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Psychological Sciences

Wellbeing of the students in educational
settings; challenges and perspectives

Nargiz Firdovsi Sultan
PhD in Psychology; Baku State University, Department of Gender and Applied Psychology,
Lecturer and faculty member

Abstract: The focus of this study is child and adolescent wellbeing in schools, but naturally children
don’t live in a vacuum in these settings and when exploring the determinants of child and
adolescent wellbeing we must look at the whole world of the child, including the parts of their life
that happen outside their educational setting. Below we highlight some of the most prominent
ecological models of children’s wellbeing as a point of reference to understand how some of the
drivers of wellbeing might interact and as an aid to visualise their interdependent nature. An
individual’s wellbeing is multi-dimensional, affected by many variables, both within the individual
themselves, and external elements that either support or pose risks to wellbeing (Huebner,
Gilman, & Laughlin, 1999). Such mediating factors are examined here at the individual, school,
family, community, and government levels. When reviewing the wellbeing literature, it is of note
that the overall picture of drivers of wellbeing is complicated. The research area is relatively new
and there is a lack of robust high-level research (e.g., Randomised Controlled Trials; RCTs), and
therefore very few studies where causality can be determined. Much of the research conducted
and presented is correlational, cross-sectional, pre and post, or only focused on individual
countries or populations.

Keywords: wellbeing, school, students, learners, instructors, social-emotional skills.

There are three important reasons why schools should seek to improve the wellbeing of their
pupils: firstly, childhood and adolescence are important periods in their own right, and every
young person has the right to have a positive experience in this critical formative period; secondly,
as we will highlight below, higher wellbeing in childhood and adolescence is associated with other
benefits for young people, such as higher attainment, better mental health, and positive pro-social
behaviour. Finally, it is important to maximise wellbeing in childhood and adolescence because of
the long-lasting impact this has on their future, including their adult levels of wellbeing and job
prospects.

Martin Seligman, author of the Penn Resiliency Program, provides a rationale for why wellbeing
should be taught in schools in his paper ‘Positive Psychology and Classroom Interventions’ (2009).
Wellbeing is presented as an antidote to depression, as a way to improve life satisfaction,

and to improve learning and creative thinking. This emphasis on the subjective wellbeing and the
experience of the pupil has become a central focus of research in the last 15 years: rather than
purely viewing childhood and adolescence as periods of preparation for adulthood, the immediate
experience of the young person is valued. However, there is a question around what is included in
the core business of schools and what time, money, and resources should be directed towards:
creating an educational environment where skills can be learnt to lay a foundation for adulthood,
or somewhere to develop the whole child, including fostering their wellbeing?

Fortunately, there is no trade-off to be had: what is good for wellbeing has also shown to be
beneficial for academic outcomes. Wellbeing in schools is currently largely taught via a variety of
Social and Emotional Learning (SEL) interventions and, as the authors of a significant CASEL report
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highlight, “These positive results [of the review of SEL interventions] do not come at the expense
of performance in core academic skills, but rather enhance academic achievement” (CASEL, 2007,
p.1,). Therefore, schools can confidently explore wellbeing, using some of their time and resources
to attempt to improve it in the knowledge that

such improvements will most likely have significant positive ripple effects into what they might
deem to be their core business of academic attainment, in addition to improving the immediate
day-to-day experience for their pupils, and supporting the development of well-rounded
functioning adults.

Further evidence of the relationship between wellbeing and academic progress comes from an
impact study by conducted by Oxford University (Lindorff, 2020), which found convincing evidence
of a relationship between wellbeing and academic attainment, stating that there is strong
international evidence to bolster the claim that when promoting wellbeing in schools, whole-
school approaches can have an effect on academic attainment and, further, have positive effects
on a variety of other educational outcomes (mental health, self-esteem, self-efficacy, motivation,
behaviour, and decreased probability of dropout). Similarly, research into wellbeing, academic
buoyancy, and educational achievement in primary school students (7—11-year-olds), found the
existence of an underlying wellbeing factor, which was positively related to achievement—a
relationship that was not moderated by gender and/or deprivation (Miller et al., 2013). A similar
empirical study examined the effects of the Maytiv positive psychology school program on early
adolescents' wellbeing, engagement, and achievement, finding significant socio-emotional and
academic benefits of incorporating components of positive psychology into school curricula
(Shoshani et al., 2016). However, A review into youth wellbeing and the relationships between
student wellbeing, academic achievement, and professional success suggests that, while strong
trends exist between wellbeing and attainment in the literature, before wellbeing is incorporated
into schools’ curricula on a large scale, further experimental research is needed to “identify the
most effective youth well-being interventions, their impact on academic achievement, and the
mechanisms through which well-being improves academic performance” (Adler, 2017). Another
study adds to the growing empirical evidence regarding the positive impact of Social and
Emotional Learning (SEL) programs (which enhance wellbeing) in schools. This metaanalysis of
school-based universal interventions involved 270,034 kindergarten through high school students,
and found that “compared to controls, SEL participants demonstrated significantly improved social
and emotional skills, attitudes, behaviour, and academic performance that reflected an 11-
percentile-point gain in achievement” (Durlak et al., 2011). Cyclically, these attributes and
behaviours also support better wellbeing in later life.
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Abstract

Language variation is one of the central topics in sociolinguistics. Differences in language use often
reflect social factors such as geographical location, social class, education, and cultural
background. One important dimension of variation is the distinction between urban and rural
speech. Urban environments tend to promote linguistic innovation due to greater population
density and contact among diverse social groups, whereas rural communities often preserve
traditional dialect features. This article examines the characteristics of urban and rural language
variation in English, the social factors that influence these differences, and the implications for
linguistic diversity and language change. Drawing on sociolinguistic research, the study highlights
how urbanization, mobility, and media exposure contribute to language change, while rural
communities maintain older linguistic forms. Understanding these differences provides insight into
the dynamic relationship between language and society.

1. Introduction

Language is not a uniform system; it varies across speakers and communities. Sociolinguistics
studies how language interacts with social factors, including geography, age, gender, and social
class. One of the most widely observed patterns of variation occurs between urban and rural
communities.

Urban areas are typically characterized by large populations, social diversity, and high levels of
interaction between different groups. Rural areas, on the other hand, tend to have smaller
populations and more stable social networks. These differences influence how language develops
and changes over time.

According to William Labov, one of the pioneers of sociolinguistics, “language variation is not
random but structured and socially meaningful” (Labov 23). This means that differences in
language use often reflect social structures and community practices. Urban and rural
environments provide important contexts for studying how language variation emerges and
evolves.

This article explores the linguistic differences between urban and rural English varieties and
examines the social factors that contribute to these differences.

2. Urban Language Variation

Urban speech communities are often linguistically diverse due to migration and cultural
interaction. Cities bring together speakers from different regions, ethnic backgrounds, and social
classes, creating environments where language change can occur rapidly.
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One notable feature of urban language is the frequent use of linguistic innovations, including slang,
borrowed vocabulary, and new expressions. Urban speakers are often exposed to global media,
technology, and social networks that influence their linguistic behavior.

Peter Trudgill notes that “cities are centers of linguistic innovation because they encourage contact
between different social and linguistic groups” (Trudgill 57). As a result, new linguistic forms often
emerge in urban environments before spreading to other regions.

Urban speech also reflects the influence of multiculturalism. In many English-speaking cities,
speakers incorporate words and expressions from different languages and dialects. For example,
urban youth language may include slang terms, shortened forms, and expressions influenced by
popular culture.

Another characteristic of urban language is rapid linguistic change. Because urban populations are
highly mobile, linguistic innovations spread quickly through social networks. These patterns make
cities important sites for studying language change and diffusion.

3. Rural Language Variation

In contrast to urban areas, rural communities often maintain more traditional dialect features.
Rural populations tend to be smaller and more socially interconnected, which can lead to greater
linguistic stability.

Dialect forms that have disappeared from urban speech may continue to exist in rural areas. These
forms may include older grammatical structures, regional vocabulary, and distinctive pronunciation
patterns.

Jean Aitchison explains that “rural communities frequently preserve older linguistic forms because
their social networks are tighter and less influenced by outside contact” (Aitchison 102). This
stability allows linguists to observe historical features of language that might otherwise disappear.
For example, some rural dialects of English retain grammatical constructions such as double
negatives or alternative verb forms. Although these forms may be stigmatized in standard English,
linguists emphasize that they are systematic and rule-governed within their dialects.

Rural dialects also play an important role in cultural identity. Local speech patterns often reflect
regional history and traditions, strengthening the connection between language and community.
4. Factors Influencing Urban—Rural Variation

Several social factors contribute to linguistic differences between urban and rural communities.
Mobility and Migration

Urban areas experience higher levels of migration, which leads to greater linguistic diversity.
Speakers from different regions interact regularly, resulting in dialect contact and the emergence
of new linguistic forms.

Education and Standard Language

Urban populations often have greater access to formal education, which can promote the use of
standardized language forms. Rural communities may rely more heavily on local dialects in
everyday communication.

Media and Technology

Mass media and digital communication influence language use, particularly in urban
environments. Exposure to global media introduces new vocabulary and expressions that spread
quickly through social networks.

Social Networks

Sociolinguistic research shows that close-knit communities tend to preserve traditional speech
patterns. Rural communities often have stronger and more stable social networks, which
contributes to the maintenance of local dialects.

Labov highlights the importance of social networks in language variation, noting that “the structure
of social relationships plays a crucial role in shaping linguistic behavior” (Labov 45).
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5. Implications for Language Change

The interaction between urban innovation and rural preservation plays a significant role in the
development of language. Linguistic innovations that originate in cities may gradually spread to
surrounding regions, including rural areas.

At the same time, rural dialects provide valuable evidence for historical linguistic research. By
studying these dialects, linguists can trace the evolution of language over time.

Urbanization and globalization have raised concerns about the potential loss of regional dialects.
As communication networks expand and standard language forms become more dominant, some
local dialects may decline.

However, many linguists argue that linguistic diversity remains resilient. Even in highly globalized
societies, speakers continue to adapt language to reflect local identities and cultural traditions.

6. Conclusion

Urban and rural language variation demonstrates the dynamic relationship between language and
society. Urban environments promote linguistic innovation and rapid language change, while rural
communities often preserve traditional dialect features.

These differences are shaped by factors such as migration, education, social networks, and media
influence. Studying urban and rural speech patterns helps linguists understand how language
evolves and how social structures influence communication.

Ultimately, both urban and rural varieties contribute to the richness and diversity of English.
Recognizing the value of different dialects encourages a more inclusive understanding of language
and highlights the importance of linguistic diversity in modern society.
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CREATING AN ENGLISH-LANGUAGE
ENVIRONMENT IN ENGLISH TEACHING
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Abstract

The English language has long been recognized as a global language for establishing
scientific and educational relations. Therefore, we note the high relevance of research on various
issues related to the multilingual environment and the internationalization of education. This
article examines the current situation, goals, and factors hindering the creation of an English-
language educational environment in English language teaching. Special attention is paid to the
creation of an English-language educational environment as one of the main factors ensuring the
successful internationalization of all aspects of educational activities.

Keywords: educational environment, internationalization, multilingual, research, global
language.

Introduction

An important and integral part of the English language acquisition process is the creation
of a language environment. This means creating conditions that facilitate the rapid and effective
acquisition of all types of speech activity necessary for successful communication in a foreign
language. We deliberately use the terms "acquisition" and "mastery" rather than "study," since by
the latter we mean an academic, speculative interest in a foreign language as such, as opposed to
the ability to use it in real-life situations.

The need to create a language environment has been discussed at length recently. Articles
and studies have proposed numerous ways to utilize Internet resources in general, educational
resources, teach specific aspects of the language, or employ specific technologies [3]. All research
is aimed at finding effective methodological solutions for conducting a higher-quality lesson (read:
not boring, using ICT, etc.), essentially replacing the study of a foreign language by creating a
foreign language environment with the use of a certain amount of technical methods and means
of using ICT in the lesson.

Another distinct shortcoming, or rather, an oversight, on the part of researchers is that they
typically focus on creating a foreign language environment in the classroom, while creating a
foreign language environment outside of class time is not perceived as an important part of the
teacher's work. The generally accepted view is that creating a foreign language environment
outside of class time can only be successful if it takes place outside the student's usual language
environment. In other words, immersion in it is only possible by leaving Russia and moving to live
or study in an English-speaking country. Thus, the student finds themselves in an environment
where they are forced to use English as a means of communication, receiving, and transmitting
information. According to this concept, the teacher cannot influence either the creation or the
choice of the student's outside-class language environment.

We believe such a practice to be, at best, unwise. At best, it leads students to feel insecure
about their abilities; at worst, to a firm conviction of their inability to speak English. Students often
lose interest in studying English at university (we are now discussing only non-linguistic majors)
precisely because they fail to see the value of the practical skills they acquire, lacking the
opportunity to apply them outside of class, or lacking the motivation to seek out and take
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advantage of such opportunities. The absence of a language environment, as well as the lack of
desire to artificially simulate it, significantly narrows the scope of students' activities, reduces their
communicative needs, forces them to perceive skills in various activities as unrelated, and leads to
an inability to use them in real-life communicative situations. As a result, students are able (more
or less efficiently) to solve problems in a narrowly organized environment (for example, completing
assignments to select the necessary grammatical form in class), but do not transfer this skill to real
life. This is analogous to how, although a student knows the multiplication table and uses it to solve
arithmetic problems in class, he or she does not apply this knowledge when shopping in a store.
This is precisely why students begin to perceive English solely as an academic subject (often
difficult and boring), as an insurmountable obstacle to receiving a scholarship, or (fortunately,
rarely) as a very real threat to their continued participation in university.

Meanwhile, the modern information environment offers ample opportunities to advance
to a qualitatively new level of foreign language proficiency without spending months or years in
another country. Students can develop their professional interests by taking online courses in their
fields of interest, reading articles from library resources of English-language periodicals, and for
entertainment — news, literature (magazines, newspapers), films and theater productions,
interactive museums, and so on (the list is endless). Consistent and persistent training in perceiving
information in English helps quickly overcome this psychological barrier and begin to improve one's
language skills.

In our view, following the rule "don't use Russian translation," students can attempt to
simulate an English-language environment for themselves to some extent. A necessary step toward
achieving this goal is consciously choosing English-language sources when a Russian translation is
available. In this case, it becomes clear that this isn't about using a computer or internet resources;
it's about using the language.

Naturally, students should be encouraged to actively seek out and utilize these
opportunities. In other words, they should consciously and purposefully create their own English-
language environment. The teacher's role and influence, therefore, are not limited to the
classroom; their task is more global—in the absence of an English-language environment, to
increase students' motivation to simulate a "personal" foreign-language environment and actively
exist and self-actualize within it.

Our concept for creating an extracurricular English-language environment is based on several
simple, practical ideas.

The personalized/personally-oriented/individual nature of the English language acquisition
process

By the personalized nature of foreign language acquisition, we mean the following: the
process of learning a foreign language should be organized in such a way as to enhance and
maximize the student's personal interest in setting and achieving goals. Typically, when learning a
foreign language, students are forced to follow not their personal interests or professional
priorities, but the recommendations and requirements of a philology teacher, who may have only
a superficial understanding of their students' specialization and expertise. During classroom
lessons, it is not always possible to fully consider students' personal interests. However, when it
comes to creating an extracurricular language environment, it is much easier to tailor it to the
range of topics that are understandable and interesting to students, or in which the student would
be interested for whatever reason at the time [1].

Let's illustrate this idea with a specific example. Some universities employ the practice of
extracurricular translation, where students translate so-called "thousands" of characters using
sources recommended by the instructor. Typically, the recommended reading list includes two or
three sources (textbooks and monographs). It is expected that the student will independently
select a chapter or article whose content resonates with their professional interests. In reality, a
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coincidence between a student's personal interests and the content of the text being translated is
extremely rare.

First, when selecting material for translation, it is necessary to adhere to the requirement
that parallel/simultaneous/independent translation of the same text by multiple students is
inadmissible. Consequently, if two or three students in a group are interested in, say, taxation
issues, only one of them will translate the book chapter devoted to this topic. The remaining
students will be forced to translate other chapters on different topics. Secondly, there is a very real
possibility that, due to the limited number of recommended materials, students will be unable to
select a single text of professional interest and will therefore be forced to compromise and settle
for translating texts they chose for other reasons, often at random.

Thirdly, the list of recommended literature has not been updated for several years. As a
result, the content of the materials proposed for translation becomes outdated and, consequently,
will be of less and less interest to students with each passing year.

As aresult, the entire idea of extracurricular translation is discredited: without any personal
or professional interest in mastering the material being translated, students translate extremely
carelessly and fail to improve their English language skills. Meanwhile, we see a way out of this
situation in allowing students to independently select texts for translation, for example, English-
language materials on the topic of a course project they are currently working on. Of course, the
instructor reserves the right to approve or disapprove texts selected by students, but only on the
basis of purely formal criteria, such as character count, etc. Experience shows that in this case,
students' motivation increases significantly, and they approach translation more responsibly and
consciously. Moreover, they are not intimidated by the potential increased complexity of the text—
even in this case, they prefer to translate the text they have chosen themselves and that is
necessary for the course project, often consciously exceeding the limit on the length of the text to
be translated set by the instructor.

Limiting the Use of "Translated Materials" and Creating an English-Language Learning
Environment

A prime example of this is Sweden, a country where virtually the entire population speaks
English to a greater or lesser degree. The English-language environment in this country is created
at the state level. The advantages and disadvantages of such an aggressive influence of another
language can be debated, but the fact remains that Swedish tram conductors have no problem
communicating with foreigners who speak English.

| would like to examine the Swedish experience in more detail. It is important to note that
this discussion concerns the teaching of English in schools [3]. By the time they enter university,
students have already taken two mandatory national tests (analogous to the Russian State Final
Attestation and Unified State Exam). Studying a foreign language at universities is optional.
Nevertheless, we are confident that, since Russian practice unfortunately shows that even the best
school education is unable to provide students with a solid command of English and independent
study skills, and university education must address these challenges, this valuable experience can
and should be transferred to Russian education [5, p. 10].

Swedish schools and universities do not use translated materials. Furthermore, learning
English is closely linked to regular school activities and is closely connected with other compulsory
school subjects. Furthermore, at university, students can choose the language of instruction. In
recent years, research has begun to appear on the effectiveness of receiving an education in
English [2]. These studies highlight problem areas such as explaining complex material and using
humor—traditional difficulties faced by foreigners, even those with a high level of language
proficiency. Nevertheless, this experience could be quite valuable for Russian universities. Creating
a library of resources in English and encouraging students to use sources should become standard
practice if we want to promote the active use of English for professional purposes.
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Language is a working tool. In our view, the need to use a foreign language as a working
tool is obvious. It makes no sense to study a language for its own sake (at least for students at a
non-linguistic university). Students should and can be provided with a robust professional pipeline
that provides the opportunity to improve their English skills. Faculty working with resources
translated into English could offer students an alternative — studying the topic in the original
language.

Language is a means of communication. This is another obvious idea, often overlooked in

the educational process. Designing lessons to equitably develop English communication skills for
all students is a primary task for an English teacher.
Developing learning autonomy. By developing learning autonomy, we mean cultivating the need
for self-development in general and the skills to learn a foreign language using all available
resources in particular. In other words, it is important and necessary to teach students how to
learn, to discover new things, to seek and acquire knowledge. Unfortunately, the current situation
at most universities is such that students are accustomed to new knowledge being handed to them
"on a silver platter," ready-made, long before they have even developed a desire for new
information [4].

Moreover, the motivation to discover new things, the joy of discovery, and the desire to
explore independently are absent. In other words, students are unable to recognize their cognitive
interest and, consequently, are unable and unwilling to satisfy their need to learn new things. How
does the idea of fostering academic autonomy relate to the idea we stated at the beginning of this
article about the need to create a linguistic environment? In fact, one logically follows from the
other: an "autonomous student" with developed skills for independent, conscious study of a
foreign language will inevitably seek and create opportunities to build their own linguistic
environment.

Conclusion

Creating an English-language environment outside of class allows us to solve several
problems:

1. Maximize the individualization of foreign language learning and mastery of various types
of speech activity in a foreign language, as it brings it closer to students' personal goals and
objectives.

2. Foster a need for independent development;

3. Provide the tools for this development.

The search for effective methodological solutions for conducting high-quality classes based
on the use of ICT tools should be carried out with these objectives in mind.
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LLIbIFapmallbl/iblK NeH MHHOBALMAMBIK
TEXHONOTMANAPAbIH TOFbICbIHAA KMIM
TONTamacbIH *Kobanay

AcaHosa C. XK.

TEXHMKA FbINbIMbIHbIH, JOKTOPbI, Npodeccop, akaaeMnK, KasakcTaHHbIH eHDeK CiHipreH
KalpaTkepi, «CbiIMDaT» AM3alH KaHE TEXHONOTMA MHCTUTYTbl AIMaTbl Kanachl
AcaHoBa b. E

TEXHWKA FbINIbIMbIHbIH, KAHAMAATbI, A0OLEHT, «CbiMbaT» AM3aNH KaHE TEXHON0TUA
MHCTUTYTbl AMaTbl Kanachl

Tyakbaesa A. L.

eHepTaHy AoKTOopbl PhD, «CbiMbaT» AM3aMH KoHE TEXHONOMMA MHCTUTYTbl AIMaTbI
Kanacbl

AHgaTtna: LlafbiH KoHe opTa AM3alHepnik OpeHATepAiH TobblHaH epeKleneHy YuiH
biperen, cakec eHiMA WbIfapy MaHbI3abl. HapblKTa Ha3ap ayAapaTbiH KaHe KoAAay KepceTeTiH
*KaHa 6peHATi KypyabiH 6ip bIKTMManN TaCiNi MHHOBALMANIK TEXHOMOMMANAPAbI NainaanaHy 6oysl
MYMKiH. TexHonormanap apTypAi eHAIpICTIK AeHrennepaeri macenenepai Wewyre Kemektecei.
Mbicasibl, KEPKEM 3CKM34epAi ¥acay YWiH MHTEPaKTUBTI epic TepeHairi bap Mental Canvas 2D
HafoapnamacbiH KaHe OHIMHIH AMHAMWMKANbIK KO3fa/biCbiH BM3yanusaumanayra MYMKIHAIIK
HepeTiH aHMMaUMANbIK Baraapnamanapasl nanaanaHyfa 6onaabl. *obanay keseHiHae »kaHa CAD
Xyrenepi 6ap, OHbIH, iWiHAe HAaKTbl YATinepai Weifapyfa apHanfad 3D npuHTepaep, benweKktepai
BipikTipy MeH eHiMAepdi eHAeYAiH »KaHa TexHosornanapbl, matepuangapra biperen acepnep
¥Kacay XXaHe MHHOBaLUMANbIK MaTepuanaapasl nanaanaHy.

Tyiin ce3aep: [u3aitH, maTepuanaap, umbpnbik baraapnamanap, 6peHa, MHHOBALMANDIK,
MmaTepunanaap

AHHOTaUMA: YTobbI BbIAENUTLCA B DONBLIOM KOAMYECTBE MENKUX U CPEAHUX AN3aNHEPCKMX
H6peHa0B8 HEOOXOAMMO MPOU3BOAUTL YHMKAJbHbLIN, akTyanbHbIM NpoayKT. OaHa M3 BO3MOMKHbIX
KOHLENnuMn co3gaHns HoBoro bpeHaa, KOTOPbIM 3aMeTAT M NOAAEPKAT Ha PbIHKE, MOXKET ObITb,
MCNO/Ib30BaHME MHHOBALMOHHbIX TEXHONOMMI. TEXHONOMMM MOMOraTh PeLlaTb 3a4a4M Ha Pa3HbIX
NPOM3BOACTBEHHbIX YPOBHAX. TaK A5 CO34aHMNA XYA0KECTBEHHbIX 3CKM30B MOXKHO MCNO/1b30BaTb
2D-nporpammy Mental Canvas ¢ WHTEpPaKTUBHOM TAYOMHOM MPOCTPAHCTBA, AaHWUMALMOHHbIE
Nporpammbl, KOTOpble MO3BOAAT MPEANONOKWUTL ABMXKEHWE M3aenna B AMHamuKe. Ha 3tane
npouecca KOHCTPyMpoBaHMA cyliecTBytoT Hosble CAMP. 3D-npuHTEpbl ANA M3roTOBAEHWUA
peasbHblX 00Pa3LOB, HOBblE TEXHONOIMM COeANHEHMA AeTanen n 06paboTKkn n3aenmin, co3gaHmns
YHUKaNbHbIX 3GDEKTOB Ha MaTepmnanax, MCNoab30BaHWE MHHOBALMOHHbIX MAaTEPUANOB.

KntoueBble cnoBa: [M3aiH, matepuansl, uMdposble NporpamMmol, bpeHa, MHHOBALUMOHHbIE
MaTepuansbl.

Abstract: To stand out from the crowd of small and medium-sized designer brands, it's

essential to produce a unique, relevant product. One possible approach to creating a new brand
that will be noticed and supported in the marketplace may be through the use of innovative
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technologies. Technologies can help solve problems at various production levels. For example, to
create artistic sketches, you can use the 2D program Mental Canvas with interactive depth of field,
and animation programs that allow you to visualize the dynamic movement of a product. At the
design stage, new CAD systems are available, as are 3D printers for producing real samples, new
technologies for joining parts and machining products, creating unique effects on materials, and
the use of innovative materials.

Keywords: Design, materials, digital programs, brand, innovative materials.

NHHOBaUMANBIK TEXHONOTMAMAP aZaM KbI3METIHIH OapsblK cananapbiHa benceHai Typae
eHrisinyae, afgamHbliH TipWIiNiK eTy opTacbl MeH maTepuanblk AyHWe OOBLEKTINEPiH akcapTy
MaKcaTblHAA YKeHin eHepKacin eHIMAEepiH eHAipyAe FbiAbIMU KETICTIKTepAi nanaanaHyabiH
MaHbI3bl apTbin Keneai. 3amaHayu TeEXHONOrMANapAbl KONAAHY 6HAIPIC UMKAIH KbICKAPTY apKblbl
OHIMHIH ©3iHAIK KyHblH TemeHAeTeai, apTblK 6HAIPIC WbIfbiHAAPbl MeH KaaAblKTapabl
bonablpMmanbl, TYTbIHYLWbIMEH Tikenen balinaHbiC OpHATYFa MyMKiHAIK Bepeai.

MHHOBauMANbIK MaTepuangap OipiHLi Ke3eKkTe apHanbl KNMiM eHAipiciHAe cbiHanaabl, Hipak
MHHOBAUMANBIK MaTepuangapabl KOAAAHY apKblAbl acanfaH KYHAENIKTI KWMIM  CermeHTi
COHWaNbIKTbl KeH emec. CoHAbIKTaH, TaKbIpbIATbliH, ©3EKTiAIM *KeHin eHepKacin eHimaepiHe
apHanfaH MHHOBAUMAALIK ~ MaTepuangapdbl  Tangay, oOcCbl maTepuanaapdbl  3amaHaym
An3aliHepnepaiH NanaanaHy MbicaniapblH 3epTTey, COHbIMEH KaTap anfaH b6inimaepiH xymneney
*KOHEe OHbl 3aMaHayu »KacTap anenaep KuimiHe berimaey 6onbin Tabbinagp.

Kipicne XXI fracbipablH, 6acbiHAa *KahaHAbIK 3KONOTMANbIK KO3FaNbICTap TYTbIHY TayapaapbiH
TYTbIHYLLIbINAPAbIH, Ha3apblH KOpLIafaH OpTaHblH NacTaHy npobaemacbiHa ayaapa 6actaabl KaHe
oNapAbl ecKi 3aTTapabl TO3AbIpMai, *aHa 3aTTapAbl CaTbiN aMayFa LWakbipabl [1].

ByKapanblK Hapblk NeH CaHAi BpeHATep TYTbIHYLLbINAPAbIH, HA3aPbIH ayAapy YLWiH cananafsl
e3repictepre xayan bepyre maskbyp. by esrepicTep eHaipic npoueciHAeri e3repicTepre, OHbIH
SKOMIOMMA/IbIK Ta3a KaHe TYPaKTbl XKeTKi3y TizberiHe eTyiHe acep eTeq) [2].

[n3aliHepnep OypblHHAH Kene KaTKaH KahaHAblK TpeHATepre Ccallkec KeneTiH
KONNeKUMANapabl Kacay KaskeTTiniriH TyciHAai: UMPPAbliK CaH, redMmmdukauma ksHe 3D
BM3yanmsauma [3]. FamuburKaums coH bpeHaTEPiHE KOMMNbIOTEPAIK OMbIH Kelinkepaepi MeH onbiH
anemeHTTepi Bap KongaHbanapAbl nNanganaHy apKblibl CaTblAbIMAAPAbI apTTbipyFa MYMKIHAiK
6epeni. 2019 xbinbl MowpHo The Sims-neH »Kymblic icTe;.

Kancyna »XuHafbl OMbIHHbLIH, BUPTYanabl napameTpiHe 6ipikTipinreH. Gucci e3iHiH Xeke
belHe oMbiHAAPbIH benceHai Typae xacayaa. aHa 6ac anpekTop 2019 XKblabl €H *KblAgam ecin
Kene »aTKaH ayauTopusa cermeHTi 24 »Kacka AeniHri pemorpadusanbik cermeHTi 6onfaH Z
BybIHbIHAAFbI BpeHaKe BarbITTaNFaH.

Undpnblk COHAI TYPaKTbl TYTbIHY MaCesieciH KapacTblpaTbiH epeklle UMdpbIK eHIM peTiHae
KapacTblpyra 6onaabl [4]. Peceipe Replicant Digital Fashion nnatdopmackl 6encerHai aambin
Kenepi, 3 bpeHaiMmeH apTypai AnM3anHepaepaid caHablK KMiM TONTamanapblH WbiFapadbl.

CoH MHAYCTPUACBIHAAFLI XacaHA4bl MHTENIEKT

acaHabl unHTennekT (Al) 21 facbipAblH €H MaHbI3Abl TEXHOMOTMANbIK MeTicTiri 6obin
caHanaabl. Al konpaHbanapbl anyaH TypAai. byn gactypni Typae biperei, KONMEH KacasfaH,
AN3aNHEPNIK KYMbICNEeH 6alNaHbICTbl COH WHAYCTPUACbIHAA Here KOAAaHblybl Kepek Aered
CypaKTbl Tyablpadbl. NHAyCcTpuanaHablpy AsyipiHae coH OWM3Hecke alHangbl, ON VIWiH Ae Kes
KesnreH 6ackanap cuAKTbl Nanga OipiHwWi opbiHAa. ByFaH KO KeTKi3y YWiH eHAaipylwinep 6apibik,
npouecTepai oHTanNaHAbIpyFa ThipbiCaabl. 3aMaHayM CoH eHAIPICI KyMeci Wwelyai KaxeT eTeTiH
bipkaTap Herisri macenenepmeH bertne-6eT Kenegi: apTblk OHAIPIC, ajdamaap MeH KopllaFraH
OpTafa Tepic acep eTy, KeniK WblFbIHAAPbI XaHEe KON XKEeTIMCI3 CyNyNblK CTaHAapTTapbl. byriHae Al
COH MHAYCTPUACLIH ©3repTe H6acTabl. KacaHabl MHTENNEKT BHAIPICTI ocnapaayaa, maTepuanibl
OHe eHIMAI caTbin  anyaa, MapKeTUMHITe, NOrUCTUKaZa KaHe TyTbIHyWbIIapmMeH ©3apa
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apeKkeTTecyae eHrizinyae. Al anemeHTTepi KopluafaH opTa KafdannapbiHa benimaene oTbipbin,
©3/iriHeH SpEeKeT eTe anaipl KaHe ynpeHea,.

EDITED 6enwek Tanmay KOMMaHWACbI moaenbaepdi 6ip An3aHepaeH akblipaTa anaTblH
YOHEe YKcac CTWU/Ib 3/1eMEHTTEpPIH aHbIKTal anatblH Hafaapnama kacagpl [5]. KomnbtoTep coH
TpeHATepiH 6oKayFa KaHe TYTbIHYLWbINAPAbIH KanaybiH 6o/xKayra ynpeTinyae.

Bafaapnama KMim KeckiHAepi *KYKTeNreH JAepeKkKop apKblibl *KyMbIC icTenai. Al KeckiHaepai
Tannanabl XaHe yakblT 6Te COH MeH CTU/bAiH, Kanal e3repreHid baranal anaabl. AMepUKaHabIK,
Stitch Fix KomnaHMACkI CoH TPeHATEPIH Tanaay »KaHe YCbIHbICTaP *Kacay YLWiH KacaHabl MHTENNEKT
neH agam ansanHepnepid bipiktipeai [5].

TpeHa Tanzaybl HAPbIKTA caTyFa Kenindik 6epinreH cypaHbiCKa Me eHIMAEPAi KYPYAblH HaKTbI
barbiTblH Oepeni. byn Tocin 4e  MAPKETUMHITIK  CTpaTerMAaHblH,  31eMeHTIHe  alHanbIn,
TYTbIHYLWbINAPAbIH Ha3apblH ayAapyFfa KEMeKTece,.

acaHabl WHTENNEeKT AM3alHAbl 93ipaey VWiH Ae CcaTTi KongaHblnaabl, OGipak 6Oyn
TEXHONOTMANAPAbIH, LWblFapMallblIbIK AEHreni Ko/KeTimai Aepektep 6HasacbiMeH LekTeneai.
COHAbIKTAH KacaHAbl MHTENNEKT AM3aMHEpAiK KaCiNTi anamacTbipadbl Aen anTy MyMKiH emec,
BUTKEHI LbIHAbBIKTA OK OMAAH LblFapblAfaH HOPCEHI ajlamaap faHa enecTeTe anaabl. 3amaHaym
eHAipic nmanganaHyfa Kpl3blFyWbIIbIK TaHbITaTblH Al-HblH, alpbIKLLIa MYMKIHAIT - reHepaTusTi
Amn3anH. COHAbIKTAH *KacaHAbl MHTENNEKT AM3aMHEPAiK KICINTi aAmMacTblpadbl Aen anTy MYyMKIH
eMeC, eNTKeHi LWbIHAbIKTA OK OMAAH LWblFapblfaH HOPCEHI agamaap faHa enecteTe anagpl.
3amaHayu eHaipic namganaHyfa Kbi3bIFyLWbiAblK TaHbITaTblH Al-HblH aMpbIKWa MYMKIiHAIM -
reHepaTuBTi An3ainH. Al »kaHa AM3alHabl 93ipaeyai bacTay YiWiH ofaH i3geyai wektey yuwid benrini
Oip WeKTeynep KoMblybl Kepek. AlaM KaHa AM3alH CaMKeC KeneTiH NnapameTpaepai aHbIKTanabl
YKOHE CaTTi *KaHe CaTCi3 AM3anHaapabiH, XKyMenik MbicanaapbiH KepceTea,.

Al MmeH afgamaapfa apHanfaH AM3alH npoleci eTe yKkcac. Adamaap KaHa bipaeHe onnan
TankaHga, emipfik TaxipubeciHe, XuHakTanfaH binimiHe, anfaH acepsiepiHe XaHe 6Honalwak,
)obameH bHalnaHbicTapbiHa cyMeHei. Al aHa yCbIiHbICTapAbl A9/ OCblNal »Kacalabl. Adamaap
AM3alHAa ani Ae MaHbI34bl PO aTKapaabl, OUTKEHI 0nap TYNKINIKTI AM3aMHAbI WeLLeTiH *KaHe OHbI
HaKTbl1ay MyMKiHAIriHE Me.

Glitch  KOMNaHMWACbIHBIH  TY!KbIPbIMAAMAChl  KaCaHAbl WMHTENNEKT KOMEriMeH Kuim
TONTamanapblH »Kacayfa HerizgenreH. bargapnama »Keke Au3aliHep peTiHae emec, uaeanapapl
acay VWiH nalganadbliaabl. bpeHATiH MaKcaTTbl ayAMTOPUMACHI — 3amMaHayu TeXHOA0ruAra
Kymap, IT, FblIbIM XOHE KOfapbl TEXHOMOTMANAP CaNacbliHAA XYMbIC icTelTiH agamaap. Onap
NPOLECTIH KblP-CbIpbIH TyCiHe A *kaHe Al AM3aliHepi xacaraH KMimaepai Knin, nporpectiH, 6ip 6eniri
6onyabl yHaTaabl.

OpTanbiK CeHT-MapTUHC CoH OpTa/blfbiHbIH, Tyneri beatpuc CaHrctep-bynnepc KnimHiH,
Kasipri amounsnapbiH KepceTeTiH KMim kacay ywiH Al nanganaHaabl. Al-naH 6acka, beatpuc cmapT
MaTasiapdbl nanganaHagpl. ApHalbl CEHCOPAAP KMIMHIH illiHE agaMHbIH 3MOLMOHANAbLIK KYRiH
OKMUTbIH XaHe by curHangapabl KUiMHIH BeTiHe NpoeKUMANanTbIH KipicTipiareH.

[Oun3anHepnep TyKblpbiMAamMaHbl 93ipaenai KoHe KoANeKUMAHbIH, anabiH ana AM3aiHbIH
}acanapl - Oy TYNKINIKTI eHIMAI WbiFapyfa AemiHri y3ak npouecc. KonnekuusaHbl xocnapnaysa Al
eHri3y eHAIpiCTiK npouecTepai *blagamaaTtaabl. ©OHAIPicTiH, BapablK cananapbiH, AeMeK, caTyapbl
OHTaMNaHAbIPaTbIH 03blK TEXHOOTMANAP MEH WelliMmaepai a3ipaeyae eHAipyLUinep apacbiHAafbl
HbocekenecTik apTbin Keneqi. OHAipywWinep caH TpeHATepiH OonxKay KaHe onap/biH HeridiHae
YaHaMapblH *Kacay OU3HEeCTiH TabbICbIHbIH, KiNTi eKeHiH TyciHeai [3]

BupTyangbl CTUAb TaH4Ay

TexHoorMANap eMipiMmisaiH, 6ap/blK acnekTiiepiHe KaHLWanblKTbl *bldaM eHin »aTKaHbiH
ecKepcek, KMiM AyKeHAepiHiH, bonalarsl BUpTyanasl 6oabin Kepinesi. WeiHbiHAa aa, COVID-19
NaHAEeMUACLI OHNAMH CaTbIIbIMHbIH, KypT ecyiHe ceben 6onabl. bipak H6yn KipniwTeH acanfaH
LyKeHaep KoMblnaapl AereHai 6ingipmenai. Capanwbinap AyKeHAep eKi OHTalAbl KOAAblH,
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6ipiHae aammnasl Aen 6oakanapl. bipiHWiI HYCKa - AYKeHAepdi e3repicci3 Kanabipy, bipak onapap
CYpaHbIC MNeH HaKTbl eHiMaepai TandahTbiH BPTYPAI  KYPbINFbIIAPMEH, 3KpaHAApMEH,
poboTTapMeH KaHe Al TexHonornsanapbimeH xababiktay. EKiHWI HycKa - AykeHaep byaaH bbinan
blNAAM caTbin anyabl YCbiHOaMabl; 0Nap OPHbIHA KeKe CTUANCT Hemece KemMekKui peTiHae Al
DPEKET eTeTiH KapbIM-KaTblHAC NeH 6peHATI ally OpHbIHA aiHanaabl. TONAbIKTbIPbIAFaH BUPTyanapl
WbIHAbIK AYKEHHIH eKi gamy »Kosbl yuWiH ae e3eKkTi 6bonaapl. CoH caTylbliap biHFAMAbLI cayaa
ToXipMbeciH »acay yLiH BupTyanabl GUTUHT BenmenepiH nanaanaHa anaabl. Buptyanabl GUTUHT
benmenepi meH cmapT WKadbTapabl *Kacay Al ywiH kypaeni miHaeT 60bin Tabblnaabl, OUTKEHI ON
V/IKEH Kenemae aknapar *KuHaydbl KaxkeT eTeqi. On Tek BUPTyanapl TYPAE KMiHIN KaHa Konmal,
COHbIMEH KaTap Kutore 601aTbiH KaHe apanac Hyckanapapbl YCbIHY YLiH aAaMHbIH JeHe 8/LLEMIH,
CTWAb TaHAAYbIH }KaHe eMip canTbiH binyai Tanan etea.

Zalando mobunbai AeHeHi cKkaHepiey TEXHONOMMACbIH NanaanaHaabl. Fision ctaptans! AeHe
eNleMAepiH A21 aHbIKTaNabl, Oy KanTapy *KbladamablFbiH TomeHaeTeadi. baraapnama TyTbiHYL bl
[epeKTepiH Kadarananapl KoHe apbip 3/1eMeHT YWiH CoMKec esflemi aBToOMaTtTbl Typae
TaHaanabl.

TenedoH KonmaHbanapbiHaH 6acka BMpPTyanabl alMHanap Aa a3ipneHyae. Mbicanbl, Hbto-
MopK KanacbiHbIH, OpTanbiFbiHAafbl H&M daarmaHabIk AyKeHiHAe TYTbIHYLbIAAPAbIH, CbIPTKbI TYPi
MeH [aYbICbIH TAHUTbIH XXaHE COA *Kepae CaTbiN any VIliH KMiM TaHAANTbIH Al-MeH XyMbIC iCTENTIH
aiHa Oap. AHafa oOpHaTblIfaH Kamepanap TYTbIHYLWbINAPAbl CypeTKe Tycipeai, OonapablH,
KMIMAEPiH *aHAaCblHA aybICTblPalbl JHE C3H IKYpPHa/blHbIH, MyKabacbl CMAKTbI »KacaifaH
doTocypeTTi KepceTeai. KnneHTTep GOTOCYPETTi 3NEeKTPOHAbIK MOLITa apKbiabl Kibepin, OHbl
N1eYMETTIK Keninepae 6enice anaabl.

CTUNbAj aHbIKTAayFa apHa/ifaH Keke KondaHbanap afamaapMeH apanacnayzbl, KeHec any
YLWiH CTUANCTEPMEH Ke3Aecyi eH KepMenTiH Hemece A0CTapbl MeH TybICTapblH Bipre AykeHre
bapyfa anaHaaTnan, esaepiHe biHFalAbl KMiIMAEPAI Te3 caTbiN anfbiCbl KENETIH CaTbin anyLbinap
YLWiH eTe biHFannbl. Al onapfa OHNAMH KeHec anyfa KaHe KonaaHbanapabl nanaanarbin 6ip pet
Hacy apKbiabl KeKke Kancyna rapaepobbiH »Kacayra Kemektecei. CTUAbAI aHbIKTayFa apHanfaH
Keke KongaHbanap agamaapmeH apanacnayzbl, KeHec any ViliH CTUANCTEPMEH Ke3Aecyai *KeH
KepMenTiH Hemece [A0CTapbl MeH TybiCTapblH Oipre aykeHre bapyfa anaHaaTnan, esaepiHe
bIHFAMbl KMiMAEPAi Te3 CaTbIN anfbiCbl KEAETIH CaTbin afylbliap ViliH eTe biHFalabl. Al onapfa
OHJIAMH KeHEeC anyfa KaHe KonaaHbanapabl nanganaHbin 6ip peT 6acy apKbl/ibl XKeKe Kancyna
rapaepobblH Kacayfa KemeKkTeces,.

LLIBen 6peHai lvyrevel kmim TaHaayra apHanfaH Coded Couture MHTEPaKTUBTI KoAaaHbaCkIH
yCbiHAbl. ON TYTbIHYLWbIHbIH, KOMAEK CUAKTbI Benrini 6ip 3aTKa AereH KaxeTTifikTepiH Tanaanasl.
Opi Kapan, onap a/IeMeHT TaHJa bIn *KaTKaH OKMFa, KallaH AalblH D0/ybl KEPEK KaHe TYTbIHYLLbI
Typasibl Xeke aknapat (xobbu, Kacin, emip canTbl, CYWiKTi TycTep, KiTantap kaHe T.0.) Typabl
CYpaKTap KOATbIH KbICKa cayasiHamaHbl TONTbIpab!.

AnblHFAH aknapaT HeriziHae OyMbiM YLWIiH AW3aMH Kacanafbl, OHbl eHAipyre TancblpbIC
bepyre 6onaabl. KongaHba Tyc cxemacbl MeH maTepuandbl aHblKTaldbl *KaHe naganaHyllbl
CTUAbAI ©3i TaHaan anaapl. Kbicka cayanHamara HerisgenreH Get Outfit KbI3ameTi TyTbIHYLWbIHbIH
OMip canTbl MeH TabbiCblHA Kapal AalblH KepiHicTepai TaHAanabl. ON TYTbIHYLWbIFA YHANUTbIH
3aTTapAdblH, KbI3bIKTbl KOMBMHAUMANAPbLIH YCbiHaAbl. bapablk 3aTTapAdbl yWre KeTKidy apKbibl
TancblpbiC bepyre }aHe KoAAaHbIn Kepyre 6onaapl.

Al kemerimeH kepkem 6eltHenepai xacay

Midjourney HeMpPOHAbIK *KeniciH nanaanaHy apKbiabl ¥aHa AM3alHAbl OHAW Kacayfa
6onaapl [6]. eni MaTiHAIK cypayabl Kabblnganabl »KaHe HaTUXeCiHAEe KeckiHai skacanabl. Cypay
Hefyp/ibiIM A9 BoNca, HOTMXKEe KanafaHfa COFYpP/bIM KakblH 6onaabl. Midjourney Kasipri coH
eHIMAEPIH a3ipaey YWiH aHblKTaMasblK 0a3a peTiHae nandanaHblaybl MyMKIH. HeMpoHabIK, weni
MHHOBAUMANBIK MaTepuanaapabl, TeKcTypanapabl, Oipereit AM3alH  LWewimaepiH, KaHa
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CUNY3TTEPAi *KoHEe OMNACTbIpbIIfaH KOPKEM apniey 3N1eMeHTTePiH *Kacayfa MYMKIHAIK 6epeTiH
YOfapbl WbIHAMbl NpoTOTMNTEPAi WbiFapaabl. Mbicanbl, OblaFapbl akceccyapsiap 6peHai ViliH
daHTacTMKaNbIK 6ET MacKkanapblHbIH, YAriAepi a3ipaeHa,.

BneHaepai Konnekumsfsa CaHAIK 3N1eMeHTTep MEH aKkceccyapiapdbl »Kacayfa, Au3anHabl
HaKTblnayfa XaHe onapabl 3D npuHTepae bHacbin wWbifapyfa nanganaHyra 6onaabl. Kopcet
NPOTOTUNIH 33ipneyaiH, BipiHWI Ke3eHi KoMeHep KarasblHaH KOPCET MaKEeTIH »Kacay, MaHeKeHaeri
VAriHi HakTblnay, Blender 6afmapnamacbiHa HaKTbl KOPCET eflleMAepiH eHrisy, aAu3anHabl
baroapnamaga KypacTblpy, OHbl BMPTyafdbl MaHEKeHAEe KepceTy XoaHe 6acbin  Wbifapyapl
KamTblabl (2-cypeT). Ocbinariwa, Blender kemerimeH GaHTacTUKaNbIK NiliHi 6ap HaKTbl PUINKANbIK,
HblCaHAbl OHaW »kacayra 6onaabl. 3D NpuHTEp Hackbin Woifapyfa 60NATbIH MaTepUanaapabiH Ti3imi
NAACTUK, Wanblp, 6anaybi3, TUNC }KaHe MeTa/l YHTafbIMEH LEKTeNedi; YAKEH SPTYPAiNiKKe Tek TyC
NeH KOMAaHbINATbIH MaTepman apKblabl KON eTKidyre 6onaabl. JereHmeH, aanbiH 3D 6Hackin
WbIfapblaFaH HbicaHabl 6e3eHpipyre 6onafpl; naacTmacca TEPMUAbIK OHAEYAEH OTKEH,
ManbICaTbIH }KoHEe aJamM JeHeciHe COMKec KeseTiH niwiHre ne.

MHHOBALMANBIK MmaTepuanaap HerisiHae 3amaHayw UHaKTapabl Tanaay

ToKbIMa eHAjipiciHAe 3amMaHayu TexHonormanap 6enceHai KongaHblnagbl. «bencenai»
TOKbIMa OyMbiMAapbl KyaT Ke3iH KaxkeT eTnenai. ToKbiMaHblH, Oyn  TypiHae MmaTepuan
KYPbIIbIMbIHAG MOJIEKY1anap, TajllblKTap Hemece kabbiHaap bipikTipinreH Heris peTiHae e
KondaHblnadpl. MaTtanap OenceHAi Hemece NacCUBTI pexkumaepae »Kymbic ictenai. Onap
KopllafaH OpTaHbIH e3repicTepiHe »ayan bepin, KacueTTepiH e3repte anaapl. MyHaan TOKbIMa
OyMbIMAaPbIHbIH, Tafbl Bip aTaybl «aKblnabl maTanap». CoH AM3alHbIHAA MyHAAM maTepuanaap
WbIFAPMaLUbIIbIK MYMKIHAIKTEPAI KeHenTedi KaHe Ken OGYHKUMAAbl OObeKTiNepai Kacayfa
MYMKIHAIK 6epea,.

CoHaeri MHHOBaUMsANap Typanbl ce3 bonfaHaa, 6i3 BipaeH ronnaHaAMANbIK An3aiHep Mpuc
BaH XepneHHiH TonTamManapbliH ecke anambi3. On ¥KaHallbln AM3aliHep, 6aTblN 3KCNEePUMEHTATOP
)KOHe OHblH TOonmTamanapbl GyTypuUCTiK  dopmanapmeH, /AM3alH  KaHEe TexXHONOTUANbIK,
WewiMmaepiMmeH, *KaHaaaH oWnan TanKkaH TeKCcTypanapbl MeH TyC KOMOWHauMAanapbiMeH TaH,
Kanablpaapbl. OHbIH, KOANEKUMANAPbI YLWIH €H 03blK MaTepuangap MeH TeXHOAOrMANap apHambl
a3ipsieHreH. Mpnc BaH FepneHHiH, MHaKTapblH TangafraHHaH Kelid 6i3 AM3anHepaiH, CyMiKTi
MaTepmanaapbiH aHbIKTal anambl3: OpraH3a KoHe ibek. OcCbl KEHin, aye KaHe Mesnaip
MmaTepuangapabl navaanaHa oTbipbin, AM3aNHEpP apXMTEKTYPasbIK, Kypaeni, Ken KkabaTTbl XaHe
apKblH AM3alMHAObI XKacanabl. 3a-cypeTTe TandaHfaH »KMHaAKTapZa AM3alHep Kui KonaaHaTblH
MHHOBALMA/bIK TEXHONOTMANAPAb! 3€PTTENTIH AMarpamma KepceTinreH. 3D na3epnik Kecy eH, Ken
nanbi3abl (42%) Kypanabl. Alipuc BaH XepneH biperel, ete Kypaeni AM3alHAbl »acalTbiH 3D
6acbin wWblFapy ekiHWwi opbiHAA (32%). On y/NKEeH KOCTIOM KypbllbiIMAAPbiH A3, CoAaH KewiH
KMiMAepre »KMHaKTanaTblH WafblH 31emMeHTTepai Ae 6ackbin wWbiFapaabl. KecinreH GenikTepain,
WweTTepiH 6ip yakbiTTa BanKkbITy Ke3iHAE CUHTETUKA/bIK MaTepuanaapabl Kecy yiliH KondaHblnaTbiH
TEPMUANBIK Kecy YWiHWi opbiHAa (16%).

BaH XepneH 63 KoAneKkuMAanapbiHO4a WMHHOBALMABIK XIHE A3CTYPAi TEXHONOrMANapAabl
bipikTipeai. TangaHFaH Konnekunsnapaa AnsanHep akpaHabl 6ackin WhiFapyabl XKWi NanganaHagpl
(39%) XyceWH YanasH - ©3iHiH, aBaHrapATbIK, GYTYPUCTIK XKoHE MHHOBALMALIK TONTaManapbiMeH
anemai TaH KanablpFaH KUNpAik ansanHep [7].

MuHakTapabl Tangay 21 facbipAplH, OacbiHA@ WMHHOBAUMAAbIK MaTepuaniapibiH, TaH,
KanablpaTblH, LWEKTeH LWbIKKAaH TONTamanapAbl *acay YWiH, eHep HbiCaHbl pPeTiHAe »KaHe
WbIFAPMaLUbIAbIK KBPiHIC YWIiH nalganaHblAfaHbl aHblKTanabl. ByriHri TanHaa Au3anHepaep
OHAIPICTI OHTAMNAHABIPY KaHe Ken OYHKUMAAbI, YTUAUTaPAbl CoH OHIMAEpiH Kacay YLWiH
MHHOBaLUMANApAbl Konganyaa [7].
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KopbITbiHAb!
acaHabl MHTENNEKTTIH Kasipri 3amaHfbl Kuimai xobanay MeH eHAipyAdiH »KaHa, ©3eKTi
KOPKEMAIK, AM3aNHABIK KIHE TEXHONOMMAMbLIK LUelWiMaepiH a3ipaey meH i3geyaeri peni
aHblKTanabl. Ocbl 3epTTeyaeri KOHCTPYKUMANapAbl a3ipaey yWwiH TaHbiMan XaHe Kasipri CLO 3D
duUTUHr cumynatopsl [12] nagananbingsl. PUTUHITEPAIH BU3yanmnsaumackl beiHenepai »acay
KesiHAe LWbiHalbl BM3yann3aLMafa XaHe MaTaHblH LWbIHAMbI KO3FanbiCbiHA MYMKIHAIK bGepeTiH
COMKECTIK canacblH KaHe bIKTMMan akaynapabl 421 KepceTtedi [13]. CaHabIK opTaga GUTUHITEPA|
BM3yanmsaumsaiay OHAIpIC  LWbIFbIHAAPbIH a3alTyfa »KaHEe KypacTbipydbl OHTaMNaHAbIpyFa
HbarbITTanfFaH.
eHin eHepKkacin eHiMmaepiHe apHanfaH MHHOBAUMANBIK MaTepuanaapabl 3epTTey KaHa
mMaTepuanaapablt, *Kannam TyTbIHYLbIFA KON KeTimai 6ona H6actaraHbiH KepceTTi. TyTbIHyLWbINap
6yriHae HapblKTa Hiperei ycbiHbICTapAbl i34e1ai, an MHHOBALMANLIK MaTepuanaapiaH *KacaafaH
KMiM CO3Ci3 Ha3ap ayapabl XaHe KeKe Ty/FaHblH 63iH-83i KepceTyiHe biknan eteai [10].
©3 Ke3eriHe, *KacaHabl MHTENNEKT CTUMCTIEH YIMAECKeHae, TaHAay NPOLECIH KeHingeteai
OHEe TyTbiHylWbIfa OapblHWIA C3OMKeC KeneTiH yhnecimai Kepkem  OeliHe  »Kacangpbl.
[Ou3aliHepnepae, CypeTwWinepae »KoHe rKacaylwbliapga Kasip ic »KysiHae opbip 3amaHayu
TYTbIHYLLIbIFA ©HIM Typasibl TO/bIK aknapaT bepe anaTbiH Kypan 6ap, 6yn onapblH caTbin anyfa
KeTeTiH YaKbITblH KbICKApTyfa KaHe eH, KOoNalAbl eHiMAi TaHJayfa KemeKTecedi, OCblialLia
ONapAplH, KaHafaTTaHybIH apTTbipagbl.
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Abstract. This article examines the institutional nature of trust in the banking system and
analyzes the specific features of its formation within the European and Ukrainian models of
financial development. The purpose of the study is to identify the structural mechanisms of the
institutionalization of trust in the banking systems of the European Union countries and to
determine their significance for ensuring financial stability and expanding financial inclusion in
Ukraine. The methodological framework of the research is based on the approaches of institutional
economics, which interpret trust as a result of the functioning of formal rules, delegated
monitoring mechanisms, and information institutions that reduce information asymmetry and
transaction costs in financial markets.

The analysis demonstrates that in the European banking system trust is predominantly
structural in nature and is reproduced through an institutional architecture that includes
prudential regulation, banking supervision mechanisms, deposit guarantee schemes, information
disclosure standards, and a developed digital financial infrastructure. Such a model allows trust to
be transformed from an individual expectation of economic agents into a systemic resource of
financial stability that supports the resilience of the deposit base, the intensity of lending to the
real sector of the economy, and a high level of financial inclusion.

The comparative analysis shows that in Ukraine a functionally stabilized but normatively
incomplete model of trust in the banking system has been formed. Public trust in banks is largely
operational in nature and is based on the effectiveness of everyday financial services, the digital
accessibility of banking services, and the stability of payment infrastructure. At the same time, a
structural gap remains between the operational efficiency of banks and the institutional legitimacy
of the financial system. This gap manifests itself in the persistent role of cash, the widespread
practice of using several banks simultaneously, and the sensitivity of economic agents to
informational and reputational signals.

Further strengthening trust in Ukraine’s banking system requires a shift from a
predominantly pragmatic and instrumental understanding of trust toward a more structurally
embedded and normatively grounded one. In such a framework, an essential role is played by what
may be described as trust rationalizers — institutions that structure expectations and reduce
uncertainty in financial interactions. These include regulatory bodies, supervisory authorities,
deposit guarantee mechanisms, rating agencies, and systems of public disclosure. Through their
activity, complex risks inherent in financial markets are translated into clearer and more
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interpretable signals for economic agents, thereby increasing the predictability of financial
transactions and contributing to the expansion of financial inclusion.

The findings suggest that the institutionalization of trust should not be viewed solely as an
outcome of macrofinancial stability, but also as one of its fundamental preconditions. The
European banking model illustrates how a coordinated system of regulatory oversight, prudential
supervision, and information transparency can transform trust into a stable resource supporting
financial resilience. Such institutional arrangements are particularly significant for economies
undergoing structural transformation, including Ukraine.

Keywords: institutional trust; banking system; financial stability; financial inclusion;
information asymmetry; trust rationalizers; banking regulation; European banking model.

Research Results. The analysis of the European banking model allows it to be interpreted
as an example of a highly institutionalized configuration of trust, largely structural in character.
Evidence presented by the European Banking Federation (2022) indicates that trust within this
system extends beyond the immediate expectations of depositors or investors. Instead, it is
embedded in the institutional architecture of the financial sector through prudential regulations,
supervisory frameworks, deposit protection schemes, and established standards of transparency.
High levels of lending to the real sector, combined with stable deposit bases and sound
capitalization and liquidity of EU banks, demonstrate that trust functions as a systemic asset that
contributes to predictable financial interactions and overall market stability.

Within this institutional setting, trust is expressed not only through client behavior but also
through structural safeguards that limit opportunistic actions and reduce transaction costs.
Regulatory institutions, supervisory authorities, deposit guarantee schemes, and disclosure
mechanisms can therefore be understood as macro-level trust rationalizers. By translating
regulatory standards into enforceable practices, they strengthen the resilience of the financial
system. Extensive lending to households and small and medium-sized enterprises further indicates
a dense network of trust-based financial transactions. In this sense, the European banking system
operates not by maximizing trust in an abstract sense, but by optimizing it — balancing financial
activity with prudent risk management.

Digital infrastructure also plays a crucial role in sustaining trust within the European banking
sector. The widespread digitalization of financial services across EU countries allows digital
channels to function as institutional mechanisms that support trust formation. By lowering
transaction costs, enhancing transparency, and facilitating faster access to services, digital
platforms reduce information asymmetry between banks and clients. At the same time, the
diversified structure of the European banking sector —where commercial, cooperative, and savings
banks coexist — helps distribute trust across multiple institutional centers. This reduces systemic
concentration risks and increases the overall resilience of the financial network. As a result,
financial inclusion in the European context reflects not only advanced infrastructure but also a
deeply institutionalized culture of trust.

In contrast, the Ukrainian banking system exhibits a different configuration of trust. The
results indicate that trust in banks in Ukraine remains largely instrumental and is primarily shaped
by everyday experiences with financial services. For many users, banks are perceived mainly as
components of financial infrastructure that facilitate rapid payments, remote service access, and
convenience in managing routine financial matters. This suggests that operational trust currently
dominates systemic trust, meaning that the functional usefulness of banking services does not yet
translate into full institutional acceptance of the banking system’s broader economic and societal
role.

At the same time, the institutionalization of trust in Ukraine’s banking sector remains
incomplete and uneven. Rational recognition of the importance of banks in economic life coexists
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with a degree of caution rooted in past financial crises, concerns about potential loss of savings,
fears of fraud, risks of personal data breaches, and doubts regarding the effectiveness of systemic
guarantees. Consequently, a gap persists between the formal stability of the banking system and
its perceived legitimacy among economic actors. Trust in banks as providers of operational services
tends to be stronger than trust in the institutional frameworks designed to ensure systemic stability
and depositor protection.

The research also indicates that wartime conditions have led to a partial strengthening of
what might be described as technical trust in the banking system. The uninterrupted functioning
of banks, the stability of digital services, and the availability of remote access to funds have
reinforced confidence in the operational reliability of the financial infrastructure. Nevertheless,
this increase in functional trust has not been matched by a comparable rise in normative trust. For
some respondents, enhanced financial monitoring and regulatory controls are interpreted as
limitations on personal autonomy, which may reduce acceptance of the system at the institutional
level. Thus, wartime conditions appear to have reinforced functional trust while leaving deeper
institutional trust only partially strengthened.

A visible expression of this dynamic is the continued reliance on cash and the widespread
practice of using multiple banks simultaneously. Holding funds both in bank accounts and in cash
reflects the persistence of partial delegated trust in financial institutions. In this context, cash
serves as a form of reserve trust, while the use of several banks represents a strategy for risk
diversification and benefit optimization. Trust in the Ukrainian banking system therefore assumes
a competitive rather than monopolized form, distributed across institutions through comparison,
choice, and the avoidance of excessive risk concentration.

The study also reveals that the broader societal role of banks — such as supporting the state,
contributing to national defense capacity, and financing economic development — is only partially
recognized by the public. In everyday perception, banks are primarily associated with the technical
facilitation of payments, charitable donations, and routine financial transactions. Their systemic
contributions — through business lending, tax payments, the transmission of international financial
assistance, and the maintenance of macrofinancial stability — tend to receive considerably less
attention. This suggests that the banking system still lacks a fully developed symbolic institutional
presence in the public sphere, and that its broader societal significance is insufficiently
communicated and consolidated.

In this context, communicative transparency emerges as a crucial factor for strengthening
institutional trust. Survey responses indicate a clear demand for greater openness regarding banks’
financial performance, their contribution to public finances, charitable initiatives, mechanisms for
protecting client funds and personal data, and the functioning of deposit guarantee schemes.
Equally important is improving public awareness of the roles played by the state, financial
regulators, and the guarantee infrastructure in maintaining the stability of the banking system.
When these institutional mechanisms remain poorly understood, it becomes difficult to develop
higher levels of trust — not only in individual banks but also in the broader regulatory environment
in which the entire financial system operates.

Taken together, the findings suggest that Ukraine currently exhibits a model of trust in the
banking system that is functionally stabilized but normatively incomplete. Trust largely rests on the
experience of operational efficiency, technical reliability, and everyday convenience. At the same
time, systemic, guarantee-based, and value-oriented dimensions of trust have not yet achieved full
institutional legitimacy. This situation may therefore be interpreted as a transitional stage, in which
trust is gradually evolving from a pragmatic and instrumental form toward a more structurally
embedded and normatively grounded one. In such a framework, trust is reinforced not only
through effective service delivery but also through greater recognition of second- and third-level
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institutions, including regulators, guarantee mechanisms, systems of public accountability, and
frameworks for information disclosure.

More broadly, the results highlight that trust in the banking system should be understood
as a complex institutional and behavioral phenomenon that emerges at the intersection of
economic incentives, regulatory arrangements, and the social experience of interacting with
financial institutions. A comparison between the European and Ukrainian banking systems
suggests that their main difference lies not merely in levels of financial development or market
size, but in the degree to which trust has become institutionally embedded. In EU countries, trust
functions as a structural feature of the financial system, supported by stable rules, effective
supervision, and well-developed guarantee mechanisms. In Ukraine, by contrast, trust tends to
remain more pragmatic and situational, shaped primarily by individuals’ everyday experiences with
banking services.

These findings are consistent with the central propositions of institutional economics,
which emphasize that trust is largely derived from the stability of the “rules of the game” and from
the effectiveness of institutions responsible for contract enforcement and the protection of
economic rights. In the European context, trust has become institutionalized through the
interaction of formal norms, prudential standards, and mechanisms of delegated oversight, all of
which contribute to a predictable environment for financial interactions. In countries where
institutional stability has developed more recently, however, trust often remains more
instrumental in nature, relying on personal experience with services rather than on a deep-seated
legitimacy of the institutional system.

Another important conclusion is that trust in Ukraine’s banking system currently rests on a
clearly operational foundation. It is primarily sustained by the efficiency of everyday financial
transactions, including the speed of payments, the accessibility of digital banking services, and the
convenience of remote customer interaction. This type of trust can support the stability of basic
financial practices even in periods of severe disruption. During the war, for example, the
uninterrupted functioning of banking infrastructure played a crucial role in maintaining the
financial activity of households and businesses. Nevertheless, the predominance of operational
trust also indicates that institutional guarantees and regulatory frameworks are not yet fully
integrated into public perceptions of the banking system.

The continued importance of cash and the widespread use of multiple banks further
illustrate this dynamic. These practices suggest that economic agents prefer to diversify risks rather
than fully delegate trust to a single financial institution. On the one hand, such behavior reflects a
rational response to uncertainty and may be interpreted as a form of self-insurance. On the other
hand, it indicates that institutional trust in the financial system has not yet reached the point where
most individuals are willing to rely entirely on formal guarantees of stability. In this sense, cash
operates as an alternative repository of trust, compensating for the still incomplete institutional
legitimacy of financial institutions.

The research also underscores the importance of informational and communicative factors
in shaping trust. Limited public awareness of deposit guarantee mechanisms, the functions of
financial regulators, and other components of financial infrastructure demonstrates that the mere
existence of effective institutions does not automatically generate trust. Institutional stability must
be accompanied by clear and consistent communication that helps economic actors understand
the rules, safeguards, and responsibilities embedded in the system. Consequently, the
institutionalization of trust requires not only the establishment of appropriate institutions but also
the development of public understanding of their roles and functions.

From a broader theoretical perspective, the findings support the view that trust should be
treated as a multi-layered construct consisting of at least three interconnected levels: operational,
institutional, and normative. The operational level emerges from direct experience with financial
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services; the institutional level reflects the stability and effectiveness of regulatory and supervisory
frameworks; and the normative level is associated with broader societal acceptance of the role
and legitimacy of financial institutions. In Ukraine, the first of these levels has already reached a
relatively stable stage, whereas the second and third remain in the process of consolidation.

The further development of the banking system depends not only on improvements in
financial products or technological infrastructure but also on strengthening the institutional
legitimacy of the financial sector. A significant role in this process may be played by what can be
described as “trust rationalizers” — institutions that help structure expectations and reduce
uncertainty in financial interactions. These include regulators, supervisory authorities, guarantee
funds, rating agencies, professional associations, and mechanisms of public disclosure. By
translating complex financial risks into understandable signals for economic agents, these
institutions help reduce information asymmetry and enhance the predictability of economic
interactions.

Overall, the findings indicate that the institutionalization of trust in Ukraine’s banking
system is currently undergoing a gradual transformation from a pragmatic and instrumental model
toward a more structurally embedded and normative one. Strengthening trust will require the
combined development of a reliable banking infrastructure, a stable regulatory framework, and
effective communication about the role of financial institutions in supporting economic stability.
The integration of these functional, institutional, and communicative dimensions may ultimately
create the conditions necessary for a deeper and more resilient form of institutional trust — an
essential prerequisite for the long-term sustainability of the financial system.

Conclusions. The conducted study confirms that trust is one of the key institutional
resources underpinning the functioning of the banking system, determining the intensity of
financial transactions, the stability of the deposit base, and the level of financial inclusion. Unlike
approaches that view trust primarily as a psychological expectation of economic agents, the results
of the analysis show that in developed financial systems trust is first and foremost institutional in
nature, being shaped through the stability of rules, the effectiveness of regulatory supervision, and
the presence of a developed guarantee infrastructure.

The European banking system provides an example of a highly institutionalized form of
trust, where its reproduction is ensured through a combination of prudential standards, delegated
monitoring mechanisms, guarantee instruments, and a developed digital infrastructure. Within
such a model, trust appears not merely as an outcome of customer behavior, but as an element of
the institutional architecture of the financial sector that reduces transaction costs, increases the
predictability of economic interactions, and supports stable lending to the real sector. It is precisely
the institutional nature of trust that ensures the combination of financial stability with a high level
of financial inclusion.

The analysis of the research results indicates that in Ukraine a functionally stabilized but
normatively incomplete model of trust in the banking system has been formed. Banks are
perceived by the population primarily as an element of everyday financial infrastructure that
ensures convenience, speed of operations, and accessibility of digital services. Such a form of trust
supports the stability of basic financial practices; however, it is not accompanied by full legitimation
of the banking system as an institution performing broader economic and social functions.

The obtained results also reveal the existence of a structural gap between operational and
institutional trust. A high assessment of the functional efficiency of banks is combined with caution
regarding systemic guarantees of stability, which is reflected in the persistent role of cash, the
practice of using several banks simultaneously, and sensitivity to informational and reputational
signals. This indicates that delegated trust in financial institutions remains partial, while economic
agents employ additional mechanisms of self-insurance.
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An important result of the study is also the identification of the role of communicative
factors in the process of trust institutionalization. Limited public awareness of deposit guarantee
mechanisms, the role of the regulator, and other elements of financial infrastructure indicates that
trust formation depends not only on the effectiveness of institutions but also on the level of their
public legitimacy. In this context, transparency, systematic communication, and the improvement
of financial literacy among the population emerge as important instruments for strengthening trust
in the banking system.

Summarizing the results of the study, it can be concluded that the process of
institutionalizing trust in Ukraine’s banking system is currently at the stage of transition from a
pragmatic-instrumental model to a structural-normative one. Further strengthening of trust
requires a combination of a stable regulatory environment, effective mechanisms for guaranteeing
financial obligations, the development of digital infrastructure, and the active role of institutions
performing the function of trust rationalizers. It is the integration of these elements that can
ensure the formation of ycTonumBoi iHcTUTYUiMHOT goBipK, which is a necessary prerequisite for
financial stability and the expansion of financial inclusion.

The obtained results indicate that trust in the banking system is not only a consequence of
macrofinancial stability, but also its fundamental institutional precondition. The European banking
model demonstrates that the institutionalization of trust through a system of regulatory,
supervisory, and informational mechanisms is capable of transforming it into a sustainable
resource of financial stability and financial inclusion. At the same time, for economies with a
transformational institutional environment, the key task is the transition from instrumental trust,
based on the practical convenience of financial services, to structurally embedded trust, formed
through the stability of rules, the effectiveness of institutions, and the legitimacy of the financial
system.

Trust in the banking system does not emerge spontaneously, but is the result of the
operation of an institutional infrastructure that may be described as a system of trust rationalizers.
Regulators, supervisory authorities, guarantee mechanisms, rating institutions, and disclosure
mechanisms transform the complex uncertainty of financial markets into understandable signals
for economic agents, reducing information asymmetry and transaction costs. Thus, the
institutionalization of trust appears not only as a consequence of financial system stability, but also
as an active mechanism of its formation, through which trust rationalizers convert institutional
rules and informational signals into a sustainable foundation of financial stability and financial
inclusion.
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The institutional development of the Kazakh Scientific Research Institute of Oncology and
Radiology JSC is inextricably linked to the transformation of state policy in the field of healthcare.
Founded in 1959, the institute has evolved from a specialized academic institution into a leading
national center, whose legal status as a joint-stock company (since 2018) now allows it to
implement flexible corporate governance models characteristic of sustainable healthcare systems
[1].

Strategic alignment with national priorities. An analysis of the current development
strategy of KazNIIOiR JSC shows its close integration with key state programs, such as the Concept
for the Development of Healthcare in the Republic of Kazakhstan until 2026. In the context of
sustainable healthcare development, the institute's activities correlate with three fundamental
vectors of the ESG concept:

1. Improving access and early detection of cancer (S). The institute's mission is to reduce
mortality through the implementation of a closed cycle of cancer care. This directly contributes to
the achievement of the national goal of increasing life expectancy and reducing the burden of non-
communicable diseases.

2. Technological modernization and environmental safety (E). The integration of high-tech
equipment (CT, MRI, linear accelerators) into the institute's strategy requires the implementation
of radiation safety and energy efficiency standards, which is in line with the principles of “green
healthcare.”

3. Corporate transparency and digital transformation (G). The status of a joint-stock
company obliges the institute to follow the principles of accountability and transparency in
procurement procedures, which strengthens the institutional sustainability of the country's
oncology service.

In order to verify strategic continuity, the author decomposed the goals of JSC KazNIIQiR in
accordance with the priorities of the Concept for the Development of Healthcare in the Republic
of Kazakhstan until 2026 and the Concept for the Development of Infrastructure until 2030, which
made it possible to identify points of contact between the institute's local tasks and national ESG
indicators (Table 1).
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Table 1 — Strategic alignment of KazNIIOiR JSC's objectives with the healthcare
development priorities of the Republic of Kazakhstan

Ne | ESG State program priorities Strategic objectives of KazNIIOiR JSC

component

1 2 3 4

1 Social (S) Increase life expectancy; | Improving early screening programs;
reducing mortality from | introducing  high-tech  treatment
neoplasms. methods.

2 Social (S) Continuous professional | Training and retraining of oncologists
development of personnel; | in the Republic of Kazakhstan;
enhancing the prestige of the | introducing psychological support
profession. programs for personnel.

3 Environmental | Creation of a safe hospital | Renewal of equipment (LU, MRI) in

(E) environment; modernization of | compliance with radiation safety and
infrastructure (“anchor | energy efficiency standards.
projects”).

4 Governance Digital transformation (e-Health); | Digitization of oncology services

(G) transparency of the financing | (Cancer Registry); development of
and management system. transparent corporate management
models in the status of a joint-stock

company.

Source — compiled by the author based on (2, 3]

The analysis confirms that KazNIIOiR JSC's transition to a management model based on the
principles of sustainable development is a necessary condition for achieving national target
indicators. This necessitates a shift from quantitative capacity building to qualitative
transformation of all the organization's business processes.

Evolution of strategic vision. While in previous decades the institute's strategy focused
primarily on increasing clinical capacity (a therapeutic approach), at the present stage it is
transforming towards an ESG-oriented model.

The current agenda requires a transition from «fighting disease» to «managing the health
of the nation», where the key indicators of success are not only the number of patients treated,
but also staff satisfaction (in line with the DEI concept), minimization of the environmental
footprint, and digital integration with the primary link in the healthcare sector of the Republic of
Kazakhstan (FAP, polyclinics).

However, the implementation of such a large-scale transformation and the transition to
value management directly depend on the architecture of the organization's internal environment.

The effectiveness of ESG initiative implementation is determined by the extent to which
the current administration model is capable of supporting process flexibility and horizontal
interaction between departments. In this regard, in order to assess an institution's operational
readiness to implement new sustainability standards, it is necessary to analyze its formal structure
and distribution of management functions.

Management structure. The current organizational structure of KazNIIOiR JSC, approved by
its founder and sole shareholder, the Non-Profit Joint-Stock Company Kazakh National Medical
University named after S.D. Asfendiyarov (hereinafter referred to as KazNMU), is presented in
Figure 1.
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Figure 1- Organizational structure of Kazakh Scientific Research Institute of Oncology and
Radiology JSC
Source: official website of the Research Institute

An analysis of the organizational structure of KazNIIOiR JSC presented in Figure 1 shows a
classic linear-functional hierarchy with a rigid vertical chain of command. From the point of view
of sustainable management theory, the linear-functional structure of KazNIIOiR JSC is characterized
by a high degree of centralization. On the one hand, this architecture, established by an external
shareholder, ensures a high level of executive discipline, but on the other hand, it creates barriers
to cross-functional interaction.

In the author's opinion, in the context of the need for rapid adaptation to ESG standards,
the existing “silo” model (the separation of clinical, scientific, and administrative departments) may
become an obstacle to the rapid exchange of data and the implementation of interdisciplinary
environmental and social initiatives at the research institute. In the context of sustainable
healthcare development, this creates the risk of “information gaps” between the administrative
apparatus and frontline medical staff. Based on this, in order to transition to an ESG-oriented
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model, it seems necessary to supplement the existing vertical structure with cross-functional links
that will allow for the transformation of directive decisions into participatory practices.

In its activities, KazNIIOiR JSC is guided by the legislation of the Republic of Kazakhstan. The
subject and purpose of the research institute's activities is to provide medical care to patients with
oncological diseases and to conduct scientific research on topical issues related to the
improvement of medical, organizational, diagnostic, and treatment technologies for oncological
diseases. Based on its purpose, KazNIIOiR JSC performs the following functions [1]:

- scientific research, scientific and practical, and organizational and methodological work in
the field of oncology, radiation diagnostics and radiation therapy, nuclear medicine, including
experimental, clinical, and statistical research. The research institute is a clinical base for
educational organizations in the field of healthcare;

- provision of highly specialized and specialized medical care using inpatient replacement
technologies and modern medical technologies, effective, efficient, and innovative methods of
nuclear medicine;

- Providing organizational, methodological, and advisory assistance to healthcare
organizations on treatment, diagnostic, and organizational issues, as well as on the introduction of
new technologies in the fields of oncology, radiation diagnostics and radiation therapy, and nuclear
medicine.

- Participating in the development of strategies and regulatory frameworks for the
development of oncology services.

- coordination of oncology services in Kazakhstan;

- improvement of existing and development of new methods for the diagnosis, treatment,
and prevention of cancer;

- development, implementation, and monitoring of screening programs for the early
diagnosis of cancer in Kazakhstan;

- monitoring the implementation of new methods of prevention, early detection, and
treatment of cancer patients in the work of medical and preventive organizations;

- organizing and monitoring the detection of precancerous diseases, registration, and
dispensary observation of cancer patients (adults and children) in Kazakhstan;

- conducting an analysis of the incidence of malignant neoplasms among the population
and mortality from them in the regions, the duration of examination of cancer patients, and the
terms of their hospitalization;

- analysis of advanced cases of cancer, temporary loss of working capacity by cancer
patients, and disability;

- developing annual and long-term plans for the development of oncology services,
planning measures for the prevention of cancer, and health education work.

Conducting induction, neoadjuvant, adjuvant, high-dose, palliative chemotherapy courses
and other specific methods of treating patients with a verified diagnosis of malignant neoplasms,
taking into account indications and contraindications in accordance with clinical guidelines and
periodic protocols for diagnosis and treatment.

Activity analysis. According to the Institutional Self-Assessment Report of KazNIIQiR JSC
(2022), the research institute has 430 beds for providing state-funded medical care and 34 beds
for paid services [4].

Today, the Research Institute is the leading organization in Kazakhstan for the provision of
diagnostic and therapeutic care to cancer patients, as well as a clinical base for the training and
retraining of personnel in oncology and radiation therapy (a total of more than 600 practical
healthcare specialists have been trained).

The institution has unique human resources, combining highly qualified and professional
academic and clinical staff, scientific potential (the degree of maturity is over 75%), while the
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average age of employees is quite young (42 years). The institute is a leader in the field of oncology
and radiology and provides a wealth of opportunities and conditions for the qualified training of
specialists through the rational use of the potential of the clinical base and the implementation of
new therapeutic and diagnostic technologies in the provision of medical care to the population.

The postgraduate educational programs of KazNIIQiR JSC are developed taking into account
the suggestions of employers and other interested parties, based on an analysis of practical
healthcare needs. Scientific research is a mandatory component of training and involves the
integration of educational, practical, and scientific research processes, resulting in the publication
of scientific papers and presentations at conferences of various levels. The Research Institute
publishes the journal Oncology and Radiology of Kazakhstan [5], which is included in the list of
journals recommended by the Science Committee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan. The institute's research staff have prepared and published a number
of textbooks on clinical oncology in Russian and Kazakh, which are still used to train students and
residents.

KazNIIOiR JSC is accredited to conduct clinical trials of pharmacological and medicinal
products, medical devices, and medical equipment [6].

The advanced diagnostic and treatment methods developed by the institute's staff have
been implemented in leading cancer centers in the CIS countries, India, Sweden, Peru, England,
and regional cancer clinics in the Republic of Kazakhstan. The institute is equipped with a powerful
material and technical base: modern, state-of-the-art equipment for comprehensive and in-depth
diagnosis and treatment of tumor processes. The institute's modern laboratories perform all types
of laboratory tests, from general clinical to molecular genetic.

Thus, the Research Institute has all the material and human resources necessary to ensure
the quality of education by creating value for consumers through educational programs, the
gualifications of teaching staff, the quality of teaching and the organization of the educational
process, the equipment of the clinical base, the development of international activities, and the
effective use of a network of republican partners to meet the ever-growing needs of consumers
for knowledge and skills.

Development strategy. The activities of the Research Institute are regulated by the Strategic
Plan of the organization, approved by a decision of the Board of Directors of KazNIIOiR JSC every
five years, which includes such areas as:

1. Training specialists at the Research Institute.

2. Improving the qualifications of oncology specialists at the Research Institute.

3. Training specialists through master classes.

4. Improving the qualifications of primary healthcare specialists.

5. Attracting leading foreign specialists to the Research Institute.

6. Improving the quality of scientific research.

According to the institutional self-assessment report, the institution pays considerable
attention to creating a corporate culture based on equal rights and responsibilities for employees
and students and respect for their personal dignity. The code of business ethics is based on the
principles of corporate social responsibility. Students in the research institute's residency program
are required to adhere to universal moral and ethical principles and to observe the corporate
culture. Manifestations of interethnic differences, religious extremism, nationalism, and corruption
offenses are unacceptable at the research institute.

Social block. The Nll's personnel policy for staff development consists of planning and
developing measures to stimulate and reward achievements at work. The types of rewards and the
procedure for their application are determined by the legislation of the Republic of Kazakhstan.
The research institute's teaching staff regularly undergoes professional development courses on
medical education both within Kazakhstan and in neighboring and distant foreign countries. The
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institute offers opportunities for career growth and competence development for teaching staff,
as well as social support programs for employees.

Thus, KazNIIOiR JSC interacts with a wide range of stakeholders, for example, in the
assessment and improvement of educational programs at the institute. Interaction is ensured by
authorized bodies in the field of education and health care (Ministry of Health of the Republic of
Kazakhstan), representatives of the public, professional organizations, as well as employers in the
form of medical institutions of regional health departments of the Republic of Kazakhstan.

Management. The activities of the Research Institute are strictly regulated by a set of
internal and external documents, in accordance with the legislation of the Republic of Kazakhstan.
The budget is formed from several sources: the republican budget (state order for postgraduate
education, advanced training of medical workers, development of scientific research, transfers);
the local budget; the provision of paid educational and other services.

A content analysis of the current Development Strategy of KazNIIOiR JSC shows that,
despite the presence of strong clinical and scientific units, aspects of sustainable development are
presented implicitly (indirectly) in the document. In particular, the goals for equipment
modernization are not always correlated with energy efficiency indicators (block E), and staff
development programs are limited to professional development, without addressing issues of
psycho-emotional well-being and inclusive corporate culture (block S).

Thus, the institutional audit of the Rll's strategy and structure confirmed the existence of a
solid foundation for development, but at the same time revealed structural rigidity. According to
the author, there is a methodological gap between the institute's long-term goals and modern
requirements for the ESG profile of a scientific organization. To understand how this hierarchical
system is perceived within the organization and how ready the staff is for change, it is necessary
to conduct a human capital assessment.
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Abstract: This article examines the impact of digitalization on the international
competitiveness of Kazakhstan’s economy. The adoption of digital technologies (ICT infrastructure,
e-government, electronic commerce) significantly increases productivity, fosters innovation, and
improves the business climate. Kazakhstan has made moderate progress: it ranks 55th in the Global
Competitiveness Index (GCI 2019) and 25th in Doing Business 2020, reflecting gains in online
services and reqgulatory efficiency. However, its innovation ranking (Gll 2023: 81st) and very low
R&D intensity (=0.14% of GDP in 2023) indicate a persistent technological gap. GDP per capita (PPP)
grew from 522,484 in 2015 to 538,515 in 2023, showing economic growth but insufficient
innovation.

Keywords: digitalization, competitiveness, innovation, ICT, Kazakhstan.

B/IMAHWNE LNPPOBU3ALMN HA MEXAYHAPOAHYIO KOHKYPEHTOCMNOCOBHOCTb
OKOHOMWKN KASAXCTAHA
AmaHKengai B.K.
AMaHKendi BeHepa KadipxaHKbI3bl — Ma2ucmpaHm,
UHcmumym CopboHHa—Kazaxcmad,
Kazaxckuli HayuoHaneHell nedazozudeckul yHugepcumem umeHu Abasa, Aamamel, KazaxcmaH

AHHOmauuA: B cTaTbe uccnenyetcs BAMAHME UMGPOBM3ALMKM Ha MEXKAYHAPOAHYIO
KOHKYPEHTOCMOCOOHOCTb 3KOHOMMKM  KaszaxcTaHa. [loKas3aHo, 4TO BHeApeHue UMPPOBbIX
TEXHONOMMM NoBbiWaeT 3dPEKTUBHOCTb NPEANPUATUIA, Pa3BMBAET MHHOBAUMM M 0baer4aeT A0CTynN
K rnobanbHbiM pbiHKam. [1na KasaxcTtaHa xapaKTepeH yMepeHHbI Nporpecc: oH 3aHuMmaeT 55-e
MecTo B 1106a/lbHOM MHAeKce KoHKypeHTocnocobHocTn (GCl 2019) 1 25-e MecTo NMo /IerkocTu
BegeHMA bumsHeca (Doing Business 2020), npu 3TOM MMEET BbICOKMI PENTUHT MO LUUPPOBLIM
rocycsyram. B To ke BpemAa uHAeKc mHHoBaumi (GIl 2023) Ha 81-m mMecTe yKasbiBaeT Ha
HeJ0CTaTOYHOE Pa3BUTUE MHHOBALIMOHHOM 3KoCcncTeMbl. OTMeYeHa BaXKHOCTb POCTa PAaCX00B Ha
HWOKP (B 2023 r. oHu coctasuam 0,14% BBI1), xOTA OHM OCTAOTCS 3HAYUTENIbHO HUMKE CPeaHUX
nokasatenen O3CP.

KntoueBsble cnoBa: UMPpoBM3aLMa SIKOHOMUKMU, KOHKYPEHTOCNOCOOHOCTb, MHHOBAUMM, VKT,
KasaxctaH.

B mupe XXI BeKka UuMppoBas 3KOHOMMKA CTAHOBUTCA LEHTPa/bHbIM ApaliBEepoOM pocTa U
KOHKypeHTocnocobHocTn.  MMoa  «umbposmM3aumeirn»  0BblMHO  MOHWMMAOT  BHEApeHue
MHOOPMALMOHHO-KOMMYHMUKALMOHHbBIX  TexHonornn  (MKT),  LUMPOKOMONOCHOTO MHTEPHET],
9/IEKTPOHHbIX CEPBMUCOB U LMIPOBLIX NAATPOPM B SIKOHOMUKY U rOCYAapPCTBEHHOE yrpaBieHue.
PocT 06bEMa 31EKTPOHHOM KOMMEPLMM, aBTOMATM3aLMM NPOU3BOACTBA M YAANEHHOW PaboTbl
NPAMO BAMAET Ha SKOHOMMYECKYHD 3PEKTUBHOCTb M MHHOBALMOHHbIMA NOTeHLMaN cTpaHbl. Aan
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9KOHOMWKM  KaszaxcTaHa, OPWMEHTMPOBAHHOM Ha MOAepHM3auuMo U AuBepcudUKaumio,
LMdpOoBM3aLMA pacCMaTPMUBAEBTCA KaK KAtoueBas cTpaTermyeckas 3azava.

Lenb crtaTbM — nNpoaHanM3MpoBaTb BAUSHWE LUMPPOBM3ALMM HA  MENKAYHAPOLHYHO
KOHKYPEHTOCMOCOBHOCTb 3KOHOMMKM KasaxcTaHa 1 onpeaenmTsb Nyt eé nosblilieHua. [na atoro
cbopmynmpoBaHbl 3a4a4uM: onucaTb TEopeTUYeckMe noaxodbl K Unpposon TpaHchopmalmn B
KOHTEKCTE KOHKYPEHTOCMOCOOHOCTU; OLIEHNTb NO3ULMK Ka3axcTaHa B robanbHbIx perTuHrax (GCl,
Doing Business, Gll) ¢ yuéTom LMdpPOBbLIX NOKa3aTeneu;

MaTepuansbl u meToabl: 1A aHaM3a MCNOAb30BaHbl CTaTUCTUYECKME JaHHbIe
n opunManbHble OTYETHI:

— Global Competitiveness Report 2019 (WEF), Doing Business 2020 (World
Bank) u Global Innovation Index 2023 (WIPO);

— AaHHble World Bank (WDI) no BBIM Ha aywy MNMNC; aaHHbie OHECKO UIS — no
pacxodam Ha HMOKP; aaHHble O3CP — no cpegHemy yposHto HNOKP;

— HaUMOHaNbHble OKYMEHTbI (Nporpammel «Lmdposoit KasaxctaH» (2017), Ctpaterua
2050 1 HaumoHanbHbIM NaaH Ha nepunoa 2021-2025 rr.);.

KOHKYpeHTOCNOCOBHOCTb SKOHOMMKM B TEOPUM PACCMaATPMBAETCA KakK CrnocobHOCTb
CTpaHbl obecneuymBaTb YCTOMYMBOE MOBbILEHME  ©6NArOCOCTOAHMA M COXPAHMBLLYHOCA
KOHKYPEHTOCNOCOOHOCTb GMPM Ha MMPOBbLIX PbIHKaX. B TpaAMLMOHHON Napaamnrme OCHOBHbIMM
daKTopamMm  BbICTYMAtOT Ka4yecTBO WMHCTUTYTOB, aKTOpbl MNPOW3BOACTBA (KanuTan, Tpya,
NPUPOAHbIE PECYPCbl) N TEXHONOTUYECKUI YPOBEHb. pK 3TOM LMPPOBM3ALIMA MHTETPUPYETCA B
KaXaplh M3 3TUX 3N1EMEHTOB: UMPPOBbIe TEXHONOTMWU YAy4YllatoT MHOPACTPYKTYPY (ObiCTPbIN
MHTEPHET, «YMHbIE» CETW), NOBbLILIAIOT KAYeCTBO Ye/I0BEYECKOro Kanutana (UMdpoBble HaBbIKM
HaceneHus) n yckopsatotT HVOKP.

CoBpemeHHble 11obanbHble MHAEKChbl BKAOYaoT UMdpoBble KomnoHeHTbl. B GCl ecTb
TexHosnornyeckmne «ctonnsl» (MKT-uHbpacTpykTypa, ycBoeHue TexHonoruin), a B Gll — mHAaeKcsbl
«Digital» (Hanpumep, NHAeKc roToBHOCTU K ICT, 31€KTPOHHbIE roCy4apCTBEHHbIE yCayrn). Tak, no
oueHkam WEF un WIPO, npamol BKAad UMPPOBbLIX CEPBUCOB B KOHKYPEHTOCMOCOOHOCTb
onpefenseTca  MnokalaTensmMmum  OHNaWH-NpaBuTenscTB  (e-government),  3alUMLWEHHOCTbIO
KnbepnpocTpaHCcTBa M CNOCOOHOCTbID 3KOHOMWKM TEHepMpoBaTb WMHHOBALMKW. B nutepatype
OTMEYaloT, YTO CTPaHbl C Pa3BUTOM LMGPOBON SKOHOMMKON (IcToHMA, CuHranyp U Ap.) UMetoT
H6onee rMbkmne pbIHKN N BbICOKYHO MPOU3BOANTENBHOCTD.

[ns KasaxctaHa umdposm3aLma Nno3nLUMOHMPYETCA KaKk HaLMOHaAbHbIN npuopuTeT. B 2015
r. B «lMnaHe Haumm — 100 KOHKPETHbIX LWaroB» 3afoxeHa umdpoBas nosectka, B 2017 .
yTBepaeHa [ocnporpamma «Uundposort KasaxctaH». Teopua yKasbiBaeT, 4YTO pa3BuUTME
3N1EKTPOHHOIO MNPaBUTENbCTBA U UHTEPHET-IKOHOMUKM AO/IKHO YAYULNTL AE/10BOM KAMMaT U
CHU3UTb N30EPHKKN npeanpuUHUMaTENbCTBa, Tem CamMbim noBbILWan NHOEKC
KOHKYPEHTOCMNOCOBHOCTM.

N5 KONMYEeCTBEHHOM OLIEHKM KOHKYpeHTocnocobHOCTM Ka3axcTaHa pacCMOTPEeHbl AaHHble
BEAYLMX MUPOBbIX PENTUHIOB:

. Global Competitiveness Index (GCl) 2019: Ka3axcTaH 3aHan 55-e mecto n3 141, yto
OTpaaeT cpeaHMn ypoBeHb KOHKypeHTocnocobHocTu. B coctase GCl cuabHbIMKW CUMTAOTCA
MHCTUTYTbl W TPyAoOBble pecypcbl, a cnabocTb — ¢PUHAHCOBaA cMCTEMA M MHHOBALMOHHAA

cnocobHocTb. HauunoHanbHbIM B6aHK PK oTmevyaeT nporpecc B TEXHONOMMYECKUX CTOAMax M
LUMPPOBbLIX CEPBMCAX.

. Doing Business 2020: KasaxctaH — 25-e mecto (M1306.) no nérkoctn BeaeHusA
6u3Heca. BbiCOKMe WHAEKCbl B «Pernctpaumm cobCTBEHHOCTM» W «3aulMTe WHBECTOPOB»
coyeTatoTcs co cnabbiMn pesynbTaTamMun B «Toprosne yepes rpaHuupl» (105-e mecto), 4To
YKa3blBaeT Ha UMbPOBbIE M NOTUCTUYECKME Bapbepbl.
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. Global Innovation Index 2023: KazaxctaH — 81-e mecto 13 132. Mo undpposbIm
acnekTam (3N1eKTPOHHbIE MPaBUTENLCTBEHHbIE YCAYTM, AOCTYN K MODOWAbHOM CBA3M) Y CTpaHbl
6onee BbICOKME NO3ULMK, TOrAA Kak pacxodbl Ha R&D 1 pa3BuTME CTapTanoB OCTAKTCA HU3KUMMU.

Tabnnua 1 — KntoueBble nNo3nuMM KasaxcTaHa B MeXAyHApPOAHbIX PEeNTUMHrax u
MaKpOMHAMKATOPaX.
MHAeKc/nokasartens oA, 3HaveHne/mecTo
GCI (World Economic Forum) 2019 5513 141
Doing Business (World Bank) 2020 2513190
Gll (WIPO) 2023 81 n3132
HWNOKP (% BBM) 2022 0.12 (2022); 0.14 (2023)
BBM Ha aywy Hacenenud (MNC, mexxa.S) 2015 22,484 (2015)
2023 38,515 (2023)

Kak BuaHO u3 Tabauupl, BBM Ha aywy (MMC) KasaxcraHa Bbipoc ¢ #5$22,5 Tbic. 8 2015 1. 40
~538,5 Tbic. B 2023 T. (pocT ~71%), 4TO CBUAETENLCTBYET O 3HaYUTESIbHOM SKOHOMUYECKOM POCTE.

TaK»Ke BaKHbIM MHAMKATOPOM KOHKYPEHTOCNOCOBHOCTUN sBNAeTcA MHTeHCMBHOCTL HVOKP.
B 2022-2023 rr. pacxoabl Ha R&D B KazaxctaHe coctasuam okoso 0,12-0,14% BBI1, uto 6onee yem
B 19 pa3 meHblwe cpeaHero no O3CP (~2,7% BBIM). 3To yka3biBaeT Ha CEPbE3HYIO HEXBATKY
dMHaHCMpOBaAHMA WHHOBaAUMM. uarpamma 2 MAIOCTPUPYET CcpaBHUTeNbHyo gomo HUOKP
(KasaxcTtaH vs O3CP).

Tabnunua 2. Jons pacxoAoB Ha HaydHble UccneaoBaHUsA U pa3paboTkm B BBI: KasaxcTaH u
O3CP (2023).

CTtpaHa HWUOKP (% BBIM)
KazaxcTtaH 0.13
O3CP (cpenHee) 2.7

[lna noBblWeHMA KOHKYPeHTOCNoCcOOHOCTM KasaxcTaHy HeobXxoAMMO yCuanTb LUndpoBYHO
TpaHCPOPMaALMIO 3IKOHOMMKM MO HECKONbKMM HanpasaeHuAam. Bo-nepsblx, passutmne WKT-
MHOPACTPYKTYPbl U BbICOKOCKOPOCTHOTO MHTEPHETA BO BCEX PErMoHax MoBbllWaeT AOCTYMHOCTb
uMdpoBbIX ycnyr ans busHeca M HaceneHuA. ITO BKAOYAET CTPOMTENbCTBO [AaTa-LEHTPOB,
BHeApeHue 5G, paclumpeHmne 3NeKTPOHHbIX TOProBbIX NAOWAA0K M MAATEXHbIX CUCTEM.

BO-BTOpPbIX, HYKHO YyCUAUTb UMPPOBM3ALMIO TOCCEKTOPA. YCAYrM «OAHOTO  OKHay,
9NEKTPOHHbI  AOKYMEeHTOObopOoT U1 umdpoBble rocycnyrn («e-government») yckopAatoT
AAMUHUCTPATUBHbIE NPOLLECCHI N CHUMKAIOT KOPPYNUMIO. HalMOHanbHble MPOrpaMmbl, TakmMe Kak
«LUndposort KasaxcTaH» W BBeAEHWE 3SNEKTPOHHbIX MEAMLMHCKMX KapT, Y¥Ke MoKasaaun
NONOXKUTENbHBIN 3PdEKT Ha yayylleHWe AeN0BOro KAnmata. Hanpumep, passutue E-government
MOBbICMIO MPO3PAYHOCTb M COKPATUNO BPEMA PErncTpaLmm Gupm, YTo CKasblBAeTCA Ha NO3NLMAX
B Doing Business n GCI.

TpeTbe HanpaBAeHWe — CTUMYAMPOBAHME WHHOBaUMM W cTapTanos. Co3gaHue
TEXHO/IOTMYECKMX MapKoB (Hanpumep, Astana Hub) 1 BeHUypHbIX GOHA0B NPUBAEKAET MHBECTULMN
B BbICOKOTEXHO/IOTMYHbIE OTpac/an. KntoyeBble Mepbl: Ha/IOroBble NbroTbl 414 I T-KOMNaHWI, rPaHTbI
Ha HNOKP, obydeHune undposbim npodeccnam. MexxkayHapoaHbiii onbiT (O9CP) nokasbiBaeT, YTo
YKpenneHne cBA3en «yHUBEPCUTET — OM3HEC» M KOMMepumanmsaums mcciegoBaHui Npsmo
NOBbILWAIOT MHAEKCbl MHHOBAUMN. Ka3zaxCTaHy BaXHO YBENMUYWUTb OO0 YACTHbIX MHBECTUUMI B
R&D, uto TpebyeT NPo3payHbIX MeXaHN3MOB GMHAHCUPOBAHMA U 3ALLMLLEHHON UHTENNEKTYaA/IbHOM
COBCTBEHHOCTM.

HakoHeu, umdpoBoe obpas3oBaHMe UM Kaapbl. [lepexos Ha  MHOOPMALMOHHO-
TexHonornyeckoe obuiecTtso TpebyeT noarotoBkM WT-cneupanmctos un obydyeHue HaBblKam
6yayuiero (MPorpaMmmMmnpoBaHmne, aHAIMTUKA AAHHbIX, MCKYCCTBEHHbIN MHTENNEKT). MHBECTULMN B
obpasoBaHMe (UMPOBOM YHUBEPCUTET, OHNAMH-KYPCbl) MOBLICMIM Obl OOWMI YeNoBEYECKUiA
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KanuTan M MHHOBAUMOHHbLIM noTeHuman. CrtpaTernm passutua o 2050 roga n ao 2025 roaa
coaepKaT NyHKTbl NO undpoBoMy 06pa30BaHMIO, OAHAKO KPUTUYEH MPOrHO3MPYEMbIM Pa3pbIB:
6e3 KBanMPUUMPOBAHHbIX KaAPOB BHEAPEHME TEXHONOTNIA OCTAHETCA HEMO/THBIM.

BavAaHne  umdpoBM3auMM  Ha  KOHKypeHTOCnmocobHocTb  KasaxcTaHa  MOHO
CYMTATb MONOXKMUTENBHBIM, HO HenonHbIM. CTpaHa AOCTMINA Nporpecca B co3faHuu umMdpoBoin
MHPPACTPYKTYPbl MU pacliMpPeHnn oHNalH-cepBucoB (BedeT cebs ctabunbHo B GCl 1 Doing
Business), O04HAaKO WMHHOBALUMOHHbIA pPEe3ynbTaT OCTAETCA HUXKE MMPOBOrO YPOBHA. [/aBHble
npobnembl — HU3KUN ypoBeHb WHBecTMUMi B HWOKP 1 HepaBHOMepHOe pacnpeaeneHue
LUMDPOBbLIX TEXHONOTMIA MO CEKTOPAM.

[Ons nanbHenwero pocta KOHKypeHTocnocobHocTM KasaxctaHy Heobxoammo:

e VCUNTb rocyapcTBeHHyto noaaepkky MKT n MHHOBALMOHHON AEATENbHOCTY;

e NPOAOIKNTL pedopPMbl B 00pa30oBaHMK U MOATOTOBKE LNMDPOBbLIX KaapoB.;

e PACLIMPUTL MeXAyHapoaHoe coTpyaHndecTso B chepe HUOKP;

e YIYYWMWTb  3aKOHOAATENLCTBO B  001ACTU  MHTENNEKTya/lbHOM CODOCTBEHHOCTM U
KnbepbesonacHoCTH.

Peanuzauma UMPPOBLIX MHMLMATMB MO3BONUT KasaxCTaHy He TOMbKO YAyYlWMWTb CBOM
NO3NUMN B MEXKAYHAPOAHbIX MHAEKCAX, HO U MOBbICUTL 0Oy SPPEKTUBHOCTL SKOHOMUKU 1
61arococToAHNE HaceneHus.

CnuncoK nutepaTypbl

1. World Economic Forum. The Global Competitiveness Report 2019. — Geneva: World
Economic Forum, 2019. — (Joknaa). [91eKTpoHHbIN pecypc]

2. HaumoHanbHbIM HaHK Pecnybnmnkm KasaxctaH. Omyém o coCmosHUU 3KOHOMUKU U
¢uHaHcosol cucmemsl — AcTaHa, 2019. — C. 12-15 (o no3uuusax no GCl).

3. World Bank Group. Doing Business 2020: Economy Profile — Kazakhstan. —
Washington, 2019. — 70 c. [91eKTpoHHbIN pecypc].

4. World Bank Group. World Bank to Discontinue Doing Business Report (16 Sept. 2021)
[9neKTpOoHHbIN pecypc].

5. World Intellectual Property Organization. Global Innovation Index 2023: Country Profile
— Kazakhstan. — Geneva, 2023. — [91eKTPOHHbIN pecypc].

6. UNESCO Institute for Statistics. /CT Skills Development in Kazakhstan — UIS report, 2022
(conepuT aaHHble no HAOKP).

7. World Bank. World Development Indicators: GDP per capita, PPP (current international
S) — Kazakhstan. [neKkTpoHHbIN pecypc].

8. OECD. R&D expenditure in the OECD (indicator). OECD, 2023. [9neKTpOHHbIN pecypc].

9. OECD. Diversifying Kazakhstan’s Exports: Institutions, Policies, Infrastructure — OECD
Publishing, 2024.

10. MnaH npe3naeHTa PK «100 KOHKpeTHbIX Waros» (2015). — [IneKTpoHHbIN pecypc].
11. MNoctaHoBneHne [lpasutenoctBa PK Ne827 ot 12.12.2017 «locyaapcTBeHHas
nporpamma «Linpposoin KazaxctaH»». — [DNeKTPOHHbLIN pecypc].

12. Yka3 [MMpe3mgeHta PK Ne521 ot 15.02.2018 «HaumoHanbHbIA NAaH pPa3BUTUA
Pecnybnmkn KasaxctaH o 2025 roga».

13. StatBase (maHHble UNESCO UIS). Kazakhstan — R&D expenditure (% of
GDP) [9neKTpoHHbIN pecypc].
14. Carmaynnuua .M., Annesa A.A. MIHHosayuUOHHOE passumue u

KOHKYpeHmMocnocobHocme s3KkoHoMuKu Kaszaxcmara // BecTHuk KHY. — 2020. — Ne4. — C. 22-209.



I Proceedings of the 12th International Scientific Conference

THE IMPACT OF GENERATIVE Al ON NON-
ACADEMIC STAFF CREATIVITY AND
ENGAGEMENT

Li Yang

Al Farabi Kazakh National university, Al Farabi business school, 1% year Doctoral Student
Mynzhanova Gulzhakan

PhD, associate Professor, Kazakh Ablai Khan University of International Relations and
World Languages

Indira Zhunusbay

EMBA, SPHRI, HRCI Global Leader Professional, Certified Expert in Emotional Intelligence

Introduction

In the context of the rapid development of digital technologies in organizations, generative
artificial intelligence (Al) technologies are becoming increasingly important, which are able to
generate new ideas, texts, visual solutions and automate intellectual tasks. The implementation
of these technologies goes beyond the academic and research environment and has a significant
impact on the activities of non-academic staff, including administrative staff, managers,
maintenance and support staff.

The relevance of the study is due to the fact that employees are the key participants in
work processes, communications and service provision. The effectiveness of an organization
largely depends on the level of creativity, motivation, and adaptability of employees. Despite the
growing use of generative Al solutions, the impact of these technologies on creative thinking,
initiative, and efficiency of non-scientific employees remains poorly understood, creating a
significant scientific and practical gap.

The additional inclusion of the topic is due to the fact that generative artificial intelligence
is able to expand the creative capabilities of staff, automate routine tasks and quickly generate
ideas. However, its use can also lead to a decrease in employee initiative due to the limitations
imposed by algorithms and a reduction in their independent creative activity.

In this regard, the study of generative Al technology is becoming relevant and necessary
for the development of personnel management methods in modern organizations.

The aim of the study is to determine how the use of generative Al affects the level of
creativity and adaptability of employees, as well as under what conditions these technologies can
be effective without reducing staff motivation.

To achieve this goal, the task was set: to analyze modern scientific and practical approaches
to the use of generative Al in management and operational processes.

The study identified key aspects of creativity and passion of non-academic staff that may
undergo changes under the influence of artificial intelligence technologies.

An assessment of the potential risks and benefits of using generative artificial intelligence
for the development of creative activity and motivation of employees has been carried out.

The study examined the specifics of the interaction of non-academic staff with artificial
intelligence tools, as well as identified factors that enhance or weaken the creative effect of their
use.

Based on the results obtained, practical recommendations were formulated for the
implementation of generative artificial intelligence in personnel activities in order to increase
engagement, stimulate innovation and productivity.
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The scientific novelty of the study lies in the fact that for the first time it identified key
aspects of creativity and passion of non-academic staff that may change under the influence of
artificial intelligence technologies.

The theoretical significance of the study shows that generative artificial intelligence for the
first time has a complex effect on the creative and motivational characteristics of non-academic
staff. While most of the existing research focuses on teachers, researchers, or technical specialists.

The practical significance of the study shows certain criteria that can be used to stimulate
creativity and improve the quality of professional activities of non-academic staff.

Literature review

Current research on the impact of generative artificial intelligence (Al) on employee
motivation and creativity has led to growing interest in how digital technologies are transforming
professional activities. Zhao X., Wang C., Hong J., in their research on creativity in the context of
technological change, argues that external technological support can act as a catalyst for creativity
if it reduces workload and frees up resources for idea generation[1]. However, she warns that
excessive automation may lead to a loss of internal motivation if employees become solely reliant
on algorithms. They concludes that Al can enhance creativity, but only when accompanied by staff
autonomy and initiative.

Koivula M., Villi M., Sivunen A. investigate the impact of digital technologies and artificial
intelligence (Al) on productivity and human capital[2]. They believe that generative Al can enhance
the cognitive potential of employees, allowing them to create new products, text, and time-saving
solutions. Their research suggests that such systems can increase engagement when Al acts as a
partner, rather than a controlling tool.

The authors conclude that generative Al enhances the value of human creativity rather
than replaces it.

Ooi K. B. et al. research emphasizes that generative models are transforming work
processes, particularly among administrative and service personnel[3]. He points out that these
technologies have the potential to improve operational efficiency and communication, which can
lead to increased employee engagement. Nwaomah A. E. also notes that without proper training
and support, Al can lead to staff resistance due to fears of job loss[4]. The researcher concludes
that it is essential to provide competent Al education in order to build trust and empower
employees.

From the perspective of psychological aspects, Chiu T. K. F., developers of the self-
determination theory, in their recent work, analyze the impact of digital tools on three basic
requirements: autonomy, competence, and relatedness [5]. They emphasize that generative Al
can significantly enhance the sense of competence when used as a tool for empowering
employees. However, if Al limits the freedom of decision-making, it can lead to a decrease in
engagement. Their main conclusion is that the impact of technology on motivation depends on
the level of control and independence given to the employee.

Finally, Hanafi A. M. and colleagues focus their research on how generative Al platforms
affect the quality of professional communication and exchange of ideas among non-academic
staff[6]. They note that the availability of text generation tools and visual materials provides a
faster search for solutions and stimulates collective creativity. However, they identify the risk of
“creative dependence” when employees begin to rely on Al to generate ideas. In conclusion, they
emphasize the need to combine Al tools with the development of employees' creative abilities.

Thus, an analysis of the literature reveals that generative artificial intelligence can
significantly enhance the creativity and motivation of non-academic employees, but the impact of
its use depends on various factors such as the level of autonomy provided to employees, the state
of technology development, governmental educational programs, and organizational culture.
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Overall, it is suggested that Al should be incorporated into work not as a replacement, but rather
as a partner that empowers employees and helps them unlock their creative potential.

Research methodology

Within the framework of this study, sociological and comparative methods were used,
which make it possible to comprehensively assess the impact of generative artificial intelligence
tools on the professional activities of staff. The application of the sociological method was based
on questionnaires and semi-structured interviews among employees who directly and regularly
interact with generative Al technologies in their daily work. This approach uses both quantitative
and qualitative empirical data reflecting a subjective consideration of digital technologies and the
nature of their work activities.

The purpose of using the sociological method was to identify employees' attitudes to
artificial intelligence technologies, the level of trust in them, as well as changes in motivation,
professional competence, initiative and creative activity of staff. As part of the research, this
method allows us to determine which aspects of creativity and engagement are transformed
under the influence of generative Al, identify new motivational mechanisms that form in the
process of its use, as well as assess the potential risks associated with the technological situation,
reduced independence and initiative of managers.

The implementation of the sociological method ensures the development of a structured
guestionnaire in which the main analytical categories were identified: understanding artificial
intelligence technologies, the level of digital competence, changes in professional results and the
quality of tasks, a subjective assessment of creativity, motivation to work and general satisfaction
with the professional sphere. The use of semi-structured interviews makes it possible to interpret
the data obtained and identify latent factors that are not always recorded in standard
guestionnaires.

Using a sociological approach, a comparative method was applied in the development,
focused on analyzing changes in professional processes, work processes and qualitative
characteristics of employees' activities in two time frames: before the provision of generative
artificial intelligence and after the start of its use.

The comparative analysis analyzes key performance indicators such as the speed of
completing tasks, the quantity and quality of ideas offered, the level and effectiveness of
communications, as well as the discussion of work cases with and without Al.

Results and discussion

The study of generative artificial intelligence on creativity and involvement of non-
academic staff was conducted using two complementary methods: sociological (survey-analytical)
and comparative (analysis of work processes before and after the development of Al).

For the sociological method, a sample of 50 heads of management, service and auxiliary
departments of a large financial organization was formed. All participants had experience working
with corporate digital tools, but only half had previously used generative Al services. Employees
were offered a questionnaire that includes questions about creativity, engagement, motivation,
digital competence, and perception of Al. Additional additional semi-structured ones to explore
the individual Al experience and its impact on workflows.

The results showed that 78% of employees noted an increase in creativity due to the ability
to quickly propose non-standard solutions and use new ideas for work tasks, especially when
preparing reports, presentations and materials for internal communication. 65% of respondents
reported an increase in engagement, explaining the emergence of new work tools and
opportunities for innovative approaches. At the same time, 20% of participants choose short-term
stress associated with the need to master new technologies. As for motivation, 72% of employees
noted an increase in sensitivity, competence and confidence in their skills, while 15% noted a
partial dependence on Al, which may reduce their independent initiative. These results suggest
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that generative Al helps to increase creativity and engagement, especially when training programs
are available and employee autonomy is maintained.

The comparative method investigated changes in work processes before and after
providing generative Al in the same departments. Quantitative indicators (time to prepare reports,
number of proposed ideas, number of initiative projects) and qualitative indicators (level of
engagement and degree depending on technology) were analyzed. The results are shown in the
table:

Table 1. Comparative analysis of the performance of non-academic staff before and after
the introduction of generative artificial intelligence

Indicator Before Al After Al Change Conclusion
Implementation | Implementation (%)

Average number of 4 9 +125% | Significant increase in

ideas proposed per creative activity

employee per month

Report preparation 6 3 -50% Reduced routine

time (hours) workload, time
savings

Level of engagement | 6.5 8.2 +26% Increased employee

(score 1-10) engagement

Number of initiative | 2 5 +150% | Growth in initiative

projects and participation in
process improvement

Degree of 2.1 3.8 +81% Moderate

dependence on dependence

technology (score 1— maintained under

10) control

The table was compiled by the author based on a sociological survey

A comparative analysis showed that generative Al significantly increased creativity and
engagement, reduced routine workload, and stimulated initiative. However, there was an increase
in technological dependence, which emphasized the need for employee training, mentoring, and
autonomous management.

The combined use of sociological and comparative methods has demonstrated that
generative Al is an effective tool for increasing creativity and engagement of non-academic staff.
Optimal results are achieved through the introduction of Al technologies with proper training,
initiative support, and continued autonomy. The results highlight the dual effect: artificial
intelligence enhances creativity and motivates employees, but improper integration can lead to
addiction and short-term stress.

Conclusion

The study showed that generative artificial intelligence has a significant impact on the
creativity and engagement of non-academic staff. An analysis of modern scientific and practical
approaches has confirmed that the use of Al tools makes it possible to expand the creative
potential of employees and optimize managerial and operational processes.

Key aspects of creativity and engagement, such as initiative, idea generation, a sense of
competence, and commitment to work, have shown growth with the introduction of generative
Al[7]. Sociological data showed an increase in employee motivation and satisfaction, and a
comparative analysis of work processes revealed an increase in the number of proposed ideas per
employee, a reduction in time for routine tasks, and an increase in the number of initiative
projects.



Proceedings of the 12th International Scientific Conference

At the same time, the study revealed the potential risks associated with the growth of
technological dependence and short-term stress among some of the staff, which underlines the
need for competent implementation of Al, training support and maintaining employee autonomy.

An analysis of staff interaction with Al tools has shown that the most positive effect is
achieved by supporting initiative, providing opportunities for independent decision-making, and
integrating Al as a partner tool rather than a substitute for human activity.

Based on these data, practical recommendations were formed for the integration of
generative Al into the activities of non-academic staff:

Inclusion of training programs and trainings [8];

Providing support and mentoring [9];

Maintaining employee autonomy in decision-making;

Gradual introduction of Al tools with monitoring of the impact on motivation and
creativity[10].

Thus, generative Al is an effective tool for increasing staff creativity and engagement,
improving the quality of work and stimulating innovation activity, provided the right
implementation strategy and risk management.
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Introduction

At a time when financial markets are becoming more global and economic ties between
countries are strengthening, issues of innovation development are becoming particularly
important. This creates conditions for the formation of unified and progressive approaches to the
financial and non-financial economy.

International Financial Reporting Standards and the standards of the International
Development Council have recently been considered not only as instruments for uniting the UK,
but also as the basis of a modern financial and sustainable economy. Their implementation is
aimed at increasing transparency, accessibility and reliability of information, which is necessary
for making managerial and regulatory decisions. This is especially relevant in the era of transition
to sustainable models of economic development and the introduction of ESG principles into the
financial system.

The importance of this study is due to the fact that traditional financial reporting, based
solely on international financial Reporting Standards, is increasingly less conducive to the growth
of companies in the face of climatic, social and managerial risks.

The creation of the International Integrated Reporting System and the development of
unified international standards for sustainable development information reflect the global need
to integrate financial and non-financial indicators into a single information system that contributes
to economic sustainability.

In this regard, the analysis of IFRS and ISSB standards as complementary elements of the
modern global network structure is of particular scientific and practical interest.

The purpose of the study is to determine the place of international standards of IFRS and
ISSB in the formation of a modern financial system that will be sustainable and effective.

To achieve this goal, it is necessary to solve two tasks:

1. To study the history and basic principles of IFRS and the ISSB standard in the context of
the development of the global financial system in South Africa.

2. Determine how these standards affect the quality of financial information and regulate
the development of the economy.

The originality of the study lies in the fact that we consider IFRS and the ISSB standard not
as separate instruments, but as a single system that forms an information base for a stable

financial economy.
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Unlike previous studies that focused on the technical aspects of applying standards, we
consider them from the perspective of their strategic importance in changing economic models
and investment behavior.

The theoretical part of the study is based on the idea that financial ties and development
are closely related. In addition, the paper considers new approaches to the use of international
standards in the context of the ESG transformation of the economy.

The practical value of the research lies in the fact that its results can be used in developing
accounting policies, preparing reports, and implementing standards that meet modern
management requirements.

The research raised the following question: how to develop IFRS and ISSB standards that
will become the conceptual basis of a modern financial and sustainable economy that integrates
financial and non-financial aspects of economic development?

Literature review

International Financial Reporting Standards (IFRS) are the basis for creating a unified
corporate reporting system on a global scale. They establish uniform rules for the preparation of
financial statements that help investors, creditors and other market participants make informed
decisions and reduce the information asymmetry between them. According to international
sources, IFRS is a set of standards and interpretations that regulate the methods of preparing
general — purpose financial statements. They are aimed at improving its quality and relevance in
various countries of the world[1].

The study of scientific papers devoted to this topic shows that the use of international
Financial Reporting Standards (IFRS) helps to reduce the information asymmetry between
managers and those who use reports. This, in turn, reduces transaction costs and increases the
economic efficiency of the company's management.

In particular, Ahmed D. M., Azhar Z., Mohammad A. J. research shows that the use of
international financial reporting standards helps to reduce information asymmetry and improve
the quality of information provided by markets. This simplifies investment decision-making and
contributes to a more efficient allocation of capital[2].

At the same time, modern research is increasingly focusing on the integration of traditional
financial reporting and sustainable development indicators.

Eccles and others emphasize the importance of including non-financial aspects such as
environmental, social, and managerial factors in corporate reporting. This will allow us to better
reflect the risks and opportunities that affect the long-term value of the company[3]. Such
integration is considered as a natural stage in the development of reporting in the context of the
growing importance of ESG factors.

Modern research demonstrates that ISSB standards form the basis of a global financial
disclosure system, including aspects of sustainable development. This, in turn, leads to the fact
that the MSFO standards become the basis of the financial economy.

According to industry analysis materials, the ISSB system is based on recognized
international recommendations, such as those of the Working Group on Climate Change-Related
Information Disclosure. Its goal is to create a unified international database that will increase the
level and reliability of non-financial data[4].

It is important to understand that the implementation of the principles of a sustainable
economy requires the adaptation of theoretical foundations to the practice of corporate
governance and consideration of key factors determining development. Research in the field of
modern science shows that the integration of the principles of sustainable economics into
traditional reporting methods not only increases the amount of information, but also requires a
revision of the conceptual foundations of accounting and reporting. This implies a more
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comprehensive approach to presenting information about costs and risks, taking into account the
dynamics of development[5].

After analyzing the scientific papers and materials of international organizations, it can be
concluded that IFRS and standards of the ISSB are increasingly being used as additional and
complementary components of a single system.

IFRS are the foundation for ensuring financial transparency, competitiveness and reliability
in the international financial market. The standards of the ISSB expand this foundation to include
development aspects that take into account environmental, social, and managerial risks and
opportunities.

Despite the active development of research in the field of finance and sustainable
economics, at the moment the work in this area is not fully systematized. It does not disclose the
role of IFRS and ISSB as the conceptual foundations of modern financial and sustainable
economics, and not only as tools for sustainable information disclosure.

This fact determined the scientific significance of the study and confirmed its relevance.

The results of the study of literary sources create a theoretical foundation for the
subsequent analysis of the interrelationships between financial and stable economics. They also
provide an opportunity to argue for the need for an integrated approach to the study of
international standards of IFRS and ISSB to ensure stable economic models and decision-making
in the context of the ESG transformation of the global economy.

Research methodology

The methodological basis of the study consists of two methods that complement each
other. The main theoretical and analytical method is used, which is used for a systematic analysis
of the conceptual foundations of IFRS and ISSB. This method is also used to summarize and
critically comprehend scientific results in the direction of reducing modern financial and
sustainable economics.

This method allows us to identify, trace the evolution of international standards and
substantiate their importance as a unified conceptual system.

The second research method is the comparative method, which is used to review the
objectives, compliance, and requirements of IFRS and ISSB standards. This method is also used to
analyze formulations and recommendations in the global corporate reporting system.. The use of
the comparative method makes it possible to assess the degree of consistency between financial
and non-financial standards, as well as to determine their potential in forming sustainable
economic models.

The study examined official documents and publications of the IASB Foundation, the IASB
and the International Council for ISSB. In particular, the conceptual framework for the
development of IFRS, as well as the IFRS S1 and IFRS S2 standards, were considered.

Scientific articles by international and domestic authors published in peer-reviewed
journals were analyzed. Analytical reports of international audit and consulting companies and
materials from international organizations on financial and sustainable economics, as well as the
development of ESG approaches in the global economy, were also studied.

Results and discussion

As a result of using a theoretical and analytical approach, it was revealed that IFRS
standards and ISSB standards are the conceptual basis of a modern financial and stable economy.

International Financial Reporting Standards (IFRS) are based on the concept of the
usefulness of financial information for making economic decisions. This concept is enshrined in
the Conceptual framework of financial reporting, which is part of the International Financial
Reporting Standards[6].
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This document states that the purpose of general financial reporting is to provide financial
information that will be useful to existing and potential investors and other capital providers in
making economic decisions.

Qualitative characteristics of financial information, such as relevance, reliability,
consistency, verifiability, timeliness, and clarity, are fundamental principles of IFRS. These
provisions are officially fixed in the Conceptual Framework of the 2018 Financial Statements.

The concept of the International Council for Regional Development (ISSB) standard is based
on the principles of financial phenomena related to development[7]. According to the above, it is
required to provide information only on those environmental, social and managerial factors that
may affect the financial performance and long-term value of the company.

This approach is reflected in the standard of IFRS S1 “General requirements for disclosure
of financial information related to sustainable development”. It states that the purpose of
information disclosure is to provide investors with information about the risks and possible
consequences that may affect financial flows, access to financing and the cost of capital of the
organization.

Thus, the standard supports ISSB's focus on creating low- and long-term cost growth.

The IASB standard S2 “Climate-related Information Disclosure” describes in detail the
additional ISSB climate directives and their relationship to long-term risks[8]. This standard sets
out the requirements for disclosure of information about climate risks and their consequences,
which can significantly affect the financial position and sustainability of companies.

The standard also highlights the importance of taking climate factors into account in times
of crisis, as well as the need for risk management and financial planning. This ensures economically
sound development that is not limited to declarative statements, as provided for in the ISSB
framework.

The application of the theoretical and analytical approach allows us to consider the stated
topic not only at the level of description of standards, but also at the level of their conceptual
content and economic understanding.

As a result of the theoretical analysis, it was revealed that IFRS standards and ISSB
standards are being developed, which are based on different but complementary concepts. These
concepts serve as the foundation for a modern financial and sustainable economy.

The theoretical approach allows us to understand that IFRS is based on the concept of the
usefulness of financial information for making economic decisions. It aims to ensure transparency,
consistency, and stability of financial data.

At the same time, ISSB standards are based on consideration of financial factors of
development. They are focused on disclosing long-term risks and opportunities that affect the
value of the company.

The use of theoretical material allows us to reveal the research topic, substantiating that
sustainable development within the ISSB is a key factor for achieving business success.

The use of a theoretical approach in the study of this topic has a number of advantages. In
particular, it allows us to streamline disparate regulatory and scientific approaches and present
IFRS and ISSB as a single conceptual system, rather than as two separate sets of standards. This
allows us to substantiate the main thesis that it is the combination of the conceptual foundations
of IFRS (financial transparency and usefulness of information) and ISSB (accounting for significant
ESG factors) that forms the information foundations of a modern economy focused on sustainable
development.

Thus, the theoretical approach strengthened the scientific reasoning of the study and
created the basis for analyzing its practical significance in the context of the ESG transformation
of the economy at the international level.
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The application of the standard method allows for a systematic comparison of financial
reporting standards (IFRS) and standards of the International Accounting Standards Board (ISSB).
The results of this comparison show that both sets of recommendations complement each other
and are elements of a single conceptual framework for a modern financial and sustainable
economy.

The comparison showed that both sets of recommendations applied to the level of
information also reduce other sources of capital. However, they differ in the object of the
disclosed information and the time horizon of the analysis.

The concentration of IFRS reflects the current and past financial condition of the company.
The ISSB standards are aimed at identifying sustainable risks and opportunities that affect the
company's future financial stability.

As a result of the comparative analysis, it was revealed that IFRS and ISSB standards are
based on the principles of comparability, completeness and usefulness of information for making
economic decisions, which indicates the methodological unity of these standards(table 1).

Table 1 — Results of a comparative analysis of IFRS and ISSB standards

Comparison IFRS (International Financial ISSB Standards
criterion Reporting Standards)

Primary objective | Presentation of reliable and Disclosure of financially material
comparable financial information | sustainability-related information

Main object of Financial position, financial ESG-related risks and opportunities

disclosure performance and cash flows affecting enterprise value

Time horizon Past and current financial Long-term risks, opportunities and
performance future prospects

Key users Investors, lenders and other Investors and capital market
creditors participants

Materiality Materiality in relation to financial | Financial materiality of

principle statements sustainability-related factors

Link to Indirect Direct

sustainability

Role in the Ensuring financial transparency Supporting sustainable and long-

economy and market efficiency term investment decisions

The source was compiled based on the data [9-12]

The results of the comparative analysis of IFRS and ISSB standards presented in the table
clearly demonstrate the main conclusions of the literature review and logically develop the
theoretical provisions of the study.

The table clearly shows that IFRS and ISSB standards are based on similar principles of
usefulness and materiality of information, which are focused on the needs of investors. This fully
corresponds to the positions identified in scientific papers on the evolution of international
reporting.

The comparative analysis presented in the table concretizes the thesis of the literature
review on the complementarity of financial and sustainable reporting. It shows that the difference
between IFRS and the ISSB is not in the objectives, but in the time period and which aspects of the
company's activities are disclosed in the reports.. So, the table helps to better understand and
prove the main idea of the study. It vividly presents the results of the literature analysis and allows
you to see how the theoretical conclusions from the literature review relate to the concepts of
I[FRS and ISSB. This proves that it is the harmonious combination of these concepts that forms the

basis for a modern financial and stable economy.
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The use of theoretical, analytical and comparative approaches made it possible to
comprehensively explore the topic and form a holistic view of the role of international standards
of IFRS and ISSB in modern financial and stable economy.

The theoretical and analytical approach provided an in-depth study of the conceptual
foundations of standards. As a result, it was found that IFRS are aimed at providing accurate and
comparable financial information necessary for making economic decisions. At the same time,
ISSB standards are focused on disclosing important financial information about sustainable
development, including ESG factors that may affect the long-term value of the company.

This approach allowed us to identify a logical link between financial reporting and
sustainability reporting. ISSBS complement and expand the scope of IFRS to include not only
current and past results, but also an assessment of long-term risks and opportunities.

The comparison method made it possible to visually compare International Financial
Reporting Standards (IFRS) and International Standards for Disclosure of Information on
Companies' Activities (ISSB) in key aspects. Among them are the goals, objects of disclosure, time
horizon, principles of materiality and the link to sustainable development.

The results of the comparative analysis presented in the table confirmed the conclusion
made in the literature review: both sets of standards are methodologically consistent and
complement each other.

The table clearly demonstrates that IFRS form the basic financial framework for
transparency and comparability. At the same time, ISSBS expand this framework by uncovering
long-term sustainable factors that affect the value and sustainability of companies.

The analysis of the results obtained using two methods allowed us to formulate several
important conclusions relevant to the research topic.

First of all, IFRS and ISSB should be considered as a single comprehensive corporate
reporting tool, where financial transparency and sustainability assessment complement each
other.

The consistency of the concepts of both standards confirms the possibility of their joint use
to form a comprehensive information base necessary for making strategic management and
investment decisions.

The results of the study show that the integration of financial and sustainable reporting
creates the basis for building a modern economic model focused on long-term value creation and
sustainable development.

As aresult of the use of theoretical, analytical and comparative approaches, it was possible
not only to streamline and summarize the existing scientific and regulatory concepts described in
the literature review, but also to demonstrate their practical value for creating a modern financial
system capable of ensuring economic stability. This is fully consistent with the goals and objectives
of the study.

Conclusion

The study revealed that international Financial Reporting Standards (IFRS) and the
standards of the International Council for Sustainable Development Standards (ISSB) represent
complementary concepts underlying modern financial and sustainable economics.

IFRS ensure the accuracy, comparability and openness of financial information that is
intended for investors and other market participants. At the same time, ISSB standards
complement financial statements by revealing sustainable risks and opportunities that affect the
long-term value of companies. These risks and opportunities are related to the environmental,
social and managerial aspects of the companies' activities.

The use of a theoretical and analytical approach allowed us to identify the main ideas
underlying IFRS and the ISSB. A comparative analysis has clearly demonstrated how these concepts
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complement each other and are consistent in key parameters: goals, subject of information
disclosure, time horizon and links to sustainable development.

All these results show that combining financial and sustainable reporting creates a unified
information base for strategic management, investment decision-making and long-term value
formation of companies.

So, the key conclusion that can be drawn from the results of the study is that IFRS and ISSB
should not be considered as separate systems of standards, but as interrelated components of
corporate reporting, where financial transparency is complemented by disclosure of information
about sustainability factors.

The study shows that the consistent application of these standards contributes to
improving the quality of information for investors, supports sustainable business development and
creates the basis for building a modern model of financial and sustainable economy. This is fully
consistent with the purpose and objectives of the study.
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Introduction

In the era of digitalization of the global economy, tourism is becoming one of the key
industries where the introduction of digital technologies is changing approaches to management,
organization and provision of tourist services.

The use of big data, online platforms, mobile applications, artificial intelligence systems
and "smart" travel solutions helps to increase the competitiveness of tourist facilities, ensure a
high level of service and the formation of sustainable tourism ecosystem:s.

However, the speed and effectiveness of digital transformation depend on the
institutional, economic and cultural characteristics of a particular territory.

Beijing and Almaty are major tourist centers in countries with global development models
and government support for innovation.

Beijing is one of the world leaders in the field of digital technologies in tourism. At the same
time, Almaty is experiencing a significant increase in the digitalization of tourist facilities.

A comparison of these cities makes it possible to identify the features, advantages and
limitations of the development of the tourism industry in various socio-economic conditions.

Due to the relevance of the study, it is necessary to assess the potential of digital
technologies for the development of tourist facilities in the context of the post-pandemic recovery
of the industry, increased competition between tourist destinations and growing demand for
digital travel services.

For Kazakhstan, in particular for Almaty, it is important to study foreign experience, for
example, Beijing, in order to adapt the use of digital technologies and develop effective strategies
for tourism development.

The study analyzes and compares digital technologies that can be used for the
development of tourist facilities in Almaty and Beijing.

To achieve the purpose of the study, the following tasks were set:

to consider a conceptual approach to the use of digital technologies in the field of tourism;

to assess the level of digital technology development in the tourist sites of Almaty and
Beijing;

to identify similarities and differences in the use of digital technologies for the
development of tourist facilities in these cities.

The scientific novelty of the study lies in the fact that it is a comparative analysis of digital
technologies at tourist sites in two cities with different models of tourism development. The study
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also identifies factors that determine the effectiveness of using digital technologies in the tourism
sector in a developing and high-tech economy.

Within the framework of theoretical research on innovations in the field of tourism,
scientists seek to expand the understanding of the role of digital technologies in the development
of tourist facilities. They also study in depth the process of digitalization of tourism in the third
decade.

The practical significance of these studies lies in the fact that their results can be used for
the management of tourism and tourist facilities. This will make it possible to develop and adjust
strategies for the development of the tourism industry in Almaty and other regions of Kazakhstan.

The purpose of the study is to find out how the introduction of digital technologies affects
the development and competitiveness of tourist facilities in Almaty and Beijing.

Literature review

In the course of the study devoted to the study of digital technologies used for the
development of tourist facilities in Almaty and Beijing, methods of comparative analysis and
gualitative content analysis were applied. These methods are widely used in modern research on
the digitalization of tourism.

The choice of comparative analysis was due to the fact that, as noted by El Archi and co-
authors, it is the analysis of the distribution of tourist destinations with different levels of digital
maturity that makes it possible to identify institutional and technological factors that determine
the effectiveness of digital solutions in tourism, as well as to assess their contribution to the
sustainable development of territories[1].

In their work, Yan and his colleagues use the bibliometric method, which allows for a
comparative analysis of “smart” tourist destinations at the regional and city levels[2]. This helps
to identify the best digital practices and identify innovative approaches to tourism development.

The article, written by Restrepo-Sarmiento and his colleagues, examines the impact of
digital transformation on tourism organizations through the lens of operational management and
organizational change[3]. The authors explore how digital technologies are integrated into the
business models of travel companies and how this affects their work. They analyze digital methods
presented in official documents, reports, and online resources. The main conclusion of the study
is that digital technologies are not just an auxiliary element, but a powerful tool of modern tourism
strategies. They influence management decision-making, customer experience, and support for
travel organizations.

Voskolovich takes a similar methodological position and considers digital technologies as a
key factor of changes in the tourism industry in the digital economy. The author analyzes the
development of electronic platforms, digital services and online communications in tourism.
Special attention is paid to digital indicators of the interaction of tourist sites with consumers.
Voskolovich emphasizes that a qualitative analysis of the content of official websites, online
platforms and digital services makes it possible to assess the level of digitalization of tourist sites,
determine their location in the market and understand how digital solutions affect the
management of tourist flows[4].

The study confirms that digital tools directly affect the competitiveness of tourist facilities.
Content analysis is an effective method that allows you to identify existing group management
practices.

In research on the study of tourist flows, some authors suggest considering the content of
tourist sites as a source of information that can help not only in developing technological solutions,
but also in determining institutional priorities for tourism development.

The works emphasize that digital technologies make it possible to create new models of
interaction between tourists, businesses and government agencies. However, the effectiveness of
these models largely depends on the strategic consistency and quality of content expansion.
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An analysis of the work of Restrepo-Sarmiento and other authors, as well as Voskolovich,
showed that digital strategies, online platforms and other digital resources help to understand
how tourism is changing. This helps to assess how digital technologies affect the development and
competition of tourist destinations. This will help to compare Almaty and Beijing. This is the basis
of our research.

Research methodology

To study the safety of digital technologies used in the development of tourist facilities in
Almaty and Beijing, it is most advisable to use the method of comparative analysis in scientific
papers. Yang and his colleagues come to the same conclusion. In their bibliometric study of
“smart” tourist destinations, they note that comparative studies at the city level make it possible
to identify differences in digitalization strategies and identify key vectors for the development of
the tourism industry.

Qualitative content analysis is used as an additional research method. It is used to study
digital strategies, online platforms, and information resources of tourist sites.

Restrepo-Sarmiento and his colleagues consider content analysis as an effective tool for
studying digital changes in travel companies. This method allows you to determine the key
directions of information technology development, the degree of customer orientation and
management priorities, which are reflected in official documents and digital communication
channels.

In conclusion, the authors note that analyzing the context of the content helps to move
from a formal description of technologies to their effective use in the development of tourist
facilities. Voskolovich emphasizes that a thorough analysis of the websites of mobile applications
and digital services of travel companies makes it possible to objectively assess the degree of
digitalization and the impact of digital tools on regulating tourist flows and providing a high level
of service. This is of great importance for research aimed at practical application.

The research materials confirm the reliability of statistical data and reports provided by the
tourism administrations of Almaty and Beijing, as well as international and national scientific
journals, analytical reports from industry organizations, and information posted on official
websites of tourist sites, digital platforms, and mobile travel applications.

The use of these materials corresponds to the approach of the authors, who have shown
that the combination of various sources and the analysis of their content make it possible to obtain
a holistic view of the impact of digital technologies on tourism indicators and indicators of the
actual practice of digital transformation.

The use of these methods and materials provides a comprehensive analysis of digital
technologies aimed at the development of tourist facilities, and allows us to draw informed
conclusions about the features and similarities of digital transformations of tourism in Almaty and
Beijing.

Results and discussion

During the comparison and analysis of the content, similarities and differences in the use
of digital technologies in the tourist sites of Almaty and Beijing were found. Key aspects of
digitalization include online booking, mobile applications, online promotion, and the use of smart
travel management solutions. The results of the study are presented in table 1.
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Table 1 — Comparative characteristics of the introduction of digital technologies in the
tourist facilities of Almaty and Beijing

Digitalization

Beijing

Implications for Tourism

Area

Online Limited Full integration with In Almaty, partial online
Booking implementation, national platforms booking improves
partially through (Ctrip, Fliggy) accessibility for some tourists
hotel websites and but limits overall
aggregators convenience and
competitiveness; in Beijing,
full integration enhances
convenience, efficiency, and
competitiveness of
attractions
Mobile Several local apps Multifunctional apps In Almaty, mobile apps
Applications | for navigation and with AR/VR, payment provide basic support for
information systems, and navigation and information;
recommendations in Beijing, multifunctional
apps enable personalized
tourist experiences and
effective flow management
Digital Mainly focused on | Comprehensive digital | In Almaty, digital promotion
Promotion social media and strategy including increases visibility but is
websites social media, booking fragmented; in Beijing,
platforms, integration | systematic digital marketing
with city services reaches a wider audience and
strengthens destination
competitiveness
“Smart” Partially used in Wide use of loT, smart  In Almaty, limited “smart”
Technologies some museums and signage, and sensorsto technologies enhance visitor
and loT parks monitor tourist flows experience in selected
locations; in Beijing, loT and
smart systems optimize
infrastructure, manage
tourist flows, and support
sustainable development
Analytics and | Almost not applied | Active use of big data In Almaty, lack of analytics
Big Data to forecast visitor limits strategic planning and
numbers and plan efficiency; in Beijing, big data
events enables informed decision-
making and efficient
management of tourist
resources

The source was compiled by the author on the data [5-10]

The comparative study presented in Table 1 reveals notable disparities and similarities in
the adoption of digital technologies in tourist destinations in Almaty and Beijing. This analysis
provides valuable insights into the influence of digitalization on tourism development.
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The table demonstrates that Beijing has achieved a high level of digital integration across
various aspects, including online booking, mobile applications, digital marketing, smart
technologies, and the utilization of big data. This comprehensive digital transformation has
resulted in improved visitor experiences, streamlined management of tourist flows, and enhanced
competitiveness of tourist attractions, as highlighted by Restrepo-Sarmiento et al..

Almaty has a patchy and disjointed approach to digital transformation. While some hotels
and aggregators offer online booking platforms, mobile applications provide limited navigation
and information, and smart technologies are implemented in select museums and parks, these
digital initiatives only partially enhance accessibility and user experience. The overall impact on
the competitiveness and efficiency of tourist management remains limited. The absence of big
data and analytics in Almaty hinders the ability to forecast visitor numbers, optimize resources,
and make informed management decisions.

The comparison presented in the table offers a comprehensive overview of the key aspects
contributing to the research topic. Firstly, it pinpoints specific areas where digitalization has
proven to be effective and those that require further development, enabling decision-makers and
managers in Almaty to prioritize investments in digital infrastructure and services. Secondly, it
demonstrates that the successful implementation of digital technologies in Beijing is closely tied
to strategic planning, institutional support, and cross-platform integration, suggesting that similar
frameworks could enhance Almaty's tourism competitiveness. Thirdly, the table underscores the
significance of comparative research in understanding the contextual differences, illustrating how
the same technologies can vyield varying results depending on the local economic, institutional,
and technological context.

In summary, Table 1 serves as a practical and analytical resource for evaluating the current
state of digital transformation in the tourism industry. It provides empirical evidence that supports
the hypothesis that the extent and effectiveness of digital technology adoption directly impact the
competitiveness, efficiency, and sustainability of tourist destinations. By comparing Almaty and
Beijing, the table not only highlights the strengths and weaknesses of each city’s approach but also
offers recommendations for improving digital strategies, enhancing tourist experiences, and
promoting sustainable tourism development in emerging markets like Kazakhstan.

The study analyzed the content of digital resources of tourist sites in Almaty and Beijing,
including official websites, mobile applications, online booking platforms, social networks and
information materials. The purpose of the analysis is to determine how digital technologies are
used to provide tourist services, manage the flow of visitors and promote facilities.

Content analysis in Beijing showed a high level of digital technology integration. The official
websites of tourist sites fully support online booking and payment of services, provide interactive
maps and detailed information about events. Mobile applications include augmented and virtual
reality (AR/VR) features, personalized recommendations, and the ability to pay through embedded
payment systems.

In Almaty, content analysis has shown that digital technologies are used mostly in
fragments. Online booking is available only through individual hotel websites and aggregators.
Mobile apps provide basic information about attractions and contact details, but lack
personalization or AR/VR features.

Smart technologies are implemented only in some museums and parks. The use of big data
and analytical tools is almost non-existent. The promotion of tourist sites is carried out mainly
through social networks and local web resources.

Thus, digital tools in Almaty have a limited impact on the management of tourist flows and
strategic planning, performing mainly an informational function.

The results of the content analysis allow us to conclude that the level and quality of digital
technology integration directly affect the efficiency of tourist facilities. In Beijing, digital
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technologies provide an integrated approach to management, personalization and promotion,
which contributes to the competitiveness and sustainability of facilities.

In Almaty, digitalization is still of an auxiliary nature, which underlines the need for strategic
development of digital tools, the introduction of analytics and the expansion of the functionality
of mobile applications. This will improve the travel experience and flow management.

The results of the content analysis confirm the hypothesis of the study that the degree of
implementation and quality of digital technologies determine the effectiveness and
competitiveness of tourist facilities. They also provide specific directions for adapting Beijing's
successful practices to the conditions of Almaty.

The results of the comparative analysis and content analysis conducted in Almaty and
Beijing provide an opportunity to gain a more complete understanding of how digital technologies
affect tourist sites in these cities.

A comparative analysis showed that Beijing and Almaty differ in terms of the level of digital
technology adoption. In Beijing, digital tools are actively used in all areas: online booking, mobile
applications, digital promotion, smart technologies and big data analysis. In Almaty, digitalization
is fragmented, technologies are being implemented only at some facilities, and analytics are
practically not used.

These differences allow us to see the difference in the level of digital maturity between
cities and identify key areas of development and priorities for improving tourism infrastructure.

The results of the study are complemented by a qualitative analysis that shows exactly how
digital technologies are applied in practice.

In Beijing, digital services are integrated with national platforms, provide personalized
functions, and use AR/VR, 10T, and analytical tools[11]. This makes it possible to effectively manage
the flow of tourists, improve the quality of service and increase the competitiveness of facilities.

In Almaty, digital tools have more limited functions, such as navigation, information
provision, and marketing[12]. This reduces their impact on strategic management.

The analysis of the results obtained using two different methods allows us to draw several
important conclusions on the topic.

Firstly, such an analysis provides a holistic view of the level of digitalization. A comparative
analysis shows the differences in functionality and technology coverage between the two cities,
while a content analysis reveals details of their practical application. These methods make it
possible to evaluate not only the availability of digital tools, but also their effectiveness in
managing tourist facilities.

Secondly, both methods confirm that the degree and quality of digital technology adoption
directly affects competitiveness, tourist flow management, and the sustainability of tourism
infrastructure. In Beijing, integrated digitalization has a positive impact, while in Almaty, the
impact of fragmented digital solutions is limited.. Thirdly, combining the results of the two
methods has practical value for strategic development. This allows us to develop
recommendations for adapting Beijing's successful practices in Almaty. In particular, it is possible
to implement online booking, expand the functionality of mobile applications, use smart
technologies and analyze big data.

Thus, comparative analysis and content analysis allow for a systematic look at the digital
transformation of tourist sites. Comparative analysis provides a quantitative and functional
assessment of the level of digitalization, while content analysis provides a qualitative
understanding of its implementation and impact on tourism processes. Combining these methods
creates the basis for sound conclusions and practical recommendations for improving the
efficiency, competitiveness and sustainability of tourist facilities. This is directly related to the
purpose of this study.
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Conclusion

As a result of a study on the impact of the introduction of digital technologies on tourist
sites in Almaty and Beijing, key conclusions were drawn that have both theoretical and practical
significance.

From a theoretical point of view, this work complements the existing scientific literature
on the digitalization of tourism, showing that the degree and quality of the introduction of digital
technologies have a direct impact on competitiveness, the effectiveness of tourist flow
management and the sustainability of tourism infrastructure.

The study confirms that digital tools are not just auxiliary services, but an important
element of strategic management of tourist facilities, affecting the quality of service and the long-
term development of the industry.

The theoretical significance of the research lies in expanding knowledge about the
mechanisms of digital transformation of tourist destinations and the relationship between
technological maturity and the effectiveness of tourist services. The results obtained can be used
in further research in the field of “smart tourism” and digital marketing of tourist facilities.

The practical significance of the research lies in the fact that its results can be used by
tourism authorities, owners of tourist facilities and companies developing digital solutions to
optimize the planning, promotion and management of tourism infrastructure.

An analysis of Beijing's experience shows that integrated digitalization contributes to more
effective management of tourist flows, improving the quality of service and competitiveness of
facilities. At the same time, the experience of Almaty points to the need for strategic technology
implementation, expanding the functionality of mobile services and using big data analytics to
improve management efficiency.

These findings allow us to formulate recommendations for the development of digital
strategies in cities with different levels of technological development and economic potential.

The prospects for future research include an in-depth study of the impact of specific digital
technologies on the behavior of tourists, the economic performance of tourist infrastructure
facilities and the sustainability of the tourism industry.

It is also important to investigate the socio-cultural and institutional factors influencing the
success of digital transformation and to develop models for adapting best practices for cities
where the level of digital maturity is limited.

The main point of the research topic is that digital technologies play a key role in the
development of tourist facilities, determining their competitiveness, management efficiency and
sustainability. Successful implementation of digital solutions requires strategic planning,
integration of services and the use of analytical tools. These conclusions form the theoretical and
practical basis for the further development of digital tourism and the improvement of the
management of tourist facilities in the context of global digital transformation.
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Introduction

In the context of growing competition at the international level and instability in financial
markets, issues of company value management are becoming increasingly important.

Traditional financial performance indicators such as profit or profitability are increasingly
being criticized for failing to fully reflect the real value of creation for shareholders.

In this quarter, the concept of economic value added (EMF) was widely recognized as a
tool for evaluating the effectiveness of financial management and long-term value growth of a
company.

The Economic Value Added Index (EVA) makes it possible to take into account the cost of
capital raised and, most importantly, to more accurately assess the effectiveness of management
decisions in terms of creating shareholder value.

The use of EVA in strategic financial management ensures the alignment of operational,
alternative and financial solutions in order to maximize the value of the company. EVA analysis is
becoming especially relevant for large multinational corporations operating in conditions of high
costs and constant pressure from savings.

Apple Inc., which is one of the most expensive public companies in the world and profits
from financial management, was chosen as an example. The analysis of the EVA calculation for
Apple Inc. allows us to identify practical mechanisms of value creation in the high-tech world and
assess the applicability of the EVA concept in the digital economy.

The novelty of the research lies in the comprehensive analysis of economic value added
(EVA) in the context of strategic financial management and market costs of the company using the
example of Apple Inc.

To achieve this goal, it is necessary to solve the following tasks::

1. Consider the fundamental foundations of the EVA concept and its role in strategic
financial management.

2. Analyze the dynamics of EVA indicators and the value of Apple Inc.

3. To investigate the relationship between EVA, management decisions and the managed
value of firms.

The relevance of the study is due to the growing role of value-based management in the
financial management system, as well as the need to use more accurate tools to assess the
effectiveness of companies in an innovative and digital economy.
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The scientific novelty of the research lies in the comprehensive analysis of economic value
added (EVA) in the context of strategic financial management and market costs of the company
using the example of Apple Inc.

In the course of a theoretical analysis of randomness, we have determined that economic
value added (EVA) is a key indicator of the effectiveness of strategic financial management and a
tool for assessing the value of a company.

The practical value of our work lies in the fact that we can use the results obtained and
management factors to create an effective financial management system and increase the market
value of the business.

The purpose of the study is to find out how economic value added (EVA) affects the
financial management strategy and supports the value of Apple Inc.

Literature review

The research question of this study is how Economic Value Added (EVA) affects strategic
financial management and contributes to maintaining the value of the company. Within the
framework of the scientific concept, the EVA concept is considered as a cost-based performance
indicator that surpasses the target limitations of traditional accounting indicators and provides a
more accurate assessment of the real cost of creation for shareholders [1].

Classical Theoretical Foundations (EVA) was created by experts from Stern Stewart & It
became widespread after being published in Western financial publications in the early 1990s.

According to this source, EVA is the difference between net profit after taxes and the value
of the company's total capital, measured through the weighted average cost of capital (WACC).
This makes EVA a more objective indicator than traditional profit because it takes into account the
cost of capital[2].

Faiteh and Mohammed emphasizes that the EVA indicator has a number of advantages
over other performance indicators[3]. First, it takes into account the cost of the invested funds
and, thus, reflects the company's ability to generate profits in excess of the minimum expected
rate of return. Secondly, as an analytical tool, EVA can be useful for management systems and
allows managers to make decisions that meet the interests of shareholders. This encourages
investments only in those projects that provide returns exceeding the cost of capital.

In extensive literature reviews, it can be seen that the concept of EVA is of interest in
academic circles and practical research. In particular, Hammer and Siegfried note that the EVA
concept has been actively discussed since the end of the 20th century and is widely used in
different countries of the world[4]. In economic conditions, its empirical verification has not yet
become widespread. Similarly, Sabol and Sverer show that EVA is one of the most popular
indicators of a company's success, which helps it develop in strategic financial management[5].

The works of Zhen-Jia Liu and Yi-Shu Wang address the question of how EVA correlates
with other performance indicators[6]. The authors conclude that although EVA has a constructive
basis, its historical significance may be limited in forecasting compared to more moderate
indicators such as ROE or ROA. This highlights the importance of combining different indicators to
assess the effectiveness of the economy.

Market analysis from the point of view of the introduction of the economic value added
system demonstrates that its use does not always immediately lead to a noticeable increase in
stock returns, but can contribute to increased investment activity and long-term improvements in
the financial results of the company[7].

Thus, the available literature provides a clear theoretical and empirical basis for
understanding the role of EVA. This indicator reflects the creation of the observed economic profit,
taking into account the cost of capital, which makes it a useful tool for financial management and
valuation of the company.
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A review of the literature shows that, despite the limitations and the need to adjust the
calculation depending on the industry and operating conditions, EVA is widely recognized in
scientific and practical circles as an important component of value-based management.

The general conclusion of the literature review is that the use of EVA allows for a more
complete understanding of the ability of companies to create value for shareholders. EVA-based
methods are used in the development of financial strategies and calculations, which substantiates
their applicability for analysis using the example of large companies such as Apple Inc.

Research methodology

To study economic value added (EVA) in the framework of strategic financial management
and valuation of companies, following the example of Apple Inc., two main approaches were
applied: the analytical method and correlation and regression analysis.

The analytical method makes it possible to streamline and summarize the theoretical
concepts of EVA, value-based management and, in particular, financial management, as well as to
compare various criteria for their application in the practice of large international companies. This
method provides a theoretical basis for research and allows for the correct interpretation of
empirical data obtained from the financial statements of Apple Inc.

In order to quantify the relationship between EVA indicators and key company
performance results, such as market value, net profit and return on equity, the correlation and
regression analysis method is used.

This method allows you to determine how much EVA changes affect the value of a
company and assess the statistical significance of the identified dependencies.

Regression analysis helps integrate EVA into strategic management, which includes
financial performance and increased shareholder value. This is directly related to the purpose of
the study.

The study analyzed the official financial statements of Apple Inc., including annual reports,
information on market capitalization, equity and net income over the past five to ten years. These
data made it possible to calculate the indicator of economic value added (EVA) and compare it
with other indicators, which makes the study relevant and practice-oriented.

In order to assess how economic value added (EVA) affects the market value of Apple Inc.,
a linear regression model was created. The dependent variable in this model is the company's
market capitalization, and the EVA indicator is the independent variable.

To check the statistical significance of the coefficients, the Student's t-test was used.
Fischer's F-test was used to check the overall significance of the model. The significance level was
assumed to be a = 0.05.

A correlation analysis based on the Pearson coefficient was also performed. All calculations
were performed based on data for the period from 2021 to 2025.

The following indicators were used in the study:

EVA (Economic Value Added) is an independent variable that reflects the company's
economic profit exceeding the cost of capital.

Market Cap (market capitalization) is a dependent variable reflecting the assessment of a
company by investors. The Market Cap is calculated using the formula:

Market Cap:Psharesthares

This indicator reflects the assessment of the company by investors and represents the
integration of expectations regarding future cash flows. Therefore, it is an objective indicator of
the value of the company.

The study covers the period from 2021 to 2025. The data was obtained from the annual
financial statements of Apple Inc. and analytical publications available on the websites
companyfinancials.org and marketcap.ru . The number of observations was 5 years (n = 5)(table
1).
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Table 2 — EVA and market capitalization of Apple Inc. (2021-2025)
| Year | EVA ($B) | Market Cap ($T) |

2021 | 64.23 2.45
12022 | 67.77  |3.00 |
2023 | 61.23 3.04
12024 | 7028 | 3.50 |
2025 | 75.39 4.10

The source was compiled by author
To assess the impact of EVA on market capitalization, a linear regression model was built:
MarketCapt=60+6;1EVAt+et,
where By is the free term, B1 is the EVA influence coefficient, € is the random error, and t
is the year of observation.
Null hypothesis: HO: B1 = 0 (EVA does not influence the market value)
Alternative hypothesis: H1: B 1 7 0 (EVA affects the market value)
The significance of the regression coefficients was tested using the Student's t-test. The
overall significance of the model was assessed using the Fisher's F-test and the correlation
between the variables was estimated using the Pearson coefficient (r). A significance level of a =
0.05 and a = 0.1 were used for a small sample size.
The results of the correlation and regression analysis are presented in the table 2:
Table 2 — Correlation and Regression Analysis Results: EVA and Market Capitalization of
Apple Inc. (2021-2025)
| Indicator \ Value \ Interpretation \
Correlation coefficient  0.8369  Strong positive relationship between EVA and Market Cap
(r)

| p-value (correlation) | 0.0771 | Significant at 10% level |
Regression coefficient ~ 0.0945  Each S1 billion increase in EVA > Market Cap rises by

(B1) $0.0945 trillion

| Intercept (Bo) | -3.1889 | Starting point of the model |
t-statistic (Student’st-  2.6486  Coefficient significant at 10% level
test)

| p-value (t-test) | 0.0771 | Significant at 10% level |
F-statistic (Fisher) 7.0149  Model explains a significant portion of Market Cap

variation

Degrees of freedom 3 n-2
(df)

The source was compiled by author

This method helps to understand how the economic added value affects the company's
value in the market. It also allows you to check how important the economic added value is for
managing the company's finances.

The use of these materials ensures the reliability and impartiality of the conclusions, and
also allows us to evaluate the possibility of applying the EVA concept in a high-tech and innovative
corporation.

Results and discussion

The analytical method allowed us to establish that the concept of economic value added
(EVA) is closely related to the mechanisms of value-based management. It focuses on indicators
that reflect the financial results of the company, as well as its ability to create value for
shareholders.
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The study analyzed the annual reports of Apple Inc. over the past 5-10 years, including data
on net income, the largest investment capital, the cost of equity and debt capital, as well as the
company's market capitalization.

Published EVA data is rarely available in ready-to-use form from open sources. Therefore,
this table presents the underlying financial indicators (net profit, market capitalization, and ROE)
that can be used to calculate EVA (EVA = NOPAT - WACC x invested capital).

The table shows the dynamic changes in Apple Inc.'s key financial metrics used in the
calculation and analysis of correlation-regression models to evaluate overall EVA
performance(table 3).

Table 3 — Financial performance of Apple Inc. EVA calculation and cost analysis

2021 ~94.7%* 150-1967 ~2.45% High profit and strong return
on equity achieved.

2022 ~99.8* 152-153% ~3.0% Continued growth in market
capitalization.

2023 ~93.7* ~156t ~3.04% Slight decrease in profit with
an increase in market
valuation.

2024 ~oT ~164t Reporting in ROE remains high, reflecting

progress capital efficiency.

2025 ~112.0* ~151-152§ >4.0# Record capitalization
exceeds S4 trillion for the
first time.

The source was compiled by author

To investigate the impact of economic value added (EVA) on strategic financial
management and company value, the key financial indicators of Apple Inc. were analyzed over the
period from 2021 to 2025. The analysis focused on net income, return on equity (ROE) and market
capitalization, as these are the main components used to calculate EVA using the following
formula:

EVA = NOPAT - (WACC x Invested Capital)

Where NOPAT represents net operating profit after tax, WACC represents the weighted
average cost of capital and invested capital refers to the total capital employed by the business.

According to Apple Inc.'s annual reports and financial statements, net profit in 2021 was
approximately $94.7 billion, increasing to $99.8 billion in 2022 and then decreasing slightly to
$93.7 billion in 2023 before reaching an estimated $112 billion by 2025.

During this period, the return on equity (ROE) remained exceptionally high, fluctuating
between 150% and 196% in 2021, then stabilizing around 152-153% in 2022, before reaching
approximately 151-152% by 2025. This reflects the company's effective use of equity to generate
profits[8].

Market capitalization also grew steadily, increasing from approximately $2.45 trillion in
2021 to over S$4 trillion by 2025, indicating strong market recognition of Apple's financial
performance[9].

Analysis of these indicators reveals that periods of positive economic value added coincide
with increases in both market capitalization and return on equity, indicating that strategic financial
decisions aimed at generating returns above the cost of capital directly contribute to shareholder
value. Specifically, investments in new products, research and development (R&D), and efficient
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capital allocation have enhanced net operating profit after taxes, creating positive EVA and
supporting long-term firm growth.

This demonstrates that EVA is a reliable tool for assessing managerial performance, guiding
strategic planning, and evaluating investment projects in highly capital-intensive, high-technology
firms such as Apple.

Therefore, the findings suggest that incorporating economic value added into strategic
financial planning provides a quantitative measurement of value creation and aligns management
decisions with shareholders' interests. By systematically examining net profit, return on equity,
and market capitalization, EVA can be calculated and used as a basis for correlational and
regression analyses to determine its impact on firm value. Combining these indicators provides a
comprehensive assessment of Apple Inc.'s financial performance, demonstrating the practical
utility of EVA as a tool for decision-making in strategic financial planning.

The results of the correlation and regression analysis reveal a statistically significant link
between Economic Value Added and several key financial indicators for Apple Inc., such as market
capitalization, net income, and return on equity. The regression models demonstrate that changes
in EVA account for a significant portion of the variation in market value, indicating that EVA can be
a reliable indicator of shareholder wealth creation. In particular, periods with positive EVA are
associated with increased net income and ROE, as well as continued growth in market
capitalization. This confirms the practical impact of effective value-added management on
company performance.

The regression coefficients indicate that, for each unit increase in economic value added
EVA, there is a proportional and measurable increase in market capitalization. This highlights the
direct financial benefits of managerial decisions that generate economic profit above the cost of
capital. Furthermore, correlation analysis reveals a strong positive relationship between EVA and
return on equity (r == 0.78). This suggests that efficient use of equity capital leads to higher
economic value creation.

The analysis also confirms that incorporating EVA into strategic financial management
improves both operational and investment decision-making. Managers prioritize projects and
initiatives that contribute to the overall value of the firm by exceeding the weighted average cost
of capital. This enhances the firm's performance and value.

These results are consistent with previous theoretical and empirical studies, which
emphasize that economic value added is not only an accounting metric, but also a strategic tool
for aligning management incentives with shareholders' interests and optimizing long-term
financial performance.

In the case of Apple Inc., correlation-regression analysis demonstrates that EVA serves as
a quantitative indicator for evaluating the effectiveness of strategic financial decisions. This
provides actionable insights for management to focus on value-oriented strategies.

Overall, the analysis confirms that maintaining a positive EVA is associated with increased
market capitalization, profitability, and return on equity. This supports the hypothesis that EVA
significantly influences strategic financial management and firm value.

The results of the correlation and regression analysis reveal a statistically significant link
between Economic Value Added and several key financial indicators for Apple Inc., such as market
capitalization, net income, and return on equity. The regression models demonstrate that changes
in EVA account for a significant portion of the variation in market value, indicating that EVA can be
a reliable indicator of shareholder wealth creation. In particular, periods with positive EVA are
associated with increased net income and ROE, as well as continued growth in market
capitalization. This confirms the practical impact of effective value-added management on
company performance.
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The regression coefficients indicate that, for each unit increase in economic value added,
there is a proportional and measurable increase in market capitalization. This highlights the direct
financial benefits of managerial decisions that generate economic profit above the cost of capital.
Furthermore, correlation analysis reveals a strong positive relationship between EVA and return
on equity (r = 0.78). This suggests that efficient use of equity capital leads to higher economic
value creation.

The analysis also confirms that incorporating EVA into strategic financial management
improves both operational and investment decision-making. Managers prioritize projects and
initiatives that contribute to the overall value of the firm by exceeding the weighted average cost
of capital. This enhances the firm's performance and value.

These results are consistent with previous theoretical and empirical studies, which
emphasize that economic value added is not only an accounting metric, but also a strategic tool
for aligning management incentives with shareholders' interests and optimizing long-term
financial performance.

In the case of Apple Inc., correlation-regression analysis demonstrates that EVA serves as
a quantitative indicator for evaluating the effectiveness of strategic financial decisions. This
provides actionable insights for management to focus on value-oriented strategies.

Overall, the analysis confirms that maintaining a positive EVA is associated with increased
market capitalization, profitability, and return on equity (ROE). This supports the hypothesis that
EVA significantly influences strategic financial management and firm value.

Conclusion

The study revealed that economic value added is a key tool for strategic financial
management and has a direct impact on the company's market value.

An analysis using the example of Apple Inc. showed that positive EVA values correlate with
an increase in market capitalization, an increase in return on equity and an increase in profit. This
confirms EVA's ability to reflect real value creation for shareholders.

Correlation and regression analysis has quantified this relationship, showing that EVA
changes explain a significant proportion of fluctuations in the company's value and the
effectiveness of its financial decisions.

The advantage of this approach to research lies in the combination of a theoretical base
and empirical data. The use of EVA makes it possible to integrate cost-based principles into
strategic management, evaluate investment and operational decisions in terms of creating
economic profits, and ensure that the interests of management and shareholders are aligned.

Thus, EVA is not only an analytical indicator, but also a tool for practical management of
the company's value.

In the course of further research, the results obtained make it possible to more deeply
assess the impact of the EVA indicator on other financial and non-financial indicators, such as
investment activity, innovative projects and corporate sustainability.

In addition, the results of the study can be used to compare the effectiveness of strategic
financial management in various industries and countries, as well as to develop recommendations
for optimizing management decisions using cost-based methods.

Thus, the study confirms the importance of the EVA indicator as an indicator and a tool for
strategic financial management. This confirms its practical value for increasing the company's
market value, creating long-term value for shareholders and forming the basis for further
empirical and applied study of this indicator in corporate practice.
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MHOTALMOHHDBIE NMPOLUECCHI B
RASAXCTAHE: COBPEMEHHbIE
[MTPOBJIEMbI U TEPCMEKTBDI
CTABVNIN3ALNN

babnaHoB Tneybepabl Kagecosuy

K.3.H, AOLEHT YHMBepcuTeTa, « TypaH-AcTaHa» KasaxcTaH
CepukbaeBa barnaH Myxamen)kaHoBHa

K.3.H, AOUEHT yHMBepcuTeTa, «TypaH-AcTaHa» Ka3axcTaH
PaxmeTtanunesa CantaHat AMaHrenbaneBHa

CTaplwmi NnpenogasaTe b, yHMBepcuTeTa « TypaH-AcTaHa»
Kanuua Bnagucnasa

CTyaeHTKa rpynnbl YA-24-2, yHnusepcuteTta « TypaH-AcTaHa»

AHHOTaUMA: B AaHHOM cTaTbe MNpeAcTaBAeH KOMMJEKCHbIM aHanm3 MHOASLUMOHHbBIX
npoLeccoB B 3KOHOMMKe KasaxcTaHa. PaccmaTpmBaloTCA OCHOBHble GaKTopbl, BAMAIOLIME Ha
dopmmnpoBaHMe U AMHAMMKY MHOAALMK, @ TaKKe BbIABAAIOTCA K/OUYEBbIE IKOHOMUYECKME U
coumanbHble MpuymMHbl eé pocTa. Ocoboe BHMMaHME YyAenseTcs aHaiM3y MexaHWM3MOB,
onpeaenALUmx ypoBeHb NHPAALUUN 1 e€ BO3AENCTBME Ha MaKPO3KOHOMMUYECKYO CTabMAbHOCTb
CTpaHbl. TaKKe paccCMaTpPMBAOTCA Mepbl FOCYapCTBEHHOrO PeryiMpoBaHna, HanpasaeHHbIe Ha
caepXuBaHue WMHONAUMM M obecnedyeHWe UEHOBOW cTabunbHOCTU. B cTaTbe 0603HaYeHb
MNepcrneKkTMBHbIE  HAMpaB/feHMs  COBEPLUEHCTBOBAHMA  aHTUMHOAALMOHHOM  MOAUTUKM 1
NoBblWeHNA 3GDEKTUBHOCTY SKOHOMMYECKMX MHCTPYMEHTOB PEryIMpOoBaHus.

Kntouesble cnoBa: MHOGAALMOHHbBIE NPOLLECChI, NPUYMHA UHPAALKUK, MPOLLECC, SKOHOMMKA,
rocyapCTBEHHOE peryanpoBaHue, AeHexHoe obpalleHne, 4eHbrn, GUHaAHCHI.

NMHbnaumsa - 3To ycTOMUMBLIM  npouecc obecueHWBaAHMA [AeHer, NPOoABAAIWMACA B
[O/ITOBPEMEHHOM pOCTe O0OUIEro YpOBHA LUEH Ha TOBapbl M YCAYrM, UTO CHUMKAET WX
MOKynaTe/lbHyl0 CNOCOHBHOCTb. ITO HE MPOCTO PA30BbIMA CKAYOK LIEH, a CTPYKTYPHOE CHUMKeHue
peanbHoM cToumoctn aeHer. MHGnAumMA B KasaxcTaHe Ha NPOTANKEHUM ANUTENbHOTO BPEMEHM
OT/IMYAETCA BbICOKMM YPOBHEM W HEecTabuabHOCTbO. HecMoTpAa Ha TO, YTO MPaBUTENLCTBO M
HaumoHanbHbIM baHk (HaubaHK) HeoAHOKPaTHO NOAHMMA M BOMPOC O HE0HBX0AMMOCTM BOpbLObLI €
aToM npobnemolt n paspabaTbiBanm macliTabHble NaaHbl N0 CTabMAM3ALUMN LEH, UX YCUAMA He
MPUHEC/IN KeNAeMbIX Pe3ybTaTOB.

Bbicokasa n HecTabunbHaa MHGAALMA HAHOCUT 3HAYMTENbHbBIN YiIEPO SKOHOMUKE, CHUMKASA
eé 3bhEeKTMBHOCTb WM MNPOM3BOAUTENBHOCTb, AEMOTMBMPYS KOMMAHWW  BKAAAbIBATbCA B
[ONITOCPOYHbIE  MHBECTUUMOHHbIE MPOEKTbl. HeonpeaeneHHOCTb OTHOCUTENbHO byayllein
NOKynaTeNbHOM CNOCOBHOCTU HALMOHANbHOM BaNtoTbl 0cnabnaeT cTumynbl Ana cbeperkeHuit m
WHBECTULMIA, YBENMYMBAA CKNOHHOCTb HAaCENEHWNA K XPaHEHMIO CPeACTB B MHOCTPAHHOM BantoTe (B
KasaxctaHe 3TO NpoABAAeTCA KaK gonnapusauma). MHGAAUMA TaKKe CHUMMKAET PbIHOYHYHO
CTOMMOCTb KOMMNAHWMN, HEraTUBHO BAMAA Ha WX NPUObLINL U BbIHYXKAAA LEeHTPODOaHKM yKecTo4aTb
[EHENKHO-KPEeANTHYIO MOUTUKY.
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Mpn  BbICOKOM WHOAALMM  MPOUCXOAUT nepepacnpeneneHne [A0X0A0B: /uvua  C
dUKCUMPOBaAHHbBIMKM AOXOAAaMM, HANPUMEP, MEHCUOHEPDI, YbW BbINAATbl HE MHAEKCUPYIOTCA, TEPAIOT
B MOKynatesbHOW CrnocobHOCTW, TOorda Kak AMua C MNepeMeHHbIMM A0X04amu  MosyyatoT
KOMMEHCAUMIO 33 CYeT pocTa UeH. ITO MNPUMBOAMT K YBEAMYEHUIO MNPOLEHTHbLIX CTABOK M
COKpPALLEHNIO KpeanToBaHnsa BM3Heca, YTO TOPMO3UT IKOHOMMYECKOE Pa3BUTHE.

JononHutensHo MHOGAAUMA MNPOBOLMPYET  aXKMOTAXKHbIA  CNPOC:  NOAM  CTPEMATCS
npuobpect TOBapbl AJUTENLHOTO  MOAb30BaHWUA, YTOObl  3aLUMTUTLCA  OT  CHUNKEHMWS
noKynaTeIbHOM CNOCOBHOCTM AgHEr, YTO co34aeT AedUUMT N yCUAMBAET MHPAALMIO. B KOHEYHOM
NUTOre 3TO CHMMKAET peasibHble A0XOAbl M YPOBEHbL M3HU, NOAPbLIBAET AOBEPUE K HALIMOHA/bHOM
Ba/tOTE N NPOBOAMMON SIKOHOMMYECKOM NOANTUKE, YTO MOMKET BblI3bIBaTb COLMAIbHbIE NPOTECTbI
1 ele 6onblle yeyrybasaTb SKOHOMUYECKYIO CUTYaLIMIO.

Kpome Toro, Ha ¢oHe rnobasnbHOM TypOy/NEeHTHOCTM POCT LEeH OKa3asicd OTHOCUTE/bHO
PaBHOMEPHbIM MO PerMoHam, HO ocobeHHO HonesHeHHbIM Ana Jomoxo3ancts. B 2026 roay
NHONALUMOHHOE AaBNEHNE COXPAHUTCS, a K/IlOYEBLIM BOMPOCOM CTaHET CNOoCOBHOCTb rocyAapcTBa
npeBpaTUTb POCT TapMdOB 1 LEH B peasibHble yaydlleHns MHOPACTPYKTYPbl U Ka4ecTBa KU3HMN.

MNocneaHwe TpW roga MMPOBaA 3KOHOMMKA KMBET B pPerMMe MOCTOAHHOro cTpecca -
CaHKUMK, pa3opBaHHble LENOYKM MNOCTAaBOK, reononmTnyeckas TypbyneHTHocTb. KasaxcTaH, Kak
OTKPbITas 3KOHOMMWKA, HE MOMKET OCTaBaTbCA B CTOPOHe OT 3TMX MPOLLECCOB, YTO HANPAMYLO
OTParKaeTcs Ha LeHax BHYTPW CTPaHbI.

Ecnn cmoTpeTb Ha MHOAALMIO He TONIbKO KaK Ha «CPeAHIO0 MO CTPaHe», a Yepes PermoHsl,
TO pajyeT, YTO HeT Pe3KOoro pPervoHanbHOro paspbiBa. o mToram 2025 roaa obuimii NMHAEKC
noTpebutenscknx LeH no Kasaxctany coctasun - 112,3, 1o ectb +12,3%. Camblii BbICOKUM
nokasaTtenb C HeboblMM OTPbIBOM 3aduKcnpoBaH B CeBepo-KasaxcTaHckoi obnactu (+14,2%),
3a Hel cneaytoT AKMonunHcKas (+13,6%) u Atbipayckas (+13,5%) obnactu.

PenTuHr pernoHoB KasaxcTaHa no YpOoBHIO MHOAALMN

CeBepo-KasaxcTaHckas s | 4 D
AKMONIMHCKaA e 1] 3 6
ATblpaycKas IEEE— | 3 5
YnbiTayckas 134
MaBnofapckan IEEEEE— | 3 4
KaparaHAvHCcKan I — | 31
AKTIOBMHCKas s —— | 2 7
BocTouHo-KasaxcTaHCkan IE— 1] 2 4
TyPKECTaHCKaA | | 2 4
Cpepnee no PK 12,3
YKeTbicyckas IEEEE— | 2 2
r.AcTaHa IEEEEEEEE— ] 2 2
r UbIMKEHT e |
Kbi3biNOpAVHCKaA I | 2
MaHrucTayckas I | | O
ANMaTUHCKan E— | | O
XKambbinckan 11,8
3anaaHo-KasaxcTaHckan IEEEEEE— | 1 8
Afalickan I ] ] 8
r. Anmarel 11,7
KocTaHalickas I — | | 7

MpumedaHue: [aHHble NHaekca NoTPebUTENbCKNX ueH Ha AHBAPb 2026
https://dknews.kz/ru/ekonomika/379011-inflyaciya-2025-v-kazahstane-itogi-i-ozhidaniya-na

CornacHo AlaHHbIX PENTMHra camas HM3Kas MHbNAaumA B KoctaHalckom 06aactn n Aamartbl
nopsaKka +11,7%. AMNaMTyaa mexay MakCMmMyMoM U MUHUMYMOM cocTaBnsaeT 2,5%. [na cTpaHbl
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C TaKoW reorpadueir, pasHOM NOMUCTUKOM M “HenpocTbiMW” coceaaMM 3TO Hennoxo. MOoXKHO
CKa3aTb, 4TO MHNAUMA pacnpeneneHa OTHOCUTEIbHO POBHO.

MNoTpebutenbckaa MHPAALMA B CTPaHE YCKOPWAach, AOCTUIHYB ypoBHS 8,9% B rogoBOM
BblpaxeHn. OCHOBHOM POCT NPOAEMOHCTPUPOBAAN NAATHbIE YCAYTU, YBEANYMBLUMCD 33 FOA Ha
13,8%.

NHbnAaumA B cTpaHe Havana oTcTynath: 11,7% B despane npotms 12,2% B sHBape. PbIHOK
KOET NPOAOIKEHNA CHUKEHMA, HO YCTOMUYMB 1M 3TOT TPEHA U 10 KaKOTO YPOBHA MOTYT ONyCTUTbCA
UEeHbl K AeKkabpto.

Crpykrypa undasuuu B deBpaine 2023-2026 ronos
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MpumeyvaHue: [laHHble Blopo HauMoHaNbHOM cTaTUCTMKK https://www.zakon.kz/finansy/6509842-
naskolko-mozhet-snizitsya-inflyatsiya-v-kazakhstane

CBOIO pPO/SIb Cbirpanu TapudHble KOPPEKTUPOBKM, OUCKaNbHAA MNOAUTUKA, aKTUBHbIN
BHYTPEHHWI CNPOC 1N NPOAOBONbCTBEHHbIN CErMEHT. PaKTMYEeCKM CTpaHa BOLLAA BO BTOpYHO dasy
MHONALMOHHOIO LIMKNA — MeHee AipaMaThyHyto, Yem B 2022 roay, HO BCE Ke OLLyTUMYIO.

NHOAAUMOHHBIM LMKA, KOTOPbIM Mbl NPOXKMBAEM Ceyac, Havyanca He BYepa, a B 2022 roay.
KasaxcTaH CTO/IKHYACA C MOLIHbIM BHELIHMM LEHOBbIM YyaapomM. 3To Obln nepuos, Koraa
obpylwmnace rnobanbHas U permoHanbHaa NOrMCTUKA, @ MUPOBbIE LiEeHbl Ha MNPOAOBONLCTBME M
Cblpbe pe3ko pocaun. Toraa MHOAAUMA HOCMAA BO MHOTOM MMMOPTMPOBAHHbLIN XapaKTep. YKe B
MapTe-anpesne Toro roja ronosas MHGAAUMA npeBbicuna 12%, neTom yckopuaach Bbile 15%, a B
ceHTAbpe pocturna 17,7%. Muk npuwenca Ha HoAbpb-Aekabpb 2022 roaa — 19,6% B rogosom
BblpaXKeHMW. ITO BblN MaKCMMabHbIM YPOBEHb 3a NOCAeAHME roapbl.

Perynatop oTpearnpoBan MaKCMManbHO KecTKo. ba3oBas cTaBka B Aekabpe 6bina
[OBefeHa A0 OrpaHUYUTENbHOrO YPOBHA B 16,75, 4TO pe3Ko yA0POXMAO KpeamuTbl M Havano
oX/N1aXaaTb CNpoc. 3To Hbl1 MOBOPOTHbLIN MOMEHT — rOCY/1apCTBO CAENAN0 CTaBKy Ha CAEepPKMBaHNE
LUEeH AaKe LeHOM 3ameaIeHNA SKOHOMMUKM.

B 2023 roay nHbAsLUMA OCTaBanacb, HO Ha4vana NOCTENEHHO CHUMKATLCA C BbICOKMX YPOBHEM
Hayana roda. Ecam B AaHBape 2023 roga nokasaTenb npesbiwan 20% B roA0BOM BbIpaXKEHUM, TO K
nexkabpto oH onyctuaca Huxke 10%. ITo CTano Pe3y/ibTaTOM BbICOKOM Ha3bl CPaBHEHMS, }KECTKOM
NEHENKHO-KPEAMTHOM NOSIUTUKN 1 NOCTENEHHOMN CTabuamnsaumm BHeWHEeN cpeabl.
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2024 roa nan nepsble NAoAbl 3TON NOAUTUKK. B deBpane 2024 roaa nHGAALMSA coCTaBMNA
9,3%. JKOHOMMKA MOCTENEHHO BbIXOAMNAA U3 pPeXMma LeHoBOW TypbyneHTHOCTM. Kasanoch, 4To
[ABY3Ha4Hble MOKa3aTeNn O0CTaMCb NO3aaM.

OpaHako 2025 roa nokasan, YTo cUTyaums cinoxkHee. o uToram roga UMHGAAUMA BHOBb
yckopunack Ao 12,3%. 310 y»Ke He Obla YMCTO BHELWHMUM WoK. CBO PO/b Cbirpann TapudHble
KOPPEKTUPOBKM, GUCKaNbHAA MONUTMKA, aKTUBHbLIA BHYTPEHHMUI CMPOC M NPOAOBONLCTBEHHbIM
cermeHT. ®aKTMYyecKM CTpaHa Bowna BO BTOpyl a3y MHONAUMOHHOIO UMKAA — MeHee
APAaMATUYHYIO, HO BCE XKe OLLYTUMYIO.

B skoHOMMKe KazaxcTaHa MOXKHO BblAENNTb YeTbipe KAto4eBbIX pakTopa, 00YCN0BAEHHbIX
NPOBOAMMOM 3KOHOMMYECKOW MOSMUTUKOM, KOTOPblEe MCTOPUYECKM CMOCOOCTBOBAZIM BbICOKMM
Temnam noTpedbuTenbckon MHGAAUMM U e€ 3HAYUTENbHON HecTabunbHoCTU. ITn daKkTopsl
3aTpyaHAT HaubaHKy peannsaumio 3GOEKTUBHOM AEHEKHO-KPEAUTHON MOAUTUKM B PaMKax
cTpaTermm « MHGAAUMOHHOIO TapreTMpoBaHua». K yncny Takmx GakTopoB OTHOCATCA:

1  3aBMCMMOCTb OT CbiPbEBbLIX PECYPCOB M cnabas aAneepcudmKaLMa SKOHOMUKN.

2  HeaddekTnBHaa OroaKeTHaa MOAUTMKA M HEeAOCTaTOK GUHAHCOBOM AMCUMNAMHBLI Npu eé
NCNONHEHMUN.

3 [deduumT KOHKYPEHUMM M HeaocTaTouyHO 3ddeKkTnBHOE GYHKUMOHUMPOBAHME PbIHOYHbIX
MeXaHM3MOB.

4 Cnabopa3suTble GMHAHCOBbIN 1 BANOTHbIN PbIHKM.

CnnbHas 3aBMCMMOCTb 3KOHOMMKM KaszaxcTaHa OT CbIpPbeBbIX PECcypcoB JenaeT eé
YA3BMMOW K BHELIHUMM 3KOHOMMYECKMM LLIOKaM, 0COBeHHO KonebaHUAM MUPOBbLIX LIeH Ha HedTb.
3a bonee yem TpU AECATUNETMA HE3AaBUMCMMOCTM CTpPaHe Tak M He yAanocCb CyLLeCTBEHHO
amBepcndnuUMpoBaTb 3KOHOMUKY M MOBLICUTb €€ KOHKYPEHTOCMOCOOHOCTb. BAnaAHME BHELIHMX
GaKTOPOB, TaKMX KaK M3MEHEHMA LEH Ha CbipbeBble TOBapPbl M MMMOPTUPYEMYIO MPOAYKLMIO,
OCTaAETCA 3HAYUTENbHbIM, OKa3blBaa AABAEHNE Ha BHYTPEHHME LieHbl. Hanpumep, peskne nageHus
CTOMMOCTM 3HEeproHocuTenen, 4To He pa3 HabnAaNOCh B NPOLLIOM, HEraTMBHO CKa3blBAtOTCA Ha
nnaTtexxHom HbanaHce, NPUBOAA K 06ecLeHMBaHMIO TEHIEe 1 POCTY UHOAAUMN.

CTpyKTypa 3KCNopTa TOBApoB

Metannsl;

MpumeyvaHue: [laHHble Blopo HauMoHaNbHOM CTaTUCTMKK https://www.zakon.kz/finansy/6509842-
naskolko-mozhet-snizitsya-inflyatsiya-v-kazakhstane

CornacHo AaHHbIM oduUManbHOW cTaTUCTUKKM, B 2025 rody HecbipbeBOW 3IKCMOPT
KasaxctaHa poctur $26,2 mMApa, 41O ABAAETCA PEKOPAHbIM 3HaYeHWem 3a nocneaHee
necatuneTve. 370 coctasnseT 31% oT obuiero o6bEMA 3KCNOPTA CTPaHbl, YTO HEMHOIO HUMKE
YPOBHA NATUNETHEN AaBHOCTU. OHAKO, eC/IM OPUEHTUPOBATLCA HA MEXKAYHAPOAHblE CTaHAAPTbI,
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YYMTbIBAtOLLME PeaNbHYO CTPYKTYPY SKCMOPTUPYEMOM NPOAYKLMM, AONA HECHIPEEBOTO IKCMOPTA B
NPOWNOM roZy cocTaBuna Bcero 6%. B mexayHapoAHOM KnaccvduKaumm CblpbeBOM 3KCMOPT
BK/IIOYAET He TO/MIbKO MPsSMYt0 MOCTaBKy MPUPOAHbLIX PECcypcoB, HO M MeTan/bl, MPOAYKLMIO
NepBMYHOM NepepaboTKM CblpbA, a TaKKe HeoObPabOoTaHHYIO CENbCKOXO3ANCTBEHHYIO MPOAYKLMIO.
TakMm 06pa3om, yaenbHbIM Bec ToBapoB C bHonee rnybokon nepepaboTkoM W A0NS
BbICOKOTEXHO/IOTMYHbIX MPO/YKTOB M YCAYT B 3KCMOPTE OCTAETCA He3HaunTeNnbHOM. K coxkaneHuto,
ABHbIX YIYYLLIEHWNA B 3TUX HANpaBAeHUAX NOKa He HabntoaaeTcA.

[loxoabl, nonyvaembie OT 3KcnopTa HedTW, He3ycnoBHO, MONOKMTENbHO BAMAKOT Ha
9KOHOMMKY KaszaxcTaHa, ogHaKo KonebaHua LeH Ha HedTb Bbi3bIBatoT BCe Hobluee 6eCnoKOMCTBO.
B oT/nMume oT pa3BUTbIX CTPAH, SKOHOMUYECKME CUCTEMbI HEDTAHbIX rOCYAAaPCTB, 3aBUCMMbIX OT
OHOTO CbIPbEBOrO Pecypca, CTa/IKMBAIOTCA C CEPbE3HbIMW TPYAHOCTAMM, KOTrAa Ha MUPOBLIX
PbIHKAX NPOMCXOAMT Pe3Koe U AAUTeNbHOe NafeHue LeH Ha HedTb. Npobaembl BO3HMKAIOT He
TONIbKO MPU HU3KMX, HO WM TMPWU BbLICOKMX LEHaX Ha HedpTb. MHOXKECTBO MeXAyHapOAHbIX
nccnenoBaHui 66110 NMOCBALLEHO 3TUM BOMPOCaM, NMpeasiaras KOHKPEeTHble PeKOMeHAauMmn no
BHEAPEHWIO KOHTPUMKANYECKMX OIOAMKETHbIX MEeXaHM3MOB, KOTOpble CMOCOOHbI 3HAYUTENbHO
YMEHbLMWTb BAUAHNE CbIPbEBOI 3aBUCUMOCTM Ha SKOHOMMUKY.

B cTpaHaX, YbA 3KOHOMMKA He AMBEPCUMPUULMPOBAHA M 3aBUCUT OT 3KCNOpTa HedTw,
KOHTPUMKAMYeCKMe BIOAXKETHbBIE Mepbl UTPALOT KAOYEBYHO POJb B CTaBMAM3aLMM SKOHOMUYECKOW
CUTYaUMM 1 BIOAMKETHON MOAUTMKM B YCAOBMAX PE3KMX KoNnebaHwi LeH Ha HedTb M Apyrux
BHelWHMX GakTopoB. B KazaxcTaHe 3Tn mepbl ropa3ao 6onee BaxHbl AN ynpaBneHnsa nHdaaumen,
KYPCOM HaLMOHANbHOM Ba/tOTbl U MPOLEHTHBbIMW CTaBKaMM, YemM AeATeNbHOCTb HaumMoHanbHOro
HaHKa.

MPUHLMN KOHTPUMKANYECKOM BIOAKETHON NOAUTUKM ANA HEQTAHbLIX CTPAH 3aK/At04aeTcs B
TOM, YTO rOCY/ZLapPCTBEHHbIE PACXO/bl HE AOMKHbI USMEHATHCA PE3KO B 3aBUCMMOCTM OT KonebaHuit
ueH Ha HedTb. Koraa LeHbl BbICOKM, M3DObITOYHblE A0XOAbl AOKHbI aKKYMYyAMPOBATbCA B
HaupoHanbHOM doHae, 4Tobbl CO34aTb MAKPOIKOHOMUYECKYIO CTabWAbHOCTb. Takon noaxon,
CNOCOBCTBYET CHUXKEHMIO 3aBMCMMOCTM 3IKOHOMMKM OT M3MEHEeHWN LeH Ha HedTb, co34aBas
HnaronpuATHbIE YCNOBKUA ANA PA3BUTMA YAaCTHOTO CEKTOPA M AMBEPCUPUKALMN SKOHOMMKMN.

Koroa HedTAHble AoXxo4bl YBEAMUYMBAKOTCA, MPaBUTENbCTBO HE [AOKHO HapalliMBaTb
rocyZapCTBEHHbIE pacxoabl, @ HAOBOPOT, AOMKHO MCNONb30BATb 3TN CPEACTBA A1 HAKOMN/EHNA B
cyBepeHHOM QoHAe. ITo no3BonseT usberkaTb HEeraTUBHbIX MOCAEACTBUM  «TOANaHACKOM
6one3HM» — pocTa LeH Ha Tak Ha3blBaeMble KHETOPryemble» TOBaPbl U YCIYTU, TakKMe KaK XKUbe,
KOMMYHa/bHble YCNYrW, 30paBOOXpaHeHNe, obpa3oBaHMe, CTpouUTeNbHble PaboTbl U Apyrue, He
NnoAJatoLLMeca BHEWHEN KOHKYPEeHUMN.

Ecnv nNpaBUTENbCTBO He CAEP)KMBAET M3ObITOYHbIE HedTeaoNapbl, TO 3TO NPUBOAUT K
YBE/IMYEHMIO CMPOCA KaK Ha MMMOPTMPYEMbIE, TaK M Ha HEMMMNOPTUPYEMbIE TOBAPbI, YTO MOXKET
BbI3BaTb MHOAAUMIO HA BHYTPEHHEM pbiHKe. NHGAAUMA Ha HETOopryemble TOBapbl CTaHOBUTCA
0COOEHHO 3aMeTHOW, MOCKO/bKY LUEHbl Ha HWX ONpeaenstoTcA BHYTPEHHMM CMPOCOM U
NpeanoKeHNneMm, a He MeXayHapoaHON KOHKypeHLMeEN.

OcHOBHOM Npobaemoit TekyLen BIoAXKEeTHOM NONNTUKM ABNAETCSA €€ NPOLUMKANYHOCTb, YTO
CNocobCTBYET POCTY LIEH Ha HETOPryemble TOBapbl B NepmMoapbl BbICOKMX LUeH Ha HedTb. BmecTo
TOro, YTobbl CHMMKATb pPacxodbl B TaKMe Mepuofbl M aKKyMyaMpoBaTb cpeacTsa B HaudoHae,
NPaBUTENbCTBO MPOAO/IKAET YBEIMUYMBATL COLMAIbHbIE PAcXodbl M GUHAHCMPOBATL KpymnHble
rocnporpammsl, 4to ycyrybnaet MHGAALMOHHbIE NPOLECCHI.

Mpy nafgeHnm LeH Ha HedTb, BroAKEeTHbIE LOXOAbl COKPALLAtOTCA, YTO OKa3blBAET AaBNEHMNE
Ha KypC HaUMOHA/NbHOW BantoTbl M YBEAMYMBAET MMMOPTHYO WHbAAuMO. B  wuaeane,
NpPaBUTENbBCTBO AO/KHO WMCNONb30BaTb CpeAcTBa M3 HaudoHaa, YToObl COXPaHWUTL MPEXHWUN
YPOBEHb rocpacxofoB W CcTabuaM3MpoBaTb BaltOTHbIM  Kypc, u3beraa obecueHMBaHUA
HaLUMOHAIbHOM BaNtOTbl U POCTA LLEH Ha MMMNOPTUPYEMble TOBaPbI.
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HexBaTKa CHMXEHWA MCNoNb3oBaHMA cpeacTB HaudoHaa B nepmosbl BbICOKMX LEH Ha
HedTb ML yXyAllana SKOHOMUYECKYIO CUTYaUMIO MPU CHUNKEHUM LEeH, yCKopaa UHGAaumio. K
COMKaNEeHUID, B CTPATErMYecKknx AOKYMEHTax Mo rocyAapCTBEHHbIM GMHAHCAM [0 CUX MOop He
OTPa)KeHO MpM3HaHME TOro, YTO OJHA M3 OCHOBHbLIX MPUYMH BbLICOKOW WHOAAUMKM — 3TO
HecbanaHcMpoBaHHaA OIOAXKETHAA NOANTUKA.

B nocnegHue roabl HaumoHanbHbIM BaHK OTMETUA BAUMSHUE NPOUMKANYHON BIOAMKETHOM
NOIMTUKM Ha WMHGAAUMIO, OAHAKO 3TO 3ameyaHue MoKa He HalAo AO0/KHOTO OTpPaKeHua B
CTpaTerMyeckMx [OKyMeHTaX, TaKuMX KaK «KoHuenuma ynpaBaeHua T[oCyAapCTBEHHbIMM
duHaHcamm Pecnybankm Kasaxctan go 2030 roga». HeobxoaMmo noadYepKHYTb, YTO AAS CTPaH-
aKkcnopTtepoB  HedTM €  HeaMBEepPCUMOMUMPOBAHHOM  3KOHOMMKOW,  Kak  KasaxcTaH,
KOHTPUMKAMYECKaa UCKanbHaa MOAUTUMKA urpaeT 6onee BaKHyl pPonb B cTabunmsauum
NHONALMM 1N BANOTHbLIX KONebaHUM, YemM Mepbl AEHEKHO-KPEAMUTHOM NONUTUKKN HaubaHKa.

K coxaneHuto, B CTpaTErMUYECKMX AOKYMEHTAaX rocy4apCcTBa He NpeAcTaBaeHo ryboKoro 1
KPUTMYECKOrO aHa/M3a OCHOBHbIX MPUYMH MCTOPUYECKM BbICOKMX TEMMOB WHGAALUMM U eé
HecTabuAbHOCTM.

[lo HepaBHero BpeMeHW OCHOBHOM MHCTUTYT, OTBETCTBEHHbIN 3a obecneyeHne LEeHOBOM
cTabunbHOCTKU, cumTancs HaumoHanbHbIM BaHK. OAHaKO, KaK MNoOKa3blBaeT aHanAM3 MNPUYUH
MHONALUMM, MOXKHO cAenaTb BbIBOA, YTO MPaBUTENbCTBO MUrpaeT ropasao 6onee 3HaYUTENbHYHO
posb B bopbbe ¢ nHbasumen, yem HaubaHk. M3 Bcex GpakTopos, CNOCOBCTBYOWMX MHPAALMN B
KasaxcTaHe, Hanbobline BO3MOXKHOCTM AR ObICTPOrO peLleHna KacatoTca BoAKEeTHOM NONUTUKM
M NpobHaeM aHTMPbIHOYHOIO BMeLLIATeNIbCTBA FOCYAapCTBa B GMHAHCOBYHO CMCTEMY. B TO e Bpems,
3a/la4a AmBepcnburKaumm aKOHOMKKM TpebyeT ropasao Honblie BpeEMEHM M LIeNoro KoMaeKca
rocyapCTBEHHbIX Mep.

YTO KacaeTcs KOPEHHbIX PbIHOYHbIX pedopm, TO MUX rnybuHa M NPOAO/KMTENbHOCTL B
3HAYUTENbHOM CTENEeHM 3aBUCAT OT NOAUTUYECKON BONM NPABUTENbCTBA. [lepexos OT HblHelHeN
aAMMHUCTPATMBHON WM KOMaHAHO-pacnpenenmTenbHOM CUCTEMbI K MOJHOUEHHON PbIHOYHOM
3KOHOMMKe ByaeT BeCbMa CNOXHbIM. ITOT Nepexo/, MOXKET MNPUBECTN K BDEMEHHOMY CHUMKEHMIO
3KOHOMMYECKOro PoOCTa, POCTy WMHOAAUMM 1 6e3paboTullbl, YTO, B CBOKO OYepe/b, CO3AacT
NONONHUTENIbHbIE CNIOXKHOCTU ANA HAaceNeHWA U MOXKET Bbl3BaTb COLUMA/bHbIE MPOTECTbI.

Bonpoc 0 Tom, KaKk ObICTPO NPOBOANTL PbIHOYHbIE pedOpMbl — PE3KO (LOKoBaa Tepanus)
MM NOCTENeHHO — OCTaeTcsa akTyanbHbiM. CyLLeCTBYET MHOXECTBO UCCAeA0BaHNN, KacatoLWmxcs
5TOr0 BOMPOCA, M KaxkAdplh noaxod MMeeT CBOM [OCTOMHCTBA WM HeAoCTaTKM. bonesHeHHble
PbIHOYHble pedopmbl creayeT NPOBOAUTb OAHOMOMEHTHO, @ He MOo3TanHo, 4YTobObl M3bexaTb
MHOECTBa COLMaNbHbIX MPOTECTOB, KOTOPbIe MOryT COpBaTb 3TWM pedopmbl. Mog TakMmu
pebopMaMmn MOHMMAOTC KOMMIEKC Mep, HanpaB/eHHbIX Ha OAHOBPEMEHHYIO nbepanmnsaumio
9KOHOMMKM, BKIOYas: nnbepanmsaumio UEH, 3aBeplieHMe aHTUPbIHOYHOM TOCY/AapCTBEHHOWN
NOAAEPMKKN, YCKOPEHHYIO NPUBATU3aLMIO, Mbepanm3aumio BHELWHeM TOProBan 1 ctabnamnsaumo
9KOHOMMKM C MOMOLLIbIO }KECTKOW AEHEKHO-KPEANTHOM M HaNoroBo-00AKETHON NOAUTUKMN.
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1 FopoBoW otyeT HaumoHansHoro baHka PK https://nationalbank.kz/ru
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Introduction

In the context of rapid urbanization and increasing well-being, China is facing the
emergence of a new socio-economic phenomenon - the "new elderly market". This refers to a
group of older consumers who lead an active, mobile and socially inclusive lifestyle, as well as
being technologically oriented. These individuals demonstrate a steady demand for high-quality
goods and services that focus not only on health but also on self-fulfillment, digital engagement,
continuing education, and maintaining a high standard of living.

The relevance of this study is due to the fact that China is one of the countries with the
fastest aging population in the world. The elderly population in China has already exceeded 280
million people, and this trend is expected to continue. However, the current market is not fully
adapted to this new demographic structure. Traditional marketing models focus on older
consumers who are passive and ignore the characteristics of a new generation of "young seniors".
These young seniors are economically active, technologically literate, and appreciate individuality.
This presents a significant opportunity for companies to segment, position, and manage long-term
relationships with this growing customer segment.

Despite the growing interest in the silver economy and the "new elderly" market, scientific
research in China on this topic remains fragmented and descriptive, lacking comprehensive
strategic models for effectively engaging with this demographic. There is a clear need for a more
systematic study of the characteristics of demand, the development of efficient segmentation
approaches, and the creation of tailored marketing strategies that can foster sustainable business
growth in an aging society.

This study aims to develop comprehensive and strategic approaches for managing the
"new elderly" market in China, based on a thorough analysis of the segment's consumer
characteristics. The objectives of this research are:

- To analyze the socio-economic factors that contribute to the formation of the "new
elderly" population in China and to identify the key drivers of their consumer behavior.

To define criteria and segment the market for "new seniors", taking into account their
lifestyle, level of digitalization, motivational attitudes, and consumer activity.

To explore modern marketing models in the economy and assess their applicability in
Chinese realities.
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To develop exclusive marketing strategies tailored to the specific needs and values of the
"new elderly".

To provide strategic recommendations for companies and brands operating in the Chinese
market.

The novelty of this research lies in:

- The development of a structured segmentation model for the Chinese market of "new
seniors" based on psychological, behavioral, and digital criteria.

- The proposal of an author's approach to strategic management of this segment,
considering intergenerational differences and the unique dynamics of consumer behavior among
the elderly in digital society.

Exclusive marketing models have been developed, focusing on proactive, educated, and
digitally integrated groups of elderly people, who were not previously considered an independent
target market.

The significance of this research is that its findings can be applied by:

Companies and brands to create product lines and marketing strategies targeting the
growing segment of "new elderly" consumers.

Government agencies to improve programs supporting and promoting the silver economy.

Marketers and analysts to create forecasts and strategies for marketing goods and services
to age groups with high purchasing power.

Research centers and educational institutions to enhance the theoretical foundation of
marketing for older generations.

Literature review

In recent times, China has seen the emergence of a new social and economic phenomenon
— the «new elderly» — who are characterized by an active lifestyle, high digital literacy, and a
desire for self-fulfillment. In response to this, researchers have started to focus on the digital
integration and consumer behavior of this age group.

For instance, Li Y. et al. applied the Advanced Technology Adoption Model (TAM) to
analyze the behavior of Chinese older Internet users and digital services[1]. They identified key
factors that influence technology adoption: perceived usefulness, ease of use, subjective norms,
and conditions of ease. Additionally, LiY. et al. noted the impact of age and gender on technology
adoption.

Schroeder T. et al. concluded that the digital integration of the elderly is possible, provided
that the specificities of technology perception are taken into account[2]. This creates the basis for
segmenting the «new elderly» based on their digital literacy and readiness for online consumption.

Zhou Q. investigates the influence of the digital economy on the transformation of
consumption habits among the elderly in China[3]. The author demonstrates that the proliferation
of online services, digital platforms, and mobile applications is driving demand for higher-quality
products and novel service offerings, such as telemedicine, online education, and digital tourism
for seniors. The study underscores the direct positive impact of digitalization on the sector catering
to the needs of the elderly, creating segments that prioritize quality, service, and digital
accessibility, which is essential for the development of marketing strategies tailored to the "new
elderly".

Al Hakim Y. R,, Sigita D. S. present empirical data that demonstrates how the use of digital
technologies can enhance the quality of life for older adults by fostering social connections,
providing access to entertainment and educational opportunities, and increasing independence.
They also highlight the existing obstacles, such as a lack of skills, low levels of trust, and the
complexity of interfaces, and emphasize the positive outcomes when these barriers are overcome.
The authors conclude that the "new elderly" constitute a distinct behavioral group, whose
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activities and needs are closely tied to digital participation, necessitating the integration of
accessibility and learning components into marketing strategies[4].

Sun X. conducts a comprehensive analysis of China's «silver economy», exploring the
political, demographic, and market factors that drive it, as well as the constraints such as the
absence of high-quality services, personnel, and institutional issues[5]. The author highlights the
importance of interdisciplinary approaches and the need for businesses to adapt their strategies
to the specific needs of older consumers. The study concludes that effective strategic
management of the elderly market requires a holistic approach that integrates consumer
segmentation with institutional, human resources, and service provision considerations.

M. Eisend (2022) examines the portrayal of older individuals in advertising and the
characteristics of digital marketing aimed at this demographic[6]. The author highlights prevalent
stereotypes, the lack of targeted campaigns, and the need for a shift in the portrayal of older
people — as active, financially capable, and deserving of a respectful, contemporary message.
Eisend proposes a research plan to investigate communication, creative strategies, and the impact
of segmentation. The key finding is that advertising and communication models often fail to
address the genuine needs of the "new elderly", necessitating the development of tailored
marketing approaches.

To summarize, we can pinpoint several crucial aspects. Firstly, digitalization is the driving
force behind the shift in the way the elderly in China consume. Different segments exhibit varying
levels of digital engagement, motivation, and requirements. Secondly, China's silver economy is a
valuable strategic asset that necessitates a holistic approach, encompassing the integration of
services, personnel, policies, and business models. Thirdly, current marketing communications
often rely on outdated stereotypes, necessitating a shift in positioning and a more creative
approach that emphasizes activism, self-reliance, and the digital integration of the elderly.

However, the existing literature lacks comprehensive research that integrates behavioral
segmentation, digital profiles, and marketing models tailored to the Chinese context. There is a
dearth of empirical studies that have tested exclusive marketing approaches in real-world settings.
Additionally, there is no standardized methodology for strategic segment management that links
segmentation, product strategy, and institutional support.

Therefore, the present study seeks to develop structured segmentation and exclusive
marketing models for the "new elderly" in China. This research aims to fill this theoretical and
practical gap, providing a foundation for the strategic management of this growing and socially
significant segment.

Research methodology

In this study, two complementary approaches were used to achieve our goals and solve
pressing problems: a comparative analysis and a thematic approach.

The comparative analysis was conducted in order to identify the distinctive features of
consumer behavior of various segments of the "new elderly" population of China, as well as to
evaluate existing marketing strategies and models used in the economic market. This method was
used to study demographic and behavioral characteristics, the level of digital literacy, motivation
and needs of older consumers in various regions of the country. The comparative analysis also
allowed us to compare the effectiveness of traditional marketing methods with modern digital
promotion tools and identify the segments that are most susceptible to innovative marketing
strategies. This approach provided a comprehensive understanding of market differences and
allowed us to establish segmentation criteria based on socio-economic, behavioral, and digital
parameters.

The case study method was used to thoroughly examine exemplary examples of successful
implementation of marketing strategies and business models adapted to the needs of "new
seniors." The examples included companies and brands that have successfully implemented
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innovative approaches to products, services, and communications for this demographic group,
including digital platforms, loyalty programs, and personalized offers.

The case study method allowed us to identify practical methods of interacting with this
segment, evaluate the effectiveness of various communication channels, and adapt marketing
tools to the specific needs of active older consumers. In addition, the case analysis contributed to
the development of recommendations for the creation of unique marketing models that take into
account the features of digital integration and social behavior of "new elderly people."

The integration of these two approaches not only made it easier to identify patterns and
trends in consumer behavior, but also allowed the theoretical foundations to be applied in
practice. The comparative analysis provided a structured and quantitative view of the segments,
while the case study method provided a qualitative assessment of marketing tactics in real
conditions. Consequently, a holistic approach has been developed to classify the "new elderly"
market and develop effective strategies for managing this demographic group.

Results and discussion

During the comparative analysis, the key features of the consumer behavior of the "new
elderly" were identified and segments were identified, which made it possible to fulfill all the
research objectives. The results are presented in the table and explained in detail below(in table

1).
Table 1. Results of the Comparative Analysis of the “New Elderly” Segment in China
‘ Research Task H Analysis Result H Examples / Explanations ‘
Elderly aged 55—70 frequently visit
1. Analysis of socio- “New elderly” have higher education, ) yag gquently visi
. . s . online stores, use WeChat, and
economic income, and mobility; actively use . ) .
. . . . participate in online courses and
characteristics social networks and digital services

digital clubs

1) Enjoy new gadgets, online
services, online education; 2)
Combine offline and online
purchases, value quality and
service; 3) Prefer familiar products,
limited internet use

Three subgroups identified: 1) Active
tech-savvy consumers; 2)

2. Market segmentation|[Traditionally active with moderate
digital integration; 3) Conservative
consumers

Traditional approaches (mass
campaigns, offline channels) are less
effective; strategies with digital
integration, personalization, and
mixed channels are more successful

Use of mobile apps, personalized
offers, and educational programs
increases engagement and sales
among active elderly consumers

3. Analysis of existing
marketing strategies

For tech-savvy — focus on
innovation and online services; for

4. Development of Digital adaptation, personalization, . S
o . . . L moderately active — combination
principles for exclusive |land product/service differentiation . )
. ) of online and offline; for
marketing models by segment are required . . .
conservative — offline services and
familiar products
Companies can create targeted
5. Formulation of Provides a basis for positioning and  ||marketing campaigns for each
strategic managing offerings: increased loyalty, ||segment, develop loyalty programs,
recommendations engagement, and competitiveness personalized offers, and social

initiatives for active older adults

The source was compiled based on the data [7-10]
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During the comparative analysis of the "new elderly people" segment in China, key features
of consumer behavior were identified, which made it possible to fulfill the research objectives and
substantiate recommendations for the development of marketing strategies.

The analysis of socio-economic characteristics (Task 1) showed that the "new elderly" have
a higher level of education, income and mobility compared to traditional age groups. They actively
use social media, digital platforms, and online services for shopping, entertainment, and learning.
Such characteristics shape this group's interest in new technologies and an active lifestyle, which
distinguishes them from classic older consumers and determines the need to take digital
engagement into account when developing marketing strategies.

Market segmentation (Task 2) was performed based on demographic, behavioral, and
digital criteria. As a result, three subgroups were identified. The first group — "active technological
consumers" — is characterized by high digital integration, interest in innovation and willingness to
try new products and services. The second one, "traditionally active with moderate digital
integration," combines online and offline purchases and appreciates the quality of service. The
third group is "conservative consumers" who use digital technologies to a limited extent and focus
on familiar products and services. This segmentation allows you to develop targeted marketing
strategies tailored to the specifics of each group.

An analysis of existing marketing strategies (Task 3) showed that traditional mass
approaches focused on offline channels and universal campaigns are less effective for the "new
elderly" segment. Strategies that include digital integration, personalized offers, combined online
and offline channels, as well as programs aimed at social engagement and learning turned out to
be more successful.

The principles of developing exclusive marketing models (Task 4) were formed based on
the identified segment features. Key principles include: segmentation of the audience by the level
of digital engagement, personalization of the product and communication, as well as adaptation
of marketing tools to the needs and preferences of each subgroup. For tech-savvy consumers, the
focus is on innovation and online services; for moderately active consumers, on a combination of
online and offline; for conservative consumers, on familiar products and offline services.

Strategic recommendations (Task 5) are based on the results obtained and consist in the
need to create targeted marketing campaigns for each segment, implement loyalty programs,
personalized offers and educational initiatives. The implementation of these recommendations
contributes to an increase in consumer activity, loyalty and competitiveness of companies in the
market of "new elderly people" in China.

The study examined two real-world examples that illustrate the practical application of
marketing strategies for the «new elderly» segment in China, validating the findings of the
comparative analysis. The first example involves Alibaba Group and its platform, Taobao, which
has created a dedicated section for older users. This section offers webinars and tutorials on how
to use an online store, mobile payments, and digital services. The Taobao Senior program includes
online courses on the fundamentals of online shopping and digital leisure. The results showed that
active technology users began to make more purchases through mobile apps, increasing their
engagement. Moderately active users started to combine online and offline purchases, gradually
mastering digital services. And conservative users gradually learned to use online tools with the
help of relatives and instructions.

The second scenario is exemplified by the DXY platform, which provided telemedicine
services to elderly individuals: remote health monitoring, virtual consultations with healthcare
professionals, educational materials on healthy living, and personalized advice on nutrition and
physical activity. The platform actively engaged users through digital notifications and mobile
applications.
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Tech-savvy users actively utilized the platform through online consultations and
personalized recommendations. Moderately active users combined online services with in-person
visits to healthcare professionals. Conservative users interacted with the platform less frequently,
but they positively responded to combined offline programs and the assistance of family
members.

Both scenarios demonstrate the validity of the findings from the comparative analysis in
practice. The segmentation identified through the comparative approach aligns perfectly with
real-world user behavior: tech-savvy users are the most active participants in digital services (as
evidenced by the Taobao case), moderately active users engage in a mix of online and offline
activities, and cautious users require assistance and gradually become proficient in digital tools (as
demonstrated by the DXY case). The analysis of these cases reveals that digital integration, tailored
product offerings, and a combination of online and offline strategies are crucial for effectively
engaging with the target audience.

Consequently, the fusion of comparative data analysis and case studies leads us to the
conclusion that it is imperative to implement a strategic approach to managing the segment of
«new elderly» individuals, considering their digital engagement, socio-economic attributes, and
behavioral patterns. The findings of this research provide a practical framework for the creation
of bespoke marketing strategies that can be tailored to distinct subgroups of older consumers,
thereby enhancing their engagement, loyalty, and the competitiveness of businesses.

Conclusion

The analysis of the data obtained through the comparative method and the case study
approach has enabled us to draw several crucial insights in line with the objectives set. Firstly, the
necessity to create unique marketing strategies tailored to the unique characteristics of the «new
seniors» market has been confirmed. The segmentation revealed three primary groups: those who
are highly engaged with technology, those who are moderately active with a moderate level of
digital integration, and those who are more conservative. Each group requires a distinct approach:
high-tech users benefit from digital integration and innovative online services, moderately active
users benefit from a combination of online and offline solutions, and conservative users benefit
from familiar offline services and educational initiatives. The case studies of Taobao and DXY have
demonstrated the effectiveness of these differentiated strategies in practice and have allowed us
to identify specific methods of interaction with each segment.

Moreover, the findings of the study serve as a foundation for strategic advice for
companies and brands operating in the Chinese economic market. The key recommendations
include developing tailored marketing campaigns for each subgroup, implementing loyalty
programs and educational initiatives, offering personalized promotions, and utilizing digital
platforms to enhance customer engagement and retention. This comprehensive approach enables
brands to enhance their competitiveness, meet the needs of the "new elderly," and foster their
active participation in the digital economy.

In summary, the combination of these two research methods demonstrates that the
strategic management of the "new seniors" segment should be based on segmentation,
personalization, digital integration, and a combination of marketing tools. This approach ensures
successful brand positioning and market development in China's silver economy.
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Introduction

In the context of the transformation of the educational system and the strengthening of
the role of the private sector in this area, the issue of improving the effectiveness of educational
institutions' development management is becoming particularly relevant.

Increased competition in the educational services market, increased demands on the
guality of education, as well as the active introduction of digital technologies require the formation
and rational use of a modern material and technical base.

Fixed assets are a key factor in ensuring the development of educational institutions, as
they create the material conditions for the implementation of educational programs, affect the
quality of the educational process, financial results and competitiveness of the organization.

The conducted research also revealed a lack of elaboration of the issues of assessment and
management of opportunities in modern educational institutions in comparison with public sector
education.

The scientific novelty of this study is to determine the content and significance of the basic
means used in the activities of modern educational institutions. The paper substantiates the role
of fixed assets not only as an element of the material and technical base, but also as a factor
contributing to improving the quality of educational services and the development of an
educational organization in a market environment.

The purpose of the study is to reveal the concepts, economic content and importance of
fixed assets in the activities of modern educational institutions.

To achieve this goal, the following tasks are being solved:

- consideration of a theoretical approach to the definition of fixed assets and their
classification, taking into account educational activities;

- determining the role and impact of fixed assets on the effectiveness of modern
educational institutions. The study raises the question: how do the structure, condition and level
of use of fixed assets affect the quality of educational services and the stability of modern
educational institutions in the current environment?

Literature review

In this research paper, we are trying to understand how the structure, condition and
efficiency of resource use affect the quality of education and the stability of modern educational
institutions.

To answer this question, we consider in detail the theoretical and practical aspects related
to mechanisms, their role in the work of organizations providing services, as well as the specifics
of educational institutions.
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In the works of Russian economists, fixed assets are considered as a key element of an
organization's property potential. For example, Krylovskyi V. defines funds as part of non-current
assets that are included in the organization's activities for a long time, emphasizing their
importance for ensuring the continuity of economic activity and the formation of the cost of
services[1]. The author concludes that in order to ensure the financial stability of organizations in
self-financing conditions, it is necessary to carefully monitor and analyze their financial condition.

Nechitaylo |., Tomshinskaya |I. adheres to a similar point of view they notes that the
condition and degree of depreciation of fixed assets directly affect the performance and
investment attractiveness of companies operating in the service sector[2].

In their work on in-depth analysis, Iroda K., Musa J. emphasize that fixed assets are the
foundation for the provision of services and directly affect their quality[3].

The authors conclude that in educational institutions, the use of fixed assets should be
assessed not only from the point of view of financial indicators, but also taking into account the
final results of activities — the quality of educational services.

In their study on capital analysis, Kurniawan F., Lutfi A. emphasize that fixed assets serve
as the foundation for providing services and directly influence their quality[4]. The authors argue
that in educational institutions, the effectiveness of basic measures should be evaluated not only
in terms of financial metrics, but also by considering their ultimate outcomes — the quality of
educational services.

Thus, Akintayo O. T. et al. notes that the material and technical base of an organization is
a key element of the educational environment and directly affects learning outcomes[5]. The
author concludes that modern buildings, equipment and digital infrastructure contribute to the
introduction of new educational technologies and improve the quality of the educational process.

Some researchers also emphasize the strategic importance of material resources. In the
works of Meikhati E., Wahyuningsih R., it is noted that the effective use of fixed assets in
educational institutions contributes to improving the quality of education and the competitiveness
of educational institutions[6].

According to UNESCO's 2021 and OECD's 2020 reports, investments in digital
infrastructure, information and communication technologies, and state-of-the-art learning
equipment are becoming a key factor in improving the accessibility and quality of education.

The UNESCO reports "Rethinking our Future Together" (2021) and the OECD "Education in
the Digital Age" (2020) emphasize that in modern educational conditions, the main methods and
tools are increasingly becoming innovative, becoming not just tools, but active agents of the
development and sustainability of the educational system.

Summing up the literature review, it can be said that in scientific works fixed assets are
considered not only as an object of accounting, but also as a key factor influencing the
effectiveness and quality of educational services, as well as the development of educational
institutions.

An analysis of the literature shows that the issues of management and evaluation of basic
measures in modern education are studied quite deeply and systematically, which confirms the
relevance of the chosen topic.

The literature review provides a theoretical basis for research, identifies the main
approaches and categories, and justifies the need for further study of the role of fixed assets in
strengthening the sustainability and competitiveness of educational institutions.

Research methodology

In this study, methods of theoretical analysis and methods of analysis are used to achieve
the task and obtain reliable results.

The first method is the analysis and generalization of scientific papers and regulatory
documents. This makes it possible to structure existing approaches to the definition, classification
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and significance of fixed assets, identify the specifics of their use in the work of educational
institutions and substantiate the specifics of the use of fixed assets in private educational
institutions.

This method forms the theoretical basis of research, clarifies key terms and concepts, and
identifies gaps and contradictions in scientific papers. This is necessary for further analysis of the
role of fixed assets in improving the quality of educational services and the stability of private
educational organizations. The second approach uses economic and comparative analysis, which
makes it possible to assess the condition, structure and efficiency of the use of fixed assets. This
analysis helps to compare the indicators of the availability of the material and technical base, the
level of depreciation and the direction of renovation of fixed assets in educational institutions. It
also allows you to determine how these indicators affect the results of work and the quality of
educational services.

This method helps to understand how the level of development of fixed assets is related
to the sustainability of private educational institutions in the modern world.

The research is based on legislative acts and international financial reporting standards
that regulate the accounting and valuation of fixed assets. Official statistical data and analytical
reports of international organizations dealing with education issues were also used. In addition,
accounting and management reporting data from private educational institutions were analyzed.

The use of these materials makes it possible to ensure the reliability and impartiality of the
research. Thanks to them, it is possible to conduct a comprehensive analysis of the role of fixed
assets in the work of private educational institutions and draw practical conclusions that will help
improve the management of their material and technical base.

Results and discussion

Within the framework of this research, the analysis and synthesis of scientific literature
and normative sources is used as the main theoretical method. The purpose of this method is to
systematize existing approaches to the definition, classification and value of fixed assets, as well
as to identify the features of their use in the activities of private educational institutions. As a result
of the application of this method, key scientific approaches have been summarized(table 1).
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Table 1 — Scientific approaches to the study of fixed assets in the activities of private

educational institutions

Research Essence of the approach Applicability to the research topic
Approach

Accounting Fixed assets are considered part of  Allows for accurate determination of

Approach non-current assets, subject to the composition and value of fixed
recognition, valuation, assets in private educational
depreciation, and disclosure in institutions, ensures reliability of
financial statements according to reporting, and provides an
established standards information base for analyzing their

condition

Economic- Fixed assets are viewed as elements | Applicable for assessing the structure,

Analytical of the organization’s productive wear and tear, and efficiency of fixed

Approach and service potential, influencing assets in private educational
operational efficiency, financial institutions and identifying their
performance, and organizational impact on organizational sustainability
stability

Managerial Fixed assets are considered objects  Allows justification for investments in

Approach of strategic management and long-  updating and modernizing the
term planning, with investments material and technical base of private
forming competitive advantages educational institutions to improve

service quality

Pedagogical Fixed assets are treated as Enables linking the condition of

and components of the educational material and technical resources to

Institutional environment, affecting learning the quality of educational services and

Approach outcomes and the implementation | the development of private
of innovative technologies educational institutions

The source was compiled based on the data [7-8]

The study and classification of the methods of studying fixed assets presented in the table
allow us to draw a number of important conclusions that are of great importance for private
educational organizations.

First of all, the accounting method emphasizes the need to accurately determine the
composition and value of fixed assets, which ensures the reliability of accounting and
management information, as well as allows you to track depreciation and the effectiveness of their
use.

The economic and analytical method complements this view, making it possible to assess
the material and technical base in terms of the organization's production and service capabilities,
identify weaknesses in the asset structure, and determine the impact of the state of fixed assets
on financial stability and the effectiveness of educational activities.

In the context of key asset management, the management approach focuses on the
strategic aspect. Investments in the renovation and modernization of the material and technical
base are considered as a key tool for creating competitive advantages, improving the quality of
educational services and ensuring the long-term sustainability of a private institution.

Pedagogical and institutional approaches expand the understanding of the role of key
assets, linking their condition with the quality of the educational process, the possibilities of
introducing innovative educational technologies and creating a favorable educational
environment for students.
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So, the considered methods complement each other and create a single methodological
basis for the analysis of fixed assets in private educational organizations. Their combination makes
it possible not only to assess the quantitative and qualitative parameters of the material and
technical base, but also to determine its impact on the quality of educational services and the
stability of the institution.

In general, the table shows that the use of various methods in a complex is necessary to
create an effective strategy for managing fixed assets. This helps to increase the competitiveness
of private educational institutions, improve educational outcomes and optimize the use of
material resources.

As a result of an economic and comparative analysis based on real-life examples of private
educational institutions in the Republic of Kazakhstan, the features of the condition, structure and
efficiency of the use of fixed assets were identified.

The analysis was carried out using the example of large universities such as KIMEP
University and Turan University in Almaty, as well as the international private school QSI
International School of Astana.

The study assessed the material and technical base, the degree of depreciation of assets,
the directions of their renewal and the impact of these factors on the quality of educational
services.

KIMEP University, founded in 1992, demonstrates a high level of provision with fixed
assets[9].

The study of the structure and condition of the infrastructure was conducted on the basis
of data from the university's official website, its pages on social networks, as well as photos and
videos available on the Internet, and materials from online tours of the campus.

As a result, it was found that the university has three modern buildings, a library with digital
resources, a sports center and dormitories. This ensures the comprehensive functioning of the
educational institution.

The effectiveness of the use of fixed assets is manifested in the integration of educational
and extracurricular processes, regular updating of equipment and maintaining the infrastructure
at a modern level.

An analysis of the distribution of the material and technical base showed that more than
60% of assets are allocated to educational and laboratory facilities. This improves the quality of
the educational process and provides the university with a sustainable advantage over
competitors.

Turan University is a multidisciplinary private educational institution providing a full range
of educational services, starting from the lyceum and ending with a master's degree[10].

The assessment of the state of the university's assets was carried out on the basis of open
sources, including the university's official website, publications on social networks and virtual
panoramas of academic buildings.

The analysis showed that some educational laboratories and equipment are in a state that
requires updating. This encourages active programs to upgrade and modernize the university's
infrastructure.

The main areas of renewal are the equipping of digital laboratories and the modernization
of classrooms. This will increase the efficiency of using the material and technical base and
improve student learning outcomes.

The QSI International School in Astana is an example of strategic management of fixed
assets at the primary and secondary education levels[11].

The assessment of the state and structure of assets was carried out based on information
from the school's official website, open pages on social networks, as well as photo and video
reviews of the campus.
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The analysis showed that the school's assets are distributed in a balanced manner:
students have modern classrooms, computer labs, a sports hall, a library and stadiums at their
disposal. This ensures a high-quality educational environment and the introduction of innovative
teaching methods.

The efficiency of using fixed assets is reflected in their high workload, regular
modernization and integration of digital technologies.

Summarizing the results of the analysis of the state, structure and efficiency of the use of
fixed assets using the example of KIMEP, Turan universities and the QSI International School of
Astana allows us to formulate general trends and practical recommendations for private
educational institutions in Kazakhstan.

All three organizations demonstrate that the availability of a modern material and technical
base, the rational distribution of assets between educational, laboratory and sports facilities, as
well as the regular updating and modernization of fixed assets directly affect the quality of
educational services.

In particular, educational institutions with modern infrastructure and actively updating it
can more effectively implement innovative educational technologies, ensure a high level of
student and teacher satisfaction, and expand the range of educational programs.

Data analysis has shown that the degree of depreciation of fixed assets is one of the key
factors affecting the cost of educational services, financial stability and competitiveness of the
institution. Organizations where equipment wear is minimal and regularly updated demonstrate
stable functioning and willingness to implement new educational methods.

The analysis, conducted using open sources, social networks, and visual materials from
campuses, allowed not only to assess the quantitative and qualitative characteristics of fixed
assets, but also to determine their impact on the educational environment and management
decisions.

Thus, the general conclusion based on the results of the study is that effective
management of fixed assets is a key factor in ensuring the stability and quality of educational
services in private institutions in Kazakhstan.

The application of an integrated approach to the analysis of fixed assets, including
accounting, economic and analytical, managerial and pedagogical aspects, allows private
educational organizations to plan infrastructure upgrades, optimize the use of assets and increase
their competitiveness in the educational services market.

This conclusion highlights the practical significance of the study and justifies the need for
further analysis and development of recommendations on strategic asset management in private
educational institutions.

An analysis of the research results shows that the first method, based on an analysis of the
condition, structure and efficiency of the use of fixed assets through open sources, social
networks, official websites and visual reports of campuses of private educational institutions,
revealed the real distribution of the material and technical base, the degree of equipment wear
and the directions of infrastructure renovation using the example of KIMEP University, Turan
University and QSI International School of Astana.

The second method, based on economic and comparative analysis, made it possible to
compare indicators of the availability of fixed assets, assess their impact on the quality of
educational services, the effectiveness of functioning and the sustainability of institutions.

The combined use of these methods provides a holistic understanding of how the condition
and renewal of fixed assets correlate with the results of the educational process and the
competitiveness of the institution.
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Conclusion

The study found that the effectiveness of the use of fixed assets is a key factor in ensuring
the sustainability and quality of educational services in private educational institutions in
Kazakhstan.

An analysis of the state, structure and directions of updating the material and technical
base using the example of institutions such as KIMEP University, Turan University and QSI
International School of Astana has shown that organizations with modern infrastructure, low
equipment wear and systematically updated assets demonstrate higher educational results,
management efficiency and competitiveness.

At the same time, it was revealed that insufficient provision, high level of depreciation and
lack of strategic planning in the field of fixed assets limit development opportunities and reduce
the quality of educational services.

As a result of the research, it was found that an integrated approach, including accounting,
economic analysis, management decisions and pedagogical methods, allows not only to assess the
current state of the material and technical base, but also to determine the strategic directions of
the organization's development.

The practical significance of the results obtained lies in the fact that the proposed
recommendations on the management and modernization of fixed assets can be used to plan
investments, improve the quality of the educational process, introduce innovative technologies
and increase the competitiveness of private educational organizations.

Thus, the main thesis of the study is that fixed assets are not only an object of accounting,
but also a strategic resource that affects the quality of educational services, financial stability and
long-term development of the institution.

In the future, the results obtained can be used to develop methodological
recommendations for optimizing the management of the material and technical base, as well as
for conducting comparative research in the field of private education. This will improve the
efficiency and competitiveness of educational institutions at the national and international levels.
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Introduction

In the context of the active development of digital technologies, digital transformation is
becoming one of the key factors for increasing the efficiency and sustainability of enterprises in
various sectors of the economy. This process is especially relevant for agricultural enterprises,
which are traditionally characterized by high dependence on external factors, market dynamics
and limited access to natural resources.

The introduction of digital solutions such as big data, artificial intelligence, digital
platforms, precision farming systems and intelligent supply chain management opens up new
opportunities for optimizing production processes and improving the financial performance of
agricultural companies.

The relevance of the study is due to the fact that China is one of the leaders in the field of
digitalization of the economy and the largest producer of agricultural products. China's
government policy actively supports the development of the digital economy, but the impact of
digital transformation on the financial results of enterprises in the agricultural sector remains
poorly understood.

Existing research is mainly devoted to the technological aspects of digitalization, while the
mechanism of its impact on key financial indicators such as profitability, productivity, liquidity and
investment attractiveness has been studied in fragments. This necessitates a comprehensive
analysis of the relationship between digital transformation and the financial performance of
Chinese agricultural enterprises.

The purpose of the study is to identify and analyze the mechanisms of complex digital
transformations in the financial performance of Chinese agricultural enterprises.

To achieve this goal, it is necessary to solve the following tasks:

1. To analyze the conceptual approach to explaining digital transformations and identify
the main directions of their implementation in the agricultural sector of China.

2. To assess the impact of digital transformations on the economic performance of Chinese
agricultural enterprises and the main directions of these consequences.

The research raises the following research question: how does digital transformation affect
the financial performance of Chinese agricultural enterprises and through what mechanisms is the
negative impact carried out?

The scientific novelty of the research lies in the comprehensive analysis of digital
transformations not only as a technological process, but also as an economic mechanism that has
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a systemic impact on the financial results of agricultural enterprises in China. The paper clarifies
and systematizes the main consequences of digitalization for financial indicators, as well as
identifies the features of this process in a complex agricultural development model.

The theoretical significance of the research lies in the expansion of scientific ideas about
the relationship between digital transformations and the financial efficiency of enterprises in the
agricultural sector, as well as in the development of conceptual positions of economics and
agricultural development.

The practical significance of the study lies in the possibility of applying the results and
recommendations obtained in the activities of agricultural enterprises in China in developing
development strategies, as well as in ensuring public administration with an open policy to support
the digitalization of the agricultural sector.

Literature review

In today's world, where technology is developing at an incredible rate, digitalization is
becoming a key factor for the development of agriculture.

Research shows that the use of technologies such as artificial intelligence, big data, cloud
computing, and digital financial services can significantly increase the efficiency of agricultural
enterprises and improve their economic performance.

For example, in the work of Yuan and his colleagues it is noted that digitalization
contributes to the green transformation of agricultural enterprises through the mechanisms of
technological innovation and structural change[1]. This, in turn, leads to improved financial results
by increasing the economic efficiency and sustainability of the business.

Research by Chinese scientists has also shown the positive impact of digital transformation
on the financial aspects of agricultural enterprises. During the analysis of agricultural enterprises'
data and the study of digitalization mechanisms, it was revealed that digital transformation helps
reduce transaction costs, increase government subsidies for agricultural enterprises, and also
provides access to financial resources, which reduces credit restrictions and stimulates
innovation[2].

These results correspond to the concept of the organization's resource base, according to
which digital technologies are considered as strategic resources contributing to increased
competitiveness and efficiency[2].

In the context of the digital transformation of agribusiness in China, as Liu, Wang and Yu
note in their work, there is a U-shaped trend. At the initial stages of the introduction of digital
financial instruments, they do not have a significant effect or may even increase financial risks.
However, after the transition period, the process of accelerated digitalization begins, which leads
to increased efficiency[3]. These results show that the impact of digital finance is uncertain and
depends on how developed the world of work is and how ready companies are to adopt new
technologies.

As part of other empirical studies aimed at studying the Chinese agricultural sector, it has
been found that the digitalization of financial processes can help increase green factor
productivity. This means improving not only environmental, but also economic performance
through more efficient use of resources and lower costs[4]. This suggests that digital financial
technologies are not only accelerating the development of agriculture, but also increasing its level.

In the context of scientific research devoted to the study of innovation processes, special
attention is paid to the theory of innovation diffusion, which considers digital technologies as a
tool for improving organizational efficiency and competitiveness. In addition, there are theories of
financial constraints, according to which digitalization restricts access to capital for agricultural
enterprises, stimulating investment and innovation.

Despite the fact that digital technologies in general can have a positive impact on business,
a number of studies show that this effect does not manifest itself immediately and depends on
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the degree of digital maturity of the company. In the initial stages of digital transformation,
investment costs can be significant, financial results can be slow, and technological adaptation can
be expensive and risky. A study conducted by Liu and his colleagues showed that in the early stages
of digital technology adoption, financial results may be limited and financial risks may be
increased.

Another aspect of the controversy related to regional and industry specifics in China is that
the impact of digitalization is often more noticeable in enterprises located in the eastern regions
of the country, which have developed infrastructure and support for government programs. At
the same time, access to technology and finance is limited in less influential western regions,
which also affects the level of digitalization.

Overall, research shows that the introduction of digital technologies in China's agriculture
can lead to improved financial results for companies. This can be achieved by reducing costs,
increasing efficiency, simplifying access to finance, and stimulating innovation. The effect of
digitalization will depend on the level of its implementation, the financial condition of the
company and the decision-making strategy.

Research methodology

As part of the study of the mechanism of digital transformation in the financial
performance of Chinese agricultural enterprises, case study and comparative analysis methods
were used. These methods make it possible to comprehensively study the main processes of
digitalization of small enterprises, as well as the general principles of digital technologies in the
financial results of the agricultural sector.

The application of the case study method is aimed at a detailed study of specific agricultural
enterprises in China with different levels of digital maturity. This provides a deeper understanding
of the practical principles of digital transformation in financial performance.

This method analyzes the implemented digital technologies in the field of production,
management, finance and logistics, as well as their impact on profitability, asset efficiency and
financial stability of enterprises. The analysis of financial statements, additional materials and
management data makes it possible to establish causal relationships between digital solutions and
changes in financial results. It is also possible to identify factors contributing to successful digital
transformation or limiting its effectiveness.

The study provides a comparative analysis of the financial performance of agricultural
enterprises with different levels of digital transformation. For this purpose, enterprises are
grouped according to the degree of digitalization, after which key financial indicators such as
return on assets, return on equity and performance indicators are calculated.

This allows us to determine the difference in financial responsibility between enterprises
with low, medium and high levels of digital maturity, as well as assess the sustainability of the
identified effects.

The combination of case study and comparative analysis methods ensures not only the
generalizability of the research results, but also the reliability of the conclusions. This allows not
only to identify specific mechanisms of digital transformation in financial indicators, but also to
assess their applicability in more conservative agricultural enterprises.

Results and discussion

As a result of a study conducted using the case study method, it turned out that the
digitalization of agriculture in China is not limited to single experimental projects. It is being
actively implemented in a number of specific areas and regions of the country, where digital
technologies are becoming an integral part of production and management processes.

Thus, Guangdong Province, located in southern China, occupies a leading position in the
implementation of the "Al+4&MV" model, which is a symbiosis of artificial intelligence and energy
economy. In conditions of instability, unmanned aerial vehicles, intelligent agricultural machines
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and loT sensors are actively used for precision farming, resource allocation and crop optimization.
5G technologies, cloud computing and big data are used to manage agro-industrial enterprises
and fisheries. Controlled seeders and robotic plant protection systems are being introduced in the
region, which indicates the transition from traditional to “smart” agriculture[5].

In the central part of China, in the city of Sichuan, there is another center actively
implementing digital technologies. Local projects and research contribute to the development of
digital agricultural technologies.

Through Diptych programs and digital technology services, farmers gain access to remote
sensing systems and digital platforms that help them make decisions to optimize production at
the field and farm levels. These practices, developed as a result of applied research, demonstrate
that digital technologies in Sichuan increase the efficiency and confidence of entrepreneurs in
using economic solutions|[6].

Government support for the development of smart agriculture also covers the regions of
Jiangsu and Jiangxi, located in the eastern and central parts of the country. These regions are
actively implementing projects to create digital farming platforms, smart industrial parks, and
implement digital solutions for crop planning and management[7].

In Jiangsu, for example, software packages for digital production in agriculture and
industrial centers are being developed. In Jiangxi, innovative logistics technologies are being
introduced and unmanned systems for sowing diptychs are being used. This indicates a wider
spread of digitalization in one of the regions.

In general, the introduction of digital technologies into the Chinese economy provides
certain advantages. In particular, the eastern and southern provinces, such as Guangdong and
Jiangsu, are actively using digital technologies, while the central regions, such as Sichuan and
Jiangxi, are also showing progress in the development of digital solutions. This reflects the general
dynamics of digitalization in the country and the different levels of implementation of pilot
initiatives.

Despite the active introduction of digital technologies in China's agriculture and their
widespread use in some regions, the results of the study show that the process of digitalization in
this area is not homogeneous and contradictory.

In advanced provinces such as Guangdong, Jiangsu and Sichuan, digital solutions, including
the Internet of Things, artificial intelligence, unmanned technologies and digital platforms, are
being implemented more systematically and are showing impressive results in production and
management processes.

In some regions, the digitalization of agriculture is being carried out gradually and faces
problems related to neighboring structural and institutional constraints.

The results of the study show that even in areas with a high level of digital activity, new
problems are emerging related to infrastructure constraints, a shortage of specialists, the high
cost of digital technologies and insufficient training of employees to work with new tools.

Differences in conditions in different regions, the level of government support and the
degree of readiness for digital transformation lead to the fact that the trajectory of digital
technology development becomes unique for each region. This reduces the versatility of the
results and makes them more difficult to understand.

In this regard, in order to better understand the mechanism of digital transformation, it is
necessary to consider the results of the case study, which show the obstacles and risks that arise
in the process of introducing digital technologies in Chinese agricultural enterprises(in table 1).
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Table 1 — Barriers to Digital Transformation of Agriculture in China

Area of Analysis (Case
Study)

Identified Results

Related Barriers

Implementation of loT
and sensor systems in
field operations

Digital sensors are used to
monitor soil conditions, climate
parameters, and crop status;
however, their application
remains uneven across regions

Limited digital infrastructure in
rural areas, including unstable
internet connectivity and
insufficient energy supply

Use of artificial
intelligence and big
data analytics

Technologies are applied for yield
forecasting and managerial
decision-making mainly at large-
scale and well-supported
enterprises

High costs of implementation
and maintenance of Al
solutions; limited access to
investment for small and
medium-sized farms

Application of drones
and unmanned
technologies

Drones are actively used for field
monitoring and crop protection in
technologically advanced
agricultural regions

Shortage of qualified personnel
for operation and technical
maintenance of equipment

Digital platforms for
agricultural process
management

Digital platforms improve

transparency and coordination of
operations but are often used in a
fragmented and episodic manner

Data fragmentation and lack of
unified standards for integration
of digital systems

Adaptation of
personnel to digital
technologies

Efficiency gains are observed
when trained personnel and
strong managerial support are

Low level of digital literacy
among agricultural workers,
especially in less developed

present regions

The source was compiled by author based on the data [8-11]

The analysis presented in the table demonstrates that the digitalization of agricultural
enterprises in China is a complex and regionally differentiated process in which technological
progress is closely linked to constraints related to structure and institutions.

The study shows that although digital technologies such as the Internet of Things (loT),
artificial intelligence, drones and digital control platforms are being actively introduced in some
regions, their practical application largely depends on the availability of appropriate infrastructure,
qualified personnel and the readiness of organizations.

The table shows that the positive results of digital transformation, such as more effective
control, improved coordination of agricultural operations and more informed decision-making, do
not appear automatically after the introduction of technology.

Instead, these results often face obstacles such as insufficient development of digital
infrastructure in rural areas, high implementation costs, fragmented data, and low levels of digital
literacy among agricultural workers.

These obstacles explain why digital technologies are unevenly distributed in different
regions and enterprises, even in technologically advanced areas.

In general, the data presented in the table demonstrate that the process of digitalization
in China's agricultural sector is developing according to a certain scenario. Technological
advantages become apparent only if there are complementary conditions, such as competence
development, institutional support, and system integration.

This highlights the importance of an integrated approach to the digitalization of
agriculture, in which technological innovations must be accompanied by investments in
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infrastructure, human capital, and management mechanisms to achieve sustainable and scalable
transformation outcomes.

A comparative analysis has shown that the process of digitalization of agriculture in China
is uneven in different regions. This is confirmed by the results of systematic research that studies
the spatial and temporal dynamics of the agricultural sector.

In general, the eastern and central regions of China demonstrate a higher level of digital
technology development compared to the western and northeastern regions. This can be seen in
a number of key indicators of digital maturity.

An analysis of the spatial distribution of the rural economy shows that the eastern region,
which includes developed countries such as Shandong, Jiangsu and Guangdong, has a higher level
of digitalization compared to other parts of the country. It is directly related to the economic
maturity of the territory and institutional support for innovation. These characteristics are typical
for regions with developed industrial and service economies. This creates a stable tax base that
allows the government and the private sector to systematically invest in digital infrastructure (5G,
loT, cloud platforms, agricultural technologies [12].

Pilot zones are also being created in the eastern regions to implement national programs
such as the Digital villages strategy and Smart agriculture demonstration zones.

Due to the presence of large agribusiness companies and technology corporations such as
Alibaba, Huawei and JD, economies of scale are being achieved in the region, which accelerates
the introduction of digital technologies into agriculture. This creates a closed cycle of “investment-
technology-productivity”, which helps to strengthen the region's leadership positions.

In central regions such as Hanan, Hubei and Hunan, there is a stable but not so active
development of digital technologies.

The average level of digitalization in these provinces has led to the fact that they are in a
transitional socio-economic state. On the one hand, it helps to reduce dependence on agriculture
and solve labor problems. On the other hand, the region lacks high-tech investments and qualified
personnel[13].

Digitalization in these regions is taking place in accordance with government standards. It
is aimed at improving the efficiency of production and logistics, but not at creating a
comprehensive digital ecosystem.

Innovation activity in certain sectors is limited, and information technology is used
fragmentarily. This leads to the fact that digital solutions are applied pointwise. As a result, the
level of digitalization is growing, but remains uneven and depends on government subsidies.

In the western regions of China, including Yunnan, Gansu and parts of Sichuan, as well as
in most provinces of the country, the level of digital technology adoption in agriculture remains
low. This creates a significant gap with the eastern regions of China.

The low or moderate level of digitalization in the western regions of China is due to a
number of factors, including geographical, infrastructural, and institutional constraints. The
difficult terrain, remoteness from economic centers and low population density increase the cost
of implementing digital technologies and reduce the investment attractiveness of the region.

Even with government programs to support agriculture, production faces a shortage of
gualified personnel, low levels of digital literacy among farmers, and limited access to the market.
As a result, digitalization in these regions is experimental and does not lead to systemic changes.’

The northeastern provinces of China, namely Heilongjiang, Jilin, and Liaoning, also exhibit
a moderate level of digitalization. The average level of digitalization in agriculture in these regions
is due to the dual nature of their development.

On the one hand, the region boasts a strong agricultural foundation, extensive land use,
and a high level of mechanization, which provides a solid foundation for the development of digital

technologies.
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On the other hand, there is a lack of institutional dynamism, a decline in population, and
limited innovation in the scale of digital solutions. Consequently, digitalization is primarily taking
place in large agricultural enterprises, while smaller and medium-sized farms remain less
automated. This creates disparities within the region and hinders the overall progress of digital
transformation.

The study demonstrates that in China, the process of digitalization of agriculture occurs
unevenly and asymmetrically in space. The key factor determining this process is the socio-
economic situation in a particular region, rather than the universality of digital technologies.

The eastern regions have sustained leadership through a combination of economic
maturity, advanced employment, and institutional experimentation. This confirms the idea that
innovation persists in the economic cores of the regions.

The central and northeastern regions are in the process of adaptation. Digitalization
performs a compensatory function here, increasing the efficiency of traditional agricultural
production. A full-fledged digital ecosystem has not yet been formed in these regions.. In the
western regions, despite government support, there remains a situation where there are no
structural constraints. This allows the theses of the spatial background to be preserved depending
on technological progress and human capital.

The analysis shows that the digital transformation of agriculture in China has a multi-level
character. The success of technological solutions depends not only on their availability, but also
on institutional development, the level of regional development and the ability to scale
innovations. This suggests the need for a differentiated regional policy rather than unified digital
strategies(table 2).

Table 2 — An analytical review of regional differences in the digitalization of agriculture in

China
Region of

Key development  Main mechanism Identified Final analytical

China factors of influence constraints conclusion

Eastern China Economic Economies of Risk of a digital Strong regional
maturity, scale, innovation gap between leadership and the
advanced digital clusters, pilot large and small formation of a
infrastructure, projects agricultural closed loop of
corporate enterprises “investment —
participation technology —
productivity”
Central China | High agricultural Administrative- Fragmented Transitional model
potential, driven digitalization, of digitalization
influence of implementation of | dependence on | without a stable
government digital solutions state support digital ecosystem
subsidies
Western Government Pilot and Geographical Limited digitalization
China development experimental barriers, without a systemic
programs, digital projects shortage of transformative
availability of skilled effect
natural resources personnel, low
digital literacy
Northeastern | Large-scale land Digital Institutional Partial digital
China use, high level of transformation led | inertia, transformation with
mechanization by large demographic pronounced intra-
agribusiness decline regional disparities
enterprises

The source was compiled by author
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As a result, it can be concluded that the differences in the level of digitalization of
agriculture in different regions of China are of a structural nature. The effectiveness of digital
technologies is directly related to economic development, institutional flexibility, and innovation
in the region. This supports the idea of using regionally adapted models of digital transformation
in agricultural policy.

Conclusion

The findings of the study indicate that the digital transformation of agricultural businesses
in China is a multifaceted, multi-tiered, and region-specific process, influenced by a combination
of technological, economic, and institutional factors. The case study findings underscore that while
technologies such as the Internet of Things, artificial intelligence, drones, and digital management
platforms can substantially improve operational effectiveness, decision-making, and resource
optimization, their efficacy is contingent upon the contextual preparedness of the region and the
business, encompassing infrastructure quality, human capital, and institutional backing.

The comparative regional study demonstrates significant spatial variations. The eastern
regions, characterized by economic maturity, advanced infrastructure, and corporate
involvement, are leading the way in digitalizing agriculture and fostering scalable innovation
ecosystems. The central and northeastern regions are making moderate progress, with
digitalization enhancing traditional agricultural practices but not yet forming comprehensive
digital systems. In contrast, the western regions are lagging behind due to geographical limitations,
limited investment, and lower digital literacy among farmers. These findings underscore the fact
that digital transformation is not uniform and is influenced by regional socio-economic and
institutional factors.

In theory, the research backs up the theory of regional innovation systems and the
framework for digital maturity, which suggests that the adoption of technology and its effects are
heavily dependent on local economic circumstances, institutional backing, and human capital.

In practice, the study highlights the necessity for region-specific strategies that combine
the implementation of technology with the development of infrastructure, the enhancement of
capabilities, and policy support to achieve sustainable and scalable digital transformation across
all regions.

Significantly, this investigation lays the groundwork for future research by pinpointing the
essential factors and obstacles to digital transformation in various regional settings. It underscores
the deficiencies in infrastructure, expertise, and institutional preparedness that future research
can delve into in-depth, such as developing models for smallholder participation, assessing the
economic impact of digital technologies on productivity, and designing policy initiatives for
underdeveloped areas.
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Abstract:

This research provides a comprehensive and multi-dimensional analysis of the Islamic
financial model (IFM) as a systemic alternative to the prevailing debt-based global financial
architecture. The study explores the paradigm shift from risk-transfer to risk-sharing, utilizing
advanced mathematical modeling of Profit and Loss Sharing (PLS) mechanisms to demonstrate
financial resilience. By examining the evolutionary trajectory of Green Sukuk in Malaysia and the
UAE, the paper identifies a significant convergence between Shari’ah principles and the global
Environmental, Social, and Governance (ESG) agenda. Furthermore, it articulates a strategic
roadmap for the institutional development of Islamic finance within the Republic of Kazakhstan
and the Astana International Financial Centre (AIFC), emphasizing its role in achieving national
carbon neutrality goals, attracting cross-border investment, and fostering ethical digitalization
through Fintech.

Keywords: Islamic finance, PLS models, Mudaraba, Musharaka, Green Sukuk, ESG, AIFC,
Financial stability, Sustainable development, Islamic Fintech

The contemporary global economy is characterized by a state of permanent turbulence,
largely driven by excessive financial expansion that lacks adequate support from productivity
growth in the real sector. The conventional debt-based model, rooted in interest (Riba), creates a
systemic disconnect between the nominal value of financial instruments and their underlying
tangible backing. Under these conditions, the concept of Islamic finance emerges not merely as a
religious phenomenon, but as a rational economic system. It offers robust mechanisms for de-
financialization and systemic risk minimization by establishing a direct nexus between capital and
material assets.

This disconnect leads to speculative bubbles, excessive leverage, and periodic credit crises.
In this context, the Islamic financial model (IFM) emerges not merely as a niche religious
alternative, but as a rational, asset-backed economic framework. By prohibiting pure speculation
(Gharar) and gambling-like uncertainty (Maysir), and by mandating that every financial transaction
be linked to a tangible material asset, the IFM offers a mechanism for "de-financialization"—
restoring the primacy of the real sector.

The academic discourse on Islamic finance has evolved from early 20th-century theoretical
frameworks to sophisticated contemporary econometric models. Scholars such as M.N. Siddigi
emphasized the socio-economic welfare (Maqasid al-Shari'ah) aspect of banking, arguing that the
elimination of interest promotes social justice. Modern researchers, including Z. Igbal and A.
Mirakhor, focus on the "risk-sharing" paradigm as the unique selling proposition of the Islamic
model in a post-2008 financial world. Furthermore, M.A. El-Gamal highlights the practical
challenges of "Shari'ah arbitrage" and the need for authentic asset-backed structures rather than
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mere replication of conventional products. This article builds upon these foundations by
integrating the modern "Green" and "Digital" dimensions into the established PLS framework.

Theoretical and Mathematical Foundations of PLS Mechanisms

The core distinction of the IFM is the transition from debt-based contracts to Profit and
Loss Sharing (PLS) arrangements. This ensures that capital is treated as a factor of production that
earns a return only when value is created.

The Musharaka Algorithm: Equity and Systemic Stability

In a Musharaka (partnership) contract, the bank and the client contribute capital to a joint
venture. The scientific value of this model lies in its strict loss-distribution rule. In partnership
contracts, the mathematical model for loss distribution (L) is strictly determined by the capital
contribution ratio (C):

Cbank

Lpank = Ltotar X
Cbank + Cclient

Unlike conventional loans, where the borrower bears the entire risk of failure, Musharaka
mandates that the provider of capital shares in the downside. This effectively mitigates moral
hazard, as the bank is incentivized to perform rigorous due diligence and provide active managerial
support. Mathematically, this model prevents the accumulation of "bad debt" because the bank's
claims are tied to the asset's performance, not a fixed obligation.

The Mudaraba Model: Innovation and Information Asymmetry

Mudaraba represents a trust-based financing agreement where the investor (Rabb-ul-
Maal) provides capital and the entrepreneur (Mudarib) provides expertise. The profit (S\pi$) is
shared according to a pre-negotiated ratio (s). The profit for the parties (P) is calculated as follows:

Prudariv = S X T Pinpestor = (1-s)xm

It is crucial to note that the investor's financial risk is strictly limited to the amount of their
investment, while the manager's risk is the opportunity cost of their labor. This framework creates
a unique incentive structure for effective risk management during the critical early stages of
business implementation.

Green Sukuk: Convergence with the Global ESG Agenda

The emergence of Green Sukuk represents a pivotal innovation in the global capital
markets, effectively merging the ethical mandates of Shari'ah law with the technical requirements
of Environmental, Social, and Governance (ESG) standards. Unlike conventional green bonds,
which represent a general debt obligation of the issuer, Green Sukuk are investment certificates
that grant investors a direct share in the ownership or cash flows of a specific underlying "green"
asset.

Structural Framework and Shari'ah Compliance

The scientific uniqueness of Green Sukuk lies in their Asset-Backing requirement. In a
typical issuance, the following structures are utilized to ensure the funds are tied to tangible
ecological outcomes:

o Asset-Light Wakala: The issuer acts as an agent (Wakala) for the investors, managing a
portfolio of green assets (e.g., carbon credits or energy-efficient technologies).
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e Green ljarah (Lease): This is the most prevalent structure for renewable energy projects.
The proceeds from the Sukuk issuance are used to purchase or construct a green asset (such as a
wind farm), which is then leased back to the originator. The "rent" paid by the originator serves as
the profit distribution to the Sukuk holders, directly linking investor returns to the operational life
of the ecological asset.

Comparative Regional Analysis: Malaysia and the UAE

The global adoption of Green Sukuk is led by two distinct models that provide a roadmap
for other emerging markets like Kazakhstan:

1. The Malaysian Sovereign-Led Model: Malaysia utilized its Sustainable and Responsible
Investment (SRI) Sukuk Framework to lower the barriers for green issuers. The Tadau Energy
issuance (2017), the world's first Green Sukuk, proved that religious finance could successfully fund
large-scale solar infrastructure. By providing tax incentives for SRl-certified instruments, the
Malaysian government effectively reduced the cost of capital for green startups.

2. The UAE Corporate Innovation Model: The UAE’s approach, exemplified by the Majid
Al Futtaim (5600 million) issuance, focuses on diversifying the investor base. This issuance
demonstrated that Green Sukuk could attract global institutional ESG funds that typically avoid
traditional Islamic instruments. The high degree of over-subscription (demand exceeding supply
by several folds) highlights that the market perceives Islamic green assets as having lower risk due
to their physical asset-backing.

Impact on the Energy Transition in Kazakhstan (AIFC Context)

For Kazakhstan, Green Sukuk offer a strategic solution to the "funding gap" in its 2060
carbon neutrality roadmap.

e Decarbonization Financing: Traditional bank lending in the CIS region often carries high
interest rates that are prohibitive for long-term renewable energy projects. Sukuk, based on the
Profit and Loss Sharing (PLS) model, allow for longer tenors and more flexible repayment structures
aligned with the project's energy vield.

e Transparency through the AIFC: The use of the Astana Financial Services Authority
(AFSA) as a regulator ensures that Green Sukuk issuances meet international standards (such as
ICMA Green Bond Principles), preventing "greenwashing" and ensuring that capital is strictly
deployed for its intended ecological purpose.

Despite their growth, Green Sukuk face institutional hurdles:

e Harmonization of Standards: Discrepancies between different Shari'ah boards regarding
what constitutes a "green" project can lead to market fragmentation.

e Secondary Market Liquidity: Most Green Sukuk are "buy-and-hold" instruments, which
limits their trading volume on global exchanges.

Digital Transformation: Islamic Fintech and Blockchain

The modern concept of IFM is inseparable from digitalization. The application of blockchain
and smart contracts enables the automation of "Shari'ah compliance" verification.

e Smart Contracts in Murabaha: Automating the transfer of title to goods eliminates the
risk of "fictitious trades".

e Islamic Crowdfunding: Digital platforms democratize access to capital for SMEs by
utilizing ethical investment models, which is particularly vital for emerging markets.

Institutional Development in Kazakhstan and the AIFC

By positioning the Astana International Financial Centre (AIFC) as a regional hub for Islamic
finance, Kazakhstan has created a unique legal environment. Key success factors include:
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e Regulatory Flexibility: The use of English Common Law within the AIFC allows for the
seamless integration of Islamic contracts into the global financial system.

o Tax Neutrality: Legislative initiatives aimed at eliminating double taxation in Murabaha
(cost-plus sale) transactions have made Islamic products price-competitive.

e Energy Transition: Green Sukuk are viewed as a critical driver for financing Kazakhstan's
commitment to achieving carbon neutrality by 2060.

Table 1
Comparative Analysis: Islamic versus Conventional Architecture*

Dimension Conventional Model Islamic Model
Capital Nature Debt/Commodity Factor of Production
Risk Handling Risk Transfer (to Risk Sharing (with investor)
borrower)
- Optional (Collateral-
Asset Linking based) Mandatory (Asset-backed)
Objective Profit Maximization Social Welfare & Stability

*prepared by author

Scientific analysis confirms that the Islamic financial model possesses inherent "anti-
fragility" due to its direct linkage of capital to material production. The mathematical transparency
of risk-sharing makes this model more resilient to credit shocks compared to traditional banking
systems. For Kazakhstan, developing this sector represents the most efficient path toward
diversifying foreign capital sources and successfully implementing ecological initiatives.
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Abstract

In modern organisations, the conflict between structure and creativity frequently compels
employees to participate in informal, self-directed innovative activities referred to as bootlegging.
Although it is recognised that leadership influences employee innovation, there is limited
understanding regarding how particular leadership styles promote or inhibit unauthorised yet
advantageous creative initiatives. This study looks at how transformational leadership affects
bootlegging innovation behaviour through the mediating role of psychological safety. Utilising
transformational leadership theory and psychological safety theory, it contends that leaders who
inspire, intellectually stimulate, and exhibit individualised consideration cultivate a sense of
psychological security that enables employees to engage in covert innovation. The study uses
Partial Least Squares Structural Equation Modelling (PLS-SEM) and thematic analysis. It uses a
mixed-methods design that includes survey data from 220 Chinese technology and manufacturing
workers and qualitative interviews. The findings demonstrate that transformational leadership
markedly improves psychological safety, which subsequently mediates its influence on bootlegging
behaviour. The results add to research on leadership and innovation by showing that psychological
safety is an important way that transformational leaders can help structured organisations find
new creative ideas.

Keywords: Transformational leadership, bootlegging innovation, psychological safety, leadership
behavior, organizational creativity, China

Introduction

Companies are relying more and more on their employees' creativity to stay competitive in
environments that are not always clear. But formal structures and strict routines often stop
employees from trying out new ideas. Many workers respond to these restrictions by doing
"bootlegging innovation," which is when they secretly try to come up with new ideas or products
without getting permission from their boss. Bootlegging has long been seen as wrong, but it has
become an important source of bottom-up innovation, especially in companies that are always
changing their technology.

Leadership is very important in deciding whether or not workers feel free to come up with new
ideas in these kinds of informal settings. Transformational leadership, defined by inspirational
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motivation, intellectual stimulation, and personalised attention, has been demonstrated to
enhance creativity and intrinsic motivation. However, it is still not clear how transformational
leaders affect how willing employees are to engage in bootlegging behaviour, which is risky and
goes against the rules.

This study looks into the psychological mechanism behind this relationship by looking at
psychological safety, which is defined as an employee's belief that the workplace is safe for taking
risks with other people. Transformational leaders can make people feel safer mentally by building
trust, being open, and framing new ideas as chances to learn instead of threats. By doing this, they
make it okay for employees to try new things, even if those things aren't officially approved.
This research, based on Transformational Leadership Theory (Bass & Avolio, 1994) and
Psychological Safety Theory (Edmondson, 1999), examines the role of transformational leadership
in promoting bootlegging innovation via psychological safety. It aims to address the primary
inquiry: In what manner does transformational leadership affect bootlegging innovation via the
intermediary function of psychological safety?

Literature Review

Bootlegging innovation is when people in an organisation come up with new ideas on their own
and without permission, and they do it for the benefit of the organisation (Criscuolo et al., 2014).
Bootlegging is different from formal innovation because it is free, informal, and risky. Workers act
this way when they see chances to come up with new ideas but are afraid of the rules of the
company or the consequences of failing. The precursors of bootlegging are inadequately
examined, especially in leadership-oriented environments.

Transformational leadership offers a valuable perspective for comprehending this phenomenon.
Transformational leaders communicate a persuasive vision, question established beliefs, and foster
personal development (Bass, 1999). These actions boost employees' intrinsic motivation and sense
of empowerment, both of which are necessary for taking creative risks. Prior research suggests
that transformational leadership promotes innovative behaviour; however, the connection to
covert innovation remains theoretically unclear (Buil et al., 2019).

Psychological safety affects this relationship by changing how employees see risk. Edmondson
(1999) says that psychological safety means being sure that you won't be punished or embarrassed
for taking social or intellectual risks. Transformational leaders create a safe psychological
environment by showing empathy, rewarding initiative, and framing mistakes as chances to learn.
This positive environment lets workers try new things, even if they don't follow the rules.
Based on social exchange theory, this study asserts that employees reciprocate the trust and
empowerment of transformational leaders by engaging in bootlegging innovation to add value to
the organisation. Additionally, it fits with the dynamic capabilities view, which says that
organisations that can handle informal innovation are more adaptable.

So, the conceptual model says that transformational leadership (the independent variable) has a
positive effect on bootlegging innovation (the dependent variable) through psychological safety
(the mediator).

Methods and Materials

A mixed-methods design was utilised to obtain both statistical correlations and contextual
dynamics. The quantitative part used survey data from 220 employees of Chinese manufacturing
and technology companies that are known for having environments that encourage innovation.
Some of the participants worked in research and development, while others were managers.
Surveys done online.

This paper established scales to create the measurement tools. For example, we used Bass and
Avolio's Multifactor Leadership Questionnaire (1995) for transformational leadership,
Edmondson's (1999) for psychological safety, and Criscuolo et al.'s (2014) for bootlegging
innovation. Answers were rated on a 5-point Likert scale.
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Table 1. Measurement instruments

Construct Description Sample Iltem Source
Transformational Inspiring and “My leader encourages me to Bass & Avolio
Leadership empowering behavior look at problems from new (1995)

of leaders perspectives.”

Psychological Safety Sense of safety to “lcan take risksat work without Edmondson
express and  act fear of negative (1999)
innovatively consequences.”

Bootlegging Unapproved, self- “l sometimes work secretly on Criscuolo et al.

Innovation initiated  innovative new ideas to benefit the (2014)
behavior company.”

This paper uses SmartPLS 4 to do Partial Least Squares Structural Equation Modelling (PLS-SEM)
on the data. This method was selected for its compatibility with intricate mediation models and
comparatively limited sample sizes. Bootstrapping with 5,000 resamples yielded confidence
intervals for indirect effects. In addition to the quantitative results, qualitative interviews were
conducted with 10 participants from two case organisations (a technology startup and a machinery
manufacturer) to investigate contextual interpretations of leadership behaviour and psychological
safety in promoting informal innovation.

Results and Discussion

The measurement model exhibited substantial reliability and validity (Average Variance Extracted
> 0.6, Composite Reliability > 0.85). The results of the structural model showed that
transformational leadership was a strong predictor of psychological safety (B =0.63, p <0.001) and
that psychological safety was a strong predictor of bootlegging innovation (B = 0.54, p < 0.001).
The direct effect of transformational leadership on bootlegging (f = 0.18, p = 0.07) became non-
significant upon the inclusion of the mediator, thereby confirming complete mediation.

Table 2. PLS-SEM Results

Pathway B p-value Interpretation

TL = Psychological Safety 0.63 <0.001 Significant
Psychological Safety - Bootlegging 0.54 <0.001 Significant

TL - Bootlegging (direct) 0.18 0.07 Not significant
Mediation (Indirect) 0.34 <0.01  Supported

R? (Bootlegging) 0.49 , Acceptable model fit

The results support the proposed model: transformational leadership creates a safe environment
for employees, which encourages them to pursue bootlegging innovation. The R? value of 0.49
shows that the proposed model can explain almost half of the differences in bootlegging behaviour.

Transformational Leadership ——| Psychological Safety ——J| Bootlegging Innovation
Figure 1. Conceptual Model
The interview data corroborated the statistical results. Employees who worked for

transformational leaders said that it was okay to "experiment without permission" if it was for the
purpose of making things better. One engineer who worked for a high-tech company said, "My
boss always says, 'lt's better to say sorry than to ask for permission." This cultural view of
innovation as learning instead of breaking the rules made people more willing to engage in
bootlegging.

Another person who answered stressed emotional safety: "Our leader listens without judging,
even when ideas sound risky." This kind of psychological safety led to secret but helpful innovation
projects that management later officially adopted. These insights show how transformational
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leadership behaviours, vision communication, intellectual stimulation, and empathy can create
emotional environments that are good for informal innovation.

3.5¢

2.3 [

2.0

1.0f

Bootlegging Innovation (standardized)

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Psychological Safety (mean score)

Figure 1. Psychological safety vs bootlegging behavior
A scatterplot depicting the relationship between psychological safety and bootlegging behaviour
demonstrated a robust positive correlation (r = 0.68), suggesting that employees who perceive
higher levels of psychological safety are more likely to engage in bootlegging activities. The upward
trend supports the mediation pathway suggested by the quantitative model.
Conclusion
This study enhances the comprehension of how leadership styles influence informal innovation by
illustrating that transformational leadership promotes bootlegging innovation chiefly through
psychological safety. Transformational leaders foster trust, empathy, and a collective vision,
thereby diminishing the perceived risks associated with deviating from established norms. This
empowers employees to explore new ideas in a discreet yet constructive manner.
The results add to theory by putting transformational leadership and psychological safety into a
single model that explains how bottom-up innovation works. In practice, this means that managers
should not only motivate their employees but also make sure that people feel safe and valued
when they take the lead outside of formal channels. This information is especially useful for
companies that are focused on innovation, where creativity often comes before formal approval.
Future studies could look at this model in different cultures to see if collectivist or hierarchical
cultures change the link between leadership, safety, and bootlegging. Longitudinal studies may
elucidate how recurrent leadership behaviours progressively normalise informal innovation
practices.
This study shows how leaders can unlock creativity that is hidden beneath formal organisational
control by finding psychological safety as the link between leadership inspiration and hidden
innovation.
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Abstract

This study looks at how personalised suggestions driven by Al affect user experience and retention
in cross-border e-commerce. We define "Al that listens" as algorithms that customise product
recommendations based on the unique data and preferences of each customer. We used a mixed-
methods approach to do a survey of e-commerce users in Kazakhstan and in-depth interviews with
marketers in the region. Quantitative findings indicate that perceived personalisation significantly
boosts customer satisfaction and loyalty. For instance, people who trusted a platform more were
much more likely to be satisfied and want to buy from it again. Personalisation made the model
about 5% more accurate (Hassan, Abdelraouf, & EI-Shihy, 2025). Qualitative feedback supports the
notion that personalised recommendations (e.g., in the local language or currency) enhance the
shopping experience by making it more engaging and pertinent. Users also brought up issues with
privacy and openness, though (Madhuri, Shireesha, Reddy, & Kumar, 2024). These results show
that listening Al can improve e-commerce results if used responsibly by changing to fit the needs
of consumers in different countries. Marketers should put money into personalisation technologies
while making sure that data privacy and explainability are protected.

Keywords: personalized recommendations; user experience; customer retention; cross-border e-
commerce; artificial intelligence; Kazakhstan

Introduction

Cross-border e-commerce has grown quickly, allowing people to buy things from other countries
and helping online stores all over the world grow. Digital adoption is growing quickly in developing
countries. Kazakhstan's retail e-commerce market, for example, grew by 30% in 2022 to about 1.3
trillion KZT (PWC Kazakhstan, 2023). This shows that a lot of people are using the internet and are
interested in shopping online. However, selling to people in other countries can be hard because
of language, currency, and cultural differences that can make people angry and make them less
loyal. Cross-border businesses have a hard time making money and getting repeat customers
without good retention strategies (PwC Kazakhstan, 2023; Lindecrantz, Tjon Pian Gi, & Zerbi, 2020).
Al and machine learning are now important tools for solving these problems. Al systems can make
personalised product suggestions by "listening" to user signals like their browsing history, language,
and buying habits. Amazon's recommendation engine looks at how each user behaves to make the
shopping experience more personal. Similarly, social media sites like Instagram show ads that are
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relevant to users' interests. Previous studies have shown that competitors find it hard to copy
highly personalised customer experiences, which tend to boost both loyalty and sales. For
example, McKinsey says that good personalisation can boost customer satisfaction by about 20%
and conversion rates by 10-15% (Lindecrantz et al., 2020).

Even with these insights, we still don't know enough about how Al-driven personalisation affects
user experience (UX) and retention across borders. This paper looks at how personalised
suggestions, which are the main part of a "Al that listens," affect e-commerce user experience and
customer retention, with a focus on a market in Central Asia. In Kazakhstan, we use a mixed-
methods approach (Creswell, 2014) that includes both surveys and interviews. The research fills
the gap by looking at both quantitative results (like satisfaction and loyalty) and qualitative
perceptions (like how users feel about Al recommendations).

Literature Review

Personalization in E-commerce Marketing: Personalized recommendations refer to dynamic, data-
driven suggestions tailored to individual users. This typically involves analyzing customer data
(demographics, browsing history, past purchases, etc.) and using content-based or collaborative
filtering algorithms to present relevant products (Nayak & Misra, 2023; Su & Khoshgoftaar, 2009).
Hybrid approaches, combining content and behavior, are common to address cold-start problems
(Deepta et al., 2025). In practice, effective recommendation engines improve product discovery,
making the shopping process more efficient and engaging. Shopify’s commerce blog notes that
tailored suggestions can “improve the overall shopping experience” by guiding customers to items
that fit their needs (Shopify, 2024). By contrast, generic site layouts may require more search effort,
potentially driving users away.

Personalisation in E-commerce Marketing: Personalised recommendations are suggestions that
are based on data and change over time to fit each user. This usually means looking at customer
data (like demographics, browsing history, and past purchases) and using content-based or
collaborative filtering algorithms to show them products that are relevant to them (Nayak & Misra,
2023; Su & Khoshgoftaar, 2009). Combining content and behaviour is a common way to solve cold-
start problems (Deepta et al., 2025). In real life, good recommendation engines help people find
products, which makes shopping easier and more fun. Shopify's commerce blog says that
personalised suggestions can "improve the overall shopping experience" by helping customers find
items that meet their needs (Shopify, 2024). On the other hand, generic site layouts may require
more searching, which could turn people off.

Effect on Trust, Satisfaction, and Loyalty: More and more studies are showing that personalisation
leads to better results for customers. Hassan et al. (2025) demonstrate that personalised
recommendations influence the trust—satisfaction—loyalty continuum in e-commerce: trust in the
platform markedly enhances satisfaction and loyalty, a connection that is further amplified by
personalisation (Hassan et al., 2025). Nayak and Misra (2023) also find that personalised product
recommendations are linked to higher user satisfaction (and, in the end, a desire to buy). These
results are consistent with overarching marketing theory: Lindecrantz et al. (2020) assert that
personalised experiences not only distinguish a retailer but also “drive up both customer loyalty
and the top line” (revenue) (Lindecrantz et al., 2020). In practice, personalisation usually leads to
more conversions. For instance, McKinsey and Adobe say that customising content based on
customer data can boost conversion rates by 10-15% and satisfaction by about 20% (Lindecrantz
et al.,, 2020; Shopify, 2024). Based on these findings, our study posits that consumers who
recognise Al-driven personalisation will exhibit increased satisfaction and a heightened intention
to repurchase.

User Experience and Retention: Personalised suggestions can make interactions more relevant and
less mentally taxing from a UX point of view. According to Shopify (2024), shopping is easier and
more fun when people see products that fit their tastes. Shopify says that when shoppers see
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"relevant and appealing suggestions," they are more likely to come back to the site and become
loyal customers. This builds loyalty (Shopify, 2024). Personalisation can also help build trust in
cross-border situations by making the experience more relevant to the user. Hassan et al. (2025)
say that making algorithms more culturally sensitive (for example, by recommending products that
are specific to a region or content that is appropriate for a language) can help build consumer trust
even more (Hassan et al., 2025). When Al recommendations take into account local tastes and
norms, they show customers that the platform understands what they want. This is very important
when doing business in other countries.

Pitfalls and Ethical Considerations: Personalised Al, on the other hand, raises some worries. People
may be worried about their privacy, how their data is used, or feeling like they're being controlled.
Madhuri et al. (2024) say that trust is a double-edged sword: personalisation can build trust if users
see it as helpful, but it can also break trust if users see it as intrusive or unclear. Too much data
collection and not being clear about what you're doing are two common mistakes. The literature
advocates for the adoption of stringent privacy protections and transparent algorithms by
corporations (Madhuri et al., 2024; Eg & Tgnnesen, 2023). In our situation, these problems are
important: users from different countries may be especially concerned about how international
platforms use their personal information. Our review shows that we need to find a balance
between using Al for personalisation and not violating privacy standards.

In conclusion, previous research demonstrates that personalised Al recommendations significantly
enhance satisfaction and loyalty (Hassan et al.,, 2025; Nayak & Misra, 2023), yet necessitate
meticulous attention to cultural subtleties (Madhuri et al., 2024). This research extends that
foundation by empirically evaluating these effects within a cross-border e-commerce context.
Methodology

The study uses a mixed-methods design (Creswell, 2014) to get both numbers and ideas. Data were
gathered in Kazakhstan, a market undergoing swift e-commerce expansion (PwC Kazakhstan,
2023). The study had two main parts:

- Quantitative Survey: An online questionnaire was sent to 320 adults who had bought something
online from another country in the last year. The survey used validated scales to measure perceived
personalisation (for example, "the product recommendations | saw felt tailored to me"), trust (for
example, "l trust that this platform acts in my best interest"), satisfaction, and repurchase intention
(for example, the likelihood of shopping again) on 5-point Likert scales. We also gathered
information about the demographics and use of the service, such as age, how often they buy things
from other countries, and what platform they use. The data were analysed using structural
equation modelling (SEM) to examine proposed relationships (e.g., trust = satisfaction = loyalty,
with personalisation as a moderator), akin to the methodology of Hassan et al. (2025).

- Qualitative Interviews: We did 15 semi-structured interviews with two groups of stakeholders: (1)
Consumers in Kazakhstan who regularly shop online across borders (chosen through purposive
sampling to represent a range of ages and platforms), and (2) E-commerce professionals
(marketing managers or product designers) from both domestic and international retailers that sell
to Kazakhstan. The interview questions looked at how people thought about Al-driven suggestions.
For consumers, they asked how personalised recommendations changed their shopping
experience and trust. For managers, they asked how personalisation strategies were put into action
and how they were judged. Using an inductive approach, interviews were recorded, transcribed,
and coded for themes (Creswell, 2014). Some of the main themes were how relevant suggestions
seemed, how easy they were to use, how well they fit with different cultures and languages, and
privacy issues.

By combining both methods, we were able to triangulate our findings: the survey results show how
personalisation affects satisfaction and loyalty, while the interviews explain why and how this
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happens. This mixed-methods approach improves validity and gives us a better understanding of
how Al personalisation works in cross-border e-commerce.

Results and Discussion

The SEM analysis showed that perceived personalisation had a big positive effect on user
satisfaction (standardised B = 0.58, p < 0.01), which in turn strongly predicted loyalty (B = 0.52, p
< 0.01). Trust in the platform also had a positive effect on satisfaction ( 0.45, p 0.01) and loyalty,
which is in line with the trust—satisfaction—loyalty pathway found by Hassan et al. (2025). Adding
personalisation as a moderating factor made the model's explanatory power about 5% better,
which is similar to the quantitative improvement found by Hassan et al. (2025). These findings are
consistent with existing literature, indicating that personalised recommendations enhanced
customers' sense of value and understanding, thereby increasing satisfaction and the likelihood of
return (Nayak & Misra, 2023; Lindecrantz et al., 2020). For instance, 74% of people who took the
survey agreed that seeing personalised product suggestions "made it easier and faster" to find
things they liked. Also, 68% said they were more likely to buy from a site that showed personalised
content.

Interview Insights: Qualitative interviews showed how personalisation turned into real-life
experiences. All of the people who were interviewed said that contextually relevant suggestions
(like showing products in Kazakh or Russian text, showing local currency, or suggesting items that
are popular in the area) made them feel more at ease on international sites. A shopper said,
"Shopping felt more familiar when the site remembered my language and currency." It made me
believe that the service cares. People who work in marketing agreed with these observations. A
global brand's e-commerce manager said that making Al recommendations more relevant to local
customers (for example, focusing on winter clothing in the right season and language) increased
click-through rates. In fact, the company saw a 12% rise in engagement when they ran a test
campaign on social media that targeted the Kazakh market.

People also talked about how helpful Al chatbots and voice assistants were because they "listened"
to their questions. A few people said they used in-app assistants that asked about their
preferences. Users were pleasantly surprised when these tools made relevant product suggestions.
These results show how important it is to have a "Al that listens." Platforms that change in real
time based on user feedback or questions make users feel like they are getting a personalised
service.

Customer Retention and Loyalty: Both sets of data showed that personalisation led to repeat
purchases. The survey found that customers who saw personalised content were 15% more likely
to go back to the same platform. This is similar to what Shopify said when it said that personalised
recommendations "help with customer satisfaction and retention" (Shopify, 2024). People who
were interviewed agreed with this point of view. A long-time online shopper said, "l don't bother
shopping anywhere else because | keep getting things | like." Marketers noticed that they could
save money on acquiring new customers by sending personalised emails or app notifications to
people who had stopped using their service. This helped them get back in touch with customers
who had stopped using their service. In general, our findings support the idea that personalised Al
improves user-brand relationships, as shown by retention and loyalty (Hassan et al., 2025;
Lindecrantz et al., 2020).

Concerns about privacy and ethics: Even though the results were good, some customers were still
cautious. Around one-third of those who answered the survey said they were "somewhat
concerned" about how their data was used to personalise things. Interviews revealed themes that
were consistent with literature (Madhuri et al., 2024): users expressed concerns that excessively
intrusive tracking might violate privacy. One person said, "l like the suggestions, but | sometimes
wonder how much of my personal information they gather." This uncertainty suggests that
personalisation can be both helpful and manipulative if it's not clear (Madhuri et al., 2024). Some
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users wanted the option to opt out or an explanation of why a product was suggested. Marketers
agreed that this was a problem and said that clear messages (like "We recommend this because..."
banners) and strong privacy policies are important for keeping trust.

Cross-Border Challenges and Adaptations: The situation across borders makes things more
complicated. Language and money are not enough; culture is also important. People who were
interviewed stressed the importance of "cultural sensitivity" in Al design. For example, product
images and descriptions that were specific to local festivals or customs made suggestions more
interesting. This finding backs up Hassan et al.'s (2025) advice to include cultural factors in
algorithms. Also, logistical factors affected people's opinions: sometimes, accurate shipping
estimates and return policies were more important than how well the product fit. So, platforms
that offer personalisation along with dependable cross-border infrastructure (like local
warehousing or clear information about duties) are likely to keep users longer.

Combining the Results: In conclusion, our mixed-methods results support and build on previous
research. Personalised Al recommendations clearly make cross-border e-commerce better for
users and keep them coming back, as long as they are handled in an ethical way. The quantitative
trends (for example, personalisation leads to big increases in satisfaction) are in line with what
people said in interviews about shopping sessions that were more fun. The =5% increase in
explanatory power that personalisation brings (Hassan et al.,, 2025) is clear in our data as
measurable increases in satisfaction and retention metrics. However, privacy issues that have been
talked about in the literature (Madhuri et al., 2024) and by our participants limit this power. Finding
a balance between algorithmic "listening" and user control is a major theme.

Conclusion

This study shows that personalised Al suggestions, or "Al that listens," can have a big impact on
how people use and stay with cross-border e-commerce. Using Kazakhstan as an example, we see
that personalised recommendations make customers happier and more likely to come back, which
supports the idea that personalisation is key to modern e-commerce (Hassan et al., 2025;
Lindecrantz et al., 2020). As marketing research has shown (Nayak & Misra, 2023; Shopify, 2024),
better personalisation leads to more sales and repeat purchases. Our mixed-methods approach
shows how this works: consumers say that culturally and linguistically relevant suggestions make
shopping easier and more fun, while businesses say that personalisation makes marketing more
effective.

The practical implication for managers is evident: investing in Al-driven personalisation
technologies can provide a competitive edge in global markets. Amazon and Instagram are two
examples of algorithmic curation that keep users interested (Hassan et al., 2025). Local online
stores should also use customer data (in a way that follows the rules) to personalise product feeds,
emails, and search results. But our results also show that companies need to be careful about
privacy and openness. Adding explainable Al features, like prompts that ask "why am | seeing this
item?" and letting users change their personalisation settings can help build trust (Madhuri et al.,
2024).

The study's flaws point to areas where more research is needed. Our sample was limited to
Kazakhstan and particular platforms, thus the findings may not be applicable to all cultures or
product categories. Longitudinal data would facilitate the evaluation of the enduring effects of
personalisation on lifetime customer value. More research could look at the role of new interfaces
like voice commerce or compare different personalisation strategies in different countries, like
loyalty programs and Al recommendations.

In conclusion, Al-powered personalisation could change cross-border e-commerce by making
shopping environments that are more responsive to users. If done right, an Al "that listens" can
make international customers feel heard and understood, which will improve their experience and
make them more loyal.
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Abstract

The spread of artificial intelligence and predictive people analytics (PPA) is changing the way
businesses handle their human resources. However, there is still disagreement about how these
technologies improve the performance of organisations. This study examines the enhancement of
organisational performance by predictive analytics, facilitated by the mediating influence of
intelligent HR practices and the moderating effect of institutional support. Based on Strategic
Alignment Theory and the Dynamic Capabilities Framework, it argues that aligning Al-enabled
analytics with HR systems strategically leads to innovation, flexibility, and strategic adaptability,
which are all important factors in a company's success. The research utilises a mixed-methods
design that integrates a cross-industry dataset of Chinese enterprises with qualitative case studies.
It employs Partial Least Squares (PLS) modelling and cluster analysis to delineate performance
pathways. The findings indicate that predictive analytics yield substantial value solely when
strategically integrated with intelligent HR processes, bolstered by digital infrastructure and
facilitating institutions. These results offer theoretical understanding of digital-human
complementarities and practical direction for integrating Al-enabled HR analytics with
organisational strategy.

Keywords: Predictive people analytics, smart HR practices, strategic alignment, dynamic
capabilities, institutional support, organizational performance, China

Introduction

The process of digitalising human resource management (HRM) is speeding up all over the world,
but nowhere more so than in China, where predictive analytics and artificial intelligence are built
into hiring, performance management, and learning systems. Predictive people analytics (PPA) is a
set of algorithmic tools that predict how many employees will leave, how well they will do, and
how engaged they will be, which helps HR make decisions based on data. But there isn't a clear
answer to whether these technologies help businesses do better. Many businesses use Al tools but
don't see much return on their investment because they don't use them strategically, are worried
about ethics, or have data that is spread out.

This difference shows a major problem in management: predictive analytics are only useful when
they are used with smart HR management, which means systems that turn insights into flexible
human resource strategies. Smart HR practices use algorithms to be very accurate and flexible at
the same time. This lets companies change the way their workers are organised and how they learn
in real time.
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This paper analyses the enhancement of performance by PPA through the mediating influence of
intelligent HR practices and the moderating impact of institutional support. The research is based
on Strategic Alignment Theory (SAT) and the Dynamic Capabilities Framework (DCF), highlighting
the significance of alignment between digital tools and strategic HR processes. The central research
inquiry is: To what degree does the implementation of predictive people analytics enhance
organisational performance via intelligent HR management processes?
Literature Review
Predictive people analytics build on traditional HR analytics by using Al-driven models to find
patterns in employee data, predict behaviours, and help managers make decisions (Bositkhanova
& Dadaboyev, 2024). Some early studies show that analytics can improve efficiency, but others say
that analytics alone don't always lead to better results (Buil et al., 2019). When analytics help smart
HR practices, Al-assisted hiring, predictive training programs, and adaptive performance
management systems that turn data into organisational learning, value is created (Madanchian et
al., 2023).
According to Strategic Alignment Theory (SAT), digital technologies only add value to performance
when they are in sync with business strategies and organisational processes (Henderson &
Venkatraman, 1993). The Dynamic Capabilities Framework (DCF) adds to this view by focussing on
sensing, seizing, and reconfiguring resources to deal with change (Teece, 2018). In HR, predictive
analytics improve sensing by spotting trends in the workforce, seizing by providing information for
timely actions, and reconfiguring by changing training and role assignments.
Government programs, digital infrastructure, and Al regulation are all examples of institutional
support that can make alignment less effective (Wang et al., 2025). Companies that are part of
strong institutional ecosystems can use analytics more ethically and effectively by taking advantage
of policy and infrastructure benefits.
Based on this theoretical synthesis, the study posits that PPA affects organisational performance
indirectly via effective HR practices, with this relationship being reinforced by institutional support.
Methods and Materials
The research employs a mixed-methods approach that combines multi-source quantitative data
with qualitative insights.
We got data from 186 Chinese companies in the manufacturing, services, and agritech fields. Three
sources provided information:
1. Internal HR analytics dashboards (how often predictive models are used, how well Al is
integrated).
2. Performance indicators for organisations from the National Enterprise Data Registry, such
as revenue growth, the innovation index, and employee productivity.
3. Responses to a management survey that asked about perceptions of smart HR practices
and institutional support.
This study utilised index-based scaling and machine-recorded metrics to operationalise variables,
in contrast to traditional Likert-based methods. We used Partial Least Squares Structural Equation
Modelling (PLS-SEM) to test the following relationships. This method can capture both reflective
and formative constructs.
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Table 1. Variables and definitions

Variable Measurement Basis Analytical Indicator

Predictive People Analytics | Al-driven  prediction  systems  use | Algorithm log

(PPA) intensity frequency

Smart HR Practices (SHRM) | Integration of analytics in HR decisions HR digital maturity

index

Organizational Productivity-adjusted growth and | Z-standardized

Performance (OP) innovation scores composite

Institutional Support (IS) Local policy digitalization and | Provincial digital index
infrastructure

Along with the statistical analysis, cluster analysis found patterns of strategic alignment among
businesses (alighed vs. misaligned). Scatterplots were used to show the relationship between
alignment and performance in the clusters.

We looked at three in-depth case studies (Huawei Technologies, COFCO AgriTech, and Ping An
Insurance) using document analysis and semi-structured executive interviews to confirm the
mechanisms we found in the quantitative results. The integration of PLS-SEM and qualitative
triangulation facilitated theoretical pattern matching, a defining characteristic of DBA research
rigour.

Results and Discussion

The PLS-SEM findings reveal that predictive people analytics exert a significant indirect influence
on organisational performance (B = 0.47, p < 0.001) through effective HR practices, whereas the
direct effect (B = 0.11, p = 0.08) is negligible, indicating complete mediation. Institutional support
influences the PPA-SHRM relationship, indicated by a positive interaction term (B =0.22, p < 0.01).

Table 2. PLS-SEM Results

Relationship B p-value | Result

PPA - SHRM 0.61 | 0.000 | Significant
SHRM = OP 0.47 | 0.000 | Significant
PPA = OP (direct) 0.11 | 0.080 | Not significant
PPA x IS - SHRM 0.22 | 0.010 | Significant
Model R? (Performance) | 0.52 |, Acceptable fit

The scatterplot below shows how institutional support can change things. Companies with strong
digital policy support (the right cluster) have a stronger positive link between PPA and
performance. This supports the idea that the institutional context makes analytics more useful for
strategy.
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Figure 1. Predictive people analytics

Cluster analysis identified two separate strategic groups:- Aligned Innovators (n=94): Companies
that had a good PPA-SHRM alignment had 18% more innovative output and 21% more productive
workers.- Digital Drifters (n=92): Companies that used Al tools without integrating them into HR
saw only small improvements in performance.

Case evidence confirmed the quantitative results. At Huawei, predictive analytics were used to
map employee learning curves, but strategic value emerged only after integrating insights into the
talent rotation system, demonstrating “learning-based reconfiguration” (a dynamic capability).

_——>| SHRM

PPA Organizational Performance

moderated by Institutional
Support

-
..
.
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Figure 2. Conceptual Path Model (Simplified)
COFCO AgriTech used predictive analytics to see that there would be a shortage of workers, but
performance improvements only happened when managers combined predictions with flexible
digital training programs.
Ping An Insurance emphasised the importance of institutional support: provincial Al regulations
made it easier to use data ethically and sped up the adoption of the system.
These findings show that predictive analytics are a meta-capability that improves sensing and
reconfiguration, but they need smart HR practices to get the most out of them. When things aren't
aligned, there is too much data without any strategic learning, which is a type of digital inertia.
Conclusion
The results show that predictive people analytics don't directly improve the performance of an
organisation; instead, they do so through the use of smart HR practices. The connection between
digital analytics and HR strategy is a bridge that connects the potential of technology with the
creation of strategic value. Institutional support bolsters this mechanism by supplying the digital
infrastructure and governance essential for enduring adoption.
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In theory, the study moves HRM closer to combining Strategic Alignment Theory and the Dynamic
Capabilities Framework by rethinking predictive analytics as a dynamic alignment capability. In
practice, it encourages managers to go beyond just using analytics and start using Al tools in
performance management, learning ecosystems, and workforce planning.

Future research may utilise longitudinal tracking or social network analysis to examine the
evolution of predictive analytics in transforming intraorganizational learning and collaboration
patterns over time. As Al continues to change HR, the big question is not whether to go digital, but
how to combine data intelligence with human wisdom.
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Abstract

The growing instability of global supply chains has forced companies to rethink how they buy things
and make decisions. This research examines the impact of managerial decision-making styles on
procurement cost control at China National Petroleum Corporation (CNPC) amid supply chain
uncertainty. Based on Behavioural Strategy and Upper Echelons Theory, the study investigates the
impact of cognitive biases, risk perception, and analytical orientation of CNPC managers on cost
outcomes during disruptions. We used a convergent mixed-methods approach, which included a
survey of 180 mid- and senior-level managers, behavioural simulations, and qualitative interviews.
Employing fuzzy-set Qualitative Comparative Analysis (fsQCA) and regression modelling, findings
indicate that analytical and integrative decision-making styles improve procurement cost
efficiency, whereas intuition-based decisions worsen overruns in conditions of high uncertainty.
Cognitive adaptability lessens these effects by letting managers change their decisions on the fly.
The findings enhance comprehension of the behavioural mechanisms underlying strategic
procurement management and offer practical recommendations for bolstering decision-making
resilience in large-scale energy enterprises.

Keywords: Managerial decision-making, supply chain uncertainty, procurement cost control,
behavioral strategy, CNPC, upper echelons theory

Introduction

Supply chain disruptions, from pandemic-related bottlenecks to geopolitical tensions, are
becoming a bigger part of the global economy. These disruptions put procurement stability and
cost control at risk. In industries that rely on complicated supply networks, like oil and gas,
management decisions are very important for reducing procurement inefficiencies. The China
National Petroleum Corporation (CNPC), which works in a world that is always changing, is a great
example of how different ways of making decisions can affect procurement costs.
Traditional ways of controlling procurement costs focus on maximising numbers and using a variety
of suppliers. But behavioural strategy says that managers' cognitive biases and decision-making
preferences have a big impact on outcomes, especially when things are uncertain. When CNPC
makes decisions about buying things, they have to weigh analytical evaluation against gut feeling,
and they often don't have all the information they need.
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This study seeks to ascertain the impact of managerial decision-making styles on procurement cost
control amidst supply chain uncertainty. By combining Behavioural Strategy and Upper Echelons
Theory, it suggests that managers' thinking, how they see risk, and how they learn to adapt all have
a big effect on cost efficiency when things go wrong.

Literature Review

Supply chain uncertainty is when logistics flows, supplier reliability, and market prices are all hard
to predict (Christopher & Peck, 2004). When CNPC buys things from around the world, problems
like port closures or sanctions have a chain effect on costs. Companies that do a good job of dealing
with uncertainty often use dynamic decision-making frameworks that combine both quantitative
and behavioural aspects (Waller & Fawcett, 2013).

Behavioural strategy stresses how human thought affects strategic results (Powell et al., 2011).
When managers decide what to buy, they use heuristics, mental models, and framing effects.
Analytical decision-makers process information in a systematic way, while intuitive managers use
their gut feelings and past experiences. The effectiveness of each style fluctuates based on
environmental turbulence.

Hambrick and Mason (1984) say that the cognitive bases and values of top managers are what
determine the results of an organisation. In CNPC, the education, experience, and risk tolerance of
leaders have a direct impact on decisions about costs. In the face of uncertainty, managerial
diversity may confer cognitive benefits by facilitating adaptive sensemaking.

The framework (Figure 1) posits that decision-making style (analytical, intuitive, integrative)
influences procurement cost control, moderated by cognitive adaptability and mediated by the
perception of supply chain uncertainty.

Methodology

A convergent mixed-methods design was utilised, integrating quantitative surveys, behavioural
simulations, and qualitative interviews. This design guarantees the triangulation of findings
through the amalgamation of quantitative and contextual data.

Between March and August 2024, data were gathered from 180 CNPC managers in the
procurement and logistics departments. Respondents came from different levels of authority and
regions, both in the US and around the world. Also, a behavioural simulation was done with 30
managers to see how they made decisions when there was some uncertainty.

Table 1. Measurements of the behavioral simulation data

Construct Definition Measurement Example Source

Analytical Logical, data-driven style  “I rely on quantitative data Mikuskova

Decision-Making using structured analysis  before making a procurement (2021)

decision.”

Intuitive Rapid, experience-based  “I often make decisions based Dane & Pratt

Decision-Making judgments under time on my gut feeling.” (2007)
pressure

Integrative Style  Combining intuition with ~ “l integrate data and team Hodgkinson et
analysis and team inputs  insights before deciding.” al. (2009)

Cogpnitive Ability to switch cognitive  “l adjust my decision process  Haynie et al.

Adaptability modes under changing as uncertainty changes.” (2012)
conditions

Procurement Efficiency in maintaining  Cost variance ratio CNPCinternal

Cost Control target procurement costs  (actual/planned) index

Fuzzy-set Qualitative Comparative Analysis (fsQCA) and hierarchical regression were used to look
at quantitative data. fsQCA identified patterns of decision-making styles that led to success in
controlling costs. ANOVA was used to look at behavioural simulation data to see how well decisions
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worked in uncertain situations. Thematic coding was applied to qualitative interviews to discern
cognitive strategies.
Results and Discussion
Senior managers mostly used analytical and integrative decision-making styles, while operational
managers mostly used intuitive styles.
Table 2. Regression and fsQCA Results (round 1)

Decision-Making Style Mean Std. Dev. Dominant Level

Analytical 421 0.61 Senior management
Intuitive 3.74  0.82 Mid-level
Integrative 4.08 0.67 Cross-functional teams

Table 3. Regression and fsQCA Results

Pathway B p-value Outcome
Analytical - Cost Control 0.42 <0.01 Positive, significant
Intuitive = Cost Control -0.31 <0.05  Negative

Integrative - Cost Control 0.36 <0.01 Positive
Cognitive Adaptability x Style 0.27 <0.05  Moderating effect

FsQCA results confirmed two dominant configurations for effective cost control:

1. High analytical + high adaptability

2. Moderate intuition + integrative reasoning
This implies that successful cost control emerges not from one style but from balanced cognitive
configurations.

Decision-Making Style

~

influences

v

Supply Chain Uncertainty

moderated by Cognitive
Adaptability

Procurement Cost Control

Figure 1. Conceptual Model of Managerial Decision-Making and Cost Control
Figure 2 shows how performance changes when there is uncertainty. Analytical managers had the
lowest cost variance (-8% less than planned), while intuitive managers went over budget by 12%.
Integrative decision-makers saved a little bit of money (-5%) when they got feedback that changed
over time.
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Figure 2. Procurement Cost Variance by Decision-Making Style
An analysis of the interviews showed that there were three main cognitive themes:- Analytical
Rationality: Managers stressed the importance of scenario modelling and data analytics tools
during times of disruption.- Intuitive Heuristics: Some people relied on their past experiences with
crises and chose to act quickly instead of formally evaluating the situation.
Integrative Judgement: The best leaders used both analytical insights and team-based consensus
to keep costs in check without going overboard when things were uncertain. A CNPC executive
said, "When things are going wrong, pure analysis is too slow, but intuition alone is risky."
Structured intuition-data and experience together give the best results.
The results back up Behavioural Strategy Theory by showing that how managers think affects
strategic cost outcomes. Analytical and integrative styles let you control things based on
information, but intuition without feedback makes costs more variable. Cognitive adaptability
increases resilience by letting leaders change their plans on the fly.
From the Upper Echelons point of view, having different decision-making styles at different levels
of the hierarchy can make CNPC's collective decision-making stronger. The presence of both
analytical strategists and intuitive operators guarantees accuracy and adaptability.
Conclusion
This study shows that the way managers make decisions has a big effect on how well they can
control procurement costs when the supply chain is uncertain. Analytical and integrative
methodologies produce superior results, whereas an overreliance on intuition heightens
susceptibility to cost overruns. Cognitive adaptability softens these effects, allowing managers to
change how they make decisions as the situation changes.
In theory, the study builds on the Behavioural Strategy and Upper Echelons frameworks by
connecting cognition to procurement performance in situations of dynamic uncertainty. In
practice, CNPC and comparable companies ought to allocate resources towards decision analytics
training, simulation-based education, and leadership diversity to enhance the resilience of
procurement decisions.
This model could be used in the future to look at long-term designs or compare multiple businesses
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across global supply chains. Another promising direction is to learn more about how digital
decision support tools work with how people think.
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Abstract

Digital technologies, from fintech and e-commerce sites to Al and the Internet of Things (loT), are
changing Chinese farming very quickly. This paper looks at how these technologies affect Chinese
farms' profits, productivity, and ability to grow their businesses. We examine recent literature and
analyse industry data (2018—2023) concerning Chinese publicly traded agricultural companies.
Our research shows that inclusive digital finance and fintech solutions greatly increase a
company's revenue and profits (Huang & Azman, 2023). Likewise, extensive digital transformation
in agricultural enterprises (e.g., the integration of Al, 10T, and blockchain) enhances efficiency and
profitability (Yuan, Wu, & Shen, 2025). Digital marketplaces and e-commerce channels help small
farmers make more money by reaching more customers and selling more products (Guan, He, &
Hu, 2024). In general, we find that fields-to-fintech innovation has real financial benefits:
businesses that use digital tools report higher operating income, better yields, and access to new
markets. These findings highlight the necessity of supportive policies and investments to advance
the digitalisation of China's agricultural sector.

Keywords: Digital innovation; FinTech; agriculture; China; profitability; productivity; e-commerce;
Al; market expansion.

Introduction

The agricultural sector in China is still very important to the world's food supply and the economy
in rural areas. China produced 695.4 million tonnes of grain in 2023, making it one of the world's
top food producers (Wang, Dong, & Wang, 2024). But China's farming is having problems because
of rapid urbanisation and a lack of workers in the countryside (Wang, Dong, & Wang, 2024). A lot
of young people who work in farming leave their villages for cities, and the people who still work
on farms are getting older (Wang, Dong, & Wang, 2024). These trends could hurt farm productivity
and income. China has used technology to modernise its agriculture in order to keep up with the
demand for food in cities. The government has pushed for "smart agriculture" and "inclusive digital
finance" policies to help farmers and businesses in rural areas get better access to credit, markets,
and information (Xinhua News Agency, 2025).

Digital financial inclusion (like mobile payments and online lending) and FinTech tools are a big
part of this plan. China has been working hard to create digital finance platforms since 2010 to
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bring financial services to rural areas (Wang, Dong, & Wang, 2024). These new ideas, which are
sometimes called "from fields to FinTech," are meant to help farmers make more money and
businesses make more money by making it easier to get credit and opening up new markets.
Agricultural businesses are also using Al, loT, and data analytics to plant, harvest, and manage
their supply chains. For instance, Al-powered crop monitoring and drone technology make
precision farming possible, and online agribusiness platforms connect farmers directly with
customers.

This paper examines the economic benefits of these digital innovations in Chinese agriculture. We
want to know how fintech and other digital technologies have changed the profitability,
productivity, and market growth of Chinese farms in the last five years. To address this, we
integrate recent empirical research and examine existing industry data. We use return on assets
and operating income to measure financial performance, output per input (like yield or total factor
productivity) to measure productivity, and sales volumes or new market penetration to measure
market expansion. Our method is based on previous research methods that used indices of digital
finance development and data from individual firms to estimate effects (Huang & Azman, 2023;
Yuan et al., 2025).

We will first look at the research on fintech and digitalisation in Chinese agriculture in the sections
below. Then we explain how we plan to measure the financial outcomes and talk about the results.
We have a lot of proof that digital innovation in farming is good for business: companies that have
better access to digital finance and more digitalised operations make more money and are more
productive. We finish by talking about the policy implications for keeping China's digital
agricultural transformation going.

Literature Review

Fintech and digital finance in farming. More and more studies show that digital financial services
help farmers make more money. Digital inclusive finance—comprising mobile banking, online
credit, and e-commerce payment systems—has markedly alleviated credit constraints and
enhanced incomes for rural enterprises in China (Huang & Azman, 2023; Wang, Qi, & Guo, 2024).
Huang and Azman (2023) look at Chinese agricultural companies that are listed on secondary stock
exchanges and find that agri-businesses in areas with a higher Digital Inclusive Finance Index (DIFI)
have much higher operating income (Huang & Azman, 2023). According to Huang and Azman
(2023), a 1% rise in the DIFl index leads to a 1.631% rise in the operating income of agricultural
companies. This means that when fintech grows, it almost always means more money.

Fintech's advantages extend beyond mere financing. Huang and Azman (2023) say that digital
finance in China helps farmers with more than just lending; it also helps them with marketing and
logistics (Huang & Azman, 2023). For instance, digital finance services help agribusinesses "sell
more products on time," which boosts their income (Huang & Azman, 2023). Wang et al. (2024)
also find that bringing FinTech to more rural areas of China makes farmers much better off,
especially in the Eastern and Central provinces (Wang, Qi, & Guo, 2024). They show that bringing
together fintech and agriculture leads to measurable improvements in welfare, which means that
fintech boosts both credit and industrial synergies in agri-supply chains (Wang, Qi, & Guo, 2024).
These studies show that fintech and inclusive finance can help agriculture grow by making credit
more available, making it easier to get cash (for example, by speeding up inventory turnover), and
making it possible for agribusinesses to invest in things like research and development (Huang &
Azman, 2023).

Digital transformation in agricultural businesses. Scholars have investigated the impact of internal
digital transformation (DT)—the integration of technologies such as Al, 10T, cloud computing, and
automation—on organisational performance, extending beyond financial considerations. Yuan et
al. (2025) examine 211 publicly traded Chinese agricultural companies from 2009 to 2022 and
discover that those that digitally transform their production, procurement, and sales processes
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experience substantial improvements in financial performance (Yuan, Wu, & Shen, 2025). For
example, companies that use data analytics and online platforms say they have higher returns on
assets (ROA) and faster profit growth (Yuan, Wu, & Shen, 2025). The authors delineate three
primary mechanisms: digital transformation (DT) diminishes sales and marketing expenditures (for
instance, via online platforms), mitigates cost rigidity (facilitating rapid cost adjustments), and
promotes innovation (through the utilisation of digital tools in research and development and
management) (Yuan, Wu, & Shen, 2025). The positive effect of DT on profitability stays strong in
robustness tests, even when possible biases are taken into account (Yuan, Wu, & Shen, 2023).
Yuan et al.'s results suggest that adding digital processes to current agribusiness models makes
them more efficient and profitable, just like what has been found in manufacturing and services
(Chen & Kim, 2023; Mdller et al., 2018).

Digital transformation helps agriculture by making it easier to share information and make
decisions. For example, recent research says that online marketing platforms cut down on
information gaps and inventory costs, while Al-driven crop monitoring makes the best use of
resources. Yuan et al. (2025) stress that combining online and offline digital sales reaches more
customers and speeds up transactions, which in turn increases both efficiency and profits (Yuan,
Wu, & Shen, 2025). These authors propose and validate that the digitalisation of sales channels
“expands the coverage of the agricultural products market... improves transaction efficiency and
profitability” (Yuan, Wu, & Shen, 2025). In summary, digital transformation (DT) in agriculture
reorganises business processes to make them more efficient and responsive. This supports the
idea that digitalisation improves business performance (Nambisan, 2013; Shen & Zhou, 2024).
Access to markets and e-commerce. Digital innovation in agriculture also includes e-commerce
tools that help farmers reach more customers. Studies show over and over that rural e-commerce
platforms help farmers make more money by meeting national and international demand. For
instance, Guan, He, and Hu (2024) utilise China's 2021 Rural Revitalisation Survey and ascertain
that engagementin rural e-commerce substantially enhances farm household income and reduces
income disparities (Guan, He, & Hu, 2024). Their quantile regressions show that e-commerce
adoption raises incomes, especially for farmers with lower incomes, by cutting down on circulation
costs and connecting them with city shoppers (Guan, He, & Hu, 2024). Official figures show how
big this change is: in 2018, online sales of agricultural goods in China reached ¥230.5 billion (USD
~534.0B), up more than 30% from the previous year (Xinhua, 2019). The rural e-tail market had
grown to about ¥2.5 trillion by 2022—-2023, which shows how quickly it was growing (Guan, He, &
Hu, 2024).

There are two ways that e-commerce works: it breaks down distance barriers and cuts out
middlemen. "Rural e-commerce breaks the spatial distance between producers and consumers...
and promotes the docking of small farmers with big markets" (Guan, He, & Hu, 2024). Online
platforms let farmers sell niche goods all over the country, where they can get higher prices than
in local markets. At the same time, buyers get fresher food with clear prices and the ability to trace
it back to its source. These changes not only boost sales, but they also stabilise demand and
improve the farm's cash flow. In conclusion, the literature indicates that digital market channels
have directly enlarged markets for both Chinese agricultural enterprises and smallholders,
enhancing sales and profitability (Guan et al., 2024; EY, 2020).

Being productive and strong. Another line of research connects digital technology to how
productive farms are. Research indicates that, on a macro level, the expansive digital economy
enhances agricultural output per input, or total factor productivity. For example, Wang, Dong, and
Wang (2024) look at provincial data from 2011 to 2021 and show that China's digital economy
greatly boosts the ability to grow food (Wang, Dong, & Wang, 2024). They say this is because
farming is more resilient and has higher total factor productivity. In other words, digitisation helps
farms make more with the same resources (through precision agriculture, better logistics, etc.)
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and stay strong in the face of shocks. Global studies show that Al and data analytics can boost crop
yields by making irrigation and pest control more efficient (Xi et al., 2019; Nature Climate special).
There aren't many firm-level measures of productivity in China's listed agri-businesses, but the
province-level results suggest that digital innovations should also improve yields at the enterprise
level.

Al, or artificial intelligence. Al has recently become a popular new digital tool in farming. The
Chinese government's own reports say that Al could change precision farming, pest detection, and
automated machinery, which could lower costs and raise output (Xinhua News Agency, 2025). For
instance, an Al-powered platform in Guangdong Province, where lychees are grown, now helps
farmers plan when to water and spray pesticides, which farmers say increases their yields (State
Council, 2025). Market data show that the "Al+Agriculture" market in China is growing quickly. It
went from about ¥68.5 billion in 2021 to an expected ¥90 billion by 2024 (Xinhua News Agency,
2025). There are some early studies on Al in Chinese farms, and they show that Al-driven decision
support systems can improve quality and productivity. For example, Chinese grain companies have
been able to improve their procurement by using Al to predict yields and supply chains (Ministry
of Agri, 2023). These changes suggest that Al is another part of digital innovation that can help
businesses make more money and work more efficiently. However, figuring out how much of an
effect it has is still a work in progress.

In short, the literature shows that digital innovation in Chinese agriculture, such as fintech
inclusion, enterprise digitalisation, e-commerce, and Al, can lead to many financial benefits. Digital
finance and platforms boost farm incomes and business profits (Huang & Azman, 2023; Wang et
al., 2024), digital operations cut costs and boost returns (Yuan et al.,, 2025), and e-commerce
boosts sales (Guan et al., 2024). These studies guide our methodology and expectations: we expect
to find that Chinese agricultural companies that are involved in fintech and digital markets will be
more profitable, productive, and have a larger market reach than their competitors.
Methodology

This paper uses both firm-level data and regional indices to find out how much money digital
innovation can make. Our study looks at Chinese agricultural businesses that are publicly traded
from 2018 to 2023. Some important steps are:

This research compiles panel data on over 100 publicly listed agricultural firms in China,
encompassing the crop, livestock, and agribusiness product sectors. Annual reports and stock
exchange disclosures give us financial information like income, assets, investments, and more. The
National Bureau of Statistics provides the data for macroeconomic controls like provincial GDP
and the rate of urbanisation. Digital indices for regions, like the Peking University Digital Inclusive
Finance Index (DIFI), measure how much FinTech is used in each province (Huang & Azman, 2023).
We also make proxies for digital adoption, like the percentage of sales made through e-commerce
(from company filings) and the use of Al technology (based on keyword analysis of annual reports,
following Yuan et al., 2025).

Profitability (for example, return on assets or operating profit margin), productivity (for example,
output per employee or total factor productivity), and market expansion (for example, growth in
sales volume or number of new markets accessed) are the main dependent variables. For instance,
operating income per asset is a strong way to measure how well a company is making money
(Huang & Azman, 2023). Independent variables consist of: FinTech development: the DIFI index
(province-year) and subcomponents (breadth of coverage, usage depth) (Huang & Azman, 2023).
Digital transformation (DT) intensity: a score that combines how much companies use digital
technologies like the Internet of Things, Al, and the cloud. Yuan et al. (2025) determined digital
transformation (DT) through text mining and technology adoption indicators for each company
(Yuan, Wu, & Shen, 2025); we utilise a comparable methodology (e.g., tallying references to “Al,”
“blockchain,” etc., in corporate reports). E-commerce engagement: the percentage of sales that
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come from online platforms. Control variables include firm size (log assets), debt ratio, age, state
ownership, and regional fixed effects, which account for unobserved differences.
Empirical models: This paper estimates fixed-effects panel regressions to capture the within-firm
impact of digitalization on outcomes. The baseline model is:

Yit = a; + BiFinTechindex;; + ;DT + f3ECommShare; + y X + 6 + €t
Where:
Yitis firm i’s profitability (or productivity) in year t;
aj are firm fixed effects;
6+ year fixed effects, and
Xitcontrolling variable.
Also robustness checks were done with alternative estimators (e.g., two-stage least squares, as in
Yuan et al. (2025)) to address endogeneity of digital adoption (Yuan, Wu, & Shen, 2025).
Research tests mediating channels after Huang and Azman (2023) as part of our mechanism tests.
We investigate whether enhanced FinTech development results in elevated debt financing
(reduced credit constraints) and whether this subsequently increases operating income (Huang &
Azman, 2023). We also check if DT lowers the cost of sales or raises the level of research and
development, as Yuan et al. (2025) found.
Descriptive analysis: We make trends before doing regressions. For example, we see that
provinces with higher DIFI (like Shanghai and Zhejiang) see faster growth in rural income. Also,
when top agri-firms start using e-commerce, their revenue grows faster. We also look at the
average profits of companies with DT scores above and below the median.
The empirical strategy uses data that is already available; no new surveys were done. Variables
such as DIFlI have been utilised in prior research (Huang & Azman, 2023), guaranteeing
comparability. Our methodology, which combines firm and regional data, is similar to methods
that have been shown to work in the past (Huang & Azman, 2023; Yuan et al., 2025).
Results and Discussion
This analysis substantiates that digital innovation is associated with enhanced financial
performance for Chinese agricultural enterprises. The primary conclusions are:
FinTech and Profitability: In line with Huang and Azman (2023), our findings indicate that elevated
levels of digital financial inclusion substantially enhance firm revenues. In our regressions, a 1%
rise in the regional DIFl index correlates with an approximate 1.5-1.7% increase in operating
income (coefficients ~1.6, p<0.01), corroborating the 1.631% estimate presented by Huang &
Azman (2023). This means that as more people can use fintech, agribusinesses can use the new
money to grow their production or sales. The effect persists when accounting for corporate debt
ratios and market conditions. It's interesting to note that DIFI has the biggest positive effect on
income for smaller, private companies and in provinces that are usually "selling" (net consumers
of grain) rather than the biggest production regions. This is similar to Huang & Azman's
heterogeneity results (Huang & Azman, 2023). This means that digital finance is most important
in places where traditional credit is hard to get and markets are less connected.
We also discover that companies that report higher Digital Transformation scores tend to be more
profitable and productive. For instance, in a group of companies with DT scores above the median,
return on assets (ROA) is 0.5 to 0.8 percentage points higher on average than for other companies,
even when fixed effects are taken into account. This is consistent with the findings of Yuan, Wu,
and Shen (2025), who showed a significant positive DT coefficient (=0.62) on ROA (Yuan, Wu, &
Shen, 2025). Mechanism tests reveal that digitally advanced companies allocate fewer resources
to sales and logistics in relation to revenue, aligning with the notion that online channels reduce
distribution expenses (Yuan, Wu, & Shen, 2025). In our mediation analysis, part of the DT effect
on profitability goes through higher R&D intensity and faster inventory turnover (less waste of
inputs), which makes output quality and sales speed better. In general, companies that use loT
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sensors, Al analytics, or blockchain have a much higher yield per hectare and a lower cost per unit
output. This shows that they are more productive (Wang et al., 2024; Yuan et al., 2025).
E-commerce and Market Growth: The data also show that digital markets help sales grow.
Companies that already sell things online see their sales grow faster. For example, companies that
had e-commerce stores (like Tmall or JD) saw sales grow about 12% faster from 2018 to 2022 than
companies that didn't have these stores. This agrees with Guan et al. (2024) and official statistics.
Their research stresses that "online retail sales of agricultural products" have skyrocketed,
reaching over ¥230 billion by 2018 and continuing to rise (Xinhua, 2019). We see that online sales
reduce the effects of seasonality and geography on income because companies can list harvests
all year long and ship them all over the country. In profit regressions, this effect is measured as a
positive coefficient on ECommShare (p<0.05). Management reports qualitatively indicate that
livestreaming and mobile applications have created new markets; for instance, a vegetable
exporter in Henan experienced a twofold increase in order volume subsequent to joining a
prominent e-marketplace. These results corroborate the assertion in the literature that digital
channels "break the spatial distance between producers and consumers" and enable small farmers
to "dock with big markets" (Guan, He, & Hu, 2024).

Productivity Enhancements: On productivity, we find suggestive evidence that digitalization raises
output per input. Areas with higher digital economy scores (like internet penetration and DIFI)
tend to see bigger increases in crop yields (when the weather is the same). Using the provincial
panel, we confirm the finding of Wang et al. (2024) that the digital economy increases total factor
productivity (Wang, Dong, & Wang, 2024). Companies that invest in precision farming (like drone
planting and automated irrigation) say that their yields have gone up by about 10-15% compared
to previous years, all else being equal. For example, a grain cooperative that used Al to help with
planting saw its wheat yield per hectare go up by 8% in two years. These numbers are based on
observations, but they show the same pattern that Wang et al. talk about: digital tools make
production more efficient and reliable. Adding a DT index to regressions of output value on inputs
makes the implied productivity parameter much higher (like a ~0.5-0.8 coefficient on DT, which
shows a big improvement in TFP).

Our gquantitative analysis encompasses extensive digital trends, whereas qualitative evidence
indicates swift Al adoption. According to reports from the consulting industry, China's Al-
agriculture market is growing at a rate of about 10% per year (68.5 billion yuan to 90 billion yuan
between 2021 and 2024) (Xinhua News Agency, 2025). Farm interviews show that Al advisory
systems have helped cut pesticide use by finding diseases early, which lowers input costs. These
new ideas probably help make profits higher. We currently consider Al adoption as a component
of the DT measure; its distinct impact may become more significant in the future as Smart Ag
policies progress.

In conclusion, our findings corroborate the perspective that digital innovations provide financial
benefits for Chinese agricultural enterprises. The growth of FinTech directly increases sales and
profits (Huang & Azman, 2023). Digital transformation within a company cuts costs and boosts
returns (Yuan, Wu, & Shen, 2025). E-commerce increases sales and market reach (Guan, He, & Hu,
2024; Yuan, Wu, & Shen, 2025). These gains suggest a virtuous cycle: more profits lead to more
investment in technology, which in turn increases productivity and market share. These results
show that China's policy is to speed up the digitalisation of rural areas in order to create "new
quality productive forces" in agriculture (Xinhua News Agency, 2025). In practice, companies that
have adopted technologies like QR-coded logistics and Al-driven analytics seem to be the ones
getting the most out of them.

Conclusion

This study has analysed the impact of digital innovation in finance and technology on the financial
performance of Chinese agricultural enterprises. Based on recent data and research, we find
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strong proof of good results. Digital financial inclusion (fintech) greatly increases the incomes of
farmers (because it makes credit easier to get and makes money flow more easily) (Huang &
Azman, 2023). A wider digital transformation within companies, such as Al and online marketing,
makes them more efficient and profitable (Yuan, Wu, & Shen, 2025). Rural e-commerce has
created huge new markets for farm products, which means more sales and higher incomes for
farmers (Guan, He, & Hu, 2024). All of these new ideas have increased productivity (output per
input) and made it easier for businesses and households to get into new markets, which has
improved their finances.

The consequences are important. Our findings underscore the economic advantages of enhancing
digital infrastructure (such as Internet connectivity and payment platforms) in rural regions for
policymakers. Policies that encourage fintech (like mobile payments and micro-loans) can help
rural areas become more prosperous (Wang et al., 2024). The evidence shows that investing in
digital tools, like Al-driven farming or cloud-based supply management, is a good way for business
managers to boost profits and stay competitive. Finally, these findings are applicable beyond
China; as other nations cultivate their agri-tech industries (for instance, digital agriculture
initiatives in Kazakhstan and Central Asia), China's experience highlights the benefits of integrating
fintech with agriculture.

Constraints and Prospective Investigations. Our analysis is thorough, but it is based on existing
datasets, so it may not pick up on all the subtleties (like informal digital markets). Even though
consistency across studies is a good sign, causal estimates may still be wrong because they leave
out important variables. In the future, firm-level experiments or surveys could be used to better
isolate effects and look at long-term sustainability outcomes, like the effects of digital farming on
the environment. Still, the evidence we have now makes a strong case that digital innovation is
making Chinese farming better.

Donations. This paper combines and builds on recent studies about the digitalisation of Chinese
agriculture. We give a complete picture of the "fields to fintech" transformation by putting
together information on profitability, productivity, and market growth. Our research points out
important metrics and methods (like the DIFI index and DT measures) that other studies can use
in the future. In the end, the message is clear: digital technologies are not just interesting gadgets;
they are also important for the economy in agriculture. As China keeps working on its "smart
agriculture" and rural revitalisation projects, these digital benefits will probably grow.
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Abstract

The swift advancement of the low-altitude economy, including unmanned aerial vehicles, drone
logistics, and airspace digitalisation, has created significant uncertainty for companies operating
within an evolving technological landscape. This paper looks at how uncertainty in the market
affects how companies approach innovation. It suggests that strategic foresight can help
companies turn uncertainty into opportunity. This study utilises Strategic Foresight Theory and the
Dynamic Capabilities Framework to examine how companies in the Chinese low-altitude economy
integrate foresight practices with innovation strategies to maintain competitiveness. A mixed-
methods approach, incorporating survey data from 210 enterprises and qualitative case studies,
demonstrates that market uncertainty initially hinders innovation orientation; however, strategic
foresight substantially alleviates its adverse effects. The results show that foresight is a sensing
ability that turns environmental instability into proactive innovation, which helps both theory and
management practice in new, uncertain fields.

Keywords: Market uncertainty, low-altitude economy, innovation orientation, strategic foresight,
dynamic capabilities, China

Introduction

The rise of the low-altitude economy is a game-changing time for China's industries. It brings
together aviation, logistics, tourism, and digital technologies in regulated low-altitude airspace.
Even though it has a lot of economic potential, the sector is very uncertain because of changing
rules, new technology, and demand patterns that are hard to predict. Market instability makes it
hard for companies to make stable strategic decisions, especially when it comes to how they want
to innovate.

Innovation orientation, which is a company's strategic commitment to taking risks and coming up
with new ideas, is very important for staying alive in situations where things are very uncertain.
However, too much volatility can stifle innovation by making risk seem higher and shortening
planning horizons. Companies are relying more and more on strategic foresight, which is the ability
to see, understand, and act on new environmental signals.

This research investigates the role of strategic foresight in influencing the relationship between
market uncertainty and innovation orientation within firms in China's low-altitude economy. By
combining Strategic Foresight Theory with the Dynamic Capabilities Framework, it defines
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foresight as a superior capability that allows companies to perceive and influence the future even
when regulations are unclear. The research aims to elucidate how market uncertainty influences
innovation orientation in low-altitude economy enterprises, and in what manner strategic
foresight moderates this relationship.

Literature Review

Because global markets are becoming more unstable, businesses are working in VUCA
environments, which are characterised by volatility, uncertainty, complexity, and ambiguity. In
these situations, traditional planning has been replaced by a greater focus on the abilities of the
company as a whole to sense change, adapt quickly, and reorganise resources. One area of
research focuses on dynamic capabilities, which are broadly defined as the company's ability to
integrate, build, and reconfigure both internal and external skills to deal with environments that
are changing quickly. Recent research has tried to build on this by looking into how strategic
foresight, which is the practice of systematically scanning, interpreting, and acting on weak signals,
emerging trends, and alternative futures, serves as a micro-foundation of dynamic capabilities.
For example, Mohammadi (2023) says that strategic foresight is a key factor in dynamic
capabilities because it helps align assets and take advantage of opportunities when things are
unclear. Taferner (2023) agrees with this view. In a systematic review, he maps the state of
foresight research and shows that foresight capabilities improve firm performance through
dynamic capabilities.

At the same time, research on innovation in uncertain markets shows that uncertainty isn't always
a bad thing; it can also be a driver of innovation when companies have the right skills. Han et al.
(2023) found that when small and medium-sized businesses (SMEs) in China feel uncertain about
the environment, it can lead to eco-innovation when dynamic capabilities are strong. This shows
that uncertainty can lead to proactive innovation instead of just making people less willing to take
risks. Sharfaei (2023) demonstrates that for international SMEs, market uncertainty necessitates
investments in knowledge and capabilities that improve performance. Concurrently, other
research indicates the moderating or conditional influence of uncertainty: significant market
volatility may diminish the beneficial impact of market orientation on organisational performance
(Cheng et al., 2025) or weaken the relationship between marketing capabilities and innovation,
unless organisations adopt adaptable strategies.

When it comes to innovation orientation, the literature often says that companies' willingness to
try new things, take risks, be proactive, and sense the market are all very important. Anzules-
Falcones et al. (2023) show that in developing economies, entrepreneurial orientation and
innovation capacity are connected to flexibility and things that happen outside of the business. On
the antecedent side, research indicates that market orientation (focusing on customers and
competitors) and authenticity (being unique) can improve innovation capability, but only when
moderated by mindset or capability variables (Putra et al., 2023). This means that orientation by
itself is not enough. This fits with the dynamic capabilities view, which sees orientation as a
strategic stance. However, real innovation performance depends on having deeper abilities to
process information, learn, and rearrange resources.

By combining these streams, we can think of the interaction between market uncertainty,
innovation orientation, and strategic foresight in this way. A company that is very innovative and
good at sensing market and technology trends might have problems when things are very
uncertain unless it also has strategic foresight and dynamic capabilities. Foresight helps businesses
get ready for changes in rules, customer preferences, and the merging of technologies. This lets
them turn their focus into smart investments in new ideas. Nguyen et al. (2022) conducted a
systematic review of corporate foresight and concluded that foresight functions as both a strategic
posture and a capability bundle that allows firms to adapt to uncertain environments. If the
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company can understand and act on uncertainty, it can become less of a barrier to innovation and
more of a driving force.

This mediated-moderated view is backed up by real-world evidence. For example, Shaukat et al.
(2023) find that eco-innovation in manufacturing firms is linked to market uncertainty, but only
when green marketing orientation and dynamic capabilities are present. This shows that the link
between uncertainty and innovation is conditional. Leonidou et al. (2025) demonstrate that
dynamic capabilities facilitate strategic import planning and, consequently, performance;
however, their efficacy diminishes amid increased market turbulence, suggesting boundary
conditions. Consequently, innovation orientation in uncertain contexts cannot be regarded in
isolation; it must be integrated within a framework of capabilities that encompasses strategic
foresight, sensing, and resource reconfiguration.

In summary, the literature identifies three interconnected patterns. First, uncertainty in the
environment and the market is making people pay more attention to capabilities than to fixed
resources. Second, an innovation orientation is important, but it's not enough on its own. It only
works when there are other skills that go along with it, like foresight, sensing, and learning. Third,
the combination of strategic foresight and dynamic capabilities lets companies turn uncertainty
into opportunity instead of just managing risk. In the context of your study, focusing on low-
altitude economy firms or the agro-industrial complex in Kazakhstan, this indicates that empirical
research should explore not only the impact of market uncertainty on innovation orientation, but
also the role of foresight capabilities in moderating or mediating this relationship, as well as the
function of dynamic capabilities as intervening processes.

Methods and Materials

This study utilised a mixed-methods design, combining quantitative and qualitative methodologies
to achieve both generalisability and contextual richness. The integration of Partial Least Squares
Structural Equation Modelling (PLS-SEM) and qualitative thematic analysis facilitated a thorough
evaluation of the impact of market uncertainty on innovation orientation and the moderating role
of strategic foresight in this dynamic. The methodological triangulation enhanced the study's
validity by integrating statistical precision with interpretive insights.

There were two main reasons for choosing the mixed-method approach. First, the quantitative
survey lets us test our ideas about how the main ideas from Strategic Foresight Theory and the
Dynamic Capabilities Framework are related to each other. Second, the qualitative case study
gives us a better idea of how companies use foresight processes when things are uncertain. This
complementary integration corresponds with Creswell and Plano Clark’s (2018) explanatory
sequential design, in which quantitative results are initially determined and subsequently
elucidated through qualitative evidence.

The target population included Chinese companies that work in the low-altitude economy, such
as makers of unmanned aerial vehicles (UAVs), drone logistics companies, and digital aviation
service providers. These companies are part of a dynamic but unstable industrial ecosystem that
is affected by changes in regulations and new technologies.

A structured questionnaire was disseminated to 210 firms through a purposive sampling method,
guaranteeing representation across various firm sizes and sub-sectors. The people who answered
the survey were mostly middle- and senior-level managers in charge of research and development,
innovation, or strategic planning. This is because they have firsthand experience with how
organisations plan for the future and come up with new ideas. From March to June 2024, online
surveys and follow-up phone interviews were used to collect data. This was done to make sure the
answers were as accurate as possible.

In addition to the survey, semi-structured interviews were held with executives from three
representative companies: a manufacturer of UAVs, a startup that uses drones for logistics, and a
company that analyses airspace data. Each interview lasted between 60 and 90 minutes and

134



«Research Reviews» (March 12-13, 2026). Prague, Czech republic I

covered people's thoughts on market uncertainty, how to use foresight, and how to make
decisions about new ideas. The use of both breadth (surveys) and depth (case studies) made sure
that the inferences were strong.

All constructs were operationalised utilising previously validated scales modified for the low-
altitude context. There was a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree) that
measured how strongly people agreed with each statement. Four items based on Knight (2022)
were used to measure Market Uncertainty. These items showed how unpredictable market
demand, regulatory changes, and competitive actions are (for example, "Customer preferences in
our sector change unpredictably").- Innovation Orientation used items from Zhang et al. (2025) to
measure proactive innovation behaviours and a willingness to take risks (for example, "Our
company actively looks for new ways to solve problems").

- We used items adapted from Higham et al. (2022) to measure Strategic Foresight. These items
looked at how well companies could scan, understand, and act on changes in the environment (for
example, "We systematically analyse emerging trends to adjust strategies").
Before the analysis, a pilot test with 20 managers showed that the instrument was clear and
reliable (Cronbach's a > 0.80 across constructs).

SmartPLS 4 was used to analyse the data. This was done in two steps: first, the measurement
model was checked, and then the structural model was checked. PLS-SEM was selected instead of
covariance-based SEM due to its ability to handle intricate models, smaller sample sizes, and non-
normal data distributions, which are common in emerging-sector research (Hair et al., 2022).
The measurement model was validated through indicator reliability, internal consistency
(Composite Reliability > 0.86), convergent validity (Average Variance Extracted > 0.6), and
discriminant validity using the Fornell-Larcker criterion.

The structural model examined proposed pathways utilising 5,000 bootstrap resamples to
guarantee reliable significance estimates. The moderation effect of strategic foresight on the
relationship between market uncertainty and innovation orientation was analysed using the
interaction term (Market Uncertainty x Strategic Foresight). The model demonstrated significant
explanatory power, achieving a R? value of 0.62 for innovation orientation, which signifies robust
predictive validity.

We used NVivo 14 to analyse the qualitative data in addition to the quantitative data. This was
done through an inductive-deductive coding process. The framework by Braun and Clarke (2019)
for thematic analysis included getting to know the data, coding it, coming up with themes, and
making sense of them. Three principal thematic clusters were identified: (1) managerial
perception of uncertainty, (2) foresight mechanisms (trend scanning, scenario planning), and (3)
adaptive innovation practices.

To make sure that the coding was reliable, 20% of the transcripts were double-coded, which gave
a Cohen's kappa of 0.82, which means there was a lot of agreement. The qualitative data
confirmed the quantitative results by showing that firms that focus on the future use scenario
planning and regulatory monitoring to turn uncertainty into strategic learning.

All items used 5-point Likert scales adapted from prior research.
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Table 1 - Sample items used in the research

Construct Definition Sample Item Source
Market Perceived instability of “Customer preferences in Knight (2022)
Uncertainty market and regulatory our sector change
environment unpredictably.”
Innovation Firm’s proactive attitude “Our company actively Zhang et al.
Orientation toward innovation and risk- explores unconventional (2025)
taking solutions.”
Strategic Organizational capability to “We systematically analyze Higham et al.
Foresight anticipate and prepare for emerging trends to adjust (2022)
future changes strategies.”

PLS-SEM with SmartPLS 4 tested the relationships that were thought to be true, and 5,000
bootstrap resampling backed them up. A moderation analysis looked at how strategic foresight
changed the link between market uncertainty and a focus on innovation. To gain deeper insights,
gualitative case data were examined using NVivo, employing a thematic coding methodology
centred on uncertainty perception, foresight activities, and innovation responses.

Results and Discussion

The structural model was very reliable (Composite Reliability > 0.86; AVE > 0.6). Market
uncertainty had a negative impact on innovation orientation (B = -0.41, p < 0.01). Strategic
foresight positively predicted innovation orientation (B = 0.57, p < 0.001) and significantly
moderated the main effect (B_interaction = 0.28, p < 0.05).

Table 2 - The structural model results
Pathway B p-value Interpretation
Market Uncertainty - Innovation -0.41 <0.01 Negative relationship
Orientation
Strategic Foresight = Innovation Orientation 0.57 <0.001 Positive relationship
Interaction (Moderation) 0.28 <0.05 Supported
R? (Innovation Orientation) 0.62 , Strong explanatory power

The figure demonstrates that foresight shifts the direction of the uncertainty—innovation
relationship from negative to positive, emphasizing its adaptive role.

The results of this study provide significant insights into how companies in China's low-altitude
economy address environmental uncertainty through innovation and foresight. The findings
validate that market uncertainty has a substantial adverse impact on innovation orientation,
aligning with traditional risk—uncertainty theories (Knight, 2022). When companies see that
demand, rules, and technology are unstable, they tend to put off or limit investments in new ideas
and technologies, preferring small changes to big ones. This behaviour is consistent with Teece’s
(2018) assertion that uncertainty frequently inhibits dynamic resource allocation, resulting in risk
aversion and a short-term orientation.
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Figure 1. Conceptual Model
The interaction plot revealed that under low foresight, uncertainty substantially decreases
innovation orientation, while under high foresight, the slope reverses, uncertainty actually
enhances innovation (Figure 2).
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Figure 2. Moderating Effect of Strategic Foresight

The findings indicate that strategic foresight serves as a vital moderating factor, altering the
dynamic between uncertainty and innovation from detrimental to beneficial. This shows that
foresight helps businesses see uncertainty as a chance instead of a threat. Foresight-oriented firms
are better prepared for regulatory changes, changes in customer preferences, and technological
convergence in the low-altitude sector because they systematically scan weak signals, build
alternative futures, and use scenario insights to shape their strategies.

These findings empirically substantiate the theoretical assertion that foresight constitutes a
sensing capability within the Dynamic Capabilities Framework. It enables companies to identify
changes sooner and to better rearrange resources in response (Higham et al., 2022). The
moderation analysis showed that when organisations have a high level of foresight, uncertainty in
the market is positively linked to innovation orientation. This means that when organisations have
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enough interpretive and anticipatory skills, uncertainty can encourage creativity and
experimentation.

From a managerial standpoint, the results indicate that uncertainty should not be regarded as
inherently harmful. Instead, companies can develop foresight as a strategic buffer that turns
uncertainty into the chance to come up with new ideas. This means making foresight processes
like trend monitoring, scenario workshops, cross-departmental futures discussions, and working
with regulators a regular part of the organization. The qualitative evidence shows that companies
that can see the future actively turn the results of environmental scanning into innovation
roadmaps that line up R&D priorities with likely future events.

Combining qualitative and quantitative data also makes the case stronger that foresight helps with
"future-oriented learning" (Sahut et al., 2022). Managers who were interviewed said that foresight
activities help organisations be more resilient by promoting flexible planning, being okay with
uncertainty, and making decisions that can change. On the other hand, companies that don't have
foresight tend to reactively interpret uncertainty, focusing on short-term cost control instead of
long-term strategic exploration. So, foresight not only changes the statistical link between
uncertainty and innovation, but it also changes how organisations think and learn.

The results build on previous research by putting foresight in the context of the new low-altitude
economy, which is a field that is both technologically dynamic and institutionally unclear. In the
low-altitude economy, uncertainty comes from rules and infrastructure, not from competition or
market saturation like it does in more mature industries. This necessitates foresight competencies
focused on policy anticipation and inter-industry convergence, rather than solely on technological
forecasting. The study contributes to the expanding literature that connects foresight and
innovation in the context of environmental turbulence, emphasising that foresight is not just an
information tool, but a strategic sensemaking process integrated into managerial cognition.

From a theoretical perspective, these findings enhance Strategic Foresight Theory by establishing
foresight as a microfoundation of dynamic capabilities instead of a standalone analytical method.
Companies that have well-developed foresight systems are better at spotting opportunities,
making plans, and renewing their strategies. This backs up the idea that foresight helps change
the mental models that guide innovation behaviour, which is very important in ecosystems that
change quickly, like the low-altitude economy.

Finally, the study points out a new paradox: even though uncertainty usually stops innovation, it
can actually encourage it if the right cognitive and strategic conditions are in place. Strategic
foresight is the tool that changes this balance, making instability a source of creativity. In China's
low-altitude economy, where institutional frameworks and market boundaries are still changing,
foresight-driven innovation may be what sets adaptive companies apart from those that don't
keep up.

Conclusion

This study enhances comprehension of strategic conduct amid uncertainty in nascent industries.
It shows that uncertainty in the low-altitude economy has two sides: it usually stops new ideas
from happening, but companies with strong strategic foresight can see uncertainty as a chance.
The study builds on Strategic Foresight Theory by showing how it can be used as a dynamic
capability to improve firms' ability to adapt and innovate. It is essential for managers to establish
foresight systems, utilizing trend monitoring, scenario planning, and regulatory engagement, to
maintain innovation in unstable markets.

Future research may investigate longitudinal dynamics to determine if foresight maturity serves
as a predictor of sustained innovation performance. Cross-country comparisons may elucidate the
influence of institutional contexts on firms' capacity to foresee change.

In the end, as the low-altitude economy keeps growing, innovation based on foresight will set
apart the leaders from the followers in this uncertain but promising new area.
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Introduction

The energy sector is undergoing significant changes related to the introduction of digital
technologies. The development of information systems, artificial intelligence, the Internet of
Things, big data, and automated management of energy systems makes it possible to increase the
efficiency of energy production, transmission, and distribution, reduce operating costs, and
minimize environmental impacts.

In the context of global digitalization and the transition to smart grids, the study of the
current state of digital technologies in the energy sector and their applications is of particular
importance for both the scientific community and industry experts. The relevance of the research
is determined by the need to modernize energy infrastructure, increase the reliability of energy
supply, optimize costs and integrate renewable energy sources, which is an important factor in
the competitiveness of companies in today's market.

The purpose of the study is to analyze the current state of digital technologies in the energy
sector and identify promising areas of their application to improve the efficiency and sustainability
of energy systems.

To achieve this goal, the following tasks were defined:

1. To analyze the current state of digital technologies in the energy sector, to identify their
main opportunities and limitations.

2. ldentify areas of practical application of digital technologies to optimize the operation
of energy infrastructure.

The scientific novelty of the research lies in the systematization of modern digital
technologies used in the energy sector, as well as in identifying new promising areas of their use,
including the use of artificial intelligence to predict energy demand, integrate renewable sources
and increase the sustainability of energy grids.. The theoretical significance of the research lies in
expanding the scientific understanding of the role of digital technologies in the development of
the energy industry and forming a conceptual framework for further research in the field of digital
transformation of the sector. The practical significance of the research is determined by the
possibility of using its results to develop digitalization strategies for energy companies and
introduce innovative solutions aimed at improving the efficiency and reliability of energy systems.

The research question of the study is to determine how key digital technologies are needed
to modernize the energy sector, and to assess in which areas their application can bring the
greatest effect.
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Literature review

In modern research, more and more attention is being paid to how digital technologies
affect the development of the energy industry. They are becoming a key factor that helps us move
towards more efficient, smarter, and more environmentally friendly energy systems.

A recent review Ferdaus M. M. and his colleagues examines the role of advanced
technologies such as artificial intelligence, blockchain, quantum computing, digital twins, cloud
and robotics solutions. These technologies help ensure a safe and sustainable transition to zero-
carbon energy. They contribute to improving management efficiency, integrating renewable
energy sources, and creating flexible energy markets.

The authors of the review note that digital technologies should be considered as an
interconnected set of tools. They help accelerate the transformation of energy infrastructure and
contribute to the achievement of global sustainable development goals.

The review, Li J. and his colleagues which focuses on the use of artificial intelligence, Big
Data, the Internet of Things and blockchain technologies in smart energy management strategies,
also examines an integrative approach to digitalization[2].

The review highlights that Al is used to predict energy consumption and optimize resource
allocation. Big data improves model learning, and loT and blockchain create platforms for data
collection, analysis, and secure transmission.

This approach, based on the interaction of various digital technologies, helps to understand
how they work together in the framework of energy system management.

Scientific papers actively discuss issues related to the interpretability and control of
artificial intelligence in intelligent energy systems.

In particular, the review, prepared by Rob Alsaig, Rashid Mehmood and lyad Katib,
examines more than 150 publications on the application of artificial intelligence in the energy
sector[3]. The authors conclude that, despite the growing interest in this topic, the problems of
interpretability and controllability of artificial intelligence remain insufficiently studied. This
prevents the wider use of artificial intelligence in the work of energy companies and regulators.

Research on individual regions for example, an analysis of the digitalization of the energy
sector in Kazakhstan shows how modern digital business models and smart grids make energy
systems more flexible and create conditions for the emergence of new types of services, such as
integrated platforms and charging stations for electric vehicles[4]. The level of development of
these technologies still varies.

As a result of the analysis of these works, several important conclusions can be drawn.:

Digital technologies significantly expand the management capabilities of energy systems,
making them more efficient and sustainable.;

Promote the integration of renewable energy sources and support the creation of smart
grids;

Their implementation faces certain difficulties, including problems of cybersecurity,
explainability of artificial intelligence, regulatory regulation and training of qualified specialists.

This literature review enriches your research, as it not only demonstrates the current state
of development and application of digital technologies in the energy sector, but also defines
directions for future research and practical developments. In addition, it substantiates the
relevance of the topic and creates a theoretical basis for further analysis.

Research methodology

During the study of the current state of digital technologies in the energy sector, a
gualitative method of system analysis was applied. This method allows us to identify key trends,
patterns and directions of using innovative technologies such as artificial intelligence, the Internet
of Things, blockchain and digital twins.
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The analysis of scientific publications, industry reports and practical cases of energy
companies became the basis for our research. We have studied the publications of the last five
years in international journals on energy and digital technologies, as well as reports from
consulting companies such as PwC, Deloitte and McKinsey.

Results and discussion

Using a systematic approach allows us to identify key trends and patterns in the
development of digital technologies in the energy industry.

The study of scientific papers, industry reports and practical examples has shown that
artificial intelligence is actively used for forecasting in the field of electric power industry and
network optimization. The Internet of Things (loT) provides monitoring of equipment status and
remote control of the energy system. Traditional technologies are used for secure accounting and
transmission of energy consumption data. And digital twins allow to simulate the operation of
objects in the environment for predictive maintenance and downtime prevention(table 1).

Table 1 — Practical examples of the introduction of digital technologies in the energy sector
Company / Type of Case Description and Results
Project Technology

Duke Energy loT, Al, Implemented a self-healing grid architecture and remote

Smart Grids  monitoring systems using Al and sensors. This setup
automatically detects failures and redistributes electricity,
reducing outage time and increasing grid resilience,
especially during seasonal storms. Over 300,000 outages
were prevented during the hurricane season in Florida,
and power restoration was significantly faster due to

automation.
Southern Digital Twins | Startup Neara creates physics-based digital twins for large
California Edison utilities like Southern California Edison and CenterPoint
& CenterPoint Energy. These models help operators analyze
Energy infrastructure, plan expansions, and predict network
behavior under events such as storms or overloads.
Verdigris Al, loT U.S. startup uses Al and IloT sensors to monitor energy
Technologies consumption in commercial and industrial buildings. The

platform analyzes real-time data, identifies hidden energy
losses, and recommends optimizations, reducing costs and
energy use. Certified for use in ~38 countries.

Enel (research Digital Twin | Italian energy giant implemented digital twins for grid

case) management, enabling load analysis, weather condition

monitoring, and automated energy redistribution.

Estimated - 20% reduction in energy losses achieved

through optimization.

GE Digital & NYPA IloT, Digital ~ GE Digital provided digital solutions for generation and

(New York Power  Systems network management at NYPA, including asset monitoring

Authority) and data analytics for efficiency and distribution control.
Demonstrates how industrial lloT and digital platforms
help large operators manage complex energy
infrastructure.

The source was compiled based on the data [5-9]
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Analysis of Table 1 reveals that the integration of digital technologies into the energy sector
significantly improves the efficiency, reliability, and sustainability of energy systems. Case studies
demonstrate that Al and loT allow for real-time monitoring and proactive maintenance,
exemplified by Duke Energy's self-healing grid, which reduced outage durations and prevented
more than 300,000 disruptions during storm events. Digital twins implemented by companies such
as Neara for Southern California Edison and CenterPoint Energy enable operators to simulate
network behavior, plan for expansion, and anticipate potential issues, enhancing decision-making
and operational safety. Additionally, Verdigris Technologies illustrates how Al and 10T can optimize
energy use in buildings, lower costs, and detect hidden inefficiencies.. Enel's experience with
digital twin technology confirms that virtual modeling of physical systems leads to measurable
reductions in energy loss (~20%). GE Digital's solutions for New York Power Authority (NYPA)
illustrate how Industrial Internet of Things (lloT) platforms can help manage complex energy
infrastructures more effectively.

Overall, these examples demonstrate that the combination of multiple digital technologies,
such as artificial intelligence (Al), the Internet of Things (loT), and digital twins, creates smart,
adaptive, and resilient energy systems. This confirms the practical applicability of the innovations
discussed in this study and provides clear guidance for future implementation in the energy sector.

Conclusion

As a result of the research, it was found that modern digital technologies play a key role in
the transformation of the energy sector. The use of artificial intelligence, the Internet of Things,
digital twins, blockchain and integrated intelligent networks makes it possible to increase the
efficiency of energy system management, improve the reliability of electricity supply, reduce
energy losses and optimize resource allocation.

The practical experience of companies such as Duke Energy, Enel, Verdigris Technologies
and GE Digital confirms the successful application of these technologies in real conditions. They
allow not only to predict and prevent failures, but also to create adaptive, sustainable and cost-
effective energy systems.

The main point of the study is that the digitalization of the energy industry is not just the
introduction of individual technological innovations, but an integrated approach that includes the
use of innovative tools, data integration, training of specialists and adaptation of business models.
This highlights the importance of this topic, demonstrating that digital technologies are a strategic
resource for increasing competitiveness and ensuring sustainable development of the energy
sector.

The prospects for future research in this area are related to the further implementation of
artificial intelligence (Al) and the Internet of Things (IoT) in energy systems, the development of
digital counterparts for managing complex infrastructure, increasing Al transparency and security,
as well as evaluating the economic and environmental effectiveness of digital solutions. These
areas will expand the scientific understanding and practical application of technologies, which, in
turn, will help energy companies adapt faster to new market requirements and ensure stable and
sustainable energy supply.

Thus, the study confirms that the introduction of digital technologies has a significant
impact on the development of the energy industry, creates the basis for further innovations and
opens up new opportunities for practical application. This makes this topic relevant and promising
for both scientific research and industry.
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Introduction

In the context of growing environmental unpredictability, technological upheaval, and
fierce competition, companies are forced to seek unconventional sources of innovation. One such
source is the practice of bootlegging innovation, which involves employees engaging in self-
initiated, unofficial, and often covert innovative activities without the explicit approval of
management, yet with the goal of benefiting the organization. While bootlegging has been shown
to foster radical innovation and enhance organizational agility, it remains a paradoxical
phenomenon, as it simultaneously violates formal rules while contributing to long-term
organizational success. Consequently, comprehending the factors that stimulate or inhibit
bootlegging behavior has become a crucial topic in contemporary management and leadership
research.

Among the various organizational factors that impact employee innovation, leadership
style stands out as a crucial factor. Leaders create the psychological atmosphere, set boundaries
for acceptable risks, grant autonomy, and influence employee motivation and perception of
organizational support. Different leadership styles, such as transformational, transactional,
authoritarian, or empowering, can have varying effects on employees' readiness to engage in
unofficial innovative activities. However, existing research primarily focuses on formal innovation,
creativity, or innovative work behavior, leaving the relationship between leadership style and
bootlegging innovation behavior underexplored.

The purpose of this study is to investigate the impact of leadership style on employees'
bootlegging innovation behavior within organizations.

To accomplish this goal, the study addresses the following objectives:

To investigate the theoretical underpinnings of leadership styles and their impact on
bootlegging innovation behavior, as discussed in the existing literature.

To categorize and evaluate leadership styles that may either promote or discourage
bootlegging behavior.

To empirically explore the correlation between leadership style and employees' propensity
to engage in bootlegging innovation.

The significance of this research lies in the increasing demand for organizations to strike a
balance between control and adaptability in innovation management. In an era where employee-
driven innovation is becoming increasingly crucial, comprehending how leadership can guide
informal innovation efforts without compromising organizational governance is of paramount
importance.
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The novelty of this research lies in its explicit emphasis on bootlegging innovation behavior
as a distinct form of innovative activity, and in exploring how different leadership styles impact
employees' engagement in this behavior. Unlike previous studies that view innovation as a formal
and regulated process, this research highlights the informal and covert aspect of innovation
through a leadership lens.

The theoretical significance of this research is to broaden leadership and innovation
theories by incorporating bootlegging behavior into the leadership-innovation framework,
thereby deepening our understanding of how leadership styles influence non-conventional forms
of innovative behavior.

The practical value of this research is to equip managers and organizational leaders with
evidence-based knowledge about how to develop leadership strategies that encourage
constructive bootlegging while minimizing its potential risks, ultimately improving organizational
innovation performance.

To address this question, the study focuses on the following:

How does the leadership style influence employees’ bootlegging innovation behavior in
the workplace?

Literature review

Bootlegging innovation refers to employees’ unofficial and often hidden innovative
activities undertaken without formal authorization but aimed at organizational benefit. Studies
have begun to uncover both the mechanisms through which leadership influences bootlegging, as
well as the positive outcomes associated with such behavior.

A recent study focusing on leadership and innovation found that a paradoxical leadership
style, which combines flexibility and control, significantly enhances employees' innovation. Huang
et al. demonstrated that this style of leadership has a positive impact on innovation and identified
psychological capital and work thriving as mediating factors. Their findings suggest that leaders
who balance contradictory demands can not only encourage innovation but also boost employees'
internal positive states, leading to increased innovation[1].

Another significant contribution comes from Duan Chenglong, Zhang Yajun, Zhang Junwei,
who conducted a thorough meta-analysis of empirical research on the relationship between
different leadership styles and unauthorized innovation behavior. Their findings indicate that
transformational, interpersonal, task-oriented, and ethical leadership styles are positively
correlated with unauthorized innovation, while destructive leadership is negatively correlated.
Transformational leadership emerged as the most influential style in fostering bootlegging. This
meta-analysis underscores the importance of leaders who inspire, support, and ethically guide
their employees in unlocking the hidden potential for innovation within organizations[2].

In the realm of particular leadership characteristics, Qu and their team conducted a study
exploring the role of leader humility in predicting innovation bootlegging. Their findings suggest
that humble leaders cultivate employees' relational energy — a psychological resource — which,
in turn, encourages bootlegging[3]. The study discovered that the organizational structure plays
a moderating role in this relationship, with organic (adaptable) structures enhancing the positive
impact of leader humility on innovative behavior. These results highlight the importance of both
leaders' actions and organizational design in shaping the emergence of bootlegging.

Another area of recent research has examined ethical leadership and its impact on the
promotion of unconventional innovation. A study published in the journal Frontiers in Psychology
revealed that ethical leadership has a positive influence on employees' decisions to engage in
unconventional activities, such as bootlegging, through increased psychological well-being and
enhanced psychological sense of entitlement[4].

This study adds depth to the understanding of the relationship between ethical leadership
and employee engagement in unconventional innovation by identifying psychological mechanisms
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that mediate this relationship. Specifically, it identifies psychological factors that explain why
employees are more likely to pursue meaningful and unconventional ideas when they perceive
their leaders as ethical.

In these investigations, a number of consistent advantages of bootlegging innovation have
been identified:

It enables employees to develop novel ideas independently of official restrictions, resulting
in incremental and occasionally groundbreaking innovations.

Leadership approaches that emphasize encouragement, transparency, and ethical
behavior inspire employee motivation and independent innovation.

Leader qualities, such as humility and paradoxical management, enhance psychological
resources and innovation energy, making unauthorized innovation more likely and successful.

Flexible work structures further strengthen the positive correlation between supportive
leadership and unauthorized innovation.

These results consistently indicate that bootlegging should not be seen as a purely deviant
or disruptive act, but rather as a potential source of innovation that can emerge when the right
leadership and organizational conditions are present. The research highlights the theoretical
importance of combining leadership theory with frameworks for innovation behavior, and the
practical implication that organizations can strategically employ supportive leadership styles to
tap into the hidden creativity of their employees.

Research methodology

The first research method is case analysis, aimed at studying real-world examples of
innovative bootlegging behavior in organizations. In the course of the research, specific companies
or divisions are selected where informal innovative initiatives of employees are observed.

This method allows us to consider in detail how different leadership styles influence the
manifestation of bootlegging innovations, what conditions and organizational practices contribute
to their emergence, as well as what results are achieved through informal innovative actions.

The use of the case study method provides a deep understanding of the practical
mechanisms of interaction between leadership and hidden innovations, which allows us to identify
patterns and formulate sound practical recommendations.

The second method is a quantitative empirical method based on a questionnaire aimed at
identifying the relationship between leadership styles and the level of innovative behavior of
employees of organizations.

This method involves the collection of primary data using standardized questionnaires
containing scales for assessing the leadership style of managers and indicators of informal
innovative behavior of employees.

During the research, a convenient selection was used, which limited access to
organizational data and assumed the voluntary participation of employees. A total of 75
respondents representing three types of organizations were surveyed: an IT company (25 people),
a manufacturing company (25 people) and a service company (25 people). This approach allows
for a comparative analysis of different organizational contexts, while maintaining a constant
number of participants in each group.

The average age of the respondents was 31.4 years, which indicates their youth and
professional activity. The gender ratio was approximately equal: men — 54%, women — 46%. The
average work experience was 5.8 years, which indicates that the participants have sufficient
professional experience to assess leadership style and innovative behavior, including informal
initiatives.

The data obtained are processed using statistical analysis methods, which makes it possible
to empirically assess the impact of various leadership styles on employees' propensity for
innovative behavior and ensure the reliability and validity of the study's conclusions.
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Results and discussion

The study analyzed three organizations from different industries: an IT company, a
manufacturing company, and a service organization. In each of them, bootlegging innovation
behavior was revealed, and the study allowed us to determine the influence of various leadership
styles on informal innovation initiatives of employees.

In an IT company where managers applied transformational and supportive leadership,
employees actively initiated hidden projects aimed at optimizing internal processes and
developing new products. These initiatives, although not formally approved, eventually led to the
launch of several successful products. The analysis showed that the openness of leaders to new
ideas and a high level of trust in employees directly stimulated the manifestation of bootlegging
innovations.

In an enterprise where the management style was more directive, employees were less
active in informal innovation. Initiative was shown only in cases where the risk of punishment was
minimal and the results could be quickly recognized by management. Nevertheless, even in such
an environment, isolated cases of unauthorized activity (bootlegging) allowed for improved
production processes, but their number and scale were limited.

In a service organization where a non-standard leadership style (a combination of control
and independence) was used, the greatest effect was observed. The staff felt free to experiment,
but at the same time understood the scope of responsibility. This allowed us to develop several
innovative solutions that were integrated into the official projects of the company.

The study showed that the combination of trust, psychological security and structured
feedback contributes to the emergence and successful implementation of bootlegging innovation
behavior.

As a result of the case analysis, the following patterns were identified:

1. Leadership style has a direct impact on employees' willingness to introduce informal
innovations.

2. Organizational conditions, such as flexibility of structure, support for initiatives and
transparency of communications, contribute to the manifestation of bootlegging innovations.

3. The results of such innovations have a real impact on the effectiveness of the
organization if managers recognize them and integrate them into formal processes.

Thus, the results of the study confirm the hypothesis that supportive, transformational,
and paradoxical leadership promotes active and productive innovative behavior, while
authoritarian and overly strict leadership styles reduce initiative. These findings have both
theoretical significance, revealing the mechanism of leadership's influence on hidden innovations,
and practical value, providing organizations with tools to effectively stimulate informal innovation
among employees.

The results of this study are of direct practical importance for the further work of such
organizations. Companies can use the knowledge gained to develop effective leadership strategies
that will encourage employees to take informal innovation initiatives.

The introduction of supportive, transformational, and paradoxical leadership styles will
create an atmosphere of trust, psychological security, and autonomy in which employees will be
motivated to come up with new ideas. This, in turn, will lead to an increase in the volume and
guality of innovations, as well as to increased flexibility and adaptability of the company. In
addition, it will accelerate the introduction of new products and services to the market.

Organizations will be able to minimize the risks and losses associated with initiatives that
have not been officially approved by implementing effective feedback mechanisms and
recognizing valuable employee ideas. This helps to increase staff engagement and retain talented
employees.
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In the long run, this creates a culture in which employee initiative is seen as a strategic
resource rather than a violation of established rules. Thus, the implementation of the
recommendations proposed in the study will allow companies to systematically increase their
competitiveness and resilience to environmental changes through more effective use of the
creative potential of their employees.

As a result of the analysis of quantitative data obtained through employee questionnaires,
it was confirmed that different leadership styles have a statistically significant impact on the
manifestation of latent innovative behavior (bootlegging innovation behavior) among employees.

One of the key empirical evidence for this influence is a study by Zhang, Choi and co-
authors, in which data from a survey of 382 employees of private companies in China showed that
ethical leadership positively correlates with the level of hidden innovative behavior. In particular,
the results demonstrate that employees who rate their supervisor as fair and morally oriented are
more likely to show hidden innovative initiatives[5]. Psychological well-being and a sense of
psychological “entitlement” act as mediators of this connection. This indicates that leadership
influences the informal innovative behavior of employees by increasing their inner well-being and
confidence, which, in turn, makes them more inclined to independent experimentation and
innovation without official approval from management.

A study by Huang et al. showed that paradoxical leadership, which is a management style
combining elements of control and support, is directly positively associated with innovative
employee behavior. An analysis of 342 questionnaires revealed a significant impact of paradoxical
leadership on hidden innovations. It was also found that psychological factors such as
psychological capital and a sense of development at work act as mediators, enhancing the
influence of leadership style on hidden innovations. This shows that when leaders find a balance
between autonomy and structure, employees feel more confident and motivated to implement
innovative ideas, even if they are not officially approved.

During the research, a survey was conducted among 75 employees of three companies
working in different fields: an IT company, a manufacturing company and a service organization.
A total of 25 employees from each company took part in the survey.

The purpose of the study is to determine whether there is a link between the leadership
style of managers and how employees display hidden innovative behavior.

Adapted standardized scales developed by Huang et al. and Zhang et al. were used to
assess leadership style. These scales allow us to evaluate transformational, paradoxical,
supportive, and authoritarian leadership.

The latent innovative behavior of employees was assessed using a scale that shows how
often and actively they implement informal innovations within their department.

An analysis of the data obtained led to the conclusion that the leadership style not only
influences the manifestation of bootlegging innovation behavior, but also determines the
effectiveness of these initiatives, as well as their impact on the overall productivity of the
organization.

In IT companies, employees led by leaders who applied transformational and supportive
leadership styles were most active in implementing informal innovations. Moreover, these
initiatives have directly contributed to improving internal processes and accelerating the
introduction of new features into the company's products, which confirms the value of hidden
innovations as a tool to increase competitiveness.

In a manufacturing enterprise dominated by an authoritarian management style,
employees tended to limit themselves to small initiatives aimed at improving individual processes.
At the same time, despite the low activity, some successful bootlegging examples were identified,
which made it possible to optimize production lines and reduce the time required to perform
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technical operations. This shows that even in conditions of strict control, hidden innovations can
be useful if the organization provides employees with at least minimal opportunities for initiative.

In a company that uses a paradoxical leadership style, a balanced environment was created
in which employees felt supported by management and at the same time understood their
responsibilities. This has contributed to the introduction of informal innovations in customer
service and improved service quality.

The results showed that the effectiveness of such initiatives is directly related to the
organizational structure and the availability of feedback. Employees are more active and effective
in implementing their ideas if the company is ready to recognize them and integrate them into
official processes.

The analysis of psychological factors has shown that psychological capital and a sense of
professional development of employees play a key role in the manifestation of innovative behavior
associated with the creation and use of illegal innovations (bootlegging innovation behavior).

Respondents with a high level of confidence, perseverance and a sense of development at
work showed an average of 30-35% more initiative than colleagues with low indicators.

These results confirm that leadership style and psychological support of employees are
interrelated and together determine the level of informal innovation.

Correlation analysis revealed significant relationships:

e Transformational and supportive leadership styles are positively associated with
bootlegging innovation behavior (r = 0.60, p < 0.01);

e Paradoxical leadership style also shows a positive correlation (r = 0.55, p < 0.01);

e Authoritarian leadership style has a weak negative impact (r =-0.20, p < 0.05).

Taken together, the presented results demonstrate that creating a supportive and trusting
atmosphere with balanced control contributes to the development of informal innovation,
increased employee engagement, and improved organizational effectiveness.

It was found that the industry and structural features of the company can enhance or limit
the manifestation of bootlegging. Flexible and innovation-oriented companies show the greatest
effect from hidden initiatives, while companies with strict regulations have limited potential for
such initiatives.

Thus, the results of the study confirm that leadership, psychological support and
organizational structure together form an environment favorable for bootlegging innovation
behavior. This is of direct importance for increasing the innovation activity and competitiveness
of organizations.

The results of the study demonstrate that leadership style has a significant impact on the
formation of employee behavior aimed at creating and implementing innovations, which is
consistent with the conclusions of previous studies (Huang et al., Zhang et al., Duan et al.).

Analysis of data received from various companies has shown that transformational and
supportive leadership styles create an atmosphere of trust and psychological security, which
motivates employees to implement informal innovative ideas.

Interestingly, the paradoxical leadership style, which combines elements of control and
freedom, also demonstrates a positive impact. This confirms that the balance between structure
and freedom is a key condition for the emergence of hidden innovations.

A study of industry specifics has demonstrated that organizational structure and corporate
culture have a significant impact on the manifestation of bootlegging. In IT companies with an
adaptive organizational structure, employees were most active, while in manufacturing
enterprises with strict rules, activity was limited.

These results indicate that even with supportive leadership, the effectiveness of hidden
innovations depends on the organizational environment, the flexibility of processes, and the ability
to integrate ideas into formal procedures.
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The identified psychological aspects, such as psychological capital and a sense of
professional growth, act as important intermediaries between leadership and innovative behavior
in bootlegging. This is consistent with theoretical models according to which supportive leadership
increases the internal resources of employees, increases their motivation and self-confidence,
which stimulates initiative and experimentation even outside the formal framework.

The results of the study allow us to formulate a number of important conclusions.

First of all, effective management can contribute to the implementation of hidden
innovative ideas of employees for the benefit of the company, increasing the effectiveness of
work, the introduction of new approaches and overall competitiveness.

Secondly, companies seeking to stimulate innovation should combine employee support
with control and structure, creating an atmosphere in which employees feel psychologically
comfortable, but at the same time aware of the boundaries of their responsibility.

Thirdly, the psychological resources of employees play a key role, which underlines the
need for development, training and support programs for internal motivation.

During the discussion, it was found that bootlegging, that is, the introduction of
innovations without the permission of the copyright holder, is a valuable asset for companies. This
resource can be effectively developed using appropriate leadership methods, organizational
culture, and staff support.

These findings deepen the theoretical understanding of the link between leadership and
informal innovation, as well as offer practical advice for managers seeking to stimulate employee
innovation and use the company's hidden resources for strategic growth.

Proposed Theoretical Model

The results of an empirical study demonstrate that the relationship between leadership
style and innovative employee behavior is not direct and does not depend on specific
psychological mechanisms.

The study revealed that the psychological capital and the sense of professional growth of
employees play an important role as intermediaries between the influence of the head and
informal innovation initiatives.

It has also been found that the organizational context, such as structural flexibility,
feedback culture, and level of formalization, can both contribute to and weaken this effect.

Based on these results, a theoretical model was created that reflects the identified
relationships(figure 1).

Leadership styles

Psychological capital

Thriving at work

Innovative behavior

Organizational context
(moderator)

Figure 1 — The theoretical model
Source: compiled by the author
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After creating a theoretical model that describes how leadership styles, psychological
mechanisms, and innovative behavior of bootleggers are interconnected, we decided to test this
model in practice.

To do this, we used a convenient selection. This was due to the fact that we had limited
access to corporate data, as well as the fact that participation was voluntary. A total of 75
employees from three companies participated in the study: an IT company (n = 25), a
manufacturing company (n = 25), and a service company (n = 25). This approach allowed us to
limit the number of participants in each group and conduct a comparative analysis of working
conditions in organizations.

The average age of the study participants was 31.4 years. 54% of them were men and 46%
were women. The average work experience is 5.8 years. This suggests that the participants had
enough experience to appreciate the leadership style and show innovative behavior.

Was used standardized scales for measurement.

Leadership that Transforms — MLQ (Multifactorial Leadership Questionnaire).

The leadership that is surprising is the Paradoxical Leadership Scale (PLS).

Authoritarian leadership is an appropriate subscale of pls.

Innovative behavior that resembles bootlegging — the Criscuolo et al scale.

Psychological Capital — PCQ (Psychological Capital Questionnaire).

Success at work — the Spreitzer et al scale.

All measurements were carried out on a 5-point Likert scale (1 — “absolutely disagree”, 5
— “totally agree”).

The Cronbach's alpha coefficient was used to verify the reliability of the measurements.:
Transformational leadership a = 0.88.
Paradoxical leadership a = 0.85.
Authoritarian leadership a = 0.79.
Psychological capital a = 0.90.

Successful operation a =0.87.

Bootlegging innovative behavior a = 0.91.

All values exceed the threshold of 0.70, which indicates the high reliability of the scales.

To verify the correctness of the data to be used in the analysis, the KMO was calculated,
and its value was 0.84. The Bartlett test was also performed, which showed significance (p <
0.001). This confirms that the methodology of data construction for analysis is sufficient.

Confirmatory factor analysis showed that the models fit the data well. The CFl and RMSEA
values were 0.93 and 0.06, respectively.

The following results were obtained in the course of the study:

The average index of innovative bootlegging-related behavior was M = 3.67 (SD = 0.81),
indicating a moderately high level of hidden innovation.

The average indicator of transformational leadership was M=3.89 (SD=0.74), paradoxical
— M=3.76 (SD=0.71), authoritarian — M=2.95 (SD=0.83).

Correlation analysis showed that transformational leadership is associated with
psychological capital (r = 0.59, p < 0.01) and bootlegging innovative behavior (r = 0.60, p < 0.01).

Psychological capital is positively associated with bootlegging innovative behavior (r =0.63,
p <0.01).

The results of multiple regression analysis showed that transformational leadership
predicts bootlegging innovation behavior (B = 0.48, p < 0.001).

Paradoxical leadership also has a positive effect on innovative behavior (8 =0.41, p <0.01).

Authoritarian leadership has a negative impact (f = -0.19, p < 0.05).

The energy model demonstrates a 42% variance of the dependent variable (R2 =0.42). The
f2 effect size is 0.31, which corresponds to a large effect.
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Indirect analysis confirmed that psychological capital partially mediates the link between
transformational leadership and bootlegging innovative behavior. Employees with higher financial
capital take more initiatives, even if they are not officially sanctioned.

These results prove that leadership style influences hidden innovations both directly and
through the psychological resources of employees.

Transformational and paradoxical leadership create an atmosphere of trust and freedom,
encouraging employees to take initiative. At the same time, authoritarian leadership can deter
innovative behavior, which manifests itself in caution and secrecy.

The organizational context also plays an important role. A flexible structure and strong
corporate culture enhance the influence of leadership on the innovative behavior of employees,
while strict regulations can limit the opportunities for the implementation of ideas.

The study of the complex interaction of leadership factors, psychological principles and the
organizational environment in the course of innovative leadership behavior fully confirms the
proposed theoretical model.

Conclusion

The study revealed that leadership style plays an important role in shaping employees'
propensity for innovative behavior based on the use of informal channels.

A survey of 75 employees from three companies representing IT, manufacturing, and
services showed that transformational, supportive, and paradoxical leadership styles create
conditions for trust, independence, and psychological security, which promotes the active
implementation of hidden innovative ideas.

At the same time, an authoritarian leadership style hinders the manifestation of
bootlegging, limiting freedom of action and reducing the level of innovation activity.

The study found that the psychological attitude and sense of professional growth of
employees play an important role as intermediaries between leadership and informal innovation.

Employees who are confident, persistent, and internally motivated are more likely to
initiate and implement ideas, even if they have not been officially approved.

In addition, the organizational structure and corporate culture of the company are also of
great importance. Agile and innovative organizations benefit the most from bootlegging, while
strict rules and regulations limit employees' ability to innovate covertly.

Thus, the study confirms that bootlegging innovation behavior is a valuable source of
innovation and the hidden potential of employees. This potential can be purposefully developed
through effective leadership, a supportive corporate culture, and the development of staff
psychological resources.

The practical value of the research lies in the fact that companies can apply the results
obtained to stimulate innovation, accelerate the development and implementation of new
products, as well as optimize processes. This contributes to the formation of a leadership strategy
that encourages initiative and experimentation among employees.

The theoretical value of the research lies in the fact that it deepens the understanding of
the relationship between leadership and informal innovation. The study revealed the
psychological mechanisms through which leadership style influences hidden innovative actions. In
addition, the study integrates the organizational context into the analysis of bootlegging-related
behavior.

In the future, this research can become the basis for the development of leadership
development programs and an innovative culture aimed at activating hidden innovations. It can
also serve as a guideline for further empirical research examining the impact of various types of
leadership and organizational factors on the innovative behavior of employees in various sectors
of the economy.
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Kym3enic neH BU3yanblK KYKTEME: KOpY
PYHKUMACBIHbIH TOMEHAEYI KaHe
0PTaNbMONOTMANIK MATONOTMANAPAbIH
namybl

KapamaHoBa Airyab AntaeBHa
MeanumHanblk ncmxonor marnuctp, A.H.Cbi3FaHOB aTbiHAAFbl YATTbIK XMPYPrua opTasiblfbl

AKbINnbeK bakbImKaH barnaHynbl
2-papexeni opTanbMONOr-XMPYpPr, AAMaTbl KeNcananbl KAMHUKANbIK OPTablfbl

Abstract

Background: Kasipri KoFamaa ncMxo3amMoUMOHaNApiK KyM3enic apTypAai 9/1eyMeTTiK KaHe Kacibu
TONTAp apacbiHAa KeH TapanfaH dakTopfa alHandbl. ¥3aKKa CO3blJfaH CTPECC NeH KapKblHAb
BM3YyaNndplK KYKTeMe Kepy annapatbiHa KeleHai acep eTyi MYyMKIH. [lereHmeH Kepy
OYHKUMACBIHBIH, TOMEHAEYiH KebiHe MexaHUKaiblk Hemece reHeTuKanblK dakTopnapmeH faHa
TYCiHAipy ©acbiM, an MCUXO3IMOUMOHANAbIK KOMMOHEHTTIH, MaTOreHeTUKaAbIK Pesi MKeTKiMiKT
OeHrenae KelleHai 3epTTe/IMereH.

Aim: KyM3enic neH BU3YandblK KYKTEMEHIH Kepy OYHKUMACLIHbIH, TOMEHAeyiHe »KaHe
obTaNIbMONOTUANBIK  NaToNOrMANapAbiH  (MMONKMA, acTUIMaTM3M, KaTapaKTa) KajbinTacyblHa
bIKManblH BUONCUXOCOUMANAbl MOAENb HETI3IHAE NaHAPaNbIK TYPFblaaH bafanay.

Hypothesis: 3epTTey rmnotesacbl H60MbIHWA, Kepy OYHKUMACbIHbIH TOMeHAeYi TeK BM3yanablK,
KYKTEMEHIH, TiKkenein acepiMeH faHa emec, MCUXO3IMOUMOHANAbIK —KyW3enic TyablpaTblH
HEMPO3HAOKPUHAIK e3repicTepmeH, BEereTaTUBTIK AMCPEryAAUMAMEH KoHE S1eyMeTTIK opTa
daKkTopnapbiMeH bHipnece acep eTeTiH KelleHAi Buoncmuxocoumanibl MexaHM3m apKblibl Aamybl
MYMKIiH. Buonormansik aeHrenge — KOPTM3O0/AbIH *KOFapblaaybl MEH MUKPOLMPKRYAALMAIBIK
e3repictep; MNCUXONOTUANLIK [AeHrenae — CO3bl/IMaAbl 3MOLIMOHANAbBIK KepHey; a1eyMeTTiK
NeHrenae — OKy, Kacibm Hemece TpaBMasblK *Kafaannap Kepy annapatbiHbiH, GYHKLMOHANAbIK,
TYPaKTbI/AbIFbIH /CIPETIN, OpraHMKanblK NaTONOMMANAPAbIH KaAbINTaCyblHa Kafaal Kacanabl.
Methods: 3epTtTey apanac agicHama HeridiHge kyprisingi. CaHablK Oenimae M»ofapbl OKy
OpbIHAApPbl CTYAEHTTEPI apacbiHAa KypblbIMAaHFaH CcayaiHama apKblabl KyM3enic aeHreni meH
Kepy OYHKUMACBIHbIH AMHaMUKackl OaranaHapl. Cananbik Oenimae apTypai aieymeTTik Ton
OKiNnaepiMeH, COHbIH, iLiHAE ayblp NCUXONOTUA/bIK TPaBMaZaH KeliH Kepy KabineTiHiH TomeHaeyiH
banKkaraH TynfanapmeH TepeHaeTinreH cyxbatrap eTkisingi. CoHbiMeH KaTap Taxipubenik
nepektep  enimisdiH - opTtanbmosior  Aspirepnepi MeH  KAWMHMKaAbIK,  NCUXO/OrTapbiHbIH,
capanTamasblK nNikipaepiMeH TOAbIKTbIPbIAALL. ANMaKTbIK odTanbmonorua 6GenimaepiHaeri
KANMHMKaNbIK DaKblaay HaTUKeNepi KOCbIMLIA TandaHabl.

Kipicne

Kasipri Kofamza MCMXO3MOLMOHANAbIK KyW3esic oapTypai 9/1eyMeTTiK KoHe Kacibu TonTap
apacbiHAa KeH TapafaH Kybbiabicka alHanabl. CTPeccTiH, CO3blManbl Hemece TpaBMasiblK
dopmanapbl agam OpPraHM3MiHAE TEK MCUXONOTUANBIK SCEep Kanablpman, Kepy annapaTbiHbiH
KbI3METiH Ae e3repTedi. MeanUMHANbIK CTYAEHTTEP, Kacibn canana y3aK BM3yandblk KyKTeme
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anatblH TyNfanap, COHAAM-aK ayblp TMCUXONOTUANBIK TpaBMa OTKepreH aJamaap Kepy
OYHKUMACBIHBIH, By3blayblHa KaHE OPTaNbMONOTMANbIK NATONOTMANAPAbIH AaMyblHA YKOFapbl
ToyeKesre yubipanapl.

Kasipri emip cantbl — y3aK 3KpaHfa Kapay, TYHri AaMblHAbIK, KOHCMEKT a3y XaHe 3MOLMOHaNabI
CTpecc — Kepy annapatbiHa KocbiMwa GyHKUMOHANAbIK KepHey Tycipeai. Kepy GyHKUMACBIHbIH,
Oy3blnybl  KebiHe MWMONMA, aCTUIMATM3M KOHE KaTapakTa CUAKTbl  0QTanbMONOrMANbIK
naTonorvanapmeH KepiHeai. [lereHmeH KenTereH 3epTTeyuwinep 6y3biibicTapabl KebiHece
reHeTUKanblK Hemece MexaHWKanblK GaKTopaapMeH TyCiHAipeai, an MNCUXO3IMOLMOHANAbIK,
KOMMOHEHTTIH, NaTOreHeTUKabIK PO XKeTKINIKTI AeHrenae KapacTblpbliMaFaH.

Kyi3enic neH Kepy yMeciHiH o3apa bHalnaHbiCblH HEMPOIHAOKPUHAIK, BEreTaTUBTIK KoHE
NCUXOCOMATUKA/bIK MexaHM3MAep apKbiabl TyciHAipyre 6onaabl. Co3bliMasibl CTPecC KesiHae
KOPTM30/1 AEHreniHiH KOofapbliaybl, MUKPOUMPKYAALMANDBIK ©3repicTep KaHe aKKOMOAAUMANbIK,
annapatTbiH, WamadaH TbiC KepHeyi Kepy ¢yHKUMACbIHA acep eTyi MyMkiH. CoHbIMeH KaTap,
aneymeTTiK baKkTop/iap — OKY, Kacibu Hemece TpaBMasibiK *Kafaannap — byn npouecc bapbicbiHAa
KOCaNKbl pen aTkapadbl, HaTwKeciHae OYHKUMOHaANAbIK —Oy3blAbICTapAblH,  OPraHMKanbIK,
naTonoruasa ety Kayni apTasbl.

FoinbiMn aaebuneTTe cTpecc NeH BM3yanaplK KYKTEMEHIH ©3apa blKNasblHA KaTbICTbl 3epTTeynep
b6ap 6onca pga, kebiHece keke daKkTopnapfFa faHa Halap aydapbliagbl. OPTYPAi aNeyMETTIK
ToNTapAafbl MCUXOIMOLMOHANABIK GaKTOPNAPAbIH POAI KETKINIKTI AeHrelae 3epTTenmereH. Ayblp
NCUXONOTUANBIK, TPaBMaZaH KeMiH Kepy QYHKUMACBIHBIH KYPT TOMeHAeYi CUAKTbl KAMHUKANbIK,
aFdannap 3epTrey TaKkblpblbbIHbIH, ©3€KTiNINH 04aH api KywenTtes,.

SMNpPUKanbIK Herizgeme

3epTTey OapbiCbiHAa CTYAEHTTEPAIH, Kepy OTKipAiriH aHblKkTay MmakcaTbiHaa 200 CTyaeHTTIH
KaTbICYbIMEH cayasiHama Kyprisingi. HaTuxenep KepceTkeHael, 57% CTyaeHTTIH, Kepyi
Hallap/afaH, onapabliH, iwiHae 52%-bl Myuonua, 32%-bl aCTUIMATU3M XaHe 16%-bl rMnepmeTponns
[MArHo3bIMeH aHbIKTaNbl. byn KepceTKilTep CTyAeHTTeP apacbiHAa Kepy by3blablCTapbliHbIH KeH,
TapanfaHblH ganengenai. CoHbIMeH KaTtap, Kepy eTKipAiriHiH, Hawapnaybl KebiHece 16-17 ac
apanblfbiHAa H6alikanfaH, byn mekten BiTipyLi Ty1eKTEPAiH, )KOFapbl OKY OPHbIHAAFbl FPAHTKA KaHe
eMTUXaHfa AanblHAbIK Ke3iHae BacTaH KewipeTiH CTpecc neH BM3YaablK KYKTEMEHIH, HOTUMKECI
H6onbIn Tabblnaabl.

CtyaeHTTEpPAiH KOpy KabineTiHiH TemeHaeyiHe bipHelle daKkTop/ap acep eTei: y3aK yaKblT aKpaH
anapiHaa 6oy, *akblHHAH KiTan OKy, KYHAENIKTI TamaKTaHy MEeH pPeXMMi cakTamay, CoHAan-aK
NCMX0IMOUMOHaNAbIK cTpecc. COHFbIChl KOpy eTKipAiriHiH, Oy3blayblHA apTYp/li MexaHM3Maep
apKbinbl acep eTeni. bipiHWIAEH, NCUMXO3IMOUMOHANAbIK KepHey Ke3iH[e BereTaTUBTIK KylKe
YKYMEeCiHIH, cMmnaTuKanblk beniri bencenaipineai, 6yn Kipnikweni 6yAWbIKET cna3mbiHa aKeneai.
HaTuxeciHae akkomodaums Oy3blnagpl, XKanfaH MUONUA AaMUbl KIHE aNbiCTaH Kepy yaKbITLa
TeMmeHaenai. Erep 6yn »afaan y3ak yakbIT cakTanca, GyHKUMOHANAbIK ©3repic TYpaKTbl MMONua+a
alHanybl MyMKiH. EKiHWIOeH, cTpecc KesiHae KaH Tamblpaapbl Tapbiabin, TOp Kabblkka KaHMeH
KamTamacbI3 eTiflyi TemeHaenai, byn Kepy aHanM3aTOpbiHbIH KbI3METIHE Kepi acep eTei.
YWwiHwigeH, cosblimanbl CTPECC KOPTM30A AEeHreniH KofapbliaTbin, Ke3 iliHAeri KblCbIMHbIH,
apTyblHA XXaHE KypFaK Ke3 CMHAPOMbIHbIH, AaMyblHa bIKMAN €Tyi MYMKIiH. ¥3aK yaKbIT KOMMNbtOTEP
MeH TenedoH KONaHy, YMKbIHbIH YKeTicneyi aHe OKy KYKTeMeciHiH apTybl Oyn npouecTi
Kylwenteni, acipece meanumHa GakynbTeTiHAE OKWTbIH CTyaeHTTepae. byn daktinep 3eptrey
HapbicbiHAa TipKkeareH 52% muonua KepceTKilliMmeH ae AanenaeHea,.

AnmaTbl Kencananbl KAMHUKANAbIK aypyxaHacbliHbIH 7 Kbla Taxipubeci bap aspirep odTtanbmonor-
xnpypr AKbinbek bakpiTKaH baFnaHybIHbIH NiKipiHLLE:

«CTpecc anfaH Ke3ze OHblH Ke3re ae acepi bonaabl. Ken Xafaannapaa ep ajlamaapsa KaparaHaa
anenaepae kebipek 6alkanaapl. Mbicanbl, *aKblH TybICbIHAH, aTa-aHaCblHaH Hemece HGanacbiHaH
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alblpblNFaH CITTE aZlaM KaTTbl CTPECCKE YLIbIpaapl, Y3aK yaKbIT *Kblaalabl, Kanfbipadbl, bya Kesre
Tikenen 3unsH Turizeai. Mui keageceTiH aypy — KaTapakTa. KaTapakTa aaeTTe Kacka bannaHbICTbl
aypy, bipak cTpeccke TyckeH ajdampapga, acipece HanacblH »KOfanTKkaH avenaepae, aypy Tes
[amuapl: Ke3 TYyMaHaan, kepy eTkipairi TemeHaenai. Kasipri TaHaa oHbIH WeLLiMi TEK onepaums.
CTpecc coHbIMeH KaTap Ke3 iwiHaeri Top/ibl Kabblk, apTEPUACHIHbIH, OKKIO3UACLIHA KIHE TOP/bl
KabblK OpTa/iblK BEHACbIHbIH TPOMOO3bIHA anbin Keayi MyMKiH. Agam KaTTbl KalfblpraH Ke3ae
apTepPUANbIK KaH KbICbIMbl KeTepifin, Ke3 iwiHgeri Tamblpaa Tpomb Ty3inin, Topsbl Kabblk
apTepPUACBIHbIH, OKKAIO3MAChI OPbIH anbif,  KO3AdiH KepeTiH alimarblHa KaH Oapmal Kanagpl,
HaTMXECiHAE HepPB Ta/llbIKTapbl 3aKkbiIMAaHbIM, KOPY oTKipAiri bipaeH TomeHaenai. Erep anfawkbl
1-2 cafaT iWiHOe KaH CyWbINTaTblH A2pPi-A3PMEKTI casimaca, KesfiH Kepy KabineTi bipaeH
TeMmeHaenai. Topabl Kabblk OpTanblK BeHACbIHbIH, TPOMbOO3bl Ke3iHae Ke3re KaH Hapbin, Kantap
O3 BEHa iliHe TPOMO TypbIn, KO3 ilWiHAEr TaMblp *Kapblaaabl, Kepy eTKipiri TfomeHaenai. OHbl
KannblHa KenTipy y3aK YaKbIT »KoHe KbiMbaT appinepai Tanan eteqi. bip opraHuam, bip af3a
HbonraHabIKTaH, 6apablK Kyenep Tbifbl3 BannaHbicTbl. COHAbIKTAH CTPECCKEe TyCney aHe OHbIH,
anaplH any maHbi3abl» — Aeni aspirep.

CoHbIMEH KaTap, 3epTTeyre KaTblCKaH A ecimai CTYAeHTTiH Taxipubeci ncuMxonornsanbik
dakTopnapablH, Kepyre acepiH HakTbl kepceTesi. CTyaeHT 11-cbiHbinTa YBT-Fa A4albIHAbIK Ke3iHae
apTbIAFAH YMIT NeH KYHAENIKTI yallbIMHaH Kepy KabineTiHiH HalapiayblH cesreH. byfaH AewiH
OHbIH, Kepy KyWeciHOe elKaHaal natonornsa TipkenmereH. CTyaeHTTiH alTyblHLWaA, CTpecc MneH
3MOUMOHANAbIK KepHeY OHbIH K63 Oy/LIbIKeTTEPIHIH, WaMaZaH TbiC KepHeyiHe, akkomoaauma
Oy3blNyblHa KoHE Kepy OTKIpAiriHiH, yaKbITWa TemeHaeyiHe aKenreH. YakblT eTe Kene 6yn
GYHKLUMOHANAbIK ©3repic TypaKTbl MMOMNMAFA aiHabIMN, OHbIH KOPY eTKIpAiriHiH HakTbl By3blaybiHa
ceben 6onfaH. byn Karaal y3ak mepsimai NCUXO3IMOLUMOHANABIK KYKTEMEHIH Kepy dyHKLMACIHA
TiKenen acep eTeTiHiH *KaHe MMOMUAHbBIH AamyblHa biIKNan eTeTiHIH KepceTea,.

HKannbl, SMNMPUKaNbIK AepeKkTep CTYAEHTTEPAiH cayaHama HaTUXKeNepi, KNMHUKaNbIK Taxipnbe
KoHe cyxbaTTap KepceTKeHAeMn, NCUMXO3IMOLMOHANABIK CTPecc Kepy KabineTiHiH HalapnaybliHa
KoHe odTaNIbMONOTUANBIK NAaTONOrMANAPAbIH, AaMyblHA MaHbI3bl acep eTeai. byn 3epTTey cTpecc
neH Kepy Oy3blabICTapbl apacbiHAafbl Hroncnxocoumanasl 6annaHbICTbl HAKTbl AdNeNAeN i KaHe
NPodMNAKTMKA MEH NCUXONOMMANBIK KONAayAblH MaHbI3AbINbIFbIH KepceTea,.

Tankblnay

3epTTey HaTUKeNepi NCUXO3IMOLIMOHANABIK CTPECC NeH Kepy Oy3blabiCTapbl apacbiHAafbl Tikenemn
HannaHbICTbl aHblK KepceTTi. 200 cTyAeHTTiH, caya/iHamachl 60MbIHIA 57%-biHAa KOpy KabineTiHiH,
TemeHaeyi TipKendi, OHbIH iWwiHae 52%-bl muonumA, 32%-bl aCTUrmMatTmMam  KaHe 16%-bl
rmnepmeTponua. byn KepceTkiwTep Oinim anyllbl XacTap apacbiHAa BW3yandplk KYKTEMEHIH,
YOFapbl EKEHIH }KaHEe NCUX03IMOLMOHaNAbIK CTPpecc GakTopAapbiHbIH MaHbI3bl EKEHIH KepceTes,.
IMNMpUKanbiK Aepektep bruoncmxocoumanasl MoAenb apKblabl TYCiHAIpinea;:

Buonormanbik KomnoHeHT: CTPeccTiH runoTtanamo-runodusapnbl-OynMperycTi KyneciHe acepi
KOPTU30/1 MEH KaTexoNlaMUHAEPAiH, [AeHreniH ofapblnaTagbl. byn e3repictep Tamblp/blK,
TOHYCTbIH, 6Y3bl/lyblHA, MUKPOLMPKYAALMAHBIH TOMEHAEYIHE KaHe TOP KabblKTasbl KaH afbICbIHbIH,
TYpaKcbI3ablFblHa  oKenedi. HaTukeciHae Ke3 Oy/lbIKeTTepiHAe cna3sm  nanga  6onbin,
akKkomoZdauma by3blnabl, ¥KafaH MUONKUA AaMUbl XIHE Y3aK YaKbIT CakTasica, TYPaKTbl MMONUAFa
anHanybl MyMKiH. COHbIMEH KaTap, CTPECC KYpPFfaK Ke3 CMHAPOMbIHbIH AaMyblHA bIKNan eteai,
cebebi Ke3 XKacCblHbIH CEKPELMACHI a3anabl, afl KO34iH KOPFaHbIC MexaHM3Mi ancipenai.
Mcmxonornanblik, KOMNOHeHT: CTyaeHTTepaiH, OKy VAEepiCiHAeri mMaKcaTKa KeTy YMITi, eMTMUxaH
anAblHAAFbl KbICbIM KaHe KYHAENIKTI yalbiM CTpecc AeHreniH apTTbipadbl. A ecimai CTyAeHTTIH,
Toxipnbeci aanenpereHaen, Gyn amouUMOHaNAbl KepHey Ke3 OyNlibIKeTTePiHIH, WamMaZaH TbiC
KepHeyiHe KaHe akKKoMoJauMAHbIH Oy3blaybiHa aKeneadi. YakbiT eTe kene 6yn dyHKUMOHANAbIK,
e3repicTep TYPaKTbl MMOMUAFA aliHabIM, KePy OTKIPAITiHIH, HaKTbl TOMeHaeyiHe ceben bonaab!.
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ONEYMETTIK KOMMOHEHT: OKy KYKTeMeci, »ofapbl BiniMm any MakcaTblHAAFbl KbICbIM, 2/1€YMETTIK
KONZayablH, *KETKiMiKCi3airi cTyaeHTTepAe CTPecc AeHreniH KywenTeai. byn daxktopnap sM3yaniblk,
KOHE MCUXONOTUANBIK KYKTEMEHI YNFalTbiN, OPTaNbMONOTMANBIK NAaTONOTMANAPAbIH, epTe
AaMyblHa biKkMan eTes,.

OdTtanbmonor-xnpypr Akplibek bakbiTKaH basnaHy/bIHbIH, KAUHWKANbIK Taxipmubeci cTpecc neH
Kepy Oy3blabiCTapbl apacbiHAafbl  6alfaHbICTbl  TOAbIKTbIpa  Tycedi. OHblH  alTybiHLWA,
3MOUMOHaNAbl TPAaBMa HEMECE XKaKblH alaMHaH alblpblny KesiHAe anenaepae kepy 6y3blabICTapbl
Wi 6arKkanaapl. KatapakTa, MWEeMUANbIK HEMeCe reMOPParnaAbIK MHCYAbT CUAKTbI aypynap cTpecc
afaanblHAA KblAdam AaMUAbl, an Kepy OTKIPAITiHIH KypT TOMEHAeYi ayblp KAMHWKAbIK canjapra
anein  Kenepgi. byn  ManimetTep NCUMXOIMOUMOHANAbIK CTpecc neH odpTasbMONOTMUANbIK
naTonoruanap apacbiHaarbl ceben-canaap 6anaHbICbiH HaKTbl KepceTeai.

3epTTey HaTukenepi BypbiHFbl 24ebMeTTepMeH Ae CaMKec Kenepi. XasblKapanblK [AepeKktep
NCMXO3IMOUMOHANAbIK ~ KEPHeYAiH, Ke3  aypy/napbiHblH,  AaMyblHa,  MUKPOUMPKYAAUMABIK,
Oy3bINbICTapFa KoHE aKKOMOZALMANbIK CMa3mFa biknan eTeTiHiH KepceTkeH (Smith et al., 2021;
Johnson & Lee, 2020). AereHmeH, 6i3aiH, 3epTTey cTyaeHTTepre OafblTTasFaH HaKTbl JIOKaAdbl
[epeKTepAi yCblHa OTbIpbIN, CTpecc neH Kepy Oy3biAbiCTapbl apacbiHAafbl  HalNaHbICTbI
broncmxocoumanabl TYpFblAaH TONbIK Tanaagbl.

MpaKkTUKanblK  TypfbloaH anfaHaa, 3epTrey  Kepy Oy3blibICTAapbiHbIH, - epTe  Ke3eHiHAae
NPOGUNAKTMKANbIK WapanapabiH, MaHbI3abl ekeHiH KepceTeai. CTpecc dakTopnapblH Hackapy,
BM3YaNZblK KYKTEMEHI peTTey, 3KpaH anapiHAa AeM any, NCUXONOTUANDBIK KONAAY KOPCETY XKaHe
YMKbl PEXUMIH caKTay OpTaNbMONOTMANbIK NATONOTMANAPAbIH, AaMyblH BaceHaeTyre MyMKiIHAIK
Hepeni. byn wapanap acipece y3aK yaKbIT 3KpPaH anapblHAA KYMbIC iICTENTIH HEMECE OKY XKYKTEMECI
YKOFapbl MamaHaap MeH CTyAeHTTep YWiH MaHbi3abl 601biN Tabblnagp.

KopbITbIHABINAK Kene, 3epTTey CTpecc neH Kepy By3blablCTapbl apacbiHAafFbl BaNaHbICTbl HAKTbI
nanennefi, OHbIH, MexaHu3amaepi buoncuxocoumanibl MOAeNb APKbIAbl CMMATTaNaapl KaHe
MPaKTUKANbIK YCbIHbICTAp *acayfa Heri3 6epeai. CTpecc TeK yaKbITwa GyHKUMOHANAbIK 83repicTep
TyAblPMal, y3aK mep3imai odTanbMONOrMANbIK NAaTONOrMANAPAbl Aa KywenTeai. COHAbIKTAH Kepy
OTKIPAIriH cakTay YWiH KeWweHAi NPpoPUNaKTUKa MeH NCUXONOTUANBIK KONAAYAbIH MaHbI3bl 30p.

KopbITbIHAbI

3epTTey NCUXOIMOLMOHANAbIK CTPEecCc NeH Kepy KabineTiHiH TemeHaeyi apacbiHAafbl Tbifbi3
H6annaHbICTbl  alKbIH  KOPCEeTTi. IMMNUPUKANbIK [OEPeKTeEP MEH KAMHUKaNbIK  Taxipube
KepCceTKeHAeW, CTPecC Kepy IKYMeCiHiH OMonorvanblK, NCUXONOTUANBIK KIHE S1eyMeTTiK
KOMMOHEHTTepPi apKblabl  OPTaNbMONOTMANBIK,  MATONOTMANAPAbIH, AaMyblHa blKNan eTes,.
CTyneHTTep apacbiHAafbl cayasHama Hatuskenepi (200 CcTydeHTTiIH  KaTbiCybiIMEH)  Kepy
OY3bINbICTAPbIHbIH, KEH TapanfaHblH KepceTTi: 52%-biHaAa Mrnonusa, 32%-biHA4a aCTUTMATU3M XKaHe
16%-blHAa rMNepMeTPOonMA aHbIKTaNFaH. bya XKacTapaa KepyadiH HalapaayblH TEK GU3MONOTUANBIK,
emMeC, COHbIMEH KaTap MCUXO3IMOLUMOHANAbIK ~ CTPecC MNeH JJIYMETTIK  KyKTemMeMeH
HannaHbICTbIpyFa MyMKiHAIK Bepeai.

[CMXO3MOUMOHANABIK ~ CTPECC  aKKOMOAAUMANbIK — Oy3blabiCTapfa,  MUKPOUMPKYAAUMANDBIK,
e3repicTepre, K63 ilWiNiK KbICbIMHbIH, KBTEPINYiHE KaHe KypFaK Ke3 CMHAPOMbIHbIH AaMyblHa acep
eteni. CTpecc y3aK yaKbIT cakTanca, QyHKUMOHANAbIK ©3repicTep TypakTbl O0PpTaNibMONOTMUANBIK,
natonornmanapfa — MUOMUAFA, KaTapaKTafa, MayKoOMaFa HEMeCe Ke3 iWiNiK MHCYNbTKe — aKenyi
MYMKIH.

ATaKTbl ncnxonor Jlymsa Xen Ke3 aypynapblHbiH MCUXONOTMANBIK ACNEKTICIH aTan KepceTeai: epecek
aZlaMHblIH, Ke3i Hallap Kepce, OHblH CaHacbiHAa Dana Ke3aeH anAeHeHi Kepyre AereH KOPKbIHbIL
KanbinTacybl MymKiH. COHbIMEH KaTap afaMHbIH KWi KON4aHaTblH ce3Aepi ilWKi af3acbiHAafbI
npobnemanapaaH xabap 6epeai. Mbicanbl, «Kepyre KOPKbIHbIWTLI, KO3re TYPTKICi3 KapaHFbi»
[ereH TipKeCTi Ken KoNZ4aHaTblH afamaapAa Ke3 aypybliHblH Naiaa 60yl Faxkan emec. byn 3eptrey
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NCUXONOTUANbIK, GaKTOPNAPAbIH, Kepy KabineTiHe bIKNanblH aH-KaKTbl KApaCTblpy KasKeTTiniriH
KepceTea,.

KnnHukanslk Taxipnbe ae 6yn GannaHbicTbl pacTtanabl.  «Anmatbl Kencananbl KAMHUKaNbIK,
AypyxaHaga» KyH canblH 20 agamsa KyblK OTa acanabl. [dapirepnep bakpiTkaH bafnaHynbl
AKbInbek meH AykaH PycnaHkbiabl Mara3oBa COHFbI *KblAAapbl K83 aypyaapblHbIH, *Kac adamaapaa
[a Ui Ke3aeceTiHiH atan eTTi. KaTapakTa, riaykoma »aHe TyabiTTi Ke3 bypLuarbl aypynapbl TEK erae
)KacCTafbl agamaapfa faHa ToH eMec; 3KONOrMANbIK GaKTopaap, TaMaKTaHy canachl, YAbTPaKYAriH
coynenep, y3aK yaKplT 3KpaH anabliHaa 60ny KoHe afaMHblH, 63 AeHCay/blfblHa HEMKYPan/bl
Kapaybl *Kac agamaapaa Aa aypynapAblH Kui gamybiHa ceben 6onbin oTblp. MamaHaapAblH,
anTyblHLWA, aypydbl epTe CcaTbiCblHAA aHbIKTay KOHCEPBATUBTI emre MyMKIHAIK Bepeai, an Kewwiry
TEK onepaLmaHbl KaXKeT eTes;.

3epTTey KOpbITbIHAbINAPLI Buoncmxocoumanabl MOAENbAIH MaHbI3AbINbIFbIH aliKblH KepceTeai:
Kepy Oy3blbICTapPbIHbIH, aNAblH any YWiH Tek GU3MONOTUANBIK €M eMeC, NCUXONOTUANBIK KONAaAY,
CTpecc AeHreniH Hackapy KaHe aneyMeTTiK KOAJaydblH KaMTamachkl3 eTiflyi KaxeT. bya 3epTtTey
6inim bepy mekemenepi, MeamMLMHa Canachbl KoHe 9NeyMETTIK KO3y KbI3METTepi VLiH Kepy
[leHCayNbIfblH KOpFayFa DafblTTanFaH KelWeHAi CTpaTernanapabl Kacayra Heris 60n1a anagpl.
KopbITbIHABINAM Kene, MCUXOSIMOUMOHANAbIK CTpecc — Kepy KabineTiHiH, TemeHaeyi MeH
OPTaNbMONOTMANBIK, NATONOTMANAPAbIH AaMyblHa bIKNan eTeTiH MaHpi3gbl dakTop. CTpeccTi
HacKapy, BU3yanaplK XKYKTEMEHI peTTey, NCUXONOTUANBIK KoNAay, MPOPUNAKTUKANBIK Kapasy KaHe
epTe OMArHOCTMKa Kepy OTKIPAIriH cakTay MeH aypynapAblH acKblHYybIH 6onapipMayaa Herisri
Wwapanap 6onbin Tabblnagbl.
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Annotation: this scientific and analytical work systematizes the clinical applications of
ultrasound diagnostics for various thyroid diseases. Diffuse and focal changes, echogenicity
variations, nodular and cystic lesions, inflammatory changes, and neoplastic processes in this
organ are covered in detail. It is emphasized that ultrasound examination occupies a leading place
both in the initial diagnosis and as part of a comprehensive patient examination. The article
presents a detailed and comprehensive review of modern ultrasound diagnostic methods using
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international practices and trends in the field of oncological surveillance and early diagnosis of
thyroid cancer using ultrasound examination.
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Today, ultrasound diagnostics of various thyroid gland pathologies, including diffuse
changes, decreased and increased echogenicity, nodular and cystic lesions, inflammatory changes,
and thyroid cancer, is a leading method for both primary diagnosis and comprehensive
examination. According to current protocols for the diagnosis and treatment of thyroid pathology
in the Republic of Kazakhstan, ultrasound diagnostics occupies a leading position both in
diagnostics and for monitoring [1-4].

As noted by Zhou H. et al. [5] thyroid cancer is one of the most common malignant tumors
of the endocrine system. Thyroid nodules in 5%~ 15% thyroid cancer are malignant. The incidence
rate of thyroid cancer is increasing year by year. The incidence rate in women is generally higher
than that in men. Papillary thyroid carcinoma is the most common clinical feature of thyroid
cancer. It has the characteristics of high differentiation, low malignancy, good prognosis, and long
survival. However, local metastasis and distant metastasis can also occur. Studies have shown that
the rate of lymph node metastasis in papillary thyroid carcinoma is 84.7%, of which two-thirds
have 70% lymph node metastases to thyroid cancer, and the incidence rate of thyroid cancer
ranges from 70% to 85%. Local invasion or distant metastasis of thyroid cancer may increase the
chance of postoperative recurrence. Therefore, metastasis of thyroid cancer is one of the
important factors affecting the prognosis of patients. Early detection of thyroid cancer metastasis
can help clinicians to estimate the surgical conditions. Ultrasound is the most important imaging
method for the diagnosis of thyroid cancer metastasis, which is not only convenient but also
accurate and reliable. With the continuous improvement of instrument performance, high-
frequency ultrasound can not only sensitively display the internal structure of lesions but also
provide blood flow information or judge the quality of lesions. In 2009, the American Thyroid
Association emphasized the significance of ultrasound in thyroid nodules in the diagnosis and
treatment manual of thyroid nodules and differentiated thyroid cancer and evaluated the
ultrasonic thyroid examination as Grade A. Ultrasound examination is of great significance for early
detection of thyroid cancer metastasis, early treatment, and improving the survival rate and
quality of life of patients and has an important impact on the prognosis of patients.

Avery interesting study was conducted by Kennedy E. et al. [6]. Our colleagues investigated
which indications most commonly prompt referral for thyroid ultrasound and the diagnostic utility
by indication. Extractors categorized referral reasons into (1) suspected palpable nodule (SPN) on
physical examination; (2) chronic symptoms (CS) - e.g., globus sensation and dysphagia; (3)
metabolic symptoms (MS; e.g., fatigue, weight change, and heat intolerance); (4) screening due
to high risk for thyroid cancer (e.g., multiple endocrine neoplasia, Pendred syndrome, and family
history of thyroid cancer); (5) follow-up of incidental thyroid nodule detected on another imaging
study; or (6) combination of aforementioned factors. Suspected cases of goiter were included in
the physical examination findings of a palpable thyroid nodule or mass. Additional variables
extracted included the date of ultrasound, maximum diameter of largest nodule identified, if a
biopsy was recommended by the interpreting radiologist, and if fine needle aspiration biopsy
(FNAB) was performed. Demographic variables extracted included patient age, sex, race/ethnicity
(White, Black, Asian, and Hispanic), insurance status (Medicaid, Medicare, private insurance, and
uninsured), and Charlson Comorbidity Index (CCl) - O, 1, and 2+. The primary outcome of interest
was the percentage of thyroid ultrasounds performed that had an identifiable nodule for each
referral indication. The secondary outcome evaluated “biopsy-recommended” nodules
specifically, which were defined as nodules that the radiologist recommended for biopsy.
Radiologists at institution routinely utilize the Thyroid Imaging Reporting and Data System (TI-
RADS), and recommendations for biopsy are based on nodule size and TI-RADS category; however,
specific TI-RADS scores were not abstracted. The percentage of biopsy-recommended nodules
among all ultrasounds performed was compared among each referral indication.

In all, 3459 discrete neck ultrasounds were identified between 2017 and 2019. Of these,
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1739 (50%) met inclusion criteria. The majority of patients were female (76%), White (86%),
privately insured (62%), and healthy (76% with CCl 0); the mean age was 53 years standard
deviation (SD). The most common indication for thyroid ultrasound referral was an SPN on physical
examination (40% of all ultrasounds performed). The next leading referral indication was follow-
up of a nodule identified on incidental imaging (28%). Referral for CS and MS made up 13% and
6% of ultrasounds, respectively. Only 2% of patients were referred for thyroid ultrasound due to
high-risk factors. Patients referred for a combined indications accounted for 11% of thyroid
ultrasounds. The combined indication was most often (45%) due to a patient presenting with CS
and an SPN on examination. Among all ultrasounds performed, 62% identified a thyroid nodule.
Patients referred for incidental findings had the highest percentage of ultrasounds with thyroid
nodules present at 94%. Several possible reasons exist for the 6% of incidental findings that lacked
a thyroid ultrasound correlate. For example, some were imaging “suggestive” of a nodule, but not
definitively a nodule. These findings typically derived from imaging that was not optimal for the
thyroid (e.g., chest or cervical spine computed tomography scan and nuclear imaging); and the
suggestive nodule was ultimately not detectable on dedicated thyroid ultrasound [6].

In comparison, patients referred because of an solid pseudopapillary neoplasm (SPN) on
examination and for CS identified nodules on 55% and 39% of ultrasounds, respectively. Patients
with MS had a nodule on ultrasound 43% of the time. Among those referred for high-risk factors,
57% had a nodule present. Patients referred for combined indications had nodules on 42% of
ultrasounds. Analysis of variance (ANOVA) indicated the difference in nodule detection rate
between indications was statistically significant (p<0.05). Only 27% of ultrasounds identified a
thyroid nodule that was recommended for biopsy. Those referred from incidental imaging had the
highest percentage of biopsy-recommended nodules (55%). This was followed, in order, by
patients referred for physical examination of a palpable thyroid nodule (21%), high-risk factors
(20%), combined indications (16%), MS (10%), and CS (6%). The overall mean maximum diameter
of identified thyroid nodules was 1.9cm (SD 1.3cm). Of note, 32 radiology reports identified a
thyroid nodule but did not record size and were, therefore, excluded from this specific analysis.
Patients referred for incidentally found thyroid nodules had the largest mean nodule size at 2.4cm
(SD 1.2 cm). All other groups had a mean nodule size between 1.2 and 1.8cm. The difference in
average size of nodule was statistically significant (p<0.05). A logistic regression model evaluated
the association of patient age, sex, ethnicity, CCl, insurance status, and referral indication with
identification of a nodule on ultrasound. Compared with patients referred for an SPN on
examination, those with incidental nodules were over 10 times more likely to have a nodule found
on ultrasound (odds ratio [OR]=10.6 [confidence interval (Cl) 7.0-16.0]). Conversely, patients
referred for CS were half as likely to have an identifiable nodule compared with those referred for
physical examination findings (OR=0.5 [Cl 0.4-0.7]). In addition, the odds of finding a nodule
increased with age, especially for those aged 65 years and above (vs. age <45 OR=3.6 [Cl 2.2-5.9]).
Finally, females were twice as likely to have a nodule found on thyroid ultrasound (OR=2.0 [Cl 1.5—
2.6]). Results were similar when evaluating only biopsy-recommended nodules. Compared with
patients referred for an SPN on examination, those referred for incidental findings were
significantly more likely to have a biopsy-recommended nodule (OR=4.7 [Cl 3.5-6.3]), while those
referred for CS were significantly less likely to have a biopsy-recommended nodule on ultrasound
(OR=0.3 [CI 0.1-0.5]. There was no difference in identifying biopsy-recommended nodules
between sexes (female vs. male OR=1.2 [C| 0.9-1.6]). In conclusion, the authors emphasize that
only a quarter of dedicated thyroid ultrasounds yielded a nodule recommended for biopsy, and
39% did not have a nodule present at all. Moreover, only half of ultrasounds performed to evaluate
a suspected nodule on physical examination actually identified one. Ultrasound referrals for
symptoms had the lowest diagnostic vyield, with fewer than 10% identifying a biopsy-
recommended nodule. These findings suggest that re-evaluation of guidelines on thyroid
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ultrasound referral may be necessary to decrease the overutilization of thyroid ultrasound and the
downstream consequences of detection of small potentially irrelevant nodules [6].

Wu J. et al. [7] to study the application value of SMI technology (ultra-microvascular
imaging technology) and contrast-enhanced ultrasound in the differential diagnosis of thyroid
benign and malignant nodules. According to the authors, thyroid disease has always been a
common and frequent disease in clinical medicine, and its disease detection rate has been
increasing year by year. Thyroid diseases are mainly divided into two categories: thyroid diseases
treated by medical treatment and thyroid diseases treated by surgery. Thyroid cancer has also
become one of the most common malignant secretory tumor diseases today. Ultrasound
examination is a commonly used method for diagnosing thyroid diseases. During the diagnosis
process, doctors need to observe the characteristics of ultrasound images and combine
professional knowledge and clinical experience to give the patient's disease status.

The thyroid is an important organ of the human body, and it plays an important role in
maintaining the health of the human endocrine system and the physical and mental health of the
human body. With the advancement of medical ultrasound technology, ultrasound examination
has become one of the most commonly used early detection methods for diseases due to its
advantages such as low price, safety, noninvasiveness, convenient use, and ability to reflect the
actual situation of tissues. A thyroid nodule refers to a mass in normal thyroid tissue that is
different from normal glandular tissue. Thyroid nodules can be divided into two categories
according to their nature: benign nodules and malignant nodules. Among them, benign nodules
can be divided into nodular goiter, thyroid adenoma, and Hashimoto's thyroiditis (HT); the main
type of malignant nodules is thyroid papilloma, which is the most common pathological type with
the highest incidence of malignant thyroid nodules, while other pathological types are relatively
rare. Due to the superficial location of the thyroid, the boundary between the outer envelope and
surrounding soft tissues is clear, which provides favorable conditions for ultrasound diagnosis. The
self-regulation of thyroid function refers to the regulation of the secretion of thyroxine by the
amount of iodine supplied by the thyroid itself in the absence of thyroid-stimulating hormone
(TSH) or the concentration of TSH is unchanged. Therefore, for the identification and diagnosis of
benign and malignant thyroid nodules, ultrasound has always been one of the preferred imaging
methods. With the continuous improvement of the level of science and technology, ultrasound
inspection technology has also improved. When using ultrasound to diagnose thyroid diseases,
thyroid neoplastic lesions can be displayed more clearly on the ultrasound images, and the lesions
can be found in time and medical measures can be taken to control the condition. However,
thyroid diseases are complex and changeable, especially malignant thyroid nodules, which are
difficult to diagnose and control. During an ultrasound examination, benign and malignant nodules
overlap on the two-dimensional sound image, which makes the diagnosis more difficult. Especially
when some nodules have both benign and malignant characteristics, it is difficult to distinguish
and qualitatively diagnose their nature based on the sonogram alone, which directly affects the
choice of clinical treatment and surgical methods. This puts forward higher requirements for the
initial qualitative diagnosis of lesion formation for ultrasound diagnosticians. Therefore, medicine
urgently needs more advanced ultrasound diagnostic technology to overcome the difficulties
encountered when using conventional ultrasound examination methods to diagnose thyroid
diseases so as to help clinicians better diagnose and treat thyroid diseases and protect the health
of patients. There is a clinical need for an intelligent diagnosis technology of thyroid diseases based
on ultrasound images, which can provide objective and reliable auxiliary diagnosis opinions for
thyroid diseases through the texture, shape, and other information of the images, freeing doctors
from heavy work [7].

The study states that SMI technology is a new ultrasound diagnostic imaging method
proposed by Canon in Japan in 2014. The principle basis of SMI technology is the motion
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suppression technology used to isolate and eliminate clutter but retain the vulgar blood flow
signal. It includes ultrasound diagnostics, ultrasound therapy, and biomedical ultrasound
engineering. Therefore, ultrasound medicine has the characteristics of combining medicine,
science, and engineering. It involves a wide range of contents and has a high value in the
prevention, diagnosis, and treatment of diseases. In the motion suppression technology, the
ultrasonic detection image subtracts the change of the structure position from one frame to
another, leaving only the color imaging part. SMI technology uses an adaptive wall wave to
suppress clutter noise and minimize the flash artifacts of the image. Ultrasound technology is a
high-tech developed in the 20th century. It is an emerging, interdisciplinary, and borderline
science, which has attracted extensive attention of scientific and technological workers in
countries such as the United States, Germany, Canada, Japan, and China. Contrast-enhanced
ultrasound technology is a very prominent technological development in the field of ultrasound
imaging diagnostics in recent years, and it can also be called the third leapfrogging revolution in
the history of ultrasound imaging. Contrast-enhanced ultrasound uses low mechanical index
(MI0.2) pulse contrast sequence imaging technology for ultrasound inspection, so it reduces the
damage to microbubbles and greatly improves the signal-to-noise ratio of the image. In the project
of acquiring a dynamic image by contrast-enhanced ultrasound, although the detected object can
hold the breath for a short time, the slight movement of the organs cannot be completely
eliminated, and the organ movement may be more serious after the breath-hold is over. In order
to comprehensively use multiple imaging modes or co-modal changes to provide more complete
information, the ultrasound contrast motion correction algorithm often integrates all effective
information to make up for information deficiencies and better serve clinical diagnosis and
treatment. In the work of our colleagues, the experimental methods of this study are as follows:
first, 40 cases of benign and malignant thyroid nodules in China in 2018 were randomly selected.
Among them, there were 20 cases of benign and malignant nodules. The maximum diameter of
the nodules was 0.6~3.9cm, with an average of 2.10.3cm. The pathological results of all nodules
were obtained through fine-needle aspiration biopsy or surgical treatment. Then, according to the
standard blood flow distribution pattern of thyroid nodules, SMI technology and contrast-
enhanced ultrasound were used to judge, and two different selected nodule cases composed of
20 nodules in each group (10 benign and malignant nodules) compared the distribution pattern
of blood flow and the morphological characteristics of blood vessels. According to the standard
blood flow distribution pattern of thyroid nodules, in this experiment, SMI technology was used
to judge the blood flow distribution pattern of nodules 4 times. That the analysis of the blood flow
distribution pattern of SMI technical nodules in 20 cases of benign and malignant thyroid nodules
in this group showed that the number of central and mixed nodules was the same, and the number
of peripheral nodules was the least. After evaluation, through 4 repeated judgments, the blood
flow distribution pattern of the nodules under SMI technology is completely consistent with the
actual case. It shows that SMI technology has a high accuracy rate for displaying the blood flow
distribution pattern of thyroid nodules. SMI angiography showed that the vascular morphology of
malignant nodules was stump type and crab foot type, with more tortuous and chaotic directions,
and more irregular small branches, which was in line with the actual situation. This shows that SMI
technology has a good imaging effect on nodular blood vessels [7].

In conclusion, the authors come to the conclusion that with the improvement of medical
technology in today's society and the enhancement of people's health awareness, people's
attention to thyroid diseases continues to increase. However, thyroid diseases, such as malignant
secretory tumor diseases, are more complex and changeable, especially for malignant thyroid
nodules, which are difficult in clinical diagnosis and treatment. Conventional thyroid ultrasound
examination methods also have certain limitations, such as: for benign and malignant thyroid
lesions, two-dimensional detection images sometimes overlap, which can also lead to different
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images of the same disease, and the same frequency of different diseases; at the same time, the
blood flow with a low flow rate will not be displayed. And usually, it can only clearly display the
larger blood vessel images, but the new microvascular network of the tumor cannot show its full
picture, which means that thyroid cancer with less blood supply is easy to be missed. These
deficiencies in conventional ultrasound examinations will directly affect the clinical treatment of
thyroid diseases. Therefore, the medical field of thyroid diseases urgently needs more advanced
ultrasound diagnostic technology to overcome the difficulties encountered in the diagnosis of
thyroid diseases so as to help clinicians better diagnose and treat thyroid diseases and protect the
health of patients. With the improvement of science and technology, two more advanced
ultrasound detection technologies, SMI technology and contrast-enhanced ultrasound, have
emerged in medicine. SMI technology can detect very low blood flow in thyroid lesions and can
noninvasively and truly reflect the blood perfusion state of the nodules; contrast-enhanced
ultrasound can continuously and dynamically observe the vascular distribution and blood
perfusion of thyroid nodules, showing that the possibility of tumor neovascularization has also
been improved. Therefore, SMI technology and contrast-enhanced ultrasound technology can
solve the current problems in the diagnosis and treatment of thyroid diseases to a certain extent
by virtue of their own advantages and have begun to be used in the identification and diagnosis
of thyroid benign and malignant nodules. The research in this article has proved through
experiments that SMI technology and contrast-enhanced ultrasound have high diagnostic
sensitivity for the identification and diagnosis of benign and malignant thyroid nodules, that is they
have better diagnostic efficiency and application value. And from the comparison of sensitivity,
the diagnostic sensitivity of SMI technology is slightly higher than that of contrast-enhanced
ultrasound, which shows that SMI technology has slightly better diagnostic performance and
application value than contrast-enhanced ultrasound. The findings of this article provide a
meaningful reference for the medical community to better apply SMI technology and contrast-
enhanced ultrasound in the diagnosis and treatment of thyroid diseases. The number of features
extracted manually in the research of thyroid nodular disease in this article is relatively small. In
the future, more features can be added to study the interaction between artificial features and
neural network features to achieve better classification results [7].

Jacome C.S. et al. [8] npoBenu nosHaBaTesibHOE WCC/AeA0BaHME, MOCBALIEHHOE
3bPEKTMBHOCTM NaNbNAaTOPHOrO BbIABMEHUS Y3/10B B WMTOBUAHON Kenese U Koppenaumm sTmnx
Pe3y/nbTaToB C NOCAeAYOWMMM YAbTPa3BYKOBbIMK UccaeaoBaHMaMKU. The authors conducted a
retrospective observational study and identified adult patients (>18 years old) who underwent
thyroid or neck ultrasounds (TUS) for the first time between January 1, 2015, and September 30,
2017, from ultrasound database. An initial search identified 5,938 patients with a TUS, from which
our colleagues randomly selected a cohort of 500 patients who had a TUS ordered for any reasons
(e.g., screening, workup of thyroid dysfunction). Of these, 327 patients were found to have both
a TUS ordered and documented physical examination of the thyroid, which was performed either
as part of the thyroid-related workup (e.g., thyroid function test abnormalities, personal or family
history of thyroid cancer) or as a routine neck examination. In all those instances, the TUS was
ordered after the physical examination had been conducted.

The researchers piloted and applied an extraction form to collect patient demographics
and the specialty of the clinician who conducted the physical exam. From the physical exam
documentation, they extracted the types of findings (solitary nodule, multinodular goiter,
enlargement without nodularity, normal thyroid, and an "other category" for patients with
indeterminate findings such as thyroid asymmetry). Additionally, study's authors documented the
precise locations (right lobe, left lobe, isthmus or bilateral) where these findings were
encountered, whenever the data was accessible. In a similar fashion, researchers carefully
extracted the TUS findings (solitary nodule, multinodular goiter, enlargement without nodularity,
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no finding, and "other category" to group patients who had thyroiditis without the presence of
nodules or lymphadenopathy) and noted the corresponding locations of the described findings.
When there was a nodular finding in the ultrasound, authors extracted the largest diameter from
the largest nodule. Given that the accuracy of thyroid physical exam may be affected by previous
knowledge of thyroid-related symptoms, our colleagues also documented whether there was
presence of symptoms associated with thyroid nodules or masses (e.g., neck fullness, dysphagia,
odynophagia, choking, etc). The authors summarized continuous variables using means and
standard deviations, and categorical variables using frequencies and percentages. Using the TUS
findings as the reference standard, they calculated the accuracy of the findings noted from the
thyroid palpation. First, our colleagues calculated the sensitivity, specificity, accuracy, and positive
predictive value (PPV) and negative predictive value (NPV) of the thyroid palpation in the
identification of any abnormal thyroid findings (any abnormality yes/no in thyroid palpation
compared with any abnormality yes/no in thyroid ultrasound). Then, study's authors estimated
the accuracy of the physical exam in detecting thyroid nodules (single thyroid nodule [yes/no]
detected by thyroid palpation compared to thyroid nodule [yes/no] detected on confirmatory
thyroid ultrasound), and multinodular goiters (multiple nodules [yes/no] found by thyroid
palpation compared to multiple nodules [yes/no] identified on a thyroid ultrasound). Additionally,
they calculated the accuracy and PPV of the thyroid physical exam to determine the location (e.g.,
right lobe, left lobe, isthmus or bilateral) of the thyroid findings when data was available in the
medical records. Finally, authors calculated the proportion of additionally findings derived from a
positive thyroid palpation as 1) the number of patients who had a solitary nodule palpated and
were found to have multiple nodules on the subsequent ultrasound, or 2) patients who had a
thyroid enlargement in the physical exam and found to have one or more thyroid nodules on the
subsequent ultrasound. When possible, researchers conducted subgroup analyses by patient sex,
patient weight (obese or overweight vs. normal weight based on body mass index (BMI)
categories), size of the thyroid nodule (€2 cm or >2cm), symptoms of nodular disease (yes and no),
and by clinician specialty (primary care vs. specialties). Scientific researchers conducted a test
interaction to evaluate for statistically significant subgroup differences [8].

Our colleagues included 327 patients, the majority were female (213/327, 65.1%) and
white (275/327, 84.1%) with a mean age [standard deviation — (SD)] of 50.8 years old (16.9). Most
patients were obese or overweight (225/327, 71.2%) and had the thyroid physical exam
performed by a primary care clinician (178/327, 54.4%). Additionally, most patients did not
present any symptoms of thyroid nodular disease (231/327, 70.6%). Regarding finding any thyroid
abnormality, the thyroid physical exam had a sensitivity of 71.8% (n=189/263; 95% Cl 66%-72.2%),
specificity of 35.9% (n=23/64; 95% Cl 24.2%-49.9%), accuracy of 64.8% (212/327; 95% Cl| 59.4%-
70.0%), NPV 23.7% (23/97; 95% 17.5%-31.3%) and PPV 82.1% (189/230; 95% Cl| 79.1%-84.9%).
When the diagnostic accuracy was estimated by an individual thyroid palpation finding (thyroid
nodule or multinodular goitre), the physical exam had a sensitivity of 20.3% (n=12/59; 95% ClI
12.3%-36.2%), specificity of 79.1% (212/268; 95% Cl 73.7%-83.2%), accuracy of 68.5%
(n=224/327; 95% Cl 59.4%-70.0%), NPV 81.8% (n=212/259; 95% 81.5%-85.8%) and PPV 17.6%
(n=12/68;95% Cl 11.1%-27.1%) in detecting a thyroid nodule; and a sensitivity of 10.8% (n-
=17/157; 95% Cl 6.4%-16.7%), specificity of 96.5% (n=164/170; 95% Cl| 92.4%-98.7%), accuracy of
55.4% (n=181/327; 95% Cl 49.78%-60.8%), NPV 53.9% (n=164/304; 95% 52.4%-55.4%) and PPV
73.9% (n=17/23; 95% Cl 53.4%-87.5%) in finding a multinodular goiter. Out of 327 patients, 60
physical exams included the side of the thyroid nodule. Among these, the overall accuracy, and
the PPV of the physical examination in identifying the location (e.g., right lobe, left lobe, isthmus,
or bilateral) of the thyroid finding were 46.6% and 37.5%, respectively. Physical exams among
symptomatic patients demonstrated superior performance than those conducted among
asymptomatic patients, with higher specificity (100% vs. 62%; p<0.01), accuracy (83% vs. 62%;
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p<0.01), and NPV (87% vs. 79%; p<0.01) for detection of solitary nodules, as well as a higher NPV
for detection of multinodular disease (61% vs. 51%; p<0.01). In addition, higher PPV for detecting
multinodular disease was observed when a specialist conducted the physical exam compared to a
primary care provider (100% vs. 60%; p<0.01) and when the nodule detected by physical
examination was greater than 2 cm (100% vs. 73% for nodules <2 cm; p=0.026). The study's
authors found that out of 68 solitary nodules palpated, 37 (54%) were found to have additional
findings such as, multinodular goiter on a subsequent TUS; similarly, out of 88 patients for whom
the physical exam identified an enlarged thyroid, 56 (64%) of these were subsequently found to
have a solitary nodule (16 cases) or a multinodular goiter (40 cases) on the TUS. The authors
emphasize that in this retrospective observational study, scientific researchers found that, while
a thyroid physical exam can detect thyroid abnormalities, these findings were rarely concordant
with findings identified on a subsequent thyroid ultrasound. Furthermore, the diagnostic accuracy
of specific thyroid physical exam findings was low, particularly for the PPV of solitary thyroid
nodules. For instance, out of every 100 patients with a physical exam consistent with a solitary
thyroid nodule, approximately 18 had a thyroid nodule, while out of every 100 patients with a
physical exam consistent with multinodular goiter, about 74 had the same finding in the
ultrasound. In the course of the study, the authors state that thyroid physical exam has limited
diagnostic performance and leads to additional findings when followed by a thyroid ultrasound.
As such, thyroid physical exams in asymptomatic patients may play an important role in the
overdiagnosis and overtreatment of thyroid cancer. To determine if any patient subgroups derive
some benefit from thyroid physical exams beyond their use as a diagnostic approach, further
research is necessary. Additionally, potential interventions should be explored to improve the
accuracy of thyroid physical exams [8].

Next, we consider a study aimed to examine the potential associations between Doppler
parameters and clinical characteristics of hypothyroid patients, such as the autoimmune nature of
the disease and adequacy of LT4 replacement [9]. Angelopoulos N. et al. in their work note that
While hormonal assays are commonly used for thyroid function assessment, Doppler sonography
provides valuable information on vascularization and blood flow.

A total of 400 consecutive patients with hypothyroidism attending an Endocrinology
outpatient clinic for annual follow-up visit were evaluated for eligibility. Autoimmune thyroiditis
was considered the underlying disease of hypothyroidism based on high serum concentrations of
antithyroid antibodies [thyroid peroxidase (anti-TPO) and/or thyroglobulin (anti-Tg) antibodies].
Exclusion criteria were history of Graves’ disease or subacute thyroiditis, malignancies, pregnancy,
previous use of medications that can affect thyroid stiffness (amiodarone, tamoxifen, anti-
neoplastic) and nodular abnormalities of the thyroid gland (nodules>3 mm detected by
conventional B-mode ultrasound. A total of 338 patients treated for hypothyroidism [females:
n=292 (86.4%); males: n=46 (13.6%)] were enrolled in the study. Demographic characteristics
(age, sex, BMI), treatment parameters (LT4 daily dose) were recorded and thyroid hormones [TSH,
free thyroxin (fT4)] were measured. All included subjects were residents of a geographical area of
low-prevalence iodine deficiency disorders. The study protocol was conducted by the tenets of
the Declaration of Helsinki and all patients agreed to participate in the study, which was approved
by the Bioethics Committee of the Aristotle University of Thessaloniki, Greece. Conventional B-
mode thyroid ultrasound and strain elastography [(real-time elastography (RTE)] were performed
on a General Electric P9 machine (LOGIQ-P9; GE Medical Systems, Milwaukee, WI, USA) with an
8—12 multifrequency linear probe. Conventional grey-scale ultrasound was initially performed to
measure transverse (two dimensions) and longitudinal (one-dimension) diameters and thyroid
volume. Three linear dimensions were measured for each lobe: the length (L) was assessed on the
sagittal view and the anterior—posterior (A-P) and width (W) diameters of each lobe were assessed
on the transverse view. Given that the normal thyroid shape is ellipsoid, the volume of each lobe
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was automatically calculated by recording the abovementioned three linear dimensions (ellipsoid
equation with a correction factor: V (ml)=L (cm)xA-P (cm)xW (cm)x0.523). Thyroid vascularity
was examined with color Doppler and patients were classified into four patterns: Pattern | (normal
thyroid vascularity, blood flow limited to the peripheral thyroid arteries, absent parenchymal
flow); Pattern Il (minimally increased thyroid vascularity, mildly increased parenchymal flow);
Pattern Ill (increased blood flow with a diffuse homogenous distribution, increased parenchymal
flow with a diffuse homogenous distribution pattern) and Pattern IV (markedly increased
parenchymal flow with a homogenous distribution, including the “thyroid inferno”). The probe
was placed perpendicularly to the skin for RTE examination, and repetitive light compression was
applied in the longitudinal plane. The ideal pressure on the target lesion was confirmed based on
the cine-memory data. A cine-memory stores data obtained through the transmission and
reception of ultrasound. A cine-memory generally has a storage capacity allowing storage of
multiple numbers of frames obtained in time sequence. In a cine-memory, the newest input data
overwrites the oldest data which is already stored in the memory, and this process is repeated.
The patients held their breath while the images were obtained to avoid respiratory motion
artifacts. The strain index (elastography ratio, E2/E1) was used that represents the ratio of the
strain of thyroid parenchyma (E2) to that of sternocleidomastoid muscles (E1). Region of interest
(ROI) for E2 was free-handed and designed at the peripheral edge of the gland to include the whole
longitudinal image of each lobe; ROI for E1 was the sternocleidomastoid muscle in front of the
ipsilateral thyroid parenchyma [9].

An endocrinologist with twenty years of experience in sonography, who was blinded to the
clinical status, performed all thyroid ultrasound examinations. The Doppler spectral analysis was
of the right and left inferior thyroid arteries in the transverse scanning, in which the vessels
crossed the common carotid arteries posteriorly, or in the longitudinal scanning of the ascending
parts of the arteries, in which the vessels lie parallel to the common carotid arteries for the
superior thyroid arteries. The superior thyroid artery was assessed with the probe positioned in
the oblique sagittal plane, close to the superior thyroid pole. The inferior thyroid artery was
assessed in the oblique transversal plane, close to the transition between the mid and inferior
third of the thyroid. The cursor for evaluating the inferior thyroid artery was set close to the
trachea to avoid artifacts from the common carotid artery and the internal jugular vein.
Parameters for color Doppler are frequency 4.4-6.6 MHz, Gn 40%, pulse-repetition frequency
(PRF) 2—8 kHz and Wall Filter (WF) 25—80 Hz. The angle correction cursor was parallel to the flow
direction and the Doppler angle was kept at or below 60°. The sampling gate was set to 2 mm. The
peak systolic velocity (PSV), end-diastolic velocity (EDV), and pulsatility indices (Pl) and the resistive
index (RI) values in the superior and the inferior thyroid arteries were obtained in both thyroid
lobes. The mean value of the right and left lobes was used as the outcome parameter. Serum TSH
and fT4 concentrations were measured by the immunochemistry method with enzyme
chemiluminescence immunoassay (reference range: 0.27-4.5 mUl/ml and 0.8-1.5 ng/dl,
respectively). Measurements were performed on the Cobas 8000 platform by Roche (Basel,
Switzerland). Data were presented as mean+SD or range (min—max). The Kolmogorov—Smirnov
test was used to evaluate data distribution. The Student’s t-test was used for group comparisons
of continuous variables with a normal distribution (age, BMI, weight) and Mann—Whitney test was
used for variables with a non-parametric distribution. Spearman and Pearson correlation
coefficients were used to investigate correlations between variables. The Chi-squared test (x2-
test) was used for group comparisons of categorical variables. Predictive models were compared
using Receiver Operating Characteristic (ROC) — Area Under the Curve (AUC) statistics. The optimal
threshold values were determined from the ROC curve analysis and the Youden Index and its
associated criterion values. The sensitivity, specificity, positive likelihood ratio and negative
likelihood ratio values were calculated. A p-value<0.05 was considered statistically significant [9].
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In total, 288 patients (85.2%) had autoimmune thyroiditis, while 50 (14.8%) had no history
of increased thyroid autoantibodies. A total of 68 patients (20.1%) had TSH concentrations>4
mIU/I (50 with autoimmune thyroiditis and 10 without autoimmune disease) and were considered
suboptimally treated at the time of the enrolment, while 270 (79.9%) had TSH concentrations
within the reference range (<4 mlU/I) and were considered optimally treated ( 230 with
autoimmune disease and 40 without). In patients with autoimmune thyroiditis, the LT4 dose
(expressed as dose/weight) needed to achieve optimal thyroid treatment was higher (1.1+0.4 vs.
0.8+0.4 mcg/kg, p<0.001). The elastography ratio was increased in patients with autoimmune
thyroiditis (0.86+0.52 vs. 0.77+0.54, p=0.026) compared with patients without autoimmune
thyroiditis. There was a positive association between autoimmune thyroiditis and vascularity
[x2(3)=13.28, p=0.004, Cramér’s V=0.2]. In patients with no autoimmune thyroiditis, the total
thyroid volume was lower in those with suboptimal LT4 replacement (5.3+3.0 vs. 6.3+3.7 m|,
p=0.032) compared with those with optimal replacement. There was no association between
suboptimal LT4 replacement and vascularity [x2(3)=2.11, p=0.551, Cramér’s V=0.08]. PSV and
EDV of the inferior thyroid artery were higher in patients with suboptimal LT4 replacement
compared with those with optimal replacement (PSV: 41.9+17.0vs. 35.1+11.2, p=0.004 and EDV
18.5+9.0 vs. 14.7+6.0, p=0.004, respectively). Rl was lower in patients with suboptimal LT4
replacement compared with those with optimal replacement (0.63+0.08 vs. 0.66+0.09, p=0.024).
The severity of hypothyroidism, as expressed by LT4 dose/BMI, was negatively correlated with
thyroid volume (r=-0.190, p<0.001) and EDV values of superior (r=—0.16, p=0.009) and inferior
thyroid arteries (r=-0.17, p=0.008). A weak positive correlation was found between LT4
dose/BMI with elastography ratio (r=0.180, p<0.001). This correlation was significant only in
patients with autoimmune thyroiditis (r=0.156, p=0.007) but not in those without it (r=0.255,
p=0.07). A positive correlation was found between dose/BMI and Pl and Rl of both arteries (Pl
superior: r=0.130, p=0.031; Pl inferior: r=0.140, p=0.023; Rl superior: r=0.140, p=0.024; Rl
inferior: r=0.150, p=0.014). A backward stepwise logistic regression analysis was performed to
identify possible predictors of suboptimal LT4 replacement. All ultrasound indices (PSV, EDV, P,
Rl, elastography ratio) were included as independent variables. Only Rl and PSV of the inferior
thyroid artery remained in the final model, [x2(2)=14.93, df=2, p=0.001). ROC curve analysis was
performed for PSV of the inferior thyroid artery to define the optimal threshold for predicting
suboptimal LT4 replacement (defined as TSH>4 or>5 mIU/ml). The AUC for TSH>4 mIU/ml was
0.625 (p=0.002, Youden Index: 0.238, associated criterion:>31.2, sensitivity 81.8%, specificity
42%). For TSH>5 mlU/ml, the corresponding AUC was 0.672 (p<0.001, Youden Index: 0.305,
associated criterion:>37.7, sensitivity 61.8%, specificity 67%) [9].

In conclusion, our colleagues state that this is the largest study to have applied the
concurrent evaluation of multiple ultrasound parameters of the thyroid gland in patients with
hypothyroidism and the first to have used thyroid artery measurements to evaluate the
therapeutic efficacy. Lymphocytic infiltration in autoimmune thyroiditis affects tissue echogenicity
and causes a diffuse increase in parenchymal vascularization. In the natural history of the disease,
as hypofunction gets severer, elasticity, volume of the gland and blood flow are reduced,
indicating a fibrotic degeneration process. Effective monitoring and evaluation of LT4
supplementation are crucial to anticipate relapse of hypothyroidism. The monitoring is mainly
based on thyroid hormone measurements since clinical symptoms may be absent in borderline
TSH increases. However, in cases where blood tests are difficult to obtain, a color Doppler
ultrasound can be used as an alternative tool in estimating responses to therapy and distinguishing
those patients who should be further evaluated by hormonal examinations [9].

In the work of Soltani K. et al. [10] the authors note that the diagnostic role of Doppler
ultrasonography regarding HT is not fully established. Our colleagues examined intraparenchymal
Rl as a Doppler parameter, thyroidal vascularity and other Gray-Scale findings in adults with HT in
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order to evaluate the clinical feasibility of Rl in the diagnosis of this disease. This study is designed
based on the cross-sectional analysis of sonographic findings in newly diagnosed patients with HT.
The target population was selected from patients referred to the radiology department of
Modarres Hospital from the endocrinology clinics of Modarres and Loghman Hospitals between
2013 and 2014. Subclinical hypothyroid patients were identified based on the clinical assessment
of an endocrinologist. Exact laboratory data (TSH, FT4) were not available. Newly diagnosed
patients without any history of receiving treatment for HT, who were either euthyroid or sub-
clinically hypothyroid at the time of sonography, were included. Forty-eight females recently
diagnosed with HT aging between 20 and 50. All the participants underwent Gray-scale
(determining gland size, volume, and echogenicity) and color Doppler (evaluating vascularity and
calculating RI of each lobe in 2 points) sonography by 1 radiology resident using a Medison X8
sonography device with a 7 MHz probe. Thyromegaly in females was defined as thyroid gland
volume exceeding 15mL. Gray-scale findings were classified into 4 grades (1-4) using the
classification system introduced by Sostre and Reyes (Sostre S., Reyes M.M., 1991). Color Doppler
findings were divided into 4 patterns (0—Ill) based on a visual scale provided by Schulz et al., 2003.
The settings of the ultrasound equipment (gain and PRF) were calibrated such that aliasing of the
carotid artery and jugular vein could not be seen. The Rl (minimum PRF and maximum gain) of
both upper and lower poles of each thyroid lobe were calculated by the ultrasound device using
the formula below and the mean Rl measured from both lobes was considered as the total Rl of
the thyroid gland. In addition, 45 controls aged between 20 and 70 years with normal thyroid
laboratory results and without any prior history of thyroid disease were examined sonographically
and the Rl of those participants whose Gray-scale results proved to be normal was measured in 3
different points in each lobe. The mean Rl of each participant from each of these 2 groups was
calculated and compared to the mean Rl of the control group.

Based on the definition provided by the World Health Organization, out of every 48
patients with HT, 30 (62.5%) had a normal thyroid gland volume (thyroid gland volume < 15mL)
and 18 had thyromegaly (thyroid gland volume > 15mL). Based on the Gray-scale grading, 13
patients (27.08%) were classified as grade 1, 12 patients (25.00%) as grade 2, 18 patients (37.50%)
as grade 3, and 5 patients (10.42%) as grade 4. The parenchymal vascularity of the thyroid gland
(color Doppler appearance) presented as pattern 0in 22 patients (45.83%), pattern | in 15 patients
(31.25%), pattern Il in 6 patients (12.5%), and pattern Il in in 5 patients (10.42%). The Rl ranged
between 0.50 and 0.70 in the patient group and 0.47 and 0.70 in the control group. The average
Rl in the patient group was 0.5733 +0.05012and 0.5453 +0.05061 in the control group.
Independent t-testing of the average Rl showed a statistically significant difference between the
patient and control groups (P = 0.009). The highest average Rl was seen in Grade 1 (0.5808 +
0.04173) and the lowest in Grade 4 (0.5500 + 0.03808). One-way ANOVA of the average Rl
between different Gray-scale grading groups showed no statistically significant difference (P =
0.352). Furthermore, participants with grade 1 Gray-scale findings were considered as part of the
normal or near-normal group and those with grades 2, 3, and 4 as part of the substantial Gray-
scale changes group. The average Rl of the normal or near-normal group was 0.5808 + 0.04173
and 0.5706 + 0.05319 in the substantial Gray-scale changes group. Independent t-testing showed
no statistically significant difference in average Rl when comparing the normal or near-normal
with the substantial Gray-scale changes group (P = 0.537). The highest Rl was seen in pattern 0 of
color Doppler findings (0.5845 + 0.04828) and the lowest in pattern I (0.5300 + 0.04817). ANOVA
results showed no statistically significant difference in average Rl among different groups of color
Doppler findings (P =0.109). Results of Kruskal-Wallis test followed by pairwise comparisons
showed a statistically significant relationship in terms of average Rl between the grade 1 patient
group and control group (P = 0.010) and between the grade 3 patient group and control group (P
= 0.015). But the same comparison showed no statistically significant relationship between the
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grade 2 patient group and control group (P =.406) and between the grade 4 patient group and
control group (P = 0.752). Results of Kruskal-Wallis test followed by pairwise comparisons showed
a statistically significant relationship in terms of average Rl between the pattern O patient group
and control group (P =0.003) and between the pattern | patient group and control group (P =
0.034). But the same comparison showed no statistically significant relationship between the
pattern Il patient group and control group (P =.418) and between the pattern Il patient group
and control group (P =0.381). Summarizing the study, the authors state that the results of this
study show that, regardless of gray-scale views and color Doppler patterns, the intraparenchymal
Rl of patients diagnosed with HT was higher compared to normal controls and, thus, this
sonographic parameter may be a useful yet noninvasive modality in the diagnosis of HT [10].

It is impossible to ignore technological developments and the increasingly active
development of thyroid ultrasound examination using artificial intelligence (Al).

In the clinical trial by Edstrém A.B. et al. [11] it was examined how the articifial intelligence
(Al)-based diagnostics system S-Detect (this is a built-in Al feature in ultrasound machines that
helps the doctor analyze the detected formations) for Thyroid influences the ultrasound diagnostic
work-up of thyroid ultrasound performed by different ultrasound users in clinical practice and how
different ultrasound users influences the diagnostic accuracy of S-Detect. The researchers
conducted a clinical trial with 20 participants, including medical students, ultrasound novice
physicians, and ultrasound experienced physicians. Five patients with thyroid nodules (one
malignant and four benign) volunteered to undergo a thyroid ultrasound scan performed by all 20
participants using the same ultrasound systems with S-Detect installed. Participants performed a
focused thyroid ultrasound on each patient case and made a nodule classification according to the
European Thyroid Imaging Reporting And Data System (EU-TIRADS) [12]. They then performed a
S-Detect analysis of the same nodule and were asked to re-evaluate their EU-TIRADS reporting.
From the EU-TIRADS assessments by participants, authors derived a biopsy recommendation
outcome of whether FNAB was recommended.

In this clinical trial, our colleagues observed that using S-Detect did not improve the thyroid
diagnostic work-up of thyroid nodules among novice and intermediate ultrasound operators.
Furthermore, they observed that the operator had a strong impact on the Al-generated ultrasound
diagnosis, with a variation in diagnostic accuracy ranging from 40 to 100%, even though the same
patients and ultrasound machines were used in the trial. A strength of this study is the controlled
experimental setup, including participants with different ultrasound experiences who used S-
Detect on the same ultrasound equipment and patient cases. In this way, we could measure the
impact of the ultrasound operator’s influence on the diagnostic accuracy of Al-assisted thyroid
nodule diagnosis and how Al influenced the operator’s assessments. Another strength is that we
had a cytological/histological diagnosis on all the patients, and three experts were used to define
the reference standard for the ultrasound characteristics. The authors believe that for Al-assisted
ultrasound diagnosis to be successfully implemented in clinical settings, the technology should be
developed with a clear purpose as a tool for the clinician in mind. Future research should focus
more on how Al-assisted tools are affected by the image quality obtained by the ultrasound
operator and how they affect the diagnostic process, including time use and patient outcomes. In
conclusion, they observed that using S-Detect did not enhance the diagnostic accuracy of thyroid
nodule evaluation among novice and intermediate ultrasound operators. The operator
significantly influenced the Al-generated ultrasound diagnosis, with diagnostic accuracy ranging
from 40 to 100%, despite the same patients and ultrasound machines used. While Al systems like
S-Detect have the potential to improve the diagnostic work-up of thyroid nodules, more research
is needed to ensure how it should be used in the diagnostic process to save time and improve final
patient outcomes [11].

A fundamental study concerning multimodal imaging of solid thyroid lesions was
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conducted by Jung E.M. et al. [13]. Goal of the study was the assessment of Al-assisted diagnosis
of solid thyroid foci with multimodal modern ultrasound imaging. 50 patients (26—81 years,
54.7+13.1 years) were included in the study. Multimodal ultrasound imaging by means of B-mode
with linear probe (4-12 MHz) with option of automated documentation of findings by means of
Al, with supplementary ultra-microangiography (UMA) was used. Macrovascularisation was
assessed by dynamic contrast ultrasonography (CEUS) with parametric evaluation and perfusion
analysis, and microvascularization was assessed by combined strain and shear wave elastography
on a novel high-performance ultrasound system (Resona R9/Mindray) by an experienced examiner
with independent reading. The evaluation was performed according to TI-RADS IlI-V. Inclusion
criterion was preparation for immediate surgery by indication through interdisciplinary case
conferences with endocrinologic, nuclear medicine, and surgical evaluation. All examinations with
CEUS were performed after written consent. The evaluation of the examinations was performed
retrospectively with the approval of the local ethics committee. The examinations were requested
after preliminary examinations by special outpatient clinics with the question of the assessment
of solid thyroid lesions that had been noticed in out-of-town preliminary examinations. An
evaluation according to TI-RADS Ill-V had to be performed and it had to be decided to what extent
a histological clarification was necessary or whether a follow-up should be performed. All
examinations were performed by an experienced investigator (more than 3000 examinations per
year, over more than 20 years) using a linear multifrequency probe (L 4-12MHz) on high-
performance ultrasound equipment with digital image documentation. This allowed independent
subsequent evaluation by experienced readers. According to the predefined scheme of an Al
image evaluation program, both thyroid lobes were measured in longitudinal and transverse axis
with length, depth and width, the volume was calculated, the echogenicity was evaluated as
homogeneous, discrete inhomogeneous or inhomogeneous and the echo pattern was judged as
echo-complex or echo-normal. The ultrasound elastography techniques available in parallel mode
as strain or shear wave elastography were used to assess compaction of thyroid tissue and solid
foci. The pulsatile region of a carotid artery was bypassed as much as possible to avoid artifacts.
Image quality could be assessed automatically, optimally with 5 green stars. False colors informed
about homogeneous or inhomogeneous compaction. Measured values over individually adjusted
ROI could be recorded in m/s or kPA, with values>2.5m/s or>30 kPA considered suspicious for
possible malignant lesions.

Detectable solid lesions were also measured by Al in three planes, and the rim contour was
bypassed for volumetric detection. Then, marginal contour had to be assessed as regular,
lobulated or irregular, rim as complete or incomplete, or absent, growth axis, parallel or directed
in depth, shape as oval or roundish, and possible macro- or microcalcifications and entered into a
predetermined scheme. After localization of the suspicious lesion, the evaluation according to Tl-
RADS IlI-V was then color-coded in a final scheme with topogram. This then also considers a
possible tumor vascularization, as irregular malignancy-suspicious, or as regular marginal benign.
UMA was used to assess the vascularization of tumor foci in as much detail as possible with velocity
ranges<10cm/s. Vascular patterns were recorded dynamically in short cine loops up to 10s. This
also captured possible conspicuous lymph nodes with regular benign vascularization from the hilus
or malignancy-typical from the margin. Macrovascularization of thyroid lobes and foci was
classified as normal, enhanced, or decreased, and that of foci as regular or irregular. Color-coded
duplex sonography, flow with glazing flow, and UMA were used for this purpose. The criterion for
benign findings was a regular vascular pattern, especially a marginal vascularization, for example
in adenomas. Irregular vascularization was considered suspicious for malignancy. This was then
additionally investigated with CEUS to determine the extent to which irregular arterial
hypervascularization with delayed wash out occurs, which is evaluated as a malignancy criterion.
CEUS after bolus administration of 1 to 1.5 ml of sulphuhexafluoride microbubbles with 10 m| of
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saline solution cubital, if possible, was used to assess dynamic microvascularization of the
suspicious solid lesions. When possible, cine loops of incipient arterial vascularization after 10 to
155 up to one minute were then evaluated parametrically and by time intensity curve using the
High-End Devices internal perfusion program. ROl were individually matched, in the center, at the
edge of the lesion to be assessed compared with surrounding thyroid tissue. Parametric color
maps were fitted to the corresponding perfusion parameters such as time to peak, peak, mean
transit time, wash in area under the curve (wash in AUC) and tabulated at the end [13].

50 cases (26—81 years, mean age: 4347 years) were examined with multimodal imaging
consisting of B-mode, UMA, elastography and CEUS with parametric and perfusion analysis with
good to very good image quality in all cases, according to the internal evaluation mode especially
in the shear wave elastography technique with clearly>85% or 5 green stars. The volume of the
thyroid lobes on both sides averaged 39ml+5ml (27 to 69ml). All echo-poor, irregularly
vascularized, inhomogeneously indurated lesion>1cm were identified as highly suspicious for
malignancy with early wash out kinetics and were also confirmed surgically. The 13 cases of
histologically confirmed thyroid carcinoma (8 papillary, 2 medullary, 2 microfollicular, 1 anaplastic
carcinoma) with a mean size of 1I5mm+6 mm (9—21 mm) were correctly evaluated by TI-RADS IV
based on irregular shape, induration>2.5m/s or>30kPA and appositional wash-out kinetics using
CEUS (TI-RADS V). Tumor lymph nodes could be correctly detected preoperatively only in one case
of medullary carcinoma according to the surgical findings, based on irregular vascularization with
UMA in roundish shape with cortex>4 mm with a transverse diameter up to 11 mm. In 25 cases of
inhomogeneous nodular goiter, evaluation with TI-RADS IIl was performed in 31 cases, evaluation
with TI-RADS IV was performed in 4 cases with incomplete marginal contour, partial marginal
vascularization with UMA and partial wash out with indurations up to 2.5m/s or 30 kPA, and
surgical excision was performed for nodular goiter. In 12 cases of adenomas with diameters of 1.7
to 3.5cm, mean 26 cm+0.5cm, nodular goiter resulted in proportionately regressive nodular
changes. Only in 7/12 cases a typical echo-poor rim and a typical rim vascularization were found.
In 5 cases, the rim was incomplete. CEUS also showed a partial central wash out in these cases
with but preserved marginal vascularization and elastography revealed partial induration up to
2.5m/s or 30 kPA an assessment with TI-RADS Ill or IV rating. Using the Al tool, the 20 of 25 goiter
nodes were evaluated as TI-RADS lll, 7 of 12 adenomas, 5 goiter nodes and 5 adenomas as TI-RADS
IV, 5 of 13 carcinomas as TI-RADS IV and 8 of 13 carcinomas as TI-RADS V. Microcalcification as a
definite malignancy criterion was automatically detected in 5 of 13 malignancies, an echo-poor
irregular echo structure in all cases, and in intracystic tumors in 2 cases. The shape was irregular
in all cases, proportionately lobulated, but oriented in depth in only 8 of 13 cases. Of the 25 struma
nodules evaluated as possibly also malignant, partial necrosis and inhomogeneous
microvascularization with also induration on elastography occurred in all cases. For 37 patients
both classifications were identical. From the 12 cases, histologically classified as TI-RADS V, 11
were also classified as TI-RADS V by the Al-based diagnosis. Of the 13 remaining cases in which
there were discrepancies between the two methods, 12 were histologically confirmed grade 3
carcinoma. Using Al-based diagnostic they were classified at least one grade higher by Al (n=12,
including 2 two grades higher) and in one case a histologically confirmed as TI-RADS V case one
grade lower. During the course of the work, the authors established the new multimodal
ultrasound modalities offer the possibility of early detection of malignant foci. Multicenter
evaluation is needed to evaluate the possibility of additional Al in terms of differentiation from TI-
RADS Il to TI-RADS V [13].

In conclusion, it is worth noting that modern thyroid ultrasound diagnostics is a high-tech,

multi-level system for assessing structural and functional changes in the organ, providing high
clinical information value in identifying thyroid lesions, including solitary or multinodular thyroid
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nodules, inflammatory processes, and tumors. B-mode diagnostic ultrasound remains the primary
method, allowing for the assessment of size, contours, echogenicity, echostructure, and
calcifications, as well as precise ROl selection for subsequent quantitative analysis.

In thyroid cancer diagnostics, ultrasound risk stratification based on the TI-RADS
standardizes descriptions and defines indications for fine needle aspiration biopsy, improving the
clinical validity of invasive interventions. The additional use of Color Doppler ultrasound and
microcirculation imaging technologies, including UMA and ultra-microvascular imaging
technology, enables detailed analysis of the vascular pattern of nodular lesions. Evaluation of
hemodynamic parameters such as PRF, PSV, EDV, PI, and Rl expands the possibilities for
differentiating between benign and malignant processes.

Elastography significantly contributes to increased diagnostic specificity, including the
guantitative elastography ratio, which reflects tissue mechanical properties and the degree of
fibrosis. This method is particularly informative in chronic inflammatory diseases such as
autoimmune thyroiditis, including the most common form, HT, as well as in conditions
accompanied by hypothyroidism. A comprehensive assessment of ultrasound features, combined
with laboratory values for thyroid-stimulating hormone and free thyroxin, provides a
comprehensive picture of the functional state of the thyroid gland.

A promising approach is CEUS, which allows for the analysis of the perfusion characteristics
of lesions. The concept of multimodal imaging, consisting of B-mode, UMA, elastography, and
CEUS, significantly improves diagnostic accuracy by integrating morphological, vascular, and
biomechanical parameters.

The implementation of computer-assisted diagnosis (CAD) systems and artificial
intelligence algorithms enables automated image processing, objectivization of ROl assessment,
and reduction of operator dependence. The use of intelligent technologies contributes to the
improvement of positive predictive value (PPV) and negative predictive value (NPV), increasing the
reliability of risk stratification and clinical decisions.

Thus, the integration of B-mode, Doppler techniques, microangiographic technologies,
elastography, contrast-enhanced ultrasound, and digital analysis algorithms forms the modern
standard for comprehensive thyroid ultrasound examination. Ultrasound diagnostic techniques
for various thyroid pathologies in general, and thyroid cancer in particular, are an important link
in the specialty of "Radiology." Their high information content, sensitivity, and specificity often
allow for an accurate diagnosis without resorting to more complex examination methods, which
often carry a fairly high risk of complications and/or radiation exposure, and make it possible to
conduct targeted, specialized treatment for these patients.
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With the development of the global economy, logistics is becoming increasingly important.
International transport corridors, a system of transport and logistics centers and terminals, and
border crossing points are being developed—everything that enables the fast, efficient, and cost-
effective delivery of goods to various points around the world. Multimodal and intermodal
transportation, containerization and cargo packaging, and cross-docking systems are further
developing. However, to further improve these processes and accelerate the flow of materials,
information, and financial resources, it is necessary to increasingly utilize digital logistics.

Digitalization of logistics creates the preconditions for increased profits for transport
companies, coordinates and intensifies all logistics processes, assists in the planning and modeling
of transport flows, the creation of supplier and customer databases, and data security systems for
companies involved in supply chains, etc. Through the development of various mobile
applications, digitalization simplifies the work of drivers, creates an electronic queue system for
border crossings and terminal services, and monitors participants at every stage of the logistics
chain. It also helps logisticians and shippers predict delivery times and quickly resolve unexpected
situations that arise in route.

Digitalization of logistics is based on the widespread use of modern technologies, covering
all stages of the transport and logistics process. Key elements of digital logistics in Kazakhstan are
domestic digital platforms and services designed for searching for cargo and contractors, verifying
contractors, and monitoring shipments. These solutions are gradually merging into a unified
ecosystem, enabling a single-window approach, significantly simplifying interactions between
market participants and reducing the impact of human error [1].

One of the core technologies is electronic document management (EDM), which replaces
paper documentation with digital formats. This system not only expedites the processing of
transport and customs documents but also ensures transparency and control at all levels. EDM
integrates with other automated services, eliminating errors and improving information accuracy.

Data collection terminals (DCTs) are another important component of digital logistics,
widely used in warehouses and transport operations. These mobile devices allow for quick
scanning and entry of cargo information, monitoring the movement of goods, and promptly
receiving results in a centralized management system. Mobile devices reduce human error,
minimize errors in data collection, and speed up inventory control.

GPS navigation is used to monitor and optimize transport routes in logistics in Kazakhstan.
This technology provides real-time tracking of vehicle movements, allowing logistics company
managers to make decisions based on up-to-date data, quickly respond to changing traffic
conditions, and adjust routes. GPS trackers integrate with transport management systems (TMS),
creating a comprehensive mechanism for monitoring and analyzing shipments.

Integration with marketplaces and e-commerce platforms plays a significant role in digital
logistics, allowing companies to expand sales channels and efficiently manage customer orders.
Specialized interfaces and APIs synchronize orders, delivery statuses, and inventory levels,
improving service levels and reducing processing times. In addition to the above, warehouse

177




Proceedings of the 12th International Scientific Conference

management systems (WMS) and transport management systems (TMS) are actively used in
Kazakhstani logistics, integrating with the ERP platforms of large companies. The use of 3D
geographic information systems (3D GIS) facilitates precise planning and visualization of logistics
flows, while the implementation of artificial intelligence algorithms optimizes routes and resource
allocation. Importantly, digital solutions are focused on ease of use and specific tasks, which is
reflected in the preference for adaptive and flexible systems over cumbersome and difficult-to-
scalable ones [2].

An important area is cooperation with international partners, as well as the development
of national platforms, which creates a foundation for the expansion of Kazakhstani logistics
services and the expansion of technological capabilities. Investments in digital infrastructure,
specialist training, and standardization of data exchange remain priorities for the further growth
of the industry [3]. These technologies form the basis for improving process efficiency.

Despite these successes, significant challenges remain that hinder the effective
automation of logistics processes in Kazakhstan. One of the main problems is the weak
digitalization of the industry as a whole, which is due to the insufficient readiness of some
companies to adapt to new technologies and the inability to scale foreign solutions to the local
business climate. Attempts to implement complex foreign platforms, such as the American On
fleet, often fail to produce the desired results, as the Kazakhstan market is characterized by low
demand for such multifunctional and autonomous systems. Local users traditionally prefer simple
and highly integrated solutions built into already popular ecosystems like Kaspi, eliminating the
need to switch between multiple mobile apps and platforms [2].

Furthermore, the potential of advanced technologies such as artificial intelligence and the
Internet of Things is overestimated. The effective operation of such systems requires a huge
amount of high-quality data, which is often absent or highly fragmented in the regions. As a result,
investments in expensive Al solutions fail to yield significant efficiency gains, and the results are
often comparable to those of simpler tools, such as reports or dashboards. This situation is
exacerbated by the insufficient training of personnel capable of properly setting up, maintaining,
and developing digital services within the specific context of the local logistics market [4].

It is worth emphasizing that successful automation in Kazakhstan is achieved primarily
through the simplification and optimization of specific processes, rather than a complete digital
transformation of an organization's entire work cycle. Complex and difficult-to-adapt solutions
often create barriers for users and hinder the rapid changes required in a dynamic logistics
environment. This requires companies to adopt a flexible and pragmatic approach, taking into
account the real capabilities and specificities of the industry.

An equally important factor are the challenges associated with the infrastructure and
development of the country's transport and logistics complex. Despite significant growth in the
industry—the Transportation and Warehousing sector grew by 20.7% in 2025, freight turnover
increased by 11.7%, and total transportation volume reached 955 million tons—the need to
eliminate bottlenecks and develop digital infrastructure remains a pressing issue [5]. The
government is taking significant measures to upgrade and expand transport corridors, such as the
Trans-Caspian International Route and the reconstruction of the Dostyk-Moiynty section, but the
technical capabilities of automation and system integration lag behind the modernization of
physical highways.

There are also economic and organizational constraints. Kazakhstan's economic growth
rate, although positive, remains lower than that of neighboring countries, limiting investment in
innovative technologies. Furthermore, the logistics sector requires advanced training for
specialists capable of implementing and effectively using digital tools, as a skills gap hinders the
large-scale implementation and adaptation of new solutions. In warehouse logistics, there are
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problems with automation and service quality, which negatively impacts the ultimate economic
impact of digital innovations.

The study revealed that digital logistics in Kazakhstan is developing dynamically, shifting
from traditional methods to modern digital solutions that encompass all stages of cargo
transportation and ensure increased efficiency, transparency, and speed. The use of key
technologies such as electronic document management, data collection terminals, and GPS
navigation, as well as integration with marketplaces, facilitates route optimization and cost
reduction, which is becoming an important factor for competitiveness in domestic and
international markets.

A case study by Greenlight demonstrated that the implementation of sophisticated digital
solutions not only improves the quality of logistics operations but also stimulates business growth,
increases on-time delivery, and enhances customer service. The company's success is driven by a
pragmatic approach focused on ease of use and adaptability to the specifics of the Kazakhstani
market, confirming the need for a reasonable balance between technological ambitions and
realistic innovation planning. Significant problems and challenges were identified, such as the
industry's limited digital maturity, a shortage of qualified personnel, and the need for significant
investment in infrastructure and staff training. Insufficient access to high-quality data and an
overabundance of complex foreign systems create barriers to the large-scale implementation of
advanced technologies, including artificial intelligence and the Internet of Things. These factors
require the development of adapted, simple, and integrated solutions capable of operating
effectively in the specific conditions of the Kazakhstan market.

Particular attention is paid to investment and infrastructure development, where projects
related to the Trans-Caspian International Transport Route and the expansion of railway capacity
form the basis for the creation of a digital transport hub. Government initiatives, including the
establishment of the Center for Digital Development of Transport Logistics, facilitate the
coordination of efforts and the implementation of comprehensive digitalization programs,
underscoring the strategic importance of the industry for the national economy.

The study demonstrated that comprehensive digital coverage of all stages of freight
transportation significantly improves interactions between participants in supply chains, creates
conditions for multimodal transportation, and increases the transparency of procedures at the
national and international levels. Integration with international standards and cooperation within
the Eurasian Economic Union further expand opportunities and strengthen Kazakhstan's transit
potential.

Ultimately, the successful development of digital logistics in Kazakhstan is determined not
only by the level of technological advancement but also by the ability to balance ambitious goals
with a realistic approach that takes into account economic opportunities, business needs, and
infrastructure. A strategic focus on developing inclusive, simple, and flexible digital tools,
supported by systematic investment and personnel training, creates the preconditions for
sustainable growth and leadership in the regional transport industry. Continuing and deepening
digital transformation will improve the quality of logistics services, strengthen Kazakhstan's
position as a key link in international supply chains, and generate significant economic benefits for
the entire country.
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Abstract

The article investigates the design and performance optimization of an operational database
for the disinfection service sector. In the modern service environment, real-time data processing,
concurrent access by multiple users, and rapid generation of analytical reports require a reliable
and high-performance database architecture. Within the scope of the study, the integration of
OLTP and DWH models on the PostgreSQL platform, the selection of efficient indexing strategies,
table partitioning, and the implementation of parallel processing mechanisms were analyzed.
Experimental evaluation demonstrated that the application of optimized index structures and
parallel processing capabilities can reduce query execution time by an average of 30-40% and
ensure more efficient utilization of system resources. At the same time, the proposed architecture
maintains stability under high-load conditions and facilitates the formation of a scalable
information system. This approach is of practical and applied significance for optimizing the digital
management processes of disinfection services.

Keywords: PostgreSQL, database optimization, parallel processing, OLTP, Data Warehouse
Introduction

In recent years, the demand for disinfection services has increased significantly, which has
highlighted the importance of information systems in this sector. The registration of service
orders, management of employees and resources, tracking of utilized materials, and preparation
of customer reports require the rapid and efficient processing of large volumes of operational
data. In traditional database approaches, executing transactional workloads (OLTP) and analytical
workloads (DWH) on the same platform often leads to performance-related challenges [7].

Current Challenges and Needs. When multiple users simultaneously access the system,
issues such as transaction locking, query delays, and slow report generation may occur [10]. These
challenges become more evident when complex JOIN operations and aggregation queries are
executed on large-scale tables, which significantly increases the consumption of system resources
and negatively affects data processing speed [12]. Modern database management systems,
particularly PostgreSQL, provide solutions to these issues through parallel execution mechanisms,
advanced query planners, and efficient indexing strategies. Therefore, the development of an
optimized and scalable database model for disinfection service systems represents an important
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topic from both scientific and practical perspectives. Disinfection services play a critical role not
only in protecting public health and preventing the spread of infectious diseases [1], but also in
ensuring sanitary safety within urban environments and organizational facilities [2].

Research Objective, Problem Statement and Context

The primary objective of this study is to design a high-performance, reliable, and scalable
operational database for a disinfection service and to evaluate the impact of implementing parallel
processing mechanisms in the PostgreSQL environment on system performance. In the modern
service sector, real-time data processing, collaborative work of multiple users, and the rapid
generation of analytical reports are critically important [8]. This study aims both to improve the
speed of operational processes and to optimize query execution time as well as the utilization of
system resources.

Mathematical and Conceptual Model. The research is modeled based on the following
parameters:

e n — number of rows in the table
e j— number of JOIN operations
e j— number of applied indexes
e p — number of parallel worker processes
The query execution time T depends on the following function:

T =f(n,j,i,p) (1)
The objective of this study is to minimize this function as much as possible:
T — min (2)

To achieve this objective, the following tasks are addressed:

1. Designing and implementing an appropriate database model in PostgreSQL for the
processing of transactional and analytical data.

2. Improving performance through table normalization and partitioning.

3. Applying and evaluating different indexing strategies, including B-tree and composite
indexes.

4. Enabling parallel execution mechanisms and comparing query performance.

5. Demonstrating the effectiveness of the optimized approach based on experimental test
results.

This approach holds both scientific and practical significance in optimizing the digital
management processes of disinfection services, reducing query execution times, and ensuring the
efficient use of resources [3,4].

Methods of Problem Solving and Validation

The following stages have been identified for solving the problem:

System Architecture Design. The database system for the disinfection service is based on
the integration of OLTP (Operational Database) and OLAP/DWH (Analytical Data Warehouse)
models.

OLTP Model: Designed for real-time recording of customer orders, employee schedules,
materials, and operational activities.

DWH Model: Used for storing historical data, generating reports, and executing analytical
queries.
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ETL Process (Extract, Transform, Load): Provides an automated mechanism for transferring
and cleansing data from OLTP to DWH.

Figure 1 illustrates the schematic representation of the system architecture:
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Figure 1. OLTP and Data Warehouse Architecture (developed by the author).

|

Database Modeling

Structuring the database is a fundamental requirement for the efficient operation of the
system. Proper modeling and organization of data prevent redundancy and enhance system
performance [5, pp. 287-292 ]. The 3NF (Third Normal Form) is applied to operational tables,
which eliminates duplicate data and ensures data integrity [5, pp. 306—312 ].

In the database model, fact and dimension tables are separated [8]. Fact tables store core
operational data such as transactions, orders, and used materials, while dimension tables contain
descriptive information about employees, customers, equipment, and departments.

To optimize the management of large volumes of data, fact tables are partitioned based on
date. Monthly or yearly partitioning reduces query execution time. To further improve query
performance, B-tree, partial, and composite indexes are employed [9].

The table below presents a sample structure of a fact table used for storing operational data.

Table 1. Sample Fact Table

Column Name | Data Type Description

operation_id BIGSERIAL Unique identifier of the transaction
employee_id INT Employee ID

client_id INT Customer ID

operation_date | TIMESTAMP | Transaction date and time
material_used | JSONB Information on materials used
status VARCHAR(20) | Transaction status

Parallel Execution Mechanisms in PostgreSQL. The PostgreSQL database management
system employs parallel execution mechanisms to handle large volumes of data efficiently [11].
In PostgreSQL version 14 and later, parallel query execution plays a critical role in improving query
performance. The Parallel Sequential Scan distributes sequential read operations on large tables
across multiple parallel processes, enabling faster data processing. Additionally, Parallel Hash Join
and Parallel Merge Join mechanisms allow JOIN operations to be executed in parallel, thereby
reducing query execution time [6].

183



Proceedings of the 12th International Scientific Conference

For query optimization, the Bitmap Index Scan mechanism enables faster retrieval of rows
that meet filter conditions. At the same time, partition pruning ensures that queries are executed
only on relevant partitions. The VACUUM and ANALYZE operations assist the query planner in
generating more efficient execution plans [6]. A comparison of execution times for parallel and
non-parallel queries is presented in Table 2.

Table 2. Comparison of Parallel and Non-Parallel Query Execution

Query Type Non-Parallel (ms) | Parallel (ms) | Speedup (%)
Customer Transactions Query 3200 1950 39
Material Usage Report 4500 2800 38
Employee Performance Analysis | 2800 1800 35

Results of Validation. The analyses conducted indicate that the implementation of parallel
execution mechanisms in PostgreSQL significantly improves query performance. Based on the test
results, parallel execution reduces query execution time by an average of 30—40%.

In addition, the application of partitioning and appropriate indexing strategies ensures faster
execution of queries on large datasets. The proposed model enables the effective integration of
both OLTP and DWH approaches within a single system for disinfection services.

Application of the Results

The operational database developed for the disinfection service was implemented in two
stages: database construction and execution of parallel queries. The objective was to optimize
guery execution time and ensure efficient resource utilization [5, pp. 714-718 ].

Database Construction. The operational fact table was created with partitioning and a JSONB
column for material information. This approach:

e Ensures efficient storage of large volumes of operational data [5, pp. 14-18 ]
e Reduces query execution time for historical operations [5, pp. 449-454]
e Allows storage of dynamic data through the JSONB column [6]

Figure 2. Example of Fact Table Creation and Partitioning for Disinfection Operations

Implementation of Parallel Queries. In the PostgreSQL database, the parallel execution
mechanism allows queries to be distributed across multiple worker processes when processing
large volumes of data. This approach enables more efficient use of system resources and reduces
guery execution time. Below is a test example demonstrating the execution of parallel queries.
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Figure 3. Example of Parallel Query Execution in PostgreSQL Using PL/pgSQL

Example of a Complex Analytical Query. A complex SQL query was used to generate an
analytical report based on the usage of materials and the execution status of operations. This
qguery allows for the assessment of statistics on materials used during operations as well as the
number of completed transactions. Figure 4 presents the complex SQL query developed for
analyzing material usage during operations. The query utilizes JSONB-type data to determine
material usage statistics and the count of completed operations.

Figure 4. Complex SQL Query for Material Usage Analysis in PostgreSQL

Conclusion

Within this study, an optimized database model for managing disinfection services was
developed using PostgreSQL, and its effectiveness was evaluated experimentally. During the
modeling process, a fact-and-dimension table approach was applied to ensure structured storage
of operational data. To efficiently manage large volumes of data and reduce query execution
times, a date-based partitioning mechanism was implemented. The results indicate that the use
of PostgreSQL’s parallel execution mechanisms enhances the performance of queries executed on
large datasets and reduces their execution times. Additionally, employing JSONB-type data
facilitates the creation of complex analytical queries, providing extended capabilities for analyzing
material usage, operation statuses, and employee performance. Overall, the developed database
model can be considered an efficient and scalable solution for managing operational data and
generating analytical reports in disinfection services.
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ET OHIMAEPIHAE KAHBIKKAH
MAWNAPAOBI ATMACTbIPY
CTPATEIMANAPBI: JKYWENI LLONY

Hackampart LbiHapal *KackanipaTKbi3bl

3-Kkypc aokTopaHT, CokeH CendynnnH aTbiHAaFbl KasaK arpoTeXHUKaNbIK 3epTTey
yHuBepcuTeTi, KasakcTaH, AcTaHa Kanachl

UreHbaes AiabiH KanpbekoBuny

PhD, KaybiMaacTblpblafaH Npodeccop, fblabimu KeTeKuwi, CokeH CenPynnnH aTbiHAAFbI
Kasak arpoTexHuKanblk 3epTrey yHuBepcuteTi, KaszakcTaH, ACTaHa Kanachl

ET »koHe eT eHimAepi agam Tafam PaUMOHbIHAA MaHbI3[bl OPbIH anafdbl, OUTKEHI onap
OPraHM3Mre KaskeTTi XOoFapbl canaibl akybi3ablH, A3pyMeHaepaiH, (acipece B12 BUTaMUHI) KaHe
MWHepanabl 3aTTapablH, (TeMip, Mbipbill) Herisri Kesi bonbin Tabbinaapl . Ananga, JdyHUexysinik
[eHcaynblK cakTay yibiMbl (ACY) MeH A3bIK-TY/IK aHe aybln Wapyallblibifbl YbIMbIHbIH, (PAO)
MalimeTTepi 6OMbIHLLA, KbI3bl/1 €T NeH eHAeNreH eT OHIMAEPIH WamMaaH TbiC TYTbIHY AeHCay/bIKKa
benrini 6ip Kayin TeHAaipyi MYyMKiH. byn, eH angpimMeH, MyHAaM eHiMaepAiH KypamblHAAfb
KaHbIKKaH Mail KbllKblnaapbiHbiH, (KMK) »ofapbl menwepiHe 6alinaHbicTbl, cebebi onap KaH
NN1a3MacblHAAFbl TOMEH TbIFbI3AbIKTLI AnnonpotTenatepain, (TT/1MN) aeHreniH KeTepin, »ypek-KaH
Tamblpaapbl aypynapbiHbIH, AaMy KayniH apTTeipadbl [1].

ONCY ycbiHbIMAapbl 6OMbIHLWA, KaHbIKKAH MalnapbliH TOYAIKTIK Kanopma MmesLepiHaeri
yneci 10%-gaH acnaybl Tvic . [lereHMeH, A3CTypAi WYXKbIK eHimaepiHae KMK menwepi *ui ocbl
KepceTKiwTeH acbin Tycedi. byn kafgal TyTbIHYLWbINAPAbIH, AEHCAYAbIKKA AereH HasapbiHbIH,
apTyblHa »KaHe OQYHKUMOHANAbIK, eMAiK-MpoPUNaKkTMKanblK KacmeTtepi bap eT eHimaepiHe
CYPaHbICTbIH, ecyiHe akenai [2].

Ananaa, et eHimaepiHAeri Mal TEK SHePrna Kesi faHa eMec, COHbIMEH KaTap eHIMHIH AaMmi,
XOLW WiCi, KOHCUCTEHUMACHI, WbIPbIHAbINbIFLI }aHE KYMCAKTbIfbl CUAKTbI CEHCOP/bIK KaCMeTTepiH
Ka/biNTacTblpyda wWellywi pen atkapaapl . COHAbIKTAH MalabiH Hip 6eniriH Hemece ToNbIFbIMEH
a/IMaCTbIPY Ke3iHAe 6HIMHIH A3CTYP/i Cana KepCeTKILLTEPIH CaKTan Kany — Kypaeni TEXHONOTUANbIK,
MiHAeT 6obin Tabblnaabl.

1. 3epTTey aaicTeMeci MeH Heri3ri Tacinaep

KaHblKKaH MainapAbl anmacTblpy CTpaTervanapbiH 3epTTey bHapbicbiHAa FanbiMaap
apTYPAi Tacingepai KongaHadbl. Son xaHe Kwon (2023) xyprisreH skyneni wony PRISMA
XaTTamacbl bolbiHWa Xy3ere acbipblibin, PubMed, Scopus, ResearchGate aHe Google Scholar
aepekkopnapbiHaH 402 maKkana ipikTenin, oHblH, 52-ci TYNKIiNiKTI Tangayfa erisinred [3]. byn
3epTTeyaepae KaHblKKaH Mannapabl aAMacTblpyAblH HETi3ri YW CTpaTermacbl KapacTblipblafaH:

1. Bcimaik mannapbiH Tikenen Kocy

2. Oneorenbaep MeH aMyAbCUAbIK Fre/ibAep TEXHONOTMACHI

3. AKybI3/blK a/IMaCTbIPFbIITAPAbl KONAAHY

Ayuso oHe T.6. (2025) 6yn Ti3iMAi MMKPOMHKAMNCYNALUMA KoHE MHTepaTepuduKraums
aaicTepiMmeH ToNbIKTbIpaabl [4].
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2. ©ciMmAaiK malrnapblH TiKenen Kocy cTpaTermacsl

ET eHiMAEPiHiH Mal KbIWKbIIAbIK KYPaMblH aKCcapTydblH eH KapananbimM Xo/bl — KaHyap
MalblH CYMbIK ©CiMAiK MalnapbiMeH TiKenen anmacTbipy. 391TyH, cos, KyHOafbIC, 3bIFbIp, panc
KOHe TeHi3 Mainnapbl MOAMKaHbIKNafaH Mak KblwKblagapbiHa (MKMK) 6ali bonfaHabIKTaH,
onapAbl KONAaHy eT eHIMAEPiHIH TaFaMapblK KYHAbIIbIFbIH apTTbipab! .

38MTYH MalblH KONAaHy DOMbIHLLIA 3epTTeynep KeHiHeH yprisinreH. Nieto »aHe Lorenzo
(2021) 39MTYH MaMblH €T 3MyAbCMANAPbIHAA Mal  a/MacTbIpFbill  PeTiHAe nanganaHy
MYMKIHAIKTEPIH KapacTbipraH . Cublp eTiHiH MOoAeNaik KyheciHae »KyprisinreH Taxipnbenepae
39MTYH MaMblH KOCY MalablH, annbl MeJLIepPiH a3aiTbin KaHa KOMMal, MOHOKAHbIKNafaH KaHe
NOAMKaHbIKMaraH Mal KbllWKblAAAPbIHbIH, AeHreniH apTTbipraH. COHbIMEH KaTap, 39MUTYH Malbl
KOCbINFaH yArinepae man MeH copnaHbiH, 6eniHyi a3zanbin, cy ycTay Kabineti »kofapblnafaH [5].

Anaipa, Tikenem KOCy CTpaTeruAcbiHbIH eneyai Kemuwiniri 6ap: cyMbiK mannap OHIMHIH,
KaTTbl/IblFbIH TOMEHAETIMN, OHbIH TEXHO/IOMMANBIK KacneTTepiHe Tepic acep eTyi MymKiH . CoOHbIMeH
KaTap, NO/MKaHbIKNafaH Mal KbllWKbIAAapbl TOTbIFy npouecTtepiHe 6enim, Oyn eHIMHIH, cakTay
MEP3iMiHIH, KbICKapyblHa aKeneai .

3. Oneorenbaep MeH aMyNbCUANBIK Teibep TEXHONOTMACHI

CyMblK eciMaik MalnapblH TiKenen KocyablH KeMLUINIKTePiH O YWiH fanbiMaap
KYPbINbIMAbIK Maliap TEXHOAOMMACBIH — 01e0rebAep MeH 3MYNbCUAbIK renbaepai a3ipneai. byn
TEXHONOTMANAP CYMbIK Malabl KAaTTbl HEMECE KapTbl1ai KaTTbl Kyire KeATipin, »aHyap maMbliHa
yKCac TeKCTypasblK KacneTTep bepyre MyMKiHAIK bepes; .

Oneorenbaep — CyMblK MalaplH renb Ty3rill areHTTep (Mbicanbl, Hanb3amabik Hanaybis,
MOHOAUMNTANLEPUHAEP) KOMETNIMEH YL OWeMAII Keninik KypblibIMFa YMbIMAACTbIPbINYbI
HOTMXECIHAE anblHaTbiH Xyhenep . Lopez-Pedrouso keHe T.6. (2021) oneorenbaepAiH, et
eHIMAEpiHAEe KONAAHbIYbIH aH-KaKTbl TandafaH [6]. Franco skaHe T.6. (2019) dpaHKPYpTTIK
WYXKbIKTAapAa WOWKa MalblH 3blfblp Malbl OneoresbiMeH afMacTbipy MYMKIHAIMH 3epTrereH.
HaTuxkenep oneorenb KocbiNFaH eHIMAEPAiH OU3NKA-XMMUANBIK, TaFaMblK »KIHE CEHCOP/IbIK,
cuMnaTTamanapblHbiH aKcapfaHbiH KepceTkeH [7].  Pintado »oHe Cofrades (2020) kypfak
bepMeHTTeNreH LWYKbIKTapAa 39MTYH aHEe 4YMa mMalnapbiHbliH KOCNAaCbiHAH afiblHFaH O/feore/lb
MEH 3MYNbCUANBIK refibAi canbiCTbipFaH [8].

OMYNbCUANBIK  renbaep — Mal TamlblnapbiHblH - cyabl  dasaga  akybi3gap MeH
noancaxapuarep KemerimeH TypakTaHAbIPbIybl apKblabl anblHATbIH Xylenep. Barros »aHe T.6.
(2020) cublp eTi byprepnepiHae XaHyap MaWblH TUTP KaHFafbl MaMblHbIH, 3MY/IbCUACBIMEH
a/IMacTbIpbIn, MalAblH TOTbIFYbIHbIH, TEXENreHIH }aHEe OHIMHIH Mail KbILKbIIAbIK KYPaMblHbIH,
¥aKcapFaHbiH aHbikTaFaH [9]. Oztiirk- Kerimoglu »sHe asTopnacsl (2021) cabi3 yHTafbl KOCbIIFaH
MHBEPTTI 39MTYH Maibl 3MYbCUACLIH eT dapLubliHAA XaHyap MalblH aMacTbIpy YLiH KOAAaHbIM,
OH HaTWXKenep anfaH [10].

Ayuso koHe aBTopnacbl (2025) yprisreH KeweHai Tangay Typai eT eHimaepiHae
oneorenbaep MeH aMybCUANbIK reNbaepai KoNAaHy HITUKENePiH KuHaKTafaH (1-kecte) [4].
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1-KecTe. OpTypAi €T eHIMAEPIHAE KYPbINbIMAbIK Maltiapabl KOAAAHY HITUXKeNepi

No | Mai anmacTblpFbiLL ET 6HiMmI AnmacTtblpy Herisri HaTMXXenep
aapexeci
1 | *y3im TyKbIMbl Maibl WowkKa eTi 50% blafanapinbik neH
SMYNbCUANBIK Feni 3MYNbCUACHI TYTKbIP/IbIKTBIH,  apTybl;  MaW
TOTbIFYbIHbIH, TOMEHAEYI
2 | Yna Malbl | BOMIOHbA TUNTI 100% NKMK aeHremiHiH »ofapbliaybl;
3MYNbCUANBIK Feni LUY*KbIKTAP CEHCOP/IbIK, KacueTTepdaiH,
CaKTanybl
3 | Turp *KaHfafbl malbl Cublp eTi 50-100% KMK, TemeHaeyi, TOTbIFY
3MYNbCUACHI byprepnepi NPOLECTEPIHIH TeXenyi
4 | 3bifbIp Maibl lowkKa eTi 60-100% MexaHWKasblK, KacneTTepaiH,
oneoreni nawTeTi CaKTanybl; TOTbIFY
TYPAKTbINbIFbIHbIH, apTYybl
5 | KyHbafbic Manbl | BosnoHbA TUNTI 50-100% 50% anmacTbipyga CeHCOPAbIK
oneoreni LUY*KbIKTAP canafa oCep KOK; 3MybCUA
TYPAKTbINbIFbIHbIH, apTYbl

4. MUKPOUHKANCYAAUNSA KaHe MHTepaTepuduKauma saictepi

KypblnbiMabiK MainapaaH 6acka, 3amaHayu 3epTTeynepae MUKPOWHKAMNCYAALUMA KaHE
NHTepaTepudmnKauma aaicTepi Ae KoN4aHblLAyAa.

MMUKPOMHKANCYNALMA — CYMbIK Malabl KOpFaHblll KabblKlLaMeH KanTay apKblibl OHbIH,
TOTbIFyYFa TYPAKTbINbIFbIH apTTblpy aA4ici. Ayuso aHe T.6. (2025) MMKpOWHKancynsumManaHsaH
HanblK ManblH KYC eTi WYXKbIKTapblHAA KONAaHY HaTUKenepiH kentipeai: 30% anmacTbipy KesiHae
pH »aHe cy benceHainiri ToemeHaen, cepniMmainik KacueTrepi KakcapraH [4]. Heinemann »aHe T.0.
(2020) po3mapUHMeEH BalbITbiNFaH YMa MUKPO-DBLLEKTEPIH CULIP €Ti KOTNEeTTEePIHAE KONAaHbIM,
CaKTay KesiHae Malt TOTbIFYbIHbIH TeXeAreHiH aHblkTafaH [11].

NHTepaTepmndmKaLUMa — Mail KblLLKbINAAPbIHbIH, TPUIAMLEPU MOJIEKYNACbIHAAFbI OPHbIH
©3repTy apKblabl ManabiH, GU3MKAIbIK KacueTTepiH moanduKkaumanay agici. De Souza Paglarini
oHe T.6. (2021) wHTepaTepudMKauMANaHFaH CyT Malbl MEH panc MaWbl KocnacblH eT
3IMYNbCUANAPbLIHAA KOMAAHbIM, KaHbIKNafaH Mai KbllWKbIAAAPbl MeALWEpPiHiH apTKaHbIH, ananaa
TYTKbIP/IbIKTbIH, TOMeHAereHiH bankaran [12].

5. TOTbIfy TYPaKTbI/IbIFbl MACENECi KaHe aHTMOKCUMAAHTTapAbl KOMAaHY

MoNMKaHbIKNafaH Mal KbllKblAaapbiHa 6ail ecimaik mMalnapbiH KoAAaHyablH, H6acTbl
Macesieci — onapAablH TOTbIFyFa bBelimainiri. ToTbiFy npouecTepi eHIMHIH, A3Mi MeH MiCiHiH
@3repyiHe, cakTay Mep3iMiHiH, KbicCKapybliHa akenesi. byn maceneHi wewy ywiH faasimaap Tabuem
aHTWUOKCMAAHTTapAb! KONAaHYAbl YCbiHAAbI.

Munekata »koHe T.6. (2020) 39MTYH afallbl KanAblKTapblHaH anblHFaH QeHoNabl
KOCbINbICTAPAblH, €T OHIMAEPIHAEr TOTbIFY NMPOLLECTEPIH TEXey TUIMAINITIH KapacTbipFaH [13].

Gavahian oHe T.6. (2019) 38MTYH Malbl KOMMOHEHTTEPIHIH  acKasaH-illek
MUKPOdIOPaChIHA KaHE aHTUOKCUMAAHTTbIK BenceHainikke acepiH 3epTrereH [14]. Hanula xaHe
T.6. (2020) acau KuMAOEKTepiHeH aiblHfaH CbIFbIHAbINAPAbIH AHTUOKCUMAAHTTLIK KacueTTepiH
3epTTen, 0/1apAblH €T eHIMAEPiHAEe KONAaHbIY MYMKIHAINH KepceTkeH [15].
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Ayuso aHe T.0. (2025) kenTipreH manimeTTep 60MbIHLIEG, ©CIMAIK MalaapbiH KOCY Ken
)afaanaa TMobapbuTyp KbllLKbIIbIMEH dpeKeTTeceTiH 3aTTapablH, (TBARS) menwepiH apTTbipaapb,
Hipak TUrP KaHfafbl Malbl HEMeCE XY3iIM TYKbIMbl Malbl CUAKTbI Kenbip malnap, KepiciHule,
TOTbIfy NpoUECTepiH Texen anaapl [4].

KopbITbIHAbI

ET eHimaepiHAe KaHbIKKAH Malnapabl anmacTbipy cTpaTermsanapbl OOMbIHLWIA COHFbI
blNOapaarbl 3epTTeyaepre Kypri3iireH Woay Kenecigen KOpbITbIHABIIAP *Kacayfa MYMKiHAiK
bepeni:

BipiHWIiAeH, KypbIAbIMABIK Maliap TeXHONOrMACkl (oneorenbaep MeH 3SMYAbCUSAbIK,
renbaep) — KaHblKKaH maiiapabl aIMacTblpyAblH, €H NepcnexkTuBanbl HafbiTbl. By aic cyMbIK,
eciMAik mannapbiHa KaTTbl MallapFa ToH TEKCTypanbik Kacnettep bepyre MyMKiHAiK bepea .

EKiHWIineH, ecimaik malnapbiH TiKenen Kocy Kapananbim api YHemAi afic HonraHbIMeH,
OHIMHIH TOTbIfy TYPAKTbI/IblFbl MEH TEKCTYPasblK KacMeTTepiHe Tepic acep eTyi MyMKIH .

YWiHWiaeH, MUKPOUHKANCYAALUMA SAiCi MOAMKAHbIKNAFaH Mal KbllLKbIAAapPbliH TOTbIFyAaH
KOpfayablH TUiMAI TaCini peTiHAe 63iH Aanenaeai .

TepTiHWIAEH, aAMACTbIpy A3PeXeci 6HIMHIH, TypiHe XaHe KO/AAaHbl1aTblH TEXHOOTMAFA
H6annaHbicTbl 25%-0aH 100%-Fa geliH e3repyi mymKiH. KenTtereH 3eptreynep 50% anmacTbipy
A3pereciHae eHiIMHIH CEHCOP/bIK KAaCMeTTEPIHIH CaKTaNnaTbIHbIH KepceTea .

BeciHWwiaeH, TOTbIFY TYPAKTbINbIFbIH aPTTbIPY YLiH TabWUFXN aHTUOKCUAAHTTApAb! (6Cimaik
CbIfbIHAbINAPbLI, PEHONABI KOCbIIbICTAP) KOCbIMLLA EHTI3Y KaXKeT .

Bonalwak 3epTTeynep KypblAbIMAbIK Malnap TEXHONOMMACbIH OAaH api KeTingipyre,
OHAIPICTIK MacwTabTa KONAaHYAblH 3KOHOMMUKabIK TUIMAINIMIH apTTbipyFa KaHEe KaHa Tabufu
aHTMOKCMAAHTTapApl i3aeyre 6arbITTanybl THIC.

94ebunetTep Tisimi

1. Jiaxin Guo, Zong Meng,. (2026). Oleogels/emulsion gels as saturated fat replacers
in meat products. In Future Fat Alternatives: Concepts, Structuring and Food Applications, 505-
523, ISBN 9780443290718, https://doi.org/10.1016/B978-0-443-29071-8.00029-5

2. Leroy F., Smith N.W., Adesogan A.T., Beal T., lannotti L., Moughan P.J., Mann N. The
Role of Meat in the Human Diet: Evolutionary Aspects and Nutritional Value. Anim. Front.
2023;13:11-18. https://doi.org/10.1093/af/vfac093 .

3. Son, E., & Kwon, K. H. (2024). Strategies for replacing saturated fat in meat products: A
review. Theory and Practice of Meat Processing, 8(4), 326-334. https://doi.org/10.21323/2414-
438X-2023-8-4-326-334

4. Ayuso, P., [et al.] (2025). New Insights and Strategies in the Nutritional Reformulation of
Meat Products Toward Healthier Foods. Molecules, 30(12), 2565.
https://doi.org/10.3390/molecules30122565

5. Nieto, G., & Lorenzo, J. M. (2021). Use of olive oil as fat replacer in meat emulsions.
Current Opinion in Food Science, 40, 179-186. https://doi.org/10.1016/].cofs.2021.04.007

6. Lopez-Pedrouso, M., Lorenzo, J. M., Gullén, B., Campagnol, P. C. B., & Franco, D. (2021).
Novel strategy for developing healthy meat products replacing saturated fat with oleogels. Current
Opinion in Food Science, 40, 40-45. https://doi.org/10.1016/j.cofs.2020.06.003

7. Franco, D., Martins, A. J., Lopez-Pedrouso, M., Purrinos, L., Cerqueira, M. A., Vicente, A.
A., [et al.] (2019). Strategy towards replacing pork backfat with a linseed oleogel in frankfurter
sausages and its evaluation on physicochemical, nutritional, and sensory characteristics. Foods,
8(9), 366. https://doi.org/10.3390/foods8090366

190



«Research Reviews» (March 12-13, 2026). Prague, Czech republic I

8. Pintado, T., & Cofrades, S. (2020). Quality characteristics of healthy dry fermented
sausages formulated with a mixture of olive and Chia oil structured in oleogel or emulsion gel as
animal fat replacer. Foods, 9(6), 830. https://doi.org/10.3390/foods9060830

9. Barros, J.C., Munekata, P. E. S., de Carvalho, F. A. L., Pateiro, M., Barba, F. J., Dominguez,
R., [et al.] (2020). Use of Tiger Nut (Cyperus esculentus L.) oil emulsion as animal fat replacement
in beef burgers. Foods, 9(1), 44. https://doi.org/10.3390/foods9010044

10. Oztiirk-Kerimoglu, B., Kara, A., Urgu-Oztirk, M., & Serdaroglu, M. (2021). A new inverse
olive oil emulsion plus carrot powder to replace animal fat in model meat batters. LWT, 135,
110044. https://doi.org/10.1016/j.lwt.2020.110044

11. Heinemann, R. J. B., [et al.] (2020). Chia microparticles enriched with rosemary extract
as a strategy to delay lipid oxidation in beef burgers during refrigerated storage. Food Research
International, 137, 109658. https://doi.org/10.1016/j.foodres.2020.109658

12. De Souza Paglarini, C., [et al.] (2021). Interesterified fat from dairy fat and rapeseed oil
mixture as a fat replacer in meat emulsions: Physicochemical, rheological and oxidative stability
properties. Food Research International, 142,
110212. https://doi.org/10.1016/j.foodres.2021.110212

13. Munekata, P. E. S., Nieto, G., Pateiro, M., & Lorenzo, J. M. (2020). Phenolic compounds
obtained from Olea europaea by-products and their use to improve the quality and shelf life of
meat and meat products — A review. Antioxidants, 9(11), 1061.
https://doi.org/10.3390/antiox9111061

14. Gavahian, M., Khaneghah, A.M., Lorenzo, J. M., Munekata, P. E. S., Garcia-Mantrana, |.,
& Collado, M. C. (2019). Health benefits of olive oil and its components: Impacts on gut microbiota
antioxidant activities, and prevention of noncommunicable diseases. Trends in Food Science and
Technology, 88, 220-227. https://doi.org/10.1016/].tifs.2019.03.008

15. Hanula, M., Wyrwisz, J., Moczkowska, M., Horbanczuk, O. K., Pogorzelska-Nowicka, E.,
& Wierzbicka, A. (2020). Optimization of microwave and ultrasound extraction methods of Acai
berries in terms of highest content of phenolic compounds and antioxidant activity. Applied
Sciences, 10(23), 8325. https://doi.org/10.3390/app10238325

191



I Proceedings of the 12th International Scientific Conference

[TPUMEHEHWE AHCAMBJIEBBIX
METOLOB MALLWNHHOIO OBYHEHWA /1A
[MOBbILUEHNA 2OPEKTUBHOCTU CUCTEM
OBHAPYXKEHWA CETEBbIX BTOPYKEHWI

3aninarnes Maam ApmaHOBKUY

MarmcTpaHT, Kapeapa MHGoOPMaLMOHHON Be3onacHOCTH, EBPa3nIMCKMIN HALMOHANAbHbIN
yHusepcuteT um. J1.H. T'ymunesa (r. ActaHa, KasaxcTtaH)

HayuHbIn pyKOoBOAUTENb:

Nckakos K.T.

A.0.-m.H., npodeccop

AHHOTauUMA. B cTaTbe uccneayetca nNpuUMeHeHue aHcambieBbiX MEeToA0B MaLIMHHOIO
obyyeHuna ans nosbieHMA 3GOEKTUBHOCTU OOHAPYKEHUS CETEBbIX BTOPMXeHWM. [peanoxeHa
apPXUTEKTYpa CUCTEMbI Ha OCHOBE MeTo[a CTeKkWHra, obveamHstowero Random Forest, meTtos,
OMOPHbIX BEKTOPOB M MHOTOC/IOMHbIA NepLEenTPOH. SKCNepMMeHTabHanA OLEHKa NpoBedeHa Ha
Habopax gaHHbix NSL-KDD u CICIDS2017. Pe3ynbTaTbl MOKa3a/M, YTO aHCambieBbl noaxos,
aocturaer ToudHocTM 98,3% n 3HadveHmAa Fl-score 0,983, npeBocxoaa oOTAesbHble MOAENN WU
cyulecTsytouime aHanorn. Ocoboe BHMMaHME YyAeNeHO WHTEePNPeTMpPyeMoCTn peLleHuit c
nomolibto metoaa SHAP 1 agantaumm moaenm K apendy AaHHbIX.

KntoueBble cnosa: aHcambneBoe o0byyeHne, CTEKMHT, 0bHapyKeHWe BTopKeHun, Random
Forest, SVM, HelpoHHas ceTb, SHAP, NSL-KDD, CICIDS2017, KnbepbesonacHoCTb.

BBeaeHme. PocT ymcna 1 CNoXHOCTM KnbepaTaKk ABNAETCA OAHOM U3 KAOYEBbIX Npobaem
COBPEMEHHOMN MHPOPMALNOHHOM H6e3onacHocTy. Mo AaHHbIM MeXAyHaPOAHbIX
nccnenoBaTeNlbCKMX LIEHTPOB, KOAMYECTBO MHUMAEHTOB eXeroAHo ysennympaeTca Ha 30—40%,
NPV 3TOM 3HAYMTENbHYO 400 COCTABAAOT aTakKM HOBOIO TMMA, HE MMEKOLIME M3BECTHbIX CUTHATYP
[1]. TpaaMUMOHHbIE CUCTEMbl ODOHapy»KeHua BTOopxKeHMn (Intrusion Detection Systems, IDS),
OCHOBaHHbIe Ha COMOCTaBNEHMM CeTeBbIX COOLITUI € Ba3oM curHaTyp, 3dbEKTUBHbI MLLIb NPOTUB
3apaHee KaTa/Iorm3npoBaHHbIX YIpo3 M HeCcnocobHbl 0OHapPYKMBaTb aTakk HyaeBoro AHs [2].

MeToabl  MaliMHHOro  obydeHma (MO) no3BOMAKOT  aBTOMATUYECKM  BbIABASATH
3aKOHOMEPHOCTM B CceTeBOM TpaduKke W KnaccudUUMpPOBaATb €ro Kak HOPMasbHbIA UK
aHoMabHbIN. OAHAKO NPUMEHEHME OTAE/NbHbIX KNAacCMOUKATOPOB MMEET OrpaHMYEeHNs: epeBbs
PeLIeHUI CKNOHHbI K NepeobydyeHnto Ha 0by4YatoLmMX JaHHbIX, METOA, OMOPHbIX BEKTOPOB (SVM)
N/1I0X0 MaclTabupyeTcs Ha Bosblive 0O6bEMBI AaHHbLIX, @ TyOOKMEe HEMPOHHbIE CeTU TpebytoT
3HAUYUTENbHbIX BbIYUC/AIUTE/NbHBIX PECYPCOB M OOMbLINX OOBEMOB pPa3MeEUYEHHbIX AaHHbIX A1A
obyyeHusa [3].

AHcambneBble MeToAbl, O0ObeAMHAIOWME HECKObKO MOZeNel C  pPasandyHbIMK
npUHUMNaMmn paboTbl, NO3BOASAIOT KOMMNEHCUMPOBATL Clabble CTOPOHbI OTAE/bHbIX a/TOPUTMOB U
NOBbICUTb 06LLYID TOYHOCTb Knaccudurkaummn. Cpeamn aHcambaeBblX NOAXOA0B BblASNAKT O3rTUHT
(napannensHoe obydyeHne moaenel Ha NoasbibopKax), BYCTUHT (nocneaoBaTenbHOE 0byyeHne ¢
aKLUEHTOM Ha owwubKax npeablaywein moaenn) n CTeknHr (obydyeHme metaknaccuouKkaTopa Ha
BbIxoAax 6a30Bbix moaenein) [4]. CTeKUHT aBnseTca Hanbonee rMbKMm Noaxo40M, MO3BOASAOWMM
06beaMHATb Pa3HOPOAHbIE MOAENN.
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[lononHuTenbHoM Npobiemort ABNAETCA MHTEPNPEeTUPYEMOCTb pelleHuit IDS. AHaNUTUKK
6e30MacHOCTM A0/KHbI MOHMMATb, Ha KaKMX MPW3HaAKax OCHOBAHO pelleHne mMoaenu, 4Tobbl
BEPUPUUMPOBATL anepTbl M NPUHMMATb OOOCHOBaAHHbIE pelleHuA O pearMpoBaHuu. MeToapl
0OBACHUMOTrO UCKYCCTBEHHOTO MHTeNNeKTa (XAl), Takme Kak SHAP 1 LIME, no3BonstoT pewmnTs 3Ty
3agady [5].

Llenbto gaHHOM paboTbl ABNAeTcs pa3paboTka WM 3KCNepuMMEHTasibHaA  OLEHKa
aHcambneBOro noaxoZa Ha OCHOBE MeTOAa CTEKMHIa AN OOHAPYKEHWA CeTeBbIX BTOPXKEHWUN, a
TaK¥Ke aHa/In3 MHTEPNPETUPYEMOCTU MPUHMMAEMbIX PELLIEHMI C MOMOLLLI0 MeToda SHAP.

O630p nuTepatypsl. MpMMeHeHNe MaLIMHHOTO 0BYyYeHUA A1A OOHAPYKEHUA BTOPKEHWN
aKTMBHO wuccneayetca ¢ Hadvana 2000-x roaoB. PaHHWe paboTbl OblIM coCpeaoToYeHbl Ha
NPUMEHEHUN OTAENbHbIX aNropuUTMOB: Aepesbsa pelweHuit (C4.5, CART), metoa k-6amskaniumx
coceselt, HansHbIM baltec. Buczak n Guven [1] nposenn macwTabHbii 0630p meToA0B data mining
M MaLLMHHOIo 0bydeHuns ana IDS, BblAENNB KOYEBbIE aNTOPUTMbI M HABOPbLI AaHHbIX.

Garcia-Teodoro et al. [2] cuctemaTmampoBann MNoAxoAbl K OBHAPYXKEHUID aHOManui,
Bbl€/IMB CTAaTUCTUYECKME METO/bI, METO/Zbl Ha OCHOBE 3HAHMM M METO/Zbl MALIMHHOTO 0byYeHus.
ABTOpPbl OTMETUAN, YTO OCHOBHOM Mpobsemoi aHOManbHbIX IDS ABNAETCA BbICOKMI YPOBEHb
NOXHOMONOXKUTENbHbIX CpabaTbiBaHMI (FPR), KOTOPbI MOXKET BbITb CHUMEH 33 CYET NPUMEHEHMA
aHcamb1eBbIX NOAX0/10B.

Vinayakumar et al. [10] npeanoxunm raybokyto HerpoHHyto ceTb (DNN) an1a obHapy»keHua
BTOPMKEHWUM, JOCTUIHYB accuracy 96,7% Ha NSL-KDD. Ferrag et al. [11] npumeHnan rubpuaHyto
apxutektypy CNN+LSTM, nokasaswyto 97,2%. Gao et al. [12] pa3spabotann aganTUBHBLIN
aHcambnb, gocturwmnin 97,6%. OAHAKO HWM OfHA M3 3TMX PaboT He paccmaTpuMBana BOMPOCHI
MHTEPMNPETMPYEMOCTUN PELIeHUI U afanTauumn K apendy AaHHbIX.

Mpobnema HecbanaHCMPOBAHHOCTU KaccoB B AaHHbIX IDS nccnegosaHa Chawla et al. [7],
npeanoxmnswnmmnm metoa SMOTE ana reHepauum CUHTETMYECKMX MPUMEPOB MMHOPUTAPHbIX
knaccoB. KombuHauma SMOTE ¢ Tomek Links no3sonaeT oaHoBpemeHHO oboraTuTb
MWHOPUTAPHbIE KNACChl M OYUCTUTb FPAHMLLbI MEXAY Kaccamum.

BakHoM npobnemoit npu pa3paboTke IDS aBnseTca agantauma Moaenn K MU3MeHAOLLMMCS
naTTepHam ceTeBoro TpaduKa. AsneHune aperda gaHHbIX (concept drift) npMBOAMT K NOCTENEHHOM
Aerpagaumm kadectsa 0by4eHHbIX MOAENeNn, eCIM OHN He OOHOBAAIOTCA perynapHo. [as peweHns
OaHHOM npobsiembl NMPUMEHAOTCA METOAbl MOHUTOPUHIA CTAaTUCTUYECKMX CBOWMCTB BXO/HbIX
OaHHbIX (TecT Konamoroposa-CmupHoBa, Page-Hinkley TecT) ¢ aBToMaTU4ECKMM MHULIMMPOBAHNEM
nepeobyyeHma Npu obHaPYHREHNM 3HAYMMbIX UIBMEHEHUN.

Bonpocbl nNpaKkTuyeckoro pasBépTbiBaHMA ML-cuctem OOHapyKEHUA  BTOPMKEHWUM
BK/tOYAtOT obecnedyeHne macwtabupyemoctn (06paboTKa BbICOKOCKOPOCTHOrO TpadumKa),
OTKa30yCTOMUYMBOCTM, MHTErpaLmm C CyLlecTBylolen MHpacTpykTypolr 6esonacHocTn (SIEM,
SOAR) 1 COOTBETCTBUS HOPMATMBHbIM TpeboBaHMAM. B KOHTeKcTe Pecnybamnkm KasaxctaH ocobyto
3HAYMMOCTb MMeeT cooTBeTCcTBMEe TpeboBaHMAM KoHuenumm kmbepbeszonacHoctn «Kubepuwmt
KasaxctaHa» u ctaHgapTa CT PK ISO/IEC 27001.

MaTepuanbl U MeToApl. dKcnepumeHTanbHas 6a3a BK/oYana ABa Habopa AaHHbix: NSL-
KDD (125 973 obyyatowmx n 22 544 tecTtoBbix 3anucer, 41 npusHak, 5 knaccos: Normal, DoS,
Probe, R2L, U2R) n CICIDS2017 (2 830 743 3anucen, 80 npmsHakos, 15 Tnnos aTakK). Bbibop
00YyCNOBAEH WNPOKMM MCMONb30BaHMEM aHHbIX HabopoB B Hay4YHOM coobliecTse [6, 7].

MpenobpaboTka [AaHHbIX BKAOYANa chneaylolive 3Tanbl: 3amelleHue NpPonyLeHHbIX
3HaYeHUn (MeaMaHa ANS8 YMCNOBLIX, MOJA A/A KaTeropmanbHbIX NMPU3HAKOB), HOPManAM3aLma
ymucnosbix NpuaHakos (StandardScaler), KoaMpoBaHWe KaTeropuanbHbix npu3HakoB (One-Hot
Encoding ana NnpM3HaKoB C YNCAOM YHUKANbHbIX 3HaveHMI Ao 10, Target Encoding aAns ocTanbHbIX)
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n otbop npmsHakos metogom Mutual Information. M3 ncxogHbix 80+ nNpusHakoB oTobOpaHbl 47,
obecneymsatowme 99,5% KavecTBa NONHOM MOAENM NPU COKPALLLEHMM BpEMEHM NPeACcKa3aHMA Ha
40%.

BanaHcKMpoBKa KNaccoB BbiNoHEHA KOMOUHMpPOBaHHbIM meTogom: SMOTE ans reHepaumm
CUHTETUYECKMX NMPUMEPOB MUHOPUTAPHbIX KnaccoB M Tomek Links ana yoaneHma 3awwymneHHbIX
npumMmepoB BBM3M rpaHuL, Knaccos [7]. COOTHOLWEHME KNaccoB nocae 6anaHCUMPOBKM — He MeHee
1:5 ans HaMmeHee NpeacTaBAEHHbIX KAaTEropui.

B KkayectBe 6a30Bblx Modeneir aHcambna BbliOpaHbl TPWM anropuTma C PasanyHbIMM
npuHUMnammn pabotbli: Random Forest (RF) — aHcambnb aepesbes pelieHunit (500 aepeBbes,
max_depth=30, max_features=sqrt); Support Vector Machine (SVM) — meTo 0nopHbIX BEKTOPOB
¢ aapom RBF (C=100, y=0,01); mHOrocnoMHbii nepuentpoH (MLP) — HelpoHHasa ceTb C Tpems
CKPbITbIMM cnoamM (256—>128->64 HelipoHa, akTMBauma RelLU, Dropout 0,3, onTummsaTtop Adam).

MnepnapameTpbl  ONTMMM3MPOBAHbI OAMECOBCKMM METOAOM C  MCMO/b30BaHMEM
6ubnnotekn Optuna (100 wuTepaumii, 5-kpaTHas CTpaTMOMLMPOBAHHAS KPOCC-BaMAaLms,
uenesaa MeTpuka — Fl-macro). Arperaums npeackasaHUi BbIMNOJHEHA METOAOM CTEKWUHra:
BbixoAbl 0a30BbIXx MOAENeN MCMNONb3YKTCA KaK MNpPU3HaKM ANs  meTaknaccmoukaTopa
NorucTnyeckon perpeccmn [8].

ApxuTeKTypa pa3paboTaHHON CMCTEeMbI BKAOYAET YeTbipe Moayna. Moaynb cbopa AaHHbIX
OCYyLLEeCTBAAET 3axBaT ceTeBOro Tpaduka yepes SPAN-mopT KOMmyTatopa C MCMNOAb30BaHMEM
6ubnmnotekn libpcap. Moaynb npenobpaboTkM BbINOAHAET HOPMaaM3aLUI0, KOAMPOBAHME U
oTOOp MNPM3HAKOB B pEXMMe peanbHOro BpemeHW. Moaynb KnaccubuKkaumm CoaepKUT
aHcambneByld MoAenb C MapannenbHbIM BbINONHEHNMEM 6a30BbIX KnaccMdUKaToOpoB Ans
MMUHUMM3ALMN NaTEHTHOCTU. Moaynb o0bbAcHeHWA reHepupyeT SHAP-3HaueHWA ANA Kaxaoro
npeackasaHma u GopMMUPYeT CTPYKTYPUPOBaHHbIe anepTbl Ans SIEM-cuctembl.

[na obecneyeHns macluTabrpyemMoCcT KOMMOHEHTbI CUCTEMbI PAa3BEPHYTbI B KOHTEMHEPAX
Docker ¢ opkecTpaumeir Kubernetes. MexxmoaynbHoe B3aMMOAENCTBME OCYLLECTBAAETCA Yepes
6pokep coobuleHmit Apache Kafka, obecneunsatowmin bydepmsaumio Npmu NUKOBbLIX Harpy3Kax.
REST API Ha 6a3e FastAPI npegocTaBaseT sHANOUHTbLI ANa Knaccudurkaumm (/predict), nakeTHoM
obpaboTku (/batch_predict) n nonydyeHma SHAP-o6bacHeHn (/explain).

[Ons obecnedyeHms CTaTUCTUYECKOM 3HAYMMOCTM KarKapblh aKCnepumeHT nosTopéH 10 pas ¢
PA3/IMYHBbIMUK ClyYaliHbIMUK pa3bureHuammn (random seeds 0-9). PesynbTaTbl NpeacTaB/ieHbl Kak
cpeaHee * CTaHAAPTHOE OTK/NOHEHMe. 3HAaYMMOCTb Pa3/IMYMn OLEHMBANACL NAPHbIM t-TecTom
(a=0,05, nonpaBKka boHdeppoHM). NHTepnpeTMpyeMocTb pelleHnin obecnedyeHa metogom SHAP
[9].

PesynbTaThbl M 06CyXaeHUe. Pe3ynbTaTbl b1HapHOM KnaccudurKaumm (HOpManbHbli TpabuK
/ aTaka) Ha TecToBoW Bbibopke NSL-KDD npeactasneHs! B8 Tabaunue 1.

Tabnnua 1 — PesynbTaThl BUHapHOM Knaccndumkaumm Ha NSL-KDD

Moaenb Accuracy Precision Recall F1-score AUC-ROC
RF 0,968 0,971 0,964 0,967 0,993
SVM (RBF) 0,957 0,962 0,951 0,956 0,987
MLP 0,962 0,966 0,958 0,962 0,991
Stacking 0,983 0,985 0,981 0,983 0,998

AHcambneBbI NOAXOA NPEBOCXOAUT KaxkAyto M3 6a30BbiX MOAENEN MO BCEM METPUKAM.
MpPMPOCT accuracy No CPaBHEHMIO C Nydllein eaAMHUYHOM moaensto (RF) coctasmn 1,5 npoLleHTHoro
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MyHKTa, 4YTO SABASETCA CTAaTUCTUYECKM 3Haudumbim  (p<0,01). 3HauvenHme AUC-ROC 0,998
CBUAETENIbCTBYET O NMPaKTUYECKM Be30WNOOYHOM PaHKMPOBAHNN.

Pe3ynbTaTbl MHOrOK/1accoBok Knaccudumkaumm (5 knaccos: Normal, DoS, Probe, R2L, U2R)
MOKasanM, 4YTO HamMbosblUytO CAOXMHOCTb NpeacTasBaAstoT aTtakm Tmuna U2R (F1=0,883) u R2L
(F1=0,919). 310 06YyCNOBNEHO MX Ma/ibiM KONMYECTBOM B 0by4atollel Bbibopke (U2R — Bcero 67
NPMMEpPOB B TECTOBOM Habope) M BbICOKMM CXOACTBOM C NErMTUMHbIM Tpadukom. MprmeHeHne
SMOTE+Tomek nosbicnno F1 ans aTux knaccos Ha 12—18% no cpaBHeHWtO C obyvyeHMem Ha
HecbaaHCMPOBAHHbIX AaHHbIX.

Ha Habope gaHHbix CICIDS2017 obuwiada accuracy aHcambns coctasmna 98,7%. Hannyuwwme
pe3ynbTaTbl 4OCTUIHYTLI Ana DDoS (F1=0,997) n PortScan (F1=0,988), HanbonblUyo CAOKHOCTb
npeactasnanu Infiltration (F1=0,905) u Web Attack (F1=0,939). CpaBHUTENbHbIK aHanu3 c
CYLLECTBYIOLMMM PeLLEHNAMM NpecTasieH B Tabamue 2.

Tabnnua 2 — CpaBHeHMe ¢ cylecTByowmmn pelieHmnamm (NSL-KDD)

MeTtoa Accuracy F1l-score FPR
DNN [Vinayakumar, 2019] 0,967 0,965 0,019
CNN+LSTM [Ferrag, 2020] 0,972 0,970 0,016
Hybrid [Gao, 2019] 0,976 0,974 0,014
MpeanoxkeHHsbIl (Stacking) 0,983 0,983 0,011

MNpeanoXeHHbIn NoAxoa NPEeBOCXOAMT BCE PACCMOTPEHHbIE aHanoru. MpesbllleHne Hag,
HAMKanLLMM KoHKypeHToM (Hybrid Ensemble [12]) coctaBnaeT +0,7% no accuracy 1 +0,9% no F1-
score npu cHuskeHnn FPR Ha 0,003. Bce pasnmuma ctaTucTnyeckn 3aHadymmbl (p<0,01).

AHann3 SHAP-3HauYeHMn BbIABMA KOYEBbIE NMPU3HAKM AN8 Kaxkaoro Tvna atak. Ana DoS-
aTak Haubo/sblIMIA BKAaL BHOCAT 0OBEM nepedaHHbIXx banTos (src_bytes, mean|SHAP|=0,342),
ONTeNbHOCTb coeanHenua (duration, 0,267) n konnyectso SYN-nakeTos (serror_rate, 0,176). s
Probe — KONMYeCTBO YHMKaNbHbIX MOPTOB Ha3HAYEeHMA M YNCNO COEAMHEHUNN K OIHOMY XOCTY 3a
nocneaHue 2 cekyHapl. Ans R2L — 4mcno HeyaayHbix NOMNbITOK aBTopu3aumm u dnar hot. JaHHas
MHPOPMaUMA NO3BONSET aHAIMTMKaAM ObicTpee BepndMLMPOBaATL aNepThbl.

Kpocc-gatacetHas Banugauma (obydenne Ha NSL-KDD, TtectmposaHme Ha UNSW-NB15)
nokasana accuracy 87,3%, 4TOo noATBepXKAaeT npuemnemyto obobliatollyto cnocobHOCTb
moaenein. CHUXKeHMe KayecTBa OOYCNOBNEHO pPas3iMuMaMM B pacnpeneneHum MnpusHaKkos W
Ha/IMYMem TUMOB aTakK, OTCYTCTBYIOLWMX B oby4datowen Bbibopke (Fuzzers, Shellcode).

OueHKa yCTOMYMBOCTM K COCTA3aTebHbIM aTakam (adversarial robustness) BbinosHeHa ¢
Mcnosib3oBaHMem metoda FGSM npu pasfMuHbIX 3HaYeHMAx BoamylleHua (€=0,01; 0,05; 0,1).
AHcambneBbln NOAX04 NPOAEMOHCTPMPOBAA NOBbLIWEHHYO ycToMYMBOCTL: Npun £=0,05 accuracy
cHM3MNacb Ha 4,2% nna aHcambna npotus 7,8% Ana oTAeNbHON HEMPOHHOM ceT n 6,1% ans
Random Forest. [lobasneHune adversarial training No3Bo/MM0 COKPATUTbL Aerpagaunto 1o 2,1%, uto
NOATBEPKAAET MNPAKTUYECKYIO MPUMEHUMOCTb CUCTEMbI B YC/IOBMAX LEAeHanpaB/ieHHoro
NPOTUBOAENCTBUS.

AHann3 BbluMCAUTENBHON 3GDEKTUBHOCTU NOKa3an CAeAyoUME XapPaKTEPUCTUKN: BPEMS
0by4yeHMa NoMHOro aHcambnsa — 466 cekyHn (234 cekyHAabl NpU NapanienbHOM BbINOSHEHUM),
notpebneHne onepatMBHoM namatn — 1,5 b, Bpemsa npeackasanma ana ogHoro obpasua — 0,18
MC MNpW napaaieNbHOM BbINOAIHEHUM Mogenel. [laHHble XapaKTEPUCTUKM  MNO3BOAAIOT
MCNONb30BaTb CUCTEMY /19 MOHUTOPUHIA CETEBbIX CEMMEHTOB CO CKOPOCTbio A0 1 buT/c Ha
CTaHOAPTHOM CepBepHOM 0DOpPYA0BAHNN.

MpaKkTuyeckan anpobauma nNpoBeaeHa Ha TECTOBOM CTeHae M3 15 BMpPTyanbHbIX MalUWH
(KVM/QEMU) B TeueHune 14 aHeir. Cuctema obpabotana 52,7 maH cobbitnin (B8 cpeaHem 43 500
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CObbITUI/MUH), 0BHapYyXMB 347 WUHUMOEHTOB C MOATBEP)KAaeMoCTbio 97,4%. CpeaHee Bpems
obHapyeHna — 2,3 cekyHAbl. [leBATb JIOKHOMOMOMKUTENbHbLIX CpabaTbiBaHWIA  BbI3BaHbI
NEermTMMHOM aKTUBHOCTbIO CMCTEM MOHUTOPMHTa (Nagios) n aBTOMaTU3NMPOBAHHOTO TECTUPOBAHMSA
(OWASP ZAP).

CpaBHeEHME C KOMMEPYECKMMM CUCTEMAMW ODOHapy)KeHWs BTOPXEHMM MOoKasasno
CYLLECTBEHHOE MPEMMYLLECTBO MPEASIOKEHHOIO NoAxXoAa B 0OHApPY»KEHUU paHee HEeM3BECTHbIX
aTak. Snort 3.1 obHapy»un 23,4% HOBbIX aTak, Suricata 7.0 — 28,1%, Toraa Kak paspaboTaHHan
ML-IDS — 87,6% npu cOnoCTaBMMOM YPOBHE JIOKHOMONOKUTENbHBIX cpabaTbiBaHnin (FPR 1,7%
npoTme 1,8—2,1% y KOMMEpPYECKNX PELLEHWI).

MccnepoBaHue yCcTOMYMBOCTM MoOZenn K apendy AaHHbix (concept drift) nokasano
CHMXeHue accuracy Ha 5-8% uyepe3 30 agHel He3 nepeobyyeHnsa. ALanNTUBHBLIA MeXaHM3M Ha
OCHOBE  MOHWUTOPWUHra KS-CTaTUCTUKKM  pacnpefeneHnini  MPU3HAKOB € aBTOMATMYECKUM
nepeobyyeHmnem npun obHapyxeHnn drift no3BonseT nogaepKMBaTh accuracy Ha YpOBHE He HMKe
96% Npw HenpepbIBHOM 3KCNAyaTaLUM.

CoBOKyMHasa cToMmocTb BnaaeHus (TCO) pa3paboTaHHOM cucTeMol 3a 3 roga cocTaBaseT
okono S$11 200, uto B 3-5 pa3s HMKE CTOMMOCTM KOMMepueckmx |DS-peweHunin mpu
NPeBOCXO AlLEM KayecTBe OOHapyXeHWs HeW3BEeCTHbIX aTak. IJTo JAenaeT npeanoKeHHoe
pelleHne 3KOHOMMYECKN LienecoobpasHbiM ANA OpraHM3aumMin Manoro u cpeaHero busHeca, a
TaK)Ke rocyapCTBEHHbIX yuperaeHunin Pecnybankm KasaxcraH.

NlaTeHTHOCTb 06paboTkM oaHoro cobbiTma coctasuna 0,18 mc npu napannenbHOM
BbIMONHEHNUM MoAenen aHcambna, 4yTo obecneymBaeT MNPOMYCKHyt0 crnocobHocTb 5 556
NakeToB/CeK — A0CTAaTOYHO /19 MOHUTOPUHIa CeTEBbIX cermeHToB Ao 1 Iout/c.

3akntoyeHue. B paboTe paspaboTaH M 3KCNepUMEHTaNbHO anpobupoBaH aHCambaeBbli
noaxon, K oOHApPYKEHUIO CETEBbIX BTOPXKEHWMA Ha OCHOBE MeTOoAa CTeKMHra, 0bbeanHAIoLLEro
Random Forest, SVM 1 MHOrocn0oMHbIN NepuenTpoH. Katoyesble pesynbTaThbi:

— accuracy 98,3% un Fl-score 0,983 Ha NSL-KDD, 4TO NpeBOCXOAMT CyLLECTBYHOLLNE
pewenua Ha 0,7-2,7%;

— obHapyeHue 87,6% paHee Hen3BeCTHbIX aTak Npotme 23—-31% y Kkommepyeckux IDS
(Snort, Suricata);

— NpakTMyeckas noarsepxaaemoctb 97,4% npu 14-gHesHon anpobaumn Ha 52,7 maH
cobbITUI;

— MHTEPNPEeTUPYEMOCTb pelleHnin Yepe3 SHAP-0ObACHEeHMA, COKpalalolwas Bpems
paccnegoBaHna Ha 40%.

MepcneKkTMBHbIMW HanpaBieHUAMKW AanbHENWNX WUCCAeA0BaHUN ABNAIOTCA: aganTaums
CUCTeMbl K aHanu3y 3awudposaHHoro Tpadumka (TLS 1.3), pas3paboTka MexaHW3MOB
aBTOMATUYeCKOro OOHOBAEHWSA modenein npu apende AaHHbIX Ha OCHOBE MOHMTOpMHra KS-
CTAaTUCTMKM, @ TaK¥Ke MHTerpauma C NpombllieHHbiMK SIEM-cuctemamm na npakTMYeckoro
BHEZPEHWNS B KOPNOPaTMBHbIE MHGPACTPYKTYpbl Pecnybamnkm KasaxcTaH.
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Abstract

The rapid development of online recruitment platforms has generated a large volume of
unstructured job vacancy descriptions containing information about skills, qualifications, work
experience, and employment conditions. Transforming such textual data into structured
information is important for recruitment automation, labor market analysis, and job—candidate
matching. Large language models (LLMs) have recently shown strong potential in natural language
processing tasks due to their contextual understanding and generative capabilities. However, their
effectiveness in extracting structured information from job vacancy descriptions remains a subject
of discussion. This paper examines the role of LLMs in information extraction from job vacancy
descriptions and compares their advantages and limitations with domain-adapted and traditional
NLP approaches. Using a qualitative comparative methodology based on recent academic
literature, the study analyzes key extraction tasks, including skill extraction, requirement
identification, and structured parsing of vacancy texts. The findings suggest that LLMs demonstrate
strong semantic interpretation and flexibility, especially in complex and implicit contexts, but they
do not always outperform supervised domain-specific models in extraction accuracy. The paper
concludes that hybrid benchmarking frameworks may provide the most effective approach for
recruitment-oriented NLP system:s.

Keywords: large language models; natural language processing; job vacancy descriptions;
information extraction; skill extraction; benchmarking.

1. Introduction

The digitalization of recruitment has transformed job vacancy descriptions into an
important source of labor market information. Job advertisements contain valuable details about
required technical skills, soft skills, education, years of experience, and job responsibilities.
However, this information is usually presented in unstructured text form, which makes automated
analysis difficult. As a result, information extraction from job vacancy descriptions has become an
important area of natural language processing research (Senger et al., 2024).

In recent years, large language models have attracted significant attention because of their
ability to process text with high semantic flexibility. Unlike traditional rule-based systems, LLMs can
interpret context, infer implicit meanings, and generate structured outputs from free text. These
characteristics make them promising for processing vacancy descriptions, which often vary in style,
quality, and terminology. At the same time, recent studies show that strong general language
understanding does not necessarily guarantee the highest performance in domain-specific
extraction tasks (Nguyen et al., 2024).

The job market domain presents several challenges for NLP systems. Vacancy descriptions
often contain ambiguous wording, overlapping categories of skills, and inconsistent formatting
across companies and industries. In addition, employers may describe the same competency in
different ways, which increases the difficulty of accurate extraction and normalization. Therefore,
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benchmarking LLMs for vacancy analysis requires careful attention to both linguistic and practical
factors (Zhang et al., 2022).

This paper aims to examine how large language models can be benchmarked for
information extraction from job vacancy descriptions and to identify their main strengths and
limitations in comparison with traditional and domain-adapted NLP approaches.

2. Literature Review

2.1. Information extraction from job vacancy descriptions

Information extraction from job postings focuses on converting unstructured text into
structured data elements such as job titles, skills, education requirements, and experience levels.
Among these tasks, skill extraction has become one of the most actively studied directions in
recruitment-oriented NLP. A recent survey on computational job market analysis shows that deep
learning methods have become central to job posting analysis, especially in tasks related to skill
extraction and classification (Senger et al., 2024).

One of the most important contributions in this area is the SkillSpan dataset, which was
developed for extracting hard and soft skills from English job postings. The study demonstrated
that domain-adapted transformer models achieve strong results on vacancy extraction tasks and
highlighted the complexity of distinguishing between different types of skills in natural job
advertisement language (Zhang et al., 2022). This work confirmed that job postings represent a
highly specialized text domain requiring tailored evaluation methods.

2.2. Large language models in recruitment-oriented NLP

The emergence of large language models has expanded the possibilities of NLP in
recruitment and human resources. LLMs can be used not only for extraction, but also for
summarization, normalization, semantic matching, and explanation generation. Their contextual
understanding allows them to recognize information expressed in more implicit or varied forms
than earlier extraction systems.

However, empirical findings remain mixed. Nguyen et al. (2024) examined skill extraction
in the job market domain using large language models and found that LLMs do not consistently
outperform traditional supervised models. Although LLMs showed advantages in handling
syntactically complex and semantically nuanced skill mentions, they remained weaker in standard
extraction performance across benchmark datasets. This finding suggests that LLMs have strengths
in interpretation, but not always in precise extraction.

Another relevant line of research concerns benchmark design for recruitment tasks.
Pezeshkpour et al. (2023) introduced the Resume-Job Description Benchmark, which includes job
descriptions, matched resumes, and unmatched resumes for evaluating HR-related NLP system:s.
Although the benchmark is broader than vacancy extraction alone, it demonstrates the importance
of realistic datasets and specialized evaluation environments in recruitment-oriented NLP.

2.3. Benchmarking challenges in vacancy extraction

Benchmarking NLP systems for vacancy description analysis is difficult for several reasons.
First, there is substantial variation in how employers formulate requirements. Second, the same
skill may be expressed using different terms across industries. Third, vacancy texts often contain
implicit expectations that are not stated in standardized form. These issues make evaluation more
complicated than in more uniform domains.

In addition, recent literature emphasizes that the field still suffers from fragmented
datasets and inconsistent terminology. According to Senger et al. (2024), the absence of unified
annotation practices and standardized definitions weakens comparability across studies. This
means that benchmarking LLMs should include more than simple accuracy measures and should
consider semantic robustness, interpretability, and downstream usefulness.
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3. Methodology

This study uses a qualitative comparative approach based on secondary academic sources.
Instead of conducting a new experiment, the paper analyzes recent literature on information
extraction from job vacancy descriptions, with particular focus on skill extraction, benchmark
design, and large language model performance. The aim is to identify general patterns in how LLMs
perform relative to domain-adapted transformer models and earlier NLP methods.
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Figure 1. Methodological framework of comparative analysis

The paper focuses on extraction tasks that are most common in the literature: hard skill
extraction, soft skill extraction, experience identification, education extraction, and structured
parsing of vacancy descriptions into machine-readable fields (Zhang et al., 2022; Nguyen et al.,
2024).
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4. Benchmarking Large Language Models for Vacancy Information Extraction
A meaningful benchmark for LLMs in job vacancy extraction should evaluate not only
whether the model identifies information correctly, but also whether the output is useful for real

applications such as candidate matching, recruitment analytics, and labor market monitoring.

Dimension Description Importance
Skill extraction |dentification of hard Core recruitment task
and soft skills
. Detection of .
Requirement Tests semantic
. . mandatory and  preferred )
interpretation L understanding
qualifications
. . Recognition of vyears Supports  structured
Experience extraction . . o
and types of experience candidate filtering
. . Detection of degrees, Useful for vacancy
Education extraction . e o
certificates, and qualifications | normalization
Ability to process nois Important for real-
Robustness yop Y P
and heterogeneous texts world usage
Explainability Ability  to  justify Increases trust in HR
outputs applications
Generalization Transfer across
industries and vacancy Reflects scalability
formats

Table 1. Main benchmarking dimensons for vacancy description extraction

The literature suggests that LLMs are especially useful in tasks requiring semantic
interpretation. They can identify skills even when vacancy texts use indirect or non-standard
formulations. For example, instead of stating a direct skill such as “teamwork”, a vacancy may refer
to “the ability to work effectively in cross-functional environments” (Table 1). LLMs are generally
better able to recognize such formulations than narrow rule-based systems (Nguyen et al., 2024).

At the same time, extraction performance in highly structured benchmark settings often
remains stronger for domain-adapted supervised models. SkillSpan showed that models adapted
to job-posting language achieve high performance in identifying hard and soft skill spans, which
suggests that specialization remains highly valuable in this domain (Zhang et al., 2022).

Model family Strengths Limitations
Rule-based / CRF Transparent and stable Limited semantic
methods on narrow templates flexibility
, High extraction
Domain-adapted . g Depend on labeled
precision and strong -
transformer models training data
benchmark performance
Strong contextual Lower consistency,
Large language models | understanding and flexible | possible hallucinations,
prompting weaker extraction boundaries

Table 2. Comparative characteristics of model families for vacancy extraction
The comparison indicates that benchmarking should be multidimensional (Table 2). A

model with high exact extraction performance may still be weaker in semantic generalization, while
a model with strong contextual understanding may generate inconsistent structured outputs.
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5. Discussion

The analysis shows that large language models represent an important development in
recruitment-oriented NLP, but their strengths are different from those of earlier extraction models.
Their main advantage lies in the ability to process semantically complex and implicit information.
This is especially important in vacancy descriptions, where employers often describe competencies
indirectly or combine several requirements in long and syntactically dense sentences (Nguyen et
al., 2024).

However, the current literature does not support the conclusion that LLMs should replace
all domain-specific extraction approaches. On the contrary, benchmark evidence suggests that
supervised and domain-adapted transformer models often remain more accurate in token-level or
span-level extraction tasks (Zhang et al., 2022). This is consistent with the broader idea that domain
adaptation remains crucial in specialized text processing.

Another important issue concerns benchmark design. If studies use different datasets,
different definitions of “skill”, and different evaluation procedures, it becomes difficult to compare
models fairly. The survey by Senger et al. (2024) emphasizes that fragmentation of terminology
and datasets remains a major obstacle in computational job market analysis. Therefore, future
benchmark development should prioritize standardization and broader multi-domain evaluation
settings.

A promising direction is the development of hybrid systems. In such systems, a domain-
specific extraction model may first identify candidate entities, while a large language model may
then refine, normalize, or explain the extracted information. This would combine the precision of
supervised models with the semantic flexibility of LLMs. The broader benchmark work by
Pezeshkpour et al. (2023) also supports the value of evaluation frameworks that reflect realistic HR
tasks rather than isolated extraction performance.

6. Conclusion

This paper examined the role of large language models in information extraction from job
vacancy descriptions through a comparative review of recent academic literature. The analysis
showed that LLMs offer important benefits in contextual understanding, semantic flexibility, and
the interpretation of implicit requirements. However, they do not consistently outperform domain-
adapted supervised models in benchmark-oriented extraction tasks.

The main conclusion is that benchmarking LLMs in this area should not rely on a single
measure of accuracy. A useful benchmark should also evaluate robustness, interpretability,
generalization, and practical relevance for recruitment applications. The most promising future
direction is the development of hybrid benchmarking frameworks and standardized datasets
specifically designed for vacancy description analysis. Such approaches can improve both the
scientific quality and practical usefulness of recruitment-oriented NLP systems.
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Xulasa

Bu magalada virtual masaistl asash infokommunikasiya bulud xidmatlarinin islema prinsiplari va
onlarin istifade olundugu sahalar arasdirilib. Virtual masaUsti texnologiyalari is proseslarini daha
rahat va cevik edir, tahlUkasizliyi artirir, mdvcud resurslardan samarali istifadani temin edir va
masafadan islomaya sarait yaradir. Magalada hamcinin virtual is masasl texnologiyasinin is
mihitinds rolu va funksiyalari izah olunmus, VMi-nin mixtalif ndvlari miigayisali sakilds tagdim
edilarak onlarin fargli Ustinltklari va tatbiq istigamatlari gostarilmisdir. Bulud texnologiyalari
asasinda taqdim edilan virtual masalstl xidmatlari amakdaslarin masafadan islomasini daha
samarali edir, malumatlarin tahlikasizliyini glclandirir vo muassisalarin IT resurslarini optimal
sokilda idara etmasina imkan yaradir. Magalads, hamcinin bu xidmatlarin biznes proseslarina
tatbigi va onlarin galacak inkisaf istigamatlari barada da bahs olunur.

Acar sézlar: Virtual is masasi, Bulud xidmati, uzagdan is, VMI hallari
Summary

This article examines the principles of operation of virtual desktop-based infocommunication cloud
services and the areas in which they are used. Virtual desktop technologies make work processes
more convenient and flexible, increase security, ensure efficient use of available resources, and
create conditions for remote work. The article also explains the role and functions of virtual
desktop technology in the work environment, presents various types of VMI in a comparative
manner, and shows their different advantages and application directions. Virtual desktop services
provided on the basis of cloud technologies make employees' remote work more efficient,
strengthen data security, and allow enterprises to optimally manage their IT resources. The article
also discusses the application of these services to business processes and their future
development directions.

Keywords: Virtual desktop, Cloud service, remote work, VM solutions
Giris

Virtual is masasi — istifadacinin fiziki cihazindan asili olmadan, bulud muhitinda yaradilan va
uzaqdan idara olunan bir is stansiyasidir. Bu sistem avvalcadan qurulmus amsaliyyat sistemi va
program taminatini tagdim edir va ona internet baglantisi olan istanilan cihaz — kompditer,
planset, noutbuk va ya smartfon vasitasile daxil olmag mimkinddr. Virtual masatstinin asas
UstUnlUyU ondadir ki, istifadaci harada olmasindan asili olmayaraq eyni is mihitina gosula bilir va
bitln cihazlarda eyni interfeys va funksionalligla islayir. Bu da platformalar arasinda tam uygunlug
va fasilasiz is tacribasi yaradir.
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Bu yanasma takca muxtalif platformalarla uygun sakilds islamak imkani vermir, ham da bir cox
hallarda fiziki komputerle mugayisada daha yUksak istifadaci rahathgl tamin edir. Bunun sababi
odur ki, virtual is masasi ehtiyac yarandigda alava yaddas va digar hesablama resurslarini dinamik
sokilda istifada eda bilir. 9vvallar bu texnologiya yalniz bir istifadaciys xidmat gdstarmakla
mahdudlassa da, zamanla inkisaf edarak eyni sistemda bir neca istifadacinin fardi is muhitini
paylasmasina va idara etmasina imkan yaradib.

Virtual masaUstlari neca islayir?-Birdan cox istifadacini dastaklayan virtual masalstl sistemlarinin
gurulmasi ve sazlanmasi kifayat gadar muirakkab prosesdir ve adatan bu is Ucln ixtisaslasmis
GclnclU taraf program taminatindan istifade olunur. Bu clr virtual masalstleri miassisanin
taleblarina va texniki xUsusiyyatlarina uygun sakilda fardilasdirile va ya sifirdan hazirlanaraqg
uygunlasdirila bilar. Virtual masalstl xidmatlari muxtalif provayderlarin teqdim etdiyi fardi
infrastrukturlarin tarkib hissasi kimi faaliyyat gostarir. Bu sahada an taninmis sirkatlardan bazilari
Citrix (VMI Solutions platformasi), Microsoft (Azure bulud xidmati) vo VMware (Horizon sistemi)
hesab olunur. [1, s.412-470]

Virtual masalstl infrastrukturunun qurulmasi prosesi, onu hayata kegiran sirkatdan asili
olmayarag, Umumilikda oxsar marhalslari shata edir. ilk olaraq, xidmat provayderi sirkatin mévcud
fiziki sistemini taglid edan masausti virtuallasdirma programindan istifada edarak, yerli serverda
va va bulud platformasinda islayan virtual masin yaradir.

ogar sistem yerli sakilda qurulursa, birdan cox istifadacinin eyni anda virtual is mihitina qosula
bilmasi l¢lin bu prosesi idara edan “hipervizor” adli xisusi program taminatindan istifads olunur.
9gar qurasdirma bulud tGzarinda hayata kecirilirsa, hipervizor da daxil olmagla bitin infrastruktur
hamin bulud mihitinds formalasdirilir va istifadagilar virtual masina tam uzagdan ¢ixis imkani alda
edirlar.

Virtual is masasinin idara edilmasi Ucln istifads olunan hesablama resurslari, onun hansi mihitds
yerlasmasindan — vyerli serverda va vya ictimai bulud hesabinda (masalan, FreeBSD, Linux va ya
Windows 10 kimi sistemlarda) islemasindan — asili olaraq fargli sakilds bolisdirilur. Yerli mihitds
bu resurslarin idarasini hipervizor hayata kecirir, bulud asasli sistemlarda isa bu vazifani birbasa
bulud provayderi yerina yetirir. [2, 5.345-380]

Virtual masatstlarinin hansi névleri var?-Virtual masaUstlari malumatlarin saxlanma xtsusiyyatina
asasan iki nova ayrilir: davamli va davamli olmayan masadstlari.

Davamli olmayan masaUstlari mivaqgati istifada Uc¢ln nazards tutulur ve miayyan vaxt arzinda
aktiv oldugdan sonra silinarak avvalki vaziyystina gaytarilir. Bela sistemlarda istifadaci isini
bitirdikda, masalstl nodvbati istifadaci Ggln tam tamiz vaziyyata gatirilir, yani har dafs “yeni va
bos” bir is mihiti ila baslanilir.

Davamli virtual masadistlari malumatlarin gorunmasina va fardilasdirilmis is muhitina ehtiyac
oldugda tetbig edilir. Bu clr masaustlari konkret bir istifadaci Gclin qurulur va hamin saxsin
sistemda etdiyi biitin dayisikliklar yadda saxlanilir. istifadaci yenidan 6z masaustiine daxil oldugda,
avvalki sazlamalar, fayllar ve programlar oldugu kimi galir. Davamli masadstlari uzunmuddatli
amakdaslig va daimi garsiligh alaga talab edan layihalar Gglin an uygun secim hesab olunur.

Bela masadstleri istifadaciya daha fardi tacriiba teqdim edir — o, 6z programlarini, malumatlarini
va interfeys gorinlsin istadiyi kimi tanzimlaya bilar. 9ksina, davamli olmayan masaustlari daha
standart qurulusa malik olur va btln istifadacilar Gglin eyni is muhiti seklinda tagdim edilir.
inzibati baximdan, davamli va davamli olmayan masaustlari idarsetms Usullarina géra farglanir.
Davamli masadstlari istifadacinin har girisinda fardilasdirilmis is mihiti tagdim etmali oldugundan,
daha cox yaddas resurslarina ehtiyac duyur, clnki istifadacinin etdiklari dayisikliklar ve alagali
malumatlar saxlaniimahdir.

Bels masadstlari uzun muddatli istifade lcln nazards tutuldugundan, administratorliar onlarin
program taminatini mitamadi olarag yenilamali va saxlanmis is yUklarinin idarasini, o cimladan
alava yaddas talablarini planlasdirmalidirlar.
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Tacrlbada, xUsusila bir cox istifadacinin eyni anda isladiyi hallarda, davamli olmayan masadstlari
praktikliyi ssbabindan taskilatlar Gg¢lin daha alverisli secim hesab olunur.

VMI (Virtual MasaUsti infrastruktur) halli istifadacilara markazlasdirilmis, tahlikssiz va genislana
bilan bir platforma vasitasila virtual masadstlera va programlara uzagdan ¢ixis imkani yaradir. Bu,
uzaqdan islayan amakdaslariidars edan va ya onlara texniki dastak gdstaran sirkatlar Gglin xUsusila
uygundur. [3, 5.160-200]

VMI sistemi virtual masadstlarini markazlasdirilmis serverlarda yerlasdirarak islayir veo
istifadacilara istanilan cihazdan bu masaUstlarina uzagdan qosulmag va onlarla islamak imkani
verir. Bu, ardicil va tahllkasiz bir hesablama mihiti tamin edir. Markazlasdirilmis serverlar virtual
masaustlarinin idara olunmasini tamin edir va istifadacilarin tapsiriglari sanki yerli komptterdan
islayirmis kimi yerina yetirmasina imkan yaradir.

VMI hallari markazlasdirilmis idarasetmsa, yliksak saviyyali tahlikasizlik va genislana bilan struktur
tagdim etmakla virtual masadistlarinin ssmarali qurulmasini va idarasini mimkun edir. Bu sistemlar
nazik mistari cihazlarindan istifade etmakle aparatin gevikliyini artirir, uygunlugu temin edir va
xarclari azaldir.

Geekflare isa performans, genislanma imkanlari, yerlasdirma rahathgi, tahlikasizlik, istifadagi
tacribasi va xarclarin ssmaraliliyi kimi kriteriyalara asaslanaraq bazardaki an yaxsi VMI hallarini
arasdirmis va siralamisdir. [4, s.277-320]

V2 Cloud — Startaplar va kigik/orta bizneslar U¢lin ideal secim

V2 Cloud bulud asasl virtual masaUsti hallidir va istifadacilara bir neca klik vasitasila virtual is
muhitlarini yaratmaqg va uzagdan calisan amakdaslarini asanligla idare etmak imkani verir. Bu,
xUsusile startaplar va kicik-orta olctlU sirkatlar Gcln rahat va tahlikasiz bir virtual masatsti
platformasi tamin edir. V2 Cloud, startaplar va kicik-orta bizneslarin tahlikasizlik masalalarina
narahat olmadan boyimaya fokuslanmasini tamin edan tam idara olunan VMI programidir. Sistem
siratli va asan genislandirila bilan qurulusa malikdir, tahlikasizlik ve uygunlug standartlarina riayat
edir, IT xarclarini azaldir, hamcinin mobil va uzaq giris imkani yaradir. Bizneslarin ehtiyaclarini
dastaklamak Ucln texniki xidmat va idarsetma imkanlari tagdim olunur. Bundan alavs, global
malumat markazlari, pesakar texniki biliklar, tam inteqgrasiya olunmus hallar va 24/7 canli dastak
da mdvcuddur.

V2 Cloud istifada edarak virtual masaUstind qurmagq Ggln xUsusi texniki biliklars, sertifikasiyalara
va ya bahall IT avadanligina ehtiyac yoxdur. Bu, alave tacribs va uzunmiddatli miqavilaler
olmadan ham vaxtiniza, ham da xarclariniza genast etmaya imkan verir.

Citrix-korporativ saviyyali tatbig ve masadisti virtuallasdirma dGgiin an yaxsi segimdir.

Citrix, mUassisalar dgln virtual masadstlari va programlarin virtuallasdiriimasi sahasinda gabagqcll
VMI va DaaS hallari taqdim edan lider provayderdir. O, yerli, bulud va ya hibrid infrastrukturlarda
Daa$, virtual programlar va VMI secimlarini tamin edarak virtual resurslarin istanilan yerdan
effektiv idarasini va biznes malumatlarinin yiksak saviyyada gorunmasini mimkun edir.

Citrix VMI istifadacilarin mahsuldarligini artirir, korporativ tahlUkasizliyi glclandirir va biznesin
fasilasiz faaliyyatina dastak olur. Sistem hibrid va ¢oxbuludlu is yiklarina uygunlug, idara olunan
bulud platformasi, XenServer-in premium versiyasi, veb programlarina tahlikasiz giris, hamcinin
performans va tahlikasizlik G¢ln analitik imkanlar kimi funksiyalar taklif edir.

Citrix mixtalif sahalerda — sahiyys, tahsil, dévist qurumlari, parakanda satis, istehsal va maliyya
xidmatlarinda — hibrid isci glvvasinin samarali faaliyyat gdstarmasina dastak olur. O, istifadacilara
yiksak keyfiyyatli tocriba tegdim edir, cihazlarin c¢evikliyini asanlasdirir va tatbiglarin
performansini artirir. [5, s.90-120]

Omnissa Horizon 8-Omnissa Horizon 8 ragamsal is muhitinizi takmillasdirmak {cin nazards
tutulmus virtualizasiya hallidir. Bu platforma virtual programlari va masaustlari yerli, hibrid va ya
ictimai bulud mihitinds, SaaS ve avtomatlasdirma xidmatlari ils birlikda tahlikasiz va effektiv
sakilda yerlasdirmaya imkan verir.
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Omnissa Horizon 8 ani klonlama texnologiyasindan istifade edarak fardilasdirilmis va zangin
xUsusiyystlora malik virtual masaUstleri tagdim edir. DaaS, VMI va nasr edilmis program
muhitlarinds tatbiglarin va masaustlarinin idarasini asanlasdirir, eyni zamanda optimallasdiriimis
sas, video va yUksak saviyyali grafika ila tahlikasiz, is stansiyasi saviyyasinda performans tamin
edir.

Horizon 8-in cevik yerlasdirma imkanlari sayasinda siz isci qlvvanizi effektiv sakilda dastaklays,
migyaslandirmani idara eds, biznesin fasilasiz faaliyyatini tamin eds va taskilatinizda mixtalif
bulud asasli istifada senarilarini hayata kecira bilarsiniz. [6, 5.148-199]

Amazon WorkSpaces-Amazon WorkSpaces istifadagilara istanilan yerdan giris imkani veran sarfali,
cevik va tahllkasiz virtual masaustlari tagdim edir. Bu hall miassisalar Ggln IT gevikliyini artirir va
idara olunan DaaS vasitasile amaliyyat sistemlari va tatbiglar Gglin iscilarin tacribasini yaxsilasdirir.
Fardilasdirilmis va ardicil is mUhitina ehtiyaci olan iscilar G¢ln VMI konfiqurasiyasi secilarak ylksak
ceviklik tamin edila bilar. Amazon WorkSpaces ham malumat va programlara etibarli giris tamin
edir, ham da virtual is masasinin idarasini asanlasdirir va talablara uygun olarag migyasini
genislandirmaya imkan verir.

Amazon WorkSpaces istifadacilarin fargli talablarina uygun program va aparat secimlarini ahata
edan miuxtalif paketlar tagdim edir. Bu platforma cevikliyi tamin edir, tachizati sadslasdirir,
tahllkasizliyi glclandirir ve aktiv katalog, identifikasiya, son noqts idarasi, elace da sas
optimallasdirmasi kimi imkanlarla MS 365 programlarini WorkSpaces mihitinds islatmaya imkan
verir. [7, 5.64-88]

VirtualBox-Sexsi istifada Uclin an yaxsl acig manbadir. VirtualBox AMD64/Intel64 va x86
platformalari Gglin nazarda tutulmus glicll acig manbali virtualizasiya programidir. O, uzag ekran
protokollari vasitasila virtual masinlara masafadan giris imkani verir va xarici cihazlari gosmag Ugln
USB dastayini tamin edir.

VirtualBox sada va istifadagi dostu interfeysi il taninir, bu da onu programcilar, testgilar va IT
mitaxassislari Gcln ideal edir. Program NAT, Bridged Networking va Host-Only Networking kimi
mixtalif sabaka rejimlarini dastaklayir.

VirtualBox Windows, Linux, Solaris va macOS daxil olmagla bir cox amsaliyyat sistemi ila uygun
islayir. Onu effektiv istifada etmak Ucilin an son prosessor, kifayst gadar RAM, sabit disk sahasi va
dastaklanan host va gonag amsaliyyat sistemi talab olunur.

Azure Virtual Desktop-Azure inteqrasiyasi (iciin an yaxsidir. Azure Virtual Desktop iscilara istanilan
yerdan islemak imkani verarak programlara ve masadistlarine tahlikasiz uzaq giris tamin edir.
Azure ila integrasiya olunmus bu hall siza Windows 10 va Windows 11 masaustlarini virtual sakilda
idara etmaya va konfiqurasiya etmaya tam nazarat imkani yaradir.

Platforma, multi-faktorlu autentifikasiya (MFA) va Azure Active Directory integrasiyasi kimi
tahllkasizlik xtsusiyyatlari vasitasile malumatlarin gorunmasini tamin edir. Hom fardi, ham da
birlasdirilmis virtual masauUstlarini dastaklayarak mixtalif biznes ehtiyaclarina uygun hallar tagdim
edir. Eyni zamanda, Azure Virtual Desktop sarfali migrasiya imkanlari, cox seansli istifads, cevik
sabaka va alags keyfiyyatinin monitoringi kimi Gstinliklar da tamin edir.

Azure Virtual Desktop siza yalniz istifads etdiyiniz resurslar tglin 6danis etmaya imkan verir va
bunun Gglin avvalcadan har hansi ilkin ddanis va ya uzunmuiddatli migavila talab olunmur.

IBM Cloud VMI-IBM Cloud-dan istifada edan Enterprise Gglin an yaxsisidir. IBM Cloud VMI virtual
masadstlari Ucglin tahlikasiz ve genislana bilan bulud asasli GPU platformasi tagdim edir,
istifadacilara istanilan yerdan tatbiglara va fayllara uzagdan cixis imkani yaradir. Sistem ham
Windows, ham da Linux mihitlarini dastaklayir va mixtalif is yiklarina uygun cevik hall tamin edir.
OS gorintilsrinin idarasi ve istifadagi autentifikasiyasi vasitasila sirkat va saxsi malumatlar
gorunur. [8, 5.235-271]

IBM-in VMI halli, gbzlanilmaz vaziyyatlarda isin fasilasizliyini tamin edir, yliksak alcatanliq va falakat
barpasi imkanlari taklif edir. MUassisalar Uclin ideal olan bu platforma, infrastrukturun uzagdan
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idara olunmasina imkan verir va hibrid inteqrasiya vasitasila performansin shamiyyastli daracads
artirilmasini tamin edir.

IBM Cloud VMI sayasinda muassisalar fiziki avadanliglari idare etmaya ehtiyac olmadan yiksak
performans va etibarliligl saxlayaraq, virtual is masasi infrastrukturunu talabata uygun sakilda
genislandira bilarlar.

Nutanix-Nutanix hibrid bulud muhitinds virtual masaustlari va programlara tahltkasiz ¢ixis tamin
edan VMI halli taqdim edir. Sistem dayisan biznes talablarina uygunlasir, coxlu bulud muhitlarini
dastaklayir ve cevik DaaS ve VMI hallari Ugln glcli imkanlar yaradir. Nutanix yiksak performans
Gcln optimallasdirihb va malumatlari tahlikasiz sakilda virtual masinlara yaxin saxlamaqg Ugln
gabagcil malumat yerlasdirma xisusiyyatlarine malikdir.

Nutanix ila siz ham data markazinds, ham da buludda virtual masaustlari va programlari daha
siratli, hatta 8 dafa siratli sakilds yerlasdira bilarsiniz. Sistem malumatlarinizi kibertahlikalardan
goruyur, tahlikasizlik va performansi artirir. Miayyan edilmis giymat siyasati il resurslara ardicil
¢ixis tamin edir va falakat hallarinda bela biznesin fasilasiz faaliyyatini tamin etmak Ggln virtual is
muhitlarini qurmaga imkan verir.

on yaxsl VMI hallarinin migayisasi
Burada yerlasdirma modellaring, tahlikasizlik xisusiyyatlarina va ideal istifads hallarina asaslanan
VMI hallarini miqayisa edirik.

Cadval 1
VMI Halli Yerlasdirma modeli TohlUkasizlik XUsusiyyatlari|  Kimlar Ggln idealdir?
2 bulud Bulud asasli/yerdayismalSSL/TLS HTTPS sifraloemasi,Startaplar, orta sirkatlar vg
modeli MFA, SAML ile  SSO/boylk muiassisalar Ugln
kilidlama mexanizmi idealdir.
Citrix Bulud  ssasli/yerdayismal128 bit sifralams, Zero TrustOrta biznes  vs iri
modeli toahlUkasizlik  halli, SSO,|musassisalar Ugln idealdir.
MFA, uygunluqg
Horizon8 Hibrid yerdayisma modeli [stifadaci  identifikasiyasi|iri miassisalar va KOBI-lar
140-2 uygun algoritmlar|icln idealdir.
MFA, cihaz va sessiyaya
nazarat, tahlikasizlik
uygunlugu
Amazon WorkSpaces Hibrid yerdayisma modeli [Malumatlarin sifralanmasiiri miassisalar ve KOBI-lar
XiN, SSO, IP girisina nazarat,[licln idealdir.
soboaka tahlUkasizliyi,
uygunlug sertifikatlari
VirtualBox Bulud asasli/ yerdayisma|128/256-bit sifraloma, VM[MUiassisa va saxsi istifads
modeli izolyasiyasi, klonlamalligiin idealdr.
tahllkasizliyi, tahlikasizliys)
uygunlug, giris nazarati
Azure Virtual Desktop Hibrid yerdayisma modeli |Reverse Connect, saxsiyyatBoyik muiassisalar Ugln
meneceri,  XIN,  auditfdealdr.
geydlari
IBM Cloud VDI Cox buludlu yerdayismalUzaqdan isciBoyuk muassisalar Ugln
modeli identifikasiyasi, idarajidealdir.
olunan oS sokillari,
Sifralomsa, giris nazaratlari.
Nutanix Bulud asasli/hibridSifir etibar, audit, saxsiyyat|Orta va iri muassisalar Ggin
yerdayisma modeli va girisin idars edilmasi,|idealdir.
uygunlug xidmatlari,
sifraloma
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Natica

Virtual masatstli infokommunikasiya bulud xidmatlari miasir is muhitinde mahsuldarhgi va
cevikliyi artirmaq Gciin vacib hallardan biridir. VMi-nin mixtalif névlari fargli biznes tslablarina
uygun secila bilar va onlarin tatbigi muassisalarda IT infrastrukturunun samaraliliyini artirir,
malumatlarin gorunmasini tamin edir va amakdaslarin uzagdan islama imkanlarini genislandirir.
Bulud asasli virtual masadsti hallari, xtsusilea uzagdan islaysn taskilatlar Gglin boylk dGstlnlik
tamin edir va amaliyyat xarclarinin azaldilmasina komak edir. Galacakda bu texnologiyalarin inkisafi
ila virtual is masalarinin daha genis istifada olunmasi, yliksak performans va daha cox integrasiya
imkanlarinin tamin olunmasi gozlanilir. Naticads, virtual masaulstl infokommunikasiya xidmatlari
ragamsal transformasiyanin vacib komponentlarindan birina cevrilir.
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Abstract

Yogurt fortification with herbal extracts is a promising strategy for developing functional
fermented dairy products. This study investigated the effect of sweet clover (Melilotus officinalis)
extract on the physico-chemical composition, phenolic profile and vitamin content of yogurt.
Yogurt was produced according to a traditional procedure, and sweet clover extract was added at
a level of 0.5% after fermentation. The fortified yogurt showed a slight increase in protein (from
4.51 +0.03% to 4.89 + 0.05%) and dry matter (from 14.75+ 0.01% to 15.28 + 0.02%), while fat
content remained practically unchanged, indicating good technological compatibility of the extract
with the dairy matrix. Total phenolic content increased from 1.28 + 0.05 to 1.34 + 0.05 mg GAE/g,
and total flavonoid content from 0.53 + 0.03 to 0.59 + 0.02 mg QE/g, confirming the contribution
of sweet clover—derived bioactive compounds. In addition, small but consistent increases
(approximately 5-10%) were observed for vitamins B1, B2, B5, B6, B9 and C in the fortified
samples, whereas vitamin B3 remained unchanged. Overall, the results demonstrate that sweet
clover extract can be effectively used as a natural fortifying ingredient to obtain yogurt with slightly
improved nutritional value and enhanced levels of phenolic compounds and vitamins, supporting
its classification as a promising functional dairy product.

Key words: extract of sweet clover, yogurt, extraction, fermented dairy products

1. Introduction
The growing interest in the development of functional fermented milk products enriched
with plant-derived bioactive components is driven by consumer demand for foods with enhanced
antioxidant and health-promoting value. One of the most promising directions is the use of herbal
extracts in the technology of yogurt and other fermented dairy beverages, as such additives can
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simultaneously modify sensory characteristics, improve the antioxidant status of the product, and
influence the viability of starter and probiotic cultures [1-3]. A number of studies have
demonstrated that the incorporation of phenolic extracts from medicinal and aromatic plants into
yogurt increases total antioxidant activity and total polyphenol content, and improves rheological
and physicochemical parameters, including water-holding capacity and reduction of syneresis. The
addition of aqueous and hydroalcoholic herb extracts (e.g., milk thistle, hawthorn, sage, marjoram,
peppermint, basil) has been shown to enhance the structural and mechanical properties of yogurt
compared with control samples and to maintain or increase antioxidant activity during cold
storage. It has also been reported that the inclusion of herbal extracts can positively affect the
development of starter cultures, the formation of volatile aroma compounds, and the sensory
acceptability of so-called “herbal yogurt”. Some articles emphasize the broad technological
potential of phytogenic additives in yogurts, cheeses and fermented milk beverages, including
antioxidant, antimicrobial and antihypertensive effects and the ability to support the viability of
probiotics [4-5].

Against this background, the use of extracts of yellow sweet clover (Melilotus officinalis) in
yogurt production is of particular scientific interest. Sweet clover is known as a source of a wide
range of bioactive compounds, including coumarins (coumarin, melilotoside and related
derivatives), phenolic acids (caffeic, ferulic, p-coumaric, salicylic), flavonoids (luteolin, quercetin),
as well as saponins, steroids and other low-molecular-weight constituents. Pharmacological
studies have demonstrated anti-inflammatory, anti-edematous, venotonic and anticoagulant
activities of sweet clover extracts, as well as antioxidant and potential antitumor effects, which
underpin their widespread use in phytotherapy for varicose disease, thrombophlebitis and
disorders of venous outflow. Thus, the rich chemical profile and pronounced physiologically
beneficial effects of Melilotus officinalis make it a promising candidate as a natural source of
polyphenols and other phytochemicals for use in functional dairy products [6-8].

In addition, sweet clover is characterized by a specific aroma described as vanilla—tonka-like
with fresh hay notes, mainly due to coumarin and related aromatic compounds. In culinary practice
and artisan food production, sweet clover is often referred to as “northern vanilla” and is used to
flavor sweet dishes, syrups and dairy products, which indicates its sensory compatibility with the
dairy matrix. Transferring this sensory and functional potential into yogurt technology allows one
to hypothesize the possibility of simultaneous enrichment of the product with bioactive
compounds and the creation of an original aroma profile, thereby increasing consumer appeal [7-
9].

The available scientific literature contains extensive data on the use of extracts from various
medicinal plants and spices (garlic, oregano, rosemary, peppermint, basil, hibiscus, persimmon
leaf, lotus leaf and others) in yogurt and other fermented milk products, demonstrating enhanced
antioxidant potential, improved microbiological and sensory characteristics, and stabilization of
product structure. At the same time, publications specifically devoted to the application of
Melilotus officinalis extract as a fortifying agent in yogurt have not been reported so far, meaning
that the use of sweet clover extract for yogurt fortification can be considered a novel and poorly
explored research direction. Taking into account the well-documented functional potential of
herbal extracts in fermented dairy systems and the rich chemical composition of sweet clover, the
development of yogurt technologies enriched with Melilotus officinalis extract appears to be a
highly promising pathway for creating new types of functional fermented milk products with
increased biological value and distinctive sensory properties [3-9].
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2. Materials and methods

2.1 Sample Preparation

The yogurt was prepared according to a traditional procedure. The starter cultures used were
standard strains of Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus.
Fermentation was carried out at 40 °C for 4-5 h. After fermentation, the yogurt was cooled and
stored under refrigeration. Sweet clover extract was added to the yogurt after fermentation at a
level of 0.5% (w/w) of the total formulation.

2.2 Determination of chemical profile

Protein, fat, ash, moisture and lactose contents were determined by FT-IR using Bruker Tango with
the MilkPowder calibration models (Bruker, Germany). Each sample was analyzed in quadruplicate
(n=4).

Total energy was recalculated according to the Atwater general factors using the equation: energy
(kcal/100 g dry weight) = 4 x (g protein + g carbohydrates) + 9 x (g fat), as recommended by
FAO/WHO for food composition and food-energy conversion [10]. Energy values per 100 g product
were calculated from mean composition data and are therefore presented without standard
deviations.

2.3 Determination of Total phenolic content (TPC)

Total phenolic content was determined by using the Folin—Ciocalteu colorimetric method with
gallic acid as standard in Spectrofotometer Shimadzu UV-1900. Yogurt samples (e.g., 5 g) were
homogenized with an appropriate volume of aqueous ethanol (50-80%, v/v), vortexed and
centrifuged, and the clear supernatant was used for analysis. An aliquot of the extract (0.1-1.0 ml)
was mixed with diluted Folin—Ciocalteu reagent and, after a short incubation, sodium carbonate
solution was added to develop the blue coloration. The mixture was incubated in the dark at room
temperature for a fixed period (typically 30-60 min), and absorbance was measured at 750—765
nm against a reagent blank using a UV—Vis spectrophotometer. A calibration curve was constructed
using gallic acid standards, and results were expressed as mg gallic acid equivalents per g of sample
(mg GAE/g) [11].

2.4 Determination of total flavonoid content (TFC)

Total flavonoid content was assessed by the aluminum chloride colorimetric assay using quercetin
as reference compound. The same ethanolic (or hydroalcoholic) extracts prepared for TPC
determination were used for TFC analysis. An aliquot of the extract was mixed with methanol or
ethanol, followed by the sequential addition of sodium nitrite solution (where applicable),
aluminum chloride solution and sodium hydroxide, according to a standard protocol, to form a
stable flavonoid—AlICls complex. After incubation at room temperature for the specified time
(usually 5-10 min), the absorbance of the reaction mixture was recorded at an appropriate
wavelength in the range 415-510 nm (commonly 415 or 510 nm), using a spectrophotometer and
the respective reagent blank. A calibration curve was prepared with quercetin standard solutions,
and TFC was expressed as mg quercetin equivalents per g of sample (mg QE/g) [12].

2.5 Determination of vitamin content

Water-soluble vitamins (B-group and vitamin C) in yogurt samples were determined by capillary
electrophoresis. Briefly, yogurt samples were thoroughly homogenized, and an accurately weighed
portion was mixed with an appropriate volume of extraction solution (aqueous buffer containing
stabilizing agents for ascorbic acid). The mixture was vortexed, sonicated if necessary, and
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centrifuged to obtain a clear supernatant. The extract was then filtered through a membrane filter
(0.22 or 0.45 um) prior to analysis.

Capillary electrophoresis was performed using an uncoated fused-silica capillary with UV
detection. Separation was carried out in a suitable background electrolyte optimized for the
simultaneous resolution of thiamine, riboflavin, niacin (and/or niacinamide), pantothenic acid,
pyridoxine, folic acid and ascorbic acid. The operating conditions (capillary dimensions, buffer
composition and pH, applied voltage, temperature and injection parameters) were adjusted to
achieve baseline separation of the target vitamins within an appropriate analysis time.
Quantification was performed by external calibration using standard solutions of the individual
vitamins over a relevant concentration range. Vitamin contents in yogurt were calculated from the
calibration curves and expressed per 100 g of product.

2.6 Statistical analysis

All analyses were performed in quadruplicate, and the results are presented as mean # standard
deviation. The data were statistically evaluated using one-way ANOVA (p < 0.05) to determine
significant differences between samples.

3. Results

3.1 Chemical profile of yogurt
Chemical profile of yogurt control and yogurt enriched with extract of sweet clover shown in Table
1.

Table 1. Chemical composition of yogurts enriched with herb extracts

Parameters | Control yogurt ‘ Yogurt with Sweet clover’s extract
Physico-chemical composition
Protein, % 4.51+0.03 4.89+0.05
Fat,% 4.89+0.06 4.83+£0.03
DM, % 14.75+0.01 15.28+0.02
TPC 1.28£0.05 1.34£0.05
TFC 0.53+0.03 0.59+0.02
Vitamin content
B1 0.056+0.011 0.061+0.012
B> 0.202+0.085 0.220+0.092
B3 0.112+0.022 0.112+0.024
Bs 0.403+0.073 0.439+0.079
Be 0.056+0.011 0.061+£0.0012
Bo 0.008+0.002 0.009+0.002
C 1.344+0.047 1.465+0.513

The incorporation of sweet clover extract slightly modified the basic physico-chemical composition
of the yogurt. The protein content increased from 4.51 + 0.03% in the control to 4.89 + 0.05% in
the fortified sample, indicating a modest improvement in the nutritional value of the product in
terms of its protein fraction. Fat content remained practically unchanged (4.89 £ 0.06% vs.
4.83 + 0.03%), suggesting that the addition of the extract did not affect the lipid fraction of the
yogurt. In contrast, dry matter increased from 14.75 + 0.01% in the control to 15.28 £ 0.02% in the
yogurt with sweet clover extract, reflecting the contribution of the plant additive to the total solids
content and a slightly higher degree of product concentration.
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3.2 TPC and TFC content of yogurt

According to Table 1 the addition of sweet clover extract markedly increased both total phenolic
and total flavonoid contents of yogurt. In the control sample, total phenolic content was
1.28 £ 0.05 mg GAE/g, whereas in yogurt with sweet clover extract it reached 1.34 +0.05 mg
GAE/g. Total flavonoid content increased from 0.53 + 0.03 mg QE/g in the control to 0.59 + 0.02 mg
QE/g in the fortified yogurt. Although the absolute differences were moderate, they indicate a
consistent enhancement of the phenolic and flavonoid fractions in the product enriched with
sweet clover extract.

3.3 Vitamin content of yogurt

As shown in Table 1 The inclusion of sweet clover extract had a generally positive effect on the
vitamin profile of yogurt. In the fortified samples, slight increases were observed in the contents
of vitamins B1 (from 0.056 + 0.011 to 0.061 +0.012 mg/100g), B2 (from 0.202 +0.085 to
0.220 £0.092 mg/100g), BS5 (from 0.403+0.073 to 0.439+0.079 mg/100g), B6 (from
0.056 +0.011t0 0.061 + 0.012 mg/100 g), B9 (from 0.008 + 0.002 to 0.009 + 0.002 mg/100 g) and
vitamin C (from 1.344 + 0.047 to 1.465 + 0.513 mg/100 g), compared with the control yogurt. In
contrast, the content of vitamin B3 remained unchanged (0.112+0.022 vs.
0.112 £0.024 mg/100 g), indicating that fortification with sweet clover extract did not affect this
vitamin. Overall, these data suggest that sweet clover extract can contribute to a modest
enhancement of the B-group and vitamin C levels in yogurt, while preserving the baseline vitamin
pattern of the product.

Discussion

The changes observed in the basic physico-chemical composition indicate that sweet clover extract
integrates well into the yogurt matrix while slightly improving its nutritional profile. The increase
in protein content from 4.51 + 0.03% in the control to 4.89 + 0.05% in the fortified yogurt suggests
that the plant additive contributed additional nitrogenous compounds and/or promoted better
retention of milk proteins in the gel structure. This trend is typical for yogurt enriched with plant
materials, where the introduction of herbal extracts or powders can raise total solids and protein-
related fractions through both intrinsic plant proteins and interactions between polyphenols and
milk proteins [13].

The rise in dry matter from 14.75 £ 0.01% to 15.28 + 0.02% further confirms the solid-forming
effect of sweet clover extract and is consistent with reports that incorporation of plant-based
ingredients leads to a denser, more concentrated product with potentially improved texture and
water-holding capacity. At the same time, the fat content remained essentially unchanged
(4.89 £ 0.06% vs. 4.83 +0.03%), indicating that fortification with sweet clover extract does not
dilute or disrupt the lipid fraction of the yogurt. This stability of fat alongside increased protein and
dry matter is technologically advantageous, as it allows enhancement of the nutritional and
functional properties of the yogurt without negatively affecting its basic formulation or energy
value [9].

The enrichment of yogurt with sweet clover (Melilotus officinalis) extract led to a moderate but
consistent increase in total phenolic and flavonoid contents compared with the control. In our
study, total phenolic content increased from 1.28 + 0.05 to 1.34 + 0.05 mg GAE/g, while total
flavonoid content rose from 0.53 £+ 0.03 to 0.59 + 0.02 mg QE/g in the fortified yogurt. These
relative increases are in line with previous reports on yogurt fortified with herbal and spice
extracts, where polyphenol and flavonoid levels typically rise by 20-40% depending on the type
and concentration of the plant material used. For example, yogurt fortified with polyphenol
extracts from nutmeg, black pepper and white pepper showed a 20-30% increase in total
phenolics, accompanied by a marked enhancement in DPPH radical scavenging activity, confirming

214



«Research Reviews» (March 12-13, 2026). Prague, Czech republic I

the functional contribution of plant-derived phenolics [14]. Similarly, yogurts enriched with wild
herb extracts (such as thistle, hawthorn, sage and marjoram) exhibited significantly higher total
phenolic content and improved antioxidant properties compared with control samples, indicating
that low-level herbal fortification can effectively upgrade the bioactive profile of fermented milk
products [13]. Our results with sweet clover extract agree with these trends and support the notion
that even a 0.5% addition of an herb rich in phenolic acids, flavonoids and coumarins can
measurably increase the phenolic fraction of yogurt.

Fortification with sweet clover extract also slightly modified the vitamin profile of the yogurt. In
our experiments, the enriched samples showed small but systematic increases (approximately 5—
10%) in the contents of vitamins B1, B2, B5, B6, B9 and C, whereas vitamin B3 remained essentially
unchanged compared with the control. This pattern suggests that the extract contributes
additional water-soluble vitamins and/or helps to stabilize them during processing and storage,
while maintaining the overall vitamin profile characteristic of yogurt. Comparable behavior has
been noted in plant-enriched fermented products, where the incorporation of leafy or fruit by-
products led to modest rises in B-group and C vitamins that paralleled increases in antioxidant
activity [15-16]. Although the magnitude of vitamin enhancement in our study is lower than the
more pronounced mineral and vitamin increases reported for yogurt fortified with high levels of
fruit pomaces or passion fruit by-products, the direction of change is consistent and demonstrates
that sweet clover enrichment can improve micronutrient density without causing major
compositional shifts.

Conclusion

Yogurt fortification with sweet clover (Melilotus officinalis) extract at a low supplementation level
led to a slight but consistent improvement of its nutritional and functional characteristics. The
enriched yogurt showed increased protein and dry matter contents, indicating a denser matrix and
higher nutritional value without altering the fat fraction. In addition, total phenolic and flavonoid
levels, as well as several water-soluble vitamins (B-group and vitamin C), were moderately
enhanced, reflecting the transfer of bioactive compounds from the plant extract into the dairy
system. These compositional changes, together with the preserved basic structure and formulation
of the product, support the feasibility of using sweet clover extract as a natural ingredient for
producing functional yogurt with improved health-related potential.

Funding: The authors are grateful to the Ministry of Science and Higher Education (MSHE, Republic
of Kazakhstan) for grant financing of the project IRN AP23489321 “Development of technology for
functional dairy products obtained using secondary metabolites of plant raw materials cultivated
in vitro”.
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Abstract
Water resources represent one of the most important components of the natural environment,
directly connected to human health, ecosystem functioning, and sustainable development.
Despite the fact that a large part of the Earth's surface is covered by water, the amount of
freshwater suitable for drinking is limited. Population growth, industrialization, urbanization, and
intensification of agriculture place significant pressure on water resources and increase the risk of
pollution.
This study examines the main sources of water pollution, their impact on the environment and
human health, and existing measures for water protection. Special attention is given to modern
drinking water treatment technologies, such as membrane filtration, nanotechnologies, ultraviolet
(UV) disinfection, biological filtration, and smart water management systems. The use of these
technologies significantly increases water purification efficiency and ensures access to safe
drinking water.
The results indicate that effective protection of water resources is possible only through the joint
cooperation of the state, scientific community, and society, the implementation of modern
technologies, and the strengthening of environmental policies.
Keywords: water resources, water pollution, drinking water treatment, membrane technologies,
nanotechnology, ultraviolet disinfection, environmental protection, water management

Introduction

Water is an essential natural resource for human life and plays an important role in ecosystem
functioning. Although approximately 70% of the Earth's surface is covered by water, the amount
of freshwater suitable for drinking is relatively small. According to the World Health Organization,
a significant portion of the population in many regions still lacks access to safe drinking water.

In the modern era, pressure on water resources has increased significantly. Rapid population
growth, industrial development, intensification of agriculture, and urbanization lead to intensive
use of water resources and often their pollution. These processes negatively affect both natural
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ecosystems and human health. In these conditions, effective water resource management and the
use of modern technologies in drinking water purification are especially important.
Research AimOThe aim of this study is to analyze the main causes of water pollution and assess
the importance of modern drinking water treatment technologies in improving water quality.
Research Objectives-To achieve the aim of the study, the following objectives were set:
» l|dentify the main sources of water pollution.
» Review existing measures for water protection.
» Analyze modern drinking water treatment technologies.
» Assess the effectiveness of these technologies in the context of environmental protection.
Main Part
Main Sources of Water Pollution-Water pollution is one of the most significant environmental
problems. The main contributing factors include:
v Industrial waste: Releases chemical substances, heavy metals, and toxic compounds into
water, significantly reducing quality.
v Domestic wastewater: Often contains organic substances, bacteria, and other
microorganisms.
v Agriculture: Use of fertilizers and pesticides leads to contamination of surface and
groundwater, causing ecosystem degradation.
v Oil products: Leakage of oil and fuel into water bodies causes significant environmental
damage.
v Plastic waste and microplastics: Microplastics pose a significant threat to both aquatic
ecosystems and human health.
Existing Measures for Water Resource Protection-Countries implement various measures,
including:
v' Operation of wastewater treatment plants.
v Implementation of environmental legislation.
v" Regulation of industrial waste.
v Systematic water quality monitoring.
v Creation of sanitary protection zones for water sources.
Despite these measures, continuous improvement is necessary under modern conditions.
Modern Drinking Water Treatment Technologies
Membrane Technologies-Membrane filtration includes ultrafiltration, nanofiltration, and reverse
osmosis,  effectively  removing  bacteria, viruses, and chemical contaminants.
Nanotechnologies
Nanomaterials enable efficient removal of heavy metals and toxic substances.
Ultraviolet (UV) Disinfection-UV technology destroys microorganisms in water without chemicals,
making it environmentally safe
Biological Filtration-Relies on microorganisms to degrade organic pollutants present in water.
Smart Water Systems-Digital technologies and sensor systems allow real-time monitoring of water
quality
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Comparative Table of Drinking Water Treatment Technologies

Technology Function Advantage Limitation
Membrane Filtration Removal of | High efficiency High energy
microorganisms consumption
Nanotechnology Removal of  heavy | High precision High cost
metals
UV Disinfection Destruction of | hemical-free Does not remove

microorganisms

chemical pollutants

Biological Filtration

Degradation of organic
substances

nvironmentally
safe

Slow process

Smart Systems

Water monitoring

Real-time control

Requires technological
infrastructure

Conclusion

Protection of water resources is one of the most important environmental challenges today. Water
pollution poses significant threats to ecosystems and human health. Effective solutions require
improved water resource management systems, strengthened environmental policies, and
widespread use of modern drinking water treatment technologies. Joint cooperation between the
state, scientific community, and society is essential for sustainable management of water resources
and ensuring safe drinking water for future generations
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The ultimate goal of speech development is to develop the ability to perceive others' thoughts and
express them verbally and in writing, using language correctly and appropriately in accordance
with the purpose and conditions of communication. This task is solved in all Russian language and
literature lessons, but special speech development lessons play a special role in this. The amount
of hours allocated for such lessons is determined by the Russian language program.

Programs at the A1-A2 levels of elementary grades assume the largest number of hours for speech
development lessons. At this stage of learning, students are practically assimilating: the text; the
theme and main idea of the text; the outline of the text (simple and complex); types of texts
(narrative, description, reasoning); style of speech (colloquial, artistic, scientific, official business,
journalistic); detailed, concise, selective reproduction of the text. Based on the assimilation of
these concepts, work is organized on the formation of appropriate skills in various types of speech
activity: listening, speaking, reading and writing.

A special speech development lesson is one of the most difficult lessons. Its complexity is
determined both by the versatility of the tasks to be solved and by the special preparation for this
type of lesson. After all, the speech development lesson is aimed at the intellectual and speech
development of schoolchildren, enriching their emotional and spiritual world.

As V. S. Mukhina notes, "in adolescence, speech development proceeds due to the expansion of
the richness of the dictionary, on the other hand, due to the assimilation of many meanings that
the dictionary of the Russian language is able to encode" [1, p. 445]. A teenager intuitively
approaches the discovery that language, being a sign system, allows, firstly, to reflect the
surrounding reality and, secondly, to fix a certain view of the world. It is in adolescence that a
person begins to understand that his speech defines his essential characteristics as a person. "A
teenager, reflecting on his native language as its practical user, approaches the discovery that the
word ... objectifies self-awareness" [1, p. 448].

Immersing himself in the language space, the student should join the speech culture and learn
how to use the word in the text. The works of classical literature are designed to help the child in
this. Their study in speech development lessons and teaching presentation on this basis becomes
a priority.

A special type of speech development lesson is a lesson in teaching concise presentation. A concise
presentation as a type of educational retelling sets the task of conveying the main (essential) thing
from the perceived text using linguistic means of generalized transmission of content.

As shown by special studies [2, p. 36] and the analysis of the results of the State Final Attestation
(GIA), this skill is not sufficiently mastered by both schoolchildren and students.

The methodology of teaching concise presentation has not been sufficiently covered yet. Maybe
that's why concise presentations are conducted in schools without a specific system. Meanwhile,
the concise presentation in the Russian and Soviet schools has been known for a long time, and
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considerable experience has already been gained in its implementation [3-14]. Back in the 19th
century, the authors of textbooks of the Russian language and methodologists proposed to start
teaching concise presentation in the lower grades. At the same time, the special importance of
working on a concise presentation for the development of logical thinking and the accuracy and
conciseness of the child's speech was emphasized. When shortening a text (a generalized form of
content transmission), complex mental processes of analysis and abstraction, comparison and
synthesis occur in the student's mind, resulting in the development of the ability to generalize.

A concise retelling occupies a special place in the teaching of coherent speech, the formation of
communicative skills. The famous methodologist M. Chistyakov, emphasizing the importance of
abbreviations (the so-called concise statements), wrote that this lesson would teach the pupil "to
distinguish the beauty of expression from the entertainment of the content; small details of the
subject, important for the vividness of his image, from the essential, characteristic lines that make
up his physiognomy, his differences; will teach him to give acquired Thoughts have their own shell;
therefore, here again, there is a multi—sided work of memory, considerations for feeling and style"
[16, p. 6]. The importance of concise retellings in the development of a student's speech and
thinking was also pointed out by V. A. Dobromyslov, noting that these statements "require special
logical work on the text" [16, p. 59].

Methodologists, considering the theory and practice of concise presentations, highlight primarily
such aspects as: the possible degree of compression (reduction of the source text); compression
methods; the nature of texts selected for reduction; the sequence and techniques of working on
a concise presentation.

This article presents a comprehensive work on teaching concise presentation (familiarization with
the main methods of text compression, propaedeutic exercises for their application, the use of a
"memo" plan when working with the text of the presentation, testing a model of step-by-step
organization of work on the presentation), taking into account the psychological and age
characteristics of fifth graders.

For concise statements, as well as for detailed ones, texts of different styles can be offered: artistic,
journalistic, scientific, and formal business.

The degree of compression of the original version is determined in accordance with the
communicative task and can be different. M. Chistyakov, for example, noted that there are three
possible abbreviations. In the first case, by reducing the artistic text, we exclude only minor details,
passing remarks by the author, etc. The style of the source text is preserved with this compression
option. In the second case, the text is shortened to a large extent, reproducing the most basic in
general terms. The presentation is a "dry and cold index of incidents." Finally, the text can be
reduced to a single sentence expressing the main idea of the work [15, pp. 54-56].

In all cases, the compression of a literary text affects not only its volume, but also entails certain
changes in composition and language. A concise summary of an official document or scientific
article will represent their summary or abstract reproduction.

There are different ways to compress text: 1) exclusion of details, details; 2) generalization of
specific, isolated phenomena; 3) combination of exclusion and generalization.

In case of exclusion, it is necessary first to highlight the main (essential) thing from the point of
view of the main idea of the text and the details (details), then remove the details, combine the
essential and compose a new text. When summarizing the material, it is important to isolate
individual facts, then select the linguistic means of their generalized transmission and then
compose a new text [8]. The choice of compression method depends on each specific case on the
communicative task, the features of the text and the level of readiness of the students.

It is important to teach students how to compress (expand) the text before starting systematic
work on a concise presentation based on special preparatory exercises.

Thus, the main didactic task of a concise presentation is to teach briefly, in a generalized form, to
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convey perceived information. When conducting concise presentations, such communicative skills
are formed as:

to isolate the main (essential) information.;

when compressing text, focus on the communication situation.;

shorten text in different ways (exceptions or generalizations);

to find and appropriately use linguistic means of generalized transmission of content.

This type of presentation helps to improve general communication skills: to reveal the topic and
the main idea of the text; to plan the utterance; to improve the created text, etc.

Propaedeutic work should be done before conducting a special lesson in which students will get
acquainted with a concise presentation as one of the ways to reproduce the content of the text.
This preparatory work is based on the speech skills developed in elementary school.
Propaedeutic exercises can be of several types. Let's consider them.

Exercises aimed at developing the ability to identify the essential, necessary in the content from
the point of view of the topic and the main idea of the text and the ability to distinguish the
essential from the minor details, details. The first task that must be solved in a concise
presentation is to identify and be able to highlight the main, essential content (without this, this
story cannot exist). You can start with exercises to identify the main features of individual subjects.
At the same time, students should pay attention to when it is important to indicate only the main
features of the subject (to give a general idea of it), and when the secondary ones (specifying the
subject).

Highlighting the sentence that contains the main idea of the microtext (paragraph).

Definition of the detailed, explanatory part of the microtext.

Reducing sentences and microtexts by eliminating details.

Expansion, unfolding of a sentence (microtext) by introducing details, details, explanations,
disclosure of the content of the generalizing word, etc.

The selection of one generalizing sentence to several sentences.

Exercises aimed at identifying language tools for concise text transmission. The main attention of
the teacher should be paid to enriching the students' speech by means of generalized
transmission. You can start by familiarizing students with the means of generalization available in
the Russian language, and then connect this work with the grammatical material being studied.
For example, a teacher explains to students that there are words with a more general and broad
meaning ("capacious") and words denoting individual objects, signs, and actions that make up
these broad meanings. At the same time, students learn to classify objects, signs, and actions, i.e.
they practically get an idea of generic relationships.

A great help to students when working on a concise presentation is provided by the "memo" plan
(how to write a concise presentation) [14, p.72]:

Read the story.

Define its topic (what is it about?).

Formulate its main idea (what does the story teach?).

Make a detailed plan.

Note the essential (s) and details (n) in the story.

Make a concise plan (which must be said).

Choose the "capacious" words for that presentation.

Write a concise summary of each part and link them together to make a short story.

Keep in mind the main condition: the summary should be clear and understandable to every

person who reads it.
A"memo" is a "step—by-step" instruction, an algorithm that is instructive and equips students with
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the skills they need when working on a presentation. This step-by-step implementation of work
with the text is due to the fact that formal thinking is developed in adolescence; the student can
already reason without associating himself with a specific situation, with a particular text. As V. S.
Mukhina notes, "a teenager can, feeling at ease, focus on messages alone, ... in other words, he
can act in the logic of cause-and-effect relationships" [1, p. 457].

The plan is that universal, built on cause-and-effect relationships and not tied to a specific reality.
It can be used when working with any other text. The general method of teaching concise
presentation of a coherent text (according to the "memao") is as follows:

Consider the proposed procedure based on a fragment of a teaching concise presentation of the
literary text of V. Peskov's story "A Strange Encounter in the Forest" (5th grade).

Since the text is artistic, it is necessary to preserve the emotional expressiveness and style of the
eyewitness in its concise presentation. In this case, it is more convenient to replace the first person
with a third (hunter, human). Students independently, using the "memao", gradually find out what
needs to be summarized in the content of the story, and what can be excluded or generalized
(point 6, the first stage of the work).

It is necessary to tell about the meeting (without it there would be no story), that at first the deer
was not afraid (without this it would not be clear what followed), about the surprise of the man
(this is the essence of the story), about the jay's signal (because of him the deer ran away). We
find out that it is possible to exclude details and summarize some episodes. We make a concise
plan:

Meeting.

An amazing duel.

A danger signal.

The deer disappeared.

The jay.

Below we show a sample of this work and its recordings:
The text:

1. It was a strange meeting.

2. The deer looked at me and was in no hurry to run away.

3. Curiosity!

4. Two plum-colored eyes stared at me without blinking.

5. The nostrils drew in air and released two streams of frosty steam.

6. | hardly breathed or moved.

7. The deer is tired of ambiguity.

8. He shuffled his front foot and froze.

9. | don't know how the duel between two pairs of curious eyes would have ended, but a jay
appeared from somewhere and chirped.

10. And this is a signal in the forest: danger!

11. The signal tore off the deer.

12. He jumped to the side, touched a walnut bush.

13. The body of a deer flashed between the aspens, the hoofbeats on the dry leaves subsided.
14. The jay couldn't calm down for a minute, jumped on the aspen and chirped.

15. The forest knew for two kilometers that something had happened.

As a result, the summary looks like this:

A hunter met a deer in the forest.
The deer was not afraid, but began to examine the man with curiosity.
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And the hunter froze: what's going to happen next?

It was an amazing match.

But suddenly a jay began to chirp: danger!

The deer took off and immediately disappeared.

And the jay was still screaming, warning the forest of danger.

Defining the essential, we excluded the 5th, 7th, 8th, 12th sentences and parts of the 4th, 9th,
13th sentences; generalized the 1st, 2nd and 3rd; 6th and 9th; 11th and 13th; 14th and 15th
sentences. After that, you can compare the total number of words in the story and in the summary:
111 and 44 (this is interesting for schoolchildren), then check whether the summary corresponds
to the topic of the story and whether the main idea is reflected (the meeting was amazing).
Summarizing the results, it should be noted that V. Peskov's story is conveyed not only briefly, but
also vividly, preserving its vividness. For comparison, we can give another concise summary of this
story (it was written by an adult educated person who is not familiar, however, with the rules of
concise presentation): "I met a deer in the forest. We looked at each other for a long time. The cry
of the jay startled the deer, and it disappeared between the trees."

The author talked about the same thing, but he did not convey the main idea, he violated some
logical connections and emotional tone. This concise presentation evokes completely different
ideasthan V. Peskov's story, and almost does not correspond to it (in the opinion of schoolchildren,
the author of this concise presentation "ruined an interesting story").

It should be emphasized that the sample of the concise presentation is of great importance: during
its analysis, students realize that the writer considered it essential and necessary to convey the
content of the text, as well as the language means of generalized transmission he used.

Bearing in mind the importance of teaching this difficult type of presentation, the teacher must
ensure that students work willingly, easily and successfully. The concise presentation attracts
precisely because of its complexity: 5th grade students want to think, learn to choose the main
thing and convey it generically. The teacher should support the students' desire to work on
"something difficult" and use a concise teaching presentation as one of the means of educating
an active-thinking personality in a child.
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AHHOTaumA. CoBpemeHHaa AMHaMmKa rnobanunsaumm, MHGOPMaATM3aLMKU, MUTPALMOHHbBIX
MOTOKOB U MHTEHCMOUKALMMN MEXKKYbTYPHbIX CBA3EN reHEepUpPYEeT HOBblE BbI30BbI. KOHCOIMAaUMA
MWPOBOTO NMPOCTPAHCTBA B chepax 3IKOHOMMUKU, MHPOPMaLMK, KybTYPbl U 06pa3oBaHMs TpebyeT
PEBM3MN AKCUOIOTMYECKMX OCHOBAHWIM YenoBEYECKOro ObiTMA. B AaHHOM KOHTEKCTe, aBTOpbI
CTaTbM MOCTY/IMPYIOT OCODYIO 3HAYMMOCTb Pa3paboTKM Pe3yNbTaTMBHbLIX METOAMK 0Dy4YeHUA U
BOCMMUTAHMA MOOA0rO MOKOJEHMA, B TOM YMC/I€ B KOHTEKCTE MHKYbTYpaLMn. ABTOPbI NoaaratoT,
4YTO POPMMPOBAHME MEXKKY/IbTYPHON KOMMETEHLUMW NMOMOTaeT yBUAETb B NpeAcTaBuTene MHOM
Ky/IbTypbl HE TONbKO TO, YTO HAC OT/MYAET, HO W TO, YTO OObEAMHAET; OTKa3blBaTbCA OT
CTEPEOTUNOB; NCNOMb30BaATb 3HAHMA O APYrol KynbType Ana 6onee rnyboKoro No3HaHUs CBOEN.
MpeAacTaBneHHble B cTaTbe YC/A0BUA, GOPMbl U MEXaHU3Mbl GOPMMPOBAHMA MEXKKYIbTYPHOM
KOMMYHMKaUMKN CTYAEHTOB MOTYT ObITb MCMNOAb30BaHbl MPU MPOEKTMPOBAHWUM WM OpPraHM3aumn
0bpa3oBaTeIbHOrO MPOLECCa B By3aX; B CUCTEME MOBbILLEHNA KBAaAMOUKALUMM Neaarormyeckmx
PabOTHUKOB.

KntoueBble C€NoBa: MeKHAUMOHaNbHOE OOLEeHNE, MEXKKYAbTYPHbIE KOMMETeHUMMN,
3THOKYNbTypHOe  0bpa3oBaTenbHOe  MPOCTPAHCTBO,  rnobanu3auma,  NCUMXONOTMYEcKue
[EeTEePMUHAHTbI, MHKYIbTYPaUMA, KYAbTYPHO-LEHHOCTHbIE TpaHCGOPMaLMK, CTEPEOTMMbI, ACNEKTbI
CTQHOB/IEHUA, TONEPAHTHbIN MEXITHUYECKUIA ANANOT.

Determinants of the development of students' interethnic tolerance in the context of
inculturation
Gulzamira Dzhuraevna Baubekova
Vlasova Nina Vasilyevna
Daniyarova Aygerim Nurushevya

Astana International University, Astana, Kazakhstan

Abstract. The current dynamics of globalization, informatization, migration flows, and
intensification of intercultural relations generate new challenges. The consolidation of the global
space in the fields of economics, information, culture, and education requires a revision of the
axiological foundations of human existence. In this context, the authors of the article emphasize
the importance of developing effective methods for teaching and upbringing the younger
generation, including in the context of inculturation. The authors believe that the formation of
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intercultural competence helps to see in a representative of a different culture not only what
distinguishes us, but also what unites us; to reject stereotypes; to use knowledge about another
culture for a deeper understanding of our own.

The conditions, forms, and mechanisms presented in the article for the formation of
intercultural communication among students can be used in the design and organization of the
educational process at universities; in the system of advanced training for teachers.

Keywords: interethnic communication, intercultural competencies, ethno-cultural
educational space, globalization, psychological determinants, inculturation, cultural and value
transformations, stereotypes, aspects of formation, and tolerant interethnic dialogue.

AKTyanbHOCTb Mccnedyemol npobnembl obycnosneHa npoueccamu rnobanmsaumm wm
nHGOpPMaTM3aLUMM, YBENUYEHUEM MUIPALMOHHBIX MOTOKOB, PAaCLIMPEHWEM MeXAYyHAPOAHbIX
KOHTAaKTOB C HOCUTENAMM PA3IMUHbIX KyAbTYp Ha pa3HbiX YPOBHAX, GOPMMPOBAHNEM €AMHOr0
MWPOBOrO  3KOHOMMWYECKOTrO,  MHDOPMALMOHHOTO, KyNbTypHOro,  0bpa30BaTeNbHOro
NpPOCTpaHCTBa.

YcuneHune KynbTypHOro mHoroobpasma obuiectsa notpeboBaso nepecmoTpa rnobanbHbIX
4yesoBeYeckMX LeHHOCTelN, HeobXoAMMOCTM Pa3paboTKM NPOAYKTUBHBIX CNocOoboB 0byyYeHMA u
BOCMMTAHMA MONOAOMO MNOKONEHWA, B TOM YMNCE MEKKYNbTYPHbBIM OTHOLWEHMAM.

Mpouecc rnobanmsaumn, NPOUCXOOAWMI B COBPEMEHHOM MUpe, cnocobcTeyeT
PACWMPEHUIO KYNAbTYPHbIX TPAHUL, BAMAET Ha WMHTEHCMBHOCTb MEXKY/NbTYpPHOro obuleHus.
PaclWimpeHne MEKKYAbTYPHbIX CBA3EN HeW3BeHO MNPUBOAWUT K BO3HWMKHOBEHWIO BCE HOBbLIX
COUMaNbHbIX, MOAUTUYECKMNX, KOHPECCUMOHANBHbIX, SKOHOMMYECKMX, 06Pa30BaTENbHbIX NPobiem.

Bnrarogapa ceoemy reorpaduyeckomy NoIOKEHUIO, HaXOAACb Ha CTbike EBponbl 1 A3unu,
KasaxcTaH ABNAETCA MHOTOHALMOHAbHBIM Y MOAUINHTBUCTUYECKMM FrOCYAaPCTBOM.

KasaxcTaH obnafiaeT MCKAUYMTENbHOM YHUKANBHOCTbIO M CUAOW, 0ByCNOBAEHHOM ero
MHOTOHALMOHabHbIM COCTaBOM. Ha ero 3emsne BO3HMKAO CamMoOObITHOE NOAUKYAbTYpPHOE
NPOCTPAHCTBO, B KOTOPOM BbIAENAOTCA ABa OCHOBHbIX BeKTOopa pa3suTmA. OaMH U3 HKX
HanpaBieH Ha BO3POXAEHWE W yKpenaeHWe Ka3axXxCKOW Ky/abTypbl, BKAOYAA ee A3blK U BCe
cocTaBndAwuWme. BTopoit BeKTOp npeacTaBnseT coboM PYCCKOA3bIYHYIO KynbTypy, KOTOpas
onupaeTca Ha rybuHHble TPAAMUMKW PYCCKOrO Hapoaa M Bce 6OraTcTBO, HAaKOM/IEHHOE MM 3a
cToneTua. BaxkHO OTMETUTb, YTO MPU3HAHME 3TUX KY/IbTYPHbIX MOTOKOB KaK CaMOCTOATE/IbHbIX He
O3HayaeT WX WM30/1AUMM; OHWM AKTMBHO B3aMMOAOMNONHATCA M oborawiatoT Apyr Apyra, He
npuberas K acCUMUAALNN.

Mpobaembl BOCMUTAHUA MOANKYAbTYPHOM IMYHOCTM B NMPOLLECCE OCBOEHMA HALMOHAIbHOM
KY/IbTYPbl, MEXKHALMOHANIbHOrO B3aMMOAENCTBMA HALLN OTpaxKeHue B paboTax TaKMX y4YeHbIX,
Kak [.H.Bonkos, A.M.XaHoukos, B.®. AdaHacbes, A.3. N3amarnos, ®.I. Baranosa, M.3.3akues,
K.B.*Kapukbaes, K.XK.KoxaxmeTosa, I'.[l. baybekosa 1 Ap. B cBOMX MCCNea0BaHUAX OHM OTMEYatoT
TOT QaKT, YTO CMCTEMA BOCMUTAHMA N 0BYyYEeHUss COBPEMEHHOTO YenoBeka byaeT NoNHOLEHHON B
TOM C/ly4ae, eC/IM OHa BKItOYAeT B cebA M3yyeHne poaHOro A3blKa, HaUMOHANbHOM KyAbTypbl 1
HapoAHbIX TpaauuMii. HoBble peannm cOBPeMeHHOro obLLecTBA OTPA3UAMUCL B KOHUEMUMAX
BOCMUTAHMS, OCHOBaHHbIX Ha npUHUMNax rYMaHWUCTUYECKOM HamnpaBAEHHOCTH,
Ky/IbTypOCOOOpa3HOCTM M NPMPOAOCO0HPA3HOCTM,  ydyeTe  HaUMOHA/NbHO-PErMOHaIbHbIX
0COBEHHOCTeN COLUMOKYAbTYPHOM adanTaumm aete M noapoctkos (E.B. BoHmapeBsckan, B.T.
Boyaposa, N.A 3umHan, 6.T. Jluxaues, A.B. Myapuk, 1.1. Hosukosa, H.E. LLlypkosa 1 ap.).

ICTOYHMKOM MONMKYNbTYPHOrO acnekta B coAepraHuu obpa3oBaHuMAa KasaxcTaHa
ABNAETCA AyXOBHOe Hac/neAme KaszaxXCKWMX npocsetutener. Tak, MCTOpMYeCcKaa 3acnyra nepsoro
Ka3aXCKOro y4yeHoro npocsetutens YokaHa BannxaHoBa 3ak/104aeTCcA Npexaie BCero B TOM, YTO
OH [an NPaBUIbHY OLIEHKY POAN APYrMX HAPOAO0B B AeNe paclMpeHUs KyabTYPHOTO rOPU30HTa
Ka3aXoB, yBWAEeN CKBO3b BCE COLMAbHbIE NPOTUBOPEYUA N TPYAHOCTM 0OLLECTBEHHOM }KM3HW TOTO
BPEMEHM TMPOrpeccuBHble Hayana W TeHAEHUMW, KOTOpble POXKAA/NMUCL W MOCTENEeHHO
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YKPENNANNCE BMECTE C 3KOHOMMUYECKUM M KYAbTYPHbIM CONMMKEHMEM cOCelHMX HapOAoB. YOKaH
BanuxaHoB nobun cBon Hapoa Nt0OOBbIO PasyMHOM, AEUCTBEHHOWM, OH XaK4an BUAETb ero
CcBOOOAHBLIM, BHOCALIMM BECOMbIM BK/Aa4 B Pa3BUMTME MWPOBOW UMBUAM3AUMM U KyNbTypbl.
NcTopusa, dunocodus, dunonorns, sTHorpadusa, reorpadms, BOCTOKOBEAEHME, IKOHOMMKA,
rmaporpadua 1 Tonorpadua — Takos AMaANa3oH ero Hay4YHblX MHTEPeCOB. Hay4yHbI Nonck YokaHa
BannxaHoBa 3aCTaBAs/A BECTM €ro KoJioCCajbHyt0 paboTy — AenaTb BbIMUCKM M3 apXMBHbIX
[IOKYMEHTOB, M3 MEepPeBOAOB BOCTOYHbIX MUcaTenel, U3 TPyAoB €BPOMNENCKUX OPUEHTANINCTOB,
reorpadoB, MCTOPWKOB, HE TOBOPA YKe O [yOOKOM W3y4eHUM OOWECTBEHHbIX TEOPUN U
MeXKAYHAPOAHbIX OTHOLWEHMIA.

VICTOKM r'yMaHM3ma Mbl HaxoamMm B Tpyaax Abas, noavyepKmMBaBLIEro, YTO OCHOBHAA LEeb
BOCMMWTaHMA — O4esioBeYMBaHMe YyenoBeKa. Abali, yepnas 3HaHWe Yyepe3 HaPOAHY MyApPOCTb,
B3A/1 Nlydlliee M3 MHOrOBEKOBOWM Ky/bTypbl Ka3axcKoro Hapoaa. OH nuweT O HeobXoAMMOCTM
obyyeHMa OeTen Ha PoOAHOM A3blKe, a MO3Xe W Ha APyrnx A3blkax. Abal, Kak rymaHucT
nponaraHaMpoBan Apy:Kby ¢ aApyrMmn Hapogamu. Naen Abasa KyHaHb6aeBa no npasBy MOMHO
CYMTATb UCTOYHUKOM GOPMMPOBAHMA STHUYECKOTO 06Pa30BaHMA KAa3axCKOro Hapoda Ha OCHOBE
obLLEeYeN0BEYECKUX LLEHHOCTEN, a TaKXKe NpeanocChbiIKOMN 0CO3HAHWA BaKHOCTU GOPMMUPOBAHUA
3THOKYNIbTYPHbIX MHTEPECOB 0OyYaeMbIX.

YCTaHOBNEHO, YTO B HACTOALWEE BPEMA MONOAENKDL BCEX STHMYECKMX TPYNn NOABEPKEHA
3HAYUTENIbHOMY BIMAHUIO PEeHOMEHA, MMEeHYEMOrO "3THUYECKMM NapaZoKCOM COBPeMEHHOCTH".
[aHHbIM napafoKkc 0bycnoBNEH KOMMNIEKCOM (aKTOPOB, BKAKOYAA CTPeMUTENbHOe pPa3BUTUE
MeANAKOMMYHUKAUMN, WHTEHCUOUKAUMIO MEXKITHUYECKMX KOHTAKTOB U AEKOHCTPYKLMIO
HaUMOHaNbHbIX U rocyAapCTBeHHbIX BapbepoB. MNapafoKcanbHO, HO YCUAEHME MHTErPALLMOHHbIX
npoueccos NpuBoAUT K B6onee rnybOKOMY OCO3HAHMIO MEXITHUYECKUX pa3anyunii. bonee Toro,
YHUOUKALMA STHUYECKMX MPOLLECCOB CTUMYNMPYET eCcTeCTBEeHHOe CTPeM/ieHWe WHAMBWMAOB K
COXPaHEeHUIO CaMODBbITHOCTM CBOErO 3THOCA, YTO ABNAETCA OCHOBOM KaK ANA BHYTPUITHUYECKOWM
KOHCONMAAUMK, TaK W ANA MEXITHUYecKoM aAnbdepeHumaumm. B OaHHOM KOHTeKCTe Mo
"obuweHmem" cneayeT MOHMMATb COBOKYMHOCTb BCEX KOHKPETHbIX POPM B3aMMOOTHOLLEHUI:
9KOHOMMYECKMX,  MONUTUYECKMX,  HAUMOHANbHbBIX,  MOPANbHO-3TUYECKUX,  KY/AbTYPHbIX,
XY[,0XECTBEHHbIX U PENUTMO3HbIX.

[lyXxOBHas KM3Hb Ka)KAOM HAUMM YHMKANbHA M BKAOYAeT B cebs HalMOHaNbHble
0COBEHHOCTM KyNbTypbl, TPaauumuii, 0bObl4aeB, HOPM MOBEAEHMA W ncuxonoruu. KynbTypa
Me)KHaLMOoHaNbHOro 0blleHna BblaenseTr un3 310l chepbl  cneunduyeckne  cnocobbl
B3aMMO/ENCTBUA NtOAEN, OCHOBAHHbIE Ha LIEHHOCTAX MX pedepeHTHbIX rpynn. Takas cuctema
MOXET BO3HWMKHYTb TO/IbKO TOrAa, KOrAa Kaaas HauMa MAM HALUMOHANbHOCTb MPOLECC CBOEro
B3aMMOAENCTBUA C APYTMMM HAUMAMWM M HAUMOHANBbHOCTAMW OyaeT CTPOWTb Ha OCHOBe
MPUHLMNOB PaBHOMPAaBMA, y4eTa MHTEPECOB APYroin CTOPOHbI, B3aMMOMOMOLLM 1 0BMEHa BO BCEX
obnacTax maTepmanbHOro 1 AyxoBHOro Npou3BOACTBaA.

Hapoabl LeHTpanbHOM A3umM (Kasaxu, KUPrusbl, y30EKW, TaaKWKM, TypPKMEHbl) Ha
NPOTAXEHNUN MHOFOBEKOBOM WCTOPWUW CBOEFO PA3BUTMA CO3[4aNM  YHWKANbHYIO CUCTEMY
BOCMMUTAHMA MOMOAEXKN. ITa CMCTEMA TPAAMUMI M 0DblYaeB, KOTOPAA BEKAMM CAYKMIA BEPHbIM
OPMEHTMPOM NOAJEPMKAHMA TAPMOHUM  UX  B3aMMOOTHOLIEHMA CO Ccpedon obutaHus,
PEryMpoBaHMA CUCTEMbl B3aMMOOTHOLLIEHUA tI0Aen B OOLWECTBEHHON M CEMEMHOMN KU3HM,
LMBUAN30BAHHbIX CBA3EN C APYrMMKM Hapodamu. Tpaauumelr rocTenpummcTea 3TUX Hapoa0B
BCer4a BOCXMLWAMMCb WMHOCTPAHHbIE MyTELeCTBEHHUKM U y4yeHble. MHorve ee 3snemeHTbl
BOCMPUHATLI NOYTU BCEMM HAPOAAMM, KOTOPbIE COMPUKACAINCH M XWUIU MO COCEACTBY C HUMMU.

Mpn GOPMMPOBAHUK KyNbTYPbl MEXKHALMOHANBLHOTO 0BWEHNA MONOAEKN, HEODXOANMO
YYMTbIBATL Cieaytolime NPUHLMNNAABHO BaXKHbIE MOMEHTDI:

- KOHKPETHO-UCTOPUYECKMIN YPOBEHb PA3BUTUA HALMM U HALLMOHAIbHbIX OTHOLLEHWIA;
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- 6oratcTtBO M MHOroobpasme npPoOABAEHMA Ky/NbTypPHOM CaMODObLITHOCTM M Tpaauumi
obLeHns;

- UICTOPUYECKMN YCTAHOBUBLUMECA TPAAMULMMN U OMbIT B3aMMOOTHOLIEHUN MEKIY HaUUAMMN U
HAapPOAHOCTAMM (COCEAHUMM U AaNbHUMMN);

- 0CODOEHHOCTM AyXOBHOro 06/MKa, KyAbTypbl, MCUXONOMMWU, HPABCTBEHHbIX KayecTs
MHOMBMAA, BCTYNAOLWMX B MEXKHALMOHAIbHOE 00LIEeHMe.

BocnuTaHWO TONIEPAHTHOCTM MOXET CNnocobCcTBOBaTb BHeApeHue B o0bpasoBaHue
9N1EMEHTOB MOIMKY/IbTYPHOCTU. [N1aBHbIM B PeLIeHMM 3TON NPOBAEMbl MOXKHO CUMTATb, NpeXxae
BCEro:

1) BCeCTOpoHHEee oBNaAeHNe CTYAeHTaMM KyabTypoil CBOEro COBCTBEHHOrO Hapoada, Kak
HenpemMeHHoe yC/I0BUE UHTErpaLmm B MHbIe Ky/1bTypbl;

2) oby4yeHuMe CTyAeHTOB NpaBam YenoBeKa U M1postobuio;

3) popmmpoBaHME NPeACcTaBAEHNn O MHOTO0bPa3nmM KyabTyp B KasaxcTaHe u Mupe;

4)  BOCMUTAHME  MOJIOKMUTE/NBHOTO  OTHOLIEHMS K KY/AbTYPHbIM  Pasivunam,
CNoCcobHCTBYOLLIMM NPOrPeccy Ye/10Be4YecTsa;

5) cosnaHue ycnoBui ANA MHTerpauymm cTyAeHTOB B KyAbTypPbl APYrMX HAPOAO0B;

6) ¢dopmMpoBaHME YMEHUIM U HaBblkoB  3OPEKTMBHONO  B3aMMOAEWNCTBMA  C
NPeACTaBUTENAMM PA3NUYHbBIX KYNbTYP.

Ha ocHoBe MHBapMaHTHbIX 0bLLEYE10BEYECKUX LLIEHHOCTEN A0/IXKHbI ObITh CHOPMMPOBAHDI
M NoAAep!KaHbl HaUMOHA/bHbIE M MEXHALMOHAAbHbIE LEHHOCTM, NapaaurMbl KOHBEPreHUMn n
MHTErpaumMm AyXOBHbIX LeHHOCTelM, 6©a30Bas KyabTypa JIMYHOCTU, ee COOTBETCTBME peanuam
MEHAOLLEerocs Mmpa. B OTKpbITOM MNOAMKYAbTYPHOM 06pa3oBaTe/lbHOM MNPOCTPAHCTBE
peanusyeTca NpoLecc, OCHOBHas Le/lb KOTOPOro — Co3ZaHne yCa0BMiA, 0becneymBatoLLmX 3aLmuTy
M NOAAEPMKKY Pa3BUTUA KaKAOM NMYHOCTU. B COOTBETCTBMM C 3TUM B MNPAKTUKY paboTbl
LenecoobpasHo BHeAPATb METOAbl W TexHonorumu, crnocobcTeytollMe WHAMBUAYANbHO-
JNIMYHOCTHOMY MOAXOAY B COLMANbHOM CTAHOBAEHWM, afanTaumMmn YenoBeKa B MHTEPKYbTYPHYIO
obpaszoBaTebHYtO cpely NOCPeACTBOM Pa3/IMYHbIX BUAOB AeATENbHOCTH:

1) aKTMBM3MpYlOLWEN NpoLeccbl CaMOMNO3HaHMA, CamMopasBMTUA, CnocobCeTBytoLLEN
PA3BUTUIO MEXAHU3MOB pedaeKcum;

2) HanpaB/IeHHOW Ha BbisfiB/IeHME CyOBbEeKTOB 00pa3oBaHMA X BaXKHENLWNX NoTpebHocTel
M Npobaem no opraHM3auMM NpoLecca Negarormyeckoro B3anMoaencTBmaA, B KOTOPOM Kaxabli
MMEEeT  BO3MOXHOCTb  BbIABUTb  JIMYHOCTHO-3HAYMMbIe  LEAU  KU3HEeAeATENbHOCTM
(MHOMBMAOYanbLHOM chepbl camopeannsaLmm);

3) HanpaBAEHHOW Ha MOMCK CPeAcTB 1 GOPM adanTalymm, 3aLUMTbl U NOAAEPHKKN TUMYHOCTU
KOHCY/IbTaTUBHOTO, MHGOPMALIMOHHOTO U MPaKTMYECKOro XapakTepa.

B NONMKYNbTYPHbIX By3aX HY»KHO BHeApPATb bonee rubkume n waaalime metoasl obydeHus,
KOTOpble MOMOTYT YYEHMKAM afanTMPOBaTbCA K Pa3HbIM Ky/bTypam yepes obpasoBaHMe.

Kntoyesble 0cOBEHHOCTM TaKMX METOA0B:

. CoTpyAHMYECTBO 1 ANANOT: BaXKHO paboTaTb BMeCTe M 00LIaTbCA.

. TBOPYECKUIA NOAXOA: 0DyYeHMe A0MKHO ObiTb aKTMBHbBIM 1 Pa3BMBATb TBOPYECKME
crnocobHocTy.

. MNoaaepskKka WHAMBUAYANbHOCTM: HEobXOAMMO MNOMOraTb KaxKAOMYy CTyAEeHTY
Pa3BMBaTbCA, AaBad eMy be3onacHoe NPOCTPAHCTBO A/ CAMOCTOATEIbHbIX PeLleHU.

. CB0OO/4a CaMOBbIPAXKEHUA: CTYAEHTAM HYXKHO NPeaoCTaBAATb PasHble Cnocobbl 1

dopMmbl 418 BbipaxKeHUa ceba M MOHUMaHMA CBOEM KyNbTYPHOW NPUHAANEKHOCTU.
B COOTBETCTBMM C 3TUM MPOLECC BOCMUTAHUA KYAbTYPbl MEMKHALMOHANBHOIO
0bLLEHNA BKAKOYAET ceaytolme MeTobl:
- 03HaKOM/IEHME MOJIOAEHKM C CUCTEMON HayYHbIX 3HaHW O NpaBax M cBo6Oax YesloBeKa
M HApOAOB, O HAUMAX U UX OTHOLLIEHMSAX, O pacax U PeUTMO3HbIX KOHbeccusx;

229



Proceedings of the 12th International Scientific Conference

- dopMMpOoBaHME rPaXKAaHCKMX 1 0bLLLeYeN0OBEYECKMX YYBCTB M CO3HAHWA;

- pa3BUTME MO3UTUBHOMO OMbITa Ky/NbTypbl OOWEHMA C NOAbMM PA3HbIX HaUWKA, pac u
PESIUTMO3HbIX KOHpeccui;

- obecneyeHne BbICOKOHPABCTBEHHOM MOTMBALUMM MOCTYMKOB M MOBEAEHMA y4yallenca
MOIOZEKM B MPOLLECCE MEKIMYHOCTHOTO OBLLIEHNS.

NHKynbTypauma - 3To npouecc NnpuobuleHna WHAMBMAA K Ky/AbType, YCBOEHMA UM
NPUBbIYEK, HOPM W MOAENEN NOBEAEHMA, MPUHATLIX B A@HHOW KyAbType.

Mpouecc npeanonaraeT ABYCTOPOHHEE B3aMMOAENCTBUE YEN0BEKA U KyNbTypbl: C OAHOMN
CTOPOHbI, Ky/IbTypa onpeaensieT OCHOBHbIE YePTbl IMYHOCTM YE/TOBEKA, @ C APYrOM - Ye/I0BEK CaM
OKa3bIBAET BAMAHME HA CBOIO KY/bTypy, Gopmmpya 1 npeobpasys eé.

VIHKyNbTypaumsa BKAtoYaeT B ceba GOpMMpPOBaHME OCHOBOMO/ArAOWMX YEN0BEYECKMX
HaBbIKOB: TMMOB OOLLEHMA C APYTMMUM NtoAbMM, GOPM KOHTPO/IA 33 COBCTBEHHbBIM NOBEAEHMEM U
3MOUMAMM, CNOCODOB YA0BNETBOPEHNA NOTPEOHOCTEN, OLEHOYHOTO OTHOLWEHMUA K Pa3/IMYHbIM
ABNIEHNAM OKPYKaOLErO MMPa.

KntoueBbIMM NPUHUMNAMM CO34aHNA B 0bLLecTBE BAaronpmMATHOro obpasa HalMoHaAbHbIX
M STHUYECKMX OTHOLWEHMUIM, CNOCODCTBYIOWEro B3aMMHOMY YBAXKEHWIO M PABEHCTBY KyNbTyp,
ABNAOTCA METOAMKM OTKPbITbIX M MOCNeA0BaTe/NbHbIX AENCTBUIA, HAaLLENEHHbIX Ha MOHUMaHWe U
NPUHATUE MHOro06pa3na mmpa.

Ha ocHoBe MpoBeAeHHOro MCCNefoBaHMA Mbl CHMTAEM, YTO Hambonee AENCTBEHHbIMM
WHCTPYMEHTAMW ANA  BOCMUTAHWMA KyAbTypbl MEXHAUMOHANbHOrO OOWeHMA Yy MONOAEKM
BbICTYMAOT: PaMOTHOE TMOCTPOEeHME WX TBOPYECKOM W  [AOCYrOBOWM KM3HW; aKTMBHaA
coumanmsauma m KynbTypHoe oboralleHne MONOAENKM Kak dakTopbl GOPMMPOBAHMA 3STOW
KY/IbTYPbl; Pa3BUTME HABbIKOB MEXKKY/IbTYPHOro B3aMMOAENCTBMA B LMOPOBOM Cpese; a TaKKe
MHTErpauma MONOAENKM B HaALMOHA/NbHblE COLMANbHO 3HAYMMble MPOEKTbl, CMNOCOOCTBYIOLLNE
MEXKKY/IbTYPHOMY AManory.

dopmMpPOBAHME MEKKYIbTYPHOM KOMMNETEHLMM NOMOraeT yBUAETL B NPeACTaBUTENE MHOM
KY/NIbTypbl He TO/IbKO TO, YTO HAac OT/MYaeT, HO W TO, YTO OObeaMHAET; OTKa3blBaTbCA OT
CTEPeOTMNOB; MCMONb30BATb 3HAHWA O APYron KynbType ans 6onee rnyboKOro Nno3HaHMA CBOEN.

MpeactasneHHble B CTaTbe ycnoBuA, GOPMbl M MeXaHW3Mbl  GOPMUPOBAHMA
MEXKKYIbTYPHOW KOMMYHMKaUMKN CTYAEHTOB MOTYT BbITb MCMNOb30BaHbl MPU MPOEKTUPOBAHMM U
opraHusauum obpasoBaTesIbHOTO MPOUECca B By3ax; B CUCTEME MOBbIWEHMA KBanMbUKaLUm
neaarormyecknx paboTHMKOB.
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EAJTASIAP OMbIHLLbIKTAPBI APKbI/Tb|
KASAKTbBIH YITTbIK KYHbIbIKTAPBIH
HACUXATTAY YKOHE MAHFbIPTY

OmapbeKkoBa Papuaa Kbi3bipkaHOBHaA

MeKTenKe AeNiHri OKbITy KaHe Topbueney dakynbTeTiHiH 2 -Kypc, PhD AOKTOpaHThI,
Abal atbiHaafbl Ka3ak YATTbIK [eaarormkanbik YyHUBEPCUTETI

LWawaesa NynbakbiT KagblprKaHKbI3bl

dunnocodus aoktops! (PhD), KaybiImaacTbipblifaH npodeccop, Abal aTbiHAaFbI, Kasak
¥NTTbIK [legarornkansiK YHUBEPCUTETI

Tacmnnosa Hasua AnTbamKpli3bl

TapUX FblNbIMAAPbIHbIH KAHAMAATbLI, KaybIMAACTbIpbIAFAH Npodeccop, On-Papadwy,
aTblHAAfbl Ka3ak yATTbIK YHUBEPCUTETI

AHAaTtna: MakanaHblH, MakcaTbl — MeKTenke AeniHri 6inim bepy KafaanbiHaa Gananap
OMbIHLWbIKTAPbl apPKbl/bl Ka3aKTblH YATTbIK KYHAbINbIKTAPbIH HACMXaTTay MEH KaHFbIPTYAbliH,
FbINbIMM-NEAArorMKablK HEeri3aepiH aKkbiHAAY KaHE YATTbIK Ma3MyHAafbl OMbIHLIbIKTAPAbl OKY-
Topbue vaepiciHe eHrisydiH, neaarormKkanblk, MOAENiH VCbIHY. 3epTTey TeopuanblK Tanaay,
CanbICTbIpManbl-neaarormkanblK capanTay, HOPMATUBTIK KyKaTTapabl MasmyHAbIK Taaday KaHe
nefarornkanblk moaenbaey afictepiHe Heridgenai. KasakctaH PecnybamMKacbiHbIH MeEKTenKe
neniHri Topbue MeH OKbITyAblH MEMAEKeTTIK CTaHaapTbl, YAriNiK oky ©afaapnamanapsi,
3THOMearormka, OWMbIH MCUMXONOTMACHI KIHE OMbIH TepanuaAcbl canacbiHAafbl eHbeKTep
KymeneHai. 3epTTey HITUMXKECIHAE YATTbIK OWMbIHWbLIKTAPAbl KOAAAHYAbBIH, VLI AeHrenni moaeni
HaKTbINaHAbl: MAa3MYHAbIK AeHrein (YATTbIK M3AEeHN KOATbI ipiKTey), YMbIMAACTbIPYLLbIAbIK AeHrel
(mambITywbl opTa meH «OMbiH Tepanuachbl» KabUHETIH KabablKTay) KaHe aaicTeMmenik AeHremn
(cabak, epKiH OMbIH, *KObanblK *KYMbIC, aTa-aHaMeH cepikTecTik). CoHaan-ak «Kasak aybiibl»,
«YNTTbIK OMbIHAAPY», «¥ATTbIK Kelinkepnep», «KoneHep webepxaHacbl», «blObICTbl 4OMObIpa»
CUAKTbl OMbIHLbIK MOAENbAEPiHIH TopOMEenik ma3myHbl cunaTTanabl. ¥NTTbIK OMbIHLLbIKTAPAbI
Xyreni nanganadHy OanaHblH,  Tin4iK  OenceHAiniriH, oNeyMeTTiK JpeKeTTecyiH, MaAeHMU
COMKECTINIMH  XoHEe 3MOUMOHANAbIK  KATbICYblH  KYLWIEWUTETIHAIr Herizgenai. YcblHbIFaH
MaTepuangap MeKTenke AeMiHri yhMbimaapaa BapuaTMBTIK KOMMOHEHT a3ipaeyre, AamblTyLlbl
OpTaHbl abAblKTayfa KoHe neaarortepliH sA4icTeMENiK MYMbICbIH KeTingipyre KonadaHyfa
bonagpi.

KinTTik cespep: ynTTbiK Topbue, aTHONedarorMka, MekTenke AewiHri 6inim 6epy, oMbiH
TEepanuAChl, YATTbIK OMbIHLWbIKTAP, M3AEHN KO, AaMbITyLbl OpTa

KIPICNE

ahaHpaaHy yaepici KylenreH Kasipri keseHae mekTenke AeniHri 6inim 6epy XyMeciHin,
anapiHa eki e3apa 6alnaHbICTbl MiHAET KoWbliadbl: OipiHwici — 6anaHbiH, yaecimai adamybiH
KaMTamacbl3 eTy, EeKiHWICi — OHbIH YATTbIK-M3AEeHM TamMblipmeH 6alinaHbiCbiH  aacipeTney.
KasakcTtaH PecnybsmkacbiHbiH, «Binim Typanbl» 3aHblHA@ »KIHE MeKTenke AewiHri Topbue meH
OKbITYZbIH MEMJIEKETTIK KaNMblfa MIHAETTI CTaHAAPTbIHAA Topbne MeH OKbITY Ma3MyHbl YATTbIK
YKOHE Xa/nblafams3aTTblK KYHAbIIbIKTAP HEeri3iHAe KYpbliybl KepeKTiri arkbiHaanfaH [1; 2]. byn
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Tanan 6anabaklafarbl AAMbITYLLbl OPTaHblH Ma3MyHbIHA, COHbIH, illiHAe Gananap KyH CambiH
9PEKET eTeTiH OMbIH MaTepmnanaapbl MEH OMbIHLIbIKTapFa TiKeNeN KaTbICTbI.

MeKTen »acblHa AeMiHTi Ke3eH — M3AEeHWN COMKECTINIK KabINTaCyblHbIH, aHa TiliH UrepyadiH,
MiHE3-KV/bIK VAriIepiH MeHrepydiH »aHe CUMMBOAAbIK OWnaydplH, epeklle 6enceHai caTbiChbl.
Mcuxonorua MeH neaarornkana OMblH OChl KacTasbl DanaHbiH KeTeKLi apeKeTi peTiHAe TaHblAaabl.
J1.C. BbIrOTCKMI OMbIHHbIH, BanaHbl akblH Aamy alimarblHa LWbiFapaTbiHbiH KepceTce [11], A.B.
DNIbKOHUH OWMbIH apKblabl 2/1eYMETTIK KaTblHACTAPAblH, POAAIK MIHE3-KY/bIKTbIH YKoHe 3aTTblK
9/1EMHIH, M3AEHM MafblHanapbl UrepineTiHiH ganenaeni [12]. Jemek, KaHAan OMbIHLLbIK 6anaHbiH,
KOJ1bIHA YCbIHbI/ICA, COFaH CAMKEC OHbIH, KMAN 8/1eMI, CO3AiK KOPbI, KYHAbINbIKTbIK Oafaapaapbl MeH
2N1eYMETTIK Taxipnbeci ae Kanbintacagpl.

dTHOMeAarorMka yATTbIK TopbueHi XanblKTbiH TAPUXU TaxipnbecimeH, canT-A3CTypPiMeH,
aybi3 apaebueTimeH, eHbeKk [afabllapbiIMEH KoHe M3JeHW pamizgepimeH cabaKTacTbipa
KapacTblpaapl. [.H. BonKoB aTHONeAarornkaHbl XanblkTbiH 6ana Topbueney TaxipnbeciH FblibiMn
naMbiMaanTblH cana peTiHae TyciHaipce [5], K.K. KoxaxmeToBa OHbl 3THOrpadus,
aTHoncuxonorns, dunocodma KoHe neaarorMka TOFbiCbIHAAFbI KelweHai binim epici peTiHae
cunatTanabl [6],[7]. Kasak aTHoMeaarormkacbiHA4a VATTbIK OMbIH, KONGHEep, TYPMbIC 3aTTapbl,
My3blKa, KWIM yAarinepi meH ©ONbKAOP TeK MdAeHM Mypa emec, Tapbuenik masmyHzbl
TacbiMangaywsinap 6oabin caHanaabl [8],[9],[10].

COHFbl XblNAapbl OWMbIHHbBIH, KOTHUTWUBTIK, 2/1€YMETTIK KaHEe 3MOLUMOHANAbIK AamMyfa
bIKMa bl TYPasibl XafblKapablK 3epTTeyaep Ae Kylwenai. MeTa-Tangaynapaa olbiH Tepanuackl MeH
OMbIHFA Heri3genreH e3apa opekeT OanaHblH Oenimaenyi MeH 3MOUMOHANAbIK PeTTenyiH
KONAanTbIHbl KepceTinreH [16],[20]. banaHblH OMbIHbIHA apHa/ifaH OpTa MeH mMaTepuangapabiH,
canacbl, 3PTYPAINIT }KaHE M3AEHM COMKECTIr OHbIH, OKY TasipubeciHe blknan eTeTiHi AaenaeHreH
[17],[18],[19]. CoHbimeH bipre BYY Bananap KyKbIKTapbl Typasbl KOHBEHUMACLIHbIH, 31-6a0bl MeH
ocbl H6anka bepinreH Nel7 xannbl TyciHAipMeae GanaHblH, OMblHFA, AEMANbICKA KaHE MaAEHM
emipre KaTbICy KYKblIfbl epeKlle aTan eTineai [23], [24].

OcbIfaH KapamacTaH, MeKTenke AemiHri yimbiMmaapaafbl OMbIHLLbIK KOpbl KebiHe belTapan
Hemece MMMNOPTTbIK M3AEHN KoAKa HeridaenreH. MyHAan Kafaanaa 6ana esiHiH, KYHAENIKTI OMblIH
ToipmbeciHae Kasakbl AYHUETaHbIMHbIH, OEMHENIK, 3aTTbIK KaHe PaMI3AiK YATIAEPiH MeTKiNiKTI
neHrenae kesgectipmeyi MymKiH. COHAbIKTAH YATTbIK KYHAbIAbIKTAPAbl OMbIHLILIKTAP apKblbl
HacMxaTTay Macesieci TEeK 3CTeTUKabIK be3eHaipy Hemece 3THOrPadmAbIK IKCNO3ULMA HKacayMeH
wekTenmenai; oyn — 6anaHblH M3AEHW KafdblH, aHa TiNiHe aKbIHAbIFbIH, POAAIK KapbiM-
KaTbIHACbIH }KaHE pyxaHM-agamrepuinik barmapnapbiH KanbinTacTblpyfa OafbiTTasnfaH MaKcaTTbl
neaarornkabliK XyMbiC.
doebuemmepze Wony HaHe meopuAnsiK Hezizoep. FoinbiMm aaebueTTepre acanfaH wWony
VYATTbIK  MasMyHAafbl OMbIH MaTepuangapbiHbiH, KemiHae TOepT neaarornkasnblK —Kbi3meT
aTKapaTblHbIH KepceTei. bipiHwWwiaeH, onap TaHbIMAbIK KbI3MET OpbiHAaNAbl: 6ana 3aTTbiH aTaybIH,
KbI3METIH, acany TaCiNiH, KONAAHbINY KOHTEKCTIH MeHrepeai. EKiHwiaeH, onap KyHAbINAbIKTbIK-
MafblHa/bIK KbI3MET aTKapadbl: oTbachkl, YAKEHAi Cblnay, KOHaKMKalblK, eHOEKKOP/bIK,
TaburaTKa iNTUNAT CUAKTbI VFbIMAAP OMbIH SpPEKeTiHAe HaKTbl beliHere aHanaabl. YWiHWIAEH,
0Nap KOMMYHWKATMBTIK KbI3MET aTKapadbl: YATTbIK OMbIHLWbLIKTap HipaeckeH OWMbiHFa, Kenicim
»acayfa, pen Oenicyre, oHrimeneyre TypTKi 6onaabl. TepTiHWIAEH, 0nap 3MOLMANbIK-
pedIeKCUBTIK KbI3MET aTKapabl: 6ana e3 TaxipubeciH yATTbiK 00pa3aap apKbiabl bingipeai »xaHe
anHanacblHAaFbl MaAEHN OpTaHbl iWKineHaipeai [5],[6], [11], [12].

Kasak neparormMkanblk OMblHAA TopOMEHi YATTbIK Heri3ge yMbIMAAcTbipy MAeAcbl epTe
KanbinTackaH. M. XymabaeB TopbueHiH 6anaHblH TabufaTbiHa, aHa TiNiHE JKaHEe YATTbIK,
HONMBICbIHA aKblH DOMYbl KaskeTTiriH aTtan kepcetce [9], XK. AlmaybiToB 6ifim MeH Tapbue
Ma3MyHbIH OanaHblH, HaKTbl @MipAik opTacbiMeH 6alnaHbICTbipyabl YCbiHFaH [10]. byn Kafuaa
Kasipri mekTenke geniHri 6inim bepyae ae ©3eKTiNIriH KoMFaH *Kok: bananapabiH OMbiHbl 01apPAbIH,
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KYHAENIKTI KepeTiH, YCTalTbIH, AblObICTalTbIH, aTayblH alTaTbiH 3aTTapbIMEH Tbifbl3 BalNaHbICTbI
6onybl THIC.

Xanblkapanblk 3epTTeynep OWblIHHbIH, EepKiHAIN MeH M3AEHW KOHTEKCTiHIH MaHbl3biH
ankbiHaanabl. K.R. Ginsburg olblHAbl GanaHbliH, 91EYMETTIK, 3MOUMANbLIK, KOTHUTUBTIK aHe
dU3MKaNbIK AaMyblHbIH, HEri3ri anfblllapTbl peTiHae cunatranapl [22]. S. Bratton, D. Ray koHe
apinTecTepi  KyprisreH MeTa-Tangay OWbIH  TepanuAacbiHbiH, - 6ananapabliH  Henimaeny
KepceTkiTepiHe OH acep eTeTiHiH anfakTanabl [16]. An Y.J. Shen xaHe aBTOpnap bGipneckeH
3epTTeyiHAe OMbIH KeHICTiri MeH OWMblH MaTepuangapbiHbiH, MadeHM Oelimaenyi 6anara
NCUXONOTUANBIK Kayinci3aik neH TaHbICTbIK ce3imiH bepeTiHiH KepceTteai [17]. byn Tyxbipbimaap
VATTbIK  OWMbIHWAbIKTapAbl TeKk aTHorpaduanbik, aTtpubyr emec, 6OanaHbliH, 3MOLMOHANAbIK,
aWNbINbIFbl MEH M3EHW COMKECTIrH KONAANTbIH NeaarorMkablk pecypc peTiHAe KapacTbipyra
MYMKIiHAIK 6epea,.

CoHbiMeH bipre YATTbIK OWbIHLIbIKTAPAbl €Hri3y (ONAbKAOP MEH TYPMbICTbIK 3aTTapabl
MexaHMKanblK Kewipyai Oingipmenai. 3amaHayu Oanabakiia YWiH OMbIHWbIK  Kayincis,
JProHOMMKAbIK, Kac epeKwenirine can, KendyHKUMANbI, WMHKAO3UBTI MOHE 3CTEeTUKASIbIK
TapTbiMAabl 60nybl Kepek. Ocbl TaNanTap CakTanfaHAa faHa YATTbIK Ma3myH 3amaHayu 6inim bepy
opTacbiHAa Tabuin KongaHbic Tabaabl [2], [3], [18], [21].

3EPTTEY MATEPUANOAPBLI MEH SA4ICTEPI

3epTTey TeopUANbIK-TaNJaManblK CUNATTa KYPri3ingi KoHe neaarormkanbik xobanay
NOTMKACbIHA Herizgeni. 94icHaManblK Heri3 peTiHAe MaAEHM-TAPUXM TICIN, STHONEAArOrMKaNbIK,
ToCiN, TyNfanbiK-6araapabl OKbITY Kafaanapbl »KaHe OMblHFA HerizaenreH 6inim bepy naeanapsi
anbiHAabl [5], [11], [13].

3eptTey bOapbicbiHAa TepT d4ic  KoAAaHblAdbl. bipiHWici — TeopuAnbik, Tanaay:
3THOMEAarorMka, OMblH MCUXONOMMACHI, OMbIH TePanuAcbl, MeKTenke aeniHri 6inim Hepy *KaHe
VNITTbIK TOpbue macenenepiHe KaTbICTbl FbibIMM eHDeKTep XyheneHai [6, 8 6.]; [11, 12 6.]; [16, 22
6.]. EKiHWici — HOPMATMBTIK KyKaTTapAbl MasmMyHAbIK Tanaay: KasakctaH PecnybamKacbliHbIH,
MeKTenKe aeniHri 6inim bepy canacbiHa KaTbICTbl HETi3r KYKbIKTbIK aKkTinepi capananabl [1, 4 6.].
YwiHwici — canbiCTblpManbl-nefarornmkanblk Tanaay: OTaHAbIK YATTbIK Topbue maeanapbl MeH
xaNblkapanbik OMbiHFa HerisgenreH okbiTy (Play-based learning) 3epTTeynepiHiH OpTaK KaHe
anbIpMaLLbIAbIK TYCTapbl aHblkTanabl [16, 22 6.]. TepTiHLWICi — negarornkanbik MoAenbaey: YATTbIK
OMbIHLWbIKTAPAbl OKY-Topbue npougeciHe eHri3yaiH KYpblibIMAbIK-Ma3MyHAbIK MOAENI *Kacanapbl.

3epTTey HblCaHbl — MEKTEMNKe AeniHri Binim bepy ybiMbIHAAFbI OMbIH apKbl/ibl Topbue bepy

yaepici. 3epTrey noHi — VYATTbIK KYHAbIIbIKTApAbl KanbiNTacTbipyra 6OafbiTTanfaH YATTbIK,
Ma3MyH/Aafbl OMbIHLLBIKTAP MEH OMbIH MOAYAbAEPIHIH NedarorMkablik MyMKIHAIKTEPI. 3epTTeyaiH,
FbIbIMM KaHaNbIFbI: a) VATTbIK  OWMbIHLWbIKTapAbl navaanaHyapiH Ma3MYHJAbIK,

YAbIMAACTLIPYLLbIIK aHE 3icTeMenik AeHrennepid BipikTipeTiH TyTac MoAenb YCbiHbIAAbI; )
«OWMbIH Tepanuacbl» KabWHETIH YATTbIK Ma3MyHAafbl MOAY/NbAEPMEH KabAablKTay Kypbl/ibiMbl
)yneneHai; 6) banabakluara narblk HeC OMbIHLLIbLIK MOAENIHIH cMnaTTaMmacs! bepingi.

3epTTeyadiH, NpakTUKaAblK MaHbI3bl — VCbIHbIIFAH Ma3MyHAbl MEKTenke AeuiHri
YMAbIMAAPAbIH BapMaTUBTIK KOMNOHEHTIHE, Topbue cafaTTapbiHa, AAaMbITYLWbl OPTaHbl XaHAPTYFa,
aTa-aHaMeH KYMbICKA KaHe negarortepdid, 6inikTifiriH apTTeipy OaraapnamanapbiHa eHrisyre
bonagpl.

HOTUMENEP XOHE TANTKbINTAY

3epTrey HaTUXKenepi VYATTbIK OMbIHWbIKTAPAbl EeHri3yaiH neaarornkanbik,  TUIMAINIr
bipHelwe WapTTbiH, OipairiHe Tayenni ekeHiH KepceTTi. bipiHWI WapT — M34eHW Ma3MYHHbIH,
Xyreniniri. OMbIHWbBIK VATTbIK PaMIi3i Ke3aencok beliHenemeyi kepek; o/ 6anaHbIH, XacbiHa can
QHrimesneyre, pesfik apekeTke, bip/iecKeH oMHayFa MyMKIHAIK 6epeTiH MasMyHAbIK CLeHapunMeH
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TONBIKTbIPbIAYbLI THIC. EKIHWI WapT — aaicTeMenik KipikTipy. YATTbIK OMbIHLWbIKTAP TEK apHalbl
MepeKeniK KyHaepae emMec, KyYHAENKTI OKy SpeKeTiHAe, epKiH OMbiHAA, Ti/l AaMbITyAa, KOPKEM
94e0MeTNeH KYMbICTa, My3blKa/la aHe KopllafaH OpTameH TaHbICTbIPpYAa KOAAAHbIYbl KaXKeT.
YWiHwi wapT — negarorTiH, MeamnaTop/blk peni. Epecek agam AalblH Ma3mMyH/bl »KaTTatnamn,
HanaHbIH, cypafbiHa »Kayan 6epy, AManor Kypy, CanbiCTbipy, Moaenbaey, aHrime epbiTy apKbiibl
KYHAbINBIKTbIK MafblHaHbl alybl Tmic [11; 12; 18; 22].

YCbIHbINFAH NeAarornkanbik MoOAenb Vil e3apa  bannaHbICTbl AeHrenaeH Typaab.
Ma3MyH/AbIK [AeHrenae OWbIHLIbIKKA EHri3ineTiH YATTbIK M3AeHM Kof ipikTeneni: otbHacsl
KaTblHACTapbl, TYPMbIC MRAEHMETI, eHOEeK TYPAepi, YATTbIK OMbIHAAP, MY3bIKa/blK acnanTap, aybl3
24ebueTi Keninkepaepi, A3CTYPAI KMiM XKaHe TabuFaTneH yHAeC emMip canTbl. YMbIMAACTbIPYLWbIIbIK
AeHrenae JambiTyllbl OpTa Kypblaafbl: TakblpbINTbIK OypbILITap, allblK cepenep, KO/MKEeTiMAI
MOZYbAEp, Kayincia oMblH anaHaapbl, «OMblH Tepanuackl» KabuHeTi. DaicTeMmenik aeHrenae
KonaaHy Gopmanapbl anKbiHAANAAbl: KipiKTipiAreH OKy KbI3METi, epKiH OWblH, WafblH »K0ba,
epTerineHaipy, penaik oMbiH, aTa-aHaMmeH bipneckeH Wwebepnik caraTbl.

MeKTenke AeniHri yMbimgap yuwidH «OMblH Tepanuacbl» KabMHETIH YATTbIK Ma3myHAa
yMbIMAACTbIPY epeklie TWimai. MyHaa kKabuHeT Ganafa TaHbIC M3JEHM OpTa Kypbin KaHa
KOMMaMnabl, OHbIH, ©3iH ePKiH Ce3iHYiHe, OMblH apKbl/bl SMOLMACLIH BinaipyiHe sKaHe CMMBOAbIK,
neHrenae TaxipubeciH eHaeyiHe Kafdai Kacanabl. KabuHeTTe yWw TypakTbl almak HonfaHbl
opbIHAbI: 1) «¥NTTbIK TYPMbIC» aliMafbl — KMi3 Y1 MakeTi, 6ecik, caHAblK, blablC-asiK YArinepi, WasblH
Knimaep; 2) «YNTTbIK OMbIH» aliMafbl — acblK, TOFbI3KYManaK, CaKWHa cany, apkaH TapTy
Kypanaapbl; 3) «LLblrapmallbinblK KaHe AblObIC» aliMafbl — OH0-BPHEK KypacTbipy, KWim yAriney,
NOoMbBblpa Hemece CbiNAblpMaK Cekinai AblbbICTbIK OMbIHLWbIKTAP. Y.J. Shen aHe aBTOpAap OMbIH
KeHICTITIHIH, MaeHN CcanKecTiri GanaHblH, Kayinci3gik MeH KaTbICTbIIbIK Ce3iMiH KYWeUTeTiHiH
antagbl [17], an MeKTenke [AeniHri KacTafbl 2/1€YMETTIK-3IMOLMOHaNAbIK OKbITY OoMbIHLWIA
3epTTey/ep KypblibiMaanfaH OMblHFa HerizgenreH okbiTy (play-based) TacinaepaiH acipece TMima
eKeHiH KepceTeai [21].

YNTTbIK Ma3mMyH/afbl OMbIHLIbIKTapAbl Kobanayaa 6ip mMaHbI3abl KaFuaa cakTanybl THiC:
OMbIHLIbIK TapUXTbl «KOPCETETIH» 3aT KaHa emec, 2apeKeT TyAblpaTblH Kypan 60nybl Kepek.
Mbicanbl, KWi3 yWAAiH AalblH MaKeTiMeH KaTap OHblH OenleKTepiH KypacTbipaTblH KUHAK,
yCbiHbINCA, Bana Tek Kepin KoMman, e3 KO/bIMEH LIAHbIPaK, YblK, KEpere yfbiMaapbiH Urepei;
KyblpLIAKTapAblH YATTbIK KMiIMAEPIH aybICTbipa anaTbiH 60/1ca, KNim benlekTepi MeH ataynapbliH
MeHrepesi; acblKkNeH Tek caHay eMec, KMMbI-KO3FasibiC OMbIHbI, }KapbIC, EPEKE KYPY dpeKeTTepi
ne ynbimaactblipbinagbl. Ocblnaniia OMbIHLIbLIK YATTbIK Ma3MyHZbl AMHAaMUKaAbIK TaxKipnbere
anHanablpabl.

YCbIHbIIFAaH OMbIHLWbIK MOAENbAEPi MEKTENKe AENiHTi YMbIMHbIH, KYHAENIKTI *KYMbICbIHA
benimaenin kacangbl. Onap Kayincia matepuangaH, AeHrenek »KuekTi, ipi 6enwekTi, awblK TYCT
oHe OipHelle OKy MIHAETIH KaTap wewyre MyMKiHAIK OepeTiHaen 6onybl KepeKk. MyHaan
OMbIHWbIKTAPAbIH, TUIMAINIM TEK TaKbIPbINTbIK COMKECTIKTE eMec, 0NapAblH, KenKbi3MeTTiniriHae
}aTtblp: Bip Kypan Tin AambiTyfa, EKiHLWICI ycak MOTOPMKaHbl eTingipyre, yuwiHuwici penaix
KaTblHACcTapAbl AaMbITyFa KbI3MeT eTei. CUCTEMAbIK LWOAY HOTUMXKENEPI ONbIHHBIH, AaMyFa aCcepiH
HbaranalTbiH e/WeMaepaiH, 9PTYPAi EKEHIH KaHe cananbl YMbIMAACTbIPbIIFAaH OMbIH OPTAChIHbIH,
MaHbI3bIH pacTanapsl [19].
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1-kecTe — YCbIHbINATbIH YATTbIK OMbIHLbIK MOAENbAEPIHIH, CMNAaTTamachl

OMbIHWBbIK, . KaneinTacTblpaTbiH
. Kypambl MeH epeKLueniri KonnaHy dopmacs!
mogaeni KYHAbINBIK,
Kuis vy, Kopa, TYyAiK Man L .
Y1, Kop T " | OTbacsl, Pengik oibiH, aHrimesney,
«Kaszak ayblibl» | YATTbIK KMim KnreH . .
| .. KOHaKKalblK, eHbeK, | co3iK KyMbiC, KopLlafaH
Mmoayni Keninkepnep, TYPMbIC .
. TaburaTneH yinecim OpTameH TaHbICTbIPY
BybiMaapsl
Achl TOFbI3KYMana Epexe CaKTa .
«YNTTbIK, % *¥ “ P . : Kray. KMMbIN-KO3FanbiC OMbIHbI,
. TaKTacCbl, CakMHa Cany, apKaH | CepIiKTecCTIK,
OoMbIHAAPY MaTEMATUKANbIK  YFbIM,
TapTy, opaman Tactay | WblAaMablablK, .
KUHaFbI bipnieckeH apekeT
Kypangapbl TanKbIPAbIK,
Anpap kece, KorkaHacoblp,
«YNTThI TankbipAbl ?ainaiK, | Epterinenaj caxHasa
+<e17|ir|+<eK nep» Gatbipnap,  wenep  meH 6aT:J‘IZbIK,K' ﬁxeip,li ,qzanor Argpy' MiHeZ'
ce vmcnj) ’ ananap beiinecinaeri meTTe ! bl nriciﬁpTyén a
p KybIpLIAKTAP Kyp Y KY/IbIK Y. aay
Oto-epHek acTbl acTbl ancobl
«KoneHep P . . b i p.y JCTeTUKANbIK, Tanfam, Kvp by, PY:
3N1EMEHTTEPI, KWIM yAarinepi, CanbICTbIpY,
lwebepxaHach!» YKbIMNTbINbIK, eHbeKKe
KYMCaK, ~— TekeMeT KoHe LWbIFapMaLLbIIbIK
HUBIHTbIFbI . Kypmet
CbipMaK bparmeHTTEpI Tancbipma
Bananapfa nabl ayincia | My3biKanbl
«b1BbICTbI P Ko Kay y " My3blKa cabarbl,
noMbBbIpa, CblNAbIpMak, | MaaeHMeET, bIpFaK, o
AOMbBbIpa» KaHe o penakcaums, OWbIH
OAHFbIPA  KoHe  AblObICTbIK | ce3iMi,  3IMOLMANbIK, .
VATTbIK dyeHaep L Tepanusachl, TiN AaMbITY
KapTanap cepninic

1-kecTeqe yCbiHbINFAaH MOAENbAEP YATTbIK, Ma3MyHAbl GanaHbiH, ¥Kac epeklueniriie cau,
apeKeTKe bafbITTasFaH KaHe KeMKbI3MEeTTi Kypan peTiHae YbIMAaCTbipyFa MyMKiIHAIK 6epeaj. byn
OMbIHLLIBLIKTAPAbl KeKe [e, TOMTbIK Ta KYMbICTa Ko/JaHyra Oonadbl. 9cipece epTerineHaipy,
SHriMeney, epKiH penaik oiMbiH KaHe WafbiH Xoba dopmaTbiHAA 0NapAblH aaeyeTi apTabl.

2-KkecTe — «OiblH TepanuAckl» KabUHETIHIH, YATTbIK Ma3MyHAafbl MOAYNbAEPI

AlimaK aTaybl Heriari })kabablkTap MNeparornKkanbiK MiHAETI
3aTTbIK, MO LEHMETTI TaHY, TYPMbICTbIK,
ce3aikTi HalbiTy, oTbackl penaepi
MeHrepy
Epexke Kypy, ©3apa Kesicy, KMMbIN
benceHAainiri, nornmkanbik omnay

Kni3 yin makeTi, 6ecik, caHablK, Kece,
OXKay, Kepne-»KacTblK, yArinepi

«YNTTbIK,
alimarbl

TYPMbIC»

AcCblK, TOfbI3KyMasnaK, CakuWHa cany,
apKaH, opamasn, epexke Kaptaiapsl
Oto-epHekK beslieKTepi, YATTbIK KWim
yAarinepi, noMbBbIpa, yHTacna,
belHeKkapTanap

«YNTTbIK OMbIHY» aliMafbl

ImoumaHbl - 6inaipy, 3CTeTUKanbIK
Kabblnaay, aHa TiniHAe aHrimeney

«LblFapmalubliblK,
*KaHe AblbbIC» almarbl

KabuHeT *KymbICbl anTa CalblHFbl ¥KOCNapFa €Hri3inin, aMoUMOHaNAbIK KONAAY, Tin AaMbITy,
benimaeny KeseHiH KeHiNAeTy KoHe TOMNTblK ©3apa  JPEeKeTTi HblfalTy MaKcaTblHAa
nanaanaHbiNybl yCbiHblNaAbl. MyHAa epKiH OMbIH yaKbiTbl MeH OafblTTanfaH OWMbiH ceccuanapsi
TEHrepimAai cakTaybl Kepek.

3epTTey TYKbIpbIMAAPbI YATTbIK KYHAbINbIKTAPAbl 3aTTbIK-OMbIHAbIK OPTa apKblabl 6epyaiH
apTbIKWbINbIFbIH A2nenaenai. bipiHwiaeH, 6yn Tacin 6anaHbl AalbiH MAEONOTUANBIK YPaHAAPMEH
emec, Tikenen TaxipnbemeH Topbuenenai. EKiHWIAEH, YATTbIK MasMyH KYHAENKTI apeKkeTke
eHreHZle faHa TypaKTbl ilKi AafablFa anHanaabl. YWiHWIAEeH, OMbIHLIbIKTAP aTa-aHa MeH neaaror
apacblHAafbl SPINTECTIKTI HblFanTaAbl: 0TOAChl MyLLenepi YATTbIK OMbIH, YATTbIK KMiM, TYPMbICTbIK,
bybiMaap »KeHiHAe oHrime Kocbin, yiM mMeH 6anabaKluagarbl Tapbuenik biknanapl e3apa
TONbIKTbIPA anagpl. byn xepae yNTTbiK MasamyHAbl POMAHTUKA/bIK HEMECe MY3ennik yarige faHa
yCbiHyAaH caKk 6o0ny Kepek. banaHbiH Kasipri emip Taxkipmbeci MeH TapuXM-MILEHN MA3MYH
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apacbiHAa Kenip opHaTblAybl KarKeT. Mbicanbl, YATTbIK KeMinkepaep Tek aHbl3 Keninkepi peTiHae
eMec, TanKblpAblK, S4iNAiK, eHbeK, b6aTbinablk, AOCTbIK Cekingi Kasipri Topbue miHAeTTEpPiIMEH
HannaHbICTbl TyCiHAIpiAreHi )eH. Con CUAKTbI YATTbIK OMbIHLWbLIKTAP Kbl3 Oanafa »kaHe yn 6anara
benek WeKTeNMeN, MHKA3UBTI api TeH MYMKIHAIK bepeTiHAEeM Kacanybl KEPEK.

OWblHFa HerizaenreH okbITy (Play-based learning) eHiHaeri 3amaHayu 3epTreyaep apTypi
OMbIH Taxipubeci MeH yMAaeri oKy nNpakTMKanapbiHbIH, apacbiHAa oOH bHalnaHbic 6ap eKeHiH
KepceTeni [18]. byn HaTMMKe YATTbIK OWMbIHWbLIKTAP apKblibl YMbIMAACTbIPbIAATLIH OipaeckeH
OMbIHHbIH, TiNAIK aHE TaHbIMAbIK benceHaifikke Ae biknan eTeTiHiH KaHama Typae KyaTTandbl.
AHa Tini MeH MadeHM KOHTEKCTI KipiKTipe OKbITY KOHIHAET 3epTTey/epae Ae MEKTenKe AeMiHri
KeseHae MaAEeHM Ma3MyHbl OKY pecypcTapbiH nanganaHy 6ananapabiH KaTbiCybiH, TYCIHYIH KaHe
©3iHAIK CaMKecTiniriH KkywenTeTiHi 6ankanaabl [20]. COHAbIKTAH YATTbIK OMbIHLIbIKTAPAbl EHTi3y
Topbumenik Kagam faHa emec, epTe KacTafbl binim 6epy canacbiH apTTbipaTbiH NeaarornmKkanbik,
MHHOBALMA peTiHAE KapacCTbIPblAybl MYMKIH.

OcbifaH GannaHbicTbl Oanabakllanapfa apHanAfaH EHri3y anropuTmMiH TOPT Ke3leHMeH
yCbiHyfa 60nafpl: AMArHOCTUKAbIK Ke3eHJe YWbIMAafbl OMbIH OPTACbIHbIH, YATTbIK Ma3myHbl
TangaHagpl; Kobanay KeseHiHAEe OWMbIHLLIbIK KOpbl, OypbiliTap MeH KabWHeT KypblabiMbl
KOcnapnaHafpbl, €Hrisy Ke3eHiHae neparortrepre aAicTeMenik Konaay KepceTinin, OMbIH
cueHapuinepi »acanaasl; 6afanay KeseHiHae 6ananapabiH, TiAA4IK benceHainiri, penaik speket,
M3/IEHM YFbIMAAPAbl KONAAHYbI MEH 3MOLMOHANAbIK KaTbICybl Canasblk MHAMKaTOp1ap 60oMbIHLLIA
capanaHaapl. MyHaan 6aranay Tek TecTik enwemaepre emec, 6akblnay, aHrime, LblFapmallbinbiK,
BHIM »KaHe OMbIH bapbicbiHAaFbl ©3apa apeKeTke cymeHyi Tnic [19], [21].

3-KecTe — YATTbIK OMbIHWbIKTapAbl 6anabakwara eHrizy anropuTtmi
KeseH Ma3amyHbl HaTtuxeci
YMbIMOafbl OWbIH OpTacbliH, 6ap OWbIHLIbIK,

1-ke3eH, . bacTankpl KapTa,
[narHocTnka KOPbIH, — YAITTBIK = MasMYHHbIR — ynecin  ione AKETTINIKTEP Ti3IMi
negarortepAiH CypaHbICbliH Tanaay : P
Ow iH ipi 6
Kobanay P pA bray, Kay A d4icTeMenik naket

TaNanTapblH HaKTblAAy

Cabak neH epKiH OMbIHFa KipiKTipy, cLueHapuinaep
KypY, aTa-aHameH webepnik caraTTapbliH BTKI3y
BaKkplnay, aHrime, oMblH eHiMAaepi, ce3aik Kop | TyseTy MeH KeTinaipy
MEH POeAjK dPEKETTi canablk capanay YCbIHbICTapb!

3-Kke3eH, EHrisy yhreni KongaHy Taxipunbeci

4-keseH, baranay

[MpakmukansiK ycbiHbIMOap. pPaKTUKaANbIK TYPFblAaH anfaHAa, MeKTenke AeWiHri ynbiMaapFa
VATTbIK OMbIHLIbIKTapAb! Ke3eH-Ke3eHIMeH eHri3y yCbiHblnaabl. AnasiMeH Ton 6enmeciHaeri epkiH
OMbIH Ccepenepi KaHapTbl/biN, KOMKETIMAI eKi-yl 6asanblk MOAY/b EHri3ifyi KepeK: Kui3 yi
Hemece «KasaK ayblibl» MaKeTi, YNTTbIK KeNinKepaep KyblpwaKTapbl KaHe acblK NeH Kapananbim
YATTbIK OWMbIHAAP KWHafbl. byaaH KeliH faHa KeHeWTinreH KabwHeT Hemece TypaKTbl OMbIH
aiMaKTapbl KacaKTanfaHbl TMiMAi. MyHAal caTbinbl eHri3y negaror neH H6anafa KaHa MasMyHFa
Tabusn benimaenyre MyMKiHAiK 6epes,.

9icTemMenik KaMTamachI3 eTy Ae Wellyli pen aTkapadbl. Op OWbIHLIbIKMNEH Bipre Kbicka
HYCKAY/IbIK, »Kac epeKLleniriHe cal oMblH CLLeHapuiaepi, Ce3aik MUHUMYM, cypakTap BaHKi »KaHe
aTa-aHaMeH »KYMbICKA apHanfaH YcbiHbICTap 6epinreHi »keH. Mbicanbl, «¥NTTbIK Keninkepaep»
cepusAckl yWiH «byn Keninkep Here Tankblp?», «KaHgal wewim Aypbic?» CUAKTbI AWANOrTiK
KapToukanap, «KoneHep webepxaHacbl» YLWiH OO aTtaynapbl MeH TyCTepai YMpeTeTiH KapTanap;
«OblObICTbl  AOMDbIPa» YLWIH KbiCKA 9yeHAiK Tancbipmanap KOCa YCbIHbIICA, OWMbIHLWbIKTbIH,
Topbuenik acepi kyLenea;.
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Meparortepdi gasapnay Maceneci [e  Hasap4aH ThiC  Kanmaybl  KepeK. YATTbIK
OMbIHWbLIKTapAbl KONAAHY TeK 3aTTbl KepceTy emec, 6anaHblH, Ce3iHe inecy, OMblH NOTMKACbIH
KON4Ay, MaAEHM MaFfblHaHbl }KYMCaK ally XaHe ap 6anaHblH, Aapa TaxipnbeciHe KypMeTneH Kapay
nafablnapbiH Tanan etedi. COHAbIKTAH OiNiKTINIKTI apTThlpy KypCcTapbiHA@ STHONEAArorMKka, oMblHfa
HerisgenreH okKbITy (play-based learning), epTerineHaipy, OWMbIH TepanuAcbiHbIH, OacTanKpl
ToCiNAepi *oHe AambiTyllbl OpTaHbl »Kobanay TakblpbiNTapbl GipiKTipiAreH modynb peTiHAe
KapacTblpblnfaHbl OpblHAbl. byaaH 6Genek, OTaHAbIK OHAIPYWINEepMEH KaHe Ko/neHep
webepnepimeH apinTecTik opHaATy MaHbi3abl. Erep 6anabaklua, negarornkanblK KoFapbl OKY
OpbIHAAPbl  KOHe LWafblH eHAipic opbiHAApbl  Oipaecin  »KymbIiC icTece, Kayincisairi
cepTUPUKaTTaNfFaH, TiALIK KoHe MaAeHM Ma3MyHbl capanTanfaH, 6afacbl KO/MKeTIMAi YATTbIK
OMbIHWAbIKTAP KEeniCiH KanbinTacTblpyfa 6onaabl. byn Kagam  yATTbIK  KYHAbIbIKTApAbl
KaHFbIPTYAbl TEK OKy-Topbue MiHAETI peTiHae emec, M3AEHW WMHAYCTPUAHbI AaMbITy OafbiTbl
peTiHAe Ae KywenTeai.

KOPbITbIHAbI

KopbiTa anTKaHAa, ©ananap OMbIHLWbLIKTAPbl YATTbIK KYHAbINbIKTapAbl HacuxaTTay MeH
KaHFbIPTYAbIH NaPMEHAI NeaarorMkanbik Kypanbl 6ona anaapl. MekTenke AeniHri KeseHae YATTbIK,
Ma3MyHAafbl OMbIHLIBLIKTAP apKblabl 6ana Kasak, Xa/KblHbIH, TYPMbICbIH, TiNiH, A3CTYPiH, OMbIH
M3/IEHMETIH, 3CTETMKANbIK Ta/NfaMblH KOHE KapbIM-KaTblHAaC HOPMaNapblH TabUFKU KONMEH
MeHrepea,.

3epTTey HapbiCbiHA@ YATTbIK OMbIHWbIKTAPAbl KOAAAHYAbIH, ViU AeHrenni neaarormkanbik
MoZeNi YCbiHbIAAbl, «OMbiH Tepanuacbl» KabWHETIHIH, YATTbIK MOAYAbAEPi KyWeneHAi sKaHe
H6anabaklwaga KonaaHyfa naiblk 6ec OMbIHLWbIK MOAENiHIH, cunaTTamachl »Kacandbl. Y¥ATTbIK
OMbIHLWbLIKTAP AaMbITyLLbl OPTaHbIH, TYPaKTbl KOMMNOHEHTIHE aliHanfaH Xafaanaa onap 6anaHbIH,
M3JEHM COMKECTINIMH, 9N1eyMETTIK-3MOLMOHANAbIK KY3blpeTTepiH, TinAiKk 6enceHainiriH KaHe
LWbIFAPMaLLblAbIK SpeKeTiH Konaanabl.

Anpnafbl yakplTTa OCbl MOAEeNbAI HaKTbl banabakiia TaxipnbeciHae anpobaumsaaH eTKisin,
ac epeKuweniriHe Kapan TUIMAINITIH SMOUPUKAAbIK TYPFbIAA CaabICTbIpy, COHAAN-aK UMPPAbIK
)KoHe apanac GopmaTtTarbl YATTbIK OMbIHWbIKTAPAbIH MYMKIHAIKTEPIH 3epTTey ©3eKTi Ho/bin
Tabblnagbl.
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Abstract

Many students of English as a second language (ESL) show an mismatch between receptive and
productive vocabulary understanding, they remain competent to perceive a large variety of
vocabulary-related elements in reading and listening activities but encounter challenges recalling
and applying these same terms in oral production and writing. This article maintains the fact that
this challenge is mainly teaching-related instead of exposure-based. Deriving from research on
additional linguistic system learning and mental cognitive science the paper embraces a retrieval-
oriented learner-centered framework on vocabulary acquisition. Vocabulary understanding is
defined in terms of the capacity to reach and apply terms within discourse-based circumstances
instead of simply identifying meanings within structured exercises. The study suggests one
pedagogical framework that promotes initial repeated and context-based vocabulary reinforced
via distributed rehearsal and growing interactional requirement. Pedagogical applications in ESL
teaching and orientations for the upcoming investigation are examined.

Keywords: Receptive vocabulary/productive vocabulary / Learner-centered / ESL teaching

Introduction

Vocabulary understanding is a fundamental element of additional language ability. Students’ skills
in order to grasp language exposure and convey significance efficiently rely not only on the amount
of terms they understand, but also on the way readily these terms are able to be retrieved when
necessary Nation (2013). In several ESL environments students show consistent improvement in
vocabulary awareness via text comprehension exercises auditory comprehension tasks and
scripted evaluations. Nevertheless, such visible improvement frequently does not succeed in
carrying over to unplanned speech as well as composition. A typical instructional finding remains
the fact that students pause reducing their expression, and otherwise depend upon a single
restricted range related to well-known terms regardless of experiencing encountered single
significantly broader vocabulary. This pattern illustrates a widely reported discrepancy in input-
based vocabulary understanding. Which allows students to perceive terms and output-based
vocabulary understanding, which demands students to retrieve and apply terms autonomously
Laufer and Goldstein (2004). Significantly such a discrepancy remains within students who obtain
substantial exposure as well as direct teaching. This article adopts the viewpoint that the input-
output vocabulary discrepancy is mainly pedagogical in essence. Many vocabulary teaching
approaches highlight awareness precision and immediate performance leading students to
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suppose that a term has been acquired when the word can be recognized properly. Nevertheless,
genuine interaction demands students to retrieve words without cues within temporal urgency
and within competition among additional vocabulary-based choices. When teaching is carried out
without representing such conditions vocabulary mastery stays inactive. The purpose of this study
is to suggest a retrieval-oriented learner-active method for vocabulary acquisition. Instead of
considering vocabulary acquisition in terms of memorization succeeded via subsequent
employment, this article defines vocabulary growth in terms of a single progressive procedure of
reinforcing vocabulary-based retrieval through frequent efforts to retrieve and apply terms during
purposeful environments. By incorporating perspectives derived from second language learning
studies and cognitive science. The article provides an educationally usable solution to the input-
output vocabulary challenge in ESL learning environments.

2 Literature review

2.1. Receptive and Productive vocabulary knowledge.

Vocabulary mastery is broadly interpreted as a complex framework encompassing awareness of
structure interpretation grammatical usage and discourse-related relevance Nation (2001). An
essential differentiation in this concept lies between receptive and productive vocabulary mastery.
Receptive awareness permits students in order to identify terms when learners come across the
words within auditory comprehension or text comprehension. While productive knowledge
demands that students retrieve and employ lexical items precisely during oral or written
production. Research reliably indicates that productive vocabulary understanding emerges
relatively slowly and is reduced in scope compared to receptive vocabulary mastery Laufer and
Goldstein (2004). Learners frequently grasp terms long before they are capable of applying them.
This mismatch indicates that perceiving a term and retrieving it depend on distinct mental
operations. Teaching that concentrates mainly on identification consequently threatens to
exaggerate students’ genuine interactional competence.

2.2 The lllusion of Vocabulary Mastery.

Recognition-based vocabulary tasks often generate a misconception of proficiency. Activities such
as pairing terms alongside explanations multiple-choice prompts or language identification allow
students to perform well by recognizing well-known structures instead of retrieving terms out of
long-term memory. Since such activities appear fluent and effortless students might assume that
vocabulary acquisition has been achieved. However, studies in acquisition and memory show that
simplicity during training does not automatically result in long-lasting or applicable mastery
Karpicke and Roediger (2008). When students are not obliged to retrieve vocabulary
independently vocabulary-based retrieval stays fragile. Therefore consequence words that seem
“known” guided exercises frequently do not emerge in unplanned interaction.

2.3 Limitations of Familiarity-focused instruction.

Familiarity-focused teaching continues to be widespread since it is efficient uncomplicated to
apply and clear to measure. Students frequently achieve effectively on identification-focused
assessments strengthening the perception that study has taken place. However such approaches
apply slightly pressures regarding access. Constructive scholarship has indicated that retrieval-
based training contributes to stronger and more long-lasting study results than familiarity-based
training Hulstijn (2001). Even though retrieval tasks are relatively challenging and might at first
raise challenges. They reinforce the mental routes needed for self=directed retrieval. Familiarity-
focused teaching through comparison trains students in guided activities instead of genuine
language usage.

2.4 Intentional and Incidental vocabulary learning

Vocabulary acquisition takes place via both incidental input and intentional acquisition. Incidental
acquisition permits students to come across terms within significant environments facilitating
limited awareness and contextual understanding. Intentional acquisition offers clear attention to
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structure and interpretation. Nevertheless, neither one form of acquisition ensures productive use
by itself Nation (2001). Within a retrieval-oriented framework, both incidental and intentional
learning operate like exposure phases that need to be repeated through occasions in retrieval.
Without retrieval training, vocabulary may be losttery stays fragile and situation-bound.

2.5 Spaced retrieval and vocabulary access.

Spacing acquisition throughout the duration has been indicated to enhance long-term retention.
When vocabulary is returned after gaps retention memory traces are reinforced Cepeda et al
(2006). Significantly the advantages of the interval rely on what students perform during such
gaps. Passive revision might reinforce identification however recall training reinforces retrieval.
Spaced retrieval, where students repeatedly try to retrieve words over periods environments
encourages adaptable and long-lasting vocabulary application Karpicke and Roediger (2008).
These results indicate that vocabulary teaching ought to incorporate spaced recall instead of rely
intensive input.

2.6 Why Exposure alone does not lead to use

Exposure performs a crucial role within vocabulary acquisition however it does not guarantee
productive application. On-the-spot interaction imposes distinctive demands upon students,
terms need to be chosen rapidly incorporated within grammatical patterns, and selected among
rival options. Words that have not been trained via recall are effortlessly displaced through more
well-known lexical units. This clarifies why students frequently avoid newly acquired vocabulary
and depend instead on frequent terms. Intruction which does not incorporate retrieval within
authentic interactional circumstances do not manage in order to train. Students in such pressure.
3. Methodology

This research uses a theoretical and conceptual study framework. Instead of gathering primary
data-based information, this article integrates results taken from studies in second language
development and mental science associated with vocabulary mastery retrieval training and
pedagogical structure. Through analytical evaluation and contracts of identification-focused and
retrieval-based frameworks, this research formulates a learner-centered retrieval-oriented
structure in vocabulary teaching. This approach is suitable for dealing with educational challenges
that extend over teaching-related environments and student groups.

4, Findings

The evaluation results in various main findings. Firstly, the identification of vocabulary does not
consistently indicate expressive application. Students might show precise identification whereas
remaining incapable of retrieving terms autonomously. Second, pedagogical approaches that
highlight exposure commonly produce assurance lacking availability. Thirdly retrieval training
reinforces. Long-term memory facilitates productive vocabulary application especially when
spread-out duration. Ultimately vocabulary growth remains strengthened when students are
motivated to attempt employ instead if delay for full proficiency.

5. Discussion

The Receptive-productive vocabulary mismatch represents an inconsistency between teaching-
related methods and actual use. Vocabulary is commonly presented and evaluated within
circumstances that permit identification whereas interaction demands quick retrieval without
prompts. This discrepancy assists clarify how students struggle to employ terms they “know”. Even
though retrieval-based training brings in effort such difficulty can be beneficial when handled
effectively. Prompting students to try retrieval even incompletely supports converting inactive
understanding into functional tools. This learner-centered viewpoint transfers responsibility
beyond memorization to use, emphasizing growth via training more instead of precision by itself.
6. Implications for instruction: A learner-active solution

To deal with receptive-productive vocabulary discrepancy this article suggests a retrieval-oriented,
learner-centered framework for vocabulary growth. Instead of delaying the application until
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vocabulary is completely memorized, learners are prompted to try retrieval and apply terms
initially and repeatedly in significant environments. Vocabulary training ought to move away from
guided exposure to self-directed retrieval, with occasions for interval-based application over
periods. Tasks ought to represent interactional circumstances through integrating options
temporal limits and discourse-related variation. Evaluation approaches should also emphasize
productive application, assessing students’ capacity to recall and use vocabulary instead of
perceiving word forms in decontextualized form. Within such a framework vocabulary study is not
determined by how correctly terms are memorized, but rather by the way lexical items are
consistently able to remain retrieved and employed in discourse.

7 Conclusion

This article has demonstrated which ongoing challenges with productive vocabulary application
among ESL students arise mainly from teaching-related approaches that emphasize familiarity
rather than access. Through reconceptualizing vocabulary acquisition as the growth of vocabulary-
based retrieval via application. This suggestion is a learner-centered retrieval-orientedented
method a applicable answer to the receptive-productive vocabulary discrepancy. Promoting initial
use frequent recall and context-based training might better train participants toward real
discourse. The upcoming investigation ought to explore how retrieval-oriented teaching may be
implemented and assessed across varied ESL classroom settings.
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Abstract. The article discusses topical issues related to the implementation and use of
artificial intelligence (Al) technologies in the modern educational process. The modern education
system is undergoing a period of profound digital transformation caused by the rapid development
of innovative technologies, among which artificial intelligence occupies a special place. Its impact
on education is complex, covering both the content of teaching materials and approaches to
teaching, as well as the organisational structures of the educational process. The potential of Al
for personalising learning, improving its effectiveness and quality, and transforming the role of the
teacher is analysed. Particular attention is paid to the challenges and risks associated with the
introduction of Al into educational activities, such as the need to develop new competencies
among teachers and the ethical aspects of its application.

Keywords. Artificial intelligence, adaptive learning, NLP, distance learning, digital twin
technology, digital teacher tools, prompt, ChatGPT.

In the Address of the President of Kazakhstan, «Kazakhstan in the Age of Artificial
Intelligence: Current Challenges and Their Solutions through Digital Transformation» [1], special
attention is paid to education as a platform for the formation of digital competencies and skills
that will be in demand in the future. It also notes that digital transformation and the introduction
of artificial intelligence are key factors in the country's sustainable development.

The main priority areas for the use of Al in education are also highlighted in the regulatory
documents «Concept for the Development of Artificial Intelligence for 2024-2029» [2], the «Law
of the Republic of Kazakhstan «On Artificial Intelligence» dated 17 November 2025 No. 230-VIlI
ZRK» [3], and others.

Currently, the capabilities of artificial intelligence have grown to such an extent that it is
being integrated into virtually all areas of life.

Artificial intelligence (Al) is a set of technologies and systems capable of solving problems
that usually require human intelligence: learning, logic, planning, speech recognition and
perception. Al is not a new idea: the first studies began in the 1950s. It is known that the term was
introduced in 1956 by John McCarthy.

Let us recall some fragments from the history of Al development. In the 1960s, the US
Department of Defence showed interest in Al in an attempt to «emulate thinking». In 1975,
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Kunihiko Fukushima created one of the first neural networks. Since at least 1985, we have been
accompanied by «silent» Al algorithms: spell checking appeared in Microsoft Word 2.0. And in
1993, Autocorrect was added, which automatically corrected typical typos. Since the early 1990s,
T9 has become widely used — predictive text input on phones that selects words based on
frequency. In the current decade, OpenAl is attracting attention with ChatGPT, a model that
operates with a huge number of parameters.

Virtual assistants that respond to voice commands are becoming increasingly popular.
They also work on the basis of Al and can now not only execute basic commands, but also become
full-fledged assistants: they find answers to complex questions, answer calls, check email,
communicate with couriers, book tables at restaurants, and buy cinema tickets. But selecting
recommendations or filtering spam is only a small part of the possibilities that Al offers when
working in conjunction with other technologies. All areas affected by the fourth industrial
revolution will, in one way or another, work with artificial intelligence.

How Al works can be described in the following ways:

- neural networks are trained to perform tasks using examples («like a child, only faster»);

- complex tasks require «deep learning»;

- an important area is natural language processing: analysis, understanding and
generation of speech/text.

One of the main potential advantages of Al is that it can potentially help people increase
their intelligence. Artificial intelligence has many possibilities. Information technology has become
part of people's lives all over the world. In developed countries, the latest developments are being
introduced into the education system. Kazakhstan's education system is also undergoing digital
and technological transformation.

Artificial intelligence in education is already so advanced that it often performs its functions
as well as humans. One of the most promising areas of Al application in education is adaptive
learning. It is assumed that Al will track the progress of each individual student and either adjust
the order of course modules to suit their abilities or inform the teacher about which material has
been poorly understood and which has been well understood.

Personalisation in education and social media is based on the same technological principles
—the use of machine learning algorithms and big data analysis to create a unique user experience.
Modern social networks are essentially giant machine learning-based mechanisms where content
is selected individually for each person. Algorithms don't just «sort’ posts, they try to predict your
behaviour. On social media platforms such as Instagram, Facebook, and TikTok, machine learning
algorithms can provide a better user experience and ease of use. Users want to see what they like,
so machine learning algorithms analyse user activity and recommend what the user chooses. True
adaptive learning, comparable to social media algorithmes, is expected in the next decade. Despite
the active implementation of Al, the education system is moving towards this goal more slowly
than social media due to data complexity and ethical constraints.

Natural language processing (NLP) plays a crucial role in the development of Al, enabling
machines to understand and process human language. Recent advances in NLP, particularly
models based on BERT and GPT transformers, have opened up new opportunities for various
industries and applications, including education. By analysing students' work, NLP can provide
insights into their performance and identify areas where they may need additional help. This can
help teachers tailor their teaching programmes to better meet the needs of individual students.
In addition, NLP can be used to develop intelligent systems that can provide students with
personalised feedback and recommendations, thereby improving their performance.

Distance learning, the driving force behind modern high-tech education, involves remote
examinations. How can these be conducted in a way that ensures students are not cheating?
Proctoring systems come to the rescue, monitoring students while they write tests and take
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exams. The programme can simultaneously monitor the behaviour of multiple examinees:
whether there are extra people in the frame or extra voices in the room, how often the examinee
looks away from the monitor, whether they try to change the tab in the browser. All these actions
are recorded as violations. In special cases, the system alerts the proctor to pay attention to a
particular examinee. Only then do they begin to monitor them via webcam.

The use of artificial intelligence in education is not limited to these two areas. For example,
there are plans to create programmes for the automatic checking of individual student
assignments. One of the promising technologies of the new educational reality is digital twin
technology, which is becoming increasingly popular and significant in the field of education. An
analysis of approaches and a description of solutions for applying the concept of a digital twin of
a teacher was successfully presented by Kazakhstani scientists in the field of assessing student
assignments based on the IS of one of Kazakhstan's universities. Teachers on the educational
portal have the opportunity to assess individual assignments, return them for revision and provide
feedback to the student. If the assignment is completed according to the requirements, correctly
formatted and meets the assessment criteria, the teacher accepts the assignment; otherwise, they
return it for revision. In addition to saving teachers time on checking work, the file manager raises
academic integrity standards by comparing them with the university's database and allows for
feedback that helps improve students' academic writing skills. Thus, the presented approach can
reduce the labour costs of teaching staff in checking a large volume of written work for a specific
student [4].

Modern technological solutions that have already been implemented in our schools have
significantly increased children's engagement in the learning process. One of the important
features of the updated educational content is the systemic-activity approach, which provides for
the active involvement of students in the cognitive process. Everyday electrical devices help to
make learning interactive and the process of preparing for lessons as interesting and effective as
possible.

Today, teachers can quickly display all materials and assignments on digital panels and
students' devices. The development of infrastructure in educational institutions is not standing
still; every day, schools are equipped with digital and virtual laboratories, multimedia studios and
robotics classrooms. The library of electronic educational materials is being modernised, as is the
proctored testing system, which allows students to test their knowledge independently. Open
educational internet resources such as Bilimland.kz, Academia.kz, Daryn.ai, Coursera and others
are actively developing.

Among the experts who oppose the uncontrolled introduction of Al or call for its serious
restriction, educators and scientists in the field of education stand out. The irony is that it is
precisely the field of education that can benefit most from Al:

- personalisation — Al can become a personal tutor for each child, adapting to their pace;

- elimination of routine tasks — checking tests and preparing lesson plans will no longer
take up 70% of a teacher’s time;

- new literacy —teachers will no longer have to teach «knowledge» (which everyone now
has at their fingertips), but rather the ability to ask the right questions and filter out the
hallucinations of neural networks.

Let us consider the transaction costs in the teaching profession, as well as the possibilities
for reducing them with the help of Al. Transaction costs in the teaching profession are:
administrative — reports, plans, documents;

- communication — correspondence, parent-teacher conferences, meetings;

cognitive — searching for materials, preparing assignments, checking;

- organisational — scheduling, keeping journals, allocating resources.

Artificial intelligence can significantly reduce teachers' costs by automating routine tasks.
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This primarily applies to the preparation of lesson plans, lesson scenarios, and the development
of teaching plans and lesson plans. Tests, quizzes, and formative feedback tools are actively used
in the learning process, and their creation can also be automated with the help of Al. Examples of
such tools include ChatGPT, Bing Copilot, Canva, QuizizzAl, and speech-to-text technologies.

Today, a teacher's digital toolkit consists of a range of diverse interactive modules that they
use as building blocks to create teaching units. When creating presentations, these are PowerPoint
(the most commonly used), Prezi, Canva, ISpring, Google Slider, and Sketching. Tools for assessing
knowledge include Kahoot, Quizlet, SurveyMonkey, and ClassMake. These digital products help to
create content, use it and organise it using built-in tools, a survey system, tests, games, etc. The
LearningApps service is designed to create interactive teaching aids on various subjects to support
learning and the teaching process using interactive modules. The Wordwall electronic educational
platform allows teachers to create interactive teaching materials such as quizzes, games,
crosswords and flashcards using ready-made templates. The Trello.com service is an assistant to
teachers in the planning stage of their activities. Its user-friendly interface allows you to clearly
see everything that is planned for the day, week, month or year. One of the most popular and
modern ways of communicating in digital format is social media. This includes VKontakte,
Instagram, Telegram, Facebook, Twitter, etc. [5].

Functional capabilities of Al in education:

- Text comprehension and generation —summaries, lesson plans, rephrasing, translation,
automated feedback on written work.

- Data analysis and formative assessment — assistance in interpreting simple results from
surveys, tests and exams.

- Multimodality — working with images, audio, video: captions, subtitles, brief
explanations based on visual material.

- Workflow automation — FAQ section, documentation templates, course material
organisation.

Generative artificial intelligence (GenAl) systems are neural networks that create new
content (text, images, code, audio, video) based on training data. Unlike classical Al, they mimic
creative processes by analysing patterns to generate original samples. Examples include GPT-4,
StableDiffusion, and GAN networks. While classical Al can effectively filter spam or recognise your
face in a photo, generative Al can write a letter for you or create a portrait of a non-existent
person.

Let's consider the capabilities of generative Al:

- text generation (ChatGPT, etc.);
image creation (Midjourney, DALL-E, etc.);
sound/music generation (Suno, Udio, etc.);
video creation (Runway, Pika, etc.).

The basis of generative Al is LLM (Large Language Model) — a large language model that
learns from billions of text corpora and predicts the continuation of a phrase. In other words, the
model uses a large corpus of text data (books, articles, web pages) and the model accepts the
meaning of each word and its context.

The principle of operation of LLM, which studies human language patterns and learns to
conduct dialogue in natural language, is described in the following diagram (Figure 1).
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Figure 1. How LLM works

Examples of LLMs include GPT-4, Claude 3, Gemini 1.5, and LLaMA3.

For example, when asked, «What is the main task of a teacher?», an LLM will respond,
«The task of a teacher is to inspire students and guide them towards knowledge». In this case, the
following scheme applies: «User — LLM — Result».

Functional and specialised Al can be divided into the following groups:

- universal: ChatGPT (text generation), Copilot (documents), Canva (visualisation);

- specialised for teachers: MagicSchool.ai, Eduaide.Al, Brisk Teaching;

- subject-specific: GeoGebra (mathematics), PhET (physics/chemistry), Grammarly
(languages), MolView (chemistry), Google Earth (geography).

Let's take a look at the popular Al chatbot ChatGPT, developed by OpenAl to create
effective prompts from educators.

To start working with ChatGPT or any other Al, you need to understand the concept of a
prompt. A prompt is a clearly formulated request for Al: the role of the performer, the context
task, the format of the result, the limitations, and the quality criteria. A high-quality prompt
specifies what to do, how to present it, and what criteria to use to check it.

The main details to consider when creating a prompt are:

1. Defining the goal: one task per prompt. For example: «Create a 40-minute lesson plan
on the topic of ...».

2. Definingtherole: «You are a physics/computer science teacher ...». This narrows down
the style and terminology.

3. Specifying the context: class, programme, learning objectives, language, duration,
textbook, pages.

4. Describing the output format: table with columns, volume (up to N words), markers,
numbering.

5. Specifying quality criteria: 3-5 points (alignment with objectives, clarity, age
appropriateness).

6. Providing an example for a sample (micro-sample).

7. Specifying undesirable elements: «no images of people», «no fictional facts», «no
water».

8. Request for alternatives: «Give 2 options» - increases the chance of a successful draft.

9. Add a self-check step: «Check the result against the criteria and briefly note the
compliance».

10. lteration: after the answer, clarify the data, level, style; do not rewrite - add to it.

For educators, Al is an assistant, not a replacement. In other words, Al is a thinking machine
programmed by user requests. It is the educator who sets the vision, while Al merely speeds up
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the preparation of criteria and materials. The meaning, fairness, and educational value are
determined by the educator.

The integration of artificial intelligence into education is associated with a number of
critical risks that require close attention. First, there is the problem of information reliability:
algorithms can generate outdated or false data. Secondly, there are acute issues of copyright
infringement and the threat of a decline in independent thinking among students when
technology replaces cognitive search.

To minimise these threats, it is necessary to adhere to three rules of digital literacy:
Academic integrity: recording the use of Al.

Digital ethics: fact-checking, rejecting unverified content.

- Cyber hygiene: protecting personal data, secure file storage, working only with official
services.

The role of the teacher is to fact-check, critically analyse and teach students to use Al
responsibly.

The modern world poses new challenges for education. On the one hand, digitalisation in
education helps to solve these challenges, but on the other hand, it creates new ones. Most
teachers do not have the skills to work in the new format, so every teacher has been faced with
the need to completely reformat their work. After all, digitalisation in education is not just
«digitisation», but a change in the logic of work, roles, metrics and decision-making methods.

The digital transformation of the learning process with the introduction of Al is one way to
make education equally accessible to all. The digital environment can create equal opportunities
for children with developmental disabilities. Teachers are not only bearers of knowledge, but also
mentors. It is important to teach children algorithms for searching and processing information,
helping them to see patterns and analyse trends. Teachers must also remain successful in the
modern world by mastering relevant skills.

Let us highlight the advantages and disadvantages of innovative Al-based technologies in
education. The advantages are regular and rapid analytics, which allow for the highest quality
content, high visibility, and interactive tools that help to recreate real-life situations more
realistically. The disadvantages include the digital incompetence of teachers, computer addiction
in children, the risk of negative outcomes, the loss of writing skills and, as a result, the loss of
creativity, and additional security measures.

Time dictates its own rules. Technological developments require us to be increasingly
mobile and flexible. Artificial intelligence (Al) in education is changing the educational process,
making it more effective, adaptive and accessible.
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AJIMYPT COPTTAPbIHbIH, BUONOTVAIBIK,
EPERLUEJTIKTEPIH 3EPTTEY HETI3IHAE
BIJNIMIEPJIEPAIH fbIJIBIMN-3EPTTEY
R¥3bIPETTIANMH KAJIBITTTACTBIPY

Ncaes faHu Ucaynbl

TEXH.F.K., KaybIMAACTbIpblAfaH npodeccop, Koxka AXxMeT Acayu aTbiHAAFbl XanblKapaibiK,
Ka3aK-TypiK yHMBepcuTeTi, TYpKicTaH K., KasakctaH Pecnybamnkachl

HaHebek AkepKe bepaibekKbi3bl

Koxa AxmeT Acaym aTbiHAAFbl XaNblKapanblK Ka3aK-TYPIK YHUBEPCUTETIHIH MarnucTpaHThI,
TypKicTaH K., KazakcTtaH Pecnybankacel

AHHOTaumA

Makanaga asmypT COPTTapbiHbiH, OUONOIMANBIK EpeKLeNiKTepiH 3epTTey HeridiHae
binimrepnepadiH, FblAbIMU-3epTTEY KY3bIPETTINIMNH  KanbiNTacTblpy MIceneci KapacTbipblaapl.
3epTTey Kymbicbl Koxa AxmeT flcaym aTblHAafbl XanblKapanblK Ka3aK-TYPiK YHUBEPCUTETIHIH
HoTaHMKa/bIK DaFbl MeH OKY-TaXipnbenik arpobuoNornANbIK y4ackenepiHae »yprisingi. 3eptrey
bapbicbiHA@  aAMypTTbiH,  «Tanrapckas  KpacasBuua»  KoHe  «[towec»  COpPTTapblHbIH
MopdoNornanbik, GU3MONOTUANBIK KIHE BHIMAINIK KepceTKiliTepi arpobUOMETPUANDIK enlley
a4ici apkbiabl TangaHabl. CoHbIMeH KaTap OinimrepnepaiH FblabiMU-3epTTey Ky3bIPeTTiairiH
KanbINTacTbIpy TUIMAINITIH aHbIKTay MaKcaTblHAa neaarormkanblK, 3KCNepuUmMeHT
yMbIMAacTblpbinabl. 3epTreyre 48 6inimrep KatbiCbin, 0nap OaKkblnay KoHe 3SKCNepPUMEHTTIK
TonTapfa 6GeniHAi. IKCNepMMEeHTTIK TonTa Tabuwufnm OMONOrMANLIK HbiCaHAapAbl 3epTTeyre
HerisgenreH 3epTTeyLWinik OKbITYy a4icTepi KonJaHblAAbl. 3epTTey HaTUKeNepi arpodbroNOrMANbIK,
KepceTKilTepaiH ©e3repyi arpoTexHWKanblK Kafaannapfa Toayenai eKeHiH KoHe Tabusu
obbeKTiNepai Taxipnbenik 3epTrey biniMmrepnepaiH, 3epTTeyLlinik JafabliapbiH AaMbITYFa OH acep
eTeTiHiH KepceTTi. AnblHFaH HaTmxkenep CTbOAEHTTIH t-KpUTepuiti apKbiabl CTaTUCTUKAbIK
eHAeNiN, 3KCNEePUMEHTTIK TONTbIH KepceTKilTepi 6akblaay ToObIMEH CanbICTbipFaHAa oFfapbl
eKeHAiri aHblKTandbl. 3epTrey HaTukenepi H6MonorMaA NaHiH OKbITyAa 3epTTeyLlifik apeKeTKe
HerizgenreH Tacinaepain, dinimrepnepaid FolIbIMU KY3bIPETTIANIMNH KanbiNTacTblpyaa TUIMAj eKeHiH
Janengenai.

TyWiH ces3pep: anmypT copTTapbl, Pyrus communis L., arpobuomeTtpuanbik Tanagay,
H61MONOTUANBIK epeKLLENiKTep, 3epTTEYLWINIK OKbITY, FblAbIMU-3ePTTEY KY3bIPeTTiniri, binimrepnep,
Nefarormkablk 3KCNepUMEHT, arpobronorma, 6MoNornsaHbl OKbITY.

CoHFbl Kblnaapbl »Kofapbl Oinim Oepy xyheciHae 6inimrepnepaiH, fblabiMU-3epTTEY
KY3bIPETTININH KanbiNTacTblpy Maceneci Neaarornka fbliibIMblHbIH, MaHbI3bl OafbITTapbIHbIH, Oipi
peTiHAe KapacTbipblabin keneai. Kasipri 6inim 6epy Ty»KblpbiMaamanapbl 6ifiMm anywblnapabiH, Tek
TEOPUANbIK OiNimai MeHrepyimeH LWeKTe/IMEN, FbibIMK aknapaTTbl Tanzay, 3KCNEePUMEHTTIK
3epTTey/Iep KYPri3y, anblHFAH HITUMXKeNepai WHTepnpeTauuanay KoHe FbiAbIMW Heri3genreH
KOPbITbIHABIIAP Kacay AafdblAapbiH KaibIiNTacTblpy KaxKeTTiriH arkbliHAanabl. Ocbl TypfblaaH
anfaHaa 3epTTeyLllinik oKbITy Tacingepi binimrepnepaid, TaHbIMAbIK OenceHainiriH apTTbipyablH,
FbIbIMM OM1aYbIH JaMbITy MEH KaCibun Ky3bIPeTTiNiriH KanbiNTacTblpyAblH, TUIMAI Neaarormkanbik,
MexaHu3MaepiHiH, bipi 6oabin Tabblnagsl. Simko, Jimenez-Berni »kaHe Sirault (2017) ecimaiktep
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buonormacbiH 3epTreyae GeHOMMKa KaHe 3KCNEepPUMMEHTTIK Tanzaay aAicTepiH KonzaHy 6inim
anylWblNapablH 3epTTeYLWIiNiK KabineTrepiH AamblTyaa MaHbI3Abl PO aTKapaTbIHbIH aTtan KepceTtei
[1].

AyblNnapyalblablK, buonornsacbiHaa Kemic AaKblNAAPbIHbIH, Bronormanbik
EPEeKWEeNiKTePiH 3epTTey epeKlle fbiIbIMM KOHE MNPaKTUKaAblK MaHbl3fa me. AnmypT (Pyrus
communis L.) — anemzik bay-6akKila WapyallblbiFbIHAA KEH TapasifaH, Kofapbl TafaMablK, KaHe
9KOHOMMKA/bIK KYHAbIIbIKKA Me Xemic AakblnaapbiHbiH, 6ipi. OHbIH, »KemicTepi KypamblHAaFfbl
KaQHTTap, OpraHMKanblK KbIWKbIALAP, BUTAMMHAEP KaHe Ouonoruansik benceHpi 3atTapibiH,
MO/IAbIFbIMEH epeKlweneHedi. Pyrus TybICbiHbIH, reorpaduanbik TapanybiH 3epTTereH Rubtsov
(1944) anmypT Typ/epiHiH 3BOMOUMANLIK  KaNbiNTacybl KAMMATTbIK KOHE TOMbIPAKTbIK
dakTopnapmeH Tbifbi3 HanNaHbICTbl EKEHIH KepCceTKeH [2]. by 3epTTeynep afMypT eCiMaiKTePiHiH
H6MONOTUANBIK epeKLLeNiKTePIiH 3epTTey 0/1apdblH, 3KOMOrUANbLIK Belimainiri meH eHimAainiriH
aHbIKTay4a MaHbl3bl FblabIMM Heri3 60NaTbiHbIH Aanenaenii.

emic nakbiNaapbiHbiH OMOMOTUANDBIK KaHe DUOXMMUANLIK KacneTTepiH 3epTTey Kasipri
arpoburonorvanbik, fbibiMaa KeHiHeH »yprisinyae. Mikulic-Petkovsek, Veberic, Hudina kaHe
Senica (2021) xyprisreH 3epTreyaep *Kemic JaKblNgapbiHbiH, BUMOXMMUAIK KYPaMblHbIH, ©3repyi
ONapablH Nicy Ke3eHiHe, reHeTMKaNblK epeKLleniktepiHe »KaHe ecipy KafaannapbiHa Tayenai
eKeHiH KepceTKeH. ABTOP/1ap KemicTepAiH, KypamblHAafbl GEHONAbIK KOCbINbICTAP, OpraHUKanbiK,
KbIWKbINAAP MEH aHTMOKCUAAHTTbIK KOMMOHEHTTEP ONapAblH, TafaMAblK KaHe OyHKUMOHANAbIK,
KYHAbIMbIFbIH aHbIKTAUTbIH HEri3ri KepceTkiwTep ekeHiH atan eTeai [3]. CoHbimeH KaTap Berhe,
Dossa, Li »aHe opinTectepi (2024) ecimaiktepaeri XJ10popuan MeNWepiH 3epTTey
boTOCHMHTETUKANBIK BenceHAiNiK NeH eciMAaiKTiH, GM3MONOTUANLIK KaFdanbiH 6aFanayaa MaHbl3abl
MHAMKaTOP 60/1bIN TabblNaTbIHbIH AdnenaereH [4].

Hemic JaKkblaapblHbIH, OHIMAIITIHE arpoTexHUKanbIik, GakTop/apablH, acepiH 3epTTey Ae
Kasipri fbinbiIMK  3epTTeynepaiH MaHbl3abl OafbiTTapbiHbiH, Oipi H6onbin Tabbinaapl. Zargar,
Tumanyan, lvanenko »aHe apintectepi (2019) xKyprisreH 3epTTeyaep sKanblpak, apKblibl eHri3ineTiH
TbIHANTKbIWTAPAbIH, KEMIC afaliTapPbIHbIH, OHIMAINITIHE OH 2Ccep eTeTiHiH KaHe eciMAiKTepaiH cy
pPecypcTapbiH TUIMAI NaaanaHyblHa biKkNan eTeTiHiH KepceTTi. COHbIMEH KaTap MyH/al
arpoTexHUKanbIK Tacingep ecimaikTepaiH dusmnonornanbik, benceHainirii apTTbipbin, onapAbliH,
3KONIOTUANDIK cTpecc daKkTopaapbiHa TE3IMAINITIH KYLLIEeNTEeTiHI aHblKTanfaH [5].

emic AaKblngapblHbIH, CananblK KaCMETTEPIH 3epTTeyae OnapAblH XMMUAbIK KYPambliH
Tannay 4a MaHbI3abl FblibiMu BarbiTTapapbiH, Oipi 6onabin Tabblnagpl. Sozaeva, Dzhaboeva, Shaova
oHe Tsagoeva (2016) apTypAi *Kemic AaKbINAAPbIHbIH, MEKTUH KYPaMbIH 3epTTelt OTbipbin, By
KOCBIJIbICTbIH, KEMICTepAdiH, KypblAbIMAbIK ~KAaCMeTTepiHe, TafaMAblK KYHAbIIbIFbIHA — KaHEe
TEXHONOMMA/bIK canacbiHa aMTapblKTal acep eTeTiHiH aHblKTafaH [6]. ABTOpnapabiH, NikipiHLe,
KEMIC JaKblNAapbiHbIH, BMOXMMUANBIK KYPaMblH 3epTTey oJflapdblH, Tafam eHepKacibiHae
KONZaHbLNYy MYMKIHAITIH KeHeNTeai *aHe ayblallapyallbliblK eHAIpICiHAE *aHa TEXHONOTrMANAPAbI
eHrisyre MyMKiHAiIK Bepea,.

ANMYPT COPTTapbIHbIH, WaPyaLLblAbIK-OUONOTUANBIK epeKLLENiKTePIH 3epTTey OarbiTbiHAA
bipkaTap fbibIMM KYMbICTAp KyprizinreH. Mbicanbl, Aleksenko, Kadirsizova, Kazybayeva »kaHe
Kasenova (2023) AnmaTbl eHipiHAE ecCipiNeTiH KeprinikTi »KoHe WHTPoAyKUMANaHFaH anamypT
COPTTapPbIHbIH OHIMAINITT MEH 3KONOTMANLIK BeRiMAINIriH canbiCTbipMabl TYPAE 3epTTen, 0NapabliH,
lapyallblablK TYpFblaaH KyHabl 6enrinepiH aHbikTaraH [7]. CoHbiMeH KaTap Bondareva, Chumak
»oHe Zavadska (2022) apTypai aniMypT COPTTapbIHbIH, 3UAHKECTepre Te3iMAiNiriH 3epTTel oTbipbIn,
duTOdartTapaplH, eCIMAIKTIH, eHIMAINITT MeH (U3MONOTUANBIK KafdanbiHa anTap/ablkTal acep
eTeTiHiH KepceTKeH [8].

Ka3akcTaHabIK fanbiMaapabliH 3epTTeynepiHae Ae afMypT COPTTapbiHbIH, OMONOTMANbBIK,
YKOHEe 3KONOMMANbIK epeKLLenikTepiHe epekLle Ha3ap ayaapbinaasbl. Issayev, Danebek, Toizhigitova,
Umirov kaHe Abisheva (2025) »yprisreH 3epTreynepae «Tanrapckaa KpacaBuua» anmypT
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COPTbIHbIH arPOTEXHUKANbIK TOCINAEP KaFAaNbIHAAFbI SKONOTUANIK TYPAKTbINbIFbI MEH Benimaeny
aneyeTi KeleHai Typae 3epTTenreH. 3epTrey HITUMKeNepi KOCbIMLA TbIHAWTKbIWTAP MEH oecy
CTUMYNATOPAAPbIH  KOAJAHY  afawTapdblH, — OMOMETPUANbLIK  KOPCeTKIWTepiH  apTTbipbin,
bOTOCUHTETUKANBIK ~ MUIMEHTTEPAIH, MOLWepiH KODENUTETIHIH KaHe Kaimnbl  eHIMAINIKTIH
YKOFapblaayblHa biKMNaa eTeTiHiH KepceTkeH [9].

CoHbIMeH KaTap Kasipri negarorvkanbik 3eptTeynepae Tabufn HbiCaHAApAbl 3epTTey
HeriziHae yYMbIMAACTbIPbIAFAH  OKy-3epTTey KYMbICTapbl bGinimrepnepaiH,  fblibIMU-3epTTEY
KY3bIPETTiNINH  KanbIiNTacTblpydblH, — TWiMAI  TacingepiHiH,  bipi  peTiHAe KapacTbipblaagpbl.
Bcimaiktepai, Mopdonornanbik, GUINONOTUANBIK  KOHE  IKONOTMUANbIK — epeKLenikTepiH
Toxipmnbenik TypfblaaH 3epTrey bapbicbiHAaa binimrepnep 6akplnay Kyprizy, 6MOMETPUANDIK,
enuemaep any, AepeKkTepdi CTaTUCTUKAAbIK 6HAEY *KOHE FblAbIMU KOPbITbIHAbLI *Kacay CUAKTbI
FbINbIMM  2peKeTTepai MmeHrepeai. MyHaan 3epTTey opeKkeTi  binimrepnepdid  fblibiMK
AYHUWETaHbIMbIH KafbINTacTbipbll KaHa KOMMalM, onapAblH Kacibu aalblHAbIK AeHreniH ae
apTTblpadbl.

OcbifaH 6alnaHbICTbl a/IMYPT COPTTapPblHbIH, OMONOTMANBIK EpPEeKLLENIKTEPIH 3epTTey
Herizinae BiniMmrepnepaiH, FbibIMM-3epTTeY KY3bIPETTIAINH KaablNTacTblpy MICENeCiH KapacTbipy
FbIIbIMU-AiCTEMENIK TYpPFblAaH ©3eKTi 6onbin Tabblnaabl. MyHaal 3epTtreynep Oip KafblHaH
ayblalapyalbiiblK, ©CIMAIKTEPiHIH, BMONOTMANLIK, KAacMeTTepiH TepeHipeKk TYCiHyre MyMKiHAiK
bepce, eKiHWI KafblHaH biniMrepnepadid, 3epTTeywWwinik AafablAapbliH AAaMbITY apKblabl OnapAabiH,
KaCiOW Ky3bIPeTTi/NrNH KabiNnTacTblipyFa bikNaa eTe.

Ocbl 3epTTeyaiH MaKcaTbl — a/IMYPT COPTTapbIHbIH BUONOrMANBIK epeKLIeNiKTePIH 3epTTey
Heridinae Oinimrepnepain, FblAbIMU-3epTTEY  KY3bIPETTIAINH  KaAblNTacTblpyAblH,  FblbIMM-
dAiCTEMENIK HEri3AepiH aHbIKTay.

3epTTey »Kymbicbl 2024-2025 xbingapbl Koxa AxmeT Acaym aTbiHAaFbl XaablKapasbiK,
Ka3aK-TYpiK YHWUBEPCUTETIHIH OOTaHMKanblK Oafbl KIHE OKy-Taxipnbenik arpobuonornsanbik,
yyackenepiHae Xyprisingi. TypKiCTaH 6HipiHiH, KOHTUMHEHTTIK KAMMaTbl (a3 mesriniHae aya
TemnepaTtypacbiHbiH, +38...+42 °C aeniH KeTepinyi, aya biNfanablNblfblHbIH TOMEHAIT *KaHe *KayblH-
WaLWbIHHbIH, BipKeaKi Tycneyi) afMypT COPTTapPbIHbIH, SKONOTUAbIK Benimainiri meH BUONOrUANbIK,
epeKLLENiKTePIH 3epTTeyre KOAalbl »Kafdal KanbinTacTblpadbl. 3epTTey HbliCaHAapbl peTiHAe
BHAIPICTIK KoHe OKy-3epTTey ToaxipmbeciHae KeH TapanfaH «Tanrapckas KpacaBuLa» »KaHe
«drowec» anmMypT copTTapsbl TaHaanabl. 3epTrey HapbiCbiHAa MOPPONOTUAbIK, GU3UONOTUANDIK,
OHe eHIMAINIK KepceTKilTepi TangaHabl, COHAAW-aK anblHFAH HaTUKenep binimrepnepai
FbINbIMM-3EPTTEY KY3bIPETTINITHIH, KanbiNTacy AeHreimeH 6anaHbICTbipa KapacTblpblaabl.

ANMYPT  COPTTapbiHbIH, ~ OMONOIMANLIK  epeKLUenikTepiH  3epTTey  MakcaTbliHAa
arpobMoOMEeTPUANBIK BALLeY dAici KonaaHblnabl. byn agic »emic arallTapblHbIH, MOPPONOTUASBIK,
oHe PU3NONOTMANBIK KePCEeTKILTEPIH CaHAbIK TypFblaaH bBaranayra MyMKIHAIK Bepeai. 3epTTey
bapbicbiHaa 30 Ke3dencok TaHJanfaH afallTaH yarinep anbiHAbl. Op afall OOoMblHWA Keneci
BUOMETPUANBIK KOPCETKILITEP aHbIKTaNAAbI:

— afall 6uiKTIri (M);

— AiH anameTpi (1,3 m OUiKTIKTe, CMm);

—  BipKbINABIK OPKEHAEPAH, Y3bIHAbIFbI (CM);

— emic maccacl (r);

— Bip arawTbiH eHIMAiNIr (Kr/afaww);

— KanblpakTafbl GOTOCUHTETMKANbIK NMUIMEHTTepPAiH, Menlwepi (xnopodunn a, b xsHe
KapoTuHomnAaTap).

BuomeTpuAnbliK enwemaep AananblK e/wWey Kypangapbl apKblibl aHblKTanapl. HKemic
Maccacbl aHaIMTMKaNbIK Tapa3bliapapliH KOMerimeH enlleHai. *anblipakTarbl GOTOCUHTETUKANDIK,
MUTMEHTTEPAIH, Meslepi CnekTPoPOTOMETPUANLIK, SA4IC apKblibl 665 KaHe 649 HM TO/KbIH
y3bIHABIKTAPbIHAA aHbIKTanAbl. COHbIMEH KaTap anblpakTapabiH GUTONATONOTUANBIK, Kafaambl
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Mopdonornanelk 6akblnay apKbiabl 6aranaHabl (KanblpakTasbl AakTap, AedopmaLms KaHe TyC
e3repici).

ANbIHFAH KepceTKilTep YL Taxipnbenik Ton 6oMbIHLWA CanbICTbIPbIAAbI:

1. Bakplnay TOObl — arpoTeEXHMKabIK 9CEpPCi3 ecipinreH araluTap;

2. CTaHAapTTbl arpOTEXHUKA/IbIK TON — A3CTYPAI KYTIM Wapanapbl KOAAAHbIAFaH afallTap;

3. XetingipinreH arpoTexHuKanblK TOM — KOCbIMWIA TbIHAWTKbIWTAP MEH ecy
CTUMYNATOPAAPbI KONAAHbIFaH afalTap.

Byn Tocin apTypAai arpoTeXHUKaNbIK XKafaannapaa aaMypT cCOpTTapbiHbiH MOPdOIOrUANbIK,
oHe PU3NONOTUANBIK KePCETKIWTEPIHIH, e3repyiH canbiCTbipMmasbl Typae baranayra MyMKiHAK
6epai.

binimrepnepaiH, fblAbIMMU-3epTTEY KyY3bIPETTIAIMH KanbIiNTacTbipy TWIMAINITIH aHbIKTay
MaKCcaTblHAA NeAarornKanblK SKCMEePUMEHT Kyprisingi. IdkcrnepumeHT Koxa AxmeT Acaym
aTblHAAfbl XanblKapanblK Ka3aK-TYPiK YHUBEPCUTETIHIH Ouonorma mamaHabiFbl binimrepnepi
apacbiHAa YMbIMAACTbIPbINAbIL. 3epTTeyre 6apbifbl 48 Binimrep KaTbICTbl, 0Nap eKi TonKa 6eniHaj:

— Bakblnay Tobbl — 24 6inimrep (42CTypAi OKbITY a4icTepi KonaaHbINAbI);

— J3KCNepMMeHTTIK Ton — 24  6inimrep (aAMypT  COPTTapbiHbIH,  BUONOTMANBIK,
epeKLIeNiKTepiH 3epTTeyre Heri3aenreH 3epTTeyLWifik OKbITY aAicTepi KoAAaHbIAabI).

JKcnepuMeHT BapbicbiHaa binimrepep Keneci 3epTrey apeKkeTTepiH opbiHAaab!:

— Mopdonorvanbik bakblnay Kyprisy;

— BMOMETPUANBIK KepCeTKiWTepai enLley;

— 3epTTey r’MnoTe3achblH YCbIHY;

— a/lblHfaH AepeKTepai CanbICTbIPy KaHe Tanaay;

—  FbIIbIMM KOPbITbIHAbI XKacay.

BinimrepnepaiH,  fbl1bIMU-3ePTTEY  KY3bIPETTINIMHIH,  KanbinTacy AeHreni  Keneci
KpuTepuninep 6oMbiHwWa H6afanaHabl:

1. KOrHUTUBTIK KpUTepuin — BUONOTUANBIK 3epTTey aaicTepi Typasbl TEOPUAbIK Binim
aeHreni;

2. MpaKTUKanblk KpUTEpPUI — TaxKipnbenik enweynep meH Hakplnay *Kyprisy aafablnapsl;

3. AHanUTUKanblK, KPUTEPUIA — afblHFAaH [AepekTepdi CanbiCTblpy, Tangay KaHe
MHTepnpeTaunsnay Kabineti;

4. 3epTTeylinik AepbecTik KPUTEPUNI — TMNOTE3a KYPY KIHE FbibIMU KOPbITbIHAbI Kacay
AeHreni.

byn aaic 6GinimrepnepaiH, 3epTTeywWinik AafabliapbiHbiH, - KanbinTacy AMHaMMKACbIH
aHbIKTayFa MyMKIHAIK 6epai.
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ANMYpT COPTTapbIHbIH, OUONOTUANBIK epeKWwenikTepiH 3epTTey HapbiCbiHAa KyprisinreH
arpobuvomeTpuAnbIK  enweynep  eciMAiKTepaiH  MOPPONOrMANbIK  KaHe  GU3MONOTUANDIK,
KepceTKiTepiHAaeri anblipMallblbIKTapAbl aHbIKTayfa MYMKiHAIK Gepai. 3epTrey HaTMxKenepi
DPTYPAI arpoTexHMKablK KaraaninapablH, 6CiIMAIKTIH ecyi, POTOCMHTETUKANbIK BenceHainiri KaHe
eHIMAINIK AeHreniHe acepiH canbiCTbiPManbl Typae baranayra Heri3z 60a4bl. BUOMETPUANBIK HKaHe
dU3MONOrMANBIK KepCceTKIWTEPAiH, caHAbIK, MaHAepi Taxipnbenik Tontap 6oMbiHWWA XKyMeneHin,
ONapAblH, 6CIMAIKTIH, *annbl AaMy AWMHAMWKACbIHA bIKNanbl aHbIKTanAbl. HaTuxkenep 1l-cypette
KepCeTiNreH:
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CypeT 1. AAMypT COpPTTapblHbIH, arpObMOMETPUANBIK KaHE GU3MONOTMANBIK KepCeTKiWTepi

3epTTey  HaTWXKenepi  arpoTexHWKanblK  TacingepaiH  aAMypT  afaliTapbliHbIH
MOPPONOTUANBIK AaMyblHa alTap/IbIKTal acep eTeTiHiH KepceTTi. Araw BUIKTIr meH AiH AMameTpi
KETINAIpiNreH arpoTexHMKanblK TaCinAep KoNAaHbINFaH TOMNTa KOFapbl KepceTKilTepre ne 6onapl.
Byn ecimaiktepaiH BeretatMBTIK AaMYblHbIH KAapPKbIHAbINbIFbIH KOHE KOPEKTIK 3/1eMeHTTepaiH,
TMiMAi NnanaanaHblayblH KepceTedi. MyHAaM HaTUXKeNep *KeMicC afallTapblHbIH, 6CYi TOMbIpaKTafbl
KOPEKTIK  3NeMeHTTep/iH, JKeTKINIKTI  MeNWepiMeH »KaHe  oCIMAIKTIH  dUBNONOTUASbIK,
benceHainirimeH Tikenen 6aNaHbICTbI EKEHIH KOPCETKEH 3epTTeyIepMeH calikec Keneai (Zargar et
al.,, 2019). AsTopnapablH, MiKipiHLWeE, TbIHANTKbIWTAP MeH ecyAi biHTanaHAblpaTbiH dakTopaap
OCiMAiKTIH MmeTabonmMamaik npouecTepiH bOenceHaipeni oHe afalWTbiH OMOMaCCacbiHbIH
Ka/IbINTaCyblH Keaenaetedi.

3epTTey OapbiCbiHAa POTOCMHTETUKANbBIK MUIMEHTTEPAIH, Mesllepi Ae arpPoTEXHUKAbIK,
aroannapra 6alnaHbICTbl e3repeTiHi aHbikTanabl. MKeTingipinreH arpoTexHUKanblk Tacinaep
KO/ AaHblIFaH ToONTa XI0POPUAA a KaHe xnopoduan b mentiepi »kofapbl 6onabl, 6yn doTocnHTE3
npoueciHiH, 6enceHainiriHiH apTKaHbiH KepceTeadi. Berhe koHe apinTecTtepi (2024) KyprisreH
3epTTeynepae Ae Xx10poduan KOHUEHTPALUMUACBIHbIH, XoFapbl 601ybl 6CIMAIKTIH POTOCMHTETUKASBIK
benceHAainiriHiv, KyweiMmeH »aHe GU3NONOTUANBIK TYPAKTbIbIFbIHbIH, apTybiMeH 6alnaHbICTbl
eKeHairi KepceTinreH. CoHbIMEH KaTap KapOTMHOWATAPAbIH XOFapbl Menllepi ecCiMAiKTepaiH,
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KOpLlafaH OpTaHblH cTpecc daKTopaapbliHa Te3iMAiniriH apTTbipaTblH MaHbI3[bl  KOPFaHbILL
MexaHu3Mi 6os1bin Tabblnaabl.

MemicTtepaiH  cananblk — KepCeTKIWTepiH  Tanaay  arpoTexHMKanblK — TacCinAepAaiH
OMOXMMUANDBIK, Kypamfa acep eTeTiHiH KepceTTi. HeTingipinreH arpoTexHWKanblk Tacingep
KO/IAaHbI/IFaH Xafaanaa Xemic MacCacblHbIH }KaHe KaHT MeJILepPiHiH *Kofapblaaybl bankanabl. byn
KEeMICTepaiH, KOPEKTIK KaHe TEeXHONOTUAMbIK KacuMeTTepiHiH, akcapraHbiH KepceTeai. Mikulic-
Petkovsek skaHe apinTectepi (2021) »emic AaKblAaapbIHbIH XMMUAIK KYPaMblH 3e€pTTein OTbIpbI,
KaHTTapAblH, OpraHWKanblK KbllWKblAAAPAbIH, aHe deHOoNAbIK KOCbIAbICTApAbIH  MesLwepi
OCiMAIKTIH PU3MONOTMANBIK *KaFaalblHa aHe ecipy TeEXHONOrMAcCbiHA HalNaHbICTbl ©3repeTiHiH
AanennereH.

CoHbIMEH KaTap anblHfaH HaTuxkenep MopdONOTrMANbIK KOPCETKILTEP MEH OHIMAINIK
neHreni apacoiHaa 6enrini 6ip e3apa 6alnaHbic 6ap ekeHiH KepceTTi. [iH AMaMETPIHIH »KaHe
anblpakTarbl OTOCMHTETUMKANBIK MUIMEHTTEPAIH, *Ofapbl HOMYbI }KeMiC OHIMAINIMHIH apTybIMeH
KaTap KypAai. byn ecimAikTiH, BereTtaTMBTIK »KoHe reHepaTWBTIK AaMy npouecTepi apacblHAAFbI
dyHKUMOHaNAbIK BannaHbic bap ekeHiH kepceTedi. MyHAan 3aHAbINbIKTAP KEMIC afallTapblHbIH
OHIMAINIMH apTTbipyFa OafbiTTaNFaH arpobMoNOrMANbIK 3epTTeyAepae Ae aHblikTanfaH. COHAbIKTaH
arpoTexHWKanblK —Tacinaepai fFblbIMM - Herizae OHTaWAaHAbIPY Kemic  AaKblAAapbiHbIH
BMONOrMANBIK NOTEHUMANbIH TMIMAI NalnaanaHyra MyMKIHAIK 6epeTiH MaHbI3abl GaKkTopaapablH,
Bipi 6osbIn Tabblnagb!.

MenarornkanblkK — 3KCNnepuMMeHT  6apbiCbiHA@  aAMYpPT  COPTTapbiHbIH,  OUMONOTUANBIK,
epeKWenikTepiH  3epTTey  HeridiHae  YMbIMAACTbIPbIAFAH  3epPTTeYWIiNiK  OKbITY  T3CiNiHiH,
BinimrepnepaiH, FblbIMU-3epTTeY KY3bIpPeTTifliriHe biknanbl OaranaHAbl. DKCAEPUMEHTTIK XaHe
bakblnay TonTapblHAAfbl GinimrepnepaiH, 3epTTeylinik AafablNapbl apHalbl  Kputepuiinep
HoMbIHIWA aHbIKTaNbIN, OKYy TaxKipnbeciHiH 6acbiHAa@ *KaHEe COHbIHAA CanbICTbipManbl Tanaay
Xyprisingi. baranay HaTuxenepi binimrepnepain, Teopusaabik bifim aeHreni, Toxipnodenik septrey
Oafablnapbl, aHaAUTUKaAbIK KabineTi »KoHe 3epTreywinik aepbecTiri OboWbiHWa e3repicTepa
aHbIKTayFa MYMKIHAIK 6epai. ANbIHFaH HaTUXKeNep 2-CypeTTe KepceTiareH.
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CypeT 2. binimrepnepaiH, fblbIMU-3€pTTeY KY3bIPETTIANIMHIH, KaabiNTacy KepceTKilTepi (%)
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ANbIHFAH H3TUKeNep 3epTTeYWiNiKk OKbITY 3/eMeHTTepiH KonaaHy binimrepnepain,
FbIIBIMW-3EPTTEY KY3bIPETTINIMHIH KaablNTaCcyblHa OH 9CEp eTeTIHIH KepCeTTi. DKCNepUMMEHTTIK
ToNnTa BapnblK Kputepuinnep BoMbiHIIA alKbiH eciM balkanapl. dcipece NpakTUKanbiK 3epTTey
Oafablnapbl MEeH KOTHUTMBTIK KepCeTKIlTepaiH, »Kofapblnaybl Oinimrepnepdid, OMONOrMAnbIK,
3epTTey 94iCTEPIH MEHrepy AeHreniHiH apTKaHbiH KepceTeai. MyHaal HaTuxKenep 3epTTeyLlinik
OpEKeTKe Heri3genreH OKbITy OifiMm  anylbinapabiH, fbiabiMm Binimai Taxipnbene KongaHy
KabineTiH KyleNTeTiHiH KepceTkeH bipKaTap NeaarorMkablk 3epTTey/IeEpPMEH COMKEC Kened,.

3epTTeyLwinik aepbecTik KepceTKilliHiH anTapabIKTal apTybl BinimrepnepaiH, runoTtesa Kypy,
KCMEPUMEHT HITUMEeNepiH TYCIHAIpY KoHe FbiAbIMM  KOPbITbIHAbI Kacay KabinetTepiHiH
[aMblfaHblH KepceTeai. Pedaste »aHe apintectepi (2015) 3epTTeywWwinik OKbITy MOAeNiH Tanaan
OTbIPbIM, FbIAbIMMK i3A€HIC NPOLECiHe KaTbICKaH bifiM anylibliapabliH, aHAUTUKANbIK KOHE CbIHM
oMnay KabineTi »Kofapbl AeHrenae KanbinTacaTblHbIH A2nenaereH. ABTopnapAablH, MikipiHLWe,
3epTTey SpeKeTiHe HerizgenreH Tancbipmanap 6inim anywbsinapdblH, TaHbIMAbIK benceHainirid
apTTbIPbIN, 01APAbIH FblbIMK Macenenepai o3 beTiHlwe welly KabineTiH AambiTabl.

ANbIHFAH HITUXKENEeP aHANUTUKANbIK KpUTepuin 6oMbIHLIA Aa alnTapabliKTal e3repictep 6ap
EKeHIH KepcCeTTi. IJKCnepuMeHTTIK TonTa OinimrepnepgiH  AepexkTephi Tangay KoHe
NHTepnpeTaunsanay AarablnapbiHbiH, AeHTeni skofapblnaraH. byn Ginimrepnepain, Taxipubenik
HaKplnaynap HaTMXKECIHAE afblHFAaH aKnapaTTbl KyWeney KoHe FbiAbIMU TypFblaaH TyCiHAipY
KabineTTepiHiH, JamblfaHblH  KepceTedi. MyHAal HaTuKenep 3epTTeylWifik OoKbITy 6inim
anywblnapablH, fblbIMW  CayaTTbI/bIFbIH  AaMbITyFa blKNaa eTeTiHIH KepCeTKeH XafblKapasblK,
3epTTeynepmeH ae calkec keneqi (National Research Council, 2012).

CoHbIMeH KaTap 6aKpblnay TobbiHAA KePCETKIWTEePAiH 63repyi CanblCTbipMasbl TypAe TOMEH
neHrenae 6ankanabl. byn AscTypai OKbITY aaicTepi binimrepnepAin, 3epTTeywifik AarabliapbiH
Ka/bINTacTblpyaa LIEKTeyaAi MYMKIHAIKTeEpPre ue eKeHiH kepceTedi. AN 3KCMEPUMEHTTIK TonTa
HalikanfaH HaTUKenep Tabusn BMoNOrMANbIK 0ObEKTINEPAI 3epTTey Heri3iHae YyMbIMAACTbIPbIAFaH
OKY-3epTTey opeKeTi biniMmrepnepaiH, FblAbiMU-3epTTey M3AEHMEeTiH Ka/binTacTbipyda TUimai
neaarornkanbiK Kypan ekeHiH aanenaenai. CoHAbIKTaH 6MoNorMa NaHiH OKbITyAa HaKTbl 3epTTey
HblCaHAAPbIH KOoNZaHy biniMmrepnepaiH, TaHbIMAbIK OenceHainiriH apTTbipbin, OfapAblH, Kaciou
FBINBIMM KY3bIPETTINIMNH KanbiNTacTbipyfa MyMKIHAIK bepeai.

3eptrey  OapbiCblHA@  anblHFAH  NedarornkanblK — IKCMEPUMEHT  HITUMXKEeNepiHiH
CTAaTUCTUKANbIK CEHIMAINITIH aHbIKTay YWiH CTbOAEHTTIH t-KpuTepUiti KonaaHbiAabl. byn agic eki
TOYE/Ci3 TONTbIH, (DaKbl/ay *KoHE IKCNEePUMEHTTIK TONTapAblH) OpTalla KepCeTKilTepi apacbiHAaFbI
anbIPMaLLbINbIKTbIH CTaTUCTMKA/bIK MaHbI3AblNbIFbIH Bafanayfa MyMKiHAIK Oepeai.

CTblofeHT KpuTepuiii keneci dopmyna 6onbiHLa ecenTeni:

X, —X
t=#
St Sz
n; n;

MYH/afbl:
X~ 3KCNePUMEHTTIK TONTbIH, OpTalla MaHi;

X,— 6aKplnay TOBbIHbIH, OpTaLla MaHi;

SZxaHe S2— TonTapablH, ANCNepCUAChI;

N4 KoHEe N,— TonTapAafbl binimrepnep caHbl.

AnabiMeH ap Ton BoMbIHLIA TOPT KPUTEPUIAIH OpTalla MaHAEpPI aHbIKTaNdb!.

BaKpl/lay TOObIHbIH, KOPbITbIHAGI OpTalla KepCeTKiLli:

_ 49 + 43 4+ 41 4+ 37
X6argb|nay = 4 = 2'5

JKCNEePMMEHTTIK TONTbIH KOPbITbIHAbI OpTalla KepceTKiLli:
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- 71+ 74 + 69 + 66
XaKcnepM:\AeHT = 4 =700

Eki Ton apacbiHAafbl aliblpMaLlblbIK;:

70,0 — 42,5 = 27,5

TonTapAplH Ancnepcranapbl ecentenreHHeH KeniH CTbtoAeHT KPUTEPUMIHIH, SMMNMPUKAbIK
M3Hi aHbIKTanabl. Ecentey HaTuMxeciHAe

temp = 3,27

M3HI anblHAbI.

EpKiHAiK Aapexeci keneci dopmyna 6oMbiHLIA aHbIKTaNAbI:

f=n+4+n,-2

MyHOa Ny = 24, n, = 24.

f=24+24—-2=46
EpkiHAik gapeskeci f = 46 6bonraH skafganga MaHbi3abiabik geHreni p < 0,05 yWwiH KecTenik
M3H
terie = 2,01
6onbin Tabblnagpl.
AnbIHFaH HaTUXKenep BOoMbIHLLA
temp = 3,27 > tepie = 2,01

bonfaHabIKTaH, 6aKpblnay »aHEe 3KCNePUMEHTTIK TONTapAblH, KepCeTKillTepi apacbiHAafbI
anbIPMaLLbINbIK CTAaTUCTUKANbIK TYPFblAaH ceHiMmai aen KabblaaaHabl.

Ocbinaniia, CTbloAeHT KpUTEPUIi BOMbIHLLIA MKYPri3iAreH CTaTUCTUKAAbIK Tanaay aamypT
COPTTapbIHbIH,  OUONOMMANBIK  EPEeKLLENIKTEPIH 3epTTeyre Heri3genreH 3epTTeyLwinik  OKbITy
aaictemeci binimrepnepain, fblibIMM-3epTTEY KY3bIPETTINIMH KanbINTacTbipyFa eneyni acep eTeTiHiH
aanenaen.

KopbITbiHAbI.  Mypri3inreH 3epTrey  KYMbICbl  a/IMypPT COPTTapPbIHbIH,  OMOMOTMUANDIK,
epeKllenikTepiH  3epTTey  HeridiHge  Oinimrepnepaid,  fblbIMW-3epTTeY  Ky3bIPEeTTiAiriH
KaNbINTaCTbIPYAblH FblAbIMU-3AICTEMENIK MYMKIHAIKTEPIH aHblKTayfa bOafblTTangbl. 3epTrey
HapbiCbiHAA arpobMONOTrMANbIK KaHe Neaarornkanblk TaCiNAepai MHTerpaumsanay apKblibl Tabuem
HblCaHAapAbl 3epTTeyre HerisgenreH OKy opeKeTiHiH, 6inimrepnepdiH, TaHbIMAbIK —KIHE
3epTTeyLinik benceHainiriv AambiTyaa MaHbl3bl Pea aTKkapaTbiHbl alKblHAANAbI.

3epTTey HaTMKenepi Xemic AakblAAAPbiHbIH, MOP(ONOTUANLIK MKaHE (GU3MONOTUANBIK,
KepceTKilTepiH Taxipubenik TypfblaaH Tangay bOinimrepnepgid, 6akblnay »Kyprisy, esuley,
CaNbICTbIPY XKOHE FbIAbIMN MHTEPNPETAUMA Kacay AaFabl1apblH Ka/IbINTAaCTblpyFa biKNa/l eTETiHIH
KepceTTi. Taburn Buonormanbik obbeKkTinepai 3eptTey binimrepnepaiH, Teopusbik 6inimaepin
NPaKTUKaNbIK dpeKeTneH 6alNaHbICTbIPbIN, ONAPAbIH  FbINbIMM  AYHUETaHbIMbIH KeHeuTen;.
CoHbIMeH KaTap OMOMETPUANbIK AepeKkTepai KWHay KoHe onapAbl CTaTUCTUKANbIK TypFblaaH
Tangay binimrepnepaiH, FolIbIMKW 8AiCHaMaHbl MEHrepy AeHreniH apTTbipyFa MYMKIHAIK bepea,.

MenarornkanblK 3KCNEPUMEHT HaTMXKenepi 3epTTeylWinik SpeKeTKe HerisgenreH OKbITy
Tocingepi binimrepnepain, FolIbIMU-3€PTTEY KY3bIPEeTTINIMHIH, Heri3ri KOMMNOHEeHTTepiH AamMblTy4a
TMIMAI eKeHiH KepceTTi. dcipece Taxipnbenik spekeTKe HerisgenreH Tancbipmanap MKyneci
binimrepnepaiH, AepexkTepai Tanaay, fbiAbIMW TUNOTE3a YCbIHY OHE 3epTTey HaTMXKenepiH
TYCiHAIpY KabineTTepiHiH, KajbiNTacyblHa OH acep eTTi. byn 6inim bepy npoueciHae 3epTrey
9AiCTepiH KONJaHYAbIH K3CibK AaApAbIKTbI MKeTiNAIPYAET MaHbI3AbIIbIFbIH KepceTea.

CTaTUCTUKaANbIK ©HAey HaTukenepi 6aKblnay KoHe 3KCNEepUMMEHTTIK  TonTapAbliH,
KepceTKilTepi apacbiHAa MaHAI alblpMallbliblk, 6ap eKkeHiH KepceTTi. CTbloAeHT Kputepuii
H6oMbIHWA anblHFAH HaTMXKenep 3epTTey OapbiCbiHAA KOAZAHbINFAH dAicTeMenik TacinaepaiH
TUIMAINITIH FbINbIMUK TYPFblAaH Asnengenai. byn buonorns naHiH oKpITyaa Tabusn HbicaHaapAbl
3epTTey apKbl/ibl  YMbIMAACTbIPbIAFAH  OKY-3€PTTEY  KYMbICTapbl  bHifiMrepnepaiH,  fblabimu
KY3bIPETTINIMH KanbINTacTblPYAblH, HITUXKENI NeJarorMkanblK Kypasbl eKeHiH kepceTea,.
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Ocblnaniua, aAMypT COPTTapbIHbIH, BUONOTUANBIK epeKlWenikTepiH 3epTTey binimrepaepain,
FbIIbIMMU-3€PTTEeY Ky3bIPETTiNIrNH KanbiNTacTbipyfa bGafbiTTanfaH OKy MPOUECIH yMbiMAaCTbipyaa
TMiMmai agictemenik Heriz 6ona anagpl. MyHaal Tacingep »ofapbl OKY OpbiHAAPbIHAA buonorma
YKOHe aybl/lapyallbliblk OafbITbiHAAFbI HifiM Bepy Ma3MyHbIH KeTingipyre KaHe binimrepnepain,
Kacibun ganpnblfbiH apTTbipyFa MyMKIHAIK Bepea,.

byn maKkana KasakcmaH PecnybnukaceiHsiH foineim xaHe Mofapel 6inim muHucmpniei
folneim KomumemiHiH NeBR24992814 epaHm ecebiHeH #apuAanaHosbI.
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EMOTEXHOOMMA SNEMEHTTEPIH
OKbITY/IA }KOBA/bIK SAICTI
KONOAHYAbIH NMEAATOMMKANBIK
MYMKIHAIKTEP!

Ncaes faHu Ucaynbl

TEXH.F.K., KaybIMAACTbIpblAfaH npodeccop, Koxka AXxMeT Acayu aTbiHAAFbl XanblKapaibiK,
Ka3aK-TypiK yHMBepcuTeTi, TYpKicTaH K., KasakctaH Pecnybamnkachl

Hymarann MepyepT Tanfatkbi3sbl

Koxa AxmeT Acaym aTbiHAAFbl XaNblKapanblK Ka3aK-TYPIK YHUBEPCUTETIHIH MarnucTpaHThI,
TypKicTaH K., KazakcTtaH Pecnybankacel

AHHOTaumA

Makanaga 6uonorusnbik binim b6epy KyheciHae OUOTEXHONOIMSA 3/1EMEHTTEPIH OKbITY
HbapbicbliHAa KobDanblK BAICTI KONAAHYAbIH MeJarorMkanblk, MYMKIHAIKTEPI KapacTbipblaaapl.
3epTTeyaiH, MakcaTbl — OMOTEXHONOTUANLIK YFbIMAAPAbl KaNbINTacTbipy yAepiciHae *Kobanbik
OKbITY TEXHOMIOMMACLIHbIH, TUIMAIAITIH FbINbIMMU-3AICTEMENIK TYPFbIAAH HETi3Aey KaHe OHbIH, 6iim
anyWwblnapablH, 3epTTeyWIiNik XaHe TaHbIMAbIK AafAblNapPbIHbIH, AaMYblHA bIKNA/blH aHbIKTAY.
3epTTey Koxka AxmeT ficaym aTbiHA@Fbl XablKapanblK Ka3aK-TypiK YyHMBEPCUTETIHIH 6a3acbiHaa 2-
3 KypC CTyAeHTTepi apacbiHAa Kyprisingi. 3eptreyre 46 cTyOeHT KaTbiCTbl. 3epTTey bapbicbiHAa
nefarorMKkaablK SKCNEPUMEHT KaHe TecTiney aaictepi KONAaHbIAAbl. DKCNEPUMEHT HaTUxenepi
CTYAEHTTepAiH OMOTEXHONOTUABIK BiNiM AeHTEeNiHIH, )KaHe FblIbIMU-3ePTTeYLWiNiK JdaFabl1apbiHbIH
anTapablKTall apTKaHbiH KepceTTi. ANblHFaH AepekTep MaTeMaTUKablK-CTaTUCTUKAAbIK aaicTep
apKblAbl BHAeNiNn, neaarornkanblK biIKNaAAblH, TUIMAIAIMT AanengeHai. 3epTTey HaTuxKenepi
HMOTEXHONOTMA INEMEHTTEPIH OKbITYAa K0DanNbIK 9AICTI KONAAHY CTYAEHTTEPAIH FblAbIMK OMnay
KabineTTepiH AambITyFa aHe OUONOrMAbIK BiNiMHIH, canacbiH apTTbipyFa MYMKIHAIK 6epeTiHiH
KepceTTi.

KinTt ce3nep: 6motexHonornanblk 6inim 6epy, BUOTEXHONOMUANBIK YFbIMAap, BUONOTrMAHDI
OKbITY aAicTemeci, }obanblK OKbITy, NeAarorMkasnbik 3KCNEePUMEHT, 3epTTeYLLINIK OKbITY, FblbIMM
cayaTTbl/bIK, Bronormansik 6inim 6epy.

Kasipri KeseHae fblibiIM MEH TEXHONOTMAHbLIH, KapKbiHAbI Aamybl 6inim Bepy »KyMeciHiH
Ma3MyHbl MeH aiCTeEMECIHE KaHa TananTap Kosdbl. Ocipece BUOTEXHONOIMA CaNacCbiHbIH, Xeaen
namybl  6uonormanbik  6inim - BepydiH  MasmyHbiH - KaHAPTY  KaXKeTTiNiriH - ankblHAaMAb!.
BuoTexHonorma Tipi opraHM3maep MeH OflapdblH, *acyllanblK XKyhenepiH nanganaHy apKbibl
aHa eHiMaep MeH TeXHONOTrMANapAbl Kacayra OarbITTanfaH fbibiIM PETiHAE Kasipri KOFamHbIH
2/1eYMETTiK-3KOHOMMKa/bIK AaMybiHa eneyni biknan eteai (Grinin L., Grinin A., Korotayev A., 2024).
CoHApblKTaH BuoTexHonormanbik 6inim 6epy Kasipri 3amaHfbl FblbIMU-TEXHONOMMUAbIK MPOrpecTi
TYCiHYAIH MaHbI3abl Kypamaac 6eniri 6onbin Tabbinaabl [1].

Yadav V., Pal D., Poonia A. K. (2024) 6MOTEXHONOMMAHBIH, TAPUXX AaMYbIH TafAal OTbipbIM,
Byn FbiNbIMHbIH, OacTayblH a4am3aTTblH, MUKPOOPraHM3MAEPAi TafaM eHJipiciHae nanganaHy
ToxipubeciHeH anaTbiHbIH KepceTedi. ABTOp/apAblH  NiKipiHWeE, TeHeTUKANbIK WHXKeHepus,
YacyLlanblK TEXHOMOTMANAP KIHE MOJIEKYNANbIK ONONOTUS SAiCTEPiHIH, AaMybl HMOTEXHOOTUAHDI
cananblk KaHa fblibiMK AeHrenre ketepai [2]. Sasani M. S. (2024) 6uoTtexHonornsHbl XXI
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facblpAarbl OMONOTMUA FbINbIMbIHBIH MaHbI3Abl HafblTTapbIHbIH, Oipi PeTiHAe KapacTbipbin, OHbIH,
MeAMLMHA, aybln Wapyallblblfbl XaHE 3KON0MMA cananapbiHAarbl KEH MYMKIHAIKTEPIH aTtan eTeqi
[3].

COHFbI XblNaapbl BUOTEXHONOMMAHBIH, KOFaMaarbl MaHbl3bl apTKaH CalibiH, OHbl Binim bepy
yMeciHe eHrizy maceneci ae epeklie e3ekTinikke me bona bactaabl. de la Hoz M. C xaHe
apinTectepi (2022) 6uoTtexHonornanbik Oinim GepyaiH Herisri makcaTbl OiniM anylbliapabiH,
FbIILIMM  CayaTTbl/bIFbIH  APTTbIPY, 3aMaHayn fbllbIMM KaHANbIKTapAbl TYCiHY KaHe onapabl
NPaKTUKabIK KbI3METTe KONAaHy KabineTrepiH KanbiNTacTblpy ekeHiH aTtan kepceTteai [4]. Hu Y. et
al. (2025) fbiNbIMU-TEXHUKANbIK MPOrPEecC KafdahblHAa OMOTEXHONOMUA 3N1EeMEHTTEPIH OKY
baroapnamacblHa eHrisy 6inim  anywbinapablH  MHHOBAUMABLIK  OWAAYbIH  XOHE  FblbIMU
AYHMETaHbIMbIH AaMbITYFa bikNaa eTeTiHiH ganengenai [5].

Elzawahry A. A. xaHe apintectepi (2025) KapaTbiNbICTaHy NaHAEPIH OKbITY BapbiCbiHAA
BMOTEXHOIOTUANBIK BiNiM Ma3zMmyHbIH KonaaHy 6inim anyliblnapabiH 3epTTeyWinik, aHaaAnTUKaAbIK
YKOHE CblHW OMNay AafablNapblH AamMbITyFa MyMKiHAIK OepeTiHiH KepceTeai [6]. COHbIMEH KaTap
Megawati R. (2024) buoTexHonornanbik 6inim 6epy fbiabiMKU BiNiMHIH, MPAKTUKaAbIK MaHbI3blH
KepceTy apKbl/ibl BiNimM anylublnapabiH NaHre AereH Kbi3blfyLblblFbiH apTTblPaTbliHbIH alTaapl [7].

BuotexHonormanbik 6inim bepyai TMiMAi yMbiMaacTeipyaa bonalak MyFanimaepaiH, Kaciom
[aAp/blFbl epeKkwe manbi3abl. Syzdykova kaHe apinTectepi (2025) skyprisreH 3epTTeynepae
HonallakK *KapaTblAbICTaHy MNaHi MyFanimaepiHiH, OMOTEXHONOMMS canacbiHAarbl 6ifim AeHreni meH
Ke3KapacTapbl TaA4aHbin, ofapdbiH, Oya canagafbl OinimaepiHiH, OipKenKki emec eKkeHairi KaHe
apHalbl aicTemenik Aanp/blKTbiH, KaxkeTTiniri kepcetinreH [8]. 3epTrey HaTMxKenepi bonaliak
MyFanimaepaiH, 6GMoTeXHONOrMAHbIH aybla LWapyaLlblabliFbl MEH MeAMLMHAAAFbl MaHbI3blH ¥KOFapbl
HafanalTbiHbIH, anainaa Kenbip afaannapaa bMOTEXHONOMUANBIK 3ePTTEYNEPAiH STUKA/bIK KaHe
SKONIOTUANDBIK,  aCMeKTifiepiHe  KaTbICTbl  anaHdaylbiablK — OingipeTiHiH - KepceTedi.  byn
buoTexHonornAnblk, ~ 6inim  6epy  MasMyHbiH  FbIAbIMU-3A4iCTEMENIK  TypFbldaH  sKyMeni
YMbIMAACTbIPYAbIH, MaHbI3blH alKbIHAANAbI.

BuotexHonoruanbik 6inim OepyaiH, TUIMAININIH apTTbipyda 3amaHayn nefaroryKkanbik,
TEeXHOMOMMANapAbl KONA4aHy MaHbi3abl opbliH anagbl. Zheng Y. (2024) Web 2.0 KkypangapbiH
nanganaHy OMoTeXHONOTUANbIK BifiMai MeHrepy AeHreriH apTTbipyFa bikNaa eTeTiHiH KepceTin,
UMb PAbIK TEXHONOTMANAPAbIH OKY YAepiciHAeri MaHbI3biH Herizaenai [9]. Moemeke C. D., Alordiah
C. (2026) 6onawak KapaTbiabiCTaHy MaHI MyFaNiMAEpiHiH, reHeTUKa XoHe O6KoTexHonorua
TAKbIPbINTAPbIH OKbITYAa TEXHONOMMANbIK-NeaarorMkanblk MasmyHablk 6inim (TPACK) moapeniH
KONZaHy TMimai ekeHiH ganenaenai [10].

CoHbIMeH KaTap buoTexHonornsanbik 6inim bepyne 6enceHi OKbITY 94iCTEPIH KOAAaHY
epeKkwe maHre me. Lionenko M., Huzar O. (2023) npobnemanbik OKbITy a4iCTepiH UMPPAbIK,
KypangapmeH OipikTipy 6inim anylwblnapabiH, CbiHM OMNay KaHe fbibiMM Tanaay KabinetrepiH
[AaMbITyFa MYMKIHAIK OepeTiHiH aHbikTaraH [11]. Friska R. |. oHe apinTectepi (2022)
aprymeHTauuMara HerisaenreH oKpITy a4iciH KongaHy BUOTEXHONOIMA TaKbIPbINTapbiH MeHrepyae
6inim anywblnapapbiH, FblAbIMK NiKipTaNac MaAEHUETIH KanbINTAaCTbIPyFa bikNan eTeTiHiH KepceTei
[12].

Kasipri 6inim 6epy »KyneciHae KeHiHEeH KOAAaHbIAbIN KyPreH TUimai aaictepaiH 6ipi —
wobanblk, oKbITy (Project-Based Learning). Sugianto E. S. (2022) xobanblk agic 6inim
anylWblNapabiH TaHbIMAbIK OenceHainiriH apTTbipbIn, 0NapabiH 63 beTimeH 6ifliM any KaHe FblbIMM
Macenenepi Wwewy KabineTrepid AambITyFa MyMKiHAIK 6epeTiHiH kepceTeai [13]. CoHbIMeH KaTap
Salybekova, Issayev, Abdrassulova, Bostanova, Dairabaev skaHe Erdenov (2021) 6uonoruns naHiHae
*0banblK OKbITY 3AiCIH KOonAaHy Binim anylwbiNapAblH 3epTTeYLWINIK AaFAbINAaPbIH KaNbiNTacTbipyaa
Ofapbl TUIMAINIK KepceTeTiHiH AanengereH. ABTOpaapAblH, 3epTTey HaTusKenepi Xobanbik
KyMbICTap 6apbicbiHAa BiNiM anylblNap fbibiIMKA aKNapaTTbl Tanday, 3epTTey KOCMapbiH Kypy,

260



«Research Reviews» (March 12-13, 2026). Prague, Czech republic I

3KCNEPUMEHT KYPri3y X3HEe anblHFAaH HaTWXKenepai fblAbiMKM TypFblAaH WHTepnpeTaumanay
OafablnapbiH AamMbiTaTbiHbIH KepceTeai [14].

obanblk OKbITY 84iCiHIH epeKLeniri — TeopusanbiK HiNiMm MeH NpakTUKablK dPeKeTTi e3apa
HannaHbICTbIPY apKblabl Binim anylwbinapablH, 3epTTeyLWiNik 6enceHainiriv apTrbipybiHaa. MyHaaM
Tocin  6inim  anywblnapfa  Kypaeni  OMONOrMANbLIK  KaHe BUOTEXHONOTMANbIK  YFbIMAapAbl
ToXipMnbenik apeKkeT apKbi/bl TyCiHyre mymkiHAaiKk 6epesi. CoHbIMeH KaTap »K0obanblk OKbITy Binim
anylWblNapablH, CblIHW OWNAYbIH, FblIbIMW Tanday KabinetTepiH aHe LWblFapMallbl/iblK d1eyeTiH
[AMbITYFa XKafaan »acanapl.

Ocblnaniia  fblAbiMKM  2AebueTTepai  Tangay  OuoTexHonorusnblk — 6inim - Hepyai
YMbIMAACTbIPYAA X00anblK 9A4iCTiH XOfapbl NeAarorMkabik a/1eyeTke ue eKkeHiH kepceTedi. byn
aaic 6iniMm anywblnapabiH, 3epTTeywinik 6enceHAiniriH apTTblpyMmeH KaTtap, OuoTexHonorus
canacblHAafbl Kypaeni FblAbIMU YFbIMAapabl XKyMeni Typae MeHrepyre MyMKiHaiK 6epes;.

CofaH GannaHbICTbl BMonormansik 6inim Hepy »KymneciHae BUOTEXHONOMMNA 3NEMEHTTEPIH
OKbITYy OapbicbiHAa KODOanbIK SAICTI KONAAHYAbIH MNeAarorMkanblk, MYMKIHZIKTEPIH FblabIMK-
dAiCTemMeniK TypfbloaH 3epTTey Kasipri negarorMka fblabIMblHOAFbl ©3€KTi FblbIMU-34iCTEMENIK
MacenenepsiH, bipi 6onbin Tabblnagpi.

Ocbl 3epTTeyaiH, makcaTtbl — buonormanbik 6inim bepy kyheciHae 6uoTtexHonorusa
9/1eMEHTTEpPIH OKbITY DapbICbiHAa K00ablK SA4iCTi KONAAHYAbIH, NeAarornmKaiblK MYMKIHIIKTEPIH
TEOPUANBIK }KaHEe aAicTeEMENIK TYPFblaH Heri3aey, CoHAan-aK OHbIH 6inim anyLwblnapablH, fblAbIMK-
3epTTeYLWIiNiK KaHe TaHbIMAbIK AaFAblNapbliH KanbIiNTacTbipyaafbl TUIMAINIMIH aHbIKTAY.

3epTTey KymbiCbl BUoAOrMANLIK Oinim Bepy KyWheciHae OMOTEXHONOTUA 3NEeMEHTTEPIH
OKbITy DapbiCbliHA@ *KObanbIK SAICTI KONAAHYAbIH, NeAarornkanblK MYMKIHAIKTEPIH aHbIKTayfa
barbiTTangbl. 3epTTeyaiH,  TeopuanblK-adicHamManblk, HerisiH  buonormansik,  6inim  bepyae
3epTTeyLWiNiK »KaHe KobanblK OKbITY TEXHONOTMANAPbIH KONAAHY Typanbl fblbiIMM eHOeKTep
Kypanapbl. 3epTrey 6HapbicbiHAa K0D0anblK OKbITYy 6inim anywbinapabiH, fblbIMU-3epTTEYLWINIK
NafablNapblH KaNbINTacTblpyfa KoHe OMONOTUANbIK YFbIMAAPAbl TEPEH, MeHrepyre MyMKIHAIIK
HepeTiH TMiIMAI NefarorMkanbik Tacinaepaid 6ipi ekeHAiri eckepingi.

3epTTey Koxa AxmeT fAcayu aTblHAafFbl XanblKapanblk Ka3aK-TYPiK YHUBEPCUTETIHIH,
6asacbiHAa Kyprisingi. 3eptreyre YHUBEPCUTETTIH, 2-3 KypcbiHAa Oinim anatblH 46 cTyaeHT
KaTbICTbl. 3epTTey KaTbicylblnapbl 6uonorma 6asbiThl HoMbIHWA 6iniM anatblH CTyAeHTTEpPAEH
Kypandbl. IKCMNEPUMEHTTIK KYMbIC DapbICbiHAA CTYAEHTTEPAiH, BUOTEXHONOTUANBIK YFbIMAAPAbI
MeHrepy [AeHreniH, onapAablH, fblbIMU-3EPTTEYLINIK KOHE TaHbIMAbBIK AafAblAapbiHbIH, AaMy
epeKLenikTepiH aHblKTay MaKcaTblHAA €Ki HEeri3ri fblablMM 9A4iC KONAaHbIAAbl: NefarorMkabiK,
SKCMEePUMEHT YKaHe TecTisiey aici.

3epTTeyaiH, Herisri aaici peTiHAe neaarorykanblk SKCNEpPUMEHT KoadaHblnabl. byn aaic
6inim HBepy yaepiciHae eHrizinreH negarorMkanblk TaCiNAEPAiH TUIMAINITIH TaXipnbenik TypsFblaaH
Tekcepyre MyMKiHAIK Oepeai. [NenarornkanblK 3KCNEPUMEHTTIH MakcaTbl — OMOTEXHONOMMSA
3/1eMEHTTEepIH OKbITy  DHapbicbiHAA WobanblK  aaicTi KONA4aHyAblH — CTYAEHTTeP4iH,
BUOTEXHOMOTUANBIK, VFbIMAAPAbl MEHTepyiHe »oHe onapAblH 3epTTeyWinik AarabliapbiHbiH
Ka/bINTacyblHa aCepiH aHbIKTay 6onapbl.

DKCNEPUMMEHTTIK  3epTTey YW  Ke3eH4e Ky3ere acblpbindbl:  KOHCTaTaUMAbIK,
Ka/bINTacCTbIpyLUbl XaHe H6aKblnay keseHaepi.

KoHcTaTaumanbiK, KeseHae CTyaeHTTepAiH, BMOTEXHONOMMA canacbiHa KaTbICTbl BacTankpl
6inim geHreni aHbIKkTanabl. byn KeseHae cTyaeHTTepAiH OMOTEeXHONOTUANLIK TEPMUHAEPAI TYCiHYI,
HUOTEXHONOTMANBIK NpoUecTep Typanbl binimaepi KaHe onapapiH OBMONOTUANBIK Kylenep MeH
TEXHONOTUANBIK MPOLUECTEP apacbiHAafbl 6alnaHbicTapabl TYCiHY AeHreni AMarHoCTUKaNbIK,
Tancbipmanap meH 6actankbl TecTiney apKbiabl 6aFanaHabl.

KanbinTacTbipyllbl Ke3eHae HBUOTEXHONOIMA SNEMEHTTEPIH OKbITy 6apbiCbiHAA KObOaNbIK,
aAic KonaaHbinabl. CTyaeHTTep BUOTEXHONOMMANIK TaKblpbiNTapFa GaMNaHbICTbI WaFblH FbIAbIMM
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)obanap opblHAaAbl. KobanblK KymbicTap HapbIiCbiHAA CTYAEHTTEP OMOTEXHONOMMAHbBIH, HEri3ri

HarbITTapblH 3epTTesi, fblbIMW S4eOUETTEPMEH KYMbIC MKYPri3fi, 3epTTey KocnapbiH Kypbim,

anblHFaH HaTWxenepai Tangansl. CoHbIMEH KaTap CTYAEHTTEP ©3 3epTTey HaTUKeNepiH »Ka3balla

ecenTep, KOHLUENTYaNAdblK KapTanap XaHe MyNbTUMeAMAbIK Npe3eHTaumanap TypiHae yCbiHAbI.
obanblk oKbITy BapbiCbiHAA CTYAEHTTEP KENeci apeKeTTepai opbiHAaAb!:

— 3epTTey TakblpblObIH aHbIKTay;\

— FbIIbIMM aKNapaT Ke34epiH KMHAY KaHe Tanaay;

— OMOTEXHONOMUASBIK MPOLECTEPA CMNaTTay KaHe TYCIHAIpY;

— aNbIHFAH HITUXKENEPAi FbINbIMWU TYPFbIAAH MHTEPNPEeTaUMAnay;

— 3epTTey HOTUXKeNIepiH KOpFay XKaHe Ta /iKblaay.

obanblik aaicTi KONAAHY CTYAEHTTEPAiH TeopusanbiK binimaepiH Taxipnbenik spekeTneH
YLITACTbIpyFa MYMKIHAIK 6epai. MyHaan oky dopmacbiHAa CTYAEHTTEp TeK AalblH aknapatTbl
Kabblnaaylbl eMec, 3epTTeyLLINiK dpeKeTKe KaTblcaTbiH OenceHai cybbeKT peTiHAe apeKeT eTes;.

BaKplsay Ke3eHiHAe CTYAeHTTepPAiH OMOTEXHONOMMABIK VFbIMAAPAbI MEHTEPY AeHreniHAEer
e3repicTep aHblKTanAbl. byn KeseHae 3KCNEePUMEHT HITUXKenepi KOpbITbiHAbI TECTiIey apKbl/bl
HafanaHbin, OacTankpl KepCeTKIWTepPMeH CanbICTbipbiAAbl. HaTukenep cTyaeHTTepAiH 6inim
OeHreniHaeri AMHAMMKaHbl XaHe KobanblK JAICTiH neJarorMkanblk, TUIMAIAINH aHbIKTayFa
MYMKIHAIK 6epa.

3epTTeyae CTyAeHTTepAiH, OUOTEXHONOMMANLIK YFbIMAAPAbl MEHrepy AeHreriH aHbIKTay
YWiH TecTifey agici KongaHblaasl. Tectiney 6inim anywblnapasiH, 6inim geHrenid o6bekTUBTI Typae
Hafanayra »KaHe OKY HOTUMKeNepiH CaHAbIK KBPCETKILITEP apKbl/bl aHbIKTayFa MyMKIHAIK bepeai.

TecTiney eki KeseHae Xyprizingi: 6actanksl TECTiIEY KaHe KOPbITbIHAbI TeCTiney.

BacTankbl TecTiney KOHCTaTaUMANbIK Ke3eHe XKYprisinin, cTyaeHTTepaiH bruoTexHonormsa
canacblHaafbl Hactankpl 6iniMm  AeHreMiH aHblKTayfa GafbiTTandbl. TecT  Tancbipmanapbl
OUMOTEXHONOIMAHBIH,  HEri3ri  yfbiIMAapblHA, TFeHETUMKaNbIK WHXKEHEePUAHbIH epeKLlenikTepiHe,
MWKPOOPraHM3MAepAi eHAipicTe  KonaaHyfa, OMOTEXHONOMMAHbIH, MeAMUMHA MEH aybin
LWapyalblablfblHAAFbI MaHbI3bIHA KATbICTbl CYpPaKTapAbl KaMTblAbl.

KOpbITbIHABI TECTiNiey KanbiNTacTbipyllbl Ke3eH aAKTanfaHHaH KeRriH ypridingi. OHbIH,
MaKcaTbl — 00anblK OKbITY SAICIH KONAAHY HITUMKeCiHAE CTyAeHTTepAiH OMOTEXHONOrMANbIK,
VFbIMAAPAbl MeHrepy AeHreniHaeri esrepictepdi aHbiKTay 60s4bl. KOpbITbiHAbI TECT HATUMKENEPI
HacTankbl TECT HITUNKENEPIMEH Ca/bICTbIPbIAbIMN, 6ifiM AeHTeNiHIH 8CYy ANHAMMKAChI aHbIKTaNAbI.

TecT Tancelpmanapbl bipHelle AeHrenaeH TypAbi:

— OMOTEXHONOMUABIK TEPMUHAEPAI aHbIKTaY;

— OMONIOTUABIK, KIHE TEXHONOMMABIK NPOLLECTEP apacbiHAafbl balnaHbIiCTapabl TYCIHAIPY;

— OMOTEXHONOMUANBIK NpoLecTepai Tanaay;

— BunoTtexHonornabiK 6inimai TexKipnbenik Karoannapaa Konaaxy.

3epTTey OapbICbiHA@ anblHFAH HITUMKENEep MaTEMATUKA/bIK-CTaTUCTUKANbIK aaicTep
apKblnbl eHaenai.

CoHbIMEH  KaTap CTyAeHTTepAiH  obanblk  KyMbICTapbl, »ka3bawa ecenTtepi,
KOHLENTYaN[blK KapTasapbl *KaHe npeseHTaumanapbl canasnbik Tanaay apKblibl bafanaHabl. byn
MmaTepuangap CTyaeHTTepAiH OMOTEXHONOMUANBIK  YFbIMAAPAbl TYCiHY AeHreliH, onapabiH
3epTTEYLLINIK XOHE aHaNNTUKANbIK KabineTTepiHiH AamybiH aHbIKTayFa MyMKiHAIK Bepa,.

262



«Research Reviews» (March 12-13, 2026). Prague, Czech republic I

IKCNEePUMEHTTIK YMbICTbIH, HOTUXKenepiH Tanaay OGMOTEXHONOTUSA INEMEHTTEPIH OKbITY
DapbicbiHAa *KobanbIK 2AICTi KOoNAaHyabIH Binim anywbinapablH, 6MOTEXHONOTMANIK, YFbiIMAapabl
MeHrepy AeHreniHe acepiH aHblKTayFa MyMKiHAIK 6epai. 3epTTey 6apbiCbiHAA aNblHFAH AepeKTep
CTYOEHTTEPAiH, OKY MeTIiCTiKTepiHaeri e3repictepai CaHAblK TypfblaaH Garanayra bOafbiTTanibl.
HaTuxenepai Tangay kKesiHge 6acTtankbl AMAarHOCTUKAbIK KOPCETKIWTEDP MEH KanbiNTacTblpyLbl
Ke3eHHEeH KeWiHri KOpbITbiHAbl HITUMKeNep CanbiCTbipblaabl. byn Tacin »obanbik OKbITY
TEXHONOMMACLIHbIH, BiniM  anywblnapasiH, GUOTEXHONOMUANBIK  YFbIMAAPAbI TYCiHY AeHreiiHe
bIKNaAblH aKbIHAAyFa MYMKIHAIK 6epai. HaTuxkenep 1-cypeTte KepceTinreH:

87

JKanmer 0i1iM caracel 67

Tover enreii | 3

XKorapsel neHrei 1

N\
AN
(0]

)

10 20 30 40 50 60 70 80 90 100
B KopbIThiHABI HOTHKE (%) B bacranks! Auarnocruka (%)

Cypet 1. lMegarornKkanbiK 3KCNEPUMEHT HaTMKeNepi

ANbIHFAH [depekTep »KobasblK OKbITYy SAiCi CTyAeHTTepAiH, OMOTEeXHOMOrMANbIK Oinim
AeHreniH apTTbipyda TMiMAI Neaarornkanbik Kypan ekeHiH kepceTeai. JKCNepuMeHT HaTUKenepiHe
COMKec, CTyAeHTTepAiH Kofapbl AeHrenaeri KepceTKillTepi eki ecere XyblK apTKaH. byn
CTYAEHTTEPAiH TeK TEOPUANbIK DiniMai MeHrepin kaHa KonMmal, BUOTEXHOOMUANLIK NPOLECTePAiH,
M3HIH TYCiHiM, 0Napabl fFblIbIMW TYPFblAaH Tandal anatbiHbiH KepceTedi. COHbIMEH KaTap TOMeH
AeHrenaeri KepceTKilTepaiH, anTapbiKkTal a3atobl CTYAEHTTEPAiH NaHAj TYCIHY AeHIerniHiH, *Kannbl
YKaKcapFfaHblH Aanenaenai.

DKCNEePUMEHT HaTUXKeNepi CTyAeHTTepAiH, TaHbIMAbIK, OenceHdiniriHii apTKaHbiH Aa
KepceTeai. Kobanbik KyMblCTapabl opbiHAdY OapbICbiHAA CTYAEHTTEP FblIbIMW aKMapaTneH KYMbIC
icTey, 3epTTey »KOCMapblH Kypy XOHE afblHFAaH HaTWMXKenepai Tanday CUAKTbl SpeKeTTepAi
opblHAaAbl. byn oKy yaepiciHge 6inim anywbinapdblH, NaccusTi KabblngaywblgaH bGenceHai
3epTTeyllire anHanybiHa biknan eTTi. HaTukeciHae cTyaeHTTepAiH OUOTEXHONOTUANBIK YFbIMAAPAb!
TYCiHY AeHreli faHa emec, onapAblH FbibiMM O1ay KabineTrepi Ae Aamblabl.

CoHbIMEH KaTap 3KcnepumeHT bGapbicbiHAa CTYAEHTTEPAIH, OKY MOTUBALMACHIHbIH,
ofapblnafaHbl  OanKkanabl.  MobanblK  KYMbICTAapAbl  OpblHAAY  Ke3iHAe  CTyAeHTTep
OMOTEXHONOMMAHBIH, HaKTbl KondaHbanbl acnekTinepiH 3epTredi, H6yn onapAblH MaHre aered
KbI3bIFYLLbIAbIFbIH apTThipAbl. HaTuxkeciHae 6inim anywbinap Kypaeni fblibIMU YFbIMAAPAbl TEK
TEOPUANBIK TYPFblAa emMec, NPaKTMKabIK TYPFblaa Aa TyciHe bacTaabl.

Mannbl anfaHOa anblHFAaH  HATWMXKenep KobanblK  SAiCTi  KondaHy CTYAeHTTepAdiH,
OMOTEXHONOMUANBIK YFbIMAAPAbl MEHIepy canacbiH apTTbipyMEH KaTap OfapAblH 3epTTeyLuinik,
aHaA/IMTUKA/bIK YXaHe CbiHM oWlnay KabineTTepiH AambiTyFa MYyMKIHAIK 6epeTiHiH KepceTed,.
JKCNepuMeHT HaTuxRenepi buonoruansik Hinim bepy yaepiciHae Kobanbik OKbITY TEXHONOTMACHIH
KONAaHYAbIH *KOFapbl Neaarormkansik TMIMAINITIH ganenaenai.
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Binim anywbinapabiH GUOTEXHONOTUANBIK YFbIMAAPAbI MEHTEePY AeHreniH HeFyPaAbIM HaKTbI
Hbaranay maKkcaTblHAa TecTiney a4ici KonaaHblaabl. byn aaic cTyaeHTTEPAIH, TEOPUANBIK BiNiMiH,
TEPMUHONOTUANBIK TYCIHIMH »KaHe BUOTEXHONOIMANBLIK MpouecTepdi Tanaay KabineTiH caHablk,
KepCeTKIITEP apKblibl aHblKTayFa MYMKiHAIK Oepefi. bacTankbl »aHe KOpbITbIHAbI TecT
HOTUXKENepiH CanbICTbipy CTYAEHTTEpAiH binim aeHreniHaeri e3repictepai »aHe OKy yaepiciHae
KON AaHbIAFaH NeaarorMkanblk ToCiNAepAiH TMIMAINITIH alikbiHAAyFa MYMKIHAIK 6epai (2-cypeT).

OgTama Oaimn

TecTTi OpeIHIAY carnaggt

Maxcumamnnsl 0ast
(%) 8

MuanMaiasl 6at

== hacTanksl TecT (6aI) KopsITeaasr TecT (6amr)

Cypert 2. TecTiney HaTUKeNEepiHiH, AMHAMMKACDI

TecTiney HaTuxKenepi BUOTEXHONOMMA 3SNEMEHTTEPIH OKbITY OapbiCbiHAA KONAaHblAFaH
neAarorMkanblk TaCiNAepAiH, CTyaeHTTepAiH 6ifiM canacbiHa OH, 3cep eTKeHiH KepceTesi. OpTalwa
H6annapiH, 7.8 6annfa ecyi CTyaeHTTEpAiH, BUOTEXHONOTUANDBIK YFbIMAAPAbI MEHrepy AeHreniHin,
anTapablKTal KakcapfaHblH Aanengenai. byn esrepic cTyAeHTTepAiH, TeK TepMUHAEepAi ecTe
CaKTaybIMeH faHa emec, BUOTEXHONOTMANBIK NPOLLECTEPAiH MaHIH TyCiHyiMeH BalNaHbICTbl EKEeHiH
KepceTea,.

ANbIHFAH HaTMXKenep CTyAeHTTepAiH aHaNUTUKaNbIK oinay KabineTiHiH, Ae AaMblfaHbiH
KepceTeai. KopbITbiHAbI TECT HapbICbiHAA CTYAEHTTEP OUOTEXHONOMMANLIK NpoLEecTepaiH, e3apa
HalnaHbICblH TYCIHAIPY OHEe HaKTbl FbIAbIMW KaFdalnapabl Tanaay TancblpManapbiH CaTTi
opblHAAAbl. byn Xobanblk KaHe 3epTTeyLlifik Tancblpmanap apKbiabl CTyAEHTTEPAH, FblAbiMK
aKnapaTneH }KyMblIC iCTey AafAblNapblHbIH KaabINTaCKaHbIH KepceTeai.

COHbIMEH KaTap TeCT HITUMXKEeNepiHiH, *KaKcapybl CTYAEHTTEPAiH OKY MOTMBALMACLIHbIH,
apTKaHbliH Aa Aanenaeni. BUOTEXHONOMMANBIK TaKblpbiNTapabl 3epTTey OapbiCbiHAa CTYAEHTTEP
HaKTbl fblILIMW Macenenepai Tanaan, onapAblH NPaKTUKaAbIK MaHbI3blH TyciHAl. MyHAal Tacin
6inim anywbiNapablH, NaHre AereH Kbi3blFyLblAbiFbIH apTTblPbIM, OfAPAbIH OKY HaTUMMenepiHiH
YKaKcapyblHa blKMan eTTi.

annbl anfaHaa anblHFaH HTUXKEIEP TECTiNIey 3iCi apKbl/bl aHbIKTaNFaH BinimM canacbiHbIH,
anTapnbliKTal apTKaHblH KepceTedi. byn BUMOTEXHONOMMS 3/IEMEHTTEPIH OKbITYAa KOAAaHbl/faH
}0obanblK KaHe 3epTTeyLUinik aaicTepaiH CTyaeHTTepaiH, b1uonormansik 6inim geHreniH faHa emec,
ONapAbliH FbiNbIMM OMNay KabineTTepiH AambiTyaa Aa TUIMAI eKeHiH Adanenaena,.

3epTTey bapbiCbiHA@ anblHFAH AepPeKTepAi CaHAbIK TypFblaaH eHAey YLWiH napameTpiik
CTAaTUCTUKANbIK a4icTep KondaHbinabl. CTyaeHTTEpAiH, OMOTEXHONOTUANBIK YFbIMAAPAbl MEHTepY
AeHreniHaeri esrepicTepi aHbIKTay MakcaTbiHAa H6acTanKbl *KaHe KOPbITbIHAbI TECT HITUMKENEPI
CaNbICTbIPbINAbl. HaTUXRenepadin, CTaTUCTUKANBLIK MIHAINIMIH aHbIKTay YLWiH Tayenai ipiktemenepre
apHanfaH CTbtoAeHTTiH t-KpuTtepuii nanganansinabl. COHbIMEH KaTap NeaarornkanbiK bIKnaaabiH
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acep KenemiH 6aranay vywiH Cohen’s d KoadpdUUMEHTI, an TecT TancblpmanapbliHbIH, iWKi
CeHiMAjiNIriH aHbIKTay yWwiH KpoHbax anbda KoadpduumeHTi ecentend,.
3epTTeyre n = 46 CTyAEHT KaTbICTbl. bacTankbl TECT HOTMXENEPIHIH opTalla KepceTKiwi My
= 14.8, cTaHOapTTblK aybiTkybl SD; = 3.1 6onabl. KOpbITbIHALI TECT HaTUXKeNepiHiH, opTalla
KepceTKiwi M, = 22.6, cTaHAAPTTbIK aybiTKybl SD, = 3.4 Kypaabl. OpTalla alblpMallbl/iblK Keneci
dopmyna BoMbIHLWA aHbIKTaNAAbI:
d=M, - M,
d=226-148=78
BipiKTipinreH cTaHAAPTTbIK aybITKY Keneci popmyna 6oMbIHLLIA ecenTeni:

SDlz + SDZZ
SDpooled = T
3.1%2 4+ 3.42
SDpooled = T
’9.61 + 11.56
SDpooled = # =+v10.585 = 3.25

CTbloAeHTTiH, t-KpuUTepuini Keneci bopmyna BoMbiHLWA ecenTen,:

. d
SDpooled/\/ﬁ
V46 = 6.78
7.8 7.8

t= = = 16.28
3.25/6.78 0.479

EpKiHAiK Aspexeci:
df =n—1=45
Ocblnaniua anbiHFaH HITUXKE:
t(45)=16.28, p < 0.001

Byn KepceTkiw HacTankbl KaHe KOPbITbIHAbI TECT HITUMXKeNEepi apacbiHAa CTAaTUCTUKANbIK,
TYPFblAaH MaHAi alblpMallbliblk Bap eKeHiH KepceTes;.

MNeparornkanblk biKNandblH, acep KenemiH aHblkTay yuwiH Cohen’s d koadbduumeHTi
ecenteng,:

g M, — M,
SDpooled

d = 78 _ 2.40
325 7

AnbiHfaH d = 2.40 MaHi neaarormKkasnbik bIKNanablH ©Te XoFapbl 9Cep AeHreniH kepceTted.
TecT TancbipManapbiHbiH, CEHIMAINIMNH aHblKTay YWiH KpoHbax anbda KoapPuuUMeHTI

ecenteng,:
2
a = k (1—25;" )
k—1 S¢
17 18.2
a= E( ‘m)
a =1.0625 x 0.75 = 0.80
AnbiHfaH a = 0.80 HaTUMKeC TECTTIH, }KOFapbl CEHIMAINIK AeHreliH KepceTea,.
yprisinreH cTtaTucTUKanbIK ecenteynep 6BUOTEXHONOTNSA 3NEMEHTTEPIH OKbITy BapbICbiHAA
KONJaHbIIFaH NeaarormKkanblK a4iCTepaiH, CTyAeHTTepAiH binim AeHreniHe anTap/blkTal oH, acep
ETKEHIH KaHe a/iblHFaH HaTMKeNepaiH CTaTUCTUKANbIK TYPFblAaH CEHIMAI eKeHiH Aanenaena,.

265




Proceedings of the 12th International Scientific Conference

WyprisinreH 3epTTey duonormansik 6inim bepy KyneciHae 6MOTEXHOIOTMA NEMEHTTEPIH
OKbITY BapbicbiHAa *K0DaNbIK 9A4iCTi KONAAHYAbIH NeAarornkaibik TYPFblaaH TUIMAL Tacinaepain,
6ipi ekeHiH ganenaeni. IKCNEePUMEHT HITUNKENEPI KOPCETKEHAEN, }KODANbIK SPEKET CTYAEHTTEPAIH,
BUOTEXHONMOTUANDBIK,  YFbIMAAPAbl  KYyMeni TyCiHyiHe, fblIbIMK  aknapaTtneH XyMbIC icTey
OAFAblNAPbIHbIH, KaAbINTaCyblHA XaHe 3epTTeYLWIiNiK M3AEHMETIHIH, AamyblHa OH, bIKNan eTeq,.

obanblk oKbITy BapbicbiHAa Binim anylwblnap TeOPUANbIK Binimai Toxkipnbenik apekeTneH
YLITACTbIPbIN, BUOTEXHONOTUANBIK NPOLLECTEPAIH, FbIILIMW HEri3AepiH Tanaay, 3epTrey *KocnapbiH
KYPY *KOHE afiblHFaH HaTUXKenepai MHTepnpeTaumanay CUAKTbl KYpAeni TaHbIMAObIK dpeKeTTepi
opblHAaAbl. MyHAaM oKy GopMaThl CTYAEHTTEPAIH TEK NIHAIK Binim AeHreiH faHa emec, COHbIMEH
KaTap OnapAblH, CbIHW OMNay, aHaAUTUKANbIK Tanaay »aHe fblibiMM Adnengey Kabinetrepiu
AaMbITyFa MyMKiHAIK Bepes;.

3epTTey HaTUKenepi BUOTEXHOIOMNA IEMEHTTEPIH OKbITyAa KobanblK a4iCTi KongaHy
6inim  anywsinapaplH,  TaHbIMAbIK, ~ OenceHAiniriH - apTTbipbin,  OfapAblH,  MaHre  Aered
KbI3bIFYLLUbINbIFbIH  KyLWWENTETiHIH KepceTTi. CoHbIMeH KaTap Oyn Tacin CTyaeHTTepAiH OKy
MOTMBALMACBIHbIH ©CYiHE }KaHe BUONOrMANbIK BiniMai NPaKTUKabIK TYPFblaa KonaaHy KabineTiHiH
KanblNTacyblHa biIkNaa eTea;.

annbl anfaHaa, anbiHFaH HaTUMXKENep BUOTEXHONOMMA INEMEHTTEPIH OKbITyAa *KobanbiK
94icTi KongaHy Ouonornanbik Oinim 6epyaiH, MasMyHbIH KaHapTyfa, CTYAEHTTEPAiH, FblablMK-
3epTTeyLWiNiK Ky3bIPETTIAIriH AaMbITyfa XaHe OKY VAEPICIHIH TUIMAINITIH apTTbipyfa MYMKIHAIK
HepeTiH MaHbI3Abl Nefarornkanblk Kypan eKeHiH KepceTedi. 3epTTey HaTUXKenepi »Kofapbl OKy
opblHAApbiHAA OuoTexHoNOrMANbIK Binim bGepyai KeTingipy 6apbicbiHA@ KOOANbIK  OKbITY
TEXHO/IOTMANAPbIH KeHiHEeH KONAaHyAblH fblbIMU-24ICTEMENIK HEeri3iH KanbiNTacTblpyfa yaec
Kocaapl.

byn makana Kazakcmad PecnybaukacsiHbiH foiabiM daHe Moraps! binim muHucmpsiei
folabim KomumeminiH NeBR24992814 epaHm ecebiHeH #apuanaHosl.
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OUTOIHTOMOJIOTMAJIBIK TANLAY
oLlICTEPIH KOJILZAHY APKbl/Ibl
BIJNIMIEPJTEPZIH ROJTOTUANDBIK
K¥3bIPETTIANMH JAMBITY

HakpinoBa Xibek bayblp*KaHKbI3bl

Koxa AxmeT Acaym aTblHAAFbl Xa/iblKapaiblK Ka3aK-TYPIiK YHUBEPCUTETIHIH MaruCTpaHThbl,
TypKicTaH K., KasakctaH Pecnybamkacei

Ucaes faHu Ucaynbl

TEXH.F.K., KaybIMAACTbIpblAfaH npodeccop, Koxka AXxmeT Acaym aTbiHAAFbl XanblKapanbiK,
Ka3aK-Typik yHuBepcuTeTi, TypKicTaH K., KasakctaH Pecnybankacsi

AHHOTaumA

Makanaga QGUTOIHTOMONOTMANBIK Tanday SA4ICTepiH KondaHy apKbiabl bOinimrepnepain,
SKONOMMANDBIK KY3bIPETTINIMNH AambITy macenenepi KapactbipblifaH. 3epTrey Korka AxmeT Acaym
aTbIHAAFbl XablKapasiblk Ka3aKk-TYPiK yHMBEPCUTETIHIH OOTaHWKabIK bafbl basacbiHAa »KyYprising,.
3epTTeyre 6B0513 — «Buonorma» 6inim bepy bargapiamacbiHbib, 3 KypcbiHAa OKUTbIH 37 Binimrep
KaTbICTbl. 3epTTey HapbicbiHAa Aananbik HaKkblnay, MUKPOCKOMUANBIK Tanaay, Mopdonormanbik,
CaNbICTbIPManbl Tangay XoHe 3KONOTMANLIK 3epTTey TancbipMaaapbl a4icTepi KOAAAHbIAAbI.
BoTaHWKanbIK HGaKTaFfbl aAnakK *KanblpaKTbl afallTapablH, GUTOCAHUTAPAbLIK KaFdanbl 3epTTenin,
duTOdar KaHOiKTepAiH, eciMaikTepre acep eTy epeKklWenikTepi aHblKTanabl. 3epTrTey HaTuKenepi
PUTOSHTOMONIOTUANLIK, Tanday oAiCcTepiH OKy npoueciHae KondaHy binimrepnepgid, Tabuem
0ObeKTINEPAi FbINbIMM TypFblAaH 3epTTey KabineTtTepiH AambITyfa KaHe 0n1apAblH, 3KONOTMUANbIK,
KY3bIPETTINIMH KanbINTaCTbipyFfa OH 3CEpP ETETIHIH KOPCETTI.

TyniHAi ce3aep

bGUTOIHTOMONOTMANBIK Tanaay, dKONOTMANbIK Ky3blpeTTinik, buonornsansik binim bHepy,
duTOdar KaHAiKTep, PUTOCAHUTAPAbIK afdak, 6OoTaHWMKanblk, 6ak, 3epTTeyWinik OKbITY,
9KONIOTUANBIK, BiNiM.

Kasipri KeseHAe KoOplwafaH OpTaHblH  aHTPOMOreHAiK e3repicTepre  ylblpaybl,
61MoaNyaHTYPAINIKTIH, a3atobl KoHe Tabufn 3SKOKYMenepAdiH TypPaKTblblFbiHbIH, TOMeEHAEeYi
aKoNorMAnblK, 6inim HepyaiH MaHbI3bliH apTTbipa Tycyde. OcbifaH 6alNaHbICTbl KOFapPbl OKY
OopbIHAapbIHAA BiniMrepnepaiH, SKONOrMANbIK, KY3bIPETTIANIrH KanbiNTacTbipy Maceneci negarornka
KoHe BMOoN0rua FblIbIMAAPbIHbIH, MaHbI3Abl 6afbITTapbiHbIH, Oipi 60bIN Tabblnaabl. Odum (2005)
eHOeKTepiHAEe IKONOTMANbIK Ky3bIPEeTTiNIK BinimrepaiH, Tabusn opTaHbIH, 3aHAbIIbIKTAPbIH TYCiHYI,
aKoXyMenepaeri 6MoTMKanblK OalnaHbiCTapabl Tangal anybl XaHe TaburaTTbl Kopfay ic-
opEeKeTTepPiHE »KayanKepLWinikneH KaTbiCybl apKblibl CUNATTanatblH MHTErpPaTMBTI 6inim MeH
nafablnap Xymeci peTiHae kapacTbipblnaapl [1].

DKOMOTUANBIK  KY3bIPETTINIKTI Ka/blNTacTblpy4a 3epTTeYLWIiNiK OKbITY SAICTEPIHIH peni
epekie. Kasipri 6inim bepy napagurmacbl 6inim anywblnapdblH, TaHbIMAbIK OenceHainirid
apTTbIpyAbl KaHE ONapAblH fblIbIMU-3EpPTTeY SpeKeTTepiH AamMbiTyFa OafblTTanfaH OKpITY
TEeXHONOTMANAPbIH eHrisyai Tanan eteni. Ocbl TypfblaaH anfaHaa Schowalter (2016) [2] 3epTTeyi
HolblHLWa 6uonormansik 6inim bepy npoueciHae Tabusn obbeKTINEepAi 3epTTey, AanablkK bakblaay
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YKOHE IKCMEPUMEHTTIK XYMbICTaP XYprizy binimrepnepain, FolibIMW OMAAYbIH AaMbITYFa MYMKIHAiK
bepen;.

PUTOIHTOMONOTUANDBIK Tanday S4iCTepi eCiMAiKTEP MEH XIHAIKTEpP apacbiHAafbl ©3apa
SpPEKeTTECTIKTEPAi 3epTTeyre BarbITTaiFaH MaHbI3bl FbiAbiMKU TacinaepaiH 6ipi 6oabin Tabblnagpl.
By aaictep ecimaikTepaiH GUTOCAHUTAPbIK XKafaanblH baranayra, 3MAHKEC KIHAIKTEPAiH Tapany
3aH/bIIbIKTAPbIH aHbIKTayFa »KaHe 3KoxKyMenepaeri Tpodukanblk OalnaHbicTapapl 3epTreyre
MYMKiHZIK 6epeai. Barbosa & Castellanos (2005) [3] 3epTTeynepiHae eCiMaiKTep MeH XaHAiKTep
apacblHAafbl ©3apa opeKeTTecTikTep OMoanyaHTYPAINIKTIH, KanbiNTacyblHA@ MaHbI3dbl pen
aTKapaTblHbl KBNTEreH 3epTTeyaepae A31eNAEHIEH.

Xanblkapanblk, fblibiIMW 24ebueTTepe eCiMAIKTEP MEH KoHAIKTep apacbiHAafbl ©3apa
HannaHbICTapAbl 3epTTeY 3KOXKYMenepaiH, TYPaKTbIIbIFbIH TYCIHAIPYAE MaHbI3Abl FblAbiIMK BaFbIT
peTiHAe KapacTbipblnadbl. Mbicanbl, Altieri [4] arpoakoxkyienepaeri 61MoanyaHTypainik AeHremi
OCIMAIKTEP MEH KOHAIKTep apacbiHAafbl Kypaeni 3KoAorvanbiK HalnaHbicTap  apKblibl
Ka/blinTacaTbiHbIH KepceTeai. An Yang »kaHe Zhang [5] ecimaikTepaid, mopdosornansik benrinepin
3epTTey apKbl/bl 0ONapablH OMONOTMANLIK epeKLIeNiKTepiH aHbIKTayfa 601aTbIHAbIFbIH ASNeNAereH.

Ka3akcTaHabIK fanbiMaapapiH eHOeKTepiHae Ae Binim anylblnapaplH, FblibIMU-3epTTeY
peKeTTepiH AaMbITy Macenesnepi KeHiHeH KapacTbipblaFaH. Mbicanbl, Aimbetosa MN.0., Ncaes ..
»oHe Canbibekosa H.H. [6] buonoruansik 6inim 6epy npoueciHae 3epTTey a4icTepiH KoaaaHy
OKYLWbINAPAbIH, FbIIbIMK i34€HIC KabineTTepiH JambiTyFa MYMKIHAIK OepeTiHiH KepceTea,.
ABTOp/AapAblH, 3epTTeyiHae eciMAiKkTepdiH, MOPGONOTUANbLIK EPeKLWeNiKTEPIH 3epTTey XaHe
3epTXaHa/blK KYMbICTapAbl YMbIMAACTbIPY apKblabl BiNiM anyLiblnapabliH, 3epTTey AafAblNapbiHbIH,
KanblNTacaTblHbl A9NeNAEHTEH.

OUTOSHTOMOJIOTUANBIK,  3epTTey JAiCTepiH KondaHy binimrepnepiH,  3KOMOrUANbLIK,
Ky3bIPeTTiNIrH AamMbiTyla MaHbI3Abl NeAarornkanbik Kypan 6onbin Tabbinaabl. Ocbl HafbiTTafbl
3epTTeynepae CanbibekoBa H.H. xaHe HakpimoBa M.b. [7] »Kannak »KanblpaKTbl afallTapabliH,
bUTOCAHUTAPAbIK  TYPaKTbINbIFbIH - 3epTTey  binimrepnepaiH, fbiabiIMU-3epTTey  AafablnapbiH
Ka/bINTacTblpyFa MYMKiHAIK OepeTiHiH KepceTeadi. ABTopiapAblH, MiKipiHWe, GUTOCAHUTAPAbLIK,
MOHWUTOPUHT XKypridy bapbicbiHAa binimrepnep Tabusn obbekTinepai 6akbinay, CanbiCTbipy KaHe
Tangay CUAKTbI FblAbIMW SAICTEPAI MeHrepea,.

COHbIMEH KaTap aTanfaH aBTOP/apAblH 3epTTeyaepiHae Xaanak XKanblpaKTbl aFallTapabl
3aKbIMAANTbIH aypynapablH 6M03KONOTMANIK epeKLIeniKTepi 3epTTenin, ecimaikTepaiH, aypynapsa
TE3IMAININ MeH 3KonorvanbiK dakTopaap apacbiHAarbl bOalnaHbicTap aHbikTandbl [8]. byn
3epTTeynep OUTOIHTOMOMIOTUANBIK TandaydblH, 3SKOXKynenepdiH GUTOCAaHUTAPAbIK KafaanbiH
Hbaranayaa MaHbI3abl FblbIMU SAiC EKEHIH KepceTea.

KasaKkcTaHablK 3epTTeywinepaid, eHbekTepiHae 6inim  anywblnapapiH,  3epTTeyLwinik
OPEKETIH YMbIMAACTbIPY Macenenepi Ae KapacTblpbiaFaH. MekceHbaeBa fblbIMU-3epTTEY
YKYMbICTaPbIH YMbIMAACTLIPY HifiM anyLbliapablH TaHbIMAbIK B6enceHainiriH apTTbipbIn, onapabiH,
FbINbIMM OMNay KabineTiH AambiTyFa biknan eTeTiHiH atan Kepceteni [9]. An CbiAblKOB KaHe
ob6inkacbimoBa [9] 6inim anywbinapabiH, TaHbIMAbIK 6enceHainiriH KanbiNTacTbipyaa 3epTTeywinik
TancblpmanapabiH TMIMAI eKeHiH Aanenaenai.

CoHbiMeH KaTap buonormanbik 6inim bBepy KyMeciHae 3epTTey apeKeTTepiH AambliTy
macenenepi Kahle »kaHe Matyas [11] 3epTreynepiHae KapacTblipblaFaH. ABTopnap Taxipnbenik
FBINBIMM  KYMbICTAP OifiM  anywWblNapablH, FblbIMFA  KbI3bIFYLbIIbIFbIH aPTTbIPaTbiHbIH KaHE
0oNapapblH, FbIAbIMW 3epTTey AafAblNapbiH AaMbITyFa blknan eTeTiHiH KepceTeai. An Walter [12]
Xofapbl 6inim bepy kyMeciHae KobanblK-3epTTey aAicTepiH KoadaHy b6inim anylwblnapabiH
TYPaKTbl AaMy MacenenepiH TyCiHyiHe MyMKiHA K 6epeTiHiH atan eTes;.

Korapblaa KapacTblpblifaH fbibIMKM eHOeKTep GUTOIHTOMONOTMUANBIK 3epTTey aAicTepiH
KONAaHy eciMaikTep MeH »KIHAIKTep apacbiHAafbl ©3apa  bOalnaHbiCTapabl  3epTTeyre,
JKOMXKYMeNepaiH, KypblbIMblH TYCIHAIpPYre KaHe OuoanyaHTypAinikti baranayfa MYMKIHAiK

269




Proceedings of the 12th International Scientific Conference

bepeTiHiH KepceTeni. CoHbIMeH KaTap Oyn aicTepAi oKy npoueciHae KondaHy binimrepnepain,
FbIIBIMW-3EPTTEY  JPEKEeTTEepiH AaMbITyfa KoHe  O/lapAblH,  SKONOMMANBIK  Ky3bIPEeTTiAiriH
Ka/bINTacTbIpyFa biKNan eTei.

OcblfaH 6alnaHbICTbl 3epTTey KYMbICbIHbIH, MaKkcaTbl — QUTOIHTOMONOTUANBIK Tanaay
9AicTepiH KoNZJaHY apKblabl BinimrepnepaiH, 3KOMOrMANbIK KY3bIPETTINIMNH AaMbITy MYMKIHZIKTEPIH
FbINBIMN-3ICTEMENIK TYPFbIAAH Heri3agey.

3epTrey XKymbicbl Koxka AxmeT fAcaym aTbiHAafbl  XafblKapasblK — Ka3ak-TypiK
yHUBepcuTeTiHIH 6oTaHMKanblK Oarbl HGasacbiHAa Kyprisinai. 3eptreyre 6B0513 — «buonorma»
6inim 6epy 6argapnamackl 6onbiHWa Binim anbin *KaTkaH 3 Kypc binimrepnepi KatbICTbl. 3epTTeyre
¥annbl caHbl 37 Binimrep TapTbiaabl.

3epTTey *KyMbICbl DipHelle KeseHHeH Typabl: Aananbik OGakbiaay, BMONOrnANbLIK yArinepai
UHay, 3epTxaHanblk Tanzay, coHaan-ak OinimrepnepaiH, sKONOrMANbIK KyY3bIPeTTiNiK AeHreniH
aHblKTayFa bafblTTanFaH NeaarorMkablk a4icTepai KonaaHy.

3epTTeyaiH anfalkbl KeaeHiHae 6oTaHUKaNbIK Bak aymafbiHAa ©CETiH Kannak, *KanblpPaKTbl
afawTapablH, GUTOCAHUTAP/bIK KafaalbiHa Aananblk Oakbliay a4ici KonaaHbingpl. bakbinay
HapbICbiHAA ¥KanblpaKTapAblH, 3aKbiMAaHy benrinepi aHbikTanbin, duTodar KaHAiKTEPAIH aCcepiHeH
nanaa 6onatblH MopdONOrnANbIK B3repicTep Tipkenai. Atan alTKkaHAa, Kanblpak beTiHae HeKpo3
OlLIaKTapblHbIH Nanaa 6oybl, X10P03 AAKTaPbIHbIH KaNbINTaCybl *KaHE KIHAIKTEPAiH KeMipy i3aepi
CUAKTbI  GUTOCAHUTAPAbIK — KepceTKilwTep 3eptTendi. CoOHbIMEH KaTap ‘KanblpaKTapadblH,
MopdONOrNANbIK Kafaambl Kyneni Typae 6akblnayrFa anblHbIN, eCiMAaiKTepaiH, GU3MONOrUANbIK,
KyMiH cunatTanTbiH 6enrinep Tipkenai.

®UTOIHTOMONOTUANBIK,  Tanaay bGapbiCbiHA@ — ©cimAiKTepai  3aKbIMAAWTbIH - duTodar
MOHAIKTEPAiH aCepiH aHbIKTay ViLiH MOPdONOTMANbIK CaNbICTbIPMa/Ibl Tanaay a4ici KoAAaHbIAabI.
Byn apic *anblpakTapaasbl 3aKbIMAAHY i34ePiH CaNbICTbIPy apKbi/bl KIHAIKTEPAIH, OUONOTNANBIK,
epeKLLIeNiKTePIH KaHe oNapAblH, 6CiMAiKTepre TUri3eTiH acepiH aHblKkTayfa MyMKIHAK bepai.

CoHbIMeH KaTap 3epTTey bapbicbiHAa binimrepaepaiH, SKONOrUAbLIK, KY3bIPeTTiNirH 4aMbITy
MaKCaTblHAA 3KONOMMAMbLIK 3epTTey Tancblpmanapbl a4ici KondaHbinabl. byn 6inimrepnepain,
Tabufn obOBbEKTINepPAi 3epTTey, 3KONOTMANbIK Macenenepi Tangay KoHe ajblHFaH HaTuKenep
Heri3iHae FblbIMW KOPbITbIHABI Xacay KabineTrepiH KanbinTacTbipyfa OafbiTTanapl. binimrepnep
HboTaHMKanbIK OaKTarbl afaWwTapablH, GUTOCAHUTAPAbLIK KafaalbiH bGafanan, eciMmaiktep meH
OHAIKTEP apacbiHAafbl ©3apa balnaHbicTapApl Tanaafbl KoHe 3koxyheaeri GUOTUKaANbIK
dakTopnapablH acepiH aHbIKTaabl.

DKOMIOTUANDBIK, KY3bIPETTINIK AeHreriH aHblKTay MakcaTbiHAa 6aKblnay, casiblCTbipMmalibl
Tannay xaHe pednekcus aaictepi KongaHbinapl. byn agictep 6inimrepnepaid Tabusn akoxyenep
Typansbl Binim AeHreniH, sKoNOrnANbIK oMnay KabineTiH »KaHe 3epTTey AafAblnapbiH Oaranayfa
MYMKIiHAIK 6epai.

AnbIHFaH HRTUXKeNepai eHaey DapbICbiHAA KyMeney, canblCTbipMasibl Tanaay KaHe FblabiMu
MHTepNpeTauns aaictepi nanaanaHblngsl. 3eptrey HaTUKenepi GUTOIHTOMONOTUAbIK Tanaay
94icTepiH OKy npoueciHae KongaHy binimrepnepaid, Tabusn obbeKTiNepai 3epTTey AarablnapbiH
OAMbITYFa KoHe 0NapAblH, SKONOTMANBIK Ky3bIPETTINIMNH KanblNTacTblpyfa TMiMAI bIKNan eTeTiHiH
KepCceTTi.
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BoTaHMKanbiK  GaK  KafdaWblHAA  Kypri3inreH  GUTOSHTOMONOTUANBIK — 3epTTeynep
ecimaiktepaiH, duTOCaHUTapPAbIK KyWiH 6Gafanayda »kaHe duTodar KoaHAIKTepAiH ecimaik
KaybIMAACTbIKTapblHa 9CEPiH aHbIKTAayda MaHbI3abl FbinbiMK AepekTep bepeai. Tabufn KoHe
acaHapbl aKoXKyMenepae ecimaikTepaiH 3akbimaaHy benrinepi kyneni typae 6akpinay ¢utodar
OopraHM3MAepaiH, Tapany epeKklenikTepiH aHblKTayFa, COHAan-aK ecimaikTepaiH, GU3NON0TUANbIK,
KYMiHiH e3repyiH Gafanayra MmymkiHaik 6epegi. OcbifaH HannaHbICTbl Aananblik 6aKpliay a4ici
ecimaikTepaiH GMTOCaHUTAPbIK KaFdalblH KelleHai Typae Tanaaysa barbiTTansaH Herisri 3eptrey
TocinaepiHiH Bipi 6onbin Tabbinaabl. Hatuxkenep 1-cypette 6epinreH:

KanbipakTiH MOP(OITOTHSITBIK F 23,03
nedopMaIusChl 7,00
duTodar KOHIIKTEPIiH KeMipy 131epi 18.00 60,00

X710p03 JaKTapbIHBIH Maiaa 00Iybl m 30,00
JKambipakTarsl HEKPO3 OIIAKTAPHI 12.00 40,00

0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00
® Yiec, % B 3akpIMIaHy OaiikanraH arami cansl (n=30)

CypeT 1. [lananbik 6aKblaay a4ici apKbiabl aHbIKTaAFaH GUTOCAHUTAP/BIK 3aKbIMAAHY
benrinepi

CypeT 1-Ae KenTipinreH AepeKkTep Kannak, KanblpaKTbl afallTapablH *KanblpaKTapblHAA
bankanfaH GUTOCAHUTAPAbIK 3aKbiMAAHY BenrinepiHiH apTypAi AeHrenae TapanfaHblH KepceTeai.
3epTTey HaTMKenepi DOMbIHLLA eH, 3KoFapbl KepceTKil puTodar XaHAIKTePAiH Kemipy i3aepi bonbin
Tabbinapl (60%). byn KepceTkill eciMAiKTepAiH Kanblpak, annapaTbiH 3aKbIMAANTbIH duTOdar
KOHAIKTEPAIH, 3KOXKyMenepaeri OenceHai pen aTkapaTtbiHbIH KepceTedi. DHTOMOAOTUANbIK
3epTTeyNepae KanblpaKTbiH, Kemipinyi putodartapablH, eH, KeH TapasifaH KOPEeKTeHY TUMNTEPIiHIH,
Oipi ekeHi KepceTinreH, cebebi KenTereH KaHAIKTEPAIH, AepPHICINAEPi MEH MMAronapsbl *Kanblpak
y/INanapbiH HEri3ri Kopek Kesi peTiHae nakaganaHaab! (Schowalter, 2016).

anblpakTafbl HEKPO3 owakTapbiHbiH, yaeci 40.0% Kypagbl. byn KepceTkiw ecimaik
yAnanapbiHAa nNaToNorMsabIK e3repictepdid, nanga O00nybiH KaHe dutodar »KaHAIKTEPAiH,
MeXaHWKanblK 3aKbIMAAHYbl HITMMKECIHAE eKiHWi pPeTTiKk du3monornansik Oy3blabiCTapabiH
KanbiNTacyblH KepceTei. OcimaikTepaid, GMTONaToNornAbIK peaKkunsnapsl kebiHece BUOTUKANBIK,
daKTopNapabiH aCcepiHeH TyblHAaNTbIHbI benrini. Barbosa xaHe Castellanos (2005) 3eptreynepiHae
KOHAIKTEPAIH, 6CiMAIK yAnanapbliH 3aKbIMAaybl XacylanapdblH HEKPO3fa ylibipayblHa XaHe
bOTOCHHTE3 NPOLECIHIH, TOMEHAEYIHE anbliN KENEeTiHi KepceTiNreH.

3epTTey HaTuKenepi HGOMbIHWA XN10PO3 AaKTapbiHbiH, yneci 30.0% 6onabl. Xnopos —
ecimaiktepaiH, GM3NONOrUANBIK KYMiHIH ©3repyiH cMnaTTanTbiH MaHblI34bl MHAMKATOPAPAbIH, Oipi.
foinbiMn aaebuetTepae KanblpakTasbl XJ0P03 KyOblabiCbl KebiHece duTodar »KaHAIKTEPAiH,
COPFbIlW TUNTI KOPEKTEHYIHE Hemece 6CIMAIKTIH KOPEKTIK 3/1eMeHTTep a/IMacyblHblH, Oy3blaybiHa
©alnaHbICTbl KasbinTacaTbiHbl KepceTiareH (Odum, 2005).

*KanblpakTblH, Mopdonornsansik aedpopmaumsacel 23.3% Kafaanaa bankanapl. MyHaawn
o3repictep KebiHece ¢uTOodar KoHAIKTEPAiH *Kamnblpak, YananapbiHa Y3aK YaKblT acep eTyiHiH,
HoTMXKeciHae nahaa 6onagpl. Schowalter (2016) 3epTTeynepiHAe KOHAIKTEPAIH ecimAiK
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y/NanapbiHa 9cepi Kanblpak, KypblAbIMbIHbIH, ©3repyiHe, OHblH MiliHi MeH MOPHONOTrUANbLIK
TYTACTbIFbIHbIH, OY3bl/lybIHA 9KENYI MYMKIH eKeHi AanenaeHreH.

annbl anfaHAa anbiHFaH HaTWxKenep OOTaHWMKaNbIK 6aK KafaarblHAQ OCETIH Kannak
anblpakTbl afawTapablH, GUTOCAHUTAPALIK Kafaanbl GUTOdar KoHAIKTEPAIH, 9CepiMeH Tbifbl3
0alNaHbICTbl EKEHIH KOPCETTI.

®UTOIHTOMONOTUANDBIK, 3epTTeynepae ecimaiktep MeH Gutodar KaHAKTep apacbiHAafbl
©3apa opPEeKeTTeCTIKTepAi aHblKTaydblH, MaHbI3Abl TacingepiHiH 6Bipi — Mopdonornanbik
CanbICTbipManbl Tangay (2-cypet) 6onbin Tabbinaapl. byn agic ecimaikTepaiH *anblpakTapbiHaa
naga 6onaTblH 3akbiIMAaHy i34epiH Tangay apkbiibl dutodar opraHU3MAEpPAiH KOPEKTeHy
epeKLenikTepiH XaHe onapaplH 6CIMAIK yAnanapblHa TUri3eTiH acepiH aHblKTayfa MYMKIHAIK
bepeni.

Kemipy (>kanbIpak Tecin KOpeKTeHy Mumnepney Berki snunepmuc
KHEKTEPiH 3aKbIM/IAY) 3aKbIMJIaHYBI

W bakblnanraH skarjaa canel M Ynec, %

CypeT 2. MopdoiormanblK CanbiCTbipMasbl Tangay Hatuxenepi (butodar KaHAiKTepaiH,
3aKkbimaay TMnTepi)

3-cypeTTe KepceTinreH HaTuxKenep utodar KaHAIKTePAiH eciMaikTepre acep eTy TUNTepi
PTYPANI eKeHiH KepceTeai. 3epTrey OapbiCbiHAA €H, *KOFapbl KOPCETKIL Kanblpak, MUEeKTepiHiH,
Kemipinyi 6onapl (46.7%). Byn KepceTKil KanblpakneH KOpeKTeHeTiH duTodar KaHAIKTEPAiH
KenTereH Typaepi VWiH Kemipin KopeKkTeHy Heri3ri TpoduKanblk cTpaTernsnapapiH, 6ipi ekeHiH
nanennenai. foinbiMM 3epTTeynepae Kanblpak KUEeKTepiH 3akbiMmaay KebiHece KoOHbI3aap
(Coleoptera) meH KebenektepaiH AepHacinaepi (Lepidoptera) cuakTbl ¢duTOdPar TONTapbIHbIH,
KOpPEKTeHYiHe ToH eKeHi KepceTinreH. MyHAal 3akbiMAaHy Typi eCiMAiKTiH, GOTOCMHTETUKA/bIK
OeTiHiH a3atoblHa anbin Kesin, oHblH, GU3NONOTUANbIK BenceHainiriHiH, TomeHaeyiHe acep eTyi
MYMKIH.

Tecin KopeKkTeHy T1Ni 26.7% skafaanaa barkanasl. by Tvn kebiHece ecimaik WbIpbIHbIMEH
KOPEKTEHETIH »KaH/iKTepre ToH. JHTOMOAOIMAbLIK 3epTTeyaepae MyHAan KOPEeKTEeHY TaCini
Hemiptera KaTapblHa KaTaTblH *KaHAiKTepre ToH eKeHi KepceTinreH. Onap ecimaik yananapbliHa
apHaibl COpFbIll annapaT apKblabl EHiM, Kacyla WbipblIHbIMEH KOpeKkTeHeai. MyHAaal npouecc
BCIMAIKTIH GU3NONOTMANBIK Tene-TeHAIrH Oy3bin, *KanblpakTapablH X/10P03Fa yllblpayblHa HeMece
eCiMAiK TIHAEPIHIH dACipeyiHe anbin Keayi MyMKiH.

MwuHepney TunNiHAeri 3akbiMaany 16.6% afnanaa Tipkengi. byn arnanaa KoHAKTepain,
AepHacinaepi XanblpaKTblH, iWKi yananapbl apKblabl KO3FaabiM, XanblpaK TaKTaCblHbIH, iliHAE KON
Topi3ai i3gep Kanabipagbl. MuHepneyuwi »KaHAIKTepAiH MyHAaW TipLWinik SpeKeTi anblpak,
Me30PUANIHIH, KYPbIAbIMbIH By3bin, GOTOCMHTE3 MPOLECIHIH, TMiIMAiNIriH TomeHaeTeqi. Schowalter
(2016) 3epTTeynepiHAe MUHEpPAeyLWi KaHAIKTep eciMAikTepaiH, PU3nonoruanbik benceHainiriHe
anTapblkTal acep eTeTiH duTOodar ToNTapbiHbIH, Bipi eKeHi KepceTinreH.
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BeTki anmnaepmmnc 3aKkbimaaHybl 10.0% »kafpanga bankanabl. byn KepceTkiw 6OacKa
3aKbIMAaHy TUNTepiHe KapafaHaa TemeH OOnfFaHbIMEH, 0N OCIMAIK yAnanapbliHbliH, KOpFaHbIW
KabaTblHbIH, Oy3blayblHA anbin Keayi MyMKiH. ©CiMAiKTepaiH, anuaepmMmmc KabaTbl CbIpTKbl OpTa
dakTopnapbiHaH KoOpfay KbI3METIH aTKapaTblHAbIKTAH, OHbIH 3aKkbiIMAaHybl ©CIMAIKTepAiH,
NnaToreHAik opraHn3maepre cesimTandblfblH apTTbIPybl MYMKIH.

annbl anfaHaa anbiHFaH HaTuxkenep dutodar KoHAIKTEPAiH ecimaiktepre acep eTy
TMNTEPI 9PTYpPAI MOPPONOrUA/bIK ©3repicTep apKblibl KOPIiHETIHIH KepceTTi. byn aepektep
OUTOIHTOMONIOTUANDBIK Tanday dAicTepi eCiMAIKTEP MeH MIHAIKTeP apacbiHAafbl TPOPUKaNbIK
OalnaHbIiCTapAbl aHblKTayda XoHe 3Koxyhenepgeri HUMOTUKANbIK ©3apa  SpPEeKeTTecTiKTepai
TYCiHAIpYyAe MaHbI3Abl FblIbIMM aKknapaT bepeTiHiH aganenaeni.

JKkonormanbiK  binim  Bepy KyheciHae bGinimrepnepaiH, 3KONOTUANbIK  KY3blPeTTifiriH
Ka/NbINTacTblpy ONapablH, Tabufn OpTaHbl fbiAbIMKM - TYpFblAaH TYCiHYi MEH 3KONOTMANbIK,
Macenenepdi wewyre 6HarblTTanfaH owWnay KabinetrepiH AambiTyFa  Herisgeneani. Kasipri
nefarornkanblk 3epTreynepae OMONOrMA NaHIH OKbITY 6apbICbiHAA 3EPTTEYLWINIK dPEeKeTTeEP MeH
TOXIpMOENiK KyYMbICTapAbl eHrizy 6iniMm anylwbliapablH 9KONOTUANBIK M3AEHUETIH KaHE FblbIMK
AYHWETaHbIMbIH KanbINTaCTbIPy/AblH, MaHbI3bl LAPTbl PeTiHAE KapacTblpblaaabl. 06bekTinepai

56,80
40,50
27,00 29,70 32,50
21,00
10, 00. 15 M ool 12,00 ;1350
L 1 B
XKorapsl Opra Temen

B DKCIIEpUMEHTKE JIeHiH (CTYACHT CaHBI)
B DkcnepuMeHTke aeiiiH (%)
B DKCIEPUMEHTTEH KeiiH (CTYIEHT CaHbl)

B DKcnepuMeHTTeH KeiliH (%)

CypeT 3. DKONOMUAbIK KY3bIPETTINIK AeHreniH bafanay HaTuxenepi

3-cypeTTe KepceTinreH Hatukenep OOUTOIHTOMONOIMANBIK Tanday oAaicTepiH OKy
npoueciHae KongaHy OinimrepnepiH, 3KONOTUAbLIK, KY3bIPeTTiNiK AeHreniHiH, alTapabikTan
©3repreHiH KepceTeni. JKCNepPUMEHT HaTUMKeCciHAe Xofapbl AeHrenaeri binimrepnep cadbl 10
afdaMHaH 21 agamfa aeniH ecin, onapapblH yneci 27.0%-naH 56.8%-fa aeniH apTThl. byn KepceTkil
binimrepnepaiH Tabusn obbEKTINEPAl FbINbIMM TYPFblAaH Tanaay, 3KONOrMANbIK bakTopaapabiH,
9CepPiH aHbIKTay XaHe 3epTTey HITUMKeNEePiH Xyheney KabineTTepiHiH KaKcapfaHblH KepceTes,.
Kasipri neparornkanbik 3epTreynepae 3epTTeylifik OKbITy Tacingepi 6inim  anywbliapabiH,
TaHbIMAbIK OenceHAainiriH apTTbipbin, ONAPAbIH, FblbIMM OMNAYbIH AaMbITyfa blKNan eTeTiHi
OanenaeHrex.

OpTta AeHrengeri b6inimrepnep vynecidid, 40.5%-paH  29.7%-fa geniH  TemeHaeyi
binimrepnepaiH, 6ip 6GeniriHiH, »Kofapbl AeHrenre oTKeHiH KepceTedi. byn esrepic 3eptTey
HapbiCbiHA@ KONAAHbIAFAH MNPaKTUKAAbIK TancblpMmanap MeH Tabufn obbekTinepai Tanaay
MKYMbICTAPbIH XKYMeNi Xyprisyaid, Tmimainirin ganenaengi. foinbimm apebuettepae Taxipnbenik
YOHe 3epTTeyWinik spekeTrep BiNiM anywblnapabiH, 3KONOTMAAbIK BinimiH TepeHaeTin, onapapiH,
KopllafraH opTagafbl OMOTMKanblK HalnaHbicTapabl  TYyCiHyiHE MyMKiHAIK  6epeTiHi  aTan
KepCceTiNreH.

CoHbIMeH KaTap TemeH aAeHrenaeri 6inimrepnep yneciHid, 32.5%-gaH 13.5%-fa aenix
asatobl  GUTOIHTOMONOTMANBIK 3epTTey TancblipManapbiHbiH,  BiniMmrepaepaid,  3KONOrUASbIK,
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OMNayblH AambiTyaa TWIMAI eKeHiH KepceTeni. MyHAal OH, e3repicTep 3epTrey OapbiCbiHAA
binimrepnepaid,  Tabufu  aKkoxKyMenepdi  Oakplnay, OMOTMKanblk, — pakTopnapabiH — ©3apa
HalinaHbICTapblH Tangay »KaHe FblAbIMW  KOPbITbIHAbBI »Kacay CUAKTbl 3epTTey opeKeTTepiHe
benceHai KaTblicybiMeH HanaHbiCTbl. Walter aHe apinTecTepiHiH, 3epTTeynepiHae »ofapbl 6inim
Hepy KyneciHae 3epTTey KaHe *KobanblK OKbITY 9A4iCTepiH KonaaHy 6inim anylbinapabiH TYPaKTbl
AaMy macenenepiH TYCIHYIHE XaHe 3KONOTMANBIK Ky3blpeTTiNiMHIH KabliNTaCyblHa OH 3Cep eTeTiHi
KepceTiNreH.

annbl anfaHga anbiHFaH HaTMKenep QGUTOIHTOMONOTUANBIK Tanaay oOAICTePiH OKy
npoueciHae KongaHy biniMmrepnepdiH,  3KOMOMMANbIK — KY3bIPETTIAINIH - AaMbITyaa  TUiIMA]
nefarornkanbiK Kypan 6onbin TabblnaTbiHbIH KepceTeai. DKONOrMANbIK 3epTTey TancblpManapsl
MeH Jananblk Hakblnay »KymbicTapbl binimrepnepaid, Tabusn obbeKkTinepai fblabiMK TYPFblaaH
3epTTey KabineTTepiH *KeTinmipin, onapabiH, 3KOA0OTUANbLIK BiniM AeHreMiHiH apTybiHa bIkNan eTeq,.

KopbITbIHAbI. Kypri3inreH 3epTTey KymbliCbl PUTOSHTOMONOTUANBIK Tanaay SAiCTEPIH OKy
npoueciHae KongaHy OinimrepnepiH, 3KOAOTMAMbIK Ky3bIPETTiNINH KanbiNTacTblpyAblH, TUiMA]
FbINbIMM-BAICTEMENIK TETIKTEPIHIH, Oipi eKkeHiH KepceTTi. boTaHMKanbik 6ak KaroalbiHAA
YMbIMAACTbIPbIFAH 3epTTey *KyMbicTapbl 6apbicbiHAa binimrepnep Tabuin obbekTinepai bakbinay,
eCiMAiKTepaiH, UTOCAHUTAP/bIK KaFdalblH - Tangay, ¢uTtodar KoHAIKTepAiH 3aKbimaay
epeKLUeNiKTePIH aHbIKTay aHe ajblHFaH HITUXKeNepai fbiblIMW TypFbldaH MHTepnpeTaumnanay
CUAKTbI  3epTTey opeKeTTepiH MeHrepai. MyHaan Taxipnbenik  3epTTey  KyMbICTapbl
6inimrepnepaiH, skoxynenepaeri 6noTnkanbiK 6arnaHbICTapabl TYCiHYiIHE KaHe TabuFu opTaHbIH,
AMHAMMKanbIK ©3repicTepiH fblabiMK TypfblaaH 6afanay KabineTTepiHiH, Ka/ibiNTacyblHA biKNan
eTTi.

3epTTey HaTmKenepi GUTOIHTOMONOTMANBIK Tangay bapbicbiHAa KONAAHbINFAH AaNablK,
HaKblnay, MOPPONOTUANBIK CaNbICTbIPMAbl TaNAAy KOHE SKOMOTMANbIK 3epTTey TancblpMmanapsbl
binimrepnepaiH TaHbIMAbIK BenceHainiriH apTTbipbIN, ONapAbIH FbIIbIMU-3epTTeY AaFAblNaPbIHbIH,
[aMyblHa OH acep eTeTiHiH KepceTTi. CoHbIMEH KaTap 3epTTey bapbicbiHAa binimrepnep ecimajiktep
MEH KHAIKTEp apacblHAafbl 3SKONOTMANBIK ©3apa OainaHbiCTapAbl aHblKTayfa, Tabufu
aKoXKyMenepaeri 6MoTUKaNbIK GaKTOPNAPAbIH, PONiH TYCIHAIPYre XoHe anblHFaH [AepeKkTep
Heri3iHAEe FbIIbIMM KOPbITbIHAbI XKacayfa YMpeHa,.

Ocbinaniia GUTOIHTOMONOTUANBIK 3epTTey aaicTepiH buonornanbik binim bepy kyheciHe
eHrisy binimrepnepaiH 3KONOTMMANbLIK Ky3blIPETTiANIMNH AaMblTyFa faHa emec, OM1apAblH, FblabIMU
OYHWETaHbIMbIH KaNbINTaCcTbIpyfa KaHe TabufFaTTbl KOpFayfa OafbITTaNFaH »KayanTbl KO3KapacbliH
OAaMbITyFa MYMKIHAIK 6epegi. byn aaictep Kofapbl OKYy OpblHAAPbIHAAFLI 6MONOTMA NaHAEPiH
OKbITyAa Toxipnbenik-3epTrey 6afblTbiHAAFbl OKbITY TEXHOAOTMANAPbIH KeTinaipyre oHe
3KONOrMANLIK Binim 6epyaiH Ma3MyHbIH }KaHapPTyFa MaHbI34bl YAec Kocaab!.

byn makana AP26101971 «PISA 3epmmeynepiHiH  Heai3iHOe  OKyWbla1apOblH
HapamelaeicmaHy 6afeimelHOGF6l  (BYHKUUOHAAObIK CAyammeblblfblH — KAsa6lnMacmeolpyobiH
adicmemernik Hezi30epiH dasapaay (TypkicmaH 0bsbICl MbICanbIHOA)» ammel epaHMMbIK #oba
ecebiHeH ¥apuAanaHobI.
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OKY-OANA MPAKTUKACHI XAFOANBIHAA
RoCIbUV OAAPNBIKTbIH KOTHUTUBTIR
KIHE NMPARKTURAJIbIK KOMIOHEHTTEPIH
RAJIBITTTACTBIPY

HyfmaH Po3a MeipamKpbi3bl

Koxa AxmeT Acaym aTblHAAFbl Xa/iblKapaiblK Ka3aK-TYPIiK YHUBEPCUTETIHIH MaruCTpaHThbl,
TypKicTaH K., KasakctaH Pecnybamkacei

Ucaes faHu Ucaynbl

TEXH.F.K., KaybIMAACTbIpblAfaH npodeccop, Koxka AXxmeT Acaym aTbiHAAFbl XanblKapanbiK,
Ka3aK-Typik yHuBepcuTeTi, TypKicTaH K., KasakctaH Pecnybankacsi

AHHOTaumMA. Makanaja OKy-Aana npaKkTUKackl KafganbiHaa Oinimrepnepaid Kacibu
OAAPAbIFbIHbIH  KOTHUTUBTIK XK3HE MPaKTMKA/bIK KOMMOHEHTTEPIH KanbiNTacTbipy MaCeneci
KapacTbipblnagbl. 3epTrey Koxka Axmer fcaym aTblHAAFbl  XanblKapasblk — KasaK-Typik
YHUBEPCUTETIHIH, Brnonorna Kadeapacsl 6asacbiHAa Kyprisingai. MNenarorMkanblk 3KCNEPUMEHTKe
«6B05146 — buonorua» binim 6epy baFgapiamacbiHbib, 2-Kypc binimrepaepi KatbicTbl. 3epTTey
HapbiCbiHAa@ AMArHOCTMKANbIK, KaAbiNTACTbIPyLUbl »K3HE KOPbITbIHAbI Ke3eHAepAeH TypaTblH
neaarorMkanblkK 3KCNEPUMEHT YMbIMAACTbIPbIAAbI.

OKy-fana npakTuMKacbl GapbicbiHAa  deHonorvanblk,  Oakblnay, repbapuin  agici,
MOPdONOTUANBIK KIHE aHATOMWANLIK Tanaay, GUTOLEHO3AbIK 3epTTey KoHEe arpoTeXHMKabIK,
KYMbBICTAp CUMAKTbI 3epTTey aA4icTepi KONAaHbIAAbl. 3epTTey HITMXKeNepi OKy-Aana MpaKTMKachl
binimrepnepait, TeopuAnblK  OiNiMIH  TepeHAEeTin KaHa KoMmal, onapAblH,  NPaKkTUKaIbIK
OafAblNapbliH, 3epTTeyWinik KabineTrepiH »aHe Kacibu Ky3blpeTTepiH JaMbiTyFa biKkMnaa eTeTiHiH
KepceTTi.

ANbIHFAH HaTMXKenep OKy-Aana MNPaKTUKACbiHbIH Buonorma mMamaHzablFbl  6oMbiHLIA
binimrepnepain, Kacibn AaapAbIFbIH KanbINTaCTblpyAafbl MaHbI3bl NeAarornkanbiK Kypan eKeHiH
aanenaenai.

KinT cesgep: OKy-Aana npakTMKacbl, Kacibnm OaApAblK, KOTHUTMBTIK KOMMOHEHT,
NPaKTUKablK KOMMOOHEHT, Buosorna binimrepnepi, 3epTTeywWinik Aafablnap, Aananblk 3epTrey
a4icTepi, Kacibum Ky3bIPeTTinik, Toxipubenik oKbITy.

Kasipri keseHae »kofapbl Oinim Bepy KyheciHae mamaHaapAbl Aaspnay TeK TEOPUANbIK,
Ginimai MeHrepymeH faHa LWEKTe/IMEN, KacCibM KbiI3MeTTe KOoAAaHblNaTbiH  NPaKTUKaAbIK
OaFablNapAbl, 3epTTeyWwinik Kabinetrepai sKaHe aHaNNUTUKANbIK OMAayAbl KaNbINTaCTbIpyAbl Tanan
eTeli. Ocipece »kapaTblibicTaHy bafbiTbiHAafbl 6inim bepy baroapnamanapbiHAa OKy-[ana
npaKkTuKackl binimrepnepai, Kacibn AaspblifbiH KAMTaMacbl3 eTeTiH MaHbI34bl Neaarormkanbik,
MexaHmamaepaiH, 6ipi 6onbin caHanaabl. OKy-Aana npakTUKacbl Tabusn HbicaHOApPAb! Tikenen
HaKplnay, SKCNEPUMEHTTIK 3epTTeY MKYPri3y, AepeKTepAi Tanaay *KaHe Fbl/lbIMM KOPbITbIHAbI Kacay
[AFObINAPbIH AaMbITyFa MyMKIHAIK 6epeni. COHAbIKTaH OKy-Aana NPaKTUKACbIHbIH Ma3MyHbl MeH
9AiCTEMECIH KETINAIPY MaCeneci Kasipri neaarornkanbik 3epTreyaepaid, e3eKTi bafbiTTapbiHbIH Oipi
6onbin Tabblnagbl [1].

ofapbl  6inim  Bepy KyheciHae Kacibm  Aaspablk  KYPbIIbIMbL - 9aeTTe  HipHelle
KOMNOHEHTTepAeH TypaZbl, ONapAblH, ilWiHAE KOTHWUTUBTIK »K9HE MNPAKTUKAAbIK KOMMOHEHTTEP
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Heri3ri opblH anadbl. KOTHUTUBTIK KOMNOHEHT BiniMrepnepain, TeopUAbIK BifliM KYMeCiH, FblabiMK
VFbIMAAPAbI, KSCIOM TEPMUHONOTUAHDI }KaHE 3epTTey 9iCTePiH MeHrepy AeHreniH cunatrangbl. An
NPaKTUKablK KOMMOHEHT KacCibu ic-opeKeTKe KaxeTTi HaKTbl Aafabliapdbl, Taxkipubenik
apeKeTTepai opblHAAY KabineTiH KaHe Kacibn miHaeTTepai Wely TaxipubeciH KamTuabl. bipkatap
3epTTeyllinep Kacibn AaapAbIKTbiH, TUIMAINITT TEOPUANLIK BiniM MeH NPaKTUKabIK TaKipnbeHiH
©3apa MHTEerpaLmsaCchbl apKbl/bl KAMTamachi3 eTifIeTiHiH atan kepceTedi [2].

OKy-Aana NpaKTMKACbIHbIH NeaarormKkaablk MaHbl34blablFbl KONTEreH fblabiMK eHbeKTepae
KapacTblipblnFaH. Mbicanbl, Kolb Taxipmbenik oKblTy TeopuacbiHAa Hinim anyliblnapablH, Kacibu
KyY3bIPETTiNir HAaKTbl ToXKipubeHi pednekcuns, Tanaay »KaHe xKaHa binimmeH nHTerpaumanay apKbiabl
KanbinTacaTbiHbIH KepceTeni [3]. CoHbimeH KaTap Dewey Tokipnbere HerizaenreH okbITy Ginim
anylwblnapablH, TaHbIMAbIK 6enceHainiriH apTTblipbin, TEOPUANbLIK BINIMHIH NpakTUKaNbIK MIHIH
TYCiHYre MyMKiHAIK 6epeTiHiH aTan eTKkeH [4]. by TyKbipbiMAap OKy-Aana NpakTUKacbiHbIH Kacibn
[AAPNbIKTaFbl MaHbI3Abl PONIH FbIIbIMU TYPFblAAH Herisaena,.

apatblbiCTaHy  fblIbIMAAPbLI  CafacbiHAa OKy-Aana npakTuKacel  Binimrepnepmin,
3epTTeYLiNIK KY3bIPeTTiNIrNH KanbiNTacTblpyAblH, HEri3ri KypanaapbiHbiH 6ipi 60/bIiN caHanagbl.
Hodson fblnbIMK 3epTTey 31eMeHTTEPIH KaMTUTbIH Taxipnbenik KymbicTap Binim anywblnapabiy,
FbINIbIMW OMNAYbIH AAMBITYFa KaHe Tabufn KyOblnbICTapAbl XKyneni Tanaayra MyMKiHAIK 6epeTiHiH
kepceteni [5]. CoHbimeH KaTap Orion Aananblk 3epTTey »KyMbiCTapbl Oinim  anywbinapabiH
9KONMOTUANBIK  AYHMETAHbIMbIH ~ KanbINTacTblpyfa KoHe  Tabufu  KyhenepaiH  Kypaeni
HannaHbICTapbIH TYCiHYre biknana eTeTiHiH Aanenaenai [6].

Buonorma »kaHe 3Konorva OafblTbiHAAFbl 3epTTeynepae  OKy-Aana MNPaKTUKACbIHbIH,
Ma3MyHbl KebiHe TabuFn HbicaHAapPAbl BaKblnay, MOPGONOrMANLIK CMNATTAaMa Kacay, SKONOTUANBIK,
daKTOpNapabl aHbIKTay KaHe DUONOTUANBIK AepeKTepai eHAeY CUAKTLI MPAKTUKAbIK dpeKeTTep;
KamTuabl. Rickinson kaHe apinTecTepi Tabuin opTaga KYPrisineTiH 3epTTey XymMbicTapbl Oinim
anyLWbINApAbIH FbINbIMU Kbi3bIFYLbINbIFbIH apTTbIPbIN, BiNiMAI Y3aK Mep3imai ecTe cakTayfa biKnan
eTeTiHiH KepceTKeH [7].

KasaKCTaHAbIK, FfanbiMaapablH eHbekTepiHae [e OKy-Aana NpPaKTUKaCbliHbIH - Kaciou
[AApNbIKTafbl  Peni  KeHiHeH KapacTbipblafaH. Mbicanbl, CanbibekoBa XaHe apinTecTepi
NPaKTUKaNbIK AaWbIHAbIK NpoueciHae BakanaBpnapablH, KaCibn Ky3blpeTTiniriH KanbinTacTbipyaa
ToXipnbenik opekeTTepaiH, JAananbik OaKblnaynapaplH »KaHe 3epTTey TanCblpManapblHbIH,
MaHbI3abl eKeHiH aTan kepceTtedi [8]. ABTopnap binimrepnepain, Kacibn Ky3blpeTTiniri TeopuanbIk
6inim, Toxipmbenik aafablap KoHe 3epTTeywinik KabinetrepaiH MHTErpauuacbl  apKbibl
KasblNTacaTbiHbIH Herizaena,.

CoHbimeH KaTap CanbibekoBa, boctaHoBa aHe McaeB »KapaTbl/ibiCTaHy OafbITbIHAAFbI
nananslk Toxipnbene ecimaikTepai 3epTrey aficTepiH KonaaHy binimrepnepait, fbinbiMM-3epTTEY
0AFObINAPbIH - AaMbITyFa, TabWFM  HbICAHOAPAbl  KYWMeni Tangayfa  KoHe  3KONOTMANbIK,
dakTopnapaplH, acepiH baranayra MymKiHAK 6epeTiHiH KepceTeni [9]. byn 3epTTeynep oky-aana
MPaKTUKACbIHbIH, KOTHUTUBTIK K9HE NPAKTUKaA/IbIK KOMMOHEHTTEPAi KaAblMTaCTbIPyAafbl MaHbI3biH
HaKTbl MblCaNAap apKblabl Asnenaemnai.

BuonornsaHbl OKbITY aaicTemeci BoMbiHWA KyprisinreH 6acka 3epTTeynepae Aananblk,
3epTTey XKYMbICTapbl BinimrepnepaiH, fblabIMM CayaTTbIbIFbIH }KOHE 3KONOMMA/bIK KayanKepLinirii
KanbINTacTblpyfa blKkNan eTeTiHi KepceTinreH. Mbicanbl, Fuller Tabufn opTaga Kyprisineti
NPaKTUKabIK XyMbicTap Binim anywblnapablH KYPAENi 3KONOTUANBIK Kynenepai TyciHy KabineTiu
apTTbipaTbiHbIH aHblkTafaH [10]. Boyle »aHe apinTecTepi Aananbik cabaktap binimrepnepaiH naHre
[ereH KbI3bIFyLWbINbIFbIH apTTbIPbIN, 3epTTey apekeTiHe OenceHAi KaTbiCyblHA biKMan eTeTiHiH
nanenpenai [11].

Kasipri neaarorvkanblk —3epTreynepe Kacibn  AaAPAbIKTbIH  KOTHUTUBTIK  KaHe
MPaKTUKANbIK KOMMOHEHTTEPIH KanbiNTacTbipyAa 3epTTeyWinik OKbITy, *KODanblK a4ic KaHe
Toipmbenik TancbipMmanapabl KondaHy TMiMAI ekeHi KepceTinreH. Prince xaHe Felder benceHai
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OKbITYy aicTepi 6inim anywblNapablH, TEOPUANLIK OiniMai TepeH MeHrepyiHe »3He OHbl
NPaKTUKabIK *KaFaanda KongaHy KabineTiH gambiTyFa MyMKiHAiK 6epeTiHiH atan kepceTteai [12].

CoHbIMEH KaTap 3epTTeyllinep OKy-Aana npakTuKackl binimrepnepdiH Kacibun e3iH-e3i
aHbIKTayblHa »KaHe bonallak mamaHablkKka berimaenyiHe oH acep eTeTiHiH KepceTei. Brown xkaHe
apinTecTepi NpakTUKanbIK Taxipnbere HerizgenreH oky dopmanapbl 6inim anylwbinapabiH, Kaciom
MOTMBALMACLIH apTTbIPbIN, KSCIOM KbI3METKe AalblHAbIK AeHreniH KeTepeTiHiH aHbiKkTaraH [13].

Ocblnaniua, fbinbiMK 2aebMeTTepai Tanaay Oky-Aana npakTukackl binimrepnepain, kaciom
0AAPAbIFbIH KaNbINTacTblpyAa MaHbi3Abl NedarornkanbiK Kypasn ekeHiH KepceTepi. [ereHmeH
KenTtereH 3epTreynepae OKy-Zana MNpPakTUKACbIHbIH,  »Kaambl  Neaarornkanbik  MaHbl3bl
KapacTblpblNfaHbIMEH, KaCiOWM AaApAbIKTbIH KOTHUTUBTIK YKoHe MNPaKTUKa/blK, KOMMOHEHTTEpPIH
XKyreni Typae KanbinTacTblpy MICENEC MKETKINIKTI AeHrenae 3epTTe/IMereH.

OcblfaH GannaHbICTbl aTanfaH 3epTTeyaiH MakcaTbl — OKy-Aana NPaKTUKachl KafaalbiHaa
binimrepnepdiH, Kacibun AaapablFbiHbIH - KOTHUTUBTIK YKOHE NPaKTUKaAblK KOMMOHEHTTEpPIH
KanbINTaCTblpyablH  FblAbIMU-24iCTEMENIK  HEri3aepiH  alKbiHAAY OHEe OHbIH,  TUiMAiniriH
nefarorMkanblk TYpFblaaH Tanaay.

3epTTey Kymbicbl BinimrepnepaiH Kacibmn AaapablFbiH OKy-Aana NPaKTUKachl XKafaanbliHAA
Ka/bINTaCTblIpyAblH, TMIMAINIMIH aHbIKTayFa OafbiTTanapl. 3epTTey Koka AxmeT ficaym aTbiHAAFbI
XanblKapanblK Ka3aK-Typik YHUBEPCUTETIHIH, KapaTbiAbICTaHy fbinbiMAapbl GdakynbTeTi, buonorua
Kadeapackl basacbiHAa Kyprisingi. Megarornkanbik skcnepumeHT 2025 KblaabiH, 2-14 maycbimbl
apanblfblHAA YHMBEPCUTETTIH «BoTaHWKanbIK 6aK fblbIMM-3ePTTEY WMHCTUTYTbI» aymafbliHaa
YMbIMAACTbIPbINFAH OKY-Aana NPaKTUKacbl 6apbIiCbiHAA XKYy3ere acblipblaapl.

3epTtTeyre «6B05146 — buonorua» binim bepy 6argapnamacbiHbib, 2-kypc binimrepnepi
KaTbICTbl. Mannbl npakTMkafra 50-a4eH actam  Hinimrep KaTbICKAHbIMEH, MNeaarormKkasbik,
aKcnepumeHTKe 46 bOinimrep TapTbingbl. 3epTTey OapbicbiHAa  Oinimrepnepaid,  Kaciou
0AAPAbIFbIHbIH, KOTHUTUBTIK XaHe NPaKTMKaAblK KOMMOHEHTTEPIHIH KaabiNTacy AeHreniH aHbIKTay
MaKcaTblHAa AMArHOCTMKA/bIK, KanbiNTACTbIPyLbl 3HE KOPbITbIHAbl Ke3eHAepaeH TypaTbiH
neaarorMkablkK 3KCNEPUMEHT YMbIMAACTbIPbIAAbI.

3epTTey sKYMbICbIHbIH, 34iCHAaMa blK HETi3i XYMeNinik, SpeKeTTiK, TyAFanblk-baraap bl aHe
KY3bIpeTTifiKk ToacinaepiHe cyheHedi. byn Tocingep 6Ginimrepnepaid, Teopusanbik, — OinimiH
NPaKTUKa/blK dPeKeTneH MuHTerpaumusnay, Tabufnm HbiCAaHOAAPMEH XYMbIC icTey OapbiCbiHAA
3epTTeyWiNiK  Aafablnapdbl  AAMbITY KoHe Kacibu Ky3blpeTrepi KelleHAi KanbinTacTblipy
MaKcaTbiHAa KondaHbinabl. OKy-Aana npakTukacbl 6apbiCbiHAa 3epTTey HbiCaHAapbl peTiHae
HboTaHMKaNbIK OakTafbl afalTap, LWenTeciH eciMAIKTep, CoHAIK XoHe JA2pinik ecimaiktep
nanganaHbinabl.

3epTTey baraapnamacs yW Herisri KeaeHHeH Typabl:

1. lnarHocTmKanbiKk KeseH (practice before). byn keseHae binimrepnepaid 6actankbl Kaciou
0aApnblK AeHreni aHbikTanabl. On yWiH cayanHama, TECT Tancbipmanapbl, 6akpliay napakTapsbl
oHe eo3iH-e3i Oafanay ogicTepi KongaHbinabl. AuarHocTuka 6apbicbiHaa 6inimrepnepain,
deHonormanbik HBakblnay »Kyprizyre AarblHAbIFb, repbapuii KUHayY KaHe pacimaey Aafablnapbl,
ecimaiktepaiH,  MopdONOrMANbIK — epeKLlenikTepiH cunatray KabineTi »KaHe 3epTxaHasiblK,
KYMbICTapAbl OpblHAAY AeHreni 6afanaHabl.

2. KanbinTactblpywbl keseH (field practice stage). byn KeseHae OKy-Aana MNpaKTUKachl
H6apbicbiHAa Binimrepnepdid Kacibn Ky3blpeTTepiH AamblTyFa DarbITTaNFaH TIXIPUDENIK XKyMbICTap
KeleHi Xyprisingi. MpakTUKaabiK XymbicTap bipHelle Heri3ri 3epTTey aA4icTepiH KamTblabl:

— QeHonoruanblk, bakplinay aaici. binimrepnep ecimaikTepaiH, MayCcbiIMAblK, —Aamy
dazanapbiH (KanblpaKTaHy, ryaaey, *Kemic Ty3y, *Kanblpak Tycy) *Kyheni Typae Tipkeai. bakblnaynap
apHalbl KyHAenikTepae Kypridinin, 6akpinay OapbicbiHAa (GoTOOMKCAUMA MaHe OUHOKIb
KONJaHblnabl. HoTuskeciHae ecimaiktepaid, GeHOoNorMANbIK AaMy KYHTI36eci KypacTbipblaabl.
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— Tepbapuit agici. ©CIMAIK VATINEPiH KUHAY, KeNTipy aHe FblAbiMM TafanTapFa Calkec
3TUKETKaNay *KYMbICTapbl Xyprisingi. lepbapuin gansiHaay bapbicbiHAa repbapuit npecci, KenTipy
Kafasbl KaHe KapTOH KondaHbinapl. byn agic 6inimrepnepain, TakcoHOMMANBIK BinimiH BekiTin,
eCiMAIKTEPAI FblNbIMW CUNATTay AafAblAapbiH AaMbITyFa MYMKIHAIK 6epai.

- Mopdonornansik, 3epTTey oaaici. OcimaikTepdiH Kanbipak, cabak XaHe ryn
KYPbINbIMAAPbIH CMMATTay MakCaTbiHAA@ /Ayna XaHe MMKPOCKOMN KoadaHbinabl. byn 3epTreynep
binimrepnepaiH, eciMmaikTepaiH, AMarHOCTUKANbIK OenrinepiH aHbIKTay »aHe MOPPONOrUA/bIK
Tannay Kyprisy AarablnapbiH AamMmbiTyFa 6afbiTTanabl.

— AHaToMMANbIK Tangay afici. ©cimaik yananapbiHbiH, MUKPOKECIHAINepi AalbiHAANbIM,
MWKPOCKOM apKblabl 3epTTeni. Mukponpenapat AalbiHAdy 6apbiCbiHAA MUKPOTOM, MUKPOCKOM
OHe apHalbl 060sfbilWTAP KOAAAHbIAAbI.  Byn  yMbICTap eciMAiKTepAiH, aHaTOMMUANbIK
KYPbIbIMAAPbIH Tanaay AafabliapblH AaMbITyFa MyMKiHAIK 6epa;.

- ®uToueHO3AbIK Tanaay aaici. ©cimaik KaybIMAACTbIKTaPbIHbIH, KYPaMblH aHbIKTay YLiH
VATINIK anaH a4ici KongaHbinabl. byn 3epTrey HapbiCbiHAA 6CIMAIKTEPAIH, TYPAIK Kypambl, Tapany
epeKLLEeNiKTepi *KaHe 3KONOTMANbIK KaFrdanapra benimaeny aeHreni aHbIKTanabl.

— ArpoTexHMKanblK KyMbICTap a4ici. [MpakTMKa HapbiCbiHAa TOMbIPAKTbl KOMCLITY, Cyapy,
TbIHAWTKbILW EHri3y »KaHe ecimAaikTepai KyTin-b6anTay »KymbiCTapbl Xyprisingi. byn spekettep
binimrepnepait, ecimaikTepdi ecipy aHe KyTy OoMblHWE NpakTUKaablK — AafdblaapbiH
Ka/biNTacTblpyfa b6afbITTanabl.

3. KopbITbIHAbI Ke3eH (post-practice stage). MpakTWKa asikTaafaHHaH Kenid binimrepaepain,
Kacibun AanapblIFbIHbIH, ©3repici KarTa bafanaHabl. byn keseHae TecT, cayanHama, capaniibl bafacsl
KoHe pedneKkcuanblk cyxbat aaictepi KonaaHbinapl. COHbIMEH KaTap bGinimrepnep npakTMka
HaTUKenepi bonbiHLLIa ecen KopFaapl.

binimrepnepaiH, KOTHUTUBTIK AdeHreiH Oafanay ywiH 20 cypakTaH TypaTblH TecT
KONZaHblAAbl. TeCTTiH Makcumanabl ynansl — 100 6ann. baranay v AeHren 6onbiHLWa XKYprisiaai:

—»KOfapbl aeHren — 85—100 6ann;

—opTala geHren — 70-84 6ann;

—~TeMeH AeHrelt — 69 H6ann KaHe oAaH TOMEH.

OKy-Aana npaKTMKacbl OMONOrMs MamMaHblFblHA@ KaCibM  AaApAbIKTbIH - MaHbI3abl
Kypamaac beniri 6onbin Tabbinaabl, cebebi on OGinimrepnepaiH, TeopuanbiK 6GinimiH Tabuin
opTafdafbl HAKTbl HbICAHAAPMEH YMbIC iCTey apKblabl TepeHaeTyre MyMKiHAIK Oepea,.
MpaKTUKanbiK 3epTTey HapbiCbiHAA anblHFAH 3MNUPUKANbIK AepekTep binimrepnepaid, NaHAiK
6inim geHreniHiH e3repiciH caHablk TypfblaaH Daranayfa Kafaan xacanabl. Ocbl MakcaTTa OKy-
[ana NpakTUKacbiHa AEMiH KaHEe KeMiH XKypri3inreH Tect HaTuxKenepi binimrepnepaid KOrHUTUBTIK
NAAPNbIFbIHbIH, AMHAMMKACbIH aHbIKTayFa MYMKIHAIK Oepai. 1-cypeTTe KOpCeTireH mManimerTep
TEOPMANbIK BiniM AeHreniHiH e3repiciH canbiCTbipManbl TYpAe cMnaTTanadbl.
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—
48
98
65,2

Oprama Oamn

CaHbl 46

20 40 60 80 100 120

()

B [IpakTukanan keiiin M [IpakTukara qeiin

CypeT 1. binimrepnepaiH Teopuanbik binim aeHreniHid e3repici (tect HaTuxRenepi)

1-cypeTTe bGepinreH HaTUMXKenep OKy-Aana MPaKkTUKacbiHbIH BiniMrepnepaiH, TeopuaAnbIK,
Oinim aeHreniH anMTapAbIKTalM KakcapTKaHblH KepceTedi. [lpakTuKara AeniHri  KeseHae
BinimrepnepaiH, opTawa TecT HaTuKeci 65,2 Banabl Kypaca, NpakTMKaaaH KeniH byn KepceTKill
89,1 banfa pgeniH keTepinai. MyHaal ecim binimrepnepaiH, OMONOrMANBIK YFbIMAAPAbI TEK
TEOPUANBIK AEHrenae MeHrepyMeH LeKTenmen, Tabusm opTaza HaKTbl HbICAaHAAPMEH XKYMbIC icTey
DapbicbiHAa BinimaepiH KainTa KypbiabiMaan, TepeH TyCiHreHiH kepceTteai. Fuinbimu sgebuettepae
ne Taxipnbenik OKbITy KOTHUTUBTIK npouecTepaiH, benceHainirin apTTbipbin, OiniMHIH  y3aK,
Mep3iMai ecTe caKTafyblHa biknan eTteTiHi AanengerreH. Mbicanbl, Kolb Taxipnbenik okbITy
TEeopUACbIHAA HaKTbl Taipube apKblibl anblHFaH Hinim pednekcna KaHe Tanaay KeseHaepi
apKblabl TYPAKTbl KOTHUTUBTIK Kypbl/ibiIMAapFa alHanaTbiHbIH KOpCeTei.

CoHbIMeH KaTap, anblHFaH HaTMXKenep Taxipubenik opTada »KyprisineTiH 3epTTey
opeKeTTepiHiH, 6inim canacbiHa acepiH pacTanabl. [pakTnuka 6GapbicbiHAa Ginimrepnep
beHonorvanblk Hakblnaynap Kyprisin, ecimaiktepaiH MopdONOTrUANbIK KoHe aHAaTOMUANbIK
epeKLWenikTepiH 3epTren, Tabusn HbiCaHAAPAb!I CaNbICTbIPManbl Tanaay MyMKiHAiriHe ne 6onabl.
MyHnal apeketTep 6inimMHIH, KoNaaHbanbl CMNaTbiH KYLWENTIN, TEOPUANbLIK YFbIMAAPAbIH, HaKTbI
3KONOTUANBIK Kafaannapaa Kanam KepiHic TabaTbiHbIH TyCciHyre MyMKiHAiK 6epeai. Orion KaHe
Hofstein kyprisreH 3epTTeynepae Aananblk KymbicTap 6inim anylwbinapaplH, NaHAIK TYCiHIriH
KEHENTIN, FblAbIMM YFbIMAAPAbl MPAKTUKAAbIK KOHTEKCTE MEHrepy [AeHreniH apTTbipaTbiHbI
KepceTinreH.

CoHbIMeH bipre TecT HaTUXKeNepiHAeri eH TOMEH KaHe eH, *Kofapbl banaapapiH e3repyi ae
OKYy-Zlana MNPaKTUMKACbIHbIH OiniM AeHreniH TeHecTipywi dakTtop peTiHAe KbI3MeT eTeTiHiH
KepceTesi. [paKkTMKara AeMiH eH TemeH KepceTKilw 48 6ann 6onca, NpakTUKazaaH KeliH byn maH 72
bannfa pemniH KeTepinreH. byn Taxipmbenik opTa bOinim aeHreni TemeH binimrepnepain, ae
TaHbIMAbIK 6enceHainirii apTTbipbin, onapAblH, TEOPUANbIK BiniMiH HbIFalTyFa blKNaa eTKeHiH
binnipeni. Boyle »koHe opinTecTepi KyprisreH 3epTTeynepae e Aananblk cabakTapabiH
binimrepnepaiH NaHre AereH Kbi3blFyWbIAblFbIH aPTTbIPbIN KaHa KOMMa, ONapAblH aKkaAeMUANbIK,
ETICTIKTEPIH Ae »KakcapTaTbliHbl AsnengeHreH. Ocblnainiia, anblHFaH HITUXKeNep OKy-Aana
NPaKTUKaCbIHbIH, BiniMmrepaepaid, KOTHUTUBTIK Jaap/iblFbiH apTTbipyAasbl TUIMAI Negarornkanbik
KYpan eKeHAiriH FblIbIMM TYPFblAaH pacTaiabl.
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OKy-Aana npakTUKacbiHbIH, TUiMAINiriH H6afanay Ginimrepnepain, Kacibn AaspblFbiHbIH
2PTYPANI acneKkTiNepiH KeleHAl Typae Tangayabl Tanan eteai. byn makcatra 3eptTey bapbicbiHAa
BinimrepnepAiH, Tabufn HbiCAHOAAPMEH MKYMbIC icTey HapbiCbiHAA KanblNTacaTblH HEri3ri Kacibu
NAFAblNapbiHbIH,  AEHTeni CcanbiCTbipMasnbl  TypAe KapacTblpbindbl. bafanay KepceTkiwTepi
deHonormanbik 6akpinay, repbapuii gambiHaay, MOPdONOTMANBIK KIHE aHATOMMUANbLIK Tanaay,
arpoTexHWKanblK apekeTTep, GUTOLEHO3bIK 3EPTTEY, FbIIbIMU ECEMN XKYPTi3y KaHe TeOPUASbIK,
Oinimai npakTUKanbiK Kafganaa KoAAaHy CUAKTbl OMOMOrMA  MamaHablFbl YWiH MaHbI3Abl
KY3blpeTTepai KamMTbldbl. 2-CypeTTe OepinreH HaTUKenep OKy-Aana NpakTUKacbiHa AeMiHri KaHe
KeniHri KeseHaepaeri ocbl Kacibu parablnapaplH, e3repic AMHAMMWKAcblH CaHAblK TypPFblaaH
cuMnatTanabl.
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CypeT 2. OKy-Aana npakTMKackl bapbicbiHaa binimrepnepain, Kacibn aasabiNapbiHbIH,
e3repici

ANblHFaH HaTUXKeNep OKy-Aana MNPaKTUKaCbiHbIH BiniMrepnepaid NPaKTUKaANbIK KaHe
3epTTeyWinik AafablNapbiHblH AaMybliHa eneyni biknan eTKeHiH KepceTeai. Ocipece GeHONOMMUANbIK,
HaKplnay KaHe arpoTeXHMKA/bIK KYMbICTAap CUAKTbl Tabwufn opTada OpblHAANATbIH SpeKeTTep
HoMbIHIWA KepCeTKilTepaiH anTapabikTal ecyi 6alkanaasl. MyHaan e3srepictep b6inimrepnepain
Tipi opraHM3MAepAiH MayCbIMAbIK AaMy 3aHAbINbIKTapblH Tikenen HGakblnay apKbliabl TYCiHYiHe
KoHe Tabufn aKOXKyMenepaiH AMHAMMKACbIH HaKTbl AepeKTep HeridiHae TandayblHa MYMKIHAIK
bepeqi. FoinbiMn 3epTTeynepae Ae Aananblk 3epTTey XKyMbICTapbl 6iniMm anywblnapapiH, Tabusm
Kynenep Typanbl TYCIHIriH KEHEeMNTIN, 3KoNorMANbIK KyOblablicTapap! KeweHai Kabbinaay KabinetiH
apTTbipaTbiHbl AdnenaeHreH. Mbicanbl, Rickinson »kaHe apinTecTepi »KyprisreH 3epTreynep Tabusu
opTaja Ky3ere acaTblH OKbITY dopmanapbl 6inim anywblnapabliH, TaHbIMABIK HenceHAiniriH
KYLLEWMTIN, FbINbIMM OMNaYbIH AaMbITYFa biIKkMan eTeTiHIH KepceTea;.

fepbapuit nanbiHAay *KaHe MOPdONOTUANBIK Tanaay HaTUXKenepiHaeri ecim binimrepnepain,
OMoorMANbIK HblcaHAapAb! FbiAbIMKU TYPFblAaH cMnaTTay KabifeTiHiH }KaKkcapFraHbIH KepceTeai. byn
nafapinap 6Monorva FbiibIMblHAAFbI TAKCOHOMMUAIK }KaHE GNOPUCTUKANBIK 3epTTeynepAiH Herisri
aaicTeMenik  KypangapbiHbiH,  bipi 6onbin Tabblnagpl. Tabufn MaTepuasiMeH KYMbIC icTey
bapbicbiHAa binimrepnep ecimaikTepaiH, AMarHOCTUMKanblK, 6enrinepidH aHbIKTaydbl, fblabiMK
TEPMUHONOTUAHBI  KONAAHYAbl KoHe MOPODONOrMANbIK epeKWenikTepai »Kyneni cunatrayabl
ynpeHeqi. Orion xkaHe Hofstein eHbeKkTepiHae AananblK 3epTTey XKyMbICTapbl 6inim anylwbinapabiH,
FbIABIMK  YFbIMAAPAbI HAKTbl OOBEKTINEep HerisiHae MeHrepyiHe MyMKiHAIK 6epin, TeopuAnbiK
BiniMHIH TepeHAIriH apTTblPaTbIHbI KBPCETINTEH.
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COHbIMEH KaTap fbl/IbIMM €Cen XKYPridy KoHe TeopuAnblK Binimai npakTukaga KonaaHy
KepCeTKilTePiHiH, Kofapbliaybl biniMmrepnepdiH, 3epTTeywinik MaAeHMWeTiHiH Ka/binTacKaHbiH
6ingipeni. Taburn opTaga »KyprizinreH Gakblnaynapabl Kyneney, anblHFaH AepekTepai Tangay
YKOHE FbI/IbIMU  KOPbITbIHAbLI acay 6ifiMm  anywbinapdblH, aHaAUTUKaNbIK onnay KabineTiH
nambiTazbl. Boyle keHe apinTecTepi KypridreH 3epTreynepae Aananblk NPakTUKaHbiH Oinim
anyWblNapablH, akageMUANbIK KETICTIKTepPiH apTTblpyMeH KaTap, OnapAplH, NaHre jaered
KbI3bIFYLLUbIMbIFbIH 3HE KaCibM MOTUBALMACLIH KylWenTeTiHi aganengeHreH. Ocbl TypfblaaH
anfaHaa, anblHFAH HITUXKENep OKy-Aana NpPaKTUKacbiHbIH BiniMmrepnepaiH, Kacibn Ky3bipeTTepiH
Ka/bINTacCTblpy/Aasbl MaHbI3bl NeAarorMkasblk KYPaa eKeHiH fbiibIMU TYPFblaaH pacTangbl.

KopbITblHAbl. MKyprisinreH 3epTTey OKy-A4ana MNpPaKTUKACbIHbIH OMON0rMA MaMaHAbIfbl
bolblHWa binimrepnepaid, Kacibn OaapabiFbiH  KanbiNTacTbipyAafbl MeAarornkasnblK an1eyeTiH
aMKblHAayFa MYMKiHAIK Oepai. 3epTrey bapbicbiHAa Teopuanbik binimai Tabusn opTagarbl
NPaKTUKa/blK 2peKeTTeEPMEH VYIITACTbipy bOiniMmrepnepaid, Kacibun Ky3blpeTTepiHiH KelleHJi
AamyblHa bIKNan eTeTiHi aHblkTanabl. [pakTuka npoueciHae opbiHAanfaH GEeHONOrUANbIK,
H6akblnaynap, MopdONOrUA/bIK KaHE aHAaTOMUANbIK 3epTTeynep, GUTOLEHO3AbIK Tanaay *KaHe
arpoTexHUKaNbIK KyMbICTap binimrepnepaiH, fblnbiIMn-3epTTey apeKeTiHe HenceHai KaTbiCybliHa
Kafaam xKacan, onap/blH Kacibu onayblH KanbiNTacTblipyFa biknan eTTi.

3epTTey HaTMXenepi OKy-dana MpaKTUKacbliHbiH,  OiniMmrepaepaiH, KOTHUTMBTIK aHe
NPaKTUKabIK KOMMNOHEHTTEPIH AaMblTyaa TUIMAI NeaarormKkanblk Kypan ekeHiH KepceTTi. Tabueu
HblCAHAAPMEH TiKenen »Kymbic ictey, 6aKblaay Kyprisy, BUonoruanbik matepuanaapapl Tanaay
KOHe aNblHFAaH HaTWMXKenepai fbiAbiIMW TypFblAaH WHTepnpeTaumanay binimrepnepaiH, Kacion
0AAPAbIFbIHbIH - canacblH apTTbipbif, OMapAdblH, 3epTTeyWifiKk M3AEHMETIH KanbiNTacTbipyFa
MYMKiHAIK ©Oepadi. CoHbIMEH KaTap OKy-dana npakTUKacbl Oinimrepnepgid, 3KON0rMUsA/bIK
LVHWETaHbIMbIH KEHEWTIN, TabuFn Kynenepain, Kypaeni e3apa HanaHbICTapbiH TYCiHYre Xafaan
acagpbl.

Ocblnaiiua, 3epTTey HaTUXKenepi OKy-Aana NpakTUKacbliH Buonorns HafbiTbiHAAFbI HiNim
H6epy baraapaamanapblHbiH, MaHbI3Abl Kypamaac 6eniri peTiHae KapacTblpy KaxKeTTiriH KepceTes,.
MpaKTUKaNbIK 3epTTey MKYMbICTApbIH KyMeni yMbIMAAcTbipy, [Aananblk 3epTTey 9A4iCTEPIH OKy
NpoLugeciHe MHTerpauuanay »aHe binimrepnepain, 3epTTeyWifiik apekeTiH Koaaay »ofapbl Binim
bepy kyneciHae Gonawak HMonor mamaHaapablH, Kacibn AaspiblFbiH apTTbiPyAblH, MaHbI3Ab!
lWapTTapblHbIH, 6ipi 60abIN Tabblnagpl.

byn makana AP26101971 «PISA 3epmmeynepiHiH  Heai3iHOe  OKyWbl1apOblH
HapamelaeicmaHy 6afeimelHOGF6l  (BYHKUUOHAAObIK CAyammebliblfblH — KAsa6lnmMacmeolpyObiH
adicmemernik Hezi30epiH dasapaay (TypkicmaH 0bsbICl MbICanbIHOA)» ammel epaHMMbIK #oba
ecebiHeH ¥apuAanaHobI.
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OYI3NKA CABAKTAPBIHAA AKMAPATTbIK—
KOMMYHUKALMANBIK,
TEXHO/IOMMANIAPABI KONOAHY

Paxbimbekos AinTban anaposuy

O-M.F.K, AOUEHT, KaybIMAACTbIPbIAFaH NPOdECCOP, FbIIbIMM KeTeKLWi

MyxTapfann Mepeit MyxmTKbI3bl

MarmncTpaHTKa, |.XKaHcyrypos atbiHAafbl KeTicy yHnBepcuTeTi, TanablkopraH, KasakcraH

AHHoOTaumA: Makanaaa mektente GUaMKaHbl OKbITY MPOLECIHAE aKNAPaTTbIK — KOMMYHUKALMANbIK
TexHonornanapapl (AKT) KondaHyAblH 3amaHayw Tacingepi kapacTbipbinadbl. OKy MaTepuanbliH
Mrepy canacblH apTTbipy, OKY MOTMBAUMACLIH JaMblTy XOHE OKylWblAapAblH, TaHbIMAbIK,
HenceHainirid bIHTanaHApIpy OOMbIHLLA 3UATKEPAIK KyMenepaiH, MyMKiHAIKTepi TanaaHaapl. binim
bepy npaktTuKacbiHa (AKT) eHrisyaiH, aaicTemenik acnekTinepi KamTblAfaH, aZanTUBTI OKbITY
nnatbopmanapblH, MHTENNEKTYanAbl MOAENbAEYNEPAi KoHe AepeKTepai MalWWHaNbIK Tanaay
aneMeHTTepi bap BMPTYyandpl 3epTxaHanapabl NnanaanaHy MbiCanaapbl KENTIPiAreH.

Kint cespepi: (AKT), aneKTpPOHABIK, 3aMaHayu, Aafablnap, urepy, MasmyH, cabak, aepbecTik,
MHTEPAKTMBTI, KyOblNbICTap, NpoLecTep, KONbOTEP.

RIPICME

®u3nka cabakTapbiHaa aknapaTTblIKk—KOMMYHUKALMANLIK TexHonornanapabl (AKT) kongaHy
Kasipri 6inim 6epy KyMeciHiH, MaHbI3abl Kypamaac beniri 6onbin Tabbinaabl. AKT oKy npoueciH
TMiMAI  yMbIMAACTbIpYFa, OKY MaTepuasnblH KepHEeKi oapi TYCIHIKTI TypAe VYCbiHyFa »KaHe
OKYLIblNAPAbIH, TaHbIMAbIK OenceHAiniriH apTTbipyra MyMKiHAIK 6epeai. 3amaHaymn UMOPAbIK
Kypangapdbl nanganaHy apKblabl MyFanim GU3MKaAbIK KyObiabicTapabl TYCIHAIPYAI *eHinaeTin
KaHa KoMMal, OKyLWblNapablH NaHre AereH Kbl3bIFYLWbIbIFbIH 4@ apTTbipa anagbl.

AKNapaTTbIK—KOMMYHUKaUMANBIK TeXHONOrMANapabl du3mMKa cabakTapbiHAA KONAAHYAbIH,
THimainiri bipHelwe 6arbITTa KepiHeadi. EH anabiMeH, OKyLWbIHbIH, 63 6eTIMEH KYMbIC iCTey AafabiChl
KanbinTacadbl. DNEKTPOHAbIK OKY/AbIKTap, WHTEPAKTMBTI TancblpManap »KoHe BUMpPTyanabl
3epTXaHaap apKblabl OKYLWbINAP OKY MaTepuanblH 63 KapKblHbIMEH meHrepeai. byn onapabiH
nepbec izgeHy kabineTiH AambiTbin, OiNiMAj TepeH, api caHanbl UTepyiHe biknan eTea.

CoHbiMeH KaTtap, AKT KosgdaHy YakbITTbl TUIMAI MalganaHyra MyMKiHAIK 6epegi. Kbicka
YaKbIT iWiHAe Kebipek aknapat bepyre, Kypaeni KyObinbicTapAbl aHUMaUMA, MOAE/Nb KaHe
CUMYNAUMA apKblabl Te3 api HaKTbl TyciHAipyre 6onaabl. HaTMXKeciHAE OKy yaKbITbl YHeMAgenNin,
cabaKTblH Ma3MyHbl HanbITblNaAbI.

HEM3r 661IM

binim, 6inik *kaHe AarablNapAbl TEKCEPYAE Ae aKNapaTTblK TEXHOOrMANAPAbIH, MaHbI3bl 30p.
OPTYP/Ii 2NEKTPOHAbIK, TECT TancblpManapbl apKblibl OKYLUblIAPAbIH OiniMm AeHreniH Kblagam
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aHblKTayfa 6onaapl. MyHOal TecTTep oKkylWwblnapra e3 6inimiH gepey baranayra MyMKiHAIK bepean,
an Myfanimre oKy NpoLeciH TMiMmaj bakblnayra »araan sKacanabl.

®ur3mKa cabarblHAA WbIFapMaLLbI/IbIK ecenTep WbiFapy KesiHae ae AKT yiKeH pen aTkapassbl.
KomnbloTepnik mogensaep meH rpadukansik baraapnamanap GUankanbik KybbiabicTapabl HaKTbl
9pi KepHeki Typae TyciHaipyre kemekTeceni. OKyliblnap Taxipnbenik aepexktepai Tangan, TypAi
ecenTepai wewly 6apbiCbiHAa TEOPUAHbI MPaKTUKaMeH BannaHbICTbipa anaapl.

AKNapaTTblK TEXHONOTMANAPAbIH, Tafbl Bip MaHbI3Abl aPTbIKLWbIIbIFbI — KaXKeTTi aknapaTTbl
Keaen Typae any MyMKIHAIM. MHTepHeT pecypcTapbl, SAEKTPOHAbIK KiTanxaHaaap MeH fblabiMu
belHemaTepuangap apKblibl OKylWblNap »aHa ManimeTTepai Te3 Tabadbl »KaHE OHbl OKy
bapbicbiHAa TWiMAi nNanganaHa anaabl.CoHbiMeH KaTap, AKT TaburaTTafbl Kypaeni api Kesre
KepiHOeMNTiH npouecTtepai TyciHyre MymkiHAiKk bepeni. Kenbip ¢usamKanblk KybblabicTapabl
KapanalbiM »afdalga Oakbliay KUbIH Hemece MyaZe MYyMKIH emec. Mbicanbl, aTOMAbIK,
AeHremaeri npouectepdi, 3NeKTP TOrbIHbIH, KO3Fa/biCblH HEMECE fapbILTbIK KyOblibiCTapabl
KOMMNbIOTEPNIK MOAeNbAep MeH BUPTyandpl Taxipubenep apKbiabl Kepyre 6onagpl. byn
OKYLIbINAPAbIH, Kepin-cesiHy apKbiabl BiNiM  anyblHa Kafdal Kacan, maTepuanibl MaKkcbl
MEHrepyiHe KemeKTecea,.

AKNapaTTblK TEXHONOTMANAPAb! KOAAAHY OKYLbINAPAbIH ON-6PIiCiH KEHENTIN, AYHNETAHbIMbIH
Ka/biNTacTblpyFa Aa YKEH acep eTedi. MIHTepaKTUBTI Tancbipmanap MeH fbiibiMu BeltHepoanKkTep
apKblNbl 0Nap TabufaT KyObINbICTAPbIHbIH, 3aHAbINbIKTAPbIH TepeH TYCiHIN, fbiNbiMFa AereH
KbI3bIFYLLbIAbIFbIH apTTbipaabl.

BipiHWiaeH, apbip OKyLWbl ©3iHE ToH KaPKbIHMEH KaHe 83iHiH, AalblHAbIK AeHreliHe calkec
KYMbIC Kyprize anaapl. AKT Kypanzapbl OKyllblnapfa OKy MaTepuanbliH OipHelle peT Kapan
WbIFyFa, Kypaeni TycTapAbl KanTa TyciHyre MymKiHAK bepegi. Ocblnaiila onap KoWblaFaH
MaKCaTKa KeTy YLWiH KaxeTTi TabaHabl/bIK NeH Te3iMAiNIKTI Ka/ibinTacTbipaab!.

EKiHWIiAeH, oKyLbl ©3 eHberiHiH HaTUKeCiH bipaeH Kepin, e3iH-e3i baranay MymKiHAiriHe ne
6onaabl. Mbicanbl, 3NEKTPOHAbIK TECT HEMECE WMHTEPAKTUBTI TanCbipMa OpblHAAFaHHAH KeMiH
HaTuXeci BipaeH kepceTineni. byn okywblnapabib, 3 bifiMiH TangaybiHa XaHe KemWinikTepi
Ty3€eTyiHe XKafaal *Kacanapi.
©3 6eTiMeH YMbIC iCTeY OKYLLUbIHbIH, TEK Binim AeHreliHe FaHa eMec, COHbIMEH KaTap OHbIH, KekKe
KacMeTTepiHiH,  KanbiNnTacyblHa Aa oacep eTedi. MyHOAM KYMbIC  Typi  OKylUblAapAabl
ayankepuifnikke, TUAHAKTbIbIKKA *KoHe b6acTafaH iCTi COHbIHA AeMiH KeTKisyre ynpetea,.
HaTmxeciHae okylwblnapaa aAepbecTik, TOPTINTINIK XKaHe o3 iciHe XayanKepLiiikneH Kapay CUAKTbI
MaHbI3abl KACMETTEP Ka/ibiNnTacaapbl.

Hannbl anfaHaa, O EILE cabakTapblHAa aKMapaTTbIK—KOMMYHUWKALMANBIK,
TexHonorvanapapl KondaHy 6inim canacbliH apTTbipyFa, OKYLIbIAAPAbIH TaHbIMAbIK benceHainirid
[AMbITYFa »K9HE OKy MPOLECiH 3amaHayu TananTtapfa call yMbIMAACTbIpyFa VAKEH MYMKIHZIK
bepen,.

KasakcTaH mekTebiHiH »KaHa canara Kellyi, 6inim Bepy »kyneciH Tyberenni »kaHapTty, XXI
facblpaa *annbl 6inim bepeTiH opTa MeKTenTepae OKYLbIHbIH, ¥EKe TYAFacbiH AaMbITY VLLIH KaHa
yari Tanaay. Ocbl 0painda MbiHa WAPTTap »Ky3ere acybl THIC:

- OKY/bIKTap MEH OKy-aAicTeMenik KypanaapablH, AMAAKTUKaNAbIK TancblpmanapabiH bipwama
YMeneHin, cananbik AeHreniHiH apTybl;

- OKYLWbIIAPAbIH OKYFfa AereH bIHTacbl MeH KabblfeTi KanbiNTachin, OKY SPEKETiHIH AamMybl;

- MyFanimaepaiH cabak 6epy ypaiciHae ap TypAai AeHrenaeri agicteMenik ic- apekeTTepi, oMbiH
TYPAEPIH XKyMeni aHe webep KongaHa binyi.

- OKYLUbITAPAbIH 63iH OpTada epKiH Cce3iHyi.

®un3nKka cabakTapbliHAa aKNAPATTbIK — KOMMYHUKALMANBIK TEXHONOTMANAPAbI NalaanaHyablH,
TMimAainiri:

- OKYLLIbIHbIH 63 BEeTIMEH YMbICbI;
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- 33 yaKbITTbl Ken Binim anbin, yakbITTbl YHEMAEY;

- Binim — Binik AarablNaPbIH TECT TANCbipManapbl apKbl/ibl TEKCEPY;

- WbIFapMallbINbIK ecenTep Wblfapy KesiHae Gu3nKanbiK KyoblabiCTapabl TYCiHAIPY apKblabl XKy3ere
acblpy;

- KaXKeTTi aKnapaTTbl Xeaen Typae any MyMKIHAIri;

- Kapanambim Ke3beH Kepin, KOAMEH yCTay Ce3iHy Hemece KyaaK MNeH ecTy MYyMKiIHAIKTepi
H6onMalTbiH TabUFATTbIH, TaHFaXKalMbIn NpoLecTepiMeH ap Typai Taxipube HaTuxKenepiH Kepin,
Ce3iHy MYMKIHA,Ti;

- OKYLWbIHbIH, OM-6PICiH AYHNETAHbIMbIH KEHENTYre Ae biknasbl 30p.

BipiHWiAeH, ap OKylbl ©3iHEe ToH KAapKbIHMEH AeHreniHae Kymbic »Kyprizeai. KombiaraH
MaKCaTKa KeTy YWiH KaXKeTTi Te3iMAiNIKTI KaabinTacTbipadbl. — EKiHWIiAEH, OKyLbl 63 eHberiHiH,
HOTUXECIH Kepin e3iH- e3i 6bafananabl. ©3 DeTiMeH XYMbIC iCTey OKYLLIbIHbIH, BiniMiHe acep eTnen,
MiHEe3 KY/IKblHA 30p biKManbiH Turizedi. OKylblNapabl TUAHAKTbINbIKKA, OacTaraH iCiH »KeMmicTi
ankTayra Topbuenenai. ayankepuiniri oataabl.

Byn e3 peTiHAe OKyLWbIHbIH i34€HIMNa3ablblFbIH, LWblFAPMallbiAblK KabineTiH AambiTadbl.
MblHagan ycbiHbICTap Kacayra bonaabl:

- Hbonawak MamaHAapabliH Kacibn AaApAblFblH KaMTamacbi3 eTyAiH AMAAKTUKANbIK WapTTapblH
Herisre any;

- OKYLWbINAPAbIH, aHa akNapaTTbIK TEXHONOMMANAP aPKbl/bl KICIOM AaAPIbIFbIH XKY3Ere acblipyaatbl
Kypanaap *KymeciH nanganay.

KOPbITbIH/AbI

OKbITYAbIH  ayKbIMbl KIHE MKEPriNikTi KyhenepiH ongarbldain nanganaHa  Oinyaid
HaTUXeciHAe BiniMmHiH Ba3anbik ManiMeTTepiHe epKiH Ko sKeTKisyre bonaabl. KopbiTa KenreHae,
*KaHa Kypanaapabl KongaHy 6apbiCbiHA@ OKyLbINAPAbIH cabaKkKa AereH Kbl3blFyLbIAbIFbIHbIH KYPT
apTaTbiHAbIFbl  Galikanaabl. CoHAal-aK Myfanimaepre ne o3[epiHe KaxkeTTi aadicTemenik,
OMAAKTMKANbIK KeMeKLLi Kypanaapabl MOAblHAH ana anaapl. 3amaH TanabbliHa cai »Kac yprnakKa
cananbl 6inim H6epyne Kypanaapapl cabakka nanaanaHy-oKbITyAblH KaHa TEXHONOTMACBIHbIH Oip
TYpi peTiHAe KapacTbipyra 6onaabl. OMepici AamblfaH, WeTenaik 6inim sKyMeciHeH KaablcnamnTbiH
ac ypnakKka binim bepy sKoMblHAafFbl OPTak, MiHAETTI ©3 MaHIHAE Ypri3y yuwiH, 6ip-bipimizbeH
Toipnbe anMachIn, KEMLLINIKKETICTIKTEPAI alTbiM OTbIPCaK, MYMbICbIMbI3 ©HIM/,, aHblK 601abl.

Web-6eTTep apKbl/ibl ¥KacanfaH OKy Kypasbl MPaKTMKa »Ky3iHAe TeKcepinin, namnaanaHbinap
YOHE O3iHiH, YMbICKa Kapamabl/ablFbl AsnenaeHi. KazakcTaHHbIH, 6aceKkere KabineTTi engepain,
aNAblHFbl KaTapbiHa eHyi YWiH OoTaHAbIK 6ifiM 6epy sKYMEeCiH, OHbIH, iWiHAe PU3MKaHbl OKbITYAbI
KeTinaipy Kepek. LWbifbICTbiH 6ip HaKblN CO3iHE KOHIN ayaapTaabl: «MaFaH alnTWbl — MeH YMbITbIN
Ka/laMblH; MafaH KepceTWi — MeHiH ecimae Kanadpl, e3ime icTeTwi —MeH COHAa TYCIHEMIH»
aeniHreH. Ocbl Hakbla ce3derigen 6i3gep OKyLWbIIapbiMbI3Fa ©34epiHe KYMbIC iCTeTiM— Kac
YPraKTbiH canansl 6inimai urepyi.
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Abstract

The one-dimensional wave equation constitutes a fundamental mathematical framework
characterizing wave propagation across diverse continuous media. Classical physics often assumes
idealized homogeneous boundaries; however, empirical phenomena frequently exhibit non-zero,
time-variant constraints. This paper delineates the resolution of the one-dimensional wave
equation incorporating functional, non-homogeneous boundary and initial conditions via a
comprehensive multi-method analytical approach. Specifically, the classical Fourier Method of
Separation of Variables (enhanced by the theoretical lifting technique), D'Alembert's Method of
Characteristics, and the Laplace Transform method are evaluated. For each methodology, the
mathematical well-posedness—encompassing rigorous theorems of existence, uniqueness, and
metric stability—is explicitly proven through algebraic analysis. Furthermore, the paper provides
a crucial comparative discussion detailing strict applicability constraints and the scenarios in which
specific methods perform well or fail. Finally, explicit computational simulations that natively
leverage dynamic functional boundary conditions are visualized in MATLAB.
Keywords: wave equation, well-posedness, uniqueness, stability, lifting technique, applicability,
Laplace transform, partial differential equations.

1. Introduction
At the nucleus of theoretical physical modeling resides the one-dimensional scalar wave
equation. While conventional analytical efforts typically assume static boundaries, realistic
paradigms frequently dictate non-zero, moving constraints. Analytically navigating such time-
dependent functional boundaries requires strategic mathematical methodologies. Furthermore,
any viable mathematical model of a physical process must be well-posed in the strict analytical
sense defined by Jacques Hadamard [1]: a solution must exist, it must be unique algebraically, and
it must depend continuously on the initial and boundary data (stability) strictly under norms such
as I* or C" spaces.
2. Problem Formulation
We consider a string occupying a bounded spatial domain 0 < x < L governed by the linear
one-dimensional scalar wave equation over time ¢ >0:
ou  , 0
Zr_n2Z®
ot o’
with explicitly time-dependent, non-homogeneous boundary conditions u(0,7) = p(¢) and
u(L,t)=¢q(t). The initial state domain implies displacement u(x,0)= f(x) and velocity

u,(x,0)=g(x).
3. Analytical Methodologies & Well-Posedness
3.1 D'Alembert's Method of Characteristics

288



«Research Reviews» (March 12-13, 2026). Prague, Czech republic I

D'Alembert’s formulation [2] exploits the hyperbolic nature of the wave equation by
introducing characteristic coordinates &=x—ct and p=x+ct. This maps the equation to

ou
o&on

=0, leading to the integral solution framework:

u(x,t) = %[ f(x—ct)+ f(x+ct)] +i j a(s)ds
Theorem 1 (Well-Posedness via D'Alembert):

Existence: A classical solution u € C*([0,L]x[0,0)) exists if and only if f e C*([0,L]) and
ge€C'([0,L]), and mathematical boundary compatibility holds: £(0)= p(0), f(L)=q(0),
g(0)= p'(0), g(L)=¢'(0), *f"(0)=p"(0), and *f"(L) = 4"(0).

Uniqueness: Assume two distinct solutions u, and u, satisfy the system. The difference
v =u, —u, satisfies Lv =0 with zero initial data. Plugging v(x,0) =0 and v,(x,0) =0 directly into
D'Alembert's algebraic formula yields v(x,z)=0 identically everywhere in the domain of
dependence. Thus u, =u, definitively.

Stability: If perturbed data f,g satisfy ||f—]7||OO<T1 and ||g—g|.<T,, the resultant
~ t . . _ .
deviation |u(x,t)—u(x,t)|<T +2—T2 is strictly bounded, establishing continuous dependence [3].
C

3.2 The Laplace Transform Method
Applying the transform L{u(x,t)} =U(x,s) converts the PDE into a boundary-value ODE

parameterized by complex s [4]:
, d*U(x,s)

s*U(x,8)—sf(x)—g(x)=c >
dx

Transient boundaries natively map to U(0,s) = P(s) and U(L,s) = Q(s) .
Theorem 2 (Well-Posedness via Laplace Transform):

Existence: Existence requires p(¢),q(t) to be piecewise continuous on [0,) and bounded
by an exponential function | p(f) |< Me” [4], ensuring convergence of the Lebesgue integral in the
right half-plane.

Unigueness: Uniqueness is rigidly algebraically established via Lerch's Theorem [5]: if two
piecewise continuous functions possess identical Laplace transforms on some half-plane
Re(s) > s,, they are identical almost everywhere. Therefore, the singular solution U(x,s) maps
to one unique temporal profile.

Stability: By the properties of the complex Bromwich inversion integral, bounded variations
in the meromorphic poles of P(s) and QO(s) limit exponential deviation in the L' norm of the

inverse temporal sequence.
3.3 Fourier Separation of Variables via The Lifting Technique
To inherently handle non-homogenous frontiers, we mathematically project the boundary

conditions using an exact linear interpolant lifting scalar function w(x,t) = p(t)+%[q(t)—p(t)].

Setting v(x,t) =u(x,t)—w(x,t) formulates a homogeneous boundary PDE expanded completely
over Sturm-Liouville eigenfunctions [6]:

u(x,t) = w(x, 1)+ i V (t)sin (”Lﬂj

Theorem 3 (Well-Posedness via Spectral Separation):
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Existence: Analytical pointwise convergence dictates that the resultant source array w,
must reside in L*(0,L). Consequently, boundaries p(¢) and ¢(¢) must possess weak second

derivatives in Sobolev space W,*([0,)).

C

Unigueness: Uniqueness rests analytically upon the spectral Completeness Theorem of
orthonormal basis functions [7]. The set {\/Z/_Lsin(mrx/L)} is analytically complete in the
Hilbert space L*(0,L). If a homogenous sum equals zero, strict orthogonality guarantees every
scalar sequence ¢, (1) =0.

Stability: Stability is deduced via Parseval's Identity [8], which guarantees that a bounded
initial deviation & f mapping L*(0,L) intrinsically restricts the cumulative absolute variation in

the solution series L* mapping uniformly over time ¢.
4. Methodological Evaluation and Discussion
4.1 Comparative Analysis: Applicability and Limitations

Understanding exactly when to deploy or strictly avoid each methodology is vital for
accurate modeling of physical constraints.
1. D'Alembert's Method of Characteristics

e When to use:

It is ideally mathematical for infinite domains (—o0 < x < o0 ) or semi-infinite domains where
boundary reflections are non-existent or minimal. It provides extreme computational speed and
elegant exactness for finding the state u(x,#) at any specific single coordinate (x,,t,) since it

relies on direct integral evaluation rather than infinite summation.

e When NOT to use:

D'Alembert fundamentally structurally fails when dealing with bounded domains (
0<x<L) experiencing dynamic, arbitrary functional boundaries p(¢) and ¢(z). Adapting it
requires the method of reflections, turning continuous functional constraints into infinitely
recurring mirrored wave packets, which becomes analytically and computationally intractable.

2. The Laplace Transform Method

e When to use:

The Laplacian transform excels exclusively when heavily transient, time-dependent
boundaries govern the system from a strict state of rest (i.e., initial conditions f(x)=0 and
g(x)=0). It internalizes moving boundaries perfectly as complex scalar constraints ( P(s) and
0O(s)), avoiding physical geometrical extensions.

e When NOT to use:

This method is strongly avoided if boundary functions p(¢) and g(¢) do not possess known
Laplace transforms (e.g., highly irregular, non-exponential noise signals) or when the inverse
Bromwich contour integral L™ vyields transcendental branch cuts that make explicit analytical
inversion impossible without numerical contour approximation.

3. Fourier Separation of Variables (Lifting Technigue)

e When to use:

This is the most universally robust method for strictly bounded physical domains vibrating
with both non-zero initial internal energy ( f(x) and g(x)) and continuous functional boundaries
p(t) and ¢(t). The Lifting technique translates arbitrary analytical boundaries into internal
pseudo-source driving forces, guaranteeing a complete mapping over orthogonal spectral
harmonic modes. It is paramount when establishing resonance or sustained periodic standing
wave mechanics.
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e When NOT to use:

Separation protocols should be mathematically discarded for infinite spatial environments,
as continuous spectra render L* discrete basis summations invalid. Furthermore, if the
boundaries exhibit severe discontinuities (e.g., C° square pulses), the resultant Gibbs
Phenomenon at the boundaries induces slow O(1/n) convergence rates, leading to heavy
truncation inaccuracies in algorithmic simulations.

4.2 Computational Visualization
A finite domain model executing dynamic functional constraints p(¢) =sin(2z¢) and

q(t) =0.5sin(z¢) using the Lifting Technique was generated in MATLAB. This method was

specifically chosen here due to the finite geometric domain constraints combined with continuous
harmonic structural driving boundaries, fitting the exact applicability criteria defined above.

P=sin(2 *pi * T); Q=0.5 *sin(pi * T); % Functional boundaries
W=pP+(X./L).*(Q-P); % Dynamic linear lifting function

V =sin(pi *X /L) .*cos(pi *c *T /L), % Homogeneous eigen-mode
U=V+ W, % Method of Superposition

plot(x, U, 'LineWidth', 2); hold on;

Wave Equation with Time-Dependent Functional Boundaries

151
_ — t=0s
s . t=0.25s
_— — t=05s
1.0 —
~ 0.5
2
=
(]
=
S
© 0.041
Q.
a
o
—0.5
-1.01

0.0 0.2 0.4 0.6 0.8 1.0
Position (x)

Figure 1. Amplitude parameter mapping wave structure conforming entirely across time-
dependent boundary functions.

5. Conclusion

In this analysis, advanced methodologies for addressing non-homogeneous time-
dependent limits of the scalar wave equation were evaluated parametrically. By strictly adhering
to pure mathematical frameworks, the conditions of Well-Posedness introduced by Hadamard
were established through fundamental analytical proofs, thereby avoiding phenomenological
analogies. Furthermore, explicit operational constraints dictating application validity were
systematically compared. D'Alembert’s algebraic technique ultimately falters within recursively
oscillating boundaries, whilst the operational Laplace dimension offers exact but often analytically
irreversible integrations. The harmonic spectral separation, coupled with mathematical lifting,
ensures the most robust universal application within finite domains, guaranteeing the analytical
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existence, uniqueness, and metric stability, verified through explicit numerical boundary
execution.
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Biological Sciences

510/TOMMA CABAFbIHIA STEAM
SNEMEHTTEPIH KONAAHYbIH
VHHOBALMABIK MYMKIHIKTEP!

KoHkabaesa K.A.
lnnAac MaHcyripos aTbiHAafFbI XKeTicy YHMBepcuTeTi, TanablKOpFaH K., KasakcTaH

AHHOMaAuyuA

byn makanada buosnozusa cabarbiHOa STEAM (Science, Technology, Engineering, Arts,
Mathematics) anemeHmmepiH KondaHyOblH UHHOBAUUAbLIK MyMKIHOIKMepi Kapacmsipsiaadsl.
STEAM macini oKywbelnapoelH noHae Kbi3biFyulblablFelH apmmelpbin, 6uono2uansiK 6inimoi
emipmeH 6alnaHeicmeipa omelpsin MeHzepyze xaroal xcacalos.. Makanada 6uono2usHel
OKbIMyOa UUGP/bIK MexHOA02UAAAaPObl, HODAsbIK-3epMmMey HYMbICMApbIH, Mooensoey meH
NaHapanblK UHMe2payusaHel Koa0aHyObiH muimoi ondapsl cunammanadsi. COHbIMeH Kamap,
STEAM anemeHmmepi OKyublnapObiH CbIHU HAHE WbIFAPMAWbIALIK 0UAaybiH, 3epmmeywinik
0aFObIAaPbIH, NPAKMUKAALIK KY3blpemminieiH 0ambimyFa biIKnaa ememiHi kepceminedi. 3epmmey
Hemuxmcenepi 3amaHayu b6inim 6epy mananmapsiHa cali buonozua cabakmapsiH ylibimoacmeipyoa
STEAM mexHOo102UACbIHbIH, MAHbI30bI/biFbIH 031€10el0i.
Kinm ce3dep

STEAM 6inim 6epy, UHHOBAUUAMBIK OKbIMY, NIHAPAALIK UHME2PAUUA, UUDPbIK
mexHo102uANap, #obassiK OKbIMy, 3epmmeywinik 0aroblaap, ColHU 0UNAY, WbIFAPMAWbIILIK
Kabinem, ¢pyHKUUOHANO0bIK cayammelnsiK, 6inim 6epy mexHo102uAnapbI.

AHHOMaAuyuA

B cmamee paccmampusaromca UHHOBAUUOHHbIE BO3MOXHOCMU NPUMEHEHUA 31eMeHMOo8
STEAM (Science, Technology, Engineering, Arts, Mathematics) Ha ypokax 6uonoauu. STEAM-
nodxo0 cnocobcmeyem nosbiWeHUO UHmMepeca oby4arowuxca K npeomemy u obecneyusaem
yceoeHue buosnoauvyeckux 3HaHUU 8 mecHOU C8A3U C peasnbHol MU3Hbt. B pabome onucaHsi
agpekmusHele cnocobel Ucnosb308aHUA yugposeix mexHonoaud, npoeKmMHo-
uccnedosamessckoll 0eAmesnneHOCMU, MOOenupPo8aHUA U MexnpedmMmemHol uHme2pauuu 8
npouecce 0bydyeHus 6uoso2uu. Taxk¥e NnokazaHo, 4Ymo eHeopeHue STEAM-snemeHmos
cnocobcmayem pa3guUMUK KPUMUYECKO20 U MBOPYECKO20 MbIWAEHUA, UCC1ed08amesnbCKux
HaBbIKOB U  NPAKMUYECKUX  KOMnemeHyud  y4yauwuxca.  Pesynemamel  UCC/i1e008aHUA
noomeepxcoarom 3Ha4umocms STEAM-mexHonoeuli 68 0p2aHU3aUUU COBPEMEHHbIX YpPOKO8
buosi0euu 8 coomeemcmesuu ¢ akKmyasnsHbIMU mpebosaHuUAMU 06pa308aHUA.

Kniouessble cnosa

STEAM-o06pa3osaHue,  UHHOBAUUOHHbIE — MemoObl  00yyeHus,  MexnpeomMmemHas
UHMe2payuA,  yugpossie  mexHon02uu,  npoekmHoe  obydyeHue,  UCC/1e008aMeENbCKAA
0eamenbHOCMb, KpUumMu4eckoe MblwaeHue, meop4yeckue cnocobHocmu, GyHKUUOHAN6HAA
epamomHocme, 0bpasosamersibHbie MexHOM02UU.
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Abstract

This article examines the innovative possibilities of integrating STEAM (Science, Technology,
Engineering, Arts, Mathematics) elements into biology lessons. The STEAM approach increases
students’ interest in the subject and promotes the acquisition of biological knowledge through real-
life applications. The paper describes effective methods for using digital technologies, project-
based and research activities, modeling, and interdisciplinary integration in biology teaching. It
also highlights that the implementation of STEAM elements contributes to the development of
students’ critical and creative thinking, research skills, and practical competencies. The research
findings confirm the importance of STEAM technologies in organizing modern biology lessons in
accordance with current educational requirements.
Keywords

STEAM education, innovative teaching methods, interdisciplinary integration, digital
technologies, project-based learning, research skills, critical thinking, creative abilities, functional
literacy, educational technologies.

Kipicne

Kasipri 6inim bepy skyheciHiH, 6acTbl MiHAETTEPIHIH, Bipi — OKYyLUblIapfa TEK TEOPUANLIK,
6inim Oepy faHa emec, COHbIMEH KaTap OnapAblH, 3epTTeyWiNik KabifeTiH, CbIHU KaHe
WbIFAaPMaLLbIAbIK OMayblH, NPaKTUKaAbIK AafablnapbiH AambiTy 60bin Tabblnagpl. Ocbkl TypFblaa
anemaik 6inim bepy KeHicTiriHae KeHiHeH Tapanbin kene xatkaH STEAM (Science, Technology,
Engineering, Arts, Mathematics) 6inim 6epy GafbiTbl OKbITYAbIH MHHOBALMANbIK YATiCi peTiHae
epeklle MaHbli3fa ne.

STEAM Tacini *apaTblNbICTAHY FblIbIMAAPbIH, COHbIH, ilLiHAE BMONOTUAHBI, TEXHONOTMAMEH
YKOHE UHXKEeHepiK oMnayMeH yLITacTblipa OTblPbIM, OKYLWbINAPAbIH NaHIe AereH Kbi3blFyLblablFbIH
apTTbIpyFa XaHe anfaH 6iniMiH emipae KongaHa binyiHe sKafaan »kacanapbl.

3epTTey canacbiHblH MaHbI3AblbIFbl BUONOrMA NaHiHIH Tabusn KyObinbicTapabl TyCiHAipyaeri,
3KONOTUANbIK M3AEHMETTI KaNbINTacTblpydafbl *KOHE FblIbIMM  AYHUETAHbIMAbI AaMbITyAafbl
eTeKWi penimeH ankblHaanadbl. buonorns cabafbiHaoa STEAM  snemeHTTEpiH  KosAaHy
OKYLbINAPAbIH, KypAeni buonornanbiK yaepictepai mogenbaey, Taxipnbe »Kyprisy, aepexkrepai
Tannay apKblibl TEPEH MeHrepyiHe MyMKiHAIK bepeai. byn o3 KeseriHae 6inim anylwblnapapiy,
dYHKUMOHANAbIK cayaTTbiblFbIH XaHe XX| Facblp AafabliapblH KaAbINTacTbipyFfa biknan eTesq,.

3epTTeyaiH, TeopuANnbIK MaHbI3abiNbiFbl STEAM 6inim 6epy TyXKblpbiMAaMacbiHblH, OMONOTMAHbI
OKbITyAafbl NeaarorMKkasnblk, HerisaepiH aKblHAAYMEH, MaHapaiblK MHTErpaumaHbiH, FblAbIMKU-
aAicTeEMENiK MYMKIHAIKTEPIH TanaaymeH cunatranabl. AN NpakTUKaAbIK MaHbI3Abl/biFbl B1onorma
cabakTapblHAa KonaaHyfa 6onatbiH STEAM-6afaapnaHfaH Tancbipmanap MeH aaicTepai YCbiHy,
OKbITY MPOLLECIH }KaHalla yMbIMAACTbIPY *KONAAPbIH KBPCETY apKbl/bl KOPIHIC Tabazbl.

MaceneHiH, e3eKTiflir A3CTYPAi OKbITY TOCINAEPIHIH, OKYLbLAapAbiH benceHai TaHbIMAbIK,
SPEKETIH TONbIK KaMTaMacbi3 eTe a/IMaybIMeH KaHe 3amaHayu binim 6epy TananTapbiHa can XKaHa
aJicTepai eHrisy KaxeTTinirimeH 6alnanbicTbl. OcblFaH opai, 3epTTeyaiH, Herisri makcaTbl —
6uonorna cabarbiHga STEAM asnemeHTTEpiH KONAAHYAblH WMHHOBAUMAMAbIK MYMKIHAIKTEpPIH
aliKblHAAY OHe onapAplH OKYyLIbINAPAblH, OUMONOTUANLIK OMNayblH AaMbITyAafbl TUIMAIAITIH
Herizaey 6onbin Tabblnaabl. 3epTTey rMnoTesachbl peTiHae, erep 6GMONOrMAHbI OKbITyaa STEAM
NEMEHTTEPI  KYMeni KaHe MaKcaTTbl TypAe KOA[aHbllca, OHAA OKylblAapAablH, MaHre
KbI3bIFYLLbIbIFbl aPTbIMN, 3€PTTEYLINIK }OHE WblFapMallbl/iblK Kabinetrepi egayip Aamuabl AereH
TYXKbIPbIM YCbIHbIAAAbI.
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MaTepurangap MeH agictep

3epTTey KYMbICbl XKannbl Ginim 6epeTiH MeKTenTiH 7—8-CblHbIN OKYLLUbIAAPbl apacbiHAA
buonorma naHi aacbiHAa XKyprisingi. 3eptreyre 6apbirbl 48 OKyLUbl KATbICTbl, OHbIH, iWiHAe 24
OKYLLbl 3KCNEPUMEHTTIK TONTbl, 24 OKylWbl 6aKplnay TOObIH Kypafdbl. DKCNEPUMEHTTIK TonTa
buonorma cabarbiHoa STEAM anemeHTTepi KyMeni Typae KondaHbinca, Oakblnay TobbiHAA
[2CTYPAI OKbITY 94icTepi NnanaanaHbinabl. 3epTTey 6ip OKY TOKCaHbl KeeMiHAEe KYPri3inai.
3epTTey 6OapbiCbiHAA MNalganaHblNFaH MaTepuangap MeH xabablKTapFa Kenecinep Kipai:
MHTEePaKTMBTI TakTa (Smart Board SB680, SMART Technologies, KaHaaa), aepbec komnbioTepaep
(Lenovo ThinkCentre, Lenovo Group Ltd., KbiTal1), nnaHwetrep (Samsung Galaxy Tab A, Samsung
Electronics, OHTyCTiK Kopes), ©uonornara apHanfaH 3epTXaHaiblK Kypanaap KUbIHTbIFbI
(Mmnkpockon Micromed C-11, Micromed, Peceit), coHaali-ak MOAENbAEY »KoHe BM3yanusaums
Kypangapbl KongaHbinasl. baraapnamansik »acaktama peTtiHae Microsoft PowerPoint (Microsoft
Corp., AKLU), Microsoft Excel (Microsoft Corp., AKLL), PhET Interactive Simulations (University of
Colorado Boulder, AKLL) »kaHe Google Forms (Google LLC, AKLL) naitganaHbinabl.

3epTTeyae KOAAaHbIAFaH SAicTepre nearorMkasblk aKCNepumeHT, bakblnay, cayanHama, Tectiney
YKOHE OKYy METICTIKTepiH Tangay aaictepi »atagbl. STEAM anemeHTTepiH eHrizy HapbicbiHAA
»obanblk OKbITY, 3epTTeylWinik aaic, MOAENbAgy KoHE TMaHapaiblK MHTerpauus Tacinaepi
KONAaHbINAbI. *obanbIK OKbITY 84iCi OKYLIbINAPAbIH HAKTbl BMONOTUANBIK Macenenepi (Mbicanbl,
TbIHbIC any YAEPicCi, aKOKyNenepaiH, TYPaKTbibliFbl) 3epTTey apKbi/bl LellyiHe 6afbiTTanasl. byn
9AICTiH Heri3ri NPUMHUMNI — OKylblNapAblH, ©3 OeTiHWe i34eHyi, MaCeneHi aHbIKTaybl KaHe
HOTUMKEHI YCbIHYbl 60NbIN Tabblnaab!.
3epTTey 6apbICbiHAA aNblHFAH AepPEeKTep canaiblK XaHe CaHAbIK Typfblaa cunatTanabl. Cananbik,
NepeKkTep OKylbinapabiH cabakKka KblI3blFyLWbiablFbl, OenceHainiri KaHe LWblFapMallblNblK,
Tancbipmanapabl opblHAAY AeHreii OoMblHIA BaKblnay »KaHe cayanHama HaTuxKenepi apKbibl
aHblKTanabl. CaHAbIK AepeKkTep anablH ana XaHe KOPbITbIHAbI TECTiNey HaTUXKenepiHeH anbiHAabl.
OkyuwblnapablH, 6inim aeHreni 6angbik Kyhe OoWbiHWa OafanaHbii, opTalla KepceTKilTep
ecenTeni.AnbiHFaH HaTUMXKENepAiH CTaTUCTUKANbIK Tanaaybl Microsoft Excel 6bafaapnamachiHbIH,
KeMeriMeH Kyprisingi. JKCNepuMEHTTIK KaHe baKpbliay TOMTapbliHbIH, HITUMKENepiH CanbiCTbipy
YWiH opTawa apudMeTMKanblK M3IH, Malbi3AblK KOPCeTKIlTep XaHe 6eciM  AMHamMKachl
aHblKTanabl. CTaTMCcTUKaNbIK Tangay STEAM anemeHTTepiH KONAaHyAblH 6uonornsa cabafrbiHaafbl
OKY HaTUKeNepiHe OH, 9CepiH aHblKTayFa MyMKIHAIK bepai.
Herisri 6enim

Buonorma cabarbiHga STEAM  anemeHTTEpiH KOAAAHYAbIH  TUIMAIAINH  alKblHOAY
MaKcaTblHAa 3epTTey »Kymbicbl DipHelle aAsMeKTi Ke3leHaep 6oMbliHWA Kypridingi. AnfawiKpl
Ke3eH/le OTaH/bIK *KaHe LWeTeNaiK FblbIMU-Neaarormkanblk agebumeTtepre CblHX Tanaay *acanapl.
3epTTeynepae STEAM 6inim Bepy Ty*KblPbIMAAMACbIHbIH apaTblAbICTaHy MNaHAEPIH OKbITyaa
OKyLWbINAPAbIH  TaHbIMAbIK ~— ©OenceHAinirii - apTTbipaTbiHbl, MNaHapanblk  HalnaHbICTapabl
HbIFANTATbIHbI KaHE 3epTTeyLinik KabinetTrepai AambITyFa biKNan eTeTiHi KepceTinreH. Anaiaa
KenTereH eHbekTepae STEAM anemeHTTepiH Buonorma cabasbiHaa XKyMeni Typae eHrisyaiH, HaKTbl
dAiCTeMeNIK YATINepiHiH MKeTKINIKCI3Airi XoHe onapAblH OKYy HITMXKenepiHe acepiH CaHAbIK
TypfblAa AanenaeyaiH, asaplebl Oakanaabl. byn macene 3epTTey TaKbIpblObIHbIH, ©3€KTIiAIrH
anKbIHAAMObI.

3epTTeyaiH, Keneci KeseHiHAe OMONOrMAHbI OKbITyFa apHanfaH STEAM-barmapnaHfaH
aaictemenik  modenb 33ipaeHai. ATanfaH  MofenbAe  FbiAbIMM - BifiMAI  TEXHONOTUSA/bIK
KypandapMeH YLWITAcTblpy, KapanalbiM WHXEHEPAiK Tancbipmanapdbl OpbiHAAY, a/fblHFaH
OepeKTepai MaTemMaTUKablK eHAeY KaHe WblFapMallbl/iblK 31eMeHTTEePAi eHri3y KapacTblpblabl.
BuonornanbiK  yFbiIMAapabl MeHrepTy OapbiCbiHAa OKyllblAapFa MoAeNbAey, 3KCNEepUMEHT
KYPrisy, AepekTepdi *KUHAKTay KaHe HITUXKEHI BM3yanm3aumanay Tancblpmanapbl YCbiHbIAAbIL. byn
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ToCiNAep OKyWblNapablH, TEOPUAbIK BiniMiH TaxipubemeH 6alifaHbICTbIPbIN, OKY YAEPiCiHiH,
NPaKTUKabIK BaFbITTbI/IbIFbIH KYLLIENTTI.

DKCNepPUMEHTTIK Ke3deHJe ycbiHblFaH STEAM-b6afgapnaHfaH a4icTep OKy npoueciHe
eHri3inin, onapapiH, TMiMmainiri Taxipnbe xysiHae Tekcepingi. Ocbl KeseHAe 3epTTeyAiH Herisri
rmnoTesacsl HaKTblNaHAbl: erep buonorma cabarbiHaa STEAM afemeHTTEpI XKyNeni }KaHe MakcaTTbl
TYPAE KONAaHblACa, OHAA OKYLLUbIAAPAbIH, OMONOMMANBIK OMAaybl, 3ePTTEYLWINIK AaFablNapbl KaHe
NoHre AereH Kbl3blFyLWblblFbl apTabl. IKCNEPUMEHT DapbICbIHAA OKYLLbIAAPAbIH, NPOBAEMAbIK,
Tancblpmanapab! wetlyre 6enceHai KaTbiCKaHbl, ©3 KO3KApacblH A2/1e[4eyre KaHe MnaHapasblk,
6inimai KonaaHyra ymTblAFaHbl 6aikanpi.

AnblHFaH HaTMenepai Tangay 3epTTey rMnoTe3acblHblH HerisiHeH pacTanfaHblH KepceTTi.
DKCMEPUMEHTTIK TONTafbl OKYLLUbIAAPAbIH OKY TancblpMaaapbiH OpblHAAy canacbl MeH TaHbIMAbIK,
benceHainiri  6akplnay TOObIMEH canbICTbipFaHda ofapbl Obongpl.  [dereHmeH, STEAM
3N1eMeHTTEPIH eHrisy bapbicbiHaa Kenbip KWMbIHAbIKTapAblH, atan alTKaHaa yaKblTTbl TUiMAj
OCnapnay »KaHe MyfaniMHiH aaicTeMeNiK AaapAblFbiHbIH MaHbI34bI/bIFbl aHbIKTANAbl. By xKafaan
STEAM TaciniH TabbICTbl »Ky3ere acblpy YWIiH MNeaarorMkanblk oHe YMbIMAACTbIPYLLbIAbLIK,
LApPTTapAbl eCKepy KaxKeTTiriH kepceTed.

HaTunxenep meH Tankpliaynap

3epTrey HaTuxkenepi 6uonorma cabarfbiHoa STEAM  anemeHTTepiH  KONAaHYAbIH,
OKYLIbINAPAbIH, OKY MKeTiCTiKTepi mMeH TaHbIMAblK benceHpiniriHe oH, acep eTeTiHiH KepceTTi.
JKkcnepumeHT  6actanap  anablHA@  KyprisinreH  Hactankpl  AMArHoCcTMKa  HapbicbiHAA
3KCMEePUMEHTTIK aHe HaKblnay ToNTapbiHbIH, 6iniM AeHrennepi Wamanac ekeHi aHbIKTanabl. by
aFfdak 3epTTey HaTUXKeNepiHiH, 0O beKTUBTININIH KaMTamachI3 eTTi.
DKCNePUMEHT COHpbIHAA ajblHFAH CaHAbIK, AepeKkTepdi Tangay 3KCNepUMEHTTIK TOoMTafbl
OKYLIbINAPAbIH, OKY KETICTIKTepiHiH aWTap/ablKTall apTKaHblH KepceTTi. ATan aWlTKaHaa,
KOPbITbIHABI TECTiNey HaTuxKenepi BOMbIHIWA IKCNEPUMEHTTIK TOMTafbl OKYLUbLAAPAbIH, OpTalla
KepceTkiwi Bakblnay TobbIMEH canbICTbipFaHaa Kofapbl 6onabl. byn anbipmatibliiblK STEAM-
baroapnaHfaH TancbipMmanapabl opbiHAay 6apbICbiHAA OKYLWbINAPAbIH, OMONOTMANBIK YFbIMAAPAbI
TepeH, TYCiHYiMEH aHe onapbl NMPaKTUKaAbIK Kafdahda KongaHa anybiMeH TyciHaipineai (1-
KecTe).
1-KecTe — DKCNEPUMEHTTIK XaHe HaKbliay TONTapbIHbIH, OKY XKETICTIKTEPIH CanbICTbIpy

‘TonTap HBaCTaI'IKbI opTalla 6ann”KopblTblH,c|,b| opTalla 6ann“6ciM, %‘
‘3KCI‘Iepl/IN\eHTTiK TOI'I”63,4 ”81,2 H+17,8 ‘
‘BaK,bmay Ton ”64,1 ”71,5 H+7,4 ‘
KopbITbIHAbI

yprizinreH 3epTrey HaTuxenepi buonornsa cabarbiHaa STEAM snemeHTTepiH Kyheni
YKOHE MaKCaTTbl KOAAAHYAbIH OKbITY YAEPICIHIH TUIMAININIH apTTbipaTbiHbIH KepceTTi. 3epTTey
H6apbicbiHaa STEAM-6afaapnaHfaH OKbITy SAiCTepi OKyLbIAAPAbIH, NaHre AereH Kbi3blFyLLbl/bIFbIH
KYLLUEWMTIMN, OMONOTUANBIK YFbIMAAPAbl TEPEH, 9pi CaHa/ibl MEHTepyiHe biKkMnaa eTeTiHi AaenaeHa;.

Ocblnaniwa, 6uonormsa cabakTapbiHaa STEAM TeXHONOTMACbIH EHri3y OWONOTrUANbIK
VFbIMAApAbl MHTErpaumnsnaHrad TYpae MeHrepyre mMymkiHAiK 6epeai. byn Tacin okylwblnapabiy,
rMnoTe3a YCblHyblHA, MOAENbAEP MEH KOHCTPYKUMANAP apKbl/ibl TaXipnbenep KyprisyiHe xaHe
MYLLENEP MEH MYLLIENEP KYMECIHIH KbI3METIH TaxKipnbenik Typsblaa TYCiHYiHE KafFaal xacanapi.
KapaTbinbicTaHy OafbiTbiH  TaHAafaH Kasipri  MeKTen OKylblaapbl  YWiH  aKnapaTTbIK-
KOMMYHUKaUMANbIK TEXHONOrMANApAbl NaiaanaHy, Gusanka-maTeMaTUKabIK KIHE UHKEHEePNiK
6inimaepai MmeHrepy, CoHaan-aK eHep MeH »KapaTbl/blCTaHy canacbiHaasbl binimaepai bipikTipe
KONAaHy MaHbI3abl. byn aafaplnapabl Kanbintactbipyaa STEAM TexHonormAckIHbIH, peni 30p. OKy
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NpoLeciHe OCbl TEXHONIOTUAHbI eHridy cabaKkTblH, TUIMAIAINT MeH AMHAaMWKACcbiH apTTbiPbIM,
OKYLIbINAPAbIH, KpeaTMBTI OMAayblH JamMbiTafbl, OKYLIbIIAPbIHbIH, apaTblabiCTaHy nNaHAEepi
HolblHLWa HiniMmiH TepeHaeTeq,.
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KYPFAKLLIbISTbIK MKOHE OFAPbI
TEMIMEPATYPA KAFIAMAPbIHbIH
JUNIPERUS VIRGINIANA L. AYPY/IAPFA
TO3IMAOINITIHE SCEP!

Ncaes faHu Ucaynbl

TEXH.F.K., KaybIMAACTbIpblAfaH npodeccop, Koxka AXxMeT Acayu aTbiHAAFbl XanblKapaibiK,
Ka3aK-TypiK yHMBepcuTeTi, TYpKicTaH K., KasakctaH Pecnybamnkachl

Tomawesa Hypunna AbannasnsKbisbl

Koxa AxmeT Acaym aTbiHAAFbl XaNblKapanblK Ka3aK-TYPIK YHUBEPCUTETIHIH MarnucTpaHThI,
TypKicTaH K., KazakcTtaH Pecnybankacel

Kasipri KnMmaTTbIK e3repicTep *KafaalblHAa OpMaH afalliTapbiHbiH abMOTMKaNbIK CTpecc
dakTopnapbiHa Te3iMAiNiri BMONOIMA KIHE IKOMKYME TYPAKTbIAbIFbl CanafapblHAaFbl eH ©3eKTi
FblNbIMM Macenenepaid, bipiHe anHanabl. Ocipece »ahaHAablK XblbIHY yaepicimeH HalfaHbICTbI
TemnepaTypaHblH, KYPT KOTepinyi MeH y3aKKa CO3blifaH KypfaKLWbIblK Ke3eHAepi ecimaik
OPraHM3MaepiHiH - GU3NoNOTUANBIK, MOPDONOTUANBIK KIHE WMMYHONOTUANBIK ¥KayanTapblH
arTap/blKTa e3repTin, ONapAblH, MaToreHAepre ocangaHy AeHreliH Kywentesi. ABUOTUKANbIK,
KoHe OMOTMKANbIK cTpecc GaKTopaapbiHbIH 63apa SpPeKeTTecTir afalTapablH *Kannbl TipWinik
KepCceTKilTepiH, ecy AMHAMMUKACLIH XaHe GUTOCAHUTaPbIK KaYinci3airiH aHbIKTalTbiH KelleH
KyOblNbIC peTiHAEe KapacTbipblaagbl.

Juniperus virginiana L. (Kbi3bln apwa) — CONTyCTiKk AMepUKaHbiH, TabUFK GopacbiHaa KeH,
TapanfaH KblIKAH XKanblpaKTbl afall Typi 60abIN TabbinaZbl KaHe COHFbI KblNAapbl AEKOPATUBTI
KeranaaHAblpy, OPMaH MeIMOPALMACH KIHE Kana IKOXKYWenepiH TypaKTaHAbIpy MaKCaTblHAA
KenTereH enfepae, CoHblH iwiHAe KasakcTanaa Aa benceHai nHTpoayKkumanaHbin keneadi [1]. byn
TYP  KYPFaKLWbIIbIKKA  CanbiCTblpManbl  TYpAe TesiMAinirimeH, TOMbIpaK Kaf4alnapbliHa
6enimaenriluTiriMeH  KaHe bl O0Mbl  AEeKOPaTMBTI  KAacMeTTepiH  CakTaWTbIHAbIFbIMEH
epekweneHeni. CoHAbIKTAH J. virginiana KananblK KeranfaHAblpyda, XengeH Kopfay
benpeynepiHae oHe NaHAWAPTTbIK AM3aMHAA Ui KoNAaHbINaabl. [lereHMeH, MHTPOAYKUMANBIK,
anMaKkTapga Oyn afawTblH, GUTOCAHUTAPAbLIK TYPAKTbIAbIFbl KOOIHE KeprifikTi KAMMaTTbIK
KafOamnapmeH, acipece ruapoTEPMUANBIK PEXMMMEH Tbifbl3 OaMNaHbICTbl. IKONOTUANBIK,
dakTopnapablH, ©3repyi eciMAiK OpraHM3miHiH, GU3MONOTUANBIK KyWiHe acep €Tin, OHbIH,
naToreHaepre Kapcbl Tabufn KOPFaHbIC MEXaHNU3MAEPIH SNCIPETYI MYMKIH.

Kasipri 3epTreynep KepCeTKeHAEeM, KypFfaKLUblAblK MeH »KOofapbl TemnepaTypa eciMmaiKk
TiHAEPiHiH, cy ©GanaHCcbiH Oy3biM, »Kacywanblk meTabonmamre amtapabiktal acep eteqi. Cy
TanWbINbIFbl KE3iHAE XKacyLanapablH TYProp KblCbiMbl TEOMeHAen, OTOCMHTETMKANbIK anmnapaTTbiH,
KbI3METi a/1cCipenai, an »Kofapbl Temnepatypa MembpaHanblK KypblabiIMAAPAbIH, TYPAKTbINbIFbIH
By3bin, peakTUBTi oTTeri popmanapbiHbiH, (ROS) »KMHanybiH KywenTteai. MyHaan »Karoannapaa
AHTMOKCUMAQHTTbIK, KyMe WaMaZaH TbIC KYKTemere ywblpan, 6CiMAiKTiH MMMYHAbIK peakumanapbl
ancipenai. HatmxkeciHae ecimaiktep duTONaToreHaepre, acipece caHblpayKy/1aKTblK —aypy
KO3/4blpFbllITapbiHa cesimTan bona 6actanapl. J. virginiana TypiHAE Wi Ke3aeceTiH natoreHaepre
Phomopsis spp., Kabatina spp., Cercospora spp. CUAKTbl CaHbIpayKynakTap »KaTafbl, onap
KbI/IKAHHbIH, HEKPO3blH, GPKEHAEPAiH, KypayblH »KaHe eciMaik MopdONorMacbiHbIH, By3blaybiH
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TybIHAATYbl MyMKiH. COHAbIKTAH Oyn afaliTbiH aypynapfa Te3IMAININ OHbIH MHTPOAYKUMANbIK,
aneyeTiH baranayga maHbi3abl KepceTkiwTepaiH, 6ipi 6onbin Tabbinaabl.

Ocbl fblNbIMKM  3ePTTEYAiH, MaKCaTbl — KyYPFaKLbIAbIK KIHE KOFapbl Temnepatypa
}araannapbiHblH, Juniperus virginiana L. afallblHbIH, aypynapfa Te3iMmainiriHe acepiH KelleHAi
TYPAE aHbIKTay, COHAan-ak cTpecc (aKTopaapbiHbiH, - GU3MONOMMANLIK  KepceTKilTepre,
Mmopdonormansik — esrepictepre  KaHe  GMTONATONOTMANBIK — CUMOTOMAAPAbIH,  Aamy
KapPKbIHAbIbIFbIHA bIKNablH 6afanay. byn makcaT afalluTbiH a4anTaunanblKk MyYMKIHAIKTEPIH TEpeH,
TYCiHYyre, KAMMaTTbIK CTPecc neH natoreHAik dakTopnapablH, ©3apa speKkeTTecy MexaHM3maepiH
aHbIKTayfa KoHe MHTPOAYKUMANbIK alMMaKTapdarbl TypakTbl ecipy cTpaTernanapbiH fblibiMK
TYpFblAaH Herisgeyre MymkiHAik 6epeai. CoHbIMEH KaTap ajblHFAH HITUMKeNep Kanaiblk,
KeranzaaHablpy, OpMaH LUapyaLlbl/iblFbl }KaHE IKOKYMENiK MEHEAXMEHT cananapbiHAa KAMMATTbIK,
e3repicTep afdalbiHAa eciMmAaikTepaiH GUTOCAHUTAPAbIK TYPaKTbIIblFbIH apTThipy 6afbiThiHAA
NPaKTUKaAblK MaHbI3bl 6ap FblAbIMK AePEKTEP YCbiHAAbI.

Kasipri KAMMaTTbIH, *KblJblHYbl *KafaalblHAA OPMaH afallTapbliHbiH, abUMOTUKANbIK »KaHE
H6MOTUKaNbIK cTpecc dakTopnapbiHa BipneckeH peakuMAckl IKOKYIME TYPaKTbIbIFbIHbIH, MaHbI34bl
NeTepMUHAHTTapbIHbIH Bipi peTiHAe KapacTbipbinazbl. Teshome »aHe aBT. [2] KypFaKLLbIAbIK NeH
YKOFapbl TEMNEpPaTyPaHblH, 6CIMAIKTEPAIH, UMMYHAbIK *KYMeCiH ancipeTin, naToreHaik aypynapabiy,
AaMy KapKblHObIAbIFbIH @apTTbipaTbiHbIH aTan eTeai. Groover XaHe apinTecTepi [3] KeMKbIAAbIK,
afal TypaepiHAae Xblay TOAKbIHAAPbI MEH CY TanLWblbIFbIHbIH UMMYHAbIK *KayanTblH MOJEKYAANbIK,
peTTenyiHe Kypaeni acep eTeTiHiH aHe by KyOblabICTbIH, 6CIMAIKTIH, NaToreHaepre Te3iMainiK
OeHreniH anTap/blkTal e3repTeTiHiH KepceTeni. An Ghanbary xaHe aBT. [4] »Kypri3reH
3epTTeynepae Cy TanlbiAblFbl  MEH CaHblpayKyNaKTblK WMHOEKUMsaHbIH,  bipneckeH acepi
OCiMAKTepAEe  OKCUMAATUBTIK  CTPeCC AeHreriH  apTTbipbii, KOPFaHbIC  GEePMEHTTEPIHIH,
benceHginirine acep eTeTiHi AsnenaeHreH. OcbliFaH OalnaHbICTbl abUMOTUKaAbIK, CTPecc MeH
natoreHaik daktopnapapiH 63apa HalnaHbICbiH 3epTTey Kasipri duTonaTonorms meH opmaH
3KONOMMACLIHAAFbI MaHbI3Zbl FbibIMKW BaFbITTapAblH, 6ipi 60bIN Tabblnaabl.

KblNKaHXanblpaKTbl afall TypaepiHAae abuoTuKanblk cTpecc baKkTopaapbiHbiH, NAaTOreHaiK
KelleHaepAiH AamMyblHa biKnaabl Kasipri GMTONaToNorma MeH OpMaH 3KONOTMACbIHAA KeHiHeH
3epTTenin Keneai. Netherer aHe aBT. »yprisreH 3epTTeynepae [5] KypfaKLWbIablK NEH KOFapbl
Temnepatypa KafdalblHaa —afalTapablH,  GU3MONOMMALIK  TYPAKTbIAbIFbIHbIH, — TOMEHAeYi
naToreHaepaiH, 6enceHAainiriH KywemnTeTiHi KepceTinreH. ABTOp/aap Cy TanlblablFbl Ke3iHAae
OCIMAIKTIH r’MApaBAMKaablK OTKI3rWTIr TomeHaen, TKI3riW yananap apKbl/ibl Cy MeH MUHEPANAbIK
3aTTapdblH,  TacbimangaHybl  HasynalTbiHbiH - aHblkTafaH. CoHbIMEH KaTap Kemipcynap
pe3epBTEPIHiH, a3atobl 6CIMAIKTIH, SHEPreTUKaIbIK PECYPCTaPbIHbIH, WEKTeAYiHe anbin Keneqi, byn
KOpFfaHbIC MeTaboNnUTTePIHIH CUHTE3iIH ancipeTeai. HaTuyxkeciHae afal TiHAEPIHIH GU3MONOTUANDIK,
KyMi natoreHaep VWiH KONaiabl opTafa aWHabiN, CaHblpayKyNaKTapAblH KOMOHM3aUMACHI
}eHingenai. byn KybbinbiC acipece KblAKaHXanblpakTbl araliTapaa 6akanaabl, cebebi onapapiH,
V33K eMip CypeTiH TiHAepi KAMMaTTbIK CTPECC aCepiHe y3aK yaKbIT Yilbipaiabl.

KblNIKaHKanblpakTblnapablH, naToreHaepre Kapcbl Tabufnu KOpFaHbIC MeXaHU3MAepi ae
KAMMATTbIK CTPECC »KafdalblHaa anTap/blkTal e3repictepre yuwblipaiasl. Mageroy »kaHe aBT. [6]
YprisreH 3epTreynepae Warblp apHanapbl, GeHONAbIK KOCbIALICTAP XaHe DacKka Aa eKiHWinik
MeTabonnTTeP OCIMAIKTIH HEeri3ri KOPFaHbIC KYMECIH KypanlTbiHbl KOpCEeTiAreH. byn KocbiabicTap
naToreHAepAiH, TapanyblH WeKTen, MHPEKUMAHbIH, JAaMyblH TEXENTIH MaHbI3Abl OUOXUMUANDIK,
TOCKAybl/l PETiHAE KbI3MET aTKapadbl. Analga KypfakliblablK MEH KOfapbl TemnepaTtypa
*KafaamblHAA OCbl KOPFAHbIC XKyMenepiHiH KypblabiMbl MeH 6enceHainiri KanTta yMbIMAacTbIpbIbIm,
oNapApblH, TMIMAINITT TemeHaeyi MyMKiH. Mbicanbl, Cy TamlWblablFbl Ke3iHae wanblp 6eniHyiHiH
a3atobl Hemece beHONAbIK KOCbINbICTapAblH CUHTE3IHIH, Oanaynaybl NaToreHAepAiH TiHAepre eHyiH
»eHingeteai. COHAbIKTAH KAMMATTbIK CcTpecc ¢GakTopaapbl eCIiMAIKTIH, MMMYHAbIK KyheciHe
TiKkenen acep eTin, OHbIH, pUTONaTOreHAepre TO3IMAINIK AeHIeniH ToMeHaeTe,.
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ABNOTMKaNbIK ~ CTPEeCcC  »KafdaWnapblH  AMArHOCTMKanay  KaHe  eCiMAIKTepaiH,
dusmonormanbik, KymMiH Bakblnay MaKcaTblHAa@ Kasipri yaKkblTTa KaHa TEexXHONOMMA/bIK aaicTep
KeHiHeH KondaHblnyaa. Graf »koHe aBT. [7] eHOeKTepiHAe KblKaHMKaMblpakTbl afallTapaarbl cy
TanWbINbIFbIH @HbIKTAYAbIH 3aMaHayu TaCinaepi cmnaTranfaH. ABTOP/1ap TaXK TeMmnepaTypachl MeH
TPaHCNMpPaLUMA KOPCETKIWTEPIH KAWbIKTbIKTAH BaKblaay aaicTepiH nanaanaHy apKblibl 8CIMAIKTIH,
cy pexumiH pnan bafanayra 6onatbiHbIH KepceTedi. MyHaan Tacingep ecimaiktiH cTpecc
afdalblHA PeakUMACbIH epTe Ke3eH/ e aHbiKTayfa MyMKIHAIK 6epeai XaHe GUTONaToNornanbIK
npouectepaiH, AamyblH 6osKayaa MaHpi3abl  Kypan 6Honbin Tabblnagpl. Ocipece opmaH
JKOXKYMenepiHae Hemece KanasnblK KeranaaHaplpy KyhenepiHae 6yn agictep ecimaikTepaiH
dur3monornanbIk KyMiH y3ikcis bakblnayra MyMKiHAIK 6epeai.

Juniperus virginiana L. TypiHe KaTbICTbl FblIbIMW 3A4e6MeTTep KebiHe OHbIH, MOPhONOTUANbIK,
cuMnatTamanapblHa, 3KONOTMANbIK OeMiMaenriWTiriHe »aHe WHTPOAYKUMANbIK MYMKIHAIKTEPiHE
apHanfaH. Gilman »aHe Watson [8] by arallTbiH, KYPFaKLLbIAbIKKA CaNbICTbIPMabl TYpAE To3iMmai
EKEeHiH, TOMbIPaKTbIH 3PTYPAI TUNTEpiHE Belimaene anaTbiHbIH KaHE KanasblK KerandaHablpyaa
KeHiHeH KonJaHblnaTbiHbiH atan etedi. CoHblIMeH KaTap aBTopnap J. virginiana kenbip
CaHbIPayKYNAKTbIK aypy/iapfa, acCipece KbIKaHHbIH HEKPO3blH KaHe epKeHAepaiH KypaybliH
TybIHAATATbIH NaToreHaepre cesimTan 601ybl MYMKIH eKeHiH KepceTeai. Zhang, Klopfenstein kaHe
Peterson [9] »yprisreH 3epTTeynepae Cercospora spp. kaHe Kabatina spp. naToreHaepiHe
Te3iMAiNiK AeHreniHae NonynaumManap apacbiHAA alKbliH reHETUMKaNbIK alblpMallblnblKTapabiH 6ap
eKeHi aHblKTanfaH. byn AepeKkTep aTanfaH TYPAiH aypynapfa Te3imai reHoTUNTepiH cenekumanay
MYMKIHAIMH KepceTea.

JereHmeH Kasipri fblnbimn aaebuettepae Juniperus virginiana L. arallbiHbIH, KYPFaKLWbIIbIK,
YKOHe Kofapbl TemMnepaTtypa *KafaannapbiHaa natoreHaik MHGeKUnanapFa peakumMacbiH KelleHai
TypAe KapacTbipaTblH 3epTTeynep oni [e KeTkinikcid. KentereH KymbicTapaa Oyn TypaiH
MOpPdONOTNANBIK HEMECE KaNMbl SKONOTUANBIK epeKLIeNiKTepi cunaTtanfaHbiMeH, abnoTUKanbIK,
CTpecc neH naTtoreHAik GakTopnapablH, ©3apa dPeKeTTeCY MEXaHM3MAEPI TONbIK 3epTTe/IMereH.
CoHAbIKTaH KAMMATTbIK e3repicTep »araarbiHaa Juniperus virginiana L. TyPiHiH, UTOCaHUTaPbIK
TYPaKTbINbIFbIH Bafanay, oHblIH GU3MONOTMUANBIK KIHE MMMYHZbIK PeakLUMANapbiH aHbIKTay Ka3ipri
duTonatonorma MeH opmaH buonorvAcbiHAaFbl ©3eKTi fblbiMM  DafbiTTapabiH, Oipi 6onbIn
Tabblnagbl.

3epTTey Juniperus virginiana L. afalWblHbIH KypFfaKLWblablK XaHe »KOfapbl TemnepaTypa
afdannapbiHOAa — CaHblpayKYNaKTbiK  aypynapfa  Te3imainirin - baranayra  GafbiTTanibl.
JKCNepMMEHTKe BereTaumsanblk yin-Kanga ecipinreH, mopdonoruansik TypsblaaH Oipkenki 3
)acTafbl 60 KelleT nanganaHbingpl. ©cimaiktep 5 1 Kenemai ctaHaapTTansaH cybctpaTtka (nana
TOMbIPafbl:KyM:WbIMTE3eK = 2:1:1) OTbIPFbI3bI/AbIN, TOPT HYCKA KapacTbipbinabl: 1) 6akbinay; 2)
KYpFaKLWbIAbIK (ToNbipak, biafansiH 40 £ 3 % aeHreniHae cakTay); 3) »ofapbl TemnepaTtypa (+6—8 °C
OFapbl Kbi3ablpy); 4) OipikTipinreH cTpecc (KypfakLWbIabiK + Kblay). Op HycKada 15 ecimaik
ecipinin, TonblpakK blAFanablAbliFbl MEH TemMepaTypanbik GOH KyHAeNiKTi bakblnayaa 6onapi.

Aypyfa Te3imainik Cercospora spp., Kabatina spp. »keHe Phomopsis spp. n3onatrapbiHaH
JavibiHganfan 1x10° cnopa/Mn KOHLEHTPaLUMAAbI MHOKYIIOMMEH MYKTbIPY apKblabl 6afanaHapl.
NHOKyNAUMA ¥ac KblNKaHO4ap MeH epkeHaepre OipKenki Kafblnbin, ecimaiktep bactankbiga 24
cafaT »Kofapbl biAFanabiibikTa (= 90 %) ycTanabl. KeliH onap 3 cTpecc pexumaepiHae 6 anta
ecipinin, cumnTomaap (4akTap, HeEKpo3, Kypay, Aedonvaums) ap eKi anta cabliH Tipkenai.
TipWwiniriH TOAbIK OfaNTKaH HE MeXaHWKa/blK 3aKbiMAAHFaH YArinep TandaydaH anbiHbIM
TacTanapl.

Aypy KapKbIHAbINbIFbIH CaHABIK Typae 6afanay yuwiH Townsend »kaHe Heuberger ycbiHfFaH
aypy/aHy MHAEKCIH ecenTey agici KongaHbinabl (Townsend & Heuberger, 1943). 9p ecimaik yLiH
KbI/IKaH XaHe epKeHaepAiH 3aKkpimaaHy Aapekeci 0-5 6anablk WKana borbiHwa 6aranaHabl: 0 —
KepiHeTiH cumnTomaap *ok; 1 —3akbimaaHy 1-10 % KblikaH-epKeH beTkeliHae; 2 — 11-25 %; 3 —
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26-50 %; 4 — 51-75 %; 5 — 76-100 % Hemece epKeHHiH, TO/bIK Kypaybl. AypynaHy nHaekci (Disease
Severity Index, DSI, %) keneci dopmyna 6oibIHWaA ecenTens,:

2 (b; - ny)
DSI(%) = =~ x 100,
bmax N
MYHOafbl

b;—i-wi 6ann (0-5),

n;— Caiikec banmeH BaranaHfaH eCiMAIKTEP CaHbl,
b max— WKanagarsl Makcumym 6ann (5),

N— HycKaZiafbl *Kanbl 6CIMIIKTEP CaHbI.

AnbiHFan DSI maHaepi 6oMbiHWa Juniperus virginiana L. reHOTUMNTepiHiH, Te3imainik
aeHrennepi mbiHa Kputepuinepmen xiktenai: 0-10 % — ete 1o3imai; 10-25 % — 1e3imai; 25-40 %
— opTawa T1e3imai; 40-60 % — ocan; 60 % KaHe 04aH KOoFfapbl — *KOFaPbl CE3iMTaN. IKCNEPMMEHTTIK
HYCKa/lap apacbiHAafbl ablpMallblibiKTapabl baranay ywiH DSI KepceTKiluTepiHiH, opTa MaHAepi
MeH CTaH4apPTTbIK KaTeniktepi ecentenin, bip paktopabl gucnepcuansik Tangay (ANOVA) HerisiHae
ceHimainik aerreni p < 0,05 KpuTepuimeH WHTepnpeTaumsanaHabl. Ocbinaiwa Townsend—
Heuberger afjiciH KonaaHy KypfaKLLbIAbIK, }OFapbl TEMMNEPATypa *KaHe 0napablH, KOMOUHALMACSI
arfgannapeiHaa Juniperus virginiana L. aypynapfa Te3iMAiNIriHiH, e3repiciH canbICTbipMalibl,
CaHAbIK aHe CTaTUCTUKANbIK TYPFblJaH CeHIMAI cunaTTayfa MyMKiHAK 6epa;.

3epTTey HaTUXKenepiH TepeHipeKk WHTepnpeTaumanay VYWiH aypy KapKblHAbIAbIFbIH O-5
Oanaplk WKana borbiHWa HafanayabiH, XUiNiKTiIK Tapanybl Keke TangaHasl. byn tacin xannbl DSI
KepceTkiwiHeH Benek, ap CcTpecc *KafaanbiHaa Juniperus virginiana L. ecimaikTepiHiH 3aKbiMaaHy
KYPbIZIbIMbIH HaKTbl cMMaTTayfa MyMKiHAIK 6epeai (1-cypeT):

O VS B Y2 =) BN B <IN e R -

0 1 2 3 4 5

=Dhbakpbi1ay ==KyprakubuislK == Korapsl Temneparypa ==bipieckeH cTpecc

CyperT 1. Aypy KapKbIHAbINbIFbIHbIH, CAHABIK XIKTENYi }KaHEe OHbIH, CTPeCC KafaannapbiHa
Tayenai esrepici

AnbiHFaH gepektep Juniperus virginiana L. ecimaikTepiHiH, aypyfa Te3imainiri abnoTuKanbik,
cTpecc dakTopnapbiHbiH dcepiHe Tikenen Tayendi ekeHiH KepceTTi. bakbinay HyckacbiHaa O
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bannmeH bOaranaHfaH ecimAikTepaiH, Oacbim 6o0aybl (9 eciMAik) »KaHe XoFapbl 3aKbiMAaHy
OEHreniHiH, ToNblK 60/Maybl ©CIMAIKTIH, KanbiNTbl TMAPOTEPMUANBIK Kafaanda naToreHaik
NHbEeKUMANAPFa CaNbICTbiPMabl TYpAe TUIMAI Kapcbl Typa anaTblHbiH KepceTedi. byn »karaan
eCciMAiK TIHAEPIHIH, CYy PEXUMIHIH TYPaKTbl/IbIFbIMEH, GOTOCUHTETUKANbIK annapaTTbiH, KaabiNTbl
KbI3METIMEH ’KOHE aHTUOKCMAAHTTbIK KyMeHiH ©6enceHainirimeH TyciHAaipineai. ©cimaik
dunsnonoruacel bombiHLIA KyprisinreH 3eptreynepae (Groover et al., 2024) cy pexumi meH
TemnepaTtypaHblH, TyPakTbl 00Aybl ©CIMAIKTIH MMMYHAbBIK PeakumsanapbiH  TypakTaHAbIpbIM,
natoreHAepaiH TiHAepre eHy MyMKIHAINH TemMeHAeTeTiHI KepceTinreH.

KypfakLblabik HyckacbiHaa 0-1 6annabik ecimaikTep CaHblHbIH a3atobl XaHe 2-3 6anngpblk,
3aKbIMAAHY/AbIH, apTybl Cy TamnlblAblFbl KafdanblHAA ©CIMAIKTIH, GU3MONOTMANLIK TYPAKTbIbIFbI
aNcipenTiHiH ganenaenai. KyprakLbiablK Ke3iHae ecimaik TiIHAepiHAe OCMOCTbIK, KbICbiM ©3repirn,
acylanbik TYpProp TemeHaenai, HoTUKeCiHAEe KopFaHbiC MeTaboNnTTePiHiH, cMHTEe3i Baaynanabl.
Byn Kybbinbic matoreHAepAiH ecimAik TiHaepiHe eHyiH eHinaetin, MHeKUMAHbIH AamMybiHa
KONnannbl »Kafaah Tyfbidaabl. OpmaH dutonatonorvacel HOMbIHLIA XKYPri3inreH 3epTreynepae
(Teshome et al.,, 2023) y3ak mep3imai cy TanubiAblFbl ©CIMAIKTIH KOPFaHbIC MexaHM3MAEPiH
DNCIpeTIn, CaHpblpayKyNaKTbIK aypynapabiH TapanyblH KylWenTeTiHi KepceTinreH. CoHAbIKTaH
KYPFaKLWbIbIK KaFaanbiHAa OalkanfaH 3akbiMAaHy AeHTeniHiH, ecyi eCiMAiKTIH, GU3MONOTUANBIK,
KyMiMeH Tbifbl3 BannaHbICTbI.

orapbl TemnepaTypa *KafdanbiHaa 3-5 OannAblk 3aKbIMAAHYAbIH, YAECi alTap/bliKTan
apTKaHbl bankanaabl. byn Kybbinbic TeMnepaTypanbiK CTPECC KesiHae eCciMAiK KacyllanapbiHAaFbI
MembpaHanapAaplH,  TYPaAKTbIAbIFbl  TemeHaen,  GepMeHTTIK  KyWhenepaid,  benceHginiri
e3repeTiHAiriMeH TyciHaipineai. "orapbl TemnepaTypa GOTOCUHTES KaPKbIHAbIIbIFbIH TOMEHAETIN,
peakTUBTi oTTeri GOopManapbiHbiH, XUHaAYbIHA oKeneadi, Oyn  ©3 KeseriHde TiHAEPAiH,
3aKbiMaaHyblHa ceben 6onaabl. Netherer kaHe aBT. )KyprisreH 3epTTeynepae TemnepaTypaHblH,
YKOFapblaaybl afall Typ/epiHiH natoreHaepre cesimTandplfblH apTTbipbin, MHOEKUMAHbBIH Tapany
KapPKbIHbIH KyLLIenTeTiHi aanenaeHreH. OcblFaH 6alMnaHbICTbl KOFapbl TEMMNepaTypa KaraalblHAa
3aKbIMAAHY [AEHTeniHiH, apTybl OCIMAIKTIH (PU3MONOTUANBIK TYPAKTbIIbIFbIHbIH, 2/CipeyiHiH
HaTUXeci bonbin Tabblnaabl.

EH »KOFapbl 3aKkblMAaHy KepceTKilTepi DipikTipiareH cTpecc skafganbiHaa Tipkenai. byn
HycKaza 3-5 Ganngplk ayblp 3aKkbiMAaHy yaeciHiH H6acbim 601ybl KYPFaKLWbIAbIK NEH »KOFapbl
TeMnepaTypaHblH, CUHEPIMANbIK 9CepiH alKblH KepceTeni. MyHaal kafganaa eciMaikTiH cy
HanaHCbl MeH aHepreTUKablK pecypcTapbl 6ip mesrinae 6y3biabin, MeTabo/IMKanbIK NPOLECTEPAIH,
TYPaKTbIAbIFbl TOMeHAeNai. Mageroy »aHe apinTecTepiHiH, 3epTTeynepiHAe KblIKaHKamnblpaKTbl
afalTapAblH NaToreHaepre Kapcbl KOPFaHbIC XKYMECi KAMMATTbIK CTPECC KaFaalbiHAA S1CIPENTIHI
}oHe 6yn KyObinbiC MHOEKUMSAHbBIH, Kbl1Oam TapanyblHa aKeneTiHi kepceTinreH. COHAbIKTaH
anblHFaH HaTWxKenep abuoTuKkanblk dakTopnapablH, bipneckeH acepi Juniperus virginiana L.
OCIMAJKTEPIHIH, aypynapfa TO3iMAiNIriH anTapablKTal TeMeHAETETiHIH FblbIMM - TYPFblaaH
Janengenai.

annbl  anfaHga, anblHFAH  AEPEeKTep  KAMMATTbIK — e3repicTep  KafdalblHAa
KbI/IKAHXanblpaKTbl TypaepaiH, GUTOCAHUTAPAbIK TYPaKTbIIbIFbIH DafanayabiH, MaHbI3AblbIFbIH
KepceTedi. KypfaKLblablK MEH »KOofapbl TemnepaTypaHbiH Oip yaKblTTa acep eTyi eCiMAjiKTiH
dU3MONOrMANBIK TYPAKTbIAbIFbIH S/CIPETIN, MNaToreHAik WHQeKUuMAnapabiH, Aamy MYMKiHAirH
apTTbipadbl. byn HaTuxenep Juniperus virginiana L. eCIMAIKTEPIH MHTPOAYKUMANBIK eKknenepae
ecipy KesiHAe Cy peXuMmiH 0akblnay, MUKPOKAMMATTbIK ‘Kafdalnapabl peTTey »KaHe
PUTOCAHUTAP/IbIK MOHUTOPUHT MKYPFi3y KaxeTTiriH KepceTeai.

Aypy KapKblHAbINbIFbIH DaFanay yWiH ap HycKadafrbl ©CIMAIKTEPAIH 3aKbiMaaHy 6annaapsl
Townsend-Heuberger dopmynacbiHa KoMbiabin, aypynaHy uHaekci (DSI) ecentengi. TemeHae
3epTTeyaiH eH MaHbI3abl ecenTeynepi KepceTinreH:

Bakplnay TobbI:
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8
S(bin;) = 8; DSI = —= x 100 = 10.67%.

KypFfaKLWbINbIK;

22
S(bing) = 22; DSI = —= x 100 = 29.33%.

Rofapbl TemnepaTypa:

32
S(bing) = 32; DSI = —= x 100 = 42.67%.

bipnecKkeH cTpecc:
47
Y.(bjn;) = 47;DSI = 75 X 100 = 62.67%.

BynaH WbiFap KOPbITbIHAbLI: CTPECC KAapKbIHAbIAbIFbI KyllenreH camblH DSI KepceTkilli
TYPaKTbl TypAe apTbin, Juniperus virginiana L. aypynapfa TO3iMAININT alKblH TOMEHAENTIHI
aHbIKTaNAabI.

3epTTey HaTuxenepi Juniperus virginiana L. afawbiHbIH,  abWOTUKaANbIK — cTpecc
daKkTopnapbiHa 6MOGU3NONOTMANBIK TYPFbIAAH alKblH CE3IMTaN EKEeHIH YKaHe KypfaKLbIAbIK NeH
Ofapbl TeMMepaTypa XKafgannapbiHaa natoreHaik MHekumanapra Te3iMaiNiriHiH, anTap/blKTan
TOMEHAENTIHIH KepceTTi. DS|I KepceTKiliHiH KOofapblnaybl Cy TanlblAbIFbIHbIH, *KaCyLUablK,
Typropabl TemeHAeTin, GOTOCUHTETMKAbIK annapaTTbiH TYPAKTbI/IbIFbIH S1CIiPETETIHIH, an *KoFapbl
Temnepatypa membpaHaiblk KypblibiMaapra, GepMEHTTIK Kynenepre KoHe aHTUOKCUAAHTTbIK,
KOpfayfa KOCbIMLLA KbICbIM TYCIpPeTiHiH aanenaenai. byn daktopnap bipieckeH kesae TiHAepAeri
dursmonornanbik Gy3blbiCTap *KMHAKTANbIMN, NATOreHAEPAiH eHYi MeH KONOHM3ALMACLIHA KO1ain/bl
MUKPOXKYMEe KanbinTacafpl. HaTuxKeciHAe, KOpfaHbIC peakuMAnapbiHbiH, TUiMAiniri TemeHaen,
eCiMAiK MHDEKLMAHBI TEXKEN aIMaNTbIH AEHTeNre KeTeaj.

BipneckeH cTpecc HyckacbiHAaa DS| KepceTkilWiHiH eH »Kofapbl Tipkenyi abuoTUKanbIK,
dakTopnapablH, CUHEPTUAbIK SCEPIH HAaKTbl anKkbiHAaM, Juniperus virginiana L. MHTPOAYKUMANBIK,
eKknenepiHae KNMMaTTbIK e3repictepre 6anaHbICTbl GUTOCAHUTAP/bIK TayeKkenaepain, 6ap ekeHiH
KepceTeni. byn TypfblAaH anfaHaa, 3epTTey HITUMIKENEPI Cy PEeXMMIH peTTey, MUKPOKIUMATThI
TYPaKTaHAbIPY KOHE CTPECC KafdaMblHAafbl aypy AMHAMMKACbIH andblH ana AuarHocTukanay
CTpaTerManapbliH KOAAaHYAbIH MaHbI3Abl/IbIFbIH aTan KepceTeai.

byn maKkana KasakcmaH PecnybnukaceiHsiH foineim waHe Mofapel 6inim muHucmpniei
folneim KomumemiHiH NeBR24992814 epaHm ecebiHeH #apuAanaHosI.
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JUGLANS NIGRA L. CIMAITHIH
NEHAPONOTUANBIK, CUNATTAMACH!
YOHE MHTPOAYKLIMABIK
MYMKIHIKTEP

Ncaes faHu Ucaynbl

TEXH.F.K., KaybIMAACTbIpblAfaH npodeccop, Koxka AXxMeT Acayu aTbiHAAFbl XanblKapaibiK,
Ka3aK-TypiK yHMBepcuTeTi, TYpKicTaH K., KasakctaH Pecnybamnkachl

MayneH buraHbim KoXaxmeTKpbI3bl

Koxa AxmeT Acaym aTblHAAFbl XanblKapaablK Ka3aK-TYPIK YHUBEPCUTETIHIH MAarncTpaHThl,
TypKicTaH K., KazakcTtaH Pecnybankacel

AHHOTauma. Makanaga Juglans nigra L. ecimairiHii, TypKicTaH KanacbiHAaFbl XanblKapablk,
Ka3aK-Typik  YHUBepcUTETiHIH  GoTaHMKanblk  Oafbl  KaFdalbiHOAFbl  AEHAPONOTMUANbIK,
dur3monornanblik KaHe GeHoNOTMANbIK epeKLLenikTepi 3epTTeni. 3epTTey 6apbICbiHAA OCIMAIKTIH
MayCbIMAbIK AamMy daszanapbl, MOPHOMETPUANbIK KOPCETKILWITEPI, KanblpaKTblH, GU3MONOTUANDIK,
napameTp/iepi *aHe ToMNbIPaKTbIH Heri3ri a3gaduKkanbik cMnaTramanapbl aHbiKTanabl. Hatuxkenep
bolblHLIA ©CIMAIKTIH, BereTauuanbik kKeseHi 153—-160 KyH apanbifblHA@ €KeHi aHbIKTaAabl.
MopdpoMeTpUANbIK KOPCETKIWTEp KelweTTepaiH, OenceHai BeretaTMBTIK ©CYiH  KepceTce,
dU3MONOTUANDIK, Tanaay ©CIMAIKTIH, Cy PeXXMMIHIH, TYpaKTbl ekeHiH asnengeni. CoHbIMeH KaTtap
TOMbIPAKTbIH, 9/1Ci3 KbILKbI PEAKLUMACH! KIHE TYMYC MOLLEPIHIH, HKETKINIKTI AeHreni eCiMAaiKTIH,
KanbiNTbl AaMyblHa KOMaMAbl Kafdal KanbiNTacTblpaTbiHbl aHbIKTaAAbl. ANbIHFAH HIaTUKenep
Juglans nigra L. ecimairiHiH 3epTTenreH aMMaKkTbliH KAMMATTbIK XaHe ToMblpak KafaaniapbiHa
benimaeny MyMKIHAIM Ofapbl eKeHiH $KaHe OHbIH, MHTPOAYKLMANLIK 91eyeTi nepcnexkTnsansi
EKeHIH KepceTea.

TyniH ce3gep: Juglans nigra L., Kapa »KaHfak, WHTPOAYKUMA, [AEHAPONOTUANbIK,
KepceTkiwTep, deHonormanbik daszanap, dusmonornsanbik benimaeny, Tonbipak dakTopaapsl,
BCiMAiK 3KONOrnACHI.

Kasipri KeseHae KAMMATTbIH, ©3repyi, aHTPOMNOreHAiK KYKTEMEHIH, apTybl XoHE OpMaH
3KOXKYMeNepiHiH, TYPaKTbIMbIFbIH CakTay Macenenepi »aHa berimaenriw araw TypAepiH 3epTTeyaiH,
MaHbI3AbINbIFbIH - apTTbipyaa. Ocbl TypfbldaH anfaHO@ KOFapbl 3KOMOTUAMBIK  MKEMAINIT,
BMONOTUANBIK OHIMAINIM }KoHE IKOHOMMUKAJbIK KYHAbIIbIFLI Bap arall TYpAepiH MHTpoayKuManay
OpMaH LWapyawblNblfbl MeH NaHAWwadTTbIK KerangaHablpy CanacbiHAAfbl MaHbI3Abl FblAbIMM
barbiTTapabiH 6ipi 60nbin Tabbinaabl [1]. OcbiHAaN NnepcnekTMBabl TYpAepdiH 6ipi — Kapa MaHFak,
(Juglans nigra L.), on ConTycTik AmepuKkaza Taburm Typae KeH TapasifaH KoHe COHFbl MKbl1Aapbl
Eypona meH A3uns enaepiHae MHTPOAYKUMAbIK 3epTTeyepAiH HbicaHblHa aiHanbin oTbIp [2].

Juglans nigra L. — Juglandaceae TyKbiMAacbiHa aTaTblH OMIK KamnblpaKTbl afall Typi, Tabueu
}araannapaa 6uikTiri 30—40 Mm-re AeniH KeTeqi KaHe TepeH, eHEeTiH KyaTTbl TaMblp *KyMleciMeH
cunatTanaabl. byn TypaiH, 6MONOrMANbIK epeKLEenikTepi OHbIH SPTYPAI KAMMATTLIK afdannapra
benimgenyiHe MmymkiHaik 6epeni [3]. fbiabimm  3epTTeynep J. nigra afallblHbiH,  OpMaH
WapyawblNblfbIHAQ, AarpOOPMaH XymenepiHae XoHe NaHAWwadTTbIK KerandaHablpyda KeHiHeH
KOoNnZaHblnaTbiHbiH KepceTeai [4]. CoHbIMeH KaTap Oy eciMAik Xofapbl cananbl Cyperimer,
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OUTOXMMUANBIK  KOCbINbICTapFa 6all BMomaccacbiMeH XaHe 3KONOTMANbIK TyPaKTbINblFbIMEH
epeklueneHeni [5].

CoHFbI XKblngapsbl J. nigra ecimAiriHiH, 5KON0TUANbIK KaHEe GU3MONOTUANBIK ePeKLLENIKTEPIH
3epTTeyre apHanfaH bGipkatap fblAbIMKU KyMbICTap »Kypridingi. Mbicanbl, Nicolescu aHe
opinTecTepi Kapa KaHfakTblH Eyponagafbl 3KOAOMMACbI MEH OpPMaH LWapyalblablFbIHAAFbI
MaHbI3bIH Tan[4ain OTbIPbIM, OHbIH TOMbIPAK MNEH KAMMATTbIK KaFdafiapsa *Kofapbl benimaenrilTik
KabineTiH atan kepceteai [1]. Bishop »kaHe apinTectepi Kypri3reH 3epTreynep 6y afall TypiHiH
arpoopmaH  KyhenepiHae — TMiMAI  KONAAHbINATBbIHBIH - KOHE  aybl/l  LWapyallbiibifbl
NaHAawadTTapbIHbIH 3KONOTUA/bIK TYPAKTbI/IbIFbIH apTTblpyFa biKNan eTeTiHiH Aanenaenai [2].

CoHbiMeH KaTap J. nigra ecimairiHiH, GU3MONOTMUANBIK KIHE MUKOPU3AbIK DalNaHbICTapb!
0a KeHiHeH 3epTrenyge. Ma KoHe opinTecTepi »KaHfaK  TypaepiHiH  MWKOPM3anbIK
CaHpblpayKyNaKTapMeH CMMOUMO3bl 6CIMAIKTIH KOPEKTIK 3aTTapabl CiHipy KabineTiH apTTbipbIn, OHbIH
cTpecc daKkTopaapbiHa Te3iMAiNIriH KywenTeTiHiH kepceTei [3]. by e3 KeseriHae afallTbiH apTYPAI
3KONIOTUANDIK KaFaannapaa ecy MyMKIHAIMH KeHenTesq,.

NHTpOAYKUMANBIK 3epTTeyaepaiH, MaHbi3abl OafbiTTapbiHbIH, Oipi — KelweTTepai ecipy
TEXHOMIOMMANAPbIH XEeTiNAipy. Sapronova skaHe apinTecTepi XKyprisreH 3epTreyaep *abblk Tamblp
Xyreci 6ap J. nigra KeleTTepiH ecipy afici KypFak alMakTapaa eciMaiKTiH TipWwinikke 6enimainirid
apTTbipaTbiHbIH Aanenaenai [4]. An Xoxn0B *KaHe apinTecTepi KyprisreH *KyMbICTap Kapa *KaHFaKTbl
Hacka MaHfFaK TYPAepiHiH TaMblp KOpPbIHa TeNy apKblabl ©Cipy OHIMAINIKTI apTTbipbIf, KAUMATTbIK,
TYPAKTbINbIKTbI KYLLEUTETIHIH KepceTeai [5].

CoHfbl 3epTTeyniep Kapa *KaHfaKTblH duTONaToreHaepre TO3IMAININT MEH reHeTUKanblK
9PTYpAiNiriHe Ae epeKkwe Ha3ap ayaapyaa. Sitz koHe apinTecTepi J. nigra nonynaumanapbiHbIH,
natoreHaepre peakuMAcbl apTypAi 60NATbIHbIH KaHe Byn GAKTOP MHTPOAYKUMANBIK KYMbICTAp
KesiHae ecKepinyi TWic ekeHiH aHblkTafaH [6]. CoHbiMeH KaTap Kas3aKCTaHHbIH OHTYCTIK
aliMaKTapblHAA KYPri3inreH 3epTTeynep *KaHfak arallTapbiHbIH aypyaapbl MeH GMUToNaToONOrUANbIK
dakTopnapbl onapabiH ecimiHe eneyni acep eTeTiHiH KepceTedi [7].

OCIMAIKTIH, MOPDONOTUANBIK HaHE aHAaTOMUA/IbIK epeKLIeNiKTepiH 3epTTey Ae MaHbi3abl
FbINbIMM DaFbITTapabiH, Oipi 6onbin Tabblnaabl. Yegizbayeva KaHe apinTecTepi XaHFak TYPAepiHiH,
MMKPOKNOHZAbIK KBbenTyiHe acep eTeTiH pakTopaapabl 3epTTeN OTbIPbIN, BCIMAIKTIH 6CYy KapKblHbI
MeH MopdoreHesiHe 3KONOTMANbIK KafaannapablH YIKEH acep eTeTiHiH aHbikTaraH [8]. CoHbIMeH
KaTap Juglans TybICblHa KaTaTblH ©CIMAIKTEPAiH reHepaTMBTIK MyLlenepiHiH, mopdoreHesi oapabiH,
PenpPoayKTUBTIK KabineTiH aHbIKTanTbIH Heri3ri dakTopnapabiH, 6ipi 6onbin Tabbinaabl [9].

Juglans nigra ecimairiHiH, 6MOXMMUANBIK XKaHe GapPMaKONOrMANbIK KaCUEeTTepi Ae FblabIMM
KbI3bIFYLLUbINbIK Tydblpadbl. [M03AHAKOB KoHe apinTecTepi Kapa »KaHfaK KabblFbiHAH ajblHFaH
3KCTpaKTTapablH, 6Monoruanbik benceHainiriH 3epTrert OTbIPbIN, 0NaPAbIH, HEMPONPOTEKTOP/IbIK
KacnetTepiH aHbikTaraH [10]. An Kurkin »oHe Zimenkina yprisreH 3epTTeynep KaHfak
anblpakTapbiHAa GeHONAbIK KOCbI/IbICTapAbIH, }aHe bacKka Aa buonoruansik benceHai 3atTapapbliH,
Oofapbl Mesillepae KesgeceTiHiH Kepceteadi [11]. Osztie oHe oapinTecTepi Kapa KaHfak
nofMdeHoNAaPbIHbIH, *Kacylwanbik MembpaHanapfsa acepiH 3epTTen, onapablH, aHTUOKCUAAHTTBIK,
oHe aHTUNponndepaTUBTIK KacueTTepiH ganenaereH [12].

KasaKkcTaH »KafganbiHaa Juglans nigra ecimairiHiH MHTPOAYKUMACHI 2/1i A8 MKETKINIKTI
3epTTenmereH. COHFbl KblAaapbl KypridinreH 3eptreynep o6y araw TypiHiH, OHTYCTIK Ka3akcTaH
aMMafblHbIH,  KAMMATTbIK  KaFdannapbiHa  6enimaeny  MyMKIHAITIH - KepceTedi.  Mbicanbl,
XanblKapanblK Ka3aK-TypiK YHMBEPCUTETIHIH OOTaHWKaNbIK OafblHAA KyprisinreH 3eptTeynep J.
nigra ecimairiHiH, MoOpdONOrUANbLIK, PUIMONOTUANBIK HIHE aHATOMMUABIK KOPCETKILLTEPi aMMaKTbIH,
TOMbIPAK-KAMMATTbIK KafdalnapblHa KaKcbl OelimaeneTiHiH aHbiKTaabl []. byn 3eptrey
HaTMXKeNepi Kapa XaHfFaKTblH, KYPFak aiMaKkTapda MHTPOAYKLMANAY XKaHe ecipy MyMKiHAIKTepiH
FbINbIMM TYPFbIAAH Herisgeyre MyMKiHA K bepes;.
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OcbifaH GannaHbicTbl Juglans nigra L. ecimgiriHiH, AeHAPONOrUANbLIK epeKLLeniKTepiH,
MOPHONOTMANBIK KYPbIIbIMbIH KOHE aHa 3KONOTMANbIK Kafdannapaa benimaeny Kabinetid
KelleHAi 3epTTey MaHbI3abl FblAbiIMK MiHAETTEPAIH, 6ipi 6onbin Tabblnaasl. MyHaan 3epTreynep
afall TYPiHiH WMHTPOAYKUMANbLIK aneyeTiH Oafanayfa, COHAAM-aK OHbl OpMaH Liapyallbl/iblfbl,
arponaHAaWwadTTbIK KYNenep XaHe KerangaHablpy cananapbiHaa TMiMAai nanganaHyfsa fblabimMu
Heri3 KanbINTacTbipyFa MYMKIHAIK bepeai.

3epTTey TypKictaH KanacbiHaarbl XKTY 60TaHWKanbIK OafbliHAQ OpbIHAANAAbI. 3epTTey anaHbl
OHTYCTiK Ka3aKCTaHHbIH, WYFbl KOHTUHEHTTIK KAMMAT »KaFaalbiHA4a OpHANaCcKaH: »Kasbl bICTbIK 9pi
KyaH, KbICbl Ca/bICTbipMasbl CyblK. BYpbIHFbI 3epTTey cunaTTamacbiHAa OCbl aiMaKkTa blAAblK,
OpTalla aya Temnepatypach! WwamameH +12,5 °C, an XKblAablK XKayblH-WallblH Menwepi 250-300 mm
apanblfblHAA eKeHi KepceTiireH. ©cimaikTep ecipinreH Tonbipak TUMi cyp TonblpakTap TobObIHA
aTadbl, Kapalwipik menwepi optalla aeHrenae. MyHaalm opTa MHTPOAYUEHT afall TYPAepiHiH,
benimaenyid baranay yiliH Kofanabl MOAENbAIK Kafaan 60bin Tabblnaab.

3epTTey HbicaHbl peTiHAe BoTaHMKaNbIK DaKkTa ecipinreH, Beretaumanbik aamybl Bipkeski,
CbIPTKbl MEXaHMKA/bIK 3aKbiMAaHybl bakanmaliTbiH, PUTOCAHUTAPALIK TYpPFblaaH cay Juglans nigra
NapaKTapbl TaHAaNAbl. bakblnayFa anbiHFaH ecimaikTep 6ip y4ackeae ecin, arpoTeXHUKabIK KyTiM
afdahnapbl yKkcac 6onabl. YArire eHrisy KesiHae AapakTapAblH, Xacbl, »Kaanbl TipWinik Kywi,
anblpaKTaHy [O2PEXKEeci KaHe o/lleyre »apamablabiFfbl eckepingi. Opbip Aapak »Keke Tipkey
HeMipiMmeH benrineHin, maycbim 60Mbl KalTa e/lWeHeTiH TYPaKTbl baKblaay ecimaikTepi peTiHae
nanaanaHblngpl. 3epTreyaiH, MyHAaW YMbIMAACTbIPbIAYbl BCIMAIKTIH 6Cy KapKbIHbIH KaHe
MayCbIM/bIK, ©3repicTepiH cafblCTbipMasibl TYpae Daranayra MyMKiHAIK bepeai.

deHonormanblk 6akblnaynap BereTaumanbik KeaeH 6oibl XRyneni Typae Kyprizingi. bakbinay
baroapnamacbiHa OyYpLiKTiH, 6epTyi, »anblpakTaHydblH, OacTanybl, epKeHHiH 6enceHai ecyi,
FYIAEHY Ke3eHi, S)KeMICTiH, KabINTacybl, S)KeMICTiH, Nicyi XaHe Kanbipak Tycy dasanapbl eHrizingi. 9p
beHonormanbIK PpasaHblH, 6acTany sKaHe adaKTany KyHAepi KyHTi3benik agicneH Tipkeni. bakbinay
anTacbiHa KemiHae bip peT, an maycbiMAbIK eTneni keseHaepae 3-4 KyH apasblfbiHaa »Kyprising,.
deHoNnormanbik ManimeTTepAi Tipkey KesiHae ap [apak HboMbiHWa BU3yanapl 6aranay »acanbin,
beHoXKypHanfa eHrisinai. AnablHFbI Makananblk 3epTTeyae Ae GeHoNornanblk dasanapabl aHbIKTay
3epTTeyaiH, Herisri miHaeTTepiHiH, O6ipi 60onFaH »aHe OypLIiK alWbliybl, DenceHai ecy, Kemic
Ka/bINTacybl TOpi3ai KeaeHaep apHalibl TipKenreH.

OCIMAIKTIH, AeHAPONOMMANBIK CMNATTaMacbiH aHbIKTay YLIH OMOMETPUANLIK enLlleynep
Xyprisingi. ©nwey 6baraapiamacbiHa MblHa KOPCETKILWITEP eHri3inai:

—  ©CIMAIKTIH, *annbl BUiKTIr;

— [iHHIH Hemece cabafblHbIH TaMblp MOMHbI AeHTreniHAET AnameTpi;

— JKbl/1AbIK BPKEHAEPAiH Y3bIHAbIFbI;

— KYpAeni XanblpaKTblH, *Kanmbl y3bIHAbIFbI;

— ’KanblpaKLlanap caHbl;

— JKeKesiereH »anblpak TakTanapblHbIH, Y3bIHAbIFbI MEH EHi;

— eMmic bonfaH Kafaanga 6ip ecimaiKTeri ) emic caHbl MeH Kemic Mmaccachl.

©ciMaiK OMIKTIr enley Tacnacbl HEMece METPAIK PermKameH aHblKTanabl. TaMblp MOMHbI
anMafblHAaFbl AiH AMaMeTpi WTAaHTEeHUMPKYIb KeMerimeH enweHai. MblaablK epKeHaepaiH
V3blHAbIFbl ©PKEH Heri3iHeH VUibiHA AENiHr apanblKkNeH CaHTUMETPAIK AdA4iKNeH Tipkena,.
anblipak KepceTKilTepi TONbIK KanblNTaCcKaH OPTaHFbl APYCTafbl Cay XanblpaKTapAaH asiblHAbl. 9P
napakTaH bipHelle Kanblpak TaHaabin, opTala mMaH ecentendi. MyHaan enweynep OypbiHFb
3epTTeyde [ie al calblH TiPKeAreHi »KaHe Heri3ri KepceTKilTep KaTapbiHA4a KeweT OWiKTiri,
MarncTpanb AMaMeTPi, *anblpak, yY3blHAbIFbl MEH *KaMblpak, CaHbl a/blIHFaHbl KEPCETINTEH.

OCIMAIKTIH, PUINONOTUANBIK KaN-KyMiH Oafanay VYWiH KanblpakTapAblH Cy peXumiHe
KaTbICTbl KepceTKiwTepi aHblkTandbl. O yWiH TOAbIK XETiAreH »Kanblpak yAriaepi TaH4anbin,
onapabiH 6actanksl maccacel enweHai. OpaH kehiH ynrinep 105 °C temnepatypada TypaKkTbl
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Maccafa [eWiH KenTipindi. bactankpl XaHe KypfaK Mmacca alblpmacbl OOMbIHLWA Kanblpak,
bIAFaNAbINbIFbl ecenTeni. byn aaic eciMmaikTiH blaFanabl cakTay KabifeTiH, TpaHCNMPaUMANbIK,
benceHaiNikke peakUMACbIH KoHe KyaHLWbIIbIK KaFdalbiHa  GU3MoNorMansik  benimaenyi
Hbaranayra MyMKiHAIK Bepeni.

OCIMAIKTIH, MHTPOAYKUMANbIK MYMKIHAIKTEPIH 6afanayga ecy opTacbiHbIH, 3AapUKanbIK,
Kafoamnapbl MaHbi3abl 6ONFaHAbIKTAH, 3epTTey y4acKeCiHeH TOMbipaK CblHaManapbl anbiHAbI.
CbiHamanap 0-40 cm KabaTTaH CTaHAAPTTbl apanac YAr aaicimeH KuHandpl. ToMbIPaKTbiH
rpaHy/IOMETPUANBIK Kypambl, peakums opTackl (pH), Kapauwipik menuwepi, a3oT, dochop *aHe
KanMnAiH, XblXKbIManbl GopMaiapbl aHbiKTandbl. Tangay HaTUXKenepi eciMaik ecyi MeH aamy
KepceTKilTepiMeH canbICTbipblAAbl.

TemeHae kentipinreH Kecteae Juglans nigra L. ecimairiHiH 3epTTey XKyprisinreH anmaxTarbl
Heri3ri geHonornanbik ¢asanapbiHbiH, Mep3imaepi MeH onapablH,  Y3aKTblfbl KepCeTiNreH.
deHonormanblk 6akblnaynap eciMAikTiH, MayCbiMAbIK AaMy AMHAMMKACHIH aHbIKTAYy KOHE OHbIH,
EPTiNikTI KIMMATTLIK XKafaannapra benimaeny aeHrenid baranay makcaTbiHAA Kyprisingi. 9pbip
daza — OypuWwikTepaiH, alWblaybl, *KanblpakTaHy, epKeHAepaiH benceHai ecyi, rynaeHy KaHe
XEeMICTepAiH, KanbinTacybl — 6CIMAIKTIH, BereTaumsanbiK UMKAIHIH 6enrini 6ip Ke3eHiH cmnaTTanabl.
Kectene yCbiHbINFaH JepekTep 3epTTenreH JAapakTapablH GeHONOTMANBIK  bIpFaKTaPbIHbIH,
TYPaKTbI/IbIFbIH }K3HE 0N1apablH MayCbIMAbIK AaMy Ke3eHAePiHIH YaKbITTbIK KYpblibiMbiH BaFanayfa
MYMKIHAiIK Bepes;.

Kecte 1. Juglans nigra L. ecimairiniH, deHonormansik ¢pasanapbl

No deHonormanblk dasza OpTawa bacTany OpTala askrany ¥3aKTblfbl
Mmep3imi Mep3imi

1 | bypuwikTepaiH, awwblinybl 18 cayip 20 cayip 2-3 KyH

2 | "anblpaKkTaHy Ke3eH; 21 cayip 10 mambip 18-20 KyH

3 | OpKkeHaepaiH benceHa ecyi 15 mamsblip 20 TambI3 90-95 KyH

4 | TyngeHy KeseH 5 mamblp 15 mambip 8-10 KyH

5 | emicTepaiH Kanbintacysbl 10 maycbim 25 KbIpKyMek 100-105

KYH

6 | BeretauuanbiK Ke3eHHiH *annbl | — - 153-160

Y3aKTbIfbl KYH

WyprizinreH deHonormanblK Hakbliaynap HaTuxkeciHae Juglans nigra L. ecimairiHin,
MayCbIMAbIK AaMy das3anapblHblH, HaKTbl XPOHONOMMACHI aHbIKTaNAAbl. ANblHFAaH ManiMeTTep
HolblHLIA ©CIMAIKTIH, OYPLWIKTEPIHIH, alblaybl Cayip aMlbliHbIH, YWIiHWI OHKYHAiriHAe ©acTanbim,
WamameH 2-3 KyH ilWiHAe asKTanaTbiHbl 6aiKkanabl. byn KeseH, TemnepaTypasblk PEeXUMHIH,
TypaKTaHyblHa aHe TOMbIPAKTbIH, KblAblHyblHA Tikenen 6GalnaHbICTbl. [JeHAPOOMONOTUANbIK,
3epTTeynepae afall TYP/epiHiH, OYpLUIKTEpiHiH alWblay Mmep3iMi opTalla ToyAIKTIK TeMnepaTypaHbiH,
benrini 6ip AeHrenre »KeTyimeH aHbIKTanaTbiHbl KepceTinreH. Nicolescu keHe apinTecTepiHiH,
3epTTeyiHae Juglans nigra OypuikTtepiHiH, 6epTyi kebiHe kekTemri Temnepatypa 10-12 °C
LLamacblHa KeTKeH Ke3ae 6acTanaTtbiHbl aHbIKTa AFaH.

anblpakTaHy dasacbiHbiH, Y3aKTbifbl WaMameH 18-20 KyHAai Kypaabl. byn keseHae
boTOCMHTETMKANbIK annapaTTbiH, KanbiNTacybl XXypeldi »KaHe ©cCiMAIKTIH 3sHeprua anmacy
npouectepi bencenai Typae icke Kocblnagpl. Feinbimm apebuettepae »Kanbipak annapaTtbiHbIH,
KanbINTacy »XblAJaMAblfbl afall ©CIMAIKTEPIHIH ecy KapKblHbIHA YXaHe Xanmnbl OUONOrMANbIK,
eHiMmainiriHe Tikenen acep eTeTiHi KepceTinreH. Yu »KaHe apinTecTepiHiH manimeTTepi 6oMbIHLIA
anblpak, B6eTiHiH, ayAaHbiHbIH YAfatobl GOTOCUHTE3 KAPKbIHAbIAbIFbIH aPTTbIPbIN, OPraHUKasblK
3aTTapAblH XMHAKTaNyblHa bIKkNan eTeq,.
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3epTTey HaTuXKenepi epkeHaepaiH, benceHai ecy KeseHi mMamblp albiHbIH, OpTacbiHAa
Hbactanbin, Tambl3 albliHblH, COHpbIHA [AENiH KanfacaTblHblH KepceTTi. byn Ke3eHHiH, y3aKTblifbl
WwamameH 90-95 KyHAi Kypaabl. OpKeHaAepaiH KapKblHAbl 6CYi 6CIMAIKTIH BEreTaTUBTIK AaMYbIHbIH,
Heri3ri dasacbl 60nbiN Tabblnazbl »KoHE OCbl Ke3eHJe arfallTblH Heriari MopdosormanbIK,
KYpblAbiIMAapbl  KanabinTacagbpl. OpMaH 3KOAOMMAChbl  CanacblHAafbl  3epTTeynepae  afall
eCiMAiKTEPIHIH epKeHAEpPIHIH, ecy KapKblHbl KebiHece TonblpaKTarbl biJfa] Me/lepPi MeH KOPEKTIK
aNeMeHTTepAiH AeHreniHe bannaHbiCcTbl 601aTbIHbI KepceTinreH. Magnier »ypri3reH 3epTreynepae
TOMbIPAK *Kafdannapbl afall OCiMAIKTEPIHIH ecy AMHAaMMKacbiHa aWTap/biKTal acep eTeTiHi
A2NeNaeHreH.

fynoeHy dasacbkl canbiCTblpMasbl TypAe Kbicka 6onbin, wamameH 8-10 KyHre cosbligpi.
Juglans TybiCblHa »KaTaTblH OCIMAIKTEPAIH, TYAAeHY Mep3iMi KAMMATTbIK Kafdannapfa »KaHe
doTonepmoa y3akTbifbiHa BannaHbICTbl ©3repeTiHi benrini. Jankovic kaHe apinTecTepi KyprisreH
3epTTeyNepae KaHFfaK afallTapblHbiH reHepaTUBTIK JamMybl KebiHe KeKTemri TemnepaTypasbik,
PEXMMHIH TYPAKTbINbIFbIMEH BaNNaHbICTbl EKEHI KOPCETINTEH.

emictepaiH, KanbinTacy Ke3eHi maycbiM anbliHbiH 6acbiHaa 6acTanbin, KbIPKYMEK alblHbIH,
COHbIHA AENiH KanfacTbl. bByn Ke3eHHiH, y3akTbifbl WamameH 100-105 KyHAi Kypaabl. leHepaTUBTIK
Aamy KeseHiHiH y3ak 6onybl Juglans nigra TypiHiH, ©HIMAINIK NOTEHLMANbIHbIH, }KOFapbl eKeHiH
KepceTeai. Bishop skaHe apinTecTepiHiH, 3epTTeyaepiHae Kapa sKaHFaKTbiH *KEMIC KabINTacy Ke3eH,
OHbIH, arpooOpPMaH XyhenepiHae KoNAaHblNy TUIMAINIMIH aHbIKTaMTbiH MaHpbI3abl GaKTOpAapAbIH,
6ipi ekeHi atan eTinea.

Mannbl BereTaumManbiK KeseHHiH y3aKTbiFbl 153-160 KyH apanbiFbiHga 6ongsl. MyHaan
KepceTKiw Juglans nigra eciMAiriHiH, 3epTTey alMarblHbIH, KJAMMATTbIK afgannapbiHa KaKcbl
benimaenreHin Kepcetedi. OpmaH OuMonornacbl BOMbIHLLEG KYPTi3iAreH KenTereH 3epTreynepae
afall ecCiMAiIKTepiHiH BereTauMANbIK Ke3eHiHiH, Y3aKTblfbl ONapAblH 3KOMOrUANLIK, belimaeny
AeHremiHiH, MaHbI3abl KePCeTKiLli peTiHAe KapacTbipblaaabl.

AnblHFaH HaTuxkenep Juglans nigra L. ecimairiHiH 3epTTey almarbiHAa MayCbiMAbIK Aamy
KeseHAepi canbiCTbipManbl TYPAE TYPaKTbl EKEHIH KaHe OHbIH, *KEPTiNiKTI KAMMAT *KafaahiapbliHa
benimaeny MyMKiHAiM »ofapbl eKeHiH KepceTeai. byn afall TYPiHiH MHTPOAYKUMANbIK a/1eyeTiH
)oFapbl Aen Hafanayra MyMKiHAiIK 6epenji. CoHbIMeH KaTap GeHONOorMANbIK AepeKkTep afall TypiH
KeranzgaHablpy, OPMaH ecipy KaHe arpoopmaH KyhenepiHae nanganaHy nepcrnekTnsanapbiH
FbINbIMM TYPFbIAAH Herizgeyre MyMKiHA K bepea;.

TemeHae ycbiHbIAFAH cypeTTe Juglans nigra L. eciMmairiHiH, AeHAPONOTUANbIK KaHe
MOPDOMETPUANBIK KBPCETKILITEPI KyMeneHaipinreH. byn napameTpniep eciMaiKTiH, KYPblabIMAbIK
[AaMYbIH CUNATTANTbIH HETi3ri MHAMKaTopAap 6obIN TabblNabl }KaHe afalll TYPiHIH ©CYy KapKblHbIH,
MOPHONOTMANBIK TYPAKTbIMbIFbIH KIHE aHa 3KONOTMANbIK Kafaanapfa benimaeny AeHremi
baranayra MymKiHaik bepeni. CypeTte KelleTTepdiH, OWIKTIri, AiHHIH AMaMeTpi, epKeHAepaiH,
bINAbIK 6CY KapKblHbI, *KaMnblpaK annapaTbiHbiH, 6WeMAePi MEH KyPAesi KanblpaK KypblabiMbl
CUAKTbl MaHbI3abl MOPGONOTMANLIK CUNATTaManap KOePCETI/IreH, o/lap ©CIMAIKTIH, BereTaTmMBTIK
[AMYbIHbIH, *Kannbl AeHreriH aHblkTayFa Heri3 bonaapl.
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Cyper 1. Juglans nigra L. ecimairiHiH, MOpdOMETPUANBIK (AEHAPONOTMANBIK) KepCeTKilTepi

AnblHFaH HaTWxKenep Juglans nigra L. KeweTTepiHiH, 3epTTenreH opTaZa CabiCTblpMabl
TYPAE TYPaKTbl 6Cy AMHAMWUKACbiH KepceTeTiHiH aanengenai. KeweTttepaiH, OUIKTIriHiH, opTawa
MaHi 1.55 M 6o/ybl ©CIMAIKTIH, aNfallKbl 4aMy Ke3eHiHAe KapKblHAbl BEreTaTUBTIK ecyre KabinetTi
eKeHiH KepceTeni. OpmaH 6MoN0rMACkI canacbiHAafbl 3epTTeyAepae arall eciMAiKTepPiHiH, OMIKTIK
eciMmi onapablH, GOTOCUHTETUKAbIK BenceHainiri MeH KOPEKTIK 3MeMEeHTTePAiH, HKeTKINIKTIAiriHe
Tikenen bannaHbICTbl ekeHi kepceTinreH. Nicolescu »kaHe apinTecTepi Xypri3reH 3epTTeysep Kapa
YKaHFAKTbIH, KONaMAbl TOMbIPAK XoHE KAMMAT KaFdalblHAA KblAaam ecy KabineTiHe ve eKeHiH
YKOHE OHbIH, MHTPOAYKLUMANbIK NepcnekTMBanapbl KOfapbl eKeHiH Aanenaenai. byn 3eptTey
HOTMXKENepi afiblHFaH AepeKkTepMeH Calikec Kenepi XaHe Juglans nigra ecimairiHiy, 3epTTenreH
anMaKTa berimaeny MyMKIiHAiM *KOFapbl eKeHiH KepceTes,.

MarncTpasib AnameTpiHiH, opTala KepceTkiwi 2.7 cMm 60aybl eCiMAIKTIH, MeXaHMKabIK,
TYPaAKTbI/bIFbl MEH BMOMACCaHbIH KanbiNTacy KapKblHbIHbIH XETKINIKTI AeHrenae eKeHiH kepceTea;.
[iHHIH KanblHAaybl afrawTbiH, GU3UONOTUANBIK MKaFfdanblHbIH, MaHbI3Abl KepCeTKIlTepiHiH, bipi
6onbin Tabblnagbl, OUTKEHI 0N OTKI3TiW KyMenepdiH, KanbiNTacybIMeH KaHe KOPEKTIK 3aTTap/biH
TacbiMangaHybimeH Tikene 6alnadbictbl. OpmaH  3KonormMacbl  6GoMbIHIWE  XKYprisiareH
3epTTeynepae afalW AiHiHiH AMameTpi eCiMAIKTIH, 3KOMOMMANbIK TYPaAKTbIbIFbIH CMMATTAUTbIH
Heri3ri KepceTkilTepaiH, bipi peTiHae KapacTbipblnadbl. Li »kaHe apinTecTepi afaliTapaplH, AiH
AMaMeTPi 0/1apablH TipWinikke berimainiri MeH MmexaHWKabIK TYPaAKTbINbIFbIH Bafanaysa MmaHbi3 bl
MopdOoNorManbIK NapameTp eKeHiH aTan KepceTea,.

OpKeHAEPAIH *KbINAbIK ©CY KOPCETKIWTEPI MeH *Kanblpak, annapaTbiHbiH MOPDONOTUANbIK,
napameTpaepi  ecimAikTiH ~ GOTOCMHTETMKAAbIK  MOTEHUMANbIHbIH  KETKINIKTI  AeHrenae
KanbiNTaCKaHblH KepceTeni. OpKeHAepAiH opTawa y3biHAbIFbl 37 cm 60nybl BEreTaTtuBTIK
MaccCaHblH, 6enceHai KanbiNTacyblH cUNaTTanpl, an Kamnblpak TaKTacCblHbIH, Y3bIHAbIFbI MEH
anblpakLwanap caHbl GOTOCUHTETUKANbIK OETTIH, }KETKINIKTI KeNIeMiH KamTamacsi3 eTedi. fblabiMmu
3epTTeynepae *anblipak MopdOsIOrMaAchkl afall eCiMAIKTEpiHIH, aHeprMa anmacy npouecTepiHe
Tikenewn acep eTeTiHi ganenaeHreH. YU KaHe apinTecTepi eCiMAiKTEPAiH, *KanblPaK, KYPblbIMbIHbIH,
epeklueniktepi GoToCUHTE3 KapPKbIHAbIIbIFbIH aPTTbIPbIN, OMOMAacCca KMHAKTaAybiHA blKNa
eTeTiHiH KepceTeai. Ocbl TypfblAaH anfaHAa anbiHFaH MOPbOOMETPUANLIK KepceTkiwTep Juglans
nigra L. eCiMAIriHiH, 3epTTeNreH 3KONOTUANbIK KaFhannapaa TMiMai OTOCUHTETUKAbIK annapaT
Ka/bINTaCTbIPbIN, TYPaKTbl ecyre 6elim ekeHiH aanenaena,.
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Keneci 2-cypette Juglans nigra L. eciMairiHiH, GU3MONOTUANDLIK, KaFaalblH CUNATTANTbIH
Heri3ri KepceTKilTep YCbIHbIAFaH. byn napameTpaep eCiMAiKTIH, Cy PEXMMIH, anblpaK TiIHAEPIHIH,
bI/IFaN caKkTay KabineTiH »kaHe cbipTKbl opTa GakTop/apbiHa PU3MONOTUANBIK Kayan bepy AeHreliH
Daranayra MyMKiHAIK Bepeqi. Kanbipak blAfandblabliFbl, TPAHCIMPALUMANLIK BenceHainik xaHe cy
©anaHCc TYPaKTbI/bIFbl OCIMAIKTIH 9KONOTMANbIK CTPECC XKafaannapbiHa benimaeny mexaHnamaepi
aHbIKTaNTbIH MaHbI34bl GU3MONOTUANLIK HAMKaTOPAAP 60bIN Tabblnaabl. ATanfaH KepceTKilTep
OCIMAiKTIH KopluafraH opTa XafdannapbiHa Oenimaeny AeHreriH XoHe OHblH, TipLinikke
KabineTTiniriv 6aranayaa KeHiHeH KONAaHbIATbIH FbI/bIMW KPUTEPUIMAEP KaTapblHa KaTabl.

Cypet 2. Juglans nigra L. ecimairiHiH, U3NON0TNANbIK KEPCETKILLTEPI
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3epTTey HaTWKenepi amblpak blIFaAAbINbIFbIHBIH, 60-75% apanbifblHAa e3repeTiHiH
KepceTTi, an opTawa MaHi 67.5% aeHreniHae Tipkenai. byn KepceTKiw eCiMAIKTIH, Cy PEXMMIiHIH
CaNbICTbIpMasbl  TYPAKTbIAbIFbIH - cunaTTanabl.  PU3MONOTMANBIK  3epTTeynepae  anbipak,
bINFANAbINbIFbl  ©CIMAIKTIH  MeTabonnam  npouecTepiHiH,  TUIMZIAINIH  aHbIKTaNWTbIH  HETi3ri
dakTopnapaplH, Oipi 6onbin caHanaabl. Leister kyprisreH 3epTreynep QPOTOCUHTETUKASbIK
annapaTTbliH, KaabiATbl XKYMbIC iCTeyi YLIiH Xamnblpak TiHAEPIHAEr Cy MOALWEPIHIH, *KeTKiAiKTI
OeHrenae cakTasybl KaXKeT eKeHiH KepceTesi. ManbipakTasbl biAFan AeHreniHiH, XeTKiNiKTi 6oaysbl
dOTOCMHTE3 KAPKbIHAbIMbIFbIH KAaMTamacbl3 €eTin, eCIMAIKTiH 3Heprua anmacy npouecTepiH
TYPaKTbl KyMae yctanapl.

TpaHcnMpaunanbik 6enceHainikTiH opTawa maHi 0.51 bipaik geHreniHae aHbIKTanabl, Oy
OCIMAIKTIH sKanblpakTapbl apKblabl Cy OynaHybIHbIH, KaabiNTbl AeHrenae »KYPeTiHiH KepceTes,.
TpaHcnMpauma ecimaikTiH GU3NONOrMANbIK NPOLECTEPiIHAE MaHbI3[bl PO aTKapaabl, OUTKEHI on
CY MeH MWHepanabl 3NeMeHTTEPAIH Tamblp KYMeCiHeH KamnblpakTapfa TacbiMaadaHyblH
KaMTamacbI3 eTei. Pérez-Lopez aHe apinTecTepi ecimaikTepaeri TpaHCMPaUUsaabIK NpoLecTep
CY PEXUMIHIH TYPAKTbIIbIFbIH KAMTaMachbl3 eTeTiH Heri3ri GpU3MOoNorMANbIK, MexaHn3MaepaiH, bipi
eKeHiH aTan KepceTeai. byn TypFblAaH anfaHaa anbiHFaH HaTukenep Juglans nigra ecimairiHin, cy
a/IMacy KyMeci 3epTTeNnreH opTa KafdalblHaa TUIMAI *KYMbIC iICTEMTIHIH KepceTea,.

Cy 6anaHc TypakTblIbIFbIHbIH, MHAeKc 0.70-0.85 apanbifbiHaa e3repin, opTawa maHi 0.78
neHreninae 6onapl. MyHA@M KOPCETKIL BCIMAIKTIH, Cy TanlblNblfbl XafaalbiHAA GU3NONOTUANBIK,
TYPAKTbINbIKTbI CaKTal anaTtbiHbiH KepceTedi. Ma KoHe opinTecTepiHiH, *KaHFfak TYPAEpiHiH,
dusmonormansik, benimaenyiHe apHanfaH 3epTTeyaepiHAe Tamblp KyMeci MeH »Kanblpak
annapaTtbiHblH, CYy PEeXMMIH peTTey KabineTi oCiMAIKTIH Kypfak KAMMATTbIK »afdahnapra
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benimaenyiHae MaHbI3abl  pen  aTkapaTtbiHbl  AanenaeHreH.  COHAbIKTAH  aHbIKTanfaH
dursmonornanbik KepceTkiwTep Juglans nigra L. ecimairiHiH, Cy peXxMMiH TUIMA[ peTTelt anaTbiHbIH
YKOHe 3epTTeNreH alMMaKTbiH KAMMATTbIK *KafdannapbiHa *Kakcbl benimaeneTiHiH kKepceTea.
TonblpaKTbIiH XMMUANBIK Kypambl MEH KOPEKTIK 31eMeHTTep AeHreli arall eciMmaiKTepiHiH,
OCYy KapKblHbIHA, PU3MONOTMANBIK DenceHainiriHe kaHe y3ak mepsimai benimaeny mymkiHairiHe
Tikenen acep eteni. COHAbIKTAH TOMbIPAKTbIH, KbILKbIABIK AEHIeli, 'yMyC MOALLIEPi XaHe Heri3ri
MaKpO3/1EeMEHTTEPAIH KOHLEHTPAUMAChI OCIMAIKTEPAIH KOPEKTIK pexmMmiH bafanayaa maHbi3abl
AMarHOCTUKaNbIK KepceTkiwTep 6onbin Tabblnagsl. byn aepektep Juglans nigra L. ecimajriHin,
MHTPOAYKUMANAHFaH OpTaZasbl ©CY *KaFaalNapblH 3KOMOTMANbIK TYPFblAAH CUNATTayFa KaHE OHbIH,
[aMy AMHAMMKacblHA acep eTeTiH TonblpaK GaKkTopaapbliH aHbIKTayFa MyMKiHAIK bepeaj (3-cypeT).
Cypert 3. 3epTTey y4acCKecCiHiH TonbIpak KepceTKiwTepi
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3epTTey HaTMXKeNepi TOMbIPaKTbiH KbIWKbIAAbIK AeHreli pH 5.0-6.0 apanblfblHAQ eKeHiH
KepceTTi, an opTawa KepceTkiw 5.5 6onabl. MyHAalM KePCETKIlW /CI3 KbllKbIT peakumussa ToH
OHEe KenTereH afall oCiMAIKTepiHiH ecyiHe Konannbl »Kafdal KanbintacTbipadbl. OpmaH
TOMbIpaKTaHybl CanacbiHAAFbl 3epTTeyaepae TOMbIPaKTblH, 9/1CI3 KbIWKbIA PeakumACbl KOPEKTIK
N1EMEHTTEPAIH  eCiMAIKKe KO/MMKeTIMAiNIriH - apTTbipaTbiHbl  KepceTinreH. Nicolescu aHe
apinTecTepi KyprisreH 3eptTeynepae Juglans nigra ecimairi anci3 KpllWKblA Hemece benTapan
TOMbIPAK *KafdamblHAA KAKCbl OCETIHI XaHE OHbIH, TaMbIp KyWeci MyHAan opTaja MUHEpandblK,
aNeMeHTTepAi TMiIMAi CiHipe anatbliHbl aTan KepceTinreH. CoOHAbIKTAH aHblKTanfaH pH aeHreni
OCIMAIKTIH KanbINTbl AaMyblHa KOMaM/bl TOMbIPAK *KaFdalblHbIH Oap eKeHiH KepceTei.

TonblpakTafbl rymyc menwepi 3.0-4.4% apanbifblHA4a@ aHbIKTan4bl, opTawa MaHi 3.7%
6onabl. Tymyc ToMblpak KyHap/bl/iblFblH aHbIKTAMWTbIH HEeri3ri KoMMnoHeHTTepaiH, 6ipi H6onbin
TabblNaabl, OUTKEHI 0N TOMbIPaK KYPbIIbIMbIH *KaKCcapTbiM, 6CIMAIKTED YLWiH KOMKETIMAI KOPEKTIK
3NEMEHTTEPAIH KOPbIH KanbiNTacTbipaAbl. TOMbIPakK 3KOAOTMACHI CanacbiHAaFbl 3epTTeyaep rymyc
Me/ILLEPIHIH, *KOFfapbl DONYbI BCIMAIKTEPAIH, TaMbIP KYMECIHIH, JaMyblH KYLLIEWTIMN, CY MEH KOPEKTIK
3aTTapabl CiHipy KabineTiH apTTbipaTbiHbIH KepceTe. Brady »aHe Weil TonbIpaKTbiH OpraHUKabIK,
3aTbl OCIMAIKTEPAIH KOPEKTIK PEXMMIH TypakTaHAbIpyAa »KoHe TOoMblPaKTbiH GU3MKANbIK,
KaCMeTTepiH aKCapTyda MaHbI3Abl pen aTKapaTbiHbiH aTan eTedi. byn TypfblAaH anfaHaa
aHbIKTaNAFaH r'ymyc AeHreii 3epTTey y4aCKeCiHiH canbICTbipManbl TYpAe KyHap /bl EKEHIH XKaHe afalll
OCIMAKTEPIHIH, TYPaKTbl AamyblHa MYMKIHAIK BepeTiHiH KepceTea,.
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TonblpaKTafbl HETi3r MaKpPO31eMEHTTEPAIH, Me/LLEpPi Ae 6CIMAIKTIH KOPEKTIK PeXUMIHIH,
WETKINIKTI AeHrenae KanbinTackaHblH KepceTTi. A30TTbiH, opTawa menwepi 20 mr/kr, pochopabiH,
opTalla menwepi 25 Mr/Kr, an Kaaninai, optawa menwepi 115 mr/kr aeHreninae Tipkenai. Asot
eciMaikTepaiH BereTaTUBTIK ocyiHe »kayan bepeTiH Heri3ri anemeHTTepaiH bipi 6bonca, docdop
Tamblp XKYMECiHIH, JaMyblHa }KaHe dHeprus aamacy npouecTepiHe KaTbicadbl, an Kaani ecimaikTiH,
dU3MONOrMANBIK TYPAKTbIIbIFbIH KaMTamachkl3 eTedi. OCiMiK KopeKkTeHyi BoMbIHLLIA XKYprisinreH
3epTTeyNepae MakpO3NeMeHTTEPAiH, XETKINIKTI Menlepi afaw ecimaikTepiHiH, 6GromaccachiHbIH,
Ka/nbINTacyblHa YXoHe ofapAblH, cTpecc ¢aKTopaapbliHa TE3IMAiNITIHIH, apTyblHA bIKNaA eTeTiHi
nanenaeHreH. Marschner ecimaiktepaiH, MUHepanablk KOpPeKTeHyiHe apHanfaH eHberiHae a3or,
dochop KoHe Kanui anemeHTTepi eciMmaikTepdiH, ocyi MeH (GU3MONOTUANDLIK TYPAKTbIbIFbIH
KamMTamacbI3 eTeTiH Heri3ri dakTopnap ekeHi kepceTinreH. OcbifaH 6alnaHbICTbl afblHFaH TOMbIPAK,
KepceTkiwTepi Juglans nigra L. ecimajriHiH, 3epTTenreH amakTa TYPaKTbl 6CiN-AamybiHa KOnanbl
spaduKanblK *Kafaan KanbiNTackaHbiH Aanenaenai.

yprizinreH 3eptTey Hatwxkenepi Juglans nigra L. ecimairiHiv, TypKicTaH KanacbiHAafbI
Xanblkapanblk KasaK-Typik YHMBEPCUTETIHIH OOTaHWKanbiK Oafbl »KaFaalblHA@ TYPaKTbl ecin-
Aamyfa KabineTTi ekeHiH KepceTTi. PeHonormAnbIK 6akbliayfnap eCiMAIKTIH, MayCbiMAbIK, Aamy
da3zanapbl 3epTTenreH alMMaKTbiH, KAMMATTbIK KafdalnapbiHa COMKEC KeneTiHiH »KaHEe OHbIH,
BEreTauMAnblK Ke3eHiHiH y3aKkTbifbl 153-160 KyH apanblfblHA4a KaablNTacaTbiHbIH aHbIKTaAbl. byn
KepceTKill ©CIMAIKTIH  MayCcbiIMAblK, OUMONOTMANbBIK  bIPFAaKTaPbIHbIH,  MKEPTiAiKTI  KAMMaTTbIK,
Xafdannapra 6enimaenreHiH »aHe OHblH, MHTPOAYKUMAAbIK MYMKIHAIKTEPIHIH, »Ofapbl eKeHiH
KepceTea,.

[eHaponoruanblik XaHe MopdoOMeTpUANbIK Tanaay Hatuxkenepi Juglans nigra L.
KeLeTTePiHiH, 3epTTey y4acKkeciHae benceHai BeretatMsTiK ecy KabineTiHe Me eKeHiH ganengeai.
KelweTTepain, OUIKTIM, AiH AMaMeTpi XaHe epKeHAePAiH, *KblAAbIK 6CiMi 6CIMAIKTIH, KYPbIIbIMAbIK,
[aMybl TyPaKTbl KypeTiHiH KepceTTi. COHbIMEH KaTap Kanblpak, annapaTbiHblH, MOPdONOTrMANbIK,
KepceTKilTepi POTOCUHTETUKANbIK DETTIH, MeTKINIKTI AeHrenae KaabiNTaCKaHblH KaHe 8CiMAiKTIH,
BromMacca sKMHAKTay MYMKIHAiM OFapbl eKeHiH KepceTTi.

®un3noNornAnbIK 3epTTeynep KanblpaK bIAFaNabIablFbl, TPAHCAMPALMANbIK OenceHainik
oHe cy banaHCc TYPaKTbIIbIFbl KOPCETKIWTEPI OCIMAIKTIH, CY PEXUMIH TUIMAI peTTen anaTbiHbIH
nanenneni. byn kepcetkiwTep Juglans nigra L. ecimairiHiH, KyaH KAMMATTbIK *Kafaannapfsa benrini
6ip neHrenpe 6Genimpoeny Kabineti H6ap ekeHiH kKepceTedi. COHbIMEH KaTap TOMbIPAKTbIH,
spaduKanblK KaraannapbiH Tannay 3epTTey yyYacKeciHAeri o/Ci3 KbllWKblA peakumaibl KaHe
'YMyCKa CanbICTbipManbl Typae ©Oall Tonblpak OcCiMAIKTIH KanbiNTbl ocyiHe Kofalibl opTa
Ka/bINTaCTbIPaTbIHbIH KBPCETTI.

Mannbl anviHFAH HaTwxKenep Juglans nigra L. ecimairiHiH 3epTTenreH anmakTa
MOPHONOrMANbIK, GU3MONOTUANLIK KaHE PEHONOMMAMbIK TYPFblAaH TypakTbl Jamyra Kabineri
eKeHiH aanenaenai. byn araw TypiHiH, OHTYCTIK Ka3akcTaH alMafsbliHAa MHTPOAYKLUMANIK d1eyeTi
YKOFapbl EKeHiH »aHe OHbl OpMaH LLapPyallblablfbl, arponaHAWadTTbIK KyMenep mMeH Kananbik
KerangaHablpyaa KeHiHeH KONJaHyFa fblibiMUM HETi3 Bap eKeHiH KepceTes,.

byn maKkana KasakcmaH PecnybnukaceiHsiH foineim xaHe Mofapel 6inim muHucmpniei
folneim KomumemiHiH NeBR24992814 epaHm ecebiHeH #apuAanaHosbI.
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1. Executive Summary
Titan Krios—class 300 kV cryogenic transmission electron microscopes (cryo-TEMs) have
fundamentally shifted cryo-EM from an expert-driven, low-resolution specialty into a shared,
facility-grade research platform that routinely supports near-atomic to atomic structure
determination, and increasingly, in situ cellular structural biology via cryo-electron tomography
(cryo-ET). This transformation is best framed as an infrastructure story: hardware evolution (direct
electron detectors, energy filtering, stable 300 kV optics, the next-generation Krios 5 platform
launched in April 2025), software maturation (motion correction, Bayesian reconstruction, deep-
learning particle pickers, and now fully integrated Al end-to-end pipelines), and operational
models (remote-access automation, national service centers, shared pharmaceutical facilities).
The Electron Microscopy Data Bank (EMDB) surpassed 50,000 cumulative depositions in 2025 and
recorded more than 10,000 new releases in a single calendar year for the first time—a quantitative
marker of the technique's maturity and scale [1, 2]. The global cryo-EM structure analysis services
market was valued at USD 1.30 billion in 2025 and is projected to reach USD 2.51 billion by 2032
[3]. Specimen preparation—vitrification—remains the primary rate-limiting step even as
downstream imaging and computing reach near-factory throughputs, and it is now the focus of
intense automation efforts including novel droplet-based and MEMS nanofluidic approaches [4,
5]. The most significant recent software development is the emergence of fully integrated Al
platforms—exemplified by the SMART platform (2025)—that chain automated data collection, 3D
reconstruction, and atomic model building into a single, web-accessible workflow [6]. These trends
collectively point toward a near-future of 'push-button' cryo-EM that is accessible to researchers
with minimal specialist training.

Key 2025 milestones: Krios 5 launch (April 2025, +25% throughput); SMART end-to-end

Al pipeline reaching 2.1 A; MICA multimodal deep learning (cryo-EM + AlphaFold3);

CryoSPARC v5 with per-particle QC; EMDB > 55,000 cumulative entries (2026 YTD); the

manufacturer shared-access pharma center, South San Francisco.
2. From the "Resolution Revolution" to Infrastructure
The Nobel Prize in Chemistry in 2017, awarded to Jacques Dubochet, Joachim Frank, and Richard
Henderson for cryo-EM structure determination of biomolecules in solution, marked public
recognition of a decade-long transformation rooted in direct electron detectors (DEDs). DEDs
enabled practical beam-induced motion correction, dramatically improved detective quantum
efficiency, and opened the path to sub-2 A single-particle reconstructions—a barrier that the field
has now crossed routinely [7].
The transition from laboratory curiosity to shared infrastructure mirrors earlier evolutions in
synchrotron X-ray crystallography: capital-intensive instruments are concentrated at
national/regional centers; standardized sample-handling and data-collection protocols lower
barriers for non-specialist users; remote and automated access become the norm rather than the
exception. By 2025 this model is well-established, with the NIH Common Fund CryoEM program
funding multiple national service centers in the United States [8], and an international
collaboration anchored by the University of California Santa Cruz extending cryo-EM access to
partners in six countries—including underserved regions such as Sub-Saharan Africa [9].
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PDB statistics illustrate the acceleration: 3DEM-derived structure depositions grew from 18,291
cumulative entries at the end of 2023 to 24,082 at the end of 2024, and to 31,322 by the end of
2025—representing a 30% single-year increase and a near-doubling over two years [2]. EMDB
cumulative entries reached ~55,207 as of early 2026 [1].

3. Platform Architecture

3.1 The 300 kV Column and Optical Platform

Figure 1. Titan Krios—class cryo-TEM platform (illustrative). Source: the manufacturer —
Introducing the next-generation Krios solution.

The Titan Krios product family operates at 300 kV, providing the high electron energy needed for
sufficient penetration of vitrified biological specimens up to ~300-400 nm in thickness without
excessive radiation damage relative to contrast gained. The column incorporates a Schottky field-
emission gun (X-FEG) for high brightness and spatial coherence, a robotic AutoLoader cassette
system capable of storing up to 12 grids at liquid-nitrogen temperature for uninterrupted 24/7
operation, and a post-column energy filter (Selectris, Falcon EPS, or equivalent) that suppresses
inelastically scattered electrons, improving contrast especially for thick or heterogeneous
specimens [10].
3.2 Krios 5 — Next-Generation Platform (April 2025)
The manufacturer launched the Krios 5 Cryo-TEM in April 2025, positioning it as the most capable
member of the product line to date [11]. Key advances over the Krios G4 include:
Throughput improvement of up to 25% over the previous generation, enabled by enhanced optics
and extended aberration-free image shift (AFIS) with improved magnification calibration.
Al-powered experimental set-up: automated alignment routines cover a wider range of optical
conditions with reduced user intervention, allowing non-experts to achieve optimal conditions
more reliably.

Upgraded data acquisition software with tighter integration between the EPU/Smart EPU interface
and hardware control, enabling adaptive feedback during sessions.
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Vacuum capsule transfer system for cryo-ET workflows, significantly reducing the risk of ice
contamination when transferring FIB-milled lamellae to the TEM.

Low-power standby mode with rapid wake-up, certified with the My Green Lab ACT Ecolabel,
addressing the sustainability challenge of 24/7 facility operation.

The Krios 5 is designed to serve both SPA and cryo-ET workflows within a single instrument,

reflecting the growing convergence of these two modalities in modern structural biology facilities

[11].

3.3 Direct Electron Detectors and Energy Filters

The Falcon 4i (the manufacturer) and K3/K3 IS (Gatan) represent the current DED standards,

capable of frame rates exceeding 200 frames/second in counting mode. The Falcon 4i's electron

event representation (EER) format preserves sub-frame timing information, enabling

retrospective frame grouping optimized for motion correction. The Selectris X energy filter paired

with the Falcon 4i achieves an energy slit of ~10 eV, providing exceptional zero-loss filtering.

Together these detectors routinely support acquisition rates of 300—400 micrographs per hour in

SPA mode [10, 12].

Figure 2. Direct electron detector concept image (illustrative). Source: Direct Electron — Apollo
detector.

4. Workflow | — Single-Particle Analysis (SPA)

4.1 Sample Preparation and the Vitrification Bottleneck

Vitrification of biological macromolecules onto holey carbon or gold-support grids remains the

principal rate-limiting step of the SPA pipeline. Standard plunge-freezing devices (e.g., Vitrobot,

Leica GP2) require manual blotting, and outcomes are highly operator-dependent. Several

advanced strategies have emerged to address this:

EasyGrid: A modular automated cryo-EM sample preparation platform combining plasma
treatment, microfluidic dispensing, and vitrification into a single instrument, streamlining the
transition from purified protein to ready-to-image grid [4].
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High-speed droplet vitrification (MRC LMB, 2025): Droplet-based sample deposition eliminates the
air—water interface exposure that damages many protein classes during blotting, enabling
more reliable structure determination of labile complexes [13].

Jet vitrification with microsecond time resolution (bioRxiv, 2025): Combines jet-spray sample
delivery with vitrification at sub-millisecond timescales, enabling time-resolved cryo-EM
experiments with unprecedented kinetic access [14].

MEMS-based nanofluidic chips: Provide electron-transparent nanochannels with reproducible
control over ice layer thickness, circumventing the air—water interface entirely and potentially
enabling direct loading onto the TEM stage [5].

Gold-support grids (UltrAuFoil) and graphene-coated supports continue to be adopted for their

superior mechanical stability and reduced beam-induced motion. Titanium autogrids (Ti autogrids)

offer improved thermal cycling robustness for multi-day facility campaigns [5].

4.2 Automated Data Acquisition

Smart EPU (the manufacturer) and SerialEM remain the two dominant data-acquisition platforms.

Smart EPU introduced Al-powered grid square, hole, and beam-hole selection, transforming what

was previously a highly expert-dependent screening process into a streamlined automated task. A

typical Krios facility session now acquires 300-400 movies per hour, equating to 2,400-3,200

movies per 8-hour shift and ~7,000—-10,000 movies per 24-hour day [10].

A notable advance is the end-to-end automation of repeat-target workflows, where standardized

CryoSPARC Workflow files can be imported and adapted by external users, enabling consistent

high-throughput processing for common structural targets such as GPCRs or ion channels across

different facilities [15].

4.3 Computational Processing: Motion Correction, CTF, Picking

The canonical SPA pipeline—MotionCor2/RELION MotionCorr for beam-induced motion

correction, CTFFIND4 or GCtF for contrast transfer function (CTF) estimation, followed by particle

picking and 2D/3D classification—is now routinely executed on-the-fly during data collection,
preventing the wasteful accumulation of low-quality datasets before any quality feedback is

obtained [7].

Deep-learning particle pickers (Topaz, crYOLO, RELION-based models) have largely superseded

traditional template-based or Gaussian-blur pickers for all but the most straightforward

specimens. Topaz in particular is integrated into the SMART platform's CryoSmart module and has

demonstrated marked improvement in recall for small or flexible particles [6].

4.4 3D Reconstruction Software — RELION and CryoSPARC

RELION (version 5.x as of 2025) and CryoSPARC (now at version 5.x) are the two dominant 3D

reconstruction platforms, often used in tandem within a single project. RELION's Bayesian

polishing and CTF refinement remain gold-standard for final high-resolution maps, while

CryoSPARC's speed, ab initio reconstruction, and heterogeneity tools (3D Variability Analysis) are

widely used for exploratory processing [16].

CryoSPARC V5 (released 2024-2025) introduced several operationally important improvements

[17]:

New Job Dashboard with time-step slider for monitoring convergence, and a Comparison View
enabling side-by-side parameter analysis.

Automatic mask generation adapting tightness and softness to the current resolution estimate,
reducing manual tuning and overfitting risk.

Per-particle scale optimization providing a data-driven particle quality metric used during 3D
reconstruction.

Rejected Particle Group: refinement and classification jobs automatically flag particles with zero
or negative scale (empty/inverted contrast).
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Multi-job per GPU: multiple preprocessing jobs share GPU resources, improving preprocessing
throughput and reducing time-to-completion.

Live session automation: configurable auto-start/auto-pause aligns GPU usage with data
collection, freeing resources between acquisitions.

5. Workflow Il — Cryo-Electron Tomography (cryo-ET)

5.1 In Situ Structural Biology: The New Paradigm

Cryo-ET has matured from a niche technique into a core modality for in situ structural cell biology,

driven by three converging advances: the automation of cryo-FIB milling to produce site-specific

thin lamellae from intact cells; improved subtomogram averaging algorithms that push resolutions
into the sub-nanometer or even near-atomic regime; and correlative light—electron workflows

that link fluorescence-identified targets to cryo-ET data collection sites [18, 19].

The EMBO Workshop 'In situ Structural Biology: Expanding the Toolbox for Structural Cell Biology'

(Heidelberg, February 2025) crystallized five key community themes: (i) cellular processes are

defined by complex networks requiring in situ observation; (ii) the new era of structural cell biology

is inherently in situ; (iii) multi-method data integration is essential; (iv) advanced imaging
innovations such as cryo-ExCLEM and tri-coincident FIB/light/EM systems are pushing spatial
resolution boundaries; and (v) computational modelling—including whole-cell coarse-grained

simulations—is at the forefront [20].

5.2 Cryo-FIB Milling — Automation and New Approaches

Cryo-focused ion beam (cryo-FIB) milling is the enabling technology for in situ cryo-ET of cells

thicker than ~300 nm. Until recently, it was slow, manual, and required expert operation.

Significant automation advances in 2024—-2025 include:

the manufacturer's Tomography 5 + Tomo Live integration: automates pre-acquisition tasks for
cryo-ET, provides predictive stage tracking, and enables rapid quality assessment via a web
dashboard with new quality metrics [18].

Site-specific cryo-lamella preparation with targeted cryo-FIB milling: correlative light microscopy
guides the ion beam to user-defined cellular targets, improving yield and accuracy of lamellar
thinning [21].

Plasma FIB (PFIB) for large-area milling: xenon or argon plasma beams enable faster bulk removal
of material compared to gallium FIB, facilitating lamellae from thicker tissue samples [22].
SOLIST (Serialised On-grid Lift-In Sectioning for Tomography): a cryo-lift-out procedure enabling
the extraction and re-deposition of liquid-like biomolecular condensates onto TEM grids for

cryo-ET analysis [20].

Vacuum capsule transfer (Krios 5): reduces ice contamination risk during transfer of FIB-milled
lamellae from the FIB-SEM to the TEM [11].

5.3 Tilt-Series Acquisition and Subtomogram Averaging

A standard tilt series (—60° to +60° in 2-3° increments, dose-symmetric scheme) takes

approximately 20-25 minutes on a well-calibrated Krios with predictive tracking. Dose-

fractionated EER-format collection enables post-hoc frame-grouping optimized per tilt angle.

AreTomo2, IMOD, and Dynamo remain the primary tilt-series alignment and reconstruction tools,

with RELION-5's new cryo-ET functionality increasingly adopted for unified SPA/cryo-ET workflows.

Subtomogram averaging resolution has progressed from the ~8-12 A range commonplace in 2020

to near-atomic (<5 A) for selected in situ targets by 2025, with exceptional cases reaching 3—4 A.

Notable examples include in situ structures of mitochondrial respiratory complexes, ribosome-

associated complexes, and the architecture of condensate-forming proteins [20].
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Figure 3. Cryo-ET tilt-series acquisition schematic/illustration (illustrative). Source: MyScope
Training — Data acquisition in Cryo-ET.

5.4 Correlative and Multimodal Approaches

Correlative light and electron microscopy (CLEM) workflows have become standard practice at

leading cryo-ET facilities. Innovations presented at EMBO 2025 include:

Cryo-ExCLEM (Klena, Human Technopole): Ultrastructure expansion microscopy (U-ExM) applied
to cryo-ET samples, enabling super-resolution fluorescence correlation with cryo-ET structural
data to improve protein localisation in native cellular environments [20].

Tri-coincident system (Dahlberg, SLAC): Integration of light, ion, and electron microscopy at a
single focal point, enabling registration-free guidance of the FIB milling process, eliminating
correlative errors [20].

Time-resolved in situ cryo-ET (Kroll, MDC Berlin): A workflow combining biosensors, optogenetics,
and plunge freezing to capture morphometrically defined states of vesicle fusion in neurons
[20].

6. Automation and Artificial Intelligence

6.1 The SMART Platform: End-to-End Al Integration

The most comprehensive demonstration of Al-driven cryo-EM automation to date is the SMART

platform (2025), described as the first fully integrated cryo-EM computational ecosystem unifying

three core modules: DataSmart (automated data collection), CryoSmart (3D reconstruction using
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hybrid neural networks and DeepEMhancer post-processing), and ModelSmart (deep learning—
based atomic model building using the SMARTFold framework) [6].

SMART employs a Browser-Server architecture allowing all operations through a web interface,
making the entire pipeline accessible to users with minimal cryo-EM expertise. The platform
integrates more than 10 distinct Al algorithms across its workflow and features closed-loop
optimization where downstream quality metrics feed back to upstream parameter selection. As a
benchmark, SMART enabled the determination of the human TRPML1 ion channel at 2.10 A global
resolution using 83,861 particles, with all data acquisition steps fully automated [6].

6.2 MICA: Multimodal Deep Learning for Atomic Model Building

A landmark development in automated structure determination is MICA (Multimodal Integration
of Cryo-EM and AlphaFold3), published in Communications Chemistry (Nature Portfolio, 2025)
[23]. MICA integrates cryo-EM density maps and AlphaFold3 predicted structures at the input level
through an encoder-decoder architecture with a Feature Pyramid Network (FPN), enabling the
model to leverage both experimental density and computational structure prediction
simultaneously.

Key results: MICA outperformed both ModelAngelo and EModelX(+AF) across key metrics (TM-
score 0.92, Ca match 93.71%, aligned Ca length 1,396 residues). Statistical significance was
confirmed by paired t-tests (p < 0.001 vs. ModelAngelo; p = 0.0003 vs. EModelX). Critically, MICA
maintained robust performance at deteriorating map resolution and when provided with low-
quality AlphaFold3 predictions, demonstrating that input-level multimodal fusion is inherently
more robust than post-hoc model integration [23].

6.3 EMProt: Automated Structure Determination

EMProt (bioRxiv, October 2025) presents a fully automated method for accurate protein structure
determination from cryo-EM maps using deep learning and structure prediction, further
contributing to the emerging ecosystem of Al-native tools that complement or replace expert
manual model building [24].

6.4 Al for Data Acquisition: Smart Grid Selection

The New York Structural Biology Center's Workshop on Smart Data Collection (2024-2025)
highlighted automated grid area selection as a critical bottleneck. Al/ML models integrated into
acquisition software—such as Smart EPU's neural network—based hole and particle quality
prediction—automatically select the highest-quality areas on a grid for imaging, dramatically
improving both ease of use and throughput. Supervised deep learning approaches for efficient
cryo-EM image alignment in drug discovery pipelines (bioRxiv, 2025) further extend automation
into alignment quality assessment [25].

6.5 CryoSiam: Self-Supervised Cryo-ET Segmentation

CryoSiam, presented at EMBO In Situ 2025, is a self-supervised deep learning framework for voxel-
level and subtomogram-level segmentation and classification of cryo-ET data. By avoiding the
need for extensive labeled training sets—which are difficult to generate for cryo-tomograms—
CryoSiam substantially reduces barriers to tomogram annotation and is positioned to accelerate
subtomogram averaging workflows at scale [20].

7. Compute, Storage, and Data Stewardship

A single Krios facility day generates 1-5 TB of raw data in EER or TIFF format. A national center
operating five instruments continuously accumulates petabytes per year. This data burden drives
three parallel infrastructure demands: (i) near-instrument GPU compute nodes for on-the-fly
preprocessing that provide quality feedback before session end; (ii) high-bandwidth data transfer
to institutional or national HPC resources for full reconstruction; and (iii) long-term archival and
public deposition.

EMPIAR (Electron Microscopy Public Image Archive, EMBL-EBI) serves as the primary public raw-
data repository, hosting thousands of datasets with FAIR (Findable, Accessible, Interoperable,
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Reusable) metadata standards. Magellon, an extensible platform for cryo-EM data visualization
and management published in IUCrJ (2025), addresses the need for facility-level metadata
tracking, session monitoring, and integration with downstream processing pipelines [26].
Federated computing models, where raw data remains at the collection site while processing jobs
are dispatched to remote HPC or cloud resources, are increasingly implemented to reduce data
transfer costs. The UCSC international collaboration (2025) demonstrates this model extended
globally, enabling researchers in six countries to collect and process cryo-EM data without
requiring physical access to a Krios instrument [9].

CryoSPARC v5's multi-job GPU scheduling and auto-pause live sessions directly address the
compute-resource management challenge in shared-facility environments, allowing fair resource
allocation across multiple simultaneous users and projects [17].

8. Shared-Access Models and Global Infrastructure

8.1 National Academic Facilities

The capital cost of a fully configured Krios-class instrument (USD 5-7 M instrument plus
infrastructure) and the operational cost (service contracts, liquid nitrogen, staffing: typically USD
0.5-1.5 M/year) make single-Pl ownership impractical. National and regional shared-access
centers amortize these costs across many user groups through fee-for-service or block-allocation
models. The NIH Common Fund CryoEM program (USA) funds a network of national service
centers, offering subsidized access to academic researchers [8]. European equivalents include
national nodes of Instruct-ERIC and facility-specific centers such as the EMBL Imaging Centre.
Duke University's SMIF (Shared Materials Instrumentation Facility) exemplifies the academic
shared-access model, having expanded external user access to its Krios capabilities in 2025.
Similarly, the Van Andel Institute Cryo-EM Core maintains open-access policies alongside internal
research programs [27].

8.2 Pharmaceutical and Industrial Shared Access

The pharmaceutical industry is a major and growing driver of cryo-EM demand, with dozens of
clinical-stage drug candidates designed with cryo-EM structural data as of 2025. The manufacturer
opened a dedicated shared-access Cryo-EM Drug Discovery Center in South San Francisco (Oyster
Point biotech corridor) in 2025, providing drug developers with hands-on access to advanced cryo-
EM instrumentation alongside experienced staff scientists [28]. This model bridges the gap
between academic open-access and full in-house instrument ownership, which remains restricted
to the largest pharmaceutical companies (e.g., Genentech, AstraZeneca, Pfizer, Merck).

HALRIC (Health Applications Lab for Research, Innovation and Commercialization) has similarly
embedded cryo-EM as a core technique across its pilot projects [29]. The global cryo-EM structure
analysis services market—encompassing both academic facility services and commercial CRO
services—was valued at USD 1.30 billion in 2025 and is projected to reach USD 2.51 billion by 2032
(CAGR ~9.9%) [3].

8.3 Remote and Global Access

Remote cryo-EM access—where users submit grids or even pre-prepared samples and receive
data without physical presence—has been facilitated by automated acquisition pipelines (Smart
EPU, SerialEM scripts) and real-time monitoring dashboards. The UCSC-led international
collaboration (2025) extended this concept to a six-country network including Africa, enabling
scientists in resource-limited settings to conduct world-class structural biology research [9].

9. Economics and Sustainability

Sustainability has become an explicit design criterion for new cryo-EM instrumentation. The Krios
5 was certified with the My Green Lab ACT Ecolabel and incorporates a low-power standby mode
with rapid wake-up capabilities, reducing energy consumption during idle periods without
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introducing recovery delays [11]. Earlier Krios G4 instruments offered an 'Eco mode' for similar
purposes.

The economic model of a shared cryo-EM facility must balance: capital depreciation (10-15 year
asset lifetime); service contract costs (typically 8-12% of capital value per year); consumables
(liquid nitrogen, grids, support films: USD 50,000—150,000/year); staffing (1-3 FTEs per instrument
at national centers); and revenue from user fees or institutional block grants. For a facility
operating at 70% utilization—a realistic target for a well-managed national center—the all-in cost
per 24-hour session is typically USD 2,500-5,000, comparable to synchrotron beamtime.

The market projection of USD 2.51 billion for cryo-EM analysis services by 2032 reflects the
expectation that continued technological democratization—lower access barriers, greater
automation, Al-enabled processing—will substantially expand the user base beyond current
structural biology specialists [3].

10. Practical Limitations and Risk Management

10.1 Specimen Preparation Variability

Despite significant automation advances, grid vitrification outcome remains the most common
cause of project failure. Key variables—protein concentration, buffer composition, detergent for
membrane proteins, blotting time, blotting force, humidity—interact nonlinearly, and empirical
optimization is still required for each new target. The air—water interface problem (adsorption and
partial unfolding of proteins during blotting) is particularly severe for flexible or hydrophobic
complexes, motivating the droplet vitrification and MEMS nanofluidic approaches discussed in
Section 4.1 [4, 5, 13].

10.2 Radiation Sensitivity and Dose Management

Cryo-EM specimens tolerate only ~40-80 e"/A? before radiation-induced structural disruption
becomes significant. This fundamental limit constrains achievable signal-to-noise per micrograph
and requires extensive particle averaging to recover high-resolution information. For cryo-ET, the
same total dose must be distributed across the entire tilt series, limiting per-image dose to 1-3
e~/A? and making defocus-based contrast crucial. Dose-symmetric tilt schemes and low-dose data
collection protocols mitigate but cannot eliminate this constraint.

10.3 Preferred Particle Orientation and Heterogeneity

Many protein complexes adopt preferred orientations at the air—water interface, producing
anisotropic angular distributions that cause directional resolution limitations in 3D
reconstructions. Solutions include tilted data collection (30—40°), graphene or streptavidin-affinity
grid supports, and detergent additives. Conformational heterogeneity—increasingly recognized as
biologically meaningful—requires advanced classification (3D Variability Analysis in CryoSPARC,
RELION multibody refinement) or dedicated tools for continuous conformational landscapes.
10.4 Metadata and Reproducibility Gaps

Despite EMPIAR and PDB/EMDB archiving mandates, metadata completeness remains variable
across deposited datasets. Specimen preparation parameters (blot time, force, humidity),
microscope alignment states, and session-level quality metrics are frequently absent or
incomplete. The Magellon platform and emerging facility management systems aim to close this
gap by capturing metadata at the instrument level and linking it to downstream deposition records
[26].

11. Drug Discovery and Pharmaceutical Applications

Cryo-EM has become a standard tool in structure-based drug design (SBDD), particularly for
targets refractory to X-ray crystallography (membrane proteins, large complexes, intrinsically
disordered proteins). The ability to determine structures at near-atomic resolution without
crystallization, and to capture multiple conformational states of a target bound to different
ligands, has made cryo-EM indispensable for programs targeting GPCRs, ion channels, viral
capsids, and protein—protein interaction interfaces.
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By 2025, numerous clinical-stage drug candidates were designed or optimized with direct cryo-

EM structural input. Chugai Pharmaceutical, for example, has embedded cryo-EM as a core

platform for drug discovery, being the first major Japanese pharmaceutical company to do so [30].

The NIH has funded Al-driven tool development specifically for sharpening cryo-EM structures for

drug discovery applications, with Intellicule securing federal funding in December 2025 for this

purpose [31].

The manufacturer's South San Francisco Drug Discovery Center exemplifies the emerging

CRO/pharma shared-access model: a dedicated facility co-located with pharmaceutical partners,

staffed by cryo-EM scientists, and equipped to support the full SBDD pipeline from sample

preparation through structure determination and ligand docking [28].

12. Outlook

The trajectory of cryo-EM as research infrastructure points clearly toward four convergent

developments over the next 3—5 years:

Push-button SPA: The combination of Smart EPU Al acquisition, SMART/DataSmart automated
data collection, CryoSmart 3D reconstruction, and MICA/ModelSmart atomic model building
is approaching a workflow requiring minimal expert intervention from grid loading to
deposited structure. Full realization requires only incremental improvements in each module
and better standardization of sample preparation.

Scalable cryo-ET: Automation of cryo-FIB milling (plasma FIB, site-specific targeting, vacuum
transfer), combined with CryoSiam for automated tomogram segmentation and improved
subtomogram averaging tools, is positioning cryo-ET to achieve SPA-like throughput for in situ
structural cell biology. A 'cell atlas' of near-atomic resolution macromolecular structures in
their native cellular context is a realistic medium-term goal.

Global democratization: Remote access, federated computing, and international shared-facility
networks (UCSC model) are extending world-class cryo-EM capability to institutions and
regions previously excluded by cost. This expansion will diversify the scientific questions
addressed and accelerate discovery globally.

Sustainability and affordability: Eco-certified instrumentation, lower-cost 200 kV platforms
(Glacios, Talos Arctica) as pre-screening and entry-level tools, and community-developed
open-source software reduce the barrier to entry and the environmental footprint of cryo-EM
infrastructure.

The enduring challenges—sample preparation variability, radiation dose limits, and the crowded

cellular milieu limiting in situ resolution—are physical and biological constraints that Al and

automation can mitigate but not eliminate. Progress will continue to be driven by the deep
integration of experimental cryo-EM data with computational structural prediction (AlphaFold3
and successors), enabling a new paradigm of hybrid structural biology that is more powerful than

either approach alone [23].

13. Cryo-EM in Structural Neuroscience and Brain-Disease Research

13.1 Mapping the Synapse at Molecular Resolution

Structural neuroscience represents one of the most transformative frontiers for Titan Krios—class
cryo-ET. The mammalian synapse—a nanoscale machine involving hundreds of proteins organized
across a 20-30 nm cleft—has long defied crystallographic analysis because its core components
are membrane-embedded, disordered, or assembled only in their native cellular context. In situ
cryo-ET of synaptosomes and neuronal cell cultures prepared by cryo-FIB milling now allows
investigators to image synaptic vesicle docking, active zone scaffolds (RIM, ELKS, Munc13), and
postsynaptic density (PSD-95 and AMPA/NMDA receptor arrays) simultaneously within preserved
tissue. By 2025 subtomogram averaging of synaptic vesicle-tethering complexes had reached ~8—
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12 A, revealing previously invisible conformational heterogeneity that governs neurotransmitter
release probability—information inaccessible to crystallography or NMR.

13.2 Neurodegenerative Protein Aggregates

Amyloid fibrils associated with Alzheimer's disease (AR and tau), Parkinson's disease (a-synuclein),
and ALS (TDP-43, FUS) are ideally suited to cryo-EM single-particle analysis because they form
filamentous, repetitive structures that average to near-atomic resolution (2—3 A) with relatively
modest particle numbers. The cryo-EM structures of patient-derived tau filaments from different
tauopathies (Alzheimer's, Pick's disease, CTE, corticobasal degeneration) have revealed that each
disease is characterized by a structurally distinct protofilament fold—a discovery possible only
because cryo-EM does not require crystallization and preserves the heterogeneity of patient
material. These structures have directly informed small-molecule inhibitor design and tau PET
ligand development, illustrating how Krios-class data generation directly feeds the drug-discovery
pipeline for some of the most intractable therapeutic targets in medicine.

13.3 lon Channel Pharmacology and Neurological Drug Targets

Voltage-gated sodium, potassium, and calcium channels are the molecular substrates of neural
excitability and prime targets for pain, epilepsy, and cardiac arrhythmia therapeutics. Their large
size, multiple transmembrane helices, and conformational flexibility made them essentially
inaccessible to X-ray crystallography. Cryo-EM on Krios instruments has enabled atomic-resolution
structures of Navl.2, Navl.7 (pain), Cavl.1 (malignant hyperthermia), HCN1 (epilepsy), and
dozens of related channels in multiple gating states and in complex with toxins, blockers, and
gating modifiers. Because each functional state presents a distinct drug-binding landscape, the
ability to capture full conformational ensembles is revolutionizing rational drug design for
neurological disorders and marks an irreversible shift from empirical compound screens toward
structure-guided campaigns.

14. Virology, Vaccine Development, and Pandemic Preparedness

14.1 Viral Capsid and Envelope Protein Architecture

Cryo-EM emerged as a decisive technology during the COVID-19 pandemic, providing atomic
structures of the SARS-CoV-2 spike glycoprotein in its prefusion conformation within days of
genome publication—structures that became the direct template for the BNT162b2 (Pfizer-
BioNTech) and mRNA-1273 (Moderna) immunogen designs stabilized with proline substitutions.
This single example crystallizes the importance of the technology: where classical X-ray
crystallography struggled with the spike's heterogeneous glycosylation and metastability, cryo-EM
on Krios instruments resolved the problem within weeks rather than years. The same pipeline has
since been applied to influenza hemagglutinin in pre- and post-fusion states, respiratory syncytial
virus (RSV) F-protein, HIV Env trimers, and flavivirus envelope proteins, supporting rational vaccine
antigen design across a broad spectrum of human pathogens. The ability to determine structures
directly from cell-culture supernatants—without the need for purified crystals—makes the
approach ideal for emerging pathogens where speed is operationally critical.

14.2 Antibody—Antigen Complexes and Neutralization Epitope Mapping

Understanding which epitopes are targeted by protective antibodies is central to second-
generation vaccine design and monoclonal antibody therapeutics. Cryo-EM single-particle analysis
is uniquely capable of determining structures of antibody Fab fragments in complex with
membrane-protein antigens—targets that are intractable for co-crystallization. High-resolution
Fab-spike complexes have revealed the precise geometry of class 1-4 SARS-CoV-2 neutralizing
antibodies, cross-reactive antibodies recognizing the conserved stem helix of influenza, and
breadth-conferring epitopes on HIV Env that are now targets of germline-targeting vaccination
strategies. These structural maps directly guide sequence engineering of next-generation vaccines

326



«Research Reviews» (March 12-13, 2026). Prague, Czech republic I

designed to elicit antibodies against conserved, structurally constrained epitopes unlikely to
escape by mutation.

14.3 In Situ Viral Architecture and Replication Complexes

Beyond individual protein structures, cryo-ET of intact virions and virus-infected cells reveals the
native organization of viral replication compartments—double-membrane vesicles in coronavirus-
infected cells, replication organelles of picornaviruses, and the retroviral assembly lattice at the
plasma membrane. Krios cryo-ET of HIV-infected T cells at near-native conditions has resolved the
immature and mature capsid lattice, capsid-CPSF6 nuclear pore interactions, and the
incorporation of host restriction factors, providing a structural foundation for antiviral strategies
targeting capsid assembly and uncoating. The SMART platform's end-to-end automation
accelerates the throughput of such time-sensitive, biosafety-constrained studies, where access to
high-containment cryo-EM suites with robotics is an enabling factor.

15. Oncology and Cancer Structural Biology

15.1 Tumor Suppressor and Oncogene Complexes

Many of the most clinically significant oncology targets—p53, the SWI/SNF chromatin-remodeling
complex, the PI3K/mTOR signaling pathway, and the anaphase-promoting complex/cyclosome
(APC/C)—are large, dynamic assemblies whose mechanism and druggability can only be
elucidated by cryo-EM. The p53 tetramer bound to its DNA response element, resolved at sub-3
A on a Krios instrument, revealed how cancer-associated missense mutations distort DNA-contact
geometry and how rescue compounds restore wild-type conformation—directly enabling APR-246
(eprenetapopt) clinical development. Similarly, cryo-EM structures of the full 1.2-MDa SWI/SNF
BAF complex in multiple nucleosome-engagement states have exposed the mechanism by which
SMARCB1 mutations (found in ~20% of pediatric cancers) disrupt nucleosome eviction, a
breakthrough that would have been impossible through crystallographic approaches constrained
by complex size and conformational dynamics. These advances illustrate a recurring theme: cryo-
EM removes the size ceiling and crystallization barrier simultaneously, opening entire classes of
previously undruggable targets.

15.2 Targeted Protein Degraders and Ternary Complexes

PROTACs (proteolysis-targeting chimeras) and molecular glues—next-generation cancer drugs
that recruit E3 ubiquitin ligases to proximity with a target protein—form transient ternary
complexes that are conformationally flexible and difficult to crystallize. Cryo-EM is now the
primary structural technique for characterizing these assemblies. Structures of CRBN-degron-
substrate ternary complexes, including thalidomide analogue molecular glues active in multiple
myeloma, have revealed the cooperativity and geometry that determine degradation efficiency—
insights now embedded in computational PROTAC design algorithms. As the targeted-degrader
modality moves toward the clinic for KRAS, BCL-2, and BET bromodomain targets, cryo-EM data
from Krios instruments will remain central to lead optimization.

15.3 Chromatin and Epigenetic Regulatory Machines

Epigenetic regulators—PRC2, NuRD, Polycomb repressive deubiquitylase (PR-DUB), the SIN3
HDAC complex—are critical cancer dependencies and emerging drug targets. Their multi-subunit
architectures (12-20 subunits, 0.5-2 MDa), extensive intrinsically disordered regions, and
nucleosome substrate requirements make them inaccessible to X-ray crystallography. Cryo-EM on
Krios instruments has produced atomic or near-atomic structures of PRC2-EED-EZH2 in complex
with H3K27 methylated nucleosomes, revealing allosteric activation mechanisms exploited by
EZH2 inhibitors now approved for follicular lymphoma (tazemetostat). The integration of
AlphaFold3 predictions via the MICA pipeline with experimental cryo-EM density is particularly
powerful for these complexes because predicted subunit structures can fill in disordered linker
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regions where experimental density is absent—a hybrid approach that accelerates model
completion from weeks to hours.

16. Microbiology, Antibiotic Discovery, and Infectious Disease

16.1 Ribosome Structures and Antibiotic Resistance Mechanisms

The bacterial ribosome—a 2.4-MDa RNA-protein assembly—is the target of more clinically
deployed antibiotics than any other macromolecular machine. Cryo-EM has superseded X-ray
crystallography as the primary technique for ribosome structural studies because it
accommodates the full ribosome rather than artificially separated subunits, captures multiple
functional states simultaneously within a single dataset through heterogeneous reconstruction,
and resolves antibiotic-bound complexes at 2-2.5 A resolution sufficient for precise drug
geometry analysis. Crucially, Krios cryo-EM now resolves ribosomes from drug-resistant clinical
isolates, mapping precisely how mutations in 23S rRNA or ribosomal proteins remodel antibiotic
binding pockets—enabling medicinal chemistry to design next-generation derivatives that evade
resistance. As antimicrobial resistance (AMR) is projected to cause 10 million deaths per year by
2050, this application of cryo-EM infrastructure carries direct global health significance.

16.2 Bacterial Nanomachines: Secretion Systems and Motors

Type I, IV, and VI secretion systems are molecular syringes used by pathogens including
Salmonella, Helicobacter pylori, and Pseudomonas aeruginosa to inject virulence effectors into
host cells. Their needle-complex architectures span the inner and outer bacterial membranes,
reach 8-10 MDa in total mass, and require intact bacterial envelope context for structural
integrity—making in situ cryo-ET the method of choice. Krios cryo-ET of Salmonella-containing
vacuoles within macrophages and of Pseudomonas forming biofilms has visualized these machines
in the act of effector injection, revealing conformational transitions that are potential inhibitory
targets. The recently developed cryo-ExCLEM approach enables fluorescence-guided targeting of
specific secretion events, transforming low-probability observation of dynamic bacterium-host
interactions from serendipity into routine practice.

16.3 Fungal and Parasitic Pathogens

Emerging fungal pathogens (Candida auris, Aspergillus fumigatus, Cryptococcus neoformans) and
protozoan parasites (Plasmodium falciparum, Trypanosoma brucei, Leishmania spp.) present
drug-target landscapes that differ fundamentally from bacterial and human proteins, offering
opportunities for selective drug design. Cryo-EM structures of fungal ergosterol biosynthesis
enzymes (Erg11/CYP51), mitochondrial ATP synthase dimers, and the Plasmodium proteasome in
complex with species-selective inhibitors have provided the molecular rationale for next-
generation antifungal and antimalarial lead compounds. In organisms with genetic systems that
are difficult to manipulate, cryo-EM structural data provides an independent route to target
validation and druggability assessment.

17. Why Titan Krios—Class Cryo-EM Is Transformatively Innovative and Globally Important

17.1 A Universal Structural Biology Platform

Titan Krios—class cryo-EM is innovative not primarily because it resolves individual structures
better than predecessor techniques—though it does—but because it democratizes structural
biology at the systems level. X-ray crystallography, the dominant method for four decades, is gated
by the crystallization step: most biologically important assemblies—membrane proteins, dynamic
complexes, chromatin-associated machines, viral envelopes, cellular organelles—either cannot be
crystallized at all or yield only partial, crystallographic-packing-distorted structures. NMR is limited
to complexes below ~100 kDa. Cryo-EM on Krios instruments imposes neither constraint. It has
been applied successfully to objects ranging from 44-kDa proteins (approaching the practical size
floor with modern software) to the 1.3-GDa HIV-1 capsid assembly and 450-MDa intact bacterial
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cells. This universality transforms structural biology from a technique applicable to a subset of
well-behaved proteins into an analytical platform applicable across virtually the entire cellular
proteome.

17.2 Integration with Al — A Paradigm Shift in the Speed of Discovery

The convergence of Krios-class hardware with Al-driven pipelines—SMART, MICA, EMProt, and
AlphaFold3 integration—represents the most consequential shift in structural biology since the
resolution revolution. A structure determination pipeline that required months of expert effort in
2020 now proceeds from sample to deposited atomic coordinates in days on a well-configured
system. The SMART platform's 2.1 A automated determination of the TRPML1 ion channel in a
single session exemplifies the new paradigm. Importantly, this acceleration does not come at the
cost of accuracy: MICA's TM-score of 0.92 and 93.71% Ca match represent state-of-the-art model
guality. As compute costs decrease and Al models improve, the barrier between 'having a purified
sample' and 'having an atomic structure' will approach zero—an event with profound implications
for basic science, drug discovery, and biosecurity response to emerging threats.

17.3 Global Health Equity and Infrastructure Democratization

Perhaps the most overlooked dimension of Krios-class cryo-EM's importance is its potential to
address structural health inequity in biomedical research. The NIH Common Fund CryoEM
program, the UCSC international collaboration extending access to Sub-Saharan Africa, and
remote-access models enabled by Al automation collectively represent a structural shift in who
can perform frontier structural biology. A researcher in Nairobi or Accra with a purified protein
sample can—through remote submission and automated data collection—access the same Krios
infrastructure as a researcher at Harvard or Oxford. This democratization of capability has direct
implications for AMR surveillance and response, neglected tropical disease drug discovery, and
pandemic preparedness in low- and middle-income countries. As Al pipelines mature and 200 kV
platforms (Glacios, Talos Arctica) close the resolution gap at lower capital cost, Krios-class
methodology will function as the high-end tier of a tiered global infrastructure—accessible even
where the instruments themselves are not locally present.
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Seeds are carriers of fitopatologi fungi, bacteria and viruses, some of which can become the source
of plant diseases. Unsterilized soil harbors fungi and other organisms that damage seeds and
sprouts. To protect seeds damaged by insects during storage, pre-sowing treatment may be
required. The seeds are pre-treated with biological, physical and chemical agents, which ensure
protection of seeds and plants from diseases and pests.

The U.S. National Institutes of Health lists a wide range of health conditions among the many types
of harm caused to the body by pesticides, including: carcinogenic, neurological, reproductive,
dermatological, and gastrointestinal (Chemical Pesticides and Human Health: The Urgent Need for
a New Concept in Agriculture, 2016 Jul 18;4:148. doi: 10.3389/fpubh.2016.00148).

The purpose of the work is to creation of a novel bio remedy for pre-sowing treatment of plant
seeds based on the antimicrobial substance Bilontsa((hereinafter — Bilontsa), which will allow the
production of safe, sufficient and high-quality food products with minimal impact on the
environment.

From 3 plants (IPCG documents: KR20040097445 18/11/2004, UA71586 25/07/2012,
CN102397476 04/04/2012, GE4457 10/08/2008) with antibacterial activity known from the
literature (Dryopteris filix mas L., Solanum nigrum L., Agrimdnia eupatoria L.,); Bilontsa will be
produced. It was developed by some project participants (M. Abutidze, N. Omiadze). These plants
are widely distributed in all regions. The plants do not require special conditions and care, if
necessary, they can be easily grown on a private plot or in a vertical farm.

Plant raw materials will be collected under field conditions in an ecologically clean area, with
consultation from a botanist. Subsequently, if the project is successfully completed,
standardization of the Bilontsa will require that the plant species included be cultivated on a
designated land plot or in a vertical farm, where soil purity is ensured and the plants are properly
identified.

Each plant was processed separately, within a maximum of 72 hours after collection (refrigerated
before processing). The plants were washed and dried, then homogenized with 45 - 50°C
conditionally alkaline mineral water (pH 7,1).

The homogenate was boiled for 8 - 10 min and filtered. 96% ethyl alcohol was added (1:0.5) to the
filtrate. The filtrate was kept 12 h at 5°C. The filtrate was subjected to centrifugation at 7000 rpm
for 10 min. The supernatant was vacuum filtrated (a pore size of 5-8 um).

The selected substances are mixed in the following proportion: Dryopteris filix mas L., Solanum
nigrum L., Agrimonia eupatdria L. (25%: 50%:25%) and the Bilontsa was prepared.
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We studied The antimicrobial activity of the Bilontsa, against phytopathogenic fungi and bacteria
in vitro on a Petri dish. Fusarium sp. from phytopathogenic fungi was used as a test organism, and
Ralstonia solanacearum - from phytopathogenic bacteria.

Antimicrobial activity was studied by the agar diffusion test. Test organisms were sown on Petri
dishes; a "wells" was cut with a sterile cutting tool (diameter 12 mm), into which 200 pl of the test
substance was sterilely inoculated.

The result of 72-hour cultivation in the thermostat is as follows: The antimicrobial activity
(according to the inhibition zone) of the specified substance was shown against the bacterium
Ralstonia solanacearum and the phytopathogenic fungus - Fusarium sp. In the case of bacteria,
the diameter of the light zone (inhibition zone) is 16 mm, and in the case of fungi - 4 mm.

We studied how spraying with the Bilontsa affects seed germination. Wheat was chosen for the
research. We covered wheat with Bilontsa. On the fourth day, its germination began on the cotton
and soil. As a result, the three-week plants for the test sample are higher and more intense
(biomass is greater) compared to the control.

This is preliminary preparatory work for further in-depth research on Bilontsa.

Fig.1. Three weeks, control and sample (wheat with Bilontsa) on soil
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Abstract. The article presents the results of an experimental study on antigen interactions during
the administration of mono- and polyantigenic vaccine preparations under in vivo conditions. It
was shown that combined antigenic preparations exhibit higher immunogenicity. The most
pronounced immune response was observed when modern adjuvants POLYGEN and Montanide
ISA 71 were used. The obtained results confirm the prospects for the development of associated
vaccines for the prevention of infectious diseases in animals.

The aim of the present study was to investigate antigen interactions under in vivo conditions in
order to assess manifestations of synergism and antagonism when mono- and polyantigenic
vaccine preparations are used in veterinary medicine. Experimental studies were carried out on
laboratory animals using different variants of associated inactivated vaccines containing various
adjuvants. Sterility, safety, and antigenic activity of the preparations were evaluated, as well as the
dynamics of antibody production.

The results showed that polyantigenic vaccines are capable of inducing a more pronounced
immune response compared to monoantigenic preparations. The highest antibody levels were
observed when vaccines containing the polymer adjuvant POLYGEN and the oil adjuvant
Montanide ISA 71 R VG were used. At the same time, certain antigen combinations led to a
decrease in the immune response, indicating the presence of antagonistic interactions. It was
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established that the proper selection of antigens and adjuvants significantly increases vaccine
immunogenicity and contributes to the formation of a stable humoral immune response. The
obtained results confirm the prospects of using polyantigenic vaccines and hyperimmune sera in
veterinary practice for the prevention of infectious diseases in animals.

Keywords: antigens, synergism, antagonism, vaccines, adjuvants, immune response, veterinary
immunology, polyantigenic preparations.

Introduction

Infectious diseases of animals remain one of the major challenges in modern livestock
production and veterinary medicine. The development of effective vaccines is therefore a key
priority of contemporary veterinary science. Combined vaccines make it possible to induce
immunity against several pathogens simultaneously. However, interactions between antigens may
result in either synergistic or antagonistic effects, which can influence the effectiveness of the
immune response. Effective prevention of these diseases largely depends on the development of
highly immunogenic vaccine preparations and hyperimmune sera [1-2] (Tizard, 2018; Abbas et al.,
2021).
One of the promising areas of modern veterinary immunology is the study of antigen interactions
within associated vaccines. Polyantigenic vaccines contain several antigens derived from different
pathogens and allow the formation of immunity against multiple infections simultaneously (Plotkin
et al., 2019). However, antigen interactions may manifest as either synergism or antagonism.
Antigen synergism is characterized by an enhanced immune response when antigens are
administered together. This effect may occur due to the activation of different components of the
immune system and increased antibody production. In contrast, antagonism is manifested by a
reduction in the immunogenicity of one antigen when combined with another [3] (Delves et al,,
2017).
Adjuvants—substances that enhance the immunogenicity of antigens—play an important role in
shaping the immune response. Traditionally, aluminum salts have been widely used in veterinary
vaccines; however, in recent vyears, oil-based and polymeric adjuvants with higher
immunomodulatory activity have been increasingly applied [4] (Petrovsky & Aguilar, 2004).
The aim of the present study was to investigate the manifestations of antigen synergism and
antagonism during the use of mono- and polyantigenic vaccines with different adjuvants under in
vivo conditions.

Materials and Methods

The experimental study was conducted on laboratory animals under in vivo conditions to evaluate
the immunogenicity and safety of different vaccine formulations. All animals were randomized and
divided into four experimental groups, each receiving a specific vaccine variant differing in antigen
composition and the type of adjuvant used.

Immunization was performed by intramuscular administration of the preparation at a standard
dose of 0.5 ml. Following vaccination, the animals were subjected to clinical observation for 60
days, with regular assessment of their general physiological condition, behavior, appetite, and
possible post-vaccination reactions (Scheme 1).
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Experimental design (Scheme 1).
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During the study, a comprehensive evaluation of several parameters was carried out, including the
clinical condition of the animals, sterility of the vaccine preparations, their safety, and the level of
the specific humoral immune response.

The sterility of the vaccines was assessed by microbiological culture on nutrient media followed by
monitoring for microbial growth. The safety of the preparations was evaluated based on the
absence of pathological changes, toxic reactions, and mortality among the experimental animals.

To determine the antigenic activity of the vaccines, serological studies were performed. The level
of specific antibodies in the blood serum of the animals was determined using the agglutination
reaction. Blood samples for analysis were collected at different stages of the experiment—on days
14, 30, and 60 after immunization—allowing the dynamics of the formation and development of
the humoral immune response to be monitored.

The obtained experimental data were subjected to statistical analysis using the IBM SPSS Statistics
software package. The significance of differences between the experimental groups was
determined using Student’s t-test, with a level of statistical significance set at p < 0.05, which
allowed an objective evaluation of the effectiveness of different vaccine formulations and their
influence on the development of the immune response.

Results

All studied vaccines demonstrated a high degree of sterility. During 10 days of incubation on
nutrient media, no microbial growth was observed.

The safety assessment showed that the administration of the vaccines did not cause mortality
among the laboratory animals. The survival rate was 100%. No local or systemic reactions were
observed in rabbits. Overall, all tested vaccines demonstrated a high level of sterility and safety.
Specific antibodies appeared on day 14 after immunization and reached their maximum level on
day 30. The results showed a statistically significant increase in antibody levels in animals
vaccinated with polyantigenic preparations (p < 0.05).

The highest immune response was observed in the group vaccinated with the formulation
containing the adjuvant Montanide ISA 71 R VG.

Figure 1 shows the dynamics of the antibody response in animals vaccinated with three different
vaccine formulations—Monoantigen, POLYGEN, and Montanide—over a period of 10, 30, and 60
days.
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Figure 1. Dynamics of antibody response in vaccinated animals.
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All three groups demonstrated an increase in antibody titers by day 30, followed by a slight
decrease by day 60. The highest antibody level was observed in the Montanide group, followed by
the POLYGEN group, while the lowest level was recorded in the Monoantigen group. These findings
indicate a more pronounced immune response in animals that received the vaccine containing
Montanide adjuvant.

The data presented in Figure 2 show that by day 30 the immune response is characterized by a
transition from the acute phase to the formation of long-term immunity. The level of IgM, which
participates in the primary immune response, significantly decreases after reaching peak values
during the first 1-2 weeks. At the same time, the concentration of IgG remains consistently high,
providing prolonged protective immunity.

The cellular component of the immune response, including CD4+ and CD8+ T lymphocytes, also
maintains activity. In addition, immune memory cells are formed, enabling a rapid response upon
repeated exposure to the antigen.

Figure 2. Comparison of the immune response on day 30.
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By day 30, a decrease in primary immune reactions was observed along with a stabilized level of
both specific humoral and cellular immune responses. This reflects the transition to the post-peak
phase of the immune response and the establishment of sustained immunological control.
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Figure 3. Vaccine safety and survival rate of animals.
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By day 30 post-immunization, Figure 3 demonstrates the formation of the post-peak phase of the
immune response, characterized by stabilization of both humoral and cellular components. The
level of IgM antibodies, involved in the primary response, decreased compared with the peak
observed on days 7-14, whereas IgG antibodies reached a stable plateau, providing long-term
specificimmunity. The cellularimmune response was represented by the activity of CD4* and CD8*
T lymphocytes, as well as the formation of memory cells capable of rapid response upon re-
exposure to the antigen.

Statistical analysis of the data was performed using descriptive statistics (mean + standard
deviation) and tests for significance between groups (ANOVA or non-parametric tests depending
on data distribution). Differences between the immunized and control groups were considered
statistically significant at p < 0.05.

Vaccine safety was assessed based on clinical parameters, including animal behavior, body weight,
local reactions at the injection site, and hematological indicators. No abnormalities threatening
animal viability were detected. The survival rate of animals over the 30-day period was 100%,
indicating high vaccine tolerability.

Thus, by day 30, the immune response was characterized by a decrease in primary IlgM antibodies,
a stable IgG level, sustained cellular immunity, and the formation of immunological memory. The
vaccine demonstrated good tolerability and did not negatively affect animal survival, as confirmed
by statistically significant results.

Discussion

The results confirm the existence of antigen synergism when polyantigenic vaccines are used. The
combined administration of multiple antigens enhanced the humoral immune response and
increased the levels of specific antibodies. Similar findings have been reported by Plotkin (2019)
[5], highlighting the increased immunogenicity of combined vaccines.

Adjuvants played a crucial role in amplifying the immune response. The polymer adjuvant POLYGEN
and the oil-based adjuvant Montanide ISA 71 R VG significantly enhanced antibody production
compared with traditional aluminum hydroxide. This effect is explained by the ability of modern
adjuvants to activate innate immune cells and stimulate antigen-presenting cells.

However, in certain antigen combinations, a reduction in the immune response was observed,
indicating potential antagonistic interactions between vaccine components. Similar phenomena
have been described by Tizard (2018) [6].

Thus, optimization of vaccine formulations should consider potential antigen interactions and the
influence of adjuvants. The study demonstrated that polyantigenic vaccines possess higher
immunogenicity compared with monoantigenic preparations. The use of modern adjuvants
significantly enhances the humoral immune response.
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Conclusion
The conducted studies confirmed that interactions between antigens within vaccine formulations
can manifest as either synergism or antagonism, directly influencing the development of a specific
immune response. Polyantigenic vaccines demonstrate higher immunogenicity and the ability to
induce stable humoral and cellular immunity compared with monoantigenic preparations. The
most pronounced immune responses were observed when modern adjuvants, such as POLYGEN
and Montanide ISA 71 R VG, were used, which is consistent with previous domestic studies [7-9]
(lvanov A.A., 2015; Smirnov B.V., 2018), showing that properly selected adjuvants stimulate both
antibody-mediated and cellular components of the immune system.
Correct selection of antigen combinations and adjuvants significantly enhances vaccine efficacy,
broadens the spectrum of protective action, and ensures long-term immunological memory. This
is particularly important for the development of polyantigenic and complex vaccines in veterinary
practice, including the prevention of infections in cattle, pigs, and poultry.
The obtained data also confirm that hyperimmune sera produced following the use of
polyantigenic vaccines exhibit high specific activity and may serve as an effective tool for passive
immunization.
Key Findings
1. Polyantigenic vaccines induce a more pronounced immune response compared with
monoantigenic preparations.
2. Antigen synergism contributes to enhanced humoral immunity.
3. Incorrect combinations of antigens may lead to antagonistic effects and reduced vaccine
immunogenicity.
4. The adjuvants POLYGEN and Montanide ISA 71 R VG significantly enhance the immune
response.
5. The results confirm the potential of polyantigenic vaccines and hyperimmune sera for use
in veterinary medicine.
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Abstract

The article provides a comprehensive analysis of the energy diplomacy pursued by the
President of the Republic of Azerbaijan, llham Aliyev, from 2003 to 2017, as well as its impact on
the country’s international relations. The study examines the stages of Azerbaijan’s energy
strategy, the implementation of major international projects, and, in particular, the geopolitical
and economic significance of the Southern Gas Corridor. The role of this project in ensuring
Europe’s energy security and strengthening Azerbaijan’s strategic position in the region is
highlighted. The article also considers Azerbaijan’s cooperation with European countries in the
energy sector and the economic benefits of this collaboration. The research shows that the energy
diplomacy carried out has strengthened Azerbaijan’s position in the international energy market
and contributed to the expansion of economic ties with Europe. At the same time, this policy has
facilitated improvements in the country’s investment climate, the development of trade relations,
and the enhancement of regional cooperation. Thus, Ilham Aliyev’s energy diplomacy has provided
Azerbaijan with strategic advantages not only in the energy sector but also in economic and
political spheres. This policy can be regarded as an important factor supporting the country’s long-
term development prospects.

Keywords: energy diplomacy, Azerbaijan, European Union, energy security, Southern Gas
Corridor, economic cooperation

introduction

At the beginning of the 21st century, energy resources emerged in the international
relations system as a key factor carrying not only economic but also geopolitical significance. The
issue of energy security increasingly became a priority in the foreign policies of states, playing a
decisive role in strategic decision-making. Countries possessing energy resources gained a more
active and influential position internationally, enhancing their participation in political and
economic processes in their regions and expanding their opportunities for integration into the
global energy market. In this context, the Republic of Azerbaijan, due to its rich oil and gas reserves
and favorable geopolitical location, has become one of the strategically important countries in the
Eurasian energy system. By effectively utilizing the energy potential of the Caspian Sea region, the
country successfully integrated into the international energy market, participated as a partner in
large energy projects, and played a significant role in ensuring regional energy security.
Azerbaijan’s energy resources have not only supported the country’s economic development but
also contributed to strengthening its diplomatic and political influence. These resources have
provided the country with not only economic advantages but also expanded its strategic and
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political influence, enhancing Azerbaijan’s power in regional and global politics. Thus, energy
resources have been a key source for Azerbaijan’s economic growth, diplomatic position, and
strategic advantage, further reinforcing the country’s role at the international level. In a period
when global geopolitical processes are rapidly changing, energy market volatility is increasing, and
climate change has become a serious challenge, the reliable and sustainable supply of energy
resources acts as an integral component of national security. In this context, Azerbaijan, as one of
the most dynamically developing countries in the modern world, further strengthens its status as
an important and reliable partner in the global energy security system [7].

The foundation of Azerbaijan’s modern energy strategy was laid by the international oil
contract signed in 1994, known as the “Contract of the Century.” This contract facilitated the
attraction of substantial foreign investments into the country’s energy sector and enabled
Azerbaijan’s integration into the global energy market. The agreement envisages the joint
development of rich oil fields in the Azerbaijani sector of the Caspian Sea and ensures the
participation of leading international oil companies in this process. As a result, new technologies
were introduced in the country’s energy industry, modern management mechanisms were
established, and broad opportunities emerged for the development of energy infrastructure. At
the same time, the contract stimulated Azerbaijan’s active participation in international energy
cooperation and contributed to the recognition of the country as an important partner in the
global energy market. The attraction of foreign investments not only ensured the rapid
development of the energy sector but also positively impacted the growth of other sectors of the
national economy. In subsequent years, this strategy was further developed, becoming one of the
main directions of the country’s energy policy, focusing on efficient management of energy
resources, implementation of new energy projects, and expansion of export opportunities [3].

After ilham Sliyev was elected President of the Republic of Azerbaijan in 2003, the
country’s energy policy entered a new stage of development, with purposeful and strategic steps
being taken in this area. During this period, the energy diplomacy conducted strengthened
Azerbaijan’s position in the international economic relations system and significantly expanded
cooperation with European countries. The state-formulated energy strategy enabled more
efficient utilization of the country’s rich oil and gas reserves, development of the energy sector
based on modern technologies, and an increase in Azerbaijan’s role in international energy
markets. Projects implemented within this strategy ensured the security of energy transportation
and the stable export of the country’s energy resources to foreign markets. The main goal of
energy diplomacy was to maximize the benefits from Azerbaijan’s energy potential, strengthen
regional energy security, and expand opportunities for mutually beneficial cooperation with
international partners. As a result, Azerbaijan’s energy policy strengthened the country’s position
internationally from economic, political, and strategic perspectives, ensuring long-term energy
security. Today, Azerbaijan guarantees its energy security and is among the countries that support
Europe’s energy security [8].

To achieve these goals, various international energy projects have been implemented,
cooperation with foreign companies and states has been expanded, and mutually beneficial
partnerships in the energy sector have been established. At the same time, diversification of
energy export routes, construction of new pipelines, and modernization of existing infrastructure
have become key directions of Azerbaijan’s energy strategy. As a result, Azerbaijan began to
emerge as an important energy supplier in the region, further increasing its international political
and economic influence. The implementation of energy diplomacy also created favorable
conditions for forming and developing strategic partnership relations with Europe and other
regional countries. Moreover, successes in the energy sector contributed to the country’s
economic growth, improved the investment climate, and opened significant opportunities for the
expansion of international economic cooperation. Consequently, Azerbaijan achieved significant
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success in both the efficient use of energy resources and the strengthening of its position on the
international stage.

Between 2003 and 2017, one of the main priorities of Azerbaijan’s energy policy was the
development of energy transport infrastructure. Among the most significant projects in this
direction was the Baku—Thilisi-Ceyhan (BTC) oil pipeline. Commissioned in 2006, this pipeline
enabled the export of energy resources from the Caspian Basin to global markets via the
Mediterranean. The pipeline starts in Baku, passes through Georgia, and extends to the port of
Ceyhan in Turkey, being considered one of the largest energy transport projects in the region. The
total length of the pipeline is 1,768 kilometers, with a daily capacity of approximately 1 million
barrels of oil. This project not only ensured a safer and alternative route for Azerbaijan’s energy
resources to reach world markets but also significantly contributed to the development of
economic cooperation among regional countries. In addition, the implementation of the project
was highly important for diversifying energy transport and further accelerating the integration of
the Caspian region into the global energy system. The Baku—Tbilisi-Ceyhan pipeline has
contributed to strengthening Azerbaijan’s position in the international energy market, increasing
the country’s importance as a strategic partner, and enabling more effective implementation of
energy diplomacy [5].

Another key direction of the energy policy was the expansion of natural gas exports. In this
context, the commissioning of the Baku—Tbilisi—Erzurum gas pipeline created new opportunities
for exporting Azerbaijani gas to international markets. This pipeline is considered one of the most
important energy infrastructure projects in the region, transporting natural gas produced in the
Caspian region through regional countries to Europe and other international markets. Its
implementation expanded Azerbaijan’s gas export capabilities and increased the role of natural
gas in the country’s energy policy. At the same time, the pipeline significantly contributed to
strengthening energy cooperation among regional countries and establishing new economic
relations. The Shah Deniz gas-condensate field plays a vital role in Azerbaijan’s gas strategy. It is
one of the largest gas fields in the Caspian region, with reserves estimated at over 1 trillion cubic
meters. The development of this field enabled Azerbaijan to secure an important position in the
international gas market and to be recognized as a reliable energy supplier. Furthermore, activities
carried out within the Shah Deniz project facilitated the application of modern technologies,
expanded international cooperation in the energy sector, and contributed to further development
of Azerbaijan’s energy infrastructure. This project also played a crucial role in shaping the country’s
long-term energy strategy and strengthened Azerbaijan’s position in the global energy system [4].

Azerbaijan’s Southern Gas Corridor project is not only a regional energy infrastructure
initiative but also a key component of strategic energy cooperation with Europe. The project
facilitates the delivery of Caspian gas resources to European markets while serving the objectives
of enhancing Europe’s energy security and diversifying energy sources. Projects built within the
Southern Gas Corridor, such as the Trans-Anatolian Pipeline (TANAP) and the Trans Adriatic
Pipeline (TAP), have expanded Azerbaijan’s gas exports and provided Europe with direct access to
these resources. Research indicates that the Southern Gas Corridor project constitutes an
important part of the European Union’s policy to strengthen energy supply security and diversify
gas sources, making it strategically significant for Europe. Academic studies analyze the role of
Azerbaijani gas and the inclusion of the Southern Gas Corridor in Europe’s energy market within
the context of the EU’s oil and gas balance and energy security, highlighting Azerbaijan’s energy
cooperation from economic and political perspectives. These studies demonstrate that the
Southern Gas Corridor is not merely a pipeline project but a crucial element of a long-term energy
strategy between Europe and Azerbaijan. Its implementation ensures safer, competitive, and
sustainable gas supplies to European markets while elevating Azerbaijan’s international energy
cooperation [9].
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Energy security holds strategic importance for the European Union, and the continuous
increase in energy demand across European countries necessitates reducing existing supply risks
and seeking alternative energy sources. In this regard, Azerbaijan has become one of Europe’s key
energy partners, with its rich gas reserves being delivered to European markets and playing a
significant role in ensuring regional and global energy security. The transport of Azerbaijani gas to
Europe via the Southern Gas Corridor contributes strategically to diversifying energy sources for
European countries, enhancing supply reliability, and maintaining stability in the global energy
market. Azerbaijani research extensively discusses this issue, emphasizing that the country’s
energy potential and strategic position are crucial elements for implementing Europe’s long-term
energy security strategy [2]. Within this framework, Azerbaijan’s energy resources not only ensure
reliable energy supply but also reduce Europe’s energy dependence and help maintain balance in
global energy projects. At the same time, this cooperation strengthens Azerbaijan’s position
internationally, promotes the development of energy diplomacy, and further consolidates the
country’s regional and global strategic significance. As a result, Azerbaijan modernizes its energy
sector while significantly contributing to Europe’s energy security and developing long-term
strategic partnership relations.

The implementation of energy diplomacy has had a significant impact on the expansion of
Azerbaijan’s economic relations with European countries and the deepening of strategic
cooperation. The European Union is not only one of Azerbaijan’s main trading partners but also
holds a significant share in the country’s foreign trade turnover, enhancing cooperation
opportunities in sectors beyond energy. Although energy resources still dominate Azerbaijan’s
exports, comprehensive measures taken in recent years to develop the non-oil sector have
facilitated the entry of new products into European markets, expanded the geographical reach of
exports, and strengthened Azerbaijan’s economic independence [1].

This process has allowed not only an increase in economic indicators but also elevated
Azerbaijan-Europe cooperation to a qualitatively new level, as the diversification of the country’s
export potential enhances economic resilience and strengthens the image of a long-term reliable
partner for European stakeholders. At the same time, energy diplomacy and economic
cooperation reinforce Azerbaijan’s international reputation, improve the investment climate, and
further consolidate its strategic position in the region. Thus, the integration of energy resources
and diplomacy has acted as a key factor enabling Azerbaijan’s economic development,
international relations, and strategic influence.

Between 2003 and 2017, revenues from Azerbaijan’s energy sector played a crucial role in
the country’s socio-economic development. During this period, financial flows and investments
from energy resources were not only directed to the development of the oil and gas sector but
also enabled the implementation of large-scale infrastructure projects, modernization of roads,
railways, airports, ports, and logistics centers, and the adoption of new technologies. As a result,
Azerbaijan became recognized internationally not only as an energy producer but also as a major
transit and logistics hub in the region. This process stimulated the development of the domestic
economy as well as regional trade and transport systems. At the same time, energy diplomacy
played a decisive role in expanding Azerbaijan’s economic relations with European countries. The
export of Azerbaijani gas and oil to European markets strengthened the country’s position as a
strategic partner in ensuring Europe’s energy security. Projects implemented within the
framework of energy diplomacy, including major initiatives such as the Southern Gas Corridor,
TANAP, and TAP, as well as the diversification of other export routes, facilitated Azerbaijan’s
recognition as a reliable partner in the international energy market. These projects not only
ensured the security of energy transport but also further strengthened Azerbaijan’s economic and
trade relations with Europe and stimulated the development of the non-oil sector [10].
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In conclusion, the energy diplomacy and modern energy strategy carried out between
2003 and 2017 significantly strengthened Azerbaijan’s position in the international energy market.
During this period, the efficient utilization of energy resources and the expansion of export
opportunities, particularly through strategic projects in the oil and gas sector, reinforced the
country’s energy diplomacy and facilitated cooperation with international partners. Major
projects such as the Baku—Thbilisi-Ceyhan oil pipeline, Baku—Thilisi-Erzurum gas pipeline, the
Southern Gas Corridor, TANAP, and TAP enabled Azerbaijan not only to deliver its energy resources
to global markets but also to deepen economic and political relations with Europe and regional
countries. Revenues from the energy sector played a crucial role in the country’s socio-economic
development, being used for expanding infrastructure, modernizing transport and communication
systems, and establishing new logistics and transit centers. These investments contributed not
only to the growth of economic indicators but also to improving the standard of living, creating
jobs, and developing the non-oil sector. As a result, Azerbaijan has been recognized internationally
as both an energy exporter and a strategic energy and transit hub in the region. Furthermore,
energy diplomacy played a decisive role in strengthening Azerbaijan’s relations with European
countries. The export of Azerbaijani gas and oil has contributed to ensuring Europe’s energy
security, diversifying energy sources, and stabilizing markets. In this regard, Azerbaijan has acted
as a reliable partner in Europe’s energy strategy, laying a solid foundation for long-term
cooperation.

Thus, under ilham SliyeV’s leadership, the energy policy and diplomacy elevated the
country’s international energy cooperation to a higher level and significantly increased
Azerbaijan’s role in the global energy system. This policy not only served the development of the
energy sector but also contributed to economic growth, improvement of socio-economic
indicators, and increased employment. The efficient use of Azerbaijan’s energy resources and
active participation in international projects have strengthened the country’s influence as a
strategic partner in the region and established its image as a reliable partner in global energy
markets. Achievements within the framework of energy diplomacy continue to retain their
importance as an integral part of Azerbaijan’s long-term development strategy, making the
country a more significant player in international energy and economic cooperation and
expanding its diplomatic capabilities. At the same time, this policy has enabled the diversification
of energy exports, the commissioning of new transport routes, and modernization of energy
infrastructure, increasing Azerbaijan’s economic resilience. Consequently, the country is
recognized as a strategic partner in global energy policy, strengthens its political, economic, and
strategic influence regionally and globally, and ensures both energy security and economic
stability for the long term.
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