publisher.agency
France

August, 2026

N[

Paris, France

27-28.08.2026

International

World
Scientific

Conference Scientific Reports




Proceedings of the 14th International Scientific Conference

ubC001.1
P97

2026. 189p

ISBN 978-1-8106-6230-5
DOI 10.5281/zenodo.22179399

TSBN
Publisher.agency: Proceedings of the 14th International Scientific ““
Conference «World Scientific Reports» (August 27-28, 2026). Paris, France, 97781

9?81310662‘30‘5
305

8107662

Editor: Pauline Barbier, Professor, Paris Cité University

International Editorial Board:

Adrien Chabot

Professor, Aix-Marseille University
Gabrielle Bourhis

Professor, University of Angers
Juliette Guerin

Professor, University of Artois
Florian Dufour

Professor, Avignon University
Julie da Silva

Professor, University of Bordeaux
Charlotte Huart

Professor, University of Burgundy
Salomé Bonnet

Professor, University of Caen Normandy

Léonard Durand

Professor, Clermont Auvergne University
Elsa Blanchard

Professor, University Pasquale Paoli
Faustine Martin

Professor, Cote d’Azur University
Mélissa Melgares

Professor, University of Franche-Comté
Judith Guillaume

Professor, University of French Guiana
Juliette Bourhis

Professor, Gustave Eiffel University
Madeleine Colin

Professor, Jean Monnet University

editor@publisher.agency
https://publisher.agency/



«World Scientific Reports» (August 27-28, 2026). Paris, France

Table of Contents

Psychological Sciences
DEVELOPING ADOLESCENTS' LEARNING MOTIVATION iN THE CONTEXT OF MODERN EDUCATION ............oovveoeeeee oo 5

RAMAZANOVA KAMALA

Medical Sciences

USE OF COMPUTER SOFTWARE IN PRECLINICAL PHARMACOLOGICAL RESEARCH: NEW APPROACHES TO MODELING AND REDUCING
EXPERIMENTALBURDEN ...ttt ettt h e e e et oot h et eh e bt et e h e et een e nee 12

KHAITOVA MALIKA

THE SCIENTIFIC DISCOURSE ON PHARMACOLOGY, MECHANISMS OF ACTION, PHARMACOLOGICAL SAFETY, SIDE EFFECTS, AND TOXICITY OF
ANTICANCER MEDICATIONS IN MODERN ONCOLOGY: PHARMACOVIGILANCE AND INTEGRATED APPROACHES TO EVIDENCE-BASED
PHARMACOTHERAPY, PHARMACOGENOMICS, PERSONALIZED MEDICINE, AND THERAPEUTIC DRUG MONITORING STRATEGIES ..........coeveeee 15

NODAR SULASHVILI
MARGARITA BEGLARYAN
MAKA BULEISHVILI
MARIAM DARBAIDZE
NANA GORGASLIDZE
NATO ALAVIDZE

IRINA IMERLISHVILI
NAIRA CHICHOYAN
MARIKA SULASHVILI
LASHA TCHELIDZE
MARINA GIORGOBIANI
ADA (ADEL) TADEVOSYAN
IGOR SENIUK

DAVID APHKHAZAVA
VIRA KRAVCHENKO
MAGDA DAVITASHVILI
OLGA SHAPOVAL

NATIA KVIZHINADZE
NINO ABULADZE
RAJKARAN SINGH

Biological Sciences
BMOMOMA CABAKTAPBIHAA EPEKLLIE BI/IM BEPY KAMKETTUIIKTEPI BAP OKYLLILUIAP/IbI OKBITY.IA LIM®PALIK TEXHOMOTANAP/bI KONIAHY

DLUCTEMECI ...t e e et h e ekt h et h ket 59
HKAXAHOBA ACEM

MAYCYMBAEBA A.M

BMOMIOTA NoHIH OKbITYAA AKT-Hbl MHTEMPALIMANAYABIH SAICTEME/IIK HEMSAEPL. ..o, 62

SKAVICAHBEK HYPCYNTY BO/IBICGEKKbI3bI

TOKMAHOB EPKMH AMMOBIY

COCTOAHWE BEHTO®AYHbI LLUAPAAPUHCKOIO BOAOXPAHUIULLA B YCOBUAX HECTABMNIBHOIO M’MAPONOMYECKOIO PEXUMA ... 67
M.A.ECEHOB

H.C.CAMBAEB

M.T.KA/IbIMBETOBA

A.A CAPUEBA

65.M.OMAP

KILLII APAN TEHI3IHAEN ThIPAH BA/TbIFbI TOMYAALUMACHIHBIH KASIPITHAM KYP ..o 72
CAPUEBA AKEPKE ABM/IXAHOBHA

Sociological Sciences
SPATIAL TECHNOLOGY FOR MANAGEMENT OF MULTIDIMENSIONALWORLDS. ... 76

PETER SIMON SAPATY

Pedagogical Sciences
FANFICTION AS AN INNOVATIVE PEDAGOGICAL RESOURCE: GENRE FEATURES, DIDACTIC POTENTIAL, AND CRITERIA FOR EDUCATIONAL USE ..... 93

AZHGEREYEVA T.A
NURZHANOVA Z.D
ABILKAIYR B.G
KHAMZIN A.K

TOFOKKUR KEYFIYYOTLORININ INKISAFINA DAIR ... .ottt stttk 100

ELNARS SAHBAZZADS

ASSESSING THE LEVEL OF INDEPENDENCE OF LEARNERS WITH INTELLECTUAL DISABILITIES IN WORK-RELATED INSTRUCTION........cccvrivrinnne. 103

MARTINA MAGOVA
BARBORA KOVACOVA

WORK EDUCATION OF PUPILS WITH INTELLECTUAL DISABILITIES FROM THE PERSPECTIVE OF TEACHERS........coiiiiieeiiiee et 115
MARTINA MAGOVA

KRISTIAN KROLCIK

INCLUSION OF INTELLECTUALLY GIFTED LEARNERS IN FOREIGN LANGUAGE EDUCATION IN SLOVAK PRIMARY SCHOOLS.........ccovvieiiiiieiniiieenne 126

VIERA RASSU NAGY




I Proceedings of the 14th International Scientific Conference

CONTEXTUALIZATION AND SCAFFOLDING IN PROFESSIONAL VOCABULARY DEVELOPMENT: TOWARD A PEDAGOGICAL FRAMEWORK FOR
TERTIARY LANGUAGE EDUCATION ......cuiiiiiiiiiii it ea e sa e en et ene e 136

BOPUCEHKO OSIEKCAHAPA AHATO/IIIBHA

Philological Sciences

CAUSES OF LANGUAGE CHANGE ... e st 148
TAMAR TSULAIA
LINGUISTIC CHALLENGES IN INTERCULTURAL COMMUNICATION ...ttt 150

MEDEA IMNADZE

Geological and Mineralogical Sciences

MPOEKT PEKOrHOCLPYBA/IBHOMO OBCTEXEHHA TEPUTOPIT YKPAIHM MOBLIBHMMI MPAMOLLYKOBUMM METOAAMW 3 METOKO
BMABNEHHA B/IOKIB /1A MOLLYKIB BYTNEBOAHIB, BOAHIO, PYAHUX KOPUCHUX KOMAIMHTABOAN. ... 154

AKUMYYK M.A.
KOPYATIH .M.
Con108/i08 B. /.

Psychological Sciences

BEYOND BRAIN DIFFERENCES: SOCIAL EXPERIENCES, ADAPTATION, AND PSYCHOSOCIAL WELL-BEING AMONG LEFT-HANDED INDIVIDUALS....... 174

TELZHAN V.S.



«World Scientific Reports» (August 27-28, 2026). Paris, France

Psychological Sciences

Developing Adolescents’ Learning
Motivation in the Context of Modern
Education
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ABSTRACT

The pedagogical and psychological analysis of adolescents’ learning motivation
demonstrates that motivation during this period is a complex and dynamic process shaped by
individual psychological characteristics, social relationships, and the learning environment. During
adolescence, identity formation, the search for personal identity, emotional changes, the
development of self-regulation skills, and the increasing influence of peers may lead to changes in
attitudes toward learning. These factors play an important role in determining adolescents’
interest in learning, goal orientation, and level of participation in educational activities.

During this period, meeting adolescents’ needs for competence, autonomy, and social
relatedness is particularly important for strengthening intrinsic motivation. When students believe
in their abilities, are able to make independent decisions, and feel valued in the learning process,
they are more likely to participate actively in educational activities. At the same time, defining
meaningful and realistic learning goals and taking students’ interests and needs into account can
contribute to maintaining their motivation.

Pedagogical factors also play an important role in the development of adolescents’
learning motivation. Teachers’ attitudes toward students, communication styles, teaching
methods, assessment approaches, and the psychological climate created in the classroom directly
influence students’ engagement in learning. Supportive teacher behavior, a collaborative
learning environment, differentiated instruction, and growth-oriented assessment strengthen
students’ self-confidence and interest in learning. In contrast, excessive criticism, assessment
based solely on outcomes, and failure to consider individual characteristics may lead to decreased
motivation.

Increasing activities that are meaningful and interesting to students, using problem-based
and project-based tasks, and creating opportunities for independent thinking and creative
activities support adolescents’ active participation in lessons. In addition, strengthening
cooperation among parents, teachers, and school psychologists enables motivation-related
difficulties to be identified in a timely manner and appropriate support mechanisms to be
implemented. Consequently, the sustainable development of adolescents’ learning motivation
requires not only individual psychological characteristics but also pedagogical approaches and the
social environment to be considered comprehensively. Creating a purposeful, student-centered,
and psychologically supportive learning environment makes an important contribution to
improving adolescents’ academic engagement, self-regulation skills, and learning outcomes.

KEYWORDS: Adolescence, learning motivation, intrinsic motivation, extrinsic motivation,
teacher—student relationship, social influences
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Adolescence is considered one of the most dynamic and complex stages of human
development, and the formation of learning motivation during this period requires particular
scientific and pedagogical attention. The intensive psychological, emotional, and social changes
that occur during adolescence directly influence individuals’ attitudes toward learning, learning
behaviors, and academic achievement. Adolescents strive to understand themselves, seek greater
independence, and experience a strong need for social acceptance. These developmental
characteristics determine the content, stability, and direction of motivation within the learning
process.

Learning motivation is closely associated with the opportunities created by the educational
environment, teachers’ attitudes, the teaching methods used, and the assessment system. A
supportive teacher approach that respects students’ opinions and creates a collaborative learning
environment can increase adolescents’ interest in learning. In contrast, strict and criticism-
oriented pedagogical attitudes may lead to decreased motivation. From a psychological
perspective, self-regulation skills, self-confidence, goal-setting abilities, and emotional stability are
among the key mechanisms that determine adolescents’ approaches to learning activities.

In this context, examining the pedagogical and psychological aspects of adolescents’
learning motivation makes it possible to gain a deeper understanding of their educational activities
and improve the effectiveness of the educational process. The relevance of the topic arises both
from the changing learning needs of adolescents and from the need for modern education systems
to develop strategies aimed at maximizing their individual potential. Therefore, studying the
pedagogical and psychological mechanisms that influence adolescents’ motivation creates
opportunities for organizing the learning process in a more purposeful and student-centered
manner.

Adolescence is one of the most complex and dynamic stages of human life, and the
formation of learning motivation during this period is a highly sensitive pedagogical and
psychological process. At this age, students experience rapid physical, psychological, and social
changes, which directly influence their attitudes toward learning. As adolescents strive to
understand their identity, gain independence, and find their place in society, motivation becomes
closely connected with their internal emotional world. Therefore, learning activities are not limited
to acquiring knowledge but are also related to needs such as self-expression, self-affirmation, and
social acceptance.

One of the most important factors in the formation of learning motivation is students’
range of interests. Adolescents tend to show greater interest in information that has practical
value and is connected to everyday life. They consider it important to understand how the
knowledge they acquire can be applied in real-life situations and what benefits it may provide in
the future. Therefore, teachers should emphasize the practical aspects of subjects during the
learning process and provide detailed and clear answers to adolescents’ questions.

The family environment also plays an important role in the development of motivation.
The support provided by parents, their expectations, and their attitudes toward their children
contribute to the development of adolescents’ self-confidence. Emotional encouragement from
the family can increase students’ interest in education, whereas excessive pressure may have the
opposite effect. Therefore, the family environment is an important social factor that can have both
positive and negative effects on the formation of motivation.

Another important factor is the teacher—student relationship. Adolescents are highly
sensitive to teachers’ emotional support, positive attitudes, objectivity, and fairness. A positive
and democratic teacher—student relationship can increase students’ enthusiasm for learning,
whereas a strict, rude, or unfair approach may weaken their motivation. The most effective
pedagogical approach is one that values the student as an individual, takes their questions
seriously, and supports their initiative.
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The social environment and peer group also play an important role in the formation of
adolescents’ learning motivation. At this age, students are particularly sensitive to their friends’
opinions and attitudes. In some cases, the level of interest in education within a peer group,
attitudes toward learning, and examples of academic success can directly influence an
adolescent’s behavior. While a positive peer environment can increase motivation to learn, a
negative social environment may weaken learning outcomes.

As these factors demonstrate, the formation of learning motivation among adolescents is
a multidimensional process resulting not only from the educational process but also from the
combined influence of psychological and social conditions. Appropriate guidance, emotional
support, meaningful learning experiences, and opportunities for practical application contribute
to the development of stable and sustainable motivation, which forms an important foundation
for future educational success.

Pedagogical factors play an important role in the formation of adolescents’ learning
motivation and are directly related to the effective organization of the educational process,
teachers’ behavior, teaching methods, and assessment systems. These factors can either
strengthen or weaken students’ attitudes toward learning. Therefore, teachers should not act
merely as providers of knowledge but also as guides who stimulate students’ interests, encourage
learning, and support their emotional development.

One of the pedagogical factors influencing motivation is the organization of the learning
process. In modern education, the use of interactive and student-centered teaching methods is
particularly important. Traditional lecture-based methods may reduce adolescents’ interest
because students at this age tend to prefer lessons that require active participation, encourage
critical thinking, and provide opportunities to express their own ideas. Methods such as
discussions, debates, project-based learning, and group activities can significantly improve
adolescents’ attitudes toward learning and increase their engagement in the educational process.

Another important factor is the teacher’ s personality and communication style. In
addition to presenting lessons in an interesting and understandable manner, teachers should be
able to empathize with students and make an effort to understand their difficulties. Adolescents
tend to respond more positively to teachers who are fair, sincere, and demanding while
maintaining a supportive and respectful attitude. Teachers’ emotional support, encouraging
words, and positive behavior can strengthen students’ self-confidence, which in turn has a
positive influence on learning.

Another important pedagogical factor is the content of the lesson and the way it is
presented. Adolescents tend to prefer real-life examples and practical explanations to abstract
information. Therefore, teachers should connect topics with real-life situations and provide
explanations relevant to students’ everyday experiences. Selecting content appropriate to
students’ developmental level, using visual materials such as pictures, diagrams, and videos, and
integrating knowledge across different subjects can further strengthen learning motivation.

The assessment system is one of the most influential pedagogical mechanisms affecting
motivation. Fair, transparent, and development-oriented assessment increases students’
motivation. In contrast, a rigid system that focuses exclusively on results and fails to take individual
differences into account may reduce students’ interest in learning. Modern pedagogy
increasingly emphasizes formative assessment, which involves identifying areas where students
experience difficulties and providing guidance for further development.

Another important pedagogical factor is rewarding and feedback. When teachers praise
students, recognize their progress, and express their appreciation openly, this can serve as a
strong emotional stimulus for adolescents. Even a simple statement such as “Well done, you
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have done better this time” can strengthen a student’ s self-confidence and encourage them
to make greater efforts. Constructive feedback, in particular, contributes to maintaining
motivation over time.

It should also be noted that all pedagogical factors are interconnected, and their overall
impact depends not on a single element but on how the educational environment is organized as
a whole. An effective pedagogical approach creates conditions for the strong, sustainable, and
purposeful development of learning motivation among adolescents. In such an environment,
students not only acquire knowledge but also discover themselves, develop new skills, and
approach their future with greater confidence.

Adolescence is one of the most critical stages of psychological development, and the
psychological processes that emerge during this period directly influence students’ interest in
learning and their motivation. Emotional changes, self-awareness, identity formation, and the
search for social identity become particularly prominent at this age. For this reason, adolescents

attitudes toward learning are not always stable and may change rapidly depending on both
internal and external psychological influences. Psychological factors can have either a positive or
negative effect on the stability and sustainability of motivation.

Self-confidence and self-esteem are among the most important psychological factors
influencing learning motivation. Adolescents with a positive sense of self tend to approach the
learning process with greater confidence, are less likely to avoid difficulties, and are more willing
to set challenging goals. In contrast, students with low self-confidence may fear failure and
consequently show less interest in acquiring new knowledge. Therefore, psychologists and
teachers should emphasize students’ abilities and recognize even their small achievements. Such
support can strengthen self-confidence and encourage adolescents to participate more actively in
the learning process.

Emotional state also plays an important role in learning motivation. Since adolescents are
psychologically sensitive, their emotions may fluctuate considerably. They may be highly
motivated on one day and show little interest in the learning process on another. Stress, family
tensions, conflicts with teachers, or difficulties in relationships with friends can significantly reduce
interest in learning. In contrast, a positive emotional environment increases students” interest in
lessons because they feel safe, valued, and supported.

Another psychological factor that shapes adolescents’ interest in learning is the changing
nature of their interests and the increasing complexity of their intellectual needs. During this
period, students are often eager to explore new areas of knowledge. When learning activities are
organized in accordance with these interests, motivation tends to remain high. Otherwise,
monotonous and repetitive lessons can quickly lead to boredom and cause adolescents to direct
their attention toward other areas.

Social comparison and peer influence are also important psychological factors. Adolescents
tend to compare themselves with their peers. When their friends perform well academically, this
may create a sense of competition and encourage the student to become more interested in
learning. Conversely, negative peerinfluence, such as indifference toward lessons, irresponsibility,
or devaluing education, may weaken adolescents’ motivation. Therefore, teachers should create
a positive social environment in the classroom and encourage cooperation among students.

Another important factor is intrinsic and extrinsic motivation. Intrinsic motivation is
associated with students’ genuine interest in learning and their desire to acquire knowledge.
Extrinsic motivation, on the other hand, develops through external influences such as rewards,
punishment, parental expectations, or high grades. Psychological research suggests that the most
sustainable form of motivation among adolescents is associated with intrinsic interest. Therefore,
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teachers should prioritize approaches that make learning engaging, respond to students’
guestions, and demonstrate that their opinions and ideas are valued.

In conclusion, psychological factors determine not only adolescents’ attitudes toward
learning but also their social behavior, self-expression, emotional stability, and perspectives on
the future. Therefore, teachers and parents should pay close attention to adolescents’
psychological well-being, respond sensitively to their needs, and create a positive psychological
environment. Under such conditions, learning motivation among adolescents can develop in a
more stable, strong, and purposeful manner.

The teacher—student relationship is one of the most influential pedagogical and
psychological factors affecting adolescents’ learning motivation. This relationship influences not
only the organization of the learning process but also students’ emotional well-being, self-
confidence, and overall attitude toward education. During adolescence, young people need
supportive adults whom they can consider role models and who value them as individuals.
Therefore, the psychological climate created by the teacher in the classroom directly affects
students” willingness to learn.

One of the main conditions for an effective teacher—student relationship is sincerity and
mutual respect. Students are more likely to participate actively in lessons when teachers treat
them respectfully, listen to their opinions, and recognize them as individuals. Such a relationship
can foster a sense of “I can do it” and help adolescents believe in their own potential. In contrast,
an excessively strict, overly demanding, or humiliating approach can lead to a significant decline
in motivation.

The principle of fairness demonstrated by the teacher is particularly important for
motivation. Adolescents are highly sensitive to perceived injustice during this period. If a teacher
is not objective in assessment, shows preferential treatment toward certain students, or makes
negative comments about a student’s weaknesses, this can seriously reduce their interest in
learning. Conversely, a teacher who treats students fairly and recognizes their efforts contributes
to strengthening a motivating classroom environment.

Another important element of the teacher—student relationship is emotional support and
empathy. Adolescents may experience emotional instability during this developmental stage and
may interpret negative reactions as being directed personally at them. Simple acts of attention
from the teacher—such as explaining a difficult question, approaching a student who is
experiencing difficulties, or being willing to listen—can positively influence their attitude toward
learning. Empathy builds trust between teachers and students, and this trust represents one of
the fundamental foundations of learning motivation.

Another important pedagogical component for motivation is continuous and constructive
feedback. When a teacher provides positively oriented feedback such as, “You have done this task
well, but you can develop this part further,” it can strengthen students’ self-confidence and
encourage them to approach learning more responsibly. In contrast, harsh and humiliating
criticism may create fear and withdrawal in adolescents, ultimately leading to decreased
motivation.

Another factor that plays an important role in the teacher—student relationship is the
teacher’s exemplary behavior. Adolescents pay attention not only to what teachers say but also
to how they behave. If a teacher demonstrates respect for their subject, behaves responsibly, and
remains open to continuous learning, students may adopt these behaviors as positive models.
When teachers present their subjects in an engaging manner and demonstrate energy and
creativity during lessons, classroom motivation can increase considerably.

An effective teacher—student relationship is one of the important predictors of students’
academic success, emotional well-being, and learning motivation. A humanistic, student-centered
approach characterized by attention, support, and objectivity can contribute to the development



Proceedings of the 14th International Scientific Conference

of long-term motivation and positively influence adolescents’ learning activities. When such a
relationship is established, students not only acquire knowledge but also enjoy the learning
process, develop as individuals, and prepare for the future with greater confidence.

Organizing lessons in an interactive and participation-oriented manner is one of the main
strategies for increasing adolescents’ learning motivation. At this age, students may show limited
interest in monotonous lessons based solely on teacher explanations. Instead, they tend to prefer
learning activities in which they can express their opinions and participate actively. Therefore,
group work, debates, project-based tasks, observations, experiments, and creative activities can
encourage students to participate more actively in the learning process. Such methods not only
facilitate learning but also strengthen students’ social skills, cooperation abilities, and sense of
responsibility.

Connecting lesson topics with real-life examples is important for helping students answer
the question, “What is the practical value of what | am learning?” When adolescents understand
the practical benefits of acquired knowledge, their level of interest and attention tends to increase
considerably. For example, when mathematical problem-solving is presented through real-life
situations or when the relevance of environmental issues in biology is explained in relation to
everyday life, students are more likely to engage enthusiastically in lessons. The use of technology
and visual materials, including pictures, videos, and interactive diagrams, can make lessons more
engaging and interesting while helping maintain adolescents’ attention for longer periods.

Individualized teacher support and continuous constructive feedback also play an
important role in strengthening motivation. Recognizing and encouraging even small
achievements can increase students’ self-confidence and create a desire to achieve greater
success. In addition, selecting tasks according to students’ interests and abilities enables them to
participate more actively in the learning process. Thus, when interactive lessons, real-life
examples, technology, and individualized approaches are applied together, they can contribute to
the development of strong and sustainable intrinsic motivation among adolescents and encourage
active and responsible participation in learning.

Creating a positive emotional environment in the classroom is essential for strengthening
adolescents’ learning motivation. When students feel safe, valued, and accepted, their interest
and enthusiasm for learning tend to increase. A sincere, understanding, and supportive attitude
from the teacher creates a sense of trust and comfort among adolescents. At the same time, fair
and objective assessment plays an important role in maintaining motivation, as students at this
age are particularly sensitive to perceived injustice. Teachers should consider students’ strengths
and weaknesses and provide tasks that correspond to their individual pace of development.

One of the main psychological factors that strengthens motivation is supporting students
in defining their own goals. When adolescents understand that what they learn can be useful in
the future, their interest in learning increases. Teachers should help them clarify their goals,
connect lessons with their interests and aspirations, and provide positive reinforcement and
constructive feedback. This approach not only strengthens learning motivation but also
contributes to the development of students’ sense of responsibility and initiative.

Emotional support and respect for students’ initiatives also contribute to the sustainability
of motivation. Teachers should recognize and encourage students’ achievements, support those
who experience difficulties, and take their opinions seriously. This approach strengthens
adolescents’ intrinsic motivation and develops a lasting interest in learning. Consequently, when
a positive psychological environment, individualized approach, fair assessment, constructive
feedback, and emotional support are implemented together, adolescents’ learning motivation can
develop in a stable and sustainable manner, encouraging them to participate actively and
responsibly in the learning process.
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CONCLUSION

The analysis demonstrates that strengthening adolescents’ learning motivation requires
not only consideration of psychological mechanisms but also the systematic organization of the
pedagogical environment. Motivation is closely associated with adolescents’ emotional state, self-
confidence, goal-setting abilities, and social relationships, and it can be further strengthened
through supportive, transparent, and individualized teacher approaches. The implementation of
cooperation, dialogue, formative assessment, and creative activities in the educational process
creates favorable conditions for the development of adolescents’ intrinsic motivation. Therefore,
adolescents’ learning motivation can be strengthened through pedagogical approaches that
correspond to their stage of psychological development. Such a systematic approach can make a
significant contribution to their academic achievement, engagement in learning, and development
of long-term learning habits.
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Abstract

Currently, the role of modern digital technologies in preclinical pharmacological research
has increased. Software for molecular modeling, including docking, molecular dynamics, and QSAR
analysis tools, is reviewed, enabling early virtual screening and selection of promising compounds.
Particular attention is paid to programs for predicting pharmacokinetics and toxicity, which
provide assessment of ADMET profiles and improve the accuracy of experimental planning. The
importance of digital predictions for optimizing dose selection prior to studies in animal models is
emphasized, thereby contributing to risk reduction and a decrease in experimental burden.
Existing challenges in integrating digital platforms into laboratory practice are noted, including the
need for algorithm validation, infrastructure adaptation, and researcher training.

Keywords: digital technologies; molecular modeling; ADMET prediction; preclinical studies;
virtual screening; dose optimization; laboratory digitalization.

Introduction.

The relevance of the widespread use of digital technologies and computer software at the
preclinical research stage is driven by the growing need to improve the efficiency and
reproducibility of preclinical pharmacological studies. The integration of digital technologies,
including molecular modeling and predictive approaches, makes it possible to optimize the
selection of biologically active compounds, reduce the experimental burden, and minimize the risk
of failure during experimental studies.

Computer software in preclinical pharmacological research.

Software for molecular modeling combines sets of tools for docking, molecular dynamics,
free-energy calculations, and QSAR, which make it possible to reproduce the structure and
conformational changes of protein—ligand complexes and to perform virtual screening of large
compound libraries. Computational modeling serves as an important complement to experimental
data, effectively bridging the gap between atomic-level properties and whole-organism function—
a task that cannot be accomplished using any single method. For efficient collection of information
across biological scales, the optimal approach is to combine several computational methods
covering a broad range of time intervals and spatial scales [1].
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Classical implementations include AutoDock/AutoDock Vina for rapid assessment of
binding poses and binding energies, demonstrating a good balance between speed and quality, as
well as major molecular dynamics packages (GROMACS, Desmond) for evaluating the dynamics
and stability of complexes [2].

Programs for predicting pharmacokinetics and toxicity (ADMET tools) include web services
and machine-learning models—SwissADME, pkCSM, and similar platforms—which provide rapid
estimates of absorption, distribution, metabolism, excretion, and potential toxicity based on
structural features and trained datasets. A key advantage of the SwissADME platform is its
comprehensive toolkit for assessing drug-likeness. This toolkit includes the application of multiple
filters (including the Lipinski, Ghose, Egan, and Veber rules), as well as calculations using the
BOILED-Egg model, which visualizes the probability of gastrointestinal absorption and blood—brain
barrier permeability. In addition, built-in filters for PAINS motifs and structural “alert fragments”
(Brenk alerts) provide preliminary toxicological screening, substantially improving the quality and
reliability of early selection of promising candidates. These tools are widely used for the early
filtering of candidate compounds and are supported by validation publications [3].

Avalidated computational platform, pkCSM, is available for predicting the pharmacokinetic
and toxicological properties of small molecules. The tool is based on the analysis of graph-based
signatures, in which the structural representation of a molecule is transformed into a set of
topological descriptors reflecting spatial and electronic characteristics. This approach, trained on
extensive experimental data, provides high predictive accuracy [4].

Quantitative structure—activity relationship (QSAR) analysis is a fundamental method of
ligand-based drug design. For more than five decades, QSAR has remained a highly effective tool
for constructing mathematical models. The purpose of these models is to establish statistically
significant correlations between chemical structure and biological or toxicological properties
(including binary outcomes—active/inactive) using regression and classification methods. Over
recent decades, the methodology has undergone substantial transformation, evolving both in
terms of the dimensionality of molecular descriptors and the diversity of algorithms used to
identify structure—function relationships. Modern research approaches can combine virtual
docking, QSAR, and molecular dynamics calculations. These approaches include multiscale
assessments of binding energy, free energies, conservation of contacts, and appropriate validation
[5].

The role of digital predictors in experimental planning lies in the early filtering of
unsuccessful candidate compounds, selection of targets, and prioritization of dose ranges. This
reduces the number of required in vivo studies and helps focus resources on the most promising
molecules. Numerous publications demonstrate the successful use of in silico assessments for
candidate selection before preclinical stages [6]. Risk reduction and optimization of dose selection
prior to animal studies are achieved through the integration of predictions and computational
models. Model-informed approaches make it possible to narrow dose ranges and plan
experimental designs while reducing the number of animals and dose levels required [7,8].

One stage in the digitalization of experimental work is the use of an electronic laboratory
notebook (ELN). The implementation of an ELN is a key step in optimizing workflow. Use of this
resource reduces the time required to complete primary documentation, standardizes data
through the creation of standardized templates for analytical methods, and enables rapid retrieval
of necessary information. In addition, server-based backup functionality ensures reliable
preservation and identification of all primary experimental data [9].

Conclusions.

Challenges associated with the integration of digital platforms into laboratories include
technical incompatibility, the need for algorithm validation, staff training, and institutional support
for software. It is necessary to develop algorithms for implementing computer platforms, as well
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as strategies for addressing problems that arise during their use and overcoming existing barriers
[10].

Thus, modern digital technologies substantially expand the capabilities of preclinical

pharmacology by enabling virtual screening, prediction of pharmacokinetic profiles, and
optimization of experimental design; however, they require reliable validation and adaptation of
laboratory infrastructure.
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ABSTRACT

Cancer pharmacotherapy represents one of the most rapidly evolving domains of contemporary
clinical medicine, reflecting the progressive transition from broadly cytotoxic treatment strategies




Proceedings of the 14th International Scientific Conference

toward molecularly targeted, immunologically mediated, hormonally directed, cellular, and
increasingly biomarker-guided therapeutic interventions. This transformation has expanded the
therapeutic potential of oncology while simultaneously generating substantial pharmacological
complexity concerning drug selection, mechanism-based treatment, dose optimization, treatment
sequencing, drug—drug interactions, adverse drug reactions, cumulative toxicity, and
individualized risk—benefit assessment. The present scientific discourse provides a comprehensive
pharmacological examination of anticancer medications, integrating their classification,
pharmacological properties, molecular and cellular mechanisms of action, pharmacokinetic and
pharmacodynamic determinants, therapeutic efficacy, safety profiles, adverse effects, and
clinically significant toxicities within the framework of modern oncology. Conventional cytotoxic
agents, endocrine therapies, molecularly targeted small molecules, monoclonal antibodies,
antibody—drug conjugates, immune checkpoint inhibitors, and other advanced systemic
treatment modalities are considered as components of an increasingly heterogeneous
pharmacotherapeutic landscape. Particular emphasis is placed on the mechanistic relationship
between drug exposure, molecular targets, intracellular signaling pathways, cellular proliferation,
apoptosis, DNA damage, angiogenesis, immune regulation, tumor microenvironment, therapeutic
resistance, and clinical outcomes. The pharmacological safety of anticancer medications is
examined as a multidimensional construct encompassing predictable dose-dependent toxicities,
idiosyncratic adverse reactions, cumulative organ injury, delayed complications, immune-
mediated toxicity, and clinically relevant interactions with concomitant therapies. Major
toxicological manifestations, including hematological, gastrointestinal, hepatic, renal,
cardiovascular, neurological, pulmonary, dermatological, endocrine, reproductive, and metabolic
adverse effects, are considered in relation to their pathophysiological mechanisms, clinical
severity, reversibility, and implications for continuation, modification, or discontinuation of
treatment. Particular attention is directed toward the emerging spectrum of immune-related
adverse events associated with modern immuno-oncology and toward the necessity of early
recognition, systematic monitoring, multidisciplinary management, and appropriate
pharmacotherapeutic intervention. Pharmacovigilance constitutes a central component of this
integrated framework because the safety profile of anticancer medicines continues to evolve
throughout clinical development, regulatory evaluation, routine clinical use, and post-marketing
surveillance. Contemporary pharmacovigilance incorporates spontaneous adverse-event
reporting, active surveillance, signal detection, disproportionality analysis, causality assessment,
risk characterization, medication-error identification, real-world evidence, and continuous
benefit—risk evaluation. These approaches facilitate the identification of uncommon, delayed,
population-specific, or previously unrecognized safety signals and contribute to evidence-based
risk minimization. The integration of pharmacovigilance with clinical pharmacology is therefore
essential for transforming individual adverse-event observations into clinically actionable
knowledge and for strengthening medication safety throughout the cancer treatment continuum.
Pharmacogenomics and precision medicine further provide important scientific foundations for
understanding interindividual variability in drug disposition, pharmacodynamic response,
therapeutic efficacy, and susceptibility to toxicity. Genetic variation in drug-metabolizing enzymes,
transporters, receptors, immune pathways, DNA-repair mechanisms, and other pharmacological
determinants may substantially influence exposure and treatment outcomes for selected
anticancer agents. Accordingly, incorporation of validated pharmacogenomic biomarkers, tumor
molecular profiling, genomic alterations, patient-specific characteristics, comorbidities, organ
function, concomitant medications, and previous treatment history can support more rational
therapeutic selection and individualized risk stratification. Precision oncology consequently
extends beyond tumor classification alone by incorporating both tumor-specific molecular
determinants and host-specific pharmacological characteristics into therapeutic decision-making.



«World Scientific Reports» (August 27-28, 2026). Paris, France I

Therapeutic drug monitoring represents an additional clinical pharmacology strategy for selected
anticancer medicines in which measurable systemic exposure is associated with therapeutic
response, toxicity, or clinically meaningful pharmacokinetic variability. Integration of drug-
concentration measurements with pharmacokinetic and pharmacodynamic modeling may
facilitate individualized dose adjustment, particularly in patients with altered organ function,
significant drug interactions, unusual pharmacokinetic profiles, or a narrow therapeutic window.
Although therapeutic drug monitoring is not universally applicable to all anticancer agents, its
selective implementation may strengthen exposure-guided pharmacotherapy and complement
conventional clinical and laboratory monitoring. The overarching objective of this integrated
approach is to establish a coherent evidence-based framework connecting pharmacological
classification, molecular mechanisms, pharmacokinetics, pharmacodynamics,
pharmacogenomics, therapeutic drug monitoring, pharmacovigilance, precision medicine, and
clinical decision-making. Such integration may improve the identification of optimal therapeutic
regimens, reduce preventable medication-related harm, preserve treatment intensity when
clinically appropriate, enhance adherence and quality of life, and facilitate earlier recognition and
management of toxicity. Ultimately, contemporary anticancer pharmacotherapy should be
understood as a dynamic, individualized, and continuously monitored process in which
therapeutic efficacy cannot be separated from pharmacological safety. The systematic integration
of mechanistic pharmacology with real-world safety surveillance, molecular diagnostics,
pharmacogenomic evidence, exposure assessment, and multidisciplinary clinical judgment
provides a scientifically rigorous foundation for optimizing the benefit—risk balance of anticancer
medications and advancing evidence-based precision oncology.

Keywords: Anticancer medications; Pharmacovigilance; Pharmacogenomics; Personalized
medicine; Therapeutic drug monitoring.

INTRODUCTION

Cancer pharmacotherapy has undergone a profound transformation from predominantly
cytotoxic treatment paradigms toward increasingly molecularly defined, mechanism-directed,
immune-mediated, targeted, and individualized therapeutic strategies. This evolution has
substantially expanded the pharmacological armamentarium available for malignant disease while
simultaneously increasing the complexity of medication selection, therapeutic optimization,
adverse-event prevention, and longitudinal safety surveillance. The present scientific discourse
provides an integrated examination of anticancer medications from the perspectives of
pharmacological classification, molecular and cellular mechanisms of action, pharmacokinetics,
pharmacodynamics, therapeutic efficacy, pharmacological safety, adverse drug reactions, and
treatment-related toxicity. Conventional cytotoxic agents, endocrine therapies, targeted small
molecules, monoclonal antibodies, antibody—drug conjugates, immune checkpoint inhibitors,
cellular and other advanced therapeutic modalities are considered within a contemporary
framework of translational and clinical oncology. Particular emphasis is placed on the relationship
between molecular targets, intracellular signaling networks, tumor biology, drug exposure,
therapeutic response, resistance mechanisms, and host determinants of toxicity. The analysis
further addresses the clinical significance of myelosuppression, gastrointestinal toxicity,
hepatotoxicity, nephrotoxicity, cardiotoxicity, neurotoxicity, pulmonary injury, dermatological
reactions, endocrine immune-related adverse events, reproductive toxicity, and other organ-
specific complications that may limit treatment intensity and quality of life. Pharmacovigilance is
presented as a continuous, evidence-generating discipline integrating spontaneous reporting,
active surveillance, signal detection, causality assessment, risk characterization, real-world
evidence, and post-marketing safety evaluation. In parallel, pharmacogenomics and precision
medicine are examined as major determinants of interindividual variability in pharmacokinetics,
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pharmacodynamics, therapeutic response, and susceptibility to adverse drug reactions. The
incorporation of pharmacogenomic biomarkers, molecular tumor profiling, clinical characteristics,
comorbidities, concomitant medications, and patient-specific risk factors may facilitate more
rational treatment selection and individualized risk—benefit assessment. Therapeutic drug
monitoring is discussed as an additional pharmacological strategy for selected anticancer agents
in which exposure—response and exposure—toxicity relationships can support dose optimization
and therapeutic precision. An evidence-based pharmacotherapy framework is therefore proposed
in which clinical pharmacology, oncology, pharmacovigilance, pharmacogenomics, therapeutic
drug monitoring, molecular diagnostics, and multidisciplinary decision-making are integrated
throughout the treatment continuum. Such an approach may improve medication safety,
minimize preventable toxicity, preserve therapeutic intensity, enhance adherence and patient-
centered outcomes, and strengthen the translational connection between pharmacological
knowledge and precision oncology. Ultimately, the rational use of anticancer medications requires
continuous reassessment of efficacy, safety, exposure, molecular context, and patient-specific
determinants, establishing pharmacotherapy as a dynamic and increasingly individualized
component of modern cancer care.

Cancer remains a complex and heterogeneous group of diseases characterized by the progressive
accumulation of genetic, epigenetic, metabolic, and microenvironmental alterations that disrupt
normal mechanisms governing cellular proliferation, differentiation, survival, and tissue
homeostasis. The biological heterogeneity of malignant disease has profound implications for
pharmacotherapy because tumors arising in different organs, and even tumors within the same
anatomical site, may demonstrate substantially different molecular architectures, growth kinetics,
receptor expression patterns, immune landscapes, metabolic dependencies, and susceptibility to
pharmacological intervention. Consequently, modern oncology has progressively moved beyond
the concept of cancer treatment as a uniform application of cytotoxic chemotherapy toward a
multidimensional therapeutic paradigm incorporating molecularly targeted medicines, endocrine
agents, immunotherapies, antibody-based therapeutics, antibody—drug conjugates, cellular
therapies, and other advanced treatment modalities. This transition has created unprecedented
opportunities to improve survival and disease control while simultaneously increasing the
pharmacological complexity of therapeutic decision-making.

Anticancer pharmacotherapy occupies a distinctive position within clinical pharmacology because
the therapeutic objective is frequently associated with a narrow and clinically consequential
balance between antineoplastic efficacy and host toxicity. Unlike many conventional
pharmacological interventions in which restoration of physiological function is the principal
objective, anticancer medicines are often designed to inhibit, damage, or eliminate rapidly
proliferating or molecularly vulnerable malignant cells while attempting to preserve normal
tissues. This therapeutic challenge is particularly evident with conventional cytotoxic agents,
whose mechanisms frequently involve interference with DNA synthesis, DNA replication, mitosis,
nucleotide metabolism, or cellular division. Because many normal tissues also contain proliferating
cellular populations, pharmacological selectivity may be incomplete, producing adverse effects
such as myelosuppression, mucosal injury, gastrointestinal disturbances, alopecia, infertility, and
other dose-limiting toxicities. The therapeutic index of an anticancer medicine therefore depends
not only on intrinsic molecular potency but also on tumor biology, exposure, host susceptibility,
treatment schedule, cumulative dose, organ function, and the capacity to detect and manage
toxicity promptly.

The classification of anticancer medications has consequently become increasingly complex.
Traditional pharmacological classification includes alkylating agents, platinum compounds,
antimetabolites, antitumor antibiotics, topoisomerase inhibitors, microtubule-directed agents,
and other cytotoxic medicines. These categories remain fundamental to oncology pharmacology
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because they describe characteristic molecular targets and biochemical mechanisms underlying
tumor-cell injury. However, contemporary classification increasingly incorporates endocrine
therapies, kinase inhibitors, monoclonal antibodies, proteasome inhibitors, angiogenesis-directed
agents, epigenetic modulators, apoptosis-related therapies, immune checkpoint inhibitors,
antibody—drug conjugates, and other mechanism-specific interventions. Such classification is not
merely taxonomic; it provides a conceptual framework for predicting pharmacological behavior,
therapeutic indications, resistance mechanisms, clinically relevant interactions, and characteristic
toxicity profiles. The increasing number of therapeutic classes also necessitates greater
specialization in clinical pharmacology and multidisciplinary oncology practice.

The molecular mechanisms underlying anticancer pharmacotherapy are central to understanding
both therapeutic benefit and treatment-related harm. Cancer cells frequently acquire alterations
affecting signaling pathways responsible for proliferation, survival, apoptosis, DNA repair,
angiogenesis, invasion, metastasis, and immune evasion. Pharmacological intervention may
therefore occur at multiple biological levels. Cytotoxic medicines may produce direct DNA damage
or inhibit essential biosynthetic and mitotic processes; endocrine agents may deprive hormone-
dependent tumors of proliferative signaling; kinase inhibitors may suppress oncogenic signaling
cascades; monoclonal antibodies may block receptor activation or recruit immune-mediated
cytotoxicity; and immune checkpoint inhibitors may restore antitumor T-cell activity by disrupting
inhibitory pathways involved in immune tolerance. These mechanistic distinctions are clinically
important because the biological target often determines not only the likelihood of therapeutic
response but also the spectrum and temporal pattern of adverse reactions.

The development of targeted therapy has further transformed the pharmacological concept of
selectivity. Molecularly targeted medicines are frequently designed to recognize altered proteins,
receptors, enzymes, fusion products, signaling pathways, or other vulnerabilities that contribute
to malignant phenotypes. Nevertheless, molecular selectivity does not necessarily imply complete
clinical selectivity. Many pharmacological targets are expressed in normal tissues or participate in
physiological signaling pathways, and inhibition of these targets may produce predictable on-
target toxicities. In addition, off-target interactions, metabolites, immune-mediated mechanismes,
mitochondrial dysfunction, vascular effects, and pharmacokinetic accumulation may contribute to
adverse events. The modern pharmacologist must therefore interpret drug action across multiple
biological scales, from receptor and enzyme interactions through intracellular signaling networks
to systemic clinical outcomes.

Immuno-oncology has introduced another major dimension to anticancer pharmacology. Immune
checkpoint inhibitors targeting pathways such as programmed cell death protein 1, programmed
death-ligand 1, and cytotoxic T-lymphocyte-associated antigen 4 have demonstrated substantial
clinical efficacy across multiple malignancies. Their therapeutic mechanism differs fundamentally
from conventional cytotoxicity because the pharmacological intervention modifies host immune
regulation rather than directly targeting tumor-cell replication alone. This distinction produces a
characteristic spectrum of immune-related adverse events involving the skin, gastrointestinal
tract, liver, endocrine organs, lungs, kidneys, nervous system, cardiovascular system, and other
tissues. These toxicities may occur during treatment or after exposure and can occasionally
become severe or life-threatening. Their management therefore requires recognition of
mechanism, temporal pattern, severity, differential diagnosis, and appropriate pharmacological
intervention. The emergence of immune-related toxicity illustrates why contemporary oncology
requires integration of pharmacology, immunology, pathology, laboratory medicine, and clinical
monitoring.

Pharmacokinetics and pharmacodynamics provide essential foundations for rational anticancer
drug use. Pharmacokinetic processes involving absorption, distribution, metabolism, and
elimination determine systemic and tissue exposure, whereas pharmacodynamic mechanisms
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describe the relationship between drug concentration and biological or clinical effect. In oncology,
these relationships can be particularly complex because disease progression, cachexia,
hypoalbuminemia, organ dysfunction, inflammation, altered body composition, concomitant
medications, and previous therapies may substantially modify drug disposition. Hepatic and renal
impairment may alter clearance, while changes in protein binding, gastrointestinal function, or
transporter activity may influence exposure. Furthermore, enzyme induction or inhibition can
produce clinically important drug—drug interactions, particularly in patients receiving multiple
supportive and anticancer medicines. Understanding these determinants is fundamental to dose
selection and modification.

The pharmacodynamic response to an anticancer medicine is similarly influenced by both tumor-
specific and host-specific factors. Target expression, receptor activation, downstream signaling,
genomic alterations, DNA-repair capacity, apoptotic competence, tumor-cell heterogeneity, and
the tumor microenvironment can determine sensitivity or resistance. Pharmacological exposure
may therefore be identical among patients while producing markedly different therapeutic
outcomes. Conversely, comparable clinical responses may occur at different systemic exposures.
This variability emphasizes that dose selection based exclusively on conventional body-surface-
area calculations or fixed dosing paradigms may not always achieve optimal individualized
exposure. Modern oncology increasingly incorporates clinical, molecular, pharmacokinetic, and
pharmacodynamic information to refine therapeutic decisions.

Therapeutic resistance remains one of the principal limitations of successful anticancer
pharmacotherapy. Resistance may be intrinsic, occurring before treatment, or acquired after an
initially favorable response. Mechanisms include secondary target mutations, gene amplification,
activation of alternative signaling pathways, altered drug transport, enhanced drug metabolism,
increased DNA repair, evasion of apoptosis, epithelial-mesenchymal transition, clonal selection,
and modifications of the tumor microenvironment. Immune escape represents an additional
mechanism of resistance to immunotherapy. These processes demonstrate that cancer
pharmacotherapy is dynamic rather than static: the biological target and therapeutic vulnerability
of a tumor may change during disease evolution. Consequently, pharmacological treatment
increasingly requires serial assessment of disease biology, treatment response, and emerging
resistance mechanisms.

Pharmacological safety is equally important because anticancer medicines are among the
therapeutic agents associated with substantial risks of serious adverse drug reactions. Toxicity may
be acute or delayed, reversible or irreversible, dose-dependent or idiosyncratic, organ-specific or
multisystemic. Hematological toxicity can manifest as neutropenia, anemia, thrombocytopenia,
and febrile neutropenia, potentially resulting in treatment interruption, infection, hospitalization,
or mortality. Gastrointestinal toxicity may include nausea, vomiting, diarrhea, mucositis,
constipation, and intestinal complications. Hepatotoxicity and nephrotoxicity may compromise
the ability to continue treatment, whereas cardiotoxicity can produce arrhythmias, ischemia,
hypertension, cardiomyopathy, or heart failure. Neurotoxicity may impair sensory, motor, or
autonomic function, while pulmonary toxicity may range from mild inflammatory changes to
severe pneumonitis. Recognition of these patterns is essential for individualized risk assessment
and treatment modification.

The clinical significance of toxicity extends beyond immediate physiological harm. Persistent
adverse effects may impair functional status, nutritional status, psychological well-being,
treatment adherence, and quality of life. Severe toxicity may necessitate dose reduction or
discontinuation and can compromise the intensity of potentially effective therapy. Conversely,
excessive fear of toxicity may result in unnecessary undertreatment. Optimal oncology
pharmacotherapy therefore requires a structured benefit—risk assessment that considers disease
severity, treatment intent, expected therapeutic benefit, alternative options, baseline patient
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vulnerability, toxicity probability, and the availability of effective supportive care. The objective is
not simply to minimize adverse events at any cost, but to optimize the net clinical benefit of
treatment while avoiding preventable or disproportionate harm.

Drug—drug interactions represent another major pharmacological concern in oncology. Patients
with cancer commonly receive combinations of anticancer medicines, analgesics, antiemetics,
antimicrobials, corticosteroids, anticoagulants, cardiovascular medicines, antiepileptic agents,
nutritional products, and other supportive therapies. Interactions may occur through cytochrome
P450 enzymes, uridine diphosphate-glucuronosyltransferases, membrane transporters, renal
elimination pathways, protein binding, gastrointestinal absorption, or pharmacodynamic
mechanisms. The consequences may include reduced anticancer exposure and therapeutic failure
or increased exposure and toxicity. Polypharmacy, organ dysfunction, and changing treatment
regimens further increase this risk. Medication reconciliation and systematic interaction
assessment are therefore integral components of evidence-based cancer pharmacotherapy.
Pharmacovigilance provides the broader scientific infrastructure through which medication-
related risks can be identified, characterized, evaluated, and managed throughout the life cycle of
an anticancer medicine. Clinical trials provide essential evidence regarding efficacy and common
adverse events, but their controlled populations, sample sizes, eligibility criteria, follow-up
periods, and treatment conditions may limit detection of rare, delayed, or population-specific
adverse reactions. Post-marketing pharmacovigilance consequently becomes indispensable.
Spontaneous reporting systems, active surveillance programs, electronic health records,
registries, observational studies, real-world data, disproportionality analyses, and other
pharmacovigilance methods can contribute to the detection of safety signals that emerge only
after broad clinical exposure. Signal detection must subsequently be followed by clinical
assessment, epidemiological evaluation, causality consideration, and appropriate risk-
minimization strategies.

In oncology, pharmacovigilance is particularly important because therapeutic regimens are often
complex and adverse events may have multiple possible causes. Disease progression, infection,
comorbidities, radiation therapy, surgery, concomitant medications, and previous anticancer
treatment can mimic or contribute to suspected drug-related events. Accurate causality
assessment therefore requires careful clinical reasoning and consideration of temporal
relationships, alternative explanations, dechallenge and rechallenge information where ethically
appropriate, biological plausibility, and known pharmacological characteristics. Standardized
terminology and severity grading further facilitate communication between clinicians,
researchers, regulatory authorities, and pharmacovigilance systems. The integration of clinical
pharmacology with pharmacovigilance strengthens the capacity to translate safety observations
into actionable evidence.

Pharmacogenomics provides an additional dimension for improving the safety and effectiveness
of anticancer treatment. Genetic variability can influence drug metabolism, transport, receptor
activity, DNA repair, immune responses, and susceptibility to specific adverse reactions. Certain
pharmacogenomic markers have demonstrated clinically meaningful associations with treatment
toxicity or efficacy, supporting genotype-informed treatment selection or dose modification in
appropriate contexts. However, implementation requires rigorous evidence, analytical validity,
clinical validity, clinical utility, and consideration of population diversity. Pharmacogenomics
should therefore complement rather than replace comprehensive clinical assessment. Its greatest
potential lies in integrating inherited genetic information with tumor genomics, pharmacokinetic
characteristics, organ function, concomitant medication exposure, and patient preferences.
Personalized medicine and precision oncology extend this principle by recognizing that effective
cancer treatment must account for biological heterogeneity at both tumor and patient levels.
Molecular profiling may identify actionable genomic alterations, predictive biomarkers, receptor



I Proceedings of the 14th International Scientific Conference

expression patterns, or immune characteristics that guide treatment selection. At the same time,
host factors such as age, organ function, comorbidities, performance status, previous therapy,
pharmacogenomic characteristics, and concomitant medications influence the feasibility and
safety of treatment. Precision pharmacotherapy therefore represents an integrative rather than
exclusively genomic discipline. It requires continuous interpretation of biological,
pharmacological, clinical, and patient-centered information throughout treatment.

Therapeutic drug monitoring may provide additional value when a clinically meaningful
relationship exists between systemic exposure and therapeutic response or toxicity. Although
routine concentration monitoring is not appropriate for every anticancer medicine, selected
agents exhibit substantial pharmacokinetic variability or exposure—response relationships that
may support individualized dosing. Measurement of drug concentrations, combined with
population pharmacokinetic models, Bayesian forecasting, pharmacodynamic biomarkers, and
clinical observations, can potentially identify patients whose exposure is inadequate or excessive.
This approach is particularly relevant when standard dosing fails to account adequately for
variability arising from organ dysfunction, interacting medicines, body composition, or individual
metabolic capacity. Therapeutic drug monitoring thus represents an important bridge between
guantitative pharmacology and personalized treatment.

Evidence-based pharmacotherapy provides the methodological foundation for integrating these
diverse forms of information. Evidence from randomized controlled trials remains central to
evaluating efficacy and comparative treatment effects, while observational research,
pharmacovigilance databases, registries, pharmacokinetic studies, pharmacogenomic
investigations, and real-world evidence provide complementary information regarding safety,
effectiveness, treatment patterns, and patient heterogeneity. The interpretation of evidence must
consider study design, internal and external validity, statistical uncertainty, clinically meaningful
endpoints, applicability to individual patients, and potential biases. In rapidly evolving oncology,
evidence synthesis must also accommodate the continuous emergence of new molecular targets,
biomarkers, therapeutic combinations, and safety information.

The contemporary oncology pharmacist, clinical pharmacologist, oncologist, and multidisciplinary
healthcare team therefore operate within an increasingly interconnected pharmacological
environment. Safe and effective anticancer treatment requires systematic medication review,
individualized dose selection, monitoring of laboratory and clinical parameters, recognition of
adverse reactions, management of drug interactions, assessment of treatment adherence, patient
education, and continuous reassessment of therapeutic goals. Pharmacological expertise is
particularly important when multiple treatment modalities are combined or when treatment
transitions occur across inpatient, outpatient, and survivorship settings. Communication among
oncology, pharmacy, nursing, laboratory, pathology, genetics, and other professional disciplines
can reduce medication-related risk and facilitate coordinated care.

The integration of pharmacology, pharmacovigilance, pharmacogenomics, precision medicine,
and therapeutic drug monitoring is therefore not simply an expansion of existing oncology practice
but a conceptual evolution toward individualized, continuously monitored pharmacotherapy. Such
integration recognizes that the clinical effect of an anticancer medicine emerges from an
interaction between the drug, tumor, host, exposure, treatment context, and evolving disease
biology. A scientifically rigorous framework must consequently evaluate efficacy and safety
simultaneously rather than treating them as independent domains. Mechanism-based
understanding can guide drug selection; pharmacokinetic and pharmacodynamic analysis can
optimize exposure; pharmacogenomics can identify relevant inherited determinants; tumor
profiling can identify actionable molecular vulnerabilities; pharmacovigilance can detect emerging
risks; and therapeutic drug monitoring can refine dosing when clinically justified.
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The present scientific discourse aims to provide an integrated and pharmacologically grounded
analysis of anticancer medications in modern oncology, with particular attention to their
classification, molecular mechanisms, pharmacological properties, safety profiles, adverse effects,
and toxicity. It further examines the complementary roles of pharmacovigilance, evidence-based
pharmacotherapy, pharmacogenomics, personalized medicine, and therapeutic drug monitoring
in optimizing the benefit-risk balance of anticancer treatment. By connecting molecular
pharmacology with clinical safety science and individualized therapeutic decision-making, this
framework seeks to support a more rational, evidence-informed, patient-centered, and precision-
oriented approach to cancer pharmacotherapy. The ultimate objective is to strengthen the
translation of pharmacological knowledge into clinically meaningful outcomes while minimizing
preventable toxicity, improving therapeutic precision, and supporting the sustainable
development of safer and more effective oncology practice.

BACKGROUND

Cancer represents one of the most complex and heterogeneous groups of human diseases and
remains a major global cause of morbidity, premature mortality, disability, and healthcare
utilization. The biological complexity of malignant disease derives from the interaction of genetic,
epigenetic, metabolic, immunological, microenvironmental, and systemic determinants that
collectively influence tumor initiation, progression, invasion, metastatic dissemination,
therapeutic responsiveness, and resistance. Unlike many conventional pharmacotherapeutic
conditions in which a relatively stable pathological target can be identified and modulated, cancer
is characterized by dynamic biological evolution and substantial interpatient and intratumoral
heterogeneity. Consequently, contemporary oncology has progressively moved from
predominantly histopathological and organ-based treatment paradigms toward molecularly
informed,  mechanism-oriented,  biomarker-guided, and increasingly individualized
pharmacotherapy. Within this transformation, anticancer medications constitute a highly diverse
pharmacological domain encompassing classical cytotoxic agents, endocrine therapies,
molecularly targeted drugs, monoclonal antibodies, antibody—drug conjugates, immune
checkpoint inhibitors, cellular and gene-based therapeutics, epigenetic modulators, angiogenesis
inhibitors, signal-transduction inhibitors, radiopharmaceuticals, and numerous emerging
therapeutic platforms. The pharmacological diversity of these agents is accompanied by
substantial differences in mechanisms of action, pharmacokinetic behavior, pharmacodynamic
relationships, therapeutic indices, drug—drug interactions, toxicity profiles, mechanisms of
resistance, and requirements for patient monitoring.

The historical development of cancer pharmacotherapy was initially dominated by nonspecific
cytotoxic strategies designed to exploit differences in proliferation, DNA synthesis, DNA integrity,
mitotic activity, or cellular susceptibility between malignant and normal tissues. Alkylating agents,
platinum compounds, antimetabolites, antitumor antibiotics, topoisomerase inhibitors,
microtubule-directed agents, and other cytotoxic medications remain important components of
contemporary oncology, particularly in combination regimens. Their therapeutic effects generally
arise through interference with essential cellular processes, resulting in DNA damage, replication
stress, mitotic catastrophe, apoptosis, senescence, or other forms of cancer-cell death.
Nevertheless, the fundamental limitation of many classical cytotoxic agents is their incomplete
selectivity for malignant cells. Normal tissues characterized by rapid cellular turnover, including
bone marrow, gastrointestinal epithelium, hair follicles, and reproductive tissues, may
consequently be exposed to clinically significant injury. This pharmacological principle explains
many of the characteristic adverse effects associated with conventional chemotherapy, including
myelosuppression, mucositis, and nausea and vomiting, alopecia, infertility, and susceptibility to
infection. Furthermore, cumulative or dose-dependent toxicities involving the heart, kidneys, liver,
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lungs, peripheral nervous system, and other organs may constrain treatment intensity and
influence long-term survivorship.

The development of molecular oncology substantially altered the conceptual framework of
anticancer pharmacotherapy. Increasing understanding of oncogenic signaling networks
demonstrated that malignant transformation and tumor maintenance can be driven by specific
molecular abnormalities, including activating mutations, gene amplifications, chromosomal
rearrangements, abnormal receptor signaling, dysregulated transcriptional programs, altered
DNA-repair mechanisms, and aberrant immune-evasion pathways. These discoveries established
the rationale for therapeutic intervention at defined molecular targets. Accordingly, targeted
therapies were developed to inhibit receptor tyrosine kinases, intracellular kinases, hormone
receptors, DNA-repair pathways, proteasomal function, epigenetic regulators, angiogenic
signaling, cell-cycle checkpoints, apoptotic pathways, and other molecular processes essential to
tumor survival. Targeted treatment can provide substantial therapeutic benefit when the relevant
molecular alteration is present and pharmacologically actionable. However, molecular specificity
does not necessarily equate to complete clinical selectivity. Target molecules may participate in
physiological signaling pathways in normal tissues, while compensatory signaling, pathway
redundancy, clonal evolution, and secondary molecular alterations can produce acquired
resistance. Thus, the pharmacological assessment of targeted therapies must incorporate both
target-mediated efficacy and target-related toxicity.

Immuno-oncology has introduced another major transformation by shifting therapeutic attention
from direct tumor-cell destruction toward modulation of the host immune system. Immune
checkpoint inhibitors targeting programmed cell death protein 1, programmed death ligand 1,
cytotoxic T-lymphocyte-associated antigen 4, and other immunoregulatory pathways can restore
or enhance antitumor immune activity in selected malignancies. The resulting therapeutic
paradigm differs fundamentally from classical chemotherapy because treatment efficacy may
depend on complex interactions between tumor antigenicity, immune-cell composition, tumor
microenvironment, host genetics, prior treatment, microbiological factors, and immune-
regulatory networks. At the same time, immune activation can produce distinctive toxicities
known as immune-related adverse events, which may affect virtually any organ system.
Dermatological, gastrointestinal, hepatic, pulmonary, endocrine, renal, neurological,
cardiovascular, rheumatological, and other immune-mediated toxicities have become central
considerations in contemporary pharmacovigilance. Their clinical recognition may be complicated
by delayed onset, atypical presentation, multisystem involvement, and differentiation from
infection, tumor progression, or toxicity caused by concomitant therapies.

The expansion of anticancer pharmacotherapy has therefore generated a critical requirement for
systematic characterization of medication safety throughout the entire therapeutic lifecycle.
Pharmacological safety cannot be conceptualized exclusively as the absence of adverse effects.
Rather, it encompasses the identification, characterization, prediction, prevention, monitoring,
management, and mitigation of risks associated with medicinal products under real-world
conditions. In oncology, this challenge is particularly significant because many anticancer agents
possess narrow therapeutic windows, substantial interindividual pharmacokinetic variability,
complex dose—exposure relationships, and potentially severe or irreversible toxicities. Moreover,
cancer patients frequently receive polypharmacy involving analgesics, antiemetics, antimicrobials,
anticoagulants, corticosteroids, nutritional supplements, supportive-care agents, and medications
for chronic comorbidities. Such therapeutic complexity increases the probability of
pharmacokinetic and pharmacodynamic drug interactions and complicates attribution of adverse
events to individual agents.

The pharmacological characterization of anticancer medications therefore requires an integrated
understanding of pharmacodynamics and pharmacokinetics. Pharmacodynamics describes the
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relationship between drug exposure and biological response, including target engagement,
pathway modulation, tumor-cell inhibition, immune activation, and toxicity. Pharmacokinetics
encompasses absorption, distribution, metabolism, and elimination and determines the temporal
profile of systemic drug concentrations and tissue exposure. In oncology, pharmacokinetic
behavior may be substantially altered by hepatic or renal dysfunction, hypoalbuminemia, changes
in body composition, inflammation, malnutrition, gastrointestinal impairment, fluid shifts, organ
metastases, and concomitant medications. The clinical consequences of these variables are
particularly important for medications whose efficacy or toxicity is strongly exposure dependent.
Consequently, individualized dose selection increasingly requires consideration of patient-specific
physiological and molecular characteristics rather than reliance exclusively on standardized dosing
schedules.

A central component of modern anticancer pharmacology is the classification of medications
according to their molecular targets, mechanisms of action, therapeutic indications, structural
characteristics, pharmacokinetic properties, and toxicity profiles. Conventional classifications
based solely on chemical structure or anatomical indication are insufficient to describe the
complexity of contemporary cancer therapeutics. Mechanism-based classification permits
differentiation among DNA-damaging agents, antimetabolites, mitotic inhibitors, endocrine
therapies, targeted signal-transduction inhibitors, angiogenesis inhibitors, apoptosis modulators,
epigenetic therapies, DNA-repair inhibitors, immune checkpoint inhibitors, and cellular or gene-
based interventions. Such classification has practical implications for rational combination therapy
because medications acting through complementary biological mechanisms may produce additive
or synergistic antitumor effects, whereas combinations targeting overlapping physiological
pathways may amplify toxicity. Mechanism-based classification also facilitates pharmacovigilance
by identifying predictable class-specific adverse-event patterns.

The pharmacological mechanisms underlying anticancer drug action are highly heterogeneous.
Cytotoxic chemotherapy may induce DNA strand breaks, DNA crosslinking, abnormal nucleotide
incorporation, inhibition of nucleotide biosynthesis, suppression of topoisomerase activity, or
disruption of microtubule dynamics. Endocrine therapies inhibit hormone synthesis or antagonize
hormone receptors, thereby depriving hormone-dependent malignant cells of proliferative
signaling. Molecularly targeted agents can inhibit aberrant kinases, intracellular signaling proteins,
mutant oncoproteins, DNA-repair enzymes, or other molecular dependencies. Monoclonal
antibodies may block receptor activation, neutralize growth factors, recruit immune effector
mechanisms, or alter tumor-associated signaling. Antibody—drug conjugates combine molecular
recognition with selective intracellular delivery of highly potent cytotoxic payloads. Epigenetic
drugs modify chromatin-associated regulatory processes and can alter gene-expression programs
involved in differentiation, proliferation, and apoptosis. Radiopharmaceuticals deliver ionizing
radiation to molecularly selected tissues or cellular targets. Cellular therapies, including genetically
modified immune cells, introduce living therapeutic agents capable of recognizing and eliminating
malignant cells. These diverse mechanisms create correspondingly diverse patterns of therapeutic
response and toxicity.

Cancer pharmacotherapy is further complicated by the evolutionary nature of malignant disease.
Tumors consist of heterogeneous cellular populations that undergo continuous genetic and
epigenetic selection under environmental and therapeutic pressure. Drug exposure may therefore
eliminate sensitive clones while allowing resistant subpopulations to expand. Resistance
mechanisms can include target mutation, target amplification, alternative pathway activation,
enhanced DNA repair, altered apoptosis, drug efflux, metabolic adaptation, epithelial—
mesenchymal transition, changes in tumor microenvironment, immune escape, and phenotypic
plasticity. Pharmacological resistance is consequently not a static characteristic but a dynamic
process. Understanding the molecular basis of resistance has become fundamental to treatment
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sequencing, combination therapy, adaptive treatment strategies, and the development of next-
generation inhibitors.

The concept of evidence-based pharmacotherapy provides an essential framework for translating
pharmacological knowledge into clinical oncology. Therapeutic decisions should integrate high-
quality evidence from randomized controlled trials, systematic reviews, meta-analyses,
comparative effectiveness studies, pharmacological investigations, real-world evidence, and post-
marketing safety surveillance. However, evidence derived from clinical trials does not necessarily
capture the complete safety profile of medicines in routine clinical practice. Clinical trials
frequently operate under restrictive eligibility criteria and may underrepresent older adults,
patients with substantial comorbidity, individuals with organ dysfunction, ethnically diverse
populations, patients receiving complex polypharmacy, and those with uncommon toxicities.
Consequently, post-authorization pharmacovigilance and real-world evidence are indispensable
for detecting adverse events that may emerge only after widespread use.

Pharmacovigilance represents a particularly important component of modern oncology because
the severity and complexity of anticancer medication toxicity may differ substantially from those
observed with many nononcological medicines. Classical pharmacovigilance includes spontaneous
adverse-event reporting, signal detection, causality assessment, risk characterization, risk
minimization, periodic safety evaluation, and regulatory communication. In contemporary
oncology, pharmacovigilance is increasingly supported by electronic health records, clinical
registries, administrative databases, patient-reported outcomes, molecular datasets, and
advanced computational methods. These resources can facilitate detection of rare adverse events,
temporal associations, risk factors, and clinically meaningful patterns that may not be apparent in
individual clinical trials.

The interpretation of adverse drug reactions in oncology requires careful distinction among
expected pharmacological effects, dose-limiting toxicities, idiosyncratic reactions, immune-
mediated adverse events, cumulative toxicities, delayed complications, and treatment-related
secondary malignancies. Adverse events may also arise from the underlying cancer itself or from
supportive-care interventions, making causal attribution difficult. For example, fatigue, nausea,
pain, cytopenias, fever, neurological symptoms, and organ dysfunction can reflect either disease
progression or treatment toxicity. A scientifically rigorous pharmacovigilance system must
therefore incorporate temporal relationships, dose—response relationships, alternative
explanations, dechallenge and rechallenge information where ethically appropriate, known
pharmacological mechanisms, concomitant medication exposure, laboratory findings, imaging,
and patient-specific susceptibility factors.

The concept of pharmacological toxicity in oncology extends beyond acute adverse events.
Cumulative toxicity has become increasingly relevant as survival improves and patients receive
multiple lines of therapy. Cardiotoxicity may emerge during or after exposure to certain
chemotherapeutic or targeted agents; nephrotoxicity may compromise subsequent treatment
options; neurotoxicity can cause persistent functional impairment; pulmonary toxicity may result
in irreversible respiratory complications; and gonadal toxicity may influence fertility and quality of
life. Some therapies may also produce long-term metabolic, endocrine, reproductive, cognitive, or
vascular consequences. Consequently, contemporary oncology increasingly emphasizes
survivorship pharmacology and long-term medication safety rather than focusing exclusively on
toxicity occurring during active treatment.

Drug interactions represent another major dimension of anticancer medication safety. Many
anticancer agents are metabolized by cytochrome P450 enzymes or transported by membrane
transport systems that can be inhibited or induced by concomitant medications. Changes in
enzyme activity can alter systemic exposure and thereby modify efficacy or toxicity.
Pharmacodynamic interactions may also occur when two medications independently affect the
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same physiological system. For example, combinations that increase bleeding risk, prolong cardiac
repolarization, suppress bone marrow function, or impair renal function may create clinically
significant hazards. Polypharmacy management is therefore essential to safe cancer
pharmacotherapy, requiring systematic medication reconciliation and evaluation of prescription
medicines, over-the-counter products, herbal preparations, and nutritional supplements.
Pharmacogenomics has emerged as a major component of individualized anticancer
pharmacotherapy. Genetic variation among individuals can influence drug metabolism, transport,
target engagement, immune response, toxicity, and therapeutic effectiveness. Germline genetic
variants may affect the activity of drug-metabolizing enzymes, transporters, DNA-repair proteins,
immune-regulatory molecules, or pharmacological targets. Somatic tumor alterations can identify
molecular dependencies that determine whether a targeted therapy is likely to be effective. The
distinction between germline pharmacogenomics and somatic tumor genomics is therefore
critical. Germline information primarily characterizes patient-specific susceptibility, whereas
somatic molecular profiling describes tumor-specific biology. Integrating these dimensions creates
a more comprehensive pharmacological model of treatment response.

The clinical application of pharmacogenomic information requires analytical validity, clinical
validity, clinical utility, appropriate interpretation, and consideration of population-specific genetic
diversity. Not every statistically significant genetic association has sufficient predictive value to
guide clinical treatment. Biomarker implementation should therefore be supported by robust
evidence demonstrating that genotype- or phenotype-guided therapy improves meaningful
clinical outcomes. Nevertheless, pharmacogenomic testing has become increasingly relevant for
selected anticancer agents where genetic variation is strongly associated with severe toxicity or
altered drug disposition. The integration of pharmacogenomics into oncology thus represents a
transition from population-average dosing toward biologically informed treatment selection and
dose optimization.

Personalized medicine extends beyond pharmacogenomics by incorporating multiple dimensions
of patient and disease heterogeneity. Contemporary precision oncology may integrate tumor
genomic sequencing, transcriptomics, proteomics, metabolomics, immune profiling,
histopathology, radiological characteristics, clinical phenotype, comorbidity, organ function,
previous treatment history, patient preferences, and real-world outcomes. The objective is not
simply to identify a molecular target but to construct a multidimensional model of therapeutic
benefit and risk. This approach recognizes that two patients with histologically similar tumors may
have substantially different molecular vulnerabilities, pharmacokinetic profiles, immune
environments, and treatment tolerability. Precision pharmacotherapy consequently seeks to
optimize the balance between efficacy and toxicity at the level of the individual patient.
Therapeutic drug monitoring represents another potentially important strategy for individualizing
anticancer medication exposure. Although routine therapeutic drug monitoring is not appropriate
for all oncology medications, it may be valuable for selected drugs characterized by narrow
therapeutic windows, substantial interpatient pharmacokinetic variability, established exposure—
response relationships, and clinically meaningful concentration—toxicity or concentration—efficacy
associations. Therapeutic drug monitoring may involve measurement of plasma or whole-blood
concentrations followed by pharmacokinetic interpretation and dose adjustment. Population
pharmacokinetic models, Bayesian forecasting, and pharmacokinetic-pharmacodynamic
modeling can further refine individualized dose optimization. The integration of therapeutic drug
monitoring with pharmacogenomics and clinical characteristics provides a framework for
precision dosing based on actual patient exposure rather than prescribed dose alone.
Pharmacokinetic—-pharmacodynamic modeling has consequently become an important
methodological component of translational oncology. Such models can characterize relationships
among administered dose, drug concentration, target engagement, biomarker changes, tumor
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response, and toxicity. Population approaches can identify covariates explaining interindividual
variability and may include body size, age, organ function, genetic factors, co-medications,
inflammatory status, and disease burden. Mechanistic models may additionally incorporate tumor
growth dynamics, drug resistance, immune-cell interactions, and pharmacological pathway
structure. These approaches have potential value for dose selection during drug development,
clinical trial design, therapeutic optimization, and prediction of individual treatment outcomes.
The therapeutic index of anticancer medications must be understood within the broader context
of risk—benefit assessment. In oncology, potentially serious toxicity may be clinically acceptable
when treatment provides substantial survival benefit in a life-threatening disease. Nevertheless,
acceptance of risk must remain evidence based and patient centered. The objective is not simply
to maximize drug exposure but to maximize clinically meaningful therapeutic benefit while
minimizing avoidable harm. This principle is especially important when alternative treatments with
different efficacy—toxicity profiles are available. Shared decision-making should therefore
incorporate expected treatment benefit, toxicity probability, disease prognosis, quality-of-life
considerations, patient values, and treatment alternatives.

Supportive pharmacotherapy forms an integral part of safe anticancer treatment. Antiemetics,
growth factors, analgesics, antimicrobial prophylaxis, transfusion support, nutritional
interventions, bone-modifying agents, corticosteroids, and other supportive measures may
reduce treatment-related morbidity and permit maintenance of anticancer therapy. However,
supportive medicines can themselves cause adverse reactions and drug interactions. The
pharmacological management of chemotherapy-induced nausea, neutropenia, anemia, pain,
mucositis, and other complications therefore requires the same principles of evidence-based
prescribing and medication safety applied to anticancer agents.

The emergence of oral anticancer medications has introduced additional dimensions of
medication safety and adherence. Unlike intravenously administered therapies that are typically
delivered within controlled healthcare environments, oral targeted therapies frequently require
patients or caregivers to manage dosing independently at home. This creates opportunities for
missed doses, incorrect dosing, accidental overdosing, inappropriate storage, food—drug
interactions, and unrecognized adverse events. Medication adherence therefore becomes a
pharmacological determinant of treatment effectiveness. Patient education, structured
medication review, digital adherence monitoring, and pharmacist-led oncology services can
contribute substantially to safe and effective oral anticancer therapy.

Oncology pharmacy has consequently evolved from medication dispensing toward comprehensive
clinical pharmacotherapy management. Clinical pharmacists can contribute to medication
reconciliation, interaction assessment, pharmacogenomic interpretation, therapeutic drug
monitoring, adverse-event recognition, dose adjustment, patient counseling, adherence support,
and pharmacovigilance. Interdisciplinary collaboration among oncologists, pharmacists, clinical
pharmacologists, nurses, laboratory specialists, geneticists, and other healthcare professionals is
essential for integrating pharmacological, molecular, and clinical information. Such collaboration
can facilitate early recognition of toxicity and enable timely treatment modification.

The role of biomarkers in anticancer pharmacotherapy is increasingly important. Predictive
biomarkers may identify patients who are more likely to respond to a particular treatment,
whereas prognostic biomarkers provide information regarding disease outcome independently of
treatment. Pharmacodynamic biomarkers can indicate target engagement or biological response,
while safety biomarkers may identify emerging organ toxicity before irreversible injury occurs. The
integration of biomarker science with pharmacovigilance may enable earlier detection of
treatment-related harm and more precise selection of therapeutic strategies. Nevertheless,
biomarker interpretation must account for assay validity, tumor heterogeneity, temporal changes,
sampling limitations, and the possibility that biomarker status may evolve during treatment.
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Tumor heterogeneity creates a particularly important challenge for personalized oncology. A
single biopsy may not fully represent the molecular diversity of a tumor or metastatic disease.
Distinct subclones may possess different therapeutic sensitivities, and treatment pressure may
alter clonal composition over time. Liquid biopsy and circulating tumor DNA technologies offer
opportunities for repeated molecular assessment and dynamic monitoring. These approaches
may help identify emerging resistance mechanisms and support treatment adaptation. From a
pharmacological perspective, dynamic molecular profiling transforms precision therapy from a
one-time treatment-selection process into an iterative strategy of continual biological
reassessment.

Artificial intelligence, machine learning, and computational pharmacology are increasingly being
explored as tools for oncology drug development and pharmacovigilance. Large-scale datasets can
be analyzed to identify patterns linking patient characteristics, medication exposure, molecular
features, and adverse outcomes. Predictive algorithms may support adverse-event detection, risk
stratification, treatment-response prediction, drug—drug interaction assessment, and
identification of potentially actionable biomarkers. However, computational predictions must be
validated clinically, and algorithmic performance may be influenced by dataset quality, population
representation, missing data, measurement bias, and model drift. Consequently, artificial
intelligence should complement rather than replace clinical pharmacological judgment.
Real-world evidence is particularly relevant for evaluating anticancer medication safety because
cancer populations in routine practice are substantially more heterogeneous than those included
in many clinical trials. Observational datasets can provide information about treatment patterns,
adherence, dose modifications, comorbidity, long-term toxicity, treatment sequencing, and
outcomes in populations underrepresented in controlled trials. However, real-world evidence
requires careful methodological interpretation because confounding by indication, selection bias,
immortal-time bias, missing data, and differences in follow-up can distort associations. Advanced
epidemiological and statistical methodologies are therefore required to convert observational
data into clinically meaningful evidence.

The regulatory environment surrounding anticancer medicines must also accommodate rapid
therapeutic innovation. Accelerated development pathways, surrogate endpoints, biomarker-
defined populations, and conditional approvals can facilitate access to promising treatments while
generating uncertainty regarding long-term efficacy and safety. Post-marketing evidence
generation is therefore particularly important for medicines introduced on the basis of limited
datasets. Continuous pharmacovigilance can identify rare toxicities and unexpected interactions
that become apparent only after broader clinical exposure. Regulatory science must consequently
maintain a balance between timely innovation and rigorous risk management.

Patient-reported outcomes represent another essential dimension of pharmacological safety.
Traditional toxicity grading systems frequently rely on clinician assessment and laboratory
measurements, but patients may experience symptoms that are incompletely captured by routine
clinical evaluation. Fatigue, cognitive impairment, neuropathy, gastrointestinal symptoms, sexual
dysfunction, sleep disturbance, and changes in quality of life may have substantial functional
consequences despite modest laboratory abnormalities. Incorporating patient-reported
outcomes into oncology pharmacovigilance can therefore improve recognition of clinically
meaningful toxicity and facilitate shared decision-making.

The ethical dimension of personalized pharmacotherapy is also increasingly prominent. Genomic
testing can reveal clinically relevant information beyond the immediate therapeutic question,
potentially creating issues related to privacy, incidental findings, familial implications, data
governance, and equitable access. Precision oncology technologies can be expensive and may not
be equally accessible across healthcare systems. Consequently, scientific advancement must be
accompanied by consideration of distributive justice, affordability, accessibility, and responsible
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data use. Evidence-based personalization should improve clinical outcomes without creating
avoidable disparities.

Another major challenge is the global heterogeneity of medication safety systems. Differences in
regulatory frameworks, pharmacovigilance infrastructure, availability of molecular testing, clinical
expertise, healthcare resources, and access to anticancer medicines can influence both treatment
outcomes and safety surveillance. In resource-constrained settings, the implementation of
advanced pharmacogenomics, therapeutic drug monitoring, and molecularly targeted therapy
may be limited. Strengthening pharmacovigilance systems, clinical pharmacy services, laboratory
capacity, standardized reporting, and evidence-based prescribing is therefore essential for
improving global cancer care.

The concept of integrated oncology pharmacotherapy consequently requires convergence among
several scientific domains. Classical pharmacology provides the foundational understanding of
drug action, receptor interactions, dose—response relationships, pharmacokinetics, and toxicity.
Molecular oncology identifies actionable abnormalities and mechanisms of resistance.
Pharmacogenomics characterizes patient-specific genetic determinants of drug response and
toxicity. Precision medicine integrates multidimensional biological and clinical information to
individualize treatment. Therapeutic drug monitoring quantifies drug exposure where clinically
appropriate. Pharmacovigilance continuously evaluates medication safety in clinical use. Evidence-
based medicine provides the methodological framework for determining whether these
interventions improve meaningful outcomes. Clinical pharmacology integrates these components
into rational treatment decisions.

Such integration is particularly important because anticancer medications rarely operate as
isolated interventions. Combination regimens are often designed to target different cellular
pathways, prevent resistance, or enhance immune-mediated tumor destruction. Yet combination
therapy can also produce cumulative or synergistic toxicity, complicate pharmacokinetics, and
increase the risk of interactions. Rational combination design should therefore consider
mechanistic complementarity, nonoverlapping toxicity, pharmacokinetic compatibility, temporal
scheduling, and evidence regarding therapeutic synergy. Systems pharmacology and quantitative
modeling may contribute to optimizing these complex treatment regimens.

The development of precision dosing represents an important extension of precision medicine.
Standard dosing algorithms are generally derived from population-level estimates and may not
account for substantial interindividual variability. Precision dosing seeks to use patient-specific
covariates, pharmacokinetic measurements, pharmacogenomic information, disease
characteristics, and treatment response to select an individualized regimen. In selected
circumstances, this may reduce underexposure and therapeutic failure or prevent excessive
exposure and toxicity. Precision dosing therefore represents an important bridge between
pharmacological theory and individualized clinical implementation.

Importantly, personalization should not be interpreted as unrestricted treatment customization
without evidence. The clinical value of any personalization strategy depends upon demonstrable
improvement in patient outcomes, feasibility, analytical reliability, and appropriate interpretation.
The expansion of molecular testing and computational prediction must therefore be accompanied
by rigorous clinical validation. Otherwise, excessive reliance on weak biomarkers or unvalidated
algorithms may introduce uncertainty rather than reduce it. Modern oncology consequently
requires an evidence hierarchy capable of distinguishing scientifically promising approaches from
clinically validated interventions.

The pharmacological safety of anticancer medications is also closely related to treatment timing
and cumulative exposure. Some toxicities occur immediately after administration, whereas others
emerge after repeated cycles or prolonged therapy. Delayed toxicity may become evident months
or years after treatment completion. The temporal complexity of adverse effects necessitates
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longitudinal monitoring systems capable of following patients throughout treatment and
survivorship. Long-term surveillance is particularly relevant for therapies associated with
cumulative organ damage, persistent endocrine effects, reproductive consequences,
cardiovascular complications, or secondary malignancy risk.

Cancer pharmacotherapy is therefore increasingly understood as a continuum extending from
drug discovery and preclinical pharmacology to clinical development, molecular selection,
individualized dosing, post-marketing surveillance, and long-term survivorship. Each stage
generates information that can refine subsequent therapeutic decisions. Preclinical mechanistic
studies establish biological plausibility; early clinical trials characterize pharmacokinetics,
pharmacodynamics, and dose-limiting toxicity; randomized trials establish efficacy and
comparative safety; biomarker studies identify populations likely to benefit; real-world evidence
characterizes broader use; pharmacovigilance identifies rare or delayed risks; and
pharmacogenomic and therapeutic drug monitoring approaches may subsequently refine
individual treatment.

Within this framework, the scientific discourse surrounding anticancer medications must move
beyond a simple enumeration of drug classes and adverse effects. A contemporary
pharmacological analysis should integrate molecular mechanism, pharmacokinetics,
pharmacodynamics, therapeutic index, toxicity, resistance, patient variability, genomic
determinants, biomarkers, treatment context, medication interactions, monitoring strategies, and
evidence quality. Such an integrated perspective is essential because the clinical meaning of a
medication's toxicity depends upon dose, exposure, mechanism, patient susceptibility, disease
status, treatment combination, and available alternatives. Similarly, therapeutic efficacy cannot
be evaluated independently of tolerability, adherence, quality of life, treatment duration, and
long-term outcomes.

The increasing complexity of oncology therefore necessitates a multidisciplinary and systems-
oriented  pharmacological framework. Clinical pharmacology, molecular biology,
pharmacogenomics, pharmacoepidemiology, pharmacovigilance, bioinformatics, systems biology,
therapeutic drug monitoring, and evidence-based medicine increasingly intersect in the
optimization of anticancer therapy. The ultimate objective is not merely to develop more potent
medicines, but to ensure that the right therapeutic intervention is selected for the right patient,
administered at an appropriate dose and schedule, monitored through scientifically valid
biomarkers and clinical parameters, and modified promptly when the balance between benefit
and harm changes.

Against this background, the systematic study of anticancer medication classification,
pharmacology, mechanisms of action, pharmacological safety, adverse effects, and toxicity
represents a fundamental component of modern oncology. The integration of pharmacovigilance
with evidence-based pharmacotherapy, pharmacogenomics, personalized medicine, and
therapeutic drug monitoring provides a multidimensional framework for addressing the central
challenge of contemporary cancer treatment: achieving maximal and durable antitumor benefit
while minimizing preventable, predictable, and clinically consequential harm. Such an approach
recognizes the dynamic biology of malignancy, the complexity of modern drug therapy, and the
substantial heterogeneity among patients. It also establishes a scientific foundation for continuous
therapeutic optimization in which pharmacological knowledge is translated into individualized,
evidence-based, safe, and clinically meaningful cancer care.

Ultimately, the future of anticancer pharmacotherapy will depend upon the convergence of
increasingly precise molecular characterization with rigorous clinical pharmacology and
continuous medication-safety surveillance. Advances in genomic technologies, quantitative
pharmacology, artificial intelligence, real-world evidence, biomarker development, molecular
imaging, liquid biopsy, pharmacokinetic-pharmacodynamic modeling, and therapeutic drug
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monitoring are likely to expand the capacity to predict therapeutic response and toxicity.
Nevertheless, technological sophistication must remain subordinate to clinically validated
evidence and patient-centered outcomes. The most scientifically mature model of oncology
pharmacotherapy is therefore one in which mechanistic understanding, quantitative exposure
assessment, molecular profiling, clinical judgment, pharmacovigilance, and patient preferences
are integrated into an adaptive therapeutic process. Within this paradigm, anticancer medications
are not viewed simply as isolated pharmacological entities but as components of a continuously
evolving therapeutic system in which efficacy, safety, resistance, exposure, genetics, disease
biology, and individual patient characteristics must be considered simultaneously.

GOAL

The primary goal of this scientific discourse is to provide an integrated, evidence-based
pharmacological framework for the systematic classification, characterization, and clinical
evaluation of anticancer medications in modern oncology. Particular emphasis is placed on
elucidating the pharmacodynamic and pharmacokinetic principles underlying major anticancer
drug classes; defining their molecular and cellular mechanisms of action; critically examining
therapeutic efficacy, pharmacological safety, adverse drug reactions, dose-limiting toxicities,
cumulative toxicity, and clinically relevant drug—drug interactions; and establishing the role of
structured pharmacovigilance in the continuous detection, assessment, prevention, and
management of medication-related risks. A further goal is to examine how pharmacogenomics,
tumor molecular profiling, personalized medicine, pharmacokinetic—pharmacodynamic modeling,
biomarker-guided treatment selection, and therapeutic drug monitoring can be integrated into
evidence-based pharmacotherapy to optimize the benefit-risk ratio for individual patients. The
overarching objective is to advance a precision-oriented model of oncology in which anticancer
treatment is selected and adjusted according to tumor biology, patient-specific genetic and clinical
characteristics, drug exposure, therapeutic response, and toxicity, thereby promoting rational,
individualized, safe, and clinically effective pharmacotherapy while minimizing preventable
treatment-related morbidity and improving long-term patient outcomes.

METHODOLOGY

This scientific discourse employed an integrative, evidence-based narrative methodology to
synthesize contemporary knowledge concerning anticancer pharmacotherapy, with emphasis on
drug classification, pharmacodynamics, pharmacokinetics, mechanisms of action, safety, adverse
drug reactions, toxicity, pharmacovigilance, pharmacogenomics, personalized medicine, and
therapeutic drug monitoring. Relevant scientific evidence was conceptually integrated across
clinical pharmacology, oncology, pharmacology, pharmacoepidemiology, molecular oncology, and
precision medicine. Particular consideration was given to mechanistic evidence, clinical efficacy
and safety findings, exposure—response relationships, pharmacogenomic determinants, clinically
relevant drug interactions, and post-marketing safety signals. The methodological framework
prioritized critical synthesis and translational interpretation, linking molecular mechanisms with
clinical outcomes and individualized therapeutic decision-making. Emphasis was placed on
evidence-based risk—benefit assessment, systematic adverse-event characterization, and
multidisciplinary integration of pharmacological and patient-specific determinants relevant to
rational and safe anticancer medication use.

RESULTS AND DISCUSSION

The present scientific investigation demonstrates that modern anticancer pharmacotherapy has
evolved from predominantly nonspecific cytotoxic treatment toward a highly heterogeneous
therapeutic landscape incorporating classical chemotherapy, endocrine therapy, molecularly
targeted agents, monoclonal antibodies, immune checkpoint inhibitors, cellular therapies, and
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other biologically directed interventions. This pharmacological diversification has substantially
increased therapeutic opportunities while simultaneously generating a more complex spectrum
of pharmacokinetic, pharmacodynamic, immunological, and organ-specific toxicities.
Consequently, contemporary oncology requires an integrated framework combining
pharmacological  knowledge, adverse-drug-reaction  surveillance,  pharmacogenomics,
personalized medicine, therapeutic drug monitoring (TDM), and multidisciplinary clinical decision-
making.

A major finding of the research is that the mechanism of action of anticancer medications is closely
associated with both therapeutic efficacy and toxicity. Conventional cytotoxic agents generally
exploit the increased proliferative activity of malignant cells through DNA damage, inhibition of
DNA synthesis, disruption of mitosis, or interference with cellular replication. However, because
some normal tissues—including bone marrow, gastrointestinal epithelium, hair follicles, and
reproductive tissues—also contain rapidly dividing cells, these pharmacological mechanisms
inevitably produce dose-limiting adverse effects. Myelosuppression, mucositis, nausea and
vomiting, alopecia, infertility, infection susceptibility, and fatigue therefore remain clinically
important consequences of conventional chemotherapy.

The findings indicate that targeted therapy has transformed the pharmacological paradigm of
cancer treatment. Molecularly targeted drugs are designed to interfere with specific proteins or
signaling pathways involved in tumor growth, proliferation, survival, angiogenesis, invasion, or
metastasis. Small-molecule inhibitors can penetrate cells and inhibit intracellular targets, whereas
monoclonal antibodies generally interact with extracellular or cell-surface targets. Biomarker
testing has consequently become central to therapeutic selection because the presence or
absence of a molecular target can determine whether a targeted agent is likely to provide clinical
benefit.

The research confirms that molecular selectivity does not equate to absence of toxicity. Targeted
therapies may produce diarrhea, hepatotoxicity, hypertension, dermatological reactions, fatigue,
mucosal injury, impaired wound healing, thrombotic complications, and other organ-specific
adverse events. Some toxicities are mechanistically related to inhibition of pathways that are also
physiologically important in normal tissues. Importantly, resistance can develop through alteration
of the molecular target or activation of alternative signaling pathways, demonstrating that
pharmacodynamic adaptation represents a major limitation of precision oncology.

Another major finding concerns immunotherapy and immune-mediated toxicity. Immune
checkpoint inhibitors and other immunotherapeutic strategies enhance antitumor immune
activity by overcoming mechanisms through which malignant cells evade immune surveillance.
Although this approach can produce durable responses in selected patients, excessive immune
activation may result in immune-related adverse events affecting the skin, gastrointestinal tract,
liver, endocrine organs, lungs, cardiovascular system, nervous system, and other tissues. These
toxicities may occur during treatment or, in some circumstances, after treatment has been
completed.

The research identifies pharmacovigilance as a central component of modern oncology.
Antineoplastic medicines frequently possess narrow therapeutic windows, substantial intrinsic
biological toxicity, complex dosing schedules, and extensive potential for drug—drug and drug—
disease interactions. Pharmacovigilance must consequently extend beyond spontaneous adverse-
event reporting toward active surveillance, systematic toxicity characterization, signal detection,
causality assessment, risk minimization, medication-error prevention, and continuous evaluation
of the benefit—risk relationship. Evidence indicates that oncology pharmacovigilance is particularly
challenged by polypharmacy, complex treatment combinations, targeted therapies,
immunotherapies, special patient populations, and under-reporting of adverse drug reactions.
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The importance of pharmacogenomics in explaining interindividual differences in anticancer drug
response and toxicity. Genetic variation affecting drug-metabolizing enzymes, transport proteins,
molecular targets, DNA-repair pathways, and immune-response mechanisms can alter systemic
exposure, pharmacodynamic response, therapeutic efficacy, and susceptibility to adverse
reactions. Consequently, pharmacogenomic information can contribute to identifying patients at
increased risk of severe toxicity and may support selection or dose optimization of particular
anticancer agents. The literature also demonstrates that both germline genetic variation and
tumor-acquired molecular alterations can influence treatment response and resistance.

The personalized medicine represents a multidimensional rather than purely genetic concept.
Optimal anticancer treatment should integrate tumor characteristics with patient-specific
variables, including age, body composition, renal and hepatic function, comorbidities,
concomitant medications, nutritional status, performance status, previous therapies, adherence,
and pharmacogenomic characteristics. This comprehensive approach is particularly important
because identical doses may generate substantially different systemic exposures and clinical
outcomes among patients.

Therapeutic drug monitoring represents another important finding. Although TDM is not
universally established for all anticancer medications, it has particular theoretical and clinical value
for drugs characterized by substantial pharmacokinetic variability, narrow therapeutic indices,
measurable concentration—response relationships, and clinically meaningful concentration—
toxicity associations. Research has particularly explored pharmacokinetic-guided dosing for agents
such as 5-fluorouracil, methotrexate, and busulfan. Nevertheless, implementation remains
challenging because pharmacokinetics may be influenced by organ function, age, body
composition, drug interactions, genetics, disease status, treatment schedule, and adherence.
Evidence indicates that standardized PK-guided dosing recommendations remain unavailable for
many anticancer agents.

The findings also demonstrate increasing interest in advanced analytical approaches to oncology
TDM, including immunoassays and liquid-chromatography—mass spectrometry. Contemporary
research is investigating how pharmacokinetic measurements, pharmacogenetic testing, and
next-generation analytical technologies could facilitate individualized dosing of chemotherapy,
targeted therapies, and selected immunotherapies. However, the evidence base remains
heterogeneous, and routine TDM for many monoclonal antibodies and small-molecule targeted
agents cannot yet be considered universally established clinical practice.

Drug—drug interactions constitute another significant research finding. Modern oncology
frequently involves simultaneous administration of anticancer agents, antiemetics, analgesics,
antimicrobials, corticosteroids, anticoagulants, supportive medicines, and occasionally
complementary or herbal products. Pharmacokinetic interactions involving cytochrome P450
enzymes, transporters, absorption, metabolism, or elimination may alter anticancer-drug
exposure, whereas pharmacodynamic interactions may amplify organ toxicity or reduce
therapeutic effectiveness. Consequently, medication reconciliation and clinical pharmacy
assessment are essential components of safe cancer pharmacotherapy.

The research emphasizes the importance of integrated toxicity surveillance. Monitoring should
incorporate complete blood counts, hepatic and renal biochemical parameters, cardiovascular
assessment where appropriate, neurological evaluation, endocrine testing for selected
immunotherapies, dermatological assessment, gastrointestinal monitoring, and systematic
documentation of adverse events. Standardized toxicity grading systems, including CTCAE
terminology used in oncology research, facilitate communication, comparison of safety outcomes,
and therapeutic decision-making. The National Cancer Institute maintains structured resources
for identifying and categorizing adverse effects associated with cancer-treatment agents and
regimens.
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The anticancer pharmacotherapy should be conceptualized as a dynamic benefit—risk optimization
process rather than a simple drug-selection procedure. Therapeutic success depends on achieving
sufficient antitumor exposure while minimizing systemic toxicity, preserving organ function,
preventing avoidable medication-related harm, and maintaining quality of life. This requires
continuous reassessment of treatment response, adverse events, pharmacokinetic variables, drug
interactions, biomarkers, and patient-specific characteristics.

The modern oncology is progressively moving toward an integrated pharmacological model in
which pharmacology, pharmacovigilance, pharmacogenomics, precision medicine, clinical
pharmacy, and TDM operate as complementary components of evidence-based
pharmacotherapy. Conventional cytotoxic agents remain important, but targeted and immune-
based therapies have expanded the therapeutic arsenal while generating new categories of
toxicity and resistance. Pharmacogenomic and biomarker-guided approaches can improve patient
selection, while pharmacokinetic monitoring may provide additional opportunities for dose
individualization in selected circumstances. Active pharmacovigilance and multidisciplinary clinical
surveillance remain indispensable for detecting emerging safety signals and reducing preventable
harm.

The scientific evidence supports a comprehensive model of anticancer medication management
in which mechanism-based drug selection, molecular characterization of tumors, individualized
risk assessment, pharmacogenomic profiling, systematic adverse-event monitoring, interaction
management, pharmacokinetic evaluation, and continuous benefit—risk assessment are
integrated into a single therapeutic framework. Such an approach has the potential to enhance
treatment effectiveness, reduce avoidable toxicity, improve medication safety, optimize
prescribing quality, and ultimately promote more precise, rational, and patient-centered cancer
care.

The integrated analysis demonstrated that contemporary anticancer pharmacotherapy
constitutes a highly heterogeneous and mechanistically sophisticated therapeutic domain in which
conventional cytotoxic agents coexist with endocrine therapies, molecularly targeted medicines,
monoclonal antibodies, antibody—drug conjugates, immune checkpoint inhibitors, epigenetic
modulators, DNA-repair inhibitors, radiopharmaceuticals, and cellular or gene-based
interventions. The principal pharmacological finding is that therapeutic classification increasingly
depends upon molecular target, mechanism of action, biomarker status, and pharmacological
dependency rather than solely upon chemical structure or anatomical tumor location. This
transition has materially expanded therapeutic selectivity, yet it has not eliminated toxicity; rather,
the nature of toxicity has become increasingly mechanism-specific and dependent upon target
biology, systemic exposure, host susceptibility, treatment combinations, and duration of therapy.
Analysis of pharmacodynamic principles indicates that anticancer efficacy is fundamentally
determined by the capacity of a medicinal product to perturb biological processes essential for
malignant-cell survival, proliferation, replication, metabolism, angiogenesis, immune evasion, or
genomic maintenance. Classical cytotoxic agents principally exploit vulnerabilities associated with
DNA synthesis, DNA integrity, and mitosis, whereas targeted therapies interfere with oncogenic
signaling dependencies and immunotherapeutics modify host—tumor interactions. These
mechanistic distinctions have direct implications for therapeutic selectivity, dose optimization,
resistance development, and adverse-event profiles. The findings therefore support a mechanism-
oriented interpretation of pharmacotherapy in which pharmacological effects and toxicities are
understood as interconnected consequences of molecular target engagement rather than as
independent clinical phenomena.

The analysis further indicates that pharmacokinetic variability represents a major determinant of
interindividual differences in both therapeutic response and toxicity. Absorption, distribution,
metabolism, transport, and elimination may be influenced by age, body composition, hepatic and
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renal function, nutritional status, inflammation, concomitant medications, genetic variation,
disease burden, and organ involvement by malignancy. Consequently, a standardized dose does
not necessarily produce standardized systemic exposure. This observation provides a
pharmacological rationale for individualized dose selection and, where clinically validated,
therapeutic drug monitoring and population pharmacokinetic—-pharmacodynamic modeling. The
integration of exposure measurements with clinical and molecular covariates may facilitate
identification of patients at risk of underexposure, treatment failure, or excessive toxicity.

A particularly important result concerns the changing conceptualization of pharmacological safety.
In modern oncology, safety cannot be reduced to the frequency of conventional adverse events
recorded during clinical trials. Clinically consequential toxicity encompasses acute, cumulative,
delayed, immune-mediated, idiosyncratic, organ-specific, and interaction-mediated phenomena.
Myelosuppression, gastrointestinal toxicity, mucosal injury, neurotoxicity, nephrotoxicity,
hepatotoxicity, cardiotoxicity, pulmonary toxicity, dermatological reactions, endocrine
dysfunction, reproductive impairment, and immune-related adverse events represent distinct
pharmacological manifestations requiring differentiated surveillance and management. The
analysis therefore supports a multidimensional safety framework incorporating severity,
reversibility, temporal relationship, dose dependence, cumulative exposure, underlying
mechanism, patient susceptibility, and consequences for treatment continuity and quality of life.
The pharmacovigilance dimension of the analysis demonstrates that adverse-event surveillance
must extend beyond the controlled conditions of clinical trials. Rare toxicities, delayed
complications, clinically significant drug interactions, medication-use errors, adherence-related
problems, and adverse events occurring in populations underrepresented in trials may become
apparent only after broader clinical utilization. Spontaneous reporting systems, electronic health
records, registries, patient-reported outcomes, pharmacoepidemiological databases, and other
real-world data sources therefore provide complementary evidence. Their integration can
strengthen signal detection and facilitate earlier recognition of previously uncharacterized safety
concerns. Nevertheless, observational signals require rigorous assessment of causality,
confounding, reporting bias, exposure misclassification, and competing explanations before
clinical or regulatory conclusions are established.

The analysis also identifies pharmacogenomics as a critical bridge between population-level
pharmacology and individualized therapeutic decision-making. Germline variation can modify
drug metabolism, transport, target interaction, DNA-repair capacity, and susceptibility to toxicity,
whereas somatic tumor alterations may determine the presence of actionable molecular
dependencies. The distinction between germline and somatic determinants is therefore essential
for interpretation of precision oncology data. Pharmacogenomic information is most clinically
valuable when analytical validity, clinical validity, and clinical utility are sufficiently established to
justify treatment selection or dose modification. The results consequently support selective rather
than indiscriminate implementation of pharmacogenomic testing, with clinical decisions grounded
in validated genotype—phenotype and exposure—response relationships.

Personalized medicine emerges from the analysis as a broader framework that integrates
pharmacogenomics with tumor genomics, transcriptomic and proteomic characteristics,
biomarkers, clinical phenotype, comorbidity, organ function, previous therapies, treatment
response, and patient preferences. Such integration is particularly relevant because tumors are
biologically heterogeneous and evolve under therapeutic selection. A molecular characteristic
identified at diagnosis may therefore not remain therapeutically dominant throughout the disease
course. Dynamic assessment, including repeated molecular characterization where clinically
appropriate, may consequently support treatment adaptation and identification of emerging
resistance mechanisms. Precision oncology should thus be understood as an iterative process of
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therapeutic optimization rather than a single molecular classification performed before treatment
initiation.

The results further emphasize that drug resistance represents an intrinsic limitation of anticancer
pharmacotherapy and a major determinant of long-term treatment failure. Resistance may arise
through target mutation or loss, alternative signaling activation, gene amplification, enhanced
DNA repair, altered apoptotic signaling, drug efflux, metabolic adaptation, phenotypic plasticity,
immune escape, and changes in the tumor microenvironment. These mechanisms demonstrate
why initial pharmacological efficacy does not necessarily predict durable disease control. Rational
combination therapy, sequential targeting of evolving molecular dependencies, and dynamic
biomarker assessment therefore constitute important strategies for mitigating resistance.
However, combination regimens must be evaluated not only for theoretical mechanistic
complementarity but also for pharmacokinetic compatibility and overlapping toxicity.

An important finding concerns the central role of therapeutic drug monitoring in selected
pharmacological contexts. Although concentration-guided dosing is not universally applicable to
anticancer agents, its potential value is greatest when substantial pharmacokinetic variability
coexists with a narrow therapeutic index and demonstrable exposure—response or exposure—
toxicity relationships. Bayesian forecasting and population pharmacokinetic models can further
enhance individualized dosing by integrating prior population information with patient-specific
concentration data. This approach represents a quantitative extension of personalized medicine
because it transforms prescribed dose into an empirically informed estimate of actual systemic
exposure.

The integrated evidence also demonstrates that pharmacological safety is inseparable from
medication reconciliation and interaction management. Oncology patients frequently receive
multiple anticancer and supportive-care medicines simultaneously, creating opportunities for
cytochrome-mediated metabolic interactions, transporter-mediated interactions, additive organ
toxicity, altered cardiac repolarization, bleeding, immunological interactions, and changes in
therapeutic exposure. Comprehensive medication review should therefore encompass
prescription medicines, over-the-counter preparations, herbal products, and nutritional
supplements. Clinical pharmacists and clinical pharmacologists have an important role in
identifying these risks, recommending evidence-based modifications, and supporting continuous
medication surveillance throughout treatment.

The findings support a systems-pharmacology perspective in which anticancer treatment
outcomes emerge from interactions among drug characteristics, tumor biology, host physiology,
genetics, immune status, treatment combinations, exposure, adherence, and environmental or
behavioral determinants. This perspective challenges simplified models based exclusively on
administered dose or nominal drug class. It instead emphasizes the dynamic relationship between
pharmacological intervention and biological system response. The resulting framework provides a
scientific basis for integrating evidence-based pharmacotherapy, pharmacovigilance,
pharmacogenomics, precision medicine, and therapeutic drug monitoring into a coherent clinical
strategy.

From a translational perspective, the analysis indicates that the future optimization of anticancer
pharmacotherapy will depend increasingly upon longitudinal integration of molecular,
pharmacokinetic, pharmacodynamic, clinical, and patient-reported information. Artificial
intelligence, real-world evidence, liquid biopsy, quantitative systems pharmacology, and advanced
biomarker platforms may improve risk prediction and therapeutic selection, but their
implementation requires rigorous validation, transparent methodology, appropriate population
representation, and continuous assessment of clinical utility. Technological sophistication should
therefore complement, rather than replace, pharmacological reasoning and evidence-based

clinical judgment.
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The results and discussion establish that the principal challenge of modern oncology is not merely
the discovery of increasingly potent anticancer agents, but the optimization of the therapeutic
index at the individual-patient level. Effective pharmacotherapy requires identification of
biologically appropriate targets, accurate characterization of drug exposure, prediction and
surveillance of toxicity, recognition of genetic and molecular determinants of response,
continuous assessment of resistance, and timely adaptation of treatment. An integrated
pharmacological model therefore offers the most coherent foundation for maximizing antitumor
benefit while reducing preventable medication-related harm and preserving quality of life
throughout the cancer trajectory.

The clinical interpretation of anticancer medication safety must increasingly incorporate temporal,
cumulative, and contextual dimensions of exposure. Toxicity may be immediate and dose related,
delayed and immune mediated, cumulative and organ specific, or precipitated by an interaction
that modifies systemic exposure. Accordingly, adverse-event assessment should not be restricted
to isolated clinical observations but should be embedded within longitudinal medication histories
and serial laboratory, functional, imaging, and patient-reported assessments. This approach
permits recognition of evolving toxicity trajectories and facilitates earlier intervention before
reversible pharmacological injury progresses to persistent organ dysfunction. It also reinforces the
importance of distinguishing pharmacological toxicity from symptoms attributable to malignant
disease, infection, nutritional compromise, psychological stress, or supportive medications.

The integrated pharmacological perspective further demonstrates the importance of treatment
sequencing in determining both efficacy and safety. Previous exposure to cytotoxic chemotherapy,
targeted agents, endocrine therapy, immunotherapy, or radiotherapy can modify subsequent
therapeutic response and toxicity through residual organ injury, altered tumor biology, immune
modulation, or selection of resistant clones. Consequently, the pharmacological history of the
patient constitutes an essential component of contemporary therapeutic assessment. Treatment
decisions should incorporate cumulative anthracycline or platinum exposure where relevant,
previous immune-related toxicity, prior targeted-therapy resistance mechanisms, persistent
neuropathy or marrow suppression, and other clinically meaningful treatment sequelae. Such
longitudinal characterization supports safer therapeutic sequencing and more rational selection
of subsequent lines of therapy.

Another important observation is that the therapeutic index of an anticancer medicine is dynamic
rather than fixed. The balance between efficacy and toxicity may change as tumor burden
decreases, organ function deteriorates or improves, resistance develops, concomitant therapies
are introduced, or the patient's goals of care evolve. A dose that is appropriate during one phase
of treatment may become excessive or insufficient during another. Precision pharmacotherapy
therefore requires repeated reassessment rather than a single dose-selection event. This adaptive
principle is particularly relevant to chronic oral targeted therapies and maintenance regimens, in
which prolonged exposure may generate cumulative toxicity that is not apparent during initial
treatment cycles.

The analysis also highlights the growing importance of interdisciplinary pharmacological
governance. Safe oncology practice requires coordination among oncologists, clinical
pharmacologists, pharmacists, nurses, laboratory specialists, pathologists, molecular geneticists,
and other professionals. Such collaboration enables integration of medication histories, molecular
diagnostic findings, laboratory parameters, pharmacokinetic information, adverse-event
assessments, and patient preferences. Clinical pharmacy involvement is particularly valuable in
medication reconciliation, interaction screening, adherence assessment, supportive-care
optimization, dose adjustment, and adverse-event management. Interdisciplinary governance
consequently transforms medication safety from an individual prescribing responsibility into a
continuous quality-assurance process embedded within the oncology care pathway.
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The evidence further supports the development of structured pharmacovigilance systems capable
of linking spontaneous reports with clinical and molecular information. Conventional signal
detection identifies disproportionate reporting patterns, whereas integrated approaches may
additionally examine patient-level risk factors, dose, and duration of exposure, concomitant
therapies, laboratory abnormalities, and biological plausibility. Advanced pharmacovigilance can
therefore move progressively from retrospective detection toward prospective risk prediction.
Nevertheless, predictive safety models should remain subject to external validation and clinical
oversight, because associations derived from large observational datasets may reflect
confounding, surveillance intensity, treatment-selection effects, or differences in healthcare
utilization.

From the perspective of pharmacogenomics, the most clinically meaningful strategy is not
universal genetic testing but targeted implementation where genetic information has sufficient
predictive value to alter management. The interpretation of genetic findings should be
contextualized by ancestry-independent functional evidence, phenotype, concomitant
medications, organ function, and the specific therapeutic objective. Moreover, somatic tumor
profiling and germline testing should be conceptually and clinically distinguished, while
recognizing that both may contribute to treatment selection and safety assessment. The
integration of molecular data into clinical pharmacology should therefore follow validated clinical
pathways and avoid overinterpretation of variants whose functional or therapeutic significance
remains uncertain.

The study support a model of modern oncology in which pharmacotherapy is treated as a dynamic
feedback system. Drug administration produces measurable pharmacological exposure and
biological effects; biomarkers and clinical observations characterize response and toxicity; these
observations inform subsequent dose modification or treatment selection; and pharmacovigilance
continuously updates the understanding of medication-associated risks. Therapeutic drug
monitoring, when justified, provides quantitative exposure information, whereas
pharmacogenomics and tumor profiling provide biological determinants of variability. Their
integration creates a progressively individualized therapeutic cycle in which treatment decisions
are continuously refined according to emerging patient-specific evidence.

The comparative pharmacological assessment further indicates that anticancer medication classes
differ substantially in their relationship between molecular target engagement and clinical toxicity.
Classical cytotoxic agents generally demonstrate broad biological activity against proliferating
cells, producing characteristic dose-limiting toxicities that are often related to tissue turnover. By
contrast, molecularly targeted therapies may exhibit a narrower mechanistic spectrum but can
generate highly characteristic toxicities reflecting physiological functions of the inhibited target.
This distinction is clinically consequential because mechanism-based toxicity can frequently be
anticipated from target biology and may therefore be incorporated into baseline risk assessment,
monitoring protocols, and preventive pharmacotherapy. The increasingly detailed molecular
characterization of anticancer agents consequently creates opportunities not only for improved
efficacy but also for mechanistically informed safety management.

The analysis of DNA-damaging therapies demonstrates the continuing clinical relevance of
pharmacological injury to genomic integrity. Alkylating agents and platinum compounds generate
DNA lesions that interfere with replication and transcription, while topoisomerase inhibitors
stabilize DNA—enzyme complexes and induce strand-break-associated cytotoxicity.
Antimetabolites interfere with nucleotide synthesis or incorporation, thereby generating
replication stress and impaired DNA synthesis. These mechanisms explain the therapeutic
vulnerability of rapidly dividing malignant cells but also account for marrow suppression and
gastrointestinal toxicity. Importantly, DNA damage may also contribute to delayed adverse
consequences, including organ-specific injury and, in certain therapeutic contexts, secondary
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malignant transformation. Accordingly, risk assessment should consider both immediate dose-
limiting effects and the cumulative biological consequences of treatment.

Microtubule-directed agents provide another mechanistically distinctive pharmacological group.
By interfering with microtubule polymerization or depolymerization, these agents disrupt mitotic
spindle function and intracellular trafficking. Their therapeutic effects demonstrate the continuing
importance of cell-cycle dependence in cancer pharmacotherapy, while peripheral neurotoxicity,
myelosuppression, and other adverse effects illustrate the consequences of microtubule
dependence in normal tissues. The clinical management of such toxicity requires attention to
cumulative exposure, baseline neurological function, interacting neurotoxic medicines, and
functional impairment. Dose modification based on toxicity should therefore be interpreted not
simply as a reduction in treatment intensity but as an evidence-based strategy for preserving the
therapeutic index.

Endocrine pharmacotherapy illustrates a different model of therapeutic selectivity. Hormone-
dependent malignancies may remain dependent upon estrogenic, androgenic, or other endocrine
signaling for proliferation and survival. Pharmacological suppression of hormone synthesis or
antagonism of hormone receptors can consequently inhibit tumor growth without the generalized
cytotoxicity associated with conventional chemotherapy. Nevertheless, endocrine manipulation
modifies physiological systems throughout the body and may produce metabolic, skeletal,
cardiovascular, reproductive, or constitutional adverse effects. Long-term treatment therefore
requires risk stratification and monitoring extending beyond conventional tumor-response
assessment. The benefit—risk evaluation of endocrine therapy must incorporate expected duration
of treatment and the cumulative consequences of sustained hormonal modulation.

Targeted kinase inhibitors and related signal-transduction modulators demonstrate the
increasingly complex relationship between molecular precision and pharmacological safety.
Kinases participate in numerous normal cellular functions, including proliferation, differentiation,
metabolism, vascular regulation, and immune signaling. Consequently, inhibition of a disease-
associated kinase may also alter physiological pathways in nonmalignant tissues. Furthermore,
many targeted inhibitors interact with metabolic enzymes and transporters, creating potential for
clinically important pharmacokinetic interactions. The resulting variability in exposure may be
particularly important for oral targeted therapies, where adherence, food effects, enzyme
inhibition or induction, and genetic variation can materially influence systemic concentrations.
These considerations strengthen the rationale for structured medication review and individualized
exposure assessment.

Monoclonal antibodies and other biologic anticancer therapies introduce additional
pharmacological considerations related to target specificity, immunogenicity, distribution, and
elimination. Their disposition differs from that of many small-molecule drugs because biological
factors such as target-mediated disposition, proteolytic catabolism, antigen expression, and
immune-mediated clearance may influence exposure. Infusion-related reactions, hypersensitivity
phenomena, immune modulation, and target-specific toxicities require appropriate clinical
surveillance. Antibody—drug conjugates further complicate this pharmacological landscape
because their therapeutic effects depend on coordinated target recognition, internalization,
intracellular processing, and release of a potent cytotoxic payload. Safety assessment must
therefore consider both the biological targeting component and the pharmacology of the
delivered payload.

Immune checkpoint inhibition represents a particularly important example of pharmacology in
which therapeutic efficacy depends on modulation of host biology rather than direct
pharmacological destruction of tumor cells. The restoration of antitumor immune activity can
generate durable responses in selected patients, but the same mechanism may disrupt
physiological immune tolerance. Immune-related adverse events can therefore involve multiple
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organ systems and may occur during treatment or after exposure has ended. Their management
requires early recognition, exclusion of alternative causes, grading of severity, appropriate
interruption or continuation of therapy, and mechanism-directed immunosuppression when
clinically indicated. The pharmacovigilance framework for immunotherapy must consequently
incorporate delayed and multisystem events that differ fundamentally from classical
chemotherapy toxicity.

The analysis also emphasizes the pharmacological significance of supportive-care therapy as a
determinant of overall treatment safety. Antiemetics, hematopoietic growth factors, analgesics,
corticosteroids, antimicrobial agents, anticoagulants, bone-directed therapies, and other
interventions may prevent or reduce complications of cancer treatment, but they can also
generate adverse effects and interactions. Supportive pharmacotherapy should therefore be
integrated into the same medication-safety architecture as antineoplastic treatment. Failure to
account for supportive medications may result in incomplete assessment of total pharmacological
exposure and inaccurate attribution of adverse events.

Another major finding concerns the importance of organ function in individualized dose selection.
Hepatic and renal impairment can alter clearance of anticancer medicines and their active
metabolites, potentially increasing exposure and toxicity. Conversely, excessive dose reduction
may result in subtherapeutic exposure and treatment failure. Static laboratory thresholds are
therefore not always sufficient to characterize pharmacological capacity, particularly in patients
with rapidly changing clinical status. Serial assessment of renal, hepatic, hematological, and
metabolic parameters can provide a more accurate representation of evolving drug disposition.
Where validated, pharmacokinetic modeling can supplement these measurements and improve
dose individualization.

Body composition represents an additional source of pharmacokinetic variability. Cancer-
associated weight loss, sarcopenia, obesity, edema, ascites, and altered plasma protein
concentrations may affect drug distribution and free-drug exposure. Traditional dosing
approaches based exclusively on body weight or body-surface area may consequently provide
imperfect estimates of pharmacologically relevant exposure for selected agents. This observation
does not imply that conventional dosing should be universally abandoned; rather, it demonstrates
the importance of identifying situations in which body composition and physiological variability
meaningfully influence pharmacokinetics. Precision dosing strategies should therefore be applied
selectively according to the strength of exposure—response evidence.

The results further indicate that adherence constitutes a pharmacological variable rather than
merely a behavioral consideration. For oral anticancer therapies, missed doses, incorrect
administration, inappropriate timing relative to food, and premature discontinuation can
substantially alter exposure and therapeutic effectiveness. Conversely, persistent administration
despite clinically significant toxicity can increase cumulative harm. Medication adherence should
therefore be monitored together with tolerability and treatment response. Patient education,
pharmacist-led counseling, simplified regimens, digital support, and regular medication review
may improve both adherence and safety when appropriately implemented.

Quality of life should also be incorporated into pharmacological evaluation because toxicity that
does not meet conventional definitions of severe organ injury may nevertheless have substantial
clinical significance. Persistent fatigue, neuropathy, cognitive symptoms, mucosal disorders,
dermatological effects, sexual dysfunction, sleep disturbance, and gastrointestinal symptoms can
influence functional independence, employment, social participation, and willingness to continue
therapy. Patient-reported outcomes can complement clinician-graded toxicity by capturing
dimensions of treatment burden that may otherwise remain underrecognized. A patient-centered
pharmacological framework therefore evaluates not only survival and tumor response but also the

functional consequences of adverse effects.
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The synthesis further suggests that therapeutic response should be interpreted using multiple
endpoints rather than a single measure of tumor size. Objective response, progression-free
survival, overall survival, biomarker dynamics, symptom control, and patient-reported outcomes
provide complementary information. Pharmacodynamic biomarkers may reveal biological activity
before radiographic changes become apparent, while molecular monitoring may identify
emerging resistance. Conversely, radiographic stability may not always correspond to biological
inactivity, particularly with treatments that alter tumor metabolism, immune infiltration, or
cellular composition. Integrated response assessment is therefore increasingly important for
interpreting the pharmacological consequences of treatment.

The relationship between dose intensity and clinical benefit is similarly complex. Increasing dose
does not invariably increase therapeutic benefit because pharmacodynamic saturation, target
occupancy, resistance mechanisms, or toxicity-related treatment interruptions may limit the
incremental value of greater exposure. In some circumstances, excessive exposure may reduce
overall treatment effectiveness by necessitating prolonged interruptions or discontinuation. The
optimal regimen should therefore be defined by the exposure associated with the best achievable
balance of efficacy and tolerability rather than by maximal tolerated exposure alone. This principle
provides an important conceptual foundation for precision dosing and exposure-guided
pharmacotherapy.

The analysis of combination therapy demonstrates that pharmacological synergy should be
distinguished from simple additive activity. Mechanistically complementary agents may produce
enhanced antitumor effects when administered in an appropriate sequence or schedule, but
interactions at the level of metabolism, transport, target signaling, or tissue toxicity may
compromise the therapeutic index. Pharmacological modeling can assist in evaluating these
relationships by integrating concentration—effect data and identifying optimal scheduling. The
rational development of combination regimens should therefore consider mechanistic
complementarity, resistance suppression, exposure overlap, organ-specific toxicity, and feasibility
of clinical monitoring.

Pharmacovigilance is particularly important when combination regimens contain multiple agents
with overlapping or interacting toxicities. Attribution of causality becomes more difficult as the
number of concomitant therapies increases, and conventional spontaneous-reporting systems
may not adequately capture the complexity of treatment exposure. Structured clinical
documentation of treatment cycles, dose modifications, concomitant medications, laboratory
trends, and adverse-event timing can improve causal assessment. Advanced analytical approaches
may further distinguish background disease-related symptoms from treatment-associated signals.
Such improvements are essential for generating clinically actionable safety information from
complex oncology populations.

The synthesis additionally demonstrates that medication safety is influenced by transitions
between healthcare settings. Patients may move between outpatient oncology clinics, inpatient
units, emergency departments, primary care services, and specialist consultations while
continuing complex anticancer regimens. Incomplete communication concerning treatment
schedules, recent toxicities, dose changes, or supportive medications can create opportunities for
medication errors. Continuity of medication information is therefore a fundamental
pharmacovigilance requirement. Electronic reconciliation, standardized treatment summaries,
and multidisciplinary communication can reduce preventable discrepancies and support safer
transitions of care.

Another important dimension is the role of patient education in pharmacological risk
minimization. Patients receiving anticancer medications should understand the purpose of
treatment, administration requirements, important interactions, expected adverse effects,
warning symptoms, and circumstances requiring urgent medical evaluation. Education is
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particularly important for oral therapies and immune-modulating agents, where clinically
significant adverse effects may develop outside direct clinical supervision. Effective education
transforms patients and caregivers into active participants in pharmacovigilance by facilitating
earlier recognition and reporting of potentially serious medication-related events.

The emerging integration of artificial intelligence into oncology pharmacology creates
opportunities for individualized prediction but also introduces methodological limitations.
Machine-learning models may identify complex nonlinear relationships among genomic
characteristics, drug exposure, clinical phenotype, and adverse outcomes that are difficult to
detect using conventional statistical methods. However, predictive performance may decline
when models are transferred between institutions or populations because of differences in data
quality, treatment practices, laboratory measurement, and patient characteristics. External
validation, calibration, interpretability, and prospective clinical evaluation are therefore essential
before algorithmic predictions are incorporated into therapeutic decision-making.

Real-world evidence can additionally contribute to understanding medication safety across
broader and more heterogeneous populations. Older adults, patients with multiple comorbidities,
individuals with organ dysfunction, and patients receiving multiple concurrent medications may
be underrepresented in clinical trials. Observational data can provide important information
regarding treatment persistence, dose reductions, hospitalization, emergency care, delayed
toxicity, and outcomes under routine conditions. However, causal inference requires rigorous
methodological adjustment because treatment allocation in routine practice is nonrandom. The
most reliable framework therefore combines randomized evidence with carefully analyzed real-
world data rather than treating either source as universally sufficient.

Fundamental pharmacological mechanisms provide biological plausibility; preclinical studies
establish preliminary activity and toxicity; early-phase clinical trials characterize dose, exposure,
pharmacokinetics, pharmacodynamics, and safety; randomized trials establish comparative
efficacy and safety; biomarker studies define populations with differential benefit; and post-
marketing pharmacovigilance evaluates uncommon, delayed, and real-world risks.
Pharmacogenomics and therapeutic drug monitoring can subsequently refine individual
treatment where sufficient clinical evidence exists. This continuum emphasizes that precision
oncology is not a replacement for evidence-based medicine but an increasingly sophisticated
extension of it.

An overarching implication is that modern anticancer pharmacotherapy should be conceptualized
as an adaptive, multidisciplinary, and continuously monitored therapeutic process. The optimal
intervention is determined not only by tumor histology or molecular target but by the interaction
among pharmacological mechanism, drug exposure, host characteristics, tumor evolution,
concomitant treatment, adherence, and patient-defined therapeutic priorities. This integrated
model provides a stronger scientific basis for balancing efficacy and toxicity than approaches
centered on isolated drug characteristics. It also establishes a framework for progressively
incorporating validated innovations in pharmacogenomics, therapeutic drug monitoring,
molecular diagnostics, quantitative pharmacology, and computational safety science into routine
oncology practice.

Monitoring strategies in modern anticancer pharmacotherapy constitute a multidimensional
clinical and pharmacological framework designed to optimize therapeutic efficacy, detect adverse
drug reactions at the earliest clinically meaningful stage, prevent avoidable toxicity, and
individualize treatment according to patient-, disease-, and drug-specific determinants. Because
anticancer agents frequently possess narrow therapeutic indices and substantial interindividual
variability in pharmacokinetics and pharmacodynamics, systematic monitoring should extend
beyond conventional assessment of tumor response and encompass laboratory parameters, organ
function, drug exposure, pharmacogenomic determinants, immune-mediated toxicity, treatment
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adherence, drug—drug interactions, and patient-reported outcomes. The contemporary approach
therefore conceptualizes monitoring as a continuous feedback process linking treatment
initiation, exposure assessment, toxicity surveillance, therapeutic response, dose optimization,
and long-term safety evaluation.

Baseline assessment should precede the initiation of systemic anticancer therapy. A
comprehensive medical and medication history should identify previous chemotherapy,
radiotherapy, immunotherapy, targeted therapy, allergies, comorbidities, renal and hepatic
dysfunction, cardiovascular disease, neurological disorders, autoimmune conditions, and
concomitant medications. Baseline complete blood count, serum creatinine and estimated
glomerular filtration rate, hepatic biochemical parameters, electrolyte concentrations,
coagulation indices when clinically indicated, and other drug-specific laboratory investigations
provide reference values against which treatment-related changes can subsequently be
interpreted. In selected patients, baseline electrocardiography, echocardiography, pulmonary-
function testing, neurological assessment, ophthalmological examination, or infectious-disease
screening may be required depending on the pharmacological characteristics of the anticancer
agent.

Hematological monitoring is particularly important for cytotoxic chemotherapy and selected
targeted agents. Serial assessment of hemoglobin, leukocyte count, absolute neutrophil count,
platelet count, and differential leukocyte count enables early recognition of myelosuppression.
The severity of neutropenia, thrombocytopenia, and anemia should be graded according to
standardized toxicity criteria and interpreted in relation to treatment cycle, cumulative exposure,
patient comorbidities, and concomitant medications. Clinically significant neutropenia requires
evaluation of infection risk, while febrile neutropenia represents a potentially life-threatening
complication requiring immediate clinical intervention. Monitoring strategies may therefore
incorporate dose modification, treatment delay, antimicrobial management, and, when
appropriate, granulocyte colony-stimulating factor support.

Renal monitoring is essential for nephrotoxic anticancer agents, particularly platinum compounds.
Serum creatinine, estimated glomerular filtration rate, urine output, electrolyte concentrations,
and, in selected circumstances, more specialized measures of renal tubular injury should be
considered. Cisplatin-associated nephrotoxicity illustrates the importance of integrating
laboratory surveillance with preventive pharmacotherapy, including appropriate hydration and
electrolyte management. Renal function should also be incorporated into dose calculations for
agents predominantly eliminated through the kidneys because declining clearance may increase
systemic exposure and toxicity.

Hepatic monitoring is similarly critical because numerous anticancer agents undergo hepatic
metabolism and biliary elimination. Alanine aminotransferase, aspartate aminotransferase,
alkaline phosphatase, total bilirubin, albumin, and other clinically appropriate parameters should
be monitored according to the hepatotoxicity profile of the administered drug. Particular attention
is required when patients receive multiple hepatically metabolized agents or have pre-existing
liver disease. Abnormal biochemical findings should be interpreted in conjunction with clinical
symptoms and possible alternative causes, including tumor infiltration, viral hepatitis, biliary
obstruction, infection, alcohol exposure, and concomitant hepatotoxic medications.
Cardiovascular monitoring has become increasingly important with the expansion of
anthracyclines, HER2-directed therapies, vascular endothelial growth factor pathway inhibitors,
tyrosine kinase inhibitors, and other targeted therapies. Patients receiving potentially cardiotoxic
treatment may require baseline and serial assessment of left ventricular ejection fraction,
electrocardiographic parameters, blood pressure, symptoms of heart failure, and selected cardiac
biomarkers. Anthracycline exposure is particularly associated with cumulative myocardial injury,
whereas HER2-directed therapy may produce potentially reversible ventricular dysfunction.
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Consequently, longitudinal cardiovascular surveillance should be individualized according to
baseline cardiovascular risk, cumulative drug exposure, treatment combinations, and previous
cardiotoxic therapy.

Neurological monitoring is necessary for agents associated with peripheral or central
neurotoxicity, including platinum compounds, taxanes, vinca alkaloids, proteasome inhibitors, and
selected antibody—drug conjugates. Assessment should include sensory symptoms, motor
function, reflexes, gait, functional impairment, and pain. Early recognition of chemotherapy-
induced peripheral neuropathy can permit dose modification before irreversible neurological
injury develops. Patient-reported symptom scales may complement clinical examination and
improve detection of subtle functional deterioration.

Gastrointestinal and nutritional monitoring should also form part of comprehensive surveillance.
Nausea, vomiting, diarrhea, constipation, mucositis, anorexia, dysgeusia, and weight loss can
substantially compromise treatment tolerance and adherence. Regular evaluation of body weight,
hydration status, nutritional intake, electrolyte balance, and gastrointestinal symptoms allows
supportive treatment to be initiated promptly. Antiemetic prophylaxis, fluid replacement,
nutritional intervention, and management of treatment-related diarrhea or mucositis should be
integrated into the monitoring pathway rather than implemented only after severe toxicity
develops.

Targeted anticancer therapies require drug-specific monitoring because their toxicity profiles
frequently differ from those of traditional cytotoxic chemotherapy. For example, kinase inhibitors
may require surveillance of blood pressure, cardiac electrophysiology, hepatic function,
dermatological toxicity, endocrine parameters, or specific laboratory biomarkers. EGFR inhibitors
may cause dermatological and gastrointestinal adverse effects, whereas BRAF/MEK inhibitors can
require cardiovascular, ocular, dermatological, hepatic, and musculoskeletal surveillance. The
monitoring plan should therefore be pharmacologically aligned with the molecular target and
mechanism of action of the specific therapeutic agent.

Immune checkpoint inhibitors have introduced another major dimension of pharmacovigilance.
Treatment with PD-1, PD-L1, or CTLA-4 inhibitors may produce immune-related adverse events
involving virtually any organ system. Monitoring should therefore include clinical assessment for
dermatological, gastrointestinal, hepatic, pulmonary, endocrine, renal, neurological,
cardiovascular, and rheumatological manifestations. Thyroid-stimulating hormone and thyroid
hormone concentrations, hepatic enzymes, renal function, glucose concentrations, and other
laboratory parameters should be assessed periodically. Importantly, immune-related adverse
events may occur during treatment or after treatment discontinuation, necessitating continued
clinical vigilance.

Therapeutic drug monitoring represents an additional strategy for selected anticancer
medications in which circulating drug exposure correlates sufficiently with efficacy or toxicity to
support individualized dosing. Pharmacokinetic monitoring can be particularly informative for
drugs characterized by substantial interpatient variability, nonlinear pharmacokinetics, narrow
therapeutic windows, or clinically relevant exposure—response relationships. The integration of
measured drug concentrations with pharmacokinetic modeling, Bayesian forecasting, population
pharmacokinetics, and patient-specific covariates can facilitate individualized dose adjustment.
TDM should not, however, be applied indiscriminately to all anticancer agents; its clinical value
depends on the strength of evidence linking drug exposure to therapeutic outcomes or toxicity.
Pharmacogenomic monitoring complements pharmacokinetic surveillance by identifying inherited
genetic variants that influence drug metabolism, transport, target sensitivity, or toxicity. Clinically
relevant examples include DPYD-associated susceptibility to severe fluoropyrimidine toxicity,
UGT1A1 variation affecting irinotecan metabolism, TPMT and NUDT15 variation influencing
thiopurine toxicity, and pharmacogenomic determinants affecting selected endocrine and
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targeted therapies. Incorporating validated pharmacogenomic information into prescribing
decisions can reduce preventable toxicity and support precision dosing. Genetic information
should nevertheless be interpreted in conjunction with clinical factors, renal and hepatic function,
concomitant medications, disease characteristics, and measured treatment response.

Drug—drug interaction monitoring is another essential component of anticancer
pharmacotherapy. Oncology patients frequently receive multiple medications, including
antiemetics, analgesics, antimicrobials, anticoagulants, corticosteroids, antiepileptic agents,
cardiovascular drugs, and complementary medicines. Cytochrome P450 enzymes, UDP-
glucuronosyltransferases, drug transporters, and renal elimination pathways can be affected by
concomitant treatment. A structured medication reconciliation process should therefore be
conducted at treatment initiation and repeated during therapy. Clinically significant interactions
may necessitate substitution of concomitant medications, modification of anticancer therapy,
enhanced laboratory monitoring, or TDM.

Therapeutic response monitoring should occur concurrently with toxicity surveillance.
Radiological assessment using appropriate imaging modalities, pathological evaluation where
indicated, molecular biomarkers, tumor markers, and clinical examination can be incorporated
according to tumor type and treatment strategy. The objective is not simply to determine whether
a tumor has decreased in size but to establish whether the pharmacological intervention is
producing clinically meaningful disease control. In targeted and immunological therapies,
conventional radiological criteria may occasionally require complementary interpretation because
atypical response patterns can occur.

Patient-reported outcomes constitute an increasingly important component of modern
monitoring strategies. Symptoms such as fatigue, pain, neuropathy, nausea, diarrhea, cognitive
impairment, sleep disturbance, and functional limitations may not be fully captured through
conventional laboratory or imaging surveillance. Electronic patient-reported outcome systems can
facilitate real-time identification of deteriorating symptoms and potentially enable earlier
intervention. Such approaches shift pharmacovigilance from a predominantly clinician-observed
model toward a patient-centered surveillance framework.

Long-term monitoring is also required because some anticancer toxicities are cumulative, delayed,
or persistent after treatment completion. Survivorship surveillance should address cardiovascular
disease, endocrine dysfunction, renal impairment, neurological complications, secondary
malignancies, fertility-related consequences, psychological effects, and persistent treatment-
related symptoms where relevant. The monitoring framework should consequently extend
beyond the treatment period and incorporate appropriate follow-up based on cumulative
exposure and the known late-toxicity profile of the therapeutic regimen.

The optimal monitoring of anticancer pharmacotherapy requires integration of clinical
surveillance, laboratory monitoring, pharmacokinetic assessment, therapeutic drug monitoring,
pharmacogenomics, pharmacovigilance, drug—drug interaction evaluation, imaging-based
response assessment, patient-reported outcomes, and longitudinal survivorship follow-up. Such
an integrated strategy transforms monitoring from a reactive approach to adverse-event
detection into a proactive precision-medicine system. The ultimate objective is to maintain an
appropriate therapeutic index by maximizing antitumor efficacy while minimizing preventable
toxicity, thereby supporting evidence-based, individualized, and pharmacologically rational cancer
treatment.

CONCLUSION

The present scientific synthesis demonstrates that contemporary anticancer pharmacotherapy
has evolved from predominantly nonspecific cytotoxic intervention toward a complex, molecularly
informed, mechanism-oriented, and increasingly individualized therapeutic discipline. The
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diversity of cytotoxic agents, endocrine therapies, molecularly targeted medicines, biologics,
immune  checkpoint inhibitors, antibody—drug conjugates, epigenetic therapies,
radiopharmaceuticals, and cellular approaches necessitates an integrated understanding of
pharmacodynamics,  pharmacokinetics, therapeutic = mechanisms, exposure—response
relationships, adverse reactions, and long-term toxicity. Pharmacological safety must
consequently be regarded as a dynamic clinical process encompassing prediction, prevention,
detection, characterization, monitoring, and management of treatment-related risks.
Pharmacovigilance provides the essential infrastructure for identifying uncommon, delayed,
cumulative, and real-world adverse events, while evidence-based medicine establishes the
methodological basis for evaluating efficacy and risk—benefit relationships. Pharmacogenomics
and tumor molecular profiling further enable recognition of patient- and disease-specific
determinants of therapeutic response and toxicity, whereas personalized medicine integrates
these biological characteristics with clinical phenotype, comorbidity, organ function, previous
treatment, and patient priorities. Therapeutic drug monitoring and pharmacokinetic—
pharmacodynamic modeling offer additional opportunities for precision dosing in appropriately
selected medicines. These approaches support a transition from population-average treatment
toward adaptive precision pharmacotherapy in which drug selection, dosing, monitoring, and
modification are continuously informed by molecular, pharmacological, and clinical evidence. The
ultimate objective of modern oncology is therefore not simply to maximize antitumor drug
potency, but to optimize the individual therapeutic index, minimize preventable toxicity, preserve
adherence and quality of life, delay therapeutic resistance, and achieve durable clinical benefit.
The progress will depend upon rigorous integration of pharmacology, pharmacovigilance,
pharmacogenomics, precision medicine, real-world evidence, biomarkers, quantitative modeling,
and multidisciplinary clinical expertise, ensuring that technological innovation remains firmly
anchored in validated evidence and patient-centered outcomes.

RECOMMENDATIONS

The findings support the adoption of an integrated, multidisciplinary framework for the rational
and safe use of anticancer medications across the continuum of oncology care. First, anticancer
agents should be evaluated according to mechanism of action, molecular target, pharmacokinetic
characteristics, exposure—response relationships, therapeutic index, and class-specific toxicity
rather than through purely descriptive classification. Second, evidence-based prescribing should
incorporate validated clinical guidelines, contemporary comparative evidence, patient-specific risk
factors, comorbidities, organ function, previous treatment exposure, and clinically relevant drug
interactions. Third, pharmacovigilance should be strengthened through systematic adverse-event
reporting, active signal detection, longitudinal safety surveillance, patient-reported outcomes, and
integration of real-world evidence with clinical data. Fourth, pharmacogenomic and tumor-
molecular testing should be implemented selectively where robust evidence demonstrates clinical
validity and utility, with careful distinction between germline and somatic findings. Fifth,
therapeutic drug monitoring and pharmacokinetic-pharmacodynamic modeling should be
considered for selected anticancer medicines when clinically established exposure—efficacy or
exposure—toxicity relationships justify concentration-guided dose individualization. Sixth,
multidisciplinary oncology teams should establish structured medication reconciliation and
interaction-management procedures encompassing anticancer and supportive-care therapies,
including nonprescription and complementary products. Seventh, patients and caregivers should
receive individualized education regarding administration, adherence, expected adverse effects,
warning signs, and appropriate reporting pathways. Finally, healthcare institutions should
promote continuous professional education, standardized toxicity-management protocols,
interoperable clinical documentation, and quality-improvement systems capable of linking
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pharmacological exposure with therapeutic response and safety outcomes. Future research
should prioritize prospective validation of precision-dosing strategies, clinically actionable
biomarkers, pharmacogenomic algorithms, artificial-intelligence models, and integrated
pharmacovigilance platforms to ensure that emerging technologies translate into demonstrable
improvements in survival, safety, quality of life, and equitable access to effective cancer
pharmacotherapy.
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Bronormna cabakrapbiHAa epekwe binim
bepy KarkeTTinikTepi 6bap okyLblAapapl
OKbITYAA UMPPAbIK TEXHOOTUANAPAb!
KONAaHy aaicTtemeci

MaxaHoBa Acem

7MO01505-6nonorua 6inim bepy baraapnamacbiHbiH 1 Kypc MarncTpaHTbl
MaycymbaeBa A.M

a/ll.F.K., OKbITyWbI-A3pickep, |. MaHcyripos aTbiHAAFbI HKeTicy yHMBEpCUTETI,
TanabikopfaH K, KaszakcraH

AHlOamna

Makanada uHkno3usmi binim 6epy weardalibiHOa 6U002USA NSHIH OKbIMYObIH MEOPUASbIK HIHE
adicmemerik epeKwenikmepi kapacmelpeinfaH. Epekwe 6inim bepy Kaxcemminikmepi (EGEK) 6ap
OKYWbINapObiH MAHIMObIK besnceHdini2iH apmmeoipy MAKcamelHOA UU@PbIK MEXHOM02UAAaPObI,
8U3yasn0bl Mooenboep MeH UHmMepakmusmi Kypanoaposi KoaO0AHY #010apbl YCbIHbIAFAH.

Kinm ce30ep: uHKknto3usmi binim b6epy, 6uonozus, yugpsiKk mexHosnoausnap, epexwe binim bepy
Kaxemminikmepi, adicmeme, UuHmMepakmusmi Kypanoap.

AHHOMaAyuA

B cmamee paccmampusaromca meopemu4eckue u memoouyeckue ocobeHHocmu npenodasaHus
buosoeuu 8 ycr08UAX UHKAK3UBHO20 06pa3zosaHuA. [1pednoxweHbl nymu UCNOs63080GHUSA
yugpossix mexHonoaull, uHmepakmusHsix 3D-modesnel u supmyaneHeix nabopamopull ¢ yesnsto
nosblWeHUs Nno3HasamesbHOl GKMUBHOCMU YYaUUXCA C 0CobbIMU 06pazosamesbHbIMU
nompebHocmsamu (OO[).
Knrouyesble cnosa: uHkn3usHoe o0bpalzosaHue, 6UO02UA, UUGPOBble mexHOon02uu, ocobble
o0bpazosamesnbHble nompebHoCMu, MemoOUKa, UHMEePAKMUBHbIE UHCMPYMeHMbl.

Abstract
The article discusses the theoretical and methodological features of teaching biology in the context
of inclusive education. Ways of using digital technologies, interactive 3D models, and virtual
laboratories to increase the cognitive activity of students with special educational needs (SEN) are
proposed.
Keywords: inclusive education, biology, digital technologies, special educational needs,
methodology, interactive tools.

Kipicne

Kasipri 6inim 6epy KeHicTiriHae MHKA03MBTI OpTaHbl KanbiNTacTbipy KaHe apbip BanaHbiH Keke
KabineTiHe cai canasbl 6ilim anyblH KamTamachi3 eTy 6acTbl MiHAeTTepAiH Oipi 606N Tabblnaabl.
ocipece, KapaTblabICTAHY FblIbIMAAPbI, COHbIH iWiHAEe Ouonorua MNaHiH epekwe binim bepy
KaxkeTTiniktepi (EBBK) 6ap oKylwbinapfa MeHrepTy ©3iHAIK KypAeninikTepai TybiHAanabl. buonoruns
Kypaeni abcTpakTini yrbiIMAapabl, MUKPO 3HE MaKpo JAyHWe npouecTepiH TyCiHyai Tanan
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eTeTiHAIKTEH, A3CTYPAI OKbITY dAicTepi apKaluaH Tnimai 6ona 6epmenai. Ocbl opanaa UMOpbIK,
TEXHONOTMANAPAbl OKY YPAICIHE eHri3y — OKbITYAbIH KO/KETIMAININIH apTTbipbiN KaHa KoMmaw,
OKYLLblNApAblH NaHre AereH Kbi3blFyLblAblFbIH OATYAbIH, KyaTTbl KypaabliHa altHanyaa.

Herizri 6enim: Lindpnbik TeXHONOMMANAPAbIH, MaHbI3bl MEH dAiCTEMECI

NHKNO3MBTI  CbiHbINTapaa 6uonorma cabakTapblH YMbIMAACTbIPY KesiHae Keneci Undbpiblk,
Kypanaap MeH a4icTepi KongaHy epekile HaTuxKe bepea;:

1. Buayanmsauuya xaHe 3D moaenbaep: AHATOMUABIK KypblabIMAAPAbl, KAETKaHbIH,
KYPbINbICBIH Hemece 3KoxKynenepai wHTepaktueTi 3D dopmatta kepceTy EBBK 6ap
OKYLLblLNAPAbIH, KEHICTIKTIK OMMayblH AaMbITbIMN, aKnapaTTbl KabblaaayblH KeHinaeTeq,.

2. BupTyanabl 3epTxaHanap: Kypaeni Hemece Kayinti buonornsanbik  Taxipubenepai
BMPTyandbl opTaZa OpblHAAY MYMKIHAIN OKylWblNapablH ©3 OeTiMeH XymbiC icTey
OafAblNapbiH KanbiNTacTbipaabl.

3. benimagenreH mynbtumeausanbik nnatdopmanap: [biObICTbIK cyiemenagyi, cybTutpaepi
OHE KeKe KapKblHFa berimaenny mymkiHgiri bap 6argapnamanap Kepy Hemece ecTty
KabineTiHae epekweniri bap 6ananapra maTepuanibl TONbIK MEHTEPYTe KaFaal sKacanabl.

MpaKkTnkanblk 6enim: buonorma cabakrapbiHAa KONAAHbINATLIH UMOPABIK Kypangap MeH onapal
KON4aHy agicTemeci
NHKAO3MBTI CbiHbINTapAa UMPPAbIK TeXHONMornanapabl TMIMAI KipiKTipy YWiH onapabl Kyneni
TypAe nanaanaHy KaxeTt. TemeHaeri 1-kecteae 6uonorma cabakTapbiHaa epekile 6inim bepy
KaskeTTiniktepi (EBBK) 6ap oKylbinapfa apHanfaH Herisri UMOPAbIK Kypaagap MeH onapabiH,
d4icTeMeNiK MaHbl3bl KBPCETINTEH.
1-kecte. buonorua cabakrapbiHaa KoA4aHbINATbIH HEri3ri LMdpabIK Kypangap
daicteMenik TypfblaaH byn Kypanaapabl KonaaHy 6apbiCbiHAa MyFaniMm MbiHaAam AMAAKTUKANbIK
KafnaaTTapabl 6aclbliNblKKa anybl THIC:
1. benimainik  (Agantaums):  TancbipmanapAablH,  KypAeninik  AeHreri  OKyLWbIHbIH,
NCUXOPU3MONOTMANBIK MYMKIHAIKTEPIHE Kapal XKeHinaeTineai.
2. KenceHcopablk Tacin: AknapaTTbl Hip mesringe Kepy, eCcTy KoHe WHTepaKTWBTI Typae
Kabblnaay apKblabl ecTe cakTay KabineTi HblFaaabl.
3. Xeke KapkblH: Lnfrowblk Baraapnamanap ap OKyLbIHbIH 63 KblAAaMAbIFbIMEH KYMbIC
icTeyiHe afaan Kacanabl.
oAicTemenik TypfbldaH anfaHda, Myfanim UMPPAbIK TexHosormanapabl nanganaHsaH Kesge
OKYLLUbIHbIH, NCnMXodr3nONOTNANBIK, epeKLenikTepiH eckepin, TancbipMmanapapl
anddepeHumaumsanaybl (capanaybl) Kaxer.
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Ll,mc!)pnbm Kypaniap Meicanaapbi / oAicTemMenik MaHbl3bl MEH epeKLUeniri

TYpPI bafgapnamanap

KneTka KypblaibiCbl, aHAaTOMMA  KaHe
NHTepaKTUBTI 3D BioDigital Human, du3monorns npouecTepiH Kkenemai Typae
moaenbaep MeH 3D Bear, KepceTy apKblNbl Kepy XaHe Kabblnaay
BU3yanusauua Anatronica KabineTi Oy3binraH OKYLWbl1TapAablH,

TYCIHITIH XeHinaeTeai.

brnonornansik, Toxipnbenep MeH
BupTtyangpl PhET Interactive 3KONIOTUANBIK,  yAepicTepai Kayincis,
3epTxaHanap MeH Simulations, BMPTYandbl 0pTaaa OpblHAAYFa MYMKIHAIK
cMumynaTopnap Labster bepeni, MOTOPAbLIK AafablAapbl WeKTey i

H6ananapra banama »aroan skacanabl.

ORnbIH  TypiHAeri  Tancblpmanap MeH
BenimpenreH Wordwall, TECTTEP apPKbl/bl OKYLUbLAAPAbIH, NaHre
MYNbTUMEAMANBIK, LearningApps, aeren KbI3bIFYyLUbIAbIFbIH  apPTTbIPbIM,
nnatopmanap Kahoot TaHbIMABIK, HenceHainiriH

bIHTaNaHAbIPAAbI.

1-KecTe. bronoruns cabakTapblHAa KONAAHbINATbIH HEri3ri LMPPAbIK Kypanaap

KopbITbiHAbl KopbITbiHAbINAM Kene, buonorma cabakTapbiHAa UMOPAbIK TEXHONOrMANAPAbI
WMHKNO3MBTI 6inim Bepy TananTapbiHa calt KONAaHy — OKY YPAICiHIH canacbiH apTTbipyAblH 6acTbl
TeTiri 6onbin Tabblnaabl. MHTEPaKTUBTI MOAeNbAep, BUPTYanabl 3epTxaHanap »KaHe berimaenreH
nnatdopmanap apkbiabl epekwe 6inim Hepy KaxKeTTiniktepi 6ap oKylbliapdblH NaHAI TepeH,
MeHrepyiHe, a/1eyMeTTeHYIHE KaHe TaHbIMAbIK KabineTTepiH AambITyfa TOMbIK MYMKIHAIK Tyaab!.
Bonawakta 6yn agictemeHi NnaHapanblk 6alfaHbICTa XKaHe KaHa byblH UMPPAbIK OKYIbIKTapMEH
yLITACTblpa OTbIPbIN KETiNAIPY — ©3eKTi MiHaeTTepaiH, bipi.
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3. Smith J. Digital Tools in Inclusive Education. — London: Education Press, 2022.
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BONOTIMA TMoRIH ORBITYAA AKT-HbI
MHTETPALUNANAYAbIH SAICTEMEJIIR
HETI3EP!

ancaHbek Hypcyny bonbicbeKKbI3bI

7M01505-6nonorua 6inim 6epy barmapnamachiHbiH, 1 Kypc MarmcTpaHTbl

ToknaHoB EpkuH Annosuy

reorpadua fFbiNbIMAAPbIHbIH, KAHAMAATSI, |. aHcyripoB aTbiHAafbl HKeTicy yHuBepcuTeTi,
TanablkopfaH K, KazakcTaH

AHOamna

byn makanada ©6uonozuAa naHiH OKbimy yoepiciHe aKNapammoelK-KOMMYHUKAUUAbIK
mexHoso2usanaposl (AKT) uHmeepayusanayosiH adicmemerik Heaizdepi Kapacmelpsinadsl. Kasipei
binim bepy HypaiciHoeai yugppnaHosipy ypoiciHe calikec, buonoeuAansiK yoepicmepdi modesnsoey,
s8UpMyandbl 3epMxaHanapobl KoA0AHY HaHe UHMePaKkmusmi MynemumeousssiK pecypcmaposiH
muimoinieiHe manoay xcacanadel. 3epmmey ©bapeicbiHOa AKT-Hbl cabakmeiH apmypai
Ke3zeHOepiHOe naloanaHyoblH OKywslnapobiH MAaHbIMObLIK b6esnceHdinieiH apmmelpyOarsl peési
alikbiHOana0bl. Aemop 6uon02UA NaHIHIH epeKkuwenikmepiHe (MUKpoanemoi Kepy, eeHemuKasblK
ecenmep, uU3UOM02UANLIK npouecmep) HezizdeneeH adicmemenik mMacindepdi ycbIHAObI.
MakanaHeiH KopeimsiHObICel pemiHOe AKT-Hol xyleni KondaHy binim canacsiH apmmeipbin KAHA
kKolmad, 6onawak MamaHoapobliH Yugpasik KysslpemmisnieiH Kaaelnmacmelpyra MYMKIHOIK
bepemiHi Hezi30enz2€eH.

Kinm ce30ep: 6uonozusaHsl oKbimy, AKT, uHmezpauus, yugpnsik binim bepy, supmyanosi
modesnboey, adicmemerik Heaizoep, UHMepakmusmi oKbimy.

AHHOMAyuA

B 0OaHHOU cmamee paccmampuearomca Memooos102U4ecKkue OCHOB8bl UHMezpayuu
UHGOPMAYUOHHO-KOMMYHUKAUUOHHbLIX mexHonoaull (MKT) 6 npouyecc npenodasaHus buosnoeuu. B
coomeemcmeuu ¢ meHOeHyuel uugposudayuu 8 cospemeHHol cucmeme 06pa308aHUSA
nposodumMcs aHau3 Mooenupo8aHUs bUOM02UYECKUX NPOYECCO8, UCNO/Ib6308AHUSA 8UPMYAsTbHbIX
aabopamopuli U 3pekmusHoCMU UHMepPaKmuBHbsIX MyabmumeouliHbix pecypcos. B xode
uccnedosaHus Obiaa 8biA8/1EHA POsb UCNOAb308aHUS MKT Ha pasauyHbiX 3manax ypoka 8
nosbIWeHUU N03HasamesbHol GKMUBHOCMU yYauiuxca. AsBmop npedsnaezaem memodonoeudeckue
Nnooxo0bl, OCHOBAHHbIE HA cheyuguke 6uosaoeuu (8U3yanu3ayUA MUKPOMUPA, 2eHemu4eckue
npobaemsl, puauonoauYeckue npouyeccel). B pesysemame cmameu 060CHO8bIBAEMCH, 4YMo
cucmemamu4eckoe ucnossiosaHue UKT He mosibKo nosviuiaem Kayecmeo 0bpa3o8aHuUs, HO U
noseossem chopmuposams UuUgposyto KomnemeHmMHoCcme 6yOyuwux cneyuaaucmos.

Kntoyesble cnosa: npenodasaHue buonoauu, KT, uHmezpayus, yugposoe obpazosaHue,
8UPMYAbHOE MOOEUPOBAHUE, MeMOoO0s102UYECKUE OCHOBbI, UHMepakmusHoe oby4yeHue.

Abstract
The article examines the methodological foundations of integrating information and
communication technologies (ICT) into the process of teaching biology. In accordance with the
trend of digitalization in the modern education system, an analysis of the modeling of biological
processes, the use of virtual laboratories, and the effectiveness of interactive multimedia resources
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is carried out. The study identifies the role of using ICT at various stages of the lesson in increasing
the cognitive activity of students. The author proposes methodological approaches based on the
specific features of biology (visualization of the microworld, genetic problems, physiological
processes). As a result of the article, it is substantiated that the systematic use of ICT not only
improves the quality of education but also allows for the formation of digital competence of future
specialists.

Key words: biology teaching, ICT, integration, digital education, virtual modeling,
methodological foundations, interactive learning.

Kipicne

Kasipri umdpnaHabipy asyipiHae 6inim 6epy »Kyneci MeH negarornkanbik agictemenep
KapKblHAbl TpaHchopmaumanaHbin  Keneai. byHaan e3repicTtep acipece KapaTblablCTaHy
BafbITbIHAAFbl MOHAEPAI, COHbIH iWiHAe OMONOrMAHbI OKbITY daicTemeciHe Tyberenni »aHa
TananTap KOWbIM OTbIp.

3epTTey MakKcaTtbl: bruonorma naHiH oKpITyaa AKT KypangapblH KOAAAHYAbIH S4iCTEMENIK
epeKWenikTepiH arKblHAAy aHe onapAbl OKy MNPOUECiHe WHTerpauuanay apkKblabl 6inim
aNyWbINAPAbIH NOHAIK KY3bIPETTINIKTEPIH apTTbipyAblH, TUIMAI XKONAAPbIH Heri3aey.

3epTTey ©3eKTifliri AKnapaTtTblk, TEXHONOTMANAP KEHICTIrHAe KasbinTackaH XaHa OybiH
6iniM anyLWblNapbiHbIH, TaHbIMAbBIK KasKeTTINIKTEpi MeH aknapaTTbl Kabblngay epeKkwesnikTepiHin,
e3relle 60nybl, OKy npoueciHe AKT KypanaapbiH TepPeH MHTerpaumanayabl KaxeT eTeai. buonorusa
— Tipi *Kynenepaeri Kypaeni AMHaMUKanbIK NpouecTepdi 3epTTenTiH FblibiM 60AFaHAbIKTaH, OHbI
O3CTYpAi Bepbanapl sKaHe CTaTUKa/IbIK KOPHEKINIK aaicTepmMeH MeHrepTyaiH, TMiMAiniri 3amaHaym
aKNapaTTblK KeHICTiKTe TemeHaeyae. AKNApaTTbIK-KOMMYHUKaAUMANbIK TexHonoruanapasl (AKT)
OKY MpoLugeciHe MHTerpaumsnayabliH, e3eKkTifiri 6iniMm anywbiiapdblH, KOTHUTUBTI KabinetTepiH
[AMbITY, MUKpoanemaeri BUONOrMANbIK KyObinbiCTapabl (MONeKynanslk AeHrenaeri GuocnHTes,
¥acylaHblH 6eniHyi, reHeTUKanblK KOMOUMHATOPMKA) BUPTYa bl MOAE/bALY KaHe OKYLIbINAPAbIH,
bYHKUMOHANABIK CayaTTblblFbIH apTTbipy KaXKeTTiniriHeH TybiHAanAbl. AKT KypanaapblH XKyreni
nanaanany 6inim 6epy masmyHbIH TEpPeHAETIN, TEOPUANbIK BiniMm MeH NpakTUKanbIK AaFablnapably,
NHTEerpaumAanaHyblH KaMTamachbI3 eTeqi.
MaTtepuangap MeH aLictep

3epTTey KYMbICbIHbIH, —d4icTeMenik Herisi  peTiHae 6uonorma  NaHiH  OKbITyAafbl
MHHOBALMANBIK TeXHONOrMANApAbIH TUIMAINITIH alKbiHAAyFa OafblTTanfaH KelleHAai Tacinaep
KondaHbinapl. 3epTTey 6apbiCbiHAa KeNeci maTepunanaap MeH aficTep XMbIHTbIFbl NalnadanaHbiNabl:
1. TeopuAanblK Tanpay XoaHe cuHTE3 aaici: OTaHAbIK KoHe LWeTeNaik fblAbIMU-34iCTEMENIK
aaebueTTepre, coHAam-aK 3amaHaym b6inim bepy cTaHaapTTapbiHa Wony Kacangpl. AKT-Hbl 6inim
bepyre uHTerpaumanayablH  Herisri  TyXblpbiMAamanapbl MeH OWONOTMAHbI  OKbITYAbIH,
ANOAKTUKANbIK MPUHLUXNTEPI CapanaHabl.
2. IMNUPUKaNLIK KaHE CanbICTbipManbl aaicTep: buonorns cabakrtapbiHAa Ui KOAJAHbIAATbIH
undpnbik nnatbopmanap meH bargapiamanblk KAMTamMachi3 eTy KypanaapbiHbiH GYHKLMOHANAbIK,
MYMKiHAiIKTepiHe Tangay Xyprisingi. Atan antkanaa:

e BupTtyanabl mogenbney: PhET Interactive Simulations (Konopano yHuBepcuTeTi) KaHe
BioDigital Human nnatdopmanapbiHbiH,  buonorvanbik  npouectepqi  (poTocuHTES,
¥KacyLWanblK TbIHbIC any) MoaenbAeyAeri PeNni KapacTblpbIab!.

e MyneTuMeauAnblK pecypctap: BilimLand, Khan Academy cekinai 6inim  6epy
nopTanaapblHAafbl BUAEO-A3PICTEP MEH MHTEPAKTMBTI TancblpmManapabiH, ANAAKTUKAAbIK
aneyeTi 3epTTeng,.

3. Meparornkanblk, mogenbgey: AKT KypandapblH cabaKTblH apTypAai KeseHaepiHe (KaHa
TaKbIPbINTbI TYCIHAIPY, DeKiTy, Bakblnay) MHTErpauuanayabiH, OHTanAbl anropuTMAEPi a3ipaeHai.
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Byn peTTe oKyLblNapAblH aknapaTTbl Kabblnaay AeHreniH aHbIKTay VLILiH cayanHamanap mMeH TecT
TancbIPManapblHbiH HITUXKeNepi Heri3re anbiHAbI.

3epTTey HbiCaHbl peTiHAe OMoNornsa KypcbiHbiH, «acywanblk 6uonorua», «Monekynanbik,
buonormax» KaHe «leHeTuka» Benimaepi anbiHAbl, cebebi Byn Tapaynap Kofapbl AeHrenaeri
abCcTpaKTiNi onnayabl }aHe MUKPOKYPbIAbIMAAPAbI BU3yanapl Typae benHeneyai Tanan eteai.
3epTTey OapbicbiHAA KOMAaHbIAFAH dicTemenik Tacinaep 6uonorva naHiH okbiTyaa AKT-Hbl
NHTEerpauMAnayablH, Xofapbl TUIMAINITIH KepceTTi. MyprisinreH »KymbICTapdblH, HaTMKenepi
Kenecigen cunaTtranagb!:

1. Teopuanbik Tanaay HITWXKeci: buonorusanbik 6inim Oepyneri AKT-HbIH, peni »kal faHa
KKOPHEKINIKY AeHreniHeH «3epTTeyLliniky AeHreniHe oTKeHi aHbIKTanabl. Tanaay KepceTkeHaew,
AKT-Hbl KON@HY OKY MaTepuanbiH Urepy *blagamabiebiH 25-30%-fa eaenaeteai, cebebi kypaeni
BUNOXMMMANBIK LUMKNAePAl (Mbicanbl, Kpebc LMKAI) CTaTUKaNbIK MOTIHIe KapafaHaa AMHAMMKaNbIK,
MOZE/Ib apKbl/ibl KabblAay KeHiipeK.

2. CansbICTblpmansl a4ic HaTHXKeci: [acTypni oKplTy aaici meH AKT-Hbl MHTErpaumanafaH OKbITY
94iciH  canbicTblpy bapbicbiHaa  biniM  anywbliapdblH, — KepceTKilTepiHae anTapabliKTal
arblpMallblnblk 6akanabl. AKT KypanaapbiH (PhET, BilimLand) »kyieni nanaanaHfaH TonTapaa
MaTepuanabl TYCiHYy AeHreni MeH NPaKTUKaNbIK Tancblipmanapabl OpblHAAY canachl *ofapbl 6oaabl.
3. Nepnarornkanblk, Moaebaey HITUKECI: D3ipNeHreH MHTerpaumanay aaropuTmi HerisiHae cabak,
KYpbl/IbIMbIHA  UMOPAbIK  3NeMeHTTep eHrisinai. HaTuKeciHae OKylblnapablH  TaHbIMAbIK,
6enceHainiriHib, ecy gMHamunkacol bankanabl (dnarpamma 1).

[KepceTkimTep IAKT-ra geiiin  ||AKT-HbBI HHTerpanusijIaFaHHAH KeHiH
[IoHTe ereH KbI3BIFYIIBIIBIK, 45% 85%
O3 OeTiHIIe 3epTTey XKYpPri3y JardbICEl 30% 65%
[Kypzeni TaKsIpbITapabl MEHIepy Calacsl 40% 75%

Onarpamma 1. AKT-Hbl MHTErpaumanayablH, OKyLWbINapAbIH TaHbIMAbIK KepceTKilwTepiHe acepi (%)
Onarpamma manimeTTepi KepceTKeHAeN, eH YAKeH eCiM NaHre AereH Kpi3blFyWwblablK (40%-fa
apTKaH) MeH KypAeni TakblpbiNTapAbl MeHrepy canacbiHAa 6ankanaabl. byn 6uonoruanbik,
HblCaHAaPAbl BUPTYaNAbl TYPAE MAHUNYAAUMANGY MYMKIHAITIHIH, TiKenen HaTUXeci.
Heri3ri 6enim

Buonorva naHiH OKbITyAafbl aKNapaTTbIK-KOMMYHUKAUMANBIK TEXHONOTMANAPAbIH, pPeni Typansbl
FblnbiMK aaebunettepae b6inim 6epy MasmyHbIH BU3yann3aumMAnay KaHe AWMAAKTUKANbIK NPOLeCTi
UndpnblK TpaHCchopMaumanayabiH Herisri Kypanbl Aen TyciHAipineai. M.B. PobepTTiH fblabiMK
nanbimaaybiHWwa, AKT-Hbl MHTerpaumanay — 6ya TeK TEXHMKANbIK KababIKTapabl KON4aHY eMec,
Oy OKYLLbl MEH MyFanim apacbiHAafbl Kepi GanNaHbICTbl HbIFAMTaTbIH XKaHe Kypaeni OMoNornanbIK,
3aHbINbIKTapAbl TaHbIMABIK TYPFblAAH KeHiNAeTeTiH KeleHai xyhe [5].

fanbimaap meH agickepnepaiH, atan aiTkaHaa A.b. Carbimbaesa meH 3.b. McaeBaHbIH, NiKipiHLIE,
buonormansik 6inim bepyaeri MHTerpaumMsanay NPOLLEC OKYLWbIHbIH, «abCTpaKTiNi oMnayaaH HaKThl
berHenik Kabbingayfa» eTyiHe Kafaan »acanabl [1, 2]. byn acipece Tipi af3anapaafbl Kesre
KOPIHOENTIH MUKponpoLuecTepai 3epTTeyde MaHbi3abl pen aTtkapaabl. E. ToknaHos o3
eHbeKTepiHae aTan eTkeHaen, undpabik binim 6epy pecypctapsl (LIBP), BMpTyanabl 3epTxaHabiK,
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KeleHAep, UHTEPaKTUBTI MOAENbAELY KaHe NefarornkaiblK MHTerpauma ocbl NPOLECTIH, Herisri
yfbimaapbl 6onbin Tabbinagpl [3]. Ocbl yfbiMAapablH 63apa OalnaHbiCbl BMONOrMA MaHIHIH,
TEOPUANBIK MaTepuranblH MPaKTUKaAbIK 3epTTey AafablaapbiMeH YWTaCcTbIpyFa MyMKIHAIK Bepeai.
MpaKkTnKaga BUONOrMANLIK yaepicTepai BUPTYyanapl 3epTxaHanap MeH MHTePaKTUBTI Moaenbaep
apKblNbl OKbITY KaFfdalbiHAa Binim anywbinapablH, MaTepuanapl Urepy canacbliHbiH, aUTapabIKTa
apTybl  banKanagpl. [acTypni  3epTxaHaiblK — KypangapmeH  KepCceTy  MYMKIH — emec
MUKpoburonormanblik Kybbinbictap AKT Kypanaapbl apKbliabl KOMKETIMAI api TYCIHIKTI 6onaapbl.
Mbican peTiHae PhET MHTEPaKTUBTI CUMyNSUMANAPbLIH KOAZAHY apKblabl « POTOCMHTE3Y» Hemece
«HacywanblK TbIHbIC any» TakblpbINTapblH ©TyAi anyfa 6onagpl [6]. byn Kafganaa okyliblnap
YKapblIK KAaPKbIHABIIbIFbIH HEMECE KOMIPKbILLKbI/T Fa3blHbIH, Me/ILLEPIH BUPTyanapl Typae e3repte
OTbIPbIM, PEAKLUMAHbIH Kanal *KYPETiHIH 63 Ke3iMeH Kepin, 3KCNePUMEHT HITUNKENEPiH CON Me3eTTe
Tangan anagbl. CoHpani-ak, BilimlLand nnatdopmackiHgassl 3D aHMMaumManap agam aHaTOMUACHI
MeH GU3NONOrMACBIH OKbITYAa OpraHAapAblH KYMbIC iCTey NPUHUMMNIH AMHAMWKALA KepceTyre
MYMKIiHAiIK 6epeai [7].

Tangay Hatukeci AKT-Hbl MHTerpaumanay OKyLblNapAblH TeK TeopuAnblk bifiMiH faHa emec,
COHbIMEH KaTap CbIHW OMNay MeH AepeKkTepAi capanTtay AafAblAapblH AaMbITyaa Herisri dakTop
eKeHiH KepceTTi. Taxipnbenik KymbicTapabl uMbpablK GopmaTTa XKYPri3y OKY YaKbITbiH TUiMAI
nanaanaHyfa }XaHe Kypaeni 61Monorvanbik 3aH4bl1bIKTapabl TEPEHPEeK YFbIHYFa MYMKIHAIK 6epe.
Byn GafbiTTafbl KymbicTap KP 6inim Gepyai AambiTyablH MeMNekeTTiK bafaapnamacbiHA
KepceTinreH umdbpnaHablpy MakcaTTapbiMeH TONbIK YHAecea [4].

HaTtunkenep meH Tankblnaynap

3epTTey OapbicbiHAA anblHFaH HaTUXKenep BMoNornsa NaHiH oKkbiTyaa AKT-Hbl MHTErpaumanayabiH
TUIMAINITIH HaKTbl afakTanabl. HKofapblaa KepceTinreH Anarpamma ManimeTTepiHe CYMeHCex,
LUMPAbIK pecypcTapapbl KONAaHy OKyLUbINapAbiH NaHre AereH Kbl3blfyLblAblFblH 45%-aaH 85%-fa
OeniH apTTbipfaH. byn KepceTkiw AKT-HbIH MOTMBAUMANBIK Kypan pPeTiHAEeri KyaTTblblfbIH
aanenpenai.

AsTopnapabiH (CafbimbaeBa A.B., Vcaea 3.6.) AKT-Hbl «BM3yanusaumsa Kypanbl» peTiHae
KapacTblpybIMEH Kejlice OTbipbiN, OfaH Koca ©3 TapanbiMHaH MblHaAan nanbimaaynapabl
YCbIHaMblH:

e bipiHwigeH, AKT uHTerpaumsacbl 6uonormanbik 6inim bepyneri «yakbIT MeH KeHiCTiK»
leKTeyiH »Koaabl. MaceneH, TabufaTTa y3aK YakbiT OOMbl KYPETIH 3BONOUMANDIK
npouecTepi Hemece 3KONOTUANBIK CYKLECCUAHbBI CUMYNALMA KemerimeH BipHelle MUHYT
iwiHAe Mmoaenbey OKYLbIHbIH MPOLECTi TONbIK TYCiHYiHE Tikenen acep eteq,.

e EKiHWIiAeH, aBTOpPNAP aTan 6TKEH «TaHbIMAbIK OENCEHINIK» TEK CbIPTKbI KbI3bIFYLLbIAbIKNEH
faHa LWeKTeIMEN, OKYLWbIHbIH LMOP/bIK 3epTTEYLLINIK M3AEHUETIH KaNbiNTacTbIpybl THIC.

Tankblnay HatmKeci kepceTkeHael, AKT-Hbl MHTerpaumsnayabiH, CaTTiflir Tek GaraapnamaHbly,
canacblHa faHa emec, MYFfa/liMHIH CON TEeXHONOMMsAHbI OuoNornANbIK aaictTememeH Webep
yLITACTblpa anybiHa (NegarorMKkanbik An3aliH) Tikenei bannanHbictsl. Ocblnaliwa, 6i3aiH 3epTreyimis
TEOPUANbIK Herizaep MeH NPaKTUKablK HITUMKENEeP apacbiHAafbl Tbifbl3 BaNAAHbICTbI aMKbIHAAM

6epai.
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KOopbITbIHAbI
Buonorna naHiH oKkbITyAa AKT-Hbl MHTErpauymanayabl a4icTeMenik HerizaepiH 3epTTey HapbiCbiHAA
Kenecigemn KopbITbIHAbIIAPFa KenmaiK:

1.

AKT kypangapbl (BMpTyanapl 3epTxaHanap, 3D mogenbaep) OMONOrMAHbIH, abCTpaKTiNi
VFbIMAAPbIH HAaKTbl BU3yanm3aumanayra MyMKiHAiK 6epegai.

NHTerpaumanaHfaH OKbITy aaicTemeci Oinim anywbinapablH, TaHbIMAbIK benceHainiriH
apTTbIpbIN, KypAeni TakplpbiNnTapabl urepy canacbiH 30-35%-fa »kakcapTaabl.

Bonawak mamaHaapablH, UMDPAbIK KY3bIPETTIAIMNH KanbiNTacTbipy YiH AKT-Hbl cabaKTbiH,
HapblK Ke3eHaepiHAe KyUeni KonaaHy KaxkeTTiniri Herisgeni.

MapanaHfaH apaebueTtep Tidimi:

1.
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as1b6IHObI).
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COCTOAHWE BEHTO®AYHbI
LUAPOAPUHCROTO BOOOXPAHW/TALLA B
YCNTOBUAX HECTABNJIBHOTO
[NOPOJTIOTMHECKOTO PERVMA

M.A.ECEHOB

Apanbckmin dunmnan TOO «HIML, pbi6HOro x03sMcTBa», KasaxcTtaH, r. Apanbck
H.C.CAMBAEB

Apanbckuin punman TOO «HIML pbibHOro xo3smncrea», KasaxcraH, r. ApanbcK
M.T.KAJIbIMBETOBA

Apanbckuin dunman TOO «HIL, pbibHOro xo3amncTea», KasaxcraH, r. Apanbck
A.A CAPUEBA

Apanbckuin dunmnan TOO «HIML, pbi6HOro xo03saMcTBa», KasaxcTtaH, r. Apanbck
5.M.OMAP

Apanbckmin dunmnan TOO «HIML pbi6HOro xo03sncTBa», KasaxctaH, r. Apanbck

AHHOTauuA. [lpeacTaBneHbl pe3yabTaTbl WUCCNEAOBAHWMIA  AOHHbIX  OEeCn03BOHOYHbIX
LlapapMHCKOro BOAOXpaHWAWLLA B BeCeHHe-oceHHWM nepuoapl 2025 roga.B goHHoN dayHe
onpeaeneHo 19 TaKCOHOB, cpeain HMX 13 TaKCOHOB MYMHOK XMPOHOMKA, 3 BUAA PAKoOOpPa3HbIX,
a TakXe no 1 TAaKCOHy YepBM ONIUFOXETbl, ANYUHKM MyXx-beperoBywek u HaboyHMLbl.OCHOBY
KOIMYECTBEHHbIX NOKa3aTene Makpo300beHToca COCTaBUAN NNYUHKN XMPOHOMMA. [ToKasaTenb
H6romaccbl KopmoBoro 3oobeHToca LllapaapuHckoro BogoxpaHunuiia 8 2025 r. B Ce30HHOM
aCneKTe CHUMKEH OT KYMEPEHHOTO» 10 «O4E€Hb HM3KOrO» K/acca KOPMHOCTH.

KnioyeBble CcnoBa: MaKpoO300OEHTOC, TAKCOHOMMYECKMIA  COCTaB, BCTPEYaeMOCTb,
YMCNEHHOCTb, BUOMAcCca, AOMUHAHT, TPOPHOCTb.

BeeneHue.lllapaapmnHckoe BOAOXPaHWUAMLLE, ABNAIOLLEECA KPYNMHENLWMM BOAOXPAHWUIMLLEM
Ha peKke Cbipaapbsa B npeaenax tepputopum Pecnybnmkm KasaxcTaH, MrpaeT BaxKHYl po/b B
peryanmpoBaHMn BogHbIX pecypcoB Apano-CbhipaapbmHckoro 6acceriHa. Mcnonbayerca ana uenemn
nppuraumm, rMAPOSHEPTreTUKU U PEryIMpoBaHMA CTOKa, 4TO OOYC/NOBAMBAET BblparKeHHbIe
MEXXrol0Bble M CE30HHbIE KoNebaHNsA yPOBHA BOAbI.

Mo ceeageHMAM TypKecTaHcKkoro puamnana PIT «KasrugpomeT» 3a AeBATUMECAYHbIN Nepuno,
2025 ropa (bespanb—0oKTABPbL) BOAOXPAHWUIMLLE XapaKTepPM30Ba0Cb MaNOBOAHbIM COCTOAHNEM C
APKO Bblpa*KeHHOM Ce30HHOW HePaBHOMEPHOCTbIO NOCTyNAeHUA 1 cbpoca Boabl[1].

B 3umHe-BeceHHM nepmoa 2025 roga oTMeYanca MHTEHCUBHbLIN NPUTOK BOAbl B BOAOEM. B
AHBape O6bEM MOCTYyNMBLUEN BO/AbI COCTAaBM OKOMO 2,6 MAH.M3, 4TO MpuBeno K 6bicTpomy
HaMO/IHEHWNIO BOAOXPAHMAMLIA: K MapTy ypOBeHb A0CTUT NpumepHO 90 % OT NPOEKTHOM EMKOCTH
(nopsaaka 4,7 maH mM3). [IMHaMMKa pacxod0B TaKKe OTpaskaia Ha/mume CyLeCTBEHHOro NPUTOKA.
B AHBape NpuTOK permnctpuposanca cebite 1000 m3/c, a K Havyany neTa, B MOHE-UI0E, NPUTOKK
[OCTUIAM MMHUMA/bHbIX 3HaveHuit — 31-42 m3/c, 4TOo daKTMYeCcKM 03Hayano OTCyTCTBUE
3HAYMMOrOo NOCTYN/IEHMA BOAbI B BOAOXPaHMAMLLE. B neTHMe mecaLbl AebUUMT NPUTOKa coYeTancs
C WHTEHCMBHbIM BOAONOTPEDNEHMEM, MPEXAe BCEro Ha HyXAbl MPPUraumm, 4To NpMBeno K
3HauYUTeNIbHOMY yBenMyeHuto 0b6bEmoB cbpoca Boabl. B pesynbtate Habaoaanochb
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CTPEMUTENbHOE COKpallleHWe BOAHbLIX 3anacoB. 3a nepuog ¢ utoHA no asryct 2025 roga o6bém
BOAOXPaHUAMLLE YMeHbLIMACA Bonee yem B AeBATb pa3 — ¢ 2128 maH.m3 40 239 MAH.M3,1 KKOHLY
aBrycta OCTaTOK BOZbl COCTaBMA OKOMO 232 MAH.M3, 4TO Ha 1,127 mApa.mM® HUMKEe NAaHOBOro
ypoBHA. JIMMUT OTNycKka BoAbl B KbI3bIIKYMCKMIA MarmMcTpanbHbli KaHan 6Obin GakTUYecKn
McyepnaH, Tak Kak 6b10 ocBoeHo nopaaka 95% 3annaHMpPoOBaHHOIO 06 bEMA.

3afadert rmapobnoNornMyeckmx HabalaeHUn ABAANOCL M3YYeHUE COCTOAHMA COoDLWEeCTB
HU3LWINX TMAPOONOHTOB C LIE/bI0 YCTAHOBAEHMA 3aKOHOMEPHOCTEN U3MEHEHMA UX CTPYKTYPbI B
HecTabWAbHbIX TMAPONOTMYECKUX YCNOBUAX.

NccnenoBaHne BbIMOMIHEHO B pamKax btoaykeTHoM nporpammbl 021-100-159 «Ycayru no
obecneyeHnto COXpaHeEHUA, BOCMPOM3BO/ACTBA W PALMOHA/NIbHOTO WCMNOAb30BaHUA PECYpPCcoB
KMBOTHOIO MMpa», dpuHaHcMpyemon KoMnTeToM pbibHOro xo3aMcTBa MUHMCTEPCTBA CEMbCKOMO
xo3ancTea Pecnybankm KasaxcTaH.

Matepuan n metoamka.Cébop n o0bpaboTka maTepmana NPoBOAMINCL B COOTBETCTBUMN C
0bLLEeNPUHATBIMM MeToAMKaMK [2]. AKBaTOpMA BOAOXPaHMAMLLA YCNOBHO NoApasaenanacb Ha
BEPXHWUN, CPEAHUMA U HUKHWIA (MPUNAOTUHHBIN) y4acTKM. B BeceHHWI nepuoa npobbl AOHHbIX
OpraHM3moB oTbMpanncb Ha 14 CTaHUMAX, OCEHbD — Ha 5 CTaHUMAX B CBA3M C COKpaLLEHMEM
naowaan Boaoema.llpobbl MaKkpo3zoobeHToca OTOMPanMCb MNpuM  MOMOLWM AHOYepnaTens
MetepceHa (nnowanpb 3axsata 0,025 m?)B anpene u ceHtabpe 2025 r. Mpobbl HeKTobeHToCa
oTbMpanncb ¢ NPUOBPENKHbBIX 30H aKBATOPUWM BOAOXPAHMAMLLA, C NOMOLLbIO Cafla304HOro Tpana
(BxoaHoe otBepctne 0,75 x 0,5 M.), NnyTem NpoOTArMBaHMA Ha paccToaHMe 10 M. KunBble opraHM3Mmbl
N3BNEKANAN N3 TPYHTA M MOMELLANN B 3STUKETMPOBAHHbIE MIACTUKOBbIE KOHTEMHEPbLI, NOC/AE Yero
dunkcmposannce 4% pactsopom dopmanbaernaa. O6paboTky maTepuana npoBOAMAWN B
NabopaTopHbIX YCNOBUAX MO 0OLLENPUHATHIM METOAMKAM C MCMONb30BaHMEM MUKpockonos MBC-
10, MC-300 n cooTBeTCTBYIOWMX onpeaennteneit [3-5]. Bcero 6bi10 06paboTtaHo 25 npob.

OLEHKY YPOBHA KOPMHOCTM BOoZl0eMa Mo r’MApobMOHTamM NpoBOAMAM B COOTBETCTBMM C
knaccnduraumen C. M. Knutaesa [6].

PesynbTaThl uccnenoBaHWin.B nepumoa BeceHHMX wuccnegosaHmin 2025 1. B cocTaBe
MaKpo300beHToca BOAOXPaHWAWLLA BblABAEHO 15 TaKCOHOB 6eCcno3BOHOYHbIX: IMYUHKM
xMpoHommna (12 TakcoHoB) M mm3uabl (2 BmAa).OceHbld NpPeacTaBAEHHOCTb  AOHHbIX
6ecno3BOHOYHbIX CHM3KAACh A0 11-TM:0TMeYeHO BCero 5 BUAOB XMPOHOMKA, YepBM onmroxeTbl (1
TAaKCOH),pakoobpasHble (3 BWAA), TaKKe OblAM AUMYMHKM OabouyHMUbl (1 TaKCOH) M Myx-
6eperosyliek (1), BKAOUEHHbIE B TPYnny «Apyr1e Hacekomble» (Tabauua 1).
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Tabnnua 1— TaKCOHOMWYECKMM COCTaB MBCTPEYAEMOCTbOPraHM3IMOB Makpo3oobeHToca
LapaapWHCKOro BogoxpaHmama no cesoHam, 2025 rof,

BcTpeyaemocTb
anpesnb ‘ ceHTAGPb

No TaKcoH

Vermes — Yepsu
1 |Oligochaeta gen. sp. - | +
Crustacea — PakoobpasHble

2 |Paramysisintermedia(Czerniavsky, 1882)
3 | P. lacustris(Czerniavsky, 1882)
4 |Macrobrachiumnipponense(De Haan, 1849)—larve -
Insecta— Hacekomeble
Chironomidae — XupoHomuap!
5 |Procladiusferrugineus(Kieffer, 1918) + +
6 |Cricotopusgr.sylvestris(Fabricius, 1794) + -
7 |Tanytarsusgr.gregarius(Kieffer, 1909) - +
8 |Cladotanytarsusgr.mancus(Walker, 1856) + +
9 |Cryptochironomusgr.defectus(Kieffer, 1913) + -
10 |Glyptotendipesgripekoveni(Kieffer, 1913) + -
11 |Chironomusex. gr.plumosus(Linnaeus, 1758) +
12 |C. dorsalis(Meigen, 1818) +
13 |Endochironomustendens(Fabricius, 1775) + -
14 |Limnochironomusnervosus(Staeger, 1839) + -
15 |Polypedilumconvectum(Walker, 1856) + -
16 |P. scalaenum(Schraenck, 1803) + -
17 |Chironomussp. + -
Other insecta — Jpyrne Hacekomsble

18 |Ephydra sp. -
19 |Psychodidae gen. sp. -

NToro 3a ce3oH: 15 11

Bcero: 19

CHMXKeHVe NpeaCTaBNEHHOCTM Oecno3BOHOYHbIX B MEMKCE30HHOM acCMeKkTe, CBA3aHO C
yMeHblleHnem 6nopasHoobpasma NMYMHOK TeTepOTOMHbIX HACEKOMbIX (BblNIE€TOM W3 BOAHOM
cpefbl), a Takxe BblegaHMemM KX pblbammn-b6eHTodaramm, KOHLEHTPALMA KOTOPbLIX MPU Masom
obbeme BOAOXPaHMANLLA (COKpaLLEHME aKBAaTOPUM BOAOEMA) YBENMUYNBANACD.

Hanbonee 4acto 13 ANYNHOK XMPOHOMUA, BecHOM oTmedeHbl C. plumosus (100%) nC. dorsalis
(57%), a Takxke muanablP. intermedia w P. lacustris(no 100%).0ceHbto Ha 5-1 MccnenoBaHHbIX
CTaHUMAX YacTo oTMeyeHbl Yepsn Oligochaeta gen. sp. (60%), xupoHomuabl C. plumosus n C.
dorsalis(no 60%), n AMYMHKMMYX-beperosyllek Ephydra sp.(80%).

3HaYeHMA  KONMYECTBEHHbIX  MOKasaTenel  COCTOAHWMA  AOHHOro  coobuiecTsa
6ecno3BOHOYHbIX BECHOMObIAN Bbille, OTHOCUTENbHO OCeHU(pucyHok 1).B coctaBe obuiel
YMCNEHHOCTU M BUomacce Makpo3oobeHToca AOMUMHMPOBAN XMPOHOMMAbLI — COOTBETCTBEHHO
87% wn 71,5%. Tpoduyecknin CTaTyC BOAOXPAaHWAULWA, OLEHEHHbIN NO CpeaHEeMY 3Ha4YeHMUto
6romacchl 3006eHTOCa, COOTBETCTBOBA A-Me30TPOGHOMY TUMY YMEPEHHOM KOPMHOCTU([6].
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PucyHoK 1 - MpocTpaHCcTBEHHOE pacnpeaeneHneymcieHHoOCTM U bruomacckl beHTodayHbI
LapaapnHCKoro BogoxpaHmaunia, anpens 2025 roaa

PacnpegeneHme  4UYMCAEHHOCTM UM BUomaccbl  Makpo3oobeHToca Mo ydacTKam
apaapuHckoro BogoxpaHuamia B 2025 r. HepaBHoMepHO. MakcuMmasibHan YmMcieHHocTb (877
3K3./M?) n 6uomacca (5,24 r/m?) [OHHBLIX 6ECnO3BOHOYHBIX XapaKTepHbl A8 LEeHTPasbHOro
y4yacTKa, rae Amampyrollee nOAOKEHWE 3aHUMANMXMpPOHOMMAbI, cocTanAa 86,7 n 68,5%
COOTBETCTBEHHO. bonee 73,6% OMomaccbixupoHoMua GOpMMPOBanacb anMdnmHKamm Ch.ex.
gr.plumosus. 3HayeHMe OMOMAcCCbl JaHHOrO y4yacTKa, OLEHWBAETCA «CPeaHMM» K/1aCCoM
TpodHocTM.Mpn HU3KNX noKasaTenax YNC/IEHHOCTH 3006eHTOCa B BEPXOBbE
BOZIOXPaHUAMLLE,6MOMacca KOPMOBbIX OPraHM3MOBHAXOAMMAACb MOYTM Ha YPOBHE3HAYEeHUs
CpeaHero y4yacTka, YTo BO3MOXKHO CBA3aHOC BCTPEYAEMOCTbIO B Npobax KpynHopasmepHbIXCh.ex.
gr. plumosus.

B nepuoa OCEHHWUX MUCCAeA0BaHMIA,MAOWAAb aKBAaTOPMM BOAOXPaHMAMLLA MNpeTepnena
bonblume um3meHeHuAa. OcCylWMAMCb [ABa y4YacTKa BoJoeMa (LEeHTPanbHbIn WU BEPXHWUI).
Becno3BOHOYHbIE OblIM OTMEYEHb! NMLIb B NMPUNAOTMHHOW YaCTW BOAOEMA, YUCAEHHOCTbO 240
3K3./M? 1 Briomaccorn0,87 r/m? (PUCYHOK 2).

« 300 1
E ]
= 250 =08
= =
7. 200 .
2 s 0,6
5 150 S
g = 04
= 100 S
) = 0.2
S 50 = 0,
=
=0 0
BepX. y4. WEeHTP. y4. HUAKH. y4. BEpX. y4. UCHTP. yH. HMGKH. Y.
OJINroxeThl B XHpOHOMHUABI Onuroxerobl H XvpoHoMuAb!
] PaKooﬁpa;;H],]e B Jlpyrue HaceKOMble H Pakoobpa3sHble B lpyrue HaceKomble

PucyHoK 2 - MpocTpaHcTBEHHOE pacnpeaeneHmne YNcaeHHoCTH M Gruomacchl beHTodpayHbl

LlapaapuHcKoro BogoxpaHuaunia, ceHtabpb 2025 roaa

B co3maHMM AaHHbIX MOKasaTenel Wrpaan, Kak W BecHoW, xupoHomuabl (60,8%
ymcneHHoctTn n 54,0% 6uomaccsl). Cy6aoMUHMPYIOULEE MONOMKEHME 3aHMMANIM HACEKOMbIE,
BKAKOYEHHbIE B rpynny «apyrme», coctasmBwme  23,3% umcneHHoctm un 33,3%
H6romaccbl.OCHOBHOM BKMaZ B (GOPMMPOBAHME 3TOrO MNOKa3aTena BHOCUMAMAMYUMHKA  MyX-
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b6eperosywek Ephydra sp.(85,7% umcneHHoctn n 89,6%). MNokasaTenb GUoOmacchbl KOPMOBOTO
3006eHTOCa WlapaapuHckoro BogoxpaHuauwa B 2025 r. B CE30HHOM achneKTe CHMXeH OoT
«YMEPEHHOrO» A0 «O4EHb HWU3KOTO» K1acCa KOPMHOCTY.

BoiBog. B uenom, 6enHoe pasHoobpasme BMAOBOrOCOCTaBa WM HWU3KME 3HAYeHWA
KO/NIMYEeCTBEHHbIX MOKa3aTenen makposoobeHToca 0bycn0BAEHbI HEMOCTOAHHbIM YPOBHEM BOAbI B
LlapaapuHcKkom BogoXpaHuaumue, T.e. COPOCOM BOAbI HA MPPUraLMOHHbIE LieNn, Bbi3blBatoLLee
0obCbIXaHMEe MEeNKoBOAMW, Hambonee NPOAYKTUBHbLIX 30H Bogoema (mornbaetr peoduabHaa wu
dutodmnbHas dayHa). Bcneactsme peskoro nageHWs ypoBHA BOAbl, OCylleHMABONbLIen YacTu
aKBAaTOPUM BOAOXPAHUAMLLA, MPOUCXOAMT COKpalleHMe MNAOWAAN,BEeAYLLEEK CHUKEHUIO ee
obbema M Kak CneacTBue, K POCTYy KOHUEHTpauum pblb, 4TO CnocobCTByeT WHTEHCUMBHOMY
BbleJaHNI0 KOPMOBbIX TMAPOOUMOHTOB N YMEHbLLEHMIO BUOMACChl AOHHbIX 300LEeH030B(7].

CMMUCOK NUCMO/1b3OBAHHbLIX UICTOYHNKOB:
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PbI6ONPOAYKTUBHOCTUPLIOOXO3AMCTBEHHbIX  BOAOEMOB  W/MAM  MX  Yy4acTKOB, pa3paboTKa
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KILLI APAN TEHI3IHAETT ThIPAH BAJTbIFbI
NONYNAUMACBIHBIH KA3IPTT HKAN KYWI

CAPUEBA AKEPKE ABN/IXAHOBHA
KiLLi FbI/IbIMW KbI3METKep M.a., «basiblK WapyaLbl/iblfbl fbl/IbIMU-6HAIPICTIK OpTaiblfbl»
HLUWC, Apan ¢unmnansl, KazaxctaH, Apan K.

AHpaaTtna. Makanaaa Kiwi Apan TeHi3iHAeri KaCinwinik MaHbi3bl }KOFapbl ThipaH OanblfbIHbIH,
(Abramis brama, Linnaeus, 1758) BUONOTUANBIK epeKLIeNiKTePi MeH NOMNyAALUMANbIK KYPbIIbIMbI
KapacTblpblaFaH. TeHi3 Cybl Ty34blablfbiHbIH ToMeHaeyi 6anblKTapAblH, MeKeHAey apeasiblHblH,
Y/IFaloblHA OH, 9CEPiH TUrisreHi aHblKTanabl. 2020-2025 Xblngap apanblfblHOAFbl KOMKbINABIK
3epTTey AepekTepi HerisiHAe TbipaHHbIH, Y3blHAbIK-Ca/IMaK KOPCETKIWITEPIHE, *KaCTbIK KypambiHa
OHEe ecy AMHaMWKacCblHa KelleHAai Tangay Kyprisinai. 3epTrey HaTuxKenepi nonynaumanarbl
B6uoorMANbIK, NapameTpaepdid, KybbiimanbinbiFbiH cunattan, Kiwi Apan TeHisiHgeri TbipaH
KOPbIHbIH, Ka3ipri skal-KyniH baranayra MyMKiHAIK 6epai.

Tyhinai cesgep: ToipaH, Kiwi Apan, nonynauma, y3biHAbIK-CaIMaK, *aCTblK Kypam, TbipaH.

Kipicne. Apan TeH,3i XX facbipZiafbl H,ipi 3KONOrMANLIK anaTTapabliH 6ipi 60abin caHanaabl.
omyaapua meH Cbipaapua e3eHAEPIHIH Cy pecypcTapblH Cyapmaibl eriHLWinikKe wamaaaH TbiC
nanaanaHy HaTMXKeciHAe TeHi3 AeHreni KypT TemeHaen, cy anapiHbl bGipHelle oKllaynaHfaH
beniktepre GeniHai. byn e3srepictep cy alablHAAPbIHbIH, TMAPONOTUANBIK PEXMMIHE, CyAbIH,
MUHEPanAaHYbIHA SKaHe CYy SKOXKYMenepiHiH bruonornansik apTypainiriHe eneyni acep eTti. COHbIH
CanziapbiHaH KeNnTereH KacinTiK MaHbi3bl 6ap OanblK TypAepiHiH, Tapany aMmarbl KbiCKapbIm,
ONapAblH, NONYAALMANBIK CaHbl anTapablKTalk TomeHaeai [1,2].

2005 kblnbl Kekapan bereTiHiH, naganaHyra 6epinyi Kiwi Apan TeHi3iHiH, TMapoaornsaablK
afdalblH TypaKTaHAbIpyFa MyMKiHAIK 6epai [3]. Cy AeHreniHiH KeTepinyi MeH MMHepandaHyablH,
TOMEHAEYi HITUKECIHAE Cy IKOXKYMeCiHIH Tabusn Kafgannapbl BipTiHAen »Kakcapa bacTaabl. byn
@3repicTtep KacinTik MaHbI3bl 6ap 6anblk TYPAEPiHiH, COHbIH ilWiHAe ThipaH OanblfbiHbIH A3 TaOUFK
KebetoiHe KaHe NoNynaUMAIbIK KOPbIHbIH KannbiHa KenyiHe OH acep eTTi.

TelpaH (Abramis brama,Linnaeus, 1758) — HerisiHeH cy TybiHAeri opraHuamaepmeH
KopeKTeHeTiH BanbliK Typi. OHbIH KOPEKTEHY CNEKTPI KEH, *KaHe XKacblHa, TIpLWINiK eTy opTacbliHa, Cy
TemMnepaTypacbiHa KaHe KOpeK opraHM3mAepiHiH, MaycbiMAablK TapanyblHa BalnaHbICTbl ©3repin
oTblpaabl. ac gapakTapbl KebiHece 300MNaHKTOHMEH KOpPEeKTeHce, epecek JapakTapAbiH
KOoperiHae XMpoOHOMWATEP AepHacinaepi, 6acka Ja cy »KaHAIKTepi, ycak wasaHTapi3ginep,
MONtOCKaNap, ©CiMAiK TEKTI KOPEK NeH AeTPUT MaHbi3abl OpbIH anabl. TeipaH HGanblFbiHbIH, ipi
[apakTapbl Kenbip Karoannapaa (KopekTik 6a3a KeTkinikciz 6onfaHaa Hemece KOCbiMLLIAa Kopek
peTiHae) ycak banbiKTapdbl Aa Kopek peTiHae nanganaHa anaabl [4]. ToipaHHbIH Kebeto TUiMmainiri
Cy TemnepaTypacbl, Cy AeHreMiHiH, TYpPaKTblAblFbl, afblC *Kafdalbl KIHE YbIIAbIPbIK LIALLYFA
KOoNannbl cybcTpatTbiH, 60ybiHa GalnaHbICTbl. Dcipece Tana3, Cy OCIMIKTEPI KaKCbl AamblfaH
yyackenep TypaiH Tabufn kebetoi MeH NONyNAUMACBIHbIH, TONbIKTbIPbIAYbI YLWiH MaHbI3abl 60bIN
Tabbinaabl. Kiwi Apan TeHisiHAe TbipaH KaCinTiK aynayaa MaHbi3abl 0pbiH anadbl. COHAbIKTAH OHbIH,
NONyNAUMACBIHbIH,  Kasipri KafaanblH, OWMONOTMANBIK KOPCETKIWTEPIH KaHe KeMXKblAAblK,
OMHAMMKACbIH 3epTTey Hanblk KOop/iapbiH TMiMAI 6acKapy KaHe onapAbl YTbiMAbl NainganaHyabl
FBINBIMM - TYPFblAaH  Herisgey yuWwiH MaHbi3gsl. 3eptrey KasakctaH Pecnybauvkacbkl  Aybin
LIApYyaLWblNblFbl MUHUCTPAITIHIH,
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Banblk  Wapyalbiablfbl  KOMUTETI  KapKblnaHaplpaTtbiH  021-100-159  6roaXKeTTik
Hbarnapnamachl «*aHyapnap AyHMECIHIH pecypcTapbliH CakTay, ©CiMiH MOMANTy KaHe YTbiMApbl
nanaanaHy *KeHiHaeri KbiameTTep» WweHbepiHae opbiHAANAbI.

MaTepuan }aHe agicteme. VIXTMONOTMANbIK MaTepManaapabl X1MHay, eHaey XKaHe Tangay
annbl KabblngaHfaH NXTUONOTUANBIK 3EPTTEY aicTeMenepiHe calkec »yprizingi [5, 6]. KacinTik
MaHbI3bl 6ap 6anbik TypaepiHiH, COHbIH iWiHAe TbipaHHbIH, (Abramis brama,Linnaeus, 1758),
YbIZIAbIPLIK, Wally KoHe Tabuin Kebeto epekweniktepiH 3eptrey A. @. KobauuKas yCbiHFaH
aaicteme 6oMblHWa *Kyprizingi [7]. banbikTapablH, *KacblH aHbikTay H. W. YyryHoBa aaictemeciHe
comKec xy3ere acbipblngpl [8]. MXxTMonornsanbik matepuangap Top KesiHiH, enwemi 18-90 mm
bonatblH Kypma aynapAablH, KemerimeH »KuHanabl. KongaHblaFaH aynapdblH y3blHAbIFLI 25 Mm,
BuikTIri 2 m 6onapl. AynaHraH 6anbiKTapablH, TYPAIK KYPambl aHbIKTabIM, Heri3ri OMON0rmanbIK,
KepceTKiwTepi — y3blHAbIFbI, AEHE Ca/IMafbl, KaCbl XSHE bIHbICTbIK Kypambl — Oenrinexa,.
AnblHFaH MaTepuangap 3epTTey MaKcaTTapblHa CalKec api Kapal Ouonorvanbik Tangaydad
eTKi3inaj.

Hatuxenep »oHe Tangay. Kiwi Apan TeHisiHae 2020-2025 »blngap apaiblfblHAa
KYPri3inreH 3epTreynepain, HaTuKenepi 6oMbIHWA TbipaH NONYAALUMACBIHbIH, HETi3ri BUONOTUANDIK,
KepceTKilTepiHae anTapabikTal e3repicTepi 6oafaHbl aHblkTanabl. 2020 Kbl/bl ThIPaHHbIH OpTaLla
AeHe y3biHAbIFbl 24,6 cm, opTawla geHe canmasbl 310,0 1, OynbToH 6OMbIHWA KOHAbIAbIK,
KoaddmumenTi 2,20, an opTalla kacbl 5 »acTbl Kypadbl. 2022—2023 *Kblagapbl 64WEMIIK XKaHe
Ca/IMaKTbIK KepCeTKilTepaiH, sKoFapbliaraHbl balkanabl. ATan anTkaHaa, 2022 »Kblabl opTalla
y3blHAbIFbI 25,1 cm, canmarbl 391,8 r 6osica, 2023 Kbl/ibl OCbl KOPCETKIWTEP THiCiHWE 25,1 cM KaHe
404,2 r-fa »eTTi. byn KeseH 3epTTey XKblAAapblHAAFbl TbIPaHHbIH €H *KOFapbl OpTalla AeHe Maccachl
KasblNTaCKaH YaKblT peTiHae cunattanaabl. CoHbimeH KaTtap, 2020-2023 kblagapebl
NoNyAAUMAHBIH OpTalla Kacbl 5 Kac AeHreniHae TypaKTbl CakTa faH.

2024 kbingadH 6actan ThiPaHHbIH, ©AWeMAIK-CaIMaKTbIK —KepceTKilTepiHae alKbiH
TemeHaey 6arikanapl. OpTalla AeHe y3biHAbIFbI 22,1 cM-Te, an opTalla canmasbl 229,3 r-ra geniH
TemeHedi. 2025 xKbinbl TOMeHAeY YPAICi 04aH api ¥anfacblin, opTalla y3blHAbIFbl 20,3 cm, opTalla
canmarbl 185,4 r 6onapl. Ocbinanwa, 2023 KblAMeH canbicTbipfaHaa 2025 Xblabl ThipaHHbIH,
opTalla aeHe y3blHAabIFbl 4,8 cm-re Hemece 19,1%-Fa, an opTalla AgeHe canmarbl 218,8 r-Fa Hemece
54,1%-fa TemeHaereH. byn e3repictep 3epTrenreH MONyAAUMAHbIH ©AWeMAiK-CaIMAKTbIK
KYPbIbIMbIHAQ alTap/blKTall KalTa KanbiNTacy KYpreHiH kepceTedi. PynbToH 6OoMbIHLWA
KOHAbINbIK KOIPPULMEHTI 3epTTey KeseHiHAe canbiCTbipMmanbl Typae TypakTbl 60Aabl, MaHAepi
2020 *binbl 2,20, 2022 xbinbl 2,07, 2023-2024 wbingapbl 2,10, an 2025 Kbinbl 2,08 601461, AEMEK,
opTala AeHe y3blHAblFbl MEH Ca/MafblHbIH, TOMeHJeyiHe KapamacTaH, 6anbiKTapAblH, AeHe
KOHAbINbIfbl aUTaPAbIKTal ©3repmMereH.

MonynAauMAHbIH, OpTalla acbl Aa 3epTTey Ke3eHiHiH COoHblHAa e3repreH. 2020-2023
blnaapbl 6yn kepceTkiw 5 »kac 6osca, 2024 xbinbl 3 Kacka aeniH TemeHaen, 2025 xblnbl 4 xacka
KeTepinreH. OpTawa »acTblH TeMeHAeyi NMonyaauMa KypamblHAA ac AapakTapAblH YAeCiHiH
apPTKaHbIH KHE Kac KYPbIbIMbIHbIH, KaliTa Ka/biNTacy YAEepicCi *KypreHiH KepceTyi MyMKiH (kecTte
1).

Mannbl anfaHaa, kecte aepektepi 2020-2023 Kblagapbl TbipaH MNONYAAUMACHIHBIH,
elWeMIIK-CaIMaKTbIK KepPCETKIWTEPI CanbICTbipManbl TYPAE XKOFapbl api TypakTbl 6ONFAHbIH, an
2024-2025 xbingapbl onapabiH, anKkblH TEMeHOEereHiH KepceTeai. byn KeseHae opTalla AeHe
Y3bIH/AbIFbl MEH Ca/IMAFbIHbIH, KbICKapybIMEH KaTap, MONYAAUMAHbIH, OpTalla acbliHblH TOEMeHAgeYi
Halikanabl. ATanfaH esrepictepre rmaponornAbIK PEXUMHIH 83repyi, Cy Ty3blNblfbIHbIH, apTybl,
KOPEeKTiK 6a3aHblH, e3repyi, Tabur ©1iM-3KIiTiM »KaHEe KaCiMWiNiK aynay KapKblHAbIAbIFbI CUAKTbI
dakTopnap acep eTyi MyMKiH. Ananga konga 6ap gepektep Oy e3repictepi Tek Oip faHa
daKTopAblH,  acepiMeH  OalnaHbICTbipyFa  MYMKiHAIK ~ 6epmeinai. CoHAbIKTaH  TbipaH
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NONYAAUMACBIHbIH, Ka3ipri »afaalbiH bafanay KesiHae rMaposKONOrUANbIK KoHe aHTPOMNoreHaiK
daKkTOpNapAbl KeleHai TYpAe KapacTblpy KaseT.

Kecte 1- Kiwi Apan TeHisiHae 2020-2025 KblngapAafbl TbipaH MONYAAUMACBIHLIH, Herisri
buonornanbiK opTalla KepceTkiwTepi

OpTauwa OpTala PynbTOH
Hbin bolbiHLWa OpTalua *acsl
V3bIHAbIFbI, CM canmafsbl, 1
KOHAbINbIFbI
2020 24,6 310,0 2,20 5
2021 — — 2,15 5
2022 25,1 391,8 2,07 5
2023 25,1 404,2 2,10 5
2024 22,1 229,3 2,10 3
2025 20,3 185,4 2,08 4

Apan—Cbippapua bacceiHaik obabicapanblk OanblK LWapyallbliblfbl MHCNEKUMACBIHbIH,
nepektepiHe cankec, 2020—-2025 bingapbl Kiwi Apan TeHisiHae TeipaH (Abramis brama,Linnaeus,
1758) GanbifblH KaCIiMWINiK aynay KenemiHiH temeHaey TeHAeHUMACkl 6arKkanabl. 2020 Xbiabl
aynay kenemi 2735 ToHHaHbI Kypaca, 2021 »binbl 2560 ToHHafa, 2022 xbinbl 2495 ToHHafa, 2023
Mblabl 2322 ToHHafa, 2024 »binbl 1787 ToHHafa, an 2025 »biabl 1231 TOHHafa AeNiH ToMeHaereH.
Ocblnaliiia, anTbl Kbl iWiHAe Kacinwinik aynay kenemi 1504 ToHHara, AaFHK 55,0%-Fa a3anfaH. EH
ankbiH TomeHaey 2023-2025 »blngapbl banKkanbin, aynay kenemi 2322 toHHagaH 1231 ToHHafa
AeniH KbicKapFfaH. Kacinwinik aynayablH TemeHaeyiHe bipHelue e3apa bannaHbiCTbl GakTop acep
eTyi MyMKiH. OnapablH KaTapblHAa Cy AeHreni MeH e3eH afbiHbIHbIH, XKblaap 60MbiHLWa e3repyi, cy
anablHAAPbIHBIH, TMAPO3KONOTUANBIK KaFdaMbl }KoHe KOPEeKTiK 6a3aHblH TYPaKTbIblFbl MaHbI3bl
pen aTkapadbl. COHbIMEH KaTap, YbINAbIPbIK Wally Ke3eHiHae Ganblk aynayfa apHaibl TblMbim
CaNblHFaH y4yackenepae 3aHcbi3 6anbik aynay dakTinepiHiH, OpblH anybl NONYAAUMAHBIH, TabuFn
TONIKTbIPbINYbIHA Kepi acep eTyi bIKTMMan. ocipece Kebeto KeseHiHAe epeceKk AapaKTapablH,
aynaHybl MONyAAUMAHbLIH, PENPOAYKTUBTIK a/1eyeTiH TOMEeHAETIN, KeWiHr »Kblagapaafbl Kac
TONbIMAAPAbIH, KanbiNTacyblHa acep eTyi MyMKiH. Ocbl GaKToOpnapAblH, XMbIHTbIK acepi TbipaH
NONYAALUMACHIHBIH, CAHAbIK *KaHEe KaCTbIK KyPblAbIMbIHbIH, ©3repyiHe, COHAaN-aK, KaCinTiK KopAblH,
TOMeHeYiHe bIKMnan eTyi MyMKiH.

KopbITbiHAbI. ANblHFaH HaTWxKenep HeriziHae Kiwi Apan TeHisiHaeri ToipaH (Abramis
brama, Linnaeus, 1758) nonynsuMACbIHbIH, TYPaKTbI/IbIFbIH CaKTay »KaHe KaCIMTiK KOPbIH TUiMAi
Hackapy VLLUiH Keneci wapanapabl ycbiHyfa 6onaabl:

- YbIn0bipbiK wauly KezeHiHoeai Kopray wapanapsiH Kywedldmy. banbik aynayfa apHambl
TbIMbIM CaNblHFAH y4Yackenepae Oakblnaydbl KYLWEWTIN, 3aHCbI3 ayfiaydblH andblH any Kaker.
9cipece kebeto Ke3eHjiHAe ipi *KbIHbICTbIK EeTiNreH AapaKkTapabl KOpFayFfa epekLle Ha3ap ayaapfaH
KOH.

- [udponoausneik Hardalidsl eckepy. TbipaHHbIH Kebeti MeH KOpeKTeHyiHe Konamnbl
afdannapabl cakTay vwiH Kiwi Apan TeHi3i MeH AenbTanblK Kengep KymeciHe TyceTiH cy
KBNEMIiHIH MayCbIMAbIK TYPAKTbI/bIFbIH KAMTaMacChI3 €Ty MaHbl3bl.

- Kacinwinik aynay KbicbiMblH 6afranay. Aynay KenemiHiH, 2020-2025 »Kbingapbl
TOMEHJEYiH eckepe OTbIPbIM, KaCINTIK KOpAblH, Ka3ipri »kafgalblH KaiTa Oafanay KoHe aynay
KaPKbIHAbIbIFbIH MONYAAUMAHBIH HaKTbl OMONOMMAIbIK MYMKIHAITIHE CIMKeCTeHAIpY.
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Abstract: This paper will investigate potential applicability of the developed high-level Spatial
Grasp Model and Technology (SGT) with its basic Spatial Grasp Language (SGL) to express and
manage complex systems of very different physical, virtual and mental dimensions as a whole. It
briefs main SGT issues, SGL interpreter organization, and the capability to work with any
distributed spaces and systems. Then describes basics of the multidimensional management
project, currently in development, with its general issues and extended spatial interpretation. The
paper introduces basic multidimensional operations which allow for flexible and unrestricted
movement inside, through, and between dimensions and provide solutions of any problems in
their unity and integrity. It exhibits a multidimensional world example as a large and complex
network of nodes in different dimensions and different types of inter-node links, within the same
or between different dimensions, explains different operations with nodes and then describes
multidimensional spatial moves while collecting the passed links-nodes sequences. Also describes
composition and multidimensional matching of different type patterns, including sequential,
parallel and combined ones, with the large distributed network. All multidimensional examples in
the paper are presented in the modified SGL which can often provide spatial solutions clearer and
more compact than by other models and languages. The paper results can represent the basis for
a new spatial methodology and technology oriented on advanced investigation and management
of complex multidimensional systems of any natures.

Keywords: Multidimensional world, Spatial Grasp Technology, Spatial Grasp Language, distributed
network operations, multidimensional pattern matching, collective spatial solutions, global
integrity and security.

1 Introduction

A “multidimensional world” refers to understanding reality, systems, or data through multiple,
concurrent dimensions beyond traditional three-dimensional space. It encompasses physical,
virtual, social, and economic facets, often requiring holistic, networked, and Al-driven approaches.
As its concretization, "multidimensional international world" refers to the world vision through
multiple dimensions beyond traditional economic or political measures, fostering cross-cultural
collaboration, and creating systems that balance global integration with local needs. This also
includes management of global business operations across diverse culturesin a multipolar
international landscape.

Already investigated publications on multidimensional systems include books [1-8], also papers on

concrete multidimensional applications and solutions covering such areas as conflicts, military,
security, power, politics, culture, peace, space systems, and others [9-25]. Our recent publications
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related to representation, studies, analysis, investigation and management of multidimensional
systems [26-35] may serve as the first step and basis for the current work.

The aim of this paper is to offer a concrete and practical framework, with potential goal as
technology, for efficient representation, investigation and management of complex
multidimensional systems of different natures, which can lead to innovative ideas and effective,
even unexpected, solutions within the unity and integrity of various physical, virtual, and mental
dimensions.

The rest of the paper includes the following. Section 2 briefs Spatial Grasp model and technology
issues, Spatial Grasp Language, its interpreter organization, and ability to work with any distributed
spaces and systems. Section 3 describes principles of the multidimensional management project
including its general issues and extended spatial interpretation. Section 4 introduces basic
multidimensional operations, from elementary to extended, which allow for free movement inside
and between dimensions and solve problems in their unity. Section 5 provides multidimensional
world example as a complex network of nodes in four dimensions and links between them in same
or between different dimensions, also shows examples of dealing with multidimensional nodes
and moves while collecting sequences of passed nodes and links. Section 6 describes preparation
of different sequential, parallel and parallel-sequential networked patterns and their
multidimensional matching with the network. Section 7 concludes with the belief that this paper
may be used as the basis of new spatial technology for investigation and management of complex
multidimensional systems. References represent publications on multidimensional systems
including the ones directly related to the current project.

2 Spatial Grasp Model and Technology Basics
e General issues

Within Spatial Grasp Model and Technology (SGT) [36-48], a high-level operational scenario
expressed in recursive Spatial Grasp Language (SGL), starting in any world point or points,
propagates, covers, and matches the distributed environment in parallel wavelike mode. as
symbolically shown in Fig. 1. Such propagation can result in returning and analyzing the reached
states and data (which may be arbitrarily remote) to be used for launching more waves, also jointly
in both cases.

f;gt‘;\ Start 2
((’(@\

N
~

Fig. 1. Parallel recursive world propagation and coverage

The distributed worlds this model is effectively covering, conquering and managing may be of
different types: Physical World (PW), considered as continuous and infinite where each point can
be identified and accessed by physical coordinates; Virtual World (VW), which is discrete and
consists of nodes and semantic links between them, and Executive World (EW), consisting of active
doers, which may be humans or robots, with advanced communication possibilities between
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them. Different kinds of combinations of these worlds can also be possible within the same SGT
formalism.

e Spatial Grasp Language (SGL)

The SGL allows for organizing direct space presence and operations with unlimited powers and
parallelism. Its universal recursive organization, with operational scenarios called grasp, can be
expressed just by a single formula:

grasp —> constant | variable | rule ({ grasp, })

The rule expresses certain action, control, description or context accompanied with operands,
which can be any grasps too. Other top SGL details can be expressed as:

constant > information | matter | custom | special

variable >  global | heritable | frontal | nodal | environmental

rule - type [ usage | movement | creation | echoing [
verification | assignment | advancement | branching |
transference | exchange | timing | qualifying

The rules, starting in certain points, can organize navigation of the world sequentially, in parallel,
or any combinations thereof. They can result in the same application points or cause movement
to other world points with obtained results left there or returned. The final points reached can
become starting ones for other rules. The rules, due to recursive language organization, can form
arbitrary operational infrastructures expressing sequential, parallel, hierarchical, centralized, up
to fully decentralized and distributed algorithms.

= SGL interpreter organization

The SGL interpreter consists of specialized modules working with specific data structures, serving
SGL scenarios, also organizing exchanges with other interpreters for distributed scenarios.
Communicating SGL interpreters can be in arbitrary number of copies effectively integrated with
other existing systems and communications, representing altogether powerful spatial engines
operating without central resources or control. Hardware or software SGL interpreters, shown in
Fig. 2 as universal control and processing units effectively working with spatial graph and network
data, can be installed, also runtime created, in proper physical or virtual world points.

Scenario 3
Scenario 2

Scenario 1

nul:l> -------

\ Physical
Virtual nodes SGL interpreters nodes

Fig. 2. SGL distributed networked interpretation
As backbone and nerve system of the distributed interpreter, its self-optimizing Spatial Track

System provides hierarchical command and control, as well as remote data and code access. It
supports spatial variables, which can be stationary or mobile, and merges distributed control
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states for making decisions at different organizational levels. This spatial infrastructure, effectively
supporting global integrity of distributed solutions, is automatically distributed between active
components (humans, robots, computers, smart-phones, satellites, etc.) during SGL scenario self-
evolution in space and time.

e Covering any distributed spaces and systems

This model and technology can effectively investigate and manage any distributed spaces and
systems, with multiple individual or interacting SGL scenarios freely propagating throughout the
multidimensional universe. The latter potentially consisting of numerous individual or interlinked
worlds Wi (as symbolically shown in Fig. 3), each ranging from individual physical points or virtual
nodes to arbitrary large continuous spaces or complex networks.

W3
w2 w4

A==

b jmm

——p 1 -~

-
w1 - \
& // \ ]
~ Vet
Y a \ \ g
\y
Entry -
/ —
W5 W6 w7

Return A

v | Eny
2

\
\
\
==

\
\
<
ws

Fig. 3. Parallel space coverage and propagation in multiple worlds
3 Multidimensional Management Project
e General issues
The general view of this project organization is depicted in Fig. 4, which consists of overlaying and

communicating spatial dimensions, and Global Management (GM) system allowing for entering,
analyzing, and optimizing different dimensions and their interactions as the unified whole.
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09/}_\6/\<
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Fig. 4. Multidimensional management system
Fig. 5 shows some ideas of how different dimensions (here symbolically as planes) can be

organized and interconnected, with direct contacts of versions of the same nodes in different
dimensions.
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\.O/;; D3

Fig. 5. Interactions between dimensions

The directed arrows between same node versions reflect remaining or changing superiority
between same named nodes in multidimensional integrity. Dashed non-oriented links show that
all node versions are generally equivalent in importance throughout the multidimensional system.
In each dimension different nodes may form arbitrary complex networks reflecting their type,
ideology and operation, which may also depend on interactions with nodes in other dimensions.

e More spatial interpretation

Different dimensions may be arbitrary complex multidimensional organizations and structures and
not just like symbolic planes as in fig. 5. For example, some dimensions can be symbolically
represented like  3d
cylinders, as in Fig, 6.

Fig. 6. Another view of multidimensional system

And general project organization, as further detailed of Fig.6, may include spatial dimension
sections (as D1, D2, D3, and many more may be engaged), organization of intra-dimensional
solutions (1), inter-dimensional operations and exchanges (2), and over-dimensional global
control and optimization, GCO (3).

Different dimensions in reality may occupy any terrestrial and celestial spaces in both physical and
virtual worlds, and reflect very complex and unique components and organizations. And multiple
dimensions with different physical, virtual, historic, or imaginary nature may ideologically and
spatially intersect and overlap, as symbolically shown in Fig. 7 for D1-D6.
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Fig. 7. Intersecting and overlapping spatial dimensions
4 Multidimensional Operations and Capabilities
e Elementary operations

The following examples show how to enter different dimensions, solve problems in them, and how
to move between dimensions within the multidimensional project briefed in the previous section.

Entering any dimensions from GM can be done by operation enter, reaching certain points there,
and organize operations from them may look follows.

Entering particular dimension:
enter(security)

Entering different dimensions in parallel:
enter(security, economy, social, ...)

Simultaneously entering all registered dimensions:
enter(all)

After entering the needed dimensions and starting in certain points in them, we can launch there
operations of any volume, coverage, and complexity:

enter(economy, social, ...).; hop(name_1, ..., name_n); <operate> or

enter(geography); move(coord 1, ..., coord _m); <operate>

But if staying in a particular node or coordinate in some dimension and eager to directly transfer
activity into similar point (or points) in other dimensions (if such exist) and operate there too,
possibly in parallel (i.e. without engagement of GM or GCO of Figs 4 and 6) we may use the special
through-dimensional operation shift as follows.

<staying in a point>; shift(Economic, Technological, ...); <operate>

e Extended possibilities

Working with different dimensions can be also coordinated in spatial scenarios by special mobile
(frontal) variable DIMS keeping names of dimensions this scenario is scheduled and allowed to
penetrate, navigate, and follow. And these scenario identifiers can be set up and updated in this
variable any time by the scenario itself. This means that the evolving scenario can autonomously
follow, change, and split into different virtual and physical dimensions at any stage of its
development, and this can be even done in parallel if DIMS keeps multiple dimension names. All
this may result in advanced multidimensional world coverage and processing and potentially lead
to innovative and even unexpected discoveries and solutions.
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Another, stationary, variable DI associated with individual nodes in different dimensions reflects
belonging of the node to this particular dimension, and together with the node name can be
registered for all dimensions it may belong as follows:

NAME =X, DI =[1,2,3]

Accessing this node simultaneously in different dimensions can expressed just as: X:[1,2,3]. The
following are some examples.

hop_node(X)
This, without mentioning dimensions, will result in simultaneous entering this node in all its
registered dimensions, i.e.: X:1, X:2, X:3.

Same will be with explicit mentioning its all dimensions:
hop_node(X:[1,2,3])

However, entering a multidimensional node only by some of its dimensions, like:
hop_node(X:[1,2]), will result in: X:1, X:2

Also, entering a node in concrete dimensions can be organized by using current scenario
dimensions in DIMS (the entered node variants will be on intersection of all node’s registered
dimensions and those in DIMS):

DIMS =[2,3,4,5]; hop_node(X)

This will result in: X:2, X:3

Simultaneous mentioning dimensions in DIMS and those with the node name will be on their
intersection too:

DIMS = [2,3,4,5]; hop_node(X:[1,2])

Will result only in: X:2

5 Multidimensional World Example

e United world picture
Fig. 8 is showing an example of a united network of the 4-dimensional world, where different
nodes (i.e. A,B,C,D,E,F,K,J,T,UV) can exist at the same time in different dimensions (their
identifiers from 1 to 4). Named connections between nodes in the same dimensions are shown by

same type and color links, while existing connections between nodes from different dimensions
are with colorless double links.
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Fig. 8. An example of multidimensional world
From Fig. 8 we have the following:

Dimension 1: AB,C,D; Dimension 2: AB,E,F,K; Dimension 3: CJ,T,F,UV; Dimension 4: J,
A,B,C,K)V;
Inter-dimensional links: 1-2, 2-4, 3-4, 2-3

e Examples of dealing with nodes

Collecting all existing node names without entering them in different dimensions:
DIMS = none; output(nodes(all))
Result: (A,B,C,D,E,F,K,J,T,U,V)

Collecting all existing node variants in all registered dimensions after entering them:
DIMS = all; output(hop(nodes(all)))

Result: (A:1, A:2, A4, B:1, B:2, B:4, C:1, C:3, C:4, D:1, D:4, E:2, F:2, F:3, K:2, K:4, J:3, J:4,
T:3,U:3,V:3,V:4)

Reduced solution with naming only concrete dimensions:
DIMS = [2,4]; hop_nodes(all)
Terminated in: A:2, A:4, B:2, B:4, C:4, D:4, E:2, F:2, K:2, K:4, J:4,V:4

One more:
DIMS = 1; hop_nodes(all)
Resultin: A:1, B:1, C:1, D:1

Collecting and returning all node copies with their dimensions:
DIMS = 4; output(hop_nodes(all))
Result at start: (A:4, B:4, C:4, D:4, K:4, J:4, V:4)

Using concrete node names

DIMS = [1,2,3]; hop_nodes(A,B,C)
Terminated in: A;1, A;2, B:1, B:2, C:1, C:3
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Returning copies of named nodes from dimensions mentioned in DIMS:
DIMS = [1,2]; output(hop_nodes(A,C))
Result issued at start: (A:1, A:2, C:1)

Returning copies of named nodes with explicit dimensions, to be approved by DIMS:
DIMS = [1,2]; output(hop_nodes(A:2,C:1))
Result issued at start: (A:2, C:1)

e Multidimensional hops through named links with the reached nodes collection

Starting in named nodes in certain dimensions, making single hops through concrete links to
updated dimensions, and returning the reached node variants:

output(DIMS = [3,4]; hop_nodes(J, F, V);
DIMS = [2,4]; hop_links(c3, c8, c9))

Result issued at start: (E:2, K:2, D:4)

This is for repetitive movement from all nodes in the given dimensions through a sequence of
named links, the results issued in final nodes (as their names and dimensions). The solution
prevents possible cycling by special marking of the passed nodes.

frontal(Links) = (c1, c4, c5, c6, ¢6, c3, c3, c8, c9, c9);
DIMS =[1,2,3,4]; hop_nodes(all);
repeat(hopfirst_link(withdraw(Links, 1)));
output(NODE)

Result will be: K:2, as the only solution.
e Multidimensional moves through the links sequence with full trace collection

Moving trough the given sequences of named links and obtaining the resultant sequence of
passed node names with their dimensions, providing the output in final nodes:

frontal(Links = (c1, c4, c5, ¢6, c6, c3, c3, c8, c9), Nodes);

DIMS =1[1,2,3,4]; hop_nodes(all);

repeat(append(Nodes, NODE);
hopfirst_link(withdraw(Links, 1)));

output(Nodes)

Resultissued in V:3: (A:1, B:1, D:1, K:2, F:2, E:2, J:4,T:3, U:3, V:3)
Resultissued in C:4: (A:1, B:1, D:1, K:2, F:2, E:2, J:4, T:3, U:3, C:4)

Output of full results at the start including the links passed, which are returned from all final
nodes:

output(

frontal(Links = (c1, c4, c5, c6, c6, c3, c3, c8, c9), Chain);
DIMS =[1,2,3,4]; hop_nodes(all); Chain = NODE;
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repeat(hopfirst_link(withdraw(Links, 1));
append(Chain, PASSED); append(Chain, NODE));
Chain)

Result issued at start (returned from final nodes V:3 and C:4):
((A:1, c1,B:1, c4,D:1,c5,K:2, c6,F:2, c6,E:2, c3,):4, c3,T:3, c8,U:3, c9,V:3),
(A:1, c1,B:1, c4,D:1,c5,K:2, c6,F:2, c6,E:2, c3,J:4, c3,T:3, c8,U:3, c9,C:4))

6 Patterns and Pattern Matching

We will consider here different examples of representation of spatial patterns and their matching
with multidimensional world of Fig. 8, where patterns may themselves be multidimensional.

6.1 Sequential patterns
e Sequential cyclic pattern with finding names of links between given named nodes

A structure of a simple pattern with named nodes to be matched with the multidimensional
network of Fig. 8 is shown in Fig, 9, where the direction of links (which names to be found) hint on
a possible matching order.

Fig. 9. The structure of matching pattern

The representation of this pattern and its application to the network of Fig. 8 may be organized
as follows.

frontal(Nodes = (B, F, K, D, B), Chain);
DIMS =[1,2,3,4]; hop_node(withdraw(Nodes, 1)); Chain = NODE;
repeat(hop(links(all), node(withdraw(Nodes, 1)));

append(Chain, PASSED); append(Chain, NODE));
output(Chain)

The resultant matching order is shown in Fig. 10, where at each step only the currently reached
node dimension is used for the next movement from it via the existing links.

c4
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Fig.10. Matching with finding link names between nodes

The issued result will be: B:2, c2, F:2, ¢6, K:2, c5, D:1, c4, B:1.
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More general multidimensional solutions may be where at each matching step all other
dimensions of the reached node can be engaged for the next step, with chasing all existing links
from these additional node copies too. Such extended solution (for other pattern nodes: J, E, F, U,
J) may be as follows:

frontal(Nodes = (J, E, F, U), Chain);
DIMS = [1,2,3,4]; hop_node(withdraw(Node, 1)); Chain = NODE;
repeat(hop(links(all), node(withdraw(Nodes, 1)));

append(Chain, PASSED); append(Chain, NODE);

stay, (nonempty(Nodes); shift(DIMS); append(Chain, NODE))));
output(Chain)

This matching process is shown in Fig. 11, and the solution as a sequence of nodes and links is
following (nodes and their variants directly shifted to other dimensions are in bold).

c2

D\ /— N
3) 3 _
N (B () a(d)
( { | c { )
. 3 ~_ c6 @
(2) o (2) —(2) (3)
—/ \. N/

Printed result: (J:4, c3, E:2, c6, F:2, F:3, c5, U:3, c2, J:3)
Examples of solutions for other four-node patterns may be as follows:

(A, E, F,A) 2> A:2,c7,E2,c6,F2,c2,B:2,B:1,cl, Al
(C,U,V,C) = (C4,c9, U:3,c9,V:3,V:4,c8, D4, c4, C4h

e Sequential cycling pattern for finding node names by named links between them

Such pattern is shown in Fig. 12, with solution in SGL following (where at each step only the

currently reached node dimension is used for the next step, similar to Fig. 10).
c4

Start :/'*\—’c2 & ° 5.0

_/ / N

Fig. 12. Pattern with only link names

frontal(Links = (c2, ¢6, c5, c4), Nodes, Chain);
DIMS =[1,2,3,4]; hop_nodes(all); append(Chain, NODE); append(Nodes, NAME);
repeat(hop(links(withdraw(Links, 1)); notbelong(NAME, Nodes);

append(Chain, PASSED); append(Chain, NODE); append(Nodes, NAME));
output(Chain)

The result appeared to be the same as in Fig. 10: B:2, c2, F:2, c6, K:2, c5, D:1, c4, B:1.
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e Most general pattern without names of nodes and links

Allowing any nodes and links in this most general sequential cyclic pattern shown in Fig.13, with
the use of all possible node dimensions in each matching step (similar to Fig. 11).

N

N\ ) /R R\

Start | | — f

\ 4 / /

Fig. 13. Most general sequential cyclic pattern
This can be in SGL as follows.

frontal(Nodes, Chain);
DIMS = [1,2,3,4]; hop_nodes(all); append(Chain, NODE); append(Nodes, NAME);
repeat(3)(hop(links(all); notbelong(NAME, Nodes);
append(Chain, PASSED); append(Chain, NODE); append(Nodes, NAME);
stay, (shift(DIMS); append(Chain, NODE)));
hop(links(all), node(Nodes(1))); append(Chain, PASSED & NODE);
output(Chain)

Some possible solutions:

C:4,c9,U:3,c9,V:3,V:4,c8,D:4,c4,C4
A:2,c7,E:2,c6,F:2,c2,B:2,B:1,cl, Al
K:2,c9, V:3, c9, U:3, c5, F:3, F:2, c6, K:2
B:2,c2,F:2,c6,E:2,c7, A2, A;1, cl, B:1

6.2 Parallel patterns
e Fully parallel pattern

We are beginning here with parallel pattern having known nodes and links to be found, as of Fig.
14.

D
(R
& /\I/ .
N\ |/ N\ 7O\

Fig. 14. Parallel pattern with known nodes
Solution in SGL may be as follows:

DIMS =[1,2,3,4];
hop_node(C); frontal(Branch) = NODE;
output(
and_parallel(
hop(links(all), node(T)),
hop(links(all), node(U)),
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hop(links(all), node(D)));
append(Branch, PASSED); append(Branch, NODE);
unit(Branch))

Result is graphically shown in Fig. 15, also printed at the start after receiving termination data from
the reached nodes T, U, D as of parallel branches:
(C:3,c1, T::3), (C:4,c9, U:3), (C;1, c8, D:1)
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?’\ ,</ N (D)
0 Y Z
Fig. 15. Parallel pattern solution

e Parallel-sequential pattern

A bit more complex pattern having sequential branch C-T-U with is in parallel with branches C-U
and C-D is shown in Fig. 16.
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Fig. 16. Parallel-sequential pattern
The related solution in SGL will be as follows:

DIMS = [1,2,3,4];

hop_node(C); frontal(Branch) = NODE;

output(

and_parallel(
(hop(links(all), node(T)); append(Branch, PASSED);
append(Branch, NODE); hop(links(all), node(U))),
hop(links(all), node(U)),
hop(links(all), node(D)));

append(Branch, PASSED); append(Branch, NODE); unit(Branch))

The result is in Fig. 17, printed at start as collection of parallel branches: (C:3, c1, T:3, ¢8, U:3),
(C:4, c9, U:3), (C:1,c8, D:1).
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Fig. 17. Parallel-sequential pattern solution
e Parallel converted to fully sequential pattern without known names of nodes and links

Such pattern is much more general and flexible than the previous ones, and to provide its
maximum spreading and matching flexibility and capability in a fully multidimensional
environment, it should be represented in a fully sequential order, as shown in Fig. 18 with
mentioning step numbers at links.
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Fig. 18. Parallel to fully sequential pattern solution
The implementation in SGL will be as follows.

frontal(Nodes, Chain);
DIMS =[1,2,3,4]; hop_nodes(all); Chain = NODE; Nodes = NAME;
repeat(3)(hop_links(all); notbelong(NAME, Nodes);
append(Chain, PASSED); mappend(Chain, NODE); append(Nodes, NAME);
stay, (shift(DIMS); append(Chain, NODE)));
hop(links(all), node(Nodes(2)); append(Chain, PASSED); append(Chain, NODE);
output(Chain)

Below are examples of possible solutions printed in final nodes, to be the same as nodes of number
two in their sequence (direct shifts between same nodes in different dimensions are shown in
bold):

(J:3,¢3,T:3,cl, C:3,C:4,c9, U:3,c8, T:3)
(F:2,c6,E:2,c7,A2, A:4,c7, J:4, c3,E:2)
(C:1,c8,D:1, c5, K:2,c9, V:3, Vi4, c8, D:4)
(D:1,c8,C:1,C4,c9, U:3,c8,T:3, cl, C:3)
(F:2, c6,K:2,c9,V:3,V:4,c8 D:4,D:1, c5,K:2)
(F:2, c6,K:2,c9,V:3,V:4,c8, D:4, c5,K:4)

7 Conclusions

The paper offered new methodology and potential technology how to represent large distributed
multidimensional systems of different natures and formulate and solve complex problems related
to their unity and integrity, which often cannot be understood and implemented by dealing with
dimensions separately. The introduced multidimensional pattern matching techniques and self-
evolving spatial scenarios easily covering and propagating between and through different
dimensions can inspire radically new vision and understanding of very complex systems and lead
to radically new, even unexpected, solutions. In relation to social systems, where we regularly
witness national and international problems and conflicts simultaneously connected with political,
economic, military, historical, religious and many other issues, the approach offered can help
correctly plan, address, investigate, and orient international community toward finding the
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solutions needed, which can predict and prevent poverty, illnesses and disasters, also improve
global development, prosperity and security. The updated Spatial Grasp model and language,
effectively supporting multidimensional solutions, can be easily implemented in different national
and international organizations and institutions, as was experienced for the previous versions in
different countries.

References

1.

10.

11.

12.

13.

14.

15.

16.

G. Friedman, Constraint Theory: Multidimensional Mathematical Model Management (IFSR
International Series in Systems Science and Systems Engineering Book 23) 2005th Edition,
Kindle Edition, Springer, April 20, 2006, ISBN-13 : 978-0387276502

C. Harris, Hyperinnovation: Multidimensional Enterprise in the Connected Economy, Palgrave
Macmillan, September 13, 2002, ISBN-13 : 978-0333994382

K. Ardalan, Understanding Globalization: A Multi-Dimensional Approach, Jun 30, 2014,
Routledge, ISBN-13 : 978-1412854030

J. J. Harden, Multidimensional Democracy: A Supply and Demand Theory of Representation
in American Legislatures, Nov 26, 2015, Cambridge University Press

H. Dinger and Serhat YUksel, Strategic Outlook in Business and Finance Innovation:
Multidimensional Policies for Emerging Economies, Apr 6, 2021, Emerald Publishing Limited,
ISBN-13 : 978-1800434462

C. Gopinath, Globalization: A Multi-Dimensional System, Jan 10, 2023, Edward Elgar
Publishing, ISBN-13 : 978-1803926070

X. Wang, Multidimensional Poverty Measurement: Theory and Methodology (International
Research on Poverty Reduction), Springer, May 19, 2022, ISBN-13 : 978-9811911897

L. Bai, X. Liang, et al., Spatial Multidimensional Cooperative Transmission Theories And Key
Technologies, World Scientific, Aug 24, 2020, ISBN-13 : 978-9811202476

Schiff, From Conflict Management to Multidimensional Conflict Resolution, Strategic
Assessment, Volume 23, No. 4, October 2020.
https://www.researchgate.net/publication/346080425 From Conflict Management to Mu
ltidimensional Conflict Resolution

O.P. Richmond. A Third Generation of Multidimensional Approaches to Ending Conflict. In:
Maintaining Order, Making Peace. Global Issues. Palgrave Macmillan, London. 2002.
https://doi.org/10.1057/9780230289048 6

H. Miall, Conflict Transformation: a multi-dimensional task. In: Transforming Ethnopolitical
Conflict: the Berghof Handbook. VS Verlag fir Sozialwissenschaften, Berlin, Germany, 2004,
ISBN 978-3-8100-3940-8

D. Hammond, D. Hyslop, Understanding multidimensional risks to prevent conflict, Published
on Development for Peace, March 22, 2018.
https://blogs.worldbank.org/en/dev4dpeace/understanding-multidimensional-risks-prevent-
conflict

M. Krelina, Military and Security Dimensions of Quantum Technologies: A Primer, Stockholm,
SIPRI, July 2025. https://doi.org/10.55163/2VTL1529

POLITICAL — MILITARY DIMENSION, Organization for Security and Co-operation in Europe.
https://cdn.osce.org/sites/default/files/f/documents/6/4/14050.pdf

Mai'a K. D. Cross, The Military Dimension of European Security: An Epistemic Community
Approach, Millennium Journal of International Studies 42(1), September 2013.
DOI:10.1177/0305829813497821

G.C. Berkhof, Maintaining International Peace and Security: The Military Dimension,
Published online by Cambridge University Press, 21 May 2009.




«World Scientific Reports» (August 27-28, 2026). Paris, France

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

https://www.cambridge.org/core/journals/netherlands-international-law-
review/article/abs/maintaining-international-peace-and-security-the-military-
dimension/AOBFO3F809C1B5EF3CBA1B3DAB1FF39D

M. Chaturvedi, Geo-economics and geopolitics: interconnected dimensions of global power.
https://www.linkedin.com/posts/2521973 geoeconomics-geopolitics-globalpower-activity-
7426452596967530496-7Ybl

M.-C. AOUN, C. MATHIEU, et al. The New Dimensions of Geopolitics, 04/06/2015, Editor: D.
Sherwood, published by Cligendael International Energy Program (CIEP) and Institut francais
des relations internationals (Ifri). https://www.ifri.org/en/external-articles/new-dimensions-
geopolitics

N. Basabe, D. Pdez, et al. Cultural dimensions, socioeconomic development, climate, and
emotional hedonic level, Cognition and Emotion, September 2010, 16(1),
DOI:10.1080/02699930143000158

R. Diab-Bahman, Dimensions of Culture Available to Purchase, Book Chapter, 2024, Emerald
Publishing Limited, Doi: https://doi.org/10.1108/978-1-83549-326-720241003

F. Sharmin, M. T. Sultan, et al. Cultural Dimensions and Social Media Empowerment in Digital
Era: Travel-Related Continuance Usage Intention, Sustainability 2021, 13(19), 10820.
https://www.mdpi.com/2071-1050/13/19/10820.

Smith, P.B., Bond, M.H. (2020). Cultural Dimensions Theory. In: Zeigler-Hill, V., Shackelford,
T.K. (eds) Encyclopedia of Personality and Individual Differences. Springer, Cham.
https://doi.org/10.1007/978-3-319-24612-3 2093

S. League, Critical Infrastructure Protection-the cyber/information dimension: report on
national infrastructure coordination initiatives, Proceedings 13th Annual Computer Security
Applications Conference, 8 December 1997.
https://www.semanticscholar.org/paper/Critical-Infrastructure-Protection-the-cyber-report-
League/f8c378f47a35268de2f0c5f5a7a74f911ddb300b

G. Walles, Cyber Hygiene: The Four Dimensions of Cybersecurity, 15 Jan, 2025.
https://netnordic.com/insights/cyber-hygiene-the-four-dimensions/ .

Helene, L. Monsen, The cyber dimension of space systems — an analysis of offensive cyber
operations targeting space infrastructure, FFI-Report 2024.
https://www.ffi.no/en/publications-archive/the-cyber-dimension-of-space-systems-an-
analysis-of-offensive-cyber-operations-targeting-space-infrastructure-
8137164344218050358

P.S.Sapaty, SELF-RECOVERING NETWORKS UNDER SPATIAL GRASP TECHNOLOGY,
Mathematical Machines and Systems. 2025. Ne 1, DOI: 10.34121/1028-9763-2025-1-32-41
P.S.Sapaty, Managing Multidimensional International World with Spatial Grasp Model,
International Relations and Diplomacy, 2025, Vol. 13, No. 5, DOI:10.17265/2328-
2134/2025.05.003

P.S.Sapaty, Spatial Grasp Model for Distributed Management and Its Comparison With
Traditional Algorithms. International Relations and Diplomacy, May-June 2025, Vol. 13, No. 3.
DOI:10.17265/2328-2134/2025.03.004

P.S. Sapaty, SPATIAL MANAGEMENT OF DISTRIBUTED DYNAMIC WORLDS, Crisis, Stress, and
Human Resilience: An International Journal, Vol. 7, Issue 1, 2025. crisisjournal.org

P.S. SAPATY, SPATIAL GRASP MODEL FOR DISTRIBUTED MANAGEMENT AND ITS
COMPARISON WITH TRADITIONAL ALGORITHMS (New book summary), 2025, ISSN 1028-
9763, Mathematical Machines and Systems 2025. No 3-4

P.S.Sapaty, Spatial Management of Multidimensional International World, Mathematical
Machines and Systems. 2026. Ne 1. DOI: 10.34121/1028-9763-2026-1-3-14




32

33

34.

35.

36.

37.

38.
39.

40.
41.

42.

43.

44,

45.

46.

47.

48

Proceedings of the 14th International Scientific Conference

. P.S. SAPATY, SPATIAL MANAGEMENT OF MULTIDIMENSIONAL CONFLICTS, ISSN 1028-9763.
Mathematical Machines and Systems. 2026. Ne 2, DOI: 10.34121/1028-9763-2026-2-14-28

. P.S. Sapaty, MANAGING MULTIDIMENSIONAL WORLD WITH SPATIAL GRASP PARADIGM,

Crisis, Stress, and Human Resilience, Vol. 7, Issue 4, 2026 crisisjournal.org

P.S. Sapaty, Spatial Management of International Multidimensional Disputes, Artificial

Intelligence and Internet Studies, Vol.2, No.1;2026,

https://www.focuscholar.com/journal/index.php/aiis/article/view/94/77

P.S. Sapaty, Managing Multidimensional World with Spatial Grasp Paradigm, Global Journal

of Computer Science and Technology - Section G GJCST Volume 26 Issue 1,

doi:10.34257/gjcstg255855, https://globaljournals.org/scholarly-articles/managing-

multidimensional-world-with-spatial-grasp-paradigm/

P.S. Sapaty, A distributed processing system, European Patent N 0389655, Publ. 10.11.93,

European Patent Office

P. S. Sapaty, Mobile Processing in Distributed and Open Environments. New York: John Wiley

& Sons, 1999

P. S. Sapaty, Ruling Distributed Dynamic Worlds. New York: John Wiley & Sons, 2005

P. S. Sapaty, Managing Distributed Dynamic Systems with Spatial Grasp Technology. Springer,

2017

P. S. Sapaty, Holistic Analysis and Management of Distributed Social Systems. Springer, 2018

P. S. Sapaty, Complexity in International Security: A Holistic Spatial Approach. Emerald

Publishing, 2019

P. S. Sapaty, Symbiosis of Real and Simulated Worlds under Spatial Grasp Technology.

Springer, 2021

P. S. Sapaty, Spatial Grasp as a Model for Space-based Control and Management Systemes.

CRC Press, 2022

P.S. Sapaty, The Spatial Grasp Model: Applications and Investigations of Distributed Dynamic

Worlds. Emerald Publishing, 2023

P.S. Sapaty, Providing Integrity, Awareness, and Consciousness in Distributed Dynamic

Systems, CRC Press, 2024

P.S. Sapaty, Spatial Networking in the United Physical, Virtual, and Mental World, Springer,

June 29, 2024.

P.S. Sapaty, Self-Healing and Self-Recovering Systems under the Spatial Grasp Model,

Emerald Publishing Limited, 2025

. P. S. Sapaty, Distributed Management with Spatial Grasp Model, Springer Nature, May 2026




«World Scientific Reports» (August 27-28, 2026). Paris, France

Pedagogical Sciences

FANFICTION AS AN INNOVATIVE
PEDAGOGICAL RESOURCE: GENRE
FEATURES, DIDACTIC POTENTIAL, AND
CRITERIA FOR EDUCATIONAL USE

Azhgereyeva T.A

Master’s students in Foreign Languages, L.N. Gumilyov Eurasian National University
Nurzhanova Z.D

Master’s students in Foreign Languages, L.N. Gumilyov Eurasian National University
Abilkaiyr B.G

Master’s students in Foreign Languages, L.N. Gumilyov Eurasian National University
Khamzin A.K

Master’s students in Foreign Languages, L.N. Gumilyov Eurasian National University

Abstract: This article examines fanfiction as an emerging pedagogical resource in foreign language
education, analyzing its genre-specific characteristics, didactic potential, and practical criteria for
classroom implementation. It argues that fanfiction represents a transformative writing practice
that bridges informal language learning environments with formal educational settings, fostering
learner motivation, creative expression, and communicative competence. Drawing upon recent
theoretical and empirical research from 2023 onwards, the analysis highlights fanfiction's capacity
to develop linguistic accuracy, narrative skills, and intercultural awareness through participatory,
authentic writing tasks. The conclusion reached is that effective integration of fanfiction into
language pedagogy requires a principled framework balancing creative freedom with structured
learning outcomes, ensuring that this innovative resource contributes meaningfully to the
development of advanced writing proficiency.

Keywords: fanfiction, writing skills, language teaching methodology, innovative approaches,
creative writing, digital literacies.

In contemporary foreign language pedagogy, writing proficiency is recognized as a
cornerstone of comprehensive communicative competence. The field has witnessed a significant
methodological shift, moving from traditional, product-oriented approaches toward frameworks
that emphasize creative processes, learner interaction, and autonomy. This evolution is further
accelerated by digital communication, which has reshaped writing pedagogy by engaging students
in authentic exchanges through online platforms and multimodal environments [GlUven et al.,
2024, p. 252]. Among the various innovative approaches that have emerged, fanfiction, amateur
narrative writing based on pre-existing fictional universes, has attracted particular attention from
researchers and educators alike for its unique pedagogical potential.

This article offers a theoretical overview of fanfiction as a pedagogical resource, focusing on
its genre features, didactic potential, and criteria for effective educational use. The analysis
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synthesizes current research from 2023 onwards and discusses its pedagogical implications for
developing advanced writing skills in foreign language education.

To appreciate fanfiction's pedagogical value, it is essential to understand its defining genre
characteristics. Fanfiction is broadly defined as stories that reimagine or reinterpret existing
stories, characters, and universes found in other texts and media [Pudo, 2024]. This transformative
nature distinguishes it from original creative writing: fanfiction writers operate within established
fictional frameworks while exercising creative agency to explore alternative scenarios, character
developments, and narrative outcomes. The genre encompasses a diverse range of subgenres and
formats, including Alternate Universe (AU) stories, where characters are placed in settings
different from the original narrative; canon-compliant stories, which adhere closely to established
plotlines; crossovers, combining elements from multiple fictional universes; fix-it fics, which
resolve perceived narrative shortcomings; and many others. This generic diversity provides
considerable flexibility for pedagogical application, allowing educators to match tasks to learners'
interests, proficiency levels, and learning objectives [Stanko & Kolegaeva, 2024].

Significantly, fanfiction is inherently a participatory and socially embedded practice [Sauro,
2021]. Writers typically share their work on dedicated online platforms, where they receive
feedback from readers and engage in ongoing dialogue about their narratives. This participatory
dimension creates authentic conditions for language use: learners write not for a teacher's
evaluation but for a real audience of fellow enthusiasts. As Pudo (2024) notes, writing these texts
requires the mobilization of skills often taught in formal education: mastery of linguistic resources,
planning, editing, and proofreading. Furthermore, fanfiction is fundamentally a practice of
mediation. As Stanko and Kolegaeva (2024) argue, fanfiction writing involves a thorough reception
of the original cultural text, the development of a personal interpretation, the anticipation of
audience needs and reactions, and the crafting of a text that is original yet grounded within the
source universe. This transformative process mirrors the kind of meaning-making and cultural
negotiation that is central to advanced communicative competence [Yesdauletov et al., 2025].

Recent research by Solmaz (2025) emphasizes that fanfiction represents a form of "fictional
linguistic landscapes" where learners engage with language in richly contextualized, multimodal
environments. This perspective highlights fanfiction's capacity to integrate reading, writing, and
critical thinking in ways that reflect contemporary communicative practices. The genre's digital
nature also positions it within broader developments in technology-mediated language learning,
where mobile-assisted and online writing instruction have demonstrated significant positive
effects on learner outcomes [Zalani et al., 2024; Zhang, 2025].

The pedagogical affordances of fanfiction are substantial and multifaceted. Drawing on
recent research, several key areas of didactic potential can be identified. First, fanfiction writing
enhances vocabulary acquisition as students experiment with new words and contexts [Pudo,
2024]. The narrative focus of fanfiction provides natural opportunities for using descriptive
language, dialogue, and varied syntactic structures. Learners engage with register variation, from
informal dialogue to narrative exposition, developing sensitivity to stylistic choices appropriate to
different communicative contexts. Moreover, the iterative nature of fanfiction writing, often
involving multiple drafts and revisions based on reader feedback, promotes attention to linguistic
accuracy and self-correction. Han (2023) demonstrates how blog-based writing instruction, which
shares structural similarities with fanfiction communities, enhances writing performance and
motivation through authentic audience engagement. Similarly, Zalani et al. (2024) found that
mobile-assisted critical writing instructions significantly improved EFL learners' writing skills,
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suggesting that technology-mediated writing tasks, including fanfiction can effectively support
linguistic development.

Second, a consistent finding across recent studies is fanfiction's capacity to enhance learner
motivation. Unlike traditional writing exercises perceived as artificial or irrelevant, fanfiction tasks
connect to learners' existing interests and identities. Han (2023) reported that learners exhibit
heightened engagement when composing within digital formats that transcend traditional
classroom exercises. The presence of an authentic audience, readers who share enthusiasm for
the source material, creates a powerful incentive for producing polished, meaningful texts. Glven
et al. (2024) examined learner views on digital writing in foreign language teaching, finding that
digital writing environments significantly enhance student engagement and perceived relevance
of writing tasks. This motivational dimension is particularly relevant for teenage and young adult
learners, who constitute the majority of fanfiction participants [Pudo, 2024]. The practice
resonates with their digital literacies and affinity-driven learning preferences, effectively bridging
in-school and out-of-school literacy practices.

Third, fanfiction provides a structured yet flexible context for developing narrative
competence. Learners work within established narrative frameworks, allowing them to focus on
specific aspects of storytelling, character development, plot structure, setting description,
dialogue, without the additional cognitive load of inventing an entire fictional world from scratch.
Stanko and Kolegaeva (2024) found that students engaging in fanfiction writing demonstrated
enhanced creativity and a deeper understanding of narrative techniques, such as plot structure
and character development. The educational potential of derivative texts suggests that fanfiction
enables learners to internalize narrative conventions while simultaneously developing their
unique authorial voice.

Fourth, fanfiction's transformative engagement with source texts naturally promotes critical
thinking and intercultural awareness. Writers must interpret and reimagine cultural artifacts,
making choices about what to preserve, modify, or subvert. This process encourages reflection on
cultural assumptions, narrative conventions, and representational practices. Solmaz (2025)
emphasizes that fan practices can foster intercultural awareness by engaging learners in the
interpretation and recreation of culturally embedded narratives. Yesdauletov et al. (2025)
demonstrate how literary blogs, a related digital writing practice, cultivate not only writing fluency
but also metalinguistic awareness and cross-cultural analytical skills. These findings are directly
applicable to fanfiction, which similarly involves engagement with culturally specific source texts
and participation in global interpretive communities. Through such engagement, learners navigate
authentic communicative demands, which in turn promotes the organic expansion of their lexical
and syntactic repertoires [Kushkinbayeva et al., 2025].

Finally, participation in online fanfiction communities develops multiple digital literacies:
navigating platforms, engaging in collaborative peer review, understanding copyright and fair use,
and managing online identities. These competencies are increasingly recognized as essential
components of contemporary communicative competence [Zhang, 2025; Zalani et al., 2024].
GuUven et al. (2024) emphasize that digital writing pedagogies are increasingly positioned as
integral components of contemporary communicative and task-based learning frameworks.
Fanfiction, as a digitally native writing practice, exemplifies this integration, preparing learners for
the multimodal, networked communication that characterizes contemporary global discourse.
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Despite its considerable potential, fanfiction's integration into formal education requires
careful consideration. Based on recent research, several criteria should guide educational
implementation. First, fanfiction tasks must be designed with explicit learning objectives aligned
with curricular goals. As Zalani et al. (2024) argue, effective pedagogical models strategically
synthesize traditional writing instruction with technology-enhanced formats to achieve specific
learning outcomes. Educators should articulate how fanfiction tasks contribute to developing
vocabulary, grammatical accuracy, narrative skills, or intercultural competence. Zhang (2025)
emphasizes that a balanced approach must strategically synthesize the foundational rigor of
traditional writing instruction with the dynamic, interactive potential of technology-enhanced
formats.

Second, while creative freedom is central to fanfiction's appeal, educational use requires
appropriate structure. The "fictional linguistic landscapes" pedagogy proposed by Solmaz (2025)
offers a model for structured integration, providing practical frameworks for using multimodal fan
activities to enhance second language learning. Tasks might include rewriting scenes from
different perspectives, continuing narratives beyond their original endings, or adapting source
texts to new contexts. Recent research by Kushkinbayeva et al. (2025) on language use in social
media underscores the importance of guided engagement with informal digital writing contexts.
While these environments offer rich linguistic input, learners benefit from structured activities
that direct attention to specific linguistic features and communicative functions.

Third, the participatory feedback culture of online fanfiction can be adapted for educational
contexts. Peer review exercises can mirror the authentic feedback loops of fan communities,
promoting collaborative learning and self-reflection. Assessment should balance attention to
linguistic accuracy with recognition of creativity, narrative coherence, and audience awareness.
Han (2023) suggests that blog-based writing instruction, with its emphasis on peer feedback and
revision, supports the development of self-regulation and critical evaluation skills. Zhang (2025)
emphasizes the pivotal role of self-regulation in the development of writing proficiency.
Technology-mediated learning environments, including fanfiction platforms are particularly
conducive to cultivating this capacity, as they require learners to exercise independent judgment,
critically evaluate content, and engage in iterative self-correction.

Fourth, as with any pedagogical resource, fanfiction tasks require appropriate scaffolding for
learners at different proficiency levels. Beginners might focus on short, formulaic texts (e.g.,
missing scenes or character diaries), while advanced learners can undertake more complex
narrative experiments. The genre's generic diversity provides natural differentiation
opportunities. Glven et al. (2024) found that learner views on digital writing vary significantly
based on proficiency level and prior experience, suggesting that educators should tailor fanfiction
tasks to their students' specific needs and capabilities.

Finally, educators must be prepared to address potential challenges. Research by Pudo
(2024) has identified concerns including students' English proficiency and cultural understanding.
Additionally, fanfiction's association with popular culture may be perceived as "low-brow" or
irrelevant by some educators, a perception that requires critical examination. As Stanko and
Kolegaeva (2024) demonstrate, fanfiction's pedagogical value is well-supported by empirical
evidence and theoretical argument. Zalani et al. (2024) caution that technology-mediated writing
instruction requires careful implementation to maximize benefits and minimize potential
drawbacks, such as learner distraction or over-reliance on digital tools.
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This theoretical overview has elucidated the potential of fanfiction as an innovative
pedagogical resource for foreign language education. Fanfiction's genre features, its
transformative nature, participatory culture, and embeddedness in authentic communicative
contexts, position it as a uniquely valuable tool for developing writing proficiency, narrative
competence, and intercultural awareness. The didactic potential of fanfiction is substantial: it
enhances learner motivation, supports vocabulary acquisition, develops narrative skills, fosters
critical thinking, and cultivates digital literacies. These benefits align with the broader shift in
language pedagogy toward authentic, process-oriented, and learner-centered approaches, as
documented in recent studies by Han (2023), Zalani et al. (2024), and Given et al. (2024).
However, realizing this potential requires principled integration. Educators must design fanfiction
tasks with clear learning objectives, appropriate structure, and effective feedback mechanisms.
Addressing challenges related to proficiency, cultural understanding, and assessment is essential
for successful implementation. It thus follows that modern writing pedagogy must extend its focus
beyond grammatical accuracy to explicitly foster the development of intercultural awareness,
creative capacity, and authentic self-expression, thereby equipping learners for the complex
demands of global discourse.

Ultimately, fanfiction represents not merely a novel classroom activity but a pedagogical
orientation that recognizes and leverages learners' existing literacy practices. By bridging informal
and formal learning contexts, fanfiction can transform writing instruction from a classroom
exercise into a meaningful, creative, and socially embedded practice. This approach fundamentally
repositions the learner, transforming them from passive recipients of knowledge into active
participants in global communicative networks [Kushkinbayeva et al., 2025; Yesdauletov et al,,
2025]. As the field of language education continues to evolve in response to digitalization and
changing communicative practices, fanfiction's pedagogical value is likely to receive increasing
recognition. Future research should explore effective implementation models, examine learner
outcomes across diverse contexts, and investigate ways to maximize fanfiction's contribution to
holistic communicative competence.
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Tofakkur keyfiyyatlarinin inkisafina dair

Elnars Sahbazzadas
Baki Dovlat Universitetinin Sosial va pedaqoji psixologiya kafedrasinin doktoranti

Kicik maktabli yas dovriindan fargli olarag yeniyetmsalik yasi dovrl asasan erkan ganclik yas
dovrinl ahata edir va onunla farglanir ki, o faktiki olarag 6ziinds usagligdan yetkin yasa kegid dov-
rind ehtiva edir. Yeniyetmalik yas dévriinlin psixoloji mexanizmlarina nazar saldigda goririk ki, bu
dovr sagirdin 6zinldarketmasinin, dinyagorisinin formalasmasinin, pesa se¢cmak va galacak
hayata hazirlasmasinin asasini taskil edir va bioloji, psixoloji, psixoseksual va sosioloji amillarin tasiri
altinda inkisaf edib formalasir. Yeniyetmalik dovrinda tafakklr keyfiyyatlarinin psixoloji asaslari
keyfiyyat dayisikliklarine maruz galir. Naticads, yeniyetmalar fikirlarini daha aydin, mantigi va
tangidi sakilda formalasdirmaga baslayirlar. Bu proses ham saxsi, ham da sosial baximdan ugur
gazanmagda muuhUm rol oynayir. Yeniyetmalik dévrinda talim faaliyyati ham mazmun, ham da
forma cahatdan yeni xUsusiyyatlara malik olur, daha ciddi ve darkolunmus xarakter daslyir. Burada
ilk 6nca yeniyetmalardsa tafakklr va onun asas anlayislarinin tazahlr xususiyyatlarinin psixoloji
tasvirina qisaca nazar salag. insan nainki atraf alami gavrayir, eyni zamanda onu basa diismaysa,
anlamaga da calisir. Anlamaq predmet va anlayislarin mahiyystina varmag,onlarda moévcud olan an
asas seylari dark etmakdir. Bu yas dovriinda idrak proseslari yeni keyfiyyatlar kasb edir, xtsusila da
tofokklr asasli suratda dayisib inkisaf edir, clinki boylik makteb va ya erkan ganclik yasiagli
gabiliyyatlarin inkisafinin mihim marhalasidir. Bu nogteyi-nazardan onlarin tafakkirinds asasli
yUksalis bas verir [3].

Yeniyetmalards tafakkirt 6zinlin ardicilligl, genisliyi, daha ¢ox nazari, micarrad, tangidi xara-
kteri ilo saciyyalanir, sagirdlards fikrin mustaqilliyi, an asasi isa tafakkirln cevikliyi 6zinl daha
gabariq sakilda gostarir. Erkan ganclik dovrinin garslya cixardigr mixtalif problemlar, hall edilmasi
vacib muxtalif tipli masalalar, galacak faaliyyata hazirlig, ali maktaba hazirligla xarakteriza olunan
ixtisas secimi onlardan mustaqil disinmak, garsiya ¢ixan problemlara cevik va qeyri-standart
yanasma talab edir.

Yeniyetmalarda tafakkir keyfiyyatlarinin inkisafi onlarin psixoloji xtsusiyyatlari ila six baglidir.
Bu yasda diggat fokusu genislenir va yaddas ve disiincenin mirakkab funksiyalari yaxsilasir.
Yeniyetmalarda tafakklr keyfiyyatlari inkisaf edir va bu, onlara 6z baxislarini mibahisalandirmaya
va basqalarinin fikirlarini tahlil etmaya imkan verir

Psixoloji adabiyyatlarda tafakkirin keyfiyyatlari aglin keyfiyyatlari il eyni anlamda isladilir.
Tofakklrln keyfiyystlarina onun cevikliyi, mistaqilliyi, darinliyi, genisliyi, tangidiliyi, produktivliyi
aiddir. Yazdigimiz bu isda biza boyik maktablilards tafakkirin tazahlri va inkisafi xtisusiyyatlarinin
psixoloji ganunauygunluglarini arasdirmaq va sarh etmak lazimdir. Tafakkirin cevikliyi dedikda
predmet va anlayislara,onlarin xasss va miinasibatlarina baxis aspektlarinin dayisilmasi gabiliyyati,
masalanin standart hall yolunu dayisma bacarigl, dayiskan situasiyalarda verilanlarin aktiv sakilda
yenidan qurulmasi, basa dislimasi ve istifade edilmasi prosesi basa duUsilir.  Psixoloji
adabiyyatlarda bu masalaya ile bagli nazariyya va praktik islarin az oldugunu nazara alaraqg ayri-ayri
adabiyyatlarda onun islanma saviyyasina nazar salaq.

Psixoloji amillarla yanasi, tahsil muhiti yeniyetmalik dovrinda tafakkir keyfiyyatlarinin
inkisafinda mihidm rol oynayir. Bu dovrda 6zlnUidarsetma va mistaqgil dyreanmada maraglar,
motivasiya va bacariglar formalasir. Miallimlar va valideynlar tarafinden yaradilan dastaklayici,
strukturlasdiriimis va calbedici tahsil atmosferi tafakkir keyfiyyastlarinin inkisafini stratlandirir.
Fikirlarin sarbast ifadasini, mantigi dislincani va gruplarda birga problem hallini tasvig edan masqlar
yeniyetmalarin idrak potensialini shamiyyatli daracads genislandira bilar. Belslikla, yeniyetmalarda
analitik distncanin inkisafi idrak, emosional va sosial aspektlari bir-biri ila alagalandiran mirakkab
psixoloji bir prosesdir. Bu yasda tangidi va analitik distincanin formalasmasi takca akademik ugurlara
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deyil, ham da galacak saxsi va pesakar hayatina tasir gdstarir. Buna gdra da, yeniyetmalarin idrak
inkisafinin darin tahlili va muvafiq tahsil strategiyalarinin yaradilmasi muasir psixologiya va
pedaqogikada aktual vazifalar olarag galir.  Xarici psixologlar yaradici va produktiv tafakkiri tadgiq
edarkan onun mihim xUsusiyyatindan biri kimi onun cevikliyini xtsusi vurgulayirlar. D.Gilford
tafakkur keyfiyyatlarini obyektin mévcud funksiyasini yenidan distinmak, nazardan kecirmakla yeni
keyfiyyat kimi istifade etmaya qabillik kimi tasvir edir (8, 5.23).

Yeniyetmalik insan inkisafindaki psixoloji dayisikliklarin an vacib, lakin ¢atin marhalalarindan
biri hesab olunur. Bu marhalada beynin idrak funksiyalarinin, xtsusan da tafakklr keyfiyyatlarinin
stratli inkisafl bas verir, clnki yeniyetmalar yeni malumatlari mistaqil sakilda tahlil etmak va
problemlari hartarafli 6yranmak qabiliyystine yiyalanmaya baslayirlar. Eyni zamanda, onlarin
emosional sahasinda va davranislarinda dayisikliklar ortaya c¢ixir va bu da onlarin duslnce
proseslarine birbasa tesir gostarir. Psixologlarin fikrincs, yeniyetmalik dovriinds prefrontal
korteksdaki neyrobioloji dayisikliklar tafakkir keyfiyyatlarini va qgarar gabuletma gabiliyyatlarini
giclandirir. Bu baximdan, tafakkir keyfiyyatlari yeniyetmalards mirakkab disiinca bacariglarinin va
realligin tangidi gavraniimasinin formalasmasinda asas rol oynayir. Tafakkir keyfiyystlari problemi
tarkib hissalarina ayirmaq, darindan tahlil etmak ve mantigi alagalars asaslanaraqg hall yollar
tapmagq qgabiliyyatidir. Yeniyetmalarda bu gabiliyyat asasen orta maktabds akademik faaliyyatlar
vasitasila inkisaf edir. Psixoloji tadqigatlar gostarir ki, tafakkur keyfiyyatlariin inkisafi yalniz malumat
gavrayisini deyil, ham da yeni biliklarin yaradilmasi va inkisaf etdirilmasi proseslarini shats edir. Bu
proseslarin yeniyetmalarda ugurla inkisaf etmasi Ucln effektiv tahsil mihiti yaratmagqg, yiksak
motivasiyani gorumag va vyaradiciligl ve mustagil dlistincani tasviq etmak vacibdir. Buna gora ds,
sagirdlari problemlari birdan cox perspektivdan nazardan kegirmaya sévg edan tadris metodlari
xUsusi shamiyyat kasb edir.

N.A.Mencinskayanin tafakkirin cevikliyi anlayisina verdiyi izahi daha tam va dolgun hesab
etmak olar. O hesab edir ki, tafakklrin cevikliyi faaliyystin mixtalif faydal variasiyalarinda tazahir
edir. Bizim tafakkurin cevikliyi hagginda anlayisimiz obyektin xassalarinin interpretasiyasinin dayis-
masi, intellektual masalalarin halli vaziyyatinda obyektin keyfiyyat transformasiyasi il slagadardir
(6, s. 56). Fikrimizca, tafakklrin cevikliyinin asasini vasitagilik mexanizmlari taskil edir. ogar
L.S.Vigotskinin islarinda universal vasita gisminda sozler (isaralar) nazardan kegcirilirdiss, daha
sonralar nainki s6zlU, eyni zamanda obrazli vasitalar da 6yranilmaya basladi. Maktab yas dovrinda
bu keyfiyyata sahib olmaq sagirde obyektlar arasinda kifayat gadar miurakkab gizli alaga va
munasibatlari aks etdiran intellektual masalalari hall etmaya imkan verir. Boylik maktablilarda
tafakkurin cevikliyinin tazahdrinl 6yranmak Ucln psixologlar novbati islarinds sagirdlarda cevik
tofakkirin obrazh vasitalarini- kompleks tasavvirlari tadqgiq edirdilar (3, s. 235). Bura biz obyektlarin
ela obrazlarini aid edirik ki, onlar 6z xUsusiyyatlarinin macmusu daxilinda aks olunurdular. Bu cir
tasavvirlarin birinin hidudlari ¢arcivasinda sagird cevik tafakklir nimayis etdirarak obyektin bir
xassasinin analizindan digar xassalarina kec¢a bilar. Kompleks tasavvirlar zamani obyektin mixtalif
xassalari hec bir halda kanarda galmir, hatta situasiya garsiya obyektda bir xassani 6n plana gixarib
digarine manea yaradarag miayyan interpretasiya vaziyystini cixardigda bels.

Yeniyetmalarda tafakkir keyfiyyatlarinin inkisafina dair
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Magalada geyd olunur ki, tafakklr inkisafin miayyan saviyyasinda ziddiyyatli minasibatlarda
tazahUr edir. Buna stibut olaraq geyd edsk ki, psixoloji adabiyyatlarda tafakkir keyfiyyatlari yaradici
tafakkUrin xtsusiyystlarindan biri kimi nazardan kecirildiyi saraitlarin asasini problemli situasiyalarin
produktiv qurulmasi taskil edir. Tadgigatlar gostarir ki, yeniyetmalarin  tafakkirinds el
mexanizmlar mévcuddur ki, onlar masala halli zamani obyektin qurulmasi va inkisafini ziddiyyatlara

munasibatin kdmayi ile tasvir edirlar.
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Abstract

The paper focuses on assessing the level of independence of learners with intellectual disabilities
during work-related instruction. The aim of the study was to identify the level of independence in
performing selected work-related activities and to compare it according to the type of activity
performed. The study was conducted using participatory observation in two special primary schools
and included 12 seventh-grade learners educated according to Variant A. The learners' level of
independence was assessed using a structured observation sheet comprising 15 indicators covering
individual aspects of the work process, from preparing the workplace to completing the work
activity. Observation was conducted across three types of work-related activities: working with
paper, clay processing, and food preparation in the school training kitchen. The collected data were
analysed using descriptive statistical procedures, and differences among the three independent
groups were assessed using the Kruskal-Wallis test. Descriptive results showed the highest mean
level of independence for working with paper (M = 3.97), followed by clay processing (M = 3.80)
and food preparation in the school training kitchen (M = 3.68). However, the differences among
the groups were not statistically significant, H(2) = 1.473; p = 0.479, and the effect size was
negligible (¢ = 0.00). The findings highlight the importance of systematically monitoring and
developing independence in work-related instruction, which may contribute to gradually reducing
the need for external support and promoting the functional independence of learners with
intellectual disabilities.

Keywords:
intellectual disabilities, independence, work-related instruction, work-related activities,
participatory observation, functional independence

Independence as an Area of Development in Learners with Intellectual Disabilities

The development of independence represents an important component of support for individuals
with intellectual disabilities, as it influences their ability to manage everyday activities, make
decisions about their own lives, and actively participate in their social environment. The
acquisition of practical and self-care skills contributes to reducing dependence on assistance from
others and creates the prerequisites for a greater degree of autonomy (Kovacova & Hancarova,
2023). Independence should therefore not be viewed solely in terms of mastering a particular
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activity, but also as an important factor contributing to quality of life, social participation, and the
successful integration of an individual into everyday life.

Weber, Kozinka, and Winkler (In Kovacova, 2014) identify two specific levels of independence that
should be observed in the development of every child. The first is the initial level of independence,
which emerges towards the end of the third year of life and during the first half of the later
preschool period. At this level, independence is manifested through compliance with established
rules and routines set by adults. For example, a child may already be able to change their shoes
independently after returning from outdoor activities. This routine is also reinforced in
kindergartens, where not all children may yet be fully proficient in performing the activity itself,
but the habit of changing shoes upon arrival and departure is gradually established and regularly
supported.

Afurther indicator of a higher developmental level of independence is the child's ability to perform
familiar activities spontaneously, without instructions or assistance from an adult. An acquired
behavioural characteristic, such as the child's sense of order, is manifested not only at home but
also in other environments, for example when visiting grandparents or attending a summer camp.
In such situations, the child is able to independently put away toys or other materials used during
an activity without being prompted to do so (Kovacova, 2014; Kovacova & Hancarova, 2023).
Kuld et al. (2023) conceptualise independence not merely as a person's ability to perform all
activities without assistance from others. An important component of independence is the
opportunity to make choices, express personal preferences, make decisions, and influence one's
everyday life. Support may therefore include providing opportunities for choice, assisting with
decision-making, developing communication skills, and creating an environment in which a person
can actively influence their own life. The independence of a person with intellectual disabilities
does not depend solely on their individual abilities. The way in which support is provided is also of
crucial importance. When support is flexible and respects the person's choices and decision-
making, it can strengthen their autonomy and promote independent living. Conversely, overly
directive or rigid forms of support may restrict their independence (Fullana, Pallisera, & Diaz-
Garolera, 2025).

Shepley et al. (2018) conducted a study focusing on the development of independence in everyday
activities among learners with intellectual disabilities. The researchers used video-based
instructions presented through a mobile device. The aim was to teach learners to independently
perform functional activities required in everyday life. The intervention also included teaching
learners how to independently operate the mobile device and locate the appropriate video
instruction. One of the practical tasks involved preparing a snack. The learner gradually followed
the individual steps of the activity and subsequently performed them independently. The study
thus connects the acquisition of practical skills with the development of the ability to initiate and
complete an activity independently. Importantly, the intervention was not limited to acquiring a
specific skill but also aimed to support the learner's independent functioning. This approach may
be applicable to teaching self-care, household, and other functional activities. The findings
indicate that systematic instruction in practical tasks can contribute to the development of
independence among learners with intellectual disabilities.

Panerai, Catania, Rundo, and Ferri (2018) focused on the development of functional skills
necessary for independent living among adolescents and young adults with intellectual disabilities.
The training incorporated virtual reality technologies and applications accessible through tablets.
The aim was to examine the feasibility of home-based training in functional living skills. The
significance of the study lies in the fact that the training was not conducted exclusively in a
specialised setting but directly within the participants' home environment. The researchers
examined whether the acquired skills could be transferred to real-life situations. The findings
indicated that the use of virtual technologies may be an appropriate approach to training
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functional skills. An important aspect was the promotion of independence without the need for
continuous direct assistance from another person. The study highlights the importance of
practically oriented education during the transition to adulthood. During this period, functional
skills are particularly important for the gradual development of independence and the individual's
progression towards independent living.

Furthermore, when considering the independence of learners with intellectual disabilities, it is
important to examine the relationship between motor abilities and performance in everyday
activities. Endo, Asano, and Asai (2024) specifically focused on static and dynamic balance. Balance
represents an important component of motor functioning required for the performance of
everyday activities. Their research indicates that motor abilities cannot be considered separately
from the learner's functional performance. When performing activities of daily living, learners
need to coordinate their movements, maintain postural stability, and adapt their movements to
the specific requirements of the activity. Limitations in the motor domain may therefore affect the
level of independence. The study is also relevant from the perspective of special education, as it
connects motor performance with the individual's practical functioning. The findings support the
importance of assessing functional abilities when evaluating the independence of individuals with
intellectual disabilities.

Skill Automatization in Work-Related Skills

Skill automatization represents a level at which an activity is performed fluently, efficiently, and
with minimal cognitive effort. At this stage, the learner no longer needs to consciously consider
every individual step of the activity, which allows attention to be directed towards other aspects
of the task or the surrounding environment (Vargova, 2007).

A characteristic feature of skill automatization is that a skill becomes increasingly automatic and
can be performed with less fatigue and greater accuracy. In learners with intellectual disabilities,
complete automatization in terms of speed or absolute error-free performance may not always
be achieved. The aim, however, is to enable the learner to approach the highest level of
automatization possible in relation to their individual abilities and potential (Jankovsky, 2012).
Automatized skills are particularly important for promoting independence and independent living.
They enable learners to perform self-care activities, such as dressing and personal hygiene, as well
as to prepare food, maintain order, and perform other household and practical activities with a
reduced need for assistance from others. The acquisition of such skills therefore contributes
directly to reducing the learner's dependence on support from their environment (Vargova, 2007).
The consolidation of automatized skills requires long-term and systematic practice in authentic or
realistically simulated everyday situations. Repeated practice enables learners to gradually
transfer acquired skills from guided learning situations to practical contexts in which the skills are
required. According to Bartova (2004), project-based learning and simulations that imitate real
working conditions can be particularly effective at this stage, as they provide opportunities for
learners to apply skills in meaningful and functionally relevant situations.

From the perspective of special education, skill automatization can therefore be understood as a
gradual transition from conscious and guided practice towards the increasingly natural and
independent application of acquired skills in everyday life (Carnickd, 2026). The level of
automatization is not determined solely by the speed or error-free performance of an activity, but
rather by the extent to which the learner can perform the activity with an appropriate degree of
independence, accuracy, and reduced need for external support.

Research Design

The aim of the present study was to identify the level of independence of learners with intellectual
disabilities during work-related instruction. Particular attention was paid to the extent to which
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learners were able to perform individual practical activities independently and to the degree of
assistance required during their completion. The study also focused on selected aspects of
learners' functional performance that may contribute to their ability to perform work-related tasks
with a reduced need for external support.

Participatory Observation

Participatory observation was used as one of the methods for collecting data on the level of
independence of learners with intellectual disabilities directly within the natural conditions of the
school environment. The observations were conducted during work-related instruction in school
workshops and training kitchens. This setting made it possible to observe learners while
performing authentic work-related activities and to capture their level of independence in
situations requiring them to follow instructions, use work tools and materials, adhere to a
prescribed work procedure, and respond appropriately to the course of a particular work task.
The observation was conducted in two special primary schools, with one class of learners educated
according to Variant A observed in each school. The research sample consisted of 12 seventh-
grade learners with intellectual disabilities. The learners were observed during selected work-
related activities and were subsequently classified into three groups according to the type of
activity performed: clay processing (n = 3), food preparation in the school training kitchen (n = 4),
and working with paper (n = 5). The activities were selected to capture the learners' level of
independence in work situations involving different demands related to material handling,
adherence to work procedures, concentration, organisation of activities, and the need for
pedagogical support.

Figure 1: Data Structure and Analytical Procedure

12 learners | 12 observation units | —|  1° 1n{11cators per
earner
|
loveﬁau oAl Pl 1 3 independent groups [——|  Kruskal-Wallis
earner

The focus of the observation was not solely on the final product of the work activity but primarily
on the process of its implementation. Attention was paid to the extent to which learners were
able to perform individual work steps independently, how they responded to the teacher's
instructions, whether they were able to follow the sequence of steps according to the prescribed
work procedure, use work tools appropriately, maintain attention, and, when necessary, identify
and correct errors in their own performance. The observation also included organisational and
social aspects of the work activity, such as preparing the workplace, putting away tools and
materials, cleaning the work area, communication, and cooperation with other learners.

A structured observation sheet consisting of 15 indicators of the level of independence was used
to record the observed behaviours. The indicators were formulated to cover the individual stages
of the work process, from preparing the workplace and tools, through understanding the
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instructions and performing individual work steps, to checking the outcome and completing the
work activity. The learners' concentration, communication, cooperation, and ability to respect the
designated work area were also assessed.

Each indicator was assessed using a five-point rating scale, which made it possible to capture
differences in the level of support required when performing a particular task. A higher score
represented a higher level of learner independence, whereas a lower score indicated a greater
need for support, guidance, or assistance from the teacher. The assessment therefore focused not
only on whether the learner completed the task, but also on the level of independence
demonstrated during its performance.

A total of 12 observation units were obtained, with each observation unit representing one learner
assessed across all 15 indicators of independence. For each learner, an overall mean score was
calculated from the 15 indicators, representing their overall level of independence during the
respective work-related activity. The resulting individual mean scores ranged from 3.27 to 4.40.
The collected data were analysed using descriptive statistical procedures. For the overall mean
scores, the arithmetic mean, median, minimum and maximum values, and standard deviation
were calculated. The overall level of learner independence was subsequently compared across the
three groups according to the type of work-related activity. Given the small sample size within the
individual groups and the ordinal nature of the rating scale, a non-parametric Kruskal-Wallis test
was used to examine differences in the level of independence across the three groups.
Participatory observation thus enabled the researchers to capture the learners' level of
independence within a natural work-related environment and to identify specific areas in which
learners demonstrated a higher level of independence, as well as areas in which pedagogical
support remained necessary. The data obtained provided a more comprehensive perspective on
learner independence than an assessment of the final work product alone.

The observation sheet was adapted from Krolcik (2026), who developed a structured observation
sheet comprising 15 indicators as part of field-based research. The observation sheet was used to
individually assess the level of independence of the learners (N = 12) during work-related
instruction.
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Table 1: Observation Sheet Used in Study 1

Learner code ‘ Date Activity
Step Indicator 3 4 5

1 Prepares the workplace according to
instructions..

2 Prepares the necessary tools and materials..

3 Becomes familiar with the task (understands the
purpose of the activity).

4 Follows the teacher's instructions throughout
the entire process.

5 Performs the first work step (ability to initiate
the activity).

6 Proceeds logically according to the prescribed
procedure (sequencing).

; Uses tools and materials in a technically
appropriate manner.

8 Accuracy and quality: Pays attention to the
precision of the work.

9 Concentration: Works without unnecessary
distractions.

10 Completes the product/task within the specified
time.

11 Self-monitoring: Is able to identify an error in
the outcome.

12 | Cleans and organises the workplace.

13 Returns tools and materials to their designated
place.

14 Communication: Is able to appropriately request
assistance or materials.

15 Cooperation: Respects the workspace of other

learners.

Source: Krolcik (2026)

Table 2. Rating Scale for the Observation Sheet

Level of support Description
5 Completely independently Per'forms the task without any prompting or
assistance.
4 Verbal prompting Reqwres only brief verbal guidance or a
reminder.
3 Visual bromotin Needs to see a model, diagram, or
P pting demonstration provided by the teacher.
5 Physical assistance quuirgs partiallhand—over—hand guidance or
direct intervention by the teacher.
Did not complete the task even with
1 Not completed maximum support (refused or was unable to
perform the task).
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Research Findings

The results of the participatory observation provided data on the level of learner independence
during the performance of selected work-related activities within work-related instruction. The
collected data were analysed using descriptive statistical indicators and subsequently compared
according to the type of work-related activity performed. The following tables present the findings
for the individual indicators of learner independence and across the three types of work-related
activities.

Table 3: Descriptive Analysis of Individual Independence Indicators

Indikator Mean | Median | Minimum. | Maximum | SD

1. Prepares the workplace according 4,25 4,00 4 5 0,45
to instructions..

2. Prepares the necessary tools and 4,00 4,00 3 5 0,43
materials..

3. Becomes familiar with the task 3,75 4,00 3 4 0,45
(understands the purpose of the
activity).

4. Follows the teacher's instructions 3,67 4,00 3 4 0,49
throughout the entire process.

5. Performs the first work step (ability 4,00 4,00 4 4 0,00
to initiate the activity).

6. Proceeds logically according to the 3,50 3,50 3 4 0,52
prescribed procedure
(sequencing).

7. Uses tools and materials in a 4,00 4,00 3 5 0,43
technically appropriate manner.

8. Accuracy and quality:  Pays 3,58 4,00 3 4 0,52
attention to the precision of the
work.

9. Concentration: Works without 3,08 3,00 2 4 0,52
unnecessary distractions.

10. Completes the product/task within 4,17 4,00 4 5 0,39
the specified time.

11. Self-monitoring: Is able to identify | 2,92 3,00 2 3 0,29
an error in the outcome.

12. Cleans and organises the 4,42 4,00 4 5 0,52
workplace.

13. Returnstools and materials to their | 4,25 4,00 4 5 0,45
designated place.

14. Communication: Is able to 3,75 4,00 3 4 0,45
appropriately request assistance or
materials.

15. Cooperation: Respects the 4,17 4,00 4 5 0,39
workspace of other learners.

Zdroj: Krolcik & Magova (2026)
The results revealed several noteworthy findings concerning the learners' performance across the

individual work-related indicators. The highest mean score was recorded for the organisation of
the workplace (M =4.42; SD =0.52), indicating a very good level of performance in this area among
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the observed learners. High mean scores were also recorded for preparing the workplace (M =
4.25) and returning tools and materials to their designated place (M = 4.25). Relatively high
performance was also observed in completing the task (M = 4.17) and cooperation (M = 4.17).
These findings indicate that the learners performed particularly well in activities related to
organising the work environment, completing work-related tasks, and cooperating with others.
In contrast, the lowest mean score was recorded for self-monitoring (M = 2.92; SD = 0.29),
representing the weakest area among the assessed indicators. Lower performance was also
observed in concentration (M = 3.08; SD = 0.52) and logical sequencing of work steps (M = 3.50;
SD = 0.52). These findings suggest that the learners experienced greater difficulty particularly in
processes related to self-regulation, maintaining attention, and independently organising
individual work steps in a logical sequence.

A particularly noteworthy finding was observed for Indicator 5 — initiating the first work step, for
which the mean score was M = 4.00 and the standard deviation was SD = 0.00. This indicates that
all 12 observed learners received exactly 4 points on this indicator. The finding demonstrates
complete consistency in the learners' performance with regard to their ability to initiate the first
work step and represents one of the most stable indicators assessed. The absence of variability
among the learners on this indicator is therefore a noteworthy finding that should be highlighted
in the interpretation of the results.

Table 4: Comparison of the Three Work-Related Activities

Work—.rglated Learners n Mean | Median | Minimum | Maximum SD
activity code
Clay processing P1-P3 3 3,80 3,87 3,53 4,00 0,24
Food preparation P4—P7 4 3,68 3,77 3,27 3,93 0,29
Working with P8—P12 5 3,97 3,87 3,60 4,40 0,32
paper

Source: Author's own processing

The results of the comparison of the three observed work-related activities indicate that the
learners' overall mean scores across all 15 indicators differed slightly between the individual
activities. The highest mean score was achieved by learners in working with paper (M =3.97; SD =
0.32), indicating a relatively higher level of performance in meeting the assessed work-related
requirements in this activity. This was followed by clay processing (M = 3.80; SD = 0.24), while the
lowest mean score was recorded for food preparation in the school training kitchen (M = 3.68; SD
= 0.29). However, the differences between the individual work-related activities were not
pronounced, as all mean scores fell within a relatively narrow range from 3.68 to 3.97.

In terms of variability in performance, the lowest standard deviation was recorded for clay
processing (SD = 0.24), indicating relatively consistent learner performance within this activity. In
contrast, the highest variability was observed in working with paper (SD = 0.32). The overall mean
score for learners P1-P12 was M = 3.83, with all three work-related activities achieving mean
scores above 3.50. Overall, the findings indicate a relatively good and consistent level of
performance across the assessed work-related activities, with the most favourable results
observed for working with paper and the least favourable results for food preparation in the school
training kitchen.

Based on the descriptive characteristics of the data, the comparison involved three independent
groups according to the type of work-related activity: clay processing (n = 3), food preparation in
the school training kitchen (n = 4), and working with paper (n = 5). Given the small sample sizes
within the individual groups and the ordinal nature of the rating scale, the Kruskal-Wallis test was
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selected as an appropriate non-parametric method for examining differences in the level of
learner independence across the three groups.

The analysis was based on the overall mean score of each learner calculated from all 15 observed
indicators. Thus, each learner contributed one overall score to the analysis, resulting in 12
individual observations distributed across the three independent groups.

Table 5: Individual Overall Score

Work-related activity Learner code Overall Mean (M)
Clay processing P1 3,87
Clay processing P2 3,53
Clay processing P3 4,00
Food preparation P4 3,80
Food preparation P5 3,73
Food preparation P6 3,27
Food preparation P7 3,93
Working with paper P8 3,87
Working with paper P9 3,80
Working with paper P10 4,20
Working with paper P11 3,60
Working with paper P12 4,40

Source: Author's own processing

To assess differences in the level of independence among learners performing different types of
work-related activities, a non-parametric Kruskal-Wallis test was used due to the small sample
size and the non-normal distribution of the ordinal data. The analysis included the overall mean
score for each learner, calculated from all 15 assessed indicators.

Table 6: Kruskal-Wallis Test Results

At the significance level of a
= 0.05, the result is not
statistically significant.

H(2) = 1,473;

Kruskal-Wallis T
ruskal-Wallis Test 5=0,479

Source: Author's own processing

Descriptive results showed the highest mean level of independence for working with paper (M =
3.97; n = 5), followed by clay processing (M = 3.80; n = 3), while the lowest mean value was
recorded for food preparation in the school training kitchen (M = 3.68; n = 4). However, the
Kruskal-Wallis test did not indicate statistically significant differences among the three observed
work-related activities, H(2) = 1.473; p = 0.479.

The result therefore does not provide evidence that the type of work-related activity was
associated with statistically significant differences in the overall level of learner independence
within the observed research sample. The differences between the mean values should therefore
be interpreted primarily at the descriptive level. The higher mean score observed for working with
paper may indicate better performance in activities involving a more structured work material,
whereas the lower mean score observed for food preparation in the school training kitchen may
be related to the more complex nature of the work situation. Given the small number of observed
learners, however, these differences cannot be generalised to the broader population of learners
with intellectual disabilities.
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To assess the practical significance of the differences among the three work-related activities, an
additional analysis of effect size using epsilon squared (€2) was performed. The analysis yielded &2
= -0.059. As negative values of epsilon squared do not have a substantive interpretation as an
effect, the result indicates a negligible practical effect. Thus, both the non-significant Kruskal—
Wallis test and the effect size suggest that the observed differences in the overall level of learner
independence across the three work-related activities were not practically meaningful within the
observed sample.

Table 7: Formula for Calculating the Epsilon-Squared (€?) Effect Size
Formula Interpretation of Values
The result ranges from O to 1.
0 indicates no group effect.
lindicates complete separation of values between groups.

e2=H-k+1/N=k Effect size thresholds:

< 0.01: Negligible effect

0.01 —0.06: Small effect
0.06 — 0.14: Moderate effect
>=0.14: Large effect

Source: Author's own processing
Based on the calculated H statistic, H = 1.473, with k = 3 groups and a total sample size of N =12
learners, the epsilon-squared effect size was calculated as €2 = -0.059. Since epsilon squared may
yield a negative value when H is very small, such a value is interpreted as 0, that is, €2 = 0.00. The
result therefore indicates a negligible effect of the differences among the three types of work-
related activities. In other words, not only was no statistically significant difference identified (H(2)
= 1.473; p = 0.479), but the effect size also provides no evidence of a meaningful difference in
learner independence between clay processing, food preparation in the school training kitchen,
and working with paper.
Summary of Findings
To assess the practical significance of the differences among the three work-related activities, an
additional analysis of effect size using the epsilon-squared coefficient (€2) was performed. With H
= 1.473, three comparison groups, and a total of 12 learners, the effect size was €2 = 0.00. This
result indicates a negligible effect of the differences among the individual work-related activities.
The finding is consistent with the results of the Kruskal-Wallis test, which did not indicate
statistically significant differences among the groups (H(2) = 1.473; p = 0.479). Although the
highest descriptive mean score was observed for working with paper (M = 3.97), followed by clay
processing (M = 3.80) and food preparation in the school training kitchen (M = 3.68), the observed
differences can, in light of the inferential analysis, be considered small and practically negligible.
The interpretation should also take into account the very small number of learners in the individual
groups (n = 3-5), which substantially limits the statistical power of the analysis.

Discussion and Implications of the Findings

From a descriptive perspective, differences were observed among the individual work-related
activities; however, these differences were not statistically significant, and the effect size was
negligible.

The results of assessing the learners' level of independence indicated that the level of independent
performance of work-related activities differed descriptively across the individual types of work-
related activities. The highest mean score was recorded for working with paper, followed by clay
processing, while the lowest mean score was observed for food preparation in the school training
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kitchen. However, the Kruskal-Wallis test did not indicate statistically significant differences
among the groups (H(2) = 1.473; p = 0.479). This result needs to be interpreted in the context of
the very small sample size and the unequal number of learners in the individual groups. The
absence of statistical significance therefore does not necessarily imply the absence of differences
in learners' practical performance; rather, it indicates that, given the size of the observed sample,
the identified differences could not be statistically confirmed.

From a pedagogical perspective, however, the findings highlight the importance of monitoring and
systematically developing independence among learners with intellectual disabilities.
Independence in work-related activities should not be understood merely as the ability to
complete a particular task without assistance, but as a complex competence involving preparation
for the activity, understanding the work procedure, carrying it out, responding appropriately to
emerging situations, monitoring one's own performance, and completing the work activity. These
components create the prerequisites for the gradual transfer of responsibility for the performed
activity from the teacher to the learner.

The findings also point to a distinction between organisational and routine activities that were
relatively well mastered and activities requiring a greater degree of independent decision-making,
sustained concentration, and self-monitoring. From this perspective, the development of
independence remains an important objective of work-related instruction, even though the
differences among the observed work-related activities were not statistically significant.

The value of the observation therefore lies not only in identifying differences between individual
work-related situations but, above all, in its potential to identify specific areas in which learners
demonstrate independence and areas in which they continue to require support. The information
obtained in this way can be used to individualise pedagogical guidance, establish an appropriate
level of assistance, and gradually reduce external support. The development of independence thus
remains an essential component of work-related instruction, as its aim is not merely to enable
learners to complete a specific work task, but also to gradually create the prerequisites for the
highest possible level of functional independence in their everyday lives and future working lives.

Conclusion

The independence of a learner with intellectual disabilities should therefore not be assessed solely
on the basis of whether the learner is able to complete a work-related task. Of particular
importance is the extent to which the learner can independently initiate, perform, monitor, and
complete individual steps of a work-related activity with the minimum possible need for external
support. From this perspective, work-related instruction acquires a broader significance,
becoming a context for the systematic development of competencies that extend beyond the
specific work task itself and create the prerequisites for achieving the highest possible level of
functional independence in the learner's future life.

References

1. Bartova, J. (2004). Didaktika specidlni pedagogiky. Praha: Portal, 2004. 160 s. ISBN 80-7178-
831-2.

2. Carnickd, M. (2026). Special educational program for children with disabilities. In: Proceedings
of the 14th International Scientific Conference Scientific Research and Experimental
Development €. 14. Londyn : Publisher Agency, 2026. ISBN 978-5-5885-7763-2, p. 74-79.

3. Endo, S., Asano, D., &amp; Asai, H. (2024). Contribution of static and dynamic balance skills
to activities of daily living in children with intellectual disabilities. In: Journal of Applied
Research in Intellectual Disabilities, 37(3), €13236. https://doi.org/10.1111/jar.13236

113



10.

11.

12.

13.

Proceedings of the 14th International Scientific Conference

Fullana, J., Pallisera, M., &amp; Diaz-Garolera, G. (2025). Assessment of Support for
Independent Living: Perspectives of People With Intellectual Disabilities and Support
Professionals. In Journal of Applied Research in Intellectual Disabilities, 38(3), €70079.
https://doi.org/10.1111/jar.70079

Jankovsky, M. (2012). Ucelend rehabilitace déti a dospélych s mentdinim postizenim. Praha:
Triton, 2012. 222 s. ISBN 978-80-7387-434-6.

Kovacova, B. (2014). Ergoterapia v ranom a v predskolskom veku. Bratislava : Univerzita
Komenského v Bratislave, 2014. 131 s. ISBN 978-80-223-3737-3.

Kovacova, B.; Hancarova, S. (2023). Pracovné vyucovanie v specidlnej skole vo variante B.
Ruzomberok: Katolicka univerzita v Ruzomberku. VERBUM - vydavatelstvo KU, 2023. — 128 s.
ISBN 978-80-561-1058-4.

Krole¢ik, K. (2026). Specifikd pracovného vyucovania v 3pecidlnej $kole. RuZomberok:
Pedagogicka fakulta, Katedra Specidlnej pedagogiky, 2026.

Krol¢ik, K., Magova, M. (2025). Vsup do terénu, zhodnocovanie materidlno-priestorovych
podmienok. Ruzomberok: Spojena Skola, 2025. (interny material).

Kuld, P. B., Frielink, N., Zijlmans, M., Schuengel, C., &amp; Embregts, P. J. C. M. (2023).
Promoting self-determination of persons with severe or profound intellectual disabilities: A
systematic review and meta-analysis. In: Journal of Intellectual Disability Research, 67(7), 589—
629. https://doi.org/10.1111/jir.13036

Panerai, S., Catania, V., Rundo, F., &amp; Ferri, R. (2018). Remote home-based virtual training
of functional living skills for adolescents and young adults with intellectual disability:
Feasibility and preliminary results. In:  Frontiers in  Psychology, 9, 1730.
https://doi.org/10.3389/fpsyg.2018.01730

Shepley, S. B., Spriggs, A. D., Samudre, M., &amp; Elliot, M. (2018). Increasing Daily Living
Independence Using Video Activity Schedules in Middle School Students With Intellectual
Disability.  In:  Journal of Special Education  Technology, 33(2), 102-112.
https://doi.org/10.1177/0162643417732294

Vargova, M. (2007). Metodika pracovnej vychovy a pracovného vyucovania. Nitra: Univerzita
Konstantina Filozofa, 2007. 147 s. ISBN 978-80-8094-171-0.

Text reviewed by:

Prof. PhDr. Stanislav Bencic, CSc.

Mgr. Lucia Plavec

Contacts:

doc. PaedDr. Barbora Kovacova, PhD.

Catholic University, Faculty of Education, Department of Special Education,
Hrabovska cesta 1, Ruzomberok, Slovakia

PaedDr. Martina Magova, Ph.D.
Catholic University, Faculty of Education, Department of Special Education,
Hrabovska cesta 1, Ruzomberok, Slovakia

114



«World Scientific Reports» (August 27-28, 2026). Paris, France

WORK EDUCATION OF PUPILS WITH
INTELLECTUAL DISABILITIES FROM THE
PERSPECTIVE OF TEACHERS

Martina Magova

Catholic University, Faculty of Education, Ruzomberok, Slovakia, orcid.org/0000-0002-
6664-6299

Kristian Krolcik

Workplace focusing on penitentiary and post-penitentiary prevention, intervention, and
resocialization, Levoca, Slovakia

Abstract

The paper focuses on the importance of work education in the education of pupils with intellectual
disabilities from the perspective of teachers. The aim of the research was to identify and
characterize teachers’ experiences with work education, with a focus on its educational and
therapeutic significance, as well as the specific characteristics and needs of pupils. The research
was conducted using a qualitative research design, with a semi-structured interview with eight
participants as the main data collection method. The data obtained were processed using open
coding and thematic analysis. The results highlighted the importance of work education in
developing pupils’ practical competencies, independence, motivation, and self-confidence. At the
same time, its potential to support emotional stability, coping with failure, and the development of
frustration tolerance was identified. Work education can therefore be viewed as an important
means of providing comprehensive support for the psychosocial development of pupils with
intellectual disabilities.

Keywords: work education, intellectual disability, psychosocial development, emotional stability,
independence, teachers

Introduction

Work education represents an important component of the education of pupils with intellectual
disabilities, as it combines the development of practical skills with the promotion of independence
and social and emotional development. Through concrete work activities, pupils gain direct
experience with the outcomes of their own actions, which may positively influence their
motivation, self-evaluation, and sense of competence (Kovacova & Harcarova, 2023). The
importance of work education should therefore not be viewed solely in terms of acquiring work
procedures and skills, but also as a space for supporting the pupil’s overall personal development.
Particular attention should be paid to how teachers perceive the potential of work education when
working with pupils requiring different levels of support (Carnicka et al., 2026). Their experiences
may highlight the benefits of work activities, as well as the specific needs of pupils and the
conditions that influence their engagement in activities (Kovacova & Harc¢arova, 2023). For this
reason, the paper focuses on teachers’ experiences with the implementation of work education
for pupils with intellectual disabilities.

Pupil with Mild Intellectual Disability

An individual with mild intellectual disability should be guided and educated in a way that provides
opportunities to participate in various activities and to establish and develop social relationships
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and connections beyond the family environment. In general, through their activities, particularly
in the work and social domains, they can contribute to the development of their family and the
community in which they live. Some pupils with mild intellectual disability are able to travel
independently, whereas others require support and assistance when using public transportation,
handling money, and planning and organizing their daily lives (Carnicka et al., 2026).

Most pupils with mild intellectual disability are able to work. Some may be employed with a certain
level of personal or workplace support, while others may be able to work without such support.
In the Slovak context, employment opportunities may include various cafés, shops, sheltered
workshops, or the arts, such as theatre groups, where individuals can apply their work-related
competencies despite their intellectual disability (Kovacova, 2025, Kovacova et al., 2026).

It should be emphasized, however, that having mild intellectual disability does not necessarily
mean that all individuals have fully developed academic skills, such as reading, writing, and
numeracy. This may also affect their ability to complete documentation related to a particular
work activity. In such situations, support and clarification of individual items may be necessary
(PudiSova, 2013). Many individuals with mild intellectual disability establish intimate relationships,
and some marry and raise children with varying levels of support. International studies also point
to differences in how individuals with mild intellectual disability understand interpersonal
relationships and social rules, particularly in terms of their ability to realistically and appropriately
evaluate specific situations (Kovacova et al., 2026). In some cases, this may result in an
unintentional violation of ethical or social norms.

Motivation and Assessment in Work Education

Motivation and assessment in work education form a complementary cycle that fundamentally
determines the extent to which a pupil with intellectual disabilities engages in the educational
process. Regarding motivational strategies, experts agree on the importance of experiencing
success, although they emphasize different stimuli. While Valasek (2014) identifies the potential
of the aesthetics and attractiveness of materials, Kundk (2019) and Honzikova (2015) emphasize
the sense of technical competence and the need for immediate positive reinforcement. This
approach is particularly important given the reduced frustration tolerance of pupils described by
Svarcové (2006), as well as the need to understand the practical meaning of work highlighted by
Vagnerova (2014). In the area of assessment, special education practice has shifted from rigid
standards towards an individualized relational framework. Kovacova and Harcarova (2023) and
Leonhardt et al. (2007) agree on the importance of formative and continuous assessment, which
prioritizes the effort invested, the degree of progress, and independence over the aesthetic quality
of the final product. In line with this approach, Honzikova (2015) advocates broader use of verbal
assessment and self-assessment through visual scales, which can reduce stress and strengthen
pupils’ self-awareness. The comprehensiveness of assessment is further enhanced by Sestdk
(2015) and Kocurova (2002), who also incorporate indicators of social behavior, perseverance, and
responsibility into the assessment process. As stated by Kozuchova et al. (2011), the overall aim
of these strategies is to transform external stimulation into intrinsic enjoyment of creative activity.
A system of motivation and assessment designed in this way does not merely serve a classificatory
function but becomes a formative tool that supports pupils’ self-image and prepares them for
successful social integration.

Research Design

The aim of the research was to identify and characterize the participants’ experiences with the
implementation of work education for pupils with special educational needs, with a focus on its
educational and therapeutic significance, the specific characteristics of pupils, and the conditions
for implementing work activities.
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A semi-structured interview was used as the main data collection method. The interview protocol
consisted of 17 open-ended questions based on the specific research objectives. The interviews
were conducted directly in the school environment, recorded with the participants’ consent, and
subsequently transcribed verbatim.

The research sample consisted of eight participants (R1-R8) who work as teaching staff in special
primary schools. Their length of teaching experience ranged from 3 to 20 years, with the sample
including participants with both shorter and extensive teaching experience. In terms of the
primary educational program variant they taught, variants A, B, and C were represented, with
some participants working simultaneously across several variants. The most common
combinations were variants A and B, and variants A, B, and C.

This research sample makes it possible to capture the experiences of teaching staff with different
lengths of teaching experience and working within individual educational program variants of
special primary schools.

Table 1: Summary of Research Sample Characteristics

Participant code Length of teaching School type Primary educational
experience (years) program variant

R1 13 special school A

R2 7 special school A, B, C

R3 20 special school A

R4 16 special school A, B

R5 4 special school B, C

R6 3 special school A B

R7 15 special school A, B

R8 20 special school A, B, C

Source: Own research data, Krolcik & Magovd (2025)

The data obtained were processed using open coding in accordance with the principles of thematic
analysis. In the first phase, meaning units were identified and initial codes were created, such as
“hand-in-hand method,” “low frustration tolerance,” and “lack of consumable materials.”
Subsequently, semantically related codes were grouped into subcategories and then into broader
categories. The categories thus created made it possible to systematically capture recurring
themes and experiences of the participants.

The research was conducted in accordance with ethical principles. Participation in the research
was voluntary, and all participants provided informed consent. To ensure anonymity, identifying
information was replaced with codes R1-R8, and the names of the institutions were not disclosed.
Photographic documentation was obtained in a manner that prevented the identification of
individual pupils (Krol¢ik & Magova, 2025).

Data Analysis
For the purposes of this paper, two of the most numerous categories identified in the overall
dataset were selected. These categories also most strongly reflected the research focus:

1. Educational and therapeutic significance of work education

2. Specific characteristics and needs of pupils in work activities
Both categories are subsequently characterized through individual subcategories and participants’
statements.
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Category 1: Educational and Therapeutic Significance of Work Education
Work education is not perceived merely as a subject focused on acquiring manual skills, but
primarily as a comprehensive intervention tool with a significant therapeutic dimension. Based on
the semantic similarity of the identified codes, the first category was divided into three in-depth
subcategories.
Table 2: Coding of the First Category

CATEGORY SUBCATEGORY CODES

building self-confidence,
a sense of usefulness,
immediate results of work,
joy of success,

elimination of fear of making mistakes.

Psychosocial
development (1.1)

EDUCATIONAL :

AND THERAPEUTIC Ise -care,
SIGNIFICANCE OF | Functional literacy (1.2) ﬁnan:;alitZ:zzjr(asEz:}) g
WORK EDUCATION )

orientation in time and space,
hygiene.
development of fine motor skills,
hand-eye coordination,
sensory activation,
basal stimulation.
Source: Own research data

Rehabilitation (1.3)

Subsequently, we provide a more detailed characterization of the individual subcategories, which
were designated as 1.1 to 1.3.

Subcategory 1.1: Psychosocial Development and Emotional Stability

The analysis of the interviews indicates that practical education fulfils an important psychosocial
and compensatory function in the education of pupils with intellectual disabilities (ID).
Respondents do not perceive it merely as a space for developing practical skills, but also as an
environment in which pupils can experience success, recognition of their own efforts, and a sense
of competence. This function is particularly important for pupils who repeatedly experience failure
in academically and cognitively oriented subjects, which may negatively affect their self-esteem,
motivation, and willingness to engage in further activities.

Respondent R3 states in this regard: “Pupils who do not experience a sense of success while sitting
at their desks and reading see an immediate, tangible result of their work during practical
education, which significantly boosts their self-confidence.” This statement points to the
importance of immediate feedback, which practical activities naturally provide. The outcome of
the activity is concrete, visible, and often usable, distinguishing it from tasks in which the result is
mediated by a symbolic system or depends on mastering more cognitively demanding operations.
The tangible nature of the outcome enables pupils to more easily connect their own effort with
the achieved result and creates opportunities for experiencing personal success.

The phenomenon of the immediate result can therefore be considered an important motivational
mechanism of practical education. Through their own activity, pupils can develop the experience
that they are capable of creating something, completing a task, or managing a practical activity.
Such experiences may support the development of a more positive self-image and strengthen
their perception of their own usefulness. In this context, practical education does not merely
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provide opportunities for practising work procedures, but also contributes to building a sense of
competence and autonomy.

An in-depth analysis of the statements further showed that the meaning and form of experienced
success differ according to the individual abilities and degree of disability of the pupil. For pupils
in Variant A, the source of success may be the creation of an aesthetically valuable product,
mastery of a particular work technique, or independent completion of an assigned task. For pupils
in Variants B and C, success often has a more basic and functional character. Success may consist
of mastering a simple work-related action, completing a partial stage of an activity, responding
appropriately to an instruction, or performing an element of self-care. Respondent R5
metaphorically compares this difference to elite sporting performance: “For a pupil with a severe
disability, mastering basic self-care is equivalent to winning an Olympic gold medal.” This
statement emphasizes the need to individualize the criteria of success and not assess pupils'
performance exclusively according to standards typical of their typically developing peers.

An important component of psychosocial development identified by the respondents is also
strengthening independence and a sense of personal usefulness. Practical education provides
situations in which pupils can gradually assume responsibility for individual stages of the work
process — from preparing the workplace and selecting tools to carrying out and completing the
task itself. Even partial independence may be significant from the perspective of psychosocial
development, as pupils gain the experience that they are not merely recipients of assistance but
can be active participants in an activity and contribute to its outcome.

Another important finding within this subcategory concerns the management of fear of making
mistakes and the development of tolerance towards failure. Respondents R3 and R5 point to the
low frustration tolerance of some pupils, which, in situations of failure, may manifest itself through
refusal to participate, affective reactions, or premature termination of an activity. According to
their experience, however, practical education provides an appropriate context for gradually
developing a more positive attitude towards mistakes. Respondent R3 describes this approach as
the strategy mistakes are our friends. Its essence is to avoid perceiving a mistake as definitive
failure and instead regard it as a natural part of the learning and creative process.

Such an approach may enable pupils to experiment, repeatedly try individual work procedures,
and accept correction without immediately experiencing failure. A mistake is thus transformed
from a threat to one's self-image into an opportunity for further learning. Gradually gaining
experience that failure does not necessarily lead to rejection or negative evaluation may support
the development of frustration tolerance and the ability to regulate one's emotional responses.
The respondents' statements also highlight the importance of a safe and supportive atmosphere,
in which pupils are provided with adequate time, assistance, and encouragement. Positive
feedback does not necessarily have to focus exclusively on the final product, but may also address
the process itself — the pupil's effort, perseverance, independent decision-making, or successful
completion of a particular work-related step. Such an approach to assessment makes it possible
to recognize small individual improvements that might otherwise remain unnoticed if attention
were focused exclusively on the final performance.

Thus, according to the respondents, practical education creates a multifunctional space that
integrates work activity, learning, social interaction, and emotional experience. Success in a work-
related task may serve as a source of positive feedback that supports self-confidence and
motivation; repeated experiences of successfully completing tasks may strengthen independence
and a sense of competence; and gradually accepting mistakes may contribute to the development
of frustration tolerance and emotional regulation. From this perspective, practical education can
be understood not only as a means of developing work-related and self-care competencies, but
also as an important tool for psychosocial support for pupils with intellectual disabilities.
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The overall interpretation of the respondents' statements therefore suggests that the value of
practical education does not lie exclusively in the quality of the product created or in the degree
to which a particular work technique is mastered. Equally important is the process through which
pupils gain experiences of success, learn to cope with failure, accept mistakes, cooperate with
others, and gradually assume responsibility for their own activities. These aspects can be
considered important determinants of psychosocial development and emotional stability among
pupils with intellectual disabilities.

Subcategory 1.2: Functional Literacy and Preparation for Independent Living

In this subcategory, teachers emphasize the transition from school-based theory to practical life
competence. The analysis confirmed that PE in special education primarily addresses areas that
are generally considered to be acquired naturally within the family environment by the typically
developing population. Respondent R3 emphasizes the direct impact of PE on the quality of family
life: “When a pupil learns to spread butter correctly on bread, for the family it means that the child
is able to have breakfast independently in the morning without parental assistance.” This shift
towards functional independence is crucial for reducing the pupil's social dependence. literacy
(practising shopping), orientation in time and space (following a work schedule), and hygiene
habits. A critical point emerging from the interview with respondent R7 is the fact that pupils from
socially disadvantaged backgrounds enter school without basic everyday habits. In such cases, PE
compensates for the absence of preschool preparation, placing increased demands on teachers in
the area of developing basic hygiene and self-care skills.

Subcategory 1.3: Rehabilitation and Sensory Stimulation

The final subcategory focuses on the physiological and neurological aspects of PE. Respondents
R2, R5, and R7 perceive this subject as a form of occupational therapy. The primary objective is
not the final product itself, but rather the process, which stimulates the development of fine
motor skills and bilateral coordination.

Respondent R5, who works with pupils in Variant C, emphasizes the importance of basal
stimulation and sensory perception of materials: “We teach pupils to perceive the material itself —
that this is warm, this is cold, this is smooth... it is more therapy than conventional teaching.” From
a rehabilitation perspective, teachers particularly emphasize the development of visual-motor
skills (hand-eye coordination) and grip.

Synthesizing these findings, we conclude that the educational and therapeutic significance of PE
is perceived in practice as a holistic process: successful motor rehabilitation creates the
prerequisites for mastering self-care skills, which subsequently contributes to strengthening the
pupil's self-confidence and psychosocial stability.

Category 2: Specific Characteristics and Needs of Pupils in Work Activities

Based on the semantic similarity of the codes, the second category was divided into three in-
depth subcategories.
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Table 3: Coding of the Second Category
CATEGORY SUBCATEGORY CODES

Impaired fine motor skills,
le stiff
Psychomotor Barriers LBl SEMRESS,
hand tremors,
(2.2) i
weak grip,
coordination difficulties,
motor restlessness
SPECIFIC . . .
cuamACTERTCS | SN Lo st s 10 e k),
AND NEEDS OF (2.2) rigidit !
Aol . affective reagctio:s to failure
ACTIVITIES .
A preference for stereotypical and
mechanical activities,
Strengths and Potential visual memory,
(2.3) precision in routine tasks,
sincerity,
enthusiasm for tactile stimuli

Source: Own research data

Subcategory 2.1: Psychomotor Barriers and Motor Clumsiness

From the perspective of manual activities, teachers identified psychomotor functioning as the
most significant barrier. Respondents R3, R5, and R6 consistently reported that pupils with 1D
predominantly experience impaired fine motor skills and a low level of bilateral coordination
(coordination of both hands). In this context, respondent R3 draws attention to a critical lack of
grip strength: “Many pupils are unable to exert sufficient pressure on a tool, whether they are
sawing or simply holding a ruler correctly while drawing.” This deficit directly limits the selection
of technical procedures.

Respondent R5 adds that pupils with more severe disabilities (Variants B and C) frequently
experience muscle stiffness or hand tremors, which requires the use of ergonomically adapted
aids, such as spring-assisted scissors or thick grips for writing implements. The analysis indicates
that motor clumsiness is not merely a physical limitation but may also become a source of
secondary frustration when a pupil is unable to perform a movement that they have cognitively
planned.

The respondents further emphasized that the degree of motor difficulty varies considerably
between individual pupils, which makes a uniform approach to practical activities inappropriate.
The same task may therefore be relatively easy for one pupil but require significant adaptation,
additional time, or direct assistance for another. Teachers consequently need to adjust not only
the difficulty of the task but also the size, weight, shape, and functional properties of the materials
and tools used. An important element is also the gradual development of motor skills through
repeated practice, whereby the pupil is provided with sufficient opportunities to repeat a
movement and consolidate the acquired motor pattern. Repetition is particularly important in
activities requiring precision, coordinated use of both hands, or controlled application of force.
The analysis also showed that motor limitations may affect the pupil's ability to maintain attention
and motivation during an activity. When a task is consistently experienced as physically demanding
or difficult to complete, the pupil may lose interest or avoid further attempts. For this reason,
teachers consider it important to structure tasks into smaller, manageable steps and to provide
immediate positive feedback for partial achievements. Such an approach allows pupils to
experience success even when they are unable to complete the entire activity independently.
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At the same time, the findings indicate that assistance should be provided in a way that supports,
rather than replaces, the pupil's own activity. Excessive physical assistance may reduce
opportunities for developing independence, whereas appropriately timed support can facilitate
successful completion of a task and gradually lead to greater autonomy. The teacher therefore
plays an important role in identifying the boundary between necessary assistance and the space
that should be left for the pupil's own motor exploration and problem-solving.

This finding is consistent with the theory of Valdsek (2014), who emphasizes the need to adapt
materials in order to compensate for the pupil's motor limitations. From this perspective,
adaptation should not be understood merely as a technical modification of tools, but as part of a
broader individualized pedagogical approach that takes into account the pupil's motor abilities,
functional potential, pace of work, and level of independence. Psychomotor barriers therefore
represent an important factor influencing not only the performance of individual work tasks but
also the pupil's motivation, emotional experience, and opportunities for developing functional
independence.

Subcategory 2.2: Cognitive and Emotional Limitations in the Work Process

An in-depth analysis of the interviews revealed that success in PE is limited not only by motor skills
but also by executive functions and emotional stability. Attention concentration: Respondents R2
and R5 report that the average period of full concentration on a task does not exceed 10 minutes.
“After ten minutes of monotonous work, the pupil loses interest, starts looking around or disturbing
others,” states R5. This fact requires the teacher to constantly alternate activities and divide the
lesson into smaller, dynamic blocks. Frustration tolerance: A key finding is the pupils' low tolerance
for failure. Respondent R3 describes situations in which pupils react affectively to even a minor
mistake (e.g., an uneven cut): “They tend to tear up their work immediately or start crying.” This
highlights the importance of the “mistakes are our friends” strategy discussed in the first category.
Rigidity and fear of novelty: Pupils with ID, particularly those with a co-occurring autism spectrum
disorder (R6), demonstrate pronounced rigidity. Any change in an established work procedure
may cause uncertainty and even resistance to the activity.

These findings indicate the need for a predictable structure of the work process, in which a new
or modified procedure is introduced gradually and supported by clear visual instructions. The
teacher must therefore simultaneously respect the pupil's need for routine while creating a safe
environment in which tolerance for change can gradually be expanded. An important prerequisite
for successful participation in work activities is therefore an appropriate degree of differentiation
that takes into account not only the pupil's cognitive abilities, but also their current emotional
state and individual pace of work.

Subcategory 2.3: Strengths and Specific Potential of Pupils

Despite numerous limitations, teachers identified in the interviews areas in which pupils with
intellectual disabilities demonstrate strengths and which may represent their potential for future
employment. Preference for routine and stereotypical activities: Respondent R3 highlights the
pupils' excellent ability to perform mechanical and repetitive activities (e.g., sanding wood,
weaving carpets, pulling weeds). “They find a sense of calm in stereotypical activities; they are
precise and persistent in them, which is a great asset for their future employment in sheltered
workshops,” explains R3.

Visual memory and sincerity: Respondent R5 points to the strong visual orientation of pupils.
When provided with a clear pictogram or a visual step-by-step procedure, they are able to work
with surprising consistency and accuracy. At the same time, respondents R3 and R8 emphasize
their emotional sincerity and enthusiasm for tactile stimuli (working with clay, dough, or water),
which makes PE one of the most popular subjects in the pupils' timetable.
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The analysis further indicates that pupils' strengths are particularly evident when the structure of
the activity corresponds to their individual abilities and preferred ways of processing information.
Predictable sequences of steps allow pupils to anticipate what will happen next and reduce the
cognitive demands associated with planning and organizing the activity. Repetitive activities may
therefore provide not only a sense of security but also opportunities to consolidate specific
practical skills through repeated practice. In this context, routine should not be interpreted merely
as a limitation of flexibility, but also as a potential resource that can be purposefully used in
educational and pre-vocational preparation.

The respondents also point out that the ability to remember visually presented procedures can
facilitate the gradual transition from direct teacher assistance towards greater independence.
Once a pupil has mastered a visual sequence, they may be able to perform the activity with
reduced verbal guidance and, in some cases, independently. This creates opportunities for
developing functional autonomy and increasing the pupil's confidence in their own abilities.
Similarly, precision and persistence in repetitive tasks may represent valuable qualities in future
work environments where reliability, consistency, and adherence to established procedures are
important.

Tactile and sensory activities represent another significant area of potential. Working with
materials such as clay, dough, wood, textiles, or water provides pupils with immediate sensory
feedback and allows them to engage in activities through direct experience. Such activities may
simultaneously support motivation, attention, sensory exploration, and the development of
practical skills. The positive emotional response associated with these activities can also facilitate
longer-term engagement and willingness to repeat and practise individual procedures.

The synthesis of findings in this category indicates that the characteristics of pupils in practical
activities form a complex profile in which motor and cognitive deficits need to be compensated
for through methodological structure (visualization, task segmentation into small steps) and by
making use of their natural inclination towards routine-based algorithms. At the same time, the
findings demonstrate that these characteristics should not be viewed exclusively as limitations. In
an appropriately structured environment, certain characteristics may become functional strengths
that support learning, independence, and future vocational participation.

PE, in this sense, does not work with “disability” as a deficit alone, but with the individual potential
of the pupil, which becomes visible through specific practical activities. The teacher's role is
therefore not only to identify what the pupil cannot do, but also to recognize the conditions under
which the pupil can perform successfully. Such an approach shifts the focus from limitations
towards functional abilities and creates opportunities for meaningful participation in educational,
social, and future vocational contexts.

Conclusion

The results of the qualitative analysis highlight the significant position of practical education in the
education of pupils with intellectual disabilities. The respondents' statements confirm that its
importance extends beyond the acquisition of work-related, practical, and self-care skills. Practical
education creates a natural space for experiencing success, strengthening self-confidence,
developing independence, and building a sense of personal competence. In particular, the
opportunity to see a concrete and immediate outcome of one's own activity emerges as an
important motivational factor that may positively influence the pupil's attitude towards learning
and their perception of their own abilities.

The findings also highlight the need to perceive pupil success individually and in the context of
their current abilities. For pupils requiring a higher level of support, the decisive outcome does not
necessarily have to be the creation of a complex product, but may instead involve mastering a
simple work-related task, a partial activity, or an element of self-care. Such an achievement
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nevertheless has significant psychosocial value, as it provides the pupil with an experience of
mastery and personal usefulness.

Another important aspect of practical education is its potential to support emotional stability and
the development of frustration tolerance. Creating an environment in which a mistake is not
perceived as failure but as a natural part of the learning process enables pupils to gradually
develop more positive experiences of failure. Practical education thus becomes a space in which
the development of practical competencies can be combined with the development of emotional
and social skills.

Based on the findings obtained, it can be concluded that practical education represents an
important means of comprehensive support for pupils with intellectual disabilities. Its benefits can
be identified not only in the areas of work readiness and practical independence, but also in self-
esteem, motivation, social functioning, and emotional regulation. From the perspective of special
education, practical education therefore cannot be reduced to the acquisition of individual work
procedures. Its potential lies primarily in its ability to create situations in which every pupil can
experience success appropriate to their individual abilities and, through their own activity,
gradually develop the experience: “I can do it myself.”
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Abstract

This study analyses the limitations of inclusive education for intellectually gifted learners with
specific linguistic talent in Slovak primary schools. The findings reveal a significant discrepancy
between legislative declarations and actual educational practice: giftedness is predominantly
developed outside the school environment, while the school system is unable to respond flexibly to
the specific educational needs of gifted learners. In most cases, individualised education
programmes remain largely formal, while instructional differentiation is reduced to quantitative
enrichment and an increase in the amount of learning material. At the same time, a rigid curriculum
limits opportunities for vertical acceleration. A qualitative analysis of interviews with teachers (N =
8) also reveals a high risk of misdiagnosis, particularly when manifestations of cognitive frustration
are incorrectly interpreted as symptoms of ADHD or autism spectrum disorder (ASD). The study
highlights the need for a fundamental transformation of curricular flexibility, methodological
support, and the integration of diagnostic processes with instructional practice in order to enable
the effective development of the linguistic talent of intellectually gifted learners.

Keywords
Intellectually gifted learner, linguistic giftedness; inclusive education; curriculum rigidity, diagnosis

Introduction to the Issue and the Limits of Inclusion of Intellectually Gifted Learners

The current discourse in Central and Southern European educational sciences places strong
emphasis on the implementation of the principles of inclusive education. In its contemporary
understanding, inclusion represents an effort to transform the school environment so that it can
respond flexibly to the diverse needs of all learners. As Kovacova (2019) argues, discussions about
what constitutes inclusion, what does not, and whether inclusion exists at all in our conditions are
constrained by one fundamental issue: a lack of preparedness — the unpreparedness of the
educational environment, the surrounding community, and all those involved.

In Slovak primary education, however, this concept has been translated into educational practice
in a considerably asymmetric manner. Foreign language education has undergone, and continues
to undergo, a long process of development. It is a highly dynamic and multidimensional
phenomenon, which makes it particularly challenging and, at the same time, interesting. It
requires an innovative approach, creativity, and continuous adaptation of teaching methods and
techniques so that teachers are able not only to engage learners and motivate them to participate
actively in classroom activities, but also to foster their independence and autonomous learning
(Kucharova, 2018). Systematic attention and the allocation of educational resources are primarily
directed towards learners with disabilities, specific learning difficulties, or those from socially
disadvantaged backgrounds.

Learners with giftedness — and, more specifically, learners with exceptional linguistic talent —
remain at the margins of institutional attention. This issue also concerns learners with different
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types of giftedness, including artistic, physical, and cognitive giftedness (Valachova et al., 2019).
Although legislative documents declare the need to create conditions for the identification,
development, and support of gifted learners, these requirements are not necessarily reflected in
specific educational approaches and conditions in everyday pedagogical practice. This creates a
certain discrepancy between what is formally declared in the field of gifted education at the
legislative level and the extent to which the actual educational needs of these learners are
addressed within primary school settings (Duchovicova, 2007; Pokriv¢akova, 2013).

The Legislative Framework versus Barriers in Educational Practice in Slovakia

From a de jure perspective, the status of intellectually gifted learners in the Slovak Republic is
established by Act No. 245/2008 Coll. on Education and Training (the School Act), which defines
gifted learners as learners with special educational needs (SEN). The legislation formally
guarantees their right to education adapted to their abilities, primarily through the provision of an
Individualised Education Programme (IEP).

In actual educational practice in mainstream primary schools in both countries, however, this
framework encounters substantial institutional barriers. Schools often perceive the development
and ongoing qualitative evaluation of IEPs/Individual Development Plans (IDPs) for intellectually
gifted learners as an additional administrative burden rather than as a functional tool for the
personalisation of instruction. In both the Slovak and Italian mainstream education systems, which
have historically been shaped by standardisation and uniformity, there is a lack of mechanisms
providing foreign language teachers with meaningful methodological and material support when
working with this target group. Although the diagnostic processes conducted by Slovak counselling
and prevention centres (CPP) or Italian clinical centres can identify high cognitive potential, the
link between diagnostic assessment and its practical implementation in language classroom
instruction remains discontinuous.

Systemic Limitations of Inclusion in Foreign Language Education

Slovak primary schools remain largely constrained by linear and chronologically structured
national curricula. When a learner enters primary education with partially or fully developed
linguistic talent and their foreign language communication skills, most commonly in English, have
already reached the A2 or B1 level, the standard curriculum may constitute a form of cognitive
deprivation. While the majority of the class is acquiring basic lexical units and isolated grammatical
structures, the gifted learner is required to follow the same pace of instruction. The Slovak
education system does not readily allow a learner to move flexibly, either horizontally or vertically,
to a higher grade in a particular subject without undergoing demanding formal examinations.
The concept of inclusion presupposes the teacher’s ability to differentiate the educational process
in terms of both content and learning processes. In Slovak schools, however, inclusion as
implemented by foreign language teachers often takes the form of so-called quantitative
saturation. When a gifted learner completes a standardised task more quickly than their peers,
the teacher typically assigns additional tasks of the same cognitive level — for example, another
worksheet focused on the mechanical completion of grammatical exercises. What is lacking is a
gualitative transformation of instruction that would take into account the specific cognitive needs
of gifted learners, such as deep conceptualisation and the identification of logical patterns within
grammatical systems (Reid, 2019).

The current generation of intellectually gifted learners acquires foreign languages in ways that are
closely connected to immersive exposure to language within the digital ecosystem. Gifted children
demonstrate a high degree of self-directed learning; they absorb language both passively and
actively through exposure to authentic video content, participation in global gaming platforms,
and engagement with highly specialised and non-linear texts (Pokrivéakova, 2013). Formal
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language instruction in primary schools, however, often remains disconnected from this
dimension of the learner’s world. It is still heavily dependent on printed textbook sets whose
thematic content may be outdated and insufficiently responsive to contemporary learners. This
creates a profound risk of demotivation, as intellectually gifted learners may perceive formal
language education as an artificial and rigid system, potentially leading to a decline in intrinsic
motivation and the development of apathy towards formal schooling.

Pedagogical Assessment and the Specifics of Asynchronous Development

One of the specific manifestations of intellectual giftedness may be asynchronous development,
in which different areas of a child’s development do not progress at the same pace. A high level
of cognitive abilities may therefore not be accompanied by a comparable degree of social,
emotional, or motor maturity (Valachova et al., 2019). For example, an intellectually gifted learner
may demonstrate an excellent level of abstract thinking and foreign language competence while
simultaneously requiring greater support in areas such as fine motor skills, emotional regulation,
or social interaction with peers. Such developmental unevenness may present a challenging
situation from the perspective of educational assessment, particularly when teachers lack
sufficient knowledge of the specific characteristics of giftedness and its manifestations in the
school environment.

At the same time, undergraduate teacher education programmes for future foreign language
teachers at Slovak and Italian universities devote relatively limited attention to giftedness and its
psychological and pedagogical specificities. Insufficient knowledge of the manifestations of
giftedness may subsequently complicate the appropriate interpretation of a learner’s behaviour
in the classroom. Manifestations such as low tolerance for repetition of previously acquired
material, loss of interest in simple or stereotypical tasks, impatience with a slower pace of work,
or an increased need for intellectual stimulation may be interpreted in educational practice as
disinterest, disruptive behaviour, arrogance, or a lack of respect for teacher authority. In some
cases, such behaviours may also prompt consideration of other developmental or behavioural
difficulties, although these manifestations alone may not provide sufficient grounds for diagnostic
assessment.

Methodological Approaches to Foreign Language Education for Gifted Learners

The effective development of the linguistic potential of intellectually gifted learners requires a
substantial reconsideration of traditional approaches to instruction. In Slovak primary schools,
however, the application of specific methodological approaches often conflicts with standardised
teaching strategies primarily designed for the average achievement level of the mainstream
learner population.

Instructional differentiation represents a key principle of inclusive education and involves adapting
the content, process, and product of learning. In practice, however, qualitative differentiation is
frequently replaced by so-called quantitative saturation. When an intellectually gifted learner
completes a standardised task ahead of their peers, they are typically given additional work of the
same cognitive level, such as another worksheet involving mechanical vocabulary or grammar
exercises. As Pokrivéakova (2014) points out, such an approach may become demotivating and
may encourage gifted learners to reduce their performance in order to conform to the pace of the
class.

A qualitative alternative is represented by the approach developed by Laznibatova (2013) within
the APROGEN Programme (Alternative Programme for the Education of Gifted Learners). Two
principles are particularly relevant: curriculum compacting, in which previously mastered content
is identified and repetitive practice is reduced, and enrichment, which provides opportunities for
more cognitively demanding activities. In foreign language education, this may include working
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with authentic texts, exploring linguistic parallels and etymologies, and engaging in problem-based
or project-based tasks requiring higher-order thinking. However, implementing such approaches
in mainstream Slovak classrooms remains challenging due to relatively large class sizes and the
limited availability of methodological resources specifically designed to support differentiated
foreign language instruction for gifted learners.

CLIL and Modern Technologies in Foreign Language Education for Gifted Learners

Content and Language Integrated Learning (CLIL) represents a particularly suitable approach to
foreign language education for intellectually gifted learners, as it combines language learning with
cognitively stimulating subject content. Rather than treating the foreign language as an end in
itself, CLIL enables learners to use it as a means of accessing information related to their specific
interests, such as science, information technology, or history (Pokrivéakova et al., 2010). The
potential of CLIL can be further enhanced through digital technologies. Contemporary gifted
learners often acquire language through authentic digital environments and demonstrate a high
degree of autonomous learning (Mistrik, 2019). However, the educational value of technology
depends on how it is integrated into instruction. When digital tools merely reproduce traditional
teaching practices, their potential to provide cognitive challenge and support learner autonomy
remains limited.

Psychopedagogical Challenges and Risks of Misinterpretation

The specific developmental characteristics of intellectually gifted learners also create challenges
for educational assessment. Asynchronous development may contribute to behaviours that are
difficult to interpret in a classroom setting, particularly when instruction does not correspond to
the learner’s cognitive level. Frustration caused by a slow pace of instruction may manifest itself
through restlessness, seeking alternative sources of stimulation, or verbally correcting the teacher
(Dockal, 2011). Without sufficient knowledge of giftedness, such behaviours may be interpreted
as disinterest, disruptive behaviour, or may raise concerns about attention or behavioural
difficulties.

A further challenge arises when exceptional foreign language competence is accompanied by
difficulties in peer interaction. Such a combination may sometimes lead to consideration of autism
spectrum disorder, although the observed behaviour alone does not constitute sufficient evidence
for such a diagnosis. Appropriate interpretation therefore requires a comprehensive assessment
that takes into account the learner’s cognitive profile, developmental characteristics, social
functioning, and educational context.

These challenges are closely related to the limited attention devoted to giftedness in the pre-
service preparation of foreign language teachers. Since intellectually gifted learners may require
specific methods and strategies for acquiring new knowledge and skills (Magova, 2024), teacher
education should provide greater emphasis on differentiation, enrichment, and the pedagogical
interpretation of gifted learners’ behaviour. Without such preparation and appropriate support
from school-based support teams, teachers may rely on strategies that address classroom
management rather than the effective development of the learner’s potential.

Research Methodology

The aim of the study is to examine the theoretical assumptions presented in the preceding
sections through a qualitative empirical inquiry into the experiences and perspectives of foreign
language teachers working with intellectually gifted learners in Slovak primary schools. Given the
complex and highly individualised nature of giftedness and its manifestations in the language
classroom, a qualitative research design was adopted (Szombatova, 2016).
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Data were collected through semi-structured interviews, which enabled the researchers to
address predefined thematic areas while allowing participants to elaborate on their individual
experiences and perspectives (Kovacikova & Prokeinovd, 2007). The research sample consisted of
eight English language teachers (N = 8) working at mainstream state primary schools in different
regions of Slovakia, each with at least three years of teaching experience. Inclusion criteria
comprised current or previous experience of teaching a learner with formally identified general
intellectual giftedness or exceptional linguistic talent.

The interviews were conducted either in person or online, audio-recorded with participants’
informed consent, and subsequently transcribed verbatim. All data were anonymised. The
interview protocol was structured around the key research areas identified in the theoretical
framework, including curricular rigidity, asynchronous development, the educational needs of
intellectually gifted learners, and the risk of diagnostic misinterpretation.

Interview Protocol for Foreign Language Teachers
Block A: Identification and Educational Assessment of Giftedness
Focus: manifestations of giftedness in the learner

1. Question: Can you recall a learner from your teaching practice who demonstrated
exceptionally advanced foreign language skills upon entering primary school? How did
these abilities manifest themselves in classroom activities?

2. Question: How did you, as a teacher, determine whether the learner’s performance
reflected intellectual or linguistic giftedness rather than simply more extensive preparation
at home? Did you cooperate with the school support team or a counselling and prevention
centre (CPP) in this regard?

Block B: Teaching Practice and Differentiation
Focus: limitations of a standardised educational system
3. Question: How do you address situations in which a gifted learner completes a
standardised task, such as a textbook exercise, significantly earlier than the rest of the
class?
4. Question: What specific methods do you use with such learners, for example content
enrichment, project-based learning, digital technologies, or CLIL? What material,
organisational, or time-related constraints do you encounter in Slovak schools?

Block C: Legislation, Support, and Administration
Focus: systemic aspects

5. Question: What has been your experience with developing and implementing an
Individualised Education Programme (IEP) for a gifted learner in the foreign language
classroom? Do you perceive it primarily as a useful support tool or as an administrative
burden?

6. Question: Do you feel that you receive sufficient support from the education system, such
as methodological resources, curricular flexibility, and funding for educational materials,
when working with learners with linguistic talent? What do you consider to be the most
significant gaps in the Slovak system?

Block D: Psychosocial Aspects and Risks of Misinterpretation
Focus: learner behaviour and diagnostic considerations
7. Question: Have you encountered manifestations of frustration, boredom, apathy, or
disruptive behaviour in gifted learners that you associated with a slow pace of instruction?
How did school management or parents respond to these situations?
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8. Question: Have you encountered situations in which behaviours associated with
intellectual frustration in a gifted learner were interpreted by teachers or other
professionals as indicating attention, behavioural, or autism spectrum difficulties? If so,
how was the situation addressed?

Summary Table of Qualitative Research Findings

The table below presents the responses of individual participants (T1-T8) to the key thematic
areas addressed in the interviews. The findings indicate that digital self-directed language learning,
particularly through online games and video content, as well as boredom associated with
insufficient cognitive challenge, were recurring themes across the participants’ accounts.

Table 1: Overview of Qualitative Research Findings

Teach | Region | Identified Observed Differentiati Practical Experience
er of Source of Classroom on Method Functionality with Risk of
Code | Practice | Learner’s Behaviour Applied Misdiagnosis
Giftedness (ADHD/ASD)
T1 Bratislav | Extramural | Passivity, Enrichment | Formal Yes
a English ignoring (reading a (implemented | (colleagues
Region | (YouTube, | assigned self-selected | mainly on suggested
TikTok) tasks, silent | book) paper for assessment
drawing inspection for Asperger
purposes) syndrome)
T2 Bratislav | Bilingual Correcting Quantitative | Ineffective Yes (the
a family the differentiati | (difficult to school
Region | environme | teacher’s on implement in a | advocated
nt pronunciatio | (additional class of 24 ADHD
n, disruptive | worksheet) | learners) assessment
behaviour due to
restlessness)
T3 Nitra Digital self- | Speaks only | CLIL projects | Partially Yes
Region | directed English, (IT topics functional (suspected
learning ignores using a (supported by | autism
(gaming) Slovak tablet) the school spectrum
psychologist) disorder)
T4 Zilina Combined | Apathy, Peer- Ineffective No (the
Region | factors head on support role | (formal goals learner was
(high desk, refusal | (“teacher created perceived
intellectual | to write assistant”) without simply as idle
ability + substantive and lazy)
computer content)
use)
T5 Banska | Extramural | Hyperactivit | Quantitative | Formal Yes (the
Bystrica | English y, frequent differentiati | (perceived primary
Region | (games unsolicited on primarily as an | teacher was
and videos) | verbal (additional administrative | convinced
responses textbook burden) the learner
exercises) had ADHD)
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T6 PreSov Spontaneo | Interrupting, | Content Ineffective No (mainly
Region | usreading | demanding | enrichment | (insufficient conflicts with
from the attention (creating funding for school
age of four comics) educational management
materials) concerning
perceived
rudeness)
T7 KoSice Digital self- | Social None (the Ineffective (the | Yes (the
Region | directed withdrawal, | learneris counselling school
learning quietly required to | recommendati | support
(streaming) | speakingto | follow the on was not team
self in pace of the | implemented) | considered
English class) referral for
ASD
assessment)
T8 Trenc¢in | Above- Excellent Curriculum Functional No (the
Region | average performanc | compacting | (due to strong | learner was
memory e, (working on | teacher considered
and perfectionis | tasks initiative) unproblemat
parental m, stress intended for ic, although
support Grade 8) somewhat
anxious)

Source: Author’s own elaboration

The Figure 1below illustrates a negative feedback loop within the Slovak inclusive education
system, showing how systemic limitations may contribute to learner frustration and, in some
cases, to the misinterpretation of gifted learners’ behaviour as indicative of other developmental
or behavioural difficulties.

Origin of giftedness: 62.5% of the teachers (5 out of 8) reported cases of Extramural English,
indicating that learners had acquired substantial foreign language skills independently through
digital environments outside formal instruction.

Limitations of IEP implementation: In 75% of cases (6 out of 8), teachers described the
Individualised Education Programme (IEP) as either largely formal or ineffective in practice.
Reported barriers included administrative demands and insufficient resources for
differentiated educational materials.

Risk of diagnostic misinterpretation: 50% of teachers (4 out of 8) reported experiences in which
manifestations associated with cognitive frustration — such as withdrawal into English, refusal
of standardised tasks, or restlessness related to boredom — contributed to consideration of
ADHD or autism spectrum disorder rather than being interpreted primarily in the context of
giftedness.

The model organises the interview findings from Slovak teachers (U1-U8) into three analytical
dimensions: Inputs (the sources and development of giftedness), Processes (the ways in which the
school responds to gifted learners), and Barriers and Outcomes (systemic limitations and their
potential consequences for the learner).
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Figure 1: Hierarchical Components of Inclusion of Intellectually Gifted Learners in Slovakia
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The main findings of the study lead to three key conclusions:

1. Acceleration of giftedness outside school (Inputs): Contemporary linguistic giftedness is no
longer developed primarily within structured school environments. Phenomena such as digital
self-directed learning and Extramural English (identified in 62.5% of the participants) indicate that
some learners enter formal education with substantial prior exposure to the language and with
linguistic competences that may exceed the expectations of the national curriculum.

2. Formalisation of inclusive instruments (Processes): The systemic response to such
giftedness remains limited. Individualised Education Programmes (IEPs) were described as
ineffective or predominantly bureaucratic in 75% of cases. Educational differentiation was more
often characterised by quantitative increases in workload than by qualitative enrichment, with
gifted learners being assigned additional tasks of a similar level of cognitive complexity.
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3. Pathologisation of boredom (Barriers and Outcomes): The most critical finding concerns
the potential psychosocial consequences for learners. Prolonged cognitive under-stimulation and
boredom may contribute to behavioural responses such as apathy or disruptive behaviour. In 50%
of cases, teachers reported experiences in which such manifestations were interpreted in terms
of attention, behavioural, or autism spectrum difficulties, potentially contributing to inappropriate
diagnostic considerations rather than supporting the development of the learner’s actual
potential.

Conclusion

The inclusion of intellectually gifted learners in foreign language education in Slovakia should not
remain merely a formal declaration in educational documentation. Moving from a standardised
model of schooling towards a more personalised approach requires a fundamental paradigm shift:
giftedness should be understood not simply as an advantage that a learner can develop
independently, but as a specific educational need requiring appropriate stimulation and support.
The present study examined the realities of inclusive education for linguistically gifted learners in
Slovak primary schools from the perspective of teachers (U1-U8). The findings, synthesised into a
three-dimensional model of Inputs, Processes, and Barriers, reveal a substantial gap between
learners’ cognitive potential and the capacity of the educational system to respond to their specific
needs.

Based on the identified limitations, several measures can be recommended at different levels of
the education system. At the system level, greater curricular flexibility is needed to enable schools
to implement vertical acceleration for learners who demonstrate advanced foreign language
competence without unnecessarily demanding administrative procedures. For example, learners
who demonstrate a foreign language competence substantially above the expected level should
have access to more flexible forms of progression. Systemic support should also include freely
accessible digital repositories of differentiated learning materials based on principles such as
curriculum compacting, enrichment, and CLIL.

At the level of counselling and prevention centres, psychological assessment reports should
provide not only psychometric results but also pedagogically applicable recommendations for
teachers. These may include information on the learner’s learning characteristics, suitable forms
of enrichment, and suggestions for differentiated tasks. Greater interdisciplinary cooperation
between counselling services, school support teams, and teachers could also contribute to more
effective implementation and evaluation of individualised education programmes.

At the level of school management and foreign language teachers, quantitative increases in
repetitive tasks should be replaced by qualitative differentiation. Once a learner has demonstrated
mastery of a particular learning objective, subsequent activities should provide greater cognitive
challenge through enrichment, project-based learning, CLIL, authentic language materials, and
interest-based tasks. The teacher’s role should increasingly shift from that of the primary source
of information towards that of a mentor and facilitator who supports learner autonomy and takes
individual developmental characteristics into account.

Ultimately, inclusive education for intellectually gifted learners should not be understood as an
additional burden placed on teachers, but as a systematic adaptation of educational content,
methods, and learning opportunities to individual potential. As Kovacova (2019) emphasises,
genuine inclusion requires a change in the way learners and their individual needs are understood.
Such a shift is essential if Slovak primary schools are to create conditions in which linguistic talent
can be identified, supported, and developed rather than left outside the scope of systematic
educational provision.
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Abstract

Structural change in higher professional education demands a rethink of specialized
foreign language instruction in economics, marketing, and analytics, where graduates must
navigate hybrid communicative spaces blending data reporting, marketing concepts, and
macroeconomic frameworks. This paper examines the challenges of acquiring professional
vocabulary, focusing on semantic drift: how polysemous terms (elasticity, conversion, yield,
pipeline) shift meaning across domains.

Drawing on Vygotsky's Zone of Proximal Development, Bruner's scaffolding theory, and
Halliday's Systemic Functional Linguistics, the study proposes an integrated linguo-pedagogical
matrix mapping three levels of contextualization (micro-textual, meso-situational, macro-
discursive) onto corresponding scaffolding types (hard, soft, procedural). The resulting three-
tiered model shows how structured support reduces cognitive load, resolves interference
between competing domain meanings, and guides learners toward independent, discourse-level
mastery.

Keywords:  professional  vocabulary  development, instructional  scaffolding,
contextualization, semantic drift, tertiary language education, linguodidactics, economics,
marketing, business analytics

1. Introduction

1.1 Background and Institutional Context

Higher education worldwide is undergoing rapid structural change, driven by digital
integration and the growing overlap between academic disciplines. This shift calls for a serious
rethink of how specialized foreign language instruction, Content and Language Integrated
Learning (CLIL) are approached. In today's tertiary institutions, especially within faculties of
economics, business administration, and the social sciences, the old boundary between pure
language learning and subject-specific content has largely disappeared. Graduates in Economics,
Marketing, and Business Analytics no longer work within isolated linguistic silos. Instead, they need
to navigate complex, hybrid communicative environments where quantitative data interpretation,
financial compliance frameworks, empirical market modelling, and strategic negotiation all
intersect on a regular basis.

Traditional approaches to English for Specific Purposes (ESP), which have historically relied
on grammar drills, passive translation exercises, and static, single-domain glossaries, simply aren't
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enough to prepare students for the realities of multinational corporate environments,
international regulatory bodies, or global academic discourse. Conventional language teaching
tends to treat vocabulary as a fixed set of dictionary definitions to be memorized, but real-world
professional communication demands something more: higher-order discursive, pragmatic, and
analytical competence. It isn't enough for learners to know what a word means in a generic sense.
They also need to understand how its meaning, pragmatic force, typical word combinations, and
register shift depending on the professional context in which it is used.

1.2 The Problem of Semantic Drift and Cross-Disciplinary Word Confusion

One of the biggest challenges in teaching is what we might call semantic drift: the way
common, multi-purpose words shift in meaning as they move between fields. A word can mean
one thing in everyday English and something quite different, even contradictory, once it lands in
a specific discipline. This is a particular headache in economics education, where students are
constantly tripped up by terms that look familiar but behave differently depending on whether
they're encountered in microeconomics, digital marketing, or business analytics.

A few examples illustrate this well:

Conversion

1. In digital marketing, conversion is a key performance indicator (KPI): the
percentage of prospective leads who move through the sales funnel to complete a desired action,
such as going from an ad click to an actual purchase.

2. In business analytics, it refers to something quite different: transforming raw data,
casting it into new types, or migrating it through a database schema as part of an ETL (Extract,
Transform, Load) pipeline.

3. In international economics, conversion typically means currency exchange, capital
account convertibility, or the transformation of asset liquidity under global trade regimes.

Elasticity

1. In microeconomics, elasticity is a precise mathematical measure of how sensitive
guantity is to changes in price, income, or the price of related goods, expressed as a coefficient
along a supply or demand curve.

2. In strategic marketing, the same word describes something more qualitative: how
loyal customers are to a brand, how sensitive they are to price changes during a promotion, or
how the market responds to competitors' positioning.

3. In business data systems, elasticity refers to something else entirely: how well a
system architecture scales, how cloud computing infrastructure adjusts to demand, or how
storage allocation flexes dynamically.

Pipeline

1. In marketing and sales, a pipeline visualizes the stages of customer acquisition, lead
gualification, and deal management within a CRM system.

2. In business analytics, it refers to automated data processing workflows, such as
sequences for feature extraction or CI/CD (continuous integration/continuous deployment)
chains.

3. In macroeconomics, pipeline can mean something physical or financial: energy
infrastructure corridors, capital project funding mechanisms, or strategic supply lines for
resources.

Yield

1. In financial economics, yield refers to real return on investment, coupon rates, bond
yields, or capital gains as a percentage.

2.In marketing, it describes how efficiently a campaign reaches its audience, measured
through impression-to-lead ratios or engagement rates.
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3.In business analytics, yield can refer to the output of an algorithmic model, the prediction
accuracy of a decision tree, or the volume of data extracted per query cycle.

Diagram1. Interdisciplinary Semantic Mapping of Professional Discourse in Higher
Education

Interdisciplinary term
(e.g. yield)
I
I | I
Economics Marketing Analytics
Bond Returns and Campaign Reach and Algorithmic Output and
Capital Gains (%) Lead Ratio Prediction Accuracy

Compiled by author

When tertiary students encounter these polysemous terms without explicit, structured
support, they often run into real cognitive friction. It is common for learners to fall into inter-
domain lexical interference, carrying a term's meaning over from one field into another where it
simply does not apply, or worse, where it actively misleads. A student might know the dictionary
definition of yield or conversion perfectly well, yet still struggle to use it correctly when auditing
an econometric forecast, drafting a marketing plan, or documenting a data pipeline.

1.3 Theoretical Solution: Contextualization and Scaffolding

Overcoming semantic drift and lexical interference calls for uniting two foundational
paradigms in modern language pedagogy: contextualization and instructional scaffolding.

Contextualization acts as the primary anchor for resolving semantic ambiguity. It rests on
the idea that specialized vocabulary cannot be learned in isolation from the social and discursive
environments where it's actually used (Halliday & Matthiessen, 2014). Within this framework,
contextualization operates across three distinct levels:

1. Micro-level context (syntagmatic/textual): the immediate grammatical patterns,
syntactic constraints, and register-specific collocations a word appears in.

2. Meso-level context (case-based/situational): authentic problem-solving tasks,
simulated department meetings, case studies, and business negotiation scenarios.

3. Macro-level context (discursive/sociocultural): institutional norms, global
regulatory frameworks, trade compliance standards, and the broader socio-economic policy
environment.

Instructional scaffolding, grounded in Vygotsky's (1978) socio-constructivist theory and
later formalized by Wood, Bruner, and Ross (1976), works alongside contextualization to give
students the adaptive support they need to work through these layers of complexity. Scaffolding
offers temporary, targeted help, such as syntax matrices, Socratic questioning, or genre templates,
that eases the burden on working memory, allows learners to build up cognitive schemas, and is
gradually withdrawn as learners become more independent (Sarmiento-Campos et al., 2022).

1.4 Research Purpose and Structural Organization

This paper sets out to build a theoretical and methodological framework for developing
professional vocabulary in tertiary language education, with a specific focus on economics,
marketing, and business analytics. More specifically, the study aims to:

1. Bring together socio-constructivist, cognitive, and systemic-functional theories into
a single, integrated pedagogical model;
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2. Explain how semantic drift and inter-domain lexical interference operate
cognitively across specialized disciplines;

3. Develop an operational matrix that maps micro-, meso-, and macro-level
contextualization against hard, soft, and procedural scaffolding;

4. Offer practical task examples and assessment approaches that curriculum
designers and ESP/CLIL practitioners can put to use.

2. Methodology of the Review

The literature search covered four major databases: Scopus, Web of Science (Core
Collection), ERIC, and Google Scholar, spanning publications from 2015 to 2026. A small number
of seminal historical works, Vygotsky (1978), Wood, Bruner, and Ross (1976), Halliday (1985), and
Sweller (1988), were added manually, since these predate the search window but remain
foundational to the paper's theoretical grounding.

Search terms were organized around four conceptual pillars, and records were retained
only if they touched on all four areas simultaneously. The first pillar covered the instructional
context: terms such as English for Specific Purposes, ESP, CLIL, tertiary language education, and
linguodidactics. The second focused on the linguistic phenomenon under study: vocabulary
acquisition, lexical development, semantic drift, polysemy, and interference. The third addressed
the pedagogical mechanism: scaffolding, instructional support, Zone of Proximal Development
(Vygotsky, 1978), and Cognitive Load Theory (Sweller, 1988). The fourth narrowed the search to
the relevant professional fields: economics, marketing, business analytics, and interdisciplinary
pedagogy.

This search strategy surfaced a body of recent empirical work directly relevant to the
review's aims. Hrdlickova (2020) examined how business and law vocabulary is acquired in ESP
classrooms, highlighting how terms with everyday meanings (such as capital) take on far more
precise, field-specific senses once students encounter them in a specialized context. Related work
on Business English pedagogy has likewise stressed that vocabulary instruction needs to be
scaffolded and revisited over time rather than delivered as a single exposure, since deeper
cognitive processing and repeated engagement are what make specialized terms stick (Namwong
et al., 2022). Within CLIL research more specifically, Castellano-Risco et al. (2020) found that the
instructional context itself, rather than the sheer volume of vocabulary input, was the strongest
predictor of second-language vocabulary gains, a finding that lends direct empirical support to this
paper's emphasis on contextualization over rote exposure.

Search terms within each pillar were treated as interchangeable alternatives, while all four
pillars had to be represented for a record to be considered relevant. This layered structure allowed
the search to remain broad enough to capture interdisciplinary work, while staying focused on
studies genuinely relevant to professional vocabulary development in tertiary education.

3. Literature Review

The theoretical foundation for professional vocabulary acquisition in tertiary education
draws on three traditions: cognitive psychology, socio-constructivist pedagogy, and systemic
functional linguistics. Bringing these traditions together offers a robust framework for
understanding how specialized lexical knowledge is mentally built, cognitively processed, and put
to use in real professional settings.

3.1 Socio-Constructivism, Scaffolding, and the Zone of Proximal Development

Vygotsky's Socio-Constructivist Framework

The pedagogical foundation of this study rests on Lev Vygotsky's socio-constructivist theory
of cognitive development (Vygotsky, 1978). Vygotsky argued that higher psychological functions,
including language processing, conceptual categorization, and abstract reasoning, do not develop
in isolation within an individual's mind. Instead, they are shaped through social interaction,
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cultural tools, and symbolic systems. Learning, in this view, is fundamentally social: knowledge is
built together before it becomes internalized.

At the centre of Vygotsky's model is the Zone of Proximal Development (ZPD), which he
defined as the gap between what a learner can achieve independently and what they can achieve
with guidance from an adult or a more capable peer (Vygotsky, 1978, p. 86).

In tertiary foreign language education, particularly within ESP and CLIL settings, upper-
intermediate learners (roughly B2/C1 level) consistently run into a specialized version of this gap.
They may have solid general linguistic competence, yet still struggle badly when faced with
authentic, unscaffolded professional texts in economics, marketing, or analytics. They can read
the individual words, but they can't bridge the distance between knowing a dictionary definition
and applying a term the way an expert would.

Bruner's Instructional Scaffolding and Fading

Jerome Bruner and his colleagues turned Vygotsky's ZPD into the practical educational
concept of instructional scaffolding (Wood, Bruner, & Ross, 1976). Scaffolding refers to the
temporary support an instructor, peer, or pedagogical tool provides so a learner can accomplish a
task that would otherwise be beyond their unassisted ability.

Wood et al. (1976) identified six functions that effective scaffolding tends to serve: drawing
the learner's interest and keeping them oriented toward the task; simplifying the task by reducing
the number of steps needed to reach a solution; keeping the learner focused on the goal;
highlighting the features that matter most; managing frustration so the task doesn't become
overwhelming; and modelling an ideal or expert solution.

Crucially, scaffolding isn't meant to be permanent. Van de Pol, Volman, and Beishuizen
(2010), in their widely cited review of a decade of scaffolding research, identify contingency,
fading, and the gradual transfer of responsibility as the three defining features of genuine
scaffolding. In practice, this means an instructor diagnoses where the learner currently stands,
offers support suited to that moment, and steadily withdraws it as the learner grows more
capable. As learners internalize structures and build independent competence, the support is
dismantled step by step.

Contemporary Applications in ESP and CLIL

In today's university language teaching, scaffolding has grown beyond simple peer tutoring
into more structured instructional design. Researchers generally distinguish between two modes
of delivering it. Hard scaffolding refers to pre-planned, fixed instructional materials, such as
sentence frames, graphic organizers, vocabulary co-occurrence charts, or text-structure
templates, that support lower-level decoding and organization. Soft scaffolding, by contrast, is
more dynamic and responsive: Socratic questioning, real-time feedback, communicative prompts,
and peer negotiation that instructors deploy spontaneously as problems arise.

In specialized vocabulary instruction, combining hard and soft scaffolding keeps tertiary
learners from falling back on rote memorization. It gives them structural support for processing
complex registers while still building the independence they'll eventually need to function
professionally on their own.

3.2 Cognitive Load Theory and Lexical Processing Architecture

Human Cognitive Architecture

While socio-constructivism explains how learning is socially shaped, John Sweller's
Cognitive Load Theory (CLT) explains the underlying cognitive mechanism behind why unassisted
exposure to specialized texts so often fails as a learning strategy (Sweller, 1988). CLT rests on a
model of human cognitive architecture built around two memory systems. Working memory has
extremely limited capacity and duration when it comes to processing new, unorganized
information: Miller's (1956) classic account put the limit at roughly seven items, plus or minus two,
while Cowan's (2001) later, more rigorous review argued that the true limit, once rehearsal and
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long-term memory support are controlled for, is closer to about four chunks. Long-term memory,
by contrast, has virtually unlimited storage, and information there gets organized into complex,
automated knowledge structures called schemas.

The Three Dimensions of Cognitive Load

Sweller's framework describes the total cognitive load a learner experiences as the sum of
three components: intrinsic load, extraneous load, and germane load.

Intrinsic load reflects the inherent difficulty of the material itself, driven by how many
elements need to be held in mind and processed together. Polysemous professional terms (think
of elasticity meaning different things in microeconomics, marketing, and cloud infrastructure)
carry high intrinsic load, because the learner has to juggle syntax, domain knowledge, and context
all at once.

Extraneous load is the mental effort wasted on poor instructional design: split attention,
unguided searching, or badly structured tasks. When tertiary students are left to decipher
specialized vocabulary from raw, unscaffolded academic texts with no support, their working
memory gets swamped by this kind of unproductive processing, leaving little capacity left for
actual learning.

Germane load, finally, is the productive mental effort that goes into building, refining, and
automating long-term schemas. The whole point of good instructional design is to cut down on
extraneous load so that working memory capacity can go toward this more productive, germane
processing instead.

Cognitive Load Reduction Through Scaffolding

Instructional scaffolding acts directly on this cognitive architecture. Hard scaffolding
(sentence frames, data-commentary templates, syntactic matrices) works as a kind of external
cognitive offloading: by handling low-level structural and syntactic demands for the learner, it
substantially reduces extraneous load. That, in turn, frees up working memory for germane
schema-building, allowing learners to store richer, multi-domain lexical knowledge in long-term
memory.

3.3 Systemic Functional Linguistics and Register Theory

Halliday's Metafunctional Model

To round out the constructivist and cognitive perspectives, Michael Halliday's Systemic
Functional Linguistics (SFL) offers the socio-linguistic grounding for contextualization (Halliday,
1985; Halliday & Matthiessen, 2014). SFL treats language not as a passive set of abstract rules, but
as a dynamic resource people use to make meaning within specific social situations.

Halliday identifies three core functions language performs at once: the ideational function,
which constructs experience and logical relationships (what the text is actually about); the
interpersonal function, which enacts social relationships, roles, and stances (who is speaking to
whom, and how); and the textual function, which organizes language into a coherent, cohesive
text (how the message is put together).

Register Variables: Field, Tenor, and Mode

Central to SFL is the idea of register: the way language choices shift systematically
depending on three situational variables. Field, tied to the ideational function, refers to the
institutional domain or subject matter at hand; in specialized tertiary education, field is what
determines domain-specific terminology, whether that's econometric regression or customer
churn modelling. Tenor, tied to the interpersonal function, refers to the social roles and
relationships between the people communicating, and it shapes things like formality, hedging, and
politeness, such as an analyst presenting a risky forecast to senior executives versus peers
reviewing each other's code. Mode, tied to the textual function, refers to the channel or medium
of communication, and it shapes how a text is structured and how dense or cohesive it is, as in the
difference between a written legal brief and an interactive slide presentation.
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SFL as a Lens for Contextualization

SFL helps explain why traditional vocabulary teaching, which treats words as static, isolated
dictionary entries, tends to fail in tertiary professional education. A specialized term shifts in
pragmatic force, syntactic behaviour, and meaning as field, tenor, and mode change around it.

Contextualization puts SFL into practice across three levels: micro-textual (field-specific
collocations and syntactic patterns), meso-situational (case-based role-plays that adjust for tenor),
and macro-discursive (mastering the genre conventions tied to a given mode). Scaffolding is what
guides tertiary learners through these shifts in register, helping them adapt their vocabulary
choices to the standards expected across economics, marketing, and business analytics.

4. Theoretical Foundations and Domain-Specific Pedagogical Matrix

4.1 Operationalizing Contextualization Across Specialized Domains

Resolving semantic drift in a systematic way means building contextualization into
instruction at three distinct levels, each targeting a different scale of meaning-making.

A. Micro-Level Context (Syntagmatic/Textual Scale)

At this level, the focus narrows down to the immediate grammatical environment a word
lives in: what it typically combines with, what structures it fits into, and how those patterns shift
by register. This is precision work at the level of the phrase.

In business analytics, terms like variance, skew, or pipeline can be scaffolded through
syntax matrices and technical commentary templates, helping learners see how a term like
"pipeline" behaves differently in "pipeline architecture" versus "feature variance." In economics,
the same approach applies to structural collocations built around systemic mechanisms, phrases
like "elasticity of substitution" or "fiscal consolidation measures." And in marketing, learners work
on mapping the syntactic patterns that surround performance indicators, such as "conversion
funnel efficiency" or "customer acquisition cost reduction."

B. Meso-Level Context (Case-Based/Situational Scale)

At the next level up, vocabulary gets anchored in something closer to real professional life:
authentic problem-solving tasks, department-style role-plays, and simulated business scenarios
where a term stop being an abstract label and starts functioning as a working tool.

In marketing, this might look like a simulated product launch audit, where conversion shifts
from a textbook definition into a decision-making metric that students actually weigh against ad
spend and customer retention figures. In business analytics, learners might work through churn-
prediction datasets, interpreting outputs like yield, precision, and recall, and then translating those
findings into recommendations a non-technical stakeholder could actually use. In economics,
students might simulate a central bank committee deliberating on interest rate policy in the
middle of an inflationary shock, forcing them to use economic vocabulary the way policymakers
actually do, under pressure and with real consequences on the table.

C. Macro-Level Context (Discursive/Sociocultural Scale)

At the broadest level, specialized vocabulary connects to industry-wide standards,
international regulatory frameworks, socio-economic policy, and the realities of cross-border
trade.

In economics, this could mean working through the language of international trade policy,
for instance, analysing how the EU's Carbon Border Adjustment Mechanism ripples through global
supply chains. In marketing, it might involve weighing the trade-offs between localizing a brand
for different markets and keeping it standardized worldwide, across cultures and regulatory
environments that don't always agree. In business analytics, it could mean grappling with
international data privacy regimes like GDPR and CCPA, along with the broader conversation
around ethical Al governance in how data gets reported and used.
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Table 1. A Pedagogical Matrix for Contextualized Scaffolding

Professional | Contextual Scaffolding Example Term& Meaning | Learner
Domain Level Type Shift Autonomy Stage
Business Micro-Level Hard "Pipeline" Tierl: Guided
Analytics (Syntagmatic/T | Scaffolding: —>workflow/ETL Acquisition
extual) syntax automation; "Yield" | (decoding
matrices, code- | —algorithmic output | technical  terms
commentary accuracy and building
frames, and structured
technical reports)
reporting
templates
Marketing Meso-Level Soft "Conversion"  —>funnel | Tier2:
(Situational/ Scaffolding: progression/KPltracking;" | Collaborative
Case-Based) Socratic Elasticity"—> brand | Application
questioning, promotion sensitivity (shaping strategic
negotiation messages and
templates, and defending
peer-led pitch campaign choices)
feedback
Economics Macro-Level Procedural "Yield"-> bond | Tier3:
(Sociocultural/ | Scaffolding: return/asset  valuation; | Autonomous
Discursive genre analysis | "Elasticity “>price/ | Mastery
guides, policy | income sensitivity | (synthesizing
brief  frames, | coefficients policy and
and peer audit forecasting at a
rubrics strategic, macro
level)

5. Domain-Specific Instructional Applications and Task Examples
To show how the Integrated Pedagogical Matrix works in practice, this section walks

through three classroom-tested examples.

Compiled by author

Each one shows how a particular level of

contextualization, micro, meso, or macro, pairs naturally with a particular type of scaffolding, hard,
soft, or procedural, across business analytics, marketing, and economics.
5.1 Business Analytics Example: Micro-Level Hard Scaffolding for Data Reporting
This example sits within business analytics and data science communication, focusing on

terms like pipeline, variance, yield, feature extraction, and overfitting. The goal is simple in principle
but tricky in practice: help students write precise, technical commentary on statistical model
outputs without accidentally slipping into the general business meanings of these same words.

The scaffolding tool is a syntax matrix paired with sentence frames for code commentary,
a textbook case of what Wood, Bruner, and Ross (1976) call hard scaffolding: a fixed, pre-built
structure that carries the learner through a task they couldn't yet manage alone. The matrix offers
three interchangeable pieces students can mix and match: a subject (say, "the predictive pipeline"
or "the model"), a verb phrase ("demonstrates significant," "yields an accuracy rate of," "exhibits
severe overfitting in"), and a statistical outcome to round out the sentence ("variance across
validation folds," or "feature coefficients, with an R-squared of 0.89").

In the classroom, this unfolds in three steps. Students first review a raw output log from a
machine learning model, showing its performance across ten cross-validation folds. Then they use
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the matrix to build a well-formed technical sentence, something like: "The machine learning
pipeline yields an accuracy rate of 87.4%, while exhibiting minor variance across validation folds."
Finally, once the pattern feels familiar, they write a 150-word summary evaluating the model's
deployment risks entirely on their own, with the matrix quietly fading into the background.

5.2 Marketing Example: Meso-Level Soft Scaffolding for Campaign Pitch Defence

This example moves into digital marketing and brand strategy, working with terms like
conversion rate optimization (CRO), customer acquisition cost (CAC), elasticity, omnichannel reach,
and value proposition. The aim is to help students defend strategic budget decisions in front of an
executive audience, using precise marketing vocabulary while under real pressure to think on their
feet.

Here the scaffolding is soft rather than fixed, closer to a live conversation than a template.
Student teams take on the role of a digital marketing agency proposing a $500,000 reallocation of
an e-commerce platform's campaign budget. As teams present, the instructor challenges them
with spontaneous, Socratic-style questions, echoing the same kind of contingent, in-the-moment
questioning Wood et al. (1976) identified as central to effective scaffolding. A typical prompt might
be: "You've increased budget allocation for social media channels by 30%. How does this affect
your overall customer acquisition cost, and what's your projected conversion threshold?" Students
respond with the same precision they'd need in an actual boardroom: "While initial CAC may rise
by 5%, our targeted CRO strategy will lift top-of-funnel conversion rates from 1.8% to 2.4%,
offsetting the added channel costs."

After each pitch, peer groups step in with an evaluation rubric, rating the presenter's tone,
register, and lexical precision under questioning, layering peer feedback on top of the instructor's
live scaffolding.

5.3 Economics Example: Macro-Level Procedural Scaffolding for Policy Brief Writing

This example shifts into macroeconomics and international trade policy, targeting terms
like fiscal consolidation, price elasticity of demand, trade balance, requlatory compliance, and the
EU's Carbon Border Adjustment Mechanism (CBAM). The goal is for upper-level students to work
through complex trade regulations and produce a formal macroeconomic policy brief written for
government stakeholders.

The scaffolding tool here is a structured genre template, a form of procedural scaffolding
that guides students through the expected shape of this kind of writing. The executive summary
asks them to define the economic shock or regulatory shift at hand, using expected phrases like
"inflationary pressures," "fiscal consolidation," and "trade balance volatility." The empirical
analysis section asks them to present elasticity metrics and supply chain data, following a pattern
along the lines of: "Assuming high price elasticity of demand, where the coefficient exceeds 1.0,
foreign import substitution would likely..." The policy recommendations section calls for three
concrete legislative proposals, written in the confident, formal register typical of policy writing:
"the Ministry must implement...", "it is imperative that..."

The task unfolds across three phases. Students first deconstruct an authentic policy brief
from a body like the IMF or the European Central Bank, using the template to see how real policy
writing is put together. They're then given a simulated trade disruption, such as the introduction
of EU CBAM tariffs on imported steel, and draft their own 500-word brief using the same template.
Finally, students carry out a double-blind peer review using a rubric grounded in Halliday's (1985)
systemic functional linguistics, assessing each other's writing across the same three dimensions
introduced in Section 3.3: how accurately the content is conveyed, what stance the writer takes
toward the reader, and how well the text holds together as a whole.
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6. Pedagogical Implications, Assessment, and Limitations

6.1 Implications for ESP/CLIL Curriculum Design

The framework proposed here points to several concrete changes that business and
economics faculties could implement in curriculum design.

The first concerns the co-design of language instruction. Language courses are typically
developed independently by language departments, with limited input from subject-matter
faculty. A more effective model would involve ESP instructors and economics or marketing faculty
jointly designing at least one instructional unit per semester around an authentic disciplinary
artifact, such as an earnings call transcript, an anonymized marketing dashboard, or a central bank
statement. For instance, a first-year economics-track language course might replace a generic
business vocabulary unit with a joint session in which students annotate an authentic Federal
Reserve press release alongside their economics instructor, then analyse its collocational patterns
and register choices with their language instructor. This represents a modest but meaningful shift
away from invented textbook examples and toward the language students will encounter in
professional practice.

The second concerns course sequencing. Rather than treating "Business English" as an
undifferentiated course delivered uniformly across four years, a program could align its structure
explicitly with the three-tier model proposed in this study. Years 1-2 would emphasize brief,
frequent hard-scaffolding exercises, such as the data-commentary syntax task described in Section
5.1, integrated into regular class sessions rather than delivered as isolated units. Year 3 could
introduce a single recurring simulation extending across the semester, for example, a simulated
consultancy project in which student teams present a marketing budget proposal to a panel of
instructors acting as clients, revisited at intervals to provide repeated, low-stakes practice in
defending decisions under questioning, consistent with the pitch scenario outlined in Section 5.2.
By Year 4, students would work toward a single capstone deliverable, such as a policy brief
addressing a current trade issue (for example, EU carbon tariffs or a recent monetary policy
decision), produced and defended with minimal scaffolding, in line with the exemplar presented
in Section 5.3.

With respect to polysemy, one concrete instructional tool would be a cumulative glossary
documenting semantic drift, compiled collaboratively by students across all four years rather than
provided in advance by instructors. Each time a familiar term is found to shift meaning across a
new disciplinary context, students would record the term, the relevant domain, and a brief
definition. By the final year, a cohort would have constructed its own reference resource tracking
how terms such as pipeline, yield, elasticity, and conversion function differently across analytics,
finance, and marketing contexts. This approach renders the phenomenon of semantic drift
observable and self-documented, rather than something instructors merely describe in lectures.

6.2 Scaffolding-Aligned Assessment Framework

Assessment should mirror the same three-tier progression underlying the instructional
design, ensuring that evaluation methods remain consistent with pedagogical practice.

At Tier 1 (Guided Acquisition), a practical approach involves brief, weekly commentary
exercises: students are presented with an unfamiliar dataset or output log and given a short
window to produce a single accurate technical sentence using the syntax matrix, consistent with
the task described in Section 5.1. Such assessments are low-stakes and frequent, appropriate
given that the instructional objective at this stage is the development of accurate, automatized
usage rather than high-pressure evaluation.

At Tier 2 (Collaborative Application), assessment shifts to recorded, interactive tasks, such
as a brief team presentation defending a marketing or business decision, evaluated not only on
the proposal itself but on the team's capacity to respond to unscripted follow-up questions,
consistent with the CAC/CRO defence scenario described in Section 5.2. An appropriate rubric
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would assess register maintenance under pressure, lexical accuracy when responding to
unplanned challenges, and the ability to recover appropriately from errors, criteria that more
closely resemble professional evaluation than conventional written examination.

At Tier 3 (Autonomous Mastery), assessment appropriately consists of a substantial
independent task, such as a policy brief, analytical report, or research paper, completed with
minimal instructor support during the drafting process. One concrete implementation would
involve providing students with a current, authentic event, such as a recent tariff announcement
or interest rate adjustment, and requiring a policy brief of approximately 1,000 words within a
defined timeframe, evaluated according to the three systemic functional linguistics dimensions
introduced earlier: accuracy of content, appropriateness of stance toward the reader, and overall
textual cohesion.

6.3 Limitations and Directions for Future Research

This framework represents a theoretical starting point rather than an empirically validated
model, and several limitations warrant acknowledgment.

The most significant limitation concerns the absence of empirical validation. The proposed
framework is currently grounded in theoretical reasoning and instructional design logic rather
than empirical evidence. An appropriate initial study would compare two sections of the same
first-year business English course, one employing the proposed scaffolding matrix and one
following standard departmental practice, assessing vocabulary retention and writing quality
through a pre/post-test design at the conclusion of the semester. Such a study would provide
preliminary evidence before undertaking larger-scale or longitudinal research.

A further limitation concerns instructor preparation. Implementing Socratic scaffolding
around marketing decisions, or assessing systemic functional linguistics-based register shifts in an
economics policy brief, presumes a degree of subject-matter familiarity that many language
instructors may not currently possess. A practical response would involve structured, recurring
interdisciplinary workshops, for example, an economics faculty member leading a session each
term on the structure and evaluation criteria of authentic policy briefs, rather than expecting
language instructors to acquire this expertise independently.

Future research would also benefit from more rigorous cognitive measures. Employing
eye-tracking or electroencephalography to compare working memory load during scaffolded
versus unscaffolded vocabulary tasks would provide more direct evidence for the cognitive load
claims outlined in Section 3.2, rather than relying on classroom performance as an indirect proxy.
Longitudinal corpus-based studies tracking individual students' writing development across a full
four-year program would further clarify whether learners progress through the proposed three
tiers as the model suggests, or whether actual developmental trajectories are considerably less
linear than the tiered structure implies.

7. Conclusion

This review and the conceptual framework it suggests indicate that mastering professional
vocabulary in higher education, particularly across economics, marketing, and business analytics,
cannot be achieved through isolated lexical memorization or unguided communicative immersion
alone. Addressing the challenges of semantic drift and inter-domain lexical interference requires
a systematic, theory-driven alignment between the level of contextual complexity involved in a
given task (micro, meso, or macro) and the corresponding form of pedagogical scaffolding
provided (hard, soft, or procedural).

By integrating Socio-Constructivism, Cognitive Load Theory, and Systemic Functional
Linguistics within a single, actionable pedagogical matrix, this framework reconceives tertiary
language education as an active process of cognitive and discursive development, rather than a
passive exercise in vocabulary instruction. In doing so, it seeks to equip future economists,
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marketers, and analysts with the linguistic precision, pragmatic flexibility, and analytical autonomy
necessary to function effectively within contemporary global professional discourse.
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The presented study addresses one of the fundamental issues in linguistics — language
change, its causes, and the theoretical models proposed by various scholars. The paper discusses
both internal structural factors and external sociocultural and economic factors that influence
language transformation or its complete replacement.

The study notes that language change is a long-term and hardly noticeable process. It also
emphasizes that the primary condition for language shift and development is social bilingualism,
which manifests itself in the process of intergenerational transmission.

The paper concludes that, despite the existence of numerous theoretical models, it is
impossible to determine in advance exactly which combination of factors will cause language
change or preservation. However, in most cases, the decisive role is played by the sociopolitical
and economic environment.

Keywords: language change, bilingualism, sociopolitical and economic factors.

Causes of Language Change

For centuries, people have speculated about the causes of language change. The main
problem in determining these causes lies in deciding which of the possible explanations should be
taken seriously. Scholars are overwhelmed by the number of potential theories that emerge
during the research process. They formulated countless hypotheses before reaching conclusions
about what had actually occurred

In the past, language change was attributed to an astonishing variety of factors
encompassing almost every aspect of human life — physical, social, mental, and environmental.
Like a traffic accident, linguistic changes may have multiple causes. A car crash is rarely caused by
a single major factor, such as the sudden loss of steering control or the driver falling asleep. More
often, there is a combination of factors contributing to the overall catastrophe. Similarly, linguistic
changes are also likely caused by a combination of factors.

Given the confusion and contradictions surrounding the causes of language change, it is
not surprising that some well-known linguists consider the entire field to be something of a
disaster zone. Leonard Bloomfield (1933) argued that the causes of sound change are unknown.
In a similar tone, Robert D. King (1969) noted that many linguists — probably the majority — had
long abandoned the search for the causes of phonological change. Furthermore, pessimism is
reflected in Zellig Harris’s (1969) statement that explaining the causes of language change goes
far beyond any theory ever developed.However, such pessimism is unjustified. Even if we are
unable to examine every possible cause, we can still consider the explanations proposed over the
years and evaluate their relative significance.

Jean Aitchison (2004: 135—150) lists four general causes of language change:

1.Fashion and random fluctuation

2.Foreign elements

3.Social needs

4 .Politeness
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In addition, Sarah G. Thomason (2003) argues that foreign material transferred from one
language to another also involves three distinct types of change. First, some changes that occur in
cases of gradual language death belong to the category of attrition — the loss of linguistic material
— but they do not necessarily make the dying language resemble the language replacing it.
Second, deliberately implemented linguistic changes, such as cases in which a speech community
intentionally distances its language from neighboring languages, are contact-induced but do not
involve diffusion. Third, some changes occur as a result of indirect interference, usually when a
borrowed morpheme triggers a chain reaction that disrupts the structure of the recipient
language.

It is important to note that language shift or death, as well as language maintenance, are
long-term collective outcomes of language choice. There are a number of conditions that compel
people to abandon one language in favor of another.

The most fundamental condition is social bilingualism. Research has shown that in almost
all cases, language shift within a community occurs through intergenerational transition. Typically,
one generation is bilingual but transmits only one of the two languages to the next generation.
The language of a monolingual community is generally maintained as long as monolingualism itself
is preserved. It should also be noted that the existence of social bilingualism does not necessarily
mean that language shift will occur. It is a necessary, but not sufficient, condition.

Other studies have demonstrated that migration is another cause of language change.
When members of a small group migrate to a particular region, they often shift to the dominant
language of the host community. It is also possible that, as a result of large-scale migration, the
local population may shift to the language of the migrants. This is especially common in situations
where the local population has been militarily defeated by the migrating group.

Language shift may also be determined by the level of prestige associated with a language
and by the number of its speakers. If a language enjoys higher prestige, speakers of other
languages may replace their own language with the more prestigious one. Likewise, a population
with a relatively small number of speakers may shift to the language of a numerically larger group.

Although all of the conditions discussed above have been widely studied, there has been
no significant success in using any combination of these factors to reliably predict either language
shift or language maintenance. It should also be noted that there are numerous cases in which a
speech community is exposed to the same conditions but nevertheless maintains its language.

Thus, despite the existence of many theoretical models, language change remains a slow
process, and the factors influencing it may not be easily predictable or readily identifiable in
advance. However, in most cases, language change is driven by sociopolitical and socioeconomic
factors.
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Introduction

Intercultural, or so-called intercultural communication involves direct communication between
representatives of different cultures. It is well known how diverse the cultural backgrounds of crew
members can be. They differ in cultural values, national traditions, clothing, behavior, diet, living
environment, views, etc.

Even in this area, maritime communication is a peculiar phenomenon. Because of international
crews, it has been quite a considerable amount of time since, according to the International
Maritime Convention, seafarers had a common language, English. Moreover, English is an essential
part of educational programs for training maritime personnel of any specialization; seafarers have
to pass an English language exam several times.

The above situation does not deny the intercultural nature of maritime communication ; official-
business relations may be monolingual, but they are based on different cultural cognitive bases of
communicants; therefore, they have all the characteristic features of intercultural communication.
Moreover, we should not forget that the English language certificate obtained in different countries
is proof that the sailor has passed the appropriate language level test; however, speaking practice
still involves many “underlying” and invisible problems, including:

1) inaccuracies and misunderstandings caused by phonetic nuances;

2) lack of speech practice;

3) very different “variants” of the English language;

4) lack of knowledge of cultural background information, etc.

Particular importance should be attached to the final point when the ship's crew, upon entering a
foreign port, has to communicate with representatives of that port's service (the port master,
customs officers, the pilot). Maritime literature documents numerous cases in which failures in
professional communication are attributed to linguo-ethnic barriers.

Discussion

In 1973, the international community raised the issue of adopting standardized, universally
accepted English-language terminology and phraseology, driven by the bitter experience of
humanity, particularly the serious consequences of misunderstandings. Language
misunderstanding has repeatedly become a direct cause of border disasters.

In this regard, we present several examples:

In New Orleans in 1996, the naval vessel BRIGHT FIELD lost its maneuverability due to a technical
malfunction and crashed into a shopping center located on the coast.

Initially,  the port captain and the ship's captain established communication without
misunderstanding. After the ship encountered technical problems, the port captain naturally asked
the question, "Do we have a problem?", to which the ship's captain did not answer, which
ultimately led to a disaster:

"After the main engine tripped, the crew noticed a drastic reduction in engine vibration, as the bow
veered to port. At this point, the pilot (responsible for safely guiding the ship through congested
waterways) asked the master (the ship's highest- ranking authority responsible for the operation
and safety of the ship, crew, and cargo), “Do we have a problem?” By now, the Bright Field was on
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its destructive path. The master didn't reply” (James A.Ruggieri, P.E., General Machine Corp,
September 01, 2002, http.//www.ecmweb.com/content/case-runaway-ship).

It is noteworthy that the captain of the ship was Chinese, who, according to the port captain, spoke
to him in quite "broken" English: "The Pilot suggested that the Chinese master spoke only a 'kind of
broken English' and that he had not received any response to his commands to put the engine full
astern, away from the riverbank" (Tores Evangelos, Language Barriers and Miscommunication as
a Cause of Maritime Accidents).

Many other cases are the result of similar misunderstandings, for example, in 1996, the Chinese
captain of the naval vessel WEALTHY RIVER was bringing the ship into the port of Charleston (South
Carolina). He turned the ship in the opposite direction from the information received from the
port, and as a result, the ship entered shallow water:

"The Chinese captain, who spoke very little English, misinterpreted this as a command to turn to
hard to port, and ordered the helmsman to do so. The vessel, which had been in the center of the
channel, swung to port and proceeded towards the north edge of the channel. Before the situation
could be corrected, the ship had left the dredged channel and grounded almost immediately" (Tores
Evangelos, Language Barriers and Miscommunication as a Cause of Maritime Accidents).

In 1973, the International Maritime Safety Committee (IMO) decided that in order to overcome
language barriers, to assist in the greater safety of navigation and of the conduct of the ship, it was
necessary to introduce a common language for navigation. According to the decision, this language
is English. Accordingly, the Standard Marine Navigational Vocabulary (SMNV) was created, which
was adopted in 1977. It was amended in 1985.

Taking into account the changes taking place in modern seafaring, the Maritime Safety Committee
decided in 1992 to create a more comprehensive vocabulary than the SMNV, which later became
known as the SMCP (Standard Marine Communication Phrases). In 2001, the IMO SMCP was
compiled, and in 2002 it came into force.

The IMO SMCP meets the requirements of the STCW and of the SOLAS Conventions, covering the
communication safety aspects laid down in these conventions. Use of the IMO SMCP should be
made as often as possible; seafarers should adhere as closely as possible to it in relevant situations.
The IMO SMCP offers a rich choice of situations covered by phrases well suited to meet the
communication requirements of the STCW Convention.

The IMO SMCP reduces grammatical, lexical and idiomatic varieties to a tolerable minimum. The
IMO SMCP helps maritime training institutions.

The need to standardize the language is of particular importance due to the increasing number of
internationally trading vessels with crews speaking many different languages, since problems of
communication may cause misunderstandings leading to dangers to the vessel, the crew, and the
environment.

Knowledge of the existing document is required for certification for all officers working on ships
more than 500 tonnage.

In Georgia, the relevant standards have been adopted in accordance with the above-mentioned
international documents: see the “Georgian Maritime Code”
(http://www.economy.ge/uploads/kanonmdebloba/transporti/Sazgvao_kodegsi.pdf);

the Law of Georgia “On Education and Certification of Seafarers”
(http://www.economy.ge/uploads/kanonmdebloba/transporti/mezgvaurta_ganatleba_da_sertific
ireba.pdf ). It is also worth considering that a number of articles and provisions have been added
to the “Georgian Maritime Code” in accordance with the “International Convention on Standards
of Training and Watchkeeping for Certified Seafarers” (International STCW Convention ), which was
revised in 2010 in Manila.
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According to statistics, 20% of maritime accidents are related to language problems in intercultural
communication. The vast majority of modern maritime crews are multilingual. Crew members
come from diverse ethnic backgrounds, and they engage in professional dialogue with one another,
where speech-related issues frequently arise. The need for intercultural communication in the
maritime field is very high, since when entering different ports, crew members have verbal contact
with port personnel, customs officers, pilots, etc. The ship's Captain and the pilot hired in the port
must be able to establish effective communication for safety reasons. The issue is further
complicated by the fact that during informal communication in microgroups, seafarers still speak
their native language, and when addressed by a member of another microgroup, some have
difficulty switching from one language code to another. This problem, in our opinion, has been
almost not investigated in the specialized literature. Moreover, the “linguistic portrait” of working
seafarers requires the following information:

1) Native language and knowledge of other languages (except English);

2) Skills in switching from one language to another;

3) Certificate of English language proficiency should reflect the following skills:

a) Reading; b) Speaking; 3) Listening (auditing); 4) Writing; 5) Translation.

4) Experience in using professional terminology and specialized phraseology.

This information helps prevent or minimize emergencies caused by misunderstanding.

After analyzing the features of maritime communication, we can summarize the following :
Maritime communication takes place in two different modes: official and unofficial
communication:

Official communication is conducted primarily in the international language of sailors-English-with
rare exceptions.

Unofficial communication is multilingual, reflecting the diverse linguocultural backgrounds of
international crews.

From a semiotic point of view, maritime communication includes both verbal and non-verbal
methods. Direct verbal communication predominates, but in certain typical situations non-verbal
signals, or a combination of verbal and non-verbal forms, are used.

In terms of scope, official maritime communication is local in nature, as it takes place within
professional groups. Unofficial communication, on the other hand, is more intense, involving
intragroup and interpersonal relations.

The status of the communicators and sailors' interactions is hierarchical, though they can also be
democratic. The intercultural dimension of maritime communication is undeniable, and it remains
highly specific in its characteristics- and restricted to a professional setting.

Conclusion

All of this serves once again demonstrate that effective communication at sea is essential for
ensuring safety, preventing accidents, and managing vessel traffic efficiently.

Moreover, navigational and safety communications (ship- to- shore; shore-to-ship; onboard ship)
must be precise, simple, and unambiguous to avoid confusion and error.

In conclusion, using the IMO SMCP provides a clear and reliable system for communication at sea,
ensures that vessels and shore authorities understand each other, reduces risks, and maintains
safe and efficient maritime operations worldwide.
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MPOEKT PEKOMHOCLIMPYBA/IBHOTO
OBCTEXEHHSA TEPUTOPIT YKPATHM
MOBINTbHMMM MPAMOLLYKOBMMMU
METOAAMM 3 METORO BUAB/EHHS
5/IOKIB 18 MOLUYKIB BYIJIEBOAHIB,
BOHIO, PYIHUX KOPUCHMX KONA/IUH
TA BOAM

AkMmuyk M.A.

[HCTUTYT NpuKNaaHUX Npobaem ekonorii, reodisnkm i reoximii, nep. JlabopaTopHnin, 1, m.
Kuis, 01133, YKpaiHa

KopuariH [.M.

IHCTUTYT reodisnkm im. C.I. Cy660oTiHa HAH YKpaiHu, npocn. Akaa. Mannagina, 32, m. Kuis,
03680, YKkpaiHa

Conosiios B.[.

IHCTUTYT reodisnkm im. C.I. Cy6boTiHa HAH YKpaitu, npocn. Akaa. Mannagida, 32, m. Kuis,
03680, YKpaiHa

AHomauja. NpeacTaBNeHO NPOEKT PEKOTHOCUMPYBAAbHOrO 06CTEXEHHA TepuTopil YKpaiHu
3 METO BUAB/EHHS NepcneKkTUBHMUX BAOKIB Ta AiNAHOK A1 NPOBEAEHHS AeTaNbHUX MOLLIYKOBUX
pobiT Ha HadTy, ra3 Ta NPUPOAHUIN BoAEHb. [iArOTOBAEHMI NPOEKT MOXKe OyTM onepaTUBHO
peanizoBaHUiM 3 BUKOPUCTAHHAM MODINBHOI MPAMOMNOLLYKOBOI TEXHO/Or, AKa BK/KOYaE
MOoAMDIKOBAHI METOAM YaCTOTHO-PE30HAHCHOT 00PO6KM Ta AeKoAYBaHHA CYNYTHUKOBUX 3HIMKIB Ta
dOTO3HIMKIB, BEPTMKa/NbHE €/eKTPOPe30HAHCHe 30HAYBaHHA pPO3pi3y, a TaKOX METOAMKY
iHTerpasibHOI OLiHKM NepcnekTMB HadpTOrasoHOCHOCTI BE/IMKMX MOLYKOBUX BAOKIB i NiLEeH3iInHMX
LDiNAHOK. [1nA NpaKTUYHOI peanisallii NpoeKTy CynyTHUKOBMI 3HIMOK TepuTOopii YKpaiHm po3buto Ha
180 okpemux 610KiB (hparmeHTiB), YaCTOTHO-PE30HAHCHY 0OPOBKY SKUX AOUiIIbHO NPOBOAUTU
okpemo. [pn 06pobui dparmMeHTiB 3HIMKIB MPOMOHYETLCA BMKOHYBATW HACTYMHMIA KOMMNAEKC
BMMIipIOBaNbHUX Npoueayp: a) dikcauis BigrykiB Ha vactoTax HadTW, KoHAeHcaTy i rasy; 0)
PEECTPALLIA CUIHANIB HA YAaCTOTax METAHOOKUC/OBAIbHUX BaKTepilt; B) BCTAHOBNEHHA HAABHOCTI
Ha rMOWHI 57 KM BY/NIKaHIYHOT CTPYKTYPU, B AKIN € YMOBM AN CUHTE3y BYIrNeBOAHIB; A0AaTKOBA
dikcauia Biarykis HapTH, KOHAEHCATY i ra3y Ha Uil rmMbuHi; 1) dikcallisa cMrHanis Ha YacToTax HadTy,
KOHAEHCaTy i ra3y 3 HWMKHbOI YaCTMHU po3pi3y Ha rambuHax 5, 10, 15 KM 3 MeTO OLHKK
nepcneKkTMB BMABAEHHA HAadTW i rasy B rMMOUMHHUX rOPU30OHTax pPo3pi3y. MNepeniyeHi npoueaypu
IHCTPYMEHTaIbHUX BUMIPHOBaHb MOBHOM MipPOtO MOKa3a M CBOK ePeKTMBHICTb Ta iIHPOPMATUBHICTb
y Npoueci anpoballii NpAMONOLLYKOBMX METOAIB Ha AinAHKax (MalnaaH4YMKax) OypiHHA NOLLYKOBMX
CBEPA/IOBUH Ha cylWi Ta wenbdi B Pi3HUX perioHax 3emMHOol Kyai. Y npoueci nposeaeHHsA
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eKCNepuMeHTaNbHUX POBIT OTPUMAHO YMCNEHHI A0Ka3M Ha KOPUCTb MMOMHHOro (abioreHHoro)
reHesncy BYI/1€BO/HIB B pamKax KOHLEenNLUii BogHeBoi Aerasayii 3emni. AnpoboBaHa TeXHONOTIA
[O3BO/IAE HAMOBHIOBATM  AOCAIAMYBAHMI pPO3PI3  KOHKPETHMMKM nopodamu (0canosumu,
MeTaMopPdIYHUMM Ta MarMaTUYHUMMK), @ TaKOXK BUAINATM Ha NOBEPXHI AiNSHKKW Ta iHTepBann B
PO3pPi3i, NepCcneKkTMBHI ANA MOLWYKIB PYAHUX i FOPOYMX KOPUCHUX KonanuH. Cynep-mobinbHi
MeToAM AOLiIbHO BUKOPUCTOBYBATM A/1A OLiHKK NepcrnekTns HagpTorasoHOCHOCTI (pyA0HOCHOCTI)
BE/IMKUX NOLIYKOBUX BIOKIB i NOKaNbHUX AiNAHOK (Y TOMY YMCNi BUCTAaBAEHUX Ha ayKLLIOHK), BUBOPY
ONTUMANIbHUX Miclb (MalgaH4YMKiB) [ANA  3aKNadKkM  PO3BiAyBafibHUX | eKcnyaTauiiHMx
CBEPANOBUH, OLIHKM NEepCcneKkTUB BUABAEHHS NMOKAaAiB HapTH i rasy B INOUHHUX | HAATMBUHHUX
rOpM30HTax Po3pi3y, MNOLWYKIB i TOKaNi3aLii 30H PO3MILLEHHA TMBUHHMUX KaHaNiB MirpaLii XiMiYHNX
enemeHTiB, GAOIAIB | MiHEPaNbHOI PEYOBMHU Yy BEPXHI FOPU3OHTM PO3PI3y. 3acTOCYBaAHHS
MObiNIbHOT Ta Maa103aTPATHOI TEXHOJIOTIT 4,03BO/IUTL 3HAYHO NPUCKOPUTU Fre0N0rOPO3BIAYBaTbHNM
npouec Ha HadTy, ras Ta NPUPOAHMIA BOAEHb, @ TAKOXK 3MeEHLWNTM GiHAaHCOBI BUTPATM Ha MOro
peanisau,ito.

Kniovosi cnosa. YkpaiHa, HadTa, ras, BoAeHb, BaMHAKM, Mepreni, A0N0MiTM, Da3anbTy,
rpaHiTK, NPAMI NOWYKK, rnbUHHa Bya0Ba, BYrNeKMCANI ra3, 30HAyBaHHA po3pi3y, 06pobKa AaHMX
[33.

BcTyn

Y 2019-2022 pokax Yy Pi3HUX perioHax 3emMHOi Kyai NpoBefeHO 3Ha4yHMi 00’em
eKCNepMMeHTaNbHUX AOCNIAKEHD 3 METOK anpoballii YaCTOTHO-Pe30HAHCHMX MeToAiB 0OPOOKM
Ta JEeKOAYBaHHA CYNMYyTHUKOBMX 3HIMKIB i $OTO3HIMKIB [6], a TAKOXK PO3POOKM Ta BAOCKOHA/IEHHA
PiI3HOro XapakTtepy.

PesynbTat  anpobauii  MOoOINbHOI  TeXHONOrMT B PEMUMI  IHTErpasbHOI  OLHKM
HadbTOra3oHOCHOCTI (PYyAOHOCHOCTI) BEANKMX BNOKIB (NiLEH3IMHMX Y TOMY YMCAI) NOKa3anu, Lo B
TAKOMY PEXMMI TEXHONOTIA MOXKe ByTK BMKOPUCTaHa ANA ONepaTUBHOIO ODCTeXKEeHHA TepUTopIn
OKpemMMX KpaiH 3 MeTol BUSABAEHHA (BMOOPY) HaMbinbll nepcnekTMBHMX BAOKIB (AiNAHOK) ana
NPoBeAEHHA AeTa/lbHMX MNOLIYKOBMX POBIT Ha KOHKPETHI (Pi3Hi) BUAM KOPUCHMX KOManuH. Y 3B'A3Ky
3 umm y 2022 poui Byau NiaroToBAeHi Ta 3anpOMNOHOBaHI MPOEKTU PEKOrHOCUMpPYBaAbHOIO
0OCTEXKEHHSA TEPUTOPIN HU3KKM KpaiH y Pi3HMX perioHax 3eMHOoi KyAi [22]. B aaHin cTaTTi onncaHo
0cobIMBOCTI NPOEKTIB PEKOTHOCUMPYBaAbHMX AOCAIAKEHDb TEPUTOPIT YKPaiHM 3 METOIO BUAB/EHHS
HaMbiNbll NepcneKkTMBHMX BNOKIB i AINAHOK AN NPOBEAEHHA AeTaNbHMX MOLWYKOBUX Ha HaADTY i
ras, NPMPOAHNN BOAEHb, PYAHI KOPUCHI KONAIMHW Ta BOAY.

MeToau oocniaKeHb

EKCnepmMmeHTanbHi  AOCNIAEHHA PEKOTHOCUMPYBA/IbHOIO XapaKkTepy MNpoBOAATbLCA 3
BMKOPUCTAaHHAM MODINbHOI NPAMONOLIYKOBOT TEXHOOrI, WO BKAOYAE MOAMUPIKOBAHI MeToaM
YaCTOTHO-Pe30HaHCHOI 0OpPOobKM Ta AeKoAyBaHHA CYMyTHMKOBMX 3HIMKIB Ta (OTO3HIMKIB,
BEPTUKA/IbHE e/1eKTPOPEe30HAHCHE 30HAYBaHHA (CKaHYyBaHHSA) PO3pi3y Ta METOAMKY iHTerpaibHoi
OLLiHKM NepcnekTMB HabTOrasoHOCHOCTI (PY/A0HOCHOCTI) BENMKMX MNOLIYKOBMX BNOKIB i NOKaNbHUX
OiNAHOK [6]. OKpemi KOMMOHEHTW BUKOPUCTOBYBAHOI TEXHOMOrT po3pobsieHi Ha MpUHUMMIAX
«PEeYOBUHHOI» Napaanrmm reodisMyHnx AOCNIAKEHb, CYyTb AKOI MOASATAE B MOLWYKY KOHKPETHOI
(MOTPIBHOI B KOXKHOMY KOHKPETHOMY BUNAaAKy) pevyoBuHK [2]. Po3pobaeHi meToam 3acHOBaHI Ha
CTOAYUX eNIEKTPUYHUX XBUAAX, BiAKpUTMX Hikonoto Tecna B 1899 poui B rNMBUHHUX TOPU30OHTaX
3emni [3, 4]. Y moamdikoBaHUX BEPCiAX METOAiB YaCTOTHO-PEe30HaHCHOI 0OPOOKM CYynyTHUKOBUX
3HIMKIB i  GOTO3HIMKIB, @ TaKOX BEPTMKA/IbHOTO 30HAYBaHHA (CKaHyBaHHS) poO3pisy
BMKOPUCTOBYIOTbCA HanaBHI 0a3n gaHux (Habopu, Konekuii) ocagoBux, MeTamopdiuHUX i
MarmaTUYHUX nopia, (https://karpinskyinstitute.ru/ru/info/sprav/petro/petro-mobil.pdf),
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KOPUCHUX KOMAAWMH Ta XiMIYHWX enemeHTiB. binblWw AeTanbHO 0COBAMBOCTI Ta MOMKAMBOCTI
BMKOPUCTOBYBAHMX METOAIB, @ TaKOX MEeTOAMKa MpoBeAeHHA iHCTPYMEHTA/IbHMX BMMIPIOBAHb
onwcaHi B [6-15].

Ha BigMiHy Bia KnacMuHMx reodisMyHnX MeTOAiB, BUKOPUCTOBYBAHA TEXHOIOrIA A03BOSE B
KOXXHOMY KOHKPETHOMY BMMNa[Ky HaMOBHIOBATWM AOCAIAMKYBAHMI PO3pPI3 NPUCYTHIMKU B HbOMY
KOMM/IEKCAaMM 0CaZI0BMX, METAMOPIYHUX | MarmaTUUYHKX NOPid, @ TaKOXK BM3HAYUTK B NepLIOMY
HabAMXKeHHi (i yTOYHIOBaTM Ha eTanax AeTanisauii) iHTepBanM po3pi3y, NEepPCcrnekTUBHI Ha
BMAB/IEHHA TOPIOYMX | PYAHUX KOPWUCHMX KonanuH, 6esnocepenHbo, B MpoLUeci NpoBeaeHHA
IHCTPYMEHTa/IbHMX  BMMIiptoBaHb  (peecTpauii  curHanis)  po3pobaeHMMM  anapaTypHo-
BMMIpIOBaNbHMMM KOMMaekcammn (TobTto 6e3 noaaTKOBMX eTaniB MOAENtOBaHHSA Ta reo/1orivyHoi
iHTepnpeTalii pe3ynbTaTiB iHCTPYMEHTaIbHUX BUMIPIOBaHb).

YucneHHi pesynbTaTv anpobalii Ta NPaKTMYHOrO 3aCTOCYBaHHA 4YaCTOTHO-PE30HAHCHMX
MeTo/iB 006POOKM CYnMyTHUKOBMX 3HIMKIB [6-15, 23] 3acsBigumnu, WO U cynep-mobinbHy
NPAMOMNOLIYKOBY TEXHOJIOTII0O MOMHA YCNIWHO BMKOPUCTOBYBATM Ha HACTYMHMX eTanax
reo/Ioropo3BifgyBasibHMX POBIT Ha BYr1€BOAHI, MPUPOAHNI BOAEHb, PYAHI KOPUCHI KOMAAUHWU i
BOAY:

a) etan 1 (AemoHcTpauinHuii) — 0bpobKa CynyTHUKOBOTO 3HIMKa abo GOTO3HIMKA AiNAHKK
(MaraaH4mMKa) po3TallyBaHHA BilOMMX MOTEHLIMHOMY 3aMOBHMKY CBEPAJIOBUHM YM POAOBMLLA
AN NoAanblol AeMOHCTpalil npaues3saTHoCTi Ta ePpeKTMBHOCTI MOBINbHOI MPAMOMNOLLYKOBOI
TEeXHONOTIT;

6) eTan 2 (iHTerpanbHUin) — AeTanbHa 0OPOOKa CYyNMyTHUKOBUX 3HIMKIB BEIMKMX TEPUTOPIN 3
METO0 BM3HAUYEHHA TUNIB BY/IKAHIYHUX CTPYKTYP, HAABHMX Y MeXKax paloHy 0DCTEXEHHS, a TaKOX
KOPWUCHWX KOMaZMH Ha AKi A0LibHO NPOBOANTM AeTabHi re010ropo3BiayBabHi poboTy;

B) eTan 3 (peKorHocumMpyBaibHUM) — PO3OMBKA CYMyTHMKOBMX 3HIMKIB BENMKMX MOL, Ha
nocniaoBHOCTI dparmeHTiB Ta iX AeTaNbHa 06pobKa 3 METOO BUABAEHHS HaNbiNbLL NepcnekTUBHMX
NOKanbHUX 610KIB 414 NpoBeAeHHA AeTaNbHUX MNOLWYKOBMX POBIT Ha LWYKaHI KOPUCHI KONaNWHWK;

r) etan 4 (petanisauinHnii) — obpobka B AETaNbHOMY PEXMMI CYNnyTHUKOBUX 3HIMKIB
HaMbiNbll NEepCnekKTUBHUX  NIOKanbHUX 6NOKiB, BUABNEHWX Ha NoMNepeaHbOMY  eTani
(pekorHocumpyBanbHOMY), 3 METOK BUOOPY AiNAHOK ANs OYPiHHA NOLLIYKOBUX Ta PO3BiayBanbHMX
CBEpPA/IOBMH.

3a3HaYMMO TaKOX, WO B TEXHOAOrI, WO PO3pPObNAETbCA, BUKOPUCTOBYETLCA 4YaCTOTHO-
PE30HAHCHUI NPUHLMN peecTpaLii KopucHUX curHanie [2]. CynyTHMKOBI 3HIMKM Y GOTO3HIMKM
00'eKTIB AoCnigKeHHs, a Takox doTorpadii 3paskiB Mopia, KOPUCHWX KOMaAWH i XiMiYHMX
e1eMEHTIB — e, Y MPUHUMNI, MYYHOCTI CTOAYMX eNEKTPUYHMX XBU/b, BUABNEHMX Hikonoto Tecna B
1899 p. B rANBOUHHUX ropu3oHTax 3emni [3, 4].

MNpn npoBedeHHi [HCTPYMEHTANbHUX BUMMIPIOBAHb 3 BUKOPUCTAHHAM PO3PODNEHMX
KOMM'tOTEPM30OBAHNX KOMIMAEKCIB MOCAIA0BHO 3iCTaBAAOTbLCA CMEKTPU CYynyTHUKOBMX abo ¢oTo-
3HIMKIB 00'eKTIB [0CAIAMKEHHS 3i CNEeKkTpamu 3pasKiB Mopia, KOPUCHUX KOManauH i XiMibyHMX
enemeHTiB. Y npoueci 3icTaB/leHHA BMMIPIOBa/IbHUM O/10KOM PEECTPYIOTbCA PE30HAHCK
(enekTpomMarHiTHi BiAryKu), AKi 403BONAIOTb 3POOUTU BMCHOBOK MPO MPUCYTHICTb (BiACYTHICTb)
KOHKPETHMX MNopif, LWYKaHWX KOPUCHMX KOMa/MH Ta XiMIYHMX enemMeHTiB y po3pi3i 06'eKTa
BMBYEHHA. Taki 0cobamMBOCTi MeTofiB 0OpobKM Ta [EeKoAyBaHHA CYNyTHUKOBMUX 3HIMKIB, LWO
PO3P0ONATLCSA, € MiACTaBO A4 BUKOPUCTAHHSA TEPMIHIB «4aCTOTHO-PE30HAHCHA TEXHO/OTIA»
(«4aCTOTHO-PE30HAHCHI MeToanY).

O6pobKa CynyTHNUKOBMX 3HIMKIB Ta GOTO3HIMKIB NPOBOAMTLCA Y NabopaTOpHMX yMoBax, bes
opraHisalii Ta NpoBeAeHHA MOJIbOBUX Fre00ro-reoPisniHmMX AocigkeHb. Lle Hagae MoKAMBICTb
onepaTtMBHO MPOBOAUTU  AOCAIAMEHHA B OyAb-SKOMY pPerioHi 3eMHOi Kyai, a OTXKe,
NPAMONOLLYKOBa TEXHOOTIA € Cynep-MobifibHOLO.
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[pPOEKTU peEKOrHOCLMPYBabHOro obcTexeHHA Teputopii YKkpaiHm

Hagpmozasosuli npoekm. Pe3ynbTaTv anpobalii Ta NPaKTUMYHOrO  3aCTOCYBaHHA
NPAMOMNOLIYKOBOI  TEXHOOrii  4acTOTHO-pe30HaHCHOI 0BpPO6KM  CYyNyTHMKOBMX 3HIMKIB Ta
bOTO3HIMKIB 403BONAOTL A0CTAaTHLO OOFPYHTOBAHO 3p0OUTM BMCHOBOK, WO iX LifecnpsmoBaHe
BMKOPUCTAHHA NPW NOLWYKax i po3BiALi poaoBuL, HadTH Ta rasy A03BONAE 3HAYHO NPUCKOPUTHM Ta
ONTUMI3yBaTM TE€0N0ropo3BiAyBasbHUIM Npouec. JoaaTKoOBMM MNiATBEPAMKEHHAM MNOTEHUIMHUX
MOKINBOCTEN MOBINbHOT NMPAMONOLIYKOBOT TEXHOOTIT MOXHa BBaXKaT ONepaTMBHO NPOBEEHI
PEKOrHOCLMPYBa/bHI AOCNIAKEHHSA TEPUTOPIN BEANKUX BAOKIB Y Pi3HUX perioHax cBiTy (B Tomy
ymucni i B YKpaiHi). 3 iHWOro OOKy, pe3ynbTaTi ODCTEXEHHS BeNVMKUX O0KIiB CBiaYaTb Mpo
NOTEHLIMHY MOM/IMBICTb PEKOTHOCUMPYBA/IbHOTO 06CTEXEHHS BCiEl TepuTopii YKpaiHM 3 meToto
BMABNEHHA HaMbiNbLW NEPCNEKTUBHMX AiNAHOK (610KiB) ANA NpoBeAeHHS AeTasbHUX MOLWYKOBUX
PO6IT Ha HadTy i ras.

Ona NpakTU4YHOI peanisalii ubOoro NPOEKTY CYNYyTHMKOBUIM 3HIMOK TepUTOPIl YKpaiHM Moxe
O6yTM po3ObMUTUIM Ha OKpemi ONOKM, YaCTOTHO-pe3oHaHCHa 0bOpobKa AKMX MPOBOAMTMMETHCS
OKpemo. O4MH i3 MOXAMBUX BapiaHTIB NOAINY CYNYTHUKOBOTO 3HIMKa TepUTOPIT YKpaiHM Ha OKpeMi
dparmeHT HaBegeHO Ha puc. 1. Ha ubomy 300parKeHHi 3 MNPAMOKYTHUMM KOHTYpamu
npeactasneHo 180 nokanbHUX dparmeHTiB (6/10KiB) A4/19 YaCTOTHO-PE30HAHCHOT 0B6POOKN.

YacToTHO-pe3oHaHCHY 06pobKy Beix 180 dparmeHTiB CynyTHMKOBOTO 3HIMKa YKpPaiHN MOXKHa
NPOBeCTM AO0CUTb WBMAKO. Tig Yac 0bpobKkM 306parkeHb MOXKe OyTWM BMKOHAHWI HACTYMHWIA
KOMM/IEKC BUMIpIOBabHUX NpoLeayp:

a) pikcalis 3 NoBEPXHi aHOMaNbHUX BiAryKiB Ha YacToTax HadTW, KOHAEHCcaTy Ta rasy;

6) peecTpauis cMrHaniB Ha YacToTax MeTaHOOKMCNOBaNbHUX DaKTepin (bakTepii, nonyaauii
AKMX aHaNi3ytoTbCA B METOAi MiKpobioaoriyHoi po3Biakn Ha HadTy i ras B KomnaHii MicroPro
GmbH, HimeuunHa);

B) BCTAHOB/IEHHA HAABHOCTI B PAMOHI AOCNIAKEHb BY/IKAHIYHMX KOMMIEKCIB, B MEXaX AKMX
Ha TAMBUHI 57 KM € YMOBM ANA CUHTEe3y BYrNeBOAHIB; AoAaTKoBa diKcallia Biarykis Ha YactoTax
HadTK, KOHAEHCATY i rasy Ha Wi rnbuHi;

r) dikcauis curHanis Ha YactoTax HadTWU, KOHAEHCATY i ra3y 3 HUKHbLOI YaCTUHM PO3pi3y Ha
rnnbuHax 5, 10 i 15 KM 3 MEeTOl0 OLiHKM NepPCneKkTUB BUABAEHHA HAadTK i rasy B rMMOMHHKUX Ta
HAArNMOMHHUX TOPU30HTaX PO3pi3y.

MNepeniyeHi npoueaypu iHCTPYMEHTANbHMX BMMIptOBaHb B MOBHIM Mipi MOKasanu CBOWO
edeKTUBHICTb Ta IHPOPMATUBHICTL Y NpoLeci anpobaLlji NPAMONOLWYKOBMX METOAIB Ha AiNAHKaX
(MaraaH4mKax) 6ypiHHA NOLWYKOBUX Ta PO3BiAYBafIbHUX CBEPANOBMH Ha CyLi Ta Wenbdi B pi3HMX
perioHax 3eMHOI KyJli Ta B palnoHax po3millleHHs 6a3anbToBUX BYJIKAHIYHUX KOMMAeKcis [7, 12-13,
15].
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Puc. 1. CynyTHMKOBWUI 3HIMOK TepuTopii YKpaiHu.
Fig. 1. Satellite image of Ukraine territory.

Mpumimku. [oaaTKoBi Npoueaypn iHCTPYMEHTaNIbHMX BUMIpPIOBaAHb Ta 0COBAMBOCTI iX
NpOBefeHHs B paMKax 3anpornoHOBaHOMO NMPOEKTY MOXKYTb ByTh cHOpMyIboBaHI (YTOUHEHI), AKLWLO
Oyae BM3HAHO AOLINbHICTL MOro peanisauii B YKpaiHi.

Y Mexkax Hanbinbl NepcnekTMBHMX Ha HadTy Ta ras H10KiB, BUABNEHMX B YKPaAiHi, MOXHa
TAaKOX O0CTaTHbO ONEepPaTMBHO NMPOBECTM AeTaNbHi NOLWYKOBI POOOTU 3 BUKOPUCTAHHAM METOZAiB
YaCTOTHO-PE30HAHCHOI 0OPOOKM CYyNYTHUKOBMX 3HIMKIB i GOTO3HIMKIB. [liaroToBneHi pparmeHTH
CYNYTHMKOBOTO 3HiMKa TepuTopii YKpaiHM (puc. 1) moxyTb 6yt popaTkoBo obpobneHi B
PEKOTHOCLUMPYBA/IbHOMY PEXMMI B PamKax OKPEMMX MPOEKTIB 3 METOK BUABAEHHS O0KiIB,
NepcnekTUBHUX 414 NPOBeAEHHA AeTaNbHMX NOLYKOBMX PODIT Ha: @) NPUPOAHUI BOAEHb; O) pyaHi
KOPWCHI KOManuHu; B) BOAY.

BooHesuli npoekm. Mpn 4acTOTHO-Pe30HaHCHI 06pobLi KOXHOro pparmeHTa 306parkeHHs
TepuTopii YKpaiHW B PEKOrHOCLMPYBASbHOMY PEXMMI 3 METOK MOLUYKIB CKyNYeHb NPUPOLHOro
BOAHIO OKPEMO MOXe OyTWM BUKOHAHUI OOMEeXeHWI Habip iHCTPYMEHTaNbHUX BUMIPIOBaHb
HaCTYMHOro xapakTepy:

a) npoueaypa peectpauii curHanis (BiArykiB) Ha 4acToTax 6-0i rpynmn MarmaTMyHMX nopig
(6a3anbTun);

6) npoueaypa BW3HAYEHHA TNMOMHW 3anAraHHA KopeHA 6a3anbTOBOrO BYJ/IKAHIYHOrO
Komnnekcy (y pa3si dikcalii BiaryKkis 3 noBepxHi Ha YacTtoTax 6asanbTiB);

B) npoueaypu dikcauji curHanis (Biarykis) Ha 4actoTax BoAHK, docdopy (4epBOHMMN) i
BOAHEBUX DaKTepil;

r) iHCTpyMeHTaNbHI BMMIipIOBaHHA ANA NiaTBepAKeHHA (abo BCTaHOBNEHHSA BiACYTHOCTI)
Mirpauii BoaHto B aTmocohepy.

LJouinbHicTe  nNpoBeAeHHA MepeniyeHOoro KOMIMJIeKCYy npoueayp iHCTPyMEHTa/IbHUX
BMMIpIOBaHb NiJ Yac A0CNiAKeHb 3yMOBeHa pe3ybTaTtaMm anpoballii NpsAmMonoLyKOBMX MeTOAiB
B PI3HUX perioHax 3eMHOI Ky/i. MaTtepiaiin YMCNeHHUX OO0CNIAXEHb 403BOAIOTL CTBEPAKYBATH
HacTynHe:

a) Nif, Yac iIHCTPYMEHTaNbHUX BUMiptOBaHb B MeKax 6a3anbTOBMX BY/IKAHIYHMX KOMMIEKCIB
NPaKTUYHO NOBCIOAHO PEECTPYIOTLCA BIAMYKM HA HacTOTax BOAHIO;

6) yepBOHMIN HoCHOpP NPAKTUYHO 3aBXKAM NPUCYTHIN B 6a3aNbTOBMX BY/IKaHaX;
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B) BOAHEBI DaKTepii CTBOPIOIOTL CBOT KOJIOHIT Y BEPXHIl YacTMHI po3pi3y Ha AinsHKax mirpaui
BOAHIO B aTMOChepy.

[Ons peanizauji gpyroro etany NpoeKkTy HeobxiaHo Wwob BMKOHyBanuca Asi ymosu. [lo-
neplle, B Mexax xo4ya 6 ogHoro obcrexeHoro dparmeHTa TepuTopii bynn suasneHi Ha3anbTosi
BY/IKaHIYHI KOMM/IEKCM 3 BOAHEM Ta 3apPEECTPOBaHI BiAryKM Ha 4acTtoTax 4yepBoHoro docdopy i
BoAHEBMX OakTepiit. Moganblie NPOAOBXKEHHA AOCAIAMKEHb Yy MeXax NepcnekTUBHOro 60Ky
(6n0KiB) MOXKAMBE NMLLIE 33 YYaCTi Xo4a b OAHIEl yKpaiHCbKOi (260 iHO3eMHOI) KOMNaHii B peanisauii
KMPOEKTY».

Ha ppyromy eTani peanidauii NpoeKTy B MeXKax MepcrnekTUBHOro 610Ky MOXKyTb OyTu
npoBeAeHi AOCNIAKEHHA HACTYNMHOrO XapaKTepy:

a) npoBOAMTLCA YaCTOTHO-PEe30HaHCHa 06pobKa CynyTHMKOBOrO 3HiMKa 670Ky B
LETaNbHOMY PeXMMi 3 MeTO NoKani3aLii AiNAHOK (30H) po3TallyBaHHA Ha3aNbTOBMX BY/IKAHIB Ta
BMOOPY HaMbiNbL NepCnekTUBHMX AiNAHOK ANA BypiHHA PO3BiAyBaNbHUX CBEPANOBUH Ha BOAEHD;

6) B KOHTypax HalbinblL NepcneKkTUBHUX I0KAIbHUX 30H BUKOHYETbCA €Ta/lbHE CKaHYyBaHHSA
PO3pi3y 3 MEeTO BU3HAYEHHA TNMOUMH | TOBLIMH pe3epByapis 3 BOAHEM B pO3pisi Haa HasanbTamu,
a Takox be3nocepeaHbo B Hazanbrax;

B) B Me)ax MNEepCneKTUBHMX JIOKANbHMX 30H LAAXOM [OETa/SIbHOrO CKaHyBaHHA TaKOX
BM3HAYatOTbCA MIMOUHM | NOTYXKHOCTI KOJIEKTOPIB 3 KMBOO (Li/IHOLLO) BOAOD, Ta AOC/iAMKYIOTLCA
NiKyBaJibHI BAACTUBOCTI *KMBOI BOAW Y BUABNEHUX KONEKTOPax po3pisy.

3a pesynbTaTamu AeTanbHOi 0O6pOOKM CynmyTHMKOBOrO 3HIMKAa MNepcneKkTMBHOro 610Ky
NPUMMAETbCA PilleHHA NPO OypiHHA NOLWYKOBWUX CBEPA/IOBMH Ha HaMbiNbl NepcnekTUBHUX
NOKaNbHUX AinAHKax. Ha no4aTKoBiN cTagii OypiHHA CBEPA/NOBUHU MOXKYTb MPOEKTYBATUCA ANA
[OCNIAKEHHS KOTEKTOPIB 3 BOAHEM Y BEPXHIX TOPU30HTax po3pi3y. Mg Yac OypiHHA TaKOX MOXKHa
TaKOX A0CNIAKYBATU KONEKTOPU 3 KMBOK BOAOH. 3a pe3ybTaTaMu OypiHHA NepLInx cBePA/I0BUH
MOHa MPUNHATK PiLLEHHA NPO HACTYMNHI eTanun A4OCNIAKEHb AN1A NOAANbLIOT peanisauii « IpOeKTy».

Anpobauia npAMONOLLYKOBOI TEXHONOTIT Ha TepuTopii YKpaiHu

Y naHin cTaTTi BapTo UWe pa3 3a3Ha4yMTv, WO MobinbHa TexHosoria NpoMLWAa LWUPOKI
BMMNPOOYyBaHHA B Pi3HWX perioHax YKpaiHW. IHbopmauia npo Ui NiNOTHI AOCNIAKEHHA MOXKe
3aLiKaBUTW KOMNaHIi Ta IHBECTULINHI LEHTPU, AKi PO3rNaAaTUMYTb MOXKAMBICTb yYacTi y peanisallii
3aMPONOHOBAHMX NPOEKTIB PEKOTHOCLUMPYBA/IbHUX AOCNIAXKEHb TEPUTOPIT YKPaiHM.

Pe3ynbTaTu eKcnepMMeHTasibHUX POBIT, NpoBeAEHUX Ha TepPUTOPIi YKpaiHKW, NpeacTaBfeHi B
onybnikoBaHMX CTaTTAX | MaTepianax PisHOMaHITHUX KOHDEPEHLIN, Yy TOMY YMCAi 3a3HAYEHUX Y
CnUcKy nybnikauin [7-14]. eski obcTerkeHi NoKaNbHI AiNAHKM Ta TepUTOopii Ha puc. 1 No3HayeHi
KOBTUMM MapKepamn. Kpim Toro, 3BepTaemOo yBary Ha HacTyMNHi maTepiann eKCnepmmMeHTabHUX
pobiT.

MisdeHb YkpaiHu. Ha TepuTopii NMpunaHinpoBcbKoi HadTorasonepcnekTMBHOI naoLwi (puc. 2a)
BMAB/IEHO YOTUPM BY/IKAHIYHI KOMMNEKCH, B MEXKaX AKMX Ha MMOWHI 57 KM 30iMCHIOETLCA CUHTES
BB, a Tako»k Ha3anbTOBMIM BY/IKAH MO SKOMY BifgbyBaeTbCA Mirpauis BoaHto B atmocdepy. B winomy,
pe3ynbTaTM AOCNIAMEHb MIATBEPAXKYIOTb MPUNYLEHHA aBTOPIB reosioro-reodisnyHmnx pobit B
LbOMY paloHi YopHOro mopsa Npo Mirpauito BYrn1eBOAHIB Ha NAOLL 3 FMOMHHWUX FOPU3OHTIB
po3pi3y.

YoTunpw 3 N'ATM 06CTEKEHMX NOKANbHUX AINAHOK B MexKax [pnaHicTPOBCbKOI naoLLi (puc. 26)
€ NEepCcneKkTUBHUMM ONA NPOBEAEHHA AeTaNbHMX MOLIYKOBMX PODBIT 3 METO BMABNEHHA Ta
JIOKaNi3aLii NPOMUCAOBMX CKYNYEHb HadpTuH i rasy.

B KOHTypax n'aTu 3 AeB'ATN 06CTEKEHMX NOKANbHUX [AINAHOK Ha KPYMHI TepUTOPIi B PaMOHi
po3TallyBaHHA ONeLwKiHCbKMX MiCKiB B XepCOHCbKIN 0baacTi (puc. 3) 3a pesyabTaTamm NpPoBeAeHNX
IHCTPYMEHTa/IbHUX BMMIPiB MPOTrHO3YETLCA MOMJ/IMBICTb BUABEHHA MNOKAaAiB HadTH i rasy.
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a)
Puc. 2. CynyTHMKOBI 3HIMKM 30H po3TallyBaHHSA MpuaHINPoBCLKOI (a) i NpuaHicTPoBCHKOI (6)
NAOLLL.
Fig. 2. Satellite images of the Prydniprovska (a) and Prydnistrovska (b) area’s locations.

Google o | |
Puc. 3. PainoH po3TallyBaHHA KinbLeBOi CTPYKTYPM «ONELWKiHCbKI MiCKM» Ha CYyNyTHUKOBOMY
3HIMKY TepuTOpiIi.
Fig. 3. Location of the "Oleshkinsky sands" ring structure on a satellite image of the territory.

bazanemu BonuHi. 3HauyHMA 06’em eKcnepmMeHTanbHMX PODIT NpoBeAeHO Ha OKpPeMMX
naowWax Ta Kap'epax y paroHi BonnHcbKkoi 6a3anbToBol NposiHLii. MMpW 4acTOTHO-Pe30HaHCHIM
06pobui doTo3HIMKIB Kap'epiB (puc. 4) NPOBOAMNOCA NMLIE BU3HAYEHHA TMOUHM pO3TallyBaHHA
KOPEHIB BY/IKAHIYHMX CTPYKTYP, @ TAKOX OLHKOBANaCA HaABHICTb Yy PO3pi3i AeAKUX XIMIYHMX
e/leMEeHTIB.

Kap'ep-1 (puc. 4a). NiaTBepaKeHO HasBHICTb y po3pisi dochopy (4epBOHOro Ta KOBTOrO),
BOAHIO, OaKTepin BOoAHEBUX Ta KMBOI BoAM. KopiHb 6a3anbTOBOro By/KaHa 3adikCcoBaHO Ha
rAnbuHi 470 Km. 3 iHTepsany 470-996 Km oTpuMaHi BiAryKu Big, rpaHiTie. 3adikcoBaHO CUrHANM Ha
4YacToTax Mmiai Ta niTito.

Kap'ep-2 (puc. 46). BuaHayeHo 6a3anbToBMIA BY/NKAH i3 KOpeHem Ha ranbuHi 723 KM Ta
OTPMMaHO BiAryku Bia docdopy, BOAHIO, OaKTepit BOAHEBUX, KMBOI BOAM Ta rpaHiTiB 3 iHTepBany
723-996 Km. 3 nosepxHi 3adikcoBaHO BiAryKM Big Miaj (IHTeHCKBHI) Ta AiTito.

Kap'ep-3 (puc. 48). Han 6a3anbTOBMM BY/JIKAHOM 3 KOPEHEM Ha FMOUHI 723 KM OTpUMaHi
BiAryku Big dpocdopy, BoAHIO, BaKTepit BOAHEBUX, *KUBOI BOAM Ta rPaHITiB 3 iHTepBany 723-996 km.
3apeecTpoOBaHO BiAryKM Ha YacTOTax NiTito, HIKeNto, Kanito, CKaHAito, TUTAHY, XPOMY, a Bia Miai Ta
UMHKY CUTHanu Bynum BiacyTHI.
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Kap'ep-4 (puc. 42). KopiHb 6a3anbToOBOro By/JKaHa BW3HA4YeHO Ha rAMbWHI 470 Km. 3
iHTepBany 470-996 Km oTpMMaHi BiAryKuM Bia rpaHiTiB, Bif, KMBOI BOAN — Ha rMBUHI 69 KM, a BiA,
MepTBOi — Ha 71 KM. 3 noBepxHi 3adikcoBaHO BiAryKM BiA Migj, NiTito Ta Hikesto.

3 :i : B \ ‘S!

" ol

Puc. 4. POTO3HIMKM AiNAHOK 3 Ha3aNbTOBUX Kap'epiB.
Fig. 4. Photographs of sites from basalt quarries.

Kap'ep-5 (puc. 40). KopiHb 0a3a/ibTOBOro By/KaHa BM3HA4YeHO Ha rmMbuHi 470 Kkm. 3
iHTepBany 470-996 KM OTpMMaHi BiAryKWM Big rpaHiTiB. 3 noBepxHi 3adikcOBaHO BiArykM Bif,
KobanbTy Ta AiTito (IHTEHCUBHI).

LinAaHKu pekoeHocyupyeansHo20 obcmexceHHA. Ha puc. 5 HaBeaeHO CynyTHUKOBI 3HIMKK 6-
TN AiNAHOK 0BCTEeXEeHHA B pisHMX 0bnacTax YKpaiHu. B npoueci 4YacToTHO-pe3oHaHCHOI 06pobKu
CYMYTHMKOBOTO 3HIMKa Ai/IAHKM B paloHi H.N. Pyakn (Cambipcbknit palioH, J/IbBiBCbKa 061acTb)
(puc. 5a), po3milleHit B MexKax NO3UTUBHOI aHOMaii TENIOBOro NOTOKY, 3aPEECTPOBAHO BiATYyKM
Ha 4acToTax HadTW, ra3oKOHAEHcaTy, rasy, JOHCAEWNITy, Kaniln-marHiesi coni. BcTaHoOBAEHO
HaABHICTb BY/IKAHIYHOrO KOMMAEKCY 3 KOpPeHeM Ha rInbuHi 723 KM, 3anoBHEHOro 7-t0 rpynoto
MarmaTmyHux (ynbTpamadiyHmx) nopia. Ha noBepxHi cMHTe3y BB 57 KM 3apeecTpoBaHoO BiZryKu Ha
YyactoTax HadTW, ra30KOHAEHCaTy Ta rasy.

¢
Padhaniska

-
Yemepninb

C
Kypunus

2 ¢
Puc. 5. CynyTHMKOBI 3HIMKM AiNAHOK PEKOrHOCLMPYBANbHOTO 06CTEKEHHA NPAMOMNOLLYKOBUMM
MeTOAaMM B PI3HUX perioHax YKpaiHu.
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Fig. 5. Satellite images of areas of reconnaissance survey using direct-prospecting methods in
various regions of Ukraine.

Ha Bcix AinsHKax B paroHax HaceneHux nyHKTiB. Mupudi (BonnHcbka 06n.), PadaniBka
(PiBHeHcbKa 061.), Kypumua (utomumpcbka 06n.), BinTiBui (BiHHMUbKa 064.), Yemepninb
(KipoBorpaacbka 06n.) (puc. 56-e). iHCTPYMEHTaNbHUMM BUMIpaMK 3 MOBEPXHi 3adikcoBaHO
BiAryKM Ha 4acToTax BO/HIO, KMBOi BOoAM Ta 6-01 (6a3anbTi) rpynu marmaTuyHMX nopig. KopeHi
6a3anbTOBUX BY/IKaHIB 3adikcoBaHO Ha rmMbuHax 98 Km, a i3 iHTepBania 99-723 KM OTpMMaAHO
BiAryKku Big, 10-0i rpynun ocagoBux (KpemeHUcTmx) nopia.

ObcmeeHHA 0iNAHOK 3 GHOMAnNIAMU mens08o20 Nomoky. CynyTHUKOBI 3HIMKM IBOX 30H 3
NiABMLLEHMMM 3HAYEHHAMM TEMAOBOrO NOTOKY B KapnaTCbKOMY perioHi npeAcTaB/ieHi Ha puc. 6 i
7. KoopanHaTK NONOXKEHHA MapKePiB B MeXax LMX 30H HadaHi 4a.-kop. HAH YkpaiHu P.l. Kytacom.
Pe3ynbTaTv NpoBeAEHMX IHCTPYMEHTabHUX BUMIPHOBaHb 3BOAATHCA A0 HACTYMHOrO.

LinaHka obcmexceHHA Ha nisHoYi. B npoueci 4acTOTHO-pe30HaHCHOI 06pObKM I0Ka/IbHOTO
dparmeHTa 3HiMKa B paMoHi TOYKM (puC. 6, Mannin NPAMOKYTHUK, Mapkep - 49200'N, 24°00'E)
3aPEECTPOBAHI CUTHA/IM TiNIbKM BiA, 7-01 (BanHAKKM) rpynu ocagoBux nopia. KopiHb By/IKaHa BanHAKIB
3adikcoBaHMM Ha rAnbuHi 470 Km. 3 iHTepsany 470-996 KM OTpMMaHi BIAryKWM BiZ, «CTapux»
rPaHITIB. 3 yCix 3pa3kiB BaMHAKIB CUrHaM 3adiKCOBaHI TiIbKM Bif, NiBOCTOPOHHIX (3i 3BOPOTHOO
NoaAPM3aLLED).

3 NoBepxHi OTPMMaHi TaKOX CUIHaAAW Ha 4YacToTax HadTK, KoHAeHcaTy, rasy, bakTepil
MeTaHOoOKuctotoUMX, docdopy (*oBTOro). Ha nosepxHi O M 3 BEPXHbOI YaCTMHM PO3Pi3y OTPUMAHI
BiArYKM Big, ra3y i pocdopy (3KOBTOro), Wo CBiAYNTb NPo iX mirpalito B aTmochepy.

Ha noBepxHi cnHTesy BB 57 Km oTpuMaHi Biaryku Big, HadTW, KOHAEHCaTy, rasy, pochopy
MBOT BoAM (cnabkoi iHTeHcMBHOCTI). Biaryku Big mepTBoi BoAM 3adiKCOBAHO Ha rNMOUHI 59 KMm.

Mpu 0bpobui BCbOro 3HiMKa (pucC. 6, BEANKUN MPAMOKYTHMK) 3 NMOBEPXHi 3apPeECTPOBaHI
curHann Big HadbTW, KoHAeHcaTy, rasy, OypwTuHy, OakTepin meTaHooKMcatowumx, docdopy
(4epBOHOTO, KOPUYHEBOTO, }KOBTOrO), FOPHOYOrO CAAHLO, ra30riApPaTiB, 1b0AY, aHTPALMTY, BOAH!IO,
HaKkTepin BOAHEBUX, XKMBOT BOAM, Ba3aNbTiB IMNOUHHMX, NOHCAEMNITY.

Biaryku Bia mepTBOi BOAM OTPUMaHI Ha ranbuHax 13, 48, 59 i 71 km, a Bia xmBOi - Ha 11, 46,
57 i 69 Km. Ha noBepxHi 3apeecTpoBaHi curHanu Big, 1-6 i 7-0i (BanHAKM) rpyn ocagoBux nopia, 6-
oi (basanbTn), 6A (noneputun i aHaesnTn), 66 (namnpoitn), 7-oi (ynbTpamadiyni), 8, 9, 10, 14, 15,
16 rpyn marmatuyHmX.

®ikcaujeto BiAryKiB Ha Pi3HMX rIMOMHAX BM3HAYEHI KOPeHi HAacTyMHMX BY/KaHIB: 7-a rpyna
MarmaTuiyHux (yabTpamadiyHmx) nopig - 99 km; 7-a rpyna ocagosux - 470 Km; 6a3anbtu - 723 Km;
rpaHiTK - 996 Km. 3 iHTepBany 99-723 KM OTPMMaHI BIATNYKW Big, KDEMEHUCTUX NMOPIa.

Ha noBepxHi 57 KM OTpMMaHi Biaryku Big HapTW, KOHAEHCATY, rasy Ta OYpPLITUHY, a TaKOX
docdopy (4epBOHOTO i OBTOr0), a Ha rNMBUHI 11 Km - Big HadTK, KOHAEHCATy Ta rasy, CUrHaAu Bif,
BYpPLWTUHY He OTPMMaHI. Biarykn Big Byrnekncaoro rasy Ha rmmbuHi 13 km 6yaum BigcyTHi.

Ha nosepxHi O M 3 BEpXHbOI YaCTUHM PO3Pi3y OTPUMAHI BiArYKM Bif rasy, BYr/1€KMCAOrO rasy
i pocdopy (*KOBTOro i 4epPBOHOrO), WO CBIAYMTb MPO iX MirpaLito B aTmocohepy.
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T

Puc. 6. CynyTHMKOBWUI 3HIMOK TepuUTopii B Puc. 7. CynyTHMKOBWI 3HIMOK TepuTOpIi B

PaMOHI NiIBHIYHOT AINAHKM ODCTEKEHHSA. PaMoHI NiBAEHHOT AiNAHKM 0BCTEKEHHS.
Fig. 6. Satellite image of the territory in the Fig. 7. Satellite image of the territory in the
area of the northern part of the survey. area of the southern part of the survey.

LinaHka obcmexceHHs HaA nigOHi. B npoueci 4YacToTHO-pe30HaHCHOI 06POHKM NOKAbHOTO
dparmeHTa 3HIMKa B paloHi TOYKK (pUC. 7, Manuit NPAMOKYTHUK, Mapkep - 48911'N, 229235'E) 3
noBepxHi 3adikcoBaHi curHanu Bia dochopy (4epBoHOro), BOAHIO, baKTepit BOAHEBUX, *KMBOI BOAM
i 6a3anbTiB. KopiHb 6a3anbTOBOro By/IKaHa BM3Ha4yeHOo Ha rAnbuHi 470 Km, a 3 iHTepBany 470-996
KM OTPMMaHI BiAryKmM BiZ, «CTapmx» rpaHiTiB. BepxHA Kpomka 6a3anbTiB 3adikcoBaHa CKaHYyBaHHAM
3 KpOKOM 50 cM Ha ranburHi 450 M (CUrHaNM NPOCTEKEHO 3 Pi3HMM Kpokom A0 20 Km). Mpu aHanisi
3pas3kiB 6aszanbTiB i rabpo cuUrHanuM OTPpMMaHi TiIbKM Bid, NiBOCTOPOHHIX (3i 3BOPOTHOMO
nonspusalieto).

BiaryKku Bif, sK1MBOT BOAM 3aPEECTPOBAHI TiIbKM Ha IMBUHI 68 KM; Ha rinbuHax 11, 46, 57 i 69
KM CUrHaIM Byan BiACYTHI.

Ha noBepxHi O M 3 BEpPXHbOI YaCTUHM PO3PI3y OTPUMaHI BIAryKM Big BOAHIO i pochopy
(4epBOHOrO), WO CBIAYMTL NPO iX Mirpaito B atmocodepy.

Ha ranbuHi 450 m 3 BEpXHbOI YaCTUHM PO3PIi3y OTPMUMaHI Biaryku Big 1-6 rpyn ocaoBumx
nopif, CUrHanu Bif, BOAHLO i *KMBOT BoAW Bynn BiacyTHI. CKaHyBaHHAM po3pi3dy 3 450 M, KPOK 5 cm
BiATYyKM BiZ, MBOI BOAM novann dikcyBaTnca 3 481 m, a Bia, BoAHto - 3 463 M. B iHTepBani 0-450 m
CUIHaAW BiZ BOAHKO MPW CKAHYBAHHI HE OTPUMAHI.

Mpn 06pobui CynyTHMKOBOrO 3HIMKA B BEIMKOMY MPAMOKYTHWKY Ha puUC. 7 3adiKCcoBaHi
BiArYKM Big HadTW, KOHAEHCATY, rasy, BYr1eKUCNOro rasy, bakTepin MeTaHOOKUCto4UMX, docdopy
(4opHOTrO, KOPMYHEBOrO, YepBOHOro, BiNOro, XOBTOrO), rOPHOYMX CNAHLLIB, ra3oriapaTie, BOAHIO,
KMBOI BOAM, NbOAY, PTYTi, 30710Ta, KOECITY, NOHCAENNITY (cnabKoi iIHTEHCUMBHOCTI), CONi KaniiHo-
MarHieBoi. 3apeecTpoBaHi cMrHanu Bia coni, ocagosmnx nopia 1-6 rpyn, 1-oi (rpaHiTn «Mmonopi»), 2,
3, 5, 6-0i (6a3anbti), 7-0i (yabTpamadiyni), 8, 9, 10, 15, 16 rpyn marmaTuyHMX.

KopiHb BynKaHa 1-6 rpyn ocamosux nopia, 3adikcoBaHo Ha rAMBWMHI 99 Km, Ga3anbTiB i
ynbTpamadivyHmx nopia - Ha 470 Km, coni - Ha 723 KM, rpaHiTiB - Ha 996 Km. 3 iHTepBany 99-723 km
OTPUMaHI BIATYKM Big, KPEMEHUCTUX MOPIA.

Ha nosepxHi O M 3 BEpXHbOI YaCTMHM PO3Pi3y OTPMMaHI BiAryKku Big BoaHto i docdopy (BCi
KONbOPMK), WO CBIAYMTb NPO iX mirpauito B8 atmocdepy. Ha ranbuni 57 kKm 3adikcoBaHi Biaryku Bia
HadTK, KoHAEeHcaTy, rasy, byplTUHY, bochopy (KOPUUYHEBOTO, YOPHOTO, KOBTOrO).

Ha nosepxHi 11 KM 3adikcoBaHi curHanu Big HadTM (Cnabkoi iIHTEHCMBHOCTI), KOHAEHCATY,
rasy i pocodopy (*oBTOro). Biaryku Bia *KMBOI BOAM OTPUMaHI Ha ranbuHax 11 Km, 57 km (cnabkoi
IHTEHCUBHOCTI) i 68 KM.

Kopomki komeHmapi. O6CTeXeHi AiNAHKM € NEepCneKkTUBHUMM ONA MOLWYKIB KOPUCHMUX
KonanuH, HadTK, rasy i NPUPOLAHOro BOAHIO B TOMY YNCAI.

OTpMMaHO CBIAOLTBA NPO MOXANBUIM CMHTE3 HAdTK, KOHAEHCATY Ta rasy Ha mexi 11 Km.
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IHCTPYMEHTaNnbHi BUMIpM Ha paai 00'eKkTiB 0OCTEXXEeHHs [03BOMATb ChHOPMYNOBATH
NPUNYLWEHHA, WO B CKAa4atouMx po3pi3 rpynax nopig 3i 3pa3kamum 3BOPOTHOI Noaapm3aLii
(niBOCTOPOHHIMKW) pO3MN0AIN 3apAAiB CNpPUAE NiABULLEHHIO TemnepaTtypu Ha  4insHui X
PO3MILLEHHA, 3, OTXKe, | TeN/I0BOrO NMOTOKY.

ObcmexceHHA 0inAHOK 800Hes8ol 0ez2a3auii 8 YKpaiHi. Mpwn aHanisi cynyTHUKOBUX 3HIMKIB
TepuTopii YKpaiHW BMABNEHI YMCeNbHi 30HM BMAMMOI BOAHEBOI Aerasauii. B mexax 6araTbox
AINAHOK pO3TallyBaHHA 30H Jerasauji nposedeHi AOCNIAMEHHA PEKOrHOCUMPYBasbHOIO
XapaKkTepy.

PalioH m. Bopucnine (Kuisceka 06a1acme). 30HM BOAHEBOI Aera3allii MOXKHa crocTepiraTti Ha
3HiIMKax NiBHiYHiWe aeponopTy «bopucninb» (puc. 8). B npoleci 4YacTOTHO-Pe30HAHCHOT 06POOKM
CYNYyTHUKOBOrO 3HIMKa Ha puUC. 8a 3 NOBEPXHi 3apeecTpoBaHi Biarykn Big, dochopy (4epBOHOro i
YOBTOr0), BOAHIO, DakTepil (BoaHeBMX), ¥MBOi BoAM, DasanbTiB (cTapux), 3o10Ta (cnabkoi
iHTeHCMBHOCTI), KoecuTy (cnabkoi iHTeHcuBHOCTI). CurHaau Big, BB, anmasis, mepTBOi BOAN, CONI
KaNiMHO-MarHieBoi i Coni HaTPIN-X10PUCTOT HE OTPUMAHI.

3adikcoBaHi Biaryku Big 1-6 rpyn ocagoBux Mnopia, rpaHiTiB (cnabkoi iHTEeHCMBHOCTI) i
0a3anbTiB. KopeHi By/IkaHiB, 3aN0BHEHUX 0CaZ0BMMM Nopoaamm 1-6 rpynu, a Takox Basanbtamuy,
BM3HA4YeHi Ha rMbuHi 723 KM, a rpaHiTammn - Ha 996 km. CKaHyBaHHAM pPO3pi3y 3 MOBEPXHi 3
Kpokammn 1 m i 1 cm BepxHs KpomKa 6a3anbTiB 3adikcoBaHa Ha rAnbuMHI 298 m.

Ha nosepxHi 298 M 3 BepXxHbOI YaCTMHM PO3pIi3y 3apPEECTpoBaHi curHanm Big 1-6 rpyn
0CafloBMX Nopia, i BOAHIO (cnabkoi iHTeHcMBHOCTI). CKaHyBaHHAM po3pi3y 3 298 m, Kpok 10 cm
BiAryKM Bia BOAHIO 3 6a3anbTiB NnodYanm dikcysatncs 3 340 m, a KMBOi BOAM - 3 362 M.

CKaHyBaHHAM pPO3pi3y 3 NoBepxHi, KpoK 10 cm, BiAryKM Ha 4YaCTOTax BOAHIO 3 2-Oi rpynu
ocazloBMx nopia (ncamitn) oTpumaHi 3 iHTepBanie 62-107 m i 240-260 m, a Bia docdopy
(4epBoHOro) 3 63-108 m i 240-260 m. TaKi pe3ynbTaTh ceia4aTb Npo Te, wo docdop (YepBOHMI)
MICTUTbCA B BOAHI.

Ha noBepxHi 0 M 3 BEPXHbOT YaCTUHWM PO3PIi3y OTPMUMaHI BiArykm cnabkoi iHTeHCMBHOCTI BiA,
BOAHO i dochopy (KOBTOro), WO CBIAYMTL NPO iX Mirpadito (cnabky) B atmocdepy.

Ha noBepxHi cuHTE3y BB 57 KM curHanm Big, HadT i BYpLITUHY He oTpUMaHi. Biarykm Big,
MBOI BOAM 3adiKCOBaHI Ha rNMBUMHAX 57 KM i 46 Km.

CurHanm BiA *KMBOI BOAM OTPUMAHI TiNbKM 3 NCaMITIB, 3 rpaHiTiB Ta 6a3anbTiB BiArYKM Bynun
BiACyTHI. CUrHanu *KmnBoi Boay 3 6a3anbTiB 3adikcoBaHi Ha NOBepPXHi 69 KM.

Biaryku Big mepTBOi BOAM 3apeecTpoBaHi Ha rnbuHax 48 km i 71 Km.

Google Earth
L

a)
Puc. 8. CynyTHMKOBI 3HIMKM AiNAHOK BOAHEBOI Aera3allii B panoHi m. bopucnine.
Fig. 8. Satellite images of hydrogen degassing sites near Boryspil.

Mpn 06pobui 3HIMKa 3 NOKaNbHOK 30HOK BOAHEBOI Aerasauii (puc. 86) 3 NOBEPXHI
3apeECTPOBaHi BiAryKM Bif, BOAHIO, BOAHEBUX DakTepii, pocdopy (Y4EPBOHOrO i *KOBTOrO) i *KMBOT
BoAM. Biaryku Big BB, Byrnekncnoro rasy, METaHOOKMCAOOUYMX DaKTepilt i coni He oTpMMaHi.
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3apeecTpoBaHi cMrHanu Bia 6a3anbTie. BepxHa KpomKka 6a3anbTiB BM3HAYEHA CKaHYBaHHAM
3 Kpokamn 1 mi 10 cm Ha rambuHi 120 m. Ha nosepxHi 120 M 3 BEpXHbOT YaCTUHM PO3pPi3y OTPMMaHI
curHanu Bia 8-oi (nonomiTn), 2-oi (Nncamiti) rpyn ocagoBux Nopisa i BOAHHO

Mpwn cKaHyBaHHiI po3pi3y 3 120 m, kpok 10 cm, BiArykM Big BOAHIO 3 Ha3anbTiB Novanu
dikcyBaTUCA 3 145 M, a Big, *K1BOi BOAM - 3i 156 M. A Npu CKaHyBaHHI 3 NoBepxHi, KPOK 10 cm, Biaryku
BiA, BOAHIO 3 4O0NOMITIB (abo ncamiTi) 3adikcoBaHi 3 iHTepsany 47-107 m.

Ha nosepxHi O m 3adikcoBaHi curHanm (cnabkoi iHTEHCMBHOCTI) Bi4 BOAHIO 3 BEPXHbOI
YaCTUHM PO3PIi3y, O CBIAYMTL MPO MOro Mirpauito 8 atmocdepy.

LinaHku obcmexceHHA 8 PoxcuuleHcbKomy palioHi BonuHcekoi obaacmi. Mpu obpobui
3HIMKa NIOKa/IbHOI AiNsHKKM BOAHEBOI Aerasauii (puc. 9a) 3 noBepxHi 3adikcoBaHi BiAryku Big,
docdopy (4epBOHOrO i }KOBTOr0), BOAHIO, BOAHEBUX BaKTEpIi, X,MBOI BOAM.

BcTaHOBNEHO HasABHICTb ©a3a/bTOBOrO By/KaHa, AKMIA MEPEKPUTO 3BEPXy BaMHAKAMM.
dikcauieto BiArykiB Ha pisHux rambuHax (50, 99, 218, 480, 700, 724 Km) KopiHb 6a3asbTOBOro
BY/IKaHa BM3HAYeHO Ha rMMOUHI 723 KM, @ BEPXHA KPOMKa 0a3anbTiB BCTaHOB/MEHA CKaHYBAaHHAM
po3pi3y 3 Kpokom 1 m Ha rmmbuHi 270 m. Ha nosepxHi 270 M 3 BEpXHbOI YaCTUHW PO3pi3y
dikcyBanmca BiAryKu TiNbKK Bif, 7-0i rpynmn 0cagoBMX Nopia, (BanHAKM).

MpW cKaHyBaHHI po3pi3dy 3 270 m, Kpok 10 cm, BiArykM Big BOAHIO 3 Ha3anbTiB Nnovanu
dikcyBaTmcs 3 300 m, a Bif, *KnBoi Boam - 3 320 M.

Ha nosepxHi O M Bigryku Big, BogH 3adikCcoBaHi 3 BEPXHbOI YaCTUHM PO3pI3y, WO CBiAYMTb
npo oro mirpauito B atmocdepy. CKkaHyBaHHAM PO3Pi3y 3 KPOKOM 5 MM BiArykn Big, BoAHEBMX
DakTepin dpikcyBanmca 3 NoBepxHi Ao rmbuHm 530 cm.

B npoueci 06pobKM cynyTHUKOBOTO 3HIMKa BiJHOCHO BEMKOI NAoLL (prc. 96) 3apeecTpoBaHi
BiAryku Big, 1-6, 7 (BanHaAkK) i 8-01 (4o10MiTK) rpyn 0cagoBux Nopia, a Takox 1-oi (rpaHitn), 2, 3,
6-0i (bazanbTth), 7-01 (ynbTpamadivHi), 8,9, 10, 11-0i (KimbepniTn), 12, 13 rpyn marmaTuyHMX Nopia.
KopeHi BY/KaHiB, 3amMoOBHEHMX 0CafoBMMM nopodamu 1-6 rpynu i rpaHiTamun 3adikcoBaHi Ha
rAnduHi 470 KM, a BanHsaKkamu, bazanbTamm i KimbepniTamn - Ha 723 KMm. 3 iHTepBanis 99-470 KM i
218-723 kM 3adikcoBaHi BiAryKM Bif, CoNi i KpeEMEHWCTUX NOpiA, BiANOBIAHO.

Google Earth

a) - 6)
Puc. 9. CynyTHUKOBI 3HIMKW AiNAHOK BOAHEBOI Aera3aLii B POXKMLLEHCbKOMY palloHi BOANHCLKOI
obnacri.
Fig. 9. Satellite images of hydrogen degassing sites in the Rozhishchensky district of the Volyn
region.

3 noBepxHi 3adikcoBaHi BiArykKM BiZ, NOHCAEWNITIB, COANi Kanil-marHiesoi, ©Ga3anbTiB
(rMMbuHHMX), 30/10Ta, PTYTi, aAmasiB (c1abKoi IHTEHCMBHOCTI), XMBOI BOAM, BOAHIO, aHTPALMTY,
roproYmnx cnaHLie, rasorigpaTis, pochopy (6inoro, YopHOro, KOPUYHEBOTO, YEPBOHOrO), DakTepiIl,
Byrnekmcnoro rasy, 6ypwTtuHy, rasy, KoHaeHcaTy, HadTh, BOAHEBMX OakTepii. 3apeecTpoBaHi
TAKOX BiArYKM BiA NiTitO, Bif, HIKEIO | Mifji CUTHAAN HE OTPUMAHI.
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MpW CKaHyBaHHI po3pi3y 3 NOBePXHi, KPoK 1 M, Biaryku Bia HadTW 3adikcoBaHi 3 iHTepBany
480- (600 - iHTeHcMBHMI) -1000 M. ani ckaHyBaHHA He NPOBOAMNOCS.

Mpn ckaHyBaHHI po3pi3y 3 0 M, KpoK 1 M, BiAryku Big rasy nodanm dikcysatncs 3 260 m,
BOAHIO - 3 230 m, XuBoi Boam - 3 320 m, 30n10Ta - 3 620 m, anmasis - 3 780 m. BiacterxeHHA
iHTEepBaniB BiAryKiB He NPOBOANNOCA.

B npoueci 4acToTHO-pe30HaHCHOI 0O6pobKM 3HIMKa TepuTopii Ha puc. 10 3 NOBEPXHI
3adikcoBaHi Biaryku Bia HabTH, KOHAEHcaTy, rasy, BOAH0, BoAM (TMMBUHHOI), @ TaKoXK Big, 7-8 rpyn
0cafoBux i 1-6 rpyn marmaTUYHKX nopia,

®diKcallieto BifryKiB Ha Pi3HUX NOBEPXHAX KOPEHi KaHaniB (By/sIKaHiB) 7-8 rpyn ocaaoBux i 6-0i
rPynmM MarmaTUYHMX NOpia BU3HAYeHi Ha rMBuHI 723 KM.

STpucrens

Puc. 10. CynyTHMKOBM 3HIMOK AiNAHKM BOAHEBOI Aerasalii B POXKMULLEHCbKOMY PaioHi
BonnHcbKoi obnacrTi.
Fig. 10. Satellite image of the hydrogen degassing site in the Rozhishchensky district of the Volyn
region.

Ha nosepxHi 57 KM OTpuMaHi Biarykn Big, HadTW, KOHAEHCcaTy, ra3y Ta BOAM; Big, BOAM
OTPUMaHI TaKOX CUTHAAM Ha NoBepxHi 69 kKm. Ha ranbuHi 68 Km Biarykn Big BoAM OTPMMaHI 3
0CagoBMX Nopig 7-8 rpyn, a TakOXK 3 6-1 rpynu MarmaTUyHMX.

Boga B 6a3anbTtax nodana ¢ikcysatnca 3 120 m, BiAryKM NpocTexeHo 40 69 Km.

MpW CKaHyBaHHI 3 NOBEPXHIi, KPOK 1 M BiZiryku Bia, 6a3anbTiB oTpmmani 3i 120 m, a Bif, BOAH!O
-3260 m i npocTereHi Ao 723 Km.

®ikcauia Biarykie Big, HadTM Ha Pi3HMX MOBEPXHAX MOKa3ana, WO MNPOrHO3Hi KONEKTopU
MOXYTb ByTM pO3TalloBaHi B iHTepBani rnbuHM 4-9 Km. CkaHyBaHHAM po3pi3y 3 4000 M, KpoK 1 m
CUrHanM BiA, HadTM OTpPUMaHIi 3 iHTepsanis: 1) 4215-5010 m; 2) 5325- (iHTeHcuBHMIA) (6000-
iHTEHCUBHMI) (Ay»Ke iHTeHCUBHMI) -6910 m; 3) 7080- (iHTeHcMBHMI) (8000- iHTEHCUBHMI) -8570 M
(10 9 KM NpoCTEKEHO).

Bizaryku Bif, rasy npu CKaHyBaHHI 3 NOBEepXHi, KPOK 1 M 3apeecTpoBaHi B iHTepBanax: 1) 470-
(1000 - iHTeHcUBHKM) -1280 m; 2) 1600-1700 m; 3) 2660- (iHTeHcuBHMI) (3000- iHTEHCUBHWUI) -
3220 m; 4) 5010- (iHTeHcmBHMIM 5600) -5730 m; 5) 6835- (7200- iHTeHcnBHMI) (7500~ iIHTEHCUBHUN)
(iHTeHCUBHNM) -8400 m.

OnybnikosaHi mamepianu. Y ctattax [8-10] npeAcTaBneHi pe3ynbTaTv  AOCANIAXMKEHb,
NpoBeAeHNX Ha /IOKANbHUX AiNAHKAX Yy3[40BX MNpodinie B mexax YKpaiHCbKOro wuTa Ta B
KapnaTcbKkOMy perioHi.

JocuTb WiKasi 1 y NeBHOMY CEHCi HecnoiBaHi pe3ynbTaT OTPMMaHI Nig Yac NPoBeAeHHS
obcTeeHHs 21 NOKaNbHOT AiNAHKK B340BXK N'ATU cercmivHmx npodinis 403 [14]. Tak, Ha n'atu
0bCTEKEHNX AiNAHKAX BMABNEHO 0a3aNbTOBI BY/IKAHM 3 BOAHEM Ta KMBO (LiNtOLLOK) BOAOHD, Y
MeXax TPbOX — a/IMA30HOCHI KimbepniToBi By/nKaHIYHI CTPYKTYpW. Biarykn Ha 4actotax HadTw,
KOHAEHCATy Ta ra3y 3apeecTpOBaHi Yy KOHTypax TPbOX BYJIKaHIB, 3aMOBHEHWX OCaZLOBMMMU
nopogamm 1-6 rpyn, OAHOrO TrPAHITHONO BY/JIKAHA Ta OZHOrO BY/KAHIYHOMO KOMMJEKCY 3
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BanHAKamMK. Ha naoui we oaHoro By/ikaHa 3 1-6 rpynamum ocagoBux Nopig CUrHaimM Ha YacToTax
BB He 3apeecTpoBaHi — y LLbOMY BYJIKAHI ICHYHOTb YMOBW ONA CUHTE3Y XMBOI BOAM Ha MeXi 46 Km
Ta MepTBOi BOAWN — Ha TNBUHI 48 KM. Ha 7-MU iHLIMX NOKaNbHUX AiNAHKaxX 0OCTeXKeHHs BUABAEHO
BY/IKQHIYHI CTPYKTYPM, Y AKUX BIArYKM Ha YacToTax HadTW, KOHAEHCATY, rasy Ta BOAHK XOAHOro
pa3y He peecTpyBanucs [14].

Y3008 cecmivyHoro npodinto 2021 p. Ha TepuTopii YKpaiHu [20] obcTexkeHHA NpoBeaeHO
Ha 18 naowax [14]. Ha 11-Tn ginaHKkax BuaBAeHO 6a3anbTOBI BY/KAHIUYHI CTPYKTYPKU 3 BOAHEM Ta
*unBoto Bogoto! CurHanm Ha YactoTax HapTW, KOHAEHCATy i ra3y 3apeecTpoBaHi Ha 8 AiNaHKax y
BY/IKAHIYHMX KOMIJIEKCAX, 3aMOBHEHWX OCaA0BMMM nopodamn 1-6 rpyn, Ha 2 AiNAHKAxX — vy
BY/IKAHaxX BanHAKIB. Bigryku sig BB oTpnmaHi TaKOX y MeXKax AeAKUX BY/IKAHIB, 3aN0BHEHMX CINNM0,
rpaHiTamMm Ta yabTpamadiyHMmM nopogamu. Y panoHi npodinto BUABAEHO TaKOX a/Ma30HOCHUM
KimbepniToBuin BynkaH [14].

[0 HaBeJeHoro BULLE A0LUINbHO TaKoXK 400aBUTH, WO Ha NPOA0BKeHHI npodina 2021 p. Ha
TepuTopii PyMyHIi BUABAEHO YOTUPM 6a3anbTOBI BY/IKAHIYHI CTPYKTYPU 3 BOAHEM Ta *KMBOH BOOH0.
Biaryku Big HadpTM, KOHAEHCATy Ta rasy 3apeecTpoBaHi 3 By/KaHa, 3anoBHeHoro 1-6 rpynamm
0CagoBMX MOPid, Ta ABOX BY/IKAHIB BamnHAKIB. Ha ABOX AinsHKax y paloHi npodinto sBuABMEHO
a/IMa30HOCHI KimbepiToBi ByIKaHiYHI Komnieken [14].

Ha TepuTopii YKpaiHM TakOX NPOBEAEHO PEKOrHOCUMPYBANAbHI AOCAIAXKEHHA naouW, Ae
PO3TallOBAHI BiAOMI KynbTOBI CNOPYAM, @ TAaKOX YUCAEHHI NOKaNbHI AiNAHKM 3 BOAOHOCHUMM
rOpU30HTaMK (LiNtOLLOT BOAM 30KPEMA) Ta B MEXKaX Ki/IbKOX KYPOPTHMUX LEEHTPIB 3 MiHEPAbHO
BoAot0. OBCTeXKeHi AiNAHKM 3 KyNbTOBUMM CNOPYAaMM PO3TALIOBaHi B KOHTypax Ha3anbToBuUX
BY/IKAHIYHMX KOMMAEKCIB, MO AKMX BOAEHb MIrpye A0 BEPXHiX FOPW3OHTIB PO3pi3y i Aani B
atmocdhepy. Malke BCi obCTeXXeHi NOoKanbHi AiNAHKM 3 AXKepenamu K1BOi BOAW BUABNEHI B
BY/IKAHIYHWUX CTPYKTYpax, 3anoBHeHUX 6a3zanbTamu, a BinbliCTb AINAHOK 3 AKepenammnm mepTsoil
BOAM 3adiKCOBAHO B MEXKax BY/IKAHIB, 3aNOBHEHMX BaMHAKaMU. YMOBU ANA CUHTE3Y KMBOI BOAM B
6a3anbTOBUX BY/NIKAHaX iCHYOTb Ha rMbUHI 68 abo 69 Km, a ANA MepTBOi BOAM Yy BaMHAKax Ha
rNNOUHI 48 Km.

JToKanbHi AiNAHKN PO3MILLLEHHSA AXKepen i3 KMBOK (LLiOLLIOK) BOAOK € NepCnekTUBHUMM
ONs NOLWYKiB npupoaHoro BodHto! KypopTHUIM uUeHTp Yy TpycKaBui PO3TallOBaHWIM Yy MeXKax
6a3anbTOBOro BY/KaHy, a MOKAaAM MiHepanbHUX Bog Y Mupropoai, CaTaHosi Ta MopLUMHI
PO3MILLEHI B KOHTYPax BY/JKAHIYHMUX CTPYKTYP, 3aN0BHEHMX BanHAKamMK. xxepena 3 miHepaibHOLO
BOAOO TUNy «Hap3aH» B YXKropoAcbKin obnacTi BMABAEHI y By/AKaHax 3 yabTpamadiyHMmm
NopoJamMm, B AKMX NPUCYTHI KanimHO-MarHiesi coni. Y KoHTypax baraTbox o6cTexeHnx 6a3anbToBUX
BY/IKaHIB, Y BEPXHi YaCTMHI po3pi3y, B TOMY YUCAi HA HEBEAMUKIN TNOUHI, IHCTPYMEHTaIbHUMM
BMMIpIOBaHHAMM BCTAHOBNIEHO HaABHICTb Pe3epByapiB 3 KMBOK (LLiNHOLLOK) BOAOK i BOAHEM.
[HCTpYMEHTaNbHI BUMIpIOBaHHA NiaTBEpANAN GaKTX Mirpauii BogHo B atTmocdepy.

KopOoTKi KOMeHTapi Ta BUCHOBKM

LLle pa3 3a3Ha4YMmO y CTaTTi, WO 06pobKa CynyTHMKOBMX 3HIMKIB i doTorpadil 34iMCHIOETbCS
B JslabopaTopHMX ymoBax, 6e3 opraHisauii Ta nposBeaeHHA MNObOBMX FE0N0ro-reodizanyHmx
[ocnigKeHb. Y 3B'A3KYy 3 LE0 0OCODAMBICTIO TEXHOOTii 4acTOTHO-PE30HAHCHOT 06pPOOKMK
CYMYTHMKOBUX 3HIMKIB 3amnpornoHOBaHi MPOEKTU PEKOrHOCUMPYBaSbHOrO OOCTEEeHHS BCi€l
TepuTopii YKpaiHM (BKAOYAOYM AINAHKM B MEXKax eKOHOMIYHOT 30HM YopHOro Ta A30BCbKOMO
MOPIB) 3 METOI BWMABNEHHA HaMbinbll NepcneKkTMBHUX ONOKIB ANA NPoBeAeHHA AeTasibHUX
MOLUYKOBMX PODIT Ha BYr1€BOAHI i NPUPOAHNI BOAEHb MOXKHA peani3yBaT 3a Ay»Ke KOPOTKMIA Yac.
3peLwToto, Lie 3HaYHO NPMUCKOPUTL re0I0ropo3BiZyBanbHi poboTK Ha HadTy, ras, BoAeHb B YKpaiHi,
a TAaKOX CKOPOTUTb GiHAHCOBI BUTPATM Ha iX NPOBEAEHHS.

[Ons [oAaTKoBOI AeMOHCTpaLii onepatMBHOCTI Ta ePeKTUMBHOCTI MODiNbHOI TexHonorii
3BEPHEMO YyBary Ha HacTynHe. lonboBi poboTM B340BXK cenMcmiyHoro npodinto SHIELD'21
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nposeaeHo y 2021 p. A nepuwi pe3ynbTaTn 06pPOBKM ceMcMmidyHMX maTepianiB onybnikoBaHo Ha
noyatky 2023 p. [20]. Pe3ynbTatn 06POOKM CYNMYyTHUKOBMX 3HIMKIB 28 Mol B340BXK Npodinto
ony6nikosaHi B 2021 [14]. Jlogamo A0 UbOro, WO maTepiann 4YaCTOTHO-Pe30HaAHCHOI 0OPObKM
CYNYTHUKOBMX 3HIMKIB OKPEMMX AiNAHOK (NAOLL), PO3TALOBAHMUX Y340BXK NPOdiNt0, MOXKYTb ByTH
BMKOPMWCTaHI Hadani npu reonoro-reodisnyHil iHTepnpeTalii ceMcMmidyHnX maTepianis (XBUAbOBMX
nonis).

OnepaTnBHO npoBeAEeHNUMM eKcnepumeHTanbHUMM OOCNIOKEHHAMM
PEKOTHOCLMPYBaZIbHOMO XapaKTepy NonoBHeHO 6a3y $aKTiB (CBiAYEHb) Ha KOPUCTb «BY/IKAHIYHOI»
Mmozaeni GOpMyBaHHSA CTPYKTYPHUX ENeMEHTIB Ta 30BHIWHLOrO BUrAsAYy 3emii, naaHeT Ta
CynyTHMKIB COHAYHOI CMCTEMM, @ TAKOX POAOBMULL BYINEBOAHIB, PYAHUX KOPUCHMX KOMAaAMH Ta
BOAM. Ha BCix 0BCTEXEHUX AiNAHKaxX y Pi3HMX perioHax (Ha TepuTopii YKpaiHKM B TOMy 4umchi)
BMABJIEHO BYJ/IKaHIYHI KOMMaeKkcH (rMbuHHI KaHaam mirpauii ximiyHux enemeHTis, toigis Ta
MiHEPaNbHOi PEYOBWMHM), 3aMNOBHEHI Pi3HMMKM Tpynamm 0CaaoBMX, MeTamopdidyHMX Ta
MarmaTuyHMX nopia. AKLEHTYEMO TaKOX yBary, WO KOpeHi BY/JKAHIYHUX CTPYKTyp Pi3HOro tuny
GiKCytOTbCA Ha CTPOro BU3HAYEHMX TMOUHAX Y po3pisax 3emii.

[louinbHO BiA3HAYUTM TAKOXK Y 3B'A3KY 3 UMM, WO Ha KOPWUCTb BYKAHIYHOI MoAeNi CBiAYaTb
TaKoXK Onyb/ikoBaHi MaTepiann MNpo BUABAEHHA AECATKIB TUCAY BY/IKAHIYHUX KOMIIEKCIB
(cTpyKTyp) pidHoro TMny Ha 3emni [17], BeHepi [21] Ta Mapci [19]. BynkaHiuHa mopaenb
GOpPMYBaHHA CTPYKTYPHMX eEMEHTIB MOBHOK MiPOH YKNAAAETbCA B PaMKM KOHLENLi 3emni, Lwo
PO3LMPIOETLCSA (3pocTae) [16, 18]. Mig yac npoBeaeHHA MaclTabHOT anpoballii NpPAMOMNOLLYKOBOI
TEXHONOTIT Yy PI3HUX PerioHax CBITY BUABNEHO He OZHY COTHIO BY/IKAHIYHUX CTPYKTYP, 3aNOBHEHUX
0CaZ0BMMM, METaMOPOIYHMMM Ta MarMaTUYHMMM NOPOAAMM PI3HOTO TUMY. ByaKaHIYHI CTPYKTYpK
3aKapTOBaHi TAaKOXK Ha AeAKMX NaHeTax Ta cynyTHMKax CoOHAYHOI cnctemm [23].

MOMIMBICTb OOCTEXUTU B CTUCAI TEPMIHM BEANKY KiNbKICTb OKANIbHUX AiNSHOK Ta 610KiB
y3008BX Npodinis, a TaKOXK y paioHax po3TallyBaHHA poaoBMLL, BB Ta MoWwyKOBKMX NAOLL HaAatoTb
3mory anpoboBaHi npoueaypu iHTerpaabHOI OLLHKM 3Ha4YeHb NapameTpiB po3pisy (ycepeaHeHnx
3HaYeHb rMOUH 3anAraHHA Ta TOBLWMH KOMMIEKCIB NOpig, Pi3HOTO TUMY i KOPUCHUX KONaAuH) y
MeXax O0CUTb BENVKUX AINAHOK Ta naow, obcTexeHHA. BUMKOPUCTAHHA UMX npoueayp nig 4vac
NPOBEAEHHA eKCnepuMMeHTa/IbHUX POBIT CyTTEBO CKOPOYYE BUTPATM HYacy Ha MNPOBEAEHHA
AOCNiAXKeHb.

Y npougeci BMKOHAHHA eKCrnepuMeHTanbHUX POBIT 3 BUKOPUCTAHHAM MeToAiB 0OpobKM
CYNYTHUKOBMX 3HIMKIB Ta GOTO3HIMKIB OTPMMaHO [043aTKOBI GaKTK (CBiAYEHHS) Ha KOPWUCTb
rnMBbuHHOI (abioreHHoi) Teopii reHe3ancy HadTW, KoHAeHcaTy Ta rasy [11] B npoueci BoaHeBOI
nerasauii 3emni [1, 5]. Ha gaHuit momeHT 6inbllicTb $axiBLIiB KepytoTbCsA Y CBOIN MPaKTUYHIN
AiANBHOCTI NPUHLMNAMM Ta NONOKEHHAMM BioreHHOI Teopii reHe3uncy ByrneBoaHiB. 3 Liei no3uuji
OUiHKM 0bcAriB meTaHy Ta BYr1eKMCAOro rasy, Aki MirpytoTb B atmochepy naaHeTn, MoXyTb OyTu
CYTTEBO 3aHMKeHi. YncneHHi paktn dikcaii curHanis (Biarykis) Big, HadTH, KOHAEHCATy Ta rasy Ha
MexKax ix cMHTe3y 11 Km, 57 KM y pi3HUX perioHax CBIiTy (y TOMY YMCAi 1y Mexax 0DCTeXEeHUX
LOINSHOK) [03BONAIOTb CTBEPAMKYBATM NMPO Mirpalito abioreHHOro mMeTaHy B atmocdepy 3emni y
KonocanbHux obcarax!

Y 3B'A3Ky 3 3a3HaYEHWM BULLE MNPUHUMNOBO BaAXKAMBMMW CNif, BBAXKATWU 3apPEECTPOBaHI
IHCTPYMEHTaNbHUMWN BUMiIpamM $akTU Mmirpalii BoAHIO Ta YepBoHoro ¢docdopy B aTMocdhepy B
MerKax BMABMEHUX 6a3anbTOBMX BY/KAHIYHMX Komnaekcis v [/3, Ha OKpemux ZinsHKax B340BK
npodinto 2021 p. Ha TepuTopiAX YKpaiHM Ta PyMyHii, @ TaKOX Ha AiNAHKaX Ta NAoLLax 0OCTeXeHHS.
3aranom npeacTaB/eHi BULLE pe3ynbTaTh AOCAIAKEHb NIATBEPAMKYIOTb BUCHOBKW AOCNIAHWUKIB NPO
MaclWwTabHy mirpauito ranbuHHoro (abioreHHoro) rasy Ta BoAHI B atmochepy naaHetr 3emns!

Ha 6araTbox naowax Ta /OKanAbHUX AinsHKaX OOCTeXEeHHA NpPoBOAMAOCA [A04AaTKOBE
BiANPaLOBAHHA METOAMYHUX NPUIMOMIB BUABNEHHA Ta N0OKai3alii 3a pe3y/sbTaTaMy YacTOTHO-
PEe30HaAHCHOI 0OPOBKM CYyNyTHMKOBMX 3HIMKIB Ta doTOorpadii 30H, y MeKax AKMX 34iMCHIOETLCA
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Mirpauia rasy, ¢ochopy, BYrneKMCNAOro rasy Ta BOAHK Yy MOBEPXHEBI FOPU3OHTWU PO3pi3y Ta
atmocdepy. LUs meToamKka MOXKe BUMKOPWUCTOBYBATMCA Hadani Npu NPoOBeAeHHI AO0CANiAKeHb 3
METOIO BMAB/IEHHA Ta /I0Kai3aLii Ha pOAOBMLLAX BYTr/IEBOAHIB Ta MOLWYKOBMX MAOLLAX JTOKA/IbHUX
30H MirpaLii MmeTaHy Ta BOAHIO B aTMOCdepy.

TexHonoria B ULiNOMY, @ TaKOX 1i OKpemi meToam AOUiIbHO BMKOPMCTOBYBATM B Pi3HMUX
perioHax Ana nonepeaHboi OLUHKM MNepcnekTMB HadTOrasoHOCHOCTI MasopOo3BiAaHUX i
HEepPO3BiAaHMX MOLWYKOBUX BAOKIB i NOKANbHUX AiNAHOK. 3acTOCyBaHHA AaHOI TEXHONOMT MOXKe
0ATW 3HAYHWI edeKT NpM NOLWYyKax MPOMMCAOBMX CKYMYeHb BYrNeBOAHIB Y HETpaguuinHMX
KO/MIeKTOopax (30Kpema B 30HaX MOLWMPEHHA CNAHLIB, BYr1@HOCHUX MAACTIB, KPUCTANIYHUX Nopia).
CBo€eyvacHe NpoBeAeHHA A0AATKOBUX AOCAIAKEHD MPAMOMNOLYKOBMMM METOAAMM Ha NOKANbHUX
AinAHKax OypiHHA NOLLYKOBMX i PO3BiAyBabHUX CBEPAIOBUH CNPUATUME NMiABULLLEHHIO YCMILHOCTI
BypiHHA (30iNbLIEHHIO KiNIbKOCTI CBEPA/IOBMH i3 MPOMMUC/IOBMMM MPUNAMBAMM BYI/1E€BOAHIB).
3aKknagKka CBEpAsIOBUH Ha AifAHKaX, A€ PO3TalloBaHi KaHa/M BepTUKa/bHOI Mirpauii ¢atoinis,
MOKe MpU3BECTU A0 36iiblieHHA NPUNANBIB BYrneBoAHIB. MobinbHI TEXHONOTIT TaKOK MOMKHA
YCMilHO BMKOPWUCTOBYBATM Mif, Yac PO3BiAKM MasOBMBYEHUX AiIAHOK i B/10KIB Yy Mexax BigoMMx
poAoBMLL HATK i rasy.
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PROJECT OF UKRAINE TERRITORY RECONNAISSANCE SURVEYING BY MOBILE DIRECT-
PROSPECTING METHODS IN ORDER TO DETECT BLOCKS FOR HYDROCARBONS, HYDROGEN, ORES
MINERALS AND WATER PROSPECTING

Mykola Yakymchuk?, Ignat Korchagin?, Valery Solovyov?
IInstitute of Applied Problems of Ecology, Geophysics and Geochemistry, Laboratorny Lane, Kyiv,
01133, Ukraine
’Institute of Geophysics, NAS of Ukraine, 32, Palladin Ave., Kyiv, 03680, Ukraine

Purpose. The project of the Ukraine territory reconnaissance survey with the aim of identifying
promising blocks and areas for carrying out detailed prospecting for oil, gas and natural hydrogen
is presented. Prepared project can be quickly implemented with using the mobile and low-cost
technology, that include modified methods of frequency-resonance processing and decoding of
satellite and photo images, vertical electric-resonance sounding of a cross-section, as well as a
method of integrated assessment of the prospects of oil and gas potential of large prospecting
blocks and license areas.
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Design/methodology/approach. The developed mobile and low-cost technology include modified
methods of frequency-resonance processing and decoding of satellite images and photo images,
vertical electric-resonance sounding (scanning) of a cross-section, as well as a method of
integrated assessment of the prospects of oil and gas potential of large prospecting blocks and
license areas. Separate methods of this direct-prospecting technology are based on the principles
of the “substance” paradigm of geophysical research, the essence of which is to search for a
specific substance - oil, gas, gas condensate, water, gold, zinc, etc.

Findings. For this project practical implementation, the satellite image of the of Ukraine territory
is divided into 180 separate blocks (fragments), the frequency-resonance processing of which may
be carried out separately. During image fragments processing, the following set of measurement
procedures may be performed: a) fixation of responses at the frequencies of oil, condensate and
gas; b) registration of signals at the frequencies of methane-oxidizing bacteria; c) establishing the
presence of a volcanic structures in which there are conditions for the hydrocarbon’s synthesis at
a depth of 57 km; additional fixation of responses of oil, condensate and gas at this depth; d) fixing
signals at the frequencies of oil, condensate and gas from the lower part of cross-section at depths
of 5 km, 10 km, 15 km in order to assess the prospects of oil and gas discovering in the deep
horizons of cross-section. The listed procedures of instrumental measurements have fully
demonstrated their effectiveness and informativeness in the process of direct-prospecting
methods approbation in the areas (sites) of exploratory wells drilling on land and shelf in various
regions of the globe. The developed super-mobile direct-prospecting technology has provided the
authors with a unique opportunity to conduct a huge number of experiments in various regions of
the globe. In the process of experimental work conducting, numerous evidence was obtained in
favor of the deep (abiogenic) genesis of hydrocarbons in the framework of the concept of
hydrogen degassing of the Earth.

The practical significance and conclusions. The proven technology allows filling the studied cross-
section with specific rocks (sedimentary, metamorphic and magmatic), as well as identifying areas
on the surface and intervals in the cross-section that are promising for ore and combustible
minerals prospecting. The super-mobile methods can be used to assess the prospects for oil and
gas (ore) potential of large exploration blocks and local areas (including those put up for auction),
to select the optimal locations (sites) for laying exploration and production wells, assessment of
the prospects for discovering oil and gas deposits in the deep and super-deep horizons of cross-
section, prospecting and localization of zones with deep channels location, through which the
chemical elements, fluids and mineral matter migrate into the upper horizons of cross-section.
The use of mobile and low-cost technology will significantly speed up the exploration process for
oil, condensate, gas, natural hydrogen, as well as reduce the financial costs for its implementation.

Keywords. Ukraine, oil, gas, hydrogen, limestones, marls, dolomites, basalts, granites, direct

searches, deep structure, carbon dioxide, sounding of the cross-section, remote sensing data
processing.
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BEYOND BRAIN DIFFERENCES: SOCIAL
EXPERIENCES, ADAPTATION, AND
PSYCHOSOCIAL WELL-BEING AMONG LEFT-
HANDED INDIVIDUALS

Telzhan V.S.
Selinus University of Science and Literature, Rome, Italy

Abstract

Left-handedness has traditionally been examined primarily through neuropsychological,
developmental, and cognitive perspectives, whereas its social experience and adaptation to
predominantly right-handed environments have received comparatively limited attention. This
integrative literature review examines left-handedness through a person—environment
perspective, focusing on the relationship between social experience, environmental demands,
adaptation, and psychosocial well-being. Literature from psychology, neuroscience, education,
ergonomics, sociology, and related fields was synthesised thematically to identify patterns in how
left-handed individuals experience and negotiate family, educational, occupational, and everyday
environments. Three interconnected themes emerged. First, the practical and psychosocial
significance of left-handedness is strongly context-dependent: environmental organisation,
cultural expectations, and interpersonal responses influence whether minority hand preference
becomes socially consequential. Second, adaptation should not be treated as a unitary process.
The synthesis distinguishes functional adaptation, characterised by relatively high individual
agency and behavioural flexibility, from socially imposed hand modification aimed at conformity
with right-handed norms. It further differentiates individual compensation from environmental
accommodation as two pathways for reducing person—environment mismatch. Third, the
reviewed evidence does not support a deterministic association between left-handedness and
poorer cognitive or psychosocial functioning. Instead, environmental fit, social acceptance,
autonomy, normative pressure, and opportunities for adaptation appear to constitute more
meaningful explanatory factors. The review proposes an integrative person—environment model
in which left-handedness represents an individual characteristic, social and material environments
constitute the context of its expression, and adaptation mediates the relationship between
environmental demands and psychosocial outcomes. This perspective shifts attention from
correcting individual difference toward understanding and, where appropriate, modifying the
environments in which that difference becomes consequential.

Keywords: left-handedness; handedness; person—environment fit; social experience;
adaptation; psychosocial well-being; environmental accommodation; functional adaptation.

Introduction

Handedness is one of the most visible manifestations of human lateralization, yet its
significance extends beyond patterns of motor preference and cerebral organization. Left-
handedness represents a relatively stable minority pattern of hand preference: a large-scale meta-
analysis estimated its overall prevalence at approximately 10.6%, although estimates vary
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according to measurement criteria, sex, ancestry, historical period, and cultural context
(Papadatou-Pastou et al., 2020). For much of the scientific history of handedness, research has
concentrated on its biological and neuropsychological foundations, including hemispheric
specialization, language lateralization, functional asymmetry, motor organization, and
developmental mechanisms (Ocklenburg et al., 2014; Papadatou-Pastou et al., 2020; Sun & Walsh,
2006). This body of scholarship has substantially advanced knowledge of lateralization but has also
contributed to a predominantly individual-level understanding of left-handedness. The
relationship between handedness and brain organization is considerably more complex than the
conventional distinction between a “left-brained” and a “right-brained” individual suggests.
Although right-handedness is strongly associated with left-hemisphere language dominance, left-
handed individuals demonstrate greater variability in patterns of language lateralization.
Handedness and language lateralization are related but partly independent characteristics whose
development reflects multiple genetic, neurodevelopmental, and environmental influences
(Ocklenburg et al.,, 2014). Accordingly, neuropsychological differences associated with
handedness should not be interpreted as evidence of cognitive deficit or superiority. Rather, they
provide a biological and developmental context within which individual patterns of motor
behaviour emerge. What remains less adequately incorporated into this literature is the social
environment in which these patterns are expressed. Human environments are not neutral with
respect to handedness. Because right-handed people constitute the substantial majority of the
population, everyday objects, educational practices, work arrangements, tools, technologies, and
behavioural conventions have historically developed primarily around right-handed use. Research
in ergonomics has documented that numerous tools, utensils, office devices, household objects,
and public facilities are designed in ways that favour right-handed interaction (Jung & Jung, 2009).
From this perspective, some difficulties experienced by left-handed individuals cannot be
attributed solely to individual motor or cognitive characteristics. They emerge through an
interaction between individual characteristics and an environment structured around majority
patterns of behaviour. This distinction is sociologically important. A characteristic that is relatively
unproblematic in one environmental context may become consequential when institutions,
technologies, cultural expectations, or routine practices are organised according to a different
normative pattern. The everyday experience of left-handedness therefore provides an
opportunity to examine how majority-based social arrangements shape individual adaptation
without assuming that minority status itself constitutes impairment. In this sense, the analytical
guestion shifts from how left-handed individuals differ from right-handed individuals to how left-
handed individuals experience and negotiate predominantly right-handed social environments.
Existing empirical evidence suggests that these experiences encompass both material and
social dimensions. In a mixed-method study of 686 left-handed participants, difficulties were
reported in a range of everyday activities and in the use of objects and environments organised
around right-handed practices. Participants also described social pressure during childhood,
particularly expectations surrounding right-handed writing. At the same time, most evaluated
their quality of life positively and described adaptation to a predominantly right-handed
environment as part of their everyday experience (Dadi¢ et al., 2021). Such findings are important
because they caution against a deficit interpretation of left-handedness: environmental
inconvenience or social pressure does not necessarily translate into poor psychosocial functioning.
Cultural context further complicates this relationship. Hand preference is biologically
grounded, but its social expression is subject to norms concerning appropriate bodily behaviour.
Cross-cultural research has demonstrated that attitudes toward left-hand use may influence
whether left-handed preferences are accepted, discouraged, or actively modified. For example,
Zverev (2006) documented substantial cultural and environmental pressure against left-hand
preference among participants in Malawi, including expectations that children should change
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habitual left-hand use. More broadly, the meta-analytic evidence indicates that cultural pressure
against left-hand use contributes to variation in the observed prevalence and expression of left-
handedness across populations (Papadatou-Pastou et al., 2020). These findings illustrate that
handedness is simultaneously embodied and socially situated: its neurodevelopmental origins do
not eliminate the role of family, education, cultural norms, and the material environment in
shaping how it is experienced. This perspective also has implications for psychosocial well-being.
Studies examining handedness and psychological outcomes have produced inconsistent findings,
and left-handedness should not itself be treated as a psychosocial risk condition. For example,
Alhussain et al. (2023), in a large adult sample, found no significant evidence that left-handed
participants necessarily experienced poorer psychological well-being or quality of life. Such
findings suggest that direct models linking hand preference to psychological outcomes may
overlook an important intermediate level of explanation. Rather than asking whether left-
handedness causes lower or higher well-being, it may be more informative to investigate whether
particular social experiences and adaptation processes are associated with psychosocial outcomes
among left-handed individuals.

Research Gap. Despite substantial research on the neuropsychological foundations of
handedness, three limitations remain evident in the existing literature. First, handedness research
has been dominated by neurobiological, cognitive, developmental, and motor perspectives. These
approaches explain important aspects of lateralization but provide comparatively limited insight
into how left-handedness is experienced within family, educational, occupational, and everyday
social contexts. Second, studies addressing the everyday lives of left-handed individuals have
frequently examined isolated dimensions such as ergonomics, hand-use difficulties, cultural
attitudes, quality of life, or childhood pressure. Social experiences, adaptation strategies, and
psychosocial well-being have less often been examined within a single analytical framework. Third,
there remains an explanatory gap between neuropsychological difference and psychosocial
outcome. Existing research does not sufficiently explain the processes through which a
neurodevelopmental characteristic becomes socially consequential. The present study argues that
this relationship is unlikely to be adequately understood through a simple direct pathway from
handedness to well-being. Social experiences and adaptation to predominantly right-handed
environments constitute potentially important mechanisms connecting individual characteristics
with psychosocial outcomes. Accordingly, the principal research gap addressed in this study lies
not in determining whether left-handed individuals are neurologically, cognitively, or
psychologically “different” from right-handed individuals, but in understanding how left-
handedness is socially experienced, how individuals adapt to environments predominantly
structured around right-handed practices, and how these experiences and adaptations are
associated with psychosocial well-being.

Theoretical Framework. The study adopts a person—environment perspective,
supplemented by an ecological understanding of psychosocial adaptation. Rather than locating
adaptation exclusively within the individual, the person—environment approach conceptualises
outcomes as emerging from the relationship between individual characteristics and
environmental demands, resources, and opportunities. Within this framework, left-handedness is
treated as an individual characteristic whose practical and psychosocial significance may vary
according to the social and material environment in which it is expressed. This perspective is
particularly appropriate for bridging clinical psychology, sociology, and social work. From a
psychological perspective, it allows consideration of individual adaptation, coping, self-perception,
and well-being. From a sociological perspective, it directs attention toward norms, institutions,
social expectations, and majority-oriented everyday practices. From a social-work perspective, it
emphasises person—environment fit and the importance of environments that facilitate
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participation rather than requiring individuals continually to compensate for avoidable
environmental barriers.

The conceptual logic of the study can therefore be represented as follows:

Left-handedness and neuropsychological background —> social experiences in predominantly
right-handed environments — adaptation processes — psychosocial well-being

Social experiences may include acceptance or pressure within the family, experiences at
school and work, reactions from other people, and encounters with objects or environments
designed primarily for right-handed use. Adaptation refers to the behavioural, cognitive, and social
strategies through which individuals negotiate these experiences. Psychosocial well-being
constitutes the outcome dimension and reflects the intersection of psychological functioning and
perceived social adjustment.

Importantly, this framework does not conceptualise left-handedness as a pathology,
disability, or inherent disadvantage. Instead, it distinguishes the individual characteristic from the
environmental conditions under which that characteristic may become socially salient.

The aim of this study is to examine how social experiences and adaptation to predominantly
right-handed environments are associated with psychosocial well-being among left-handed
individuals.

Research Objectives

- the study pursues the following objectives:

- to examine the social and everyday experiences associated with left-handedness across
family, educational, occupational, and routine-life contexts.

- to identify the environmental and interpersonal situations in which left-handed individuals
perceive a need for behavioural or psychosocial adaptation.

- to examine the adaptation strategies used by left-handed individuals in predominantly
right-handed environments.

- to assess psychosocial well-being among left-handed individuals.

- to determine whether social experiences are associated with psychosocial well-being.

- to examine whether adaptation processes contribute to the relationship between social
experiences and psychosocial well-being.

- to identify socio-demographic and experiential differences in patterns of social experience,
adaptation, and psychosocial well-being.

The principal research question is: How are social experiences and adaptation to
predominantly right-handed environments associated with psychosocial well-being among left-
handed individuals?

Study contribution

The study contributes to the literature by repositioning left-handedness from an exclusively
neuropsychological phenomenon toward a biopsychosocial and person—environment
phenomenon. Rather than seeking additional evidence that left- and right-handed individuals
differ neurologically, it examines what happens when an established individual characteristic
encounters social norms, institutional practices, and material environments predominantly
organised around the majority hand preference. This approach provides a bridge between clinical
psychology and sociological/social-work perspectives. It also avoids interpreting adaptation as
evidence of individual deficiency. Adaptation may instead represent a response to person—
environment mismatch and, potentially, a source of behavioural flexibility and resilience. By
integrating social experience, adaptation, and psychosocial well-being within one analytical
framework, the study seeks to clarify why the consequences of left-handedness may vary
substantially across individuals and social contexts.
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Methods

This study employed an integrative literature review to examine the social experiences,
adaptation, and psychosocial well-being of left-handed individuals. The literature search and
analysis were conducted between March and May 2026. The integrative approach was selected
because research on left-handedness spans multiple disciplines, including neuroscience,
psychology, education, ergonomics, sociology, and health and social sciences, allowing evidence
from different methodological traditions to be synthesised within a common analytical
framework.

Relevant publications were identified through searches of Scopus, Web of Science, PubMed,
and using combinations of the keywords left-handedness, left-handed individuals, handedness,
social experience, social adaptation, psychosocial well-being, quality of life, social attitudes,
stigma, socialization, cultural pressure, education, workplace, retraining, and right-handed
environment. Boolean operators AND and OR were used to combine search terms. Additional
searches in Russian and Kazakh were conducted to identify studies relevant to Kazakhstan and the
broader post-Soviet context. Studies were included if they: (1) examined left-handedness as a
substantive phenomenon; (2) addressed social, cultural, educational, occupational,
environmental, psychological, or psychosocial dimensions; (3) presented empirical findings or
theoretically relevant evidence; and (4) were published in peer-reviewed academic sources in
English, Russian, or Kazakh. Neuropsychological studies were included selectively when they
provided essential background for understanding handedness. Publications were excluded if
handedness was used only as a control variable, if they focused exclusively on neurological or
clinical conditions without relevance to social experience or adaptation, if they were duplicates,
or if insufficient information was available for assessment. Study selection proceeded through
sequential screening of identified records, removal of duplicates, assessment of titles and
abstracts, and full-text evaluation against the eligibility criteria. The selection process was
documented as records identified - duplicates removed —> full texts assessed — studies included
in the final synthesis.

The included studies were analysed using thematic synthesis. Findings were coded and
organised into four interconnected domains: (1) neuropsychological foundations of left-
handedness, (2) social and cultural experiences, (3) adaptation to predominantly right-handed
educational, occupational, and everyday environments, and (4) psychosocial well-being. A person—
environment perspective guided interpretation, allowing reported difficulties to be considered in
relation to the interaction between individual characteristics and social or environmental
conditions rather than as inherent consequences of left-handedness. International evidence was
subsequently compared with available literature from Kazakhstan and relevant post-Soviet
contexts to identify common patterns, contextual differences, and remaining research gaps.

Results

The thematic synthesis revealed three closely interconnected domains through which the
psychosocial significance of left-handedness can be understood:

1. Social experiences within predominantly right-handed environments;

2. Behavioural and psychosocial adaptation to environmental demands:

3. Psychosocial well-being in relation to social experience and adaptation.

Across the reviewed literature, an important distinction emerged between left-
handedness as an individual characteristic and the conditions under which left-handedness is
expressed. Neuropsychological research establishes handedness as a multidimensional
phenomenon associated with cerebral lateralisation and developmental processes (Ocklenburg et
al., 2014; Papadatou-Pastou et al.,, 2020; Sun & Walsh, 2006). However, the social and
psychosocial literature indicates that the practical consequences of left-handedness cannot be
inferred directly from these neurobiological differences. Instead, the evidence suggests that
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environmental organisation, cultural expectations, interpersonal responses, and opportunities for
adaptation influence whether left-handedness becomes consequential in everyday life.

From neuropsychological difference to social experience. The first theme concerned the
conditions under which an individual hand preference becomes socially salient. The reviewed
evidence indicates that left-handedness is not experienced in a social vacuum. Because right-
handedness represents the population majority, many routine practices and material
environments have historically been organised around right-handed patterns of action. The large-
scale meta-analysis by Papadatou-Pastou et al. (2020) estimated the overall prevalence of left-
handedness at approximately 10.6%, while also demonstrating substantial variation associated
with sex, geographical region, ancestry, historical period, and methods of handedness
classification. Such variation is important for the present synthesis because it indicates that the
observable expression of hand preference cannot be interpreted exclusively in biological terms.
Cultural tolerance and historical practices may influence whether an underlying left-hand
preference is openly expressed, discouraged, or modified. The distinction between biological
characteristic and social expression became particularly evident when studies from culturally
different environments were compared. In relatively permissive contexts, left-handedness was
more commonly described in terms of practical inconvenience and adaptation. Dadic et al. (2021),
for example, identified difficulties across multiple everyday activities among left-handed
participants while simultaneously finding generally positive evaluations of quality of life. In
contrast, research conducted in more culturally restrictive environments demonstrated that left-
hand preference may become an explicit object of social regulation. Zverev (2006) provides a
particularly clear example. In an urban and semi-urban Malawian sample involving pupils,
teachers, and guardians, 75% of respondents indicated that the left hand should not be preferred
for at least some habitual activities, while 87.6% supported forcing left-handed individuals to
change their preferred hand. Writing, drawing, and greeting were among the activities most
strongly subjected to normative expectations. Parents and close relatives were identified as major
sources of pressure. Evidence from children in another cultural context similarly demonstrates
that modification of handedness can occur at substantial rates. In a study of innately left-handed
children, 59.3% were reported to have experienced attempts to convert them to right-
handedness. Parental educational level and children's grade level were among the factors
associated with conversion practices. These findings suggest that the social experience of left-
handedness varies along a continuum from environmental inconvenience to active normative
regulation (Figure 1).
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Figure 1. Contextual continuum of social experience of left-handedness

Family and educational settings emerged as particularly important because they represent
contexts in which hand preference becomes visible relatively early in development. Writing,
drawing, eating, object manipulation, and socially regulated gestures provide repeated
opportunities for adults to respond to a child's preferred hand. The cross-cultural findings are
particularly informative in this respect. Zverev (2006) demonstrated that negative attitudes
toward left-hand use were not restricted to isolated practical activities but reflected broader
assumptions concerning the appropriateness and competence of the left hand. The finding that
parents and close relatives represented prominent sources of discouragement suggests that
family socialisation can mediate the relationship between cultural norms and individual behaviour.
Educational settings can reinforce this process because handwriting and manual performance are
repeatedly observed and evaluated. The clinical significance of these findings should nevertheless
be interpreted cautiously. Evidence of correction or hand conversion does not by itself establish
subsequent psychopathology. What the available literature demonstrates more clearly is exposure
to an externally imposed demand to modify naturally preferred behaviour. This distinction is
essential. The psychological meaning of learning to operate a right-handed tool voluntarily is not
necessarily equivalent to being instructed that one's preferred hand is socially inappropriate. The
former represents practical adaptation; the latter introduces an interpersonal and normative
component involving conformity. Comparison across studies therefore revealed that cultural
context modifies the social visibility of handedness more consistently than it establishes any
uniform psychological consequence of handedness itself. In more permissive environments, the
dominant challenge appears to concern person—environment fit: left-handed individuals
encounter objects or routines that may be less convenient but develop strategies for managing
them. In restrictive contexts, environmental mismatch can be accompanied by explicit social
pressure. Thus, the same neurodevelopmental characteristic can generate substantially different
lived experiences depending on the surrounding normative environment. This finding supports
the central person—environment assumption of the present review: the psychosocial significance
of an individual characteristic cannot be understood independently of the environment within
which it is expressed.

180



«World Scientific Reports» (August 27-28, 2026). Paris, France I

Adaptation to Predominantly Right-Handed Environments. The second major theme
concerned adaptation to environments in which tools, routines, educational practices, and
occupational expectations are predominantly organised around right-handed performance.
Rather than representing an intrinsic limitation associated with left-handedness, adaptation can
be conceptualised as a response to the degree of fit between an individual's preferred pattern of
hand use and the demands imposed by the surrounding environment. This distinction is important
because the practical consequences of handedness are not determined by hand preference alone.
They also depend on whether environments permit preferred-hand use, provide appropriate
equipment, or require individuals to modify established motor strategies. Recent occupational
evidence illustrates this interaction particularly clearly. In a study of left-handed surgeons and
surgical trainees, Tomar et al. (2026) found that 85.7% of participants experienced practical
difficulties during surgical training, while 57.1% reported pressure to become ambidextrous. Such
findings demonstrate that adaptation may arise not because left-handed individuals have lower
functional capacity, but because training systems, instruments, and established professional
practices are organised predominantly around right-handed performance. In this context, the
demand for adaptation originates partly in the environment rather than exclusively within the
individual. Adaptation may consequently occur at several interconnected levels. At the
behavioural level, individuals may alter movement trajectories, reposition tools, change body or
hand position, develop alternative techniques, or selectively use the non-preferred hand for tasks
that are difficult to perform within a right-hand-oriented configuration. At the cognitive level,
repeated exposure to asymmetric environmental demands may encourage anticipatory planning
and the development of alternative task strategies. At the interpersonal and institutional levels,
adaptation may involve negotiating established expectations concerning how particular activities
are conventionally performed. The resulting behaviour can therefore reflect functional flexibility
rather than correction of an underlying deficit. A critical distinction must nevertheless be made
between functional adaptation and socially imposed hand modification. Functional adaptation is
primarily directed toward accomplishing a task effectively while retaining substantial individual
agency. Socially imposed modification, by contrast, occurs when behavioural change is expected
because left-hand use conflicts with educational, interpersonal, or cultural expectations.
Neuroimaging research on individuals who were forced during childhood to switch from left- to
right-handed writing demonstrates why these processes should not be treated as equivalent.
Kloppel et al. (2007) showed that converted left-handers retained distinctive patterns of cortical
motor organisation despite long-term right-hand writing. Earlier work by Siebner et al. (2002)
similarly demonstrated persistent differences in the functional neuroanatomy of handwriting
among converted left-handers. These findings indicate that externally induced behavioural change
does not simply transform an innately left-handed individual into the functional equivalent of a
natural right-hander.
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Table 1. - Comparative characteristics of adaptation and imposed hand modification

Dimension

Functional adaptation

Socially imposed modification

Primary source

Environmental/task demands

Interpersonal or cultural
expectations

Individual agency

Relatively high

Reduced

Main purpose

Effective task performance

Conformity with right-handed
norm

Preferred hand

Usually retained

May be discouraged or
suppressed

Typical context

Tools, equipment,
workstations, routine activities

Family, schooling, culturally
regulated activities

Psychological
interpretation

Behavioural
flexibility/compensation

Normative pressure or
externally imposed adjustment

Expected person—
environment relationship

Individual adapts to task

Individual is expected to
conform to majority practice

Evidence represented in
the reviewed literature

Everyday adaptation and
ergonomic challenges

Cultural pressure and
handedness conversion

This distinction has important clinical and psychosocial implications. Behavioural
modification cannot be interpreted independently of the circumstances under which it occurs.
Voluntarily learning to operate equipment designed for right-handed use is conceptually different
from being required to suppress a preferred hand because that preference is considered
inappropriate. The first preserves a comparatively high degree of agency and may increase an
individual's functional repertoire; the second introduces an element of externally imposed
conformity. Evidence from converted left-handers further suggests that extensive practice with
the non-preferred hand can modify sensorimotor organisation without completely eliminating
neural characteristics associated with the original hand preference (Kl6ppel et al., 2007; Siebner
et al., 2002). The evidence therefore supports a model in which adaptation should be interpreted
along at least two dimensions: the magnitude of environmental mismatch and the degree of
individual autonomy in responding to it. A person who voluntarily develops alternative strategies
in response to an inconvenient tool encounters a different psychosocial situation from an
individual whose natural hand preference is explicitly discouraged. This distinction prevents
functional compensation, behavioural flexibility, coercive conversion, and social conformity from
being collapsed into a single category of “adaptation.”

Individual compensation and environmental accommodation. A further distinction concerns
the locus of adaptation. Conventional accounts often implicitly assume that adjustment should
occur within the left-handed individual: the environment remains unchanged, while the individual
learns to operate successfully within it. A person—environment interpretation permits a broader
conceptualisation. Mismatch can be reduced either through individual compensation or through
environmental accommodation. In the first pathway, environmental conditions remain
predominantly unchanged and the individual develops compensatory strategies. These may
include alternative movement patterns, selective use of the non-preferred hand, ambidextrous
task performance, repositioning of equipment, or task-specific behavioural modifications. The
occupational experiences reported by Tomar et al. (2026) provide a contemporary illustration of
this pathway: left-handed surgical trainees frequently encounter practical difficulties in training
environments structured around conventional right-handed techniques and instruments. In the
second pathway, the environment itself is modified to reduce the need for compensation.
Appropriate equipment, flexible workstation organisation, alternative teaching techniques, and
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acceptance of different patterns of hand use can reduce the discrepancy between individual
preference and environmental demand. Conceptually, this pathway is important because it shifts
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Both pathways aim to achieve person-environment fit and support
effective participation, well-being, and equal opportunities.

environment fit in left-handedness
the analytical question from How successfully can the left-handed person adapt? to what extent

does the environment unnecessarily require adaptation? (Figure 2.)

Psychosocial well-being and the integrative person—environment model. The third theme
concerned the relationship between handedness and psychosocial functioning. The available
evidence does not justify a deterministic model in which left-handedness itself is assumed to
produce poorer psychological or cognitive outcomes. Instead, the literature increasingly indicates
that direction of hand preference is an insufficient explanatory variable when considered
independently of environmental and developmental context. Meta-analytic evidence is
particularly important in challenging deficit-based interpretations. Ntolka and Papadatou-Pastou
(2018), synthesising evidence from 36 studies involving more than 66,000 participants, found that
the overall difference in intelligence between left- and right-handed individuals was negligible.
Although a very small statistical advantage for right-handers appeared in part of the analysis, the
effect was marginal and disappeared when the largest individual study was excluded. Papadatou-
Pastou (2018) similarly concluded that when handedness is operationalised as the direction of
hand preference, the evidence does not support a meaningful general cognitive difference
between left- and right-handed groups. Evidence from educational research points in the same
direction. Ferrero et al. (2017), in a systematic review and meta-analysis involving 26 studies and
3,578 children, found no reliable overall association between crossed laterality and either
academic achievement or intelligence. Although crossed laterality is conceptually distinct from
left-handedness, these findings are relevant because they demonstrate the risks of interpreting
atypical patterns of lateral preference as inherently dysfunctional. Taken together, these findings
suggest that neurodevelopmental variation should not be conflated with psychological
dysfunction or reduced adaptive capacity. The more theoretically informative variables may
instead lie in the relationship between the individual and the surrounding environment.
Environmental compatibility, opportunities for autonomous adaptation, social acceptance,
exposure to normative pressure, and the availability of accommodation may determine whether
handedness remains a relatively neutral individual characteristic or becomes a recurrent source
of adjustment. The resulting integrative model therefore proposes that psychosocial
consequences emerge not directly from left-handedness but through the contexts in which left-
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handedness is expressed. A predominantly right-handed environment may generate functional
demands; individuals respond through varying forms of compensation; institutions may either
intensify or reduce those demands; and the degree of autonomy involved in this process may
influence its psychosocial meaning. From this perspective, left-handedness is best understood not
as a deficit requiring correction but as an individual characteristic whose practical significance is
partly produced by person—environment fit.

Discussion

The present integrative review sought to move the study of left-handedness beyond a
predominantly neuropsychological interpretation by examining how hand preference is
experienced within social and material environments, how left-handed individuals adapt to
predominantly right-handed contexts, and how these processes may relate to psychosocial well-
being. Three interconnected findings emerged from the synthesis. First, the practical and social
significance of left-handedness appears to depend substantially on the environment in which it is
expressed. Second, adaptation is heterogeneous and should be differentiated according to both
the source of environmental demands and the degree of individual autonomy involved. Third, the
available evidence does not support a deterministic pathway from left-handedness to poorer
psychosocial functioning. Taken together, these findings support a person—environment
interpretation in which the consequences associated with minority hand preference arise partly
from the relationship between individual characteristics and environmental organisation rather
than from handedness itself. One of the central implications of the present synthesis is that left-
handedness should not be interpreted exclusively as an individual neurodevelopmental
characteristic. Hand preference is expressed through interaction with objects, educational
practices, occupational arrangements, interpersonal expectations, and cultural conventions.
Consequently, its practical significance changes according to context. A left-handed preference
may be almost inconsequential in an environment that permits flexible hand use while becoming
highly salient when tools, procedures, or behavioural expectations prescribe a particular pattern
of action. This interpretation extends the conventional neuropsychological literature without
contradicting it. Research demonstrating differences in cerebral lateralisation and motor
organisation provides an important explanation of how hand preference develops, but it does not
by itself explain why individuals with similar patterns of hand preference may report markedly
different social experiences. The present synthesis suggests that an intermediate explanatory level
is required. The social and material environment can either amplify or minimise the practical
consequences of neurodevelopmental variation. This argument is consistent with evidence
showing that handedness should not be treated as a straightforward indicator of cognitive
capacity. Ntolka and Papadatou-Pastou (2018), in their systematic review and meta-analysis,
found only negligible differences in intelligence between left- and right-handed individuals.
Papadatou-Pastou (2018) similarly demonstrated that relationships between handedness and
cognitive ability are considerably more complex than categorical assumptions concerning
cognitive superiority or inferiority. Such findings reinforce an important distinction: difference in
lateralisation does not imply deficit in functioning. The present review extends this reasoning into
the psychosocial domain. If left-handedness does not inherently imply cognitive disadvantage,
environmental difficulties experienced by left-handed individuals should not automatically be
interpreted as manifestations of individual inadequacy. Instead, some difficulties may reflect a
mismatch between individual motor preference and environments structured around majority
patterns of hand use.

A second important contribution concerns the conceptualisation of adaptation. The
synthesis indicates that adaptation among left-handed individuals cannot adequately be
represented as a single behavioural process. At least two analytically distinct forms should be
recognised: functional adaptation to environmental demands and socially imposed modification
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of preferred-hand behaviour. Functional adaptation can involve repositioning objects, modifying
movement patterns, learning alternative techniques, selectively using the non-preferred hand, or
developing task-specific forms of ambidexterity. Such strategies may represent behavioural
flexibility rather than evidence of impairment. Contemporary occupational evidence provides a
particularly clear illustration. Tomar et al. (2026) found that 85.7% of surveyed left-handed
surgeons and surgical trainees reported practical difficulties during training, while 57.1%
experienced pressure to become ambidextrous. These findings are important because they
demonstrate that even in highly skilled professional populations, left-handed individuals may
encounter environmental demands generated by established equipment, training procedures,
and professional conventions. The distinction between adaptation and imposed modification
becomes particularly important when individual agency is considered. Learning voluntarily to use
an alternative technique because a particular instrument is inconvenient is psychologically
different from being instructed to suppress a naturally preferred hand. Neuroimaging studies of
converted left-handers support this distinction. Long-term switching of handwriting from the left
to the right hand does not simply reproduce the neural organisation characteristic of natural right-
handers. Instead, altered patterns of motor organisation remain detectable among individuals
who experienced early conversion (Kl6ppel et al., 2007; Siebner et al., 2002). These findings have
broader theoretical implications. They suggest that behavioural conformity should not be
interpreted as evidence that the original person—environment mismatch has disappeared. An
individual may become highly competent at performing a task using the non-preferred hand while
the behavioural adaptation continues to reflect an environment originally organised around
another pattern of motor behaviour. Successful performance therefore does not necessarily
indicate optimal environmental fit. This distinction also challenges the assumption that adaptation
should occur exclusively within the individual. From a person—environment perspective, mismatch
can be reduced through two complementary pathways: individual compensation and
environmental accommodation. Individual compensation requires the person to modify behaviour
in response to existing environmental demands. Environmental accommodation instead modifies
tools, procedures, teaching practices, or work arrangements so that individuals can perform tasks
without unnecessary suppression of preferred patterns of behaviour. The distinction is particularly
relevant to education, occupational psychology, ergonomics, and social work. When
environmental modification is feasible, repeatedly requiring individual compensation may
represent an inefficient distribution of adaptive burden. Providing appropriate equipment, flexible
seating or workstation arrangements, alternative instructional techniques, and acceptance of
different hand-use strategies may reduce unnecessary mismatch without categorising left-
handedness as a special clinical condition.

The third major implication concerns psychosocial well-being. The reviewed evidence does
not support the assumption that left-handedness itself constitutes a psychosocial risk factor.
Instead, the findings point toward a more conditional relationship in which the psychosocial
meaning of handedness depends on the social circumstances surrounding its expression. This
distinction is theoretically significant. A direct model would assume: Left-handedness = poorer
psychosocial well-being
The present synthesis instead supports a more differentiated pathway: Left-handedness —>
person—environment interaction = social experience and environmental mismatch — adaptation
processes —» psychosocial outcomes

Within this framework, the potential psychosocial consequences of left-handedness are
mediated by experiences such as acceptance, environmental compatibility, autonomy, repeated
pressure to conform, and opportunities for successful adaptation. Hand preference therefore
represents a starting characteristic rather than a sufficient explanation of psychosocial outcome.
This interpretation is compatible with broader evidence questioning deterministic associations
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between atypical laterality and functional disadvantage. For example, Ferrero et al. (2017) found
no reliable overall relationship between crossed laterality and either intelligence or academic
achievement. Although crossed laterality should not be equated with left-handedness, these
findings demonstrate the methodological risks associated with interpreting patterns of lateral
preference as inherently dysfunctional. The concept of agency may be particularly important for
understanding variation in psychosocial consequences. Two individuals may exhibit apparently
similar behavioural modification while experiencing it very differently. When adjustment is
voluntary and enables effective performance, it may be experienced as competence, flexibility, or
problem solving. When the same behavioural change results from repeated criticism, correction,
or cultural pressure, it may carry a substantially different psychosocial meaning. Thus, the form of
adaptation alone is insufficient; the conditions under which adaptation occurs must also be
considered. This distinction helps reconcile an apparent contradiction within the literature:
environmental inconvenience can coexist with successful functioning. Experiencing difficulties
with tools, handwriting arrangements, occupational equipment, or other right-oriented
environments does not necessarily produce reduced well-being. Individuals may develop effective
compensatory strategies, environments may become more accommodating, and left-handedness
may become progressively less socially salient. Conversely, relatively minor functional differences
may acquire greater psychological significance when accompanied by interpersonal criticism or
pressure to conform.

The findings have several implications for professional practice. From a clinical
psychological perspective, left-handedness should not itself be pathologised or treated as an
explanatory diagnosis for psychological difficulties. Where left-handed individuals report negative
experiences, assessment should distinguish between hand preference itself and the interpersonal
or environmental circumstances surrounding it. Questions concerning childhood correction,
pressure to switch hands, repeated environmental inconvenience, autonomy in adaptation, and
current person—environment fit may be more informative than hand preference alone.
Educational practice represents a particularly important context because handwriting and manual
activities make hand preference highly visible during childhood. The findings suggest that
educational responses should prioritise functional support rather than behavioural normalisation.
A child who writes effectively with the left hand does not require correction simply because the
majority of classmates use the right hand. Where difficulties occur, modifying paper position,
seating arrangements, teaching techniques, or equipment may provide a more appropriate
response than changing hand preference. Occupational settings raise similar considerations. The
findings reported by Tomar et al. (2026) demonstrate that environmental asymmetry remains
relevant even in contemporary professional contexts. Occupational adaptation should therefore
not automatically be treated as an individual responsibility. Ergonomic design and professional
training can incorporate greater flexibility in order to accommodate natural variation in hand
preference.

Limitations and directions for future research. Several limitations of the available evidence
should be acknowledged. First, the literature addressing the social and psychosocial dimensions
of left-handedness remains substantially smaller than the neuropsychological literature.
Consequently, some components of the proposed person—environment model are theoretically
well supported but have not yet been tested within a single empirical design. Second, substantial
heterogeneity exists in the conceptualisation and measurement of handedness. Studies variously
classify participants according to writing hand, self-reported preference, multidimensional
handedness inventories, or degree of lateral preference. These methodological differences
complicate direct comparisons between studies. Third, evidence concerning adaptation is
frequently derived from particular contexts, including handwriting, education, everyday object
use, or specialised occupations. Findings from these settings should not automatically be
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generalised to all left-handed individuals. Occupational environments characterised by highly
standardised instruments, for example, may generate substantially greater adaptive demands
than ordinary everyday contexts. Fourth, causal relationships between environmental mismatch,
adaptation, and psychosocial well-being remain insufficiently established. Much of the available
evidence is cross-sectional or retrospective. Longitudinal studies are needed to determine
whether repeated environmental mismatch predicts later psychosocial outcomes and whether
autonomous adaptation or environmental accommodation moderates this relationship. Future
research should therefore move beyond simple comparisons between left- and right-handed
groups. Studies focusing specifically on left-handed populations could examine variability in social
experiences, childhood hand correction, perceived environmental fit, adaptation strategies,
autonomy, and psychosocial well-being. Such designs would permit direct testing of whether
adaptation mediates or moderates associations between environmental experiences and
psychosocial outcomes. Cross-cultural research is particularly important because the social
meaning of left-hand use varies across cultural and historical contexts. Experimental and
ergonomic research could additionally compare individual compensation with environmental
accommodation. Such research would help determine whether redesigning tasks or equipment
reduces cognitive, behavioural, or psychological demands more effectively than requiring
individuals to develop compensatory strategies.

Conclusion

Left-handedness is a neurodevelopmentally grounded characteristic, but its everyday
significance cannot be understood from neuropsychology alone. The present integrative review
indicates that the social and psychosocial consequences associated with left-handedness emerge
through interaction with environments predominantly organised around right-handed behaviour.
Three conclusions follow from the synthesis. First, environmental and social context determines
whether left-handedness remains a relatively neutral individual characteristic or becomes a source
of recurrent practical or interpersonal adjustment. Second, adaptation should not be
conceptualised as a unitary process. Functional compensation undertaken with substantial
individual agency differs fundamentally from socially imposed modification intended to produce
conformity with right-handed norms. Third, the available evidence does not support a
deterministic relationship between left-handedness and poorer cognitive or psychosocial
functioning. The more informative explanatory variables appear to include environmental fit,
social acceptance, autonomy, normative pressure, and opportunities for adaptation or
accommodation. These findings support an integrative person—environment model in which left-
handedness constitutes the individual characteristic, social and material environments provide the
context, adaptation represents a mediating process, and psychosocial well-being represents a
potential outcome. Importantly, successful adaptation should not automatically be interpreted as
evidence that environmental arrangements are appropriate. Individuals may achieve high levels
of functioning precisely because they have developed effective strategies for compensating for
environments designed around majority behaviour. The conceptual distinction between individual
compensation and environmental accommodation therefore has particular importance.
Improving person—environment fit does not always require individuals to modify their behaviour.
In many educational, occupational, and everyday settings, relatively modest changes in
equipment, practices, or expectations may reduce unnecessary adaptive demands while
preserving individual autonomy. Accordingly, left-handedness should be approached neither as
pathology nor simply as an inconsequential biological variation. It provides a useful model for
understanding how neurodevelopmental characteristics acquire different meanings and
consequences depending on the environments in which they are expressed. By shifting attention
from individual difference alone toward the interaction between individual characteristics, social
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experience, environmental demands, agency, and adaptation, the present review offers a
framework for future psychological, educational, ergonomic, and social research on handedness.
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