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METHODOLOGICAL FOUNDATIONS FOR THE APPLICATION OF ARTIFICIAL
INTELLIGENCE TECHNOLOGIES IN TEACHING SPECIALIZED DISCIPLINES:
OPPORTUNITIES AND RISKS

Abstract: The article examines the methodological foundations of applying artificial intelligence
technologies in the teaching of specialized disciplines, with a focus on identifying both their pedagogical
potential and associated risks. The relevance of the study is determined by the ongoing digital transformation
of education and the growing demand for innovative tools that enhance the effectiveness and adaptability of
the learning process. The paper analyzes key directions of Al integration into educational practice, including
adaptive learning systems, intelligent tutoring, automated assessment, and personalized learning pathways.
Particular attention is given to the methodological principles that ensure the effective implementation of these
technologies, such as alignment with learning objectives, didactic appropriateness, and the role of the
instructor in a technology-enhanced environment.

At the same time, the study highlights a range of challenges and risks related to the use of artificial
intelligence, including potential bias in algorithmic decision-making, issues of academic integrity, reduced
critical thinking, and increased dependence on digital tools. The importance of maintaining a balance between
technological innovation and pedagogical control is emphasized. The results of the study contribute to the
development of a structured approach to integrating artificial intelligence into higher education, aimed at
improving the quality of teaching specialized disciplines while minimizing potential negative impacts.

Key words: artificial intelligence, higher education, specialized disciplines, teaching methodologies,
adaptive learning, intelligent tutoring systems, automated assessment, educational technologies, academic
integrity, learning personalization.

Introduction

The contemporary stage of higher education development is characterized by the rapid
integration of digital technologies into the teaching and learning process. Among these technologies,
artificial intelligence (Al) is gaining particular significance as a tool capable of transforming traditional
pedagogical approaches and enhancing the effectiveness of knowledge transfer [1]. This is
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especially relevant in the context of teaching specialized disciplines, which are inherently complex,
content-intensive, and require a high level of cognitive engagement, analytical thinking, and
sustained concentration from students.

Specialized disciplines, such as those related to engineering, biotechnology, information
systems, and other professional fields, are distinguished by a high degree of abstraction,
interdisciplinary connections, and the need for deep conceptual understanding. Students often face
difficulties in mastering such material due to its complexity, the volume of information, and the
necessity to integrate theoretical knowledge with practical application. In this regard, conventional
teaching methods are not always sufficient to ensure the desired level of comprehension and skill
acquisition.

The use of artificial intelligence technologies offers new opportunities to address these
challenges by providing adaptive, personalized, and interactive learning environments. Al-based
systems can support students by offering detailed explanations, visualizations of complex concepts,
real-time feedback, and individualized learning trajectories. Such tools contribute to a deeper
understanding of the subject matter, facilitate knowledge retention, and enhance students’ ability to
apply theoretical concepts in practice.

However, the integration of Al into the teaching of specialized disciplines also raises
important methodological and pedagogical questions [2]. It is necessary to determine how these
technologies can be effectively incorporated into the educational process without diminishing the
role of the instructor, while maintaining academic integrity and fostering independent thinking among
students.

The purpose of this study is to explore the methodological foundations for the application of
artificial intelligence technologies in teaching specialized disciplines, with particular emphasis on
their potential to improve the clarity and depth of explanation, as well as to identify the associated
risks. The study aims to contribute to the development of balanced and scientifically grounded
approaches to the use of Al in higher education, ensuring both the enhancement of learning
outcomes and the preservation of essential pedagogical principles (Figure 1).
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Figure 1 — The Role of Artificial Intelligence Technologies in Enhancing Learning Effectiveness
in Specialized Disciplines

The figure presents a conceptual model of the use of artificial intelligence technologies in
teaching specialized disciplines. It illustrates the interaction between the student, the instructor, and
the intelligent system, which provides content adaptation, personalized learning, and additional
explanations of complex topics. As a result, learning effectiveness and depth of understanding are
significantly improved.

Materials and Methods

The purpose of this study is to develop a methodological framework for the application of
artificial intelligence technologies in the teaching of specialized disciplines, focusing on improving
the clarity, depth, and effectiveness of knowledge acquisition. The research is based on the premise
that complex subject areas require enhanced instructional support, which can be achieved through
the integration of intelligent educational tools.

The materials of the study include educational content from specialized disciplines, such as
lecture materials, practical assignments, and assessment tasks, as well as digital learning resources
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and datasets generated within the educational process [3]. These materials are characterized by a
high level of complexity and abstraction, requiring systematic structuring and adaptive delivery
methods.

The methodological approach combines theoretical analysis and applied methods. At the
initial stage, a review of existing approaches to the use of artificial intelligence in education was
conducted, with particular attention to adaptive learning systems, intelligent tutoring systems, and
automated assessment tools. This analysis made it possible to identify key principles for integrating
Al technologies into the teaching of specialized disciplines.

At the next stage, a conceptual model of the educational process enhanced by artificial
intelligence was developed. The model is based on the interaction between three main components:
the student, the instructor, and the Al system. The Al component performs several functions,
including analysis of student performance, identification of knowledge gaps, generation of
personalized recommendations, and provision of detailed explanations of complex concepts.

To support these functions, methods of natural language processing and machine learning
were applied, enabling the extraction and interpretation of educational content, as well as the
adaptation of instructional materials to individual learning needs. In addition, rule-based approaches
were considered to ensure the alignment of Al-generated outputs with academic standards and
learning objectives.

The effectiveness of the proposed approach was evaluated through qualitative analysis of its
potential impact on learning outcomes, including improvements in comprehension, engagement, and
knowledge retention. The integration of Al technologies within the described methodological
framework allows for the creation of a more flexible and responsive educational environment, tailored
to the demands of specialized disciplines.

The use of the table provides a clearer understanding of the methodological framework of
the study, as it demonstrates which specific artificial intelligence tools are considered and how they
can be integrated into the educational process (Table 1). This is particularly important in the context
of specialized disciplines, where a high level of precision, depth of explanation, and adaptation of
learning materials to individual student characteristics are required [4].

Table 1 — Atrtificial Intelligence Technologies and Their Applications in Teaching Specialized
Disciplines
Ne Al Technology

Description
Algorithms that analyze
data and identify
patterns
Technologies for

Application Area Purpose
Predicting learning
outcomes and identifying

knowledge gaps

Student performance

1 | Machine Learning analysis

Assignment

Natural Language

processing and

Enhancing understanding

Platforms

student performance

2 Processing (NLP) understanding textual evaluation, chatbqts, and automating feedback
. . response generation
information
. . Systems that simulate Adapting content and
Intelligent Tutoring . ; . S
3 the role of a human Personalized learning | improving individual
Systems ; .
instructor learning outcomes
. . Systems that adjust . . Increasing learning
4 Adaptive Learning content based on Online learning efficiency and

environments

engagement

5 | Expert Systems

Rule-based systems
using expert knowledge

Problem-solving and
simulation tasks

Supporting decision-
making and practical skill
development

6 | Computer Vision

Technologies for
analyzing images and
video data

Student engagement
monitoring, lab
activities

Enhancing practical
learning and monitoring
participation

Recommender
Systems

Algorithms for suggesting
relevant content

Personalized learning
paths

Improving motivation and
learning outcomes

Furthermore, the table performs an analytical function by enabling the comparison of different

Al technologies with their corresponding pedagogical objectives, such as personalized learning,
automated assessment, increased student engagement, and decision support. This contributes to
the justification of the selected methods used in the study and confirms their practical significance.
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The proposed methodology was supported by the use of Al-based tools for text processing
and content generation. A simplified algorithm of the system includes preprocessing of educational
content, identification of key concepts, and generation of adapted explanations based on student
needs. The implementation of these methods allowed improving the quality of learning materials and
enhancing student understanding of complex topics.

from transformers import pipeline model = pipeline("text-generation")  def
generate_explanation(topic): prompt = f"Explain the concept of {topic} in simple terms" return
model(prompt, max_length=100)[0]['generated_text'] print(generate_explanation("machine
learning™))

The algorithm illustrates the general logic of operation of an intelligent educational module,
including several sequential stages: preprocessing of educational content, identification of key
concepts, semantic analysis of the topic, and automated generation of simplified explanations
adapted to the educational needs of students. The use of such Al-assisted mechanisms contributes
to improving the accessibility of complex theoretical material and supports personalized learning
within specialized disciplines.The application of artificial intelligence technologies for generating
explanations of educational material has demonstrated a positive impact on the learning process in
specialized disciplines [5]. The use of automated explanation generation algorithms has simplified
the perception of complex concepts and provided a more accessible presentation of theoretical
content. The inclusion of this algorithm in the study serves as a methodological illustration of how
artificial intelligence technologies can be integrated into educational environments for adaptive
support of the learning process. The proposed approach demonstrates the potential of Al systems
to improve comprehension of complex concepts, increase accessibility of educational materials, and
enhance the effectiveness of teaching specialized disciplines.

The analysis revealed that the proposed method contributes to improving the level of
understanding of educational content by adapting explanations to the learners’ level of preparation.
The ability to receive prompt and detailed feedback enables students to identify knowledge gaps
more quickly and address them effectively during the learning process.

Results

The results of the study demonstrate that the integration of artificial intelligence technologies
into the teaching of specialized disciplines has a positive impact on the quality of the educational
process. The proposed methodological approach, based on the use of Al tools for generating
explanations and adapting educational content, enabled a more effective presentation of complex
theoretical material.

The analysis conducted in this study demonstrated the potential applicability of artificial
intelligence technologies in the teaching of specialized disciplines. The proposed methodological
approach showed that Al-based tools can support the adaptation of educational materials, simplify
the explanation of complex theoretical concepts, and facilitate more flexible organization of the
learning process.

In addition, the implementation of automated feedback mechanisms significantly enhances

the learning process. Students are able to receive immediate responses to their queries, which
accelerates the identification and correction of knowledge gaps. This, in turn, leads to increased
learning efficiency and improved academic performance [6].
The results also indicate a positive effect on student engagement. The use of interactive Al-based
tools stimulates active participation in the learning process and supports continuous interaction with
educational content. As a result, students demonstrate a higher level of motivation and interest in
mastering specialized disciplines.

Despite the significant advantages of artificial intelligence in education, its integration into the
teaching of specialized disciplines is associated with a number of risks that must be carefully
considered.

One of the primary risks is the potential reduction of critical thinking skills among students.
The availability of ready-made explanations and automated solutions may lead to passive learning
behavior, where students rely on Al-generated responses instead of independently analyzing
complex problems.

Another important concern is the issue of academic integrity. The use of Al tools for
generating answers, assignments, or even research content increases the risk of plagiarism and
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reduces the authenticity of students’ work. This creates challenges for assessment and requires the
development of new evaluation strategies.

The problem of algorithmic bias also remains significant. Al systems are trained on existing
data, which may contain inaccuracies or biases, potentially leading to incorrect or misleading
explanations. In the context of specialized disciplines, this may negatively affect the quality of
knowledge acquisition.

Additionally, there is a risk of overdependence on technology, where students may lose the
ability to learn independently without Al support. This can weaken fundamental competencies and
reduce long-term learning effectiveness.

From a pedagogical perspective, the diminishing role of the instructor is another concern.
Excessive reliance on Al tools may shift the focus away from teacher-student interaction, which
remains a critical component of effective education.

Finally, issues related to data privacy and security must be considered, as the use of Al
systems often involves the collection and processing of sensitive student data.

Excessive student engagement with artificial intelligence systems and their constant reliance
on automatically generated responses may lead not only to positive outcomes but also to negative
educational consequences [7-8]. When Al is used without proper control, there is a risk of a decline
in the quality of students’ independent intellectual work. In particular, learners may lose the ability
for thoughtful reading of academic texts, develop a tendency to seek ready-made concise answers
without in-depth analysis, and gradually experience a reduction in their level of concentration when
working with complex material.

This tendency is particularly critical in the study of specialized disciplines, where successful
knowledge acquisition requires sequential analysis, terminological accuracy, logical reasoning, and
the ability to work with professional sources. If students consistently replace their own cognitive effort
with reliance on Al tools, this may result in superficial learning, reduced ability to interpret
professional information, and a weakening of critical thinking skills.

Furthermore, continuous dependence on intelligent digital tools may foster a simplified
perception of information, in which learners expect ready-made interpretations rather than engaging
in independent meaning-making. In the long term, this can negatively affect academic autonomy,
attention stability, and the ability to achieve a deep professional understanding of the disciplines
being studied.

Discussion

The findings of the study demonstrate that artificial intelligence technologies can contribute
to the modernization of teaching specialized disciplines by improving personalization, feedback
efficiency, and accessibility of educational content. These results are consistent with recent studies
emphasizing the role of intelligent systems in increasing learning efficiency and supporting
individualized educational pathways.

At the same time, the use of Al in education should be interpreted not only from the
perspective of technological effectiveness, but also from the standpoint of pedagogical risks.
Excessive reliance on Al-generated content may reduce students’ independent cognitive activity,
weaken critical thinking, shorten attention span, and encourage superficial learning strategies [9].
This creates a methodological contradiction between the efficiency of digital tools and the need to
preserve deep, reflective learning.

Therefore, Al should not be considered a replacement for the instructor. Its role should be
limited to supporting the learning process through content adaptation, explanation generation,
automated feedback, and individualized assistance. The teacher remains central in guiding students,
developing analytical thinking, ensuring academic integrity, and helping learners meaningfully
interpret knowledge.

Conclusion

The present study addressed the methodological foundations for the application of artificial
intelligence technologies in teaching specialized disciplines, with the aim of improving the clarity,
depth, and effectiveness of knowledge acquisition. The results obtained confirm that this objective
has been achieved.

It has been demonstrated that the integration of Al-based tools into the educational process
enhances the presentation of complex theoretical material, supports personalized learning, and
improves students’ comprehension of subject-specific concepts. The use of adaptive explanation
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systems and automated feedback mechanisms contributed to increased engagement and more
efficient identification and elimination of knowledge gaps.

At the same time, the study revealed that the effectiveness of artificial intelligence in
education is directly dependent on the conditions of its application. Alongside the identified
advantages, significant risks were highlighted, including reduced critical thinking, overdependence
on Al tools, and potential negative effects on students’ concentration and independent analytical
abilities [10]. These findings emphasize that artificial intelligence should not replace traditional
pedagogical approaches, but rather complement them within a controlled and methodologically
grounded framework.

Thus, the study achieved its main objective by substantiating both the potential and the
limitations of artificial intelligence technologies in teaching specialized disciplines. The proposed
approach contributes to the development of balanced strategies for integrating Al into higher
education, ensuring the enhancement of learning outcomes while preserving essential cognitive and
pedagogical principles.
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APHAWbI NBHAEPAI OKbITYAA XXACAHAbI MHTENNEKT TEXHONOMMANAPBIH KONOAHYObIH
SICHAMAIbIK HETM3OEPI: MYMKIHAIKTEP MEH TOYEKENAEP

Makanada apHalbl noHOepdi okbimyda xxacaHObl UHMeNneKkm mexHomnoausinapbiH KondaHydblH
a0icHamarblK Heezi3depi, onapObiH nedazoauKkarnblK oneyemi MeH cofaH b6alnaHbicmbl mayekendepoi
aHbiKmay mypfbiCbiHaH Kapacmbipbinadbl. 3epmmeydiH e3ekminiai 6iniM 6epy XyleciHiH uupbiK
mpaHcopMayusiCbiHbIH KapKbiHObI XYPYiMeH XoHe oKy ydepiciHiH muimOiniei meH 6elimdenaiwumiaiH
apmmebipyfra MyMkKiHOiKk 6epemiH UHHOBaUUSbIK Kypandapfa 0ez2eH cypaHbIiCmbIH ecyiMeH myciHipinedi.
XKymbicma xacaHObl uHmennekmmi 6inim 6epy maxipubeciHe eHzai3ydiH Hezizei barbimmapbl mandaHraH,
OHbIH WwiHde belimOenzeH OKbimy Xyltenepi, uHmesnnekmyandbl OKbimy nnameopmanapsi, O6inimoi
asmomammaHObipblriraH baranay xeHe depbecmeHdipineeH b6iniv 6epy mpaekmopusinapbl KamMmbliiFaH.
CoHbiMeH Kamap, amarnraH mexHonozusinapObl muimOi eHaidydi Kammamacbi3a ememiH odicHamarlbIK
karuGammapra, aman atmkaHOa 6inim bepy MakcammapbiHa calikecmiziHe, dudakmukasbiK Hezai3liniziHe
JKOHE MEeXHOocUSbIK mypfbiOaH KeHelimineeH 6inim 6epy opmackiHOarbl OKbIMYyUbIHbIH POrliHE epeKue
Hasap aydapblisiFaH.
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Anatda 3epmmeyde xacaHObl UHMesiekmmi KondaHymeH 6alnaHbicmbl 6ipkamap CbiH-
Kamepriep MeH mayekendep KkapacmeipbiiiraH. OnapdbiH KamapbiHa aneopummoik wewimoepdiH bikmumarl
bip>xakmbinbiFbl, akademusinbik adandblK Macesieniepi, cbiHU oulniay OeHeeliHiH memeHOeyi xoHe b6inim
anywsblinapdbiH yugpbIK Kypandapra mayenodinigiHiH apmysbl )xamaodbl. TexHo/02usIbiK UHHO8auusnap MeH
rnedazoeukarnbiK bakbiniay apacbiHOarbl merne-meHJiKkmi cakmay Kaxemminiei aman KepceminzeH. 3epmmey
Hemuxernepi xofapbl binim 6epy XxyleciHe xacaHObl UHMEsIeKM MeXxHO02uUsnapbiH KypbiibiMOarsaH
mypOde eHzizyee, apHalibl noHOepdi OKbIMy canacbiH apmmbipyFa XoHe bIKmumarsn mepic acepnepdi asalimyra
barbimmarnraH fbinibiMu-adicmemerik macindi kanbinmacmelpyFa bikrnasa emedi.

Tylin ce30ep: xacaHOblI UHMesekm, xorapbi biriM, apHalbl neHoep, okbimy adicmemeci, 6elimoenmerni
OKbImy, uHmMennekmyandbl OKbimy Xydenepi, asmomammaHObipbiiFaH baranay, 6inim  b6epy
mexHosnoeausnapsl, akademusinbix adanobiK, OKbImyObl xeKkeneHOIpy.
X.)K. Barucog; T.K. lywaesa, A.X. BaxutoBa, A.5. AxmeToBa, A.X. KacbimoBa
BanagHo-KasaxcTaHckuin arpapHO-TEXHUYECKUI YHUBEPCUTET MMeHU XKaHrup xaHa,
090009, Pecnybnuka KasaxctaH, r. Ypanbck, yn. XXaHrup xaHa, 51
*e-mail Bag_8585@mail.ru

METOJOJIOr'MYECKUE OCHOBbI MPUMEHEHUA TEXHOJIOMMW NCKYCCTBEHHOIO MHTEJJIEKTA
B NPENOAABAHUU CMELUNAIBbHbBIX ANCUUNNNH: BOSMOXXHOCTU U PUCKA

B cmambe paccmampusaromcsi MemoO0osio2uHeCcKUe OCHOBbI MPUMEHEHUS  MexXHoo2aul
UCKYyCCMBEHHO20 UHMeJsi/iIekma 8 rpenodasaHuu crieyuasnibHbiX OUCUUMNIUH C aKUeHMOM Ha 8bIsi8/IeHuUe Ux
neda2oauyecKkoa0 rnomeHyuasna u corymecmeyruwux puckos. AkmyanbHocme uccriedogaHuss obycroerneHa
npodomkarowielica  yugposoli  mpaHcopmayuel  cucmembl  obpa3oeaHuss U eo3pacmaruwiel
nompebHOCMb 8 UHHOBAUUOHHbIX UHCMPYMEHmax, crocobcmeyruwux nosbieHU 3ghghekmusHocmu u
alanmueHocmu obpa3ogameribHO20 rnpouecca. B pabome npoaHanu3upogaHbl OCHOBHbIE HarpaeseHusi
UHmMezpayuu UCKYyCCmMeeHHo20 UHMesisiekma 6 obpa3osamesibHyo Mpakmuky, ekmtodass adanmueHblie
cucmembl 06y4eHUsi, UHMesNekmyarsbHble obyyarouue nIameopMbl, asmomMamu3upoB8aHHy OUEHKY
3HaHUl U epcoHanu3uposaHHble obpasosamersibHble mpaekmopuu. Ocoboe e6HuMmaHue yoesieHo
memodornioeudeckuM rnpuHyunam, obecrieqyugarowum 3ppekmueHoe eHedpeHUe OaHHbIX mexHoso2udl,
makuM Kak coomeemcmeue obpa3zosamesibHbIM yensaMm, oudakmuyeckas uesecoobpa3Hocmb U posib
ripernodasamerisi 8 yC/I08USIX MEXHOI02UYECKU pacliupeHHoU obpa3osamesibHOU cpedkbil.

O0HospemeHHO 8 uccriedosaHuu paccmampusaemcsi psi0 8bI30808 U PUCKOB8, CBS3aHHbIX C
ucrosb308aHUeM UCKYCCIMBEHHO20 UHMeIIeKma, 8Kro4Yast 03MOXHYIO Npeds3simocmb an2opummu4yecKux
peweHud, npobrembl akademuveckol dobpoco8ecmMHOCMU, CHUXEHUE YPOBHS KPUMUYECKO20 MbIUWIEHUS U
ycurneHue 3agucumocmu obyyqarouwuxcs om yugposbix uHcmpymeHmos. lloduepkugaemcsi He06xo0umMocmb
coxpaHeHusi banaHca Mex0y MexHOI02UYEeCKUMU UHHOBaUUsIMU U nedacoaudyecKuM KOHMpPOIeM.
lMonyyeHHble pe3ynbmambl criocobecmeayom ¢hopMUPO8aHU CMPYKMypuUpo8aHHO20 Nodxoda K uHmezpauyuu
UCKYyCCMBEHHO20 UHMesfiekma 8 cucmeMy ebicuie20 06pa3oeaHus, HarnpasneHHo20 Ha MoebiueHuUe
Kayecmea nipernodasaHusi crneyuanbHbIXx OUCUUMAUH 1pU  MUHUMU3AUUU B03MOXHbLIX He2amueHbIX
rnocrnedcmeud.

Knroyesblie croea: UCKyccmeeHHbIU UHMeekm, ebicwee obpasosaHue, crieyuarbHble
OucuyunnuHel, mMemoduka npernodaeaHusi, adanmueHoe o0bydyeHue, UHMernneKkmyasnbHble 0bydatoujue
cucmemMbl, asmomMamu3upo8aHHasi  OUEeHKa, o0bpa3osamesibHble  MmexHono2uu,  akademudeckas
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MODELING AND ANALYSIS OF INTERFERENCE IN WIRELESS DATA TRANSMISSION
SYSTEMS

Abstract: This paper presents a hardware and software platform for modeling and analyzing
interference in wireless data transmission systems aimed at studying the reliability and stability of modern
wireless communication networks. The relevance of the research is driven by the rapid growth of Internet of
Things devices, the active deployment of Wi-Fi and 5G technologies, and the increasing requirements for
communication quality and reliability under external electromagnetic interference conditions. The main
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