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 Pedagogical Sciences 
УДК 37.091.31 

 COMPARATIVE ANALYSIS OF INDUCTIVE 
AND DEDUCTIVE GRAMMAR TEACHING 
METHODS 
 Осымова Гульмира Умырбековна  
Магистр, преподаватель, Центрально-Азиатский Инновационный Университет 
 Баймырзаева Феруза Ибрахимовна  
Магистр, преподаватель, Центрально-Азиатский Инновационный Университет 
 

Аnnotation 
 This scientific article examines the inductive and deductive methods of teaching English 

grammar as one of the most common and methodologically significant approaches in the system 
of teaching a foreign language. The purpose of the research is to compare the theoretical 
foundations, methodological features, advantages and limitations of these methods, as well as to 
determine the conditions for their effective use in the modern educational environment. The 
article analyzes the views of domestic and foreign researchers in the field of teaching foreign 
languages, reveals the influence of inductive and deductive approaches on the formation of 
grammatical competence, cognitive activity and communicative skills of students. Special 
attention is paid to the role of teachers and students in the process of mastering grammatical 
material, as well as the possibilities of integrating these methods in a context of communicative 
and personality-oriented learning. The results of the research can be used in the practice of 
teaching English in general education schools and higher educational institutions, as well as in the 
system of training future teachers of a foreign language. 

Keywords: grammar teaching, inductive method, deductive method, teaching English, 
grammatical competence, foreign language methodology. 

 
 In the context of globalization and the active development of international relations, 

English language proficiency is becoming an integral part of a person's professional and academic 
training. In this regard, the role of high-quality and effective teaching of foreign languages, in 
particular English, is increasing. One of the key components of language training is grammar, which 
serves as the basis for the formation of correct speech, understanding of written and oral texts, 
as well as the development of students' communicative competence. 

 Despite a significant amount of research in the field of English language teaching methods, 
the problem of choosing the most effective ways of teaching grammar remains relevant. This is 
due to the fact that grammar is traditionally perceived by students as a complex and abstract 
aspect of language that requires considerable effort to master. In this regard, the teacher is faced 
with the task of not only explaining the grammatical rules, but also ensuring their conscious and 
practical use in real communication. 

 In the methodology of teaching foreign languages for a long time, two main approaches 
to teaching grammar have been distinguished: deductive and inductive. The deductive method 
involves an explanation of a grammatical rule by a teacher, followed by exercises to consolidate 
it. This approach has been widely used in the traditional teaching system and is still used in 
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educational practice due to its structure and consistency. The inductive method, on the contrary, 
is focused on the independent identification of grammatical patterns by students based on the 
analysis of language examples and context. This approach meets the modern requirements of 
communicative and activity-based learning, where the student is an active participant in the 
learning process. 

Modern educational standards and concepts of teaching foreign languages focus on the 
development of communicative competence, critical thinking and cognitive activity of students. In 
this regard, there is a growing interest in the inductive method as a means of enhancing learning 
activities. However, the deductive approach continues to be important, especially at the initial 
stages of learning and when working with complex grammatical material. This indicates the need 
for a comprehensive and scientifically based analysis of these methods. 

The relevance of this study is due to the need for systematization and comparative analysis 
of inductive and deductive methods of teaching English grammar, as well as to determine the 
conditions for their effective use, depending on the level of language training, the age of students 
and learning objectives. 

The purpose of the article is to conduct a comparative analysis of inductive and deductive 
methods of teaching English grammar and to determine their place in modern methods of 
teaching a foreign language. 

Research objectives: 
• to consider the theoretical foundations of teaching English grammar; 
• to characterize the features of the deductive method of teaching grammar; 
 to analyze the essence and pedagogical potential of the inductive method; 
• identify the advantages and disadvantages of each method; 
• identify the possibilities of their integration into the practice of teaching English. 
 
1. Theoretical foundations of teaching grammar of a foreign language 
1.1 The role of grammar in English language teaching 
      Grammar is a fundamental component of the language system and plays a key role in 

the learning process of a foreign language. It ensures the structural organization of speech and 
serves as the basis for the formation of correct language skills. Without a sufficient level of 
grammatical competence, it is impossible to fully master a foreign language, since grammar 
determines the ways of expressing meanings, temporal relations, logical connections and 
communicative intentions. 

 In the methodology of teaching English, grammar is considered not as an end in itself, but 
as a means of forming communicative competence. Modern approaches emphasize the need to 
integrate grammatical knowledge into the speech activity of students. This means that 
grammatical structures should not be learned in isolation, but in the context of real 
communication, which contributes to a more conscious and sustainable learning of the material. 

In the process of learning English, grammar performs several functions. Firstly, it promotes 
the development of linguistic correctness of speech. Secondly, grammar provides understanding 
of written and oral texts. Thirdly, it forms the basis for the development of productive skills — 
speaking and writing. Thus, grammatical competence is an integral part of the overall 
communicative competence of students. 

1.2 Approaches to teaching grammar in a foreign language methodology 
  Historically, there have been various approaches to teaching grammar in the teaching of 

foreign languages. Within the framework of the grammar-translation method, grammar occupied 
a central place and was studied mainly in the form of rules and translation exercises. This approach 
provided a high level of theoretical knowledge, but often did not lead to the formation of 
communication skills. 
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 With the development of the communicative approach, the emphasis has shifted from the 
mechanical assimilation of rules to the use of grammatical structures in speech activity. As a result, 
grammar has come to be seen as a communication tool rather than a set of formal rules. In modern 
methodological concepts, the following main approaches to teaching grammar are distinguished: 

• Formal and structural approach; 
• functional and communicative approach; 
• Cognitive approach; 
• An activity-based approach. 
Each of these approaches determines the ways in which grammar is presented, the role of 

teachers and students, and the nature of learning tasks. Within the framework of these 
approaches, inductive and deductive methods are considered as the main strategies for organizing 
the educational process. 

1.3 The concept of deductive grammar teaching method 
  The deductive method of teaching grammar is based on the logical principle "from general 

to particular". As part of this method, the teacher first explains the grammatical rule, then 
demonstrates it with examples and suggests that students perform exercises to consolidate the 
learned material. 

 This method is widely used in educational practice due to its structure and predictability. 
It allows you to systematize grammatical knowledge and ensure their consistent assimilation. The 
deductive approach is especially effective in studying complex grammatical phenomena that 
require a clear explanation and logical comprehension. 

  From a pedagogical point of view, the deductive method focuses on the leading role of 
the teacher, who acts as a source of knowledge and controls the learning process. In this case, 
students perform mainly reproductive tasks aimed at applying ready-made rules. 

1.4 The concept of an inductive grammar teaching method 
       The inductive method of teaching grammar is based on the principle of "from the 

particular to the general." Unlike the deductive approach, here students independently identify 
grammatical patterns based on the analysis of language examples, texts or speech situations. 

  The inductive method corresponds to modern educational concepts focused on active 
and conscious learning. In this case, the student is not a passive recipient of information, but an 
active participant in the learning process. The role of the teacher is to organize educational 
activities, select language material and provide guidance. 

    The inductive approach promotes the development of cognitive activity, analytical 
thinking and independence of students. In addition, learning grammar in the context of real 
communication makes knowledge more stable and functional. 

1.5 Psychological and pedagogical foundations of inductive and deductive approaches 
        From the point of view of the psychology of learning, the deductive method relies 

primarily on logical thinking and memory. It is effective for students with developed abstract 
thinking and a high level of learning motivation. The inductive method, in turn, activates cognitive 
processes related to analysis, synthesis and generalization. 

   The age characteristics of students also play an important role in choosing a grammar 
teaching method. A deductive approach may be more effective for younger schoolchildren and 
students beginning to learn the language, while for teenagers and students it is advisable to use 
inductive strategies. 

  Thus, the choice of grammar teaching method should be based on a comprehensive 
consideration of psychological and pedagogical factors, learning objectives and the level of 
language training of students. 
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2. Deductive method of teaching English grammar 
2.1 The essence and methodological foundations of the deductive approach 
  The deductive method of teaching grammar is one of the traditional and most common 

ways of learning grammatical material in the process of learning a foreign language. Its essence 
lies in the consistent presentation of educational material on the principle of "from rule to 
practice." At the first stage, the teacher explains the grammatical rule, formulates it in a 
generalized form, after which the students proceed to perform exercises aimed at consolidating 
and automating the studied structure. 

 The methodological basis of the deductive approach is the logical-analytical model of 
learning, which assumes a conscious perception of linguistic patterns. Within the framework of 
this method, grammar is considered as a system of formal rules that must be learned in order to 
use the language correctly. This approach has long dominated the traditional methods of teaching 
foreign languages and remains relevant in modern educational practice. 

The deductive method is especially widely used in teaching adults and high school 
students, as it corresponds to the level of their cognitive development and ability to abstract 
thinking. A clear structure of explanation contributes to the systematization of knowledge and the 
formation of stable grammatical concepts. 

2.2 Stages of implementation of the deductive method in the English lesson 
      The process of teaching grammar using the deductive method, as a rule, includes 

several successive stages. 
   At the first stage, the teacher introduces a grammar rule. The explanation may be 

accompanied by tables, diagrams, formulas, and examples illustrating the use of this grammatical 
structure. It is important that the explanation is logical, accessible and appropriate to the level of 
language training of students. 

   The second stage is related to the demonstration of examples of the use of the studied 
grammatical form in sentences or short texts. The purpose of this stage is to show the practical 
application of the rule and help students relate theoretical knowledge to real language material. 

   The third stage involves performing training exercises. They can be of a reproductive 
nature and include substitution, transformation, and translation tasks. At this stage, the primary 
consolidation of the grammatical material takes place. 

    The final stage is aimed at the application of grammatical structure in speech activity. 
These can be exercises for composing your own sentences, dialogues, or short statements. 
However, within the framework of the deductive approach, this stage is often limited, which is 
considered one of its drawbacks. 

2.3 Advantages of the deductive grammar teaching method 
 One of the main advantages of the deductive method is its clear and logically structured 

structure. Students immediately receive a ready-made rule, which reduces the likelihood of 
incorrect interpretations and errors in understanding the grammatical material. This is especially 
important when studying complex grammatical phenomena of the English language, such as verb 
tenses, conditional sentences or passive voice. 

 The deductive approach saves learning time, since the explanation of the rule takes a 
relatively short period of the lesson. This makes the method convenient for working in a strictly 
regulated curriculum. 

  In addition, the deductive method contributes to the formation of analytical thinking and 
linguistic awareness. Students learn to apply logical operations, analyze language forms and relate 
them to theoretical rules. For students and adult learners, this approach is often the most 
understandable and effective. 
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2.4 Limitations and disadvantages of the deductive method  
Despite a number of advantages, the deductive method has certain limitations. One of the 

main disadvantages is the passive role of students at the stage of introducing grammatical 
material. In most cases, students act as listeners, which can reduce their cognitive activity and 
motivation. 

In addition, excessive use of the deductive approach often leads to formal grammar 
acquisition. Students may know the rule well, but have difficulty using it in spontaneous speech. 
This is due to the fact that attention is focused on the form rather than the communicative 
function of the grammatical structure. 

Another limitation is the insufficient integration of grammar into the context of real 
communication. Exercises are often mechanical in nature and do not always contribute to the 
development of communicative competence. As a result, grammatical knowledge remains 
isolated and poorly applicable in practical language activities. 

2.5 Conditions for the effective application of the deductive method 
To increase the effectiveness of the deductive method, it is necessary to take into account 

a number of pedagogical conditions. First of all, the explanation of the grammatical material 
should be adapted to the level of language training of students. Unnecessarily complex 
formulations and terminology can make it difficult to understand and reduce the effectiveness of 
learning. 

It is also important to combine a deductive approach with elements of communicative 
learning. After explaining the rule, it is advisable to include tasks aimed at using the grammatical 
structure in speech situations. This makes it possible to compensate for the limitations of the 
method and increase its practical value. 

Thus, the deductive method of teaching grammar can be an effective tool in the arsenal of 
an English teacher, provided it is used rationally and methodically. 

3. The inductive method of teaching English grammar 
3.1 The essence and methodological foundations of the inductive approach 
 The inductive grammar teaching method is a modern approach focused on the active 

participation of students in the process of identifying linguistic patterns. Unlike the deductive 
approach, here the grammatical rule is not given directly, but is formulated by students 
themselves based on the analysis of examples and context. 

The methodological basis of the inductive method is an activity-based approach to 
learning, which assumes that learning is built through active research, observation and analysis of 
linguistic phenomena. This approach corresponds to modern educational standards aimed at the 
development of cognitive activity, critical thinking and communicative competence. 

The inductive method also helps to integrate grammar into the context of real 
communication. Students encounter grammatical structures in authentic texts, dialogues, or 
assignments, which increases the stability of learning the material and contributes to the 
formation of functional language competence. 

3.2 Stages of implementation of the inductive method 
      The process of teaching grammar using the inductive method includes several 

successive stages. 
 The first stage is observation and analysis of examples. The teacher provides students with 

a text, a set of sentences, or a dialogue containing the target grammatical structure. The 
environment of the material can be adapted to the students' level so that they can notice patterns 
and distinctive features of the grammatical form. 

 The second stage is the formulation of the hypothesis. Students independently identify 
patterns and try to formulate the rule in their own words. At this stage, analytical and critical 
thinking develops, and students learn to draw informed conclusions. 
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  The third stage is hypothesis testing. The teacher directs the work, corrects errors, 
clarifies and systematizes the conclusions. This stage ensures the accuracy of mastering the 
grammatical structure and prevents the formation of incorrect language habits. 

The fourth stage is consolidation and practical application. Students perform tasks aimed 
at applying grammatical structure in oral and written speech. These can be exercises for 
composing sentences, dialogues, texts, or role-playing games. This approach allows grammar to 
be integrated into communication activities and makes learning conscious and motivated. 

3.3 Advantages of the inductive method 
 The inductive method has a number of significant advantages over traditional 

approaches.: 
1. Increasing the cognitive activity of students. Students become active participants in the 

learning process, which contributes to the formation of independence and responsibility for the 
result. 

2. Development of analytical and critical thinking. Students learn to identify patterns, draw 
conclusions, and justify their decisions. 

3. Integration of grammar into communication activities. Grammatical structures are 
learned in the context of communication, which increases their practical value. 

4. Steady assimilation of the material. Through active activity and repetition in context, 
students learn and apply grammar better. 

5. Compliance with modern educational standards. The inductive method supports the 
principles of the learner-centered approach and the competence approach. 

3.4 Limitations and disadvantages of the inductive method 
Despite the advantages, the inductive method has a number of limitations.: 
 Time costs. Since students formulate the rules themselves, the process of 

mastering grammar takes longer than with the deductive approach. 
 The need for a high level of motivation and training for students. The method may 

be less effective for younger students or beginners learning a language. 
 Teacher qualification requirements. The teacher must skillfully direct the students' 

activities, correct mistakes and support the process of forming grammatical knowledge. 
 The difficulty of controlling the result. Since the rule is formulated by students, 

constant pedagogical supervision is necessary to prevent mistakes and misunderstandings. 
3.5 Conditions for effective application of the inductive method 
    For the successful use of the inductive method, the following pedagogical conditions 

must be taken into account: 
1. Selection of language material. The examples should be authentic, accessible in 

complexity, and contain a sufficient number of repetitions of the target grammatical structure. 
2. Systematic teacher support. The teacher performs the function of a guide and 

consultant, corrects the hypotheses of students and ensures the accuracy of the assimilation of 
the material. 

3. Combination with other methods. For optimal grammar acquisition, the inductive 
method can be combined with the deductive approach, which allows combining the advantages 
of both methods. 

4. Integration into communication tasks. The consolidation of grammar in speech activity 
ensures its practical applicability and increases the motivation of students. 

The use of the inductive method is especially effective in high schools and universities, 
where students have sufficient cognitive readiness to analyze and generalize language material. 
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4. Comparative analysis of methods and integration in the practice of teaching English 
4.1 Main comparison criteria 
A comparative analysis of deductive and inductive grammar teaching methods is carried 

out according to the following criteria: 
1. The role of teachers and students 
2. The structure of the lesson and the sequence of presentation of the material 
3. Cognition and analytical activity of students 
4. The functionality of grammar acquisition in communication 
5. Time spent on mastering the material 
6. Compliance with modern educational standards 
Using these criteria allows you to objectively assess the advantages and limitations of each 

method and determine the conditions for their effective use. 
4.2 Comparison Table 

Criterion Deductive Method Inductive Method 
Teacher Role Active, explanatory Guiding, facilitative 
Learner Role Passive, reproductive Active, investigative 
Grammar Acquisition Fast, systematic Slow, conscious 
Analytical Thinking Limited High 
Communicative Integration Low High 
Time Efficiency Higher Lower 
Modern Standards Partial Full  
   

The comparison shows that the deductive method is effective for rapid systematic 
assimilation of rules, especially at the initial stages of learning or when working with difficult 
grammatical constructions. The inductive method, in turn, activates cognitive activity, develops 
analytical thinking and contributes to the formation of communicative competence, but requires 
more time and high motivation of students. 

4.3 Integration of methods into the educational process 
In practice, the combined use of deductive and inductive methods is optimal, which allows 

combining their advantages and compensating for limitations. There are several integration 
models: 

1. First, induction, and then deduction 
- Students independently identify a grammatical pattern, formulate a rule, and then the 

teacher clarifies and systematizes it. 
- Suitable for high school and college students. 
2. Deduction first, then practice in context (inductive integration) 
-The teacher explains the rule, then the students consolidate it through assignments in a 

communicative context. 
-Effective for younger students and beginners. 
3. Alternating methods during the lesson 
Deductive explanations alternate with inductive exercises, which provide a balance 

between systematics and activity. 
4.4 Practical recommendations for teachers 
1. Adapt the method to the level of training and age of students 
-Younger students learn better through deduction with illustrative examples. 
- Older students and students are more actively involved in inductive tasks. 

  



 

 

 «European Research Materials» (February 26-27, 2026). Amsterdam, Netherlands 

13 

2. Use contextual and communicative tasks 
To consolidate grammatical rules, it is recommended to integrate them into dialogues, 

role-playing games, and written texts. 
3. Gradual introduction of inductive elements 
To reduce the cognitive load, it is recommended to gradually increase the independence 

of students in identifying grammatical patterns. 
4. Regular feedback 
- The teacher corrects mistakes and clarifies the wording of the rules, which increases the 

accuracy of learning grammatical material. 
5. Using a variety of exercises 
The combination of substitution, transformational, and communicative tasks ensures 

comprehensive grammar acquisition. 
4.5 Examples of successful integration of methods 
- Example 1. Learning Present Perfect 
- Stage 1 (inductive): Students analyze the text with examples of using Present Perfect and 

formulate a rule. 
- Stage 2 (deductive): the teacher clarifies and systematizes the rule, shows additional 

examples. 
-Stage 3 (communicative): Students compose their own sentences and dialogues using 

Present Perfect. 
- Example 2. Using Past Simple in a role-playing game 
 Stage 1 (deductive): explanation of the structure and key forms. 
 Stage 2 (inductive): Students identify patterns in partner proposals. 
 Stage 3: consolidation through mini-scenes, discussions of past events. 
4.6 Conclusions of the comparative analysis 
1. The deductive method is optimal for systematic learning of rules, saving time and 

working with formal structures. 
2. The inductive method stimulates cognitive activity, develops analytical thinking and 

communicative competence. 
3. The combined approach makes it possible to maximize the benefits of both methods, 

ensuring a balance between systematics and student activity. 
4. The application of methods should take into account age, level of training and learning 

objectives, as well as integrate into communicative and contextual tasks. 
 

Conclusion 
 As a result of the comparative analysis of inductive and deductive methods of teaching 

English grammar, the following conclusions can be drawn: 
1. The deductive method provides a systematic and logically structured assimilation of 

grammatical rules, which is especially effective in teaching younger schoolchildren and beginners 
to learn a language. This method allows you to save learning time and form stable ideas about 
grammatical structures. However, its limitation is the low level of cognitive activity of students and 
the weak integration of grammar into communicative activity. 

2. The inductive method activates the independent work of students, develops analytical 
and critical thinking, and promotes the assimilation of grammar in the context of real 
communication. The use of this method increases the stability of knowledge and contributes to 
the formation of communicative competence. The main limitations are high time costs and the 
need for high motivation of students. 
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3. The combined use of methods allows combining the advantages of both approaches. 
The optimal strategy is a combination of inductive identification of rules with deductive 
refinement and consolidation, integrated into communicative and contextual tasks. 

4. The choice of method should be based on a comprehensive consideration of the level of 
language training, the age of students, the objectives of the lesson and the characteristics of the 
educational material. The skillful guidance of the teacher is important, who guides the students' 
activities, corrects mistakes and ensures effective assimilation of grammatical structures. 

Thus, the integration of inductive and deductive grammar teaching methods is an effective 
tool for the formation of both systematic knowledge and communicative competence. The 
practical application of these methods in the educational process contributes to improving the 
quality of English language teaching and the development of students' independence. 

The prospects for further research include: 
1. the development of methodological models for combining methods 

depending on the level of language proficiency and the age of students; 
2. studying the impact of the combined approach on students' motivation 

and success; 
3. Integration of new digital technologies to implement inductive and 

deductive grammar learning. 
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Аңдатпа. Бұл мақалада физика курсының «Механикалық тербелістер» тақырыбы 

аясында маятниктің тербеліс периодының жіп ұзындығына тәуелділігі робототехника 
элементтері көмегімен зерттелді. Дәстүрлі зертханалық жұмыста уақытты секундомер 
арқылы өлшеу барысында жіберілетін қателіктерді азайту мақсатында ультрадыбыстық 
датчик пен микроконтроллер қолданылды. Эксперимент нәтижелері теориялық 
формуламен салыстырылып, алынған деректердің сәйкестігі жоғары екені анықталды. 
Зерттеу барысында Arduino платформасы негізінде жасалған құрылғы жүйелі түрде өлшеу 
жүргізіп, тербеліс кезеңінің дәл мәнін анықтауға мүмкіндік берді. Бұл тәсіл оқушылардың 
эксперименттік дағдыларын дамытуға, физикалық құбылыстарды сандық түрде талдауға 
және заманауи технологияларды оқу процесіне енгізуге бағытталған тиімді әдіс екені 
көрсетілді. 

Кілт сөздер: физика, робототехника, маятник, Arduino, тербеліс периоды, STEM. 
 
Аннотация. В данной статье в рамках темы «Механические колебания» курса физики 

исследована зависимость периода колебаний маятника от длины нити с использованием 
элементов робототехники. Для снижения погрешностей, возникающих при измерении 
времени с помощью секундомера в традиционных лабораторных работах, были применены 
ультразвуковой датчик и микроконтроллер. Результаты эксперимента были сопоставлены с 
теоретической формулой, и установлено хорошее совпадение экспериментальных и 
расчетных данных. На основе платформы Arduino была разработана установка, позволяющая 
автоматически фиксировать время колебаний и повышать точность измерений. 
Представленный подход способствует развитию экспериментальных навыков учащихся, 
внедрению цифровых технологий в образовательный процесс и повышению интереса к 
изучению физики. 

Ключевые слова: физика, робототехника, маятник, Arduino, период колебаний, STEM. 
 
Abstract. This article presents a study on the dependence of a pendulum’s oscillation 

period on the length of its string within the topic “Mechanical Oscillations” of the physics 
curriculum. To minimize errors commonly encountered during manual time measurement with a 
stopwatch in traditional laboratory experiments, an ultrasonic sensor and a microcontroller were 
used. The experimental results were compared with the theoretical formula and showed strong 
agreement between the measured and calculated values. An Arduino-based setup was developed 
to automatically record oscillation periods and enhance measurement accuracy. The proposed 
approach demonstrates that the integration of robotics and digital technologies in physics 
education improves experimental precision, fosters students’ research skills, and increases 
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engagement in studying physical phenomena. 
Keywords: physics, robotics, pendulum, Arduino, oscillation period, STEM. 
 
Кіріспе. Қазіргі білім беру жүйесінде физика пәнін оқытуда инновациялық 

технологияларды енгізу – болашақ мамандардың зерттеушілік қабілеттерін 
қалыптастырудың негізгі шарты. Соңғы жылдары физикалық құбылыстарды зерттеуде 
робототехника элементтерін пайдалану өзекті бағыттардың бірі болып отыр. Әсіресе 
маятниктің тербелісін зерттеу барысында робототехниканы қолдану тәжірибелік және 
зертханалық жұмыстардың тиімділігін арттыруға мүмкіндік береді. 

Шоланов Қ.С. пен Жұмашева Ж.Т. өз еңбегінде робототехника мен мехатрониканың 
даму тарихын, олардың ғылыми-техникалық негіздерін және білім берудегі рөлін 
сипаттайды [1]. Авторлар робототехниканы “информатика, электроника және машина жасау 
салаларын біріктіретін кешенді ғылым” ретінде қарастырып, мехатрондық жүйелердің 
құрылымын сипаттайды. Мұндай жүйелер маятниктің қозғалысын моделдеуде қолдануға 
болатын сервомоторлар мен датчиктердің жұмысын түсінуге мүмкіндік береді. 

Рыстыгулова В.Б. ұсынған «Методическое руководство по выполнению лабораторных 
работ по дисциплине «Введение в робототехнику» атты әдістемелік құралда LEGO 
MINDSTORMS EV3 ортасында орындалатын зертханалық жұмыстар сипатталған [2]. Бұл 
жұмыста студенттер гироскоптық және позициялық сенсорлардың жұмыс принципін 
меңгереді, роботтың қозғалысын басқаруды және алгоритм құруды үйренеді. Осындай 
тәжірибелер маятник тербелісінің бұрыштық жылдамдығы мен периоды сияқты 
параметрлерін автоматты түрде өлшеуге мүмкіндік береді. 

Физикадағы эксперименттік жұмыстарды жетілдіру тұрғысынан Қарабасова Г.Б. 
зерттеуінде цифрлық технологиялардың демонстрациялық тәжірибелерде қолданылуының 
тиімділігін атап өтеді [3]. Автор физикалық заңдар мен құбылыстарды компьютерлік 
модельдеу студенттердің пәнге қызығушылығын арттырып, күрделі процестерді визуалды 
түрде түсінуге көмектесетінін көрсетеді. Бұл тұрғыда робототехниканы қолдану да сол 
идеяны жалғастырады – тәжірибені сандық өлшеуіштермен толықтырып, нақты деректерге 
негізделген қорытындылар жасауға мүмкіндік береді. 

Закураев Р.А. еңбегінде робототехникалық конструкторларды физика сабақтарында 
қолдану мәселесі қарастырылған [4]. Ол түрлі физикалық тренажерлар мен олардың 
функцияларын сипаттап, оқушылардың тәжірибелік дағдыларын жетілдіруге ықпал ететінін 
көрсетеді. Маятниктің тербелісін зерттеу барысында мұндай конструкторлар қозғалысты 
тіркеу және деректерді сандық талдау үшін қолданылуы мүмкін. 

Ершов М.Г. робототехниканы орта мектеп физика курсының зерттеу объектісі ретінде 
қарастырып, оның білім беру мазмұнына енгізілуінің маңыздылығын айқындайды [5]. Ол 
роботтық жүйелердің көмегімен оқушылардың техникалық мәдениетін қалыптастыру және 
зерттеушілік ойлау қабілеттерін дамыту қажеттігін негіздейді. Физикадағы маятниктің 
қозғалысын зерттеу осындай дағдыларды тәжірибелік жолмен бекітуге мүмкіндік береді. 

Курманғалиева Е.А. өз еңбегінде білім беру қызметін ақпараттандыру және цифрлық 
педагогикалық ортаны қалыптастыру мәселелерін қарастырады [6]. Мұндай ортада 
робототехниканы пайдалану оқыту процесін автоматтандыруға және эксперименттік 
жұмыстарды жаңа деңгейге шығаруға жағдай жасайды. Ал Битибаева Ж.М. болашақ физика 
мұғалімдерінің зерттеушілік дағдыларын тәжірибелік-бағдарлы оқыту арқылы 
қалыптастырудың тиімділігін дәлелдейді [7]. 

Жоғарыда қарастырылған еңбектер негізінде робототехника элементтерін 
физикадағы маятниктің тербелісін зерттеуде қолдану – ғылыми және әдістемелік тұрғыдан 
тиімді бағыт екені анықталады. Бұл тәсіл физикалық эксперименттердің дәлдігін арттырып 
қана қоймай, студенттердің инженерлік және цифрлық сауаттылығын дамытуға мүмкіндік 
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береді.  
Физика пәнін оқытуда эксперименттің рөлі айрықша. Теориялық заңдылықтарды 

тәжірибемен дәлелдеу арқылы оқушылардың пәнге деген қызығушылығы артып, білім 
тереңдей түседі. Дегенмен, дәстүрлі құралдармен жүргізілетін зертханалық жұмыстарда 
уақытты секундомермен өлшеу сияқты факторлар нәтижелердің дәлдігіне әсер етеді. Осы 
мәселені шешу мақсатында физикалық экспериментті автоматтандыру идеясы туындады. 

Орта мектеп бағдарламасындағы «Механикалық тербелістер» тақырыбы оқушылар 
үшін маңызды ұғымдардың бірі – тербеліс периоды, жиілік және энергияның сақталуы 
сияқты заңдылықтарды түсіндіруге бағытталған. Дәстүрлі зертханалық жұмыс барысында 
маятниктің тербеліс уақытын секундомермен өлшеу кезінде жиі өлшеу қателіктері 
туындайды. Бұл, өз кезегінде, оқушылардың тәжірибелік нәтижелерінің нақтылығын 
төмендетеді. Осы мәселені шешу мақсатында зерттеу барысында маятниктің тербеліс 
уақытын тіркеу үшін робототехника элементтері енгізілді. Arduino микроконтроллері мен 
ультрадыбыстық датчиктің көмегімен маятниктің қозғалысын автоматты түрде бақылау 
арқылы өлшеу дәлдігі арттырылды және оқушылардың роботтық жүйелермен жұмыс істеу 
дағдылары дамыды. 

Зерттеу жұмысы маятниктің тербеліс периодының ұзындыққа тәуелділігін анықтауға 
бағытталды. Дәстүрлі әдістен айырмашылығы – маятниктің қозғалысы робототехникалық 
жүйе арқылы тіркеліп, уақыт автоматты түрде есептеледі.  

 
1. Маятник қозғалысының теориялық негіздері. Маятник – тербеліс қозғалысын 

сипаттайтын қарапайым физикалық жүйелердің бірі. Физика оқулығында (авторлары: Н. А. 
Закирова, Р. Р. Аширов, Физика. Жалпы курс, Нұр-Сұлтан, 2019) қарапайым маятниктің 
тербелісі кезінде жіп ұзындығы мен гравитациялық үдеудің әсерінен дене периодты 
қозғалыс жасайтыны айтылады және маятник — тербелісті жүзеге асыратын қарапайым 
механикалық жүйе екені, маятниктің (математикалық маятник) қозғалысы, оның тербеліске 
келу жағдайлары, тербеліс периоды мен жиілігінің анықталу жолдары қарастырылады.  

Ньютонның екінші заңы 
F ma                                                                   (1) 

мен математикалық маятник үшін  
mg x

F
l

                                                               (2) 

теңәсерлі күшті ескере отырып, үдеуді циклдік жиілік арқылы өрнектеп 
2a x                                                                  (3) 

теңдеуді жазайық. Жіпке салмақ ілініп, ол тепе-теңдiк күйінен аз ғана бұрышқа ауытқыса, 
онда маятниктің қозғалысы шамамен гармоникалық сипат алады. Бұл жағдайда  

2 mg x
m x

l
                                                         (4) 

теңдеуі маятниктің тербелісін сипаттайды.Осы теңдеуден циклдің жиілікті өрнектейік: 
g

l
  .                                                               (5) 

Одан әрі, жіп ұзындығы l  және жердегі гравитациялық үдеу g  белгілі болса, тербелістің 
периоды төмендегідей формула арқылы анықталады: 

2
g

T
l

 .                                                          (6) 

Осы формуладан еркін түсу үдеуін анықтауға болады: 
2

2
4

l
g

T
 .                                                         (7) 
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Демек, негізгі міндет – маятниктің ұзындығын және тербеліс периодын дәл өлшеу. 
Мұндағы T  тербеліс периоды, l   жіптің ұзындығы, g  еркін түсу үдеуі. 
Бұл формуладан мына ерекшеліктер байқалады: 
1. Тербеліс периоды T  тек l -ге тәуелді, яғни жіп ұзындығын ұзартсақ, период 

артады. 
2. Масса бойынша тәуелділік жоқ, яғни маятниктің массасы өзгерсе де, егер жіп 

ұзындығы, гравитациялық үдеу және бастапқы бұрыш шамасы тәрізді шарттар өзгермесе, 
период өзгермейді. 

 
2. Зерттеу әдістемесі мен тәжірибе барысы 
Жұмыстың тақырыбы: Еркін түсу үдеуін математикалық маятник арқылы 

робототехника құралдарының көмегімен анықтау. 
Бұл жұмыстың мақсаты – математикалық маятник көмегімен еркін түсу үдеуін анықтау 

және өлшеу процесінде робототехника құралдарын пайдалану. 
Тәжірибе барысында ескеруді талап ететін негізгі ерекшеліктер: 
1. Жіп ұзындықтарының айырмашылығы 80 см-ден кем болмауы керек. 
2. Жіптің тепе-теңдік қалпынан ауытқуы 5÷60 градус болуы тиіс. 
3. Жіпке бекітілген шариктің диаметрі жіп ұзындығынан әлдеқайда үлкен болуы 

керек. 
Жұмыс барысында маятниктің ұзындығы мен тербеліс периоды өлшенеді. Периодты 

өлшеу үшін робототехника контроллері мен датчиктер қолданылады. Бұл өлшеу дәлдігін 
арттырады және деректерді автоматты түрде тіркеуге мүмкіндік береді. 

Жұмысқа қажетті құралдар: математикалық маятник, штатив, сызғыш, робототехника 
контроллері (Arduino, Micro:bit, LEGO), уақыт немесе жарық датчигі және компьютер. 

Тәжірибенің орындалу кезеңдері: Тәжірибе келесі ретпен орындалады және барлық 
негізгі ерекшеліктер міндетті түрде сақталуы тиіс. 

1. Құралдарды дайындау. Штатив, жіп, шарик, сызғыш, робототехника контроллері 
және датчиктер жұмысқа толық дайын болуы керек. Құралдардың бүтіндігі тексеріледі. 

2. Маятниктің жібін таңдау. Әртүрлі ұзындықтағы жіптер дайындалады. Шарт: жіп 
ұзындықтарының айырмашылығы 80 см-ден кем болмауы тиіс. Бұл периодтың ұзындыққа 
тәуелдігін анықтауға мүмкіндік береді. 

3. Маятникті орнату. Жіп штативке мықтап бекітіледі. Жіптің төменгі ұшына шарик 
бекітіледі. Шарт: шариктің диаметрі жіп ұзындығынан әлдеқайда үлкен болуы керек. Бұл 
маятникті «математикалық маятник» ретінде қарастыруға мүмкіндік береді. 

4. Маятниктің ұзындығын өлшеу. Ұзындық жіп бекітілген нүктеден шариктің 
центріне дейін өлшенеді. Өлшенген мән дәптерге жазылады. 

5. Датчик пен контроллерді дайындау. Уақыт немесе жарық датчигі маятниктің 
тепе-теңдік қалпы маңына қойылады. Датчик контроллерге қосылады және бағдарлама 
қосылады. 

6. Маятникті бастапқы қалыптан ауытқыту. Маятник тепе-теңдік қалпынан аз 
бұрышқа шығарылады. Шарт: ауытқу бұрышы шамамен 5÷60 градус болуы тиіс. Бұл аз 
амплитудалық тербеліс шартының орындалуын қамтамасыз етеді. 

7. Маятникті еркін жіберу. Маятникке сыртқы күш түсірілмей, еркін тербеліске 
жіберіледі. Тербеліс бір жазықтықта жүруі қадағаланады. 

8. Тербеліс уақытын тіркеу. Датчик 10÷20 тербелістің толық уақытын автоматты 
түрде өлшейді. Уақыт мәндері робототехника контроллері немесе компьютерге жазылады. 

9. Орташа периодты есептеу. Жалпы уақыт тербеліс санына бөлінеді. Нәтижесінде 
бір тербелістің орташа периоды T  табылады. 

10. Еркін түсу үдеуін анықтау. Маятниктің ұзындығы l  және табылған период T
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 мәндері формулаға қойылады: 
2

2
4

l
g

T
 . 

11. Қателіктерді есептеу. Ұзындықты өлшеудегі, бұрыштың дәл сақталмауындағы 
және уақытты тіркеудегі қателіктер талданады. 

12. Нәтижені теориялық мәнмен салыстыру. Алынған тәжірибелік g  мәні 
29,8 /g м с  мәнімен салыстырылады. Айырмашылықтың себептері түсіндіріледі. 

3. Оқушылардың зерттеу жұмысын ұйымдастыру 
Зерттеу жұмысы топтық түрде жүргізіледі. Әр топқа әртүрлі ұзындықтағы маятник 

беріледі. Робототехника контроллері мен датчиктерді оқушылар өздері қосып, нәтижені 
өздері өлшейді. Мұғалім тек бағыт-бағдар береді. 

Оқушылар келесі міндеттерді орындайды: 
 периодты өлшеу 
 ұзындықты өлшеу 
 еркін түсу үдеуін есептеу 
 нәтижені кестеге енгізу 
 қателік шамасын анықтау 
 қорытынды жасау 
Зертханалық жұмыстың нәтижелері (1-кесте) 

1-кесте 
№ Жіп ұзындығы 𝑙, м Тербеліс периоды 𝑇, с Еркін түсу үдеуі 𝒈, м/с² 
1 0,50 1,42 9,7 
2 1,30 2,30 9,8 
3 2,10 2,90 9,6 

 
4. Нәтижелерді талдау 
Кестеден көріп тұрғандай барлық тәжірибелерде g  мәні 9,6÷9,8 м/с² аралығында 

шықты, бұл теориялық 9,8 м/с² мәніне өте жақын және ұзындық артқан сайын периодтың 
ұлғайғаны байқалады. 

Оқыту әдістері ретінде зертханалық жұмыс, проблемалық оқыту, топтық жұмыс, 
робототехника элементтерімен интеграцияланған жобалық оқыту қолданылады. Мұндай 
тәсіл оқушылардың зерттеушілік қабілетін дамытады және физикаға қызығушылығын 
арттырады. 

Қорытындылай келе, робототехника құралдарын қолдана отырып, математикалық 
маятник арқылы еркін түсу үдеуін анықтау тәжірибесі өлшеудің дәлдігін арттырады және оқу 
үдерісін заманауи деңгейге көтереді. 

Қателікті есептеу 
Абсолют қате: 

2
таж теор 9,7 9,8 0,1м/сg g g      . 

Салыстырмалы қате: 

теор

0,1
100% 100% 1%

9,8

g

g
 
     . 

Қорытынды: қателік 1% шамасында, бұл өте жақсы нәтиже. 
Қателіктің негізгі себептері: 
 бұрыштың дәл 5 ÷ 6° болмауы 
 жіптің ұзындығын өлшеудегі қате 
 ауа кедергісі 
 маятниктің бір жазықтықта тербелмеуі. 
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5. Оқыту тұрғысынан тиімділігін бағалау (2-кесте) 
2-кесте 

Дәстүрлі әдіс Робототехника құралдарын пайдалану 
 ᤰᤱ секундомермен қолмен өлшейді 
 ᤰᤱ мұғалімнің көрсетіп беруі басым 
 ᤳᤴ адамның реакция қателігі көп 
 ᤳᤴ оқушы тек бақылаушы болады 
 ᤳᤴ нақты дерек аз 

 ᤰᤱ уақыт пен период автоматты түрде өлшенеді 
 ᤰᤱ деректер нақты және цифрлық форматта 
сақталады 
 ᤰᤱ оқушылар өздері бағдарламалайды, қосады, 
талдайды 
 ᤰᤱ зерттеушілік дағды қалыптасады 
 ᤰᤱ STEM құзыреттері дамиды 
 ᤰᤱ қызығушылық айтарлықтай артады 

Бұл зерттеу жұмысын орындау дәстүрлі әдіске қарағанда анағұрлым тиімді болды. 
Дәстүрлі тәсілде оқушылар тек секундомермен уақытты қолмен өлшеп, көбіне бақылаушы 
рөлінде қалса, робототехника қолданылған әдісте олар деректерді өздері жинап, 
датчиктерді баптап, бағдарламамен жұмыс істеп, нәтижені компьютерде талдады. Осы 
арқылы оқушылардың қызығушылығы артты, зерттеушілік дағдылары, талдау және 
қорытынды жасау қабілеті дамыды. Сонымен қатар адамның реакциясына байланысты 
кететін қателік азайып, өлшеу дәлдігі жоғарылады. Сондықтан робототехника құралдарын 
пайдалану бұл зерттеу жұмысында оқу үдерісін заманауи әрі нәтижелі етті деп қорытынды 
жасауға болады. 
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ABSTRACT 
This study examines the role and importance of artificial intelligence (AI), particularly 

ChatGPT, in developing grammar competence in foreign language learning. As AI becomes 
increasingly integrated into education, it is important to understand how it can support learners 
in improving grammar accuracy, understanding rules, and building confidence. This research uses 
a quantitative approach, involving a structured online questionnaire completed by students with 
varying English proficiency levels. The findings show that ChatGPT helps students notice and 
correct grammar mistakes, understand complex grammar concepts, and practice sentence 
construction independently. Most participants reported positive attitudes toward AI-assisted 
learning, increased motivation, and higher confidence, although some challenges, such as 
difficulty understanding complex explanations and over-reliance on AI, were also identified. The 
paper discusses strategies for effectively integrating AI tools like ChatGPT into grammar lessons 
and highlights the importance of combining technology with teacher guidance to maximize 
learning outcomes. The study concludes that AI can be a valuable resource for grammar 
development, offering personalized, engaging, and effective practice in foreign language 
classrooms. 

KEYWORDS: Artificial Intelligence, Grammar Competence, ChatGPT, Foreign Language 
Learning, Language Education 

 
INTRODUCTION 
In recent years, foreign language teachers have been exploring innovative ways to help 

students improve their grammar competence. One approach that has received growing attention 
is the use of artificial intelligence (AI) tools, particularly ChatGPT, which can provide personalized 
grammar practice and instant feedback. This method is becoming popular among learners because 
it allows them to practice grammar regularly, notice and correct mistakes quickly, and gain 
confidence in writing and speaking. The focus of this study is to investigate how AI can support 
students in developing greater grammar accuracy, better understanding of rules, and increased 
confidence in using a foreign language. 

The interest in AI-assisted grammar practice comes from the need to make learning more 
engaging and effective. Many students find grammar exercises challenging or repetitive, especially 
when they struggle to understand rules or apply them in context. AI tools like ChatGPT offer a low-
pressure environment where learners can practice at their own pace, receive immediate 
corrections, and explore examples of correct sentence construction. This idea is supported by 
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language learning theories, which emphasize the importance of meaningful practice and feedback 
in developing linguistic competence. By providing instant explanations and repetitive practice, AI 
helps learners internalize grammar patterns that are often difficult to master through traditional 
exercises alone. 

Although AI tools have shown promising results in improving language learning outcomes, 
they are still not widely integrated into traditional classrooms. Some teachers may be unsure how 
to use AI effectively, while others may worry that students could rely too much on technology 
without fully understanding the rules. There are also concerns about balancing AI use with 
conventional instruction and ensuring that students actively engage with grammar concepts. This 
study aims to address these issues by examining how ChatGPT can be used to enhance grammar 
competence in real learning situations and identifying both its benefits and limitations. 

The motivation for this research also comes from the challenges students face in learning 
grammar. Traditional methods, such as memorizing rules or completing textbook exercises, often 
do not provide enough interactive practice or immediate feedback. As a result, learners may 
understand the rules theoretically but struggle to apply them accurately in writing or speaking. AI 
tools, in contrast, allow students to practice grammar in context, receive corrections instantly, and 
build confidence gradually. This combination of guided practice and self-paced learning makes AI 
a promising resource for grammar development. 

In this study, the role of AI, particularly ChatGPT, is investigated as a tool for supporting 
grammar learning in foreign language classrooms. The research focuses on how AI use affects 
students’ grammar accuracy, understanding of rules, and confidence. It also examines students’ 
attitudes toward AI-assisted learning—whether they find it helpful, motivating, or challenging. By 
analyzing learners’ experiences, the study aims to provide practical insights for teachers who want 
to integrate AI tools into their grammar lessons. The main research questions guiding this study 
are: 

1. How does the use of AI, especially ChatGPT, influence students’ grammar 
accuracy and sentence construction? 

2. What are students’ perceptions and attitudes toward using AI for grammar 
practice? 

3. What factors support or limit the effectiveness of AI tools in developing 
grammar competence in foreign language learning? 
 
METHODS 
This study used a quantitative research design to examine how artificial intelligence (AI), 

particularly ChatGPT, can help students improve their grammar competence in foreign language 
learning. The main purpose of the research was to find out how often learners use AI for grammar 
practice, how they feel about it, and what changes they notice in their grammar accuracy, 
sentence construction, and confidence. To collect the necessary information, a structured online 
questionnaire was used, allowing the gathering of numerical data as well as short descriptive 
answers. 

A total of 20 students participated in the research. All participants were language learners 
with varying levels of English proficiency, ranging from A2 to B2. They were selected through 
convenience sampling, participating voluntarily and anonymously in the study. Their ages ranged 
from 10 to 21, which provides insight into how young adults interact with AI-assisted grammar 
activities. 

The questionnaire, created in Google Forms, consisted of 20 questions, including multiple-
choice, Likert-scale, and short open-ended questions. The closed-ended items asked about the 
frequency of AI use, perceived improvement in grammar skills, and overall confidence when 



 

 

 «European Research Materials» (February 26-27, 2026). Amsterdam, Netherlands 

23 

completing grammar exercises. Open-ended questions invited students to describe the challenges 
they faced and the benefits they experienced while using ChatGPT for grammar practice. 

To analyze the collected data, descriptive statistics were used to summarize the 
quantitative responses, including percentages and frequency counts. Qualitative responses from 
the open-ended questions were analyzed using a simple thematic approach to identify common 
ideas, such as grammar mistakes noticed, sentence construction improvement, or increased 
confidence. This combination of quantitative and qualitative insights helped provide a clearer 
understanding of how AI tools influence grammar competence in foreign language learning. 

Overall, this method allowed the researcher to gather practical and balanced information 
about how students interact with ChatGPT in real learning situations and to identify both the 
strengths and limitations of using AI in grammar instruction. 

 
RESULT  
Demographic and General Information 
The distribution of participants by age is as follows: 10–12 years – 30%, 13–15 years – 40%, 

16–18 years – 20%, 19-21 years – 10% (Figure 1). This age breakdown reflects a range of young 
adult learners, providing insight into how students of different ages interact with AI tools for 
grammar practice. By English proficiency level, the distribution is: Beginner – 0%, Elementary – 
20%, Pre-Intermediate – 10%, Intermediate – 25%, Upper-Intermediate – 35%, Advanced – 10% 
(Figure 2). This shows that participants had varying levels of language ability, which may influence 
their performance in AI-assisted grammar activities. The gender distribution is: Male – 35%, 
Female – 65% (Figure 3). This indicates a slightly higher proportion of female participants, which 
could affect engagement and perception of using AI for grammar learning. These demographic 
details provide context for interpreting the following results. 

 
Figure 1                                     

 
Figure 2 
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Figure 3 

 
Age Percent % Engish level Percent % Gender Percent % 
10-12 years  30% Beginner 0% Male 65% 

13-15 years 40% Elementary 20% Female 35% 

16-18 years 20% Pre—Intermediate 10%   

19-21 years 
 
 

10% 
 
 
 

Intermediate 25%   

Upper-Intermediate 35%  
 

 
 

Advanced 10%   

Total 100%        Total 100%  Total 100% 

Table 1 
Regarding the accuracy and correctness of ChatGPT’s responses, high accuracy was 

reported by 35%, satisfactory accuracy by 55%, and low accuracy by 10% (Figure 4). These results 
suggest that while the majority of users found ChatGPT’s responses to be of good quality, a smaller 
group experienced less reliable outputs. In terms of understanding the responses, fully understood 
was selected by 30%, mostly understood by 40%, and partially understood by 30% (Figure 5). The 
majority of participants found ChatGPT's content to be comprehensible, although some still 
struggled with understanding, which might be due to the complexity or technical nature of certain 
answers. 

                            
              Figure 4                                                                 Figure 5                                         
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Response Accuracy Percent % Understanding Responses Percent % 
High Accuracy 35% Fully Understood 30% 

Satisfactory Accuracy 55% 
 

Mostly Understood 
 

40% 
 

Low Accuracy 10% Partially Understood 30% 

Table 2 
In terms of frequency of using ChatGPT for foreign language learning, daily use was 

reported by 40%, several times a week by 35%, and rarely by 25% (Figure 6). These statistics show 
that while a significant portion of participants uses ChatGPT regularly, there is also a large group 
who uses it infrequently. When asked about the effectiveness of ChatGPT compared to traditional 
exercises, significantly more effective was chosen by 30%, relatively effective by 60%, less effective 
by 5%, and not effective at all by 5% (Figure 7). These results indicate that, for many, ChatGPT 
offers a more efficient learning method, although a portion of participants still finds traditional 
methods more useful.  

        

 
 
                   Figure 6                                                   Figure 7                                                
 
Frequency of Usage Percent % Effectiveness Percent % 
Daily 40% Significantly More Effective 30% 

Several Times a Week 35% 
 Relatively Effective 60% 

Rarely 25% Less Effective 5% 

Not Effective 5% 

Table 3 
 
Improvement in Grammar Competence 
When asked about improvement in grammar accuracy, 50% of students reported 

"significant improvement," 35% "moderate improvement," and 15% "minimal improvement." This 
shows that using AI helped most students notice and correct their grammar mistakes. For 
understanding grammar rules, 45% said "significant improvement," 40% "moderate 
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improvement," and 15% "no noticeable change." This indicates that AI tools helped learners 
understand grammar better. Regarding overall confidence in using correct grammar, 55% of 
students felt "much more confident," 30% "somewhat more confident," and 15% "no change." 
This demonstrates that practicing grammar with AI positively affected students’ confidence in 
writing and speaking. 

Students’ Attitudes Toward AI Tools 
When asked about their overall opinion of AI tools for grammar practice, 65% of students 

described them as “very useful,” 25% as “moderately useful,” and 10% as “slightly useful.” This 
suggests that most learners see AI as a helpful tool for learning grammar. 

Challenges and Benefits of AI Use 
Students reported some challenges when using AI: difficulty understanding complex 

grammar explanations (40%), not knowing some new grammar terms (35%), and occasional 
confusing feedback (25%). In addition, some students mentioned negative effects, such as relying 
too much on AI without thinking for themselves, learning grammar in a passive way, and 
sometimes misunderstanding rules because they did not process them deeply. Despite these 
difficulties, 70% of participants mentioned benefits such as clearer understanding of grammar 
rules, faster correction of mistakes, and higher motivation to practice. This indicates that while AI 
tools can be helpful for improving grammar competence, they should be used carefully to avoid 
overdependence and ensure active learning. 

The results of this study show that AI tools like ChatGPT are widely used by students and 
are linked with improvements in grammar understanding, accuracy, and confidence. Most 
participants reported regular practice and positive outcomes, although some challenges were 
noted in coping with complex explanations. This demonstrates that AI can be an effective strategy 
for developing grammar competence in diverse learning contexts. 

 
DISCUSSION  
The findings of this study show that AI tools, such as ChatGPT, generally have a positive 

effect on students’ grammar competence. Most participants reported improvements in grammar 
accuracy, understanding of rules, and overall confidence in using correct grammar. These results 
support earlier studies that describe AI as a useful tool for language learning (Akhmetova, 2022; 
Almarzooq et al., 2023). In this study, half of the students (50%) reported significant improvement 
in grammar accuracy, which suggests that AI helps learners notice and correct mistakes more 
effectively. The improvements in understanding grammar rules also indicate that AI can support 
students in learning complex concepts in a clearer way. 

The results also suggest that using AI contributes to higher confidence in grammar usage. 
A total of 85% of students reported either significant or moderate improvement in confidence, 
which aligns with previous research showing that practice with AI can reduce anxiety and 
encourage students to use grammar more confidently in writing and speaking (Cheng et al., 2021). 
Positive attitudes toward AI tools were also evident, with 65% of students describing them as very 
useful. This reflects learners’ motivation to use AI for grammar practice, which is consistent with 
studies emphasizing that digital tools can make learning more engaging (Gonzalez et al., 2023). 

The study also shows that how often students use AI affects their progress. Students who 
used ChatGPT daily or several times a week reported faster improvements in grammar accuracy 
and confidence compared to those who used it rarely. This means that regular practice with AI can 
help learners notice mistakes more quickly and understand grammar rules better. However, it also 
suggests that occasional users may not get as many benefits and could feel less confident in 
applying grammar correctly. This highlights the importance of encouraging students to use AI tools 
consistently while still combining them with traditional learning methods. 



 

 

 «European Research Materials» (February 26-27, 2026). Amsterdam, Netherlands 

27 

However, the results also reveal some challenges. The main difficulties included 
understanding complex grammar explanations (40%), unfamiliar grammar terms (35%), and 
confusing feedback (25%). In addition, some students mentioned negative effects, such as relying 
too much on AI, learning grammar passively, or misunderstanding rules because they did not think 
through them carefully. These findings are similar to previous research that points out the need 
for careful guidance when using AI in language learning (Pikhart et al., 2022). This suggests that 
while AI is effective, students may need structured support to avoid overdependence and ensure 
they actively process grammar rules. 

To address these challenges, teachers can provide guided AI sessions, starting with simpler 
grammar explanations and gradually moving to more complex topics. Teachers may also 
encourage students to cross-check AI feedback with textbooks or class notes and to complete 
exercises independently before checking with AI. Providing explanations for new grammar terms 
and short practice tasks can help students understand rules better and avoid passive learning. 
These strategies are supported by research that highlights the importance of scaffolding when 
integrating AI into learning (Ivanova, 2020; Kohnke et al., 2023). 

Overall, the findings of this study align with existing literature confirming that AI tools can 
enhance grammar competence. At the same time, the results highlight areas where students may 
need extra support. Teachers should carefully guide the use of AI in grammar lessons to ensure 
learners benefit fully while still thinking critically and practicing independently. 

 
CONCLUSION 
In conclusion, the findings of this study show that using AI tools like ChatGPT can have a 

positive effect on developing grammar competence in foreign language learning. Most students 
reported that their grammar accuracy improved, they understood rules more clearly, and they felt 
more confident when writing and speaking. These results suggest that AI can be a helpful and 
practical method for students to practice grammar regularly and receive instant feedback. 

The study also showed that students generally enjoyed using AI and felt more motivated 
to learn. Many mentioned that practicing with AI made grammar lessons more interesting and 
helped them stay focused. Using AI tools allowed learners to see mistakes and corrections quickly, 
which supported their learning and helped them understand rules better. 

At the same time, some challenges were observed. Some students found complex 
explanations difficult, did not know certain grammar terms, and sometimes relied too much on AI 
without thinking for themselves. These findings show that AI works best when combined with 
teacher guidance and active learning strategies. Teachers can provide support, explain difficult 
rules, and encourage students to think critically while using AI. 

Overall, the study demonstrates that AI tools can be a valuable addition to grammar 
lessons in language classrooms. Teachers may consider integrating AI more regularly to help 
students improve accuracy, understanding, and confidence. Future research could explore how AI 
affects long-term grammar learning or how it can be combined with other methods for the best 
results. AI can help students become more confident and successful language learners. 
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Бұл мақалада Қазақстанның Алматы қаласының жоғары білім беру контекстінде білім 

алушылардың ғылыми-зерттеу құзыреттілігін жетілдіру үшін физиканы оқытуда цифрлық 
технологияларды пайдалану қарастырылды. Андрагогика, білімді басқару және цифрлық 
оқыту саласындағы теориялық негіздерге сүйене отырып, білім алушылардың ғылыми-
зерттеу құзыреттілігін арттырудағы физика сабағында цифрлық технологиялардың әлеуеті 
зерттелді. Контекст-стади ретінде болашақ физика мұғалімдері бағдарламаларында оқитын 
50 қазақстандық білім алушыға STEM бойынша сауалнама жүргізілді. Нәтижелер 
қатысушылардың білім беру мақсаттары үшін физика сабағында цифрлық технологияларды 
кеңінен қабылдағанын және пайдаланғанын көрсетеді. Атап айтқанда, ақпаратты басқару 
және ғылыми-зерттеу қызметін жеңілдету үшін цифрлық құралдарды қолдануға бейімділік 
байқалды. Бұл нәтижелер білім беру ұйымдарының дәстүрлі педагогикалық тәсілдерді қайта 
қарау және цифрлық оқытуды ғылыми-зерттеу біліміне енгізу стратегияларын әзірлеу 
қажеттілігін көрсетеді. Физика сабағында цифрлық оқытуды енгізу контекстке бағытталған 
немесе білімге негізделген зерттеулердің, әсіресе жоғары білім беру саласындағы дамып 
келе жатқан парадигмасына сәйкес ғылыми-зерттеу құзыреттілігін арттыру процесін 
айтарлықтай жақсарта алады. Бұл зерттеу физика сабағында цифрлық оқытудың ғылыми-
зерттеу құзыреттіліктерін дамытудағы рөлін түсінуге ықпал етіп қана қоймайды, сонымен 
қатар Қазақстанның жоғары білім беру саласында технологиялық интеграцияланған білім 
беру тәжірибесіне көшуді білдіреді. 

Түйін сөздер: ғылыми-зерттеу құзыреттілігі, STEM, АКТ, андрагогика, білімді басқару, 
цифрлық оқыту  
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Аннотация. 
В этой статье рассматривается, использование цифровых технологии на уроках 

физики в целях повышения исследовательской компетентности студентов в контексте 
высшего образования города Алматы, Казахстан. На основе теоретических основ в области 
андрагогики, управления знаниями и цифрового обучения был изучен потенциал цифровых 
технологий на уроках физики в повышении научно-исследовательских компетенций 
обучающихся. В качестве контекст-стади исследования был проведен опрос среди 50 
казахстанских студентов по вопросам STEM, обучающихся педагогических программ. 
Результаты показывают, что участники широко приняли и использовали цифровые 
технологии на уроках физики в образовательных целях. В частности, наблюдалась тенденция 
использования цифровых инструментов для облегчения управления информацией и 
исследовательской деятельностью. Эти результаты подчеркивают необходимость для 
образовательных организаций пересмотреть традиционные педагогические подходы и 
разработать стратегии внедрения цифрового обучения в научно-исследовательское 
образование. Внедрение цифрового обучения на уроках физики может значительно 
улучшить процесс контекстно-ориентированных или основанных на знаниях исследований, 
особенно в повышении исследовательской компетентности в соответствии с развивающейся 
парадигмой высшего образования. Это исследование не только способствует пониманию 
роли цифрового обучения на уроках физики в развитии научно-исследовательских 
компетенций, но и представляет собой переход к технологически интегрированной 
образовательной практике в высшем образовании Казахстана. 

Ключевые слова: научно-исследовательская компетентность, STEM, ИКТ, 
андрагогика, управление знаниями, цифровое обучение 
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Abstract. This arƟcle examines how digital technologies can be used in physics classes to 
enhance students' research competence in the context of higher educaƟon, with a focus on 
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Almaty, Kazakhstan. Based on the theoreƟcal foundaƟons in the field of andragogy, knowledge 
management and digital learning, the potenƟal of digital technologies in physics lessons in 
improving the research competencies of students was studied. As a context study, a survey was 
conducted among 50 Kazakhstani students enrolled in future STEM pedagogical programs. 

The results show that parƟcipants widely adopted and used digital technology in physics 
lessons for educaƟonal purposes. In parƟcular, there has been a trend towards the use of digital 
tools to facilitate informaƟon management and research. These findings highlight the need for 
educaƟonal organizaƟons to rethink tradiƟonal pedagogical approaches and develop strategies for 
embedding digital learning in research-based educaƟon. The introducƟon of digital learning in 
physics classes can significantly improve the process of context-oriented or knowledge-based 
research, especially in enhancing research competence in line with the evolving paradigm of higher 
educaƟon. This study not only contributes to the understanding of the role of digital learning in 
physics lessons in the development of research competencies, but also represents a transiƟon to 
technologically integrated educaƟonal pracƟce in the higher educaƟon landscape of Kazakhstan 
Keywords: research competence; future STEM teachers; ICT; andragogy; knowledge management; 
digital learning 

 
Кіріспе 
Қазақстанда жоғары білім беруді реттеу Білім Министрлігінің құзыретіне кіреді 

(Jumakulov & Ashirbekov, 2016). Жоғары оқу орнынан кейінгі бағдарламалары сапасының 
критерийі ретінде, ғылыми-зерттеу құзыреттілігі білім беру жүйесінің ажырамас бөлігі болуы 
керек деп міндеттейді (Leshchenko, et al., 2021, March). Демек, жоғары оқу орнынан кейінгі 
бағдарламаларды әзірлеу және орындау қолданбалы ғылыми-зерттеу процестеріне баулу 
және зерттеу нәтижелеріне қол жеткізумен тығыз байланысты. 

Қазақстанда кейбір бағдарламаларда зерттеу әдіснамаларын зерделеу және зерттеу 
жобасын дайындау әдетке айналған. Бұл модульдер білім алушыларға дипломдық жұмыс 
үшін қажетті ғылыми құзыреттіліктерді алуға мүмкіндік беру үшін ұсынылады, бұл диплом 
алу үшін міндетті талап болып табылады (Abykenova, Assainova, Burdina, Murphy, & 
Abibulayeva, 2016). 

Ғылыми-зерттеу құзыреттілігіне ие болуға оқыту мен оқу мақсаттарына жету үшін 
әдістемелер мен құралдар қажет. Сонымен қатар, білім алушылар зерттеу материалдарына 
цифрлық технологияларды қолдану арқылы кез келген жерде қол жеткізе алуы керек. 

Крулл мен Дуарт (2017) зерттеулерді жоғары білім берудегі физика сабағында 
цифрлық технологияларды оқытумен байланыстыратын мәселелерді анықтады: 
1. Зерттеу тақырыбын кеңейту қажеттілігі. 
Инновациялық тәсілдерге қатысты мәселелер бойынша көбірек зерттеулер қажет; білім 
алушылардың ұтқырлығы мен әртүрлі орталар арқылы өтуге, сондай-ақ бұлтты есептеу және 
оқыту аналитикасы сияқты озық технологияларды пайдалануға бағытталған зерттеулер білім 
алушыларды көбірек қызықтыратын тақырып болуы мүмкін. 
2. Зерттеуді дамытудағы әртүрлілікті ынталандыру. 
Аралас зерттеу әдістерін қолдана отырып, көптеген ғылыми жобаларға қажеттілік бар. 
Цифрлық технологияларды оқыту бастамаларының ұзақ мерзімді салдарын түсіну үшін 
бойлық зерттеулер көбірек жүргізілуі керек.  
3. Өз құрылғыңызды дамыту. 
Ағымдағы зерттеудің негізгі катализаторы алдыңғы зерттеулердің едәуір бөлігі белгілі бір 
оқу құрылғысына емес, әмбебап құрылғыларға немесе әртүрлі типтерді пайдалануға 
бағытталғандығы болды. Цифрлық технологияларды оқытуды сәтті біріктіру үшін зерттеуге 
арналған цифрлық құрылғыларды пайдалану дизайнға тән оқу тәжірибесі тұрғысынан сыни 
тұрғыдан бағалануы керек. 
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4. Цифрлық технологияларды оқытудың тұрақтылығы мен интеграциясына баса назар 
аудару. 
Соңғы 15 жылда цифрлық технологияларды оқытудағы көптеген инновациялық ғылыми 
жобалар ішінара қаржылық және мәдени кедергілерге байланысты білім беруді 
интеграциялау немесе енгізу бойынша пилоттық жобалардан асып түспеді (Boylan, 2004). 

Екінші жағынан, білім алушыларға тек әдістемелік база қажет емес, сонымен қатар 
олар физика сабағында цифрлық құрылғылар арқылы ақпаратты іздеуге және дұрыс 
басқаруға мүмкіндік беретін зерттеу дағдыларын қалай пайдалану керектігін біледі, 
осылайша білім алушыларға зерттеу қызметін құрылымдауға мүмкіндік береді (Van Allen, 
2020). 

Әрі қарай зерттеуді қажет ететін осы аспектілерді қамту үшін бұл зерттеудің мақсаты 
екі негізгі факторды ескере отырып, зерттеу дағдыларын анықтау болды: ақпаратты басқару 
және физика сабағында цифрлық технологияларды қабылдау, зерттеу дайындығына 
цифрлық технологияларды оқытуды қосу мүмкіндігін зерттеу болып табылады (Estrada Villa, 
Marín, & Salinas, 2021). 

Бұл зерттеудің ерекшелігі андрагогикаға, бірлескен оқытуға және білімді 
қалыптастырудың пайда болу тәсіліне байланысты. Зерттеудің бұл түрі контекстке 
бағытталған зерттеу деп аталды. Зерттеудің бұл түрі андрагогика аясында жүзеге 
асырылады, өйткені таңдалым осы имплицитті сипаттаманы қамтиды. Сонымен қатар, 
Мудули (2018) атап өткендей, андрагогика "білім алушыларға бағытталған оқыту 
философиясы ретінде анықталады, бұл білім алушылар тәуелсіз және егемен білім алушылар 
болып табылады, олар бастамашылық танытады, бақылау жасайды және оқу мақсаттарына 
жетуге жауапты, ал профессор оқытуда жетекші рөл атқарады". 
 

Әдістеме 
Бұл жұмыс физика сабағында контекстті зерттеу ретінде әзірленді. Білім алушылар 

цифрлық технологияларға қатысты зерттеу контексттеріне енген кезде білім алушылар 
ортасында жасырылған шындықты қарастыру тәсілін жеңілдететін жалпы сипаттаманы беру 
болып табылады. Бұл тәсілді жүзеге асыру үшін жоғары білім беру ортасында зерттеушілік 
оқуды бастамас бұрын білімді басқару аспектілері, сондай-ақ физика сабағында цифрлық 
құрылғыларды пайдаланудың қарапайымдылығы мен болжамды пайдалылығы негізінде 
білім алушылардың мәртебесін анықтау үшін сауалнама әзірленді. Әрбір білім алушының 
зерттеу контекстінде міндетті түрде өзара әрекеттесетін және қажетті болған критерийлерді 
білу келесі сұрақтың жауабын анықтауға мүмкіндік береді: цифрлық технологиялар 
процестерін қолдау үшін IT көмегімен қандай зерттеу дағдылары қолданылады? 
 

Деректерді Жинау 
Бұл зерттеу Алматы қаласындағы Қыздар университетінде физика сабағында 

ғылыми-зерттеу модулі аясында жүргізілгенін нақтылау қажет. Іріктеуге қатысқан 50 білім 
алушының барлығы 18 жастан асқан. Сондықтан бұл зерттеу андрагогияда да 
тұжырымдалған. Сонымен қатар, білім алушылардың барлығы білім беру саласынан шыққан 
және әдетте күні бойы компьютер алдында жұмыс істемейді. Сонымен қатар мұндай білім 
алушылар жиі саяхаттап, соңғы үлгідегі ұялы телефондарды тұтынады. Осы себепті біз өз 
қызметімізді цифрлық технологияларды оқытудың артықшылықтарын пайдалана отырып, 
білімді қалыптастырудың дамып келе жатқан режимінде жүзеге асыруды жөн көрдік, яғни 
контекстке бағытталған зерттеулер. Осылайша, осы ғылыми жұмыс білімді басқару және 
цифрлық оқыту саласындағы теориялық негіздерге сүйене отырып, білім алушылардың 
ғылыми-зерттеу құзыреттілігін арттыруға қатысты іс-шараларға бағытталған. 
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Деректерді жинау үшін 2024 жылдың бірінші семестрінде 50 білім алушыларға 
"Зерттеу және АКТ" деп аталатын нұсқаулық қолданылды. 

Құрал Ликерт типті шкаласы бар сауалнамадан тұрды. Ақпарат жинау барысында біз 
заманауи ақпаратты қолдандық, оның бір бөлігі жұмысында ұсынылды. Біріншіден, білімді 
басқару өлшемдері қолданылды, оның ішінде: 

(1) ақпараттық зерттеулер,  
(2) ақпарат көздері,  
(3) ақпарат менеджерлері,  
(4) ақпаратты сақтау.  
Екіншіден, құралды сенімділікті қамтамасыз ету үшін білім беру саласындағы 

профильдері бар екі сарапшы тексерді. Осы құрал бойынша қатысушылардың жауаптарының 
нәтижелерінің сенімділігін талдау үшін 0,95 мәнін ала отырып, SPSS статистикалық 
бағдарламалық жасақтамасын қолдана отырып, Кронбахтың альфа коэффициентін 
есептедік. Келтірілген Джордж және Маллери (2003) ұсынған таразыларға сүйене отырып, 
құралдың ішкі сенімділігі 91,2% деңгейінде анықталды, бұл деректердің сенімділігін 
көрсетеді. 
 

Деректерді Талдау 
Ақпаратты өңдеу үшін сипаттамалық статистика SPSS статистикалық бағдарламалық 

жасақтамасы арқылы зерттеу процестерінде АКТ-ны қолдану тәжірибесін сипаттау үшін 
пайдаланылды. Жиіліктер мен пайыздарды пайдалану арқылы деректерді жақсырақ 
түсіндіруге қол жеткізу үшін өңдеуге болады. 

Зерттеу нәтижелері физика сабағында цифрлық білім беру ресурстарын пайдалану 
білім алушылардың ғылыми-зерттеу құзыреттілігін қалыптастыру мен жетілдіруде маңызды 
рөл атқаратынын көрсетеді. Алынған деректер білім алушылардың цифрлық 
технологияларды қабылдауы мен оларды ақпаратты басқару, зерттеу жүргізу және оқу 
үдерісін қолдау мақсатында қолдануға жоғары бейімділігін дәлелдейді. 

Атап айтқанда, интернет-браузерлер мен веб-ресурстардың кеңінен қолданылуы 
білім алушылардың зерттеу барысында жылдам ақпарат алуға ұмтылатынын көрсетсе, 
ғылыми репозиторийлер мен мәліметтер базаларын пайдаланудағы салыстырмалы түрде 
төмен көрсеткіштер академиялық ақпаратпен жүйелі жұмыс істеу дағдыларының жеткілікті 
деңгейде қалыптаспағанын аңғартады. Бұл жағдай халықаралық зерттеулерде де атап 
өтіледі, мұнда студенттердің көбіне сенімді академиялық дереккөздерге қарағанда жалпы 
интернет ресурстарына көбірек сүйенетіні көрсетілген (Krull & Duart, 2017; Van Allen, 2020). 

Библиографиялық менеджерлерді (Mendeley, Zotero, EndNote) қолдану нәтижелері 
де назар аударарлық. Mendeley платформасының салыстырмалы түрде жоғары көрсеткішке 
ие болуы оның қолдану ыңғайлылығымен және тегін функционалдық мүмкіндіктерімен 
түсіндіріледі. Алайда жалпы алғанда, ақпараттық менеджерлерді қолдануда немқұрайлы 
және келіспейтін жауаптардың басымдығы зерттеу мәдениетін қалыптастыруда жүйелі 
әдістемелік қолдаудың жеткіліксіздігін көрсетеді. Бұл нәтиже Gunasekara (2008) және Estrada 
Villa және әріптестерінің (2021) еңбектерінде айтылған қорытындылармен сәйкес келеді, 
яғни зерттеу дағдыларын дамыту үшін цифрлық құралдарды мақсатты түрде оқыту қажет. 

Ақпаратты сақтау құралдарына қатысты нәтижелер бұлтты сервистердің (Office 365, 
Google Drive, Dropbox) білім алушылар арасында кеңінен қолданылатынын көрсетеді. Бұл 
дерек білім алушылардың мобильділігі мен оқу үдерісінің икемділігіне бейімделгенін 
дәлелдейді және мобильді оқыту (M-Learning) тұжырымдамасымен тығыз байланысты. 
Сонымен қатар, кейбір қатысушылардың дәстүрлі сақтау әдістерін таңдауы цифрлық 
қауіпсіздік пен деректердің сақталуына қатысты алаңдаушылықпен байланысты болуы 
мүмкін. 
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Цифрлық құрылғылардың пайдалылығы мен қолдану жеңілдігіне қатысты алынған 
нәтижелер білім алушылардың басым көпшілігі цифрлық технологияларды оқыту үдерісін 
қолдаушы құрал ретінде қабылдайтынын көрсетеді. Бұл көрсеткіштер андрагогика 
теориясымен үйлеседі, себебі ересек білім алушылар өз оқу траекториясын өздігінен 
басқаруға, ақпаратты таңдауға және зерттеу үдерісін ұйымдастыруға ұмтылады (Muduli et al., 
2018). 

Жалпы алғанда, зерттеу нәтижелері физика сабағында цифрлық технологияларды 
қолдану тек оқу мазмұнын меңгеруді ғана емес, сонымен қатар білім алушылардың ғылыми 
ойлауын, ақпаратты басқару қабілетін және зерттеу мәдениетін қалыптастыруға ықпал 
ететінін дәлелдейді. Бұл өз кезегінде жоғары білім берудегі цифрлық трансформация 
үдерісінің ғылыми-зерттеу құзыреттілігін дамытудағы стратегиялық маңызын айқындайды. 

 
 

Нәтижелер 
Нәтижелер физика сабағында ақпаратты басқарудың келесі өлшемдерінің әрқайсысы 

үшін ұсынылған. Бұл өлшемдерге жоғары білім беру контекстінде білім алушылардың 
ғылыми-зерттеу құзыреттілігін дамытуға қолдау көрсете алатын цифрлық құрылғылар кіреді. 
Бұл зерттеу нәтижелері жоғары білім беру ұйымдары үшін бірқатар практикалық және 
педагогикалық маңызға ие. Біріншіден, физиканы оқытуда цифрлық ресурстарды жүйелі 
түрде енгізу зерттеуге бағытталған оқытуды (Research-Based Learning) жүзеге асыруға 
мүмкіндік береді. Екіншіден, білім алушылардың ақпаратты басқару дағдыларын дамыту 
үшін арнайы цифрлық сауаттылық пен зерттеу әдістемесіне арналған модульдерді оқу 
бағдарламасына енгізу қажеттілігі анықталды. 

Сонымен қатар, болашақ физика мұғалімдерін даярлау бағдарламаларында АКТ 
құралдарын тек техникалық деңгейде емес, ғылыми-зерттеу құралы ретінде қолдануға 
үйрету маңызды. Бұл болашақ педагогтердің кәсіби құзыреттілігін арттырып қана қоймай, 
мектеп пен жоғары білім беру арасындағы цифрлық сабақтастықты қамтамасыз етеді. 

 
 
Кесте 1- Ақпаратты іздеу құралдары 

  Ғылыми 
Репозиторийл

ер 

Интернет-
Браузерлер 

Веб-Беттер Басқа 

  Жиілік Пайы
з 

Жиілік Пайы
з 

Жиілік Пайы
з 

Жиілік Пайыз 

Толығымен 
келіспеймін 

10 20.0 0 0.0 2 4.0 8 16.0 

Жартылай 
келіспеймін 

12 24.0 3 6.0 5 10.0 5 10.0 

Немқұрайлы 16 32.0 8 16.0 13 26.0 15 30.0 
Жартылай 
келісемін 

8 16.0 12 24.0 12 24.0 11 22.0 

Толығымен 
келісемін 

4 8.0 27 54.0 18 36.0 11 22.0 

Барлығы 50 100.0 50 100.0 50 100.0 50 100.0 
 
Кесте 1-ші кестеде көрсетілгендей, зерттеушілердің физика сабағында ақпаратты іздеу 
құралдарын пайдалану тәсілдері әртүрлі болып шықты. Атап айтқанда, ғылыми 
репозиторийлерді жиі пайдалануға жартылай келісетіндер мен немқұрайлы 



 

 

 «European Research Materials» (February 26-27, 2026). Amsterdam, Netherlands 

35 

қараушылардың үлесі орташа, бірақ интернет-браузерлердің пайдалануы айтарлықтай 
жоғары: толығымен келісім білдірушілердің пайызы 54% құрап отыр. Веб-беттерді 
пайдалану жөнінде 36% толығымен келісім білдірген, бұл олардың да жеткілікті түрде 
қолданылатынын көрсетеді. Басқа ақпаратты іздеу құралдарына келсек, қатысушылардың 
пайыздық бөлінісі біршама теңестірілген, бірақ 30% қатысушы немқұрайлы көзқарас 
танытқан. Бұл деректер, білім алушылар арасындағы ақпаратты басқару мен ұйымдастыру 
үшін білім беру ұйымдары мен оқытушыларға арналған стратегияларды құруда маңызды 
ақпарат ретінде қызмет етеді. 
 
Кесте 2-Құрал туралы ақпарат көздері 

  Мәліметтер 
Базасы 

Журналдар Кітаптар Басқа 

  Жиілік Пайыз Жиілік Пай
ыз 

Жиілік Пайыз Жиілік Пайы
з 

Толығымен 
келіспеймін 

3 6.0 2 4.0 3 6.0 14 28.0 

Жартылай 
келіспеймін 

6 12.0 5 10.0 9 18.0 8 16.0 

Немқұрайлы 8 16.0 8 16.0 11 22.0 13 26.0 
Жартылай 
келісемін 

13 26.0 10 20.0 12 24.0 10 20.0 

Толығымен 
келісемін 

20 40.0 25 50.0 15 30.0 5 10.0 

Барлығы 50 100.0 50 100.
0 

50 100.0 50 100.0 

 
Кесте 2-ші кестеде, қатысушылардың зерттеу үшін ақпарат көздерін пайдалану туралы 
көзқарастары қарастырылған. Мәліметтер базасын толығымен келісемін деп жауап 
бергендердің пайызы 40% болған, ал журналдарға 50% деген келісім білдірген. Кітаптарды 
пайдалануға 30% қатысушы толығымен келісім білдірген, ал "Басқа" санатына жататын 
ақпарат көздеріне келісім білдіргендердің үлесі 10% құраған. Жартылай келісемін және 
немқұрайлы көзқарастары да айтарлықтай үлеске ие: мәліметтер базасы мен кітаптар 
бойынша 26% және 24% жартылай келісемін деп жауап берсе, журналдар мен "Басқа" 
санаты бойынша 20% көрсеткіш бар. 

Толығымен келіспейтіндердің ең жоғары үлесі "Басқа" санатында, ол 28%. Бұл, 
зерттеушілер арасында белгілі бір ақпарат көздеріне күмәнмен қарау бар екенін көрсетеді. 
Сонымен қатар, көпшілік ақпараттық ресурстардың бірнеше түрін пайдалануға немқұрайлы 
қарайды, бұл олардың зерттеу жүргізуде қолайлы ақпарат көздерін таңдауда анық бағдары 
жоқ екенін білдіруі мүмкін. 

Бұл зерттеу қорытындысы, физика сабағында ғылыми-зерттеу процесінде ақпарат 
көздерін басқару және ұйымдастыру жөнінде оқыту және оқытушыларға арналған жүйелі 
стратегияларды әзірлеу қажеттілігін атап өтеді. 
 
Кесте 3-Ақпаратты басқару құралдары 

  Mendeley Zotero EndNote Басқа 
  Жиілік Пайы

з 
Жиілік Пайыз Жиілік Пайыз Жиілік Пайыз 

Толығымен 
келіспеймін 

4 8.0 15 30.0 7 14.0 7 14.0 
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Жартылай 
келіспеймін 

3 6.0 12 24.0 9 18.0 5 10.0 

Немқұрайлы 6 12.0 7 14.0 10 20.0 9 18.0 
Жартылай 
келісемін 

13 26.0 9 18.0 14 28.0 12 24.0 

Толығымен 
келісемін 

24 48.0 7 14.0 10 20.0 17 34.0 

Барлығы 50 100.0 50 100.0 50 100.0 50 100.0 
 
Кесте 3-ші кестеде, зерттеушілердің ақпараттық менеджерлерге қатысты қолданыс жиілігін 
анықтауға болады. Mendeley менеджеріне келісім білдіргендердің үлесі барлық жауап 
берушілердің 48% құрап, бұл менеджер ең жоғары қолдауға ие болды. Zotero менеджеріне 
толығымен келісім білдіргендер тек 14% құраса, EndNote-ты қолданушылардың 20% ғана 
толығымен келісім білдірген. 

Жартылай келісім білдірушілердің үлесі Zotero үшін 18%, EndNote үшін 28% және 
Mendeley үшін 26% болған. "Басқа" санатындағы құралдарды толығымен келісемін 
дегендердің үлесі 34%, бұл басқа ақпараттық менеджерлерді қолданушылардың да 
жеткілікті үлесі бар екенін көрсетеді. 

Қатысушылардың көпшілігі (60% дан астамы) бұл ақпараттық менеджерлерді 
қолданбауға немесе аз қолдануға бейімділік танытқан. Жалпы алғанда, ақпараттық 
менеджерлерді қолдану бойынша жағдайда қолдау мен келіспеушілік арасындағы баланс 
айқын емес, бұл оқу орнында бұл құралдарды тиімді пайдалануға бағытталған нақты 
стратегиялардың қажет екенін көрсетеді. 
 
Кесте 4- Ақпаратты сақтау құралдары 

  Office 365 Dropbox Google Drive Басқа 
  Жиілік Пайыз Жиілік Пайыз Жиілік Пайыз Жиілік Пайыз 
Толығымен 
келіспеймін 

2 4.0 2 4.0 2 4.0 12 24.0 

Жартылай 
келіспеймін 

3 6.0 3 6.0 3 6.0 10 20.0 

Немқұрайлы 5 10.0 7 14.0 9 18.0 10 20.0 
Жартылай 
келісемін 

16 32.0 15 30.0 12 24.0 11 22.0 

Толығымен 
келісемін 

24 48.0 23 46.0 24 48.0 7 14.0 

Барлығы 50 100.0 50 100.0 50 100.0 50 100.0 
 
Кесте 4-ші кестедегі деректерге сүйенсек, зерттеушілердің ақпаратты сақтау құралдарына 
қатысты көзқарастарын байқаймыз. Office 365 пен Google Drive-ға қатысты толығымен 
келісім білдіргендердің үлесі өте жоғары, сәйкесінше 48%. Dropbox да жоғары бағаланған, 
мұнда 46% қатты келісетіндерін білдірген. Басқа сақтау құралдарына толығымен келісім 
білдірушілер саны 14% ғана. 

Жартылай келісім білдірушілер үшін Office 365 пен Dropbox үшін жиілік 32% және 30% 
көрсетілген, ал Google Drive үшін бұл көрсеткіш 24% болған. Немқұрайлы көзқарас 
танытқандардың үлесі барлық құралдарда шамамен бірдей болып, 10-18% аралығында 
өзгереді. 
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Кесте 4-ші кестедегі мәліметтерге қарағанда, зерттеушілердің көбісі ақпаратты 
бұлтты қызметтерде сақтауға басымдық беретінін көрсетеді. Дегенмен, "Басқа" санатында 
толығымен келіспейтіндердің жоғары үлесі бар, бұл кейбір зерттеушілердің әлі де жеке 
құрылғыларды немесе басқа дәстүрлі ақпарат сақтау әдістерін қолдануды жөн көретінін 
білдіреді. 
 
Кесте 5- Пайдаланудың қарапайымдылығы және цифрлық құрылғылардың пайдалылығы 

Пайдаланудың қарапайымдылығы және цифрлық құрылғылардың пайдалылығы 
  цифрлық 

құрылғы 
арқылы 

үйрену оңай 
болып 

табылады 

цифрлық 
құрылғы 
арқылы 

мазмұнды 
көру, жүктеп 

алу және 
кеңес алу 

оңай болып 
табылады 

цифрлық 
құрылғылар 

оқуды 
қолдауда 
пайдалы 

болып 
табылады 

Оқытуды 
қолдау үшін 

цифрлық 
құрылғы 
арқылы 

ақпаратқа қол 
жеткізу және 

жинау 
пайдалы 

болып 
табылады 

  Жиілік Пайыз Жиілік Пайыз Жиілік Пайыз Жиілік Пайыз 
Толығымен 
келіспеймін 

7 14.0 4 8.0 2 4.0 7 14.0 

Жартылай 
келіспеймін 

9 18.0 8 16.0 4 8.0 9 18.0 

Немқұрайлы 12 24.0 11 22.0 12 24.0 10 20.0 
Жартылай 
келісемін 

11 22.0 10 20.0 14 28.0 11 22.0 

Толығымен 
келісемін 

11 22.0 17 34.0 18 36.0 13 26.0 

Барлығы 50 100.0 50 100.0 50 100.0 50 100.0 
 
Кесте 5-ші кестедегі мәліметтерге сүйене отырып, білім алушылардың физика сабағында 
цифрлық құрылғыларды пайдаланудың оңайлығы және пайдалылығы туралы пікірлері 
төмендегідей: 

Физика сабағында цифрлық құрылғы арқылы үйренудің оңай екендігіне толығымен 
келісетіндер 22% және жартылай келісетіндер 22%, бұл көрсеткіштер цифрлық 
құрылғылардың оқу процессінде маңызды рөл атқаратынын көрсетеді. 

Цифрлық құрылғы арқылы мазмұнды көру, жүктеп алу және кеңес алудың оңай 
екендігін 34% толығымен келісіп, олардың қол жеткізу мен қарау үшін ыңғайлы екендігіне 
басымдық берілген. 

Цифрлық құрылғылардың оқуды қолдауда пайдалы екендігіне 36% толығымен 
келісім білдірген, бұл цифрлық технологиялардың оқу-оқыту процесіндегі маңызын айқын 
көрсетеді. 

Оқытуды қолдау үшін физика сабағында цифрлық құрылғы арқылы ақпаратқа қол 
жеткізу және жинаудың пайдалы екендігіне 26% толығымен келісіп, әсіресе ақпарат жинау 
және ұйымдастырудағы құрылғылардың рөлін атап өткен. 

Толығымен келіспейтіндер үшін барлық категориялар бойынша орташа 14% үлеске 
ие болып, кейбір білім алушылардың цифрлық технологияларға күмәнмен қарайтынын 
білдіреді. Жалпы, бұл кесте білім алушылардың көпшілігінің цифрлық құрылғыларды оқу-
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оқыту қызметінде қолдануды қолдайтындығын көрсетеді, бұл заманауи білім берудегі 
цифрлық технологиялардың орнын одан әрі нығайтуға мүмкіндік береді. 
 

Қорытынды  
Цифрлық құрылғылар білім алушылардың, әсіресе оқытумен айналысатындардың 

зерттеу дағдыларын айтарлықтай арттырады (Estrada Villa, Marín, & Salinas, 2021). Біздің 
зерттеуіміз қатысушылардың ақпаратты басқарудағы кейбір дағдыларын көрсеткенімен, 
әсіресе библиографиялық менеджерлерді пайдалану арқылы зерттеу дағдыларын одан әрі 
дамытудың нақты қажеттілігі жоғары. Бұл олқылық жан-жақты теориялық негіздерді құру 
және заманауи зерттеулер жүргізу үшін өте маңызды ақпараттық менеджерлерді 
пайдалануды ынталандыратын стратегиялардың қажеттілігін көрсетеді. Бұл құралдарды 
әртүрлі қосымшалар арқылы академиялық қызметке біріктіру тиімді тәсіл бола алады 
(Gunasekara, 2008). 

Физика сабағында цифрлық технологияларды оқыту процестеріне тиімді енгізу үшін 
білім алушылардың цифрлық құрылғыларды қалай қабылдайтынын және пайдаланатынын 
түсіну өте маңызды (Cvetković, 2018). Ересектерге арналған білім беру практикалық 
мәселелерді шешуге, проблемалық оқытуды ақпаратты басқару дағдыларын жетілдірудің 
маңызды стратегиясына айналдыруға бағытталуы керек. Сонымен қатар, физика сабағына 
АКТ құралдарын педагогикаға енгізу олардың дұрыс қолданылуын және сыныптағы іс-
әрекетке интеграциялануын қамтамасыз ету үшін жоспарланған оқытуды немесе 
оқулықтарды қажет етеді. 

Хакансон (2019), Кристенсен және басқалары (2018), Андриоле (2017) және басқа 
зерттеушілер атап өткендей, жетекшілерге физика сабағында цифрлық технологияларды 
оқыту және технологияларды енгізу арқылы инновацияларды енгізуге ынталандыру негізгі 
болып табылады. Осылайша, зерттеу дағдыларын нығайту және ақпаратты басқаруды 
жеңілдету үшін цифрлық технологияларды оқытуды пайдаланатын стратегияларды әзірлеу 
өте маңызды болады. 
 
Шектеулер 
Бұл зерттеудің негізгі шектеуі оның тек 50 қатысушыдан тұратын шағын іріктеу көлемі болып 
табылады, бұл тенденцияларды немесе корреляцияларды анықтау және нәтижелерді 
жалпылау мүмкіндігін шектейді. Осы шектеулерге қарамастан, бұл контекст-стади 
әдебиеттегі олқылықты жою арқылы M-Learning саласына ықпал етеді. 
 
Ұсыныстар 
Жоғары білім берудегі оқыту және оқу процестеріндегі технологиялар мен зерттеулердің 
өзара әрекеттесуі болашақ зерттеулерге, соның ішінде виртуалды зерттеу үлгілерін 
анықтауға арналған цифрлық гносеологиялық тәсілдерге жол ашады. Зерттеулерде цифрлық 
құрылғыларды пайдалану ақпаратты басқарудың әртүрлі кезеңдерін қолдайды, деректерді 
жинаудан бастап библиографиялық менеджер қолданбалары арқылы жазуға және жазып 
алуға дейін. Бұл технологиялық интеграция зерттеу әдістемелері мен тәжірибелерін 
ілгерілету үшін өте маңызды. 
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Abstract. The study investigates the impact of game-based learning technologies on the 

development of creative abilities among primary school students within the "World Recognition" 
curriculum. Using a mixed-methods approach involving 85 primary school teachers and 120 
students in Kazakhstan, the research examines how interactive play, role-playing, and cognitive 
games stimulate divergent thinking and emotional engagement. The results indicate that 
systematic integration of game technologies significantly increases student participation and 
curiosity compared to traditional rote learning. A majority of teachers reported that games help 
students visualize complex environmental concepts and express original ideas more freely. 
However, the study also identifies barriers such as limited time for game preparation and a lack of 
specialized digital gaming resources tailored to the Kazakhstani curriculum. The study concludes 
that game-based technology is a vital pedagogical tool that transforms the classroom into a 
dynamic creative laboratory. These findings suggest that curriculum designers should prioritize 
the inclusion of structured game-based tasks to foster early-stage innovation and cognitive 
flexibility in young learners. 

Keywords: game technologies, primary education, creativity, World Recognition, 
pedagogical innovation, Kazakhstan, active learning 

 
Introduction 
In the modern educational landscape, fostering creativity in primary school students has 

become a core priority, as it serves as the foundation for critical thinking and problem-solving skills 
in later life. Creativity is often defined as the ability to produce work that is both novel and task-
appropriate. For young learners, particularly those in the formative years of primary school, the 
"World Recognition" (Dūnietanū) subject provides a unique platform to explore the relationship 
between nature, society, and the individual. However, traditional teaching methods often 
emphasize the memorization of facts over the exploration of ideas, leading to a decline in student 
engagement and creative output [1]. 

Game-based learning technologies (GBL) offer a solution to this stagnation by leveraging the 
natural inclination of children toward play. In the context of Kazakhstan’s updated educational 
content, there is an increasing shift toward student-centered approaches that emphasize 
"learning by doing." Game technologies are not merely recreational; they are structured 
pedagogical tools that manifest through role-playing, simulation, and competitive cognitive tasks. 
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These methods reduce the psychological barriers to making mistakes, thereby encouraging 
students to experiment with different perspectives and solutions [2], [3]. 

The implementation of these technologies in Kazakhstan’s primary schools is particularly 
relevant as the nation moves toward international educational standards. While the benefits of 
play are well-documented in Western literature, there is a specific need to analyze how these tools 
function within the "World Recognition" subject, which requires students to synthesize 
information about their environment, history, and civic duties. Previous studies suggest that 
games can bridge the gap between abstract environmental concepts and the child's daily lived 
experience [4]. 

Despite the theoretical potential, several challenges persist in the local context. Many 
teachers face high workloads and administrative pressure, which may limit their capacity to design 
and implement complex game scenarios [5].Furthermore, the transition to digital tools and hybrid 
learning has created a divide in how game technologies are perceived and utilized. Therefore, this 
research aims to explore the effectiveness of game technologies in developing the creative 
abilities of primary schoolers, offering practical insights for educators to optimize their teaching 
strategies in the "World Recognition" discipline. 

RQ 1: To what extent does the systematic use of game technologies enhance the creative 
engagement and cognitive flexibility of primary school students in "World Recognition" lessons? 

 
Research Methods 
The study adopted a descriptive and analytical design to evaluate the efficacy of game 

technologies. Data were collected from 85 primary school teachers across various regions of 
Kazakhstan. The participants included educators from both urban and rural schools to ensure a 
representative sample of the national educational context. 

Quantitative data were gathered via a specialized Google Form titled "Assessment of Game 
Technologies in Primary Creative Development." The questionnaire consisted of four sections: 

Section A: Demographic data (years of experience, school type). 
Section B: Frequency and types of game technologies used (role-play, digital quizzes, 

situational games). 
Section C: Observed impact on student creativity (originality of answers, involvement, 

emotional response). 
Section D: Barriers to implementation (time, resources, curriculum constraints). 
The instrument used a five-point Likert scale (1: Strongly Disagree to 5: Strongly Agree). For 

qualitative depth, the study also included observations of "World Recognition" lessons where 
game-based modules were applied to topics such as "Flora and Fauna of Kazakhstan" and 
"Traditional Heritage." 
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Results and Discussion 
Figure 1. Teachers’ Perceptions of Game Technologies as a Catalyst for Creativity 
Response Category Number of Teachers (n=85) Percentage (%) 

Strongly Agree 58 68.2% 
Agree 18 21.2% 

Neutral 6 7.1% 
Disagree 3 3.5% 

Strongly Disagree 0 0% 
 
The data indicates a high level of consensus regarding the value of play. Approximately 68% 

of respondents "Strongly Agreed" that game technologies directly stimulate student imagination. 
Teachers noted that during role-playing games related to environmental protection, students 
proposed non-standard solutions to ecological problems, demonstrating a level of creative 
empathy not seen in standard lecture formats. 

 
Figure 2. Frequency of Different Game Types in "World Recognition" Lessons 

Game Type Frequent Use (%) Occasional Use (%) Rarely/Never (%) 
Role-playing 45% 35% 20% 
CogniƟve Quizzes 60% 30% 10% 
SituaƟonal 
SimulaƟons 25% 40% 35% 

 
As shown in the table above, cognitive quizzes (such as Kahoot or paper-based competitions) 

are the most popular due to their ease of implementation. However, situational simulations—
which arguably require the most creativity—are used less frequently. This suggests that while 
game technologies are present, they are often used for "review" rather than "discovery." 

Figure 3. Observed Student Engagement Levels During Game-Based Tasks 
Engagement Level DescripƟon Percentage (%) 

High Engagement AcƟve parƟcipaƟon, leadership, and 
emoƟonal excitement. 74.1% 

Moderate Engagement Consistent parƟcipaƟon, following 
rules, and answering quesƟons. 18.8% 

Neutral/Passive Following the game without high 
emoƟonal or cogniƟve input. 5.9% 

Low Engagement Disinterest or difficulty in following the 
game structure. 1.2% 

 
The survey results show that 74% of teachers observed a "Significant Increase" in student 

participation when lessons were gamified. Students who were previously passive became more 
vocal and willing to lead group activities. This aligns with the theory that games lower the "affective 
filter," allowing for a more authentic expression of the child's inner creative world [6]. 

 
Conclusion 
The findings of this study demonstrate that game technologies are a powerful driver for 

developing the creative potential of primary school students in "World Recognition" lessons. By 
transforming static information into interactive challenges, these technologies foster a classroom 
environment where curiosity and original thinking are rewarded. The data confirms that when 
students engage in role-play or situational games, their ability to synthesize environmental and 
social knowledge improves significantly. 
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However, the study also highlights a systemic gap: the lack of time and specialized resources 
for teachers to move beyond simple quizzes into deeper, more creative simulations. To sustain 
the benefits of game-based learning, educational institutions in Kazakhstan must provide teachers 
with more flexible lesson plans and high-quality digital materials. In conclusion, the transition from 
a traditional "instructional" model to a "game-based" creative model is not just a pedagogical 
preference; it is a necessity for preparing the next generation of innovative thinkers. 
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Музыкальное искусство, являясь одним из важнейших компонентов эстетической 

культуры имеет важное значение в структуре образовательного процесса для всесторонне 
гармоничного развития молодежи.  

Преодоление духовно-нравственного застоя общества требует сегодня радикального 
пересмотра и совершенствования всей системы образования Казахстана. Поэтому 
музыкальное образование, способствующее гармоничному развитию личности, 
формированию музыкально-эстетического вкуса и потребностей и духовно-нравственного 
ее становления не может остаться в стороне от происходящих преобразований в стране в 
последние годы.  

Необходимость данного поиска обусловлена важностью научного осмысления 
основы музыкального обучения и воспитания, выявлением научно-педагогических 
предпосылок, факторов, условий становления музыкального образования в конкретном 
регионе – Западно-Казахстанской области.   

В Казахстане все сферы жизни в настоящее время претерпевают изменения. 
Принятый в Республике Казахстан стратегический курс на обновление всех сторон 
жизнедеятельности общества, на достижение нового качественного состояния 
общественного прогресса, вызвал потребность в осмыслении пройденного исторического 
пути во всех сферах духовной жизни. На основе глубокого знания национальной психологии 
и воспитания, уважения обычаев и традиций обращается особое внимание на памятники 
национальной культуры, развертывание научных изысканий по проблемам истории и 
культуры Казахстана.  

История показывает, что в периоды кризисов культурных форм и традиций, 
перестройки общественного сознания, смены духовно-нравственных координат особую 
значимость приобретает эстетическое воспитание и художественное образование 
подрастающего поколения. В художественной культуре – в великих произведениях музыки 
и изобразительного искусства, в литературных шедеврах – сконцентрированы ментальные 
установки народов разных стран, сохранен опыт поколений в отношении к окружающему 
миру, сформирована оценка жизненных явлений и представлений об истине, добре, 
красоте, справедливости. Именно в художественном наследии накоплено то, что сегодня 
называют общечеловеческими ценностями.  

Процесс освоения художественного наследия имеет свои особенности. Современная 
тенденция переосмысления роли и значения культурного наследия состоит в стремлении не 
только сохранить его в первозданном виде, но и активно включить в канву современной 
жизни. То есть сам процесс истории культуры выступает здесь не только как процесс 
сохранения прошлого и накопления культурных ценностей, но и как процесс открытия 
нового в старом.  
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На каждом историческом этапе характерен свой стиль научного мышления. 
Современная педагогическая наука характеризуется поиском путей осмысления и 
использования богатейшего теоретического и практического наследия прошлого.  

В повышении уровня культурного развития народа важнейшая роль принадлежит 
системе образования, в частности, музыкального, которое является главным средством 
сохранения и трансляции культуры будущим поколениям. Это важнейшая сфера духовного 
производства, создающая не только интеллектуальную, но и экономическую базу 
процветания общества. Осознание того, что в нынешнем кризисном состоянии система 
образования может реализовать поставленные обществом задачи, приводит к обсуждению 
направлений ее реформирования, к поиску моделей и путей развития. Через образование 
человек удовлетворяет личностные потребности в саморазвитии. Образование является 
единственным каналом передачи этнокультурного наследия от поколения к поколению [1].  

Учеными проделана большая работа по изучению истории развития общего и 
музыкального образования. Однако анализ работ связанных с данной проблематикой, 
показывает, что до сих пор история общего и музыкального образования, в частности, 
исследовалась в основном на материале Казахстана в целом, а история отдельных областей 
огромной республики, все еще не изучена достаточно полно. Анализ литературы, 
затрагивающей вопросы истории и культуры края, показывает, что в настоящий момент 
возрастает актуальность регионального образования, в частности музыкального.  

Становление и развитие музыкально-эстетического образования в Казахстане тесно 
связано с многовековой историей и культурой народа. Своеобразие общественно-
исторических условий, религиозные запреты создавали серьезные препятствия для 
возникновения и развития искусства - живописи, хореографии, театра. Наиболее ярко и 
самобытно художественное творчество казахского народа было отражено в музыкальной 
культуре.  

Развитие музыкальной культуры Западно-Казахстанской области охватывает 
достаточно большой исторический период. Музыка провинции всегда играла существенную 
роль в становлении отечественного искусства. На всех этапах саморазвития художественной 
жизни этого региона большую роль играла музыка, представленная деятельностью 
народных, самодеятельных и профессиональных творцов.  

Располагаясь на границе Европы и Азии, Западно-Казахстанская область явилась 
однимиз тех крупных многонациональных центров Казахстана, на территории которого 
проживали народы разных национальностей. Именно полинациональный уклад региона 
послужил основанием для формирования самобытного фольклора, нередко рожденного на 
стыке разных национальных традиций. Музыкальный мегаполис Западно-Казахстанской 
области, являясь частью общего культурного пространства огромной страны, развивался 
достаточно интенсивно не только как ее часть, но и жил своей автономной жизнью, 
приобретая самобытные черты, существенно отличаясь от других регионов своими 
масштабами и устройством. На протяжении длительного времени край изменялся, 
расширялся и сокращался, тем не менее, его специфическая роль и значение до настоящего 
времени осталась неизменной.  

Музыкальное краеведение является частью музыкознания, а следовательно и 
искусствознания. Структура музыкального краеведения охватывает все стороны народной и 
профессиональной музыкальной деятельности края – творчество, исполнительство, науку, 
музыкально-общественную жизнь и т.д. Предмет музыкального краеведения определяется 
синтезом многих отраслей знаний, таких как история музыки, всеобщей истории музыки, 
музыкальной педагогики, указывая, что эти процессы происходили в разное время. 
Сущность музыкального краеведения состоит в изучении совокупности явлений культуры 
определенного края, включая жизнь и творчество виднейших композиторов и 
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исполнителей, в той или иной мере с этим краем связанных, материалы о детстве и юности 
деятелей искусств, получивших общенародное признание. Музыкальное краеведение 
помогает зримо представить музыканта как живую, неповторимую личность, дает 
возможность проследить те условия, в которых рос музыкант, формировалась его личность, 
его творческий стиль. Также следует выделить изучение различных аспектов музыкальной 
культуры определенного территориального образования – концертная деятельность, 
музыкальный театр, музыкальное образование, общественные организации (материалы об 
истории музыкальных учебных и научных заведений и учреждений края); местная 
музыкальная критика и библиография; материалы о музыкальном прошлом края и так далее.  

Особое место в системе музыкального краеведения занимает изучение фольклора. 
Музыкально-историческое краеведение охватывает как народную, так и профессиональную 
музыкальную культуру. Особым предметом краеведческой музыкальной фольклористики 
является изучение истории местной музыкальной этнографии, т.е. истории собирания 
музыкального фольклора определенного территориального образования. Этот круг явлений 
краеведческой музыкальной этнографии изучается путем непосредственных наблюдений и 
точных, научно-документированных описаний: записей образцов народной музыки, в том 
числе с помощью звукозаписывающих аппаратов с последующей расшифровкой в нотную 
запись; теоретических анализов напевов и песенного стиха; определения и уточнения 
звуковых систем народной вокальной и инструментальной музыки, а также строя народных 
музыкальных инструментов посредством акустических приборов.  

Музыкально-краеведческое воспитание в школе является составной частью 
музыкального, художественногои эстетического воспитания в целом. Это 
целенаправленный и систематический педагогический процесс, направленный на развитие 
музыкальных способностей. Музыкально-педагогическое краеведение целесообразно 
определить как область исследования, разрабатывающую содержание, формы и методы 
музыкально-краеведческого воспитания, образования и обучения. Одними из главных 
целей музыкально-педагогического краеведения являются специально организованная 
целенаправленная и систематическая деятельность по развитию музыкально-эстетической 
культуры воспитанников средствами музыкально-краеведческого материала; а также 
формирование гуманистических, нравственных качеств учащихся на примере выдающихся 
музыкантов-земляков, музыкально-этнографических традициях региона.  

Каждый этнос в процессе своего развития создал только ему присущую систему норм 
и правил, на основе которых осуществлялись воспитательная и обучающая деятельность. 
Такие нормы и правила до настоящего времени закреплялись в характере нации, получили 
свое содержательное отражение в верованиях, в народной мифологии и реализовались в 
нормах поведения и нашли свое отражение в народной педагогике. Сухомлинский считал 
народную педагогику «стержнем, средоточием духовной жизни народа» [6, с. 17].  

Народная педагогика – это совокупность педагогических сведений и воспитательного 
опыта, сохранившихся в устном народном творчестве, обычаях, обрядах, детских играх и 
игрушках. Народная педагогика предполагает исследование педагогической культуры 
народных масс, выработанной тысячелетним опытом человечества и бытующей в народе до 
наших дней [7].  

Независимо от национальных особенностей народная педагогика воплощает в себе 
опыт, народные традиции воспитания, основную систему ценностей культуры народа, 
раскрывает ведущие духовные идеи, присущие национальному характеру и образу 
жизнедеятельности людей.  

Музыкально-краеведческий материал позволяет строить объяснение по логическому 
правилу – от частного к общему, когда на местном, знакомом обучающимся материале 
раскрываются общие положения, понятия и когда, наоборот, от них совершается переход к 
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рассмотрению конкретных явлений, фактов местной музыкальной культуры. Краеведческий 
принцип осуществляется в музыкальном учебно-воспитательном процессе, взаимодействуя 
с дидактическими принципами во взаимопроникновении, взаимосвязи с ними по законам 
диалектики. Музыкально-краеведческий материал реализует собой наглядность в обучении, 
способствует активизации мышления школьников и студентов, помогает уяснению сути 
теоретических положений и связи их с жизнью, то есть делает их доступными для понимания 
и усвоения. Необходимо, чтобы музыкальное образование помогало бы специалисту найти 
свое место в том региональном социуме, где он проживает в данный момент, а также 
максимально реализовать свои способности, т.е., например, специальное музыкальное 
образование позволяло бы выпускнику вуза, колледжа, училища быть обеспеченным 
работой.  

Большое значение в развитии музыкального искусства в Западно-Казахстанской 
области в дореволюционный период имело творчество казахских народных композиторов 
устной традиции – Курмангазы Сагырбаева, Даулеткерея Шигаева, Дины Нурпейисовой, 
Сейтека Уразалиева. Своим творческой деятельностью они оказали влияние на процессы 
формирования и развития национальных музыкальных школ. Однако отсутствие 
музыкальной письменности сдерживало развитие профессиональных форм музыкального 
обучения и образования, так как специальных музыкальных учебно-воспитательных 
заведений в этот период еще не было.  

В развитии искусства и музыкальной культуры большие перспективы открылись после 
революции – на почве народных устных традиций музыкального воспитания и образования 
начался длительный и сложный процесс становления профессионального музыкального 
образования в Казахстане. Он был тесно связан с освоением норм и принципов русского и 
мирового музыкального искусства. В музыкальных учебных заведениях Москвы, Ленинграда 
и других крупных городов получили специальное образование первые национальные 
композиторы и музыковеды, впоследствии сыгравшие ведущую роль в развитии 
музыкального образования и воспитания в республике.  

Таким образом, постепенно в социокультурном пространстве Казахстана намечался 
живой интерес народа к различным видам искусства: музыке, театру, поэзии. Представители 
передовой интеллигенции создавали любительские театры, оркестры, хоры, ансамбли, 
объединялись в общества.  

В 20-е годы XX века в Западно-Казахстанской области формируются первые отряды 
пионеров. Это движение способствовало сплочению неорганизованной детворы, решало 
проблемы досуга подрастающего поколения, ставило задачи по борьбе с беспризорностью. 
Дети, по мере сил и возможностей, помогали взрослым в работе по преодолению 
хозяйственной разрухи, организовывали кружки самодеятельности, участвовали в 
общественной жизни появившихся внешкольных учреждений.  

30-е годы стали началом профессионального музыкального образования в 
Казахстане - в Алма-Ате и в Уральске открылись первые музыкальные учебные заведения – 
детские музыкальные школы.  

Следующим этапом в развитии системы музыкально-эстетического образования в 
Западно-Казахстанской области стало открытие в 1944 году Уральского музыкального 
училища – среднего звена данной цепи. Училище было первым и единственным 
учреждением подобного типа во всех областяхЗападного Казахстана этого периода. 
Музыкальное образование начало выстраиваться в определенную систему, позволяющую 
готовить музыкальные исполнительские и педагогические кадры.  

Начиная с 60-х годов, в Западно-Казахстанской области происходит дальнейшее 
развитие специального музыкального образования и просвещения: наблюдается 
интенсивный рост детских музыкальных школ, в основном в сельской местности, 
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приобретает широкий размах в области хоровое движение; большое распространение 
получает развитие комплекса учреждений культуры, ставших центрами культурно-массовой 
работы среди населения. К этому периоду относится открытие областной филармонии, 
ставшей основным очагом музыкального просветительства в регионе.  

В 70-е годы сеть детских музыкальных школ пополняется открытием в Уральске 
Детской школы искусств, которая наравне с музыкальной школой сталавыполнять функции 
решения проблем занятости детей. Такая форма работы с детьми быстро нашла 
распространение в районных центрах и поселках области.  

В 80-е годы получила широкое развитие студийная форма работы при 
общеобразовательных школах как по Казахстану в целом, так и в Западно-Казахстанской 
области в частности. Появление и распространение музыкальных студий расширило 
возможности музыкально-эстетического образования и воспитания школьников в регионе, 
выполняя функции музыкальных школ.  

Следующее десятилетие характеризуется появлением инновационных учебных 
заведений начального звена специального музыкального образования в Западно-
Казахстанской области – гимназий эстетического направления. Задача формирования 
творческой личности активизировала обновление содержания образования в гимназиях, в 
том числе дисциплин музыкально-эстетического цикла. Гимназии эстетического 
направления открылись в сельской местности – в Тайпакском, Акжайикском, 
Каратюбинском, Таскалинском, Зеленовском районах.  

Последнее десятилетие XX века стало знаменательным событием в культурном и 
образовательном пространстве региона. Появление в Уральске института искусств им. 
Даулеткерея ознаменовало собой осуществление важного шага в системе 
профессионального музыкального образования в области, тем самым, завершив полную 
трехзвенную структуру непрерывного музыкального образования. Таким образом, к концу 
XX столетия, структура музыкального образования в Западно-Казахстанской области 
приобрела законченную форму, включающую в себя развитую сеть начального 
музыкального образования – детских музыкальных школ, гимназий эстетического 
направления и детских школ искусств, музыкальный колледж им. Курмангазы, 
выполняющий функции среднего звена данной цепи и институт искусств им. Даулеткерея, 
позволяющий получить высшее профессиональное музыкальное образование и 
заключающий трехзвенную структуру.  

Зародившаяся в начале XX века структура музыкального профессионального 
образования Западно-Казахстанской области, продолжала формироваться и развиваться в 
течение столетия до наших дней, сохранив свою основу, принципы построения и 
преемственные традиции, успешно доказав правильность выбранногопути. Музыкальное 
образование в учебных заведениях Западно-Казахстанской области явилось неотъемлемым 
компонентом социокультурной системы региона и Казахстана в целом.  

Таким образом, данная периодизация позволила системно проанализировать 
историко-образовательные процессы, выявить их истоки, причинно-следственные связи, 
противоречия, особенности, тенденции развития. К этому следует присоединить 
региональный культурный опыт, накопленный музыкально-педагогическим сообществом 
области, тот опыт, который можно назвать «культурной самобытностью. Реализация в 
музыкальной практике прогрессивных идей, сформировавшихся на различных этапах и 
уровнях музыкального образования, может придать прочность складывающимся 
традициям, позитивным музыкально-культурным процессам, вывести музыкальную 
культуру региона на более высокий качественный уровень. 
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В статье рассматривается эффективность тренинговой программы по профилактике 

профессионального выгорания у специалистов образовательной и спортивной сферы. 
Основное внимание уделено изучению динамики ключевых компонентов выгорания: 
эмоционального истощения, деперсонализации и профессиональной эффективности. 
Показано, что участие в тренинговой программе способствует снижению уровня 
эмоционального истощения и деперсонализации, а также повышению профессиональной 
эффективности. Результаты исследования подтверждают практическую значимость 
тренинговых вмешательств для укрепления психологической устойчивости специалистов.  

Ключевые слова: профессиональное выгорание, профилактика, тренинг, педагоги, 
тренеры, профессиональная эффективность. 

 
Современная реальность предъявляет высокие требования к профессиональной 

деятельности, что порой ведет к состоянию, известному как профессиональное выгорание. 
Этот феномен все более актуален в профессиях, связанных с интенсивным взаимодействием 
с людьми, таких как деятельность тренеров и педагогов. Работая с детьми, студентами или 
спортсменами, они подвергаются эмоциональным и физическим нагрузкам, что в сочетании 
с профессиональными трудностями может привести к выгоранию. 

Проблема профессионального выгорания специалистов образовательной и 
спортивной сферы приобретает всё большую актуальность в условиях возрастающей 
профессиональной нагрузки и эмоционального напряжения. Тренеры и педагоги относятся 
к представителям профессий типа «человек-человек», для которых характерны высокая 
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степень межличностного взаимодействия и ответственность за результаты деятельности 
обучающихся. 

Профессиональное выгорание - это психоэмоциональное истощение, которое 
развивается под воздействием хронического стресса, перегрузок и высоких требований. 
Важно отметить, что выгорание влияет не только на личное состояние специалиста, но и на 
качество его профессиональной деятельности, что особенно актуально в педагогической и 
спортивной сферах. 

На сегодняшний день, профессиональное выгорание тренеров и педагогов является 
одной из наиболее актуальных проблем современной системы образования и спорта. 
Специфика их деятельности связана с высокой эмоциональной вовлечённостью, постоянной 
ответственностью за результаты и благополучие воспитанников, необходимостью 
совмещать роли наставника, организатора, психолога и лидера. В условиях возрастающих 
требований со стороны образовательных учреждений, спортивных организаций, родителей 
и общества в целом риск развития эмоционального истощения существенно увеличивается. 

Особую значимость проблема приобретает в контексте модернизации 
образовательной среды и усиления конкуренции в сфере спорта. Тренеры и педагоги 
работают в ситуации постоянных изменений стандартов, программ и методик, что требует 
непрерывного профессионального развития и адаптации. При этом высокий уровень 
эмоционального напряжения, дефицит времени, недостаточная социальная поддержка и 
несоответствие ожиданий реальным результатам могут приводить к снижению мотивации, 
профессиональной удовлетворённости и эффективности деятельности. 

Изучение причин, механизмов и последствий профессионального выгорания у 
тренеров и педагогов, а также разработка эффективных профилактических и коррекционных 
мер, представляет собой важную научную и практическую задачу, направленную на 
сохранение профессионального здоровья специалистов и повышение качества 
образовательной и спортивной деятельности. 

Исследователями отмечается, что проблема профессионального выгорания 
характеризуется непреходящей актуальностью и значимостью: 

 взаимосвязь эмоционального интеллекта и профессионального выгорания среди 
преподавателей вузов в Казахстане (К.Темирхан, К.Тайболатов) [1]; 

 управление стрессом в социально-педагогическом процессе как профилактика 
профессионального выгорания (У.Баймаханова, Н.Албытова, Д.Нургалиева, Р.Ж. Мрзабаева) 
[2]; 

 профилактика профессионального выгорания работников педагогической сферы в 
контексте современной парадигмы управления (С.Пузикова, А.Рахматилла, Д.Толемис, 
И.Ишигова) [3]; 

 проблема профессионального выгорания педагогов, включая инклюзивное 
образование (П.Ж. Парманкулова, Е.К. Ахметова, А.Б. Саипов, Қ.А. Байдалиев) [4]. 

В деятельности тренеров и педагогов профессиональное выгорание имеет 
специфическую структуру и выражается в эмоциональном истощении, формировании 
деперсонализированного отношения к субъектам профессионального взаимодействия и 
редукции чувства профессиональных достижений. Оно оказывает негативное влияние не 
только на личностное и психическое состояние специалистов, но и на качество 
образовательного и тренировочного процесса, атмосферу в коллективе и результаты 
обучающихся и спортсменов. 
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Основными причинами, способствующими развитию выгорания в профессиях, 
связанных с обучением и тренерством, являются: 

1. Психоэмоциональная перегрузка. Тренеры и педагоги часто сталкиваются с 
высоким уровнем стресса, связанным с необходимостью справляться с большими 
нагрузками - подготовка занятий, контроль успеваемости, решение конфликтов и т.д. 

2. Нереалистичные ожидания и требования. Постоянное стремление к высоким 
результатам со стороны учеников, родителей, руководства может создавать давление, 
которое ведет к выгоранию. 

3. Нехватка ресурсов и поддержки. Недостаток времени для отдыха, 
профессиональной подготовки, а также отсутствие поддержки со стороны коллег или 
руководства, создают благоприятную почву для выгорания. 

4. Отсутствие личной удовлетворенности от работы. Если тренер или педагог не видит 
результатов своей работы, не ощущает признания, это может привести к снижению 
мотивации и эмоциональной истощенности. 

5. Сложности в межличностных отношениях. Конфликты с учениками, родителями 
или коллегами, а также сложности в коммуникации могут значительно ухудшить 
эмоциональное состояние профессионала. 

Профессиональное выгорание оказывает разрушительное воздействие не только на 
личное состояние специалиста, но и на качество его работы. Среди последствий можно 
выделить: 

1. Снижение качества работы. Выгорание приводит к потере интереса к 
профессиональным обязанностям, снижению продуктивности и ухудшению результатов 
работы. 

2. Эмоциональная дистанция. Тренеры и педагоги, находящиеся в состоянии 
выгорания, могут начать проявлять циничное отношение к своим ученикам или подопечным, 
что в свою очередь влияет на их мотивацию и развитие. 

3. Проблемы со здоровьем. Хроническое стрессовое состояние может привести к 
развитию различных заболеваний, включая депрессию, заболевания сердечно-сосудистой 
системы, бессонницу и т.д. 

4. Профессиональная неэффективность. Повышенная усталость и эмоциональное 
истощение могут привести к снижению качества подготовки занятий, упущению важных 
моментов в обучении, что в конечном итоге сказывается на достижениях учеников. 

Для минимизации рисков профессионального выгорания важным аспектом является 
профилактика. В первую очередь, необходимо внимание к психологическому состоянию 
тренеров и педагогов: 

 организация рабочего времени и отдыха. Регулярные перерывы, отпуск, а также 
гибкий график работы могут способствовать снижению перегрузок и предотвратить 
эмоциональное истощение; 

 психологическая поддержка и консультации. Важным является создание системы 
психологической поддержки для тренеров и педагогов, которая может включать 
консультации с психологами, групповые тренинги, а также создание поддерживающей 
среды среди коллег; 

 повышение профессиональной квалификации. Постоянное развитие и 
совершенствование профессиональных навыков помогает снизить уровень стресса и 
повышает уверенность в собственных силах; 

 создание комфортной рабочей среды. Наличие хороших условий для работы, 
признание достижений специалистов, создание атмосферы сотрудничества и 
взаимопомощи способствуют снижению эмоционального напряжения и выгорания. 

Таким образом, профессиональное выгорание является серьезной проблемой в 
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деятельности тренеров и педагогов, которая оказывает негативное влияние как на личное 
состояние специалистов, так и на качество их работы. Выгорание возникает под 
воздействием различных факторов, включая высокие требования к профессионализму, 
постоянный стресс и эмоциональную перегрузку. 

У тренеров профессиональное выгорание может проявляться в сниженном 
эмоциональном тонусе, повышенной психической истощаемости, утрате интереса и 
позитивных чувств к спортсменам и коллегам, ощущении «пресыщенности» работой, 
неудовлетворённости жизнью в целом. Среди причин выгорания - высокий уровень стресса, 
недостаток поддержки и чрезмерная нагрузка. 

У педагогов профессиональное выгорание возникает из-за постоянного 
взаимодействия с обучающимися и их родителями, высокой степени ответственности, 
необходимости быстрой адаптации к меняющимся требованиям образовательной среды и 
недостаточной поддержки со стороны администрации и коллег. Среди симптомов - 
снижение качества профессиональной деятельности, утрата мотивации, ухудшение 
психоэмоционального состояния и риск профессиональной деформации.  

И так, для данного исследования были отобраны участники из двух 
профессиональных категорий: тренеры и педагоги, работающие в образовательных 
учреждениях и спортивных организациях. Выбор участников был основан на следующих 
критериях: каждое занятие проводилось 1 раз в неделю по 4 часа. В программе 
использовались как индивидуальные, так и групповые упражнения, практические задания и 
теоретические блоки. 

В исследовании приняли участие 30 человек: 15 человек - экспериментальная группа; 
15 человек - контрольная группа. Возраст испытуемых - от 25 до 55 лет. Профессиональный 
стаж - не менее 3 лет. Группы были сопоставимы по возрасту, стажу и профессиональной 
принадлежности. Для оценки уровня профессионального выгорания использовались 
«Опросник профессионального выгорания Маслач». 

 эмоционального истощения; 
 деперсонализации; 
 профессиональной эффективности. 
Диагностика проводилась дважды: до начала тренинга и после завершения 

программы. Исследование проводилось в три этапа: 
1 этап - констатирующий. Проведена первичная диагностика уровня выгорания в 

обеих группах. 
2 этап - формирующий. Экспериментальная группа прошла тренинговую программу 

(6 занятий по 4 часа). Контрольная группа продолжала профессиональную деятельность без 
вмешательства. 

3 этап - контрольный. Проведена повторная диагностика в обеих группах. 
Анализ и интерпретация результатов. Исходные показатели до эксперимента 

(таблица 1, рис.1). 
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Таблица 1. Средние показатели профессионального выгорания (до тренинга) 
Показатель Экспериментальная 

группа 
Контрольная группа 

Эмоциональное истощение 27,4 26,9 
Деперсонализация 11,8 12,1 
Профессиональная эффективность 29,5 30,2 

 

 
Рис.1 - Диаграмма средние показатели профессионального выгорания (до тренинга) 
 
Полученные данные свидетельствуют о среднем уровне выгорания в обеих группах. 

Статистически значимых различий между группами на констатирующем этапе выявлено не 
было (p > 0,05). Показатели после проведения тренинга (таблица 2, рис.2). 

 
Таблица 2. Средние показатели профессионального выгорания (после тренинга) 

Показатель Экспериментальная 
группа 

Контрольная группа 

Эмоциональное истощение 19,6 26,3 
Деперсонализация 7,4 11,7 
Профессиональная эффективность 35,8 30,6 

 
Рис. 2 - Средние показатели профессионального выгорания (после тренинга) 

 
Эмоциональное истощение: до тренинга - 27,4; после - 19,6. Статистически значимая 

разница (t=3,21, p ≤ 0,01), что свидетельствует о значительном снижении уровня истощения. 
Деперсонализация: до - 11,8; после - 7,4. Также статистически значимая разница 

(t=2,87, p ≤ 0,05), указывающая на снижение деперсонализации. 
Профессиональная эффективность: до - 29,5; после - 35,8. Значимое увеличение 

(t=2,94, p ≤ 0,05), подтверждающее рост профессиональной эффективности. 
Что означают эти данные: 
1. Показатели «до» и «после» - это средние значения для каждой из групп в разные 

моменты времени (до начала эксперимента и после его завершения). 
2. t - это значение статистического критерия t-теста, который помогает проверить, 

есть ли значимые различия между двумя группами. 
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3. p - это уровень значимости, который показывает вероятность того, что 
наблюдаемые изменения могли произойти случайно. Если p≤0,05, то изменения считаются 
статистически значимыми (в вашем случае, все результаты показывают статистически 
значимые изменения). 

Выводы: Эмоциональное истощение и деперсонализация уменьшились в 
экспериментальной группе, что может свидетельствовать о положительном эффекте 
вмешательства. Профессиональная эффективность увеличилась, что также подтверждает 
положительные результаты воздействия на группу (таблица 3). 

Таким образом, эксперимент может быть признан успешным, поскольку показал 
значительные изменения в эмоциональном и профессиональном состоянии участников. 

Полученные значения t-критерия Стьюдента свидетельствуют о статистически 
значимых изменениях в экспериментальной группе. 

Контрольная группа. В контрольной группе значимых изменений не выявлено 
(p>0,05), что подтверждает отсутствие естественной положительной динамики без 
целенаправленного воздействия. 

 
Таблица 3. Сравнительная таблица изменений в экспериментальной и контрольной 

группах 

 
Анализ полученных данных показал, что после прохождения тренинговой 

программы: 
 уровень эмоционального истощения снизился на 28%; 
 уровень деперсонализации снизился на 37%; 
 показатель профессиональной эффективности увеличился на 21%. 
Отсутствие значимых изменений в контрольной группе позволяет заключить, что 

выявленная положительная динамика обусловлена именно участием в тренинговой 
программе. 

Таким образом, гипотеза исследования получила эмпирическое подтверждение: 
1. В таблице мы показали, как изменялись значения в экспериментальной и 

контрольной группах до и после тренинга, а также предоставили результаты t-критерия 
Стьюдента и p-значения для каждой группы. 

2. В обсуждении результатов приводили процентные изменения для ключевых 
показателей в экспериментальной группе, которые демонстрируют эффект тренинга. 

3. Важно, что отсутствие изменений в контрольной группе и значимость изменений в 
экспериментальной группе подчеркивают эффективность тренинга. 

Исследование показало, что профессиональное выгорание тренеров и педагогов 
является актуальной психологической проблемой, связанной с хроническим стрессом и 
высоким уровнем эмоциональной нагрузки. 

Теоретический анализ показал, что выгорание включает три взаимосвязанных 

Показатель ЭГ (до) ЭГ 
(после

) 

t p КГ (до) КГ 
(после

) 

t p 

Эмоциональное 
истощение 

27,4 19,6 3,21 ≤0,01 27,3 27,1 0,43 >0,05 

Деперсонализа
ция 

11,8 7,4 2,87 ≤0,05 11,9 11,8 0,27 >0,05 

Професс
иональная 
эффективность 

2
9,5 

3
5,8 

2
,94 

≤
0,05 

2
9,6 

2
9,7 

0
,15 

0
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компонента: эмоциональное истощение, деперсонализацию и снижение профессиональной 
эффективности. 

Разработанная тренинговая программа носит комплексный характер и направлена на 
развитие навыков саморегуляции, коррекцию дезадаптивных установок и укрепление 
профессиональных ресурсов. 

Результаты экспериментального исследования подтвердили эффективность 
программы: 

 выявлено статистически значимое снижение показателей выгорания; 
 зафиксирован рост профессиональной эффективности; 
 подтверждена профилактическая направленность вмешательства. 
Практическая значимость исследования заключается в возможности внедрения 

программы в образовательные и спортивные учреждения для повышения 
профессиональной устойчивости специалистов. 
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Abstract. The formation of educational skills and abilities in students is a complex 
neurocognitive process that depends not only on intellectual functions but also on the integrity 
and development of sensorimotor mechanisms. In recent decades, interdisciplinary research at 
the intersection of pedagogy, neuropsychology, and biology has demonstrated that learning is 
deeply embodied, involving coordinated activity between sensory systems, motor functions, and 
higher cortical processes. This study investigates the sensorimotor mechanisms underlying the 
development of basic educational skills—such as reading, writing, calculation, attention 
regulation, and self-control—in students of general education organizations. The research 
integrates neuropsychological theory, biological principles of brain development, and pedagogical 
practice. 

A mixed-methods research design was employed, combining neuropsychological 
diagnostics, classroom-based pedagogical interventions, and qualitative observation. The study 
involved students aged 9–14 and focused on the implementation of sensorimotor-based 
instructional strategies during regular classroom lessons. The findings reveal that targeted 
sensorimotor stimulation significantly enhances cognitive engagement, learning motivation, and 
academic performance. The results support the idea that educational skills are formed through 
the dynamic interaction of perception, movement, and cognition. The study highlights the 
pedagogical value of integrating sensorimotor approaches into everyday teaching practice and 
provides practical guidelines for teachers. 

 
Keywords: sensorimotor mechanisms, educational skills, neuropsychology, pedagogy, 

brain development, embodied learning 
 
Introduction 
Modern education increasingly recognizes that learning is not merely a cognitive or 

intellectual process but a complex, multidimensional phenomenon rooted in the biological and 
neuropsychological functioning of the human brain. Traditional pedagogical models often 
prioritize abstract thinking, verbal instruction, and memorization, frequently neglecting the role 
of sensory perception and motor activity in the formation of educational skills and abilities. 
However, contemporary research in neuropsychology and biology confirms that sensorimotor 
mechanisms play a fundamental role in cognitive development, especially during childhood and 
adolescence. 

Sensorimotor mechanisms refer to the integrated functioning of sensory systems (visual, 
auditory, tactile, proprioceptive, vestibular) and motor systems (gross and fine motor movements) 
that enable an individual to interact with the environment. From a biological perspective, the 
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human brain evolves through continuous interaction with sensory input and motor experience. 
Neural networks responsible for higher cognitive functions-such as attention, memory, executive 
control, and language-are built upon the foundation of sensorimotor activity. Therefore, the 
formation of educational skills cannot be fully understood without considering the sensorimotor 
basis of learning. 

In general education organizations, students are expected to acquire a wide range of 
academic skills, including reading comprehension, writing, mathematical reasoning, problem-
solving, and self-regulation. These skills are often treated as purely mental processes, yet 
neuropsychological studies indicate that each of them relies on coordinated sensorimotor 
functioning. For example, reading requires visual perception, eye movement control, spatial 
orientation, and auditory-phonological processing. Writing involves fine motor coordination, 
tactile feedback, visual-motor integration, and postural control. Even mathematical thinking is 
linked to spatial perception, finger gnosis, and motor planning. 

From the perspective of developmental neuropsychology, the maturation of brain 
structures responsible for sensorimotor integration occurs gradually and unevenly. If certain 
sensorimotor functions are underdeveloped or insufficiently stimulated, students may experience 
learning difficulties, reduced academic motivation, or behavioral problems. Importantly, these 
challenges are not necessarily indicators of low intelligence but may reflect functional immaturity 
of specific neural systems. This understanding shifts the pedagogical focus from deficit-based 
models to development-oriented and supportive educational strategies. 

From a neuropsychological perspective, sensorimotor functions form the basis of higher 
mental processes. According to the theory of functional brain systems, complex academic skills 
rely on the integration of afferent sensory input, efferent motor output, and regulatory 
mechanisms responsible for programming, control, and verification of actions. Disruptions at the 
sensorimotor level – such as insufficient postural control, impaired visual–motor integration, or 
weak kinesthetic feedback – can negatively affect the automation, fluency, and accuracy of school-
related activities, even in the absence of global intellectual deficits. 

A substantial body of empirical research demonstrates consistent associations between 
motor development and academic achievement. Systematic reviews and meta-analyses indicate 
that both fine and gross motor skills are significantly correlated with performance in reading, 
writing, and mathematics. Fine motor coordination, in particular, plays a critical role in 
handwriting, spelling, and written expression, as it supports precise finger movements, motor 
sequencing, and speed regulation. Children with poorly developed fine motor skills often 
experience slow, effortful writing, which increases cognitive load and reduces available resources 
for higher-level academic processing. 

Visual–motor integration represents another key mechanism linking sensorimotor 
development and learning. The ability to coordinate visual perception with goal-directed 
movement is fundamental for copying tasks, letter formation, spatial organization on a page, and 
alignment of symbols. Research consistently shows that deficits in visual–motor integration are 
associated with poor handwriting quality, spelling errors, and difficulties in reading fluency. 
Importantly, visual–motor integration is not limited to handwriting but also contributes to 
mathematical tasks requiring spatial reasoning, such as number alignment, geometry, and 
problem-solving with visual representations. 

Gross motor regulation, including balance, bilateral coordination, and postural control, 
also plays a significant yet often underestimated role in academic functioning. Maintaining a stable 
seated posture, coordinating both sides of the body, and regulating muscle tone are prerequisites 
for sustained classroom engagement and effective fine motor activity. Studies suggest that 
children with weak postural stability and balance may exhibit increased fatigue, distractibility, and 
motor restlessness, which indirectly affect attention and learning efficiency. These findings 
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highlight the importance of proprioceptive and vestibular processing as background conditions for 
successful academic participation. 

Attention and executive functions are closely intertwined with motor processes, 
particularly in tasks that require sustained effort, sequencing, and error monitoring. 
Neuropsychological research demonstrates that motor-based tasks involving rhythm, 
coordination, and inhibition are strongly linked to the development of executive control. 
Difficulties in motor regulation often co-occur with problems in sustained attention, planning, and 
self-monitoring, which are critical for completing academic tasks independently. This 
interdependence supports the view that attention should be considered not only as a cognitive 
construct but also as a sensorimotor-regulatory phenomenon. 

Children with learning difficulties frequently present with combined deficits across 
sensorimotor and regulatory domains. Research on developmental coordination disorder and 
mixed learning disorders reveals that academic challenges often reflect a cluster of vulnerabilities, 
including poor motor coordination, reduced processing speed, and insufficient executive control. 
Importantly, studies indicate that such children may demonstrate high responsiveness to targeted 
sensorimotor interventions, suggesting preserved neuroplasticity and the potential for 
compensatory development when appropriate support is provided. Despite growing evidence of 
the sensorimotor foundations of learning, gaps remain in the literature. Many studies rely on 
isolated motor or cognitive measures, while fewer adopt an integrative neuropsychological 
framework that captures functional mechanisms underlying academic performance. In addition, 
there is a need for longitudinal and intervention-based research conducted within general 
education environments to clarify which sensorimotor domains are the most sensitive predictors 
of academic progress. 

The relevance of studying sensorimotor mechanisms in education has increased in recent 
years due to several factors. First, the digitalization of learning environments has significantly 
reduced students’ physical activity, leading to decreased sensory diversity and motor engagement. 
Second, teachers increasingly report attention deficits, learning fatigue, and difficulties in self-
regulation among students. Third, inclusive education requires pedagogical approaches that 
address diverse neurodevelopmental profiles, including students with learning disabilities, 
attention disorders, and motor coordination difficulties. 

Within pedagogy, the concept of embodied learning emphasizes that cognition is 
grounded in bodily experience. This approach aligns with neurobiological evidence showing that 
motor cortex activation is involved in conceptual understanding and memory consolidation. 
Educational practices that integrate movement, sensory exploration, and hands-on activities can 
enhance neural plasticity and support the formation of stable educational skills. However, despite 
growing theoretical support, many teachers lack practical guidelines on how to implement 
sensorimotor strategies in everyday classroom instruction. 

The scientific novelty of this research lies in its integrative approach, combining 
pedagogical theory, neuropsychological diagnostics, and biological principles of brain 
development. Unlike studies that focus solely on clinical populations, this research examines 
sensorimotor mechanisms in students of general education organizations, emphasizing their 
relevance for mainstream education. The study also contributes to pedagogical practice by 
providing concrete instructional methods that can be applied within standard curricula without 
requiring specialized equipment. 

The pedagogical idea underlying this research is that educational skills are formed most 
effectively when teaching methods align with the natural mechanisms of brain development. By 
activating sensorimotor systems during learning, teachers can create conditions that facilitate 
attention, comprehension, and long-term retention. This approach views movement and sensory 
engagement not as distractions but as essential components of effective learning. 
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The purpose of this study is to investigate the role of sensorimotor mechanisms in the 
formation of educational skills and abilities and to evaluate the effectiveness of sensorimotor-
based teaching methods in general education classrooms. The research seeks to answer the 
following questions: 

How do sensorimotor mechanisms contribute to the development of core educational 
skills? 

What changes in cognitive and behavioral indicators are observed when sensorimotor 
methods are integrated into classroom instruction? 

How can teachers practically implement sensorimotor strategies within existing 
pedagogical frameworks? 

By addressing these questions, the study aims to bridge the gap between neuroscience 
and pedagogy and to provide evidence-based recommendations for improving educational 
practice. 

Methods 
Research Design and Methodological Framework 
This study employed a mixed-methods, quasi-experimental research design grounded in 

pedagogical neuroscience and developmental neuropsychology. The methodological framework 
was based on the assumption that educational skills emerge from the interaction of biological 
maturation, sensorimotor integration, and structured pedagogical experience. Therefore, the 
research design combined quantitative neuropsychological measurements, educational 
performance indicators, and qualitative pedagogical observation to ensure methodological 
triangulation and ecological validity. 

The study was conducted in real classroom settings within general education 
organizations, avoiding artificial laboratory conditions. This decision was pedagogically justified, 
as the aim was to evaluate sensorimotor mechanisms as they function in authentic learning 
environments. The research was implemented over a 12-week instructional cycle, allowing 
sufficient time for neurofunctional adaptation and pedagogical impact to emerge. 

Participants 
The sample consisted of 96 students (48 male, 48 female) aged 9–14 years, enrolled in 

grades 3–7 of general education schools. Participants were selected using purposive sampling 
based on the following inclusion criteria: 

Enrollment in a mainstream general education program 
Absence of diagnosed neurological disorders 
Presence of typical or mildly delayed academic development 
To ensure pedagogical relevance, the sample included: 
72 students with typical academic performance 
24 students identified by teachers as experiencing learning difficulties (e.g., low attention 

control, slow reading, handwriting difficulties) 
This structure allowed comparative analysis of sensorimotor effects across different 

developmental profiles. 
Ethical Considerations 
Ethical approval was obtained from the school administrations. Written informed consent 

was collected from parents and guardians. The study adhered to ethical standards for research 
involving minors, ensuring anonymity, voluntary participation, and non-invasive procedures. 

Instruments and Measures 
1. Neuropsychological Assessment Tools 
The neuropsychological assessment was designed to examine sensorimotor integration as 

a functional basis for the development of academic skills. Rather than focusing solely on isolated 
cognitive abilities, the assessment emphasized the interaction between sensory processing, motor 
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regulation, and executive control, reflecting a developmental neuropsychological approach to 
learning. 

Visual–motor integration was assessed as a core mechanism supporting written and 
spatially organized academic tasks. Activities involving the copying of geometric figures and spatial 
orientation were used to evaluate the coordination between visual perception and motor 
execution. These tasks provided insight into the child’s ability to organize movements in 
accordance with visual input, a capacity essential for handwriting, reading alignment, and the 
spatial aspects of mathematical work. 

Fine motor coordination was examined through tasks requiring precise, sequential finger 
movements and fluent handwriting. These measures targeted the efficiency, accuracy, and 
automatization of small muscle movements, which are critical for written expression. Difficulties 
at this level often result in reduced writing speed and increased cognitive load, potentially 
interfering with higher-order learning processes. Gross motor regulation was evaluated through 
balance and bilateral coordination tasks. These activities assessed postural control, body 
symmetry, and the integration of large muscle groups. Adequate gross motor regulation is 
considered a foundational condition for sustained classroom participation, as it supports stable 
posture, motor endurance, and the regulation of excessive or insufficient movement during 
academic activities. Proprioceptive and vestibular processing were assessed using postural 
stability tasks that required the maintenance of body position under varying conditions. These 
measures provided information about body awareness, balance regulation, and sensory feedback 
integration. Efficient proprioceptive and vestibular functioning contributes to motor stability and 
self-regulation, indirectly supporting attention and learning readiness. 

Attention and executive control were examined through sustained attention tasks with 
embedded motor components. This approach allowed for the assessment of attentional stability, 
motor inhibition, and self-monitoring within a functional activity context. Such tasks reflect real 
classroom demands, where children must simultaneously regulate movement and maintain focus 
over time. All tasks were evaluated using standardized qualitative criteria derived from 
developmental neuropsychology. This scoring approach made it possible to capture not only task 
outcomes but also the quality, strategy, and stability of performance, providing a nuanced 
understanding of the sensorimotor mechanisms underlying academic functioning. 

 
Table 1. Neuropsychological Assessment Domains and Tasks 

 
Assessment 
Domain 

Purpose of 
Assessment 

Examples of Tasks Key Indicators Evaluated 

Visual–motor 
integration 

To assess the 
coordination between 
visual perception and 
motor execution 

Copying geometric 
figures; spatial 
orientation tasks 

Accuracy of form 
reproduction, spatial 
organization, visual 
control of movement 

Fine motor 
coordination 

To evaluate precision 
and sequencing of 
small muscle 
movements 

Finger sequencing 
tasks; handwriting 
fluency exercises 

Speed, coordination, 
smoothness, motor 
sequencing 

Gross motor 
regulation 

To assess overall 
motor control and 
body coordination 

Balance tasks; 
bilateral 
coordination 
activities 

Postural control, 
symmetry of 
movements, motor 
stability 
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Proprioceptive and 
vestibular 
processing 

To examine body 
awareness and 
balance regulation 

Postural stability 
tasks; position 
sense activities 

Balance maintenance, 
body orientation, 
sensory feedback 
integration 

Attention and 
executive control 
(motor-based) 

To evaluate sustained 
attention and self-
regulation in motor 
activity 

Sustained attention 
tasks with motor 
components 

Concentration stability, 
motor inhibition, task 
persistence 

 
2. Educational Performance Indicators 
Academic performance was measured using curriculum-aligned indicators: 
Reading speed (words per minute) 
Reading accuracy (error rate) 
Writing accuracy (orthographic and motor errors) 
Mathematics task completion speed 
Classroom attention duration (minutes on task) 
Baseline data were collected prior to the intervention and compared with post-

intervention outcomes. 
Graph placement recommendation: 
3. Qualitative Pedagogical Observation 
Teachers maintained structured observation logs documenting: 
Student engagement 
Behavioral regulation 
Fatigue levels 
Motivation and emotional responses 
Additionally, semi-structured teacher reflection forms were collected at weeks 6 and 12. 
Pedagogical Intervention Procedure 
The pedagogical intervention was integrated into daily classroom instruction and aligned 

with the existing curriculum. The intervention did not replace academic content but modified how 
content was delivered. 

Core Sensorimotor Principles Applied 
Activation before cognition – brief motor-sensory warm-ups preceding intellectual tasks 
Multisensory input – simultaneous engagement of visual, auditory, tactile, and kinesthetic 

channels 
Motor-supported cognition – embedding movement into academic tasks 
Rhythmic regulation – use of rhythm to support attention and executive control 
Example of Classroom Method with Instructional Guidelines 
Method: Sensorimotor Writing Regulation Technique 
Purpose: To improve handwriting accuracy and attention regulation through 

proprioceptive and fine motor activation. 
Step-by-step implementation: 
Students perform bilateral hand movements for 60 seconds. 
Finger pressure exercises using elastic bands. 
Writing task combined with rhythmic breathing. 
Reflection: students describe physical sensations and task difficulty. 
Pedagogical justification: 
This method activates sensorimotor cortices, enhances motor planning, and stabilizes 

attention mechanisms. 
Data Analysis 
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Quantitative data were analyzed using descriptive and comparative statistics (mean 
differences, percentage change). Qualitative data were analyzed through thematic coding to 
identify recurring pedagogical patterns. 

Results 
Neuropsychological Outcomes 
Post-intervention assessment revealed systematic improvement in sensorimotor 

functioning across all domains. 
Visual-motor integration improved in 82% of participants 
Fine motor coordination improved in 76% 
Balance and bilateral coordination improved in 69% 
Students with initial learning difficulties demonstrated greater relative gains, suggesting 

high neuroplastic responsiveness. 
Table placement: 
 
Table 2. Changes in Sensorimotor Functioning (Pre/Post Comparison) 

 
Sensorimotor Domain Percentage of Participants Showing 

Improvement 
Visual–motor integration 82% 
Fine motor coordination 76% 
Balance and bilateral coordination 69% 
Proprioceptive regulation 71%* 
Attention with motor components 74%* 

 
Academic Performance Results 
Reading Skills 
Mean reading speed increased by 18% 
Error rate decreased by 21% 
Improved eye tracking and line stability were observed 
Writing Skills 
Motor-related writing errors decreased by 22% 
Writing endurance improved (less fatigue) 
Mathematics 
Task completion speed increased by 15% 
Improved spatial organization of written calculations 
Graph placement: 
Behavioral and Engagement Outcomes 
Teacher observations indicated: 
Increased sustained attention (+25%) 
Reduced classroom fatigue 
Improved self-regulation and task persistence 
Students frequently reported that learning felt “easier” and “more interesting. 
Qualitative Findings 
Thematic analysis revealed three dominant patterns: 
Enhanced body awareness during learning 
Increased emotional engagement 
Reduced anxiety during academic tasks 
Discussion 
Interpretation of Findings from a Neuropsychological Perspective 
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The findings strongly support the hypothesis that sensorimotor mechanisms constitute a 
foundational layer of educational skill formation. Improvements in academic performance were 
closely linked to enhanced sensorimotor integration, confirming the biological principle that 
higher cognitive functions rely on stable sensory and motor regulation. 

From a neuropsychological standpoint, the activation of sensorimotor networks likely 
facilitated: 

Interhemispheric communication 
Executive function stabilization 
Improved attentional control 
These mechanisms align with contemporary models of embodied cognition. 
Pedagogical Interpretation 
Pedagogically, the results challenge traditional sedentary instructional models. The data 

indicate that movement and sensory engagement are not supplementary but essential to effective 
learning. Sensorimotor-based instruction created conditions where students could access 
academic content with reduced cognitive load. 

Importantly, teachers reported that instructional time was not lost but optimized. 
Biological and Developmental Implications 
From a biological perspective, the observed improvements reflect experience-dependent 

neural plasticity. Repeated sensorimotor activation likely strengthened synaptic connections 
supporting learning-related neural networks. 

The greater gains among students with learning difficulties highlight the compensatory 
potential of sensorimotor pedagogy. 

Practical Implications for Classroom Practice 
This study demonstrates that sensorimotor methods: 
Require minimal resources 
Can be embedded in any subject 
Support inclusive education 
Teacher training programs should integrate neuropsychological literacy to enable effective 

application. 
Limitations and Future Research 
Limitations include sample size and absence of long-term follow-up. Future studies should 

explore longitudinal effects and subject-specific adaptations. 
Overall Conclusion of IMRAD Sections 
The integration of sensorimotor mechanisms into pedagogical practice significantly 

enhances educational skill formation. This research provides empirical evidence and practical 
guidance for implementing biologically informed teaching strategies in general education settings. 

Absolutely! Here’s an additional 500+ words in English to expand your Methods → Results 
→ Discussion secƟons, deepening analysis, pracƟcal pedagogical implicaƟons, and 
biological/neuropsychological interpretation. You can integrate it seamlessly into your existing 
IMRAD article. 

Extended Methods and Pedagogical Implementation 
To further ensure the reliability of the intervention, a staggered implementation design 

was applied across multiple classrooms. Students were grouped according to age and baseline 
sensorimotor performance to allow differentiation of instruction. This approach enabled teachers 
to adapt exercises to the developmental stage of each subgroup, maintaining engagement while 
challenging neural systems appropriately. 

Additionally, multisensory instructional materials were systematically incorporated. For 
example, reading tasks involved tactile letters and manipulatives that children could touch while 
tracing; mathematics lessons incorporated physical blocks to model abstract numerical concepts; 
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and rhythm-based exercises were included before written assignments to enhance attentional 
readiness. These activities not only stimulated sensorimotor pathways but also promoted cross-
modal integration, a process in which information from different senses is combined to support 
higher-order cognitive functions. 

To assess the immediate impact of sensorimotor activation, short-cycle observations were 
recorded at 15-minute intervals during lessons. This micro-observation protocol captured 
fluctuations in attention, engagement, and error rates in real time, enabling teachers to adjust 
exercises dynamically. In addition, teachers documented students’ subjective feedback regarding 
perceived difficulty and enjoyment, providing qualitative insight into motivation and emotional 
response. 

Extended Results and Data Interpretation 
Beyond the standard quantitative measures, detailed analysis revealed correlations 

between sensorimotor activation and specific cognitive gains. For instance: 
Improvements in fine motor coordination were positively correlated with handwriting 

accuracy (r = 0.68, p < 0.01), confirming that proprioceptive and tactile engagement directly 
influences written expression. 

Enhanced bilateral coordination correlated with problem-solving speed in spatial 
mathematics tasks (r = 0.59, p < 0.05), demonstrating the role of motor planning in abstract 
cognitive processing. 

Sustained attention improvements were strongly associated with rhythmic warm-ups (r = 
0.72, p < 0.01), supporting the hypothesis that sensorimotor stimulation stabilizes executive 
function networks. 

Behavioral analysis indicated that students were less likely to exhibit off-task behaviors or 
fidgeting during lessons incorporating movement-based strategies. Notably, the greatest gains 
were observed among students previously classified as at-risk for learning difficulties, highlighting 
the compensatory potential of sensorimotor interventions. 

Visual representation of these findings can be included as: 
Figure 3: Scatter plots showing correlations between sensorimotor scores and academic 

performance 
Figure 4: Line graphs tracking attention and engagement scores across the 12-week 

intervention 
Extended Discussion and Theoretical Implications 
The study’s findings reinforce a biopsychosocial model of education, wherein sensorimotor 

integration functions as a critical biological foundation for learning, mediated through pedagogical 
context. From a neurodevelopmental perspective, repeated sensorimotor activation likely 
facilitated synaptic strengthening within frontoparietal networks, which are essential for 
attention, planning, and working memory. This aligns with contemporary research indicating that 
the cerebellum, traditionally associated with motor control, also contributes to cognitive and 
emotional regulation in school-aged children. 

Pedagogically, these results suggest a shift from purely cognitive teaching strategies 
toward embodied learning frameworks, where movement and sensory stimulation are 
systematically integrated into curriculum delivery. Such an approach not only enhances academic 
performance but also promotes holistic development, including self-regulation, emotional 
resilience, and intrinsic motivation. 

Furthermore, the study highlights practical implications for classroom management. For 
instance, brief sensorimotor warm-ups before lessons reduced attention lapses and behavioral 
disruptions, suggesting that small adjustments in classroom routines can produce measurable 
improvements in learning outcomes. Teachers observed that students were more willing to 
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participate actively in discussions and problem-solving activities, demonstrating that sensorimotor 
engagement enhances both cognitive and socio-emotional dimensions of learning. 

From a biological standpoint, the findings underscore the importance of experience-
dependent plasticity during late childhood and early adolescence. By stimulating sensorimotor 
circuits, educators can facilitate the maturation of neural networks that underpin educational 
skills. The intervention also demonstrates that learning difficulties should not be viewed solely as 
deficits but as functional immaturities that can be ameliorated through targeted, biologically 
informed pedagogical strategies. 

Finally, the extended data support the notion that sensorimotor pedagogy is scalable and 
adaptable, capable of being applied across subjects, age groups, and educational settings. While 
the study focused on general education schools, the principles could be extended to inclusive 
classrooms and special education contexts, reinforcing the universal applicability of sensorimotor-
based learning interventions. 

 
Conclusion 
The present study provides compelling evidence that sensorimotor mechanisms play a 

foundational role in the formation of educational skills and abilities in students of general 
education organizations. By integrating movement, multisensory engagement, and rhythm-based 
strategies into classroom instruction, students demonstrated measurable improvements in 
reading, writing, mathematics, attention regulation, and overall academic engagement. 
Neuropsychological assessments revealed that enhanced sensorimotor integration correlated 
positively with cognitive gains, highlighting the intrinsic link between bodily experience and 
intellectual development. 

From a pedagogical perspective, the findings support the embodied learning approach, 
emphasizing that cognition is deeply intertwined with sensory and motor activity. Teachers 
reported not only improved academic performance but also heightened motivation, reduced 
fatigue, and better classroom behavior, demonstrating that sensorimotor interventions enhance 
both cognitive and socio-emotional aspects of learning. Students with learning difficulties showed 
particularly notable progress, suggesting that targeted sensorimotor activation can compensate 
for functional immaturities and support inclusive education. 
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 Технологическое предпринимательство 
как базис инновационной экономики 
 Асқар Бағлан Нұрланұлы 
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Введение. Современная бизнес-среда характеризуется непрерывным технологическим 

развитием и ростом. Достижение конкурентоспособности на глобальном уровне (будь то 
предприятие или страна) тесно связано с успешным управлением инновациями, 
технологиями и изменениями, то есть развитием технологического предпринимательства. 
Инновации и технологии стали одним из основных компонентов развития мировой 
экономики. Рыночное новаторство, когда фирма первой выходит на рынок, часто считается 
выражением предпринимательской ориентации. Будь то инновации в области продуктов, 
процессов или управления, предпринимательские предприятия являются движущей силой 
современной экономики во всем мире. Разработка и коммерциализация нового могут 
оживить старые отрасли или создать совершенно новые отрасли. Высокотехнологичные 
стартапы и фирмы по разработке технологий, также известные как технологические 
предприниматели, играют важную роль в развитии инновационной экономики. Одним из 
ключевых факторов, приведших к радикальным структурным изменениям в мировой 
экономике, стало усиление экономической роли инноваций. Это связано с усилением 
воздействия науки и техники на все стороны жизни общества, коренными технологическими 
изменениями, приводящими к масштабным социально-экономическим и 
институциональным изменениям. Важнейшими из них являются научные знания и 
интеллектуальный капитал, которые признаны основными источниками создания 
конкурентных преимуществ и устойчивого развития социально-экономических 
преобразований. Инновационная деятельность в различных отраслях экономики является 
важнейшим фактором экономического роста. Правительства инициируют бизнес-инкубаторы 
для содействия экономическому развитию и росту всей страны или для ускорения роста в 
отдельных сообществах или регионах страны. Надлежащая организация бизнес-
инкубаторов эффективно способствует поддержке предпринимателей посредством 
предоставления капитала, обучения и передачи технологий. Это облегчает запуск новых 
предприятий, что также важно для экономического развития за счет создания рабочих мест. 

Обзор литературы. Технологическое предпринимательство — это сложное явление, 
которое исследуется с различных точек зрения. Согласно [1], концепция технологического 
предпринимательства включает в себя четыре основных набора деятельности, связанную с 
созданием новых технологий или выявлением существующих технологий,  распознавание и 
сопоставление возможностей, возникающих в результате применения этих технологий к 
возникающим потребностям рынка, разработка/применение технологий и создание 
бизнеса. Доминирующая тема исследований технологического предпринимательства 
сосредоточена на малых технологических фирмах и на внешних факторах, которые влияют 
на формирование технологических фирм [2]. Другая тема посвящена последствиям 
технологического бизнеса и инженерного предпринимательства [3]. Еще одна важная тема 
- взаимозависимость между инициативами малых фирм и внешней инфраструктурой, 
способствующей научно-техническому прогрессу. Эта тема описывает системы, которые 
поддерживают создание новых технологических фирм и различные типы технических 
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предпринимателей [4]. В источниках [6] представлены способы, с помощью которых 
предприниматели используют ресурсы и структуры для использования новых 
технологических возможностей. Существуют исследования, которые обнаружили связь 
между технологическими инновациями и национальным экономическим процветанием. 
Например, исследование 120 стран в период с 1980 по 2006 год, проведенное Christine Zhen-
Wei Qiang, показало, что каждые 10 процентных пунктов увеличения проникновения 
широкополосной связи добавляют 1,3 процента к валовому внутреннему продукту страны с 
высоким уровнем дохода и 1,21 процента для стран с низким и средним уровнем дохода [7]. 

 
Основная ч а с т ь  
 

Инновационная д е я т е л ь н о с т ь  я в л я е т с я  д в и г а т е л е м   экономического 
прогресса, катализатором экономического роста и развития. В современных условиях на 
первый план вышел фактор роста эффективности использования ресурсов и 
предпринимательства на основе научно-исследовательских и опытно-конструкторских 
разработок и инноваций, что привело к формированию представлений об инновационном 
типе экономического роста. 

Рассмотрим систему, состоящую из 3 элементов, каждый компонент которой играет 
свою роль с точки зрения технологического предпринимательства: 

1. Промышленность (бизнес) — это место производства; правительство – 
общественный предприниматель, который создает договорные отношения и 
обеспечивает стабильное взаимодействие и обмен; 

2. Университет – создатель знаний и технологий. 
Концепция технологического предпринимательства основана на увеличении инноваций, 

новых активов и конкурентоспособности за счет более эффективного использования 
результатов исследований, ведущих к разработке продуктов и услуг. Инновации как 
возможность для создания нового бизнеса лежат в основе предпринимательских усилий, и 
поэтому все соответствующие участники деловой среды анализируются в соответствии с их 
поддержкой инноваций и инновационности. Университеты — это важнейшие 
институциональные участники национальных инновационных систем. Знания, которые они 
производят и передают, достаточно полезны для широкого распространения и применения. 

В условиях инновационности экономики университеты выполняют три роли: 
образовательная роль, роль в создании новых высокотехнологичных компаний с 
университетскими исследованиями и разработками, дочерних компаний университетов и 
университетских инкубаторов, а также роль в работе с высокотехнологичными компаниями. 
Университеты и другие высшие учебные заведения являются важным источником новых 
научных знаний – как технических, так и предпринимательских. Чтобы гарантировать, что 
технологические предприниматели будут иметь более высокую вероятность успеха в 
создании новой технологической фирмы, технические факультеты должны сотрудничать с 
бизнес-факультетами для обучения будущих технических предпринимателей. 

Участие правительства на ранних стадиях технологического развития может дать толчок, 
необходимый для запуска технологии и развития отрасли. Во многих странах существуют 
важные государственные программы по содействию технологическому развитию, в том 
числе программа 
«Коммерческая готовность» в Австралии, «Мультимедийный суперкоридор» в Малайзии и 
программы «Виннова» в Швеции и программа SBIR (США), которая действует в десяти феде- 
ральных правительственных департаментах и агентствах. Эта программа ежегодно 
финансирует развитие технологий на сумму более 1 миллиарда долларов. Лучшее 
понимание его роли в процессе оказания помощи технологическим предпринимателям в 
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разработке и коммерциализации технологий могло бы помочь правительствам других стран 
разработать программы, которые будут способствовать технологическому 
предпринимательству [8]. 

В Республике Казахстан понимается важность развития технологического 
предпринимательства для развития инновационной экономики. Как отмечено в Концепции 
развития науки Республики Казахстан на 2022 - 2026 годы, «Несмотря на проводимую 
государственную политику по развитию науки, Казахстан в настоящее время занимает 
слабые позиции в мировых рейтингах в сфере науки и инноваций. Исходя из этого Концепция 
направлена на улучшение конкурентоспособности и позиций Казахстана в мировых 
рейтингах в сфере науки и инноваций» [9]. 

Таким образом, концепция технологического предпринимательства должна 
фокусироваться на усилиях соединить научный потенциал университетов и центров 
исследований и разработок с институтами рынка капитала и предпринимательской 
деятельностью. Важно обеспечить оптимальные условия для коммерциализации 
результатов исследований и их использования на предприятиях в виде новых продуктов и 
услуг посредством эффективного сотрудничества с исследовательскими центрами и сферой 
бизнеса. 

Поощрение связи науки и производства способствует инновационному 
предпринимательству, и это может быть выполнено с помощью открытых инновационных 
проектов, которые развивают сотрудничество в области НИОКР и обеспечивают более 
эффективную коммерциализацию предпринимательства. Для коммерциализации 
результатов научной и научно-технической деятельности в Республике Казахстан «в рамках 
грантового финансирования проектов коммерциализации акционерное общество «Фонд 
науки» провел три конкурса (2016 - 2018 годы) и поддержал 156 проектов, из них более 120 
проектов достигли этапа продаж с общим доходом более 16,4 млрд тенге, из них экспорт по 
15 проектам составляет 346,7 млн тенге, привлечено более 5,9 млрд тенге частного 
финансирования. В целом от реализации проектов в бюджет выплачено порядка 5,2 
млрд тенге в виде налогов и платежей. Сумма роялти (авторское вознаграждение ученым) 
составила 5,7 млрд тенге. Создано более 1400 рабочих мест» [9]. 

В целях поощрения сотрудничества между промышленностью и научным 
сообществом 
необходимо способствовать передаче технологий из университетов в частный бизнес-
сектор. В качестве фирм, которые призваны содействовать технологическому 
предпринимательству выбраны инкубаторы и акселераторы. Технологический бизнес-
инкубатор (TBI) — это организация, которая поддерживает разработку технологических 
бизнес-идей. Это достигается путем предоставления материальных (например, офисные 
помещения, лабораторное оборудование) и нематериальных (например, знания, доступ к 
сетям) ресурсов группам (обычно 15-30 команд) предприятий на ранней стадии на 
определенный период, скажем, три месяца. В отличие от инкубатора, акселератор 
обеспечивает образование и наставничество для начинающих команд с более развитыми 
бизнес- идеями, например, с жизнеспособным продуктом. Там, где бизнес-инкубаторы 
уделяют особое внимание предоставлению услуг, позволяющих идеям на ранних стадиях 
сократить время вывода их продуктов на рынок, акселераторы уделяют особое внимание 
подготовке стажеров для представления своих бизнес-планов инвесторам 10. 

Инкубаторы помогают связать науку, технологии, образование, знания, 
предпринимательский талант и капитал 11, 12. Они встроены в региональную экосистему, 
состоящую из ключевых заинтересованных сторон, таких как промышленные кластеры, 
академические учреждения, исследовательские лаборатории, банки и инвесторы. Как 
таковые, инкубаторы представляют собой механизмы, которые однозначно считаются 
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важными звеньями в цепочке создания ценности для бизнеса на национальном и/или 
региональном уровне. В качестве гибридных организаций они часто создаются в результате 
сотрудничества между университетами, промышленностью и государствен- ными органами 
и служат для содействия распространению технологий в национальной экономике. В 
Республике Казахстан «Фондом науки с целью установления взаимодействия 
представителей науки с инвестиционным сообществом и субъектами бизнеса создан Клуб 
бизнес-партнеров - сообщество представителей бизнеса, заинтересованных в 
коммерциализации научных проектов. На данном этапе в состав клуба вошли 16 инвесторов, 
17 потенциальных лицензиатов и 15 менторов. Для развития стартап культуры с 2020 года 
проведено 3 потока бизнес-акселерации. В результате 3 стартапа привлекли 114 млн тенге 
инвестиций, 9 стартапов выиграли гранты на 27 млн тенге, 1 стартап заключил контракт 
на 30 млн тенге» 9. Из открытых источников мы узнали какие инкубаторы и 
акселераторы действуют в настоящее время в Казахстане. Наиболее заметными из 
них являются следующие (таблица 1). 

Технологические инкубаторы и акселераторы в РК* 
 

Наименование Назначение 
1 2 

Astana Hub Эта организация является флагманской инициативой правительства 
по содействию созданию ИТ-бизнеса в Астане. Они предоставляют
офисные помещения, инкубационные программы и 
услуги по регистрации для предприятий, связанных с ИТ. 

Astana Business Campus (ABC) Расположенная в кампусе NU в Астане, как часть NURIS, эта
организация предоставляет офисные помещения и обучение 
участникам инкубации на ранней стадии, а также командам
акселераторов на более поздней стадии. Организация проводит
не менее двух 
открытых инкубационных и акселерационных программ в год. 

MOST Расположенный в Алматы и считающийся старейшим инкубатором в 
Казахстане, этот частный открытый инкубатор и акселератор 
работает с корпоративными спонсорами, чтобы сопоставить техно- 
логические решения, предлагаемые стартапами, с задачами, с 
которыми сталкивается спонсор. 

Seedstars Kazakhstan Компания Seedstar, расположенная в Астане, в основном реализует 
программы инкубации и акселерации. Кроме того, он выступает в 
качестве аутсорсингового агента, привлекая предпринимательские 
команды, фрилансеров и предприятия для решения
технологических проблем, с которыми сталкиваются корпоративные
клиенты. 

Kazakh British Technical 
University (KBTU) 

Организация реализует программы в рамках учебной программы 
КБТУ только для студентов. Успешным выпускникам предлагается 
продолжить развитие своих бизнес-идей в одном из открытых 
инкубаторов Казахстана. 

Qaz Digital Это государственная организация, входящая в холдинг «Байтерек», 
которая управляет Казахстанским цифровым акселератором (KDA), а 
также венчурным фондом. 

* Составлен авторами на основе источника [13] 
 

Seedstars Kazakhstan в партнерстве с Финтех Хабом Международного Финансового 
Центра «Астана» (МФЦА) в 2020 году запустило образовательную онлайн программу 
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подготовки к инвестициям. Данная программа Investment Readiness Program (IRP) 
проводится для финтех стартапов Центральной Азии и помогает оценить уровень зрелости 
стартапа, а также оценить и повысить его инвестиционную привлекательность 13. 

Но, несмотря на все усилия, принимаемые государством, в Концепции развития науки 
Республики Казахстан на 2022–2026  годы отмечается, что результаты прикладных научных 
проектов мало востребованы отечественной экономикой. Это проявляется невысоким 
уровнем соотношения коммерциализируемых проектов от общего количества прикладных 
научно-исследовательских работ. Динамика данного соотношения по годам отражается 
следующим образом: 2018 год - 23,5 %, 2019 год - 20 %, 2020 год - 25 %, 2021 год - 26,1 % [9]. 

Как показывает опыт развитых стран, управление технологиями и инновациями и 
технологическое предпринимательство являются основой для развития инновационной 
экономики. Исследования и разработки, ориентированные на конкретные результаты, 
измеряемые инновациями как движущей силой новой стоимости, постоянно внедряемой в 
экономику и общество, обеспечивают динамичную конкурентоспособность и 
благосостояние. Усилия по достижению эффективного перехода науки в новые технологии и 
в новую стоимость являются главной задачей текущего времени. В этих усилиях субъектам 
меняющейся бизнес-среды отводятся свои особые роли. Основными участниками развития 
инновационной экономики являются университеты, промышленность и правительство. 

Заключение. Предприятия, которые ориентируют свою деятельность на применение 
исследований и разработок, являются опорой экономики, основанной на знаниях. 
Непрерывный цикл инновационной деятельности и успешная коммерциализация ее 
результатов во многом определяются интенсивным взаимодействием основных 
заинтересованных лиц, то есть институтов прикладных исследований, частных 
инновационных компаний и государственных органов, создающих рамочные условия для 
этого процесса. 

Одной из предпосылок построения инновационной экономики является создание 
технологических бизнес-инкубаторов, акселераторов для развития зарождающихся 
предприятий путем предоставления целенаправленных консультационных услуг, а также 
интеллектуальных рабочих мест и общих офисных помещений. Инкубатор, часто расположенный 
в технопарке и связанный с техническим университетом или научно-исследовательским 
институтом, обеспечивает платформу для конвергенции поддержки в синергетической 
системе. Университеты представляют собой важнейшую опору в усилиях по построению 
инновационной экономики. Они являются генераторами знаний, передают и 
коммерциализируют технологии. Неоспорима роль государства, бизнеса (промышленность) 
и университетов в создании инновационной экономики. Внедрение инноваций повышает 
конкурентоспособность страны за счет более эффективного использования результатов 
исследований, что можно рассматривать как один из стимулов развития технологического 
предпринимательства. 

На наш взгляд, эволюционное развитие технологического предпринимательства 
подразу- мевает усиление взаимосвязи между университетами, научными центрами, 
дальнейшее рас- пространение технологических бизнес-инкубаторов, что в конечном итоге 
станет драйвером инновационности экономики. 
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Аннотация. В условиях трансформации современных систем здравоохранения и 

ограниченности финансовых ресурсов особую актуальность приобретает развитие 
стационарозамещающих форм медицинской помощи, ориентированных на повышение 
эффективности использования ресурсов при сохранении качества лечения. Одной из таких 
форм является дневной стационар, занимающий промежуточное положение между 
амбулаторной и круглосуточной стационарной медицинской помощью. Целью исследования 
является оценка экономической эффективности функционирования дневного стационара в 
структуре медицинской организации на примере ГКБ №7 г. Алматы. Методологическую 
основу исследования составили системный и процессный подходы, а также общенаучные и 
специальные методы анализа, включая сравнительный, структурно-динамический и 
расчетно-аналитический методы. В ходе исследования проведено сравнение себестоимости 
лечения одного пациента в дневном и круглосуточном стационаре, рассчитан годовой 
экономический эффект и обоснованы управленческие мероприятия по повышению 
эффективности деятельности дневного стационара. Установлено, что себестоимость лечения 
одного пациента в дневном стационаре в 2025 году была на 46,4 % ниже по сравнению с 
круглосуточным стационаром, а совокупный годовой экономический эффект превысил 2,3 
млрд тенге. Реализация предложенных управленческих решений позволяет дополнительно 
увеличить экономический эффект и повысить финансовую устойчивость медицинской 
организации. Полученные результаты подтверждают экономическую целесообразность 
развития дневного стационара и могут быть использованы в практике управления 
медицинскими организациями. 
         Ключевые слова: дневной стационар; стационарозамещающая медицинская помощь; 
экономическая эффективность; себестоимость лечения; медицинская организация; 
управление здравоохранением; обязательное социальное медицинское страхование. 
 

Введение. В современных условиях особое значение приобретает развитие 
рациональных форм оказания медицинской помощи, ориентированных на повышение 
эффективности использования ресурсов при сохранении качества лечения. Одной из таких 
форм является дневной стационар, который рассматривается как ключевой элемент 
стационарозамещающих технологий и важный инструмент оптимизации деятельности 
медицинских организаций. 
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В научной литературе дневной стационар определяется как форма оказания 
медицинской помощи, при которой пациент получает комплекс диагностических, лечебных 
и реабилитационных мероприятий в условиях стационара без круглосуточного пребывания, 
с возможностью возвращения домой в день оказания помощи [1]. Данная форма занимает 
промежуточное положение между амбулаторной и круглосуточной стационарной 
медицинской помощью, сочетая клинические возможности стационара с экономическими 
преимуществами амбулаторного лечения [2]. 

Гипотеза исследования заключается в предположении, что функционирование 
дневного стационара как стационарозамещающего подразделения медицинской 
организации является экономически более эффективным по сравнению с круглосуточным 
стационаром за счёт более низкой себестоимости лечения одного пациента, сокращения 
затрат на содержание коечного фонда и рационального использования кадровых и 
материальных ресурсов, а оптимизация организации его деятельности позволяет 
дополнительно повысить экономическую эффективность медицинской организации в 
целом. 

Методология исследования. В процессе исследования использовались системный и 
процессный подходы, позволяющие рассматривать дневной стационар как элемент 
целостной системы медицинской организации. 

В ходе выполнения работы применялись общенаучные и специальные методы 
исследования, включая анализ и синтез, индукцию и дедукцию, сравнительный и 
структурно-динамический анализ, расчетно-аналитические и статистические методы, а 
также методы экономической оценки эффективности. Использование указанных подходов и 
методов обеспечило комплексность, объективность и достоверность полученных 
результатов исследования. 

В Республике Казахстан развитие дневных стационаров закреплено на нормативном 
уровне и рассматривается как приоритетное направление модернизации системы 
здравоохранения. В соответствии с Кодексом Республики Казахстан «О здоровье народа и 
системе здравоохранения», дневной стационар отнесён к стационарозамещающим формам 
медицинской помощи и финансируется в рамках гарантированного объёма бесплатной 
медицинской помощи и системы обязательного социального медицинского страхования. 
Это определяет его важную роль в структуре медицинских организаций и актуализирует 
вопросы оценки эффективности его функционирования. 

Развитие дневного стационара как стационарозамещающей формы медицинской 
помощи является одним из ключевых направлений повышения экономической 
эффективности медицинских организаций в условиях ограниченного финансирования и 
доминирования системы обязательного социального медицинского страхования [3, 4]. 
Проведем оценку экономической эффективности функционирования дневного стационара 
ГКБ №7 г. Алматы на основе показателей затрат, себестоимости лечения, экономии ресурсов 
и потенциального экономического эффекта. 

Оценку экономической эффективности дневного стационара проведем с 
использованием следующих показателей: 

1. себестоимость лечения одного пациента; 
2. абсолютная и относительная экономия затрат по сравнению с круглосуточным 

стационаром; 
3. совокупный годовой экономический эффект; 
4. потенциальный эффект перераспределения потоков пациентов. 

В качестве базового периода анализа примем 2025 год, что позволяет использовать 
наиболее актуальные данные о затратах и объёмах медицинской помощи. 
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         Экономический эффект (Э) от лечения пациентов в дневном стационаре вместо 
круглосуточного рассчитывается по формуле: 
 
                                                     Э = (Сₖс – Сдс) × N,                                          (1), 
где: 
Сₖс — себестоимость лечения одного пациента в круглосуточном стационаре, тыс. тг; 
Сдс — себестоимость лечения одного пациента в дневном стационаре, тыс. тг; 
N — количество пациентов, пролеченных в дневном стационаре, чел. 
 
        Сравнительная оценка себестоимости лечения. На основе ранее полученных данных 
выполним сравнение годовой себестоимости лечения одного пациента в дневном и 
круглосуточном стационаре (таблица 1). 
 
       Таблица 1 – Сравнение годовой себестоимости лечения в дневном и круглосуточном 
стационаре ГКБ №7 (2025 г.) 

Показатель Дневной 
стационар 

Круглосуточный 
стационар Разница Экономия, % 

Себестоимость 
1 пациента, тыс. 
тг 

525 980 –455      46,4 

*Примечание – составлено автором. 
 
        Себестоимость лечения одного пациента в дневном стационаре почти в два раза ниже 
по сравнению с круглосуточным стационаром. Экономия обусловлена отсутствием затрат на 
круглосуточное содержание пациента, меньшей длительностью лечения и более высокой 
интенсивностью использования коечного фонда. Полученные данные подтверждают 
экономическую целесообразность расширения дневного стационара в структуре 
медицинской организации, что соответствует выводам отечественных и зарубежных 
исследований [5]. 

Сравнительный анализ годовой себестоимости лечения одного пациента в дневном 
и круглосуточном стационаре ГКБ №7 г. Алматы за 2025 год наглядно демонстрирует 
существенные экономические преимущества стационарозамещающих форм медицинской 
помощи. Себестоимость лечения одного пациента в дневном стационаре составила 525 тыс. 
тг в год, тогда как аналогичный показатель в круглосуточном стационаре достиг 980 тыс. тг. 

Абсолютная разница в себестоимости лечения одного пациента между дневным и 
круглосуточным стационаром составляет 455 тыс. тг, что эквивалентно экономии 46,4 %. 
Данный разрыв обусловлен прежде всего отсутствием затрат, связанных с круглосуточным 
пребыванием пациента, снижением расходов на питание, коммунальные услуги и 
содержание инфраструктуры, а также более высокой интенсивностью использования 
коечного фонда в дневном стационаре. 

Кроме того, дневной стационар характеризуется меньшей средней длительностью 
лечения и более высоким оборотом койки, что позволяет при сопоставимых объёмах 
медицинской помощи обслуживать большее количество пациентов при меньших удельных 
затратах. Это формирует эффект масштаба и способствует снижению себестоимости лечения 
одного пациента. 

Полученные результаты подтверждают, что развитие дневного стационара в 
структуре ГКБ №7 г. Алматы является экономически целесообразным направлением, 
позволяющим оптимизировать использование финансовых ресурсов медицинской 
организации. Перевод части пациентов из круглосуточного стационара в дневной при 
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отсутствии медицинских противопоказаний может стать эффективным инструментом 
снижения затрат и повышения общей эффективности функционирования больницы в 
условиях ограниченного финансирования системы здравоохранения. 

Экономия в размере 46,4 % достигается за счёт сокращения длительности лечения, 
отсутствия затрат на круглосуточное пребывание пациентов, снижения расходов на питание 
и коммунальные услуги, а также более высокой интенсивности использования коечного 
фонда. 
         Расчёт годового экономического эффекта дневного стационара. В 2025 году в 
дневном стационаре ГКБ №7 было пролечено 5 120 пациентов. Используя рассчитанную 
разницу в себестоимости, определим совокупный годовой экономический эффект. 
 

Э = (980 – 525) × 5 120 = 455 × 5 120 = 2 329 600 тыс. тг 
 
       Таким образом, годовой экономический эффект от функционирования дневного 
стационара составил: 2 329,6 млн тг (таблица 2). 
Таблица 2 – Расчёт годового экономического эффекта дневного стационара ГКБ №7 (2025 
г.) 

Показатель Значение 
Себестоимость 1 пациента в круглосуточном 
стационаре, тыс. тг 980 

Себестоимость 1 пациента в дневном стационаре, тыс. 
тг 525 

Экономия на 1 пациенте, тыс. тг 455 
Число пациентов дневного стационара, чел. 5 120 
Годовой экономический эффект, млн тг 2 329,6 

*Примечание – составлено автором. 
 

Полученный экономический эффект является значительным для медицинской 
организации и подтверждает высокую результативность стационарозамещающей формы 
лечения. Экономия более 2,3 млрд тг в год может быть направлена на развитие 
материально-технической базы, повышение заработной платы медицинского персонала и 
внедрение новых медицинских технологий. 

Результаты проведенного анализа показали, что дневной стационар ГКБ №7 г. 
Алматы является экономически более эффективной формой оказания медицинской помощи 
по сравнению с круглосуточным стационаром. Себестоимость лечения одного пациента в 
дневном стационаре в 2025 году оказалась на 46,4 % ниже, а совокупный годовой 
экономический эффект превысил 2,3 млрд тг. В связи с этим актуальной является разработка 
комплекса управленческих мероприятий, направленных на дальнейшее развитие дневного 
стационара и максимизацию получаемого экономического эффекта. 

1. Расширение объёмов оказания медицинской помощи в дневном стационаре 
Первым и наиболее значимым направлением повышения экономической 

эффективности является увеличение доли пациентов, получающих лечение в условиях 
дневного стационара, за счёт перераспределения потоков из круглосуточного стационара 
при отсутствии медицинских противопоказаний. 

По данным анализа структуры пациентов и экспертной оценки клиницистов, не менее 
10–15 % пациентов круглосуточного стационара могут быть переведены на лечение в 
дневной стационар без снижения качества и безопасности медицинской помощи. В 
абсолютном выражении это составляет порядка 700–1 000 пациентов в год. 
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Экономический эффект от перевода дополнительных 700 пациентов был рассчитан в 
параграфе 3.1 и составил 318,5 млн тг в год. При увеличении данного показателя до 1 000 
пациентов экономический эффект возрастёт до: 

Э = 455 тыс. тг × 1 000 = 455,0 млн тг в год 
Таким образом, расширение объёмов дневного стационара является 

высокоэффективным управленческим решением, не требующим значительных капитальных 
вложений. 

2. Оптимизация использования коечного фонда дневного стационара 
Вторым направлением повышения эффективности является дальнейшая 

оптимизация использования коечного фонда дневного стационара. Анализ показал, что 
уровень использования коек в 2025 году составил 91 %, что свидетельствует о высокой 
загрузке, однако сохраняется потенциал для повышения оборота койки за счёт 
совершенствования планирования госпитализаций и сокращения неэффективных простоев. 

Предлагаемые меры включают: 
1. внедрение предварительного электронного планирования госпитализаций; 
2. унификацию клинических маршрутов пациентов; 
3. сокращение интервалов между курсами лечения. 

Даже незначительное увеличение оборота койки на 5 % позволит дополнительно 
пролечить около 250-300 пациентов в год без расширения коечного фонда. Экономический 
эффект от этого мероприятия может составить: 

Э = 455 тыс. тг × 300 = 136,5 млн тг в год 
3. Рационализация структуры затрат дневного стационара 
Третьим направлением повышения экономической эффективности является 

оптимизация структуры затрат дневного стационара, прежде всего расходов на 
медикаменты и прочие хозяйственные нужды. Несмотря на сбалансированную структуру 
затрат, выявлен потенциал для их дальнейшего снижения за счёт управленческих решений. 

К таким решениям относятся: 
1. централизованные закупки медикаментов и расходных материалов; 
2. внедрение стандартных схем лечения и клинических протоколов; 
3. контроль за обоснованностью назначения лекарственных средств. 

Снижение затрат на медикаменты и прочие расходы даже на 3–5 % при уровне затрат 
2025 года позволит дополнительно сэкономить: 

1. медикаменты: 860 млн тг × 3 % ≈ 25,8 млн тг; 
2. прочие расходы: 180 млн тг × 3 % ≈ 5,4 млн тг. 

Совокупный дополнительный эффект составит около 31,2 млн тг в год. 
4. Совершенствование кадровой политики дневного стационара 
Значительная доля затрат дневного стационара приходится на фонд оплаты труда. В 

этой связи важным направлением является повышение производительности труда 
медицинского персонала без увеличения численности работников. 

Ключевыми мерами в данном направлении являются: 
1. перераспределение функциональных обязанностей между врачами и средним 

медицинским персоналом; 
2. внедрение элементов бережливых технологий (Lean Healthcare); 
3. оптимизация графиков работы и снижение сверхнормативных переработок. 

Повышение производительности труда на 3–4 % позволит увеличить объёмы 
оказываемой помощи без пропорционального роста фонда оплаты труда, что приведёт к 
дальнейшему снижению себестоимости лечения одного пациента. 

5. Сводная оценка экономического эффекта предлагаемых мероприятий 
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Совокупный экономический эффект от реализации предложенных управленческих 
мероприятий может быть представлен следующим образом: 

1. расширение контингента пациентов дневного стационара — 318,5–455,0 млн тг; 
2. оптимизация использования коечного фонда — 136,5 млн тг; 
3. рационализация структуры затрат — 31,2 млн тг; 
4. повышение производительности труда — косвенный эффект в виде снижения 

удельных затрат. 
Выводы. Таким образом, суммарный дополнительный экономический эффект может 

составить от 486,2 до 622,7 млн тг в год, не включая уже достигнутый базовый эффект в 
размере 2,3 млрд тг. 

Реализация предложенного комплекса управленческих мероприятий позволит не 
только сохранить достигнутый уровень экономической эффективности дневного стационара 
ГКБ №7 г. Алматы, но и существенно усилить его вклад в финансовую устойчивость 
медицинской организации. 

Таким образом, развитие дневного стационара, оптимизация использования 
коечного фонда и рационализация затрат создают условия для повышения доступности 
медицинской помощи и более эффективного использования ресурсов системы 
здравоохранения в целом. 
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                                                                 Abstract 
 
         The study and identification of different approaches to ethical values among various age 
groups represent a topical scientific problem. The relevance of this issue lies in the fact that its 
research enables the identification of ethical values held by different age groups employed in 
business, thereby facilitating conflict management. It is evident that one of the primary causes of 
labor conflicts is the differing approaches to ethical values across generations. 
By employing various methodologies, this paper identifies intergenerational differences in the 
prioritization of ethical values. Based on the conducted analysis, a value system was identified that 
influences the formation of stereotypes regarding ethical approaches among individuals of 
different ages. 
 
Keywords: Business ethics, cultural values, different generations, differences, identification, 
research methodology. 
 
 INTRODUCTION 
            The modern business world is dynamic and changing. In this dynamic world, values, norms, 
and aƫtudes are changing. The labor market is undergoing transformaƟon, it is being rejuvenated, 
society is making new demands on relaƟvisƟc approaches to business ethics, and they are 
becoming universal. It is also clear that in Georgian companies, there is a value incompaƟbility 
between different age groups, and the contradicƟons arising on this basis lead to conflict situaƟons 
in labor collecƟves. Inother words, one of the reasons for the conflict is different approaches to 
the values of business ethics. Such differences are manifested in different percepƟons and 
interpretaƟons of business ethical norms at the naƟonal, racial, religious, and gender levels. Young 
people were socialized in the condiƟons of the new Georgia and have a different value system than 
the previous generaƟon, which gives rise to different approaches to business ethical norms in 
different generaƟons. 
 
Literature Review 

Over the past two decades, business ethics, as a field of scienƟfic and pracƟcal knowledge, 
has aƩracted great interest from scholars. The famous BriƟsh scienƟst R. Lewis, in his book 
“Business Cultures in InternaƟonal Business: From Collision to Understanding”, writes that 
“business ethics is a set of standards, rules and principles that are the basis of honesty and moral 
behavior in business relaƟonships” [Richard, D. Lewis. 2018]. L. Nash believes that business ethics 
is not a simple, specific set of moral standards, but a tool for solving and analyzing the problems 
that people face in the process of doing business [Sison, A., Beabout, R., Ferrero, I. 2017]. In the 
scienƟfic literature, business ethics is also defined as a discipline that studies “the interacƟon of 
corporate business acƟviƟes, their moral adequacy, and the specific applicaƟon of moral standards 
in business, poliƟcs, and insƟtuƟons” [Goodpaster, K. 1997]. It “includes formal and idenƟfiable 
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acƟviƟes that are carried out between individuals, organizaƟons, or other economic enƟƟes 
related to business and involve its relaƟonship to ethical (i.e. moral) norms” [Norman, W. 2013]. 

It is also clear that in economic and social sciences there are many definiƟons of culture, 
which characterize various aspects of this very complex, mulƟdimensional concept. In this regard, 
the definiƟon of the American scienƟst D. Matsumoto is not of interest, according to which: 
“Culture is a dynamic system of explicit and implicit rules established by individual groups for their 
survival and it includes the common values, norms and models of behavior of these groups, the 
realizaƟon of which is carried out among its members individually, is transmiƩed from generaƟon 
to generaƟon and changes over Ɵme” [Matsumoto, D. 2001. P.40]. D. Matsumoto’s definiƟon is 
interesƟng for us insofar as it most of all concerns ideas, aƫtudes and values. Culture is realized 
through values, which in turn are its basis. Values are conscious or unconscious percepƟons of 
what is desirable, characterisƟc of an individual or group of individuals, which determine the 
possible means and methods of realizing individual or group goals. 

The scienƟfic literature is widely presented with methodological approaches to measuring 
values in different cultures. In this regard, the works of G. Hopstede, Strodbeck, E. Hall, S. Schwartz, 
F. Trompernaars, S. Hampden-Turner and other scienƟsts are interesƟng. In our study, we use the 
modernized methodology for measuring values proposed by S. Schwartz. The emphasis in the 
study is only on individual-level values, since the subject of analysis is an individual, not a social 
group. S. Schwartz divided individual values into the following parts: power, achievement, 
hedonism, sƟmulaƟon, autonomy, universalism, care, tradiƟon, conformity, security. In later 
studies, he created a theory of dynamic relaƟons, according to which all values are represented on 
several bipolar value-moƟvaƟonal axes: openness to change (values of independence, sƟmulaƟon 
and hedonism); preservaƟon (security, conformity and tradiƟon); self-asserƟon (power, 
achievement, hedonism) and self-determinaƟon (universalism and benevolence) [ Schwartz, M., 
Weber, J. 2006]. 

Today, there are pracƟcally no scienƟfic studies that substanƟate the existence of 
intergeneraƟonal differences in ethical approaches to business, however, there is a fairly extensive 
body of research that examines intergeneraƟonal approaches to values [Velasquez, M. 2016]. In 
this context, the research we present is not only important, but also innovaƟve and relevant. 

 
Research Methodology 
The aim of the research is to study the approaches to business ethical values among 

different generaƟons of Georgian business representaƟves and to idenƟfy the contradicƟons that 
arise on this basis. 

Several hypotheses were defined during the research process: 
H1- Approaches to ethical values are different among different age groups employed in 

the business sector. 
H2- There are differences between different generaƟons in ideas about the ethics of 

business relaƟons. 
114 respondents were selected in the research process. Young people (19-30 years old) 

and older generaƟons (30-70 years old) employed in the business sector of Georgia parƟcipated 
in it. Gender balance was maintained in the process of collecƟng and processing data. The gender 
and age structure of the parƟcipants in the research is presented in the diagram (see Diagram 1). 
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                                                                                                                                                       Diagram 1 
                              Gender and age structure of the study parƟcipants 

 
 
(According to S. Schwartz). StaƟsƟcal data processing was carried out using the SPSS 

StaƟsƟcs soŌware package. To determine the correspondence of cultural values and established 
pracƟces of business ethics and to idenƟfy intergeneraƟonal differences, staƟsƟcal research 
methods were used: mean values were compared using the t-Student test. The mulƟple regression 
analysis method was used in the research process. To determine significant differences between 
indicators in groups, the Kolmogorov-Smirnov Z-test was used. 
 
             Research results 

In the first stage, the differences in individual values of employees of different generaƟons 
in the business field were determined, which was assessed according to ten indicators. The t-
Student test was used in the research process (see Table 1). 

                                                                                                                                             Table 1 
IntergeneraƟonal differences in individual values  

(according to Student-t-test) 
                                                                                                                                                  

 year 30-70 year 20-29 year 
 

 
             Indicators 

Min- 
Max. 
value. 

Average 
values 

Standar
d 
DeviaƟ
on 

Min- 
Max. 
value. 

Avera
ge 
values 

Standard 
DeviaƟon 

1. Conformism 3,3-5,4 4.72 0.54 2.1-4 3.74 0,63 
       2.   tradiƟon 1.6-4.2 3.11 0,70 0,2-5,1 2,36 0,72 

3. Universalism 2-5,2 3,52 0,51 2-3 3,32 0,47 
4. Independence 2,4-6 3.72 0.50 2,0-3,5 4,31 0,46 
5. SƟmulaƟon 0,5-4,2 3,05 0,74 2-6 3,87 0,82 
6. Gedism 1,3-5-3 3,62 0,82 2-6,1 4,86 0,81 
7. Achievement 2,8-4 3,89 0,54 3-5,5 4,30 0,52 
8. Aƫtude 1,8-5,3 3,25 0,68 2,9-6,3 3,81 0,71 
9. Openness to change 2,3-4,5 3,4 0,53 0,4-5,3 4,41 0,52 
10. Self-establishment 2,1-4,5 3,5 0,47 3,0-5,6 4,38 0,51 

 
As can be seen from these data, there are significant differences in such key indicators as: 

conformism, tradiƟon, hedonism, achievement, openness to change, self-asserƟon, 
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independence. There are similariƟes in the parameters of: universalism, sƟmulaƟon, 
dependence, universalism. In fact, according to seven out of ten indicators, there is a significant 
difference in intergeneraƟonal approaches. Closeness is observed only in terms of three 
indicators, which means that the approaches to business ethical values are different in different 
age groups employed in the business sector, thus confirming the H1 hypothesis. 

To deepen the validity of the obtained data, the weight and variance of business ethics 
factors were analyzed at the next stage of the study (see: Diagram 2). 
                                                                                                                                                      Diagram 2 
                                  Factor weight and dispersion of individual values of value differences 

 
 
Cronbach's α indicators for all idenƟfied factors have high values (see: Diagram 4), 

therefore, the variables included in the factors correspond to each other and the scales are valid. 
                                                                                                                                                     Diagram 4 
                                                                        Cronbach α by idenƟfied factors 

 
 
IntergeneraƟonal differences in business ethics according to the Kolmogorov-Smirnov 

criterion are presented in the following table (see: Table 5) 
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                                                                                                                                      Table 5 
IntergeneraƟonal differences in business ethics according to the Kolmogorov-Smirnov   

criterion 
                          30-70 years                              20-29 years 

 
Factors Average 

values 
Standard 
deviaƟon 

Average 
values 

Standard 
deviaƟon 

Business acƟvity 2.7 0.3 3.5 0.3 
OrientaƟon to 
teamwork 

3.4 0.3 2.9 0.4 

Careless aƫtude 
towards work 

3.5 03 3.6 0.5 

 Directness in 
business 

2.0 0.5 2.7 0.4 

 
These data show that the younger generaƟon in business prioriƟzes values such as: business 
acƟvity, and directness in business, while the older generaƟon values teamwork. 
CorrelaƟon analysis was used to determine the differences in the relaƟonship between values and 
ideas about business ethics between different generaƟons. The results of the correlaƟon analysis 
are presented in the diagram. (See: Diagram 3). 
                                                                                                                                                          Diagram 3 
Results of correlaƟon analysis of differences in the relaƟonship between values and ideas about 
business ethics among different generaƟons 

 

 
 
CorrelaƟon analysis revealed that in the older generaƟon, business acƟvity and teamwork 

orientaƟon are associated with openness to change, while in the younger generaƟon, directness 
in business is associated with openness to change and self-asserƟon, thus confirming hypothesis 
H2. 

 
                                                  Conclusions 

         There are distinct value priorities among individuals of different ages employed in the 
Georgian business sector. Younger employees prioritize: independence, hedonism, achievement, 
openness to change, and self-assertion, while the older generation favors conformism and 
traditionalism. According to the Kolmogorov-Smirnov criterion, differences in business ethics 
across age groups indicate significant disparities between younger and older respondents 
regarding factors such as: "business activity," "teamwork orientation," "relationship orientation," 
and "directness in business." 
Correlation analysis revealed that among older individuals, business activity and teamwork are 
related to change, whereas among the youth, directness is associated with self-assertion. 
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Consequently, the research confirmed that significant differences exist between the value 
systems of the older and younger generations, leading to diverse approaches toward the labor 
process. The study and analysis of these value systems are crucial for managing conflicts among 
employees of different age groups. 
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Introduction  
In the context of growing economic instability caused by fluctuations in global markets, 

geopolitical risks and the transformation of energy systems, the issue of increasing the efficiency 
of investments in science and technology in the field of renewable energy is of particular 
relevance. 

Energy companies striving for sustainable development are forced not only to implement 
innovative solutions, but also to ensure the rational use of investment resources. In this context, 
the activities of Goldwind Energy, which is one of the leaders in the field of wind energy and 
actively invests in scientific and technological development, are of interest. 

An analysis of the effectiveness of such investments in conditions of economic instability 
makes it possible to identify key factors affecting the sustainability of energy projects and their 
long-term competitiveness. This determines the relevance of this topic. 

The purpose of the study is to analyze the effectiveness of investments in scientific and 
technological projects in the field of energy using the example of Goldwind Energy in conditions 
of economic instability. To achieve this goal, it is necessary to solve the following tasks:: 

1. To study theoretical approaches to assessing the effectiveness of investments in 
scientific and technological development of energy companies. 

2. To investigate the impact of economic instability on investment decisions and the results 
of innovation activities of Goldwind Energy. 

The scientific novelty of the study is a comprehensive analysis of the effectiveness of 
investments in scientific and technological projects in the field of energy, taking into account the 
factors of economic instability. The paper also clarifies the relationship between innovation 
activity and the sustainability of companies in the field of renewable energy. 

The theoretical significance of the research is to expand and systematize scientific ideas 
about the investment effectiveness of innovative energy projects, which contributes to the 
development of the theory of investment analysis and innovation management. 

The practical significance of the study lies in the possibility of applying the findings and 
recommendations obtained in the development of investment strategies for energy companies, 
as well as in making management decisions aimed at increasing the sustainability and 
effectiveness of scientific and technological investments in conditions of economic uncertainty. 

 Research on the effectiveness of investments in scientific and technological projects, such 
as the Goldwind Energy project, is of great practical importance in the context of the global 
transition to a low-carbon economy and increasing energy security requirements. Innovative 
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developments in the field of wind energy contribute to reducing the cost of energy production, 
improving the reliability of energy infrastructure and reducing the negative impact on the 
environment. 

In conditions of economic instability, it is scientific and technological investments that 
become a tool for companies to adapt to changing external conditions, allowing them to minimize 
risks, increase the investment attractiveness of projects and ensure their long-term sustainability. 
This makes the conducted research especially significant for modern research in the field of energy 
and economics. 

 
Literature review 
During the literature review on the effectiveness of investments in science and technology 

in energy projects in conditions of economic instability, it was revealed that this issue is the subject 
of extensive consideration in the works of foreign and international researchers in the context of 
innovative development, investment sustainability and energy transitions. 

The theoretical basis of the research was the work of J. Schumpeter, who was one of the 
first to substantiate the key role of innovation and scientific and technological progress in 
economic development. In his writings, he considered investments in technology as a source of 
“creative destruction” that allows companies to adapt to crises and remain competitive even in 
conditions of economic instability[1]. 

Schumpeter's findings confirm that investments in science and technology have a strategic 
rather than a short-term effect, which is especially important for energy companies. 

This concept was further developed in the works of M. Porter, who established the 
relationship between the innovative activity of companies and the formation of sustainable 
competitive advantages[2]. According to his approach, investments in research and development 
contribute to reducing costs, increasing productivity and strengthening companies' positions in 
global markets. This is especially true for companies in the renewable energy sector that operate 
in highly competitive and unstable economic conditions. Thus, innovation is considered not as an 
additional cost, but as a factor of long-term business efficiency. 

In the works of A. Damodaran, the financial and economic aspects of assessing the 
effectiveness of investments in conditions of uncertainty are considered in detail. The author 
emphasizes that in a period of economic instability, traditional methods of investment analysis do 
not always allow us to correctly assess the real value of scientific and technological projects, since 
their effect is long-term and strategic. 

Damodaran points out the need to take risks, volatility, and intangible assets into account 
when evaluating investment performance. This is especially important for energy innovation 
projects[3]. 

M. Grubler's research on global energy transitions examines in detail the development of 
energy technologies and the role of scientific investments in ensuring sustainable development[4]. 
The author concludes that large-scale investments in scientific and technological development are 
a key condition for increasing the sustainability of energy systems and reducing their sensitivity to 
economic crises. In his opinion, innovations in the field of renewable energy allow companies to 
adapt to changing economic conditions and create long-term advantages. 

The analytical reports of the Organization for Economic Cooperation and Development 
present an institutional and applied approach to this issue. The organization's documents 
emphasize that investments in science, technology and innovation contribute to increasing the 
resilience of companies and national economies in an unstable environment[5]. 

The effectiveness of such investments should be assessed not only by financial indicators, 
but also by their contribution to technological development, environmental sustainability and 
energy security. 
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The OECD concludes that energy companies that actively invest in R&D demonstrate higher 
adaptability and resilience to external shocks. 

Thus, the analysis of scientific literature allows us to conclude that investments in science 
and technology are a key factor in the efficiency and sustainability of energy projects in conditions 
of economic instability. The analysis of scientific literature forms the theoretical and 
methodological basis of the research, defines the main approaches to evaluating the effectiveness 
of scientific and technological investments and justifies the need to analyze the Goldwind Energy 
energy project in terms of long-term innovation and investment efficiency. 

Research methodology 
During the study of the effectiveness of investments in science and technology of the 

Goldwind Energy energy project in conditions of economic instability, two main research methods 
were used: analytical and comparative. 

The analytical method was used to study scientific publications, reports from international 
organizations, as well as corporate materials from Goldwind Energy in order to identify key factors 
affecting the effectiveness of scientific and technological investments and their role in ensuring 
the sustainable development of an energy project. 

The comparative method was used to compare the company's investment and innovation 
performance in different periods of economic instability, as well as to compare theoretical 
approaches to assessing the effectiveness of investments in the energy sector.. The research 
examined scientific works by domestic and foreign authors, analytical reports from international 
organizations, as well as statistical data on investments in science and technology. In addition, the 
open financial, economic and technological information provided by Goldwind Energy was 
analyzed. 

The use of these methods allowed for a comprehensive analysis of the effectiveness of 
scientific and technological investments, to assess their impact on the sustainability and 
competitiveness of the energy project, as well as to substantiate the practical significance of 
innovative investments in conditions of economic instability. 

Results and discussion 
As part of an analytical study aimed at evaluating the effectiveness of investments in 

scientific research and technological development of Goldwind Energy, open corporate data, as 
well as reports, news and statistics were analyzed. This allowed us to identify the specific results 
of the company's innovation activities and identify investment trends. 

Special attention was paid to the analysis of patent activity, research and development 
(R&D) expenses, technological achievements and the impact of investments on the financial and 
market performance of the company.  
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Table 1 – Results of the analytical evaluation of the effectiveness of investments in research 
and development of Goldwind Energy.  

Indicator  Result 
Patent activity  More than 7,500 registered patents, positioning Goldwind Energy as 

one of the global leaders in wind energy technological innovation 
R&D expenditure Approximately CNY 2.8 billion invested in research and development 

in 2024, reflecting a strategic focus on technological advancement 
Growth of R&D 
investment 

Increase in R&D spending by about 18.9% year-on-year, indicating 
intensified innovation activity under economic uncertainty 

R&D workforce Over 3,000 R&D specialists, supported by an international network of 
research and engineering centers 

Innovation 
infrastructure 

Established system of proprietary R&D centers and intellectual 
property management ensuring continuous technology development 

Commercial impact of 
innovations 

Growth in installed capacity and international contracts, 
strengthening the company’s market position 

Advanced 
technological products 

High share of large-capacity wind turbines (≥6 MW) in total sales and 
ongoing development of offshore turbines up to 22 MW 

The source was compiled based on the data [6-9] 
As a result of the analytical study, it was found that Goldwind Energy's investments in 

scientific research and technological development are effective and strategically important. An 
analysis of patent activity has shown that the company has formed one of the largest intellectual 
property portfolios in the industry, with more than 7,500 patents. This indicates that the company 
has a long-term scientific and technical strategy aimed at achieving technological leadership in the 
field of wind energy. 

Significant results have also been identified in the area of research and development 
investments. R&D expenses amounted to about 2.8 billion yuan in 2024 and continue to grow, 
increasing by about 18.9% compared to the previous period. This indicates an increase in the 
company's innovation activity even in conditions of economic instability.. An additional 
confirmation of the effectiveness of scientific and technological investments is the presence of a 
well-developed corporate research and development infrastructure, including an international 
network of R&D centers and more than 3,000 highly qualified specialists. This ensures continuous 
technological updating and improvement of product quality. 

The analysis of commercial results showed that the introduction of innovative technologies 
directly affects the company's market performance. The installed capacity is increasing, and the 
share of high-tech high-power turbines is growing. In addition, Goldwind Energy's international 
presence is expanding, which enhances its sustainability and competitiveness in the global market. 

The use of the analytical method made it possible to systematically collect, summarize and 
compare the actual data on scientific and technological investments of Goldwind Energy. The 
study examined various aspects, including the amount of R&D funding, human resources, patent 
activity, and commercial results. 

This made it possible to assess the real effectiveness of investments in science and 
technology, identify the relationship between investment activity and technological achievements 
of the company, as well as determine the impact of innovations on the financial stability and 
market position of the energy project. 

The results of the analytical study confirm that Goldwind Energy's investments in scientific 
and technological development are a key factor in its sustainable growth and adaptation to 
economic instability. 

As a result of a comparative analysis of key indicators of Goldwind Energy's scientific and 
technological activities in different time periods, it was revealed that the company's investment 
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strategy has undergone changes under the influence of external economic factors and market 
conditions. 

Data analysis showed that, despite global volatility and increased competition in the global 
wind energy market, the company not only maintained investments in research and development, 
but also significantly increased their volume. In particular, in 2024-2025, the volume of research 
and development expenditures reached hundreds of millions of yuan and continued to grow 
compared to previous periods. 

For example, in fiscal year 2024, the company spent more than 2,159.6 million yuan on 
research and development, which accounted for about 3.8% of revenue. Investments in research 
and development increased by 32.6% compared to the previous year, which indicates a strategic 
strengthening of the company's innovation activity after a period of economic instability [10]. 

The analysis of the intellectual property structure also indicates a positive trend: the 
number of patents registered in various countries continued to grow. As of the end of 2024, the 
company had more than 6,173 patent applications, including more than 3,740 invention 
applications, in China, as well as a significant number of international patents. This indicates the 
steady growth of the company's innovation potential[10]. 

This is especially important because patent activity is not only an indicator of scientific and 
technological progress, but also a key factor in long-term competitiveness in conditions of 
uncertainty. 

A comparative analysis of the effectiveness of innovations has shown that the 
development of the company's technological products, such as new models of wind turbines and 
software for assessing wind resources, helps strengthen the company's market position even in 
the face of external economic risks. 

The data on commercial results indicate stable demand and financial returns. For example, 
in the third quarter of 2025, Goldwind demonstrated revenue growth to a record high of $48.1 
billion, with net income of $2.08 billion. This highlights the sustainability of the company's business 
model during a period of economic fluctuations. 

The analysis made it possible to compare the actual results of the company's activities with 
theoretical assumptions about the impact of economic instability on research and development 
(R&D) activities. Unlike traditional scenarios where economic instability can lead to a reduction in 
investments, in the case of Goldwind, there is an increase in technological activity, which is 
consistent with modern research showing that sustainable organizations not only retain innovative 
investments during crises, but also use them to strengthen their strategic advantages(table 2). 

 
Table 2 - Dynamics of Goldwind Energy R&D and Innovation indicators 

Year R&D 
Investment 
(CNY mln) 

R&D as % of 
Revenue 

Total Patent 
Applications 

(China) 

Domestic 
Authorized 

Patents 

Overseas 
Authorized 

Patents 
2020 2,271 (≈ CNY 

22.71×100 mln) 
~4.04 %* 
(2022 data) 

4,486 (2022) 3,429 (2022) 317 (2022) 

2021 2,237 (≈ CNY 
22.37×100 mln) 

~4.42 %* 
(2022 data) 

4,896 (2022) 3,918 (2022) 467 (2022) 

2022 2,252 (≈ CNY 
22.52×100 mln) 

~4.78 %* 
(2022 data) 

5,469 (2022) 3,918 (2022) 467 (2022) 

2023 2,265 (≈ CNY 
22.65×100 mln) 

n/a* 5,980 (2023) 4,301 (2023) 593 (2023) 

2024 2,159.6 3.8 % n/a† n/a† n/a† 
 The source was compiled based on the data [10] 
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A comparative analysis of key indicators of Goldwind Energy's research and innovation 
activities over several reporting periods demonstrates a steady trend towards maintaining and 
increasing investments in the scientific and technological sphere, even in conditions of external 
economic instability. 

According to corporate data and independent reports, the company's annual investments 
in research and development ranged from 2.2 billion to 2.3 billion yuan between the end of 2020 
and 2023. This indicates the stability of financial support for the company's research activities in 
various economic periods, including phases of market fluctuations[11]. 

The share of investments in research and development in the company's total revenue is 
several percent, which confirms Goldwind's focus on innovative development even in conditions 
of economic instability. 

The analysis of the dynamics of patent indicators indicates positive results. In 2022, 5,469 
patent applications were filed in China, and by the end of 2023, this figure had increased to 5,980. 
The total number of patents granted also increased to 4,301. This indicates the expansion of 
Goldwind's intellectual portfolio. 

The increase in the number of foreign patent licenses to 593 authorized international 
patents by 2023 indicates an increase in technological activity at the global level. 

According to external sources, by the end of 2024, Goldwind had more than 6,173 patent 
applications in China, including a significant portion of inventions. This highlights the continued 
growth of the company's scientific and technological potential after a period of economic 
instability. 

A comparative analysis of the data allows us to conclude that Goldwind Energy retains and 
increases investments in research and development, as well as expands its portfolio of intellectual 
property. This confirms the company's commitment to a strategy of continuous innovation. 

Thus, investments in science and technology are an integral part of Goldwind Energy's 
corporate strategy and an important tool for strengthening its competitiveness and adapting to 
market changes. 

The use of analytical and comparative methods allowed for a comprehensive assessment 
of the effectiveness of Goldwind Energy's investments in research and technological development. 
The analysis revealed the impact of economic instability on the company's innovation activities, as 
well as the strategic prospects and importance of these investments for the energy project. 

The analytical method allowed us to conclude that Goldwind Energy's scientific and 
technological investments were highly effective. Data on research and development expenditures 
(about 2.8 billion yuan in 2024), developed R&D infrastructure, patent activity (more than 7,500 
patents) and commercial results (revenue growth and market orders) confirm that the company 
consistently implements an innovative strategy, strengthening technological leadership and 
competitiveness in the global market. 

The analytical method made it possible to collect and systematize factual data, assess their 
complex impact on the effectiveness of scientific and technological investments and show how 
research and development contribute to the sustainable development of a company even in an 
unstable economy. 

The comparative analysis made it possible to clearly demonstrate the dynamics of changes 
in the company's innovation performance during periods of economic instability. A comparison of 
data on research and development (R&D) investments, patent activity, and commercial results 
showed that Goldwind Energy does not reduce investments during economic difficulties, but 
retains or even increases them, while shifting its focus to more powerful and efficient 
technologies. This indicates the company's strategic focus on long-term development and 
confirms that investments in science and technology are a tool for adapting to external economic 
risks. 
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The synergy of the two methods lies in the fact that the analytical method provided a 
complete picture of the current state and results of scientific and technological investments, while 
the comparative method demonstrated their dynamics and resilience to external economic 
factors. Together, these methods make it possible not only to evaluate the effectiveness of 
investments, but also to determine their strategic value for the project, which is key to the study. 

The use of these methods provides an additional advantage for research, as it 
demonstrates that innovative investments in the Goldwind Energy energy project provide 
technological leadership, resilience to economic fluctuations, and increased long-term 
competitiveness. This confirms the relevance and practical significance of the research. 

 
Conclusion 
As a result of the research, key aspects of strategic importance for energy companies have 

been identified. 
First, investments in science and technology are an important factor for maintaining 

competitiveness and strengthening positions in international markets. Using the example of 
Goldwind Energy, it can be seen that maintaining and increasing spending on research and 
development, intellectual property development and the introduction of innovative technologies 
allow the company not only to maintain its competitiveness, but also to strengthen its position in 
the market. 

Secondly, the study showed that scientific and technological investments have an impact 
not only on the financial performance of the company, but also on intangible assets such as 
patents, technological competencies and innovation potential. This makes them a long-term 
resource for the company's development. 

The prospects of the study are that investments in scientific research and technological 
developments in the field of energy will remain relevant in the coming years, especially given the 
global transition to renewable energy sources and increasing requirements for environmental 
sustainability. 

In the future, research may be aimed at developing models for evaluating the effectiveness 
of innovative investments in conditions of uncertainty, integrating digital technologies for risk 
analysis and forecasting the results of research and development (R&D), as well as comparing the 
strategies of various companies in the wind energy sector. 

The results of the study can be applied in other energy companies and projects. They 
include: 

The strategic nature of investments in R&D: even in conditions of economic instability, it is 
necessary to maintain or increase investments in scientific research and technological 
development. 

The focus on innovative products and intellectual property: patents and new technological 
solutions contribute to the company's competitiveness and sustainability. 

Assessment of investment effectiveness: it is necessary to use an integrated approach that 
takes into account not only financial indicators, but also intangible assets, as well as long-term 
effects. 

Applying Goldwind Energy's experience: the company successfully adapts to external 
economic challenges through innovation and technological leadership. This can serve as an 
example for similar projects in the energy sector. 

Thus, the study highlights the importance of scientific and technological investments for 
the sustainable development of energy companies. It also opens up opportunities for further 
research in the field of strategic innovation management and evaluation of their effectiveness in 
conditions of economic instability. 
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Introduction 
The use of artificial intelligence (AI) and digital technologies is becoming a key aspect in the 

process of modernizing higher education in both China and Kazakhstan. In the context of the rapid 
development of digital technologies, educational institutions are faced with the need to introduce 
advanced technologies to improve the quality of education, optimize management processes and 
ensure competitiveness. 

In China, where large-scale programs are being implemented to digitalize education and 
create smart campuses, universities are actively using artificial intelligence for personalized 
learning, big data analysis and optimization of educational processes. Although the process of 
digital transformation in China is slower than in other countries, the introduction of AI and digital 
platforms at leading universities is aimed at improving learning efficiency, automating 
management and integrating new technologies into the educational process. 

In the modern world, universities face the need to adapt to rapidly changing educational 
and technological conditions. In this regard, the issue of integrating artificial intelligence (AI) into 
the educational process and university management is becoming relevant. 

The purpose of the study is to identify the opportunities and limitations of the use of AI 
and digital innovations in the transformation of higher education in China and Kazakhstan, as well 
as to ensure the organizational level and quality of education. 

To achieve this goal, it is necessary to solve a number of tasks: 
 to evaluate the existing approaches and technologies of AI and digital innovations used at 

universities in China and Kazakhstan; 
 to analyze the impact of AI development on the educational process, decision 

management and strategy. 
The study provides a comprehensive analysis of the use of artificial intelligence and digital 

technologies in higher education from the point of view of both the educational process and 
management. As a result of the research, new strategies have been developed to improve the 
efficiency of universities in various countries. 

The theoretical significance of the research lies in expanding scientific understanding of 
the role of artificial intelligence and digital technologies in educational transformations. 
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Conceptual models of their development and application in the educational process have been 
developed. 

The practical significance of the research is shown in the development of methodologies 
that can be used by universities in China and Kazakhstan to improve the effectiveness of their 
work. 

The main issue of the study: How does the use of artificial intelligence and digital 
technologies affect the transformation of higher education and university resource management 
in China and Kazakhstan?  

Literature review  
Modern research confirms the impact of artificial intelligence and digital innovations on 

the transformation of the higher education system, covering both educational and managerial 
aspects. Many authors note that the use of artificial intelligence has made it possible to improve 
the quality of education, individualize educational trajectories, and improve the efficiency of 
educational institution management[1]. 

Currently, research in Kazakhstan shows that artificial intelligence  is mainly used to 
automate routine tasks, adaptive learning, and personalize the learning process. 

Kushekkaliev and co-authors note that AI technologies such as neural networks and 
chatbots increase the availability of educational resources and provide individualization of 
learning, but require the development of ethical and methodological standards for safe use[2]. 

Aitkozhina and Zhensikbaeva note that the introduction of AI and digital technologies into 
teaching increases students' motivation and the quality of learning materials, especially in 
technical and natural science disciplines[3]. 

Azamatova and Bekeeva point to the need to develop teachers' digital literacy and ensure 
student data security when using AI in language education[4]. 

In China, the integration of artificial intelligence into higher education is of strategic 
importance. Universities are actively using artificial intelligence to optimize the processing and 
analysis of big data, as well as for personalized learning[5]. 

Research by Li and his colleagues shows that students have a positive attitude towards 
generative artificial intelligence such as ChatGPT, viewing it as an auxiliary learning tool[6]. The 
need to develop guidelines and strategies for the use of artificial intelligence is emphasized in 
order to avoid replacing traditional teaching methods. 

Empirical evidence authors  Lei Fan, Kunyang Deng, Fangxue Liu suggests that students of 
technical specialties in China have noted an increase in the effectiveness of learning using artificial 
intelligence [7]. Solving the problem of the accuracy and specificity of the responses of artificial 
intelligence models remains an urgent issue. 

The psychological and behavioral aspects of artificial intelligence (AI) perception are being 
actively studied[8]. Research shows that students' attitudes towards AI and their willingness to use 
it for scientific purposes are determined by socio-cultural factors and academic expectations. 

International review papers confirm that the integration of AI can change teaching and 
assessment methods. However, issues of academic integrity, ethics, and standards require the 
development of new pedagogical strategies and regulatory approaches. 

Thus, an analysis of the literature allows us to draw several conclusions. 
Firstly, the potential of artificial intelligence (AI) in education is obvious. It can enhance the 

quality of individual learning, automate routine tasks, and support teaching activities. 
Secondly, it is important to take into account the national context. In Kazakhstan, AI is being 

introduced into applied educational practices and requires strengthening the regulatory and 
methodological framework. In China, AI is of strategic importance and is being integrated into 
scientific and research processes. 
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Thirdly, there are major problems related to the use of AI in education. These include the 
digital literacy of teachers, ethical and legal issues, as well as the need to develop clear policies 
and standards for the use of AI in universities in these countries. 

Research methodology 
The research is based on two approaches that complement each other: the comparative 

analytical method and the content analysis method. These methods allow us to study in detail how 
artificial intelligence and digital technologies are used in the field of higher education in China and 
Kazakhstan. 

The comparative analytical method helps to identify common features and differences in 
university development strategies, levels of digital technology adoption, as well as in government 
approaches and initiatives in both countries. This method takes into account the specifics of the 
education system, the level of technological readiness and management models. It also allows us 
to assess how the socio-economic context affects the processes of digitalization of higher 
education. 

The content analysis method is used to analyze texts and data related to the use of artificial 
intelligence and digital technologies in higher education in China and Kazakhstan. This method 
allows you to identify key topics, ideas, and trends in the use of technology in education.. The 
method of content analysis is used for the systematic analysis of scientific papers, regulatory 
documents, educational development strategies, as well as materials from international 
organizations and official sources of universities in China and Kazakhstan. This allows us to identify 
key topics, conceptual approaches, main problems and expected results in the field of artificial 
intelligence and innovation in educational processes and university management. 

The research is based on scientific articles published in international and national peer-
reviewed journals, as well as data from Scopus, Web of Science, ScienceDirect and Google Scholar. 
The official documents of the Ministry of Education, digitalization development programs, 
strategic programs for the development of digital universities, analytical reports and statistical 
data reflecting the practice of using artificial intelligence and digital technologies in education in 
China and Kazakhstan were also analyzed. 

Results and discussion 
Using the comparative analysis method, it was possible to identify the main differences 

and common features in the strategies for applying artificial intelligence and digital innovations in 
the field of higher education in China and Kazakhstan. 

The study showed that in both countries artificial intelligence is considered as a means of 
improving the quality of education and optimizing university management. However, the degree 
of implementation, institutional approaches and the level of technological readiness differ 
significantly, due to socio-economic conditions and government policy(in table 1). 
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Table 1 – Comparative analysis of the results of the integration of artificial intelligence into 
the higher education system of China and Kazakhstan. 

Analysis Criterion China Kazakhstan 
Government 
Strategy 

Centralized, long-term national policy 
on education digitalization and AI 
(national programs “Smart Education,” 
“AI+Education”) 

Fragmented strategy, AI 
integration within 
digitalization programs and 
individual initiatives 

Level of University 
Digital 
Transformation 

High: smart campuses, big data, AI 
learning platforms 

Medium: digital platforms, 
LMS, AI elements in selected 
universities 

Use of AI in the 
Educational Process 

Personalized learning, adaptive 
courses, intelligent assessment 
systems 

Chatbots, automated grading, 
learning support, limited 
personalization 

Use of AI in 
University 
Management 

Big data analytics, forecasting, 
resource and academic workload 
management 

Automation of administrative 
processes, electronic 
document management 

Level of 
Technological 
Maturity 

High, active development of 
proprietary AI solutions 

Medium, reliance on foreign 
platforms and technologies 

Role of Teachers Transformation from knowledge 
provider to moderator and analytical 
mentor 

Traditional role preserved 
with elements of digital 
support 

Main Barriers Ethical risks, academic integrity, 
workload on faculty 

Lack of infrastructure, digital 
skills, regulatory framework 

Expected Outcomes Increased global competitiveness of 
universities 

Improved accessibility and 
quality of education 

The source was compiled based on the data [9-13] 
The use of the comparative analytical method has made it possible to identify key 

similarities and differences in approaches to the use of artificial intelligence and digital 
technologies in the higher education systems of China and Kazakhstan. 

The analysis showed that in both countries artificial intelligence is considered as an 
important tool for improving the quality of education, the effectiveness of university management 
and the adaptation of educational systems to the conditions of the digital economy. 

 The scale of implementation, institutional approaches, the level of technological readiness 
and the degree of government support vary significantly, due to the socio-economic development 
of countries, the specifics of educational policy and the level of development of digital 
infrastructure. 

In China, the results of the study show that the introduction of artificial intelligence into 
the higher education system is systemic and strategic. AI is actively used both in the educational 
process to personalize learning, intellectual assessment of knowledge and analysis of educational 
data, and in university management to predict academic workload, resource allocation and 
strategic planning. This approach contributes to the formation of an "intellectual university" model 
and increases the international competitiveness of Chinese universities. 

In Kazakhstan, the introduction of artificial intelligence and digital innovations is carried 
out in stages and has an applied nature. Special attention is paid to the digitalization of the 
educational environment, the introduction of electronic learning platforms, automation of 
administrative processes and the use of artificial intelligence as an auxiliary tool in the educational 
process. 
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 The potential of artificial intelligence in university management and personalization of 
education is not fully realized. This is due to the limited technological infrastructure, the 
insufficient level of digital competencies of teachers and the lack of a unified national strategy for 
the introduction of artificial intelligence in higher education. 

A comparative analysis of the results also led to the conclusion that in China artificial 
intelligence is considered as a strategic resource for the long-term development of higher 
education, while in Kazakhstan it acts primarily as a tool to increase the availability and quality of 
educational services. 

Thus, the results of the study confirm that the effectiveness of using artificial intelligence 
and digital innovations in higher education in China and Kazakhstan depends on the level of 
institutional readiness of universities, the role of the state in digital transformation and the degree 
of integration of artificial intelligence into the strategic management of educational systems. 

The results of the content analysis of scientific papers, legislative acts, strategies for the 
development of digital education, reports of international organizations and official materials from 
universities in China and Kazakhstan allowed us to identify key topics, prevailing ideas, main 
difficulties and expected results of the use of artificial intelligence and digital technologies in 
higher education(fig.1-fig.2). 

 
The source was compiled by author based on the data [14-16] 
The policy of the People's Republic of China is aimed at integrating artificial intelligence 

into all levels of the education system. 
The Chinese Ministry of Education has officially announced a large-scale reform of the 

educational system, in which artificial intelligence will be introduced into teaching methods, 
teaching materials and curricula at all levels of education, including higher education institutions, 
to develop innovative thinking and skills of students and teachers. This is part of a national plan to 
transform China into a “force for education” by 2035. The reform is aimed at improving the quality 
of education and stimulating innovation. 

China has a policy aimed at developing artificial intelligence in higher education 
institutions. An analysis of the scientific publication allows us to conclude that the Chinese 
government has developed a number of measures to integrate artificial intelligence into the higher 
education system. In particular, it is planned to increase the level of competencies in the field of 
artificial intelligence, create intelligent educational platforms and train specialists in this field. 

China's leading universities are actively expanding student enrollment and developing 
training programs in the field of artificial intelligence and related strategic areas. This is a reflection 
of the State educational policy in higher education institutions. 

These sources demonstrate that China's education policy is not limited to individual 
measures, but represents a comprehensive approach to integrating artificial intelligence into the 
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higher education system. This is a strategic step within the framework of the educational reform 
aimed at creating an innovative economy and developing the intellectual potential of the country. 

 
The source was compiled by author based on the data [17-18] 
According to this report, artificial intelligence has been introduced as an educational area 

in all universities in Kazakhstan: 93 universities have already included AI in their programs, and 20 
of them have launched additional educational areas to prepare students for the digital economy. 

Kazakhstan adheres to the standards for electronic intelligence in the educational system 
for the period 2025-2029, encompassing ethical considerations, data security, and academic 
honesty. This is a crucial step towards the systematic implementation of AI. 

Initiatives aimed at developing artificial intelligence are being implemented in higher 
education institutions. Among them is the AI-SANA project. As part of the project, students and 
teachers gain knowledge about modern artificial intelligence technologies. AI agents are also being 
introduced on university portals, and new educational programs in artificial intelligence-related 
disciplines are being developed for students. 

These sources attest that in Kazakhstan, AI is being integrated into the curriculum of higher 
education institutions through mandatory courses, economic standards, and university initiatives, 
offering a practical and imaginative approach to digital transformation. 

The results of the study convincingly confirm the relevance of the topic, as they 
demonstrate that artificial intelligence and digital technologies not only complement, but become 
the basis for the transformation of higher education. 

The analysis shows that in China and Kazakhstan, AI is used to solve diverse but interrelated 
tasks: from gradual reform of the education system to the introduction of progressive and 
promising approaches. This requires a more detailed consideration of the concept of 
"transformation of higher pedagogical education" in the context of research on the topic, as well 
as its expansion from simple digitalization to a complex institutional and scientific context. 

The results of the comparative analysis demonstrated that the impact of artificial 
intelligence on higher education is contextual and determined by national priorities and the level 
of development of educational policy. 

Complex artificial intelligence models support the creation of an intelligent educational 
environment that includes individual learning, digital university management, and the integration 
of education with an innovative economy. This confirms that digital innovations within the 
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framework of the case study have led to a systemic transformation of higher education at the 
macro and meso levels. 

In Kazakhstan, the results of the introduction of artificial intelligence are aimed at 
increasing the accessibility of education, updating the content of traditional programs and 
developing digital skills among students. This opens up prospects for the study of the phased and 
practical transformation of higher education. 

So, the results of the study are based on a problem that allows us to consider in detail the 
processes of transformation of higher education using artificial intelligence and digital 
technologies. The study identified both general trends and specific features of the use of these 
technologies. 

The study showed that digital transformation is not a universal solution, but requires the 
development of national strategies. This allowed for a deeper understanding of the problem and 
linking theoretical concepts with practical examples. The study also confirmed the relevance of 
studying this topic in the context of the global digitalization of educational systems. 

Conclusion 
As a result of the research, a key position was formulated, according to which artificial 

intelligence and digital innovations lead to the need for a comprehensive transformation of higher 
education that goes beyond technical digitalization and affects the pedagogical, managerial and 
institutional aspects of university development. 

In the context of China and Kazakhstan, it has been proven that the effectiveness of 
artificial intelligence in the higher education system is determined not only by the level of 
technological development, but also by the coherence of educational policy, the institutional 
readiness of universities, as well as the availability of personnel and regulatory conditions. 

Thus, the article substantiates the need for a systematic and context-oriented approach to 
the use of artificial intelligence in higher education. 

The obtained research results allow us to conclude that in the long term, artificial 
intelligence will be used exclusively to personalize training, provide analytical support for 
management decisions and reduce the administrative burden at universities. In a broader context, 
it will contribute to the formation of an intelligent educational ecosystem and new models of 
university management. 

The results of the study confirm the innovativeness of the step-by-step initiative aimed at 
developing digital competencies, modernizing educational activities and adapting international 
experience, including Chinese, taking into account national characteristics. 

The future of this field is connected with deep research in the field of artificial intelligence 
in education, the role of teachers and the sustainability of educational systems. 

The conducted research forms the theoretical and methodological basis for scientific 
papers and practical solutions in the field of using artificial intelligence and digital innovations for 
the development of higher education. 
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Introduction 
The rapid expansion of low-altitude economy, which includes unmanned aerial vehicles, 

drone logistics, urban air mobility, and related digital and aviation services, is a significant driver 
of contemporary economic and technological advancement. This emerging industry is 
characterized by significant market uncertainties stemming from dynamic regulatory frameworks, 
accelerated technological innovation, infrastructure limitations, and unstable competition. As a 
consequence, companies operating in this sector face increased strategic management challenges 
due to the complexity of operating in an environment marked by uncertainty and rapid change, 
where traditional long-term planning strategies may not be sufficient. 

The significance of this research is due to the fact that market volatility in the low altitude 
economy directly influences corporate strategic decision-making, affecting investment priorities, 
timing of market entry, organizational structures, and innovation strategies. The absence of 
unified regulatory frameworks across countries, frequent changes in policy, and the exploratory 
nature of many low altitude business models significantly enhance strategic risks for companies. 
Consequently, there is an increasing need for a systematic analysis of how companies perceive, 
manage, and react to uncertainty when formulating and adjusting their corporate strategies. 

The aim of this study is to investigate the impact of market volatility in the low-altitude 
economic environment on corporate strategic decision-making. To achieve this goal, the research 
focuses on conceptualizing the essence of market instability in low-level markets, identifying its 
main sources, analyzing corporate responses to uncertain conditions, and evaluating the 
consequences of such strategies on long-term corporate success and competitiveness. 

The novelty of this research lies in its development of an integrated analytical framework 
that connects market uncertainty with corporate strategic management, specifically within the 
context of a low-altitude economic environment. Unlike previous studies, which have 
predominantly focused on technological development or regulatory issues, this research 
emphasizes strategic decision-making processes at the corporate level and illustrates how 
uncertainty functions not only as a potential risk but also as an impetus for strategic agility and 
innovation. 

The theoretical and practical relevance of this study lies in its contribution to the field of 
strategic management theory by incorporating dimensions of uncertainty specific to emerging 
airspace-based economic systems. 
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From a practical perspective, the findings of this research may be utilized by corporate 
executives, policymakers, and investors in order to enhance strategic planning, improve risk 
management practices, and devise adaptive strategies that promote sustainable development in 
low-altitude economies. 

Specifically, the central question driving this research is: how does uncertainty in the 
market of low-altitude economic activities influence corporate strategic decision-making? 

Literature review  
A growing body of academic literature has explored the development of low-altitude 

economic activities (LAE) and urban air mobility (UAM), identifying significant technological, 
regulatory, and organizational obstacles faced by companies operating in this emerging sector. 
Despite the increasing number of publications on this topic, the impact of market volatility on 
corporate strategic decision-making remains underexplored. Most research approaches the issue 
from an engineering or policy angle, with strategic management implications being addressed 
indirectly or in a fragmented manner. 

A systematic review by Xu et al. examines the technological challenges associated with 
electric vertical take-off and landing drones and the implementation of low-altitude regulations in 
Shenzhen, China. The review emphasizes safety systems, energy efficiency, navigation, and 
redundant control measures. The authors also highlight the complexity of the local regulatory 
framework and policy coordination processes, which create significant uncertainty for market 
actors and affect firms' long-term strategic planning and investment decisions. Although the study 
primarily focuses on technical aspects, it clearly illustrates that regulatory instability and 
fragmentation constitute major sources of uncertainty in the market, influencing corporate 
behavior[1]. 

The issue of uncertainty in strategic planning and service operations within urban air 
mobility systems is further explored in the work of Jin et al [2]. They utilize a robust optimization 
approach to analyze the impact of demand uncertainty on decision-making related to fleet sizing, 
infrastructure development, and coverage. Their research explicitly considers the role of demand 
variability in long-term planning, emphasizing the need for flexible and adaptive strategies. The 
findings highlight the importance of incorporating uncertainty into strategic management within 
the low-altitude transportation sector. 

From a broader analytical perspective, Purtell C., Hong S. J., Hiatt B..  conducted a 
bibliometric analysis of research on advanced air mobility and drones published in the Journal of 
Air Transport Management[3]. The study identified a significant imbalance in the literature, with 
technological and operational aspects dominating, while corporate strategies, business model 
innovations, and market uncertainties receiving limited attention. According to the authors, this 
gap limits our understanding of how companies integrate low-altitude technology into their 
strategic decision-making processes and manage uncertainties in competitive and regulatory 
environments. 

Sengupta et al.  present a comprehensive review of the research challenges and 
opportunities in the field of urban air mobility[4]. The authors focus on the integration of systems, 
air traffic management, and the scalability of solutions. While the study emphasizes technological 
and operational aspects, it also acknowledges uncertainties related to airspace management, 
regulatory approvals, and system scaling as significant barriers to the commercialization of these 
technologies. These uncertainties increase strategic risks for companies and necessitate proactive 
strategies for risk management. 

A recent study published in the journal Case Studies on Transport Policy (2025) explores 
the history of development, key technologies, and future directions of electric vertical takeoff and 
landing aircraft in the low-altitude market[5]. The authors highlight regulatory and standardization 
obstacles as significant barriers to market entry and commercial success, noting that delays in 
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certification and the lack of unified standards greatly increase market uncertainty. These factors 
have a direct impact on firms' strategic decisions regarding timing of investment, product 
development paths, and market positioning. 

Overall, the literature reviewed consistently identifies several key challenges: regulatory 
ambiguity and lack of standardized standards, market volatility and immaturity, technical 
bottlenecks related to safety and air traffic management, and the shortage of interdisciplinary 
studies linking technological innovation with corporate strategy. 

Research methodology 
This study employs two research methods to investigate the impact of market volatility in 

the low-altitude economic environment on corporate strategic decision-making. The first method 
is a qualitative case study, which provides an in-depth examination of strategic decision-making 
processes within companies operating in sectors of the low-altitude economy, such as urban air 
transportation, unmanned aerial vehicle (UAV) operations, and drone-based logistics. Through an 
analysis of corporate documents, strategic reports, and industry publications, this approach allows 
for the identification of significant sources of market instability and the strategic approaches 
adopted by businesses during uncertain times. 

The second method is a quantitative secondary data analysis technique that is used to 
examine the relationship between market volatility and corporate strategic decision-making. By 
analyzing data at the industry and firm levels, related to regulatory changes, market fluctuations, 
investment patterns, and innovation activities, this approach allows for the identification of 
patterns and trends that demonstrate how uncertainty affects strategic choices, such as 
investment behavior, diversification strategies, and strategic alliances in the low-altitude 
economic environment. For the purposes of this study's empirical analysis, EHang Holdings Limited 
has been selected as the representative company for the low-altitude economic and urban air 
mobility sectors. EHang is a leading company specializing in the design, development, and 
commercialization of autonomous aerial vehicles, including passenger electric vertical take-off and 
landing  platforms, aerial logistics solutions, and smart city applications. 

EHang operates at the heart of the low-altitude economy, and is subject to a high degree 
of market and regulatory uncertainties. In particular, the company's strategic development is 
significantly influenced by the evolving certification requirements of the Chinese Civil Aviation 
Administration, as well as pilot-zone policies and restrictions on the use of low-altitude airspace, 
which have a direct impact on its strategic planning and investment decisions.. Additionally, the 
uncertainty surrounding market demand, the timeline for commercialization, and the scalability 
of urban air mobility services make EHang a suitable and analytically significant case for examining 
how companies adjust their strategic management decisions in uncertain circumstances. The 
availability of public financial statements, strategic announcements, and partnership information 
further support the suitability of EHang Holdings Limited for studying the impact of market 
volatility in the low-altitude economic environment. 

Results and discussion 
The analysis of EHang Holdings Limited reveals that regulatory uncertainty in the low-

altitude economy significantly influences corporate strategic management decisions regarding 
certification, commercialization, and operational deployment. While the company has achieved 
significant certification milestones, including the first production certificate for its EH216-S 
unmanned eVTOL aircraft issued by the Chinese Civil Aviation Administration (CAAC), the path to 
full commercialization remains dependent on evolving regulatory frameworks and incremental 
approvals[7]. 

For example, EHang's public communications confirm that obtaining the Production 
Certificate (PC) for their EH216-S was a crucial step towards scaling operations and mass 
production. However, ongoing regulatory procedures, including the issuance of Air Operator 
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Certificates (ACs), indicate the ongoing need to adapt strategies based on regulatory 
requirements, leading to decisions such as a phased rollout of services and a cautious expansion 
approach rather than an immediate nationwide or global scale-up[8]. 

These regulatory milestones demonstrate that strategic decisions are impacted by both 
the current status of certification procedures and the evolving nature of regulatory standards for 
low-altitude airspace, which continue to be developed in many regions. 

EHang's strategic approach also reflects its response to uncertainty in the demand for low-
altitude services. Although urban air mobility is a promising sector, the actual demand patterns, 
especially for unmanned passenger flights, remain unpredictable. In response, EHang has 
diversified its range of applications for its aircraft. The company's involvement in sectors such as 
aerial logistics, emergency response, urban sightseeing, and tourism demonstrates strategic 
diversification, as these segments represent multiple potential revenue streams beyond a single 
focus on passenger transportation[9]. 

For example, in its strategic partnership with the China Academy of Civil Aviation Science 
and Technology (CAST), EHang has highlighted a wide range of potential applications for electric 
vertical take-off and landing (eVTOL) platforms. These include aerial services that go beyond 
passenger transportation and extend to logistics and emergency response. This diversification 
serves as a strategic safeguard against uncertain and fluctuating demand in any given application 
area[9].  

EHang's strategic management has a consistent preference for collaboration and 
partnerships as a means of mitigating operational, technological, and market risks. Various press 
releases indicate that EHang has entered into strategic alliances with significant industrial 
companies and local authorities, not only in China, but also internationally, in order to enhance its 
technological capabilities, expand its industrial network, access resources, and develop its 
ecosystem. Partnerships with Minth Group represent a strategic approach to the co-development 
of high‑safety airframe systems and related demonstrations, which reduces technological and 
supply chain risks by sharing expertise and investments with a well-established automotive 
supplier[10]. 

Strategic cooperation with Reignwood Aviation Group represents a long-term 
collaboration model for integrating electric vertical take-off and landing  solutions into the general 
aviation and tourism markets. This partnership offers shared resources in training and 
infrastructure, which is another strategic adaptation to the complex operational 
environments[11]. 

EHang's Memorandum of Understanding with Kazakhstan’s Allur Group of Kazakhstan to 
expand UAM and low-altitude economy services in Central Asia demonstrates strategic 
international expansion through partnerships, which distributes market risk and enables the 
company to navigate regulatory and operational challenges in new geographical areas[12]. 

This pattern of cooperation with external parties indicates that EHang's strategic decisions 
are not made independently, but are heavily influenced by the need to mitigate risk and 
uncertainty through partnerships, shared infrastructure development, and collaborative 
ecosystem building. 

The case study demonstrates that EHang places a priority on innovation as part of its 
strategy to respond to technological uncertainties in the low-altitude economy. Through its 
partnerships with research institutions, such as CAST, and collaborations on developing next-
generation technologies, EHang emphasizes a strategic focus on innovation for risk management 
purposes. 

Through its work with scientific partners to advance aviation technologies and safety 
systems, EHang strengthens its technical foundations and mitigates the risks inherent in next-
generation mobility technologies. This approach allows the company to maintain its technological 
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competitiveness, while simultaneously navigating the challenges associated with technological 
change in a rapidly evolving industry. 

The above examples from EHang's practice clearly demonstrate the presence of multiple 
sources of uncertainty in a low-altitude economy, including regulatory, market, operational, and 
technological aspects that influence the company's strategic management decisions(table 1). 

 
Table 1 – EHang Holdings' strategic actions 

Type of 
Uncertainty 

Observed Strategic Response (based 
on case analysis) 

Strategic Implication 

Regulatory 
uncertainty 

Phased deployment and gradual 
scaling, as observed in pilot projects 
and certification processes 

Reduces regulatory risk while 
enabling controlled market entry; 
aligns with documented examples 
of city-based demonstration 
zones 

Market demand 
uncertainty 

Diversification of applications 
beyond passenger transport, 
including logistics, emergency 
services, and tourism, as 
demonstrated in partnerships and 
service expansions 

Increases resilience against 
fluctuating demand; supported by 
multiple documented case 
examples across sectors 

Operational and 
technological 
uncertainty 

Formation of strategic partnerships 
with governments, technology 
partners, and industry players, 
observed in co-development 
agreements and joint projects 

Shares operational and 
technological risk, expands 
capabilities; consistent with 
documented case examples of 
collaborative demonstration 
programs 

Innovation 
strategy 

Continuous R&D investment and 
ecosystem development, as 
highlighted in collaborative projects 
with research institutions 

Builds competitive advantage and 
mitigates technological 
uncertainty; confirmed by 
observed pilot and R&D programs 

The source was compiled based on the data [7-12] 
 
Each uncertainty identified in EHang's cases has a direct impact on the company's strategic 

decisions. Regulatory risks lead to the phased launch of projects, unstable demand requires the 
diversification of services, technological and operational difficulties lead to the formation of 
partnerships, and technological uncertainty leads to increased investment in research and 
development. 

This chart clearly demonstrates that EHang's strategy is proactive and adaptable to market 
uncertainty, rather than reactive. 

These observed strategic responses by EHang Holdings Limited clearly illustrate how 
various sources of uncertainty, including regulatory, market, operational, and technological, 
influence corporate strategic management decisions within the low-altitude economy. The case 
study demonstrates that companies operating in this rapidly evolving sector must be proactive in 
adapting their strategies in order to navigate uncertain conditions, which aligns with the research 
emphasis on the impact of market unpredictability on corporate decision-making. 

The study conducted a quantitative analysis aimed at studying the correlation between 
indicators of market uncertainty and strategic corporate governance decisions in a low-altitude  
economy. Special attention was paid to the trends observed in EHang's activities. 
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The study used secondary data at the firm and industry levels, including legislative changes, 
market volatility indicators, investment models, and research and development activity. A 
statistical analysis of the data obtained was carried out. 

To assess the impact of market uncertainty on the strategic decisions of corporations, an 
analysis of secondary financial and operational data was conducted. 

Data on EHang Holdings Limited for the period from 2024 to 2025 allows us to identify 
trends that correlate with regulatory conditions, fluctuations in demand, strategic investment 
models and operational focus. 

EHang's annual revenue increased from 117.4 million yuan in 2023 to 456.2 million yuan 
in 2024, representing an increase of 288.5% year-on-year. In addition, deliveries of EH216 series 
aircraft increased from 52 to 216 units, representing an increase of 315.4% year-on-year. This 
indicates high market demand and the expansion of the company's activities[13]. 

In the first quarter of 2025, EHang faced fluctuations in the cost of products expressed in 
yuan. This was due to delays in the execution of orders and problems with compliance with 
regulatory requirements. By the end of the second quarter of 2025, the company's revenue had 
recovered to 147.2 million yuan, up 44.2% from the previous year and up 464% from the previous 
quarter[14]. This indicates the volatility of demand and the effect of scaling production.  

Despite the fact that, according to GAAP standards, EHang posted a net loss of 81.0 million 
yuan in the second quarter of 2025, adjusted net profit was 9.4 million yuan. This is a significant 
improvement over previous periods, which demonstrates strategic cost management and a focus 
on investments that can be scaled[14]. Despite the changes in sales volumes, EHang continues to 
demonstrate a stable gross profit margin of approximately 62.6%. This indicates that the company 
is successfully operating and effectively conducting its activities. 

Based on the provided data, a simple quantitative correlation analysis was conducted 
between key indicators and strategic decisions(table 2). 

 
Table 2 – Quantitative indicators related to strategic response measures 
 

Indicator Period Observed Value Related Strategic Action 
Revenue Growth 
(YoY) 

2023→2024 +288.5% Scale production, invest in 
commercialization 
(flyingcarsmarket.com) 

Revenue Volatility 
(Q1 vs Q2 2025) 

Q1: RMB26.1M → 
Q2: RMB147.2M 

+464% QoQ Phased deployment and 
demand adaptations 
(ir.ehang.com) 

Adjusted Net 
Income 
Improvement 

Q1→Q2 2025 From 
−RMB31.1M to 
+RMB9.4M 

Cost control, strategic 
investment focus (ir.ehang.com) 

Gross Margin 
Stability 

Q2 2024 & 
Q2 2025 

~62.4%–62.6% Efficient operations amid 
uncertainty (ir.ehang.com) 

 
The source was compiled based on the data [13-15] 
The study revealed statistical patterns that confirm the hypothesis of a significant impact 

of market uncertainty on strategic corporate governance decisions in conditions of economic 
instability.  

Analysis of the data received from EHang Holdings Limited shows that the company adjusts 
its activities and strategy of interaction with the market depending on fluctuations in demand. 
These adjustments affect strategic resource allocation and scaling decisions, demonstrating how 
uncertainty limits and alters long-term planning. 
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The rapid changes in revenue figures on a quarterly basis reflect the impact of regulatory 
timing, production planning, and market acceptability on the strategic decision-making process 
under conditions of uncertainty. These fluctuations indicate the need for companies operating in 
developing sectors of the high regions regions to constantly review their strategic plans in order 
to adapt to changing regulatory frameworks and uncertain market conditions. As a result, strategic 
management becomes adaptive rather than static, which underlines its importance. 

At the same time, the improvement in adjusted net income, as well as continued 
investments in research and development, as well as strategic partnerships, indicate that EHang 
is committed to balancing short-term financial performance with long-term innovation goals. This 
indicates that strategic decisions are made not only to avoid risk, but also to maintain 
competitiveness and technological leadership, despite unstable external conditions. 

 The relative stability of gross profit despite operational and revenue fluctuations highlights 
the role of targeted cost management as a strategic response to uncertainty. Maintaining 
operational efficiency in such an environment reflects a proactive approach. 

The quantitative results obtained are consistent with the conclusions obtained during the 
qualitative analysis of specific cases, including step-by-step scaling, willingness to diversify, 
forming partnerships and investing in technological capabilities.  

Statistical data and conclusions based on case-by-case analysis confirm that the 
uncertainty of the market situation in a low-income economy is a key factor in making strategic 
decisions in corporate governance. This corresponds to the main purpose of this study. 

EHang Holdings Limited is a clear example of how market uncertainty in the low-altitude 
economy influences corporate strategic decision-making. The company operates in an emerging 
and heavily regulated industry, which presents multiple and simultaneous sources of uncertainty. 
These include regulatory approval processes, fluctuating market demand, technological 
development, and operational scaling. 

Through its strategic choices - such as phased market entry, gradual expansion of 
operations, diversification of use cases, and the establishment of strategic partnerships - EHang 
demonstrates how companies can actively adapt their strategies to navigate uncertain market 
conditions. Rather than pursuing a fixed long-term plan, EHang continually adjusts its investment 
levels, innovation focus, and engagement with the market in response to changing external 
factors.. As a result, the company's strategic management approach reflects a model of decision-
making that is driven by dynamics and uncertainty, directly illustrating the central theme of this 
study: the influence of market uncertainty on corporate strategic decisions in the low-altitude 
economic environment. 

The research objectives were thoroughly reflected and systematically analyzed using the 
empirical example of EHang Holdings Limited as a case study. This case demonstrates how market 
uncertainties in the low-altitude industry translate into specific strategic management decisions 
over time, allowing the study's objectives to be analyzed dynamically rather than statically. 

At the start of the analyzed period, monthly performance indicators indicated increased 
regulatory and demand uncertainties, leading to cautious strategic behavior on the part of EHang. 
During this time, the company emphasized phased implementation, limited expansion, and 
controlled allocation of resources, which aligns with the study's goal of identifying how 
uncertainties restrict strategic investment decisions. 

During the middle of the study period, the monthly results showed a gradual improvement, 
driven by partial regulatory clarification and increased market acceptance. This was characterized 
by adaptive strategic adjustments, such as expanded pilot operations, enhanced partnership 
activities, and targeted investments in commercialization. These efforts directly support the 
study's goal of analyzing how companies adjust their strategic decisions as uncertainties evolve, 
rather than disappear. 
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Later in the study, performance indicators stabilized and improved, reflecting the 
cumulative impact of previous strategic choices. At this stage, EHang expanded its production 
capacity, intensified its focus on innovation, and sought broader market applications. This 
indicates a shift from a defensive to a growth-oriented strategy. This progression aligns with the 
research goal of assessing how companies transform uncertainty into strategic opportunities 
through adaptable management. 

Overall, the monthly dynamics observed in EHang's performance confirm that the 
objectives of the study were comprehensively addressed. The market uncertainty was not only 
identified, but also empirically linked to strategic management decisions, demonstrating that the 
EHang case provides a coherent and comprehensive illustration of the research topic. 

Conclusion 
This study examined the influence of market volatility in the low-altitude industry on 

corporate strategic decision-making, using EHang Holdings Limited as an example. The findings 
indicate that market volatility, arising from regulatory ambiguities, fluctuating demand, 
technological maturation, and operational scalability, plays a significant role in shaping strategic 
behaviors in this emerging industry. 

The analysis reveals that companies operating in this sector do not rely on static or linear 
strategic planning approaches. Instead, they employ adaptive and flexible strategies such as 
phased market entry, diversified application scenarios, strategic alliances, and sustained 
innovation investments. The case of EHang demonstrates how these strategic responses are not 
random managerial decisions but systematic responses to changing external circumstances. 

Both qualitative case analysis and quantitative evidence support the claim that uncertainty 
influences not only the timing and scope of investment decisions, but also broader strategic 
priorities, such as risk management, innovation focus, and long-term competitiveness. 

Importantly, the findings indicate that uncertainty can act not only as a barrier but also as 
an impetus for strategic transformation, when companies proactively incorporate uncertainty into 
their decision-making processes. 

To conclude, this research contributes to the comprehension of strategic management in 
a low-altitude economic setting by demonstrating that market volatility is a significant driver of 
corporate strategy. The results offer practical guidance for managers and policy makers by 
emphasizing the significance of regulatory clarity, adaptable strategic planning, and cooperative 
innovation in facilitating sustainable growth within this fast-changing industry. 
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Introduction 
With the rapid development of digital technologies and increasing uncertainty in the world, 

the use of big data is becoming a key tool for improving the quality of management decisions in 
large organizations. 

Modern companies, especially in key industries, face the need to quickly analyze large 
amounts of diverse information to predict risks, optimize resources, and ensure sustainable 
development. In this context, the analysis of management decisions based on big data becomes 
particularly important. 

Large state-owned holdings such as Sinopec Group in China and Samruk-Kazyna JSC in 
Kazakhstan play a key role in national economies and have a complex multi-level management 
system.. Although digital technologies have been actively used recently, the methods of analyzing 
and predicting management decisions using big data in such companies still do not have a clear 
system and cannot be compared between countries. This makes it necessary to conduct research 
based on real corporate examples. 

As part of this work, we aim to explore the potential and effectiveness of using big data to 
analyze and predict management decisions using the example of Sinopec Group and Samruk-
Kazyna Group. 

To achieve this goal, we plan to perform the following tasks:: 
 to consider the theoretical foundations of the use of big data in corporate governance; 
 to determine the specifics of using Big Data tools in the analysis and forecasting of 

management decisions in Sinopec Group and Samruk-Kazyna Group companies; 
 to conduct a comparative analysis of big data application practices and identify the factors 

that affect their effectiveness in management. 
As part of the study, a comparative analytical approach was developed to evaluate the use 

of big data in management decisions of state-owned corporate holdings in China and Kazakhstan. 
The specifics of the impact of Big Data tools on the processes of forecasting management decisions 
in different institutional environments were also revealed. 

The relevance of the study is due to the growing role of big data in strategic management, 
the need to increase the validity of management decisions in large state-owned companies, and 
insufficient comparative research on the use of Big Data in corporate governance in emerging 
markets. 



 

 

 «European Research Materials» (February 26-27, 2026). Amsterdam, Netherlands 

113 

The scientific value of the research lies in the fact that it contributes to a deeper 
understanding of the role of big data in the management decision-making process and expands 
the theoretical basis for analyzing digital management tools in large corporate structures. 

The practical significance of the research lies in the fact that its results can be used in the 
development and adjustment of digital management strategies in public and quasi-public 
companies. They can also be useful in implementing analytical and predictive models based on big 
data. 

The question we are investigating can be formulated as follows: How does the use of big 
data affect the analysis and forecasting of management decisions in large state-owned holdings, 
using the example of Sinopec Group and Samruk-Kazyna Group? 

Literature review 
The research question of this study is to determine how the use of big data affects the 

analysis and forecasting of management decisions in large corporate holdings such as Sinopec 
Group and Samruk-Kazyna Group. Recently, more and more works have appeared in the scientific 
literature on the analysis of big data in management and decision-making in organizations with a 
consistent structure and large-scale operations. 

Mishra S., Misra A.  emphasize that big data is becoming necessary for analysis and 
decision-making for processing huge amounts of structured and unstructured data and applying 
computational analysis methods[1]. 

A number of researchers such as Srivastava M., Franklin A., Martinette L.  emphasize that 
organizations employing highly qualified analysts gain competitive advantages and promote 
innovation[2]. 

Research aimed at applying big data in management accounting, as well as analytical 
calculations, contribute to the development of analytical abilities and allow for the transformation 
of traditional financial processes. This, in turn, improves the quality of management operations, 
provides a systematic analysis of large amounts of information and the identification of hidden 
patterns in the data[3]. This reflects a general trend: big data analysis is no longer just scrupulous 
technical statistics and is becoming part of a corporate strategy. 

A number of scientific papers examine the stage and semantics of data in general terms, 
pointing out that inefficient data organization can lead to duplication of information and make 
decision-making difficult [4]. The approach to data generation, collection and processing is 
becoming a key factor in ensuring the effective use of big data in management. 

At a senior management level, the impact of big data on decision-making is also discussed. 
The Journal of Business Research suggests that big data has the potential to “transform” strategic 
decision-making, but at the same time it is essential to continuously develop the cognitive abilities 
of managers and adapt management practices to new circumstances [5]. 

This is confirmed by the fact that the use of analytical data should lead to a transformation 
of corporate culture and professional development of managers. 

 Some studies reveal the problems and difficulties associated with the use of big data: the 
lack of specialists capable of conducting analysis, the lack of a unified strategy for working with 
various data sources, and the lack of infrastructure for processing large amounts of information[6]. 

This is particularly relevant for businesses operating in emerging markets, where the level 
of digital advancement and investment in analytical tools is still lower compared to developed 
markets. 

So, the study of scientific works demonstrates that big data is a powerful tool for improving 
the quality of management decisions and forecasting in the corporate world. However, their 
effective application requires not only technological solutions, but also the development of 
managerial skills, data collection and organizational work. 
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A review of the literature shows that these conclusions are relevant both for individual 
companies and for state and quasi-state holdings. This justifies the need for  analysis using the 
example of Sinopec Group and Samruk-Kazyna Group in order to deepen the theory and practice 
of using big data in strategic management. 

Research methodology 
Two main methods are used to achieve the research goals and solve the tasks set. 
The first method is a comparative analysis, which allows us to compare the practice of using 

big data in the management of Sinopec Group and Samruk-Kazyna Group companies. This 
approach is necessary to identify similarities and differences in approaches to the collection, 
processing and use of analytical data in the study of management decisions. It also helps to identify 
the factors that affect the effectiveness of forecasting and operational planning. 

The second approach is a qualitative case study analysis, which includes a systematic study 
of internal documents, reports, public sources, and expert interviews. This approach allows for a 
deeper understanding of how big data is integrated into decision-making processes, what 
technologies and analytical platforms are used, and how the results of data analysis relate to 
strategic and operational decisions. 

The research is based on corporate reports, analytical materials, strategies of Sinopec 
Group and Samruk-Kazyna Group companies, as well as information on digital projects and the 
implementation of big data. 

These materials provide an empirical basis for analysis, allow us to test theoretical 
provisions in practice and draw reasonable conclusions about the impact of big data on 
management decisions in large state and quasi-state holdings. 

The use of these data processing methods and tools allows not only to describe existing 
practices, but also to identify the best approaches and recommendations for improving the 
efficiency of using big data in management. 

Results and discussion 
The study, based on the comparative analysis method, revealed typical approaches to the 

use of big data in the management activities of Sinopec Group and Samruk-Kazyna Group 
companies. There was also a decrease in the rate of change and discrepancies in the analysis and 
forecasting of management decisions(table 1). The table  shows the main aspects of the practice, 
as well as highlights the similarities and differences. 
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Table 1 – The use of big data in the management decision-making process 
Analysis 

Dimension 
Sinopec Group Samruk-Kazyna 

Group 
Comparison Outcome 

Data sources Operational/production 
data, IoT sensor streams, 
financial indicators, market 
analytics, supply chain data 

Financial reports of 
portfolio companies, 
operational metrics, 
macroeconomic 
indicators, ESG 
information 

Sinopec uses a 
broader set of real-
time technical and 
market sources, 
supporting dynamic 
decision models, 
while Samruk-Kazyna 
relies more on 
structured financial 
and economic data 

Big Data 
infrastructure 

Centralized analytics 
platforms, cloud computing, 
integrated AI/ML pipelines 

Partially centralized 
systems with siloed 
platforms in 
subsidiaries 

Sinopec shows higher 
digital maturity and 
unified data 
architecture 

Use of 
analytics for 
forecasting 

Real-time forecasting of 
demand, prices, production 
and logistic risks 

Forecasting of 
financial 
performance, 
investment returns 
and risk scenarios 

Both firms use 
analytics for 
forecasting, but 
Sinopec’s focus is 
broader and more 
predictive 

Strategic 
decision 
support 

Data analytics integrated 
into long-term strategy and 
investment program 
development 

Big Data used mainly 
as auxiliary analytical 
input 

The influence of Big 
Data on strategic 
decisions is stronger 
at Sinopec 

Operational 
decision 
support 

Automated dashboards, 
scenario modeling and 
alerting for operations 

Analytical reports 
and aggregated 
dashboards for 
management 

Sinopec employs 
more real-time and 
automated 
operational tools 

Risk 
management 

Predictive analytics for 
operational and market risk 
detection 

Historical data 
analysis for financial 
and investment risk 

Sinopec’s analytics 
emphasize predictive 
risk detection 

Organizational 
integration 

Data analytics embedded at 
multiple management levels 

Use of Big Data 
practices varies by 
subsidiary 

Samruk-Kazyna shows 
more fragmented 
adoption 

Analytical 
capacity 

Dedicated data science units 
and analytics specialists 

Limited number of 
Big Data specialists 

Human and analytical 
resource constraints 
are more pronounced 
at Samruk-Kazyna 

The source was compiled based on the data [7-8] 
As a result, the comparison demonstrates that although Sinopec Group and Samruk-Kazyna 

Group are aware of the importance of big data for management decisions, their approaches to 
working with data differ in terms of coverage, integration, and technological readiness. 

Sinopec Group uses data more broadly and predictively, which is in line with global trends, 
according to which advanced analytics more effectively supports both strategic and operational 
decisions when integrated into all organizational systems. 
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This comparative analysis is a contribution to the research of this topic, empirically 
demonstrating how theoretical conclusions drawn from the literature on big data-based decision-
making are implemented in real corporate practice. The literature review highlights that big data 
contributes to the improvement of management decisions through the use of predictive analytics, 
the integration of various data sources, and the introduction of analytical capabilities at the 
organizational level. A comparison between the Sinopec group of companies and the Samruk-
Kazyna group of companies shows that these theoretical provisions are implemented in different 
ways depending on the level of digital maturity, management structure and analytical capabilities.. 
In particular, Sinopec's more advanced and predictive use of big data supports scientific arguments 
that integrated analytical infrastructures contribute to both strategic and operational decision-
making. At the same time, the more fragmented adoption observed at Samruk-Kazyna reflects the 
limitations identified in previous studies for organizations in emerging markets. 

Thus, comparative analysis connects theory and practice, showing how the concepts of big 
data discussed in the literature are translated into specific management decision-making 
processes. This highlights their relevance and practical value for large state-owned companies. 

The results of the comparative analysis provide a clear analytical basis for the subsequent 
stage of the study, which includes an analysis of specific cases. The revealed differences in data 
sources, forecasting methods, organizational integration, and risk management allow us to 
formulate testable hypotheses about the impact of big data on the quality of management 
decisions. 

In the next stage, a case analysis method will be used to verify and deepen these findings 
by examining specific decision-making processes, digital initiatives, and management outcomes in 
the Sinopec and Samruk-Kazyna groups. This approach allows us to move from comparative 
analysis to a deeper study of the facts, which increases the reliability of conclusions about the role 
of big data in analysis and forecasting. 

Sinopec is actively implementing advanced digital technologies and creating smart 
factories, including data integration to ensure efficient production management, process analysis 
and optimization. This is directly related to the use of big data for production analysis and 
planning[9]. 

In 2025, Samruk-Kazyna launched SKAI, an intelligent system based on artificial 
intelligence[10]. It helps Council leaders analyze large amounts of information and make more 
informed decisions in the field of economic management. This example shows that big data 
analysis tools are used not only for solving everyday tasks, but also for strategic planning and 
management decision support. 

The Sinopec Group of Companies is developing a strategic plan that includes investment 
solutions for projects related to digital transformation and the transition to new energy sources. 

Big data is used to evaluate various investment options. They are collected from historical 
project indicators, financial data, and sustainability information. 

Management uses predictive models to assess long-term profitability and risks. This helps 
to make strategic decisions on portfolio formation and capital allocation. 

In contrast, the example of the Samruk-Kazyna Group of companies represents a 
completely different approach to practice. 

One of the key aspects is the use of big data to analyze financial indicators and monitor 
investments of companies in the holding's portfolio. 

The holding collects and analyzes large amounts of financial and operational information 
from its subsidiaries, creating centralized dashboards. These panels help make management 
decisions related to budget control, dividend policy, and comparative performance evaluation. 

Although this approach increases transparency and control, predictive analytics is mostly 
limited to extrapolating trends based on historical data. 
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Another example is the experience of Samruk-Kazyna related to risk assessment in large-
scale projects aimed at infrastructure and energy development. 

Big data processing tools are used to analyze data on the cost of the project, its timing and 
macroeconomic indicators. This allows you to assess investment risks. 

However, unlike Sinopec, forecasting models rely mainly on retrospective data. Scenario 
analysis is not so well developed. 

Therefore, management decisions are made more carefully and in stages. This is due to 
the limited use of real-time and unstructured data sources. 

As another example, digitalization initiatives can be cited in some subsidiaries, where big 
data analysis methods are being used experimentally to optimize workflows. These initiatives 
demonstrate positive results at the local level, such as improved reporting quality and faster 
decision-making. However, the study shows that the lack of a common data analysis strategy at 
the level of the entire holding company limits the ability to scale and strategic influence. 

In general, the discovered examples demonstrate that Sinopec uses big data as a key 
management tool that influences current, risky and strategic decisions. At the same time, Samruk-
Kazyna uses big data primarily for financial monitoring and investment control. 

These examples clearly show that the value of big data for forecasting and strategic 
planning depends on how deeply they are integrated into management systems, how well they 
are coordinated in the organization, and how well analytical methods of working with them are 
developed. 

The results of the comparative analysis and case study allow for a deeper understanding 
of the role of big data in the analysis and forecasting of management decisions in large 
government and quasi-government corporate groups. 

According to the purpose of the study, the data obtained demonstrate that big data is not 
just a technological tool, but a management tool. 

From a theoretical point of view, the results of the study confirm the key arguments 
presented in the scientific literature that data-based decision-making contributes to improving 
management rationality, forecasting accuracy and strategic foresight. 

The examples of the Sinopec Group of companies demonstrate empirical confirmation of 
theoretical models suggesting that the implementation of big data analytics at the operational and 
strategic levels allows for a transition from reactive to predictive management. 

In contrast, the examples of Samruk-Kazyna companies illustrate the limitations that were 
noted in previous studies. These limitations include fragmented data infrastructure and uneven 
digital maturity, which limit the predictive potential of big data and reduce its impact on strategic 
decision-making. 

Thus, the results of the study confirm the existing theoretical assumptions, while taking 
into account their context in the realities of large government organizations. 

In the context of the study, the results provide a better understanding of how big data 
influences various types of management decisions. Operational solutions tend to benefit from the 
integration of real-time data and automated analytics, as demonstrated by Sinopec's examples of 
production optimization and risk management in the supply chain. 

Strategic and investment decisions require not only advanced data analysis, but also 
willingness on the part of management, as well as trust in data-driven conclusions. The examples 
of Samruk-Kazyna show that without a single analytical strategy at the holding level, big data is 
usually used as a monitoring and control tool, rather than as a driving force for strategic decisions 
focused on the future. This distinction deepens the understanding of the role of big data in the 
hierarchy of management decisions. 
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It is important to note that during the discussion it is emphasized that the value of big data 
for managerial decision-making lies not only in the accuracy of forecasting, but also in its ability to 
transform the decision-making processes themselves. 

Sinopec's examples demonstrate how predictive analytics influences the assessment of 
alternatives, risk perception, and formulation of long-term strategies. 

On the contrary, Samruk-Kazyna's experience shows that when big data is used mainly for 
retrospective analysis, its contribution to the quality of solutions remains gradual rather than 
transformative. 

This understanding moves the topic forward, emphasizing process transformation as a 
critical aspect. 

Overall, the results of the study reinforce the research topic by bridging the gap between 
abstract discussions of big data in the scientific literature and specific management practices 
observed in real-world business settings. They demonstrate that big data can significantly improve 
the analysis and forecasting of management decisions, but only with consistent data management, 
integrated analytical infrastructure, and organizational capabilities. 

Thus, the results obtained provide a deeper and practically grounded understanding of 
how big data contributes to management decision-making in large corporations, especially in 
developing and developing countries. 

Conclusion 
The study found that the use of big data significantly improves the quality of analysis and 

forecasting of management decisions in large government and quasi-government corporate 
groups. To do this, it is necessary to deeply integrate data analysis into organizational and 
management processes. 

Big data is not just a technological tool, but a strategic management opportunity. They can 
change the decision-making process. 

Comparative analysis and case studies of Sinopets and Samruk-Kazyna companies have 
shown that the effectiveness of big data in management decisions depends on the level of digital 
maturity, consistency of data management and availability of analytical skills. 

The article focuses on the fact that companies with a developed and centralized big data 
infrastructure, such as Sinopec, can move from a reactive and descriptive approach to decision-
making to predictive and proactive management. 

In contrast, when the implementation of big data remains fragmented and mainly focused 
on monitoring and control, as is the case at Samruk-Kazyna, their contribution to strategic 
decision-making and long-term forecasting is limited. 

This confirms that technological investments alone are not enough. To fully realize the 
potential of big data in decision analysis and forecasting, organizational coherence and leadership 
readiness are essential. 

As for the future of this field of research, there are several promising areas. 
Further research may expand the comparative analysis to include more public and private 

companies from various industries and countries. This will allow us to draw more generalized 
conclusions. 

Future research may also focus on quantifying the relationship between the maturity of 
big data and the quality of decision-making. In addition, they can explore the role of artificial 
intelligence and advanced machine learning techniques in improving management decisions. 

Research can help to better understand how long-term investments in big data capabilities 
affect management structures and strategic outcomes over time.. Overall, the results of the study 
demonstrate the growing importance of big data as a key component of modern management. 
They also highlight the growing importance of big data for both scientific research and practical 
management in the digital economy. 
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 Interjections occupy a special place among the linguistic units that constitute the 
emotional-expressive layer of speech. Interjections in Turkic languages have unusual features both 
from a lexical-semantic and phonetic point of view. Their pronunciation often goes beyond the 
general phonological system, is characterized by non-standard sound combinations, extended 
vowels, intensive use of affricatives and fricatives, variability of intonation and stress. In this 
regard, interjections act as a peripheral, but extremely important component of the phonetic 
structure of Turkic languages. 
 In modern Turkological studies, mainly semantic and functional properties of exclamations 
have been investigated, while phonetic properties have often been relegated to the background. 
However, the communicative load of exclamations is closely related to their phonetic structure. 
In this subchapter, the phonetic properties of exclamations in Turkic languages are systematically 
analyzed, and their sound composition, phonotactic structure, intonation and prosodic indicators 
are examined in a comparative aspect. 
 The phonetic structure of exclamations is directly related to their semantic load; therefore, 
in Turkology, the phonetic aspect of exclamations has historically been studied earlier than other 
word classes. We encounter this issue in the works of authors such as V. Radlov, S. Malov, A. 
Samoilovich, B. Chobanzadeh in the late 19th and early 20th centuries. For example, Radlov 
(“Experience of the Dictionary of Turkic Dialects”, 1893) presents exclamations as “phonetic frees” 
(свободные восклицания) and emphasizes that their emotional tone is related to the sound 
structure. Later, researchers such as Kononov (1956), Sevortyan (1974), Tenishev (1988), 
Johanson & Csato (1998), Baskakov (1969), K. Hajiyev (1985) explained the role of this category in 
phonetic systems in a more systematic way. 
 The phonetic structure of exclamations in Turkic languages is observed with the following 
features: 

1. Vocal dominance – most exclamations begin with voiced phonemes or consist only of 
voiced phonemes; this feature is considered a natural consequence of the expression of 
emotion through open articulation. 
2. Phonetic elongation (gemination) – the degree of semantic load of exclamations often 
increases with vocal length. For example, ah – slight anxiety; aaah! – deep pain, regret. 
3. The effect of sharpness of consonant-initial forms – exclamations beginning with a 
consonant (pah, uff, tüh, ehh, etc.) phonetically reflect the sharp-tongued character of 
the emotion. 
4. Intonation variability – exclamations do not have a fixed intonation pattern; the 
melodic contour changes depending on the type of emotion. 
5. Accompaniment with pause – the presence of a pause at the beginning or end of the 
exclamation determines the character of the emotion.  
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These features operate on almost the same basic principles in all branches of the Turkic 
language family – Oghuz, Kipchak, Karluk, Bulgar, etc.  

These features operate with almost the same basic principles in all branches of the Turkic language 
family – Oghuz, Kipchak, Karluk, Bulgar, etc.  
 In Turkic languages, special attention is paid to the phonetic characteristics of 
exclamations, and issues such as the role of intonation and stress in exclamations, the sound 
composition of exclamations, the syllabic structure of exclamations, and syllable types are involved 
in linguistic analysis.  
 In Turkic languages, the richest of all the main, auxiliary, and special speech units are 
exclamations, and the phonetic facts contained in this special part of speech are reused, giving 
expressive color and texture to the entire text. 
 Interjections consisting of the three vowels a are not used intensively in Turkish, nor in 
common cases. In some Turkic languages, this phonetic form is observed in the phonetic versions 
e-e-e, e, ay. Let's look at examples: -Eee, herhalda bu da Reyhanın marifetır Gülcan.. (in 
Azerbaijani); -Eee, herhalde bu da Reyhanın marifeti omlaki Gülcan... (in Turkish); -Āäā, härhäldä 
bımhı la Reyhandıņ ostalığı bulırga käräk, Gülcan... (in Bashkir); -E-e-e, Gülcan, bul Reyhannıņ 
arkashı bolnı kerek... (in Kazakh); -Ee, kanday bolso da, bul Reyhandın ishi, Gülcan... (in Kyrgyz); - 
E, yoķ men här vakt äcäyib sälät täyyar läş bilän mäktänämän, said Reyhan Gülcan vä otirganlärning 
hammäshi hahăläb kulişdi (in Uzbek); - Ah, well, I'm proud to know how to make a good salad a 
thousand times, didi Reyhan Gülcan always laugh and laugh at me (in Tatar); - Ay, yök, men hul 
govi salat yaşäp (in Turkmen language) 
            Without expanding such phonetic comparisons, we can say that exclamations that appear 
in different or the same form serve the same semantic task.  
 The phonetic feature of exclamations sometimes puts them in contrast with vocative 
words. Thus, intonation plays a very important role in exclamations and vocative words. Just as a 
number of non-exclamatory words acquire exclamatory qualities due to intonation, many words 
also acquire vocativeness due to intonation and stress. For example, the words “ateş”, “hücüm”, 
“dikkat”, which are actually nouns, the verbs “dur”, “defol” etc. are used as exclamations due to 
special intonation: Bölük, dur! Düşman mevzilerine ateş etc. Similarly, the words “azizim”, 
“ağabeyim (abim)”, “yenge” etc. are used as vocative words in connection with the text, where 
intonation plays a very important role: 

1) Sir, the fate of the peasants is always like this. 
2) My son, come on, get out of my head, for God's sake! 
A similarity between exclamations and vocatives also manifests itself phonetically. This is 

evident in the vocative words "kişt", "öşt", "pişt", "deh", "oha" and other vocative words, which 
are mainly used to address animals. Both exclamations and vocative words often deviate from the 
phonetic structure of the Turkish language. In addition, any part of the sounds that make up 
exclamations can be lengthened for the purpose of strengthening, and vocative words or 
consonants can be pronounced long: 

1) Eee! Enough, this is not enough. 
2) Ooof, when will this injustice end oof! 
3) Hey, can you hear me, boy? 
The phonological system in Turkic languages has a mostly stable and symmetrical 

structure. The basis of this system is the law of vowel harmony, the positional variation of 
consonants, and the dominance of open syllables. Interjections act as phonetic units outside the 
norm within this system. 

The phonetic status of interjections is characterized by the following aspects: 
the presence of rare or atypical sounds in the phonological system; 
the instability of the syllable structure; 
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the semantic distinguishing function of phoneme length; 
the determination of lexical meaning by intonation. 

For example, although the interjections “ah”, “of”, “ey” used in Azerbaijani, Turkish and Kazakh 
languages have the same phoneme composition, they express different emotional shades 
depending on the degree of intonation and prolongation. This shows that the phonetic structure 
of interjections is directly related to the semantic function. 
Vowels are dominant in the phonetic structure of interjections in Turkic languages. In particular, 
open vowels (a, o, e) are widely used to express emotional charge more strongly. Thus, the 
phonetic structure of interjections mainly changes according to the intensity of the emotional 
state. 
a! – surprise, fear 
aa! – amazement, lasting impressionAçıq saitlərin uzadılması emosiyanın gücünü artırır.  

For example, in M.F. Akhundzadeh's work "Haji Kara": 
"Aaa! What is this?!" 
Here, the exclamation "aaa" expresses surprise and anger at the same time by lengthening 

the open vowel /a/. Phonetic lengthening creates a stronger emotional impact than syntactic and 
lexical means. 

oof! - fatigue, dissatisfaction.  
Of be, this life also annoys me." (Orhan Kemal) 
From a phonetic point of view, the exclamation "of" has a universal Turkish character, 

maintaining the same sound composition in Azerbaijani and Turkish. 
The lengthening of vowels is one of the main phonetic features of exclamations. 

Lengthening is not phonological, but prosodic and differentiates meaning. This feature is rare in 
the general phonological system of Turkic languages. 

The phonotactic system of the Turkic languages rarely allows consecutive consonant 
combinations. However, exclamations violate this rule. 

The consonants used in exclamations are mainly fricative and affricative sounds (f, h, ş, ç). 
These sounds enhance the emotional effect due to the intensity of the breath flow: 

uf - discontent 
hıh - mockery 
şşş - silence 
şş! Be quiet, let no one hear.” (M. İbrahimov) 
Here, the exclamation “şşş” consists of a triple fricative consonant and is not subject to the 

concept of syllable. This indicates that it has a phonetic signal function. 
In Turkish Turkish, in Yaşar Kemal’s novel “İnce Memed”: 
"Shh… don't let the dogs hear it." 
The parallel use of the same phonetic model in different Turkic languages proves the 

universal phonetic characteristics of exclamations. Such sounds sometimes violate the 
phonotactic norms of Turkic languages, but are accepted in live speech. 

Although most words in Turkic languages are built on the principle of open syllables, 
exclamations often violate this rule. 

The following syllable patterns are found in exclamations: 
V (a!, o!) 
VC (ah, of) 
CVC (vay, hey) 
CCC (shshsh, tss) 
In particular, exclamations such as shshsh, pss, tss remain outside the concept of syllables 

and have the character of phonetic signals. Such structures reveal the paralinguistic nature of 
exclamations. 
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Prosody plays a key role in the phonetic analysis of exclamations. Exclamations often: 
have an extra-sentential intonation contour; 
the emphasis is not between phonemes, but on the whole unit; 
are accompanied by pauses. 
For example, the exclamation “Eee?” can express a question with a rising intonation, and 
dissatisfaction with a falling intonation. This proves that the lexical meaning of exclamations is 
formed by intonation. For example, in Anar’s prose: 
“Eee… but what happened next?” 
Here, the exclamation “eee” expresses interest and expectation with a rising intonation. 
However, in Elchin’s dialogues: 
“Eee… I was saying that too.” 
the intonation has a falling character and expresses irony. Although the phonetic unit remains the 
same, the intonation changes the meaning.  
The phonetic form of exclamations undergoes serious changes in the dialects and dialects of Turkic 
languages. 
For example: “ay” in Azerbaijani Turkish 
“hay” in Turkish 
“ai” in Kazakh 
“oy” in Kyrgyz 

In Kazakh literature, in M. Auezov's novel "Abay yolu": 
"Ai, balam, sen ne istep jursin?" 
Here, the exclamation "ai" is phonetically identical to the "ay" in Azerbaijani Turkish, but 

the thinning of the vowel reflects a regional feature. 
In the works of the Kyrgyz writer Chingiz Aitmatov: 
"Oy, bul kanday zaman?" 
The exclamation "oy" expresses surprise and amazement at the phonetic level. These 

variations are related to phonetic adaptation and regional intonation features. Exclamations serve 
as important material for dialectological research. 
 According to the phonosemantic approach, the sound form of exclamations directly 
reflects the meaning. In Turkic languages, open vowels are associated with positive emotions, 
while closed and fricative sounds are associated with negative emotions. From this point of view, 
exclamations can be considered units that preserve the initial phonosemantic layer of the 
language. 
 The analysis shows that exclamations in Turkic languages are the most dynamic and non-
standard units of the language from a phonetic point of view. Although their sound composition, 
phonotactic structure and prosodic features go beyond the general phonological system, they 
have high functionality from a communicative point of view. The study of the phonetic features 
of exclamations is of great scientific importance in terms of understanding the emotional-
expressive potential of Turkic languages, their phonosemantic mechanisms and their relationship 
with paralinguistic elements. 
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Abstract 

This article presents an analytical review of contemporary empirical research at the intersection 
of three subject areas: AI-assisted formative assessment (AI-FA), self-regulated learning, and 
English as a Foreign Language (EFL) pedagogy. What distinguishes this work from existing reviews 
is the introduction of an original analytical framework in the form of a three-level model of 
implementation conditions, which makes it possible to systematize conflicting findings on the 
effectiveness of these tools. Analyses in the field tend to be limited to describing individual 
instruments. The proposed model differentiates between technological, pedagogical, and 
institutional conditions, demonstrating that the observable effects of AI-FA are determined not by 
the characteristics of any particular tool, but by the configuration of all three levels simultaneously. 
The findings lead to the conclusion that when the technological capabilities of AI-FA meet a well-
prepared instructor within a supportive institutional environment, these tools produce consistent 
positive effects on both academic achievement and student self-efficacy. In other cases, the risk 
of underutilizing the formative potential of such systems remains high, even when the technology 
itself is technically sophisticated. 
 
Keywords: formative assessment; artificial intelligence; learner autonomy; self-regulated learning; 
EFL; technology-assisted assessment; self-determination theory; feedback; language education; 
three-level conditions model 
 

1. Introduction 
The question of how feedback influences learning outcomes has occupied educational researchers 
for several decades. The touchstone for most contemporary discussions in this area remains the 
large-scale analysis by Black and Wiliam [1], whose review of hundreds of empirical studies 
established that systematic, purposeful feedback during the learning process produces more 
durable gains in achievement than most other pedagogical interventions. Since then, while the 
mechanisms behind this effect continue to be debated, the core claim has been reproduced in the 
literature with something approaching axiomatic status. 
The proliferation of AI-powered educational platforms has shifted this theoretical question into 
the domain of applied solutions. Today's EdTech market offers tools capable of generating 
personalized feedback at a scale that no instructor could achieve given practical constraints. What 
is more, the pace of technological development is outrunning the accumulation of research 
evidence about effectiveness. Huang, Jiang, and Yang, drawing on their ethnographic study, note 
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that work examining how EFL teachers themselves experience and perceive technology-assisted 
formative assessment (TAFA) remains scarce [2]. That observation has not lost its force. 
In the context of teaching English as a Foreign Language, this problem takes on additional urgency. 
Language acquisition is an inherently iterative process as learners do not simply accumulate lexical 
and grammatical knowledge but gradually take responsibility for their own learning. That capacity 
for self-direction constitutes the long-term goal of language education. The question the existing 
literature has not answered convincingly is whether algorithmically generated feedback supports 
the development of this autonomy or, by creating an illusion of competence through immediate 
reinforcement, quietly substitutes for it. 
This article addresses precisely that question. Rather than organizing research chronologically or 
thematically, the review proposes an analytical framework that can account for the inconsistency 
in existing findings: specifically, why some studies report meaningful positive effects of AI-FA while 
others identify unanticipated costs or neutral results. At the core of this framework is an original 
three-level model of implementation conditions, described in detail in Section 3. 
The scholarly contribution of this work rests on three interrelated elements: (1) the introduction 
of an original analytical model that distinguishes technological, pedagogical, and institutional 
conditions of AI-FA implementation; (2) a cross-study synthesis demonstrating that the 
simultaneous rise in student self-efficacy and learning anxiety is a systemic pattern rather than an 
anomaly; and (3) a set of practical recommendations grounded not in the effects of individual tools 
but in the combination of conditions under which those effects reliably appear. The proposed 
model is directly applicable to the design and evaluation of AI-FA systems in higher-level language 
programs. 

2. Theoretical Foundations 
2.1 Formative Assessment: From Definition to Practice 

Behind the foundational claim made by Black and Wiliam [1] lies a methodological complexity: 
assessment becomes formative not at the moment feedback is delivered, but at the moment it is 
used to change the learning behavior of either the teacher or the student. This critical condition 
is easy to state and difficult to fulfill. 
A useful tool for understanding the range of functions that assessment performs in practice has 
been offered by Crisp [3]. He identifies four levels: diagnostic (where do we start), formative (how 
are we progressing), integrative (how do we connect knowledge over time), and summative (what 
do we confirm at the finish line). Importantly, these levels describe not different types of 
instruments but different purposes of the same action. In language programs with high-stakes 
accountability structures, this distinction has practical consequences: if the summative function 
overrides the formative one, the instructor is technically providing feedback, but the student 
receives it as a final judgment rather than a guide for further work. 
It is exactly this gap between tool and use that Fox-Turnbull [4] examines, drawing on assessment 
practice data from technology education. In her observations, the quality of feedback depended 
not on the instrument itself but on the instructor's pedagogical content knowledge: the capacity 
to anticipate typical difficulties, read an error as a symptom rather than a fact, and adjust 
subsequent instruction accordingly. For AI systems, this has a direct implication: a tool may 
generate diagnostically rich information, but if the teacher lacks the expertise to interpret it, the 
formative potential of the system goes unrealized. 
At the technological level, an example of strong diagnostic architecture is provided by Sainsbury 
and Benton [5]. In building a system for electronic formative assessment of early reading skills 
(1,345 test administrations, children aged 5 to 7), the authors used latent class analysis to identify 
performance patterns, not isolated errors, but recurring combinations of strengths and 
weaknesses. Each diagnostic profile was paired with concrete "next step" recommendations for 
the teacher. This approach illustrates what the present article designates as a high technological 



 

 

 Proceedings of the 12th International Scientific Conference 

126 

level of implementation conditions: the tool does not simply record a result but provides 
pedagogically meaningful and practically actionable information. 

2.2 Autonomy and Self-Regulation in Assessment Contexts 
In the pedagogical literature on EFL, autonomy often functions more as a metaphor than as a 
rigorously defined concept. In this review, autonomy is examined through the lens of self-
determination theory (SDT). Within that framework, autonomy is understood not as 
independence from instruction but as a process of internalization through which learners' 
behavior gradually shifts from actions driven by external incentives toward actions grounded in 
their own values and goals [6]. Self-determination theory identifies three basic psychological 
needs whose satisfaction makes internalization possible: a sense of volitional choice (autonomy), 
a sense of competence (efficacy), and a sense of belonging to a learning community (relatedness). 
The theoretical analysis by Nikou and Economides [6] shows that mobile environments for 
formative assessment are well positioned to support these needs: immediate feedback 
strengthens the sense of competence, flexible access to materials expands the sense of choice, 
and interactive features create conditions for connectedness among learners. This explains why 
mobile and AI-based FA tools may influence autonomy not only through the content of feedback 
but through the very structure of their interaction with the student. 
At the same time, the qualitative study by Weurlander, Söderberg, Scheja, Hult, and Wernerson 
[7] shows that the effect is not always straightforward. From a cohort of 70 pathology students 
who completed two formative assessment formats (individual written and group oral), the 
researchers collected written reflective accounts from 17 participants and conducted group 
interviews with 9 students. The data indicate that assessment initially activates external 
motivation: students prepare for the assessment for the sake of the assessment itself rather than 
because of what it teaches them. The transition toward deeper, internally motivated learning 
happens gradually and only once the student has accumulated sufficient subject knowledge to 
engage meaningfully with feedback. Such a process, as the authors note, is measured in 
semesters. 
The cognitive mechanics of working with written feedback are described in detail by Nordrum, 
Evans, and Gustafsson [8]. Their study examines assessment practice in academic writing at a 
technical university, where students simultaneously received in-text comments and a summary 
rubric. The results showed that students perceived these two sources of information as 
functionally distinct: comments pointed to specific, predominantly linguistic errors, while the 
rubric reflected overall achievement level. Some students described attempting to use both 
sources simultaneously as "putting together a puzzle without a picture on the box," which created 
cognitive overload. This finding underscores the essential difference between receiving feedback 
and making productive pedagogical use of it, a distinction that becomes critical when AI tools are 
introduced. 

2.3 Empirical Evidence: AI Tools, Language Programs, and Related Contexts 
The most thoroughly documented experimental study of AI for formative assessment is presented 
by Liao, Zhang, Wang, and Luo [9]. The authors built a visual report system that combined natural 
language processing, cognitive diagnosis, and data visualization to analyze students' monthly test 
results. The system comprised six modules; based on student survey responses, three proved most 
valued: "Achievement Ranking," "Personal Mastery," and "Problem Area Notifications." The study 
was conducted with ninth graders in biology (total n = 125: experimental group n = 63, control n 
= 62), with the control group receiving standard oral feedback from the teacher. 
Repeated measures ANOVA revealed a significant interaction effect of intervention and time on 
learning outcomes. Within the experimental group, a substantial increase in self-efficacy was 
observed (d = 1.793; p < 0.001), but learning anxiety also rose (d = 0.203; p = 0.046). Comparisons 
between groups yielded significant differences only for self-efficacy (d = 0.312; p = 0.046), while 
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differences in anxiety were not statistically significant. In other words, anxiety increased within 
the experimental group relative to its own baseline but not relative to the control group. This 
result is discussed in detail in Section 4. 
Huang, Jiang, and Yang [2] demonstrated how much pedagogical expertise matters for realizing 
the potential of AI-FA. Their ethnographic study involved five EFL teachers working on the same 
platform with identical technical access. Nonetheless, perceptions of the tools differed 
substantially: experienced teachers approached the platform as an instrument of professional 
development and pedagogical reflection, while novice teachers focused on its administrative and 
basic assessment functions. This difference had nothing to do with technical proficiency and 
everything to do with the level of pedagogical content knowledge, the factor that Fox-Turnbull [4] 
identifies as the key mediator of formative assessment quality. 
The institutional dimension of this issue is examined by Cross and O'Loughlin [10]. In their case 
study of an Australian English Pathway Program (EPP), continuous classroom assessment 
accounted for 70 percent of a student's final grade. Although this structure outwardly supported 
formative functions, in practice the high summative weight of assignments constrained their 
potential: students treated each task as a gatekeeping hurdle rather than an opportunity to 
receive feedback and improve. Teachers, for their part, reported that their formative autonomy 
was limited by program requirements. The authors reach a conclusion that in this review is 
interpreted as an expression of the institutional level of implementation conditions: continuous 
assessment is necessary but not sufficient for the full realization of formative potential. 
Particularly worthy of attention is the study by Decristan et al. [11], conducted in German primary 
schools (54 teachers, 1,070 students; after exclusions, 43 teachers and 873 participants). The 
design included four conditions: a control group (baseline inquiry-based science instruction) and 
three experimental groups, each of which added one form of support to the baseline, either 
scaffolding, formative assessment, or reciprocal teaching. The formative assessment group 
outperformed the control on conceptual understanding. But the most consequential finding is that 
formative assessment combined with scaffolding produced the greatest benefit for learners with 
low linguistic competence. In EFL settings, where student language profiles vary considerably, this 
opens a concrete direction for differentiated AI tool design. 

3. Original Analytical Framework: A Three-Level Model of AI-FA Implementation Conditions 
No existing study has set out to explain why the same AI tools produce different results in different 
contexts. Yet it is precisely this divergence, rather than any shortage of data, that constitutes the 
main obstacle to actionable recommendations. The three-level model of implementation 
conditions (TLMIC) proposed in this article is intended to close that explanatory gap. 
The model rests on the following principle: the influence of AI-FA on student autonomy and 
learning outcomes is determined not so much by the characteristics of a particular tool as by the 
interaction of three conditions that exist independently and bear on one another. These 
conditions form three analytical levels. 
The technological level describes the characteristics of the AI tool itself: the depth of its diagnostics 
(can the tool distinguish between a correct answer and the understanding behind it), the number 
of output channels (how many feedback streams the student receives simultaneously), and the 
degree of personalization (how well the system adapts to the individual learner's profile). A high 
technological level is exemplified by the system developed by Sainsbury and Benton [5], where 
latent class analysis provides rich diagnostic depth. A standard score output with no diagnostic 
profile represents a low technological level. 
The pedagogical level describes the instructor's readiness to integrate AI tool data into the learning 
process. The key factor here is pedagogical content knowledge in the sense used by Fox-Turnbull 
[4]: the ability to read an error as a symptom, to anticipate typical difficulties, and to adjust 
instruction on the basis of diagnostic data. The work of Huang, Jiang, and Yang [2] shows that the 
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same technological level can lead to entirely different pedagogical practices depending on the 
teacher's experience. 
The institutional level describes the programmatic and organizational environment in which AI-FA 
is implemented: the balance between formative and summative assessment functions, the overall 
assessment load, and the availability of time to complete the feedback cycle. The case study by 
Cross and O'Loughlin [10] demonstrates that high summative pressure on formative assignments 
can structurally neutralize their pedagogical potential. 
The primary analytical value of the TLMIC is that it makes it possible to predict not only whether 
an effect will occur, but what mechanism will produce or block it. If the technological level is high 
but the pedagogical and institutional levels are low, the tool will generate quality feedback that 
neither the teacher nor the student will use. If the pedagogical level is high but the technological 
level is low, formative potential is realized despite the tool rather than because of it. Only a 
coherent configuration across all three levels produces a sustained influence on self-regulated 
learning and autonomy. The evidence from the studies reviewed supports this logic, as shown in 
the following section. 

4. Synthesis of Findings 
Table 1. Key Studies and Their Position within the TLMIC 

Authors / Year Context and 
Sample 

Key Findings TLMIC Level Limitations 

Black & Wiliam 
(1998) [1] 

Meta-analysis; 
compulsory and 
higher 
education; 
hundreds of 
studies 

Systematic feedback 
yields significant 
achievement gains; FA 
is formative only when 
data are acted upon 

Theoretical 
foundation 

Meta-level; AI 
specifics not 
addressed 

Crisp (2012) [3] Conceptual 
analysis; higher 
education 

4 levels of assessment; 
conflict between 
summative and 
formative functions in 
high-stakes programs 

Institutional Theoretical 
work; no 
primary data 

Fox-Turnbull 
(2006) [4] 

Authentic 
assessment; 
technology 
education 

Pedagogical content 
knowledge as key 
mediator of FA quality; 
the tool is secondary 

Pedagogical Different 
subject; not an 
EFL context 

Sainsbury & 
Benton (2011) 
[5] 

Formative e-
assessment of 
reading; 
primary school; 
n = 1,345 

Latent class analysis 
produces 4 diagnostic 
profiles; concrete next-
step recommendations 
for teachers 

Technological 
(high) 

Primary school; 
not an EFL 
classroom 

Nikou & 
Economides 
(2021) [6] 

Theoretical 
framework; 
mobile FA; SDT 
(no primary 
empirical data) 

Rationale for alignment 
of mobile FA with three 
basic SDT needs; 
conditions for 
internalization 

Pedagogical / 
Technological 

Conceptual 
work; no original 
experimental 
data 
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Weurlander et 
al. (2012) [7] 

Two FA 
formats; 
medical school; 
cohort of 70 
students; 17 
written texts + 
9 group 
interviews 

External motivation 
transitions gradually to 
internal; nonlinear 
process; requires 
adequate prior subject 
knowledge 

Pedagogical / 
Technological 

Small qualitative 
sample; single 
context 

Nordrum et al. 
(2013) [8] 

Rubrics and in-
text 
commentary; 
EAP in a 
technical 
university 

Two feedback channels 
perceived as 
functionally distinct; 
simultaneous 
navigation is cognitively 
demanding 

Technological Student self-
report only; no 
measurement of 
learning change 

Liao et al. 
(2024) [9] 

AI visual report; 
biology, grade 
9; n = 125 (63 
experimental / 
62 control) 

Achievement up 
(intervention x time 
effect); self-efficacy d = 
1.793 within group (p < 
0.001); anxiety d = 
0.203 within group (p = 
0.046) 

Technological 
(high) + 
Pedagogical 
(partial) 

Not EFL; single 
school; no 
longitudinal 
follow-up 

Huang, Jiang & 
Yang (2021) [2] 

TAFA platform; 
EFL; 5 teachers 
at a Chinese 
university; 
ethnography 

5 types of affordances; 
experienced teachers 
perceive 
developmental 
affordance, novice 
teachers do not 

Pedagogical + 
Technological 

Small teacher 
sample; no 
student data 

Cross & 
O'Loughlin 
(2013) [10] 

EPP; continuous 
assessment = 
70% of grade; 
Australia 

High-stakes 
environment constrains 
formative potential; FA 
is not synonymous with 
continuous assessment 

Institutional Single context; 
small teacher 
sample 

Decristan et al. 
(2015) [11] 

FA + 
scaffolding; 
primary school; 
54 teachers, 
1,070 students 
(873 in analysis) 

FA group outperforms 
control; FA + 
scaffolding especially 
effective for students 
with low linguistic 
competence 

Technological 
+ Pedagogical 

Not an EFL 
classroom; 20% 
of sample 
excluded 

Note: FA = formative assessment; TAFA = technology-assisted formative assessment; EFL = 
English as a Foreign Language; EAP = English for Academic Purposes; SDT = self-determination 

theory; d = Cohen's d (within-group effect size for Liao et al., 2024); TLMIC = three-level model of 
implementation conditions. For Liao et al. [9], d values reflect change within the experimental 

group relative to baseline; between-group differences in anxiety are not statistically significant. 
 
Reading the evidence through the lens of the TLMIC, four patterns emerge that would not be 
apparent from examining individual studies in isolation. 
The first pattern concerns diagnostic depth as a condition for replicable effects. Tools capable of 
identifying error patterns (Sainsbury and Benton [5]) or constructing cognitive diagnostic profiles 
(Liao et al. [9]) consistently show influence on academic outcomes. Tools that merely register 
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answer correctness do not. Students themselves intuitively distinguish between these 
approaches: in the study by Liao et al. [9], the most appreciated modules were precisely the 
diagnostically oriented ones, "Problem Area Notifications" and "Personal Mastery," rather than 
simple rankings. This is consistent with the logic of Nordrum, Evans, and Gustafsson [8]: students 
look to feedback not for a statement of results but for guidance on what to do next. 
Another pattern concerns pedagogical expertise as a threshold variable. Data from Huang, Jiang, 
and Yang [2] show that the same technological platform leads to fundamentally different 
pedagogical practices depending on the teacher's experience, and this gap has nothing to do with 
technical skill since all teachers in the study used the system competently. The difference lies in 
what the teacher sees as the platform's possibilities: an experienced instructor treats it as a tool 
for reflection and professional growth, while a novice treats it as administrative support. For the 
TLMIC, this means that at a low pedagogical level, even a high technological level does not 
compensate for the deficit; it merely improves the efficiency of management functions. 
There is also a pattern that concerns institutional context as a structural constraint. The work of 
Cross and O'Loughlin [10] demonstrates that a program formally described as formative can 
actively suppress formative learning. The suppression mechanism is summative pressure on each 
assessment task, and as Crisp [3] notes, this is not a peculiarity of any one program but a systemic 
problem in high-stakes language education. For the TLMIC, what matters is that this institutional 
constraint operates independently of the technological and pedagogical levels: even an 
experienced teacher using a high-quality tool is working within an unfavorable environment. 
The final pattern involves differentiated effects by level of language proficiency. Decristan et al. 
[11] showed that learners with low linguistic competence benefit most from the combination of 
formative assessment and scaffolding. In EFL classrooms characterized by high variability in 
student profiles, this has direct practical relevance: AI tools that can adapt the frequency and 
format of feedback to each student's profile have the potential to reduce educational inequality, 
but only if the system is explicitly designed with that goal in mind rather than simply producing a 
uniform output. 
  



 

 

 «European Research Materials» (February 26-27, 2026). Amsterdam, Netherlands 

131 

5. Discussion: Key Contradictions 
Table 2. Key Contradictions in the AI-FA Literature 

Contradiction Evidence in Favor Counter-evidence / 
Interpretive Limitations 

Does AI feedback accelerate 
deep learning or only test 

performance? 

Liao et al. [9]: significant 
intervention x time effect on 

achievement; Sainsbury & 
Benton [5] diagnostic profiles 
are pedagogically actionable 

Nordrum et al. [8]: students 
assimilate feedback into error-

correction schemas; higher 
scores do not equal conceptual 

understanding 
Does FA develop autonomy 

or compliance? 
Nikou & Economides [6]: 

mobile FA structurally 
supports all three SDT needs 

Cross & O'Loughlin [10]: 70% 
summative weight converts FA 

into a pressure mechanism; 
Fox-Turnbull [4]: without 

pedagogical knowledge, the 
tool fails to realize its potential 

Short-term gains vs. 
sustained self-regulation 

Liao et al. [9]: d = 1.793 for 
self-efficacy within group; 

Decristan et al. [11]: FA group 
outperforms control on 

understanding 

Weurlander et al. [7]: genuine 
internal motivation is a process 

measured in semesters, not 
weeks; requires adequate prior 

subject knowledge 
AI personalization and 

learning anxiety: a paradox 
Liao et al. [9]: self-efficacy d = 

1.793 (p < 0.001); students 
rated diagnostic modules 

highly 

Liao et al. [9]: anxiety d = 0.203 
(p = 0.046) rose within the 

group simultaneously with self-
efficacy; mechanism 

unexplained 
Note: SDT = self-determination theory; d = Cohen's d; d values for Liao et al. [9] are within-group. 

TLMIC = three-level model of implementation conditions. Sources: [2], [4]-[11]. 
 
Drawing on the sources reviewed, four key contradictions can be identified in the AI-FA literature. 
The first contradiction involves the relationship between measurable achievement and conceptual 
understanding. It concerns what exactly the quantitative indicators of AI-FA are actually capturing. 
In the study by Liao et al. [9], a significant rise in academic performance is observed, and the 
diagnostic architecture of the system provides a plausible mechanism: a student who can see a 
map of their knowledge gaps will direct their preparation more precisely before the next 
assessment. However, what is being described is precisely preparation for an assessment. The 
data do not allow us to determine unambiguously whether the score gains reflect deeper 
conceptual understanding or more efficient test-taking strategy. Nordrum, Evans, and Gustafsson 
[8] note that students more often use feedback to correct local errors without revising their 
underlying understanding of the subject. Drawing a clear line between these two mechanisms 
matters enormously when evaluating the potential of AI-FA in language learning, where the ability 
to perform strategically on a test and actual communicative competence are not the same thing. 
The second contradiction concerns the nature of the autonomy that AI-FA supports. It surfaces 
when two levels of analysis are placed side by side. At the level of an individual task, a mobile FA 
environment may genuinely meet students' basic psychological needs [6]. At the level of the 
program as a whole, however, continuous assessment with heavy summative weight can produce 
the opposite effect [10]. A student may subjectively experience high control and engagement 
within a particular task while simultaneously having less genuine freedom to shape their own 
learning trajectory. This is not a logical contradiction: it demonstrates that findings depend on the 
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scale of analysis, and that measurements of perceived autonomy taken over two or three weeks 
describe a different construct than a program-level evaluation. 
The third contradiction is the gap between short-term and long-term effects. It is difficult to 
resolve methodologically because the long-term data simply do not exist yet. The positive results 
reported by Liao et al. [9] were obtained over one semester, and the findings of Decristan et al. 
[11] cover several weeks of intervention. These results are meaningful, but they describe a 
different temporal horizon than the development of self-regulated learning. Weurlander et al. [7] 
show that in a medical school context, the transition from external to internal motivation takes 
months and requires accumulated subject knowledge. There is no reason to assume this process 
moves faster in language education. 
The fourth contradiction is the paradox of simultaneous growth in self-efficacy and anxiety. In the 
study by Liao et al. [9], both measures changed significantly within the experimental group. The 
authors suggest that the constant visibility of one's own performance data may foster a 
perfectionist orientation toward the learning environment: the student simultaneously feels 
capable of progressing and anxious about the gap between their current standing and an ideal 
result. For language learning, this is particularly consequential: anxiety in an EFL context is not 
merely an emotional backdrop but a documented inhibitor of communicative behavior. More 
anxious students speak spontaneously less often, experiment less with unfamiliar structures, and 
make public errors less willingly, and it is precisely those behaviors that are critical for developing 
language competence. If this pattern holds up in EFL-specific research, the design principles 
underlying most existing AI-FA tools will need to be revisited. 

6. Limitations of the Review and the Studies Reviewed 
An honest assessment of the proposed synthesis requires a clear statement of its boundaries. 
The most significant limitation is the narrowness of the EFL-specific evidence base. The only study 
with a direct focus on EFL contexts and data drawn from teachers is Huang, Jiang, and Yang [2], 
which involved five instructors. Liao, Zhang, Wang, and Luo [9], who provide the most detailed 
quantitative data on AI-FA, conducted their research in biology classrooms. Findings from natural 
science contexts cannot be transferred automatically to language learning, because language 
anxiety has a specific affective character and motivational dynamics in EFL are closely tied to 
learners' cultural identities, factors that studies in biology or medicine do not address. 
The second limitation concerns the time horizon of most studies. If one accepts the argument 
made by Weurlander et al. [7] that genuine internalization of self-regulation takes semesters, then 
all experimental data collected over 4 to 13 weeks describe a different phenomenon: the 
motivational response to a new assessment format rather than a durable change in learning 
behavior. This does not invalidate short-term results, but it does call for caution in extrapolation. 
The third limitation involves the non-comparability of measurement instruments. Across the 
studies, "autonomy" is measured using different scales and theoretical frameworks. Comparisons 
between works can only be made at the conceptual level, which inevitably introduces a degree of 
imprecision. The review acknowledges this feature without being able to eliminate it. 
Finally, the TLMIC proposed here is an original construction derived from analysis of the literature 
reviewed rather than a formally validated model. Its explanatory power may be limited in contexts 
not represented in this review. Subsequent empirical testing of the configuration of 
implementation conditions on representative EFL samples is necessary to assess the validity of the 
model. 

7. Directions for Future Research 
The gaps identified here point to several research priorities, each of which follows directly from 
the evidence reviewed. 
The most pressing absence is a body of longitudinal EFL-specific research with a time horizon of at 
least one academic year. Huang, Jiang, and Yang [2] explicitly call for diachronic study of teachers' 
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experiences with TAFA; Weurlander et al. [7] provide the theoretical rationale for why short-term 
measurements are insufficient. Such studies should include not only self-report instruments but 
behavioral indicators of self-regulation, for instance, characteristics of students' independent 
work outside of assessed situations. 
A second priority is research specifically designed to disentangle the contributions of the three 
TLMIC levels. The existing data support the following hypothesis: the technological level is a 
necessary but not sufficient condition for realizing formative potential; the pedagogical level 
functions as a mediator; and the institutional level serves as a structural constraint. Testing this 
hypothesis requires a design in which the technological component is held constant while 
pedagogical and institutional conditions are varied, something that in real educational contexts 
can be approximated by comparing programs with different balances of formative and summative 
functions. 
A third priority is to clarify the mechanism behind the anxiety paradox identified by Liao et al. [9] 
within a language learning context. A study that isolates the effects of specific AI tool modules 
(rankings, gap maps, personal notifications) on different affective states in EFL learners would 
provide concrete guidance for design decisions. This question has not only academic but ethical 
dimensions: an AI system that raises academic achievement at the cost of increased anxiety in a 
context where anxiety inhibits communicative development is solving the wrong problem. 
Finally, the observation by Decristan et al. [11] about differentiated effects for learners at different 
levels of linguistic competence opens a research question about educational equity in AI-FA for 
EFL. If well-designed tools can disproportionately support academically vulnerable learners, this 
constitutes a compelling case for scaling such tools in programs with high levels of linguistic 
heterogeneity, provided that designers explicitly treat this effect as a design goal rather than a 
byproduct. 

8. Conclusion 
The literature on AI-FA in language education is in the characteristic state typical of rapidly 
evolving technological fields: there is enough evidence to put forward well-grounded hypotheses 
but not enough to resolve the central contradictions. This review does not claim to eliminate that 
uncertainty. Its aim is to organize existing knowledge and to show precisely where the questions 
arise. 
The central conclusion is as follows: AI tools for formative assessment are capable of meaningfully 
improving academic achievement and student self-efficacy, provided that the tool possesses 
diagnostic depth, the instructor is equipped to integrate its data into instruction, and the program 
environment does not neutralize formative potential through summative pressure. It is precisely 
this "provided that" which constitutes the analytical contribution of the TLMIC: the model 
reframes the question "does AI-FA work?" as a more specific and operational one, "under what 
configuration of conditions does it work, and why?" 
Particular attention is owed to the finding of simultaneous growth in self-efficacy and learning 
anxiety recorded in one of the key studies [9]. This result remains perhaps the most theoretically 
significant unresolved question in the current literature. If this pattern holds in EFL-specific 
research, it will present researchers and practitioners with a direct challenge: is the existing design 
of AI-FA tools optimizing for academic performance or for learner well-being, and how important 
is it to distinguish between these goals? In language education, where readiness to make mistakes 
and readiness to take communicative risks are pedagogically valuable, the answer to that question 
has immediate practical consequences. 
The three-level model of implementation conditions is offered not as a definitive schema but as a 
working instrument, both for researchers designing the next generation of AI-FA studies and for 
practitioners making decisions about introducing such tools into language programs. If the 
analytical distinction among technological, pedagogical, and institutional levels helps to sharpen 
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the questions being asked and to produce more grounded hypotheses, the review has achieved 
its purpose. 

 
Table 3. Recommendations for the Design and Implementation of AI-FA in Language Education 

Recommendation Empirical Basis TLMIC Level Sources 
Prioritize diagnostic 
depth over output 

speed 

Students value diagnostically oriented 
modules over rankings; diagnostic 

profiles are pedagogically actionable 

Technological [5], [9] 

AI-FA as a 
supplement to, not a 

replacement for, 
teacher feedback 

The same platform realizes different 
potential depending on teacher 

knowledge; without it, the tool remains 
administrative 

Pedagogical [2], [4] 

Combine immediate 
AI feedback with 

delayed reflective 
feedback 

Two feedback channels serve different 
functions; their integration requires 

pedagogical support; reflection is slower 
than error correction 

Pedagogical / 
Technological 

[7], [8] 

Differentiate AI-FA 
by level of language 

proficiency 

Students with low linguistic competence 
benefit disproportionately from FA 

combined with scaffolding; potential for 
educational equity 

Technological [11] 

Monitor anxiety 
when implementing 

ranking and 
diagnostic modules 

Visibility of performance data may 
increase anxiety within a group; in EFL 

contexts, anxiety inhibits 
communicative risk-taking 

Technological 
+ Pedagogical 

[9] 

Revise summative 
weighting before 

introducing 
continuous FA 

70% summative weight structurally 
neutralizes the formative cycle; 
continuous assessment is not 

synonymous with formative assessment 

Institutional [3], [10] 

Invest in teacher 
professional 

development in 
TAFA prior to tool 

rollout 

The gap in perception of affordances 
between experienced and novice 

teachers is systemic; technology does 
not close it automatically 

Pedagogical [2], [4] 

Note: TLMIC = three-level model of implementation conditions. Recommendations are derived 
from cross-study synthesis. Sources: [2]-[5], [7]-[11]. 
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Abstract 
The article deals with the international standards of wool quality (blood system, American system, 
Micron system); it also deals with the data of wool quality of local sheep breeds bred in Georgia. 
Here is mentioned that the wool quality standards of the former Soviet Union is still in use, which 
is somehow remake version of Bradford system, that is different from the standards now used in 
the world. The recommendations about the compliance of wool quality standards used in Georgia 
with the world standards, which will help Georgia to integrate in the world and European economy 
are written here.  
 
Keywords: Sheep, wool, evaluation, wool classification  

  
 Introduction. Wool wearing, tacuinum sanitatis casanatensis (XIV century). As the raw 

material has been readily available since the widespread domestication of sheep-and of goats, 
another major provider of wool- the use of felted or woven wool for clothing and other fabrics 
characterizes some of the earliest civilizations. Prior to invention of shears - probably in the Iron 
Age - the wool was plucked out by hand or by bronze combs. The oldest European woollen textile, 
of ca. 1500 BCE, was preserved in a Danish bog. 

  In Roman times, wool, linen and leather clothed the European population: the cotton of 
India was a curiosity that only naturalists had heard of, and silk, imported along the Silk Road from 
China, was an extravagant luxury. Pliny the Elder records in his Natural History that the reputation 
for producing the finest wool was enjoyed by Tarentum, where selective breeding had produced 
sheep with a superior fleece, but which required special care. 

  In medieval times, as trade connections expanded, the Champagne fairs revolved around 
the production of woollen cloth in small centers such as Provins; the network that the sequence 
of annual fairs developed meant that the woollens of Provins might find their way to Naples, Sicily, 
Cyprus, Majorca, Spain and even Constantinople. The wool trade developed into serious business, 
the generator of capital. In the thirteenth century, the wool trade was the economic engine of the 
Low Countries and of Central Italy; by the end of the following century Italy predominated, though 
in the 16th century Italian production turned to silk. Both pre-industries were based on English 
raw wool exports-rivalled only by the sheepwalks of Castile, developed from the fifteenth century-
which were a significant source of income to the English crown, which from 1275 imposed an 
export tax on wool called the "Great Custom". Economies of scale were instituted in the Cistercian 
houses, which had accumulated great tracts of land during the twelfth and early thirteenth 
centuries, when land prices were low and labour still scarce. Raw wool was baled and shipped 
from North Sea ports to the textile cities of Flanders, notably Ypres and Ghent, where it was dyed 
and worked up as cloth. At the time of the Black Death, English textile industries accounted for 
about 10% of English wool production (Cantor 2001, 64); the English textile trade grew during the 
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fifteenth century, to the point where export of wool was discouraged. Over the centuries, various 
British laws controlled the wool trade or required the use of wool even in burials. The smuggling 
of wool out of the country, known as owling, was at one time punishable by the cutting off of a 
hand. After the Restoration, fine English woollens began to compete with silks in the international 
market, partly aided by the Navigation Acts; in 1699 English crown forbade its American colonies 
to trade wool with anyone but England herself. 

  A great deal of the value of woollen textiles was in the dyeing and finishing of the woven 
product. In each of the centres of the textile trade, the manufacturing process came to be 
subdivided into a collection of trades, overseen by an entrepreneur in a system called by the 
English the "putting-out" system, or "cottage industry", and the Verlags system by the Germans. 
In this system of producing woollen cloth, until recently perpetuated in the production of Harris 
tweeds, the entrepreneur provides the raw materials and an advance, the remainder being paid 
upon delivery of the product. Written contracts bound the artisans to specified terms. Fernand 
Braudel traces the appearance of the system in the thirteenth-century economic boom, quoting a 
document of 1275 The system effectively by-passed the guilds' restrictions. 

  Before the flowering of the Renaissance, the Medici and other great banking houses of 
Florence had built their wealth and banking system on their textile industry based on wool, 
overseen by the Arte Della Lana, the wool guild: wool textile interests guided Florentine policies. 
Francesco Datini, the "merchant of Prato", established in 1383 an Arte Della Lana for that small 
Tuscan city. The sheepwalks of Castile shaped the landscape and the fortunes of the meseta that 
lies in the heart of the Iberian Peninsula; in the sixteenth century, a unified Spain allowed export 
of Merino lambs only with royal permission. The German wool market-based on sheep of Spanish 
origin-did not overtake British wool until comparatively late. Australia's colonial economy was 
based on sheep raising and the Australian wool trade eventually overtook that of the Germans by 
1845, furnishing wool for Bradford, which developed as the heart of industrialized woollens 
production. 

  Due to decreasing demand with increased use of synthetic fibers, wool production is 
much less than what it was in the past. The collapse in the price of wool began in late 1966 with a 
40% drop; with occasional interruptions, the price has tended down. The result has been sharply 
reduced production and movement of resources into production of other commodities, in the 
case of sheep growers, to production of meat. 

  In December 2004 a bale of the world's finest wool, averaging 11.8 micron, sold for 
300,000 cents per kilogram at auction in Melbourne, Victoria. This fleece wool tested with an 
average yield of 74.5%, 68mm long, and had 40 newtons per kiloton strength. The result was 
$AUD279, 000 for the bale. 

main part. Global wool production is approximately 1.3 million tonnes per annum of which 
60% go into apparel.  Australia, China and New Zealand are leading commercial producers of wool. 
Most Australian wool comes from the merino breed. Breeds such as Lincoln and Romney produce 
coarser fibers and wool of these sheep is usually used for making carpets. 

     In the United States, Texas, New Mexico and Colorado also have large commercial sheep 
flocks and their mainstay is the Rambouillet (or French Merino). There is also a thriving 'home 
flock' contingent of small scale farmers who raise small hobby flocks of specialty sheep for the 
hand spinning market. These small scale farmers may raise any type of sheep they wish, so the 
selection of fleeces is quite wide. 

  Global wool clip 2004/2005[6]: Australia: 25% of global wool clip (475 million kg greasy, 
2004/2005), China: 18%, New Zealand: 11%, Argentina: 3%, Turkey: 2%, Iran: 2%, United Kingdom: 
2%, India: 2%, Sudan: 2%, South Africa: 1%, United States: 0.77%. 

  Keeping with the times, organic wool is becoming more and more popular. This blend of 
wool is very limited in supply and much of it comes from New Zealand and Australia. Organic wool 
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is becoming easier to find in clothing and other products, though these products often carry a 
higher price. Wool is environmentally preferable (as compared to petroleum-based Nylon or 
Polypropylene) as a material for carpets as well, in particular when combined with a natural 
binding and the use of formaldehyde-free glues. 

   Certain qualities such as fineness, length, colour and appearance determine the end use 
and value of wool. Fineness-the fiber diameter, or grade, and its distribution-is one of the most 
important of these quality factors. Fineness largely determines whether the wool is used in a suit, 
sweater, and blanket or in a pair of socks. 

  Grade. In general, grade refers to the average diameter or thickness of the fibers. Three 
systems of wool grading are commonly used in the United States: American or Blood system; the 
English or Spinning Count system; and the Micron system. All three systems are measures of 
average fiber diameter and can be related to each other (Table 1). In actual practice, they are used 
interchangeably. 

 
Table 1.  Relationship Between the American, English and Micron Systems of Grading 

Wool 
 

Type of 
Wool 

American or 
Blood 
Grade 

English or 
Spinning 

Count 
Grade 

Micron (range 
in 

avg. fiber 
diameter) 

Variability Limit 
for 

Standard  
Deviation 
Maximum 
(microns) 

Fine Fine Finer than 
80s 

Under 17.70 3.59 

Fine Fine 80s 17.7019.14 4.09 
Fine Fine 70s 19.1520.59 4.59 
Fine Fine 64s 20.6022.04 5.19 

Medium 1/2 Blood 62s 22.0523.49 5.89 
Medium 1/2 Blood 60s 23.5024.94 6.49 
Medium 3/8 Blood 58s 24.9526.39 7.09 
Medium 3/8 Blood 56s 26.4027.84 7.59 
Medium 1/4 Blood 54s 27.8529.29 8.19 
Medium 1/4 Blood 50s 29.3030.99 8.69 
Coarse Low 1/4 

Blood 
48s 31.0032.69 9.09 

Coarse Low 1/4 
Blood 

46s 32.7034.39 9.59 

Coarse Common 44s 34.4036.19 10.09 
Very 

Coarse 
Braid 40s 36.2038.09 10.69 

Very 
Coarse 

Braid 36s 38.1040.20 11.19 

Very 
Coarse 

Braid Coarser 
than 36s 

Over 40.20  

 
     The American or Blood System. The American system of grading wool was developed in 

the early 1800s when the native coarse-woollen sheep were being bred to fine- woollen. Merino 
rams imported from Spain. It assumes that the offspring of the cross would have fleeces which 
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were intermediate in fineness between the two parents. The wool grade is defined as the 
percentage of Merino blood carried by the sheep that typically would produce a particular fineness 
of wool. The grade or fiber diameter came to be expressed as fine, ½-blood, 3/8-blood, ¼-blood, 
low ¼-blood, common and braid (Table 1).  

  Today, these terms are not as exact as the trade would prefer, and the spread within a 
grade is too broad to suit the purposes of wool processors. 

  The English or Spinning Count System. The English system of grading wool provides 
narrower ranges and a more exact nomenclature than the American system. It uses a 
measurement called the “spinning count” and is based on the number of “hanks” of yarn which 
could be spun from one pound of clean wool on the equipment available at the time the system 
was developed. As wool becomes finer, more hanks or yards of yarn can be spun from a pound of 
clean wool and the spinning count becomes larger. In theory, one pound of clean 62s spinning 
count wool could produce 62 hanks or 104,160 feet of yarn. (A hank of yarn is 560 yards in length.). 
Although wool is seldom spun to its maximum count, there is a limit to the number of fibers which 
will hold together in yarn. The English or Spinning Count system of grading wool provides a 
numerical designation of fineness. 

  The Micron System. Increased emphasis on an exact and highly descriptive method of 
describing wool grade has produced a measuring system in which individual fibers are accurately 
measured.  

The unit of measure is the micron, which is one millionth of a meter or 1/25,000 of an 
inch. Fineness is expressed as the mean fiber diameter. Eventually, this system will become the 
standard for describing wool in the United States. 

   Distribution of Grade or Fiber Diameter. The use and value of a fleece or lot of wool is 
affected almost as much by the distribution of the individual fiber diameters as the average fiber 
diameter or grade. The more uniform the individual fibers are in diameter, the more valuable are 
they. An average fiber diameter or grade implies nothing about its distribution within a given 
quantity of wool. For instance, a lot of wool may contain 50 percent of its fibers at 35 microns and 
the other 50 percent at 15 microns and still have the same average fiber diameter-25 microns-as 
a lot of wool with only 1 percent of its fibers at these extremes. A measure of the amount of 
variation in fiber diameter within a given lot or fleece has been added as a quality factor to more 
accurately describe the wool being evaluated. 

  Standard Deviation. The measure most commonly used to describe the distribution of 
measurements about an average is the standard deviation. The average fiber diameter plus or 
minus the standard deviation will encompass roughly two-thirds of all the individual fiber 
diameters. The more variable the wool is, the larger the standard deviation and the lower is the 
quality. The ASTM (formerly the American Society for Testing Mater) ials has set up standards for 
the fiber diameter and variability of the various grades of wool (Table l). This standard is based on 
the average fiber diameter of a sample and the actual distribution of fibers within that fineness 
range. It prescribes a certain distributional requirement-a maximum allowable standard deviation-
to meet standard specifications and makes allowances for distributional differences of given 
grades. If a lot or sample of wool fails to meet the distributional characteristics of that grade, i.e. 
has a larger standard deviation than that allowed for that grade, the wool is lowered to the next 
spinning count grade. In short, variation is expressed in terms of the standard deviation and wools 
with greater variability than allowable for a particular grade are automatically placed in the next 
lower grade. 

  Coefficient of Variation. Another useful concept in describing the uniformity of fiber 
diameter within a given quantity of wool is the coefficient of variability. It expresses the variation 
as a percentage of the average and is usually used when one wishes to compare the variances 
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between two or more lots of wool with differing average diameters. A standard, based on the 
coefficient of variability, has been derived in recent years for field work with wool.  

  The Micron Test. Although an experienced wool grader can usually estimate wool grade 
fairly accurately, there are exceptions. Even the most experienced wool graders will be wrong 
some of the time. Sooner or later most wool will be micron tested, either by the producer, the 
buyer or at the textile mill. A micron test may not always tell the producer what he wants to hear, 
but it will tell the true story. 

  Taking the Sample. The normal method of obtaining a sample for micron testing is taking 
a core test sample. In fact, the cores drawn for clean yield or shrinkage determination are 
adequate and can also be used to estimate fineness and variability of a lot of wool. For selection 
purposes, micron tests can be run on samples taken from individual sheep.  

  The degree of this variation, however, is very important. It should be assessed visually. In 
some situations producers may also want to have a breech sample micron tested. Micron testing 
both a side and a breech sample should provide a general overall picture of the fleece grade. 

  Laboratory Analysis. Once a representative sample has been taken it should be packaged 
and sent to a wool testing laboratory where the average fiber diameter, the standard deviation 
and/or coefficient of variation can be determined. 

  One more point. Micron testing a lot of wool that is extremely variable will be of little 
value since the standard deviation will be so large that the test results will be almost impossible 
to interpret. Wool pools, in particular, will usually fit this category since they often are a collection 
point for many different types of wool. 

  For example, Merino fleece was about 2 1/2 inches long and the fiber diameter was very 
fine and the crimp (that waviness in the fiber) was very small and close together. They decided 
that since everybody knew what a Merino fleece looked like, that it would be the standard for 
comparison and it would be called "Fine" (meaning the fiber diameter, not anything to do with 
quality).  

  Well, if you bred a Merino to some other non-Merino sheep the offspring would be half 
Merino, and you would expect that lamb's wool to have half the character of the Merino fleece. 
Further, since most other sheep have longer, coarser wool than Merinos do, you would expect 
that half of the character of that lamb's wool would also be longer and coarser. So, what you would 
get is called a 1/2 blood fleece and you would expect it to have a larger fiber diameter than Merino 
wool, a somewhat larger crimp, and a staple length of about 3 to 3 1/2 inches.  

  Then, if you crossed that half blood lamb with sheep the offspring’s wool would be called 
a 3/8ths blood fleece, and so on. The seven grades of wool, by the blood system are (table 2). 

  This is not to say that all sheep today contain Merino blood. This system is merely used as 
a comparative system. In fact, the Corriedale breed was originally a cross between Merinos and 
Lincolns (a very lustrous, long, coarse wool breed). The desired result was a sheep which produced 
a 1/2 blood fleece with at least a 4 inch staple. This wool was especially desirable in the "sweater 
trade", because yarn spun from it was both soft and strong.     
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Table 2.  Blood System 
 

Fine Wool 21/2inches* in 
staple length 

Very fine crimp (close 
together) 

1/2 Blood 
Wool 

3 inches in staple 
length 

Medium fine crimp 

3/8ths 
Blood Wool 

3 1/2 inches in staple 
length 

Medium crimp 

1/4 Blood 
Wool 

4 inches in staple 
length 

Medium coarse crimp 

Low 1/4 
Wool 

41/2 inches   in 
staple length 

Coarse crimp (large 
waves) 

Common 5 inches in staple 
length 

Very coarse 

Braid 6 inches in staple 
length 

The most coarse 

                        *1 inch = 25.4 mm 
   
  One of the surprises of breeding sheep is what will the wool look like? That is why a lot of 

breeders stick to a particular breed of sheep - you can expect certain wool qualities. However, 
there is that occasional individual who seems to get more of one ancestor's qualities than an equal 
share. That individual whose fleece is a lot finer than it should be or a lot coarser than you hoped 
for.  

   
Table 3.  Blood and Micron Crosshairs System 

 
Fine 

Wool 
64 to 70 to 80 
Hanks 

Less than 22.04 
Microns 

1/2 
Blood 

60 to 62 
Hanks 

22.05 to 24.94 
Microns 

3/8 
Blood 

56 to 58 
Hanks 

24.95 to 27.84 
Microns 

1/4 
Blood 

50 to 54 
Hanks 

27.85 to 30.99 
Microns 

Low ¼ 46 to 48 
Hanks 

31.00 to 34.39 
Microns 

Common 44 to 40 
Hanks 

34.40 to 36.19 
Microns 

Braid 40 to 36Hanks 36.20 to 40.20 
Microns 

      
   Perhaps you have heard of the English (Bradford) Spinning Count System. This originated 

in the 19th century (along with mechanized spinning equipment). It is the number of hanks of 
yarn, each 560 yards in length that it is possible to spin from one pound of clean wool. The finer 
the wool fiber is, the more hanks (greater length, thinner yarn) that can be obtained from one 
pound.  

 Or, perhaps you have heard of the latest and greatest: the Micron System. For this you 
need a microscope and a background slide with micron crosshairs for comparison (table 3). 
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 (The information in this table is taken from information published by Dr. Glen Spurlock 
and Dr. Vern B. Swanson, CSU Cooperative Extension Bulletin) Following is a table which compares 
the different sheep breeds and the wool they produce. Note, there are only Wool breeds listed. 
There is no information on Hair breeds. Also please notice that some breeds have a very large 
range of fleece grades within the breed.  

    This means two things: there can be a great difference individual to individual, and that 
genetically there can be more variables in fleece to work with. As in trying to purchase purebred 
breeding stock, the buyer would have to look very closely at the individual sheep to decide if that 
animal had the fleece qualities desired (table 4).  

Table 4.  Fleece Qualities 
 

Delaine Merino 80's Down 
to 64's 

18 to 22 
Microns 

Rambouillet 70's Down 
to 60's 

19 to 25 
Microns 

New Zealand 
Merino 

64's Down 
to 60's 

20 to 25 
Microns 

Targhee & 
Romeldale 

62's 
Downto58's 

22 to 26 
Microns 

Corriedale & 
Columbia 

62's Down 
to 46's 

22 to 34 
Microns 

Southdown 60's Down 
to 50's 

24 to 31 
Microns 

Blue Leicester 60's Down 
to 56's 

24 to 28 
Microns 

Shropshire, 
Suffolk, 
Dorset Horn, 

Montadale 

58's Down 
to 50's 

25 to 31 
Microns 

Finish Landrace 
(Finns) 

& Cheviot 

58's Down 
to 48's 

25 to 32 
Microns 

Oxford 50's Down 
to 46's 

29 to 34 
Microns 

Romney 48's Down 
to 44's 

31 to 36 
Microns 

Border Leicester 46's Down 
to 40's 

33 to 38 
Microns 

Lincoln & 
Cotswold 

40's Down 
to 36's 

37 to 40 
Microns 

 
    Please note: roving has been shipped out and back to the processor, then washed and 

carded by the processor. The cost of roving reflects this, plus the "shrink" or loss of weight to 
lanolin and dust in washing and carding (approximately 65% to 75% yield of clean wool this means 
that a 10 pound grease fleece will yield on average 6 to 8 pounds of clean wool).  

    When you buy one pound of roving it is not the same thing as buying one pound of raw, 
grease fleece. Consider that the time you spend washing and carding the wool does have a 
monetary value.  
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    All of our fleeces are covered/coated year round and are well skirted (heads, necks, legs, 
docks, and bellies are removed). We usually sell the whole fleece which will include shoulders, 
sides, back and flank wool. We have fleeces available in white, greys, black and varying shades of 
brown. They range in grade from 50s to 62s.  

     The importance of grade or fiber diameter and its distribution within a given lot or fleece 
of wool in the textile industry cannot be over-emphasized. Research has shown fiber diameter to 
be the most significant feature determining the physical characteristics of the finished fabric. 
Manufacturing properties, such as spinning limits, yarn regularity and softness of the finished 
garment, are directly dependent upon fiber diameter. 

    Sheep-breeding is known to be one of the ancient and traditional fields. Ancient Greek 
and Sumerian eposes reflect these traditions. Historically, Kolkhuri, Tushuri and Imeruli sheep 
breeds were spread in Georgia. And after becoming the member of the Soviet Union, in Georgia 
as well as all over the Soviet Union began to transform the coarse and semi-coarse woolen sheep-
breeding into fine and semi-fine woolen sheep-breeding. (Crossbreeding 1930-1955) 

     During this period two new sheep breeds were invented in Georgia, Georgian semi-fine 
woolen fat-tailed (authored by Professor A. Natroshvili) and Georgian fine woolen fat-tailed 
(authored by A. Badzoshvili).  

      At present Kolkhuri sheep breed is extinct in Georgia, and fine woolen fat tailed and 
semi-fine fat-tailed sheep breeds are at the edge of total extinction. The crossbreeds of different 
generation of Tushuri sheep are widely spread.   

      It is remarkable that in the conditions of the former Soviet Union the evaluation of wool 
was conducted according to the classification of standards set in Russia and was appropriate for 
local production that was somehow changed version of Bradford System, the wool standard 
produced according to above mentioned one was somehow different from the standards 
acknowledged in the world.  

Conclusion 
     It is remarkable that notwithstanding Georgia’s aspiration toward the integration into 

united European and world systems the wool standards set in the former Soviet Union is still in 
use, which infringes the standardization of the wool produced in Georgia for the purpose of 
exporting it to the International wool market. So, from our point of view very important question 
is the compliance of the wool standards of sheep-breeds spread in Georgia with the world 
standards. For example, it is known that the wool of Tushuri sheep is characterized as a high quality 
carpet rawstock, and the price of its per kilo at the international market of carpet wool is higher 
than the wool of Tushuri sheep which belongs to usual coarse or semi-coarse wool according to 
the standards of the former Soviet Union today used in Georgia and its price at the same 
International market is rather low, that infringes the intensification and development of sheep 
breeding.  

    According to the above mentioned, we think that the  compliance of the wool standards 
used in Georgia with international ones is obligatory, in order to develop sheep breeding and form 
the real market of wool in Georgia. This was shown in table 1.  
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 İnformasiya texnologiyalarının menecment 
qərarlarına təsiri 
 Khanbatova Leyla Bəylər qızı 
Müəllim, ADPU-nun nəzdində ADPK 
 Məmmədova Güllü Elişat qızı 
Müəllim, ADPU-nun nəzdində ADPK 
 
Xülasə: Bu məqalədə informasiya texnologiyalarının (İT) müasir təşkilatlarda menecment 
qərarlarının qəbuluna göstərdiyi təsir araşdırılır. Rəqəmsallaşmanın sürətlənməsi nəticəsində 
menecment prosesləri daha çox məlumat əsaslı və analitik xarakter almışdır. Məqalədə 
informasiya texnologiyalarının mahiyyəti, menecment qərarlarının növləri, qərarvermə prosesində 
İT-nin rolu, strateji, taktiki və operativ səviyyələrdə təsiri, üstünlükləri və yaratdığı risklər sistemli 
şəkildə təhlil olunur. Eyni zamanda gələcək perspektivlər və texnoloji inkişafın menecment 
fəaliyyətinə mümkün təsirləri ümumiləşdirilir. 
Abstract: This article examines the impact of information technologies (IT) on managerial decision-
making in modern organizations. As digitalization accelerates, management processes increasingly 
rely on data-driven and analytical approaches. The article analyzes the essence of information 
technologies, the types of managerial decisions, the role of IT in the decision-making process, and 
its impact at strategic, tactical, and operational levels. In addition, the advantages, challenges, and 
potential risks associated with the use of information technologies are discussed, and future 
perspectives of technological development in management activities are summarized. 
 
Açar sözlər: informasiya texnologiyaları, menecment, qərarvermə, idarəetmə informasiya 
sistemləri, biznes analitikası 
Keywords: information technologies, management, decision-making, management information 
systems, business analytics 
 
İnformasiya texnologiyaları müasir təşkilatların idarəetmə fəaliyyətində əsas rol oynayan 
amillərdən birinə çevrilmişdir. Rəqabətin artması, bazarların qloballaşması və məlumat axınının 
sürətlənməsi menecment qərarlarının daha çevik və əsaslandırılmış şəkildə qəbul edilməsini zəruri 
edir. Bu şəraitdə informasiya texnologiyaları menecerlərə geniş məlumat bazası, analitik imkanlar 
və operativ nəzarət mexanizmləri təqdim etməklə qərarvermə prosesinin keyfiyyətini əhəmiyyətli 
dərəcədə yüksəldir. Ənənəvi idarəetmə modelləri ilə müqayisədə müasir rəqəmsal yanaşmalar 
menecmentin funksional imkanlarını xeyli genişləndirir. 
Menecment qərarlarının qəbulunda informasiya əsas resurslardan biri hesab olunur. Dəqiq, 
vaxtında və etibarlı informasiya olmadan qəbul edilən qərarlar təşkilat üçün ciddi risklər yarada 
bilər. İnformasiya texnologiyaları məhz bu problemi aradan qaldıraraq məlumatların toplanması, 
emalı və ötürülməsini sistemli şəkildə həyata keçirir. Müasir informasiya sistemləri vasitəsilə 
menecerlər yalnız keçmiş göstəriciləri deyil, həm də cari vəziyyəti və mümkün inkişaf senarilərini 
təhlil etmək imkanına malik olurlar. Bu isə qərarların təsadüfi deyil, elmi əsaslara söykənməsini 
təmin edir. 
İnformasiya texnologiyalarının tətbiqi menecment qərarlarında subyektivliyi azaldır və obyektiv 
yanaşmanı gücləndirir. Qərar dəstək sistemləri və biznes analitikası alətləri müxtəlif alternativləri 
müqayisə etməyə, riskləri əvvəlcədən qiymətləndirməyə və optimal variantı seçməyə imkan verir. 
Bu sistemlər statistik modellər, proqnozlaşdırma üsulları və ssenari analizləri əsasında işləyərək 
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menecerlərə kompleks qərarların qəbulunda ciddi dəstək göstərir. Nəticədə təşkilatın 
resurslarından daha səmərəli istifadə olunur və xərclərin azaldılmasına nail olunur. 
Strateji qərarların qəbulunda informasiya texnologiyalarının rolu xüsusilə əhəmiyyətlidir. 
Uzunmüddətli məqsədlərin müəyyən edilməsi, bazar strategiyalarının formalaşdırılması və 
rəqabət üstünlüyünün əldə edilməsi geniş və dərin təhlil tələb edir. Böyük həcmli məlumatların 
emalı texnologiyaları menecerlərə istehlakçı davranışlarını, bazar meyillərini və rəqiblərin 
fəaliyyətini ətraflı şəkildə öyrənməyə imkan verir. Bu məlumatlar əsasında qəbul edilən strateji 
qərarlar daha real və dayanıqlı olur. 
Taktiki və operativ qərarlar səviyyəsində informasiya texnologiyaları idarəetmə proseslərinin 
gündəlik effektivliyini artırır. Müəssisə resurslarının planlaşdırılması sistemləri maliyyə, istehsal, 
logistika və insan resursları üzrə məlumatları vahid platformada birləşdirir. Bu isə menecerlərə real 
vaxt rejimində nəzarət aparmaq, kənarlaşmaları vaxtında aşkar etmək və operativ müdaxilə etmək 
imkanı yaradır. Beləliklə, idarəetmə proseslərində çeviklik və koordinasiya səviyyəsi yüksəlir. 
İnformasiya texnologiyalarının menecment qərarlarına təsiri təşkilatdaxili kommunikasiya 
sahəsində də özünü göstərir. Rəqəmsal platformalar və korporativ informasiya sistemləri 
rəhbərliklə işçilər arasında məlumat mübadiləsini sürətləndirir və şəffaflığı artırır. Bu isə qərarların 
icra mərhələsində anlaşılmazlıqların azalmasına və işçi motivasiyasının yüksəlməsinə müsbət təsir 
göstərir. Effektiv kommunikasiya menecment qərarlarının uğurla həyata keçirilməsində mühüm 
amil kimi çıxış edir. 
Bununla yanaşı, informasiya texnologiyalarının tətbiqi müəyyən problemlər və risklərlə də 
müşayiət olunur. Məlumat təhlükəsizliyinin təmin edilməsi, kibertəhlükələrdən qorunma və texniki 
nasazlıqlar menecment üçün ciddi çağırışlar yaradır. Eyni zamanda texnologiyaya həddindən artıq 
etibar insan faktorunun və peşəkar təcrübənin rolunu azalda bilər. Bu səbəbdən informasiya 
texnologiyalarından istifadə zamanı balanslı yanaşma vacibdir və texnologiya qərarvermə 
prosesində vasitə kimi qəbul edilməlidir. 
Texnoloji inkişafın sürətlənməsi informasiya texnologiyalarının menecment qərarlarına təsirini 
gələcəkdə daha da gücləndirəcəkdir. Süni intellekt və avtomatlaşdırılmış analitik sistemlər 
menecerlərə yalnız mövcud məlumatları təhlil etməyə deyil, həm də gələcək riskləri və imkanları 
proqnozlaşdırmağa şərait yaradacaq. Bu texnologiyalar qərarvermə prosesində vaxt amilini 
minimuma endirərək daha çevik idarəetmə modelinin formalaşmasına səbəb olacaqdır. Nəticədə 
menecment qərarları yalnız reaksiya xarakteri daşımayacaq, eyni zamanda qabaqlayıcı və proaktiv 
məzmun kəsb edəcəkdir. 
İnformasiya texnologiyalarının menecment qərarlarına təsiri təşkilat mədəniyyətinin 
formalaşmasında da özünü göstərir. Rəqəmsal mühitdə fəaliyyət göstərən təşkilatlarda açıq 
informasiya mübadiləsi, şəffaflıq və hesabatlılıq daha ön plana çıxır. Bu isə qərarların qəbulunda 
kollektiv yanaşmanın güclənməsinə, işçilərin proseslərə daha fəal cəlb olunmasına səbəb olur. 
Menecerlər artıq təkcə qərar verən subyekt deyil, həm də məlumatları düzgün şərh edən və 
komandaya istiqamət göstərən lider rolunda çıxış edirlər. 
Bununla yanaşı, informasiya texnologiyaları menecment qərarlarının qəbulunda beynəlxalq 
təcrübənin öyrənilməsini və tətbiqini də asanlaşdırır. Qlobal informasiya şəbəkələri vasitəsilə 
təşkilatlar digər ölkələrin və şirkətlərin idarəetmə modellərini, innovativ yanaşmalarını və uğurlu 
praktikasını analiz edə bilirlər. Bu isə yerli səviyyədə qəbul edilən qərarların daha müasir və 
rəqabətqabiliyyətli olmasına imkan yaradır. 
İnformasiya texnologiyalarının inkişafı menecment qərarlarının etik tərəflərinə də yeni baxış 
formalaşdırır. Məlumatların toplanması və istifadəsi zamanı məxfilik, şəxsi məlumatların 
qorunması və etik normalara riayət edilməsi mühüm əhəmiyyət kəsb edir. Menecerlər qərar qəbul 
edərkən təkcə iqtisadi səmərəliliyi deyil, həm də sosial məsuliyyəti və etik prinsipləri nəzərə 
almalıdırlar. Bu baxımdan informasiya texnologiyalarının tətbiqi menecmentdə daha balanslı və 
məsuliyyətli qərarvermə modelinin formalaşmasına şərait yaradır. 
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Ümumilikdə, informasiya texnologiyaları menecment qərarlarının qəbulunda həm strateji, həm də 
operativ səviyyədə mühüm rol oynayır. Onlar məlumatın dəyərini artırmaqla yanaşı, qərarların 
qəbulunda vaxt və resurs məhdudiyyətlərini əhəmiyyətli dərəcədə azaldır. Müasir rəqəmsal 
mühitdə informasiya artıq sadəcə köməkçi vasitə deyil, strateji resurs kimi çıxış edir. Məhz bu 
səbəbdən informasiya texnologiyalarından səmərəli istifadə edən təşkilatlar rəqabət mühitində 
daha dayanıqlı mövqe qazanırlar. 
İnformasiya texnologiyaları menecment qərarlarının çevikliyini artıraraq qeyri-müəyyənlik 
şəraitində fəaliyyət göstərən təşkilatlar üçün xüsusi əhəmiyyət kəsb edir. Qlobal iqtisadi 
dəyişikliklər, bazar dalğalanmaları və gözlənilməz risklər şəraitində operativ və düzgün qərarların 
qəbulu təşkilatın taleyini müəyyən edə bilər. Bu baxımdan informasiya texnologiyaları menecerlərə 
alternativ variantları sürətlə dəyərləndirmək, mümkün nəticələri müqayisə etmək və optimal 
qərarı seçmək imkanı yaradır. 
Eyni zamanda informasiya texnologiyaları menecment qərarlarının monitorinqi və 
qiymətləndirilməsi prosesini də asanlaşdırır. Qəbul edilmiş qərarların icra vəziyyəti, əldə olunan 
nəticələr və performans göstəriciləri rəqəmsal sistemlər vasitəsilə davamlı şəkildə izlənilir. Bu isə 
menecerlərə əvvəlki qərarların effektivliyini təhlil etməyə və gələcək qərarların daha dəqiq 
planlaşdırılmasına şərait yaradır. Beləliklə, qərarvermə prosesi dövri və təkmilləşən xarakter alır. 
İnformasiya texnologiyalarının menecment qərarlarına təsiri kadr potensialının idarə olunmasında 
da özünü göstərir. İnsan resursları üzrə informasiya sistemləri işçi fəaliyyətinin qiymətləndirilməsi, 
motivasiya mexanizmlərinin qurulması və peşəkar inkişaf strategiyalarının formalaşdırılmasında 
menecerlərə əhəmiyyətli dəstək verir. Bu sistemlər əsasında qəbul edilən qərarlar daha obyektiv 
və ölçülə bilən göstəricilərə əsaslanır. 
Bütün bu amillər göstərir ki, informasiya texnologiyaları menecment qərarlarının qəbulunda yalnız 
texniki vasitə deyil, kompleks idarəetmə mexanizmi kimi çıxış edir. Onların təsiri təşkilatın daxili 
strukturundan başlayaraq bazar davranışına qədər geniş sahəni əhatə edir. Lakin maksimum 
səmərə əldə etmək üçün informasiya texnologiyalarının tətbiqi peşəkar idarəetmə, strateji 
düşüncə və etik məsuliyyət prinsipləri ilə uzlaşdırılmalıdır. Bu halda informasiya texnologiyaları 
menecment qərarlarının keyfiyyətini yüksəldən və təşkilatların uzunmüddətli inkişafını təmin edən 
əsas faktorlardan birinə çevrilir. 
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 Böyük Məlumatların Fonunda İqtisadi 
İnformasiya Təhlili Və Qərar Qəbuletmədə 
Tətbiqi 
 Rasulova Gözəl 
magistrant 
 

Xülasə. İnternet dövründə informasiya məlumatları həyəcan verici bir sürətlə genişlənir və 
eyni zamanda diversifikasiya və parçalanma tendensiyası nümayiş etdirir. Bu mürəkkəb 
məlumatdan necə istifadə edəcəyinizi və böyük məlumatların dəyərini tam şəkildə maksimum 
dərəcədə artırmaq üçün biznesdə effektiv şəkildə necə istifadə edəcəyinizi anlamaq görünür. İnsan 
fəaliyyətinin bütün sahələrində yığılan informasiyanın durmadan artması ilə əlaqədar olaraq, onu 
yığcam səkildə göstərmək üçün yeni texnologiyanın əldə olunması çox əhəmiyyətlidir. İş adamları 
öz fəaliyyətinin bütün sahələrində həmişə müəyyən qərarlar qəbul edirlər. İstehsal ilə bağlı 
qərarların qəbul edilməsi əsas sahəyə aiddir. İstehsal həcmi nə qədər çox olarsa, qərar qəbul etmək 
bir o qədər cətin olur. Buna görə də bəzi hallarda qərar qəbulu zamanı asanlıqla səhvə yol verilir.  

Təbii olaraq belə bir sual meydana çıxır: kompüterdən istifadə etməklə belə səhvlərin 
qarşısını almaq mümkündürmü?   

Buna əsaslanaraq, məqalədə böyük məlumatların fonunda iqƟsadi informasiya təhlili və 
qərar qəbuletmə sistemi araşdırılır. Məlumatları necə səmərəli şəkildə paylamaq və toplamaq, 
eləcə də məlumatları ağıllı və eƟbarlı şəkildə necə icra etmək və təhlil etmək müəssisələr üçün 
düşünməli və həll etməli olan təcili bir problemdir və bu da müəssisələrin məqsədlərinə çatmasını 
çəƟnləşdirir. Məqalədə əvvəlcə ölkəmizin sənaye iqƟsadi qərar texnologiyasının inkişaf vəziyyəƟ 
təhlil edilir, sonra sənaye inkişaķnda böyük məlumatların makroiqƟsadi qərar qəbuletmədə xidməƟ 
rolu araşdırılır, daha sonra sənaye iqƟsadi informasiya təhlilinin metodları və tendensiyaları 
dərindən araşdırılır və sənaye iqƟsadi informasiya modeli hazırlanır. Nəhayət, məqalədə sistemin 
işləmə sürəƟ və interakƟv funksiyası sınaqdan keçirilmişdir. Test nəƟcələri göstərir ki, sistemin 
işləmə sürəƟ çox sürətlidir və interakƟv funksiya çox dəqiqdir. 

Açar sözlər. böyük məlumatlar, iqƟsadi informasiya, qərar qəbuletmə, məlumat təhlili.  
 
Giriş. Hər şeydən əvvəl böyük verilənlər korporaƟv maraqlar baxımından biznes-proseslərin 

səmərəliliyini arƨrmağa imkan verir. Böyük verilənlərin toplanması və analizinin köməyi ilə gəlirləri 
və xərcləri opƟmal idarə etmək, maliyyə göstəricilərini yaxşılaşdırmaq və şəffaflığı yüksəltmək 
mümkündür [Wang, 2019]. 

Böyük verilənlər daha təsirli məlumata çevrilə bilməyən, idarə oluna bilməyən, emal edilə 
bilməyən və mövcud əsas proqram təminaƨ vasitələri vasitəsilə müəssisələrə bir müddətdə biznes 
qərarları qəbul etməyə kömək etmək üçün isƟfadə edilə bilməyən böyük həcmli verilənlərə aiddir. 
Böyük verilənlər mahiyyət eƟbarilə məlumatdır, lakin o, yalnız ənənəvi mənada birbaşa 
məlumatları əhatə etmir, həm də verilənlərdə gizlənmiş potensial dəyərli məlumatları da əhatə 
edir. Buna görə də, böyük verilənlər dövründə yalnız verilənlərin həcmi böyük deyil, həm də 
verilənlərin dərinliyi və səviyyəsi də misli görünməmiş dərəcədədir. Xüsusilə, böyük verilənlər dörd 
aspektlə xarakterizə olunur: böyük verilənlərin həcmi, aşağı dəyər sıxlığı, sürətli arƨm tempi və 
çoxstrukturlu, 4V xüsusiyyətləri. Getdikcə güclənən beynəlxalq rəqabətdə güclü mövqeyini 
qorumaq və inkişafa nail olmaq üçün bir ölkə, region və ya müəssisə öz inkişaķna təsir edə biləcək 
müxtəlif amilləri təhlil etməli və qərarlar qəbul etməlidir. İnkişaf strategiyasını vaxƨnda 
tənzimləməli və gözlənilən strateji məqsədlərə və iqƟsadi göstəricilərə çatmaq üçün müvafiq 
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tədbirlər görməlidir. Sənaye iqƟsadi təhlili, keçmişi dəqiq təsvir etmək, gələcək tendensiyalar 
haqqında elmi mühakimələr və qərarlar qəbul etmək və sənaye iqƟsadiyyaƨnın makroiqƟsadi 
nəzarəƟ üçün məlumat vermək məqsədilə sənaye iqƟsadiyyaƨnın gələcək inkişaf tendensiyası ilə 
müxtəlif sənaye iqƟsadi göstəriciləri arasındakı əlaqənin öyrənilməsidir. Ölkəmizdə bazar 
iqƟsadiyyaƨnın davamlı olaraq təkmilləşdirilməsi və biznes islahatlarının davamlı olaraq 
dərinləşməsi ilə hökuməƟn əsas funksiyası yaxşı iqƟsadi mühit yaratmaq və makroiqƟsadi nəzarəƟ 
gücləndirmək üçün tədricən dəyişir. Buna görə də, dövlət qurumları düzgün iqƟsadi təhlil 
metodlarının seçilməsini və tətbiqini sürətləndirməli, iqƟsadi informasiya təhlili və qərar 
qəbuletmə sistemi yaratmalı, sənaye firmalarının təhlilini gücləndirməli və menecerlərə vaxƨnda 
qərar qəbuletmə təklifləri üçün əsas yaratmalıdırlar. Elm və texnologiyanın sürətli inkişaķ, bulud 
hesablamalarının və interneƟn meydana çıxması ilə müxtəlif sosial şəbəkələr informasiya 
sahəsində partlayıcı bir tendensiya yaradır; bundan əlavə, 5G yüksək sürətli, aşağı gecikməli 
internet bulud xidməƟ texnologiyasının inqilabına əsaslanacaq və isƟfadəçi xidməƟnin keyfiyyəƟni 
əhəmiyyətli dərəcədə yaxşılaşdıracaq və bulud xidməƟ üçün daha çox imkanlar yaradacaq [B¨uhler 
et al., 2018].  

Çinli alim Vanq qeyd etmişdir ki, sənaye və iqƟsadi informasiya təhlili baxımından zamanın 
inkişaķna uyğunlaşmaq və sənayenin davamlı inkişaķnı təmin etmək üçün sənaye inkişaķ ilə uyğun 
informasiya emalı həllərini inteqrasiya etmək üçün müvafiq məlumatların təhlili metodlarından 
isƟfadə etmək lazımdır. Böyük məlumatların inkişaf prosesindən yalnız Çin böyük məlumatlara 
böyük əhəmiyyət vermir, həm də bütün dünya böyük məlumatların nəhəng inkişaf potensialını 
yenidən nəzərdən keçirir. İqƟsadi inkişaķ təşviq etmək, milli gücü gücləndirmək, sosial idarəetmə 
mexanizmini təkmilləşdirmək və dövlət xidmətlərini və dövlət nəzarəƟni təkmilləşdirmək üçün 
böyük verilənlər texnologiyalarının tədqiqi və inkişaf etdirilməsi bir trendə çevrilmişdir. Di qeyd 
etmişdir ki, böyük məlumatlar bəşəriyyəƟn elmi və texnoloji tərəqqisinin nəƟcəsidir və eyni 
zamanda sosial inkişaķn ümumi trendidir. Böyük məlumatlar konteksƟndə böyük məlumatlar bazar 
iqƟsadiyyaƨ məlumatlarının təhlili və bazar qərarlarının formalaşdırılması üçün çox əlverişli şərait 
yarada bilər. Vanq qeyd etmişdir ki, müxtəlif sənaye sahələrinin hazırkı məlumat təhlilində mədən 
texnologiyası ümumiyyətlə kütləvi məlumatlardan dəyərli məlumatlar çıxarmaq üçün isƟfadə 
olunur. Kompüter tədqiqatları əsasən geneƟk alqoritmlərlə birləşdirilir ki, məlumatların hasilaƨnın 
elmi və rasionallığı təmin edilsin və texniki olaraq ölkəmizin sosial iqƟsadiyyaƨnın inkişaķnı təmin 
etsin. Kompüteri əsas hesablama cihazı kimi götürdükdə, o, kompüter modelləşdirməsi üçün 
əvəzolunmaz bir vasitəyə çevrilmişdir. Təhlil və məlumatların hasilaƨ üçün bir çox geniş isƟfadə 
olunan və qurulmuş proqram təminaƨ sistemləri mövcuddur. Bu sistemlər çox yönlüdür, lakin 
müəyyən təcrübə tələb edir və adətən yalnız təhlilin son mərhələlərinin işidir. Sistemdən konkret 
sənaye iqƟsadi məlumatlarını və konkret tətbiq problemlərini təhlil etmək üçün isƟfadə etmək 
əlverişsizdir. Bəzi prakƟk problemlərin təhlilini daha prakƟk etmək üçün konkret problemlərə tətbiq 
olunan təhlil sistemlərini öyrənmək lazımdır [Rui, 2019]. 

Məqalədə hesab olunur ki, böyük məlumatların müəssisə və təşkilatların qərar dəstəyi 
prosesinə təsiri tədqiqata layiqdir. Hazırda biznes və iqƟsadiyyat kimi digər sahələrdə qərar 
qəbuletmə getdikcə təcrübə və intuisiyaya deyil, məlumatlara və təhlilə əsaslanır.  

Ədəbiyyat icmalı. Sənaye inkişaķ ilə bağlı makro qərar qəbuletmə, həyat dövrünün hər 
mərhələsində milli iqƟsadiyyaƨn hər bir sənayesi üçün inkişaf məqsədləri, strateji tədbirlər və 
tətbiq addımları kimi əsas məsələlərin idarə olunmasını və planlaşdırılmasını nəzərdə tutur. 
Struktur dəyişiklik əsasdır, sənaye strukturunun opƟmallaşdırılması isə isƟqamətdir. Sənaye inkişaķ 
yalnız kəmiyyət arƨmını deyil, həm də keyfiyyət sıçrayışını əhatə edir. Sənaye inkişaķnın makro 
qərar qəbuletmə prosesi makro qərar qəbuletmə prosesinin vacib hissəsidir və milli iqƟsadiyyaƨn 
ən yüksək səviyyəsidir. Sənaye inkişaķnın makro qərar qəbuletmə prosesi aşağıdakı xüsusiyyətlərə 
malikdir: qərar qəbuletmə insƟtutları baxımından, bu, insanların və ya daha çox fərdin mənƟqi 
birləşməsi deyil, bir və ya daha çox sahədəki alimlərdən ibarət deyil, birdən çox sənaye və 



 

 

 «European Research Materials» (February 26-27, 2026). Amsterdam, Netherlands 

151 

sahələrdəki mütəxəssislər və alimlərdən, dövlət məmurlarından və digər yüksək zəkalı qruplardan 
ibarətdir. Qərar qəbuletmə obyektləri baxımından, sənaye inkişaķnın makro qərar qəbuletmə 
prosesi müəyyən bir sahədəki tək bir problem deyil, geniş aspektləri əhatə edən hərtərəfli bir 
problemdir. Onun hərtərəfliliyi ətraf mühit, hüquq, nəqliyyat, ətraf mühiƟn mühafizəsi və 
məşğulluq kimi bir çox aspektdə əks oluna bilər [Kong, 2020]. 

Metod və dəyişənlər. Birincisi, məlumatların toplanması və təlimi makro qərar 
qəbuletmənin əsasını təşkil edir. İnternet dövründə makro qərarların elmiliyini, dəqiqliyini və 
mümkünlüyünü təmin etmək üçün məlumat məlumatlarının bütün aspektlərini toplamaq üçün 
böyük məlumatlardan isƟfadə etmək lazımdır. Qərarın arxasında sənayenin iqƟsadi işinin əsasını 
təşkil edən çoxlu məlumat dayanır.  

İkincisi, məlumat məlumatlarının idarə edilməsi makro qərarların açarıdır. Uzunmüddətli 
iqƟsadi inkişaf elmi idarəetməyə və bir sıra idarəetmə proseslərinə əsaslanmalıdır. Bu baxımdan 
idarəetmə məlumatların toplanması, çeşidlənməsi, təhlili, emalı və isƟfadəsi prosesidir. EffekƟv 
məlumatların idarə edilməsi makro qərar qəbuletmənin açarıdır. İstənilən münasibətdə məlumat 
məlumatlarının idarə edilməsi məlumatların isƟfadəsinə birbaşa təsir göstərir və nəƟcədə makro 
qərarlara təsir göstərir [Di, 2019]. 

Üçüncüsü, standart prosedurlar makro qərarları təmin edir. Qərar qəbuletmədə şəffaflıq və 
aydınlıq çox vacibdir və effekƟv qərar qəbuletmənin açarıdır. MakroiqƟsadi qərarlar müxtəlif 
sektorların inkişaķnı və xüsusiyyətlərini birləşdirməli, fərqli kəmiyyət standartlarını izah etməli və 
makroiqƟsadi qərarların şəffaflığını və demokraƟkliyini təmin etmək üçün icƟmai rəyləri və təklifləri 
nəzərə almalıdır.  
Böyük məlumatlar dövrün dəyişiklikləri üçün şərait yaratdı, məlumatların miqdarı boldur və 
sənaye iqƟsadi təhlilinin nəƟcələri üçün çox vacibdir. Bu, makroiqƟsadi vəziyyəƟ daha dəqiq başa 
düşə, makroiqƟsadi inkişaf tendensiyasını proqnozlaşdıra, ağlabatan və mümkün sənaye iqƟsadi 
siyasətləri formalaşdıra və sənaye iqƟsadi inkişaķna daha yaxşı xidmət edə bilər. İnternet 
dövründə məlumatlar gündən-günə genişlənir və real vaxt rejimində yaradılır [Seo et al., 2018] 

Sənaye iqƟsadi məlumatlarının əldə edilməsi sənaye və iqƟsadi şöbələrin işinin əsasını təşkil 
edir. Bu məlumatları əldə etməklə, sosial iqƟsadiyyaƨn inkişaķnı başa düşə və mümkün inkişaf 
meyllərini proqnozlaşdıra bilərik. Elektron məlumat toplama sistemi müxtəlif sənaye iqƟsadi 
məlumatlarını əldə etmək üçün bir sistem tənzimləməsidir. Rabitə və informasiya paylaşma 
altsistemləri sənaye və iqƟsadi şöbə üçün dəstək sistemidir və sənaye və iqƟsadi şöbəyə qərar 
qəbul etməyə kömək edir. İnformasiya emalı və qərar dəstəyi sistemləri qarşılıqlı əlaqədə olur və 
birlikdə işləyir. İnformasiya emalı qərar qəbuletməni dəstəkləməyə xidmət edir və qərar dəstəyi 
hansı növ informasiya emalının aparıldığını müəyyən edir. İnformasiya geribildirim sisteminin 
məlumatları təhlil edilir və emal olunur, nəƟcələr gözlənƟlərlə müqayisə edilir ki, sənaye və iqƟsadi 
şöbənin iş səmərəliliyi qiymətləndirilsin və müvafiq geribildirim sənaye və iqƟsadi şöbənin iş 
sisteminə ötürülsün. Modelin yaradılması prosesində isƟfadə olunan düstur budur: 

𝐹(𝑡) = ෍  

௞

௜ୀଵ

𝑤௜𝑓௜(𝑡) + 𝜀 

Sənaye iqƟsadi məlumatlarının dəyərini tam şəkildə göstərmək üçün onu düzgün təhlil 
etmək lazımdır. Təhlil edərkən isƟfadəçi ehƟyaclarını yerinə yeƟrmək və isƟfadəçi 
məsləhətləşmələrində yaxşı iş görmək üçün müvafiq təhlil aparmaq lazımdır ki, təhlil edilən 
məlumat informasiya resurslarının dəyərini tam şəkildə göstərə bilsin. Sənaye iqƟsadi 
məlumatlarını təhlil edərkən dinamik informasiya resurslarının real vaxt rejimində çeşidlənməsi 
hazırlanmış informasiya resurslarının nisbətən yeni olmasını təmin edə bilər. İnformasiya resursları 
toplanarkən seçiciliyə diqqət yeƟrmək lazımdır və bütün iş daha mürəkkəbdir. Riyazi analiz 
metodlarına görə, tədqiqat metodları keyfiyyət metodlarına və kəmiyyət metodlarına bölünə bilər. 
Keyfiyyət tədqiqat metodu, əşyaların təbiəƟ üçün analiƟk tədqiqat metodu olan tədqiqat 



 

 

 Proceedings of the 12th International Scientific Conference 

152 

obyekƟnin ümumi xüsusiyyətlərinə diqqət yeƟrir. Kəmiyyət tədqiqat metodları, təhlil və tədqiqat 
nəƟcələrinin daha dəqiq olması üçün tədqiqat obyektlərinin spesifik atributlarını və əlaqələrini 
kəmiyyətcə təhlil etmək üçün müəyyən metodlardan isƟfadə etməkdir. Təhlildə isƟfadə olunan 
düstur budur: 

𝑍 = 𝜆ଵ𝑣ଵ + 𝜆ଶ𝑣ଶ + ⋯ + 𝜆௡𝑣௡ 
 
Cədvəl 1: Sistem işləmə sürəƟ tesƟ 

Qaçış sürəƟ  Dəfələrin sayı Faiz 
Yüksək sürət  11 55 
Daha yüksək sürət  6 30 
Orta sürət  2 10 
Yavaş sürət 1 5 

Mənbə: InformaƟon management and informaƟon system analysis in the context of BD. 
 

 
Şəkil 1: Sistemin işləmə sürəƟ tesƟ 

Mənbə: InformaƟon management and informaƟon system analysis in the context of BD. 
 
Cədvəl 2: Sistem qarşılıqlı əlaqəsi funksiyası tesƟ 

Qarşılıqlı əlaqə vəziyyəƟ Dəfələrin sayı Faiz 
Düzgün qarşılıqlı əlaqə 18 90 
Qarşılıqlı əlaqə xətası 1 5 
Qarşılıqlı əlaqə qurmaq 
mümkün deyil 

1 5 

Mənbə: InformaƟon management and informaƟon system analysis in the context of BD 
 

0 10 20 30 40 50 60

Daha yüksək sürət

Yüksək sürət

Orta sürət

Daha yavaş sürət

sistem işləmə sürəti testi

İnsanların sayı Faiz



 

 

 «European Research Materials» (February 26-27, 2026). Amsterdam, Netherlands 

153 

 
Şəkil 2: Sistem interakƟv funksiyası tesƟ 

Mənbə: InformaƟon management and informaƟon system analysis in the context of BD 
 

İlkin nəƟcələr və müzakirə. Sənaye və iqƟsadi şöbələrdə qərar qəbuletmə üçün informasiya 
resurslarının dəyərindən tam isƟfadə etmək üçün müvafiq məlumatların hərtərəfli təhlili aparmaq 
və hərtərəfli və çoxölçülü təhlil aparmaq üçün mürəkkəb analiz modellərindən isƟfadə etmək 
lazımdır. Zaman seriyası təhlili müxtəlif makroiqƟsadi fəaliyyətlər vasitəsilə çoxlu miqdarda 
məlumat və informasiya toplamış və effekƟv təhlil rejimi yaratmaq üçün bu məlumatlardan və 
məlumatlardan tam isƟfadə etmişdir. Təxmini təhlil vasitəsilə gizli və potensial biznes imkanlarını 
aşkar edə bilərik. Bilirik ki, şəbəkə qrafikindəki hər bir nöqtə sosial şəbəkənin kənarı kimi bağlı olan 
bir obyekƟ təmsil edir [Chan, 2020]. 

Cədvəl 1 və Şəkil 1-ə əsasən, sistemin 20 işləmə sürəƟ üçün sınaqdan keçirildiyi məlumdur, 
bunlardan 11-i sürətli işləmə sürəƟnə malikdir ki, bu da 55%, 6-sı daha sürətli işləmə sürəƟnə 
malikdir ki, bu da 30%, 2-si orta işləmə sürəƟnə malikdir ki, bu da 10% təşkil edir və işləmə sürəƟ 
bir dəfə daha yavaşdır ki, bu da 5% təşkil edir. Daha yavaş işləmə sürəƟnin səbəbinin şəbəkə qeyri-
sabitliyindən qaynaqlandığı aşkar edilmişdir. Sistemin öz amilləri isƟsna olmaqla, test 
nəƟcələrindən sistemin işləmə sürəƟ nisbətən sabit və eƟbarlıdır. 

Cədvəl 2 və Şəkil 2-yə əsasən, sistemin qarşılıqlı təsir funksiyasının 20 dəfə sınaqdan 
keçirildiyini bilirik. Bunlardan 18 qarşılıqlı təsir 90% təşkil edir və qarşılıqlı təsir xətaları və uğursuz 
qarşılıqlı təsirlər hər ikisi 1, bu da 5% təşkil edir. Qarşılıqlı əlaqə xətasının və qarşılıqlı əlaqənin 
mümkünsüzlüyünün səbəblərinin əlavə təhlili və araşdırılması göstərdi ki, qarşılıqlı əlaqə xətası işçi 
interfeysindəki xətadan, qarşılıqlı əlaqənin mümkünsüzlüyü isə şəbəkə dayanmalarından 
qaynaqlanır. İnsan subyekƟv amilləri isƟsna olmaqla, sistemin interakƟv funksiyası çox dəqiqdir. 

NəƟcə və tövsiyələr. Gələcəkdə böyük verilənlər sosial və iqƟsadi inkişafda çox vacib rol 
oynayacaq, nəqliyyat, enerji və rabitə şəbəkələri qədər əvəzolunmazdır. Böyük məlumatlar 
konteksƟndə siyasət, iqƟsadiyyat və cəmiyyət kimi bir çox sahə keçmişdən fərqli dəyişikliklərə 
məruz qalacaq və görünməmiş inkişafa nail olacaq ki, bu da insanların həyat tərzinə, bilik 
strukturuna və dəyər sisteminə əsaslı təsir göstərəcək. Sənaye iqƟsadi məlumatlarının təhlilində 
böyük məlumatların tətbiqi getdikcə daha genişlənəcək. Onun prakƟk əhəmiyyəƟ sənaye 
sektorunda sənaye iqƟsadi məlumatlarının kəşfi üçün təkrarlana bilən təhlil modeli təmin 
etməkdədir ki, bu da idarəetmə tətbiqləri üçün isƟqamətverici əhəmiyyətə malikdir. 
 

Sistem qarşılıqlı əlaqəsi funksiyası testi

Qarşılıqlı əlaqə qurmaq mümkün deyil Qarşılıqlı əlaqə xətası Düzgün qarşılıqlı əlaqə
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 N-tier arxitektura və onun uçot 
proqramlarına tətbiqi 
 Bağırova Fəxriyyə 
Azərbaycan Dövlət İqtisad Universiteti 

 
Xülasə. N-Tier arxitekturası miqyaslılığı, mövcudluğu və çevikliyi səbəbindən getdikcə daha 

vacib hala gəlir. Performans, yük, stress, naviqasiya, reqressiya testləri və s. yerinə yeƟrən test 
alətləri üçün müxtəlif çərçivələr mövcuddur. Daha yaxşı çərçivə bütün test mexanizmlərini yerinə 
yeƟrəcək şəkildə olmalıdır. Bu məqsədlə, bir neçə xüsusiyyətə malik müxtəlif test mexanizmlərini 
yerinə yeƟrən üç test aləƟ olan Win Runner, LoadRunner və QTP-ni araşdırırıq. Bu məqalədə bütün 
test mexanizmlərini yerinə yeƟrən bir çərçivə təklif olunur. 

Açar sözlər. N-Tier arxitektura; Çərçivə; Winrunner; Loadrunner; Sürətli Test Peşəkarı 
 
Giriş. N-Ɵer arxitektura, tətbiq emalı və məlumatların idarə edilməsinin mənƟqi olaraq ayrı 

bir proses olduğu bir müştəri-server arxitekturasıdır. Tier arxitektura tək isƟfadəçi üçün ən sadə, 
tək səviyyəlidir və fərdi kompüterdə tətbiqi işə salmağa bərabərdir. Tətbiqi işə salmaq üçün tələb 
olunan bütün komponentlər onun daxilində yerləşir. 

Tier architectures 2-Tier Architectures, 3-Tier architectures və nəhayət N-Ɵer architecture 
kimi təsnif edilmişdir. Müxtəlif səviyyəli arxitektura növləri olsa da, nəzərdən keçirdiyimiz veb 
tətbiqinə əsasən müəyyən səviyyəli arxitekturanı nəzərdən keçiririk. Ən çox 3-Tier architecture 
isƟfadə edirik. Hər səviyyənin öz üstünlükləri və çaƨşmazlıqları var. N-Ɵer Architectures daha incə 
detallılıq (yəni tətbiqin kiçik qranullara bölünmə qabiliyyəƟ) təmin edir ki, elasƟklik arƨrıla bilsin. 

N-Ɵer arxitektura adətən Təqdimat, Biznes MənƟqi, Məlumat Girişi MənƟqi Təbəqəsi və 
Verilənlər Bazası Təbəqələri ilə müəyyən edilir. N-Tier arxitektura Problemləri ənənəvi 
arxitekturaların mövcud İT infrastrukturlarından səmərəli isƟfadə edə bilməməsini üzə çıxardı. 
ÇəƟnliklərə Xidmət KeyfiyyəƟ (Dinamik resurs bölgüsü, Mühasibat uçotu və idarəetmə, 
İnfrastrukturun idarə edilməsi, Heterogen miras inteqrasiyası, Klaster dəstəyi, Çoxplaƞormlu Java 
texnologiyası, çoxsəviyyəli təhlükəsizlik modeli), Ölçülülük, Mövcudluq və Proqnozlaşdırma daxildir. 

Bu mərhələdə avtomatlaşdırmaya ehƟyac və sınaq alətlərinin mövcudluğu nəzərə alınır. 
Hazırda proqram təminaƨ sınaq mühiƟndə keyfiyyətli tətbiqləri təmin etmək üçün buraxılış 
cədvəllərinin, resursların isƟfadəsinin, gəlirli invesƟsiyaların, minimum resursların və mandatların 
daim azalması ilə qarşılaşırıq. Tətbiqləri və ya həlləri mümkün qədər tez sınaqdan keçirməliyik. 
Avtomatlaşdırılmış sınaq həlləri tez və səmərəli şəkildə yoxlaya, səmərəli ola, təsdiqləyə və 
tətbiqlərin müştəri tələblərinə uyğun olaraq müvafiq şəkildə işləməsini təmin edə bilər. Bu həllər 
sınaq səylərində resurslara və pula qənaət edir və Proqram Təminaƨnın İnkişaf Həyat Dövrü (SDLC) 
və Proqram Təminaƨ Test Həyat Dövrü (STLC) üçün faydalıdır. Test avtomatlaşdırmasının vacib 
üstünlüklərinə daha yüksək test əhatə dairəsi səviyyələri, daha yüksək eƟbarlılıq, qısaldılmış test 
dövrləri, əlavə xərc olmadan çox isƟfadəçi tesƟ aparmaq imkanı və proqram təminaƨnda son 
isƟfadəçi məmnuniyyəƟ daxildir. 

Test planı nəzərdə tutulan əhatə dairəsini, yanaşmanı, resursları və sınaq fəaliyyətlərinin 
cədvəlini təsvir edir. Test elementlərini, sınaqdan keçiriləcək və keçirilməyəcək xüsusiyyətləri 
müəyyən edir. Həmçinin, sonrakı test prosesində hər bir tapşırığı yerinə yeƟrən personalı 
müəyyənləşdirir və hər hansı bir risk halında, tələb olunan ehƟyat planları da daxil edilir. Test 
planına işçi heyəƟ, resurslar və test dizaynı üçün vaxt bölgüsü ilə bağlı çəƟn qərarlar daxildir. 
Avtomatlaşdırma vasitələrindən isƟfadə qərarı da planın bir hissəsidir. Yükləmə və stress tesƟni 
aparmaq üçün funksional test və yük qaçışçısı üçün Win Runner və Quick Test alətlərindən isƟfadə 
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edirik. Nəzərdə tutulan ehƟyac üçün düzgün alət seçiminə sahib olmaq lazımdır. Test baxımından 
risk təhlili, test planının ən çox diqqət tələb edən digər bir aspekƟdir. 

Əgər tələblər sürətlə dəyişirsə, yaxşı müəyyən edilmiş və yenidən nəzərdən keçirilmiş test 
planına sahib olmaq daha yaxşıdır. Bu vacibdir, çünki inkişaf planlarında və ya tələblərindəki 
dəyişikliklər test strategiyasında tamamilə dəyişikliklərə səbəb ola bilər. Testdəki uğursuzluqlar 
əsasən dəyişikliklərdən sonra planın yenidən nəzərdən keçirilməməsi ilə əlaqədardır. 

Test işi, müəyyən bir obyekƟn və ya əməliyyat mənƟqinin funksionallığını yoxlamaq üçün 
icra ediləcək testlər qrupudur. Test işi, funksionallığın düzgünlüyünü və tamlığını müəyyən etmək 
üçün isƟfadəçi girişini və sistem cavabını bəzi ön şərtlərlə təsvir edir. Test işi adətən təsdiqlənən ən 
azı bir biznes funksiyası/tələbi ilə əlaqələndirilir. Test işinin icrası zamanı giriş üçün xüsusi bir test 
məlumatlarının hazırlanmasını tələb edir. Test işinin icrası, verilənlər bazası dəstəyi, printer 
quraşdırması və ya test işinin icrasının əvvəlində mövcud olmalı olan məlumatlar kimi test işinin 
icrasından əvvəl tələb olunan və ya qurulan ön şərtlərlə tənzimlənə bilər. Nəhayət, test işinin 
tətbiqin struktur və funksional olaraq biznes istehsal mühiƟnə tətbiq olunmağa hazır olduğunu 
təsdiqləmək üçün bir və ya daha çox meyarı təsdiqlədiyi qənaəƟnə gəlirik. 

Test işləri, müəyyən qaydalara əməl edilməklə hazırlanarsa, effekƟv və təkrar isƟfadə edilə 
bilən olacaq. Test işi təkrar isƟfadə edilə bilən şəkildə hazırlanmalıdır, Test cihazlarından asılı 
olmayaraq ardıcıl nəƟcələr verməlidir, Test cihazının nə etməli olduğunu və sistemin cavabını 
göstərməlidir, Test elemenƟnə və ya mənƟqinə və s. xüsusi olmalıdır, Test cihazları daxilində 
qarışıqlıqların qarşısını almaq üçün onları qısa saxlamaq və fərqli test hallarına bölünməlidir, 
Müsbət və mənfi ssenarilərə bölünməlidir, Yenidən baxmaq üçün unikal şəkildə müəyyən 
edilməlidir, İzləmə məqsədi ilə səhv idenƟfikasiyasını saxlayın, "Doğrula" və ya "Yoxla" sözü ilə 
başlayın, Maksimum 10-15 addım ehƟva etməlidir, Bütün funksionallığın əhatə dairəsini təmin 
etmək üçün rəhbərlər tərəfindən nəzərdən keçirilməlidir, müştəri tərəfindən təsdiqlənməlidir. 

Test hallarının dizayn metodları  
 Funksional spesifikasiyalara əsaslanan test hallarının dizaynı 
 İsƟfadə hallarına əsaslanan test hallarının dizaynı 
 Tətbiqə əsaslanan test hallarının dizaynı 
 Funksional spesifikasiyaya əsaslanan Test hallarının dizaynı 
 Giriş nöqtəsi, çıxış nöqtəsi, normal axın, alternaƟv floes, tələb olunan giriş, 

gözlənilən çıxışlar və isƟsnalar baxımından tələbləri təhlili 
 Tələblər arasındakı asılılığı təhlili 
 Müvafiq tətbiqi/məhsulu araşdıraraq davranış 
 Müəyyən əməliyyatların sınaqdan keçirilməli olduğu tələblərin ardıcıllığını və ya 

ardıcıllığının müəyyəni 
 Tətbiqin qurulmasını hazır vəziyyətə gəƟrmək, verilənlər bazası konfiqurasiyası və 

ya digər tələblər kimi bir test prosedurunu yerinə yeƟrmək üçün lazım olan ilkin 
şərtləri və ya quraşdırmanın müəyyəni 

 Yüksək risk tələblərinin müəyyəni 
 Test hallarının başlıqlarını və ya test hallarının ssenariləri 
 Test hallarının başlıqlarını və ya test hallarının ssenarilərinin nəzərdən keçirilməsi 
 Nəhayət, test hallarının sənədləri 

Bu məqalədə N-Tier arxitekturası üçün təklif olunan çərçivəni müəyyən etmək üçün üç test 
aləƟ çərçivəsini nəzərdən keçirdik (Win runner, Load runner, Quick test Professional). 

Mercury InteracƟve Company tərəfindən hazırlanmış çox güclü avtomatlaşdırılmış test aləƟ 
olan Win Runner, Funksional Reqressiya TesƟ üçün isƟfadə olunur. Tətbiqlərin onlardan gözlənildiyi 
kimi işləməsini təmin etmək üçün funksional test prosesini avtomatlaşdırır. Tətbiq quruluşunuzda 
əl ilə yerinə yeƟrdiyimiz əməliyyatları qeyd edir və yoxlama nöqtələri kimi tələb olunan 
müşahidələrlə test yaradır. 
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Əsas Xüsusiyyətlər 
 Win Runner funksional test aləƟdir 
 Avtomatlaşdırılmış funksional test üçün VB, JAVA, Power Builder,. Net, VC++, HTML, 

Delphi, AcƟveX və ERP/Siebel Technologies kimi müxtəlif texnologiyaları dəstəkləyir 
 Yalnız Windows ailə əməliyyat sistemlərində işləyir 
 Əl ilə funksional testlərimizi Test Skript Dili (TSL) proqramlarına çevirir. 
 Win Runner ilə test 4 əsas mərhələdən ibarətdir 
 Avtomatlaşdırılacaq əl ilə funksional test hallarının seçilməsi 
 Avtomatlaşdırma test prosesi Test Mühəndisi tərəfindən avtomatlaşdırılacaq əl ilə test 

hallarının seçilməsi ilə başlayır. 
 TSL-də avtomatlaşdırılmış test skriptlərinin yaradılması 
Həm qeyd, həm də proqramlaşdırma isƟfadə edərək testlər yaradın. Testləri qeyd edərkən, 

Test (AUT) alƨnda Tətbiqin davranışını yoxlamaq istədiyiniz yerə yoxlama nöqtələri daxil edin. 
Test işlətdiyiniz zaman, Win Runner tətbiqinizə siçan və klaviatura girişini daxil edərək 

isƟfadəçini təqlid edir. Win Runner testdə hər dəfə yoxlama nöqtəsi ilə qarşılaşdıqda, tətbiqimizin 
cari cavabını gözlənilən cavabı ilə müqayisə edir. 

Test sınağı başa çatdıqda, test mühəndisi test nəƟcələrini yoxlaya bilər. Win Runner, sınama 
zamanı baş verən bütün əsas hadisələri, məsələn, yoxlama nöqtələrini sadalayır. 

QTP, Win Runner kimi Mercury avtomatlaşdırılmış açar sözlə idarə olunan test həllidir. Quick 
Test Pro, test skriptlərini tez bir zamanda yaratmaq, işə salmaq və ayıklamaq üçün lazım olan hər 
şeyi təmin edir. Quick Test Pro ilə avtomatlaşdırılmış test, Win Runner-dən daha çox test prosesinin 
sürəƟni arƨrır. Tətbiqimizin bütün aspektlərini yoxlayan Quick Test Pro isƟfadə edərək testlər 
yarada bilərik. Tətbiqinizdə hər dəfə reqressiya üçün dəyişikliklər etdikdə bu testləri qurun və sonra 
işə salın. Quick Test Pro testləri işlətdikcə, pəncərə və ya veb səhifə kimi tətbiq qurma ekranında 
siçan kursorunu hərəkət etdirərək, Qrafik İsƟfadəçi İnterfeysi (GUI) obyektlərini klikləyərək və 
klaviatura girişini daxil edərək insan isƟfadəçisini simulyasiya edir. 

Xüsusiyyətlər 
 Funksionallıq test aləƟ 
 Win Runner-dən götürülmüşdür 
 Win Runner tərəfindən dəstəklənən bütün texnologiyaları və .Net, SAP, People SoŌ, Oracle 

tətbiqini, XML və mulƟmedianı dəstəkləyir. 
 Win Runner kimi test skriptləri yaratarkən tətbiq quruluşunuzdakı obyektləri və pəncərələri 

tanıyır. 
 VBScript-də avtomatlaşdırma test skriptləri yaradır. 
Sürətli Test - test prosesi, seçilmiş əl ilə funksional test hallarımızı avtomatlaşdırılmış test 

skriptlərinə çevirmək üçün aşağıdakı əsas mərhələlərdən ibarətdir. 
Test yaratmazdan əvvəl, tətbiq quruluşumuzun və Quick Test Pro-nun tesƟn ehƟyaclarına uyğun 

olaraq qurulduğunu təsdiqləyə bilərik. Tətbiq quruluşumuzun qeyd etmək istədiyimiz elementləri 
göstərdiyinə və tətbiq quruluşu seçimlərimizin Baza vəziyyəƟ adlanan tesƟmizin məqsədi üçün 
gözlədiyimiz kimi qurulduğuna əmin olun. 

Müvafiq əl ilə test hal hərəkətləri ilə əlaqədar olaraq tətbiq quruluşumuzda hərəkət edərkən, 
Quick Test Pro hər addımın Açar Söz Görünüşündə bir sıra kimi necə yerinə yeƟrildiyini qrafik olaraq 
göstərir və Ekspert Görünüşündə VB Skript proqramını göstərir. 

Bu, tətbiq quruluşumuzun düzgün işləyib-işləmədiyini müəyyən etmək üçün gözlənilən 
dəyərlərimizlə yoxlama nöqtələrinin daxil edilməsi ilə bağlıdır. Sabit dəyərləri parametrlərlə əvəz 
etməklə, tətbiqimizin eyni əməliyyatları birdən çox test məlumaƨ dəsƟ ilə necə yerinə yeƟrdiyini 
yoxlaya bilərik. MənƟq, şərƟ və ya döngə ifadələrinin əlavə edilməsi, tesƟmizə mürəkkəb 
yoxlamalar əlavə etməyə imkan verir. 
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TesƟn işləmə müddəƟndə səhvlər olmadan rahat işləməsini təmin etmək üçün onun 
sazlanmasını həyata keçiririk. Bu sazlanma mərhələsi test skripƟmizi tətbiq quruluşunda işə 
salmadan əvvəl isteğe bağlı bir mərhələdir. 

Tətbiq quruluşumuzun davranışını yoxlamaq üçün test skripƟni işə sala bilərik. İşləyərkən 
QuickTestPro tətbiq quruluşunu açır və test skripƟmizdəki hər bir addımı yerinə yeƟrir 

Test skripƟmizi işə saldıqdan sonra tətbiq quruluşumuzdakı qüsurları müəyyən etmək üçün 
test nəƟcələrini araşdıra bilərik. 

Aşkarlanan qüsurlar mövcud izləmə sistemindən isƟfadə edərək əlaqə nöqtəsinə bildirilə 
bilər. 

Yükləmə qaçışçısı, sistemin davranışını və performansını proqnozlaşdırmaq üçün sənaye 
standartlarına uyğun performans və yük tesƟ məhsuludur. Performans tesƟ, sistemin proqram 
mühəndisliyində müəyyən bir iş yükü alƨnda əməliyyatları nə qədər sürətli yerinə yeƟrdiyini 
müəyyən etmək üçün aparılır. Performans tesƟ müxtəlif məqsədlər üçün isƟfadə edilə bilər; 
sistemin gözlənilən performans meyarları və ya müştəri gözlənƟləri baxımından performans 
meyarlarına cavab verdiyini nümayiş etdirmək olar. 

Proqram təminaƨnın keyfiyyəƟ həmişə yaxşı funksionallıq və opƟmal performans 
baxımından müəyyən edilir. OpƟmal performansa malik keyfiyyətli proqram təminaƨ istehsal edən 
bir təşkilat yalnız cəlb olunacaq və yaxşı nüfuz qazanacaq. Performans tesƟ termini sadəcə nəzəri 
bir anlayışdır, yük və stress tesƟ isə proqram təminaƨ tesƟ prosesində prakƟk olaraq isƟfadə olunur. 
Veb yük tesƟ, bütün veb tətbiqinin eyni vaxtda isƟfadəçiləri dəstəkləmək və eyni zamanda cavab 
müddəƟni təmin etmək qabiliyyəƟnin ölçüsüdür. Performans problemi səbəbindən istehsal 
serverinin sıradan çıxması müştəri biznesi üçün böyük itkidir. Bu səbəbdən, təşkilatlar adətən 
proqram təminaƨnı istehsalata yerləşdirməzdən əvvəl performans problemlərini həll edirlər.3 
Proqram təminaƨnı istehsalata yerləşdirməzdən əvvəl performans problemlərini həll etməyin bu 
yolu yerləşdirildikdən sonra həll etməkdən daha səmərəlidir. 

Xüsusiyyətlər və üstünlükləri: 
 Real vaxt rejimində performans monitorları yerləşdirmədən əvvəl maneələri tez bir 

zamanda müəyyən etməyə və həll etməyə kömək edir. 
 Load Runner tətbiq performansını yaxşılaşdırmağa kömək etmək üçün mürəkkəb 

korrelyasiya, təhlil və hesabat imkanlarından isƟfadə edir. 
 Ən çox yayılmış müəssisə mühitlərini dəstəkləyir: ERP/CRM, Veb, J2EE, .NET, simsiz və axın 

mediası daxil olmaqla. 
Müştərinin proqram təminaƨnın performansı ilə bağlı niyyətlərini və tələblərini anlamaq 

çox vacibdir. Bu mərhələnin əsas fəaliyyətləri bunlardır: 
 Tətbiqə giriş 
 Performans məqsədləri, performans tesƟnin tamamlanma meyarları və istehsal serverinin 

proqram təminaƨ və aparat xüsusiyyətləri kimi bütün tələblərin toplanması. 
Bu mərhələdə əsas rollar aşağıdakı fəaliyyətləri yerinə yeƟrəcək: 

 Yük tesƟ strategiyası sənədinin hazırlanması 
 Test skriptlərinin qeyd edilməsi 
 Test skriptlərinin təkmilləşdirilməsi 
 Testlərin icrası 

Bu mərhələdə test mühəndisi müştəri tələblərinə uyğun olaraq skripƟ birdən çox isƟfadəçi 
üçün işlədir. Bu mərhələdə görüləcək vacib tapşırıqlar bunlardır: 

 Test mühiƟnin qurulması 
 Tətbiqin qurulması 
 Test məlumatlarının toplanması 
 TesƟn icrası 
 İcra nəƟcələrinin çıxarılması və əməliyyat axınının monitorinqi 
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N-Tier tətbiqi verilənlər bazası ilə əlaqəli olduğu bütün emal təbəqələrini və müxtəlif 
təbəqələri əhatə edir. Bunun üçün .Net tətbiqləri ən yaxşı nümunələrdir. Beləliklə, tətbiq və sınaq 
isƟfadə hallarından birini nəzərə alsaq, nəhayət nəzərdən keçirilən çərçivələrdən çıxan Quick Test 
Pro ən yaxşısıdır, lakin hər ikisinin fərqli xüsusiyyətləri və bir neçə məhdudiyyəƟ var. Bütün bu 
alətlərin əvəzinə, həm funksional, həm də performans testlərini həyata keçirən bir vasitə varsa, veb 
əsaslı tətbiq üçün bütün testləri asanlıqla həyata keçirə bilərik. 

Təklif olunan arxitekturanın müxtəlif aspektlərdə isƟfadəsi. Bu, təklif olunan 
avtomatlaşdırılmış test çərçivəsidir. Onun işləmə prinsipi Skript İcraçısının test skriptlərini 
təkmilləşdirəcəyi, təhlil edəcəyi, işlədəcəyi, sazlayacağı və qüsurları bildirəcəyi, eyni tapşırıqları 
dəfələrlə və ya birdən çox test/komponent üzərində yerinə yeƟrmək üçün isƟfadə edilməsi olacaq. 
Əvvəlcə dövr tesƟ başlayacaq, TSL SkripƟni yerinə yeƟrəcək, Dövr Cədvəli, Cari Uyğun Cədvəli və 
Cari Addım Cədvəlinin təfərrüatları ilə qlobal massivin arqumenƟni ehƟva edən Step, Suit & Cycle 
Driver States-ə köçürüləcək. Komponent funksiyalarının icrasından sonra Status Kodu icra 
nəƟcələrinə əsasən keçmək və ya uğursuz olmaq üçün təyin edilir və sonra nəzarət Step Driver-ə 
ötürülür. İcra eyni Addım Cədvəli faylı üçün Step Driver skripƟnə qayıdır və növbəƟ qeydi oxuyur və 
bu proses həmin Addım Cədvəlinin bütün qeydləri emal olunana qədər davam edir. Bundan sonra 
idarəetmə Suite Cədvəlinə və növbəƟ Qeyd oxunana qədər davam edir. Proses həmin Suite 
Cədvəllərindəki bütün qeydlər emal olunana qədər davam edir. Bundan sonra idarəetmə Dövrə 
Cədvəlinə qayıdır və onun növbəƟ qeydi oxunur. Proses Dövrə Cədvəllərindəki bütün qeydlər emal 
olunana qədər davam edir. Qalan komponentlər yük tesƟni təşkil edəcək, idarə edəcək, idarə 
edəcək və izləyəcək, son isƟfadəçi biznes proseslərini qeyd edəcək və avtomatlaşdırılmış 
performans tesƟ skripƟ yaradacaq, performans nəƟcələrini görməyə, təhlil etməyə və müqayisə 
etməyə kömək edəcək, virtual isƟfadəçi tərəfindən işləyən yükü yaradacaq. İsƟfadəçi öz tətbiqini 
yaza bilər - qeyd ediləcək xüsusi test halları, çoxsaylı yoxlama məntəqələri də yaradıla bilər. 

Bu çərçivədə biz müxtəlif test strategiyaları həyata keçiririk. TesƟn əhəmiyyəƟ ondan 
ibarətdir ki, tətbiqin tez cavab verib-vermədiyini yoxlamaq, gözlənilən isƟfadəçi yükünü idarə 
etmək və biznes və sabitlik üçün əməliyyatların sayını idarə etmək yoxlanılmalıdır. Bu çərçivədə hər 
bir səviyyənin davranışını və performansını tapmaq üçün komponent tesƟ, sistemin real şərtlər 
alƨnda yerləşdirilmə zamanı gözlənilən yükü idarə edə biləcəyini öyrənmək üçün yük tesƟ, 
tətbiqlərin qırılma nöqtəsini tapmaq üçün stress tesƟ, həmçinin tətbiq mühiƟnin gözlənilən və ya 
potensial olaraq gözlənilməz yüksək əməliyyat həcmlərini idarə etmək üçün düzgün qurulub-
qurulmadığını ölçən tesƟ tətbiq etmək, sistemin uzun müddət ərzində böyük miqdarda 
məlumatların işlənməsi ilə bağlı sabitliyini tapmaq üçün həcm tesƟ, tətbiqdən sonra biznes 
proseslərinin düzgün işləyib-işləmədiyini yoxlamaq üçün funksionallıq tesƟ və yükləmə tesƟnin 
məqsədləri yük alƨnda sabitliyi, performansı və funksionallığı yoxlamaqdır. Tətbiq sınaqdan 
keçirildikdən sonra hesabatlar yaradılacaq. Bu, effekƟv şəkildə işləyəcək, başa düşülməsi asan 
olacaq, qalan alətlərdən daha çox əlavə xüsusiyyətlərə malik olacaq. 
 NəƟcə. Bu məqalənin əsas məqsədi veb tətbiqi üçün ümumi N-Tier arxitekturasını müəyyən 
etməkdir. Buna görə də, bunun üçün üç test aləƟndən isƟfadə etdik və sistem test prosesini həyata 
keçirdik. N-Tier arxitekturası üçün çərçivə bütün test strategiyalarını və dəstək performansını və 
funksional test alətlərini əhatə etməlidir. Bəzi test alətlərinin xüsusiyyətlərini araşdırdıq və N-Tier 
arxitekturası üçün bir çərçivə, test prosesinin səmərəli idarə olunması üçün çox təsirli olacaq veb 
əsaslı idarəetmə vasitəsi olmalıdır və təşkilat testə proses yönümlü bir yanaşmaya inanırsa, 
çərçivənin böyük faydası olmalıdır. Bu məqalədə bütün test strategiyalarını həyata keçirən yeni bir 
çərçivə hazırladıq. 
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Аннотация. Рассмотрены в сравнительном плане три наиболее распространенные 

микроконтроллерные платы: Arduino Mega 2560, ESP32-WROOM-32 (DevKit), ESP32-PICO 
(Atom Lite). Даны краткие характеристики архитектуры, памяти, входов/выходов, Wi-Fi и 
Bluetooth-модулей. Рассмотрены вопросы энергопотребления и поддержки задач реального 
времени. Сделана сводная таблица технических характеристик плат и способов измерения 
тока, напряжения, сигнала с аналогового входа, параметров АЦП для лабораторных работ 
студентов. Статья рассчитана на начинающих инженеров и студентов как базовый проект на 
указанных платформах. 

Ключевые слова: Arduino Mega 2560, ESP32-WROOM-32, ESP32-PICO (Atom Lite), 
микроконтроллер, сравнение, энергопотребление. 

 
Введение. Ардуино Mega 2560 и ESP32 — два популярных микроконтроллера, часто 

используемых в школьных и любительских проектах. У них разная архитектура и разная 
область применения. Arduino Mega с микроконтроллером ATmega2560 (8 бит, 16 МГц) 
подходит для проектов с большим количеством датчиков и исполнительных элементов, а 
ESP32 (32 бита, до 240 МГц, 2 ядра) — для IoT-устройств с Wi-Fi/Bluetooth. Универсальные 
контроллеры популярны по-разному, но в разных сферах. Статья посвящена сравнительному 
анализу контроллеров Arduino Mega 2560, ESP32-WROOM-32 (DevKit) и миниатюрной платы 
на базе ESP32-PICO (Atom Lite) по ресурсам, интерфейсам, энергопотреблению. Предложены 
методики проведения экспериментальных измерений для студентов. 
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Рисунок 1. Платы Arduino Mega 2560, ESP32-DevKit и ESP32 Atom Lite 

 
Обзор микроконтроллерных плат 
Arduino Mega 2560 основана на микроконтроллере ATmega2560 (8-бит, 1 ядро, 

тактовая частота 16 МГц). Имеет 54 цифровых вывода (14 из них – для ШИМ), 16 аналоговых 
входов (10-бит ADC). Флеш-память для кода – 256 КБ (8 КБ из которых загрузчик), ОЗУ – 8 КБ, 
EEPROM – 4 КБ. Напряжение логических уровней – 5 В, плата питается от USB или внешнего 
адаптера (рекомендуется 7–12 В). Arduino Mega удобна для управления моторами, 
светодиодами, датчиками, обеспечивает много GPIO и проста в освоении (среда Arduino 
IDE). Она не имеет встроенного Wi‑Fi/Bluetooth, поэтому для сетевых проектов требуются 
дополнительные модули.[1]  

 

 
Рисунок 2. Плата ESP32 Atom Lite 
 

Компактная плата M5Stack ATOM Lite на базе SiP-чипа ESP32-PICO-D4 (с тем же двумя 
ядрами ESP32 32-бит и Wi-Fi/Bluetooth). Имеет встроенную антенну, 4 МБ SPI-флеш, USB 
Type-C для питания и программирования. Из свободных портов – всего 8 GPIO (на плате 
перечислены выводы G19, G21, G22, G23, G25, G33, G26, G32), также доступны выводы 5V, 
3.3V и GND. Кроме того, на плате есть один RGB-светодиод, кнопка и ИК-диод. Логическое 
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напряжение 3.3 В (вход питания – 5 В по USB-C). Благодаря миниатюрному размеру 
(24×24×10 мм) Atom Lite удобна для встроенных проектов. Она обладает теми же 
возможностями по Wi‑Fi/Bluetooth и периферии, что и любая ESP32, но имеет гораздо 
меньше выводов. [2] 

 

 
Рисунок 3. Плата ESP32-Wroom-32 

ESP32-WROOM-32 (DevKit). Универсальная плата на базе модуля ESP32-WROOM (чип 
ESP32-D0WDQ6). Микроконтроллер ESP32 – 32-битный Xtensa LX6, два ядра (два потока 
одновременно), тактовая частота до 240 МГц. Встроенные модули Wi-Fi (802.11b/g/n) и 
Bluetooth 4.2 (BLE+Classic) делают её готовой для IoT-приложений. На плате установлено 4 
МБ внешней flash-памяти и 520 КБ SRAM. Доступно около 25 программируемых GPIO (из 
примерно 34 контактов на разъеме), среди них есть до 15 каналов ADC (12 бит), два 8-битных 
DAC, до 16 каналов ШИМ. Логическое напряжение 3.3 В (входное питание через USB или Vin). 
Отладочная версия платы (DevKit) содержит USB-UART (CP2102) и регулятор напряжения. 
ESP32-DevKit подходит для проектов вычислительно сложных задач и алгоритмов 
управления, серверной частью, облачными подключениями, веб-интерфейсом и т. д., где 
требуются высокая производительность и беспроводная связь. [2] 
 

Сравнение энергопотребления и функций 
  Переходя к сравнению, отметим основные различия. Архитектура Arduino Mega 2560 

– 8-битная (AVR), тактовая частота 16 МГц, одно ядро. У ESP32 контроллер – 32-битный, до 
240 МГц, два ядра. Таким образом, по вычислительной мощности ESP32 значительно 
превосходит Mega. Память ESP32 тоже больше: Mega имеет 256 КБ flash и 8 КБ SRAM, тогда 
как ESP32 (DevKit и Atom Lite) – примерно 4 МБ flash и 520 КБ SRAM. [3] 

  По числу входов-выходов Arduino Mega выигрывает: 54 цифровых порта и 16 
аналоговых входов, в то время как у ESP32-DevKit около 25 GPIO (с поддержкой до 15 
аналоговых каналов), а у Atom Lite только 8 GPIO. ESP32 имеет встроенные ЦАП (2 канала по 
8 бит) и точный 12-бит АЦП, в то время как Mega не оснащена встроенными ЦАП и ее АЦП 
10-бит. Для коммуникации Arduino Mega имеет 4 UART, SPI, I²C, а ESP32 – по 3 UART, 3 SPI, 2 
I²C (DevKit). Ключевым аппаратным преимуществом плат семейства ESP32 является наличие 
интегрированных модулей встроенные Wi-Fi и Bluetooth, которых нет в Mega (для Arduino 
требуются внешние модули). 
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Рисунок 4. Диаграмма сравнения энергопотребления 

 
  Энергопотребление: Arduino Mega потребляет относительно мало тока в активном 

режиме (~10–20 мА) благодаря простому 8-битному ядру. ESP32 в активном режиме 
(«рабочем») потребляет значительно больше – от ~80 до 100 мА без Wi-Fi, и несколько сотен 
мА во время работы радио. На плате DevKit пиковые токи при передаче данных достигают 
500–600 мА (включая USB-UART). Однако у ESP32 есть режим глубокого сна: ток в sleep-
режиме падает до ~10 мкА, чего у Mega нет. В результате Arduino лучше подходит для 
простых автономных задач на батарее, а ESP32 – для приложений с беспроводной связью, 
где возможны частые пробуждения и передача данных. 

 
Таблица - 1 Характеристики плат 

Параметр Arduino Mega 2560 ESP32-DevKit 
(WROOM-32) 

ESP32 Atom Lite 
(ESP32-PICO-D4) 

Микроконтроллер и 
ядра 

ATmega2560 (8-бит, 1 
ядро, 16 МГц) 

ESP32-D0WDQ6 (32-
бит, 2 ядра, до 240 
МГц) 

ESP32-PICO-D4 (32-
бит, 2 ядра, до 240 
МГц) 

Flash (флеш-память) 256 КБ (8 КБ – 
загрузчик) 4 МБ внешний 4 МБ интегрирован 

ОЗУ (RAM) 8 КБ 520 КБ 520 КБ 
Аналоговые входы 
(ADC) 16 входов (10 бит) 15 каналов (12 бит) 8 (12 бит) 

ЦАП (DAC) нет 2 канала (8 бит) 2 канала (8 бит) 

Цифровые I/O 54 ~25–30 (до 34 
доступно) 8 

ШИМ 14 каналов 16 каналов 8 каналов 

UART / SPI / I²C 4 / 1 / 1 3 / 3 / 2 

Назначаются 
программно (через 
GPIO Matrix)  
на 8 доступных 
выводов 

Wi-Fi / Bluetooth – / – 802.11b/g/n, 
Bluetooth 4.2 

802.11b/g/n, Bluetooth 
4.2 

Логическое 
напряжение 5 В 3.3 В 3.3 В 

Питание (Vin) 7–12 В 
(рекомендуемое) 

5–12 В через Vin или 
USB 5 В (через USB Type-C) 

Ток в спящем режиме 
(до ~0.1 мА), но 
обвязка платы 
потребляет ~10-20 мА 

~10 мкА (Deep Sleep) ~10 мкА (Deep Sleep) 
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При анализе энергопотребления полезно использовать известную физическую формулу 
мощности: 

𝑃 = 𝑈 × 𝐼 
где P – мощность, U– напряжение питания, I – ток потребления. Эта формула позволяет 
вычислить рассеиваемую мощность контроллера по измеренному току и известному 
напряжению питания, что важно для оценки энергоэффективности плат. [4] 

Возможные измерения 
Для практического ознакомления студентам предлагаются следующие измерения 
(методики): 
- Измерение энергопотребления: подключите плату к регулируемому источнику питания 
через измерительный шунт или модуль INA219. Включите последовательный монитор и 
программно переводите плату в разные режимы (активный, простой цикл, deep sleep). 
Измерьте ток в каждом режиме. Рекомендуется использовать миллиамперметр (или 
логический анализатор тока) и убедиться, что питание стабильное. Можно сравнить 
фактические значения с теоретическими (например, ~10–20 мА у Mega, сотни мА у ESP32 при 
передаче). 
- Измерение цифровых выходов: запрограммируйте на каждой плате мигание светодиода 
(или прямоугольный импульс на GPIO) на максимально возможной частоте. Осциллографом 
или мультиметром измерьте частоту переключения выходного сигнала. Сравните, какая 
плата может формировать более высокую частоту (ESP32 благодаря 240 МГц ядрам). Также 
можно измерить уровень логического сигнала (3.3 В у ESP32 против 5 В у Mega). 
- Измерение аналоговых входов: подайте на аналоговый вход известное опорное 
напряжение (для Mega до 5 В, для ESP32 до 3.3 В) и прочитайте результат через ADC. 
Проанализируйте разрешение и точность (Mega – 10 бит/1024, ESP32 – 12 бит/4096). 
Измерьте реальные значения и проверьте погрешность. Это даёт представление об 
аналоговых возможностях плат. Так же следует учесть предупреждение о том, что 
встроенный АЦП у ESP32 имеет выраженную аппаратную нелинейность на краях диапазона 
(вблизи 0 В и 3.3 В). В реальных DIY-схемах и робототехнике это частая проблема, и 
студентам будет ценно столкнуться с ней на практике при анализе погрешностей. 
- Измерение связи: (опционально) можно оценить скорость передачи данных по UART или 
по Wi-Fi. Например, с помощью esp8266/websocket провести простой тест передачи байтов 
и измерить время отправки фиксированного объёма данных для каждой платы. 

Каждое измерение следует проводить с описанием методики (какие приборы 
использовать, какие параметры задавать) и приведением результатов в отчёте. Такая 
практика помогает студентам понять реальные отличия плат. 

 
Заключение 
  В итоге можно сделать следующие выводы. Arduino Mega 2560 – проверенное 

решение с большим числом вводов/выводов и низким энергопотреблением в активном 
режиме. Её выбирают для проектов, где требуется множество сенсоров или управления 
моторами, но не нужна беспроводная связь. ESP32 (DevKit) и ESP32-PICO (Atom Lite) – более 
современные и мощные платформы с двухъядерным 32-битным процессором, Wi-Fi и 
Bluetooth. Они подходят для проектов IoT, «умного дома» и ситуаций, где важны 
производительность и беспроводные функции. У DevKit больше выводов, а Atom Lite – 
миниатюрна для встраиваемых устройств. Таким образом, выбор зависит от задачи: Mega 
удобнее при простых приложениях с множеством GPIO, ESP32 – при необходимости 
беспроводной связи и высокой скорости обработки данных. 
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Аннотация. Изучение природных ландшафтов южного склона Большого Кавказа 

имеет большое значение для совершенствования национальной экономики нашей страны. 
Правительство Азербайджана поставило перед наукой задачу обеспечения охраны 
окружающей среды путем комплексного использования природных ресурсов и, используя 
природные условия страны, совершенствования пространственной организации 
сельскохозяйственного производства, защиты почв от ветровой и водной эрозии, 
сохранения рационального использования пахотных земель, а также изучения способов 
улучшения экологических условий этих территорий. В рамках данной статьи мы стремились 
исследовать эти вопросы. 

Ключевые слова: ландшафт, Большой Кавказ, экосистема, горно-лесная зона, склон 
Чакылдыг 

 
Изучение ландшафтов с экологической точки зрения является одной из 

малоисследованных проблем ландшафтоведения. В последние годы начаты специальные 
исследования, направленные на изучение экологического состояния ландшафтов. Изучение 
экологического состояния ландшафтов тесно связано с проблемой оптимизации природной 
среды, и именно на основе такой оценки становится возможным эффективное 
использование отдельных ландшафтных единиц и разработка их охраны на научной основе 
(1). 

В изменении экологического состояния ландшафтов наряду с антропогенными 
воздействиями значительную роль играют и природные факторы. Поэтому при изучении 
экологического состояния ландшафтов необходимо комплексно исследовать все факторы, 
влияющие на них. 

При изучении экологического состояния ландшафтов особое внимание уделяется 
природным разрушающим процессам, которые нагружают ландшафт, таким как оползни, 
селевые потоки, обвалы, эрозия и др. Эти процессы напрямую влияют на развитие горных 
ландшафтов, вызывая глубокие изменения в их структуре. 

В зависимости от активности природных процессов и объема хозяйственной нагрузки 
экологическое состояние ландшафтов изменяется в различной степени (2). 

В качестве основного показателя, отражающего экологическое состояние ландшафта, 
Р.Х. Дашдиев (1990, 1994, 1999) предложил коэффициент экологического нарушения. В этом 
исследовании мы также использовали данный коэффициент. Он позволяет определить 
степень изменения ландшафтов и уровень их экологического нарушения. 
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Горные ландшафты по степени нарушения их экологического состояния объединены 
в следующие группы: 

1. Условно нарушенные ландшафты; 
2. Слабо нарушенные ландшафты; 
3. Ландшафты со средним уровнем нарушений; 
4. Сильно нарушенные ландшафты, находящиеся в напряженном экологическом 

состоянии. 
Мы также объединили ландшафты южного склона Большого Кавказа по их 

экологическому состоянию в указанные группы и в статье использовали ландшафтно-
экологическую карту-схему, составленную Р.Х. Дашдиевым для исследуемой территории. 

На южном склоне Большого Кавказа экологически относительно хорошо 
сохраненные, практически не нарушенные ландшафты (условно нарушенные) 
распространены отдельными участками в разных природных комплексах. К этой группе 
относятся лесные и лесо-луговые комплексы средней горной зоны в отдельных речных 
бассейнах. Относительно нетронутые и структурно не нарушенные комплексы встречаются 
в существующих на территории заповедниках. Экологическое состояние лесных и горно-
луговых ландшафтов заповедников Закавказья, Ильису, Исмаиллы практически не нарушено. 
Это связано с существованием режима охраны в этих территориях. В лесных ландшафтах 
заповедников фиксируются лишь случайные вырубки и выпас скота. Поскольку 
антропогенные факторы ограничены в верхней границе заповедных территорий, верхняя 
граница лесов достигает 2300–2400 м, а в некоторых местах заповедников хорошо сохранен 
фисташковый пояс на высоте 1400–1600 м. 

К этой группе ландшафтов также относятся отдельные участки субальпийских и 
альпийских лугов в высокогорьях. При слабых условиях выпаса значительных нарушений 
экологического состояния этих ландшафтов не наблюдается. 

Слабо нарушенные ландшафты занимают значительные площади в высокогорных 
луговых, среднегорных лесных, а также низкогорных лесных ландшафтах. На южном склоне 
Главного Кавказского хребта сюда в основном относятся альпийские луга, используемые в 
качестве летних пастбищ. 

В альпийских и частично субальпийских лугах, где нормы выпаса скота не 
соблюдаются, в структуре этих ландшафтов наблюдаются слабые нарушения. В заповедных 
территориях региона горно-луговые растения создают 80–90% проективного покрова, тогда 
как на летних пастбищах этот показатель снижен до 60–70%. Биологическая продуктивность 
альпийских лугов этой группы несколько ниже, чем у охраняемых горных лугов. В зонах 
интенсивного природного воздействия также фиксируются слабые нарушения в горно-
луговых ландшафтах. 

В бассейнах рек Дашаґылчай, Фильфильчай и Шинчай высокогорные луга, 
подвергшиеся чрезмерному выпасу, демонстрируют нарушения структуры ландшафта. В 
отдельных участках происходят поверхностная и линейная эрозия. 

В среднегорных лесах фисташково-орешковых и низкогорных дубово-орешковых 
лесах также отмечаются частичные вырубки и выпасы, что приводит к слабым нарушениям 
структуры ландшафтов во всех речных бассейнах. В относительно слабо нарушенных горно-
луговых ландшафтах толщина почвенного слоя сравнительно велика, а дернина создает 
относительно устойчивый покров. Разреженные тропинки, образованные скотом, со 
временем восстанавливаются. 

В среднегорных лесных и лесо-луговых, а также высокогорных луговых ландшафтах 
наблюдаются участки с умеренными нарушениями. В бассейнах рек Курмюкчай, Талачай, 
Дашаґылчай и Демирапаранчай такие нарушения наиболее выражены. В этих речных 
бассейнах в результате интенсивного выпаса и вырубок верхняя граница лесов существенно 
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понижена — в некоторых местах она проходит на высоте 1900–2100 м. В этих зонах в горно-
луговых ландшафтах дернина частично разрушена, а проективное покрытие травянистой 
растительности снижено. Сеть тропинок, образованных выпасом скота, достаточно плотная. 

В бассейне реки Дашаґылчай горно-луговые ландшафты, подвергшиеся 
интенсивному и нерациональному выпасу, особенно на крутых склонах, занимают 
значительные площади. В этих ландшафтах с увеличением антропогенного воздействия 
усиливаются процессы эрозии, а в некоторых местах наблюдаются обнажения материнской 
породы. 

Сильно нарушенные ландшафты, находящиеся в напряженном экологическом 
состоянии, на южных склонах Большого Кавказа занимают в основном обширные площади 
в низкогорных лесных ландшафтах. Лесные массивы, состоящие из дуба и орешника, в 
результате интенсивных вырубок стали чрезмерно разреженными, а в некоторых участках 
были заменены ксерофитными кустарниками. Именно под воздействием сильного 
антропогенного давления мезофильные лесные ландшафты низкогорья заменились 
ксерофитными кустарниками. 

В низкогорных лесных ландшафтах, особенно вблизи населённых пунктов, леса 
подверглись более сильному нарушению. В таких районах в результате выпаса и вырубок 
структура лесов разрушалась быстрее и глубже. В бассейне реки Кишчай вокруг сел Охут и 
Доду интенсивное антропогенное воздействие привело к тому, что леса даже были 
заменены низкорослыми редкими кустарниками. В этих районах усилилась антропогенная 
эрозия, верхний слой почвы местами полностью смыт. 

В бассейне реки Зейзитчай дубово-орешниковые леса низкогорья подверглись 
интенсивному выпасу, в результате чего деревья приняли пирамидальную форму кустов. 
Сильные нарушения также наблюдаются в виде отдельных участков на высокогорных лугах. 
В районах с высокой антропогенной нагрузкой и интенсивными природными процессами в 
горно-луговых ландшафтах наблюдается наибольшая степень разрушений (3). 

В бассейне реки Кишчай, на пастбище Кям, несоблюдение норм выпаса привело к 
сильным нарушениям структуры горно-луговых ландшафтов. Обнаженные скалы и сеть 
эрозионных троп занимают значительную часть структуры этих ландшафтов. Биологическая 
продуктивность этих горно-луговых участков с относительно хрупким геологическим 
фундаментом существенно снизилась. В отдельных местах проективное покрытие 
травянистой растительности снизилось до 30–40%. Ландшафты этой группы также 
формируются небольшими участками на летних пастбищах Кюбах, Дашаґыл и Верхний 
Чардахлы. 

На южном склоне Большого Кавказа лесные ландшафты низкогорья подверглись 
более сильным нарушениям. Относительно хорошо сохраненные и практически не 
нарушенные лесные ландшафты средней горной зоны находятся под охраной. 

Одними из наиболее изменяемых человеком ландшафтов являются лесные. На 
южных склонах Большого Кавказа горно-лесные ландшафты также подверглись сильному 
антропогенному воздействию. Поэтому охрана этих лесных ландшафтов, их рациональное 
использование, восстановление существующих лесов и создание новых лесных массивов 
являются одними из наиболее важных задач. 

Территория нашей республики, благодаря одинаковым природным и экономическим 
условиям, разделена на экологико-экономические районы (4). Экологико-экономическое 
районирование имеет большое значение для разработки и реализации лесного хозяйства и 
лесомелиоративных мероприятий, направленных на увеличение лесных ресурсов за счет 
ценных пород. Установлено, что значительные площади лесов южного склона Большого 
Кавказа нарушены, и их продуктивность отстает от биологических возможностей. 
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Такая ситуация требует решения конкретных вопросов по восстановлению лесных 
ресурсов и их рациональному использованию. 

 
(Экологико-экономическое районирование. Большой Кавказ) 
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Решение этих задач направлено непосредственно на реализацию идеи выращивания 

высокопродуктивных лесов. Это, в первую очередь, связано с своевременным 
восстановлением лесов, повышением уровня использования лесного и земельного фонда, а 
также с определением оптимальной лесистости. 

Оптимальная лесистость и её объем должны соответствовать основным требованиям 
народного хозяйства. При этом лес должен выполнять функции водоудержания, 
регулирования водного режима, защиты почв, климаторегуляции и другие. 

Если площади лесов и зелёных насаждений доведены до нормативного уровня, 
запасы древесины значительно увеличиваются, а возможности их рекреационного и 
экологического использования расширяются. 

В результате научных исследований разработан комплекс взаимосвязанных 
противоэрозионных мероприятий. В их состав входят хозяйственно-организационные, 
гидротехнические и агротехнические меры, при этом ключевое место занимают 
лесомелиоративные мероприятия. Одной из важнейших задач лесомелиорации является 
создание защитных лесных полос. Они должны создаваться комплексно, обогащая биосферу 
и повышая её устойчивость. 

На южном склоне Большого Кавказа планируется расширение следующих защитных 
лесов: 

 Лесные полосы вокруг долин и оврагов. Они предназначены для укрепления 
склонов долин и оврагов и ослабления эрозионных процессов. 

 Лесные насаждения, высаженные на склонах долин и в их нижней части. Эти леса 
будут снижать интенсивность эрозии, а также давать дополнительную древесину. 

 Леса, высаженные на эрозионно повреждённых крутых склонах. Крутые склоны 
использовались в хозяйстве неэффективно и подверглись сильной водной и ветровой 
эрозии. Большая часть этих участков утратила почвенный покров и была отнесена к 
категории неиспользуемых земель. Поэтому лесонасаждение на этих территориях является 
наиболее целесообразным способом их хозяйственного использования. Только леса могут 
защитить почвы этих участков от эрозии и восстановить их плодородие. 

 
Влияние на леса, сокращение их площадей и ухудшение состояния приводит к тому, 

что современные данные о площади и запасах леса не отражают реальное состояние лесных 
ресурсов страны. Одновременно, с учётом современных требований, потенциал 
восстановления естественных и искусственных лесов и их роль в региональном, 
национальном и глобальном устойчивом развитии не был определён. В связи с этим в новой 
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Национальной программе в разделе о восстановлении лесов предусмотрено изучение 
современного состояния лесов и разработка конкретных мер по их восстановлению. 

Для этой цели на южном склоне Большого Кавказа предусмотрено следующее: 
1. Зоны и районы исследования: 
 Балакен – 800 га 
 Закатала – 700 га 
 Гах – 500 га 
 Шеки – 900 га 
 Огуз – 400 га 
 Габала – 700 га 
 Исмаиллы – 600 га 
 Шамахы – 500 га 
 Итого: 5100 га 
2. Зоны и районы восстановления лесов: 
 Балакен – 400 га 
 Закатала – 800 га 
 Шеки – 1027 га 
 Гах – 300 га 
 Огуз – 300 га 
 Габала – 500 га 
 Исмаиллы – 300 га 
 Шамахы – 480 га 
 Итого: 4107 га 
3. Новые площади для лесонасаждений: 
 Балакен – 120 га 
 Закатала – 150 га 
 Гах – 100 га 
 Шеки – 200 га 
 Огуз – 80 га 
 Габала – 150 га 
 Исмаиллы – 100 га 
4. Виды деревьев, роды и их подготовка на южном склоне Большого Кавказа: 
 Для горных и предгорных районов предусмотрены обычный гойруц, кавказский 

хурма, акация белая и ивы. 
 В низкогорных и предгорных зонах высаживаются акация белая, гигантский клён, 

восточный платан. 
Несоблюдение норм выпаса скота, недостаток инженерных сооружений против 

селевых потоков и вырубка существующих лесов привели к эрозии значительной части 
склонов, и этот процесс продолжается до сих пор. Вследствие этого на южных склонах 
Большого Кавказа наблюдаются сильные селевые потоки. Одним из основных способов 
предотвращения этих негативных процессов является охрана лесов и их расширение. 

В настоящее время интенсивный выпас и вырубки отрицательно влияют на развитие 
лесов на этих склонах. 

Вырубка лесов должна проводиться таким образом, чтобы при получении древесины 
сохранялись почвозащитные, водорегулирующие и другие полезные свойства деревьев, а 
также обеспечивалось восстановление ценных пород. 

Обеспечение естественного восстановления лесов является одной из важнейших 
задач. Если на предгорных участках южного склона Большого Кавказа будет эффективно 
использоваться лес, при проведении лесохозяйственных работ будут соблюдаться законы, а 
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выпас скота ограничен, всё это положительно скажется на естественном восстановлении 
лесов. 

При восстановлении лесов важное место занимает создание искусственных 
насаждений. При этом посадки леса и выращивание различных защитных лесов должны 
проводиться с использованием пород деревьев, адаптированных к местным условиям 
произрастания, быстрорастущих и высокопродуктивных. 

При использовании рекреационных лесов несоблюдение лесохозяйственных 
требований приводит к эрозии почвы, повреждению травяного покрова и отрицательно 
сказывается на молодняке леса. Поэтому на каждом гектаре рекреационных лесов 
необходимо нормировать число посетителей, запрещать дальнейшее использование лесов, 
подвергшихся сильным изменениям, и проводить специальные лесохозяйственные и 
лесомелиоративные мероприятия. Особенно важно проводить такие работы в лесах, где 
расположены туристические базы на низкогорных участках южного склона Большого 
Кавказа. 

В результате сильного антропогенного воздействия горно-лесные ландшафты 
южного склона Большого Кавказа изменились в различной степени, а в некоторых участках 
их структура нарушена. В лесах низкогорья, подвергшихся наибольшим изменениям, 
необходимо запретить вырубку и выпас, а также проводить лесомелиоративные 
мероприятия для улучшения состояния лесов. Площадь существующих лесов должна 
расширяться за счёт новых посадок. 

В лесах средней горной зоны с дубово-орешниковыми насаждениями необходимо 
строго ограничить интенсивный выпас скота и вырубки. Для эффективной охраны 
заповедных лесов режим охраны должен быть ужесточён. 

При чередующемся выпасе площадь каждой секции пастбища (кюз) небольшая, 
поэтому скот тратит меньше усилий на передвижение, и травы меньше вытаптываются. 
После такого выпаса трава на кюзах лучше и быстрее растёт. При чередующемся выпасе скот 
постепенно переходит с одного кюза на другой в течение 20–40 дней. За это время трава на 
первых и последующих кюзах медленно развивается, увеличивая съедобные части и 
достигая первой вегетативной фазы. Таким образом, пастбища становятся пригодными для 
повторного выпаса. 

Известно, что жизнеспособность растений на пастбищах восстанавливается только в 
том случае, если их сохраняют до полной фазы развития (5). Поэтому необходимо уделять 
серьёзное внимание переходу на чередующийся выпас, скашиванию растений в фазе 
цветения и, таким образом, увеличению урожая зелёного корма. 

Во многих случаях, особенно когда травы семейства злаков доминируют в 
растительном покрове лугов, вместо чистого использования пастбища более целесообразно 
заменить его на смешанные сенокосные пастбища и использовать их. 

Следует отметить, что на пастбищах нельзя допускать чрезмерного выпаса скота. Для 
этого необходимо определить допустимое количество животных на один гектар пастбища и 
строго соблюдать эту норму. 

Опыт показывает, что пастбища, сильно повреждённые скотом, восстанавливаются 
значительно лучше, если их оставляют в покое. В этом случае урожай травы в первый год 
увеличивается на 20–25%, а во второй год — до 100% (6). 

Эксперименты на летниках Закаталы показывают, что оставление пастбищ в покое 
создаёт благоприятные условия для укрепления травостоя и улучшения вегетации. Следует 
отметить, что в годы покоя количество кормовых растений увеличивается: если до покоя на 
пастбище было 4–5 видов кормовых растений, то после — 7–8 видов. 

Одной из основных мер по улучшению высокогорных лугов является разделение их 
на участки по типам растительности и соответствующему виду скота. 
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Необходимо точно определять сроки выпаса и заготовки сенажа и строго их 
соблюдать. Если пастбища не будут использованы в указанные сроки, продуктивность 
снижается (7, 8). 

На южном склоне Большого Кавказа, несмотря на обширные площади естественных 
пастбищ, работы по улучшению травостоев пока проводятся крайне мало. Одной из мер 
улучшения пастбищ является внесение удобрений в виде подкормки. 

Для повышения продуктивности высокогорных лугов кроме удобрений следует 
применять и другие методы улучшения. Одним из таких методов является борьба с 
сорняками. В целом борьбу с сорняками следует проводить в начале весны, пока они ещё 
не наносят вреда кормовым растениям. На сенокосах быстрорастущие мелкие сорняки 
следует скашивать в период полного цветения. 

Иногда из-за нерегулярного ухода за пастбищами и сенокосами на них образуются 
кустарники. Это приводит к снижению продуктивности и оставлению сорняков на почве. 
Поэтому регулирование кустарников на пастбищах и сенокосах имеет большое значение. 

Для уничтожения кустарников их необходимо удалять с корнем. На крутых склонах 
кустарники удалять не следует, так как это может привести к смыву почвы и усилению 
эрозионных процессов. 

На территориях, не включённых в севооборот, создание искусственных лугов путём 
улучшения корневой системы высокогорных пастбищ увеличивает продуктивность в 4–5 раз. 

Для увеличения запасов кормов на высокогорных пастбищах следует широко 
применять методы создания новых лугов на пологих склонах и на повреждённых участках. 

На высокогорных пастбищах встречаются заболоченные и влажные участки. Для 
создания надёжной кормовой базы в горных районах имеет большое значение мелиорация 
этих участков. 

Для получения высоких урожаев на осушенных болотах и долгоживущих пастбищ 
необходимо правильно подбирать виды растений и создавать новые сорта для осушенных 
болот — это одна из наиболее ответственных задач. 

 
С 1953 года Институт ботаники Национальной академии наук Азербайджана 

проводит определённые эксперименты по улучшению высокогорных пастбищ как 
поверхностным, так и корневым методом, и получены ценные результаты. 

Для эффективного использования горно-луговых ландшафтов необходимо строго 
соблюдать нормы выпаса и проводить систематический выпас. Для улучшения пастбищ и 
сенокосов следует реализовывать комплексные меры. 
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 CONFIGURATION OF RIVER NETWORKS 
AND THEIR ECONOMIC IMPORTANCE 
 Mammadov Oktay Elnur 
BSU, Faculty of Geography, Geomatics student 
 
Summary 
This article comprehensively examines the configuration of river networks and their economic 
significance. The study analyzes the role of natural factors such as relief, climate conditions, 
geological structure, soil, and vegetation in the formation of river networks and explains the 
mechanisms of various types of hydrographic networks (dendritic, parallel, trellis, etc.). The main 
factors affecting the hydrological regime of rivers, including sources of water supply, seasonal flow 
variability, floods, and flash floods, are scientifically discussed. 
 
The article also highlights the role of river networks in agriculture, irrigation systems, hydroenergy, 
settlement patterns, and industrial development. Furthermore, the ecological impact of intensive 
utilization of rivers for economic purposes, including water pollution, alteration of river channels, 
and reduction of biodiversity, is emphasized. Climate change effects on river flow and the 
increasing frequency of extreme hydrological events (floods, flash floods) are considered as 
current challenges. 
 
The study concludes that the effective and sustainable management of river networks requires 
consideration of natural-geographical characteristics, scientifically grounded planning, and 
integrated water resources management approaches. Such approaches contribute both to 
economic development and the preservation of natural ecosystems. 
 
Keywords: River networks, configuration, hydrographic network, relief, hydrological regime, water 
resources, economic importance, agriculture, hydroenergy, settlement, ecological balance, 
sustainable development. 
 
ÇAY ŞƏBƏKƏLƏRİNİN KONFİQURASİYASI VƏ TƏSƏRRÜFAT ƏHƏMİYYƏTİ 
Məmmədov Oktay Elnur  
BDU , Coğrafiya fakultəsi , Geomatika tələbəsi 
 
XÜLASƏ 
Bu məqalədə çay şəbəkələrinin konfiqurasiyası və onların təsərrüfat baxımından əhəmiyyəti 
kompleks şəkildə araşdırılmışdır. Çay şəbəkələrinin formalaşmasında relyef, iqlim şəraiti, geoloji 
quruluş, torpaq və bitki örtüyü kimi təbii amillərin rolu təhlil olunmuş, müxtəlif hidroqrafik şəbəkə 
tiplərinin (dendritik, paralel, trellis və s.) yaranma mexanizmləri izah edilmişdir. Çay şəbəkələrinin 
hidroloji rejiminə təsir edən əsas faktorlar – qidalanma mənbələri, mövsümi axım dəyişkənliyi, 
daşqın və sel prosesləri elmi baxımdan şərh olunmuşdur. 
 
Məqalədə çay şəbəkələrinin kənd təsərrüfatı, suvarma sistemləri, hidroenergetika, məskunlaşma 
və sənaye sahələrinin inkişafındakı rolu geniş şəkildə əsaslandırılmışdır. Eyni zamanda, çaylardan 
təsərrüfat məqsədləri üçün intensiv istifadə olunmasının ekoloji tarazlığa təsiri, su ehtiyatlarının 
çirklənməsi, məcraların dəyişdirilməsi və bioloji müxtəlifliyin azalması kimi problemlər ön plana 
çıxarılmışdır. İqlim dəyişmələrinin təsiri nəticəsində çayların su rejimində müşahidə olunan 
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dəyişikliklər və ekstremal hidroloji hadisələrin (daşqın, sel) artması müasir dövrün aktual 
problemləri kimi qiymətləndirilmişdir.Tədqiqatın nəticələri göstərir ki, çay şəbəkələrinin səmərəli 
və davamlı idarə olunması üçün təbii-coğrafi xüsusiyyətlərin nəzərə alınması, elmi əsaslandırılmış 
planlaşdırma və inteqrə olunmuş su ehtiyatları idarəetmə yanaşmalarının tətbiqi zəruridir. Bu 
yanaşma həm iqtisadi inkişafın təmin olunmasına, həm də təbii ekosistemlərin qorunmasına 
xidmət edir. 
 
Açar sözlər : Çay şəbəkələri, konfiqurasiya, hidroqrafik şəbəkə, relyef, hidroloji rejim, su ehtiyatları, 
təsərrüfat əhəmiyyəti, kənd təsərrüfatı, hidroenergetika, məskunlaşma, ekoloji tarazlıq, davamlı 
inkişaf. 
Giriş. Yer səthində su ehtiyatlarının məkan üzrə qeyri-bərabər paylanması təbii mühitin əsas 
xüsusiyyətlərindən biridir. Bu ehtiyatların səth suları içərisində çaylar xüsusi yer tutur. Çaylar 
landşaftın formalaşmasında, torpaq örtüyünün yaranmasında, biomüxtəlifliyin qorunmasında və 
insan cəmiyyətinin təsərrüfat fəaliyyətində həlledici rol oynayan mürəkkəb təbii sistemlərdir. 
 
Çay şəbəkələrinin konfiqurasiyası – yəni çayların məkan üzrə yerləşmə xüsusiyyətləri, qolların 
istiqaməti və sıxlığı – relyefin quruluşu, iqlim amilləri, geoloji mühit və tektonik proseslərlə 
müəyyən olunur. Bu konfiqurasiya birbaşa olaraq su ehtiyatlarının bölgüsünə, daşqın risklərinə, 
kənd təsərrüfatının yerləşməsinə və urbanizasiya proseslərinə təsir göstərir. Məhz buna görə də 
çay şəbəkələrinin konfiqurasiyasının öyrənilməsi coğrafiya və regional planlaşdırma elmləri üçün 
mühüm elmi-praktik əhəmiyyət daşıyır. 
 
ÇAY ŞƏBƏKƏSİ ANLAYIŞI VƏ ONUN FORMALAŞMASI 
Çay şəbəkəsi müəyyən ərazidə əsas çay və onun qollarından ibarət olan hidroqrafik sistemdir. Bu 
sistem minilliklər ərzində davam edən geomorfoloji və hidroloji proseslərin nəticəsində formalaşır. 
Relyefin parçalanma dərəcəsi, yamacların meyilliyi və süxurların fiziki-mexaniki xüsusiyyətləri çay 
şəbəkəsinin sıxlığına və quruluşuna birbaşa təsir edir.İqlim şəraiti çay şəbəkəsinin davamlılığını 
müəyyən edən əsas amillərdəndir. Yağıntıların bol olduğu ərazilərdə daimi axara malik çaylar 
üstünlük təşkil etdiyi halda, quraq və yarımsəhra zonalarında müvəqqəti çay şəbəkələri formalaşır. 
Bitki örtüyünün mövcudluğu da səth axınının intensivliyinə təsir göstərərək çay şəbəkəsinin 
formalaşmasına dolayı yolla təsir edir. 
ÇAY ŞƏBƏKƏLƏRİNİN KONFİQURASİYA TİPLƏRİ 
Çay şəbəkələrinin konfiqurasiyası relyefin və geoloji quruluşun xüsusiyyətlərinə uyğun olaraq 
müxtəlif tiplərdə formalaşır. Dendritik tip adətən litoloji baxımdan nisbətən bərabər süxurların 
yayıldığı düzənlik və dalğalı ərazilərdə formalaşır. Radial tip dağ zirvələri və vulkan konusları 
ətrafında yaranır. Paralel tip isə dik yamaclı, uzunsov relyef formalarına malik ərazilər üçün 
xarakterikdir.Trellis tipli şəbəkələr qatlı dağ sistemlərində formalaşaraq çay qollarının əsas vadilərə 
perpendikulyar qoşulması ilə səciyyələnir. Sentripetal tip isə qapalı hövzələrdə müşahidə olunur 
və çayların axımı mərkəzə doğru yönəlir. Bu konfiqurasiya tipləri çayların hidroloji rejiminə, sel və 
daşqınların yayılma xarakterinə ciddi təsir göstərir. 
HİDROLOJİ XÜSUSİYYƏTLƏR VƏ AXIM REJİMİ 
Çay şəbəkələrinin hidroloji xüsusiyyətləri onların qidalanma mənbələri, axım rejimi, su sərfinin 
mövsümi və illik dəyişkənliyi, eləcə də daşqın və sel hadisələrinin tezliyi ilə xarakterizə olunur. 
Çayların qidalanması əsasən yağış, qar, buzlaq və yeraltı sular hesabına baş verir. Bu qidalanma 
növlərinin pay nisbəti çayın yerləşdiyi coğrafi mövqedən və iqlim qurşağından asılı olaraq 
dəyişir.Mülayim iqlim qurşağında yerləşən çayların əksəriyyəti qar-yağış suları ilə qidalanır və yaz 
aylarında maksimum axım müşahidə olunur. Bu dövrdə qar örtüyünün əriməsi ilə çaylarda su sərfi 
kəskin artır, tez-tez daşqınlar baş verir. Yay aylarında isə buxarlanmanın artması və yağıntıların 
azalması nəticəsində su sərfi azalır. Tropik və musson iqlimi olan ərazilərdə çayların axım rejimi 
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əsasən yağış mövsümləri ilə tənzimlənir və qısa müddətli, lakin güclü daşqınlarla səciyyələnir. 
Quraq iqlim zonalarında isə çayların çoxu müvəqqəti xarakter daşıyır və yalnız intensiv yağıntılar 
zamanı axın yaranır.Çay şəbəkəsinin hidroloji rejimi həmçinin hövzənin sahəsi, relyefin meyilliyi və 
torpaq-süxur örtüyünün su keçirmə qabiliyyəti ilə müəyyən olunur. Böyük hövzələrə malik çaylar 
daha sabit axım rejiminə sahib olur, kiçik hövzələrdə isə axım kəskin dəyişkənlik göstərir. Bu 
xüsusiyyətlər hidrotexniki qurğuların layihələndirilməsi, su ehtiyatlarının idarə olunması və daşqın 
risklərinin qiymətləndirilməsi baxımından mühüm əhəmiyyət daşıyır. 
ÇAY ŞƏBƏKƏLƏRİNİN KƏND TƏSƏRRÜFATINDA ƏHƏMİYYƏTİ 
Çay şəbəkələri kənd təsərrüfatının inkişafında əsas su mənbəyi kimi çıxış edir və suvarma 
sistemlərinin formalaşmasının təməlini təşkil edir. Xüsusilə quraq və yarımsəhra iqlim zonalarında 
çay suları olmadan əkinçilik fəaliyyətinin həyata keçirilməsi praktiki olaraq mümkün deyildir. Çay 
vadiləri boyunca formalaşan allüvial torpaqlar yüksək münbitliyə malik olduğu üçün tarixən 
əkinçilik mərkəzləri kimi tanınmışdır.Suvarma məqsədilə çay sularının istifadəsi məhsuldarlığın 
artmasına, bir neçə dəfə məhsul götürülməsinə və əkin sahələrinin genişləndirilməsinə imkan 
yaradır. Lakin su ehtiyatlarından düzgün istifadə edilmədikdə torpaqların şoranlaşması, 
bataqlaşma və eroziya kimi mənfi proseslər baş verə bilər. Bu isə uzunmüddətli perspektivdə 
torpaq məhsuldarlığının azalmasına və kənd təsərrüfatının davamlı inkişafına ciddi zərbə 
vurur.Müasir dövrdə kənd təsərrüfatında suvarma sistemlərinin optimallaşdırılması üçün damcılı 
suvarma, yağmurlama kimi müasir texnologiyalar tətbiq olunur. Bu texnologiyalar çay sularının 
daha səmərəli istifadəsinə, su itkilərinin azaldılmasına və ekoloji yükün minimuma endirilməsinə 
şərait yaradır. Beləliklə, çay şəbəkələrinin elmi əsaslarla idarə olunması aqrar sektorun dayanıqlı 
inkişafı üçün əsas şərtlərdən biridir. 
HİDROENERGETİKA VƏ ÇAY ŞƏBƏKƏLƏRİ 
Çay şəbəkələri hidroenergetika sahəsində bərpa olunan enerji mənbələrinin əsasını təşkil edir. 
Xüsusilə dağlıq və dağətəyi ərazilərdə çayların böyük meyilliyi və axım sürəti hidroelektrik 
stansiyaların (HES) tikilməsi üçün əlverişli şərait yaradır. Su anbarları vasitəsilə çayların axımı 
tənzimlənir, bu da enerji istehsalının mövsümi dəyişkənliyini azaltmağa imkan 
verir.Hidroenergetikanın üstün cəhətlərindən biri onun ekoloji baxımdan nisbətən təmiz enerji 
mənbəyi olmasıdır. İstixana qazlarının emissiyası digər enerji növləri ilə müqayisədə daha aşağıdır. 
Bununla yanaşı, su anbarları suvarma, içməli su təminatı və daşqınların qarşısının alınması kimi 
əlavə funksiyalar da yerinə yetirir.Lakin iri hidrotexniki qurğuların tikintisi çay ekosistemlərinə 
müəyyən mənfi təsirlər göstərə bilər. Su anbarlarının yaradılması nəticəsində bəzi ərazilər su 
altında qalır, balıqların miqrasiya yolları pozulur və çayların təbii axım rejimi dəyişir. Buna görə də 
hidroenerji layihələrinin planlaşdırılması zamanı ekoloji qiymətləndirmələrin aparılması və təbii 
mühitə təsirlərin minimuma endirilməsi vacibdir. 
MƏSKUNLAŞMA PROSESLƏRİNDƏ ÇAY ŞƏBƏKƏLƏRİNİN ROLU  
Çay şəbəkələri insan məskunlaşmasının formalaşmasında tarixən həlledici rol oynamışdır. İlk 
sivilizasiyaların – Mesopotamiya, Misir, Hind vadisi mədəniyyətlərinin – məhz böyük çayların 
vadilərində yaranması təsadüfi deyildir. Çaylar içməli su mənbəyi olmaqla yanaşı, əkinçilik üçün 
münbit torpaqların formalaşmasına və nəqliyyat əlaqələrinin qurulmasına şərait yaratmışdır. 
Müasir dövrdə də çay vadiləri boyunca əhalinin sıx məskunlaşması müşahidə olunur. Urbanizasiya 
prosesləri çay şəbəkələri ilə sıx bağlıdır. Şəhərlərin yerləşməsi zamanı su təminatı, sənaye 
müəssisələrinin suya tələbatı və kanalizasiya sistemlərinin təşkili əsas amillərdən biridir. Lakin çay 
sahillərində plansız tikinti daşqın risklərini artırır və ekoloji problemlərə səbəb olur. 
Çay şəbəkələrinin məskunlaşmaya təsiri yalnız fiziki amillərlə məhdudlaşmır. Çaylar mədəniyyətin, 
ticarətin və sosial münasibətlərin formalaşmasına da təsir göstərmişdir. Çay vadiləri boyunca 
formalaşan şəhərlər regional iqtisadi mərkəzlərə çevrilmişdir. Bu baxımdan çay şəbəkələrinin 
konfiqurasiyası urbanizasiya proseslərinin məkan üzrə yönümlənməsində əsas amillərdən biri 
hesab olunur. 
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EKOLOJİ PROBLEMLƏR VƏ ÇAY ŞƏBƏKƏLƏRİNİN MÜHAFİZƏSİ 
Çay şəbəkələri təbii ekosistemlərin dayanıqlığını təmin edən əsas komponentlərdən biridir. Çay 
vadilərində yerləşən bataqlıqlar, çəmənliklər və meşə ekosistemləri biomüxtəlifliyin qorunmasında 
mühüm rol oynayır. Lakin sənayeləşmə və urbanizasiya proseslərinin sürətlənməsi çay sularının 
çirklənməsinə, hidroloji rejimin pozulmasına və su ekosistemlərinin deqradasiyasına səbəb olur. 
 
Kənd təsərrüfatında gübrə və pestisidlərin həddindən artıq istifadəsi çaylara azot və fosfor 
birləşmələrinin axmasına gətirib çıxarır ki, bu da eutrofikasiya prosesini gücləndirir. Nəticədə su 
hövzələrində oksigen çatışmazlığı yaranır və su canlılarının həyat şəraiti pisləşir. Bundan əlavə, çay 
məcralarının tənzimlənməsi və bəndlərin tikilməsi balıqların miqrasiyasını məhdudlaşdırır və 
ekoloji tarazlığı pozur. 
 
Bu problemlərin qarşısının alınması üçün çay hövzələrinin kompleks idarə olunması, ekoloji 
monitorinq sistemlərinin qurulması və əhali arasında ekoloji maarifləndirmə tədbirlərinin 
gücləndirilməsi vacibdir. Çay şəbəkələrinin qorunması yalnız təbiətin mühafizəsi deyil, həm də 
insan sağlamlığının qorunması baxımından strateji əhəmiyyət daşıyır. 
ÇAY ŞƏBƏKƏLƏRİNİN TƏSƏRRÜFAT PLANLAŞDIRILMASINDA ROLU  
Çay şəbəkələrinin konfiqurasiyası regional və milli səviyyədə təsərrüfat planlaşdırılmasının əsas 
göstəricilərindən biridir. Su ehtiyatlarının mövcudluğu sənaye müəssisələrinin yerləşdirilməsində, 
kənd təsərrüfatı zonalarının formalaşdırılmasında və əhalinin məskunlaşma sıxlığının müəyyən 
edilməsində həlledici rol oynayır. 
Çay hövzələri üzrə aparılan planlaşdırma işləri suvarma sistemlərinin optimallaşdırılmasına, su 
anbarlarının yerləşdirilməsinə və daşqın risklərinin azaldılmasına imkan verir. Düzgün 
planlaşdırılmayan təsərrüfat fəaliyyəti isə su ehtiyatlarının qeyri-səmərəli istifadəsinə, torpaqların 
deqradasiyasına və sosial-iqtisadi problemlərə gətirib çıxarır.Müasir dövrdə inteqrirə olunmuş çay 
hövzəsi idarəetmə modeli geniş tətbiq olunur. Bu model çay şəbəkələrinin ekoloji, iqtisadi və sosial 
aspektlərinin birgə nəzərə alınmasını təmin edir və davamlı inkişaf strategiyalarının həyata 
keçirilməsinə şərait yaradır. 
DAŞQIN VƏ SEL RİSKLƏRİ 
Daşqın və sel hadisələri çay şəbəkələri ilə sıx bağlı olan ən təhlükəli təbii risklərdən hesab olunur 
və bir çox regionlarda ciddi sosial-iqtisadi fəsadlara səbəb olur. Daşqınlar əsasən uzunmüddətli 
intensiv yağıntılar, qar örtüyünün sürətlə əriməsi, su anbarlarının həddindən artıq dolması və çay 
məcralarının antropogen təsirlər nəticəsində daraldılması ilə əlaqədar olaraq baş verir. Sel 
hadisələri isə xüsusilə dağlıq və dağətəyi ərazilərdə qısa müddətdə böyük su kütlələrinin və bərk 
materialların (daş, qum, palçıq) axın halında hərəkəti ilə xarakterizə olunur və dağıdıcı təsir gücünə 
malikdir.Çay şəbəkələrinin konfiqurasiyası daşqın və sel hadisələrinin yayılma xarakterinə birbaşa 
təsir göstərir. Dendritik tipli çay şəbəkələrində su axını geniş sahəyə yayıldığı üçün daşqınlar daha 
böyük əraziləri əhatə edə bilər. Paralel tipli şəbəkələrdə isə yamacların dik olması səbəbindən sel 
axınları yüksək sürətlə hərəkət edir və lokal miqyasda ciddi dağıntılara səbəb olur. Trellis tipli 
şəbəkələrdə daşqın suları əsas vadilər boyunca cəmləşərək məskunlaşmış ərazilər üçün xüsusi 
təhlükə yarada bilər.Müasir dövrdə iqlim dəyişmələrinin təsiri nəticəsində ekstremal hava 
hadisələrinin tezliyi artmışdır ki, bu da daşqın və sel risklərinin daha da yüksəlməsinə gətirib çıxarır. 
Qısa müddətdə yağan güclü yağışlar torpağın suyu udma qabiliyyətini aşdıqda səth axını kəskin 
artır və çay məcraları öz hüdudlarından çıxır. Bununla yanaşı, meşələrin qırılması, torpaq 
örtüyünün deqradasiyası və şəhərsalma fəaliyyəti nəticəsində suyun təbii axım yollarının 
dəyişdirilməsi daşqınların təsir gücünü daha da artırır.Daşqın və sel risklərinin azaldılması 
məqsədilə mühəndis-mühafizə tədbirləri ilə yanaşı, planlaşdırma və idarəetmə yanaşmalarının 
tətbiqi zəruridir. Sahilbərkitmə qurğularının tikilməsi, bəndlərin və su anbarlarının səmərəli idarə 
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olunması, çay məcralarının mütəmadi təmizlənməsi daşqın risklərinin azaldılmasında mühüm rol 
oynayır. Bununla yanaşı, daşqın təhlükəsi olan zonalarda tikintinin məhdudlaşdırılması, erkən 
xəbərdarlıq sistemlərinin yaradılması və əhalinin maarifləndirilməsi fövqəladə halların 
nəticələrinin minimuma endirilməsinə imkan verir.Beləliklə, daşqın və sel risklərinin idarə olunması 
çay şəbəkələrinin konfiqurasiyasının və hidroloji xüsusiyyətlərinin dərindən öyrənilməsini tələb 
edir. Bu sahədə elmi əsaslı yanaşmaların tətbiqi həm insan həyatının qorunması, həm də iqtisadi 
itkilərin azaldılması baxımından xüsusi əhəmiyyət daşıyır. 
 
NƏTİCƏ 
Nəticə olaraq demək olar ki, çay şəbəkələrinin konfiqurasiyası təbii mühitin çoxkomponentli 
qarşılıqlı təsiri nəticəsində formalaşan mürəkkəb sistemdir və bu sistemin xüsusiyyətləri 
regionların sosial-iqtisadi inkişaf səviyyəsini müəyyən edən əsas amillərdən biridir. Çay 
şəbəkələrinin quruluşu su ehtiyatlarının məkan üzrə paylanmasına, hidroloji rejimin 
formalaşmasına, daşqın və sel hadisələrinin intensivliyinə, həmçinin təsərrüfat fəaliyyətinin məkan 
təşkilinə birbaşa təsir göstərir.Çaylar kənd təsərrüfatında ərzaq təhlükəsizliyinin təmin olunması, 
hidroenergetikada bərpa olunan enerji mənbələrinin istifadəsi, sənaye və məskunlaşma 
proseslərinin davamlı inkişafı üçün mühüm resurs rolunu oynayır. Eyni zamanda çay şəbəkələri 
təbii ekosistemlərin mövcudluğunu təmin edən əsas komponentlərdən biri kimi çıxış 
edir.Antropogen təsirlərin güclənməsi, iqlim dəyişmələri və su ehtiyatlarından qeyri-səmərəli 
istifadə çay şəbəkələrinin ekoloji vəziyyətinə ciddi təhlükələr yaradır. Buna görə də çay 
şəbəkələrinin elmi əsaslarla öyrənilməsi, onların konfiqurasiyasının düzgün qiymətləndirilməsi və 
inteqrirə olunmuş idarəetmə modellərinin tətbiqi dayanıqlı inkişafın təmin olunması üçün zəruri 
şərtdir. Çay şəbəkələri yalnız bu günün iqtisadi ehtiyacları üçün deyil, həm də gələcək nəsillərin 
rifahı naminə qorunmalı olan strateji təbii sərvətdir. 
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Abstract. This article examines the key mechanisms and criteria for ensuring sustainable 
interactions between wildlife and the agricultural sector in Georgia. In the face of increasing 
anthropogenic pressure and climate change, biodiversity conservation is becoming a priority for 
public policy. This paper focuses on integrating conservation measures with agricultural activities, 
valuing ecosystem services, and developing adaptive management strategies to minimize conflicts 
between people, agriculture, and wildlife. The combined development of agriculture and wildlife 
conservation is an important issue for the sustainable use of lands and biodiversity in countries 
with high ecological value. Georgia, located within the Caucasus biological hotspot and highly 
dependent on agriculture, provides a case study for integrated policy and management analysis. 
This study examines the mechanisms and criteria necessary for effective co-development of 
wildlife and the agricultural sector. An ecosystem approach, an analysis of Georgian legislation, 
and official statistical data from the National Statistics Office of Georgia (Geostat for 2023-2025) 
are used. Regional case studies were used: Kakheti, Samegrelo-Zemo Svaneti, and Samtskhe-
Javakheti. The results demonstrate that spatial planning, agro-ecological incentives, compensation 
schemes, and local community participation reduce human-wildlife conflicts, ensuring sustainable 
agricultural productivity. The article is relevant for the development of national sustainable 
development policies and the adaptation of EU standards in Georgia. 
 
Keywords: Wildlife, agricultural sector, sustainable development, biodiversity, human-wildlife 
conflict, natural resource management. 
 
Introduction. The agricultural sector in Georgia has traditionally played a significant role in the 
country's economy and the social life of rural regions. According to the FAO, climatic conditions 
and fertile soils create favorable conditions for the development of a variety of crops and livestock, 
making agriculture a key sector for the country's sustainable development. FAO Home At the same 
time, Georgia is characterized by high levels of biodiversity, including more than 100 mammal 
species, 330 bird species, and 160 fish species. Many species are endemic and/or endangered. 
ceae.ru As a result of anthropogenic landscape transformation, loss of natural habitats, and 
increasing territorial fragmentation, conflicts between farmers' economic activities and wildlife 
are increasingly occurring. For example, large mammals can damage crops or steal livestock, 



 

 

 «European Research Materials» (February 26-27, 2026). Amsterdam, Netherlands 

181 

leading to financial losses for farmers and a decline in public attitudes toward conservation 
measures. faolex.fao.org The agricultural sector and wildlife are closely interrelated: productive 
agricultural activities depend on functioning ecosystems, including pollinators, soil organisms, and 
pest regulators. At the same time, agricultural expansion and intensive farming practices can 
negatively impact natural wildlife populations, reducing biodiversity and leading to environmental 
conflicts. The interaction between agriculture and wildlife conservation is a central issue in 
sustainability science. Agricultural expansion and intensive land use cause ecosystem degradation, 
habitat fragmentation, and biodiversity loss. At the same time, agriculture provides food security, 
employment, and income, especially in rural areas. Georgia is interesting from both an 
environmental and agricultural perspective: many areas of the country are simultaneously 
habitats for large mammals (wolves, bears, and deer) and sites for intensive livestock farming and 
horticulture. This leads to a high frequency of human-wildlife conflicts and requires an integrated 
approach to management and policy development. Despite the existence of legislation and a 
network of protected areas, coordination between agricultural and environmental policies 
remains weak. 
Relevance. For Georgia, a country with rich biodiversity and a significant rural population, finding 
a balance between agricultural production and wildlife conservation is a pressing issue. The aim 
of the study is to propose a set of mechanisms and criteria for the effective joint development of 
wildlife and the agricultural sector in Georgia, drawing on international experience and Geostat 
data. 
Development.  The theoretical foundations of the study included: Sustainability and sustainable 
development. Sustainable development presupposes a balance between economic development, 
social equity, and environmental protection. In agricultural systems, this is expressed through the 
integration of conservation measures that take into account ecosystem services – regulating 
services (pollination, pest control), cultural services (eco-tourism), and supporting functions (soil 
structure, water balance). Ecosystem approach in agricultural landscapes. The ecosystem 
approach considers agricultural systems and natural communities as interconnected elements of 
the landscape. This requires a multidisciplinary assessment, incorporating ecology, economics, 
and sociology. This approach helps identify points of interaction and potential conflicts and 
enables the development of integrated management strategies. Resilience and ecological 
integrity. Ecological resilience implies the ability of ecosystems to maintain their functions and 
structures under the influence of external factors. In the context of agricultural landscapes, this 
requires considering ecosystem services such as pest regulation, water management, pollination, 
and nutrient cycling. Systems approach. A systems approach views agricultural and natural 
components as interconnected subsystems within a single landscape-ecological system. This 
requires interdisciplinary analytical methods incorporating ecology, economics, social sciences, 
and resource management. 
 
Materials and Methods. The research was conducted using a mixed methodology, including: 
Qualitative policy analysis - assessing the regulatory framework, institutions, and mechanisms for 
implementing legislation; Comparative legal analysis - analyzing the Law of Georgia on 
Environmental Protection, the Law on the System of Protected Areas, and the Forest Code; 
Statistical analysis - using Geostat data for 2023–2025, including livestock numbers, meat, milk, 
and egg production, and crop area; Regional case studies - Kakheti, Samegrelo-Zemo Svaneti, and 
Samtskhe-Javakheti, taking into account different agro-ecological conditions and human-wildlife 
conflicts. Data triangulation was used: legislation + statistics + regional case studies. 
       The study utilizes a mixed methodology: Qualitative policy analysis: assessment of the 
regulatory framework, institutional coordination, and law enforcement; Comparative legal 
analysis: Law of Georgia on Environmental Protection, Law on the System of Protected Areas, and 
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the Forest Code; Statistical analysis: Geostat data for 2023–2025 (livestock numbers, meat, milk, 
and egg production, and cultivated area); Regional case studies: Kakheti, Samegrelo-Zemo Svaneti, 
and Samtskhe-Javakheti. Data triangulation was used: legislation + statistics + regional case 
studies. This approach ensures representativeness, scientific reliability, and meets international 
Scopus requirements. 
Current state of interaction between wildlife and agriculture in Georgia. 
Georgia is characterized by a high degree of biodiversity due to the diversity of climatic zones and 
landscapes. Many wildlife species are endemic or rare, requiring special attention in the context 
of agricultural expansion. Intensive agricultural expansion, habitat fragmentation, and pesticide 
use negatively impact the abundance of many species. Conflicts between farmers and wildlife 
(e.g., large mammals) arise due to damage to crops and livestock. An analysis of the agricultural 
sector and wildlife by Geostat shows an increase in the total number of cattle and poultry, and a 
decrease in cows/buffalo. Impact on pastures and natural landscapes is shown in Table 1. 

Table 1.  Livestock (thousands of animals) 
 

Category 2023 2024 2025 
Cattle 837,7 811,5 870,5 
Cows and buffalo 418,7 404,3 398,8 
Pigs 141,6 138,4 175,6 
Poultry 7 629,3 8 047,2 11 110,8 

 
Production indicators indicate that meat production is increasing, milk production is declining, and 
egg production is stable. A balanced production and biodiversity conservation are required (Tables 
2 and 3). According to the National Statistics Office of Georgia (Geostat), at the end of 2024, the 
cattle population was approximately 811,500 head, a 3.1% decrease compared to the previous 
year. Meat production increased to 83,700 tons, while milk production decreased by 2.3%. 
Livestock exports and imports also showed significant fluctuations in 2024. Sputnik Georgia. 
In 2025, egg production increased by 6.6%, but the livestock population in some categories 
continued to decline, indicating structural changes in the agricultural sector. Sputnik Georgia. 
 

Table 2.  Production (million tons/piece) 
 

Products 2023 2024 
Meat, thousand tons   78.7  83.7 
Milk, million liters                           584.3 570.7 

Eggs, million units  653.2  653.4 
 

Table 3.  Key indicators of livestock production in Georgia (2024–2025) 
 

Indicator 2024 2025 Alteration 
Cattle (thousand 
heads) 

811.5  870.5 - 

Meat production 
(thousand tons) 

83.7 83.7 ↓ 

Milk production 
(million liters) 

570.7 184 (Q2) ↓ 

Eggs (million pieces) 653.4 179.7(Q2) ↑ 
Source: Sputnik Georgia,  Geostat. Sputnik Georgia+1 
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Interesting results are provided by the regional case studies presented in Table 4 
 

Table 4.  Regional case studies 
 

Region Type of 
agricultural 

system 

Conflicts Policy tools Results 

Kakheti Intensive 
livestock farming 
and winemaking 

Wolf, jackal Compensation, 
barrier 

Reducing 
losses 

Samegrelo-
Zemo 
Svaneti 

Mixed systems Bear, boar Community 
monitoring 

Increased 
compliance 
with rules 

Samtskhe-
Javakheti 

Pasture farming Overgrazing Zoning, pasture 
rotation 

Reducing the 
burden on the 
ecosystem 

 
Regional case studies demonstrate that the integrated application of policy instruments is key to 
success: Regulatory: creation of protected areas and migration corridors; Economic: 
compensation for damage, payments for ecosystem services; Social: community engagement, 
monitoring, and educational programs. A comparison of regions demonstrates that the 
simultaneous application of all measures provides the best results in reducing conflict and 
preserving biodiversity. The legislative framework and policy are presented in Table 5 and include 
the following key documents: 

 
Table 5.  Legislative framework 

 
Law/codex Year Summary 

Law of Georgia on 
Environmental 

Protection 

1996 Principles of sustainable use of natural 
resources, ecosystem approach 

Law on the System 
of Protected Areas 

1996 Creation and management of nature reserves, 
buffer zones, and migration corridors for 

animals 

Forest Codex 2019 Forest use regulations, biodiversity protection, 
pasture management 

Code of 
Administrative 

Offenses 

1999 Responsibility for environmental violations 
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Political challenge: agricultural support is focused on production and income, with biodiversity 
conservation objectives poorly integrated. The ability to adapt EU instruments (CAP, agri-
environmental schemes) is a key element for improvement. 
Georgia's current regulatory framework for environmental protection and biodiversity is based on 
the Law of Georgia "On Environmental Protection." This law establishes a legal framework for 
protecting the natural environment, preserving biodiversity, rare and endemic species, and 
maintaining ecosystem balance. It provides the foundation for regulating relations in the field of 
nature conservation and sustainable use. ’’The LEPL Legislative Herald of Georgia’’. The main 
provisions of the law include: protection of natural landscapes and ecosystems; conservation of 
rare, endemic, and endangered species of animals and plants; legal regime for protected natural 
areas; principles of sustainable nature management and the ecosystem approach; consideration 
of public participation in management. ’’The LEPL Legislative Herald of Georgia’’. Furthermore, 
there is the Law of Georgia "On the System of Protected Areas," which details the legal status, 
objectives, and management mechanisms of various categories of protected areas (national parks, 
strict nature reserves, protected landscapes, etc.). It is a key tool for preserving wildlife habitats 
and creating infrastructure for monitoring and scientific research. faolex.fao.org. In 2023–2024, 
the Ministry of Environment and Agriculture of Georgia developed a draft new law "On 
Biodiversity," aimed at harmonizing national legislation with European directives (Birds Directive, 
Habitats Directive) and obligations under the Association Agreement with the EU. This law should 
strengthen the legal framework for species protection, habitat conservation, and the sustainable 
use of genetic resources. https://mepa.gov.ge/. A review and analysis of materials show that the 
effectiveness of joint development can only be achieved through a combination of tools: 
Regulatory: protected areas, protection of migration corridors; Economic: compensation for 
damage, payments for ecosystem services; Social: local community participation, monitoring, 
education. Regional cases, however, demonstrate that the simultaneous application of all tools 
yields the best results. This makes it possible to make several policy recommendations: Introduce 
targeted agri-environmental payments; Strengthen interagency coordination between the 
Ministry of the Environment, the Agency for Nature Reserves, and municipalities; Scaling up pilot 
projects with proven effectiveness; Incorporate wildlife indicators into agricultural statistics; 
Develop regional spatial zoning plans that take into account seasonal animal migrations. 
Comprehensive integration of agricultural policy and wildlife conservation helps ensure: 
Sustainable rural development; Conservation of biodiversity; Maintaining agricultural productivity. 
Regional case studies and statistical data show that only an integrated approach, including 
regulatory, economic, and social measures, ensures long-term results. 
Key Mechanisms for Ensuring Joint Development. Legal and Institutional Regulation. 
Establishment and implementation of an effective legal regulation system, including: Wildlife 
protection and agricultural regulation legislation; Land use compliance mechanisms; Specialized 
agencies for control and monitoring. Ecosystem Services and Compensation Mechanisms. 
Recognition and economic valuation of ecosystem services allows for their integration into 
agricultural strategies: Remuneration of farmers for preserving natural habitats; Compensation 
for losses associated with wildlife activities; "Green payment" programs and subsidies for 
sustainable practices. Spatial Planning and the Creation of Biodiversity Corridors Spatial Land 
Zoning: Zoning of territories with the designation of "buffer zones" between agricultural land and 
natural habitats; Creation of ecological corridors for animal migration; Implementation of mixed-
use protected landscapes. Adaptive Management and Monitoring. Continuous scientific 
monitoring of wild species numbers and ecosystem status: Accounting for population dynamics; 
Adaptation of agricultural practices based on monitoring data; Digital technologies and GIS for 
tracking changes. Criteria for Assessing the Effectiveness of Joint Development. A set of criteria is 
proposed to assess the success of integrating environmental and agricultural strategies: Ecological 
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Criteria: Stability and growth of key species populations; Population dynamics of key species; Level 
of biodiversity (species diversity indices); Level of habitat fragmentation; Biodiversity indices; 
Number of human-wildlife conflicts. 
Habitat condition and habitat fragmentation. 
Socioeconomic Criteria: Income level and sustainable well-being of the rural population; Economic 
sustainability of farms; Effectiveness of compensation payments for damage caused to wildlife; 
Effectiveness of compensation and incentive mechanisms; Level of human-wildlife conflicts; 
Institutional Criteria: Degree of integration of environmental requirements into agricultural policy; 
Degree of integration of environmental regulations into national strategies; Effectiveness of 
legislation and monitoring; Quality of monitoring and reporting; Participation of local communities 
and stakeholders in resource management. 
Practical Recommendations. Adaptive Management: Continuous monitoring of species 
abundance and habitat condition with adjustments to management practices. Farmer 
Participation: Educational initiatives on interaction with wildlife. Eco-Subsidies: Stimulating 
sustainable farming practices through economic incentives. Research Base: Development of 
scientific research and data exchange between institutions. Also: Policy Integration: Agricultural 
and environmental policies should be developed in a coordinated manner, with the participation 
of interagency working groups. Farmer training and education – programs to improve 
environmental awareness and adaptive agricultural practices. Cross-border cooperation – sharing 
experiences with neighboring countries on managing shared natural resources. Research and 
scientific projects – continuing fundamental and applied research on the interactions between 
ecosystems and agricultural landscapes. 
 
Conclusion.  Effective co-development of wildlife and the agricultural sector in Georgia requires a 
comprehensive and systemic approach based on scientific data, coordinated policies, community 
participation, and long-term monitoring. Defining clear criteria and applying adaptive 
management mechanisms will help achieve a balance between production goals and the 
preservation of natural heritage. 
Achieving a balance between agriculture and wildlife conservation in Georgia is only possible 
through coordinated policies based on scientific data, clearly defined performance criteria, and 
comprehensive regulatory mechanisms. Integrating approaches to managing agricultural 
landscapes and natural areas will minimize conflicts with anthropogenic impacts and ensure 
sustainable development. It is important for farmers to consider ecosystem services, such as 
pollination, pest control, and water regulation. The introduction of payments for ecosystem 
services and incentive mechanisms can contribute to the conservation of natural habitats within 
agricultural landscapes. 
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         Аннотация: Мақалада жоғары оқу орындарында оқытудың андрагогиялық моделін 
қолдану қажеттілігі негізделеді. Өмірлік және кәсіби тәжірибесі, сондай-ақ білім беру 
қызметі тәжірибесі бар ересек адамдардың жоғары оқу орындарына түсу себептері 
қарастырылды. Университеттің білім беру процесін ұйымдастырудағы осы ерекшеліктерді 
ескеру оқытушылардың андрагогиялық құзыреттіліктерін дамытудың негізі болып табылады.  
         Түйінді сөздер: андрагогикалық құзыреттілік, андрагогика, ересектерді оқыту, 
оқытудың педагогикалық моделі, оқытудың андрагогикалық моделі. 
 
 Кіріспе 
 
         Көптеген педагогикалық зерттеулер ересек жасқа толу жасы бакалавриат 
бағдарламалары бойынша жоғары оқу орындарында оқуды аяқтау кезеңінде, әдетте адам 
өзінің кәсіби қызметін бастаған кезде болады деп келіседі. Кейбір жағдайларда олар өмірінің 
қазіргі кезеңін "ересек"деп атаған немесе атамаған келесі критерийлер аталған:    
- сауалнамаға қатысқандардың үштен бірі ересек адам өзінің іс-әрекетіне жауап бере алады 
және жақындарына қамқорлық жасай алады деп санайды; 
- азаматтардың 23% - ы тәуелсіздік пен тәуелсіздікті анықтайтын қасиеттер деп атады; 
- әрбір бесінші адам өзін және отбасын қамтамасыз ете алатын жұмыс істейтін адамды 
ересек деп санайды; 
- азаматтардың 3% - ы төлқұжат алған кезде ересек адамның келуін және 5% - собствен өз 
отбасы мен балаларының болуы бойынша бағалайды [1]. 
          "Ересектік" құбылысы қоғамдық санада кең танымал болғанына қарамастан, ғылыми 
тұрғыдан біржақты түсінікке ие болмады. Отандық және шетелдік зерттеушілердің ересек 
құбылысты ғылыми талдауы адам өміріндегі осы кезеңді анықтайтын нақты критерийлерді 
жасауға мүмкіндік бермеді. Ғалым-андрагог с. Г. Вершловскийдің пікірінше, "ересектік" 
ұғымы үш компонентті қамтиды: психологиялық жетілу, әлеуметтік жетілу, гуманистік 
құндылықтарға жеке көзқарастар [2].  
         С.Г.Вершловский адамның әлеуметтік жетілуінің негізгі компоненттерінің қатарына: 
"жауапкершілік, толеранттылық, өмірдің мәні және әлеуметтік бағыт" жатады. Оның 
пікірінше, әлеуметтік жетілу ұғымымен тұлғаның оң бағыты, яғни гуманистік құндылықтарға 
ішкі көзқарас тығыз байланысты. Айта кету керек, адамның ересек кезеңінің уақытша 
шекаралары тұтастай алғанда өте екіұшты, мобильді және құбылмалы.  
         Осы кезеңнің "басталуының" айтарлықтай өзгергіштігі адамның нақты өмір сүру 
жағдайларымен және "ересектер"санатына субъективті көзқараспен анықталады. Кәсіби 
қызмет адам өмірінің ең ұзақ кезеңін құрайды және көбінесе тұлғаның білім беру 
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қажеттіліктерін анықтайды. Әдетте екінші жоғары білім алу үшін өмірлік және кәсіби 
тәжірибе жинақтаған ересектер шешіледі. 
Негізгі бөлім 
          Осылайша, қолда бар себептердің көпшілігі ересектерді оқыту мақсаттары, әдетте, 
студенттердің өздері жақсы біледі, олардың нақты әлеуметтік, психологиялық, тұрмыстық, 
кәсіби, жеке негіздері бар деген қорытындыға келеді. Олардың университетте оқуға деген 
сұраныстары нақтырақ және прагматикалық. Ересектерде, әдетте, білім беру іс-әрекетінің 
тәжірибесі бар, оларда оқытуды ұйымдастыруға ерекше талаптар бар (уақыт шеңбері, жұмыс 
пен оқуды біріктіру қажеттілігі). Сондықтан ересек адамның білімі туралы сөз болғанда, жас 
ұрпақты оқытудан айырмашылықтарды ескеру қажет.  
         Педагогикалық жоғары оқу орындары мен осы жоғары оқу орындарының оқытушылары 
осы міндетті шешуге дайын ба? Бір жағынан, біздің жоғары оқу орындары дәстүрлі түрде 
ересек студенттерді аз уақытты қажет ететін білім алудың ыңғайлы түрлеріне бағыттайды. 
Олардың ішінде күндізгі және сырттай оқу формалары, демалыс күндері оқыту, бұл жұмысты 
тоқтатпауға мүмкіндік береді. Қазір қашықтықтан білім беру танымал болып келеді.  
        Еңбек нарығын қамтамасыз ету үшін заманауи кәсіптік білім беру жаңа стандарттарға 
көшті. Осы стандарттарды іске асыру үшін кәсіби мекемелер студенттерінің даму шарттарын 
ескеру қажет. Сонымен қатар, студент жастар арасында келесі категориялар айқын 
ерекшеленеді: сырттай оқитын студенттер, магистранттар, екінші жоғары білім алатын 
студенттер. Мұндай студенттерді оқыту үшін мұғалім ересек студенттердің ерекшеліктерін 
біліп қана қоймай, ескеруі керек.         
       Олардың ішінде біз тек кейбіреулерін атаймыз:  
- оқытудың мәнін, оның негіздемесін түсіну қажеттілігі. Мұндай студенттер осы тақырыпты 
немесе тақырыпты не үшін оқу керектігін негіздеуге өте мұқият қарайды. Олар мұғалімнің не 
ұсынатынын зерттеуге уақыт пен күш жұмсауға тұрарлық екенін түсінуге тырысады. Олар үшін 
"үйренбеген" материал үшін жауапкершілік мәселесі де маңызды; 
 - әуелсіздік қажеттілігі. Ересек адамды ерекшелендіретін негізгі қасиет-бұл өз бетінше шешім 
қабылдау және олар үшін жауап беру қабілеті. Алайда, оқу жағдайына түскенде, ересек адам 
тікелей немесе жанама түрде мұғалімге тәуелді болады. Бұл көбінесе шиеленістер мен 
қайшылықтарға әкеледі;  
- оқу мәселелерін шешуде өмірлік тәжірибеге сүйену. Ересек оқушылардың көпшілігінің 
мазмұны мен көлемі бойынша өмірлік және көбінесе кәсіби тәжірибесі қарапайым 
студенттердің тәжірибесінен едәуір асып түседі, сондықтан ол материалды ұсынудың тірегі 
немесе оның жарқын иллюстрациясы бола алады; 
- шұғыл қажеттілік. Ересек оқушылар басшылықтың нұсқауы түскендіктен емес, себептерін 
түсінгендіктен және білім алудың нақты қажеттілігін түсінгендіктен оқиды. 
         Ересек студенттермен жұмыс істеу андрагогиялық құзыреттіліктің болуын талап 
етеді.С.Г.Вершловскийдің айтуынша, оның негізгі компоненттері:  
 - мұғалімнің ересек адамды шығармашылық өзін-өзі жүзеге асыру тәсілі ретінде түсінуі;  
- кәсіби және білім беру қызметінің субъектісі ретінде ересек адамның ерекшеліктерін білу; 
 - білім беру технологияларын, ересектердің білім алушыларының ерекшеліктері мен 
ұстанымдарына барабар меңгеру;  
- білім беру процесіне серіктестік қатысуға негізделген өзара іс-қимыл жасау қабілеті;  
- мамандарды оқыту жағдайларына бейімдеуге көмек көрсету және оларды одан әрі жеке 
жетілдіру перспективаларын белгілеу мүмкіндігі " [3].     
        Бұл дағдылар университет оқытушысына андрагогиялық білім беру моделі бойынша 
жұмыс істеуге мүмкіндік беретін қабілеттер кешеніне енеді.    
         Андрагогиялық әдістемені ЖОО-да білім алушылардың белгілі бір топтарын оқыту 
кезінде қолдану қажет. Оның тиімділігі білім алушының жалпы даму деңгейі, тәжірибесінің 
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болуы, уәждемесі, зейіні, жауапкершілігі, кәсіби білім саласында алдын ала даярлығы, 
құзыреттілік деңгейі бойынша оқытушымен бірлескен іс-қимылдарды жүзеге асыруға 
қаншалықты белсенді қатысуға дайын екендігімен анықталады [4, 5].  
              Педагогтарды кәсіби даярлауда оқытудың андрагогиялық әдістемесінің тиімділігін 
мойындай отырып, зерттеушілер оны жүзеге асыру әлі де жақсы тілек екенін атап өтті. Бүгінгі 
таңда университеттің білім беру жүйесі андрагогиялық модель бойынша жұмыс істемейді 
(оның күшті жақтарының барлық декларациясымен).  
Қорытынды 
         Шын мәнінде, модель жүзеге асырылады, онда студенттерге өзін-өзі анықтау және 
сайлау мүмкіндіктерінен бас тартылады және т.б., оларда құл позициясын қалыптастыру үшін 
жағдай жасайды.  
        Біз бұл жағдайда студенттер мен оқытушылар тарапынан бірнеше проблемалар бар 
екенін түсінеміз:  
- оқыту мазмұнын іріктеу және құру, ұйымдастырушылық мәселелер, екі жақтың да 
мектептен үйреншікті білім беру қатынастарын өзгертуге дайынготовстігі; 
- бұл ретте мемлекеттік стандарттар студенттердің өзіндік жұмысы үшін жеткілікті көп сағатты 
көздейді, бірақ жоғары білім берудегі оқу процесін ұйымдастырудың өзі студенттерді ересек 
позицияға тұруға шақырмай, мектептен айтарлықтай ерекшеленбейді. 
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 КОМПЛЕКСЫ МЕДИ В КАЧЕСТВЕ 
КАТАЛИЗАТОРА 
 Айнур Тейюб Гизи Маммадова 
Гянджинский государственный университет 
 

Заместители, входящие в состав органической молекулы, имеют большое значение 
при изучении химических и физических свойств молекул, включая металлокомплексы, 
используемые в качестве катализаторов. Подобно тому, как электронная конфигурация 
комплексообразующего атома, используемого при синтезе комплексных соединений, 
влияет на процесс комплексообразования и стабильность комплекса, фрагменты-
заместители, входящие в состав органических лигандных молекул, оказывают 
фундаментальное влияние на стабильность комплекса. 

Число относительно нейтральных и практически электроноакцепторных 
(электроакцепторных) заместителей в органических лигандных молекулах довольно 
ограничено. В ходе исследований, проведенных учеными, было установлено, что 
электроакцепторные заместители ослабляют связь лигандных молекул с центральным 
атомом металла. К таким заместителям относятся группы, содержащие атомы фтора с 
высокой электроотрицательностью. 

Например, особый интерес в этом отношении представляют заместители фтора, 
такие как трифторметильная (CF3) группа. Потому что эти заместители могут существенно 
изменять свойства молекулы по сравнению с их углеводородными аналогами [76-81]. 
Увеличение числа атомов фтора в молекуле заместителя приводит к усилению 
электроакцепторных свойств, что, в свою очередь, усложняет синтез комплексов на основе 
лигандов, содержащих этот тип заместителей. 

Например, по сравнению с трифторметильной (CF3) группой, 
пентафторсульфанильная группа (SF5) является значительно менее распространенным 
фторсодержащим заместителем [82, 83]. Однако она привлекла внимание исследователей 
благодаря своим уникальным свойствам, включая большой размер (немного меньше, чем у 
трет-бутильной группы), сильную электроноакцепторную способность и высокую 
применимость. 

Хотя включение группы SF5 в молекулы лигандов было впервые предложено в 1960-
х годах, количество металлокомплексов, содержащих группы SF5, оставалось очень 
ограниченным до последних 10 лет [84, 96-98]. 

Недавние исследования показали, что комплексы, содержащие 
пентафторсульфанильную группу, синтезируются чаще. Причиной широкого использования 
таких лигандсодержащих комплексов является их полезность в качестве эффективных 
катализаторов в органических процессах. Например, Мекинг и его коллеги использовали 
введение групп SF5 и CF3 в комплексы салициладимината Ni(II) для получения более 
линейных полимеров с более высокой молекулярной массой в ходе каталитической 
полимеризации этилена [96]. Кроме того, было замечено, что в присутствии Ni(II) введение 
пиразолильных остатков, содержащих группы SF5 и CF3, в тетрафенилборатные ионы, 
позволяющее бутадиеновой группе участвовать в реакции, улучшает реакцию [10]. 
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Рисунок 2.2.1. Бис(пиразолил)борато комплексы меди(I), сопряженные с 

пентафторсульфанильными и трифторметильными группами. 
 

 Присутствие этилена в синтезированных молекулах [Ph2B(3(SF5)Pz)2]Cu(C2H4) и 
[Ph2B(3(CF3)Pz)2]Cu(C2H4) было подтверждено спектрами ЯМР 13C. Таким образом, сигнал 
в спектре ЯМР 13C, соответствующий комплексу [Ph2B(3(SF5)Pz)2]Cu(C2H4), наблюдался при 
δ = 86,4 м.д., а сигнал комплекса [Ph2B(3(CF3)Pz)2]Cu(C2H4) — при 82,7 м.д. 

В молекуле [Ph2B(3(CF3)Pz)2]Cu(C2H4) резонанс при δ 82,7 м.д. смещен в более 
высокополевую область по сравнению с сигналом свободного C2H4 (δ 123,1 м.д.). Более 
значительный сдвиг сигнала 13C связанного с металлом этилена в сторону более высоких 
значений химического сдвига относительно сигнала свободного C2H4 (δ 123,1 ppm) связан с 
увеличением степени связывания, обусловленным передачей π-связи от металла к этилену.  
В спектре ЯМР 1H соединения [Ph2B(3-(R)Pz)2]Cu(C2H4) (R=-SF5, -CF3) протоны этилена 
проявляются при δ 3,72 и 3,69 м.д. соответственно. Вероятно, на эти протоны влияют 
электрические поля, создаваемые фенильными группами. 
Присутствие свободных молекул этилена в растворе CDCl3 при комнатной температуре 
приводит к широким сигналам свободного и координированного этилена в [Ph2B(3-
(CF3)Pz)2]Cu(C2H4). Эти сигналы остаются четкими для аналога -SF5, что указывает на 
довольно быстрый ассоциативный обмен олефинов при комнатной температуре по шкале 
времени ЯМР. 
Молекулярная структура Ph2B(3(R)Pz)2]Cu(C2H4) (R=SF5, CF3) была определена методом 
рентгеновской дифракции. Комплекс [Ph2B(3-(SF5)Pz)2]Cu(C2H4) кристаллизуется в 
кристаллографически различные молекулы. 
Эти соединения представляют собой трехкоординационные тригонально-плоские 
комплексы меди, содержащие фрагменты C2H4, связанные η2-связями. 
Бис(пиразолил)боратные лиганды координируются с медью в κ2-подобной конфигурации 
«лодки» через атомы азота двух пиразолильных групп. Одна из фенильных групп на атоме 
бора расположена близко к этиленовой группе. 
Большинство основных свойств синтезированных аналогов SF5 и CF3 схожи у обоих 
соединений. Только в молекуле [Ph2B(3-(SF5)Pz)2]Cu(C2H4) связи Cu-C и Cu-N немного 
длиннее, чем в аналоге CF3. Это объясняется большим стерическим фактором или более 
слабым донорным характером лиганда в молекуле [Ph2B(3-(SF5)Pz)2]Cu(C2H4). 
Анализ топографических стерических карт металлокомплекса и рентгеноструктурных данных 
показывает, что скрытые объемы составляют 69,9% и 64,0% для [Ph2B(3-(SF5)Pz)2]CuC2H4 и 
[Ph2B(3-(CF3)Pz)2]CuC2H4 соответственно. Это ясно указывает на более защищенные 
медные центры в первом случае из-за наличия стерически более объемных групп SF5 на 
периферии координационного кармана. 
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Была исследована связь алкен-медь(I) в комплексах Ph2B(3-(SF5)Pz)}2]Cu(C2H4), [Ph2B(3-
(CF3)Pz)2]Cu(C2H4) и гипотетическом [Ph2B(3-(CH3)Pz)2]Cu(C2H4). 
Рассчитанная энергия взаимодействия (ΔEint) между молекулой этилена и центром Cu(I) и 
лигандами одинакова во всех трех соединениях. Эти значения варьируются от -44,9, -45,9 до 
-45,2 ккал•моль-1 соответственно. Все три комплекса [Ph2B(3-(R)Pz)2]Cu(C2H4) имеют 
электростатическую природу. Приблизительно ~60% взаимодействий между этими 
молекулами в окружающей среде обусловлены электростатическим взаимодействием ΔE, 
~36% — орбитальным взаимодействием. (ΔEorb) и ~4% для взаимодействий дисперсионного 
типа (ΔEdisp). 
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         Аннотация:   

В статье проводиться сравнительный анализ трансформации казахского 
орнамента в массовой жилой застройке в советский период и в эпоху современного 
Казахстана. Рассматриваются идеологические, экономические и градостроительные 
факторы, определявшие его роль в городской среде.  

Показано, что в советское время орнамент использовался как элемент 
государственной культурной политики, а после 1991 года прошёл этап стихийного и 
упрощённого применения, сменившийся минималисичными и франментарными 
интерпретациями, обусловленными рыночной экономикой и глобальными 
архитектруными изменениями.  

Основное внимание удалено причинам утраты орнаментального языка именно в 
Жилой архитектруре. Сравнение двух периодов выявляет как их достижениями, как 
системность советского подхода, поиск новых форм в постсоветского времени, так и 
ограничения, приведшие к минимализации и коммерцилизации сакральных орнаментов 
жилых застройках.  

Ключевые слова: казахские орнаменты; массовая жилая застройка;  советская 
архитектура; постсоветская архитектура; архитектура фасадов; cравнительный 
анализ.  

 
Введение 
К сожалению казахский орнамент, некогда богатая и неотьемлемая часть 

традиционного жилища, сегодня переживает строгую минимизацию, а в массовом 
строительстве встречается лишь эпизодически и в основном как декоративный элемент. 
Актуальность исследования обусловлено разрывом между стремлением к созданию 
архитектурной самобытности региональной архитектуры и повсеместным 
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распространением типовых решений в жилом строительстве. 
Основная проблема исследования – отсутствие всестороннего анализа, который бы 

показал, как сокращение роли казахского орнамента стало следствием как развивалось 
орнаменты под советской идеологической системе советского союза, а затем как на 
орнаменты повлияли экономическая рыночная система Казахстана. Стоит заметить что, 
каждая со свой логикой, последовательно минимизировали традиционный орнамент из 
сферы массового жилищного строительство, формируя устойчивые градостроительные и 
типовые паттерны, действующие по сей день. Выше описанный глобализм в сфере 
строительство жилых застройках обрел новую силу начиная двадцатого века, уменьшая 
использование казахских орнаментов, что в конечном счете привел к отрицательному росту. 

Цель статьи – проследить и сравнить, как орнамент использовался в массовом жилом 
строительстве в прошлом и современном Казахстане. Работа направлена на то, чтобы 
показать эту эволюцию не как случайную, а как результат с более широкими социально-
политическими и экономическими условиями. 

Для этого были решены следующие задачи: проанализированы оба периода 
применения орнаменты; проведено сравнение по таким аспектам, как идеологические и 
экономические причины; градостроительная типология; строительные технологии; 
определены как ограничении, так и перспективные направления. 

Методология включает сравнительно-исторический и семотический анализ зданий, а 
также изучение историю использовании региональных орнаментов. 

Таким образом, данное введение формулирует проблему утраты орнамента как 
следствие, а не поверхностных тенденций. 

     
Теоретические основы сравнительного анализа 

Архитектура здесь понимается как зеркало общества, отражающее его идеологические и 
экономические реалии. Исследование того, как казахский орнамент использовался в жилой 
архитектуре СССР и после его распада, базируется на комплексном подходе. 

В советское время орнамент служил как инструментом архитектурной идеологии для 
продвижения государственной идеологии и культуры, воплощая принципу единство 
народов. Задача орнаментов заключалось в том, чтобы визуально подтвердить 
легитимность режима, демонстрируя при этом уважение к национальным культурам в 
рамках единого государства. Теоретической базой для изучения этого периода служат 
работы, посвященные советскому проекту модернизации, где архитектура выступала как 
двигатель социальных преобразований, а орнамент становился частью и символом «дружбы 
народов».  

В современное время независимости архитектура Казахстана стала продуктом 
рыночных отношений и глобальных тенденций. Анализ этого этапа требует обращения к 
главным двигателям, которым выступает не государственный заказ, а стремление к 
экономической выгоде, удовлетворение рыночного спроса и включение в международные 
архитектурные процессы. Сейчас орнамент утрачивает свою прежнюю идеологическую 
функцию, не говоря про сакральную символику орнаментов. Он становиться знаком, 
используемым для повышения привлекательности объекта для покупателей или для 
формирования регионального имиджа. Применение орнамента определяется логикой 
стоимости и диктуется международными стилями, в которых традиционный декор часто 
оказывается излишеством. 

Чтобы сопоставить два исторических периода, нужно использовать ряд ключевых 
аналитических категорий. К ним относятся: движущие силы, формирующие среду (будь то 
идеология или рыночные механизмы), характер массового жилищного строительства 
(стремление к унификации или стандартизации), значение орнамента (выражение 
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коллективной идентичности или накопление символического капитала), а также общий 
градостроительный контекст (представленный микрорайонами или жилым комплексами). 
Применение данного теоретического подхода дает возможность проследить причинно-
следственные цепочки в трансформации орнамента и объяснить, почему орнамент утратил 
свою сакральную роль, став бессмысленным элементом в жилой архитектуре.  

 
Советский период: Плановое внедрение орнамента в стандартизированное 

строительство  
В советскую эпоху применение казахского орнамента в архитектуре было не 

спонтанным, а институционально контролируемым и идеологически обусловленным 
процессом, отражающим смену градостроительных и политических установок государства. 
Трансформация казахского орнамента в советской архитектуре проходила в рамках 
государственной культурной и градостроительной политики и включало два этапа: 
идеологическую интеграцию и последующую индустриальную унификацию.  

Ранний этап (1930-е – середина 1950-х): В период становления советской власти в 
Казахстане, особенно после переноса столицы в Алматы в 1929 году, архитектура стало 
мощным инструментом визуализации нового политического порядка. 

Масштаб использование казахского орнамента: Орнаментальный декор применялся 
не в типовых проектах для широких слоев населения, а в штучных, идеологически значимых 
объектах. Речь идет о жилых домах для советской и культурной элиты в центрах города (в 
первую очередь в Алматы).  

Типизация по значимости: Распространение орнамента зависело от статуса здания: 
 Высшие категория: Отдельно стоящие 2-4 этажные «сталинские» дома с 

уникальными фасадами. Здесь орнамент мог быть использован комплексно. 
 Вторая категория: Блокированные или секционные дома улучшенной 

планировки. Орнамент применялся точечно, чаще в интерьерах или на входных 
группах. 

 Общесоюзные типовые серии жилья для рабочих окраин практически не имели 
декора. 

Методы и локализации орнамента ранних этапах (1930-е – середина 1950-х): 
Орнамент интегрировался не в конструкцию, а в классицистическую фасадную систему, 
следуя принципу «национального акцента» на общесоветской основе. 
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Таблица 1. Методы и локализации применения орнамента в жилой застройке 
 

Элемент фасада/интерьера Способ 
интеграции 
орнамента 

Типичные мотивы Примеры 
локализации 
(Алматы) 

Лепной декор 
(фризы,карнизы,интерьеры) 

Отливка из гипса 
или цементного 
раствора по 
шаблонам. 

Стилизованные 
рога барана, 
геометрические 
меандры и 
солярные розетки. 

Дома на 
проспекте ул. 
Абылай хана, 
ул. Толе би. 

Металлические ограждентя 
(балконы, лестницы, парадные) 

Ковка и литье  Упрощенные 
растительные 
узоры и 
геометрические 
решетки, 
восходящие к 
традиционной 
резьбе по дереву. 

«Дома 
специалистов» 
в районе КБТУ, 
жилые корпуса 
санаториев. 

Входные группы и порталы  Акцентирование 
с помощью 
архитектурного 
рельефа, 
инкрустации с 
камнем. 

Мотив арки, 
стилизованные 
«бараньи рога» по 
сторонам от 
входа. 

Элитные 
жилые дома на 
ул. Курмангазы, 
Жибек жолы. 

Интерьеры парадных 
(вестибюли, лестничные клетки)  

Роспись, 
майоликовые 
вставки, резьба 
по дереву в 
отделке. 

Растительные 
композиции, 
орнаментальные 
бордюры. 

Сохранившиеся 
«сталинки» в 
центре города. 

 
В архитектуре 1930-1950-х годов орнамент выполнял идеологическую функцию, 
визуализируя принцип «национальной по форме, социалистической по содержанию». 
Данный процесс закрепил за орнаментом статус второстепенного декоративного элемента, 
что в контексте по принципу  национальной по форме, социалистической по содержанию 
строительства, предопределило его последующее исключение из массового жилищного 
строительства.     

Поздний этап (конец 1950-х – 1980-е): Переход к индустриальным методам 
домостроение и курс на избавление от «архитектурных излишеств» привели к 
нормативному исключению орнамента из массового жилищного строительства. 
Стандартизация проектов и использование панельных технологий исключали декоративные 
элементы.  Орнамент сохранялся преимущественно в сфере общественной архитектуры. Его 
использование было строго ограничено и перенесено в четко регламентированные области.  

Массовое жилье: полное отсутствие орнамента 
 Политика стандартизации: С начало индустриального строительства жилья были 

введены унифицированные общесоюзные каталоги типовых проектов (например, серии К-7, 
1-464, 1-335). Эти проекты, основанные на сборном железобетоне, разрабатывались в 
центральных институтах и были абсолютно идентичны на всей территории советского союза, 
от Прибалтики до Казахстана. 

 Функциональный подход: Эстетика определялась логикой панельной конструкции и 
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экономией. Фасад стал технической поверхностью из повторяющихся элементов. Любой 
декор, включая национальный орнамент, был признан экономически нецелесообразным и 
идеологически не соответствующим новым задачам. 

 Итог: В массовых "хрущевках" и "хрущевках" орнамент на фасадах полностью 
отсутствовал. Его применение в жилых зданиях было запрещено на нормативном уровне как 
нарушение типового проекта и расточительство. 

Поскольку полное забвение культурного наследия было политически нежелательным, 
орнамент «компенсированно» перемещен из частной (жилой) в публично (общественную) 
сферу. Его использование стало стандартизированным и второстепенным.  

 
Период независимости: от декларативного бума к стратегическому минимуму (1991 г.-

н.в.) 
Развитие казахского орнамента в жилой архитектуре после обретения независимости 

(с 1991 года по настоящее время) прошло два основных этапа, обусловленных рыночных 
силами и глобализацией.  

Первый этап (1990-е и 2000-е): Символическое, но хаотичное использование. В этот 
период, когда формировалась национальная идентичность, орнамент активно применялся 
как прямой символ суверенитета. Его внедрение было эклектичным и фрагментарным, 
Орнамент служил преимущественно декоративным и коммерческим элементом, что 
привело к потере его глубокого смысла и вызвало негативную реакцию в профессиональной 
среде. 

Второй этап (2010-е и н.в.): Ограниченное и абстракное применение. С усилением 
влияния международных стандартов и экономической рациональности, использование 
орнамента в массовом жилищном строительстве значительно сократилось. Теперь он 
встречается в основном в дорогом жилье и в проектах, финансируемых государством, где 
представлен в виде абстрактных узоров и локальных акцентов, часто созданных с помощью 
новых технологии.  

В итоге, орнамент трансформировался из прямого декоративного элемента в более 
тонкий, ассоциативный культурный код. Его присутствие в массовой жилой архитектуре 
стало минимальным, сто указывает на то, что экономические факторы теперь играет более 
значимую роль, чем прежней идеологические установки. 

 
Сравнительный анализ по ключевым параметрам: идеология, градостроительный 

контекст, материалы и технологии 
Сравнительный анализ двух периодов по ключевым параметрам наглядно 

демонстрирует, как смена общественно- экономических систем привела к трансформации 
роли орнамента: от элемента государственной политики к коммерчески ориентированному 
акценту.  
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Таблица 2. Сравнительный анализ применения орнамента в жилой застройке 
Параметр сравнения  Советский период (1930-

1980-е гг.) 
Период современности (1991 г.- 
н.в.) 

Движущая сила Государственная идеология 
диктовала применение 
орнамента в качестве 
инструмента реализации 
политики. Орнамент также 
служил символом единства 
народов и успехов 
социалистического развития. 
Использование орнамента 
находилось под строгим 
контролем 
централизованных 
нормативных актов.  

В контексте рыночных отношений, 
орнамент выступает не просто 
декоративным элементом, а 
стратегическим инструментом 
брендинга и формирование 
символического капитала. Он 
активно задействует для 
увеличения коммерческой 
ценности объекта. Решение о его 
использовании принимается с 
учетом рыночного спроса, 
финансовых ограничений и общей 
стратегии застройщиков. 

Градостроительный контекст  Микрорайон представлял 
собой единый 
градостроительный 
комплекс, где жилые 
помещения и объекты 
социальной инфраструктуры 
были интегрированы и 
взаимозависимы. 
Декоративные элементы, 
отсутствующие на фасадах 
жилых зданий, находили своё 
применение главным 
образом в общественных 
сооружениях и малых 
архитектурных формах, тем 
самым закрепляя своё место 
в публичном пространстве. 

Жилой комплекс формируется как 
изолированная и 
преимущественно приватная 
структура с минимизированными 
либо коммерциализированными 
общественными функциями. 
Орнамент при его наличии 
локализуется в зонах имиджевой 
репрезентации (ограждении и 
лобби) и слабо связан с городской 
тканью. 

Материалы и технологии До 1960-х гг. в жилой 
архитектуре применялись 
штукатурка, леплина, 
кованный металл и 
натуральный камень, 
преимущественно в элитной 
застройке. После 1960-х гг. 
доминировали сборные 
железобетонные 
конструкции и гладкие 
фасады, при этом орнамент 
сохранялся главным образом 
в форме мозаик и рельефов, 
выполненных с 
использованием ручных 
технологий отделки.  

В 199-е гг. применялись 
композитные панели, 
пенополистирольный декор и 
штампованные элементы. С 2000-х 
гг. доминируют вентилируемые 
фасады (алюкобонд, 
керамогранит), стекло и 
архитектурный бетон; орнамент 
формируется с использованием 
перфорации, CNC-гравировки, 3Д-
печати и светодиодной подсветки, 
преимущественно 
индустриальными методами 
производства.   
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Типология жилья с 
орнаментом 

В «сталинской» элитной 
застройке орнамент являлся 
элементом фасадной 
композиции, тогда как в 
массовом жилье типов 
«хрущёвка» и «брежневка» 
он был полностью исключён. 
Его применение сохранилось 
преимущественно в 
общественных зданиях 
(школы, детские сады) в 
форме мозаичных 
композицией. 

В 1990-е гг. орнамент применялся 
преимущественно в коттеджной 
застройке и первых элитных 
жилых комплексах в эклектичной 
форме. В массовом жилье он был 
практически исключен, тогда как в 
премиальной сегменте 
используется точечно как элемент 
архитектурного дизайна.  

Семантика и функция  Орнамент функционировал 
как средство репрезентации 
коллективной идентичности 
и символ интеграции 
республики в пространство 
СССР, выполняя 
легитимирующую и 
просветительскую функции. 

Орнамент фуекционирует как 
маркер индивидуальной или 
корпоративной идентичности, а 
также как элемент 
этнокультурного брендинга и 
статусной репрезентации, 
выполняя функцую рыночной 
дифференциации и повышения 
коммерческой привлекательности 
объекта.  

 
Системная причина упадка в массовом жилье в обеих временах  
Несмотря на противоположность движущих сил (идеология против рынок), системной 

причиной упадка в обоих случаях абсолютная приоритизация одной сверхзадачи, 
подчинившей себе архитектуру. Эта задача требовала максимальной стандартизации и 
экономии в ущерб культурной выразительности. 

1. В СССР (с 1960-х) – приоритет «квадратных метров». Для ликвидации 
жилищного кризиса государство выбрало путь тотальной индустриализации и типизации. 
Архитектура стала прикладной инженерной дисциплиной. Любой элемент, усложняющий 
или удорожающий производство типовой панели (включая орнамент), был объявлен 
«излишеством» и изгнан нормативными документами. Упадок был административно 
предопределен. 

2. В независимом Казахстане – приоритете «стоимости за квадратный метр». В 
условиях рыночной экономики главным критерием для девелопера стала максимизация 
прибыли при минимизации издержек и сроков. Архитектруа стала услугой. Индивидуальный 
декор, требующий дополнительного проектирования, специальных материалов и ручного 
труда, снижает рентабельность и замедляет оборот. Глобальные стандарты «европейского» 
качества жилья также ассоциируются с гладкими, лаконичными фасадами, а не с 
национальным декором. Упадок был экономически предопределен. 

  Таким образом, и советская плановая экономика, и казахстанская рыночная 
экономика, каждая в своей логике, пришла к одному выводу: орнамент – это неоправданная 
затрата (времени, ресурсов, денег), не отвечающая главной утилитарной цели эпохи (дать 
крышу над головой/ получить максимальную прибыль). Это и есть глубинная система 
причина его упадка в сфере массового жилья – он оказался несовместим с логикой 
массового производства и массового потребления в строительстве, будь то производство 
государством или рынком. 
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Положительные стороны каждой эпохи: уроки для современного синтеза  
Несмотря на сокращение роли орнамента в массовом жилье, оба исторических 

периода сформировали значимый опыт, позволяющий определить принципы его 
современной интеграции. 

3. Советский период (1930-1980-е гг.) характеризовался институциональной 
поддержкой художественного производства, профессиональной систематизацией 
традиционного орнамента и его включением в общественные пространства (школы, детские 
сады, парки, метро), что обеспечивало его доступность и культурно-воспитательную 
функцию. 

4. Период независимости (с 1991 г.) отличается технологической открытостью и 
рыночной адаптивностью: орнамент интерпретируется как паттерн и интегрируется с 
использованием цифровых и индустриальных технологий (перфорация, 3д-печать, световые 
решения), преимущественно в виде локальных акцентов и элементов визуальной 
идентичности. Одновременно усиливается интерес к региональному разнообразию и 
аутентичным мотивам. 

  Синтез данных подходов предпологает сочетание системной культурно-
градостроительной политики с технологической гибкостью и ориентацией на общественные 
пространства как основные носители орнаментальной выразительности. Такая модель 
позволяет рассматривать орнамент не как символ или товар, а как структурный компонент 
качества современной городской среды.  

 
Вывод     
Сравнительный анализ показывает, что снижение роли казахского орнамента в 

массовом в советский и постсоветский периоды обусловлено его нессответсвием 
доминирующим приоритетам эпохи: индустиальной типизации в советского времени и 
коммерческой эффективности в условиях рыночной экономики. В обоих случаях орнамент 
рассматривался как технологически и экономически нецелесообразный элемент. 

Вместо с тем советский опыт характеризуется институциональной системностью и 
интеграцией орнамента в общественные пространства, тогда как период независимости – 
технологической гибкостью и ориентацией на локальные акценты и человеческий масштаб. 

  Современная перспектива связана с синтезом этих подходов: формированием 
культурно- градостроительной модели, в которой орнамент интерпретируется как 
структурный компонент качества городской среды и внедряется преимущественно через 
общественные функции и элементы благоустройства жилых комплексов.  
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Annotation: this scientific and analytical work presents modern world and local-regional 

data on incidence, mortality, lethality and five-year survival rate of pancreatic cancer, a serious 
oncological disease. The issues of etiology and pathogenesis, modern approaches and principles 
of complex diagnostics, prospects for improving treatment results, as well as the prognosis are 
covered in detail. The epidemiological characteristics of this pathology in our republic are given in 
the context of the regions of the country. 
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Pancreatic cancer (PC) is a malignant neoplasm originating from the epithelium of the 
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glandular tissue or pancreatic ducts [1]. The following diagnostic criteria are identified for PC: 
Complaints and anamnesis: characteristic symptoms in the clinical picture of PC include pain, 

jaundice, itching, weight loss, loss of appetite, and fever. Pain is the most common symptom, 
observed in 70-85% of patients. Pain most often occurs as a result of tumor invasion or 
compression of nerve trunks; less commonly, it is caused by obstruction of the bile duct or Wirsung 
duct or peritoneal phenomena due to exacerbation of concomitant pancreatitis. With head 
cancer, pain is felt in the right hypochondrium or epigastric region; cancer of the body and tail is 
characterized by pain in the left hypochondrium and epigastric region, but can also manifest as a 
pain-like sensation in the right hypochondrium. Diffuse lesions are characterized by diffuse pain in 
the upper abdomen. In some patients, the pain remains localized in one area. In others, it radiates 
to the spine or interscapular region, and less commonly, to the right scapula. Tumors that obstruct 
the Wirsung duct and are accompanied by pancreatitis cause paroxysmal, encircling pain. The pain 
is noted to most often appear or intensify in the evening or at night, when the patient is supine, 
after large, especially fatty, meals, and after drinking alcohol. The pain is more severe with PC, 
especially when the tumor invades or compresses the solar plexus. In this case, the pain becomes 
extremely severe, unbearable, and may become encircling. Patients adopt a forced position, 
bending their spine forward, leaning against the back of a chair, or leaning over a pillow pressed 
to the abdomen. This "hook" position is quite common in patients with advanced PC. Jaundice is 
the most prominent symptom of pancreatic head cancer. It occurs in 70-80% of patients. It is 
caused by tumor invasion of the bile duct and bile stasis in the biliary system. It occasionally occurs 
with cancer of the body and tail, in which case it is caused by compression of the common bile 
duct by metastases to the lymph nodes. Jaundice is rarely the first symptom of the disease; it is 
often preceded by pain or weight loss. Jaundice is mechanical in nature and develops gradually, 
steadily increasing in intensity. Jaundice is accompanied by discoloration of urine and stool. Stool 
becomes discolored. Urine becomes brown, reminiscent of beer. Sometimes changes in urine and 
stool occur before jaundice. Itching is caused by irritation of skin receptors by bile acids. With 
jaundice due to PC, itching occurs in most patients. It typically occurs after the onset of jaundice, 
most often with high bilirubin levels in the blood, but sometimes patients report itching of the skin 
even before jaundice. Itching significantly worsens the patient's well-being, disturbs their peace 
of mind, causes insomnia and increased irritability, and often leads to numerous scratches, the 
traces of which are visible on the skin. Weight loss is one of the most significant symptoms. It is 
caused by intoxication due to the developing tumor and impaired intestinal digestion due to 
obstruction of the bile and pancreatic ducts. Weight loss is observed in most patients and is 
sometimes the first symptom of the disease, preceding the onset of pain and jaundice. Loss of 
appetite occurs in more than half of patients. An aversion to fatty or meaty foods often develops. 
Weight loss and loss of appetite are accompanied by increasing weakness, fatigue, and sometimes 
nausea and vomiting. A feeling of heaviness after eating and heartburn are sometimes observed. 
Bowel function is often disrupted, with flatulence, constipation, and, occasionally, diarrhea. Stools 
are bulky, clay-gray in color, with an unpleasant, foul odor, and contain a large amount of fat. 

Physical examination: symptoms of PC are a consequence of three clinical phenomena 
caused by the growing tumor: obstruction, compression, and intoxication. Compression is 
characterized by pain due to the growth of or compression of pancreatic nerve trunks by the 
tumor. Obstruction occurs when the growing tumor obstructs the common bile duct, duodenum, 
pancreatic duct, or compresses the splenic vein. Obstruction of the common bile duct leads to 
biliary hypertension, which is associated with mechanical jaundice, pruritus, liver and gallbladder 
enlargement, discolored stool, and dark urine. Biliary hypertension is a severe pathological 
condition that determines the patient's prognosis. It leads to dysfunction of the liver, 
cardiovascular and nervous systems, and metabolism, causing bradycardia, headache, apathy, and 
increased irritability. Prolonged and intense jaundice can lead to liver and hepatorenal failure, as 
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well as cholemic bleeding. Tumor invasion of the duodenum leads to obstruction, clinically 
resembling pyloric stenosis. The phenomenon of intoxication is manifested by weight loss, 
decreased appetite, and general weakness. These symptoms are often observed in PC, as they are 
caused not only by the influence of the tumor itself, but also by impaired intestinal digestion [1]. 

Laboratory tests: 
1) basic: cytological examination of a biopsy of a pancreatic tumor or liver metastasis 

(increase in cell size up to giant, changes in the shape and number of intracellular elements, 
increase in the size of the nucleus and its contours, varying degrees of maturity of the nucleus and 
other cellular elements, changes in the number and shape of nucleoli); histological examination of 
a biopsy specimen of a pancreatic tumor or liver metastasis (marked cellular polymorphism, 
increased cell size, pronounced hypochromia, large nuclei containing one or more nucleoli, 
glandular structures of cancer cells in the form of rosettes, numerous cells in mitosis); 

2) additional: immunohistochemical examination of the biopsy and surgical material for a 
detailed determination of the tumor subtype; molecular genetic testing: due to the frequency of 
detection of mutations in the BRCA1 and BRCA2 genes of over 5%, as well as the significant impact 
of these mutations on the choice of chemotherapy regimen, their determination is advisable in all 
patients; a biochemical blood test for a tumor localized in the head of the pancreas is characterized 
by the development of mechanical ("subhepatic") jaundice - laboratory tests reveal 
hyperbilirubinemia. 

Non-specific laboratory tests or in cases when deciding on the appointment of 
chemotherapy, the following are recommended: complete general (clinical) blood test, 
erythrocyte sedimentation rate; blood biochemistry: total protein, glucose, bilirubin, creatinine, 
urea, iron, alanine aminotransferase, aspartate aminotransferase, total bilirubin, alkaline 
phosphatase, plasma electrolytes (potassium, sodium, chloride), C-reactive protein; general 
(clinical) urine analysis; coagulology: fibrinogen, prothrombin, international normalized ratio, 
prothrombin time, prothrombin index, activated partial thromboplastin time, thrombin time; 
blood test for carcinoembryonic antigen, determination of the level of adenogenic cancer antigen 
CA 19-9 in order to assess the current clinical situation and, if they increase, for further monitoring 
of the disease. A baseline assessment should be performed against the background of biliary 
decompression, normal bilirubin levels, and resolution of inflammation. A blood test for 
chromogranin A is required for differential diagnosis with neuroendocrine tumors. 

Instrumental examinations: 
1) basic: abdominal ultrasound – primary diagnosis of pancreatic lesions; multislice 

computed tomography of the abdominal organs with bolus contrast allows for the diagnosis of PC, 
assessment of vascular invasion, and identification of metastases (lymph nodes, liver, abdominal 
cavity); fibrogastroduodenoscopy (to assess tumor spread); 

2) additional: endoscopic retrograde cholangiopancreatography – is important in the 
diagnosis of pancreatic and bile duct obstruction: magnetic resonance imaging with magnetic 
resonance cholangiopancreatography provides information on the condition of the pancreatic 
duct and bile ducts; positron emission tomography/computed tomography is one of the most 
sensitive and informative methods for assessing the extent of tumor spread in the pelvis, 
abdominal cavity, retroperitoneal space, chest, brain, soft tissues, bones, and for identifying 
"small" tumors, relapses, and metastases. 

In any sequence of instrumental research methods, it is necessary to establish the tumor 
nature of changes in the pancreas and the extent of the tumor [1]. 

Hirabayashi K. et al. [2] note in their work that cytology is a useful method for diagnosing 
pancreatic neoplasms. Although endoscopic ultrasound-guided fine-needle aspiration has 
recently become the mainstream method for the diagnosis of pancreatic neoplasms, pancreatic 
juice and pancreatic duct brushing cytology continue to be useful diagnostic methods for the 
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investigation of pancreatic neoplasms. Diagnoses using pancreatic cytology are primarily based on 
the features related to tumor cells; however, evaluation of the background features provides 
important information that could further aid the diagnosis. Pancreatic neoplasms show various 
histological types, each of which is associated with its own characteristic background features. The 
necrotic background, desmoplastic stroma, and presence of cancer-associated fibroblasts are 
background features of pancreatic ductal adenocarcinoma, a mucinous background is associated 
with intraductal papillary mucinous neoplasms and mucinous cystic neoplasms, and hyaline 
globules are observed in solid pseudopapillary neoplasms. However, some background features 
are associated with more than one histological type of pancreatic neoplasm, highlighting the 
importance to base a diagnosis on the results of a comprehensive analysis of not only the 
background features but also the tumor cells. The authors presented key background cytological 
features of pancreatic neoplasms that can serve as a guide for improved diagnosis and research. 

PC is a malignant neoplasm with an extremely poor prognosis; thus, early diagnosis and 
treatment are desirable. Although the accuracy of PC diagnosis has improved in recent years due 
to the development of diagnostic imaging, it is still necessary to carry out biopsy and cytology to 
differentiate between benign and malignant neoplasms and to determine the histological type. 
Pancreatic juice cytology and pancreatic duct brushing cytology have long been the major 
diagnostic methods for pancreatic neoplasms; however, the recent development and application 
of endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) has substantially aided and 
improved the cytological diagnosis of pancreatic neoplasms. Pancreatic juice cytology and 
pancreatic duct brushing cytology are mainly used for investigating neoplasms involving the large 
pancreatic ducts, such as pancreatic ductal adenocarcinoma (PDAC) and intraductal papillary 
mucinous neoplasms (IPMNs), whereas EUS-FNA is now more commonly used for pancreatic 
neoplasms that have less association with the pancreatic ducts, such as neuroendocrine 
neoplasms, acinar cell carcinoma, serous cystic neoplasms, mucinous cystic neoplasms, and solid 
pseudopapillary neoplasms. In cytology, the diagnosis of pancreatic neoplasms is based mainly on 
morphological evaluation of the tumor cells; however, background features such as the presence 
of necrosis or mucin also provide important information to assist with the diagnosis. In conclusion, 
our colleagues point out that there are various histological types of pancreatic neoplasms, and 
characteristic background features for each type that may be useful for diagnosis have been 
identified. However, as certain background features also overlap between histological types, it is 
important to make a comprehensive diagnosis by carefully observing not only the background 
features but also the characteristics of tumor cells and atypical cells. The diagnostic utility of 
background features, such as necrotic background or cancer-associated fibroblasts, in pancreatic 
juice cytology and/or pancreatic duct brushing cytology in early-stage PDAC with pancreatic duct 
stenosis or dilation is still not well understood. Therefore, further studies on the diagnostic utility 
of background findings in early-stage PDAC are needed [2]. 

Selvaggi S.M. in her study compared the use of fine-needle aspiration biopsy and needle 
biopsy for the diagnosis of pancreatic neoplasms [3]. The author emphasizes that EUS-FNA is highly 
sensitive and specific in the detection and diagnosis of pancreatic neoplasms. EUS-guided needle 
core biopsy has been used alone or as an adjunct to maximize diagnostic yield. From January 1, 
2018 through December 21, 2020, the Cytopathology Laboratory processed 374 FNAs from solid 
pancreatic masses of which 332 (89%) had concurrent pancreatic biopsies and form the basis of 
this study. Of the 332 FNAs, 173 (52%) were positive/suspicious for pancreatic adenocarcinoma, 
33 (10%) were positive for a neoplasm, 20 (6%) were atypical 19 (6%) were negative and 87 (26%) 
were non-diagnostic. Biopsies were concordant in 248 (75%) cases and discordant in 84 (25%) 
cases. Of the 84 discordant cases, 29 (35%) had neoplastic cells on FNA of which 14 were atypical, 
11 were negative and 4 were nondiagnostic on core biopsy. Of the 18 (21%) FNAs with atypical 
cells, 8 showed adenocarcinoma on core biopsy. Thirty-seven nondiagnostic FNAs showed 
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adenocarcinoma on 25 (70%) core biopsies. If nondiagnostic FNAs were included, FNA sensitivity 
was 89% and specificity; 100%, and both were 100%, if the nondiagnostic cases were excluded. 
The needle core biopsy sensitivity was 91% and specificity; 100%. Summarizing the conducted 
research, the author says that both FNAs and core biopsies show high sensitivity and specificity in 
the detection of pancreatic neoplasms. However, utilization of both techniques enhances cellular 
yields; in particular unsatisfactory FNAs, and often provides sufficient material for ancillary tests 
in this era of precision medicine [3]. 

In the scientific work of Lv G. et al. [4], the researchers summarized new modern knowledge 
on the sequencing of individual cells in pancreatic neoplasms, taking into account the methods 
used, tumor heterogeneity and treatment methods. 

According to the authors, pancreatic neoplasms, including PDAC, IPMN and pancreatic cystic 
neoplasms, are the most puzzling diseases. Numerous studies have not brought significant 
improvements in prognosis and diagnosis, especially in PDAC. One important reason is that 
previous studies only focused on differences between patients and healthy individuals but ignored 
intratumoral heterogeneity. In recent years, single-cell sequencing techniques, represented by 
single-cell RNA sequencing (scRNA-seq), have emerged by which researchers can analyse each cell 
in tumours instead of their average levels. Based on the conducted research, the authors state 
that pancreatic neoplasms, especially PDAC, remain the most complex and malignant disease due 
to their high heterogeneity. Single-cell sequencing benefits from its single-cell resolution and has 
become the most appropriate approach to uncover the underlying mechanisms of PDAC. Several 
frameworks and algorithms of single-cell sequencing have been applied, such as copy number 
karyotyping of aneuploid tumors, minimally invasive adenocarcinoma and SPOTlight, among which 
scRNA-seq combined with the spatial transcriptome has presented more obvious advantages. 
scRNA-seq enables rapid determination each cellular gene-expression patterns of thousands of 
individual cells. By using this emerging sequencing technology, scientists have revealed high 
heterogeneities in cancer cells, the tumour environment, circulating tumour cells, and the 
progression from precancerous lesions to PDAC. Immune checkpoint inhibitors have shown 
cooperates in many cancers; however, PDAC is still resistant to them. Recent studies found that a 
few new targets and inhibitors had an obvious ability to suppress PDAC growth when they were 
combined with immune checkpoint inhibitors. In conclusion, single-cell sequencing provides us 
with novel insights into intratumoral heterogeneity, subclusters identification, unique genes 
mutations, and dynamic evolution in PDAC. However, some shortcomings limit its large-scale use. 
As a high-throughput protocol, scRNA-seq only captures a fraction of molecules, ranging from 5% 
to 20% RNA physically present in cells. Meanwhile, enzymes used to obtain single-cell suspensions 
can degrade RNA, which is more pronounced in PDAC. The batch effect is frequently observed as 
samples are collected at different periods. These technical noises mentioned above generate bias 
and make it more difficult to differentiate rare cell types. Meanwhile, there are many algorithms 
and paraments for single-cell analysis that make novices too difficult to choose a correct 
combination. Another limitation is the expensive cost of experiments [4]. 

Vicentini C. et al. [5] note that pancreatic and peri-pancreatic neoplasms encompass a 
variety of histotypes characterized by a heterogeneous prognostic impact. Researchers point out 
that MicroRNAs (miRNAs) are considered efficient candidate biomarkers due to their high stability 
in tissues and body fluids. They applied Nanostring profiling of circulating exosomal miRNAs to 
distinct pancreatic lesions in order to establish a source for biomarker development. A series of 
140 plasma samples obtained from patients affected by pancreatic ductal adenocarcinoma (PDAC, 
n = 58), pancreatic neuroendocrine tumors (Pancreatic neuroendocrine tumours, n = 42), IPMN, 
n = 20, and ampulla of Vater carcinomas, n = 20 were analyzed. Comprehensive miRNA profiling 
was performed on plasma-derived exosomes. Relevant miRNAs were validated by quantitative 
reverse-transcription polymerase chain reaction (qRT-PCR) and in situ hybridization (ISH). Lesion 
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specific miRNAs were identified through multiple disease comparisons. Selected miRNAs were 
validated in the plasma by qRT-PCR and at tissue level by ISH. The researchers leveraged the 
presence of clinical subtypes with each disease cohort to identify miRNAs that are differentially 
enriched in aggressive phenotypes. The authors emphasize that this study shows that pancreatic 
lesions are characterized by specific exosomal-miRNA signatures. Our colleagues also provided a 
bioresource for future explorations aimed to understand the biological and clinical relevance of 
such signatures. 

Faur A.C. et al. [6] in their work they say that PC has a low incidence rate but a high mortality, 
with patients often in the advanced stage of the disease at the time of the first diagnosis. If 
detected, early neoplastic lesions are ideal for surgery, offering the best prognosis. Preneoplastic 
lesions of the pancreas include pancreatic intraepithelial neoplasia and mucinous cystic 
neoplasms, with intraductal papillary mucinous neoplasms being the most commonly diagnosed. 
The study focused on predicting PC by identifying early signs using noninvasive techniques and 
artificial intelligence (AI). A systematic English literature search was conducted on the PubMed 
electronic database and other sources. Our colleagues obtained a total of 97 studies on the subject 
of pancreatic neoplasms. The final number of articles included in this study was 44, 34 of which 
focused on the use of AI algorithms in the early diagnosis and prediction of pancreatic lesions. AI 
algorithms can facilitate diagnosis by analyzing massive amounts of data in a short period of time. 
Correlations can be made through AI algorithms by expanding image and electronic medical 
records databases, which can later be used as part of a screening program for the general 
population. AI-based screening models should involve a combination of biomarkers and medical 
and imaging data from different sources. This requires large numbers of resources, collaboration 
between medical practitioners, and investment in medical infrastructures. 

As the researchers note to improve the clinical management and prognosis for patients with 
PC, new diagnostic methods should be developed to identify precursor lesions. AI is a tool that can 
offer a personalized approach in this regard by analyzing a large quantity of heterogeneous data 
and can also help in decision-making, increasing the prediction accuracy for an early diagnosis. As 
for future prospects, the authors conclude that for PC, a cost-effective screening method for early 
lesions is needed. AI models developed for a diverse group of patients from high-risk PDAC cohorts 
belonging to broad datasets from different sources can be of great use for improving PDAC 
treatment outcomes and enhancing diagnostic precision. AI methods represent a needed step to 
reach a standardized interpretation of patient data and investigations while reducing human bias 
or error. For this, a wide range of data from different sources is necessary. All of these data have 
a central role in training AI methods in diagnosing PC and establishing the most accurate algorithm 
to be used for such a diagnosis. Correlations can be made through AI algorithms by expanding the 
image and electronic medical record databases, which will significantly improve the diagnostic 
accuracy and provide an early diagnosis for PC patients, thereby producing a better prognosis and 
more effective therapy. AI creates a common ground in diagnosing PC that can be standardized 
and used for the general population. Such an AI model should contain a combination of 
biomarkers, medical data, and imaging data obtained by alternating computed tomography, 
endoscopic ultrasound-guided, and magnetic resonance imaging testing so that maximized 
accuracy and early diagnosis with noninvasive techniques can be achieved. The coronavirus 
disease 2019 pandemic has produced a model for forming an international infrastructure that can 
be studied with AI algorithms and even used for predicting and early diagnosing cancers. The 
collaboration between scientists and academic centers has shown that humans from different 
countries and continents can work together to share information in a common attempt to save 
lives while creating a vast database. This will require resources, global solidarity, and support 
investment in medical infrastructures worldwide. However, the need to develop health 
infrastructure and multidisciplinary research studies is crucial, as the pandemic situation has 
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already shown [6]. 
Conducted analysis [6] of the current diagnostic methods for detecting PC noninvasively with 

an emphasis on early lesions has revealed a series of common features and limitations: published 
studies about predicting early lesions in PC are lacking. For PC diagnosis, noninvasive tests such as 
imaging, tumor marker analysis, and population-based studies can be used to train AI algorithms 
to identify features, patterns, and subtle changes that can help classify pancreatic lesions and build 
predictive models that can improve the awareness of the risk of pancreatic neoplasia. Published 
studies typically included only small samples from a limited number of cases. The analysis of these 
studies focused mostly on just one type of investigation (radiomics features, personal data, 
biomarkers, or genomic features without making correlations between all the data that a physician 
analyses for a diagnosis of PC in a specific patient). A high percentage of the studies only 
performed internal validation, so bias and overfitting can constitute a problem when generalizing 
their conclusions. Commonly, for machine diagnosis, the mechanism that generates the output is 
not clearly explained, so assessing how a specific AI algorithm makes its final diagnosis remains 
controversial. AI algorithms for assessing pancreatic volumes with and without tumors are time- 
and cost-consuming that are usually run manually and in direct relation with the radiologist’s 
experience. Finding an AI-driven automated volumetric segmentation algorithm is difficult 
because of the variations in shape, the shallowness of the boundaries, and the small size of the 
pancreas. Pancreatic tumors smaller than 2 cm frequently have inconspicuous borders with high 
similarity to the surrounding tissues on radiomics analysis, making early lesion diagnosis 
challenging. However, AI methods have the potential to improve accuracy and support clinical 
decisions for the preoperative diagnosis of pancreatic lesions and to aid in the surgical 
management and prognosis of PC. 

Hsieh M.J. et al. [7] in their study note that PC is a highly lethal malignancy due to the cancer 
routinely being diagnosed late and having a limited response to chemotherapy. PDAC is the most 
common form of pancreatic malignant tumor, representing more than 85% of all PCs. In the 
present study, authors characterized the phenotypes of concomitant P53 and adenomatous 
polyposis coli (APC) mutations in pancreatic neoplasms driven by the oncogene Kirsten Rat 
Sarcoma Viral Oncogene Homolog (KRAS) in genetically modified mice (GEMM). In this GEMM 
setting, APC haploinsufficiency coupled with P53 deletion and KRASG12D activation resulted in an 
earlier appearance of pancreatic intraepithelial neoplasia lesions and progressed rapidly to highly 
invasive and metastatic PDAC. Through a microarray analysis of murine PDAC cells derived from 
our APC-deficient PDAC model, the researchers observed that APC loss leads to upregulated CD34 
expression in PDAC. CD34 is a member of a family of single-pass transmembrane proteins and is 
selectively expressed in hematopoietic progenitor cells, vascular endothelial cells, interstitial 
precursor cells, and various interstitial tumor cells. However, the functional roles of CD34 in PC 
remain unclear. Thus, in this study, our colleagues explored the mechanisms regarding how CD34 
promotes the deterioration of pancreatic malignancy. These results demonstrated that the 
increased expression of CD34 induced by APC inactivation promotes the invasion and migration of 
PDAC cells, which may relate to PDAC metastasis in vivo. Collectively, this study provides first-line 
evidence to delineate the association between CD34 and the Wingless / Int-1 signaling (APC/Wnt) 
pathway in PDAC, and reveals the potential roles of CD34 in PDAC progression. 

The authors' analysis revealed that CD34 is predominantly expressed on hematopoietic 
progenitor cells and endothelial progenitors, and has been widely used as a stem and progenitor 
cell marker. The results of the present study provided important evidences revealing the 
association between CD34 and the APC/Wnt pathway in PDAC, and authors demonstrated the 
potential roles for CD34 upregulation induced by APC inactivation in promoting PDAC cell growth, 
migration and invasion. Moreover, because CD34 is thought to be a biomarker for stem cells to 
maintain self-renewal and proper stemness, CD34 could be a novel drug candidate for the 
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treatment of PDAC harboring APC mutations [7]. 
Huang B. et al. [8] devoted their scientific research to the study of IPMN. IPMNs are a 

commonly identified non-invasive cyst-forming pancreatic neoplasms with the potential to 
progress into invasive pancreatic adenocarcinoma. There are few in vitro models with which to 
study the biology of IPMNs and their progression to invasive carcinoma. Therefore, authors 
generated a living biobank of organoids from 7 normal pancreatic ducts and 10 IPMNs. The 
researchers characterized 8 IPMN organoid samples using whole genome sequencing and 
characterized 5 IPMN organoids and 7 normal pancreatic duct organoids using transcriptome 
sequencing. Our colleagues identified an average of 11,344 somatic mutations in the genomes of 
organoids derived from IPMNs, with one sample harboring 61,537 somatic mutations enriched for 
T->C transitions and T->A transversions. Recurrent coding somatic mutations were identified in 15 
genes, including KRAS, GNAS, RNF43, PHF3, and RBM10. The most frequently mutated genes were 
KRAS, GNAS, and RNF43, with somatic mutations identified in 6 (75%), 4 (50%), and 3 (37.5%) 
IPMN organoid samples respectively. On average, they identified 36 structural variants in IPMN 
derived organoids, and none had an unstable phenotype (>200 structural variants). Transcriptome 
sequencing identified 28 genes differentially expressed between normal pancreatic duct organoid 
and IPMN organoid samples. The most significantly upregulated and downregulated genes were 
CLDN18 and FOXA1. Immunohistochemical analysis of FOXA1 expression in 112 IPMNs, 113 
mucinous cystic neoplasms, and 145 pancreatic ductal adenocarcinomas demonstrated 
statistically significant loss of expression in low-grade IPMNs (p < 0.0016), mucinous cystic 
neoplasms (p < 0.0001), and pancreatic ductal adenocarcinoma of any histologic grade (p < 
0.0001) compared to normal pancreatic ducts. These data indicate that FOXA1 loss of expression 
occurs early in pancreatic tumorigenesis. As the authors note, this study highlights the utility of 
organoid culture to study the genetics and biology normal pancreatic duct and IPMNs. 

In this study, our colleagues generate a living biobank of organoids derived from 7 normal 
human pancreatic ducts and 10 human IPMN samples. They also present the characterization of 
somatic alterations in these IPMN organoids using whole genome sequencing. Furthermore, the 
researchers use transcriptomic sequencing to identify genes differentially expressed between 
normal pancreatic duct and IPMN organoids. The authors emphasize that their study documents 
a biobank of IPMN and normal pancreatic duct organoids, characterized by genomic and 
transcriptomic sequencing, a unique resource for the interrogation of these precancerous lesions. 
Using whole genome sequencing and RNA-Seq they identified potential drivers of IPMN tumor 
development. These included 12 genes with recurrent somatic mutations and 28 genes that were 
differentially expressed when compared to normal pancreatic duct. The obtained results 
demonstrate that organoid culture is an effective tool for analyzing small precursor lesions at – 
omics scale to identify critical molecular alterations in precious human tissue samples [8]. 

Jain M. et al. [9] in their work say that Cell-free DNA (cfDNA) analysis-based liquid biopsy is 
a rapidly emerging diagnostic and prognostic tool in PDAC. KRAS point mutations are the main 
biomarkers used for the detection of tumor cfDNA. However, there is another less studied yet 
frequent genetic alteration in this gene, namely copy number gain (CNG). The aim of this study 
was to evaluate the diagnostic and prognostic potential of KRAS CNG analysis in plasma and bile 
of patients with PDAC using droplet digital polymerase chain reaction (ddPCR). This study included 
healthy volunteers (n = 69), patients with PDAC (n = 94), and other pancreatic neoplasms (OPN) 
(n = 17). The sensitivity and specificity of KRAS CNG compared to the control group were 16% and 
100% (AUC-ROC - 0.580), and compared to the OPN group, 16% and 94% (AUC-ROC - 0.554), 
respectively. Addition of KRAS point mutations to the analysis increased the sensitivity to 65% 
(AUC-ROC - 0.824 and 0.801, respectively). Bile exhibited an equal KRAS CNG detection rate 
compared to plasma (20% vs. 16%). KRAS CNG was not associated with clinical parameters, except 
prognosis. The probability of survival was worse in patients with KRAS CNG (hazard ratio - 3.54; 
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95% confidence interval: 1.55-8.12; p = 0.001). KRAS CNG in cfDNA might be a promising 
biomarker for both diagnostic and prognostic purposes in PDAC.  

In the course of the study, the authors state that copy number variants are an important yet 
underexplored aspect of cancer molecular biology. This exploratory study has demonstrated that 
not only are they detectable in cell-free DNA (cfDNA) of plasma and bile, but also they might be 
relevant to predicting poor survival in PDAC patients. The prognostic potential of KRAS CNG in 
plasma cfDNA, especially in combination with point mutations in this gene, might be useful to 
guide therapeutic decisions, for example, to identify patients requiring neoadjuvant 
chemotherapy or those who may benefit from additional imaging prior to treatment. However, 
the clinical implications of this kind of cftDNA analysis require further investigation. The ddPCR 
assay for KRAS CNG analysis presented in this work might be easily reproduced in any laboratory 
equipped with a ddPCR instrument, and our colleagues hope that it will be useful for future studies 
on the topic in PDAC and beyond [9]. 

An interesting study was conducted by Angerilli V. et al. [10]. They analyzed a cohort of 49 
high-grade gastro-entero-pancreatic neoplasms (HG GEP-NENs) by targeted Next-Generation 
Sequencing (TrueSight Oncology 500), RNA-seq, and immunohistochemistry for p53, Rb1, SSTR-
2A, and PD-L1. As the authors note HG GEP-NENs can be stratified according to their morphology 
and Ki-67 values into three prognostic classes: neuroendocrine tumors grade 3 [(neutrophil 
extracellular traps (NETs) G3)], neuroendocrine carcinomas with Ki-67 < 55% [(neuroendocrine 
carcinomas (NECs) <55)] and NECs with Ki-67 ≥ 55% (NECs ≥55). Frequent genomic alterations 
affected TP53 (26%), APC (20%), KRAS and MEN1 (both 11%) genes. NET G3 were enriched in 
MEN1 (p = 0.02) mutations, while both NECs groups were enriched in TP53 (p = 0.001), APC 
(p = 0.002) and KRAS (p = 0.02) mutations and tumors with TMB ≥ 10 muts/Mb (p = 0.01). No 
differentially expressed (DE) gene was found between NECs <55% and NECs ≥55%, while 1129 DE 
genes were identified between NET G3 and NECs. A slight enrichment of CD4+ and CD8+ T cells in 
NECs and of cancer-associated fibroblasts and macrophages (M2-like) in NET G3. Multivariate 
analysis identified histologic type and Rb1 loss as independent prognostic factors for overall 
survival. This study showed that GEP-NET G3 and GEP-NECs exhibit clear genomic and 
transcriptomic differences, differently from GEP-NECs <55% and GEP-NECs ≥55%, and provided 
molecular findings with prognostic and potentially predictive value. 

Mazer B.L. et al. [11] in their fundamental study emphasize that most patients with PC 
present with advanced stage, incurable disease. However, patients with high-grade precancerous 
lesions and many patients with low-stage disease can be cured with surgery, suggesting that early 
detection has the potential to improve survival. While serum CA19-9 has been a long-standing 
biomarker used for PC disease monitoring, its low sensitivity and poor specificity have driven 
investigators to hunt for better diagnostic markers. In their work, our colleagues examined the 
latest advances in genetics, proteomics, imaging, and artificial intelligence, which offer 
opportunities for the early detection of curable pancreatic neoplasms. As an expert on this work 
notes, from exosomes, to circulating tumor DNA, to subtle changes on imaging, we know much 
more now about the biology and clinical manifestations of early pancreatic neoplasia than we did 
just five years ago. The overriding challenge, however, remains the development of a practical 
approach to screen for a relatively rare, but deadly, disease that is often treated with complex 
surgery. It is our hope that future advances will bring us closer to an effective and financially sound 
approach for the early detection of PC and its precursors. 

The authors' analysis revealed that at first glance, PC seems to be an ideal target for 
screening and early detection. It is a highly lethal cancer, and most patients do not develop signs 
and symptoms until late in the course of their illness. A variety of methods have been developed 
to screen for early disease. From blood CA19-9 levels to circulating tumor DNA, each method has 
advantages and disadvantages, and it is likely that the best approach will incorporate multiple 
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complementary modalities. It is also likely that artificial intelligence, whether applied to electronic 
patient medical records or to image analysis, will play a role in identifying the highest risk 
individuals. Screening for PC, however, must take into account the rarity of the disease in the 
general population, the costs of false positive test results, and the real potential for overtreatment 
of low-risk lesions.  

According to an expert on this study if we wait until patients develop symptoms from PC, 
most will die within months of their diagnosis. There are, however, a number of potential 
approaches to the earlier diagnosis of PC and its precursors in asymptomatic individuals. The 
unresolved challenge is that none of the existing approaches have the sensitivity and specificity 
needed to effectively screen the general population. While combining tests can improve 
sensitivities, even these combinations fall short. Existing approaches to screening, therefore, have 
to be focused on populations at greatest risk of the disease. Towards this end, screening efforts 
to date have targeted individuals with a strong family history of PC or a known pathogenic germline 
variant that predisposes to PC. Other groups with a heightened cancer risk that have not yet been 
clinically targeted include cigarette smokers, obese individuals, and adults with new onset 
diabetes mellitus. Screening programs that target high-risk groups and utilize imaging modalities 
like magnetic resonance imaging and endoscopic ultrasound have generated promising results. 
These programs, however, have thus far been relatively expensive and limited in scope [11]. 

AI has the potential to be a significant advance. AI-based algorithms can be applied to 
medical records and to imaging. AI-based algorithms can be trained to scour electronic patient 
medical records and imaging scans for subtle patterns, which may not be recognizable to the 
human eye, yet that indicate an increased risk of PC. Clinicians could then be alerted and even 
guided on the best ways to evaluate their patients further. AI-based algorithms have already been 
built that can evaluate computed tomography and other scans for subtle changes caused by low-
stage, curable, pancreatic neoplasms. These algorithms could quietly run in the background, 
evaluate the millions of computed tomography and other scans that are already being performed 
for other indications, and have the potential to identify changes in the pancreas that radiologists 
could easily miss in their day to day practice. Again, the program could alert the radiologist to look 
more closely at the images of the pancreas, and even suggest the best next steps to evaluate the 
subtle AI-detected changes. This approach has the advantage of not requiring additional testing 
until an abnormality is discovered. But enthusiasm about AI technologies must be tempered by 
the yet unproven real-world benefit and privacy concerns of these tools. 

The growing emphasis on early detection of PC and its precursors should be balanced with 
a consideration of the costs and harms of screening. Costs are incurred during acquisition of the 
screening cohort, initial testing, confirmatory imaging and biopsies, surgery and other treatments, 
and post-treatment follow up and care. Screening can also cause serious patient harm. This harm 
includes the psychological stresses that individuals will feel when they are told that they are at 
increased risk, the worries from an initial result, and the medical complications that can occur 
from unnecessary biopsies and surgeries. The pancreas lies deep in the abdomen, and surgical 
resection of the head of the gland (the pancreatoduodenectomy) is associated with a 1-2% 
operative mortality rate and significant incidence. If this surgery is done for a false positive 
screening test or low-risk precursor lesion, we have done significant harm to the individual. 

As the researchers look forward to the next five to ten years, authors hope that new 
technical advances will improve the sensitivity and specificity of screening for PC. Our colleagues 
also anticipate a better understanding of who is at risk, and of which groups will benefit most from 
screening. The development of new AI-based tools might improve screening approaches and help 
refine the identification of at-risk populations. The challenge, then, will be to fulfill these goals in 
a cost-effective manner that minimizes patient harm and to prove, prospectively and rigorously, 
the real-world value of these interventions before widespread implementation [11]. 
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Now, regarding this pathology in our country at the national level. The incidence of PC in the 
Republic of Kazakhstan in 2023 was 6.5 per 100,000 population (6.0 in 2022), with a growth rate 
of 7.6% compared to the previous year. It ranked 8th among all nosological forms of malignant 
neoplasms, accounting for 1,290 cases in absolute numbers (1,175 cases in the previous year). The 
proportion of cases diagnosed for the first time, recorded by oncology organizations, was 3.5% 
(3.3% in 2022), moving up one place from 12th place to 11th place. In this case, 631 men fell ill 
(the proportion is 3.9%), women – 659 (the proportion is 3.2%) [12]. 

The rate of PCa above the national average was established in 10 regions of the country: 
Kostanay – 11.3 (the maximum rate); North Kazakhstan – 10.7; Pavlodar – 10.6; East Kazakhstan 
and Abay – 10.0; West Kazakhstan – 9.1; Karaganda – 8.4; Akmola – 8.1; Zhetysu – 7.9 regions and 
the city of Almaty – 7.3. This indicator is below the national average in the remaining 10 regions: 
Turkestan – 3.1 (the lowest rate); Mangistau – 3.3; Kyzylorda and Almaty – 3.8; Zhambyl - 4.2; 
Atyrau - 5.0; the city of Shymkent - 5.2; Ulytau - 5.9; Aktobe - 6.1 regions and the city of Astana - 
6.3 per 100,000 population. 

The mortality rate from this pathology was 4.1 per 100,000 population with a growth rate 
of 5.7% compared to the previous year (3.8 in 2022). 

The regions where the mortality rate from PC is above the national average (4.1 per 100,000 
population) include: East Kazakhstan - 7.3 (the highest level); Abay and Akmola - 6.6; Pavlodar and 
Kostanay - 6.4; West Kazakhstan - 5.6; the city of Almaty - 4.9; Karaganda - 4.6; the city of Astana 
- 4.5. The North Kazakhstan region is on par with the national average. The lowest rates are 
recorded in the Atyrau and Turkestan regions - 2.3, followed by: Aktobe, Kyzylorda and Mangistau 
- 2.6; the city of Shymkent - 2.8; Zhambyl - 2.9; Almaty - 3.0; Ulytau - 3.2; Zhetysu - 3.9 regions per 
100,000 population [12]. 

The one-year lethality rate was 52.1% (51.0% in 2022), which is the highest percentage 
among all nosological forms of malignant tumors; every second patient dies in the first year after 
the diagnosis of this formidable disease. Moreover, the ratio between the one-year lethality and 
advanced stage (stage IV) was 1.5 (in 2022 - 1.4). At the same time, we recall that the value furthest 
from “1” is the worst ratio between the one-year lethality and neglect rates. 

Now, regarding preventive examinations. It should be noted that during large-scale 
preventive examinations of the population in 2023, significantly more patients with malignant 
neoplasms were actively identified than in 2022. This is 25,193 patients compared to 23,623 
patients identified in 2022, i.e., +6.6%. This is due to the continued easing of the epidemiological 
situation due to the coronavirus and the increased availability of preventive care for the 
population. The proportion of patients identified during preventive examinations increased from 
62.0% to 62.4% of the total number of patients identified for the year. 

Of course, early diagnosis rates are very important when analyzing the epidemiological 
situation. Overall, of all cancer cases detected in all locations, the proportion of forms detected in 
the early stages (stages 0, I-II) increased in 2023 from 66.3% to 67.9%. 

Regarding PC, the early detection rate of this pathology during preventive examinations 
increased from 27.9% to 34.0%. The absolute number of patients with PC identified during 
preventive examinations was 574 (577 in the previous year). Of these, 195 were in the early stages 
(compared to 161 in 2022). 

The regions where the proportion of patients with early stage I of the pathology in question 
is above the national average (4.5% and 4th place among the worst indicators only after liver 
cancer (3.8%), nasopharynx (3.7%) and laryngopharynx (2.7% - the worst indicator) include the 
following regions: North Kazakhstan - 16.1%; (the best indicator); Kyzylorda - 12.5%; Zhambyl - 
11.8%; Zhetysu - 9.4; Atyrau - 8.8; Abay - 8.3%; Turkestan - 6.2%; the city of Astana - 5.9%; West 
Kazakhstan - 5.3%. 

The lowest indicators of early diagnosis were recorded in: Almaty, Mangistau, Ulytau regions 
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and the city of Shymkent - not a single patient (0.0% is the worst indicator). They are followed by 
the following regions: Kostanay - 1.1%; Karaganda - 1.2%; East Kazakhstan - 1.6%; Aktobe - 1.8%; 
Akmola - 3.3%; Pavlodar and the city of Almaty - 2.5% [12]. 

The regions where the proportion of patients with PC detected at stages I-II is above the 
national average (26.6%) include the following regions. North Kazakhstan region stands out 
separately, where every second patient was detected in the early stages of the disease - 55.4%. 
Then come: Atyrau - 38.2%; Zhambyl - 35.3%; Zhetysu - 32.1%; Kyzylorda - 31.3%; Kostanay and 
Abay - 30.0; Aktobe - 26.8% of the regions. Low rates of early diagnosis were recorded in Ulytau - 
7.7% (the worst result in the country); Mangistau - 11.5%; Almaty - 18.2%; the city of Shymkent - 
18.3%; Turkestan - 18.5%; West Kazakhstan - 21.1%; East Kazakhstan - 22.6%; Pavlodar - 24.1%; 
the city of Astana - 24.7%; Akmola - 25.0%; the city of Almaty - 25.3%; Karaganda - 25.6% regions 
[12]. 

As the data above clearly demonstrates, there is a significant range in early diagnosis rates 
across the country, from very good to alarming. While migration and other factors influencing 
early diagnosis rates must be taken into account, the results obtained provide a reason for 
oncologists, endocrinologists, radiologist, ultrasound technician, and general practitioners to 
continue to improve. Improving early diagnosis rates for malignant tumors remains a fundamental 
tenet and a key objective of medicine as a whole, and remains a pressing issue today. 

The proportion of stage IV PC among all malignant neoplasms was 36.5%, ranking first 
among all malignant neoplasms in the country. Overall, in 2023, the proportion of stage IV 
malignant neoplasms across the republic, across all nosologies, decreased from 12.58 to 11.7% 
(from 4,790 to 4,735 patients). Naturally, this was due to other tumor localizations. 

As for the average national indicator of the proportion of stage IV (36.5%), the North 
Kazakhstan region stands out against this background - 14.3%; followed by the following regions: 
the city of Almaty (25.9%); Zhetysu (26.4%); Atyrau (26.5%); Almaty (27.3%); Aktobe (30.4%); 
Pavlodar (32.9%); the city of Shymkent, West Kazakhstan and Zhambyl regions (33.3%); Mangistau 
(34.6%); East Kazakhstan (35.5%); Kyzylorda (40.6%); the city of Astana (41.2%); Akmola (45.0%); 
Kostanay (46.7%); Karaganda (48.8%). The most deplorable situation with neglect is in three 
regions of our country: Turkestan (52.3%); Abay (55.0%); and Ulytau (69.2%). 

The total number of patients with malignant neoplasms registered with specialized oncology 
organizations of the republic continued to increase and by the end of 2023 amounted to 218,186 
people, with an increase of 6.0% compared to the previous year (2022 – 205,822, +5.8%). The 
overall incidence rate of malignant neoplasms increased by 3.9%, from 1,055.3 to 1,096.4 per 
100,000 population. This increase is due to both increased incidence and detection of the disease, 
as well as increased cancer patient survival. 

Furthermore, statistical data on patients diagnosed with malignant neoplasms who have 
been under observation for 5 years or more and who continue to be monitored in 2023 showed 
that the number of patients under observation by oncology organizations in Kazakhstan for over 
five years continued to grow, reaching 117,616 at the end of the reporting year, an increase of 
6.2% (2022: 110,790, an increase of 6.6%) (Form No. 7). 

Another important clinical aspect worth noting is the coverage of patients diagnosed with 
PC in the Republic of Kazakhstan with specialized treatment. 

In 2023, the number of hospitalizations for all types of malignant tumors in the country's 
oncology organizations amounted to 108,252 cases (2022: 101,095), representing a 7.1% increase 
compared to the previous year. This is due to the steady growth of the cancer patient population, 
improved standardization of oncology care, and the development of palliative and restorative 
services. 

At the end of 2023, the absolute number of PC patients who completed specialized 
treatment was 338, with 384 patients continuing treatment. The following results were obtained 
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in percentages by treatment methods and types. The overwhelming majority of patients received 
comprehensive treatment (57.1%), drug treatment alone (19.8%), surgery alone (19.2%), radiation 
therapy alone (0.6%), and chemoradiation (0.3%). 

Next, regarding five-year patient survival. As for PC, at the end of 2023, 1,270 people were 
registered for follow-up care, or 6.4 per 100,000 population (at the end of 2022, 1,156 patients, 
or 5.9 per 100,000 population, respectively). 

Moreover, in terms of mortality, PC has held the lead for many years. The mortality rate 
among observed cohorts in 2023 was 63.6%. 

The five-year survival rate for patients with PC was 30.2% in 2023, which is lower than the 
previous year; in 2022 - 31.7% [12]. 

In summary, despite the increasing effectiveness of preventive screenings and improved 
early detection rates, PC continues to experience a relatively high incidence of new cases each 
year, with a five-year survival rate of only 30.2%, meaning only one in three survives the five-year 
mark. The paucity, variability, and subtlety of symptoms, along with their similarity to various non-
core conditions, contribute to the neglect and progression of the disease, even during regular 
follow-up. This requires oncologists, primary care providers, and, of course, endocrinologists, 
radiologists, and ultrasound specialists to increase cancer awareness, inform the public about 
early symptoms that may indicate this pathology or the onset of proliferative changes, and 
implement high-tech diagnostic procedures, including for the purpose of differential diagnosis 
and, consequently, timely treatment. People at risk are advised to visit specialized specialists 
annually and, if necessary, undergo screening. 

An epidemiological assessment of the PC situation in our country shows that there are 
sometimes significant regional differences not only in incidence rates but also in early diagnosis 
and mortality rates. Therefore, this pathology continues to be a serious problem in modern clinical 
oncology. 
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Аннотация: 
В современных условиях формирования открытого и многообразного общества 

развитие межкультурной религиозной толерантности среди школьников приобретает 
особое значение. Актуальность темы обусловлена необходимостью воспитания уважения к 
различным культурным и религиозным традициям, предотвращения дискриминации и 
формирования навыков мирного сосуществования. В статье рассматриваются практические 
модели, применяемые в школах: интеграция знаний о мировых религиях в учебный процесс, 
организация совместных проектов и мероприятий, использование интерактивных методов 
обучения, а также вовлечение семьи и местного сообщества. Эти подходы способствуют 
формированию у учащихся ценностей толерантности, социальной ответственности и 
уважения к культурным различиям.  

Ключевые слова:  Межкультурная толерантность, религиозная толерантность, 
школьное образование, практика обучения, межрелигиозное сотрудничество, воспитание 
уважения, мультикультурное общество, образовательные проекты, интерактивные методы, 
семейное и сообщественное.  

 
Введение  
В современном глобализированном обществе система образования рассматривается 

не только как инструмент академического обучения, но и как важный институт, 
направленный на формирование у подрастающего поколения социальных, культурных и 
религиозных ценностей. Особенно в многонациональных и мультиконфессиональных 
обществах религиозная толерантность является одним из ключевых факторов, повышающих 
способность молодежи жить в мире и согласии. 

Религиозная толерантность — это уважение к вероисповеданию других людей, 
принятие собственной веры без сравнения её с чужой и способность поддерживать 
религиозное разнообразие. Школа — это основная социальная среда, предоставляющая 
возможность знакомиться с различными культурными и религиозными практиками. 
Международный опыт показывает, что уровень религиозной толерантности у молодежи 
можно значительно повысить путем внедрения в школьную образовательную программу 
специальных методических моделей. Такие модели включают практические методы, такие 
как диалоговые занятия, проектная работа, ролевые игры и интерактивные тренинги. 

Цель исследования — выявить пути повышения религиозной толерантности среди 
молодежи через практические модели в школах. 
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Задачи исследования: 

 проанализировать опыт развития религиозной толерантности в школе; 
 сравнить международный опыт; 
 разработать эффективные методические рекомендации. 

Исследовательские вопросы: 

 какие методы наиболее эффективно развивают религиозную 
толерантность в школах; 

 какой международный опыт может служить примером для наших 
школ; 

 какие основные препятствия существуют в развитии религиозной 
толерантности? 

Проблема религиозной толерантности активно изучается в сфере образования в 
последние десятилетия. Международные исследования показывают, что школьное 
образование играет решающую роль в формировании религиозных убеждений молодежи 
(Banks, 2015; UNESCO, 2020). В условиях религиозного плюрализма способность молодежи 
уважать чужие верования напрямую влияет на их социальную адаптацию, а также на жизнь 
в мире и согласии. 

Некоторые исследования показывают, что для повышения уровня религиозной 
толерантности в школах эффективны интерактивные занятия, проектная работа, совместное 
проведение культурных и религиозных праздников, а также организация политических и 
социальных диалогов (Smith, 2018; Müller, 2019). Например, в школах Германии и 
Нидерландов введены специальные курсы, направленные на знакомство учащихся с 
различными религиями и культурами. Эти курсы помогают ученикам формировать уважение 
и взаимопонимание с представителями других религий. 

В казахстанских исследованиях также рассматриваются пилотные проекты, 
направленные на повышение религиозной толерантности в школах. В некоторых школах 
через интерактивные тренинги и семинары изучались религиозные представления и 
стереотипы учащихся. Результаты показали, что для развития религиозной толерантности 
важны активное участие учеников, готовность к открытому диалогу и способность уважать 
культурные особенности (Серикбаев, 2021). 

Результаты исследования показали, что 65% учеников оценили свою способность 
проявлять уважение к представителям других религий на высоком уровне. 20% учеников 
иногда пытались навязывать свое мнение другим, а 15% сохранили религиозные 
стереотипы. Большинство учителей (80%) считали интерактивные занятия и ролевые игры 
эффективными методами, а 70% заявили о готовности поддерживать диалоговые проекты 
среди учеников. 

Среди школьных практических моделей наибольшую эффективность показали 
диалоговые занятия, проектная работа и ролевые игры. На диалоговых занятиях ученики 
выражали свои убеждения и уважали друг друга. В проектной работе совместное 
проведение культурных и религиозных праздников способствовало формированию 
взаимопонимания. В ролевых играх ученики выступали в роли представителей различных 
религий, что способствовало развитию эмпатии к другим верованиям. (См. рисунок 1)  
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По сравнению с 

международным 
опытом, в школах 

Германии, 
Нидерландов и 
Финляндии внедрены 

кросс-культурные 
тренинги и 
специальные курсы. 
Эти модели могут 
служить примером для 
школ, в которых 
проводилось наше 

исследование, 
поскольку они 
повышают уровень 
взаимного уважения и 
понимания среди 
учеников. Результаты 

исследования показали, что практические модели в школе эффективны для развития 
религиозной толерантности. Их преимущества: активное участие учеников, развитие 
эмпатии, получение практического опыта. 

Тем не менее, были выявлены некоторые препятствия: у некоторых учеников 
сохраняются религиозные стереотипы, некоторые учителя не имеют опыта применения 
интерактивных методов, а программы иногда могут не соответствовать традиционной 
учебной программе. При внедрении международного опыта необходимо учитывать 
культурные и контекстные особенности. 

Преимущества практических моделей, выявленные в исследовании: 

1. Активное участие учеников — возможность не только слушать, но и 
выражать собственное мнение. 

2. Развитие эмпатии — через ролевые игры формируется способность 
понимать другие верования. 

3. Практический опыт — проекты и мероприятия способствуют 
укреплению восприятия культурного и религиозного разнообразия. 

Препятствия: у некоторых учеников сохраняются религиозные стереотипы, 
некоторые учителя не имеют опыта применения интерактивных методов, программы иногда 
могут не соответствовать традиционной учебной программе. При внедрении 
международного опыта необходимо учитывать культурные особенности. 

Казахстан — многоэтничная страна с самой большой территорией в Центральной 
Азии, в которой проживает более ста этнических групп. Она занимает стратегически важное 
положение, и образовательные учреждения играют важную роль в организации и развитии 
навыков толерантности. В этом контексте несколько лет назад правительство Казахстана 
внедрило в образовательные программы предмет «Религиоведение», который направлен 
на расширение кругозора людей, воспитание толерантности и освещение проблемы 
религиозного экстремизма. Эти курсы призваны помочь молодежи оценивать потенциально 



 

 

 «European Research Materials» (February 26-27, 2026). Amsterdam, Netherlands 

219 

опасные ситуации, связанные с проявлением нетерпимости, и обучать их правильному 
поведению при столкновении с манипуляцией. Они также предоставляют информацию о 
помощи жертвам, находящимся под влиянием религиозных организаций и культов с 
тоталитарной и экстремистской направленностью. Занятия проводятся в светской форме и 
не навязывают учащимся какую-либо конкретную веру. Однако во многих странах мира 
внедрение этих курсов подвергалось критике. 

Территория Казахстана изначально заселялась племенами тюркского происхождения 
— аргынами, кхазарами, карлуками, усунами, кипчаками и куманами. В период с 1456 по 
1465 годы на территории страны обосновалось ханство Абу-ль-Хайра. Исламские татарские 
миссионеры сыграли важную роль в распространении культурных традиций и 
межэтнических отношений по степям Центральной Азии. В XVII веке Россия постепенно 
колонизировала регион, что привело к его полной аннексии к середине XIX века. 
Консолидация власти Сталина в советский период привела к прибытию большого числа 
русских, диссидентов и представителей национальных меньшинств (немцев, чеченцев, 
татар, калмыков) с других советских территорий. После обретения независимости в 1991 
году Казахстан стал домом для различных мигрантских групп индо-иранского, корейского и 
чеченского происхождения (Akiner; Olcott). 

Несмотря на то, что Казахстан считается мусульманской страной, его религиозный 
состав сложен. Согласно Отчету о международной религиозной свободе 2010 года, 
подготовленному Бюро по вопросам демократии, прав человека и труда США, примерно 65 
% населения исповедуют ислам. Этнические казахи, составляющие почти 60 % населения, а 
также узбеки, уйгуры и татары, которые вместе составляют менее 10 %, исторически 
являются суннитами ханафитского мазхаба. Другие исламские группы составляют менее 1 % 
населения. Примерно треть населения, включающая русских, украинцев и белорусов, 
традиционно является православными христианами. Римско-католическое население 
(украинцы и немцы) составляет около 1 %. Другие христианские группы включают 
пресвитериан, лютеран, пятидесятников и свидетелей Иеговы. Небольшие сообщества 
методистов, меннонитов и мормонов зарегистрированы в специальном казахстанском 
реестре религиозных организаций. Еврейская община оценивается менее чем в 1 % 
населения. Отчет также упоминает буддистские группы, движение Харе Кришна, Церковь 
Саентологии, бахаистов, христианских ученых и Церковь объединения. 

Принципы взаимоотношений между религиями и казахстанским государством были 
сформулированы в «Законе о религиозной свободе и религиозных объединениях» 
(Ведомости Верховного Совета Республики Казахстан) 15 января 1992 года. Первая 
Конституция независимого Казахстана была принята в 1993 году и изменена в 1995 году 
после национального референдума. В своем докладе о Казахстане для Конгресса 
Международной ассоциации сравнительного права (IACL) Роман Подопригора (2009) 
суммирует основные положения Конституции в отношении религиозных вопросов: статья 5, 
пункт 3 запрещает создание и функционирование общественных объединений, 
преследующих цели или действия, направленные на разжигание социальной, расовой, 
национальной, религиозной, классовой и племенной вражды; пункт 5 регулирует 
деятельность иностранных религиозных объединений, а также назначение руководителей 
религиозных объединений иностранными религиозными центрами. Статья 14, пункт 2 
гарантирует отсутствие дискриминации по признаку происхождения, социального или 
имущественного положения, рода занятий, пола, расы, национальности, языка, отношения 
к религии, убеждений, места жительства или иных обстоятельств. Статья 20, пункт 3, 
запрещает пропаганду или агитацию за социальное, расовое, национальное, религиозное, 
классовое или клановое превосходство, а также культ жестокости и насилия. Статья 22 
полностью посвящена религиозным вопросам: пункт 1 гарантирует каждому право на 
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свободу совести; пункт 2 уточняет, что право на свободу совести не должно ограничивать 
универсальные права и обязанности человека перед государством (Podoprigora 460). Как 
отмечает автор, правительство осуществляет строгий контроль за различными видами 
религиозной деятельности. Комитет национальной безопасности (КНБ) отвечает за борьбу с 
религиозным экстремизмом, что является приоритетом службы внутренней разведки. 

Казахстан является светским государством, где религиозные объединения равны 
перед законом, и ни одна религия не получает поддержки или защиты со стороны 
государства. Хотя закон устанавливает, что государство не вмешивается в деятельность 
религиозных объединений и гарантирует свободу совести (статья 22 Конституции), 
функционирование нерегистрируемых объединений не допускается. Статья 39 
предусматривает, что личная свобода может быть ограничена законом для защиты 
конституционного строя и общественного порядка. Таким образом, хотя 
нерегистрированная религиозная деятельность не считается угрозой по конституционному 
праву, ее функционирование не разрешено. 

Позднее были установлены специальные административные процедуры. В 1999–
2000 годах был подготовлен закон «О свободе совести и религиозных объединениях в 
Республике Казахстан». В 2000 году правительство предприняло меры по выявлению 
потенциально «опасных» религиозных групп через создание «Совета по взаимодействию с 
религиозными объединениями». Религиозные группы обязаны были регистрироваться в 
этих местных советах для обеспечения государственного контроля. Наиболее радикальные 
группы не регистрировались в Совете, тогда как другие группы, которые могли бы попасть 
под влияние радикалов, выбирали регистрацию ради предоставляемых государством 
стимулов. Эти меры были направлены на демонстрацию законной обеспокоенности 
казахстанского правительства ростом неконтролируемого радикализма, который мог 
возникнуть в результате конфликтов в других странах Центральной Азии за спорные 
территории. 

Другое постановление правительства от 30 декабря 2005 года учредило специальный 
административный орган — «Комитет по делам религий», входящий в систему 
Министерства юстиции. Этот комитет создан для защиты граждан в вопросах «свободы 
совести, укрепления взаимопонимания, воспитания толерантности между различными 
религиозными объединениями и содействия сотрудничеству религиозных объединений с 
государством» (Podoprigora 462). Закон предусматривает допустимые виды религиозных 
объединений (местные общины, религиозные центры, духовные учебные заведения и 
религиозные монастыри), которые считаются некоммерческими организациями, но 
отличаются от прочих НКО. В 2008 году было зарегистрировано более 4000 религиозных 
объединений (Podoprigora 458; см. также Trofimov). 

На встрече ОБСЕ в Мадриде в 2007 году министр иностранных дел Казахстана Марат 
Тажин подчеркнул: «Общеизвестно, что одним из важнейших достижений Казахстана в 
гуманитарной сфере является обеспечение межэтнического и межрелигиозного согласия. 
Особое внимание к укреплению диалога между религиями и людьми — это императив 
нашего времени» (http://www.kazakhstan-osce.org/content/address-he-drmarat-tazhin-
minister-foreign-affairs-republic-kazakhstanosce-ministerial-mee). Тажин также заявил, что 
опыт Казахстана в продвижении религиозной толерантности и свободы вероисповедания 
является «примерным», добавив, что страна проводила два Конгресса мировых и 
традиционных религий, объединяя духовных лидеров основных конфессий. В следующем 
году он отметил приверженность Казахстана сотрудничеству с Организацией исламского 
сотрудничества (ОИС) и ОБСЕ для укрепления межрелигиозного и межэтнического диалога 
на всех уровнях (http://www.kazakhembus.com/index.php?page=osce-chairmanship). Однако 
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его заявления критиковались как «подготовленные в советском стиле сверху вниз» и как 
«речь, не ставшая реальностью» (Forum 18 News Service «Broken Promises» 13 & 33). 

Согласно Отчету США о международной религиозной свободе 2010 года, 
религиозные законы предоставляли казахстанскому правительству «широкие полномочия 
по идентификации и признанию группы экстремистской организацией, запрету 
деятельности такой группы и уголовной ответственности за членство в запрещенной 
организации» (Bureau of Democracy, Human Rights, and Labor Report, 17 ноября 2010). Однако 
на момент составления отчета единственной запрещенной группой была Hizb ut-Tahrir (HT) 
— «экстремистская исламистская политическая организация, мотивированная социально-
религиозной идеологией, яростно антисемитская и антизападная, призывающая к 
свержению светских правительств» (Ibid). Другие аполитические религиозные организации 
на тот момент не признавались экстремистскими. 

В октябре 2011 года были внесены изменения в «Закон о религиозной деятельности 
и религиозных объединениях» и «Закон о внесении изменений и дополнений в ряд 
правовых актов по вопросам религиозной деятельности и религиозных объединений», 
вносящий изменения в девять других законов и нормативных актов. Закон регулировал 
систему регистрации всех религиозных организаций, вводил запреты на 
незарегистрированную религиозную деятельность. Для строительства или открытия новых 
мест культа стало необходимо одобрение центральных и местных органов власти. Поправка 
к статье 375 Кодекса об административных правонарушениях ввела ограничения на 
проведение религиозных обрядов и церемоний, а также на импорт, публикацию и 
распространение религиозной литературы и материалов (Podoprigora 458). 

Государственная программа по противодействию религиозному экстремизму и 
терроризму на 2013–2017 годы вызвала опасения у международного сообщества. 
Некоторые зарубежные наблюдатели заявили, что религиозная свобода может пострадать. 
Среди причин указывались: наблюдение за общественными местами и мониторинг СМИ; 
введение «религиоведения» как обязательного предмета для 9-х классов средних школ, а 
также для первых курсов средних, специальных и высших учебных заведений, где 
значительная часть курса посвящена профилактике проявлений экстремизма и терроризма; 
контроль за распространением религиозной литературы; контроль за незаконными местами 
культа; назначение иностранных ученых/богословов в казахстанские образовательные 
учреждения (Felix Corley, Forum 18, 6 мая 2013). 

Универсальный периодический отчет по свободе религии и вероисповедания (UPR) 
от 14 марта 2014 года указал, что из 46 признанных религиозных конфессий лишь 17 
остались признанными казахстанской администрацией после процесса регистрации. 
Причины могли быть связаны с требованием, чтобы местные общины насчитывали более 50 
взрослых членов, а их имена и личные данные регистрировались. Отчет UPR составлен 
консорциумом организаций, включая Open Doors, Международный институт религиозной 
свободы (IIRF) и Всемирный евангельский альянс (WEA). В отчете также отмечается, что 
регистрация личных данных могла сделать людей уязвимыми для дискриминации на 
некоторых государственных должностях. 

Согласно тому же отчету, некоторые религиозные группы этнических меньшинств 
Казахстана не желали повторно регистрироваться, и их собрания для поклонения были 
запрещены. Некоторые, например христиане-баптисты, применяли политику гражданского 
неповиновения и отказывались регистрироваться. В результате летом 2013 года полиция 
наложила штрафы на 18 баптистов за проведение богослужений без разрешения 
государства. В январе 2014 года было зарегистрировано 4 случая заключения под стражу. 
Аналогично, согласно отчету Комиссии ООН по правам человека 2014 года, количество 
зарегистрированных религиозных организаций в Казахстане сократилось с 46 до 17, а 



 

 

 Proceedings of the 12th International Scientific Conference 

222 

зарегистрированные религиозные гражданские группы уменьшились с 4551 до 3088. Из 666 
ранее зарегистрированных протестантских религиозных объединений только 462 были 
перерегистрированы; из 48 «нетрадиционных» религиозных групп зарегистрированы только 
16. К 2013 году зарегистрированы были только мусульманские группы, аффилированные с 
государственным Духовным управлением мусульман, тогда как шииты и ахмадиты не 
получили правовой статус; мусульманские мечети, посещаемые преимущественно 
представителями определенных этнических групп, также были исключены. Католические 
общины были освобождены в связи с соглашением с Святым Престолом. 

Несмотря на все негативные отчеты, авторы надеются показать, что Казахстан 
постоянно готов сотрудничать с внешними оценками, проводимыми ООН, Европейским 
Союзом и другими международными организациями, демонстрируя усилия по приведению 
своей системы к международным стандартам. 

UPR 2014 рекомендовало предпринять меры для обеспечения того, чтобы все 
религиозные общины могли осуществлять свободу вероисповедания и отменить запрет на 
незарегистрированную религиозную деятельность. Также рекомендовалось активизировать 
усилия по дальнейшей демократизации всех органов власти, защите свободы выражения 
мнений, включая право исповедовать свои убеждения, защиту права на импорт, публикацию 
и распространение религиозной литературы, а также стимулировать участие меньшинств. В 
этом же отчете CERD/C/KAZ/CO/6-7 о ликвидации расовой дискриминации выражена 
обеспокоенность низким процентом студентов этнических меньшинств — только 35 %, что 
составляет 7,8 % студентов вузов. Отчет рекомендует принять специальные меры для 
улучшения доступа этих групп к образованию, одновременно отмечая растущее качество 
преподавания языков меньшинств в Казахстане. 

После отчетного периода 2014 года было рекомендовано пригласить Специального 
докладчика ООН по свободе религии или вероисповедания, Хайнера Билефельдта, для 
посещения Казахстана и оценки ситуации 
(http://www.ohchr.org/EN/NewsEvents/Pages/DisplayNews.aspx?NewsID=14420&LangID=E). 
Текущий министр иностранных дел Ерлан Идрисов и председатель Агентства по делам 
религий Марат Азильханов сообщили дипломатическим представителям 6 марта 2014 года, 
что визит был организован на период с 25 марта по 5 апреля 2014 года. В ходе визита г-н 
Билефельдт отметил, что регистрация религиозных общин приводит к правовой 
незащищенности, нарушает свободу религии и может способствовать напряженности и 
конфликтам (http://www.un.org/apps/news/story.asp?NewsID=47510#.VGSRP8lNdMY). Он 
призвал правительство Казахстана следовать нормам ООН, включая Декларацию о 
ликвидации всех форм нетерпимости и дискриминации на религиозной почве 
(http://www2.ohchr.org/english/bodies/hrc/index.htm). 

Негативной реакцией международного сообщества стал также учебник, который 
Министерство образования Казахстана решило использовать для этих курсов. Профессор 
философии и член Сената Гарифулла Есим и группа коллег (Айдар Абуов, Калимаш 
Бегалинова и Эсбосын Смагулов) были уполномочены работать над «Введением в 
религиоведение», опубликованным в 2010 году издательством «Білім» (принадлежит 
Министерству культуры) в Алматы, который вызвал большой резонанс. Книга содержала 
общую информацию о основных мировых религиях, соблюдая свободу вероисповедания 
согласно Конституции Казахстана. Она была введена в школы в январе 2010 года и на тот 
момент была единственным учебником для курса религиоведения для 9-го класса 
(примерно для детей 14 лет). Однако книга подверглась критике за агрессивный и иногда 
оскорбительный язык по отношению к некоторым казахстанским религиозным сообществам 
(см. Forum 18). Другой учебник также был опубликован в 2010 году профессором Досаем 
Кенжетаевым, Н. Аскаровым, А. Сайлыбаевым и О. Туякбаевым и подвергался критике за 
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неточные определения религий, особенно касающиеся салафизма (ваххабизма).Казахи, 
татары, узбеки, уйгуры и другие азиат. Программы бакалавриата (Graduate/Bachelor) 
включают очные четырехлетние курсы, которые предоставляют обучение на основе 
сочетания теории и практики. Программы магистратуры являются очными двухлетними 
курсами, предоставляющими возможности для получения более высоких должностей в 
государственных, частных и неправительственных секторах, в частности, младших 
преподавательских должностей в вузах и научно-исследовательских институтах, с 
последующим продолжением в PhD-программах. Программы PhD рассчитаны на трехлетнее 
очное обучение и преподаются на трех языках (казахский, русский и один иностранный 
язык). У студентов два научных руководителя — один местный и один международный, а 
также есть возможность выбрать факультативный язык в соответствии с направлением 
стажировки. Каждый год кандидаты проводят по два месяца в стране проживания их 
международного руководителя, что предоставляет отличную возможность изучать не только 
язык, но и культуру выбранной страны, при этом обучение финансируется правительством 
Казахстана. Более подробную информацию о курсах можно найти на сайте университета. 

В настоящее время Казахский национальный университет имени аль-Фараби 
адаптирует свои программы к Регламенту Европейской системы перевода и накопления 
кредитов (ECTS), хотя принципы ECTS пока не полностью внедрены. Австрийское агентство 
по обеспечению качества и аккредитации (Agentur für Qualitätsicherung und Akkreditierung) в 
июле 2013 года оценило несколько программ и пришло к выводу, что требования к 
поступающим ясны и соответствуют целям, соотношение студентов и преподавателей 
отличное, сопоставимое с элитными университетами Европы, хотя результаты обучения 
курсов требуют лучшей гармонизации. В отчете отмечалось, что следует внедрить 
дополнительные формы оценки (помимо двухчасового итогового экзамена), а рабочая 
нагрузка некоторых программ (особенно PhD) слишком велика. Также было отмечено, что 
отношения между студентами и преподавателями очень хорошие с точки зрения 
доступности преподавателей для руководства и консультаций. 

Курсы по «Религиоведению» преподаются казахскими профессорами, 
специализирующимися в данной области. Также приглашаются независимые внешние 
эксперты и иностранные консультанты, специализирующиеся на межрелигиозных и 
межконфессиональных отношениях, в качестве приглашенных преподавателей. 
Университет имеет ряд институциональных партнеров, где студенты могут проходить 
стажировки за границей при поддержке правительства Казахстана. Выпускники программы 
«Религиоведение» могут работать преподавателями в высших и средних специальных 
образовательных учреждениях. Они также могут работать в Министерстве внутренних дел, 
Министерстве иностранных дел, в Комитете национальной безопасности и в Комитете по 
делам религий. 

Курсы по «Религиоведению» в Республике Казахстан включают такие темы, как 
«Религиозные аспекты, связанные с вопросами безопасности», «Психология религиозных 
сект», «Религиозный экстремизм: его природа и формы», «Типы религиозных сект», 
«Мировые религии» и др. Учебные программы этих курсов следуют Руководящим 
принципам ОБСЕ (Toledo Guiding Principles) по преподаванию религий и верований в 
государственных школах, а также руководству Совета Европы 2008 года «Религиозные 
символы и международные права человека». 

Все курсы строятся на практических компетенциях и навыках и включают следующие 
модули: Программно-целевой модуль и Модуль оценки и корректировки. 

Программно-целевой модуль определяет разработку учебного плана, цели и методы 
деятельности в зависимости от уровня выявленных способностей студентов. Он состоит из 
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трех подкомпонентов: мотивационного, информационного и операционного, и реализуется 
через три этапа: предварительный, текущий и ретроспективный. 

1.1. Мотивационно-ценностный подкомпонент отражает положительное 
эмоциональное отношение между знаниями, интересами, мотивами и убеждениями, 
организует и направляет усилия волевой личности, а также когнитивные и практические 
навыки. В Казахстане образовательный процесс построен таким образом, чтобы 
стимулировать мотивацию студентов к успеху в учебе и преодолению трудностей. Если 
студент не активен или проявляет скуку, важно понять причины. Педагогические условия 
формирования мотивационных навыков включают переход роли студентов от объектов 
обучения к субъектам и самоуправляющимся участникам образовательного процесса. 
Групповая работа также способствует индивидуальной мотивации и саморазвитию. 
Готовность преподавателя к реализации учебного предмета является дополнительным 
положительным фактором. 

1.2. Информационно-познавательный подкомпонент позволяет решать задачи, 
связанные с усвоением студентами знаний по конкретным аспектам религиоведения, таким 
как вопросы безопасности. Он также определяет когнитивные потребности студентов в 
связи с курсами религиоведческих дисциплин. В Казахстане основные критерии отбора 
учебных материалов для студентов гуманитарных колледжей, участвующих в курсах 
религиоведческих дисциплин, основываются на принципе научной и практической 
значимости и реальных возможностей образовательного материала. Особое внимание 
уделяется антипропаганде религиозного экстремизма и материалам, соответствующим 
гуманистическим принципам. Контент также адаптируется к возможностям студентов 
определенного возраста и к объему времени, отведенному для изучения предмета. 

1.3. Операционно-деятельностный подкомпонент заключается в создании и развитии 
необходимых знаний и навыков, а также организационных структур в отношении курсов по 
религиоведению в школах и университетах Казахстана. Практическая реализация учебного 
плана включает традиционные формы академической организации: лекции, семинары и 
мастер-классы. Также существует система наставничества при выполнении студентами 
самостоятельных исследований, включающая гибкое сочетание самостоятельного обучения 
и использования различных источников дополнительной информации. Операционное и 
системное взаимодействие с формами учебного процесса и групповой работой также 
доступно студентам, занимающимся самостоятельными исследованиями. 

Модуль оценки и корректировки определяет оценку и самооценку результатов, а 
также план корректирующих действий на основе полученных результатов. Оценка и 
самооценка служит для выявления недостатков и устранения первых угроз. Самоанализ 
проводится преподавателями и профессорами, а оценка также осуществляется 
администрацией школ и университетов. 

Одна из главных целей КазНУ имени аль-Фараби — сближение с международными 
стандартами посредством развития у студентов готовности и способности к обучению на 
протяжении всей жизни, системного пополнения и обогащения профессиональных знаний 
и навыков, полученных в высшем образовании. Таким образом, обучение на бакалавриате, 
в магистратуре и PhD направлено на повышение уровня самостоятельных исследований и 
критического мышления, чтобы студенты могли подходить к профессиональной 
деятельности с прикладной практической точки зрения, используя современные 
технологии. 

Эта студентоцентрированная методика позволяет участникам развивать 
комплексное гуманистическое образование, духовное и практическое. Она учит студентов 
не искать помощи, а самостоятельно решать задачи, развивая критическое мышление, 
свободу выбора и ответственность за принятые решения. В частности, в религиоведении 
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студентоцентрированный подход помогает студентам самостоятельно мыслить и применять 
диагностические инструменты и навыки в условиях экстремистской пропаганды. 

Идеальные учебные ситуации в КазНУ имени аль-Фараби включают содержание, 
которое позволяет выполнять многоуровневые задачи, ориентированные на личность, в 
конкретной дидактической и коммуникативной среде, ориентированной на межличностное 
и критическое общение и рефлексию. В классе симулируются реальные ситуации и 
внедряются методы принятия решений и решения проблем. 

Тесный диалог между преподавателями и студентами является важным 
педагогическим условием и положительно оценивается внешними экспертами программы 
«Религиоведение». Этот диалог не возникает спонтанно, а является результатом 
формальной институциональной организации КазНУ. Сюда входит готовность 
преподавателей кафедры религиоведения к открытой дискуссии, внимательное отношение 
к вопросам студентов, помощь в формировании собственного понимания материала. В 
классе распределение ролей позволяет студентам видеть различные позиции и 
обрабатывать образовательные материалы в контексте реальных проблем, применимых в 
мире за пределами университета. Дискуссии планируются с целью стимулирования анализа 
альтернатив и минимизации конфликтов. Импровизированно создаются зоны для 
моделирования контакта с формами социальной и религиозной экстремистской активности. 

На последнем курсе бакалавриата, а также в магистратуре и PhD студенты 
поощряются к проведению самостоятельных исследований, выбирая темы, 
представляющие для них личный интерес. Когнитивные действия в контексте личной и 
социальной значимости исследовательской ситуации добавляют мотивацию и смысловую 
структуру учебному процессу. Через групповую работу студенты также развивают 
сотрудничество и методологическую рефлексию. 

КазНУ имени аль-Фараби институционализировал регулярную внутреннюю оценку 
учебных программ и работы преподавателей через Центр аккредитации, рейтингов и 
управления качеством, а также через опросы студентов, стремясь соответствовать 
международным стандартам. Внешняя оценка программ «Религиоведение и 
культурология» проводится систематически. Основной проблемой было обнаружено 
избыточное количество учебного материала, что мешает развитию критического мышления. 
Интервью со студентами показали «впечатляющий уровень рефлексии». В отчете также 
отмечается, что нулевая статистика отсева является очень хорошим показателем успеха 
программы, которая формирует высокомотивированных студентов и обеспечивает отличное 
сотрудничество между студентами и преподавателями. 

Данная работа стремилась прояснить недавние споры о роли религиоведческих 
курсов в национальных школах и вузах Республики Казахстан. Авторы были глубоко 
обеспокоены некоторыми международными отчетами по этой теме и надеются, что вся 
представленная информация способствует разъяснению ситуации и формированию более 
прозрачного имиджа образования в Казахстане. 

Кратко резюмируя, в современных школах формирование межкультурной 
религиозной толерантности является ключевым аспектом воспитания гражданской культуры 
и уважения к различиям. Практические модели включают интеграцию знаний о мировых 
религиях в учебный процесс, организацию совместных проектов и мероприятий, 
использование интерактивных методов обучения, таких как ролевые игры и дискуссии, а 
также вовлечение семьи и местного сообщества через экскурсии и культурные обмены. Эти 
подходы способствуют развитию у школьников уважения к культурным и религиозным 
особенностям, формируют навыки мирного сосуществования и снижают проявления 
дискриминации в мультикультурной среде.  
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ABSTRACT 
 
Background and RaƟonale: Non-small cell lung cancer (NSCLC) remains the most prevalent and 
lethal form of thoracic malignancy worldwide, accounƟng for approximately 85% of all lung cancer 
diagnoses. Despite advances in proton therapy, targeted therapies, and immunotherapy, clinical 
outcomes remain subopƟmal due to intratumoral heterogeneity, therapy resistance, and off-target 
systemic toxicity. The raƟonal design of novel radiosensiƟzing nanoparƟcle-drug combinaƟons 
demands a deep understanding of NSCLC's molecular landscape — a gap that large-scale genomic 
and single-cell transcriptomic datasets are uniquely posiƟoned to bridge. 
ObjecƟves: This study pursues three integrated objecƟves: (1) to perform comprehensive 
bioinformaƟcs analysis of publicly available NGS and single-cell RNA sequencing (scRNA-seq) 
datasets to idenƟfy key molecular targets, cell-type-specific vulnerabiliƟes, and tumor 
microenvironment (TME) signatures in NSCLC; (2) to synthesize a library of mulƟcomponent 
nanoparƟcles — including CuO, ZnO, superparamagneƟc Fe₃O₄-decorated hexagonal boron nitride 
(h-BN) nanosheets, Ni-Cu alloys, and Ag-doped lanthanum manganite (Ag:LaMnO₃) — using 
microwave synthesis; and (3) to evaluate the anƟcancer selecƟvity and acute systemic toxicity of 
over 100 novel combinaƟons of these nanoparƟcles with FDA-approved chemotherapeuƟc 
(Gemcitabine, CisplaƟn, CarboplaƟn, Paclitaxel) and targeted agents (TepoƟnib, OsimerƟnib, 
Rybrevant) alongside alkali metal salts (RbCl, CsCl, Rb₂CO₃, Cs₂CO₃) in the context of proton therapy 
enhancement. 
BioinformaƟcs and Database Analysis: Large-scale transcriptomic profiling was performed by 
mining publicly available repositories including TCGA-LUAD/LUSC (The Cancer Genome 
Atlas), GEO (Gene Expression Omnibus, datasets: GSE131907, GSE117570, GSE189357), 
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and CELLxGENE single-cell atlas. Raw NGS data (bulk RNA-seq and whole-exome sequencing) were 
processed through standardized pipelines (STAR aligner, DESeq2, GATK) for differenƟal gene 
expression (DEG) analysis, somaƟc mutaƟon profiling, and copy number variaƟon (CNV) 
assessment. Single-cell RNA-seq datasets comprising >200,000 cells from NSCLC paƟent tumors 
and adjacent healthy Ɵssues were re-analyzed using Seurat and Scanpy frameworks. Cell clustering, 
trajectory inference (Monocle3), and regulon analysis (pySCENIC) revealed transcripƟonally 
disƟnct malignant subpopulaƟons, cancer-associated fibroblast (CAF) niches, and 
immunosuppressive macrophage states within the TME. Pathway enrichment (GSEA, KEGG, 
Reactome) idenƟfied upregulated oxidaƟve stress, metal-ion homeostasis, and DNA damage 
response (DDR) pathways as primary vulnerabiliƟes amenable to nanoparƟcle-mediated 
radiosensiƟzaƟon. Molecular docking and network pharmacology analysis (STRING, Cytoscape) 
were used to map the polypharmacological interacƟons of drug-nanoparƟcle combinaƟons against 
NSCLC driver targets (EGFR, MET, KRAS, TP53, ALK). 
Materials and Methods: NanoparƟcles were synthesized via microwave-assisted hydrothermal 
routes and characterized by XRD, Raman spectroscopy, and FTIR. In vitro anƟcancer acƟvity was 
assessed by MTT assay and Annexin V-FITC/PI flow cytometry on A549 (NSCLC) vs. NHDF (healthy) 
cell lines to compute selecƟvity index (SI). In vivo acute toxicity was evaluated using a dual-model 
plaƞorm: (i) chicken embryo chorioallantoic membrane (CAM) assays with non-invasive 
photoplethysmography (PPG) cardiac monitoring, and (ii) a Wistar rat behavioral maze protocol 
incorporaƟng blood pressure, reacƟve oxygen species (ROS), oxygen saturaƟon, and body 
temperature measurements — quanƟfied via a composite Acute Toxicity Index (ATI). 
Results: scRNA-seq re-analysis idenƟfied a transcripƟonally aberrant NSCLC subpopulaƟon 
characterized by elevated MT1G/MT2A (metallothionein), HMOX1 (heme oxygenase-1), 
and SLC31A1 (copper transporter) expression, providing mechanisƟc raƟonale for the preferenƟal 
cytotoxicity of CuO and ZnO nanoparƟcles in malignant vs. healthy cells. DEG analysis from TCGA 
confirmed overexpression of boron transporter genes (SLC6A12, SLC4A11) in LUAD, supporƟng the 
use of ¹⁰B-enriched h-BN nanosheets for proton/neutron capture therapy. Experimentally, the 
mulƟcomponent formulaƟons achieved a 3–7-fold increase in selecƟvity index compared to 
standard clinical drugs. ZnO-containing combinaƟons demonstrated ~20% superior selecƟvity 
versus CuO-based equivalents. All 50 primary combinaƟons exhibited lower acute toxicity in 
embryo models than their individual clinical counterparts (ATI reducƟon: 1.5–1.8×). FormulaƟons 
remained physicochemically stable (< 3% sedimentaƟon) for 9 months at +4°C. MagneƟc 
nanoparƟcles (Ni-Cu, Ag:LaMnO₃) synthesized with Curie temperatures of 41–45°C demonstrated 
suitability for self-regulated magneƟc hyperthermia, synergizing with the proton beam at reduced 
energies (70 MeV vs. standard 140–240 MeV). 
Conclusions: This study establishes a novel NGS- and scRNA-seq-guided nanoparƟcle design 
framework for NSCLC-targeted proton therapy enhancement. Single-cell and bulk transcriptomic 
analysis from large public databases provided mechanisƟc, target-level jusƟficaƟon for the superior 
performance of CuO, ZnO, and h-BN nanoparƟcle formulaƟons. The integraƟve approach — linking 
genomic vulnerability mapping with mulƟcomponent synthesis, in vitro/in vivo toxicity tesƟng, and 
proton physics — represents a significant methodological advance toward precision nano-
radiotherapy in NSCLC. The proposed combinaƟons offer a cost-effecƟve, repurposing-based 
pathway with a TherapeuƟc Value (TV) 8.7–15.2× higher than standard-of-care monotherapy. 
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1. INTRODUCTION 
 
1.1. Global Epidemiology and Clinical Burden of Non-Small Cell Lung Cancer 

 
Lung cancer remains the foremost cause of cancer-related mortality worldwide, represenƟng a 
persistent and formidable challenge to global oncology. According to the most recent GLOBOCAN 
2022 esƟmates, an esƟmated 2,480,675 new cases of lung cancer were diagnosed and 1,817,469 
deaths were aƩributed to the disease in that calendar year alone, collecƟvely accounƟng for 
approximately 12.4% of all new malignant diagnoses and 18.7% of all cancer deaths globally (Bray 
et al., 2024). ProjecƟons extending to 2050 foresee a further surge to over 3.4 million new cases 
annually, driven by populaƟon aging, ongoing tobacco use in low-income seƫngs, and the 
emergence of non-smoking-related eƟologies including occupaƟonal carcinogen exposure, air 
polluƟon, and geneƟc suscepƟbility (Cao et al., 2024). In the United States alone, lung cancer 
accounted for an esƟmated 127,070 deaths in 2023, outpacing all other malignancies in lethality 
and making it the single largest contributor to cancer mortality for both men and women (Siegel 
et al., 2024). 
Non-small cell lung cancer (NSCLC) represents the dominant histological category, comprising 
approximately 85% of all lung cancer diagnoses and encompassing three principal subtypes: lung 
adenocarcinoma (LUAD), squamous cell carcinoma (LUSC), and large cell carcinoma (Travis et al., 
2015). The LUAD subtype, characterised by its origin in peripheral glandular epithelial cells and its 
strong associaƟon with targetable driver mutaƟons, has become the most intensively studied 
among the three. Despite this scruƟny, the overall prognosis for NSCLC paƟents remains 
discouraging. The average five-year relaƟve survival rate for all stages combined is approximately 
28.4%, and for paƟents diagnosed at stage IV — which consƟtutes more than half of all cases due 
to the characterisƟcally asymptomaƟc early course of the disease — survival drops below 8% 
(Siegel et al., 2024; Cao et al., 2024). This dismal prognosƟc landscape underscores the acute need 
for innovaƟve therapeuƟc strategies that are not only more effecƟve but also safer, more selecƟve, 
and accessible at manageable cost. 
 
1.2. Standard Treatment ModaliƟes and Their Inherent LimitaƟons 
 
The treatment of NSCLC has undergone substanƟal evoluƟon over the past two decades, 
progressing from broadly cytotoxic plaƟnum-based doublet regimens toward increasingly 
individualised molecularly targeted and immune-checkpoint-based approaches. PlaƟnum-based 
doublet chemotherapy, in parƟcular the combinaƟons of gemcitabine with cisplaƟn and 
carboplaƟn with paclitaxel (Taxol), remain the standard first-line treatment backbone for paƟents 
without acƟonable driver mutaƟons, demonstraƟng overall response rates of 25–35% and median 
overall survival of 10–12 months (Schiller et al., 2002; Ohe et al., 2007). Triplet regimens combining 
paclitaxel, cisplaƟn, and gemcitabine have demonstrated high acƟvity in metastaƟc NSCLC, though 
at the cost of increased haematological toxicity, and their place in contemporary pracƟce is 
conƟngent on performance status and comorbidity burden (Comella et al., 2001). The introducƟon 
of third-generaƟon cytotoxic agents substanƟally improved outcomes compared to older 
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regimens, yet response durability remained limited and systemic toxicity remained a clinically 
significant obstacle to dose intensificaƟon and sustained treatment (Hirsch et al., 2001). 
The idenƟficaƟon of oncogenic driver mutaƟons, most notably acƟvaƟng mutaƟons in the 
epidermal growth factor receptor (EGFR) gene and amplificaƟon or overexpression of the 
mesenchymal-epithelial transiƟon (MET) proto-oncogene, transformed NSCLC management by 
enabling precision-targeted therapies. OsimerƟnib, a third-generaƟon EGFR tyrosine kinase 
inhibitor (TKI) with selecƟvity for both sensiƟsing and T790M resistance mutaƟons, has become 
the standard first-line therapy for EGFR-mutant NSCLC, delivering a median progression-free 
survival of 18.9 months in the pivotal FLAURA trial (Ramalingam et al., 2020). However, acquired 
resistance — most commonly via secondary EGFR mutaƟons (C797S), MET amplificaƟon, and small 
cell transformaƟon — limits the durability of response in virtually all paƟents (Westover et al., 
2019). The combinaƟon of tepoƟnib, a highly selecƟve MET inhibitor, with osimerƟnib has recently 
shown promising acƟvity and manageable safety in EGFR-mutated NSCLC paƟents harbouring MET 
amplificaƟon as a mechanism of osimerƟnib resistance, with an objecƟve response rate of 54.5% 
and disease control rate exceeding 80% (Smit et al., 2024). Similarly, amivantamab (Rybrevant), a 
bispecific anƟbody targeƟng both EGFR and MET, has received regulatory approval for EGFR exon 
20 inserƟon mutaƟons, adding a further dimension to the therapeuƟc armamentarium (Park et al., 
2021). Nevertheless, resistance inevitably emerges across all targeted therapy classes, underlining 
the fundamental biological adaptability of NSCLC tumours and the pressing need for 
complementary treatment strategies. 
A central driver of treatment failure across all NSCLC therapeuƟc modaliƟes is intratumoral 
heterogeneity — the coexistence within a single tumour of genomically, epigenomically, and 
phenotypically disƟnct cancer cell subpopulaƟons. This heterogeneity arises through clonal 
evoluƟon under selecƟve therapeuƟc pressure and gives rise to spaƟally and temporally variable 
drug sensiƟvity profiles that confound both biomarker-guided treatment decisions and clinical 
response predicƟons (Dagogo-Jack & Shaw, 2018). Tumour heterogeneity has been increasingly 
implicated in resistance to immune checkpoint inhibitors, with evidence suggesƟng that the clonal 
architecture of the tumour — including the proporƟon of clonal versus subclonal neoanƟgens — 
determines the degree and durability of the anƟ-tumour immune response (Litchfield et al., 2021). 
The need to address heterogeneity-driven resistance at a mechanisƟc level has therefore emerged 
as one of the defining prioriƟes of contemporary NSCLC research. 
 
1.3. Proton Therapy: Physical Principles, Clinical RaƟonale, and Current LimitaƟons 
RadiaƟon therapy remains a cornerstone of NSCLC management, employed with curaƟve intent in 
early-stage disease and as definiƟve or adjuvant treatment in locally advanced seƫngs. 
ConvenƟonal photon-based radiotherapy, while effecƟve, is constrained by its dose distribuƟon 
characterisƟcs: photon beams deposit energy along their enƟre trajectory, exposing adjacent 
healthy Ɵssues — including heart, spinal cord, oesophagus, and contralateral lung — to clinically 
significant radiaƟon doses that limit dose escalaƟon and contribute to treatment-related morbidity 
(Palma et al., 2010). Proton beam therapy (PBT) offers a disƟnct physical advantage by virtue of 
the Bragg peak phenomenon, whereby protons deposit the majority of their ionising energy at a 
sharply defined depth determined by their iniƟal kineƟc energy, with rapid fall-off of dose beyond 
the peak and negligible exit dose (Mohan & Grosshans, 2017). This characterisƟc allows for highly 
conformal dose delivery to the tumour volume while substanƟally reducing the integral dose to 
surrounding normal Ɵssues, an advantage that is parƟcularly compelling in thoracic malignancies 
where organs at risk are in immediate proximity to the target volume. 
Dosimetric comparaƟve studies and clinical series have consistently demonstrated that intensity-
modulated proton therapy (IMPT) achieves superior sparing of heart, lung parenchyma, and 
oesophagus compared to photon-based intensity-modulated radiotherapy (IMRT) in locally 
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advanced NSCLC, with reducƟons in mean lung dose and mean heart dose that translate into 
clinically meaningful decreases in pulmonary and cardiac toxicity (Chang et al., 2022). A systemaƟc 
review evaluaƟng proton versus photon radiotherapy for NSCLC confirmed improved dosimetric 
sparing of organs at risk with PBT, supporƟng its use parƟcularly in paƟents with compromised 
pulmonary reserve or significant cardiopulmonary comorbidiƟes (Verma et al., 2024). Despite 
these advantages, the biological effecƟveness of proton beams — quanƟfied as the relaƟve 
biological effecƟveness (RBE) — is only modestly higher than that of photons, with a clinically 
assumed fixed RBE of 1.1 represenƟng a simplificaƟon that underesƟmates the LET-dependent 
variability in biological damage at the distal edge of the Bragg peak (Paganeƫ, 2014). In contrast, 
heavy ion therapies employing carbon ions achieve RBE values of 2–3 through a combinaƟon of 
enhanced direct DNA double-strand break inducƟon and reduced dependence on oxygen-
mediated indirect effects, conferring a clear radiobiological superiority for hypoxic, radioresistant 
tumours (Kamada et al., 2015). However, the prohibiƟve infrastructure costs and technical 
complexity of carbon ion therapy centres have limited global access, with fewer than 15 
operaƟonal faciliƟes worldwide. This disparity creates a compelling raƟonale for developing 
pharmacological and nanomaterial strategies that can elevate the biological effecƟveness of the 
more widely available proton beam, effecƟvely bridging the radiobiological gap between proton 
and heavy ion therapy at substanƟally lower cost. 
 
1.4. NanoparƟcle-Based RadiosensiƟzaƟon: Mechanisms and Evidence 
 
The intersecƟon of nanotechnology and radiaƟon oncology has generated a rapidly expanding field 
of nanoparƟcle-mediated radiosensiƟzaƟon, predicated on the physical, chemical, and biological 
mechanisms by which nanoscale materials can amplify the cytotoxic effects of ionising radiaƟon 
within tumour Ɵssue while exploiƟng the differenƟal vulnerability of malignant versus healthy cells 
(Schuemann et al., 2020). The mechanisƟc basis of nanoparƟcle radiosensiƟzaƟon is mulƟfactorial, 
encompassing the local enhancement of radiaƟon dose through photoelectric and Auger electron 
effects, the catalyƟc generaƟon of reacƟve oxygen species (ROS) through Fenton-type reacƟons 
and redox cycling, the perturbaƟon of DNA damage repair pathways, and the inducƟon of 
mitochondrial dysfuncƟon and apoptoƟc cascades (Hainfeld et al., 2008; Schuemann et al., 2020). 
High-atomic-number (high-Z) materials such as gold and plaƟnum nanoparƟcles were among the 
first to be systemaƟcally invesƟgated for radiosensiƟzaƟon due to their strong photoelectric cross-
secƟons, and subsequent research has expanded to encompass a broad spectrum of metal oxide 
and composite nanomaterials with more complex and mulƟfuncƟonal biological acƟviƟes (ReƟf et 
al., 2015). 
Zinc oxide nanoparƟcles (ZnO NPs) have aƩracted parƟcular aƩenƟon as anƟcancer agents due to 
their intrinsic preferenƟal cytotoxicity toward malignant cells. Hanley et al. (2012) demonstrated 
in a landmark study that ZnO NPs selecƟvely induce apoptosis in human cancer cells through a 
mechanism mediated by p53 acƟvaƟon and ROS generaƟon, with minimal toxicity to normal 
fibroblasts at equivalent concentraƟons, establishing the concept of cancer-cell-selecƟve zinc 
oxide cytotoxicity. This selecƟvity is aƩributed in part to the lower intracellular pH and higher 
oxidaƟve baseline of tumour cells, which sensiƟses them disproporƟonately to zinc-ion-mediated 
mitochondrial disrupƟon and oxidaƟve stress amplificaƟon (Premanathan et al., 2011). The 
anƟcancer potenƟal of ZnO NPs has been further demonstrated in lung cancer models, where they 
inhibit A549 cell proliferaƟon, trigger caspase-3-dependent apoptosis, and potenƟate the effects 
of co-administered chemotherapy agents through synergisƟc ROS mechanisms (Dkhil et al., 2021). 
Copper oxide nanoparƟcles (CuO NPs) similarly demonstrate marked selecƟve cytotoxicity toward 
cancer cells. Guo et al. (2016) reported that CuO NPs exerted potent and selecƟve cytotoxicity 
toward the K562 leukaemia cell line while sparing normal cell populaƟons at equivalent doses, a 
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finding aƩributed to the copper ion-mediated oxidaƟve damage and the differenƟal sensiƟvity of 
cancer cells with dysregulated copper homeostasis to cuproptosis-like mechanisms. Subsequent 
studies have confirmed CuO NP efficacy against lung cancer cell lines including A549, with IC₅₀ 
values in the low micromolar range and evidence of mitochondrial pathway apoptosis inducƟon 
(Rajendran et al., 2023). A recent invesƟgaƟon of ZnO-CuO nanocomposites demonstrated 
synergisƟc anƟcancer acƟvity exceeding that of either component alone against human lung 
cancer cells, supporƟng the raƟonale for combining these metal oxide species within 
mulƟcomponent formulaƟons (Olatunde et al., 2025). 
Hexagonal boron nitride (h-BN) nanosheets represent a structurally disƟnct class of two-
dimensional nanomaterials with emerging relevance to cancer nano-radiotherapy. The unique 
property of h-BN that renders it parƟcularly valuable in the context of proton and neutron capture 
therapy is its high natural abundance of the ¹⁰B isotope (approximately 20%), which undergoes the 
¹⁰B(n,α)⁷Li nuclear capture reacƟon with thermal neutrons to produce high-LET alpha parƟcles and 
lithium ions with a combined path length of approximately 14 µm — commensurate with the 
diameter of a single cell — resulƟng in targeted, highly localised cell death (Barth et al., 2012). 
Zhang et al. (2021) demonstrated that a ¹⁰B-enriched boron nitride nanosheet system combined 
with neutron irradiaƟon achieved noteworthy anƟtumour efficacy in triple-negaƟve breast cancer, 
establishing the proof-of-concept for h-BN-based capture radiotherapy. The funcƟonalisaƟon of h-
BN nanosheets with superparamagneƟc Fe₃O₄ nanoparƟcles creates mulƟfuncƟonal 
nanocomposites capable of MRI-guided tumour localisaƟon, magneƟc field-directed tumour 
targeƟng, magneƟc hyperthermia inducƟon, and capture therapy in a single theranosƟc plaƞorm 
(Poornima et al., 2023). SuperparamagneƟc iron oxide nanoparƟcles (SPIONs) in alternaƟng 
magneƟc fields generate localised heat through Néel relaxaƟon and Brownian rotaƟon 
mechanisms, raising tumour temperatures to the hyperthermic range (41–45°C) sufficient to cause 
direct cytotoxicity to tumour cells, sensiƟse them to radiaƟon through impaired heat shock 
protein-mediated DNA repair, and promote tumour vascular disrupƟon (Pucci et al., 2022). 
MagneƟc nanoparƟcles with precisely tunable Curie temperatures — achievable through 
composiƟonal engineering of Ni-Cu alloys and rare-earth doped perovskites such as Ag:LaMnO₃ — 
offer the addiƟonal safety advantage of self-limiƟng hyperthermia, as heat generaƟon ceases 
intrinsically when the Curie temperature is reached, eliminaƟng the risk of uncontrolled thermal 
damage to surrounding healthy Ɵssue (Rodrigues et al., 2019). 
The synthesis methodology for therapeuƟc nanoparƟcles profoundly influences their 
physicochemical properƟes and biological performance. Microwave-assisted synthesis has 
emerged as a superior approach for the rapid, reproducible, and energy-efficient producƟon of 
metal oxide and composite nanoparƟcles with controlled size, morphology, and crystallinity 
(Bilecka & Niederberger, 2010). Microwave irradiaƟon generates dielectric heaƟng uniformly 
throughout the reacƟon volume, enabling significantly shorter reacƟon Ɵmes (minutes rather than 
hours), narrower parƟcle size distribuƟons, and enhanced batch-to-batch reproducibility 
compared to convenƟonal hydrothermal or co-precipitaƟon methods. These properƟes are criƟcal 
for biomedical applicaƟons where precise control of nanoparƟcle surface area, zeta potenƟal, and 
dissoluƟon kineƟcs determines both efficacy and safety profiles (Gawande et al., 2014). 
Comprehensive physicochemical characterisaƟon using X-ray diffracƟon (XRD), Raman 
spectroscopy, and Fourier-transform infrared spectroscopy (FTIR) is essenƟal for confirming phase 
purity, crystallographic idenƟty, and surface funcƟonal group composiƟon of synthesised 
nanomaterials, providing the structural foundaƟon upon which biological acƟvity data can be 
meaningfully interpreted (Poornima et al., 2023). 
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1.5. Single-Cell Transcriptomics and Next-GeneraƟon Sequencing as Tools for MechanisƟc 
Target Discovery in NSCLC 

 
The advent of next-generaƟon sequencing (NGS) technologies and, subsequently, single-cell RNA 
sequencing (scRNA-seq) has fundamentally transformed the understanding of NSCLC biology by 
enabling the resoluƟon of tumour complexity at unprecedented cellular and molecular granularity. 
Bulk RNA-seq profiling of large NSCLC cohorts through landmark iniƟaƟves such as The Cancer 
Genome Atlas (TCGA) LUAD and LUSC projects — encompassing over 1,000 paƟent tumours with 
matched normal Ɵssue, whole-exome sequencing, DNA methylaƟon, copy number variaƟon, and 
protein expression data — has established the molecular taxonomies of NSCLC subtypes, idenƟfied 
recurrent driver mutaƟons, and uncovered transcripƟonal programmes associated with poor 
prognosis and therapeuƟc resistance (Cancer Genome Atlas Research Network, 2014; Network, 
2012). IntegraƟve analysis of TCGA and GEO databases has been widely employed to idenƟfy 
differenƟally expressed genes and prognosƟc biomarkers across NSCLC subtypes, enabling the 
discovery of novel therapeuƟc targets and the raƟonal reprioriƟsaƟon of exisƟng drugs (Ding et al., 
2018; Chen et al., 2024). Specifically, RNA-seq analyses have revealed the existence of disƟnct 
transcripƟonal subtypes within LUAD — including terminal respiratory unit (TRU), proximal 
inflammatory (PI), and proximal proliferaƟve (PP) subtypes — with differenƟal sensiƟvity to EGFR 
inhibitors and chemotherapy, providing a genomic framework for treatment straƟficaƟon 
(Wilkerson et al., 2012). 
Single-cell RNA sequencing has advanced this understanding considerably further by dissecƟng the 
cellular heterogeneity of NSCLC tumours at single-cell resoluƟon. scRNA-seq analysis of NSCLC 
paƟent specimens, including analyses based on the widely uƟlised datasets GSE131907 and 
GSE117570 deposited in the GEO repository, has idenƟfied discrete malignant cell subpopulaƟons 
with disƟnct transcripƟonal programmes governing proliferaƟon, epithelial-to-mesenchymal 
transiƟon (EMT), drug resistance, and metastaƟc competence within individual tumours (Kim et 
al., 2020). Trajectory inference analyses performed using computaƟonal frameworks such as 
Monocle and RNA velocity have further revealed the lineage relaƟonships and differenƟaƟon 
hierarchies among malignant subpopulaƟons, idenƟfying putaƟve cancer stem cell states with high 
plasƟcity and resistance to both chemotherapy and targeted therapy (Qian et al., 2020). Studies 
integraƟng scRNA-seq with spaƟal transcriptomics have characterised the complex cellular 
ecosystem of the NSCLC tumour microenvironment (TME), resolving the spaƟal organisaƟon of 
malignant epithelial cells, cancer-associated fibroblasts (CAFs), tumour-associated macrophages 
(TAMs), dendriƟc cells, and diverse lymphocyte subsets, and elucidaƟng the ligand-receptor 
communicaƟon networks that sustain immunosuppression, angiogenesis, and stromal remodelling 
(Lambrechts et al., 2018; Kim et al., 2024). These spaƟally-resolved TME maps have idenƟfied TAM 
subpopulaƟons with immunosuppressive SPP1⁺ and FOLR2⁺ phenotypes as parƟcularly prevalent 
in tumours with poor immunotherapy responses, offering mechanisƟc insight into immune evasion 
that is invisible to bulk sequencing approaches (Zilionis et al., 2019). 
Of parƟcular relevance to nanoparƟcle-based therapy, large-scale transcriptomic analyses of 
NSCLC have consistently revealed the upregulaƟon of genes governing metal ion homeostasis and 
oxidaƟve stress response in malignant cells compared to normal lung parenchyma. Pan-cancer 
transcriptomic analyses uƟlising TCGA data have demonstrated that copper transporter genes — 
parƟcularly SLC31A1 (encoding the high-affinity copper importer CTR1), ATP7A, and ATP7B — are 
differenƟally expressed across tumour types including lung adenocarcinoma, with SLC31A1 
overexpression correlaƟng with altered sensiƟvity to plaƟnum-based chemotherapy and copper-
dependent cuproptosis mechanisms (Pan et al., 2024). Metallothioneins, a family of cysteine-rich 
metal-binding proteins including MT1G and MT2A, are highly induced in NSCLC cells under 
condiƟons of oxidaƟve stress and metal exposure, funcƟoning both as ROS scavengers and as 
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buffers of intracellular copper and zinc concentraƟons that modulate cellular responses to metal 
oxide nanoparƟcles (Hu et al., 2024). The transcriptomic overrepresentaƟon of these metal 
homeostasis pathways in NSCLC cells relaƟve to non-malignant fibroblasts and epithelial cells 
provides a genomic mechanisƟc basis for the preferenƟal cytotoxicity observed when CuO and ZnO 
nanoparƟcles are administered to mixed cell populaƟons, thereby lending transcriptomic-level 
validaƟon to the experimental selecƟvity indices documented in nanoparƟcle cytotoxicity studies. 
AddiƟonally, scRNA-seq has revealed the upregulaƟon of boron transporter genes and specific 
transmembrane anion channels in malignant epithelial NSCLC cells relaƟve to normal alveolar type 
II cells, providing a cellular specificity raƟonale for the selecƟve accumulaƟon and tumoricidal 
efficacy of ¹⁰B-loaded h-BN nanosheets in lung tumour Ɵssue (Barth et al., 2012). 
The integraƟon of NGS-derived somaƟc mutaƟon profiles, copy number alteraƟons, and 
transcriptomic data with single-cell resoluƟon provides an indispensable molecular scaffold for the 
raƟonal design of mulƟcomponent nanoparƟcle formulaƟons. Pathway enrichment analyses 
employing tools such as Gene Set Enrichment Analysis (GSEA) and Reactome allow idenƟficaƟon 
of the signalling cascades most prominently acƟvated in specific NSCLC cell subpopulaƟons, 
enabling the selecƟon of drug combinaƟons whose pharmacological targets are transcriptomically 
validated as upregulated in the malignant compartment. Network pharmacology analyses using 
protein interacƟon databases such as STRING and Cytoscape further enable the predicƟon of drug-
target interacƟon networks, facilitaƟng the idenƟficaƟon of combinatorial regimens with mulƟ-
target synergy and reduced likelihood of single-mechanism resistance (Hopkins, 2008). This 
bioinformaƟcs-guided approach to combinaƟon therapy design represents a fundamental 
methodological advance over empirical drug screening, anchoring the selecƟon of acƟve 
components in genomic evidence rather than trial-and-error experimentaƟon. 
 
1.6. Drug Repurposing and MulƟcomponent CombinaƟon Strategies 
 
The translaƟon of new molecular enƟƟes from discovery to clinical approval is an extraordinarily 
resource-intensive process, requiring on average 12–15 years and costs exceeding $2.6 billion per 
approved drug, with a clinical success rate below 10% (DiMasi et al., 2016). Drug repurposing — 
the systemaƟc exploraƟon of novel therapeuƟc indicaƟons for compounds with established safety 
profiles and known pharmacokineƟcs — offers a compelling alternaƟve that bypasses the most 
costly and Ɵme-consuming phases of preclinical development (Pushpakom et al., 2019). In the 
context of NSCLC, repurposing efforts have encompassed a broad spectrum of exisƟng agents, 
including non-steroidal anƟ-inflammatory drugs, anƟdiabeƟc agents (meƞormin), and 
anƟmicrobials, with several demonstraƟng promising synergy with standard chemotherapy in 
preclinical models (Zhou et al., 2023). The raƟonale for combining FDA-approved chemotherapy 
agents with repurposed drugs and novel nanotechnology-derived components is parƟcularly 
compelling when the mulƟcomponent formulaƟon demonstrates super-addiƟve — i.e., synergisƟc 
— effects that cannot be explained by simple addiƟvity of individual component acƟviƟes. 
Methodological frameworks for quanƟfying drug combinaƟon synergy, including the Chou-Talalay 
combinaƟon index method and isobolographic analysis, provide rigorous mathemaƟcal tools for 
disƟnguishing true synergy from addiƟve or antagonisƟc interacƟons (Hou et al., 2022). 
Alkali metal salts of rubidium and caesium have aƩracted intermiƩent interest as potenƟal 
anƟcancer adjuvants since early observaƟons by Sartori (1984) that dietary supplementaƟon of 
high-pH alkali metal diets, including rubidium and caesium, was associated with reduced cancer 
incidence in certain geographic populaƟons, and the subsequent demonstraƟon by Brewer (1984) 
that oral caesium chloride administraƟon produced objecƟve tumour regression in a clinical series 
of 50 paƟents with a variety of advanced cancers. The mechanism proposed involves the 
preferenƟal uptake of Rb⁺ and Cs⁺ ions by rapidly dividing tumour cells via potassium transport 
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channels (due to ionic radius similarity to K⁺), followed by intracellular accumulaƟon that alkalinises 
the cytoplasm, impairs glycolysis-dependent ATP generaƟon, and disrupts mitoƟc spindle 
formaƟon (Sartori, 1984). More recently, Kaur et al. (2025) demonstrated potent in vivo 
anƟtumour acƟvity of rubidium ions in a glioblastoma model with no detectable adverse effects 
on major organs, providing a contemporary preclinical validaƟon of the anƟcancer potenƟal of this 
alkali metal. The non-monotonic toxicity profiles of caesium salts, however, mandate rigorous 
dose-opƟmisaƟon and mulƟ-organ safety evaluaƟon before their clinical applicaƟon, as the 
therapeuƟc index between anƟ-tumour acƟvity and systemic toxicity is relaƟvely narrow (Brewer, 
1984). 
Dimethyl sulphoxide (DMSO) occupies a dual role in the present research as both a 
pharmacological membrane permeabiliser and a putaƟve direct anƟcancer agent. As a small 
amphiphilic molecule, DMSO intercalates into lipid bilayers, transiently increasing membrane 
fluidity and permeability in a concentraƟon-dependent manner, thereby facilitaƟng the 
intracellular delivery of co-administered drugs and nanoparƟcles that would otherwise be limited 
by membrane barrier resistance (Notman et al., 2006). Beyond its role as a vehicle, DMSO exhibits 
direct anƟproliferaƟve and pro-differenƟaƟng effects on malignant cells, funcƟoning through 
upregulaƟon of the tumour suppressor HLJ1, inhibiƟon of epithelial-to-mesenchymal transiƟon, 
and aƩenuaƟon of cancer cell invasion and migraƟon (Ting et al., 2012). A recent systemaƟc review 
by Soriano et al. (2023) comprehensively evaluated the evidence base for DMSO as a cancer 
therapeuƟc adjuvant and concluded that its contribuƟon to treatment efficacy is mechanisƟcally 
substanƟated and clinically underappreciated, warranƟng its formal inclusion in mulƟcomponent 
oncological formulaƟons at appropriately validated concentraƟons. 
 
1.7. Preclinical EvaluaƟon Frameworks: In Vitro SelecƟvity and In Vivo Acute Toxicity 
 
The systemaƟc evaluaƟon of novel anƟcancer combinaƟons requires robust and validated 
preclinical tesƟng plaƞorms that can reliably predict both efficacy and safety prior to clinical 
translaƟon. In vitro cytotoxicity assessment using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) metabolic acƟvity assay — introduced by Mosmann (1983) 
and extensively employed since — enables the determinaƟon of half-maximal inhibitory 
concentraƟon (IC₅₀) values and the calculaƟon of selecƟvity indices (SI = IC₅₀ in normal cells / IC₅₀ 
in cancer cells) that quanƟfy the therapeuƟc window of candidate compounds with respect to their 
differenƟal toxicity toward malignant versus healthy cell populaƟons (Aliabadi et al., 2024; Khan et 
al., 2022). Complementary characterisaƟon of cell death mechanisms using Annexin V-
FITC/propidium iodide (PI) dual staining and flow cytometric analysis allows quanƟtaƟve 
discriminaƟon between viable, early apoptoƟc, late apoptoƟc, and necroƟc cell fracƟons, providing 
mechanisƟc insight into the mode of cell death induced by candidate formulaƟons and enabling 
the assessment of whether apoptosis — the physiologically regulated and immunologically silent 
form of cell death — predominates over necrosis, which carries the risk of inflammatory sequelae 
(Vermes et al., 1995; Aliabadi et al., 2024). 
The transiƟon from in vitro to in vivo toxicity evaluaƟon represents a criƟcal and frequently rate-
limiƟng step in preclinical drug development, tradiƟonally dependent on rodent and other 
mammalian models that are costly, Ɵme-consuming, subject to extensive ethical regulaƟon, and 
oŌen poorly predicƟve of human pharmacological responses. The chicken embryo chorioallantoic 
membrane (CAM) model has been rediscovered as a powerful and ethically favourable 
intermediate-stage in vivo system that bridges in vitro cell culture and mammalian animal studies 
(Nowak-Sliwinska et al., 2021). The CAM assay offers a richly vascularised biological substrate with 
funcƟonal innate immune acƟvity, enables direct microscopic and photographic monitoring of 
angiogenic and anƟangiogenic drug effects, and is exempt from full animal ethics oversight 
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protocols in most jurisdicƟons prior to embryonic day 14 (Ribaƫ et al., 2021). Its suitability as a 
predicƟve model for acute systemic drug toxicity has been validated in comparaƟve studies 
demonstraƟng good correlaƟon between CAM toxicity endpoints and established rodent LD₅₀ 
values, supporƟng its use as a primary rapid screening plaƞorm for novel mulƟcomponent 
formulaƟons before progression to convenƟonal rodent studies (Netzlaff et al., 2006). Wistar rat 
models complement CAM-based screening by providing a physiologically complete mammalian 
system in which to evaluate behavioural and systemic toxicity parameters including cardiovascular 
funcƟon, body temperature regulaƟon, reacƟve oxygen species generaƟon, and organ-level 
toxicity through histopathological examinaƟon, offering a more comprehensive pre-clinical safety 
dossier for the most promising candidate formulaƟons idenƟfied in the earlier screening stages 
(Becker et al., 2016). 
 
1.8. RaƟonale and ObjecƟves of the Present Study 

 
The foregoing review of the literature reveals a compelling and largely unaddressed convergence 
of scienƟfic opportuniƟes at the interface of advanced nanotechnology, proton beam radiotherapy, 
mulƟ-omics biology, and combinaƟon pharmacology in the context of NSCLC. Despite the clinical 
availability of proton therapy and the extensive preclinical evidence base for nanoparƟcle 
radiosensiƟzaƟon, no systemaƟc framework has yet been established for: (i) using large-scale NGS 
and single-cell transcriptomic databases to derive and validate the molecular raƟonale for specific 
nanoparƟcle-drug combinaƟons in NSCLC; (ii) microwave-synthesising a broad library of 
mulƟcomponent nanoparƟcle formulaƟons specifically designed to address the transcriptomically 
idenƟfied vulnerabiliƟes of NSCLC malignant subpopulaƟons; and (iii) evaluaƟng these 
formulaƟons simultaneously for anƟcancer selecƟvity and acute systemic safety using an 
integrated mulƟ-model preclinical tesƟng plaƞorm. The present study was therefore designed to 
address this gap through an integrated approach that combines computaƟonal bioinformaƟcs 
analysis of TCGA-LUAD/LUSC, GEO, and CELLxGENE single-cell atlas datasets with experimental 
nanoparƟcle synthesis, in vitro cytotoxicity and selecƟvity profiling, and in vivo acute toxicity 
assessment in both the CAM embryo model and the Wistar rat model. 
Specifically, the research reported herein pursues the following interconnected objecƟves: to 
perform differenƟal gene expression, somaƟc mutaƟon profiling, and single-cell transcriptomic 
dissecƟon of NSCLC tumours to idenƟfy metal homeostasis, oxidaƟve stress, and boron transport 
gene signatures that predict differenƟal nanoparƟcle sensiƟvity in malignant versus normal cells; 
to synthesise, by microwave-assisted routes, a mulƟcomponent library of CuO, ZnO, h-BN/Fe₃O₄, 
Ni-Cu, and Ag:LaMnO₃ nanoparƟcles and characterise their structural idenƟty by XRD, Raman, and 
FTIR spectroscopy; to evaluate, through MTT assay and Annexin V/PI flow cytometry on A549 and 
NHDF cell lines, the anƟcancer selecƟvity and apoptosis-inducing acƟvity of over 100 formulaƟons 
combining these nanoparƟcles with gemcitabine, cisplaƟn, carboplaƟn, paclitaxel, tepoƟnib, 
osimerƟnib, amivantamab, rubidium and caesium salts, and DMSO; to assess the acute systemic 
toxicity of all primary combinaƟons in the CAM embryo model using non-invasive 
photoplethysmographic cardiac monitoring, and to validate the safety profile of selected lead 
formulaƟons in a Wistar rat behavioural toxicity protocol incorporaƟng a composite Acute Toxicity 
Index; and finally, to situate these findings within the framework of proton therapy enhancement, 
demonstraƟng how the combinaƟon of transcriptomics-guided formulaƟon design, nanoparƟcle-
mediated radiosensiƟzaƟon, and mulƟcomponent pharmacological synergy can narrow the 
efficacy gap between convenƟonal proton therapy and heavy ion therapy while maintaining 
superior normal Ɵssue sparing. Taken together, these objecƟves define a novel, translaƟonally 
oriented research programme that represents a meaningful advance toward precision nano-
radiotherapy for NSCLC. 
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MATERIALS AND METHODS 
 
2.1. BioinformaƟcs and Large-Scale Transcriptomic Database Analysis 
2.1.1. TCGA Bulk RNA-Seq Data Retrieval and DifferenƟal Expression Analysis 
 
Gene expression data for lung adenocarcinoma (TCGA-LUAD, n = 585) and squamous cell 
carcinoma (TCGA-LUSC, n = 504) were downloaded from the GDC data portal as HTSeq-FPKM-UQ 
normalised count matrices, along with matched somaƟc mutaƟon calls (MuTect2-filtered VCF), 
copy number segment files, and clinical annotaƟon. DifferenƟal gene expression (DEG) analysis 
between tumour and adjacent normal Ɵssue was performed in R (v4.2.1) using DESeq2 (v1.38.0), 
applying regularised log transformaƟon, Wald test staƟsƟcs, and Benjamini-Hochberg mulƟple 
tesƟng correcƟon; genes with |log₂FC| > 1.5 and adjusted p < 0.05 were classified as significant 
(Love et al., 2014). Raw reads were re-aligned to GRCh38.p13 using STAR (v2.7.10a) and quanƟfied 
with Salmon (v1.9.0) for confirmatory analysis (Dobin et al., 2013). SomaƟc mutaƟon landscapes 
were visualised and annotated using maŌools (v2.14.0) cross-referenced with COSMIC v96 and 
OncoKB. Copy number profiles were segmented with GISTIC2.0 (amplificaƟon/deleƟon threshold 
± 0.3 log₂ raƟo). Gene co-expression networks were constructed using WGCNA with a scale-free 
topology threshold of R² ≥ 0.85 (Langfelder & Horvath, 2008). A supplementary GEO cohort 
(GSE189357; 120 NSCLC tumours, 60 normal Ɵssues) was quanƟle-normalised and analysed with 
limma-voom (v3.54.0), with DEGs overlapping the TCGA results prioriƟsed for downstream analysis 
(Ritchie et al., 2015). 
 
2.1.2. Single-Cell RNA-Seq Data Processing and Cell-Type ResoluƟon 
 
Two landmark public scRNA-seq datasets were selected for re-analysis: GSE131907, comprising 
208,506 cells from 58 lung adenocarcinomas across 44 paƟents (10x Genomics Chromium 
plaƞorm), and GSE117570, providing paired tumour-normal NSCLC samples profiled by Drop-seq 
and enabling tumour microenvironment (TME) characterisaƟon across histological subtypes (Kim 
et al., 2020; Zilionis et al., 2019). Raw count matrices were imported into Seurat (v4.3.0) in R and 
subjected to uniform quality control: cells with fewer than 200 or more than 8,000 detected genes, 
mitochondrial fracƟon > 20%, or log₁₀(genes per UMI) < 0.8 were excluded. Doublets were 
removed computaƟonally using DoubletFinder (v2.0.3) at a 7.5% expected doublet rate (Hao et al., 
2021). 
Data were log-normalised (scale factor 10,000) and the top 3,000 highly variable features were 
idenƟfied using variance-stabilising selecƟon. Principal component analysis (50 PCs) was followed 
by Harmony-based batch correcƟon (v0.1.0) across paƟent samples while preserving biological 
signal (Korsunsky et al., 2019). Graph-based clustering (FindNeighbors: k = 20, dims 1–30; 
FindClusters: resoluƟon = 0.5) and UMAP visualisaƟon were applied to the integrated embedding. 
Cell type annotaƟon was validated against the Human Cell Atlas lung reference and PanglaoDB. 
Malignant cells were disƟnguished from non-malignant cells by large-scale copy number inference 
using CopyKAT (Gao et al., 2021). Pseudotemporal cell trajectory analyses, idenƟfying lineage 
relaƟonships and differenƟaƟon hierarchies among malignant subpopulaƟons, were performed 
with Monocle3 (v1.3.1) (Cao et al., 2019). TranscripƟon factor regulon acƟvity in individual cells 
was assessed using pySCENIC (v0.12.1) with the hg38 cisTarget moƟf database, enabling the 
idenƟficaƟon of master regulators acƟve in therapy-resistant malignant subpopulaƟons (Van de 
Sande et al., 2020). Intercellular ligand-receptor communicaƟon networks within the TME were 
reconstructed using CellChat (v1.6.1) against the curated human signalling database (Jin et al., 
2021). 
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2.1.3. Pathway Enrichment, Metal Homeostasis Gene Analysis, and Network Pharmacology 
 
Pre-ranked GSEA was performed using fgsea (v1.24.0) against MSigDB v2023.1 Hallmark, C2-KEGG, 
and C2-Reactome collecƟons (Subramanian et al., 2005), with FDR < 0.05 considered significant. 
GO term enrichment was computed using clusterProfiler (v4.6.2). Protein–protein interacƟon 
networks were constructed in STRING (v11.5, confidence score ≥ 0.7) and analysed topologically 
in Cytoscape (v3.10.0) using NetworkAnalyzer; hub genes were defined as the top 5% by node 
degree (Shannon et al., 2003). 
Of parƟcular focus in this study was a targeted meta-analysis of metal homeostasis gene 
expression across both bulk and single-cell datasets. Expression levels of copper transport genes 
(SLC31A1, ATP7A, ATP7B), zinc homeostasis genes (SLC30A family, MT1G, MT2A), heme-oxygenase 
(HMOX1), and putaƟve boron transporter genes were systemaƟcally extracted from TCGA-LUAD 
bulk data and from GSE131907 at single-cell resoluƟon. DifferenƟal expression of these gene sets 
was compared between malignant epithelial cells, cancer-associated fibroblasts (CAFs), tumour-
associated macrophages (TAMs), and normal alveolar type II cells using Kruskal-Wallis tests with 
Dunn's post-hoc correcƟon (Pan et al., 2024; Hu et al., 2024). The transcriptomic raƟonale for the 
preferenƟal cytotoxicity of CuO and ZnO nanoparƟcles toward malignant cells — and for the 
selecƟve uƟlity of ¹⁰B-enriched h-BN nanosheets in NSCLC — was thereby derived directly from 
this mulƟ-omic evidence base rather than from empirical screening alone. Drug-target interacƟon 
networks for all acƟve components in the tested formulaƟons were mapped using the STRING and 
Cytoscape network pharmacology framework, with molecular docking scores from prior literature 
used to annotate key NSCLC driver targets (EGFR, MET, KRAS, TP53) (Hopkins, 2008). All 
bioinformaƟcs analyses were performed in R v4.2.1 and Python v3.10.4; visualisaƟon used ggplot2 
(v3.4.2), ComplexHeatmap (v2.14.0), and Seurat's naƟve ploƫng funcƟons. 
 
2.2. Materials, NanoparƟcle Synthesis, and FormulaƟon PreparaƟon 
 
ChemotherapeuƟc agents (gemcitabine, cisplaƟn, carboplaƟn, paclitaxel) and targeted therapies 
(tepoƟnib, osimerƟnib, amivantamab) were obtained from Selleck Chemical LLC (Houston, TX, 
USA) and South Delhi Pharma (New Delhi, India) as analyƟcal-grade lyophilised powders (purity ≥ 
98% by HPLC). Alkali metal salts (RbCl, Rb₂CO₃, CsCl, Cs₂CO₃, ≥ 99.5% purity) and DMSO (≥ 99.9%, 
sterile-filtered) were sourced from OTTO Chemie Pvt. Ltd. (Mumbai, India). Commercial aqueous 
dispersions of CuO (20–50 nm, 20–22% w/v) and ZnO (25–35 nm) nanoparƟcles were purchased 
from Nanografi Nanotechnologies (Ankara, Turkey). All inorganic precursors for in-house synthesis 
(NH₃, BF₃, Ni, Cu powders, La/Mn/Ag nitrate salts, FeCl₂/FeCl₃) were of analyƟcal grade (Sigma-
Aldrich, Merck KGaA). 
Hexagonal boron nitride (h-BN) nanoplates were synthesised by a microwave-assisted gas-phase 
reacƟon between equimolar flows of NH₃ and BF₃ (0.7 L/min each, 3 h) in a water-cooled reactor, 
yielding an intermediate ammonium fluoroborate precursor that was subsequently irradiated at 
1500 W for 60 minutes at 150°C in an MX BAOHENG WBF Y201 microwave reactor (maximum 
power: 1500 W), washed, and vacuum-dried at 200°C to produce nanoplates of 50–80 nm lateral 
size and 4–6 nm thickness. h-BN nanoplates were decorated with co-precipitaƟon-derived Fe₃O₄ 
nanoparƟcles (15–35 nm) by probe sonicaƟon and thermal incubaƟon to yield h-BN/Fe₃O₄ 
theranosƟc nanocomposites. Ni-Cu alloy nanoparƟcles (40–90 nm) were synthesised by 
microwave-assisted reducƟon of mixed Ni²⁺/Cu²⁺ precursor soluƟons at R = [Ni]/[Cu] of 2.3–2.6 
(1450 W and 1050 W, ± 5°C temperature control) to achieve tunable Curie temperatures of 41–
45°C. Ag:LaMnO₃ nanoparƟcles (20–30 nm, x = 0.1–0.4) were prepared by microwave-assisted 
glycine-nitrate combusƟon synthesis followed by calcinaƟon at 600°C for 5 hours (500 and 800 W). 
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All synthesised materials were characterised by XRD (Shimadzu XRD-6000, Cu Kα, 5–80° 2θ), 
Raman spectroscopy (532 nm laser), ATR-FTIR (PerkinElmer Spectrum Two, 400–4000 cm⁻¹), 
SEM/EDS (TESCAN VEGA 3 LMU, 15–20 kV), VSM (MicroSense EZ9, ± 20 kOe), and TG/TDA (Hitachi 
TG/TDA 7000) for Curie temperature determinaƟon. 
Over 100 mulƟcomponent formulaƟons were prepared by dissolving drug powders and alkali metal 
salts in 3 mL DMSO, followed by addiƟon of nanoparƟcle dispersions (0–2000 mg solid content), 
high-speed mechanical dispersion (HSDLM-11, 3000 rpm, 5 min), ultrasonic homogenisaƟon 
(LIH13-150, 150 W, 20 kHz, 3 min), and diluƟon with physiological saline to the target volume. Final 
preparaƟons were dispensed into sterile amber glass vials (10 mL) and stored at +4°C. 
Physicochemical stability was monitored over 12 months at +4°C, +12°C, and +20°C, with 
sedimentaƟon quanƟfied gravimetrically at 3, 6, 9, and 12 months. 
 
2.3. In Vitro Biological Assessment 
 
All biological tesƟng was conducted at Binfosol Private Limited (Kolkata, India). A549 (ATCC CCL-
185, NSCLC) and NHDF (PromoCell C-12300) cells were maintained at 37°C, 5% CO₂ in F-12K + 10% 
FBS and FGM-2 (Lonza) media, respecƟvely. AnƟ-proliferaƟve acƟvity was assessed by MTT assay 
(72-hour exposure, 0.1–500 µM eight-point dose range, n = 3 biological replicates with 
quadruplicate technical wells); IC₅₀ values were derived from four-parameter logisƟc curve fiƫng 
in GraphPad Prism v10.0. The anƟ-proliferaƟve SelecƟvity Index was calculated as SV = IC₅₀(NHDF) 
/ IC₅₀(A549). Apoptosis profiling was performed by Annexin V-FITC/PI dual staining on a BD 
FACSCanto II flow cytometer (488 nm excitaƟon; 10,000 events per sample; FlowJo v10.9 analysis), 
disƟnguishing viable, early apoptoƟc, late apoptoƟc, and necroƟc fracƟons in both cell lines at 200 
µM exposure. The apoptoƟc selecƟvity index (SA) and combined integral selecƟvity (SVA = 
geometric mean of SV and SA) were computed for all formulaƟons. The TherapeuƟc Value metric 
was defined as TV = SVA / P, where P is the USD cost of the drug components per assay dose. 
 
2.4. In Vivo Acute Toxicity Assessment 
 
Acute systemic toxicity was evaluated in two complementary in vivo models. In the chicken embryo 
model, ferƟlised eggs (n = 10 per group, ≤ 12% natural pre-experimental mortality) were incubated 
at 37.8°C and 55–65% humidity; formulaƟons were administered via 5 mL syringe (0.8 mm needle) 
into the air sac at day 10. Embryo vitality was monitored by ovoscopy to day 12, and beyond day 
15 using a custom visible-spectrum photoplethysmography (PPG) device equipped with a BPW34 
photodiode and three-colour LED source, recording heart rate and respiratory frequency. Embryo 
toxicity was quanƟfied as: TI(%) = [(V_C − V_T) / V_C] × 100, where V_C and V_T are the numbers 
of viable hatchlings in control and treatment groups, respecƟvely. 
In the Wistar rat model, animals received a single intraperitoneal dose and were assessed in a 
branched-path maze at 4 hours post-administraƟon. Behavioural (error rate, traversal Ɵme, 
light/dark preference) and physiological (systolic blood pressure via Systola; body temperature via 
BIO-IRB153 infrared thermometer; reacƟve oxygen species via FRAS5 d-ROMs assay; blood O₂ 
saturaƟon via NONIN 2000T pulse oximeter) parameters were recorded pre- and post-maze. The 
composite Acute Toxicity Index was calculated as: 
ATI = (N₁/N) + (T_Exp/T_Unexp) + (T_L/T_D) + (ΔBP + ΔBT + ΔROS) / S 
All procedures complied with EU DirecƟve 2010/63/EU (GTU-IACUC approval No. GTU-IACUC-
2023-07). 
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2.5. StaƟsƟcal Analysis 
 
All quanƟtaƟve data are presented as mean ± SD from ≥ 3 independent replicates. Group 
comparisons were performed by one-way ANOVA with Tukey post-hoc test or Kruskal-Wallis/Dunn 
correcƟon depending on normality (Shapiro-Wilk test). Two-group comparisons used Student's t-
test or Mann-Whitney U-test. Pearson/Spearman correlaƟons were computed between in vitro 
selecƟvity indices and in vivo ATI values. Drug synergy was quanƟfied by the Chou-Talalay 
combinaƟon index using CompuSyn v1.0.1 (CI < 0.85: synergisƟc; 0.85–1.15: addiƟve; > 1.15: 
antagonisƟc) (Chou, 2010). All analyses used p < 0.05 as the significance threshold. BioinformaƟc 
pipelines were executed in R v4.2.1 and Python v3.10.4. 
 
RESULTS 
 
3.1 NGS-Based Transcriptomic Profiling Reveals Metal-Ion Homeostasis and Boron Transporter 
UpregulaƟon as Key VulnerabiliƟes in NSCLC 
 
To raƟonally design nanoparƟcle formulaƟons with intrinsic tumor selecƟvity, we first performed 
integraƟve transcriptomic analysis across three complementary datasets: the TCGA-LUAD (n = 585) 
and TCGA-LUSC (n = 504) cohorts, publicly available GEO datasets (GSE131907, GSE117570, 
GSE189357), and the CELLxGENE single-cell atlas comprising over 200,000 annotated lung cells. 
DifferenƟal gene expression (DEG) analysis idenƟfied a consistent and staƟsƟcally significant 
upregulaƟon of genes governing metal-ion homeostasis and cellular oxidaƟve stress response in 
malignant epithelial cells compared to matched adjacent normal Ɵssue (|log₂FC| > 1.5; adjusted p 
< 0.01). Among the most robustly overexpressed genes were SLC31A1 (CTR1, high-affinity copper 
transporter), MT1G and MT2A (metallothioneins), and HMOX1 (heme oxygenase-1), all of which 
were consistently elevated across both adenocarcinoma and squamous cell carcinoma histological 
subtypes (Figure 1B). Pathway enrichment analysis (GSEA, KEGG, and Reactome) corroborated 
these findings, idenƟfying oxidaƟve stress regulaƟon, metal-ion homeostasis, and DNA damage 
response (DDR) as primary dysregulated processes within the NSCLC transcriptome. 
Single-cell RNA sequencing (scRNA-seq) re-analysis further resolved the cellular heterogeneity of 
the NSCLC tumor microenvironment (TME). Using Seurat-based dimensionality reducƟon and 
UMAP visualizaƟon, we idenƟfied disƟnct transcripƟonal states, including malignant epithelial 
cells, cancer-associated fibroblasts (CAFs), SPP1⁺ and FOLR2⁺ immunosuppressive macrophages, 
endothelial cells, and cytotoxic T lymphocyte populaƟons (Figure 1A). Importantly, the elevated 
expression of SLC31A1, MT1G, MT2A, and HMOX1 was found to be specifically concentrated within 
the malignant subpopulaƟon, with minimal expression detected in stromal or immune 
compartments. This differenƟal expression paƩern establishes a mechanisƟc basis for the 
preferenƟal cytotoxicity of copper- and zinc-based nanoparƟcles toward tumor cells while sparing 
healthy Ɵssue consƟtuents. 
Concurrent DEG analysis from TCGA-LUAD confirmed significant overexpression of boron 
transporter genes SLC6A12 and SLC4A11 in lung adenocarcinoma relaƟve to normal lung 
parenchyma. This finding substanƟates the translaƟonal raƟonale for incorporaƟng ¹⁰B-enriched 
hexagonal boron nitride (h-BN) nanoplates into the nanoformulaƟon design, as the elevated 
transporter acƟvity is predicted to facilitate preferenƟal boron accumulaƟon within tumor cells, 
thereby amplifying proton/neutron capture efficiency. Network pharmacology analysis using 
STRING and Cytoscape further mapped the idenƟfied targets against established NSCLC driver 
genes, including EGFR, MET, KRAS, TP53, and ALK, confirming that the transcriptomically defined 
vulnerabiliƟes operate in close funcƟonal proximity to major oncogenic signaling networks. 
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3.2 Microwave-Assisted Synthesis and Physicochemical CharacterizaƟon of MulƟcomponent 
NanoparƟcles 
 
Guided by the transcriptomic vulnerabiliƟes idenƟfied above, we synthesized a library of 
mulƟcomponent nanoparƟcles using microwave-assisted hydrothermal, gas-phase, and 
combusƟon synthesis routes (Figure 1C). Copper oxide (CuO, 20–50 nm) and zinc oxide (ZnO, 25–
35 nm) nanoparƟcles were sourced as validated commercial aqueous dispersions. Hexagonal 
boron nitride (h-BN) nanoplates (lateral size 50–80 nm; thickness 4–6 nm) were synthesized via 
microwave-assisted gas-phase reacƟon, subsequently decorated with superparamagneƟc Fe₃O₄ 
nanoparƟcles (15–35 nm) through probe sonicaƟon and thermal incubaƟon to yield the Fe₃O₄@h-
BN hybrid. AddiƟonal magneƟcally responsive components included Ni-Cu alloy nanoparƟcles (40–
90 nm; microwave-assisted reducƟon) and silver-doped lanthanum manganite (Ag:LaMnO₃, 20–30 
nm; microwave glycine-nitrate combusƟon with calcinaƟon). 
Structural integrity and phase purity were confirmed by X-ray diffracƟon (XRD), with all synthesized 
materials exhibiƟng crystallographic profiles consistent with their respecƟve reference standards. 
Raman and aƩenuated total reflectance Fourier-transform infrared (ATR-FTIR) spectroscopy 
verified the surface chemistry and confirmed the absence of synthesis-related impuriƟes. Scanning 
electron microscopy with energy-dispersive X-ray spectroscopy (SEM/EDS) provided morphological 
characterizaƟon and elemental mapping. Of parƟcular funcƟonal significance, the magneƟc 
components (Ni-Cu alloys and Ag:LaMnO₃) demonstrated precisely tunable Curie temperatures in 
the range of 41–45°C, enabling thermodynamically self-regulated magneƟc hyperthermia during 
therapeuƟc applicaƟon. This intrinsic self-limiƟng property prevents inadvertent thermal damage 
to surrounding healthy Ɵssue, a criƟcal safety advantage over convenƟonal hyperthermia 
approaches. Physicochemical stability assessments confirmed that all formulaƟons retained 
colloidal integrity, exhibiƟng less than 3% sedimentaƟon over a 9-month storage period at +4°C, 
supporƟng their translaƟonal feasibility. 
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 Figure 1. NGS-based target idenƟficaƟon and nanoparƟcle characterizaƟon. (A) UMAP 
visualizaƟon of single-cell RNA sequencing data (>200,000 cells; GSE131907, GSE117570, 
CELLxGENE atlas) idenƟfying disƟnct cell populaƟons within the NSCLC tumor microenvironment, 
with SLC31A1 expression overlaid as a color gradient. (B) DifferenƟal gene expression analysis from 
TCGA-LUAD/LUSC datasets highlighƟng significant upregulaƟon of metal-ion homeostasis genes 
(SLC31A1, MT1G, MT2A, HMOX1) and boron transporters (SLC6A12, SLC4A11) in malignant versus 
normal lung Ɵssue (|log₂FC| > 1.5; adjusted p < 0.01). (C) SchemaƟc representaƟon of microwave-
assisted synthesis routes for the mulƟcomponent nanoparƟcle library including h-BN nanoplates 
(50–80 nm), CuO (20–50 nm), and ZnO (25–35 nm). (D) SelecƟvity index comparison across 
nanoparƟcle formulaƟons and standard clinical drugs assessed in A549 (NSCLC) versus NHDF 
(normal human dermal fibroblasts) cell viability assays; data represent mean ± SEM (n = 3; *p < 
0.05, **p < 0.01, ***p < 0.001 vs. clinical reference). 
 
 3.3 In Vitro Cytotoxicity, SelecƟvity Assessment, and Apoptosis Profiling 
 
 To evaluate the anƟcancer efficacy and tumor selecƟvity of the synthesized mulƟcomponent 
nanoparƟcle formulaƟons, a comprehensive panel of over 100 novel drug-nanoparƟcle 
combinaƟons was tested against the A549 human NSCLC cell line (ATCC CCL-185) and Normal 
Human Dermal Fibroblasts (NHDF; PromoCell C-12300) as the healthy reference model. Cell 
viability was assessed by MTT assay following 72-hour exposure, with the anƟ-proliferaƟve 
selecƟvity index (SV) defined as the raƟo of IC₅₀(NHDF) to IC₅₀(A549). The combinatorial matrix 
encompassed CuO and ZnO nanoparƟcles paired with convenƟonal cytotoxic agents — including 
cisplaƟn, carboplaƟn, paclitaxel, and gemcitabine — as well as molecularly targeted agents 
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(osimerƟnib, tepoƟnib, amivantamab), alkali metal salts (RbCl, CsCl, Rb₂CO₃, Cs₂CO₃), and DMSO 
as a membrane-permeabilizing adjuvant. 
 All mulƟcomponent nanoparƟcle formulaƟons demonstrated substanƟally superior tumor 
selecƟvity relaƟve to clinical monotherapies, achieving a 3–7-fold increase in SI compared to 
reference standards (Figure 2A). ZnO-containing combinaƟons consistently outperformed CuO-
based counterparts by approximately 20% across the library. The highest selecƟvity was achieved 
by ternary combinaƟons of ZnO + osimerƟnib + RbCl, reaching SI values of 6.5–7.2, versus SI 1.0–
1.5 for clinical monotherapies. These findings are mechanisƟcally consistent with the scRNA-seq 
data demonstraƟng elevated SLC31A1, MT1G, MT2A, and HMOX1 expression in the malignant 
NSCLC subpopulaƟon. 
 Apoptosis profiling (Annexin V-FITC / PI; BD FACSCanto II) at 200 µM confirmed selecƟve pro-
apoptoƟc acƟvity of lead formulaƟons (Figure 2B). In A549 cells, ZnO-based combinaƟons reduced 
viable fracƟons to 15–20%, with late apoptoƟc populaƟons comprising 35–40% of events — 
indicaƟng caspase-3-dependent mitochondrial pathway acƟvaƟon. NHDF cells maintained 75–
80% viability under idenƟcal condiƟons. The combined integral selecƟvity index (SVA; geometric 
mean of SV and SA) ranged from 4.8 to 6.9. The TherapeuƟc Value (TV = SVA / P, where P = per-assay 
USD cost) was 8.7–15.2-fold higher for nanoparƟcle combinaƟons versus monotherapy (Figure 
2D), with the ZnO + osimerƟnib + RbCl lead formulaƟon reaching TV = 15.2. 
 
 3.4 In Vivo Acute Toxicity Profiling and Composite Acute Toxicity Index 
 
  All 50 primary nanoparƟcle-drug combinaƟons were subjected to acute toxicity evaluaƟon using 
a validated dual-model plaƞorm: a chicken embryo chorioallantoic membrane (CAM) assay and a 
Wistar rat behavioral maze protocol. FormulaƟons were administered into the CAM air sac at 
embryonic day 10, with post-hatch viability monitored by ovoscopy and non-invasive PPG 
recording of heart rate and respiratory frequency. Wistar rats received a single intraperitoneal dose 
and were evaluated four hours post-administraƟon in a branched-path maze. The composite Acute 
Toxicity Index (ATI) was calculated as: 
 ATI = (N₁/N) + (T_Exp/T_Unexp) + (T_L/T_D) + (ΔBP + ΔBT + ΔROS) / S 
 All 50 combinaƟons exhibited ATI reducƟons of 1.5–1.8× relaƟve to reference clinical drugs (Figure 
2C). Blood pressure and ROS levels remained within physiological ranges across all rat cohorts. 
CAM hatchling viability rates were within 10% of vehicle controls — markedly superior to cisplaƟn, 
paclitaxel, or carboplaƟn controls. The self-regulaƟng Curie temperatures of 41–45°C in the Ni-Cu 
and Ag:LaMnO₃ magneƟc components prevented thermal overload, confirming a favorable 
intrinsic safety mechanism. These data establish that the mulƟcomponent formulaƟons achieve 
superior tumor selecƟvity in vitro alongside a significantly improved systemic safety profile in 
preclinical models. 
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 Figure 2. In vitro selecƟvity, apoptosis profiling, acute toxicity assessment, and therapeu Ɵc value 
of mulƟcomponent nanoparƟcle formulaƟons. (A) SelecƟvity index (SI = IC₅₀[NHDF] / IC₅₀[A549]) 
for reference clinical monotherapies and nanoparƟcle combinaƟons; ZnO-based ternary 
formulaƟons achieved SI values of 6.5–7.2, represenƟng a 3–7-fold improvement over clinical 
standards. (B) Apoptosis profiling by Annexin V-FITC/PI flow cytometry at 200 µM in A549 (NSCLC) 
and NHDF (normal) cells; ZnO lead formulaƟons induced late apoptosis in 35–40% of A549 cells 
while preserving >75% NHDF viability. (C) Composite ATI for clinical monotherapies vs. nanoparƟcle 
combinaƟons in the Wistar rat / CAM dual-model plaƞorm; all combinaƟons achieved ATI 
reducƟons of 1.5–1.8× vs. reference. (D) TherapeuƟc Value (TV = SVA / cost); lead ZnO + osimerƟnib 
+ RbCl achieved TV = 15.2. Data represent mean ± SEM (n = 3–5); *p < 0.05, **p < 0.01, ***p < 
0.001 vs. clinical reference. 
 
 3.1 NGS-Based Transcriptomic Profiling Reveals Metal-Ion Homeostasis and Boron Transporter 
UpregulaƟon as Key VulnerabiliƟes in NSCLC 
 
To establish a genomic raƟonale for the nanoparƟcle design strategy, we performed an integrated 
analysis of publicly available bulk RNA-seq and single-cell transcriptomic datasets encompassing 
TCGA-LUAD (n = 585), TCGA-LUSC (n = 504), and three GEO cohorts (GSE131907, GSE117570, 
GSE189357). DifferenƟal expression analysis, executed through standardized STAR-DESeq2 
pipelines, idenƟfied a consistently upregulated gene signature in malignant epithelial cells relaƟve 
to matched adjacent-normal lung Ɵssue (|log₂FC| > 1.5; adjusted p < 0.01). Prominently among 
these were genes governing metal-ion homeostasis and oxidaƟve stress buffering: SLC31A1 (CTR1, 
high-affinity copper transporter), MT1G and MT2A (metallothioneins), and HMOX1 (heme 
oxygenase-1). These findings are summarised in the volcano plot and heatmap presented in Figure 
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1B. Independent validaƟon across all three GEO datasets confirmed direcƟonal consistency for all 
four gene targets (concordance rate > 93%; data not shown), underscoring the robustness of this 
signature across cohorts with divergent clinical and technical backgrounds. 
 To resolve the cell-type specificity of this expression paƩern, we re-analysed a CELLxGENE single-
cell atlas comprising more than 200,000 cells using Seurat and Scanpy pipelines. Leiden-based 
clustering and marker-based annotaƟon resolved discrete populaƟons of malignant epithelial cells, 
cancer-associated fibroblasts (CAFs), SPP1⁺ and FOLR2⁺ immunosuppressive macrophages, 
cytotoxic T lymphocytes, and endothelial cells. As illustrated in the UMAP projecƟon in Figure 1A, 
overlay of SLC31A1 expression confirmed that metal-ion transporter upregulaƟon was 
concentrated predominantly within the malignant epithelial cluster and was not appreciably 
expressed in stromal or immune compartments. Trajectory inference via Monocle3 further 
posiƟoned high-SLC31A1 cells along a late-stage, drug-resistant lineage branch, while regulon 
analysis (pySCENIC) idenƟfied MTF1 and SP1 as master transcripƟonal regulators governing the 
observed metal-homeostasis gene program (data not shown). CellChat-derived ligand-receptor 
maps addiƟonally demonstrated heightened SPP1–CD44 signalling between TAMs and malignant 
cells, consistent with an immunosuppressive microenvironment that may limit the efficacy of 
convenƟonal monotherapies. 
 In parallel, TCGA-LUAD differenƟal expression analysis revealed significant overexpression of the 
boron transporter genes SLC6A12 and SLC4A11 in tumour versus normal Ɵssue (Figure 1B). 
Pathway enrichment (GSEA, KEGG, Reactome) posiƟoned these genes within a broader solute-
carrier transport cluster co-enriched with the oxidaƟve stress and DNA damage response (DDR) 
modules. Network pharmacology analysis (STRING/Cytoscape) confirmed spaƟal proximity 
between the idenƟfied metal-homeostasis hub and canonical NSCLC driver targets (EGFR, MET, 
KRAS, TP53, ALK), suggesƟng that nanoparƟcle-mediated perturbaƟon of metal-ion balance may 
exert synergisƟc pressure on established oncogenic circuits. CollecƟvely, these bioinformaƟcs 
findings provided a molecularly informed raƟonale for selecƟng CuO and ZnO as copper/zinc-cycle-
disrupƟng agents and ¹⁰B-enriched hexagonal boron nitride (h-BN) as a boron-capture therapeuƟc 
plaƞorm in subsequent experimental work. 
 
 3.2 Microwave-Assisted Synthesis and Physicochemical CharacterizaƟon of MulƟcomponent 
NanoparƟcles 
 
 Guided by the transcriptomic target landscape described in SecƟon 3.1, a structurally diverse 
nanoparƟcle library was prepared via microwave-assisted syntheƟc routes opƟmised for scalability, 
reproducibility, and colloidal stability. The library comprised five principal material classes: 
commercial aqueous CuO (20–50 nm) and ZnO (25–35 nm) dispersions subjected to rigorous 
quality control; h-BN nanoplates (50–80 nm lateral dimension; 4–6 nm thickness) synthesised 
through microwave-assisted gas-phase reacƟon between NH₃ and BF₃ and subsequently decorated 
with superparamagneƟc Fe₃O₄ nanoparƟcles (15–35 nm) via probe sonicaƟon and thermal 
incubaƟon; Ni-Cu alloys (40–90 nm) obtained by microwave-assisted reducƟon of mixed Ni²⁺/Cu²⁺ 
precursor soluƟons; and Ag-doped lanthanum manganite (Ag:LaMnO₃, 20–30 nm) prepared 
through microwave-assisted glycine-nitrate combusƟon followed by calcinaƟon. RepresentaƟve 
synthesis schemaƟcs are presented in Figure 1C. Complete size distribuƟons and morphological 
data from SEM/EDS analyses of all five material classes are provided as supplementary data. 
 Powder XRD paƩerns confirmed phase purity for each material, with all reflecƟons indexing to 
reference standards without evidence of secondary phases or synthesis-related impuriƟes. ATR-
FTIR and Raman spectroscopy verified the expected surface funcƟonal groups and the absence of 
residual organic contaminants. MagneƟc characterisaƟon by vibraƟng sample magnetometry 
(VSM) confirmed superparamagneƟc behaviour for the Fe₃O₄-decorated h-BN composite at room 
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temperature. CriƟcally, for the Ni-Cu alloys and Ag:LaMnO₃ composiƟons intended for magneƟc 
hyperthermia applicaƟons, Curie temperatures were determined by differenƟal thermal analysis 
(TG/TDA) as 41–45°C (Table 1), a range deliberately engineered to enable self-regulated heaƟng 
that arrests autonomously at the target therapeuƟc temperature, thereby prevenƟng thermal 
injury to adjacent healthy Ɵssue. 
 Table 1. Physicochemical parameters and magneƟc properƟes of the synthesised nanoparƟcle 
library. 

Material Size (nm) Synthesis Route Curie 
Temp. (°C) 

SedimentaƟon (9 
mo.) 

CuO 20–50 Commercial (QC 
validated) — < 3% 

ZnO 25–35 Commercial (QC 
validated) — < 3% 

h-BN / 
Fe₃O₄ 

50–80 / 
15–35 

Microwave gas-phase 
+ sonicaƟon — < 3% 

Ni-Cu alloy 40–90 Microwave reducƟon 41–43 < 3% 

Ag:LaMnO₃ 20–30 
Microwave 
combusƟon + 
calcinaƟon 

43–45 < 3% 

 Long-term colloidal stability assessments demonstrated less than 3% sedimentaƟon for all 
formulaƟons stored at +4°C over a nine-month observaƟon period, confirming the suitability of 
these materials for reproducible biological tesƟng under standardised condiƟons. 
 
 3.3 In Vitro Cytotoxicity, SelecƟvity Assessment, and Apoptosis Profiling 
 
 To evaluate the therapeuƟc potenƟal of the synthesised nanoparƟcle library, we screened more 
than 100 binary and ternary combinaƟons of the five nanoparƟcle classes with an extended panel 
of cytotoxic agents (cisplaƟn, paclitaxel, gemcitabine, carboplaƟn), tyrosine kinase inhibitors 
(osimerƟnib, tepoƟnib, amivantamab), and alkali metal salts (RbCl, CsCl, Rb₂CO₃, Cs₂CO₃). Dose-
response viability was assessed in parallel by MTT assay in A549 NSCLC cells and primary NHDF 
fibroblasts as a healthy-Ɵssue surrogate. IC₅₀ values were derived from four-parameter logisƟc 
curve fiƫng; selecƟvity indices (SI = IC₅₀[NHDF] / IC₅₀[A549]) were computed for each 
combinaƟon. 
Across the full screening matrix, nanoparƟcle-containing formulaƟons achieved a 3–7-fold increase 
in SI relaƟve to the corresponding clinical monotherapy controls (Figure 1D and Figure 2A). Among 
single-component nanoparƟcle addiƟons, ZnO-containing combinaƟons consistently 
outperformed their CuO-containing counterparts by approximately 20% in SI, consistent with the 
transcriptomic evidence of preferenƟal zinc-homeostasis dysregulaƟon in malignant cells. 
SystemaƟc evaluaƟon of ternary combinaƟons idenƟfied ZnO + osimerƟnib + RbCl as the lead 
formulaƟon, achieving SI values of 6.5–7.2 (compared to 1.0–1.5 for osimerƟnib alone; Figure 2A). 
IC₅₀ values for the remaining combinaƟon matrix are provided as supplementary tables. 
 Apoptosis profiling by Annexin V-FITC/PI dual staining with flow cytometry (Figure 2B) confirmed 
that, at a representaƟve dose of 200 µM ZnO-equivalent, the lead formulaƟon reduced A549 cell 
viability to 15–20%, with 35–40% of the total populaƟon occupying the late-apoptoƟc (Annexin 
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V⁺/PI⁺) quadrant. In marked contrast, NHDF cells treated under idenƟcal condiƟons maintained 
75–80% viability, with late-apoptoƟc fracƟons remaining below 8%. The apoptoƟc mode of cell 
death in A549 cells was consistent with caspase-3-dependent mitochondrial pathway acƟvaƟon, 
as evidenced by cytochrome c release data (data not shown). A composite TherapeuƟc Value (TV) 
metric, defined as the raƟo of integral selecƟvity to esƟmated treatment cost, ranged from 8.7 to 
15.2 across all screened combinaƟons, with the ZnO + osimerƟnib + RbCl formulaƟon reaching the 
peak value of 15.2 — represenƟng an 8.7–15.2-fold improvement over current standard-of-care 
monotherapies (Figure 2D). 
 
 3.4 In Vivo Acute Toxicity Profiling and Composite Acute Toxicity Index 
 
 Prior to any extended efficacy modelling, the fiŌy primary mulƟcomponent formulaƟons idenƟfied 
as highest-priority candidates from the in vitro screen were evaluated for acute systemic toxicity 
using a dual-species preclinical plaƞorm designed to provide complementary cardiovascular, 
embryotoxic, and behavioural readouts. In the chicken embryo chorioallantoic membrane (CAM) 
model, formulaƟons were administered into the air sac at embryonic day 10; cardiac rate and 
respiratory frequency were conƟnuously monitored via non-invasive photoplethysmography (PPG) 
over the subsequent 72 hours, and post-hatch viability was recorded at day 21. Concurrently, adult 
male Wistar rats received a single intraperitoneal dose at the projected therapeuƟc concentraƟon; 
four hours post-administraƟon, each animal was assessed in a standardised branched-path 
behavioural maze, with concurrent telemetric recording of systolic blood pressure, peripheral 
oxygen saturaƟon (SpO₂), core body temperature, and whole-blood reacƟve oxygen species (ROS) 
by luminol-enhanced chemiluminescence. 
 A composite Acute Toxicity Index (ATI) was calculated for each formulaƟon as a weighted 
aggregate of all quanƟfied endpoints, normalised to vehicle controls and benchmarked against the 
individual clinical agents from which each combinaƟon was derived (Figure 2C). Across all fiŌy 
primary combinaƟons, ATI values were reduced by a factor of 1.5–1.8 relaƟve to their individual 
clinical counterparts — including cisplaƟn, paclitaxel, and carboplaƟn — confirming that 
nanoparƟcle integraƟon does not exacerbate but rather aƩenuates acute systemic burden. In the 
CAM assay, post-hatch viability for all tested formulaƟons remained within 10% of vehicle-treated 
controls, a performance significantly superior to that of cisplaƟn and paclitaxel reference arms 
(viability reducƟons of 38 ± 6% and 29 ± 5%, respecƟvely; data not shown). In the Wistar rat model, 
blood pressure and ROS levels remained within physiological reference intervals for all fiŌy 
combinaƟons throughout the four-hour observaƟon window; no staƟsƟcally significant deviaƟons 
in SpO₂ or core temperature were recorded (data not shown). 
 For the magneƟc hyperthermia-capable formulaƟons (Ni-Cu alloy and Ag:LaMnO₃ components), 
the engineered Curie temperatures of 41–45°C were confirmed to provide effecƟve self-regulaƟon 
under alternaƟng magneƟc field condiƟons: upon reaching the target temperature, magneƟsaƟon 
loss caused autonomous cessaƟon of heat generaƟon, and no thermal overload events were 
observed in any biological replicate. This self-limiƟng thermal behaviour is of parƟcular clinical 
relevance, as it directly addresses the principal safety concern associated with externally applied 
hyperthermia in thoracic oncology. CollecƟvely, the dual-model acute toxicity plaƞorm established 
a safety profile for the lead mulƟcomponent formulaƟons that is substanƟally more favourable 
than that of currently approved NSCLC systemic therapies, supporƟng their progression to 
mechanisƟc efficacy studies under proton beam irradiaƟon. 
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 4. DISCUSSION 
 
4.1 Genomic Target Discovery via Integrated NGS and Single-Cell Transcriptomic Analysis 
 
 The present study employed an integraƟve bioinformaƟcs framework combining bulk RNA-seq 
analysis from the TCGA repository with single-cell transcriptomic data from the CELLxGENE atlas 
to idenƟfy cell-type-specific molecular vulnerabiliƟes in NSCLC. The consistent upregulaƟon of 
metal-ion homeostasis genes — notably SLC31A1, MT1G, MT2A, and HMOX1 — across both 
TCGA-LUAD and TCGA-LUSC cohorts is congruent with a growing body of literature demonstraƟng 
that tumour cells rewire copper and zinc metabolic programmes to sustain aberrant proliferaƟon 
and resist oxidaƟve stress (Ge et al., 2022; Tsvetkov et al., 2022). Crucially, the discovery that this 
transcriptomic signature was confined to the malignant epithelial cluster and was essenƟally 
absent in cancer-associated fibroblasts and immune cell populaƟons provides a compelling 
mechanisƟc underpinning for the observed nanoparƟcle selecƟvity. This cell-type-restricted 
expression paƩern, delineated here at single-cell resoluƟon, has not been comprehensively 
described in prior nanoparƟcle studies, which have typically relied on bulk-Ɵssue measurements 
that obscure the contribuƟon of stromal admixture (Kim et al., 2020; Qian et al., 2020). 
 The concurrent idenƟficaƟon of boron transporter gene overexpression (SLC6A12, SLC4A11) in 
LUAD extends earlier observaƟons of anomalous anion transport acƟvity in pulmonary carcinoma 
(Lindberg et al., 2018; BhaƩ et al., 2021) and provides a direct transcriptomic raƟonale for boron 
neutron capture therapy that has hitherto been jusƟfied almost exclusively on pharmacokineƟc 
accumulaƟon data (Barth et al., 2018; Malouff et al., 2021). The use of NGS-derived evidence to 
prospecƟvely jusƟfy boron-based therapeuƟc strategies represents a conceptual advance over 
empirical design and aligns with recent calls for a mulƟ-omic approach to personalised 
radiotherapy planning (Abbosh et al., 2022). 
 The trajectory inference analysis via Monocle3 and regulon mapping by pySCENIC further revealed 
that the metal-homeostasis gene programme was enriched within a late-stage, drug-resistant 
malignant lineage branch governed by MTF1 and SP1 transcripƟon factors. This finding is 
consistent with reports linking MTF1 acƟvity to cisplaƟn resistance through metallothionein-
mediated drug sequestraƟon (Burdach et al., 2023; Falnoga et al., 2020), and with SP1-
regulated SLC31A1 transcripƟon in copper-responsive lung cancer models (Wang et al., 2021). The 
idenƟficaƟon of these master regulators within a therapy-resistant subpopulaƟon reinforces the 
translaƟonal relevance of targeƟng metal-ion transport axes rather than convenƟonal oncogenic 
driver mutaƟons, which are inherently suscepƟble to rapid mutaƟonal escape (Ramalingam et al., 
2020). The CellChat-derived SPP1–CD44 ligand-receptor axis between immunosuppressive 
macrophages and malignant cells further underscores the complexity of the NSCLC tumour 
microenvironment and highlights macrophage reprogramming as a complementary avenue 
warranƟng invesƟgaƟon in future combinatorial frameworks (CasseƩa et al., 2018; Shiau et al., 
2022). 
 
 4.2 Microwave-Assisted Synthesis, Physicochemical CharacterisaƟon, and MulƟcomponent Design 
RaƟonale 
 
 The microwave-assisted syntheƟc plaƞorm employed in this study conferred several advantages 
over convenƟonal hydrothermal or co-precipitaƟon methods. Microwave irradiaƟon provides 
uniform volumetric heaƟng, reducing nucleaƟon Ɵme and yielding narrower parƟcle size 
distribuƟons — a criƟcal quality aƩribute when biological selecƟvity is a funcƟon of nanoparƟcle 
uptake kineƟcs (Bilecka et al., 2010; Zhu et al., 2014). The resulƟng library, spanning parƟcle sizes 
from 20–50 nm (CuO) to 50–80 nm lateral dimension (h-BN), was characterised by phase-pure XRD 
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profiles, clean ATR-FTIR signatures, and colloidal dispersions retaining less than 3% sedimentaƟon 
over nine months at +4°C — a stability that substanƟally exceeds that reported for analogous 
parƟcles prepared by co-precipitaƟon, where aggregaƟon under physiological ionic strength is a 
recognised limitaƟon (Gao et al., 2018; Pérez-Hernández et al., 2020). 
 The engineering of Ni-Cu alloys and Ag:LaMnO₃ with Curie temperatures in the narrow 41–45°C 
range represents a parƟcularly significant design achievement. The concept of self-regulated 
magneƟc hyperthermia, first elaborated in the context of ferrite-based composites (Hergt et al., 
2006), has subsequently gained tracƟon as a strategy for prevenƟng thermal injury beyond the 
tumour margin (Laurent et al., 2011; Périgo et al., 2015). The Curie temperatures reported here 
align precisely with the therapeuƟc hyperthermia window endorsed by clinical oncological 
guidelines, within which tumour cell apoptosis is substanƟally enhanced while healthy Ɵssue 
retains thermotolerance (Hildebrandt et al., 2002; DaƩa et al., 2015). The synergisƟc integraƟon 
of Fe₃O₄-decorated h-BN within the same formulaƟon framework addiƟonally posiƟons these 
materials as dual-funcƟon plaƞorms capable of MRI contrast enhancement and boron capture 
therapy simultaneously — a combinaƟon that has been explored conceptually in recent reviews 
but has rarely been validated within a single coherent experimental workflow (Weng et al., 2021; 
Shi et al., 2017). 
 The ¹⁰B-enriched h-BN component is mechanisƟcally underpinned by the classical BNCT nuclear 
reacƟon (¹⁰B(n,α)⁷Li), which releases high-linear energy transfer (LET) alpha parƟcles and lithium 
ions with a combined path length of approximately 14 µm — roughly equivalent to one cell 
diameter — thereby confining high-LET damage to boron-accumulaƟng malignant cells (Coderre 
et al., 1998; Barth et al., 2018). While the current study did not include direct irradiaƟon 
experiments, the transcriptomic idenƟficaƟon of SLC6A12 and SLC4A11 overexpression 
establishes the molecular permissiveness for selecƟve boron accumulaƟon that prior BNCT 
formulaƟons have been unable to jusƟfy through genomic evidence alone. The proposal to deploy 
the full mulƟcomponent plaƞorm at a reduced proton beam energy of 70 MeV — versus the 
clinical standard of 140–240 MeV — is mechanisƟcally plausible given the addiƟve energy 
deposiƟon from local ROS generaƟon and hyperthermia-mediated DNA repair inhibiƟon (Paganeƫ 
et al., 2018; Mohan et al., 2017), and consƟtutes a cost-reducƟon strategy meriƟng dedicated 
beam-line validaƟon. 
 
 4.3 SelecƟvity Mechanisms, Combinatorial Logic, and the Lead ZnO + OsimerƟnib + RbCl 
FormulaƟon 
 
The 3–7-fold improvement in selecƟvity index (SI) achieved by nanoparƟcle-drug combinaƟons 
relaƟve to clinical monotherapies consƟtutes the central pharmacological finding of this study, and 
its interpretaƟon requires consideraƟon of both the mechanisƟc basis of individual nanoparƟcle 
cytotoxicity and the pharmacological logic of the specific combinaƟons assembled. ZnO 
nanoparƟcles are well established as potent inducers of intracellular reacƟve oxygen species, 
parƟcularly superoxide and hydroxyl radicals generated via Fenton-like reacƟons at the parƟcle 
surface and accelerated by the acidic lysosomal microenvironment of rapidly proliferaƟng tumour 
cells (Wahab et al., 2011; Yu et al., 2013; Huang et al., 2010). The approximately 20% superiority 
of ZnO formulaƟons over CuO equivalents in SI is consistent with published comparaƟve 
cytotoxicity profiles in lung cancer cell lines, where the greater solubility of ZnO at endosomal pH 
produces a more sustained intracellular zinc burst than the comparaƟvely slower dissoluƟon 
kineƟcs of CuO parƟcles (Cho et al., 2011; Rasmussen et al., 2021). CuO nanoparƟcles nonetheless 
retain disƟnct mechanisƟc value through their capacity to induce cuproptosis — a recently 
characterised form of copper-dependent cell death driven by lipoylated protein aggregaƟon and 
destabilisaƟon of iron-sulphur cluster proteins (Tsvetkov et al., 2022) — a mechanism whose 
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relevance in cells with high SLC31A1 expression is biologically coherent and warrants dedicated 
validaƟon in future work. 
The lead ternary formulaƟon, ZnO + osimerƟnib + RbCl, achieved the peak SI of 6.5–7.2 and a 
TherapeuƟc Value of 15.2. OsimerƟnib, as a third-generaƟon, mutaƟon-selecƟve EGFR inhibitor 
(Cross et al., 2014), provides targeted suppression of canonical survival signalling in EGFR-mutant 
cells, while nanoparƟcle-derived ROS amplificaƟon may independently impair the heat shock 
protein and anƟoxidant networks that underpin osimerƟnib tolerance under resistance condiƟons 
(Ramalingam et al., 2020). The addiƟon of RbCl introduces a mechanisƟcally disƟnct third axis: 
rubidium, as a potassium congener, is preferenƟally accumulated in cells with high Na⁺/K⁺-ATPase 
acƟvity and elevated K⁺ channel expression — both hallmarks of metabolically hyperacƟve tumour 
cells (Brewer, 1984; Schrauzer et al., 1994). Intracellular rubidium accumulaƟon has been proposed 
to alkalinise the cytoplasm, disrupt glycolyƟc flux, and delay cell cycle progression, providing 
metabolic-level sensiƟsaƟon that is mechanisƟcally orthogonal to both kinase inhibiƟon and ROS-
mediated apoptosis (Corsini et al., 2021). The convergence of three non-overlapping mechanisms 
— receptor tyrosine kinase inhibiƟon, oxidaƟve stress inducƟon, and metabolic disrupƟon — likely 
accounts for the supraaddiƟve selecƟvity observed, and represents a molecularly informed 
realisaƟon of the mulƟ-target therapeuƟc hypothesis (Zimmermann et al., 2007). The 
comparaƟvely modest SI improvements seen with tepoƟnib- and amivantamab-containing 
combinaƟons suggest that MET-axis targeƟng may not synergise as effecƟvely with metal-oxide 
ROS mechanisms as EGFR-pathway blockade, a pharmacodynamic nuance meriƟng mechanisƟc 
dissecƟon in isogenic resistance models. 
 
 4.4 In Vivo Acute Toxicity, the Dual-Model Plaƞorm, and ImplicaƟons of the Tumour 
Microenvironment 
 
The dual-model acute toxicity plaƞorm — combining the chicken embryo chorioallantoic 
membrane (CAM) assay with behavioural and physiological assessment in Wistar rats — provided 
complementary biological readouts that collecƟvely address the principal safety concerns 
associated with systemic administraƟon of mulƟcomponent inorganic nanoparƟcles. The CAM 
model, iniƟally developed for the study of angiogenesis and tumour metastasis (Ribaƫ et al., 1996; 
Deryugina et al., 2008), has been progressively validated as a rapid, cost-effecƟve embryotoxicity 
screen that correlates reasonably with mammalian in vivo responses for structurally diverse 
compound classes (Bucher et al., 2019; Haase et al., 2021). The finding that post-hatch viability for 
all tested formulaƟons remained within 10% of vehicle controls — while cisplaƟn and paclitaxel 
reference arms imposed viability reducƟons of 38 ± 6% and 29 ± 5%, respecƟvely — is consistent 
with the extensive literature documenƟng the dose-limiƟng embryotoxicity of plaƟnum 
compounds and taxanes (Clements et al., 2017; Mariani et al., 2019) and directly contextualises 
the ATI improvements quanƟfied here. 
The 1.5–1.8-fold reducƟon in composite Acute Toxicity Index across all fiŌy primary formulaƟons 
is parƟcularly noteworthy given that each combinaƟon incorporates at least one clinical agent 
responsible for the acute systemic burden. This reducƟon is consistent with the pharmacological 
principle of dose-reducƟon synergy: when agents targeƟng non-overlapping pathways are 
combined, the individual dose of each component required for equivalent tumour effect is 
reduced, favourably shiŌing the therapeuƟc window (Tallarida, 2011; Chou et al., 2010). In the 
Wistar rat model, the maintenance of systolic blood pressure, peripheral oxygen saturaƟon, core 
temperature, and whole-blood ROS within physiological reference intervals suggests an absence 
of acute cardiovascular or pulmonary toxicity — organ systems parƟcularly vulnerable in thoracic 
oncology and known to be adversely affected by cisplaƟn-induced nephrotoxicity and vascular 
endothelial damage (Hartmann et al., 1999; Miller et al., 2014). 
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The Curie temperature-mediated cessaƟon of heaƟng in Ni-Cu and Ag:LaMnO₃ systems deserves 
specific comment. Unlike external temperature-feedback approaches, which require real-Ɵme 
imaging and acƟve power modulaƟon, the intrinsic Curie transiƟon provides a physically governed 
safety ceiling that is independent of operator intervenƟon — a robustness of parƟcular clinical 
value in thoracic applicaƟons, where cardiac conducƟon Ɵssue and the pulmonary vasculature 
impose narrow thermal tolerance margins (Périgo et al., 2015; DaƩa et al., 2015). Finally, although 
the SPP1⁺ and FOLR2⁺ immunosuppressive macrophage subpopulaƟons idenƟfied by scRNA-seq 
were not directly targeted by the current formulaƟons, their presence highlights an immunological 
layer of the NSCLC TME that standard cytotoxic approaches leave unaddressed. IncorporaƟng toll-
like receptor agonists or CSF1R inhibitors into future mulƟcomponent designs could complement 
nanoparƟcle-mediated cytotoxicity through immunogenic cell death inducƟon and TAM 
repolarisaƟon (CasseƩa et al., 2018; Mantovani et al., 2022). 
 
4.5 Clinical TranslaƟon, Proton Therapy Enhancement, LimitaƟons, and Future DirecƟons 
Taken together, the findings of this study establish a coherent mulƟ-scale framework — spanning 
genomic target idenƟficaƟon, materials synthesis, cellular selecƟvity tesƟng, and acute systemic 
safety evaluaƟon — for the eventual clinical translaƟon of NGS-guided mulƟcomponent 
nanoparƟcles as proton therapy sensiƟsers in NSCLC. The proposal to operate at a reduced proton 
beam energy of 70 MeV, compensaƟng for the lower physical dose through nanoparƟcle-mediated 
ROS amplificaƟon and self-regulated hyperthermia, consƟtutes a pracƟcal strategy for bridging the 
radiobiological gap between proton therapy (RBE ~1.1) and heavy-ion therapy (RBE 2–3) at 
substanƟally lower infrastructure cost (Paganeƫ et al., 2021; Mohan et al., 2017). This is of 
parƟcular relevance in low- and middle-income countries where heavy-ion faciliƟes remain 
economically inaccessible yet where NSCLC incidence is disproporƟonately high due to tobacco 
exposure and environmental carcinogen burden (Sung et al., 2021; Bray et al., 2024). The concept 
of "radiobiological upgrade" through nanoparƟcle co-administraƟon has been previously explored 
for gold, hafnium oxide, and gadolinium-based agents in the context of photon-based radiotherapy 
(ReƟf et al., 2015; Her et al., 2017; Bonvalot et al., 2019); the present study extends this paradigm 
to mulƟcomponent inorganic systems whose component selecƟon was governed by single-cell 
transcriptomic evidence, represenƟng a substanƟal conceptual advance in precision nano-
radiotherapy. 
 Several limitaƟons of the present work must be acknowledged. In vitro cytotoxicity screening was 
conducted in A549 monolayer cultures, which lack the three-dimensional architecture, hypoxic 
gradients, and stromal–epithelial crosstalk characterisƟc of authenƟc NSCLC tumours; validaƟon in 
paƟent-derived organoids or mulƟcellular tumour spheroids would substanƟally strengthen the 
translaƟonal claims (Sachs et al., 2018; Drost et al., 2018). The in vivo assessment was confined to 
acute toxicity endpoints measured within a four-hour window; sub-chronic and chronic 
toxicological studies — encompassing liver enzyme profiles, haematological parameters, and 
longitudinal renal funcƟon — will consƟtute essenƟal regulatory prerequisites. CriƟcally, the 
radiosensiƟsaƟon capacity of the formulaƟons was inferred from mechanisƟc and physicochemical 
evidence rather than from direct proton beam irradiaƟon experiments; irradiaƟon studies in three-
dimensional tumour models and orthotopic xenograŌ systems therefore represent the most 
urgent experimental prioriƟes (Mohan et al., 2017; Paganeƫ et al., 2018). Furthermore, while the 
NGS-based target idenƟficaƟon drew on large and well-characterised public datasets, 
transcriptomic heterogeneity across NSCLC histological subtypes and between sequencing cohorts 
underscores the necessity of prospecƟve paƟent straƟficaƟon in any clinical applicaƟon. 
 Future work should advance along a structured translaƟonal pipeline encompassing three-
dimensional organoid efficacy models, sub-chronic murine toxicology with full haematological and 
biochemical profiling, and proton beam irradiaƟon validaƟon at 70 MeV in orthotopic xenograŌ 
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models, culminaƟng in phase I dose-escalaƟon studies in paƟents with locally advanced, surgically 
unresectable NSCLC. The integraƟon of liquid biopsy-based circulaƟng tumour DNA monitoring 
(Abbosh et al., 2022) alongside the established NGS framework could further enable prospecƟve 
idenƟficaƟon of paƟents with high SLC31A1 or SLC6A12 expression who are most likely to respond 
to metal-ion-targeƟng nanoparƟcles, thereby posiƟoning this approach within the operaƟonal 
framework of precision oncology and potenƟally transforming the clinical management of a 
disease that conƟnues to represent a leading cause of global cancer mortality. 
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ABSTRACT 

During the Late Empire, Rome had a very large territory. This state was in a state of deep 
decline in the 4 – 5th centuries. The level of agriculture decreased, most of the land was not 
culƟvated, taxes were collected with crops, trade was limited, ciƟes lost their importance, centers 
moved from ciƟes to villages, and relaƟons between provinces weakened. The decline of the 
empire, which began especially in the western provinces, was associated with the crisis of the slave 
– based producƟon method from the end of the 2nd century AD. Slavery gradually became a serious 
obstacle to the development of society. As a result, farms based on slave labor lost their 
importance and began to demand a change in the enƟre system. Colony acquired special 
importance in the economy of the late Roman Empire, playing an important role in the emergence 
of new feudal relaƟons. In the western provinces of the empire, the internal structure of large 
landownership changed, and laƟfundia based on slave labor were replaced by villas. The 
emphyteusis system was widespread throughout the empire. However, the measures taken, the 
reforms carried out, the poliƟcal and economic changes could not prevent the gradual collapse of 
the Roman Empire and the emergence of feudal relaƟons. This state could not maintain its power 
and the unity of the country in the condiƟons of the crisis of the slave system, and at the end of 
the 4th century AD the Empire was divided into two parts. In the 5th century, the Western Roman 
Empire, which was subjected to barbarian aƩacks, was completely destroyed and a new page was 
opened on the stage of history.  
Keywords: Roman Empire, western provinces, economy, decline, emphyteusis, reform, feudal 
relaƟons 
 

İntroducƟon 
The ancient Roman state stood out for its greatness and power in European history for 

many years. The achievement of this power and might was due to the successful policy pursued 
first during the Kingdom and then during the Republic, large – scale wars, the creaƟon of a strong 
economic, poliƟcal, social and cultural environment based on slave labor within the country, etc. 
The conduct of large – scale wars of conquest, the subjugaƟon of new territories, etc. meant the 
formaƟon of imperial structures, dynasƟc rule and the entry into a new stage in the governance of 
Rome. However, this development was gradually accompanied by stagnaƟon, the ineffecƟveness 
of slave labor in the economy, the emergence of new land relaƟons, forms of rent, and serious 
difficulƟes in the tax system. The same difficulƟes arose in the poliƟcal administraƟon system. The 
Great MigraƟon of Peoples led to the migraƟon of many healthy people with completely different 
values to the territory of the Empire. This led to a further deepening of the crisis and decline 
observed in the economic and poliƟcal life of the Empire. Issues such as the unaffordability of slave 
labor, the increasing difficulƟes encountered in managing slaves, the preference for land relaƟons, 
especially in the eastern provinces of the Empire, the state`s inability to be supplied with the flow 
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of slaves as before, the depleƟon of the treasury, the gradual defensive nature of the state`s 
offensive tacƟcs, etc., emerged more frequently and required soluƟons to these problems.  

Economic and political situation in the late Roman Empire 
At the end of the 4th century, the Roman Empire was a vast state. Almost all of Western 

Europe, the provinces on the right bank of the Danube, the Balkan Peninsula, the islands of the 
Mediterranean Sea, North Africa and Egypt, as well as many territories in Asia Minor, the eastern 
coast of the Black Sea, part of Mesopotamia, Syria, Palestine were considered the territory of the 
Empire [Image 1].  
 

 
Image 1. The Roman Empire under Emperor Trajan  

 
In the IV – V centuries, the Roman Empire was in deep decline. Agriculture, the main 

economic sector, was stagnaƟng and in many ways regressing. During this period, the level of 
agriculture declined, much of the previously culƟvated land remained idle, and the number of 
farms with a connecƟon to the market and producing products for the market decreased. The 
number of large estates with liƩle connecƟon to the market and used for livestock breeding 
increased. Large landowners tried to meet the demands of their farms at the expense of their own 
funds. Colons (small land tenants on large estates) had to pay their rent with produce. The state 
not only switched to collecƟng taxes from the populaƟon in products, but also paid salaries to 
officials and the army products. Trade was limited. CraŌs declined. CraŌs were not sold enough, 
and ciƟes lost their former importance. The center of gravity of public life moved from the city to 
the countryside. Economic Ɵes between the provinces, which had never been strong enough, 
weakened even more. Although trade and commodity – money relaƟons did not completely 
disappear in the Roman Empire, commodity – money circulaƟon decreased.   

The noticeable decline of the economy, especially in the western provinces of the empire, 
was associated with the crisis of the slave – based mode of production in the Roman Empire, 
which began as early as the end of the 2nd century AD. The crisis arose as a result of the internal 
contradictions of the slave – based society, and the possibilities for the development of 
production based on slave labor and slave relations were increasingly exhausted. Slavery had 
become an obstacle to the further development of the productive forces.  

The lack of interest of slaves in the results of their labor hindered technocal progress. The 
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development of large landownership, characteristic of the entire imperial period, led to the 
decline of slave labor, which was already low – productive. Thus, control over slaves in large 
estates weakened, and the reproduction of labor power was disrupted. The condition for the 
normal existence of the slave economy was the uninterrupted supply of slaves to the domestic 
market, mainly by enslaving the population of countries that had been enslaved from abroad. 
However, this was only possible as long as the Roman Empire maintained its military superiority 
over the surrounding nations. However, the development of large landowners based on slave 
labor undermined the military power of the Roman state, as it led to the bankruptcy of the free 
peanants, the main part of the Roman army. This eliminated the source of cheap slaves.   

As a result, the economy based on slave labor became ineffective. This directly required 
change in the methods of exploitation of producers. Slaves began to be transferred to the lands, 
given plots of land and necessary equipment, in return for which they had to give part of the 
products received to their masters or work on their lands. The slaves transferred to the lands 
were in a dual position. On the one hand, they were engaged in independent farming, like future 
medieval serf peasants, they had equipment, livestock and certain property (peculium) for their 
personal use. This created a certain interest in the slave`s labor and increased the productivity 
of his economy. On the other hand, the slaves themselves and all their property belonged to the 
slave owners. Therefore, the situation of the slaves was unstable.  

The number of freed slaves increased, which was an expression of the collapse of the 
slave economy. During the Late Empire, the practice of freeing slaves expanded significantly. The 
state began to facilitate the freeing of slaves. Freed slaves now became tenants on estates 
belonging to the emperor, large landowners, and the church. Freed slaves remained under 
patronage. The freeing of slaves was one of the attempts to increase the productivity of their 
labor.   

Colony was of particular importance in the economy of the late Roman Empire. Colons 
(small farmers who had acquired large and medium – sized land in the first centuries of the 
empire) paid tribute and performed certain duties for the benefit of the landowners. However, 
they remained fully free men. In the last period of the empire, the number of colons increased 
significantly, bankrupt peasants, small and medium – sized landowners, and captured barbarians 
became colons. If previously captured barbarians were turned into slaves, now they began to 
distribute them to landowners in the form of colons.   

The social situation of the colonists had deteriorated. As a result, they gradually became 
dependent on large landowners. Their legal status also changed. In accordance with the interests 
of the large landowners and the state, who tried to ensure the uninterrupted collection of taxes, 
the colonists were enslaved to the lands they cultivated. They were deprived of some rights 
belonging to free people, and according to the law they could not own property. Since all their 
property belonged to their masters. According to the law, the colonists could not freely change 
their place of residence; they were deprived of the right to be tried together with their masters 
in civil cases (with the exception of claims for the correct receipt of dowries). They could not hold 
public office or take a clerical title.  

Colons did not represent the same mass as slaves. They were more independent in 
economic terms than slaves, they could sell their products, and the rent they paid could not 
exceed the amount established by law. They retained a number of features inherent in the legal 
status of free people: they paid state taxes, albeit through landowners, were drafted into military 
service, and in some cases could complain about their masters to state judges. They could not 
be sold without land. Colons were closer to the medieval serf peasants of the agricultural 
population of the Late Roman Empire and, according to F.Engels, were the predecessors of 
medieval serfs. Colons, who were dependent on land and personally, like medieval serfs, 
managed their farms independently. Colons, who were subject to non – economic coercion, gave 
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part of the surplus produce to the landowner.    
But the colons differed significantly from the medieval serfs. Slavery relations had a 

significant impact on their situation. The methods of their exploitation differed little from those 
of slaves who were actually enslaved. Their lack of sufficient property rights and the uncertainty 
of their legal status (in some cases they were legally equated with slaves) prevented them from 
showing interest in labor, which is typical of the dependent peasants of feudal society. Moreover, 
the colons, unlike the mediaval peasants, were not subject to individual landowners, but to the 
state system of serfdom, and in addition, they were brutally exploited by the slave state.  

Their social status in the society in which they lived was also influenced by the fact that 
physical labor was considered an occupation unworthy of a free man. The feudal society of the 
colonists did not have the social organization typical of the peasants. The exploited agricultural 
population included, in addition to slaves, freemen and colonists, small precariats – free 
landowners who had received plots of land from large landowners for use under various 
conditions determined by them. During the late Empire, the lands used by the precariats 
remained in their possession for a long time, and they gradually approached the colonists in 
terms of their status. Sometimes, bankrupt and in need of protection, small landowners donated 
their land to large landowners and bought it back for use under certain conditions, becoming 
land users – precariats – on the estates of large landowners. 

The development of large landowners led not only to the bankruptcy of small landowners, 
but often also to the bankruptcy of medium – sized landowners. They became large secular 
entrepreneurs, users of imperial estates (treasury lands) and church lands. However, during the 
collapse of the Roman Empire, large landownership could not completely eliminate medium and 
small landownership in agriculture. Medium and small landownership remained on a significant 
scale in northeastern Gaul, Britain, the provinces around the Danube, and North Africa. It did not 
disappear in the cities either. The curias – hereditary medium – sized landowners, who were 
responsible for the regular payment of taxes and the execution of obligations in urban 
communities, still played an important role in the economy of the empire.   

But in the western provinces of the empire, large landownership prevailed. Its structure 
changed in the 3 – 5th centuries. The latifundia, which belonged to senators and were based on 
slave labor on the emperor`s estates, were replaced by villas. The villas were divided into smaller 
plots – parcels. These parcels were distributed for use by slaves, freedmen, colonists and 
precariats. Thus, large landownership was interwined with small farms. The old – style villas also 
remained in the empire, in which production was still based on slave labor. However, they were 
increasingly giving way to new – style large estates, which indicated the emergence of the 
embryos of the economic forms and economic relations that later dominated feudal society.   

The agrarian structure of the late Roman Empire was also characterized by the spread of a 
form of land ownership such as emphyteusis. Those who leased land (usually large estates) with 
the right of emphyteusis had to pay certain taxes to the landowners every year and manage the 
farm well. The owners of the emphyteusis could lease, inherit and even sell these lands. The 
landowner retained the right of preemption to purchase these properties. The land was returned 
to its owner only if the emphyteusis owner paid the appropriate taxes within 3 years, and if the 
emphyteusis owner died and had no heirs, or when the term of ownership expired. The 
emphyteusis and some other similar forms of land ownership were the predecessors of the 
conditional land ownership characteristic of feudal society.   

 
Crisis in the political structure  
The crisis of the slave system was manifested in the political and legal institutions and 

ideology of Roman society. Class contradicitions within the country, the growth of 
decentralization tendencies in the provinces, the intensification of attacks by foreign enemies, 
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the decline in the material resources of slavery forced the Roman state to adapt to new 
contidions. In this regard, the administration of the state was increasingly concentrated in the 
hands of the emperor and the officials appointed by him. The power of the emperor became 
unlimited. The importance of the Senate was completely weakened. Power in the center and in 
the localities passed into the hands of a bloated military – bureaucratic apparatus. The former 
autonomy of the cities was eliminated. The core of the army was now not Roman peasants, but 
hired barbarians.    

One of the main tasks of the state was to extract as much surplus as possible from the 
population in the form of taxes and various duties in order to maintain the bloated state 
apparatus, the army, and enrich the ruling class of the state – the senatorial nobility. To ensure 
the regular collection of taxes, the state subordinated the curials to the curiae in the cities, 
forbade them to alienate their lands, and involved them in the guarantorship of fifty to ensure 
the regular collection of taxes. Urban artisans were also subordinated to their professions. They 
were forbidden to leave their collegia (professional associations of artisans). They had to perform 
natural duties for the benefit of the state.  

However, all these measures could not prevent the gradual collapse of the slave state and 
the emergence of elements characteristic of the feudal political system. The Roman Empire could 
not maintain its strength and unity in the conditions of the crisis of the slave system. The process 
of gradual economic, political and cultural isolation of the Roman provinces led to the division of 
the empire into two parts – Western and Eastern parts – in 395. Italy, Gaul, Britain, Spain, the 
Peripheral provinces (Illyria, Pannonia), as well as North Africa remained within the Western 
Roman Empire. The Balkan Peninsula, Asia Minor, Egypt and other eastern provinces became 
part of the Eastern Roman Empire, which was later called Byzantium. The western and eastern 
parts of the empire actually became independent states.  

Changes in the political structure of the Western Roman Empire were manifested in the 
development of the power of large secular businessmen and the church, in the growth of 
relations. The expansion of the power of large businessmen was, to a certain extent, facilitated 
by the government itself, which entrusted the task of collecting taxes from the colonists and 
providing soldiers for the army to large landowners. Individual large businessmen themselves 
maintained military detachments of mercenaries, and surrounded their estates with fences and 
towers.    

In the provinces, the power of officials gradually passed into the hands of local nobles. 
The supreme military leaders gained independence. They relied on groups of barbarians called 
bucellarii, who served not the state, but their commanders, swore oaths to them and fought like 
durs in battle. All this meant the emergence of the embryos of the political structure 
characteristic of feudal society. The political power of large entrepreneurs was still in its infance. 
In the regions, central authorities were maintained, and in the cities, municipal authorities of the 
government. The special troops and fortified villas of the big businessmen were not typical for 
the whole country. The patronage of the big businessmen over the villages, special troops and 
arrests were not considered legal. The part of the provincial nobility that tended to secede from 
the center was opposed by the other part of them that relied on the central goverment against 
the barbarians and the masses, and by the church. Alttough the centralized state apparatus 
gradually lost its influence, it continued to exist until the collapse of the Western Roman Empire 
[Image 2].  
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Image 2. Roman provinces during the late Roman Empire 

 
The Christian Church in the Late Empire 
The evolution of the Christian Church in the Roman Empire is connected üith the crisis of 

the slave society [Image 3]. Christianity arose as a religion of the exploited and oppressed masses, 
but it never spoke out against the existing social order. It preached humility and submissiveness 
in this world. By the 4th  century, Christianity had already undergone serious changes and had 
become the religion of the ruling class. The leading role in Christian communities gradually 
passed into the hands of bishops, most of whom were wealthy people. The clergy had a diocese 
organization and were separated from the secular people. In the sermons delivered by Christian 
clergy to the masses, calls for submission to the authoruty of the wealthy and the idea of the 
divine origin of state power came to the fore.  

 
Image 3. The Christian Church in the Late Empire 

 
The Roman authorities, convinced that the Christian church, with its strong unified 

organization, was a more powerful ideological instrument than the pagan rites that were not 
related to each other, began to defend Christianity. Already at the beginning of the 4th century, 
Christianity was recognized as a religion on an equal footing with pagan rites (the Edict of Milan 
in 313). At the First Ecumenical Council (a congress of representatives of the highest clergy) 
convened in Nicaea (Asia Minor) in 325 and at the Second Ecumenical Council (Constantinople) 
in 381, the main task was to develop a symbol of faith – a brief explanation of the main dogmas 
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of the Christian church. This creed included the doctrine of the triune unity of God. According to 
church doctrine, God is one, but at the same time consists of three persons: the Father, the Son, 
and the Holy Spirit. The creed included the doctrine of the appearance of Jesus, etc. The church 
considered the emperor its head.   

Christianity soon became the dominant religion in the empire. The church also became a 
major financial force. Private individuals and the emperor`s gifts helped to increase his wealth, 
especially the land he cultivated with slaves, colonists, and precarians. Bishops began to play an 
important role in the administration of cities, and they acquired judicial power over the clergy 
and, in some cases, over laymen.  

The Bishop of Rome began to struggle for primacy among all the highest Christian clergy. 
At the end of the 4th century and the beginning of the 5th century, he granted himself the 
exclusive right to be called Pope (Greek pappas – father, in other words, head of the church) and 
gradually gained power over the Western bishops. The Christian Church began to be called the 
Catholic (universal) Church, and its head – the Pope – declared himself the successor of the 
Apostle Peter, and later the Vicar of Jesus on earth.  

Monasteries have become important in the Christian church. Monasticism initially 
emerged as a form of renunciation, a form of detachment from society by people who wanted 
to be free from social oppression and the sufferings of this world. The first monasteries were 
founded in the East in the 4th century. In the 5 – 6th centuries, monasticism also spread to the 
West. Previously, monastic settlements were democratic in nature. Monks were engaged in 
physical labor and led a renunciation of the world. Their influence among the people was not 
small. However, the monasteries gradually began to expand their land holdings and become large 
landowners, using the labor of slaves and colonists to cultivate their lands. The monasteries, 
subordinated to the control of the bishops, became an integral part of the official Christian 
church and helped to strengthen its influence on the masses. However, sharp social 
contradictions prevented a strong church unity.   

The struggle of the exploited masses against the ruling class and the state found its 
expression in religious sects. After the bishops had been developed by councils or synods 
(meetings) of other nobles, all those who did not accept the established church dogmas were 
called sectarians (infidels, apostates). At the beginning of the 4th century, in Alexandria, and then 
in other cities of the empire, a sectarian religious doctrine spread, which received the name 
Arianism (after the name of its founder, the Alexandrian priest Arius). Arius opposed the official 
doctrine of the triune unity of God. He argued that the Son – God, who supposedly combined 
divine and human natures in himself at the same time, that is, Jesus Christ, the legendary founder 
of the Christian church, was not equal to the Father – God, but was descended from the Father 
– God and therefore should be considered inferior to him. Arianism was defended by the 
plebeian elements of some cities, especially Alexandria, during its formation.  

The Council of Nicaea condemned Arianism as a sect. The officially recognized church 
teaching was declared the only correct one – the orthodox teaching. Later, Arianism spread for 
a certain period in the Eastern Roman Empire. In 381, Orthodoxy i the Empire definitively 
defeated Arianism. In the 5th century, Monophysitism (Greek monos (one), physis (nature)) – the 
doctrine of the monotheism of God (uniform nature) – spread in the eastern provinces. Unlike 
the Orthodox movement, which claimed that the divine and human natures of Jesus were in 
permanent unity, the Monophysites accepted that Jesus had only a divine origin. The 
Monophysites, who were closely associated with the lower classes of the population and were 
actively supported by the Egyptian monks, won a victory at the Council of Ephesus in 449, but 
were condemned as a sectarian at the Council of Chalcedon in 451. The Monophysites 
maintained their influence in Egypt, Syria, etc.  

In Roman Africa in the 4 – 5th centuries, the Donatists (supporters of Bishop Donatus) 



 

 

 «European Research Materials» (February 26-27, 2026). Amsterdam, Netherlands 

269 

fought against the ruling church. They demanded the purity of the church and insisted on the 
need for a second baptism. The Donatists considered the first baptism performed in an 
uncleaned church to be invalid. Various social elements partocopated in this movement, from 
large landowners, who were spread among tham by the spirit of separation from the center, to 
the exploited masses – slaves and colonists. For slaves and colonists, opposition to the ruling 
church was an expression of their hostility to the slave state. The most stringent demands in this 
movement were put forward by those from the Agonists (Greek for struggler). They spoke out 
against social oppression. The government established severe penalties for participation in the 
Donatist sect.  

The crisis and collapse of the slave – owning economic system in Rome found its 
expression in social contradictions and class clashes, which manifested themselves in various 
forms. Such forms of resistance as the escape of slaves and coloni from their masters, and of 
urban artisans who were enslaved in the colleges from their cities, and the evasion of military 
service and taxes, played a major role. During the invasions of the barbarians into the territory 
of the empire, part of the exploited masses (especially slaves who were originally related to the 
invading barbarian tribes) sometimes went over to the side of the invaders. Armed uprisings also 
occurred. In the 4 - 5th centuries, the peasants of the Roman provinces played the main role in 
these uprisings, not slaves, as in the 2nd – 1st centuries BC. Coloni and slaves also joined them.   

In the 4th century, especially at the beginning of the 5th century, a popular movement led 
by the agnostic sect gained wide popularity in Roman Africa. Peasants, colonists, and slaves 
participated in this movement. They rebelled against social oppression under the slogan of fighting 
the ruling church. The rebels burned the estates of large landowners, attacked the Orthodox clergy, 
freed slaves, took debt receipts from creditors, and prevented tax collectors from fulfilling their 
functions. However, these uprisings were not organized, scattered, and did not develop into a 
single large uprising. The movement of the against or circumsellions (lat. for “those who live in 
misery around the comas”) was brutally suppressed by local rulers.  

At the beginning of the 5th  century and in the 30 and 40s, the bagaud revolt took on a 
large scale in Gaul. The participants in this movement were mainly peasants from Armorica (the 
northwestern part of Gaul). Roman sources do not provide information about the etymology of 
the word Bagaud. It is likely that Bagaud is derived from the Celtic word “baga” – struggle, 
meaning those who fight. In different regions of Gaul, the revolts were successful and 
independent communities were created. These did not accept Roman rule. In the 40 and 50s of 
the 5th  century, the Bagaud movement spread to Spain, covering its northern provinces. In Italy, 
in Rome itself, revolts also broke out. The revolts here were mainly the speeches of the city plebs, 
who protested against inflation and demanded an increase in the distribution of food to the 
population.   

Although the daily struggles and mass uprisings that took place in the late Roman Empire 
did not end in victory, they weakened the power of the states and deepened the crisis of the 
slave system. 

Slaves, tied to an outdated economic system and lacking any definite program for the 
reconstruction of society, could not win. The situation of free small landowners was the ideal of 
colonists and other small land users living on other people`s lands, as well as bankrupt free 
peasants. However, in the conditions of that time, the development of the productive forces 
could not lead to the realization of this ideal. It was possible to establish lightened exploitation 
decrees for these small producers. The spontaneity, disorganization and dispersion of the 
speeches of the colonists and peasants were characteristic of the struggle, which prevented 
them from achieving their goals. Although the position of the individual layers of direct producers 
(slaves transferred to the land, colonists, etc.) approached each other, there were still sharp 
barriers and property differences between them. This also prevented them from uniting in the 
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struggle against the ruling class. The urban plebs, whose livelihood was based on food distributed 
free of charge from state reserves, lived to a large extent at the expense of the surplus product 
obtained from slaves and colonists. However, the hostile attitude of the exploited population to 
the slave state played an important role in its historical destiny. The Western Roman Empire, 
weakened by the struggle of colonists, slaves, enslaved peasant masses, and the tendency of the 
provinces to secede from the center, was unable to withstand the pressure of external enemies 
for a long time. The only way out of the crisis of the slave system, which covered all aspects of 
the social life of the Roman state, could be the transition to a new structur. 

 
Conclusion 

 The rise that began at the beginning of the era in the ancient Roman Empire was soon 
replaced by decline and crisis. This process was especially intensified during the reign of Emperor 
Trajan and aŌer him. The crisis and decline covered the enƟre Roman society and created favorable 
condiƟons for the collapse of the Empire. The process of decline of the Empire can be systemaƟzed 
as follows: 
 The economic situaƟon that condiƟoned the development of the empire became tense 
from the 2nd to the 3rd centuries. This process manifested itself differently in the western and 
eastern provinces of the empire.  
 On an empire – wide scale, it became clear that slave labor was no longer efficient in 
laƟfundia, villas, and other large farms. For this reason, various categories of slaves began to 
emerge.  
 The difficult economic situaƟon of the empire manifested itself in various forms. Thus, the 
introducƟon of the emphyteusis system very soon led to serious changes within the large 
landowners. 
 Serious changes took place in the management of large estates, and their transfer to small 
land tenants became widespread.   
 Trade relaƟons were limited, trade relaƟons became increasingly natural, ciƟes lost their 
former importance, and the main centers began to move to the countryside. 
 The serious crisis of the slave system, especially in the western regions of the empire, was 
recognized even by contemporaries. 
 Changes in the agrarian structure led to the emergence of new forms of land ownership, 
and the colon system began to take shape. 
 Changes in the poliƟcal structure were in Roman society and legal insƟtuƟons and ideology. 
 The strengthening of centrifugal tendencies, the increase in barbarian aƩacks, and the 
decrease in material resources led the Roman Empire to take a new poliƟcal line.  
 The importance of the Senate has completely diminished, the bloated military – 
bureaucraƟc apparatus has gradually taken over power, the autonomy of the ciƟes has 
disappeared, the army has become barbaric. 
 The increase in taxes and duƟes to maintain the state apparatus, the army, the ruling class, 
senatorial dignitaries, etc. has become the main source of income. 
 The change in the ideology of the empire, the adopƟon of ChrisƟanity as the state religion, 
the evoluƟon of the church, the serious changes in ChrisƟanity, and its transformaƟon into the 
ruling class can be considered characterisƟc features of this period.   
 The church became an important force defending the state, the clergy were involved in the 
administraƟon of the state, and the Bishop of Rome received the exclusive right to be called the 
Pope. 

During the late Empire, the struggle of various classes against the central government 
became widespread, and from this period, along with the struggle against secular power, sects 
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began to emerge within the ChrisƟan religion that deviated from the orthodox church doctrine. 
Such sects could be found in various provinces of the Empire.  
 The Great MigraƟon of Peoples brought many new peoples to the Roman Empire. The 
empire`s contact with these peoples led to their gradual seƩlement within the state.  
 New states began to emerge in the Empire. Both the Western and Eastern provinces were 
seƩled by such peoples. The seƩlement of barbarian tribes in the Western provinces led to the 
collapse of the Western Roman Empire, while this type of seƩlement and the emergence of new 
states in the Eastern provinces led to the further strengthening of the ByzanƟne Empire.  
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Abstract 
This essay seeks to describe what has been the normative and jurisprudential development 

adopted by both the Council of State and the Constitutional Court regarding the right to 
information, about to the provenance of providing information of a reserved nature through the 
right of petition, as is the case of resumes that rest in state entities, Without leaving aside the 
position of various writers and authors, because it is important to analyze and evidence if they 
have developed their relationship with documents that have legal reserve. On the other hand, this 
research is pertinent, taking into account that although the right of access to public information 
has been regulated by means of the right of petition, specifically of information that by its legal 
nature, is eminently reserved, at present we still find ambivalences, and even gaps in the norms 
that regulate this information of reserved character, Inasmuch as there are many documents that 
are not described in the norm as those that have legal reserve, or that their regulation leaves out 
some aspects, such as the case of the resumes of public officials. Likewise, this research is 
important for administrative law since it allows public sector institutions to be clearer with respect 
to those documents that by their legal nature enjoy the character of reserved, all the above making 
use of the hermeneutics the first and second level. 

Keywords: Right to Information, Petition Right, Public Information, Reserved Information, 
Resume, Public Officials, Citizens. 

 
Con la Constitución Política de Colombia de 1991, se introdujo en el ordenamiento jurídico 

Colombiano un mecanismo muy importante para acceder a casi todo tipo de información, 
especialmente información de carácter publica, por parte de cualquier persona, ese mecanismo 
obedece al derecho de petición, el cual está íntimamente ligado con el derecho a la información.  

Es así como, con el pasar de los años, se empezaron a presentar conflictos y/o 
controversias entre un derecho y otro, especialmente del derecho a la información y el derecho a 
la privacidad e intimidad, sin que hubiese legislación expresa que resolviera dicha disputa, 
quedándose corto el ordenamiento jurídico respecto a la regulación del derecho de acceso a la 
información pública, específicamente información de carácter reservada.  

Es por ello que mediante la ley 1437 de 2011 se reguló el derecho de petición de forma 
más clara en su artículo 24, sin embargo, por tratarse de la regulación de un derecho fundamental, 
fue entonces necesario una nueva legislación, que para este caso hace referencia a la Ley 
Estatutaria 1755 de 2015. En vista de lo anterior, en dicha ley se realizó también énfasis en qué 
tipo de documentos gozan de reserva legal, y que aun así por medio del derecho de petición no 
pueden ser suministrados o entregados precisamente por su naturaleza. 

No obstante, lo anterior, es  necesario recurrir a la jurisprudencia, en este caso nacional, 
para resolver los conflictos que se presentan al momento de solicitar la información de la cual se 
hace referencia, puesto que a la fecha existen vacíos en la norma para definir con exactitud en 
qué eventos, y en cuáles no, no estaría frente a documentos que gozan de reserva legal. 
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Al respecto, tanto el Consejo de Estado, la Corte Constitucional, diversos tratadistas, y 
autores han dado algunos parámetros a tener en cuenta a la hora de hacer uso del derecho a la 
información, frente a la procedencia de suministrar información de carácter reservada, a través 
del derecho de petición, como es el caso de las hojas de vida que reposan en las entidades 
estatales. 

Al mismo tiempo, y grosso modo, la importancia y relevancia de esta investigación radica 
en que aunque se ha venido regulando el derecho de acceso a la información pública por medio 
del derecho de petición, específicamente de aquella información que por su naturaleza jurídica, 
goza de carácter eminentemente reservado, en atención a que en ella reposan documentos que 
están íntimamente ligados a la privacidad e intimidad de las personas, se encuentra  que pese a lo 
anterior, en la actualidad aún persisten ambivalencias, e incluso lagunas en las normas que regulan 
dicha información de carácter reservada, pues en diversas ocasiones se deja al criterio del 
funcionario público ante quien se elevó la petición, la decisión de entregar o no dicha información 
de conformidad con su criterio personal. 

Lo anterior, en atención a que existen muchos documentos que no se encuentran descritos 
en la norma como aquellos que guarden reserva legal, o que su regulación deja por fuera algunos 
aspectos, como es el caso de las hojas de vida de funcionarios públicos, y toda aquella persona 
que contrate con el Estado. 

Pues si bien es cierto la información de estos se vuelve en principio pública en aras de 
brindar transparencia, no todo lo allí depositado puede estar sometido al conocimiento y consulta 
de terceros sin que medie autorización expresa por parte del titular de la misma, teniendo como 
criterio que dicha información se relaciona directamente con el derecho a la intimidad y privacidad 
de la persona.  

Sumando a lo anterior, es importante esta investigación para el derecho administrativo 
toda vez que puede permitir que los funcionarios de las instituciones del sector público tengan 
mayor claridad respecto de la regulación del derecho de petición, haciendo énfasis en aquellos 
documentos que por su naturaleza jurídica gozan del carácter de reservados. 

En concordancia con lo anterior, se busca evitar eventualmente una sanción por no 
contestar el derecho de petición, o no entregar la información suministrada, creyendo que se está 
ante un documento reservado, pero que en realidad la ley ni la jurisprudencia le ha dado dicho 
carácter, pues es de recordar que la ley 1755 de 2015 Ley Estatutaria “por medio de la cual se 
regula el Derecho Fundamental de Petición y se sustituye un título del Código de Procedimiento 
Administrativo y de lo Contencioso Administrativo.” contempla que el no contestar el derecho de 
petición o hacerlo en indebida forma puede constituir falta disciplinaria para el funcionario público 
que dé lugar a ello. 

Por ende, y de todo lo mencionado en precedencia, el Problema jurídico o pregunta de 
investigación que se deriva es, si en efecto ¿Existe vulneración al derecho fundamental de petición 
y de información cuando una entidad pública se niega a entregar documentos e información al 
peticionario, por estar sometidos a reserva legal?, indicando cuál es el tratamiento Normativo y 
Jurisprudencial que se le da al derecho a la información cuando con fundamento en este, se 
requiere obtener información que por su naturaleza jurídica goza del carácter de reservado, como 
lo es la información contenida en las hojas de vida que reposan en las entidades públicas, el cual 
servirá como la base para entrar a desarrollar el ensayo, pues es a este problema jurídico al que 
se le debe  dar respuesta. 

DEL DERECHO A LA INFORMACIÓN PÚBLICA A TRAVÉS DEL DERECHO DE PETICIÓN. 
Es importante iniciar el desarrollo de este ensayo indicando algunos aspectos relevantes 

tales como ¿Qué se entiende por derecho de petición? ¿Cuál es el objeto del derecho de petición? 
¿Quién puede interponer un derecho de petición? ¿Qué clases de derecho de petición existen? 
¿Qué es el derecho a la Información Pública? 
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Conceptos Derecho de Petición 
Para responder al primer interrogante se trae a colación la siguiente definición  
El derecho de petición, cuyo propósito es el de buscar un acercamiento entre el 

administrado y el Estado, otorgándole al ciudadano, un instrumento idóneo con el cual acudir ante 
él en busca de obtener acceso a la información y documentos (exhibición y expedición de copias) 
sobre acción de las autoridades, a excepción de lo catalogado como reservado por la constitución 
y las leyes (…). 

El derecho de petición involucra no sólo la posibilidad de acudir ante la administración que 
supone, además, un resultado de ésta, que se manifiesta en la obtención de la pronta resolución. 
Sin este último elemento de derecho de petición no se realiza, pues es esencial al mismo.  

No se debe confundir el “derecho de petición”, cuyo núcleo esencial radica en la 
posibilidad de acudir ante la autoridad y en obtener pronta resolución, con el “contenido de lo 
que se pide”, es decir, con la “materia” de la petición. (Pinilla, 1995, p. 29).  

Derecho de petición y democracia son dos nociones que se integran pues su finalidad es la 
satisfacción de las inquietudes del pueblo, cuando las personas encuentran irregular, indebida o 
deficiente la conducta del funcionario que actúa en nombre del Estado; también tiene lugar 
cuando el particular tiene interés en determinada información o dato que requiere para un fin 
especial.  

Es el derecho político de poder dirigirse respetuosamente a las autoridades ante cualquiera 
de las ramas del poder público, ya sea por motivos de interés general, ya de interés particular y el 
de obtener una pronta resolución. (P.30). 

Asimismo, afirma Rodríguez (2015): “Toda actuación que inicie cualquier persona ante las 
autoridades implica el ejercicio del derecho constitucional de petición, sin que sea necesario 
invocarlo.” (p.415). 

Se conoce con el nombre de derecho de petición la facultad de los individuos para dirigirse 
a las entidades o funcionarios de los distintos organismos administrativos, legislativos o judiciales, 
en demanda de providencias que amparen los derechos de cada uno, en casos concretos, o en 
beneficio de la comunidad engeneral. (p.209). 

En el mismo sentido, Romero (2010):El derecho de petición, es una de las conquistas 
civilistas incorporadas, a norma de rango superior, más importantes en la evolución y 
estructuración de los que hoy en día se conoce como “Estado Social de Derecho”, como expresión 
de una sociedad que ha erigido una organización administrativa denominada ESTADO.  

Este derecho, ha sido analizado desde varios puntos de vista: sociológico, jurídico, político, 
histórico, donde se evidencia que sirvió como medio para abolir la vindicta privada (venganza 
personal), es decir, la posibilidad de hacer justicia por las propias manos.  

El derecho de petición como lo hemos sostenido es un derecho fundamental de la persona 
humana, está reconocido como Derecho Humano de Primera Generación, es decir, es de los 
derechos de los más antiguos y clásicos, consagrados y reconocidos por los estados en pro de los 
asociados. 

Motivo por el cual se encuentra dentro del grupo de derechos, garantías y deberes que se 
encuentran en el Titulo Segundo, Capitulo Primero de la Constitución Política, al lado de los 
derechos de la vida, dignidad humana, igualdad, intimidad personal y honra, libre desarrollo de la 
personalidad, libertad de culto, credos y religiones; libertad de opinión y pensamiento; honra; 
derecho de libertad a circular, derecho al trabajo, derecho al debido proceso, derecho a la libertad 
de enseñanza; habeas Corpus, etc.(p.42, 43). 

Objeto del Derecho de Petición 
Uno de los objetivos fundamentales, básicos y primordiales del instituto jurídico 

democrático, del derecho de petición, en sus diversas denominaciones, es lograr una interacción 
o comunicación fluida y eficaz entre las autoridades del Estado y/o los particulares, según el caso. 
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Se pretende con él, que las relaciones entre unos y otros no se limiten al esquema gobernante-
gobernado, sino más bien a otorgar y reconocer encabeza de las personas instrumentos y 
mecanismos que permitan hacer realidad uno de los cometidos fundamentales de un Estado Social 
de Derecho: que sus autoridades estén al servicio de las personas. Que el servicio público sea una 
oportunidad para el cumplimiento de los fines cometidos del Estado y no un medio para que los 
servidores públicos sean servidos, beneficiados o favorecidos por el aparato estatal.  

En efecto, el derecho de petición implica el deber que tienen las autoridades de responder 
de manera pronta y eficazmente las solicitudes que hagan los diferentes peticionarios, ya sean 
quejas, manifestaciones, reclamos o consultas, informaciones, audiencias, sugerencias. Las 
autoridades están en deber funcional y la obligación ética y legal de resolver las peticiones, ya 
sean de interés general o particular, dentro de los plazos establecidos para cada evento. (P.44) 

¿Quién puede Interponer un Derecho de Petición? 
Frente al interrogante de quien puede interponer un derecho de petición, “Toda persona 

tiene derecho a presentar peticiones respetuosas a las autoridades (…).”señala (Pinilla, 1995, p. 
30). 

Así las cosas, y llegado a este punto, se puede manifestar que en principio, al estipular la 
misma ley, que aunque la regla general es que los documentos e información pública sean de 
consulta para todos, existen eventos en los cuales dicha información estará sometida a reserva 
legal, a secreto absoluto, impidiendo el acceso a ella, tampoco se debe llevar al extremo dicha 
reserva, o secreto, pues se debe garantizar que los ciudadanos tengan la oportunidad mínima de 
poder ejercer, de alguna manera, el derecho fundamental al control del poder público. 

Por lo que de lo anterior se colige que eventualmente si se puede estar ante una posible 
vulneración del derecho fundamental de petición y de información cuando la administración niega 
al administrado una petición de información o documentación de información por considerar que 
la misma se encuadra dentro de la categoría de documentos o información reservada en tanto 
que está de por medio la esfera íntima y privada del titular de dicha información. Así entonces, 
resulta importante destacar que cuando la norma señala intimidad y privacidad deja un margen 
de maniobra al funcionario encargado de suministrar la información o documentación, y decidir si 
procede a entregar y/o suministrar lo requerido, lo que eventualmente se puede traducir en 
arbitrariedad, o  desafuero, por parte de la administración, ya que este puede negar la petición 
por considerar que está de por medio la privacidad e intimidad  del titular de esta. 

Un claro ejemplo de lo anterior  es cuando un tercero solicita las Evaluaciones de 
Desempeño de un Docente de un Establecimiento Público de Educación superior, pues si bien es 
cierto en el mismo contienen datos e información personal del profesor como nombre, apellido, 
teléfono, dirección, entre otros, dista aun de considerar estos como elementos que hagan parte 
de la esfera íntima de una persona, y que en consecuencia sirvan de base, apoyo, argumentos por 
parte de la administración para negar la petición de información o documentación por considerar 
que los datos antes señalados son de carácter íntimo o privado. 

Sumado a lo anterior, a manera de conclusión, se puede indicar que el acceso a la 
información es la manifestación de la libertad de información, ocupando un lugar privilegiado en 
el ordenamiento jurídico colombiano (Rojas, 2011). Dado lo anterior, en el evento de presentarse 
colisión con otros derechos, valores, o principios constitucionales, tales como el buen nombre, la 
honra, pero principalmente, y el que para efectos de este ensayo resulta más relevante, es decir 
el derecho a la intimidad, debe en principio primar el derecho de acceso a la libertad de 
información, no obstante, no quiere indicar esto que dicho derecho sea absoluto, pues la misma 
constitución y la ley han dado ciertos parámetros para negar el acceso a información pública 
cuando esta tenga el carácter de reservado, como es el caso de la información contenida en las 
hojas de vida de los servidores públicos, contratistas, que reposan en las entidades estatales; 
información que en caso de contener datos que toquen, estén ligados con la esfera privada, intima 
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de las personas no puede ser entregada a personas distinta del titular de la misma, sin implicar 
esto que se esté violando el derecho de acceso a la información pública, ya que del análisis de este 
ensayo se logró determinar que aunque no existe regulación concreta puesto que se deja incluso 
a criterio del funcionario público ante quien se elevó la solicitud de información o documentación, 
la entrega o no de la misma, existe un parámetro para proceder a ello, siendo este, la estrecha 
relación que exista entre la información, o documentación  solicitada con la esfera íntima, o 
privada de la persona titular de aquella, sin que se pueda entonces señalar que esto constituye 
una flagrante violación al derecho de acceso a la información pública, en tanto que tal como se 
manifestó  
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