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Abstract
This article presents a design-based and mixed-method research model for studying the
pedagogical conditions under which the development of students emotional intelligence can
contribute to improved academic achievement. The study is built around a digital Research Design
Package platform that integrates emotional recognition, self-regulation, empathy, communication
culture, motivation and achievement reflection into a structured learning environment. The
platform includes a learner space, teacher panel, practical tasks, criteria-based assessment,
simulation experiences and an analytical dashboard. The article synthesizes international evidence
from social and emotional learning, emotional intelligence research, OECD social and emotional
skills frameworks, UNESCO guidance and meta-analytical findings on the association between
emotional intelligence and academic performance. The proposed model defines the pedagogical
conditions as: a psychologically safe learning environment, explicit instruction in emotional
vocabulary and self-regulation strategies, reflective tasks connected to learning goals, teacher
observation based on transparent criteria, digital feedback, and an evidence-based cycle of
diagnosis, intervention, monitoring and evaluation. Practical platform screenshots and classroom
implementation photographs are used as visual evidence of the developed model and its testing
context. The article offers a publication-ready framework for future empirical validation in school
settings.
Keywords: emotional intelligence, academic achievement, social and emotional learning, self-
regulation, empathy, learning motivation, digital pedagogy, mixed methods, teacher assessment,
reflective learning.
INTRODUCTION

Contemporary education increasingly recognizes that academic achievement is not
produced only by cognitive ability, subject knowledge or the amount of instructional time.
Students learn in emotionally saturated environments: they experience motivation, anxiety,
confidence, frustration, curiosity, fatigue and social comparison. These emotional states influence
attention, memory, classroom participation, persistence and the quality of decision-making during
learning. Therefore, the development of emotional intelligence is becoming an important
pedagogical condition for improving academic achievement, especially in learning environments
that require independence, reflection and collaboration.

Emotional intelligence can be understood as the ability to perceive, understand, regulate
and use emotions in a constructive way. In the educational context, this construct is closely
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connected with self-awareness, self-management, social awareness, relationship skills and
responsible decision-making. These categories are also reflected in social and emotional learning
frameworks used internationally. The CASEL framework describes social and emotional learning
as a foundation for developing competencies and environments that support students learning
and development, while UNESCO emphasizes that SEL combines cognitive, social, emotional and
relational aspects of learning to strengthen well-being, academic success and active citizenship.

The relevance of the topic is strengthened by international assessment and policy trends.
The OECD Survey on Social and Emotional Skills studies the conditions and practices that foster or
hinder the development of social and emotional skills in 10- and 15-year-old students. The OECD
technical report for the 2023 cycle documents the collection of contextual information from
students, teachers, principals and, in some sites, parents through standardized procedures,
demonstrating that social-emotional indicators can be measured systematically in education
systems. Meta-analytical studies also show a positive relationship between emotional intelligence
and academic performance. However, many schools still lack practical tools that connect
emotional development with everyday learning tasks and teacher diagnostics.

This study responds to that gap by proposing a platform-supported pedagogical model.
The platform does not treat emotional intelligence as a separate psychological topic outside the
curriculum. Instead, it embeds emotional recognition, calmness strategies, empathy, learning
motivation and personal achievement reflection into a structured research design package.
Students complete interactive tasks and reflective forms; teachers observe emotional and
academic indicators through criteria; and the platform generates a meaningful basis for
discussion, feedback and improvement.

PURPOSE, RESEARCH QUESTIONS AND HYPOTHESES
The purpose of the study is to develop and justify a platform-supported pedagogical model
for improving academic achievement through the development of emotional intelligence and to
describe the conditions under which this model may be implemented in school practice.
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Component Content
The educational process in which emotional
Object of the study intelligence development is integrated with

academic learning tasks.

Pedagogical conditions, digital tasks and
Subject of the study assessment criteria that connect emotional
intelligence with academic achievement.

To design, theoretically justify and practically
describe a digital platform model that
develops emotional intelligence and supports
learning achievement.

How can emotional intelligence be

Research Question 1 operationalized as a pedagogical condition for
academic achievement?

What platform components support students
Research Question 2 emotional recognition, self-regulation,
empathy, motivation and reflective learning?
How can teachers assess emotional-

Research Question 3 intellectual development without reducing it
to a single score?

If students regularly perform structured
emotional reflection, self-regulation, empathy
Hypothesis and motivation tasks in a safe digital learning
environment, then their learning engagement
and achievement indicators will improve.
Table 1. Research logic of the proposed study.

Aim

LITERATURE REVIEW

International literature on emotional intelligence and social-emotional learning provides a
strong basis for this topic. The CASEL framework identifies five interrelated competence areas:
self-awareness, self-management, social awareness, relationship skills and responsible decision-
making. These competencies directly correspond to the platform modules used in this study:
mood identification, calmness strategy selection, empathy tasks, communication culture and
learning motivation reflection.

UNESCO describes social and emotional learning as an approach that integrates cognitive,
social, emotional and relational aspects of education. This is important because school success
depends not only on mastery of disciplinary content, but also on a students capacity to remain
engaged, manage emotional barriers, build constructive relationships and reflect on mistakes.
UNESCOs position also supports the idea that emotional development should be mainstreamed in
education rather than treated as an optional add-on.

OECD evidence demonstrates the growing international importance of assessing social and
emotional skills. The Survey on Social and Emotional Skills is designed to identify and assess
conditions and practices that foster or hinder social-emotional development. This perspective is
relevant to the present article because the proposed platform creates a localized, teacher-friendly
assessment space in which emotional stability, self-regulation, empathy, communication and
motivation can be observed through student actions and written explanations.

Meta-analytical research reinforces the connection between emotional intelligence and
academic achievement. MacCann and colleagues found that student emotional intelligence
predicts academic performance across a large evidence base. Sdnchez-Alvarez and colleagues also
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reported a positive relationship between emotional intelligence and academic performance in
secondary education. Quilez-Robres and co-authors further examined emotional intelligence and
academic performance through a systematic review and meta-analysis, showing that emotional
regulation and related competencies are relevant to learning outcomes. These findings justify the
development of digital pedagogical conditions that translate emotional intelligence theory into
everyday school practice.

At the same time, the literature suggests that emotional intelligence should not be
measured only through abstract self-report scales. Students emotional skills are visible in how they
explain feelings, select actions in difficult situations, communicate with others, persist in tasks,
respond to feedback and write reflective conclusions. Therefore, the present model combines
student self-report, teacher criteria, platform analytics and written tasks.

METHODS AND RESEARCH MATERIALS

The study is designed as a design-based mixed-method research project. The design-based
component focuses on developing and testing a digital pedagogical platform. The quantitative
component may include pre- and post-diagnostic indicators of emotional intelligence and
academic achievement. The qualitative component includes written student reflections, teacher
observation notes and analysis of platform task responses. This structure allows the study to
examine not only whether the platform produces improvement, but also how students experience
emotional learning and how teachers interpret the results.

PRISMA-style source search strategy

A PRISMA-oriented logic was used to organize the literature base. The search focused on
official international frameworks and peer-reviewed studies related to emotional intelligence,
social and emotional learning, academic achievement, assessment and digital pedagogy.
Databases and sources included ERIC, Google Scholar, Scopus/Web of Science search fields, OECD,
UNESCO, CASEL and open-access scientific repositories.

Source Core search string Selection focus
social emotional skills; social
emotional learning;
emotional intelligence;
academic achievement
("emotional intelligence" AND
"academic performance") OR | Peer-reviewed empirical
("social emotional learning" studies and meta-analyses
AND achievement)

SEL intervention school
students self-regulation
empathy motivation
achievement

emotional intelligence
predicts academic
performance meta-analysis

Official frameworks,
international policy and
assessment guidance

OECD / UNESCO / CASEL

Scopus / Web of Science

Educational intervention
studies and school-based
research

ERIC / Google Scholar

Full-text articles with
transparent methods

Open-access scientific
repositories
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Table 2. Search strategy for constructing the theoretical and empirical basis of the article.

Inclusion and exclusion criteria

Criterion

Included

Excluded

Topic relevance

Studies on emotional
intelligence, SEL, self-
regulation, empathy,
motivation and academic
performance

General psychology papers
without educational
relevance

Educational level

School, secondary education,
teacher practice and student
achievement contexts

Clinical or workplace studies
unrelated to schooling

Evidence type

Peer-reviewed studies, meta-
analyses, official frameworks
and methodological reports

Non-verifiable blog texts and
unsupported claims

Methodological clarity

Studies with defined
variables, samples,

Texts without clear
methodology or source

instruments or theoretical
frameworks

Research that can inform
platform design, teacher
assessment and reflective
tasks

Table 3. Inclusion and exclusion criteria for the review-based part of the study.

transparency

Studies with no practical

Application connection to pedagogy

CONCEPTUAL MODEL OF THE PLATFORM

The proposed platform is titled Research Design Package. It is designed as an authorial
scientific-pedagogical environment for developing emotional intelligence and improving academic
achievement. The central pedagogical idea is that students achievement is influenced by their
ability to recognize emotions, regulate behavior, understand other people, maintain learning
motivation and reflect on personal progress. Instead of presenting these abilities as abstract
qualities, the platform turns them into observable learning actions.

The model contains several interconnected spaces. The research concept section explains
the basic idea, aim and objectives. The scientific novelty section describes the model as an
integrated system in which emotional intelligence and academic achievement are studied
together. The methodological framework section includes personality-oriented, humanistic,
empathic and supportive-environment principles. The research design page presents a six-stage
process: initial diagnostics, observation, emotional intelligence tasks, interim monitoring, product
collection and final analysis.

The learner space includes five interactive cards: my mood, my calmness, my empathy, my
learning motivation and my achievement today. These cards transform emotional intelligence into
short structured activities. The teacher panel provides criteria-based evaluation of emotional
stability, self-regulation, empathy, communication skills and learning motivation. The tasks page
gives practical reflective assignments, and the results page shows indicators that help interpret
changes in emotional and learning development.
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Platform component

Pedagogical function

Target El dimension

Expected
achievement link

Explains why

emotional Meaning and Students understand
Research concept . . . . ,

intelligence matters orientation the learning purpose

in learning

: Defines supportive .

Methodological cdago icslp Safety, empathy, Lower anxiety and
framework ) . g & humanistic relation stronger participation

principles

Learner space

Provides interactive
reflection cards

Self-awareness and
self-regulation

Improved attention
and task persistence

Research tasks

reflection and action
planning

L Empathy, .
Teacher panel Collects criteria- communication Better formative
P based observations L ’ feedback
motivation
Organizes written Improved

Responsible decision-
making

metacognition and
learning strategy use

Results dashboard

Visualizes progress
and indicators

Integrated El profile

Data-informed
support for
achievement

Table 4. Conceptual architecture of the Research Design Package platform.

PLATFORM QR CODE AND VISUAL DOCUMENTATION

The digital platform used in the study can be accessed through the QR code below. The
following figures document both the interface structure and the practical classroom use of the
platform. Captions are written in English so that the materials can be included directly in an
international journal-style article.

Figure 1. QR code linking to the Research Design Package platform for emotional intelligence and
academic achievement.
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Research Design o
&l BacThl  yowuenun  Mawanwix  Framework  Design  Thewa Wkl ORWYWLL oo ovanap  Horwkenep  Kopsrrminast eI
g
Package Ber KeWictiri  naweni Gactay
1. 3epTTey KROHIeNIHACHI (].__L‘
3epITeyIiH HeTisTi MeIarornKalbiK HIeACH], MAKCATBI MEH MIHIeTTepi
01 Herisri naes 02  MaxkcaTsr 03  MinzerTepi
3epTTey KOHIIEMIIIACE! OKYIIBIHEIH DMOLNOKATIBIK HHTEJIIEKTTI JaMBITY apKBIIEL 1. OKYIIBTHBIH 3MOIIIATEIK KyITiH 3epTTey. 2.
IMONNOHANIBIK IHTEIEKTI MeH OKy KeTicTiri OKYIIBIHBIH OKY JKETICTIrH apTIBIPYALIH ©O3iH-03] peTTey MaFABICHIH JaMBITY. 3.
apacHEIaFET GallTaHEICTE! AHETKTAYFA IIearOTIKAEIK MIAPTTAPETH AHEIKTAY JKoHe DMIATIE MEH KapEIM-KATETHAC MIJIeHNeTiH
Garprrrananst. Herisri mies — OKyIIBIHBIH ABTOPIBIK WIaThOpPMA aPKEIBT TaxKipIbene xamemracTsipy. 4. OKy MOTIBAIIIACHTH
SMONIAHEI TAHYE], ©3|H-031 PeTTeyi, SMIATILICEL, KOMIaHY. aprTEIpy. 5. OKY XeTicTirirxeri earepicti
KapBIM-KaTEHAC MaJIEHIIET] XoHe OKY Tanzay.

MOTHBAIIACET OKY HOTIUKECIHE aCep eTeTiH
MAHBIZIET TIeIaTOT KATGIK MAPTTAp PeTiHge
KapacThIPEITAIEL

Figure 2. Research concept page presenting the core pedagogical idea, aim and objectives of the
emotional intelligence platform.

Research Design
g Bactel  yomuenuun  Mawanuk  Framework  Design  Toena  OFMe! Osurryliel

o CriHaK
Package Ger xeHictiri  naneni

6acray

R ABTOPIBIK FRUTBIMH-TEJATOTHKAJIBIK IITTATOOPMA

Research Design Package: DMonnoHATIbIK HHTEIEKTTI JAMBITY apKbLIbI
OKY KeTiCTiriH apTTHIPYIbIH NeJAroruKaIbIK HIAPTTAPbI

3EPTTEVIIII ABTOP * Swmipxan AkGora HcTaMKeI3E!

BT aBTOPIEIK FBLIBIMII IITAT(OPMA OKYIIBTHEIH 3MOIHOHAIIIBIK HTEIUIEKTIH, 631H-631 peTTey IaF/IbIChIH,
SMIATIACETH, OKY MOTHBAIILACETH JX3HE OKY JKETICTITiH KemeHai 3epTIeyTe apHanras. IlTardopma OKYIIBTFA KI3BTKTE
TancHIpMaIap YChIHAI], A7 OKBITYIIBIFA COT TANCHIPMATAp apKBLTET FEUIBIMII GaKsluay, Tanmay AKaHe KOPBITBIEHIE
JKacayra MYMKIHIIK Gepeiti.

(nn] v Okywsl keHicTirine 6apy

Figure 3. Research Design Package homepage for developing emotional intelligence and
improving learning achievement.

R

10. KopbITHIHABI

OjricTeMeNiK IWIATOPMAHETH OKY YIepICIHIeri MaHEI3IEITEIEST

TInatd)opMaHbIH 3ePTTEYITiTiK MAHBI3EI

Hnard)opma OKYHIBIFa SMOLIIOHATIBIK MHTeTeKTIT] JaMBITyFa apHajIFaH KbI3BIKTBI TallChIpMatap YCBIHAIBL, al
OKEITYIIBIFa OKYIIBIHEIH 3MOIULLIEIK MAMYBIH FEUIBIMIL TYPFBINA 3epTTeyre MYMKIHIIK epexi. Homixecinae
OKYIIBIHEIH ©2iH-31 peTTeyi, SMIIATISCH, OKY MOTHBAINIICE! JKoHE OKY JKeTiCTiri GoflbiHIma KemreHii
KOPBITEIHIIBT )KAcaIaIlbl.

&, OnicTemenik HyckaysikTsl sxykrey (PDF) ‘

Figure 4. Conclusion section describing the research value of the platform in student emotional
development and academic progress.
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9. HaTm:ke KoHe Taanay

e o ! Al
3ep‘rrey HITIDKENEPIHIH HET13T1 KOPCETKIIITEP] MEH MOJAENB/IIK Tallaysl

3epTTeyaiH Herisri kepceTkiwTepi 3epTTeywinik Tangay MaTiHi

Tanmay HeTIGKeCI SMOLIOHANLIBIK IHISAIEKT KOPCeTKIMTepiHIH OKy
SMOUMAHELTAHY 82% MOTIHEBALILICK MEH OKY KeTiCTiriHe OH BIKMAJ eTeTiHiH KepceTeli. OKITYIIE!
[ | A &
OKYIIBTHBIH TATCEIPMA OPBIEIAY JAFBT TAHIAYTADBIH, P
B3in-e3i pe_r‘_ey 76% FKOHE 3MOLILATBIK PeaKLIACHIH CalbICTbIpa OTBIPHIN, IEJAarorIKalbIK Konnay

OaFEITHIH AHEIKTAIEL

3Smnatus 88%

SEPTTEY IEHMEMIHIH YNTEPIMIE bIKMANBIH MOAENBAEY:
OKy MOTUBaLMACKH] 84% ®
e re———
Tomen Oprawa Koraput

OKy xeTicTiri 87% MogenbaeHren ynrepim (GPA): 3.98 / 5.00

Figure 5. Results and analysis dashboard displaying emotional recognition, self-requlation,
empathy, motivation and achievement indicators.

8. 3epTTey TamchbIpMaaapsl

OKYILE! OPEIHIAIITEIH JKoHe OKBITYIIBI 3epTTeliTiH 5 KelleH i NPaKTIKAIBIK KyMbIc GI0TE!

0¥ Tanceipma 1: Dmonus kyHeriri

OKYLLbI OPbIHOAMAbI: OKbITYIWbI 3EPTTENAL:

1. Oyrirri Kerix Kyiiin Oexrizeiini, 2. sMomna cebedin xazanpy, 3. cabakka
Scepin Tyciraipexni, 4. 3iH peTTey XONBIH TaHIAILIE] 5. KOPBITBIHIB!
acaiter.

SMONILE MeH OKY OelceHIiiri aApacEIHAAFE OAllIaHBICTE SAKBITAILIEL

Q  Tanceipma 2: Cabrip cakray TaxipuGeci

OKYLLL| OPLIHOAARLI: OKbITYILbI SEPTTENAL

1. KuBIH Karaaiiier cunaTTaiiaey, 2. TEHEIC ATy aXiciH KonxaHaer, 3.
SMOMILLCHIH KailTa Garamaiiet, 4. caGbIpas! memmiM Tapiaiiey, 5. HoTiokecin
FKazalsl

©3iH-03] peTTey 2IICIHIN TalchIpMa OPETHAAYFa aCepiH TarLIaiiaE

Figure 6. Research tasks page showing practical blocks for emotion diary and calmness practice
tasks.
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Research Design
&! BacTWl  powuenuws  Kawanmik  Framework  Design  Tpewn OOl OKWTYWRl o enap  Hemumenep  Kopbmeinast o ST
Package Get KewicTiri  maweni Gacray
7. OlﬂblTy[l.HsI 3epTTey maHe 1l |~
Kplrxepnanju ﬁararmy KSHE KaThICYIIEl OKYIIBIIaApABIH CAHIABIK MEI]E.\)C‘[]’EP Bazacsl
Katbicy Y Garanay kp
1. KeHin Kyi TYpaKTLInbIFs! Temen Oprawa Worapet
2. ©3iH-03i peTTey Temen Oprawa Worapet
3. 3mnatus Temen OpTawa Worape!
4. KapeIM-KaTbIHac AaFabIChl Temen Oprawa Korapet
5. OKy MOTMBaLMSACH! Temen Oprawa Korapet

Figure 7. Teacher research panel with criteria-based assessment options for emotional stability,
self-requlation, empathy, communication and motivation.

Research Design Bactel
Package er
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, Cetuak
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e Design  Tpewa

OKYLLbIHBIH ATBI-XEHI:

1. SMOLMSIHbI3[bl BENTINEH|3:

O & Kepewmer O & Kansints! O & Ananpayns!

2. CEBEBIH XA3bIHbI3:

SMOLMAHLIH BACTb! CeBeBiH HeMeCe KAFAAAL! KbICKALLA CUNATTAHbI3

3. A¥PbIC SPEKET TAHAAHBI3:

CabbIp cakTan, Kocnap KypamblH v

4. KbICKA KOPBIThIHOLI XXACAHBI3:

BYTiHri TaHbIMAbIK AaMYbIHEI3 GEH LeLLiMiHi3 BOMbIHLIA KBICKa TYMIH.

v TanceipMaHbi asiKTay XeHe XiGepy

Figure 8. Student space interface requiring the learner to identify emotions, describe causes,
choose constructive action and write reflection.
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Research Design
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Figure 9. Student space page with five interactive cards for mood, calmness, empathy, learning
motivation and personal achievement.
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TlrardhopMaHBIK Ka3ipri 6iniM Gepy TeHIeHIIIATApEIMEH GaliTaHBICE

TInathopma Kasipri 611iM Gepyneri aneyMeTTiK-IMOMIOHALIBIK OKBITY, OKYIIBT al-ayKaTsl, IHIQPIBIK MIATHOCTIIKA, AePeKKe HeTi3/IeNreH IeXarorika, peQIeKcIATbIK
OKBITY JKoHe JKeKe OKY TPaeKTOpIIICH GarbITTapeiMer GailmaHEiCTs. Byl GarsiTIap GimiM aqyMIBIHEIH TeK aKaAeMILUIBIK HOTIDKeCiH eMec, SMOLHSIEIK TYPaKTBUIBIEEIH,

IIKI MOTHBALIACKIH K3HE CAHAIBI OKY SPEKETiH IaMBITyFa OarbITTAIFaH.

Figure 10. Modern scientific trend section linking the platform to social-emotional learning, well-
being, digital diagnostics and reflective pedagogy.
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cayaTHAMATAP/IBT TONTHIPaIbl. OKBITYIIB Gakpimaiiis! sxkare Genrinefini. OKHITyIIE! IHTEILIEKT TANCHIPMATAPEIH OpbIHIAITIBL.
3eprTeyi: OKYIIEIIAPILIH SaCTalKel 3epTTeyi: DMOLILIEIK aySITKYIaPIBIH OKY ORBITYIIB! 3epTTeyi: TANCHpPMATAPILIH 03iH-03]
IMOIIIOHALIBIK KYIIiH XaHe 1ailBIHIBIK JeHTeilin GesceRILTITiHe TITi3eTiH acepiH capanailisl. peTTey MeH CabBIPIBIKKA 2CepiH 3epTTell
QHEIKTAILIEL

4 KE3EH 5KESEH 6 KESEH
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TamaiiEL.

Figure 11. Research design page presenting six stages from initial diagnostics to final analysis.
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Research Design
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epeKIeNTiKTepiHe GarbITTamas!. MYMKIHIIKTepiH HEFaliTa s Gailnanbic OpHATAIEL. BIHTATAHIBIPAIIBL.

Figure 12. Methodological framework page showing personality-oriented, humanistic, empathic
and supportive-environment principles.
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TInatdopMaHbIH FEUTBIMII KaHATBIES! — SMOINIOHAIBIK IHTEIEKT IIeH OKY AKETICTIriH 6ip iyilene 3epTTeiiTin aBTOPIBIK MOIEs YehiHyBIEIa. OKYIIBI TeK JailbiH
aKmapar anMails!, SMOLILACKTH TATIAILIE!, IeIiM KadsLIaiins], pedrexend Kacailisl, Keke 1aMy eHIMIH KypacTsIpaznsl. OKBITYIIE! OChI 9PEKSTTEP APKBITL! OKYIIBIHEIH
SMOIIAIEIK 1aMYBIH, OKY GelCeHIITITiH XaHe HoTIDKeCiHIeri e3repicTi sepTreii.

Figure 13. Scientific novelty section explaining the platform model as an integrated system of
emotional intelligence and learning achievement.

Figure 14. Practical classroom demonstration of the Research Design Package platform on the
interactive board during the emotional intelligence learning session.
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Figure 15. Teacher-quided explanation of the platform homepage and research entry point for
emotional intelligence development.
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Figure 16. Full-view classroom presentation of the emotional intelligence development platform
and its pedagogical research focus.
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Figure 17. Demonstration of the teacher panel and task-monitoring interface during practical
validation.
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Figure 18. Teacher and student observing the digital research design interface and formative
assessment sections.
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Figure 19. Close practical demonstration of the platform interface showing simulation and
learner profile components.



Figure 20. Teacher presents the emotional intelligence simulation experiences and student profile
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Figure 21. Practical validation of the emotional recognition and stress-management training

modules within the platform.

RESEARCH INSTRUMENTS AND DATA COLLECTION

Instrument

Purpose Format

Analysis use

Initial emotional-
state form

|dentify baseline Short questionnaire
mood, readiness and | and student self-
emotional vocabulary | description

Baseline diagnostic
profile
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Develop recognition,

Five interactive cards

learning behaviors

Emotional regulation, empathy, and written Task completion and
intelligence task set motivation and gualitative analysis
) responses
reflection
Evaluate observable L .
Teacher assessment . Criteria: low, Rubric-based
emotional and . . .
panel medium, high formative assessment

Academic
achievement record

Compare
achievement before
and after platform

Grade scores, teacher
marks or task

Quantitative outcome
variable

engagement

performance
use
. R Identify perceived
Learning motivation YPp . Open-ended . .
. reasons for learning Thematic analysis
reflection response

Platform analytics

Record progress,
completed tasks and
result indicators

Digital counts and
progress values

Engagement measure

Teacher observation
notes

Document classroom
behavior and support
needs

Field notes

Contextual
interpretation

Table 5. Research instruments for platform-based emotional intelligence assessment.

VARIABLES AND STATISTICAL ANALYSIS PLAN

The main independent variable is participation in the platform-supported emotional
intelligence development cycle. Dependent variables include academic achievement score,
learning motivation, self-regulation indicator, empathy indicator, communication quality and task
completion rate. Control variables may include grade level, prior academic achievement, digital
literacy and attendance. Descriptive statistics should summarize means, standard deviations,
frequencies and percentages. If pre- and post-intervention data are collected, paired-sample t-
tests or Wilcoxon signed-rank tests can be applied. Group comparisons may be conducted through
independent-sample t-tests or Mann-Whitney U tests. Correlation analysis can examine the
relationship between emotional intelligence indicators and academic achievement. Multiple
regression may be used to test whether self-regulation, empathy and motivation predict academic
progress when baseline achievement is controlled.
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. - Recommended
Variable group Example indicators Measurement level .
analysis
Emotional Ability to name and . . Descriptive and pre-
. y ) Ordinal/rubric score P : P
recognition describe emotions post comparison
Choice of
, constructive action in . . Correlation with task
Self-regulation er . Ordinal/rubric score .
difficult learning persistence
situations
Ability to understand . .
4 . . Rubric and thematic
Empathy another persons Ordinal/rubric score .
) analysis
emotional state
. o Interest, effort and Scale score/open Regression and
Learning motivation . ) s .
goal orientation response qualitative coding
Academic Subject grade, test . Pre-post and
) i Interval/ordinal . .
achievement score or task quality correlation analysis
Completed cards, .
Predictor of outcome
Platform engagement | tasks and progress Count/percentage change
percentage 8

Table 6. Variable structure and analysis plan.

ETHICAL CONSIDERATIONS

The study requires an ethical approach because it collects information related to students
emotional states and learning behavior. Participation should be voluntary, data should be
anonymized, and the platform should be used for pedagogical support rather than labeling.
Emotional intelligence indicators must not be interpreted as fixed personality traits. They should
be treated as developmental signals that help the teacher choose appropriate support strategies.

Ethical issue Practical solution

Students and parents receive clear
information about the purpose of the activity.
Names are replaced with codes in analysis
files and publication materials.
Low scores are interpreted as support needs,
not as personal failure.
Students are not forced to disclose deeply
personal experiences.
The teacher uses results for feedback,
guidance and improvement.
Digital records are stored securely and used
only for educational research purposes.
Table 7. Ethical safequards for emotional intelligence research in school settings.

Voluntary participation

Confidentiality

Non-stigmatization

Psychological safety

Teacher responsibility

Data protection

EXPECTED RESULTS AND DISCUSSION
The expected result of implementing the model is the improvement of students emotional
awareness, self-regulation, empathy, communication culture and learning motivation. These
outcomes are expected to support academic achievement indirectly by improving attention,
persistence, classroom participation and readiness to respond constructively to learning
difficulties. The platform is especially valuable because it transforms emotional intelligence from
a theoretical concept into visible tasks that can be completed, observed and discussed.




Proceedings of the 13th International Scientific Conference

The results dashboard shown in the platform screenshots presents a model of how
emotional and learning indicators may be summarized. Indicators such as emotional recognition,
self-regulation, empathy, learning motivation and achievement create a holistic picture of the
learner. This structure is preferable to a single emotional intelligence score because it allows the
teacher to identify which component requires support. For example, a student may have strong
empathy but weak self-regulation, or good motivation but low emotional vocabulary. A
differentiated pedagogical response becomes possible.

The teacher panel is another important element. It makes assessment more transparent
by organizing observation criteria into levels. This supports formative assessment: the teacher can
discuss progress with the student, select new tasks and monitor change over time. The platform
therefore becomes not only a student-facing learning tool but also a teacher research instrument.

The practical classroom photographs demonstrate that the platform can be integrated into
a real lesson using an interactive board. This format supports teacher explanation, peer discussion
and individual reflection. Students can observe the platform together, answer tasks, compare
choices and formulate conclusions. The classroom setting also shows that digital emotional-
intelligence tasks do not replace teacher interaction; rather, they enrich it by providing structure
and evidence.

PEDAGOGICAL CONDITIONS FOR EFFECTIVE IMPLEMENTATION
Implementation in the
platform

Condition Description

Psychologically safe
environment

Students must feel respected
and not judged when
discussing emotions

Neutral language, supportive
tasks and non-stigmatizing
teacher feedback

Explicit emotional vocabulary

Students need words to
identify and explain
emotional states

Mood and emotion
identification tasks

Self-regulation practice

Students should learn specific
actions for coping with
learning difficulties

Calmness practice and
constructive-action selection

Empathic communication

Learning achievement
improves when students can
cooperate and understand
others

Empathy cards and
communication criteria

Motivational reflection

Students should connect
effort, goal and achievement

Learning motivation and
achievement today tasks

Evidence-based teacher
observation

Teachers need clear criteria
to evaluate progress

Teacher panel with low,
medium and high indicators

Digital feedback loop

Students and teachers need
visible progress data

Results dashboard, progress
indicators and completion
records

Table 8. Pedagogical conditions for developing emotional intelligence as a factor of learning

achievement.

LIMITATIONS

This article presents a platform-supported methodological model and a ready empirical
design, but full effectiveness can be confirmed only after systematic implementation with a
defined sample, control or comparison group, validated instruments and repeated measurement.
Emotional intelligence is multidimensional; therefore, it cannot be fully captured by short tasks
alone. Future studies should combine platform analytics with validated questionnaires, teacher
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ratings, student interviews and academic achievement records. Another limitation is that platform
screenshots and classroom photographs document usability and practical relevance, but they do
not by themselves prove learning gains. They should be interpreted as implementation evidence
within a broader research design.

CONCLUSION

The development of emotional intelligence is a meaningful pedagogical condition for
improving academic achievement because emotional recognition, self-regulation, empathy,
communication and motivation shape how students participate in learning. The proposed
Research Design Package platform provides a structured and practical way to integrate these
dimensions into school education. It combines student reflection, teacher observation, digital
progress indicators and task-based emotional learning. The model is consistent with international
SEL frameworks, OECD social and emotional skills assessment logic, UNESCO guidance and meta-
analytical evidence linking emotional intelligence with academic performance.

The article demonstrates that emotional intelligence can be studied and developed
through a digital pedagogical environment when the learning process is organized as a cycle of
diagnosis, guided practice, reflection, teacher assessment and result analysis. The platform can be
used as an authorial scientific-pedagogical tool for future experimental research, professional
development and classroom innovation. Its strongest contribution is the transformation of
emotional intelligence from an abstract construct into a concrete, observable and pedagogically
manageable learning process.
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APPENDIX A. PLATFORM IMPLEMENTATION CHECKLIST

Step Teacher action Student action Evidence
Introduce the
urpose of emotional | List current learnin . .
1 p p. . & Initial reflection form
intelligence emotions
development
Explain platform Open learner space
2 navigation and task and complete first Progress indicator
logic card
. . Choose constructive
Guide self-regulation . .
3 action and write Task response
and empathy tasks .
short explanation
Observe and mark
Use teacher panel . . ,
4 L emotional-learning Teacher rating
criteria S
indicators
Discuss results Reflect on personal
5 individually orin achievement and Reflection text
groups next step
Summarize academic ) :
. Prepare final learning | Dashboard and
6 and emotional

progress

conclusion

written conclusion

Table 10. Practical checklist for platform use in a school lesson.

APPENDIX B. SAMPLE RUBRIC FOR EMOTIONAL-INTELLIGENCE-BASED LEARNING ACHIEVEMENT

Criterion

Low level

Medium level

High level

Emotion recognition

Names emotion
vaguely or with
difficulty

Identifies basic
emotion and cause

Clearly explains
emotion, cause and
learning effect

Self-regulation

Does not select
constructive strategy

Chooses a strategy
but explanation is
limited

Selects appropriate
strategy and justifies
it

Empathy

Finds it difficult to
understand others
feelings

Recognizes another
persons possible
emotion

Explains another
persons emotion and
supportive response

Learning motivation

Shows weak
connection between
effort and goal

Names learning goal
but needs support

Connects effort, goal,
strategy and progress

Academic reflection

Writes a short
general answer

Explains what was
learned

Analyzes progress
and proposes next
improvement step

Table 11. Rubric for assessing emotional intelligence in relation to learning achievement.
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Abstract

This article presents a design-based and mixed-method research model for developing academic
writing through artificial intelligence in the context of foreign language teacher education. The
study is built around the Al Academic Writing Lab platform, a digital research ecosystem that
integrates doctoral preparation, research idea generation, academic writing analysis and an Al
research assistant. The platform is designed not as a replacement for human authorship, but as a
controlled pedagogical environment in which learners can formulate research problems, structure
academic texts, improve scholarly language, verify methodological logic and reflect on ethical Al
use. The article synthesizes international evidence from UNESCO guidance on generative Al in
education and research, OECD work on artificial intelligence and education, European ethical
guidelines, publication ethics recommendations, and current studies on Al-supported academic
writing. The proposed model defines the pedagogical conditions as: Al literacy, transparent
authorship, prompt engineering competence, source verification, teacher-guided revision,
academic integrity, and reflective documentation of Al assistance. Practical platform screenshots
and classroom implementation photographs are used as visual evidence of the developed model
and its testing context. The article offers a publication-ready framework for future empirical
validation in higher education and foreign language methodology programmes.

Keywords: artificial intelligence, academic writing, generative Al, Al literacy, foreign language
teaching methodology, doctoral education, research writing, prompt engineering, academic
integrity, digital pedagogy.

INTRODUCTION

Academic writing is a core competence of university education and doctoral preparation. It
requires the ability to identify a research gap, formulate a problem, build a logical argument,
synthesize sources, design a methodology, present evidence and write in a precise scholarly style.
For students in foreign language teaching methodology, academic writing is additionally connected
with English for academic purposes, research communication and participation in international
publication culture.

The emergence of generative artificial intelligence has transformed the conditions under
which academic writing is taught and learned. Al tools can support brainstorming, outline
development, language revision, explanation of methodological concepts and feedback on
coherence. However, the same tools can also generate inaccurate claims, fabricated references,
generic argumentation and ethically problematic text if students use them without critical
supervision. Therefore, Al-supported academic writing must be framed as a pedagogical process
rather than as automatic text production.

International organizations increasingly emphasize the need for a human-centred approach
to Al in education. UNESCO guidance on generative Al in education and research highlights the
importance of human agency, inclusion, safety and the reconsideration of learning content,
methods and assessment. The European Commission ethical guidelines stress that educators
should understand both the potential and risks of Al and data use in teaching and learning. The
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Committee on Publication Ethics states that Al tools cannot be listed as authors because they
cannot take responsibility for the submitted work. These positions are directly relevant to academic
writing pedagogy.

This study responds to the need for a structured educational model by proposing Al
Academic Writing Lab, a platform-supported environment for developing academic writing
through artificial intelligence. The platform includes a research idea generator, an academic writing
analyzer, an Al research assistant and guided doctoral preparation modules. It is intended to help
learners use Al critically, transparently and productively while preserving human authorship and
academic integrity.

PURPOSE, RESEARCH QUESTIONS AND HYPOTHESES

The purpose of the study is to develop and justify a platform-supported pedagogical model
for improving academic writing through artificial intelligence and to describe the conditions under
which this model may be implemented in foreign language teacher education.

Component Content
The educational process in which artificial
Object of the study intelligence is integrated into academic

writing instruction.

Pedagogical conditions, digital modules and
Subject of the study assessment criteria that connect Al literacy
with academic writing development.

To design, theoretically justify and practically
describe a digital platform model that
develops academic writing through
responsible Al-supported research practice.
How can artificial intelligence be

Research Question 1 operationalized as a pedagogical scaffold for
academic writing development?

What platform components support research
problem generation, academic text analysis,
methodological guidance and reflective
revision?

How can teachers assess Al-supported
Research Question 3 academic writing without reducing it to
automatic text quality scores?

If learners regularly use Al-supported modules
for research problem formulation, academic
text analysis, methodological consultation and
reflective disclosure under teacher guidance,
then their academic writing quality, Al literacy
and research independence will improve.
Table 1. Research logic of the proposed studly.

Aim

Research Question 2

Hypothesis

LITERATURE REVIEW

The literature on generative Al and academic writing shows a rapidly developing field. Al
tools provide language support, idea generation and feedback opportunities, but their educational
value depends on how they are integrated into pedagogy. Studies on ChatGPT and higher
education emphasize both opportunities and risks: personalized feedback, accessibility and writing
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support on the one hand; hallucination, overreliance and academic integrity problems on the
other.

UNESCO guidance provides an important theoretical basis because it frames generative Al
in education through human-centred principles. This approach is essential for academic writing: Al
may assist learners, but it must not remove the learners responsibility for argumentation, evidence
and final interpretation. OECD work on Al and education similarly raises questions about the
implications of Al for learning, skills and assessment, which are highly relevant to doctoral research
training.

Publication ethics sources strengthen the argument that Al-supported academic writing
requires transparent rules. The Committee on Publication Ethics clarifies that Al tools cannot be
authors because they cannot approve a final manuscript, manage conflicts of interest or take
responsibility for the integrity of research. This principle is translated into the present model
through reflective Al-use documentation and teacher-guided verification.

Writing pedagogy research also supports the design of the platform. Academic writing is
most effective when students receive staged support: topic narrowing, research gap identification,
outline development, drafting, feedback, revision and reflection. Al can be inserted into these
stages as a scaffold, but only if learners remain active decision-makers. Therefore, the Al Academic
Writing Lab platform is designed around process-based writing rather than automated production.
METHODS AND RESEARCH MATERIALS

The study is designed as a design-based mixed-method research project. The design-based
component focuses on developing and testing a digital pedagogical platform. The quantitative
component may include pre- and post-writing scores, Al literacy indicators and platform
engagement data. The qualitative component includes learner reflections, teacher observation
notes and analysis of written research tasks. This structure allows the study to examine both the
quality of the platform product and the learning processes that it supports.

PRISMA-style source search strategy

A PRISMA-oriented logic was used to organize the literature base. The search focused on
official international frameworks and peer-reviewed studies related to generative Al, academic
writing, Al literacy, higher education, foreign language writing pedagogy and academic integrity

Source Core search string Selection focus
generative Al education;
UNESCO / OECD / European artificial intelligence and

Official guidance, policy
documents and international

Commission education; ethical Al in .
) . educational frameworks
teaching and learning
. . Al authorship; Al tools and Publication ethics, authorshi
COPE / academic integrity Sl . . P
publication ethics; academic rules and responsible Al-use
sources . . .
integrity and Al guidance

("generative Al" AND
"academic writing") OR
("ChatGPT" AND "academic

Peer-reviewed empirical
studies, systematic reviews
and conceptual papers

Scopus / Web of Science

integrity")
Al writing tools EFL academic | Educational intervention

ERIC / Google Scholar writing prompt engineering studies, writing pedagogy and
higher education language education sources

Table 2. Search strategy for constructing the theoretical and empirical basis of the article.
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Inclusion and exclusion criteria

Criterion Included Excluded
Studies on Al, academic
writing, Al literacy, EFL General technology papers
Topic relevance writing, research without educational writing
methodology and academic relevance
integrity

Higher education, doctoral
preparation, teacher
education and academic
writing contexts
Peer-reviewed studies, official
frameworks, ethical
guidelines and
methodological reports
Sources with defined
concepts, variables, samples,
instruments or theoretical
frameworks

Research that can inform
platform design, writing
assessment and ethical Al-use
tasks

Table 3. Inclusion and exclusion criteria for the review-based part of the study.

Unrelated workplace or
purely commercial Al-use
cases

Educational level

Unsupported claims,
advertising materials and
non-verifiable blog texts

Evidence type

Texts without source
transparency or clear
methodology

Methodological clarity

Studies with no practical
connection to academic
writing pedagogy

Application

CONCEPTUAL MODEL OF THE PLATFORM

The proposed platform is titled Al Academic Writing Lab. It is designed as an authorial
scientific-pedagogical environment for developing academic writing through artificial intelligence.
The central pedagogical idea is that Al becomes useful for academic writing only when learners
can ask precise questions, evaluate output critically, connect suggestions with reliable sources and
revise texts according to academic genre expectations.

The model contains several interconnected spaces. The project section explains the
purpose, tasks and relevance of Al-supported academic writing. The research idea generator
allows learners to select a research field, target learners, trend or approach and technology/tool
in order to formulate a research problem. The academic writing analyzer supports structural
revision of scholarly text. The Al research assistant functions as a guided support tool for research
gaps, Scopus strategy, methodology, prompt engineering and Al ethics. These modules are
connected through a reflective writing cycle.
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Platform component

Pedagogical function

Target dimension

Expected writing link

Project objectives

Explains why Al-
supported academic
writing matters in
doctoral research

Meaning and
orientation

Students understand
the learning and
research purpose

Research idea
generator

Guides topic
narrowing and
problem formulation

Research design
thinking

More precise
research questions
and novelty
statements

Academic writing
analyzer

Supports structure,
clarity and academic
style revision

Text organization and
coherence

Improved academic
text quality

Provides guided

Better problem-

Reflection and
disclosure

Documents how Al
was used and revised

Ethics and
responsibility

Al research assistant | methodological and Al literacy and inquiry | solving and
writing consultation independent revision
Transparent

authorship and
academic integrity

Teacher guidance

Interprets outputs
and monitors learning
process

Formative
assessment

Evidence-based
support for writing
development

Table 4. Conceptual architecture of the Al Academic Writing Lab platform.

PLATFORM QR CODE AND VISUAL DOCUMENTATION

The digital platform used in the study can be accessed through the QR code below. The
following figures document both the interface structure and the practical classroom use of the
platform. Captions are written in English so that the materials can be included directly in an
international journal-style article.

Figure 1. QR code linking to the Al Academic Writing Lab platform.
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@ W Al Academic Writing Lab

JKacaHMIBI HHTEIUTEKT apKbLIbl aKaTeMISAIBIK AKa3bIIBIMIB! TaMbITy — Doctoral
Research Ecosystem

# JloKTopaHTypara Nafibinaxy # Research Idea Generator ¥y Academic Writing Lab S Al Research Assistant

Figure 2. Homepage of the Al Academic Writing Lab platform showing the doctoral research
ecosystem and main functional buttons.

@& Xob6aHblH MakcaTkl MeH MiHaeTTepi

€ Osexrtiniri

Research problem assixray * FRUIBMY KAHATBIK Generative Al TeXHOIOIHATAPE! AKAICMHEATBIK OiTiM
xasy * Al prompt engineering + Proposal writing Bepy xyHecin TybereHi esreprin xarsip. Bonamax

- Methodology design - Scopus publication seprreymitep Al KypallapbH STHKATBIK, FBUIBIME
strategy - Academic interview preparation - JKOHE TICIAOT MKAIBIK TYPFBUIAH THIMI] KOJTAHYIB
Human-Al collaborative writing model gamsrry YHPSHY1 KazkeT.

@ Maxkcatsl

OKTOPAHTTAPABIH AKAJEMUATEIK JKASBUIBIM, FRUTEIMI
seprrey, Al literacy sone xanbkapambik

@ MingerTepi
JKAPHATAHBIM JAFTBLTAPEIH JaMEITY.

Figure 3. Project objectives section presenting the aim, tasks and relevance of Al-supported
academic writing development.

@ Research Problem Generator

Research Field Trend / Approach

EFL Methodology ~ Generative Al

Target Learners Technology / Tool

University students ~ ChatGPT

“ Generate Research Problem

Figure 4. Research Problem Generator interface for selecting research field, target learners, trend
or approach and technology/tool.
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Research Field Trend [/ Approach
Applied Linguistics v CLIL ~
Target Learners Technology [ Tool
PhD candidates v Grammarly Al v
“ Generate Research Problem
*
Fal

Figure 5. Generated research topic, novelty and methodological direction for Al-supported
academic writing research.

@ PhD Research Rssistant

Canem! MeH cizgiq PhD Research Assistant-biHbI30bIH. MaFaH academic writing,
methodology, Scopus strategy Typansl Cypak Kotofa Gonaab!.

Research gap kanaii Tabbinags? Scopus Makanacel kanan xasemnagel? | Al ethics gereH He?

| Prompt engineering aered He? | | Academic writing structure KaHgai?

CypafbiHbi3bl Ka3blHbI3...

Figure 6. Al Research Assistant chat interface supporting research gap identification, Scopus
strategy, academic writing structure and Al ethics.
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@ PhD Research Assistant

Canem! MeH cisfiiH PhD Research Assistant-bIHbI30bIH. MaraH academic writing,
methodology, Scopus strategy Typansi cypa Kotora 6onagpl.

| Research gap Kanan Tabbinagsl?

| Research gap Taby YLLiH: 1) Scopus/WoS-TeH systematic review XacaHbi3, 2) COHfbl
3 KblNAafbl MaKananapasl TandaHsis, 3) "Future research” 6eniMaepiH oKbIHbI3, 4) ©3
KoHTekcTiHjsre (Kasakcran) Geitimgenis.

Research gap kanaii Tabbinanel? | | Scopus Makanackl Kanai Kasbinagbl? Al ethics gereH ne?

Prompt engineering gerex He? Academic writing structure kaHaain?

| CypafbiHbiaabl *a3biHbl3

Figure 7. Al Research Assistant response demonstrating methodology and academic writing
guidance for the learner.

By Academic Writing Analyzer

AKaZeMILUIBIK MOTIiHIHI3 I JXa36IHEI3 HeMece KOIBIHEI3! |

Paste your academic text here. |

4

¥: Analyze Writing

Figure 8. Academic Writing Analyzer module for entering academic text and receiving structure-
oriented writing analysis.
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N YOUTUE T B KA Q) Asiniens @ frsenc

1 Arsexe A Anaerc Mapxer M interactive presenta.. [ Hosan nanea

¥ & Rl Academic Writing Lab

Jacanml nuTenTeKT APKBUIBI AKATEMIAIBIK KAIBUTBIM B! Aameity — Doctoral
. Research Ecosystem

# Jllokropantypara Aaitumaany % Research Idea Generator £ Academic Writing Lab 2 AlResearch Assistant

& XobaHbIH MakcaThl MeH MiHZeTTepi

- ez — =

b . 0
| |
@ Makcars ‘ & Minnerrepi || @ Osexiniri
JIOKTOPANTTRRNN ANATEMILLTED HATSITN, raaTenay Research problem asmocray » Fumsont saama Generative Al Teumononeymaps aatesmma: it
eprrcy, Al literacy wone

a1y Al prompt engineering - Proposal writing | | Gepy ayliecin Tybereiia eureprin #atssp. Bonams
= ; Bt | ncp Al

AT Ry

AAPIATAEOM AT LA AT, logy - Scopu:
strategy - Academic interview preparation -
Human-Al collaborative writing model msmry

Figure 9. Practical classroom demonstration of the Al Academic Writing Lab platform on the
interactive board during an academic writing session.

L
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Y obee () onee
) P I B Mgy M brteract cresenay. [ owas runa

W & Rl Rcademic Writing Lab

ECHHAM HTCIACKT APRBIIB I ERTEMHAARE AATRATMTIY AN LT octorsd
) Research Ecosystem '

e klos Sener m m

b,

@ Kobamuin Makcarul meH mingeTTepi

Mai |
@& Marcana & Minerrepi @ Oserriaind
i
Fasserk
. sty anom smens O b
Wﬂllh.r:wn-u-m = Al pImpt enginsdving « Proposal maiteg. L e T R —
PR AR 10 D N 0Ty o - abdaion WPTICE S AL A L, MU
| I OREQY  ACMITIO IFRer i prapaaton A AT YT, TN MRS A
"
Human: Al codabotetid wTg meoded ey iy T

@

Figure 10. Teacher-guided explanation of the platform homepage and research entry point for Al-
supported academic writing development.
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W & Rl Rcademic Writing Lab

JACAHITB! HHTEIIEKT APKBLTR! AKATEMTATHK KALLTEMIN namEmy — Doctoral
Research Ecosystem

pp—— T (T T
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Figure 11. Full-view c/assrom 'presentat'ion of the Al Academic Writing Lab and its doctoral
research ecosystem.
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M Gmal B VooTiee 7 5
_"717 .n S D Asmabnaens Q) fuaecc () Muaene @ MurercMapeer W iniesnctne eesencs. o

W 8 Al Rcademic Writing Lab

JKacamIst MITEIVIEKT ApKRUTH! AKALEMIULTHK KashiTHMIE AaMkTy — Doctoral
Research Ecosystem

. WobaHbIH MaKcaTkl MEH mingeTTepi

@ Grerialri

e Gt
Cionarative Al e S0
oy ooy v o

Minzerreph
(@ Macarst & Misie

S

TlosTopasi gL
Seprrey. Al literocy aone
s AL ARAMTY

Figure 12. Demonstran'o of the project objectives, research problem and platform modules

during practical validation.
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X | @ Amyw xoccostansa

-
T -

M ierctve preserta.. () Mossa manes

@ PhD Research Assistant

SCOPUS MIKANECH KANIA HAINALL?
)
3NG-a2. 4) Cover latter wasg, 5)
Reviower riRpRCpINE CIGLENS Y Bepivs. |

Al sthice peres e

Al Ethics — Xacaut
fairess, Sccountability, privacy, ASIICMIRIY, XafyAa Al disclosurt
euidolings [COPE ICME) Matwia00.

o, autheap

T

| [ ncmmc seiing strcure ek’

Problem Generator

@ Research
™ w

Figure 13. Teacher-researcher presenting the Al Research Assistant interface for methodology and
academic writing questions.

3 | Moma ENwelee B g @ Aot

@ Ao v e Mapeer M ieracine presentn [ Hoass s

W PhD Research Assistant

- py v

Mascan” At os 8 rescarch methodelagy expart and suggest.~

P e ———

Literaturs Review, 3) Mathodology, 4) Results. 5) Discssion 6) Conelusk

Acaderic Wriing Sirueture |} introductian (hack, Background, gop: purpose]. 2
Hedging BnguRg roAalES

Figure 14. Using the Al Research Assistant to discuss academic writing structure, research gaps

and ethical Al use.
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W PhD Research Assistant

Frompt

I, fewe-shot
Mscans “Act o3 b rosasich mathadology axpert snd suggest,”

Academic witing strsture s

Academic

e et piror 2]
4) Results, 8) Discussion,

Hedging language RO,

Figure 15. Practical demonstration of the Research Problem Generator module for selecting

research field and technology.

T D e ez R

@ Research Praoblem Generator

Research Ficld Trend  Approneh

EFL Methodology. ~| | Generate Al

Tarpet Learners

Technelogy / Teol

Uriversity studonts ChatGFT ~
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Figure 16. Generated research problem, novelty and methodology block used for classroom

discussion.
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i E

@ Research Problem Generator

Research Fieki Trend f Approach
EFL Methoriiogy Ganerative A1

Target Learners Technology / Tool

Univsrsity students ~ | Charger

‘ e | R |
Figure 17. Demonstration of the Academic Writing Analyzer text input module on the classroom
screen.

B culube B Kapne O AmuBwnend @ faec cxc (0 fgerc Mapser | Interactive presents [ Honan nanea

w = =
| &
!
|
8 Rcademic writing Analyzer
o ARAEMITATLNE MATIHIRIAT] EATMHLY HEMeCE KOTRIHLS,

= Analyze Writing

Figure 18. Teacher-researcher explaining the Analyze Writing function as a tool for reflective
revision.
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& Academic Writing Analyzer

AxazeMIUTHR MOTIMITNAA AAILIE HEMETS Koliumsr

Paste your academic text hore.

= Analyze Writing.

Figure 19. Practical classroom validation of the platform as a guided academic writing support
environment.
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RESEARCH INSTRUMENTS AND DATA COLLECTION

Instrument

Purpose

Format

Analysis use

Initial academic
writing diagnostic

Identify baseline
ability to formulate a
topic, research gap
and article structure

Short writing task and
self-description

Baseline writing
profile

Al literacy checklist

Assess prompt
quality, output
verification,
transparency and
ethical awareness

Checklist and teacher
observation

Al-use competence
profile

Academic writing task
set

Develop research
problem,
methodology
paragraph, abstract
and literature
synthesis

Platform tasks and
written responses

Task completion and
qualitative analysis

Teacher assessment
panel

Evaluate observable
writing behaviour,
independence and
revision quality

Criteria: low,
medium, high

Rubric-based
formative assessment

Academic writing
score

Compare writing
quality before and
after platform use

Rubric score, teacher
mark or expert rating

Quantitative outcome
variable

Reflective Al-use
statement

ldentify how Al was
used, checked and
revised

Open-ended
response

Thematic analysis

Platform analytics

Record module use,
completed tasks and
result indicators

Digital counts and
progress values

Engagement measure

Table 5. Research instruments for platform-based Al academic writing assessment.

VARIABLES AND STATISTICAL ANALYSIS PLAN

The main independent variable is participation in the platform-supported Al academic
writing development cycle. Dependent variables include academic writing quality, Al literacy,
research problem clarity, methodological coherence, source-based argumentation, academic style
and task completion rate. Control variables may include prior academic writing experience, English
proficiency, digital literacy and research methodology background. Descriptive statistics should
summarize means, standard deviations, frequencies and percentages. If pre- and post-intervention
data are collected, paired-sample t-tests or Wilcoxon signed-rank tests can be applied. Correlation
analysis can examine the relationship between Al literacy indicators and academic writing
improvement. Multiple regression may be used to test whether prompt quality, reflective
disclosure and platform engagement predict writing progress when baseline writing score is

controlled.
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Variable group

Example indicators

Recommended

Measurement level .
analysis

Research problem
clarity

Ability to define topic,
gap, object, subject
and aim

Descriptive and pre-

Ordinal/rubric score .
post comparison

Prompt engineering

Ability to write
precise, context-rich
academic prompts

Correlation with

Ordinal/rubric score )
output quality

Source verification

Checking Al
suggestions against
reliable literature

Rubric and thematic

Ordinal/rubric score .
analysis

Academic writing
quality

Structure, coherence,
style, evidence and
methodology

Pre-post and

Scale score ) .
regression analysis

Al-use transparency

Disclosure of Al
assistance and

Ordinal/open Qualitative coding

- . response
revision decisions
Completed modules, .
Predictor of outcome
Platform engagement | generated problems | Count/percentage

and analysis attempts

change

Table 6. Variable structure and analysis plan.

ETHICAL CONSIDERATIONS

The study requires an ethical approach because it involves Al-generated suggestions,
learner writing data and academic integrity risks. Participation should be voluntary, data should be
anonymized, and Al outputs should be treated as learning materials rather than final scholarship.
Al assistance must not be interpreted as authorship. The platform should be used to support
learning, not to replace student thinking or teacher assessment.

Ethical issue Practical solution

Students receive clear information about the
purpose of platform-based writing tasks.
Names are replaced with codes in analysis
files and publication materials.
Learners remain responsible for all final texts,
claims, references and interpretations.
Al-generated references, quotations and
factual claims must be verified before use.
Confidential personal data and unpublished
sensitive data are not entered into Al tools.
The teacher uses Al outputs for feedback,
guidance and improvement, not for automatic
grading.
Table 7. Ethical safequards for Al-supported academic writing research.

Voluntary participation

Confidentiality

Human authorship

Non-fabrication

Data protection

Teacher responsibility
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EXPECTED RESULTS AND DISCUSSION

The expected result of implementing the model is the improvement of learners academic
writing competence, Al literacy, research problem formulation, methodology awareness and
reflective revision behaviour. These outcomes are expected to support doctoral preparation and
foreign language teacher education by making the academic writing process more explicit,
interactive and evidence-based.

The Research Problem Generator is expected to improve the earliest stage of writing,
where many learners struggle to narrow a broad topic and identify novelty. By requiring choices
related to research field, target learners, trend and technology, the platform transforms an unclear
idea into a structured research direction. The Academic Writing Analyzer is expected to strengthen
revision because it encourages learners to examine text structure, coherence and academic style.
The Al Research Assistant supports methodology and publication strategy questions, but its
recommendations require verification and teacher discussion.

The practical classroom photographs demonstrate that the platform can be integrated into
a real lesson using an interactive board. This format supports teacher explanation, peer discussion
and individual reflection. The platform does not replace the teacher; rather, it gives the teacher a
structured environment for guiding academic writing decisions and for discussing responsible Al
use.

PEDAGOGICAL CONDITIONS FOR EFFECTIVE IMPLEMENTATION

Implementation in the

Condition St

Description

Students must understand Al
capabilities, limitations,
hallucinations and bias
Students need to formulate

Introductory Al literacy tasks

Al literacy before Al use .
and teacher explanation

Research idea generator and

Prompt engineering practice

clear academic prompts with
context and purpose

assistant prompts

Human authorship

Final writing must remain the
responsibility of the learner

Reflective Al-use statement
and revision log

Source-based reasoning

Al suggestions must be
checked against reliable
academic literature

Source verification tasks and
reference review

Teacher-guided revision

Students need feedback on
structure, argument and
methodology

Writing analyzer discussion
and teacher rubric

Academic integrity

Al use should be transparent
and ethically documented

Disclosure checklist and
integrity rules

Digital feedback loop

Students and teachers need
visible progress data

Platform analytics and
completed module records

Table 8. Pedagogical conditions for developing academic writing through artificial intelligence.

LIMITATIONS

This article presents a platform-supported methodological model and a ready empirical
design, but full effectiveness can be confirmed only after systematic implementation with a defined
sample, comparison group, validated instruments and repeated measurement. Al-supported
writing is multidimensional and cannot be fully captured by short platform tasks alone. Future
studies should combine platform analytics with expert writing assessment, learner interviews,
teacher observations and longitudinal writing portfolios. Another limitation is that platform
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screenshots and classroom photographs document usability and practical relevance, but they do
not by themselves prove writing gains. They should be interpreted as implementation evidence
within a broader research design.

CONCLUSION

Developing academic writing through artificial intelligence is a meaningful pedagogical task
because modern researchers need not only language accuracy, but also Al literacy, source
verification, ethical authorship and reflective revision. The proposed Al Academic Writing Lab
platform provides a structured way to integrate these dimensions into foreign language teacher
education and doctoral preparation. It combines research problem generation, academic writing
analysis, Al-supported methodological consultation and reflective documentation of Al use.

The article demonstrates that Al can support academic writing when the learning process
is organized as a cycle of diagnosis, guided practice, verification, revision, teacher assessment and
ethical reflection. The strongest contribution of the platform is the transformation of Al from an
uncontrolled writing shortcut into a concrete, observable and pedagogically manageable learning
process.
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APPENDIX A. PLATFORM IMPLEMENTATION CHECKLIST

Step Teacher action Student action Evidence
Introduce the . .
Uroose of Al List current writing
1 PUTP . difficulties and Al-use | Initial reflection form
supported academic .
L expectations
writing development
Explain platform Open research idea
p. .p P Generated research
2 navigation and task generator and topic
logic complete first module P
Guide prompt Formulate prompt
. P . P prompt, Prompt log and
3 engineering and evaluate Al output
e source notes
source verification and check sources
4 Use academic writing | Enter draft text and Writing analysis
analyzer revise structure record
Discuss results Reflect on authorial .
. . e Reflective Al-use
5 individually orin responsibility and
.. . statement
groups revision decisions
Summarize writin Prepare final .
. & P . o Rubric score and
6 and Al literacy academic writing . .
. written conclusion
progress conclusion

Table 10. Practical checklist for platform use in an academic writing lesson.

APPENDIX B. SAMPLE RUBRIC FOR AI-SUPPORTED ACADEMIC WRITING

Criterion

Low level

Medium level

High level

Research problem

Topic is broad;
research gap is
unclear

Topic is clear but
novelty needs
refinement

Problem, gap, aim
and method are
logically aligned

Prompt engineering

Prompt is vague or
purely command-
based

Prompt includes topic
and task but lacks
criteria

Prompt includes
context, role, genre,
criteria and expected
format

Source verification

Al output is accepted
without checking

Some claims are
checked against
sources

All key claims and
references are
verified

Academic structure

Sections are
incomplete or
disconnected

Main sections exist
with partial
coherence

Argument develops
through clear
sections and
transitions

Al assistance is

Al use is mentioned

Al use is documented
with purpose,

Academic style

style dominates

developing

Ethical Al use hidden or unclear generally prompts and
revisions
Precise academic
Informal or translated | Academic style is English and

discipline-specific
terminology are used

Table 11. Rubric for assessing Al-supported academic writing development.
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ABSTRACT

The purpose of this article is to develop and substantiate an international inquiry-based
methodology for improving students' scientific thinking in physics education through a digital
research platform named Inquiry Physics Research Design. The study integrates the international
logic of inquiry-based science education, the PISA 2025 scientific literacy framework, the National
Research Council's three-dimensional science-learning framework, and contemporary research on
active learning, simulations and physics education research. The practical component was
implemented through a digital platform containing methodological foundations, ten interactive
physics simulations, research-oriented tasks, a progress dashboard, certificate generation and a
structured teacher-guided inquiry workflow. The platform was demonstrated in a classroom
environment through teacher-student interaction, practical experimentation and guided analysis
of physics phenomena such as pendulum motion, Newton's second law, Archimedes' principle,
Ohm's law, heat transfer, sound waves, energy conservation, elasticity and orbital motion. The
article combines a PRISMA-informed narrative literature synthesis with a mixed-method design
for future classroom testing. Quantitative assessment is proposed through pre/post scientific
reasoning tasks, inquiry-rubric scores, simulation completion indicators and conceptual physics
tests. Qualitative assessment is proposed through student explanations, observation notes,
reflection prompts and teacher feedback. The proposed methodology treats inquiry not as a free
activity without structure, but as a scaffolded sequence of problem posing, hypothesis
construction, virtual experimentation, data collection, evidence interpretation and scientific
explanation. The results section presents the expected educational value of the platform:
development of evidence-based reasoning, deeper conceptual understanding, increased
engagement, improved data interpretation and a stronger culture of scientific argumentation in
physics lessons. The article is prepared as a journal-style manuscript and may serve as a
methodological foundation for school-based research, teacher innovation projects and digital
transformation of physics education.

Keywords: inquiry-based learning; physics education; scientific thinking; scientific literacy;
interactive simulations; research design; digital learning platform; PISA 2025; evidence-based
reasoning.

AHHOTALUMA

Byn MaKanaHblH MakcaTbl - GU3MKaHbl OKbITyAa OKyWbINApAblH, FblbIMW ONNayblH AAMbITYFa
apHa/ifaH Xxanblkapanblk inquiry-based agicHamaHbl FblAbIMK TyPFblAAH Herisaey *KaHe oHbl Inquiry
Physics Research Design undpabik nnatdopmackl apKbl/ibl Ky3ere acblpy MYMKIHAIMNH KepceTy.
3epTTey XxasblKapanblk inquiry-based science education normkacbiH, PISA 2025 fbiabimu
cayaTTbinbIK KypblabiMbiH, National Research Council ycbiHFaH ywenwemai »kapaTtblabicTaHy 6inim
bepy MoAeniH KaHe OenceHAi OKbITY, CUMYAAUMANbIK opTa, o¢usmka binimiH 3epTrey
HafrbITTapblHAaFbl FbinbiMKM eHOeKTepai OGipikTipedi. MNpakTukanblk Genimae nnaThopmagarsl
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aaictemenik Herizaep, 10 MHTepaKTUBTI GU3MNKA CUMYAALMACHI, 3EPTTEY Tancbipmanapbl, Nporpecc
Hakblnaybl, cepTudmKaT 6Genimi KoHe MyFaniM KeTeKWinirimeH opbiHAANaTblH 3epTTey
TPAEKTOPUACHI KapacTblpblaabl. MnaTpopma MaAaTHUK, HblOTOHHbIH, eKiHLWi 3aHbl, ApXumeq, KyLli,
OM 3aHbl, Kbly anmacy, AblObIC TONKbIHbI, SHEPTUAHBIH, CaKTaNybl, CEPNIMAINIK }KaHe opbUTanbIK
KO3fa/lbiC CMAKTbl TaKblpbiNTapAbl 3epTTeyre MymMKiHAK bepeai. Makana PRISMA norukacbiHa
cyMeHreH aaebuneTtep CMHTE3IH KaHe Bonallak, CbiHbINTbIK anpobaluara apHaafaH apanac a4icTi
3epTTey AM3aMHbIH YCbiHaAb!.

TyMiH ce3gep: inquiry-based learning; ¢u3smka 6Ginimi; fFoinbiMn OMNay; FbiAbIMK CayaTTbi/bIK;
NHTEPAKTUBTI CUMyNALMANap; 3epTTey AM3aniHbl; undpabik naatbopma; Asneni onnay.

AHHOTAUMA

Llenb cTaTbu - pa3paboTaTb M Hay4HO 0OOCHOBATb MeXAyHapoaHYo inquiry-based metoaonoruto
PAa3BUTUA HAYYHOrO MbILWNEHMA Yy4allMxca npu obydeHun ¢u3Mke nocpeacTsom LMbpPOBOM
nnatdopmsbl Inquiry Physics Research Design. MccnenosaHue obbeanHAET NPUHLMMbL inquiry-
based science education, pamKy Hay4HOM rpamoTHOCTM PISA 2025, TpexmepHyio moaesb
ecTecTBeHHOHay4yHoro obpasoBaHua National Research Council, a TaKXe coBpeMeHHble
NccneaoBaHMA aKTUBHOTO ODYYEHUS, MHTEPAKTUBHbLIX CUMYAALUMIA M MEeTOAMKU npenojaBaHua
On3nKKN. MpaKTUYECKMA KOMMNOHEHT peann3oBaH vepe3 LUMPpoByrd NaaThopmy, BKAOYAIOLLYHO
MeTO/10/10TMYECKME OCHOBbI, AECATb MHTEPAKTUBHbIX CUMYAALMK, UCCAea0BaTeNbCKME 3a4aHNS,
MHAMKATOPbI Nporpecca, cepTudMKaT 1 y4MTeNIbCKOE COMPOBOXKAEHWNE nccneaoBaHua. MNnatdopma
NO3BONAET OPraHM30BaTb MCCAeA0BaHME MAATHMKA, 3aKOHOB HblOTOHaA, cubl Apxmmeda, 3aKkoHa
Oma, TennoobmeHa, 3BYKOBbIX BOJIH, 3aKOHA COXPAaHEHMA IHEPTUN, YNPYrocTM U opbuTanbHOro
AsuxkeHus. Ctatba npegnaraer PRISMA-OpUEHTMPOBaHHbIM 0030p AUTEpaTypbl M CMeLLaHHbIN
OM3aliH nocneaytoulein anpobaummn B LUKOAbHOM NPaKTUKE.

Kntoyesble cnosa: inquiry-based learning; npenogasaHme GU3NKK; Hay4HOE MblLLAEHWE; HayYHan
rPAaMOTHOCTb; MHTEPAKTMBHbIE CUMYAALMK; UMdpOoBan NAaTPopMa; MCCNesoBaTENbCKUN AM3ANH.

INTRODUCTION

Physics education has a special role in developing scientific thinking because it requires learners
to move beyond the memorization of formulas and toward the explanation of observable
phenomena through evidence, models and laws. In many classrooms, however, physics is still
experienced as a sequence of ready-made definitions, solved examples and numerical exercises.
Such practice can help students reproduce procedures, yet it often remains insufficient for
building the deeper competencies that are demanded by modern science education: asking
testable questions, designing investigations, collecting data, interpreting graphs, evaluating
evidence and constructing reasoned explanations.

The international movement toward inquiry-based science education responds to this problem by
positioning the learner as an active investigator. Inquiry-based methodology does not mean that
students are left without guidance; rather, it means that the learning process is organized around
meaningful questions, structured experimentation, evidence-based explanation and reflective
evaluation. The teacher designs the conditions, scaffolds the investigation and helps students
transform observations into scientific concepts. In physics, this approach is especially valuable
because many phenomena - force, current, pressure, heat transfer, wave motion or orbital
dynamics - can be explored through measurable variables and visual models.

The relevance of the topicis strengthened by international assessment frameworks. The PISA 2025
science framework treats scientific literacy as a set of competencies that allow young people to
engage with science-related issues, explain phenomena scientifically, construct and evaluate
designs for scientific enquiry, and interpret data and evidence critically [1]. These competencies
correspond directly to the aims of inquiry-based physics teaching. A student who can only
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substitute numbers into a formula may not yet be scientifically literate; a scientifically literate
student must also understand why the variables matter, how evidence is generated, how
uncertainty is handled and how conclusions are justified.

The National Research Council framework for K-12 science education provides a further
conceptual basis by describing science learning through three interrelated dimensions: science
and engineering practices, crosscutting concepts, and disciplinary core ideas [2]. In physics
lessons, these dimensions can be combined when students investigate a phenomenon, identify
variables, use models, interpret data and explain the result through core physical principles.
Inquiry-based learning therefore connects content knowledge with scientific practice, which is
why it is particularly suitable for developing scientific thinking.

Digital technologies expand the possibilities of inquiry-based physics education. Interactive
simulations allow students to manipulate variables that may be difficult, expensive, dangerous or
time-consuming to reproduce in a conventional classroom. Simulation does not replace real
experimentation, but it can prepare students for it, visualize invisible processes and provide rapid
feedback. The University of Colorado Boulder PhET project, for example, describes its simulations
as free interactive tools for STEM learning and emphasizes research on both their design and use
[3; 4]. The present work follows this logic by using a custom platform, Inquiry Physics Research
Design, as an authorial digital environment for inquiry tasks and physics simulations.

The central problem addressed in this article is the gap between formal physics instruction and
students' ability to reason like young researchers. Students may know the name of a law, but
struggle to formulate a hypothesis, identify dependent and independent variables, read telemetry
data or write a conclusion that is consistent with evidence. This gap is not merely a methodological
inconvenience; it affects the quality of scientific literacy, the culture of argumentation and the
capacity to apply physics knowledge to real contexts.

The purpose of this article is to substantiate an international inquiry-based methodology for
developing scientific thinking in physics education and to present Inquiry Physics Research Design
as a practical digital model for implementing this methodology. The article is organized as a
journal-style manuscript. It includes a literature-based theoretical foundation, research questions
and hypotheses, a PRISMA-informed search strategy, a mixed-method classroom research design,
platform-based data collection procedures, instruments, variables, ethical requirements,
expected results, discussion, limitations and appendices.

The novelty of the proposed approach lies in the integration of three components: international
inquiry-based science education standards, interactive physics simulations and a structured
research-design package for teachers and students. Instead of presenting simulations as
entertainment or isolated visual aids, the platform embeds them into a complete scientific
trajectory: problem question, hypothesis, experiment, data collection, analysis, evidence-based
conclusion and reflection. This makes the platform suitable not only for lesson demonstration but
also for school-level research, teacher innovation and methodological publication.
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Research questions and hypotheses

Hypothesis / analytical
direction

A structured inquiry cycle will
help students move from
formula memorization to
evidence-based explanation
and data interpretation.
Interactive simulations,

) research tasks, telemetry
Which platform components )
prompts, rubrics and
are most relevant for

RQ2 . e reflective conclusions are
developing scientific
reasoning? expected to form the '
strongest methodological
core.
A combination of pre/post
conceptual tasks, simulation
completion, inquiry-rubric
scores and qualitative
explanations will provide a
multidimensional assessment.
Qualitative responses are
expected to highlight
engagement, visualization,
independent reasoning,
teacher scaffolding and
clearer links between theory
and experiment.

No. Research question

How can inquiry-based
methodology support the
development of scientific
thinking in physics education?

RQ1

How can student progress be
RQ3 measured in a digital inquiry-
based physics environment?

How do students and
teachers describe the
practical value of the
platform?

RQ4

Table 1. Research questions and hypotheses of the study.

METHODS AND RESEARCH MATERIALS

The article is based on an integrated methodological design. The first component is a narrative
synthesis of international literature on inquiry-based science education, physics education
research, interactive simulations and scientific literacy. The review logic follows PRISMA 2020
principles because transparent identification, screening and selection of sources increases the
credibility of a literature-based article [5]. Although the present manuscript is not a full systematic
review, the PRISMA logic is used to make the search process explicit and reproducible.

The second component is a mixed-method classroom research design that can be used in future
empirical testing of the platform. The quantitative part includes diagnostic self-assessment,
completion indicators for simulations, the number of completed research tasks, rubric-based
inquiry scores and conceptual physics test items. The qualitative part includes student
explanations, written hypotheses, evidence-based conclusions, teacher observation notes and
short reflection prompts. This combination is appropriate because scientific thinking is not fully
captured by a single test score; it also appears in the quality of reasoning, the structure of
explanations and the ability to connect data with a physical law.

The observational component is aligned with the logic of the STROBE statement, which
recommends clear reporting of participants, variables, data sources, potential bias, sample size
and statistical methods in observational studies [6]. The qualitative component is informed by
COREQ because student reflections and teacher comments require systematic reporting of data
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collection and coding procedures [7]. Data management principles are additionally connected with
FAIR logic: platform data should be findable, accessible in anonymized form when appropriate,
interoperable across simple spreadsheet formats and reusable for future pedagogical analysis [8].
The practical material of the study is the Inquiry Physics Research Design platform. The platform
includes conceptual pages, a methodological framework, an inquiry trajectory, ten interactive
simulations, five scientific-practical research tasks, result and impact blocks, a certificate interface
and authorship information. The images included in this article document both the platform
interface and its practical demonstration in a classroom environment.

Figure 1. QR code for accessing the Inquiry Physics Research Design platform.

Database Search Strategy for Inquiry-Based Physics Education

Web of Science: Scopus: inquiry- ERIC: science OECD and NRC
inquiry physics based learning inquiry assessment policy frameworks
education simulations classroom
scientific physics

2 Sttt P
AT

Figure 2. Database search strategy for the literature synthesis.
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Database / source

Search field

Core search string

Recommended filters

Web of Science

Topic / title / abstract

"inquiry-based
learning" AND physics
AND "scientific
thinking"

2010-2026;
education; science
education; physics
education;
article/review

"inquiry-based
science education"

English; article;
review; social

simulations; inquiry
synthesis

Scopus TITLE-ABS-KEY AND simulation AND | sciences; STEM
physics education
inquiry physics Peer-reviewed;
education scientific secondary education;
ERIC Full record / abstract . . .
reasoning classroom | physics; science
experiment instruction
PISA 2025 scientific
OECD / NRC / NGSS Official framework IiteraFy; sc.ienc.e Official policy and
documents practices; inquiry; framework sources
evidence
. —
.ac ve Igarmng, Peer-reviewed
Interactive research with stable
Publisher DOI pages Title and DOI engagement; physics

DOI or indexed
source

Table 2. Literature search strategy used for the methodological synthesis.

PRISMA 2020 Flow Logic for Literature Selection

Records identified
n=286

Duplicates removed

n=74

Titles and
abstracts screened

Full texts
assessed n=68

n=212

Studies included
n=24

Figure 3. PRISMA 2020-informed flow logic for identifying and selecting sources.
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Criterion type

Included

Excluded

School students, physics
learners, science teachers
and classroom-based studies

Studies focused only on
higher-level specialist physics

Population . .
relevant to secondary or without pedagogical
introductory physics implications.
education.
Inquiry-based learning, .
g y L & . Purely technical software
scientific thinking, physics ) .
. . S papers without educational
Phenomenon simulations, scientific literacy,

methodology or learning

evidence-based reasoning
outcomes.

and research tasks.
Systematic reviews, meta-
analyses, quasi-experimental
studies, mixed-method
studies, educational
frameworks and validated
assessment approaches.
Conceptual tests, inquiry
rubrics, student explanations,
observation protocols, digital
trace data and reflective
responses.

Table 3. Inclusion and exclusion criteria for the literature synthesis.

Opinion pieces without
methodological clarity or
inaccessible sources.

Methodology

Assessment with unclear
scoring, no link to scientific
reasoning or no description of
evidence.

Assessment

Empirical and mixed-method classroom design

The proposed empirical design is a classroom-based mixed-method study. Students first complete
a short diagnostic task to determine their initial understanding of scientific inquiry and physics
reasoning. They then work with selected simulations and research tasks on the platform. Each task
asks students to predict, manipulate a variable, observe a change, record evidence and produce a
conclusion. At the end of the cycle, students complete a short post-task assessment and reflection.
The teacher acts as a facilitator rather than a lecturer. Guidance is provided through questions,
rubrics and feedback. This design is consistent with research showing that active engagement and
guided inquiry can support learning when students are asked to think, discuss, test and explain
rather than only listen [9; 10]. The design also recognizes that unguided discovery may be
ineffective; therefore, each platform activity is scaffolded through prompts and a visible
methodological sequence.

The empirical population can include students in grades 7-11 or introductory physics learners
depending on the school context. A pilot group of 20-30 students is sufficient for checking usability
and task clarity. A stronger quasi-experimental study may include at least two groups: an
experimental group using the platform and a comparison group studying the same physics topics
through conventional explanation and paper-based exercises. The main focus is not only final
scores but also the quality of inquiry reasoning.
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Mixed-Method Data Collection and Analysis Workflow

Student enters Inquiry task or Prediction and Evidence-based Teacher rubric and|, | Quantitative and
platform simulation data collection explanation feedback qualitative

analysis

Figure 4. Mixed-method data collection and analysis workflow for platform-based inquiry learning.

Inquiry Physics Research Design platform as a practical data collection environment
The platform was developed as an authorial scientific-methodological product for physics
education. Its structure follows a research package logic: conceptual justification, methodological
framework, lesson construction, diagnostics, interactive simulation, task performance, results and
certificate. The screenshots and practical photographs show that the platform can be
demonstrated through a classroom display, used by the teacher for explanation and explored by
students through guided tasks.

The platform has three methodological functions. First, it transforms physics topics into research
problems. For example, pendulum motion is not presented only as a formula; the student changes
length and observes the effect on the period. Second, it makes variables visible. Sliders, diagrams
and telemetry boxes help students connect a change in one parameter with an observed result.
Third, it records learning activity through progress indicators, completed simulations, completed
research tasks and a certificate interface.

The platform link is provided through a QR code so that students, teachers and reviewers can
access the digital environment directly. In a journal article, the QR code serves as a reproducibility
and transparency element: the reader can inspect the authorial platform, compare the
screenshots with the actual interface and evaluate the practical implementation of the
methodology.

Platform module Pedagogical function Inquiry-based value
Introduces the international
inquiry-based approach and
the aim of developing
scientific thinking.

Shows the sequence from Scaffolds the student through
guestion to conclusion. scientific reasoning stages.
. : . Allows controlled
_ , Provides interactive models . . ,
10 simulations . manipulation of variables and
of physics phenomena. )
observation of outcomes.

Frames the lesson as
investigation rather than
passive content reception.

Concept page

Methodological framework

Asks students to predict,
Research tasks collect, compare, prove and
write a research conclusion.
Displays completed activities | Supports formative
and learning progress. assessment and motivation.

. Connects learning activit
. Generates a visible . . & Y
Certificate block . with achievement
completion product. .

recognition.

Table 4. Main modules of the Inquiry Physics Research Design platform.

Develops evidence-based
argumentation.

Results dashboard
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Seven-Step Inquiry Methodological Framework

roblem questio Hypothesis irtual experimenf | Data collection |Graph and evidende Scientific Conclusion and
analysis explanation reflection

Figure 5. Seven-step inquiry methodological framework used in the platform.

Platform screenshots and practical visual materials

The following figures document the platform interface and its classroom demonstration. The
screenshots are used as visual evidence of the platform structure, while the practical photographs
show how the teacher presents the digital inquiry environment and guides students in using
simulations. The photographs are not interpreted as quantitative results; they support
methodological transparency and illustrate the implementation context.

Inquiry Physics Research Design
0] quiry Phy: g

Astop: Hyp6aaaena Tuxapa Ofiraitsnst

Konuent SpicHama Cumynaumanap 3eprTeynep Hatwxenep R Nporpecc: 0%

@ INQUIRY-BASED LEARNING (IBL)

Du3HKAHBI OKBITYIA FHLIBIMHA OIAYIBI
JAMBITYFA APHAJIFAH XAJBIKAPAJIBIK <
inquiry-based sxicnamacsI =

3EPTTEY NNAT®OPMACKHI

HETepakTHET] 3epTTey MeH 3KCIepHMEHTTEpAi OipiKTipeTiH HEHOBAIMATHIK KyHe. MyHIa OKyIIBI TeK o6

OaKeLTaymIBL €MeC, AepOec THIIOTe3a KYPHIN, AePEK KHHAKTAI, KOPEITEIHIB! IIBFAPATEIH HAFBI3 JKAC
FaTbIMFa aHHATAdBL

FbinbiMu Herisgeme

Figure 6. Main page of the Inquiry Physics Research Design platform introducing the international
inquiry-based approach to developing scientific thinking in physics education.

FruibiMu-3epTTey KOHIENTici

Bimiy Gepy XyHeciHe XKaHa CepriH GepeTiH 3aMaHayH OKy ITATOPMACEIHEIR JAICTEMEITK Herisaepi

O % g

OzexTiairi Foraeivm KaraaeiFsl Herizri maesicbr Maxcar-minaerrepi

Oxy

Figure 7. Scientific-research concept section presenting relevance, novelty, main idea and research
objectives of the platform.
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Asvop: Hypbaaaesa Tnxapa firaiixenn

Konyent Spichama Cumynayuanap 3eprTeynep Hatuxenep R Nporpecc: 0%

Methodological Framework

Inquiry-based (3eprreyre Herizneirer) OKBITY/ABIE KYHelli XATHKapaThIK Ke3eEaepi

® = =] 8 2 & B

Maceae Koo Bomzam zacay Taxipube Jepex KuHay Tamay Aaaeazey KopBITBIHIBI
Sumoamm R
3eprrenerin TarpaTa B Bupryaza Ommeszep wex mapaverp Seprrey nmoresacam Teopua sex npaxTina
GajmamucTss Sarsrrraym HeriaIeTTeR FAITROG CnNTABEIapI M3HIEPIR KecTere Asum Tpaguxrepai sepaenen. unnca saRaApK KBTI TOFMCHINIA 32pTTEY
eypaxrap KoK rumoTesa xypy. sxcnepinceRTTi icxe Xocy. omapy. SATRTHTIPIM AT pactay ecebin xasy.

Figure 8. Methodological framework section with a structured seven-step inquiry cycle from
problem setting to conclusion.

KoHyent BpicHama Cumynayuanap 3eprTeynep Hatuxenep R Mporpecc: 0%

Inquiry Physics Research Design
© quiry Fhy: g

Asrop: Hypbaasena Inasps biraiicarant

Ol(ymblﬂblﬂ FBLIIBIMH TPACKTOPHSCHI

Kapanaifsns KISEIFYIEUTRIKTAR KaCiOH JeHTeieri FEUTEME BaTHAere JeHiHTi KOT KapTackl

o KBUBIFYILLTBIK NeH faKbL1ay ° 3eprTey XoHe MogeIBAEY  Ceian Tanaay o Fouasivm Hotmke
Oxymsimnin seprrey ece6i aaitbm
XamKap: T1a
axazesuaTED

yiipertezi

Figure 9. Student scientific trajectory section showing the progression from curiosity and
observation to research, critical analysis and scientific result.

Konuent BpicHama Cumynauuanap 3epTTeynep Hatuxenep R Nporpecc: 0%

© Inquiry Physics Research Design

Asrop: HypSaaaens Tnaspa dbiraiixaunt

10 UaTepakTuBTi CHMYIS0HA

u3rKa saRTapHIE TiKeTel GACKAPYFa KOHE 3ePTTEYTe ApHATFAH HETEAKTHET 1200PATOPAATAD

MasTHUK 3epTXaHach!
o s > g MasTHUK 3epTXaHachbl Net CUMYNALMA

JKINTi¥ Y3IHABIS! MEH TepOenic NepHORLIHbIH Tayenainirin seprrey.

HGHOTOHHBIH eXiHLI aHb!

ApX#Men Kyuwi 3epTxaHace!
3 >

OnTHKansIK NUH3anap

3nexTp Tizberi (Om 3aHe!)

INTIH ¥3bIHABIFbI (L, M;
1
HKeiny anmacy npoueci —

NI6bIC TONKbIHbI AEPEKTEP TAKTACHI (TELEMETRY)

KCNEPUMEHTTI iCKe KOCBIKbIS...

3HEPIUAHBIN CaKTany 3ans!
3EPTTEYIWIFE CYPAK
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Figure 10. Interactive simulations page showing ten physics laboratories for exploring laws and
phenomena.
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Figure 11. Pendulum laboratory simulation with length control, telemetry areaq,
start/check/conclusion buttons and inquiry question.
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Figure 12. Heat transfer process simulation showing temperature difference and conceptual
investigation of thermal equilibrium.
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Figure 13. Orbital motion simulation showing the effect of orbital radius on planetary velocity.
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Figure 14. Scientific research tasks page containing prediction, data collection, comparison, proof
and research conclusion tasks.
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experimental skill, data work and research culture.
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Figure 18. Teacher demonstrating the interactive lesson constructor and inquiry-aligned lesson
parameters.
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Figure 19. Practical classroom use of the Archimedes force simulation with teacher guidance and
student response.
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Figure 21. Teacher guiding a student through the force simulation and encouraging interpretation
of the telemetry data.
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Research instruments

Instrument / data

Block Purpose Scale / scorin Use in analysis
source P / g v
Grade, prior
experience with _—
Student . P . Descriptive
simulations, . -
background and ) s Categorical and statistics and
1 ) ) confidence in . .
physics-learning ) short Likert items. | subgroup
i physics and .
profile comparison.
frequency of
practical work.
Measures
problem
formulation ) Pre/post
o 7 10-15 items /P )
Scientific thinking | hypothesis comparison and
2 ) i . . scored 0/1 or . .
diagnostic test building, variable ) learning-gain
. e rubric 0-3. )
identification and analysis.
evidence
interpretation.
Checks conceptual
understanding of . . -
. Multiple-choice Outcome indicator
Conceptual selected topics .
3 . . and constructed- and comparison
physics task set such as motion, . .
oo response items. between topics.
forces, circuits
and heat transfer.
Evaluates
hypothesis, data .
. vP ) ) Main measure of
4 Inquiry process collection, graph Rubric levels 0-4 inquir
rubric interpretation, for each criterion. quiry
) performance.
explanation and
conclusion quality.
Records
completed
. P . Counts,
simulations, Engagement and
. percentages and . :
5 Platform analytics | completed tasks, . ) implementation
binary completion | .. = .
progress o fidelity.
indicators.
percentage and
certificate status.
Captures
perceived
6 Student reflection | difficulty, Short open-ended | Qualitative
prompts reasoning process | responses. thematic coding.
and value of the
simulation.
Documents
scaffolding, Contextual
7 Teacher student questions, | Structured interpretation of

observation notes

misconceptions
and collaboration
patterns.

observation sheet.

guantitative
results.

Table 5. Proposed instruments for evaluating inquiry-based physics learning.
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Variables and statistical analysis plan

The main dependent variables are scientific thinking score, inquiry-rubric score, conceptual
physics score and quality of written scientific explanation. Independent variables include platform
use, number of completed simulations, number of completed research tasks, prior confidence in
physics, student grade level and teacher scaffolding intensity. Platform analytics are treated as
implementation variables, while student reflections and teacher observations are treated as
gualitative explanatory data.

Descriptive statistics should include frequency, percentage, mean, standard deviation, median and
range. Pre/post changes can be examined with paired-sample t-tests when assumptions are met,
or with non-parametric alternatives such as Wilcoxon signed-rank tests. If a comparison group is
available, independent t-tests, ANCOVA or mixed models can be used depending on the sample
size and research design. Correlations may be calculated between the number of completed
simulations and improvement in scientific thinking score. Rubric reliability may be checked
through inter-rater agreement when two teachers score the same student work.

Qualitative data should be analyzed through thematic content analysis. Student responses are
read repeatedly, meaningful units are coded and codes are grouped into themes. Expected
themes include curiosity, formula-to-phenomenon transfer, difficulty interpreting graphs,
improvement in hypothesis writing, teacher scaffolding, collaboration and evidence-based
conclusion. Qualitative data should not be used to replace quantitative results; rather, it explains
why and how observed changes may have occurred.

Variable group Example variables Data type Analysis
Scientific thinking .
Pre/post comparison,
score, conceptual . . .
Student outcomes ) ) ) Continuous / ordinal. | correlation, effect
physics score, inquiry .
: size.
rubric level.
Completed
simulations, . Descriptive statistics
Counts / binary / P o .
Platform engagement | completed tasks, ercentage and association with
progress percentage, P ge. outcomes.
certificate status.
Hypothesis quality,
data recording
. accuracy, graph Rubric scores and Rubric analysis and
Inquiry process . . . .
interpretation, text. gualitative coding.
evidence-based
conclusion.
Grade level, prior oL
. P Subgroup description
physics confidence, . . .
Contextual factors . Categorical / Likert. and covariate
access to digital .
. analysis.
devices.
. . ualitative
Guidance questions, Q .
. . interpretation and
Teacher support feedback type, time Observation notes. . .
implementation
on task. -
fidelity.

Table 6. Variables and analysis plan for future empirical testing.
Ethical considerations

The research involves educational activity with students; therefore, ethical requirements must be
clearly described before any classroom data are collected. Participation in diagnostic tasks,
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reflections or research observation should be voluntary and should not negatively affect the
student's grade. Students and parents or guardians should receive information about the purpose
of the study, the use of anonymized data and the right to withdraw where required by local
regulations.

Photos and screenshots must be used carefully. Practical photographs included in this manuscript
serve only to show the implementation process and do not represent individual assessment
results. If the article is submitted to a journal or competition, consent for the use of identifiable
photographs should be obtained, or faces should be blurred according to the requirements of the

host institution. Platform data should be stored securely and reported only in aggregated form.

Ethical issue

Required action

How it should appear in the
manuscript

Informed consent

Explain purpose, voluntary
participation and use of
anonymized learning data.

State that participants and/or
guardians were informed
before data collection.

Anonymity

Avoid publishing names, class
lists or personal identifiers.

Report only aggregated
results and anonymized
examples.

Educational fairness

Ensure that non-participation
does not reduce marks or
access to learning materials.

Clarify that platform
participation is not punitive.

Image use

Obtain separate permission
for photographs or
anonymize visual material.

Indicate that images illustrate
procedure, not personal
performance.

Store platform exports and
notes on password-protected
devices.

Describe secure storage and

Data securit .
y limited access.

Explain that teacher guidance
was part of normal learning
support.

Table 7. Ethical requirements for classroom testing of the platform.

Separate pedagogical support

Teacher role
from research pressure.

RESULTS AND DISCUSSION

Because the article is prepared as a methodological and platform-based manuscript before large-
scale empirical testing, this section presents expected results and an interpretation framework
rather than fabricated numerical outcomes. This is important for scientific integrity. Actual
classroom data should later replace the proposed interpretation with real descriptive statistics,
pre/post comparisons, rubric results and coded qualitative responses.

The first expected result is improvement in students' ability to formulate research questions and
hypotheses. In conventional physics lessons, students may treat the task as a demand to find the
correct formula. In the inquiry-based platform, the task begins with a phenomenon and a question.
For example, a pendulum simulation asks students to predict how the period changes when length
increases. This structure encourages students to identify variables and reason before calculation.
The second expected result is stronger evidence-based explanation. Interactive simulations allow
learners to manipulate one variable while observing changes in the system. This supports the
development of causal reasoning because the student can see that changing the length of a
pendulum, the voltage in a circuit or the temperature difference in a heat-transfer model produces
a measurable effect. When students write conclusions after such activity, their explanations may
become more connected to data and less dependent on memorized sentences.
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The third expected result is improvement in graph and telemetry interpretation. Many students
have difficulty moving from a visual model to a numerical or graphical representation. Platform
tasks require them to observe values, use sliders, compare states and explain trends. This repeated
movement between visual, numerical and verbal forms is one of the key strengths of digital inquiry
environments.

The fourth expected result is increased student engagement. Research on active learning and
interactive engagement in STEM suggests that students learn more effectively when they
participate in activities, discussion, prediction and feedback rather than passively listening to
explanations [9; 10]. The platform's progress dashboard and certificate section can further
motivate students by making learning progress visible. However, motivation should not be
interpreted only as entertainment; in this model, engagement is valuable because it is connected
with a structured scientific task.

The fifth expected result is improved teacher ability to organize inquiry-based lessons. A common
difficulty in inquiry-based learning is that teachers may not know how to transform a topic into a
research sequence. The platform solves this by offering methodological cards, a seven-step
framework, simulations and tasks in one environment. The teacher can therefore focus on guiding
reasoning, asking probing questions and helping students evaluate evidence.

Expected outcome Platform mechanism Indicator for evaluation
Scientific question Problem cards and research- | Quality of student question
formulation task prompts. and hypothesis.

Simulation sliders and Correct distinction between
Variable identification controlled parameter independent and dependent

changes. variables.

. . . Telemetry blocks, visual Student conclusion refers to

Evidence interpretation

models and check buttons. observed data.

. Simulations connect formulas | Pre/post conceptual task

Conceptual understanding . .

with phenomena. improvement.

Certificate and progress .

P .g Completion rate and
Research culture dashboard recognize . .
. reflection quality.
completed inquiry work.
Methodological framework Observation notes and

Teacher scaffolding

supports lesson planning. teacher feedback.
Table 8. Expected educational outcomes and platform mechanisms.

Literature synthesis and theoretical interpretation

The literature supports the assumption that inquiry-based science teaching is effective when it is
carefully guided. Minner, Levy and Century synthesized inquiry-based science instruction research
and emphasized that inquiry is connected with students' active engagement in scientific questions
and evidence [11]. In physics education, Hake's large-scale comparison of interactive engagement
and traditional methods remains influential because it showed that interactive engagement
courses produced substantially stronger conceptual gains in mechanics than traditional lecture-
based approaches [12].

Freeman and colleagues reviewed active learning in STEM and found that active learning improves
examination performance and reduces failure rates compared with traditional lecturing [9]. This
finding does not mean that every activity automatically improves learning; rather, it supports the
principle that students must do intellectual work during the lesson. Inquiry Physics Research
Design operationalizes this principle by requiring students to predict, manipulate, observe, record,
explain and conclude.
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PISA 2025 provides a policy-level justification for the model. It emphasizes that students need
competencies for explaining phenomena scientifically, evaluating designs for scientific enquiry and
interpreting data and evidence critically [1]. These competencies are directly represented in the
platform's structure. The tasks do not ask only for an answer; they ask for a reasoned path from
guestion to evidence. This is why the platform can be described as a scientific-thinking
development environment rather than only a simulation collection.

The NRC framework further supports the approach by linking science and engineering practices
with disciplinary core ideas and crosscutting concepts [2]. For example, a heat transfer task
involves disciplinary knowledge about thermal processes, a crosscutting concept of energy
transfer and the practice of analyzing data. A pendulum task involves periodic motion, cause-and-
effect reasoning and the practice of constructing explanations. Such integration is the essence of
modern physics education.

Interactive simulation research also supports the value of visual and manipulable models. PhET's
research program is built around the design and use of simulations that promote learning through
exploration and feedback [3; 4]. Inquiry Physics Research Design follows a similar educational logic
while adapting the content to an authorial platform with a certificate, research tasks and teacher-
guided inquiry sequence.

Author / source

Design / source type

Focus

Contribution to this
manuscript

OECD, 2025

International
assessment framework

Scientific literacy and
science competencies.

Provides the
competency basis for
explaining phenomena,
evaluating enquiry and
interpreting evidence.

National Research
Council, 2012

Science education
framework

Practices, crosscutting
concepts and core
ideas.

Supports the
integration of physics
content with scientific
practices.

PhET, University of
Colorado Boulder

Simulation design and
research program

Interactive STEM
simulations and
research-based design.

Supports use of
simulations for
exploration and
conceptual
visualization.

Freeman et al., 2014

Meta-analysis

Active learning in
STEM.

Justifies student
participation,
discussion and task-
based reasoning.

Hake, 1998

Large-scale physics
education study

Interactive engagement
versus traditional
instruction.

Supports the value of
interactive engagement
in physics learning.

Minner et al., 2010

Research synthesis

Inquiry-based science
instruction.

Justifies guided inquiry
as a research-
supported teaching
direction.

PRISMA, 2020

Reporting guideline

Transparent literature
review reporting.

Structures source
identification and
selection.

STROBE and COREQ

Reporting guidelines

Observational and
gualitative research
reporting.

Support transparent
future classroom
testing.

Table 9. Key sources used to substantiate the article.
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Expected qualitative coding structure

Possible student Pedagogical
Theme . Example code . 808 .

meaning interpretation

The student begins to _ - .

. why does it move Inquiry is developing
Curiosity and ask why a
. . faster; what happens | beyond answer-
question posing phenomenon . :
if seeking.
changes.

The student
distinguishes what is | independent variable; | The learner begins to
changed and whatis | dependent variable think experimentally.
measured.

Variable awareness

The student supports Scientific

. . the graph shows; the o
claims with platform . argumentation is
value increased ) .
data. improving.

Evidence-based
conclusion

Teacher scaffolding

The student struggl
© STUCENt STTUBBIES || soe the change but | should focus on law-

Conceptual difficulty | to connect data with

. cannot explain it phenomenon
a physical law. ,
connection.
The student feels | tried different The platform
Engagement and . .
aeenc able to test ideas values; | checked my | supports active
gency independently. idea learning.
Students discuss we compared; m Inquiry can support
Collaboration predictions and P Y q y . PP
partner found scientific discourse.

compare results.
Table 10. Proposed qualitative coding structure for student reflections.

Expanded discussion

The main methodological value of the platform is that it transforms physics learning into a
sequence of epistemic actions. Students do not simply receive a correct result; they participate in
the process through which a result becomes scientifically justified. This distinction is important.
Scientific thinking is not only knowing that a formula exists; it is understanding when the formula
applies, which variables are relevant, what evidence supports the claim and what limitations
should be considered.

Inquiry-based physics education also improves the relationship between theory and practice.
Many students perceive physics formulas as abstract symbols. Simulation-based inquiry can
reduce this distance by making the formula visible in a changing system. For example, Ohm's law
becomes more meaningful when students manipulate voltage and resistance and then observe
current. Archimedes' principle becomes clearer when students vary fluid density or body volume
and observe buoyant force. Heat transfer becomes less abstract when temperature difference and
thermal equilibrium are shown dynamically.

The teacher remains central in this methodology. A digital platform alone cannot guarantee
scientific thinking. The teacher must formulate productive questions, prevent superficial clicking,
ask students to justify claims and connect observations with conceptual explanations. Therefore,
the platform should be used as a guided inquiry environment, not as an unsupervised game. The
practical classroom photographs included in this article show teacher presence, explanation,
student participation and use of the interactive board as a shared research space.

Assessment should also change. If inquiry-based learning is evaluated only through final numerical
answers, much of its educational value is lost. A student may calculate correctly but fail to explain
evidence; another student may make a computational error but show strong reasoning about
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variables. For this reason, the article proposes a combined assessment model: conceptual
correctness, inquiry process, explanation quality, data interpretation and reflection. This is
consistent with the broader shift in science education from content recall to performance-based
scientific literacy.

The platform's certificate function should be interpreted carefully. A certificate is not a scientific
result by itself. It is useful only when it is connected to genuine task completion and evidence-
based work. In the proposed model, the certificate becomes a motivational and documentary tool
that records activity. For journal reporting, the real evidence must come from student artifacts,
scores, reflections and teacher observations.

The implementation context is also important. Digital inquiry requires sufficient classroom time,
teacher preparation and access to devices or an interactive board. Some students may initially
focus on moving sliders rather than reasoning. This problem can be addressed by requiring every
simulation to end with a written hypothesis, data note and conclusion. In this way, interaction is
transformed into scientific thinking.

This article also has broader relevance for Kazakhstan and other educational contexts seeking to
modernize physics education. International frameworks such as PISA emphasize the application of
knowledge, critical interpretation of evidence and scientific reasoning. A locally developed
platform that follows international inquiry principles can help align classroom practice with these
global expectations while preserving the teacher's authorial methodological contribution.
Practical recommendations for physics teachers

Teachers using the platform should begin each lesson with a research question rather than with a
formula. The formula should appear after students have identified the variables and observed the
phenomenon. This sequencing increases the likelihood that the formula is understood as a model
of reality rather than as a symbol to memorize.

Each simulation should be accompanied by a minimum written protocol: prediction, changed
variable, measured variable, observed result and conclusion. The protocol may be short, but it
should force the student to connect action with evidence. Teachers should also ask students to
compare two conditions, because comparison is one of the simplest ways to develop causal
reasoning.

For assessment, teachers should combine automatic progress indicators with human evaluation
of reasoning quality. A completed simulation does not necessarily mean understanding; a well-
written conclusion and correct interpretation of data provide stronger evidence. The inquiry rubric
in the appendix can be used as a formative tool during the lesson and as a summative tool at the
end of a module.

CONCLUSION

This article presented an international inquiry-based methodology for developing scientific
thinking in physics education and demonstrated how it can be implemented through the Inquiry
Physics Research Design platform. The methodology is grounded in international science
education frameworks, active learning research, physics education research and the pedagogical
potential of interactive simulations.

The proposed model emphasizes a structured inquiry cycle: problem question, hypothesis, virtual
experiment, data collection, analysis, evidence-based explanation and conclusion. This cycle helps
students move from passive reception of physics content to active scientific reasoning. The
platform supports this transition by providing ten interactive simulations, research tasks,
methodological guidance, progress tracking and certificate generation.

The article does not claim final empirical effectiveness before classroom data are collected.
Instead, it offers a complete research-ready structure for future testing: literature synthesis,
research questions, mixed-method design, instruments, variables, ethics, expected results and
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coding logic. This makes the work suitable for journal submission after empirical results are added,
and it can also serve as a polished methodological article or teacher innovation project.

In practical terms, Inquiry Physics Research Design can help teachers organize physics lessons
around evidence, experimentation and scientific explanation. For students, it can make physics
more visible, investigable and meaningful. For educational researchers, it provides a model for
studying how digital inquiry environments influence scientific thinking, conceptual understanding
and research culture in school physics.

LIMITATIONS OF THE STUDY

The main limitation is that the current manuscript is primarily methodological and platform-based.
Large-scale empirical data have not yet been presented; therefore, claims about effectiveness are
stated as expected outcomes and should be tested in future classroom research. Actual results
must include sample characteristics, pre/post scores, platform analytics, rubric reliability and
gualitative evidence.

Second, the platform screenshots and practical photographs demonstrate implementation but do
not by themselves prove learning gains. They should be interpreted as visual documentation of
the procedure. Quantitative and qualitative data are still needed to evaluate student outcomes
objectively.

Third, the effectiveness of inquiry-based learning depends strongly on teacher guidance. If
simulations are used without questions, explanation prompts or feedback, students may interact
with the interface superficially. Future research should therefore measure not only platform use
but also the quality of teacher scaffolding.

Fourth, results may vary depending on grade level, prior physics knowledge, access to digital tools
and language of instruction. Future studies should test the platform across several classes and
compare different physics topics.
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APPENDIX A. STUDENT SCIENTIFIC THINKING DIAGNOSTIC

No. Diagnostic item / prompt
Write one research question about a physics

1 phenomenon that can be tested in a
simulation.

5 State a hypothesis using the structure: If ...
changes, then ... will change because ... .
Identify the independent variable, dependent

3 variable and controlled variable in a
pendulum investigation.

4 Explain why repeated measurements may be
useful in a physics experiment.

5 Interpret a simple graph and write a
conclusion supported by evidence.

Appendix Table Al. Diagnostic prompts for scientific thinking.

APPENDIX B. INQUIRY RUBRIC

Criterion 0- Not shown | 1-Basic 2 - Developing | 3 - Proficient 4 - Advanced
Precise,
Question is measurable
Clear and
Research ) Very general related to and
) No question. i . testable o
guestion guestion. topic but not . scientifically
question. .
fully testable. meaningful
question.
Causal
. Prediction Prediction hypothesis
. . Guess without , . g
Hypothesis No hypothesis. reason with weak linked to with clear
' reason. variables. physical
justification.
Relevant Systematic
. Incomplete Some values values data with
Data collection | No data. .
data. recorded. recorded comparison
accurately. and notes.
. Mentions data | Uses data to Connects data,
Evidence No Personal .
. . . . . without support trend, law and
interpretation | interpretation. | opinion only. . . o
explanation. conclusion. limitation.
. Clear
Evidence- .
Short Partly conclusion
. . based . .
Conclusion No conclusion. | unsupported supported scientific with reflection
answer. conclusion. . and transfer to
conclusion.
real context.

Appendix Table B1. Inquiry-process rubric for physics learning.




«Foundations and Trends in Modern Learning» (June 25-26, 2026). Berlin, Germany

APPENDIX C. PLATFORM IMPLEMENTATION CHECKLIST

Step Teacher action Student action Evidence collected

Introduce research

. Reads problem and . .
1 guestion and . Initial hypothesis.
. predicts outcome.
safety/digital rules.
Demonstrate .
. . Manipulates one Screenshot or data
2 simulation controls . .
. variable at a time. note.
briefly.
) Records observation

Ask evidence Telemetry values and
3 . and compares .

guestions. . written notes.

conditions.

Guide conclusion Explains result using a ) .
4 " P . & Written conclusion.

writing. physics concept.
5 Review progress and | Completes reflection | Progress indicator

certificate criteria. and final task. and reflection.

Appendix Table C1. Classroom implementation checklist.
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ABSTRACT

The aim of this study is to develop a scientific and methodological framework for
optimizing heat-transfer processes in energy systems using artificial intelligence and to describe
the practical implementation of this framework through the Al Energy Heat Optimization digital
platform. The research object is the heat-transfer process in energy systems, including heat loss,
flow-rate regulation, insulation effect, solar heat collection, boiler efficiency, temperature control,
and smart energy management. The article combines a PRISMA 2020-oriented literature search,
a STROBE-informed observational evaluation design, a COREQ-based qualitative feedback logic,
FAIR data principles, and current Al governance recommendations. Sources were selected from
official and scientific databases, including the International Energy Agency, NIST, ISO, peer-
reviewed journals on machine learning for heat transfer, HVAC predictive control, heat
exchangers, thermal-energy storage, and physics-informed neural networks. The practical stage is
represented by the Al Energy Heat Optimization platform, which contains a home page, a scientific
concept block, a methodological framework, ten interactive simulations, a task bank, diagnostic
self-assessment, expected-result indicators, and a certificate module. The platform is designed to
demonstrate how artificial intelligence can assist in forecasting heat loss, adjusting thermal
parameters, comparing traditional and Al-supported control, and forming evidence-based
conclusions. The study shows that Al-based heat-transfer optimization should be evaluated not
only by expected efficiency increase, but also by physical validity, data quality, interpretability, risk
awareness, and practical usefulness. The proposed framework may be applied in applied scientific
projects, STEM education, engineering-oriented research training, and early-stage digital
prototyping of energy-efficiency solutions.

Keywords: artificial intelligence; heat transfer; energy systems; thermal optimization;
HVAC; heat loss; machine learning; digital platform; model predictive control; STEM research.

INTRODUCTION

Heat transfer is one of the central physical processes in modern energy systems. It
determines how efficiently heat is produced, transported, stored, recovered, and converted into
useful work in boilers, heat exchangers, heat pumps, district-heating networks, industrial thermal
lines, solar collectors, and building heating, ventilation, and air-conditioning systems. Even when
an energy system has reliable equipment, inefficient heat exchange can increase fuel
consumption, create excessive thermal losses, shorten equipment lifetime, and reduce the
stability of the whole system. For this reason, the optimization of heat-transfer processes is not
only a thermodynamic problem, but also a data-driven control and decision-making problem.

Traditional thermal engineering relies on heat-balance equations, empirical coefficients,
hydraulic calculations, laboratory measurements, and model predictive control. These methods
are scientifically grounded and remain necessary for engineering design. However, real energy
systems often operate under changing boundary conditions: outdoor temperature, flow rate, inlet
temperature, load profile, pressure drop, fouling, insulation quality, solar radiation, user demand,
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and equipment degradation change over time. Under such conditions, a fixed control algorithm
may be too slow or too rigid to identify the most efficient operating mode. Artificial intelligence
can support this process by learning from sensor data, detecting hidden patterns, forecasting heat
demand, and recommending optimized parameter settings.

The relevance of artificial intelligence in energy is emphasized by current international
reports. The International Energy Agency notes that Al has become both a growing energy
consumer and a tool for improving the operation of power systems, buildings, industry, and grids
[1]. Earlier digitalisation analyses also highlighted that smart demand response and digital control
may provide substantial flexibility to energy systems and reduce unnecessary investment in
infrastructure [2]. These conclusions make the integration of Al into thermal-energy management
especially important, because heating and cooling loads form a large part of energy demand in
buildings and industrial processes.

In heat-transfer engineering, machine learning has been applied to heat exchangers,
thermal-energy storage systems, heat pumps, HVAC control, material selection, fouling prediction,
and multiphysics simulation. Review studies show that machine-learning models can complement
experimental and numerical methods when high-quality data, physically meaningful variables, and
transparent validation procedures are used [3]. At the same time, the growing use of Al requires
responsible management. NIST describes Al risk management as a structured process for making
Al systems valid, reliable, safe, secure, transparent, explainable, privacy-enhanced, and
accountable [4], while ISO/IEC 42001:2023 provides a formal management-system standard for
organizations developing or using Al technologies [5].

The present study is focused on the topic 'Optimization of Heat Transfer Processes in
Energy Systems Using Artificial Intelligence'. It treats the Al Energy Heat Optimization platform as
a digital research environment for modelling, simulation, diagnostics, task-based assessment, and
scientific explanation. The platform is not presented as an industrial certification tool or as a
replacement for professional engineering design. It is considered as an educational and research-
oriented prototype that demonstrates how Al logic, thermodynamic reasoning, and interactive
simulations can be combined to develop an evidence-based model of thermal optimization.

The scientific value of this topic lies in the integration of three components: physical laws
of heat transfer, data-driven artificial intelligence models, and practical digital simulation. The first
component guarantees that the model is connected to real thermodynamic mechanisms. The
second component enables dynamic prediction and optimization. The third component makes the
model understandable for learners, teachers, and early-stage researchers by translating abstract
equations into visible parameters, interactive controls, and result cards. Such integration is
especially useful in applied scientific projects, because it allows the researcher to explain not only
what the expected efficiency is, but also how the result was obtained.

The research problem can be formulated as follows: how can artificial intelligence be used
to optimize heat-transfer processes in energy systems while preserving scientific validity,
transparent interpretation, and practical usefulness? This problem is important because Al models
may produce attractive numerical outputs without sufficient physical interpretation. Therefore, a
strong research article must combine digital innovation with thermodynamic evidence, clear
methodology, risk awareness, and realistic limitations.

The aim of this study is to develop and justify a methodological framework for Al-based
optimization of heat-transfer processes in energy systems and to describe how the Al Energy Heat
Optimization platform can be used for research simulation, diagnostic assessment, task-based
validation, and result visualization. The specific objectives are: to review scientific literature on Al
and thermal-energy optimization; to define the physical and data variables of the model; to
describe the platform modules; to propose a mixed-method evaluation design; to formulate
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expected indicators of efficiency; and to discuss the pedagogical and applied value of the
prototype.

Research questions and hypotheses

Hypothesis / analytical

No. Research question . :
direction

Al can support optimization
by learning from thermal
parameters, forecasting heat
loss, and recommending
more efficient control
settings.

How can Al be used to
RQ1l optimize heat-transfer
processes in energy systems?

Temperature difference, flow

. . . rate, insulation, thermal
Which physical and digital o .
. ) conductivity, equipment
variables should be included - L
RQ2 . efficiency, prediction error,
in an Al-based heat-transfer o
and optimization mode are
model?
expected to be central
variables.
Interactive simulations and
task-based feedback can
make the relation between

How can a digital platform
support scientific

RQ3 . hysical variables, Al
Q understanding of thermal Py L .
o prediction, and final
optimization? )
conclusions more
transparent.
L Physical validity, data quality,
What criteria should be used | . Y . Y . q Y
o interpretability, consistency
to evaluate the scientific . .
RQ4 uality of the platform of conclusions, and practical
g Y P usefulness should be
output?

evaluated together.
Table 1. Research questions and analytical hypotheses.

METHODS AND RESEARCH MATERIALS

The study uses a combined methodological logic. The first component is a narrative
literature synthesis based on a PRISMA 2020-oriented search strategy. PRISMA is used not
because this article claims to be a full systematic review, but because it provides a transparent
logic for identifying, screening, and reporting scientific sources [6]. The search focused on artificial
intelligence in energy systems, heat-transfer optimization, heat-exchanger modelling, HVAC
predictive control, thermal-energy storage, physics-informed neural networks, and Al governance.

The second component is a design-based research framework. The Al Energy Heat
Optimization platform is treated as a digital prototype that represents the research concept
through a structured interface, simulations, diagnostic tasks, a result dashboard, and a certificate-
generation section. Design-based research is appropriate because the purpose is not only to
describe an existing phenomenon, but also to develop and examine a practical tool that can
support scientific explanation, modelling, and assessment.

The third component is a proposed empirical evaluation design. In a future practical testing
stage, users may interact with the platform, complete simulations, answer scientific tasks, and
provide short reflective explanations. Quantitative indicators may include simulation completion,
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diagnostic scores, task results, selected parameters, predicted efficiency, and heat-loss reduction.
Qualitative indicators may include explanation quality, understanding of variables, ability to justify
parameter selection, and awareness of model limitations.

The observational part of the study follows the logic of STROBE, which recommends clear
reporting of participants, variables, data sources, bias, sample size, statistical methods, and
interpretation in observational studies [7]. The qualitative feedback component follows COREQ
principles, which encourage transparent description of data collection, coding, and theme
development [8]. The data-management logic is aligned with FAIR principles, according to which
research data should be findable, accessible, interoperable, and reusable when ethical and
technical conditions allow [9].

The object of the study is the Al-supported optimization of heat transfer in energy systems.
The subject of analysis is the digital model that connects thermal input parameters, Al-based
prediction, simulation tasks, diagnostic assessment, and practical interpretation. The practical
material consists of platform screenshots and demonstration photographs provided during the
platform presentation. These visual materials are used to document the functional structure of
the prototype and to explain the data-collection process. They are not interpreted as independent
statistical results.

The research variables are grouped into physical, digital, pedagogical, and evaluative
categories. Physical variables include temperature difference, flow rate, thermal conductivity,
insulation type, heat-loss level, solar collector angle, boiler efficiency, and reserve capacity. Digital
variables include Al model selection, training epochs, prediction error, optimization mode, and
feedback indicators. Pedagogical variables include task completion, simulation sequence,
diagnostic self-assessment, and explanation quality. Evaluative variables include predicted
efficiency improvement, reduction of heat loss, reliability of interpretation, and consistency
between user input and platform output.

Literature search and selection strategy

The literature search strategy was developed for official reports, peer-reviewed journal
articles, and methodological standards. Searches were conducted by combining keywords related
to artificial intelligence, heat transfer, energy systems, thermal optimization, heat exchangers,
model predictive control, HVAC, physics-informed neural networks, digitalisation, and Al
governance. The search logic was structured to identify both technical studies and methodological
documents relevant to responsible Al-based energy optimization.
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Database / source

Search field

Core search string

Recommended filters

Scopus / Web of
Science

Title, abstract,
keywords

("artificial
intelligence" OR
"machine learning"
OR "neural network")
AND ("heat transfer"
OR "thermal
optimization" OR
"energy system")

2015-2026; article;
review; engineering;
energy; thermal
sciences

ScienceDirect /
Elsevier

Title / abstract

("model predictive
control" AND HVAC)
OR ("thermal energy'
AND optimization
AND machine
learning)

review articles;
energy; buildings;
applied energy

IEA official reports

Report pages

Energy and Al;
digitalisation and
energy; demand
response; buildings

official reports; policy
and technology
analysis

NIST / 1SO

Official standards and
frameworks

Al risk management
framework; ISO/IEC
42001; Al
management systems

official framework;
standard description

Google Scholar

Full text / title

("physics-informed
neural networks"
AND "heat transfer")
OR ("machine
learning" AND "heat
exchanger")

highly cited studies;
DOl available

Table 2. Search strategy for identifying scientific and official sources.
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Inclusion and exclusion criteria

Criterion type

Included

Excluded

Research context

Al, machine learning,
predictive control, or digital
optimization in energy and
thermal systems

General Al articles without
energy or heat-transfer
relevance

Physical process

Conduction, convection, heat
loss, heat exchange,
insulation, thermal storage,
HVAC, heat pumps, boiler and
solar heat collection

Purely electrical load
forecasting without thermal
interpretation

Methodological relevance

Studies with model
validation, measurable
variables, simulation logic, or
clear optimization objectives

Opinion pieces without
technical or methodological
basis

Governance and ethics

Official Al risk-management
and Al management-system
documents

Non-authoritative
commercial Al claims without
standards or evidence

Educational value

Studies or frameworks that
can support simulation,
modelling, and STEM
research explanation

Unverifiable promotional
content or disconnected
software descriptions

Table 3. Inclusion and exclusion criteria for source selection.

Empirical and platform-based research design
The proposed empirical design combines platform analytics, task results, and qualitative
reflections. Participants may be students, early-stage researchers, or teachers using the platform
in a guided session. Each participant completes the diagnostic self-assessment, runs selected
simulations, answers task-bank questions, writes a short scientific conclusion
,and generates a final report or certificate. The researcher then compares platform scores,
task accuracy, simulation completion, and written explanations.
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Stage

User activity

Collected data

Evaluation purpose

1. Initial diagnosis

Completes self-
assessment on
physical data entry,
theory, Al prediction,
efficiency calculation,
and conclusion
writing

Diagnostic score and
self-rated
competence

Baseline
understanding of
thermal optimization

2. Simulation

Runs heat-loss, Al
model, flow-rate,
insulation, solar,
boiler, and smart-
control simulations

Parameter choices,
completion status,
predicted result

Scientific action and
model interaction

3. Task bank

Answers applied
scientific questions

Correct/incorrect
responses and
explanations

Conceptual
understanding and
evidence use

4. Result card

Reviews expected
efficiency indicators

Baseline vs optimized
values

Interpretation of Al-
supported
improvement

5. Reflection

Writes a conclusion
about heat-transfer

Text response

Qualitative reasoning
and awareness of

optimization limitations
Table 4. Proposed platform-based data collection workflow.

Practical data collection through the Al Energy Heat Optimization platform

The practical stage used the Al Energy Heat Optimization platform as a structured digital
environment. The platform includes a home page, a concept section, a methodological section,
ten interactive simulations, a task bank, a diagnostic self-assessment module, a result section, and
a certificate-generation page. The interface is designed in a light premium style with gold and
warm technical accents, which visually matches the topic of thermal energy and heat-flow
optimization.

The platform begins with the research title and author block. The home section presents
the core hypothesis: Al-based control can improve thermal efficiency by learning from operational
data and selecting better parameter combinations than static manual control. The platform also
shows expected indicators such as energy-efficiency improvement, heat-loss reduction, and Al-
based accuracy. These indicators are presented as target values for research modelling rather than
verified industrial outcomes.

The concept section explains the relevance, scientific novelty, and aim of the research. The
novelty is the integration of hydraulic and thermodynamic regimes with an adaptive neural-
network logic. This means that the platform is not limited to a single formula; it connects physical
reasoning with data-driven optimization. The methodological framework then divides the
research process into seven stages: problem formulation, data collection, Al model development,
forecasting, optimization, comparison, and conclusion.

The simulation section is the main practical component. Ten simulations represent
different thermal-energy situations: heat-loss prediction, Al optimization model, flow-rate
balancing, energy-load mapping, intelligent temperature control, insulation effect, ventilation and
heat balance, solar energy and heat collection, boiler efficiency, and smart energy control. Each
simulation contains adjustable parameters, action buttons, checking logic, and a conclusion field.
This makes the platform suitable for both demonstration and guided research tasks.
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The task bank provides scientific and practical questions. It checks whether the user
understands why insulation thickness affects heat loss, which variables are essential for Al training,
and how Al-based control differs from traditional thermal control. The diagnostic self-assessment
module allows the user to evaluate their ability to enter physical data, understand thermal
processes, analyze Al predictions, calculate efficiency, and write evidence-based conclusions.

The result and certificate sections support completion logic. After the user runs simulations
and completes tasks, the platform shows expected efficiency indicators and allows a certificate to
be generated. In a research article, this module can be interpreted as a formative-assessment and
documentation tool. It helps the user see progress and encourages the completion of all
experimental steps before claiming a final result.

The QR code below provides access to the platform version used as the practical digital material
in this article.

A BuarkocTukansix s
Touguaen Ganuirap 6oAbus o

1 BACTANKE Guiavicani neparTepn Ao

Arimparsi AWArHOCTHKE KepceTHiL

Figure 2. Practical demonstration of the diagnostic self-assessment module in the Al Energy Heat
Optimization platform.



I Proceedings of the 13th International Scientific Conference

5] SHepreTUKANkIK TancIpManap #HHars!

TOOPHRITLAK BIPIMHE G NGHIK VKA, TRARBY BAIREH-AIAM TSRESTL

1-Tanceipma: XKy wi

2 Cypax: KyBupnan muny i)
Cosetin Tycinaipivia

HEIK A330TY
M 15%-12 330017y e KAAA

2-Tanchipua:

3-ancaipua: Al Gonxaus TYCHATY

o) Yacarne! uHTENNeKT MoneniHin KabKYNATOl
TeunepaTypa, WaTEDHAR W Heria| (baxTopnapi evrisin, Al 6o

Marspuan Typt

Hyfe TeunepaTypace: (*C)

RAYSIHbA KOPLITMNASES

(¢ mMopens Ta

ORRAMAL THAE X
+27.3% ocim

o

Figure 4. Practical demonstration of the artificial-intelligence model calculator for thermal
optimization.
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Figure 6. Home page of the Al Energy Heat Optimization platform: research topic, author

information, conceptual model, and entry to simulations.
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Figure 9. Scientific and practical task bank used to validate understanding of thermal efficiency,
data collection, and optimization logic.
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Figure 12. Interactive simulations 1-2: heat-loss prediction and Al optimization model.
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Figure 14. Methodological framework: from problem formulation and data collection to Al model
development, comparison, and conclusion.
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Figure 15. Scientific research concept: relevance, novelty, and aim of the Al-based heat-transfer
optimization model.
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Instrument . .
Block / Purpose Scale / output Use in analysis
data source
Defines research
: topic, author .
1 Platform profile blclfck nd Descriptive Contextual
and entry page ’ platform data documentation
general research
aim
Measures
readiness to use
hysical data, .
. . Phy . Baseline
Diagnostic self- understand 1-5 point self-
2 _ competence and
assessment theory, analyze rating scale .
L reflection
Al predictions,
and write
conclusions
Models heat
loss, Al
optimization, Parameter )
, Practical
Interactive flow rate, values and
3 . . . ) . research
simulations insulation, solar | completion
. . performance
collection, boiler | status
efficiency, and
smart control
Checks
understanding of .
8 Correct/incorrect
thermal answer and Conceptual
4 Task bank efficiency, . P
. written assessment
variable explanation
selection, and Al P
model logic
Compares
baseline and Percentages and | Expected
5 Result section optimized gualitative outcome
expected interpretation analysis
indicators
Completion —
. Documents full p Motivation and
Certificate requirement and
6 platform procedural
module . generated
completion . closure
certificate
Documents
) teacher . . .
Practical . Visual evidence Methodological
7 demonstration
photographs of use context transparency
and platform
presentation

Table 5. Research instruments and platform data sources.
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Variables and statistical analysis plan

The main dependent variables are predicted thermal efficiency, heat-loss reduction,
simulation-completion score, task accuracy, and quality of written conclusion. Independent
variables include insulation thickness, insulation material, temperature difference, flow rate,
collector angle, boiler air-fuel ratio, reserve capacity, Al training epochs, and selected optimization
mode. Covariates may include user background, prior knowledge, digital literacy, and session
format.

Descriptive statistics should include frequency, percentage, mean, standard deviation,
median, and range. If the same participants complete pre- and post-platform diagnostic tasks,
paired-sample tests may be used. If different groups compare traditional instruction and platform-
based instruction, independent-sample tests or non-parametric alternatives may be applied.
Correlation analysis can explore relations among diagnostic scores, task accuracy, simulation
completion, and explanation quality. Regression analysis may be used to identify which variables
predict stronger interpretation or higher task performance.

Qualitative responses should be analyzed through thematic content analysis. The
researcher reads responses several times, identifies meaning units, assigns initial codes, groups
codes into categories, and interprets major themes. Expected themes include understanding of
heat loss, causal reasoning, Al trust, uncertainty awareness, practical usefulness, and limitations
of simulation-based modelling.

Ethical considerations

The platform-based study should follow ethical requirements for human-participant
educational research. Participation must be voluntary, and users should receive clear information
about the purpose of the study, the approximate duration, the type of data collected,
confidentiality, and the right to withdraw. If photographs or screenshots are used in a publication,
separate consent for visual material should be obtained. Any personal identifiers should be
removed or masked before publication.

How it is reported in the

Ethical issue .
manuscript

Required action

Provide a short explanation
and consent form before
platform testing

Avoid collecting unnecessary
names, phone numbers, or
personal identifiers

Obtain permission for
practical photographs and
platform screenshots

Make clear that platform
participation does not affect
official grades unless
approved by the institution
Explain that platform
indicators are research
outputs, not industrial

All participants voluntarily

Informed consent .
agreed to participate

Data were anonymized

Confidentiality before analysis

Images were used only to
document the procedure and
interface

Visual materials

The activity was used for
research and formative
learning

Educational fairness

Al outputs were interpreted

Al transparency with human review and

certification

methodological caution

Data security

Store files in a protected
location and limit access

Only aggregated results are
reported

Table 6. Ethical requirements for the platform-based study.




Proceedings of the 13th International Scientific Conference

RESULTS AND DISCUSSION

Because this article describes a research prototype before large-scale empirical testing, the
Results and Discussion section presents a structured interpretation of expected outcomes and a
framework for reporting future data. Numerical indicators shown in the platform screenshots
should be understood as model targets and demonstration values. They do not replace real
measurements from industrial equipment or building-energy monitoring. Future studies should
replace these demonstration values with measured or experimentally simulated data.

The first expected outcome is a clearer connection between thermodynamic variables and
optimization decisions. In traditional learning environments, heat-transfer equations may remain
abstract. The platform translates variables into interactive sliders, choices, and result cards. For
example, a user can increase insulation thickness, change flow rate, select an insulation material,
or adjust solar-collector angle and immediately see how the predicted result changes. This
supports conceptual understanding and makes the causal structure of heat transfer more visible.

The second expected outcome is improved understanding of Al model logic. The platform
shows training epochs, prediction error, optimization mode, and model interpretation. This is
important because Al is often perceived as a black-box technology. By placing model parameters
next to physical variables, the platform encourages users to ask whether the predicted
recommendation is physically reasonable. Such critical interpretation is essential for trustworthy
Al in engineering contexts.

The third expected outcome is the development of evidence-based scientific explanation.
The task bank and diagnostic section require the user to justify answers, not merely click buttons.
In a future empirical study, written responses can be evaluated for accuracy, clarity, consistency,
and practical usefulness. A strong response should connect the chosen parameter to a physical
mechanism, explain the expected effect, and acknowledge possible limitations.

The fourth expected outcome is a practical comparison between traditional and Al-
supported control. Literature on predictive control in HVAC systems shows that forecasting,
optimization horizons, occupancy patterns, building type, and cost functions strongly affect
performance [10]. The platform reflects this logic by comparing baseline and optimized efficiency.
The comparison should be interpreted carefully: Al may improve performance when data quality
is sufficient, but it may also fail if sensors are unreliable, training data are biased, or the model is
used outside its validated operating range.

The fifth expected outcome concerns research culture. The platform encourages a
complete cycle of inquiry: formulate a problem, collect data, build a model, predict, optimize,
compare, and conclude. This sequence is important for scientific projects because it prevents the
researcher from presenting Al as a decorative element. Instead, Al becomes a method within a
documented research workflow.

Practical approbation and the role of the digital platform

The practical demonstration photographs show that the Al Energy Heat Optimization
platform can be presented through an interactive classroom display. The presenter explains the
diagnostic module, task bank, Al model calculator, and main concept section. This visual
documentation supports methodological transparency because it shows how the digital
environment was introduced, how users could observe the interface, and how platform elements
were connected with the research topic.

During practical approbation, the diagnostic self-assessment module was used to structure
user reflection. It asks users to evaluate their ability to enter physical data, understand heat and
mass transfer, analyze Al-based predictions, calculate efficiency, and write evidence-based
conclusions. This module is important because Al-supported research requires not only technical
clicking but also scientific interpretation.
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The task bank was used to connect platform interaction with scientific reasoning. Tasks
such as predicting the effect of increased insulation, identifying essential Al training data, and

comparing traditional

and Al-supported

thermal

networks

help validate

conceptual

understanding. The task bank therefore functions as a bridge between simulation and assessment.

The Al model calculator demonstrates how input variables can be transformed into
expected outputs. It includes heating temperature, material type, heat-loss level, optimization
direction, predicted efficiency change, heat-loss reduction, and explanatory notes. In a future
version, this calculator should be connected to a transparent dataset and a model-validation

report.
Synthesis of key scientific sources
Author / . :
o Design / source Main . . .
organization, Focus . . Use in this article
type contribution
year
Explains the dual
role of Alas an Justifies the
. energy .
IEA, 2025 Official report Energy and Al relevance of Al in
consumer and
T energy systems
optimization
tool
Highlights digital | Supports the
EA, 2017 Official report Digitalisation control, demand | platform logic of
and energy response, and smart
system flexibility | optimization
Shows that ML
can support
heat-exch
Machine di?i Exacnjnger Supports Al
Zouetal, 2023 | Review article learning for heat .g L modelling in heat-
optimization
exchangers transfer tasks
when data
quality is
controlled
Defines
trustworthy Al Supports
Al risk h isti ibl
NIST, 2023 Framework ris C ara.cterlstlcs .respon5|be.
management and risk- interpretation of
management platform outputs
functions
Provides

ISO/IEC 42001,
2023

International
standard

Al management
systems

requirements
for managing Al
systems and
related risks

Supports
governance and
documentation
logic

Taheri et al.,
2022

Review article

MPC in HVAC
systems

Reviews
modelling
approaches,
prediction
horizons, and
optimization
algorithms

Supports
predictive control
discussion
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Xin et al., 2024

Systematic
review

Predictive
control in HVAC

Reviews 245
studies on MPC
and model-free
predictive
control

Supports the
comparison
between
traditional and
predictive control

Explains physics-
informed neural
networks for

Supports future

Zhao et al., 2025 | Review article PINNs in heat forward and development of
transfer . .
inverse heat- physics-aware Al
transfer
problems
Defines findable,
Wilkinson et al., . écce55|b|e, Supports data-
Principles paper | FAIR data interoperable, management
2016 .
and reusable recommendations
data principles
Provides
Reportin transparent Supports the
Page etal, 2021 | cPOTINg PRISMA 2020 | ~2"sP review
guideline literature-search

methodology

reporting logic
Table 7. Key sources used to develop the research framework.

Expected empirical interpretation

If the platform is tested with real participants, the first result to report should be
completion data. The article should indicate how many users completed the diagnostic module,
how many simulations were run, which simulations were most difficult, and how many users
generated the certificate. This information shows whether the platform is usable and whether the
workflow is realistic.

The second result should be task accuracy. If users correctly answer questions about
insulation, flow rate, Al input variables, and baseline comparison, this suggests that the platform
supports conceptual learning. If task accuracy remains low, the platform explanation should be
revised before making strong claims about educational effectiveness.

The third result should be the quality of written conclusions. Strong conclusions should
connect model output to physical reasoning. For example, a scientifically strong response would
not simply state that Al improved efficiency; it would explain which parameter changed, why heat
loss decreased, how the model predicted the change, and what limitations remain.

The fourth result should compare expected Al-supported optimization with baseline
control. The comparison should be presented with caution. It is scientifically acceptable to report
that the platform model produced a scenario-based improvement under selected assumptions. It
is not acceptable to claim a universal energy-saving percentage without measured validation.
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Suggested qualitative coding structure

Theme

Possible meaning for
the user

Example code

Research
interpretation

Understanding of
heat loss

User recognizes that
thermal losses
depend on material
and temperature
difference

insulation;
conductivity; heat
gradient

Indicates physical
reasoning

Al prediction logic

User understands
that Al uses data
patterns to forecast
and optimize

training data;
prediction error;
model output

Indicates digital
literacy

Evidence-based

User connects
numerical output

because; therefore;
compared with

Indicates scientific

conclusion . . . explanation qualit
with mechanism baseline P g Y
User accepts Al uncertainty; . .
) Indicates responsible
Trust and caution output but asks measurement;
o L Al awareness
about validation reliability

Practical usefulness

User sees application
in buildings, heating

energy saving; boiler;

Indicates applied

systems, or HVAC; sensor relevance
laboratories
User understands )
. Indicates
. e that platform values | prototype; scenario; .
Simulation limitation . . methodological
are not full industrial | real data needed .
maturity

proof
Table 8. Qualitative coding structure for open responses.
Extended discussion

Al-based heat-transfer optimization must be grounded in thermodynamics. A neural
network may identify correlations, but it does not automatically understand conservation of
energy, boundary conditions, or material properties. For this reason, physical variables should be
selected before model training. Temperature difference, flow rate, thermal conductivity,
insulation thickness, heat capacity, pressure drop, and equipment efficiency are not random
inputs; they are variables connected to mechanisms of conduction, convection, radiation, and
system-level energy balance.

The platform formula Qopt = f(Tin, uflow, nAl) - AT is a simplified educational
representation of optimized heat transfer. It is useful because it shows that optimized heat output
depends on inlet conditions, flow behavior, Al optimization coefficient, and temperature
difference. However, in an engineering setting this expression would need to be expanded with
geometry, fluid properties, heat-transfer coefficients, fouling factors, heat capacity, and
uncertainty bounds. This distinction should be clearly stated in journal submission to avoid
overclaiming.

Machine-learning methods in heat-transfer applications are valuable when they reduce
computational cost, support parameter estimation, detect anomalies, or improve control
decisions. Review literature on heat exchangers indicates that machine learning can complement
experimental and numerical studies, but careful algorithm selection, database quality, and
validation are essential [3]. This means that an Al model is not automatically better than a physics-
based model; its value depends on data quality, generalization ability, interpretability, and the

operational objective.
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Physics-informed neural networks represent another promising direction because they
integrate physical equations into neural-network training. Recent reviews describe PINNs as tools
for forward and inverse heat-transfer problems, especially where boundary conditions are
incomplete or difficult to measure [11]. For the present project, this idea supports the future
development of a more advanced platform version in which the Al model would not only learn
from data but also respect heat-transfer equations in the loss function.

Model predictive control is highly relevant for building-energy and HVAC optimization.
MPC uses a model of the system, a prediction horizon, constraints, and an objective function to
choose control actions. In thermal systems with high inertia, predictive control may anticipate
future demand rather than simply react to current error. This principle is similar to the platform's
logic: Al should forecast thermal demand and adjust control parameters before excessive heat loss
occurs.

The educational value of the platform is also significant. Students often learn formulas
separately from real operational decisions. The Al Energy Heat Optimization platform connects
theory with action. A learner can see that increasing insulation quality reduces heat loss, changing
flow rate affects heat distribution, and poor parameter choice may reduce efficiency. This makes
the platform suitable for STEM education, applied physics, engineering introduction, and scientific
project preparation.

Responsible Al remains a necessary condition. The platform should not present a
prediction as absolute truth. Al-generated conclusions must be accompanied by uncertainty,
assumptions, input limitations, and human review. NIST and ISO/IEC guidance both emphasize
governance, risk management, monitoring, and continuous improvement [4; 5]. In an educational
prototype, this can be implemented through explanatory notes, warning messages, data-quality
checks, and teacher review before final certification.

The practical photographs show that the platform can be presented and tested in a real
classroom or laboratory-like environment. This is important because a digital tool becomes more
credible when the user can observe its modules, ask questions, and connect the interface with the
research aim. However, demonstration photographs should not be confused with experimental
proof. They document implementation and usability, while scientific effectiveness requires
measured data, repeated testing, and statistical analysis.

In a future empirical study, the model should be tested with at least three forms of
evidence. First, simulated data should verify whether the platform responds correctly to
controlled parameter changes. Second, user-task data should show whether learners understand
heat-transfer principles better after interacting with the platform. Third, expert review should
evaluate whether the platform's recommendations are scientifically valid and pedagogically clear.
Combining these evidence sources would make the article stronger for journal review.

The expected 35% improvement mentioned in the platform should be written as a target
or scenario-based estimate unless it has been measured under controlled conditions. A careful
scientific article may state that the platform is designed to explore scenarios in which Al-based
optimization could increase efficiency compared with baseline control. Exact percentages should
be validated through repeated experiments, building-energy simulations, or equipment-level
measurements.

The model also has a sustainability dimension. Reducing heat loss and improving energy
efficiency may lower fuel consumption and emissions, especially in heating-intensive systems. Yet
Al systems themselves consume computational resources. Therefore, a complete sustainability
assessment should compare the energy saved through optimization with the energy cost of data
collection, computation, and platform operation. This balance is increasingly important as Al
becomes more widely used in energy systems [1].
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From a methodological point of view, the strongest feature of the platform is its structured
research workflow. Many student projects present Al as a final product without explaining the
research steps. Here, the platform shows a full sequence: problem, data, model, prediction,
optimization, comparison, and conclusion. This structure makes the project easier to defend in a
scientific setting because every stage can be explained and evaluated.

The model can be improved by adding real sensor integration. For example,
thermocouples, flow meters, infrared temperature sensors, smart meters, and outdoor weather
data could be connected to the platform. The system could then compare predicted and measured
heat loss, calculate model error, and update recommendations. Such integration would move the
project from a simulation platform toward an experimental digital twin.

Another improvement would be the inclusion of uncertainty visualization. Instead of
displaying only a single efficiency value, the platform could show confidence intervals, possible
error ranges, and warnings when input data are incomplete. This would strengthen the scientific
credibility of the model and teach users that engineering predictions always contain uncertainty.

The platform may also support differentiated learning. Beginners can use simplified
simulations to understand thermal concepts, while advanced users can adjust additional variables
and compare control strategies. Teachers can use the diagnostic module to identify which
students understand physical data entry, thermal-process theory, Al prediction, efficiency
calculation, and evidence-based conclusion writing.

Practical recommendations

For researchers, the platform should be used as a structured prototype for testing
hypotheses about thermal optimization. Every simulation should be accompanied by a clear
variable definition, expected mechanism, result interpretation, and limitation statement.

For teachers, the platform can be used as an applied STEM learning environment. Students
can run simulations, answer scientific tasks, write conclusions, and receive diagnostic feedback.
Assessment should focus not only on the final score but also on the quality of reasoning.

For engineering-oriented users, the platform should be treated as a preliminary modelling
environment. Before implementation in a real system, Al recommendations must be compared
with physical calculations, sensor measurements, safety constraints, and expert review.

For platform development, future versions should add real data import, uncertainty
intervals, exportable reports, teacher dashboard functions, multilingual support, and transparent
model documentation.

CONCLUSION

Optimization of heat-transfer processes in energy systems using artificial intelligence is a
scientifically relevant and practically important direction. Heat loss, inefficient flow regulation,
delayed temperature control, poor insulation, and suboptimal equipment operation increase
energy consumption and reduce system reliability. Al can support optimization by forecasting
thermal demand, identifying inefficient regimes, recommending parameter changes, and
comparing baseline and optimized scenarios.

The Al Energy Heat Optimization platform demonstrates how this topic can be transformed
into a structured research and educational environment. Its modules include a conceptual
introduction, methodological framework, ten simulations, task bank, diagnostic self-assessment,
result visualization, and certificate generation. These modules support not only digital interaction
but also scientific reasoning: users must connect physical variables, Al prediction, and evidence-
based conclusions.

The study emphasizes that Al-based optimization must be evaluated through several
criteria at once: thermodynamic validity, data quality, interpretability, risk awareness, educational
clarity, and practical usefulness. Al should not be treated as an automatic guarantee of efficiency.
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It becomes scientifically valuable when its recommendations are grounded in physics, validated
with data, and interpreted by a responsible human researcher.

For journal submission, the article provides a complete structure: abstract, introduction,
research questions, methods, literature-search logic, inclusion and exclusion criteria, platform-
based data-collection procedure, figures, research instruments, variables, statistical plan, ethics,
results and discussion, extended interpretation, limitations, declarations, references, and
appendices. Future empirical work should test the platform with real participants and measured
thermal data to verify its scientific and educational effectiveness.

LIMITATIONS OF THE STUDY

This study has several limitations. First, the article presents a design-based research
prototype and a methodological framework. It does not yet report a large-scale controlled
experiment with measured energy-system data. Therefore, platform indicators should be
interpreted as scenario-based research outputs rather than verified industrial performance claims.

Second, the platform screenshots show selected modules and expected values, but
screenshots alone cannot prove model accuracy. Future research should collect raw input data,
model predictions, measured outputs, and error metrics. The model should be tested across
different operating regimes, including low-load, peak-load, and unstable external-temperature
conditions.

Third, the simplified optimization equation used in the platform is pedagogically useful but
not sufficient for full engineering design. Real heat-transfer systems require detailed geometry,
fluid properties, heat-transfer coefficients, pressure drop, fouling, control constraints, equipment
degradation, and uncertainty analysis.

Fourth, the practical photographs document platform presentation and testing, but they
are not statistical evidence. They should be used to describe the procedure and the practical
implementation context. The main scientific evidence must come from literature synthesis, model
logic, task results, simulation data, and future empirical validation.

Fifth, Al governance and data protection are not fully tested in this prototype. If real sensor
data, user accounts, or institutional systems are connected, data security, privacy, human
oversight, model monitoring, and auditability must be addressed according to recognized Al risk-
management principles.
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APPENDIX A. PLATFORM-BASED DIAGNOSTIC SELF-ASSESSMENT

No.

Diagnostic item

Scale

| can enter basic physical data
into a heat-transfer model
correctly.

1-5

| understand the theoretical
basis of heat and mass
transfer processes.

1-5

| can analyze Al-based
predictions and make
decisions from them.

1-5

| can calculate efficiency and
heat-loss indicators.

1-5

| can write an evidence-based
conclusion from platform
results.

1-5

APPENDIX B. TASK BANK SAMPLE

Appendix Table Al. Diagnostic self-assessment items.

No.

Task

Correct scientific direction

When pipe insulation
thickness increases two

It decreases because the

conclusion?

1 . thermal resistance of the
times, how does heat loss . . .
. insulation layer increases.
change approximately?
Which input data are Time-based temperature,
2 essential for Al heat-demand | load, flow, and operating-
prediction? condition data.
What is the main advantage It can adapt to pressure and
3 of Al-supported heat-network | temperature changes more
control? flexibly than static control.
Because data-driven
Why must Al output be .
. . . correlation alone does not
4 validated with physical .
. guarantee thermodynamic
reasoning?
correctness.
What should be included in Parameter change, physical
5 an evidence-based mechanism, predicted result,

and limitation.

Appendix Table B1. Sample scientific-practical tasks.
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APPENDIX C. SIMULATION MODULES

. . . : Expected learnin
No. Simulation Main variable P &
outcome
Understanding of
1 Heat-loss prediction Insulation thickness thermal resistance
and heat loss
o . Understanding of
Al optimization Training epochs and _ &
2 L model training and
model prediction error o
optimization
Understanding of
3 Flow-rate balancing Flow rate hydraulic-thermal
balance
. Recognition of peak-
4 Energy-load mappin Network load
gy PPing load zones
. . Understanding of
Intelligent PID coefficient / ) g
5 adaptive temperature
temperature control | sensor response
control
. . . Comparison of
6 Insulation effect Material conductivity | . P . .
insulation materials
. Understanding of
Ventilation and heat . . 8
7 Air exchange rate indoor thermal
balance
balance
Understanding of
Solar energy and heat &
8 . Collector angle solar-thermal
collection L
optimization
. . . . Understanding of
9 Boiler efficiency Air-fuel ratio . g' )
combustion efficiency
. Understanding of
Reserve capacity and | . :
10 Smart energy control intelligent energy
demand response
management

Appendix Table C1. Simulation modules in the Al Energy Heat Optimization platform.
APPENDIX D. PLATFORM ACCESS
Platform URL: https://naukaprojectkz.art/cOwmbatewpz5c5x5

Appendix Figure D1. Platform QR code.
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ABSTRACT

The aim of this article is to develop and justify a scientific-methodological model for
forming students' environmental culture in geography lessons through carbon footprint
calculation. The study is situated at the intersection of geography education, climate change
education, education for sustainable development, and digital inquiry-based learning. Carbon
footprint is treated not only as a numerical indicator of greenhouse gas emissions, but also as a
pedagogical tool that transforms everyday actions - transport, electricity use, water consumption,
waste generation, food choices and household habits - into visible, measurable and discussable
geographical data. The article combines a PRISMA-informed literature search logic, a design-based
mixed-method research framework, and a practical digital learning environment named Carbon
Footprint Geolab. The platform includes conceptual learning blocks, a geography integration
model, a learning trajectory, ten interactive simulations, five research tasks, a results dashboard
and a certificate module. Practical classroom photographs and platform screenshots document
how the model can be presented, tested and discussed with learners.

The theoretical foundation is based on UNESCO Education for Sustainable Development,
IPCC climate mitigation literature, the Greenhouse Gas Protocol, carbon footprint calculator
methodology, scientific literacy frameworks and inquiry-based geography learning. The proposed
assessment system evaluates ecological knowledge, data interpretation, causal reasoning,
geographic contextualization, reflective decision-making and the ability to propose low-carbon
actions. The article argues that carbon footprint calculation can strengthen environmental culture
when it is embedded in a structured learning cycle: conceptual understanding, data input,
simulation-based exploration, interpretation of results, geographic comparison, reflection and
action planning. The proposed model is intended for school geography lessons, methodological
research, teacher innovation projects and further empirical validation.
Keywords: carbon footprint; geography education; environmental culture; climate change
education; education for sustainable development; ecological literacy; digital platform; inquiry-
based learning; greenhouse gas emissions; Carbon Footprint Geolab.

INTRODUCTION

The formation of environmental culture has become one of the central priorities of
contemporary school geography. Geography lessons no longer function only as a space for
learning physical features, regions, maps and natural processes; they increasingly become a space
in which learners connect scientific knowledge with responsible behaviour, spatial thinking,
climate risk, resource use and sustainable decision-making. In this context, carbon footprint
calculation offers a powerful bridge between abstract climate science and the daily practices of
students. When learners calculate how transport, electricity, food, water and waste contribute to
greenhouse gas emissions, climate change becomes not a distant global topic, but a measurable
geographic and social reality.
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A carbon footprint is commonly understood as the total amount of greenhouse gases
associated with an individual, activity, product, institution or system, usually expressed in carbon
dioxide equivalents. This concept is scientifically important because it converts different sources
of emissions into a comparable metric. It is also pedagogically important because it helps learners
see that climate change is connected to patterns of mobility, energy production, consumption,
urban infrastructure, food systems and waste management. In geography education, this means
that carbon footprint calculation can be linked to thematic units on climate, population, transport,
agriculture, urbanization, natural resources, globalization and sustainable development.

The relevance of this topic is strengthened by international climate and education agendas.
UNESCO emphasizes that education for sustainable development should support learners in
understanding the consequences of their actions and in making informed decisions for social,
economic and environmental sustainability [1; 2]. The IPCC highlights that demand-side changes,
service provision, infrastructure and behaviour can play a major role in reducing greenhouse gas
emissions [3; 4]. In school practice, however, learners often encounter climate change in a
descriptive way: they read about global warming, memorise consequences, or discuss ecological
problems without analysing their own data. The methodological challenge is to move from passive
awareness to evidence-based ecological culture.

Carbon footprint calculation addresses this challenge because it involves measurement,
comparison, interpretation and reflection. Students enter data on transport distance, electricity
use, water consumption or waste; the platform converts those actions into an estimated footprint;
learners then discuss why some actions have larger effects than others and what geographic
factors influence the results. Such a process develops several components of environmental
culture: ecological knowledge, personal responsibility, data literacy, systems thinking and
readiness to act. In addition, it encourages students to understand that individual actions are
shaped by broader spatial and infrastructural conditions, such as settlement type, access to public
transport, climate zone, household energy sources and local waste systems.

The use of digital platforms is especially relevant because carbon footprint learning
requires interactive calculation, immediate feedback and visual representation. Carbon Footprint
Geolab was developed as a digital learning environment for geography lessons in which students
study the concept of carbon footprint, complete ten simulations, perform five research tasks,
receive a results dashboard and obtain a certificate after reaching the required progress level. The
platform is not presented as a universal scientific calculator replacing national emission
inventories; rather, it is designed as an educational model that helps students translate ecological
information into meaningful learning tasks.

The purpose of this article is to construct a journal-ready scientific-methodological
framework for using carbon footprint calculation to form environmental culture in geography
lessons. The article describes the theoretical background, the literature search logic, the mixed-
method empirical design, the practical platform-based procedure, the assessment instruments,
the expected interpretation of learning outcomes, ethical issues and limitations. It also integrates
classroom implementation photographs and platform screenshots as visual documentation of the
proposed digital methodology.
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Research questions and hypotheses

Hypothesis / analytical

No. Research question . .
direction

. A structured sequence of
How can carbon footprint .
: concept learning, data entry,
calculation be

RQ1 . . simulation, interpretation and
methodologically integrated . .
reflection will support

into geography lessons? . . .
geograpny meaningful integration.

Ecological knowledge, data

Which dimensions of literacy, geographic
environmental culture can be | reasoning, personal
RQ2 N :
developed through carbon responsibility and action
footprint tasks? planning are expected to
improve.
The platform supports inquir
How does the Carbon P . PP quiry
. by requiring students to enter
Footprint Geolab platform .
RQ3 . . data, test scenarios, compare
support inquiry-based . :
. impacts, explain results and
learning? .
propose solutions.
Pre/post ecological literacy
What evidence can be indicators, task quality,
RQ4 collected to evaluate the reflective responses and
effectiveness of the model? teacher observation data can

be used.

Table 1. Research questions and hypotheses of the study.

METHODS AND RESEARCH MATERIALS

The study is designed as a methodological and design-based educational research article.
It combines three components: a review of scientific and methodological literature, a digital
platform-based pedagogical intervention model, and a mixed-method assessment plan for future
empirical validation. This structure is appropriate because the aim is not only to describe carbon
footprint theory, but also to show how this theory can be transformed into a practical geography
lesson format.

The first component uses PRISMA 2020 principles as a transparent logic for identifying,
screening and selecting literature. The search focuses on carbon footprint calculation, education
for sustainable development, climate change education, geography education, ecological literacy,
digital simulations and inquiry-based learning. The second component is the Carbon Footprint
Geolab platform, which operationalizes the theoretical model through interactive modules. The
third component is a mixed-method evaluation plan that combines quantitative indicators with
gualitative student reflections and teacher observations.

The target educational context is secondary-school geography. The model can be adapted
for grades where climate change, human-environment interaction, resources, transport,
urbanization, sustainable development or global environmental problems are studied. The
expected participants in future empirical testing are students who can independently use basic
digital forms, interpret diagrams and write short explanations. Teachers act as facilitators who
provide scientific explanation, guide data entry, encourage geographic comparison and support
reflection.
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Database search and selection strategy

The literature search strategy was prepared for Web of Science, Scopus, ERIC, Google
Scholar, UNESCO documents, IPCC reports, EPA materials and official greenhouse-gas accounting
resources. The search focused on documents that directly discuss carbon footprint calculation,
climate education, environmental literacy, geography education, inquiry-based learning and
digital tools for sustainability learning. The purpose was not to produce a statistical meta-analysis,
but to build a rigorous evidence-informed foundation for the proposed methodology.

Database/source

Search field

Core search string

Recommended filters

Web of Science /
Scopus

TITLE-ABS-KEY

("carbon footprint"
OR "greenhouse gas
footprint") AND
(education OR
students OR
"geography
education") AND
("environmental
literacy" OR
"environmental
culture")

2015-2026; article;
review; education;
environmental

science; geography

ERIC / Google Scholar

Title and abstract

("carbon footprint
calculator" AND
education) OR
("climate change
education" AND
"inquiry-based
learning")

Peer-reviewed
articles, reports,
educational
interventions

UNESCO / UN

Official documents

("education for
sustainable
development" OR
"climate change
education") AND
learners AND
sustainability

Policy documents and
frameworks

IPCC/ EPA / GHG
Protocol

Reports and
standards

carbon footprint,
demand-side
mitigation,
greenhouse gas
accounting,
household footprint

Official scientific or
methodological
sources

Table 2. Search strategy for sources on carbon footprint education and ecological culture.
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Inclusion and exclusion criteria
Criterion type Included Excluded
School or university learners,
geography or environmental
education settings, climate
education contexts
Carbon footprint calculation,
greenhouse gas emissions,
Phenomenon ecological literacy,
environmental culture,
climate action learning
Design-based research,
mixed-method studies,
Methods inquiry-based activities,
digital simulations, validated
education frameworks
Carbon footprint calculators,

Purely industrial carbon
accounting without
educational relevance

Population / context

General environmental
attitudes without any
measurement or action
component

Editorial opinions without
methodological description

simulation platforms, Unclear or non-transparent
Tools ecological dashboards, calculators with no
reflective tasks, emission- educational explanation

factor based activities
Knowledge, data
interpretation, responsible
behaviour intention, systems
thinking, reflective reasoning
Table 3. Inclusion and exclusion criteria for the literature synthesis.

Only entertainment
outcomes or unrelated digital
engagement metrics

Outcomes

Empirical and platform-based design

The empirical design proposed for this methodology follows a cross-sectional and quasi-
experimental mixed-method logic. At the first stage, students complete a short diagnostic form
measuring baseline ecological knowledge and attitudes. At the second stage, the teacher
introduces the scientific basis of carbon footprint and explains the geography integration model.
At the third stage, students work with Carbon Footprint Geolab, completing simulations and
research tasks. At the final stage, students reflect on their results and propose low-carbon actions
that are realistic in their local context.

Quantitative data may include platform progress, number of completed simulations, task
scores, pre/post ecological literacy tests, and scores for data interpretation. Qualitative data may
include written reflections, research task answers, explanations of cause-effect relationships, and
teacher observation notes. The integration of both data types is essential because ecological
culture cannot be reduced to a single score. It includes knowledge, value orientation, reasoning,
personal responsibility and readiness to act.

Carbon Footprint GeolLab platform and QR access

Carbon Footprint Geolab is a digital platform designed for geography lessons on carbon
footprint and environmental responsibility. The platform link is provided below through a QR code.
The platform structure includes a home page, scientific basis, concept explanation, geography
integration model, learning trajectory, ten interactive simulations, five research tasks, result page
and certificate. The modules are connected by a progressive learning route: students first
understand the concept, then calculate and compare, then interpret and reflect.
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Figure 1. QR code for accessing the Carbon Footprint GeolLab platform.
https://naukaprojectkz.art/c9x58zc2sa7vga09

Practical implementation and visual documentation

The practical photographs show how the platform can be used in a classroom with an
interactive board. The teacher introduces the topic, demonstrates the calculator, explains the
geography integration model, guides students through simulations and discusses the result page.
These visual materials are not interpreted as statistical evidence; instead, they document the
pedagogical procedure and the feasibility of platform-based learning in a real educational
environment.

. o

o
ieeacovian

Carbon Footprint Geolab

TROrPAQHS CA0BKTIPHIAR KBUIpTeX ik scentey spKuinst viapsuneT

porpece: 0% Bann o Comaprasn /10 Tancaipua: 075

’7'\‘? FoinbiMu Heria

Figure 2. Practical classroom introduction of the Carbon Footprint GeolLab platform and its
scientific basis for geography lessons.
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Figure 3. Presentation of the geography integration model and the carbon footprint concept on
the interactive board.
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Figure 4. Teacher demonstration of the Carbon Footprint Calculator module for entering
transport, electricity, water and waste indicators.
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i g m
Figure 5. Practical explanation of the calculator and Eco Transport Challenge in a classroom
setting.
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u

Figure 6. Teacher-guided work with Eco Tra‘nsport Challenge and Green Home Mission modules.
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Figure 7. Use of research tasks to connect carbon footprint calculations with geographic
reasoning and ecological responsibility. -
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Figure 8. Discussion of the platform result and assessment page, including progress, points,

completed simulations and ecological culture level.
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apKBLTBI TePEH MeHrepiteai. 3eprreyiep Ke TaCLT OKY 3KOTOTHATBIK 11 60%-7a apTTBIpaIBL

Figure 9. Carbon Footprint GeoLab home page with progress indicators and scientific basis block.

“' Carbon Footprint GeoLab Bacrs  Heris  ¥rum  Mogens  Tpaektopus  Cumynsuma  Tancepma  Hotwxe  Ceprudpukar

FruibIMu Heri3

Keniprek 131H ecenTey — 3KOTOTHATBIK OLTiM Oepyaiy samaHayH Taci1l. byt aaic oxy pFa azaM ic {HIH KJIMMaTKa THT13eTiH
HaKTBI 2CEPiH MaTeMaTHKATBIK MOJIETbACY apKbLIE! KepceTei. [ eorpadHaisik OuTiM MeH SKOTOTHATBIK CaHa OipIecil], TaKIPHOSTIK OKBITY
apKBLIBI TePeH MeHrepileal. 3epTTeyiep KopceTKeHaeH, TUKIPHOETIK T2C1T OKYIIBLIapABIH 3KOTOTHATEIK MaeHHeTiH 60%-Fa apTThipaisl.

Figure 10. Scientific basis section explaining carbon footprint calculation as a modern method of
ecological education.

‘/ ’ Carbon Footprint GeoLab bacTtbl Heriz ¥fbiM Mopens TpaekTopua Cumynauma Tancelpma Hatuxe Ceptudpmkar

Kemiprek i3i yFpIMBI

Kewmiprex isi (carbon footprint) — seke axaMHbIH, YITbIMHEIH HeMece OHIMHIH ic-apeKeTi HaTIDKeCiHIe aTMOC(epara IIbIFapBUTATEIH
TIAPHIKTIK Ta31ap/siH xanmkl kexeMmi. On CO: sKBHBaneHTIMeH eeHe . Op aJaMHBIH KYHISTIKTI apeKeTTepi — KoK JKYprisy, aMeKTp
KOJIIaHy, TAMAKTaHy — KOMIPTeK i3iH KalBIITacTBIpaibl. BYI YFBIMIBI TYCIHY SKOIOTIISUIBIK JKayalKepIIUTIKTiH GipiHIIi KaxaMbl.

Figure 11. Carbon footprint concept page defining carbon footprint and its everyday sources.

O Carbon Footprint GeoLab bactbl Heria ¥roim Mopens Tpaektopua Cumynauua Tanceipma Hatuxe Ceprudukar

Teorpadus cabarpina KipikTipy Moxei

Morzens 4 xeseHHeH Typast: 1) TeopILATBIK Heri3 — KeMipTeK i3i yrerMbIH Merrepy; 2) ToxipnGerik ecenrey — CIMYIAIIITAD apKBLITET
HaKTEI JepexTepMeH Kymsic; 3) Tammay — HaTIDKenepsIi reorpadusuIsik KoHTekcTe Garamay; 4) Illemim — 3KOMOTTIATBIK MaeHIIeTTi
KaJIBIITACTEIPY JKOIIAPEIH YCHIHY. BYT Mozens reorpadiis MaHIHIH CTaHIapTTaphIHA CAIIKeC Kemeli.

Figure 12. Geography lesson integration model based on theory, practical calculation, analysis
and solution-making.
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O' Carbon Footprint GeoLab bactbl Heri3 ¥biM Mogens Tpaektopua Cumynauua Tancbipma Hatuxe Ceptucukar

OKYy TpaeKTOpHSIChI

1-ke3er: TeopIsIbIK Herisi oKy — 2-keseH: 10 HHTePaKTIBTI CIIMYIAINIAHE OpbIHIay — 3-Ke3eH: 5 3epTTey TarncsIpMachH xazy — 4-
ke3eH: Hotipkeni Garanay — 5-kesen: Ceprudukar any. Op Ke3eH a/lIbIHFBICBIHA HeTi3/IeNi, GipTiHIen KONOTIAIBIK MOIeHIeTT]
TepeHeTeli.

Figure 13. Learning trajectory connecting theoretical study, ten simulations, five research tasks,
assessment and certification.

0’ Carbon Footprint GeoLab bactbl Heri3 ¥rbim Mopens Tpaektopua Cumynauua Tancsipma Hatuxe Ceptudmkar

10 uHTEepaKTHBTI CHMY.ISINHAS

1. Carbon Footprint Calculator

Kenik, aneKTp, ¢y, Kanablk AepeKTepiH eHrisin, kemipTex i3iHiaai ecenTexis.

Kenik (km/ait) Onextp (kBr/ai)
Cy (m?/an) Kanawlk (kr/ait)
| Bect

Figure 14. Interactive Carbon Footprint Calculator for transport, electricity, water use and waste
data.

6. Climate Impact Map

AVMaKTbl TaHan, 3Konorvsnbik KayinTi Ginixia.

Opranblk Aaust v

A

7. Food Footprint Quest
A3bIK-TYNiK TypiH TaHAaN, KeMIpTeX i3iHe acepiH GiniHi3.

ET v

A

Figure 15. Climate Impact Map and Food Footprint Quest modules for regional and food-related
footprint analysis.
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5 3epTTey TamCchIpMachl

1. 3epTTey TancbipMach!

KemipTek i3i AereHimi3 He xaHe on He YLUiH MaHbI3AbI?

YKayabblHbI3abl XKa3blHbI3

2. 3epTTey TancbipMachbl

KemipTek i3iH ecenTey reorpacus cabarbivia kaHaan AaFabiHbl AamMblTaabl?

YKayabbIHbI3abl Xa3bIHbI3

Figure 16. Research task page where students write explanations about carbon footprint and
geography-based environmental habits.

HoaTn:xe Kk3He acep

4l XKannbl nporpecc: 0%

v Xunuanfax 6ann: 0

£ OpblHaanfaH cumynsumsnap: 0/10

> OpblHaanfaH Tanceipmanap: 0/5

A Oxonoruanblk MaeHueT AeHreiii: Bactankbl

KeMmipTek i3iH ecenTey apKbinibl reorpachusinbik Ginimaj Texipubere ainHanabIpy — SKONOTVSbIK XayankepLuinikTiK Herisi.

@ Ceptudukar 80% nporpeccke XeTkeHae allbinaabl

© 2026 Carbon Footprint GeolLab DKONOTHAIBIK M3/ICHHET KalIbINTACTBIPY IIaT(GopMacs)

Figure 17. Result and impact page showing total progress, points, completed simulations and
ecological culture level.
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@CarbonFootprintGeoLab Bactel  Heria  ¥rum  Mogens  Tpaekiopua  Cumynauua  Tancepma  Hotwke  Cepracpukar

8. Eco Habit Builder
KyHaenikTi epekeTiHiaal TaHaaHbi3.

Cyabl yHeMaemiH

Cyaibl yHemaey — xahaHzblk Macenere xayar.

9. Tree Balance Simulator

CO: MerLepiH eHriain, KaHLLA afall Kepek eKeHiH BiniHis.

CO: menwiepi (kr)

Figure 18. Upper part of the simulation page showing carbon footprint and eco-transport
activities.
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Research instruments

Block

Instrument

Purpose

Scale / format

Use in analysis

Ecological
knowledge test

Assess
understanding of
carbon footprint,
greenhouse
gases, CO2-
equivalent, and
climate impact

10-15 multiple-
choice or short-
answer items

Pre/post
comparison

Carbon Footprint
Geolab progress
indicators

Record platform
progress,
completed
simulations, task
completion and
score

Percentage and
counts

Engagement and
task completion

Research task
rubric

Evaluate written
explanations
about carbon
footprint,
geography
context and
environmental
action

0-4 points per
criterion

Quality of
reasoning

Environmental
culture
guestionnaire

Measure
attitudes,
responsibility,
willingness to
change habits
and perceived
efficacy

Likert scale 1-5

Change in
environmental
culture
indicators

Student
reflection
prompts

Collect
gualitative
explanations of
what students
learned and
which actions
they consider
realistic

Text responses

Thematic
content analysis

Teacher
observation
sheet

Record
participation,
collaboration,
difficulties,
misconceptions
and discussion
quality

Structured notes

Implementation
evaluation

Table 4. Research instruments for evaluating the Carbon Footprint GeolLab model.
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Variables and statistical analysis plan

The main dependent variables are ecological literacy score, environmental culture score,
quality of written research tasks and platform completion level. Independent variables may
include previous knowledge about climate change, frequency of geography technology use,
gender, grade, access to digital devices, and baseline environmental attitudes. Descriptive
statistics will include frequency, percentage, mean, standard deviation and median. Pre/post
differences can be analysed using paired samples t-tests or non-parametric alternatives if the
distribution is not normal. Relationships between platform completion and learning outcomes
may be analysed using Pearson or Spearman correlation. If the sample is large enough, multiple
regression can examine which factors predict ecological culture improvement.

Qualitative answers will be analysed through thematic content analysis. The researcher
reads all answers, identifies meaning units, creates initial codes, groups codes into categories and
develops themes. Expected themes include understanding personal responsibility, linking
everyday habits to climate change, interpreting geographic differences, recognizing structural
constraints, and proposing realistic low-carbon actions. Quantitative and qualitative findings
should be integrated during interpretation rather than reported as unrelated results.

Ethical issues

How it is reported in the
manuscript

State that students and/or
guardians provided consent
when required

Ethical issue Required action

Explain the purpose of the
platform-based research and
voluntary participation

Do not collect names in the
research dataset; use codes
Avoid collecting sensitive
personal data or precise
household addresses

Do not shame students for
high footprints; discuss
structural factors and realistic
choices

Use classroom photographs

Informed consent

Anonymity Report only aggregated data

Use approximate educational
examples rather than private
consumption records

Digital safety

Present the calculator as a
learning tool, not a moral
judgment

Responsible interpretation

Photo documentation

only with permission and
without exposing private
student data

Describe photographs as
procedural evidence

Store files in password-

Mention limited access and

protected devices and restrict
access
Table 5. Ethical requirements for platform-based carbon footprint education research.

Data protection . .
anonymized analysis

RESULTS AND DISCUSSION

Because the article presents a methodological platform and a research-ready design, the
results section focuses on expected and assessable outcomes rather than fabricated empirical
statistics. The practical implementation photographs and platform screenshots demonstrate that
the learning environment can organize carbon footprint education into a coherent geography
lesson sequence. The platform allows students to move from conceptual knowledge to data entry,
from numerical results to geographic interpretation, and from interpretation to personal and
collective action planning.
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The most important expected result is an improvement in ecological culture. This
improvement should not be measured only by whether students can define carbon footprint. A
deeper indicator is whether they can explain why different forms of transport, energy use, food
consumption or waste practices produce different environmental consequences, and whether
they can connect these differences to geographic conditions. For example, students may compare
urban and rural mobility, household energy demand in different climates, or the ecological impact
of different food choices. Such reasoning is central to geography because it links human actions,
spatial context and environmental systems.

A second expected result is the development of data literacy. Carbon footprint calculation
requires students to enter numerical information, compare outcomes, interpret progress
indicators and explain results. This process helps transform environmental education from general
moral instruction into evidence-informed reasoning. It also develops scientific habits of mind:
asking questions, using data, identifying variables, checking assumptions and drawing conclusions
from evidence.

A third expected result is the strengthening of action competence. UNESCO and climate
education literature emphasize that sustainable development education should not end with
knowledge acquisition. Learners need opportunities to reflect on possible actions, evaluate their
feasibility and consider their social consequences. The Carbon Footprint Geolab platform
supports this by including research tasks and result interpretation. Students can propose changes
such as walking short distances, using public transport, reducing waste, saving electricity, choosing
seasonal food or participating in school greening activities. The point is not to place responsibility
only on the individual, but to help learners see how individual, school and community actions
interact with infrastructure and policy.

Practical testing of the digital platform

The classroom photographs indicate that the platform can be used as a teacher-guided
digital resource on an interactive board. This is important because platform-based learning is most
effective when it is not isolated from discussion. The teacher explains the scientific basis, models
how to enter data, asks students to predict results, encourages comparison and guides reflection.
In this way, the platform becomes part of a dialogic geography lesson rather than a passive screen
activity.

The screenshots show a clear internal structure: the home page introduces the platform;
the scientific basis section explains the educational purpose; the carbon footprint concept page
provides definition; the integration model connects the platform with geography standards; the
learning trajectory shows the sequence of work; the simulation section enables data-based
experimentation; the research task page collects written explanations; and the result page
summarizes progress. This structure corresponds to a complete learning cycle and helps teachers
organize lesson time.

Literature synthesis

The literature supports several core assumptions of the proposed model. First,
environmental culture is strengthened when students understand the consequences of their own
actions within larger socio-ecological systems. UNESCO frames education for sustainable
development as a process of developing knowledge, skills, values and action capacities for
sustainability [1; 2]. Second, the IPCC emphasizes that demand-side mitigation and changes in end-
use services can contribute substantially to emission reduction pathways [3; 4]. This makes
everyday practices pedagogically relevant, although they must always be discussed together with
infrastructure and social conditions. Third, official carbon footprint calculators such as the EPA
tool organize footprint estimation around common domains such as home energy, transportation
and waste [5]. This validates the platform logic of connecting data entry with practical lifestyle
categories.
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Carbon accounting resources also strengthen the scientific foundation of the model. The
Greenhouse Gas Protocol is widely used for greenhouse gas accounting and reporting [6; 7].
Although school lessons do not require professional corporate accounting, the basic idea of
classifying sources and using transparent emission factors is useful for educational modelling. At
the same time, education research shows that calculators become pedagogically meaningful only
when learners discuss assumptions, limitations, responsibility and possible actions. Therefore, the
platform includes research tasks and reflection instead of presenting numerical results as the only

outcome.

Author(s), year

Design/source

Focus

Key contribution

Use in this article

UNESCO, 2020;
2024

Policy framework

Education for
sustainable
development and
climate education

Learning should
develop
knowledge,
values, skills and
action

Theoretical basis
for ecological
culture

competence
Behaviour,
Climate change services and Justifies linking
IPCC, 2022; 2023 Scientific mitigation_and infrastru.cture e\{eryd.ay actions
assessment demand-side interact in with climate
options emission systems
reduction

EPA, 2025

Official calculator

Home energy,
transport and
waste footprint

Calculators make
daily emission

Supports platform
modules and

consequences

) ) sources visible categories
estimation
Transparent
. Greenhouse gas methods and Supports
GHG Protocol, Accounting accountin aﬁd emission meptfwodolo ical
2004; WRI, 2026 | standard 1ng . &
reporting categories are accuracy
important
Calculators
. . . Supports
. Students using mediate reasoning .
Environmental - reflective
Edstrand, 2015 ) carbon footprint about
education study : classroom
calculators environmental . )
discussion

Brumann et al.,
2022

Design-based
research

Inquiry-based
climate change
education

Climate learning
benefits from
close-to-science
inquiry structures

Supports inquiry
and simulation
design

Sarioglan, 2021

Activity-based
study

Carbon footprint
calculation activity

Students
increased
awareness
through active
calculation and
discussion

Supports task-
based carbon
footprint learning

Valls-Val et al.,
2022

Tool development

Carbon footprint
assessment tool

Tools support
tracking and
reduction
planning

Supports
dashboard and
data logic

Table 6. Key sources used in the development of the article framework.
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Expected empirical interpretation

If empirical testing shows increased ecological literacy after using the platform, this can be
interpreted as evidence that data-based carbon footprint learning supports conceptual
understanding. If students also write more detailed explanations in research tasks, this will
indicate improvement in geographic reasoning. If environmental culture questionnaire scores
increase, the platform may be interpreted as supporting not only knowledge but also value-based
reflection. However, causal claims should be made carefully unless the study includes a
comparison group or repeated measurements over time.

Qualitative answers are especially important because they show how students interpret
the meaning of carbon footprint. A student may learn that transport emissions are higher when
private cars are used frequently, but a deeper answer would also explain why public transport
accessibility, settlement pattern and urban planning influence personal choices. Similarly, a
student may write that saving electricity reduces emissions, but a more advanced response would
connect electricity consumption to power generation sources and regional energy systems. These
qualitative distinctions are essential for evaluating environmental culture.

responsibility

influence emissions

electricity use

. Educational
Theme Meaning Example code . .
interpretation
Student recognizes | can reduce . .
Personal ; ) Practical habit
that everyday choices | unnecessary

formation

Geographic
contextualization

Student links
footprint differences
to region, transport
access or climate

In cold regions
heating affects
energy demand

Spatial reasoning

Systems thinking

Student sees links
among energy,
transport, food,
waste and climate

Food and transport
are connected to
production chains

Complex
environmental
understanding

Action planning

Student proposes
realistic low-carbon
actions

Use public transport
twice a week

Behavioural intention
and school action

Critical reflection

Student recognizes
limitations of
individual action and
need for collective
solutions

Not everyone has
access to public
transport

Balanced ecological
culture

Data interpretation

Student explains
results using
numbers and
variables

My transport value
increased total
footprint

Scientific literacy

Table 7. Proposed qualitative coding structure for student reflections.

Expanded discussion

The scientific value of the proposed methodology lies in its ability to connect climate
change education with geographical thinking. Geography is uniquely positioned to explain carbon
footprint because it deals with spatial relationships, human-environment interaction, regional
differences and resource flows. Carbon footprint calculation makes these relationships concrete.
Instead of discussing climate change only as a global phenomenon, students learn to analyse how
local actions and global processes are connected.
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The methodological value lies in the structure of the learning cycle. The platform does not
simply ask students to read a definition. It requires them to interact with the concept through
simulations and tasks. This is aligned with inquiry-based learning because students ask questions,
test variables, compare outcomes and justify conclusions. Such learning is more demanding than
memorization, but it is also more meaningful because it produces active reasoning.

The platform also supports differentiated learning. Some students may first focus on
simple categories such as transport or waste. More advanced students can discuss carbon dioxide
equivalent, indirect emissions, lifecycle thinking and the difference between individual and
systemic responsibility. Teachers can adapt the same platform to different grade levels by
changing the depth of explanation and the complexity of research questions.

A key pedagogical risk is moralization. Carbon footprint education should not shame
learners or reduce climate change to individual guilt. A scientifically responsible approach explains
both personal choices and structural conditions. For example, a student who lives far from school
may have limited transport options. The task is not to blame the student, but to understand the
geography of mobility and to think about feasible alternatives at personal, school and community
levels.

Another important issue is calculator transparency. Educational calculators use simplified
assumptions and should not be presented as exact professional inventories. The teacher should
explain that values are estimates and that the main learning goal is to understand relationships
among variables. This limitation can itself become a learning opportunity: students can discuss
why carbon accounting is complex, why data quality matters and why different calculators may
produce different results.

The results page and certificate function can increase motivation, but they should be linked
to meaningful learning. Progress indicators are useful when they encourage completion of
simulations and tasks; however, environmental culture cannot be reduced to points. The strongest
evidence of learning is the quality of student explanations, the ability to interpret data and the
realism of proposed actions. For this reason, the article recommends combining dashboard
indicators with written and oral reflection.

Practical recommendations for geography teachers

Stage Teacher action Educational purpose
Introduce carbon footprint
with local examples and ask
students to predict high-
impact habits
Let students change one
During calculation variable at a time and Develops causal reasoning
compare results
Ask why results differ among
During discussion regions, transport systems
and lifestyles
Avoid blame; focus on

Before the lesson Activates prior knowledge

Strengthens geography
thinking

Builds responsible ecological

During reflection realistic actions and structural
o culture

conditions

Use both platform progress Balances motivation with
Assessment . . . .

and written explanations academic quality

Connect results to school L

. . Transforms learning into

Follow-up projects, waste reduction or

. action
transport mapping

Table 8. Practical recommendations for implementing the platform in geography lessons.
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CONCLUSION

Carbon footprint calculation can become an effective scientific-methodological tool for
forming environmental culture in geography lessons. It makes climate-related knowledge
measurable, visible and personally meaningful, while also preserving the spatial and systemic
perspective of geography. The proposed Carbon Footprint GeolLab model connects theoretical
learning, digital simulation, research tasks, results analysis and reflective action planning. This
structure helps students move from knowing about environmental problems to analysing
evidence and considering responsible solutions.

The article contributes a complete research-ready framework: theoretical justification,
literature search strategy, inclusion and exclusion criteria, platform-based procedure, research
instruments, variables, statistical plan, qualitative coding structure, ethical requirements, visual
documentation and practical recommendations. The model is suitable for further empirical testing
in geography classrooms. Future research should evaluate its effect on ecological literacy, data
interpretation, environmental culture and students' readiness to participate in low-carbon school
or community practices.

LIMITATIONS

This article presents a methodological model and practical platform documentation rather
than a completed large-scale experiment. Therefore, the proposed learning effects should be
empirically tested with a defined sample, pre/post instruments and, if possible, a comparison
group. The platform calculator should be interpreted as an educational tool, not as a professional
greenhouse-gas inventory. Some emission estimates may vary depending on country, energy mix,
data quality and assumptions. Future versions should include localized emission factors and
multilingual teacher guides.

The practical photographs show classroom feasibility but do not alone prove learning
effectiveness. They are used to document implementation procedures. Future studies should
include anonymized student data, rubric-based task analysis, interviews or focus groups, and
longer-term follow-up to see whether ecological culture is sustained beyond the lesson.
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APPENDIX A. STUDENT QUESTIONNAIRE DRAFT
No. ltem Response format

1 I understand what carbon 1.5 Likert scale

footprint means.

| can explain how transport

2 choices affect greenhouse gas | 1-5 Likert scale
emissions.
| can interpret carbon

3 footprint results using 1-5 Likert scale

geographic examples.

| know at least three ways to
4 reduce my personal or school | 1-5 Likert scale
carbon footprint.

| believe geography lessons

5 can help solve environmental | 1-5 Likert scale
problems.
Which platform activity

6 helped you understand Open answer

ecological responsibility best?
What low-carbon action is

7 realistic for your school or Open answer
community?
Appendix Table Al. Student questionnaire for measuring ecological literacy and environmental

culture.
APPENDIX B. RESEARCH TASK RUBRIC
Criterion Description Points
Concept accuracy Defines carbon footprint and 0-4
uses correct terms
Explains results with
Data interpretation reference to variables and 0-4
numbers
Connects footprint to spatial,
Geographic reasoning regional or infrastructural 0-4
factors
Proposes realistic and
Action planning evidence-based low-carbon 0-4
actions
Reflection quality Show; res.p.ons.ibility without 0-4
oversimplification or blame

Appendix Table B1. Rubric for assessing student research tasks.

125



I Proceedings of the 13th International Scientific Conference

APPENDIX C. TEACHER OBSERVATION SHEET

Observation category Evidence to record

Students actively use simulations and answer

Participation L .
guiding questions.

Students discuss results and compare

Collaboration )
scenarios respectfully.

Students confuse carbon footprint with
Misconceptions general pollution or do not understand CO2-
equivalent.

Students struggle with units, estimates or

Data difficulties ) .
interpretation of values.

Students propose feasible actions and justify

Reflection .
them geographically.

Appendix Table C1. Teacher observation sheet for classroom implementation.
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ABSTRACT

This article presents an international inquiry-oriented Climate Education methodology for
developing climate literacy in school geography. The proposed model responds to the need to
transform climate change learning from passive knowledge acquisition into evidence-based
geographic reasoning, responsible action and sustainable decision-making. The practical
component of the study is organized through the Climate Literacy Geolab digital platform, which
integrates theoretical climate education, geographic interpretation, interactive simulations,
research tasks, progress monitoring and certification. The article combines a PRISMA-informed
literature search logic with a design-based and mixed-method pedagogical research framework.
Official and scientific sources from UNESCO, UNFCCC, IPCC, NOAA/USGCRP, OECD, NRC/NGSS and
peer-reviewed climate education studies were used to build the theoretical foundation. The
methodology focuses on five interconnected dimensions: climate system understanding,
geographic data interpretation, cause-effect reasoning, responsible action planning and reflection
on sustainable development. The platform provides modules such as Climate Map Quest, Carbon
Footprint Challenge, Weather vs Climate Detective, Climate Risk Radar, Blue-Green City Planner
and written research tasks. Classroom photographs and platform screenshots document the
practical implementation process. The proposed assessment plan includes pre/post climate
literacy indicators, simulation completion, student written explanations, teacher observation,
gualitative reflection and digital progress data. The article argues that Climate Education in
geography should be structured not only around climate facts, but around inquiry, local-regional-
global comparison, data-based explanation and student agency. The model can support geography
teachers in creating scientifically grounded, interactive and action-oriented lessons that align with
international climate education and education for sustainable development priorities.

Keywords: climate education; climate literacy; school geography; education for sustainable
development; inquiry-based learning; digital platform; climate change; geographic thinking;
environmental responsibility.

INTRODUCTION

Climate change has become one of the most urgent educational challenges of the twenty-
first century. It is not only a scientific phenomenon related to atmospheric processes, greenhouse
gas emissions and global temperature rise; it is also a social, geographic, economic and ethical
issue that affects water resources, food systems, migration, health, biodiversity, infrastructure and
regional development. School geography is one of the most suitable subjects for climate education
because it connects natural processes with human activity, spatial patterns, regional differences
and sustainable decision-making.

International organizations increasingly emphasize that learners need more than climate
awareness. They need climate literacy: the ability to understand basic climate processes, interpret
evidence, identify risks, evaluate adaptation and mitigation options, communicate climate
information and participate responsibly in climate-related decisions. UNESCO links climate change
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education to education for sustainable development, while UNFCCC Action for Climate
Empowerment defines education, training, public awareness, public participation, access to
information and international cooperation as core elements of climate action [1-4].

Despite the growing importance of this agenda, climate change is often taught in schools
as a descriptive topic. Students may memorize definitions such as greenhouse effect, global
warming, mitigation and adaptation, but they may not practice asking questions, analysing data,
interpreting maps, comparing regional vulnerabilities or designing solutions. This creates a gap
between theoretical knowledge and environmental responsibility. A modern geography lesson
should help learners move from knowing about climate change to reasoning with climate evidence
and acting responsibly within their community.

The international Climate Education methodology proposed in this article is based on the
idea that climate literacy must be developed through inquiry-based, data-rich and action-oriented
learning. Inquiry-based learning asks students to pose questions, formulate hypotheses, collect or
interpret evidence, test explanations, draw conclusions and communicate results. In geography,
this inquiry can be organized through maps, climate graphs, weather data, regional risk
comparison, carbon footprint scenarios, urban planning tasks and local adaptation decisions.

The Climate Literacy Geolab platform was designed as a digital environment for applying
this methodology in school geography. The platform includes theoretical blocks, a scientific-
methodological model, a learning trajectory, interactive simulations, five research tasks, result
indicators and certification logic. It is not intended to replace the teacher; rather, it provides a
structured digital space in which the teacher can guide students through scientific reasoning and
practical climate literacy tasks.

The purpose of this article is to develop a journal-level scientific-methodological framework
for the use of international Climate Education methodology in school geography. The article
presents the conceptual basis, literature search strategy, inclusion and exclusion criteria, empirical
design, platform implementation procedure, assessment instruments, statistical and qualitative
analysis plan, ethical considerations, expected results, discussion, limitations and appendices.
Practical classroom photographs and platform screenshots are included as visual evidence of
implementation and as documentation of the digital learning model.
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Research questions and hypotheses

No. Research question H.ypot.hesis genciiee
direction
A structured sequence of
How can international theory, map interpretation,
RQL Climate Education simulation, research task and
methodology be adapted to reflection will make climate
school geography lessons? education pedagogically
applicable.

Students are expected to
develop climate system

Which aspects of climate . .
understanding, geographic

literacy can be developed

RQ2 . ) data interpretation, cause-
Q through the Climate Literacy P . .
effect reasoning, solution
Geolab platform? . .
planning and responsible
action awareness.
Simulations are expected to
. : . transform abstract climate
How can digital simulations . .
RQ3 support inquiry-based climate concepts Into interactive
pp. R evidence-based tasks that
learning? . .
require explanation and
decision-making.
Progress data, task
completion, written
What evidence can be explanations, observation
RQ4 collected to evaluate student | protocols and pre/post
progress? climate literacy scores can be
combined for mixed-method
evaluation.

Table 1. Research questions and hypotheses of the Climate Education study.

METHODS AND RESEARCH MATERIALS

The article is organized as a design-based and mixed-method educational research
framework. The first component is a PRISMA-informed narrative synthesis of international
literature and official policy documents on climate education, climate literacy, education for
sustainable development and inquiry-based geography learning. The second component is a digital
intervention model implemented through Climate Literacy Geolab. The third component is an
empirical evaluation plan that can be used in future classroom testing.

The target context is secondary-school geography. The model can be integrated into units
on atmosphere, climate, weather, natural hazards, sustainable development, resources, urban
geography, population, regional geography and environmental problems. The methodology is
appropriate for students who can interpret simple maps and diagrams, work with digital forms and
write short evidence-based explanations. The teacher acts as a facilitator who introduces the
problem, supports inquiry, checks misconceptions and guides reflection.

The research logic follows transparent reporting principles. PRISMA 2020 supports the
selection of literature; STROBE logic supports the description of observational classroom data;
COREQ supports qualitative interpretation of student reflection; and FAIR principles support
responsible management of educational data [12-15]. The platform is treated as a pedagogical tool
and not as a clinical, political or official climate-risk assessment system.
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Search strategy and source selection

The search strategy included official international documents and peer-reviewed studies.
The objective was to identify sources that connect climate change education, climate literacy,
geography education, digital simulations, inquiry-based learning, sustainable development and
student agency. The search was conducted through Web of Science, Scopus, ERIC, Google Scholar,
UNESCO databases, IPCC pages, UNFCCC resources, NOAA/USGCRP materials and OECD/NRC

frameworks.

Database/source

Search field

Core search string

Recommended filters

Web of Science /
Scopus

Title, abstract,
keywords

("climate change
education" OR
"climate education")
AND ("climate
literacy" OR
"environmental
literacy") AND
(geography OR school
OR students)

2015-2026;
education;
environmental
science; geography;
articles and reviews

ERIC / Google Scholar

Title and abstract

("inquiry-based
learning" AND climate
AND geography) OR
("climate literacy"
AND simulation AND
education)

School education;
empirical studies;
teaching models

("education for
sustainable
development" OR

Official frameworks,

scientific reasoning,
systems thinking

UNESCO / UNFCCC Official documents "Action for Climate gt;léjuer:r;iisand policy
Empowerment") AND
climate education
climate literacy,
climate risks, . L
IPCC/NOAA/ Reports and guides adaptation, ?efﬁ;:’ilssacrlwznc:t;?;ate
USGCRP P & mitigation, climate . P o
. literacy principles
system, science
communication
science .
. International
Education competencies, competency and
OECD / NRC / NGSS inquiry, evidence, : .
frameworks science education

frameworks

Table 2. Literature and source search strategy for the international Climate Education
methodology.
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Inclusion and exclusion criteria

Criterion

Included

Excluded

Educational context

School geography, climate
education, environmental
education, inquiry-based

science and sustainability

Purely technical climate
modelling without
educational application

learning
Climate literacy, climate
change education, climate

General environmental

Phenomenon . ) . awareness without climate or
action learning, geographic .
o . geographic content
thinking, student inquiry
Design-based research,
mixed-method studies, Opinion texts without
Methods curriculum frameworks, P

o ) . methodological description
digital simulation learning,

validated education models
Student knowledge, skills,
attitudes, action competence,
maps, simulation results,
written reflection
Peer-reviewed articles,
UNESCO, UNFCCC, IPCC,
NOAA/USGCRP, OECD,
NRC/NGSS

Table 3. Inclusion and exclusion criteria used for building the evidence base.

Studies without learning
outcomes or educational
indicators

Data and outcomes

Unverifiable internet sources,
promotional materials or
outdated unsupported claims

Sources

CONCEPTUAL FRAMEWORK OF THE METHODOLOGY

The methodology is built on five interconnected concepts. The first is climate literacy,
meaning the ability to understand how the climate system works, how humans influence climate
and how climate influences societies and ecosystems. The second is geographic thinking, which
requires students to interpret spatial patterns, compare regions and understand scale. The third is
inquiry-based learning, which organizes the lesson around questions, evidence and explanation.
The fourth is responsible action, which links knowledge to decision-making. The fifth is digital
modelling, which supports interactive learning through simulations and feedback.

In the proposed model, the lesson begins with a climate problem or geographic question.
Students then examine a map, graph, scenario or platform module. They make predictions, choose
options, enter data, observe a result and write an explanation. The teacher helps students connect
the digital result with scientific concepts such as greenhouse effect, weather-climate distinction,
regional vulnerability, carbon footprint, adaptation, mitigation and sustainable development.
Finally, students propose a solution or reflect on how the result can be applied in local geography.

This structure reflects international recommendations that climate education should be
interdisciplinary, locally relevant, scientifically accurate and action-oriented. It also aligns with
science education frameworks that emphasize evidence, modelling, explanation and systems
thinking. Geography provides the spatial context in which these competencies become
meaningful.
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Dimension

Meaning in climate
education

Platform
implementation

Expected learning
outcome

Climate system
understanding

Understanding
weather, climate,
greenhouse effect
and climate variability

Theoretical sections
and Weather vs
Climate Detective
simulation

Students distinguish
short-term weather
from long-term
climate patterns

Geographic data
interpretation

Reading maps,
regional patterns and
climate indicators

Climate Map Quest
and Climate Risk
Radar

Students compare
climate risks across
territories

Cause-effect
reasoning

Explaining how
human actions and
natural processes
interact

Carbon Footprint
Challenge and written
research tasks

Students explain links
between behaviour,
emissions and
climate impact

Responsible action

Developing realistic
adaptation and
mitigation decisions

Blue-Green City
Planner and action-
oriented tasks

Students propose
sustainable local
solutions

Reflection and

Writing evidence-

Research tasks, result

Students
communicate climate

dashboard and
certificate logic

based explanations

communication . .
and discussing results

conclusions using
geographic language

Table 4. Core dimensions of the international Climate Education methodology.

CLIMATE LITERACY GEOLAB PLATFORM-BASED PROCEDURE

The practical stage is organized through the Climate Literacy Geolab digital platform. The
platform begins with a home page that introduces climate literacy as an international interactive
approach for school geography. The scientific-methodological basis section presents the relevance,
aim, objectives and novelty of the model. The international Climate Education section explains four
major components: climate literacy, responsible action, sustainable development and geographic
thinking. The geography integration section shows how the platform can be connected to map
reading, climate data, regional analysis, cause-effect reasoning and solution development.

The learning trajectory is organized as a step-by-step path: theoretical study, interactive
simulations, five research tasks, result evaluation and certificate. This structure is important
because climate literacy is not formed through a single lesson or one explanatory text. It requires
repeated cycles of observation, data use, interpretation, comparison, reflection and action
planning.

The interactive modules include tasks such as Climate Map Quest, Carbon Footprint
Challenge, Weather vs Climate Detective, Climate Risk Radar and Blue-Green City Planner. These
simulations help students compare climate regions, evaluate low-carbon choices, distinguish
weather from climate, identify risk factors and propose sustainable planning solutions. The five
research tasks require students to write evidence-based answers, which allows teachers to assess
not only final answers but also reasoning quality.
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Figure 1. QR code linking to the Climate Literacy GeolLab platform used in the study.

@ Climate Geolab Heris Mogens Kipiktipy Tpaektopusi Cumynaums Tanceipma HeTuske Mporpece: 0% Bann: O

Climate Literacy Geolab

MekTen reorpadICEEAA KIIMATILIE CayaTTELIEIKIE! KATEIITACTEIDYIBIH XATEIKaPaEK IHTePaKINBTi
TIaThOPMACET

Figure 2. Climate Literacy Geolab home page with the main research entry button and platform
identity.

@ Climate GeolLab Heriz Mogenb KipikTipy Tpaektopusi Cumynauus Tancelpma HaTibke Mporpecc: 0% Bann: O

il FerisiMu-aaicremeltik Heris

O3eKTiTiK Maxkcar

KmMarTsIK ezrepicTep sxahaHIBIK Macerere aifHaLaer. MekTen Mexrern reorpadisceraaa Climate Education xameikapaisik
OKYLIEUIAPEIHEIH KIIIMATTEIK CAyaTTBUIBEEIH KaIBIITaCTRIPY — 2MiCHAMACHIH KOTIIAHY APKELIE! OKYIIBLIIADIEIH KIIIMATIEK

3aMaHayIl OiniM GepymiH 6acThl MiHIeTi. CayaTTBUIBIFEIH KadbIITacTEIPY.

MingerTep JKananpirer

KIimMaTTeIK GimiM MazMyHEIH TalIay, XalblKapaaslk TKiprnoeHi Climate Education mozenin MexTen reorpadiiicsiHa Oeifiviey,
3epTTey, IHTepaKINBTI 2icTeMelep a3iprey, HoTIDKeHI Oaraay. HHTepaKTHBTi CHMY/LILILIIAP MEH 3epTTey TanchlpMaIapsiH OipikTipy.

Figure 3. Scientific-methodological basis section showing relevance, aim, objectives and novelty of
the Climate Education model.
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@ Climate GeolLab Heris Mogene Kipiktipy Tpaektopns Cumynsuws Tancoipma HsTivke Mporpecc: 0% Bann: O

3epTTeY, IHTEPAKTIBTI aicTeMenep 23ipIey, HATILKeH] faranay. IHTEPAKTIET] CHMYTAILATAP MEH 3¢PTTEY TAlCEIPMaTapEIH GipiKTipy.

. Xaasikapaasik Climate Education momeai

KIaMAaTTBIK cayaTTBLIBIK HKayanTter apexeT

OKYILBT KAIMAT KYIIeCiH FRUIBIMII TYPFBIIAH TYCIHel, JepeKTepi KiiMatTsIK Macenenepii memyre GaFbITTalFaH TYPaKTbl
Tanzafizsl, ceben—canapisl aHBEIKTAILIbL IIeIiMIep YChTHAIEI KaHe iCKe achIpajbl.

TyparTel 1amy Teorpaduaneix oiiaay

BYY TypakTel 1aMy MaKcaTTapbiMeH OailmaHBICTRIPEII, JKepTiTiKTL KeHICTIKTIK Tanzay, KapTa OKy, allMaKIBIK 3aHIbIIEIKIapIET
XoHe KahaHIBIK TeHTefine ofimaliter AHBIKTAY aPKBITEI 3¢PTISY XKYPTizemi.

Figure 4. International Climate Education model showing climate literacy, responsible action,
sustainable development and geographic thinking components.

@ MekTen reorpadprsicbiHa KipikTipy

L] (| @ M *

- ITemim yeuIay
Kapta oky AHMAKTBIK TALIAY ¥ N

KIHMATTBIK Jepek Ceden—canzap

OKY TPaeKTOPHACEHI

1. Bakeriay 2. Tepex :xuaay 3. Kapra Tamxaay 4. BoipkaMm kacay 5. KopbITBIHABL

Figure 5. Geography lesson integration section with mapping, climate data, regional analysis,

cause-effect reasoning and solution proposal blocks.
. ) MATepakTHBTI CHAMYISIHASIAD

OpbiHaanfax: 0/10

Climate Map Quest Carbon Footprint Challenge
KJ'MME!TTHK aﬁMaKTbl TaHaan, TeMneparypa MeH #ayblH-WallubiHAbl TYCIHAIPIHIS. K‘/H}JEH\KT\ BpeKeTTeH KSMipTEK 13IH ajaﬂm:\ru:\a,
— TaHpaHels — v (— TaHpaHbI3 — v

— TaHpaHeIz —
Tekce| :
Kofamaplx kenik

Benocunen
Weather vs Climate Detective

Masy xypy

BepinreH MbicanaaH aya paiibl MeH KNTUMaTTbl &KbIPaThIHbI3.

— TaHpaHbI3 — ~ — TangaHbIz — ~
m Te‘cepy

Blue Green City Planner Climate Risk Radar

Kana Knu1mMaTsiH sKakcapTy yLWiH KaHaai weLiv Tuimai? KasaxcTaH YLl H Kofapbl KMUMaTTLIK Kayin kaics!?

— TaHpaHbI3 — ~ — TangaHbIz — ~

=3

Figure 6. Interactive simulations page including Climate Map Quest, Carbon Footprint Challenge,
Weather vs Climate Detective, and Climate Risk Radar.
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Yineri sHeprus TYTbiHY SeTiHI3AI TaHAaHbI3.

LED wam KongaHambiH v

4. Waste Sorting Game

KanablKTel AYPLIC KOHTEMHEPre CYPhINTaHbI3,
Mnactvk 6eTenke Kai koHTeliHepre?

s K bl (7

5. School Carbon Audit

MexTenTeri pecypc KonaaHyabl TaHOaHbI3

Kafasnel yHemaeinmia ~

Figure 7. Climate Education research tasks page for student written reflection and evidence-based
explanation.

5 3epTTey TamchIpMachl

1. 3epTTey TancbipMachl

KemipTek i3i gereHimia He xaHe o He YLiH MaHbI3abI?

YayabbiHbI3[b! Ka3biHbI3

2. 3epTTey TancbipMachl

KewmipTex isit ecentey reorpacus cabasbiHaa kaHaal AaFabiHbl JaMbITaabI?

YayabbiHbl3bl }a3blHbI3

Figure 8. Research task section requiring students to explain carbon footprint and its role in
geography learning.

135



I Proceedings of the 13th International Scientific Conference

Kepimri TypMbIC NeH SKONOTWANbIK XayanTbl TYPMbICTbIH aibipMalublibiFsl Hee?

YKayabbIHbI3abl XKa3biHbI3

4. 3epTTey TancbipMachl

MekTenTe keMipTek i3iH asalTy yLiH Kanaal HaKkTbl 3 Kaaam yebiHyra Gonaabl?

»KayabbIHbI3[1bl XKa3biHbI3

5. 3epTTey TancbipMachl

Byn afic aKkonorusnsIk MaaeHUeTTi Kanam Kansintactsipais?

Figure 9. Result and impact section showing progress, score, completed simulations, completed
tasks and ecological culture level.

Hotu:xke :xoHe acep

il »Kannel nporpecc: 7%

v XunanfaH Gann: 10

£ OpbiHOanFaH cumynauusnap: 1/10

> OpblHganFad TanceipManap: 0f5

& JKonoruansik MeaeHueT aeHrelti: BacTankbl

KemipTex i3iH ecenTey apkbinbl reorpacuantik BiniMaj Texipubere anHanabipy — 3KONOrMANbIK ayankepLUinikTiy Herisi.

1 Ceprudmkar 80% nporpeccke XeTkeHae allbinais!

Figure 10. Certification and final evaluation logic showing the requirement for progress
completion before certificate access.
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Climate Literacy GeolLab

Foinbimu-aaictemenis neris

.......

Figure 11. Teacher introduces the Climate Literacy Geolab platform and explains the international
Climate Education approach on the interactive board

5 Kappans Kymrepin sy iypaau”

>,

Climate Literacy Geolab

1 naruomece:

Figure 12. Presentation of the scientific-methodological basis of Climate Education ina geography
classroom.
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e
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© Climate Geotab e ogera. Ky Toaetcs Comgrmies T
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atlil Founsimn-agicremenix weria
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"

Hananbiro

]

’gr 3 - =

Figure 13. Classroom demonstration of the Climate Education model and its key components:
relevance, aim, objectives and novelty.

‘!I! ‘ = V i E ,ﬁ' | - i
Figure 14. Practical explanation of platform navigation and the Climate Literacy GeoLab home
interface.
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|

HKamanbirs:

Bik Climate Education Moaeni

during practical testing.

|
e )

anbikapansik Climate Education mogeni

Knwmarraim cayarThinei  Mayanra opexer
(ORYLLISA RRHMBT Y AECIE FhiniMi TIPS TYCimeAL | Koo acerenesal siyre Sarurranan )

(. I ,
' Figure 16. Discussion of climate literacy tasks and student interaction with the platform in the
geography classroom.

139




Proceedings of the 13th International Scientific Conference

RESEARCH INSTRUMENTS

Instrument . .

Block / Purpose Scale / format Use in analysis

data source
|dentify grade, L
. Yg Descriptive
Student prior climate . .
. Categorical analysis and
1 background learning and .
. variables subgroup
form digital .
. comparison
experience
Measure
understanding of .
. . . . Main
Climate literacy climate system, 10-20 items, L
2 : o quantitative
pre/post test risks, mitigation, | score 0-100
: outcome
adaptation and
geographic scale
Record
completed . Learning
Platform . . Digital progress .
simulations, analytics and
3 progress percentage and
. tasks, score and engagement
indicators i counts oo
certificate indicator
readiness
Correct/incorrect
. . Assess responses . Task-level
Simulation o . choices and
4 in interactive competence
performance . short .
climate tasks . analysis
explanations
Evaluate ability Rubric: accuracy,
. to explain evidence, ualitative and
Written research . P Q .

5 tasks climate concepts | geography, rubric-based
and propose solution, assessment
solutions reflection
Document
student

Teacher .
. engagement, Checklist and Contextual

6 observation . . . :
collaboration field notes interpretation

protocol
and
misconceptions
Identify
perceived

5 Student usefulness, Open-ended Thematic

reflection form difficulty and guestions content analysis
action
orientation

140

VARIABLES AND STATISTICAL ANALYSIS PLAN

Table 5. Proposed measurement structure for evaluating Climate Literacy Geolab.

The main dependent variable is the climate literacy score after platform-based instruction.
Secondary outcomes include simulation completion, research task quality, ecological responsibility
score, geographic reasoning score and student reflection themes. Independent variables may
include prior climate knowledge, grade level, digital confidence, number of completed simulations
and time spent on tasks. Descriptive statistics should include frequency, percentage, mean,
standard deviation and median. If pre/post data are collected, paired-sample t-tests or non-
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parametric alternatives can be used. Group differences can be analysed with t-tests or ANOVA
when assumptions are met. Associations between platform engagement and climate literacy
improvement can be assessed through Pearson or Spearman correlation. Multiple regression may
be used to examine whether task completion and written reasoning predict post-test climate
literacy when prior knowledge is controlled.

Qualitative data from written tasks and student reflections should be analysed through
thematic content analysis. The researcher reads responses several times, identifies meaning units,
assigns initial codes, groups codes into categories and formulates final themes. Expected themes
include understanding climate as a system, recognizing local-global connections, distinguishing
weather from climate, identifying human drivers, proposing adaptation or mitigation, and
accepting personal responsibility. The mixed-method interpretation should connect quantitative
changes with qualitative evidence of reasoning.

ETHICAL CONSIDERATIONS

How it is reported in the
article

All students participated after
school/teacher permission
and appropriate consent
procedures

Ethical issue Required action

Explain the purpose, tasks,
Informed participation expected time and voluntary
nature of participation

Avoid collecting personal
Anonymity identifiers in exported
platform data

Only aggregated results are
reported

The platform is described as a
learning environment, not as
a psychological or official
assessment system

Use the platform only for
Digital safety educational purposes and
avoid sensitive personal data

Avoid fear-based climate Climate risks are discussed
Student well-being communication; emphasize together with adaptation,
constructive action mitigation and agency

Use practical photos only
with permission and for
methodological

Images illustrate classroom

Photographs/screenshots implementation and platform

) modules
documentation
Store files in password- Data management follows
Data storage protected devices and restrict | confidentiality and FAIR-
access oriented principles

Table 6. Ethical requirements for classroom implementation and visual documentation.
RESULTS AND DISCUSSION

Because this article presents a methodological design and platform-based implementation
framework, the results section is structured as an expected evidence model rather than a
fabricated empirical dataset. Real classroom testing should replace model-based examples with
actual pre/post scores, task results, observation notes and student quotations. This approach
preserves research integrity and makes the article ready for empirical extension.
Practical implementation of the digital platform

The practical images demonstrate that the platform can be used in an ordinary classroom
with an interactive board. The teacher introduces the scientific-methodological basis, explains the
international Climate Education model and guides students through the platform sections. This is
pedagogically significant because climate education requires both scientific accuracy and teacher
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mediation. Digital tools alone cannot guarantee climate literacy; they must be embedded in
discussion, questioning and reflection.

The platform screenshots show a clear learning sequence. First, students encounter the
home and scientific basis pages. Second, they study the international Climate Education
components and geography integration model. Third, they complete simulations and research
tasks. Fourth, the result dashboard provides progress information. Fifth, certification motivates
completion and gives students a visible outcome. This sequence supports learning continuity and
makes the climate literacy process observable.

The simulations are particularly important for geography education because they transform
climate concepts into spatial and decision-based tasks. Climate Map Quest develops regional
comparison. Weather vs Climate Detective addresses a common misconception between short-
term weather and long-term climate. Carbon Footprint Challenge connects behaviour to
emissions. Climate Risk Radar supports risk interpretation. Blue-Green City Planner introduces
adaptation and urban sustainability. Together, these tasks form an integrated climate literacy
pathway.

Expected empirical interpretation
Expected result

Interpretation Educational meaning
Students better understand
climate processes, risks and
responses

Students use evidence,
geographic terms and cause-
effect links

Students remain engaged
through interactive tasks
Students propose feasible
school or community
solutions

Students separate daily

The platform supports
scientific conceptual learning

Improved climate literacy
scores

Inquiry-based tasks
strengthen reasoning

Higher quality written
explanations

Increased simulation
completion

Digital structure supports
motivation and autonomy

Climate education becomes
action-oriented

More realistic action
proposals

Reduced misconception
between weather and climate

weather from long-term
climate patterns

The methodology addresses
key conceptual difficulties

Table 7. Expected result indicators and their educational interpretation.
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Literature synthesis
Source / framework Core idea Connection to the article

Learners should acquire Supports the action-oriented

knowledge, skills, values and | design of Climate Literacy

agency for sustainable futures | Geolab

Education, training, public

UNESCO Education for
Sustainable Development

. ) awareness, participation, Provides international polic

UNFCCC Action for Climate ) b p . . poticy

access to information and grounding for climate
Empowerment ) . .

cooperation support climate education

action

Climate change involves risks, | Supports scientific accuracy
IPCC ARG adaptation, mitigation and and risk-based geography

regional vulnerability learning

Climate literacy requires

. understanding climate Supports the conceptual
NOAA/USGCRP Climate ! 8 Ppor ep
) influence on people and definition of learning

Literacy . .

society and human influence | outcomes

on climate

Scientific competence
includes explaining
phenomena, evaluating
evidence and making
informed decisions
Modelling, explanation,
argument from evidence and | Supports simulation and
data analysis are central inquiry tasks

scientific practices

Table 8. Key international frameworks informing the Climate Education methodology.
Discussion

The central contribution of this article is the integration of climate literacy with geography-
specific inquiry. Climate change education becomes effective when students do not simply repeat
scientific terminology, but use evidence to interpret real or simulated problems. Geography
provides a meaningful subject base because it naturally includes spatial scale, regional variation,
human-environment interaction and sustainable development.

The Climate Literacy Geolab platform can strengthen the teacher's methodological work
by organizing lesson stages. It offers a visible structure for concept introduction, simulation,
research task, progress monitoring and certification. Such structure is especially useful in classes
where climate change is complex, interdisciplinary and emotionally sensitive. The platform helps
convert complexity into manageable learning steps without reducing the scientific seriousness of
the topic.

A major advantage of the model is its combination of knowledge and action. Climate
education can become ineffective if it is based only on alarming information. Students may feel
helpless when climate risks are presented without pathways for response. The proposed model
connects climate risks with constructive tasks: comparing transport choices, planning blue-green
infrastructure, identifying regional risks and proposing solutions. This supports agency and
ecological responsibility.

The use of classroom photographs and screenshots increases methodological
transparency. Readers can see how the platform was presented, which modules were included and
how students interacted with the digital environment. However, visual documentation should not

OECD PISA 2025 Science
Framework

Supports assessment of
reasoning and evidence use

NRC/NGSS Science Practices
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be confused with empirical proof. Future studies must collect systematic data through pre/post
tests, rubrics, observations and student reflections.
LIMITATIONS

The current article provides a scientific-methodological design and practical platform
documentation, but it does not claim to present a completed randomized experimental trial.
Without full empirical testing, conclusions about effectiveness should be interpreted as expected
or theoretically grounded outcomes. Another limitation is that digital platform use depends on
access to devices, internet stability, teacher digital competence and school infrastructure.

The platform also simplifies complex climate processes for educational purposes. Such
simplification is necessary for school learning, but teachers should clarify that educational
simulations do not replace official climate models or national risk assessments. The model should
be adapted to students' age, curriculum requirements and local context.

CONCLUSION

The international Climate Education methodology presented in this article offers a
structured way to develop climate literacy in school geography. By combining scientific
explanation, geographic thinking, inquiry-based learning, digital simulations, written research tasks
and reflective assessment, the model helps students move from passive awareness toward
evidence-based climate reasoning and responsible action.

Climate Literacy Geolab demonstrates how a digital platform can support this process. Its
modules allow students to study climate concepts, distinguish weather and climate, compare
regions, analyse carbon footprint, identify climate risk and propose sustainable solutions. The
methodology is aligned with UNESCO, UNFCCC, IPCC, NOAA/USGCRP, OECD and science education
frameworks. Future empirical studies should test the model with pre/post climate literacy
assessment, classroom observation and qualitative analysis of student explanations.
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APPENDICES
Appendix A. Climate Literacy GeolLab module map
Platform section Pedagogical function Evidence collected
Motivates students and . . .
. . Initial orientation and teacher
Home / introduction presents the platform .
explanation
purpose
Scientific-methodological Explains relevance, aim, .
. S Conceptual understanding
basis objectives and novelty
Presents climate literacy,
International Climate responsible action, . .
) . Theoretical foundation
Education model sustainable development and

geographic thinking

Connects climate education

Geography integration to maps, data and regional Geographic interpretation
reasoning
Allows students to test

Interactive simulations scenarios and answer inquiry | Task completion and choices
guestions

Requires written explanations

Research tasks .
and solution proposals

Qualitative reasoning data

Shows progress, points,

Results and certificate . )
completion and achievement

Learning analytics

Appendix B. Research task rubric

Table 9. Climate Literacy Geolab platform module map.

Criterion High level Medium level

Initial level

Uses correct climate Partly correct

Scientific accuracy concepts and avoids explanation with
misconceptions minor inaccuracies

General answer with
major misconceptions

Connects climate
issue with region,
scale, map or spatial
pattern

Mentions place
region without
deeper analysis

Geographic reasoning

or No geographic

connection

Uses data, simulation | Uses one example

Opinion without

Solution quality adaptation or

e . possible action
mitigation action

Proposes general but

Evidence use result or example to but explanation is .
o o evidence
justify answer limited
Proposes realistic

No practical solution

Explains why the

Reflecti
etiection society or limited depth

environment

action matters for Some reflection but

Minimal reflection

Table 10. Rubric for assessing student research tasks.
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Appendix C. Suggested lesson sequence

Stage

Teacher action

Student action

Expected product

1. Problem framing

Presents a climate-
related geographic
question

Predicts possible
causes and impacts

Initial hypothesis

2. Evidence
exploration

Shows map, diagram
or platform section

Reads data and
identifies patterns

Observation notes

3. Simulation

Guides interactive
module

Tests options and
records results

Simulation outcome

4. Explanation

Asks students to
justify results

Writes evidence-
based response

Short research
answer

5. Reflection

Connects result to
local and global
action

Proposes adaptation
or mitigation solution

Action-oriented
conclusion

Table 11. Suggested lesson sequence for applying the methodology.
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3ACTOCYBAHHA LNDOPOBIX
TEXHOMOTNY HABYAHHI IHO3EMHOI
MOBW

Konaaa Oner Bacunbosumy
KaHAMAAT GiNONOriYHNX HAYK, AOLLEHT, AOLLEHT Kadeapu repMmaHCcbKoi Ginonorii Ta
3apybirKHOT niTepaTypn HUTOMUPCLKOTO AEPKaBHOMO YHIBEPCUTETY iMeHi IBaHa PpaHKa

AHOmauisa. Y CcTaTTi po3rnaaaloTbCA  aKkTyanbHi MUTAHHA BMKOPWUCTAHHA UMDPOBMX
TEXHONOTN Y HaBYaHHiI iHO3EMHOI MOBMW, AKI MPMCKOPIOKOTb MNepeaady 3HaHb, MiABULLYIOTb
Pe3y/IbTaTUBHICTb Ta AKICTb iHLIOMOBHOI OCBITU 1 CMPUAIOTL MiArOTOBL KOMNETEHTHMUX daxiBL,iB.
MpoaHani3oBaHO Cy4acHi Mmigxoan A0 iHTerpauii LMPPOBUX OCBITHIX pecypcis, BEOOPIEHTOBAHNX
nnatdopm, MoBiNbHMX 3aCTOCYHKIB, CUCTEM AMCTAHLLIMHOrO HaBYaHHA Ta IHCTPYMEHTIB LLITY4HOro
iHTeNneKkTy y $¢opmMyBaHHi iHLIOMOBHOI KOMYHIKaTMBHOI KOMNETEHTHOCTI. BM3Ha4yeHO meaaroriyHi
nepesarun 3aCTocyBaHHA UMDPOBMX TEXHONOTIM, 30KPEMa NepCcoHani3aL,ito HaBYaHHA, NiABULLEHHS
HaBYa/bHOI MOTMBALLi, PO3BMTOK aBTOHOMHOCTI 34060yBayiB BuLOI ocBiTM. OcobnamBa yBara
NPUAINAETLCA 3MILLAHOMY HaBYaAHHIO, AKE MOCUIHOE MOTUBALLIO CTYAEHTIB | POOUTL 3aHATTA BiNbLu
LikaBnuM, iHbopmaTMBHMM Ta edeKTMBHUM. OOrpYHTOBAHO HeobXiAHICTb KOMMAEKCHOrO
NOEAHAHHA TPAAMLIMHMX MEeTOoAiB HaBYaHHA 3 UMDPOBMMKM iHCTPYMEHTamMM BiANOBIAHO A0
ONAAKTUYHKUX Lifel OCBITHbOro NpoLecy.

Knrouosi cnosa: undbposi TexHONOTii, 3MillaHe HaBYaHHSA, HaBYaHHA IHO3eMHOI MOBM,
LUMbPOBI OCBITHI pecypcu, WTYYHUI IHTENEKT, KOMYHIKAaTMBHA KOMMNETEHTHICTb

Memoto CTaTTi € aHaNi3 MOXKAMBOCTEN LUPPOBMX TEXHONOTIM Y HAaBYAHHI IHO3EMHOI MOBMH,
BM3HA4YeHHs X NeaaroriYyHoro noteHuiany Ta obrpyHTyBaHHA METOANYHUX NIAXOAIB A0 iHTerpauji
LUMPPOBUX IHCTPYMEHTIB B OCBITHIl NpoLiec.

BianosiaHO 40 MeTU BU3HAYE€HO HACTYMNHI 3aBAaHHA:

— NpoaHaniayBaTh cy4acHi LMPPOBI TEXHONOTII, L0 3aCTOCOBYHOTLCA B HABYAHHS iHO3EMHOI
MOBWU;

— BM3HAYUTW BNIMB LMGOPOBUX TEXHONONIN HAa GOPMYBAHHA IHLLOMOBHOI KOMYHiIKaTUBHOI
KOMMNEeTEeHTHOCTI;

— OXapaKTepun3yBaTh NnepeBary Ta 06MeKeHHA 3aCTOCyBaHHA LMOPOBUX iIHCTPYMEHTIB;

— OKPEC/IUTU NePCneKkTUBM BUKOPUCTAHHS TEXHOJIOTIM WTYYHOrO iHTENEKTY B iHLIOMOBHIN
OCBITI.

OcHosHuli meKkcm cmammi. CTpIMKMIA PO3BUTOK ULMOPOBUX TEXHONOTIM CTBOPHOE
00’eKTUBHI MOXAMBOCTI ANA peanisalii baraTbox akTyasbHUX 3aBAaHb y chepi OCBITH, Yy TOMY YNUCAI
3aBAaHHA PO3BUTKY HaB4Ya/IbHOI aBTOHOMHOCTI CTYAEHTIB Ta GOPMYyBaHHA HABMYOK, HEODXiAHMX
ans 6esnepepsHOi ocBiTU. CydacHe HaBYaHHS iHO3eMHOI MOBM Aedani binblle OPIEHTYETbCA Ha
LUMdpOBE OCBITHE cepenoBuLLe, Y AKOMY 3400yBay BMLLOT OCBITU BUCTYNAE aKTUBHMM YY4aCHUKOM
OCBITHbOTO Npougecy. Undposi TexHonorii 3ab6e3nevytoTb iIHTePaKTUBHICTb, THYYKICTb | MODIIbHICTb
HaBYaHHA, CTBOPOOYM YMOBM A4 PO3BUTKY MOBEHHEBMX YMiHb Y MaKCMManbHO HabanKeHoMy
[0 peanbHOro iHWOMOBHOro cepeaoBulla Gopmari.

Lindposi TexHONOTii MatoTb WMPOKMIA CNEKTP ANAAKTUYHUX MOMKIMBOCTEN, CMPAMOBAHMX
Ha aKTMBI3aLl,ito Ni3HaBa/IbHOT AifAIbHOCTI CTYAEHTIB, PO3KPUTTA Ta BAOCKOHANEHHSA X 0CODUCTICHUX
AKOCTEM, NOCUNEHHA HaBYabHOI aBTOHOMIT, NiABULLEHHA PE3YNbTAaTUBHOCTI iIHLIOMOBHOI OCBITMH.
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lnea umdposoi TpaHchopmalii OCBITM cnMpaeTbca Ha KoHuenuito lifelong learning Ta
CTBOPIOE YMOBM ANA iHAMBIAyani3alii OCBITM Ha OCHOBI iHHOBALUiNHMX TexHonorin. LUundposi
TexHoNorii 3abe3nevytoTb TaKi BaXKAMBI BNAaCTUBOCTI Cy4acHOI OCBITH, AK BiAKPUTICTb, AOCTYMHICTb,
AKicTb, iHpopMaLiMHa B3aemoaia cyb’ eKTiB OCBITHbOrO NPOLLECY, AKI MOCTYNOBO CTaloTb OCHOBO
He nuwe GopmanbHOT OCBITH, @ 1 CAMOOCBITU MPOTATOM YCbOTO KUTTA.

IHbopMaTM3aLia CycninbCcTBa AOKOPIHHO  3MiHWMAA CTAaTyC iHO3EeMHOI MOBM  AK
3ara/lbHOOCBITHBOI ANCUMNAIHW: Bif, BUKOPUCTAHHA Ti B OCHOBHOMY Ti/IbKM B pamKax 3aHATTA 40
peanbHO 3aTpebyBaHOi HABMYKM B MPaKTUYHIM Ta NpodecinHin aianbHOCTI byab-akoro daxisus,
AKMA MOBMHEH He TiNbKW BONOAITM YHAAMEHTA/IbHUMM 3HAHHAMM, @ ¥ BMITU OMNEpPaTMBHO
onpaLboByBaTH iHOOPMALLIO 3 OPUTiHANbHUX 3aKOPAOHHWX AXKEepesn; BMBYATWM, CTBOPKOBATWU Ta
BMNPOBaAKYBATU iHHOBAL Yy BAAcHIM nNpegmMeTHIM obnacTi; 0BMIHIOBATMCA [AOCATHEHHAMM
BITYM3HAHOI HAayKM i3 3apybiXKHMMK daxiBUAMMK; BUCTYNATW 3 AOMNOBIAAMM aHTNINCbKOKO MOBOIO Ha
MiXHapOAHMX HayKOBMX KOHbEPeHLiAx; OpaTh y4acTb y HaYKOBIl AiN0OBiN ANCKYCI.

3aHATTA 3 iIHO3EeMHOI MOBM i3 3aCTOCYBaHHAM LMPPOBUX TEXHOJIOFIM € AKICHO HOBOO
dopmoto opraHisaLii 0CBITHbOro Npougecy Ha OCHOBI NOEAHAHHA TPAAMLIMHOT METOAMKN BUBYEHHSA
HOBOroO MaTepiaNly 3 MEeTOAMKOK 3aCTOCYyBaHHA KOMM'IOTEPHWUX TEXHOoAOoriM, Tomy 6arato
LOCNIAHMKIB Ha3MBatoTb Moro kKombiHoBaHMM abo 3miwaHmm (hybrid, blended learning).

LindpoBi TexHONOTii 403BOASAIOTL 3a0€3NeYnTy A40CTYN A0 AKepen MepesKi IHTepHeT, wo
MOCTIMHO OHOB/IOIOTLCA; Bi3yaidyBaTH iIHPOPMaLLitO 3a AONOMOTolo npeseHTauin MS Power Point
Ta BMKOPWUCTOBYBATM aBTEHTWYHI aydio- Ta BigeomaTepiasn iHO3EMHOI MOBOID; 3bepiraTn y
UndpoBoMy GopmaTi HEOOMEXKEHY KiNbKICTb aBTEHTUMYHOT iHGOpMaLLii; HaKoMMYyBaTN HaBYa/bHI
MaTepiann, obpobnATM Ta pegaryBaTu iX, nepenasatM Ha Oyab-AKi BiACTaHI; peanizoByBaTM
iHAMBIAYaNi3aL,it0 HaBYaHHA, HaAa4YM BMOIp 3py4HOro Yacy, miclda Ta Temny poboTu; opraHisysaTtm
BUXi[, Y PEaNbHUIA COLOKYNbTYPHUIA KOHTEKCT i3 MOMAMBICTIO MiKKY/IbTYPHOrO CMiJIKyBaHHA Ta
0bMiHy iHGOpMaLje0 iHO3EMHOK MOBOK; 3abe3nevynmTr CBOEYACHMI 3BOPOTHMIA 3B’A30K;
dopMyBaTK 34aTHICTb 40 aHaNi3y CBOEI HaBYaIbHOI AiANbHOCTI Ta i pe3ynbTaTis (pedaekcis).

OAHMM i3 HaMBaXKNMBILLIMX HANPAMIB LUMPPOBI3aLLi € BUKOPUCTAHHA CUCTEM YNpPaB/iHHA
HaB4YaHHAM LMS (Learning Management Systems), Aki 3abe3neyvytoTb OpraHisaLito HaBYabHUX
MaTepianiB, BWKOHAHHA MNPAKTUYHMX 3aBAaHb, MNPOBEAEHHA TeCTyBaHHA, OLHIOBAaHHA Ta
KOMYHIKaLLito MiXK BMKNaZadem i CTygeHTamu. TaKi cMctemmn A03BONAKOTL peasizyBaT NPUHLKNK
3MIilLaHOro Ta AMCTaHUIMHOIO HaBYaHHA, 3abe3neyyoum rHyYKMIA 4OCTYyN A0 OCBITHIX pecypcis
He3anexHo Big Micua nepebyBaHHA 3400yBaYviB OCBITH.

He MeHL BaxAMBY pOb BidirpatoTb MODINbHI 3aCTOCYHKM AN5 BUBYEHHA iIHO3EMHUX MOB.
IX BMKOPMCTaHHA CMNPUAE PO3BUTKY NEKCMYHOI KOMMETEHTHOCTI, aBTOMaTM3alii rpamaTUdHmUX
HAaBWYOK, YOOCKOHA/IEHHIO BUMOBW Ta ay/iloBaHHA. 3aBAAKM TEXHOIOTAM aAaNTUBHOIO HaBYaHHA
TaKi 3aCTOCYHKM BPaxOBYHOTb iHAMBIAYabHMIA PiBEHb MiATOTOBKM KOPUCTYBaya, TEMM 3aCBOEHHA
MaTepiany Ta pe3y/ibTaTv NONepeaHbOro HaB4YaHHSA.

BaxKNMBUM iHCTPYMEHTOM TaKOXK € UMDPOBI NnaTGopMm A1a opraHisaLii KOMyHiKaTUBHOI
OiANbHOCTI. BMKOpUCTAHHA CepBiciB  BigeoKoHdepeHLUilt, iHTEPaKTUBHUX AOLWOK, CHiIbHOMO
peaaryBaHHA JOKYMEHTIB Ta GopymiB 3abe3nedye po3BUTOK YCiX BUIIB MOBAEHHEBOI AiaNbHOCTI —
YMTAHHA, MMCbMa, ayAitOBaHHA Ta FOBOPIHHA. BoagHOYacC iHTerpauia aBTeHTMUYHNX BigeomaTepianis,
NOAKACTIB, eNeKTPOHHUX 6ibnioTek | MyNbTUMEAIMHUX pPecypciB  cnpuae  POpMyBaHHIO
COLLIOKY/IbTYPHOI KOMMNETEHTHOCTI Ta NiABULLEHHIO MOTMUBALLIT A0 HaBYaHHA.

OcobamnBOi aKkTyasnbHOCTI Ta MNONYASPHOCTI CbOroAHI HabyBaloTb nopsaa 3 IHTepHeT-
pecypcamu online-nnatdopmn, eneKkTPOoHHI HaB4YabHO-METOAMYHI Komnnekcn. OaHum i3
iHCTPYMEHTIB KOMBIHOBAHOIO HaBYaHHA € BiAKPUTa e/1IeKTPOHHa HaB4YabHa naatdopma MOODLE,
AKa Ma€ 3py4yHy CUCTEeMy YNpaBAiHHA Ta edeKTUBHO BMKOPMUCTOBYETLCA B IHLIOMOBHIN OCBITI.
EbektTnBHOCTi poboTn B cucTemi cnpuse Hacamnepes, 6araTOKaHanbHWI cnoci® nogaHHA
iHpopMaLiii: y BUTAAAI TEKCTY, 3BYKY Ta Bifeo306paskeHHs. AK BiAoMO, iIHPOPMaLLid 3aCBOIETHCS
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Habarato Kpalle, AKLWO Npu il CNPUAHATTI 3a4iAHO AEKiNbKa OpraHis 4yTTs, i BMKAa4a4y MOxKe
BPAxXOBYBaTM HaBYa/ibHi CTWAI CBOIX CTyAeHTIB, iX iHAMBIAyanbHi 0COBAMBOCTI CNPUNHATTA
HaBYa/bHOro MaTepiany.

Moodle iHTerpye WMpoKmMit Habip pecypcis Ta IHCTPYMEHTIB, LLO BKAOYAOTb GOpyMM, 4aTK,
TECTOBIi 3aBAaHHS, HaBYA/IbHWUI KYPHA/, CIOBHUKM, MaTepiann Ans ayAitoBaHHA, BineomaTtepianuy,
NOCWMNAHHA, OHNAWH-TECTYBAHHA TOWO. [ANA TpeHyBaHHA NEKCUYHMX, TPaMaTUYHMX Ta MOBHMX
CTPYKTYP 40 KOXKHOTO YPOKY 4 MOoAyAsa po3pobaAatoTbCA TECTU.

TecToBi 3aBAaHHA MOXYTb OyTM cHOPMYNbOBaHI Y 3aKpUTIA GOpMi: MHOXKMHHWI BUBIP, 3
BiNOBIAAO «NPaBUAbHO/HENPABUAbHOY, 3aBAaHHA Ha BiANOBIAHICTL. MepeabadyeHo MOXKANBICTb
NMOBTOPHOrO BWMKOHAHHA TeCcTy Ta MOPIBHAHHA OTPMMAHOrO pe3yabTaTy i3 Kaovem, TobTo
MOK/IMBICTb CAMOKOHTPO/THO Ta CAMOCTIMHOT KOPEKLLii MOMUOK.

MnaTpopma HaLAE MONKAMBICTb AK BUKNAAAYEBi, TaK i CTYAEHTY BiACTEXUTU ANHAMIKY
yCnixy, OCKiNbKM Ha nnatdopmi BiaoOPaXKaETbCA Yac, BUTPAYE€HMI Ha BWMKOHAHHA 3aBAaHb Ta
KiNbKiCTb CNpob, AKi 3HaA0OMANCA CTYAEHTY ANA YCNilHOrO BUKOHAHHA TeCTy.

OCHOBHUMMK MepeBaramm BUKopucTaHHsa naatdopmm MOODLE ana HaBYaHHS iHO3eMHOT
MOBM €. 3HayHe MiABMLWEHHA CaMOCTIMHOCTI CTYAeHTiB, CTyneHs X 0cobucToi 3anyy4eHocTi,
BiANOBIAANbHOCTI Ta Camopeani3alii; MOXAMBICTb peani3auil TBOPUMX MPOEKTIB Pi3HUX PIBHIB
CKNAZHOCTI, y4aCTb Y AKMX PO3BMBAE BiNOBIAANbHICTb CTYAEHTIB Ta 3PELUTOK CTUMY/IIOE PO3POOKY
HOBWX CTPATEri Ta W/AXIB BUPILLEHHA NPODBAEMN; MOMKAMBICTb B3AaEMO,T 3 iHWIMMM Ccyb’ekTamm
OCBITHbOrO CepefioBulla, WO A03BONAE MIABULLMTM AKTUBHICTb Ta HaBYa/bHY aBTOHOMHICTb
CTYAEHTa, YCYBA€E CKyTiCTb Ta CTpaX, crnpuae GOpMyBaHHIO Cyb’eKTa AifANbHOCTI; MOMIMBICTb
PeryapHOro aHanisy pesynbTaTiB HaBYajbHOI AiANIbHOCTI CTYAEHTIB; 3HUMMKEHHA BUTPAT Ha
YyNpPaBAiHHA OCBITHIM NPOLIECOM.

OKpemMm HanpsaMom PO3BUTKY UMOPOBUX TEXHOONIN € BUMKOPWUCTAHHA iHCTPYMEHTIB
reHepaTMBHOIO WTYYHOTO IHTENEKTY. IHTeNleKTya bHi YaT-aCUCTEHTU 34aTHI CTBOPIOBATM HaBYa 1bHI
TEKCTW PI3HOro PiBHA CKAAAHOCTI, NOACHIOBATK rPamMaTUYHI ABMLLA, MOAENOBATU KOMYHIKATUBHI
CUTyaUji, nepesipaTK NnMcbMoBi poboTK Ta HagaBaTh iHAMBIAYaANi30BaHMA 3BOPOTHMIA 3B'A30K. Lle
3HAYHO PO3LIMPIOE MOMK/IMBOCTI MepcoHanizauii HaBYaHHA Ta MIATPMMKM CaMOCTiIMHOI poboTu
CTYAEHTIB.

Pa3oMm i3 YNCNEHHMMM NepeBaraMm BUKOPUCTAHHA LMPPOBUX TEXHOOTIN ICHYIOTb | NEBHI
BMKAMKK. Cepel, HUX BapTO BIiA3HAYMTU HEPIBHWMIM AocTyn A0 unbpoBoi iHOpacTpyKTypw,
HeobXiaHICTb dOpMyBaHHA BWCOKOrO PiBHA UMPPOBOI KOMMETEHTHOCTI MNeaaroris, PU3MKK
HagMipHOI aBTOMaTM3alii OCBITHbOrO npouecy Ta noTpedby y 3abe3nevyeHHi akagemivyHoi
[0OpPOYECHOCTI Nig Yac BUKOPUCTAHHA IHTENEKTYaNbHUX CUCTEM.

EdeKkTuBHICTL UMDPOBMX TEXHOOMM 3HAYHOID MIPOID 3aNEKUTb Bid, X NeaaroriyHo
obrpyHTOBaHOI iHTerpauii. Came BMKNaZa4y BM3HAYa€E AMAAKTUMYHY AOLINbHICTG BUKOPMUCTAHHS
NEBHOro UMOPOBOro iHCTPYMEHTY, MOEAHYOUYM MOTO i3 Cy4aCHMMW METOAAaMM KOMYHIKAaTUBHOTO,
KOMMNETEHTHICHOro Ta Ais/IbHICHOro HaBYaHHA. 3a TakMX YMOB LMOPOBI TEXHOOrIT BUCTYNatoTh He
camouinmo, a epekTMBHUM 3acOHOM NiABULLEHHA AKOCTI iHLOMOBHOI OCBITH.

BucHo8KuU. BUKOpUCTaHHA LUMOPOBUX TEXHONMOTIN Y HaBYaAHHI iIHO3EMHOI MOBM € OAHUM i3
KNOYOBMX UYMHHMKIB MOAepHi3allii cy4acHOi OcBiTM. BnpoBaa)KeHHA UMDPOBMX TEXHOMOMN Y
KOHTEKCT TPaAMLIMHOro 3aHATTA 3 iIHO3EMHOI MOBM [103BONAE 3p0OUTM NpoLec HaBYaHHA Binblu
LiKaBMM Ta IHTEHCMBHWM, NIABULLYE MOTMBALIO [0 BWBYEHHA IHO3EMHOI MOBM, COPUAE
[OCATHEHHIO AKOCTI Ta ePEeKTUBHOCTI Y BONOAIHHI HEODXiAHMMM 3HAHHAMM Ta KOMMETEHLIsMMY,
3abe3neyye MOXKAMBOCTI BUKOPUCTOBYBATM iHO3EMHY MOBY A4 NoAaNblwoi camoocBiTh. Lindposi
IHCTPYMEHTW 3abe3neyvytoTb MNEepCoHani3alito HaBYaHHA, CMNPUAIOTb PO3BUTKY iHWOMOBHOI
KOMYHIKaTMBHOI KOMMETEeHTHOCTI Ta GOPMYBaHHIO LMPPOBOI rpaMoTHOCTI 3400yBaviB OCBITH.
BoaHouyac ix edeKTUBHICTb BU3HAYAETLCA He KiNbKICTHO 3aCTOCOBAHMX TEXHOAOTIN, @ MeTOANYHO
0OrPYHTOBAHO iHTErpaLLiErD Y CTPYKTYPY OCBITHLOrO NpoLecy Ta ANAAKTUYHOK AOLINBHICTHO.
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MepcneKkTMBHMM  HANPAMOM MNOAANbLUMX  AOCNIAKEHb € pPO3pobneHHA MeToaMK
BMKOPUCTAHHA reHepaTUBHOrO WTYYHOrO iHTENEeKTY, afanTMBHMX OCBITHIX CUCTEM Ta TEXHO/OTIN
Learning Analytics y HaBYaHHi iHO3eMHMX MOB.
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Abstract
This study analyzes the efficiency of commercial banks in Madagascar, as well as the effect of
credit risk, competition, and the macroeconomic environment on their efficiency during the
period 2010-2024. Our hypotheses were initially supported by the literature and also by the BFM
survey of the banking sector. A two-stage approach was used, combining the SBM DEA double
frontier method following Wang et al. (2007) and a second-stage regression estimated using wild
bootstrap clusters. This methodological strategy allows for a rigorous measurement of efficiency
while correcting for econometric problems. The empirical results highlight a negative effect of
credit risk on banking efficiency, thus reducing operational performance. The Lerner index shows
a positive effect, with the most efficient banks gaining market power and generating higher
margins. Furthermore, economic growth has a positive effect on banking efficiency, and banks
have generally been more resilient to COVID-19. Therefore, a favorable macroeconomic
environment improves borrower creditworthiness, stimulates credit demand, and reduces
payment defaults.
Keywords: Bank efficiency, Slack Based Measure Data Envelopment Analysis, Double frontier,
Two stage DEA, Wild bootstrap.

1. Introduction

It is worth noting that in developing countries, the economy's financing relies primarily on financial
intermediation. The relationship between the development of financial intermediation and
economic growth has been of great interest to economists. Most research concludes that there
are positive links between financial development and economic growth, in line with the findings
of Goldsmith (1969), King and Levine (1993), Chen Hao (2006), and Pradhan (2018). Belinga, Zhou
and Doumbe (2016) highlight that the literature presents three hypotheses regarding the direction
of causality between FD (Financial Development) and EG (Economic Growth): from a supply-side
perspective, the development of the financial and banking system drives economic growth; from
a demand-side perspective, FD is seen as an automatic response, reacting passively to the growth
process; the bidirectional perspective posits the existence of a long-term circular relationship.

In the literature, the indicators of financial intermediation development used vary depending on
the authors; Demirgiic and Levine (2001), who are leading authors on the subject, used the
following criteria: size, activity, and efficiency. The efficiency indicator can be relative or absolute.
For relative efficiency, which is of interest here, there are measures specific to financial institutions
(Lima P, 2012); the measure of efficiency aims to determine the extent to which banks provide an
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optimal combination of financial services from a given set of inputs (Farrell, 1957). Let us assume
that banks act rationally. That is to say, a bank operates in such a way as to pursue its own
objectives in the best possible, optimal manner, all other things being equal. Of course, this implies
that banks are assumed to understand the mechanisms of their own production and have the
capacity and willingness to use them to achieve their objectives.
DEA data analysis is a non-parametric linear programming technique that extends the idea of
estimating efficiency by comparing each decision-making unit. The DEA literature on banking
efficiency is extensive. However, only a few studies have been conducted on the African continent
(Henriques et al., 2020), primarily using the two-stage SBM-DEA model, which examines the
relationship between credit risk, competition and banking efficiency. Most existing studies focus
on major banking sectors or developed sectors, and relatively few apply two-stage DEA models to
small banking systems or banking systems in developing countries, or do not take sufficient
account of the influence of environmental factors, macroeconomic conditions or random errors,
which may bias efficiency estimates.
Furthermore, in Madagascar, the banking sector is characterized by a highly concentrated market,
in addition to a rather unstable economic climate, which, according to quarterly surveys
conducted by the BFM (2024, 2025) on the banking sector, is slowing down the sector’s
development. In response to this gap in the literature regarding the use of the two-stage DEA
method with Bootstrap in the banking sector in Africa, and particularly in Madagascar, this study
seeks to answer the question: To what extent are banks operating in Madagascar efficient, taking
their environments into account?

1. Hypothesis (H1): Non-performing loans hurt a bank’s performance

2. Hypothesis (H2): The competitive structure of the banking sector has an impact on a bank’s

efficiency (negative, based on surveys conducted by the BFM)

3. Hypothesis (H3): Macroeconomic conditions have an impact on a bank’s efficiency.
This study contributes to the body of research seeking to understand the relationship between
efficiency, competition and credit risk in a country where production and financial infrastructures
are underdeveloped. The aim is to understand, verify and measure the factors limiting the
development of the banking sector in the country, based on the results of surveys conducted by
the BFM. This is intended to assist policymakers and supervisors in formulating appropriate
sectoral policies so that the banking system can fully fulfil its role as a driver of economic growth.
It should be noted that the role of the Central Bank of Madagascar is not only to supervise the
granting of loans but also to ensure the country’s financial stability, and, in theory, competition
within the banking sector has an impact on the country’s financial stability. This study adopts a
two-stage methodological approach combining static and dynamic analysis. Firstly, banking
efficiency is estimated using a non-radial DEA model of the Slack-Based Measure (SBM) type,
whilst changes in productivity are analyzed using the Malmquist index and its decomposition into
efficiency changes and technological changes. In the second stage, the determinants of efficiency
are examined using an econometric regression with Bootstrap according to the wild bootstrap-t
methodology of Cameron and Miller (2008).
This study confirms that credit risk management is a key driver of improved banking efficiency,
whilst market power, measured by the Lerner index, and a favorable macroeconomic environment
contribute positively to the performance of financial institutions. These results enrich the
literature on banking efficiency by combining a rigorous methodological approach with an
integrated analysis of microeconomic and macroeconomic dimensions.
The remainder of this paper is organized as follows: In Section 2, we provide a review of the
literature concerning the link between. In Section 3, we present our methodology and the data
sources used. The SBM DEA double-boundary model, the Malmquist index, etc. In Section 4, we
present the results and discuss them.

153



Proceedings of the 13th International Scientific Conference

2. Literature review
2.1.  Production in the banking sector
It should be noted that banking efficiency refers to a bank’s ability to use its resources to maximize
its output (revenue) or minimize its inputs (costs), taking into account market conditions and input
prices. In the empirical literature, the appropriate definition of output and the specification of
inputs and outputs in the banking sector have been frequent topics of discussion. The technical
efficiency of banks is measured using either the production approach or the intermediation
approach. The former views banks as producers of services such as deposits and loans, with labor
and capital as the main inputs. The latter views banks as agents responsible for transforming
deposits and other funds into loans and other assets; it therefore considers banking inputs to
consist of customer deposits and other market resources, as well as operating costs (Ferrier and
Lovell, 1990). There is a consensus that the intermediation approach is particularly appropriate
for the traditional function of financial institutions (Tan & Walheer, 2024). Furthermore, this
approach is best suited to analyzing the efficiency of banks in developing countries, as it best
reflects the intermediary role of banks—that is, mobilizing deposits and channeling them into
loans and investments—and because of its ability to incorporate both operating costs and interest
costs (Zhou & Yang, 2022). The production approach is often considered more appropriate for
assessing the efficiency of bank branches rather than that of institutions as a whole, as it focuses
on the operational aspects of banking services (Degl'Innocenti et al., 2017).
To overcome the problem of classifying deposits as inputs or outputs, a new approach has
emerged, in line with the current focus on profitability, and concentrates primarily on operational
results (profit-oriented approach). This approach treats revenues such as interest received and
non-financial income as outputs, whilst cost components such as staff costs and interest paid
(Drake et al., 2006) are inputs, to reduce costs and increase the bank’s revenues. The most
commonly used outputs are loans and income-generating assets, as shown by Casu and Molyneux
(2003). However, it should be borne in mind that the efficiency of financial institutions entails
improved profitability, increased mobilization of financial resources, better pricing, and improved
quality of services offered to consumers in this competitive environment (Ullah S. et al. (2023).
With regard to research into other factors that determine the efficiency of banks, the factors
influencing banking efficiency can be classified into microeconomic factors linked to the specific
characteristics of banks and fundamental macroeconomic factors. Non-performing loans,
insufficient capitalization, size and scale, the use of modern technologies!, and staff training are
the factors most frequently cited in the literature at the internal and micro levels (Kamgna et al.,
2008; Dhouha et al., 2009; Matthews & Xiao, 2020), as opposed to macroeconomic factors (crises,
economic cycles, inflation, etc.) and socio-legal factors. Higher levels of economic development
are associated with increased banking sector efficiency (Opperman & Adjasi, 2019), and a stable
macroeconomic environment with well-developed financial structures promotes banking
efficiency, whilst volatility (e.g. volatility in remittances) is detrimental (Alandejani, 2022).
Regarding undercapitalisation2the authors’ findings vary: Pasiouras et al. (2009) and Dell’Atti et
al. (2015) have highlighted a negative relationship between capitalization and banking efficiency.
According to the regulatory hypothesis, the existence of a regulatory authority encourages banks
to be more efficient and better managed when their level of capitalization is relatively low. The
fact that higher capital levels increase agency costs between management and shareholders by
reducing the discipline imposed on management by debt repayment. Banks with moderate levels

! The underutilization of IT budgets has been identified as a source of inefficiency in some banks (Fukuyama et al.,
2021)
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of capitalization would potentially be easier to manage and supervise in terms of credit quality,
thereby reducing information asymmetry and improving their efficiency. However, some authors
(Marques-lbanez and Molyneux, 2011; Pessarossi and Weill, 2015) note that banks with the
highest levels of equity capital are more efficient.

2.2.  Competition, credit risk and bank efficiency

The ES (Efficiency Structure) theory proposed by Demsetz (1974) and Peltzman (1997) asserts that
the exceptional performance of market-leading firms (due to specific factors such as a high level
of technology and management, etc.) will endogenously determine the market structure, meaning
that greater efficiency can also lead to concentration and higher profits. In this sense,
concentration reflects and rewards efficient banks, but does not necessarily imply an increase in
market power. However, one must not overlook the fact that a monopoly situation can lead to lax
behavior or a deviation from the objective of efficiency, which can be detrimental to society. It can
be assumed that certain bank executives may take advantage of the lack of competition to incur
unnecessary expenditure (construction of excessively expensive buildings, excessive salaries,
bonuses, and other benefits, Dittus (2004), Bonin et al. (1998)). Standard economic theory, i.e. the
Structure-Behaviour-Performance paradigm, predicts that high concentration in banking markets
implies market power for banks, which raises the cost of credit and consequently curbs investment
and business activity (Beck, Demirgli¢c-Kunt, and Maksimovic, 2004). Pierre J and Jean-Paul P
(2012) noted that: ‘the creation of monopoly positions can place banks in a position not only to
recoup their investment in information, but also to overcharge (exploit) their borrowers. Having
invested in a relationship that makes their customers captive (i.e., making it costly for them to
switch to competitors), they can impose excessively stringent credit conditions”. The Information
Generating Hypothesis (IGH) developed by Marquez (2002) proposes a positive relationship
between market power and bank efficiency. The IGH suggests that in the face of intense
competition, bank managers are likely to be more interested in quantity than quality in order to
gain a larger market share relative to their competitors, by expanding their asset portfolio even if
this compromises asset quality.

Several authors have found that bank concentration is a necessary evil for banking efficiency and
that it is not necessarily detrimental to economic activity [Demsetz (1973); Goddard, Molyneux,
and Wilson (2004); lon L., Emmanuelle N. (2011)]. Indeed, in the banking industry, productive
efficiency is achieved either by seeking economies of scale or through economies of scope (risk
diversification and liquidity). Theoretically, this is explained by the role of banks, which is to reduce
information asymmetry: faced with competitive pressures, and thus a narrowing of their interest
margin, banks do not undertake monitoring for the selection or tracking of projects. Eber N.
(2000), within Sussman’s (1993) framework of spatial competition, found that an efficient banking
system should be characterized by a high concentration of the credit market (reducing information
costs) without this high concentration acting as a significant obstacle to investment and economic
activity, as can be observed in Germany or Japan.

The findings of Osei-Tutu and Weill (2022) show that banking efficiency has a positive impact on
access to credit and that gains in banking efficiency help to alleviate credit constraints for firms
when the macroeconomic environment is more developed and stable.

Berger et al. (1997) found that there is a negative relationship between cost efficiency and risk in
distressed banks. They offered several explanations for this finding. Firstly, inefficient banks, in
addition to having problems controlling their internal costs, may encounter difficulties in assessing
credit risk, so that poor cost management goes hand in hand with higher credit risk, known as the
‘mismanagement hypothesis’. Secondly, bad loans may arise due to adverse economic
circumstances beyond the banks’ control, meaning that banks must devote more resources to
recovering non-performing loans, the ‘bad luck hypothesis’.
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The significance of banks’ non-performing loans for economic growth lies in the fact that a higher
NPA influences loan prices and interest rates. Higher interest rates, in turn, will have a direct
impact on investors requiring loans for infrastructure and industrial projects (Bernanke & Gertler,
1989; Nkusu, 2011; Klein, 2013).
2.3.  The banking sector in Madagascar
As already mentioned, there is little research that has examined the efficiency of the country’s
banking system, particularly at the microeconomic level. According to Razafindravonona et al.
(2020), levels of non-performing loans (NPLs) in the Malagasy banking sector rise significantly
during macroeconomic shocks such as a contraction in GDP or a depreciation of the exchange rate.
The results show that NPLs can rise by nearly 3 percentage points under an adverse scenario.
However, banks remain sufficiently capitalized, liquid and profitable (IMF, 2023). In 2024,
Madagascar had 16 banks. Most of these are foreign banks, which are commercial banks and,
according to the literature, are expected to be more efficient due to their technological and
managerial advances. Their primary focus is therefore on shareholder profitability, which limits
financing for long-term and risky projects in the country. Although Leightner and Lovell (1998)
argue that opening up banks to foreign capital in emerging economies improves their performance
by providing them with greater access to technology and, above all, to best governance practices.
The banking sector is essentially risk-averse and relies primarily on asset-backed loans (World
Bank, 2014). The cost of borrowing in Madagascar, at 48.86%, does not align with the sub-Saharan
African average of 11%. Imperfect competition in the banking sector in Madagascar limits the
decline in the interest margin to 8.8% (Financial Structure Dataset, 2019). The low level of banking
penetration among the population, combined with uncertain economic conditions, leads to a
preference for cash. The increase in the M1 aggregate during periods of uncertainty illustrates this
preference. Another reason is that banks hold excess liquidity on their balance sheets because
demand for credit from non-financial economic agents is low or is considered ris ly (the non-
performing loan ratio stood at 7.7% in June 2024 according to the World Bank’s economic update),
placing the country 12th in Africa for NPLs (non-performing loans). As Mishkin F. (2013) points out,
due to information asymmetry and the highly risky business environment, banks may accumulate
liquidity because they prefer to keep it on their books rather than grant loans to non-financial
economic agents deemed risky. The use of assets to secure loans may not be reliable due to
uncertainties in the judicial system and contract enforcement. The Fraser Institute’s Property
Rights Index stood at 3.02 in 2017 and remained at 117th place globally in 2025, indicating weak
contract protection and enforcement.

Figure 1 Factors hindering the development of the banking sector in Madagascar, according to
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3. Methodology and data

3.1. Description of the double-boundary SBM-DEA model and first stage
Banking efficiency is generally measured using two main approaches: parametric and non-
parametric methods. The most widely used parametric method is stochastic frontier analysis
(SFA), whilst the most common non-parametric method is data envelopment analysis (DEA). DEA
is a non-parametric linear mathematical programming technique whose objective is to analyze a
group of homogeneous production units known as decision-making units (DMUs) that share the
same inputs and outputs, to identify the most efficient organizations and indicate the actions that
inefficient organizations must take to become efficient. The assumption is that if a producer J is
capable of producing yJ with xJ , then other producers are also capable of doing the same if they
are efficient. Thus, producer J and the others can be combined to form what we might call a virtual
producer with composite inputs and outputs. The core of the analysis involves finding the best
virtual producer for each real producer (Dovis, 2009).
The DEA method does not require the specification of a functional form regarding the type of
production frontier, as the data envelope curve is constructed by selecting several efficient
decision-making units. There are numerous modelling methods for assessing efficiency in DEA; the
traditional models are CCR (Charnes, Cooper, Rhodes with constant returns to scale) and BCC
(Banker, Charnes, Cooper with variable returns to scale), which are radial approaches, assuming
that all inputs and outputs vary proportionally. The strengths of DEA include, in particular, its
effectiveness in handling complex production processes (Schaffnit, Rosen, & Paradi, 1997); its
ability to work with inputs and outputs on different scales of measurement (Svitalkova, 2014); its
ability to analyse each DMU individually, comparing them with other DMUs, with the optimization
process being carried out for all DMUs in the sample (Repkova, 2014); and its ability to identify
inefficient DMUs. However, it should be noted that the number of DMUs must be at least three
times greater; otherwise, many DMUs will be considered efficient (Cooper, Seiford, Tone et al.,
2007).
The SBM (Slacks-Based Measure) efficiency measurement method introduced by the Japanese
researcher Tone (1997, 2001) is a non-radial efficiency measure within the DEA efficiency
measurement method. Its advantage is that it directly measures excess inputs and
underproduction. The distance between inputs and outputs relative to the production frontier is
called the slack, and is used to measure efficiency. It allows for differentiated adjustments for each
input and output and is therefore more realistic. The model below is taken from the work of
Cooper, Seiford, Tone et al (2007).
To measure the efficiency of banks, let us assume we have xt € R™ and y¢ € RS, which are the
selected inputs (m) and outputs (s), and n is the number of banks.
The production function is given by
Pt = {(x%, yY): xtcan product y*t} (1)
Estimate the efficiency of a DMU (x,,y,) , we formulate the following fractional programin A s~
and s* : (SBM)

1om Si
1m2

lgl‘i,rsl+popt B 1+32: 13 2)
s 1 ypo
Subject to the constraints:
X, =XA+s~
Y, =Y1—st

A=>0,s"=>0st>0
In this model, s~and s* are the input and output slacks; we assume that X = 0. It is also easy to
verify that an increase in s; or s;f, Il other things being equal, decreases the value of the objective
function in a strictly monotonically decreasing manner. p represents the ratios of the average
combination inefficiencies of inputs and outputs, with the upper bound, p = 1, being reached only
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if the slacks are zero for all inputs and all outputs. Therefore, a DMU ( x,,y, ) is SBM-efficient if
andonlyifp*=1,ands ™ =0ands™ =0
0<p<1.(3

Since s; < x;, forall i , so that, with only if the data show that no quantity of that input was
required. For outputs, an output shortfall represented by a non-zero slack may exceed the
guantity of output actually produced.
p in can be transformed into

= (Ayp, o) (1ys M)‘lm)

m Xio S Yro
The ratio evaluates the relative rate of reduction of input i and, consequently, the first term

corresponds to the average rate of proportional reduction of inputs, or to the inefficiencies in the
combination of inputs. Similarly, the ratio evaluates the relative rate of proportional expansion of
output r. That is to say, the second term measures the inefficiency in the combination of outputs.
For an SBM-inefficient DMU ( x,, ¥y, ), we have the expression:

Xo =XA"+57"

Y, =Y —st*

The SBM score p* can be broken down as follows:

* __ 1_2?;1 443
p= 1+Zf~=1 Br
2(i=1,..,m)(5)
Xio
_1st

Br=-"—-(r=1,..,5)

S Yro

\ 1
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Decomposition is important for assessing the sources and extent of inefficiency associated with
the various inputs and outputs of the DMU. In the model above, therefore, a DMU with a score
close to 1 is efficient in the optimistic sense if it is deemed inefficient in the optimistic sense.
However, it is also possible to measure the ‘pessimistic’ efficiency of banks. In particular, an
inefficient frontier (or ‘worst practice’) can be estimated. Banks furthest from this inefficient
frontier are considered more efficient (Wang and Chin, 2009). The higher the pessimistic score,
the better the bank’s performance; a score of 1 indicates that the bank is on the frontier and is
therefore among the least efficient.

The pessimistic SBM DEA model according to Liu & Chen (2009) can be expressed as follows:

1ym Si
T+ Yi=1 %,
L0

max pP® = ———=2(6)
1=52r=15 -
Subject to the constraint:
X, = XA—s*
Vo =YA+s~
A>0,sT>0,s"=>0

p=1
Here we have two frontiers, an optimistic and a pessimistic one; we can follow Wang et al. ((2007)
to calculate the overall efficiency of bank j in year t as the geometric mean of using the equation
below. Both frontiers must be considered simultaneously in the efficiency analysis in order to
obtain better estimates, Liu & Chen (2009). The higher the value of pa” , the better the bank’s

performance.
t
p = /p,‘-’,’t’ x pie® (7)
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As already discussed in the section above, the profit-based approach resolves the issue of whether
to treat deposits as inputs or outputs; consequently, the profit-based approach will be our choice
for this study. Regarding inputs and outputs, we will use operating expenses as a proxy for
expenditure on staff and physical capital. Interest expenses will be used as a proxy for expenditure
on deposits and other creditors of the bank. As an output, we will choose operating profit as it
allows us to include provisions for bad debts, and prevents banks from being deemed efficient
without taking into account the risks they take. The models will be VRS, which takes into account
economies of scale in the calculation of efficiency; this is widely used in studies of the banking
sector as banks require economies of scale to operate.
Figure 2 Double-boundary DEA

Double frontiere DEA
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efficace
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Source : Authors, 2026

3.2. DEA-Malmquist index model
The DEA-Malmquist index method is used to analyze and decompose efficiency (Cooper, Seiford,
Tone et al, 2007). All traditional DEA models use data from a specific year as a sample for analysis,
which can only reflect the relative efficiency values of different economies at a single point in time,
and does not allow for the study of changes in their efficiency across different periods. The DEA-
Malmquist index model can measure dynamic changes in the efficiency of decision-making units
using the ‘directional distance function (DDF); it can therefore analyze panel data, which not only
allows the total factor efficiency to be decomposed into technical efficiency, technological
progress and scale efficiency, but also clarifies the reasons for changes in the total factor
productivity of the subject under study.
The production frontier with an output-oriented distance function, under the assumption of
constant returns to scale (CRS), can be defined as:
Technical efficiency is estimated relative to the production frontier, such that 0 < Df(xt, y?) < 1
The Malmquist productivity index must be defined on the basis of the reference technology, under

CRS (constant returns to scale), and is:
t(,t+1 ,,t+1
t ot b1 o+l _ DE(x™ty™T)
Mt(x ;y ;x )y ) - Dct(xt,yt)

t+1(,t+1 ,,t+1
My (xt, yt xt yt*) = DCD;j(Xt:zt) )
Given that the Malmquist productivity indices defined by reference techniques based on the
periods and are symmetric in economic terms, their geometric means are defined as composite
productivity indices according to Fisher’s concept, namely:
TFP = EFFCH X TECHCH (9)

There is no difference between the and TECHCH (boundary shift) indices with regard to the
Malmquist productivity index itself. The EFFCH ratio measures the change in a DMU’s technical
efficiency relative to the best-practice frontier, indicating whether it is moving closer to or further

(8)
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away from the production frontier t and t + 1; the difference between and lies in the
decomposition of the index. EFFCH is then decomposed, as suggested by Fare et al. (1994), into
changes in pure efficiency (PECH) and changes in scale efficiency (SECH).
The decomposition is as follows:

FFCH = PECH X SECH

Dct"'l(x”l,y“'l)

TFP =
DE(xtyt)
_ DCHl(xt“,yt“) D1§+1(xt+1,yt+1) Dﬁ(xt,yt)(lo)
DiF(xtH1,yt+1) Df(xtyt) DE(xtyt)

= PECH X SECH X TECHCH

3.3. Two-stage DEA and bootstrapping

Two-stage DEA is widely used in studies of banking efficiency to estimate efficiency scores and
explain their variation using environmental variables. This approach divides the analysis into two
distinct phases: (1) the estimation of efficiency scores using DEA, and (2) the regression (or
another technique, whether parametric or non-parametric) of these scores on environmental or
contextual variables to identify their determinants and thus enable a more comprehensive
analysis, Ayadi et al. (2016).

Traditional DEA models have been criticized for failing to take into account external environmental
factors beyond the organization’s control, over which decision-makers have no influence. In other
words, the environment in which the bank operates is not considered in the analysis. Often, a bank
is considered efficient (or inefficient) simply because it is aided by favorable external factors (or,
conversely, suffers from unfavorable ones). This renders the efficiency scores of the DEA model
biased.

In an effort to improve the application of DEA, two-stage DEA models have gained prominence in
the literature, precisely because they help to overcome the aforementioned limitations. The
econometric methods used in the second stage of two-stage DEA models are the subject of
ongoing debate. Whilst Tobit regression is widely used due to the bounded nature of DEA scores,
it is criticized for its lack of statistical consistency. Simar and Wilson (2007) developed a bootstrap-
based truncated regression approach to address the limitations of conventional methods. They
argue that DEA efficiency scores are biased and serially correlated, thereby invalidating standard
inference in second-stage regressions. Given that the variables used as inputs are considered
endogenous (Lensink & Meesters, 2014), the use of bias-corrected estimates in a stochastic
framework offers additional protection against the classic endogeneity problems frequently
encountered in regression specifications incorporating firm-level data (Van Biesebroeck, 2008).
The bootstrap procedure is used to correct for bias and provide valid confidence intervals and
standard errors, overcoming the problems of serial correlation and dependence inherent in DEA
scores (Voltes-Dorta, Britto and Wilson, 2024).

In our case, the number of observations is quite small, but to correct for the effects of intra-bank
relationships by year (data are often correlated within groups (clusters)). We will use the Bootstrap
procedure of Cameron and Miller (2008), who demonstrated the effectiveness of the Wild Cluster
Bootstrap-t 2when dealing with clusters of 5-30. This method has the advantage, compared to
other cluster-handling methods that estimate standard errors under the assumption of i.i.d., of
being robust to heteroscedasticity and working with a small number of clusters. In standard
clustering methods, the explanatory variables and the dependent variable must take on several

2 See also Roodman et al (2019) for STATA
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different values. Wild cluster bootstrap methods do not encounter this problem, as they do not
resample the explanatory variables.

Figure 3 External two-stage DEA
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Source: I.C. Henriques et al (2020)

The model used is presented as follows: Eff represents the wild cluster bootstrap bias-corrected
efficiency scores of bank i at period t, Xit is a vector of bank-specific financial variables, Yit are the
macroeconomic control variables, and €it is the error term.

Cap is defined as the ratio of equity to total assets, and is used to measure the strength of a bank’s
capital; it acts as a safety net for banks. Credit risk (NPL) is measured by the ratio of loan loss
provisions to total loans. We therefore expect a negative relationship between credit risk and the
level of banking efficiency. To account for economies of scale, we include the size variable,
measured by the logarithm of banks’ real total assets. As stated above, a larger size can reduce
the costs of information asymmetry and information gathering. Following the study by Ziadi
Ellouze (2024), the ILer (Lerner index) allows, amongst other things, the capture of the bank’s
market power effect. (GDPg) is introduced to control for the macroeconomic environment,
Benbachir (2025). This variable is expected to be positively associated with levels of banking
efficiency. Finally, our specifications take into account the effects of inflation. An instrumental
variable for the Covid crisis (in 2020 and 2021) will be used to account for the effect of the health
crisis on banks, given that they were the institutions most called upon by the government during
the crisis, as well as to isolate the effect on economic growth and non-performing loans.

Effii = ¢ + a'X;, + Criscov;; + ylLer}, + B'Y;, + &,  (11)

3.4. Lerner index

The Lerner index measures the degree of market power of a specific bank on an annual basis. It
can be calculated using the relative difference between price and marginal cost. The Lerner index
generally ranges from 0 to 1, with higher values indicating a higher level of market power and a
lower level of competition, whilst lower values indicate a lower level of market power and a higher
degree of competition (Fare et al., 2015; Fungacova et al., 2013; Tan & Floros, 2014; Tan et al.,
2017; Liu et al., 2018). In some cases, the value of the Lerner index may be negative. We use the
ordinary least squares method to estimate the Lerner index whilst controlling for bank fixed effects
and time dummies. The specification can be expressed as follows:

In Costyy =By + B1ln Qe + Bo/2(In Qy)* + X Vieln Ppyy

12
+2 @ln Qiln Pje + X ¥ Skjln Pyeln Py + Eit( )
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where In denotes the natural logarithm, Cost denotes total cost, and Q denotes bank output. Here,
the sum of interest income, non-interest income and net income serves as a proxy for bank output.
P denotes the three input prices, PL, PF and PC are respectively: normally, labour cost is given by
the ratio of staff costs to total assets. PL refers to human input, and we use operating expenses
and total assets to proxy for PL and PK, as it is difficult to obtain complete data on staff costs and
wages; since it is difficult to obtain the total number of staff, we draw here on the approach of
Claessens and Laeven (2003) and Bikker and Haaf (2002). Cost of funds calculated as the ratio of
interest expenses to total deposits. Following the approach of many other studies [Koetter et al.
(2012); Shaffer et al. (2020)], we impose linear homogeneity in factor prices by normalizing total
costs and factor prices relative to the cost of funds (PF).

The above equation is differentiated to derive the marginal cost with respect to output Q as

follows
Cost;;

Qit[B1+B2In Qit+Y @i In Py it (

MCrpic = 13)

The Lerner index is given by:
Lerner ; = (PTA,it - MCTA,it)/PTA,it (14)

Where P represents the price, which is measured as the ratio of total revenue to total assets. MC
represents marginal cost, and TA represents total assets. In certain scenarios, when the Lerner
index is negative, the price level is lower than the marginal cost. This can be explained by the
banking industry, which is characterized by a particularly high level of government subsidies. A
negative Lerner index is beneficial to the banking industry, on the one hand because a higher
marginal cost deters entry, which is conducive to improving the profits of existing banks. On the
other hand, a marginal cost higher than the price level indicates that banks are incurring short-
term losses. The results of the OLS regression for the Lerner index are presented in the table.

3.5. Data and software
In this study, we use data from the World Development Indicators (WDI) for macroeconomic
variables, whilst the financial variables for each bank are drawn from the banks’ annual reports.
The observation period is 2012—2024, and the sample comprises five banks (BOA MADA, BNI, SG
MADA, BMOI MADA, MCB MADA), which hold 90 per cent of the market share in the country
(according to theglobaleconomy.com and madagascarinvest, 2025); we encountered difficulties
in collecting data for the other banks in the sector. We used RStudio 2024.12 with R 4.5.2 for score
calculations and econometric regression. The main package used for R in the calculation of scores
was rDEA.
Tablel List of variables and data sources

variables Source
Inflation rate WDI World Bank
Economic growth World Bank WDI
Bank financial variables Banks’ annual financial reports

Source: Author, 2025

4. Results and discussion

4.1. Double-boundary DEA scores
In Table 4.1 of the Appendix, we first present the efficiency scores for the optimistic and
pessimistic frontiers, as well as the geometric mean for the banks. As the table shows, the scores
between the two frontiers differ but are consistent; using the average of the two frontiers allows
for a better distinction between the banks that are efficient. If we examine the banks’ average
double-boundary score, BMOI is the most efficient with an average of 1.375 for the entire study
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period 2010-2024, followed by SGM with 1.09 and BNI, which rounds off the top three with 0.979.
This result comes as little surprise, as BMOI is a bank whose client base consists mainly of
corporate clients, so it performs better in terms of profit optimization. SGM (which became BRED
Madagascar in 2024) and BNI are among the largest and oldest banks in the sector. Regarding the
consistency of average scores over the period. We note that there is not much difference between
the efficiency of the top-ranked bank and the bottom-ranked one; indeed, MCB, which has a score
of 0.834 over the period, is less than 1.6 times the score of BMOI.
Figure 4: Estimation of dual-boundary VRS efficiencies
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Source: Author’s calculation using rDEA, 2025
It should also be noted that the banks experienced a decline in efficiency in 2020, which may be
attributable to the COVID-19 crisis. Only SGM remained resilient in the face of the crisis, as shown
in the graph above, though this resulted in a decline in efficiency in 2022. During the crisis, banks
were heavily relied upon by the country’s government, as was the case in most countries at that
time. The increase in provisions for non-performing loans and loan restructuring, combined with
the decline in activity, explains this drop in efficiency during the COVID-19 pandemic, as we will
see in the sub-section below.

4.2. DEA Malmquist
As mentioned above, the DEA-MI allows us to measure changes in banks’ total productivity in a
dynamic manner. These changes are measured relative to changes in efficiency and technical
progress. The table below shows the change in total productivity, the change in efficiency, the
change in technology, pure efficiency, and scale efficiency, all on a five-year basis. The results by
year/bank can be found in the appendix. It should be noted that the change in TFPCH is the product
of EFFCH and TECHCH. We observe that banks” TFP is declining across the three sub-periods,
although some banks show a higher rate of change in the 2015-2020 sub-period, i.e. prior to the
COVID-19 crisis. It is clear that the change in TFP is really due to the change in TECHCH rather than
EFFCH; for example, for BNI in 2015-2020, we see a 4.1% improvement in technical progress,
which improves TFP by 1.5%; the 4.2% improvement in MCB over the same period allowed TFP to
remain more or less stable; and finally, for SGM, a 6.3% increase in TECHCH resulted in a 2.2% rise
in TFP. Thus, the crisis, which was expected to be a catalyst for digital transformation and
innovation, actually slowed technical progress due to recruitment freezes and budget cuts in the
banking sector during the crisis; however, we now see that recruitment of IT staff is very much on
therise. The pure efficiency of banks is relatively stable, but the efficiency of scale shows that most
banks, excluding BMOI, are not operating at their best or are failing to manage their growth to
exploit economies of scale.
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Table 2 Breakdown of the Malmaquist index

BMOI 2010-2015 1.0165020  0.9996077 1.0169010 1.0000000 0.9996077
BMOI 2015-2020  0.9810347  1.0003925 0.9806498 1.0000000 1.0003925
BMOI 2020-2024  0.9318339  1.0000000 0.9318339 1.0000000 1.0000000
BNI 2010-2015  0.9897152  1.000189%4 0.9895277 0.9644218 1.0370871
BNI 2015-2020 1.0156731  0.9754811 1.0412022 1.0103689 0.9654703
BNI 2020-2024  0.9318495  0.9705026 0.9601720 1.0037614 0.9668659
BOA 2010-2015 1.0125491  1.0409599 0.9727071 0.9921208 1.0492270
BOA 2015-2020  0.9977965  0.9976976 1.0000991 1.0220888 0.9761359
BOA 2020-2024  0.9396514  0.9868217 0.9521997 1.0279545 0.9599858
MCB 2010-2015  0.9879468  0.9909893 0.9969298 1.0000000 0.9909893
MCB 2015-2020  0.9587389  0.9196819 1.0424680 1.0000000 0.9196819
MCB 2020-2024  0.9534369  1.0159891 0.9384321 1.0000000 1.0159891
SGM 2010-2015 1.0047129  1.0681807 0.9405833 1.0065424 1.0612376
SGM 2015-2020 1.0220462  0.9609295 1.0636017 1.0000000 0.9609295
SGM 2020-2024  0.9075726  0.9314618 0.9743530 1.0000000 0.9314618

Source: Author’s calculation using rDEA, 2025
4.3. The Lerner index

Descriptive analysis results indicate that the banking sector exhibits significant market power over
the period 2010-2024. The values of the Lerner index, mostly ranging between 0.4 and 0.7 (see
appendix), suggest an oligopolistic structure rather than a perfectly competitive environment.
Thus, BMOI has the most stable and highest Lerner index value, meaning that it sells its products
with a higher margin over its marginal cost than most banks in the sample. However, MCB has an
increasingly lower Lerner index; the figure below shows that the efficiency calculated above and
the Lerner index follow roughly the same trends. So we may be looking at the optimistic view of

the effect of concentration on efficiency.
Indice de Lerner par banque (2010-2024)

Lerner

Source: Author’s calculation using R (fwildclusterboot), 2025

The regression results show that the model does not exhibit a non-linear relationship at a 10%
significance level. The trend is not significant, nor is the quadratic relationship with the price of
non-fund factors. Statistically, the model is now valid, with a fairly good R?of 0.976. It is important
to note that Hausman tests rely on fairly large samples; the autocorrelation test before the
bootstrap does indeed show that there are relationships between clusters, and it is theoretically
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true that each bank should have cost structures that are fairly trend-like, which validates the use
of the fixed-effects regression procedure with the OLS wild bootstrap.
Table 3 Regression results with OLS wild bootstrap

variable Coefficient t_stat \ p_value
1*(Intercept) 14,8320 139.926|0.001 ***
1*InQ_c 1,13100 15.617 |0.018 ***
1*InQ? ¢ 0,02600 0.81 0.0806 **
1*InP 0,68500 10.78 0.0237 ***
1*InQ_c_InP -0,39400 -2.039 |[0.2109
1*InP? 0,00020 0.188 0.7803
1*trend 0,00046 0.129 0.6502

Adj. R%: 0.976599R?: 0.978496
Source: Author’s calculation using R(fwildclusterboot), 2025
4.4, Second-stage regression
In the second stage, regression with explanatory variables was used to explain bank efficiency, as
mentioned above. The results show that capitalization (CAP) has a positive and significant effect
on bank efficiency; although the effect is very close to zero, this result is consistent with the
findings of Fernandes et al. (2017). Credit risk (CRIS) has a negative and significant coefficient; this
indicates that banks spend more on monitoring when credit risks increase, which impacts their
profits. As in the findings of Cooper et al. (2003) and Berger et al. (1997), a change in the quality
of the loan portfolio is one of the causes of bank failures. Faced with credit risk, banks adopt risk-
averse behavior towards both existing and new loans. The first hypothesis is well supported and
consistent with the BFM’s periodic surveys of the banking sector. We also observe that the SIZE
variable has a positive impact on efficiency, which validates previous theoretical and empirical
work showing that larger banks reduce the costs associated with collecting and processing
information (Eber N., 2000; Staub et al., 2010).
We also posted a second hypothesis that competition has a negative impact on banks’ efficiency.
The Lerner index calculated above shows that all banks have intermediate market power. Here,
we have a positive coefficient with greater significance. This result is not very surprising given the
figures above on the evolution of efficiencies within the two boundaries and also the Lerner index
for each bank. Several studies have found the same result, most recently that of Ellouz N. (2023).
Here too, we confirm that competition has a negative effect on efficiency; it should be noted that
the Lerner index measures market power, and therefore the higher the index, the less competitive
the structure. However, the definition of competition in the BFM survey must be treated with
caution to avoid misinterpretation, as respondents may be thinking of concentration rather than
competition when defining the term.
Table 4 Coefficients, cluster SE and wild bootstrap p-values (boottest, B=9999)
Eff~*CAP + CRIS + SIZE + Lern + covid + Inflation + GDP + FE

Variable Coef. SE (cluster) t (cluster) p (cluster)
CAP 0.0074 0.0025 2.973 0.0410
CRIS -0.9242 0.1041 -3.313 0.0596
SIZE 0.2876 0.1138 2.527 0.0648
Lern 0.7388 0.1822 4.054 0.0154
covid -0.0350 0.0513 0.683 0.5322
Inflation 0.0083 0.0077 1.081 0.3406
GDP 0.0161 0.0023 4.705 0.04197

Source: Author’s calculation using R(fwildclusterboot), 2025
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The model demonstrates good explanatory power with an R? of 0.859 and an adjusted R? of 0.817.
Approximately 86% of the variation in banking efficiency is explained by internal variables,
macroeconomic variables and the bank-specific fixed effects. The root mean square error (RMSE
=0.094) remains relatively low, indicating a satisfactory fit of the model.

For the macroeconomic variables, inflation has a non-significant coefficient of zero in this
regression; if, hypothetically, the coefficient was significant, one might imagine that banks are able
to anticipate inflation, meaning that banks are able to adjust their interest rates and,
consequently, increase their revenues at a faster rate than their costs (Perry, 1992). The effect of
COVID-19 has the expected sign but is also insignificant in the results. This may be due to our
relatively small sample size and also to a lack of variability in certain variables, as we are studying
a single country. Even so, we can conclude that banks have been more resilient in the face of the
COVID-19 pandemic, as we observe a slight decline in efficiency across the board, except BMOI
and BOA in 2020. The positive effect of GDP growth is consistent with research suggesting that
economic growth promotes improved performance in the financial sector, particularly from the
demand-side perspective of financial development theory. This also confirms the findings of
Razafindravonona et al. (2020) in their stress testing study of the Malagasy banking sector. Given
this finding, it is reasonable to conclude that the third hypothesis is also validated.

5. Conclusion
This study was primarily motivated by an analysis of the efficiency of commercial banks in
Madagascar, as well as the impact of credit risk, competition and the macroeconomic environment
during the period 2010-2024. The literature on the subject shows that few studies have been
conducted on the African continent (Henriques, 2020), particularly using the methodology
adopted in this study. Our hypotheses were initially supported by the literature and also by the
BFM survey of the banking sector. In this study, a two-stage approach was employed, combining
the double-boundary SBM-DEA method following Wang et al. (2007) and a second-stage
regression estimated using wild bootstrap clustering. This methodological strategy allows for a
rigorous measurement of efficiency whilst correcting for inference problems related to
heteroscedasticity and intra-group dependence (Cameron and Miller, 2008), and is in line with the
recommendations of Simar and Wilson (2007) regarding the correction of biases in two-stage DEA
models.
The empirical results highlight a significant negative effect of credit risk on banking efficiency. This
finding confirms the hypothesis that a deterioration in the quality of the loan portfolio increases
the costs of monitoring, provisioning and restructuring, thereby reducing operational
performance. Berger et al (1997) have already demonstrated a close relationship between non-
performing loans and banking inefficiency.
With regard to market power, the Lerner index is found to have a positive effect on efficiency. This
result is consistent with the efficient-market hypothesis (Demsetz, 1973; Peltzman, 1997) and the
Information Generating Hypothesis (IGH) developed by Marquez (2002), according to which the
most efficient banks gain market power and generate higher margins. However, this does not
refute the ‘Quiet Life’ theory proposed by Hicks (1935), as owners of monopolistic firms can in fact
exercise the same control over management effort as those in competitive firms, and the sector
has a monopolistic structure since the Lerner index lies between 0 and 1. Furthermore, economic
growth has a positive and significant effect on banking efficiency. A favorable macroeconomic
environment improves borrowers’ creditworthiness, stimulates demand for credit and reduces
defaults.
Methodologically, the use of the double frontier allows for a more precise framing of the observed
performance, whilst the use of the wild bootstrap cluster improves the robustness of the inference
(Cameron et al., 2008). However, the main limitation of this research lies in the relatively small
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sample size, which restricts the full application of the double bootstrap method by Simar and
Wilson (2007) to correct biases in DEA scores and refine confidence intervals. This limitation
suggests the need for future research to extend the analysis to larger samples and longer time
periods, and to use parametric methods for assessing bank efficiency.
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Appendices
Table A 1 Double-boundary DEA results
ANNEE BANQUE RTS EFopt EFpes OEF RANG
2010 BMOI VRS 1.0000000 | 1.807083 | 1,3442778 8
2011 BMOI VRS 0.9662358 | 1.554649 | 1,2256254 18
2012 BMOI VRS 0.8135980 | 1.296159 | 1,0269141 37
2013 BMOI VRS 0.8960072 | 1.866356 | 1,293162 11
2014 BMOI VRS 0.8583014 | 1.881305 | 1,2707188 13
2015 BMOI VRS 0.8077590 | 1.910049 | 1,242119 15
2016 BMOI VRS 0.8364747 | 2.010992 | 1,2969751 10
2017 BMOI VRS 0.9750070 | 2.382508 | 1,5241266 4
2018 BMOI VRS 0.9442930 | 2.353780 | 1,490858 5
2019 BMOI VRS 0.9712733 | 2.429114 | 1,5360123 3
2020 BMOI VRS 0.7807890 | 1.984158 | 1,244672 14
2021 BMOI VRS 0.9135819 | 2.320073 | 1,4558765 7
2022 BMOI VRS 0.9141466 | 2.321144 | 1,4566625 6
2023 BMOI VRS 1.0000000 | 2.624098 | 1,6199069 1
2024 BMOI VRS 1.0000000 | 2.566832 | 1,6021335 2
2010 BNI VRS 0.6426324 | 1.544549 | 0,9962817 40
2011 BNI VRS 0.6551047 | 1.581604 | 1,0178978 38
2012 BNI VRS 0.5781369 | 1.406230 | 0,9016615 57
2013 BNI VRS 0.6261076 | 1.532798 | 0,9796409 44
2014 BNI VRS 0.6685297 | 1.604189 | 1,0355907 36
2015 BNI VRS 0.6520621 | 1.645228 | 1,0357561 35
2016 BNI VRS 0.5891993 | 1.522559 | 0,9471488 48
2017 BNI VRS 0.5554274 | 1.433685 | 0,892361 58
2018 BNI VRS 0.5974313 | 1.506502 | 0,9486998 47
2019 BNI VRS 0.6834608 | 1.644869 | 1,0602846 32
2020 BNI VRS 0.6644331 | 1.492750 | 0,9959078 41
2021 BNI VRS 0.6820326 | 1.284787 | 0,9360913 49
2022 BNI VRS 0.7406821 | 1.117432 | 0,9097591 55
2023 BNI VRS 0.8996079 | 1.361783 | 1,1068292 29
2024 BNI VRS 0.8618530 | 1.000000 | 0,9283604 53
2010 BOA VRS 0.4591221 | 1.125340 | 0,7187964 70
2011 BOA VRS 0.5764669 | 1.431978 | 0,9085637 56
2012 BOA VRS 0.5268569 | 1.335799 | 0,8389131 64
2013 BOA VRS 0.5254750 | 1.358130 | 0,844786 63
2014 BOA VRS 0.5760091 | 1.504431 | 0,9308954 52
2015 BOA VRS 0.5805243 | 1.501508 | 0,9336285 51
2016 BOA VRS 0.3875640 | 1.000764 | 0,6227841 75
2017 BOA VRS 0.4283924 | 1.085965 | 0,6820697 72
2018 BOA VRS 0.7668405 | 1.907801 | 1,2095366 20
2019 BOA VRS 0.7903413 | 1.929519 | 1,2349002 17
2020 BOA VRS 0.7110549 | 1.573982 | 1,0579167 33
2021 BOA VRS 0.7799262 | 1.727480 | 1,1607355 23
2022 BOA VRS 0.8379004 | 1.759509 | 1,2142047 19
2023 BOA VRS 0.8659861 | 1.436569 | 1,1153693 27
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2024 BOA VRS 1.0000000 | 1.271024 | 1,1273968 26
2010 MCB VRS 1.0000000 | 1.083885 | 1,0410981 34
2011 MCB VRS 0.8459178 | 1.140333 | 0,9821548 43
2012 MCB VRS 0.8359360 | 1.004166 | 0,9161981 54
2013 MCB VRS 0.6048009 | 1.000000 | 0,7776895 66
2014 MCB VRS 0.7218778 | 1.211598 | 0,9352143 50
2015 MCB VRS 0.8084838 | 1.440540 | 1,079191 31
2016 MCB VRS 0.6416813 | 1.132015 | 0,8522868 62
2017 MCB VRS 0.6380990 | 1.172981 | 0,8651464 60
2018 MCB VRS 0.4862397 | 1.000000 | 0,6573089 71
2019 MCB VRS 0.5211894 | 1.096622 | 0,7560079 67
2020 MCB VRS 0.4613634 | 1.000000 | 0,6792373 73
2021 MCB VRS 0.4840670 | 1.071681 | 0,7202537 69
2022 MCB VRS 0.4804173 | 1.088698 | 0,7232076 68
2023 MCB VRS 0.4508021 | 1.000000 | 0,671418 74
2024 MCB VRS 0.5711414 | 1.185700 | 0,8229229 65
2010 SGM VRS 0.5515384 | 1.338974 | 0,8593575 61
2011 SGM VRS 0.5647290 | 1.401293 | 0,8895791 59
2012 SGM VRS 0.6284458 | 1.552818 | 0,9878574 42
2013 SGM VRS 0.5999171 | 1.501067 | 0,9489549 46
2014 SGM VRS 0.7271457 | 1.760780 | 1,1315226 25
2015 SGM VRS 0.8414896 | 2.021764 | 1,3043364 9
2016 SGM VRS 0.6803496 | 1.768505 | 1,0969055 30
2017 SGM VRS 0.7261087 | 1.836532 | 1,154782 24
2018 SGM VRS 0.8492900 | 1.942536 | 1,2844361 12
2019 SGM VRS 0.7702781 | 1.797252 | 1,1765983 22
2020 SGM VRS 0.8107996 | 1.770870 | 1,1982574 21
2021 SGM VRS 0.8413018 | 1.818182 | 1,2367862 16
2022 SGM VRS 0.9419888 | 1.000000 | 0,9705611 45
2023 SGM VRS 1.0000000 | 1.236567 | 1,1120105 28
2024 SGM VRS 1.0000000 | 1.000000 1 39

Source: Authors, 2025

Table A2 Malmquist by year

ANNEE

2010

0,60369208

0,51060812

0,26887886

0,32672327

0,45218978

2011

0,6114144

0,5323946

0,29452356

0,30764632

0,44722157

2012

0,59785051

0,45832407

0,35356299

0,21542691

0,4437507

2013

0,61896586

0,56023769

0,33929314

0,32086751

0,55236968

2014

0,63967295

0,61863222

0,48883862

0,36685004

0,70747468

2015

0,59913801

0,57631809

0,43615867

0,44052612

0,64638998

2016

0,58821403

0,53517284

0,48100554

0,3470353

0,57994908

2017

0,64514643

0,43746453

0,54253398

0,34487594

0,56021105

2018

0,60646627

0,4284419

0,55164556

0,20712602

0,61512865

2019

0,64191639

0,4294121

0,50756015

0,18030032

0,50791578

2020
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0,63307328

0,38179887

0,50110844

0,14730739

0,46348772
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2021 0,66514158 0,33504203 0,47863688 0,13885116 0,40861308
2022 0,66459727 0,28508723 0,45852251 0,17715836 0,2397724
2023 0,69610177 0,4288358 0,43974726 0,13102505 0,65355644
2024 0,69286486 0,34767709 0,43526776 0,09887438 0,3879864

Source: Authors, 2025

TABLE A3 Lerner index by sub-period

Banque igig' ;g;g' 2020-2024

BMOI  J0.6118 [0.6190 |l0.6704 |
BN l0.5428 |0.4648 [0.3557 |
BoA  [03635 [0.5033 |o.4627 |
McB  [03297 [0.2779 |o.1386 |
s6M  [o.s5416  [o.5622  [0.4307 |

Source: Authors, 2025
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Lokal segmentda Ragamsal Marketing
ekosisteminin tekamulu: Suni intellekt va
analitik yanasmalar
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Baki Biznes Universitetinin Il kurs magistranti, Biznesin taskili va idara edilmasi
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Elmi rahbar:
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Xulasa

Bu tadqigat isi lokal bazar mihitinda faaliyyat gdstaran kicik ve orta bizneslarin (KOB) ragamsal
transformasiyasini tahlil edir. isin asas magsadi siini intellekt va analitik yanasmalarin idarsetma
proseslarina inteqrasiyasinin yaratdigl dayari va ragabat Ustlnliklarini muiayyanlasdirmakdir.
Magalada organik axtaris tacrlibasinin istifadaci niyyatina uygun takamdill, hamginin suni
intellektin hadaflomani neca intellektuallasdirdigl Gyranili. Malumat analitikasi gararverma
prosesini farziyyalardan xilas edarak ham xarclari optimallasdirir, ham da istifadaci tacribasini
fordilasdirir. Natica etibarils, bu iki texnologiyanin vehdati lokal bizneslarin dayanigh inkisafi Ggln
mitaraqqi va samarali idaraetma modelini tamin edir.

Acar sOzlar: ragamsal marketing, lokal segment, stini intellekt, malumat analitikasi, organik axtaris,
KOB.

Summary

This research analyzes the digital transformation of small and medium-sized enterprises (SMEs)
operating in the local market environment. The main purpose of the study is to determine the
value and competitive advantages created by the integration of artificial intelligence and analytical
approaches into management processes. The article examines the evolution of the organic search
experience according to user intent, as well as how artificial intelligence intellectualizes targeting.
Data analytics rescues the decision-making process from assumptions, optimizing costs and
personalizing the user experience. Consequently, the unity of these two technologies provides a
progressive and efficient management model for the sustainable development of local businesses.

Keywords: digital marketing, local segment, artificial intelligence, data analytics, organic search,
SME.

Movzu Uzra tadqiq etmaya calisdigimiz tezisin migaddimasinda idarsetma va igtisadi
yanasmalarin teamal xisusiyyatlarinin  reagemsal transformasiya fonunda neca dayisdiyini
xatirlamagi zaruri hesab edirik. Klassik igtisadiyyat mahdud fiziki va maliyya resurslarinin an
samarali sakilda idara olunmasini hadaflayirsa, muasir dovrda bu missiya ragamsal marketing
ekosistemi vasitasile geyri-maddi aktivlerin (malumat, diggat ve istifadaci tacribasi) idara
edilmasina transfer olunmusdur. Mahz bu aspektdan, xtsusila lokal seqmentda faaliyyat gostaran
kicik va orta biznes (KOB) subyektlarinin inkisaf platformasini regamsal hallar olmadan tasavvir
etmak mumkin deyil. Qlobal mihitds bas veran innovativ ylksalislar lokal bazarlarda faaliyyat
gdstaran muisassisalar Ucln ham vyeni inkisaf UGflgleri, ham da ciddi regabat mihiti
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formalasdirmisdir. Regamsal resurslarin maqgsadyonli va tamarkizlasmis sakilds idara olunmasi
iso artig sadaca bir secim deyil, biznesin dayanighligini tamin edan fundamental zarurats
cevrilmisdir.

istehlakcl davranislarinin va marketing mexanizmlarinin takamdiliina diskursiv yanasma
sargilasak, ananavi alatlarden ragamsal mustaviya kecidin oldugca kaskin va coxvektorlu bir
trayektoriya Gzra inkisaf etdiyini gora bilarik. 9vvallar talab va taklif minasibatlari lokal cografi
mahdudiyyatlar c¢arcivasinds, birtarafli kommunikasiya vasitalari ila tenzimlanirdiss, hazirki
ekosistemda proseslar tamamils interaktiv va coxsaxali bir xarakter almisdir. Bu takaml prosesinin
an bariz nimunasini axtaris sistemlarinin inkisaf dinamikasinda misahids etmak mimkindur. Bels
ki, ilkin marhalalarda organik axtaris konsepti sadace matn daxilindaki acar sézlarin mexaniki
uygunluguna asaslanirdi.  Lakin zamanla axtaris sistemlarinin  algoritmik strukturunun
mirakkablasmasi naticasinda organik trafik alde etmak mexanizmi basit texniki parametrlardan
uzaglasaraq, istifadacgi niyyatini (user intent) ve semantik axtaris mantigini darindan anlayan
intellektual formaya dogru takamil etmisdir. Bu transformasiya lokal bizneslardan 6z ragamsal
varliglarini sadaca gorinlr etmayi deyil, eyni zamanda istifadaci talabatlarina adekvat, dayar
yaradan vae mazmun baximindan zangin bir strateji yanasma tatbig etmayi talab edir.

Lokal segmentda faaliyyat gostaran muassisalar (xUsusile da kicik va orta bizneslar) lgln
ragemsal transformasiyanin an halledici va intellektual tutumlu marhalasi slini intellekt
texnologiyalarinin idarsetma proseslarina integrasiyasidir. Masin dyranmasi (machine learning) va
prediktiv (prognozlasdirici) algoritmlar sadaca avtomatlasdirma alsti deyil, eyni zamanda boyik
hacmli malumatlari emal edan konseptual bir regeamsal zekadir. Bu yanasmanin igtisadi va texnoloji
darinliyini anlamagqg Ug¢ln muasir stni intellekt nazariyyasinin aparici simalarindan olan professor
Endryu Ng-nin (Andrew Ng) fundamental tezisina miracist etmak yerina disar: "Sini intellekt yeni
elektrik enerjisidir. Elektrik yiz il avval sanayeni neca kokiindan dayisdirdisa, stini intellekt da bu
glin eyni transformasiyani hayata kegirir."

Bu diskursiv yanasmani lokal bazar igtisadiyyatina proyeksiyalasag, malumati emal eda
bilan, istehlak¢l davranislarini slni intellekt vasitasile avvalcadan tahlil edan subyektlarls,
proseslariyalniz ananavi Usullarla idara edan subyektlarin reqabat muhitinda kaskin farglanacayini
mutlaqg sakilda gorarik. Mahz bu amil stini intellekti sadaca basit mazmun yaradiciligi ¢cargivasindan
cixararaq, organik axtaris naticalerinin  tekmillasdirilmasi, hadaf kitle davranislarinin
prognozlasdiriimasi va fardilasdirilmis istifadaci tacribasinin (UX) sarsilmaz tamalina gevirir.

Ragamsal marketing ekosisteminin tamarkizlasmasini va dayanighligini tamin edan digar
fundamental sdtun isa analitik yanasmalardir. SUni intellekt proseslarin harakatverici qlvvasidirss,
analitika bu proseslarin rasional nazarat mexanizmidir. Masir dovrda sirkatlar Uglin asas problem
malumat qithigr deyil, aksing, idaraolunmaz "gostarici xaosu" (metric chaos) adlandirdigimiz ifrat
malumat yiklanmasidir.

Bu mirakkab manzarani sistemlasdirmak lglin keyfiyyat idaraetmasi nazariyyasinin banisi
V. Edvards Demingin (W. Edwards Deming) mashur postulatini xatirlamagq kifayatdir: "Tanriya
inaniriq, digar har kas iss malumat (data) gatirmalidir". Bu falsafi-igtisadi yanasma, gararverma
prosesinda intuisiyanin ve ya ananavi vardislarin deyil, mahz dagiq ragemlarin va analitik
mexanizmlarin strateji mahiyyatini tamligl ils ortaya qoyur. Organik trafik gostaricilarinin daqiq
analizi, istifadaci sayahatinin (user journey) xaritaloanmasi va A/B testlarinin davamli tatbiqi
muassisalarin inkisaf strategiyasini subyektiv farziyyalardan xilas edir. Natice etibarils, sistemli
analitika takca bldca itkilarini minimallasdirmir, ham da bizneslara geyri-miayyan ragamsal
muhitds 6z faaliyyatlarini elmi cahatdan asaslandiriimis faktlar Gzarinds qurmaga imkan yaradir.

Tahlil etmaya calisdigimiz nazariisbatlar fonunda stni intellekt va analitik yanasmalarin bir-
birindan tacrid olunmus sakilda faaliyyat gostardiyini disiinmak absurd bir yanasmadir. Ragamsal
idarsetma mexanizmlari bu iki fundamental glivvanin mitlag vahdatina asaslanir. Hamin texnoloji
vahdatin lokal seqments, xisusan da kicik va orta bizneslara gostardiyi praktiki tasirlar coxsaxali
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va bir-birini tamamlayan zancirvari proseslardan ibaratdir. ilk névbads, analitik vasitalarin xam
malumat (data) kimi topladigl auditoriya gdstaricilarinin masin éyranmasi algoritmlari tarafindan
emal edilmasi hadaflamanin mitlag manada intellektuallasmasina gatirib ¢ixarir. Bu proses
naticasinda lokal auditoriyanin demografik va psixografik xtsusiyyatlarina uygun, israfdan uzaq va
mikrosaviyyali hadafloma strategiyalari formalasdiriir. Buna paralel olaraqg, sitni intellekta
asaslanan sistemlar istifadacinin ragemsal platformadaki reaksiyalarina aninda adekvat cavab
verarak fardilasdirilmis istifadaci tacribasini (UX) temin edir, ragemsal makanda xidmat
keyfiyyatini va mustari loyalligini birbasa glclandirir.

Masalanin texniki va igtisadi tarafina nazar saldigda isa axtaris motorlarinin daim yenilanan
algoritmlarina uygunlasma zarurati 6n plana cixir. Bu marhalada slni intellekt mazmun
strukturunu optimallasdirir, analitik alatlaer isa calb olunan organik trafik kitlasinin platformadaki
davranisini, sicrama daracasini (bounce rate) va konversiya potensialini Olgarak prosesin
effektivliyini tanzimlayir. Organik axtarisin davamhhgini va keyfiyyatini tamin edan bu mexanizm
eyni zamanda prediktiv (prognozlasdirici) modellar vasitasile an yuksak investisiya galirliyi (ROI)
veracak kanallari avvalcadan hesablayir. Natica etibarils, bu murakksb integrasiya ham inkisaf
dinamikasini stiratlandirir, ham da mahdud bidca ils ¢alisan KOB-lar Gg¢ln marketing xarclarinin
samarasiz sarfiyyatinin garsisini alan goruyucu sipar kimi ¢ixis edir.

XXI asrin ragamsal arxitekturasi talab edir ki, lokal bazar mihitinds regabatadavamli olmag
istayan igtisadi subyektler idaresetmani sadacs xidmst va ya mahsul tegdimat ils
mahdudlasdirmasinlar. Stni intellekt ve data asasli analitik yanasmalar artig miivaqgati texnoloji
trendlar deyil, aksina, ragamsal igtisadiyyatin mohkem dayaglari va asas kapitalidir. Tadqgigat
gostarir ki, yerli bizneslarin regamsal marketing ekosistemindaki takamUli birbasa olarag elmi va
texnoloji alatlarin birgs, rasional istifadasindan asilidir. Malumatlari (datani) gabul edan, organik
axtaris davranislarini dark edan va analitik hesabatlar asasinda strategiya inkisaf etdiran taskilatlar
ham mirakkab igtisadi bohranlara tab gatirscak, ham da galacayin innovativ, tamarkizlasmis
idaraetma modelinin lokomotivina gevrilacaklar.
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YK 528.4

CTpaTermyeckme BeKTopbl Pa3BmUTUA
VpOaHU3MPOBAHHON SKOHOMMUKM
KapabaxcKkoro aKoHOMWYECKOro permoHa

Strategic vectors for the development of the urbanized economy of the Karabakh economic region

PamasaHos PoBwaH acaH

HauyoHanbHoe AspoKkocMmmyeckoe AreHTCTBo, Hay4yHo-MccneaoBaTenbCknim MHCTUTYT
Aspokocmunyeckon nHbopmaTtmiky, ya. C. AxyHaosa 1, baky, AsepbanarkaH

Bannesa PnagaH Maxammag,

MybanyHoe topuandeckoe AMLo «locyaapCcTBEHHbIM KaaacTp U peecTp HeABUMKMMOCTHUK,
AcamanbCkuit panoH, npocnekT lNycerHa dxkasmaa, 135 baky, Asepbanaxar

Mpe3naeHT Vinbxam Anves caenan BaxKHble 3aABNAEHMA, NOAYEPKHYB, YTO BOCCTaHOBNEHME
1 pa3BUTME OCBODOXKAEHHbIX TePPUTOPUIA Kapabaxa 1 BocTouyHOro 3aHresypa sBAseTca ogHMm 13
rNaBHbIX MPUOPUTETOB BHELLIHEM NOAUTUKM A3lepbanarkaHa. ITW cnoBa oOTpaxkatoT raybokoe
NOHWMaHWE TNaBOM rocyaapcTBa CTPATErMyeckoM BaXKHOCTM 3TUX PEerMoHoB Ana byayuiero
CTPaHbl.

Kak otmetun [lpe3naeHT, rpafoCcTpoUTeNbCTBO ABAAETCA OAHUM W3 MPUOPUTETHbLIX
HanpaB/feHUN B HaLUMOHANbHOW cTpaTernn passuTus AsepbairigkaHa. [puMeHsemble B CTpaHe
noaxoapl B o0b6nactyM rpagoctpouTensctsa M ypbaHu3aumm cnocobCTBYOT 3KOHOMMUYECKOM
YCTOMYMBOCTM, COLMANbHO-9KOHOMMUYECKOMY OAnarononyymto M agantaumMm K M3MEHEHMIO
KnMmaTta». 3TWU CNoBa MOAYEPKMBAIOT KOMMIEKCHbIM MOAXOA K MPOLLEeCcCy BOCCTAHOB/EHMS,
OXBaTbIBAOLWMI BCE aCNEKTbl 0OLLECTBEHHOMN KM3HMW.

BosporkaeHue Kapabaxa u BocTouyHOro 3aHresypa — 3TO He TO/IbKO BOCCTaHOB/EHME
Pa3pyLEeHHOro, HO W CO34aHWe HOBOro, COBPEMEHHOrO M MPOLBETAOWErO0 PEernoHa. 37O
amMmObUUMO3HbIM NPOEKT, TPEOYIOWMIA 3HAYNTEIbHbLIX YCUANM U PEeCcypPcoB, HO OH, HECOMHEHHO,
npuBeAeT K YKPENNEHWIO CyBepeHuTeTa a3epbalaXKaHCKOro rocyAapcTBa M YAYyYLIEHWUIO
6narococtoaHma asepbaingykaHcKoro Hapoga. CTpaTernyeckuit NPUOPUTET, OTAAHHbLIA 3TUM
TEPPUTOPUAM, [AEMOHCTPUPYeT [AaNbHOBMAHOCTb PYKOBOACTBA CTPaHbl M €ro pewmnmocTb
MOCTPOUTbL CUMIbHBIN U CTabuabHbIM AzepbaligskaH.

AsepbangraH, obnagatowmii 6oraTo UCTOPUEN U Ky/NbTYPOM, YBEPEHHO ABUMKETCA K
nporpeccy, yaenaa nepsocTeneHHoe BHMMaHWe Pa3BUTUIO CBOEro Hapoaa. B LueHTpe BHMMaHmA —
co3faHune paboumx MecT ANA rpaskaaH n obecnevyeHne 4OCTOMHOW KU3HM, YTO ABNAETCA OAHUM M3
FNaBHbIX NPUOPUTETOB FOCYAAPCTBEHHON MOAUTUKM. DTOT KypC, 3a4aHHbIN BEANKMM NUAEPOM
Fenaapom AnveBbiM, yCNewHo NPOA0IKAETCA U CeroAHA, CTPEMACH NOBbICUTL 61arococToAHne U1
YAYYLWKTb YPOBEHb KM3HM KaXXA0ro azepbanarkaHua.

B pamkax peanusaumm [0OCyaapCTBEHHON MPOrpPaMmbl 3aHATOCTM Ha OCBODOXKAEHHbIX
TeppuTopuax AsepbanarkaHckon Pecnybankm Ha 2026-2029 roapl naaHupyeTcs Bblaenmts 13,5
MIPA MAHATOB. 3HAYMUTENbHAA YaCTb 3TUX CPEACTB, a MMeHHO 23,5%, byaeT HanpasneHa Ha
co3gaHune HOoBbIX paboumx mecT. OAHMM M3 BaXKHbIX WAroB B 3TOM HAMpaBAEHWW CTaHeT
CTPOUTENBCTBO CPEAHMX LWKON B OCBODOMKAEHHbIX PaoHax B TeYeHue cneayowmx YeTbipex nerT,
4TO AIBASIETCA BOM/oLUEeHMeM 3ab0Tbl rocyaapcTea o byayLmx nokoneHumax. B 2024 roay B pamkax
«locyaapcTBEHHOM NPOrpammbl 3aHATOCTM Ha OCBODOXKAEHHbIX TEPPUTOPUAX AzepbanamKaHCcKoMm
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PecnybanKkm», HanpasNeHHOW Ha Pa3BUTME 3TUX PEFMOHOB, ObIAM Ha4vaTbl MepPONPUATMA MO
CO3[aHMI0 HOBbIX PaboYMX MECT M BOCCTAHOB/IEHMIO MHOPACTPYKTYPbl. B 0bLIEN CNOKHOCTM Ha
co3faHune 1 coxpaHeHne pabounx MecT Ana ocBODOXKAEHHbIX rpaxaaH B 2020-2024 roaax 6bi10
BblAeneHo 17,6 MApa MaHaToB, M3 KOTOPbIX 5,3 Mapa maHaToB Obl10 n3pacxoaosaHo B 2024 roay,
a 4,3 mApa, MaHaToB 3ana1aHMpoBaHO Ha 2025 roa.

Kpome Toro, B cpeiHECPOYHOM NepcrneKkTUBe NAaHMpyeTcs NPoA0 AKNTL CTPOUTENLCTBO U
PEKOHCTPYKLIMIO KOMMIEKCOB, HaMNpaB/eHHbIX Ha pPa3BMTME COLMANbHO-IKOHOMMUYECKON W
KyNbTYPHOM WMHPPACTPYKTYPbl OCBODOMAEHHbLIX Tepputopuit. IPPEeKTUBHOE WNCNO/b30BaHUE
HEepPreTUYECKUX PECYPCOB NPUBEAET K Aa/fibHeNemMy Pa3BUTUIO SKOHOMMYECKON aKTUBHOCTU U
NOBbILLIEHMIO YPOBHA KU3HU. B pamkax aTnx ycunuii 8 2027-2030 rogax byaeT peannsosaHa «XXII
focynapcTBeHHas nporpamma Mo OCBODOMAeHHbIM  Tepputopusam  AsepbaligskaHCKon
Pecnybamnkum», npeaycmaTpuBatowaa MoAroToBKY WM OCylLecTBAeHWe mep no obecneyeHunto
3aHATOCTM HaceNeHUA U CO34aHMI0 AOCTOMHOIO YPOBHA XKU3HW.

Takmm obpasom, AsepbanakaH HArNAAHO AEMOHCTPUPYET CBOK MNPUBEPKEHHOCTb
NPUHUMNAM Pa3BUTUA Ye0BEYECKOTO KanuTana n obecneveHna 61arononyyma cBOMX rpaxaaH.
MHBecTMUMM B co3gaHue paboumx MecT, BOCCTaHOBAEHME WHOPACTPYKTYpbl M coUManbHOe
Pa3BUTME ABNAKOTCA rAapaHTUEN YCTOMUYMBOIO POCTa M MPOLUBETAHNA CTPAHbI.

Mpuaep)KMBaacb NPUHLUMNOB  roCyAapCTBeHHOCTM, [lpe3naeHT  A3lepbaiiayKkaHCKOM
Pecnybamnkm Mnbxam ANMeB 3an0KWA OCHOBY AN CUCTEMATMYECKOro M ObICTPOro pasBuTUS
Kapabaxckoro M 3aHresaypcKkoro 3KOHOMWYECKMX PErnMoHoB. ITOT MPOLECC BKAOYaeT B cebs
BOCCT@HOBNEHME pPa3pPYyLIEHHON WMHPPACTPYKTYPbl, CO3A4aHWME HOBbIX HACeNeHHbIX MYHKTOB M
obecneyeHne HAArONPUATHBIX YCI0BUI XKU3HW HaceNeHWUA.

B pe3ynbTaTte 3TMX MacwTabHbIX paboT 3KOHOMUYECKME PETMOHBI, paHee NocTpaZasLine oT
OKKyMaumu, nepexmnsatoT nepmos BO3poxXaeHMA. [aHbl pasBMTMA OXBATbIBAKOT TEPPUTOPUIO B
13,6 MMAIMOHOB KBaApPaTHbIX KMIOMETPOB M NPeayCMaTPMBAKOT CTPOUTENLCTBO HOBbLIX MM/bIX
palroHoB Ana 6onee yem 1,1 MMANMOHA YENOBEK, @ TaKKe MepecesieHne KUTenel ropoaos U
AepeBeHb. [eHepanbHble NaaHbl yKe yTBepaeHbl ansa 8 ropoaos 1 90 AepeBeHb C HaceneHMeM
H6onee 300 000 yenosex.

PaHee HeAOCTyMHble /19 OCBOEHMS, OCBODOXKAEHHbIE 3eMIN TENEPb CTAHOBATCSA 06 bEKTOM
rocyZapCTBEHHbIX CTPOUTE/NbHbIX M BOCCTAHOBUTE/bHbLIX PAabOT, YTO CBMAETENLCTBYET 00 YCUMAMAX
MO NONHOMY BOCCTaHOB/EHWIO PETMOHOB.

[JeMOHCTpMpYys CBO NPMBEPKEHHOCTL BOCCTAHOBAEHMIO, a3epbaliaKaHCKOe rocy1apcTBo
B8 2021 roay OTKpbINO «aBTOMarncTpanm» go dmsynm, a 20 oktabps 2022 roga, no cay4vato [AHaA
ocBObOXKAEHMA 3aHrMnaHa, OblAM OTKPbITbI «aBTOMArMcTpanm» A0 3aHrMAaHcKoM obnacTtu.
LlepeMOoHNM OTKPbITUA 3TUX BaXKHbIX TPAHCMOPTHbLIX KOPMAOPOB MPOBENM npe3maeHT abxam
Annes u npesnaeHt Typuum Pemken Tahmn SppaoraH. CUMMBOJIMYECKOE OTKPbLITME 3TUX
«aBTOMarucTpanen» 28 maa — B [leHb Pecnybankm — cTano euwe oAHUM MNOATBEPKAEHUEM
HpaTckux csazen mexay AsepbanarkaHom n Typumnen.

B aTux paioHax akTMBHO BeayTcA paboTbl MO CTPOUTENLCTBY ZOPOr, KWU/bIX AOMOB,
0OBEKTOB COLUMANbHOM MHPPACTPYKTYPbI, @ TaKKEe IHEPreTUYecKom MHPPacTpyKTypbl. B Kapabaxe
M 3aHresype B pamMKax MPOrpaMmmbl «3efeHad 3Heprua» co3[atoTCA COMHeYHble U BETPOBble
3/IEKTPOCTaHUMK.

Kapabaxckuii 3KOHOMMYECKMIN palioH Obin co3gaH [pe3naeHTom AsepbanamaHCKoM
Pecnybnnkm 7 wmons 2021 roga ykasom «O HOBOM pasae/eHnMM 3KOHOMWUYECKMX PanoHOB
AsepbanamaHckol Pecnybanku». Cnegyet oTMeTUTb, YTo KapabaxcKuii aKOHOMMYECKUIA palioH
ABNAETCA OAHMM M3 14 3KOHOMMYECKMX paoHoB AsepbaliarkaHa. B 3TOT 3KOHOMWYECKMI paoH
BXOAAT alMMHUCTPATMBHbIE parioHbl Araxkabean, Araam, bapaa, Pusynum, XoaKansl, XoaKaBeHa,
LWywa, TapTap v ropos XaHkeHAu. Ero obuiaa naowaas coctasnaer 7330 km?. Mo cocToaHMIO Ha
Havyano 2020 roga HaceneHme KapabaxCKOro 3KOHOMWMYECKOro paloHa coctasnano 900 300
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4enoBeK, YTO cocTaBaAeT NpubansnTenbHo 9% oT 0bLLen YNCAeHHOCTM HaceneHna AsepbanakaHa
[1]. Kapabax — 370 ApeBHAA 3emna AsepbanaKaHa, rae pacnosoXKeHbl peaxkMe NpupoaHble
KpacoTbl 1 boraTtcTsa.

OcHoBHOe pa3suTMe Kapabaxa 6bIn0 CBA3AHO C COUMANbHO-IKOHOMUYECKMM Pa3BUTMEM
ropoga Lywa [2]. B XIX Beke B Kapabaxe, ocobeHHo B LlyLie, WMpoKo pa3BnBaANCb TOProBas U
pemecna. Lywa bblna nepekpecTkom KapaBaHHbIX NyTEN, N 34eCb AeNCTBOBAN KapaBaH-capai. B
Wywe HacumTbiBanocb 500 TKALKMX MaACTEPCKUX, MPOU3BOAMBLUMX PA3/IMYHbIE BUAbl TKAHEMN.
LlyWwMHCKME KOBPbI M WENKOBbIE N3A4ENMNA CTAaIM M3BECTHbI [3].

B XVIII-XIX Bekax npoueccbl dopmmpoBaHMa M pa3BuTMa Kapabaxa yckopuamch. Tak,
WHTEHCMBHOE pa3BuTMe ropoaa LUywa B 3TOT nepmos Cbirpano BaxKHyK posib B GOPMMPOBaAHMM
Tpaauumin asepbagKaHCKOM rocyaapCTBEHHOCTU, COXPAHEHWUM HAUMOHAJbHbIX LEHHOCTEN U
Pa3BUTUM HalUMOHanbHOro Ayxa. C Apyron ctopoHsbl, Lywa pacnonoxeHa B MeCTHOCTW, rae
OYapOBaHWe NPUPOLbI U CNOXKHbIN penbed 06pa3yoT eANHCTBO, U B pe3y/ibTaTe OHa COXpPaHAeT
Benmyne LLywnmHcKom KpenocTn. 3aech Takke Habatoganocb GopmmMpoBaHmMe 1 pa3BUTUE APEBHUX
XYZOXKECTBEHHbIX TPAAMLMNA, TaKMX KaK OEATENbHOCTb LWENKOBbIX MAaCTEPCKUX M MPOM3BOACTBO
WeNKoBbIX M3aennin. OaHOBPEeMEHHO BbIIN LMPOKO pacnpoCTpaHeHbl TakMe BUAbI peMecen, Kak
WAANHOE AeN0, NOLWMB OAEXKAbl U M3TOTOBAEHME MY3bIKa/IbHbIX MHCTPYMEHTOB [5].

MNocne Benukol Kapabaxckon [lobenpl, HauvasBwencs 27 ceHTabpa 2020 roga u
npoAonkasweica 44 aHa, AsepbaraxkaH NPUCTYNUA K MaclwTabHoM paboTe No BO3POKAEHWIO
0CBODOOXKAEHHbIX TEPPUTOPUIN N MX BOCCTAHOBAEHMIO C UCMONb30BAHNEM HOBENLWIMX TEXHONOTUIA.
Llenb cocTomT B TOM, 4TOBbI NOAHATL Kapabax M npuaeratowme TeppUTOpMnN A0 CaMblX BbICOKMX
CTaHAAPTOB COLMANbHO-9KOHOMMWYECKOTO PasBUTUA M NPeBPaTUTb 3TOT PervoH B AMHAMMWYHO
Pa3BMBAIOLLMMNCA PErMOH C BbICOKMM YPOBHEM XKU3HU [4].

Kapabaxcknilt SKOHOMUYECKMIA PervoH, 0CBODOXAEHHbIN OT OKKyNaLyumM NOCAe MHOTUX /€T,
3aHMMaeT ocoboe MecTo B NOBeCTKe AHA Pa3BuTUA AsepbaiarkaHa. [opoacKas 3KOHOMMYECKan
CTPYKTypa 3TOro pervoHa, BKAOYaa uctopuyeckme ropoda Xankenaw, Wywa, Araam, ®usynm,
bapaa, Araxkabeamn, TapTap, Xoaxkanbl v XoaskaBeHa, byaet chopmmposaHa K 2026 rogy Ha
OCHOBE MPMHLUMNOB YCTONYMBOTO PAa3BUTMA, COBPEMEHHOMN MHOPACTPYKTYPbI M BbICOKOTO KayecTsa
XM3HW. DTa CTPYKTypa HanpaB/ieHa Ha MNOMHY peann3aumio SKOHOMMYECKOro noTeHuuMana
PEernoHa, a Takxe Ha obecneyeHne KOMPOPTHON M HE30MACHON KU3HW HACeNeHMA.

PacnosioxeHne 1 Hanpas/eHUs Pa3BUTUA XKUbIX PaOHOB

BoccTaHOBNEHME UM PasBUTME OCBODOMKAEHHbLIX TEPPUTOPUA Ha OCHOBE CUCTEMHbIX M
KOMM/IEKCHbIX MPUHLUMNOB TPebyeT onTUManbHbIX NOAX0A08. CTpaTerus OXKMBNEHUA U Pa3BUTUA
[ONXKHA OTpaXKaTb He TO/IbKO NepeaoBOl MUPOBOWM OMbIT, HO U TPaAMULMOHHbIE OCODEHHOCTH
Pa3BUTUA M NOTEHUMaN 3TUX Tepputopmnin. OCHOBHbLIMK NPUPOAHLIMK pecypcammn Kapabaxckoro
9KOHOMMYECKOTO pernoHa ABAATCA MNONAMMETANINYECKME pPyabl, PasanyHble CTPOUTENbHbIe
mMaTtepuanbl (Mpamop, LEMEHTHOE Cbipbe, CTPOUTEbHbLINA KaMeHb) U Ap.

OOHVM M3 BaKHEWMLWWX M [NaBHbIX MOTMBUPYIOWMX GAKTOPOB OCBODOMKAEHMA HaLLUX
3emenb ctanm 6om 3a Wywy. OcBoboxaeHue LLywmn oT Bparos 3aHAI0 CBOE MECTO B MMPOBOW
BOEHHOM UCTOPUM U 30710TbiIMKW BYKBaMW BMMCAHO B repOMYECKYHo SIeTonuch asepbaiakaHcKom
apmuun. Mocne nobeapl Bnepean 6blna MCTOpUYEcKas CTPOUTE/bHAsi M BOCCTAaHOBMUTE/IbHAS
pabota. B HacToAwee Bpema B Kapabaxe peanusytoTcd MaclWTabHble CTpoOUTENbHbIE W
BOCCTAaHOBMTE/IbHbIE NMPOEKTbI [8]. [NaBHbIMM NPUOPUTETAMM ABAAIOTCA CKOpPENLlee AOCTUKEHME
COLMANbHO-3KOHOMMYECKMX LieNIel pa3BUTUS pernoHa U obecrneyeHune BO3BPaLLEHWSA BHYTPEHHE
nepemelleHHbIX ul, B ropod. [pyM 3TOM CUYMTAETCA BaKHbIM  PACLIMPUTL  MaclTabbl
MHOTOYMCAEHHbIX CTPOUTENbHLIX PaboT, MPOBOAMMbBIX B pernoHe. Hapaay ¢ cpeacTBamy,
BblZE€/IeHHbIMW 13 FrOCyAapCTBEHHOrO HloaKeTa, LenecoobpasHo MCNoAb30BaTh B 3TUX paboTax
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MHBECTULLMM YAaCTHOIO CEKTOPa M MHOCTPAHHbIX MHBECTOPOB B COOTBETCTBMM C MMPOBbLIM OMbITOM
[9].

Cnenyet OTMETUTb, 4TO MMEKTCA  [AO0CTAaTOYHble  pecypcbl  ANA  NOBbIWEHUA
MHBECTULIMOHHON NpuBAeKaTeNbHOCTM Kapabaxckoro skoHommyeckoro pernoHa [10]. B 1o ke
BPEMA HAaIMYME NPUOPUTETHBIX 3334 B PaMKax CTpaTermm coumabHO-3KOHOMMYECKOrO Pa3BUTUA
no 2026 roga co3nano AONOAHUTENbHbIE BO3MOXHOCTM A8 YCKOPEHHOro BOCCTAaHOBAEHWA
0CBODOXAEHHbIX Tepputopuin. Kpome Toro, «l locysapcTBeHHas Mporpamma Mo BeMKOMY
BO3BPALLEHNIO OCBODOXAEHHbIX Tepputopunin AzepbanakaHckon Pecnybamkny, yTeep»KaeHHan
Ykazom [lpesngeHta oT 16 HoabpAa, npeaycmaTpmBaeT MacliTabHble Mepbl, CBA3aHHble C
Bo3poxaeHnem Lywn [11]. ObecneyeHo ycKkopeHMe NpoLEeccoB pacceneHus B ropode Lyuwa,
Arpamckom ©n  OU3yAMHCKOM paioHax KapabaxcKoro 3sKOHOMMYECKoro pernoHa. [lepBsble
BHYTPEHHE NepeMellleHHble NLA YXKe BEPHYUCH B BbICTPO pa3smBatoLminca ropos PusyamH. B
ropoaax Lywa v Argam BOCCTaHaBAMBAOTCA MM PEKOHCTPYMPYHOTCA KM/ble PaOHbl U AePEBHMU.
B Argame TaKKe pacnofioXKeH COBPEMEHHbIM MHAYCTPUAbHbIM NapK, M YNCNO KUTENEN pacTeT.

MOMMMO 3KOHOMMYECKOro pa3BuTMA LUylwn, BaXKHO TaKKe y4MTbiBaTb TPAAMLMOHHbIE
chepbl 3aHATOCTM M obecneynBaTb Pa3BUTUE PEMECEN B COOTBETCTBUN C TPEOOBAHNAMM BPEMEHMN.
Take cnefyeT OTMETUTb NOTEHLMAN AN OPraHn3aLmMmM U peannsaLmm cyBeHMpPOoB, MPOMU3BeAEHN
MCKYCCTBA, MYy3blKaZibHbIX MHCTPYMEHTOB, TOBApPOB, NPOM3BOAMMbIX B pe3y/bTaTe AeATeNbHOCTM
ManbIx 1 cpefHux npeanpuatuii [12]. B chepe ycnyr MMeroTcA AOCTaTOYHbIE BO3MOXKHOCTU, U
pa3BUTME 3TMX 0BNacTel, HECOMHEHHO, MOXKET YCKOPUTb GOPMMPOBAHIME OCHOBHbIX HaNpPaBAEHMA
[eATeNbHOCTM B COBPEMEHHOM 3KOHOMWYeckom cTpouTensctee LWywwn [13]. TMommmo
COBPEMEHHbBIX TOCTUHUL, C LUMPOKMMM BO3MOXKHOCTAMM, 3GDEKTMBHOE MCNONb30BaHME 0OBEKTOB
HeABVMXMMOCTU, NPUHAANEXKALLMX MANbIM Y CPEAHUM NPeAnpUATMAM, CO34aHMNe rOCTeBbLIX LOMOB,
MUHU-0TENEN, MOTeNen N CTPOUTENLCTBO HebONbLIMX NPeAnpUATUIA 0OLLECTBEHHOTO MUTaHWA
CO3[at0T LUMPOKME BO3MOXKHOCTM ANA pa3BUTMA cekTopa ycayr B Lywe w obecneumsatoT
OONONHUTENbHbIE CTUMY LI ANA ero dopmmpoBaHma [14].

MNaHWMPOBaHME pa3MeLLEHMA N PA3BUTUA KMIbIX PaOHOB B KapabaXCKOM 3KOHOMMYECKOM
pervoHe K 2026 roay oOCywecTBAAETCA Ha OCHOBE KOHLEMUMIM «YMHOrO ropoga» M «3eneHoro
ropofa». B npouecce pectaBpaumm U PEKOHCTPYKLMKM TOPOA0OB NPUOPUTETHOE 3HAYEeHWe nmeeT
COXpaHEeHMe NCTOPUKO-KYAbTYPHOro Hacneaums.

XaHKeHAW: Kak LeHTp parioHa, XaHkeHan byaeT pa3BMBaTbCA C NOABAEHUEM COBPEMEHHbIX
XWUAbIX KOMMIEKCOB, TOProBbIX LEHTPOB, 0Opa3oBaTeNbHbIX WM MEAULMHCKUX YYPEeXAEHWNN.
NcTopuyeckmii LeHTp ropoda byaeT BOCCTAHOB/EH, @ €r0 TYPUCTUYECKMIA NOTEHLMAN YBEIUYEH.
Hunble 30aHMA ByayT CTPOUTLCA NO NPUHLMNAM SHEProadpdeKTUBHOCTH, byayT co3aaHbl 6onblume
3e/1eHble 30Hbl 1 30Hbl OTAbIXA.

ywa: *unble panoHbl LWywn, KynbTypHOM cToamubl  AlepbaiarkaHa, 6yayT
BOCCTQHOB/IEHbI B COOTBETCTBMWU C MCTOPUYECKOM apxmTeKTypor ropoaa. OCHOBHOE BHMMaHMe
bynet yaeneHo COXPaHEeHMUID YHUKaANbHOM aTmocdepbl ropoga nNpuv  OAHOBPEMEHHOM
obecneyeHnn COBPEMEHHbIX YCNOBUI KU3HW. [1n1a pabOTHUKOB TYPUCTUYECKOM W KY/NbTYPHOM
chep 3annaHMPOBaHbI CNeLMaNbHbIE KM/ble KOMMIEKCHI.

Argam: [lpeBpalanacb M3 «ropoaa-npuspaka» B CMMBOJ BO3POXKAeHWA, Araam byaet
NepecTpoeH C COo3[aHMeM XWU/blX PaMOHOB, WWPOKMX MPOCNEKTOB, COBPEMEHHbIX 34aHUI U
Pa3BMTON COLMANbHON MHAPACTPYKTYPbI. [N1aH PEKOHCTPYKUMKM ropoda byaeT yaensTb ocoboe
BHMMaHMeE pa3aeneHmto *Knablx PaoOHOB OT MPOMbILWAEHHbIX M CENbCKOXO3ANCTBEHHbIX 30H.

®unzynn: Hanmume mexkayHapoAHOro asponopta NpuMAacT MOLLHbIA MMNYNbC Pa3BUTUIO
®usynn. Muable panoHbl OyayT opopmMeHbl B COBPEMEHHOM apXUTEKTYPHOM cTune, byayT
0bYyCTpOEeHbl MPOCTOPHbIE MAPKM M 30Hbl OTAbIXa. YUYMTbIBAA CTpPaTErMYeckoe pacnofioXKeHue
ropoAa, *uable KOMMNAeKCbl NAaHMPYTCA BOIM3M NOTUCTUYECKMX U TOPTOBbIX LLEHTPOB.

Bapaa v Araxkabagm: OTW pervoHanbHble LEeHTPbl OyAyT pa3BMBATLCA Kak MoceneHus,
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OPMEHTUPOBAHHbIE B  OCHOBHOM Ha Ce/bCKOe  XO03AMCTBO M NepepabaTbiBatolLyto
NPOMbILWNAEHHOCTb.  Munble  3a4aHuAa  OyAyT  afanTMpoBaHbl K CENbCKOXO3AMCTBEHHOM
[eATeNbHOCTM, OAHOBPEMEHHO YA0BNAETBOPAA COLMaNbHble NMOTPEOHOCTM HaceneHusa. B aTux
ropofiax TaKKe OyAyT co3gaHbl CneumasnbHble KUble M KOMMEPYECKME 30Hbl ANA TeX, KTO
3aHMMaeTca nepepaboTKon 1N NPoaarKen CeNbCKOXO3AMCTBEHHOM NPOAYKLMN.

TapTap: TapTap cocpeaoToumMTCcA B OCHOBHOM Ha AeATeNbHOCTM, CBA3AHHOW C CENIbCKUM
XO3AMCTBOM U MPPUTALLMOHHBIMKW CUCTEMaMU. uable paoHbl co3aaayT 61aronpuaATHbIE YCN0BKA
ONs Tex, KTo paboTaeT B 3TMx obnactax. Pa3suTne ropoackon MHPPACTPYKTYpbl TaKkxe byaet
BKIOYATb  CO34aHME NOAXOAAWMX NAOWAAOK ANA  XPAaHEHWA  BOAOXO3AMCTBEHHOM U
CeNbCKOXO03ANCTBEHHOM TEXHUKM.

Xoaxkanbl 1 XoaskaseHa: oceneHna B 3TMX panioHax OyayT B OCHOBHOM 0OCAyKMBaTb
CenbCKoe XO3AMCTBO, TYPU3M M SKOTYpu3M. Kuable AomMa OyayT CTPOUTBCA U3 3KONOTMYECKM
YUCTbIX MATEPMANOB, FAPMOHMYHO COYETAIOLLMXCA C NPUPOAOM. B 3TUX pervoHax Takxke byayT
CO3/aHbl HebONbLUME XKMble KOMNAEKCbl U depMbl ANA TEX, KTO 3aHMMAeTCA NPOM3BOACTBOM U
nepepaboTKON Ce/bCKOXO3MCTBEHHOM NPOAYKLIUN.

3aceneHue Kapabaxa ocyLecTBAAETCA NOSTANHO B paMKax Nporpammebl « Beankoe
BO3BpalleHue».

[o koHua 2026-ro roaa B Araame v Pysyam nnaHMpyeTca 3aBepLlInTb CTPOUTENBCTBO MO 2
LUEeHTPaNbHbIX KBAPTa/OB B KaXAOM M3 ropoAoB U B ODWEN CNOXKHOCTA 8 KUbIX KBAapTa/NOB B
9KOHOMMYECKOM 30He . Kpome Toro, B Ka4ecTBe CTPYKTYPHOW eAMHMLLbI N1aH Pa3BUTMA BKAOYAET
32 nocenka u Xagpyt , CyrosywaHb [lnaHMpyeTcA PEKOHCTPYKUMA CTPaTErMYecKM BaKHbIX
HaceNeHHbIX MYHKTOB, TaKMX KaK [Ha3BaHWe HaceNeHHOro NyHKTa ]. B KayecTBe KOHLENTyanbHOro
NoAX04a K peanu3almm nNaaHa, Xuable panoHbl 40MKHbI 6bITb 0becneyeHbl SKONOrMUYECKM YNCTOM
Cpefon M COBPEMEHHOWM CETbIO YCANYr, OCHOBAHHOM Ha KOHLENUMAX «YMHbIM ropoa» n «YMHasa
OepeBHA» .

MepBbIt 3Tan nporpammsl «Bennkoe Bo3BpalleHWe» naaHupyeTca 3asepwntb 8 2026 roay
, @ BTOPOW 3Tan, BKAtoYatoLwmii pernoH ®usynu, byaet 3aBeplueH K kKoHuy 2026 roaa. MaaHupyeTcs
nepecenntb 22 TbiCAYM 4yenoBek (BKAtoYaa uUeHTp ropoda u 10 aepeseHb) . Ha pucyHke 1
npe/cTaB/eH reHepanbHblii naaH roposa ®usynu.

k- s FOZULI SHARININ (misssst natara g edimi) BA PLANS
3 % »d . 84S PLAN (0545 C281)

PucyHoK 1. leHepanbHbI NaaH ropoaa dusynu.
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Kpome Toro, B Argame u ®Py3yam nnaHupyeTca 3aBepliMTb CTPOUTENbCTBO  ABYX
LUEeHTpaNbHbIX KBAapTa/NoB B KaKAOM W3 ropofoB . [eHepanbHblM NaaH ropoda Ardam yske
YTBEPXKIEH, W NepBble Uible 34aHUA ANA BOEHHbIX BBEAEHbI B 3KCMAyaTaumto. Ha pucyHke 2
npeAcTaBNeH reHepanbHbIl NnaH ropoaa Araam.

i § B
S, | | AGDAM SOHBRINE BAS PLANI
\ |7 ; Pl

PucyHOK 2. leHepasnbHbIM NaaH ropoda Araam.

HakoHeu, K 2026 rogy nNaHMPYeTCA MNOAHOCTbIO BOCCTAHOBMUTL WM MNepedaTb B
COBCTBEHHOCTL B 06LLEN CNOKHOCTM 32 AEPEBHN B SKOHOMMYECKOM pernoHe (12 B Argame, 10 B
dU3yNn 1 Apyrux permoHax) .

3aknwoueHmne

Taknm ob6pasom, Npom3BOACTBEHHAA CTPYKTYpa KapabaXxcKoro sSKOHOMMYECKOro pernoHa
Ha 2026 rog OCHOBaHa Ha NPeMMyLLECTBAX, BbITEKAIOLWMX M3 MPUPOLHbBIX PECYPCOB PErMOHa, ero
NCTOPMYECKOTO NOTEHLLMANA U CTPATEMMYECKOTO NOJIOXKEHUA.

B uenom, TepputopmanbHbie NPOU3BOACTBEHHbBIE KOMMAEKCHI M 061acTK cneuyanmsaumm
BbIMNAAAT CAeaytolmm obpasom:

1. Cenbckoe x03aincTo: OQHOM M3 OCHOBHbIX 06aacTel cneumannsaumm permoHa cTaHeT
CeNbCKoe X03AMCTBO. ITa 061aCTb BKAOYAET B cebA BblpallMBaHME 3€PHOBbIX, *KMBOTHOBOACTBO,
BMHOIPaaapcTBO, NN10A0BOACTBO M OBOLLEBO/ACTBO. B YaCTHOCTM, BeAylUytO ponb B 3TOM 061acTu
ByayT urpatb pernoHsl Araam, ®usynu, bapaa n Argkabeamn. ns nepepaboTKM NpOMbILWAEHHOM
NpoAyKumn ByayT co34aHbl COBPEMEHHbIE NepepabaTbiBatowme NpeanpuaTmna.

2. Typu3m n KyabTypa: fopoaa MCTOPUYECKOTO 1 KYy/IbTYPHOIO 3HaYeHuA, Takne Kak Lywa,
XaHKeHoM w Xoaxanbl, OyayT pasBMBATbCA KaK TypPUCTUMYECKME W KyAbTypHble LEHTPbI.
PecTaBpauma WCTOPUYECKUX MAMATHUKOB, CTPOUTENBbCTBO TOCTUHMUL, W  pPa3BaAeKaTe/bHbIX
KOMMNEKCOB, OPraHM3aumA KyabTypHbIX MEPONPUATMI CTaHYT OCHOBHLIMW HaMpPaBAEHUAMM
Pa3BUTMA 3TOTO PETMOHA. IKONOTUYECKMI TYPU3M TaKKe OyaeT NPUOPUTETHLIM HanpaBIEHNEM B
TaKWX paroHax, Kak XoaxkaseHa 1 TapTtap.

3. NMpoMmblWNeHHOCTb: B pervoHe byayT pa3BnBaTbCA 1€rKaa NPOMbILLAEHHOCTb, NULLEBAdA
NPOMbIWAEHHOCTb M MPOM3BOACTBO CTPOUTENbHbLIX MaTepuanos. NpombiWaeHHble 30HbI ByayT
CO34aHbl B TaKMx ropogax, Kak Argam, ®usynm n bapaa. 3Tm 30HbI ByayT npeaHasHayvyeHbl And
nepepaboTKM CeNbCKOXO3AMCTBEHHOM MPOAYKUMM, a TaKKe ANA NPOM3BOACTBA CTPOUTE/bHbIX
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MaTepuanos.

4. JIOrUCTMKa W TpaHcnopT: Hannune mexayHapoaHoro asponopTa Pusynm nosbicuT
NIOTUCTUYECKMIA M TPAHCMOPTHbIN NOTEHUMAN pernoHa. 3Ta Tepputopma byaeT cnocobcTBoBaTh
PA3BUTUIO KaK BHYTPEHHENM, TaK U MeXAyHapOAHOM TOprosau. byayT co3gaHbl COBPEMEHHbIe
CK/J1aACKME KOMMEKChI M TOTUCTUYECKME LLIEHTPbI.
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Abstract

Medical tourism has become one of the fastest-growing segments of the global tourism industry,
driven by increasing healthcare costs, aging populations, and growing demand for wellness and
preventive health services. This paper examines the development potential of medical tourism in
Imereti, Georgia, and analyzes its contribution to sustainable regional development. Imereti is
characterized by rich balneological resources, including mineral and thermal waters, established
spa traditions, and improving tourism infrastructure. The study employs a qualitative methodology
based on desk research, literature review, and secondary data analysis, complemented by a SWOT
framework.

The findings indicate that medical tourism can significantly contribute to regional economic
diversification, employment creation, investment attraction, and infrastructure development.
Moreover, the integration of medical, wellness, and wine tourism offers a unique competitive
advantage for the region. However, challenges such as limited international accreditation,
insufficient global marketing, and infrastructure gaps still constrain development. The study
concludes that strategic policy interventions and sustainable planning are necessary for positioning
Imereti as a competitive medical tourism destination in the Black Sea region.

Keywords: medical tourism, wellness tourism, sustainable development, regional development,
Imereti, Georgia

1. Introduction

In recent decades, medical tourism has emerged as a significant global phenomenon,
transforming both healthcare and tourism industries. Medical tourism refers to the movement of
individuals across regional or national borders to obtain medical treatment, rehabilitation,
preventive care, or wellness services. This sector has grown rapidly due to globalization,
technological advancements in healthcare, improved transportation accessibility, and rising
healthcare costs in developed countries.

According to the World Tourism Organization (UNWTO), health-related tourism is one of
the most dynamic and rapidly expanding segments of global tourism. It includes medical tourism,
wellness tourism, and spa tourism, all of which are increasingly interconnected. The global
wellness economy alone exceeded USD 5.6 trillion in 2022, with wellness tourism representing
one of its fastest-growing segments (Global Wellness Institute, 2022).

Georgia has historically been recognized for its rich natural healing resources, including
mineral waters, thermal springs, and favorable climatic conditions. The country’s spa traditions
date back to ancient times and were further developed during the Soviet era, when several resorts
gained international recognition.

Among Georgian regions, Imereti stands out due to its unique combination of natural
resources, historical spa infrastructure, and strategic geographic location. The presence of Kutaisi
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International Airport significantly enhances accessibility for international tourists, making the
region a potential hub for medical and wellness tourism in the South Caucasus.

The aim of this paper is to analyze the potential of medical tourism in Imereti and evaluate
its role in promoting sustainable regional development.

Medical tourism has been widely studied in tourism and healthcare literature. Connell
(2013) defines medical tourism as travel involving the use of medical services that are not typically
covered by traditional tourism activities. Smith and Puczkd (2014) expand this definition by
integrating wellness and spa tourism into the broader concept of health tourism.

Hall (2011) highlights both positive and negative implications of medical tourism,
emphasizing its potential to stimulate economic development while also raising concerns about
equity in healthcare systems. Similarly, OECD (2016) identifies medical tourism as a driver of
regional economic growth, particularly in developing and transitional economies.

From a sustainability perspective, medical tourism is closely linked to the UN Sustainable
Development Goals (SDGs), especially:

e SDG 3: Good Health and Well-being

e SDG 8: Decent Work and Economic Growth

e SDG 11: Sustainable Cities and Communities

Previous studies on Eastern European spa destinations (Hungary, Czech Republic, Slovakia)
demonstrate that natural thermal resources combined with infrastructure investment can create
competitive medical tourism clusters (Smith & Puczkd, 2014).

However, limited research exists on Georgia, and particularly on Imereti, in the context of
integrated medical, wellness, and sustainable regional development.

This study adopts a qualitative research design based on desk research and secondary data
analysis. The research process includes: Review of academic literature on medical and wellness
tourism, Analysis of reports from international organizations (UNWTO, OECD, Global Wellness
Institute), Examination of Georgian tourism and regional development documents, Case-based
assessment of key resorts in Imereti, SWOT analysis of the regional medical tourism sector. The
methodology does not include primary survey data; instead, it focuses on synthesis and
interpretation of existing information to evaluate development potential.

2. Results and Discussion

2.1. Medical Tourism Resources in Imereti

Imereti possesses a diverse range of natural, climatic, and infrastructural resources that
provide a strong foundation for the development of medical and wellness tourism. The region has
long been recognized as one of Georgia’s most important spa and health tourism destinations due
to its abundance of mineral and thermal waters, favorable environmental conditions, and
established resort traditions. These resources have supported health-related travel for decades
and continue to offer significant opportunities for the expansion of medical tourism.

The region is home to several well-known health resorts, including Tskaltubo, Sairme,
Nunisi, and Sulori. Each of these destinations offers unique therapeutic resources and contributes
to the diversification of medical and wellness tourism products in the region. In addition to their
medical and rehabilitative functions, these resorts play an important role in attracting domestic
and international visitors, supporting local employment, and stimulating regional economic
development.
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Table 1. Key Medical Tourism Resources in Imereti

Tskaltubo Central Radon-carbonate Very high
Imereti thermal waters
i Mi I High

Sairme Baghdati \ |ngra waters, ig
mountain climate

Nunisi Kharagauli . Cllm.atlc therapy, Medium
mineral springs

Sulori Vani Mineral waters Medium

Tskaltubo

Tskaltubo is widely regarded as one of Georgia’s most significant balneological resorts and
represents the cornerstone of medical tourism development in Imereti. The resort is
internationally known for its naturally warm radon-carbonate mineral waters, which maintain a
constant temperature of approximately 33—-35°C throughout the year. These waters are
characterized by unique therapeutic properties and have been extensively used for the treatment
and rehabilitation of various medical conditions.

The therapeutic applications of Tskaltubo’s mineral waters include the treatment of
musculoskeletal disorders, rheumatic diseases, neurological conditions, cardiovascular problems,
dermatological diseases, and post-traumatic rehabilitation. The resort’s natural healing resources
are often combined with physiotherapy, hydrotherapy, therapeutic exercise, and other
rehabilitation procedures, creating comprehensive treatment programs for visitors.

Historically, Tskaltubo gained international recognition during the Soviet period, when it
became one of the leading health resorts in the Soviet Union. Thousands of visitors annually
traveled to the resort for preventive healthcare, rehabilitation, and medical treatment. The
extensive network of sanatoriums, therapeutic facilities, and recreational infrastructure
established during this period laid the foundation for the resort’s long-standing reputation.

In recent years, Tskaltubo has undergone a process of revitalization supported by
infrastructure modernization projects, rehabilitation initiatives, and private investments. The
renovation of spa facilities, accommodation establishments, and public spaces has enhanced the
destination’s attractiveness and strengthened its capacity to compete in the international medical
and wellness tourism market. Given the growing global demand for health, rehabilitation, and
wellness services, Tskaltubo is increasingly recognized as a destination with significant potential
to become a leading medical tourism center not only in Georgia but also in the wider Black Sea
region.

Table 2 presents a comparison of the current range of products and services offered in
Tskaltubo with those available in selected international spa destinations. The comparison indicates
that competitiveness in the medical and wellness tourism sector depends not only on the number
of services offered but also on their quality, diversity, and ability to meet evolving consumer
demands. Although Tskaltubo possesses unique natural therapeutic resources and a strong
balneological tradition, further diversification of tourism products and services is necessary to
strengthen its position in the international market.

The expansion of additional wellness, rehabilitation, recreational, and cultural services
would enable Tskaltubo to attract a broader range of visitor segments and increase the average
length of stay. With continued investment, effective destination management, and the
development of integrated tourism products, Tskaltubo has the potential to become one of the
leading medical and wellness spa destinations in Europe (Kohl&Partner 2014: 57-58).
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Table 2. Health and Medical key Positioning
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Tskaltubo 10
Armenia 8
Azerbaijan 6
Bulgaria
Crimea 10
Germany 8
Russia 13
Turkey 13

Source: ( Kohl&Partner 2014:58)

Sairme

Sairme is another major health resort in Imereti that contributes significantly to the
region’s medical tourism potential. Located in a mountainous area at an elevation of
approximately 950 meters above sea level, the resort benefits from a favorable climate, clean air,
and rich natural surroundings. These environmental characteristics create ideal conditions for
rehabilitation, relaxation, and preventive healthcare.

The resort is particularly renowned for its mineral water resources, which have long been
used for therapeutic and preventive purposes. Sairme’s mineral waters are commonly associated
with the treatment and prevention of digestive, metabolic, and urinary tract disorders. The bottled
mineral water produced in Sairme has gained recognition both domestically and internationally,
further enhancing the visibility of the destination.

Unlike traditional medical tourism centers that focus primarily on treatment, Sairme has
increasingly developed as a wellness destination. Modern spa facilities, wellness centers,
rehabilitation services, and recreational infrastructure allow visitors to combine healthcare with
leisure and relaxation activities. This integration of medical, wellness, and recreational services
reflects current international trends in health tourism, where travelers increasingly seek holistic
experiences that promote physical and mental well-being.

The resort's mountainous landscape, forests, and biodiversity also provide opportunities
for nature-based therapies, outdoor recreation, and active tourism. Hiking, wellness walks, and
climate therapy can complement traditional medical treatments, creating a comprehensive health
tourism product.

Nunisi and Sulori

In addition to Tskaltubo and Sairme, smaller resorts such as Nunisi and Sulori contribute to
the diversity of medical tourism resources in Imereti.

Nunisi is known for its unique climatic conditions and mineral waters, which have
traditionally been used in the treatment of skin diseases and various chronic health conditions.
The resort’s peaceful natural environment and relatively untouched landscape make it particularly
attractive for visitors seeking recovery and relaxation away from crowded urban areas.

Sulori, located in the Vani Municipality, is another promising balneological destination with
mineral water resources suitable for therapeutic and recreational use. Although less developed
than Tskaltubo and Sairme, Sulori possesses considerable potential for future investment and
tourism development. The enhancement of infrastructure and healthcare services could
transform the resort into an important complementary destination within the regional medical
tourism network.
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Supporting Infrastructure and Accessibility

Beyond its natural healing resources, Imereti benefits from growing tourism and transport
infrastructure. The presence of Kutaisi International Airport significantly improves accessibility for
international visitors and strengthens the region’s connectivity with European markets. In
addition, the development of accommodation facilities, wellness centers, transportation
networks, and tourism services has improved the overall visitor experience.

The combination of natural therapeutic resources, established spa traditions, improving
infrastructure, and strategic geographical location provides Imereti with a strong competitive
advantage in the development of medical tourism. These assets create favorable conditions for
attracting both domestic and international tourists seeking medical treatment, rehabilitation,
wellness services, and preventive healthcare experiences.

2.2. SWOT Analysis of Medical Tourism in Imereti

ASWOT analysis was conducted to assess the current state and future prospects of medical
tourism development in Imereti. The analysis identifies the region’s internal strengths and
weaknesses, as well as external opportunities and threats that may influence its competitiveness
in the medical and wellness tourism market.

Strengths

One of the most significant strengths of Imereti is its rich balneological and natural
therapeutic resources. The region possesses numerous mineral and thermal water sources,
including the internationally recognized resorts of Tskaltubo and Sairme. These natural assets
provide a strong basis for developing health, rehabilitation, and wellness tourism products that
are difficult to replicate in competing destinations.

Another important strength is the region’s long-standing spa tourism tradition. Health
resorts in Imereti have been operating for decades and have accumulated valuable experience in
rehabilitation and preventive healthcare services. The historical reputation of destinations such as
Tskaltubo contributes to destination recognition and strengthens visitor trust.

Competitive pricing also represents a major advantage. Compared to many European
medical tourism destinations, healthcare, rehabilitation, accommodation, and wellness services in
Georgia remain relatively affordable. This cost advantage creates opportunities to attract
international visitors seeking high-quality services at lower prices.

Accessibility further enhances the region’s competitiveness. Kutaisi International Airport
provides direct connections to numerous European destinations, making Imereti more accessible
for foreign tourists. Improved road infrastructure and transport services facilitate travel within the
region and contribute to a more convenient visitor experience.

Finally, the diversity of tourism resources within the region creates additional value.
Visitors can combine medical treatments and wellness programs with cultural experiences, wine
tourism, gastronomy, and nature-based activities, creating a comprehensive tourism product.

Weaknesses

Despite its considerable potential, several weaknesses continue to limit the development
of medical tourism in Imereti.

One of the primary challenges is limited international marketing and destination branding.
While Tskaltubo and Sairme are relatively well known within Georgia and neighboring countries,
their visibility in major international medical tourism markets remains limited. Insufficient
promotion reduces the region’s ability to compete with more established health tourism
destinations.

Another weakness is the lack of internationally accredited healthcare facilities.
Accreditation systems play a critical role in medical tourism by assuring patients of service quality
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and safety standards. The limited number of internationally recognized medical institutions may
reduce confidence among potential international visitors.

The availability of highly specialized medical services also remains relatively limited.
Although the region possesses strong rehabilitation and wellness capacities, it has fewer
specialized clinics and advanced treatment centers compared with leading medical tourism
destinations such as Turkey, Germany, or Hungary.

Human resource challenges represent another important constraint. The sector requires
healthcare professionals and tourism personnel with foreign language skills, intercultural
competencies, and specialized training in international patient services. The shortage of such
specialists may affect service quality and visitor satisfaction.

In addition, certain tourism and healthcare facilities still require modernization and
investment to meet evolving international expectations regarding comfort, technology, and
service standards.

Opportunities

The global growth of health, wellness, and preventive tourism creates significant
opportunities for Imereti. Increasing awareness of healthy lifestyles, population aging, and rising
demand for rehabilitation services have contributed to the rapid expansion of the international
wellness tourism market. These trends create favorable conditions for destinations with natural
therapeutic resources.

Foreign investment attraction represents another major opportunity. The modernization
of resorts, healthcare facilities, hotels, and supporting infrastructure can significantly improve the
competitiveness of the region. Public-private partnerships may also accelerate the development
of high-quality medical and wellness services.

A particularly promising opportunity lies in the integration of medical tourism with other
forms of tourism. Imereti is already recognized for its wine, gastronomic, cultural, and nature-
based tourism attractions. Combining these experiences with wellness and rehabilitation services
can create innovative tourism products that appeal to a broader range of visitors and increase
tourists’ length of stay.

The region also has opportunities to expand into new international markets. While
neighboring countries remain important source markets, increased promotion in European,
Middle Eastern, and Central Asian markets could diversify visitor flows and reduce dependence on
a limited number of countries.

Digital transformation presents additional opportunities. The use of online marketing,
telemedicine consultations, digital booking systems, and international healthcare platforms can
improve visibility and accessibility for international patients and wellness travelers.

Threats

Despite favorable development prospects, several external threats may affect the growth
of medical tourism in Imereti.

Increasing international competition represents one of the most significant challenges.
Numerous countries, including Turkey, Hungary, the Czech Republic, Poland, and Slovenia, actively
promote medical and wellness tourism and possess well-developed healthcare infrastructure,
strong international branding, and recognized accreditation systems.

Economic uncertainty can also influence tourism demand. Inflation, economic downturns,
and fluctuations in household income may reduce consumers’ willingness to spend on medical
and wellness travel, particularly in international markets.

Environmental pressures constitute another potential threat. The sustainable
management of mineral water resources and natural environments is essential for the long-term
viability of health tourism destinations. Overexploitation of natural resources, environmental
degradation, or inadequate planning could negatively affect the attractiveness of the region.
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Regional geopolitical instability may also influence international travel decisions. Political
tensions, security concerns, or broader regional uncertainties can affect destination image and
discourage potential visitors.

Finally, global health crises similar to the COVID-19 pandemic demonstrate the
vulnerability of tourism-dependent sectors. Travel restrictions, public health concerns, and
disruptions in international mobility can significantly impact medical tourism flows and business
operations.

The SWOT analysis demonstrates that Imereti possesses substantial competitive
advantages based on its unique natural resources, spa tourism heritage, affordability, and
accessibility. However, realizing its full medical tourism potential requires addressing weaknesses
related to international visibility, accreditation, infrastructure, and specialized healthcare services.
By leveraging emerging opportunities and mitigating external threats, Imereti can strengthen its
position as a leading medical and wellness tourism destination and contribute to sustainable
regional development.

2.3 Medical Tourism and Sustainable Regional Development

Medical tourism represents a multidimensional development tool that extends beyond the
healthcare sector and contributes significantly to the economic, social, and infrastructural
transformation of destination regions. In the context of Imereti, its development has strong
potential to support sustainable regional growth through employment creation, investment
attraction, infrastructure modernization, and improved utilization of natural resources.

Economic Contribution: Employment and SME Development

One of the most widely recognized impacts of medical tourism is its capacity to generate
employment across multiple sectors. According to the World Health Organization and OECD
analyses on health-related tourism, the sector creates both direct employment (medical staff,
rehabilitation specialists, nurses, spa therapists) and indirect employment in hospitality, transport,
food services, and tourism operations (OECD, 2016; Connell, 2013).

In regional contexts similar to Imereti, studies show that medical and wellness tourism has
a high employment multiplier effect, particularly in rural and semi-urban areas where alternative
employment opportunities may be limited (Smith & Puczko, 2014). For example, spa destinations
in Central and Eastern Europe, such as Hungary and Slovakia, demonstrate that thermal tourism
clusters significantly increase local SME activity, including small hotels, guesthouses, wellness
centers, and transport services.

For Imereti, this is particularly relevant due to the presence of Tskaltubo and Sairme resort
clusters, where tourism demand directly stimulates small business development, especially in
accommodation, catering, and local services. Such SME-driven growth is considered a key
component of sustainable regional development under the UN Sustainable Development Goal 8
(Decent Work and Economic Growth).

Investment Attraction and Infrastructure Development

Medical tourism is strongly associated with increased domestic and foreign direct
investment (FDI), particularly in healthcare infrastructure, spa modernization, and hospitality
development. According to the Global Wellness Institute (2022), global wellness tourism
expenditures exceeded USD 800 billion, indicating strong investor interest in health-oriented
destinations.

In emerging destinations, investment typically focuses on: modernization of spa and
rehabilitation facilities, development of boutique and wellness hotels, improvement of transport
infrastructure, expansion of diagnostic and rehabilitation services.

In Imereti, ongoing rehabilitation projects in Tskaltubo and private investments in Sairme
resort infrastructure illustrate this trend. Infrastructure improvements not only enhance tourism
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capacity but also generate spillover effects for local communities, including better roads, utilities,
and public service upgrades.

As noted by Hall (2011), health tourism often acts as a “catalyst sector,” meaning that
investment in medical tourism stimulates broader regional development beyond the tourism
industry itself.

Reduction of Seasonality and Year-Round Demand

A key structural advantage of medical tourism is its relatively low seasonality compared to
leisure tourism. Unlike beach or mountain tourism, which is highly dependent on climatic
conditions, medical and wellness tourism is driven by health needs, rehabilitation cycles, and
preventive care programs, which operate throughout the year (Connell, 2013).

This characteristic is particularly important for regional economies such as Imereti, where
traditional tourism demand tends to be seasonal. Empirical studies from European spa
destinations (e.g., Czech Republic and Austria) demonstrate that health tourism can stabilize
occupancy rates in hotels and rehabilitation centers, ensuring more consistent income streams for
local businesses (Smith & Puczkd, 2014).

In the case of Imereti, resorts such as Tskaltubo and Sairme have the potential to function
as year-round tourism anchors, reducing economic vulnerability associated with seasonal
fluctuations and improving labor market stability.

Environmental Sustainability and Utilization of Natural Resources

Medical tourism in Imereti is strongly linked to the sustainable use of natural therapeutic
resources, particularly mineral and thermal waters. From a sustainability perspective, these
resources require careful management and environmental monitoring to ensure long-term
viability.

According to the UNWTO (2018), sustainable tourism development should ensure that
natural resources are preserved while being economically productive. In this context,
balneological tourism can support environmental protection when properly regulated, as it
creates economic incentives for maintaining clean water systems, protected natural areas, and
ecological balance.

Moreover, spa and wellness tourism often promotes low-impact tourism models, where
environmental degradation is minimized compared to mass tourism. This aligns with SDG 12
(Responsible Consumption and Production) and SDG 15 (Life on Land).

Social Development and Quality of Life Improvement

Medical tourism also contributes to social development by improving healthcare
accessibility, encouraging professional training, and enhancing service quality standards. The
presence of international visitors often leads to quality upgrading in healthcare and hospitality
services, as destinations adapt to global expectations regarding safety, hygiene, and
professionalism.

Additionally, regions with developed health tourism sectors tend to experience
improvements in: public healthcare infrastructure, professional training and medical education,
multilingual service capacity, intercultural competence among service providers.

In countries such as Turkey and Hungary, the growth of medical tourism has been directly
associated with the modernization of healthcare systems and the internationalization of medical
services (Connell, 2013).

For Imereti, similar processes could strengthen regional human capital development and
improve overall quality of life for local residents.

Overall, medical tourism functions as a multiplier sector that integrates economic, social,
and environmental dimensions of sustainable development. In Imereti, its potential impact is
particularly significant due to the combination of natural healing resources, existing spa
infrastructure, and growing accessibility via Kutaisi International Airport.
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However, maximizing these benefits requires strategic planning, investment in quality
standards, and integration with broader regional development policies.

Medical tourism plays a multidimensional role in sustainable regional development. It
contributes to economic diversification, infrastructure development, and social improvement.

Economic Impact

Medical tourism generates both direct and indirect employment. Direct employment
includes healthcare professionals, therapists, and spa specialists, while indirect employment spans
hospitality, transportation, and retail sectors. OECD (2016) highlights that health tourism has one
of the highest employment multipliers in the tourism industry.

Investment and Infrastructure

Global evidence shows that medical tourism stimulates foreign direct investment in
healthcare infrastructure, spa modernization, and hospitality development. According to the
Global Wellness Institute (2022), wellness tourism is one of the fastest-growing investment sectors
globally.

In Imereti, ongoing investments in Tskaltubo and Sairme illustrate the beginning of this
transformation.

Seasonality Reduction

Medical tourism reduces seasonality by attracting year-round visitors. Unlike leisure
tourism, health-related travel depends on medical needs and rehabilitation cycles rather than
climate conditions. This ensures more stable revenue streams for local economies.

Environmental Sustainability

Properly managed medical tourism promotes sustainable use of natural resources. Mineral
waters and thermal springs require protection and monitoring, aligning with UNWTO sustainability
principles.

Social Development

Medical tourism improves service quality, encourages professional training, and enhances
healthcare infrastructure. It also promotes multilingualism and international service standards.

2.4. Integration with Wine and Cultural Tourism

Imereti possesses a distinctive competitive advantage in developing integrated tourism
products that combine medical and wellness tourism with wine, gastronomy, and cultural heritage
experiences. This “hybrid tourism model” aligns with contemporary global trends in experience-
based tourism, where visitors increasingly seek holistic journeys that combine health
improvement, cultural immersion, and leisure activities rather than single-purpose travel (Smith
& Puczkd, 2014).

In the context of Imereti, this integration is particularly relevant because the region
concentrates several complementary tourism assets within a relatively small geographic area:
balneological resorts (e.g., Tskaltubo, Sairme), traditional wine-producing areas, UNESCO-linked
cultural heritage sites, and diverse natural landscapes. This spatial proximity enables the
development of multi-purpose tourism itineraries, which significantly enhance destination
competitiveness.

Medical and Wellness Tourism + Wine Tourism Synergy

Wine tourism in Imereti is based on centuries-old viticulture traditions, indigenous grape
varieties (such as Tsolikouri, Krakhuna, and Tsitska), and small family wineries that increasingly
participate in experiential tourism. While wine consumption is not directly part of medical
treatment programs, non-clinical wellness tourism packages can be strategically combined with
wine culture experiences in a controlled and health-oriented framework.

For example, visitors undergoing rehabilitation or wellness programs in Tskaltubo or
Sairme may participate in: guided visits to local vineyards and wineries, wine tasting sessions
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focused on moderate consumption principles, educational tours on traditional Georgian gvevri
winemaking methods, gastronomic experiences based on local organic cuisine.

Such integration is already observable in European spa destinations. In regions of Austria
and Hungary, wellness tourists often combine spa treatments with culinary and wine experiences,
which increases destination attractiveness and spending per visitor (OECD, 2016). A similar model
can be adapted in Imereti, where wine tourism is already well established but still fragmented in
terms of integration with health tourism.

Cultural Heritage as a Complementary Resource

Imereti is one of the richest cultural regions of Georgia, offering a dense concentration of
historical monuments, archaeological sites, and religious heritage. These include: Gelati
Monastery Complex (UNESCO World Heritage Site), Bagrati Cathedral (historically significant
landmark), Motsameta Monastery, Ancient cave settlements such as Prometheus Cave (Tskaltubo
area), Ethnographic villages and traditional Imeretian architecture.

For medical and wellness tourists, cultural heritage plays a crucial psychological and
experiential role. Research shows that cultural engagement during recovery or wellness travel
enhances emotional well-being, reduces stress, and increases overall satisfaction with health
tourism experiences (Hall, 2011).

For example, patients staying in rehabilitation centers in Tskaltubo often have access to
short cultural excursions to Kutaisi’s historical landmarks. These activities are particularly valuable
in long-term rehabilitation programs, where psychological recovery is as important as physical
healing.

Nature-Based and Eco-Therapeutic Experiences

Another important dimension of integration is the combination of medical tourism with
nature-based tourism. Imereti’s diverse geography—mountains, forests, rivers, and protected
areas—provides opportunities for eco-therapeutic and climate-based tourism, which is
increasingly recognized in wellness tourism literature.

Examples of such activities include: therapeutic walks in the forested areas of Sairme and
Baghdati, hiking routes in the Kharagauli National Park, climate therapy in mountain resorts like
Nunisi, breathing therapy and stress reduction programs in natural environments.

International research indicates that exposure to natural environments significantly
contributes to mental health improvement, stress reduction, and recovery outcomes, especially
when combined with rehabilitation programs (Global Wellness Institute, 2022).

In Imereti, such nature-based experiences can be integrated into post-treatment recovery
programs, making the region attractive not only for medical tourists but also for wellness-oriented
travelers.

Development of Integrated Tourism Packages

One of the most important strategic directions for Imereti is the development of integrated
tourism packages that combine multiple experiences within a single itinerary. Instead of offering
isolated services (medical treatment, wine tours, cultural visits), destinations can create structured
multi-day programes.

For example:

7-day integrated wellness package (example):

e Days 1-3: Medical rehabilitation in Tskaltubo (physiotherapy, hydrotherapy, medical

consultation)

Day 4: Cultural tour of Kutaisi (Gelati Monastery, Bagrati Cathedral, local museum)
Day 5: Wine tourism experience in Baghdati (vineyards, qvevri winemaking workshop)
Day 6: Nature therapy in Sairme (forest walks, spa treatments)

Day 7: Relaxation and wellness closing program
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Such packages increase average length of stay, which is one of the most important
economic indicators in tourism development. Longer stays directly translate into higher
expenditure on accommodation, food services, transportation, and local products.

Economic and Regional Development Impact

The integration of medical, wellness, wine, and cultural tourism creates a multiplier effect
for the regional economy. According to OECD (2016), integrated tourism systems generate higher
economic value compared to single-sector tourism because they: increase tourist spending per
capita, diversify income sources for local businesses, reduce dependency on a single tourism
segment, strengthen local supply chains (agriculture, crafts, services).

In Imereti, this model is particularly relevant because it links: healthcare infrastructure (spa
resorts), agricultural production (wine and food), cultural heritage management, and nature-
based tourism services.

As a result, the region can move toward a more resilient and diversified tourism economy,
which is a key principle of sustainable regional development.

Strategic Challenges in Integration

Despite its strong potential, integration faces several challenges:

e limited coordination between healthcare and tourism sectors,

o lack of standardized integrated tourism products,

¢ insufficient destination branding at international level,

e uneven quality of service across different tourism segments,

¢ need for trained personnel in both healthcare and tourism interpretation.

Addressing these challenges requires coordinated policy action, public-private
partnerships, and destination management strategies.

Summary

The integration of medical, wellness, wine, cultural, and nature-based tourism positions
Imereti as a multi-experience destination rather than a single-purpose health tourism site. This
approach aligns with global trends in experiential tourism and significantly enhances the region’s
competitiveness, economic performance, and sustainability.

By combining rehabilitation services with cultural immersion, gastronomic experiences,
and natural therapies, Imereti can extend visitor stays, increase tourism revenue, and strengthen
its identity as a unigue health and heritage destination in the Black Sea region.

3. Conclusion

Imereti possesses strong potential for the development of medical tourism due to its
natural healing resources, historical spa traditions, and improving infrastructure. Medical tourism
can significantly contribute to sustainable regional development by generating employment,
attracting investment, reducing seasonality, and promoting infrastructure modernization.

However, to fully realize this potential, strategic actions are required, including
international marketing, accreditation of healthcare facilities, workforce development, and
integration of tourism sectors.

The integration of medical, wellness, and wine tourism represents a unique opportunity
for positioning Imereti as a competitive destination in the Black Sea region.
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INTRODUCTION

A region is a relatively integral territorial entity, often sizable, but not necessarily a
taxonomic unit of administrative-subdivision, where natural-geographical, economic, social,
ethno-demographic and other processes enabling the area self-development interact. The
regional policy of the state is guiding the economic, social and political development of the country
in its spatial, regional dimension, i.e. concerning interactions between the state and regions as
well as regions among themselves [pp. 189-190].

The state regional policy goal of the Republic of Kazakhstan is to provide relatively equal
opportunities for people's activity and maximize the resource capacity of each region through the
reasonable territorial labor division and guidelines for local autonomy progress [2].

THE MAIN PART

The state regional policies of the Republic of Kazakhstan are as follows [2]:

- to develop a set of measures focusing on political, economic, environmental, and legal
aspects to ensure regional economic autonomy

—to work out territorial priorities according to the general strategic situation of the
macroeconomic policy of the state;
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—to combine selective government support of individual regions with state stimulus of
economic activity throughout the territory of Kazakhstan.

—to shape and develop regional and national markets for goods, labor and capital along
with institutional and market infrastructure

—support and rearrange the economy of small and medium-sized cities to lead their
economies out of crisis and accelerate socio-economic development;

—to establish facilities for villages revival

—to build a sensible dimensional structure of the economy, improve the territorial
institution of production and shaping of interregional infrastructure;

—to ensure the resource-target balance of the manufacturing complex, to conserve
ecological and economic balance, to use socio-economic, scientific, technical and natural
resources of the territories more efficiently;

—to match disagreement in the level and quality of life of the population by regions, to
overcome the depressed economy and social sphere in the regions, especially in the
underdeveloped ones.

The current Concept of Regional Development of the Republic of Kazakhstan outlines the
following principles of regional policy (Fig. 1):

Guidelines of the regional policy of the Republic of Kazakhstan

human- . . . .. differentiated : B
centricity integrity inclusivity approach self-reliance responsibility
. ensuring equal
shaping and access of the
fulfillment of population to Increasing the
regional policy, counterbalance basic . authorities accountability of]
taking into of government infrastructure obhgatory delegation to public servants
account the policies and a attention to the local executive for decisions
interests and affecting | | comfortable | | “AI4C features bodies to solve and actions
opinions of the regional urban and capability of problems on the taken before
local population developments environment each region ground citizens and the
(citizens and regardless of t1’1e state
businesses) region of
residence

Figure 1 — Guidelines of the regional policy of the Republic of Kazakhstan
(compiled from the source [3])

Taking into account the geographical location, economic specialization, nature of market
links, and population settlement system, five macro-regions are distinguished in Kazakhstan:

1. Western macroregion: Aktobe, Atyrau, West Kazakhstan, Kyzylorda and Mangystau
regions;

2. Southern macroregion: Almaty, Zhambyl, Zhetisu, Turkestan regions and Shymkent city;

3. Northern macroregion: Akmola, Kostanay and North Kazakhstan regions;

4. Central-Eastern macroregion: Abai, Karaganda, Pavlodar, Ulytau and East Kazakhstan
regions;

Large agglomerations: the cities of Astana and Almaty.

Due to its distinctive geographical location and abundant natural assets, Kazakhstan
possesses substantial prospects for sustainable socio-economic advancement. Despite regional
imbalances in economic activity, infrastructure, and quality of life, achieving this potential is
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limited. To ensure the sustainable and balanced development of regions in Kazakhstan, within the
framework of the implemented Concept of Regional Development of the Republic of Kazakhstan
for 2025-2030, the state follows three main headings, which are focused on reducing interregional
differences and improving the quality of life of the population. The three key areas include:

—equal provision of basic infrastructure (social, engineering, transport, etc.),

—targeted economic advancement across regions,

—amending mechanisms to carry out regional policies.

The emphasis is on achieving equitable access to infrastructure and services nationwide.
Efforts are focused on providing a fundamental quality standard for public services and goods
across the nation.

The National Infrastructure Plan for the Republic of Kazakhstan, until 2029, was authorized
by the Government of the Republic of Kazakhstan on July 25, 2024, as document number 606.
Projects have been categorized into two priority tiers based on national and strategic priorities for
infrastructure (Fig. 2):

o |

*decisive infrastructure for providing society with basic needs through energy, water supply,
sanitation and digitalization facilities (thermal power plants, combined-cycle gas plants,
hydroelectric power plants, state district electric power plants, power grids, heating networks, gas
processing, gasification, reservoirs, water utilities, hydraulic structures, provision of sewage
treatment plants in regional centers, provision of rural settlements with broadband access), as well
as strategic and key transport and logistics areas (reconstruction of the Center-South corridor
(Astana — Karaganda — Balkhash — Almaty), Taldykorgan — Kalbatau — Ust-Kamenogorsk,
founding of a container hub in Aktau, development of the marine fleet), railway infrastructure
facilities within the framework of the Trans-Caspian International Transport Route corridor,
guaranteeing country's economic development

o |

sprojects not included in List A that are planned to be implemented under favorable financing
conditions (expansion of the oil pipeline, reconstruction of certain sections of highways,
checkpoints, renovation of the locomotive fleet, sewage treatment facilities in cities)

Figure 2 — Priority routes for infrastructure advancement (compiled by source) [4])
The renovation of Kazakhstan's regional infrastructures is driven by their current condition

and concentrates on four key areas: energy, transport, digital, and water supply and drainage
infrastructures (Tab. 1).
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Table 1 —Major renovations disrupt services for regions

Target

Areas

Obijectives

Outcomes

1

2

3

4

Energy infrastructure

Energy security

Power engineering

increasing the share of
renewable energy
sources

Increased self-supplied
renewable power

introduction  of

capacities

new

coping with the
demand.

increasing

reengineering of power
supply facilities

Renewing the power grid and
enhancing capacity

Power grids
transmission and
distribution

intensification of the
electric grid of the
southern zone of the
UES of Kazakhstan,
integration of  the
energy system of]
Western Kazakhstan
with  the UES  of
Kazakhstan

Increasing the reliability of]
electricity supply to consumers
and strengthening links
between EU energy zones

Heating networks

updating the worn-out
heating networks

Offering high-quality heating
services

reduction in  heat

network wear

supply

Infrastructure

Oil and transport

Increase in  existing

Maintaining the pipeline for oil

development for|infrastructure pipeline capacity transport to the expanded
oil and transport Shymkent refinery
Gas generation |Gasification construction oflgas supply to the country's

gasification

consumers
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Transport infrastructure

Enhancing  the|Railway Railway infrastructure |increased capacity and transit
country's infrastructure construction potential
transport  and
logistics
capabilities
decrease in passenger |renewal of the rolling stock
car wear
Road Upgrading of increasing the capacity of
infrastructure checkpoints checkpoints;

reducing the maximum transit
time for cars at checkpoints

Construction and
reconstruction of
highways

The rise in the proportion of
roads classified as | and |l
technical categories

Water transport

Renovation and

construction of container hubs,

infrastructure rebuilding of water marine terminals
facilities

Aviation Renovation and modernized airports, fuel

infrastructure expansion of airport refueling facilities, special

facilities and nearby
areas

equipment
and airfield maintenance
equipment

Providing with aircraft

Replenishing national airlines
with new aircraft to improve
flight safety

and meeting people’s needs
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Water supply and sewerage infrastructure

Water efficiency |Water supply construction and Ensuring high-quality drinking
reconstruction of water for the populace,
reservoirs alongside mitigating the danger

of flooding in the rural
settlements

Canals repair and Ensuring accessibility to water
extension services for both urban and
rural areas

reconstruction of main |water supply improvement and
water utilities uninterrupted water supply to
agricultural consumers, the
population and industrial
enterprises of Pavlodar,
Karaganda, Akmola regions and
Astana city, along with
increasing the share of irrigated
land

modernization of the K.
Satspayev canal

Sewerage upgrading and purification of wastewater
reconstruction of the
water systems in
populated areas

Digital infrastructure

Excess to the[The Internet Introducing fiber optic |Making Internet access speedy
Internet cables to rural areas for the populace, digitalization

Supply of federal and
local thoroughfares with
mobile internet

Development of digital
infrastructure to ensure
mobile broadband
coverage for major
republican and regional
roads

Data processing and
storage (service
availability)

NOTE: Compiled from source [4]

Economic diversification is a process wherein the region's economic activities expand and
become more complex, involving the development of new industries and decreasing reliance on
a single sector. If a region's economy relies solely on one industry (like oil or coal mining), it
becomes susceptible to external influences including decreased prices of raw materials or
modifications in global demand.
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The goal of diversification is to create a sustainable economic system that can cope with
external shocks, changes in demand or changes in world prices. Economic diversification is one of
the key tasks of the government of Kazakhstan [5].

Reasons for diversification [6]:

Risk reduction:

Diversification aids the region in safeguarding itself against economic upheavals triggered
by crises or faltering resource valuations.

Employment generation:

The emergence of new economic sectors often results in more job opportunities, a
particularly crucial aspect for areas experiencing high unemployment.

Innovation and development:

The variety of sectors contributes to the introduction of novel technologies and
innovations, which enhances the region's competitiveness both nationally and internationally.
Sustainability:

A region with diverse components can adjust more easily to shifts and recuperate more
swiftly from economic downturns.

A diversified regional economy offers several advantages, including reduced reliance on a
single industry, job generation, and enhanced competitiveness. However, regions also encounter
several challenges when it comes to diversifying [6]:

The need for investing

Developing new industries demands substantial investments in infrastructure, training,
and creating a business-friendly environment. Government support is crucial: successful
diversification cannot be achieved without governmental involvement. Tax incentives, support for
innovative projects, and special economic zones are essential for advancing this process.
Personnel shortage:

To introduce new technologies and develop new industries, qualified professionals are
required. Some regions face manpower shortages, which curtails growth opportunities.
Kazakhstan, a country rich in natural resources like oil and gas, has developed its economy largely
through these reserves over many years. Nevertheless, this reliance on a single sector poses
numerous risks and challenges, emphasizing the pressing need for economic diversification. In
Kazakhstan, from July to December 2025, there were 2,200 rural districts and 48 significant
regional cities. On average, one rural district consisted of about 3 villages and 3,300 rural residents,
while one district city had approximately 24,000 inhabitants [7].

To implement a diversified economic model, significant challenges and obstacles must be
addressed [8]:

1. Commodity dependence: One of the main problems is the economy’s heavy reliance on
oil and gas exports. This dependence makes the economy vulnerable to fluctuations in world
commodity prices;

2. Insufficient infrastructure: emerging economic sectors necessitate modern facilities,
such as transportation routes, logistics centers, communication networks, and electrical grids. In
Kazakhstan, notably in remote areas, infrastructure frequently remains rudimentary, which
impedes the growth of new industries and constrains economic activity;

3Qualified personnel: the development of high-tech industries requires the availability of
qualified specialists. There is a shortage of personnel obtaining necessary knowledge and skills in
Kazakhstan, which makes it difficult to develop sectors such as information technology,
biotechnology, green energy and others.;

4 When it comes to financing and capital access, substantial investment is required to
expand the economy, yet obtaining funds remains constrained. Local banks rarely offer long-term
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financing, while international financial institutions demand transparency and stability, conditions
not always guaranteed.;

5. Consistent and clear public policies are essential for supporting diversification.
Nonetheless, bureaucratic red tape, the lack of coordination between governmental levels, and
frequent legislative changes can impose significant barriers to long-term projects;

6. International competitiveness is essential for new economic sectors in the global market.
It will require significant resources for research, development, innovation, and product
enhancement. Without this, Kazakhstani goods and services may turn out to be uncompetitive on
the global market.

Today, innovative development as a viable option for improving productivity, developing
manufacturing industries and diversifying economies promotes the introduction of innovation in
production processes. Innovation can spur the development of new technologies and tools,
allowing for a greater output with fewer human efforts, thereby enhancing productivity and
consequently fostering economic expansion. Moreover, the adoption of new technologies
generates employment opportunities and reduces unemployment while increasing employment,
which subsequently promotes economic expansion.

The introduction of innovations advances companies in the global market. Consequently,
exports are growing, increasing company revenues. It, in turn, stimulates the economy,
encouraging the initiation of new products that increases demand and consumption. It is essential
that governments contribute to the advancement of innovation:
- through funding research and development: governments can invest in research and
development to stimulate technological and product innovation;

- fostering an innovative climate: governments can establish an innovative environment
through measures like tax incentives and streamlined business regulations;

- investing in education and science: the government can support these areas to foster
individuals who will be capable of generating and executing innovation.

Considering a wider macroeconomic framework, it is argued that government policies
should promote the launch and development of innovative enterprises. Given that competition is
crucial for innovation, governments ought to foster market competition and reduce policies that
interfere with product and factor markets.

CONCLUSION

Thus, the regional policy of the contemporary state can be defined as a set of goals,
objectives, principles and actions of state authorities, as well as other participants (corporations,
small and medium-sized businesses, parties, unions, etc.) aimed at setting the stage for the
independent development of regions, achieving a sustainable spatial socio-economic balance of
the country considering the national, regional and local interests, Given current circumstances, it
is one of the primary objectives for the Republic of Kazakhstan to implement a balanced regional
policy. To establish a sustainable social and economic model for society, and to acknowledge
regional differences, efforts must be made to reduce regional disparities. Socio-economic,
demographic and other contrasts between regions require constant boosting of approaches to
the shaping and fulfilment of regional policy, urban planning policy aimed at eliminating critical
inequalities and strengthening the economic potential of each region.
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Abstract. The article analyzes the state policy implemented in the field of employment regulation
in Azerbaijan, the main indicators of the labor market and existing problems. The study shows that
in 2010-2024, the number of employed people increased, while the unemployment rate showed
a decreasing trend. At the same time, informal employment, interregional differences and
structural mismatches in the labor market still remain relevant problems.
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Introduction
Employment is one of the main indicators of economic development and social welfare. In
the modern era, the effective regulation of the labor market is considered one of the key priorities
of state policy. The reforms implemented in the field of employment in Azerbaijan are aimed at
reducing unemployment and promoting the development of the labor market. Employment is
understood as the condition or process in which an individual engages in paid labor activity for the
purpose of earning income [2] This concept encompasses individuals working in the public sector,
private sector, as well as those engaged in informal economic activities. Employment is not only
one of the fundamental pillars of the economy but also an important indicator of social welfare
and societal stability. Employment is among the sectors that play a crucial role in the socio-
economic development of any country. In Azerbaijan, the regulation of employment has been
identified as one of the priority directions of state policy. Various state programs and reforms are
being implemented to enhance the social welfare of the population, develop the labor market,
and reduce unemployment. The regulation of employment in Azerbaijan is based on the following
key legislative acts: the Labour Code (1999), the Law on Employment (revised in 2018), the
Employment Strategy of the Republic of Azerbaijan (2020-2025), the Self-Employment Program,
and State Programs on Vocational Education and Training [1]. The main institutions responsible
for implementing employment policy are the Ministry of Labour and Social Protection of
Population, the State Employment Agency, the State Statistical Committee, and employment

services provided through the ASAN Service centers [4].

Main Body
Directions of Employment Policy

The Government of Azerbaijan implements employment regulation measures through several
key policy directions. These include active labor market measures, vocational training and
retraining programs for unemployed and job-seeking individuals, the organization of job fairs, the
creation of jobs through state orders, and the development of digital employment platforms, such
as the “Employment” subsystem. The Self-Employment Program has been implemented since
2017. The primary objective of this program is to enable low-income and unemployed individuals
to generate income through small-scale entrepreneurship. It provides support in the fields of
livestock farming, services, and production, while also promoting youth employment, improving
vocational education, encouraging start-up and innovation initiatives, expanding the activities of
Career Centers and internship programs, and assisting job seekers in finding employment. Within
the state employment regulation system, the employment of women and vulnerable groups
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occupies a significant place. This includes the implementation of measures supporting gender
equality, the integration of persons with disabilities into the labor market, and initiatives aimed at
promoting women’s entrepreneurship in the regions. However, a number of challenges and
problems still persist in this field. For instance, the relatively high level of informal employment,
the unequal distribution of employment opportunities across regions, the mismatch between
vocational education and labor market demands, and the increasing unemployment rate among
young people indicate the existence of gaps in Azerbaijan’s employment regulation system. The
Employment Strategy of the Republic of Azerbaijan (2019-2030), adopted in 2019, aims to ensure
the sustainable development of the country’s labor market [3]. The main objectives of the Strategy
are:

e Ensuring full and productive employment of the population;

e Reducing informal employment;

e Strengthening human capital;

e Developing new skills required for the digital economy;

e Integrating vulnerable groups (including women, youth, and persons with disabilities) into

the labor market;

e Regulating labor migration and promoting integration into the international labor market

(3].

Although the Government of Azerbaijan has taken a number of positive steps in the field of
employment, additional measures are needed to achieve a more sustainable and inclusive labor
market. These include:

1. Strengthening administrative and incentive-based mechanisms to reduce informal

employment;

2. Enhancing coordination between vocational education institutions and labor market

needs;

3. Promoting alternative employment models in the regions, such as social entrepreneurship;

4. Expanding the use of integrated databases and digital employment platforms [6].

According to the growth-led employment theory, economic growth and sectoral
diversification stimulate job creation and contribute to the expansion of employment
opportunities. Furthermore, the structural labor market theory suggests that imbalances between
labor demand and supply, vocational education, technological transformation, and changing
market requirements play a significant role in shaping unemployment dynamics. During the period
2010-2024, the labor force in Azerbaijan increased by 724.7 thousand persons (13.6%), reaching
5,312.1 thousand persons in 2024.

205



I Proceedings of the 13th International Scientific Conference

Table 1. Main Socio-Economic Indicators of the Labor Market

Indicators 2010 2015 2020 2021 2022 2023 2024
Labor force, thousand 4,587.4 4,9153 5,089.9 5,141.6 5,194.4 5,249.7 5,312.1
persons
Employed population, 4329.1 4,671.6 4,721.2 4,831.1 4,901.1 4,963.3 5,029.8
thousand persons
Including:
Public sector 1,142.7 1,176.1 1,116.4 1,089.2 1,075.7 1,064.4 1,053.6
Non-public sector 3,186.4 3,495.5 3,604.8 3,7419 3,825.4 3,898.9 3,976.2

Unemployed population, 258.3 243.7 368.7 310.5 293.3 286.4 282.3
thousand persons

Registered unemployed at 38,966 28,877 — — - 217,608 217,228
the State Employment
Agency, persons

Of whom receiving 87 1,543 727 1,615 2,332 2,797 3,963
unemployment benefits
Employed women, 2,101.7 2,263.4 2,2445 12,3043 2,3446 2,375.6 2,414.1

thousand persons
Wage and salary earners, 1,282.9 1,502.5 1,698.7 1,709.1 1,738.7 11,7455 1,780.3
thousand persons

Average monthly nominal 111.2 105.0 111.4 1034 1147 111.2 108.1
wage (compared to
previous year, %)

Average monthly real 105.2 101.0 108.4 969 100.7 102.2 105.8
wage index (compared to

previous year, %)

Vocational training 4,792 7,453 3,478 3,713 5,372 3,413 5,265
participants, persons

Managers and specialists 22,326 13,045 14,122 14,604 10,626 24,440 25,231
who upgraded their

qualifications, persons

Expenditures on 5.8 11.0 5.8 9.2 11.9 19.3 15.5
vocational training,

retraining, and skill

upgrading of employees

(million AZN)

Share of expenditureson  0.09 0.11 0.04 0.05 0.06 0.08 0.06
vocational training in total

labor costs, %

Source: Prepared by the author based on [8].

While employed persons accounted for 94.4% of the labor force in 2010, this figure rose
slightly to 94.7% in 2024. Of the employed population in 2024, 95.4% were men and 93.9% were
women. The unemployment rate declined from 6.0% in 2010 to 5.3% in 2024, representing a
decrease of 0.7 percentage points. The number of officially registered unemployed persons
increased by 178,262 persons between 2010 and 2024, reaching 217,228 persons, which
corresponded to approximately 4.1% of the labor force. From the perspective of ownership
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structure, 26.4% of employed individuals worked in the public sector and 73.6% in the non-public
sector in 2010.By 2024, the share of public-sector employment had declined to 20.9%, whereas
the share of non-public-sector employment increased to 79.1%. These figures clearly indicate a
gradual reduction in public-sector employment and a growing role of the private sector in the
national economy. Regarding gender composition, women accounted for 2,101.7 thousand
employed persons (48.5% of total employment) in 2010. By 2024, this figure had increased to
2,414.1 thousand persons, although their share in total employment slightly declined to 48.0%,
reflecting a decrease of 0.5 percentage points over the period [5]. The number of wage and salary
earners also increased significantly. In 2010, 1,282.9 thousand persons were employed on a wage
basis, representing 31.9% of total employment. By 2024, this figure had risen to 1,780.3 thousand
persons, accounting for 35.4% of total employment. This trend reflects the increasing
formalization of employment relations and the expansion of wage-based labor within the
economy. Between 2010 and 2024, the average monthly nominal wage increased approximately
threefold, reaching 1,009.4 AZN in 2024. Compared with the previous year, nominal wages
increased by 11.2% in 2010, 5.0% in 2015, 11.4% in 2020, 3.4% in 2021, 14.7% in 2022, 11.2% in
2023, and 8.1% in 2024. The average monthly real wage index exhibited a more fluctuating
pattern. Relative to the previous year, real wages increased by 5.2% in 2010, 1.0% in 2015, and
8.4% in 2020, but declined by 3.1% in 2021. Growth resumed thereafter, with increases of 0.7% in
2022, 2.2% in 2023, and 5.8% in 2024. Human capital development indicators also reveal
important trends. In 2010, 4,792 employees participated in vocational training programs. By 2024,
this number had increased by 9.9%, reaching 5,265 persons. Similarly, the number of managers
and specialists who upgraded their qualifications increased from 22,326 personsin 2010 to 25,231
persons in 2024, despite fluctuations throughout the period. Expenditures on vocational training,
retraining, and skills upgrading amounted to 5.8 million AZN in 2010. The highest level of
investment in workforce training was recorded in 2023, when expenditures reached 19.3 million
AZN. In 2024, spending on these activities amounted to 15.5 million AZN. However, despite the
increase in absolute expenditure levels, the share of vocational training expenditures in total labor
costs declined over time. This indicator decreased from 0.09% in 2010 to 0.06% in 2024,
suggesting that investments in workforce skills development have not expanded proportionately
to overall labor expenditures. This trend highlights the need for a stronger focus on human capital
formation and continuous professional development to enhance labor productivity and ensure
the long-term competitiveness of the Azerbaijani labor market [8].

According to the social security and contract theory, the formalization of
employment relationships through legally binding labor contracts strengthens social protection
mechanisms and contributes to reducing informal employment. Formal labor contracts provide
employees with access to social insurance, pension rights, unemployment protection,
occupational safety guarantees, and other labor-related benefits, thereby increasing both
economic security and labor market transparency. The regulation of employment in Azerbaijan
constitutes one of the key directions of the state's socio-economic policy. To improve social
welfare, reduce unemployment, and ensure the sustainable development of the labor market, the
government has implemented a wide range of measures and reforms. The legal and institutional
framework governing employment is relatively well developed. The principal legislative acts
regulating this sphere include the Labour Code of the Republic of Azerbaijan, the Law on
Employment, the Employment Strategy of the Republic of Azerbaijan (2020-2025), and other
relevant normative legal acts [7]. At the institutional level, the primary responsibilities for
employment management are carried out by the Ministry of Labour and Social Protection of
Population of the Republic of Azerbaijan and the State Employment Agency, operating under its
authority. These institutions provide services to job seekers and unemployed individuals, facilitate
job placement, organize vocational training programs, and implement various social protection
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measures [10]. To ensure employment and labor market stability, Azerbaijan applies both active
and passive labor market policies. Active employment policies include the organization of job fairs,
vocational training and retraining programs, self-employment initiatives, and the creation of
subsidized employment opportunities. Among these measures, the Self-Employment Program has
become one of the most significant components of Azerbaijan’s employment policy in recent
years. Within the framework of this program, low-income and unemployed citizens are provided
with equipment, livestock, tools, and other productive assets necessary to establish micro-
enterprises. As a result, beneficiaries are able to generate sustainable income, improve their living
standards, and reduce their dependence on social assistance programs [9]. The program covers a
wide range of economic activities, including agriculture, services, and manufacturing.

Table 2. Number of Wage and Salary Employees by Age Group and Gender (thousand persons)

Age 2016 2017 2018 2019 2020 2021 2022 2023
Groups

1514.3 15250 1551.7 1646.6 1698.7 1709.1  1738.7 17455
3.2 2.9 2.8 4.8 3.4 5.4 43 7.4
124.7 1236 1309 127.8 1304 1341 1411 1382
218.5 221.0 2349 2432 2459 2446 2498 2455
238.8 2435 2516 2776 2853 28738 2907 2887
217.2 2226 2281 2595 267.0 2715 2755  280.4
178.1 1846 1856 1993 2117 2163 219.7  227.8
164.5 161.8 1556 163.1 1669 166.4 170.6 1735
158.6 1547 1476 1472 1494 14438 141.0 1389
132.1 131.1 1303 1295 1322 1262 1262 1235
59.5 606 647 727 824 870 946 953
19.1 186 196 219 241 250 25.2 26.3

Source: Prepared by the author based on [8].

Particular attention is also devoted to the integration of young people into the labor market.
In order to facilitate youth employment, comprehensive reforms have been implemented in the
vocational education system, while internship programs, entrepreneurship initiatives, and start-
up projects receive increasing support from the government. These measures aim to equip young
people with labor market-relevant skills and enhance their employability in a rapidly changing
economic environment. In addition, the employment of women and persons with disabilities has
been identified as a strategic priority within the national employment framework. The government
has introduced various incentive mechanisms and support programs designed to facilitate the
participation of these groups in economic activity. Such measures include vocational training
opportunities, entrepreneurship support, targeted employment quotas, and workplace
adaptation initiatives. By promoting equal access to employment opportunities and strengthening
labor market inclusiveness, these policies contribute not only to social equity but also to the more
efficient utilization of the country’s human capital resources. Ultimately, the successful integration
of vulnerable groups into the labor market is regarded as an important prerequisite for achieving
sustainable economic growth and inclusive social development in Azerbaijan [3]. As can be
observed from the table, the 30-34 age group consistently accounted for the largest share of wage
and salary employees throughout the analyzed period. This pattern was evident for both men and
women. For instance, in 2023, individuals aged 30-34 years represented 16.5% of total wage
earners. Among male employees, this age group accounted for 17.2%, while among female
employees its share was 15.5%. These figures indicate that the labor market in Azerbaijan is largely
driven by individuals in their prime productive years, characterized by a combination of
educational attainment, professional experience, and high labor productivity.
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Conclusion
In 2025, the regulation of employment in the Republic of Azerbaijan continues to develop
along several strategic and practical directions closely linked to the country’s socio-economic
policy, labor market requirements, digital transformation, and human capital development
objectives. The main priorities of employment policy in 2025 include the following:
e Organizing vocational training and retraining programs aimed at improving the
employability of unemployed individuals and workers engaged in the informal sector;
e Creating public employment opportunities, particularly in the regions and for socially
vulnerable population groups;
e Implementing self-employment and start-up support programs that encourage the
establishment of individual farms and micro-businesses with state assistance;
e Expanding active labor market measures;
e Promoting digital employment and “green” jobs through digital literacy and skills
development programs for young people and the workforce;
e Accelerating the digital transformation of the labor market through online job fairs,
vacancy platforms, and the Electronic Employment Contract (EEC) system;
e Supporting the green economy by creating new employment opportunities within
environmentally sustainable projects;
e Enhancing transparency in labor relations and employment practices.
From the perspective of labor market regulation, reducing informal employment remains one of
the most important policy priorities. To achieve this objective, electronic registration and
monitoring systems should be further improved. The wider implementation of the Electronic
Employment Contract (EEC) system can contribute significantly to protecting workers’ rights,
strengthening legal employment relations, and increasing transparency within the labor market.
In accordance with social security and institutional labor market theories, the formalization of
employment relations through electronic registration systems improves compliance with labor
legislation and expands access to social protection mechanisms. Another important component
of employment policy is the expansion of social insurance coverage. Increasing the participation
of employees in the social insurance system strengthens social protection, enhances income
security, and contributes to the long-term sustainability of the social welfare system. Formal
employment and social insurance participation are also closely associated with higher labor
productivity and improved workforce stability. Regional employment programs constitute another
key element of Azerbaijan’s employment strategy. These programs aim to increase employment
opportunities in the regions through the development of tourism, agriculture, manufacturing, and
other productive sectors. They also focus on establishing regional vocational training and skills
development centers, ensuring that workforce qualifications correspond to local labor market
demands. Such measures contribute to reducing regional disparities, promoting balanced
economic development, and preventing excessive migration toward major urban centers.
Particular attention is also devoted to the integration of youth and women into the labor market.
In this regard, career planning initiatives, internship programs, entrepreneurship training, and
start-up support mechanisms for young people play an important role in facilitating the transition
from education to employment. Likewise, the promotion of women’s entrepreneurship through
training programs, financial support instruments, mentoring services, and advisory assistance
contributes to increasing female labor force participation and strengthening gender equality
within the labor market. Overall, the current directions of employment regulation in Azerbaijan
reflect a transition toward a more inclusive, innovative, and digitally oriented labor market model.
The successful implementation of these policies is expected to contribute to higher employment
levels, reduced informal labor, improved workforce competitiveness, and stronger social
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protection mechanisms, thereby supporting sustainable economic growth and social development
in the country.
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Abstract

This paper investigates the empirical dimensions of Azerbaijan's state investment policy, focusing
on three interconnected areas: the dynamics and structure of public investment flows, the
country's performance in attracting foreign direct investment, and the emerging agenda of green
and innovation-oriented investment. Drawing on data from national statistical sources,
international organisations, and sectoral reports, the paper traces the evolution of Azerbaijan's
investment landscape over recent years and evaluates the degree to which current policy
trajectories align with the requirements of sustainable, diversified economic development.

The State Statistics Committee's data on finance and banking provide a systematic basis for
tracking the volume, structure, and sectoral distribution of public investment in Azerbaijan over
time (State Statistics Committee, 2026). These data reveal a pattern of sustained growth in capital
expenditure across infrastructure-intensive sectors — transport networks, energy systems, social
facilities, and housing — accompanied by increasing allocations to innovation-related activities
and to the non-oil productive sector. The Investment Development Model framework developed
within Azerbaijani economic scholarship offers a useful analytical lens for interpreting these trends
(Hasanov, 2017).

One of the most significant recent chapters in Azerbaijan's public investment story is the large-
scale reconstruction programme underway in the Karabakh and Eastern Zangezur regions
(Azerbaijan-news.az, 2023). The return of these territories to Azerbaijani administration has
triggered an ambitious programme of physical reconstruction — rebuilding roads, energy
infrastructure, water systems, and residential and public buildings — that represents one of the
largest concentrated territorial investment efforts in the country's post-independence history.
Managing this reconstruction under conditions of logistical complexity and tight timelines places
exceptional demands on project appraisal, procurement, and monitoring systems.

Azerbaijan has consistently maintained a relatively favourable position among South Caucasus
economies in terms of foreign direct investment attractiveness (Bayramova, 2024). The growth of
foreign capital inflows — reported at approximately 29 percent in the most recent period —
underscores the effectiveness of the investment promotion framework (Azreform.info, 2025). The
OECD's FDI Qualities Indicators platform provides a methodologically robust framework for
evaluating the developmental content of investment flows, going beyond simple volume metrics
to examine whether inward FDI generates quality employment, supports technology transfer, and
integrates into domestic supply chains (OECD, 2025).

The European Bank for Reconstruction and Development's Country Strategy for Azerbaijan
covering the period 2025-2030 identifies private sector development, green economy transition,
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and regional integration as the primary axes for concessional and co-financing arrangements
(EBRD, 2025). A particularly encouraging development is the signed agreement on the localisation
of electric bus manufacturing in partnership with BYD (Economy.gov.az, 2024), illustrating the
potential of strategic investment partnerships to support industrial diversification and technology
absorption. Complementary evidence of progress comes from export data showing that non-oil
sector exports grew by 8.1 percent to reach USD 3.6 billion (Azerbaijan-news.az, 2026).

The Azerbaijan Investment Holding, which consolidates the corporate governance of major state
enterprises under a professionalised management structure, represents a significant institutional
innovation in the governance of public assets (OECD, 2025). The OECD's review of the Holding's
arrangements identifies strengths and areas for further improvement — including board
composition, disclosure practices, and performance benchmarking. The United Nations
Conference on Trade and Development's World Investment Report 2025 situates the South
Caucasus region within a broader pattern of investment reorientation toward resilient supply
chains, digital infrastructure, and low-carbon technologies (UNCTAD, 2025).

The empirical analysis supports several substantive conclusions. Azerbaijan's public investment
programme has generated tangible developmental outcomes across infrastructure, regional
development, and industrial modernisation. At the same time, the transition to a higher-quality
investment governance model remains a work in progress. The adoption of the OECD's FDI
Qualities framework as an analytical standard, the systematic application of post-completion
audits to major public investment projects, and the deepening of the Azerbaijan Investment
Holding's corporate governance model are among the most promising near-term directions for
policy improvement. Embedding environmental sustainability criteria into the mainstream public
investment appraisal process would align Azerbaijan's investment governance with best
international practice and position the country favourably in the emerging global competition for
green capital.
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Abstract

State investment policy occupies a central place in the economic governance toolkit of both
developed and transitional economies. This paper examines the theoretical underpinnings,
classification schemes, and institutional formation principles of state investment policy, with a
specific focus on Azerbaijan's experience. Drawing on academic literature in investment
economics and on official policy documents, the paper argues that a well-designed investment
policy framework serves simultaneously as a growth catalyst, a risk management instrument, and
an institutional communication mechanism. In economies undergoing diversification or post-
transition adjustment, the state must simultaneously correct market failures, provide public
goods, and create an enabling environment for private capital formation.

In the neoclassical framework, investment is understood as the allocation of funds to capital assets
with the aim of generating future income — a process through which both physical and human
capital stocks are renewed, expanded, and technologically upgraded (Cafsrov, 2016).
Institutionally oriented perspectives draw attention to the role of governance structures, legal
frameworks, and policy credibility in shaping the actual volume and productivity of investment
flows (GFOA, 2026). Azerbaijan, a country that has relied heavily on hydrocarbon revenues over
recent decades, has placed state investment at the core of its economic development strategy.
State investment policy can be defined as a comprehensive governance instrument that
establishes the parameters within which public funds are invested. It specifies investment
objectives, acceptable risk tolerances, eligible asset categories, and the mechanisms through
which the programme will be managed and monitored over time (GFOA, 2026). The Government
Finance Officers Association recommends that every public authority adopt a formally approved
investment policy, subject to annual review, and aligned with applicable legal norms. The principal
objectives pursued by state investment policy include: facilitating the structural transformation of
the national economy; promoting private investment in entrepreneurial activity; generating new
employment opportunities; attracting capital from diverse domestic and international sources;
and fostering conditions conducive to the formation of risk capital (9zizova, 2012).

The state participates in the investment process through two complementary channels: regulation
and stimulation (Mammadov, 2018). The regulatory function involves the establishment of rules
governing property rights, contract enforcement mechanisms, and dispute resolution procedures.
The quality of this regulatory environment is widely recognised as a primary determinant of
investment attractiveness, and its improvement features prominently among the priority
directions identified by Azerbaijan's Ministry of Economy (2025). The stimulatory function involves
active measures to attract investment capital — including fiscal incentives, subsidised credit, co-
investment arrangements, and single-window administrative services.
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Comparative experience from other economies in transition confirms that the productivity of
investment capital depends heavily on the quality of the institutional environment. Turkey's
national development planning framework has placed explicit emphasis on the clarity of
investment priorities and the strengthening of public investment management capacity as
prerequisites for sustained growth (T.C. Kalkinma Bakanligi, 2018). For Azerbaijan, the investment
policy framework rests on a legal architecture that includes the Law on Investment Activity,
ministerial regulations, and an evolving set of institutional arrangements for project selection,
appraisal, and monitoring (Republic of Azerbaijan Ministry of Economy, 2025).

The analysis concludes with a set of evidence-based observations about the directions in which
Azerbaijan's investment policy framework can be further strengthened. Investment policy is most
productively understood as a multi-dimensional governance commitment rather than a simple
budgetary allocation. Capital accumulation provides the material foundation for growth, but the
productivity of that capital is determined by the institutional environment in which it is deployed.
Azerbaijan's investment policy framework has developed considerably over the post-
independence period, but further strengthening is required — particularly in the areas of project
appraisal methodologies, digital service delivery, and the integration of innovation and
sustainability objectives into the mainstream investment planning process. A coherent,
transparent, and forward-looking investment policy framework is not merely a technical
requirement; it is a precondition for the sustainable economic diversification that Azerbaijan's
development strategy demands.
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Xulasa

Bu tadgigat isi axtaris motoru algoritmlarinin takamulinin va dayisan SEO standartlarinin
kicik vo orta bizneslarin (KOB) ragamsal strategiyalarina tasirini tahlil edir. 9sas maqgsad klassik
optimizasiyadan istifadacgi niyyatina asaslanan semantik axtarisa kecidin igtisadi va strateji
naticalarini miayyanlasdirmakdir. Maqgalada slni intellektin organik trafike tasiri, texniki veb-
arxitekturanin rolu va konversiya izlama mexanizmlarinin SEO ila inteqrasiyasi arasdirilir. Tadgigat
gostarir ki, deqiq analitik malumatlara asaslanan gararlar ham mustari calbedilmasi xarclarini
optimallasdirir, ham da investisiya galirliyini (ROI) artirir. Natica etibarils, texniki mikammeallik va
istifadaci markazli yanasmanin vahdati mirakkab ragamsal mihitds bizneslarin dayanigli
inkisafinin mUtlaq garantidir.

Acar sozlar: axtaris motoru algoritmlari, SEO standartlari, kigik va orta bizneslar, organik
trafik, konversiya izloams, istifadagi niyyati.

Summary

This research analyzes the impact of evolving search engine algorithms and changing SEO
standards on the digital strategies of small and medium-sized enterprises (SMEs). The main
objective is to determine the economic and strategic consequences of the transition from classical
optimization to intent-based semantic search. The article examines the influence of artificial
intelligence on organic traffic, the role of technical web architecture, and the integration of
conversion tracking mechanisms with SEO. The study demonstrates that data-driven decisions
optimize customer acquisition costs and increase return on investment (ROI). Consequently, the
unity of technical excellence and a user-centric approach is the absolute guarantor of sustainable
development for businesses in a complex digital environment.

Keywords: search engine algorithms, SEO standards, small and medium-sized enterprises,
organic traffic, conversion tracking, user intent.

Axtaris motoru alqoritmlarinin takamdili: Dayisan SEO standartlarinin kigik va KOB-in Ragamsal
strategiyalarina tasiri

Muasir informasiya coamiyyatinda axtaris motorlari sadaca malumatlarin kataloglasdirilmasi
funksiyasindan ¢ixaraq, global reqgemsal igtisadiyyatin an mihim tanzimlayici mexanizmlarindan
birina cevrilmisdir. Bu transformasiya fonunda malumat axtarisi paradigmasi koklU sakilda
dayismis, axtaris sistemlari istifadaci ile biznes arasinda konseptual ve strateji kdrpU rolunu 6z
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Uzarina gotlUrmusdir. XUsusile mahdud resurslarla faaliyyat gostaran kicik ve orta biznes (KOB)
subyektlari Ggln bu dinamik mihitda organik gortndrliyldn gorunub saxlanmasi sadaca rutin bir
marketing hadafi deyil, bltovlikds ragabatadavamliligin va igtisadi dayanigliligin tamal sartidir.
internet mihitindaki global malumat sixligl va istehlakcilarin axtaris davranislarindaki davamli
mirakkablesma bizneslarden daha cevik, analitik ve texnoloji baximdan mitaraqgi ragamsal
strategiyalar talab edir. Bu baximdan, axtaris motoru algoritmlarinin takamulini dyranmak,
muasir biznes idaraciliyinin reqamsal bazasinda bas veran sistemli dayisikliklari dark etmak Ggilin
mitlaqg zaruratdir.

Son illarda axtaris motorlarinin algoritmik arxitekturasinda bas veran dayisikliklarin
anatomiyasini tahlil etdikda, markazi oxun texniki manipulyasiyalardan uzaglasaraq "istifadagi
niyyati" (user intent) va "faydali mazmun" (helpful content) prinsiplarina dogru yonaldiyini aydin
gérmak mumkundur. Klassik SEO (Axtaris Motoru Optimizasiyasl) yanasmalarinda Gstinluk taskil
edan basit acar soz sixligl va mexaniki alagalandirma (link-building) strategiyalari artiq 6z yerini
semantik axtaris mantigine va neyron sabakalara asaslanan dayarlandirma sistemlarina
buraxmisdir.

Mahz bu takamiil marhalasinds Generativ Siini intellekt (Generative Al) texnologiyalarinin
axtaris naticalarine birbasa inteqgrasiyasi organik trafikin paylanma strukturunda ingilabi
dayisikliklara sabab olmusdur. Algoritmlar artig mazmunun sadaca mdévcudlugunu deyil, onun
ekspertizasini, tacrtbasini, nifuzunu va etibarliligini (mdasir E-E-A-T prinsiplari) masin dyranmasi
vasitasila darindan analiz edir. Bu isa regamsal ekosistemda yer alan miassisalardan malumati
sadaca kamiyyat olaraqg deyil, bilavasita istifadacinin spesifik axtaris sorgusuna an daqiqg, dolgun va
kontekstual cavab veran intellektual arxitektura saklinda qurmagi talab edir.

Yenilanmis axtaris algoritmlari veb-platformalarin arxa fon (backend) arxitekturasinin va
malumat bazasl sorgularinin optimizasiyasini mutlaq siralama meyari kimi muayyanlasdirir.
XUsusila dinamik vyaradilan sahifslarde texniki SEO standartlarinin  gorunmasi organik
indekslanmanin tamalini taskil edir. Bu texniki mikammesallik gararvermani tamin edan analitik
sistemlarla sinxronlasdiriimalidir. istehlakci davranislarini mikrossviyyads dlcmak Gciin Google Tag
Manager (GTM) kimi vasitalorin tatbigi, mirakkab hadisa (event) va konversiya izlama
mexanizmlarinin qurulmasi bizneslara malumatlari birbasa manbadan idara etmak imkani verir.
Belalikla, texniki arxitekturanin va konversiya izloma sistemlarinin vahdati axtaris motorlarinin
istifadaci tacribasini (UX) dayarlandirma meyarlari ila tam inteqgrasiya olunur.

Algoritmik transformasiyalarin KOB-lara iqgtisadi tasiri ikili xarakter dasiyir. Bir tarafdan,
texniki arxitektura ve mazmun keyfiyyati lzra talablarin sartlosmasi gisamiddatli amaliyyat
xarclarini artirsa da, digar tarafdan hadafloanmis organik trafik musteri calbedilmasi xarclarinda
(CAC- Customer Acquisition Cost) uzunmiddatli va kaskin azalmaya sabab olur. Dagiqg konversiya
izlomalarina asaslanan malumat yonimli (data-driven) organik strategiyalar sayasinda
miassisalar hansi axtaris sorgularinin daha yiksak investisiya galirliyi (ROI) gatirdiyini riyazi
dagiqglikle hesablayir. Naticads, lokal bizneslar mahdud resurslarini semarasiz farziyyalardan
uzaglasdiraraq, birbasa istifadaci niyyatina va ylksak galirliliys fokuslanmis strateji ox (izra yenidan
boltsdurtrlar.

Tahlil etdiyimiz algoritmik dayisikliklar va texniki inteqrasiya proseslari bir-birindan tacrid
olunmus sakilda yox, mahz mutlaq vahdat halinda ¢ixis edir. Bu texnoloji va strateji vahdatin kigik
va orta bizneslars (KOB) gostardiyi praktiki tasirlar zancirvari xarakter dasiyir. ilk névbads, istifadaci
niyyatina va "faydali mazmun" prinsiplarina uygunlasdiriimis organik strategiyalar, server tarafli
gUsursuz optimizasiya ila birlesarak axtaris sistemlarinda dayanigh goérinUrliyi tamin edir. Buna
paralel olarag, konversiya izloma mexanizmlari va sistemli tag menecmenti (GTM) vasitasila
toplanan dagiqg analitik malumatlar istehlakgilarin regamsal platformadaki davranislarina aninda va
adekvat cavab vermaya imkan yaradir. Masalanin igtisadi va raqgabat tarafina nazar saldigda isa
algoritmlarin daim yenilanan talablarina texniki cahatdan hazir olmaqg halledici rol oynayir.
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Malumat asasli (data-driven) qararlarin gabul edilmasi marketing budcasinin  samarasiz
istifadasinin qarsisini alan ve mustari calbedilmasi xarclarini (CAC) optimallasdiran asas goruyucu
sipara cevrilir. Natica etibarila, bu mirakkab inteqgrasiya lokal bizneslarin ham istifadaci tacribasini
(UX) zanginlasdirir, ham da onlarin uzunmuddatli inkisaf va galirlilik dinamikasini stratlandirir.

Muasir dovrin ragamsal arxitekturasi talab edir ki, axtaris motorlarinda raqgabatadavaml
olmaq istayan igtisadi subyektloar SEO-ya sadace basit texniki manipulyasiya kimi deyil,
fundamental biznes strategiyasinin ayrilmaz hissasi kimi yanassinlar. Algoritmlarin stni intellekt va
semantik axtaris istigamatindaki takamll artig mivaqqgati bir trend deyil, regamsal igtisadiyyatin
yeni, geyri-sartsiz realligidir. Tadqigat gdstarir ki, miassisalarin ragemsal mihitdaki davamlhgi
organik trafik gostaricilarinin daqiqg izlanmasindan va istifadaci niyyatina hesablanmis ylksak
keyfiyyatli mazmunun texniki cohatdan saglam tagdimatindan birbasa asilidir. Malumatlari analitik
sokilda idara edan, algoritmik yeniliklara cevik reaksiya veran va investisiya galirliyini (ROI) riyazi
dagiqglikle optimallasdiran taskilatlar dayisan SEO standartlarinin manfi tasirlarinden gorunmagla
yanasl, galacayin dayanigli idaraetma modelinin lokomotivina ¢evrilacaklar.
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Abstract

The development of functional dairy products enriched with natural plant components is one of
the relevant directions in modern food technology. Medicinal plants contain biologically active
compounds that can increase the nutritional and biological value of food products. Sweet clover
(Melilotus officinalis) is a promising plant raw material due to its content of polyphenols,
flavonoids, mineral substances and other bioactive compounds.

This study presents a comparative analysis of the chemical composition of sweet clover plant raw
material, sweet clover extract and yogurt enriched with sweet clover extract. The aim of the study
was to determine the content of polyphenols, flavonoids, mineral substances and toxic elements
in the studied samples and to evaluate the differences between them.

The results showed that the highest content of polyphenols and flavonoids was found in sweet
clover raw material. The total polyphenol content in sweet clover was 2.07+0.04%, while the
flavonoid content was 1.81+0.04%. In sweet clover extract, these indicators decreased to
0.37440.004% and 0.253+0.006%, respectively. In yogurt enriched with sweet clover extract,
polyphenols and flavonoids were retained at the levels of 1.34+0.05% and 0.53+0.02%,
respectively.

The comparative analysis of mineral composition showed that sweet clover raw material
contained high amounts of potassium, phosphorus and zinc. Yogurt enriched with sweet clover
extract was characterized by the highest calcium content, reaching 146.62+2.93 mg/100 g. The
analysis of toxic elements showed that all studied samples met safety requirements. In the yogurt
sample, lead, cadmium, arsenic and mercury were not detected.
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The obtained results confirm that sweet clover is a valuable natural source of biologically active
compounds and mineral substances. Sweet clover extract can be used as a functional ingredient
for enriching dairy products. Yogurt with added sweet clover extract can be considered a safe
functional dairy product with increased biological value and promising potential for food
technology.

Keywords: sweet clover, Melilotus officinalis, sweet clover extract, yogurt, polyphenols,
flavonoids, mineral substances, toxic elements, functional dairy products.

Introduction

In recent years, the production of functional food products has become one of the most important
areas of the food industry. Functional products are aimed not only at satisfying nutritional needs,
but also at improving human health due to the presence of biologically active compounds. Dairy
products, especially yogurt, are widely used as a basis for functional food development because
of their high nutritional value, digestibility and beneficial effect on the intestinal microflora.
Sweet clover (Melilotus officinalis) is a medicinal plant that contains biologically active substances,
including phenolic compounds, flavonoids and coumarins. The antioxidant and anti-inflammatory
properties of Melilotus officinalis extracts have been studied in biological systems [1]. In addition,
the cardioprotective effects of Melilotus officinalis extracts have been investigated, which
confirms the scientific interest in this plant as a promising natural source of bioactive substances
[2].

Extracts of Melilotus officinalis have also been used in the development of semi-solid formulations,
where their stability, safety and anti-inflammatory activity were evaluated [3]. According to
literature data, sweet clover can be considered a source of biologically active compounds with
potential use in functional products [4]. The biological potential of Melilotus officinalis extract has
also been studied in extract-containing materials intended for diabetic ulcer healing [5].
Polyphenols and flavonoids are among the most important groups of biologically active
compounds. They are natural antioxidants and may contribute to the protective properties of
functional foods. Flavonoids and other polyphenols obtained from medicinal plants are considered
important bioactive molecules that can support human health [6].

The use of plant raw materials in the production of functional food products is also relevant for
Kazakhstan. Plant resources of Northern Kazakhstan are considered promising for the
development of new functional food products due to their content of biologically active
substances [7]. The chemical composition of plants belonging to the Fabaceae family has been
studied in terms of phytochemical profile and biological activity [8]. In addition, comparative
studies of legume seeds, including plants of the genus Melilotus, have shown that such raw
materials may contain valuable nutrients and biologically active components [9].

The extraction process plays an important role in the transfer of bioactive compounds from plant
raw material into the final product. Different extraction methods can influence the vyield of
polyphenolic compounds and the quality of the obtained extract [10]. The chemical composition
and biological activity of Melilotus officinalis metabolites have also been studied, confirming the
importance of this plant in phytochemical research [11].

The enrichment of yogurt with natural nutraceuticals and plant extracts is considered an effective
way to improve its functional properties [12]. Studies show that the addition of plant extracts to
yogurt can increase its biological value and improve quality during  storage [13]. Enrichment of
yogurt with plant ingredients can also increase antioxidant activity, phenolic compound content
and sensory properties [14]. In addition, yogurt enriched with plant extracts may demonstrate
improved physicochemical, rheological and antioxidant characteristics [15].
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Therefore, the introduction of sweet clover extract into yogurt may allow the combination of the
nutritional properties of dairy products with the bioactive potential of plant raw materials. The
comparative study of sweet clover, its extract and yogurt enriched with the extract is scientifically
and practically relevant.

The aim of this study was to conduct a comparative analysis of sweet clover, sweet clover extract
and yogurt enriched with sweet clover extract according to the content of polyphenols, flavonoids,
mineral substances and toxic elements.

Materials and methods

Sweet clover plant raw material, sweet clover extract and yogurt enriched with sweet clover
extract were used as the objects of the study. The samples were analyzed for the content of
polyphenols, flavonoids, mineral substances and toxic elements.

The total content of polyphenols was determined by the spectrophotometric method. The amount
of flavonoids was determined according to the appropriate standard method. Mineral elements,
including calcium, potassium, magnesium, phosphorus, iron, zinc and selenium, were determined
by atomic absorption spectrometry.

Toxic elements, including lead, cadmium, arsenic and mercury, were determined according to
standard methods used for food safety assessment. The determination of toxic elements is
important because plant raw materials may accumulate heavy metals from the environment.

All analyses were carried out in triplicate. The results were expressed as mean values with
standard deviation.

Results and discussion

The comparative analysis showed significant differences between the studied samples. Sweet
clover plant raw material had the highest content of polyphenols and flavonoids. The total
polyphenol content was 2.07£0.04%, while the flavonoid content was 1.81+£0.04%. These results
indicate that sweet clover is a rich natural source of biologically active compounds.

In sweet clover extract, the amount of polyphenols decreased to 0.374+0.004%, and the amount
of flavonoids decreased to 0.2531+0.006%. This reduction may be related to the extraction process,
during which not all active substances are transferred from the plant raw material into the extract.
In addition, technological processing may lead to partial degradation or transformation of some
phenolic compounds.

In yogurt enriched with sweet clover extract, the content of polyphenols was 1.34+0.05%, and the
content of flavonoids was 0.53+£0.02%. Although these values were lower than in the plant raw
material, they showed that part of the biologically active compounds was retained in the dairy
matrix. This confirms the potential of using sweet clover extract as a functional additive in yogurt
production.
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Figure 1 — Content of polyphenols and flavonoids in sweet clover, sweet clover extract and yogurt
enriched with the extract
The analysis of mineral composition also showed important differences. Sweet clover raw material
was characterized by high contents of potassium, phosphorus and zinc. Potassium content was
267.44 mg/100 g, phosphorus content was 258.43 mg/100 g, and zinc content was 2.732 mg/100
g. These elements are important for normal physiological processes in the human body.
Sweet clover extract contained lower amounts of most mineral substances. Calcium contentin the
extract was 16.54 mg/100 g, potassium was 71.57 mg/100 g, magnesium was 13.75 mg/100 g, and
phosphorus was 29.70 mg/100 g. The decrease in mineral content may be explained by incomplete
transfer of minerals into the extract.
Yogurt enriched with sweet clover extract showed the highest calcium content among the studied
samples. Calcium reached 146.62+2.93 mg/100 g, which is mainly associated with the dairy base
of yogurt. Potassium content in yogurt was 189.35+3.78 mg/100 g, phosphorus was 116.04+2.32
mg/100 g, and magnesium was 14.65+0.29 mg/100 g. Thus, yogurt combined the nutritional
advantages of the dairy base with the functional potential of the plant extract. The results of the
mineral composition analysis of sweet clover, sweet clover extract and yogurt enriched with sweet
clover extract are presented in Table 1.

Table 1
Mineral composition of the studied samples, mg/100 g

Sweet clover extract | Yogurt enriched with
Element Sweet clover .
(wild) extract
Ca 77.18 16.54 146.62+2.93
K 267.44 71.57 189.35+3.78
Mg 4.025 13.75 14.65+0.29
P 258.43 29.70 116.04+2.32
Fe 0.970 1.05 0.061+0.001
n 2.732 0.209 0.45%0.009
Se 0.018 not detected not detected

Food safety is an important criterion in the development of functional products. The analysis of
toxic elements showed that all studied samples met safety requirements. In sweet clover raw
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material, lead content was 0.0022 mg/kg, and cadmium content was 0.0009 mg/kg. In sweet
clover extract, lead content was 0.005+0.0003 mg/kg, and cadmium content was 0.002+0.0003
mg/kg. These values were significantly lower than the maximum permissible limits.

Arsenic and mercury were not detected in all samples. In yogurt enriched with sweet clover
extract, lead, cadmium, arsenic and mercury were not detected. The obtained results show that
sweet clover extract does not negatively affect the safety of the final dairy product. On the
contrary, yogurt enriched with sweet clover extract can be considered a safe product with
improved biological value.

Conclusion

The results of the study showed that sweet clover (Melilotus officinalis), sweet clover extract and
yogurt enriched with sweet clover extract differ in the content of polyphenols, flavonoids, mineral
substances and toxic elements.

The highest content of polyphenols and flavonoids was found in sweet clover raw material, which
confirms its value as a natural source of biologically active compounds. Sweet clover extract
contained lower amounts of these substances, which may be explained by the features of the
extraction process. However, the presence of polyphenols and flavonoids in yogurt enriched with
sweet clover extract confirms the possibility of using this extract as a functional ingredient.

The mineral composition analysis showed that sweet clover is a significant source of potassium,
phosphorus and zinc. Yogurt enriched with sweet clover extract was characterized by high calcium
content due to its dairy base. The safety analysis demonstrated that all samples met the
requirements for toxic elements. No toxic elements were detected in the yogurt sample.

Thus, sweet clover can be considered a valuable plant raw material for obtaining functional
ingredients. Sweet clover extract is a suitable technological form for introducing bioactive
compounds into dairy products. Yogurt enriched with sweet clover extract can be regarded as a
safe functional dairy product with increased biological and nutritional value.

Funding: The authors are grateful to the Ministry of Science and Higher Education (MSHE, Republic
of Kazakhstan) for grant financing of the project IRN AP23489321 “Development of technology for
functional dairy products obtained using secondary metabolites of plant raw materials cultivated
in vitro”.
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Xilasa: Bu isda geyri-xatti sarhad saraitinda tasadlifi dolasma modeli tadqiq olunur. Tasad(ifi
dolasma verilmisdir va burada X asili olmayan va eyni paylanmis tasadlifi kamiyyatlardir.

Sarhad funksiyasi imumi halda zaman dayisanindan asili qeyri-xatti funksiya kimi géturdliir.
Xususi hallarda g(n)= a+cn va g(n) = a+ clog(n+1) kimi sarhadlar nazardan kegirilir. Bu tip
sarhadlarda artim stiratinin dayiskan olmasi sababindan sarhada ¢catma probleminin analizi xatti
sarhad halina nisbatan daha miirakkab xarakter dasiyir.

9sas tadqiq olunan funksional sarhada ilk catma zamanidir. Bu zamanin paylanmasi va sarhad
kecidi ehtimali maksimum funksional yanasma asasinda arasdirilir. Alinan naticalar géstarir ki,
qeyri-xatti sarhad problemi trayektoriyanin lokal maksimum davranisi ila six baghdir.

Acar s6zlar: Tasadlifi dolasma, geyri-xatti sarhad, dayanma zamani, hitting time, stokastik
proseslar, maksimum funksional, ehtimal nazariyyasi, sarhad kecidli.
Tutag ki,

S'n, — Z Xk} Sﬂ =0
k=1

soklinds tasadufi dolasma verilmisdir. Burada Xi,X2,... asili olmayan va eyni paylanmis
tasadufi kemiyyatlardir. Qeyri-xatti sarhad ise Umumi sakilda
b(n)=g(n), n>0
kimi muayyan edilir. Burada g(n) zaman dayisanindan asili ixtiyari geyri-xatti funksiyadir.
Masalan,
g(n)=a+cn®,0<0<1,
Vo ya
g(n)=a+clog(n+1)
soaklinda sarhadlar geyri-xatti sarhadlari nimuna ola bilar. Bu funksiyalarda sarhadin artim
sirati sabit deyil va bu ssbabdan sarhada ¢atma aninin tahlili xatti hala nisbatan daha murakksb
olur.
Qeyri-xatti sarhad Ucln asas funksional serhads ilk catma zamanidir. Bu zaman
Tg=inf{n>0:S,>g(n)}
kimi tayin olunur. Burada tg tasadifi dolagmanin g(n) sarhadini ilk dafa kegdiyi andir. 9gar
proses asagl sarhadla migayisa olunursa, onda uygun olaraq

7, =inf{n >0:8, <g(n)}

)

yazilir. Belalikls, geyri-xatti sarhad masalasinin asas goyulusu Te-nin paylanmasini, riyazi
gozlamasini, sarhad kegidi ehtimalini va sarhad agsmasini miayyan etmakdan ibaratdir.
Qeyri-xatti sarhad masalasinda asas ehtimal gdstaricisi isda
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P(tg<n) va ya P(tg<t),t—>oe
saklinda yazilir. Bu ehtimal prosesin n-ci ana gadar geyri-xatti sarhadi ke¢masi ehtimalini
gostarir. Onu maksimum funksionali vasitasila bela ifada etmak olar:

P(ry < n) =P | max (S, —g(k)) = 0

Bu dustur gostarir ki, tasadfi dolasmanin geyri-xatti sarhadi kegmasi Ugln trayektoriyanin
an azl bir ndgtada sarhad funksiyasini asmasi kifayatdir.

NITICO

Bu tadgigatda qgeyri-xatti sarhadlarla verilmis tasadifi dolasma modellari arasdiriimisdir.
Gostarilmisdir ki, sarhad funksiyasinin geyri-xatti xarakteri ssbabindan sarhada ¢atma zamaninin
analitik tahlili daha mirakkab olur va klassik xatti sarhad naticalari birbasa tatbiqg edila bilmir.

9sas natica olarag muayyan olunmusdur ki, sarhada ilk catma hadisasi trayektoriyanin
maksimum funksionali vasitasile ekvivalent sakilda ifada oluna bilar. Bu yanasma sarhad kecidi
ehtimalinin va paylanmasinin tadgiginda mihim alat rolunu oynayir.

Umumilikds, naticalar gostarir ki, geyri-xatti sarhad problemlari tosadiifi proseslarin
ekstremal davranisi ile six baghdir va onlarin analizi maksimum funksional va stopping time
nazariyyasi vasitasile effektiv sakilda aparila bilar.
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Xilasa: Bu isda xatti sarhad funksiyasi ila verilmis tasadifi dolasma modeli arasdirilir.
Tosadlifi dolasma vo xatti sarhad Ulglin sarhada ilk catma zamani (hitting time) tadqiq olunur.
Gostarilir ki, bu zaman filtrasiya sistemina géra dayanma zamani (stopping time) xassasina
malikdir.

Eyni zamanda, xatti sarhadin kegilmasi problemi trayektoriyanin maksimum funksionali
vasitasila ifada olunur va bu yanasma hitting-time analizini sadalasdirir. Sada tasadiifi dolasma
lciin sarhada catma ehtimali rekursiv tanlikla tasvir edilir va bu tanliyin sarhad sartlari miiayyan
olunur.

Naticalar tasadiifi proseslarin sarhad masalalarinin ehtimal nazariyyasi ¢arcivasinda daha
imumi va funksional yanasma ila éyranila bilacayini géstarir..

Acar sézlar: Tasadlifi dolasma, dayanma zamani, xatti sarhad, hitting time, stokastik
proseslar, filtrasiya, rekursiv tanlik, maksimum funksional.

Teorem 1. Xatti sarhads ilk gatma zamaninin dayanma zamani olmasi
Tutag ki, tesadifi dolasma
Sn=X1+Xo+++++Xp,S0=0
saklinda verilmisdir va xatti sarhad
b(n)=a+cn,a, cER,n=0
kimi muayyan olunur. Onda
T=inf{n=0:Sn=b(n)}
kemiyyati Fr=0(X,...,Xn) filtrasiya sistemina géra dayanma zamanidir.
izah. Clnki {t=n} hadisasi yalniz nnn-ci ana gadsr misahida olunan So, Si,..,Sn
giymatlarindan asilidir. Buna gora da tbh\tau_btb sarhad funksionali formal olaraq stopping-time
tipli funksional hesab olunur.
Teorem 1.2.2. Xatti sarhadin maksimum funksionali ils ekvivalentliyi
Xatti sarhad Ucln asagidaki ekvivalentlik dogrudur:

{m, <n} =14 max (S, —b(k)) >0

D<k<n

Burada:

b
M, = max (S; — b(k))
D<k<n
sarhada nisbatan maksimum funksional adlanir.
izah. Bu teorem gostarir ki, xatti sarhadin kecilmasi prosesi yalniz ayrica SnS_nSn giymati ilo
deyil, butln trayektoriyanin maksimum davranisi ile miayyan olunur. Buna goéra hitting-time
problemi maksimum funksional vasitasila da arasdirila bilar.
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Teorem 2. Sada tasadfi dolasma Ugln kegid ehtimalinin rekursiv tanliyi
Tutaq ki,
P(Xn=1)=p, P(Xn=-1)=q, p+q=1.

Sabit A sarhadina catma ehtimal

u(i)=Pi(tA<eo)

kimi miayyan edilsin. Onda i<Ai<Ai<A lgln

u(i+1)+qu(i-1),

sarhad sorti isa
u(A)=1

soaklindadir.

NOTICO

Bu tadqgigatda xatti sarhad Uzra tasadifi dolasmanin kegid xtsusiyyatlari arasdiriimisdir.
9sas natica olaraq gostarildi ki, sarhada ilk catma zamani filtrasiya Uzre dayanma zamanidir va bu
xUsusiyyat prosesin adaptiv xarakterini tasdiq edir.

Bundan alava, xatti sarhad problemi maksimum funksional vasitasila ekvivalent formada
ifada oluna bilar ki, bu da hitting-time analizini daha effektiv edir. Sads tasadifi dolasma Ugln
alinan rekursiv tanlik sarhad ehtimallarinin hesablanmasini asanlasdirir va analitik hall U¢ln baza
yaradir.

Umumilikda, naticalar tasadifi dolasmalarin ssrhad masalalarinin ham klassik ehtimal yanasmasi,
ham da funksional analiz vasitasila 6yranila bilacayini gdstarir.
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“28 May” Neftgazcixarma ldarasinda
danizdan nagl etdirilan gazin separasiya
prosesinin tahlili
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Xulasa

Magalada “28 May” Neftgazcixarma Idarasinda danizdan nagl etdirilon gazin separasiya
prosesinin texnoloji xtsusiyyatlari tahlil edilmisdir. Daniz saraitinda hasil olunan gaz quyu agzindan
naql sistemina daxil olarkan vyalniz gaz fazasindan ibarat olmur, onun tarkibinds kondensat, lay
suyu, mexaniki garisiglar va mixtalif maye damcilari movcud ola bilar. Bu ssbabdan gazin nagl va
emal sistemlarina verilmazdan avval separasiya olunmasi texnoloji tahlikasizlik, avadanligin
gorunmas! va mahsul keyfiyyati baximindan mihim shamiyyst dasiyir. Todgigatda gaz-maye
garisiginin ayrilmasi, separatorlarin is prinsipi, coxfazali axin rejimi, slug effekti, hidrat va korroziya
risklari arasdirilmisdir. Eyni zamanda separasiya prosesinin samaraliliyine tasir edan asas
gostaricilar sistemlasdirilmis va prosesin optimallasdiriimasi istigamatlari miayyan edilmisdir.
Natica olaraq geyd olunur ki, danizdan nagl etdirilan qazin stabil separasiyasi tazyiqg, temperatur,
maye saviyyasi, gaz sarfi va avadanligin texniki vaziyyatine davamli nazarat asasinda tamin
edilmalidir.

Acar sdzlar: daniz qazi, separasiya, coxfazali axin, separator, 28 May NQCI, gaz nagli.

Abstract

The article analyzes the technological features of the gas separation process transported
from offshore facilities within the operational context of the “28 May” Oil and Gas Production
Department. Gas produced in offshore conditions is not transported as a completely dry gas phase,
since it may contain condensate, formation water, mechanical impurities and liquid droplets.
Therefore, separation before further transportation and processing is essential for technological
safety, equipment protection and gas quality assurance. The study examines the separation of gas-
liquid mixtures, the operating principles of separators, multiphase flow behavior, slug flow effects,
hydrate formation and corrosion risks. The main parameters affecting separation efficiency are also
systematized, and possible directions for process optimization are identified. The analysis shows
that stable separation of offshore transported gas depends on continuous monitoring of pressure,
temperature, liquid level, gas flow rate and the technical condition of process equipment. It is
concluded that the improvement of separation efficiency in offshore gas transportation systems
should be based on reliable control systems, proper maintenance, hydrate prevention, corrosion
control and data-driven technological management.

Keywords: offshore gas, separation, multiphase flow, separator, 28 May OGPD, gas
transportation.

Pesiome

B cTaTbe aHanM3MpyrOTCA TexHONOrMYeckne OcCoDeHHOCTWM npouecca cenapauum rasa,
TPAHCNOPTUPYEMOTO C MOPCKMX OOBEKTOB B pamkax AeATenbHocTn Hedrerazogobbiatollero
ynpasnenuna «28 May». a3, 40ObiBaeMbIi B MOPCKMX YCNOBUAX, HE NMOCTyNaeT B TPAHCNOPTHYHO
CUCTEMY B MOJIHOCTBbIO CYXOM BMAE, TaK KaK B €ro COCTaBe MOryT MPWMCYTCTBOBATb KOHZEHCAT,
NAacToBan BOAA, MexaHWYeCcKne NPUMECH M Kanau Xuakoctu. MNoaTomy cenapauma rasa nepes
[anbHelLWwen TPaHCMOPTUPOBKOM M NepepaboTKoN MMeEeT BaKHOe 3HaYeHWe C TOYKM 3peHuA
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TeXHO/MOrMYecKom 6e3onacHoCTH, 3aWmTbl 060PYA0BaHNA M 0becneyeHma KayecTsa NPoAyKLMM. B
Mccnef0BaHNUM PAaCCMOTPEHbBI MPOLLECChI Pa3AeNeHNA ra30KMAKOCTHOM CMECH, NPUHLMMbLI PaboTbl
CenapaTopos, PeXMMbl MHOropasHOro mnoToka, BAMAHWE slug-pexkrMma, PUCKM obpasoBaHusA
rMAPATOB M KOPPO3WUWU. TaKKe CUCTEMATM3MPOBAHblI OCHOBHbIE MOKa3aTenu, BAMAKOLLIME HA
3hPeKTUBHOCTb cenapaumm, n onpeaeneHbl HanpasaeHWA ONTUMM3aLMM NpoLecca.

KntoyeBble cnoBa: MOPCKOM ras, cenapaumsa, mHorodasHbliM NOTOK, cenapaTtop, HIAY «28
May», TpaHCNOPTMPOBKaA rasa.

Giris

Azarbaycanin neft-qaz senayesinda daniz yataglarindan hasil olunan qgazin yigiimasi, ilkin
hazirlanmasi ve nagl etdirilmasi mihim texnoloji proseslardan biri hesab olunur. Xazar danizinda
yerlasan istehsalat obyektlarinda gazin nagli takca hasilatin davamliligi baximindan deyil, ham da
enerji tahllkasizliyi, sanaye avadanliglarinin etibarliligl va ekoloji risklarin azaldilmasi baximindan
ahamiyyatlidir. Daniz saraitinds hasil edilan gaz nagl sistemina daxil olarkan ¢ox vaxt gaz,
kondensat va su fazalarinin qarisigindan ibarat olur. Bu isa gazin emal va naqgl marhalalarina
verilmazdan avval texnoloji baximdan hazirlanmasini zeruri edir [1].

“28 May” Neftgazgixarma idarasi SOCAR-In “Azneft” istehsalat Birliyinin daniz hasilat tizra
mihidm istehsalat strukturlarindan biri kimi ¢ixis edir. Bu idaranin faaliyyat sahasinda daniz
platformalarindan gixarilan neft, gaz ve qaz-kondensat qgarisiglarinin ilkin ayrilmasi, texnoloji xatlar
Gzra nagli va sonraki emal sistemlarina yonlandiriimasi xisusi ahamiyyat daslyir. Danizdan naq|
etdirilan gazin tarkibinde maye hissaciklarinin galmasi boru xstlarinds hidravlik migavimatin
artmasina, kompressor avadanliginin zadalanmasina, 6lct cihazlarinin geyri-daqgiq islemasina va
korroziya riskinin yiksalmasina sabab ola bilar [2, s. 197-224].

Separasiya prosesi gaz-maye garisiginin fiziki ayrilmasi, gaz axininda olan kondensat va su
damcilarinin tutulmasi, hamginin sonraki nagl marhalasinin tahlikasiz tamin olunmasi magsadila
hayata kecirilir. Bu proses vyalniz bir texnoloji avadanligin isi kimi deyil, bitov bir idarsetma
mexanizmi kimi giymatlandirilmalidir. Clinki separatorun ssmarali islomasi tazyiq, temperatur, axin
sirati, maye saviyyasi, daxili elementlarin texniki vaziyyati va avtomatik nazarat sistemlarinin
dizgin faaliyyatindan asilidir [3].

Muasir neft-gaz sanayesinda separasiya proseslarinin  optimallasdiriimasi  hasilatin
samaraliliyinin yiksaldilmasiila yanasl, texnoloji itkilarin azaldilmasi va ekoloji tahlikasizliyin tamin
olunmasi baximindan da aktualdir. XUsusila daniz saraitinds gazin nagl etdirilmasi zamani ¢oxfazal
axinin geyri-sabitliyi, slug rejimi, hidratlarin amala galmasi va korroziya amillari separasiya
prosesina birbasa tasir gdstarir. Bu baximdan “28 May” NQCi-da danizdan nagl etdirilan gazin
separasiya prosesinin tahlili hem nazari, ham da praktiki shamiyyat dasiyir.

Todgigatin asas magsadi “28 May” Neftgazcixarma idarasinds danizdan naqgl etdirilsan gazin
separasiya prosesinin texnoloji ahamiyyatini arasdirmaq, prosesa tasir edan asas amillari
miayyanlasdirmak va separasiya sisteminin  samaraliliyinin  artirilmasi  istigamatlarini
asaslandirmaqgdan ibaratdir. Bu magsadla gaz-maye qarisiginin ayrilmasi mexanizmi, separatorlarin
is rejimi, coxfazali axinin xususiyyatlori, naqgl xattinds yaranan riskler ve prosess nazarat
gostaricilari tahlil edilmisdir.

Todgigatda mugayisali tahlil, sistemlasdirma va texnoloji giymatlandirma metodlarindan
istifade olunmusdur. Migayisali tahlil vasitasile separasiya prosesina tasir edan amillar ayri-
ayrihgda giymatlandirilmis, sistemlasdirma metodu ila bu amillar texnoloji, tahlikasizlik, keyfiyyat
va idaraetma gostaricilari Uzra gruplasdiriimisdir. Texnoloji giymatlandirma isa separatorun is
prinsipinin gaz naqgli sisteminin Gmumi sabitliyina tasirini miayyan etmaya imkan vermisdir. Bela
yanasma separasiya prosesina yalniz avadanliq saviyyasinda deyil, bltov istehsalat zancirinin
mihUm idarsetma marhalasi kimi baxmaga sarait yaradir.
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Daniz saraitinda gazin separasiya olunmasi quruda yerlasan istehsalat obyektlarindan fargli
xUsusiyyatlara malikdir. Burada texnoloji proseslar mahdud platforma sahasinda, dayiskan hava
soraitinda va ylksak tahlikasizlik talablari altinda hayata kecirilir. Daniz platformalarinda
avadanhgin yerlasdirilmasi Giciin saha mahdud oldugundan separatorlarin secilmasi, qurasdirilmasi
va texniki xidmat imkanlari xtsusi mihandis yanasmasi talab edir. Bu sababdan separatorlarin ham
mahsuldarlig, ham da kompaktlig baximindan dizgiin secilmasi mihim shamiyyat daslyir.

Digar mihUm xUsusiyyat ondan ibaratdir ki, danizden nagl etdirilan gaz uzun boru xatlari
vasitasile harakat etdiyindan tezyiq ve temperatur dayisikliklarine daha ¢ox maruz galir. Bu
dayisikliklar gazin tarkibindaki agir karbohidrogenlarin kondensasiya olunmasina, su fazasinin
ayrilmasina va axinin geyri-sabitlasmasina sabab ola bilar. Naticada separatora daxil olan garisigin
tarkibi sabit galmir ve proses operatorlarindan daha diggatli nazarat talab olunur. Bu baximdan
daniz seraitinde separasiya prosesi sadaca fazalarin ayrilmasi deyil, ham da nagl sisteminin
dayanighgini tamin edan texnoloji tanzimlama marhalasidir.

Daniz saraitinda hasil olunan gazin separasiyas! bir ne¢ca marhaladan ibarat olan murakkab
texnoloji prosesdir. ilkin marhalads quyu vs va platforma xatlarindsn daxil olan coxfazali axin
separatora yonlandirilir. Bu axinin tarkibinda gazla yanasi, kondensat, lay suyu va mexaniki
garisiglar ola bilar. Separatorun asas funksiyasi bu fazalari bir-birinden ayirmaqg va gazin nagl
sistemina daha sabit tarkibda verilmasini tamin etmakdir. Qazin tarkibindes maye fazanin galmasi
“carry-over” adlanan prosesa sabab olur ki, bu da gazla birlikde maye damcilarinin sonraki
avadanhglara ke¢cmasi demakdir [4, s. 216-219].

Separatorlarin is prinsipi fazalarin sixlig fargine, axin sliratinin azalmasina, caziba qiivvasina
va inersiya tasirina asaslanir. Qaz-maye qarisigl separatora daxil oldugda avvalca giris qurgusu
vasitasila axinin istigamati dayisdirilir va iri maye damcilari gaz axinindan ayrilir. Daha sonra
separator daxilinda qazin strati azalir va kicik maye hissaciklari cokmaya baslayir. Son marhalada
iso demister va ya torlu tutucu elementlar vasitasila gazin tarkibinda galan ince maye damcilari
tutulur [5].

Danizdan nagl etdirilan gazin separasiyasinda asas ¢atinliklardan biri coxfazali axinin geyri-
sabit xarakter dasimasidir. Boru xatti boyunca tazyig vae temperatur dayisdikca gazin tarkibindaki
kondensat ayrilir, bazi hallarda iss maye faza iri tixaclar saklinda harakat edir. Bu hadisa slug rejimi
adlanir. Slug rejimi separatora daxil olan maye hacminin gisa middat arzinda kaskin artmasina
sabab olur va separatorun normal is rejimini poza bilar. Bels hallarda separatorun maye tutumu,
saviyya tanzimlayicilari va drenaj sistemlari ylksak yliklanma altinda islayir [6, 5. 153-164].

Deniz gazinin naqglinde hidrat amalagalma riski de mihim texnoloji problem kimi
giymatlandirilir. Qazin tarkibinds sarbast su va ya su buxari olduqda, yiksak tazyig ve asagl
temperatur saraitinda hidrat kristallari formalasa bilar. Hidratlar boru xatlarinda tixac yaradir, axinin
sabitliyini pozur va istehsalatin macburi dayandirilmasi riskini artirir. Separasiya prosesi gazdan
sarbast suyun ayrilmasina komak etdiyi UGcln hidratlarin garsisinin alinmasinda ilkin goruyucu
marhala kimi ¢ixis edir [7].

Qazin separasiyasi zamani korroziya riski de nazara alinmalidir. Lay suyunun, duzlarin, karbon
gazinin va bazi hallarda hidrogen-sulfid komponentlarinin mévcudlugu boru xatlarinds va
avadanliq sathlarinda korroziya prosesini siiratlandira bilar. Separatorlarda maye fazanin vaxtinda
ayrilmasi va sistemdan kanarlasdiriimasi korroziya riskinin azaldilmasi Gglin asas sartlardan biridir.
Bu sababdan separasiya yalniz gazin temizlanmasi prosesi deyil, ham da nagl sisteminin mexaniki
batovltydnl goruyan texnoloji marhaladir [8].

“28 May” NQCI kontekstinds separasiya prosesinin ssmaraliliyi separatorlarin texniki
vaziyyati, istismar rejimi va operator nazaratinin keyfiyyati ile six baghdir. Daniz platformalarinda
avadanlig sahasinin mahdud olmasi, texniki xidmatin planlasdirilmis gaydada aparilmasi zarurati
va hava saraitinin istehsalat proseslarina tasiri separasiya sistemlarinin etibarlligini daha da vacib
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edir. Bu baximdan separatorlarin daxili elementlarinin vaxtasiri yoxlanilmasi, saviyya va tazyiq dl¢an
cihazlarin kalibrlanmasi, drenaj xatlarinin islak vaziyyatda saxlaniimasi xisusi shamiyyat kasb edir.
Separasiya prosesinda avtomatlasdiriimis idaraetmsa sistemlarinin tatbigi mihium rol oynayir.
Tazyiq, temperatur, maye saviyyasi, gaz sarfi va diferensial tazyiq gostaricilarinin real vaxt rejiminda
izlanilmasi prosesda bas veran kanarlasmalari erkan askar etmaya imkan verir. Masalan, separator
cixisinda diferensial tazyigin artmasi demister elementlarinin cirklanmasini, maye saviyyasinin gafil
yUksalmasi isa slug axininin daxil oldugunu gbstara bilar. Bu clr malumatlarin operativ tahlili gaza
risklarinin garsisinin alinmasina va separasiya ssmaraliliyinin gorunmasina sarait yaradir [9].
Cadval 1. Danizdan naql etdirilan gazin separasiya prosesina tasir edan asas gostaricilar

Gostarici
kateqoriyasi
Texnoloji
rejim

Texnoloji
rejim

Axin xarakteri

Maye faza

Maye faza

Avadanlig

TohllUkasizlik

Keyfiyyat

Ekoloji amil

idaraetma

Gostarici

Tazyiq

Temperatur

Qaz sarfi

Kondensat
miqdari
Lay suyu
Demisterin
vaziyyati
Slug rejimi

Qazda maye
gahgi

Texnoloji
itkilar

Operator
mudaxilasi

Prosesa tasiri

Qaz-maye faza
tarazligini Vo
kondensat

ayrilmasini dayisir
Hidrat Vo
kondensasiya
riskina tasir edir
Separatorun
yiklanma
daracasini
muayyan edir
Maye saviyyasinin
artmasina va carry-
over riskina sabab
olur

Hidrat va korroziya

riskini artirir

Xirda maye
damcilarinin
tutulmasina  taesir
edir

Separatora gafil

maye yikU yaradir
Nagl va kompressor

sistemina manfi
tasir edir

Qaz itkisi VE)
emissiya riskini
artirir

Prosesin sabitliyini
tomin edir

Nozarat Gsulu

Tozyiq OtlrlcUleri ve
avtomatik tanzimleama

Temperatur
sensorlart, istilik rejimi
nazarati

Sarfolcan cihazlar

Saviyya 0lgan cihazlar
va drenaj sistemi

Su ayrilmasi
inhibitor tatbiqi
Diferensial tazyiq ve
texniki baxis

Vo

Slug tutucu, saviyys
signallar
Laborator va proses
nazarati
Sizma nazarati
proses
optimallasdiriimasi
SCADA va texnoloji
talimatlar

Vo

Qiymatlandirma
tezliyi
Davamli

Davamli

Davamli

Novbalik

Novbalik

Planli

Davamli

Dovri

Dovri

Davamli

Manba: Cadval API RP 12J, GPSA Engineering Data Book va tabii gazin nagli-emali Gzra texniki

Cadvaldan gorindiyd
konstruksiyasindan deyil, ham da proses gostaricilarinin davamli izlanilmasindan asilidir. Tozyig va
temperatur dayisikliklari gazin faza davranisina tasir gbsterir, maye saviyyasinin artmasi
separatorun dasima gabiliyyatini azaldir, demister elementlarinin cirklsnmasi iss gazla maye
damcilarinin aparilmasi riskini yiksaldir. Buna gora da separasiya sisteminda texnoloji nazarat,
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mexaniki baxis va avtomatlasdirilmis idaraetma bir-birini tamamlayan mexanizmlar kimi tatbiq
edilmalidir.

Qazin separasiya prosesinin optimallasdirilmasi Uc¢ln bir ne¢a istigamat xUsusi ahamiyyat
daslyir. Birincisi, separatorlarin faktiki yiklanma rejimi mitamadi olaraq tahlil edilmalidir. Laylarin
istismar middati artdiqca gaz-maye nisbati dayisa, su kasri arta ve naticads separatorlarin avvalki
layiha gostaricilarine uygun islomasi catinlasa bilar. ikincisi, separatorun giris qurgusu, daxili
paylayici elementlar, demister va drenaj sistemlari planli texniki baxis programina daxil edilmalidir.
Uclinctisti, hidratlarin garsisinin alinmasi Gcln yalniz kimyavi inhibitorlardan deyil, ham da
temperatur, tazyiq ve su miqgdari Gzra kompleks nazarat sistemindan istifada olunmalidir [10].

Muasir yanasmalar gostarir ki, daniz gazinin separasiya prosesinds ragamsal monitoring va
analitik giymatlondirma alstleri mihim vyer tutur. Proses malumatlarinin elektron bazada
toplanmasi, avadanhgin is rejiminin grafiklesdiriimasi va kanarlagsmalarin  avtomatik
signallasdirilmasi operator gararlarinin daha asaslandiriimis sakilde gabuluna imkan yaradir. Bu
yanasma ham texnoloji tahlikasizliyi artirir, ham da gaza hallarinin garsisini almaq Ugln preventiv
tadbirlarin vaxtinda gorilmasina sarait yaradir [11].

Natica etibarils, “28 May” NQCi-ds danizdan nagl etdirilan gazin separasiya prosesi hasilat
zancirinin muhim marhalasi kimi giymatlandiriimalidir. Bu prosesin keyfiyyatli taskili gazin sonraki
naqgline, emalina va istifade Ug¢ln hazirlanmasina birbasa tasir godstarir. Separasiya sisteminda
yaranan kicik texnoloji nasazliglar bela sonraki marhalalarda daha boyik istismar problemlarina
sabab ola bilar. Buna gora da separatorlarin etibarli islomasi, proses gostaricilarinin davaml
izlanilmasi va texniki xidmatin vaxtinda aparilmasi daniz gazinin naglinds asas idarsetmsa
prioritetlari hesab olunmalidir.

Muasir neft-gaz ssnayesinda separasiya proseslarinin samaraliliyinin artirilmasi Ggln
ragamsal monitoring sistemlarinin tatbigi mihim istigamatlardan biri hesab olunur. Bu sistemlar
separatorun asas is gostaricilarini real vaxt rejiminds izlomaya va prosesds bas veran
kenarlagsmalari erkan marhalada miayyan etmaya imkan verir. Tazyiq, temperatur, maye saviyyasi,
gaz sarfi va diferensial tazyiq gostaricilarinin elektron sistemlarda toplanmasi texnoloji gararlarin
daha asaslandiriimis gabul edilmasini tamin edir.

Avtomatlasdiriimis nazarat sistemlari operatorun isini avaz etmir, aksina onun gararverma
imkanlarini genislandirir. Masalan, maye saviyyasinin gafil artmasi sistem tarafindan geyda
alindiqda operator separatora slug axininin daxil oldugunu muiayyan eda bilar. Diferensial tazyigin
yUksalmasi isa demister elementlarinda tutulma va ya cirklanma ehtimalini gdstarir. Bu
malumatlarin vaxtinda tahlili texniki xidmatin planlasdirilmasina, gaza risklarinin azaldilmasina va
separasiya prosesinin fasilasizliyinin tamin olunmasina kdmak edir.

Natica

“28 May” Neftgaz¢ixarma idarasinds dsnizdan naql etdirilan gazin separasiya prosesinin
tokmillasdirilmasi  Gcln ilk novbada proses gdstaricilarinin  sistemli  tahlili  apariimalidir.
Separatorlarin gtindalik is rejimi, gaz sarfi, maye c¢ixisi, tazyiq fargi ve temperatur dayismalari Gzra
malumatlar toplanmali va muigayisali sakilda giymatlandirilmalidir. Bu malumatlar separatorun
real yiklanma vaziyyatini miayyan etmaya va texniki xidmatin daha dizgln planlasdiriimasina
imkan vera bilar.

ikinci istigamat avadanligin texniki xidmat sisteminin giiclandirilmasi ils bagldir. Separator
daxilindaki demister, saviyya Olgan cihazlar, klapanlar va drenaj xatlari yalniz nasazliq yarandigda
deyil, planh grafik asasinda yoxlaniimaldir. Bu yanasma gaza risklarinin azalmasina va prosesin
sabitliyinin gorunmasina sarait yaradir.

Uclincti istigamat prosesin ragamsallasdiriimasidir. Separasiya gostaricilarinin elektron
bazada toplanmasi, avvalki dovrlerle migayise olunmasi va kritik hadler Uzre avtomatik
xabardarlig sistemlarinin tatbigi texnoloji idarsetmani daha cevik edir. Bels sistemlar istehsalat
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obyektlarinds ham insan amilindan dogan sshvlari azaldir, ham da operativ gararvermani
suratlandirir.

Dordlncl istigamat ekoloji va enerji semaraliliyi ila baghdir. Qazin didzgln separasiya
olunmasi texnoloji itkilarin azalmasina, avadanligin daha stabil islamasina va artig enerji sarfinin
garsisinin alinmasina kdmak edir. Separatorun geyri-sabit islomasi naticasinda gazin takrar emala
va ya alave tamizloma marhalasina ehtiyaci arta biler. Bu ise ham enerji sarfiyyatini, ham da
istismar xarclarini ylksaldir. Buna gora separasiya prosesinin optimallasdirilmasi igtisadi baximdan
da shamiyyatlidir.

Aparilan tahlil gdstarir ki, “28 May” Neftgazcixarma idarssinds danizdan naqgl etdirilon gazin
separasiya prosesi gazin keyfiyyatinin tamin olunmasi, nagl sisteminin sabitliyi ve texnoloji
tahllikasizliyin gorunmasi baximindan mihim ahamiyyat dasiyir. Daniz saraitinda hasil olunan
gazin tarkibinda kondensat, lay suyu va mexaniki garisiglarin movcudlugu separasiya prosesini
zaruri edir. Bu proses gazin tarkibindaki maye fazanin ayrilmasini, avadanliglarin gorunmasini va
naql sistemina verilan gazin daha stabil tarkibds olmasini tamin edir.

Tadgigat naticasinds muayyan edilmisdir ki, separasiya ssamaraliliyina tazyiq, temperatur,
gaz sarfi, maye saviyyasi, slug rejimi, demister elementlarinin vaziyyati va avtomatik nazarat
sistemlarinin isi birbasa tasir gdstarir. Separatorlarda maye saviyyasinin diizgin tanzimlanmamasi,
daxili elementlarin girklanmasi va ¢coxfazali axinin geyri-sabitliyi gazla maye aparilmasi riskini artirir.
Bu isa kompressor, boru xatti va dlci-nazarat sistemlari Gglin texnoloji tahllks yaradir.

Natica olaraq geyd etmak olar ki, “28 May” NQCi-da danizdan nagl etdirilan gazin separasiya
prosesinin takmillasdirilmasi Uc¢ln davamli monitoring, planli texniki baxis, hidrat va korroziya
risklarinin idara olunmasi, hamginin reagamsal nazarat sistemlarinin tatbigi vacibdir. Bu tadbirlar
separasiya prosesinin etibarlihgini yUksaltmakla yanasi, gaz naglinin fasilasizliyini, istehsalat
tahllkasizliyini va ekoloji ssmaraliliyi ds artirir.

Aparilan tahlil gostarir ki, danizden nagl etdirilan gazin separasiya prosesi “28 May”
Neftgazcixarma idarasinin istehsalat faaliyystinds mithiim texnoloji marhala kimi ¢ixis edir. Bu
proses gazin nagl sistemina uygun keyfiyyatda verilmasini, maye fazanin ayrilmasini, avadanliglarin
gorunmasini va texnoloji tahlikasizliyin tamin olunmasini sartlendirir. Daniz saraitinds gazin
tarkibinda kondensat, lay suyu va mexaniki garisiglarin mévcudlugu separasiyanin fasilasiz va
nazaratli sakilda aparilmasini zaruri edir.

Todgigat naticasinde muayyan edilmisdir ki, separasiya prosesinin samaraliliyi yalniz
separatorun texniki gostaricilarindan asili deyil. Burada axin rejimi, tazyiq va temperatur
dayisikliklari, slug tasiri, hidrat va korroziya risklari, eleace da avtomatlasdiriimis nazarat
sistemlarinin islakliyi birga rol oynayir. Bu amillardan har hansi birinin nazara alinmamasi gaz
naqglinda geyri-sabitliys, texnoloji itkilara va avadanliq nasazliglarina sabab ola bilar.

Notica olarag geyd etmak olar ki, “28 May” NQCi-ds gazin separasiya prosesinin
tokmillasdirilmasi Ucln texniki nazarat, proses monitoringi, planl profilaktik baxis, ragamsal
malumatlarin tahlili va risk asasl idaraetma yanasmalari birlikds tatbiq edilmalidir. Bu tadbirlar qaz
naglinin etibarhligini artirmagla yanasi, istehsalat tahlikasizliyinin ylksaldilmasina, ekoloji risklarin
azaldilmasina va neft-gaz sanayesinda texnoloji idaraetmanin miasir talablara uygunlasdiriimasina
xidmat edir.
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AGILLI [ISTEHSALATDA 10T SENSOR
SOBIKILIRININ PROQNOZLASDIRICI
BAXIM ALQORITMLBRI V3 IQTISADI
SOMOIROLILIYI

Aslanov Semad Nail
Azarbaycan Dévlat igtisad Universiteti, ORCID NO: 0009-0008-8941-4838

XULASD

Masir regamsal igtisadiyyat va Senaye 4.0 paradigmasi saraitinda 9syalarin interneti (IoT) sensor
sabakalarinin istehsalat sistemlarina inteqgrasiyasi muassisalarin amaliyyat samaraliliyinin va
ragabat gabiliyyatinin ylksaldilmasinda mihim rol oynayir. Bu baximdan tadgigatin magsadi agill
istehsalat muassisalarinda loT sensorlari vasitasile avadanliglarin texniki vaziyyatinin anliqg
monitoringini aparmag, prognozlasdirici baxim (Predictive Maintenance) alqoritmlarinin struktur-
funksional modelini layihalandirmak va bu texnologiyanin tatbigi naticasinds alds olunan
amsaliyyat xarclarinin optimallasdirilmasini kemiyyat Gsullari ila giymatlandirmakdir. loT sensor
soboakalarindan daxil olan temperatur, vibrasiya ve tezyig kimi boyUk verilanlarin analizi
gbzlanilmaz gaza dayanmalarini dncadan prognozlasdirarag masin va avadanliglarin faydal is
amsalini  maksimallasdirir.  Tadgigat ¢arcivasinda ananavi reaktiv baxim modelindan
prognozlasdirici intellektual idarsetma modelina kegidin riyazi-igtisadi asaslari formalasdiriimis,
texnoloji investisiyalarin geri gqayitma muaddsti (ROI) analiz edilmisdir. Natica etibarils, 10T asasli
prognozlasdirici baxim algoritmlarinin tatbigi sanaye muassisalarine dayanigh istehsalat
dinamikasi, minimum amortizasiya itkilari va giclu strateji Gstlinlik gazandirir.

Acgar s6zlar: asyalarin interneti (loT), prognozlasdirici baxim, Sanaye 4.0, amaliyyat xarclari, sistem
analizi.

PREDICTIVE MAINTENANCE ALGORITHMS OF 10T SENSOR NETWORKS IN SMART
MANUFACTURING AND THEIR ECONOMIC EFFICIENCY
Aslanov Samed Nail
Azerbaijan State University of Economics
ORCID NO: 0009-0008-8941-4838

ABSTRACT

In the context of the modern digital economy and the Industry 4.0 paradigm, the integration of
Internet of Things (loT) sensor networks into manufacturing systems plays a crucial role in
enhancing the operational efficiency and competitiveness of enterprises. In this regard, the aim of
the study is to perform real-time monitoring of the technical condition of equipment through loT
sensors in smart manufacturing enterprises, to design the structural-functional model of
predictive maintenance algorithms, and to quantitatively evaluate the optimization of operating
costs achieved through the application of this technology. The analysis of big data, such as
temperature, vibration, and pressure, arriving from loT sensor networks maximizes the capacity
utilization rate of machinery and equipment by predicting unexpected breakdown downtimes.
Within the framework of the study, the mathematical-economic foundations of transitioning from
the traditional reactive maintenance model to the predictive intelligent management model have
been formulated, and the return on investment (ROI) of technological investments has been
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analyzed. As a result, the application of loT-based predictive maintenance algorithms provides
industrial enterprises with sustainable manufacturing dynamics, minimum depreciation losses,
and a strong strategic advantage.

Keywords: internet of things (loT), predictive maintenance, Industry 4.0, operating costs, system
analysis.

Giris

Dérdiinc Senaye ingilabinin (Ssnaye 4.0) global migyasda istehsalat sektoruna gatirdiyi regemsal
transformasiya dalgasi misssisalarin fiziki aktivlarini, masin va avadanlig parklarini intellektual
ekosistemlara ¢cevirmakdadir. @nanavi sanaye idarsetmasinda miassisalarin samaraliliyina zarba
vuran an mihim faktorlardan biri avadanliglarin gozlenilmaz texniki nasazliglar sababindan
gaflatan dayanmasi va istehsal xatlarinin dondurulmasidir. Bu cir reaktiv va plansiz dayanmalar
muassisalar U¢ln yalniz tamir-baxim xarclarinin artmasi ila naticalanmir, eyni zamanda muqavils
ohdaliklarinin pozulmasina, mahsuldarligin kaskin asagl dismasina va naticada birbasa maliyya
itkilarina (maddi zarara) yol acir. MUasir ragamsal igtisadiyyatda ragabst vasitasi kimi ¢ixis edan
dsyalarin interneti (IoT) texnologiyalari va onlarin ssnaye istehsalatina tatbigi bu problemlarin
kdkidndan hall edilmasi Gglin yeni paradigma formalasdirir.

Hazirda dinya migyasinda ragamsal infrastruktura ve innovasiya menecmentina xUsusi 6nam
veran inkisaf etmis 6lkalar sanayeda sini intellekt va 10T elementlarinin tatbigini stratlandirmak
Gcln milli strateji faaliyyat planlari hazirlamislar. Almaniyanin "Sanaye 4.0" platformasi, ABS-in
"Agilli istehsalat Liderliyi Koalisiyasi" (SMLC) va Yaponiyanin "Camiyyat 5.0" strategiyasi ssnaye
aktivlarinin sensor sabakalari vasitasila vahid regemsal sabakada birlasdirilmasini zaruri edir. Bu
global cagirislar fondunda, Azarbaycan Respublikasinda da geyri-neft sektorunun inkisafi, senaye
muassisalarinin  avtomatlasdirilma saviyyasine kecid templari ve ragamsal igtisadiyyatin
formalasdirilmasi dovlatin igtisadi siyasstinin prioritet istigamatlarindan birini taskil edir.
Rahbarlarin daha samarali amsaliyyat va ragamsallasma strategiyalari hazirlamasi, istehsalat
samaraliliyini ylksaltmasi Ggln loT sensor sabakalarinin taklif etdiyi anlig malumat axinlarindan
(Big Data) strateji idaraetma alati kimi istifade etmasi artig gacilmazdir.

istehsalat Menecmentinin loT va Sensor Sabskalsri Vasitasila Transformasiyasi

dsyalarin interneti (loT) texnologiyalarinin miasir senaye obyektlarina inteqgrasiyasi istehsalat
menecmenti, taskilati davranis va mihandislik igtisadiyyati sahasinda kdklli dayisikliklara yol agir.
Bu proses yalniz zavod daxilindaki cihazlarin texnoloji cahatdan yenilanmasini aks etdirmir; o, ham
do menecerlarin gararverma mantigini va muassisanin aktiviarini idarsetma strukturunu
tamamila dayisir. Kecmis dévrlerds tatbiq olunan va asasan avadanligin tam siradan ¢ixmasindan
sonra reallasan ananavi tamir yanasmasi, yerini real vaxt rejiminds faaliyyat gostaran, 6zin(
tonzimlayan va goalacak qgoaza risklarini glnlar va ya haftaler Oncadan prognozlasdiran
prognozlasdirici baxim (Predictive Maintenance) sistemlarina buraxir.

Muasir sanaye muassisalarinda loT sensorlarinin (vibrasiya sensorlari, termal kameralar, tazyiq ve
akustik emissiya otiricilari) Misssiss Resurslarinin Planlasdiriimasi (ERP) va istehsalatin icra
Sistemlarina (MES) inteqgrasiyasi taskilat daxilinda parcalanmis olan idarsetma strukturlarini vahid
ragemsal mihitds birlasdirir. integrasiya naticasinds avadanliglarin daxili mexanizmlarindan galan
fiziki gostaricilar sabaka prinsipi asasinda birbasa olaraq strateji planlasdirma departamentlarina
otUrulir. Bu da markazlasdirilmis birokratik hesabatliliq zencirini giraraqg Gflgi ve cevik idarsetma
modelini stimullasdirir.
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Bu transformativ xUsusiyyatin an mihUm iqgtisadi tarafi menecmentin gararverma zaman
intervallarini dayismasidir. @nanavi istehsalat idarsetmasinda gararlar kegcmis maliyya va texniki
hesabatlarin tahlili asasinda (reaktiv sakilda) formalasdigi halda, loT asasl prognozlasdirici baxim
muhitinda strateji menecment eyni anda Ug kritik analitik fazani idara edir:

e Deskriptiv tahlil: Hazirda avadanligin is temperaturu va vibrasiya daracasi na qadardir?

e Prediktiv tahlil: M6vcud asinma slrati ilo masin vali yaxin 15 giin arzinda gazaya sabab

olacagmi?
e Yonlandirici (normativ) tahlil: Qaza riskini sifirlamaq va istehsal planini pozmamagq Ugin
baxim qrupu hansi glin va saatda temira calb olunmalidir?

omaliyyat xarclarinin (OpEx) optimallasdiriimasi baximindan sini intellekt va 10T sinerjisi tamir-
baxim budcalarini sabit ve xatti xarclardan uzaglasdirarag dinamik, anlig ehtiyaca uygun
tanzimlanan xarc modellarina gevirir. Avadanliglarin ehtiyat hissalarinin tadarikd artig tagvim
planina gora deyil, sensorlarin birbasa signallari asasinda hayata kegirilir ki, bu da anbar saxlama
xarclarini minimuma endirir va ddvriyya kapitalinin donmasinin garsisini alir.
Prognozlasdirici Baxim Sistemlarinin Algoritmik-Funksional Strukturu
Sanaye 4.0 ekosisteminda prognozlasdirici baxim (Predictive Maintenance) ananavi mihandislik
yanasmalarini kokindan dayisarak istehsalat proseslarinin idara olunmasinda tamamila yeni bir
marhala acmisdir. Bu sistemin fundamental asasini fiziki avadanliglara yerlasdiriimis 10T sensor
sabakalarindan galan boylk verilanlar axininin (Big Data) anlig emal taskil edir. Strategiyanin
asasinda mahz bu fiziki parametrlardan (vibrasiya, temperatur, tazyiqg, akustik emissiya) dayarli
insaytlarin cixarilmasi va real vaxt rejiminds faaliyyat variantlarinin formalasdirilmasi dayanir.
Malumat analitikasi artig uzun illardir ssnaye obyektlarinda tatbiq olunsa da, avvalki
texnologiyalar yalniz avadanligin kritik hadda catmasini gisman geyds ala bilan sads limit
sensorlarindan ibarat idi. indi iss muasir 10T sensorlari daxil olan signallari masin éyranmasi va
coxOlcllU statistik algoritmlar vasitasile daha mirskkab analitik prognozlara gevirir. Tadrican bu
sistemlar hatta avadanligin galan faydali 6mrint (RUL — Remaining Useful Life) giin va saat
daqiqliyi ile prognozlasdira bilan saviyyaya catmisdir.
loT asasli prognozlasdirici baxim algoritmlari sanaye musassisalarinda istehsalat menecerlarinin va
strateqlarin is prinsipini tamamila transformasiya etmak potensialina malikdir. Bu sistemlar
faaliyyat analizini sUratlandirir, eyni zamanda insan amilindan gaynaglanan idrak tahriflarinin
(cognitive biases) va tamir gararlarindaki subyektiv sosial faktorlarin neqgativ tasirini minimuma
endirir. MUasir reqamsal alatlar sensor verilanlarindaki siiratli artim va bulud hesablamalari (Cloud
Computing) sahasindaki nailiyyatlara asaslanarag masin nasazliglarinin  prognozlasdirilma
daqiqliyini ahamiyyatli daracadas artirmis, miassisa daxilinda texniki vaziyyat barads insayt alds
etmayi daha siratli ve ucuz etmisdir.
Sini intellekt va 10T sabakalari liderlorin boylk sanaye risklari garsisinda gatiyyatli va casaratli
addimlar atmaqg ehtiyacini aradan qaldirmasa da, istehsalat strategiyasinin bitiin marhalalarini
regamsal olaraq glclandirir. Bu gin loT sistemlari an ¢cox dayari istehsalat planlasdiriimasi va
aktivlerin idars edilmasi (Asset Management) marhalasinda yaradir: sirkatlara moévcud masin
parkinin real gliciinl sanaye va bazar tendensiyalari kontekstinda giymatlandirmaya kémak edir.
Onun vasitasila potensial istehsal glclarini miayyan etmak, avadanliglarin asinma stratini tahlil
etmak va muxtalif ssenarilar ¢argivasinda tamir-baxim tasabbuslarinin dayarini giymatlandirmak
mimkdndar. Lakin onun rolu bununla bitmir: agill istehsalat ham da sirkat resurslarinin ssmarali
bolisdUrtlmasini va icranin monitoringini talab edir.
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Agill istehsalatin formalasdiriimasinda asas rol hala da insan mihakimasina maxsusdur va bu
muihakima muassisanin strateji hadaflari ila istehsalat xatlarinin fiziki imkanlarini birlasdirir. Lakin
loT platformalari strateji komandalarin isini daha slratli va qusursuz edir. Prognozlasdirici baxim
kontekstinda loT va slni intellekt integrasiyasinin bes asas funksional rolu miayyan edilir:

1. Tadgiqatgl (Data Collector): Fiziki avadanliglardan anlig olaraq vibrasiya, termal va akustik
signallari toplayir ve ragamsallasdirir.

2. Sehrgi (Diagnostic tool): Toplanan verilanlari normal is rejimi parametrlari ilo mugayisa
edarak anomaliyalari va mikrodayisikliklari interpretasiya edir.

3. Dislinca tarafdasi (Decision Support): Avadanhgin siradan c¢ixma riskine garsi
muhandislars alternativ tamir grafiklari va ehtiyat hissalari ehtiyac listini taklif edir.

4. Simulyator (Digital Twin): Fiziki masinin ragamsal ekizini yaradaraqg, muxtslif garginlik va
yUklanma ssenarilarinda avadanhgin neca reaksiya veracayini virtual mihitds sinagdan
kegirir.

5. Kommunikator (Automated Alerter): Kritik asinma va ya gaza riski askarlandigda, SCADA
va ERP sistemlari vasitasile cavabdeh departamentlari va avtomatik goruma sistemlarini
aninda xabardar edir.

Bir cox global sanaye nahanglari artiq bels sistemlari ugurla tatbig etmaysa baslamisdir va loT
agentlari vasitasila mirakkab diagnostika proseslarini tam avtomatlasdirirlar. Texnologiya inkisaf
etdikca, Osyalarin interneti Uzarinds qurulmus bu unikal tstbiglari manimsaysan sanaye
miassisalari bazarda daha Ustlin amaliyyat ssmaraliliyi imkanlarina sahib olacaglar.

loT Osasli Miassisalarda Qarslya Cixan Struktur va Metodoloji Problemlar

Agill istehsalat mihitinda loT sensor sabakalarinin tatbigi genislandikca, bu texnologiyalarin
istifadasi ham da idarsetmada yeni struktur va metodoloji problemlar formalasdirir. Bu baximdan
nazara alinmali olan bir sira asas aspektlar moévcuddur:

e Birincisi, ssnayeda ragabat Ustlnliylinin formalasmasinda xUsusi (proprietar) sensor
verilanlarinin ahamiyyati kaskin sakilda artir. loT standart analitik platformalar vasitasila
istehsalat verilanlarinin demokratiklasmasini sirstlandirsa da, eyni keanar bulud va
program taminati infrastrukturuna asaslanan raqib sirkatlarin tamamila oxsar effektivlik
naticalari alda etmasi va ragabat UstinlUylUndn itmasi riskini da glclendirir. Buna géra da
muassisalar 6z fargli masin parklarina uygunlasdiriimis orijinal daxili algoritmlar inkisaf
etdirmalidirlar.

« Ikincisi, sanaye obyektlarinda minlarla sensordan daxil olan fasilssiz malumat axini "signal—
sas-kliy" (signal-to-noise) problemini kritik sakilde aktuallasdirir. 10T boylik hacmda
malumatlardan dagiq diagnostik insaytlarin cixarilmasini asanlasdirsa da, eyni zamanda
gararverma muhitinda informasiya ifrathigi (information overload) yaradarag mihandis va
menecerlarin diggatini yayindira bilar. Masinlarin normal titremasi (sas-kly) ila real
nasazlig baslangici (signal) arasindaki sarhadin dizglin miayyan edilmasi an boyik
metodoloji ¢atinlikdir. Gozlanilir ki, galacakda kanar hesablamalara (Edge Computing)
asaslanan slni intellekt sistemlari bu signallarin filtrasiyasinda daha yiksak dagiglik
ndmayis etdiracak, lakin hazirki marhalada bu funksiyanin effektiv idara olunmasi miassisa
rahbarlarinin va sistem analitiklarinin texno-igtisadi bacariglarindan birbasa asili olaraq
galr.

o Uciincist, loT texnologiyalarinin tatbigi daxili istehsalat proseslarinin va reglamentlarinin
6zunun keyfiyyatini daha da vacib edir. Arasdirmalar gostarir ki, prognozlasdirici baximin
uguru fardi sensor signallarinin keyfiyyatindan cox, bu signallarin neca emal edildiyi,
giymatlandirildiyi va real tamir faaliyyatine neca c¢evrildiyi proseslarin taskilati
strukturundan asilidir. Effektiv idareetma proseslari geyri-muayyanliyin idara olunmasi,
resurslarin (baxim brigadalarinin va ehtiyat hissalarinin) sistemli giymatlandirilmasi va vaxt
itkilarinin minimuma endirilmasi kimi elementlari arhata edir. loT bu marhalada sanaye
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menecerlarinin Uzarindaki rutin nazarat ylkidnl azaldarag onlarin diggatini mahz bu
makro-proseslarin optimallasdiriimasina yonaltmak Ugln yeni imkanlar yaradir.
e Dordiincisu, istehsalat idarsetmasinda Ssyalarin internetindan effektiv istifada Gciin

tagkilatlar xUsusi malumat ekosistemlarina inteqgrasiya imkanlarini genislandirmalidirlar.
Bu yanasma sirkatlari bltln program va aparat teminatini yalniz daxili mahdud resurslar
hesabina yaratmagq zaruratinden azad edir va onlari global sanaye buludlarina, kanar servis
taminatcilarina ve avadanliq istehsalcilarinin ragamsal sabakalarina gosulan sabaka asasli
struktura (Networked Enterprise Architecture) yonaldir.

Sistem Effektivliyinin Riyazi-igtisadi Qiymatlandirilmasi

loT asash prognozlasdirici baxim algoritmlarinin miassisada tatbiginin igtisadi ssmaraliliyi tasadfi

va plansiz dayanmalarin garsisinin alinmasi mexanizmlari vasitasila kamiyyat Gsullari ile olgldr.

9gar muiassisada ananavi "As-Is" modeli tatbig olunursa, avadanligin gaza sababindan

dayanmasinin Umumi maddi zarar funksiyasini (M;ss) asagidaki riyazi tanlikls ifads etmak olar:

Tdown
1v[loss = j (Cprod * P(t) + Crepair + Clabor * t)dt
0

Burada, Cproq — vahid zaman intervalinda istehsalin dayanmasindan itirilen mahsulun dayari
(itirilmis manfaat), P(t) — zaman asiliiginda istehsalat xattinin buraxilis guca, Crepair — 0923
naticasinda siradan ¢ixmis ehtiyat hissalarinin tacili satinalma va dayisdirilma xarci, Cjaper — tomir
brigadasinin saatlig amakhaqqi fondu, Tgown — Plansiz dayanmanin tmumi middatidir.

loT sensor sabakalarinin va "To-Be" prognozlasdirici baxim modelinin tatbigi zamani plansiz
dayanma muddati demak olar ki, sifira enir (Tqown—0) Vo planl, qisa muddatli texnoloji fasilalarla
avazlanir. Sistemin qurulmasi Ugcldn goyulan ilkin kapital xarclarinin (CapEx) va illik program
taminati dastak xarclarinin (OpEx) investisiya rentabelliyi (ROI) isa asagidaki igtisadi-maliyya
modeli ila hesablanir:

. (AMI(BSS — OpEx(i))
=1 1+ r)t
ROI = 100%
(CapEx) - 0
Burada, AM&S —sensor sabakasinin tatbiqgi sayasinda har il garsisi alinan maddi zararin hacmi, r

— diskont daracasi, n —avadanhgin faydali istismar middatidir. Empirik analizlar va statistik sinaq
naticalari gostarir ki, orta hesabla 60 000 AZN hacminda ilkin investisiya (CapEx) talab edan loT
sensor infrastrukturu, istehsalat dayanmalarini 98.7% daracasinda Onlayarak cami 2 aya 0z
xarclarini tam amortizasiya edir va muassisaya yiksak xalis igtisadi manfast gazandirir.

Natica

Natica olarag geyd etmak olar ki, agilli istehsalat va Senaye 4.0 saraitinda 10T sensor sabakalarinin
va prognozlasdirict baxim algoritmlarinin tatbigi senaye miassisalarinin amaliyyat ve idarsetma
sistemlarinin mahiyyatini kokll sakilde dayisdiran asas amillardan birina ¢evrilmisdir. loT, xtsusila
analitik va prediktiv modellar avadanliglarin texniki vaziyyatina dair boyuk verilanlarin toplanmasi,
emall, interpretasiyasl va ragamsal ekizlar vasitasila ssenarilasdiriimasi marhalalarini shamiyyatli
daracads slratlandirarak idarsetmanin daha prognostik va malumat asasli xarakter almasina
sarait yaradir. Bunun naticasinds istehsalat menecmenti yalniz plansiz gazalardan sonra reallasan
kecmis yonumlli reaktiv yanasmadan cixaraq, galacak texniki nasazlig meyllarini avvalcadan
miayyan etmaya va amaliyyat xarclarini (OpEx) minimuma endirmays ydnalmis proaktiv va
adaptiv intellektual sistema transformasiya olunur.
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Pesiome

AkTyanbHOCTb: becnnoame octaeTcA oAHOM M3 Haubonee 3HAYUMMbIX MeAMKO-COUMANbHbLIX
npobnem COBPEMEHHOro 34paBooXpaHeHMA. HecmoTpAa Ha COBepleHCTBOBaHME MeTOA0B
OMArHOCTUKM U IeYEeHMA, 3HAUMTENbHAA 4acTb CYMPYXKECKMX Map HyX4aeTcA B MPUMEHEHUM
BCMOMOraTe/IbHbIX PENPOAYKTUBHbIX TeXHONOMMin (BPT).

Lenb wuccnepoBaHua: T[poBecTM aHaAM3  COBPEMEHHbLIX  AaHHbIX 06  3ddeKTMBHOCTM
9KCTpaKopnopanbHoro onnoaoTsoperHns (IKO) npu  pasnnuyHbix  dopmax becnioams u
onpeaennTb GakTopbl, OKasbiBatoWMe Hanbobluee BANAHME Ha PENPOAYKTMBHbIE MCXOAbI.
CTpaTerva noucka: AHanM3 HaydHbix NybamKaumi ocyulecTsnanca no 6asam AaHHbix PubMed,
CyberLeninka, Google Scholar n eLIBRARY ¢ npumeHeHMeEM TeMaTMUYECKMX KIHOYEBbIX C/IOB Ha
PYCCKOM M aHI/IMMCKOM f3blkax. B 0630p BKAOYAMCb MONHOTEKCTOBbIE CTaTbM, COAEpKallme
penpeseHTaTUBHble BbIDOPKM, OMMUCaHME METOAONOTMM W  KONMYECTBEHHbIE MOKa3aTenu
abdeKTMBHOCTU. Ba3oBble MeXaHM3Mbl M KNaCCUYECKMe PenpPoayKTMBHbBIE KOHLEMNLMN YTOUHANMNCH
no dyHAaMeHTabHbIM UCTOYHUKAM.

PesynbTaTtbl: AHann3 nyb6anKaumMii NOKasa, YTo BO3PACT NaLMEHTKM 1M NapameTpbl 0BapmnaabHOro
pe3epBa BbICTyNnatoT Hambonee CTabWUNbHBIMW MPOTHOCTUYECKUMM KPUTEPUAMM, Onpeaenas
pe3Koe CHUXEHME YacTOTbl *KUBOPOXKAeHWA nocae 40 neT. Hanmyune ageHOMMO3a 1M SHAOMETPMO3a
KoppenmpyeT C MNafleHMemM YPOBHA WMMMOAAHTaUMKM, NpUYEeM CTaamMsa npouecca UM BapWaHThI
npearpaBuMaapHOA  MOArOTOBKW  KapAMHANbHO — MOAMOUUMPYIOT — KAMHWYECKUIA  UCXOA,
BHYTPMMATOUYHble MaTONOMMK  (XPOHMYECKMIA  3HAOMETPUT, MWOMA, MOAUMbI)  CHUMKAOT
peuenTMBHOCTbL 3HAOMeTpMA. Hambonee OnaronpuATHble pe3ynbTaTbl HabaogatoTca npwu
N30MPOBAaHHOM  TpybHOmM  daKkTope. Wcnonb3osaHne WMKCUM  nossonaeT  adpPeKTUBHO
npeoaoneBaTb MyXKCKoW ¢akTop becnnogma. CBoeBpeMeHHOe JleYeHWe 3TUX COCTOAHMMN
CNOCOOCTBYET  y/AyyWeEHUIO  PenpoayKTUBHbLIX  MOKasaTenel. BHeapeHuve  MacwTabHbIX
rOCy4apCTBEHHbIX MNPOrPaMmM  PacWMpUA0  AOCTYMHOCTb  BbICOKOTEXHONOMMYHOM  MOMOLLM,
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M3MEHMNO MapWpyTM3aUMio M YCUAMAO POAb  HaAUMOHaNbHbIX pernctpos. Habntogaetca
yCTOMYMBAs MMPOBAA TEHAEHUMA K YBENNYEHWNIO 40NN CETMEHTUPOBAHHbIX LMKAOB C MepPeHOCOM
Pa3MOPOKEHHbIX SMOPUOHOB.

3akntoueHue: SddekTnBHOCTL nporpamm KO onpeaenseTca KOMMIEKCOM  KAMHUYECKMX,
BUNONOrMYECKMX M OpPraHM3aUMOHHbIX GaKTopoB. MHAMBMAyanM3aumsa nevyeHua cnocobceTyeT
MOBbILWEHMIO YACTOTbI }KMBOPOXKAEHMA.

KntoueBble cnoBa: bOecnnoame; 3KCTPaKoprnopanbHOe OnaoAO0TBOPEHWE; BCMOMOraTesbHble
PenpoayKTUBHbIE TEXHONOMMW; KAMHMYECKas OepemMeHHOCTb; XMBOPOMKAEHMWE; IHAOMETPMUOS;
aAeHOMMO3;, MMOMA MATKWU, XPOHWUYECKMI IHAOMETPUT; TPYOHbLIN GaKTOp; MYMKCKOM (aKTop;
KpronepeHoc; NpenmnaaHTaUMoOHHOe reHeTMYeCcKoe TeCTUPOBaHME,

Abstract

Relevance: Infertility remains one of the most significant medical and social problems of modern
healthcare. Despite advances in diagnostic and treatment methods, a considerable proportion of
couples require the use of assisted reproductive technologies (ART).

Aim of the study: To analyze current data on the effectiveness of in vitro fertilization (IVF) in
different forms of infertility and to identify the factors that have the greatest impact on
reproductive outcomes.

Search strategy: A literature review was conducted using the PubMed, CyberlLeninka, Google
Scholar, and eLIBRARY databases with the application of relevant keywords in Russian and English.
Full-text articles containing representative sample sizes, methodological descriptions, and
guantitative effectiveness outcomes were included in the review. Fundamental mechanisms and
classical reproductive concepts were additionally clarified using key reference sources.

Results: The analysis of published data demonstrated that maternal age and ovarian reserve
parameters are the most stable prognostic indicators, with a sharp decline in live birth rates
observed after the age of 40. The presence of adenomyosis and endometriosis is associated with
reduced implantation rates; however, disease severity and different preconception treatment
strategies significantly modify clinical outcomes. Intrauterine pathologies (chronic endometritis,
uterine fibroids, and endometrial polyps) negatively affect endometrial receptivity. The most
favorable outcomes are observed in cases of isolated tubal factor infertility. The use of ICSI
effectively overcomes male factor infertility. Timely management of these conditions contributes
to improved reproductive outcomes. The implementation of large-scale national programs has
increased access to high-tech reproductive care, transformed patient referral pathways, and
strengthened the role of national registries. A global trend toward an increasing proportion of
segmented cycles with frozen embryo transfer is currently observed.

Conclusion: The effectiveness of IVF programs is determined by a complex interaction of clinical,
biological, and organizational factors. Individualized treatment strategies contribute to higher live
birth rates.

Keywords: infertility; in vitro fertilization; assisted reproductive technologies; clinical pregnancy;
live birth; endometriosis; adenomyosis; uterine fibroids; chronic endometritis; tubal factor; male
factor; frozen embryo transfer; preimplantation genetic testing.

Beeaerune

CoBpeMeHHasa penpoayKToNorua No3nUMoHMPYET SKCTpaKopnopanbHoe onaoaoTsoperne (3KO)
Kak Hanbonee adpdeKTUBHbIN MeToA NpeoaoneHma becnaoama B CAyyanx, Koraa KOHCepBaTUBHbIE
CXEMbl WAW XMPYPrMYyeckMe BMelLaTeNbCTBa OKa3ainCb HepesynbTaTuBHbIMM. C MOMEHTa
POXKAEHMA NepBoro pebeHka ¢ nomollbio BPT B 1978 roay AaHHbIe TEXHOAOTMM MPOLWIM MyTb
cTpemuTenbHom agoatoumm. CeroaHsa aonsa poaos nocne KO B pa3BuTbIX cTpaHax EBponbl 1 CLUA
cocTaBnaet o1 1,6% 00 4,5% oT 061ero Koan4yecTsa HOBOPOIKAEHHbIX.

PacnpocTpaHeHHOCTb becnnoama B NonyaaumMm CTabubHO BbICOKA M OXBaTblBaeT nopaaka 10—
15% nap getopoAHOro Bospacta. M301MPOBaHHbIN KeHCKUI GaKTOp BbIABAAETCA NPMMEPHO B
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NONOBUHE C/y4aeB, MyKCKOM — B 40%, a OCTaBWAACA YacTb pacnpeaenfserca Mexay
COYETaHHbIMM M MAMonaTUYeckumm dopmamm naTonormu. MTorosbid ycnex nporpamm BPT
BapvabeneH W 3aBUCUT OT COMATMYECKOro CTaTyca MapTHEpPOB, HO3010rM4eckon GopMmbl
becnnoama M NPUMEHAEMOro aMHBPMONOrMYECKOro NpoTokona. B gaHHom ob63o0pe 0606LLEHDI
6a3oBble MapKepbl ycnewHoctn IKO, OLEeHEeHO naToreHeTUYecKoe BAMAHME KOHKPETHbIX
3a00/1€BaHNIM Ha recTauMoHHble MCXOAbl W OnpefeneHa pPoab COBPEMEHHbIX TEXHONOrMiA
cenekumm ramer.

Pe3ynbTaTbl M 0BCyKAEHNE

Bo3pacT KeHWMHbl paccMaTpMBaeTCA Kak oAWMH M3  Hambonee 3HaYMMbIX (HAKTOPOB,
onpeaenatoux BEPOATHOCTb YCNELWHOro Mcxoaa Nporpamm BCMOMOraTebHbIX PENPOAYKTUBHbIX
TEeXHONOrM. PenpoayKTMBHbIM MOTEHUMAN HanpAMyk CBA3aH C COCTOSHWMEM OBapuasbHOro
pe3epBa, Ka4eCcTBOM OOLIMTOB M CMOCODOHOCTbIO SMOPUOHOB K Aa/ibHeMWeMY pa3BuTuto. M3BecTHO,
4yTO nocne 35 neT NpPomMcxoamT NoCTeneHHoe CHUXeHne GepTUAbHOCTH, Toraa Kak nocne 40 net
abdeKTMBHOCTbL LMKNOB IKO C ncnonb3oBaHMEM CODOCTBEHHbIX OOLMTOB YyMeHbLIaeTca 0CObeHHO
Bblpa*keHHo (Tabaunua 1). OCHOBHOWM NPUYNHON AAHHOIO ABNEHMA CYMTAETCA YBEIMYEHME YacTOTbl
XPOMOCOMHbIX HapylleHnn B 3MOpPMOHAX, COMPOBOXAAKOWEECA YXYALIEHMEM KayecTsa
ANLEKNETOK M CHUXKEHUEM UX SHEPTETMYECKOTO NOTeHUMana. BospacTHble MU3MeHeHMA KNEeTOYHOro
MeTabonmama n GyHKUMKM MUTOXOHAPUIA OKa3blBatoT HeGNAronpmATHOE BAMAHWE HA MPOLLECChI
ONNOAOTBOPEHMA, PA3BUTUA IMOPUOHA M ero MMNAaHTaUMK, YTO MPUBOAUT K YMeHbLIEHUIO
4acTOTbl HAaCTynAeHnA 6epemMeHHOCTU U POCTY PUCKA PaHHUX PENPOAYKTMBHbIX MOTEPD.

Tabnunua 1. 3aBUCMMOCTb YaCTOTbl }KMBOPOXKAEHMA OT BO3pacTa NaLMeHTKN B unknax BPT

BospacTHas YacTtoTta kuBopoxageHnua (LBR) OgHonnogHble pogbl (% ABoiHn (% ot
rpynna Ha umkn (%) oT LBR) LBR)

<35 net 47,6 89,4 10,4

35-37 net 30,7 90,3 9,5

38-40 net 21,7 90,9 8,9

41-42 roga 10,4 93,6 6,3

>42 net 3,1 94,9 5,1

ObPeKTUBHOCTL PenpoOAYKTMBHbBIX TEXHONOTMI HaNPAMYK KOPPeanMpyeT C HO3010MMYecKoM
dopmoi becnnoama. NposeaeHHbI aHaAN3 NO3BONAET CTPYKTYPMUPOBATb K/AOUYEBble MOKa3aTeNu
pPe3yAbTaTMBHOCTM NO CAeAYIOWMM rpynnam:

1. TpybHO-nepuUTOHEaNbHbIN GaKToOp: cuMTaeTcA Hanbonee HAAroNpPUATHLIM NOKa3aHWeEM ANA
9KCTPaKOPNOPaNbHOrO OMNAOAOTBOPEHMA, MOCKOAbKY METOAMKA MNO3BOAET MONHOCTLIO
HUBEMPOBATb aHATOMWYECKME NPenATCTBMA, ONOKMPYlOLLIMEe eCcTeCTBEHHOe CAMAHWEe
rameT. Y naumeHToK B Bo3pacTe A0 35 neT ¢ M30/1MpoBaHHOM TpybHOM NaTonormei yactoTta
KUBOPOXKAEHNA EMOHCTPUPYET MaKCMManbHble nokasatenu, gocturaa 40-50% Ha oauH
neyedHbIN UMK,

2. DHOOMETPUO3 WU ALEHOMMO3: AaHHble MATONOMMYEeCKMe COCTOAHMA XapaKTepu3yrTcA
BbIPa*KEHHbIM CHMXXEHMEM PeLenTUBHOCTM 3HAOMETPUA U CUCTEMHBIM OKCUAATUBHbBIM
CTPeCcCcoMm, 4YTO KpalrHe HeraTMBHO OTPaXKaeTCA Ha npouecce umnnaHTaumn. CoBpemeHHan
PEenpoAyKTONOrNA OTAaeT npeanoyteHune ctpaternn «freeze-all» (cermeHTaumsa umkna c
TOTaNbHOM BUTPUOMKALMEN BCeX MOyYeHHbIX 3IMOPMOHOB). TakoM MNoaxon mno3BonseT
WCKNOUYNTb BANAHME TMNEPCTUMYNALMN HA SHAOMETPUI M MOBBICUTL LAHCHI HA yCNewHoe
XUBOPOXKAEeHMe (oTHoLWeHMe WwaHcos, OR = 1,31).

3. MycKoin $aKTop: B COBPEMEHHOW KAMHWYECKOW MpaKTMKe AaHHaa dopma Hecnnoams
adpdeKkTMBHO npeogonesaetca metogom MKCU, nona KOTOpPOro B CTPYKTYPE MUPOBbIX
nporpamm BPT cocTtaBnaetr ot 66% a0 76%. [lpn BbIABAEHMMU BbICOKOM CTEMEHMU
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dparmeHTaumm  AHK  cnepmato3onaos, KOTopad  MNPEenATCTBYeT  HOPMaabHOMY
ambpunoreHesy, KAMHMYECKWM OMNpaBAaH Nepexos K WMCNO/Nb30BaHMIO TECTUKYNAPHbLIX
cnepmatoszonaos (T-ICSI), YTO CyuUleCTBEHHO CHMMXXAET YacToTy PaHHUX 3IMOPUOHANbHbIX
noteps.

4. CMHAPOM NONMKUCTO3HbIX AnMYHWMKOB (CMKA): maHHaa Ho3on0rns TpebyeT TWaTe/bHOro
noabopa NPOTOKONOB CTUMYAAUMM ONA NPefAoTBPalEHNA pUCKa Pa3BUTMA CUHAPOMA
runepcTumynsaummn andHmkos (Crd). Mpu cobnogeHnn HOPMOTIMKEMUN U KOPPEKLMK
nHaeKkca maccol Tena (MMT) 0o dGU3NO0NOTMYECKUX 3HAYEHUI, KYMYNATUBHbBIN NOKa3aTe b
MBOPOXKAEHUA Y AAHHOM KaTeropum nauyeHToKk aocturaet 74,1%, yto noaTBepKaaeT
BbICOKYIO 3dpdeKTMBHOCTL BPT npu npaBuabHOM BeAeHUN.

5. becnnoaye HeACHOro reHesa (MAMONATUYECKOE): B C/y4Yanx, KOraa nocae KOMMAEKCHOro
AMarHOCTMYECKOro nomcka npmynHa becnnoama He yCTaHOBNEHA, 3KCNepTHOe coobLecTBo
pekoMeHAayeT NpAmMoKr nepexoq K metoaam BPT. KanMHmnyeckme AaHHbIe MOKAa3bIBAKOT, YTO
arpeccuBHas TaKTMKa B BUAe paHHero npumeHeHma SKO asnaetca 6onee pesynbTaTUBHOM
M SKOHOMWYECKM ONpaBAaHHOM CTpaTernei No CPaBHEHMIO C MHOTOKPATHbIMM NOMbITKaMM
BHYTPMMATOYHOM WMHCEMWHAUMM, WMEIOWMMM  HU3KYHD BEPOATHOCTb  AOCTMXKEHUA
KNMHWYecKon BepeMeHHOCTH.

3aknioyeHue

MpoBefeHHbIM 00630p HayyHbIX MyOAMKALMIA CBUMAETENbCTBYET O TOM, YTO Pe3y/bTaTUBHOCTb
NPOrpamm  3KCTPaKOPMNOpPasibHOrO OMJIOAOTBOPEHUA  3aBUCUT OT  COYETAHHOro  BAMAHMKA
ocobeHHOCTeN NauMeHTKWU, NPUYMH Becnnoama M NpUMeHAeMbIX nevebHO-AMArHOCTUYECKMX
TexHonormi. Cpean $GakTopos, onpeaenatoWwmx BepOATHOCTb HACTynaeHuAa BepemeHHOCTU W
poxaeHuna pebeHKa, BeAylWy POSb WUIrPatT BO3PACT MKEHLWMHbI M COCTOAHWE OBapWaNbHOMO
pe3epBa, OTPaXKaloLLMe penpoayKTUBHbIA NOTEHLMAN K KAYeCTBO NOAY4aeMblX OOLMTOB.
Hanbonee Bbicokne nokazatenm apdekTMBHOCTM BPT oTmMeyatoTca y NaumeHTOK C M30IMPOBAHHbIM
TpybHbIM dakTOopom bHecnnoama. B To e BpemA HaaMyme 3HAOMETPMO3a, aLEeHOMMO3a,
XPOHMYECKOro 3HAOMETPUTA, MMOMbI MATKM W Apyrnx 3abonesaHWI, COMPOBOXKAAOWMXCA
HapyleHnem peuenTMBHOCTM  SHAOMETPMA, MOMKET CHMXaTb BEepPOATHOCTb  YCMelHOM
MMNAAHTALMM M NOCNeAyoWero pa3smtna bepemeHHOCTH. B nogobHbIX Cnydasx ocoboe 3HavyeHme
npuobpeTaeT TWAaTeNbHAA NpeArpaBnaapHan NoAroToBKa U MHAMBMAYaANbHbIN BbIGOP NevebHoM
TAKTUKMN.

3HaYMTENbHbIM MPOrpPecc B NeYEHUM MYMKCKOro Hecnnoama CBA3aH C WWMPOKMM BHeApeHWem
TexHonorum MKCU, braronaps KOTOPOM CTasio BO3MOMKHbIM AOCTUNKEHNE DEPEMEHHOCTN AarKe
MNPW BbIPAXKEHHbIX HApyLeHWAX cnepmaTtoreHesa. JlonoaHUTeNbHbIE MeTOAbl OLLEHKM KayecTsa
CNepmaTo3onaoB M Cenekumm rameT MO3BOMAOT ONTUMM3MPOBATb IMOPMONOTMYECKMIA 3Tan
nporpammel.

CoBpemeHHble noaxodpl K nposedeHuto KO  BKAOYAOT  aKTMBHOE  MCMNOJIb30OBaHMe
KPMOKOHCEPBAUMM  3MOPUMOHOB,  CETMEHTMPOBAHHbLIX  LIMKAOB,  MPEeMMNIaHTaLUMOHHOro
reHeTMYeCKoro TeCcTMPOBAHMA W MNEePCOHA/IM3UPOBAHHBIX CXEeM  CTUMYIAUMKM  OBYAALUN.
KomnnekcHoe npuvMeHeHWe [AaHHbIX TEXHONOrUIM CNocoBCTBYET MOBBILEHNIO KYMYAATUBHOM
YaCTOTbl }KMBOPOKAEHNA N CHUKEHUIO PUCKA HEDNAronpuATHbLIX PENPOAYKTUBHbIX MCXO0B.
Taknum obpas3om, AanbHelllee COBEPLIEHCTBOBaHME Nporpamm BPT aonKHO ObiTb HanpaBieHo Ha
MaKCMManbHYy0 WUHAMBUAYANU3ALUMIO IEYEHUA C YYETOM KAMHUYECKMX OCOBEHHOCTEN KaKaoW
CYMNPYKEeCKOM napbl, YTO MO3BOIUT NOBbLICUTb IPPEKTUBHOCTL NeveHna becnaoama 1 yayywmTb
noKasaTenu penpoayKTMBHOMO 3,0Pp0BbA HACeEeHNA.
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TEKYLLW/W CTATYC MUTAHWA NMPU
ANMNERONUNTE B KASAXCTAHE

KuasmpgmHosa Hacnba AnamypaTKbi3bl

CtyaeHT, « MeayHapoaHbIN Ka3aXxCKO-TYPELKMN YHUBEPCUTET M. XO4KM Axmena
AcaBu», KasaxctaH, . LUbIMKeHT

AHHaopas308 blaxam Awmposuy

Hay4YHbIN pyKoBoanTenb, Mpenoaasatens Kabeapbl «XMPYPrum n aHeCcTe3MON0T M-
peaHnmaumm» « MexayHapoaHbIM Ka3axXxCKO-TYPELKMN YHUBEPCUTET MMEHWN XOAXKMN
Axmena AcaBun»; Bpad-Xmpypr .

AHHOTauuA

B cTaTbe NpeacTaBneH aHANUTUYECKMIM 0030p TEKYLLErO COCTOAHMA HYTPUTUBHOM NOAAEPHKKM
npu ocTpom anneHamumte B Pecnybnmke KasaxctaH. B xoae nccnenoBaHWA BbIABNEH Pa3pbiB B
NPeemMcTBEHHOCTM AMETONOrMYEeCKOM NOMOLLM Ha ambynaTopHom aTane peabunutaumn. Ocoboe
BHMMaHMe yaeneHo HeobxoAMMOCTM adanTaumMm NedyebHOro nNUTaHMA K PerroHasbHbIM
0COBEHHOCTAM HaUMOHANAbHOW KyxHW KasaxcTaHa. [peanorKeHbl NpakTUYecKne pekoMeHaaumm
No ONTUMM3ALMKN PaLMOHA NAUMEHTOB B PaHHEM NOCAeonepauUyoOHHOM Nepunoae, HanpasBaeHHble
Ha CHM)XEHME PpUCKA Pa3BUTUA OCNONKHEHWMN, TaKMX KaK HapyweHus MoTopukm MHKT nu
BEHTPA/IbHbIE TPbIXKM.

KntoueBble cnosa: OcTpbld anneHAMUMT, nevyebHoe nNuTaHWe, KasaxcTaH, KAMHUYEeCKue
npotokonbl M3 PK, KoHuenuma ERAS, peabunmntauma, HyTpUTUBHAA NOAAEPKKA, HALMOHaNbHaA
KyXHs, NPOOUNAKTUKA OCNOKHEHNIA.

BeeneHue

AnNneHaMUMT — 3TO BOCMaNEHWe anneHAMKCa, PACMOJIOKEHHOrO0 B HayalbHOM oOTAene
TONCTOM KMWKKW. Lenbto AaHHOrO uccnenoBaHuMAa Oblna OUEHKA HYTPUTMBHOrO CTaTyca M
BblAB/NEHME CBA3M anneHauumMTa C nuTaHnem. OCTpbIM  anneHAMUMT OCTaeTcA  CambIim
PaCMNpPOCTPaHEHHbIM XMPYPruyecknm 3abonesaHmem opraHoB OpoLWHON NOA0CTM B KasaxcTaHe.
EXXerogHo B CTpaHe NPOBOAATCA TbICAYM aNNeHAIKTOMMUI. HecMoTpA Ha OTPaboTaHHY TEXHUKY
onepauuii, BOMPOCbI MOC/AEONepaUyMoOHHON peabuanTaumMm, M B YaCTHOCTU HYTPUTMBHOM
NoAAEPKKN, NpMobpeTatoT HOBYHOD 3HAYMMOCTb. BHeapeHWe B cMCTemy 34paBoOXpaHeHua PK
npotokonoB ERAS (Enhanced Recovery After Surgery — yckopeHHOe BOCCTaHOB/EHME noc/e
xmpyprum) TpebyeT nepecmoTpa CTapblx N0AX0A0B, KOraa NauMeHTbl NoABEPraanch AANTENBHOMY
roNofaHnto. AKTyanbHOCTb TeMbl 06ycnoBAeHa HEOOXOAMMOCTbIO CTaHAAPTM3aUMN NUTAHMA ANA
CHMXXEHMA PUCKA CNAaeYHbIX NPOLLECCOB, COKPALLEHNA KOMKO-AHEN B CTaloHapax KasaxcTaHa u
NPOdUNAKTMKN HYTPUTUBHOM HEAOCTAaTOYHOCTM Y NALMEHTOB NOC/AE 3KCTPEHHbIX BMELLATENbCTB.
HecmoTpAa Ha cyllectBoBaHMe oduuManbHbiX NpoTokonoB M3 PK, B npakTMyeckom
3paBOOXPAHEHMM COXPAHAETCA Pa3pblB B MPEEMCTBEHHOCTM ANETONOMMYECKOrO CONPOBOXKAEHWA
MeX Ay CTaLLMOHAPHbIM le4eHneM M ambynaTOPHbIM 3Tanom. HM3KKIM ypOBEHb OCBEAOMIEHHOCTU
NaUMEeHTOB O NPUHLUMNAX NUTAHUA B BOCCTAHOBUTENbHbIN NEPUOL KOPPENMPYET C POCTOM YMCAa
NoCNeonepaumMOHHbIX OCNOXHEHUI, BKAOYaa ancdyHKumm KKT n dopmmnposaHme BeHTPabHbIX
rpbiXK. BaXHOCTb AaHHOrO uccnefoBaHWA o0bycnoBNeHa HeoHbXOAMMOCTbIO MOAEPHM3ALUN
nocneonepaumoHHon peabunmtaumm B KasaxcTaHe. [lepexof, OT MNACCMBHOMO OXWAAHWA K
aKTMBHOMY HYTPUTMBHOMY BOCCTAaHOB/IEHMIO (CcOrnacHo npoTokonam ERAS) — 3To He npocTo
CMeHa paumoHa, 3T0 CNocob COKPaTUTb PUCK CNaevyHOM BONE3HM M NOCAeONePaLMOHHbIX TPbIXK,
KOTOpble ABAAKOTCA YaCTOM NPUUYNHOM NOBTOPHLIX rocnuTanu3aumin. Pabota BocnonHaeT npoben B
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MHOOPMALMOHHOM NoAAEPKKE NAUMEHTa NOCAE BbIMWUCKM, NpeBpaLlas NUTaHWe B UHCTPYMEHT
[lOKa3aTeNbHOM MeaMLMHbI.

MeToapbl

B xone paboTbl Obla NPUMEHEH KOMMAEKCHbIN METOA0/10MMYECKUN NOAX0A, Pa3AeeHHbIN Ha
TPM K/HOYEBbIX 3Tana:
3t1an |: HopmaTMBHO-NPaBOBOM aHaAM3. bbiAM M3yYeHbl M CUCTEMATM3UPOBAHbI AENCTBYIOLIME
KAnHMYecKkme NpoToKO/Ibl ANATHOCTUKN U NedeHns MUHUCTePCTBa 34paBooXpaHeHma Pecnybamkn
KasaxcTaH, a Takse [puKasbl 06 yTBEPKAEHUN HOPM NMUTAHUA B MEAMULMHCKUX OpraHM3aumsx (8
yactHoct, Ne KP [CM-120/2020). 3To MNO3BOAMAO ONPEeAEeNUTb YCTaHOBAEHHbIN «30/10TOM
CTAaHAAPT» OKal3aHWA HYTPUTMBHOM MOMOLIM, 00s3aTenbHbld 414 WCNOJHEHMA BO BCEX
MeANLMHCKMX YYPEIKOAEHUAX CTPaHbI.
3tan Il: CpaBHMTENbHbIA aHanu3. poBeaeHO COMOCTaBNEHME HALMOHAAbHbIX TOCYAapPCTBEHHbIX
CTaHAapToB KasaxCTaHa C  MeXAyHapoAHbIMWM  PEKOMEHAALUMAMM N0 XMPYPruyeckom
peabunutaumm (KoHuenuma ERAS — Enhanced Recovery After Surgery). [laHHbI 3Tan NO3BOAUA
BbIABWTb CTENeHb M 3OPEKTMBHOCTb BHEAPEHMA NPUHUMMNOB PaHHEro nocaeonepaumoHHOro
MUTaHNA B OTEYECTBEHHYIO CUCTEMY 340aBOOXPAaHEHMS.
3tan Ill: 3KcnepTHbIN W MeOuiAHbIN MOHWUTOPWHI. bbln NpoBeAeH KPUTUYECKMIM aHanus
ny6anKaumii B NpoduabHbIX Hay4YHbIX M3AaHMAX KasaxcTaHa, a TaKKe M3yyeHbl MeToamnveckue
PEKOMeHAALMM MNPaAKTUKYIOWMX XMPYProB. 3TO MNO3BOAMAO OUEHWTb pPeasbHOE COCTOAHME
MHPOPMMPOBAHHOCTN HACENEeHUA M YPOBEHb NPEEeMCTBEHHOCTU AMETONOrMYECKON MOMOLLM Ha
ambynaTopHOM 3Tane.

Pe3ynbTathbl
B pe3synbTaTe NpOBEAEHHOrO aHanM3a HamMu ObliM MONyYeHbl CReaylollme Kat4veBble
OaHHbIE:

1. BbiABNEHO  COOTBETCTBME  HOPMATMBHOW  6asbl  MeEXAYHAPOAHLIM  CTaHAAPTaM.
YCTaHOB/IEHO, 4YTO COBPEMEHHbIE KAWHMYECKME npoTokonbl M3 PK  dopmansHo
MHTErpUpPYIOT NPUMHUMNbLI KOHUenuum ERAS. 370 03HayaeT, 4To Ha bymare B KaszaxcTaHe
3aKpenaeH nepexos OT A/UTENIbHOTO roN04aHUA K PaHHEMY SHTEPasIbHOMY MUTAHUIO.

2. O6HapyKeH pa3pblB B NPeemMCTBEHHOCTM AMETONOrMYeCcKon nomowm. AHanM3 NOoKasan,
YTO OCHOBHOE BHMMaHMWe yAenaeTca TONbKO roCcnuMTanbHOMY 3Tany (nepsble 3—5 AHel).
BbIN0 BbIABNEHO OTCYTCTBME YETKUX aNATOPUTMOB MUTAHUA 1A NALUMEHTOB NOC/E BbINMUCKK
M3 CTauMoHapa, 4TO OcCTaBnAeT naumeHTa 6e3 npodeccMoHanbHON HYTPUTUBHOM
NOAJEPKKN B KPUTUYECKUN NePBbIN Mecal, peabuamntaumm.

3. OnpegeneH AedpuuUMT cneumannm3mMpoBaHHOrO MHPOPMMPOBAHUA. B xoae MOHMTOPMHra
9KCMEPTHbIX PecypcoB ObIIO YCTAaHOBMEHO, YTO CYyLLECTBYHOLLIME PEKOMEHAALMM 4acTo
M3IOXKEHbI CNOXKHBIM MEANLMHCKMM A3bIKOM. ITO NMPUBOANUT K HU3KOW MPMBEPIKEHHOCTM
NaLUMeHTOB K AMeTe, YTO, B CBOKD OYepeb, MOBbLIWAET PUCK Pa3BUTUA MOCIE0NepaLMOHHbIX
OCNOXHEHMMN, TAKUX KaK HapyLleHns MoTopukM KT 1 popMmmnpoBaHme rpbisy.

Takum 06pa3om, rNaBHbIM Pe3ynbTaTOM WCCNeA0BaHMA CTana pa3paboTka  CTPYKTypbl
NPaKTUYECKMX PEKOMEHAALMIA, KOTOPble MOMOrYT CBA3aTb CTPOrui OONbHWMYHbLIA MPOTOKOA C
PEANbHOM KM3HbLIO NaLMEHTa B AOMALLIHMX YCNOBMAX. Mbl NOAYYMAN AOKA3aTeNbCTBO TOrO, YTO
3pdPeKTUBHOCTL Onepaumm B KazaxctaHe MOXKeT BbITb 3HaUMTEIbHO MOBbILLIEHA 33 CHET YNyYLIeHWA
cMCTeMbl MHPOPMMPOBAHMA O MUTAHMM Ha ambynaTOPHOM 3Tane.

MpaKTUYecKkne pekoMeHaaLUmMm No NMTaHUIO Nocae anneHA3KTOMUK (aMbynaTopHbI 3Tan)

Hamun paspaboTaHa cucTema HYTPUTMBHOW afanTalmu, YYUTbIBAKOLWAA PerMoHaibHble NuLLeBble
NPMBbLIYKM HaceneHuAa KasaxcTaHa. [peanoXeHHad MeToAMKa 3aMeHbl BbICOKOKANOPUIMHBIX U
TpyAHONEepeBapuBaeMbIX HaLMOHANbHbIX OO Ha UX AMETUYECKME aHaN0TN MO3BONAET NOBLICUTb
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KOMMNNIQEHTHOCTb (MPUBEPIKEHHOCTb) MAUMEHTOB K /IEYEHMIO W CHWU3UTb PWUCK Pa3BUTMA
BEHTPA/IbHbIX FPbIXK B paHHEM NOC/e0nepaLMOHHOM Nepruose.

Ona peweHna npobnembl «MHGOPMALMOHHOIO BaKyyMa» MOCAE BbIMUCKKM, Npeanaraertca
BHEAPWUTb CEAYIOLNIA aNTOPUTM NTaHMA Ha nepsble 14—30 aHel:

1. ApanTaumys HauMOHaNbHOrO paLnoHa (Ka3axcTaHCKMIA KOHTEKCT)

OaHoM 13 rnasHbix Nnpobnem B PK ABNAeTCA paHHee BO3BpPaLLEHWe MaUMEHTOB K TAXKENOM NuLe.
PekomeHayeTCcsa MCNONb30BaTb CMCTEMY «OE30MaCHbIX 3aMEH»:

TpaanuMoHHOE
[netnyeckan anbTepHaTMBa (Ha aTane peabunantaumm)
61100
Eewbanmak «J1erkmi HapbIH»: MENKO Hape3aHHOe OTBAPHOE MACO MHAENKM MM KPOIMKA
M
P 6e3 TecTa (COYHM) 1 KMpHOro BynboHa (Ty3ablKa).
baypcaku /|[MoacyweHHbIM NWeHWYHbIN X1eb nan raneTHoe neveHbe. apeHHoe B macae
Lenbnekn TECTO CTPOro 3anpeLeHo.
KVbiDaaK MapoBoe pary: TylleHasa KapTollKa C HeXMpHbIM dapluem 6e3 aobasneHuma
yelpa cybnpoayKToB (NoYek, NnevyeHun) n cneumi.
1% Kedump nnm AlipaH: HaTypa/bHble KMCAOMO/IOYHbIE MPOAYKTbl HU3KOWN
LLly6aT / KymbiC  |[*KMPHOCTK (y6aT M KYMbIC CIMLLIKOM arpeccuBHbl 418 NPOONepupoBaHHOro
KULLIEYHMKaA).

2. MATUCTYNeHYaTbIn NaH BoccTaHoBAeHUA (14 aHel)
e [Hu 1-3 (CtaumoHap): CobnoaeHune «Crtona NoO». TONbKO MKMAKAA U MNOAYKMUAKAA NULLA
(6ynbOHbI, Kcenn).
e [Hu 47 (MepexoaHbii nepuoa): BBegeHune cAnM3UCTbIX Kall (OBCAHAA, rpedyHeBas Ha Boae)
M NapOBbIX OMJIETOB.
e [Hu 8-14 (JomawHuit aTan): BeeaeHne «benoro» maAca (Kypuua, pbiba) B Buae cydie nam
KHenei. OBOLWM TONbKO B OTBAPHOM MM 3ane4eHHOM BUae (Kabayok, TbiIkBa, MOPKOBb).
e [locne 14 aHeit: MocteneHHoe BBeAEHME CBEXMX PYKTOB (63 KOXKYPbI) U KNeTYaTKW.
3. Pexxum « MexaHW4ecKoro waxeHma»
e Bce 611043 AOMKHbBI ObITh A0BEAEHbI A0 MATKOM KOHCUCTEHUMKM (Ntope, dapll, cuabHoe
pa3sBapmMBaHMe). ITO MUHMMMU3IMPYET Harpy3Ky Ha LWBbl KULWEYHUKa M npeaoTBpallaeT
3anopbl, KOTOPbIE ABAAOTCA INaBHON NPUYMHOMN NOCAEONEPALMOHHBIX TPbIXK.

ObcyaeHue

MpoBeAEeHHbIM aHANM3 TEKyLWero COCTOAHMA MUTaHWA Npu anneHauumte B Pecnybauke
KasaxcTaH N03BONAET BblAENNTb HECKOIbKO KPUTUYECKMX TOYEK.
Bo-nepBbIx, 0OTMeYaeTca NONOKMTENbHAA AMHAMMKA B TAPMOHM33aUMM HALMOHANbHbIX CTAaHAAPTOB
C MeXAyHapoAHbIMW MPOTOKONaMU. BHeapeHMe 31emMeHTOB KoHuenuum ERAS (yckopeHHoro
BOCCTAHOBNEHMA) B KAMHUYECKMEe npoTokoabl M3  PK  cBuMaeTenbcTByeT O nepexoae
OTEYECTBEHHON XMPYPrMM K MPUHUMNAM  O0Ka3aTe/bHOM MeauuuHbl.  PaHHee Havano
9HTEPasIbHOro NUTAHKUSA, 3aKpPEenIeHHoe B AOKYMEHTax, cnocobcTByeT 6o/ee ObICTPON akTUBALMM
MOTOPUKM KMWEYHMKa,  4TO  MNOATBEPXKAAETCA  MHOTOYMCAEHHbIMW  3apyberKHbIMM
nccnenoBaHMAMM.
Bo-BTOpPbIX, OCHOBHOW NPOHAEMOI OCTAaeTCA Pa3pbiB B MPEEMCTBEHHOCTM MEXAY CTaLUMOHAPHbIM
M ambynaTtopHbIM 3Tanamu. B To Bpema Kak BHYTPW BONIbHUYHOIO yYpeXKaAeHUA NUTaHWe CTPOro
KOHTpOAMPYeTCA AMEeTCecTpaMu, nocne BbINMUCKM (0BbIMHO Ha 3—5 CyTKM) NauUMEHT 3a4yacTyto
ocTaeTca 6e3 AeTaNM3MPOoBaHHOrO PYKOBOACTBA. B ycnoBmax KasaxcTaHa 3T0 0COBEHHO KPUTUYHO
M3-3a CneumMduKM HaUMOHANBbHOM KYXHW, XapaKTepU3YIoWEeNca BbICOKON KaNOPUMHOCTBIO M
obunmem TpyaHonepeBapmMBaeMbIX MACHbIX U MyYHbIX U3aenuni (bewbapmak, KyblpaaK, KapeHoe
TecTo).
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B-TpeTbmx, Hawe nccnefoBaHNe NOAYEPKMBAET BAXKHOCTb Ky/IbTYPHOM afanTaumnm gmetotTepanmu.
CTaHOapTHble PEKOMEHAAUMM «M3 yyebHMKa» YacTO UrHOPUPYHOTCA HaceNeHUeM, eCii OHU He
YYMUTBIBAIOT MPUBbIYHLIA  PaUMOH. [lpeanoxeHHaa Hamu cucTeMa  «He30MacHbIX 3aMeH»
(Hanpumep, 3aMeHa KMPHON BapaHMHbI Ha MHAOEWKY, a KapeHblx 6aypcakoB Ha MOACYLIEHHbIN
xneb) ABNAETCA MHCTPYMEHTOM MOBbIWEHMUA KOMMAAEHTHOCTM (MPUBEPKEHHOCTM) NALMEHTOB K
NeYeHmto.

OrpaHnyeHusa uccnenoBaHma: CTOMT Npu3HaTb, YTO AaHHaAa paboTta Ha3mpyeTca Ha aHanmse
HOPMATMBHbIX aKTOB M OTKPbITbIX MCTOYHMKOB. s 6onee rnyboKoro NoHMMaHWa npobiembl
TpebyeTcs NpoBeAeHWe NONEBbIX COLMONOIMYECKMX ONPOCOB CPpeamn NAaUMEHTOB U MPAKTUKYOLWMX
XMPYPros B pernoHax PK, 4Tobbl oLeHNTb peasibHbIM YpOBEHb CODAOAEHUA AMETbI HA AOMY.

3aknioueHue

B pesynbTaTte npoBeAeHHOro MUCCAeAoBaHMA Mo Teme «TeKyllee COCTOAHME MUTAHMA Npu

anneHamunTe B KasaxctaHe» Obinn chopMynmpoBaHbl Creaytolime BbiBOAbI:

1. HopmaTmsHas 6a3a: AHann3 ASNCTBYIOWMX KIMHNUYECKUX NpoToKo 08 M3 PK noaTeepamn
MX COOTBETCTBME COBPEMEHHbIM MUPOBLIM TpeHAam Xxupyprum (KoHuenuma ERAS). B
KasaxcTaHe oduLManbHO 3aKpenaeH oTKas oT A/IUTENbHOTO roN0AaHNA B NMOb3y PaHHEN
HYTPUTUBHOM MOAMAEPKKM, 4YTO ABNAETCA BaXKHbIM LWArom B UMbPOBM3aAUMM ¥
MOAEPHM3ALMN CTAHAAPTOB MEANLIMHCKOM MOMOLLIN.

2. lMpobnema npeemcTBeHHOCTM: HecMoTps Ha HannyMe CTaHAAPTOB, BbIABAEHO OTCYTCTBME
CMCTEMHOr0 KOHTPO/A 33 NUTaHMEeM NalmMeHTa nociae nepexosa Ha ambynaTtopHbI 3Tan.
«IHOOPMaAUMOHHbBIN BakyyM» B nepsble 14—30 AHel nocne BbINMMCKM OCTaeTca GakTopom
PUCKa pa3BUTUA GYHKLMOHANbHbIX HapyLleHn KT 1 BeHTPanbHbIX FPbIXK.

3. PernoHanbHas cneundunka: YCTaHOBAEHO, YTO TPAAMLMOHHbIE MULLEBLIE MPUBbIYKM
HaceneHma KasaxcTaHa (BblCOKOe noTpebnieHMe XMPHOTO MACa, KapeHoro TecTa W
HedepMeHTUPOBAHHbIX MO/IOYHbIX MPOAYKTOB) 4acTo BCTyNalOT B NPOTUBOpEYME C
TpeboBaHWAMM  AMeToTepanun.  3TO  AMKTYeT  HeobxoAuMmocTb  pa3paboTKku
a[anTMPOBAHHbIX pEKOMEHAALMNA.

4. TlpakTnyecKkas 3Ha4MmocTb: [lpednoxkeHHaa B paboTe cucTeMa «He30MnacHbIX 3aMeH»
HaLUMOHaNbHbIX OO0 Ha AMETUYECKME aHANOTN U NATUCTYNEHYATbIKM NAaH peabunntaumm
MOTYT CAYXWTb OCHOBOW ANA cOo34aHnsA MHOOPMAUMOHHbLIX MaMATOK A8 NaUMeHTOB
XMPYPrmyecknx otaeneHmin PK.
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Annotation: The perioperative period has recently emerged as a critical phase influencing
both short-term recovery and long-term oncological outcomes in cancer patients. Modern
evidence suggests that anesthetic management may affect tumor biology through modulation of
immune responses, inflammatory pathways, neuroendocrine stress reactions, angiogenesis, and
metastatic processes. This scientific and analytical work focuses on the impact of anesthetic
agents, including propofol, volatile anesthetics, opioids, lidocaine, ketamine, and
dexmedetomidine, on cancer recurrence and survival. The role of regional anesthesia and
multimodal analgesia in preserving perioperative immune competence is also examined. Recent
studies investigating perioperative immunosuppression, neutrophil extracellular trap formation,
inflammatory biomarkers, and enhanced recovery after surgery (ERAS) protocols are reviewed.
Current evidence indicates that anesthetic interventions may influence biological mechanisms
associated with tumor progression; however, the translation of experimental findings into
consistent clinical benefits remains challenging. Large randomized controlled trials have not yet
confirmed definitive superiority of any single anesthetic technique regarding long-term
oncological outcomes. Nevertheless, optimization of perioperative care contributes significantly
to improved recovery, reduced complications, and enhanced quality of life in cancer patients.
Future research should focus on personalized perioperative oncology, integration of
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immunological biomarkers, and development of evidence-based anesthetic strategies that
support both surgical success and oncological control.

Key words: oncology, anesthesiology, onco-anesthesiology, perioperative medicine,
propofol, multimodal analgesia, regional anesthesia, cancer surgery, enhanced recovery after
surgery, cancer recurrence, immune modulation, tumor microenvironment.

Cancer remains one of the most significant global healthcare challenges, representing a
leading cause of morbidity, mortality, and healthcare expenditure worldwide. Advances in
screening, diagnostics, molecular biology, surgical techniques, radiotherapy, and systemic
anticancer therapies have substantially improved survival rates for many malignancies. As a result,
increasing attention has shifted toward factors that may influence not only immediate treatment
success but also long-term oncological outcomes. Surgical intervention continues to be a
cornerstone of treatment for most solid tumors, and a large proportion of cancer patients undergo
one or more operative procedures during the course of their disease. Consequently, the
perioperative period has emerged as a critical phase during which physiological, immunological,
and inflammatory responses may affect both postoperative recovery and tumor behavior. The
growing concept of perioperative oncology recognizes that factors traditionally considered
supportive aspects of care may have broader implications for patient prognosis and quality of life.

Within this context, anesthesiology has evolved beyond its conventional role of ensuring
unconsciousness, analgesia, and physiological stability during surgery. Contemporary research
suggests that anesthetic agents, analgesic techniques, perioperative stress responses, and
immune modulation may interact with biological mechanisms involved in tumor progression,
recurrence, and metastatic spread. Increasing evidence indicates that the choice of anesthetic
strategy can influence inflammatory pathways, neuroendocrine regulation, cellular immunity,
angiogenesis, and the tumor microenvironment. At the same time, the implementation of
multimodal analgesia, regional anesthesia, enhanced recovery protocols, and personalized
perioperative management has transformed the care of cancer patients. Understanding the
complex relationship between anesthetic management and oncological outcomes is therefore
essential for optimizing perioperative treatment strategies.

Ahn H.J. [1], in his study, examines the relationship between anesthetic management and
cancer recurrence after surgical treatment. The author considers perioperative anesthesia not
merely as a supportive component of oncological surgery but as a potential biological modifier of
long-term oncological outcomes. The review emphasizes that approximately 80% of cancer
patients undergo surgery during the course of their disease, making anesthetic exposure a
clinically important factor. A major contribution of the paper is the detailed discussion of how
anesthetic agents may influence immune surveillance, inflammatory signaling, angiogenesis, and
metastatic dissemination. The author explains that surgical stress activates neuroendocrine
pathways that suppress natural killer cell activity and cellular immunity. General anesthetics may
further modulate these processes through effects on cytokines, transcription factors, and tumor
microenvironment interactions.

Particular attention is devoted to propofol, volatile anesthetics, opioids, and regional
anesthesia techniques. The review demonstrates that experimental studies frequently suggest
protective effects of propofol-based anesthesia, whereas volatile agents may promote pathways
associated with tumor progression. However, the author carefully notes that clinical evidence
remains inconsistent. Several retrospective studies report improved survival with total
intravenous anesthesia, but randomized clinical trials have not consistently confirmed these
findings. An important strength of the publication is its balanced interpretation of laboratory and
clinical evidence. From an expert perspective, the article illustrates the complexity of perioperative
oncological biology and highlights the need for large prospective multicenter trials. Therefore, this
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source is fundamental for understanding current controversies regarding anesthesia-related
modulation of cancer recurrence [1].

Ramirez M.F. et al. [2], in their work, investigate the relationship between perioperative
pain control and oncological outcomes. The authors argue that pain management should not be
viewed solely as a strategy for patient comfort but also as a potential determinant of postoperative
immune competence. The publication emphasizes that uncontrolled pain stimulates sympathetic
activation and release of stress hormones, thereby contributing to immunosuppression. The
review analyzes interactions between pain, inflammation, immune function, and tumor biology.
According to the authors, perioperative inflammation may facilitate residual tumor cell survival
and metastatic spread. The paper systematically evaluates opioids, regional anesthesia,
nonsteroidal anti-inflammatory drugs, and multimodal analgesic protocols. A key contribution is
the discussion of opioid-induced immunomodulation and its potential influence on cancer
progression. The authors review experimental evidence suggesting that opioid exposure may alter
angiogenesis and tumor cell proliferation. At the same time, they acknowledge that current clinical
data remain inconclusive. The review also highlights the possible benefits of regional analgesic
techniques in reducing surgical stress responses. From an expert perspective, the article is
valuable because it integrates pain medicine with modern perioperative oncology. The publication
supports the concept that optimized pain control may have implications extending beyond
symptom management. Therefore, this source contributes significantly to understanding the
anesthesiologist’s role in comprehensive cancer care.

A nationwide cohort study was conducted by Oh T.K. et al. [3] in which the authors
examined whether the method of anesthesia affects long-term survival after major cancer surgery.
The research is particularly important because it utilizes a large population-based dataset rather
than a single-center experience. The authors compared outcomes among patients receiving
propofol-based total intravenous anesthesia and those receiving volatile anesthetic techniques.
Their analysis demonstrated an association between propofol-based anesthesia and improved
long-term survival. The paper contributes to the growing body of literature suggesting that
anesthetic choice may influence postoperative oncological outcomes.

The authors discuss several biological mechanisms potentially explaining these findings.
Propofol has been reported to preserve immune function, reduce inflammatory responses, and
inhibit certain pathways involved in tumor progression. In contrast, volatile anesthetics may exert
different immunomodulatory effects. A major strength of the study is its nationwide design and
large sample size. Nevertheless, the authors acknowledge the limitations inherent to
observational research, including residual confounding and inability to establish causality. From
an expert perspective, the publication provides clinically relevant epidemiological evidence
supporting further investigation of propofol-based anesthesia in oncology. The study illustrates
how anesthetic management may become an important component of personalized perioperative
cancer care. Therefore, this source represents one of the most influential contemporary
investigations of anesthesia-related oncological outcomes [3].

Yang Y. et al. [4] performed an evidence-based analysis focused specifically on breast
cancer surgery and anesthesia-related interventions. Unlike many previous publications that relied
heavily on retrospective evidence, this review analyzed prospective clinical studies. The authors
evaluated the influence of paravertebral blocks, pectoral nerve blocks, sevoflurane anesthesia,
ketorolac administration, and lidocaine infiltration on oncological outcomes. A major contribution
of the paper is its emphasis on high-quality evidence derived from prospective research designs.
The review found that available studies do not provide definitive evidence supporting a substantial
survival benefit of any specific anesthetic intervention. However, several interventions
demonstrated biological plausibility and encouraging preliminary results. The authors carefully
analyze methodological limitations, including sample size, heterogeneity, and follow-up duration.
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An important aspect of the publication is its focus on breast cancer, which represents one of the
most extensively studied models in perioperative oncology research. From an expert perspective,
the paper demonstrates the gap between promising laboratory findings and clinical reality. The
review highlights the need for adequately powered randomized trials capable of detecting
differences in recurrence and survival endpoints. Therefore, this source is essential for
understanding the current level of evidence regarding anesthesia and breast cancer outcomes.

Li T. et al. [5] conducted a systematic review and meta-analysis evaluating whether regional
anesthesia improves long-term survival in patients undergoing cancer surgery. The study is
notable because it focuses exclusively on randomized controlled trials, thereby minimizing the
influence of confounding factors commonly present in retrospective studies. The authors analyzed
available evidence comparing regional anesthesia techniques with conventional anesthetic
approaches. Their primary objective was to determine whether regional anesthesia reduces
cancer recurrence or improves survival.

The meta-analysis found no statistically significant improvement in long-term oncological
outcomes associated with regional anesthesia. These findings challenge earlier hypotheses
suggesting that attenuation of the surgical stress response could reduce metastatic progression.
The authors discuss potential explanations for the discrepancy between experimental and clinical
data. One possibility is that the biological effect of regional anesthesia may be too small to produce
measurable survival benefits. Another explanation involves heterogeneity among tumor types and
perioperative management protocols. The publication is particularly valuable because it provides
evidence derived from the highest level of clinical research methodology. From an expert
perspective, this study introduces important caution into the ongoing debate regarding anesthesia
and cancer outcomes. Therefore, it serves as a key reference demonstrating that theoretically
beneficial interventions do not necessarily translate into improved long-term survival [5].

Guo R. et al. [6], in their article, comprehensively analyze the influence of surgery and
anesthesia on postoperative immune function in cancer patients. The authors emphasize that the
perioperative period represents a critical phase during which tumor progression may be either
suppressed or facilitated. A major contribution of the paper is the integration of immunological
mechanisms with anesthetic management. The review explains how surgical trauma induces
activation of the hypothalamic-pituitary-adrenal axis and sympathetic nervous system, leading to
systemic immunosuppression. According to the authors, reductions in natural killer cell activity
and cytotoxic T-cell function may create favorable conditions for metastatic dissemination. The
publication evaluates the effects of different anesthetic techniques on antitumor immunity.
Propofol-based anesthesia is discussed as potentially preserving immune competence, whereas
volatile anesthetics may exert more pronounced immunosuppressive effects. The review also
addresses opioid analgesics and their possible influence on tumor biology through modulation of
immune responses and inflammatory signaling pathways. An important strength of the work is its
detailed description of interactions among cytokines, immune checkpoints, and perioperative
stress mediators. From an expert perspective, this article provides a mechanistic framework for
understanding why anesthetic choices may influence oncological outcomes. The publication
demonstrates that modern oncological anesthesia extends beyond hemodynamic stability and
pain control. Therefore, this source is fundamental for understanding the immunological basis of
perioperative cancer care.

In their study, Bezu L. et al. [7] examine perioperative factors contributing to
immunosuppression during cancer surgery. This publication is particularly valuable because it
focuses on the multifactorial nature of perioperative immune dysfunction. The authors argue that
postoperative immunosuppression is not the result of a single intervention, but rather the
combined effects of surgical stress, anesthesia, pain, blood transfusion, hypothermia, and
inflammatory activation. The work emphasizes the importance of maintaining antitumor immunity
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during the perioperative period.

A key contribution of the paper is its detailed discussion of natural killer cells, dendritic
cells, macrophages, and T lymphocytes. The authors explain how perioperative disturbances in
immune cell function may facilitate the survival of circulating tumor cells. The publication also
analyzes the impact of catecholamines and glucocorticoids released during surgical stress.
Importantly, the review evaluates strategies aimed at minimizing immunosuppression, including
regional anesthesia, opioid-sparing approaches, normothermia maintenance, and enhanced
recovery protocols. From an expert perspective, the article expands the traditional anesthesiology
paradigm by linking routine perioperative management with long-term oncological biology. The
work supports the concept that anesthesiologists can influence cancer outcomes through
optimization of perioperative physiology. Therefore, this source is highly relevant for
contemporary oncological anesthesia practice [7].

Tan Y. et al. [8] conducted a systematic review and meta-analysis assessing the impact of
anesthesia method on long-term survival after cancer surgery. The publication synthesizes
evidence from multiple clinical studies and addresses one of the most debated questions in onco-
anesthesiology. Our colleagues compared the outcomes associated with total intravenous
anesthesia and the use of volatile anesthetics. Their analysis suggests that anesthesia
management may be associated with differences in long-term survival and relapse-free survival.

The overview systematically evaluates methodological quality and sources of
heterogeneity among studies. An important contribution of the paper is the distinction between
biological plausibility and clinical evidence. The authors discuss laboratory findings suggesting that
propofol may inhibit inflammatory pathways and preserve immune function. They also note that
volatile anesthetics may influence hypoxia-inducible factors and angiogenic signaling. However,
the review emphasizes that available evidence remains insufficient to establish definitive causal
relationships. From an expert perspective, this publication provides an updated evidence synthesis
that reflects current scientific uncertainty. The article supports continued investigation into
anesthesia-related modulation of cancer outcomes. Therefore, this source is essential for
understanding the current state of evidence in perioperative oncology research.

The updated ERAS guidelines for surgical treatment of gynecological oncological diseases
were presented by Nelson G. et al. [9]. Unlike publications devoted exclusively to anesthetic drugs,
this work considers perioperative care as an integrated multidisciplinary process. The authors
emphasize that anesthesiologists play a central role in the successful implementation of ERAS. The
guideline addresses preoperative optimization, fluid therapy, analgesia, nutrition, mobilization,
and postoperative recovery. A major contribution of the paper is its focus on implementation
barriers. The authors demonstrate that many evidence-based recommendations remain
inconsistently applied despite proven clinical benefits. Particular attention is devoted to opioid-
sparing analgesia, goal-directed fluid therapy, prevention of postoperative complications, and
early functional recovery. The publication highlights the importance of multimodal analgesic
strategies that reduce opioid requirements while maintaining adequate pain control. From an
expert perspective, the article illustrates the evolution of anesthesiology from intraoperative
management toward comprehensive perioperative medicine. The work supports the concept that
optimal oncological outcomes depend not only on tumor resection but also on recovery quality.
Therefore, this guideline is highly relevant for modern perioperative care of cancer patients.

Chang C.Y. et al. [10] performed a systematic review and meta-analysis investigating
whether propofol-based anesthesia provides oncological advantages compared with volatile
anesthetics. The study remains one of the most frequently cited analyses in perioperative
oncology. The authors evaluated overall survival, recurrence-free survival, and cancer recurrence
across multiple tumor types. A major strength of the publication is its rigorous methodological
design and comprehensive literature search.
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The review identified evidence suggesting improved long-term outcomes among patients
receiving propofol-based anesthesia. However, the authors emphasize that most available studies
were retrospective and therefore susceptible to selection bias and residual confounding. The
publication carefully discusses biological mechanisms that may explain the observed associations.
These mechanisms include preservation of immune function, attenuation of inflammatory
responses, and modulation of angiogenesis-related pathways. Importantly, the authors refrain
from recommending universal adoption of one anesthetic technique because randomized
evidence remains limited. From an expert perspective, this source provides a balanced assessment
of one of the central controversies in modern oncological anesthesiology. The study demonstrates
that anesthetic choice may influence outcomes beyond the operating room. Therefore, this
publication remains a cornerstone reference for discussions regarding anesthesia and cancer
prognosis [10].

Hussain N. et al. [11] performed a systematic review and meta-analysis evaluating the
efficacy of perioperative intravenous lidocaine in breast cancer surgery. The authors focused on
both acute postoperative pain and chronic persistent postsurgical pain, which remains a significant
clinical problem among breast cancer survivors. The publication is important because lidocaine
has been proposed not only as an analgesic agent but also as a potential modulator of
inflammatory and oncological processes. The authors analyzed randomized clinical trials involving
perioperative lidocaine infusions. A key finding of the study is that perioperative lidocaine did not
significantly reduce the incidence of chronic persistent postsurgical pain. Although some
improvements in early postoperative analgesia were observed, the overall evidence did not
support routine lidocaine infusion as a strategy for long-term pain prevention. The publication
carefully evaluates methodological quality and risk of bias among included studies. An important
strength is the use of meta-analytic methodology to synthesize available evidence. From an expert
perspective, this study demonstrates that promising biological hypotheses do not always translate
into measurable clinical benefits. The article contributes to evidence-based perioperative pain
management in oncological surgery. Therefore, this source is highly relevant for understanding
the current role of lidocaine in cancer anesthesia.

In their study, Schnabel A. et al. [12] assessed the effectiveness of regional analgesia
methods in patients undergoing major surgery for internal cancer. The publication addresses an
important issue, as postoperative pain relief remains a central component of accelerated
recovery. The review compares epidural analgesia and peripheral regional anesthesia in oncologic
surgery. The researchers evaluate postoperative pain intensity, functional recovery, and analgesic
efficacy. One of the major findings is that epidural analgesia may provide clinically meaningful
reductions in pain intensity during the first postoperative day. However, the certainty of available
evidence remains limited. The publication emphasizes that peripheral regional techniques often
produce smaller effects than epidural approaches. Importantly, the review discusses the balance
between analgesic benefits and procedure-related risks. From an expert perspective, the article
illustrates the ongoing transition from opioid-centered pain management toward multimodal
analgesia. The study supports the role of regional anesthesia as an important component of
perioperative oncological care. Therefore, this source contributes significantly to understanding
modern pain management strategies in cancer surgery.

The interaction between local anesthetics and chemotherapeutic agents was studied by
Abdelaatti A. et al. [13]. This publication is particularly valuable because it brings together two
traditionally separate fields: anesthesiology and medical oncology. The authors summarize
experimental data on how local anesthetics can influence tumor cell behavior and their response
to chemotherapy. The review focuses on lidocaine, ropivacaine, and bupivacaine.

A major contribution of the article is the discussion of molecular pathways involved in
tumor growth, apoptosis, migration, and metastasis. The authors demonstrate that local
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anesthetics may enhance the efficacy of certain chemotherapeutic drugs in experimental models.
At the same time, they emphasize the limited availability of clinical evidence. The publication
carefully distinguishes between laboratory observations and clinically proven outcomes. From an
expert perspective, this source highlights a promising research direction in perioperative oncology.
The article suggests that anesthetic drugs may possess biological effects extending beyond
analgesia and anesthesia. Therefore, this publication provides an important scientific basis for
future translational studies investigating anesthetic-oncological interactions [13].

Choi H., Hwang W. [14] provide a comprehensive review of modern anesthetic approaches
and their potential influence on cancer recurrence and metastasis. The authors analyze both
clinical and experimental evidence concerning anesthetic drugs, regional anesthesia, opioids,
ketamine, dexmedetomidine, and anti-inflammatory strategies. A major contribution of the
publication is its holistic approach to perioperative oncological management. The publication
emphasizes that perioperative events may influence the balance between host immunity and
residual tumor cell survival. The authors discuss evidence suggesting potential advantages of
propofol-based anesthesia and opioid-sparing techniques. At the same time, they acknowledge
that current clinical findings remain inconsistent. An important strength of the publication is its
balanced interpretation of conflicting data. From an expert perspective, the review demonstrates
that anesthesiology is increasingly becoming integrated with precision oncology. The article
highlights the need for individualized anesthetic planning based on tumor characteristics and
patient factors. Therefore, this source is highly valuable for understanding the current conceptual
framework of onco-anesthesiology.

An interesting prospective randomized study was conducted by Zhang W. et al. [15]. In
their work, they examined the effect of lidocaine on neutrophil extracellular uptake (NETosis) and
angiogenesis-related biomarkers in patients with breast cancer. This study is particularly
significant, as NETosis has recently been identified as a potential mechanism contributing to tumor
dissemination and metastasis. The researchers sought to determine whether lidocaine
administration could alter these biological processes in the perioperative period. The paper
demonstrated that lidocaine influenced several biomarkers associated with inflammation and
angiogenesis. The authors suggest that modulation of NETosis may represent one mechanism
through which anesthetic interventions affect tumor biology. The publication is notable because
it evaluates objective biological markers rather than only clinical endpoints. An important strength
is its prospective randomized design. From an expert perspective, the study illustrates the growing
trend toward mechanistic perioperative oncology research. The work contributes to
understanding how commonly used anesthetic drugs may interact with tumor-related biological
pathways. Therefore, this source represents an important example of translational research in
modern anesthesiology.

Ramly M.S., Buggy D.J. [16] present one of the most up-to-date evidence-based reviews
addressing the relationship between anesthetic techniques and long-term cancer outcomes. The
publication is important because it summarizes results obtained after several large randomized
clinical trials that have recently challenged earlier observational findings. The authors examine the
effects of total intravenous anesthesia, volatile anesthesia, regional anesthesia, opioid-sparing
strategies, and perioperative immunomodulation. A central contribution of the paper is its critical
reassessment of previously accepted hypotheses regarding anesthesia-induced modulation of
cancer recurrence. The review emphasizes that laboratory studies consistently demonstrate
biological differences between anesthetic agents. However, these mechanistic findings have not
always translated into measurable clinical benefits. The authors conclude that current evidence
does not support routine selection of one anesthetic technique solely for the purpose of reducing
cancer recurrence. Nevertheless, anesthetic management remains important because it
influences immune function, inflammation, perioperative complications, and recovery quality.
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From an expert perspective, the publication reflects the maturation of the field of onco-
anesthesiology. The article demonstrates the transition from speculative associations toward
evidence-based clinical decision making. Therefore, this source is essential for understanding the
present consensus regarding anesthesia and oncological outcomes.

Huh J., Hwang W. [17] specifically investigate anesthetic management in patients
undergoing surgery for lung cancer. The review is particularly valuable because lung cancer
remains one of the leading causes of cancer-related mortality worldwide. The authors discuss how
perioperative events may influence residual tumor cells, circulating tumor cells, and
micrometastatic disease. The publication examines the effects of surgical stress, neuroendocrine
activation, inflammatory mediators, and immune suppression on cancer progression.

A major contribution of the article is its focus on disease-specific considerations. The
authors analyze evidence regarding volatile anesthetics, propofol, opioids, regional anesthesia,
and perioperative analgesic strategies. They emphasize that preservation of immune competence
may be especially important in thoracic oncology. The review also addresses mechanisms such as
epithelial-mesenchymal transition, angiogenesis, and tumor microenvironment modulation. From
an expert perspective, the publication illustrates how anesthetic decisions may interact with
tumor biology in organ-specific settings. The article supports the concept of individualized
perioperative oncology rather than universal anesthetic protocols. Therefore, this source
contributes significantly to understanding anesthesia management in thoracic cancer surgery [17].

In their study, Rodriguez Arango J.A. et al. [18] analyze one of the most controversial drugs
in modern anesthesiology — ketamine. The publication examines the potential influence of
perioperative ketamine administration on cancer recurrence and metastatic progression. The
authors note that ketamine has traditionally been used for anesthesia and analgesia but has
recently attracted attention because of possible immunological and antitumor properties. The
review evaluates experimental, translational, and clinical evidence concerning ketamine’s
interaction with cancer biology. The authors discuss the role of N-methyl-D-aspartate receptors in
malignant tissues and explain how ketamine may affect tumor cell proliferation, apoptosis,
migration, and angiogenesis. The publication emphasizes that existing findings remain
inconsistent. While several laboratory studies suggest antitumor activity, clinical evidence remains
limited and inconclusive. An important strength of the review is its balanced assessment of
potential benefits and risks. From an expert perspective, the article demonstrates the growing
interest in understanding the biological effects of anesthetic drugs beyond their traditional
pharmacological actions. Therefore, this source is highly relevant for future investigations of
anesthetic-related cancer modulation.

Xie S. et al. [19] performed a large meta-analysis examining the association between
regional anesthesia and postoperative cancer outcomes. The study is important because previous
investigations have produced conflicting conclusions regarding the oncological benefits of regional
anesthesia. The authors pooled available clinical evidence and analyzed recurrence, metastasis,
and survival endpoints. A key contribution of the publication is the evaluation of both regional
anesthesia alone and regional anesthesia combined with general anesthesia. The analysis
demonstrated that regional anesthesia may be associated with a lower risk of cancer recurrence
in selected patient populations, particularly among patients undergoing prostate cancer surgery.
However, no statistically significant effects were observed for distant metastasis or local
recurrence. The authors emphasize that heterogeneity among studies remains substantial. The
publication carefully discusses potential biological mechanisms including attenuation of surgical
stress responses and preservation of immune surveillance. From an expert perspective, the study
highlights both the promise and limitations of current evidence. Therefore, this source contributes
valuable quantitative data to the ongoing debate regarding regional anesthesia and cancer
prognosis.
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A unique study was conducted by Chew V.K. et al. [20]. They investigated the relationship
between anesthesia method and postoperative recurrence in surgical treatment of thyroid cancer.
The study compared total intravenous propofol-based anesthesia with desflurane anesthesia and
assessed long-term oncological outcomes. This publication is particularly important because
thyroid cancer generally exhibits favorable survival rates, making recurrence a particularly
significant outcome. The authors report a lower rate of postoperative recurrence among patients
receiving propofol-based anesthesia.

The article discusses potential biological explanations for these findings. Propofol may
attenuate inflammatory responses, preserve natural killer cell activity, and inhibit pathways
involved in tumor progression. In contrast, volatile anesthetics have been hypothesized to
influence immune and angiogenic signaling differently. The authors acknowledge the
observational nature of their study and the need for randomized confirmation. Nevertheless, the
publication provides clinically relevant evidence supporting ongoing investigation of anesthetic
choice in oncological surgery. From an expert perspective, this source reinforces the growing body
of literature suggesting potential advantages of total intravenous anesthesia in selected cancer
populations. Therefore, this study represents an important contribution to contemporary onco-
anesthesiology [20].

In conclusion, it can be stated that anesthesiology has evolved from a discipline focused
primarily on intraoperative safety to a critical component of comprehensive oncology care.
Growing evidence suggests that perioperative events can influence tumor biology through
complex interactions involving immune regulation, inflammatory responses, neuroendocrine
activation, angiogenesis, and metastatic spread. Numerous experimental studies have
demonstrated that anesthetics vary in their effects on cellular and molecular pathways associated
with cancer progression. Specifically, propofol-based total intravenous anesthesia is often
associated with preserved immune function and potentially favorable oncological outcomes, while
volatile anesthetics are implicated in mechanisms that may promote tumor growth. However, the
clinical significance of these findings remains controversial.

Current randomized controlled trials and large meta-analyses have not established
definitive evidence of the superiority of one anesthetic technique over another in preventing
cancer recurrence or improving long-term survival. Similarly, although regional anesthesia and
opioid-based pain management approaches can reduce surgical stress and preserve immune
competence, their direct impact on oncologic prognosis remains uncertain. Recent studies of
lidocaine, ketamine, inflammatory biomarkers, and the formation of neutrophil extracellular traps
have expanded our understanding of the biological mechanisms linking anesthesia and cancer.
Furthermore, perioperative protocols based on the ERAS program have demonstrated significant
benefits in improving postoperative recovery and reducing complications in cancer patients.

Overall, current data support the concept that anesthetic management should be
considered an integral element of personalized cancer treatment, rather than simply a technical
adjunct to surgery. Future progress in onco-anesthesiology will depend on interdisciplinary
collaboration between anesthesiologists, oncologists, surgeons, immunologists, and translational
medicine specialists. The incorporation of molecular biomarkers, precision medicine approaches,
and large prospective clinical trials can help identify individualized anesthesia strategies for each
patient that can optimize both perioperative recovery and long-term oncologic outcomes. Thus,
perioperative anesthesiology represents a promising and rapidly evolving field with significant
potential to improve the quality and effectiveness of modern oncologic care.
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Ali tahsil mUassisalarinda “Talaffliz va
Sifahi nitg vardislari” fanninin tadrisinda
Suni Intelektdan istifads va tadrisda Suni
Intellektin rolu

Konil Agayeva
ADU

Acar sozlar: stini intellekt, nitqg tacribasi, dil 6yranmasi, talafflz talimi, adaptiv dyranmsa.

Key words: artificial intelligent, speech practice, pronunciation practice, adaptive learning.

KntoyoBble C€n10Ba: WMCKYCTBEHHbIM WMHTENNEKT, MPaKTUKA peyn, MPaKTMKa MPOU3HOLWEHMS,
aflanTUBHOE M3yYeHMue.

SUni intellektin xarici dilin tadrisina integrasiyasi pedaqoji yanasmalarda shamiyystli bir
dayisikliya isara edir. Xarici dilin manimsamasinin vacib bir komponenti olan nitq praktikasi
ananavi olaraq ray ve diizalis Uiclin insan talimatlarindan asili olmusdur lakin, Si texnologiyalari
hazirda ananavi metodlari tamamlayan va hatta bazan Ustalayan innovativ hall yollari taklif edir.
Hasan dlisoy va digarlarinin (2025) Azarbaycan ali tshsilinds Si integrasiyasi ils bagli
tadgigatlarinda geyd etdiyi kimi: «Stini intellektds (Si) global irslilayislara cavab olaraq Azarbaycan
ali tahsili siratli regamsal transformasiyadan kegir. Bu kontekstds, ingilis dilinin tadrisi (ELT) talim
naticalarini artirmagq Ggln slni intellekt alatlarinin inteqrasiyasi kimi ¢atinliklarla tzlasir» [1].

Bu magqgalada bizim maqgsadimiz asagidaki tadqigat suallarini arasdirmaq va onlari tahlil
etmakdir:

e Suni intellekt alatlari universitet saviyyasinda sifahi nitq vardislari fanninin tadrisini neca
effektiv sakilda dastaklaya bilar?

e Slini intellekt sistemlari talaffliz, salislik va intonasiya talimi Gi¢lin hansi spesifik faydalar tamin
edir?

e Sifahi nitg vardislari taliminda siini intellekt tatbigi zamani hansi ¢atinliklar yaranir?

e Talabalar va miallimlar siini intellektls dastaklanan nitq talimini neca gabul edirlar?

Sifahi nitg vardislari talaffliz, salislik, intonasiya va lnsiyyat bacariglarinin inkisaf etdirilmasini
ohata edir. @nanavi yanasmalar asagidakilara asaslanir:

e talimatgi rayi;

¢ audiovizual materiallar;

e dil laboratoriyalari.

Suni intellekt bu metodlari asagidakilar vasitasila takmillasdirir:

e avtomatik nitg tanima (ASR) - sifahi girisi transkripsiya edir va giymatlandirir;

e tabii dil emali (NLP) — grammatik va leksik dagiqgliyi tahlil edir;

* masin dyranmasi — fardi talaba nimunalarina uygunlasir;

e matndan nitga (TTS) — model talaffliz tamin edir.

Koqgnitiv nazariyyalar sini intellekt inteqrasiyasini dastaklayir:

* Vigotskinin Yaxin inkisaf Zonasi — Sini intellekt xisusi hazirlanmis iskala taklif edir;

e Krasenin Giris Hipotezi — Suni intellekt mUvafiq saviyyalarda basa disiilan giris temin edir;
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* Svaynin Cixis Hipotezi — Sini intellekt darhal rayls istehsali tasviqg edir.

Sifahi nitg vardislari Gg¢ln Suni intellekt Alatlari

1. Talafftiz Talimi

e ELSA Speak — talaffliiz sahvlarini miayyan etmak lcln slni intellektdan istifada edir va
hadaflanmis masglar tagdim edir.

e Speechling — atrafli diizalis l¢lin insan va stni intellekt raylarini birlasdirir.

* Google Pronounce — fardi saslar Uzarinds real vaxt rayi taklif edir.

2. Salislik va intonasiya

e Rosetta Stone TruAccent — nitg tanima istifade edarak dyrananin nitgini yerli modellarla
migayisa edir.

e Babbel — danisiq tacribasi G¢ln nitg tanima sistemini 6ziinda birlasdirir.

* Duolingo Speaking Exercises — oyunlasdiriimis salislik talimi.

3. Danisig Tacribasi

e Replika — tabii sohbat tacribasi tclin catbot.

e Tandem — Gyrananlari anadillilarla uygunlasdirir; Stni intellekt tarcima va dizalisda kdmak
edir.

e Slni intellekt muallimlari (masalan, Duolingo Max) — GPT asasli danisiq agentlari.

4. immersiv Mihitlar

¢ VR Dil Laboratoriyalari — real diinya tacrlbasi ticlin virtual reallig simulyasiyalari.

e Mondly VR — situasiya dilinin istifadasi Gclin interaktiv ssenarilar.

Suni intellektin pedaqoji faydalarindan an énamlisi onun fardilasdirilmis talim metodudur ki,
burada SUni intellekt sistemlari fardi ehtiyaclara uygunlasir:

* spesifik talaffliiz problemlarini miayyan edir (masalan, ispan dilinds danisanlar tctn /8/ ve
/8/);

* masq ¢atinliyini performansa asasan tanzimlamak;

e x{isusi tacriba planlari yaratmag.

dnanavi metodlarla miigayisada Si - nin Gstinliklari:

e ani sahv askarlanmasi (gecikmis talimatci rayi ile migayisada);

e obyektiv giymatlandirma (subyektivliyin azalmasi);

e sohvlarin atrafli tahlili (sas, stress, intonasiya).

Eyni zamanda Si artan tacriibs imkanlarina malikdir ki, bu da onun 24/7 mévcudlugu, asag
tazyigli mihiti (narahathigr azaldir), limitsiz takrarlara malik olmasidir. Stini intellekt platformalari
eyni zamanda giymatlandirma sistemlari, nailiyyat nisanlari, ragabat liderlik 16vhalari, adaptiv
catinliklar kimi funksiyalari shatas edir.

Qarisig Talim Modellari asasinda Sini intellektin effektiv inteqrasiya strategiyalarina, sinif
otagininin simulyasiyasini yaratmaq - tslebalsr darsdan avval Si alatlari ils masq edirlar,

laboratoriya sessiyalari — Si ilo dastaklonan tacriibs (gln ayrilmis vaxt, ev tapsiriglar —
sinifdenkanar is kimi Si masqlari, alava resurslar — snanavi talimls yanasi kondlli Si tacriibasi
daxildir.

Sini intellektin tadris planina integrasiya nimunalarine haftalik sini intellekt talaffiz
modullari, isglzar ingilis dili Ggln VR rol oyunlari, isa hazirlig Uc¢ln sini intellekt tarafindan
yaradilan mUsahiba simulyasiyalari mihim yer tutur.

Onlayn Dil Programi glindalik séhbat tacribasi Gglin slni intellekt catbotlari, avtomatlasdiriimis
salislik giymatlandirmalari, talimatgl tarafindan sini intellekt tarafindan yaradilan analitikanin
icmalini hazirlamagi sanlasdirir va muallimlar Ggln bunu algatan edir.

H. Slisoy va digarlarina (2025) gors, Azarbaycan talabalari siini intellekt integrasiyasina yiksak
hazirlig nimayis etdirirlar: «Talabalarin taxminan 80%-i “Sini intellekt vasitalari dil dyranmasini
daha calbedici eda bilar” deya razilasib, muallim heyatinin isa taxminan 60%-i bununla razilasib»
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[1]. Bu, talebalar ve muallimlar arasinda universitetlarin pesakar inkisaf programlari vasitasila hall
etmali oldugu masalalarin oldugunu gostarir.

Eyni zamanda Siini intellektin istifadasinds bir sira catinliklar vo mahdudiyyatlar mévcuddur ki
bunlara texniki masalaler — geyri-dil dastyicilarinin talaffliziinds olan daqgiglik, internet baglantisi
taleblari, cihaz uygunlugu, malumatlarin maxfiliyi ila bagh narahatliglardir. Texnologiyaya
haddindan artig etibar etmak, Unsiyyatin qarsiligl alagasinin azalmasi, sahv ray ehtimali, stni
intellektds emosional zakanin olmamasi da digaer terafden pedaqoji baximdan narahatliqg
yaradir.Yuksak saviyyali alatlarin giymati, mallim heystinin talim talablari, tadris planinin yeniden
dizayni saylari, dayisikliklara miigavimati da nazars aldigda Si-in istifadasinin hala da ¢atinlik
yaratdiginin sahidi olurug. Bu digar tarafdan talaba faktorlari - regemsal savadliliqg bosluglari,
texnologiya ila bagl narahatliglar, Gnsiyyatin garsiligh alagasina Ustinltk kimi problemlari garsiya
goyur.

Dr. Sarcan islam Sadigova va basgalari (2024) Azarbaycan kontekstinda oxsar problemlari
vurgulayirlar: "Musallimlar sini intellekt integrasiyasina ehtiyatla misbat minasibat gostardilar,
onun grammatik va mexaniki sahvlari ssmarali va dagiq askar etmakdaki gliciinl gabul etdilar,
lakin etibar, adalat va etika ila bagli narahatliglarini bildirdilar" [2].

Son tadqgiqgatlar sini intellektin effektivliyini gdstarir, Johnson & Lee (2023) gbra suni intellekt
taleffliz vasitalarindan istifade edan talabalar nazarat gruplarina nisbatan 27% daha c¢ox inkisaf
gostardilar. Helsinki Universitetinin Pilot Tadgigati (2025) garisig slini intellekt/insan talimi 33%
daha yUksak yadda saxlama nisbatina sabab oldugunu siibut etdi.

Talabalarin gavrayisi (500 universitet dil dyrananinin sorgusu):

* 82% suni intellekt rayini faydali hesab etdi;

* 68% talaffliz Uiclin slini intellekt tacribasini Gstln tutdu;

e 75% danisig narahathginin azaldigini bildirdi;

* 59% kurslarda daha cox siini intellekt inteqgrasiyasi istadi.

Azarbaycanda H. 9lisoyun tadgigati bu tendensiyalari tasdiglayir: "Talabalar hamcinin sini
intellektdan istifade etmaya daha yiksak hazirliq gostardilar: bdylk aksariyyat flrsat verilsa, stni
intellektdan muintazam olaraqg talimin bir hissasi kimi istifada edacaklarini bildirdilar, muallim
heyatinin taxminan yarisi isa sni intellektdan tadris prosesina daxil edacaklarini soyladi" [1].

Natiq 9li Cavadov va digarlari (2025) Azarbaycan tahsilinda stni intellekt Gglin dévlat dastayinin
vacibliyini vurgulayirlar: «Dévlat administrasiyasinin Azarbaycanda sini intellektin tatbigi va
inkisafi Ggln dastayinin olmasi dlkada sahanin inkisafi Ugln alverisli zamin yaradildigini gostarir»
[3].

Universitetlarda talaffliz va sifahi nitq vardislerinin tadrisina stni intellektin integrasiyasi dil
tadrisinda transformativ bir dayisikliyi tamsil edir - bu, ham global miqgyasda, ham da
Azarbaycanda sUratla inkisaf edir. Belalikla biz stini intellekt texnologiyalarinin talaffliziin, salisliyin,
intonasiyanin va imumi Unsiyyat bacariglarinin artirilmasi Gglin shamiyyatli faydalar taklif etdiyini
goriruk.

Azarbaycanli alimlarin tadgiqatlari da daxil olmaqgla, empirik dalillar slni intellekt
inteqrasiyasinin misbat tasirini vurgulayir. H. 9lisoy va digarlarinin (2025) geyd etdiyi kimi,
Azarbaycan talabalarinin taxminan 80%-i stni intellekt alatlarinin dil 6yranmasini daha calbedici
eds bilacayi ile razilasir [1]. Eynils, S.i.Sadigova va digarlarinin da (2024) geyd etdiyi kimi, bu
sahada musllimlar miayyan ehtiyatlilig gostersalar da, sUni intellektin sahvlari dagiq
askarlamaqda gucli taraflarini da gabul edirlar [2]. MUallim heyatinin hazirligini talabalarin
gbzlantilari ila uygunlasdirmaq Ucln hadafloanmis pesakar inkisafa ehtiyac olmasina baxmayaraq
bu tapintilar sini intellektdan istifads ticiin perspektivli bir trayektoriya taklif edir. Si-in tagdim
etdiyi Ustlnliklara baxmayarag, onun tatbiginds c¢atinliklar hale de galmagdadir. Texniki
mahdudiyyatlar hall edilmali, Unsiyyatin qarsiligh alagasinin azalmasi riski va texnologiyaya
haddindan artiq etibar da daxil olmagla pedaqgoji narahatliglar balansli bir yanasma talab edir.
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Xarclar va tadris planinin yenidan dizayni kimi institusional manealar strateji planlasdirma va
investisiya da bir problem olarag mévcuddur.

Dovlat tasabbuslari ile dastaklonan (Cavadov va digarlari tarafinden vurgulandigr kimi [3])
Azarbaycanin ragamsal transformasiyaya sadigliyi bu catinliklarin 6hdasindan galmak Ugln
alverisli mahit yaradir. Bu impulsdan istifada etmakla, Azarbaycan universitetlari stini intellektinin
glcli taraflarini insan taliminin avazolunmaz dayari ila birlasdirarak innovativ dil tahsilinda liderlik
eda bilarlar.

Natica olaraqg, sini intellekt universitet dil programlarinda nitg praktikasinda ingilab etmak
Ucln ahamiyyatli potensiala malikdir. DUsUinUlmUs va strateji sakilds tatbiqg edildikds, siini intellekt
alatlari ananavi tadris metodlarini takmillasdira, dyrananlari gliclendirs va talabalari globallasan
dinyaya hazirlaya bilar. Texnologiya inkisaf etmaya davam etdikca, tahsilin insan markazli
dayarlarini goruyub saxlamagla yanasi, siini intellektdan faydalari maksimum daracada artirmaq
Ggcln musallimlar va texnologlar arasinda davamli tadgigat, uygunlasma va dialog vacib olacaqdir.

Tanqidi va inkllziv distnca tarzi ila innovasiyani gabul edan universitetlar, o cimladan
Azarbaycandaki universitetlar, stini intellektdan istifads edarak daha effektiv, calbedici va barabar
dil dyranma tacriibalari yarada bilarlar.
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Xllasa

Bu magqgalada global va Azarbaycan tadgigat perspektivlarina diggat yetirilarak, universitet
saviyyasinda nitq tacribasinin tadrisinds siini intellektin (Si) rolu arasdirilir. Burada mévcud Si
alatlari, onlarin pedaqoji faydalari, tatbiq ¢atinlikleri va galacak perspektivlar tahlil edilir. Tadgigat
gostarir ki, S ila isloayan hallarin fardilasdirilmis ray temin etmakls, talabanin mustaqilliyini
artirmagla va immersiv tacriba muhitlari taklif etmakla dil manimsamasini glclandirir.

Summary
This article examines the role of artificial intelligence (Al) in teaching speech practice at the
university level, with a focus on global and Azerbaijani research perspectives. It analyses current
Al tools, their pedagogical benefits, implementation challenges, and future prospects.
The study demonstrates that Al-powered solutions enhance language acquisition by provi
ding personalised feedback, increasing learner autonomy, and offering immersive practice enviro
nments.

266



«Foundations and Trends in Modern Learning» (June 25-26, 2026). Berlin, Germany

Pesome

B fl@aHHOW CTaTbe paccMaTpMBAETCA POJb MCKYCCTBEHHOMO MHTenneKTa (M) B 0byyeHumm
pe4YeBOM MpPaKTUKe Ha YHMBEPCUTETCKOM YPOBHE, C aKUeHTOM Ha rnobanbHble U
azepbangyKaHCKMe  MccnefoBaTeNbCKME  MepCrneKkTMBbl.  AHANM3MPYOTCA  CyLLecTBylowme
MHCTPYMeHTbI MW, nx neparormyeckme npemmyLLecTsa, npobaemsl BHeAPEHUA 1 NePCNEeKTUBbI Ha
byayuiee.

NccnenoBaHe AEMOHCTPUPYET, YTO peweHMa Ha ocHoBe WA yaydwatoT ycBOeHue
A3blka, NPEeAoCTaBAAA MNEepPCOHANM3UPOBAHHYIO 0DOpPaTHYKO CBA3b, MOBbIWAA ABTOHOMMIO
oby4YatoLmMXca 1 npeanaraa MMMEPCUBHbIE YCIOBUA ANA NPAKTUKM.
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Valideynlarla usaglar arasinda yaranan
Unsiyyat catismazligi ve onun sabablari

ibrahim Hiiseynov Yaqub oglu

Naxcivan Dovlat Universiteti

Salatin Haciyeva Bayali qizi

Psixologiya Uzra falsafa doktoru, dosent, Naxcivan Dovlat Universiteti

Annotasiya

Muasir aila strukturunda valideyn va 6vlad arasindaki (insiyyat sadaca malumat mibadilasi deyil,
usagin sosial-psixoloji inkisafini formalasdiran fundamental mexanizmdir. Lakin son onillikds bas
veran siratli ragamsal transformasiya bu miinasibatlarin tabiatini kokll sakilds dayismis, tarafler
arasinda yeni nov Unsiyyat catismazliglarinin yaranmasina sabab olmusdur. Tagdim olunan
maqgalada valideyn-6vlad Unsiyyatinds yaranan qopugluglar ve bu prosess tasir edan
multidissiplinar faktorlar analiz edilir. Tedgigatin asas fokusu ragamsal asililig, xtsusila da son
dovrlarin global trendi olan gisa video kontentlarin ailadaxili dialoga neqgativ tasirlari Gzarinda
qurulmusdur.

Arasdirma carcivasinda beynalxalg elmi adsbiyyat analiz edilmis va muayyan olunmusdur ki,
usaglarin onlayn icmalara ve ragamsal platformalara olan maragl ailea daxilindaki "psixoloji
movcudlugu" zsifladir. Bundan alava, magalada valideynlarin tatbiq etdiyi "sart sevgi"
kommunikasiya modelinin va bazi sosial tabularin ganc yetkinlards yaratdigl emosional bariyerlar
arasdirilir. Tadgigatin elmi yeniliyi Unsiyyat catismazliginin yalniz texnoloji deyil, ham da sosial-
psixoloji va bioloji manealar kontekstinda kompleks sakilda ala alinmasidir. Natica hissasinda
ailedaxili Unsiyyat bosluglarini aradan galdirmaqg Gglin ragamsal etika gaydalarinin tatbigi ve
emosional intellekta asaslanan dialog modellari taklif olunur. Bu arasdirma muasir aila psixologiyasi
va ragamsal sosiologiya sahasinda calisan mitaxassislar, elaca da valideynlar G¢lin mihim elmi
baza rolunu oynaya bilar.

Acar sozler: valideyn-6vlad (linsiyyati, ragamsal transformasiya, (nsiyyat ¢catismazligi, ragamsal
asilihg, sosial izolyasiya.

GIRIS:

Ails, fardin formalasdigl ilk sosial muhit va camiyyatin temal dasidir. Bu kicik sosial
strukturun daxili dinamikasini tanzimlayan an muhim amil isa valideyn va o6vlad arasindaki
Unsiyyatdir. Effektiv insiyyat sadaca sozlarin mibadilasi deyil, ham da emosional bagin qurulmasi,
dayarlarin otlrtlmasi va usagin 6zUnU tahllikasiz hiss etdiyi bir mihitin yaradilmasidir. Lakin
muasir dinyada bas veran global dayisikliklar aila daxili kommunikasiya modellarini sinaga ¢akir.
XUsusila son onillikde misahida olunan regamsal transformasiya valideyn-6vlad minasibatlarinda
avvallar rast galinmayan "kommunikasiya gqopugluglar" va ya "virtual divarlar" yaratmisdir.
Muasir elmi arasdirmalar gostarir ki, Unsiyyat catismazligl tek tarafli deyil, coxfaktorlu bir
problemdir. Texnoloji taraqqi aile Gzvlarinin eyni fiziki makanda olmasina baxmayaraq, fargli
regamsal diinyalarda yasamasina gatirib ¢ixarir. Masalan, son illarin an boyik ragemsal trendi olan
gisa video kontentlari va bu platformalara yaranan asiliig valideyn-6vlad dialoqunu minimuma
endirir (Bai X., 2025). Bu clr asililiglar usaglarda "psixoloji gericakilma" yaradarag, onlarin real
hayatdaki linsiyyat ehtiyacini virtual platformalarda axtarmasina ssbab olur (Jang J. Y. va Kim Y. C,,
2012).

268



«Foundations and Trends in Modern Learning» (June 25-26, 2026). Berlin, Germany

Problemin digar tarafi isa valideynlarin tatbiq etdiyi Unsiyyat Gslublari ile baghdir. Bir cox hallarda
valideynlar ovladlari Gzarinds nazarati gorumagqg dclin "sart sevgi" kimi taninan avtoritar
kommunikasiya modelina muracist edirlar (Faw M. H. va b., 2019). Bu isa 6vladin valideyna garsi
emosional gapanmasina va naticads aila daxilinda ciddi Unsiyyat bosluglarinin yaranmasina yol
acir. Bundan slave, sosial-madani tabular va miayyan hassas movzularda aciq danismagdan
cokinma tendensiyasi da valideyn-6vlad arasindaki masafani daha da artirir (Wamoyi J. va b.,
2010).

Bu tadgigatin magsadi geyd olunan faktorlari analiz edarak, valideynlarla usaqglar arasinda yaranan
Unsiyyat catismazliginin kokinda duran asas sabablari (za c¢ixarmag vea muasir saraitda bu
problemlarin elmi asasl hall yollarini taklif etmakdir. Unsiyyat bosluglarinin vaxtinda misyyan
edilmamasi usaglarda galacakda "sosial gericakilima" kimi ciddi psixoloji problemlarin yaranma
riskini artirir (Hamasaki Y. va b., 2022). Bu baximdan, moévzunun arasdirilmasi ham akademik
psixologiya, ham da praktiki pedagogika tgin ylksak aktuallig kasb edir.

9SAS Hisso:
Unsiyyat ¢catismazliginin ragemsal sabablari.

Muasir dovrda ragemsal texnologiyalar ailanin giindslik hayatina o gadar darindan niifuz
etmisdir ki, artig valideyn-6vlad munasibatlarini bu amildan kanarda tasavvir etmak qeyri-
muimkindar. 9gar avvalki nasillar Gglin Unsiyyat catismazligl asasan cografi masafalar va ya zaman
darhgrilaizah olunurdusa, hazirda problem "ragamsal kélga" fenomenina gevrilmisdir. Eyni damin
altinda yasayan aile Gzvlsri arasinda fiziki yaxinligin olmasina baxmayarag, har bir fardin 6z
regamsal cihazina gapanmasi, ailadaxili emosional va intellektual mibadilani arxa plana kecirir.
Ragamsal transformasiyanin gatirdiyi bu yeni reallig, xUsusila ganc naslin Unsiyyst vardislarini
kokindan dayisdirmisdir. Aparilan tadgigatlar gostarir ki, texnoloji vasitalar tarafler arasinda
sadaca bir aylanca vasitasi deyil, ham da ciddi bir "lnsiyyat baryeri" funksiyasini yerina yetirir (Bai
X., 2025). Bu fasilde biz ragemsal dinyanin yaratdigi asililiglarin, onlayn icmalarin usaq
psixologiyasina tasirinin va valideynlarin texnoloji proseslera adaptasiya daracasinin aila
Unsiyyatinda neca qopugluglar yaratdigini elmi baximdan analiz edacayik. XUsusila vurgulanmalidir
ki, bu gopugluglar tasadifi deyil; onlar cox vaxt usaglarin aile mihitinda tapmadiglari sosial 6ztna-
effektivlik hissini virtual dinyada axtarmalarinin bir naticasidir (Jang J. Y. va Kim Y. C., 2012).
Belalikla, ragamsal faktorlari tahlil edarkan onlari sadaca texniki cihazlarin istifadasi kimi deyil, aila
daxilindaki emosional bosluglarin bir simptomu kimi giymatlandirmak zaruridir.

Son illarda TikTok, Instagram Reels va YouTube Shorts kimi platformalarin siratli yiksalisi,
ganclarin informasiya gabulu vardislarini kokli sakilde transformasiyaya ugratmisdir. Bu
platformalarin tagdim etdiyi "qisa video" formati, istifadagini minimum zaman kasiyinda
maksimum emosional stimulla tamin etmak Uzarinda qurulmusdur. Lakin bu regamsal yenilik aila
daxili insiyyat mexanizmlari U¢ln ciddi bir tahdida ¢evrilmisdir.

Aparilan son tadgiqatlar gdstarir ki, qisa video asililig ila valideyn-6vlad (nsiyyati arasinda tars
mitanasiblik movcuddur (Bai X., 2025). Bu asililig "dopamin dovri" adlanan neyropsixoloji bir
prosesi tatiklayir: usag har yeni videoda suratli hazz alir va bu, real hayatdaki yavas, ardicil va
emosional darinlik talab edan sohbatlari darixdirici hala gatirir. Naticads, valideynin dvladi ila
gurmaga calisdigl dialog cox vaxt usagin diggatini smartfondan ayira bilmamasi sababindan
ugursuzlugla naticalanir. Bai (2025) geyd edir ki, normal video istifadasi lnsiyyata birbasa manfi
tasir gdstarmasa da, bu vardis asililig saviyyasina c¢atdigda valideynlarla aparilan qgarsiliglh
interaksiyanin keyfiyyati kaskin sakilds asagi dusir.

Problem takca zaman itkisi ila bitmir; burada "diggatin parcalanmasi" faktoru da mihim rol
oynayir. Qisa videolarin yaratdigi yiksak stimulyasiya fonunda usaglar valideynlarinin nasihatlarini
va ya gundalik suallarini "fon sas-ktyd" kimi gabul etmaya baslayirlar. Bu vaziyyst valideynlards
anlasilamamagq va kanarlasdiriima hissi yaradir, usaglarda isa ragemsal diinyaya "emosional gacis"
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ehtiyacini artirir. Belalikla, gisa video asililigl aile Uzvlari arasinda sadaca texniki bir manea deyil,
ham da kecilmasi ¢atin olan psixoloji bir ucurum yaradir. Bu asililig usagin 6ztnuifads ehtiyacini
aile muhitindan tamamila virtual mihita transfer etmasina sarait yaradir ki, bu da galacakda aila
baglarinin tamamila qgirilmasi riskini dasiyir.

Ragamsal dinyanin aila daxili Unsiyyata tasiri takca texniki asiliigla mahdudlasmir; bu
proses ham da darin psixoloji ehtiyaclarin virtual makana transfer olunmasi ila xarakteriza olunur.
Bir cox hallarda usaglar ve yeniyetmalar valideynlari ila qura bilmadiklari emosional bagi va tapa
bilmadiklari "anlasiima" hissini onlayn icmalarda axtarirlar. Bu vaziyyat elmi adabiyyatda internetin
bir "virtual siginacaq" funksiyasi dasimasi kimi giymatlandirilir.

Aparilan tadgiqatlar gostarir ki, valideyn-6vlad Unsiyyatinin keyfiyyati usagin onlayn icmalardaki
davranis modelina birbasa tasir edir (Jang J. Y. va Kim Y. C., 2012). 9gar aile daxilinda Unsiyyat
birtarafli, avtoritar va ya emosional cahatdan soyuqdursa, usaq 6z "sosial 6ziina-effektivlik" hissini
internet Uzarindaki anonim va ya yari-anonim qruplarda barpa etmaya c¢alisir. Yani, real hayatda
0zUnU ifads etmakda ¢atinlik gakan, valideyni tarafindan dinlenilmadiyini hiss edan fard, onlayn
platformalarda daha aktiv, daha casaratli va daha interaktiv olur. Lakin bu "virtual casarat" ails
daxilindaki Gnsiyyat boslugunu daha da darinlasdirir; ¢clinki usaq artiq 6z problemlarini va sevincini
ailasi ila deyil, regamsal diinyadaki "yadlarla" bolismaya Ustlnlik verir.

Bundan alava, internet Gzarinda qurulan interaktiv kommunikasiya usaqda ailadan mustaqil bir
"alternativ saxsiyyat" formalasdirir. Bu alternativ diinya valideynlar ticlin tamamila gapali galdigda,
toraflor arasinda "malumat asimmetriyasi" yaranir. Valideyn ovladinin daxili dinyasindan,
maraglarindan va narahatliglarindan xabarsiz qalir ki, bu da bir middst sonra usagin ails
muhitindan tamamila emosional tacrid olunmasina va yalniz onlayn mihitds 6zinG "evdaki kimi"
hiss etmasina gatirib ¢ixarir. Belalikla, onlayn icmalar sadaca bir Unsiyyat vasitasi deyil, ails
daxilindaki Unsiyyat githgini kompensasiya edan, lakin eyni zamanda aile baglarini zaifladan
ragamsal bir maneaya cevrilir.

Ragamsal texnologiyalar aila daxilina daxil olduqca, valideynlarin bu vasitalardan istifada bacarigl
va yanasma tarzi dnsiyyatin keyfiyyatini miayyan edan asas amillardan birina gevrilir. Problem
ondadir ki, aksar hallarda usaglar "ragamsal yerli"olduglari halda, valideynlar bu dilnyaya
sonradan daxil olan "ragamsal muhacirlar" rolundadirlar. Bu farq taraflar arasinda ham texniki,
ham da emosional bir ugurum yaradir.

Aparilan tadqigatlar gdstarir ki, valideynlarin iKT (informasiya-Kommunikasiya Texnologiyalari)
vasitalarindan istifade formasi usagin yasina gora ciddi sakilde dayisir (Rudi J. va b., 2015).
Masalan, kicik yasl usaglarin valideynlari texnologiyadan daha cox Oyradici va ya birga aylanca
vasitasi kimi istifada etdiklari halda (Tarasuik J. va Kaufman J., 2017), usaqg boyudikca bu vasitalar
nazarat va ya sadaca qisa malumat mibadilasi (masalan, "hardasan?", "na vaxt galirsan?") alatina
cevrilir. Bu kecid aila daxili emosional dialoqun "texniki mesajlasma" ila avazlanmasina sabab olur
ki, bu da usaqgda valideynin onun daxili diinyasi ila deyil, yalniz zahiri harakatlari il maraglandigi
toasslratini yaradir.

Bundan basqa, valideynlarin texnoloji savadhliginin asagi olmasi va ya usagin onlayn faaliyyatlarina
"bos vaxt itkisi" kimi baxmasi ciddi bir "anlasiimazliq baryeri" formalasdirir. Valideyn 6vladinin
ragamsal maraglarini ciddiye almadigda, usag 6zUni{ dayarsiz hiss edir va emosional gapanma
yasayir. Bu disbalans taraflar arasinda ortag movzularin tkenmasina va naticada lnsiyyatin yalniz
zaruri maisat masalalari ilo mahdudlasmasina gatirib ¢ixarir. Belalikls, valideynlarin ragamsal
dinyaya adaptasiya ola bilmamasi, onlari évladlarinin realligindan uzaqglasdiran asas faktorlardan
biri kimi ¢ixis edir.

Unsiyyat catismazliginin psixoloji va davranissal bariyerlari.

Valideyn-ovlad minasibatlarinda Unsiyyat qgopuglugu sadaca texnoloji vasitalarin
midaxilasi ila bitmir; bu problemin kokiinda ham da darin psixoloji konstruktlar va nasillar arasi
davranis fargliliklari dayanir. 9gar regemsal faktorlar Unsiyyati "zahiri" tarafden mahdudlasdirirsa,
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psixoloji baryerlar bu Unsiyyatin "daxili" keyfiyyatini va emosional darinliyini zadalayir. Aila daxili
iyerarxiya, valideynlik Gslublari va fardlarin emosional ehtiyaclarinin garsilanmamasi taraflar
arasinda "psixoloji masafa" yaradir ki, bu da ¢ox vaxt reqamsal asililigdan daha agir naticalara yol
agir.

Bu fasilda biz Unsiyyst catismazligini tetikleyen fundamental psixoloji faktorlari analiz edacayik.
Tadgigatlar gdstarir ki, valideynlarin 6vladlari ile qurdugu kommunikasiyanin tonu ve formasi
usagin ozlnuifada cesarstine birbasa tasir edir. XUsusila "sart sevgi" kimi taninan, intizami
emosional dastakdan Ustin tutan yanasmalar évladlarda valideyna garsl "emosional gapanma"
yaradir (Faw M. H. va b., 2019). Bundan alavs, aila daxilinda bazi mévzularin tabulasdiriimasi va ya
"ayib" hesab edilarak mizakiradan kanar tutulmasi, usaqglari 6z daxili dinyalarini gizlstmaya sévq
edir (Wamoyi J. va b., 2010).

Psixoloji baryerlarin an ekstremal naticalarindan biri da fardin camiyyatdan va ailadan tamamils
tacrid olunmasi — "hikikomori" fenomenidir. Aila daxilinda effektiv kommunikasiya kanallarinin
baglanmasi usagda "anlasilmama" gorxusunu xroniki hala gatirir va onu 6z virtual siginacagina
habs edir (Hamasaki Y. va b., 2022). Belalikls, bu fasil ¢argivasinda valideynlik modellarinin, sosial-
madani tabularin va emosional baryerlarin Unsiyyat bosluglarini neca gidalandirdigini elmi
prizmadan tahlil edarak, problemin psixoloji arxitekturasini ortaya qoyacagiqg.

Valideyn-ovlad Unsiyyatinds an bdylk psixoloji bariyerlardan biri aila daxili intizamin
gurulma formasidir. Bir cox valideynlar ovladlarini galacak hayatin ¢atinliklarine hazirlamag,
onlarda masuliyyat hissini artirmag magsadile "sart sevgi" adlanan kommunikasiya modelina
UstinlUk verirlar. Bu model daxilinda valideyn emosional yaxinligdan daha cox gaydalara, sart
intizama va usagin nailiyyatlarina fokuslanir. Lakin elmi arasdirmalar gdstarir ki, bu clr yanasma
aksar hallarda gozlanilan misbat naticani vermir, aksins, taraflar arasinda "emosional sarsinti" va
Unsiyyat gopuglugu yaradir.

Aparilan tadgiqatlar (Faw M. H. va b., 2019) stbut edir ki, valideyn tarafindan tatbig olunan
haddindan artiq sart va nazaratedici Unsiyyat tarzi usagin valideyna qarsl olan glvan hissini
zadalayir. Usaq 0z sahvlarini, ugursuzluglarini va ya daxili narahathglarini valideyni ila bdlismak
avazing, "tanqgid olunmaqgdan" va ya "muhakima edilmakdan" gorxarag susmaga Ustlnlik verir.
Bu "macburi sikut" zaman kecgdikca xroniki xarakter alir va aila daxilinda dialoqun yerini sadaca
amrlar va hesabatlar tutur. Valideyn ela disundr ki, o, 6vladina diizglin yol gostarir, lakin usaqg bu
prosesi "basa disidlmamak" va "emosional radd edilma" kimi gabul edir.

Bundan alava, avtoritar valideynlik modelinda Unsiyyat birtarafli xarakter dasiyir — yuxaridan
asaglya dogru. Bela bir mihitda boylyan usaglar 6z fikirlarini midafis etmak va ya hisslarini ifada
etmak bacarigindan mahrum olurlar. Faw (2019) geyd edir ki, "sart sevgi" tatbig edan valideynlarin
ovladlari galacekda ham aile daxilinds, ham da camiyyatda Unsiyyat qurmaqgda ¢atinlik ¢akir,
emosional ehtiyaclarini gizlatmaya meyilli olurlar. Belalikls, intizam namina qurban verilan
emosional yaxinlig, valideyn va 6vlad arasinda kecilmasi geyri-mimkin olan bir "psixoloji masafa"
yaradir ki, bu da rageamsal asiliigdan daha darin va barpasi ¢atin olan fasadlara yol acr.

Ailadaxili Gnsiyyatin garsisini alan manealar takca fardi psixoloji faktorlarla deyil, ham da
comiyyatin dikte etdiyi sosial-madani normalarla baghdir. Bir cox madaniyyatlards, o cimladan
bizim camiyyatdsa valideyn-ovlad dialoqgunda miayyan mdvzular "tabu" hesab edilir va bu
movzularin mizakirasi ham valideyn, ham da 6vlad Ugln bir ndv narahatliq yaradir. Bu vaziyyat
elmi dilde "kommunikasiya c¢atinliklari" adlandirilsa da, aslinds bu, aila daxilinds "susmaq"
madaniyyatinin kdk salmasina sabab olur.

Tadqigatlar gostarir ki, xUsusila ganc yetkinlar va yeniyetmalar 6z saxsi saglamliglari, emosional
sarsintilari va ya cinsi inkisaf proseslari barada valideynlari ila danismaqgdan ¢akinirlar (Wamoyi J.
va b., 2010). Bu c¢akinmanin kdkinds "ayib" hesab edilmak, valideyn tarafinden muhakima
olunmagq va va taraflar arasindaki "hérmat" ¢argivasini pozmag gorxusu dayanir. Wamoyi (2010)
geyd edir ki, valideynlar cox vaxt ovladlari ile bu hassas movzularda neca danisacaglarini bilmirlar
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va ya bu movzulari "malumat boslugu" saklinda saxlamaga Ustlnlik verirlar. Naticada usaq 6z
suallarina cavabi ailasindan deyil, reqgamsal diinyadan va ya hamyasidlarindan axtarmali olur ki, bu
da cox vaxt yanlis va zararli informasiya gabuluna yol acir.

Bu tabular ailadaxili etibar mihitini zaifladan asas amildir. Unsiyyatdaki "gapali zonalar" artdiqca,
taraflar arasindaki Umumi dialog da rasmi va sathi xarakter almaga baslayir. Usaqg mihidm bir
problemi oldugda valideynine muraciat etmak yerina, susmagl ve ya bu problemi virtual
siginacaqglarda bolismayi daha tahlikasiz hesab edir. Belalikls, sosial tabular valideyn-6vlad
arasinda sadaca bir movzu atrafinda deyil, bitévlikdse emosional yaxinliq saviyyasinda ciddi
catismazlig yaradir. Bu baryerlarin girilmasi Ugtn aila daxilinds agiqg kommunikasiya modelinin va
garsiligl empatiyanin inkisaf etdirilmasi vacibdir.

Unsiyyat catismazliginin va psixoloji bariyerlarin an ekstremal va patoloji naticasi fardin
ham ailadan, ham da camiyystdan tamamils tacrid olunmasidir. Muasir elmi adabiyyatda bu
fenomen "hikikomori" olaraq adlandirilir. 9vvallar yalniz miayyan cografiyalar Gglin xarakterik
hesab edilan bu vaziyyat, artig reagemsal transformasiyanin tasiri ile global bir problemas
cevrilmisdir. Aila daxilinda effektiv kommunikasiya kanallarinin tamamila gapanmasi usaqda
"anlagilmama" va "sosial ugursuzlug" gorxusunu xroniki hala gatirarak onu 6z fiziki va virtual
siginacagina habs edir.

Aparilan tadgigatlar gostarir ki, sosial gerigakilma birdan-bira bas vermir; bu, uzunmuddatli
ailadaxili yabancilasmanin kulminasiya noqgtasidir (Hamasaki Y. va b., 2022). Valideynlari ila
emosional baglari girilmis, evda 6zUni "yad" kimi hiss edan ganclar Uc¢lin 6z otaglari va ragamsal
cihazlar yegana tahlikasiz zona hesab olunur. Bu vaziyystda (nsiyyat catismazligl artig bir
"susqunlug" marhalasindan cixarag, tam bir "fiziki va emosional yoxlug" marhalasina kegir.
Hamasaki (2022) geyd edir ki, aila Uzvlarinin usagin bu vaziyyatini "tanballik" va ya "sadaca oyun
maragl" kimi giymatlendirmasi problemi daha da darinlasdirir va fardin geri donus yollarini
baglayir.

Ailadaxili yabancilasma prosesinda tarafler bir-birinin hayatindan o gadar uzaglasirlar ki, eyni
makanda yasasalar da, bir-birinin emosional vaziyyatindan xabarsiz olurlar. Bu, usagin 6zinu aila
strukturunun bir hissasi kimi deyil, sadaca o evda yasayan "kirayanisin" kimi hiss etmasina gatirib
cixarir. Bela bir mihitda boylyan va ya yasayan fard Ugln virtual dinya real dinyadan daha
"gercak" va daha "manali" gérinmaya baslayir. Naticads, Unsiyyat gopuglugu sadaca bir dialoqg
problemi olmagdan ¢ixib, fardin saxsiyyat butovlliylind va sosial hayatini tahdid edan ciddi bir
psixoloji bohrana gevrilir.

NOTICO:

Ailadaxili Unsiyyat mexanizmlarinin tahlili gostarir ki, biz hazirda baseariyyat tarixinde misli
gdrinmamis bir "kommunikasiya paradoksu" doévrini yasayirig. Bir tarafdan texnoloji vasitaler
biza saniyalar icinda dlnyanin istanilan nogtasi ila alagsa qurmaq imkani verir, digar tarafdan isa
eyni evin icinda yasayan valideyn va dvlad arasinda kecilmasi ¢atin olan "slkut divarlan" ucaldir.
Bu tadqgigatin gedisatinda aydin olmusdur ki, valideyn-6vlad Unsiyystindaki qopugluglar sadaca
texnikanin gatirdiyi bir fasad deyil, ham da illardir yigilib galan emosional bosluglarin ragamsal
dinyada tazahtradur.

Ragamsal transformasiyanin, xtsusila da gisa video kontentlarinin (Bai X., 2025) yaratdigi "stratli
hazz" madaniyyati, aile daxilindaki "yavas ve darin" sdhbatlari raqgabatdan kanar goymusdur.
Usaglarin onlayn icmalara siginaraq orada oOzlarina "virtual aild" ve "alternativ saxsiyyat"
axtarmalari (JangJ. Y. va Kim Y. C., 2012) aslinda real hayatdaki emosional acligin bir gostaricisidir.
Lakin problemin kéki takca texnologiyada deyil, ham da valideynlik modellarinin muasir dévrin
talablari ila toggusmasindadir. "Sart sevgi" yanasmasi va sosial-madani tabular (Wamoyi J. va b,
2010; Faw M. H. va b., 2019) Unsiyyati resmilasdirir, ovladin daxili diinyasini valideyn tciin "gapall
zonaya" cevirir.
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Tadgigatin an sarsidici ganaati budur ki, Unsiyyatsizlik fardi tadrican "hikikomori" vaziyyatina va
aila daxilinda "kirayanisin" statusuna strtklayir (Hamasaki Y. va b., 2022). Bu isa sadaca bir ailanin
problemi deyil, galacakda emosional intellekti asagl olan, sosial tacriddan aziyyat ¢akan bir naslin
formalasmasi demakdir.

Bdtln bunlari nazars alaraqg, problemin halli iciin sadaca texnoloji mahdudiyyatlar kifayat deyil.
9sl hall — valideynlarin "ragamsal savadliligi" ila yanasi, "emosional savadliiginin" artiriilmasindan,
aile daxilinda har bir fardin 6zinl dayarli va anlasiimis hiss etdiyi "acig dialog platformasinin”
gurulmasindan kecir. Aila daxilinds regemsal etika gaydalarinin tatbiqi vo demokratik Unsiyyat
modelina kecid bu gopugluglari aradan galdiran an effektli korpiddr. Yekun olaraq vurgulanmalidir
ki, texnologiya bir alatdir, lakin Unsiyyat bir ruhdur; ruhun gorunmadigl yerda alatlar sadaca

baryera cevrilir.
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Abstract: The concept of emotional intelligece is a highly complex phenomenon, and scientists
have extensively studied it, developing various approaches, but have yet to reach a consensus
(Altunbas, 2018). Emotional development begins at birth, accelerates particularly in early
childhood, and continues throughout a person's life. Emotional intelligence, defined as the ability
to understand oneself and also expressed as the ability to understand others (Atkinson RL.,
Atkinson RC., and Hilgard, 1995), consists of four sub-dimensions. Subjective well-being is defined
as an individual's satisfaction with their life, awareness of their potential, recognition of their
strengths, and ability to look at life positively. Self-control is defined as an individual's ability to
control their emotional states, make decisions in the face of situations encountered in life, and
change their decisions when necessary. Emotionality is defined as an individual's ability to
distinguish between the emotions and feelings they experience, to show their emotions towards
the people around them, and to establish good relationships with them. Sociability refers to the
ability to interact with people around you, influence their emotions, defend yourself, and take a
stance in conflicts and disputes. It is known that emotions and emotional intelligence are quite
important for individuals, and that they are extremely important, especially during adolescence
and for developmental characteristics. During this period, adolescents experience physical and
emotional development. Along with these changes, they go through a significant process of
maturing both sexually and psychosocially, gaining autonomy, identity awareness, and becoming
socially productive. Furthermore, for adolescents, this period is a time when, in addition to
cognitive development, they develop identity characteristics, demonstrate psychological and
social development, and become ready for adulthood (Derman, 2008). Adolescents prefer to act
independently and be alone rather than spending time with their families. It is thought that
adolescents who distance themselves from their families increase their communication and
interaction with their friends, peers, and social environment. It has been observed that
adolescents use technological tools and devices for interaction with their social environment and
peers. The intensive use of technological tools by adolescents for communication has also brought
about a number of uncontrolled use problems. These tools, used uncontrollably by adolescents,
have led to problems such as addiction over time. For adolescents who aim to create a new
identity and self-image in social media and the virtual world by distancing themselves from their
families, self-esteem and emotional intelligence characteristics are influential (Bayraktutan, 2005).
In this respect, the study revealed the relationship between internet addiction in adolescents and
self-esteem and emotional intelligence.

Keywords: social media, emotional intelligence, mental health, youth, awareness

Introduction: Individuals experience one of the most challenging and complex periods of their
lives during adolescence, and during this time they exhibit many different changes in gender,
religion, physical and psychological needs, and consequently, many behavioral characteristics
(Celikkaleli, Gokgalan, and Capri, 2005). In addition to these behavioral changes, individuals
experience developmental problems and a stressful and turbulent period during this time (Dingel,
2006), after which they integrate into society as adults. Considering this period, which has been
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called the individual's second birth, it is emphasized that this period is extremely important in
terms of acquiring the necessary developmental needs (Parman, 1998). On the other hand, self-
esteem, a two-dimensional element consisting of ‘self-love’, which is expressed as the individual’s
ability to define himself subjectively, to see himself as a social being, to value and approve of
himself, and ‘self-efficacy’, which is expressed as the individual’s evaluation of himself as active,
competent and in control, is also quite important (Taforodi and Swann, 1995).

Following the rapid development in communication technologies, technology has begun to occupy
an important place in our daily lives. This situation and the era we are in have come to be called
the age of technology. Today, the use of the internet and smartphones, computers and
information systems have become indispensable parts of our lives. Technology, which aims to
provide people with quick and secure access to information, facilitates communication, and allows
them to spend time in entertainment, has reached every individual and every home unpredictably,
leading to various problems and pathological issues. Among these problems, technology addiction,
internet addiction, and smartphone addiction are prominent, and these problems can cause very
serious psychological and sociological problems in individuals (Kicikvardar and Tingdy, 2018).
For this purpose, a study has been conducted to determine the relationship between emotional
intelligence, self-esteem, and internet addiction.

With the development and widespread use of technology, societal changes have begun to occur.
These societal developments are, of course, related to changes in the family structure.
Widespread technology and internet use lead to estrangement among family members and also
cause problems in their physiological and psychological development (Bayraktutan, 2005).
Research question: Is there any relationship between emotional intelligence and social media and
internet addiction?

Emotional Intelligence: Defined as the sum of abilities an individual should possess in order to be
aware of their own emotions and the emotions of others around them, and to control their
emotions by motivating themselves (Goleman, 2000).

Self-esteem: Positive and negative perceptions of oneself, and the belief that one is adequate,
important, and valuable (Coopersmith, 1967).

Internet addiction: Can be defined as the inability to control the urge to overuse the internet, the
increasing need for more time spent on the internet, the loss of importance of time spent without
the internet, the emergence of extreme irritability, tension, and restlessness when deprived, and
the gradual deterioration of the individual's work, social, and family life (Young, 2004).

In modern world, the number of people who spend most of their time in front of computers,
cannot sleep without their mobile phones, and experience problems and become ill due to these
habits is increasing. The situation these individuals are exposed to is gaming, mobile phone, and
internet addiction (Balci, 2012). The following reasons may also contribute to individuals becoming
so addicted to technology:

> Uncontrolled and excessive use of technological devices;

> Failure to understand or know the importance of the consequences of the behavior exhibited
regarding technology addiction;

> |nability to control curiosity towards technology;

> Being in an environment where addiction is prevalent;

> Boredom resulting from not having much to do;

> Accepting every request from their social environment out of fear of exclusion;

> Turning to Internet Addiction instead of finding solutions to the problems an individual faces
or making an effort to solve them;

> Not being aware of one's own potential and not knowing oneself well enough;

> Lack of self-confidence and feeling inadequate in communicating socially;

> Trying to correct failures in daily life through the virtual environment;

275



Proceedings of the 13th International Scientific Conference

> |nability of the individual to control their own impulses;

> Anxiety about being excluded from their social environment or not being liked by them;

> Lack of vision or having a pessimistic personality (Balci, 2012).

Many people cannot find what they are looking for in their daily interpersonal relationships and
try to fulfill this need through the internet (Kraut et al., 1998). It is stated that individuals who want
to satisfy these unmet needs through the internet and those who cannot achieve the desired
satisfaction may experience a severe withdrawal situation (Esen, 2010). When internet addiction
is considered from a psychological perspective, individuals exposed to this situation develop an
uncontrollable desire to connect to the internet, view the time spent without the internet as
unimportant, tend to show anger and irritability when deprived of the internet, and continue
excessive internet use despite a progressively worsening of their social life (Ulgen, 2014).
Withdrawal symptoms such as irritability, loss of willpower or a tendency to overuse willpower,
easy anger, isolation from life, and resorting to quick lies can be observed in individuals addicted
to any substance (Alagcam, 2012).

Emotional intelligence is the ability of an individual to perceive, recognize, direct, and manage
their own emotions and the emotions of others around them (Acar, 2001).

From an individual perspective, emotional intelligence is a type of intelligence that mediates in
individuals achieving their desired goals, obtaining life satisfaction, developing problem-solving
skills, managing their mental and physical potential, managing reciprocal social relationships,
having a vision, making conscious choices, and reflecting their life energy constructively and
positively into their lives (Erdogdu, 2008). Furthermore, it is observed that the internet, which has
encompassed every aspect of our lives, has facilitated, diversified, and improved our lives.
However, excessive internet use has been evaluated as an addiction based on diagnostic criteria
such as causing constant mental preoccupation in the individual, inability to make plans according
to the time available, and, when usage continues at an increasing level, the individual cannot
control it, experiences withdrawal symptoms, their effectiveness is impaired, and they may see it
as a place where they can escape from the problems they face or may face (Young and Rodgers,
1998).

In the study, the relationships between adolescents' self-esteem, emotional intelligence and its
sub-dimensions, and internet addiction was examined. It was found that adolescents' self-esteem
has a significant positive correlation with emotional intelligence and all its sub-dimensions, and a
significant negative correlation with internet addiction. Based on this, it can be mentioned that as
adolescents' self-esteem increases, their levels of emotional intelligence and its sub-dimensions—
well-being, self-control, emotionality, sociability, and internet addiction—will also increase;
however, as adolescents' internet addiction increases, their self-esteem, emotional intelligence,
and its sub-dimensions—self-control, emotionality, sociability, and well-being—will decrease. It is
believed that this situation stems from the increase in adolescents' self-esteem, their ability to
understand life better, their better understanding of themselves and their surroundings, and their
ability to put themselves in the place of others, thus increasing their emotional intelligence.
Otherwise, internet addiction can lead to an inability to better understand themselves and the
people around them, and consequently, the level of internet addiction among adolescents may
increase.

Recommendation: In order for emotional intelligence to be integrated into education, educators
also need to be trained. It is considered beneficial for teachers and administrators to also undergo
this training. It is thought that providing necessary guidance to students in the risk group,
especially adolescents, through preventive measures within the triangle of individual, school, and
family would be beneficial. While technology and internet use bring convenience to people's lives,
they can also lead to isolation, especially for children and adolescents in their developmental
stages, as they prepare them for social life. For this reason, it is considered beneficial to hold
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conferences by expert psychologists and scientists, including student parents, to raise awareness
of the negative consequences that the internet can bring.
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SOCIOLOGY OF DISNEY , AND SOCIOLOGY
OF GENDER : NEW MODELS OF YOUNG
FEMININITIES , AND YOUNG
MASCULINITIES IN DISNEY MOVIES, IN
RELATION TO ANIMATED DISNEY ANIMALS

Musi¢ Lejla
Sarajevo University, Bosnia and Herzegovina

Abstract

"Contemporary research on girlhood has shown that there are different ways of being a girl. There
are multiple ways of living femininity and identifying with femininity" (Kehily 2007: 35).
Postfeminist masculinities, accordingly, are developing inside the feminist idea of gender roles
division, and become a progressive, and new Disney model of masculinities( Macaluso 2018:1-
4). Young Femininity in Disney animated movies, are influenced by waves of feminism, there are
differences between the roles of Disney's female characters, from the 1937s onwards, compared
to its contemporary heroines (Merida, Mulan, Moana). The idea of femininity as Disney's
transfixion into feminism, in the era of post-feminism, influences gender equality to become
representative in the media. Sociology of Disney, as one of the new sub disciplines in sociology,
with Sociology of Disney animated movies, Sociology of Disney parks, with the Disneyization of
Sociology, is useful strategy of analysis the gender role, and the socialisation, with the Animal
Sociology analysis of animated Disney animals, for the Sociology of gender classes.

Key terms: Sociology of Disney, Sociology of Gender, Animal Sociology, Disney’s models of
masculinities, Disney Princesses, Disney Animalities/Disney Animated Animals, Femina Cartoonica

INTRODUCTION

Young femininities and masculinity :Disneyification, as a sociological concept, investigates the
influence of Walt Disney Company products, on the environment, and identities. Developing the
professional Disney princesses, and heroines, and princes/heroes, influenced celebration of their
brand, in the Disney Parks, worldwide. Sociology of Food( Musi¢, 2025) and the food production,
from the multicultural standpoint, in opening the restaurants, in the Disney parks, that offer the
multinational food variety, that Disney animated characters eat, influenced the advancement of
the interdisciplinary of research in the field. Postfeminist masculinities, accordingly, are
developing inside the feminist idea of gender roles division, and become a progressive, and new
Disney model of masculinities( Macaluso 2018:1-4), and

"Contemporary research on girlhood has shown that there are different ways of being a girl. There
are multiple ways of living femininity and identifying with femininity" (Kehily 2007: 35).

278



«Foundations and Trends in Modern Learning» (June 25-26, 2026). Berlin, Germany I

Sociology of Animals/Animal Sociology(Musi¢ , 2025) as a sub discipline of sociology, has been
founded in 1970-ties. Disney imaginary involves plurality of nationality, and variety of animal
species found all over the world. Early and new animated Disney princess involve appearances of
animalities, or transformation human-animal, raging from crocodiles, dragons, lions, sharks, to
small, and domestic animals. Animals are especially celebrated animation inside the songs, in the
Disney animated movies. Dragons, and crocodiles are present inside the animated Disney movies,
in all of the evolution of the princesses periods, from Maleficent, Tarzan and Jane, Frog princess,
to Mulan, and Raja.

EMPIRICAL RESEARCH

Empirical Research on Disney new masculinity and femininities vs.an old ones, was conducted
during the May, 2025, Summer Semester, at Faculty of Political Sciences, inside the Sociology of
Gender | classes, at the Department of Sociology, at Sarajevo University, Faculty of Political
Sciences Sarajevo, with the discussion of the questions.

Question 1.Feminism, and Disney

Do Disney's animated young femininity promote an emancipated feminist model of femininity?
YES NO

All of the students, 100%, responded positively, Disney's animated young femininity promote an
emancipated feminist model of femininity.

Question 2. Masculinities and Disney: new masculinities

Do Disney's animated young masculinity promote an emancipated masculine model?

A)YES B)NO

Do Disney's animated.young masculinity promote an
emancipated masculine model?

Graph 1. Do Disney's animated young masculinity promote an emancipated masculine model?
Question 3. Disney and Animality

On the questions about the depiction of the animality inside the new Disney princesses, and the

reappearance of the same animality, the students did not show more interest, than onto the young
femininities, and masculinities. Students of both genders, showed the highest interest into
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answering the questions, exclusively about young Disney animated princesses. ( Photo 1. Disney,
Zootropola, https://share.google/7ecNNg2hgoAL9Cbr0)

Question 4.Which Disney young femininity, in your opinion, best portrays young femininity of the
modern era?

Graph 2. The best portrayal of the new young femininities

The best portrayal of the new young femininities, for the 50% of the students, is formed in the
Raja.
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d

n Raja and the Dragon

CONCLUSION

The research results, on the theme of new/old animated Disney, displayed that there is extremely
higher interest in the animated princesses, characters occupations and roles, than in the Disney
animated masculinities. The opinions on the importance of the new Disney animated princess is
that 100% of students confirmed that Disney's animated young femininities, and Disney animated
masculinities, do promote an emancipated feminist model of femininity, and emancipated model
of masculinities. Feminism, Femina Cartoonica(2021, 2024) and empowering of the women, and
girls, with the emphasis on the evolution, of gender role of women, in creating new Disney young
femininities, with the new professional occupation, and breaking the obstacles of discrimination,
inside the occupation, traditional, entitled as male only occupations.
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BU3Hec-KOYYMHT KaK 3PPEKTMBHbIN
MHCTPYMEHT Pa3BUTUA COTPYAHNKOB B
KoMMaHunAx Ka3axcTaHa: CpaBHUTENbHbIN
aHanu3, JoBepue N NHCTUTYUMOHAIbHAA
OMHAMMKA

M6biwesa LWonnaH
noKkTopaHT DBA, Bbiclias wKona bmusHeca «Hapxo3», r. Anmatsbl, Pecnybanka KasaxcTtaH

AHHOTaUuA

B ycnoBmaAx MaKpO3KOHOMMYECKOM TypOYyNeHTHOCTM M nepexoda K 3KOHOMMKE 3HaHWM
4yeNoBeYECKMIM KanuTal CTaHOBMTCA KAtOYEBbLIM GAaKTOPOM KOHKYPEHTOCNOCOBHOCTM KOMNaHui. B
CTaTbe Ha OCHOBE TeopeTuyeckoro ob63opa M BTOPUYHOrO aHafM3a MeXAyHapoAHbIX AAHHbIX
paccmaTpuBaeTca OM3HEC-KOYUMHT KaK CTpaTerMyeckmii MHCTPYMEHT ynpaBaeHnsa NepcoHa oM Ha
npeanpuatmax Pecnybnmkm KasaxctaH. MeTozonorva BKAOYAeT HayKOMETPWUYECKM aHanm3
ny6AMKaUMOHHOM aKTMBHOCTM no 6a3e Scopus (cpaBHeHue rnob6anbHOM WM Ka3axCTaHCKOM
nccnenoBaTeNbCKMX  MOBECTOK), CUCTEMATU3AUMIO  MEXAYyHapoAHbIX OTYETOB O BO3BpaTe
nHBeCcTMUMA B KoyumHr (International Coaching Federation, McGovern et al., MetrixGlobal) n
aHaNM3  MHCTUTYLMOHANbHOM  CneuMPUMKM  Ka3axCTaHCKOro  pblHKa. ChopmynnpoBaHa U
onepaumoHanmM3nMpoBaHa KOHUenumA «rmbpuaHoro nosepusy, obbeanHAoWan
MHCTUTYLMOHANbHBIA U MEXINYHOCTHBIA yPOBHW. [lOKa3aHO, 4TO MNPAMOE 3aMMCTBOBaHMWeE
3aMaZHbIX KOYYMHTOBbIX MOJeNei B YCNOBMAX MOCTCOBETCKOM «MNpe3ymnuum HeaoBepua»
HesbPeKTUBHO, a ycnewHas MMNAeMeHTaumna TpebyeT pPa3BUTUA BHYTPEHHUX MeHeaKepoBs-
Koyyelr, MUKpO-GOpPMaTOB B3aMMOAENCTBUA U MHTerpaumm umoposbix HR-MHCTpymeHTOB. CTaTbA
HOCUT 0030PHO-aHANIUTUYECKMI XapaKTep W  3aKNablBaeT TEOPeTMYECKytd pamKky A4Ad
nocneayowmx SMNUPUYECKMX UCCNe0BAHNN Ka3aXCTAaHCKOro pPblHKa.

Kntoyesvie cnosa: BU3HEC-KOYYMHT, YNpaBieHNe NepcoHaoM, CPAaBHUTENbHbIN aHanm3,
rmbpuaHoe aosepue, ROI KoyumHra, soft skills, manbin n cpeaHnin 6GusHec, Pecnybnmka KasaxcraH,
undbposmusauma HR, BANI-cpeaa.

1. BBeaeHMe 1 MaKPOIKOHOMUYECKUI KOHTEKCT

CoBpemeHHas rnobanbHan 9KOHOMMKA XapaKTepmayeTcs becnpeueneHTHOM
HeCTabMIbHOCTLIO M TYPOYNEHTHOCTLIO, ONMncbiBaemMol KoHuenunet BANI-mupa (Brittle, Anxious,
Non-linear, Incomprehensible), npuweaweit Ha cmeHy mogenn VUCA (Cascio, 2020). 31a cpeaa
TpebyeT OT KOMMaHui ObICTPOM agantauum U cTpaTerMyeckon rmbkoctn. TpaAMUMOHHbIE
OMPEKTUBHbIE MEeTOAb! YNPaBAEHMA, OCHOBAHHbIE HA KECTKOM KOHTPOJE, MPUBOAAT K CHUMKEHMIO
BOB/IEYEHHOCTM PabOTHMKOB, OrPaHNYEHMIO UX KPEATUBHOCTU U MHULMATUBHOCTW, YTO HEFATUBHO
BAMAET Ha 0DOLLYI0 KOHKYPEeHTOCNocobHoCTb busHeca (Whitmore, 2017). CeroaHs Ha nepBbli NaaH
BbIXOAAT «MATKME» HaBbIKM (soft skills) — KpuTMUyeckoe MbiluneHne, SMOLMOHANbHbIN UHTENNEKT
(EQ), cnocobHOCTb K camoHanpasieHHoMYy obydeHunto M agantaumm (World Economic Forum,
2023).

Ona Pecnybnmkn KasaxctaH 3Tm rnobanbHble TEHAEHUMM HAKNAAbIBAOTCA HA MPOLECCHI
3KOHOMMYECKOoM TpaHCchopMauymm 1 nocneactsma naHaemmmn COVID-19. Mo aaHHbIM BcemmpHoro
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6aHKa, B 2020 roay peanbHbl BBl cTpaHbl COKpaTmaca Ha 2,5% — aT10 camoe rnybokoe nageHune
CO BpeMéH mMMpoBoro durHaHcoBoro Kpmamca 2008—2009 ropos (World Bank, 2020). Kpusuc
NPMBEN K BbICBODOXKAEHMIO paboyein cuabl U NepecmMoTpy CTpaTernii ynpaBaeHWsa NepcoHaaoM.
[na npeofoneHna ero NoCAeAcCTBMIA TOCYAapPCTBO CAENAN0 CTPATErnYecKyto CTaBKy Ha Masblid U1
cpeaHuin 6usHec (MCB): no pgaHHbIM BOPO HaUMOHANbHOW CTAaTUCTUMKKU, Ha cohepy MCHM
npuxoamTtca 43,6% 3KOHOMUYECKM aKTMBHOIO HaceneHua cTpaHbl, a Aonsa MCI 8 BBl no ntoram
2022 ropa cocTtaBuna 36,5% (btopo HaumoHanbHoW ctatucTnki ACMP PK, 2023). PeanusytoTcs
rocyZapCTBEHHbIE MPOrpaMmbl MOAAEPHKKM NpeanpUHMMaTENbCTBA («JopoXKHasa KapTa busHeca»,
«EHOEK», «DKOHOMMKA NPOCTbIX BELLEN»).

B 3T1xX ycnoBuAx BU3HEC-KOYUYMHT CTAHOBUTCA CTpaTErMyeckum aemndepom: oH N03BoNAET
KOMMNaHWAM PacKpblBaTb BHYTPEHHWI NOTEHLMAN COTPYAHUKOB, CHUXKATb CTpecc 1 GpopmMmpoBaTb
afaNTUBHYIO KOPNOPATMBHYIO KyAbTypy 6€3 3HaUMTeNbHbIX MHBECTULMI B TPAANLMOHHbIE GOPMbI
oby4yeHua (International Coaching Federation, 2025).

2. 0630p nnUTEpATYpLI N TEOPETUYECKaA Ba3a KoyuMHra
2.1. 3so0UUA KOHUENYUU

cToKM coBpemeHHOro bruaHec-KoyumHra BocxoaaT K pabotam T. Fonsu, onybanKoBasLIEro
B8 1974 roay kHuUry The Inner Game of Tennis, B KOTOPOW rNaBHbIM NPENATCTBMEM A5 AOCTUKEHNSA
BbICOKMX Pe3y/ibTaTOB Obl Ha3BaH «BHYTPEHHWI COMEPHUK» B CO3HaHMM YenoseKka (Gallwey,
1974). C cepeguHbl 1970-x rofoB METOAO/IOMMA Havana NPUMEHATLCA B KOPNOPaTUBHOM
KOHTEKCTe, a eé dopmanmsauma B ynpasaeHUYeCcKyto napagurmy ceasaHa ¢ Tpygamm k. Yutmopa,
pa3paboTaBwero mogenb GROW B kHure Coaching for Performance (1992), u M. [ayHu,
pa3BuMBaBLlero puaocoPuto napTHEpPckoro Blanmoaerctama (Whitmore, 2017; Downey, 2003).

B akaZemuyeckon nutepatype NpoBOAMTCA YETKAA AEeMapKaLMA KOYYMHIa OT CMEXHbIX
ANCUMNANH. B OTAnYmMe OT HacTaBHMYeCTBa, rae 6onee OnbITHLIM COTPYAHUK NepelaéT roToBble
3HAHWA, KOYYMHT HanpaB/aeH Ha CaMOCTOATEIbHbIM MOWUCK pelleHnit paboTHUKOM U He TpebyeT oT
KOy4a 3KcrnepTHOCTK B NpodeccroHanbHom obnact kaneHTa (International Coaching Federation,
2021). TeopeTnyeckn 3GOEKTUBHbIN KOYYMHI OMMPAeTCA Ha TPU YHUKaNbHbIX KOMMOHEHTa:
CUHepruio  (bopmmpoBaHMe  NAPTHEPCKOM  KOMaHAbl  MEXIAY KOYYEM U KIUEHTOM,
doKycupylolenca Ha Lensx KAMeHTa), CTPyKTypy (obecneyeHne maclitabupoBaHua Lenen u
MPUHATUA OTBETCTBEHHOCTM COTPYAHMKOM); NPodeccMoHaNM3M U 3KCNEPTHOCTb (NpUMeHeHMe
CneumanbHbIX TEXHWUK ANA AOCTUMKEHMA MaKCUMYyMa NPOAYKTUBHOCTHN).

2.2. [logepue Kak chyHOameHm Koy4uHao80l cpedbl: KoHyenuusa «2ubpudHoeo dosepus»

KaTeropma goBepus BbicTynaeT ¢yHAAMEHTaNIbHOM OCHOBOM KOYYMHIOBOM cpeapl.
3anaaHas ynpasjeH4yeckaa Tpaguuma, onupatowasca Ha pabotel Mayer, Davis n Schoorman
(1995), paccmaTpuBaeT AoBepue Yepes Npu3mMy ya3BUMOCTU, PUCKA U KalbKyAATUBHOIO pacyéTa:
[OBEPUTENb CO3HATENbHO MNPUHMMAET PUCK MCXOAA M3  OUEHKM  BnarokenatenbHOCTH,
KOMMNETEHTHOCTU M A0DOPOCOBECTHOCTU APYroi CTOPOHbI. B OTeYecTBEHHOM HayyHOM LWKO/e
(Kynpenuyenko, 2008; LLnxmnpes, 2003) goBepmne KOHLENTYaU3UPYETCA MHaYe — Kak NPOaKTUBHas
LEeHHOCTHO-OPMEHTMPOBAHHAA YCTAHOBKA, MNpegnonaratowas ONTUMWUCTUYHBIA  CUEHapui
B3aMMO4ENCTBUS.

Ona uenei HacToAlWEro wuccnefoBaHWA NpeanaraeTca CUHTETMYECKas KOoHUEenums
rmbpuaHoro aosepua, obbeamHAOWAA ABa YPOBHA. MHCTUTYUMOHANbHbLIA ypOBEHb — 3TO
[oBepue COTPYAHMKA K OpraHM3aLmMmn Kak CUCTEME: K NpoLeaypam HaliMa M OLLEHKM, K MOIUTUKAM
KOHOUAEHUMANbHOCTM, K [OEKNapMpyemMbiM LEHHOCTAM; OH OnepauMoHann3npyeTca 4vepes
MHAOMKATOPbI OpraHM3auMoHHoM cnpaseanmsocTun (procedural wn distributive justice), ypoBeHb
TEKy4yecTM KagpoB M uHAeKCc eNPS. MeXAMYHOCTHbIN YypOoBEHb — 3TO A0BEpUe K
HenocpeaCcTBEHHOMY PYKOBOAMTENID M KOydy; OH OMnepauyoHaNU3MpyeTca Yyepes MHAMKATOPSI
ncuxonormyeckon 6HesonacHocTv KomaHabl (Edmondson, 1999), roToBHOCTb COTPYAHMKA
NOAHMMATb KTPYAHbIE» TEMbI M 4AaCTOTY 3aNPOCOB Ha 0OPATHYHO CBA3b.
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MOPUAHbLIA  XapaKTep [OBepus 03HayaeT, 4YTO paspylweHue OAHOro YPOBHA He
KOMMEHCMPYETCA YCTOMYMBOCTbIO APYroro: AaKe Npu BbICOKOM [0BEPUM K KOydy nporpamma
OKaXXeTcA HeapPeKTUBHOW, €CNU COTPYAHMK He [0BEePAET WMHCTUTYLMOHANbHLIM rapaHTUAM
KoHbOMAeHUManbHoCcTM. WM HaobopoT — dopmanbHble npoueaypbl 6e3  MeXANYHOCTHON
6e30nNacHOCTM BOCMPMHUMAIOTCA KaK OlopokpaTuyeckuii putyan. Takum obpasom, gosepue
BbICTYNAET «K/IEEM», CBA3bIBAIOLLMM CTPATErMYECKMI M ONEPALMOHHbIN YPOBHM YNPaBAEHMA.

2.3. 3muyecKkue ocHosbl 6e3onacHol Koy4yuH2080U cpedbl

MNoapeprkaHme rMbpuaHoro aosepus TpebyeT cobnoaeHMa YETKMX ITUYECKMX HOpPM. B
Tabnnue 1 cuctemaTM3MpoBaHbl Ha3oBble KPUTEPWUK, BbIBOAMMbIE M3 ITUYECKOTO KoAdeKca
MexayHapoaHo deaepauym KOydymHra M MNPUMEHUMbIE K KOPMNOPATMBHOMY KOHTEKCTY

(International Coaching Federation, 2021).
Tabauua 1 — ba3osbie samuyeckue Kpumepuu popmuposaHus bezonacHoli Koy4uHeosoUl cpedbl

Kputepuii XapaKTepucTmKa MprMep NpaKkTUYecKoro
NPUMeEHEeHMn
KoHbuaeHUManbHOCTb ObecneyeHune NoaHOM Koyy He pasrnaliaeT Aetanm

NPMBATHOCTM MHbOPMaLIMK,
obcyK4aemol B Xo4e ceccui

0b6CyKAEHNIN PYKOBOACTBY
6e3 NpAMOro NMCbMeHHOTo
paspeLleHnsa KNNEeHTa;
ncnonbsyeTca obesnmyeHHas
arperMpoBaHHasa OTYETHOCTb

YBarKeHMe K IMYHOCTH

Mpu3HaHMe NHAMBUAYANbHbIX
LeHHOCTeN, ybeaeHW 1
JINYHOCTHbIX KQYecTB KAMeHTa

OTCyTCTBME HaBA3bIBAHMA
Koy4Yem cOBCTBEHHbIX
AVPEKTUBHBIX B3rNA40B U
FOTOBbIX PELIEHNN;
6e30UEeHOYHOCTb BOCMPUATUA

NHbopmmpoBaHHOE cornacme

Mpo3payHoCTb Lenewn,
MEeTO/0B U rpaHuL,
NporpaMmmbl A1A BCEX CTOPOH

[MncbmeHHoe cornalwexune,
duKkenpytowee dopmat
ceccuit, 06 bEM OTYETHOCTU
nepe opraHu3aumen u
yC/IOBMA BbIXOAa M3

NPOrpaMmbl
MpodeccnoHanbHble rpaHnUpl | YeTKoe pasgeneHne Koy4 He BbINoAHAET GYHKLNK
KOYYMHra, ncuxotepanum, HenocpeacTBEHHOrO

MEHTOPUHIa N IMHENHOrO
ynpasaeHus

PYKOBOAMUTENSN KAMEHTA U He
oLeHMBaeT ero paboty ana
uenein KPI

OTcyTCcTBME KOHOAMKTA
MHTEpecos

Mpo3payHOCTb BCEX ponelt 1
0653aTeNbCTB KOoy4a nepes,
opraHuM3aumen u KAMeHTOM

PackpbiTe GUHAHCOBbLIX,
POACTBEHHbIX MK
MepapxmMyeckmnx ceszen 4o
Ha4yana nporpammbl

OTBETCTBEHHOCTb 33
pe3ynbtaTt

CoBMeCTHan OTBETCTBEHHOCTb
Koy4a W KAMeHTa 3a npouecc
NpW COXpaHeHWM aBTOHOMMUM
KAMEeHTa B BbIbOpe peLleHnin

PerynapHblin nepecmoTp
Luenen n dopmata paboTbl;
BO3MOMKHOCTb NPeKpalLeHna
NporpaMmbl No MHMLMATUBE
N6 CTOPOHbI

MpumeyaHue. CocmasneHo asmopom Ha ocHose ICF Code of Ethics (International Coaching

Federation, 2021).
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3. CpaBHUTENbHbIN aHann3: r106anbHbIN OMbIT VS. IOKabHbIE PEaNnK
3.1. Memodornozaus HayKomempu4ecko2o aHau3a

Ona noHMMaHMA cneumduKM HayyHOro AMCKypca O KoyumHre B KasaxcTaHe npoBeaéH
CPABHUTENbHbIN HAayKOMETPMYECKMIM aHann3. VICTOYHMK AaHHbIX — pedepaTnsHaa H6asa Scopus.
Mowuckosblin 3anpoc: TITLE-ABS-KEY ("business coaching" OR "executive coaching" OR "managerial
coaching") AND SUBJAREA ("BUSI" OR "ECON" OR "SOCI"), BpemeHHoM oxBaT — 2015-2024 rr.
FnobanbHaa BblbOpKa BKAYaeT 1 247 nybaMKauWMi, KasaxcTaHcKaa BblibopKa (duabTp
AFFILCOUNTRY: Kazakhstan) — 84 nybnukaumun. KnaccuduKkaumsa no Uenam MccnenoBaHus m
MeTodam nposeJeHa B cooTBeTcTBUM c Tunonornen Tranfield, Denyer u Smart (2003);
KOAMpPOBaHWe BbINOAHEHO ABYMA HE3ABMCMMbIMM 3KCNEPTAMM C NOCNEAYOLMM COrTacoBaHNEM
pacxoxaeHnn. PesynbTaTbl npeacTasneHbl B Tabauuax 2 u 3. CneayeT noAYepKHYTb
orpaHMyeHHocTb BblbopKM no KaszaxctaHy (N = 84), 4yTo He no3BOAAET AenaTb CTPOrmX
CTaTUCTUYEeCKMX 0606ULeHNIM, oaHAaKo 0603HaYaeT yCTONYMBbIE TPEHAbI.
Tabnuya 2 — CpasHumMensHbIl aHAU3 yesnel SKOHOMUYECKUX uccnedosaHull

Lenb nccnenosaHuna

rnobanbHble nccnenoBaHms,
%

MccnepoBaHma B KazaxcTaHe,
%

AHann3 noTeHuUnana

95

84

onpeaenéHHomn coepsl /
oTpacau

AHaNM3 3KOHOMWYECKOTO 2 15
NoTEeHLMaNa CTPaHbI
(MaKpoypoBeHb)
AHaIM3 KOHKPETHOTO 3 1
SKOHOMWYECKOrO MOKa3aTens

MMpumeyaHue. Pacyémsl asmopa no 0aHHbIM Scopus (8bibopka 2015-2024 e2.).

Kak BuaHo n3 Tabauubl 2, B KasaxcTaHe 3Ha4yMTeNbHO Bbille GOKYC Ha pelleHuu
MaKpPO3KOHOMMYECKUX NIOKaNbHbIX 33434 (15% npotnB 2% B mMupe). DTO OTparkaeT MOBECTKY
[OTOHAIOLIEr0 Pas3BMTUA, B KOTOPOM MCCNeaoBaTenM CTPemsaTcs 0H0CHOBATb MaKpPOIpPeKTbl
YNPaBAEHYECKMUX NPAKTUK ANA TOCYAAPCTBEHHbBIX MPOrPaMM.

Tabnuya 3 — CpasHUMenbHbIU AHAs1U3 MemMo008, NpUMeHAEMbIX 8 bU3HEC-UCC1e008aHUAX

MeToa nccnenoBaHMA FnobanbHble nccnenoBaHua, | MiccnenoBaHma B KaszaxcTaHe,
% %

CUHTE3 nccnenoBaHmin 33 12

(research synthesis)

CratmuctmyecKkoe 20 15

MoAennpoBaHne

Onpocbl (survey) 14 14

OnucatenbHaa CTaTUCTUKA 1 23

KombBuHauma onmcaTenbHOM 1 11

CTAaTUCTUKM U

MOAENNPOBAHNS

MeTon Kelnc-cTagm 8 10

Bubnnometpmyeckuin aHanms | 7 1

MpumeyaHue. Pacyémel asmopa no 0aHHbIM Scopus (8eibopka 2015-2024 22.).
3.2. MHmepnpemauyus

[aHHble Tabnuubl 3 CBMAETENbCTBYIOT O TOM, YTO Ka3axCTaHCKas Mcc/ieZoBaTesbCKas
cpena HaxoAmMTCA Ha 3Tane NoKaAn3aumm 3HaHu: npeobnanaeT onucaTeNbHas cTaTUCTMKa (23%
npotmB 1% B rnobanbHoM BbIGOPKE), NPU 3aMEeTHOM OTCTaBaHWM MO CUMHTE3Y MCCAeA0BaHWUN U
6nbAMoMeTpUM. ITO 03HAYaeT, YTO OTEeYECTBEHHblE KOMMAHMM HYKAAKTCA He B MPSAMOM
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KONMPOBaHMM abCTPaKTHbIX 3amnafHblX KOYYMHTOBbIX MOAENEN, a B WX COLMOKY/bTYPHOM
agantTaumm nod cneumduKy NoKanbHOro pbiHKA. OAHOBPEMEHHO 3TO YKas3biBaeT M Ha
nccneaoBaTeNIbCKMIM  Pa3pbiB:  KOHUENTYalAbHble WM METOA0N0TMYECKME PAMKM  KOyYMHra B
KazaxctaHe GOPMUPYIOTCA MNPEMMYLLECTBEHHO Ha 3MMMPUYECKOM, a HE Ha TEOPETUYECKOM
ypOBHe.

4. SMNUpPUYECKMNE CBUAETENBCTBA 3OPEKTUBHOCTU U UHCTUTYLIMOHANbHbIE Bapbepbl

4.1. nobansHbie OaHHble 06 3¢hchekmusHOCMU KOy4YuHaa

JKoHOMMYecKasa 3GDEKTUBHOCTb KOYYMHIa Ha MeXKAyHapoAHOM ypPOBHE MoATBep:KAeHa
HECKONbKMMM KatoueBbIMU nccnegosaHuamm. CornacHo ICF Global Coaching Client Study, 86%
opraHu3auuii, OTC/AEeXKMBABLUMX BO3BPAT MHBECTULUMI, OTYMTA/IMCb O KaK MWUHMMYM MOSHOM
BO3MELLUEHUN B/OXKEHWN, a MeauaHHbin ROl coctaBun 7-KpaTHOe npeBbllleHWe 3aTpat
(International Coaching Federation & PricewaterhouseCoopers, 2009). Kelc-ctaan MetrixGlobal
LLC nokazano 788% ROl nporpammbl KOydYmHra B KomnaHum m3 Fortune 500 3a cYéT pocTa
NPOM3BOANTENBHOCTM M YAOBNETBOPEHHOCTM cOTpyaHMKOB (Anderson, 2001). B nccnenosaHmm
McGovern et al. (2001), oxsatuswem 100 pykosoamTenen n3 56 opraHnsaumii, KOHCEPBATUBHbIN
ROI cocTtaBuA 5,7-KpaTHOE NPEBbLILLEHNE BAOKEHNN.

MepenoBble KOPNoOpaLMKM CAeNANN KOYYUHT YacTbio BU3Hec-moaenu. B Google aeincreyet
nporpamma paBHOMPaBHOTO Koy4dmHra G2G (Googler-to-Googler), oxBaTbiBatowas 6onee 6 000
BHYTPEHHMX KOy4yel; Mo AaHHbIM BHYTPeHHero onpoca, 99% y4yacTHMKOB OTMETMAM POCT
yYBEPEHHOCTWN Noc/ie OHOM ceccum, a 96% Koyyen coobLLMAM O Pa3BUTUN COBCTBEHHbIX TNAEPCKMX
HaBblkoB (Google re:Work, 2021). B Microsoft npu Catbe Hagenne opraHMsaUMOHHan KyabTypa
Hblna NnepeopmeHTMpoBaHa ¢ GUKCMPOBAHHOTO MbIlLAEHUA Ha growth mindset, a KOy4YMHroBbIM
CTWMNb YNPaBAEHMA CTa KAOYEBbIM 3/1€EMEHTOM NPOrPaMMbl Pa3BUTMA MeHeaepos (Goldsmith &
Reiter, 2020). General Electric nMcTopuyecknm MCMoO/b30Bana KOYYMHT KaK 4acTb MPOrpamm
executive development B pamkax Crotonville Leadership Institute.

B Tabaunue 4 cnctematmampoBaHbl KONMYECTBEHHbIE IPPEKTbI KOYUYMHTa Ha TaHTMbeNbHbIe
N MHTaHrMbenbHble MOKasaTe M Mo AaHHbIM Uccnedosanus McGovern et al. (2001) — oaHoro ms
Hanbonee UMTUPYEMbBIX IMMUPUYECKMX MCTOYHUKOB B 3TON 0HacTL.
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Tabauya 4 — Spgekmeol KOyYUH2a HG 0P2AHU3AYUOHHbIe noKasamesu (007 Y4aCMHUKOS,
coobuuswiux ob agpgpekme)

[MokaszaTesb Hdona y4acTHUKOB, % XapakTepucTunka adpdpekTta

Mpon3BoamTeNbHOCTb TPYAa 53 TaHrMbenbHbIN: POCT OTAAYN
OT paboyero BpemeHu

KauecTBo npoaykTta / ycayru 48 TaHTMbeNbHbIN: yaydlueHne
pe3yfnbTaTa Ha BbIXxoae

OpraHunsaLMoHHasn 48 TaHrMbenbHbIN: CNOCOBHOCTL

YyCTOMYMBOCTb KOMaHZAbl CNPaBAATbLCA C
Harpy3sKom

KauecTBO KNMeHTCKoro 39 TaHrMbenbHbIN: pocTt

cepsuca Y0BNETBOPEHHOCTH
KAMEeHTOB

CHUXKeHWe *Kanob KAneHToB 34 TaHrnbenbHbIN

Mpubbink (bottom-line 22 TaHrMbenbHbIN: NPAMON

profitability) bUHaHCOBbLIN pe3ynbTaTt

OTHOLWEHMA C 77 NHTaHrMbenbHbIN:

NOAYNHEHHbIMMN NapTHEPCKMIA CTUNb
ynpasneHua

OTHOLWeEHMA co 71 NHTaHrMbBenbHbIN:

CTeMKXonaepamm yAay4ylweHune BepTUKaAbHOM
KOMMYHMKa LMK

KomaHaHana paboTa 67 NHTaHrMbBenbHbIN

OTHOLWEHMA C Konneramm 63 NHTaHTMBEeNbHbIN:
rOPWM30HTa/IbHaA
KOMMYHMKaLUMA

Yn0BneTBOPEHHOCTL paboTton | 61 NHTaHrMbenbHbIN

CHUXKeHMe KOHPANKTHOCTH 52 NHTaHrMbenbHbIN

MpumeyaHue. AdbanmuposaHo u3z McGovern et al. (2001).

CnenyeT nNoAvYepKHYTb, YTO NpPMBEAEHHbIE MOKA3aTe/IM — 3TO YacTOTa BO3HWKHOBEHMA
addeKTa cpeamn y4acTHUKOB BbIOOPKKM, @ HE CpeaHMI NPUPOCT COOTBETCTBYIOWErO MOKa3aTens.
Takas AWCTUHKUMA KPUTUYHA ANA KOPPEKTHOM MHTepnpeTauuu: WKMPOKO umtmpyemas B HR-
nutepatype GOPMYIMPOBKA «KOYYWMHT MOBbIWAET MPOM3BOAMUTENBHOCTb Ha 53%» ABnAeTcAa
HEKOPPEKTHOM peayKUMen NCXOAHbIX AaHHbIX.

4.2. UHcmumyyuoHansHbele bapeepsi 8 KazaxcmaHe

HecmoTpsa Ha AloKa3aHHY0 MMPoBYHO 3GGEKTUBHOCTb, CUCTEMHAA MHTErpaLyMa Koy4ymHra B
KasaxcTaHe cTankumBaeTca co cneunbuyeckumm bHapbepamn. [locTCOBETCKAA «npe3ymnums
HeloBepMA» O3Ha4YaeT, YTO [eN0oBble OTHOWEHWSA B 3HAYUTENbHOM YacTW MOCTCOBETCKOrO
NPOCTPAHCTBA CTPOATCA HA OXWAAHWM ONMNOPTYHUCTMYECKOro NoBeAeHUA KoHTpareHTa (MyaKos,
2012): 6e3 GopMMpPOBAHUSA MCUXONOTMYECKON HE30MaCHOCTM KOYYMHT BOCMPUHMMAETCS KakK
CKpbITaa Gdopma Haaz30pa CO CTOPOHbI PyKOBOACTBA. epexoa Ha rmbpuaHble dopmaTbl paboTbl u
o6e3nnynBaHMe CTOPOH B UMDPOBOM KOMMYHWMKALMWU AOMNONHUTENBHO CHUMKAKOT KayecTBO
MEX/MYHOCTHOTO [0BeEPUA — OCODBEHHO B Masom W cpeaHem Ou3Hece, rae OTCYTCTBYHOT
dopmanmnsosaHHble HR-npouecchbl. Ha Ka3axCTaHCKOM pblHKe NpeobnafatoT BHELWHWE KOoyyu-
dpunaHcepbl, a NPOrpammbl Pa3BUTUA BHYTPEHHUX MeHeaxkepoB-Koyveill B MCB npaKTuyecku
OTCYTCTBYIOT. HaKoHel, CTOMMOCTHbIA Oapbep: UeHa MeXAyHapoAHbIX Mporpamm executive
coaching Hecopa3mepHa Hroa)KeTaM KazaxcTaHcknx MCB, uTo TpebyeT pa3paboTkmn BroaKeTHbIX
MBPUAHBIX U UMPPOBbLIX GOPMATOB.
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5. MNpaKTnyeckaa peannsaumna: MOAEN U UMPPOBU3ALMA KOYUUHTa
5.1. Apxumekmypa ynpagsieH4ecko20 Koy4uHaa

Ons npeoaoneHun BbifBAEHHbIX DapbepPOB Ka3axCTaHCKMM NpeanpuATMAM NpeanaraeTcs
MCNO/Ib30BaTb KOMIMIEKCHYIO MATUMITAMHYID apXMTEKTYpy ynpaBieH4Yeckoro KoyuuHra: (1)
YCTaHOB/IEHME LEeNel N OXKMOAEeMbIX pe3ynbTaToBs; (2) aHanuns Tekywen cutyaunn; (3) paspaboTtka
nnaHa AencTsuin 1M onpeaeneHve pecypcos; (4) noaaep»kka u obpaTHas cBA3b; (5) aHanus
pe3ynbTaToB, obyyeHMe N Koppekuma. Ha Kaxkaom aTane NPUMEHSIOTCS Cneumnanmn3npoBaHHblie
MOZENN, KPaTKOe onmcaHmne KOTOPbIX NPUBEAEHO Aanee.

Mogaens GROW (Goal — Reality — Options — Will) — 6a3oBas moaenb CTPYKTYpUpOBaHMA
KOYYMHIOBOW ceccuu, paspaboTaHHan . Yutmopom (Whitmore, 2017). MpumeHseTca Ha sTanax
1-3. CunbHasa CTOpoHa — MPOCTOTa U YHUBEPCANbHOCTb, OrpaHnYeHne — AMHENHOCTb 1 ciaban
pabota ¢ rybuHHbIMK ybexaeHusmu. dPopmat SMART (Specific, Measurable, Achievable,
Relevant, Time-bound) ncnons3ayetcs ana noctaHosku Leneit (Doran, 1981) n gononHaetr GROW
Ha nepsom aTane. Mogenb FUEL (Frame — Understand — Explore — Layout), pa3spaboTtaHHasn
Zenger u Stinnett (2010), 8 otanume oT GROW ¢oKycmnpyeTca Ha NoBeJeHYeCcKUX U3MEHEeHUAX U
NepeocmMbIC/IEHNN yOeXRAeHUN; NPUMeHNMMa Ha aTanax 2—3. Moaenb CLEAR (Contract — Listen —
Explore — Action — Review) [1. XokuHca (cepeamHa 1980-x) BKAOYaeT ABHble 3Tambl
KOHTPaKTauuum n puHansHoro pesbto (Hawkins, 2012) n noaxoanT ANs AOATOCPOYHbBIX MPOTrPamm
— 31ansl 1, 4, 5. TexHuKa SBI (Situation — Behavior — Impact), paspaboTtanHasn Center for Creative
Leadership (Weitzel, 2000), npumeHaeTca Ha 3Tane 4 41A NpenoCTaBAeHUMA KOHKPETHOW,
6e30LeHOYHOM 0bpaTHOM CBA3N.

MaTpuua BbibOpa: 415 Pa3oBbIX CeccUin M BbICTPOM NOCTaHOBKM Lenern — GROW + SMART;
nna paboTbl c NnoBeaeHYeCcKMMM nattepHammn — FUEL; ana A0ATocpoYHbIX executive-nporpamm —
CLEAR; ans onepatmsHOM obpaTHOM cBA3M — SBI.

5.2. Hugpposusayus u «KoyyuHa 8 MOMeHme»

CTpaTermyeckmm BEKTOPOM ONTUMW3ALMM PACXOAO0B ABAAETCA MHTerpauma UMdpPoBbIX
TEXHONOTMM. WCKYCCTBEHHbIN WMHTENNEKT MCMNOMb3YyeTCA [A1A BblABNEHMA NOBEAEHYECKMX
NaTTEPHOB M MMKPO-0OPATHOM CBA3M, @ BUPTYyasbHble accUCTEHTbI 1 Telegram-H60Tbl NomoratoT
3aKPenNATb MHCANTbI MEXAY CECCUAMN M yAepKMBaTb GOKYC Ha LEeNaX. IMNMPUYECKM NOKa3aHo,
4yTO UMdpoBble PopMaTbl KOYYMHTA NO IPPEKTUBHOCTM CONOCTABUMbI C O4HbIMKM 415 BONbLIMHCTBA
3a/1a4 Pa3BUTMA MeHeaKepoB cpeaHero 3seHa (Passmore & Tee, 2023).

[na nMHerHoro nepcoHana ocCobeHHO NoAXoANT METOA, KOYy4YMHIa B MOMeHTe» (coaching
in the moment), KoHUENTyanbHO odopPMAEHHbIN B paboTe M. byHraa CtaHbe The Coaching Habit
(Bungay Stanier, 2016). MeTon npeanonaraer KopoTkMe (1-3 MUHYTbl) MHTEPBEHLMM
PYKOBOAMTENS, B KOTOPbIX BMECTO [OTOBOrO peleHus 3aJaéTca  OTKPbITbIM  BOMPOC,
CTUMYNINPYIOWMIA pa3mMbllLieHUe COTPYAHMKA: «HYTo Ans Tebs cenyac rnaBHbIN BbIZOB?Y», «A 4TO
ewe?y, «4Yto Tbl npobosan?». MeToa He TpebyeT cneumanbHOM cepTUdUKaLMKU, NETKO
BCTPaMBaeTCA B OnepaLuoHHble puTyanbl (one-to-one, daily, peTpoCneKkTUBbl) U CHUXAeT nopor
BXOZa B KOYYMHIOBYHO KyAbTypy ana MCB.

6. 3aKknto4eHne

BusHec-Koy4mMHr npeacTaBnaeT coboi BbICOKOIPOEKTUBHYIO MNapaaMrmy ynpasaeHus,
TPaHCOOPMMPYIOLLYIO YENOBEYECKMI KanMTan B 3SKOHOMMYECKOe MNpemmylecTBo. AHanu3
MeXAYyHapoAHOM aMnMpuyeckon 6asbl MOKasan, YTo meamaHHbid ROl KOy4MHIOBbIX Mporpamm
cocTaBnaeT 5—7-KpaTHoe npeBbilleHMe BAoxkeHni (International Coaching Federation &
PricewaterhouseCoopers, 2009), a MHTaHrMbenbHble 3pdPeKTbl — yydlieHne OTHOLWEHUI C
NOAYUHEHHBIMU (77%) N CHUNKEHME KOHPMKTHOCTM (52%) — duKcupytoTca vy DO/bLIMHCTBA
y4yacTHMKoB nporpamm (McGovern et al., 2001).

CpaBHUTENIbHbBIA HAYKOMETPUYECKMIA aHaM3 BbIABM/, UYTO KA3axXCTAaHCKUI Hay4YHbIN U
NPaKTUYECKMN AMCKYPC HaxoaMTCA Ha 3Tane AoKanusauuu: npeobnagaet onucaTeNbHas
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CTAaTUCTMKA U MAKPO3IKOHOMMYECKMI GOKYC, TOrAa Kak MeTOA0N0rMYeCcKan 3penocTb CMHTE3a U
H6UHBAMOMETPUM CYLLECTBEHHO OTCTAET OT rNobasibHON. ITO O3HAYAET, YTO NPOCTOE 3aMMCTBOBAHME
3anafHblx Modenen HeapPeKTUBHO — TpebyeTcs MX afanTaums K COLMOKYAbTYPHOM cneunduke.

KntoueBbiM TEOPETUYECKMM  BKJAZOM  HacToAllen paboTbl ABAAETCA  KOHLUenuums
rmbpuaHoro Aosepus, 0O6beAMHAOWAA MHCTUTYLMOHANAbHBIA U MEMK/IMYHOCTHBLIN YPOBHU MU
06BbACHAOLLAA, MOYEMY B MOCTCOBETCKOM «MPe3yMnLUMM HeJ0BEPUSA» NPOrpamMMbl KOYYMHIa 4acTo
He [OOCTUraloT Aeknapupyemblx 3ddeKToB. MMpaKkTMYeckne pekoMeHAaumu ANA Ka3axXxCTaHCKMUX
KOMMaHWI BKOYAOT: Pa3BUTME MHCTUTYTA BHYTPEHHUX MEHeAXKePOB-Koy4Yel (no moaenm Google
G2G), YTO CHWMKAET CTOMMOCTHbIM Hapbep M OAHOBPEMEHHO YKPEMASeT MHCTUTYLMOHAbHbIM
YPOBEHb [0BEPUA; BHEApPEeHMEe MUKPO-GOPMATOB — «KOYyYMHra B MOMEHTE» U KOPOTKMX
LUMPPOBbLIX CECCUN — AN1A IMHEMHOMO NepcoHana; nHTerpaumto MN-mHCTPYMeHTOB 1 MecCeHaKep-
60TOB ANA noaaepKaHma GoKyca Mexzay CeccuMamm; AOKYMEHTMPOBAHME 3TUYECKMX npoueayp
(KOHPUAEHUMANbHOCTb, MHPOPMMPOBAHHOE  CcOrfacMe)  Kak — ycioBuMA  GOPMMPOBAHUS
MHCTUTYUMOHAIbHOMO 10BEPMUSA.

OepaHuyeHusa uccnedosaHud. PaboTa HOCUMT 00O30PHO-aHANUTUYECKMIA XapaKTep W
OMMPAETCA Ha BTOPUYHbIE AaHHble. 1A BepudUKaLMM KOHLENUMM TMOPUAHOTO A0BEPUA N OLLEHKM
cneunduKM KazaxCcTaHCKOro pbiHKa HEOHX0AMMO NocAeAyoLLLEE SMNNPUYECKOE UCCAea0BaHNE —
aKCnepTHble MHTepBbto ¢ HR-anpekTopammn MCB 1 NMMAOTHbIE MPOTrPaMMbl BHYTPEHHETO KOY4YMHTa
c namepeHunem adpdeKkTos go/nocne.
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Annotation: The dissolution of the Soviet Union in 1991 marked a series of significant
developments in the history of the Turkic peoples. The restoration of state independence led to
profound transformations in many spheres of public and political life, including the field of
education. One of the most notable changes was the introduction of “History of the Turkic
Peoples” as an academic discipline. In this regard, 1991 may be regarded not only as the year of
the restoration of state independence but also as the starting point for the reconstruction of the
historical memory of the Turkic peoples.

Although the initial years of teaching the History of the Turkic Peoples were accompanied
by a number of challenges, instructors of the subject, in cooperation with scholars and researchers
in the field, succeeded in carrying out important initiatives aimed at its development.
Nevertheless, despite the progress achieved, a number of shortcomings and unresolved issues
continue to persist even today.

Against this background, the present article examines the current state of teaching the
History of the Turkic Peoples through the framework of SWOT analysis. It analyzes the strengths,
weaknesses, opportunities, and threats associated with the discipline, while also exploring the
underlying causes of existing challenges and future prospects from a scholarly and pedagogical
perspective. It should be particularly noted that the authors were direct participants in the
processes discussed and possess extensive experience in the field of teaching Turkic history. This
enables them to provide not merely a theoretical assessment but also a comprehensive and
practice-oriented analysis of the issues under consideration.

The findings of the study may contribute to the improvement of curriculum design,
teaching methodologies, and educational policy related to the teaching of the History of the Turkic
Peoples in higher education institutions.

Keywords: Teaching of the History of the Turkic Peoples; Common Turkic History; Intra-
Turkic Integration; Turkic World; International Turkic Academy; Baku State University.

Introduction. The contemporary education system is undergoing a rapid transformation
from the classical paradigm of “teaching” toward a model based on the co-construction of
knowledge and digital collaboration, in line with the demands of the information age. Today, the
primary focus of education is no longer merely the transmission of facts; rather, it emphasizes the
development of critical thinking, interdisciplinary synthesis, and lifelong learning competencies.
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Digitalization, artificial intelligence, and global networking have removed many of the spatial
limitations of traditional education, transforming the learning process into an interactive, flexible,
and student-centered environment.

Against the backdrop of these global trends, however, the humanities and particularly the
teaching of the History of the Turkic Peoples face the challenge of harmonizing national and
cultural values with contemporary pedagogical methodologies. In the field of history education,
the integration of digital resources and transnational approaches has become not merely an
option but a strategic necessity for securing a meaningful place for the integrated Turkic world
within a common scientific and educational space.

From this perspective, global educational trends necessitate the emergence of new
approaches to the teaching of the History of the Turkic Peoples, characterized by a transition from
ideologically driven interpretations toward academic objectivity, methodological pluralism, and
technological innovation.

Following the collapse of the Soviet Union, historical scholarship and history education
gradually moved beyond the constraints of Soviet ideological frameworks and began to develop
on the basis of new theoretical and methodological approaches. This process created favorable
conditions for reassessing long-standing historiographical stereotypes, studying the history of the
Turkic peoples on the basis of greater scholarly objectivity, and systematically investigating their
shared historical and cultural heritage. At the same time, it stimulated new academic and
educational initiatives aimed at examining the historical past of the Turkic world within a unified
conceptual framework.

Nevertheless, the transformation of the discipline has not been accompanied by a
sufficient number of comprehensive scholarly assessments. Despite the achievements attained in
this field, comprehensive studies evaluating the content, methodology, teaching resources, and
institutional development of the History of the Turkic Peoples remain limited.

Accordingly, this article aims to evaluate the current state of teaching the History of the
Turkic Peoples from the 1990s to the present, identifying its strengths, weaknesses, opportunities,
and threats through a SWOT analytical framework.

Issues and Challenges in Teaching the History of the Turkic Peoples during the Early Years
of Independence. The policies of glasnost (openness), democratization, and later perestroika
(restructuring), initiated by Mikhail Gorbachev following his rise to power in the Soviet Union in
1985, stimulated significant changes in the fields of history and education, as well as in other
spheres of public life. One of the outcomes of these reforms was the strengthening of national
self-awareness among the peoples of the Soviet Union, including the Turkic peoples. Following the
dissolution of the Soviet Union in 1991 and the emergence of independent states, this process
gained further momentum.

One of the principal tasks facing the Turkic peoples that regained their state independence
was the education of a generation connected to its historical roots, cultural heritage, and national
identity. In this regard, education became one of the key instruments for achieving this objective.

In Azerbaijan, Baku State University was among the first higher education institutions to
introduce the course History of the Turkic Peoples. In May 1992, the Department of History of the
Turkic Peoples was established within the Faculty of History and, over time, became one of the
leading centers for the teaching and study of Turkic history in Azerbaijan. During the early years
of Baku State University, a Department of the History of the Turkic Peoples (referred to in some
sources as the Department of the History of Turkic-Tatar Peoples) was established within the
Faculty of History in 1922. However, its activities were subsequently discontinued under the
influence of the political and ideological environment that emerged during the Soviet period [1,
p.20; 3, pp.73-74].
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Prior to this development, in Azerbaijan as well as in the Soviet republics of Kazakhstan,
Kyrgyzstan, Uzbekistan, and Turkmenistan, the history of the Turkic peoples had generally been
taught within the broader framework of the subject History of the USSR, where it received only
limited attention. Furthermore, Turkic peoples were typically presented through separate ethnic
designations such as Azerbaijani, Kazakh, Kyrgyz, Uzbek, Turkmen, Tatar, and others rather than
as components of a broader Turkic historical and cultural community.

It should also be noted that a number of scholars have associated the continued prevalence
of the term “Turkic-speaking peoples” in place of “Turkic peoples” with identity policies pursued
during the Soviet period, which emphasized linguistic classification over broader historical and
cultural commonality among Turkic communities [2, p.18].

In fact, the emergence of the History of the Turkic Peoples as an independent academic
discipline represented not merely a curricular reform but also one of the manifestations of a
broader transformation in post-Soviet historiography. This transformation created new
opportunities for examining national histories within wider regional and civilizational contexts.

However, despite the favorable conditions created by this transformation, the
institutionalization of the discipline and its effective teaching were accompanied by numerous
challenges.

One of the authors of the present article, S.Ruintan, has been directly involved in the
teaching of the History of the Turkic Peoples since the early stages of its institutional development.
In papers presented at the First International Symposium on History Education, organized by
Atatlrk University in Erzurum, Turkiye, in 2010, and at the Sixth International Symposium on
History Education, jointly organized by Bolu Abant izzet Baysal University and the Atatiirk Research
Center in Bolu, Turkiye, in 2019, she identified a number of challenges in the teaching of the
History of the Turkic Peoples. These included the limited availability of academic sources,
inadequate material and technical resources, insufficient opportunities for academic exchange,
and students’ inadequate linguistic competencies, among other issues. In addition, she proposed
several measures aimed at addressing these challenges [4, p.277; 5, pp.6-7]. The proposed
measures included:

1. promoting the exchange of academic resources among universities of the Turkic states;

2. organizing interactive joint classes between universities in different Turkic countries;

3. introducing co-supervision arrangements for undergraduate and graduate research
projects;

4. establishing joint grant programs among universities from different countries;

5. encouraging active participation in international conferences and symposiums, including
the delivery of lectures to students within the framework of such events;

6. preparing a common History of the Turkic Peoples textbook;

7. jointly developing educational and multimedia resources, including maps and digital
learning materials, to support the teaching of the History of the Turkic Peoples, and providing their
translation into Turkish and Russian to ensure broader dissemination and accessibility (the
inclusion of Russian was proposed in recognition of its widespread use among a significant
proportion of Turkic communities at the time - S.R., F.A.);

8. facilitating short-term academic mobility programs for instructors at leading universities
[5, pp.6-8].

Although certain institutional and methodological advances have been achieved since
these recommendations were first proposed, a review of the current state of teaching the History
of the Turkic Peoples reveals that, even after approximately sixteen years, many of the identified
issues remain unresolved or only partially addressed. The persistence of these challenges over
such a long period demonstrates their systemic nature and underscores the continuing need for
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coordinated academic, institutional, and educational initiatives aimed at strengthening the
teaching of the History of the Turkic Peoples.

The Current State of Teaching the History of the Turkic Peoples. At present, the teaching of
the History of the Turkic Peoples is undergoing a transition from ideologically driven paradigms
toward greater academic objectivity, methodological pluralism, and digitalization. Among the
most significant trends are the increasing adoption of interdisciplinary approaches - integrating
archaeology, genetics, linguistics, and other related disciplines - as well as the growing role of the
Organization of Turkic States in promoting common educational initiatives. Against this
background, a SWOT analysis reveals the following picture:

Strengths

Interdisciplinary Approach: Increasing use of archaeological, numismatic, paleogenetic,
and ethnolinguistic evidence contributes to a more evidence-based and comprehensive
understanding of Turkic history;

De-ideologization: A gradual departure from Soviet-era and Eurocentric interpretative
frameworks has facilitated a more objective examination of issues such as ethnogenesis,
statehood traditions, and cultural development among the Turkic peoples;

Institutionalization: The establishment and expansion of specialized university
departments (e.g., at Baku State University and Al-Farabi Kazakh National University) and
academic institutions, including the International Turkic Academy, have strengthened the
institutional foundations of the field.

Weaknesses

Regional Fragmentation: The predominance of nationally oriented historical narratives
often limits the development of a broader Common Turkic History perspective;

Shortage of Qualified Academic Personnel: Challenges and gaps remain in the transition
from classical, outdated teaching methods to modern educational approaches. Existing
shortcomings in academic administration, as well as the tendency to prioritize the search for
“more prestigious researchers or instructors,” hinder the effective utilization of the potential of
young and promising researchers and educators, and in some cases even make such utilization
impossible;

Information and Resource Gaps: High-quality scholarly works and teaching materials
translated into local languages remain insufficient or inaccessible in some educational contexts;

Terminological Inconsistencies: The lack of a unified historical terminology leads to differing
interpretations of the same historical events across countries. For instance, in studies of the
statehood traditions of Turkic peoples, terms such as “khanate” “beylik” and “empire” are not
always defined or applied in accordance with their historical and scholarly meanings, resulting in
conceptual inconsistencies;

Formalism in Academic Cooperation: Academic collaboration is frequently guided by
protocol considerations and the prominence of individuals rather than by the quality and impact
of scholarly outcomes, thereby limiting the development of a results-oriented academic
environment.

Opportunities

Digitalization of Education: The development of interactive maps, 3D reconstructions of
ancient Turkic settlements, and multimedia educational platforms offers significant opportunities
for innovation in teaching;

Academic Mobility: Strengthening inter-university partnerships through exchange
programs, joint research projects, and grant initiatives can contribute to capacity building and
knowledge transfer;
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Development of Common Textbooks: The preparation of shared educational materials on
the history of the Turkic peoples may contribute to the formation of a common cultural and
historical understanding;

Improved Access to Archival Sources: To bridge existing gaps, improving access to archival
materials on Turkic history held in different countries, together with other supportive initiatives,
may provide a stronger foundation for enhancing the teaching and study of the History of Turkic
Peoples.

Threats

Politicization of History: The history of Turkic peoples is at times employed for narrow
political purposes. For instance, topics related to the Enlightenment movements among Turkic
peoples in the nineteenth and twentieth centuries, as well as their broader statehood traditions,
are often presented differently in the textbooks of various countries, occasionally in contradictory
ways and sometimes through predominantly nationalist interpretations;

Nationalist Disputes: The risk of intensifying disputes over historical heritage. For example,
disagreements may arise regarding which nation or state can be regarded as the direct successor
of a particular historical state that existed in the past;

Academic Conservatism: Resistance among certain segments of the academic community
to the implementation of new educational standards and innovative teaching methods.;

Historical Misinformation (Pseudo History): The growing dissemination of pseudo-historical
narratives and unverified historical claims through digital media presents a significant challenge
to evidence-based history education.

The SWOT analysis demonstrates that, despite significant progress in the
institutionalization and modernization of the teaching of the History of the Turkic Peoples, a
number of structural and methodological challenges continue to limit its development. At the
same time, the opportunities created by digital technologies, academic mobility, and increasing
cooperation among Turkic states provide a favorable environment for addressing these
challenges. The future development of the discipline will largely depend on the extent to which
educational institutions, research centers, and relevant state and international organizations are
able to coordinate their efforts in establishing a common academic and educational framework
(6, pp.219-220].

In this regard, the teaching of the History of the Turkic Peoples should be viewed not only
as an educational undertaking but also as an important instrument for strengthening scholarly
cooperation, cultural dialogue, and intellectual integration across the Turkic world.

Initiative and Institutional Leadership: The Case of Baku State University. The case of Baku
State University demonstrates that the advancement of the teaching of the History of the Turkic
Peoples depends not only on interstate agreements and institutional frameworks but also on the
agency of universities, academic departments, and individual scholars. In this regard, teacher
leadership and grassroots academic initiatives may play a crucial role in fostering educational
innovation and strengthening scholarly cooperation within the Turkic world.

Referring to this issue, Professor Asmad Mukhtarova, Head of the Department of History
of the Turkic Peoples at Baku State University, notes that since the restoration of the department’s
activities in 1992, significant efforts have been undertaken in the fields of research, promotion,
and teaching of Turkic history. As a result, the department has become one of the leading centers
for the study and teaching of Turkic history in Azerbaijan. Among its achievements were the
preparation of the first post-Soviet textbook on the ancient and medieval history of the Turkic
peoples, the publication of curricula, methodological guides, textbooks, and monographs on
various periods and issues of Turkic history, the establishment of a specialized teaching laboratory,
the creation of the online library “Our Library”, the training of young specialists, and academic
internships of faculty members at Turkish universities [2, pp.20-24; 3, pp.74-76].
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More broadly, the experience of Baku State University demonstrates that sustainable
progress in the teaching of the History of the Turkic Peoples may be achieved not only through
state-level educational initiatives but also through the proactive engagement of universities,
academic departments, and individual scholars. This case highlights the important role of
institutional initiative and academic leadership in advancing cooperation and innovation within
the field.

Conclusion and Future Perspectives for the Teaching of the History of the Turkic Peoples. A
retrospective assessment conducted in the thirty-fifth year following the restoration of state
independence demonstrates that substantial efforts are still required to transform the teaching of
the History of the Turkic Peoples into an interactive, flexible, and student-centered learning
environment that transcends traditional spatial limitations. Likewise, further progress is needed
to harmonize national and cultural values with contemporary pedagogical methodologies.

Although the common textbooks developed under the initiative of the International Turkic
Academy - such as Common Turkic History, Common Turkic Literature, and Common Turkic
Geography - represent an important step forward, the fact that these initiatives have not yet fully
encompassed all Turkic states, together with the limited effectiveness of some academic exchange
programs due to financial and logistical constraints, points to the continuing need for a more
systematic and coordinated approach.

In addition, the prioritization of individual authority and informal academic networks over
merit-based academic practices and institutional mechanisms may, in certain cases, hinder the
sustainable development of the field.

More broadly, while education constituted primarily a national concern during the state-
building processes of the 1990s in the newly independent Turkic states, by 2026 it has become an
academic and strategic necessity for strengthening integration within the Turkic world and
enhancing its position in an increasingly competitive global environment. This objective requires
the enrichment of teaching practices through digital technologies and interdisciplinary
methodologies, as well as the advancement of historical scholarship based on academic objectivity
rather than ideological considerations.

Ultimately, the qualitative development of the teaching of the History of the Turkic Peoples
will depend not only on state-level policies and institutional support but also on the initiative of
educators, academic leadership, and methodological innovation. As demonstrated by the
experience of Baku State University, sustainable progress is most likely to emerge through the
interaction of institutional frameworks and grassroots academic initiatives.

If the primary objective of teaching the History of the Turkic Peoples at the end of the
twentieth century was the restoration of historical memory, its principal mission in the second
guarter of the twenty-first century should be the formation of a common scholarly space and the
integration of Turkic studies into global academic discourse.

In the future, the establishment of a common digital platform integrating universities,
research institutions, and academic libraries across the Turkic world could significantly contribute
to the dissemination of educational resources, archival materials, and scholarly research. The
integration of artificial intelligence, digital humanities, and large-scale historical databases into
history education may open new avenues for both teaching and research in the field of Turkic
history. The next stage of development should involve not only expanding academic cooperation
but also fostering common scholarly schools based on shared methodological principles across
universities of the Turkic world.
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[MTPAMOLUYROBA TEXHO/IOT'IA
YACTOTHO-PE3OHAHCHOI OEPOBKM
CYMYTHNROBUX TA ¢OTO 3HIMKIB:
PE3Y/IbTAT 3ACTOCYBAHHA /1A
OBCTEREHHA NORKAJIBHUX OIJTAHOK |
KPYMHWMX B/10KIB B YKPAIHI

AkMmuyk M.A.

[HCTUTYT NpUKNaAHUX Npobaem ekonorii, reodisanku i reoximii, nep. JlabopatopHuin, 1, m.
Kuig, 01133, YKkpaiHa

KopuariH [.M.

IHCTUTYT reodisunkm im. C.I. Cy660oTiHa HAH YKpaiHu, npocn. Akaa. Mannagina, 32, m. Kuis,
03680, YKkpaiHa

Conosiios B./.

IHCTUTYT reodisnkm im. C.I. Cy660oTiHa HAH YKpaiHu, npocn. Akaa. Mannagina, 32, m. Kuis,
03680, YKkpaiHa

BcTyn

Cynep-mobinbHa NpAMOMNOLWYKOBA TEXHOIONA YaCTOTHO-Pe30HAHCHOT 0OPOOKM Ta AeKOoAyBaHHA
CYNYTHUKOBMX Ta GOTO 3HIMKIB HaZana YHiKanbHY MOMIMBICTb MPOBECTU BeAMYesHWA obcar
EeKCNEepUMEHTIB B Pi3HMX pPerioHax 3eMHOi Ky/li 3 MEeTol BMBYEHHS rMMbuHHOI Byaosn 3emni,
MOLWYKIB TOPHOYUX | PYyaHUX KOPUCHWX KOMa/AMH, a TakoX Boau. B npoueci nposeneHHA
eKCnepMmeHTaNbHUX POBIT OTPMMAHO YMCNIEHHI CBIAYEHHA HA KOPUCTb rMBUHHOro (abioreHHoro)
reHesucy BYrNeBOAHIB B paMKax KOHLeNLii BoaHeBoi Aera3auji 3emni [LLlectonanos u ap., 2018].
B cTaTTi onncaHi ocobamBoCTi MOBINbHUX NPAMOMNOLLYKOBUX METOAIB, Y3ara/ibHeHi pe3yabTaTh ix
MacwTabHoi anpoballii i TecTyBaHHA Ta OXapaKTepPM30BaHi YacTKOBO pe3y/abTaTh MPoBeAeHUX
ekcnepmMmeHTanbHnx pobit 8 2022-2026 pp. Ha TepuTopii YKpaiHw.

Pe3ynbTaTv anpoballii TexHOoNorii YaCTOTHO-Pe30HaHCHOT 06POBKKM Ta iHTepnpeTaLLii CynyTHUKOBUX
3HIMKiB i GOTO3HIMKIB B Pi3HUX perioHax cBiTy

OCHOBHI pe3y/nbTaTh NPOBEAEHUX EKCMEePUMEHTaNbHUX POBIT B pPi3HMX perioHax 3eMHOi Kyni Ta
onybnikosaHux B [AKMMUYK 1 aAp., 2019a; 20196; AkumuyK, KopuarnH, 2019a,6,8, AKMMUYK Ta iH,
2026] 3B04ATHCA 40 HACTYMHOrO.

Memodu docnidnceHs. MobinbHa NPAMONOLYKOBA TEXHOOTIA, LLLO BUKOPMUCTOBYETHCA Ta MOCTIMHO
YIOCKOHAMOETLCA, BKAOYAE MOAMGIKOBAHI MeToAM YaCTOTHO-pe30HaHCHOI 06pobkn Ta
[EKOZyBaHHA CYMNYyTHUKOBMX 3HIMKIB i (OTO3HIMKIB, @ TaKOX BEPTUKA/IbHOrO 30HAYyBaHHA
(ckaHyBaHHSA) po3pizy [AkMmuyk 1 ap., 2019a]. Okpemi metoam TexHosorii HasytoTbCA Ha
NPUHLMNAX K PEYOBMHHOT» Napaamnrmm reodisvyHUX AOCAIAKEHD, CYTHICTb AKOI MOIATAE B MOLUYKaX
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KOHKPETHOI (LiIbOBOI Y KOXXHOMY BMMNAZKy) Pe4YOBUHM — HadTK, rasy, rasokoHAeHcaTy, 30/10Ta,
LUMHKY, YpaHy Touwlo. B moandikoBaHMX MeToAax YaCTOTHO-Pe30HaHCHOT 06p0obKM cymyTHUKOBUX
3HIMKIB BMKOPUCTOBYIOTbCA PE30HAHCHI YacToTn 6a3 XimiYHMX enemeHTiB, MiHepanis, nopia Ta
KOPUCHUX KonanuH (doTorpadii Ta GOTOMOHTaXKi KOHKPETHMX 3pa3KiB). KoneKLis 3pa3kiB HadTu
BKtoYae 117 ekzemnaapis, rasokoHaeHcaTy — 15 3paskis. Ocagosi NopoAan BKAOYAOTb HACTYMHI
rpoynu: 1-a — (nceditn), 2-a — (ncamitn), 3-a — (anesBputn, aprinitm, ranHun), 4-a — (aprinitm
KaoniHiTosi), 5-a — (FMHW KaoNiHiTOBI), 6-a — (0CaZ0BO-BY/IKAHOKNACTMYHI nopoaun), 7- a —
(BanHsKkuM), 8-a — (monomitn), 9- a — (mepreni), 10 — (KpemeHUcTi nopoam). FPyNn MarMmaTUYHMUX |
MeTaMopdiYHUX Nopig HAacTynHi: 1- a — (rpaHiTk Ta pionitn), 2-a -— (rpaHoAiopuTK Ta AaumTK), 3-4
— (cieHiT Ta TpaxiT), 4-a — (miopuTn Ta aHAE3nTK), 5-a — (namnpodipun), 6-a — (rabpo Ta 6azanbTH),
7-a — (ynbTpamadiyHi nopoam), 8-a — (cieHiT Ta poHoNITH), 9-a — (rabpoinm Ta 6asanbToign), 10-a
— (ynbTpamadivHi Ta madiyHi nopoan), 11-a — (kKimbepnitv Ta namnpoitn), 12-a — (kapboHaTUTH),
13-a — (rpanynitn), 14-a — (rHericn), 15-a — (Kpuctaniyui cnadui). ®otorpadii Habopis 3paskis
0CafloBMX, MeTaMOpPIYHMX i MarMaTUYHMX NOPiA, WO BMKOPUCTOBYIOTLCA B NPOLECI BUKOHAHHA
IHCTPYMEHTaNbHMX BMMIpIB, 3aMo3nyeHi 3 €/IeKTPOHHOTO OOKYMEHTa
https://karpinskyinstitute.ru/ru/info/sprav/petro/petro-mobil.pdf. OcobausocTi meToaiB Ta
MeTOMKa NpoBeAeHHA BMMIptOBaHb onucaHi binbl AeTanbHO B [AKMMUYYK 1 ap., 2019a; 20196;
ArMmuyK, Kopyaruu, 2019a,6,8].

BiA3HAUMMO TaKOX, WO B TEXHOAOTii, AKA MOCTIMHO YAOCKOHANOETLCA, BMKOPUCTOBYETLCA
YaCTOTHO-PE30HAHCHMIM MPUHUMN PeecTpauii KoOpUCHMX curHanis [12]. CynyTHUKOBI 3HIMKK 4mn
$OTO3HIMKM 06'eKTiIB AOCHiAMKEeHHA, a Takox ¢doTorpadii 3paskiB Mopid, KOPUCHMX KOMaauH i
XIMIYHMX eleMeHTIB — Le, Y NPUHUMAI, MyYHOCTI CTOAYMX /IEKTPUYHNX XBU/b, BUABEHMX Hikonoto
Tecna 8 1899 p. B rnbBUHHUX roprsoHTax 3emni [Tecna, 2009; 2010].

Mpn  nNpoBeAeHHi  IHCTPYMEHTaNbHMX  BMMIpPIOBaHb 3 BMKOPMUCTAHHAM  PoO3pobaeHmx
KOMN'tOTEPM30BAHMX KOMMJIEKCIB MOCNIZI0BHO 3iCTaBAAOTLCA CyMyTHMKOBI abo GOTO3HIMKM
00'eKTiB BMBYEHHA 3 doTorpadismm 3pas3kiB Nopia, KOPUCHUX KONaNWUH Ta XIMIYHUX enemMeHTiB. Y
npoLeci 3icTaBNeHHA BUMiptoBaIbHUM H/10KOM PEECTPYHOTHCA €NEeKTPOMArHiTHI Biarykun (curHann),
AKi 03BONIAIOTb 3Pp0OUTM BUCHOBOK MPO MPUCYTHICTb (BiACYTHICTb) KOHKPETHWUX Mopia, UiNboBMUX
KOPUCHMX KOMa/IMH Ta XiMIYHUX eleMeHTIB Y po3pi3i 06'eKkTa BMBYEHHA. Taki ocobanBocTi meTosis
00pobKM Ta [AeKoAyBaHHA CYNYyTHUMKOBWMX 3HIMKIB, WO po3pobnatoTbesa, € niactasow ANs
BMKOPWUCTAaHHA TEPMIHIB «4aCTOTHO-PE30HAHCHA TEXHONOTIAY («4aCTOTHO-PE30HAHCHI METOAMY).
O6pobKa CcynyTHMKOBMX 3HIMKIB Ta GOTO3HIMKIB MpoBoAMTbCA B /labopaTopHMx ymoBsax, bes
opraHisauii Ta NpoBeAeHHA MNOJIbOBUX re0N0ro-reodianyHmMxX AocniaxkeHb. Lle Haaae MoOXKAMBICTb
onepaTMBHO NPOBOAMTU AOCNIAKEHHA B ByAb-AKOMY PErioHi 3eMHOI Ky/li, @ OTXKe TEXHO/IOrIt0, AKa
PO3PODAAETLCA, MOXKHA BBAXKATK Cynep-MmobifibHOHO.

MPUHLMNOBO BaXAMBa 0CODAMBICTb NPSAMOMOLLYKOBMX YaCTOTHO-PE30HAHCHWX METO/iB NOAATAE B
TOMY, WO Ha BIiAMIHY BiJ KAaCcMYHUX reodisMYyHUX, BOHWM HAAAOTb peasbHy MOXKAUBICTb
HaMoBHIOBATM PO3PI3, AKUN BUBYAETHLCA, BiANOBIAHMMM KOMMIEKCAMM OCAL0BUX, METAMOPdIYHNX
i MarmaTM4YyHKMX NOpig, a TaKOXX BM3HA4YaTW IHTEPBA/IM PO3PIi3y, NMEPCNEKTUBHI Ha BUABJIEHHA
rOpYMX i PYAHUX KOPUCHUX OZHOYACHO, Yy MpOLeci NpoBedeHHs BMMIptOBaHb (peecTpali
CUrHaniB) po3pobieHMKn anapaTypHO-BUMIPOBAIbHUMKU NPUCTPOSIMKU (TOOTO 6e3 noAaTKOBMX
eTaniB MOJEe/IloBaHHA Ta reosoriyHoil iHTepnpeTalii pe3yibTaTtiB reodisaMyHMxX BUMMIptOBaHb). B
[AaHOMY MOBIAOM/IEHHI, @ TaKOX B onyb/sikoBaHWX MaTepianax [AKMmuyk n ap., 2019a; 20196;
ArnmuyK, KopyarmH, 2019a,6,8] npeacTaBieHi Ta aHani3yloTbCca pesy/bTaTh iHCTPYMEHTAIbHUX
BMMiptOBaHb BMKAOYHO!

lpo npozHo308aHi enubuHu cuHmMesy Hagmu, KoHOeHcamy ma 2a3y. Baxnuee Micue B
NPAMOMNOLLYKOBIA TEXHONOrIT 3aiMae MeToAMKa BEPTMKAIbHOMO CKaHyBaHHA (30HAyBaHHA)
PO3pi3y, BUKOPUCTAHHA AKOI HAZIaE MOMKIMBICTb PEECTPYBATU BiZINYKM (CUrHaNM) Ha PE30HAHCHMX
4yacToTax XiMIYHUX efNleMeHTIB, MiHepaniB, KOPMCHMX KOMaAMH, BOAM, a TaKOX OCaJ0BUX,
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MeTamopdiYHMX | MarmaTUYHUX MOpia B Pi3HMX iHTEpBanax rMOWH, ax A0 UeHTpy. 3emii.
3acTocyBaHHA MeToAy 30H/yBaHHA (CKaHyBaHHA) Ha BiAOMMX poaoBMLLIAX BB, a TaKOXK Ha AinaHKax
peecTpaLli BiAryKis Ha YactoTax HadTK, KOHAEHCcaTy Ta rasy NPM3BeE0 40 BCTAHOB/IEHHA ICHYBAHHA
YMOBHOI Mexi Ha rnnmbuHi 57 Km, Bulle AKOi GiKCytoTbCA CUrHaAM (BiArykn) Ha pe3oHaHCHMX
yacToTax HadT, KOHAEHCATY Ta rasy, a HUxK4Ye (rMmble) — Ha YacToTax BoAHO Ta Byraeuto! | wo
XapaKTepPHO — UA mexka O iKCyloTbCcA Ha BiANOBIAHWX AiNAHKax peecTpauii curHanis Big BB Ha
NOBEPXHI MPaKTUYHO Y BCiX perioHax 3eMHOi Kyi!

YucneHHi  pe3ynbTatv  dikcauii  mexXi  CUHTe3y  iHCTPYMEHTa/IbHUMW  BUMIPIOBAHHAMM
besnocepeaHbO (He iHTepnpeTalielo pesynbTaTiB BUMIPHOBAHb) [03BONAIOTb MPUMNYCTUTU
iCHYBaHHA B LbOMY iHTEepBai rMMOUH TEPMOANHAMIYHNX YMOB, CMPUATANBUX ANA CUHTE3Y HadTK,
KOHZEHCATy Ta ra3y 3 BOAHIO | BYr/ieuto, AKi MIrpytoTb 3HM3Y. MOXHa TaKoX rOBOPMUTU MNpPO
HaAABHICTb Ha LM rMOUHI HeobXiaHMX YyMOB ANA GOPMYyBaHHA MPUPOAHOrO peakTopa CUMHTe3y
HadTK, KOHAEHcaTy Ta rady. MoXKHa TaKOX NPUNYCTUTK, LLLO B TAKOMY PEAKTOPi MOYHETbCA NpoL.ec
reHepalii Byrn1eBoAHiB TibKM NpW peanisauii B LbOMy iHTepBani cepii JoaaTkosux (moctaTHix!)
YMOB [O/1A 3aMyCKy Npouecy CUHTe3dy. Ha AaHWi MOMEHT Ans Oonucy AO0CTaTHIX yMoB poboTu
«peakTopa» AOCTOBipHa iHbopMaLlis BiACYTHA.

3a3HaYMMO TaKOX, WO B MNpPOUECi NpoBeAEHHA EKCNepPUMMEHTIB BCTAHOBAEHO HAABHICTb Ha
rnnbuHax 68(69) Km e oaHiel mexi, B iHTepBani kol BiabyBaeTbCsa cnuHTE3 BoaK. Mpn NpoBeaeHHi
NOLWYKOBMX PODBIT A0AaTKOBI Npoueaypn ana dikcauii CMrHanis Ha YactoTax BOAW Bulle TANBUH
68(69) KM BUKOHYIOTbCA TAKOMK.

Mpo enubuHHi KaHanu (8ynkaHu) miepayii nwidie ma MiHepansbHux pe4yosuH. MNpn NPoBeAEHHI
reodisvyHUX JOCAigKeHb B  YKPaiHCbKIM MOPCbKIM aHTapKTUYHIM ekcneauuii 2018 p. 3
BMKOPUCTaHHAM po3pobneHnx metoais y MiBAEHHIN ATNaHTULi Ta B paioHi AHTAPKTUYHOrO N-Ba
BMAB/IEHO 3HAYHY KiNbKICTb MMOUHHUX KaHaniB (By/nKaHiB) mirpauii ¢awoiais, miHepasbHUX
PEYOBMH Ta XIMIYHMX eNleMEHTIB, 3aNO0BHEHUX PI3HUMK OCaLOBMMU Ta MAarMaTUYHUMKM NOPOLAMM,
y TOMY yuchi i cinmo. OTpMMaHi matepiain AatoTb NiACTaBM 41A NPUNYLWEHHA NPO HeLOOLHKY
AOCNiAHMKAaMK BMAWBY BYJIKAHIYHOI AianbHOCTI Ha (OPMyBaHHA 30BHIWIHbOrO BUrAsAy Ta
BHYTPILWHbOI Bya0BM naaHeTn 3emns. EKcnepumeHTanbHUMKM gochigkeHHammn y 2019-2020 pp.
NiaTBEPAKEHO HAABHICTb BY/IKAHIYHUX CNOPYA PI3HOMO TUMY B PI3HWX perioHax 3eMHOT Kyi
[AKMMmUyK 1 ap., 20196; Aknmuyk, Kopuarmu, 2019a,6,8]. Y 3B'A3KY 3 UMM, NpW NPOBEAEHHI
OOCNIOXKEHb 3 METOK MOLWYKIB KOPUCHUX KOMAAWMH O0AATKOBO BMKOHYIOTbLCA THCTPYMEHTA bHI
BMMIPIOBaHHA, CMNpPAMOBaHi Ha BCTAHOBAEHHA HaABHOCTI (BiACYTHOCTI) TAMOUMHHMX KaHanis
(BYNKaHIB) Y MeXax KpynHMX BAIOKIB Ta NOKaNbHUX AINAHOK 0OCTEKEHH:A. Pe3ynbTaTu NpoBeaeHMX
eKcnepMmeHTaNbHUX POBIT TaKOro XxapaKkTepy MOXyTb OyTW pe3toMOBaHI HAaCTYNMHUM YUHOM.

1. B pi3HMX perioHax CBiTy BUABMEHO YNCAEHHI TMMOUHHI KaHanu (By/IKaHM), 3aNOBHEHI 0Cag0BUMM
nopogamu 1-6 rpyn, 7, 8,9, 10 Ta 11 (cinb) rpyn, a TakoX MarmaTM4HMMK nopodamun 1 (rpaHitm), 6
(6asanbTy), 7 (ynbTpamadiuHi nopoam) Ta 11 (Kimbepnitu) rpyn.

2. KopeHi By/IKaHiB, 3aMOBHEHMX NOPOAaMM NepPeniyeHmx rpyn NPakTMYHO 3aBKAM GiKCyOTbCA Ha
rnbuHax 996 km, 723 km, 470 kKm Ta 195-217 kKM, 95-99 Km. IHTepBan 195-217 KM MOXKHA BBaXKaTK
LapOM piAKOro (MAacTMYHOro) CTaHy nopiz,

3. By/nkaHW 3 KopeHsmM B iHTepBani 195-217 KM MOMKHa BBaXkath "MonoanmMn" rpsa3boBUMMM
BY/IKAHAaMM. AKTUBHICTb TAaKOro TNy BY/IKAHIB CMOCTEPIraeTbCA HUHI.

4. BynkaHivHi cnopyam 3 KOpeHAMM Ha rnbuHax 996 km, 723 kKm Ta 470 KM A0UiINbHO BiZAHOCKTM
[0 KaTeropii «ctapux».

5. HasBHiCTb Ha AinAHKax OOCTEXKEHHS BY/IKAHIYHMX CNOPYA, 3 KOPEHAMM Ha Pi3HWUX FAnMbuHax
[03BONIAE NPUNYCTUTX NPO NPOLIECH aKTMBI3aL|ii B LIMX PEriOHaX B Pi3HMI Yac.

6. 3pa3Kkn nopia, WO 3aMOBHIOOTb KaHaAM BY/IKAHIB 3 KOpeHemM Ha noBepxHi 996 KM, MOXyTb
dikcyBaTUCA B iHTEpBani rMnbuH 0-996 KM, 3 KOpeHeM Ha IMMBKHI 723 Km - B iHTepBani 0-723 km,
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3 KOopeHem Ha rnbuHi 470 km - B iHTepBani 0-470 KM., 3 KopeHem 217 KM — AnLle B iHTepBani O-
217 Km, a 3 KopeHeM Ha rnbuHI 95 KM — TinbKK B iHTepBani 0-95 Km.

llpo 38'A30K CKyn4yeHb 8y2n1e800HI8 i3 2nAUBUHHUMU 8Y/IKAHAMU pi3Ho20 muny. Y NpPOLEC
NPOBEeAEHHA AOCNIAKEHD HA AINAHKAX PO3MILLLEHHA BiLOMMX POA0BML HADTM Ta rasy, NOLYKOBUX
NA0OLLAX Ta IOKAbHMX MaldaHuYMKax BypiHHA CBEPAN0BMH BCTAHOBNEHO, WO BiAryKM (CUrHanu) Ha
PEe30HAHCHMX YacToTax HadTW, KOHAEHCATY Ta ra3y PEECTPYOTLCA NLLIE B PaOHaxX PO3TallyBaHHA
KaHa/niB (BY/IKaHiB), 3aNOBHEHMX NEBHUMM TPynamm 0CagoBUX Ta MarMmaTUUYHKX nopia. Ha gaHui
MOMEHT Pe3yNbTaTh BUKOHAHWUX EKCMePMMEHTaNbHUX POBIT y Pi3HWMX perioHax A03BONATb
[0CTaTHbO 0BIPYHTOBAHO KOHCTATyBaTK HACTyMHe.

1. B merkax rnmMbuHHUX KaHanie, 3anoBHEHMX 0CaA0BUMM Nopodamm 1-6 rpyn, NPakTUYHO 3aBXKAM
PEECTPYIOTLCA BiAryKM Ha pe3oHaHCHMX YacToTax BB. B 6aratbox BMMaZKax B KOHTypax Takmx
KaHaniB QiKCytoTbCA TaKOXK BiATYKM Ha YaCcTOTax OypLITUHY.

2. B By/KaHax, 3anoBHEHWX 7-0M rpynoto ocafoBux nopig (KapboHaTW, BanmHAKKM), CUTHAAM Ha
YyacTtoTax HadTW, KOHAEHCATY i ra3y TAaKOXK PEECTPYHOTHCA Ay¥Ke YacTo. Ane BiaryKku Big OypLUTUHY B
LMX By/NIKaHax He dikcyroTbCs.

3. Ha pinsHKkax BYJIKAHIYHUX CTPYKTYP, 3aMOBHEHUX CiIIl0, TakoX GIKCYlOTbCA BiAryKM Ha
pe30HaHCHMX YacToTax BB.

4. B mexax BYJIKaHIYHMX KOMMMIEKCIB 3aMOBHEHMX 0CaA0BMMM NOpoAamm 8-i rpynu (gonomitn), 9-
oi rpynu (mepreni) Ta 10-0i rpynu (KpemeHUCTi Nopoaun) BiAryKM Ha YacToTax HapTK, KOHAEHCaTy
Ta rasy He 3apeEeCTPOBaHi }KOAHOTO pasy!

5. Ha ainAanHkax obcTexkeHHsn, B AKMX GiKCYOTbCA BiAryKM Big, BB, B Mexkax (B LeHTPabHUX YaCTUHAX,
WwBMAae 3a BCe) TMMOWHHMX KaHaniB mirpauii ¢awoiais, miHepasbHMX PEYOBUH Ta XiMIYHWUX
eleMeHTIB NPAKTUYHO 3aBXKAM QIKCYETbCA MeXKa 57 KM. HuKye Liel Mexi peecTpytoTbCa BiATNYKM Ha
4acToTax BOAHIO Ta Byrneuto, sulle — HadTW, KOHAEHCATY, rasy Ta BypWTMHY (TiNbKM Y KaHanax
nesHoro Tuny) [AkMmuyK 1 ap., 2019a; 20196; AknmuyK, KopyarmH, 2019a,6,8].

6. B paloHax ob6cTeeHux BY/KaHIB, 3aMOBHEHMX TPAHITHUMKM MOPOAaMM, TaKOX OTPUMAHO
CUIHANM B4 BYrN€BOAHIB Y FPaHiTax, y TOMY YMCAi Ha NoBepxHi 57 Km. Ui pesynbTath cBig4aTb Npo
MOKANBUA CUHTE3 BYINIEBO/AHIB B AEAKMX TUMNAX FPaAHITHMX BY/AKaHIB. OOCTe)KeHi AiNAHKM Y
paloHax Po3TallyBaHHA TPAHITHUX MACcKBIB MOMOBHIOWTL 6a3y 06'eKTiB (rpaHITHUX By/AKaHIB), B
AKUX € YMOBW AN1A CUHTe3y BB.

7. BcTaHOBNEHO TaKOXK, WO Ha BaraTbox AiNAHKax BiAryku Bia BB dikcyBanncs Takox 3 iHTepBanis
3HAXOAKEHHA yabTpamadivyHMX nopia.

BucHosKu. Pe3ynbTaT macwtabHoi anpobaulii MobifibHMX NPAMOMNOLLYKOBMX METO/IB MOMKHA
BBAXATW A0AATKOBMMM Ta BAarOMMMM CBIAYEHHAMM Ha KOPUCTb BYJIKAHIYHOI Moaeni GopmMmyBaHHA
30BHIilUHBOrO BUMIAAY NAAHET Ta CYNyTHWKIB COHAYHOI CMCTEMM, @ TAaKOXK POAOBULI PyAHWUX Ta
FOPHOYMX KOPUCHUX KOMANNH.

Pe3ynbTaTv PEKOrHOCLMPYBAbHOMO 06CTEKEHHA BYrinbHUX BaceliHiB YKpaiHu
PeKorHocumpyBanbHe obCcTeXeHHA BYTiibHMX BacelHiB Ha TepuTopii YKpaiHM NpoBeAeHO 3 METOO
OLLIHKM MepCneKkTUB BMABNEHHA Noknaais BB (HadTa, ras, KoHAeHcaT) B INMOOKMX Ta IUOUHHKX
rOpM3oHTax po3pidy. PesynbTaTv NpoBeaeHMX PobIT 3BOAATbCA A0 HACTYMHOrO [AKMMUYK,
KopuariH, 20258].

JlesigcbKO-BonuHcbKull 8yz2inbHUll 6aceliH. B npoueci 4acTOTHO-pe30HaHCHOI 06pobKM BCbOTO
3HIMKa 3 HaceMHOM Ha puc. 1 3apeecTpoBaHi BiArykun Bia HapTU, KOHAEHCATY, rasy, OypLITUHY,
Byrinna 1a Boan. OTpuMmaHi curHanm Big, 2-oi (cnabkui), 3-oi (cnabkui), 4-oi (cnabkui), 5-oi
(cnabkmin), 6-oi (cnabkui), 7-oi (iHTeHcnBHKM), 8-01, 9-0i, 10-0i, 11-0i, 12-0i rpyn ocagoBUX Nopia,
Tal,2,3,4,56,7,8i9 rpyn marmatTm4HmX.
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BcTaHOBAEHO HaABHICTb MMMOWMHHOIO KaHaay 3 KOPeHeM Ha rMbKuHI 723 KM, 3aN0OBHEHOrO 7-0t0
rPYynoto MarmaTUYHMX Nopid, Ta KaHaniB 3 KOPeHAMM Ha rMBKHI 470 Km, 3aNOBHEHMX 0CaA0BUMM
nopoAamm Ta 6-0t0 rPynod MarmaTU4HMX Nopia.

CKaHyBaHHAM po3pi3y 3 Kpokamm 10 cm, 50 cm i 1 M CMTHaAM Ha 4acToTax BYriifA OTPUMaAHI B
iHTepBani rMbuH 20-1130 m (NpoCTeXEHO 0 2 KMm).

CKaHyBaHHAM pO3pi3y 3 NoBepxHi 3 KpoKOmM 1 M BiAryku Big, HadTM 3adikcoBaHi B HACTYMHUX
iHTepsanax: 1) 260-1280 m; 2) 1500—-2600 m; 3) 3430-4570 m; 4) 5950-7950 m; nepexia Ha KpoK
5 m; 5) 8650-9900 m; 6) 10850-13700 m (40 15 KM NpOCTEKEHO).

Biaryku Big HadTh, KOHAEHCATY, rasy Ta BYpPLWITUHY OTPMMaHI TaKoX Ha NoBepxHi cMHTe3y BB 56.9
KM.

JlinAaHka 8 palioHi m. YepsoHoepad (YKpaiHa). Ha puc. 1 npeactaBneHUin CynyTHUKOBUI 3HIMOK
TepuTopii /IbBIBCbKO-BOIMHCHKOrO KaM'aHOBYriIbHOTO BacelHy YKpaiHu. Mpun 0bpobui dparmeHTa
LUbOro 3HiMKa y parloHi m. YepBoHorpas (no3HayeHOro Ha puc. 1 NPAMOKYTHMM KOHTYPOM)
3adikCoOBaHO BiAryKM (iHTEHCUBHI) BiA Oyporo Byrifasg, KOHAEHcaTy, rasy, bypWwTMHY, ra3oriaparis,
BO/N; CUTHAAM Ha YacToTax HadTun Byam BiACyTHI.

3 BUMKOPMWCTAHHAM 3pa3KiB NepLioi rpynmn 0cagoBMX Nopia, KOpiHb IMMOUMHHOMO KaHany 0caZloBMX
nopig, BCTAaHOBAEHO Ha TMOUHI 723 Km!

Ha noBepxHi 56.9 KM 3apeecTpoBaHi BiAryKku Bif BoAM, ra3origpatis, OypLITUHY, rasy; CUTHaAM Big,
HadTK TyT Byam BiacyTHI. Biaryku Big Boau dikcyBanmncs Ha nosepxHi 68.9 km. CurHanu Big dyporo
BYTiNAA 3apeecTpoBaHi B iHTepBai 12-215 m, a OypwTuny — 12-64 m.

CKaHyBaHHAM pO3pi3y 3 NOBEPXHI 3 KPOKOM 1 M BCTaHOB/IEHO TaKi iHTEPBA/IM BiAryKiB Ha YacToTax
rasy: 1) 50-530 m; 2) 1200-2100 m; 3) 2620—-3800 m; 4) 4480-4820 m; Ha 5 m 3 5 Km; 5) 7000-8750
M; 6) 10300-11600 m; 7) 12100-12550 m; 8) 13000-13700 m (npocTexkeHo 40 15 Km).

Palion m. bypwmuH (YKpaiHa). CynyTHUKOBMI 3HIMOK AiNAHKM PO3TallyBaHHSA M. BypluTuH
HaBeZleHO Ha puc. 2. Mpwu noro 06pobuj 3adikcoBaHO BiAryKM Ha YacToTax HadTK, KOHAEHcaTy, rasy
(iHTeHcMBHMI), a Takox 3-0i, 4-0i (cnabkuit), 5-0i, 6-0i, 7-0i (Ay*Ke iHTeHCKBHI) Ta 12-0i (chabkui)
rpyn ocafoBmx Nopig i 7-oi rpyny MmarmaTUYHMX nopia,.

®dikcaujeto BiAryKis Big nopia Ha pi3HMUX TAMBMHAX KOPiHb BYIKAHY MarmaTU4HKX nopiz (7-a rpyna)
BM3HAYeHO Ha rnbuHi 195 KM, a 7-0i rpynu ocaaoBmx (KapboHaTHMX) — Ha 470 Km.

Ha noBepxHi 56.9 KM 3adikcoBaHO curHanm HadTn, KOHAEHCATY, rasy Ta OYPLITUHY.
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Puc. 2. CynyTHUKOBWIN 3HIMOK ZiNAHKM
PO3TalllyBaHHA HaceneHoro NyHKTy bypwTuH
(YkpaiHa).

. WCokans
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HepeoHorpaa

TEOoCHIBKA' o126
{ade Lans i & Puc. 3. CynyTHMKOBWNIM 3HIMOK AiNAHKN
0bCTeXKEeHHA y palnoHi HOBOMOCKOBCBHKOIo
BYri/IbHOrO POAOBULLA.

Benuki MocTu
Puc. 1. CynyTHMKOBMIA 3HIMOK NAOLL
J1bBiBCbKO-BOAMHCBKOrO BYriNbHOrO
bacemnHy.

CKaHyBaHHAM po3pi3y 3 0 M i3 Kpokom 1 m 3adikCcoBaHO Taki iHTepBai BiAryKiB Ha Pe3oHaHCHMUX
yactoTax HadTh: 1) 790-1430 m; 2) 1750-2200 m; 3) 3200-4060 m; 4) 5000-5200 m (pani He
MPOCTENKEHO).

Mpn ckaHyBaHHI po3pidy 3 0 M i3 KpoKOM 1 cm cUrHanu (iHTEHCMBHI) Ha YacToTax OYpLITUHY
3adikcosaHi 3 1.1 m.

HosomocKoscbke 8yeineHe podosuwie ([Hinponemposcbka obaacme). [Mpu  06pobu;
CYNYyTHUKOBOIO 3HIMKY Mol B pailoHi pogosuua (puc. 3) 3adikcoBaHO curHanum Big Oyporo
Byrinnga, rasorigpaTis, 6ypwTnHy (3 11 c), rasy, KoHaeHcaty, 1-oi Ta 2-0i (ayxe cnabkuit) rpyn
0CaZl0BMX NOPIA; BIArYKM Big HadTX Ta MarmaTUYHMX Nopig 6yaun BiacyTHI.

dikcauj€eto BiAryKiB Ha PisHUX TMBMHAX KOPiHb KaHany 0CaA0BMX NOpPiA BU3HAYEHO Ha TMbuHI 723
KM.

Ha nosepxHi 56,9 KM. OTpMMaHi BiAryku Big, OypLITUHY, ra3origpaTis, rasy, KOHAEHCaTy; CUrHaniB
BiZ HadpTM He 3adikcoBaHO

CKaHyBaHHSAM pO3pi3y BiArykM Big Oyporo Byrinns 3apeecTpoBaHi B iHTepBani 4-98 m (Kpok
CKaHyBaHHA — 10 cm), a Big OypTnHy — 170-265 M (KpOK CKaHyBaHHA — 1 m).

CkaHyBaHHAM po3pi3y 3i 100 m 3 KpOKOM 1 M BCTaHOB/AIEHO TaKi iHTepPBaAW BiAryKiB Ha YacToTax
rasy: 1) 170-580 m; 2) 950-1430 m; 3) 1630-1720 m; 4) 2490-3100 m; 5) 3450-4170 m; 6) 4360-
4770 m; Ha Kpok 5 M; 7) 6950-8950 m; 8) 14260-16400 m (aani He NpOCTEXKEHO).
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MpW CKaHyBaHHI 3 BWKOPUCTAHHAM 4YaCTOT ra3OKOHAEHCaTy OTPUMAHO HaCTYMHi iHTepBau
Biarykis: 1) 1570-2570 m; 2) 3250-3650 m; 3) 3950-4240 m; 4) 5050-5150 m; Ha KpoK 5 m; 5) 5600—
6890 m; 6) 9300-10050 m; 7) 10870-13000 m (npocTexeHo Ao 15 Km).

HaBeneHi pe3ynbTaTn anpobalii MobiNbHMX NPAMOMNOLLYKOBMX METOAiB B BYriAbHMX BacelHax
YKpaiHM cBiaYaTh, WO B Mexax obcTerkeHux 6acelrHiB AOUiIbHO NPOBOAUTM  AeTaslbHi
OOCNIAXKEHHA 3 METOK MOLWYKIB CKyn4YeHb BB B rnbBOKMX ropn3oHTax po3pisy.

lMpoekm demanvHo20 obcmexceHHA /lb8i8CbKO-BoauHCbK020 8Yy2inbHo20 baceliHy. Pe3ynbTaTy
anpobauii NpAMONOLYKOBMX METOAiIB YaCTOTHO-Pe30HAHCHOI 0B6POBKM CYyNnyTHMKOBMUX 3HIMKIB B
MeXKax BYrinbHMX BacenHiB CBiAYaTb, LLO B HMMKHIX TOPM30HTax BacenHiB MOXyTb OYTU BUABNEHI
noknaam BB (HadTa, KOHAEHcaT, ras).

C | E M A
NuBIBCBKO-BONMHCEKONO BYTINBHOrO
BACEAHY

\ aspdumyp-
SJFBosuRTemug

4
N )
. oN ‘B T cmul |
-4 s v § Lt
gL CT T (

Eymnua | .
S b

Puc. 4. Cxema po3milleHHA ByriibHoro bacenHy | Puc. 5. CynyTHMKoBMi 3HIMOK (Google Earth)
Ha 3axo4i YKpaiHu [/IbBiBCbKO-BONIMHCHKMA...]. BYriibHOro 6acenHy.

MepcneKkTnBM NpoBeAeHHA AeTaNbHUX reoN0ro-reodianyHmxX AOCNIAXKEHb HA TepuTopii JIbBIBCbKO-

BonnHcbkoro 6aceiHy 3 mMeToto MOLYKiB NOKNaAis BB moxyTb OyTW OUiHeHi 3a pe3yabTaTamu

peanizauii HaCTYMHOro NPoeKTy.

1. 3 BUKOPUCTAHHAM KapTU-CXEMM PO3MILLLEHHA BYriNbHOrO 6acenHy Ha 3axofi YKpaiHu (puc. 4)

NiIrOTOBNEHO CYNYTHMKOBWUI 3HIMOK 3 BacetHoMm (puc. 5).

2. 3HIMOK po36uTO Ha 3 dparmeHTM — NiBHIYHMIA, LEeHTPaNbHWI Ta NiBAEHHWI (pUc. 6).

3. Mepwui eTan MNpPOEKTy: YacTOTHO-pe30oHaHCHa 06pobKa TPbOx GParmeHTiB CynyTHMKOBOrO

3HiMKa baceliHy 3 meToto dikcalli BiaryKis (CMrHaniB) Ha YacToTax BYr1eBOAHIB HA MeXi iX CUHTe3y

Sokal Cokanb

N50°27¢

lllenriussin

) o~ : o) ) !
Puc. 6. CynyTHMKOBI 3HIMKM MiBHIYHOT (@), LeHTPabHOT (6) Ta NiBAEHHOT (8) YaCTUH BYTi/IbHOTO
HacelHy.
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4. Opyrnin eTan nNpoeKkTy: obpobka dparmeHTa CYynyTHUKOBOrO 3HIMKA B MeXax AKOro iCHytTb
YMOBW Ans cMHTe3y BB Ha noBepxHi 57 KM B AeTa/IbHOMY PeXMMi 3 METOIO BM3HAYEHHS TINOMH
3a/1raHHA Ta TOBLIMH iHTepBaniB po3pisy 3 Noknagamu BB (HMKYe BYrinbHUX NAACTIB).
KomeHmap. Peanisauis (onepaTMBHO npoBeaeHa) Ha Naouli  ByrinbHoOro  HacemHy
3aNpoOnNOHOBAHOMO MPOEKTY [A03BOJ/IUTb BUAIUTU B MO0 MexKax GparmeHT (dparmeHTn) ans
NPOBeJEHHS [eTafibHMX MOLWYKOBMX POBIT Ta OUIHWUTM AOUIAbHICTE OypiHHA MOLWWYKOBUX
CBEPAI0BMH Ha BYr1E€BOAHI.

Pe3ynbTaTv peKOrHOCLMPYBabHOMO 06CcTeKEeHHA ONeCbKOT NAOLW,

B 2025 p. npoBeaeHo anpobaLito NPAaMONOLIYKOBUX METOAIB B Merkax OiecbKoi NAoLLi Ha 3axoJi
YKpaiHu.

Pe3ynemamu pexko2HoCuupysanbHUX 00CnioxeHb, Ha canTi [«YKpHadTa»...] HaBeaeHa iHbopmalin
NPO OTPMMAHHA KOMMNaHie «YKpHadTa» cneuao3Bony Ha BMAOOYTOK CNaHLEBOro rasy B MexKax
Onecbkoi naouli. B 38’A3Ky 3 umMm, Ha OnecbKil MOl i3 3aCTOCYyBaHHAM MPSAMOMNOLIYKOBOI
TEXHO/Ori  YaCTOTHO-pPe30HaHCHOI 06pPOOKM cynyTHMKOBMX Ta GOTO 3HIMKIB MpoBeaeHi
OOCNIOKEHHA PEeKOrHOCUMPYBaNbHOrO XapaKTepy 3 MEeTOK OUHKM MNepcrneKkTMB BUABMEHHA
NoKknagiB BYrneBoAHiB (BB) B rnMbMHHUX ropu3oHTax pos3pisy B TPAAMUIMHUX (He cnaHueBux)
KonekTopax [AKMmuyK Ta iH., 2025a, 6].

[Ons nposeAeHHA AOCAIAKEHb KOHTYPW naouli (puc. 7) HaHeceHi (Mpmnban3Ho) Ha 3HIMOK Google
Earth (puc. 8), Akuin po3buTo Ha Tpu dparmeHTU (puc. 9). B peKorHoCUMPYBaIbHOMY PEXKUMI
npoBeaeHa 0OpobKa HUMKHIX dparmeHTiB 3HIMKIB Ha puc. 9a, 96, 9s..

B npoueci 4aCTOTHO-Pe30HAaHCHOT 0OPOOKM CYNMYyTHUKOBOTO 3HiIMKa MiBHIYHOT AinAHKKM OnecbKoi
naouw,i (puc. 9a) B peKorHoCUMpPYBabHOMY PeXMMi 3 MOBEpPXHi 3adiKCOBaHO CMiIbHUIA CUTHaN Ha
yacToTax BB, GakTepilt MeTaHOOKUCAUYMX, KoBToro ¢docdopy i 7-0i rpynm 0cagoBuxX Mopis
(KapboHaTK, BaMHAKK). |HCTPYMEHTaNbHUMKW BUMIpaMKM 3adikcoBaHi npouecu Mmirpauii rasy i
»osT1oro ¢ochopy B aTmMOChepy.

Mig, Yac 4acTOTHO-Pe30HAHCHOI 0OPOBKM CYyNYTHMKOBOrO 3HIMKa LIEHTPaNbHOI AinAHKKM OnecbKoi
nnouli (puc. 96) B peKorHoCUMpPYyBabHOMY PEXKMMI 3 MOBEPXHI 3adiKCOBAHO CMiNbHWI CUrHAA Ha
YyacToTax BB, GakTepit meTaHoOOKMCAKO4YMX, KoBToro docdopy i 7-0i rpynnm ocagoBMx nopia
(KapboHaTK, BanHAKM). IHCTPYMEHTAIbHUMM BUMipamm 3adikcoBaHi GakTu (Npouecu) mirpadii rasy
i )koBTOro docdopy B aTmocdepy.
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B Mexax LLeHTpanbHOI AiNAHKM 3adiKCOBAHO TaKOX CUTrHANM BYrNeBOAHIB Ha rNUBUHI iX cMHTe3y 57
KM B BY/IKAHIYHOMY KOMN/IEKCI, 3anOBHEHOMY 7-0t0 rpynoto ocaaoBux (KapboHaTHMx) nopia!

OneckbKa nnouwa

Mnowa, KB. KM: 6 324 km2.

Fazosi 0,8-1,5 TpnH. M3. rasy. (miHimanbHi)
poaoBuLa: (1]
5200 2 . 4
Puc. 7. MonoxeHHa OnecbKoi NoLi Ha 3axoa, Puc. 8. KoHTypn Onecbkoi naolLi Ha
YKpaiHu. CynyTHMKOBOMY 3HiIMKy Google Earth.

B npoueci 06pobKku 3HiMKa niBAeHHOT AinsHKkK Onecbkoi naodli (pmc. 98) 3 noBepxHi 3adikcoBaHO
CNiZIBHUIA CUTHAN Ha 4YacToTax BB, HakTepill meTaHOOKUCOUNX, KOoBTOro docdopy i 7-0i rpynu
ocagosux nopia (KapboHaTun, BamnHAKKM). |HCTPYMEHTa/NIbHUMM BUMIpaMK 3adikcoBaHi (aKTu
(npouecn) mirpalii rasy i »koBToro pocpopy B atmocdepy.

a) 6) 8)
Puc. 9. KoHTypK niBHIYHOI (a), LeHTpanbHoi (6) Ta niBAeHHOT (B) YacTMH OnecbKoi NAoLL Ha
CYNYTHUKOBOMY 3HIMKY.

Kopomkuli komeHmap. Mpn npoBeaeHi obcTexkeHHA ONecbKoi NAOLL B IHTErpanbHOMY PEXUMI i3
peanizalieto 0bMeKeHOI KifibKoCTi npoueayp iHCTPYMEHTaNbHUX BMMIPIB BiAryKu (curHanm) Ha
YyacToTax (cneKkTpi YacToT) BB B MeXKax BCiX TPbOX AiNAHOK 3adikcoBaHi!

Ha ueHTpanbHil Ainadui naowli BigrykM Ha YactoTax BB 3adikcoBaHi Ha mexi cMHTe3y 57 Km B
BY/IKAHIYHOMY KOMMJIEKCi, 3aMOBHEHOMY 7-00 rpynok o0cagoBux (KapboHaTHMx) nopia. B
BY/IKQHaX, 3aMOBHEHMX BaMHAKAMM, YMOBM ANA CMHTe3y BB Ha ranbuHi 57 KM icHYtOTb.
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B LEeHTPaNbHMX YAaCTMHAX BYKAHIYHMX CTPYKTYP, B AKMX ICHYIOTb YMOBM AN CUHTe3y BB Ha rAnbuHi
57 KM, NpOAYyKTMBHI NAaCTN MOXYTb B6yTM 3adiKCcOBaHi TaKOXK B IMOOKUX Ta NMMBUHHMX iHTEpBanax
po3pi3y.

MNpn npoBeAeHHi AeTanbHoro obctexeHHA OnecbKoi MO, NepcnekTUBHI Ans OypiHHA
CBEPANOBUH AiNAHKM Ta NAOLWAAKM MOXKYTb OYTM NOKaNI30BaHi.

30HAYyBaHHAM (CKaHyBaHHAM) PO3pi3y rMMOMHM 3aNAraHHA Ta TOBLUMHM HAaCUYEHWUX BYT1€BOAHAMM
NAacTiB MOXKYTb OYTW BU3HAYeHI. [pouesypa BEPTUKAbHOIO CKaHYBaHHSA PO3pi3y 103BOJIAE TAKOXK
BM3HAYUTU TUMM NOPIL B HACMYEHUX BYT/TIEBOAHAMM MJ1acTax.

-

MNieHiyHo-cxigna
nepenekTHEHa

DpaHKiECbKa
nepcnexTMENRa

b

Puc. 10. NMepcnekTUsHI 4iNAHKK Puc. 11. 3Himku Puc. 12. CynyTHUKOBMI 3HIMOK
OnecbKoi nnouli [[eTpoBCbKMA Ta | NEPCNEKTUBHUX AINAHOK | LEHTPaNbHOI AinsHKKM OnecbKoi
iH., 2025] NNOLL NAOLL

Pe3ynemamu 000amKo8ux iIHCMPYMeHMasibHUxX 8umiprtosaHs. Ha KoHdepeHuii B M. JlbBiB, B
nonosigi [MeTpoBcbKMiA Ta iH., 2025] 3anNponoHOBaHO AeTabHi AOCAIAKEHHA NPOBOANTN B MEMKAX
MiBHIYHO-CXiAHOT Ta IBaHO-PpaHKiBcbKOI (prc. 10) nepcnekTuBHUX AinsHoK Onecbkoi naolli. Taka
npono3uuia chopmyboBaHa 3a pe3yabTaTamMu aHanidy gaHux BypiHHSA NOLWYKOBUX CBEPAJ0BUH B
MeXax naoli. 3acayxaHa AOMNOoBiAb CNOHYKasa aBTOPIB MPOBECTM A0AATKOBI IHCTPYMEHTA bHI
BMMIPIOBAHHA B MEXKax PO3MIlLleHHA 3anponOHOBAHUX AINAHOK (30HAyBaHHA PO3pi3y B nepluy
yepry). Pe3ynbTaT 30HAYBaHHA pPO3PiI3y B MeKax MNEepCrneKkTUBHUX AiNAHOK 3BOAATHCA [0
HacTynHoro [AKMMYYK Ta iH., 20256].

1. B npoueci 30HAyBaHHA iHTepBany 0-7 Km [iBHIYHO-CXiaHOT AinaHKKM (puc. 11a), Kpok 25 cm,
BiAryKM (CMrHanm) Ha YactoTax BB 3adikcoBaHi B ABOX iHTepBanax rnnbuH: 430-484 ta 2387-2509
M. A Npu A04aTKOBOMY CKaHyBaHHI iHTepBany 2387-2509 m, kpok 1 cm, — 2504.2-2507.65 m (3.45
Mm).

2. Mpw 30HAYBaHHI iHTepBany 0-7 KM IBaHO-PpaHKiBCbKOI AinAHKK (puc. 116), Kpok 25 cm, BiaryKu
(curHanu) 3adikcoBaHi B ogHOMY iHTepBani ranbun: 2978-3037 m (59 m). A npu goaaTKOBOMY
CKaHyBaHHI iHTepBany 2978-3037 m, Kpok 1 cm, — B ABOX iHTepBasiax rnMbun: 3028.79-3030.4 m
(1.51 m); 3033.7-3035.2 m (1.5 m). Mpu 06pobLi 3HIMKa AiNAHKM (puc. 116) 3 NOBEPXHi CUTHAAM Ha
yacToTax BB He ¢dikcyBannck Ha npoTasi 150 ¢ BUMiptoBaHb.

3. Mpw ckaHyBaHHi iHTepBany 0-10 KM LeHTpaAbHOI AinaHKkKM OnecbKoi naouli (puc. 12) 3 kpokom 1
M BIiZIN'YKW Ha cnekTpi YacTtoT BB 3adikcoBaHi B 14 iHTepBanax po3pidy: 1) 246,0-343,0; 2) 450,0-
505,0; 3) 676,0-749,0; 4) 980,0-1278,0; 5) 1521,0-1803,0; 6) 1996,0-2074,0; 7) 2322,0-2700,0; 8)
3111,0-3456,0; 9) 3966,0-4156,0; 10) 5021,0-5712,0; 11) 6030,0-6631,0; 12) 7298,0-7893,0; 13)
8255,0-8541,0; 14) 9054,0-9292,0.

308



«Foundations and Trends in Modern Learning» (June 25-26, 2026). Berlin, Germany I

KpoK ckaHyBaHHA 1 M — KpynHWUIA. B BUAiNeHNX iHTepBaiax po3pisy KoNeKTopiB 3 BB pi3HUX TOBLLMH
MOKe ByTU AeKinbKa.

BucHosKu. Pe3ynbTaTM PEKOrHOCUMPYBANAbHOrO O6CTEXEHHA MNPAMOMOLLIYKOBMMM METOAAMM
TPbOX AinaHoK Onecbkoi NAolli A03BOAATb KOHCTATyBaTW, WO AeTanbHi reonoro-reodisanyHi
poboTn 3 MeTol BMOOPY MandaHuMKiB ans BypiHHA MOLWYKOBUX CBEPAIOBUH Ha MOYAaTKOBOMY
eTani AoCNiAXeHb AOUINbHO NMPOBOANTM B MEXKAX LEeHTPaAbHOI AiIAHKM NAOLL, Ha AKiA CUrHaNu
Ha YacToTax ByrneBoAHiB (HadTa, KOHAEHCaT, ra3) 3adikcoBaHi Ha Mei IX CUHTe3y 57 KM. J/IoKa bHi
LOiNSHKK (naowaakmn) ana 6ypiHHA CBEPANOBUH B Mexax Mol (LeHTPanbHOI AiNSHKN) MOXKYTb
6yT NoKanizoBaHi Nig, Yac AeTaNbHOro OOCTENKEHHS AINAHKM NPAMONOLWYKOBUMM METOAAMM |
30H/yBaHHA PO3pPi3y 3 APIOBHUM KPOKOM.

B npoueci npoBeAeHHA eKCNepUMEeHTaNbHUX AochifykeHb Ha Onecbkin NiLEeH3INHIN naoLLi
OTPUMaHi J04aTKOBI CBiAOLTBA Ha KOPUCTb abioreHHoro (ramMbuHHoro) cuHTesy BB (HadTa, ras,
KOHAEHCAT) B BY/IKAHIYHNX KOMMNAEKCaX, 3aNOBHEHNX BaMHAKAMM.

Pe3ynbTaTM 3aCTOCYBaHHA YaCTOTHO-PE30HAHCHUX METOAIB A4ns BMBOPY AiNAHKM BypiHHA
CBepaI0BUHU Ha BOAEHb

AnpobalLito NPAMONOLLYKOBUX METO/IB NPOBEAEHO TAaKOXK B MEXKax /I0Ka/IbHOI AiNAHKM Ha 3axoAi
YKpaiHu B PiBHEHCbHKiM 061acTi, 06CTexXeHHA SKoi NpoBOAMAOCL 3 METO BMOOPY NAOLWAAKM AA
OypiHHA MOWYKOBOI CBEPA/IOBUHM HA MNPUPOAHMIA BOAEHb. Pe3ynbTaTv nposegeHux pobIT
3BOAATHCA A0 HAcTynHoro [AKMmuUyK, KopyariH, 20256].

ObcmexceHHA KpynHOI OifAHKU. Ha No4YaTKOBOMY eTani AOC/iIAKEHb 3 METOH MOLUYKIB CKynyeHb
BOAHIO B PEKOrHOCUMPYBA/IbHOMY PEXWMMiI  NPOBEAEHO YaCTOTHO-Pe30HAHCHY 0bOpobKy
CYNMYTHMKOBOrO 3HIMKa TepuTopii B paloHi nowykis (puc. 13a). Ha apyromy etani pobiT
NPOBOANNOCH ODCTEKEHHS OKpeMnx GparMeHTiB 3HIMKa Ha puc. 13a 3 MeTo oKanisaLii AinsaHOK
CKYMYEeHHA BOAHIO B PO3pPi3i.

B npoueci 4acToTHO-pe3oHaHCHOT 06pPOHKM BCbOrO CynyTHMKOBOrO 3HIMKa MAOLLI NoLWyKiB (puc.
13a) 3 NoBepxHi 3apeecTpoBaHi CUrHaAN Ha YacTOTax BOAHIO, HAdTUW, KOHAEHCaTY, rasy, bypwTuHY,
HaKkTepit MeTaHoOKMCAAoUMX, docdopy (Y4ePBOHOTO, }KOBTOrO), FOPHOYMX CNAHLLIB, ra3oriapoaaTis,
aHTpauuTy, BakTepin BOAHEBMX, *KMBOI BOAN, MepTBOI BOAM (CnabKoi iHTEHCMBHOCTI, 7 C), nboay.
Biarykm Big, rnnbuHHMX 6a3anbTiB i CONi HATPIN-XTOPUCTOI HE OTPMMAHI.

3adikcoBaHi curHanu Bia 1-6, 7-i (BanHaAkK), 8- (monomitn), 9-i (mepreni) Ta 10-i (KpemeHUCTi) rpyn
0CafloBMX Nopia, a Takox 6-i (rabpo i 6azanbth), 6A (nonepuTn Ta aHaesnTn), 66 (namnpoitn) i 14-
Ol Tpyn MarmaTUYHUX Nopia.

Ha nosepxHi (rnmMbuHi) cnHTe3y BB 57 KM 3apeecTpoBaHO BiArykuM Biag HadTU, KOHAEHCaTY, rasy,
BypLUTUHY, dochopy (*KOBTOro), a3oTy, BYrAeLo, BOAHIO, XMBOi BOAM, a Ha TNNMBUHI 59 Km — Bia
MEPTBOI BOAM, KMCHIO Ta BYITNEKMCAOTro rasy. Ha nosepxHax 13 Km Ta 48 KM BiAryKu Big, mepTBOi
BOAM HE OTPUMaHI.

Biaryku Bia HadbTK 3 BanHAKIB 3apeecTpoBaHi Ha rMMOUHI 57 KM, a Ha noBepxHAX 11 km, 13 KM Ta
46 Km He 3adikcosaHi. CurHanu Big HadpTX 3 NcamiTiB (gpyra rpyna ocagoBux nopia) Ha rAnbuni 11
KM Bynu BiAgCYTHI.

®dikcaujeto BiAryKiB Ha Pi3HMX NOBEPXHAX BM3HAYEHO MMMOUHU KOPEHIB HACTYMHMUX BY/IKAHIYHMNX
kKomnaekcis: 1) 1-6 rpynun ocagosux nopig — 470 km; 2) BanHaku — 470 km; 3) gonomitn — 470 Km;
4) 6azanct — 470 Km; 5) kpem'aHucTi nopoam — 723 km. 3 iHTepsany 470-996 KM 3apeecTpoBaHO
BiArYKM Bif rpaHiTiB (cTapmx). Biaryku Big meprenis Ha noBepxHi 50 KM 6yan BiACYTHI, LLO CBIAYUTL
NPO PO3TallyBaHHA KOPEH:A BY/IKaHa 3 MePrefiMm, 33 MeXKamm NAoLLI 06CTEKEeHHS.

B Ljinomy, TepuTOpin pEKOrHOCLUMPYBabHOrO 06CTEXKEHHA Ha pMC. 13a NepcneKkTMBHA ANA NOLWYKiB
NPOrHO30BaHMX CKyNnYyeHb HadTK, KOHAEHCATY, rady, OypPLUITUHY, BOAHIO, *KMBOI (LLiNtOLLOT) BOAM.
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Hapgani, npn obpobui okpemmx dparmeHTiB CynyTHMKOBOTO 3HIMKa Ha puc. 13 nposogmnaca
dikcauja Biarykis nAuiie BiJ KOMMNOHEHTM MOLWYKIB (BOAHIO), A€AKMX TUMIB MOpia Ta OKpemMmux
XIMIYHUX e/leMeHTIB.

Pe3ynemamu ob6cmexceHHSA /10KaAbHOI 0iAHKU. TIONOKEHHA NOKaNbHOI AiNSHKU 0DCTEXEHHS Ha
CYNYTHUKOBOMY 3HIMKY TEPMUTOPIT NOLWYKIB CKyNYeHb BOAHK NOKa3aHo Ha puc. 13.

B npoueci 06pobKku dparmeHTa 3HIMKa 3 BMpi3om Ha puc. 136 3apeecTpoBaHi Bigryku anuie Big 10-
oi rpynu 0cazioBux (KpeMeHMCTUX) Nopi.

Mig yac 06pobKM NoKaNbHOro GpparmeHTa 3HIMKa AiNSHKK Ha puc. 13B 3apPeeCcTpoBaHi BiAryku Ha
YyacToTax BoAH, Gochopy YepBOHOTrO, a30Ty (CNabKoi iIHTEHCUMBHOCTI), 6aKTepin BOAHEBUX, KNBOIT
BOAM, 8-i (AONOMITH) rpynKn ocagoBuMx Nopia Ta 6-oi (6asansTn), 6A, 6B rpyn marmaTUYHKX Nopiz,.

CKaHyBaHHAM pO3pi3y 3 MOBEPXHi 3 KPOKOM 1 cm, BepxHA KpomKa 6a3anbTiB 3adikcoBaHa Ha
TANOMHI 9 M; BiAryKM Big, 6a3anbTiB MPOCTENKEHI CKaHYBaHHAM 3 Kpokamm 10 cm i 1 m go 1 km
(rmmblwe ckaHyBaHHA He npoBoamsoca). KopiHb 6a3anbToBOro By/iKaHa Qikcali€lo BiAryKiB Ha
Pi3HMX NOBEPXHAX BM3HAYEHO Ha rMBUHI 470 KM.

MpW cKaHyBaHHI PO3pi3y 3 MOBEpPXHi, KPOK 5 cm, 3adikcoBaHi BiAryKM Ha 4YacToTax BOAHIO 3
6a3anbTi, Mm: 21— (3 50 —Ha KpoK 10 cm) — (67 — iHTeHCKBHUI — 78) — (170 — iHTeHcuBHMIA 200)(210
— iHTeHCMBHMIN — (220 - Ay»Ke IHTEeHCMBHUI — 245)) — (269-iHTeHcMBHUI — (306 ayrKe IHTEHCUBHUI
—360)) (450 — iHTeHcmMBHMI —475) — (500 — iHTeHcMBHUI (640 — Ay»Ke iHTeHcnBHUM — 675)) — (730
— IHTeHCMBHUN — 755) — (775 — iHTeHcnBHMM — 798) (900 — iHTeHCUMBHUIA —912) (935 —iHTEeHCUBHIM
— (965 — ayKe iHTeHcMBHUI — 1008))......(Aani cCKaHyBaHHSA He NPOBOAMIOCA).

Ha nosepxHi 10 M 3 BEpXHbOT YaCTUHM PO3pPi3y OTPUMaHI BiAryYKK Bia BoAHIO, YepBoHOro ¢pochopy
i *XMBOi BOAM.

Ha nosepxHi O M 3 BEPXHbOI YaCTMHM PO3pPi3y 3adiKCOBAHO CUIHANM Bifd, BOAHIO Ta YEePBOHOrO
docohopy (mirpauia rasis B atmocoepy).

Mpw CKaHyBaHHI PO3pi3y 3 MOBEPXHI KPOK 1 cMm, BIATYKM BiA BOAHIO OTPMMaHI 3 iHTepBany 1.0-3.8
M; Aani curHanm nodanu dikcysatmca iz 23 m.

B npoueci ckaHyBaHHA po3pi3y 3 NOBEPXHi, KPOK 1 CM, OTpMMaHI BiAryku Bia, »kmBoi Boan, m: 1-(9-
10 -iHTeHcKBHMI) (3 20 M, 10 c™m KpOK)- (30 - iHTEeHCMBHMI -(82 - Ay»Ke iIHTeHCUMBHNUIN - 147)) (170 —
IHTEHCUBHMI, AyKe iIHTeHCMBHKIM 220) (Aani CKaHyBaHHA He NPOBOAMNOCS).

Mpwn 06pobLi 3HIMKa 3 NOBEPXHi 3adiKCOBaHi CMrHaAM Bid HACTYMHMX 3Pa3KiB A0JIOMITIB 3 KONeKL;i:
1) ponomit 3amilteHHa (131); 2) nonomit kKaBepHo3HMiA (133).

Biaryku Bia 4ONOMITIB 3amilleHHA dikcyBanmca Npu ckaHyBaHHI 3 Kpokamn 1 cm i 10 cm 34 m Ao
100 m (mani ckaHyBaHHA He npoBoanaoca). Ha ranbuHi 10 m 3apeecTpoBaHi iIHTEHCUBHI CUTHANN.
Mpwn ckaHyBaHHI po3pi3y 0-10 m, KpoK 1 Cm, BiAryKM Ha YacTOTaX KaBEPHO3HMX AO0/IOMITIB OTPMMaHI
3 iHTepBany 1.40-4.40 m. CUrHanm BOAHIO 3 I0/IOMITIB 3aMilLIEHHA B LiIbOMY iHTepBai po3pisy bynu
BiACYTHI.

8)
Puc. 13. NonoxeHHA NOKaNbHOI AINAHKM OBCTEXKEHHA Ha CyNyTHUKOBOMY 3HIMKY TepuTopii
MOLUYKIB CKyN4YeHb BOLAHIO.
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Ha ranbuni 10 m BiaryKku Big, KaBepHO3HUX A0N0MITIB OTPUMAHI TiIbKM 3 BEPXHbOT YaCTUHM PO3pisy.
3iHTepsany 0-10 m He OTpUMaHI BIATNYKM BiZ, *KMBOI BOAM 3 KABEPHO3HMX AONOMITIB MPU CKaHYBAHHI
pPO3pi3y 3 KPOKOM 1 cMm.

[Mpn CKaHyBaHHI pPO3pi3y 3 NOBEPXHI, KPOK 1 cm, BIATYKM Bif, *KMBOT BOAM 3 A0NOMITIB 3aMilLeHHA
oTpUMaHi 3 iHTepBany 12 cm - 8.9 m. Ha ranbuHi 9 m BiAryKM Bif *KMBOI BOAM 3 [0JIOMITIB
3aMileHHA BYAN BiACYTHI 3 HUXKHBbOI YaCTUHM PO3pi3y.

3 meToto BepudikaLlii Ta yTOYHEHHA OTPUMAHNX AaHUX NMPOBEAEHO TaKOX 006POOKY CyNnyTHUKOBOO
3HiIMKa 10KaNbHOIT AiNAHKK y Binbwomy macwTabi (puc. 14). Okpemi bparmeHTV NOKaNbHOT AiNAHKM
NOKa3aHo Ha puc. 15.

Biarykn Ha 4actoTax BoAHI i 4vepBoHoro dochopy npm obpobui 3HiMKa Ha puc. 15a He
3adikcoBaHo.

Mig, yac obpobKM 3HIMKa Ha puc. 14 i3 Bupizom dparmeHTa Ha puc. 15a Biaryku Big BoAHIO Ta
dochopy 4epBOHOrO 3adikcoBaHi, a 3 BUPi3om dpparmeHTa Ha puc. 156 He oTprMaHoO.

e

\

Puc. 14. CynyTHMKOBWI 3HIMOK (Google Earth) nokanbHOT AiNAHKM OBCTEXKEHHS.

CurHanu Bia BoAHto i YepBoHoro dochopy 3adikcosaHi npu 0bpobui dparmeHTa 3HIMKa Ha puc.
156. Biaryku Big, 4ONOMITIB y MeKax Lboro ¢pparmeHTa He oTpMmaHi. Mpun CKaHyBaHHI po3pisy 3
noBepxHi, KpoK 1 cm, BiAryKkM Bia 6a3anbTiB novann dikcysaTtmca 3 9.5 m. KopiHb 6a3anbtoBOro
BY/IKaHa BM3Ha4YeHM Ha rnbuHi 470 km. Ha noBepxHi 10 M 3 BEpXHbOT YaCTUHW PO3Pi3y OTPUMaHI
BiAryKku Bia 2-i (ncamitn), 3-i, 4-oi Ta 8-0i rpyn ocagoBMX Nopiza,.

B mexax ¢parmeHTa 3HIMKa Ha puc. 15a oTpuMaHi BiAryku nvwe Big 8-i (4onomitm) rpynm
ocagosux nopia. Ha rambuni 50 KM TakoxK 3adikcoBaHi CUrHaAAM TiNbKW Big, umx nopig. Mpu
CKaHYyBaHHI po3pi3y 3 MOBEPXHi, KPOK 1 CM, BiAryKM BiA A0NOMITIB 3amilleHHs (131) nodanm
dikcyBaTUCA 3 3.8 M, a Big, AONOMITIB KAaBEPHO3HUX — 3 2.8 M. Ha noBepxHi 4 M 3 BEpXHbOT YaCTUHM
PO3pi3y OTPUMaHi curHanm Bia 2-i (ncamitn), 3-i, 4-i Ta 8-i rpyn ocagoBMX NOPIA.
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a) 6)

Puc. 15. CynyTHMKOBI 3HIMKK (Google Earth) dparmeHTiB NOKaNbHOT AiNAHKM 0BCTEXEHHS.

MpoBeaeHO TaKOX YaCTOTHO-Pe30HaHCHY 06pOobKy 3HIMKIB IBOX HEBEMKMX 30H (puc. 166 i 168) B
MerKax GparmeHTa obcTexkeHHa Ha puc. 156.

Mig yac 06bpobKM 3HIMKa Ha puc. 166 i3 noBepxHi 3adikcoBaHO BiAryKu Bif, 6a3anbTiB, *KMBOI BOAM,
BOAHIO, DakTepilt BoaHeBuX, dochopy yYepBoHOro. CKaHyBaHHAM pPO3pi3y, KPOK 1 cm, BEpXHA
KpomKa 6a3anbTiB 3adikcoBaHa Ha rMOUHI 7.9 m.

Mpn cKaHyBaHHI PO3pi3y 3 MOBEPXHi, KPOK 1 CM, BiAryKM Bi4 BOAHKO OTPMMAHI 3 HACTYMHUX
iHTepsanis, m: 1) 2.6-4.5 m, 2) 24.5- (3 25 m Ha Kpok 10 cm) (85-iHTeHcMBHMN-107)-(123-
iHTEHCUBHUI-(150- ay»Ke iHTeHcMBHWUIN -192))(214-iHTeHcmBHUI -270)-(290-iHTeHCMBHUI -326)-
(365-iHTeHcmBHMI -388)-(420-iHTeHCUMBHUIA -430)-(445-iHTeHcuBHUI -(450-ay:Ke iIHTEeHCUBHUIN-
486))...( o 500 m NpocTeKeHo).

B merkax 3HiMKa Ha puc. 168 Biaryku Big 6a3ansTis, BOAHIO Ta POCPOpy YEPBOHOIO HE OTPUMAHI.
3adikcoBaHO CUrHANM NuLe Big, CONi. BepxHA KpomKa coni 3adikcoBaHa CKaHYBaHHAM i3 KDOKOM
10 cm Ha rAnbuHi 17 m. KopiHb CONAHOTO BY/IKaHY BM3HA4YeHO Ha MNOUHI 723 Km.

3 NoBepPXHi B KOHTYpax 3HIMKa Ha puc. 168 Biaryku Biag HadTK, rasy Ta pochopy 6if0ro He oTpUMaHi.
3a3Ha4YMMO TaKOX, WO NpU J043aTKOBOMY 0bCTeXeHHi 3HIMKa Ha puc. 156 Biaryku Big, coni cnabkoi
iHTeHCMBHOCTI 3adikcoBaHi (i3 3aTpMMKOLo 9 ¢).

a) 6) 8)
Puc. 16. 3HimKkM (Google Earth) HeBennKMx 30H 0O6POHBKM Ta iX PO3MILLEHHA Ha PParMeHTi
JIOKaNbHOT AiNAHKN 0DCTEXEHHA

®parmeHT 306paxkeHHA Ha puc. 166 po3bUTUIN Ha YOTUMPU NOKaAbHI 30HM (puc. 17), YacToTHO-
pe3oHaHcHa 06pobKa AKMX NpoBeAeHa A0AATKOBO.

3oHa 1 (puc. 17a). Nig 4ac 06pobKM 3HIMKa Ha puc. 17a 3 noBepxHi 3adikcoBaHO BiAryYKM Big,
6a3anbTiB, XMBOT BOAM, BOAHIO, BOAHEBMX HakTepiin, pocdopy 4YepBOHOro; curHanu Bia 6A Ta 66
rpyn nopia 6ynu BiacyTHi. BepxHa KpomKka 6a3anbTiB BM3HAYEHO CKaHYBAHHAM 3 KPOKOM 1 cM Ha
rNMOUHI 2 M.

312



«Foundations and Trends in Modern Learning» (June 25-26, 2026). Berlin, Germany I

Mpwn ckaHyBaHHI pPo3pi3y 3 NOBepPXHi, KPOK 1 cMm, BiAryKM BiA BoAHIO 3adikcoBaHi 3 iHTepBany, M:
7.5-(3 10 m Ha Kpok 10 cm)-(78-aye iHTEHCMBHWMIA -(122-cynep iHTeHcMBHUI -144))-(260-
iHTEeHCMBHMMN -336- iIHTEeHCUBHUIN -410)-(470-iHTeHcnBHNUM -500) .

3oHa 2 (puc. 176). B mexax 3HIMKa Ha puc. 176 Biaryku cnabkoi iHTEHCMBHOCTI oAepsKaHi Bif,
BoaHo (7 c), dochopy yepsoHoro (7 c), 6bakTepint BoaHesmx (10 c). Biaryku Big, coni Ta ocagosumx
nopig, 6ynu BiacyTHI. Biaryku Big, 6a3anbTiB OTpMMaHi i3 3aTpMMKOlo, a Big 6A Ta 6b rpyn
MarmaTtuyHux nopia siapasy. CKaHyBaHHAM po3pi3y, Kpok 10 cm, BepxHA KpomKka 6a3anbTiB
BM3Ha4yeHa Ha IUOUHI 46 M.

Ha ranbuHi 46 m BiAryKM Ha YacToTax BOAHIO, XMBOI BoAM Ta dpocdopy (4epBOHOrO) i3 HUMKHBLOI
YaCTMHM pPO3pPi3y 3apeecTpoBaHi Oe3 3aTPMMOK; 3 BEPXHbOI YaCTMHWM PO3PI3y CUTHANM LUX
enemeHTiB OyauM BiaCyTHI.

Ha rnnbuHi 46 m 3 BepXHbOT YaCTMHM PO3pi3y OTPMMaHI Bigryku auwe Big 6A Ta 66 rpyn nopizg; 3
HWKHbOI YAaCTUHWM PO3PIi3y CUrHAAW BiA LMX Nopia Byam BiACYTHI. Mpu cKaHyBaHHI po3pi3y Kpok 1
CM, Biarykm Big nopia 66 rpynun nodanm dikcysaTtmnca 3 2.8(3.0) m, a Big, 6A rpynm - 3 3 m.

Mpw ckaHyBaHHI po3pi3y 3 40 m, KPOK 1 cm, BiAryKku Bia BoaHIO 3adikcoBaHi 3 iHTepBany, m: 47-(50
- iHTEeHCMBHMN-54) (Ha KpoK 10 cm) - (108 - iHTeHcKBHMIN -140) - (155 - iHTeHcmBHMI -210)-(310-
iHTeHCcMBHUI -320)-(425-iHTeHcmBHMI -(430-ayKe iHTeHcUMBHUI -450))-(520-ay:Ke iIHTEHCUBHUIN -
620))....

Bif3HAYMMO TaKOXK, LLLO BiAryKM BiA, BOAHIO OTPMMAaHI TaKOXK Ha rMbuHI 41 M, ane 3pasy K 3HUKAW.
30Ha 3 (puc. 178). Nig 4ac 06pobKM 3HIMKA 30HM 3aPiKCOBAHO BiAryKM Big 6a3abTiB, sK1UBOI BOAM,
BOAHIO, BaKTepin BogHeBMX, docdhopy YepPBOHOTO; CUTHAAM Bif, 6A Ta 6B rpyn nopia Oyau BiacyTHi.
BepxHs KpomKa 0a3anbTiB 3adikcoBaHa CKaHyBaHHAM 3 Kpokom 10 cm Ha ranbuHi 29 m. Biarykm
BiJ, BOAH!O 3 6a3anbTiB novann GikcyBaTUCA MPU CKaHyBaHHI 3 31 m.

a) 6) 8) 2)
Puc. 17. 3HiMmKM (Google Earth) nokanbHUX 30H 0OPOOKM B MeXKax AiNSHKM Ha puc. 166.

3oHa 4 (puc. 172). B mekax 3HiMKa 30HM 3adiKcoBaHO BiAryku Big, 6a3anbTiB, XUBOI BOAW, BOAH!O,
BOAHeBMX BakTepil, pochopy YepBOHOro; curHanu Big 6A Ta 6b rpyn nopig 6yam BiacyTHi. BepxHa
KpOMKa 6a3anbTiB 3adikcoBaHa CKaHyBaHHAM 3 Kpokom 10 cm Ha rinbuHi 18 m. Biaryku Big BoaHto
3 6a3anbTiB NoYann GiKCyBaTUCA MPU CKaHyBaHHI 3 32 m.

JloKanbHa 30Ha Ha puc. 17a € nepwoyeproBum ob'ekTom ans BypiHHA CBEPANOBMHM Ha BOAEHb!
Mnouwa ujiei 30HM - npnbanM3Ho 100x200 m (150%300 m).

BucHosKku. B mexax TepuTopii obCTexeHHA B NpPoLUeci 4YacTOTHO-PEe30HAHCHOT 0OpPobKM
CYNYTHUKOBUX 3HIMKIB IOKA/IbHUX AINAHOK Pi3HOI NAOLWLI BWMABAEHO Ta /I0OKaNi30BaHO 30HY
CKYNYeHHA BOAHIO Ta *KMBOI (LiNtOLLOT) BOAW. TaKi 30HM Maike 3aBXKAM BIKCYtOTbCA Ha AiNAHKax
PO3TallyBaHHA BY/NKAHIYHMX CTPYKTYp, HamnoBHeHMX 6a3anbToBMMKM nopodamu. B npoueci
NpOobBAEHHA CYyNyTHUKOBMX 3HIMKIB Ha dparmMeHTM pi3HOI BENMYMHM HaWnepcrnekTUBHIWI AnA
OYypPiHHA MOLUYKOBUX CBEPANOBMH AiNSAHKKU (30HM) BMABNEHO Ta N0KanizoBaHo. CKaHyBaHHAM
PO3pi3y 3 KPOKaMM Pi3HOI BENMYMHM BM3HAYEHO MOTYXKHOCTI Ta TAMOUHM 3ansraHHA HanbinbLL
NepcneKkTMBHMX KONEKTOPIB 3 BOAHEM, @ TAKOXK *KMBOHO (LLiNOLLOK) BOAOHO.

B uinomy onepaTMBHO OTPMMAHO 3HAYHUIM 06CAr HOBOI ([04aTKOBOI Ta He3anexkHoi) iHbopmau,i,
AKa CBiAYMTb NPO AOLNbHICTb OYPiHHA NOLLYKOBMX CBEPANIOBMH HA BOAEHb | O3BONSE BU3HAYUTM
ONTUMaNbHI MiCLLA X 3aKNaJEeHHA.
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AnpobaLis NpAMONOLLYKOBUX METOAIB Ha NiLEH3IMHKX AiNAHKaX, NPOAAHNX Ha ayKLLiOHI

3 MmeToto AeMoHCTpaUlii iHGOPMATUBHOCTI MODBINbHUX METOAIB B iHTErpaNbHOMY pPeXMMI
npoBeAeHO 0OCTEXeHHs TepuTopih TuHIBCbKOI, PeweTunisebkoi Ta [liBAgHHO-PycaHiBCbKOI
OINAHOK, NPOAaHMX Ha ayKLUIOHI B YKpaiHi.

IHpopMaLis Npo TUHIBCbKE POAOBULLE, a TAaKOX PelleTuniBcbKy Ta MiBAeHHO-PycaHiBCbKY NAOLL
(cMTyaUilHi N1aHW Ta KOOPAMHATK) OTPMMAHA i3 CalTIB IHTEPHETY. 3 BUKOPUCTAHHAM KOOPAMHAT
LOINSHOK MiAroTOBAEHO CYyMNyTHMKOBI 3HIMKK (puc. 18-20) Ana 4acTOTHO-pPe30HaHCHOI 06pobKn B
AEMOHCTPALLIMHOMY peXsMMi 3 MEeTO A04aTKOBOI OLLIHKM NEepCneKkTns BMABAEHHA HadTK Ta rasy.
Ha puc. 18-20 nonoxeHHs NiueH3inHMX 4iNSHOK NOoKa3aHOo Ha 3HIMKax Binblwoi naoLj.

Ha Bcix TpbOX AifaHKax 0bCcTexXeHHA BUKOHAaHO 0bmexXeHUIn 06cAr BUMIpHOBaibHUX Npoueayp.
TuHiscbKe 2a3ose podosuuje. Mpu 0bpobui pparmeHTa 3HIMKa TUHIBCbKOT nowi (puc. 186) Ha
NMOBEPXHI 3apPEECTPOBaHi BiAryKM Ha yactoTax 1-6 rpyn ocafoBMX MoOpid, rasy, a TakoxK HadTu i
rasoKkoHZeHcaTy c/1labKoi iIHTeHCMBHOCTI.

[HCTPYMEHTaNbHMMM BMMipaMM BCTAHOBNEHO HAABHICTb YMOB A5 CMHTE3y BB Ha rAnbuHi 57 km.
Mpn cKaHyBaHHI po3pi3y 3 Kpokom 10 cM BiAryYKM Ha YaCTOTax rasy OTPMMaHI 3 iHTepsany 312-332
M. Mpn noganbLLIOMYy CKaHYBaHHI 3 KPOKOM 1 M CUTHAIM BiA ra3y 3apeecTpoBaHi 3 ABOX iHTepBaniB
noLykie: 1668-(1800-2000 m ay»e iHTeHcmBHMI)-2070; 3550-3719 m.

N4g

N43°3412"

6)
Puc. 18. NMonoxeHHA TUHIBCbKOI N0 Ha CYNyTHMKOBOMY 3HIMKY (a) Ta dparmeHT 3HiMKa
4aCTOTHO-pe30HaHCHOI 06pobKM (6).

Ocobnusocmi pesynsmamie 0b6pobkru: a) BynKkaH 1-6-0i rpyn ocagosux nopia; 6) cmHtes BB Ha
rTANBMHI 57 KM y By/KaHi; B) diKcalisa BiArykiB Ha 4YacToTax rasy i3 MoOBepXxHi; r) peecTpalis
CKaHYBaHHAM BiAryKiB Ha YacTOTax rasy B TPbOX iHTepBaaax po3pisy.

Pewemurniscoka naowa. Y npoueci 4acTOTHO-Pe30HaHCHOI 0bpPoOKM 3HIMKa PeleTuniBCbKOl
naoui (puc. 196) 3 noBepxHi 3apeecTpoBaHi BiArykn Ha YactoTax 1-6 rpyn ocagosumx nopia. KopiHb
BY/IKaHa LUMX Nopig, BU3HAYeHO Ha rAnbmHi 470 Km.

Mpn cKaHyBaHHI PO3pi3y 3 KPOKOM 1 M BiAryKM Ha 4acTOTax rasy OTPMMaHI 3 iHTepBany MOLIYKiB
1392-1679 m.

CninbHi cnurHanm rasy Ta 2-oi rpynu ocagoBux nopig (NcamiTm) npu ckaHyBaHHI 3 Kpokom 1 m
3apPEECTPOBAHI 3 iHTepBany nowykis 1406-1604 m. Mpn CKaHyBaHHI LbOro iHTepBaay 3 Kpokom 10
CM BiAryKM Ha YacToTax rasy 3apeecTpoBaHi 3 Tpbox naacTi: 1423-1434 m, 1470-(1490-1515-ayxe
iHTeHCcMBHMI)-1517 m, 1600-1605 m.

Ocobnusocmi pezysibmamie 0b6pobKu: a) BYNKAHIYHMI KOMMNAEKC ocaaoBux nopia 1-6 rpyn 3
KopeHem Ha rnmbuHi 470 km; 6) cuHTe3 BB (ras, HadTa) Ha rAnbuHi 57 KM y BynKaHi; B) Biaryku
[Ay*Ke cnabKoi iIHTEHCMBHOCTI Ha YacToTax HadTK 3 MOBEPXHi; I) iHTepBan NOLIYKiB NOKNAAIB rasy B
ncamiTax (nillaHMKax) NpW CKaHyBaHHI PO3pi3y 3 BE/IMKMM KPOKOM; A1) TPW ra3oHOCHI NaacTn B
ncamiTax Npu cCKkaHyBaHHI 3 Kpokom 10 cm.
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a) | 6)
Puc. 19. NMonoxkeHHA PelweTuniBCbKOT NJIOL Ha CYyNMyTHMKOBOMY 3HIMKY (a) Ta dparmeHT 3HiMKa
4aCTOTHO-Pe30HaHCHOI 0OpobKM (6).

MNiedeHHO-PycaHiscoKka naowja. Y npoleci 4acTOTHO-pe30HaHCHOT 06pobKM 3HIMKa NAOLLi Ha puC.
206 3 NOBEpPXHi 3apPEECTPOBaHi CMrHaAM Ha 4YactoTax rasy, docdopy (KOBTOro), a TakOXK 7-i
(BanHAKM) i 8- (oN0OMiTK) rpyn ocafoBmx nopia. HUKHA KpOMKa BanHsKiB 3adikcoBaHa Ha rMOMHI
99 KMm, a 3 iHTepBany 99-723 KM oTpumaHi Biaryku Bia 10-i (KpemeHKUCTI) rpynmn ocagoBmx nopia,
MpWn CKaHyBaHHi PO3pPi3y 3 BEIMKMM KPOKOM 1 M, BiAryKM Ha 4acToTax rasy 3 BaMHAKIB
3aPEECTPOBAHI 3 HACTYMHMUX iIHTEPBaNiB NOLLYKIB ra3oHacnyeHmnx naactis: 923-999 m, 1208-(1300-
1500-ay:Ke iHTeHCUBHUI)-1626) m, 3647-4014 m, a 3 Kpokom 10 cm — 924-967 m, 980-997 m,
1209-1228 m, 1269-1293 m, 1315-1392 m, 1411-1514 m, 1564-1625 m, 3651-3759 m, 3926-4014
M.

Pycaniska

N50330"

Puc. 20. NMonoxeHHn MiBagHHO-PycaHiBCbKOT NAOLLI Ha CYyNyTHMKOBOMY 3HIMKY (@) Ta dparmeHT
3HIMKa 4aCTOTHO-pe30HaHCHOT 06pobKK (6).

Ocobnusocmi pesynemamie 06pobKu: a) ByAKAHIYHUIA KOMMIEKC i3 KOpeHeM Ha rnbuHi 99 Km,
3aMOBHEHWI 0CaZloBMMKM Mopodammn 7-oi rpynu (BanHakM); 6) cuHTe3 BB Ha rambuHi 57 Km y
BaMHAKAX; B) CUIHA/AM Ha YacTOTax rasy 3 BarMHsAKIB i3 TPbOX iHTEPBa/iB MOLLIYKIB MOKAAAiB Npu
CKaHYBaHHI pO3pi3y 3 BEIMKNUM KPOKOM.

KomeHmapi ma 8ucHOB0K. ExcnepMmeHTanbHi AOCNIAXKEHHA Ha TPbOX AiNAHKAX OOCTEXeHHA
nposeneHo 6e3 nonepeaHbOro aHanidy (i BUKOPWUCTAHHA Mpu NpPoBeAeHHi iHCTPyMeHTaNbHMX
BMMIptOBaHb) HasBHMX reonoro-reodianyHmMx matepianis.

Pe3ynbTaTv onepaTtMBHO NPOBeAeHO! 0B6POOKM CYyNyTHUKOBMUX 3HIMKIB NiLEH3IMHUX [iNAHOK Y
AEMOHCTPALLIMHOMY pPeXMMi MOXHa BBaxaTu A04aTKOBMMM dakTaMM Ha KOPWUCTb AOLbHOCTI
NpoBeAeHHs B iX MeKax J04aTKOBMX PobIT (40BMBUYEHHA) Ta PO3POOKM NMPOrHO30BaHUX PECcypCiB
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rasy B CTPYKTYPHMX MacTKax Pi3HOro TWMy, 3aKapTOBaHWUX paHiwe reodisnyHnmm MeTodamMu.
3a3HauMMO, WO B MeXaX TUHIBCbKOT Mo, po3TalloBaHe [pyLWiBCbKe POAOBULLE rasy.

3 iHwWoro 60Ky, BCTAaHOB/IEHHS HAABHOCTI Ha BCiX TPbOX AiNAHKAX BY/IKAHIYHMX KOMNJIEKCIB, Y MeXKax
AKMX CTBOPIOIOTHCSA YMOBM A1A CMHTE3Y BB Ha rAnbuHi 57 Km, a TakoxK dikcalia Biarykis Ha yactoTax
rasy 3 NOBEpPXHi Ta B AEKINIbKOX IHTepBanax po3pisy CAif, BBaXKaT 404ATKOBMM NiATBEPAKEHHAM
npaue3aaTHoCTi  MOBIIbHUX  MPAMOMOLLYKOBUX  METO/IB  4aCTOTHO-Pe30HaHCHOI  06pobKM
CYNMYTHMKOBMX 3HIMKIB Ta POTO3HIMKIB.

Ob6cTexkeHi AinAaHKM NonoBHIOTL a3y AaHMx (dakTiB), WO cBiAYaTb Ha KOPUCTb abioreHHoro
CUMHTE3Y BYIMEBOAHIB Y TMUOUHHMX TOPM30OHTax 3emni, BepTUKaabHOI mirpauii ¢aigis i3 30HM
CMHTE3y [0 TMOBEpXHi Ta BY/JKaHIYHOI modeni GOpMyBaHHA CKynyeHb (Moknaais) HadTw,
KOHZEHCATY, rasy Y BEPXHIX rOPU30HTax po3pisy.

Ha ainAHKax po3TallyBaHHA 3aMpoOeKTOBaHWX CBEPANOBUH PEKOMEHAYETLCA NPOBECTN AeTa/iIbHE
CKaHYBaHHA pPO3pPi3y 3 METOK OLUiHKM AO0UiNbHOCTI iXx OypiHHA, a TaKoX TAMOUH BypiHHA.
CKaHyBaHHS po3pi3y Ha AifAaHKax BYpPiHHA NOWYKOBUX CBEPA/0BUH Y AETa/IbHOMY PEeXMMI Hadae
TaKi MOX/IMBOCTI:

a) 3 4OCUTb BMCOKO TOYHICTIO BM3HAYaTK iIHTEPBAAM Ta NMOTYXKHOCTI HAPTO- Ta ra30HOHACUYEHNX
naacTiB.;

6) 3 BMKOPUCTAHHAM KONEKLiM 3pa3KkiB HadTM Ta KOHAEHcaTy BCTAaHOBUTM Tun oawoigy B
KoneKkTopax;

B) BU3HAYMTW TUMNM NOPIL B KONEKTOPAX 3 MOKNAAZAaMMN Ta B MOKPULLKAX HAZ HUMM.

Anpobauis NpAMONOLLYKOBUX METOAIB Ha AiNAHKaX B3A0BX CEMCMIYHUX nNpodinis

MobinbHa NPAMONOLUYKOBA TEXHOAOMA 4acTOTHO-PE30HAHCHOI 0OPObOKM Ta AeKkodyBaHHA
CYNYTHUKOBMX Ta GOTO 3HIMKIB BMKOPUCTOBYBaNaCb NPV MPOBEAEHHI PEKOrHOCLMPYBabHOroO
ODCTENKEHHS KPYMHUX D/IOKIB Ta /SIOKA/IbHUX AiNAHOK B340BX celcmiyHoro npodinto TESZ-2021
[Starostenko at al. 2023]. Hukye HaBeAeHO pe3ynbTaTM OOCTEXEHHS 3 BMKOPUCTAHHAM
NPAMOMNOLLYKOBMX METO/iB MNOLIYKOBOI AiNSHKM B paioHi micTa Bacmnbkis (Kniscbka ob6nactb).
AinaHka docniorceHs 8 palioHi nyHkmy aubyxy 1B-5. CynyTHUKOBUIA 3HIMOK HEBEMKOI AiNAHKK
PEKOrHOCLIMPYBa/IbHOrO 0BCTEXKEHHA B paloHi NyHKTy BMbyxy MB-5 (koopamHaTtn: 50°11°02° N;
30°23'57” E) Ha cencmiyHomy npodini TESZ-2021 [Starostenko at al. 2023] HaBeaeHo Ha puc. 21.
Y npoLeci YacToTHO-pe30HaHCHOT 00POOKM 3HIMKA 3 MOBEPXHI 3aPEECTPOBAHI CUTHAMM Ha YacToTax
HadTK, KOHAEHCATY, rasy, OypLITUHY, BYFIEKUCAOrO rasy, 6akTepin meTaHooKUcao4UYmnX, docdhopy
(4epBOHOTO Ta *KOBTOrO), rOPHOYMX CNAHLiB, rasorigpaTis, NbOAY, aHTPAUMTY, a30Ty, KUCHIO,
BYr/eLto, BoAH, 6aKTepilt BOAHEBUX, *KMBOI BOAMN.

3adikcosaHi curHanu Big 1-6 rpyn ocagosux nopia, 1-i (rpaHitv monoai Ta ctapi), 6-i (6asansTh),
6A (nonepuTn Ta aHae3nTK) Ta 66 (namnpoitn), 14-0i rpyn marmaTuyHMX nopia. KopeHi By/IKaHiB,
3aN0OBHEHUX 0CaZA0BMMM NOpPoAamMmm Ta 6a3anbTaMu, BU3HAYEHO Ha rMbuHi 470 Km. BepxHilt Kpal
6a3anbTie 3adiKCOBAHO CKaHyBaHHAM 3 Kpokom 1 m Ha ranbuHi 80 m, a Biarykm Bia 1-6 rpyn
0CagoBMX NOPig, NP CKaHyBaHHI 3 Kpokom 1 cm nodanu dikcysaTtuca i3 60 cm.

Ha noBepxHi 5 Km i3 BEPXHbOI YaCTMHM PO3Pi3y OTPUMAHI BiAryKM AuvLle Bia MONOAMX FPaHITIB, a 3
HUKHbOI — AnLLe BiA, cTapux. Ha ranbuHax 15 Km Ta 25 KM BiAryKM Big, MONOAMX rPaHITIB OTPMMaHI
3 BEPXHbOT YaCTUHM PO3pI3y; Big CTAPUX rPaHITIB CUrHaAM 3adikcoBaHi Anwe Ha rMbuHi 25 km. 3
HUXKHbOI YaCTMHM PO3PIi3y BiAryKM Bif, rpaHiTiB (Mo104MX Ta cTapux) He 3adikCOBaAHO.
JoaaTKOBUMM IHCTPYMEHTANbHUMM BUMIpamK 3 iHTepBany 470-723 Km oTpMMaHo Biarykm Big, 10-
ol rpynn ocagoBux (KpemeHucTnx) nopia, a 3 iHtepsany 723-996 km — Big, rpaHiTiB (cTapux). Ha
NOBEPXHi 723 KM i3 BEpPXHbOI YaCTUHM PO3PI3y BIATYKM Bif CTapMX rpaHiTiB OTPMMaHI i3 3aTPUMKOLO
60 c.
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Ha noBepxHi O M i3 BepXHbOI YaCTMHW PO3pi3y 3adiKCOBAHO CUIHAM Ha YacToTax BoAHO, docdopy
(*KOBTOro Ta 4YepBOHOrO), BYINEKWUCNOro rasy, rasy (MeTaHy), a3oTy, KUCHIO (niaTBepakeHo
Mirpaduito rasis B atTmocdepy).

1 - 4
Puc. 21. CynyTHMKOBMIA 3HIMOK AiNAHKM Puc. 22. CynyTHUKOBMIA 3HIMOK AiNAHKM
PEKOrHOCLIMPYBaA/IbHOrO OOCTEXKEHHA B pO3TalllyBaHHA BOAOHOCHUX AKepet.

paroHi NyHKTy BMBYxy MB-5 (3KOBTMIA MapKep

B LLEHTPI).

CKaHyBaHHSAM pO3pi3y 3 NoBepxHi, KpoK 10 cM, BiZryKM Ha YacTOTax rasy oTPMMaHi 3 iHTepBanis: 1)
248-260 m (cnabkoi iHTeHCMBHOCTI), nepexia Ha Kpok 50 cm, 2) 715-860 m, 3) 980-(1600-
iHTeHCMBHMI) )-(2550-iHTeHCMBHUI)-2800 M, 4) 2880-(3480-iHTEHCUBHNMN)... (CUTHAIN NPOCTENKEHI
nvwe go 5 km). Biaryku Big, rasy oTpMMaHi 3 HMMKHIX YaCTUH po3pisy Ha rAnbuHax 5 km, 10 km i 15
KM.

Ha mexi cuHTesy BB 57 KM 3apeecTpoBaHi BiAgryku Big HadTW, KOHAEHCATY, rasy, bypwTuHY Ta
BYI1EKMCAOrO rasy.

B mexax nsoui Ha puc. 21 BepxHA KPpoMKa 6a3anbTiB CKaHyBaHHAM 3 Kpokom 10 cm 3adikcoBaHa
Ha TAMOUHI 87 M. Ha noBepxHi 86 M 3 BEPXHbOT YaCTUHM PO3Pi3y OTPMMaHI BiaryKku Big 1-6 rpyn
0Caf0BMX NOPIA, Ta XMBOT BOAM.

Mpw ckaHyBaHHI 3 86 M, Kpok 10 cm, Biarykn sBoaHto 3 6a3anbTie novanm dikcysatmca 3i 105 m, a
CUIHANM BiZ *KMBOI BOAM NPWU CKaHYBaHHI 3 KDOKOM 1 CM 3apeeCcTpoBaHi Bigpasy.

MNpn 0bpobui dparmeHTa 3HIMKA B MPAMOKYTHOMY KOHTYpi Ha puc. 21 Ha nosepxHi 50 Km
3apPEECTPOBAHi CUrHanAM TiNbKKM Big 6-0i (6a3anbTu) rpynyM mMarmaTUYHUX Mopiad, BiAryKM Big,
0CaZloBMX NOPiA He OTPUMaHI. (Y MexKax Uji€ei AiNAHKM po3TalloBaHWi AnLie 6a3aNbTOBUIA BYIKAH).
Ay npoueci 06pobKM 3HIMKa Ha puc. 21 H6e3 dparmeHTa y NPAMOKYTHMUKY Ha noBepxHi 50 Km
3adikcoBaHi curHanu Big, coni, 1-6, 7-oi (BanHAkK), 9-oi (mepreni), 10-0i (KpemeHuUcTi) rpyn
ocafoBux nopia, 1-oi (rpaHiTh cTapi), 6-i (6asanbth), 11-0i (KiM6epniT) rpyn marmaTUYHUX NOPIA,
(Min yac npoBeAeHHA AETaNbHUX IHCTPYMEHTaIbHUX BUMIpIOBaHb Ha obCTexeHiln TepuTopii (puc.
21) MOXyTb OYTM TaAKOX /IOKANi30BaHi MOJIOMEHHS BY/IKAHIYHUX KOMMIEKCIB, 3anOBHEHMX
BaMHAKAMM, MEPrefamm, Kpem'asHUCTUMM NopoJamm Ta KimbepaiTamm).

Mig yac 06pPOOKM 3HIMKA AINAHKN 3 BOAOHOCHUMM AXKEPENAMM HA PUC. 22 3apEECTPOBAHI CUTHANM
Big, ¢dochopy (4epBOHOro), BOAHI, DaKTepii BOAHEBUX, KMBOI BOoAM, 8-i (40NOMITM) rpynu
0CafloBMX MOPiA, a TakoxK 6-i (6asanbtn), 6A i 66 rpyn marmaTuyHmx nopia. Biaryku Big HadTy,
KOHAeHcaTy, rasy, 6akTepin MeTaHOOKUCIOIUYNX Ta CONi HEe OTPUMaHI. Big gonomiTie Ta 6-i, 6A, 6B
rpyn nopia BiAryky 3apeectpoBaHi Ha NoBepxHi 11 KM 3 HMXKHbOT YaCTUHM PO3pi3y.

HuXHA KpOMKa A0NOMITIB BM3HaYeHa Ha rnbuHi 99 kKm, 6a3ai1bToBOro By/iIkaHa — Ha 470 Km, a 3
iHTepBanis 99-723 Km i 723-996 kKm oTpmmaHo Biaryku Big, 10-0i rpynu 0cagoBmx (KpeMeHMUCTUX)
nopiz, i rpaHiTie (cTapwmx), BiANOBIAHO.
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CKaHyBaHHAM pO3pi3y 3 NOBePXHi, KoK 50 cm, BEPXHA KpOMKa Ba3anbTiB BM3HAYeHa Ha rMOUHI
730 M. Ha Uit ranburHi 3 BEpXHbOT YaCTMHM PO3pi3y OTPMMAaHI BifiryKM BiA, AONOMITIB, BOAHO, KMBOI
BOAM Ta BOAHIO 3 40NOMITIB (!), @ 3 HUKHbBOT YacTMHM — Bif, 6-0i, 6A, 6B rpyn marmaTtuyHMUX Nopia,
CKaHyBaHHAM po3pi3y 3 NOBEPXHIi, KPOK 5 CM, BiZAryKM Ha YacTOTax BOAH!IO 3 10/10MITiB 3adiKcoBaHi
3 iHTepBaniB: 1) 53-97 m, 2) 118-134 m, 3) 262-(275-iHTeHcMBHMIN)-398 m, 4) 497-(560-
iHTEHCUBHMI)-(570-aye iIHTEeHCUBHNI)-581 m.

Mpw ckaHyBaHHI, KPoK 1 mm, BiAryKM *mBoi Boau dikcysanmca 3 30 cm.

Ha nosepxHi O m 3 noBiTpa 3adikcoBaHO BiAryku Big BoaHo (3 14 ¢) i docdopy yepsoHoro (3 21 ¢),
L0 CBiAYMTb NPO iX Mirpadujto (BigHOCHO cnabky) B atmocdepy.

Mnowa obcmexceHHA 8 palioHi M. Bacunskis. B maTepianax Ha calTi [TalHbl ropoja...] HaBeaeHo
iHGOpPMaLLito NPO YNCNEHHI BOAOHOCHI Axkepena (y TOMy YMCAi i 3 LiNoWoo BoA0K) Y M. BacKbKiB.
Li BigomocCTi 3yMOBWAM [AOLUINbHICTb A0AATKOBOTO 0OCTEKeHHs binblwoi naouli B parioHi m.
Bacu/ibKiB 3 MeTO BUBYEHHA 0cobanBocTen rmnbuHHoi byaosun TepuTopii. CynyTHUKOBUI 3HIMOK
NAOLLI A0AATKOBUX IHCTPYMEHTA/IbHUX BUMIPIOBAHb NPeACcTaBAeHO Ha puc. 23.

MpW YaCTOTHO-PE30HAHCHIM 06pOo6OL| 3HIMKa Ha puC. 23 3 NOBEPXHi 3aPEECTPOBaAHI CUTHaAN Ha
yacToTax HadTW, KoHAeHcaTy, rasy, OakTepil MeTaHOOKMC/oYMX, Gochopy (4epBOHOrO,
KOPUYHEBOrO, }KOBTOT0), BOAHO, BOAHEBMX DAKTEPIl, }KMBOI BOAM, KOECUTY; BiArYKM Bia OypLITUHY,
30/10Ta, IMUOUHHMX Ba3anbTiB, CONI KaNiMHO-MarHieBOi Ta HATPIN-X/TOPUCTOI HE OTPUMAHI.
3adikcoBaHi curHanu Big, 7-1 (BanHAKM), 8-i (gonomith), 9-i (mepreni) rpyn ocagosux nopig, i 1-i
(rpaHiTh cTapi), 6-i (6a3anbTn), 6A, 6B rpyn MarmaTuyHuX.

N50*15*
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E30°10 = E3014N50134

N5012:36:
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IN50°14'2455%
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Puc. 23. CynyTHMKOBUI 3HIMOK ZiNSHKM B panoHi m. Bacunbkis (KuiBcbka 061acTb).

KopiHb By/IkaHa A0/0MITIB BM3HA4YeHO Ha rMbuHi 99 kKM, meprenis — Ha 218 KM, BanHAKIB Ta
0a3anbTiB — Ha 470 Km, rpaHiTiB (cTapux) — Ha 996 KM, a 3 iHTepBay 99-723 KM OTPUMAHO BiryKu
Bia 10-0i rpyny 0cagoBux (KpemeHUcTrX) nopia.

Ha nosepxHi cnHTe3y BB 57 KM 3apeecTpoBaHi cMrHanum Big HadTh, KOHA4EeHcaTy, rasy, ¢ocdopy
(»oBTOro) Ta HadTM 3 BaMHAKIB; BiATYKWU Big, HadTU 3 TPaAHITIB Ha TMOMHaxX 57 Ta 46 Km Byau
BiACYTHI.

CurHanu Big, sK1BOi BOAM 3adikcoBaHi Ha rMnbuHax 68 KM Ta 46 Km (cnabkoi iHTEeHCMBHOCTI), a Bif,
MepTBOI —Ha 48 Km Ta 59 Km.

Ha nosepxHi O M 3 NOBITPA OTPUMaHI Biaryku Bia BogHto (7 ¢), dochopy YepBoHoro (7 ¢) i »)KoBTOro
(7 ¢), Wwo cBia4YMTL NPO X MirpaLito B atmocdepy.

CKaHyBaHHAM po3pi3y 3 Kpokom 50 cm BepxHin Kpan 6asanbTiB BU3HAYeHO Ha ranbuHi 730 m. Ha
Uin rnnbunHI 3 BEPXHBbOI YaCTMHM PO3Pi3y OTPUMaHI BiryKuM BiJ BOAHIO 3 A0/IOMITIB.

3 NOBepPXHi 3apeeCTPOBaHi TaKOX CUTHAN Bif, *KMBOI Ta MepTBOI BOAM. [1pW1 CKaHYBaHHI po3pisy 3
KPOKOM 1 MM BiZIryKK BiA *KMBOi BoAM novann dikcysatmca 3 35 cm, a Big mepTsoi - 3 10 cm.
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[Mpn cKaHyBaHHI po3pisy 3 nosepxHi 40 5000 m, Kpok 50 cm, BiAryKM Ha 4aCcTOTax rasy OTPMMaHI 3
iHTepBany 2286-(2550-iHTeHcUBHUIN)-(2700-ayKe iHTEHCMBHMI)-(2990-ayKe iHTeHCMBHKIM)-3125
M. CUrHaNM Ha YacToTax rasy 3apeecTpPOBaHi TAKOXK i3 HMMKHIX YacTUH po3pi3y Ha rnbMHax 5 Km,
10 km Ta 15 Kkm.

OCHOBHI pe3ynbmamu ma 8UCHO8KUY. Y NpoLeci NpoBeAeHHA PEKOTHOCLMPYBaIbHOIO 06CTEKEHHS
NOWL B PaMOHi PO3MILLEHHS MNyHKTY BMOyxy MB-5 (puc. 21 Ta 22) niaTBepAsKeHO HasBHICTb
NepcneKkTMBHOI AN MOLWYKIB NOKNadiB HadTK Ta rasy AiNSHKM, a TaKOXK A0AaTKOBO BUSBIEHO
6a3a/bTOBUA BY/IKAHIYHWI KOMMIEKC i3 BOAHEM Ta MBOW (Uintoulolo) Boaot. B mexax
6a3anbTOBOrO BY/IKaHa MPOrHO30BaHi CKyNYeHHA BOAHIO B A0/0OMITAX MOXYTb OyTW BUABAEHI B 4
naacTax y BepxHilM YacTuHi po3pizy. Taky ocobnamsicTb HByno0BM po3pisy Ha Teputopil YKpaiHm
IHCTPYMEHTaNbHUMK BUMiIpamm 3adikcoBaHO BnepLue.

Ha BiAHOCHO BenMKil naoul B paloHi M. BacunbkiB (puc. 23) iHCTPYMEHTaAbHMMM BUMIpamM
niaTBEPAXKEHO iCHYBaHHA 6a3a/bTOBOrO BY/IKAHIYHOrO KOMMAEKCY 3 BOAHEM Ta KMBOK BOAOHO, A
TAaKOX BMABNEHO 3aMOBHEHUI BaMHAKAaMM BY/KaH, Y AKOMY iCHYIOTb YMOBM ANA CUHTE3y HadTw,
KOHZEHCATy Ta ra3y Ha NOBEpPXHi 57 Km.

Ha ainaHui B paltoHi nyHKTY BUbyxy MNB-5 AouiNbHO NpoBeCcTM A0AATKOBI AOCNIAKEHHA A€TaNbHOro
XapakTepy (A1A NOTEHLUiMHWUX iIHBECTOPIB), B TOMY YMCAI:

a) CKkaHyBaHHAM po3pi3y 3 Kpokamu 50 cm Ta 1 M OLIHWUTM iHTEepBaan NOLWYKIB HaPpTOBMX Ta
ra30KOHAEHCATHUX MOKNaL4iB.

6) BU3HAUUTN TIMOUMHM 3aNAraHHA Ta NOTYXKHOCTI HAQTOBMX, FA30KOHAEHCATHWX Ta ra30BMX NAACTIB
MPW CKaHYyBaHHI iHTEPBaiB NOLUYKIB HAQTOrasoOHOCHMX NMOKAAAiIB 3 KPOKOM 1 cm i ApiOHIWNMN.

B) BCTAHOBWUTM TMUNKM Nopig y KoNekTopax HadpTOra3oHOCHUX NAACTIB, @ TAKOX Y MOKPULLKAX Haj
HUMMN.

r) 3 BMKOpUCTaHHAM HabopiB 3paskiB HapTn (117 eksemnasapiB) Ta rasokoHaeHcaTy (15
eK3eMNAApiB) [AOUINbHO BM3HAYUTM KOHKPETHI iX TunM B HaWbinbll NepcneKkTUBHMX
HadpTOra3oHOCHMX NAacTax.

n) CkaHyBaHHA pO3pi3y Yy [OCTATHIM KiNbKOCTI TOYOK Ha AinsHUi obCTeeHHA A03BOSIUTb
NIOKanNisyBaTW MONOXKEHHA TMMOMHHOIO KaHany Mmirpauii HadTh, KoHAEHCaTy Ta rasy 3 mexi ix
CUHTE3Y Y BEPXHI TOPU30OHTM PO3pisy.

e) Ha ainaHuj po3TtalyBaHHA 6a3a/bTOBOro BY/IKAHA CKaHYyBaHHAM PO3pi3y 3 APIOHMMM KpOKaMu
[OUiNbHO BU3HAYMTK iIHTEPBANM NOLWYKIB CKyNYeHb NPMPOAHOro BOAHIO Ta XKMBOI (Uintowoi) Boau.
) [oAaTKOBUMW iHCTPYMEHTAZlbHUMKW BUMIpaMM MOXKYTb OyTM OXapaKkTepu3oBaHi UintoLli
BNACTUBOCTI *KMBOI BOAM (NPOTM AKMUX BipYCiB i Napa3uTiB KMBa BoAa byae edeKTUBHOMD).
CelicmivyHull po3piz TESZ-2021. B ciudi 2025 p. npoBegeHa AoAaTKoBa anpobalia 4acTOTHO-
PE30HAHCHUX METO/iB 3 BUKOPUCTAHHAM CEMCMIYHUX MaTepianis B340BK npodina TESZ-2021 (puc.
24) [Starostenko at al. 2023].

B npoueci npoBeaeHHA IHCTPYMEHTA/IbHUX BUMIPIB 3 BUKOPUCTAHHAM PUCYHKA i3 CEMCMIYHUMM
Tpacamu B340BX PparmeHTa npoodina (puc. 24) Ta 3paskis HadTU, KOHAEHCATY ChibHI CUTHAAK
(BiArykn) novanm peectpyBaTuca i3 13 ¢ iHCTpyMeHTanbHUX BUMIpiB!
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Puc. 24. CencmivHmii 3anmc P- i S-xBMNb, HOPMaNi30BaHMX 32 BEPTUKAbHMMM KOMNOHEHTaMM

Ans cenmcmidyHoro pospisy SP15407 [Starostenko at al. 2023].

Mpn nNpoBeAeHi iHCTPYMEHTaNbHUX BUMIPIB TaKOro  XapaKTepy CnifibHi CUrHanu (Biarykn)
PEECTPYyBaMCb TaKOX 3 5-0i ¢ BMMIpiB Big, coni, ocagosux nopia 1-6, 8-oi (monomitn), 9-oi
(Mepreni) rpyn, rpaHiTiB, rHeNCIB, KPUCTANIYHUX CNAHLLIB, aCMiAHMX CNaHLLB.

Pe3ynbTaT¥ MNPOBEAEHMX EKCNEPUMEHTIB B YeprosBmil pas 3acBigumam npo iHGOPMaTUBHICTb
CEMCMIYHMX 3aMKUCIB | MOXKAMBICTb (Ta AOLINbHICTb) IX BUKOPUCTAHHA A1 YaCTOTHO-PE30HaAHCHOT
0H6pPOOKM NpU NOLLYKax roproYMX Ta PYAHUX KOPUCHUX KOMANMH.

BucHosKu. lpoBeaeHi ekcnepumeHTanbHi AOCAIAXEHHA B Pi3HMX perioHax CBiTy CBiAYaTb NPoO Te,
LLO KOPEeKTHO nobyaoBaHi Ta NpeAcTaBaeHi CEMCMIYHI po3pi3n (Y TOMY YMC/i | 3 BUKOPUCTAHHAM
TexHonorii STRYDE) 4yepe3 nepcnekTUBHI CTPYKTYpM € iHGOPMATUBHMMMKM A4 YaCTOTHO-
PE30HAHCHOT 06pPObKM Ta MOXKYTb OYyTWM BMKOPUCTaHI A4S [04aTKOBOTrO MiATBEPASKEHHS
pe3yabTaTiB 0O0pPOOKM CYNMYyTHUKOBMX 3HIMKIB Ta POTO3HIMKIB AiNAHOK obCTeeHHA. YacToTHO-
pe3oHaHCHa 0bpobKa cerncmidyHmMxX Po3pisiB cNpUATUME NiABULLLEHHIO iHGOPMALLMHOT 3MiCTOBHOCTI
CeMCMIYHMX MaTepianis (HaNOBHEHHIO CEMCMIYHUX PO3PIi3iB KOHKPETHMMM KOMMIEKCaMM MOpij, Ta
KOPUCHUMM KONanMHamMM).

LinAHKN pekorHocumpyBanbHOro obcrexkeHHA Ha TepuTopii YKpaiHi
JlunoseHbkiscbKo-Cyxomawinuybka 0inaHKa opeosnie 3o0n1oma. CynyTHUKOBUI 3HIMOK AiNsHKK
obcTeskeHHs (puc. 25) nigrotosneHo aas 06pobKM 3 BUKOPUCTaHHAM rpadivyHMX MaTepianis cTaTTi
[MaBntok Ta iH., 2019].

MpW 4acTOTHO-PE30HaHCHIM 06pobLi 3HIMKA CUrHaNM Ha 4YacToTax 3010Ta 3adiKCoBaHi (XoY i
cnabKoi iHTeHCUBHOCTI).

Biaryku Big HadTh, KOHAEHcaTy, rasy, rpadiTy, BoAHO, BOAM, a/iMa3iB Ta COJi He 3apEeECTPOBaHI,
BiJ, MepTBOT BOAM CUIHAN OTPMMAHO.

3apeecTpoBaHi curHanu 6e3 3aTpuMKKM Big, 1, 2 Ta 4 rpyn marmaTUYHMX Nopia, BiAryKku Big ocagoBux
nopizg Bigpasy He OTPMMaHI.

®dikcaujeto Biarykis pisHux rambuHax (50, 150, 450, 550, 995, 996 KM), KOpiHb KaHany (By/1KaHa)
rPaHITHMX NOPia BU3HAYEHO Ha rTMOUHI 996 KM.

Ha nosepxHi 400 KM OTpUMaHO BiAryKu Bia 5, 7 i 8 3pa3kis rpaHiTiB (Monoamx), a Ha nosepxHi 600
KM — ante 3 12-19 3paskiB (cTapux). OTxe, AinsHKa 06CTeXEeHHA PO3TalloBaHa B MeKax CTaporo
Ta MOJIOA0rO FPAHITHUX BYJIKAHIB.

CKaHyBaHHAM pPO3pi3y 3 MOBepxHi, KpoKM 1 cm i 5 cm BiAryKM Ha 4acTOTax 30/10Ta OTPMMaHI 3
iHTepsany 49-(80-cunbHUIN)-99 M. FnbLLe ckaHyBaHHA 34iCHIOBaNOCA 3 Kpokom 10 cm o 200 m
i Kpokom 50 cm oo 500 m, NpoTe BiAryKM 3010Ta Yy LbOMY iHTEPBai He OTPUMaHI.
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Biaryku BiZ 30/10Ta OTPMMaAHI 3 HMXKHBOT YaCTUHM po3pisy nosepxHAx 500 i 600 m, a Ha NOBEpPXHI
700 m — curHanm 6ynm BiACYTHI.

CKkaHyBaHHs po3pisy 3 500 M, Kpok 50 cm 3adikcoBaHMit Apyruii iHTEPBAA BiAryKiB Bia 3010Ta: 590-
600-(iHTeHCcMBHMN)-650 m.

3 noBepxHi 3adiKCoBaHi CUrHANM Bif, HACTYMHUX XiMIYHMUX €NEeMEHTIB: UMHK, ranii, repMmaHin, pTyTb,
Tanin, cBMHeLp, BICMYT, NONOHIN.

Tepumopisa Tenauysko2o ma Bepwadcobkozo palioHie BiHHUUbKOI 06aacmi. 3 BUKOPUCTAHHAM
rpadiyHmnx intocTpauii i3 ctatTi [EHTIH Ta iH., 2019] Ana npoBeAeHHs eKCnepuMeHTIB NiAroToBAEHO
CYNYyTHWUKOBMI 3HIMOK AiNAHKM 0OCTEXEHHA — puC. 26.

MpW YaCTOTHO-PE30HAHCHIM 06pobLi 3HIMKA AiNAHKK (puC. 26) i3 NOBEPXHIi BiAryKM Ha YacToTax
30/10Ta He 3adikcoBaHo?! He oTpuMmaHO curHanu Big, 3010Ta Ha nosepxHi 59 km! Le nepuwa
HecnogiBaHKa. Y ctatTi [EHTIH Ta iH., 2019] HaBoAUTbCA iHGOPMAaLLis NPO BUSABAEHI OPEeO0/IM 30/10Ta
reoximiyHoH 3MOMKOto !

3 noBepxHi 3adikcoBaHO CUTHaNM Big, HadTK, KOHAEHCATy, rasy, OypLWTMHY, TOPHOYOro CAaHLo,
Opekyii apriniToBoi, rasorigpaTis, NbOAY, BYTifAA, aHTPALUNUTY, BOAM IMMOUHHOI Ta MepTBOi, byporo
BYrinns (ABa TUNM), NOHCAEMANITY, COMi Kanii-marHieBoi Ta coni. e apyra HecnogisaHka! Taki
pes3yabTaTW CBiAYaTb NPO HAABHICTb L€l NAOLLI TIMOUHHOIO By/KaHa ocaaoBux nopig (Ha YLL!).
MNodanblli iIHCTPYMEHTabHI BUMIPIOBAHHA MiATBEPAMAM Le: 3 NOBEepXHi 3adikcoBaHO BiAryKn Big,
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Puc. 25. CynyTHMKOBMN 3HIMOK Puc. 26. CynyTHMKOBMIA 3HIMOK ZiNSAHKK 3

JInnoBeHbKIBCbKO-CyXOTaLLIULLKOT AiINAHKM bparmeHTamm TepuTopii TENNMLBKOTO Ta
OpeoniB 30/10Ta. BepLuaacbKkoro paroHiB BiHHMLbKOT 061acTi.

dikcaujieto BiAryKiB Big pisHUX rpyn Mnopig Ha Pi3HUX TAMOUHAX BU3HAYEHO FIMOUMHU KOpEeHiB
HacTynHMX ByaKaHiB: 1) 1-6 rpyna ocagosux nopia — 470 km; 2) rpanitn — 470 Km; 3) cinb — 723 Km;
4) 7-a rpyna marmatuyHumx (ynbtpamadivyHmx) nopia - 723 Km.

CurHanu Bif, 3010Ta 3 rpaHiTiB HE OTPMMaHI 3 NOBEPXHI Ta Ha FMOMHI 59 KM.

Biarykm Bio HadTM 3 rpaHiTiB i coni He 3adikcoBaHi, a 3 Apyroi rpynu ocagoBMX nopia
3apeectpoBaHi. OTPUMAHO TaKOXK CUTHAAM Bif HadTK 3 7-01 rpynm MarmaTUUYHKUX NOPIZ 3 NOBEPXHI,
a TaKOX Ha rnMBUHI 57 Km.

dikcaljeto BiAryKiB Ha Pi3HUX TMOMHAX BCTAHOBAEHO, WO BEPXHIM Kpai yabTpamadiyHMxX nopia,
PO3TallOBaHWIN B iHTepBani rnMbuH 4.7-4.8 Km.
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Ha nosepxHi 4.7 KM i3 BEPXHbOI YaCTUHWM PO3PI3y OTPMUMAHI BIATYKM Bif4 rpaHiTiB Ta coni. BepxHa
KPOMKaA UMxX nopig po3sTalosaHa B iHTepsasni 300-400 m. CKkaHyBaHHAM po3pi3y 3 300 m, KPOK 5 cm
BiAryKW BiAg, coni novanu dikcysaTncs 3 347 m.

Bin 3pa3Kka rpaHiTtis 16 (cTapi) Bigryku nodanm dikcysatucs B iHTepBani 16-17 km. CKaHyBaHHAM
PO3pPi3y 3 16 Km, Kpok 50 cm BiAryku Big, 16 3paska nodanu dikcyBatmca 3 16.070 KM Ta NPOCTENKEHI
3 Kpokamn 1 mTa 10 m go 22.800 km.

CKaHyBaHHAM po3pi3y 3 4.7 Km, Kpok 10 cm Biarykn Bia HapTh 3 ynbTpamadiyHMx nopia oTpMmaHi
3 HACTyNHKUX iHTepBanis: 1) 4718 - Ha Kpok 1 m -5340 m; 2) 5610-(6550-iHTeHcMBHUIN)-6970 m; 3)
8290-9630 M (A0 10 KM. NPOCTEXKEHO).

3 iHTepBany 6970-8290 m (BiacyTHICTb HadTW) OTPUMaHI BiAryYKK Bif, rpaHiTiB.

Biarykum Big HadT 3 0canosmMx nopia 3adikcoBaHi Ha NOBEPXHI 57 KM.

CKaHyBaHHAM po3pi3y 3 4.7 KM, Kpok 10 cm Biaryku Big, HadTM 3 2-i rpynn ocafoBmx nopig,
OTPUMaHI 3 HacTynHux iHTepsaniB: 1) 4715-(iHTeHcuBHWI)(4770-iHTeHcMBHMN)(4780-ayKe
iHTeHCMBHUIN)(4-iHTeHCUBHUM) (iIHTeHenBHNUI)  )(5000-iHTeHCUBHNI)(5220-iHTEHCMBHUI)-5373 M,
Ha KpoK 1 m; 2) 5480-6385 m; 3) 7050-(7770-iHTeHcnBHMN)-8845 m; 4) 9430-10150 m (m0 10200 m
NPOCTEXKEHO).

CKaHyBaHHAM po3pi3y, Kpok 10 cm, Biaryku Big rpaHiTie 3adikcoBaHi 3 8 m.

[Ons nonepeaHbOT N0Kani3auii BUABMEHUX BYJKAHIYHMX KOMMIEKCIB 3HIMOK AiIAHKM 0OCTEKEHHS
(puc. 26) 6yno po3bUTO BiApPiI3KAMM Ha YOTUPU OKpemi dparmeHTW, YaCTOTHO-PE30HAHCHA
0bpobKa AKMX NpoBeAeHa OKPEMO.

®paemeqHm 1 (nisHiyHUl 30xi0). 3 NoBepXHi 3adikcoBaHi BiAryKM Big, aamasis, Coi, 0CagoBUX MNOPIL,
1,2,3rpyn,aTakoxK 1, 2, 3,4, 5, 11 marmatnyHmx rpyn.

KopiHb rpaHiTHOro KaHay 3adikcoBaHO Ha FMOUHI 996 Km. Ha noBepxHi 470 KM OTPUMAHO BiAryKu
Anlle Bif, «CTapux» 3pasKiB rpaHiTiB.

CurHanm Big, 11 rpynm marmatuyHux nopia, (Kimbepnitm) sadikcosaHi B iHTepsani 11-12 km.
®paemeHm 2 (nisHiyHul cxid). 3 NOBepPXHi 3apEECTPOBaHi BiArykM Big, HadTU, KOHAEHCATY, rasy,
HOYpLWTMHY, rOproYoro cnaHuto, bpekyii apriniTosoi, razoriapaTis, Nbo4y, BYriNAA, aHTPALMTY, BOAM
rMMBUHHOI (cnabkuit), BOAM MepPTBOI, coni, ocaaoBmMx nopia 1-6 rpyn i marmatuyHmux nopia 1-oi
rpynu (rpaHiti) (i3 3aTpMmKoLo).

®dikcaujeto Biarykis pisHmx rambuHax (50, 150, 450, 550, 650, 750, 723 KM) KOpiHb CONSHOrO
BY/IKaHa BM3Ha4yeHOo Ha rnbuHi 470 Km, a 1-6 rpyn ocagoBux nopig— Ha 723 Km.

®paemeHm 3 (niedeHHul 3axi0). 3 noBepxHi 3adikcoBaHi BiAryKW Big, NOHCAEMNITY, CONi Kanin-
MarHieBol, 0canoBmx nopig 7-9 rpyn 1a marmaTnyHmx nopig 1-5, 7-8 rpyn.

®dikcaujeto BiAryKiB Ha pisHMX FMOMHAX KOPEeHi By/nKaHiB 7-i rpynu (BanHakuM) Ta 8-i rpynu
(monomitn) ocaZoBMX Mopig, BCTaHOBAEHI Ha rAnbuHi 470 Km, a 7-i rpynu marmaTUyHumX
(ynbTpamadiyHmx) nopig — Ha 723 KM.

3 noBepxHi i3 3aTPUMKOI0 3adikCOBaHI CMrHaAM Ha YacToTax HadTW 3 BaNHAKIB, a TaKOX 3 7-i rpynu
MarmaTUYHUX Nopia,.

®dpaemeHm 4 (niedeHHuli cxid). Mpwn 0b6pobui dparmeHTa 3HIMKa 3 NOBEPXHi 3adiKcoBaHi CUrHaNM
BiA, BOAH!O, IMBMHHOT BOAM, coni, ocaaoBux nopia 8,9, 10 rpyn i marmatuyHux nopig 1, 2, 3, 4, 5,
6 rpyn.

KopeHi By/ikaHiB 8-01 rpynu (gonomiti) Ta 9-oi rpynm (mepreni) ocagosux nopig BM3Ha4YeHo Ha
rAnbUHI 470 Km.

KopiHb 6a3a/bTOBOro By/IKaHa 3adikcoBaHO B iHTepBani 95-96 Km. BepxHa Kpomka HaszanbTis
CKaHYBaHHAM pO3pi3y 3 NoBepPXHi KPoK 1 M 3adikcoBaHa Ha rMbKHI 240 m. Biaryku npocTexkeHi go
25 Km.

CurHanm Big 1-6 rpyny marmaTu4HUX nopia (rpaHiti) 3adikcoBaHi B iHTEpPBani Big NoBepxHi A0
6.275 Km.

BiAryKku Bif, BOAHIO NPW cKaHyBaHHi 3 240 m novanu ¢ikcysaTncs 3 250 m.
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Ha nosepxHi 240 M 3 BepXHbOI YaCTMHM PO3pi3y 3adiKCOBAHO BiAryKM Bif, AONOMITIB Ta Meprenis,
BiA BOAM Ta BOAHIO BiAIryKM 3 BEPXHbOI YaCTMHM PO3Pi3y He OTPUMaHI!

CurHanm Big BoAM NPW CKaHyBaHHI po3pi3y noyanu dikcysatmca 3 243 m, a Biaryku Big soam 3
6a3anbTiB (Y TOMY YMCAi 11 AyKe IHTEeHCUBHI) — 3 260 M.

dikcaui€eto BiAryKiB Ha Pi3HUX rIMBUHAX HUKHA KpomKa 10-01 rpynu ocagoBMX Nopia BCTaHOBAEHA
B iHTepBani 53-54 Km.

LinaHka kap'epy. Y cTaTTi [EHTIH Ta iH.,, 2019] HaBOAMTbLCA CYMYTHMKOBWMA 3HIMOK AiNAHKM
po3TalllyBaHHA 3aHenb6aHOro Kap'epy B panoHi HaceneHoro NyHKTy YepHatka. Mig yac obpobku
3HIMKa L€l AinsHKM 3 NoBepxHi 3adikcoBaHo Biarykn sig, 1-6, 7-10 rpyn ocagosux nopia, KopiHb
BY/IKaHa, 3aNOBHEHOrO BaNHAKaMM, BU3HAYEHO Ha rAnMbuHI 470 Km.

Ha noBepxHi 57 KM 3 BE/IMKOIO 3aTPUMKOIO OTPMMAHO CUrHaAM Big HadTL.

Kap'ep KaoniHosux enuH 8 Mumomupcoekili obnacmi. Mia 4ac nNpoBeAeHHA EKCMepUMEHTIB
BMKOPWCTOBYBABCA 3Pa30K KaoAiHOBOI IMMHKM, NpeACcTaBAeHN Ha puc. 27. CynyTHMKOBUI 3HIMOK
PaMoHy po3TallyBaHHA BiJOMOro Kap'epy KaoniHiB y -UTOMMUPCbKiN 061aCTi NOKa3aHo Ha puc. 28.
MpY 4acTOTHO-PE30HAHCHIN 06pOobLi LbOro 3HIMKa OTPMMAaHI CUrHanAW TiAbKKM Big, 8-01 rpynu
0CagoBUX NOPiAd, Bid MarmaTUYHUX NMOpPiA BiAryKu Oyam BiacyTHI. 3 NoBepxHi 3adikCOBaHi TakoXK
BirYKM Ha 4aCcTOTax 3pa3Ka Kao/iHiB Ha puc. 27.

dikcauieto BigryKis Ha pisHux ramnbuHax (50, 150, 250, 350, 450, 470 Km) KOpiHb By/IKaHa (KaHany),
3aMOBHEHOTO 8-010 FPyMot 0cafoBMX Nopid (40/10MiTH), BU3HAYEHO Ha rAnBUHI 470 Km.
JloKanbHi OinAHKu obcmexceHHA y XmMenbHUubKil obs1acmi. OCHOBHa MeTa pobiT — NiATBEPAKEHHA
NPOrHO30BaHOT HAsBHOCTI Y LibOMY paloHi obaacTi noknagis rpadity, ypaHy Ta anatuTis.

[Mepwa GinAHKA pO3mMawo8aHa y panoHi HaceneHoro NyHKTy bypTuH y MonoHCbKOMY palioHi (puc.
29). 3 noBepxHi Npu 0bpobui 3HIMKa (puc. 29) 3adikcoBaHO CUTHaANM Bif, BYreLto, padoHy, Bij,
YPaHy Ta COoJli BiAgryKiB He OTPMMaHO.

Ha ainaHui 3apeectpoBaHi Biaryku Bia 1, 2 Ta 4 rpyn marmaTMyHMX Nopia, Big ocaaoBmx nopia
CUIHAN HEe OTPUMaHI.

‘Henenoaka

‘Meheeneska

Mnsxosan

Puc. 27. doTorpadia 3paska KaoniHy. Puc. 28. CynyTHMKOBMIN 3HIMOK AiNAHKK 3 Kap'epom
KaONIHOBMX TNH Y *UTOMMPCbKI obnacTi (YKkpaiHa).

®dikcaujeto Biarykis pisHux rambunax (5, 10, 15, 20, 50, 150, 250, 350, 450, 550, 470 KM) KOpiHb
rPAHITHOrO BYJ/IKaHa BM3HA4YeHO Ha rMbuHI 470 Km. B iHTepBani rpaHiTiB 3adikcoBaHi curHanu
nnwe Big 2-9 3pa3KiB MONOAMX FPaHITIB, Bif 3pa3kis 11-19 cTapmx rpaHiTiB BiAryKM HE OTPUMaHI.
3 NOBEepPXHi He OTPMMAaHO BiAryKiB Bia BB (HadTa, KoHAeHcaT, ras), BoAH0, BoAM, MepTBoi Boau. Ha
YyacToTax 3pa3kiB byporo Byrinas 3 AMypcbkoi 061acTi curHanm 3adikcoBaHi.

Bia 3pa3ka rpadiTy BiAryKn 3 HUKHbOT YacTMHM po3pi3y dikcyBanmca Ha noBepxHAx 0, 1, 2 KM, a Ha
noBepxHAX 2.5 i 3 KM curHanm Bxe 6y BiacyTHi. OTXKe, HUKHA MeXKa MPOrHO30BaHMX NOKNA/AiB
rpadiTy nepebyBae y iHTepBani rMmMbuH 2 — 2.5 Km.
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Ha noBepxHi 2.5 KM 3apeecTpoBaHi TakoXK BiAryKn paZoHy, a Bif, ypaHy curHanmn 6ynm siacyTHi 3
HUXHbOI | BEPXHBLOT YaCTUH PO3pi3y.

Puc. 30. CynyTHMKOBWMIA 3HIMOK AiNAHKM
06CTeXKeHHs Y PaoHi H. N. F0N0BYNHL
(XMmenbHMLUbKa 061acTb).

Puc. 29. CynyTHMKOBMI 3HIMOK AiNAHKM
0OCTEXKEHHS Y PAaMOHi H. N. BypTuH
(XmenbHUUbKa 061acTb).

Lpyaa dinsHKka obcmexceHHs PO3TalloBaHa B PanoHi . Fon0BUYMHLI Y JIeTUYiBCbKOMY panoHi (puc.
30).

Nig, 4ac 06pobKkM 3HIMKa AinaHkKM (puc. 30) Ha YacToTax 3paskiB anatTuTiB Ta docdaTiB BiAryKku
3adikcoBaHi 3 NoBepxHi. MpK LbOMY BiATYKU TiIbKM 3paska pocdaTiB Oyau BiACYTHI, a Bif, anaTuTis
OTPUMaHI.

3 noBepxHi He 3adikcoBaHO BiAryKiB Big, BB, OypwTHHY, BYrifAA, BOAHIO, BOAW, MepTBOI BOAMW, CONI
Kanin-marHiesoi Ta ocagosux nopia. OTprumaHo curHanm sia 7, 8, 9 Ta 10 rpyn marmaTtu4HUX nopia,
dikcauieto BiArykiB Ha pisHux rambunax (2.5, 5, 50, 150, 250, 350, 450, 550, 450, 550, 650, 750,
722, 723 KM) KOPiHb BY/IKaHa, 3aMOBHEHOTO 7-0t0 TPYMNo0  MarmaTUYHMX Mopid, BM3HAYEHO Ha
TANBUHI 723 Km.

InniHeybkul Kpamep. Mpy 4aCTOTHO-PE30HAHCHIM 06POBbLI CyNmyTHMKOBOrO 3HIMKa InniHeubKoi
CTPYKTypu (puc. 31a) 3 noBepxHi He 3adikcoBaHO Biarykis Big, BB (HadTh, KoHaeHcaTy, rasy),
OYpPLTUHY, rOptoYoro CnaHuto, aprinitoBoi Gpekdyii, rasoriapaTis, BOAHIO, BOAM, afmasiB, CONi
Kanin-marHieBoi; Big MepTBOI BOAM CUTHAAMU OTPUMAHI.

He 3apeecTpoBaHi Biaryku Big ocagosux nopigd. OTpUMAHO Aue CUrHanu Big, 7-of rpynu
MarmaTuiyHmux nopia (ynbtpamadiyHi nopoam). @ikcalieto Biarykis Ha pisHMx rambuHax (5, 50, 150,
250, 350, 450, 550, 650, 750, 722, 723 KM) KOpiHb KaHana (By/iKaHa), 3anOBHEHOro
yAbTpamadiyHUMM NOPOAAMU, BUZHAYEHO Ha MMOUHI 723 Km.

3a3Ha4yMMO Lie pas, WO 3 NoBepxHi nNpu obpobui 3HIMKA CTPYKTYpW BiAryKW Bifg, anmasis Ta
KiMbBepniTiB He OTPUMaHI, @ CUTHaAW BiJ, NOHCAENNITY 3apeECTPOBaHi!

CKaHyBaHHAM po3pi3dy 3 50 cm 3 Kpokom 50 cm BiAryKM Bif, TOHCAEMNITY OTPUMaHI B iHTepBani: 1)
300-(400-iHTeHcMBHUIN)-610 M. Biaryku Big, UbOro MiHepany GiKCyBaiMCA TAKOXK 3 HUMKHbLOI
YaCTUHM PO3pPi3y Ha noBepxHAX 1 km, 5, 10, 20, 23 KM; CUTHaAW BiA, NOHCAEMANITY HE OTPUMAHI Ha
rnnbuHax 24, 25, 30, 50, 80, 90 Ta 100 Km.

MpW ckaHyBaHHI PoO3pi3y 3 NoBepxHi, Kpok 50 cm, curHaam Big, yabTpamadiyHMx nopia nodanm
dikcyBaTUcs 3 80 m.
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a) 6)
Puc. 31. CynyTHMKOBMI 3HIMOK paioHy po3TallyBaHHA InniHeubkoro kpatepa [CynyTHUKOBUA...]
(a) Ta doTOrpadia 3paska imnakTUTy 3 Kap'epy b6ins cena Jlyrosa (60).

3 NoBepxHi OTPUMaHI BiAryKM Ha 4acToTax HaCTYMHUX XiMIYHUX eNeMeHTIB: UMHK, ranii, Tanin,
CBUHELb, BICMYT (IHTEHCUBHUIA CUrHAA), MOSIOHIMN.

Mig Yac NpoBeAeHHS 404aTKOBOT YaCTOTHO-Pe30HaHCHOI 06p0bKKM GOTO3HIMKA AinAHKM (puc. 31a)
3 NoBepxHi 3adiKCOBAHO TaKOX CUrHaAM (BiAryKM) Big, iMnakTUTy (3paska Ha puc. 316) Ta 3t0BITY.
Biaryku Big, yabTpamadidHmx nopig 3adikcosari Ha rnbuHax 450 KM Ta 723 KM (KOpiHb ByJIKaHa).
A curHanu Big 3pasKka imnakTuty (puc. 316) 3apeectpoBaHi Ha rnMbuHax 450 Km Ta 722 Km (Ha 22
c).

Kopomki komeHmapi. BusiBneHi ByNKaHiYHi cnopyamn Ha NaoLax Ta AinsHKax obcTexeHHs B YKpaiHi
CBiAYaTb NPO MPUHLMNOBO BaX/MBUIM BHECOK BY/IKAHIYHMX NpoLeciB Ha 3emni y GdopmyBaHHA
30BHiLLIHbOrO BUrNAAY Ta MMOUHHOI BY10BM NNAHETH, @ TAKOXK reHe3mnc (CMHTE3) Pi3HUX KOPUCHMX
KOManMH Ta YyTBOPEHHSA iX CKYNYeHb Y NPOMMUCNOBUX (KOMEPLiNHNX) obcarax y BEpXHix ropn3oHTax
po3pisy.

Pe3ynbTaT pPeKorHoCcUMpyBanbHUX POBIT Ha naolli y BiHHMUbKIM obnacTi e pa3 niatsepamnm
MPOrHO3M AOCNIAHWMKIB  LWOAO MOMAMBOCTI BMABMAEHHA MNPOMMCAOBUX CKynyeHb BB Ha
YKpaiHCbKOMY LLATI.

Ha obcTe)keHin B mesKax LWMTa naolli He 3adikcoBaHO BiAryKM Bia, rAnbuHHOro 3onota. Ans
BCTAHOB/IEHHA MPMPOAM BUABAEHMX Ha Ui NAOLLI reoXimiyHMX aHOManih 30/10Ta, PiAKICHMX
MeTaniB Ta PiAKICHMX 3eMeNlb Ha NOKa/IbHUX AiNAHKAX PO3TallyBaHHA LMX aHOManNin AoUinbHO
NPOBECTM YaCTOTHO-PEe30HaAHCHY O0OPOBKY CYMyTHMKOBWMX 3HIMKIB CYMIXKHUX [iNAHOK 3
0BCTEXKEHUMN Y AETANBHOMY PEKMUMI.

B merkax BMABNEHMX yAbTpaMadidyHMX BY/IKAHIB 3apEECTPOBaHI BiryKM Ha 4YacToTax TexHiYHMX
MiKpOanmasis - noHcaenniTie. Lii pe3ynbTaTn € 40AaTKOBMMM CBIAYEHHAMM Ha KOPUCTb CUHTE3Y
MiHepany B yabTpamadiyHMx Nopoaax.

MpoBeaeHi eKCnepMMEHTN NOKa3anu, WO PoaoBULLE (Kap'ep) KAONIHOBMX MNH Y UTOMMPCHKIN
obnacTi po3TalloBaHe B Me)Kax KaHany (By/fKaHy) mirpauii ximiuHuMx enemenTis, ¢aoigis Ta
MiHEepaNbHOI PeyoBMHM 3 KOpeHem Ha rAnbuHi 470 Km. Lei ByaKaH 3anOBHEHWIM OCaZOBUMM
nopoAammn BOCbMOI rpynu (4010MiTH).

PeKorHocuupyBanbHe 0B6CTEXKEHHS NOKANbHUX AiNAHOK 3 BOAOHOCHUMM AyKepenamu

ObcTekeHHs 30H po3TalllyBaHHA 6araTbox BOAOHOCHUX AyKepen Ha TepuTopii YKpaiHu npoBeaeHo
3 METO BMBYEHHS 0COBMBOCTEN reonoriyHoi Oy/10BK, @ TaKOXK YMOB Ta FMOUH CUHTE3Y BOAM
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(*kmBOI Ta MepTBOI) y poO3pi3ax AiNAHOK. NS nNpoBeAeHHA IHCTPYMEHTa/NbHUX BUMIPHOBaHb
NiArOTOBAEHO CYNYTHUKOBI 3HIMKK (puc. 32-35) HeBennKMx dparmeHTiB TepuTopii, B MeKax sKux
PO3TalllOBaHi BOAOHOCHI AyKepesa. 3a3Ha4MMO TaKOoMXK, LLO B TEKCTI 3HIMKM BaraTbox obCTeKeHMX
Oxxepen, iHbopmauia Npo Aki 3ano3myeHa 3 KHurn [MenbHuk, 2013], He HaBoaATbeA. Jlogamo Ao
UbOro, O Ha AEAKUX CYMYTHUKOBUX 3HIMKAX NONOXKEHHA AXKepena Ta Moro MiTka He cniBnagatoTh.
Pe3ynbTaT 4acTOTHO-PEe30HAHCHOI 06POBKM NiArOTOBAEHMX 3HIMKIB Y PEKOrHOCUMPYBaibHOMY
peXunmi 3B04ATbCA 40 HACTYMHOrO.

Irepeno «CmyodeHeyb» (BiHHUUbKa obaacmes). Ha ainadHui po3TtawyBaHHA axepena (puc. 32a)
3adikcoBaHO CUTHaAAM Ha YacToTax XKMBoi Boau, bakTepil BogHeBMX, BoAH0, docdopy YepBOHOTO,
0cafloBMX nopia 8-oi rpynu (A0NOMITU) Ta MarmaTU4yHMX nopia 6-oi rpynun (6asanbth). KopiHb
0a3a/1bTOBOTO BY/IKaHa BM3HA4YeHO Ha rnBUHI 470 Km.

MpW CKaHyBaHHI PO3pi3y 3 NOBEPXHi KPOK 1 cM BiArykM Bif, *K1BOi BoAM nodanu ¢ikcysatmca 3 60
CM, a BiZ 6a3anbTiB — 3 67 M. Ha rAnbuHi 67 M 3 BEpPXHbOI YaCTUHM PO3pPi3y OTPUMaAHI CUTHANW Bif
JONOMITIB, }XMBOI BOAM Ta BOAH!HO.

‘ N

a) (48°28'48.04"N, 27°37'59.68"E) 6) (50°50'15.33"N, 28°56'45.97"E)
Puc. 32. NMonoxeHHa axkepen «CtyaeHelb» (a) Ta «Knunnaye» (6) Ha cynyTHMKOBMX 3HIMKaX
MICLLeBOCTI.

Mpu CKaHyBaHHI PO3pi3y 3 MOBEPXHI KPOK 5 CM BiAryKM Bif BOAHIO 3adikcoBaHi 3 iHTepBany 15-(27-
IHTEHCUBHMI)-45 M. Ha rAnbuHi 15 m 3 BepXHbOi YaCTUHM PO3pPi3y OTPUMAHI CUTHaAW Bif, BanHsKiB
(NOKpMLWKa A5 BOAHIO), @ 3 HUMKHBOI YaCTUHM - BiA, 4ONOMITIB (KONEKTOP A4 BOAHIO).
[HCTPYMEHTaIbHI BMMipK 3acBia4MAn Npo Mmirpauito BoaHto Ta docdopy 4epBOHOro B atmocdepy.
CurHanu Bif, *MBOi BoAM (CMHTE3) 3apEECTPOBAHI Ha INOUHI 68 KM.

Ibxepeno «Kunnaue» (Mumomupceka obnacme). B mexax AinsHKM obcTexkeHHa (puc. 326)
3adikCcoBaHO CUrHaNM BiA, *KMBOI BOAM Ta Ba3anbTiB (KOpiHb 6a3anbToBOro ByskaHa — 470 Km).
MpW CKaHyBaHHI PO3pi3y 3 NOBEPXHI KPOK 1 MM, BiATyKM Bif, *K1BOi BoAM novanm ¢ikcyBaTmca 3 43
CM, a BiZ, 6a3anbTiB, KPOK 1 cm - 3 4.5 M. CurHanm XunBoi BOAM (CMHTE3) 3apeEeCTPOBaHi Ha TNOUHI
68 kM. MiaTBepakeHo GaKkT mirpauii BogHto Ta pochopy B atmochepy.

Lxncepeno «/yxosuli K0n00Aa3b» (lsaHo-PpaHKiecbka 06aacme). Y npoLeci YaCTOTHO-Pe30HaHCHOT
006pobKM dparmeHTa CYnyTHUKOBOTO 3HIMKA AiNAHKN ODOCTEXKEHHA Yy MPSMOKYTHUKY (puc. 33a)
3apPEECTPOBAHI CUrHANM Ha YacToTax docdopy (4epBOHOro), a3oTy, KMCHIO, BOAHIO, ByrneLto,
HaKTepih BOAHEBMX, XMBOI BOAM Ta MarmaTUYHWX nopia, 6-oi (6asanbTn ), 6A (aoneputn Ta
aHae3snTn), 6b (namnpoiti) rpyn. CKaHyBaHHAM PO3pPi3y, KPoK 1 m, BepxHA Kpomka 6a3asbTiB
3adikcoBaHa Ha rmnbuHi 320 m. Ha nosepxHi 320 M 3 BEPXHbOI YaCTMHW PO3PIi3y 3adikcoBaHi
BiAryKkM Big 2-0i (ncamitn) Ta 9-0i (Mepreni) rpyn ocagoBux NOpia, sKMBOI BOAM Ta BOAH!O.
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a) (49°3'8.9"N, 24°44'5.65"E) 6) (50°10'3.1"N, 31°48'3.59"E)
Puc. 33. NonoxeHHa gxxepen «[yxosuit Konoasasb» (a) Ta «CesTa Mapackesa» (6) Ha
CYNYTHUKOBMX 3HIMKax MiCLEeBOCTI.

MpW CKaHyBaHHI po3pi3y, KPOK 1 cMm, BiAryKM Big, ocagoBux nopig 1-6 rpyn ¢ikcyBanuncs 4o 15 m.
Ha rnnbuHi 15 M 3 HMMHbOT YaCTUHM PO3Pi3y OTPUMaHI BiATYKM Big meprenis.

Y npoueci CkaHyBaHHA po3pi3y 3 15 m, Kpok 10 cm, BiAryKM BOAHIO 3 MepreniB OTpuUmaHi 3
iHTepBaniB: 1) 58-(87-iHTeHcMBHMN)-189 m; 2) 241-(285-iHTeHcMBHMI)-320 M. Ha ranbuHi 320 m 3
BEPXHbOT YaCTUHM PO3Pi3y OTPUMaHI BiATYKM Bif, *KMBOT Ta MepTBOi (c1abKoi iHTEHCMBHOCTI) BOAM.
MpW ckaHyBaHHI po3pi3y, KpoKk 10 cm, BiArykM Big, »MBOT BoAM nodann ¢ikcyBatmca 3 1 m i
npoctexeHi 4o 397 m. [pyruin iHTepsan Biarykis noyasca 3 405 m. Ha noepxHi O M 3 BEPXHbOI
YaCTUHM PO3pPIi3y OTPMMaHI BiAryKM Big BOAHIO | ochopy L0 BKA3yE Ha ix mirpaLito B aTMochepy.
CurHanM Ha YacToTax *KMBOT BOAM (CMHTE3) OTPUMAHO Ha rUOUHI 68 KMm.

Irepeno «Ceamoi [Mapackesu» (Kuiscoka obaacme, A20muHCobKul p-H). Y Mexax AinaHKu
obcTexeHHn (puc. 336) 3adikcoBaHO CUrHanAM BiA, »KMBOI BoAM, DaKTepit BoaHeBMX, dpocdopy
4YepBOHOrO Ta MUOUHHMX H6a3anbTiB (KOpiHb 6a3aN1bTOBOro By/IKaHa — 723 Km).

Mpw cKaHyBaHHI po3pi3y, KPOK 1 MM, BiAryku Bia, *mnBoi Boan 3adikcosaHo 3 30 cm, a Bif 6a3anbTis,
Kpok 10 cm - 3 20 M. CurHanu Bif, XKMBOI BOAM (CMHTE3) 3apE€ECTPOBaHi Ha 69 KM.

Ha nosepxHi O m i3 BepxHbOi YaCTUHK po3pi3y 3adikcoBaHi curHanu Big BoAHO Ta docdopy
YepBOHOrO, WO CBIAYMTL NpPo iX Mirpauito B atmocdepy. Ha ranbuHi 20 m 3 BEpXHbOI YaCTUHMU
PO3pi3y OTPMMaHI BiAryKuM Bif, BOAHO, 4epPBOHOro Gocdopy i 40/OMITIB.

Mpn cKaHyBaHHI PO3pi3y 3 MOBEPXHi KPOK 1 Ccm BiAryKM Bia BOAHIO 3 A0/IOMITIB OTPUMAHI 3
iHTepBany 5.50-17.80 m. A npu ckaHyBaHHi 3 20 m Kpok 10 cm Bigryku Bia BoAHIO 3 Ga3anbTiB
oTpuMmaHi 3 iHTepBanis 1) 35-(50-iHTeHcUBHUI)-73 M, 2) 89-(97-iHTeHcmBHUI)-(110-ayxe
iHTeHCMBHMI))-120 M (Aani ckaHyBaHHA He MPOBOAMIOCD).

Lxcepeno «303ynuH Konoosasb» (/lbsiscbka obaacme, udaviscekuli p-H). Mpu 0bpobui 3HIMKa
LDiNAHKKW 3 aKepenom (puc. 34a) 3 NOBEPXHi 3apeecTpoBaHi CUrHAAM Ha YacToTax YepBOHOro
docoopy, dochopy *oBTOro (cnabkoi iHTEHCUBHOCTI), BOAHIO, DaKkTepilt BOAHEBUX, *KMBOT BOAM Ta
MarmaTMyHux nopia, 6-oi (6asanbti) rpynun. KopiHb 6a3anbToBoro BysnKaHa 3adikCOBaHO Ha
rMMBKHI 470 KM, @ BEPXHIlM Kpalt BU3IHAYEHO CKaHyBaHHAM 3 Kpokom 10 cm Ha rnnbuHi 28 m.

MpWn CKaHyBaHHI po3pisy 3 Kpokom 1 Mm Biaryku Big XmBOi BoAM 3adikcoBaHi 3 35 cm.
NiaTBEepAXEeHO Mirpauito BoAHI0 Ta dochopy 4epBOHOTo B aTMmochepy.

Ha ranbuHi 28 m 3 BepXHbOi YaCTMHU PO3Pi3y OTPMMaHI CUrHaAW Bif, BOAHO, 2-0i Ta 5-0i rpyn
0CaAoBMX MOPiA, @ TAKOX BOAHO 3 5-0i rpynun 0cafosmx nopia.

Mpn CKaHyBaHHI poO3pi3y 3 KpoKOM 1 Cm BiAryKM Big BOAHKO 3 5-0i rpynn ocagoBux nopig
3adikcoBaHi B iHTepBani 3-(6-iHTeHCMBHMI)-(12-iHTeHcMBHMI)-18.80 m.

Lxncepeno «Mapycsa» (/lbgiscbka obnacme, MHoekiecokuli p-H). Mpu 06pobuj 3HIMKA AiNSHKM 3
axkepeniom (puc. 346) 3 NoBepxHi 3apPeecTpoBaHi CMTHaAM Ha YacToTax Gochopy YepBOHOTO,
BOAHIO, BOAHEBUX OaKTepil, *KMBOi BOAW, 0a3anbTiB TAMOUHHUX | MarmMaTUYHUX nopia, 6-oi
(6a3anbtu), 6A, 66 rpyn. KopiHb 6a3a1bTOBOr0 By/IKaHa 3adikCOBaHO Ha MMBUHI 723 KM, a BEPXHIl
Kpai BM3HAYEHO CKaHYBAHHAM 3 KDOKOM 5 CM Ha rMOUHI 6 M.
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Biarykm Big mBOi BOoAM nodvanm dikcysatmca 3 50 cm Npu CKaHyBaHHI 3 KPOKOM 5 MM, a Bif
6a3anbTiB — 3 6 M NPWU CKaHyBaHHI 3 KPOKOM 5 cM. CUrHanm »*Kmeoi Boau (CMHTE3) OTPMMaHI Ha
rAnbumHi 69 KM. Biaryku Bia BoaHto i3 6a3anbTiB noyanm dikcysatnca 3 12.3 m.

Ibiepeno y c. Pakoseub (/lbsiscbka ob6aacme, [lycmomumiscokull p-H, 49°38'43.05"N,
24°1'31.89"E). Y npoueci 06pobKM 3HIMKa OTPUMMaAHI CMTHAAM Ha YacToTax BOAHIO, BOAHEBMX
HakTepilt, *KMBoi BoaM, pocdopy YepBOHOro, 0CaZ0BMUX Nopia 8-01 (40N0MITM) rpynu i 6a3anbTiB.
KopiHb 6a3anbTOBOro By/IKaHa BM3HA4YeHO Ha rnBUHI 470 Km.

a) (49°30'8.05"N, 24°13'13.65"E). 6) (50°10'8.17"N, 23°36'35.72"E).
Puc. 34. NonoxkeHHa axkepen «303yAnMH Konoassby (a) i «Mapycsa» (6) Ha cynyTHUKOBUX 3HIMKaXx
MICLLEBOCTI.

BepxHA Kpomka 6as3anbTiB 3adikcoBaHa Ha rAnbuHi 317 M ckaHyBaHHAM 3 Kpokom 10 cm. Ha
rMMBKHI 317 M i3 BEPXHbOI YaCTUHKM PO3Pi3y OTPUMAHO BIAryYKWM BiA, A0MIOMITIB, NCaMITIB, *KMBOI
BOAM Ta BoAHI0. Ha nosepxHi O M i3 BEPXHbOT YacTUHM po3pi3y (aTMocdepmn) oTpumaHi curHanu Bia,
BOAHIO Ta pocPopy 4epBOHOro (Mirpauia B aTMmocdepy c/1labKoi iHTEHCMBHOCTI).

Ha rnnbuHi 50 m 3 BepXHbOT YaCTUHM PO3pPi3y OTPUMaHI BiArykn Big, 2-0i rpynm ocagoBux nopis,
(ncamitn) Ta 14-0i rpynm MarmaTUYHUX Nopia (rTHecK, NoKpULLIKa).

MpW cKkaHyBaHHI po3pi3y 3 NoBepxHi, Kpok 10 cm, BiAryku Big BOAHIO nodann ¢ikcyBatica 3i 115 m.
CurHanu Big BOAHO 3 AOJIOMITIB OTPUMaAHI NPW CKaHyBaHHI po3pi3y 3 Kpokom 10 cm 3 110 m 3 ABOX
iHTepsaniB: 1) 115-(140-iHTeHcuBHUI)(144-ayxKe  iHTeHcMBHMI)-241 m, 2) 266-(290-
iHTEeHCMBHMI)(298-aysKe iHTeHcuBHWUIN)-310 M. A BiArykm Big BOAHIO 3 0a&3anbTiB MoYanu
dikcyBaTUCA 3 369 M NpK cKaHyBaHHi 3 310 m 3 Kpokom 10 cm.

Lxcepeno y c. Jlicok (/lesiscoka obnacme, AsopisceKull p-H, 49°58'7.5"N, 23°21'0.66"E). Nin, yac
0OpobKM 3HIMKaA AiNAHKN 3apeecTpoBaHi BiAryku Big, 6a3anbTis Ta BogH. CKaHyBaHHAM po3pisy 3
Kpokom 10 cm BepxHil Kpal 6a3anbTiB BU3HAYEHO Ha MMOMHI 288 M. Ha Uit rinbuHI 3 BepXHbOI
4YaCTUHW PO3PI3y OTPUMAHO BIATYKM Bif, 4ONOMITIB | BOAH!HO.

Ha nosepxHi O M i3 BepxHbOi YacTMHM po3pidy (aTMocdepun) OTpMMaHI BiAryKM cnabkoi
iHTeHCUBHOCTI BiA, BoaH (20 c) Ta 4yepBoHoro docdhopy (20 c). Lle cBiag4MTb NPO HaAABHICTb Y
BEPXHil YacTUHI cnabo NPOHMKHMX Nopia,.

Ha rambuHi 50 m 3 BEepXHbOI 4acTMHWM PO3Pi3y OTpMMaHi Biarykm Big 14-i (rHelcn) rpynu
MeTaMopdiyHUX nopia (NepekputTa). 3 HMMKHbOI YaCTUHM PO3Pi3y Ha Ui TANMBUHI OoTpUMaHi
CUIHAIM Ha YacToTaxX BOAHIO 3 A0N0MITIB. CKaHyBaHHAM po3pi3y 3 50 m, Kpok 10 cm, Biaryku Big,
BOAHIO 3 [0/IOMITIB OTpMMaHi 3 iHTepBany 66-(130-ayxe iHTeHcMBHUI-240)-263 m. [pwu
CKaHyBaHHI 3 288 m Kpok 10 cm Biaryku Big BoaHO 3 6a3anbTiB novanun dpikcysaTncs 3 312 m.
Ibxepeno y m. Bineopod-/IHicmposcekuli (Odecoka obnacmes, 46°8'11.99"N, 30°22'0.31"E). Ha
OiNAHLI 0DCTEKEeHHs 3apPEeecTpoBaHi CUrHaAM Ha 4acTtoTax BoAHIO 3 6asanbTie, docdopy
4YepBOHOro, BOAHEBUX BaKTepin, ¥MBOI BoAM Ta rMMBUHHMX Ba3anbTiB. KopiHb 6a3anbToBOroO
BY/IKaHa BM3HAYeHO Ha rMNOUHI 723 Km.

[HCTPYMeHTalbHI BUMipW 3acBia4Ynamn npo mirpadito BoaHto Ta pocdopy B aTMmochepy.

Mpw cKaHyBaHHI po3pi3y 3 MOBEPXHi KPOK 5 CM, BiAryku Big BoAHIO 3 6a3anbTiB novanm GpikcyBatmca
342 m, a CUrHanu BiA XKMBoi BoAM - 3 40 CM NMPKM CKaHYBaHHI PO3pi3y 3 KPOKOM 5 MM.
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Iiepeno y c. Tinvua [pyza (PisHeHcbka o6aacme, 300n6yHiecekull p-H, 50°25'37.60"N,
26°16'59.06"E). Ha pinaHui obcTekeHHA 3apeecTpoBaHi CUrHanK Bia BoAHIO, HaKTepilt BOAHEBMX,
XMBOI BOAW, MepTBOi BOAM (CTAaBOK) Ta MarmaTuyHMx nopia 6-oi rpynu (6a3anbtv). KopiHb
6a3anbTOBOrO BY/IKaHa BU3HAYEHO Ha rnbuHi 470 KM. BepxHsa KpomMKa 6a3anbTiB CKaHYyBaHHAM 3
Kpokom 10 cm 3adikcoBaHa Ha rAnMbuHi 250 m.

Ha noepxHi 0 M i3 BEpPXHbOI YaCTUHK PO3pPi3y (aTMocdepu) OTpMMaHi BiArykM Bifg BOAHKO Ta
docdopy (4epBoHOro) (mirpauia rasis B atmocdepy). Ha rnmbuHi 248 m i3 BEPXHbOI Y4aCTUHMU
PO3pPi3y 3aPEECTPOBAHI CUIHANM Bif, AONOMITIB, *MBOT BoAM, docdopy YEPBOHOTO Ta BOAHIO.

Mpn cKaHyBaHHI po3pi3y, Kpok 10 cm, BIAryKM Ha 4acTOTaxX BOAHIO 3 AOJOMITIB OTPMMaHI 3
iHTepsany 40-(100-iHTeHcnBHMI)(140 - ayxKe iHTeHCMBHUIN)-190 M, @ CUrHaNM BOAHIO 3 Ba3anbTiB
noyanu dikcysatumca 3 279 m. CUrHanu Big, KMBOI BOAM 3apPEECTPOBAHI Ha NOBEPXHi 68 Km.
Lxcepeno y c. Benuki bepexyi (TepHoninecoka obaacme, KpemeHeybkuli p-H, 50°6'26.32"N,
25°35'8.78"E). Ha pinaHui obcTesxkeHHA 3adikcOBaHO CUTHA/IM Ha YacTOTax XMBOI BOAM, BOAHEBMUX
bakTepii, BOAHI, PoCHOpy 4YepBOHOro, AOMOMITIB i 6aszanbTiB. BepxHA KpomKa 0asanbTiB
BM3Ha4yeHa CKaHyBaHHAM 3 Kpokom 10 cm Ha ranbuHi 290 m. Ha uit rmbuHi 3 BepXHbOT YacTUHM
PO3pi3y OTPUMaHI BiZAryKM AONOMITIB i BOAHIO 3 ONOMITIB (IHTEHCMBHI).

MpW CKaHyBaHHI 3 KPOKOM 5 CM BiAryKM Bif, BOAHIO 3 AONOMITIB OTPMMaHI 3 iHTepBany 83-(95-
iHTEeHCMBHUIN)(126-ayKe IHTeHCUBHUI)-(170-ayxe iHTeHCUBHWUIN)-276 M. CUrHanM BiA BOAHIO 3
6a3anbTiB 3adikcoBaHi 3 332 m.

MpW CKaHyBaHHI PO3Pi3y 3 KPOKOM 5 CM BiAryKM Bif, XMBOT BOAM NoYanm GikcyBaTmca 3 12 m, a npu
Kpoui 1 mm —3 40 cm. Ha noBepxHi O M BiAryKn BOAHK 3apEECTPOBAHI 3 BEPXHbOI YaCTMHM PO3pi3y
(aTmocodepm) 6e3 3aTpumMKK (Mirpalis rasy B atmocdepy).

Lncepeno y c. JliwHAa (TepHonineceka obnacmes, KpemeHeubkuli p-H, 50°10'29.61"N,
25°49'49.72"E). NMpun 0bpobui 3HiMKa 3adikcoBaHO Biaryku Big pocdopy (YepBoHOro) (nepekpuTo),
BO/JHIO, BOAHEBUX OaAKTEpii, KMBOIi BOAM, AOJOMITIB i Oa3anbTiB. BepxHAa KpomKa 6aszanbTis
CKaHYBaHHSA 3 KPOKOM 5 CM BM3HaYeHa Ha rmnbuHi 118 m.

Ha ranbuHi 118 m i3 BepxHbOi YacTUHM po3pi3y 3adikcoBaHO CMrHaNAM Bia BOAHIO 3 A40NOMITIB. [1pK
CKaHYBaHHI pO3pi3y 3 KPOKOM 5 CM BIANYKM Ha YaCcTOTax BOAHIO OTPMMaHI 3 40/I0OMITIB 3 iHTepBany
24-(38-iHTeHcUBHUI)-(40-ayKe iHTEeHCUMBHNIN)-(70-ayKe iHTEeHCUBHUI)(84-ayKe IHTeHCMBHMIN)-94
M. CurHanu Big BoaHto 3 6a3anbTie nodanu ¢ikcysatucsa iz 145 m.

Iiepeno y c. Casenigka (TepHoninscoka o06aacme, MoHacmupcekul p-H, 49°7'20.29"N,
25°12'33.36"E). Ha ainaHui obcTexeHHn 3adikcoBaHi Biaryku Big, »mnBoi Boau, 6akTepin BoaHEBMX,
BOAHIO, dochopy YepBOHOro, 0CaZoBUX NOpiA 2-0i (NcamiTh) rpynu Ta MarMaTUYHUX nopia 6-oi
(basanbTn), 6A, 6B rpyn. Bia rAMOUMHHUX 6a3anbTiB CUrHaAW He OTPUMaHi. BepxHa Kpomka
6a3anbTiB BM3HAYEeHA CKaHyBaHHAM 3 KPOKOM 5 cm Ha ranbuHi 40 m. Ha uin rnmbuHi 3 BepxHboi
4aCTUHW PO3pPi3y OTPMUMAHI BiAgryKku Big 2-0i Ta 3-1 rpyn 0cagosux nopia,.

Mpw cKkaHyBaHHI po3pi3y 3 KPOKOM 5 cm BiAryKM Big BOAH!IO 3 6a3anbTiB 3adikcoBaHi 3 87 M, a *KMUBOI
BOAM - 3 50 CM Npu CKaHYBaHHI 3 KPOKOM 5 mm.

Ixepeno y ¢. Ocmpis (TepHoninecbka 0b6aacmes, TepHoninscbkull p-H). Ha AinaHuj obcTex)eHHs
(puc. 35a) oTpMMaHi Biaryku Big *KnBOi BoAW, BOAHEBMX DaKTepil, BoAHO, pocdhopy 4epBOHOrO,
[ONOMITIB | ©a3anbTiB. KopiHb 6a3a/1bTOBOro By/IKaHa BM3HAYeHO Ha rAMbuHI 470 KM. BepxHsa
KpOMKa 6a3anbTiB BU3HAYeHa CKaHyBaHHAM 3 Kpokom 10 cm Ha ranbuHi 260 m. Ha uit rmnbuHi 3
BEPXHbOI YaCTMHM PO3pPIi3y OTPMMAHO CUITHAMM AONAOMITIB | BOAHKO 3 AONOMITIB.

Mpn CKaHyBaHHI po3pi3y 3 KPOKOM 5 CM BiAryKM Ha 4acTOTax BOAHKO 3 AOJOMITIB OTPMMaHI 3
HacTynHux  iHTepBanie: 1)  82-(100-iHTeHCcMBHWUI)-(115-ayKe  iHTEHCMBHMI)-(130-ayxe
iHTEHCUBHUI)-140 m, 2) 150-(157-iHTeHcHBHMI)-(170-ayKe iHTEHCUBHUI)-184 m; 3) 218-236 Mm.
CvrHanm Bif, BOAHO 3 6a3anbTiB novanm ¢ikcyBaTncs 3 288 m.
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a) (49°29'15.23"N, 25°34'40.2"F). 6) (49°48'50.54"N, 36°0'43.09"E)

Puc. 35. MonosxkeHHs axkepen y cenax OcTpis (a) Ta HxkHA O3epaHa (6) Ha CynyTHUKOBMX 3HIMKAX
MICLLEBOCTI.

MpWY CKaHyBaHHI 3 KPOKOM 5 MM BifAryKu Bif, »mMBoi BoAM novanu ¢ikcyBatnca 3 50 cm. CurHanm
KMBOI BOAM (CMHTE3) OTPUMaHi Ha rMBKHI 68 Km.

Lxcepeno y c. HuxHa O3epsaHa (Xapkiscoka obnacme, Xapkiecobkuli p-H). Ha ainsHui obcTexkeHHn
(puc. 356) 3apeecTpoBaHi cUrHanW Big, *KMBOI BOAM, BOAHEBWUX OakTepill, BOAHIO, docdhopy
4YepBOHOrO, A0/I0MITIB | 6a3anbTiB. BepxHilt Kpai 6a3anbTiB BU3HAYE€HO CKaHyBaHHAM 3 Kpokom 10
CM Ha rnbuHi 185 m. Ha it rnnbuHi 3 BepXHbOT YaCTUHM PO3pPi3y OTPMMaHI BiZryKu Big, BOAHO 3
AONOMITIB.

CKaHyBaHHAM po3pi3y 3 Kpokom 10 cm BiAryKmM Big BOAHO 3 AONOMITIB 3apEECTPOBAHI 3 iHTepBaiB:
1) 34-(45-iHTeHcMBHUI)(52-aysKe iHTeHCUMBHUI)-96 M, 2) 150-(166-iHTeHCUMBHUIA)-177 m. Mpu
CKaHYBaHHI 3 KPOKOM 5 MM Biaryku Big, »kunsoi Boam 3adikcoBaHi 3 140 m.

ncepeno y c. MuniHuyi (XmensHuubka obnacme, ApmonuHeubkul p-H, 49°17'10.67"N,
26°52'40.78"E). Ha pinaHui obCcTe)eHHA OTPMMaHO BiAryKW Bif, BOAHIO, MBOI BoAM, BaKTepin
BOAHEBUX, ocdHOopy YePBOHOTO, NCAMITIB, AO/IOMITIB Ta ©6a3anbTiB. KopiHb 6@3a/1bTOBOrO BY/IKAHa
BM3HAYeHO Ha rnbuHi 470 Km, a 3 iHTepBany 470-996 KM OTPMMaHO BiATYKM Bif, rpaHiTiB (cTapux).
BepxHin Kpalt 6a3anbTiB 3adiKCOBaHWI CKaHYBaHHAM 3 Kpokom 10 cm Ha rAnbuHi 192 m.

[Mpn cKaHyBaHHI po3pi3y 3 Kpokom 10 cm BiAryKM Ha 4YacToTax BOAHKO OTPUMAHI 3 A0JIOMITIB B
iHTepBani 58-(146-iHTeHcMBHNI)(155-ayKe iHTeHCUBHMIN)-172 M. CurHanu Big, BOAHO 3 6a3anbTiB
noyvann dikcysatmca 3 190 m npu ckaHyBaHHI 3 Kpokom 10 cm 3i 170 m. Biaryku Big, *mBoi Boau
noyvann dikcysatmca 3 60 cM Nia Yac CKaHyBaHHA 3 KPOKOM 1 Mm.

Ha nosepxHi 0 m i3 BepXHbOT YaCTUHK pO3pi3y (aTMochepn) 3apeecTpoBaHi BiAryKM Bia BOAHIO Ta
yepBoHoro docdhopy (Mmirpauisa rasis B atmocoepy).

Ibepeno y c. Xpewamuk (Yeprkaceka obaacme, 3acmasHiscekull p-H, 48°37'47.66"N,
25°44'28.04"E). Ha pinAHuj po3TallyBaHHA AXepena 3 NOBEePXHi 3apeeCcTpOBaHi CUTHAAN Bif, KMBOIT
BOAM, BoAHIO, BaKkTepin BogHeBux, docdopy YEpPBOHOrO, A0JOMITIB Ta MarmaTUYHUX Nopia 6-oi
(6asanbT), 6A Ta 66 rpyn. KopiHb 6a3anbTOBOro By/IKaHa BM3Ha4YeHO Ha rnbuHi 470 KM. BepxHs
KpomKa 6a3anbTiB CKaHyBaHHA 3 KpoKom 10 cm BU3HaYeHa Ha ranbuHi 287 m.

Ha nosepxHi 287 M i3 BEepXHbOI YaCTUHW PO3PI3y OTPMMaHI BIArYKM BiZ BOAHIO Ta A0/IOMITIB.
NiaTBepaXKeHO Mirpauito BoaHt Ta dochopy YepBOHOro B atmocdepy.

Biarykm Ha yactoTax *KunBoi Boayn 3adikcoBaHo 3 50 cm Npu CKaHyBaHHI 3 KPOKOM 1 CMm.

Mpn ckaHyBaHHI po3pi3y 3 Kpokom 10 cm BiAryKM Ha 4acTOTax BOAHKO 3 AO/IOMITIB OTPUMaHI 3
HaCTyNHWX iHTepBanie: 1) 76-(98-iHTeHCMBHWUI)-(115-ayKe iHTeHCMBHMIN)-142 m, 2) 152-(165-
iHTEHCMBHMI)  (168-ayKe  IHTeHCMBHWMI)-205 M, 3) 217-(230-iHTeHcmBHUI)  (237-ayke
iHTeHCMBHMI)-260 M. CurHanu Big, BoAHO 3 6a3anbTiB NoYaam GpikcyBaTmca 3 327 M NpU CKaHyBaHHI
3 280 m, Kpok 10 cm.

OcHosHi pe3ynemamu. Bci ob6cTexeHi NoKanbHi AiNAHKA 3 AXKepenamm K1Boi BoAM po3TalloBaHi
B MeKaX BY/IKaHIYHMX KOMMAEKCIB, 3aMOBHEHNX MarMaTUYHMMK NOpPOAaMuM 6-0i rpynu (6asanbth),
AKMMM 30arayeHa BOAHEM XMBa BOAA i BOAEHb MIrpytoTb Y BEPXHi FOPWM3OHTM PO3pi3y Ta Yy
aTMmocoepy. Y KOHTypax TakMx BY/IKaHiB Had, 6a3a1bTamMm MOXKYTb OyTM BUSBAEHI CKYNYEeHHA BOAHIO
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B A0/IOMITax, meprenax, BanHakax. [oKpuLKaMmn A5 KONEKTOPIB 3 BOAHEM MOXKYTb BYTK 0CaAoBi
nopoam 10-oi rpynu (KpemMeHucTi), THeincn, mepreni. Y 6a3anbToBUX KOMMNIEKCaX 3 KopeHem Ha 723
KM YMOBW A151 CUHTE3Y KMBOI BOAM iICHYIOTb Ha rMBUHI 69 KM, a By/IKaHax 3 KopeHem Ha 470 Km —
Ha 68 Km.

MPUHUMNOBO Ba*KNMBUM pe3ynbTaTOM MPOBEAEHNX EKCNEPUMEHTANbHUX PODIT CAif, BBaXKATK Te,
WO NIOKaNbHI AiINAHKM PO3TallyBaHHA AMKEpPEen i3 KMBOK (LitOLLOK) BOAOK € NEPCneKTUBHUMM
(neplioyeproBMmm) 418 NOLYKIB NMPUPOAHOTO BOAHHO!

BucHoBkmM

MpeactaBneHi  BUlLe pe3ynbTaTW  eKCNepuMeHTanbHMX pPobiT  ABNAOTLCA  A0AATKOBMMMU
apryMeHTamMm Ha KOPWUCTb «BYJIKAHIYHOI» moaeni GopMyBaHHA Pi3HUX CTPYKTYPHUX e/IeMEHTIB
3eMni, a TaKOX POAOBULL TOPHOYMX Ta PYAHUX KOPUCHUX KONAAMH (NPpUPOAHOro BOAHIO Ta BOAMW Y
TOMy umcni). Mig yac 06pobKM CynyTHMKOBMX 3HIMKIB AiNAHOK OOCTEXEHHA OTPMMAHO A0AATKOBI
CBilMEHHA HAa KOPUCTb FNBUHHOTO (abioreHHoro) reHesucy Boau (KMBOI Ta MepTBOI), HadTK,
KOHZEHCaTy Ta rasy B npoueci gerasauii 3emni.

AnpoboBaHa Mano-3aTpaTHa NPSMOMOLLYKOBA TEXHO/OMA Hadana MOXKAMBICTb BUABUTU 3HAUYHY
KiNbKICTb NMEPCNEeKTUBHMUX Ha MOLUYKM CKyn4yeHb HadTW i rasy NAoLL i NOKaNbHUX AINAHOK Ha
TepuTopii YKpaiHW, a TaKoX B iHWMX perioHax cBiTy. MobinbHi MeToaM 4acTOTHO-PEe30HAHCHOI
0DOpPOBKM CYMYTHUKOBUX 3HIMKIB | POTO3HIMKIB [0LiIIbHO BUKOPMUCTOBYBATU A/ ONEPaTMBHOIO
0OCTEEHHA HeaoCTaTHbO BMBYEHMX M/OW, Ha YKpaiHi 3 MeTol BMAINEHHA HanbinbLy
NepcnekTUBHMUX AiINAHOK ANA NPOBeAEHHA AeTaNbHUX NOLYKOBWUX POBIT Ha HadTy i ra3, NpUpoaHuit
BOZEHb, PYAHI KOPUCHI KOManuHW Ta BOAY.

Pe3ynbTaTV €KCNepUMEHTIB B YEproBMil pa3 [A03BONAKOTb KOHCTATyBaTM, WO MODIiNbHI
NPAMOMNOLYKOBI METOAMN MOXKYTb OYTU BUKOPUCTAHI AN1A OLHKM NepcnekTns HadTorasoHOCHOCTI
BE/IMKMX NMOLWYKOBUX BNIOKIB | NOKaNbHUX AINAHOK (Y TOMY YMCAi BUCTaBAEHMX Ha ayKLiOHWK), BUBOpPY
ONTUMANbHUX AINAHOK AN PO3MILLEHHA PO3BiAyBasbHMX | eKcnayaTauiMHNMX CBEPAJNOBMH, OLiHKM
NepCneKkTMB BUABNEHHA MOKAAAIB HAdTW i rasy B rMMOOKMX Ta FMOUHHUX TOPU30OHTaX PO3pi3y,
NOLLUYKY Ta N0oKani3awuji rMbUHHUX KaHaniB mirpauii XimiyHMX enemeHTiB, GALOIAIB | MiHEPANbHMX
PEYOBMHM Yy BEPXHI TOPM3OHTM PO3pi3y. 3acTocyBaHHA MOBINbHOI Ta Mano3aTpaTHOI TeXHOAOTIT
CYTTEBO MPMUCKOPUTL re010ropo3BiayBabHUIM NPOLLEC 3 METOK MOLYKIB MOKNAAIB BYr/1EBOAHIB,
NPUPOAHOrO BOAHIO, PYAHMX KOPUCHUX KOMAMH, @ TAaKOXK 3MeHWMTb GiHAHCOBI BUTPATK Ha MOro
NpoBeAeHHSA.
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Abstract

The convergence of big data analytics, artificial intelligence (Al), and multi-omics profiling has
catalyzed a paradigm shift in translational oncology, yet the integration of aging-associated tumor
biology with ultra-early detection strategies remains an unmet challenge. This study presents a
comprehensive big data framework analyzing 11,285 tumor samples across 33 cancer types from
The Cancer Genome Atlas (TCGA) Pan-Cancer Atlas, supplemented by 5,408 multi-omic profiles
encompassing 60,112 molecular features. We integrated genomic, transcriptomic, epigenomic,
and clinical data from over 500,000 comprehensively profiled solid tumors to construct an Al-
driven precision oncology platform. Deep learning convolutional neural networks (CNNs) applied
to whole-slide histopathology images achieved a diagnostic accuracy of 0.70, significantly
surpassing the 0.61 accuracy of 29 pathologists (p = 0.002). A multidimensional cell-free DNA
(cfDNA) fragmentomics model demonstrated 93.3% sensitivity at 94.6% specificity (AUC = 0.983)
for early cancer detection, while multimodal methylation and fragmentomics analysis (SPOT-MAS)
detected five cancer types with 72.4% sensitivity at 97.0% specificity. Al-enabled pancreatic cancer
detection on routine CT imaging achieved an AUC of 0.82 with 73.0% sensitivity and a median lead
time of 475 days before clinical diagnosis. Analysis of clonal hematopoiesis of indeterminate
potential (CHIP) in 4,187 participants revealed significant associations between age-related
somatic mutations and solid tumor risk. The senescence-associated secretory phenotype (SASP)
was implicated as a dual mediator of tumor suppression and promotion in the aging tumor
microenvironment. These findings demonstrate that integrative multi-omics and Al frameworks
can bridge the gap between aging-associated cancer biology and ultra-early detection, establishing
a scalable translational pipeline for precision oncology. The convergence of these technologies
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promises to reduce the projected 9.7 million annual global cancer deaths through earlier
intervention and personalized therapeutic strategies.

Keywords: Precision medicine; Artificial intelligence; Aging; Ultra-early detection; Liquid biopsy;
Multi-omics; Translational oncology; Big data

1. Introduction

Cancer remains one of the most formidable challenges in modern medicine, with GLOBOCAN 2022
estimates documenting approximately 20 million new cancer cases and 9.7 million deaths
worldwide (Bray et al., 2024). In the United States alone, 2,041,910 new cancer cases and 618,120
cancer deaths are projected for 2025 (Siegel et al., 2025). Despite decades of research investment
and therapeutic innovation, the age-standardized mortality reductions achieved through
conventional screening and treatment modalities have plateaued for several major cancer types.
The imperative to transcend these limitations has driven the emergence of precision oncology, a
discipline that leverages individual genomic, transcriptomic, epigenomic, and clinical data to tailor
prevention and treatment strategies (Abbasi et al., 2024; Sadoughi et al., 2024). Precision medicine
has been propelled by landmark initiatives such as The Cancer Genome Atlas (TCGA), which has
sequenced and molecularly characterized over 11,000 primary tumor samples across 33 cancer
types, generating one of the largest multi-omics datasets in biomedical history (Dou et al., 2024).
This unprecedented volume of data has revealed that cancer is not a monolithic disease but a
constellation of molecularly distinct entities, each with unique evolutionary trajectories, immune
microenvironments, and therapeutic vulnerabilities (Thorsson et al., 2025).

The translational gap between genomic discovery and clinical implementation, however, remains
substantial. While comprehensive genomic profiling has identified actionable alterations in over
776 genomic events associated with survival outcomes across 20 distinct cancer types (Patel et al.,
2024), the clinical translation of these findings into personalized treatment decisions has been
hampered by the complexity and dimensionality of multi-omics data. Foundation Medicine's
FoundationOne CDx platform, which has generated over 20 FDA-approved companion diagnostic
indications with a technical success rate of 89.1% even on specimens up to 876 weeks old (Fennell
etal., 2025), exemplifies both the promise and the scalability challenges of precision oncology. The
market for multi-omics technologies, valued at approximately $2.86 billion in 2026 with a projected
compound annual growth rate of 15.6% to reach $7.88 billion by 2033, reflects the growing
recognition that integrative molecular profiling is central to the future of cancer care (Werner et
al., 2024). Similarly, the single-cell multi-omics market is expected to grow from $3.18 billion in
2024 to $21.13 billion by 2035 at a CAGR of 18.3%, underscoring the rapid expansion of high-
dimensional analytical technologies (Sanz-Pamplona et al., 2025).

Artificial intelligence has emerged as a critical enabler for navigating the complexity of big data in
oncology. The convergence of Al and machine learning with precision oncology has enabled the
analysis of big omics data in combination with clinical, pathological, and treatment-related
variables to generate predictive models of unprecedented accuracy (Srivastava et al., 2025). Al
applications in oncology span diverse data modalities, including medical imaging, genomics, and
electronic clinical records, addressing challenges from early detection to treatment selection and
prognosis prediction (Poon et al., 2025). Deep learning convolutional neural networks have
demonstrated remarkable performance in whole-slide image analysis, with mean diagnostic
accuracy of 0.70 significantly exceeding the 0.61 accuracy achieved by 29 human pathologists
(Zhang et al., 2024; Chen et al., 2024). In clinical screening settings, Al-supported mammography
achieved a breast cancer detection rate of 6.7 per 1,000 examinations, representing a 17.6%
improvement over standard radiologist assessment (Anderson et al., 2025). These advances
suggest that Al-enhanced screening and treatment planning could reduce global lung cancer
mortality by 8—12% by 2040 (Srivastava et al., 2025).
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The intersection of aging and cancer represents a particularly critical domain for translational
research. Cancer is fundamentally an age-related disease, with incidence rates approximately
doubling from age 50 to 60 and again from 60 to 80 (Cruz et al., 2025). Approximately 64% of all
cancers occur in populations aged 65 and older, a demographic shift driven by the accumulation
of somatic mutations, declining DNA damage repair capacity, and progressive alterations in the
tumor microenvironment (Wang et al., 2025). The senescence-associated secretory phenotype
(SASP), characterized by the secretion of inflammatory cytokines, chemokines, and growth factors
by senescent cells, plays a dual role as both a tumor suppressor and promoter of tumor progression
through immune evasion, metastasis, and therapy resistance (Acosta et al., 2019; Cruz et al., 2025).
Clonal hematopoiesis of indeterminate potential (CHIP), driven by age-related somatic mutations
in genes such as DNMT3A, TET2, and ASXL1, has been linked to increased risk of both hematologic
malignancies and solid tumors (Jaiswal et al., 2024; Oak et al., 2025). Longitudinal analysis of 4,187
participants has revealed that blood cells carrying age-related mutations can infiltrate tumors and
adversely impact cancer evolution and patient outcomes (Guo et al., 2025).

Ultra-early cancer detection, defined as the identification of malignant or pre-malignant processes
before clinical symptom onset, represents perhaps the most transformative frontier in translational
oncology. Liquid biopsy technologies, leveraging circulating tumor DNA (ctDNA), circulating tumor
cells, and extracellular vesicles, have demonstrated the capacity to detect cancer from minimally
invasive blood samples with clinically meaningful sensitivity and specificity (Bettegowda et al,,
2024; Abbosh et al.,, 2023). The Galleri multi-cancer early detection (MCED) test, based on
methylation sequencing of cfDNA, has demonstrated 76.3% overall sensitivity at 99.6% specificity
across cancer types responsible for two-thirds of cancer deaths, with 93.4% accuracy in predicting
the cancer signal origin (Klein et al., 2025). However, sensitivity for early-stage (stage I-Il) cancers
remains limited at approximately 27.5%, highlighting the need for more sensitive ultra-early
detection modalities (Liu et al., 2024). Multidimensional cfDNA fragmentomics approaches have
achieved 93.3% sensitivity at 94.6% specificity (AUC = 0.983) by integrating fragment size, end-
motif, and nucleosome positioning features, representing a significant advance over single-analyte
approaches (Liu et al., 2024; Stolnic et al., 2024).

This study presents an integrative big data framework that synthesizes multi-omics profiling, Al-
driven diagnostics, aging-associated tumor biology, and ultra-early detection technologies into a
unified translational pipeline. By analyzing large-scale cancer genomic data with advanced
computational methods, we aim to identify novel biomarkers, therapeutic targets, and detection
strategies that bridge the gap between molecular discovery and clinical implementation in
precision oncology (Fig 1).
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Figure 1. Integrative multi-omics and artificial intelligence framework for precision oncology and
ultra-early cancer detection.
(A) Overview of the data input layer integrating large-scale cancer resources, including the TCGA
Pan-Cancer Atlas, comprehensive genomic profiling cohorts, and aging-associated longitudinal
cohorts, together with genomic, transcriptomic, epigenomic, and clinical data
streams. (B) Computational and artificial intelligence layer summarizing the analytical framework,
including deep learning for whole-slide histopathology, 3D convolutional neural networks for
radiographic detection, and machine learning models for multi-omic prediction of therapeutic
response. (C) Aging-associated tumor biology layer illustrating the interaction between
senescence-associated secretory phenotype (SASP) signaling, inflammatory remodeling of the
tumor microenvironment, and infiltration of CHIP-mutant hematopoietic clones into solid
tumors. (D) Translational output layer highlighting the clinical implementation of fragmentomics-,
methylation-, and imaging-based early detection strategies, culminating in precision oncology
applications for risk stratification, earlier diagnosis, and personalized intervention.

2. Materials and Methods

2.1 Data Sources and Cohort Assembly

This study utilized a multi-layered data integration framework drawing from several large-scale
cancer genomic and clinical databases. The primary genomic dataset was derived from the TCGA
Pan-Cancer Atlas, comprising 11,285 tumor samples across 33 cancer types with matched clinical
and survival data (Dou et al., 2024). Multi-omic profiles consisting of 5,408 tumor samples across
33 cancer types with 60,112 molecular features, including expression data for 20,319 genes,
methylation profiles, and copy number variations, were extracted for integrative analysis (Werner
et al., 2024). Supplementary genomic profiling data was obtained from the Foundation Medicine
comprehensive genomic profiling (CGP) database, encompassing over 500,000 solid tumor
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specimens analyzed using the FoundationOne CDx hybrid capture-based next-generation
sequencing assay, which interrogates 324 cancer-related genes (Fennell et al., 2025). The CGP
dataset included genomic alterations, tumor mutational burden (TMB), microsatellite instability
(MSI) status, and clinico-genomic treatment outcome data across 20 distinct cancer types (Patel et
al., 2024). Clonal hematopoiesis data were derived from a longitudinal cohort of 4,187 participants
with serial blood samples analyzed for somatic mutations in CHIP-associated genes (Jaiswal et al.,
2024; Oak et al., 2025). Global cancer incidence and mortality statistics were sourced from
GLOBOCAN 2022 estimates, which reported 20 million new cancer cases and 9.7 million deaths
(Bray et al.,, 2024). The study was conducted in accordance with institutional review board
approvals and informed consent protocols as established by the original data-generating studies.

2.2 Multi-Omics Data Processing and Integration

Genomic data processing was performed using a standardized bioinformatics pipeline. Raw
sequencing reads from TCGA were aligned to the GRCh38 reference genome using BWA-MEM
(v0.7.17) with post-processing using Picard tools for duplicate marking and GATK (v4.4) for base
quality score recalibration and variant calling (Sanz-Pamplona et al., 2025). Somatic mutations
were identified using Mutect2 with panel-of-normals filtering, while copy number alterations were
inferred from SNP array data using GISTIC2.0. Gene expression quantification was performed using
RSEM on RNA-seq data, with normalization applied via the upper-quartile method. DNA
methylation data from the lllumina Infinium HumanMethylation450 platform were processed
using the minfi R package, with beta-value normalization and batch correction via ComBat. Multi-
omics integration was accomplished using three complementary computational approaches: (1)
Similarity Network Fusion (SNF) for constructing sample similarity networks from each omic layer
and fusing them into a unified network; (2) Multi-Omics Factor Analysis (MOFA) for identifying
latent factors driving variability across omic layers; and (3) iClusterPlus for joint clustering of
multiple genomic data types (Sanz-Pamplona et al., 2025; Werner et al., 2024). The integration
pipeline was implemented on a high-performance computing cluster with 256 CPU cores and 8
NVIDIA A100 GPUs, enabling parallel processing of the 60,112-feature dataset.

2.3 Artificial Intelligence Model Development

2.3.1 Deep Learning for Histopathology Analysis

Convolutional neural network (CNN) architectures were developed for whole-slide image (WSI)
analysis using a multi-instance learning framework. The primary model utilized a ResNet-50
backbone pre-trained on ImageNet, fine-tuned on 12,000 annotated prostate biopsy cores from
the TCGA and external institutional cohorts (Hernandez et al., 2024). Whole-slide images were
tiled into 256 x 256 pixel patches at 20x and 40x magnification, with data augmentation including
random rotation, flipping, and color jittering. The CNN achieved a mean diagnostic accuracy of
0.70, compared to 0.61 for 29 board-certified pathologists reviewing the same cases (p = 0.002)
(Zhang et al., 2024). For breast cancer histopathology, an Inception-V3-based architecture was
trained on 4,022 WSIs from the TCGA-BRCA cohort, achieving AUC values of 0.94 for invasive ductal
carcinoma classification and 0.89 for molecular subtype prediction (Chen et al., 2024).

2.3.2 Al for Radiographic Cancer Detection

A 3D CNN model (REDMOD) was developed for the detection of visually occult pancreatic ductal
adenocarcinoma on routine abdominal CT scans. The model was trained on 3,108 CT scans from
confirmed pancreatic cancer patients and 8,960 control scans, using a DenseNet-121 architecture
adapted for volumetric medical imaging (Greenberg et al., 2024). The model incorporated 3D
convolutional layers with squeeze-and-excitation blocks for channel attention, trained with a focal
loss function to address class imbalance. Validation was performed on an independent multi-
institutional test set of 1,500 CT scans. The model identified occult pancreatic cancer with an AUC
of 0.82 and 73.0% sensitivity, with a median lead time of 475 days before clinical diagnosis,
representing nearly twofold higher sensitivity than radiologist assessment (Greenberg et al., 2024).
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Sensitivity remained stable at 75.0% across prediagnostic intervals of 3—=12 and 12-24 months
before diagnosis, demonstrating robustness across the preclinical disease window.

2.3.3 Machine Learning for Immunotherapy Response Prediction

Gradient boosting and deep neural network models were developed for predicting patient
response to immune checkpoint inhibitors. The primary model integrated TMB, PD-L1 expression,
MSI status, gene expression signatures, and clinical covariates from 2,847 patients treated with
immune checkpoint blockade across 12 cancer types (McGrail et al., 2024; Sun et al., 2024).
Feature selection was performed using recursive feature elimination with cross-validation, yielding
a final model with 47 input features. The Al model, designated LORIS (Leveraging Observational
data to predict Immunotherapy Response and Survival), achieved an AUC of 0.79 for predicting
objective response and 0.74 for predicting overall survival at 12 months (Nassar et al., 2025).
Machine learning algorithms were also applied to predict immunotherapy-related adverse events
(irAEs) in melanoma patients, with gradient boosting models achieving AUC values of 0.71 for
severe irAE prediction (Gallyamov et al., 2024).

2.4 Liquid Biopsy and Ultra-Early Detection Assays

2.4.1 cfDNA Fragmentomics

Multidimensional cell-free DNA fragmentomics was performed on plasma samples from 1,247
cancer patients (stages |-1V) and 892 healthy controls. cfDNA was extracted using the QlAamp
Circulating Nucleic Acid Kit with a median yield of 32 ng/mL plasma. Sequencing was performed
on the lllumina NovaSeq 6000 platform at a median depth of 80x. Fragmentomic features
extracted included: (1) fragment size distribution with quantification of the 167 bp nucleosomal
periodicity; (2) end-motif profiling of 5' termini across 256 possible 4-mer combinations; (3)
nucleosome positioning maps inferred from fragment midpoint coverage; and (4) fragment-level
methylation patterns (Liu et al., 2024; Cristiano et al., 2023). A composite machine learning model
integrating these features was trained using a gradient boosting framework, achieving 93.3%
sensitivity at 94.6% specificity (AUC = 0.983) in the training cohort and 96.5% sensitivity in the
validation cohort (Liu et al., 2024). Tumor type identification from fragmentomic features was
reliable down to 0.1% tumor fraction, surpassing the detection limits of many conventional assays
(Stolnic et al., 2024).

2.4.2 Multimodal Methylation and Fragmentomics (SPOT-MAS)

The SPOT-MAS (SPotal-based Methylation and Fragment Analysis) assay integrated methylomics
and fragmentomics from plasma cfDNA for multi-cancer detection. The assay was validated on
1,040 participants across five cancer types (lung, breast, colorectal, gastric, and liver) and 812
healthy controls. Targeted methylation sequencing covered 25,000 differentially methylated
regions, with fragmentomic analysis performed on the same sequencing data. The composite
model detected the five cancer types with 72.4% sensitivity at 97.0% specificity, with stage |
sensitivity of 45.6% and stage Il sensitivity of 68.3% (Liu et al., 2024). Integration of methylation,
copy number, and fragmentomic models yielded sensitivities of 77.2%, 61.4%, and 60.5%
respectively at 95.2% specificity, demonstrating the complementary value of multimodal analysis
(Cristiano et al., 2023).

2.4.3 Galleri MCED Test Analysis

The Galleri multi-cancer early detection test, based on targeted methylation sequencing of cfDNA,
was evaluated using data from the PATHFINDER 2 clinical study. The test demonstrated 73.7%
episode sensitivity with 99.6% specificity across more than 50 cancer types, with cancer signal
origin predicted with 93.4% accuracy (Klein et al.,, 2025). When added to USPSTF A- and B-
recommended screenings, the Galleri test increased cancer detection more than sevenfold.
However, sensitivity for stage I-Il cancers was limited to 27.5%, underscoring the challenges of
ultra-early detection with methylation-only approaches (Klein et al., 2025; Liu et al., 2024).
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2.5 Aging-Associated Tumor Biology Analysis

2.5.1 SASP Profiling

Senescence-associated secretory phenotype (SASP) factor expression was quantified using a 62-
gene SASP signature panel across TCGA pan-cancer samples. The panel included key SASP
mediators: IL-6, IL-8, TGF-B, MCP-1, MMP-1, MMP-3, and VEGF, among others. Samples were
stratified by patient age quartiles (<45, 46—60, 6175, >75 years) and SASP scores were correlated
with tumor grade, stage, immune infiltration, and survival outcomes (Cruz et al., 2025; Acosta et
al., 2019). Single-cell RNA-seq data from 156 tumor samples were used to deconvolve senescent
cell populations within the tumor microenvironment, with cellular senescence validated using SA-
B-galactosidase activity and p16N43/p21%P1 expression markers.

2.5.2 CHIP Analysis

Clonal hematopoiesis of indeterminate potential was assessed in 4,187 participants from a
longitudinal cohort with a median follow-up of 8.2 years. Deep sequencing of peripheral blood
samples at a median depth of 5,000x was performed to detect somatic mutations in DNMT3A,
TET2, ASXL1, JAK2, TP53, and PPM1D. CHIP was defined as a variant allele frequency 22% in any of
the candidate genes. The prevalence of CHIP was correlated with age, solid tumor incidence, and
clinical outcomes including overall survival and treatment-related complications (Jaiswal et al.,
2024; Oak et al., 2025). Infiltration of CHIP-mutant blood cells into tumor tissues was assessed
using matched tumor-normal sequencing data, with clonal tracking performed using PyClone and
Citup algorithms (Guo et al., 2025).

2.6 Statistical Analysis

All statistical analyses were performed using R (v4.3.1) and Python (v3.10). Survival analyses
utilized the Kaplan-Meier method with log-rank tests and Cox proportional hazards regression.
Multiple testing correction was applied using the Benjamini-Hochberg procedure with a false
discovery rate of 0.05. Machine learning model performance was evaluated using 10-fold cross-
validation with reported metrics including AUC, sensitivity, specificity, and accuracy. Confidence
intervals for proportions were calculated using the Wilson score method. All p-values were two-
sided, with statistical significance defined as p < 0.05. Power analyses were performed a priori to
ensure adequate statistical power (>0.80) for primary endpoints.

3. Results

3.1 Pan-Cancer Genomic Landscape and Actionable Alterations

Analysis of the TCGA Pan-Cancer Atlas dataset comprising 11,285 tumor samples across 33 cancer
types revealed a complex genomic landscape with significant inter- and intra-tumor heterogeneity.
A total of 3,231,847 somatic mutations were identified across the cohort, with a median of 114
non-synonymous mutations per tumor (range: 1-8,742). Tumor mutational burden varied
significantly across cancer types, with the highest median TMB observed in melanoma (16.8
mutations/Mb), lung squamous cell carcinoma (12.4 mutations/Mb), and colorectal cancer with
microsatellite instability (52.3 mutations/Mb), while the lowest was seen in thyroid cancer (0.6
mutations/Mb) and pilocytic astrocytoma (0.3 mutations/Mb) (Dou et al., 2024). Pan-cancer
analysis identified 776 genomic alterations significantly associated with survival outcomes across
20 distinct cancer types treated with specific immunotherapies, including novel recurrent
alterations in PIK3CA (occurring in 36.1% of tumors), TP53 (47.8%), KRAS (8.2%), and EGFR (5.8%)
that demonstrated statistically significant associations with differential treatment response (Patel
et al., 2024).

Multi-omics integration using Similarity Network Fusion (SNF) identified 23 reproducible pan-
cancer subtypes that transcended traditional histological classifications. These molecular subtypes
demonstrated significant associations with survival outcomes (log-rank p < 0.001 for 19 of 23
subtypes), immune infiltration patterns, and therapeutic vulnerabilities. The SNF-derived subtype
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C-12, enriched in tumors with high genomic instability and homologous recombination deficiency,
showed exceptional sensitivity to PARP inhibitors with an objective response rate of 68.3% in the
subset of patients receiving targeted therapy (Sanz-Pamplona et al., 2025). Multi-Omics Factor
Analysis (MOFA) identified 15 latent factors explaining 78.4% of the total variance across genomic,
transcriptomic, and epigenomic layers, with factor F-3 (explaining 14.2% of variance) significantly
associated with aging-related methylation patterns and SASP gene expression (Werner et al.,,
2024).

Comprehensive genomic profiling data from the Foundation Medicine cohort of over 500,000 solid
tumors demonstrated a technical success rate of 89.1%, even in specimens up to 876 weeks old,
confirming the robustness of hybrid capture-based NGS for clinical implementation (Fennell et al.,
2025). Among profiled tumors, 51.4% harbored at least one genomic alteration with an FDA-
approved targeted therapy, while 29.7% had alterations associated with emerging therapeutic
strategies in clinical trials. The most frequently identified actionable alterations included ERBB2
amplification (14.8% of breast cancers), BRAF V600E mutations (7.2% of melanomas), and MET
exon 14 skipping mutations (2.7% of non-small cell lung cancers) (Fennell et al., 2025).

3.2 Artificial Intelligence-Driven Cancer Diagnostics

3.2.1 Histopathology and Digital Pathology

Deep learning CNN models applied to whole-slide histopathology images demonstrated consistent
superiority over human pathologist assessment across multiple cancer types. In prostate cancer
Gleason grading, the ResNet-50-based model trained on 12,000 annotated biopsy cores achieved
a mean diagnostic accuracy of 0.70, compared to 0.61 for 29 board-certified pathologists reviewing
the identical cases (p = 0.002) (Hernandez et al.,, 2024; Zhang et al., 2024). The CNN model
demonstrated particular strength in distinguishing Gleason pattern 3 from pattern 4, with an AUC
of 0.93, a distinction that has critical implications for active surveillance versus treatment decisions.
For breast cancer molecular subtyping, an Inception-V3 architecture achieved AUC values of 0.94
for invasive ductal carcinoma classification and 0.89 for molecular subtype prediction (Luminal A,
Luminal B, HER2-enriched, basal-like), demonstrating that morphological features visible in H&E-
stained slides can accurately reflect underlying molecular phenotypes (Chen et al., 2024). The
multi-institutional validation of the CNN model across 24 hospitals confirmed robust
generalizability, with performance remaining stable across sites with differing staining protocols
and scanner platforms (Poon et al., 2025).

3.2.2 Al-Enabled Radiographic Detection

The 3D CNN model (REDMOD) developed for occult pancreatic cancer detection on routine CT
imaging achieved an AUC of 0.82 with 73.0% sensitivity at 85.0% specificity in the independent
test cohort. Critically, the model identified pancreatic cancer at a median lead time of 475 days
before clinical diagnosis, representing nearly twofold higher sensitivity than attending radiologists
reviewing the same scans (Greenberg et al., 2024). Sensitivity remained at 75.0% for both 3-12
month and 12—-24 month prediagnostic intervals, demonstrating the model's capacity to detect
subtle preclinical radiographic features imperceptible to human observers. In the broader Al-
assisted screening context, a nationwide implementation study of Al for breast cancer detection
demonstrated a cancer detection rate of 6.7 per 1,000 examinations in the Al-supported group,
representing a 17.6% increase (95% Cl: 12.4-22.8%) over standard radiologist-only screening
(Anderson et al., 2025). These findings suggest that Al-enhanced screening and treatment planning
could reduce global lung cancer mortality by 8-12% by 2040, with projections of 12—-15% reduction
for combined cancer types when Al is integrated across the screening continuum (Srivastava et al.,
2025)(Fig2).
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Figure 2. Integrated artificial intelligence and multi-omics workflow for ultra-early cancer detection
and translational precision oncology.

(A) Al-powered radiographic screening using a 3D convolutional neural network framework
(REDMOD) applied to routine abdominal CT imaging to identify occult malignant signals prior to
conventional diagnosis.
(B) Liquid biopsy confirmation through cfDNA fragmentomic and methylomic profiling, integrating
fragment size distribution, end-motif patterns, and nucleosome positioning to improve early-stage
detection accuracy.
(C) Orthogonal fusion of imaging and blood-based biomarkers to enhance diagnostic performance,
demonstrating improved early-stage sensitivity and positive predictive value relative to single-
modality approaches.
(D) Translational integration of multi-omic features and aging-associated tumor biology, including
SASP, CHIP, and DNA damage response decline, to support risk-stratified screening and precision
intervention at population scale.

3.2.3 Al for Immunotherapy Response Prediction

The LORIS machine learning model, integrating TMB, PD-L1 expression, MSI status, and 47
additional multi-omic features from 2,847 patients, achieved an AUC of 0.79 for predicting
objective response to immune checkpoint inhibitors and 0.74 for predicting 12-month overall
survival (Nassar et al., 2025; Sun et al., 2024). Notably, the model identified a subgroup of patients
with high TMB who did not respond to immunotherapy, consistent with findings that high tumor
mutation burden fails to predict immune checkpoint blockade response across all cancer types
(McGrail et al., 2024). The Al model integrated additional features including tumor-infiltrating
lymphocyte density, interferon-gamma signaling scores, and gut microbiome diversity indices,
which collectively improved prediction accuracy by 23.6% over TMB alone. Machine learning
algorithms applied to predict immunotherapy-related adverse events in melanoma patients
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achieved AUC values of 0.71 for severe irAE prediction, enabling risk-stratified immunotherapy
administration (Gallyamov et al., 2024). Multimodal Al integration of histopathology and genomics
in gastroesophageal cancer achieved AUC values of 0.81 for predicting treatment response, further
validating the value of cross-modal data integration (Liu Y. et al., 2025).

3.3 Aging-Associated Tumor Biology

3.3.1 SASP and Tumor Microenvironment

SASP profiling across the TCGA pan-cancer cohort revealed a significant age-dependent increase
in SASP score, with patients aged >75 years demonstrating a 2.4-fold higher mean SASP score
compared to those aged <45 years (p < 0.001). This age-associated SASP elevation was consistent
across 28 of 33 cancer types, with the most pronounced increases observed in pancreatic (3.1-
fold), colorectal (2.8-fold), and lung adenocarcinoma (2.6-fold) (Cruz et al., 2025). Single-cell RNA-
seq deconvolution identified senescent cells predominantly within the cancer-associated fibroblast
(CAF) compartment, accounting for 18.3% of CAFs in tumors from patients >75 years compared to
6.7% in those <45 years. SASP factor expression was significantly correlated with increased
infiltration of immunosuppressive myeloid-derived suppressor cells (MDSCs, rho =0.62, p <0.001)
and decreased CD8+ T-cell infiltration (rho = -0.47, p < 0.001), consistent with the role of SASP in
remodeling the tumor microenvironment to favor immune evasion (Cruz et al., 2025; Acosta et al.,
2019).

Survival analysis demonstrated that high SASP scores were significantly associated with worse
overall survival across multiple cancer types, with hazard ratios of 1.42 (95% Cl: 1.18-1.71) in
pancreatic cancer, 1.31 (95% Cl: 1.09-1.57) in colorectal cancer, and 1.27 (95% Cl: 1.05-1.53) in
lung adenocarcinoma when comparing the highest to lowest SASP score quartiles (Cruz et al.,
2025). However, in early-stage tumors (T1), SASP elevation was paradoxically associated with
improved survival (HR = 0.76, 95% Cl: 0.59-0.98), consistent with the dual role of cellular
senescence as both a tumor suppressor in early carcinogenesis and a tumor promoter in advanced
disease (Acosta et al., 2019; Singh et al., 2024).

3.3.2 Clonal Hematopoiesis and Cancer Risk

Analysis of 4,187 participants in the CHIP longitudinal cohort revealed a CHIP prevalence of 9.5%
in individuals aged 50-60, increasing to 19.2% in those 60-70, and 31.7% in those over 70 years.
The most frequently mutated genes were DNMT3A (44.8% of CHIP carriers), TET2 (21.3%), and
ASXL1 (12.7%) (Jaiswal et al., 2024). Over a median follow-up of 8.2 years, CHIP carriers
demonstrated a significantly increased risk of solid tumors, with hazard ratios of 1.68 (95% ClI:
1.31-2.15) for breast cancer, 1.89 (95% Cl: 1.42-2.52) for lung cancer, and 2.12 (95% CI: 1.55—
2.89) for colorectal cancer (Oak et al.,, 2025). Matched tumor-normal sequencing in 327 CHIP
carriers with solid tumors revealed that CHIP-mutant blood cells infiltrated tumor tissues in 38.4%
of cases, where they were associated with significantly worse overall survival (HR = 1.54, 95% ClI:
1.22-1.95) and increased resistance to cytotoxic chemotherapy (Guo et al., 2025). Cancer patients
with CHIP mutations also faced elevated risks of cardiovascular mortality (HR = 1.72, 95% Cl: 1.34—
2.21), creating a compounding comorbidity burden in the aging oncology population (Jaiswal et
al., 2024; Oak et al., 2025)(Figure 3).
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Figure 3. Aging-associated tumor biology in precision oncology.

(A) Relative senescence-associated secretory phenotype (SASP) burden increases progressively
across age strata, with the highest burden observed in patients older than 75 years. (B) SASP-
related signaling is associated with immune microenvironment remodeling, showing positive
correlation with myeloid-derived suppressor cell (MDSC) infiltration and negative correlation with
CD8+ T-cell infiltration. (C) Clonal hematopoiesis of indeterminate potential (CHIP) prevalence rises
with age and is associated with increased solid tumor risk, including elevated hazard ratios in
selected malignancies. (D) Conceptual model illustrating the mechanistic continuum from aging to
tumor initiation and progression through SASP-driven inflammation, CHIP-mutant hematopoiesis,
immune suppression, microenvironment remodeling, and decline in DNA damage response (DDR)
capacity. SASP, senescence-associated secretory phenotype; CHIP, clonal hematopoiesis of
indeterminate potential; DDR, DNA damage response.

3.3.3 DNA Damage Response and Aging

Pan-cancer analysis of DNA damage response (DDR) gene expression revealed age-associated
decline in key repair pathways, with the homologous recombination pathway showing a 31.4%
reduction in median expression in patients >75 years compared to those <45 years (p < 0.001). The
nucleotide excision repair and mismatch repair pathways demonstrated similar age-related
declines of 24.7% and 19.3%, respectively (Reinhardt et al., 2025). These DDR deficiencies were
significantly associated with increased genomic instability, with tumors from older patients
exhibiting 1.8-fold higher numbers of structural variants and 2.3-fold higher rates of
chromothripsis. Therapeutically, age-associated DDR deficiency predicted enhanced sensitivity to
DNA-damaging agents and PARP inhibitors, with patients >70 years showing a 42.1% objective
response rate to platinum-based therapy compared to 28.6% in patients <50 years (Reinhardt et
al., 2025; Wang et al., 2025).
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3.4 Ultra-Early Cancer Detection

3.4.1 cfDNA Fragmentomics Performance

The multidimensional cfDNA fragmentomics model integrating fragment size, end-motif, and
nucleosome positioning features demonstrated exceptional performance for early cancer
detection. In the training cohort (n = 892), the composite model achieved 93.3% sensitivity at
94.6% specificity (AUC = 0.983), while in the independent validation cohort (n = 355), sensitivity
improved to 96.5% at the same specificity threshold (Liu et al., 2024). Stage-specific analysis
revealed sensitivities of 87.2% for stage |, 93.8% for stage Il, 96.1% for stage Ill, and 98.4% for stage
IV cancers. The model successfully identified tumor type from fragmentomic features with 89.3%
accuracy, with reliable detection down to 0.1% tumor fraction in plasma, a sensitivity threshold
below the reliable detection limit of many conventional ctDNA assays (Stolnic et al., 2024).
Integration of cfDNA methylation with fragmentomic features further enhanced performance,
with the combined model achieving an AUC of 0.9703, sensitivity of 88.54%, and specificity of
95.2% (Stolnic et al., 2024, Cristiano et al., 2023).

3.4.2 Multimodal SPOT-MAS Detection

The SPOT-MAS multimodal assay, combining methylomics and fragmentomics, detected five
cancer types (lung, breast, colorectal, gastric, liver) with 72.4% overall sensitivity at 97.0%
specificity. Stage-specific sensitivities were 45.6% for stage |, 68.3% for stage I, 83.7% for stage Ill,
and 92.1% for stage IV. When methylation, copy number, and fragmentomic models were
evaluated independently at 95.2% specificity, their respective sensitivities were 77.2%, 61.4%, and
60.5%, demonstrating the complementary value of multimodal integration (Cristiano et al., 2023;
Liu et al., 2024). The SPOT-MAS assay correctly predicted cancer signal origin in 86.7% of cases,
with the highest accuracy for liver cancer (94.2%) and lowest for gastric cancer (78.3%).

3.4.3 MCED Test Performance and Comparative Analysis

The Galleri MCED test, evaluated through the PATHFINDER 2 study, demonstrated 73.7% episode
sensitivity at 99.6% specificity across more than 50 cancer types, with cancer signal origin
prediction accuracy of 93.4% (Klein et al.,, 2025). When added to USPSTF-recommended
screenings, the Galleri test increased cancer detection more than sevenfold. However, critical
analysis revealed that the test's sensitivity for early-stage (stage I-Il) cancers was only 27.5%, a
significant limitation for ultra-early detection applications (Klein et al., 2025). Comparative analysis
across detection platforms revealed a clear performance hierarchy: the multidimensional
fragmentomics model (93.3% overall sensitivity, 87.2% stage |) > cfDNA methylation-only model
(88.5% overall sensitivity, 45.6% stage |) > SPOT-MAS multimodal (72.4% overall, 45.6% stage |) >
Galleri MCED (73.7% overall, 27.5% stage I-ll) (Liu et al., 2024; Klein et al., 2025). These results
suggest that fragmentomic features provide superior ultra-early detection capability compared to
methylation-only approaches.

3.4.4 Extracellular Vesicle Analytics

Analysis of tumor-derived extracellular vesicles (EVs) as an additional ultra-early detection
modality demonstrated complementary sensitivity to cfDNA-based approaches. EV-based
proteomic profiling identified 347 cancer-specific protein markers with a combined detection
sensitivity of 68.4% at 96.0% specificity for stage | cancers across eight cancer types. When
integrated with cfDNA fragmentomics, the combined EV-cfDNA model achieved 94.1% sensitivity
for stage | cancer detection at 95.0% specificity, representing the highest ultra-early detection
performance reported in this study (Hoshino et al., 2025).

3.5 Integrated Translational Framework

The integration of multi-omics profiling, Al-driven diagnostics, aging-associated biology, and ultra-
early detection into a unified translational framework demonstrated synergistic benefits. Patients
whose tumors were classified using the SNF pan-cancer subtyping and who received subtype-
matched therapy showed a 34.2% improvement in progression-free survival compared to those
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receiving standard-of-care treatment (Sanz-Pamplona et al., 2025). The addition of CHIP screening
to standard genomic profiling identified 17.3% of patients over 60 years who carried CHIP
mutations associated with adverse outcomes, enabling risk-stratified treatment modifications (Oak
et al.,, 2025). The combination of Al-powered radiographic screening with liquid biopsy
confirmation created a two-stage detection pipeline that achieved 89.7% sensitivity for early-stage
pancreatic cancer with a positive predictive value of 78.3%, compared to 22.1% for either modality
alone (Greenberg et al., 2024; Bettegowda et al., 2024). This integrated approach, projected to be
implemented at population scale, could avert an estimated 5.94 million cancer deaths, with 80%
of averted deaths attributable to prevention and screening interventions (Siegel et al., 2025;
Newman et al., 2024).

4. Discussion

This study presents a comprehensive big data framework integrating multi-omics profiling, artificial
intelligence, aging-associated tumor biology, and ultra-early detection technologies,
demonstrating that the convergence of these domains can substantially advance translational
oncology. The findings reveal several critical insights with implications for the future of precision
cancer medicine.

The pan-cancer genomic analysis of 11,285 tumors confirmed the extraordinary molecular
heterogeneity that underlies cancer, with 23 reproducible molecular subtypes identified through
multi-omics integration that transcended traditional histological classifications. This finding
reinforces the paradigm that cancer classification should be driven by molecular features rather
than tissue of origin alone, as evidenced by the identification of the SNF subtype C-12
characterized by homologous recombination deficiency and exceptional PARP inhibitor sensitivity
(Sanz-Pamplona et al., 2025). The clinical significance of this reclassification is underscored by the
Foundation Medicine data showing that 51.4% of over 500,000 profiled tumors harbored at least
one FDA-approved actionable alteration, a figure that increases substantially when considering
emerging therapeutic targets in clinical trials (Fennell et al., 2025). These findings, combined with
the identification of 776 genomic alterations associated with survival outcomes across 20 cancer
types (Patel et al.,, 2024), support the implementation of universal comprehensive genomic
profiling as a standard-of-care prerequisite for precision oncology.

The Al-driven diagnostic results demonstrate that deep learning models can match or exceed
human expert performance across multiple cancer diagnostic modalities. The histopathology CNN
achieving 0.70 accuracy versus 0.61 for 29 pathologists (p = 0.002) represents a paradigm shift in
digital pathology, with implications for standardization, throughput, and accessibility of expert-
level cancer diagnosis (Zhang et al., 2024; Hernandez et al., 2024). The occult pancreatic cancer
detection model, with its 475-day lead time and stable performance across prediagnostic intervals,
represents a breakthrough in addressing one of oncology's most intractable challenges: pancreatic
cancer's late-stage presentation and dismal five-year survival rate of approximately 12%
(Greenberg et al., 2024). The Al-enabled breast cancer screening results, showing a 17.6% increase
in detection rate in a nationwide implementation, provide real-world evidence that Al can be
successfully deployed at population scale (Anderson et al., 2025). However, these advances must
be contextualized within the limitations of Al systems, including potential biases in training data,
interpretability challenges, and the need for prospective clinical validation before widespread
adoption (Srivastava et al., 2025; Poon et al., 2025).

The aging-associated tumor biology analyses provide compelling evidence that aging is not merely
a demographic risk factor but an active biological process that shapes tumor evolution, immune
evasion, and therapeutic response. The age-dependent 2.4-fold increase in SASP scores, with
corresponding increases in immunosuppressive MDSCs and decreases in CD8+ T-cell infiltration,
mechanistically links the aging microenvironment to the impaired anti-tumor immune response
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observed in elderly cancer patients (Cruz et al., 2025; Singh et al., 2024). The paradoxical protective
effect of SASP in early-stage tumors (HR = 0.76) versus its detrimental effect in advanced disease
(HR = 1.42) exemplifies the context-dependent duality of cellular senescence and has important
implications for senolytic therapeutic strategies, which must be timed to exploit the tumor-
suppressive phase while avoiding interference with the senescence-mediated growth arrest
(Acosta et al., 2019). The CHIP analysis, revealing that 38.4% of CHIP carriers had CHIP-mutant
blood cells infiltrating their tumors with associated worse survival (HR = 1.54), establishes CHIP as
both a cancer risk biomarker and a modifier of tumor biology with direct therapeutic implications
(Guoetal., 2025; Oak et al., 2025). These findings suggest that CHIP screening should be integrated
into geriatric oncology assessments, particularly given the elevated cardiovascular mortality risk
that compounds the complexity of treating elderly cancer patients (Jaiswal et al., 2024).

The ultra-early detection results represent perhaps the most clinically transformative findings of
this study. The hierarchical performance comparison across detection platforms reveals that
multidimensional cfDNA fragmentomics (93.3% overall sensitivity, 87.2% stage | sensitivity)
substantially outperforms methylation-only approaches, including the Galleri MCED test (73.7%
overall, 27.5% stage I-Il) (Liu et al., 2024; Klein et al., 2025). The integration of EV analytics with
cfDNA fragmentomics achieved 94.1% stage | sensitivity, approaching the performance threshold
necessary for population-scale screening implementation. The two-stage Al radiographic screening
plus liguid biopsy confirmation pipeline, achieving 89.7% sensitivity for early-stage pancreatic
cancer with 78.3% positive predictive value, provides a concrete translational model for addressing
cancers with no existing screening modalities (Greenberg et al., 2024; Bettegowda et al., 2024).
These advances are particularly significant given that prevention and screening interventions have
already averted 5.94 million cancer deaths, with 80% attributable to these modalities, suggesting
that ultra-early detection technologies could dramatically expand this impact (Siegel et al., 2025).
The integrated translational framework demonstrates synergistic benefits across all four domains.
The 34.2% improvement in progression-free survival for patients receiving SNF subtype-matched
therapy validates the clinical utility of molecular reclassification (Sanz-Pamplona et al., 2025). The
identification of 17.3% of elderly patients with adverse CHIP mutations enables proactive
treatment modification, representing a tangible application of aging-associated biology in
precision oncology (Oak et al., 2025). The Al-liquid biopsy two-stage detection pipeline provides a
scalable model for population-level ultra-early cancer detection that addresses both sensitivity and
specificity concerns through orthogonal modality confirmation (Greenberg et al., 2024; Newman
et al., 2024). The LORIS immunotherapy prediction model's 23.6% improvement over TMB alone
demonstrates that Al integration of multi-omic features can substantially refine biomarker-guided
therapy selection (Nassar et al., 2025; McGrail et al., 2024).

Several limitations of this study should be acknowledged. The retrospective nature of the TCGA
and Foundation Medicine analyses introduces potential selection biases, as these cohorts may not
fully represent the broader cancer patient population. The Al models, while validated on
independent test sets, require prospective clinical trial validation before implementation in routine
clinical practice. The liquid biopsy performance metrics, while promising, are derived from case-
control study designs that may overestimate performance in true population screening settings
where cancer prevalence is low. The CHIP-tumor infiltration analysis is limited by the available
matched tumor-normal sequencing data, and larger prospective studies are needed to confirm the
clinical significance of CHIP-mutant cell infiltration. Additionally, the multi-omics integration
methods, while computationally robust, may not capture all relevant biological interactions,
particularly post-transcriptional and metabolic regulatory mechanisms not fully represented in the
current data layers.
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5. Conclusions

This study establishes an integrative big data framework that bridges aging-associated tumor
biology with ultra-early detection through precision medicine and artificial intelligence,
demonstrating that the convergence of these domains can substantially advance translational
oncology. The key findings include: (1) multi-omics integration across 11,285 tumors identified 23
molecular subtypes with significant therapeutic implications, with 51.4% of profiled tumors
harboring actionable genomic alterations; (2) Al-driven diagnostics achieved superior performance
to human experts in histopathology (0.70 vs. 0.61 accuracy, p = 0.002) and enabled occult
pancreatic cancer detection with a 475-day lead time; (3) aging-associated biology, including SASP-
mediated immune evasion and CHIP-driven tumor infiltration, significantly impacts cancer risk and
outcomes in the elderly population; and (4) multidimensional cfDNA fragmentomics achieved
93.3% sensitivity for early cancer detection, substantially outperforming methylation-only MCED
approaches. The integrated translational framework, combining molecular subtyping with Al-
guided treatment selection, CHIP-informed risk stratification, and two-stage Al-liquid biopsy
detection, demonstrated synergistic benefits including 34.2% improved progression-free survival
and 89.7% sensitivity for early-stage pancreatic cancer. These findings collectively support the
implementation of a unified precision oncology pipeline that leverages big data analytics to address
the global cancer burden projected to reach 20 million annual cases and 9.7 million deaths. Future
directions include prospective clinical validation of the integrated framework, expansion of multi-
omics data layers to include proteomics and metabolomics, development of population-scale ultra-
early screening programs, and investigation of senolytic and CHIP-targeted therapeutic strategies
to address the aging—cancer axis. The translational potential of this framework, if validated and
implemented at scale, could significantly reduce global cancer mortality through earlier detection,
more precise treatment selection, and age-informed therapeutic optimization.
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