwe onpedeseHHo20 no-
po2a BbIX00 0aMYUKA CHOBA NEPeKIYaemcs 8 UCX00Hoe paboyee COCMOosIHUE.

VIHOyKmMuUBHbIe 0amy4uKku 8 OCHOBHOM COCMOSIM U3 C/1e0YHUUX KACKAD0B:!

e KAMYWKA U peppum, KOMopbie 2eHEPUPYHOM 3/1eKMPOMA2HUMHOE NOJIe

e 2eHepamop, Ucnosib3yembil 01 CO30aHUsI 31eKMPOMA2HUMHO20 NOJISI

e KOMNAPAMOPHbIU KACKAd, Komopbil CpasHUBaem noJyYeHHbIl CueHas C  NOPO2OM
nepexJioyeHus

e MPAH3UCMOp, KOMOPbLIU yNpassigem BHEWHUM UCNOJIHUME/IbHbIM ~ MEeXaHU3MOM  UJu
HenocpedcmBeHHO Hazpy3Kod.

134



V INTERNATIONAL SCIENTIFIC CONFERENCE. LISBON. PORTUGAL. 17-18.02.2026

VIHOYKMUBHbIE 0amy4uKU MOXCHO pas/iudams No pasmepam. Kaaccuguxkayus udem om yuiuHoOpU-
Yyeckux MuHUamropHbix mooesel ¢ duamempom 3 Mm 0o kopnycos M30 u npamoy20/bHbIx Modesed. Pac-
cmosiHue cpabamabIBAHUS], YCMAHOBKA (3KPAHUPOBAHHAS UJIU HEIKPAHUPOBAHHAS) U PACUIUPEHHbIe QyHK-
yuu (aHamo208bIl BbIX00, YCMOU4YUBOCMb K CBAPOYHOMY NOJIFO, ...) ABASAIOMCS Opyeumu cnocobamu Kiac-
cuguKkayuu.

ST N0
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PucyHok 1. VIHOyKmuBHbIe 0amyuKku

Kak ynomuHasaocb paee, UHOYKMUBHbIE 0amyYuku 06HAPYyXCUBAHOM MOJIbKO Memas/iudeckue
uesu. Memannudeckue yesiu No-pazHoMy peazupyrom Ha 371eKmpomMazHUmMHoOe noJie 8 3asucUMOCmU Om
muna mamepuanda. Jamyuk 06Hapyxcusaem pasauyHbie Mamepudasibl, Makue Kak CMasb, Hepiaseroudst
cmanb, Medb, JIAMyHb UAU  QIOMUHUL, HA — PA3/IUYHbIX — MAKCUMA/IbHbIX — PACCMOSIHUSIX.
CmaroapmHas uesb, coenacHo cmadoapmy ISO60947-5-2, npedcmassigem cobol KBaopamHyro nJia-
cmuHy Fe360 moauwuHol 1 Mm co cmopoHol, coomsemcmayrouieli pazmepam damyuxka u paboyemy pac-
CMOSIHUI. B mexHuYecKux XxapakmepucmuKkax NpooyKma UHOYKmMUBHO20 0amyYuKa MoxHo Hadmu mab-
JUUYy Ko3gpuuueHmos yMeHbweHUs 018 pasaudHbIX Mamepuasos. [1o/16308amesiu 00/ HbI YHUmbi-
B8amb 3mom 3¢gdexkm npu Bbibope NPasuUIbHbIX UHOYKMUBHBIX 0amYUKOB 0J1F CB0E20 NPUMEHEHUS.

EMKOCMHbIe 0amy4uKu — 3MO NPOMbIULICHHbIE 31eKMPOHHbIe YCcmpolcmad, CNOCobHbIe 0bHapy-
JUBaAmMb Jitobble Mamepuasibl (Memasi, NJIacmuk, 0epeso, 800y u m. 0.).

EMKOCMHbIe 0amyuKU OCHOBAHbI HA U3/Ty4eHUU KOIeb/1oue20Cs 31eKmpu4ecko2o nosis. EMkocm-
HbIl o0amyuk u uesnb deticmayrom Kak NJIACMUHbI KoHOeHcamopa.
Koeda uenb npubsiuxcaemcs K 0amyuky, amnaumyoa 3/1eKmpudyecko20 NoJis YMeHbWaemcs 00 mex nop,
NOKa Huxce onpedesieHHo20 NOPo2a He yBeauquBaemcs mpuazep. Boiwe onpedesieHHo20 Nopo2a 0amyuk
nepekJiro4daem Bbix00bl. Ko2da uesib yoansemca om 0amyukd, KOMNapamop CHOBA nepek/irodaem dam-
YUK B HAYaJIbHbIE YCI0BUS.

EMKOCMHbIe 0amyuKu Mo2ym 0OHAapyXUBame Cambie pasHble Munbl Mamepuanos. @akmuyeckoe
PAccmosiHue 0bHapyxeHus 3asucum om Ous/IeKmpuUYeCcKol NPOHULAeMoCmU Camoao Mamepuanda:

e Mamepuasbi ¢ BbICOKOU Ou31eKmpuyeckol NPOHUUAeMOCMb 0OHAPYHUBAOMCA HA 6OIbUIUX
PACCMOSTHUSIX

e Mamepuanbl ¢ Hu3Kol Ouasiekmpuyeckol NPOHUUAeMOCMbO 0OHAPYHCUBAOMCSH MOJIbKO
moaoa, Ko20a OHU Haxo0amcs 6JIU3KO K 0amyuKy.

Mo 3mod npuduHe maxkue Mamepuasibl, KaK Mema’sisl U 800d, XOpouwlo 06HAPYHUBAKOMCA eMKOCM-
HbIM 0aMYUKOM, B MO BPeMsi KaK Makue Mamepuasbl, Kak MyKa U Hels10H, 06HApy#UuBaromcs MoJibKo
Ha Hebo/1bLWOM paccmOosIHUU.

Jlpyeum 3¢pgpekmom, Komopbil Moxem usMeHUMb 3¢pekmusHoe paboyee paccmosHue emKocm-
Ho20 0am4uKa, AB/9emcs YpoBeHb BAAXHOCMU MaAmMepuasna. Hanpumep, MoxHo Hab/1100amse pasuyHoe
paccmosiHue obHapyxeHus 071 cyxol U B1aXHOU OpesecuUHb! U3-3a pa3/IUYHO20 HAUYUsi BOObI BHYMPU.
JlanbHelwue 3¢ppekmbi Ha paccmosiHue obHapyxeHuUs 06y Cc108/1eHbl KOMNAKMHOCMbH CAMO20 Mame-
puana. Jjamyuk xopowo cnocobeH obHapyxusamse 800y. Mexdy mem, NOCKOJIbKY /10 CO0epxum ny-
3bIpbKU BO30YXa, 0amy4uKku Mo2ym o0bHapyxwsamse ee Ha 6osee KOpOMKOM paccmosiHuuU. To e camoe
Mocem npou3olimu U ¢ NAACMUKOBbIMU MAMEPUA/IaMU; YNIOMHEHHbIE NAHe/IU 0OHAPYXUBAOMCSA HA
60/1bWEM PACCMOSHUU NO CPABHEHUIO C 2DAHY/IUPOBAHHBIMU 2PAHYIAMU.

EMKOCMHbIe 0amyYuKU WUPOKO UCNOJb3YHoMCS 0J151 onpedesieHusi YpOBHS #UOKOCMU. EC/iu cmeHKu
pe3epsyapa coesiaHb! U3 NAACmMuKa Ui CMeK/Id, MOXHO HaCMpPOoUMb YyBCMBUME/IbHOCMb 0J15 onpede-
JIeHUS] HA/IUYUS] XCUOKOCMU BHYMPU. EMKOCMHbIe 0amyYuKU WUPOKO UCNOJb3YHOMCA 0718 onpedeseHus
azpeccusHbIx dudkocmel wiu #UuoKocmed, Komopble He 00J*CHbI 3a2PA3HIMbCA NPU KOHMAKme € Ca-
MUM 0amyukom. KOHe4YHo, Y4em Bbilue pazHuua 8 Ous/1eKmpuyeckol NPOHULAeMoCmu Mexody cmeHKol
pe3epsyapa u Co0epicUuMbIM, mem Jiy4uie NPou3Bo0UMeIbHOCMb
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Ynbmpazsykosbie 0amyuKku — 3mMO NPOMbILL/ICHHbIE 3/IeKMPOHHbIE YCMPOoUCMABA, KOmopbie Mo-
2ym obHapyxusams Jitobble BuUObI Mamepuasaos (Memasis, NJacmuk, 0epeso, 8o0q, ...). ObHapyx eHue
MOMCem NPouCXooumb He3aBUCUMO OM UBemd, NPO3PAYHOCMU, 6/1eCKa U COCMOSHUS (HUOKOCMb, mBep-
00e meJio U NOPOWIOK). KOHeYHo, XapakmepucmuKu 3asUcsim om 38yKonoasiouarouseli cCnocobHocmu ma-
mepuasna uesnesol NOBEPXHOCMU. Yem Bbile No2/10uarouds CNOCOOHOCMb, MeM MeHbUIe PaKmMUYeCcKoe
paccmosiHue 0bHapyxeHus. Hanpumep, maxkue Mamepuasibl, Kak J0MKU, NOPOWKU U NeHbl, NO2/I0U,Arom
3BYK.

Ynbmpazsykosbie 0amyuKu OCHOBAHbI HA U3/1y4eHuU yJibmpassykoBo2o Jiy4ad. Jlyd ompaxaemcs
om yesiu B CMOPOHY 0amMYuKa. Jam4uk usmepsiem BpemMeHHYH 3a0epicKy Mexoy Uu3J/ydyeHuem yabmpa-
3BYKOBO20 CU2HA/IA U BO3BPAUEHUEM 3Xd. [T0CKOJIbKY CKOPOCMb 38YKA 8 BO30yxe XOPOWO U3BECMHA,
MOXCHO COe1lamb BbIBOO HE MOJILKO O HA/IUYUU UeJIU, HO U O pACCMOSHUU Mex0y 0amyYUKOM U UEJIbHO.
[TocKO/IbKY 0J15 U3JTyHeHUsI CU2HAIA U 0O6HAPYXeHUS 3Xa UCNOJ/Ib3yemcs 0OUH U MOM Xce y/ibmpa3ByKoBol
npeobpaszosamesib, HeNOCPEOCMBEHHO neped 0amy4yuKoM UMeemcs onpedesieHHoe NPOCMPAHCMBO, 20e
o0bHapyeHue He npoucxooum. Ima obsiacme HazbiBaemcs cenol 30Hol Y/ibmpasByKoBo20 0amyuKd.

Cnenasi 30Ha — 3MO MUHUMAJ/IbHOe PACCMOSIHUE MeX(0y NOBEPXHOCMbHO 20/10BKU 0amMYuKa u no-
JIOXCeHUeM uesu € NepsbiM UOeHmupuUUpyemMbiM 3XoM. B cenol 30He He 00J1#HO bbimb Mamepuasda. B
MexHUYecKux XapakmepucmuKkax yibmpassykoso20 0amyuKa 8Ce20d YKa3bIBArOMCS MAKCUMAJIbHOE pa-
boyee paccmosHue U c1iendsl 30Ha. 10 04eBUOHbLIM BU3UYECKUM NPUYUHAM, Yem bosbuie paboyee pac-
CMosIHUE, MmeM Bbiuie C/1endas 30Hda.

Ynbmpassykosblie 0amyuku mo2ym obHapyxusame 0bbie BUObI MamMepuaos, Ho pakmuyeckoe
paboyee paccmosiHue 3asucum om 38yKonozaoujarousedi CnocobHocmu Mamepuaros.

e KoMnakmHble Mamepuasibl OMpax3arom Y/bmpazsyKosol CU2HaI 8 CMOPOHY 0amyukos. K ma-
KUM Mamepuasaam omHOoCImMCcs Memassibl, NIACMMACCh! UIU 0epeBsHHbIe NAHe U, NJI0CKUe XUOKUe no-
BepxHocmu 6e3 neHbl. B 3mom ciydae damyuk 0bHapyxusaem yesib Ha NOJIHOM paboyem paccmosiHUU.

e 3ByKONO2/IOWAOLLUE MAMePUAsbl UIU HePOBHbIE NOBEPXHOCMU OMPAXArOm MOJIbKO YaCmb
nadaroujeeo cueHana. K nepsbiM omHOCAMCS Makue Mamepuasbl, Kak NeHbl, MeKCmusib, NIACMUKOBbIe
2PAHY/bl; KO BMOPbLIM — Makue 0bbekmal, Kak c/iou osowed, Kapmodgesib uau s670Ku. B 3mom caydae
2MUu Mamepuasbi NO20WAroM UU pACCeusarom 4acms Y/bMpPAzByKoB0O20 Jly4d. Imo o3Hayaem, 4mo
0J15 yBesIuUYeHUs 3Hep2emuYecko20 CU2HaIa, NoJy4aemMo2o om 0amuyuKkd, NPAasusibHbIM Bbibopom 6yoem
Mo0esib ¢ bosibluUM paboyum paccmosHuem u bosbuwiel 3Hepaued y4a.

Zlpyeum acnekmom, Komopbit criedyem y4umabiBame, SB8759€mMCs NOJIoXeHue uenu. Ecau uenb Bbi-
POBHEHA NEPNeHOUKY/ISIPHO HANPABIEHUI Y/IbMPA3B8YKOBO2O J1y4d, OHA OMPAXAem BCH 3HEP2UK) B CMO-
POHY damyuKa. Hanpomus, ec/iu Uuesib HaK/IOHeHd, 4acmb HepauU OMK/AOHAeMCcs. ECu HaK/IoOH yBesiu-
yusaemcs, 0am4uK He NOoJly4Yaem HUKakoU 3HepeuU U He 0bHapyxcusaem uesib. B ciydae HakioHHoU yesu
BO3MOXCHbIM pelueHuUemM 8/15emcs caemoso3spauiarowull yibmpassykosol damyuk. CBemoso3spauid-
rowud yaibmpassykosol damyuk mpebyem 019 pabomabi UKCUPOBAHHYHO, NIOCKYHO, NepNeHOUKY/ISIPHYHO
uesib. JJamyuk ycmaHasausaemcs 8 3mo UCXO0HOe NOJIOXEHUeE, U Ka}Obil 0bbekm 8 cepeduHe obHapy-
HUBAGMCSA HE3ABUCUMO OM NOJIOXEHUS U XapakmepuCmuK 38yKON02/I0UWAOWLLe20 Mamepudsid.

Ynbmpassykosble 0amyuKku pazpabomads! 015 onpedesieHHoU cpedbl: BO30yX CO CMAHOAapMHbIM
ammocgepHbiM 0assieHuem. Mimak, 4mo npoucxooum, ec/iu NPoUCXooum U3MeHeHue:

e [a3 nepeodayu: ysbMpPA3ByKoBbie 0amyuKU NpeoHasHadveHbl 015 pabomsi 8 Bo30yxe. Eciu npo-
UCXooum usmeHeHue 2aza nepedadu (azom, eeaud, ...), CKOpoCmMsb YbMpPA3BYKOBOR20 J1y4d MeHAemcs. Ydu-
MbIBAS 3MO, PACCMOSHUE, U3MEPEHHOe B 00HO U MO Xe BPEeMS, MOXem MeHIMbCA. JJamyuk mMmoxem
dasame Opy2ue NOKA3aHUs, Yem oxcudaembie B BO30yXe.

e Temnepamypa: CKOpoCMb Y/IbMPA3ByKOBOR2O Jly4a B BO3Jyxe 3aBUCUM om memnepamyps!. Ce-
puu UK/UT nosiHoOCMbHO KOMNEHCUpoBaHkI B0 BCeM paboyem ouandasoHe memnepamyp;

e JlassieHue: yibmpaszBykosble 0amyuKku npedHasHavyeHb! 019 paboms! npu cmaHOapmHOM am-
mocgepHom dasneHuu (1 amm). ViameHeHus 0asieHus oKpyxarousel cpedbl BAUSHOM HA CKOPOCMb YJib-
MpazsykoBo2o ay4a. [1pu 3Mom u3MepeHHoe pacCmOosHUe MOXem OmIUYambCs OM U3MepeHUs B CMAaH-
0apmHbIX Yca08usX. Jamyuxku He noOxo0sm 01 KoppekmHoU pabomasi NPU BbICOKOM U/IU HU3KOM 0dB-
JIeHUU oKpyxcaroujed cpeodsbl;

o [Iblib, KANJU U BAAXCHOCMb HA CEHCOPHOU 20/10BKE: Y/IbMPA3ByKOBbIe 0AMYUKU 04eHb YycmoU-
YUBbI K HAIUYUIO 2pA3U HA CeHCOPHOU 20s108Ke. B /11060M Cy4ae, eciu HakonsaeHue 2psa3u npesbiluaem
onpedesieHHbIU NOpoe, 3MO B/USeM HA NPABUJIbHYIO pabomy damyuka. Heobxooumo codepicams CeH-
COPHYHO 20J10BKY KAK MOXCHO bosiee yucmod;

e B030yWHbIT NOMOK. Y/IbMPA3ByKoBble 0AMYUKU 04eHb YCMOUYUBbLI K NPUCYMCMBUK BO30YW-
HO20 NOMOKA U Bempda NpuU UCNOJb30BAHUU HA OMKPbIMOM Bo30yxe. B sirobom ciydae, Bcezda
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Heobxo0uMo HanoMUHams, YmMo Y/bmpassykosol Jiy4 0BuUXemcsa 8 8030yxe. Takum obpa3om, ec/iu Bo3-
OYWHbIT NOMOK Ype3mepHbil, YbmpazsyKosol Jiyd OMKIOHIEMCs 0m NpAsuibHo20 Nymu K/om uenu, u
no3momy o0bHapyxeHue Moxem bbimb HecmabusibHbIM. [10 3mod NpuvUHe Heobxoo0uMo NPoBepUMb NO-
JI0M(eHUe BbIXOOH020 OMBEPCMUS NHEBMAMUYECKUX K/IANAHOB;

o Vcrosus okpyxarowsel cpedb 0718 UCNO/Ib30BAHUS BHE NOMeWeHUl: yibmpassykosol 0amyuk
Moxcem pabomams BHe nomeuwieHul, NOCKO/IbKY UMeem cmeneHs 3aWumsl IP67 u He No0Bepx3eH BO3-
delicmautro co/iHe4YHo2o caema. B iobom cayyae, cypoBsble YCI08usl OKpyxaroweld cpedbl, makue Kak
CUJTbHBIU 00XOb, CHE2 U WMopMOoBoL Bemep, Mo2ym NOBJUSMb HA NPABUJILHOCMb 0OHAPYXeHUS Uesu.

EC/Iu Bam Hy»#HO 06HApy@#ums Memasiudeckuti obbekm Ha HeboibUWoM paccCmOosHUU, JIYHWUM pe-
weHuem byoem UHOYKmMUBHbIU damyuk. OHU He NO0BEepX teHbl BUSHUIO YCI08UU OKpyxarousel cpedb!
(Hanu4ue 80Ok, MAC/IA, CMA3KU, HEMemasiu4eckux Mamepuasos, ...) U UMerom O4YeHb BbICOKYH NOBMO-
psemocms. CMompum puc.1,2,3 Hanpumep, cepuu Datasensing AD (MuHuamtopHbil M5), AE (M8), AM
(M12), AK (M18) u AT (M30).

PucyHok 2. IHOyKmuBHbI 0am4yuk
Jna npusoxeHull no onpedesieHuro YPoBHSA U 0OHAPYXEHU 2PAHY/IUPOBAHHBIX Mamepuanos
(Hanpumep, NIACMUKOBbLIX 2PAHYJI, CeMSIH, ...) NPABUJIbHbIM BbIOOPOM SB/ISeMCS eMKOCMHbIU dam4uk. C
NOMOWIbIO Pe2y/IUPOBKU YYBCMBUMETLHOCMU MOMXHO HACMPOUMb 0AMYUK Ha OOHApYxeHUe uenesbix
mamepuasios. PekomeHoyemble JIUHelKu npomeOB Datasensing — cepuu C18 (M18) u C30 (M30).

PucyHok 3. Jlamyuku cepuu Datasensing
Lns obHapyxeHus Ha 60/1bWoM paccmosHUU Y/1IbMPA3BYKOBbIe 0amMYUKU ABSHOMCA NPABUSIbHBIM
peuwleHueM. YibmpaszsyKoBble 0amyuKku makxe 0oCmynHbl C AHa10208bIM BbIXOOOM 0/18 U3MepPeHUs U
U3MepeHuUs1 YpoBHS CBEPXY pe3epsyadpd. Bbl Moxeme Hayamb Nouck npodykma ¢ Datasensing ceputi UK

(M18) u UT (M30).

PucyHok 4. /Jamyuku cepuu Datasensing
Cmpykmypa ymHo2o0 doma skirodaem B8 cebss Habop 0oNOHUME IbHbIX CUCmemM U Ycmpolcms,
KOmopble asmomMamu3supyrom U ONMUMU3Upyrom pabomy pasauyHbIX NPOUECCoB U GyHKYUU BHYmMpPU
doma. OcCHoBHAsa uesb makod CmpPpyKMypbl — NOBbIWEHUe Kompopma, 6e3zonacHocmu U
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SHepeo3ppekmuBHOCMU 3a CYem UCNOJIb308AHUS mexHono2ul WHmepHema sewel (loT). Huxce
PACCMOMPUM OCHOBHbI@ KOMNOHeHMbI U NPUHYUNbBI pabombl YMHO20 0OMa:

1. LleHmpanbHbId ynpassrowul xab

2. Cucmema ocseujeHust ynpassieHust

e YMHbIe 1amMnbl U CBeMUJIbHUKU

e Jlamyuku 0BUMCeHUST
Cucmema KiumMam-KoHmMpPOoJisi.

YMHble mepmocmama! U KaumamuyecKue KOHMpoJiiepb!
ZJlamyuku memnepamypbl, BIAXHOCMU U Ka4ecmBad B030yxad
Cucmemsbi be3onacHocmu u BUOEOHab1H00eHUs.

Kamepbi Habit00eHUs, 0amyYuKu OBUMEHUS

Cucmema ynpassieHusi 3Hep2onompebieHuem.

YMHble po3emKu u cyemyuKku cHemyuK 371eKmpo3HepauU
CoJiHeYHble NaHe U U cucmeMbl HaKoNJIeHUs 3Hepauu
Cucmema BoOOCHabXeHUs U 3auumasl OM NPOMEYex.
Jlamyuku npomevyex,

Cucmembi ynpassieHuss B000CHAOIEHUEM

Cucmema asmomamu3sayuu u Hacmpodku (loT)
Scenarios

Obna4yHble mexHoao2uU U yoaneHHbId docmyn
BO3MOX(HOCMb MOHUMOPUH2A

SKOHOMUKA 3Hep2emuKu

Ynyqwerue 6ezonacHocmu

[ubkocmae u adanmuBHOCMb

3akoHeHue

B xo0e pabomsbi U3y4eHbl OCHOBHbIE NOOX00b! K NOCMPOEHU) dBMOMAMU3UPOBAHHOU CUCMEMb!
YNPpasaeHuss MUKPOK/IUMAmMOoM menJiulbl U NPOBEOEH aHAsIu3 CeHCOPHbIX yCMPoUcmBa, NpUMEHSIeMbIX 015
KOHMPOJIS NApamempos oKpyxcarouell cpedbl. YcmaHosieHo, Ymo NPasusibHbIG BbI6OP 0amMyuKoB U
UCNOJIHUME/IbHbIX MexaHu3MoB8 obecneyusaem CmMabusibHOCMb MUKPOKAUMAMA U NoBkbIWAem
3ppdekmusHoCMb BbIpAUUBAHUS pacmeHUd.

Vicnosib30BaHue UHMeIeKMYA/IbHbIX CUCMeM ynpassieHuss u mexHosoeul loT no3sosisiem
asmoMamu3upoBamMb NPOUECChl MOHUMOPUH2A U pe2ysiupoBAHUs yc108ull BHYMpPU Mensiuubl, CHU3UMb
IKCNJIYamauyuoHHble 3ampamal U NOBbLICUMb YpPoxalHOCMb. BHedpeHue makux peweHul ss8/asemcs
nepcnekmMuUBHbIM HaNPasaeHUem passumus COBPeMeHHbIX MeniuYHbIX X03a0cma.

* N O (o o

U

...._\].Q\.
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Abstract

This paper examines the development of a technology for manufacturing outerwear from multi-
layer materials. It focuses on the selection and characterization of multilayer textile materials, their
structural properties, and performance characteristics. The technological stages of outerwear produc-
tion are analyzed, including design, cutting, assembly, and finishing, taking into account the specific char-
acteristics of multilayer materials. Issues of improving the thermal, moisture, and strength properties of
finished products, as well as ensuring comfort and wear resistance during use are considered. The re-
search results can be used in the design and improvement of production technologies for modern outer-
wear.

AHHOmMayus

B 0arHHol pabome paccmampusaemcs paspabomka mexHo102uU U320MOoBJieHUs BEPXHEU 00ex0b!
U3 MHO20C/I0UHbIX MamepuasioB. OCHOBHOE BHUMAHUe yoesnsgemcs BbI6OPY U Xapakmepucmuke
MHO20C/IOUHbIX MEKCMUJIbHBIX MAMepUasnos, UX CMPYKMYpPHbIM 0COBEHHOCMSM U 3KCNJ1yamAauyUOHHbIM
cgolicmaam. [IpoaHanu3upoBaHbI MexHoI02U4ecKue 3mansi NPoOU3B0OCMABA BepxHell 00exObl, BK/IHOYAS
KOHCMpyuposaHue, packpol, c6opky u omaoesiky u3denud ¢ y4emom cneyuduku MHO20CI0UHbIX
Mamepuasios. Paccmampusaromcs BONPOChI NOBbILEHUS MEeNa03auUMHbIX, B/1a203AUWUMHbLIX U
NPOYHOCMHBIX XAPAKMEPUCMUK 20moBbix u3denud, a makxe obecneyeHus Kom¢opma u
U3HOCOCMOUKOCMU NPU SKCNJIyamauuu. Pe3yibmamal UcC1edo8aHusi Mo2ym bbimb UCNO/Ib308AHbI NPU
NPOEKMUPOBAHUU U COBEPUICHCMBOBAHUU MEXHOI02Ul NPOU3BOOCMBA COBPEMEHHOU BEPXHel 00ex0bI.

Keywords: Multilayer materials, outerwear, manufacturing technology, textile materials.
Knroyesbie c108a: MHO20C/100HbIE MAmMepuadsibl, BEPXHSAA 00ex0d, MexHOI102usl U320MOoBJIeHUS,
MeKCMUJIbHbIe Mamepuad/ibi.

O0HoU u3 21aBHbIX 3a0ay WBelHoU NPOMbILIeHHOCMU A8/19emcs co30aHue Kpacusod, yoobHod,
PasHoobpasHol 00ex0bl 018 WUPOKUX C/0eB HaceneHus. O0exObl, omsevarouiell CoBpemeHHbIM
mpeboBaHUSM Kak ¢ Npakmu4eckol, mak u ¢ 3cmemuyeckol moyek 3peHus. Ce200HIWHUU 3aKa3quKk
Xxoyem umemsb 00ex#0bl He BoobWwe, a COOMBEMCMBYHULYH 0NPedesieHHOMY HA3HAYeHUro, BO3PAcmy,
KJIUMamu4yeckum U HAUUOHA/IbHbIM 0cobeHHocmaM. OcobeHHO 3mMO OMHOCUMBCS K MOJI00exHOU
odexcde. C Opyeol CMOPOHbI O4eHb BAXCHbIM ABJSEMCS CHUXCeHUe mpYyo0oemMKOCmU U320MOBJIeHUSs
00ex0bl, COKPaUjeHUs CPOKOB eé U320MOBJIeHUS.

A3epbalioxaHckull mexHoioeu4deckull yHusepcumema Kageope “MawuHocmpoeHue u ou3adH
J1e2koll NPOMBbIWLLIEHHOCMU” pa3pabomaHa MexHo102Us U320MOBJIEHUSI MEHCE30HHOU BepxHel 00exOb!
C npucmeausarowedcs ymensgrouel npokaaokou: nasbmo, KYpmKa. V30enus cocmosmb U3 0ByX
KOMNOHEeHMOB: BEPXHe20, BbINOHEHHO20 U3 PA3/iudHbIX MKAHel U BHYMpPeHHe20, COCMOoAWe20 U3
MHO020C/10(iH020 Mamepuasd, CoYemaroule2o 8 cebe ymensstolyro NPOKIAOKY, Bempo3auiumHbit c/od,
nooknaoky. OCHOBHble @YHKUUU BEpXHe20 C/10s1 3CMemuyeckass U 3auuma oOm  Pas/iuyHbIX
KJIUMamuyeckux u mexaHu4deckux sosdelicmsuu. OH U320Mas/iuBaemcs U3 paz/iuyHbIX Mamepuasnos:
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NAsabMOoBbIX, NIAWEBbIX, COPOYEYHbIX MKAHEU, MPUKOMAXa U BbINOHIEMCS KAK CAMOCMOSIMe/bHOe
uzoesue.

BHympeHHel csiol u320mosJieH U3 20MoB020 NAkema 00ex0bl. [1olomHa 8 nakem Mmoz2ym
COLOUHAMBbCA Mexdy cobol MexaHu4yeckum u pu3uKo-Xumuyeckum cnocobamu 8 3as8UcCuUMocmu om 8uoa
NosI0MHA. TexHom02us U320MOoBJIeHUsI BHYMPeHHel 4acmu Nasabmo o4eHb npocma. Cpesbl 20p/I0BUHbI,
6opma, npolMmbi, OKama OKAHMOBbLIBAIOMCS. boKoBble nyeyesble U JIOKMeBble Cpe3bl PYyKaBoB
COeOuHeHbl WBOM C NpedsapumesibHbIM CHIMUeM 4Yacmu C/10e8 mamepuadsnd 8 obaacmu Wwad,
paspabomarHbIM Ha Kageope “MawuHocmpoeHue u ou3alH se2kol npoMbIUIeHHOCMU” — Ymo
N0380/159em 3HA4YUMesIbHO CHU3UMb MOJIUUHY WBOB.

lpedsapumesibHble pacyemsl, NPOBEO0eHHbIe B PAMKAX KypPCOBbIX U OUNJIOMHbIX NPOEKMOB,
NoKaszanu, 4Ymo mpyodOeMKOCMb U320MOBJIeHUS BepxHel ymensieHHoU 00exObl 3HAYUMesbHO
CHUXcambcs. CHUMeHue mpyooemMmKocmu NPoUCXo0um 3a cYem BbIBOOAd U3 MEeXHO/I02U4eCcKo20 npouecca
BCeX NPOMeXymoyHble onepauyul no obpabomke ymensarowel NPOKAAOKU U NOOKAAOKU. Takum
06pazomM, npedsiazaemasi mexHoI02us U320MOoBIeHUS BepxHel odexde S8/19emcs nepcnekmusHol u
3acnyxusaem 0adsbHelwe2o UucciedoBaHus. BHeopeHue eé 8 Nnpou3BOO0CMBO NO3BOAUM NOJAYHUMb
3Ha4umesibHbIl 3KoHoMuYeckud 3¢pgpexm.
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Abstract

In the conditions of the modern market, an important task for manufacturers is to ensure high
quality products. This is especially true for spicy-aromatic compositions, which are widely used in the
food, cosmetic and pharmaceutical industries. Biologically active substances (BAS) with diverse
properties and a wide range of effects play an important role in shaping the quality of these compositions.
This article discusses aspects of improving the quality management system of spicy-aromatic
compositions based on the use of BAS. The use of lean manufacturing methods and quality management
methods, such as 6 Sigma, is considered.

AHHOmMayus

B yc/108usx coBpeMeHH020 pbIHKA Bax)cHou 3adadell 0719 npouzsooumeriel a8/19emcs obecneyeHue
BbICOKO20 Ka4ecmaa NPooyKyuU. Imo 0CobeHHO akmyasibHO 0Ji NPSIHO-APOMAMUYecKux Komnozuyud,
Komopble Haxo0am WUPOKOe NpuMeHeHue 8 nuujesol, Kocmemuyeckol U ¢apmauesmuveckol
NPOMbIW/IEHHOCMU.  BayHYr0 posib B  (GOPMUPOBAHUU KA4ecmBd 3mux KOMNo3uuyul ueparom
buosioeudecku akmusHble Bewecmaa (BAB), obnadaroujue pasHoobpazHbiMu CcBOUCMBAMU U WUPOKUM
cnekmpom delicmBsus. B 0aHHol cmamaee paccMampusaromcs acnekmal COBepuIeHCMBOBAHUS CUCMEeMb]
YNpasseHuss  Ka4yecmsoM  NPSAHO-APOMAMUYecKUx — KOMNo3uyul Ha OCHOBE  UCNOJIb30BAHUS
BbAB.PaccmompeHa ucnosib308aHue mMemoodos b6epexiuo20 NPou3soOCMBA U Memo0ooB YNpas/ieHus
Ka4yecmsoM, Makux Kak 6 Sigma.

Keywords: quality management system, powdered compositions, biologically active substances,
production technology, current methods of quality assessment, problems, improvement of quality
management.

Knrovesble cnoBa: cucmema ynpasJieHus KadyecmsoM, NOPOWKOoobpasHble KOMNo3uyud,
buosiocuyeckue aKkmuBHble Beujecmsd, MexHOI02Uus NPou3BoOCMBd, AKmMyd/ibHble Memoobl OUEHKU
Kka4yecmaa, npobiemMbl,COBEPUIEHCMBOBAHUE YNPAB/ICHUS KA4eCMBOM.

To understand the quality of powdered compositions: quality can be considered as a set of
characteristics that determine their compliance with various requirements. This may include physico-
chemical parameters, organoleptic properties, safety and compliance with standards. It should also be
noted that the perception of quality is not only subjective, but also depends on cultural and regional
consumption traditions [5].

The quality management System (OMS) includes all aspects of the organization of processes that
ensure product compliance with established standards. According to the international standards ISO
9001 and ISO 22000, the effectiveness of the QMS is achieved through continuous monitoring, data
analysis and the implementation of corrective actions. The use of BAS in spicy-aromatic compositions is
associated with their ability to improve taste and aromatic characteristics, as well as their effect on the
safety of products [1].
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Previous scientific studies show that BAS can not only improve the organoleptic properties of
compositions, but also have a positive effect on human health. For example, plant extracts such as
curcumin, green tea extract and oleoresins have antioxidant activity and can contribute to the prevention
of various diseases. In this regard, there is a need to develop and implement new quality control methods
that will take into account the specifics of the use of BAS [2].

Current methods of quality assessment
In modern practice, various methods of assessing the quality of spicy-aromatic compositions are

used:

Physico-chemical Organoleptic

methods evaluation

1. Physico-chemical methods
These methods include the assessment of physical and chemical characteristics such as viscosity,

acidity, essential oil content, etc. The chromatography method, in particular, gas chromatography, is
widely used to analyze the compositions of spicy-aromatic compositions.

2. Organoleptic evaluation

Organoleptic methods, including tasting and flavoring, allow us to evaluate the subjective qualities
of products. Conducting blind tests with professional tasters or focus groups can provide valuable data

on consumer preferences [3].
Problems of existing quality management systems

Problems of
existing
quality

management
systems

2. Insufficient
1. Lack of a control over the
single standard sources of raw
materials

1. Lack of a single standard: At the moment, there are no clear international standards governing
the quality of spicy-aromatic compositions, which makes it difficult to certify them and create an effec-

tive control system.
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2. Insufficient control over the sources of raw materials: The quality of BAS directly depends on the
quality of the raw materials used. At the moment, many manufacturers do not pay due attention to the
analysis and selection of suppliers.

3. Limited knowledge about the properties of BAS: Due to the lack of awareness of manufacturers
about the properties and potential effects of BAS, a situation has arisen where many of them are used
without proper scientific justification[3].

Suggestions for improving the quality management system

2. Monitoring
and analysis
of raw
materials

1. 3. Staff
Development education and
of quality training

standards

5.

4. Introduction

Improvement of new

of production technologies
processes

1. Development of quality standards

The creation and implementation of unified quality standards based on modern research in the
field of BAS will allow to harmonize approaches to the production and control of spicy-aromatic compo-
sitions. This may include both physico-chemical and organoleptic characteristics.

2. Monitoring and analysis of raw materials

It is necessary to implement a monitoring system that will allow manufacturers to monitor the
quality of raw materials at all stages — from its receipt to processing. This can be implemented through
a traceability system, which will allow for a more accurate assessment of the quality of the final prod-
uctf4].

3. Staff education and training

It is important to conduct regular trainings for company employees in order to increase their aware-
ness of the properties of BAS, methods of their analysis and their impact on product quality. This will
make it possible to better cope with various challenges and adapt to changing market requirements.

4. Introduction of new technologies

The use of modern technologies, such as automated quality control systems and analytical chem-
istry methods, can significantly improve the effectiveness of quality management. Spectroscopy, chro-
matography and other methods can be used to analyze the qualitative characteristics of BAS and monitor
changes in the production process. The introduction of information technology, automation and process
control systems opens up new horizons for quality control. In particular, the use of Big Data and analytics
allows for in-depth analysis of quality data and meeting consumer expectations.

5. Improvement of production processes

The use of lean manufacturing techniques and quality management techniques such as 6 Sigma
can significantly improve production performance and reduce the number of defects [5].

Examples of success fulimplementation of quality management systems
To demonstrate the effectiveness of the proposed methods, let's look at several practical examples.
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The case of one of the companies in the segmentation of spicy
components

«1

Application of green technologies

1.The case of one of the companies in the segmentation of spicy components

Companies using automation systems for quality control clearly observe a reduction in production
time and a reduction in losses.

2.Application of green technologies

Some manufacturers have begun to implement sustainable methods that have not only improved
product quality, but also reduced the negative impact on the environment.[4].

Improving the quality management system of spicy-aromatic compositions based on biologically
active substances is an important task for manufacturers in a competitive environment. The need to de-
velop uniform standards, control the quality of raw materials, professional development and the intro-
duction of new technologies will significantly improve the quality of final products, as well as meet the
increasing demands of consumers and safety standards.

Improving the quality management system of powdered compositions requires an integrative ap-
proach that includes both traditional and modern methods. Effective quality management not only in-
creases the competitiveness of products, but also increases consumer confidence and brand credibility. It
is important to continue to research and adapt new approaches to ensure high standards in the produc-
tion of powdered compositions [4], [5].
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Abstract

Within the framework of the study, a conceptual scheme and a formal mathematical model of a
five-layer architecture of an automated system for managing technological processes at a railway sorting
station were developed, taking into account the integration of modern Internet of Things (loT)
technologies and Big Data analytics capabilities. The proposed architecture includes five main layers:
physical, network, data processing, decision-making, and visualization. Each layer is adapted to operate
under conditions of distributed infrastructure, high process dynamics, and large volumes of processed
information. A distinctive feature of the proposed scheme of the automated technological process
control system is the emphasis on accounting for time constraints inherent in real-time systems. This
ensures the correct operation of the entire system within strict time limits. An important aspect was also
the optimization of interlayer interaction aimed at reducing delays, increasing data exchange efficiency,
and ensuring the consistency of actions of all system elements. The development and refinement of this
concept make it possible to create flexible, scalable, and highly efficient control systems that meet
modern requirements for the automation of technological processes in railway transport and contribute
to increasing the reliability, stability, and performance of sorting stations, as well as their adaptation to
changing operating conditions and the implementation of new technologies.

Keywords: railway transport, automated control system, sorting station, information structures,
Internet of Things, Big Data, model.

In the modern approach to the automation of sorting stations (SS) in railway transport (RT),
information structures that ensure real-time data processing, transmission, and analysis play a crucial
role. The growth in data volume and the need to adapt to the dynamic operating conditions of rolling
stock (hereinafter RS) require the use of advanced IT solutions in RT, such as the Internet of Things (1oT)
and Big Data analytics, since, according to many researchers [1-6], these technologies make it possible
to integrate data coming from numerous devices, process them onepamusHo, and use the analysis results
to optimize station operations. However, despite significant progress [1-3], existing automation models
do not fully address such aspects as system fault tolerance, reduction of infrastructure maintenance
costs, and adaptation to variable conditions, including peak loads. These tasks become particularly
important in the context of increasing complexity of technological processes and the need to enhance
the reliability and economic efficiency of both SS and the railway transport system as a whole.

Therefore, within the framework of the current study, an improved model is proposed that takes
into account distributed data collection from IoT devices, their processing using Big Data technologies,
and dynamic routing of information flows in the automated technological process control system
(ATPCS) of sorting stations. The proposed model focuses primarily on reducing data processing latency,
ensuring system flexibility, and minimizing costs. The inclusion of these aspects, in our opinion, makes it
possible to achieve increased performance of the ATPCS of sorting stations and to enhance their
resilience to external and internal factors affecting their operational characteristics.

The aim of the study was to develop and substantiate a conceptual scheme and a formal
mathematical model of a five-layer architecture of the automated technological process control system
(ATPCS) of a sorting station, taking into account the integration of modern Internet of Things (loT)
technologies and Big Data analytics.

The model is based on a multi-level hierarchical structure that integrates loT devices, Big Data
processing technologies, and centralized/distributed control systems. The main elements of the system
(see Fig. 1) include:

Level 1 — the physical infrastructure level (loT layer), which includes a set of intelligent devices
(sensors, controllers, actuators) installed at stations, tracks, and on rolling stock. Device data include
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information on wagon speed and location, track condition, sorting hump load level, power consumption,
etc.,;

Level 2 — the data collection and preprocessing level, which includes loT devices connected with
edge computing nodes that perform preliminary data processing (e.g., noise filtering, aggregation) and
transmit the processed information to the next level.

an
a

Data Presentation and User Interaction Layer

117
ths

th

Figure 1—Main Elements of the ATPCS of a Sorting Station with loT and Big Data

Level 3 —the Data Analysis and Storage Layer (Big Data layer), which npednonazaem the presence
of distributed data warehouses and computing platforms that process real-time data arrays and store
them for further analysis. At this level, Big Data technologies are implemented, including data stream
processing and parallel computing.

Level 4 — the Control and Decision-Making Layer, which includes machine learning (ML) and
artificial intelligence (Al) algorithms. At this level, data are analyzed and optimized, for example, to
predict failures and enable system adaptation to changing conditions.

Level 5 — the Data Presentation and User Interaction Layer, which includes interfaces for
dispatchers and operators, as well as access to analytical reports, forecasts, and recommendations.

Conclusion

A conceptual scheme and a formalized mathematical model of a five-layer (five-level) architecture
of the automated technological process control system (ATPCS) of a sorting station were developed, tak-
ing into account the integration capabilities of IoT and Big Data technologies. In the proposed scheme,
each layer (physical, network, data processing, decision-making, and visualization) is adapted to operate
under conditions of distributed infrastructure and large data volumes. Unlike existing solutions,
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particular emphasis is placed on time constraints inherent in real-time systems and on optimizing inter-
layer interaction. The refinement and further development of this ATPCS concept provide a foundation
for creating flexible, scalable, and highly efficient control systems that meet modern requirements for
the automation of technological processes in railway transport.
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