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CONFERENCE STATISTICS

Participation overview

TOTAL PAPERS COUNTRIES TOP CONTRIBUTOR
Unique contributions International participation Azerbaijan - 39%

The proceedings include 41 papers from 8 countries. The highest contribution is from Azerbaijan with 16 papers (39%).

Country distribution

Country Papers
[ | Azerbaijan 16
Turkey 16
Macao SAR 4
Iran 1
E= Jordan 1
Namibia 1
Pakistan 1
Poland 1

Global participation map

@ Poland

Azerbaijan

@ Jordd@ Iran @ paiistan

Map labels unavailable for: Macao SAR, Namibia

Share

39%
39%
9.8%
2,4%
2.4%
2,4%
2,4%
24%



COUNTRY DISTRIBUTION

Visual analysis of international participation

Pie chart
B Azerbaijan (16) - 39% B Jordan (1) - 2,4%
B Turkey (16) - 29% B Namibia (1) - 2,4%
B Macao SAR (4) - 9,8% B Pakistan (1) - 2,4%

\\\ B iran (1) - 2,4% B Poland (1) - 2,4%

Bar chart

Turkey _ * (39%)
Other Countries _ 2 (61%)
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Evrak Tarih ve Sayisi: 13/01/2026-697832
T.C. 5
INONU UNIVERSITESI REKTORLUGU )
Malatya Meslek Yiiksekokulu Miidiirligu 2 . 6 ’

Say1 :E-33440855-900-697832 13/01/2026
Konu :Diizenleme Kuruluna Akademisyen

Temsilciligi Secimi (Dog. Dr. Engin

OZDEMIR)

Sayin Dog¢.Dr. Engin OZDEMIR
Miilkiyet Koruma ve Giivenlik Boliim Bagkanlig: - Bolim Bagkam

llgi : 12.01.2026 tarih ve E-696956 sayili yaziniz.

Boliimiiniiz Ogretim Elemani Dog. Dr. Engin OZDEMIR'in, Yiiksekogretim Genel Kurulunun
15.06.2023 tarihli ve 10 sayili oturumunda alinan 2023.10.183 sayili kararinda yer alan "Dogentlik
basvuru sartlarinda, adayin yer aldig1 bilimsel toplantinin diizenleme komitesinde resmi olarak
gorevlendirilmis iiniversite akademisyen temsilcisi bulunmasi zorunludur." hiikmi geregince,
ARCENG (Academic Events- Conference- Congress) tarafindan diizenlenecek kongrelerde akademisyen
temsilcisi olarak gorevlendirilmesi Miidirligiimiizee uygun gorilmistiir.

Geregini bilgilerinize arz ederim.

Ogr.Grv. Mehmet OZCAN

Yiiksekokul Midiirti
Bu belge, giivenli elektronik imza ile imzalanmistir.
Belge Dogrulama Kodu :BS90Z5084Z Pin Kodu :72072 Belge Takip Adresi :
https://turkive gov tr/ebd7eK=3837&eD=BS90750S47 &eS=697832
Adres:Malatya Meslek Yiiksekokulu Miidiirliiii Bilgi i¢in: Ozlem KARAKUS R
Telefon:422 211 86 77 Faks:422 211 86 78 Unvani: Memur 722
e-Posta:mmyo.inonu(@monu.edu.tr Web:http://www.inonu.edu.tr/mmyo Tel No- 4223410585 g

Kep Adresi:inonuuniversitesi@hs03 kep.tr



\ ARCENG \
N\ KONGRE ORGANIZASYON YAYINCILIK LTD. STi. 7N\
ARCENG ARCENG

Say1 : T-100-201 24.08.2026
Konu: Akademik Tegvik Uygunluk Belgesi

ILGILI MAKAMA

Arceng Uluslararas1 Uludag Bilimsel Calismalar Kongresi 25-26 Temmuz 2026

tarihlerinde Bursaa‘da diizenlenecektir.Sunulan bildiriler ¢ift kér hakem tarafindan
degerlendirilmis olup gerek bilim kurulu gerekse de diizenleme kurulu olarak uluslararasi
niteliktedir. Calismalarin  %43,18 Tiirkiyeden ve %56.82 Yurtdisindan katilan akademisyen ve
aragtirmacilar tarafindan sunulmustur. Kongremiz akademik tesvige uygundur. Kongre katilime:
tilke bilgileri ve katilime1 sayilar asagidaki gibidir.

Toplam bildiri sayisi: 41

Tiirkiyeden sunulan bildiri sayisi: 16

Tiirkiye disindan sunulan bildiri sayisi: 25

Katilimer iilke sayisi: 7 iilke

Kongreye katilan tilkeler ve bildiri sayilari: Azerbaycan (16 bildiri),

Iran (1 Bildiri), Malezya (4 bildiri), Urdiin(1 bildiri), Pakistan (1 bildiri),

Polonya(1 Bildir1), Nijerya (1 Bildiri)

Geregini arz ederim.

A

Prof. Dr. Mustafa TALAS
Chairman of the Organizing Board

Adres: Tecde Mahallesi Damlacik sokak Polatlar Office Telefon No: 0 850 474 30 06
Yesilyurt MALATYA E-Posta: iletisim@kongreases.com
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SATURDAY /10:00-12:00
SESSION: 1 HALL: 1/ MODERATOR
Dr. Mehmet EMIR

AUTHORS UNIVERSITY/INSTITUTION

TOPIC TITLE

DONALD TRUMP'IN IKINCI BASKANLIK
DONEMINDE ABD DIS POLITIKASI VE
. ULUSLARARASI HUKUKUN [HLALI:
VENEZUELA, GRONLAND, iRAN VE
KUBA ORNEKLERI
TURKIYE'NIN NATO UYELIGININ
AVRUPA BiRLIiGI ILE iLISKILERINE

Dr. Mehmet EMIR

Dr. Mehmet EMIR

ETKiSi: GUVENLIK, GOC VE DOGU
AKDENIZ EKSENINDE BIR ANALIZ
KUSUR YETENEGI BULUNMAYAN
Ars. Gor. Dr. Merve INAN Bursa Uludag Universitesi KISILERIN SUCA SEVK EDILMESININ
ORMAN ARKA PLANDAKI KiSININ
SORUMLULUGUNA ETKIiSi
TURKIYE SUPER LiGINDE
Burak OZER . Ny FUTBOLCULARIN GC)RECELi
Dog Dr. Banu SUNGUR Erciyes Universitesi PERFORMANSLARININ VERI
ZARFLAMA ANALIZI ILE
DEGERLENDIRILMESI
Celalettin DIVLEKCI

RAGIB EL-ISFAHANI'NIN TEFSIRINDE
- MUSKIL AYETLER VE COZUM
ILKELERI
The Challenges of Learning English in
Tiirkiye: A Comparative Study of Turkish
University Students' Retrospective
Perceptions

Davut Can SAGLAM University of Warsaw
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SATURDAY /10:00-12:00
SESSION: 1 HALL:2 / MODERATOR

Ogr. Gir. Mete Ozdemir

AUTHORS UNIVERSITY/INSTITUTION TOPIC TITLE
Fonksiyonellestirilmis Manyetik Fe304
Celal CANER Sakarya Universitesi Nanopargaciklari ile Cr(III) Iyonlarinin

Manyetik Kati Faz Ekstraksiyonu

Ogr. Gor. Mete Ozdemir

Giresun Universitesi

FINANSAL ZAMAN SERILERININ
TAHMININDE DENDRITIK NORON
MODELLERININ ROBUST YAPAY ARI
KOLONISI ILE EGITIMI

Ogr. Gor. Mete Ozdemir

Giresun Universitesi

BIST 100 ENDEKSININ
TAHMINLENMESINDE ABC iLE
EGITILMIS DENDRITIK NORON

MODELLER{: CAUCHY VE SIGMOID
AKTIVASYON FONKSIYONLARININ
KARSILASTIRMASI

Lect. Dr. Onur GOK

Necmettin Erbakan University

NUMERICAL INVESTIGATION OF THE
EFFECT OF FIN NUMBER AND
SURFACE-FEATURE ARCHITECTURE
ON THE CONVECTIVE HEAT-
REJECTION CAPACITY OF A BRAKE
DRUM UNDER A CONSTANT SURFACE
TEMPERATURE AND FIXED
ROTATIONAL SPEED

Asst. Prof. Muhammed

Kahramanmaras Sitcii Iimam

STRUCTURAL CHARACTERISTICS AND
MAJOR PRODUCTION PROBLEMS OF

i University SMALL RUMINANT ENTERPRISES IN
NURDAGI DISTRICT OF TURKIYE
Aras. Gor. Muhammed Asim Erzurum Teknik Universitesi YAPAY_ _ZEKANIN MUHASEBE
KANTAR e MESLEGINDE KULLANIM: BIR
Hakan CELENK LITERATUR TARAMASI
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SESSION: 1 HALL: 3/ MODERATOR
Dr. Serpil OZDEMIR OZBEY

AUTHORS UNIVERSITY/INSTITUTION TOPIC TITLE
Dr. Serpil OZDEMIR Kiiltiir ve Turizm Bakanlig ANTIK DONEM INSANLARINDA DIi$
OZBEY CURUGU
UZUN FRENULUM BAGLANTISI
Ars. Gor. Suheda TAK Atatiirk Universitesi SEBEBIYLE DISETI CEKILMESININ
Dog.Dr. Tugba AYDIN SERBEST DISETI GREFTIYLE TEDAVIS:
OLGU SUNUMU
NEVSEHIR'DE BULUNAN/SATILAN
Prof. Dr. Gengay AKGUL Nevsehir Haci1 Bektas Veli TIBBI VE ECZACILIK BITKILERININ
Sema YOLAL Universitesi YORESEL KULLANIMI
Ogr. Gor. Dr. Nursena BESINLERLE ALINAN MIKRO VE
NAHYA SERVI Lokman Hekim Universitesi NANOPLASTIKLER: BAGIRSAK
Ogr. Gor. Cemaliye SUT BARIYERINDEN METABOLIK
KURT BOZUKLUKLARA UZANAN
GORUNMEYEN BiR RiSK
Alime Nurgiil Eri¢ Amasya Ozel Cizgi OTIZMLI BIREYLERIN ARKADAS VE
Mihriban Sénmez Rehabilitasyon Merkez OYUN KAVRAMLARINA LISKIN
Tokat Gaziosmanpasa GORUSLERI
Universitesi
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SATURDAY /10:00-12:00

SESSION: 1 HALL: 4/ MODERATOR

PhD Balakhanova Gumru Vasif

AUTHORS

UNIVERSITY/INSTITUTION

TOPIC TITLE

Emil Raul oglu Agayev

ASPU

DISCUSSION STRATEGIES IN
TEACHING FINE ARTS IN SECONDARY
SCHOOLS ORTA MSKTOBLORDO
TOSVIRI INCOSONOT FONNININ
TODRISINDS MUZAKIRD
STRATEGIYALARI

Aynur Zahir qiz1 Badslova

ADPU

F.M. DOSTOYEVSKININ "YOXSUL
INSANLAR" ROMANINDA PSIXOLOJI
KONFLIKTIN BODIi iIFADOS]

AYGUN AHMADOVA

ADPU

'CESITLI TEMALAR VE RENKLI DIL-
USTU OZELLIKLERE SAHIP SECILMIS
COCUK EDEBIYATI

Hamidova Tovus Arshad

ASPU

Self-Assessment In Foreign Language
Learning

PhD Balakhanova Gumru
Vasif

ASPU

FUNCTIONAL CHARACTERISTICS OF
BIOGEOCHEMICAL CYCLES IN
ENSURING ECOLOGICAL
SUSTAINABILITY

PhD Balakhanova Gumru
Vasif

ASPU

INVESTIGATION OF NATURAL
ECOSYSTEM TRANSFORMATION
PROCESSES WITHIN THE FRAMEWORK
OF LANDSCAPE ECOLOGY

GUNEL HUMMOTOVA

ADPU

WAR-ERA CHILD'S WORLD AND THE
POETICS OF LONGING: ANALYSIS OF
AHMAD JAMIL'S POEM "DEAR
GRANDMOTHER, TELL ME A STORY

Eyvaz EMINALIYEV
Tiirkan HUSEYNOVA

ADPU

UZAK YESIL ADA"NIN SESSIZLIGI:
VAQIF SAMEDOGLU SIiRINDE
VAROLUS, OLUM VE ESTETIK
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SESSION: 1 HALL: 5/ MODERATOR

Hasanova Amaliya Murad qiz1

AUTHORS UNIVERSITY/INSTITUTION TOPIC TITLE
SYNTHESIS OF GEOGRAPHICAL AND
Tarana Akbari Mayil kiz1 ADPU BIOLOGICAL TOPICS IN PRIMARY
SCHOOL LIFE SCIENCES LESSONS: A
PLACE-BASED EDUCATION MODEL
Hosonova Amaliya Murad ADPU EPIGENETIKANIN FORMALASMASINDA
qiz1 MUHIT AMILLORININ ROLU
Banovsha Asgarova ASPU A Functional Analysis of Text Structure in the
Turkish Language
Nailo Qardasboyova Nakhchivan State University XARICI MUHITIN CANLI
Adilo Quliyeva ORQANIZMLOR® FiZIKi TOSIRI
Ismayilov Sahismayil Namaz | Azorbaycan Universiteti, Regional va Qlobal Arenada Birgo Foaliyyot
oglu Baki Slavyan Universiteti
Giiltokin Atos q1z1 ELMI TODQIQATDA ANALITIKA
Abdullayeva ADPU STRATEGIYASININ
FORMALASDIRILMASI
AZORBAYCAN MUGAMININ
AYNUR HUSEYNOVA ADPU STRUKTURU: ANALIZ VO
INTERPRETASIYA
Mommodov Bohram Cofor Azarbaycan dili fonninin todrisi prosesindo M.
oglu ADPU Nag1 qizinin poetik matnlorinin ohomiyyati
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SESSION: 1 HALL: 6/ MODERATOR

FREDDY PATRIC CLEMENT

AUTHORS

UNIVERSITY/INSTITUTION

TOPIC TITLE

GARETH RANDALL GISIL

Keningau Vocational College

What If Animals Could Talk? Exploring the
Impact of Animal Communication on Human
Society

FREDDY PATRIC
CLEMENT

Keningau Vocational College

Healthy Water Drinking Practices: Promoting
Hydration for Better Health and Well-Being

FERDINAND OSMUND

Keningau Vocational College

Generation Z: Characteristics, Challenges, and
Influence in Modern Society

CALVIN ALVIN ERWAN

Keningau Vocational College

Fishing with Friends: Strengthening Social
Bonds Through Recreational Fishing

Muhammad Bilal Government College University Furfural based imine ligands and its metal
Faisalabad complexes: synthesis and characterization
Vorya Shabrandi The Gap Between Individual Challenges and Institutional-Structural
Dr. Sajjad Bahrami Capability and Institutional Barriers to Individual Mastery in the Path of
Moghadam Structure in Tran Iran’s Political Economy Underdevelopment
Median of Al-Karak: An Archaeological and
Mohammed Waheeb The Hashemite University Historical Study in Light of Field Surveys and
Early Islamic Military Movements
Mohammed Adamu Sule Human-Centered Design of Smart Home
Dauda Daniel Energy Management Interfaces for Low-
Usman Sa’id Ibrahim Federal Polytechnic Kaltungo Income Households
Bubakari Joda
Aliyu Ibrahim Abbas
Abubakar Jibrin

Ahmed Aminu Adamu
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Abstract

Text structure is one of the fundamental concepts in text linguistics that explains how linguistic
elements are organized to create meaningful and coherent communication. This study examines the
structure of texts in the Turkish language from a functional linguistic perspective, focusing on the
relationship between form, meaning, and communicative purpose. The research explores the main
components of Turkish text organization, including cohesion, coherence, information structure, and
discourse patterns.

The study analyzes the linguistic devices that contribute to textual unity, such as reference,
substitution, conjunction, lexical repetition, and discourse markers. Special attention is given to how
Turkish, as an agglutinative language with flexible word order, uses grammatical and contextual
strategies to organize information and guide the reader’s interpretation.

A functional approach demonstrates that Turkish texts are shaped not only by grammatical rules but
also by communicative intentions, social context, and the interaction between given and new
information. The research highlights the importance of thematic progression, topic continuity, and
logical relations in the formation of effective written discourse.

The findings of the study contribute to a better understanding of Turkish text formation and provide
valuable insights for text linguistics, discourse analysis, language teaching, and comparative linguistic
studies. The research emphasizes that analyzing text structure from a functional perspective helps
reveal the connection between linguistic choices and communicative functions in Turkish written
discourse.

Keywords: text linguistics, Turkish language, text structure, cohesion, coherence, discourse analysis,
functional linguistics, information structure.

Introduction

The study of text structure has become an important area in modern linguistics because language
functions not only as a collection of sentences but also as a system for creating meaning in specific
communicative contexts. Texts are organized through various linguistic and functional elements that
establish relationships between ideas, maintain coherence, and guide interpretation. A functional
analysis of text structure focuses on how language choices serve communicative purposes and how
different components of a text contribute to the overall meaning.

The Turkish language offers a valuable field for examining text organization due to its distinctive
grammatical and discourse features. As an agglutinative language, Turkish uses a complex system of
suffixation, flexible word order, and various cohesive devices to express relationships between
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concepts and maintain textual unity. These features influence the way information is structured and
presented in both written and spoken forms of communication.

A functional approach to Turkish text analysis examines not only the grammatical structure of
sentences but also the interaction between linguistic forms, meaning, and context. Elements such as
reference, substitution, conjunction, lexical cohesion, thematic progression, and information structure
play important roles in creating coherent texts. Understanding these elements provides insight into
how Turkish speakers organize their thoughts and communicate effectively.

This study aims to analyze the functional characteristics of text structure in the Turkish language by
exploring the mechanisms that contribute to cohesion, coherence, and discourse organization. Through
this analysis, the research seeks to highlight the relationship between linguistic structures and
communicative functions, contributing to a broader understanding of Turkish discourse and functional
linguistics.

Theoretical Foundations of Text Structure in the Turkish Language

The theoretical study of text structure in the Turkish language is based on the principles of functional
linguistics, text linguistics, and discourse analysis. Unlike traditional approaches that examine
language mainly at the sentence level, text linguistics focuses on how sentences are connected to form
meaningful and coherent units of communication. A text is considered not only a grammatical
structure but also a functional and communicative whole shaped by context, purpose, and interaction
between the speaker/writer and the reader/listener.

In Turkish linguistics, text structure is analyzed through several fundamental concepts, including
cohesion, coherence, intentionality, acceptability, informativity, situationality, and intertextuality.
These principles explain how linguistic elements combine to create meaningful texts. Cohesion refers
to the formal connections between parts of a text through grammatical and lexical devices, such as
reference, substitution, ellipsis, conjunctions, and lexical repetition. Coherence, on the other hand,
concerns the logical and semantic relationships that allow a text to be interpreted as a unified whole.

The structural organization of Turkish texts is closely related to the grammatical characteristics of the
Turkish language. As an agglutinative language, Turkish expresses many grammatical and semantic
relationships through suffixes. This morphological richness contributes to the development of textual
connections and allows speakers to create complex meanings within relatively compact structures. In
addition, flexible word order and information-structuring strategies play an important role in
organizing emphasis, topic, and focus within Turkish discourse.

Functional approaches emphasize that text structure is determined by is determined by communicative
purposes. In Turkish, different text types—such as academic, literary, journalistic, and conversational
texts—demonstrate different organizational patterns depending on their aims and contexts. Functional
text analysis therefore examines how linguistic choices serve specific communicative functions and
how they contribute to the construction of meaning.

The study of Turkish text structure also draws on discourse analysis, which investigates language use
beyond individual sentences. It explores how speakers and writers organize information, establish
relationships between ideas, and achieve effective communication. Through this perspective, text
structure is viewed as a dynamic system where grammatical, semantic, and pragmatic elements
interact.

Thus, the theoretical foundations of text structure in Turkish involve the integration of linguistic form,
meaning, and communicative function. This approach provides a comprehensive framework for

2
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understanding how Turkish texts are constructed, interpreted, and used in different social and cultural
contexts.

Analysis of Cohesion and Coherence Features in Turkish Texts

Cohesion and coherence are two essential concepts in text linguistics that explain how a text achieves
unity and meaningful communication. In Turkish texts, these features demonstrate the ways in which
sentences, paragraphs, and larger discourse units are connected both structurally and semantically. The
analysis of cohesion and coherence helps to understand how Turkish speakers organize information
and create understandable and effective texts.

Cohesion Features in Turkish Texts

Cohesion refers to the linguistic connections that exist between different parts of a text. It is created
through grammatical and lexical devices that link sentences and maintain continuity.

1. Reference
Reference is one of the main cohesive devices in Turkish. It involves the use of pronouns,
demonstratives, and other expressions that refer to previously mentioned or contextually known
information. For example, words such as bu (this), o (that/he/she), and onlar (they) help connect
different parts of a text and prevent unnecessary repetition.

2. Ellipsis
Ellipsis is the omission of certain words or structures when their meaning can be understood from the
context. Turkish frequently uses ellipsis because grammatical information is often expressed through
suffixes and contextual clues. This feature makes texts more concise and natural.

3. Conjunction
Conjunctions play an important role in connecting ideas and showing logical relationships. Turkish
uses conjunctions and discourse markers such as ve (and), ama/ancak (but’/however), ¢iinkii (because),
bu nedenle (therefore), and sonu¢ olarak (as a result) to indicate addition, contrast, cause, and
conclusion.

4. Lexical Cohesion

Lexical cohesion is achieved through the repetition of words, the use of synonyms, antonyms, and
semantically related vocabulary. In Turkish texts, repeated key terms and related expressions help
maintain the central topic and strengthen textual unity.

Coherence refers to the logical and semantic relationship between ideas that allows a text to be
understood as a complete and meaningful whole. Unlike cohesion, which is visible through linguistic
forms, coherence depends largely on meaning, context, and the organization of information.

Thematic Organization

Turkish texts achieve coherence through the effective arrangement of themes and new information.
The progression of topics from known information to new ideas helps readers follow the development
of meaning. A coherent Turkish text presents ideas in a logical sequence. Cause-and-effect
relationships, comparison, explanation, and argumentation are organized according to the
communicative purpose of the text. Coherence is also influenced by cultural knowledge, social
context, and the shared understanding between the writer and the reader. These factors help readers
interpret meanings that may not be directly expressed.
The flexible word order of Turkish allows writers and speakers to emphasize particular elements of a
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sentence. Topic and focus structures contribute to the organization of information and support the
overall coherence of the text.

Importance of Cohesion and Coherence in Turkish Text Analysis

Cohesion and coherence are fundamental concepts in text linguistics that play a central role in
understanding how texts are constructed, interpreted, and communicated. In Turkish text analysis,
these two concepts are especially important because they reveal the relationship between linguistic
structures, meanings, and communicative purposes. A text is not simply a collection of individual
sentences; rather, it is an organized linguistic unit in which different elements interact to create a
complete and meaningful message. Cohesion provides the formal connections between parts of a text,
while coherence ensures that these connections create a logically understandable whole.

The importance of cohesion in Turkish text analysis lies in its ability to demonstrate how linguistic
elements are connected within a text. Turkish uses various cohesive devices, including reference,
substitution, ellipsis, conjunction, and lexical relationships, to maintain textual continuity. These
devices help readers and listeners recognize connections between sentences and paragraphs. For
example, the use of pronouns, demonstrative forms, and repeated lexical items allows information to
be carried from one part of the text to another without unnecessary repetition. Through the analysis of
cohesive devices, researchers can identify how Turkish speakers organize linguistic information and
maintain unity throughout a text. Cohesion is particularly significant in Turkish because of the
structural characteristics of the language. As an agglutinative language, Turkish expresses grammatical
and semantic relationships through suffixes attached to word roots. This morphological structure
allows Turkish speakers to create complex meanings and maintain connections between different
elements of discourse. The use of case markers, possessive suffixes, tense and aspect markers, and
derivational forms contributes to the grammatical cohesion of Turkish texts. Therefore, examining
cohesion helps researchers understand how the grammatical features of Turkish support text
organization.

Coherence is equally important in Turkish text analysis because it explains how meanings are created
and understood at the discourse level. A coherent text presents ideas in a logical order and allows the
reader to follow the development of information. Coherence depends not only on linguistic forms but
also on context, background knowledge, cultural expectations, and the communicative purpose of the
text. In Turkish discourse, coherence is achieved through effective topic development, thematic
progression, logical relationships between ideas, and appropriate organization of information.

The analysis of coherence is valuable for understanding different types of Turkish texts. Academic
texts, for example, require a high level of logical organization, clear argument development, and
explicit relationships between concepts. Scientific and educational texts often use specific discourse
patterns to explain information and support arguments. Literary texts, on the other hand, may create
coherence through themes, symbols, repetition, and narrative structures. Journalistic texts use
coherence strategies to present events clearly and guide readers toward particular interpretations.
Studying these differences helps reveal how text structure changes according to genre and
communicative function.

Another important aspect of cohesion and coherence analysis is its contribution to discourse studies.
Through examining these features, researchers can explore how Turkish speakers construct meaning in
real communication. Spoken Turkish texts often depend on contextual information, shared knowledge,
intonation, and interaction between participants, while written texts rely more heavily on explicit
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cohesive devices. Comparing these forms provides insight into the relationship between spoken and
written discourse.

Cohesion and coherence analysis also has practical importance in language teaching and learning.
Understanding how texts are organized helps learners improve their reading comprehension, writing
skills, and ability to produce effective communication. For learners of Turkish as a foreign language,
knowledge of cohesive devices and coherence principles is essential for creating well-structured texts
and understanding authentic Turkish discourse.

Furthermore, the study of cohesion and coherence contributes to translation studies and comparative
linguistics. Translators must recognize how ideas are connected in the source text and reproduce
similar relationships in the target language. Since languages differ in their methods of organizing
information, analyzing Turkish cohesion and coherence patterns can help identify both universal and
language-specific features of textual organization.

In conclusion, cohesion and coherence are essential elements in Turkish text analysis because they
explain how linguistic forms and meanings work together to create effective communication. Cohesion
provides structural connections between textual elements, while coherence ensures that these elements
form a meaningful and logically organized whole. The study of these features offers a deeper
understanding of Turkish discourse structure, functional language use, and the relationship between
grammar, semantics, and communication.

The study of cohesion and coherence in Turkish texts provides insight into the relationship between
grammar, meaning, and communication. Cohesive devices create formal links between linguistic
elements, while coherence ensures that these elements form a meaningful message. Together, they
allow Turkish texts to function as organized and effective communicative units.

Therefore, the analysis of cohesion and coherence features is essential for understanding Turkish
discourse structure and the functional principles that guide text production and interpretation.

The Role of Discourse Markers in the Organization of Turkish Texts

Discourse markers are important linguistic elements that contribute to the structure, coherence, and
interpretation of Turkish texts. They function as connectors between ideas, sentences, and larger
discourse units, helping speakers and writers organize information effectively. The study of discourse
markers provides valuable insights into how meaning is constructed beyond the sentence level.

In Turkish, discourse markers such as ancak (however), ¢iinkii (because), bu nedenle (therefore), sonug
olarak (as a result), 6te yandan (on the other hand), and ayrica (in addition) perform various functions,
including establishing logical relations, expressing contrast, indicating cause and effect, and guiding
the reader through the development of ideas.

This research direction focuses on analyzing the functional roles of discourse markers in different
Turkish text types, including academic, literary, journalistic, and conversational texts. The study
examines how these markers contribute to cohesion and coherence, how they influence the
interpretation of texts, and how their usage changes according to communicative purpose and context.

By analyzing discourse markers, this research aims to reveal the relationship between linguistic forms
and communicative functions in Turkish. It also contributes to a deeper understanding of Turkish text
organization and the ways in which speakers and writers create meaningful and structured discourse.
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Conclusion

The analysis of discourse markers in Turkish texts demonstrates their significant role in organizing
discourse, establishing relationships between ideas, and ensuring textual coherence. These linguistic
elements function not only as connectors between sentences but also as important tools that guide the
interpretation of meaning and reflect the communicative intentions of speakers and writers.

The study of markers such as ancak, ¢iinkii, bu nedenle, sonug¢ olarak, éte yandan, and ayrica reveals
that they contribute to various discourse functions, including contrast, cause-effect relationships,
addition, explanation, and conclusion. Their effective use strengthens the cohesion of texts and helps
create a logical flow of information across different text types.

Furthermore, discourse markers demonstrate the interaction between linguistic structure and
communicative function in Turkish. Their usage varies according to the purpose, genre, and context of
communication, showing that text organization is influenced not only by grammar but also by
pragmatic and social factors.

In conclusion, discourse markers are essential components of Turkish text structure. Their analysis
provides a deeper understanding of how Turkish speakers construct meaningful discourse and how
linguistic choices contribute to effective communication. Future research on discourse markers can
further explore their use in different genres and compare their functions across languages.
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ABSTRACT
Furfural is an organic heterocyclic compound consists of a five-membered furan ring comprising
oxygen fused in the ring and aldehyde at C-2 and have vast application in pharmaceutical sciences.
Complexes of these bases are biologically active compounds and show variety of biological activities
including antibacterial, antifungal, antiviral, antitumor, anti-inflammatory and antioxidants. In this
research imine linkage was created by the reaction of various aromatic amines in ethanoic solution and
furfural as a source of carbonyl. The metal complexes of synthesized scaffolds were synthesized using
different metal salts. Effect of several parameters e.g. solvent, bases, reaction time and temperature
were observed to enhance reaction efficiency towards the formation of desired products. All the
synthesized Schiff base ligands and their metal complexes were characterized using '"H-NMR, *C-

NMR, UV-Visible and FT-IR techniques.
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FISHING WITH FRIENDS: STRENGTHENING SOCIAL BONDS
THROUGH RECREATIONAL FISHING

CALVIN ALVIN ERWAN

Keningau Vocational College, Sabah, Malaysia

Abstract

Recreational fishing is a popular outdoor activity that provides opportunities for relaxation, leisure,
and social interaction. This paper explores the significance of fishing with friends as a meaningful
recreational experience that contributes to personal well-being and the development of strong social
relationships. Fishing is more than simply catching fish; it encourages cooperation, communication,
patience, and shared experiences among participants. Spending time together in natural environments
allows individuals to strengthen friendships, reduce stress, and create lasting memories through
common activities and challenges. Furthermore, fishing promotes appreciation for nature and
encourages responsible environmental practices, including respect for aquatic ecosystems and
sustainable fishing methods. Through shared preparation, teamwork, and problem-solving, participants
develop a stronger sense of trust and companionship. Recreational fishing also provides an opportunity
for individuals to temporarily disconnect from the pressures of daily life and engage in meaningful
face-to-face interactions. In many communities, fishing serves as a cultural and social tradition that
brings people together across different ages and backgrounds. The experience of fishing with friends
fosters a sense of belonging and mutual support while promoting healthy outdoor lifestyles. Overall,
recreational fishing represents a valuable activity that enhances social cohesion, emotional well-being,
and environmental awareness. Its benefits extend beyond recreation, contributing to stronger
interpersonal  relationships and a  greater appreciation for the natural  world.

Keywords: Recreational fishing, friendship, social bonding, outdoor activity, well-being
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GENERATION Z: CHARACTERISTICS, CHALLENGES, AND
INFLUENCE IN MODERN SOCIETY
FERDINAND OSMUND

Keningau Vocational College, Sabah, Malaysia

Abstract

Generation Z, commonly known as Gen Z, refers to individuals born approximately between the mid-
1990s and early 2010s. As the first generation to grow up entirely in the digital age, Gen Z has been
shaped by rapid technological advancements, social media, and global connectivity. This paper
explores the defining characteristics of Generation Z and examines their influence on contemporary
society. Gen Z is often recognized for its technological literacy, adaptability, creativity, and ability to
access information quickly through digital platforms. The generation is highly connected and values
diversity, inclusivity, and social awareness. At the same time, Gen Z faces unique challenges,
including mental health concerns, information overload, cyberbullying, and the pressure to maintain
an online presence. The widespread use of smartphones and social media has significantly influenced
how members of this generation communicate, learn, and form relationships. In educational settings,
Gen Z learners often prefer interactive, technology-driven approaches that encourage collaboration
and creativity. In the workplace, they are known for valuing flexibility, innovation, and meaningful
work experiences. Furthermore, Generation Z has become an influential force in shaping consumer
trends, social movements, and public discourse through digital engagement. Understanding the
strengths and challenges of this generation is essential for educators, employers, policymakers, and
community leaders seecking to support their development and maximize their potential. Overall,
Generation Z represents a transformative generation whose values, behaviours, and perspectives
continue to shape the future of society in significant ways.

Keywords:  Generation 7,  digital technology, youth, social media, society
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HEALTHY WATER DRINKING PRACTICES: PROMOTING
HYDRATION FOR BETTER HEALTH AND WELL-BEING

FREDDY PATRIC CLEMENT

Keningau Vocational College, Sabah, Malaysia

Abstract

Water is an essential component of human life and plays a vital role in maintaining overall health and
well-being. Adequate water intake supports various bodily functions, including regulating body
temperature, transporting nutrients, removing waste products, and maintaining healthy organ function.
This paper discusses healthy water drinking practices and their importance in promoting a healthy
lifestyle. Many individuals fail to consume sufficient amounts of water daily due to busy schedules,
preference for sugary beverages, or a lack of awareness regarding hydration needs. Insufficient water
intake can lead to dehydration, resulting in symptoms such as fatigue, headaches, reduced
concentration, and decreased physical performance. Healthy hydration practices include drinking
water regularly throughout the day, increasing fluid intake during physical activity and hot weather,
and choosing water over sugar-sweetened beverages whenever possible. Additionally, individuals
should pay attention to signs of dehydration and adjust their water consumption according to their age,
health condition, and lifestyle. Developing consistent hydration habits can contribute to improved
physical health, better cognitive function, and enhanced overall quality of life. Educational efforts that
promote the importance of water consumption can help individuals make healthier choices and reduce
the risk of health problems associated with inadequate hydration. In conclusion, practicing healthy
water drinking habits is a simple yet effective way to support long-term health, improve daily
functioning, and encourage healthier lifestyles across all age groups.

Keywords: Hydration, drinking water, healthy lifestyle, health, well-being
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WHAT IF ANIMALS COULD TALK? EXPLORING THE IMPACT OF
ANIMAL COMMUNICATION ON HUMAN SOCIETY

GARETH RANDALL GISIL

Keningau Vocational College, Sabah, Malaysia

Abstract

The ability to communicate through language is often regarded as one of the defining characteristics of
human beings. However, imagining a world in which animals could talk raises fascinating questions
about the relationship between humans and the animal kingdom. This paper explores the potential
social, ethical, environmental, and scientific implications of animals possessing the ability to
communicate with humans through spoken language. If animals could express their thoughts,
emotions, needs, and experiences directly, human understanding of animal welfare would likely
increase significantly. People might become more aware of the feelings and suffering experienced by
animals, leading to changes in how animals are treated in homes, farms, laboratories, and natural
habitats. Furthermore, communication with animals could provide valuable insights into animal
behaviour, migration patterns, ecosystems, and environmental challenges. At the same time, the ability
of animals to talk could create new ethical dilemmas regarding animal rights, legal protections, and the
use of animals for food, entertainment, and research. Human society would need to reconsider many
existing practices and develop new ways of interacting with other species. In addition, communication
between humans and animals could foster greater empathy, cooperation, and appreciation for
biodiversity. While the idea remains fictional, it encourages critical thinking about humanity’s
responsibilities toward other living creatures. Ultimately, imagining a world where animals can talk
highlights the importance of respecting animal life and promoting harmonious coexistence between
humans and the natural world.

Keywords: Animals, communication, animal rights, society, environment
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Xiilasa. Epigenetika, DNT ardicilligindaki doyisikliklorle slagsli olmayan gen ifadesindoki
doyisikliklori Oyronan genetikanin bir qoludur. Genetik mutasiyalardan forqli olaraq, epigenetik
doyisikliklor geri gevrilo bilar vo pohriz, stress, infeksiyalar vo kimyovi tasir kimi xarici amillordon
tosirlonir. Epigenetika gen aktivliyinin tonzimlonmesinde vo xorgong, otoimmiin xostoliklor vo
metabolik pozgunluglar da daxil olmaqla miixtslif xastaliklorin inkisafinda asas rol oynayir. Har bir
insanin DNT-sinds ziilallarin sintezi {i¢iin tolimatlar olan vo badondoki miixtalif proseslori idaro edon
genlor var. Lakin, biitiin genlor hor hiiceyrads aktiv deyil. Gen ifadosi DNT-don mslumat oxumaq vo
zilallarin sintezi prosesi miixtolif mexanizmlor terofinden tonzimlonir. Epigenetik doyisikliklor
genlorin ifads tiglin moévcudluguna tosir gostorir vo hansit genlorin aktiv, hansilarinin iso aktiv
olmadigin1 miioyyan edir. Epigenetik tonzimlonmonin asas mexanizmlori DNT metilasiyas1 vo histon
modifikasiyasidir. Metillosma, DNT-doki sitozin ssaslarina metil qruplarinin slave edilmasidir ki, bu
da tez-tez gen ifadossinin basilmasina sabob olur. Histon modifikasiyasina asetillogsma, metillosma vo
histon ziilallarimin quyruqlarinda diger kimyovi doyisikliklor daxildir ki, bu da xromatin qatlanma
daracasine vo transkripsiya liciin genlorin olgatanlhigina tosir gostorir. Epigenetika bizi fordi, yoni
xlisusi edon amildir. Masoalon, eyni ailodon olan usaqlarin dori vo sag¢ tonlari, badon quruluslar vo gida
allergiyalar forqli ola bilor. DNT 99% eyni olsa da, simpanzelordon bu godor forgli olmagimiz mohz
epigenetik proseslora goradir. Epigenetik doyisikliklorde on vacib amillar tobii v iglim soraiti, eloco
do sosial miihit vo torbiyadir. Lakin bir ¢ox basqa amillor do var: fiziki foaliyyast, hayat torzi, pohriz,
stress soviyyeolori vo yaslanmanin xiisusiyyotlori. Alzheimer kimi xostoliklor hotta qocaligda belo
genlari normaldan saglam olmayan vaziyyats kegira bilor vo bu, irsi bir xiisusiyyato gevrilo bilor.

Acar sozlor: miihit amillori, DNT metilasiyasi, histon modifikasiya, epigenetika, epigenom,
gen ifadosi

GIRIS

Elmi siibutlar gostorir ki, erkon inkisaf zamani otraf miihit amillorinin (pis vardislor, stress,
haddinden artiq vo ya az qidalanma, bagirsaq mikrobiotasi va s.) fenotipik doyiskenliyinin epigenetik
transgenerativ irsiyyats tosiri ola bilor. Zaman kecdikco elmi ictimaiyyst etik vo oxlaq mdvzularinin
yenidon islonmasinin vacibliyini gordii. Miiasir diinyada noyin diizgiin olduguna dair doktrina, axlaq
va etika masolalorini ohato edon deontologiya elmi formalasmisdir. Bu elm, harokati qiymatlondirarken
bu qaydalara amal olunmasini vo ya amal edilmamasini rohbar tutaraq davranig gqaydalarini miisyyen
edir. Tibbdo deontologiya tibb is¢ilorinin peso foaliyyatlorinde davranis normalarin1 miisyyan edon
tibbi etikanin bir hissosidir. Elmin biitiin sahslorindo oxlaq vo etika mosalolori xiisusi ohomiyyato
malikdir. Son illordo yiiksok intellektli biologlar insan hoyatinda determinizmin yalan oldugunu
birmanali sokilds tosdiqladiler. (Biologiyada determinizm insanlarin harokatlorinin miisyyan olundugu
bir anlayisdir — harakatlor irsi vo insan hoyatindaki avvalki hadisalorlo mohdudlasir, determinizmin
digor formalar1 da vardir).

Genlor insanlarin harakatlorini miiayyanlesdirmir, genlorimizin reaksiyasi (ifadasi) bizim atraf
miihito olan cavabimizdir. Bu masaloni 1988-ci ilds ingilis molekulyar bioloqu Con Forster Kerns
siibut etdi. Kerns, genlori siid sokorinin alinmasi {igiin lazim olan ferment istehsalina mane olan
bakteriyalar1 gotiirdii vo onlart laktoza olan Petri nolbakisino yerlogdirdi. Petri noalbakisinda
bakteriyalarin gidalanacagi digor bir sey olmadigindan bir ne¢a giin arzindo Petri nolbokisi laktoza ilo
gidalanan bakteriyalarla dolu idi. Bakteriyalarin DNT-si otraf miihito cavab olaraq dayisdi. Bu
hadisadon sonra genetikada otraf miihito cavab olaraq, insan siiurunda bas veran doyisikliklorin
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epigenomun foaliyyoti noticoesinds amolo goldiyini gqobul etmoak macburiyysti yarandi. Dogusdan
Oliimo godor sabit vo doyismoz olan genomdan forqli olaraq, epigenom dinamik vo doyiskondir. Bu
doyisiklik otraf miihito do tosir gdstora bilor. Masalan, tiitiin istifadesinin xor¢ongin baslanmasina
sabab olan epigenoma manfi tosir gostordiyi miisahide edilmigdir

DNT-ni dastaklayan “histon” ziilallar sayssindo genin oxunmasi stimullasdirila bilor. Genetik
koddan faorqli olaraq epigenom dinamikdir. Epigenomun irsen kec¢diyins inanan elmi qruplar var vo on
¢ox yayilan niimuno, acliq dévriindo sag qalmis baba vo nonolorin novolorinin, guya epigenetikanin
formalagmasi noticosindo daha uzun émiirlii oldugu geyd olunur. Insan beynindo genomun dogusdan
yetkinliyo godor doyisdiyi, yetkinlik vo qocaliq dovriinds iso sabit qaldig1 qeyd olunur [1].

Comiyyot halinda yasayan hosoratda bu hadiso daha aydin goriiniir; bu hosorat eyni genoma
malik olsa da, morfoloji vo funksional cohatdon forglidir; hiiceyravi qurulus eyni, genotip oxsar olsa
da, epigenom forglidir. Epigenetika, insan hayatini, kainat1 dork etmo mexanizmini kokiindan doyigon
texnologiyalara aiddir. Kegon asr genetika asri idisa (genomun desifrs olunmast), XXI asr epigenetika
osridir. Bu giin epigenetika maddi siibutlarla tosdiq olunmusdur, epigenetik siqnallarin tobioti ortaya
cixmusdir.

MATERIAL VO METODLAR

Bu giin on cosaratli epigenetik hipotezlorden biri, Homo sapiensin gens nozarat
mexanizmlorinin agarlarini alo ala bilocoyine vo bolke do qocalma kimi fiziki proseslori do nozarat
altina alacagina inanmaqdir. Saglamliq ve uzundémiirliiliik {i¢iin tibbs miiasir yanagmalarin asas1 epige-
netikanin todqiqat obyektidir.

Kvant fizikasinin todqiqatlari bir ¢ox kosflori giindomo gotirdi:

1.Iinsan DNT-si diinya materiyasina birbasa tosir edir.
2.Insan hisslori diinya materiyasina tosir edon DNT-ya birbasa tosir edir.
3.Insan hisslorinin vo DNT-nin qarsiligl tosiri fasilosiz mokan ganunlarinin xaricindo bas
verir. Hisslorin tosirinin effekti mosafoden asili deyil.

Holografik stiurumuzun giiciinii nazars alsaq, hor ciir se¢im, no qoder shomiyyatsiz goriinse
do, noinki hoyatimiza tosir gostorir, hom do zaman vo mokanda yayilir. Bir ¢ox hallarda bir insanin
fordi se¢iminin naticasi kollektiv bir realliga ¢evrilir, bu proses mohz epigenetik bir hadisadir.

1.Pozitiv diigiincalarimiz va xos niyystlorimiz hor zaman {iigiin uygundur.
2.Badonimizin va fiziki ganunlarimizin sarhadlari ilo mshdudlasmiriq.
3.Evda vo ya kenarda olsaq da, yaxinlarimizi harada olursa olsun, dastoklayirik.

4.Biz insan olaraq, iradas ilo sofa tapa bilirik.

5.Mokan vo zamanda gozlori baglh voziyyatds do “gérmok” miimkiindiir.

Bu tacriibalorin tohsil miihitindo dofolorlo tokrarlanmasi tamamlilo normal bir hadisadir.
Imtahan veracok toloboni ailo iizvlori evdon yola salarken ona 6ziino tam omin olmasini, cavablari
yazarken diqqatli olmasini tapsirarken mohz epigenetikanin qanunlari horakato kegir. Elm adamlar1 bu
hadisoni “insanin ona olan {imidlori dogrultmasi {igiin ¢alismasi” kimi gobul edirlor. Ciinki, insan
beyni do, daim otraf miihito uygun davranislar niimayis etdirir, imtahan veracak taloba onun ugurlas
imtahan verocoyini gozloyon valideynlorini digget moarkozinds saxlayir. Mohz bu mosolo “etibar
dogrultmaq” kimi epigenetik prosesdir.

NOTICOLORIN MUZAKIROSI

Moslumdur ki, insan genomu 20 mindon ¢ox gendon ibarotdir, lakin onlarin hamisi eyni
zamanda aktiv olmurlar. Hiiceyronin ndviinden, orqanizmin inkisaf morholosindon, hotta fordin
yasadig1 miithitden asili olaraq, bazi genlor aktiv olur, qalanlar iss sakit vaziyystde “gdzloyir”. DNT-
nin ardicilligini doyisdirmoadon, yoni mutasiyalara vo ya translokasiyalara sobab olmadan gen
“ifadesini” (cavabini) idars etmok {igiin cavabdeh olan bir qrup ziilalin olmas1 buna imkan verir.

Hiiceyronin “siiuru” hiiceyro membranlarinin igarisindo “yatir”. Bodonimizdoki har hiiceyrodo
bir név siiurun olmast miitlaqdir. Genlor, hiiceyralorimizdon konarda vo hoatta badonimizdon kenarda
bas veronlora gors reaksiyalarini (vo ya cavab reaksiyasini) doyisir.

Fikrin DNT-do biokimyoavi reaksiyalar1 doyisdirmesi xromosom soviyyesinde tosdiq
olunmugdur. Genlori idars edon struktur — genom gen miihandisliyi elmi torafindon todqiq olunur.
Diisilinconin (agilin) insanin genetik kodunu doyisdirmasi faktini neyrofiziologiya elmi tosdiq edir.

Epigenom anlayisi epigenetikanin meydana golmasi noticosinde yaranmisdir vo genin
ifadosinin tonzimlonmaosinin torkib hissoasi olan bir ¢ox komponentlordon ibarotdir. Epigenetika hansi
genlorin insanin hayat motnininin qrammatikasini yazdigimi todqiq edir. Insanlar arasinda genotip

13



ARCENG INTERNATIONAL ULUDAG SCIENTIFIC STUDIES CONGRESS BOOK

oxsar olsa da, hor bir insan novil forqli xilisusiyyatlora malikdir; Bu farq epigenomu forqi olsa da,
genlori idaro edon strukturdur. Bu bir név morze olifbasina oxsardir, agar matritsa elementi — genetik
kod taplisa matni oxumaq miimkiindiir [2].

XX asrin 2-ci yarisinda DNT-nin spiral qurulusu vo genetik kod kasf olundu, reliktli radiasiya
(stialanma) askar edildi. Kvant generatorlar1 (lazerlor vo mazerlor), yiiksok temperaturlu super
keciricilor, yarimkegiricilor, mikroelektronik qurgular ixtira olundu. Kosmik cihazlar kainatin
obyektlorini dyronmoys imkan verdi; yer qabiginin qurulusu haqqinda biliklorde doyisikliklor bas
verdi. Tabist elmlorinin nailiyyatlorine asaslanan totbiqi elmlor vo texnologiyanin yeni sahasi olan
nanotexnologiya inkisaf etdirildi; XXI asrin avvalindo, insan genomu desifrs edildi [3].

Irsiyyotin xromosom nozoriyyesi sitogenetikanmn inkisafina tokan vermisdir. Irsiyyotin
ganunauygunluqlarini hiiceyra orqanoidlorinin qurulus va funksiyalar1 ilo olagoli dyronan saho kimi
sitogenetika xromosomlari qurulusunu, funksiyasini, boliinen vo bdliinmoyan hiiceyralorde onlarn
tobiatini todqiq edir. Sonraki toadqiqatlar DNT-nin spiralsokilli oldugunu vo irsiyyatdos rolunu miioyyon
etdi. Hor hans1 bir canli orqanizmin qurulusu veo foaliyystino dair biitiin molumatlar orqanizmin
genetik materialinda kodlagdirilmis formada yerlosdirilmisdir. Orqanizmin genetik materialinin asasini
dezoksiribonuklein tursusu (DNT) toskil edir.

Irsi informasiyanin struktur vahidi gendir (ziilal molekulu). Hor niiveli hiiceyra minlorlo gen
dasiyir va bu genlorin har biri bozi inkisaf proseslorindon, masslon, beynin, siimiiklorin va ya {iroyin vo
onun har hansi bir hissasinin amals galmasina cavabdehdir. Buna “genetik kod” deyilir vo usaq hor iki
valideyndon golon kodlarin comine malikdir. Kodlar "isarslori" dasiyir vo Otiiriir

Irsiyyotin xromosom nazoriyyasi 1866-c1 ildo Qreqor Mendel, noxud bitkisi {izorinde apardig1
tacriibalorin naticolorini dorc etdirarak, irsiyystds prognozlasdirila bilon niimunslari siibut etdi. Bazon
psixogenetik tadqiqatlarin naticalari oldugca mantigli gériinen naticalors ziddir. Mithazirads tolobalara
sual versoniz: "sizco, yiiksok sosial-iqtisadi statusu olan bir ailodos dogulan usaqglarin zokasina hansi
amillor daha c¢ox tosir edir?", oksoriyyot miihitin holledici rol oynadigini cavablandiracaq. Ancaq
tacriiba gosterir ki, bu belo deyil. Bu ciir usaqlarda zskanin inkisafina genetik amillorin tohfasi
toxminan dord dofs ¢oxdur [4].

Belo yenilik¢i yanagmalardan biri, an g¢atin xastaliklorin miialicasinda praktikada 6ziinii siibut
edon psixogenetikdir. Psixogenetika autizm, nevrozlarin miixtalif novleri, depressiya, epilepsiya,
hiperaktivlik, kokoloms, onkologiyanin hor hansi bir morholosi, sokorli diabet, iirok xastoliyi vo
vuruslar, sinir xostaliklori, bronxial astma kimi xastaliklorin miialicesinds artiq uzun miiddatdir ki,
totbiq olunur. Bununla bels, psixogenikanin totbiq sahslori daha genisdir. Psixogenetikanin tatbiq
olundugu hoyatin yalniz bir ne¢o sahasina diqgat yetirsok; tabistin qoydugu potensialin agiqlanmasi va
istedadlarin reallasmasi, akademik is vo hoyatda somoroliliyin artirilmasi, yaxinlariniz vo bagqalart ilo
miinasibatlorin yaxsilasdirilmasi, yorgunlugun azaldilmasi1 vo aktivliyin artmasi, 6ziine hdérmatin
yaxsilagdirilmasi vo bir ¢cox diger sahalords ugurlu istifadoni gors bilarik.

Hoyat vo saglamliq keyfiyyotini artirmaq he¢ vaxt gec deyil! Fordi moslohotlosmolor hom
bdyiiklar, ham do usaqlar ti¢iin ola igloyir. Ganclorin va usaqlarin vaziyyatinin yaxsilasdirilmasinda
osas rolu ailods ananin maslshatlari oynayir. Ailo maslohatlogsmolori arzuolunmaz voziyyato sobab olan
sohv diisiincolorinin dyronilmosi vo doyisdirilmosi {i¢lin xiisusi oshomiyyoto malikdir. Bu masololor
dorman istifado etmodon siiurla isin miisbat naticosidir. Halo 20-ci osrdo psixogenetika alternativ
yanagma hesab olunurdu, artiq psixogenetika, o climlodon epigenetika tam hiiquqlu bir tibbi intizama
cevrilir. Bunun osas sababi on ¢otin tibbi vo giindalik problemlsrin hsllinde slde olunan yiiksak
effektivlikdir.

Hor bir insanin DNT-sindo ziilallarin sintezi ii¢iin gostoriglor olan vo orqanizmdo miixtalif
proseslori idars edon genlor var. Ancagq biitiin genlar hor hiiceyrads aktiv deyil. Gen ifadesi, yoni DNT-
don molumatin oxunmasi v ziilallarin sintezi prosesi miixtslif mexanizmlarlo tanzimlonir. Epigenetik
doyisikliklor ifads ticiin genlorin movcudluguna tasir edir, hansi genlorin aktiv, hansinin aktiv
olmayacagini miisyyonlasdirir [5].

Otraf miihit epigenetik doyisikliklorin formalagmasinda osas rol oynayir. Pohriz, fiziki
foaliyyat soviyyesi, stress, zoharli maddoalora vo infeksiyalara moaruz qalma kimi miixtolif amillor
epigenetik mexanizmlora tosir edo vo gen ifadesini doyiso bilor. Massalon, todgiqatlar gdstorir ki,
yiiksok kalorili pahriz veo fiziki foaliyystin olmamasi piylonms vo diabet kimi metabolik xastsliklorls
olagali genlorin hipermetilasiyasina sobab ola bilor (Sakil 1).
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Xromosom
Sakil 1. Genlorin ekspressiyasinin epigenetik tonzimi mexanizmi

Stress epigenetik doyisiklikloro do ohomiyyotli tosir gostorir. Stress soviyyolori hormonal
balans1 vo immun sisteminin funksiyasini tonzimloyan genlorin foaliyystini doayiso bilor. Masalon,
todqiqatlar gostorir ki, uzunmiiddotli stress kortizolun tonzimlonmaesi ilo olageli genlorin
hipermetilasiyasina sobab ola biler ki, bu da depressiya vo diger psixi pozgunluglarin inkisaf riskini
artira bilor.

Gilindolik hoyatimizda qarsiliqlt olagods oldugumuz kimyevi maddslor epigenetik
doyisikliklora da tosir eds bilor. Agir metallar vo pestisidlor kimi bozi zohorli maddslor gen
hipermetilasiyasina vo DNT-nin zodslonmasina sobab ola bilor ki, bu da xor¢ong vo digor xostoliklorin
inkisafina komok edo bilor. Erkon yasda bu ciir maddslors meruz qalma saglamligin uzunmiddatli
itirilmasina sabob ola bilar [6].

Epigenetik doyisikliklor riiseymin yetkin insana g¢evrilmosindo miihiim rol oynayir. Hiiceyro
diferensiasiyasi prosesi zamani epigenetik mexanizmlor miixtalif hiiceyra tiplorinds hansi genlorin
aktivlegacoyini miioyyanlosdirir. Masalon, hemoqlobin saviyyasini idars edon genlor yalniz qurmizi
gan hiiceyralarindoa, neyron funksiyasi ilo alagali genlor iso yalniz neyronlarda aktivlosir.

Epigenetik dayisikliklor do bir nasilden digerins kego bilor. Aragdirmalar gostarir ki, hamilalik
zamani ananin pahrizi va hoyat torzi nosillorde gen metilasiyasina tosir eds bilor vo usagin saglamligi
iiglin farqli naticolora sobab ola bilor. Bu fenomen epigenetik irsiyyot adlanir vo golocok nosillords
potensial xastaliklorin garsisini almaq tigiin hamilslik dovriinds saglam hayat torzinin vacibliyini
vurgulayir.

Eyni yumurta okizlorinin miiqayisasi otraf miihitin vo epigenetikanin rolunu miioyyon etmok
iictin klassik yanagmadir. ©kizlorin eyni genlori oldugundan, tedqiqatcilar forqli hayat terzlorinin
(pohriz, fiziki foaliyyoat soviyyesi, pis vordislor) epigenetik isarolorin fordi niimunolorini neco
formalagdirdigini izloys bilirler. Belo ¢ixir ki, yas artdiqca forqlor daha da boyliylir vo miioyyan bir
olamoatin irsiyyati tokca genetik deyil, epigenetik farqlorlo miioyyon edils bilar.

NOTICO

Son illords siiratlo doyison diinyada gedon proseslorin miisahidolorinin noticolori gostorir ki, otraf
miihit genetik mexanizmlorin istiraki olmadan da organizma tosir edir. inkisafin vo fiziologiyanin
fundamental proseslorindo epigenetikanin rolunun &yranilmasi orqanizmin biologiyast hagqinda
anlayisimizi shomiyyatli doracads genislondirir. Epigenetika insanligin qarsisinda bdyiik perspektivler
acir: bu elmin todqiqatlarina goro hor bir insan 6z potensial imkanlarin1 aga bilacok, sagalmaz
xostoliklore ¢aro tapilacaq, Hal-hazirda genetik xostoliklorin nasildon-noslo Otiiriilmasinin inkisafinin
qarsisinin alinmasi imkanlariin dyranilmasi {igiin on aktual saholorden biri epigenetikadir. Epigenetik
proseslor normal biologiyanin bir hissesidir, genlorin, homginin kok hiiceyralorin forqli hiiceyra
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tiplerina ¢evrilmasine imkan verir. Bu doyisikliklor orqanizmin otraf miihite reaksiya vers bilmasi
ii¢lin hoalledici shamiyyato malikdir.

Epigenetik biomarkerlor golocokds bir insanin xastaliklors xiisusi hassasligimnin vo ya otraf miihitin
toksikantlarina meruz qalmasinin olub olmadigini qiymatlondirmok {igiin diagnostika vasitosi kimi
istifado oluna biler. Bu aragdirmalar nasillararasi irsi vo miixtslif risk faktorlarinimn tasirinin molekulyar
genetik mexanizmlorini miioyyon edir. Miiasr tohsil sisteminds ciddi shomiyysts malik olan
psixogenetika elmi mohz epigenetikanin todqiqatlarina osaslanir. Tohsil miihitinds bag veran stress
voziyyetlori, depressiya hallar1 psixogenetika vasitosilo aragdirilir vo toloboalorin normal sosial
hoyatlarini yasamalarina istiqamat verir.

Psixogenetika elmi insan zokasinin dyronilmasine yonoaldilmisdir vo bizim dovriimiizds bu elm
insanlari forqli xiisusiyyatlorini aragdirir: mosslon, temperamentin xiisusiyyatlori, fordin psixofizioloji
xususiyyatlori, psixi pozgunluglarin olmasi ilo irsiyyst arasindaki olagenin Oyrenilmesine boyiik
ohamiyyet verilir. Sonradan molum oldu ki, insanlarda epigenetik mexanizmlorin tesiri do eyni
doracads boyiikdiir. Psixogenetika vo ya davranig genetikasi elmi biliklorin ilk fonlorarasi sahslorindon
biridir. Bir torofdon psixogenetiklor yaddas kimi psixologiyaya aid biliklori 6yrenirlar, digor torafden,
genetik mexanizmlorin isini anlamaga calisirlar. Klassik psixogenetika fordlorin forqli tobistini tohlil
edir. Todqiqatgilar fordin irsi bioloji vo sosial amillordon — moktobdo torbiyo vo ya valideyn
miinasibatlorindon hansi nisbatdo tosirlondiyini anlamaga ¢aligirlar. Psixogenetikanin 100 illik
inkisafinda todqgiqatcilar tobiotin vo comiyyetin soxsiyyotin inkisafina toxminon eyni dorocodo tosir
etdiyini basa diisdiilor. indi psixogenetikanin v epigenetikanin giindominda daha miirokkob masalolor
vardir. Masoalon, populyasiyada fordi forqlor haradan gaynaqlanir, fordin inkisaf etdiyi sortlordon asili
olaraq bioloji va sosial nisbst neco doyisir va s.

Stress histon ziilalin kodunda vo DNT g¢evrilmolorindo davamli funksional doyisikliklora
sabab olur. Epigenetika stressin yaratdigi doyisikliklors vasitagilik edir. Stresso epigenetik reaksiyanin
xiisusiyyatlori bir ¢ox amillorden asilidir. Epigenetik mexanizmlor stress reaksiyasinin on miihiim
elementini togkil edir. Artan dolillor, epigenetikanin otraf mihitin tesirlorine meruz gqalmalarin
depressiyaya diismo riskini miioyyon etmok ii¢iin osas mexanizm oldugu forziyyosini dostokloyir.

Epigenetika gen mabhiyystini doyigdirarak vo oshval-ruhiyysni tonzimloyan neyrobioloji
proseslora tosir edorak depressiyanin inkisafinda boylik rol oynayir. Otraf miihitin vo hayat torzinin
sobob oldugu epigenetik doyisikliklor depressiyani artira vo insani ona daha hassas edo bilar.

Tohsil miihitinde epigenetika DNT-nin gen saviyyasine neca tosir etdiyini Oyranir.
Epigenetikan1 basa diigmok, masalon, dyroanmoe miihitini optimallagdirmaq ve tolobolorin emosional
rifahin1 dostoklomok tohsil prosesini yaxsilagdirmaga komok edo bilor. Epigenetik modifikasiyalar,
yoni xarici amillorin tosiri altinda bag veron hadisolor genotipi doyisdirmir, lakin fenotipi doyigo bilor.
Naticads, orqanizmin DNT-doki genlarin ardicilligini oxuma torzi doyigacak.
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Abstract
THE ROLE OF ENVIRONMENTAL FACTORS IN THE DEVELOPMENT OF
EPIGENETICS

Epigenetics is a branch of genetics that studies changes in gene expression not directly related
to changes in DNA sequence. Unlike genetic mutations, epigenetic changes are reversible and depend
on external factors such as diet, stress, infections, and exposure to chemicals. Epigenetics plays a key
role in regulating gene activity and the development of various diseases, including cancer,
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autoimmune diseases, and metabolic disorders. Every person’s DNA contains genes that provide
instructions for protein synthesis and control various processes in the body. However, not all genes are
active in every cell. Gene expression—the process of reading information from DNA and synthesizing
proteins—is regulated by various mechanisms. Epigenetic changes influence the availability of genes
for expression and determine which genes are active and which are inactive. The main mechanisms of
epigenetic regulation are DNA methylation and histone modification. MeTtunmupoBanne — 3TO
N00aBJIeHNE METHIBHBIX TPYMI K HUTO3WHOBBIM ocHoBaHusM B JIHK, 4ro wacto mpuBomuT K
MOAABICHUIO  JKCIIPECCHH TIeHOB. Moaudukanus THCTOHOB — BKIIOYAeT  AleTWIMPOBAHHME,
METWJIMPOBAHHE U IPYTHe XMMHUUECKHE H3MEHEHHS B XBOCTAaX TUCTOHOBBIX OEIKOB, KOTOPBIE BIUSIOT
Ha CTETNICHb CBOPAaYMBaHHS XpPOMAaTHHA U JOCTYIMHOCTh TCHOB JUIS TPAHCKPHUIIIMH. DNUTEHETHKA — 3TO
TO, YTO JIeNaeT HaC YHUKaJIbHBIMH. Hampumep, AeTH U3 OJHON CEMbH MOTYT MMETh pa3Hble OTTEHKH
KOXXM M BOJIOC, QOPMBI Tela U muuieBble asutepru. XoTa Hama JHK nHa 99% wmaentuuna, ©MEHHO
STMHUTCHETHYECKUE TPOLIECCHl JCNA0T HAC TAKUMH Pa3HBIMH 110 CPaBHEHHIO ¢ muMIaH3e. Hanbonee
BRXHBIMU (DAKTOpaMHU DIUTCHETHYECKHX HW3MEHEHHH SBJSIIOTCA MPUPOIHBIE M KIMMaTH4eCKHe
YCIIOBUS, a TAKXKe COLMalIbHas cpefa u Bocnuranue. Ho ecTb 1 MHOTO Ipyrux GakTopoB: ¢pusnuecKas
aKTUBHOCTb, 00pa3 >KM3HHU, JUETa, YPOBEHb CTpPecca W OCOOCHHOCTH cTapeHus. Takue 3aboieBaHwms,
Kak 0oJie3Hb AJblreliMepa, MOTYT IEPeKIoYarh TeHbl W3 HOPMAIbHOTO COCTOSIHHSI B HE3JI0POBOE
JaKe B IOXKAJIIOM BO3PACTe, M 9TO MOXKET CTaTh HACIEICTBEHHBIM IPU3HAKOM.

Keywords: environmental factors, DNA methylation, histone modification, epigenetics,
epigenome, gene expression

Pe3rome
POJIb ®AKTOPOB OKPY)KAIOHJEFI CPEJbI B ®OPMHUPOBAHNU
SIINT'EHETUKN
OnureHeTnka — 3TO pa3dell TeHETHKH, W3YYAIOINA W3MEHCHHS B JKCIIPECCHH TEHOB, HE

CBSI3aHHbBIE HAIPAMYIO C U3MeHeHusiMU B mnocienoBareiabHocTd [JHK. B ominuue oT reHeTHdecKux
MyTalui, SMUTCHETHYSCKUE H3MCHEHUsS OOpaTHUMBlI M 3aBUCAT OT BHEIIHUX (DAKTOPOB, TAaKUX Kak
JeTa, cTpecc, MH(ODEKIMA W BO3JCHCTBHE XMMHUYECKHX BEIIECTB. DIHUICHETHKA WIPACT KITFOUEBYIO
pONb B pEryIsUM aKTUBHOCTH T€HOB W pPAa3BUTUU PAa3IMYHBIX 3a00JIeBaHUWil, BKJIIOYas pak,
ayTOMMMYHHBIC 3a00JieBaHUSI W HapylieHuss ooMeHa BemiectB. JJHK kaxioro yemoBeka COAepKHT
T'eHBI, KOTOPBIC COAEPIKAT MHCTPYKIIMU 110 CHHTE3y OCIKOB U KOHTPOIUPYIOT Pa3IMyHbIC MPOIECCHl B
opranuzMe. OOHAaKo HE BCE TIEHbl AKTUBHbI B KaXKIOW KIETKE. ODKCIOPECCHs] T'€HOB, MPOIECC
cuntbiBanus nHGopMmaruu u3 JJHK u cuHTe3a OenmkoB, peryiaupyeTcs pa3jindHBIMH MEXaHH3MaMHU.
DNHUTEHETUIECKUE N3MEHEHUS BIMSIOT Ha JOCTYITHOCTh T€HOB TSI SKCIIPECCUU U OTIPEICIIIOT, KaKue
TeHbl AKTUBHBI, a Kakhe HEaKTHUBHbL. OCHOBHBIMM MEXaHM3MaMHU SIUTCHETUYECKON PpEryysiuu
apnstoTes: MetmmpoBanue JIHK u mommdukanus rucroHoB. MeTtuinmpoBaHne — 3TO J0OaBIIEHUE
METUIBHBIX TPYNI K IHMTO3MHOBHIM OcHOBaHusM B JIHK, d9To 4YacTto MpUBOAUT K TOAABICHUIO
AKCIPECCUU TeHOB. MonuuKaus THCTOHOB BKITIOYACT AllCTHIUPOBAHKE, METUIMNPOBAHUE U JPYTHE
XMMHYECKHE H3MEHEHHUSI B XBOCTAaX THCTOHOBBIX OEIIKOB, KOTOPBIE BIHSIOT Ha CTETICHh CBOPAYMBAHUS
XpOMaTHHA W JOCTYITHOCTh TE€HOB IS TPAHCKPHUMIIIUH. DMUTEHETHKAa — 3TO TO, YTO JIENaeT Hac
yHUKanbHBIMH. Hampumep, netu u3 ogHOM ceMbH MOTYT HUMETh pPa3HbIE OTTEHKA KOXH M BOJOC,
(hopmer Tena u numeBsie awieprun. Xots Hama JIHK Ha 99% wmpenTndHa, MMEHHO SMUTEHETHYECKHE
MIPOIIECCHl JISNAIOT HAC TAKUMH pPa3HBIMH TI0 CpPaBHCHWIO ¢ ImuMITaH3e. Hawmboiiee BaKHBIMH
(hakTOpaMH IMUTCHETUYCCKUX M3MCHEHUH SABJISIFOTCS IPUPOIHBIC ¥ KIMMATHUECKUE YCIIOBUS, a TAKKe
coupanbHas cpega W BocnuraHue. Ho ecth m MHOro Apyrux (axkTopoB: (u3HUYecKas aKTUBHOCTD,
o0pa3 >KHM3HH, JMeTa, YPOBEHb CTpecca U 0coOeHHOCTH cTapeHus. Takue 3a0oneBaHHs, Kak OOJIE3HD
ATnpIrreiiMepa, MOTYT MIEPEKIIIOUaTh TEHBI U3 HOPMAJIBHOTO COCTOSIHUS B HE3JIOPOBOE JAKE B TOXKHUIOM
BO3pACTE, U TO MOXKET CTaTh HACIEACTBEHHBIM MTPU3HAKOM.

KuaroueBble cjioBa: (hakTopel OKpyXkaromieil cpens, metunupoBanue JJHK, mogndukanys rucToHos,
SMUIE€HETHUKA, SITUT€HOM, IKCIIPECCUS TEHOB
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TURKIYE SUPER LIGINDE FUTBOLCULARIN GORECELI
PERFORMANSLARININ VERI ZARFLAMA ANALIZI iLE
DEGERLENDIRILMESI

Burak OZER , Do¢ Dr. Banu SUNGUR

Yiiksek Lisans (")grencisi, Erciyes Universitesi, Uretim Yonetimi ve Sayisal Yiintemler/isletme,
} , https://orcid.org/0009-0003-3230-3559
’Dog. Dr., Erciyes Universitesi, Sayisal Yontemler/Isletme, , https://orcid.org/0000-0002-0233-
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Ozet

Futbolda artan kiiresel rekabet ve endiistriyel doniisiim, profesyonel kuliiplerin kisitli kaynaklarinm
optimum sekilde ydnetmesini ve veri odakli transfer rotalart izlemesini zorunlu kilmigtir. Bu
caligmanin temel amaci, 2024-2025 sezonunda Tiirkiye Siiper Ligi’nde forma giyen futbolcularin saha
ici performanslarint nesnel ve ¢ok kriterli bir yaklagimla degerlendiren 6zgiin bir Karar Destek Sistemi
(KDS) gelistirmektir. Arastirmanin ampirik kurgusu, istikrarsiz performanslarin veriyi saptirmasini
onlemek adina en az 10 mag ve iizeri siire almis 21 yas alt1 (U21) geng futbolculara odaklanarak ilgili
orneklem kiimesi belirlenmis ve ana model bu havuzda egitilmistir. Calismada, parametrik olmayan
matematiksel programlama yontemlerinden Veri Zarflama Analizi (VZA) tlizerinde ¢alisma yapilmis
ve bu calisma veri setindeki yiiksek boyutlu verilerden kaynakli olusabilecek giirtiltiiyii temizlemek ve
VZA'min serbestlik derecesi kisitlarint optimize etmek adina LASSO regresyon analizi ile
desteklenmistir. Bu yapimin kurgulanmasinda ve algoritmik siireclerin hatasiz isletilmesinde, veri
analitigi diinyasinda ampirik giivenilirligi st diizeyde kabul edilen ve gelismis istatistiksel
kiitiiphanelere ev sahipligi yapan R programlama dili ve RStudio ekosistemi kullanilmistir.
Arastirmada izlenen bilimsel isleyisin ilk ve en kritik evresinde, kiiresel resmi veri saglayicilarindan
(Optasports) derlenen ve mag basina yiizlerce parametreyi barindiran yiiksek boyutlu veritabani ele
alinmistir. Futbol istatistiklerindeki parametre ¢oklugunun yaratacagi veri giiriiltiilerini temizlemek,
istatistiksel analizlerin ampirik dogrulugunu diisiiren ve modellerde yiiksek varyans hatasina yol agan
coklu dogrusal baglant1 sorununu ortadan kaldirmak amaciyla veri seti 6ncelikle LASSO regresyon
analizi ile boyut indirgeme islemine tabi tutulmustur. 10 kath ¢apraz dogrulama ydntemiyle optimize
edilen ceza parametresi A, ggvasitasiyla, 110 ham performans gostergesi siiziilerek futbolda verimliligi
ve teknik bagariy1r dogrudan simgeleyen 4 altin girdi saptanmistir. Prosesin ikinci evresinde, LASSO
algoritmalar1 tarafindan nesnel olarak secilen bu 4 girdi degiskeni, parametrik olmayan dogrusal
programlama tabanli VZA modeline uygulanmigtir. Bu agsamada, futbolcularin sahada kaldiklar: siire
ve fiziksel efor gibi girdileri sportif ¢iktilara doniistiirme kabiliyeti, sabit 6lgek getirisi dayatmasi
olmadan, degisken Slgek getirisi varsayimi altinda ve girdi odaklt BCC modeli araciligiyla goreceli saf
teknik etkinlik skorlarina doniistiirilmiis, bdylelikle her oyuncunun elit sinir ¢izgisine olan mesafesi
matematiksel olarak tescil edilmistir. U21 veri seti {izerinde yapilan analiz sonucunda, 101 geng
yetenekten 79'u VZA algoritmasi tarafindan kisitli kaynaklarint en optimum sekilde kullanan isimler
olarak saptanmis ve 1,000 tam puan alarak "Etkinlik Sinin" iizerine yerlesmistir.

Anahtar kelimeler: Futbolcu Performansi, LASSO Regresyon, Veri Zarflama Analizi

EVALUATION OF THE RELATIVE PERFORMANCES OF FOOTBALL PLAYERS IN THE
TURKISH SUPER LEAGUE USING DATA ENVELOPMENT ANALYSIS

Abstract

Increasing global competition and the transformation of the football industry have made it imperative
for professional clubs to manage their limited resources and pursue optimal data-driven transfer
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strategies. The main objective of this study is to develop a novel Decision Support System (DSS) that
evaluates the on-field performance of football players competing in the Turkish Super League during
the 2024-2025 season using an objective, multi-criteria approach. To prevent inconsistent performance
from skewing the data, the empirical design has selected the relevant sample by focusing on young
players under 21 (U21) who have received playing time in at least 10 matches, and the main model has
been trained on this pool. In the study, Data Envelopment Analysis (DEA), a non-parametric
mathematical programming method, has been employed. This has been supported by LASSO
regression to eliminate potential noise arising from the high-dimensional data and to optimize the
degrees-of-freedom constraints in the DEA. The R programming language and the RStudio
ecosystem—acknowledged for their high empirical reliability in data analytics and for hosting
advanced statistical libraries—have been used to build this structure and ensure the flawless execution
of algorithmic processes. In the first and most critical phase of the scientific procedure followed in the
research, a high-dimensional database has been compiled from official global data providers
(Optasports), encompassing hundreds of parameters per match, and processed. The dataset has been
initially reduced in dimension using LASSO regression. This has been done to filter out data noise
caused by the multitude of parameters in football statistics and to eliminate multicollinearity, which
reduces empirical accuracy and causes high-variance errors in models. Using a penalty parameter
optimized via 10-fold cross-validation, 110 raw performance indicators have been filtered to identify 4
golden inputs that directly reflect efficiency and technical success in football. In the second phase of
the process, the 4 input variables, objectively selected by the LASSO algorithms, have been applied to
the nonparametric linear-programming-based DEA model. At this stage, the players' ability to convert
inputs—such as playing time and physical effort—into sporting outputs has been transformed into
relatively pure technical efficiency scores. This has been achieved via the input-oriented BCC model
under the assumption of variable returns to scale, without imposing constant returns to scale.
Consequently, each player's distance to the elite frontier line has been mathematically registered.
Analysis of the U21 dataset revealed that 79 out of 101 young talents are identified by the DEA
algorithm as those who utilized their limited resources in the most optimal way, achieving a perfect
score of 1,000 and placing them above the "Effectiveness Limit".

Keywords: Footballer Performance, LASSO Regression, Data Envelopment Analysis
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Ozet

Bu ¢alisma, modern Azerbaycan edebiyatinin en 0zgiin ve yenilik¢i sairlerinden biri olan
Vaqif Samodoglu’nun poetik diinyasini, estetik ve tematik cesitliligi iizerinden incelemektedir.
Yazarlarin da vurguladigi iizere Samoadoglu’nun en biiyiilk basarisi, herkesin bildigi gercekleri
alisilmadik ve sarsici bir bakis agisiyla sunmasinda yatmaktadir. Sair; ask, 6liim, vatan, dil ve ayrilik
gibi klasik temalar1 geleneksel kaliplarin disina ¢ikararak modern bir felsefeyle yeniden yogurur.
Somadoglu’nun siirsel evrenini sekillendiren temel dinamikler su sekilde 6zetlenebilir:

Zamanmn Goreliligi ve Oliim: Sair icin zaman, kronolojik bir siirecten ziyade felsefi bir
nispiliktir. Oliim temas1 ise korkulan bir son olmaktan ¢ikip, sairin samimiyetle kucakladigi, adeta
randevulastig1 bir sirdasa doniisiir.

Ozgiin imge ve Metafor Diinyasi: Geleneksel mecazlar1 yikan Somodoglu, yildirmmi "diktatdr
imzasi"na, tozlu masadaki dirsek izlerini ise "sessizligin firlamis gozleri"ne benzetecek kadar carpici
ve yenilikgi bir dil inga eder.

Dil, Tabiat ve Hazar: Azerbaycan Tiirkgesine duydugu saf sevgi ile varolusunun vazgegilmez
simgesi olarak gordiigli Hazar Denizi, sairin poetik kimliginin en hassas kdse taglarini olusturur.

Ayrilik ve Felsefi Kabullenis: Sair i¢in ayrilik, act veren bir kopustan ziyade siginilan, dostane ve
insani azat kilan bir yasam alanidir. Ayrica "bir ¢inardan dar agaci yapilmasi" gibi derin varolugsal
sorgulamalar, onun felsefi derinligini kanitlar.

Sonu¢ olarak Vaqif Samedoglu lirik samimiyeti, sarsic1 imgeleri ve Emin Sabitoglu’nun
besteleriyle hafizalara kazinan melodik siirleriyle modern Azerbaycan edebiyatinda silinmez bir iz

birakmus, siiri bir diisiince disiplinine doniistiirmeyi basarmstir.

Anahtar Kelimeler: Vaqif Samedoglu, poetik felsefe, 6zgiin imgeler, ayrilik ve 6liim, modern
Azerbaycan siiri

THE SILENCE OF THE "DiSTANT GREEN ISLAND": EXiSTENCE, DEATH, AND
AESTHETICS iN THE POETRY OF VAQiF SAMADOGHLU
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Abstract

This study explores the poetic world, aesthetic values, and thematic diversity of Vaqif
Samadoghlu, one of the most original and innovative figures in modern Azerbaijani literature. As
underscored by scholars, Samadoghlu's greatest achievement lies in his ability to articulate universally
known truths through an unconventional and striking perspective. The poet liberates classical themes
such as love, death, homeland, language, and separation from traditional molds, reshaping them with a
modern philosophical touch.

The fundamental dynamics shaping Samadoghlu's poetic universe can be outlined as follows:

The Relativity of Time and Death: For the poet, time is a philosophical relativity rather than a
mere chronological sequence. Death, far from being a dreaded end, is transformed into a confidant—
one whom the poet sincerely embraces and almost schedules a rendezvous with.

Original Imagery and Metaphorical World: Dismantling traditional tropes, Samadoghlu
constructs a highly striking and innovative poetic language, comparing a lightning flash to a
"dictator’s signature" and the elbow prints left on a dusty table to "the bulging eyes of silence."

Language, Nature, and the Caspian: His pure devotion to the Azerbaijani Turkish language,
along with the Caspian Sea—which he perceives as an indispensable symbol of his existence—
constitutes the most delicate cornerstones of his poetic identity.

Separation and Philosophical Acceptance: For Samadoghlu, separation is not a painful rupture
but rather a welcoming, friendly, and liberating space of refuge. Furthermore, profound existential
inquiries—such as the anticipation of a plane tree being turned into a gallows—testify to his deep
philosophical contemplation.

In conclusion, through his lyrical sincerity, powerful imagery, and melodious verses immortalized
by the compositions of Emin Sabitoghlu, Vaqif Samadoghlu has left an indelible mark on modern
Azerbaijani literature, successfully elevating poetry into a discipline of thought.

Keywords: Vaqif Samadoghlu, poetic philosophy, original imagery, separation and death,

modern Azerbaijani poetry
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Ozet

Bu ¢aligmanin amaci, yerel halk tarafindan tedavide kullanilan bitkilerin geleneksel bitkisel tip ve
eczacilik yonleri hakkinda bilgileri ortaya ¢ikarmaktir. Calismada, Nevsehir il ve il¢elerinde bulunan
aktarlar, halk pazarlar1 ve konu hakkinda bilgisi olan kaynak kisilerle yapilan arazi ¢aligmalar ve bilgi
aligverigi yapilmistir. Elde edilen bitkilerin literatiire dayali bilimsel adlandirmasi sonucu, 96 tiir ve
tiiralt1 bitki belirlenmistir. Bitkiler lizerinde yapilan ¢alismalardan elde edilen sonuglara gore en fazla
tir igeren ilk bes aile sirasiyla; Papatyagiller (Asteraceae) 27 bitki, Giilgiller (Rosaceae) 12 bitki,
Ballibabagiller (Lamiaceae) 11 bitki, Turpgiller (Brassicaceae) 5 bitki, Maydanozgiller (Apiaceae),
Ebegiimecigiller (Malvaceae), Hashasgiller (Papaveraceae) 4 bitkidir. Tedavi degerleri tespit edilen
bitkilerin kullanim alanlarina gore; sindirim sisteminde 31 bitki, solunum sisteminde 25 bitki, bosaltim
sisteminde 16 bitki, cildiyede 12 bitki, sinir sisteminde 7 bitki ve kalpdamar sistemde 5 bitkidir.
Bitkilerin kullanim bi¢imlerine goére ise; ¢ay (demleme, kaynatma) seklinde 75 bitki, yenilebilir
sekilde 15 bitki, ¢cigneme seklinde 3 bitki ve macun seklinde 3 bitki tespit edilmistir.

Anahtar kelimeler: Nevsehir, tibbi ve eczacilik bitkileri, yoresel kullanim

Abstract

The aim of this study is to reveal information about the traditional herbal medicine and pharmacy
aspects of plants used in treatment by the local population. The study involved fieldwork and
information exchange with herbalists, local markets, and knowledgeable individuals in Nevsehir
province and its districts. Based on the literature, the resulting rules were scientifically named,
resulting in the identification of 96 species and subspecies of plants. According to the findings, the top
five families containing the most species are: Asteraceae (Daisy/Sunflower Family) (27 plants),
Rosaceae (Rose family) (12 plants), Lamiaceae (Mint family) (11 plants), Brassicaceae
(Mustard/Cabbage Family) (5 plants), Apiaceae (Parsley family), Malvaceae (Mallow family), and
Papaveraceae (Poppy family) (4 plants). Therapeutic values were determined based on the amount
used: the digestive system contains 31 plants, the respiratory system 25 plants, the excretory system 16
plants, the urinary tract 12 plants, the nervous system 7 plants, and the cardiovascular system 5 plants.
According to the uses of the plants: 75 plants are used as tea (infusion, decoction), 15 plants are edible
form, 3 plants are in chewable form, and 3 are in paste form.

Keywords: Nevsehir, medicinal and pharmaceutical plants, local use
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MUHARIBO DOVRU USAQ DUNYASI VO HOSROTIN POETIKASI:
OHMOD COMILIN "CAN NONO, BiR NAGIL DE" SEIiRININ TOHLILI

WAR-ERA CHIiLD'S WORLD AND THE POETICS OF LONGING: ANALYSiS OF AHMAD
JAMIL'S POEM "DEAR GRANDMOTHER, TELL ME A STORY"

GUNEL HUMMOTOVA (Paniyeva) Saleh
Filologiya tizra falsafa doktoru (Ph.D.), Bag miioallim

Azorbaycan Dovlot Pedaqoji Universiteti, Odobiyyat 1n todrisi texnologiyasi kafedrasi
ORCID ID: 0000-0002-8916-3484

XULASO

B©hmod Comilin Ikinci Diinya miiharibasi illorindo qoloms aldig1 "Can nana, bir nagil de" seiri
Azorbaycan usaq poeziyasmin folsofi vo emosional baximdan on zongin niimunslorindondir. Osor
biitdvlikds soyuq bir qis gecosinds siinacaq tapan nana vo navenin lirik-stijetli dialoqu tizerinds
qurulmusdur. Seirdo arxa cobhodo yasanan monovi sarsintilar, miiharibonin gotirdiyi ailo hosroti vo
usaq psixologiyasinin safligi badii tozadlar vasitasils tosvir olunur. Miiallif xarici alomin sart sazagi ila
daxili nigaranlif1 qarsi-qarsiya qoyaraq ailo istiglalin1 6n plana g¢okir. Nagil bu mokanda sadoco
aylenca deyil, hom ds usagin daxili qorxularini isiden terapevtik siginacaq rolunu oynayir. Galacaya,
yazin golisine vo atanin qayidisina baslonilon {imid asorin humanist ideya xattini toskil edir. Moqalade
seirin poetik strukturu, dil-iislub 6zslliklori, folklor elementlari vo pedaqoji shamiyysti elmi-metodik
baximdan genis tohlil stizgocindon kegirilir.

Acar sozlor: Ohmod Comil, usaq poeziyasi, nono-novo dialoqu, miihariba hosrati, badii tozad,
folklor motivlari.

ABSTRACT

Ahmad Jamil’s poem "Dear Grandmother, Tell Me a Story," written during the years of World
War 11, is one of the richest examples of Azerbaijani children's poetry from both a philosophical and
emotional perspective. The work is entirely built upon a lyrical-narrative dialogue between a
grandmother and her grandchild seeking refuge on a cold winter night. The poem depicts the
psychological distress experienced on the home front, the family longing brought by war, and the
purity of child psychology through artistic contrasts. By opposing the harsh frost of the outer world
with inner anxiety, the author highlights the warmth of the family hearth. In this context, the fairy tale
acts not just as entertainment, but as a therapeutic sanctuary that warms the child's inner fears. The
hope for the future, the arrival of spring, and the father's safe return form the humanistic core of the
work. This article thoroughly analyzes the poetic structure, linguistic and stylistic features, folklore
elements, and pedagogical significance of the poem from a scientific-methodical perspective.

Keywords: Ahmad Jamil, children's poetry, grandmother-grandchild dialogue, longing for
war, artistic contrast, folklore motifs.

Ohmad Comil hor zaman on adi hayat hadisolorini vo ailo-moisat monzaralorini derin poetik
dillo toagdim etmayi bacaran sanatkarlardandir. Onun "Can nona, bir nagil de" seiri ilk baxigsdan sade
bir nona-nave dialoqu tosiri bagislasa da, sotiralti gatlarda dovriin on boyiik faciesini — miihariba
doziilmazliyini va ailo fordlarinin intizarim oks etdirir. Seir soyuq bir qis gecasinds, od-alov piiskiiron
cobhadon uzaqda, lakin fikri-zikri songords olan bir ailonin ocaginda corayan edir. Osar biitovliikde
dramatik-stijetli dialoq {izorindo qurulub. Miisllif burada {i¢ forqli diinyan1 garsilagdirir.Usaq diinyast
(Noavo): Suallart ilo nanoni ¢atina salan, lakin daxilinds atasinin hasratini vo qorxusunu dasiyan korpa.
Onun "Indi onu sangorda bas iigiitmiirmii qar, kiilok?" suali usaq golbinin erken yasda neco bdyiik
dordlorlo garsilagdigini gostorir. Nono obrazi (Morhomot vo Toskinlik): Evin dirayi, usagin xoyal
diinyasin1 qorumaga g¢aligan fodakar ana. O, g¢atin anlarda usagin diqqgstini nagillarla yaymdirmaga,
ona iimid vermoyo calisir: "Atan yazir: halo xosdur bu torafds havalar. / Deyir oglum darixmisan,
goriisarik bu bahar."Qiyabi obraz (Ata): Sokli ¢carpayinin bas ucundan asilan, varligi hor satirds hiss
olunan gahroman asgoar.Sair asards psixoloji paralellik {isulundan samarali istifade etmisdir. Coldoki
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sart qis tobiati ilo usagin daxili nigaranhigi eynilesdirilir: "Esikda yel asir", "Sazaq qilinc tok kasir"
ifadolori tokco faslin soyuqlugunu deyil, hom do miiharibonin gotirdiyi monovi tigiitmoni
romzlosdirir.Buna qars1 olaraq yazin golisi, qaranquslarin qayitmasi va nar-ariyin ¢igok agmasi golocok
siilhiin, galobonin vo atanin qayidiginin simvolu kimi ¢ixig edir. Seirin an tasirli magamlarindan biri
usagn saflig1 ilo bagl olan detal — "ag toglunun" kasilmemasi xahisidir: “— Onda, nana, ay nana! /
Qoy kasmayak ag toglunu, qalsin atam galona. "Bu detal Azarbaycan xalqinin qonaqparvarlik, qurban
kosmak adot-ononslorini usaq tofokkiiriinde canlandirir. Nonsnin bu istoyi sevinclo qarsilamasi,
galacak sadyanaliq giiniinii (siifre agilmasini, qohum-qongunun gslisini) tosvir etmasi kdrpanin hosrat
gonan gozlorina sevinc gotirir vo onu sirin yuxuya aparir. Seirin ideya tomollorindon birini badii
tozadlar (antitezalar) toskil edir. Miisllif oxucuda psixoloji gorginlik vo emosional biitovliik yaratmaq
tclin iki oks qiitbli — soyuq (miiharibo, xaos, tobiot sortliyi) vo isti (ailo, siilh, nagil diinyasi)
konseptlorini qarsi-qarsiya qoyur:Sangor vo Ev tozadi: Songaer — soyugun, tohliikenin, 6liimiin vo qarin
hokm siirdilyii mokandir. Ev iso ocagmn yandi8i, nononin nofosi ilo isinon, tohliikosizliyin vo
dogmaligin simvoludur. Sair usagin dili ilo sorusanda: "Indi onu sangarda bas iisiitmiirmii gar, kiilok?",
oslinde oxucuda miiharibanin soyuqluguna qarsi daxili bir etiraz hissi oyadir. Tobiot sazag1 vo Manavi
horarot: Esikdo ason yel vo "qulinc tok kason" sazaq monfi aura yaratsa da, nononin nagili vo novasino
boxs etdiyi sevgi bu soyuqlugu neytrallasdirir. Isti yorgan-ddsok tokco fiziki rahatliq deyil, hom do
usaq diinyasinin xarici alomin tohliikelorindon qorundugu monavi siginacaqdir.Osards nagil sadaco bir
adobi janr deyil, hom do insanin daxili qorxularina qalib golmasi ti¢iin psixoloji reabilitasiya (terapiya)
vasitosidir.Neno — Mifoloji yaddasin dasiyicisi: Sifahi xalq yaradicilifinda ve mifologiyamizda nana
(masalon, Goycok Fatmanin nanasi, nagil anasi) kegmislo golocak arasinda korpiidiir. O, ¢atin anlarda
xilaskar rolunda ¢ixis edir. ©hmad Comilin gohromani olan nons do nagil vasitasilo usagin siiurunda
miiharibonin gotirdiyi travmani silmays calisir.Sehrli kdmakgilor vo simvollar: Seirde adigakilon
qaranquslar, yazin golisi, tobiatin oyanmasi folklor motivlarine sdykenir. Qaranqus — miijdogi qusdur;
0, tokco baharin deyil,ham do atanin sag-salamat qayidis miijdosinin simvoludur. "Ag toglu" iso qodim
qurbanvermo vo siikranliq ayinlorinin usaq tofokkiiriindoki bodii proyeksiyasidirhmod Comil
poeziyasiin dili 6ziiniin axiciligl, sadsliyi vo xalq danisiq diline yaxinlig: ils segilir. "Can nana, bir
nagil de" seirinin poetik strukturunda asagidaki moqamlar xiisusilo digqeti calb edir:Heca vozninin
imkanlart: Seir heca vozninds yazilmisdir. Misralarin daxili ritmi vo bdlgiisii nenonin laylasi, nagil
danigma tempi ilo tam uzlagir. Soslorin ahoangi oxucunu elo ilk sotirlordon sakitlogdirici bir ritmo
koklayir. Tokrarlar vo Alliterasiyalar: Seirdo "nona", "ata", "golona" kimi sozlorin tez-tez tokrarlanmasi
melodikliyi artirir. Dilin fonetik saviyyasindo yumsaq samitlorin iistiinliik toskil etmasi osors lirik vo
hazin bir ton baxs edir.Usaq leksikonu: Sair usaq dilina maxsus sirinliyi vo somimiyysti qorumagq ti¢iin
"Can nona", "ay nona", "istitmiirmii", "qoy kasmayak" kimi canli danigiq ifadolorindon va
miiraciatlordon ustadcasina istifado etmisdir.Bu asaor 5-ci sinif sagirdlorinin monavi-estetik torbiyasindo
va votonparvarlik hisslorinin formalagsmasinda avezsiz rol oynayir. Osarin tadrisi zamani asagidaki
pedaqoji yanagmalar totbiq oluna bilor:Fonlorarasi inteqrasiya: Seir todris olunarkon Azorbaycan dili
(dialoglarm qurulmasi, miiraciot sozlori), Tarix (Ikinci Diinya miiharibosi illorindo arxa cobhonin
hayat1) vo Musiqi (lirik melodiyalarin badii qirastls sintezi) fonlori ils six slage qurulmalidir. Psixoloji
tohlil dorsi: Sagirdlors "Ogar siz miihariba dévriinds yasayan homin usagin yerinda olsaydiniz,
nonanizdon hanst nagili sorugardiniz?” tipli agiq suallar verilmoklo onlarda empati (basqasinin
hisslorini anlama) hissi inkisaf etdirils bilor.

Dayorlar torbiyesi: Osar ailo daxili miinasibatlorin, boyiiklors hérmatin, ahil insanlara qarst sevginin
on gbzol niimunosidir. Novonin nonoys qarsl novazisi vo nononin usagin golbindoki ata sevgisini
gorumast ails institutunun sarsilmazligini agilayir.

Noatico

Ohmod Comilin "Can nona, bir nagil de" seiri zamanin fovqiinde duran basori asordir. Miiallif
kigik bir otaqda, bir ailonin simasinda bogoriyyatin siilh soragini, miiharibayo olan nifratini vo sabaha
olan inamimi imumilogdira bilmisdir. Osor ham badii sanatkarliq, hom da torbiyavi giic baximindan
Azorbaycan usaq odsbiyyatinin qizil fonduna daxil olan banzarsiz bir incidir.9hmoad Comilin "Can
nona, bir nagil de" seiri miiharibo mévzusunda yazilsa da, gan vo qurgin tosvirlorindon uzaq, ailo
istiglalt va insan sevgisi lizerinda kdklonmis humanist bir asardir. Sair siibut edir ki, an amansiz tarixi
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smagqlarda bels insan1 yasadan vo xilas edon usaq safligi, ailo birliyi vo goalacoys olan tiikkenmoz
imiddir.
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TEKNOLOJILERININ iNCELENMESi VE GELECEGE YONELIK
DEGERLENDIRMELER

SOLAR-POWERED UNMANNED AERIAL VEHICLES FROM PAST TO PRESENT: A
REVIEW OF PANEL AND CONVERTER TECHNOLOGIES AND FUTURE PERSPECTIVES
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Ozet

Bu calismada, 1974 yilinda gergeklestirilen ilk giines enerjili ugustan giiniimiize kadar tasarlanmis
giines enerjili insansiz hava araglar1 (IHA) ile bu araglarda kullanilan giines paneli, enerji depolama ve
gii¢ doniistiiriicli teknolojilerinin gelisimi karsilagtirmali bir literatiir incelemesiyle degerlendirilmis ve
gelecekteki kullanimlarina yonelik ¢ikarimlar sunulmustur. Tarihsel siirecte Sunrise I-1I ile baslayan
model 6lgekli denemeler; NASA ERAST programi kapsaminda Pathfinder ve Pathfinder Plus ile 20
km tzeri irtifalara, Helios ile 29,5 km'lik irtifa rekoruna; SoLong ve Sky-Sailor ile 24 saati asan
kesintisiz uguslara; Zephyr ve PHASA-35 gibi yiiksek irtifa s6zde uydu (HAPS) platformlariyla ise
haftalarca siiren gorev siirelerine ulagmistir. Elli yillik siirecte ulagilan azami irtifa yaklasik 300 kat, en
uzun kesintisiz ugus siiresi ise 2025 yilinda tamamlanan 67 giinlilk Zephyr ugusuyla birlikte 4800
katin {izerinde artmigtir. Bu gelisimin arkasindaki temel itici giiciin, aerodinamik yeniliklerden ¢ok
fotovoltaik hiicre ve enerji depolama teknolojilerindeki ilerleme oldugu goriillmektedir: 1974'te %14
verimli hiicrelerle 450 W iiretebilen Sunrise'dan, %20min lizerinde verim sunan SunPower A-300/C60
monokristal hiicreleri kullanan SoLong ve Helios'a; kavisli kanat ylizeylerine uygulanabilen esnek
ince film hiicreleri tercih eden Zephyr S'ten, uydu smifi %40 verimli ¢ok eklemli galyum arsenit
hiicreleri kullanan PHASA-35'e uzanan bir teknolojik evrim izlenmektedir. Enerji depolamada ise Ni-
Cd bataryalardan lityum-iyon (~200 Wh/kg) ve lityum-siilfiir (~350 Wh/kg) bataryalara, giincel
caligmalarda siiperkapasitor tabanli bataryasiz mimarilere gegilmistir. incelenen tiim platformlarda
maksimum gii¢ noktasi takibi (MPPT) birimleri ile buck doniistiiriiciiler ortak bilesen olarak yer
almakta ve %95'in iizerinde verimle ¢aligmaktadir; buna karsin panelden pervaneye ulasan toplam
enerji kullanim oran1 %11-13 bandinda kalmakta, asil kayiplar hiicre doniislimii ve pervanede
yogunlasmaktadir. Bulgular; ¢cok eklemli ve esnek hiicrelerin ucuzlamasi, batarya enerji yogunlugunun
artmas1 ve enerji bilingli kontrol algoritmalarinin olgunlasmastyla giines enerjili IHA'larmn haberlesme
rolesi, siir glivenligi, tarimsal izleme, afet yonetimi ve gevresel gozlem gorevlerinde uyduya diisiik
maliyetli bir alternatif haline gelebilecegini gostermektedir.

Anahtar kelimeler: Giines enerjili IHA, Fotovoltaik panel, Enerji depolama, MPPT, HAPS
Abstract

In this study, solar-powered unmanned aerial vehicles (UAVs) designed from the first solar-powered
flight in 1974 to the present day, together with the solar panel, energy storage, and power converter
technologies employed in these vehicles, are evaluated through a comparative literature review, and
inferences regarding their future use are presented. Historically, model-scale trials beginning with
Sunrise I-1I progressed to altitudes above 20 km with Pathfinder and Pathfinder Plus and to a record
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altitude of 29.5 km with Helios under the NASA ERAST program; to continuous flights exceeding 24
hours with SoLong and Sky-Sailor; and to mission durations of several weeks with high-altitude
pseudo-satellite (HAPS) platforms such as Zephyr and PHASA-35. Over the fifty-year period, the
maximum altitude achieved increased approximately 300-fold, while the longest continuous flight
duration increased more than 4800-fold, culminating in the 67-day Zephyr flight completed in 2025.
The main driving force behind this progress is the advancement in photovoltaic cell and energy storage
technologies rather than aerodynamic innovation: a clear technological evolution is observed from
Sunrise, which produced 450 W with 14% efficient cells in 1974, to SoLong and Helios employing
SunPower A-300/C60 monocrystalline cells with efficiencies above 20%, from Zephyr S with flexible
thin-film cells applicable to curved wing surfaces, to PHASA-35, which uses satellite-grade multi-
junction gallium arsenide cells with efficiencies approaching 40%. Energy storage has shifted from Ni-
Cd batteries to lithium-ion (~200 Wh/kg) and lithium-sulfur (~350 Wh/kg) batteries, and in recent
studies to supercapacitor-based battery-free architectures. Maximum Power Point Tracking (MPPT)
units and buck converters are common components across all reviewed platforms and operate above
95% efficiency; nevertheless, the overall energy utilization ratio from panel to propeller remains
within the 11-13% band, with the dominant losses concentrated in cell conversion and the propeller.
The findings indicate that, with the decreasing cost of multi-junction and flexible cells, increasing
battery energy density, and maturing energy-aware control algorithms, solar-powered UAVs may
become a low-cost alternative to satellites for communication relay, border security, agricultural
monitoring, disaster management, and environmental observation missions.

Keywords: Solar-powered UAV, Photovoltaic panel, Energy storage, MPPT, HAPS

1. GIRIS

Fosil yakitlarin tiikkenme riski ve havacilik kaynakli karbon saliminin azaltilmasi zorunlulugu, sektorde
yenilenebilir enerji kaynaklarina dayali ugus platformu arayisini hizlandirmistir (Zhu vd., 2014; Unlii
vd., 2025). Konvansiyonel IHA'larda gorev siiresini belirleyen temel kisit bataryadir: kiiciik dlgekli

elektrikli platformlarda tasinan bataryalar toplam agirligin %65'ine kadar ¢ikabilmekte, buna karsin
genel olarak 200-300 sarj cevrimi sonunda belirgin kapasite kaybina ugramaktadir (Liller vd., 2025).

Giines enerjili IHA yaklasiminda kanat yiizeyine yerlestirilen fotovoltaik hiicreler giindiiz elektrik
tiretir; enerjinin bir kismi itki ve aviyonik sistemlere aktarilirken fazlasi bataryada depolanir ve gece
ucusunda kullanilir (Sekil 1). Uygun 1sinim ve enlem kosullarinda kuramsal olarak ¢ok uzun dayanim
sunabilen bu yaklasim, giines enerjili IHA'lar1 uyduya alternatif kalic1 hava platformlari olarak 6ne
cikarmaktadir.

Sekil 1. Giines enerjili sistemin ¢aligma prensibi (Al Dhafari vd., 2024)

Calismanimn arastirma sorusu sudur: 1974 yilindan giiniimiize hangi giines enerjili IHA platformlar
gelistirilmistir; bu platformlarda hangi panel, batarya ve giic doniistiiriicii teknolojileri kullanilmigtir
ve bu elli yillik gelisim gelecege yonelik hangi ¢ikarimlar ortaya koymaktadir? Bu dogrultuda ii¢
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hedef belirlenmistir: (i) oncii platformlarm kronolojik envanterinin ¢ikarilmasi ve basarimlarinin
karsilastirilmast; (ii) fotovoltaik hiicre, enerji depolama ve gii¢ doniistiiriicii teknolojilerinin evriminin
ve enerji zincirine katkisinin incelenmesi; (iii) teknolojik egilimlerden hareketle yakin gelecekteki
kullanim alanlarmin degerlendirilmesi. Kapsam, sabit kanathh ve gilines enerjisiyle tahrik edilen
insansiz platformlarla (model 6l¢ekli denemeler, HALE ve HAPS sinifi araglar) sinirlandirilmis;
pilotlu giines ucaklar1 yalnizca teknoloji aktarimi baglaminda ele alinmistir.

2. YONTEM

Caligma, alanda yayimlanmis derleme, tasarim ve deneysel nitelikli kaynaklarin taranmasina ve
raporlanan teknik verilerin kargilagtirmali olarak tablolastirilmasina dayanan betimsel bir literatiir
incelemesidir. Izlenen siire¢; kaynak taramasi, platform envanterinin ¢ikarilmasi, teknik veri ¢ikarimu,
karsilastirmali analiz ve ¢ikarim iiretilmesi asamalarindan olusmaktadir. inceleme, alanin gelisimini
biitliniiyle kapsayan yedi temel kaynak {izerine kurulmus; bu kaynaklarin atif verdigi ikincil literatiir
ile 2020 sonrasi uguglara iligkin kurumsal duyurular da siirece dahil edilmistir. Secilen kaynaklarin bir
bolimi kendisi derleme niteliginde oldugundan, platform verileri miimkiin oldugunca 6zgiin
kaynaklarina kadar izlenmis; ¢elisen degerlerde en ayrintili raporlamayi sunan kaynak esas alinmistur.
Temel kaynaklar Tablo 1'de 6zetlenmistir.

Tablo 1. incelemede esas alinan temel kaynaklar

Kaynak Tiir Ele alinan icerik
Noth (2008a, 2008b) Doktora tezi / 1974-2008 platform envanteri; siirekli ugus tasarim
derleme yontemi
Zhu vd. (2014) Derleme Hiicre ve batarya teknolojileri, enerji zinciri verimi,

aerodinamik kisitlar

Al Dhafari vd. Sistematik Platform karsilagtirmasi, PV ve batarya tablolari, MPPT

(2024) derleme bilesenleri

Montgomery ve Tasarim ¢aligsmast 5 kg smifi siirekli ugus tasarimi; hiicre ve batarya segim

Mourtos (2013) Olciitleri

Oettershagen vd. Tasarim / ugus Elden firlatmali kiigiik 6l¢ekli platformda ¢ok giinlii

(2017) denemesi dayanim

Liller vd. (2025) Deneysel calisma  Siiperkapasitorlii bataryasiz mimari, enerji bilingli kontrol

algoritmalari

Unlii vd. (2025) Tasarim / MPPT + buck doniistiiriicii enerji yonetimi, benzetim

benzetim sonuclari
3. BULGULAR

3.1. Tarihsel Gelisim (1974-2025)

Oncii déonem (1974-1990): Bu dénem, diisiik verimli hiicreler ve agir bataryalar nedeniyle biiyiik
oOl¢lide glindiiz ugusuyla smirl kalmis, ancak kavramin uygulanabilirligini kanitlamistir. Astro Flight
tarafindan gelistirilen Sunrise I (1974), 9,76 m agiklik ve 12,25 kg agirlikla, 4096 hiicreden elde edilen
450 W giicle yaklagik 100 m irtifada 20 dakika havada kalarak diinyanin ilk giines enerjili ugusunu
gergeklestirmistir (Boucher, 1984). %14 verimli 4480 hiicreyle 600 W giice ulasan Sunrise II (1975)
ise bir kumanda arizasiyla kaybedilmistir. Solar One ve Solar Riser (1978-79) ile Ni-Cd bataryali ilk
depolamali yaklagimlar denenmis; panel giicii motoru dogrudan siiremediginden batarya yalnizca sarj
edici olarak kullanilmistir. 16.128 hiicreyle 2500 W giice ulagan Solar Challenger (1981), Paris-Londra
arasindaki 262,3 km'lik ugusu bataryasiz tamamlamistir (Sekil 2) (Noth, 2008b).
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Sekil 2. Sunrise I1, 1975 (solda) ve Solar Challenger, 1981 (sagda) (Noth, 2008b)

HALE doénemi (1990-2005): NASA'nin ERAST programiyla giines enerjili ucus stratosfere taginmis,
irtifa rekorlar1 art arda kirilmistir; donemin darbogazi gece ucusu i¢in gerekli depolama kapasitesidir.
Centurion'a takilan lityum batarya giin batimindan sonra yalnizca 2-5 saat ugusa yetmistir. Helios ise
26 Haziran 2003'te tiirbiilans ve yapisal yetersizlik nedeniyle Pasifik Okyanusu'na diigsmiistiir; yiiksek
en-boy oranli esnek kanatlarda kanat yar1 acikligmin yaklasik %25'ine ulasan sehimler, dogrusal
olmayan aeroelastik tasarimi zorunlu kilmaktadir (Zhu vd., 2014). Buna karsin SoLong, 2005'te 48
saat 16 dakikalik ucusuyla ¢ok giinlii ugusun ilk kez gosterilmesini saglamistir (Sekil 3).

SEKIL 3. PATHFINDER, HELIOS VE SOLONG (SOLDAN SAGA) (NOTH, 2008B)

Giincel donem (2020-2025): 2020 sonrasinda platformlar deneysel kimlikten ¢ikarak operasyonel
hizmet hazirligina yonelmistir. 2022'de Zephyr 8, Yuma Test Sahasi'ndan kalkarak 64 giin 18 saat 26
dakikalik kesintisiz bir ugus gerceklestirmis; ugus, stratosferik tiirbiilans kosullarinda bir bilesen

arizast nedeniyle erken sonlanmistir. Ayni y1l AVIC tarafindan gelistirilen 50 m agiklikli Qimingxing-
50, stratosferik s6zde uydu siifinda ilk ugusunu tamamlamstir (Trevithick, 2022). Nisan 2025'te ise
AALTO HAPS tarafindan isletilen Zephyr, Kenya'dan kalkip yedi farkli ugus bilgi bolgesinden
gegerek 67 giin 6 saat 52 dakika havada kalmig ve yeni bir diinya rekoru elde etmistir (AALTO HAPS,
2025). Bu donem iki egilimi goriiniir kilmaktadir: dayanimin haftalardan aylara ilerlemesi ve rekabetin
cok uluslu bir zemine yayilmasi. Buna karsin Zephyr 8 kaybi, diisiik yapisal marjli bu platformlarda
hava kosullarina bagl riskin héalen belirleyici oldugunu gostermektedir.

Sayisal goriiniim: Elli yillik stiregte ulasilan azami irtifa yaklagik 300 kat (100 m'den 29,5 km'ye),
kesintisiz ugus siiresi ise 4800 katin iizerinde (20 dakikadan 67 giine) artmustir. Irtifadaki artis 2001'de
Helios ile doygunluga ulasirken, asil sicrama dayanim tarafinda yasanmistir. Bu kat cinsinden
oranlarin birbirinden farkli agirlik ve maliyet smiflarindaki platformlar1 karsilastirdigi géz Oniinde
bulundurulmali;; oranlar alanin genel ilerleme hizim1 gosteren nitel bir gosterge olarak
yorumlanmalidir. Platformlarin basarim ve teknoloji verileri Tablo 2'de, gelisimin sayisal goriiniimii
ise Sekil 5'te sunulmustur.
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Tablo 2. Giines enerjili IHA platformlarmin envanteri (1974-2025)

Platform
Sunrise I /11

Solar One /
Riser

Solar
Challenger

Pathfinder
Pathfinder Plus

Centurion
Helios (HPO1)
SoLong

Sky-Sailor
Zephyr 7

AtlantikSolar
Zephyr S

PHASA-35

Qimingxing-50
Zephyr 8 /
Zephyr
Bataryasiz [HA

Yil

1974-75 9,76 m

1978-79 -

1981 -

1995-97 30,0 m

1998 36,9 m
1998 63,1 m
2001 75,3 m
2005 4,75 m
2008 32m
2010 22,5m
2015 5,65m
2018 25m
2020 35m
2022 50 m
2022-25 25m
2025 -

Acikhik Agirhk

*

10-12
kg

254 kg
247 kg
533 kg

600 kg

12,6 kg

2,6 kg

6,9 kg
75 kg

Hiicre / verim

Silisyum, %14

Silisyum

Silisyum

Monokristal Si
Monokristal Si
Monokristal Si

SunPower, %19

SunPower A-300,
%20

RWE-S8-32, %16

Ince film

Monokristal Si

MicroLink ince
film

Cok eklemli
GaAs, ~%40

Silisyum esasl

Ince film

Monokristal Si

Depolama
Yok
Ni-Cd
Yok

Li-ion

H2-02 yakit
hiicresi

Li-ion, 220
Wh/kg
Li-ion

Li-S, 350
Wh/kg
Li-ion

Si anotlu Li-
ion

Li-ion, 400
gevrim

Li-ion
Si anotlu Li-
ion

Stiperkapasitod

T

irtifa / dayamm
20 dk

Kisa siireli

262,3 km

21,5 km
24,4 km

Giin batim1 +2-5
sa

29,5 km

48 sa 16 dk

27 sa
14 giin

81+ sa
21,3 km /25 giin

19,8 km / 24+ sa

11k ucus
64,8 — 67,3 giin

Giindiiz, kesintili

* Agirliklarin bos mu yoksa azami kalkis agirligi m1 oldugu kaynaklarda belirtilmemistir. Bos alanlar,

ilgili degerin taranan kaynaklarda raporlanmadigini gosterir.
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(a) Ulasilan azami irtifa (b) Kesintisiz ugus siiresi

29,5 1024 64,77 67,29

(%]
(=]
1

25
24,4

B
(32}
L

21,5 21,34 101 5

19,81

[*]
o
1

2,01
15.4 113
1009 4

Azami irtifa (km)
=
L

0,22

—_
o
L

Kesintisiz ugus siiresi (qgiin, log)

Sekil 5. (a) Ulasilan azami irtifa ve (b) kesintisiz ugus siiresinin geligimi. Veriler: Noth (2008b); Zhu
vd. (2014); Al Dhafari vd. (2024); AALTO HAPS (2025)

3.2. FOTOVOLTAIK PANEL TEKNOLOJILERI

Platform bazinda hiicre verimlerinin 1974'ten gliniimiize yaklasik dort kat arttig1 goriilmektedir (Sekil
6). Ancak bu artis filo genelinde esit dagilmamaktadir: platformlarin biiyiik ¢ogunlugu %16-22
bandindaki silisyum esasl hiicreleri kullanmakta, %40 diizeyindeki GaAs hiicreler yalnizca PHASA-
35 gibi yiiksek biitgeli tek bir projede goriilmektedir. Dolayisiyla %40'lik deger filoyu temsil eden bir
ortalama degil, ulasilabilen {ist sinirhdir.

%40
40

30 A

20 4 %19 %20

%16
%14

Hiicre verimi (%)

%10
10 A

Zephyr S Sunrise 11 Sky-Sailor Helios SoLong SunPower PHASA-35
ince film 1975 RWE-5-32 SunPower A-300 C60 GaAs

Sekil 6. Platformlarda kullanilan fotovoltaik hiicrelerin verimleri (Zhu vd., 2014; Al Dhafari vd.,
2024)

3.3. ENERJI DEPOLAMA TEKNOLOJILERI

Platform bazinda bakildiginda SoLong, 220 Wh/kg yogunluga sahip 120 adet Sanyo 18650 Li-ion
hiicresiyle 48 saatlik ucusu gerceklestirmis; Zephyr 7, 350 Wh/kg yogunluga sahip Sion Power Li-S
bataryasiyla 14 giin havada kalmis; Helios ise hidrojen-oksijen esasli yenilenebilir bir yakit hiicresi
kullanmigtir. Giincel egilim bataryasiz mimarilere dogru kaymaktadir: Liller vd. (2025), alt1 adet 2,7 V
- 500 F siiperkapasitorden olusan bir dizi ile bataryasiz sabit kanatli bir IHA'y1 basariyla ugurmustur.
Stiperkapasitorler milyonlarca sarj ¢evrimine dayanabilmekle birlikte enerji yogunluklar1 diisiik
oldugundan, bu mimarilerde enerji bilingli kontrol algoritmalarinin (GEAC, PEAC) kullanilmasi
zorunlu hale gelmektedir.
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3.4. GUC DONUSTURUCULER: MPPT VE BUCK DONUSTURUCU

MPPT c¢ikisindaki yiiksek gerilim, buck (diisiiriicli) doniistiiriicli araciligtyla batarya ve diisiik gerilimli
aviyonik sistemler i¢in uygun sabit bir seviyeye indirilmekte; diisiikk anahtarlama kayb1 sayesinde sarj
siireci kararli hile gelmektedir (Unlii vd., 2025). Zhu vd. (2014) tarafindan raporlanan enerji zinciri
bilesen verimleri Sekil 8'de gosterilmistir.

Fotovoltaik Buck Motor
hiicre > MEET *|  qenistaraca  |* Batarya \e siiriici > KBRS
%20 %95 %98,5 %96,5 %93 %77

Toplam enerji kullanim orani: %20 x %95 x %98,5 x %96,5 x %93 x %77 = %13

Sekil 8. Panelden pervaneye enerji zinciri ve bilesen verimleri (Zhu vd., 2014)

Bu bilesen verimlerinin carpimi yaklasik %13'lik bir toplam enerji kullanim oranma karsilik
gelmektedir; kaynakta bildirilen %11'lik deger ise ayrica ayristirilmamis ek kayiplar: da icermektedir.
Bu caligmada tutarlilik gozetilerek toplam kullanim orani %11-13 bandi olarak verilmistir. Her iki
durumda da panele ulasan enerjinin yaklasik %87-89'u pervaneye ulasmadan kaybedilmektedir. Buna
karsin Unlii vd. (2025), MPPT ve buck mimarisiyle donatilmis bir [HA'da konvansiyonel batarya bazli
bir sisteme kiyasla ugus siiresinde yaklasik %8'lik kazanim raporlamaktadir.

4. TARTISMA

Geligimin itici giicli hiicre ve batarya teknolojisidir. Platform basarimindaki sigramalar, acrodinamik
yeniliklerden ¢ok hiicre verimindeki (%14 — %40) ve batarya enerji yogunlugundaki (50 — 350
Wh/kg) artisla drtiismektedir. irtifa basariminm 2001'de doygunluga ulasmasmna karsin dayanimin
2010 sonrasinda hizla artmasi bu iligkiyi desteklemektedir: irtifa biiyiik 6l¢iide aerodinamik ve yapisal
bir sinir iken, dayanim dogrudan enerji dengesinin sonucudur.

Monokristal silisyum baskin, GaAs ise sinir teknolojidir. Platformlarin ¢ogu %16-22 bandindaki
monokristal hiicreleri tercih etmis; ¢ok eklemli GaAs hiicreler yalnizca yiiksek biitceli projelerde
goriilmiigtir. Bu durum, hiicre se¢iminin salt verim degil, birim giic bagina maliyet OSlgiitiiyle
yapildigini gostermektedir.

Esneklik ile verim arasinda bir ddiinlesim vardir. Zephyr S, kavisli kanat yiizeyine uygulanabilmesi
icin gorece diisiik verimli ince film hiicreleri tercih ederken; SoLong ve Helios gibi diiz kanat
ylizeyine sahip platformlar daha yiiksek verimli monokristal hiicreleri kullanmigtir. Bu 6diinlesim,
kanat geometrisi ile hiicre teknolojisinin birbirinden bagimsiz secgilemeyecegini ortaya koymaktadir.

Doniistiiriiciiler kritik ancak doygun bir halkadir. MPPT ve buck birimleri tiim platformlarda ortaktir
ve %95'in lizerinde verimle caligmaktadir; toplam enerji kullanim oranmnin %11-13 bandinda
kalmasinin nedeni bu birimler degildir. Dolayisiyla doniistiiriicii tarafindaki iyilestirmelerin toplam
basarima katkis1 sinirli olacak, asil kazanim hiicre verimi ve pervane tasarimindan gelecektir. Buna
karsilik doniistiiriicti mimarisi, mevcut enerjinin kararli ve giivenli bicimde kullanilmasimi belirleyen
kritik bir bilesen olmay1 siirdiirmektedir.

5. SONUC VE ONERILER

Bu ¢alismada, 1974 yilindaki ilk giines enerjili ugustan giiniimiize gelistirilen insansiz hava araglari ile
bu araclarda kullanilan panel, enerji depolama ve gii¢ doniistiiriicii teknolojileri karsilastirmali bigimde
incelenmigtir. Elli yillik siirecte irtifa yaklagik 300 kat, kesintisiz ucus siiresi 4800 katin iizerinde
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artmig; platformlar model Olgekli denemelerden aylara yaklasan gorev siireleri icra eden HAPS
araglarina evrilmistir.

Teknolojik egilimler, giines enerjili IHA"larin deneysel platform kimliginden ¢ikarak operasyonel
hizmet platformlarina doniisme esiginde olduguna isaret etmektedir. Cok eklemli ve esnek hiicrelerin
ucuzlamasiyla kavisli kanat ylizeylerinde de ytiksek verim elde edilebilmesi; Li-S bataryalarin ¢evrim
omrii sorununun ¢ozilmesiyle gece ugusu icin taginan kiitlenin azalmasi; enerji bilingli kontrol
algoritmalarinin  kesintili gii¢ kosullarinda ugusu giivenli hale getirmesi ve dogrusal olmayan
aeroelastik tasarim yaklasimlarinin Helios ile Zephyr 8 orneklerindeki tiirden yapisal kayiplar
onlemesi, beklenen baslica gelismelerdir. Bu gelismeler 1518inda giines enerjili IHA'larin haberlesme
rolesi, smir giivenligi ve kesif-gdzetleme, tarimsal izleme, afet yonetimi ve orman yangini erken
uyarisi ile ¢evresel gozlem alanlarinda kullanilabilecegi ongdriilmektedir. Yaklasik 20 km irtifada
konuglanan bir HAPS platformu 500 km'lik ufuk mesafesine hizmet verebilmekte olup, 7-8 aracin
Giliney Akdeniz'in tamamini kapsayabilecegi bildirilmistir; serbest konuslandirma, yiiksek ¢ozlintirliik
ve diisiik maliyet uyduya kiyasla temel iistiinliiklerdir (Zhu vd., 2014). Bu teknolojilerin yerli ve milli
imkanlarla gelistirilmesi, siirdiiriilebilir havacilik hedefleri agisindan stratejik 6nem tagimaktadir.

Gelecek caligmalar icin ii¢ Oneri sunulmaktadir: (i) enerji zinciri bilesen verimlerinin olglim
kosullariyla birlikte standart bicimde raporlanmasi; (ii) siiperkapasitor tabanli bataryasiz mimarilerin
uzun siireli ugus testleriyle dogrulanmasi; (iii) stirekli ucus kabiliyetinin enlem ve mevsim
bagimliliginin, hedef gorev bolgesi i¢in enerji dengesi hesaplariyla birlikte verilmesi.

Simirhliklar

Caligma, sistematik bir tarama protokolii yerine alanin gelisimini temsil eden kaynaklar {izerinden
yiriitiilen betimsel bir incelemedir; bulgular istatistiksel bir genelleme degil, nitel bir egilim
degerlendirmesi olarak yorumlanmalidir. Platform verilerinin bir kismui ikincil kaynaklardan aktarilmis
olup agirlik tanimlari ve Olglim kosullari kaynaklar arasinda standart degildir. Ayrica ticari HAPS
programlarina iligkin giincel verilerin bir bolimi hakemli literatiirde degil kurumsal duyurularda yer
almakta ve bagimsiz dogrulamaya ag¢ik bulunmamaktadir.

Beyanlar

Kavramsallagtirma, literatiir taramasi, veri derleme ve yazim A. Akbulut; danmigmanlik, ydntem
denetimi ve elestirel gozden gegirme 1. Ata tarafindan yiiriitiilmiistiir. Yazarlar arasinda ¢ikar catismasi
bulunmamaktadir. Calisma dogrudan finansal destek almamis olup, literatiir incelemesine
dayandigindan etik kurul onay1 gerektirmemektedir.
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Xiilasa

Miiasir elmi todqiqatlarda analitik foaliyyet tosadiifi deyil, planli va sistemli sokildo hoyata
kecirilir. Bu baximdan “analitika strategiyasi” anlayigi xilisusi ohomiyyot kosb edir. Analitika
strategiyast todqiqat prosesinde molumatlarin neca toplanacagi, islonacoyi, tohlil edilacoyi vo
naticolorin neco formalasdirilacagi ilo bagli ovvalcodon miioyyon edilmis plan ve yanagmalar
sistemidir.

Analitika strategiyasi tadqiqat¢inin analitik foaliyyetini istigamatlondiren konseptual ¢orgive
rolunu oynayir. O, molumatla isloma prosesini strukturlasdirir va tadqiqatin mentiqi ardicilligini tomin
edir. Bu baximdan analitika strategiyasi yalniz texniki prosedurlar toplusu deyil, ham ds elmi diislinco
torzinin ifadosidir. Analitika strategiyasi elmi tadqiqatin keyfiyystini vo etibarliligim1 miisyyon edon
osas amillorden biridir. Diizglin qurulmus strategiya todqiqat¢inin digqgstini 9sas masalalors yonaldir,
malumatlarin sistemli sokilds tohliline imkan yaradir vo naticalorin asaslandirilmasini tomin edir.

Ogor analitika strategiyasi ovvalcadon miioyyanlogdirilmazss, tadqiqat prosesi xaotik xarakter
dasiya bilor, molumatlar nizamsiz sokilds toplanar va naticolor qeyri-deqiq olar. Buna gors do analitik
yanagmanin planlasdirilmasi elmi faaliyyatin vacib morholossidir.

Analitika strategiyas1 bir ne¢o miihiim komponentdon ibarotdir. Bu komponentlor bir-biri ilo
qarsiliglt alagads faaliyyat gdstorarak tadqiqatin biitdvlilyilinii tomin edir. Osas komponentlars tadqiqat
maqsadi, tadqiqat suallari, istifade edilocok malumat ndvlari, analitik Gisullar va naticalarin togdimetma
formasi daxildir. Todqiqat mogsadi strategiyanin istiqamotini miioyyon edir, todqigat suallar1 iso
analitik faaliyystin fokusunu formalagdirir.

Acar sozlar: elmi todqiqat, strategiya, analitik foaliyyot

THE DEVELOPMENT OF AN ANALYTICAL STRATEGY IN SCIENTIFIC
RESEARCH

Abstract

In modern scientific research, analytical activity is not conducted randomly but through a
systematic and well-planned approach. In this context, the concept of an analytical strategy is of
particular importance. An analytical strategy is a predefined system of plans and approaches that
determines how data will be collected, processed, analyzed, and how research findings will be
developed throughout the research process.

An analytical strategy serves as a conceptual framework that guides the researcher's analytical
activities. It structures the process of working with data and ensures the logical consistency of the
research. From this perspective, an analytical strategy is not merely a set of technical procedures but
also an expression of scientific reasoning. An analytical strategy is one of the key factors that
determine the quality and reliability of scientific research. A well-designed strategy directs the
researcher's attention to the most significant issues, enables the systematic analysis of data, and
provides a solid foundation for drawing well-supported conclusions.
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If an analytical strategy is not established in advance, the research process may become fragmented
and unstructured, data may be collected inconsistently, and the findings may lack accuracy and
reliability. Therefore, planning an analytical approach is an essential stage of scientific research.

An analytical strategy consists of several fundamental components that work together to
ensure the integrity of the research. These key components include the research objective, research
questions, the types of data to be used, analytical methods, and the format for presenting the findings.
The research objective determines the overall direction of the strategy, while the research questions
define the focus of the analytical process.

Keywords: scientific research, strategy, analytical activity

Giris

Miiasir dovrdo elmi todqiqatlarin keyfiyyati yalniz yeni biliklorin aldo olunmas: ilo deyil, hom
do homin biliklorin hanst metodoloji vo analitik asaslarla formalasdirilmasi ilo gqiymotlondirilir. Elmi
aragdirmalarin uguru todqiqat prosesinin planh sokilds togkilindon, oldo edilon molumatlarin sistemli
tohlilindon vo noticolorin obyektiv osaslandirilmasindan birbaga asilidir. Bu baximdan analitika
strategiyast elmi todqiqatin ayrilmaz torkib hissesi hesab olunur. Analitika strategiyasi todqigatin
maqsadine uygun olaraq malumatlarin toplanmasi, emali, tohlili vo naticalorin sorh edilmasini vahid
sistem soklinds birlogdiran konseptual yanagmadir.

Elmi todqiqatlarda analitika strategiyasinin diizgiin formalagdirilmasi tadqiqatin elmi deyarinin
yiiksoldilmasina, naticalorin etibarliliginin tomin olunmasina vo onlarin praktik totbiq imkanlarinin
genislonmosine xidmat edir. Xiisusilo magistratura vo doktorantura soviyyasinde aparilan toadqiqatlarda
analitika strategiyasinin avvalcodon planlasdirilmast tadgigat¢inin elmi foaliyyetinin daha somorali
tagkil edilmasine imkan yaradir.

Analitika strategiyas1 elmi todqiqatin keyfiyyastini vo etibarliligini miioyyon edon osas
amillordon biridir. Diizgiin qurulmus strategiya todqiqatginin diqqgatini osas problemlors ydnoldir,
molumatlarin sistemli sokilds tohliline imkan yaradir va slde olunan naticalorin elmi osaslarla izah
edilmasini tomin edir. Bu baximdan analitika strategiyasi yalniz texniki prosedurlarim mocmusu deyil,
hom dos todqgiqatcinin elmi tofokkiiriinii, montiqi yanasmasini vo qorarvermo bacarigii oks etdiron
mithiim mexanizmdir.

Elmi aragdirmalar zamani bdyiilk hacmde molumat olds edilir. Bu mslumatlarin diizgiin
se¢ilmosi, qruplasdirilmasi, miigayiso edilmosi vo interpretasiyasi analitika strategiyasinin osas
funksiyalarindandir. Strategiya olmadigda molumatlar arasinda olagolorin  miioyyanlogdirilmasi
cotinlagir, naticalarin obyektivliyi zaiflayir vo todqiqatin elmi shamiyyasti azalir.

Analitika strategiyast hamginin tadqiqat prosesindo miimkiin risklarin va sahvlarin garsisinin
alinmasina komok edir. Ovvalcadon hazirlanmis faaliyyst plani tadqigatin biitiin moarhslslorinin ardicil
hoyata kecirilmosini tomin edir, vaxt vo resurslardan somorsli istifado edilmosine sorait yaradir.

Naticads tadqiqat daha sistemli, magsadyonlii vo elmi cohatdon asaslandirilmig formada aparilir.

Analitika strategiyasimin 3sas komponentlori vo qurulma moarhalalori

Analitika strategiyasi bir-biri ilo qarsiligl slagods olan bir nec¢o osas komponentdon ibarotdir.
Bu komponentlarin diizgiin miiayyonlosdirilmasi tadqiqatin biitovlilylinii vo mentiqi ardicilligini tomin
edir. Ilk komponent todgigatin mogqsodidir. Moqsad analitika strategiyasinin {imumi istiqamotini
miioyyan edir vo todqiqatin hansi problemi hall etmays yonsldiyini gostarir. Magsad ns qador konkret
miloyyan edilorso, analitik faaliyyat do bir o qodar samarali toskil olunur. Novboti mithiim komponent
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tadqiqat suallaridir. Todqiqat suallar1 aragdirmanin osas istigamotlorini miiayyenlosdirir vo hansi
molumatlarin toplanmasinin zoruri oldugunu gosterir. Bu suallar sonraki maorhololords istifads
olunacaq metodlarin vo analitik yanasmalarin se¢ilmasins do tosir gdstarir.

Strategiyanin digor vacib elementi molumat noévlorinin miioyyon edilmosidir. Elmi
todgiqatlarda keyfiyyot vo komiyyot molumatlarindan istifads edilir. Keyfiyyat molumatlari hadisoalorin
mahiyystini vo sobablorini izah etmoys, komiyyst molumatlar1 iso statistik gostoricilor asasinda
imumilogdirmolor aparmaga imkan verir. Bir ¢ox hallarda hor iki molumat ndviiniin birlikdos istifadosi
daha obyektiv naticalorin alds edilmasini tomin edir.

Analitik metodlarin segilmasi do strategiyanin osas hissesidir. Buraya statistik tohlil,
miiqayisali analiz, mezmun analizi, korrelyasiya tohlili, faktor analizi, modellogdirms vo digor elmi
metodlar daxildir. Metod se¢imi todqiqatin moqsadindan, molumatlarin xarakterinden vo gozlonilon
naticalorden asili olaraq miiayyen edilir. Noticalorin toqdim olunma formasi da strateji qorarlardan
biridir. Elmi noticoalorin coadvollar, grafiklor, diagramlar, sxemlor vo analitik sorhlor vasitosilo togdim
edilmasi onlarin daha aydin vo anlagilan sokilds ifado olunmasina sorait yaradir.

Analitika strategiyasmin qurulmasi morholali sokildo hoyata kegirilir. {1k morholoda todqigat
problemi miioyyon edilir vo moqgsad doqiqlesdirilir. Sonra todqiqat suallart ve hipotezlor
formalagdirilir. Novboti morholodo molumat monbolori secilir, molumatlarin toplanmasi iisullar
miloyyon edilir vo analitik metodlar planlagdirilir. Daha sonra toplanmis molumatlar emal edilir,
sistemlogdirilir vo tohlil olunur. Son morhalodo iso aldo edilon noticolor iimumilesdirilir, elmi
baximdan sorh edilir va praktik tdvsiyolor hazirlanir. Bu ardicilliq tadqiqatin maqgsodydnlii va sistemli
sokildo hoyata kegirilmosini tomin edir.

Analitika strategiyasinin metod vo metodologiya ils slagasi

Analitika strategiyast metodologiya vo metod anlayislart ilo six olagoalidir. Bu anlayiglar bir-
birini tamamlayaraq elmi todqiqatin nazari vo praktik osaslarmi toskil edir. Metodologiya tadqiqatin
folsofi vo nazari bazasint miioyyan edir. O, todqiqatin hansi prinsiplor asasinda quruldugunu, hansi
elmi yanagmalardan istifads edildiyini vo alds edilon naticalorin necs asaslandirildigini izah edir.

Metod iso konkret molumat toplama vo tohlil iisullarimi ifado edir. Sorgu, miisahido,
eksperiment, miisahiba, test, statistik analiz vo diger {isullar metod anlayisina daxildir.

Analitika strategiyasi iso metodologiya vo metod arasinda slagslondirici funksiyani yerine
yetirir. Basqa sozlo, metodologiya "niya vo hansi prinsiplorlo?", metod "neca?", analitika strategiyasi
isa "hansi ardicilliqla, hansi plan asasinda va hanst maqsadle?" suallarina cavab verir.

Bu ii¢ komponent arasinda uygunlugun tomin olunmasi tadqiqatin elmi etibarliligini artirir.
Ogor metodologiya ilo se¢ilon metodlar arasinda uygunsuzluq yaranarsa vo ya analitika strategiyasi
diizglin qurulmazsa, alds olunan naticalorin obyektivliyi va etibarliligi azalir.

Pedaqoji tadqiqatlarda analitika strategiyasinin tatbiqi

Pedaqoji todqgiqatlarda analitika strategiyasinin hazirlanmasi xiisusi ohomiyyot kasb edir.
Tohsil sistemi ¢coxsayli sosial, psixoloji vo togkilati amillorin tesiri altinda faaliyyat gdstordiyi li¢iin
burada aparilan todqiqatlar kompleks xarakter dasiyir.

Tolim prosesi, miiollim foaliyyoti, tolobolorin motivasiyasi, qiymotlondirmo sistemi, tohsil
miihiti vo sosial miinasibatlor kimi amillorin birlikde Oyronilmosi analitika strategiyasmin daqiq
planlagdirilmasini talab edir. Tadqgigat¢t avvalcadan hansi melumatlari toplayacagini, hansi {isullardan
istifado edacayini va alds olunan naticalari necs tahlil edacoyini miisyyanlosdirmalidir.
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Masalan, tolobalorin telim motivasiyasinin arasdirilmasi zamani sorgu metodundan istifads
etmoklo statistik gostoricilor aldo edilo bilor. Bununla yanasi, miisahibolor vasitasilo motivasiyanin
sabablori daha derindon Gyranilo, miisahide metodu ilo iss real davranig niimunslori miisyyon edils
bilor. Bu iisullarin kompleks sokildo totbiqi analitika strategiyasinin somaraliliyini artirir vo naticolorin
obyektivliyini yiiksoldir.

Miiasir pedaqoji todqgiqatlarda rogomsal texnologiyalarin vo statistik program paketlorinin
totbiqi analitik foaliyyatin keyfiyyotini daha da artirir. Elektron molumat bazalari, statistik programlar
vo vizuallagdirma vasitolori boyiilk hocmdo molumatlarin daha siiratli emal edilmasine, naticalorin

miiqayisali sokilds tohlil olunmasina vo elmi gorarlarin osaslandirilmasina genis imkanlar yaradir.

Natica

Belaliklo, analitika strategiyasi elmi todqiqatin sistemli, moqsadydnlii vo elmi prinsiplora
uygun sakilds aparilmasini tomin edon asas mexanizmlarden biridir. O, tadqiqat probleminin miioyyan
edilmosindon baslayaraq molumatlarin toplanmasi, emali, tohlili vo noaticolorin {imumilssdirilmasi
moarhalalarini vahid sistemds birlogdirir.

Diizgiin formalasdirilmis analitika strategiyasi elmi naticolorin etibarliligini artirir, tadqiqat
prosesindo obyektivliyin qorunmasma sgorait yaradir vo praktik ohemiyyst dasiyan tovsiyslorin
hazirlanmasina imkan verir. Xiisusilo pedaqoji tadqiqatlarda analitika strategiyasinin samorali totbiqi
tohsil prosesinin daha dorindon &yronilmosine, mdvcud problemlorin  elmi  osaslarla
miiayyanlosdirilmasing va onlarin halli yollarinin hazirlanmasina xidmat edir.

Natica etibarilo, magistratura soviyyesinda analitika strategiyasinin monimsanilmasi galacak
tadqiqatcilarin elmi diigiince torzinin inkisafina, analitik bacariglarinin formalagsmasina vo yliksok
keyfiyyatli elmi aragdirmalar aparmasina miihiim tohfo verir. Buna goro do analitika strategiyasinin
nazari vo praktik osaslarinin dyronilmesi miiasir elmi foaliyystin vacib istigamatlorindon biri hesab

olunmalidir.
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21. yiizy1l egitim paradigmalari, disiplinlere hapsedilmis bilgi yiginlar1 yerine evreni biitlinciil bir
sistem olarak algilatmay1 hedefleyen disiplinleraras1 yaklasimlar1 6n plana ¢ikarmaktadir. ilkokul
kademesi, ¢cocuklarin somut islem doneminden soyut diisiinmeye gegis yaptiklar1 ve cevreleriyle olan
baglarin1 bilissel diizeyde anlamlandirmaya bagladiklar1 en kritik evredir. Bu evrede yer alan Hayat
Bilgisi dersi; fen bilimleri, cografya ve biyoloji gibi farkli disiplinlerin temel kavramlarini blinyesinde
barindirmaktadir. Ancak geleneksel 6gretim siireclerinde, miifredatta yer alan cografi terimler ile
biyolojik unsurlar siklikla birbirinden kopuk, bagimsiz bilgi kiimeleri olarak aktarilmaktadir. Bu
durum, cocuklarin dogadaki canli ve cansiz bilesenler arasindaki diyalektik bagi kurmasin
engellemekte ve soyut bir ezber diizeyine yol agmaktadir. Bu galismada, s6z konusu kopuklugu
gidermek amaciyla ¢agdas literatiirde siklikla vurgulanan David Sobel ve Gregory Smith’in "Mekana
Esasli Egitim" (Place-Based Education) modeli ele alinmakta ve Hayat Bilgisi dersine
uyarlanmaktadir. Mekana esasli egitim; okulun i¢inde bulundugu yerel cografyayi, ekosistemi ve
sosyal ¢evreyi birer birincil 6grenme materyali ve canli bir laboratuvar olarak kabul eder. Caligmada,
geleneksel sinif ortaminin disina ¢ikilarak 6grencilerin kendi yakin gevrelerini bilimsel araglarla
gozlemledikleri, abiyotik 6l¢iimler yaptiklar1 ve biyotik canli ¢esitliligini haritalandirdiklar1 6zgiin bir
model Onerisi gelistirilmistir. Nitel durum caligmasi desenine goére yapilandirilan bu arastirma,
disiplinleraras1 bir {inite tasarim tablosu sunmaktadir. Sonug olarak oOnerilen bu modelin, ilkokul
diizeyinde 6grencilerin ekolojik okuryazarlik becerilerini, cografi kapasitelerini ve ¢evreye yonelik
duyussal empati diizeylerini kalic1 olarak artiracagi ongdriilmektedir. Gelistirilen bu metodolojik
model, fen ve sosyal odakli konularin 6gretiminde kalic1 davranis degisikligi saglamak adina stratejik
bir 6gretim araci niteligindedir.

Anahtar kelimeler: Hayat Bilgisi, Mekana Esasli Egitim, Cografi-Biyolojik Sentez, David Sobel,
Haritalandirma.

Abstract

This study constructs and delineates a comprehensive pedagogical framework for a "Place-Based Life
Sciences Unit Design Model," which structurally synthesizes geographical and biological concepts
within primary school curricula. Moving away from conventional classroom instruction that relies on
isolated disciplines and abstract, standardized textbook imagery, this research introduces a localized,
field-driven methodology tailored for students in the concrete operational stage. Drawing on the
foundational place-based education theories of David Sobel and Gregory Smith, the proposed model
transforms the schoolyard and its immediate surroundings into an open-air laboratory. Through this
approach, students actively document the dialectical relationships between abiotic geographical
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elements (soil composition, local relief, microclimate) and biotic biological entities (flora, fauna, soil-
dwelling organisms). Content and thematic analyses validate that implementing localized mapping
practices ("Mapping the Local World") effectively bridges the gap between abstract ecological
notions—such as biodiversity and systemic adaptation—and the child's immediate lived experience.
Ultimately, this framework mitigates the risk of ecophobia by grounding environmental stewardship in
emotional empathy and rational, communal responsibility

Keywords: Life Sciences, Place-Based Education, Geographical-Biological Synthesis, David Sobel,
Mapping.

1. GIRIS

21.yiizy1l egitim paradigmalari, parcalanmis ve disiplinlere hapsedilmis bilgi yignlar1 yerine,
Ogrencilere evreni biitiinciil bir sistem olarak algilatmay1 hedefleyen disiplinlerarasi yaklagimlar1 6n
plana ¢ikarmaktadir. Ilkokul kademesi, cocuklarin somut islem déneminden soyut diisiinmeye gecis
yaptiklar1 en kritik evredir. Bu evrede yer alan "Hayat Bilgisi" dersi; fen bilimleri, cografya, biyoloji
ve sosioloji gibi farkli disiplinlerin temel kavramlarini biinyesinde barindiran dogasi geregi,
yapilandirmaci egitimenin en islevsel uygulama alanim teskil etmektedir. Ancak geleneksel 6gretim
siireclerinde, miifredatta yer alan cografi kavramlar ile biyolojik unsurlar siklikla birbirinden kopuk
aktarilmaktadir. Bu durum, ¢ocuklarin dogadaki canli ve cansiz bilesenler arasindaki diyalektik bagi
kurmasini engellemekte ve soyut bir ezber diizeyine yol agmaktadir.

Yazarin daha onceki aragtirmalarinda da ortaya konuldugu tiizere, ilkogretim kademesinde yenilikei
metodolojilerin kullanilmasi ve 6grenci aktifligini stimiile eden yaklasimlarin ise kosulmasi, bilginin
kalici davranig kaliplarina donlismesinde kritik bir kaldirag gorevi gormektedir (Akbari, 2025a;
Akbari, 2025b). Doga ve toplum arasindaki bu kopuklugu gidermek amaciyla c¢agdas literatiirde
siklikla vurgulanan yaklagimlardan biri "Mekana Esasli Egitim" (Place-Based Education - PBE)
modelidir (Sobel, 2004; Smith, 2007). Meckana esasli egitim; okulun iginde bulundugu yerel
cografyayi bir canli laboratuvar olarak kabul eder. Buradan hareketle tasarlanan bu ¢aligmanin amaci,
ilkokul Hayat Bilgisi derslerinde cografi ve biyolojik konularin sentezlenmesine dayali, yerel
ozelliklerin merkeze alindig1 6zgiin bir "Mekana Esasli Egitim Modeli" 6nerisi sunmaktir.

1.1. Kuramsal Cerc¢evenin Sobel ve Smith Yaklasimlari ile Temellendirilmesi

David Sobel, ibtidai sinif donemindeki ¢ocuklara uzaq ekosistemleri (6rnegin Amazon ormanlarini)
Ogretmenin ¢ocuklarda '"ekofobi" (cevresel sorunlar karsisinda caresizlik hissi) yarattigini
savunmaktadir. Sobel’e gore egitim li¢ asamali genisleyen daireler modeline goére kurulmalidir:
Ev/Okul $\rightarrow$ Mahalle/Yakin Cevre $\rightarrow$ Bolge/Diinya. Hayat Bilgisi dersine bu
pedagoji uyarlandiginda, cansiz doga bilesenleri ve canli ¢esitliligi gibi temalar okul bahgesindeki
mikro-ekosisteme indirgenir. Cocuk once kendi okul bahgesindeki topragin yapisini (cografya) ve o
toprak katmaninda yasayan canlilar1 (biyoloji) gézlemleyerek dogaya karsi empati gelistirir. Gregory
Smith ise okulun i¢inde bulundugu yerel cografyanin temel bir miifredat 6gesi olmasi gerektigini
savunur. Smith’in "Yerel Fenomenlerin Ogretim Kaynagma Déniistiiriilmesi" ilkesi geregi, bolgenin
seysmik Ozellikleri (cografya) ile bu yapinin yerel canlilara ve insanlarin yerlesim stratejilerine (sosyal
yasam) olan etkisi biitiinciil bir sistem diisiincesiyle ele alinir.

2. YONTEM

Bu calisma, teorik bir pedagojik kuramin somut bir egitim ortamina uyarlamasini hedefleyen bir
model Onerisi ve nitel durum ¢alismasi (case study) tasarimidir. Modelin hayata gegirilmesinde temel
metodolojik ara¢ "Yerel Diinyay1 Haritalandirma ve Gozlem Protokolii"diir. Siire¢, okul bahgesinde
$1vtext{ m}"2$lik alanlarmn sicimlerle boliinerek "gbdzlem istasyonlart" belirlenmesiyle baslar.
Sagirdler istasyondaki topragin rengini, nemini (cografi bilesen) ve alandaki bitki/bocek
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popiilasyonunu (biyolojik bilesen) basit araglarla 6lgerek kaydederler. Toplanan veriler, sagirdlerin
kendi ¢izdikleri krokilerle "yasayan mekan haritalarina" doniistiiriiliir.

3. BULGULAR

Ilkokul Hayat Bilgisi derslerinde cografi ve biyolojik konularin sentezlenmesine dayali olarak
gelistirilen Mekana Esasli Egitim Modeli’ne ait bulgular, modelin kuramsal omurgasini, modiiler {inite
tasarimini ve haritalandirma siireglerinin pedagojik yansimalarini ortaya koymaktadir.

3.1. Modiiler Unite Tasarim Bulgular1

Arastirma kapsaminda, Hayat Bilgisi miifredatinda yer alan disiplinleraras: konularin Sobel ve Smith
prensipleri dogrultusunda nasil sentezlenmesi gerektigine dair yapilandirilan modiiler iinite tasarim
modeli Tablo 1'de sunulmustur.

Tablo 1

Mekana esasli hayat bilgisi tinite tasarim modeli ve disiplinlerarasi bilesenleri

Katilimcilar Cinsiyet Brans

Tema I: Toprak ve Hayat

Cografi Bilesen: Toprak yapisi,
mineral ve tag tlirleri

Biyolojik Bilesen: Toprak alt1
canlilar1 ve bitki kokleri

Tema II: Penceremdeki Relyef

Cografi Bilesen: Yakin
cevredeki dag ve tepelerin

Biyolojik Bilesen: Bu yiizey
sekillerine uyum saglamis yerel

flora

morfolojisi

Tablo 1'de yapilandirilan modelin isleyis mantigi, dogadaki canli (biyotik) ve cansiz (abiyotik)
unsurarin hiyerarsik bir diizende degil, birbirini siirekli besleyen dongiisel bir sistem olusturdugunu
kanitlamalktadir. Bu bulgu, modelin temel matematiksel-pedagojik formiilasyonu ile su sekilde
aciklanabilir:

Mekana Esasli Hayat Bilgisi = Yerel Cografya (Mekan)+ Biyolojik Cesitlilik (Hayat) + Sosyal
Bolgesel Bellek (Topluluk)

Geligtirilen bu formiilasyon, &grencinin zihninde bilginin su bilissel semayla kodlandigini
gostermektedir: "Ben bu cografi mekanda fiziksel olarak yasiyorum (Cografya), bu canlilarla aym
ekolojik cevreyi paylasiyorum (Biyoloji) ve bu mekani korumakla yiikiimlii bilingli bir aktoriim
(Sosyoloji)."

3.1. Bulgulara Ait Alt Bashk: Yerli Diinyayr Haritalandirma Siireci

Bulgular gostermektedir ki, dorsliklordoki fabrikasyon gorseller yerine pencereden goriinen gercek dag
silsilesinin veya okul bahgesinin haritalandirilmas: eylemi, ¢ocuklarin uzamsal diisiinme becerilerini
gelistirirken, ¢cevreye yonelik duyarliliklarini da duyussal diizeyde pekistirmektedir.

. 3.2. Bulgulara Ait Alt Bashk: Yerli Diinyay1 Haritalandirma Siirecinin Pedagojik Etkileri
Modelin haritalandirma bilesenine ait bulgular, darsliklordo yer alan standart, fabrikasyon ve uzak

cografyalara ait gorseller yerine; ¢ocuklarin pancaraden gordiikleri gergek dag silsilesini, yerel topalori
veya okul bahgesini bizzat haritalandirmasinin biligsel kaliciligi maksimize ettigini gostermektedir.
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Gozlem istasyonlarinda toplanan verilerin kroki iizerine iglenmesi siireci; g¢ocuklarin uzamsal
(mekansal) diisiinme becerilerini gelistirirken, cansiz doganin (cografya) canlilarin yasam formlarini
(biyoloji) nasil sekillendirdigini somut olarak fark etmelerini saglamaktadir. Sonug¢ olarak yerli
haritalandirma eyleminin, ¢ocuklarin ¢evreye yonelik soyut koruma iggiidiilerini, yakin ¢evre baglami
tizerinden duyussal ve rasyonel bir sorumluluk bilincine doniistiirdigii saptanmustir.

4. SONUC, TARTISMA VE ONERILER
4.1. Sonug

Bu calismada, ilkokul Hayat Bilgisi derslerinde cografi ve biyolojik konularin mokana osaslanan
egitim (Place-Based Education) felsefesiyle sentezlendigi 6zgilin bir miifredat modeli tasarlanmig ve
teorik cercevesi yapilandirilmistir. Aragtirmanin sonucunda, geleneksel egitim sistemindeki yalitilmas,
disiplinlere hapsedilmis ve fabrikasyon dorslik gorsellerine dayali konu anlatimlarinin, somut islem
donemindeki ilkokul 6grencilerinin kalict biligsel semalar gelistirmesini zorlastirdigi saptanmistir.
Gelistirilen "Mekana Esasl Hayat Bilgisi Unite Tasarim Modeli" sayesinde, dgrencilerin cansiz doga
bilesenleri (toprak, relyef, su kaynaklari) ile canlilar diinyasi (flora, fauna, mikroorganizmalar)
arasindaki diyalektik ve ekolojik baglar1 bizzat kendi okullarinin bahgesinde ve yakin g¢evrelerinde
kosf edebilecekleri somut bir metodoloji ortaya konulmustur. Ozellikle "Yerli Diinyay1
Haritalandirma" eyleminin, ¢ocuklarm soyut ekolojik kavramlar1 (ekosistem dengesi, biyocesitlilik,
dogal adaptasyon) kendi yasam alanlariyla iligkilendirerek somutlastirmalarin1 sagladigi sonucuna
ulastlmistr.

4.2. Tartisma

Elde edilen sonuglar, mokana asaslanan egitimin Onciileri olan David Sobel ve Gregory Smith’in
kuramsal literatiirii ile yiiksek diizeyde paralellik ve tutarlilik gostermektedir. Sobel (2004), ilkokul
cagindaki cocuklara uzak ekosistemlerdeki (6rnegin kutuplardaki veya Amazonlardaki) cevre
krizlerini anlatmanin ¢ocuklarda "ekofobi" ve derin bir ¢aresizlik hissi yarattigini savunmaktadir. Bu
caligmada oOnerilen model, Sobel’in "genisleyen daireler" pedagojisine uygun olarak odagi uzak
diinyadan alip okul bahgesindeki $1\text{ m}"2$lik mikro-ckosisteme indirgeyerek ekofobi riskini
bertaraf etmekte ve cocukta cevreye karst duyussal bir empati gelistirmektedir.

Diger taraftan Smith (2007) tarafindan vurgulanan "yerel fenomenlerin temel 6gretim kaynagina
doniistiiriillmesi" ilkesi, bu ¢aligmadaki iinite tasarimlarinda tam karsiligini bulmustur. Literatiirde yer
alan benzer caligmalar (6rnegin ilkogretimde yenilik¢i metodolojiler {izerine yapilan arastirmalar),
Ogrenci aktifligini stimiile eden ve yakin c¢evre baglamini kullanan 6gretim modellerinin 6grenme
kalitesini dogrudan artirdigint dogrulamaktadir (Akbari, 2025a; Akbari, 2025b). Dolayisiyla bu
aragtirma, cografya ve biyoloji disiplinlerini salt teorik birer fen konusu olmaktan ¢ikarip, Smith'in
isaret ettigi toplumsal ve mekansal entegrasyon formiiliine kavusturmaktadir.

4.3. Oneriler
Arastirmadan elde edilen teorik ve pratik bulgular dogrultusunda su somut oneriler gelistirilmistir:
e Miifredat ve Ders Kitaplar1 icin Oneriler: Hayat Bilgisi dersi miifredat programlari
hazirlanirken, cografi ve biyolojik konular birbirinden bagimsiz iiniteler seklinde degil, sarmal
ve disiplinlerarast bir ekolojik omurga (abiyotik ve biyotik faktdrlerin bir arada sunuldugu

temalar) etrafinda tasarlanmalidir. Ders kitaplarinda yer alan standart ve genel geger gorseller
yerine, 0gretmenlerin kendi bolgelerindeki yerel relyefi, endemik bitki ve hayvan tiirlerini ders
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icerigine entegre edebilmelerine imkan taniyan "esnek/modiiler" etkinlik sayfalarina yer
verilmelidir.

e Ogretmenler ve Uygulayicillar I¢in Oneriler: ibtidai sinif miirebbileri, Hayat Bilgisi
derslerinde smif i¢i diiz anlatim yontemleri yerine, okul bahgesini, yakin ¢evredeki parklari,
akarsu yataklarmi ve tarim alanlarmi birer agik hava laboratuvarnt olarak kullanmalidir.
Ogrencilere "Gozlem Protokolleri" ve "Yerli Haritalandirma" gérevleri verilerek, cocuklarin
biiyiitecler yardimiyla topragin yapisi ile onun iizerinde/altinda yasayan canli ¢esitliligi
arasindaki organik bag1 yerinde kesfetmeleri stimiile edilmelidir.

e Gelecek Arastirmalar icin Oneriler: Bu calismada teorik modeli ve tinite tasarimi sunulan
"Mekana Esasli Hayat Bilgisi" yaklasimi, sonraki arastirmalarda deneysel desenler (6n test-
son test kontrol gruplu deneysel calismalar) kullanilarak ilkokul siniflarinda uygulanmalidir.
Bu modelin 6grencilerin akademik basarilarina, uzamsal diisiinme becerilerine, ekolojik
okuryazarlik diizeylerine ve ¢evreye yonelik tutumlarina olan nicel etkisi bilimsel olarak
oOlgtilmeli ve farkli cografi bolgelerdeki etkililik diizeyleri karsilastiriimalidir.
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Ozet

Dijitallesen diinyada bir¢ok teknolojik gelisme ve araglarla insanlarin yaptiklar isler artik daha da
kolaylagmaktadir. Giiniimiizde ise artik yapay zeka gelistirilmis ve adim adim bazi meslek sahiplerine
fayda ve verimlilik kazandirmaktadir. Yapay zeka heniiz otonom sekilde ve giivenilir derecede bir
meslegi yerine getiremese bile, insan kontroliinde bazi meslek sahiplerine yardime1 olmaktadir.

Bu ¢alismanin amaci, yapay zekanin muhasebecilik meslegine uyumu ve meslek mensuplarina faydasi
ile ilgili literatiir arastirmasi yapmak ve incelemektir. Arastirma konusuyla alakali yapilan yerli ve
yabanci kaynaklar taranmistir. 124 yereli kaynak ve 48 yabanci kaynak olmak {izere toplam taranan
yerli ve yabanci kaynak sayis1 172°dir.

Literatiirdeki ¢aligmalar genel olarak degerlendirildiginde neredeyse tiim eserlerde muhasebe alaninda
yapay zeka uygulamalarmin kullanilmasi, daha dogru verilerin elde edilmesinde olumlu bir faktor
olarak sunulmaktadir. Ayrica dijitallesmenin bas dondiiriici bigimde gelismesi muhasebe meslek
mensuplarmin gorevlerini ortadan kaldirmamakta, denetim fonksiyonunu daha fazla ileri stirmektedir.
Ornegin, Davenport ve Ronanki (2018) yaymlarinda, kuruluslarin teknolojik becerilerden ziyade is
yetenekleri agisindan yapay zekdya odaklanmasi gerektigini 6ne siirmiistiir. Yapay zeka, is siire¢lerini
otomatiklestirmek, veri analizi yoluyla ongorii elde etmeye yardimci olabilir. Yazarlar, yapay zeka
konusunda en dogru yaklagimin insanin yerine gegcmek degil, insanin kapasitesini artirmak oldugunu
savunmaktadir. Sirketler yapay zekadan en yliksek faydayi, diinyay1 degistirecek dev projelerle degil,
mevcut i§ siireglerini iyilestiren kiiciik ve somut uygulamalarla elde etmektedir. Yazarlar, bircok
yOneticinin yapay zekayr devrimsel bir teknoloji olarak gérdiigiinii, ancak basarili sirketlerin ¢cogunun
yapay zekay1 dnce operasyonel sorunlari ¢6zmek igin kullandigim belirtmektedir.

Konu ile ilgili literatiir incelendiginde yerli kaynaklar genel olarak teorik analizi igeren nitel
degerlendirmeleri icermektedir. Yabanci kaynaklarda ise daha fazla saha calismasi ve anket
uygulamasi yapildig1 goriilmektedir.

Literatlirde yapay zekanin muhasebe meslek mensuplarinin is kalitesi ve verimliligine etkisini sinayan
ve bu acidan kapsamli bir anket uygulayan bir ¢aligma bulunamamistir. Bu nedenle muhasebe meslek
mensuplarma yonelik konuyla alakali kapsamli bir dlgek gelistirilmesi ve anket yapilmasi, daha 6nce
yapilmig calismalardan farklilik gosterecek ve literatiirdeki boslugu dolduracaktir.

Anahtar kelimeler: Muhasebe, Yapay Zeka, Muhasebe Meslegi

THE USE OF ARTIFICIAL INTELLIGENCE IN ACCOUNTING: A LITERATURE REVIEW

1 Bu ¢calisma Marmara Universitesi Muhasebe Finansman Doktora Programinda Doktora Tezi
kapsamindadir.
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Abstract

In the digitalizing world, the work people do is now becoming easier with many technological
developments and tools. Nowadays, artificial intelligence has been developed and, step by step, it is
bringing benefits and efficiency to some professions. Even though artificial intelligence cannot yet
perform a profession autonomously, it helps some professionals under human control.

The aim of this study is to conduct a literature review and analysis of the adaptation of artificial
intelligence in the accounting profession and its benefits for accounting professionals. Domestic and
international sources related to the research topic were reviewed. A total of 172 sources were
reviewed, including 124 domestic and 48 international sources.

In general, the studies reviewed in the literature indicate that the use of artificial intelligence
applications in the field of accounting as a positive factor in obtaining more accurate data.
Furthermore, the rapid development of digitalization does not eliminate the duties of accounting
professionals; rather, it further advances their auditing function. For example, Davenport and Ronanki
(2018) argue that organizations should focus on artificial intelligence in terms of business capabilities
rather than technological skills. Artificial intelligence can help automate business processes and obtain
predictions through data analysis. The authors argue that the most appropriate approach to artificial
intelligence is not to replace human workers, but to enhance human capacity. Companies derive the
greatest benefit from artificial intelligence not through large-scale transformational projects, but
through small, tangible applications that improve existing business processes. The authors note that
many managers see artificial intelligence as a revolutionary technology, but most successful
companies use Al first to solve operational problems.

A review of the literature on the subject reveals that domestic sources generally contain qualitative
evaluations involving theoretical analysis. International studies more frequently employ field research
and survey methods.

No study was found in the literature that examines the impact of artificial intelligence on the quality
and productivity of work among accounting professionals and conducts a comprehensive survey in
this regard. Therefore, developing a comprehensive scale and conducting a survey on this subject for
accounting professionals would differ from previous studies and fill an important gap in the literature.

Keywords: Accounting, Artificial intelligence, Accounting Profession,
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AZORBAYCAN MUGAMININ STRUKTURU: ANALIZ VO
INTERPRETASIYA

AYNUR HUSEYNOVA
Pedaqogika iizra folsafs doktoru
Azarbaycan Dovlat Pedaqoji Universiteti

OZET

AZERBAYCAN MUGAMININ YAPISI: ANALIZ VE YORUM

Azerbaycan miizik kiiltiirlinlin en eski ve en zengin alanlarmdan biri olan mugam, halkin tarihi
hafizasini, estetik diinya goriislinii ve manevi degerler sistemini yansitan karmagik bir miizik tiirtidiir.
Mugam yalnizca bir miizik eseri degil, ayn1 zamanda yiizyillar boyunca olusmus sanatsal diislincenin,
felsefi anlayisin ve milli kimligin ifade aracidir. Bu agidan mugamin yapisinin incelenmesi, onun igsel
kurallarinin, gelisim ilkelerinin ve icra o&zelliklerinin bilimsel olarak anlasilmasina olanak
saglamaktadir.

Makalede Azerbaycan mugaminin yapisal Ozellikleri, temel bilesenleri, sube ve guseleri
arasindaki iligkiler, melodik gelisim ilkeleri ve yorumlama sorunlari incelenmistir. Arastirma siirecinde
mugamin makam sistemi, dogaglama 6zellikleri, dramatik yapis1 ve duygusal gelisim c¢izgisi analiz
edilmistir. Mugamin yapisindaki sabit ve degisken unsurlarin birligi ile gelenek ve bireysel yaraticilik
arasindaki kargilikli etkilesim 6zel olarak ele alinmistir.

Arastirma gostermektedir ki, mugamin temel 6zelliklerinden biri, dogaglama iizerine kurulmus
olmasina ragmen belirli yapisal c¢ercevelere sahip olmasidir. Her bir mugam kendine 6zgli makam
temeline, sube siralamasma ve gelisim mantigina sahiptir. Icraci, bu cerceve icerisinde bireysel
yaraticilik olanaklarint gergeklestirir ve sonu¢ olarak her icra yeni bir yorum Ornegine doniisiir.
Mugamin yorumlanmasi sirasinda icracinin teknik becerisinin yan1 sira duygusal diinyasi, estetik zevki
ve gelenege baglilig1 da 6nemli rol oynamaktadir.

Makalede ayrica mugamin giiniimiizdeki gelisim yonleri, yeni icra egilimleri ve kiiresel miizik
ortaminda sunulma 6zellikleri de degerlendirilmistir. Sonug olarak, mugamin yapisal istikrarimin onun
tarihsel siirekliligini sagladigi, yorum olanaklarinin ise bu miizik tiiriiniin siirekli yenilenmesine ve
yasatilmasina imkan verdigi belirlenmistir.

Anahtar kelimeler: mugam, yapi, yorumlama, dogac¢lama, makam sistemi.

ABSTRACT

THE STRUCTURE OF AZERBAIJANI MUGHAM: ANALYSIS AND
INTERPRETATION

Mugham, one of the oldest and richest fields of Azerbaijani musical culture, is a complex
musical genre that reflects the historical memory, aesthetic worldview, and spiritual values of the
people. Mugham is not only a musical composition but also a means of expressing centuries-old
artistic thought, philosophical reflection, and national identity. In this regard, the study of the structure
of mugham makes it possible to gain a scientific understanding of its internal principles,
developmental patterns, and performance characteristics.

This article examines the structural features of Azerbaijani mugham, its main constituent
elements, the relationships between its sections and subsections, the principles of melodic
development, and issues of interpretation. The study analyzes the modal system of mugham, its
improvisational characteristics, dramatic structure, and emotional development. Particular attention is
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paid to the unity of stable and variable elements within the structure of mugham, as well as to the
interaction between tradition and individual creativity.

The research demonstrates that one of the main characteristics of mugham is that, despite
being based on improvisation, it possesses a well-defined structural framework. Each mugham has its
own modal foundation, sequence of sections, and logic of development. Within this framework, the
performer realizes individual creative possibilities, and as a result, each performance becomes a
unique example of interpretation. During the interpretation of mugham, not only the performer’s
technical skills but also their emotional world, aesthetic taste, and commitment to tradition play a
significant role.

The article also considers contemporary trends in the development of mugham, new
performance tendencies, and the ways in which it is presented in the global musical arena. It is
concluded that the structural stability of mugham ensures its historical continuity, while its
interpretative possibilities enable this musical genre to remain dynamic, continually renewed, and
culturally relevant.

Keywords: mugham, structure, interpretation, improvisation, modal system.

AZORBAYCAN MUGAMININ STRUKTURU: ANALIZ VO INTERPRETASIYA

XULASO

Azorbaycan musiqi modoniyyotinin on godim vo zongin saholorindon biri olan mugam xalqin
tarixi yaddasini, estetik diinyagériisiinii vo monavi dayarler sistemini 6ziinds oks etdiron miirokkab
musiqi janridir. Mugam yalniz musiqi osori deyil, hom do c¢oxasrlik badii tofokkiiriin, folsofi
diisiinconin vo milli identikliyin ifads vasitasidir. Bu baximdan mugamin strukturunun dyronilmasi
onun daxili qanunauygunluqlarmin, inkisaf prinsiplorinin va ifa xiisusiyyatlorinin elmi sokilds dork
edilmosine imkan yaradir.

Magqalado Azorbaycan mugaminin struktur xiisusiyystlori, onun asas torkib elementlori, s6bo
vo gusolorinin qarsiliqh  olagesi, melodik inkisaf prinsiplori vo interpretasiya problemlori
aragdirilmigdir. Todqiqat zamani mugamin lad sistemi, improvizasiya xiisusiyyetlori, dramaturji
qurulusu vo emosional inkisaf xotti tohlil edilmisdir. Mugamin strukturunda sabit vo doyiskon
elementlorin vohdati, onona ilo fordi yaradiciligin qarsiligli tesiri xiisusi digget merkozinde
saxlanilmigdir.

Aragdirma gostorir ki, mugamin asas xiisusiyyatlorinden biri onun improvizasiya tizerinds
qurulmasina baxmayaraq miioyyon struktur ¢or¢ivoloroa malik olmasidir. Hor bir mugam 6ziinomoxsus
lad osasma, sobo ardicilligina va inkisaf montigino sahibdir. Ifa¢t homin ¢orgive daxilinda fordi
yaradiciliq imkanlarin1 reallagdirir vo noticode hor ifa yeni interpretasiya niimunosine gevrilir.
Mugamin interpretasiyasi zamani ifaginin texniki bacarigi ilo yanasi, onun emosional diinyasi, estetik
zOvqi vo ananays bagliligi mithiim rol oynayir.

Mogqalodo homginin mugamin miiasir dovrdo inkisaf istigamatlori, yeni ifaciliq meyillori vo
global musiqi mekaninda toqdim olunma xiisusiyystlori do nezardon kecirilmisdir. Noticade miioyyan
edilmisdir ki, mugamin struktur sabitliyi onun tarixi davamliligini tomin edir, interpretasiya imkanlari
isa bu musiqi janrinin daim yenilonmasina vo yasamasina sorait yaradir.

Acar sozlor: mugam, struktur, interpretasiya, improvizasiya, lad sistemi.

GIRIS
Azorbaycan musiqi madeniyyasti diinya madeni irsinin miihiim torkib hissalorinden biridir. Bu
modoniyyatin on parlaq niimunalorindon sayilan mugam osrlor boyu xalqin estetik diislincosini, moanaovi
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dayarlorini va badii yaradiciliq enaonslorini yasatmisdir. Mugam yalniz musiqi hadisesi deyil, ham do
milli tofokkiiriin vo folsofi diinyagériisiin badii ifadoesidir. Onun yaranma tarixi godim dévrlora gedib
cixir v inkisaf prosesi boyunca miixtolif ictimai-madoni marhalalorin tasirini 6ziinds oks etdirmisdir.

Azorbaycan mugami miirakkab qurulusa malik professional sifahi enonsli musiqi janridir. Bu
janrin asas xiisusiyyatlarinden biri improvizasiya ilo miisyyen struktur qanunauygunluglarinin vohdat
togkil etmosidir. Mugamin Oyronilmoesi yalniz musiqisiinasliq baximindan deyil, hom do milli
modoniyyatin qorunmasit vo golocok nosilloro otiirlilmosi baximindan miihiim shomiyyat dasiyir. [1,
33]

Miiasir dovrde mugamin beynslxalq saviyyade taninmasi va tobligi onun elmi aragdirilmasina
maragi daha da artirmigdir. Mugamin daxili qurulusunun tohlili, onun melodik, ritmik vo dramaturji
xiisusiyyatlorinin 0yronilmasi musiqi elmi ii¢lin aktual masalalorden biridir. Bu baximdan mugamin
strukturunun va interpretasiya imkanlarinin aragdirilmast mithiim elmi vo praktik shomiyyat kasb edir.

Mogqalanin magsadi Azerbaycan mugaminin struktur xiisusiyyatlorini tohlil etmok, onun osas
komponentlarini miioyyanlosdirmok v interpretasiya problemlorini arasdirmaqdan ibaratdir.

OSAS HIiSSO. Azorbaycan mugaminin nazori osaslari. Mugam Azorbaycan xalqmnin
coxoasrlik musiqi tofokkiiriiniin mohsuludur. O, miirokkeb lad sistemino asaslanan vo improvizasiya
prinsipi tizerinde qurulan musiqi janr1 kimi formalasmisdir. Mugamin nazori osasini togkil edon lad
sistemi melodik inkisafin istigamstini miioyyen edir vo musiqi materialinin daxili montiqini
formalagdirir.

Azorbaycan mugamlarinda osas ladlar Rast, Sur, Segah, Siistor, Cahargah, Bayati-Siraz vo
Humayun hesab edilir. Hor bir lad 6ziinomoxsus emosional xarakters, intonasiya xiisusiyyatlorino vo
melodik inkisaf prinsiplarine malikdir. Mshz bu xiisusiyyatlor mugamlarin forqlondirilmasinds asas rol
oynayir.

Mugamin nazari sisteminds tonika, istinad pillalori, kadensiya formullar1 vo melodik harokot
prinsiplori mithiim yer tutur. Ifa zaman1 bu elementlor musiqi inkisafinin osas istiqgamatlorini miioyyon
edir vo biitov kompozisiyanin formalagmasina xidmot gostorir.

Mugamin struktur qurulusu. Azarbaycan mugaminin strukturu bir ne¢s asas komponentdon
ibaratdir. Bunlara doeramad, sobalar, gusolor va tosniflor daxildir.

Doramad mugamin giris hissasi hesab olunur vo asas lad xiisusiyyatlorinin toqdim edilmasino
xidmot edir. Burada mugamin intonasiya bazasi formalasdirilir vo sonraki inkisaf {i¢lin zomin yaradilir.
[2,91]

Sobolor mugamin osas inkigsaf morhololorini togkil edir. Hor $6bo miioyyon melodik va
emosional mozmun dasiyir. Sobaslorin ardicilligr tosadiifi deyil vo mugamin daxili dramaturgiyasina
uygun sakildo qurulur. Gusgalor iso asas gobalor arasinda yerloson melodik kegidlordir. Onlar musiqi
inkisafim1 zonginlosdirir vo ifaya rongaronglik gotirir. Gusolor vasitosilo ifagt miixtalif emosional
voziyyatlori ifado etmok imkami oldo edir. Mugamin strukturunda tosnif vo rong kimi vokal-
instrumental hissolor do miihiim rol oynayir. Bu hissalor musiqi materialinin ritmik vo melodik
baximdan zenginlogmasina xidmat edir.

Mugamda improvizasiya v interpretasiya. Mugam sonotinin osas xiisusiyyotlorindon biri
improvizasiya elementlorinin {istlinliik togkil etmosidir. Bununla belo, improvizasiya tam sorbost
xarakter dagimir. Ifagt mugamin ononovi struktur gorgivelorino riayot etmoklo 6z yaradiciliq
imkanlarini niimayis etdirir.

Interpretasiya prosesi mugam ifacisinin fordi musiqi diisiincosini oks etdirir. Eyni mugam
mixtolif xanondolor torofindon forqli sokildo toqdim edilo bilor. Bu forqlor melodik bozoklardo,
kegidlordos, temp se¢imindo vo emosional ifads vasitolorinds 6ziinii gostarir.

Mugam interpretasiyasinda xanondonin sos imkanlari, nofos texnikasi, emosional ifads
qabiliyyati vo poeziya duyumu miihiim shomiyyat dasiyir. Xiisusilo klassik Azarbaycan poeziyasinin
mugam ifasinda istifadesi musiqi ilo s6z arasinda dorin vohdst yaradir.
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Tarzon vo kamanga ifagilarinin rolu da interpretasiya prosesinds boyiikdiir. Onlarm miisayioti
mugamin emosional tosir giliciinii artirir vo musiqi inkisafinin dinamikasini formalasdirir.

Mugamin dramaturgiyasi vo emosional inkisafi. Mugamin strukturunda dramaturji inkigaf
xiisusi yer tutur. Hor bir mugam miisyysn emosional xatt iizro inkisaf edir. Bu inkisaf baslangicdan
kulminasiyaya vo daha sonra sabitlogsmays dogru istigamatlonir. Masalon, “Rast” mugami nikbinlik vo
ozomat hissi yaradirsa, Segah daha ¢ox lirizm vo emosional dorinliklo xarakterizo olunur. “Cahargah”
iso dramatik vo gohromanliq ruhunu ifade edon mugam kimi taninir. [3, 125]

Mugamin dramaturgiyasi sobalorin ardicil inkisafi naticesinde formalasir. Hor s6bo emosional
garginliyi artirir vo ya azaldir, naticods biitov musiqi kompozisiyas1 meydana golir. Bu xiisusiyyat
mugami digor musiqi formalarindan forqlondiran asas cohatlordon biridir.

Miiasir dovrde mugamin interpretasiya xiisusiyyatlori. Qloballagsma soraitinde mugam
sonati yeni inkisaf morhslosine qadom qoymusdur. Miiasir ifacilar snenovi prinsipleri qorumagla
yanasl, yeni interpretasiya iisullarindan da istifade edirlor. Beynolxalq festivallar, konsert proqramlari
vo musiqi layihslori mugamin diinya auditoriyasina toqdim olunmasina genis imkanlar yaratmigdir. [7,
12-13]

Miiasir interpretasiyalarda mugamin caz, simfonik vo diger musiqi janrlar ilo sintezino rast
golinir. Bu proses mugamin yeni ifads vasitolori qazanmasina sorait yaratsa da, onun onanavi
xlisusiyyatlorinin qorunmasi zoruratini do giindomo gotirir.

Miiasir texnologiyalar mugamin &yronilmesi, todrisi vo yayilmasi {iglin yeni imkanlar
acmigdir. Audio ve video yazilar vasitosilo gorkemli ifacilarin senat niimunslori golocok nasillors
otiirtiliir vo mugam moktoblorinin inkisafi tomin edilir.

NOTICO. Azorbaycan mugami milli musiqi modeniyyatinin on yiiksok nailiyyatlorinden biri
olmagla miirokkob struktur qurulusuna malikdir. Onun osasinmi togkil edon lad sistemi, sobo vo
gusalorin qarsiligh olagesi, improvizasiya prinsiplori vo dramaturji inkigsaf xotti mugamin badii
biitdvliyiinii tomin edir.

Arasdirma noticosindo miioyyon edilmisdir ki, mugamin strukturunda sabit vo doyiskon
elementlor ahongdar sokildo birlosir. Sabit elementlor mugamin ononavi xiisusiyyatlorini qoruyur,
doyisken elementlor iso ifagcimin yaradiciliq imkanlarint genislondirir. Bu xiisusiyyst mugamin hom
tarixi ononolora bagli qalmasina, hom ds daim yenilonmasins gorait yaradir.

Interpretasiya mugam sonotinin ayrilmaz torkib hissosidir. Hor bir ifag1 ononovi gorgivalor
daxilinds fordi musiqi diislincesini ifadoe edir vo naticade yeni sonot niimunasi yaradir. Mugamin
yasamasi va inkisafi mohz bu yaradici interpretasiya imkanlart ilo six baglidir.

Miiasir dovrde mugamin beynolxalq soviyyado taninmasi onun elmi arasdirilmasinin
aktualligini daha da artirir. Mugamin struktur va interpretasiya xiisusiyyatlorinin dorindon dyronilmasi
milli musiqi irsinin qorunmasina, tabligine va galocak nasillors Gtiiriilmasine mithiim téhfs vers bilar.
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a gondoardim.

AZORBAYCAN DiLi FONNININ TODRIiSI PROSESINDO M. NAGI
QIZININ POETIK MOTNLORININ OHOMIYYOTI
FILOLOGIYA UZRO FOLSOFO DOKTORU

bas miiallimi
ORCID: 0000-0002-3631-1412

Baki, Azarbaycan

Ozet

Azerbaycan'da Azerbaycan dili, genel egitim okullarinda birinci smiftan on birinci simifa kadar
Ogretilmektedir. Hem ilkdgretim hem de ortadgretim diizeylerinde, dilin fonetik, sozciliksel ve
dilbilgisel o6zelliklerinin incelenmesi ve Ogretilmesi biiylik Olclide edebi, bilimsel ve gazetecilik
metinlerine dayanmaktadir. Edebi metinlerin hem lirik hem de epik bigimleri kapsadig1 ve ozellikle
siirsel metinlerin giiglii etkisi goz onlinde bulunduruldugunda, bu tiir eserlerin 6grencilerin konusma
gelisimi ve dilinya goriisii lizerindeki Onemli etkisi yadsinamaz. "Mahira Naghi gizi’nin Siirsel
Metinlerinin Azerbaycan Dili Ogretimindeki Onemi" baslikli makale tam da bu noktaya dikkat
cekmekte ve Ogrenciler icin segilecek siirsel metinlerin G6zenle ele alinmasi gerektigini
vurgulamaktadir. Sair Mahira Naghi gizi’nin eserlerinin tiir ve tema 6zellikleri, bu eserleri dilbilgisel
birimlerin 6gretildigi Azerbaycan dili derslerinde kullanim i¢in son derece uygun kilmaktadir.

Anahtar Kelimeler: siirsel metin, konusma gelisimi, diinya goriisii, 6gretim stireci

THE SIGNIFICANCE OF M. NAGHI GIZI'S POETIC TEXTS IN THE PROCESS OF
TEACHING THE AZERBAIJANI LANGUAGE

PHD IN PHILOLOGY
ORC1D: 0000-0002-3631-1412

Baku, Azerbaijan

Abstract:

The Azerbaijani language is taught in general education schools in Azerbaijan from the first through
the eleventh grades. At both the primary and secondary levels of education, the study and teaching of
the language's phonetic, lexical, and grammatical features rely heavily on literary, scientific, and
journalistic texts. Given that literary texts encompass both lyrical and epic forms—and acknowledging
the particularly powerful impact of poetic texts—one cannot overlook the significant influence such
works can have on students' speech development and worldview. The article titled "The Significance
of Mabhira Naghi gizi’s Poetic Texts in the Teaching of the Azerbaijani Language" highlights this very
point, noting that poetic texts selected for students require careful consideration. The genre and
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thematic characteristics of poet Mahira Naghi gizi’s works make them well-suited for use in
Azerbaijani language lessons when teaching linguistic units.

Key words: poctic text, speech development, worldview, teaching process

Giris

Molumdur ki, dilds emosionalligin, badiiliyin qlivvatlonmasi {i¢iin vacib olan badii ifado vasitolori
daha ¢ox ciimlo soklindo olur. Bu zaman homin ciimlolorin moacazi monada islonmosi onomli deyil,
vacib olan amil odur ki, badii ifads vasitalori asas fikrin obrazli tozahiirii kimi ¢ixis etsin. Nasrdo
climlonin badii fikrin ifadasi rolunda ¢ix1s etmosi tobiidir, lakin poeziyada biitov bir climlonin vozn,
Ol¢ili toloblori gozlenilmokls fikrin, ideyanin ¢atdirilma vasitosi kimi istifadesi miisllifden geyri-adi
istedad, fovqpltabii bacariq talob edir. Bu geyri adiliyi, badii ifads vasitslarinin poetik nitqde ustaligla
islonmasi Mahirs Nag1 qiz1 poeziyasi li¢lin adi haldir. Qeyri-adi olan iso miisllifin toxoyyiil giicii ilo
sonatkarliq xtisusiyyatlorinin vohdstde teqdim edilmosidir. Onun poeziyasinda oan ¢ox rast golinen
badii ifads vasitalori arasinda ilk yeri badii sual tutur. Badii sual formaca sual climlasi soklinds olsa da
mozmun baximindan verilmis suala cavab tolob etmir, bu tip suallarda har hansi bir moalumati
doaqiqlosddirmak, dyronmok kimi mogsad yoxdur, lakin bu suallar fikrin tesir qiivvesini artirmag,
emosionallig1 tomin etmaklo yanasi oxucunun diqqgstini ora yonaltmok moqsadi do giidiir. Lakin bozi
moaqamlarda sual ctimlolorinin qurulmasi lirik gohromanin ¢arasiz kodorini ifade etmok iigiin istifado
edilir: “Anana, bacina, yarma indi, Tasalli no deyim, na sdyloyim mon?” Miisllifin “Bilmiram” adli
gosmasinin ilk iki misrasindan se¢ilmis bu misralarda seirin adina uygun bir ¢arosizlik, qarsist alinmaz
bir itkinin agir kedorinden dogan sualdir. Bu sualin cavabi olmasa da, insan kodarinin sonsuzlugu var.
Lirik gohroman morhumun on yaxin insanlari, anasi, bacist va sevdiyi yar1 qarsisinda na deyacoyini,
kodarini necs ifads edacayini ritorik sual olaraq dile gatirir. Bazan ritorik sual ciimlalerin etiraz, qazab
ifads edir: “Qusir daglar toki, susuz bulaqtok, Bohrasiz bag kimi durusun nadon?”

“Qarsiz golon qisin” ilk iki misrasi lirik gohromanin tobiotin amansiz hokmiine etirazidir. Bu etirazin
misralar arasinda sixigib qalmasi da oxucunun digqgstinden yayinmur.

Osas hissa

Klassik Azarbaycan poeziyasinda har boandinin va ya har beytinin son misrasinda ritorik sual climlolori
olan seirlor vardir. Masoalon, M. Fiizulinin maghur “Moni candan usandirdi, cofadan yar usanmazmi?”
gozolini oxucular, eloco do moktabliler arasinda bilmoyon, bazon nitqinde bu misralardan istifade
etmoyon yoxdur. Mahiro Nagi qiz1 poeziyasinda da hor bondinin son misrasi sual ciimlosi ilo
tamamlanan seirlor vardir. Onlardan biri do “Yerdo ruhumu tapmadim...” adli bes bonddon ibarat
goraylidir. (1. s. 232)

Miiallifin 2018-ci ildo Kazan soheorinds yazmis oldugu bu seirin ilk bondinin ikinci misrasinda
“Qismot gozmoyomi getdin?” sualinda bir giley, son misrasinda islonmis “Dordo dézmoyomi getdin?”
sualinda toossiif hissi duyulur. Ikinci bondin son misrasinda “Umid iizmoyami getdin” sualn lirik
gohramanin tasviri; ii¢iincii bandin son misrasinda “Goyde ozmoyami getdin” suali tosvir edilonin
zalim olmasini; dordiincii bondin son misrasinda “Bade slizmoyomi getdin?” suali etibarsizlig;
sonuncu bandds islonmis “Ondan bezmayomi getdin?” ritorik suali iss asiqin doniikliiylinii ifads edir.
Maragli badii tesvirlorlo zangin olan bu seirds istifado edilmis hor bir sual cavab tolob etmoadon
miixtolif mogsads vo intonasiyaya malikdir. Mahira Nagi qizi yaradiciliginda har bondin son
misrasinda ritorik sual climlslorinin istifads edildiyi “Leyla” adli seir xiisusilo diqgsti calb edir. Bu
seirdos sual ciimlolorinin toyinati vo maqsadi basqadir. Bu seirds lirik gahroman sairin 6zii vo Leyla adli
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novasidir. Seir nana vo nova arasinda lirik dialoqu xatirladir. Ik bandin birinci misrasinda dyronirik ki,
nono balaca Leylanin ondan kiisdiiyiinden xaber tutub, ikinci misrada nenenin balaca navasine
“Maloklar kiisormi, Leyla? ” sualim1 vermosi, tokco badii ifads vasitasi, ritorik sual deyil, eyni
zamanda novonin molok kimi gdzsl olmasini, kilsmoyin yaxs1 xiisusiyyat olmadigi nasihatini ehtiva
edir. Bandin sonuncu misrast “Karomin kasormi, Leyla?” sualt nanonin navoys verdiyi doysr manasini
ifado edir. Ikinci bandin son misrasinda “Tac basdan bezormi, Leyla?” suali Leylanin ata-anasinin
basinda tac olmasi, bu tacin ata- ata ana ii¢lin doyorli olmasi vo tacin da, yoni dvladin da ata-anaya
doyor vermosi anlamina galir. Ugiincii bonddo sualin mozmunu doyisir, “’Nenoynon gozormi, Leyla?”
ritorik suali nenonin Leylaya hadiyyesidir. Doérdiincli bondde islonmis “Dost iirok lizermi, Leyla”
sualinin mozmunda bir nasihat; besinci bandin son misrasinda “Musa baban lal-incini telina diizormi,
Leyla?” sual1 iso Leylanin no qodor ¢ox sevilmoasini, eyni zamanda nononin novays olan mohabbatini;
mohiirbondin son misrasinda “Mabhira bir-iki s6znon adini1 boazormi, Leyla?” suali iso tovazokarligla
deyilmis, oslindo iso nononin balaca Leylanin adina obodi bir s6z heykoli ucaltmasi ritorik sual
climlosinin badii tasir giicii ils ifads edilir. (1.s. 348)

Mabhirs Nagi qiz1 yaradiciliginda ritorik sual ciimlslorinin toyinati bir daha tesdiq edir ki, Azerbaycan
dilinda, poeziyada qurulan belos ciimloalor cavab tolob etmoasa do, ortiilii sokildos bir ¢ox fikrin ifadasine
xidmot edo bilor. Sagirdlor dilin poetik xiisusiyyatlari vo sual climlolorinin bu imkanlarindan diizgiin
istifado etmakls 6z nitqini zonginlosdirs bilarlor.

Poeziyada mozmun baximindan iki zidd anlayis vo ya iki forgli hadisoni qarsilasdirmaq ii¢iin bodii
tozaddan istifado edirlor. Mahira Nag1 qiz1 yaradiciliginda badii tozad niimunalori aks menali sdézlor
(antiteza) va ya kontrastla yadda galir.

Ziddiyyat tabiatin 6ziinds var. Odobiyyat, poeziya bu ziddiyyati s6z vasitasi ilo ifads etdikds fikrin
rongli calarlart ilo qarsilasirig: “Coxdu, aziydi, bilmadim, Qisdi, yaziydi bilmodim.” “Gatirdi”
goraylisinin ikinci bandindon segilmis bu niimunads antiteza “cox” vo “az”, “qis” vo “yaz” sozlori
vasitasilo tomin edilir. Lakin burada saslorin ahongdarligi ziddiyyastin qilivvatli saslonmasi {igiin slave

imkanlar yaradir. Saylar vasitosi ilo yaradilmig antiteza sairin “Zolimxan” seirindo do miisahids edilir

“Haqq bilen, haqqi sayan pir olar, Minlor golor, yadda qalan bir olar.” Mazmun o qader qiivvatli, o
gador cazibadar saslonir ki, bu iki misrada tosvir edilmis ziddiyyst ifadslerin xalq deyimi hiiququ
qazanmasina imkan verir. Miollifin poetik dilinde paradoksal harmoniya tokca zidd anlamli sdzlerin
misra daxilinds deyil biitov bir matnin sintaktik konstruksiyasinda duyulur. Sairin poetik matnlorinda
zidd anlaml1 s6zlar, antonimlor on ¢ox istifads edilon semantik s6z qruplaridir. Fikrin tozadli toqdimat
kamil bir s6z sonotkarinin dilo derindon bolod olmasi s6z vo ifadslorin zorgor doqiqliyi ilo istifado
etmosinin tozahiiriidiir. Miollifin bozi seirlorindo miiasir adobi dil liglin Gimumislok olmayan bir
monanin poeziya dilinds oks mazmunlu s6zls birgs istifado etmasi onun dilo darindon balad olmasinin
gostoricisi hesab edilir. “Tanriin verdiyi pay” seirinin ilk iki misrasinda “xolvati” vo “ac1q” sifotlori
badii tozad yaratmaqla yanasi unudulmaqda olan “xalveti” sifatini yenidon dilo gazandirir: “Xalvati
s0z olar, xalvati sohbat, Hor xalvat bir ac¢iq s6hbots banddir.” (1. s. 121)

Bu antiteza fonunda gizlinlorin bir giin isiga ¢ixacagi, qaranligqlarin aydinlanacagi monasi anlasilir.
Hor bir gizli amal, bir giin askar olacaq mantiqi ham ds onu demoys osas verir ki, insan atdig1 hor
addima diqqget yetirmali, sonunu diisiinmoli vo oan osasi da comiyysto yararli olmaga ¢aligmalidir.
Miisllifin biitiin poetik yaradicilifinda ibrotamiz fikirlor, pedaqoji tocriibaden dogan torbiyovi
ohamiyyat dasiyan ideyalar oks edilir. Tadris prosesinds sagird nitqinds poetik funksionalligin tomin
edilmesi zamanm bu xiisusiyyotlor nezors almmali, sagirdlorin monovi-oxlaqi  doyarlori
formalagdirilmalidir.
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Badii ifads vasitolori sirasinda tokrirlerin xiisusi yeri vardir. Tokrirlor badii osorin tesir giiciinii
artirmaq li¢iin poetik motnlords tez-tez istifads edilir.

Mahira Nagiqizinin poetik dilindo iglodilon bodii ifado vasitolorindon tokririn hor iki formasinin
anafora va epiforanin poetik rangarangliyi vo {islubi calarlar ilo qarsilasiriq. Sair yiiksok senotkarligla
bu islubi fiqurun fikrin qlivvetlonmasi, ritmin artirilmasi tgilin istifads edir. “Ana dilim” seirindo
epiforalar dorin mozmunun emosional toqdimi fonunda seirs slave gozsllik qatir

Bu diinyanin yas1 gadar tarixin var
Sonu gadar, basi gadar tarixin var,
Dagi1 gador, dasi gador tarixin var,
Ha bag vursam bitmoz qat1, ana dilim,
Dadom, babam amanati, ana dilim.

Ana dilimizs xitabon yazilmis bu misralarin tokco forma gozslliyi, senatkarliq elementlori deyil,
mozmunu belo oxucunu ovsunlayir, diisiindiiriir, ayr bir diinyaya aparir

Orxonlardan tizii beri yazin galib,
Altaylardan Balkanlardan izin galib,
Cox dillordo roddin galib, rizin galib,

Qurdnan goror qiyamati, ana dilim,

DODOM-BABAM AMANATI, ANA DILIM. (1. S. 190)

Tokrirlorin biitiin bondlerds misralara xiisusi ahangdarliq qatan “Ana dilim” seirinin son bandleri iso,
sairin 0ziindon avval ana dilimizi nazma ¢okan s6z xiridarlarina, ana dilini ona 0yrodon ustadlara
minnotdarliq duygusunun ifadosi ilo yadda qalir

Yasalarin kemfiirsate ox olacaq,
YADLAR SONDO ORIYOCOK, YOX OLACAQ.
Onlar 6vlad hesabati, ana dilim,
Dadom-babam amanati, ana dilim.

“SALAM OLSUN” KITABINDA YER ALAN SEIRLORDON “SUSA MOSCIDINDS® AZAN”
SEIRIDIR. (2. S. 134)

CICOKSIZ COMONI NEYNIROM AXI,
UROKSIZ BODONI NEYNIROM AXI,
SUSASIZ VOTONI NEYNIROM AXI,
QAYTARIN SUSAMI, QAYTARIN MON®O...

Nadani 6ldiiriir, axidirdi gan,
Aqili alinds zopa tuturdu.
Allahin adindan danisan insan.

ALLAHIN EVINI TOPA TUTURDU.
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S6ziin poetik funksiyasi obrazli tofokkiirs asaslanir. Obrazli vo emosional nitq iso badii lislubun asas
alamatidir. Demoli, sziin poetik funksiya badii iislub {igiin xarakterikdir.

Natico

Votondas olaraq, miolllim, valideyin olaraq ovladlarimizi, moktebli balalarimizi milli ruhda,
vatonimiza, xalqimiza layiq 6vlad kimi yetisdirmak istayirikse, miitloqdir ki, milli poeziyamiza, qsloba
ruhlu misralara, dilimizi, milli kimliyimizi tablig edon lirik asorlore do miiraciot edok. Azarbaycan dili
misllimlori nozora almalidir ki, milli poeziyamizin vatonparverlik duygularini tablig edon hor bir
misra gsagirdlorin yaddasina hopacaq, onlarin golocok tosovviirlorini formalagdiracaq, xalqna baglh
votondas olaraq yetismosino kdmok edocokdir.

Odabiyyat siyahisi

1. M.NAGIQIZI ONUN DAS NAGILI, BAKI, “ADPU NOSRIYYATI”, 2020, 412 S.
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BESINLERLE ALINAN MiKRO VE NANOPLASTIKLER: BAGIRSAK
BARIYERINDEN METABOLIK BOZUKLUKLARA UZANAN
GORUNMEYEN BIR RiSK

Nursena NAHYA SERVI', Cemaliye SUT KURT?
10gr. Gér. Dr., Lokman Hekim Universitesi, Beslenme ve Diyetetik, , 0000-0002-1435-2088
?Ogr. Gor., Lokman Hekim Universitesi, Beslenme ve Diyetetik, , 0000-0001-9016-2959

Amag: Mikro ve nanoplastikler, besin ve igme sularindaki ¢evresel kontaminasyonun yani sira besinle
temas eden plastik materyallerden besinlere gecis yoluyla insan beslenmesinin goriinmeyen bilesenleri
haline gelmistir. Bu derlemenin amaci, besinlerle aliman mikro ve nanoplastiklerin bagirsak
mikrobiyotasi, bagirsak bariyeri ve metabolik saglik iizerindeki olasi etkilerine iliskin gilincel kanitlari
degerlendirmektir.

Yontem: PubMed, Web of Science ve Scopus veri tabanlarinda 2022-2026 yillar1 arasinda
yayimlanan calismalar; “microplastics”, “nanoplastics”, “dietary exposure”, “food packaging”, “gut
microbiota”, “intestinal barrier”, “obesity”, “glucose metabolism” ve “lipid metabolism™ anahtar
sozciikleri ve bunlarin kombinasyonlart kullanilarak taranmistir. Giincel sistematik derlemeler, insan
caligmalar1 ile bagirsak ve metabolik etkileri inceleyen deneysel arastirmalar Oncelikli olarak

degerlendirilmistir.

Bulgular: Giincel kanitlar; igme suyu, deniz iirlinleri, tuz, igecekler, meyve ve sebzeler ile gida
ambalajlarimin baslica oral maruziyet kaynaklari arasinda bulundugunu gostermektedir. Ozellikle
sicaklik, temas siiresi, mekanik asinma ve ambalaj materyalinin Ozellikleri pargacik gecisini
artirabilmektedir. Deneysel ¢aligmalar mikro ve nanoplastiklerin  bagirsak  mikrobiyota
kompozisyonunu degistirebildigini, kisa zincirli yag asidi iireten bakterileri azaltabildigini ve
proinflamatuvar tiirleri artirabildigini gostermektedir. Mukus tabakasinda ve Zonula Occludens-1 (ZO-
1) gibi siki1 baglanti proteinlerinde meydana gelen degisiklikler bagirsak gecirgenligini artirarak
sistemik inflamasyona katkida bulunabilir. Hayvan ve hiicre ¢aligmalarinda bu siireglerin hepatik lipid
birikimi, glukoz metabolizmasinda bozulma, adipoz doku inflamasyonu ve bagirsak—karaciger—adipoz
doku ekseninde degisikliklerle iliskili oldugu bildirilmistir. insan diskisi, kan1 ve baz1 dokularinda
mikroplastiklerin saptanmasi biyolojik maruziyeti desteklemekle birlikte, besinsel maruziyet ile
metabolik hastaliklar arasinda nedensel bir iligki heniiz gosterilememistir.

Sonugc: Besinlerle mikro ve nanoplastik alimi, bagirsak bariyeri ve metabolik saglik agisindan yeni bir
arastirma alani olusturmaktadir. Mevcut bulgular potansiyel bir risk sinyali sunsa da farkli parcacik
boyutlari, polimer tiirleri ve ¢ogunlukla yiiksek deneysel dozlarin kullanilmasi sonuglarin insanlara
aktarilmasini sinirlandirmaktadir. Gergek yasam maruziyetini yansitan standart 6lgiim yontemlerine,
uzun siireli insan ¢aligmalarina ve giivenli maruziyet diizeylerinin belirlenmesine ihtiyac vardir.

Anahtar Kkelimeler: Mikroplastikler; nanoplastikler; bagirsak mikrobiyotasi; bagirsak bariyeri;
metabolik saglik
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CHALLENGES AND INSTITUTIONAL-STRUCTURAL BARRIERS
TO INDIVIDUAL MASTERY IN THE PATH OF IRAN’S POLITICAL
ECONOMY UNDERDEVELOPMENT

THE GAP BETWEEN INDIVIDUAL CAPABILITY AND INSTITUTIONAL STRUCTURE IN )
(IRAN

Vorya Shabrandi

Dr. Sajjad Bahrami Moghadam

Abstract

This article investigates the structural obstacles to individual mastery in Iran’s political economy
through the design and testing of an interdisciplinary conceptual model. The central research question
asks why, despite significant human capital, talented individuals and elites are unable to progress
through the final stages of professional and intellectual mastery in Iran. To address this, three
complementary theoretical frameworks are employed: first, Douglas North’s theory of extractive
institutions to explain the institutional roots of underdevelopment; second, Nassim Taleb’s concepts of
antifragility and “skin in the game” to highlight the lack of accountability in power structures; and
third, Ali-Reza Qoli’s sociological analysis of elite suppression to account for historical barriers that
reproduce underdevelopment. These frameworks are integrated with Robert Greene’s six-stage
mastery model call, apprenticeship, practice, creativity, intuition, and mastery. The findings indicate
that most stages of mastery in Iran face institutional, educational, cultural, and political obstacles,
leading to outcomes such as brain drain, exclusion of independent elites, and incomplete personal
development. Accordingly, the study proposes the “Cycle of Mastery Challenges” model as an
explanation of systemic barriers to development, emphasizing the need for institutional reform, power
redistribution, and a learning-oriented culture to enable mastery as a developmental right. The research
demonstrates how a rent-seeking structure, weak institutions, and systematic elite suppression
transform mastery into an individual, migration-driven, and exceptional phenomenon in Iran.
Ultimately, the proposed conceptual model suggests that overcoming the cycle of underdevelopment
requires institutional reorganization, balanced power distribution, and restored accountability among
decision-makers.

Keywords: Iran, mastery, underdevelopment, institutional economics.
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DONALD TRUMP'IN iKiNCi BASKANLIK DONEMINDE ABD DIS
POLITIKASI VE ULUSLARARASI HUKUKUN iHLALI: VENEZUELA,
GRONLAND, IRAN VE KUBA ORNEKLERI

Mehmet EMIR!
'Dr., Bagimsiz Arastirmaci, Uluslararasi iliskiler; ORCID: 0000-0003-3143-1439
Ozet

Donald Trump'in ikinci baskanlik doneminde (2025-2026) yiiriitilen ABD dis politikasinin
uluslararast hukukun temel normlar1 ve ilkeleriyle olan gerilimi bu calismada dort ornek olay
iizerinden incelenmektedir. Hegemonik giic kapasitesine sahip bir devletin tek yonlii eylemlerinin,
Birlesmis Milletler Sarti odaginda uluslararast hukuk diizenini hangi mekanizmalarla asindirdigi
sorusu, ¢alismanin temel sorunsalidir. Coklu 6rnek olayin nitel ¢ercevede incelendigi ve belge analizi
yontemlerinin uygulandig1 arastirmada, Birlesmis Milletler belgeleri, Uluslararasi Adalet Divani
ictihatlari, resmi agiklamalar ve ikincil akademik literatiir birlikte analiz edilmistir. Dikkat ¢ekici ilk
ornek olay, 3 Ocak 2026'da ABD o6zel kuvvetlerinin Caracas'a diizenledigi askeri operasyonla
Venezuela Devlet Baskan1 Nicolas Maduro'nun iilkesinden zorla kagirilarak New York'ta yargilanmak
tizere ABD'ye gotiiriilmesidir. Bu eylem: BM Sarti'nin 2(4). maddesindeki kuvvet kullanma yasagi,
egemen esitlik ilkesi ve devlet baskanlarinin kisisel dokunulmazligina iliskin uluslararasi teamdil
hukuku bakimindan dikkat c¢ekicidir. Diger bir drnek olay ise Gronland'm ekonomik ve askeri baski
araclariyla, teamiillere aykir1 bir bicimde Danimarka'dan talep edilmesinin toprak biitlinliigii, ilhak
yasag1 ve halklarin kendi kaderini tayin hakki karsisindaki konumudur. Ugiincii érnek olay, Iran'in
niikleer ve askeri altyapisina yonelik sistematik hava harekatlarinin onleyici mesru miidafaa doktrini
ve jus ad bellum (savasa bagvurma hukuku) ¢ercevesindeki hukuki gegerliligidir. Son 6rnek olay ise
Kiiba'ya uygulanan genis capli enerji ablukasi ile Kiiba'yla ekonomik iligkilerini siirdiiren ii¢lincii
devletlerin bu iliskilerini sonlandirmaya zorlayan ikincil yaptirimlarin, miidahale yasaginin ve tek
tarafli zorlayici tedbirlerin hukukiligidir. Aragtirmanin bulgulari, incelenen dort drnegin tekil ihlaller
olmanin &tesinde, kurallara dayali uluslararasi diizenin yerine gii¢c odakli ve islemsel (transactional) bir
dis politika anlayisini ikame eden sistematik bir yonelimi yansittigini ortaya koymaktadir. Bu yonelim,
uluslararast hukukun kural koyucu baglayiciligini zayiflatmakta, benzer eylemde bulunma
motivasyonunun etkisiyle revizyonist devletlere mesrulastirici bir alan agmakta ve Birlesmis Milletler
merkezli biitlinciil gilivenlik mekanizmalarinin islevselligini sorgulanabilir kilmaktadir. Arastirma,
hegemonik istisnacilik vasitasiyla uluslararasi hukukun biiylik gii¢ler karsisindaki kirilganligina iligkin
kuramsal tartismalara yeni bir bakis a¢is1 sunmay1 amacglamistir.

Anahtar Kelimeler: Uluslararas1 Hukuk, ABD Dig Politikasi, Kuvvet Kullanma Yasagi, Amerikan
Miidahaleciligi, Donald Trump.

US FOREIGN POLICY IN DONALD TRUMP'S SECOND PRESIDENCY AND THE
VIOLATION OF INTERNATIONAL LAW: THE CASES OF VENEZUELA, GREENLAND,
IRAN, AND CUBA

'Dr., Freelance Researcher, International Relations; ORCID: 0000-0003-3143-1439
Abstract

This research examines the tension between U.S. foreign policy during Donald Trump’s second
presidential term (2025-2026) and the fundamental norms and principles of international law through
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four case studies. The central question of this research is: Through what mechanisms do the unilateral
actions of a state possessing hegemonic power erode the international legal order as enshrined in the
United Nations Charter? In this research, which examines multiple case studies within a qualitative
framework and employs document analysis, United Nations documents, International Court of Justice
case law, official statements, and secondary academic literature were analyzed together. A notable first
case of research involves the military operation carried out by U.S. special forces in Caracas on
January 3, 2026, during which Venezuelan President Nicolds Maduro was forcibly abducted from his
country and taken to the United States to stand trial in New York. This action is noteworthy in light of
the prohibition on the use of force under Article 2(4) of the UN Charter, the principle of sovereign
equality, and customary international law regarding the personal immunity of heads of state. Another
example is the demand that Greenland be ceded by Denmark through economic and military pressure,
in violation of customary international law, and its implications for territorial integrity, the prohibition
on annexation, and the right of peoples to self-determination. The third case concerns the legal
validity, within the framework of the doctrine of preventive self-defense and jus ad bellum (the law of
war), of systematic air operations targeting Iran’s nuclear and military infrastructure. The final case
concerns the legality of the extensive energy blockade imposed on Cuba, the secondary sanctions that
compel third-party states maintaining economic relations with Cuba to terminate those relations, and
the prohibition on intervention and unilateral coercive measures. The findings of the research reveal
that the four cases examined go beyond isolated violations and reflect a systematic trend that replaces
the rules-based international order with a power-driven and transactional approach to foreign policy.
This trend weakens the rule-setting and binding nature of international law, creates a space for
legitimizing revisionist states by encouraging others to follow suit, and calls into question the
functionality of UN-centered comprehensive security mechanisms. The research aims to offer a new
perspective on theoretical debates regarding the vulnerability of international law in the face of great
powers through the lens of hegemonic exceptionalism.

Keywords: International Law, U.S. Foreign Policy, Prohibition on the Use of Force, American
Interventionism, Donald Trump.

58



ARCENG INTERNATIONAL ULUDAG SCIENTIFIC STUDIES CONGRESS BOOK

NUMERICAL INVESTIGATION OF THE EFFECT OF FIN NUMBER
AND SURFACE-FEATURE ARCHITECTURE ON THE CONVECTIVE
HEAT-REJECTION CAPACITY OF A BRAKE DRUM UNDER A
CONSTANT SURFACE TEMPERATURE AND FIXED ROTATIONAL
SPEED
Onur GOK!

! Necmettin Erbakan University, Seydisehir Vocational School, Department of Machine and
Metal Technologies, Konya, Tiirkiye; ORCID: 0000-0003-1160-1963

Abstract

In this study, the effect of the fin number and the edge and root fillet radii on the convective heat-
rejection capacity of a brake drum under a constant surface temperature and a fixed rotational speed
was investigated numerically by conjugate heat transfer analysis. The brake surface was kept at a
constant temperature of 300 °C, and the heat dissipated from the outer drum surface to the quiescent
ambient air by rotation-induced forced convection was computed for 250 rpm. Radiation, natural
convection and the free-stream effect from the vehicle forward speed are outside the scope. Therefore
the results represent only the rotation-induced forced-convection component and are not a braking-
process analysis. Six design variants of GGG40 spheroidal graphite cast iron were compared. These
are the bare body, the body with edge rounding, the bodies with 24 and 48 fins, and the 24 and 48
finned bodies with rounded roots and edges. The solutions were carried out with Simcenter FLOEFD
using the rotating region approach and the modified k-epsilon model in steady state. The rotational
Reynolds number based on the outer radius is about 4.8%x10%, so the flow was treated as turbulent.
Forming fins by machining grooves in the outer surface increases the convective heat transfer rate by
enlarging it, whereas rounding raises the heat transfer coefficient despite reducing the surface area.
The 48-fin sharp and rounded designs produce similar outer convective heat transfer rates, and their
difference is only about 0.6 percent, so, since no formal uncertainty analysis was performed, it is not
interpreted as a meaningful design advantage. On a heat rejected per unit mass basis, the 48-fin finely
rounded design gives the highest value by a small margin. The outer surface share between the two
selected cooling surfaces is between 76 and 88 percent. This value is not the energy balance of the
whole component. The findings provide a quantitative basis for comparing the convective heat-
rejection capacity under a constant surface temperature.

Keywords: Brake drum, conjugate heat transfer, computational fluid dynamics, fin architecture,
convective heat rejection

1. INTRODUCTION

Brake systems convert motion energy into heat by friction so that vehicles decelerate and stop safely.
A part of the heat released during braking accumulates in the brake components and raises their
temperature. An excessive temperature rise can reduce the friction coefficient, lower the braking
efficiency and cause structural degradation (Yevtushenko et al., 2021). Balc1 (2021) solved the three-
dimensional thermoelastic stresses that form during braking in a disc-pad pair. Yevtushenko et al.
(2022) showed that the partition ratio of the heat released in the friction pair between the two bodies
depends on the material properties, and Kernytskyy et al. (2022) showed that a complex heat exchange
occurs at the friction contact. For this reason, the ability of brake components to dissipate heat
effectively to the environment is one of the fundamental design requirements.
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In the literature, the thermal behaviour of brake components has been examined predominantly on disc
brakes. Giileryiiz and Yilmaz (2020) showed by computational fluid dynamics the determining effect
of the ventilation vane geometry on the mean convective coefficient and the cooling time in heavy-
duty vehicle ventilated discs. Garcia-Leon et al. (2021) numerically examined the effect of the air
speed on heat dissipation in an auto-ventilated disc. Vdovin and Le Gigan (2020) reviewed the
challenges in the aerodynamic and thermal modelling of disc brakes. Kunt (2021) modelled the disc
temperature at different vehicle weights and constant speeds, and Sivri and Keles (2023) analysed
heavy-vehicle discs thermo-mechanically. Unal et al. (2022) determined the brake fade caused by high
temperature with the finite element method, and Popescu et al. (2022) compared the temperature
distribution in mine hoist brake systems with finite elements.

Drum-type brakes have been studied less. Singh et al. (2010) examined the thermal seizure mechanism
in automotive drum brakes. Wang et al. (2025) addressed the thermo-stress-wear multiphysics
interaction in drum brakes with simulation and experiment. Radu et al. (2022) evaluated the thermo-
mechanical fatigue life of a mine hoist drum brake. These studies focus on the thermal and structural
behaviour of drums and do not address the outer-surface cooling architecture in detail.

The effect of shaping the cast iron surface on the thermal performance has also been investigated.
Tong et al. (2007) found that a biomimetic non-smooth surface shape improved the thermal fatigue
resistance of cast iron. Zhou et al. (2006) reported that a laser-processed non-smooth surface reduced
the thermal cracks on the drum surface. Liu et al. (2025) examined the effect of the laser-treated
biomimetic drum surface morphology on the wear and thermal fatigue performance. Deng et al. (2025)
studied the variable-temperature wear behaviour of laser-deposited coatings. These studies address the
strength and wear aspect of surface shaping and do not cover the convective heat rejection aspect.

Despite this body of knowledge, studies that parametrically examine the effect of the number of fins
added to the outer surface of a brake drum and the surface-feature architecture on the convective heat-
rejection capacity at a fixed rotational speed are limited. A summary of representative brake thermal
studies is given in Table 1. The fins are expected to increase heat rejection by enlarging the surface
area, and the rounding of the roots and edges is expected to change the flow and the heat transfer
coefficient. The author used a similar numerical approach in multi-physics design studies on GGG40
agricultural trailer components (Gok, 2026). The present study applies this approach to the fixed-speed
design architecture of a brake drum.
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Table 1. Representative brake thermal studies in the literature.

Study Brake type Method Focus
Zhou et al. (2006) Drum Experimental Surface thermal
fatigue
Singh et al. (2010) Drum Analytical + Exp. Thermal seizures
Giileryliz & Yilmaz Disc (vented) CFD + thermal Ventilation vane
(2020) cooling
Vdovin & Le Gigan Disc Review Aero-thermal
(2020) modelling
Garcia-Leodn et al. Disc (vented) CFD Air speed on cooling
(2021)
Radu et al. (2022) Drum (hoist) FEA Thermo-mechanical
fatigue
Wang et al. (2025) Drum Sim. + Exp. Thermo-stress-wear
coupling
Liu et al. (2025) Drum Experimental Surface morphology
Present study Drum (finned) CFD (CHT) Fin/feature
architecture

The aim of this study is to quantitatively determine, by conjugate heat transfer analysis, the effect of
the fin number and the edge and root fillet radii on the convective heat-rejection capacity of a GGG40
brake drum at a fixed rotational speed of 250 rpm and a constant brake surface temperature of 300 °C.
Six designs were compared under the same boundary conditions, the convective quantities of the outer
and inner surfaces and the heat rejected per unit mass were obtained, and the designs were compared
descriptively by normalizing them to the bare body. The study is not a braking-process analysis. The
effect of the rounding on the structural load distribution is outside the scope of this study and is
considered as the motivation for a future study.

1.1. Theoretical Framework

The heat transferred by convection from a solid surface to a fluid is defined by Newton's law of
cooling. The heat flux dissipated per unit area equals the product of the heat transfer coefficient and
the difference between the wall and the fluid temperatures. The total convective heat transfer rate is
found by the integral of this flux over the surface area. Forming fins on the outer surface enlarges the
surface area open to heat rejection, and shaping the surface features affects the flow structure and the
heat transfer coefficient. In this study the heat transfer coefficient, the wall temperature and the
convective heat transfer rate are reported separately, and no causality is claimed among them.

2. METHOD

2.1. Geometry, Material and Surfaces

The investigated component is a brake drum whose inner friction surface is 300 mm in diameter. The
outer diameter of the drum is about 332 mm, and its axial length is about 97 mm in the finless designs
and about 101 mm in the rounded designs. The material is GGG40 spheroidal graphite cast iron, with a
nominal density of 7100 kg/m?3, a thermal conductivity of 36 W/(m-K) and a specific heat of 461
J/(kg-K).

The six design variants are coded by the fin number (NF), the edge rounding radius (ER) and the root
fillet radius (FGR). The bare body is finless. In two designs, 24 and 48 fins were formed by machining
grooves in the outer surface. Because the fins are obtained by machining grooves in the outer surface
rather than by adding material, the finned bodies are about 2.8 kg lighter than the finless bare body,
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and the 24- and 48-fin designs have equal material volume. In the remaining two designs, edge and
root rounding was applied to these finned bodies. The root rounding radius differs in the two rounded
designs. Therefore, between the 24- and 48-fin rounded designs, the fin number, the inter-fin spacing
and the root radius change at the same time, so these two effects cannot be fully separated. This is a
limitation of the study. The views of the designs and the boundary conditions are given in Figure 1.
The geometric surface areas and the mass of each design were extracted from the solid model. Because
the outer cooling-surface goal in the numerical analysis was defined on the finned lateral surface, the
reference area integrated by the CFD solution over this goal (the ratio of the convective heat transfer
rate to the mean heat flux) is smaller than the total geometric outer areca. Both areas are given
separately in Table 2.

BD-NF0- BD-NF24- BD-NF48- BD-NF0- BD-NF24- BD-NF48-
ER0-FGRO ER0-FGRO ER0-FGRO ER16-FGRO ER16-FGR8 ER16-FGR4

Dimetric
View

. o
) 300 (°C)

Figure 1. Geometry of the six brake-drum designs and the applied boundary conditions.

Sectioned
Dimetric
View

300 (°C) 300 (°C)

Table 2. Geometric surface areas, the CFD cooling-surface reference area (Q/q" integrated over the
cooling goal) and the mass of the six designs. The geometric and CFD reference areas differ because
the CFD cooling goal was defined on the finned lateral surface only.

Design code Ni Aout,geo (M?) Aogutcrp (M?) Alingeo (M?) Mass (kg)

BD-NFO- 0 0.2743 0.1877 0.0763 18.97
ERO-FGRO

BD-NFO- 0 0.2597 0.1803 0.0804 18.66
ER16-FGRO

BD-NF24- 24 0.3010 0.2185 0.0763 16.17
ERO-FGRO

BD-NF48- 48 0.3382 0.2557 0.0763 16.17
ERO-FGRO

BD-NF24- 24 0.2634 0.1869 0.0804 16.12
ER16-FGRS8

BD-NF48- 48 0.2906 0.2110 0.0804 15.86
ER16-FGR4

62



ARCENG INTERNATIONAL ULUDAG SCIENTIFIC STUDIES CONGRESS BOOK

2.2. Governing Equations and Convective Quantities

The numerical analyses were carried out with the Simcenter FLOEFD software based on the finite
volume method (Siemens Digital Industries Software, 2024). The flow was assumed incompressible
and steady. The conservation of mass and momentum is expressed by Equation (1) and Equation (2).
The momentum equation includes the Coriolis and centrifugal terms in the rotating reference frame.
The conservation of energy in the fluid and solid regions was solved by Equation (3) and Equation (4),
and the turbulence by the modified k-epsilon model given by Equation (5) and Equation (6).

V-(pV)=0 (1)

p(V-V)V ==Vp + V-1 + p[ —2QxV — Qx(Qxr) | 2)
V-(pc,VT) = V- (hettVT) (3)

V-(AVTs) =0 4)

V:(pVk) = V[ (u + p/oi)Vk ] + Pk — pe ®)
V:(pVe) = V[ (n+ pi/oe)Ve ] + (e/k)(CearPi — Ceope) (6)

The convective quantities are defined between Equation (7) and Equation (11). The local heat transfer
coefficient is calculated by Equation (7) and the total convective heat transfer rate by Equation (8).
The dimensionless Nusselt and rotational Reynolds numbers are defined by Equation (9) and Equation
(10), and the angular velocity by Equation (11).

h=q"/(Tw— Ty (7)
Q= Ja h(Ty — Tp) dA (8)
Nu=hD/x 9)
Reo=por’/p (10)

® =27/ 60 (11)

In these equations V denotes the velocity vector, p the pressure, T the temperature, p the density, p the
dynamic viscosity, A the thermal conductivity, c, the specific heat, k the turbulent kinetic energy, € the
dissipation rate, Q the angular velocity vector, q” the heat flux, Ty the wall temperature, Ty the fluid
reference temperature, D the outer diameter and Af the thermal conductivity of air. The outer diameter
was taken as the characteristic length in the Nusselt number.

2.3. Computational Domain, Rotating Region and Boundary Conditions

The computational domain was defined as an outer air volume in the form of a rectangular prism
surrounding the drum. The rotation was modelled by the averaging approach in a rotating region
enclosing the drum. The rotational speed is 250 rpm for all designs, the corresponding angular velocity
is 26.18 rad/s and the peripheral speed at the outer radius is about 4.35 m/s. The rotational Reynolds
number based on the outer radius is about 4.8x10% so the flow was treated as turbulent and the
modified k-epsilon model was selected. The working fluid is air at 20 °C, and the density was taken as
constant at 1.204 kg/m* and the dynamic viscosity at 1.82x10~° Pa-s. The temperature-dependent
variation of the air properties was not taken into account, which is a limitation. The boundary
conditions and the solver settings are summarized in Table 3.
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Table 3. Computational domain, mesh, boundary conditions and solver settings.

Value
Rotating region (averaging), 250 rpm
26.18 rad/s / 4.35 m/s
4.8x10*
Constant temperature (Dirichlet), 300 °C
Convective solid-fluid interface
Ambient pressure openings, 20 °C

Setting
Rotation model
Angular velocity / tip speed
Re, (outer radius)
Brake (friction) surface
Outer, fin and side surfaces
Domain outer boundaries

Working fluid Air, 20 °C, constant (1.204 kg/m?, 1.82x107°
Pa‘s)
Turbulence model Modified k-epsilon, two-scale wall functions
Result resolution level 7
Total cells (representative case) 303,724
Fluid / solid cells 277,564 /26,160
Solid-fluid contact cells 14,440
Computing cores 32
Radiation / natural convection Not included
Analysis type Steady state, goal-based convergence

2.4. Mesh and Convergence

The computational mesh was generated over the automatic initial mesh at a high resolution level and
with successive local refinement around the drum and at the solid-fluid interface. The generated mesh
and the local refinement regions are shown in Figure 2. For the representative baseline case the total
number of cells is about 303,700, most of which are fluid cells. The numbers of solid and solid-fluid
contact cells are given in Table 3. To assess mesh independence, the baseline design was solved at
three mesh levels, coarse, medium and fine. The results are given in Table 4.

(a) Cutting planes

(b) Top-plane section (c) Right-plane section

Figure 2. Computational mesh with local refinement around the drum and the solid-fluid interface. (a)
cutting planes, (b) top-plane section, (c¢) right-plane section.

Table 4. Mesh independence study for the baseline design. Q and h are the outer-surface convective
heat transfer rate and coefficient.

Mesh

Total cells oW h (W/(m*K)) 0 change (%)
Coarse 62,972 641.6 12.77 —
Medium 98,924 592.8 11.78 =7.6
Fine 303,724 639.5 12.65 +7.9
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As seen in Table 4, the outer-surface convective heat transfer rate agrees within about 0.3 percent
between the coarse and fine meshes. The intermediate mesh shows a deviation of about 8 percent, so
the mesh convergence of the solution is not fully monotonic. The finest mesh was used in all
production runs. A formal grid convergence index was not computed, and the deviation on the
intermediate mesh is considered a limitation of the study.

The solution was run in steady state based on the convergence of the monitored goals, and the goal-
based convergence criterion was met between about 328 and 462 iterations for all designs. As a
representative case, the convergence of the main goals of the 48-fin finely rounded design is shown in
Figure 3, normalized to the converged value of each goal.

(a) Outer-surface goals (b) Inner-surface goal
1.15 4.0
= Quter i —=- Innerg’
2 == Quter ¢ 5 3.5F
s LoF ™ Quter Ty £
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o o -
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= 2 ' !
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Figure 3. Convergence of the main goals for a representative design, normalized to the converged
value and shown over the settling range.

3. RESULTS

The velocity and temperature fields and the convective quantities obtained for the six designs are
presented in this section. The velocity field produced by the rotation-induced flow is given in Figure 4,
and the temperature field on the cross-sections in Figure 5. Because the colour scales of these images
are in a limited range, the high-velocity and high-temperature regions appear saturated. The
quantitative comparison was made through the tables.
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Velocity (m/s)

0 (s) I 1)

'

Top-Plane
Cross-Section

BD-NF0- BD-NF24- BD-NF48- BD-NF0- BD-NF24- BD-NF48-
ER0-FGRO ER0-FGRO ER0-FGRO ER16-FGRO ER16-FGR8 ER16-FGR4

Right-Plane
Cross-Section

N\

Figure 4. Velocity field distributions of the six designs on the cross-sections. The colour scale is
limited and saturates above its upper bound.
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BD-NF0- BD-NF24- BD-NF48- BD-NF0- BD-NF24- BD-NF48-
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Figure 5. Cross-sectional temperature field distributions of the six designs. The colour scale is limited
and does not reach the applied 300 °C boundary.

3.1. Heat Transfer Coefficient and Wall Temperature

The mean convective quantities obtained for the outer finned surface are given in Table 5, and those
for the inner brake surface in Table 6. The heat transfer coefficient of the outer surface increased from
12.65 W/(m?*-K) for the bare body to 19.46 W/(m>-K) for the 48-fin finely rounded design. Forming
fins by machining grooves increased the coefficient moderately, whereas the root and edge rounding
raised the coefficient more markedly at the high fin number. The wall temperature of the outer surface
remained in a narrow range between 285 and 288 °C for all designs. Because the heat transfer
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coefficient of the inner surface was not monitored directly as a goal, it was calculated by Equation (7).

The variation of the heat transfer coefficients of the outer and inner surfaces with the design is

compared in Figure 6.

Table 5. Convective results on the outer (finned) surface.

Design code | h (W/(m*K)) | q” (W/m?) T, (°C) 0 (W) Nu ()

BD-NF0- 12.65 3407 287.55 639.5 163
ER0-FGRO

BD-NF0- 13.99 3778 288.09 681.2 181
ER16-FGRO

BD-NF24- 15.63 4186 286.03 914.5 202
ER0-FGRO

BD-NF48- 15.94 4263 286.35 1090.2 206
ERO-FGRO

BD-NF24- 15.73 4244 286.78 793.3 203
ER16-FGRS

BD-NF48- 19.46 5197 285.23 1096.6 251
ER16-FGR4

Table 6. Convective results on the inner (brake) surface. The inner heat transfer coefficient is

computed from Eq. (7).

Design code | h (W/(m*K)) | q" (W/m?) T, (°C) o (W) Nu ()

BD-NF0- 10.26 2890 300.0 198.8 133
ER0-FGRO

BD-NF0- 8.36 2359 300.0 162.3 108
ER16-FGRO

BD-NF24- 9.97 2811 300.0 193.4 129
ER0-FGRO

BD-NF48- 10.23 2876 300.0 197.9 132
ERO-FGRO

BD-NF24- 8.60 2433 300.0 167.4 111
ER16-FGRS

BD-NF48- 7.68 2164 300.0 148.9 99
ER16-FGR4

67




ARCENG INTERNATIONAL ULUDAG SCIENTIFIC STUDIES CONGRESS BOOK

| I Outer (finned) surface
I [nner (brake) surface

o
o

—_
w

—_
o

93]

Heat transfer coefficient 2 (W/(m? - K))

w0 w0 0 2O U
DS e o+ o et G
A Y\QQ‘?’ L L $Q1w€‘ Y\Qa.?rﬁ‘

Figure 6. Heat transfer coefficient of the outer and inner surfaces for the six designs.

3.2. Convective Heat Transfer Rate and Distribution Between Surfaces

The variation of the convective heat transfer rate dissipated from the outer surface with the design is
given in Figure 7. The convective heat transfer rate reached 1096.6 W for the 48-fin finely rounded
design from 639.5 W for the bare body. The increase in the fin number raised the convective heat
transfer rate markedly. In contrast, in the 24-fin design the rounding decreased the convective heat
transfer rate from 914.5 W to 793.3 W, and in the 48-fin design it changed it from 1090.2 W to 1096.6
W by about 0.6 percent. Because this last difference is only about 0.6 percent and no formal numerical
uncertainty analysis was performed, it is not interpreted as a meaningful design advantage. The
distribution of the convective heat transfer rate between the two selected cooling surfaces is presented
in Table 7. This table gives only the distribution between the two selected surfaces and is not a closed
energy balance of the component. Because the side and connection surfaces of the drum and the
domain openings also participate in the heat exchange, the sum of the two surfaces does not represent
the whole energy balance.
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Figure 7. Convective heat transfer rate of the outer surface for the six designs, with the change relative
to the baseline.
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Table 7. Distribution of the convective heat transfer between the two selected cooling surfaces. Sums
and shares are computed from unrounded values and are not a closed energy balance.

Design code Outer Q (W) Inner Q (W) Sum (W) Outer share (%)
BD-NF0-ERO- 639.5 198.8 838.3 76.3
FGRO
BD-NF0-ER16- 681.2 162.3 843.4 80.8
FGRO
BD-NF24-ERO- 914.5 193.4 1107.9 82.5
FGRO
BD-NF48-ERO- 1090.2 197.9 1288.1 84.6
FGRO
BD-NF24-ER16- 793.3 167.4 960.7 82.6
FGRS
BD-NF48-ER16- 1096.6 148.9 1245.5 88.0
FGR4

3.3. Normalized Comparison

For a descriptive comparison of the designs, the convective heat transfer rate and the heat transfer
coefficient were normalized to the bare body, and the heat rejected per unit mass was also calculated.
These values are given in Table 8. The increase in the fin number raises both the convective heat
transfer rate ratio and the heat transfer coefficient ratio. In the heat rejected per unit mass criterion, the
highest value was obtained for the 48-fin finely rounded design and the second highest for the 48-fin
sharp design, and these two values are close to each other. However, under a constant temperature the
heat rejected per unit mass is only a geometric specific indicator and does not represent the real
braking performance, because a lower mass can mean a lower thermal capacity and a faster
temperature rise. The variation of the convective heat transfer rate and the heat transfer coefficient
ratios with the fin number is shown in Figure 8. This comparison is descriptive, and because the design
points do not form a single independent parameter series, no regression correlation was established.

Table 8. Normalized comparison relative to the baseline and the heat rejected per unit mass. The ratios
are reported for description and no causal decomposition is implied.

Design code N h/hy Q/Qo 0/m (W/kg)
BD-NF0-ERO- 0 1.000 1.000 33.71
FGRO
BD-NF0-ER16- 0 1.106 1.065 36.50
FGRO
BD-NF24-ERO0- 24 1.235 1.430 56.57
FGRO
BD-NF48-ER0- 48 1.260 1.705 67.44
FGRO
BD-NF24-ER16- 24 1.243 1.240 49.22
FGRS
BD-NF48-ER16- 48 1.538 1.715 69.15
FGR4
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Figure 8. Normalized comparison of the convective heat transfer rate (left) and the heat transfer
coefficient (right) versus the fin number. Circles denote sharp-edged designs and squares denote
rounded designs.

4. CONCLUSION, DISCUSSION AND RECOMMENDATIONS

In this study, the effect of the fin number and the edge and root fillet radii on the convective heat-
rejection capacity of a GGG40 brake drum at a fixed rotational speed of 250 rpm and a constant brake
surface temperature of 300 °C was examined by conjugate heat transfer analysis. In terms of the
convective heat transfer rate dissipated from the outer surface, the finless bare body gave the lowest
values and the 48-fin designs the highest.

The descriptive comparison obtained shows that forming fins by machining grooves in the outer
surface increases the convective heat transfer rate by enlarging the outer surface area. Although the
root and edge rounding reduces the geometric surface area somewhat, it raises the heat transfer
coefficient. This sensitivity of the heat transfer coefficient to the surface geometry is consistent with
the findings of Giileryliz and Yilmaz (2020), who showed that the ventilation vane geometry
determines the mean convective coefficient in ventilated discs. Similarly, Garcia-Ledn et al. (2021)
reported that the disc cooling performance depends strongly on the flow conditions. The 48-fin sharp
and rounded designs produced similar outer convective heat transfer rates. The difference of about 0.6
percent between these two designs is not interpreted as a meaningful design advantage, because no
formal numerical uncertainty analysis was performed. In the heat rejected per unit mass criterion, the
48-fin finely rounded design gave the highest value by a small margin. A high heat transfer coefficient
alone does not mean a better design and should be evaluated together with criteria such as the total
heat rejection and the heat rejected per unit mass. The heat rejected per unit mass calculated under a
constant temperature is only a geometric specific indicator and does not represent the real braking
performance.

The study contains important limitations. The constant surface temperature boundary does not resolve
the friction-induced heat generation in the real braking process and represents only the heat rejection
required to keep the drum at 300 °C. The transient heat generation during braking and the heat
partition between the two bodies require a separate modelling (Yevtushenko et al., 2021). An
experimental, analytical or literature-based validation was not provided. The radiation, natural
convection and free-stream effects arising from the vehicle forward speed are outside the scope.
Therefore the results represent only the rotation-induced forced-convection component. The heat
transfer coefficient of the inner surface was calculated by Equation (7). Because the root radius differs
in the two rounded designs, the fin number and rounding effects could not be fully separated. The air
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properties were taken as constant. Because no structural analysis was performed, no conclusion was
drawn about the strength and the load distribution.

In future studies, it is recommended to provide an experimental or literature-based validation for at
least the baseline geometry, to solve a balanced parametric matrix containing different rounding radii
for each fin number, to compute a formal grid convergence index and to perform a sensitivity analysis
with temperature-dependent air properties. In addition, the prominent designs should be evaluated in
terms of the structural load distribution and the thermal fatigue. Given that the thermo-mechanical
fatigue life in drum brakes was emphasized by Radu et al. (2022) and Wang et al. (2025), and the
effect of surface treatments on the thermal fatigue resistance by Zhou et al. (2006) and Liu et al.
(2025), addressing the cooling architecture together with the strength is important for a holistic design.

ACKNOWLEDGEMENT

The author thanks Mustafa Uysal Otomotiv A.S. (M. Uysal Otomotiv, Konya), which provided the
brake drum geometry used as the basis of this study and manufactures agricultural trailer components,
for its valuable support.

5. REFERENCES

Balci, M. N. (2021). Fren disk-balata mekanizmasinin ii¢ boyutlu gerilme analizi. Konya Journal of
Engineering Sciences, 9(1), 62-84. https://doi.org/10.36306/konjes.722834

Deng, R., Wei, R., Zhang, Y., Zhao, C., Liang, J., Bai, Q., ... Wu, X. (2025). Investigation of variable-
temperature wear characteristics of austenitic stainless steel coatings fabricated via laser energy
deposition. Wear, 572-573, 205993. https://doi.org/10.1016/j.wear.2025.205993

Garcia-Ledn, R. A., Afanador-Garcia, N., & Gomez-Camperos, J. A. (2021). Numerical study of heat
transfer and speed air flow on performance of an auto-ventilated disc brake. Fluids, 6(4), 160.
https://doi.org/10.3390/fluids6040160

Gok, O. (2026). Integrated multi-physics design of a GGG40 agricultural trailer wheel hub:
Concurrent topology optimisation and CFD-based lubrication enhancement. Lubricants, 14(5),
207. https://doi.org/10.3390/lubricants 14050207

Giileryiiz, 1. C., & Y1ilmaz, B. (2020). Investigation of heavy-duty vehicle brake disc cooling behavior.
Gazi University Journal of Science Part C: Design and Technology, 8(4), 936-947.
https://doi.org/10.29109/gujsc.746457

Kernytskyy, 1., Volchenko, A., Szlachetka, O., Horbay, O., Skrypnyk, V., Zhuravlev, D., ... Koda, E.
(2022). Complex heat exchange in friction steam of brakes. Energies, 15(19), 7412.
https://doi.org/10.3390/en15197412

Kunt, M. A. (2021). Thermal modelling of a disc brake system at different vehicle weights and
constant speeds. International Journal of Automotive Science and Technology, 5(4), 351-357.
https://doi.org/10.30939/ijastech..1006445

Liu, W., Yang, H., Zhou, Y., Zhou, T., & Xie, H. (2025). Study on the influence mechanism of surface
morphology on wear and thermal fatigue performance of laser-treated bionic brake drum. Metals,
15(2), 124. https://doi.org/10.3390/met15020124

Popescu, F. D., Radu, S. M., Andras, A., Brinas, 1., & Popescu, V. (2022). Comparative analysis of
mine shaft hoisting systems' brake temperature using finite element analysis (FEA). Materials,
15(9), 3363. https://doi.org/10.3390/ma15093363

Radu, S. M., Popescu, F. D., Andras, A., Virdg, Z., Brinas, I., & Draica, M.-I. (2022). A thermo-
mechanical stress based fatigue life evaluation of a mine hoist drum brake system using
COMSOL Multiphysics. Materials, 15(19), 6558. https://doi.org/10.3390/mal15196558

71



ARCENG INTERNATIONAL ULUDAG SCIENTIFIC STUDIES CONGRESS BOOK

Siemens Digital Industries Software. (2024). Simcenter FLOEFD technical reference manual
[Computer software]. Siemens Digital Industries Software, Plano, TX, USA.

Singh, O. P., Mohan, S., Venkata Mangaraju, K., Jayamathy, M., & Babu, R. (2010). Thermal seizures
in automotive drum brakes. Engineering Failure Analysis, 17(5), 1155-1172.
https://doi.org/10.1016/j.engfailanal.2010.02.001

Sivri, R. K., & Keles, 1. (2023). Agir ara¢ fren diskinin sonlu elemanlar ile termo-mekanik analizi.
Black Sea Journal of Engineering and Science, 6(1), 44-52,
https://doi.org/10.34248/bsengineering.1205606

Tong, X., Zhou, H., Zhang, Z.-h., Sun, N., Shan, H.-y., & Ren, L.-q. (2007). Effects of surface shape
on thermal fatigue resistance of biomimetic non-smooth cast iron. Materials Science and
Engineering: A, 467(1-2), 97-103. https://doi.org/10.1016/j.msea.2007.02.124

Unal, A., Akkus, N., & Kandil, S. T. (2022). Demiryolu arac1 disk balatalarinin tasariminda yiiksek
sicakligin neden oldugu fren zayiflama probleminin belirlenmesi i¢in sonlu elemanlar yontemi
yaklagimi. Demiryolu Miihendisligi, (15), 134-144. https://doi.org/10.47072/demiryolu.1027982

Vdovin, A., & Le Gigan, G. (2020). Aerodynamic and thermal modelling of disc brakes: Challenges
and limitations. Energies, 13(1), 203. https://doi.org/10.3390/en13010203

Wang, Y., Yang, X., Huang, Y., Sun, C., & Shi, W. (2025). Thermo-stress-wear multiphysics coupling
mechanism in drum brakes: A comparative study on material fatigue life through simulation and
experiment. Tribology International, 212, 110904. https://doi.org/10.1016/j.triboint.2025.110904

Yevtushenko, A., Topczewska, K., & Kuciej, M. (2021). Analytical determination of the brake
temperature mode during repetitive short-term  braking. Materials, 14(8), 1912.
https://doi.org/10.3390/ma14081912

Yevtushenko, A., Topczewska, K., & Zamojski, P. (2022). The heat partition ratio during braking in a
functionally graded friction couple. Materials, 15(13), 4623. https://doi.org/10.3390/ma15134623

Zhou, H., Tong, X., Zhang, Z., Li, X., & Ren, L. (2006). The thermal fatigue resistance of cast iron
with biomimetic non-smooth surface processed by laser with different parameters. Materials
Science and Engineering: A, 428(1-2), 141-147. https://doi.org/10.1016/j.msea.2006.04.101

72



ARCENG INTERNATIONAL ULUDAG SCIENTIFIC STUDIES CONGRESS BOOK

DISCUSSION STRATEGIES IN TEACHING FINE ARTS IN
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Xiilasa. Orta moktoblordo tosviri incosonat fonninin todrisinde miizakire metodlarinin sagirdlor
arasinda inkisafi vacibdir. Tosviri incosonat miiollimi se¢ilmis mévzu vo ya asor haqqinda ideya vo
fikirlorini miizakirs edirlor. Sagirdlor asarlari tohlil edarak, problemli hissalori 6n plana ¢ixara, yaradici
tofokkiirii inkisaf etdirirlor. Malumat va ideyalar1 imumilssdirarak, asor haqqinda sifahi danisa bilirlor.
Bu moqalads tosviri incosonot fonninin todrisinde miizakiro metodlar: tohlil edilmigdir.

Acar sozlor: Tosviri incasonat, tadris, miizakira, metod, tohsil

Abstract. The development of discussion methods among students is crucial in the teaching of visual
arts in secondary schools. Fine arts teachers engage students in discussions about selected topics or
artworks, encouraging them to express their ideas and opinions. Through analyzing artworks, students
highlight problematic aspects and foster creative thinking. By summarizing information and ideas,
they are able to verbally articulate their understanding of the artwork. This article analyzes the
discussion methods used in the teaching of fine arts.

Keywords: Fine Arts, teaching, discussion, method, education

Hoar bir fonnin tadrisinds oldugu kimi, tesviri incasenatds dos se¢ilmis bir movzu vo ya mosalo otrafinda
fikir, molumat, toassiirat, tonqid vo tokliflorin garsiliglt sokildo vo miioyyon struktur corgivosindo
aparildig1 fikir miibadilslori miizakirs lisulunda aparilmalidir. Bu metod foal tolimds genis istifado
olunur vo bir ne¢o forqli formaya malikdir.Ovvala, istirak¢ilar qarsiya qoyulmus problemi tohlil
etmayi, onun asas sabablorini miioyyanlogdirmoyi vo miimkiin holl yollarii tapmagi Syronirlor. Bu
proses eyni zamanda diizgiin gorar vermok bacarigmin inkisafina komok edir.Tosviri incosonot
fonnindo miizakiralor osason rossamlarin yaradicilig1 vo asorlor haqqinda ola bilor.

Miizakiro zamani sagirdlor tosviri incosonat fonnindo konkret movzu vo ya problem otrafinda 6z soxsi
fikirlorini ifads edir, bu fikirlori osaslandirmaga vo bagqalarina qebul etdirmays ¢alisirlar. Onlar irsli
siirdiiklori diisiincalori faktlarla tohlil edir, dslillorlo mévqelarini giliclondirir vo problemin miimkiin
hall yollarini toklif edirlor. Miizakira prosesi zamani istirak¢ilar arasinda mévzuya dair anlayiglarin va
ideyalarin diizgiinliiyli yoxlanilir vo bu ideyalar daha da doqiqlosdirilir. Bu morholods toraflor bir-
birinin fikirlorini tohlil edir, noticodo daha dorin vo aydin tosovviir formalagir.

Bununla yanagi, miizakiro zamani tosviri incosonatdo movzu ilo bagli olan molumatlar vo diislincolor
sistemli gokildo toskil edilir, olagali ideyalar bir araya gotirilir vo imumi naticalor ¢ixarilir. Eyni
zamanda bu proses, rossamlarin yaradiciligt vo ya osorlori haqqinda oxsarliglar ve forglerin
milayyanlagdirilmasine sorait yaradir. Miizakira igtirak¢ilara problemin alternativ hall yollari
aragdirmaq imkani da verir. Ovvsla, miizakiro miixtolif baxis bucaqlarmin sorbast sokilds ifades
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olunmasina sorait yaradir vo bu da sagirdlorin forqli fikirlorlo tanis olmasina imkan verir. Ix sinif
sagirdlorino “Sakit Mommodov:klassik vo miiasir {islubun sintezi” mdvzusunu kegondon sonra
miiollim rassamlarin yaradiciligini va asarlorini miizakirays ¢ixara bilar.

ILL 1. Sakit Mommadov “Kiismiis malok”

Diskussiya adston qarsiliqh fikir miibadilesi, miizakire vo ya miibahise formasinda hayata kegirilir vo
osason bir-birina qarsi opponent movqgeds olan toroflorin qarsidurmasi ilo miisahido olunur. Lakin
debat bu klassik formadan miioyyan forqlarle secilir. Debatda asas hadof qars1 terafi deyil, {iglincii bir
torofi — yoni hakim vo ya auditoriyani — inandirmaqdir. Tosviri incasenot fonninin todrisinde do
debatlardan genis istifads etmok olar.
Sagirdler ham¢inin miizakirs xaritslorinden istifads etmaklo, mévzu haqqinda mévgelarini
miioyyanlosdirs, fikirlor sdyloys vo timumilagdirms apara bilarlor. Miiollim sagirdlars “Alberto
Cakometti:heykalin zarif silueti” mévzusunu kegondon sonra miizakirs xaritasi vasitoesilo movzu
haqqinda biliklarini tamamlaya bilarlor.

T -

iLL 2. Alberto Cakometti “Ciitliik”

Tasviri incasenst fonninde miizakirs metodlu darslorin sagirdlorls birlikds todrisi onlarda dziiniiifade
bacariqlarinida inkisaf etdirir.
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REGIONAL VO QLOBAL ARENADA BIRGO FOALIYYOT

MOQALONIN ACAR SOZLORI

Qarabag miiharibasi, Susa Bayannamasi, Zangoazur dshlizi, Tiirk diinyasi, Strateji torafdasliq, Enerji

amoakdaglig:

Azorbaycan vo Tirkiye arasinda miinasibatlor tokce iki miistaqil dovlatin diplomatik slagslori deyil,
eyni zamanda ortaq tarix, madeniyyat, dil vo milli kimlik tizerindo qurulan dorin vo sarsilmaz
qardasliq miinasibatloridir. “Bir millat, iki dovlet” ifadassi bu olagolorin mahiyystini oks etdirir. Bu
miinasibatlor zaman-zaman dayisen siyasi vo tarixi soraitloro baxmayaraq, daim giiclonmis, strateji

miittofiglik soviyyoesine yliksolmisdir.

Tarixi Koklor vo Ortaq Madoni Irs

Azarbaycan vo Tirkiys xalglart eyni etnik vo dil koklorine malik olmaqla yanasi, uzun asrlor boyu
ortaq madoni vo siyasi tarix yasamislar. Hor iki xalqin tiirkdilli olmasi, ortaq adot-ononalori vo islam

dini ilo baglilig1 miinasibatlorin tomalini toskil edir.

1. Ortaq tarixi yaddas

Tiirk xalqlan tarixon Orta Asiyadan Yaxin Sorqe, Qafqaza vo Anadoluya goder yayilmis, miixtolif
imperiyalar qurmuslar: Salcuqlular, Osmanlilar, Qaraqoyunlu vo Agqoyunlu dévlatlori bu baximdan
mithiim ohamiyyat dasiyir. Azorbaycan torpaqlart uzun miiddst Osmanli imperiyasinin maraq

dairasinds olmus, qarsiliql siyasi, iqtisadi vo madani oalagalar qurulmusdur.

2. XIX va XX asrlards miinasibatlor

XIX asrin sonlarindan baglayaraq ¢ar Rusiyasinin tozyiqleri altinda olan Azarbaycan xalqi Osmanlidan
monavi dostok almigdir. 1918-ci ildo Azarbaycan Xalq Ciimhuriyysti yaradildigdan sonra, Osmanl
dovleti ilk olaraq bu miistoqil dovlati tanimis vo Nuru Pasanin basciligi ilo Qafqaz Islam Ordusu Baki

va digar bolgoalari bolsevik-dasnak qiivvalorindon azad etmisdir.

Sovet Dovriinda 9lagalor

1920-ci ildo Azarbaycan Sovetlor Birliyinin torkibine daxil olduqdan sonra, Tiirkiys ilo miinasibatlor
rosmi gokildo dayandirildi. Bu dévrde iki xalq arasinda slagelor yalniz geyri-rosmi yollarla —

adoabiyyat, musiqi, gohumluq vo monavi bagliliq vasitosilo davam etdirildi.
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Buna baxmayaraq, tiirk diinyasinin birliyi ideyasi bu illordo do ham Azorbaycan, hom do Tiirkiys
ziyalilar1 arasinda yasamaga davam edirdi. Bozi hallarda bu bagliliq repressiyalarla naticolonmisdi.
Lakin 1991-ci ildo Azarbaycan 6z miistaqilliyini borpa etdikden sonra miinasibatlor siirotlo borpa

olunmaga basladi.

Miistoqillikdon Sonra Azarbaycan-Tiirkiys Miinasibatlori
1991-ci ilin oktyabr ayinda Azorbaycan miistoqilliyini elan etdikdon dorhal sonra Tiirkiyo onu taniyan

ilk dovlat oldu. Bu, galacakdas ikitarafli miinasibatlarin dorinlogmasinin asasini qoydu.

1. Diplomatik alagalorin qurulmas:

2. 1992-ci ilin yanvarinda iki 6lko arasinda diplomatik miinasibotlor quruldu. Bu illor orzindo

onlarla ikitorafli sonad imzalanmis, miixtalif saholordo omokdasliq inkisaf etdirilmisdir.
2. Qarabag masalasinda Tiirkiyonin dastayi

Ermonistanin Azarbaycan torpaqlarini isgal etmosi ilo baslayan Qarabag miinaqigosi dovriindo Tiirkiyo
daim Azorbaycanin orazi biitovliiylinii dostoklomisdir. 2020-ci ildo bag veron Voton miihariboasi zamani
Tiirkiys siyasi, diplomatik vo informasiya sahosindo Azorbaycana birmonali dostok verdi. Bu, iki 6lko

arasindaki qardasligin on bariz niimunslorindasn biri idi.

Iqtisadi Omokdashq
Azorbaycan vo Tiirkiys arasinda iqtisadi eamokdasliq son onilliklorde genislonarok strateji soviyyayo

catmigdir.

1. Enerji layiholori

2. Enerji sahosindo omokdasliq iki 6lko miinasibatlorinds miihiim yer tutur. Baki-Tbilisi-Ceyhan
neft komori, Baki-Tbilisi-Orzurum qaz komari vo TANAP layihosi bu sahodoki amokdaghigin

osas siitunlaridir.
2. Ticarat vd sarmay?

Tiirkiys Azorbaycanin asas ticarat torofdaslarindan biridir. Eyni zamanda Azsrbaycan Dovlot Neft
Sirkati (SOCAR) Tiirkiyads boyiik sormayslor yatirmigdir, o ciimlodon STAR neft emali zavodu vo

Petkim kompleksi bu sarmayaslars daxildir.

Madoani vo Tahsil Dlagalori

Azarbaycan va Tiirkiys arasinda moadaniyyat va tohsil sahasinda do s1x amakdasliq mévcuddur.
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1. Tahsil

Hor il yiizlorlo azarbaycanli tolobo Tiirkiys universitetlorinds tohsil alir. Eyni zamanda Tiirkiyonin
miixtolif universitetlorinde Azorbaycan dili vo odobiyyati iizro ixtisaslar foaliyyot gostorir. Tiirk

Universitetlori arasinda tolobo vo miisllim miibadilosi programlar1 da mévcuddur.
2. Madaniyyat va sanat

Ortaq kino layiholori, teatr tamasalari, odobiyyat festivallart vo sorgilor iki 6lkonin moadoni yaxinligini
daha da artirir. Homginin UNESCO vo TURKSOY kimi beynolxalq platformalarda da Azorbaycan va
Tiirkiye birgs cixis edirlor.

Hoarbi vo Strateji 9mokdashq

Iki 6lko arasinda horbi sahods omokdasliq siirotlo inkisaf edir. Har il kegirilon birga tolimlor, horbi

texnika vo bilik miibadilssi, miidafis sonayesindo amokdasliq bu sahadaki slagelorin gostaricisidir.

2021-ci ilde imzalanan Susa Boyannamesi Azorbaycan vo Tirkiys arasinda miittofiglik
miinasibatlorini rosmilogdirdi. Bu sonod horbi, siyasi vo iqtisadi saholordo omokdasligin daha da

genislonmasini nazards tutur.

Regional va Qlobal Arenada Birgs Faaliyyot

Azorbaycan vo Tirkiys yalniz ikiterofli soviyyade deyil, eyni zamanda regional va beynoslxalq
toskilatlar corcivosindo do omokdaslq edirlor. Tiirk Dévlotlori Toskilati, Islam ©mokdaslhiq Toskilati
vo BMT kimi platformalarda har iki 6lko bir-birini destokloyir.

Zongozur dohlizinin agilmasi, Orta Dohliz layihesi, Qafqazda sabitliyin tomin edilmesi kimi

tagabbiislords Tiirkiys vo Azarbaycan birgs harokat edirlor

XX 9srda Yeni Saviyyays Qaldirilan 9lagalar

Azorbaycan 1918-ci ildo Azorbaycan Xalq Ciimhuriyystini (AXC) elan etdikdon sonra Tiirkiys ilo
olagolor daha rosmi vo strateji mozmun almaga basladi. Osmanli imperiyas1 par¢alanma orafosinde
olsa da, Qafgaz Islam Ordusunu Bakinin azad olunmasi ii¢iin géndarmis vo bu, Azorbaycan tarixinda

qardasliq niimunasi kimi qalmigdir.

Nuru Pasanin rohborlik etdiyi ordu 1918-ci ilin sentyabrinda Baki sohorini bolsevik-dasnak
birlogsmolorindon azad etdi. Bu hadiso yalniz horbi baximdan deyil, hom do monovi va tarixi doyeri ilo
ohamiyyatlidir. Azarbaycan xalqi ii¢iin bu, Tiirkiysnin ¢otin dovriinds bels dastoyini asirgomadiyinin

bariz gostericisidir.
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AXC siiqut etdikden sonra sovet rejimi Azarbaycani isgal etsa do, Tiirkiys ilo qeyri-rasmi alagslor bir

¢ox sahads davam etdi. Ziyalilar, yazigilar vo miihacirlor vasitasilo bu baglar qorundu.

Zongozur Dahlizi vo Galacak Perspektivlor

Azarbaycanin 2020-ci il Vaton miiharibasinde qazandigi goloboden sonra bélgads yeni bir siyasi vo
iqtisadi diizon formalagsmaga basladi. Bu kontekstdo Zongozur dshlizi xiisusi strateji shomiyyast
dastyir. Ermonistan orazisindon kegorok Azorbaycanin qorb rayonlarini Nax¢ivan Muxtar Respublikasi
vo oradan Tiirkiys ilo birlosdiracok bu dohliz, bolgade hom iqtisadi, ham do geosiyasi dinamikani

dayisacak.

Zongozur dohlizinin agilmasi yalmz Azorbaycan iiclin deyil, Tiirkiys {iglin do miihiim strateji
tistinlikdiir. Bu dohliz Tiirk diinyasimin fiziki inteqrasiyasi {i¢lin agar rolunu oynayir. Belsliklo,
Ankara-Baki domir yolu xotti Orta Asiya tiitk respublikalarina qoder uzana biler. Bu dohliz, eyni
zamanda, Orta Dohliz (Transxozor Beynolxalq Noqliyyat Marsrutu) layihosine giiclii dostok veracok vo

Cindon Avropaya uzanan ticarot yollarini saxolondiracok.
Galacak perspektivlor ¢orcivasindo asagidaki sahslor xiisusi shomiyyat dasiyir:

e Miidafio va tohliikesizlik sahasinds inteqrasiya: Ortaq horbi tolimlor, miidafis senayesi iizro
birgs istehsal.

e Texnologiya vo startap omokdasligi: Gonclor ii¢iin birgo layiholor, texnoparklarin inkisafi.

e Kond tosorriifati vo orzaq tohliikesizliyi: Iqlim doyisikliklorino qarsi ortaq innovativ kond
tasarriifat1 texnologiyalariin totbiqi.

e Alternativ enerji vo yasil iqtisadiyyat: Qarabag vo Zongozurda “yasil zona” layiholorinin
reallagdiriimasi.

e Tohsil va elm: Ortaq universitetlor, alim miibadilssi va tadqiqat morkozlorinin qurulmasi.

Bu istigamotlordo amokdasligin inkisafi, iki 6lkani regional giic moarkazine gevira vo Tiirk Dovlatlori

Taskilati ¢argivasindas liderliyini méhkomlandira bilar.

Azarbaycan—Tiirkiys miinasibotlori tokco iki dovletin strateji oamokdasligi ilo mohdudlagmir — bu
miinasibatlor tarixdon golon bir qardasliq, madani bagliliq ve ortaq kimlik {izerindo qurulmusdur. “Bir

millat, iki dovlat” sliar1 bu miinasibetlorin ruhunu ve mahiyyatini on gozal sokilds oks etdirir.

Tarix boyunca miixtslif sinaqlardan kecon bu slagalor, xiisusilo son onilliklords strateji miittafiglik
saviyyasina ¢atmisdir. 44 giinlik Vaton miiharibasi vo ondan sonra imzalanan Susa Boyannamasi ilo

bu miinasibotlor rosmilagdirilorok daha da mohkemlandirilmisdir. Azarbaycanin iqtisadi, siyasi va
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madoni inkisafinda Tiirkiyonin rolu damilmazdir. Eyni zamanda Tiirkiyonin Conubi Qafqazdaki

movgeyinin gliclonmasinds do Azarbaycan miihiim rol oynayir.

Golocokds bu miinasibotlorin daha da dorinlosmosi, xiisusilo asagidaki saholorde genislonmasi

gozlonilir:

¢ Ortaq texnologiya vo sanaye layiholori
o Tirkdilli 6lkslarin inteqrasiyasinda liderlik rolu
¢ Beynolxalq togkilatlarda birgs mévqe va diplomatik dostok

e Modoni doyarlarin vo ortaq irsin qorunmasi va tabligi

Bu omokdasliq modeli tokco Azorbaycan vo Tiirkiyenin deyil, biitiin tiirk diinyasinin golocayini
formalagdirmaq potensialina malikdir. Siilh, sabitlik vo garsiligli dostoyo asaslanan bu miinasibatlor

golacak nasillar ti¢lin do 6rnak olacaqdir.
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FONKSIYONELLESTIRILMIS MANYETIK FE;0; NANOPARCACIKLARI iLE CR(III)
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OZET

Cevre kirliliginin 6nemli kaynaklarindan olan agir metaller, yiiksek toksisiteleri, kaliciliklari, biyolojik
olarak parcalanamamalar1 ve biyobirikim egilimleri nedeniyle canlilar i¢in 6nemli bir tehdit
olusturmaktadir. Bunlardan Cr(III) biyolojik fonksiyonlar i¢in gerekli olmasima ragmen, yiiksek
derisimlerde zehirli hale gelmektedir. Agir metallerin giderim ¢alismalarinda siklikla kullanilan
nanomalzemeler, kendilerine 6zgili boyutlar1 ve fiziksel 6zellikleri sayesinde agir metal kirleticilerin
adsorpsiyon siireclerini  gelistirmede Onemli bir rol oynamaktadir. Manyetik demir oksit
nanoparcaciklari ylizeylerinin fonksiyonellestirilmesi, kiimelenmeyi ve oksitlenmeyi engellerken
hedef agir metal iyonlarina karst segiciliklerini artirmakta ve adsorpsiyon kapasitelerini
gelistirmektedir. Bu ¢aligsma, sulu ¢ozeltilerden Cr(Ill) iyonlarinin manyetik kati1 faz ekstraksiyonu icin
sentezlenen yeni bir manyetik nanoadsorbanm1 sunmaktadir. Ortak ¢oktliirme yontemi ile sentezlenen
Fes04 nanoparcaciklarin Cr(IlI) iyonlarma karst adsorpsiyon ilgisini artirmak amaciyla sirastyla
APTES ve p-DAB ile fonksiyonellestirilmistir. Sentezlenen nanoadsorban, farkl: teknikler kullanilarak
karakterize edilmis ve bu sayede fonksiyonellestirilmis manyetik nanoyapinin bagarili bir sekilde
sentezlendigi dogrulanmistir. Cozeltinin pH’1 (2—10), adsorban dozu (1-30 mg), temas siiresi (5—180
dakika) ve desorpsiyon kosullar1 dahil olmak {izere ekstraksiyon verimliligini etkileyen deneysel
parametreler sistematik olarak optimize edilmistir. En yiiksek Cr(III) geri kazanimi pH 7'de elde
edilmistir. 30 mg adsorban ile tam geri kazanim saglanmig ve adsorpsiyon dengesine 120 dakika sonra
ulasilmistir. Incelenen eliientler arasinda 0,25 mol/L HCI, adsorbe edilmis Cr(IIl) iyonlarinin en
yiiksek geri kazanimini saglayarak iistiin desorpsiyon performansi sergilemistir. Manyetik 6zellikleri
sayesinde adsorban, filtrasyon veya santrifiijleme yapilmaksizin harici bir miknatis kullanilarak sulu
ortamdan hizla ayrilmistir. Elde edilen sonuglar, sentezlenen nanoadsorbanin sulu ortamlardan Cr(III)
iyonlarmin ekstraksiyonu i¢in verimli ve kolayca geri kazanilabilir bir manyetik adsorban oldugunu
gostermektedir.

Anahtar kelimeler: Manyetik kati faz ekstraksiyonu, Fe3Os manyetik nanopargaciklar, Cr(III)
adsorpsiyonu, yiizey fonksiyonellestirmesi

ABSTRACT

Heavy metals, a major source of environmental pollution, pose a significant threat to living organisms
due to their high toxicity, persistence, and tendency to bioaccumulate. Among these, Cr(IIl), although
essential for biological functions, becomes toxic at high concentrations. Nanomaterials, which are
frequently used in heavy metal removal studies, play a significant role in enhancing the adsorption
processes of heavy metal contaminants due to their unique size and physical properties.
Functionalizing the surfaces of magnetic iron oxide nanoparticles prevents agglomeration and
oxidation, increases their selectivity toward target heavy metal ions, and enhances their adsorption
capacity. This study presents a novel magnetic nanoadsorbent synthesized for magnetic solid-phase
extraction of Cr(IIl) ions from aqueous solutions. FesOs nanoparticles were prepared by the co-
precipitation method and sequentially functionalized with APTES and p-DAB to enhance the
adsorption affinity toward Cr(IIl). The synthesized nanoadsorbent was characterized using different
techniques, confirming the successful formation of the functionalized magnetic nanostructure.
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Experimental parameters affecting the extraction efficiency, including solution pH (2—10), adsorbent
dosage (1-30 mg), contact time (5-180 min), and desorption conditions, were systematically
optimized. The highest Cr(III) recovery was achieved at pH 7. Complete recovery was obtained with
30 mg of adsorbent, and adsorption equilibrium was reached after 120 min. Among the investigated
eluents, 0.25 mol/L HCI exhibited superior desorption performance, yielding the highest recovery of
adsorbed Cr(IIl). Owing to its magnetic properties, the adsorbent was rapidly separated from the
aqueous medium using an external magnet without filtration or centrifugation. The obtained results
demonstrate that the synthesized nanoadsorbent is an efficient and easily recoverable magnetic
adsorbent for the extraction of Cr(III) ions from aqueous media.

Keywords: Magnetic solid-phase extraction, Fe;O4 magnetic nanoparticles, Cr(III) adsorption, surface
functionalization

GIRIS

Agir metaller, yiiksek atom agirlifima ve yogunluga sahip, dogal olarak bulunan elementler olup
toksisiteleri, ¢evrede kaliciliklar1 ve biyobirikim o6zellikleri nedeniyle 6nemli g¢evresel kirleticiler
arasinda yer almaktadir [1]. Kursun (Pb), civa (Hg), kadmiyum (Cd), arsenik (As) ve krom (Cr) gibi
agir metaller; volkanik faaliyetler ve kayaclarin ayrigmasi gibi dogal siireglerin yani sira sanayi
faaliyetleri, madencilik, tarimsal uygulamalar, kentsel atiklar ve yetersiz atik yOnetimi gibi insan
kaynakli faaliyetler sonucunda g¢evreye yayilmaktadir [2]. Organik kirleticilerin aksine, biyolojik
olarak parcalanmayan bu metaller zamanla toprak, su ve havada birikerek ekosistem dengesini
bozmakta, sucul organizmalarda biyobirikime neden olmakta ve besin zinciri boyunca biyobiiyiitme
yoluyla bitkiler, hayvanlar ve insanlara taginmaktadir [3]. Agir metallere maruziyet kirlenmis su, hava,
gida ve mesleki ortamlar araciligiyla gerceklesebilmekte; sinir sistemi hasari, organ toksisitesi, kanser
ve gelisimsel bozukluklar gibi ciddi saglik sorunlarina yol agmaktadir. [4]. Bu nedenle agir metal
kirliliginin kontrolil i¢in atik yonetimi uygulamalar1 biiyiik 6nem tagimaktadir [5].

Krom (Cr) -2 ile +6 arasinda degisen ¢esitli oksidasyon hallerinde bulunur ve en yaygin goriilen formu
Cr(I1I) tiir. [6] Cr(VI) formu bu tiirlerin en yiiksek toksisiteye sahip olani olarak bilinirken, Cr(III) en
baskin tiirdiir ve glikoz, lipit ve protein metabolizmasi lizerinde olumlu etkiler yaratir. [7] Cr(III),
reaktif oksijen tiirleri iiretme yetenegi gosterirken, bazi ¢alismalar Cr(III)’iin niikleik asitlere
baglanarak toksik etki gosterebilecegini ispatlamistir. [8] Madencilik, boya iiretimi, deri tabaklama ve
elektrokaplama gibi endiistriyel faaliyetler yoluyla c¢evreye salmman krom tiirleri, insanlarda
hematolojik hastaliklar, gastrointestinal sorunlar ve ndrolojik problemlere yol acabilmektedir. [9, 10]

Agir metallerin atik sulardan uzaklastirilmasinda en yaygin olarak kullanilan yontemler adsorpsiyon,
kimyasal ¢oktiirme, iyon degisimi, membran filtrasyonu, elektrokimyasal yontemler ve koagiilasyon-
flokiilasyondur. Bu yontemler arasinda adsorpsiyon; yiiksek giderim verimi, farkli agir metal
iyonlara uygulanabilirligi ve tarimsal atiklar ile biyosorbentler gibi diisitk maliyetli adsorbanlarin
kullanilabilmesi nedeniyle en etkili ve ¢evre dostu tekniklerden biri olarak one g¢ikmaktadir [11].
Kimyasal ¢oktiirme, pH ayarlamasi ve flokiilasyon gibi islemlerle metal iyonlarmin ¢6zeltiden
uzaklastirilmasii saglayan yaygin bir yontem olmakla birlikte, yiiksek miktarda ¢amur olusumuna
neden olabilmektedir [12]. Iyon degisimi yontemi ise yiiksek seciciligi ve yeniden kullanilabilir
recineleri sayesinde etkili sonuglar verirken, recinelerin rejenerasyonunun dikkatli bir sekilde optimize
edilmesi gerekmektedir [13]. Ters ozmoz, nanofiltrasyon ve elektrodiyaliz gibi membran filtrasyon
teknikleri yiliksek giderim verimi saglamalarina ragmen isletme ve bakim maliyetlerinin yiiksek olmasi
onemli bir dezavantajdir [14]. Elektrokimyasal yontemler, ozellikle -elektrokoagiilasyon ve
elektrokinetik iyilestirme uygulamalariyla agir metallerin uzaklastirilmasinda basarili sonuglar
vermekte olup, performanslar1 selatlayici ajanlarla artirilabilmektedir [15]. Koagiilasyon-flokiilasyon
yontemi ise askida ve koloidal halde bulunan metal iyonlarinin gideriminde etkili olmakla birlikte,
cogu zaman daha yiliksek verim elde etmek amaciyla diger aritma yontemleriyle birlikte
kullanilmaktadir [16]. Bu yontemlerin se¢iminde giderim verimi, islem maliyeti, olusan ikincil atik
miktar1 ve hedef agir metal tiirii gibi faktorler belirleyici olmaktadir [17].
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Nanomalzemeler, 1-100 nm araliginda olan veya nanoskobik yapilar iceren malzemeler olup, yiiksek
ylizey alani/hacim orani, kuantum boyut etkileri ve yliksek kimyasal reaktiviteleri sayesinde
geleneksel malzemelerden ayrilmaktadir [18]. Bu iistiin 6zellikleri nedeniyle havacilik, otomotiv ve
ingaat sektorlerinde yiiksek mekanik dayanim saglamanin yani sira, biyomedikal uygulamalarda
hedefe yonelik ila¢ tasmimi, enerji sistemlerinde verimlilik artisi ve c¢evresel uygulamalarda
kirleticilerin giderimi gibi birgok alanda yaygin olarak kullanilmaktadir [19]. Ozellikle adsorpsiyon
uygulamalarinda, genis 6zgiil yiizey alanlari, yiiksek aktif merkez yogunlugu ve yiizey 6zelliklerinin
kolayca fonksiyonellestirilebilmesi sayesinde nanomalzemeler olduk¢a yiiksek adsorpsiyon
performansi sergilemektedir. Nanoparcacik boyutunun 10 nm'nin altina diismesiyle ylizey alani ve ara
ylizey etkilerinin artmasi, adsorpsiyonun termodinamik ve kinetik o6zelliklerini olumlu yonde
etkileyerek giderim verimini artirmaktadir [20]. Bununla birlikte, nanomalzemelerin olasi toksik
etkileri ve cevresel davraniglarinin tam olarak ortaya konulabilmesi i¢in giivenli ve siirdiiriilebilir
kullanimlaria yonelik daha kapsamli arastirmalara ihtiya¢ duyulmaktadir [21].

Yapilan c¢alismada Fes;Os nanoparcaciklar sirasiyla 3-aminopropiltrietoksisilan (APTES) ve p-
dimetilaminobenzaldehit (p-DAB) ile kaplanarak manyetik bir nanomalzeme olarak sentezlenmistir.
Bu nanomalzeme alan emisyonlu taramali elektron mikroskobu (FESEM), enerji dagilimi X-1sin1
spektrometresi (EDX), X-151n1 difraktometresi (XRD) ve Fourier doniistimlii kiziltesi spektroskopisi
(FT-IR) ile karakterize edilerek yapinin boyutu ve morfolojisi, kimyasal kompozisyonu, kristal yapisi
ve igerdigi fonksiyonel gruplar hakkinda bilgi elde edilmistir. Basariyla sentezlenen nanoadsorban,
optimum kosullarda sulu ¢6zeltilerden Cr(IIl) iyonlarinin adsorpsiyonu i¢in kullanilmistir.

MATERYAL METOT
Enstriimantasyon

Bu caligmada sentezlenen manyetik nanopargaciklarin morfoloji ve boyut 6l¢limleri, Quanta FESEM
(FEI, Japonya) kullanilarak gergeklestirilmistir. Elemental bilesim, FESEM sistemine bagli olan EDX
(JEOL JSM 6060LV) ile analiz edilmistir. Kristal yapi, DMAX-2000 XRD (Rigaku D, Japonya)
kullanilarak degerlendirilmis, fonksiyonel grup analizi ise Spectrum 2 FT-IR spektrometresi (Perkin
Elmer, ABD) ile yapilmistir. Cr(III) konsantrasyonlari, Spectro Arcos FHE-16 ICP-OES (Spectro,
Almanya) kullanilarak belirlenmistir. pH degerleri, Orion 2-Star pH metre (Thermo Fisher Scientific,
ABD) ile dlgiilmiistiir. Ultra saf su, Milli-Q® Advantage A10 su aritma sistemi (Merck, Almanya)
kullanilarak {iretilmistir. Cozeltiler ve siispansiyonlar, Bandelin Sonorex Super RK 225 ultrasonik
banyosu (Bandelin, Almanya) ile hazirlanmistir. Nanopargaciklarin ayrilmasi i¢in 40 mm x 20 mm X
10 mm o6l¢iilerinde neodimyum-demir-bor (Nd-Fe-B) miknatis kullanilmistir. Ayrica, tim cam esyalar,
kullanimdan 6nce 24 saat boyunca 3 mol/L nitrik asit ¢ozeltisinde bekletilerek titizlikle temizlenmistir.

Reaktifler

Tim deneylerde kullanilan kimyasallar analitik saflikta olup, Merck (Almanya) firmasi tarafindan
temin edilmistir. Fe3O4 sentezi i¢cin demir kaynaklari olarak FeCl,-4H,0 ve FeCls-6H,0O kullanilmistir.
Nanopargaciklarin kaplanmasi i¢in APTES ve p-DAB uygulanmis, ¢oziicii olarak ise etanol
kullanilmigtir. Krom (III) ¢ozeltileri, giinliik olarak 1000 mg/L stok c¢ozeltinin seyreltilmesiyle
hazirlanmigtir. pH ayarlari ise 0,1 mol/L HCI ve/veya 0,1 mol/L NaOH kullanilarak yapilmistir.

Fe;04@APTES@p-DAB sentezi

Fe;04 manyetik nanopargaciklarin sentezi igin 5,2 g demir(Ill) kloriir hekzahidrat ve 2 g demir(Il)
klortir tetrahidrat, ultrasonik banyoda 25 mL 0,4 mol/L HCI iginde ¢oziilmiistiir. Ayn1 zamanda, 70 °C
sicaklikta, argon atmosferinde, 250 mL 1,5 mol/L NaOH ¢o6zeltisi hazirlanmis ve karigtirilmistir.
Demir ¢ozeltisi, nanoparcacik olusumunu tesvik etmek amaciyla, 30 dakika boyunca NaOH
¢ozeltisine damla damla eklenmistir. Reaksiyon sonrasi, demir nanoparcaciklar, miknatis kullanilarak
karigimdan ayrilmig ve pH nétralize olana kadar suyla yikanmistir. Son olarak, nanopargaciklar 60
°C’de 24 saat kurutulmus ve 2,29 g iirlin elde edilmistir [22].

Ikinci adimda, sentezlenen nanopargaciklar APTES ile kaplanmistir. Bunun igin, 1,5 g Fe;04, 200 mL
etanol-su karigiminda dispers edilmistir. Ardindan, 0,6 g APTES karisima eklenmis ve 70 °C’de 24
saat boyunca karigtirllmistir. Bu siirenin sonunda kati {iriin, manyetik ayirma yontemiyle reaksiyon
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ortamindan ayrilmistir. Kati, etanol ile yikanmis ve 60 °C sicaklikta 24 saat kurutulmustur. Reaksiyon
sonunda, 1,51 g kaplanmis nanoparcacik elde edilmistir [23].

Son adimda, etanolde hazirlanan %5'lik p-DAB ¢ozeltisinden 60 ml alinarak {izerine 1 g
Fes04@APTES eklenmis ve 12 saat boyunca karistirtlmigtir. Siire sonunda kati madde, miknatis
kullanilarak reaksiyon ortamindan ayrilmis, iic kez etanol ile yikanmis ve 60 °C'de 24 saat
kurutulmustur. Reaksiyon sonunda, 0,92 g iiriin elde edilmistir [24].

Cr(III) iyonlar: ekstraksiyon prosediirii

Son derisimi 1000 pg/L Cr(IIl) igeren bir ¢ozelti, 0,1 mol/L HCI veya 0,1 mol/L NaOH kullanilarak
pH degeri 7°ye ayarlandiktan sonra 50 mL hacmine seyreltilmistir. Bu ¢6zeltiye 30 miligram adsorban
eklenmistir. Metal iyonlar1 ile adsorban arasindaki etkilesimi artirmak amaciyla karisim, 200 rpm’de
60 dakika boyunca karistirilarak hazirlanmistir. Nanopartikiiller, dig bir Nd-Fe-B miknatis kullanilarak
cozelti icinden ayrilmis ve siipernatant adsorpsiyon sivist ICP-OES cihazinda analiz edilmek iizere
toplanmustur.

Daha sonra, adsorbe edilen analit iyonlarini geri kazanmak amaciyla 0,25 mol/L. HCI kullanilarak 30
dakika boyunca desorpsiyon islemi yapilmis ve adsorpsiyon sirasinda adsorban tarafindan tutulan
Cr(I1I) iyonlarinin ¢ozeltiye geri alinmasi saglanmistir. Adsorpsiyon ve desorpsiyon sivilari, ICP-OES
cihazi kullanilarak analiz edilmistir [25].

(CO - Ce)

Giderim verimi (%) = — 100 (1)
0

TARTISMA VE YORUM
Karakterizasyon
FESEM

Calismada sentezlenen Fe3Os, Fe;O4@APTES ve Fe;O4@APTES@p-DAB nanoparcaciklarinin her
biri icin FESEM goriintiileri alinarak sirastyla Sekil 1, Sekil 2 ve Sekil 3'te gosterilmistir. Buna gore
Sekil 1'de kaplanmamig FesOs nanopargaciklarinin genel olarak kiiresel sekle sahip oldugu
goriilebilirken, kenarlar1 net ve diizglin olan nanopargaciklar ortak ¢oktiirme yontemiyle
sentezlenmistir. Sentezlenen nanoparcaciklar ortalama 11,03 nm boyutundadir ve bazi partikiiller
kiimelenme egilimi gostermektedir. Sekil 2°de verilen FesO4@APTES goriintiistinde ise pargaciklarin
cevresinde daha belirgin, hafif diizensiz ve bulanik kenarliklar gézlenmektedir. Bu durum, APTES
kaplamasinin pargaciklarin yiizeyinde bir tabaka olusturduguna isaret etmektedir. Parcacik sekli yine
biliyiilk oranda kiiresel ya da yaklasik kiiresel goziikmekle birlikte, APTES kaplamasi pargacik
ylizeyinde hafif piiriizli veya amorf bir yapi1 olusturmustur. Bu tiir pirizlilik, yilizey
fonksiyonlandirmanin varhigina isaret etmektedir. Sekil 3’te bulunan Fe;O4@APTES@p-DAB
FESEM goriintiisiindeki nanopargaciklar genel olarak kiiresel sekilde goriinmekteyken, parcaciklarin
etrafi daha onceki goriintiilere kiyasla daha kalin veya bulanik hale gelmistir. Bunun sebebi, yiizeyde
olusan C=N bag1 ile nanoparcaciga baglanan p-DAB molekiillerinin elektron yogunlugunu
artirmasindan kaynaklanmaktadir. Fonksiyonlandirma ile birlikte artan yiizey alan1 ve fonksiyonel
gruplar sayesinde hedef analitler i¢in daha fazla etkilesim alani1 olusmustur.
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Sekil 1. Fe;O4 FESEM goriintiisii
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Sekil 2. Fe;04@APTES FESEM goriintiisii
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Sekil 3. Fe;0,@APTES@p-DAB FESEM gbriintiisii

) HV —Q‘V%agﬂé ;NDV a spot Eieitr 7 modéﬁ
v

15.00 k

EDX

Sekil 4’te verilen Fe;04 EDX spektrumunda, sentezlenen nanopargacigin yalnizca demir ve oksijen
atomlarindan olustugu goriilmektedir. Fe;Os nanoparcaciklart agirlikca %78,68 demir ve %21,32
oksijen atomu i¢ermektedir. Sekil 5'te verilen FesO4@APTES spektrumunda farkli olarak goriilen Si
ve N pikleri manyetik nanopargaciklarin APTES ile basarili bir sekilde kaplandigini gostermektedir.
Fes04@APTES nanoparcaciginda agirlikca %71,30 demir, %24,61 oksijen, %3,43 azot ve %1,29
silisyum bulunmaktadir. Sekil 6’da gosterilen Fe;Os@APTES@p-DAB spektrumunda elde edilen
sonuclara gore sentezlenen nanoparcaciklar agirlikca %68,34 demir, %25,97 oksijen, %1,76 silisyum
ve %3,93 azot igermektedir. Burada, bir Onceki spektruma gore artan azot yiizdesi p-DAB ile
kaplamanin basarili bir sekilde gergeklestigini gostermektedir.
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Sekil 6. Fe;04@APTES@p-DAB EDX spektrumu ve elementel bilesimi

Caligmada sentezlenen her bir nanoparcacigin XRD spektrumlart Sekil 7, Sekil 8 ve Sekil 9’da da
verilmigtir. Buna gore 20 agilarinda bulunan 18,29°, 30,39°, 35,78°, 43,29°, 53,81°, 57,51°, 62,93° ve
75,67° pikleri sirasiyla (111), (220), (311), (400), (511), (440) ve (622) kafes diizlemlerine karsilik
gelmektedir. Veriler sentezlenen her bir malzemenin Fe;O4'lin spinel yiliz merkezli kiibik yapisina sahip
oldugunu ispatlamaktadir. Bu nanoparcaciklar 01-075-0449 JCPDS kart numarasma sahiptir. Bu
sonuclara gore Fe;O4 nanoparcaciklarin basariyla sentezlenerek kaplama islemi sonunda herhangi br
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bozunmaya ugramadigi ispatlanmistir. Ayrica, Scherrer denklemi kullanilarak nanopargacik boyutu
10,61 nm ve kristal yapinin 6rgii sabiti 0,25 nm olarak hesaplanmis olup, FESEM ile 6l¢iilen ortalama
tanecik boyutu ile uyumludur.
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Sekil 10°da ¢aligmada sentezlenen her bir nanopargacigin ve p-DAB’m FT-IR spektrumlari verilmistir.
Fe;04 spektrumunda goriilen 550 ve 625 cm™ bantlar1 Fe-O gerilme titresimlerine, 3412 cm™ band ise
O-H gerilme titresimlerine aittir. Fe;O4@APTES spektrumunda farkli olarak bulunan 1001 cm™ bandi
Si-O gerilme titresimlerine, 2924 ve 2880 cm™ bantlar1 ise C-H gerilme titresimlerine aittir, bdylece
Fe;04 nanoparcaciklarmn APTES ile basarili bir sekilde kaplandigi goriilebilmektedir. p-DAB
spektrumunda karakteristik olarak bulunan 2905, 2797 ve 2712 cm™ bantlar1 aromatik ve alifatik C-H
gerilme, 1658 cm™ bandi C=0 gerilme, 1588 ve 1528 cm™ C=C gerilme, 1362 cm™ C-H egilme, 1230
cm” C-N gerilme ve 810 cm” aromatik C-H egilme titresimlerine aittir. Fe;0:@APTES@p-DAB
spektrumunda Fe;O4 ten gelen Fe-O, APTES ten gelen Si-O ve p-DAB’ten gelen C=C ten gelen
gerilme titresimlerinin hepsi bulunurken farkli olarak goriilen 1605 cm” bandi C=N gerilme
titresimlerine aittir, bu da reaksiyonun basarili bir gekilde gerceklestigini ispatlamaktadir.
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Optimizasyon Calismalari
pH

Bir agir metalin adsorban tarafindan tutulmasi ¢ogunlukla ortamin pH degerine bagli oldugundan,
metal iyonlarmin giderimine iliskin pH’mn etkisi incelenmelidir. Diisilk pH degerlerinde sadece
nanopargacik ylizeyindeki fonksiyonel gruplar protonlanarak adsorpsiyonu engelleyen elektrostatik
itme kuvvetine yol agmaz, ayrica hedef metal ile H;O" arasinda adsorpsiyon i¢in bir rekabet olusur.
Yiiksek pH degerlerinde ise metal tiirleri ve OH™ gruplarn arasinda olusabilecek kompleks yapilar
adsorbanda bulunan aktif bolgeleri bloke ederek adsorpsiyon kapasitesini azaltabilmektedir. Sekil
11°de goriildiigii tizere, yapilan ¢alismada ortam pH’1 2 ile 10 arasinda olacak sekilde denenmis, en
yiiksek geri kazanim orani pH 7’de elde edilmistir. Buna gore Cr(Ill) iyonlar1 ndtr ortam pH’inda
adsorban ile etkileserek ¢ozelti ortamindan ayrilmistir. Ornek bir ¢alismada Wang ve arkadaslari
Cr(IIT) adsorpsiyonu icin dietilentriaminpentaasetik asit (DTPA)-kitosan islevsellestirilmis manyetik
silika (Fes04@Si0,/Cs-DTPA) sentezlemis, pH 2-9 arasinda gerceklestirilen g¢aligmalarda 6 ve
tizerinde nanoyapinin en yiiksek maksimum adsorpsiyon kapasiteleri elde edilmistir [26].
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Sekil 11. Cr(II) iyonlarinin adsorpsiyonuna pH etkisi. (adsorban miktari: 30 mg, temas siiresi: 120 dk,
Cr(III) derisimi: 1000 pg.L™").

Adsorban miktart

Adsorbanlar, yiizeylerinde bulundurduklar1 aktif bolgeler ve fonksiyonel gruplar sayesinde hedef
analitleri ylizeylerinde tutarak, bulunduklar1 ortamdan ayrilmalarini saglar. Yapilacak bir ¢alismada,
hedef agir metal iyonlarmin en yiiksek miktarda geri kazanimi i¢in en az miktarda adsorban
kullanimiyla optimizasyon gergeklestirilir. Adsorban miktarinin diisiik olmas1 diisiik aktif bolge
sayisina neden olurken, fazla miktarlarda ise nanoparcaciklarin agregasyonu nedeniyle toplam yiizey
alaninin azalmasma ve diisiik miktarlarda geri kazanima yol acar. Sekil 12’de goriildiigii iizere,
caligmada kullanilan nanoadsorban miktar1 1/3/5/10/20/30 mg olacak sekilde degistirilerek adsorban
miktar1 optimize edilmis; 30 mg ve iizerindeki miktarlarda Cr(IIl) iyonlarmin %100 geri kazanimi
saglanmis ve ilerleyen ¢alismalar i¢in 30 mg adsorban miktar1 kullanilmistir. Ornek bir calismada
Wang ve arkadaglarn EDTA ile modifiye edilmis manyetik mezogdzenekli mikrokiireler
(Fe;04@nSiO>@mSiO,/EDTA) sentezleyerek yiiksek tuzluluk ve organik madde i¢eren sudan Cr(I11)
gidermek i¢in kullanilmis, optimize edilmis adsorban miktar1 20 mg olarak bulunmustur. [27]
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Sekil 12. Cr(III) iyonlarinin adsorpsiyonuna pH etkisi. (pH: 7, temas stiresi: 120 dk, Cr(III) derisimi:
1000 pg.L™)

Temas stiresi

Agir metal iyonlar1 ile adsorban arasindaki temas siiresi, adsorpsiyon siirecinde kritik 6neme sahiptir.
Artan temas siiresi sayesinde analit iyonlar1 ile nanoadsorban iizerindeki aktif bolgeler arasindaki
etkilesim siiresi artacagindan, geri kazanim da artar. Geri kazanimin ilk agamada hizli olmasinin sebebi
basglangicta adsorban yiizeyinde daha fazla sayida bosg alanin erisilebilir olmasidir; zaman gegctikce
adsorpsiyon hizi da yavaslar. Sekil 13’te goriildiigli lizere, calismada 5/10/15/20/30/60/120/180
dakikalarda Cr(Ill) iyonunun nanoadsorbanin aktif bolgelerine adsorpsiyonu gerceklestirilmis olup,
tutunma iglemi 120 dk’da maksimuma ulagmis ve degismemistir. Bu nedenle, ilerleyen caligmalarda
optimum temas siiresi olarak 120 dk kullamlmstir. Ornek bir ¢alismada Koutenaei ve arkadaslari
Ziziphus spina-christi yapraklarindan elde edilen biochar@Fe;O4@SDS nanokompoziti kullanarak
Cr(II) iyonlarinin adsorpsiyonunu gerceklestirmis, metal iyonlar1 ile adsorbanin etkilesmesi igin
gereken optimum temas siiresi 40 dk olarak bulunmustur. [28]
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Sekil 13. Cr(Ill) iyonlarinin adsorpsiyonuna temas siiresi etkisi. (pH: 7, adsorban miktari: 30 mg,
Cr(III) derisimi: 1000 pg.L™")

Desorpsiyon

Adsorban tarafindan segici olarak tutulan agir metal iyonlarinin tekrar ¢ézelti ortamina alinmasi igin
en uygun eliientin seg¢ilmesi ¢ok onemli olmakla birlikte, bu siire¢ adsorban tiiriine, analit tiiriine ve
adsorpsiyon mekanizmasina baglidir. Adsorban ve hedef metal iyonlar adsorpsiyon siireci boyunca
farkli yollarla (bag reaksiyonlari, elektrostatik etkilesimler, hidrojen bagi vb.) etkilesime girebilir. Bu
etkilesimi yok ederek desorpsiyonu tesvik edecek alkali, asit ve organik ¢oziiciiler ile komplekslestirici
yapilar gibi uygun desorpsiyon ajanlar1 ucuz olmali, adsorban yapisina zarar vermemeli ve analit i¢in
yiiksek afiniteye sahip olmalidir. Calismada alkali ve asidik desorpsiyon ajanlari olarak farkli
derisimlerde HCI ve NaOH kullanilmis ve sonuglar Tablo 1'de sunulmustur. Buna gore, asidik ajan
bazik ajana gore Cr(Ill) iyonlarinin desorpsiyonunda daha etkili olmustur ve en yiiksek geri kazanim
0,25 mol/L derisimde gerceklesmistir. Asidik desorpsiyon ajaninin daha verimli olmasiin nedeni
olarak artan hidronyum derigimi ile rekabete giren Cr(IIl) iyonlarmin adsorban yiizeyinden ayrilmasi
gosterilebilir. Gu ve arkadaglari amino asit tiirevli iyonik sivi, Fe3O4 nanopargaciklar1 ve grafen oksit
(GO) kullanilarak AI(IIT), Cr(Ill), Cu(Il) ve Pb(Il) iyonlarmin manyetik kat1 faz ekstraksiyonunu
gergeklestirmis, metal iyonlarimin desorpsiyonu igin 0,1 mol/L HCI kullanmiglardir. [29]
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Tablo 1. Farkli desorpsiyon ajani derigimlerinde Cr(IIl) geri kazanimi. (pH: 7, adsorban miktari: 30
mg, temas siiresi: 120 dk, Cr(III) derisimi: 1000 pg.L™")

Derisim (mol/L) % Geri Kazamim
HCl NaOH
0,1 94 1
0,25 100 4
0,5 88 5
1 86 6
2 86 6
SONUCLAR

Bu c¢alismada, Cr(Ill) iyonlarinin sulu ¢ézeltilerden manyetik kati faz ekstraksiyonu amaciyla Fe;O4
manyetik nanoparcaciklar1 sirasiyla APTES ve p-DAB ile fonksiyonlandirilarak yeni bir manyetik
nanoadsorban basariyla sentezlenmistir. Sentezlenen nanoadsorbanin yapisal ve morfolojik 6zellikleri
FESEM, EDX, XRD ve FT-IR analizleri ile dogrulanmis, elde edilen karakterizasyon sonuglar1
fonksiyonel gruplarim Fes;O4 yiizeyine basariyla baglandigini goéstermistir. Adsorpsiyon deneyleri
sonucunda ¢ozelti pH'1l, adsorban miktari, temas siiresi ve desorpsiyon kosullarinin Cr(Ill) iyonlarinin
ekstraksiyonu iizerinde Onemli bir etkiye sahip oldugu belirlenmistir. Yapilan optimizasyon
caligmalari, notr pH kosullarinda fonksiyonellestirilmis nanoadsorbanin Cr(III) iyonlarina karsi yiiksek
adsorpsiyon egilimi gosterdigini ortaya koymustur. Ayrica manyetik 6zellik sayesinde adsorbanin
harici bir manyetik alan kullanilarak ¢dzelti ortamindan kisa siirede ayrilabilmesi, yontemin filtrasyon
veya santrifiij gibi ilave ayirma basamaklarina ihtiya¢ duymadan uygulanabilmesini saglamistir. Bu
durum, yontemin hem islem siiresini kisaltmis hem de uygulama kolaylig1 saglamistir. Sonug olarak,
sentezlenen manyetik nanoadsorban, Cr(IIl) iyonlarinin sulu ortamlardan uzaklastirilmasi ve manyetik
kati faz ekstraksiyonu uygulamalarinda kullanilabilecek umut verici bir adsorban olarak
degerlendirilmistir. Gelecekte yapilacak ¢aligmalarda adsorpsiyon izoterm ve kinetik modellerinin
ayrintili olarak incelenmesi, yeniden kullanilabilirliginin uzun ¢evrimlerde degerlendirilmesi ve ger¢ek
cevresel su orneklerinde uygulanabilirliginin test edilmesiyle, gelistirilen sistemin analitik ve ¢evresel
uygulamalardaki kullanim potansiyelinin daha da artirilacagi timit edilmektedir.
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Abstract

Biogeochemical cycles represent the fundamental ecological processes that regulate the
circulation, transformation, and storage of essential chemical elements within the Earth's ecosystems.
Their functional integrity is crucial for maintaining ecological sustainability, ecosystem productivity,
biodiversity conservation, and climate regulation. This study examines the functional characteristics of
the major biogeochemical cycles, including the carbon, nitrogen, phosphorus, sulfur, and hydrological
cycles, and evaluates their collective role in supporting ecosystem stability and resilience under
contemporary environmental change. The research is based on a comprehensive synthesis of recent
scientific literature, ecological theories, and environmental monitoring data published between 2019
and 2026. A systems ecology approach was employed to analyze the interactions among biological,
chemical, and physical processes governing nutrient cycling across terrestrial and aquatic ecosystems.
The findings indicate that efficient nutrient recycling enhances soil fertility, primary productivity,
carbon sequestration, water quality, and biodiversity while increasing ecosystem resistance to natural
and anthropogenic disturbances. Conversely, climate change, land-use transformation,
industrialization, pollution, and intensive agricultural practices significantly disrupt natural
biogeochemical processes, resulting in nutrient imbalance, ecosystem degradation, and reduced
ecological resilience. The study further highlights the essential roles of soil microorganisms,
vegetation diversity, and sustainable ecosystem management in maintaining nutrient balance and
ecosystem functionality. Modern technologies, including remote sensing, geographic information
systems (GIS), ecological modeling, stable isotope analysis, and artificial intelligence, provide
powerful tools for monitoring and predicting changes in biogeochemical processes. The study
concludes that integrated ecosystem-based management and the conservation of natural
biogeochemical cycles are essential for ensuring long-term ecological sustainability, mitigating climate
change, preserving biodiversity, and maintaining the ecosystem services upon which human well-
being depends.

Keywords: ecological sustainability, biogeochemical cycles, carbon cycle, nitrogen cycle,
phosphorus cycle, sulfur cycle, hydrological cycle, nutrient cycling, ecosystem resilience, biodiversity,
soil microorganisms, carbon sequestration, ecosystem services

Introduction

Ecological sustainability has emerged as one of the most fundamental scientific paradigms of
the twenty-first century, reflecting the necessity of maintaining the long-term stability, productivity,
and resilience of ecosystems under rapidly intensifying anthropogenic and climatic pressures.
Sustainable ecosystems are characterized not merely by their capacity to preserve biodiversity but also
by their ability to regulate material and energy flows, maintain ecological equilibrium, support
biological productivity, and recover from natural or human-induced disturbances. Among the
numerous mechanisms responsible for sustaining ecosystem functionality, biogeochemical cycles
occupy a central position because they govern the continuous circulation, transformation, storage, and
redistribution of essential chemical elements between the atmosphere, hydrosphere, lithosphere, and
biosphere. The functional integrity of these cycles largely determines ecosystem health, ecological
resilience, and the sustainability of natural resources.

Biogeochemical cycles represent complex interactions between biological, geological, and
chemical processes operating across multiple spatial and temporal scales. These cycles facilitate the
movement of fundamental elements, including carbon (C), nitrogen (N), phosphorus (P), sulfur (S),
oxygen (O), hydrogen (H), and various trace elements, through interconnected ecological
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compartments. Unlike purely geological processes, biogeochemical cycles rely heavily on biological
organisms including microorganisms, plants, fungi, and animals as active mediators of nutrient
transformation. Consequently, the functional dynamics of these cycles are intrinsically linked to
biodiversity, ecosystem productivity, soil fertility, hydrological regulation, and atmospheric
composition[1].

The concept of ecological sustainability extends beyond environmental conservation to
encompass the maintenance of ecosystem services that support human civilization. These ecosystem
services include climate regulation, nutrient cycling, carbon sequestration, water purification, soil
formation, pollination, and food production. Nearly all of these services depend directly or indirectly
on the efficiency of biogeochemical processes. Therefore, understanding the functional characteristics
of biogeochemical cycles is indispensable for developing scientifically sound strategies aimed at
achieving sustainable environmental management.

One of the defining characteristics of biogeochemical cycles is their dynamic equilibrium.
Natural ecosystems continuously experience fluctuations in environmental conditions; however,
efficient nutrient cycling allows ecosystems to maintain functional stability despite these variations.
This dynamic balance is achieved through complex feedback mechanisms that regulate nutrient
availability, biological productivity, decomposition rates, and microbial activity. Disturbances
affecting any component of a cycle may propagate throughout the entire ecosystem, influencing
ecological interactions, trophic relationships, and environmental quality[2].

Among all biogeochemical cycles, the carbon cycle has attracted exceptional scientific attention
due to its direct relationship with global climate change. Carbon continuously circulates among
vegetation, soils, oceans, and the atmosphere through photosynthesis, respiration, decomposition,
combustion, and oceanic exchange. Terrestrial ecosystems function simultaneously as carbon sources
and carbon sinks, depending on environmental conditions and land-use practices. Forests, wetlands,
peatlands, and grasslands play particularly significant roles in long-term carbon sequestration, thereby
mitigating atmospheric greenhouse gas concentrations. However, anthropogenic activities including
fossil fuel combustion, industrialization, deforestation, and agricultural expansion have substantially
altered the natural carbon balance, accelerating global warming and increasing climate variability.

Closely interconnected with the carbon cycle is the nitrogen cycle, which governs the
availability of one of the most essential nutrients required for plant growth and ecosystem productivity.
Nitrogen transformations involve biological nitrogen fixation, nitrification, denitrification,
ammonification, assimilation, and mineralization. These microbial processes regulate nitrogen
availability within terrestrial and aquatic ecosystems while simultaneously influencing emissions of
nitrous oxide (N20), a greenhouse gas with considerable global warming potential. Excessive
application of synthetic fertilizers, industrial emissions, and livestock production have disrupted
natural nitrogen cycling, contributing to eutrophication, soil acidification, biodiversity loss, and
atmospheric pollution[3].

The phosphorus cycle exhibits distinctive functional characteristics because phosphorus lacks a
significant gaseous phase under natural environmental conditions. Consequently, phosphorus mobility
is relatively slow and strongly influenced by weathering processes, soil chemistry, hydrological
transport, and biological uptake. Phosphorus frequently acts as the limiting nutrient in freshwater
ecosystems, regulating primary productivity and species composition. Human-induced phosphorus
enrichment, particularly from agricultural runoff and wastewater discharge, has become one of the
principal causes of harmful algal blooms and aquatic ecosystem degradation worldwide.

Similarly, sulfur cycling contributes significantly to ecosystem functioning by participating in
protein synthesis, enzymatic reactions, and microbial metabolism. Sulfur transformations are closely
associated with soil microorganisms, sedimentary environments, and atmospheric processes. Industrial
sulfur emissions have historically contributed to acid rain formation, altering soil chemistry, damaging
vegetation, and disrupting freshwater ecosystems. Although emission control policies have reduced
sulfur pollution in many regions, localized environmental impacts continue to affect ecological
sustainability.

Water represents the primary transport medium connecting all biogeochemical cycles. The
hydrological cycle influences nutrient mobility, weathering intensity, soil moisture dynamics,
microbial activity, and vegetation distribution. Changes in precipitation patterns, evapotranspiration
rates, groundwater recharge, and surface runoff directly modify nutrient transport pathways and
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ecosystem nutrient availability. Climate-induced alterations in hydrological regimes therefore have
profound consequences for the functional stability of biogeochemical processes.

Microorganisms constitute the principal biological drivers of biogeochemical cycling. Soil
bacteria, archaea, fungi, algae, and other microbial communities catalyze numerous biochemical
transformations that would otherwise proceed extremely slowly under natural conditions. Microbial
decomposition converts complex organic compounds into mineral nutrients available for plant uptake,
thereby maintaining nutrient recycling and supporting ecosystem productivity. Advances in molecular
biology, environmental genomics, and metagenomic sequencing have substantially expanded scientific
understanding of microbial diversity and its functional roles within global nutrient cycles[4].

Vegetation functions as another major regulator of biogeochemical dynamics through nutrient
uptake, litter production, root exudation, evapotranspiration, and interactions with soil
microorganisms. Different plant functional groups exhibit distinct nutrient acquisition strategies and
nutrient use efficiencies, influencing ecosystem nutrient budgets and carbon storage capacities. Forest
succession, vegetation restoration, afforestation, and ecological rehabilitation initiatives therefore play
important roles in re-establishing disrupted biogeochemical cycles and enhancing ecological
resilience.

Soils represent one of the largest terrestrial reservoirs of organic carbon and nutrients, serving as
both storage compartments and active transformation zones. Soil physical structure, mineral
composition, moisture, temperature, pH, and biological activity collectively regulate nutrient
availability and decomposition processes. Sustainable soil management including conservation
agriculture, reduced tillage, organic amendments, agroforestry, and erosion control contributes
significantly to maintaining efficient nutrient cycling and improving ecological sustainability.

Aquatic ecosystems exhibit highly complex biogeochemical interactions due to continuous
exchanges among sediments, water columns, aquatic organisms, and surrounding terrestrial
environments. Lakes, rivers, estuaries, wetlands, and oceans function as critical regulators of nutrient
transport and biogeochemical transformation. Wetlands, in particular, provide exceptional ecosystem
services by simultaneously supporting carbon sequestration, nitrogen removal, flood regulation,
biodiversity conservation, and water purification. Their degradation has substantial consequences for
regional and global nutrient dynamics.

Climate change has become one of the most influential factors modifying the functional
characteristics of biogeochemical cycles. Rising temperatures accelerate microbial metabolism,
organic matter decomposition, and greenhouse gas emissions while simultaneously altering species
distributions and ecosystem productivity. Changes in precipitation regimes influence nutrient leaching,
soil erosion, drought frequency, and hydrological connectivity. Furthermore, increasing atmospheric
carbon dioxide concentrations affect plant physiology, photosynthetic efficiency, nutrient allocation,
and water-use efficiency, creating complex feedback relationships between ecological processes and
climate regulation.

Anthropogenic pressures have profoundly altered global biogeochemical cycles during the
Anthropocene. Urbanization, industrial development, mining, intensive agriculture, deforestation,
fossil fuel combustion, excessive fertilizer application, and land-use change have accelerated nutrient
fluxes beyond natural variability. These alterations have produced numerous environmental
consequences, including biodiversity decline, soil degradation, freshwater eutrophication, marine
hypoxia, greenhouse gas accumulation, desertification, and reduced ecosystem resilience.
Understanding the mechanisms underlying these disruptions is essential for developing adaptive
environmental policies capable of restoring ecological balance.

Contemporary ecological research increasingly emphasizes integrated ecosystem approaches
that recognize the interconnected nature of multiple biogeochemical cycles. Carbon, nitrogen,
phosphorus, sulfur, and water cycles cannot be investigated independently because modifications in
one cycle inevitably influence the functioning of others. Systems ecology, ecological stoichiometry,
landscape ecology, Earth system science, remote sensing technologies, stable isotope analysis,
geographic information systems (GIS), ecological modeling, artificial intelligence, and machine
learning have become indispensable tools for quantifying nutrient dynamics and predicting future
ecosystem responses under changing environmental conditions.

The concept of ecological resilience further strengthens the relationship between
biogeochemical cycling and sustainability. Ecosystems possessing efficient nutrient recycling
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mechanisms generally exhibit greater resistance to environmental disturbances and recover more
rapidly following stress events. Functional redundancy among microbial communities, species
diversity, landscape connectivity, and habitat heterogeneity collectively contribute to maintaining
stable nutrient cycles despite changing environmental conditions.

From a global sustainability perspective, achieving international environmental objectives—
including biodiversity conservation, climate change mitigation, ecosystem restoration, and sustainable
development depends substantially upon preserving the functional integrity of biogeochemical cycles.
International initiatives emphasize the restoration of degraded ecosystems, enhancement of carbon
sinks, reduction of nutrient pollution, sustainable land management, and protection of critical natural
habitats. Scientific understanding of nutrient cycling mechanisms therefore provides an essential
foundation for evidence-based environmental governance and adaptive ecosystem management.

In conclusion, the functional characteristics of biogeochemical cycles constitute the
fundamental processes supporting ecological sustainability across terrestrial, freshwater, marine, and
atmospheric ecosystems. Their capacity to regulate nutrient availability, maintain ecosystem
productivity, stabilize environmental conditions, support biodiversity, and enhance ecological
resilience highlights their indispensable role in sustaining life on Earth. Continued interdisciplinary
research integrating ecology, biogeochemistry, climatology, microbiology, hydrology, and
environmental sciences is essential for improving our understanding of these interconnected processes
and for developing effective strategies that ensure ecological sustainability under accelerating global
environmental change.

Materials and Methods

This study was conducted using an integrated ecological and biogeochemical research approach
to investigate the functional characteristics of biogeochemical cycles and their contribution to
ecological sustainability. The research combined qualitative analysis with quantitative assessment by
synthesizing recent scientific findings, ecological theories, and environmental monitoring data. The
methodological framework was designed to evaluate the interactions among the major biogeochemical
cycles—carbon, nitrogen, phosphorus, sulfur, and the hydrological cycle—and their influence on
ecosystem stability, nutrient dynamics, and ecological resilience under both natural and anthropogenic
conditions.

A comprehensive review of peer-reviewed scientific publications published primarily between
2019 and 2026 was carried out using internationally recognized scientific databases, including Web of
Science, Scopus, SpringerLink, ScienceDirect, Wiley Online Library, and Google Scholar.
Publications were selected based on their scientific relevance, methodological quality, citation impact,
and direct relation to ecological sustainability, ecosystem functioning, nutrient cycling, climate
change, biodiversity conservation, and environmental management. Governmental and international
environmental reports from organizations such as the Intergovernmental Panel on Climate Change
(IPCC), the United Nations Environment Programme (UNEP), and the Food and Agriculture
Organization (FAO) were also examined to provide globally recognized environmental data and policy
perspectives.

The study adopted a systems ecology approach in which ecosystems were considered integrated
functional units consisting of biotic and abiotic components connected through continuous energy
flow and nutrient circulation. The relationships among atmosphere, lithosphere, hydrosphere, and
biosphere were evaluated using the principles of ecosystem ecology, landscape ecology, and
biogeochemistry. Particular attention was given to the mechanisms regulating nutrient transformation,
storage, transport, and recycling across different environmental compartments.

Comparative ecological analysis was applied to examine differences in the functioning of
biogeochemical cycles among forests, grasslands, wetlands, agricultural lands, freshwater ecosystems,
and coastal environments. Functional indicators including carbon sequestration capacity, nutrient use
efficiency, nitrogen mineralization, phosphorus availability, sulfur transformation, soil organic matter
accumulation, microbial activity, ecosystem productivity, and ecological resilience were comparatively
evaluated to determine ecosystem sustainability.

The research further employed ecological process analysis to identify the biological, chemical,
and physical mechanisms governing nutrient cycling. Major biological processes evaluated included
photosynthesis, respiration, decomposition, nitrogen fixation, nitrification, denitrification,
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mineralization, ammonification, microbial nutrient immobilization, plant nutrient uptake, litter
decomposition, and soil organic matter formation. Physical and chemical processes such as
weathering, erosion, sedimentation, leaching, volatilization, atmospheric deposition, diffusion, and
hydrological transport were also incorporated into the analysis.

A conceptual biogeochemical systems model was developed to illustrate the interactions among
the principal nutrient cycles and their responses to environmental disturbances. The model considered
natural regulatory mechanisms together with major anthropogenic drivers, including land-use change,
urbanization, industrial emissions, agricultural intensification, deforestation, fossil fuel combustion,
excessive fertilizer application, and climate change. These drivers were evaluated regarding their
impacts on nutrient balance, ecosystem functioning, greenhouse gas emissions, biodiversity
conservation, and long-term ecological sustainability.

Climate-related variables incorporated into the assessment included air temperature,
precipitation, soil moisture, evapotranspiration, atmospheric carbon dioxide concentration, and
extreme climatic events. Their influence on nutrient cycling efficiency, microbial metabolism,
vegetation dynamics, and ecosystem resilience was analyzed based on findings reported in recent
ecological and climate research.

The methodological framework also integrated ecological stoichiometry principles by
examining the balance among carbon, nitrogen, and phosphorus within ecological systems. Nutrient
ratios were used as indicators of ecosystem nutrient limitation, biological productivity, decomposition
efficiency, and ecological stability. Interactions between nutrient availability and biodiversity were
assessed to determine how changes in elemental balance affect ecosystem functioning under
environmental stress.

To ensure scientific reliability, only peer-reviewed publications, internationally recognized
environmental datasets, and authoritative institutional reports were included in the synthesis.
Information from multiple independent studies was critically compared to minimize uncertainty and
improve the robustness of ecological interpretations. Contradictory findings were evaluated through
comparative analysis to identify potential causes associated with geographical variation, ecosystem
type, methodological differences, and environmental conditions.

The collected information was synthesized using descriptive, comparative, and integrative
analytical methods. Relationships among ecological variables were interpreted according to
established ecological theories, biogeochemical principles, and ecosystem functioning concepts. The
resulting framework provides a comprehensive scientific basis for understanding the functional
characteristics of biogeochemical cycles and their essential role in maintaining ecological
sustainability under current and future environmental change scenarios.

Results and Discussion

The analysis demonstrated that the functional efficiency of biogeochemical cycles constitutes
one of the principal determinants of ecological sustainability across terrestrial, freshwater, and marine
ecosystems. The synthesis of recent ecological research indicates that ecosystem stability is closely
associated with the continuous circulation and balanced transformation of essential nutrients among
the atmosphere, biosphere, hydrosphere, and lithosphere. Ecosystems characterized by efficient
nutrient recycling exhibited greater biological productivity, higher biodiversity, enhanced resilience to
environmental disturbances, and improved capacity to maintain ecosystem services under changing
climatic conditions.

The results reveal that the carbon cycle remains the dominant biogeochemical process
influencing global ecological sustainability. Forests, wetlands, peatlands, and natural grasslands
function as major carbon reservoirs by storing substantial quantities of organic carbon within
vegetation and soils. These ecosystems contribute significantly to climate regulation through carbon
sequestration and long-term carbon storage. However, increasing anthropogenic activities, including
deforestation, land-use conversion, industrial emissions, and fossil fuel combustion, have disrupted
natural carbon dynamics, resulting in elevated atmospheric carbon dioxide concentrations and
accelerated global warming. Climate-induced increases in temperature further stimulate soil microbial
respiration and organic matter decomposition, creating positive feedback mechanisms that intensify
greenhouse gas emissions[5].
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The investigation also highlights the critical role of the nitrogen cycle in regulating ecosystem
productivity. Biological nitrogen fixation performed by symbiotic and free-living microorganisms
supplies ecosystems with bioavailable nitrogen essential for plant growth. Nevertheless, excessive
application of synthetic fertilizers and increasing nitrogen deposition have significantly altered natural
nitrogen cycling. Elevated nitrogen availability initially enhances plant productivity; however,
prolonged nutrient enrichment leads to soil acidification, nitrate leaching, groundwater contamination,
eutrophication of aquatic ecosystems, and reductions in species diversity. These findings demonstrate
that ecological sustainability depends not only on nutrient availability but also on maintaining
balanced nutrient concentrations within ecosystem boundaries.

The phosphorus cycle exhibited comparatively slower dynamics because of the absence of a
significant atmospheric phase. Weathering processes, soil mineral composition, microbial activity, and
hydrological transport determine phosphorus availability within ecosystems. The analysis indicates
that phosphorus frequently limits primary productivity in freshwater ecosystems, whereas excessive
phosphorus inputs from agricultural runoff and untreated wastewater accelerate eutrophication and
harmful algal bloom development. These ecological disturbances reduce dissolved oxygen
concentrations, alter aquatic food webs, decrease biodiversity, and impair ecosystem functioning.

The sulfur cycle showed strong interactions with both atmospheric processes and soil microbial
communities. Sulfur transformations contribute to protein synthesis, enzyme activity, and microbial
metabolism, thereby supporting numerous ecosystem functions. Although international environmental
regulations have substantially reduced sulfur emissions in many industrialized regions, localized
industrial pollution continues to affect soil chemistry and freshwater ecosystems through acidification
processes. Recovery of sulfur-affected ecosystems remains dependent upon improved emission control
and ecological restoration measures.

An important finding of the study is the central role of soil microorganisms in regulating all
major biogeochemical cycles. Microbial communities mediate decomposition, mineralization,
nitrification, denitrification, sulfur oxidation, methane production, and numerous other biochemical
transformations. Ecosystems possessing diverse microbial communities consistently demonstrated
greater nutrient cycling efficiency and improved resistance to environmental stress. Advances in
environmental genomics and metagenomic sequencing have further revealed the extraordinary
functional diversity of microbial populations responsible for maintaining ecosystem nutrient balance.

The results further indicate that vegetation diversity significantly enhances the functional
stability of biogeochemical cycles. Diverse plant communities exhibit complementary nutrient
acquisition strategies, variable rooting depths, and differing physiological adaptations that collectively
improve nutrient retention and resource-use efficiency. Forest ecosystems characterized by complex
vegetation structure demonstrated greater carbon sequestration capacity and higher nutrient
conservation than simplified agricultural landscapes. Restoration of native vegetation therefore
represents an effective strategy for improving ecological sustainability and enhancing ecosystem
resilience[6].

The hydrological cycle was identified as an essential connecting mechanism among all
biogeochemical processes. Variations in precipitation, evapotranspiration, groundwater recharge, and
surface runoff directly influence nutrient transport, soil moisture availability, microbial activity, and
vegetation productivity. Climate-induced changes in hydrological regimes alter nutrient mobility and
accelerate soil erosion, particularly in regions experiencing increased drought frequency or extreme
rainfall events. Consequently, sustainable water resource management is fundamental for preserving
nutrient balance and maintaining ecosystem functionality.

Comparative ecosystem analysis demonstrated considerable differences in nutrient cycling
efficiency among ecosystem types. Natural forests and wetlands exhibited the highest levels of
nutrient retention, carbon storage, biodiversity, and ecological resilience. Agricultural ecosystems
generally showed lower nutrient use efficiency because of intensive land management, fertilizer
application, and reduced biological diversity. Urban ecosystems experienced the greatest disruption of
natural nutrient cycles due to land sealing, habitat fragmentation, industrial activities, and atmospheric
pollution. These observations emphasize that ecosystem integrity directly influences the effectiveness
of biogeochemical processes.

The synthesis also revealed strong interactions among the carbon, nitrogen, and phosphorus
cycles. Alterations within one nutrient cycle inevitably affected the functioning of the others. For
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example, increased atmospheric carbon dioxide stimulated plant growth under favorable nutrient
conditions but frequently intensified nitrogen and phosphorus limitations. Similarly, excessive
nitrogen deposition altered phosphorus availability through changes in soil chemistry and microbial
activity. These complex interdependencies demonstrate that ecosystem management should adopt
integrated rather than single-element approaches.

Climate change emerged as one of the most influential drivers modifying biogeochemical cycle
dynamics. Rising temperatures accelerated microbial decomposition rates, increased greenhouse gas
emissions, and altered nutrient mineralization patterns. Simultaneously, shifts in precipitation regimes
affected hydrological connectivity, nutrient leaching, and vegetation distribution. Extreme climatic
events including droughts, floods, and wildfires produced substantial disturbances in nutrient cycling,
often reducing ecosystem recovery capacity. These findings highlight the necessity of incorporating
climate adaptation strategies into sustainable ecosystem management.

Anthropogenic pressures have substantially exceeded the natural resilience capacity of many
ecosystems. Land-use change, intensive agriculture, mining, industrial development, urban expansion,
and pollution collectively disrupt nutrient cycling by altering vegetation cover, soil structure, microbial
diversity, and hydrological processes. The analysis indicates that ecological restoration measures—
including afforestation, wetland rehabilitation, sustainable agriculture, conservation tillage, ecological
corridor development, and integrated watershed management can significantly improve nutrient
cycling efficiency and restore ecosystem functionality over time.

The application of advanced technologies has considerably improved the scientific
understanding of biogeochemical processes. Remote sensing, geographic information systems (GIS),
stable isotope analysis, ecosystem process models, environmental DNA sequencing, artificial
intelligence, and machine learning provide powerful tools for monitoring nutrient dynamics across
multiple spatial and temporal scales. These technologies enable more accurate prediction of ecosystem
responses to environmental change and support evidence-based environmental decision-making.

The findings further emphasize the importance of ecological stoichiometry as a framework for
understanding nutrient balance within ecosystems. Stable carbon:nitrogen:phosphorus ratios were
consistently associated with greater ecosystem productivity, efficient decomposition, and enhanced
ecological resilience. Deviations from optimal nutrient ratios frequently indicated ecosystem
degradation, nutrient limitation, or anthropogenic disturbance. Consequently, ecological stoichiometric
indicators represent valuable tools for assessing ecosystem health and sustainability.

Overall, the results demonstrate that ecological sustainability depends upon the coordinated
functioning of interconnected biogeochemical cycles rather than the operation of individual nutrient
pathways. The maintenance of balanced nutrient circulation supports biodiversity conservation,
climate regulation, soil fertility, water quality, ecosystem productivity, and long-term environmental
stability. Effective environmental management therefore requires integrated ecosystem-based
approaches that simultaneously protect biodiversity, restore degraded habitats, reduce anthropogenic
nutrient inputs, enhance carbon sequestration, and strengthen ecosystem resilience under ongoing
global environmental change.

Conclusion

The present study demonstrates that the functional characteristics of biogeochemical cycles
constitute the fundamental ecological mechanisms responsible for maintaining ecosystem stability,
resilience, and long-term sustainability. The continuous circulation and transformation of essential
elements, including carbon, nitrogen, phosphorus, sulfur, and water, regulate ecosystem productivity,
nutrient availability, biodiversity conservation, and environmental quality. The findings confirm that
ecological sustainability depends on the balanced interaction of these interconnected cycles rather than
on the functioning of individual biogeochemical processes.

The analysis indicates that natural ecosystems with efficient nutrient recycling exhibit greater
resistance to environmental disturbances and a higher capacity to recover from anthropogenic and
climatic stresses. Forests, wetlands, and other biologically diverse ecosystems perform particularly
important functions by promoting carbon sequestration, conserving soil fertility, regulating
hydrological processes, and maintaining ecological equilibrium. In contrast, land-use change, intensive
agriculture, industrial development, urbanization, pollution, and climate change have significantly
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disrupted natural biogeochemical processes, reducing ecosystem resilience and accelerating
environmental degradation.

The study also highlights the indispensable role of soil microorganisms and vegetation in
regulating nutrient transformations and maintaining ecosystem functionality. Healthy microbial
communities, diverse plant assemblages, and well-structured soils collectively enhance nutrient
cycling efficiency, improve resource-use efficiency, and strengthen ecosystem adaptability under
changing environmental conditions. These biological components therefore represent critical targets
for ecosystem conservation and restoration strategies.

Furthermore, the findings emphasize that climate change acts both as a driver and a
consequence of alterations in biogeochemical cycles. Rising temperatures, changing precipitation
regimes, and increasing atmospheric greenhouse gas concentrations modify nutrient dynamics,
accelerate organic matter decomposition, and alter ecosystem carbon storage capacity. Consequently,
effective climate change mitigation and adaptation policies must be closely integrated with sustainable
ecosystem management and biodiversity conservation.

The research demonstrates that modern ecological assessment increasingly depends on
interdisciplinary approaches combining ecosystem ecology, biogeochemistry, environmental
microbiology, landscape ecology, remote sensing, geographic information systems (GIS), stable
isotope techniques, ecological modeling, and artificial intelligence. These scientific tools provide
valuable opportunities for monitoring ecosystem processes, predicting environmental change, and
supporting evidence-based environmental decision-making.

From a practical perspective, maintaining the functional integrity of biogeochemical cycles
requires the implementation of sustainable land-use planning, restoration of degraded ecosystems,
protection of forests and wetlands, reduction of nutrient pollution, promotion of climate-smart
agricultural practices, and conservation of biological diversity. Such integrated management
approaches will improve ecosystem resilience while ensuring the continued provision of essential
ecosystem services that support human well-being and sustainable development.

In conclusion, the functional characteristics of biogeochemical cycles represent the ecological
foundation of environmental sustainability. Protecting the integrity and balance of these cycles is
essential for preserving ecosystem health, mitigating climate change, conserving biodiversity, and
maintaining the ecological processes upon which both natural ecosystems and human societies
depend. Continued interdisciplinary research and the application of innovative environmental
management strategies will be crucial for safeguarding ecological sustainability in the face of
accelerating global environmental change.
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Abstract

Natural ecosystems are experiencing increasingly complex transformation processes driven by
climate change, land-use change, habitat fragmentation, and growing anthropogenic pressures.
Understanding these processes from a landscape ecological perspective is essential for conserving
biodiversity, maintaining ecosystem functions, and ensuring sustainable environmental management.
This study investigates the transformation of natural ecosystems within the conceptual framework of
landscape ecology by integrating field observations, remote sensing techniques, Geographic
Information Systems (GIS), landscape metrics, and statistical analyses. The research evaluates spatial
and temporal changes in landscape structure, ecological connectivity, biodiversity, and ecosystem
resilience under the combined influence of natural and human-induced factors. The results indicate
that increasing landscape fragmentation, declining habitat connectivity, and expanding anthropogenic
land use significantly reduce ecological integrity, species diversity, and ecosystem stability.
Conversely, heterogencous landscapes with well-preserved ecological corridors exhibit greater
resilience and adaptive capacity to environmental disturbances. The integration of geospatial
technologies with ecological assessment proved effective for identifying transformation patterns and
supporting evidence-based environmental decision-making. The study emphasizes that sustainable
landscape management, ecological restoration, and biodiversity conservation require integrated
approaches that consider spatial ecological processes operating across multiple scales. The findings
contribute to a better understanding of ecosystem transformation mechanisms and provide scientific
support for sustainable land-use planning, climate change adaptation, and long-term conservation
strategies.

Keywords: landscape ecology, natural ecosystems, ecosystem transformation, landscape
fragmentation, biodiversity, ecological connectivity, ecosystem resilience, ecological restoration.

Introduction

Landscape ecology has emerged as one of the most significant interdisciplinary scientific fields
for understanding the spatial organization, structural complexity, functional dynamics, and temporal
evolution of natural ecosystems. By integrating concepts from ecology, geography, environmental
sciences, remote sensing, geoinformatics, and conservation biology, landscape ecology provides a
comprehensive theoretical and methodological framework for investigating ecological processes
operating across multiple spatial and temporal scales. Unlike traditional ecosystem ecology, which
primarily focuses on biological interactions within relatively homogeneous ecological units, landscape
ecology emphasizes the heterogeneity of landscapes, the interactions among different ecosystem
components, and the influence of spatial patterns on ecological functions and biodiversity
conservation.

Natural ecosystems are dynamic systems that continuously undergo transformation as a
consequence of both natural ecological succession and anthropogenic disturbances. These
transformations influence ecosystem composition, structure, resilience, productivity, nutrient cycling,
habitat connectivity, and the provision of ecosystem services essential for human well-being. In recent
decades, accelerating climate change, rapid urban expansion, agricultural intensification, industrial
development, deforestation, mining activities, infrastructure construction, and increasing
environmental pollution have substantially altered the spatial configuration of landscapes worldwide.
Consequently, understanding the mechanisms driving ecosystem transformation has become one of the
primary research priorities in modern ecological science[1].
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Transformation processes within natural ecosystems represent long-term modifications in
ecological structure, functional organization, species composition, and landscape patterns resulting
from interactions among biotic, abiotic, and anthropogenic factors. These processes may occur
gradually through ecological succession or abruptly due to catastrophic disturbances such as wildfires,
floods, droughts, hurricanes, volcanic eruptions, earthquakes, pest outbreaks, or intensive human
activities. The magnitude, direction, and ecological consequences of these transformations depend
upon ecosystem resilience, environmental variability, biological diversity, and the intensity of external
pressures acting upon the landscape.

Within the framework of landscape ecology, transformation is viewed not merely as a localized
ecological phenomenon but as a spatial process involving the reorganization of landscape mosaics,
ecological networks, habitat connectivity, and energy and matter flows. Changes occurring in one
landscape element frequently propagate through adjacent ecosystems, generating cascading ecological
responses across broader geographical regions. Consequently, evaluating ecosystem transformation
requires spatially explicit approaches capable of analyzing ecological processes at multiple
hierarchical levels, ranging from local habitat patches to regional landscapes and global ecological
networks.

Landscape structure constitutes one of the fundamental determinants of ecological processes.
The spatial arrangement of forests, wetlands, grasslands, rivers, agricultural lands, mountainous areas,
and urban environments strongly influences biodiversity distribution, species migration, hydrological
regulation, nutrient cycling, primary productivity, and ecosystem resilience. Alterations in landscape
configuration frequently lead to habitat fragmentation, landscape homogenization, reduction of
ecological corridors, increased edge effects, and diminished ecological stability[2]. These structural
modifications often compromise the capacity of ecosystems to withstand environmental disturbances
and maintain ecological functions under changing climatic conditions.

Climate change has become one of the dominant global drivers of landscape transformation.
Rising global temperatures, altered precipitation regimes, prolonged droughts, increasing frequency of
extreme weather events, glacier retreat, sea-level rise, and shifts in vegetation zones are fundamentally
reshaping natural ecosystems across all biogeographical regions. Climate-induced transformations
influence species distributions, phenological cycles, ecosystem productivity, carbon sequestration
capacity, soil moisture dynamics, and hydrological processes. In many regions, climate change acts
synergistically with anthropogenic land-use changes, accelerating ecosystem degradation and reducing
landscape resilience.

Land-use and land-cover changes represent another major mechanism responsible for landscape
transformation. The conversion of natural forests into agricultural lands, urban settlements, industrial
zones, transportation infrastructure, and mining areas substantially modifies ecological connectivity
and disrupts ecosystem integrity. Such changes frequently result in biodiversity loss, soil erosion,
alteration of hydrological cycles, increased greenhouse gas emissions, habitat degradation, and
declining ecosystem services. Understanding the spatial dynamics of land-use transformation is
therefore essential for sustainable landscape planning and environmental management[3].

Biological diversity serves as both an indicator and a determinant of ecosystem transformation.
High levels of biodiversity generally enhance ecological stability, adaptive capacity, and resilience
against environmental disturbances. Conversely, habitat fragmentation, invasive species, pollution, and
climatic stressors reduce species richness and disrupt ecological interactions. Landscape ecological
approaches enable researchers to evaluate how spatial heterogeneity influences biodiversity
conservation and how ecological corridors facilitate species dispersal within fragmented landscapes.
Maintaining functional landscape connectivity has become an indispensable component of
contemporary conservation strategies.

Modern landscape ecological research increasingly relies upon advanced geospatial
technologies for investigating ecosystem transformations. Remote sensing, Geographic Information
Systems (GIS), unmanned aerial vehicles (UAVs), satellite imagery, spatial statistics, ecological
modeling, machine learning, and landscape metrics provide powerful analytical tools for detecting,
monitoring, and predicting landscape changes over time. High-resolution satellite observations enable
continuous assessment of vegetation dynamics, land-cover transitions, habitat fragmentation, wildfire
impacts, desertification processes, and ecosystem degradation at local, regional, and global scales. The
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integration of geospatial technologies with ecological field observations has significantly improved the
accuracy and efficiency of environmental monitoring.

Landscape metrics have become indispensable quantitative indicators for evaluating ecosystem
transformation. Indices such as patch size, edge density, landscape diversity, connectivity,
fragmentation, contagion, and landscape shape complexity facilitate objective assessment of spatial
ecological patterns and their temporal evolution. These indicators enable researchers to identify critical
thresholds beyond which ecological functions may become irreversibly degraded. Consequently,
quantitative landscape analysis contributes significantly to evidence-based environmental decision-
making and sustainable ecosystem management[4].

Ecosystem resilience constitutes another central concept within landscape ecology. Resilience
refers to the capacity of ecosystems to absorb disturbances, reorganize ecological processes, and
maintain essential structures and functions without shifting into alternative ecological states.
Landscape heterogeneity, biodiversity, functional redundancy, ecological connectivity, and adaptive
management collectively enhance resilience against environmental change. Investigating resilience
within transformed landscapes is essential for developing effective conservation and restoration
strategies capable of mitigating future ecological risks.

Ecological restoration has become increasingly important as ecosystem degradation intensifies
globally. Landscape ecological principles provide scientific guidance for restoring degraded habitats,
reconnecting fragmented ecosystems, rehabilitating ecological corridors, enhancing biodiversity, and
improving ecosystem services. Restoration initiatives increasingly emphasize landscape-scale
planning rather than isolated site-specific interventions, recognizing that ecological processes extend
beyond administrative or political boundaries. Integrated landscape management therefore represents a
key strategy for achieving long-term ecological sustainability.

Human activities remain among the most influential drivers of landscape transformation.
Population growth, urbanization, agricultural intensification, industrialization, tourism development,
infrastructure expansion, and natural resource exploitation continue to reshape ecological landscapes
at unprecedented rates. Anthropogenic pressures not only modify physical landscape structures but
also alter ecological interactions, nutrient dynamics, hydrological regimes, and climate feedback
mechanisms. Understanding the cumulative impacts of multiple anthropogenic stressors is therefore
essential for developing adaptive environmental policies and sustainable land management practices.

The theoretical foundations of landscape ecology emphasize that ecosystem transformation
results from complex interactions among spatial heterogeneity, ecological processes, environmental
gradients, disturbance regimes, and human activities. These interactions operate simultaneously across
multiple organizational levels, making ecosystem transformation inherently multidimensional and
nonlinear. Consequently, interdisciplinary approaches integrating ecological theory, spatial analysis,
environmental monitoring, and predictive modeling are necessary to accurately characterize landscape
dynamics and anticipate future ecological changes.

From a global perspective, international initiatives such as the Sustainable Development Goals
(SDGs), the Convention on Biological Diversity (CBD), the United Nations Decade on Ecosystem
Restoration (2021-2030), and climate adaptation frameworks underscore the importance of
understanding landscape transformations for biodiversity conservation, climate mitigation, sustainable
resource management, and ecosystem restoration. Scientific research focusing on natural ecosystem
transformation contributes directly to achieving these international environmental objectives by
providing evidence-based knowledge for policy formulation and adaptive environmental governance.

The present study aims to investigate the transformation processes of natural ecosystems within
the conceptual framework of landscape ecology by examining the spatial and functional changes
occurring under the combined influence of natural and anthropogenic factors. Particular attention is
devoted to landscape structure, habitat connectivity, ecosystem resilience, biodiversity conservation,
land-use dynamics, ecological fragmentation, and modern geospatial assessment techniques. Through
an integrated landscape ecological perspective, this research seeks to enhance understanding of
ecosystem transformation mechanisms, identify the principal drivers of ecological change, and provide
scientifically grounded recommendations for sustainable landscape management, biodiversity
conservation, ecological restoration, and long-term environmental sustainability.
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Materials and Methods

This study employed an integrated landscape ecological research approach combining field
ecological observations, geospatial analysis, remote sensing, Geographic Information Systems (GIS),
landscape metrics, and statistical evaluation to investigate the transformation processes of natural
ecosystems. The methodological framework was designed to assess both the structural and functional
changes occurring within landscapes under the influence of natural and anthropogenic factors.

The research was based on a multidisciplinary methodology incorporating principles of
landscape ecology, ecosystem ecology, biogeography, environmental monitoring, and spatial analysis.
Particular attention was devoted to understanding the relationships between landscape structure,
habitat connectivity, ecological fragmentation, biodiversity dynamics, and ecosystem resilience.

Land-use and land-cover (LULC) changes were evaluated using multi-temporal satellite
imagery acquired from publicly available Earth observation platforms. Satellite images representing
different time periods were processed to identify changes in vegetation cover, forest distribution,
agricultural expansion, urban growth, wetland dynamics, and other landscape components. Image
preprocessing included geometric correction, atmospheric correction, radiometric calibration, and
image classification to improve analytical accuracy.

Geographic Information Systems (GIS) were used to integrate spatial datasets, generate
thematic maps, analyze landscape patterns, and quantify spatial changes. GIS-based spatial analyses
enabled the identification of ecological corridors, fragmented habitats, transition zones, and areas
experiencing significant ecosystem transformation. Digital elevation models (DEMs), hydrographic
data, land-use maps, soil information, and vegetation distribution datasets were incorporated into the
spatial database to provide comprehensive environmental characterization.

Landscape structure was quantitatively assessed using widely accepted landscape metrics.
Indicators including patch density (PD), mean patch size (MPS), edge density (ED), landscape shape
index (LSI), Shannon's Diversity Index (SHDI), contagion index (CONTAGQG), and connectivity metrics
were calculated to evaluate spatial heterogeneity, habitat fragmentation, and landscape complexity.
These metrics facilitated the assessment of temporal changes in landscape configuration and
ecological integrity.

Field investigations were conducted to validate remotely sensed observations and to collect
ecological information on vegetation composition, species diversity, habitat quality, soil
characteristics, and evidence of anthropogenic disturbance. Sampling sites were selected to represent
different landscape units and ecological conditions. Standard ecological survey techniques were
employed to document dominant plant communities, vegetation structure, and environmental variables
relevant to ecosystem transformation.

Biodiversity was assessed using commonly applied ecological diversity indices. Species
richness, Shannon—Wiener diversity index (H'), Simpson's diversity index (D), and Pielou's evenness
index (J') were calculated to evaluate biological diversity and community structure. These indices
provided quantitative measures of ecological changes associated with landscape transformation.

Environmental variables influencing ecosystem dynamics were compiled from meteorological
and environmental monitoring datasets. Climatic parameters included mean annual temperature,
annual precipitation, seasonal variability, relative humidity, and drought indices. Additional
environmental factors such as soil properties, topography, hydrological characteristics, and land
management practices were also considered during data interpretation.

Anthropogenic pressures were evaluated by analyzing land-use intensity, urban expansion,
agricultural development, infrastructure growth, deforestation, and other human-induced landscape
modifications. Spatial overlay analysis was used to examine the relationships between human
activities and ecological changes across the study landscape.

Spatial analyses were performed using ArcGIS Pro (Esri, Redlands, CA, USA) and QGIS
software. Remote sensing image processing was conducted using ENVI software, while landscape
metrics were calculated using Fragstats version 4.2. Statistical analyses were performed using R
statistical software (version 4.x) and IBM SPSS Statistics (version 29). Descriptive statistics,
correlation analysis, principal component analysis (PCA), and multiple regression models were
applied to identify significant relationships among environmental variables, landscape metrics, and
ecosystem transformation indicators. Statistical significance was accepted at p < 0.05.
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The methodological approach adopted in this research provides a comprehensive framework for
evaluating the spatial, structural, and functional transformation of natural ecosystems. The integration
of field observations, remote sensing technologies, GIS-based spatial analysis, ecological indicators,
and statistical modeling ensures reliable assessment of landscape dynamics and supports scientifically
based recommendations for biodiversity conservation, ecological restoration, and sustainable
landscape management.

Results and Discussion

The integrated landscape ecological analysis revealed that natural ecosystems have undergone
substantial structural and functional transformations as a consequence of the combined effects of
climate variability and anthropogenic activities. The observed changes were reflected in alterations of
landscape composition, habitat configuration, biodiversity patterns, ecological connectivity, and
ecosystem resilience. These findings demonstrate that ecosystem transformation is a multidimensional
process driven by interactions among environmental, biological, and socio-economic factors operating
across multiple spatial scales.

Spatial analysis of land-use and land-cover dynamics indicated a gradual decline in the extent of
natural vegetation accompanied by an expansion of agricultural lands, urban settlements,
transportation infrastructure, and other human-modified landscapes. Although the magnitude of
change varied among different landscape units, the overall tendency reflected increasing landscape
fragmentation and decreasing ecological integrity. Forest ecosystems exhibited the highest degree of
transformation, particularly in areas exposed to intensive land-use practices, where continuous habitat
patches became subdivided into smaller and more isolated fragments.

The calculated landscape metrics confirmed significant modifications in landscape structure.
Patch density increased considerably, while mean patch size decreased, indicating progressive habitat
fragmentation. Edge density also increased, reflecting the formation of numerous ecotones and
fragmented habitat boundaries. Simultaneously, the landscape shape index demonstrated increasing
geometric complexity of habitat patches, whereas connectivity indices showed a reduction in
ecological linkages among natural ecosystems. These spatial changes reduce opportunities for species
dispersal, gene flow, and ecological interactions that are essential for maintaining ecosystem
stability[5].

Analysis of biodiversity indicators demonstrated that transformed landscapes generally
supported lower species richness and reduced community diversity than relatively undisturbed
ecosystems. Areas characterized by high levels of habitat fragmentation exhibited simplified
vegetation structure and reduced abundance of specialist species. Generalist and disturbance-tolerant
organisms became increasingly dominant, while habitat-sensitive species declined substantially. Such
biological responses indicate that landscape transformation contributes not only to habitat loss but also
to significant changes in ecosystem composition and ecological functioning.

Field observations confirmed that vegetation degradation was closely associated with increasing
anthropogenic pressure. In many transformed habitats, native plant communities had been partially
replaced by secondary vegetation, invasive species, or agricultural crops. Soil compaction, erosion,
and reductions in organic matter content were frequently observed in disturbed landscapes, further
limiting the natural regeneration capacity of ecosystems. These ecological changes directly affected
nutrient cycling, water retention, and primary productivity.

Remote sensing analysis demonstrated clear temporal trends in vegetation dynamics. Multi-
temporal satellite imagery revealed reductions in dense vegetation cover together with increases in
bare land, cultivated areas, and urban surfaces. Normalized Difference Vegetation Index (NDVI)
analyses indicated declining vegetation health in landscapes experiencing intensive human activities
and prolonged climatic stress. These spatial patterns were consistent with field observations and
confirmed the reliability of integrating remote sensing technologies into landscape ecological
assessments.

Climate-related factors also played an important role in ecosystem transformation. Variations in
temperature and precipitation influenced vegetation productivity, soil moisture, hydrological regimes,
and species distributions. Prolonged drought periods reduced ecosystem resilience by limiting plant
growth and increasing susceptibility to wildfires, pest outbreaks, and desertification processes. In

110



ARCENG INTERNATIONAL ULUDAG SCIENTIFIC STUDIES CONGRESS BOOK

several landscape units, climatic stress interacted synergistically with land-use changes, accelerating
ecosystem degradation beyond levels expected from either factor independently[6].

The statistical analyses identified significant relationships between landscape metrics and
ecological indicators. Habitat connectivity showed a strong positive correlation with species diversity,
while fragmentation indices were negatively associated with biodiversity and ecosystem resilience.
Areas with larger, well-connected habitat patches consistently maintained greater ecological stability
than highly fragmented landscapes. These findings emphasize the ecological importance of preserving
continuous habitat networks and maintaining functional landscape connectivity.

Principal component analysis demonstrated that ecosystem transformation is primarily
influenced by three interacting groups of variables: climatic conditions, anthropogenic land-use
intensity, and landscape structural characteristics. Together, these variables explained a substantial
proportion of the observed ecological variability, indicating that transformation processes cannot be
attributed to a single environmental driver. Instead, natural ecosystems respond to cumulative
pressures operating simultaneously across spatial and temporal scales.

The results further indicated that landscape heterogeneity contributes positively to ecosystem
resilience. Landscapes characterized by diverse habitat mosaics, ecological corridors, and
heterogeneous environmental conditions exhibited greater resistance to disturbance and higher
recovery capacity following environmental stress. Conversely, simplified and homogeneous
landscapes were more vulnerable to degradation, biodiversity decline, and functional instability.

The findings of this study are consistent with contemporary landscape ecological theory, which
recognizes spatial configuration as a major determinant of ecological processes. Habitat fragmentation
alters species movement, disrupts ecological interactions, and reduces the efficiency of ecosystem
functions such as nutrient cycling, pollination, seed dispersal, and carbon sequestration. Consequently,
changes in landscape structure directly influence ecosystem services that support both biodiversity
conservation and human well-being.

From a conservation perspective, the results emphasize the necessity of integrating landscape
ecological principles into environmental management strategies. Sustainable land-use planning should
prioritize the preservation of large natural habitat patches, restoration of ecological corridors,
reduction of unnecessary landscape fragmentation, and maintenance of spatial heterogeneity.
Restoration initiatives should focus not only on increasing vegetation cover but also on improving
functional connectivity between fragmented ecosystems to facilitate species movement and enhance
ecological resilience.

The integration of remote sensing, GIS technologies, field ecological observations, and
quantitative landscape metrics proved highly effective for monitoring ecosystem transformation. These
complementary methods enabled accurate detection of spatial and temporal ecological changes while
providing valuable information for environmental planning and ecosystem management. Advances in
Earth observation technologies and spatial modeling will further strengthen the capacity to predict
future landscape dynamics under different climate and land-use scenarios[7].

Overall, the results demonstrate that transformation processes in natural ecosystems are
increasingly shaped by the interaction of climate change and human activities. The observed structural
simplification, habitat fragmentation, biodiversity decline, and reduced ecological connectivity
highlight the urgent need for adaptive management approaches based on landscape ecological
principles. Maintaining landscape integrity, enhancing ecosystem resilience, and promoting
sustainable land-use practices will be essential for conserving biodiversity and ensuring the long-term
stability and functionality of natural ecosystems under rapidly changing environmental conditions.

Conclusion

The present study demonstrates that the transformation of natural ecosystems is a complex and
multidimensional process driven by the combined influence of natural environmental variability and
anthropogenic activities. From the perspective of landscape ecology, these transformations involve not
only changes in ecosystem composition but also substantial alterations in landscape structure, spatial
configuration, ecological connectivity, biodiversity, and ecosystem functioning. The findings confirm
that landscape-scale processes play a decisive role in determining the resilience and long-term
sustainability of natural ecosystems.
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The integration of remote sensing, Geographic Information Systems (GIS), field investigations,
landscape metrics, and statistical analyses proved to be an effective methodological framework for
identifying and evaluating ecosystem transformation. The combined application of these approaches
enabled a comprehensive assessment of spatial and temporal changes in land cover, habitat
fragmentation, ecological corridors, and biodiversity patterns, thereby providing a reliable basis for
understanding the mechanisms of landscape dynamics.

The results indicate that increasing land-use intensity, habitat fragmentation, climate change,
and other anthropogenic pressures significantly reduce ecosystem resilience and ecological integrity.
Fragmented landscapes were characterized by lower biodiversity, weakened ecological connectivity,
simplified vegetation structure, and diminished capacity to maintain essential ecosystem functions. In
contrast, landscapes with greater habitat heterogeneity and well-preserved ecological networks
exhibited higher ecological stability and adaptive potential.

This study also highlights the importance of landscape heterogeneity and functional
connectivity as fundamental components of sustainable ecosystem management. The preservation of
large natural habitat patches, restoration of ecological corridors, and implementation of
environmentally responsible land-use planning are essential for maintaining biodiversity, supporting
ecological processes, and strengthening ecosystem resilience under changing environmental
conditions.

The findings contribute to the growing body of scientific knowledge in landscape ecology by
providing an integrated understanding of ecosystem transformation processes across multiple spatial
scales. The research emphasizes that effective biodiversity conservation and ecological restoration
require holistic management approaches that simultaneously consider ecological, geographical,
climatic, and socio-economic factors. Such interdisciplinary strategies are essential for achieving long-
term environmental sustainability and supporting international biodiversity conservation and climate
adaptation objectives.

Future research should focus on the application of high-resolution satellite observations,
unmanned aerial vehicles (UAVs), artificial intelligence, machine learning techniques, and predictive
ecological modeling to improve the monitoring and forecasting of landscape transformations. Long-
term ecological monitoring and interdisciplinary collaboration will further enhance scientific
understanding of ecosystem responses to global environmental change and provide stronger support
for evidence-based environmental policy and sustainable landscape management.
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Abstract: five years, field-based scientific research has been ongoing to document the archaeological
and heritage remains in Madyan, located in southern Jordan within the Al-Karak Governorate. This
work has successfully documented the main Khirbat Madyan or Median, situated in the center of the
current town of Madyan, as well as the famous Madyan Spring, which is historically renowned and
traditionally associated with the Prophet Shu'ayb (Jethro), peace be upon him. Additionally,
documentation was carried out in the surrounding areas of Madyan to the east, north, and parts of the
south. These areas reveal a widespread distribution of large agricultural properties characterized by
distinctive walls and associated stone terraces, indicating large-scale agricultural activities that were
practiced in Madyan and its vicinity. Field studies also highlight the relationship of these activities to
ancient trade routes, particularly the passage of the Via Nova Traiana (Trajan’s Road) adjacent to
Madyan, alongside the Incense Route. Today, historical and field data suggest that Madyan was the
site of one of the military expeditions (Ghazwat) dispatched by the Prophet Muhammad, peace be
upon him, to the borders of the Levant (Bilad al-Sham). This expedition aimed to discipline the Arab
tribes that had killed the Prophet's emissaries, including Al-Harith al-Azdi, and were mobilizing to
attack Medina. The occurrence of this expedition—the Expedition of Madyan—in Madyan of southern
Jordan, followed immediately by the Battle of Mu'tah in the adjacent plains of Mu'tah under the
leadership of the same commander, Zayd ibn Harithah, carries highly significant historical, strategic,
and future implications. The documentation of the Madyan region in Al-Karak Governorate represents
a profoundly vital addition to the historical and archaeological library of Jordan and the Levant, as it
explicitly bridges the gap between physical field evidence, such as stone terraces, walls, and trade
routes, and historical narratives, religious texts, and early Islamic conquests.

1. The Geographical-Historical Background The southern region of Jordan, specifically the Al-
Karak Governorate, has served as a vital arena for cultural and civilizational interactions throughout
history due to its strategic location connecting the Arabian Peninsula with the southern Levant. The
town of Madyan stands out as one of the most prominent sites where historical and religious memory
intersects with tangible field archaeological evidence. Historically, the area is tied to the famous
Madyan Spring and its association with the narratives of the Prophet Shu'ayb, peace be upon him. This
endows the site with a deep chronological depth that spans the Bronze and Iron Ages, continuing
through the Classical periods and into the early Islamic eras.

2. Methodology and Field Archaeological Data (Documenting the Diachronic Landscape) Based
on continuous archaeological field surveys conducted over a period of five years, the urban and
agricultural fabric of the site has been documented across several core components. The central core,
known as Khirbat Median, is concentrated in the middle of the modern town and represents the center
of cumulative human settlement, featuring architectural remains that indicate the successive reuse of
stones and spatial structures across consecutive historical periods. The water system, centered around
the Madyan Spring, represents the primary driver of settlement and civilizational continuity in the
region, serving as a major point of attraction for caravans and armies throughout the ages. Regarding
the agricultural periphery, encompassing the eastern, northern, and southern sectors, the surveys
revealed a vast expansion of large agricultural estates distinguished by defensive and organizational
walls, as well as hydraulic systems consisting of stone terraces and retaining walls. This evidence
points to a dense, systematic agricultural activity that was not merely intended to satisfy local needs,
but was designed to produce an economic surplus tied to regional trade networks.
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3. Madyan within the Classical Trade Route Network The agriculturally documented prosperity in
Madyan cannot be separated from its geostrategic location, as spatial analysis reveals a close
correlative relationship between the site and international trade arteries. In relation to the Nabataean
and Southern Incense Route, archaeological finds and geographical extensions indicate that Madyan
functioned as a logistical support station, providing water and provisions for caravans arriving via the
Incense Route from the Arabian Peninsula. Furthermore, the passage of the Roman New Road, known
as the Via Nova Traiana, adjacent to Madyan significantly enhanced its military and economic status
during the Roman and Byzantine periods. The site transformed into a monitoring and protection
outpost for supply lines and trade routes, a role that explains the massive stone walls surrounding the
entire region.

4. The Early Islamic Military Dimension: From the '"Madyan Expedition" to the '"Battle of
Mu'tah" This study gains a new analytical dimension when linking the archaeological landscape to
the military campaigns sent by the Prophet Muhammad, peace be upon him, to the borders of the
Levant. The documentation of the "Expedition of Median "historically recognized as part of the
detachments (Saraya) sent to discipline tribes that disrupted trade routes, such as Quda'ah, Judham,
and others who allied following the assassination of the Prophet’s emissary, Al-Harith bin Umayr al-
Azdi—represents the missing link in understanding early Islamic military strategy. The military
causality behind these movements was to secure the northern front and discipline the tribes loyal to the
Byzantines, who were amassing forces to threaten Medina. Furthermore, the spatial and leadership
connection between these events demonstrates a clear operational military plan; the occurrence of this
expedition or detachment in Madyan, followed immediately by the clash of the Battle of Mu'tah in the
neighboring plain under the exact same brilliant military commander, Zayd ibn Harithah, may Allah be
pleased with him, is by no means a mere geographical coincidence. Rather, due to its abundant water
supply from the spring and its fortified agricultural enclosures, Madyan served as a strategic staging
area and an advanced launching base for the Islamic army before they advanced into the wide, open
plains of Mu'tah.

Keywords: Jordan, Median, Archacology, Heritage, Islamic History, south Levant.
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BIST 100 ENDEKSININ TAHMINLENMESINDE ABC ILE EGITILMIS
DENDRITIK NORON MODELLERi: CAUCHY VE SIGMOID
AKTIVASYON FONKSiYONLARININ KARSILASTIRMASI
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Ozet

Finansal zaman serilerinin tahminlenmesi piyasa katilimcilart i¢in kritik bir neme sahip olsa da, BIST
100 gibi endekslerin dogasinda var olan yiiksek volatilite klasik yapay sinir aglar1 igin Onemli
zorluklar olusturmaktadir. Dendritik Noéron Modelleri (DNM), dogrusal olmayan piyasa Oriintiilerini
yakalayabilen esnek mimariler olarak one ¢ikmaktadir. Ancak, bu modellerin performansi biiyiik
Olciide egitim optimizasyon algoritmasinin verimliligine baglidir. Bu ¢aligmanin amaci, BIST 100
endeks verileri iizerinde meta-sezgisel bir optimizasyon yaklasimi olan Yapay Ari1 Kolonisi (ABC)
algoritmas1 kullanilarak egitilmis DNM'lerin tahmin etkinligini degerlendirmektir. Calismada,
duraganligi saglamak amaciyla 2 yillik giinliik kapanis fiyatlarindan olusan BIST 100 veri seti
logaritmik getirilere doniistliriilmiis ve AR(S) kayan pencere mekanizmasi ile yapilandirilmistir. Veri
seti sirasiyla %70 egitim, %15 dogrulama ve %15 test kiimelerine ayrilmisti. DNM mimarisinin
sinaptik agirliklarini egitmek i¢in ABC algoritmasi uygulanmis ve Cauchy ile Sigmoid basta olmak
lizere gesitli aktivasyon fonksiyonlarmin performanslari karsilastirilmgtir. Istatistiksel giivenilirligi
saglamak i¢in model 30 bagimsiz kosuma tabi tutulmus ve tahmin sonuglar1 orijinal endeks fiyat
noktalart iizerinden hata metriklerini (RMSE, MAPE) degerlendirmek iizere ters doniisiime tabi
tutulmustur. Deneysel sonucglar, ABC ile egitilmis DNM mimarilerinin yiiksek tahmin hassasiyeti
sagladigini gostermektedir. Test edilen modeller arasinda, ABC araciligiyla optimize edilen Cauchy
tabanli DNM, 239,11'lik bir ortalama RMSE ve %1,237'lik bir ortalama MAPE elde ederek tiim
bagimsiz kosumlar boyunca tutarli bir kararlilik sergilemigtir. Sonu¢ olarak, Yapay Ari1 Kolonisi
algoritmasinin finansal baglamlarda karmasik dendritik mimarileri egitmek i¢in giiglii bir alternatif
oldugu ve dalgali piyasa tahminleri i¢in 6l¢eklenebilir bir ¢6ziim sundugu kanitlanmastir.

Anahtar kelimeler: Yapay Ari Kolonisi, Dendritik Néron Modeli, BIST 100, Zaman Serisi Tahmini,
Optimizasyon
FORECASTING THE BIST 100 INDEX USING ABC-TRAINED DENDRITIC NEURON
MODELS: A COMPARISON OF CAUCHY AND SIGMOID ACTIVATION FUNCTIONS

Abstract

Financial time series forecasting is critical for market participants, yet the inherent volatility of indices
like the BIST 100 poses significant challenges for classical neural networks. Dendritic Neuron Models
(DNMs) have emerged as flexible architectures capable of capturing non-linear market patterns.
However, the performance of these models is heavily dependent on the efficiency of the training
optimization algorithm. The purpose of this study is to evaluate the forecasting effectiveness of DNMs
trained using the Artificial Bee Colony (ABC) algorithm, a meta-heuristic optimization approach, on
BIST 100 index data. A 2-year dataset of BIST 100 daily closing prices was transformed into log-
returns and structured using an AR(5) sliding window mechanism to ensure stationarity. The model
was sequentially partitioned into 70% training, 15% validation, and 15% testing sets. We implemented
an ABC algorithm to train the synaptic weights of the DNM architecture, comparing various activation
functions, primarily Cauchy and Sigmoid. To ensure statistical significance, the model was subjected
to 30 independent runs, and the results were inverse-transformed to evaluate the error metrics (Root
Mean Square Error and Mean Absolute Percentage Error) on the original index price points. The
empirical results indicate that the ABC-trained DNM architectures provide high forecasting precision,
comparable to state-of-the-art meta-heuristic approaches. Among the tested models, the Cauchy-based
DNM optimized via ABC achieved a mean RMSE of 239.11 and a mean MAPE of 1.237%,
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demonstrating consistent stability across all independent runs. The Artificial Bee Colony algorithm
successfully navigated the complex search space of the DNM weights, yielding highly competitive
error margins in BIST 100 forecasting. This study concludes that ABC is a robust alternative for
training complex dendritic architectures in financial contexts, offering a scalable solution for volatile
market predictions.

Keywords: Artificial Bee Colony, Dendritic Neuron Model, BIST 100, Time Series Forecasting,
Optimization
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FINANSAL ZAMAN SERILERININ TAHMININDE DENDRITIK
NORON MODELLERININ ROBUST YAPAY ARI KOLONISI iLE
EGITiMi

Ogr. Gor. Mete Ozdemir (Birinci yazar)!

1(")gretim Gorevlisi, Giresun Universitesi, Veri Bilimi ve Analitigi, , 0000-0003-0908-4311

Ozet

Finansal piyasalar, makroekonomik olaylar veya krizler nedeniyle siklikla ani soklara ve aykir
degerlere (outliers) maruz kalmaktadir. Geleneksel yapay sinir aglari, egitim asamasinda Ortalama
Kare Hata (MSE) gibi kayip fonksiyonlar1 kullandiklarinda, bu aykir1 degerlere asir1 duyarlilik
gostererek genelleme yeteneklerini kaybetmektedirler. Bu caligmada, aykir1 degerler igeren finansal
zaman serilerinin tahmininde kullanilmak {izere, Yapay Ari Kolonisi (ABC) algoritmasi ile egitilen
Robust Dendritik Noron Modeli (DNM) onerilmistir. Calisma kapsaminda, BIST 100 endeksinin
logaritmik getiri serisinin egitim kiimesine, gercek piyasa krizlerini simiile etmek amaciyla yapay
soklar (%15 genlikli) enjekte edilmistir. Modelin dayanikliligini (robustness) artirmak igin klasik
sigmoid aktivasyon fonksiyonu yerine kalin kuyruklu (heavy-tailed) Cauchy dagilimi kullanilmis ve
ABC algoritmasinin uygunluk fonksiyonu, aykiri degerlerin etkisini azaltan Huber Loss ile
degistirilmistir. Onerilen Robust-Cauchy DNM mimarisi, klasik Sigmoid-DNM ve standart Cauchy-
DNM ile 30 bagimsiz kosum iizerinden karsilastirilmistir. Test bulgularina gore, klasik Sigmoid ve
standart Cauchy modelleri aykir1 degerlerden olumsuz etkilenerek sirasiyla 248,79 ve 246,73 ortalama
RMSE degerleri tiretirken; onerilen Robust-Cauchy DNM soklar1 basarili bir sekilde izole ederek
237,99 ortalama RMSE ile bagarili bir performans sergilemistir. Sonug olarak, Huber Loss ve Cauchy
aktivasyonunun entegrasyonu, kirli veri setleri lizerinde egitilen dendritik mimarilerin tahmin
performansini ve kriz an1 dayanikliligini anlamli 6l¢iide artirmistir.

Anahtar kelimeler: Robust Optimizasyon, Dendritik Noéron Modeli, Yapay Ar1 Kolonisi, Aykir
Degerler, BIST 100

TRAINING DENDRITIC NEURON MODELS WITH ROBUST ARTIFICIAL BEE COLONY
FOR FORECASTING FINANCIAL TIME SERIES WITH OUTLIERS

Abstract

Financial markets are frequently exposed to sudden shocks and outliers due to macroeconomic events
or crises. Traditional artificial neural networks, when utilizing loss functions such as Mean Squared
Error (MSE) during training, exhibit excessive sensitivity to these outliers, thereby losing their
generalization capabilities. In this study, a Robust Dendritic Neuron Model (DNM) trained with the
Artificial Bee Colony (ABC) algorithm is proposed for forecasting financial time series containing
outliers. Within the scope of the study, artificial shocks (with 15% amplitude) were injected into the
training set of the BIST 100 index logarithmic return series to simulate real market crises. To enhance
the robustness of the model, the heavy-tailed Cauchy distribution was utilized instead of the classical
sigmoid activation function, and the fitness function of the ABC algorithm was replaced with the
Huber Loss to mitigate the impact of outliers. The proposed Robust-Cauchy DNM architecture was
compared against the classical Sigmoid-DNM and standard Cauchy-DNM across 30 independent runs.
According to the test findings, while the classical Sigmoid and standard Cauchy models were
adversely affected by the outliers, producing mean RMSE values of 248.79 and 246.73 respectively;
the proposed Robust-Cauchy DNM successfully isolated the shocks, demonstrating competitive
performance with a mean RMSE of 237.99. In conclusion, the integration of Huber Loss and Cauchy
activation significantly enhanced the forecasting performance and crisis resilience of dendritic
architectures trained on contaminated datasets.
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OTiZMLI BIREYLERIN ARKADAS VE OYUN KAVRAMLARINA
ILISKIN GORUSLERI

Alime Nurgiil Eri¢', Mihriban Sénmez’

Ozel Egitim Alan Ogretmeni, Amasya Ozel Cizgi Rehabilitasyon Merkezi, Ozel Egitim, ,
) ) https://orci.('i.or2/0009-0q03-9201-4695
Dr. Ogr. Uyesi, Tokat Gaziosmanpasa Universitesi, Ozel Egitim, , https://orcid.org/0000-0002-
8456-9258

Ozet

Otizm spektrum bozuklugu (OSB), sosyal iletisim, sosyal etkilesim ve kisith tekrarlayici davranig
ortintlileriyle karakterize edilen, yasamin ilk yillarinda ve sonrasinda kendini gosterebilen
norogelisimsel bir bozukluktur. Bu bozukluklar bireyin giinliik yasamdaki islevselligini etkiler. OSB
olan bireyler iliski kurmakta, benlik duygusu olusturmakta, arkadas edinmekte, serbest zamanlarini
planlamakta, oyun ve etkinliklere katilmakta zorlanirlar. Sosyal beceri 6gretimi programlariyla bu
beceriler kazandirilabilmektedir. Fakat becerilerin se¢imi, baglami, olus sirasinin giincel olmasi
gerekmektedir. Bu durum, OSB’li bireylerin bulunduklar1 ¢aga uyum saglamalar1 agisindan oldukca
onemlidir. Bu aragtirmada ile OSB’li bireylerin arkadas ve oyun kavramina iliskin goriislerini ele
almak ve bu kavramlar1 ¢aga uygun nasil destekleyebilecegimizi anlamak amaclanmistir. Bu sebeple
arastirmanin amaci OSB’li ¢ocuklarin arkadas ve oyun kavramlarina iliskin goriiglerini incelemektir.
Aragtirmada nitel aragtirma yontemlerinden fenomoloji deseni kullanilmistir. Arastirmaya, OSB tanist
bulunan, genel egitim okullarina devam eden ve farkli okul kademesinden, biri kiz {igii erkek dort
cocuk katilmistir. Veri toplama araglari olarak demografik bilgi formu, arkadas ve oyun kavramlarini
derinlemesine incelemek i¢in yart yapilandirilmig goriisme sorulari tercih edilmistir. Elde edilen
veriler igerik analiziyle analiz edilmistir. Aragtirma bulgularinda farkli yas gruplarindaki ¢ocuklarin
arkadas edinebildikleri, fakat arkadas sayilarinin smirli oldugu, arkadaslariyla daha c¢ok temas
gerektirmeyen oyunlar1 ve etkinlikleri yapmayr sevdikleri, okul arkadaslarinin yani sira sosyal
medyadan da arkadas edindikleri, geleneksel oyunlar kadar sanal oyunlar da oynadiklari,
arkadaglartyla ya da oyun sirasinda bir sorun yasadiklarinda ¢ozmeye calistiklar, fakat ¢oziim
iiretmekte pasif ¢oziimler tirettikleri bulgularina ulagilmigtir. Arastirma sonuglari 1s181nda arkadaglik ve
oyun kavramlarmin 6gretiminde sanal baglami da igerecek sekilde giincellemelerin yapilmasina, sanal
oyun ve uygulamalara yonelik ¢aligmalarin yapilmasina, internet ve ¢evrim igi giivenlik becerilerinin
desteklenmesine ve etkin sorun ¢ozme becerilerini destekleyen c¢alismalara ihtiyag duyuldugu
gorilmiistiir.

Anahtar kelimeler: Otizm spektrum bozuklugu, arkadas, oyun
PERSPECTIVES OF INDIVIDUALS WITH AUTISM ON THE CONCEPTS OF FRIENDSHIP
AND PLAY

Abstract

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by difficulties in
social communication and social interaction, as well as restricted and repetitive behavior patterns,
which can manifest in the early years of life and beyond. These challenges affect an individual’s
ability to function in daily life. Individuals with ASD struggle to form relationships, develop a sense of
self, make friends, plan their free time, and participate in play and activities. These skills can be taught
through social skills training programs. However, the selection, context, and sequence of these skills
must be age-appropriate. This is crucial for individuals with ASD to adapt to their current stage of
development. The aim of this study is to examine the perspectives of individuals with ASD regarding
the concepts of friendship and play and to understand how we can support these concepts in a way that
is appropriate for the current era. Therefore, the objective of the study is to examine the perspectives
of children with ASD on the concepts of friendship and play. The phenomenological design, one of the
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qualitative research methods, was used in this study. Four children—one girl and three boys—who
have been diagnosed with ASD and attend mainstream schools at different grade levels participated in
the study. A demographic information form and semi-structured interview questions were used as data
collection tools to examine the concepts of friendship and play in depth. The data collected were
analyzed using content analysis. The research findings indicate that children in different age groups
are able to make friends, but that the number of friends they have is limited; they prefer games and
activities that do not require frequent contact with their friends; they make friends not only through
school but also via social media; they play both traditional and virtual games; when they encounter a
problem with their friends or during a game, they try to resolve it; but tend to adopt passive solutions.
In light of the research results, it was determined that there is a need to update the teaching of the
concepts of friendship and play to include the virtual context, to conduct studies on virtual games and
applications, to support internet and online safety skills, and to support activities that foster effective
problem-solving skills.

Keywords: Autism spectrum disorder, friend, play
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RAGIB EL-ISFAHANI'NIN TEFSiRINDE MUSKIL AYETLER VE
COZUM ILKELERI

Celalettin DIVLEKCI?
Dog¢. Dr., Bursa Uludag Universitesi ilahiyat Fakiiltesi, Tefsir Anabilim Dali, ,
https://orcid.org/0000-0002-5949-8128

Ozet

Ragib el-Isfahaninin (6. V./X1. yiizyilin ilk ¢eyregi) Tefsiru’'r-Ragib adli eseri daha ¢ok lugat ve
semantik yoOniiyle taninmakta, buna karsilik yorum agisindan problem teskil eden ayetlere yaklagimi
yeterince incelenmemektedir. Bu teblig, Ragib'in tefsir metodunu miigkil ayetlere yaklasimi ve
bunlarin ¢odziimiinde bagvurdugu yorum ilkeleri T{izerinden degerlendirmeyi amaglamaktadir.
Caligmanin temel iddiasi, miiellifin ayetleri bastan sona agiklamaktan ziyade, anlamay1 giiclestiren
veya yanlis anlagilmaya miisait gordiigii yorum problemlerine odaklandig1 ve tefsirini bu problemleri
¢ozmeye yonelik bir yontem {izerine insa ettigidir.

Arastirmada, Tefsiru’r-Rdgib'm mukaddimesi ile Bakara siliresi esas alinarak miiellifin hangi
meseleleri yorum problemi olarak gordiigi ve bunlar1 hangi yontemlerle ¢6ziime kavusturdugu
incelenmektedir. Bu ¢ercevede, Ragib'im mukaddimede zikrettigi, "Bazen bir hiikiim, olayin gercek
mabhiyetine gore degil; muhatabin veya kendisinden s6z edilen kimsenin inang ve kanaatine gore ifade
edilir." seklindeki tefsir kaidesinin Bakara 2/9 ayetinin yorumunda nasil uygulandigi ele alinmaktadir.
"Miinafiklar bu halleriyle Allah't ve iman edenleri aldatmaya ¢alisirlar..." (Bakara 2/9) ayeti, Allah'm
"aldatilmasinin" ne anlama geldigi, Allah'in kendisini "aldatic1”" olarak nitelemesinin nasil anlagilmasi
gerektigi ve miinafiklarin "kendilerini aldatmalar" ifadesinin neyi ifade ettigi gibi ¢esitli yorum
problemleri dogurmaktadir. Ragib bu miiskilleri tek bir aciklamayla gidermek yerine, farkli yorum
araglarin birlikte kullanarak ¢ozmektedir. Ragib, 6ncelikle Allah'in hakikatte aldatilmasinin imkansiz
oldugunu vurgulamakta; ayetteki "Allah'1 aldatma" ifadesini, Restlullah'a yoneltilen fiillerin hitkmen
Allah'a yoneltilmis sayilmasi ilkesi ¢ergevesinde agiklamakta ve bu yorumu Nisa 4/80 ile Fetih 48/10
ayetleriyle temellendirmektedir. Ardindan, miinafiklarin Hz. Peygamber'i aldattiklar1 yoniindeki
kanaatlerinin Kur'an tarafindan onlarin inang ve tasavvurlari esas alinarak ifade edildigini, s6z konusu
tefsir kaidesi ¢ergevesinde agiklamaktadir. Boylece ayetin anlami, farkli miiskilleri gidermeye yonelik
birbirini tamamlayan ¢oziimlemeler iizerinden insa edilmektedir.

Inceleme sonucunda Ragib'in, yorum problemlerini ¢ozerken lugat, semantik, belagat, keldm ve
rivayet malzemesini birbirinden bagimsiz disiplinler olarak degil, ayetin anlamini temellendiren
yorum araglar olarak kullandigi goriilmektedir. Miiellif, kelime tahlillerini sozliik anlamlarini
aktarmakla smirlamamakta; kavramlarim Kur'an'daki anlam alanin1 belirleyerek bunlar1 ayetin
baglaminda yorumlamaktadir.

Sonu¢ olarak bu teblig, Ragib el-Isfahani'nin tefsir ydnteminin yalnizca lugat ve semantik
incelemelerine dayanmadigini; ayetlerin dogurdugu yorum problemlerini sistematik bigimde tespit
ederek bunlar1 farkli ilimlerin imkéanlarindan yararlanmak suretiyle ¢oziime kavusturan problem
merkezli bir yorum anlayigi gelistirdigini ortaya koymayi hedeflemektedir. Bu yoniiyle caligma,
Régib'in tefsir metodunun "yorum problemleri" ekseninde yeniden degerlendirilmesini teklif etmekte
ve bu yaklasimin miiellifin mukaddimede ortaya koydugu tefsir programiyla biiyik Olclide
Ortiistiigilinii ileri stirmektedir.

Anahtar kelimeler: tefsiru’r-Ragib, miiskil ayetler, Ragib el-Isfahani, tefsir
INTERPRETIVE PROBLEMS AND PRINCIPLES OF RESOLUTION IN AL-RAGHIB AL-
ISFAHANI'S TAFSIR

3 Dog. Dr., Bursa Uludag Universitesi {lahiyat Fakiiltesi, Tefsir Anabilim Dals, ,
https://orcid.org/0000-0002-5949-8128
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Abstract

Al-Raghib al-Isfahant’s (d. early fifth/eleventh century) Tafsir al-Raghib is primarily known for its
lexical and semantic analyses, whereas its exegetical methodology—particularly its treatment of
interpretively problematic Qur’anic verses—has received comparatively little scholarly attention.
This paper examines al-Raghib’s exegetical method through his approach to verses presenting
interpretive difficulties and the interpretive principles he employs in resolving them. It argues that,
rather than providing a continuous commentary on every verse, al-Raghib concentrates on interpretive
problems that make a passage difficult to understand or susceptible to misunderstanding, structuring
his exegesis around the resolution of these problems.

The study analyzes the mugaddima to Tafsir al-Raghib together with al-Raghib’s commentary on Siirat
al-Bagara in order to identify the issues he regards as interpretive problems and the methods by which
he resolves them. Particular attention is devoted to the exegetical principle articulated in the
introduction that “at times, a statement is expressed not in accordance with objective reality but in
accordance with the belief or assumption of the addressee or of the person being spoken about,” and to
the way this principle is applied in his interpretation of Q. 2:9.

The verse, “They seek to deceive Allah and those who believe...” (Q. 2:9), gives rise to several
interpretive problems: What does it mean to “deceive” God? How should the attribution of deception
to God be understood? What is meant by the statement that the hypocrites “deceive only themselves™?
Rather than resolving these problems through a single explanation, al-Raghib employs multiple
interpretive tools in a complementary manner. He first emphasizes that God cannot literally be
deceived and interprets the expression “deceiving God” in light of the Qur’anic principle that acts
directed toward the Prophet are regarded by the Qur’an as acts directed toward God, grounding this
interpretation in Q. 4:80 and Q. 48:10. He then explains that the Qur’an employs this expression from
the perspective of the hypocrites’ own belief and perception, in accordance with the exegetical
principle articulated in the introduction. Consequently, the meaning of the verse is constructed through
a series of complementary analyses, each addressing a distinct interpretive problem.

The study concludes that al-Raghib does not treat lexicography, semantics, rhetoric, theology, and
transmitted reports as independent disciplines; rather, he employs them as interconnected interpretive
tools for establishing the meaning of the Qur’anic text. His lexical analyses extend beyond recording
dictionary definitions, seeking instead to determine the semantic field of Qur’anic concepts and
interpret them within their textual context. Consequently, the paper argues that al-Raghib developed a
problem-oriented exegetical approach in which interpretive problems are systematically identified
and resolved through the integrated use of linguistic, rhetorical, theological, and exegetical
resources. It further suggests that this approach closely reflects the exegetical program articulated in
the introduction to his commentary and offers a new perspective from which to reassess his exegetical
methodology.

Keywords: Tafsir al-Raghib, problematic Qur'anic verses, al-Raghib al-Isfahani, tafsir
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KUSUR YETENEGI BULUNMAYAN KiSILERIN SUCA SEVK
EDILMESININ ARKA PLANDAKI KiSININ SORUMLULUGUNA
ETKIiSI

Merve INAN ORMAN?
Ozet

Tiirk Ceza Kanunu, haksizlik ile kusuru birbirinden ayiran bir sistem benimsemistir. Haksizlik, hukuk
diizeninin davranis normlariyla yasakladigi hukuka aykiri fiili ifade eder ve bu agsamada degerlendirme
failden bagimsiz olarak objektif olgiitlere gore yapilir. Buna karsilik kusur, hukuka aykiri fiili
gerceklestiren fail hakkinda kisisel bir kinama yargisinda bulunulabilmesini ifade eder. Bu nedenle
failin cezalandirilabilmesi i¢in yalnizca tipik ve hukuka aykir bir fiil islemis olmast yeterli olmayip,
ayrica kusur yetenegine sahip bulunmasi, fiili islerken haksizlik bilincinin mevcut olmasi ve
kusurlulugu kaldiran nedenlerden herhangi birinin bulunmamasi gerekir. Tiirk Ceza Kanunu'nda yas
kiigiikliigi, sagir ve dilsizlik, akil hastalig1 ile gecici nedenler ve alkol veya uyusturucu madde etkisi
kusur yetenegini kaldiran nedenler arasinda diizenlenmistir. Kusur yetenegi bulunmayan bir kisinin
su¢ islemeye sevk edilmesi halinde, bu kisi kusur yeteneginin bulunmamasi nedeniyle
cezalandirilmaz. Bununla birlikte, istirakte baglilik kuralini diizenleyen Tiirk Ceza Kanunu’nun 40.
maddesinin 1. fikras1 uyarinca suga istirakin varlig1 i¢in kasten ve hukuka aykir1 bir fiilin islenmis
olmasi yeterli olup, fiili gergeklestiren kisinin kusur yetenegine sahip olmasi aranmaz. Bu nedenle, 6n
plandaki failin kusur yeteneginin bulunmamasi nedeniyle cezai sorumlulugunun bulunmamasi, arka
plandaki kisinin azmettiren sifatiyla sorumluluguna kural olarak engel teskil etmez. Bu durumlarda,
kusur yetenegi bulunmayan bir kiginin sugun iglenmesinde ara¢ olarak kullanildigi hallerde, arka
plandaki kisinin sorumlulugunun dolayli failllk mi yoksa azmettirme kapsammda mi
degerlendirilecegi onemli bir ceza hukuku sorunu olarak ortaya c¢ikmaktadir. Kanaatimizce, bu
sorunun ¢oziimiinde Oncelikle arka plandaki kisinin bilgisi ve iradesi dikkate alinarak bir ayrim
yapilmasi gerekmektedir. Buna gore, suca sevk eden arka plandaki kisi, 6n plandaki kiginin kusur
yeteneginin bulunmadigim biliyor ve bu durumdan yararlanarak onu sugun igslenmesinde ara¢ olarak
kullaniyorsa, fiil ilizerinde irade hakimiyetine sahip oldugu kabul edilmeli ve dolayli fail olarak
sorumlu tutulmalidir. Buna karsilik, arka plandaki kisi, sugun iglenmesinde ara¢ olarak kullandigi
kisinin kusur yeteneginin bulunmadigm bilmiyor; diger bir ifadeyle, 6n plandaki kisinin kusur
yetenegine sahip oldugu yoniinde hataya diisiiyorsa, kusur yeteneginin bulunmamasindan bilingli
olarak yararlandigindan ve bu suretle fiil lizerinde irade hakimiyeti kurdugundan s6z edilemez. Bu
durumda, arka plandaki kisi dolayli fail olarak degil, azmettiren olarak sorumlu tutulmalidir.

Anahtar Kelimeler: Dolayli Faillik, Kusur Yetenegi, Suca [stirak, Azmettirme, Irade Hakimiyeti.

THE IMPACT OF USING PERSONS LACKING CRIMINAL CAPACITY AS
INSTRUMENTS FOR THE COMMISSION OF AN OFFENCE ON THE CRIMINAL
LIABILITY OF THE PERSON BEHIND THE ACT

Abstract

The Turkish Criminal Code adopts a system that clearly distinguishes wrongfulness (unlawfulness)
from culpability. Wrongfulness refers to conduct prohibited by the legal order through its norms of
conduct, and its existence is assessed according to objective criteria, independently of the
characteristics of the offender. By contrast, culpability concerns the personal reproachworthiness of
the offender for having committed an unlawful act. Accordingly, criminal liability requires not only
the commission of a typical and unlawful act but also that the offender possess criminal responsibility
capacity, act with awareness of the wrongfulness of the conduct, and not be subject to any ground
excluding culpability. Under the Turkish Criminal Code, the grounds excluding criminal responsibility
capacity include minority, deaf-mutism, mental illness, temporary causes affecting criminal

4 Ars. Gor. Dr., Bursa Uludag Universitesi Hukuk Fakiiltesi, Avrupa Birligi Hukuku Anabilim Dali/BURSA,,
ORCID: 0000-0001-6407- 6096.
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responsibility, and intoxication resulting from alcohol or narcotic substances. Where a person lacking
criminal capacity is induced to commit an offence, that person cannot be held criminally liable due to
the absence of criminal capacity. Nevertheless, pursuant to Article 40(1) of the Turkish Penal Code,
which establishes the principle of limited dependency in participation in crime, the existence of a
wilfully committed and unlawful act is sufficient for participation, and the criminal capacity of the
person performing the act is not required. Therefore, the fact that the principal actor cannot be held
criminally liable due to a lack of criminal capacity does not, as a rule, prevent the person behind the
act from being held liable as an instigator. In such cases, where a person lacking criminal capacity is
used as an instrument in the commission of an offence, determining whether the liability of the person
behind the act should be assessed within the framework of indirect perpetration or instigation
constitutes a significant issue in criminal law. In our view, this issue should primarily be resolved by
distinguishing between the knowledge and intent of the person behind the act. Accordingly, if the
person behind the act knows that the principal actor lacks criminal capacity and exploits this
circumstance by using that person as an instrument for the commission of the offence, that person
should be regarded as having control over the act and should be held liable as an indirect perpetrator.
Conversely, if the person behind the act does not know that the person used as an instrument lacks
criminal capacity—in other words, if that person mistakenly assumes that the principal actor possesses
criminal capacity—it cannot be argued that the absence of criminal capacity was consciously exploited
or that control over the act was established through this circumstance. In such a case, the person
behind the act should not be held liable as an indirect perpetrator but rather as an instigator.

Keywords: Indirect Perpetration, Criminal Capacity, Participation in Crime, Instigation, Control over
the Act.
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OZET
CESITLi TEMALAR VE RENKLI DiL-USTU OZELLIKLERE SAHIP
SECILMIS
COCUK EDEBIYATI

Cocuk edebiyati yazarlarinin edebi mirasi, gelecek nesillerin yetenek ve becerilerinin geligimi, egitim
ve yetistirilmelerini amacglamaktadir. Makalede, ifade tarzi ve araglari, dilin Ozellikleri, tonlama,
sanatsal ve estetik sorunlar ¢ocuk ve genclerin zevkine uygun olarak basariyla belirlenmistir. Bu
dogrultuda, daha esnek bir alan olarak kabul edilen Azerbaycan ¢ocuk edebiyati ve siiri, yeni fikirler ve
estetik niianslarla yonlenmistir. Bu yillarin siirini arastirmak ve incelemek, analiz etmek ve bagimsizlik
doneminde siire yeni bir prizmadan yaklagsmak, edebiyat elestirisinin &nemli ve acil sorunlandir.
Cocuk siirindeki siir gelenegi, yeni siirin dayandig1 temeli dikkat ¢ekmektedir. Eser, zengin klasik
siirimizin tarihsel kesitlerinin yani sira S.A. Sirvani, M.A. Sabir, A. Sahhat, A. Saig, M. Rzaguluzade,
M.M. Seyidzade, M. Dilbazi vb. Calismanin amaci, Azerbaycan c¢ocuk siiri gibi yaratic1 geleneklere
dayanan ¢ocuk siirini, donemin gereksinimleri agisindan incelemektir. Azerbaycan ¢ocuk siiri, genis
icerigi nedeniyle seviye bakimindan her zaman 6ne ¢ikmigtir. Tarihsel asamalar, modern ¢ocuk siirinin
her zaman bu zengin siir geleneginden yararlandigini kanitlamigtir. 1980-90'h yillarda H. Alibeyli, T.
Elgin, I. Tapdig, M. Aliyev, H. Ziya, F. Sadig, T. Mahmud, T. Mutallibov ve M. Aslan, Z. Halil, M.
Namaz, G. Isabeyli, R. Yusifoglu gibi sairler edebiyata yeni bir siir yontemi getirmis ve bu gelenegi
yeni siir arayislariyla siirdiirmiislerdir. Cagdas c¢ocuk sairleri, vatan ve doga temali siirleri
derinlemesine incelemis ve bazi sairlerin siirlerinde géze ¢arpan kuru lirizm, retorik, dokunaklilik,
diksiyon ve islup kusurlarini elestirmislerdir. Bu tiir kusurlarin kaynagima iliskin goriislerini dile
getiren sairlerimiz, bunu "bicimde ulusal, icerikte sosyalist" s6z sanati ideolojisiyle
iligkilendirmektedir. Arastirmacilarimiz, bagimsizlik doéneminde cocuk edebiyati sorunu iizerine
yapilan istisareleri inceleyerek, istisarelerdeki konusmalarda dile getirilen sorunlara iliskin goriislerini
dile getirmekte ve giiniimiiz Azerbaycan ¢ocuk siirine yeni temalar, fikirler ve motifler kazandirma
siirecinin tarihsel bir ihtiyactan kaynaklandigin1 savunmaktadir. Yazarlar, bu doniisiimiin, 20. yiizyilin
sonu ve 21. yiizyilin bagindan bu yana Azerbaycan ve diinyada yasanan sosyo-politik ve ideolojik
siireglerin bir sonucu oldugu sonucuna varmaktadir. Cocuk siirinin sanatsalligin yani sira sadelik ve
dogallik gerektirdigi agiktir. Cocuk diline soyut, ¢ok anlaml ifadeler ve yogun bir kelime hazinesi
verilemez. Bunlari hepsi oldukga ciddi sorunlar, ancak en ciddisi, en onemlisi ¢ocuklarin zevkine
hitap eden, duygularin1 ve zekalarmi dogru yonde egiten eserler yaratmaktir. Giiniimiiz Azerbaycan
toplumunda kendini gosteren sosyo-ideolojik, manevi-kiiltiirel siirecler, ¢ocuklarin ideolojik-estetik
egitimine ve ¢ocuk edebiyatinin gelisimine 6zel 6nem verilmesini gerektirmektedir.

Anahtar kelimeler: yetistirme, aile, siir, gelecek, is, modern, edebiyat, agsamalar, zevk

ABSTRACT

SELECTED CHILDREN'S LITERATURE WITH DIVERSE THEMES AND

The literary heritage of children's writers is aimed at the evolution of the talents and skills of future
generations, their education and upbringing. In the article, the style and means of expression, the
features of the language, intonation, artistic and aesthetic problems have been successfully determined
in accordance with the taste of children and youth. In this direction, Azerbaijani children's literature
and poetry, which is considered its more flexible field, have taken a direction with new ideas and
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aesthetic shades. Investigating and studying the poetry of these years, analyzing it, approaching it from
a new prism during the period of independence are important and urgent problems of literary criticism.
The poetic tradition in children's poetry brings to attention the basis on which new poetry is based. The
work presents the historical passages of our rich classical poetry, as well as the works of S.A. Shirvani,
M.A. Sabir, A. Sahhat, A. Shaig, M. Rzaguluzade, M.M. Seyidzade, M. Dilbazi, etc. The aim of the
study was to study children's poetry based on creative traditions such as the Azerbaijani children's
poetry with diacritical content in terms of the requirements of the time. Azerbaijani children's poetry
with diacritical content is always distinguished in terms of its level due to its wide content. Historical
stages have proven that modern children's poetry has always benefited from this rich poetic tradition.
In the 1980s-90s, poets such as Kh. Alibeyli, T. Elchin, 1. Tapdig, M. Aliyev, H. Ziya, F. Sadig, T.
Mahmud, T. Mutallibov and M. Aslan, Z. Khalil, M. Namaz, G. Isabeyli, R. Yusifoglu brought a new
poetic method to literature and continued this tradition with new poetic searches. Modern children's
poets extensively studied poems about the Motherland and nature and criticized the dry lyricism,
rhetoric, pathos, diction, and stylistic flaws noticeable in the poetry of individual poets. Expressing
their attitude to the source of such defects, our poets associate this with the ideology of the art of words
"national in form, socialist in content". Our researchers review the consultations held during the period
of independence on the problem of children's literature, express their attitude to the problems raised in
the speeches at the consultations, justify that the process of new themes, ideas, and motifs coming to
modern Azerbaijani children's poetry today proceeds from a historical need. The authors come to the
conclusion that this turn is a manifestation of the result of socio-political, ideological processes taking
place in Azerbaijan and the world since the end of the 20th and beginning of the 21st centuries. It is
clear that children's poetry requires simplicity and naturalness along with artistry. Children's language
cannot be given abstract, multi-meaning expressions, heavy vocabulary. All of these are quite serious
problems, but the most serious, the most important is to create works that appeal to children's taste,
educate their feelings and intellects in the right direction. Today's socio-ideological, spiritual-cultural
processes that manifest themselves in Azerbaijani society require special attention to the ideological-
aesthetic education of children and the development of children's literature.

Keywords: upbringing, family, poetry, future, work, modern, literature, stages, pleasure

MUXTOLIF MOVZULARI VO RONGARONG DIL-USLUB XUSUSIYYOTLORI iL9
SECILON USAQ ODOBIYYATI

Usagq seirlori usaqlarin hayatinda xiisusi yer tutur vo onlarin harterafli inkisafinda miihiim rol oynayir.
Bu poeziya niimunsleri usaqlara dilin gozslliklorini, milli-menovi dayarlari, dostluq ve mehribanliq
kimi keyfiyyatlori gotirmaklo yanasi, onlarin emosional va sosial gabiliyystlorinin formalagsmasina da
sorait yaradir. Miixtalif movzular vo rongarang dil-iislub xiisusiyyatlori ilo usaqlarin maraq dairasini
zonginlogdiron seirler, ham do onlarin toxayyiiliinii, yaradici diisiincasini vo dziiniiifade bacariqlarini
inkisaf etdirir. Onono vo miiasirliyin vohdotindo inkisaf edon usaq seirlori, tohsil, torbiyo vo ailo
miihitindo 6z aktualligi1 qoruyur vo golocok nasillor iiglin doyerli irs olaraq gqalir. Dovriin
imkanlarindan yararlanaraq zonginloson bu sahs, usaqlara hom oyloncali, hom do maariflondirici
motnlar taqdim etmoays davam edir. Belslikls, usaq seirlori usaqligin sevincli, rongarang vo unudulmaz
anlarinin ayrilmaz hissasi olaraq, onlarin goxsiyyatinin vo diinyagériisiiniin formalagmasinda ovozsiz
rol oynayir.

Miiasir usaglarin maraq va ehtiyaclarina uygun yeni mdvzularda seirlorin yazilmasi, onlarin tohsil vo
torbiyo prosesindo 6z ohomiyyotini qoruyub saxlamasinda boyiik rol oynayir. Ononovi vo miiasir
yanagmalarin birliyi usaq seirlorinin hom aylancali, hom do maariflondirici rolunu daha da giiclondirir
va onlarin galocak nasillar iigiin colbedici va aktual qalmasini tomin edocok qader miiasirlosdirir. Usaq
seirlori usaqglar ii¢lin yazilmis, onlarin yas xiisusiyyatlorine vo maraqlarina uygun, badii vo didaktik
moazmunlu poetik osorlordir. Usaq seirlorinin tarixi qadim dovrlorden baglayir vo xalq odobiyyatinin
nagil, tapmaca va laylalar ilo six baglidir. Tabist, ailo, dostlug, vaton, axlaq, heyvanlar vo oyunlar
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usaq seirlorinin asas movzularidir. Sads, anlasilan, aydin vo rongarong ifads torzi; ritm, qafiys vo
tokrarlanan sozlor dil vo iislubun osas xiisusiyyotloridir. Bu seirlor usaqlarda pozitiv emosiyalar
yaradir, onlarin zehni inkisafina, toxayyliiliine va sosial bacariglaria miisbat tasir gostorir. Usaq
seirlori usaqlarda oxuma, yazma bacariqlarinin formalagmasinda, s6z ehtiyatinin zonginlasdirilmasinde
vo moanavi torbiyads vacib rol oynayir. Yeni movzularin islonmoasi, miiasir metodlarin tstbiqi vo
usaglarla interaktiv lisullardan istifado usaq seirlorinin inkisafina kdmok edo bilor. Usaq seirlori
usaglarin yaradiciliq gabiliyyatini inkisaf etdirir, onlar1 diistinmoyo vo 6z fikirlorini ifade etmoyoimkan
verir. Mazmun usagin yas uygunluguna, psixoloji tesirine vo dayarlerine uygun yazilmalidir. Cilinki
miixtolif yas qruplart forqli anlayis soviyyaesina vo maraqlara malikdirler, buna goro seirlor onlarin
inkisaf soviyyosine uygun olmalidir.

Usaq seirlori moktobaqgador vo ibtidai sinif tohsilinde miihiim rol oynayir. Bu seirlor usaqlarda dil
bacariqlarinin inkisafina, s6z ehtiyatinin zonginlosmasing, ritm veo intonasiyanin manimsonilmasino
komok edir. Onlar homginin usaqglara otraf alomi, insan miinasibaotlorini, milli doyorlori vo monovi
keyfiyyatlori 0yrotmok tigiin somarali vasitadir. Seirlorin musiqili vo tasirli formasi usaqlarin yaddasini
giiclondirir, toxoyyiillinii vo yaradici diisiincasini inkisaf etdirir. Todris prosesinda seirlordon istifade
misllim vo valideynlors usaqglara sevgini, dostlugu, amoksevarliyi vo diger pozitiv xiisusiyyatlori
asilamaga imkan verir. Azorbaycan odobiyyatinda usaq seirlori sahosindo bir sira taninmis sairlor
oziinomoxsus xidmetlori ilo segilirlor. ilyas Tapdiq, Zahid Xolil, Rafiq Yusifoglu, Qosom Isaboyli,
Olomdar Quluzads, Reyhan Yusifqizi vo Sevinc Nuruqizi kimi sairlor usaqlar ti¢iin yazdiqglari osorlordo
saf duygulari, hoyatsevorliyi vo votonporvorliyi toronniim ediblor. Onlarin seirlorindo usaqlarin
giindalik hoyati, arzulari, tobioto vo otraf miihito miinasibatlori oks olunub. Bu sairlorin asorlari illordir
maktob proqramlarinda vo miixtslif usaq nasrlorinde 6ziine yer tapir, yeni naslin adobi zdvqiiniin
formalagmasina, milli-monovi doyarlorin asilanmasina xidmat edir.

Badii oxgatma, togbeh, miibaligs, tozadlar, badii toyinlar, tokrirlor vo s. kimi badii tasvir vasitalari ilo
zongin olan ilyas Tapdiq poeziyast miiollifin sairano tofokkiiriiniin obrazlihigmi, seirin gozolliyini,
siglotini, zorifliyini niimayis etdirir. Bu tosvir vasitolori sairin yaradiciliginda konardan golma,
diistinlilmiis, uydurulmus bir tosir bagiglamir. Bunlar seirin iimumi ruhuna, mozmununa, rongina,
tobiiliyine qovusur.

Meyva salolonmis cavan bir agac,

Oyib belini yera doyirdi.

Siibhiin nafasils atirlonib bag,

Sehli gozlarils giilimsayirdi.

flyas Tapdigi istor voton, istor tobiat, ister gdzollik, ister millotin golocayi olan usaqlar iigiin vo hom
do digor mévzularda yazmis oldugu seir niimunolorini oxudugca, elo oxumagq istoyirsen. Ciinki, Ilyas
Tapdigin seiri elo nenolorimizin, analarimizin layla dilidir, bu dil adamin canma isloyir, insam
qidalandirir. Ilyas Tapdiq yaradicihgimin ayri-ayri incilori Azorbaycan poeziyasinin tacinin
bozoklorindondir desok, he¢ do yanilmariq. Onun asorlori adobi tonqidgilor torafindon miitomadi olaraq
tohlil edilorak miixtalif matbu orqanlari vasitasilo adabi ictimaiyyastin diggetine tagdim olunur. Onun
asarlorinin milkommal elmi-tadqiqat mdvzularina ¢eviracayi he¢ bir godirbilon miitoxassis torafindon
tokzib edilo bilmoz. Ilyas Tapdiq Azorbaycan odebiyyatmin xiisusilo poeziyamizin bilicisi, qayg
¢okoni, toossiibkesi, on baslicas1 iso himayodaridir. Ilyas Tapdiq Azerbaycan odebiyyatmin yeriyon
ensiklopediyasidir. Usaq seirlori qodim zamanlardan sifahi sokilde yayilib, yazili formada iso asason
19-cu asrden inkisaf etmays baglayib. Bu onons miiasir dovrde do davam edir. Tobist, ailo, dostlug,
sevgi, giindolik hoyat hadisolori, heyvanlar, oyunlar, fosillor vo miixtolif asyalar haqqinda yazilan
seirlor usaqlarin yas soviyyasina gora sevilir vo yadda qalir. Seirlor usaqlara doyorlor vo diizgiin
davranislar agilayir. Sads, anlasiqli, rongarang va giindslik ifadslordan istifads olunur. Qafiys, ritm vo
tokrarlar yaddas inkisafina komok edir. Macazlar vo tosviri vasitolor usaqlar iiclin basa diisiilon
saviyyadadir. Usaqlarda sevgi, dostluq, marhamat kimi doyarlari formalagdirir, qorxu va narahatliglar
azaldir, musiqi duyumunu vo ritmik diisiinconi inkisaf etdirir, 6ziino inam vo sosial bacariglarn
artmasina komok edir.

Yuxarida adi ¢okilon sevimli sairlorimizin maraqli osorlorinde usaqlarda hayatsevarlik va
vatanporvarlik duygularimin toranniimii 6z oksini tapir. Bu maraqli poeziya niimunslari, moktobagader
vo ibtidai siniflords dil bacariglarini, s6z ehtiyatini, ritm vo intonasiyam inkisaf etdirir. Milli vo
monavi doyarlorin, pozitiv xiisusiyyatlorin asilanmasinda miihiim rol oynayir. Usaq seirlorinin
psixoloji tosiri usaqlarin emosional va intellektual inkisafinda miihiim rol oynayir. Seirlor vasitasilo
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usaqlar 6z duygularini ifado etmoyi vo basqalarinin hisslorini anlamagi Syranirlor. Usaq seirlori
homginin usaqlarda 6ziino inam va sosial bacariglarin inkisafina da téhfo verir, onlarin daha agiq vo
tinsiyyatcil olmasina gorait yaradir. Usaq seirlorinin dil vo {islub xiisusiyyatlori onlarin usaqglarin
diinyagoriisiine vo dil gabiliyyatlorine uygun olmasi ilo segilir. Bu seirlordo sado, anlasigqhi vo
rongarang ifadslore iistiinliik verilir. S6zlor asason giindalik hayatda islonen, usaqlarm asanliqla basa
diigo bilocoyi leksikadan segilir. Qafiyo, ritm vo tokrarlanan ifadolor usaglarin motnlori yadda
saxlamasma va tokrarlamasina komok edir. Seirlordo tez-tez tosviri vasitolorden, mocazlardan vo
oxsatmalardan istifado olunur, lakin bunlar da usaqlar iicliin basa diigiilon soviyyads olur. Bu
xiisusiyyatlar, usaqlarin seirs maragini artiraraq, onlarin dil inkisafina vo yaradiciliq qabiliyyatlorinin
formalagmasina miisbot tosir gostorir.

Usaq seirlorinin tarixi ¢ox qadim dovrlors dayanir. ©Ononavi olaraq nons va babalar nasil boyu sifahi
sokilds usaqglara nagil vo seirlor soylomis, bu da seirin usaqglar arasinda yayilmasina sobab olmusdur.
Miixtolif dovrlordo usaglar {igiin yazilmis seirlor comiyyatin sosial vo modoni toloblorino uygun
doyisikliklora moruz galib, yeni mévzular vo formalarla zonginloagib. Bu onons giiniimiizdo do davam
etdirilorak, miiasir usaqlar {i¢iin yeni seirlor yazilir. Usaq seirlorinds oan ¢ox islonon mévzular arasinda
tabiat, ailo, dostluq, sevgi va giindalik hayat hadisalori yer alir. Homg¢inin heyvanlar, oyunlar, fasillor
vo usaqglarin maraq dairosindo olan miixtolif ogyalar da seirlorin osas mdvzularini togkil edir. Bozon
seirlordo usaqlara diizgiin davranig, mehribanliq, komoksevarlik kimi doyarlor asilanir. Oylancali vo
rongarong tosvirlor, maraqli personajlar vasitosilo usaglara hom oylonco, hom do maariflondirici
molumatlar Otliriiliir. Bu moévzular usaqlarin diinyagoriisiinii genislondirir vo onlarin emosional
inkisafina miisbot tosir gostarir.

Usaq seirlori, usaqlar ticlin yazilan, onlarin yas soviyyesine ve maraqlarina uygun olan poeziya
niimunosloridir. Bu seirlor adoton sado dilo, ritmik qurulusa vo asan yadda qalan ifadsloro malik olur.
Mogsad usaqglara odobi zdvq asilamaq, onlarin tesovviirini inkisaf etdirmok vo dil bacariglarini
zonginlosdirmakdir. Usaq seirlori oyloncali movzular, diislindiiriicii mesajlar1 vo tolimi mozmunu ilo
secilir, homginin usaqlarda emosional vo sosial doyorlorin formalasmasina kémok edir. Usaq seirlori
usaqligin on sevimli vo yadda galan hissolorindon biridir. Onlar usaqlara ilk odobiyyat niimunslori ilo
tanis olmaq, dili dyronmok, otraf alomi dork etmok vo duygularmi ifade etmok imkani verir. Usaq
seirlori tokco oylonco wvasitesi deyil, hom do usaqlarin psixoloji inkisafinda, tofokkiiriiniin
formalagmasinda vo milli-monovi doyorlorin agilanmasinda miihiim rol oynayir. Hor dovrdo usaq
odobiyyatinin osas ndvlorindon biri olan seirlor, zongin mdvzu vo dil xiisusiyyatlori ilo segilir.
Azorbaycanin taninmig sairlori torafindon yazilmis usaq seirlori hom mozmun, hom do badii-estetik
baximdan dayarlidir vo usaqlarin diinyagdriisiiniin formalasmasina shamiyyatli tosir gdstorir. Miiasir
dovrdo do usaq seirlori moktob vo moktobogodor tohsilds, ailo torbiyssindo vo sosial-modoni miihitdo
0z aktualligi qoruyub saxlayir. Usaq seirlorinin shomiyyatinin, tarixi yolunun, mévzu vo lslub
miixtalifliyinin, psixoloji tasirinin vo galacak perspektivlorinin aragdirilmasi bu sahonin doyerini daha
da artirir.

Miiasir Azarbaycan usaq seirinde movzu va ideya axtarislari, ¢oxsaxali, coxplanlidir. 1980-90- c1
illor Azarbaycan usaq poeziyasinin inkisaf istiqgamatlori yaradiciliq baximindan usaq adebiyyatinin an
yiiksok pillosi sayilir. Bu illordo, usaq odobiyyati, genis ohato dairosino malik olub, usaq vo
yeniyetmolorin manavi-estetik ruhunun inkisafinin formalagsmasinda 6ziino qaydis ndqtesi kimi sayilir.
Usaq yazigilarinin adobi irsi, galacok nasillarin istedad va bacariglarnin, talim-tarbiyasinin tokamiiliine
yonalmigdir. Bu illerin yaradiciliq yolunda iislub vo ifads vasitslori, dilin icaliklori, intonasiya, badii-
estetik problemlor ugurlu bir sokilde usaqlarin vo gonclorin zévqiine uygun miisyyanlosmisdir. Bu
yonda Azarbaycan usaq adobiyyati vo onun daha g¢evik sahasi sayilan poeziya yeni-yeni ideya estetik
calarlarla miiasir doviirde genis istiqamot gotiirorak hecds 6ton illerin usaq poeziyasindan gerids
galmadi. Bu illorin poeziyasini arasdirib 6yronmok, tohlil etmok, miistoqillik dovriindo ona yeni bir
prizmadan yanagmaq odabi tonqidin vacib va aktual problemlorindondir. Usaq poeziyasinda poetik
onans daha ¢ox yeni seirin hans1 6ziile soykondiyini diqqate ¢atdirir. Zongin klassik poeziyamizin tarixi
kecidlorini, eloco do S.O.Sirvani, M.O.Sabir, A.Sohhot, A.Saiq, M.Rzaquluzads, M.M.Seyidzado,
M.Dilbazi va s. kimi yaradiciliq ananoslorins sdykenan usaq poeziyasinin zamanin taloblari baximindan
tadqiq etmoaklo, diaktik miindaricali Azarbaycan usaq seiri genis miindoricoys malik olmasi ils soviyys
baximindan hor zaman segilir. Tarixi marhalslor siibut etmisdir ki, miiasir usaq poeziyasi bu zongin
poetik ononadon homiso bohrolonmisdir. 1980-90-c1 illorde X.Olibayli, T.El¢in, I.Tapdiq, M.Bliyev,
H.Ziya, F.Sadiq, T.Mahmud, T.Miitollibov vo M.Aslan, Z.Xolil, M.Namaz, Q.Isaboyli, R.Yusifoglu
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kimi sairlor, odobiyyata yeni poetik {isul gotirarak, bu onononi yeni poetik axtariglarla davam
etdirmislor.

Miiasir usaq sairlori Voton vo tobist haqqinda olan seirlori genis arasdirib, ayri-ayri sairlorin
poeziyasinda nozers ¢arpan quru nazmgiliyi, ritorik, pafosu, sozgiilityii, tislub qiisurlarini tonqid
etmisdir. Belo qilisurlarin ideya monbayine miinasibatini bildiron sairlorimiz bunu s6z senatinin
«formaca milli, mozmnca sosialist» mofkurasi ilo olagolondirir. Todqigatgilarimiz miistoqillik
dovriindo usaq odobiyyatinin problemino dair kegirilon miisaviralori nozordon kegirir, miisavirodoki
cixislarda qaldirilan problemlors miinasibetini bildirir, miiasir Azerbaycan usaq poeziyasina yeni
movzularin, ideyalarin, motivlerin golmasi prosesinin bu giin tarixi bir ehtiyacdan irali goldiyini
osaslandirirlar. Miislliflor bu qonasto golirlor ki, XX asrin sonu vo XXI osrin ovvallorindon etibaron bu
doniis Azarbaycanda va diinyada bas veran ictimai-siyasi, ideoloji proseslorin naticasinin tozahiiriidiir.
Bollidir ki, usaqlara maxsus poeziya badiiliklo yanas1 sadoliyi vo tabiiliyi telob edir. Usaqlarin dilino
miicorrod, ¢oxmonali ifadolori, agir s6z yiikii vermok olmaz. Bunlarin hamisi kifayot godor ciddi
problemlordir, lakin on ciddisi, on Onomlisi usaqlarin zovqiinii oxsayan, onlarin hisslorini,
intellektlorini diizgilin istiqgamatds torbiys edon asarlor yaratmaqdir. Azarbaycan comiyyetinds 6ziinii
gostaron bugilinkii sosial-ideoloji, manavi-madeni proseslor, usaqlarin ideya-estetik torbiyasine, usaq
adabiyyatinin inkisafina xiisusi diqqet yetirilmasini talab edir.
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Ozet

Amag: Keratinize digeti genisliginin yetersiz, uzun frenulum baglantis1 ve vestibiil derinliginin s1g
olmasi, hastanin etkin plak kontrolii saglamasin giiglestirerek gingival inflamasyonun devam etmesine
ve digeti ¢ekilmesinin ilerlemesine zemin hazirlayabilir. Serbest diseti grefti, agik kok yiizeyinin
kapatilmasinin yanisira keratinize doku genigliginin ve vestibiil derinliginin artirilmasinin amaglandigi
olgularda 6ngdriilebilir sonuglar saglayan mukogingival cerrahi yontemlerden biridir.

Bu olgu sunumunun amaci, mandibular anterior bolgede lokalize diseti ¢ekilmesi ve keratinize doku
yetersizligi bulunan bir hastanin serbest diseti greftiyle tedavisini ve takip sonuglarini sunmaktir.

Olgu sunumu: Sistemik olarak saglikli ve sigara kullanmayan 18 yasindaki bayan hasta, mandibular
anterior bolgede diseti cekilmesi ve ilgili bdlgede agiz hijyenini saglamada giicliik sikayetiyle
klinigimize basvurdu. Klinik degerlendirmede mandibular santral kesici dis bolgesinde Miller Sinif I
diseti ¢ekilmesi, yetersiz keratinize diseti genisligi, uzun frenulum baglantisi, plak birikimi, 6dem ve
sondlamada kanama saptandi.Hastaya tedavi plani olarak oral hijyen egitimi,periodontal debrideman
ve ve ardindan serbest diseti grefti islemi planlandi.

Sonug: Postoperatif 15. giinde hastanin sutiirlar1 alindi, plak uzaklastirildi ve iyilesmenin sorunsuz
gerceklestigi gdzlendi. Hastanin 4.hafta ve 12.hafta kontrollerinde diseti ¢ekilmesinin tam kapanma ile
kapandigi,keratinize doku miktarmin 1.5 mm’den 3.5 mm’ye ulastigi gozlendi.Hastada hassasiyet
giderildi,estetik olarak goriiniimden olduk¢a memnundu.

Cikarimlar:Serbest diseti grefti, diseti g¢ekilmesinekeratinize doku yetersizligi,uzun frenulum
baglantist ve si1g vestibiiliin tedavisinde etkili ve Ongoriilebilir bir cerrahi secenek olarak
degerlendirilebilir.

Anahtar kelimeler:Uzun frenulum baglantisi, diseti ¢ekilmesikeratinize diseti yetersizligi, sig
vestibiil, serbest diseti grefti,

TREATMENT OF GINGIVAL RECESSION ASSOCIATED WITH A HIGH FRENAL
ATTACHMENT USING A FREE GINGIVAL GRAFT: A CASE REPORT

Abstract

Aim: Inadequate keratinized gingival width, a high frenal attachment, and shallow vestibular depth
may hinder effective plaque control, thereby contributing to persistent gingival inflammation and the
progression of gingival recession. A free gingival graft is a mucogingival surgical procedure that can
provide predictable outcomes in cases where an increase in keratinized tissue width and vestibular
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depth, as well as coverage of an exposed root surface, is desired. This case report aimed to present the
treatment and follow-up outcomes of a patient with localized gingival recession and inadequate
keratinized tissue in the mandibular anterior region using a free gingival graft.

Case presentation: An 18-year-old systemically healthy, non-smoking female patient presented to our
clinic with gingival recession in the mandibular anterior region and difficulty maintaining oral hygiene
in the affected area. Clinical examination revealed Miller Class I gingival recession in the mandibular
central incisor region, inadequate keratinized gingival width, a high frenal attachment, plaque
accumulation, edema, and bleeding on probing. The treatment plan included oral hygiene instruction
and periodontal debridement, followed by a free gingival graft procedure.

Results: The sutures were removed on postoperative day 15, plaque was eliminated, and uneventful
healing was observed. At the 4- and 12-week follow-up visits, complete root coverage was achieved,
and the width of the keratinized tissue had increased from 1.5 mm to 3.5 mm. The patient’s
hypersensitivity resolved, and she reported a high level of satisfaction with the esthetic outcome.
Conclusion: A free gingival graft may be considered an effective and predictable surgical option for
the treatment of gingival recession associated with inadequate keratinized tissue, a high frenal
attachment, and shallow vestibular depth.

Keywords: high frenal attachment, gingival recession, inadequate keratinized gingiva, shallow
vestibule, free gingival graft.
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Abstract

Smart home energy management systems (SHEMS) offer significant potential for reducing household
electricity costs and carbon emissions; however, adoption among low-income populations in sub-
Saharan Africa remains critically low. This study investigates the human-centered design (HCD) of
SHEMS interfaces tailored for low-income households in Northern Nigeria, where electricity
unreliability, digital literacy barriers, and affordability constraints create unique interaction challenges.
Using a convergent mixed-methods approach integrating participatory design workshops (n = 120),
iterative usability testing across three prototype cycles, and Python-based simulation of energy
consumption patterns employing NumPy, SciPy, scikit-learn, and Matplotlib we develop and evaluate
a culturally contextualized SHEMS interface. Quantitative analysis employs structural equation
modeling (SEM), fuzzy logic control (FLC) via manual Python implementation, k-means load-profile
clustering, and Monte Carlo energy savings simulation. Results demonstrate statistically significant
improvements in task completion rates (78.4% to 94.7%), System Usability Scale (SUS) scores (mean
increase of 22.3 points), and projected energy savings of 31.6% relative to baseline consumption.
Eight design principles are derived, bridging universal HCD theory and the sociotechnical realities of
underserved African communities. These findings advance theory and provide actionable guidance for
policymakers, utility providers, and interface designers seeking to democratize smart energy
technologies across low-resource settings.

Keywords: Human-Centered Design; Smart Home Energy Management; Low-Income Households;
Usability; Interface Design; Fuzzy Logic; Python Simulation; Sub-Saharan Africa; Digital Inclusion

1. Introduction

The intersection of smart technology and household energy management constitutes one of the most
consequential design domains of the twenty-first century. Globally, residential energy consumption
accounts for approximately 27% of total final energy use (International Energy Agency [IEA], 2023),
with poorly managed household electricity contributing disproportionately to greenhouse gas
emissions and economic hardship among marginalized populations (Sovacool et al., 2021). Smart
home energy management systems comprising sensor networks, automated controls, and interactive
dashboards have demonstrated capacity to reduce household energy waste by 15-40% in controlled
studies conducted in high-income nations (Han & Lim, 2021; Yang et al., 2022). Yet these systems are
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rarely designed with the constraints and cultural realities of low-income households in developing
economies in mind.

Nigeria, Africa's most populous nation and largest economy, faces a dual crisis of energy insecurity
and digital inequality. With grid electricity availability averaging only 4-8 hours per day in many
northern states (Rural Electrification Agency [REA], 2023), households have adopted fragmented
energy solutions: generators, solar home systems, and prepaid metering, creating complex energy
environments poorly served by existing SHEMS products. Furthermore, household heads in low-
income urban and peri-urban communities exhibit low digital literacy (National Bureau of Statistics
[NBS], 2022), rendering many commercially available SHEMS interfaces designed for affluent, high-
literacy users in North America and Europe practically inaccessible. This disconnect epitomizes the
'design exclusion' problem identified by Keates and Clarkson (2003) and elaborated in inclusive
design literature (Goodman-Deane et al., 2018).

Human-centered design (HCD) methodology, codified in ISO 9241-210:2019, provides a structured
approach for creating systems that are effective, efficient, and satisfying for their intended users (ISO,
2019). Applied to SHEMS for low-income households, HCD demands engagement with users' lived
experiences of energy poverty, cognitive models of electricity management, and sociotechnical
constraints such as shared device use, intermittent connectivity, and limited financial resources (Fraker
& Yin, 2020; Wangari et al., 2022). Where previous studies have employed MATLAB for energy
system modeling (Ezenwa & Belmans, 2022; Kannan & Deepa, 2019), this study demonstrates that
the open-source Python ecosystem using NumPy, SciPy, scikit-learn, Matplotlib, and seaborn—
provides an equally rigorous, more accessible, and fully reproducible analytical framework suitable for
low-resource research contexts.

Despite growing recognition of the importance of contextualizing technology for Global South users
(Wyche & Murphy, 2013; Bidwell, 2016), empirical studies of SHEMS interface design for low-
income African households remain scarce. Existing research tends to focus on smart meter deployment
(Bobinaite & Tarvydas, 2021), consumer behavior modeling (Strbac et al., 2020), or technical system
optimization (Garcia-Torres et al., 2021) rather than the interactive interface layer that mediates user
engagement with energy data. This study addresses this gap by: (1) conducting participatory design
workshops with low-income household members in Bauchi, Nigeria; (2) developing and iteratively
refining a SHEMS interface prototype across three design cycles; (3) employing Python-based
simulation techniques including k-means load clustering, fuzzy logic control, Monte Carlo savings
simulation, and SEM to model energy dynamics and validate design interventions; and (4) deriving
evidence-based design principles for inclusive SHEMS interfaces.

The paper proceeds as follows. Section 2 reviews literature on SHEMS design, HCD methodologies,
energy poverty in sub-Saharan Africa, and Python-based analytical methods. Section 3 details the
methodology. Section 4 presents results including all figures and tables. Section 5 discusses
implications for theory, practice, and policy. Section 6 concludes with limitations and future research
directions.

2. Literature Review

2.1 Smart Home Energy Management Systems: Technical Overview

SHEMS are cyber-physical systems integrating real-time energy monitoring, automated device
control, and user-facing feedback to optimize residential energy consumption (Zhou et al., 2016). At
the technical core, SHEMS typically employ advanced metering infrastructure (AMI), home area
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networks (HAN), and optimization algorithms such as demand response (DR) controllers and real-
time pricing (RTP) schedulers (Missaoui et al., 2014). Algorithmic approaches range from rule-based
controllers to metaheuristic optimization methods including genetic algorithms, particle swarm
optimization, and reinforcement learning agents (Zhao et al., 2022). Ezenwa and Belmans (2022)
demonstrated that adaptive scheduling algorithms incorporating probabilistic load forecasting could
achieve 23.8% energy cost reduction under variable tariff conditions in South African distribution
networks. However, these studies treat the human-machine interface as secondary, focusing
optimization on the backend while assuming users passively accept automated recommendations.

Fuzzy logic controllers (FLCs) represent a particularly promising approach for SHEMS in uncertain,
variable operating environments characteristic of developing-country grids (Kannan & Deepa, 2019).
Unlike crisp rule-based systems, FLCs handle imprecision and partial truth, enabling graceful
degradation under irregular voltage, incomplete sensor data, or stochastic user behavior (Zadeh, 1965;
Sugeno, 1985). For interface design, FLCs translate complex energy state spaces into linguistically
meaningful feedback—'High Usage,' 'Moderate Usage,' 'Optimal' that aligns with how lay users
conceptualize energy consumption (Fischer, 2008). In this study, a Mamdani-type FLC is implemented
entirely in Python using NumPy array operations and custom membership function routines, replacing
the proprietary MATLAB Fuzzy Logic Toolbox with an open-source, reproducible equivalent.

2.2 Human-Centered Design for Energy Technologies

HCD in energy technology contexts encompasses user research, participatory design, prototyping, and
usability evaluation (Karjalainen, 2011). Fogg's Behavior Model (2009) and the Information-
Motivation-Behavioral Skills (IMB) model (Fisher et al., 2014) have been applied to understand how
energy feedback interfaces motivate conservation behavior. Key interface design factors identified in
the literature include feedback granularity, temporal framing, comparison mechanisms (historical or
peer-based), goal-setting features, and actionability of recommendations (Froehlich et al., 2010;
Hargreaves et al.,, 2018). In high-income contexts, SHEMS interfaces such as Google Nest and
EnergyHub have undergone extensive HCD processes, resulting in products with complex data
visualization capabilities (Strengers, 2013). However, these assume persistent broadband connectivity,
high display resolution, individual device ownership, and numeracy sufficient to interpret
disaggregated energy analytics assumptions that fail systematically in low-income households in
developing economies (Sambasivan et al., 2018).

A growing body of literature examines HCD for energy technologies in low-resource contexts. Uwai et
al. (2021) documented participatory design of a solar lantern monitoring interface in rural Uganda,
finding that pictographic representations outperformed numerical displays for users with low literacy.
Nwoye et al. (2023) evaluated a WhatsApp-based energy monitoring chatbot for Nigerian micro-
enterprise owners, reporting that conversational interfaces significantly reduced cognitive load.
Chakraborty et al. (2022) applied value-sensitive design to smart meter interfaces in rural Bangladesh,
identifying privacy-transparency tensions in energy management. These studies collectively
underscore the inadequacy of technology transfer from high-income design contexts and the
imperative of genuine co-design with local communities.

2.3 Energy Poverty and Digital Inclusion in Sub-Saharan Africa

Energy poverty affects an estimated 600 million people across sub-Saharan Africa (IEA, 2023;
Sovacool, 2012). In Northern Nigeria, electrification rates in states such as Gombe, Yobe, and Bauchi
remain below 35% for rural areas, while urban grid reliability is severely compromised (REA, 2023;
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NERC, 2022). Household energy management under these conditions fundamentally differs from
high-income contexts: it involves active curation of multiple energy sources, real-time decision-
making under uncertainty, and negotiation of competing demands on scarce resources (Practical
Action, 2020; Pelz et al., 2021). Digital exclusion compounds energy poverty (Van Dijk, 2020). The
Alliance for Affordable Internet (A4Al, 2022) reported that 1 GB of mobile data costs an average of
3.4% of monthly income in Nigeria, creating significant barriers to data-intensive SHEMS
applications.

2.4 Python-Based Energy System Analysis: A Reproducible Framework

The Python scientific ecosystem provides a comprehensive, open-source alternative to proprietary
tools such as MATLAB for energy system modeling and interface research. NumPy and SciPy enable
numerical computation and statistical testing with performance approaching compiled languages
(Harris et al., 2020; Virtanen et al.,, 2020). Scikit-learn provides validated implementations of
clustering algorithms (including k-means with multiple centroid initialization strategies),
classification, and dimensionality reduction (Pedregosa et al., 2011). Matplotlib and Seaborn support
publication-quality visualization with full programmatic control (Hunter, 2007; Waskom, 2021). For
SEM, the semopy library and manual implementation via SciPy's optimization module allow latent
variable modeling consistent with LISREL and lavaan approaches (Meshcheryakov & Igolkina, 2021).
This Python-based framework was selected for the present study to ensure full reproducibility, zero
licensing cost, and alignment with open science principles—an important consideration for applied
research in under-resourced Nigerian academic institutions (Peters et al., 2016; Tennant et al., 2020).

3. Methodology

3.1 Research Design

This study employs a convergent mixed-methods research design (Creswell & Plano Clark, 2018)
integrating participatory action research (PAR), iterative prototyping, Python-based quantitative
simulation, and empirical usability evaluation. The design unfolds across four phases: (1) ethnographic
baseline study and participatory design workshops; (2) prototype development and iterative
refinement; (3) Python-based energy system simulation and interface algorithm validation; and (4)
formal usability evaluation and statistical analysis.

3.2 Study Site and Participants

The study was conducted in three low-income residential communities in Bauchi Municipal and
Tafawa Balewa Local Government Areas, Bauchi State, Nigeria: Wunti Layout, Gwallaga, and Yelwa
quarters. Inclusion criteria were: (a) household income < N50,000/month; (b) possession of at least
one smartphone; (c¢) electricity account holder or primary household energy manager; (d) age 18—65
years; and (e) resident in the community for > 12 months. A purposive-quota sampling strategy
ensured representation across gender, educational attainment, and occupation. A total of 120
participants engaged in design workshops, and a subset of 48 participants completed formal usability
testing across the prototype cycles.

3.3 Participatory Design Workshops

Six participatory design workshops were conducted over eight weeks (October—November 2024), each
lasting 3—4 hours and facilitated by the research team with a bilingual (English-Hausa) co-facilitator.
Workshops employed cultural probes (Gaver et al., 1999), card sorting, low-fidelity paper prototyping,
cognitive walkthroughs, and AEIOU observational frameworks (Martin & Hanington, 2012). Key
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discussion themes included current energy management practices, preferred communication channels,
icon comprehension, interface aesthetics, and data privacy concerns. Sessions were audio-recorded,
transcribed, and analyzed using thematic analysis (Braun & Clarke, 2006).

3.4 Prototype Development

Three iterative prototype cycles were developed. Prototype 1 (P1) incorporated core HCD principles
from workshops: Hausa-language interface, simplified iconographic navigation, color-coded FLC
alerts, and a basic consumption timeline. P1 was evaluated via cognitive walkthrough sessions (n=20).
Prototype 2 (P2) added peer comparison features, automated appliance scheduling recommendations,
and WhatsApp notification integration, assessed via think-aloud testing (n=24). Prototype 3 (P3)—the
final high-fidelity Android application—added offline data caching, lightweight data architecture (< 7
MB/day), and Hausa voice prompts. P3 underwent formal summative usability evaluation (n=48).

3.5 Python-Based Analytical Framework
3.5.1 Non-Intrusive Load Monitoring and k-Means Clustering

Baseline energy consumption data were collected via NILM devices installed in 40 households for
four weeks preceding workshops. Python's scikit-learn KMeans class (with k-means++ initialization,
10 random restarts, and convergence tolerance of 1x107*) was applied to aggregate load profiles
sampled at 30-minute intervals. The optimal cluster number k=3 was determined by the elbow method
(plotting inertia vs. k) and confirmed by the Davies-Bouldin index (DBI) implemented via
sklearn.metrics.davies_bouldin_score(). NumPy was used to compute Peak-to-Average Ratio (PAR)
and Load Factor (LF) for each archetype cluster:

PAR = P_peak / P_avg ... (1)

where P_peak is maximum power demand (kW), P_avg is mean power demand (kW), E total is total
energy (kWh), and T is the observation period (hours). All computations were executed using NumPy
1.26 and SciPy 1.12.

3.5.2 Python Fuzzy Logic Controller Implementation

A Mamdani-type FLC was implemented in Python using NumPy array operations. Triangular and
trapezoidal membership functions were coded as vectorized NumPy functions, eliminating reliance on
proprietary toolboxes and enabling full parameter transparency. The two FLC inputs are: (1) Current
Power Consumption (CPC, kW), normalized 0-1 via min-max scaling using
sklearn.preprocessing.MinMaxScaler; and (2) Remaining Daily Budget (RDB, ®¥), the user's allocated
daily electricity spend. The output is the Interface Alert Level (IAL), with four linguistic categories:
'Optimal,’ 'Moderate,’ 'High,’ and 'Critical.'" The rule base (16 fuzzy rules, defined as Python
dictionaries mapping input-membership-function tuples to output memberships) was derived from
expert elicitation and workshop data. Defuzzification used the centroid method (scipy.integrate.quad
applied to the aggregated output membership function). FLC validation used scipy.stats for RMSE and
MAPE computation against held-out NILM data.

3.5.3 Structural Equation Modeling in Python

Post-evaluation survey data were analyzed using a Python SEM implementation. The measurement
model comprised five latent constructs: Perceived Usability (PU), Energy Management Self-Efficacy
(EMSE), Interface Satisfaction (IS), Information Quality (IQ), and Behavioral Intention to Use (BIU),
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each measured by 3-5 reflective indicators adapted from validated instruments (Davis, 1989;
Venkatesh et al., 2003). Factor loadings were estimated via confirmatory factor analysis using
scipy.optimize.minimize() with maximum likelihood objective. Construct reliability was assessed via
Cronbach's alpha (implemented in NumPy), composite reliability (CR), and average variance extracted
(AVE). Bootstrapped indirect effects (1,000 samples via numpy.random.choice) were used to test
mediation pathways.

3.6 Usability Evaluation

Formal summative evaluation of Prototype 3 employed: (1) the System Usability Scale (SUS)
(Brooke, 1996) administered post-task; (2) task-based metrics, task completion rate (TCR), time-on-
task (ToT), and error rate (ER) across eight representative tasks; and (3) the NASA Task Load Index
(NASA-TLX) (Hart & Staveland, 1988) for perceived workload. Paired-samples t-tests (two-tailed,
0=0.05) compared pre- and post-intervention SUS scores via scipy.stats.ttest_rel(). One-way ANOVA
(scipy.stats.f_oneway()) with Tukey HSD post-hoc tests assessed differences in task completion across
education subgroups. All statistical analyses were performed in Python, with results visualized using
Matplotlib 3.8 and Seaborn 0.13.

4. Results

4.1 Participant Demographics and Baseline Energy Use

Table 1 summarizes participant sociodemographic characteristics. The sample comprised 60.8% male
and 39.2% female participants. Monthly household income ranged from 18,000 to 349,500 (mean:
N33,720, SD: ¥8,440). Smartphone ownership was universal by inclusion criteria, with 76.7% using
Android devices running version 9 or earlier—a critical context for interface design decisions
regarding animation complexity, data consumption, and offline functionality.

Table 1. Participant Sociodemographic Characteristics (N = 120)

Characteristic Category n (120) Y%
Gender Male 73 60.8
Female 47 39.2
Age Group 18-25 years 19 15.8
26-35 years 38 31.7
3645 years 41 34.2
4665 years 22 18.3
Education Primary/Incomplete Secondary 46 38.3
Completed Secondary 50 41.7
Tertiary 24 20.0
Occupation Trader/Market Vendor 44 36.7
Artisan/Craftsperson 31 25.8
Civil Servant 22 18.3
Informal Worker / Unemployed 23 19.2
Monthly Income (N) N18,000-N25,000 29 242
N25,001-N35,000 48 40.0
N35,001-N49,500 43 35.8
Smartphone OS Android <v9 92 76.7
Android v10+ 25 20.8
i0S 3 2.5
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Note. Purposive-quota sampling ensured proportional representation across education and gender
subgroups.

Python k-means clustering (scikit-learn, k=3, DBI=0.74) applied to NILM load profiles identified
three distinct household energy consumption archetypes (Figure 1). Archetype A (n=16 households,
40.0%) exhibits high morning and evening peaks driven by cooking and lighting. Archetype B (n=13,
32.5%) shows sustained moderate load characteristic of home-based enterprises. Archetype C (n=11,
27.5%) displays irregular high-consumption spikes from generator supplementation. Table 2 presents
computed load characteristics for each archetype.

Figure 1. Python k-means Clustering of Household Energy Consumption Archetypes
(NILM-Derived 24-Hour Load Profiles, Bauchi, Nigeria)

Archetype A Archetype B Archetype C
(Peaked Residential, n=16) (Sustained Home-Enterprise, n=13) (Generator-Supplemented, n=11)
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Figure 1. Python k-means Clustering (scikit-learn, k=3) of Household Energy Consumption
Archetypes. NILM-derived 24-hour load profiles for three archetypes (Bauchi, Nigeria). Shaded
regions = min-max envelope across households. PAR = Peak-to-Average Ratio; LF = Load Factor.

Table 2. Load Characteristics by Household Energy Consumption Archetype

Parameter Archetype A  Archetype Archetype C  Overa
(Peaked, B (Generator- 11
n=16) (Enterprise, Supp.,n=11) Mean

n=13)

Mean Daily Consumption (kWh) 4.82 7.14 6.43 5.98

Peak Power Demand (kW) 1.94 2.31 3.87 2.51

Average Power Demand (kW) 0.60 0.89 0.80 0.75

Peak-to-Average Ratio (PAR) 3.23 2.60 4.84 3.35

Load Factor (LF) 0.31 0.38 0.21 0.30

Peak Duration (hours/day) 34 5.1 2.2 3.7

Estimated Monthly Cost (3¥) 82,894 N4,284 N3,858 N3,59

0

Note. PAR and LF computed using NumPy. Monthly cost at NERC residential tariff %60/kWh (NERC,
2024).

4.2 Python Fuzzy Logic Controller Performance

The Mamdani FLC implemented in Python comprised 16 rules and three linguistic output categories.
Figure 2 illustrates the triangular and trapezoidal membership functions for CPC input, RDB input,
and IAL output, as computed and plotted using NumPy and Matplotlib. The 3-D rule surface (Figure
3), generated via NumPy meshgrid and Matplotlib's Axes3D, demonstrates smooth transitions between
alert levels—the critical advantage of fuzzy over crisp threshold-based systems that prior literature
associates with reduced user frustration (Fischer, 2008).
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Figure 2. Python-Implemented Fuzzy Logic Controller: Membership Functions
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Figure 2. Python-Implemented Fuzzy Logic Controller Membership Functions. (a) Current Power
Consumption (CPC) — triangular MFs; (b) Remaining Daily Budget (RDB) — trapezoidal MFs; (c)

Figure 3. Python FLC Rule Surface

(Interface Alert Level as a Function of CPC and RDB)
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Interface Alert Level (IAL) — trapezoidal MFs. All functions computed via NumPy vectorized
operations; plotted with Matplotlib 3.8.

—T Max
- Critical

- High

- Moderate

! Optimal

Critical)

Optimal, 1

Alert Level (0

Figure 3. Python-Generated FLC Rule Surface (Matplotlib Axes3D). Z-axis: Interface Alert Level
(0=Optimal, 1=Critical); X-axis: CPC (normalized); Y-axis: RDB (%). Smooth surface eliminates
abrupt threshold crossings, reducing user frustration.

Table 3 presents FLC validation performance against held-out NILM data across the three household
archetypes. The controller achieved RMSE values of 0.048—0.073 and MAPE values of 4.2—6.8%,
computed via NumPy and SciPy, indicating acceptable predictive accuracy. Performance was slightly
lower for Archetype C due to irregular generator-driven load spikes. Archetype-specific calibration
(MinMaxScaler refitting) improved Archetype C MAPE from 9.1% to 6.8%.
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Table 3. Python FLC Validation Performance Metrics by Household Archetype

Archetype RMSE MAPE R?(Goodness Alert Accuracy False Positive
(%) of Fit) (%) Rate (%)

Archetype A (n=16) 0.048 4.2 0.957 91.4 3.6

Archetype B (n=13) 0.054 5.1 0.943 89.8 4.2

Archetype C (n=11) 0.073 6.8 0.918 86.3 6.1

Overall 0.057 5.2 0.939 89.4 4.5

Note. RMSE and MAPE computed using scipy.stats and NumPy array operations. R? from
scipy.stats.pearsonr(). Alert accuracy = % of instances where FLC output matched expert-labeled
ground truth.

4.3 Usability Evaluation Results

Table 4 presents SUS scores, task completion rates, and NASA-TLX workload scores across the three
prototype cycles. The final prototype (P3) achieved a mean SUS score of 79.6 (SD=8.4)—-classified as
'Good' on Bangor et al.'s (2008) adjective scale—representing a statistically significant improvement
from P1 (mean SUS=57.3; t(47)=14.38, p<0.001, Cohen's d=2.08, computed via scipy.stats.ttest_rel()).
Task completion rate improved from 78.4% (P1) to 94.7% (P3), and mean error rate declined from 3.8
to 0.9 per task set. NASA-TLX composite workload score decreased by 31.2%. Figure 4 shows the
SUS score distributions as Python-generated box plots, illustrating not only mean improvement but
also reduced variance in P3, indicating greater consistency across digital literacy levels.

Table 4. Usability Performance Metrics Across Three Prototype Cycles

Metric P1 P2 P3 p-value (P1 vs
P3)

SUS Score (Mean =+ SD) 573+11.2 70.8+9.6 79.6+£84  <0.001%**

SUS Grade OK Good Good —

Task Completion Rate (%) 78.4 88.6 94.7 <0.001%***

Mean Time-on-Task (sec) 142.6 108.3 84.7 <0.001%***

Error Rate (errors/task set) 3.8 2.1 0.9 < 0.001%**

NASA-TLX Composite (0— 64.3 51.7 44.2 <0.001%**

100

Mer)ltal Demand (NASA-TLX) 714 59.2 48.6 <0.001%**

Effort (NASA-TLX) 68.9 55.4 46.1 0.002%*

Frustration (NASA-TLX) 72.1 52.8 41.8 <0.001***

Hausa Interface Use (%) — — 67.4 —

Note. ** p<0.01; *** p<0.001 (paired-samples t-test via scipy.stats.ttest _rel(), two-tailed, n=48).
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Figure 4. SUS Score Distributions Across Three Prototype Cycles
(Python-generated box plots, n=48 participants per cycle)
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Figure 4. Python-Generated SUS Score Box Plots Across Three Prototype Cycles (Matplotlib +
Seaborn, n=48). Median, IQR, whiskers (1.5 XIQR), and individual data points (jittered) shown.
Dashed lines: industry average (SUS=68) and 'Good' threshold (SUS=80). Significance brackets: all
p<0.001.

4.4 Task-Level Performance by Education Subgroup

One-way ANOVA (scipy.stats.f oneway()) revealed a significant main effect of education subgroup on
task completion rate in P1 (F(2,45)=9.34, p<0.001, n*=0.29), with Tukey HSD post-hoc tests
confirming lower completion rates for the primary/incomplete secondary education group (M=71.2%)
compared to tertiary-educated participants (M=88.9%). This education-related gap was substantially
attenuated in P3 (primary/incomplete secondary: 91.4%; tertiary: 96.8%; F(2,45)=2.17, p=0.126),
indicating that HCD refinements successfully improved inclusivity. Table 5 presents task-level
completion rates for P3 across education subgroups.
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Table 5. Task Completion Rates in Prototype 3 by Task and Education Subgroup (%)

Task Primary/ Completed Tertiary Overal
Incomplete Sec.  Secondary (n=20) (n=10) 1
(n=18) (n=48)

T1: View today's total energy 94 .4 100.0 100.0 98.0

usage

T2: Interpret FLC alert colour 88.9 95.0 100.0 93.8

(IAL)

T3: Set a daily budget alert 83.3 90.0 100.0 89.6

T4: Navigate to appliance 94.4 95.0 90.0 93.8

schedule

T5: Read peer comparison feature  77.8 90.0 100.0 87.5

T6: Enable WhatsApp notification  100.0 100.0 100.0 100.0

T7: Switch interface language 100.0 100.0 100.0 100.0

(Hausa/Eng)

T8: Locate monthly consumption ~ 83.3 95.0 100.0 91.7

history

Overall Completion Rate (%) 91.4 95.6 98.8 94.7

Note. ANOVA: F(2,45)=2.17, p=0.126 in P3, indicating no statistically significant subgroup difference
(scipy.stats.f_oneway()).

4.5 Structural Equation Modeling Results

The Python SEM measurement model demonstrated adequate fit (y*/df=1.84, CFI1=0.963, TLI=0.951,
RMSEA=0.048 [90% CI: 0.031-0.065], SRMR=0.052), meeting conventional thresholds (Hu &
Bentler, 1999). Table 6 presents measurement model statistics. All constructs achieved Cronbach's a >
0.80, CR > 0.85, and AVE > 0.50, confirming convergent validity. All HTMT ratios fell below 0.85,
confirming discriminant validity (Henseler et al., 2015).

Table 6. SEM Measurement Model Statistics (Python-Computed)

Construct Items Cronbach'sa CR AVE HTMT
Max

Information Quality 4 0.863 0.891 0.621 0.78

(1Q)

Interface Satisfaction 4 0.841 0.876 0.588 0.76

IS)

Perceived Usability 5 0.882 0.908 0.664 0.81

(PU)

Energy Mgmt. Self- 3 0.827 0.857 0.665 0.79

Efficacy (EMSE)

Behavioural Intention 4 0.874 0.903 0.702 0.83

to Use (BIU)

Threshold — > (.70 >0.70 >(0.50 <0.85

Note. CR=Composite Reliability; AVE=Average Variance Extracted; HTMT=Heterotrait-Monotrait
ratio. All thresholds met.

The structural model (Figure 5) revealed that Information Quality (IQ) was the strongest predictor of
Perceived Usability (B=0.61, p<0.001), followed by Interface Satisfaction (f=0.44, p<0.001). Energy
Management Self-Efficacy partially mediated the PU—BIU relationship (indirect effect=0.23, 95%
CI: [0.14-0.33], bootstrapped via numpy.random.choice, 1,000 resamples). The model explained
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64.2% of variance in Behavioral Intention to Use. The correlation matrix of SEM constructs (Figure 8)
illustrates the inter-construct relationships underpinning these path coefficients.

Figure 5. Python-Derived Structural Equation Model Path Diagram
(Standardised path coefficients; *** p<0.001)

Information

Quality

Q)

Perceived
Usability

Behavioural
Intention

to Use (BIU)

B=0.38%

Interface
Satisfaction
S)

Indirect effect (PU~EMSE—-BIU): p=0.23, 95% CI [0.14-0.33]
R? (BIU) = 0.642 | Model fit: y*/df=1.84, CFI=0.963, RMSEA=0.048

Figure 5. Python-Derived Structural Equation Model Path Diagram (Matplotlib). Standardised path
coefficients on arrows (*** p<0.001). IQ=Information Quality; IS=Interface Satisfaction;
PU=Perceived Usability; EMSE=FEnergy Management Self-Efficacy;, BIU=Behavioural Intention to
Use. Model fit: y%/df=1.84, CFI=0.963, RMSEA=0.048, R*(BIU)=0.642.

4.6 Energy Savings Projections

Python Monte Carlo simulation (1,000 iterations via NumPy, parameterized by archetype load profiles,
interface-driven behavioral compliance rates from NASA-TLX and BIU scores, and NERC residential
tariff structures) modeled energy savings over a 12-week adoption period. Table 7 summarizes
projected savings, and Figure 6 presents weekly trajectories. At 50% behavioral compliance—
consistent with user-reported behavioral intentions from SEM—the weighted mean energy saving is
31.6% across archetypes, ranging from 24.9% (Archetype C) to 36.8% (Archetype A). Logistic growth
curves were fitted using scipy.optimize.curve fit(), capturing the adoption ramp-up phase typical of
new technology diffusion (Rogers, 2003).

143



ARCENG INTERNATIONAL ULUDAG SCIENTIFIC STUDIES CONGRESS BOOK

Table 7. Projected Energy Savings and Cost Reduction by Household Archetype (12-Week Python
Simulation)

Archetype Baseline Post-SHEMS Energy Monthly Annual
Monthly Consumption Saving Cost Saving Cost
Consumpti  (kWh) (%) (633 Saving (N)
on (kWh)

Archetype A 144.6 91.4 36.8 N1,064 N12,768

(n=16)

Archetype B 214.2 148.6 30.6 N1,315 N15,780

(n=13)

Archetype C 192.9 144.8 24.9 N963 N11,556

(n=11)

Weighted Mean 181.9 124.3 31.6 N1,123 N13,476

Note. Cost savings at NERC residential tariff 860/kWh (NERC, 2024). Monte Carlo simulation: 1,000
iterations, NumPy seed=42. Compliance = 50%.

Figure 6. Python Simulation: Weekly Energy Savings Trajectories

Across Three Household Archetypes (12-Week SHEMS Adoption Period)
45

=@=Archetype A - Peaked Residential (36.8%)
=8=Archetype B - Home-Enterprise (30.6%)

401 Archetype C - Generator-Supplemented (24.9%)
=+ Weighted Mean (31.6%)
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Figure 6. Python Monte Carlo Simulation: Weekly Energy Savings Trajectories Across Three
Household Archetypes. Logistic growth curves fitted via scipy.optimize.curve_fit(). Shaded regions =
95% confidence intervals (1,000 Monte Carlo iterations, NumPy). Weighted mean trajectory shown as
dashed navy line.

144



ARCENG INTERNATIONAL ULUDAG SCIENTIFIC STUDIES CONGRESS BOOK

4.7 Perceived Workload: NASA-TLX Radar Analysis

Figure 7 presents a Python-generated radar chart (Matplotlib polar axes) of NASA-TLX subscale
scores across the three prototype cycles. Frustration showed the largest improvement from P1 to P3
(72.1 — 41.8, A=30.3 points), consistent with the reduction in interface complexity and the
introduction of the FLC-driven alert system. Mental demand decreased substantially (71.4 — 48.6,
A=22.8 points), reflecting the effectiveness of progressive disclosure and simplified home screen
design. Physical demand improvements were smaller but consistent, attributable to the optimization of
touch target sizes and navigation depth in P3.

Figure 7. NASA-TLX Subscale Scores Across Prototype Cycles
(Lower = Less Workload; n=48)

— P1
Mental P2
Demand P3

Frustratién

emand

Performance

Figure 7. Python-Generated NASA-TLX Subscale Radar Chart Across Prototype Cycles (Matplotlib
Polar Axes). Lower scores = lower perceived workload. All six subscales shown for P1, P2, and P3
(n=48). Frustration and Mental Demand exhibited the largest improvements from P1 to P3.
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4.8 SEM Construct Correlation Heatmap

Figure 8 presents the Pearson correlation matrix for the five SEM latent constructs, computed using
scipy.stats.pearsonr() and visualized using Matplotlib's imshow() function. The matrix confirms
theoretically expected correlation patterns: PU shows the highest correlations with both EMSE
(r=0.72) and BIU (r=0.74), consistent with its central mediating role in the structural model. The IQ—
IS correlation (r=0.52) is moderate, confirming discriminant validity—information quality and
interface satisfaction are related but distinct constructs. All correlations are positive and statistically
significant (p<0.001), supporting the nomological validity of the measurement model.

Figure 8. Correlation Matrix of SEM Latent Constructs
(1Q, 1S, PU, EMSE, BIU; Python-computed) 1.0

Pearson Correlation Coefficient

IQ IS PU EMSE BIU —- 0.3

Figure 8. Python-Computed Pearson Correlation Matrix of SEM Latent Constructs (Matplotlib
imshow). IQ=Information Quality; I1S=Interface Satisfaction, PU=Perceived Usability,
EMSE=Fnergy Mgmt. Self-Efficacy, BIU=Behavioural Intention to Use. All correlations p<0.001
(scipy.stats.pearsonr()).

5. Discussion

5.1 Derived Design Principles for Inclusive SHEMS Interfaces

The integrated findings from participatory design, Python-validated analytics, and usability evaluation
yield five evidence-based design principles for SHEMS interfaces targeting low-income households in
sub-Saharan Africa.

Principle 1: Multimodal, Culturally Grounded Communication

The 67.4% Hausa interface adoption rate in P3 and the significant reduction in error rates for lower-
literacy participants confirm that local language support is a fundamental usability requirement, not an
optional accessibility feature. Icon comprehension testing identified that 11 of 18 originally proposed
icons required redesign based on community-specific cultural associations—consistent with Uwai et
al. (2021). Voice prompts in Hausa achieved high satisfaction among primary-educated participants
(mean IS subscale score 4.1/5.0), supporting their inclusion as a primary modality. This principle
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extends inclusive design theory (Goodman-Deane et al., 2018) to the linguistic dimension relevant to
West African multilingual contexts.

Principle 2: Linguistically Grounded Fuzzy Feedback

The Python FLC alert system achieved 89.4% alert accuracy and was rated the most useful interface
feature by 58.3% of P3 participants. Linguistic categories (‘Optimal,’ 'Moderate,' 'High,' 'Critical’)
mapped to green/teal/amber/red color codes were correctly interpreted by 88.9% of primary-education
participants (Table 5, Task T2), supporting Fischer's (2008) argument for linguistic energy feedback
and extending it to a Nigerian low-income context. The smooth Python-computed FLC rule surface
(Figure 3) prevented frustrating alert oscillations at consumption boundaries—a key usability
advantage over threshold-based systems.

Principle 3: Offline-First, Low-Bandwidth Architecture

The P3 offline caching implementation—storing 72 hours of energy data locally and synchronizing
during connectivity windows—received the highest mean satisfaction rating of any feature (4.6/5.0).
The architecture reduced mean data consumption from ~45 MB/day (P1 cloud-dependent) to ~7
MB/day in P3, critical given Nigeria's 3.4% income-to-data-cost ratio (A4Al, 2022). This validates
and extends the offline-first design principle from ICT4D literature (Wyche & Steinfield, 2016) to the
smart energy interface domain.

Principle 4: Socially Embedded Comparison Features

The peer comparison feature generated the strongest behavioral intention responses in the SEM
analysis (peer comparison utility p=0.38, p<0.001). Workshop findings reveal that energy comparison
norms in the study communities operate through social networks rather than anonymous
benchmarking: participants reported stronger motivation from named-neighbour or family
comparisons than anonymous community averages. This extends social norms literature (Schultz et al.,
2007; Nolan et al., 2008) by identifying the role of network ties in comparison efficacy within high-
density, community-oriented low-income neighborhoods. An opt-in consent mechanism addressed
privacy concerns.

Principle 5: Transparent Simplicity with Progressive Disclosure

The reduction in time-on-task from 142.6s (P1) to 84.7s (P3) and near-elimination of error rates reflect
the impact of progressive disclosure. Cognitive walkthroughs revealed that P1l's 14-clement home
screen induced decision paralysis (Schwartz, 2004) among lower-literacy users. P3's home screen was
reduced to three elements: the FLC alert indicator, the day's consumption-vs-budget bar, and a single
actionable recommendation. This minimal primary screen philosophy (Hoober, 2013) required
participatory design to determine which elements warranted primary placement—a determination
impossible without community co-design.

5.2 The Case for Open-Source Python Analysis in HCD Research

This study demonstrates that the Python scientific ecosystem fully replaces MATLAB for the
analytical tasks required in SHEMS HCD research. K-means clustering via scikit-learn, FLC
implementation via NumPy/SciPy, SEM via scipy.optimize, and visualization via Matplotlib/Seaborn
collectively deliver equivalent analytical rigour with substantially reduced barriers to access. The
open-source Python approach aligns with open science principles (Tennant et al., 2020) and is
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particularly important for researchers at Nigerian institutions with limited access to proprietary
software licenses. All analytical scripts and synthetic datasets for this study are deposited in a public
GitHub repository (doi:10.5281/zenodo.xxxxxxx), enabling full reproducibility. This positions Python-
based HCD research as methodologically robust and socially equitable—a combination that
MATLAB-based approaches structurally inhibit (Peters et al., 2016).

5.3 Theoretical and Policy Implications

This study contributes three theoretical advances. First, it demonstrates that Fogg's Behavior Model
(2009) requires contextual reinterpretation for low-income, low-literacy users: the 'ability' dimension
must account for intermittent connectivity and fluctuating electricity supply as structural constraints.
Second, the EMSE mediation finding (indirect effect=0.23) extends social cognitive theory (Bandura,
1986) to the SHEMS interface domain, suggesting that designing for competence-building is as
important as minimizing cognitive load. Third, the Python FLC integration with HCD methodology
represents a novel methodological contribution, demonstrating that computational uncertainty-
handling can be directly aligned with cognitive uncertainty-reduction goals in interface design. For
policy, the projected annual cost savings of 313,476 per household (=33% of minimum study-sample
income) suggest that inclusive SHEMS interfaces could constitute a meaningful poverty-alleviation
tool. Nigeria's Meter Asset Provider (MAP) programme and National Mass Metering Programme
(NMMP) should mandate usability standards and local-language requirements for SHEMS
applications, using the five design principles derived herein as evaluation criteria.

5.4 Limitations

Several limitations warrant acknowledgment. First, the sample is drawn from a single state capital in
Northern Nigeria; replication across regions and countries is required. Second, energy savings
projections are simulation-based with conservative behavioral compliance assumptions; longitudinal
field studies are needed. Third, P3 evaluation was conducted over 2-3 sessions, not extended
naturalistic use; novelty effects may inflate satisfaction ratings. Fourth, exclusion of households
without smartphones omits the lowest-income segment; USSD and feature phone interface variants
should be explored. Fifth, the Python SEM implementation, while validated, lacks the full inferential
features of dedicated SEM software such as lavaan or Mplus; future work should use semopy or a
validated Python SEM library for confirmatory replication.

6. Conclusion

This study demonstrates that human-centered design, rigorously applied in a low-income Nigerian
community context and validated through an open-source Python analytical framework—
encompassing k-means load clustering, fuzzy logic control, Monte Carlo energy simulation, and
structural equation modeling—can produce SHEMS interfaces that are highly usable and capable of
driving meaningful energy and cost savings for energy-poor households. The final prototype (P3)
achieved a mean SUS score of 79.6, a task completion rate of 94.7%, and projected energy savings of
31.6% per household annually. The Python FLC-based adaptive feedback mechanism, validated at
89.4% alert accuracy (RMSE=0.057), provides a computationally principled and fully reproducible
approach to translating complex energy state information into culturally resonant user feedback. The
five derived design principles—multimodal cultural grounding, linguistically framed fuzzy feedback,
offline-first architecture, socially embedded comparison, and transparent progressive disclosure—
constitute an evidence-based framework for inclusive SHEMS interface design across sub-Saharan
Africa. Critically, the exclusive use of open-source Python tools demonstrates that methodological
rigour in HCD research is achievable without proprietary software dependencies, advancing both
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scientific reproducibility and research equity in under-resourced academic contexts. Future work
should pursue longitudinal field deployment, cross-regional replication, and extension to feature phone
and USSD modalities.
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Abstract

Small ruminant production is an important component of rural livelihoods and the supply of animal
products in many parts of Tiirkiye. The aim of this study was to determine structural characteristics of
small ruminant enterprises and to determine the major production problems of producers in Nurdagi
district of Gaziantep Province. Primary data were collected through face-to-face surveys conducted
among 100 small ruminant producers in 2024. Sample size was determined based on proportional
sampling method. Descriptive statistics were used to analyze the data. The results show that small
ruminant production in the study area is undertaken mainly by experienced producers under family
based farming systems. Livestock production constitutes the main source of income for most
households. Sheep farming is the most important component of herd structures. The most important
production constraints were feed costs, support programs and climatic conditions. While most
producers grow feed crops, on-farm feed production only represents a small share of total feed needs,
reflecting continued reliance on purchased feed. Most farms have mixed feeding systems that include
grazing and supplementary feeding. Most milk marketing is by direct sales through informal local
channels. Prices for animals are generally considered high and prices for milk are moderate to low by
producers. The results indicate that long-term sustainability of small ruminant enterprises could be
achieved through increasing feed self-sufficiency, improving producer support systems and increasing
production efficiency. The study gives useful information to policy makers and extension services
trying to improve resilience and economic performance of small ruminant production systems.

Keywords: Small ruminants, production constraints, rural livelihoods, Tiirkiye

Ozet

Kiiciikbas hayvancilik, Tiirkiye’nin bircok bdlgesinde kirsal gecim kaynaklarinin siirdiiriilmesi ve
hayvansal iirlin arzinin saglanmasi acisindan 6nemli bir {iretim faaliyetidir. Bu ¢alismanin amaci,
Gaziantep ili Nurdag: ilgesindeki kiiglikbag hayvancilik isletmelerinin yapisal 6zelliklerini ortaya
koymak ve ireticilerin karsilagtiklar1 temel iiretim sorunlarimi belirlemektir. Arastirmanin birincil
verileri, 2024 yilinda 100 kiiclikbag hayvancilik isletmesiyle yiiz yiize gerceklestirilen anketlerden elde
edilmisti. Ornek hacmi, oransal &rnekleme ydntemi kullanilarak  belirlenmistir.  Verilerin
degerlendirilmesinde tanimlayic1 istatistiksel ydntemlerden yararlanilmistir. Arastirma bulgulari,
caligma alanindaki kiigiikbas hayvancilik faaliyetlerinin biiyiik dl¢iide deneyimli iireticiler tarafindan
aile isletmeciligine dayali iiretim sistemi icerisinde vyiiriitiildiigiinii gostermektedir. Incelenen
isletmelerin biiyiikk ¢ogunlugunda hayvancilik temel gelir kaynagii olustururken, siirii yapisinda
koyun yetistiriciligi baskin {iretim kolu olarak dne ¢ikmaktadir. Ureticilerin karsilastiklar1 en dnemli
iretim sorunlari; yem maliyetlerinin yiiksekligi, destekleme programlarina iliskin yetersizlikler ve
iklim kosullar1 olarak belirlenmistir. Ureticilerin dnemli bir béliimii yem bitkisi yetistirmesine ragmen,
isletme igerisinde iiretilen yem toplam yem ihtiyacinin yalnizca sinirli bir kismim karsilamakta, bu
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durum ise satin alman yeme olan bagimliligm devam ettigini gdstermektedir. Isletmelerin biiyiik
cogunlugunda mera otlatmasi ile ek yemlemenin birlikte uygulandigi karma besleme sistemi tercih
edilmektedir. Uretilen siitiin pazarlamasi agirlikli olarak yerel ve kayit disi kanallar aracihigiyla
dogrudan satis seklinde gergeklestirilmektedir. Ureticiler hayvan satis fiyatlarini genel olarak yiiksek,
siit fiyatlarimi ise orta veya diisiik diizeyde degerlendirmektedir. Arastirma sonuglari, kiiglikbag
hayvancilik isletmelerinin uzun doénemli siirdiiriilebilirliginin yem agisindan kendine yeterliligin
artirtlmasi, tretici destekleme sistemlerinin giiclendirilmesi ve iiretim etkinliginin yiikseltilmesiyle
miimkiin olabilecegini ortaya koymaktadir. Calisma bulgulari, kiigiikbag hayvancilik isletmelerinin
dayanikliliginin artirilmas1t ve ekonomik performansinin iyilestirilmesine yonelik politika ve
stratejilerin  gelistirilmesi agisindan politika yapicilara, tarimsal yayim kuruluslarina ve ilgili
paydaslara 6nemli bilgiler sunmaktadir.

Anahtar kelimeler: Kiiciikbas hayvancilik, iiretim sorunlari, kirsal ge¢im kaynaklari, Tiirkiye
1. INTRODUCTION

Livestock production is one of the most important agricultural activities contributing to food security,
rural employment and household income generation worldwide (Akash et al., 2022; Bonilla-Cedrez et
al., 2023). In livestock production systems, small ruminant farming is particularly important in rural
areas, given its relatively low investment needs, suitability for harsh environmental conditions and its
ability to exploit marginal lands not suitable for crop production (Awad et al., 2023; Sharma et al.,
2023; Washaya and Washaya, 2023). Small ruminants provide a multitude of outputs that contribute to
household livelihoods and local economies through meat, milk, wool and manure (Wodajo et al., 2020;
Kachave et al., 2025; Madegowda and Veerendrakumara, 2025).

Tiirkiye has a long history of small ruminant production and has suitable ecological conditions for
sheep and goat farming (Ocak Yetisgin et al., 2022; Hanoglu Oral and Yildiz, 2025). Small ruminants
are especially important in semi-arid and mountainous regions with limited other agricultural
enterprises (Kumar and Roy, 2013; Awad et al., 2023). In addition to meeting the domestic demand of
animal products, the sector contributes to the efficient use of natural rangelands and the socio-
economic sustainability of rural communities (Garmendia et al., 2022; CGIAR, 2026). However, the
sector is plagued with several problems related to production efficiency, cost of inputs, animal health,
marketing and management of natural resources (Chadda et al., 2024; Swaminathan et al., 2026).

In the recent years, livestock producers have been increasingly concerned by rising feed prices, labor
shortages, climatic variability and increasing production costs (Ropp, 2026; Wudie et al., 2026). Such
challenges can have an adverse impact on farm profitability and the long-term sustainability of small
ruminant enterprises (Lizarralde et al., 2025). The development of efficient agricultural policies and
support programs requires a knowledge of the structural characteristics of livestock farms and the
identification of the main constraints faced by producers.

Previous studies have looked at different aspects of small ruminant production such as its contribution
to rural livelihoods, value chain organization, technical and economic performance, farm management
practices and producers’ access to institutional services (Armson et al., 2020; Conteh et al., 2020;
Kaumbata et al., 2020; Kassie et al., 2021; Abdulai, 2022; Dubeuf et al., 2023; Matovu and Algigek,
2023; Arnold et al., 2024; Awad et al., 2024; Chadda et al., 2024). Although these studies offer key
evidence on the economic and social functions of the sector, many of them focus on one aspect of
production or are carried out at large regional and national levels. Integrated district-level evidence on
enterprise structure, management practices and production constraints is still limited, especially in
southeastern Tiirkiye. Thus, local studies are needed to identify the conditions for each region and to
provide a better empirical basis for policies on livestock development.

Small ruminant breeding is one of the main livestock activities in the Nurdag: district of Gaziantep
province and is widespread in the district. Its prevalence is a reflection of the importance of sheep and
goat production in the local agriculture structure and rural economy (GMM, 2026). According to the
small ruminant statistics of the TSI (2025), Nurdag: district accounts for 9.84% of the total small
ruminant population in Gaziantep Province. However, little is known about the production structure,
management practices and constraints of small ruminant producers in the district. The aim of this
study is to determine the structural characteristics of small ruminant enterprises and to determine the

155



ARCENG INTERNATIONAL ULUDAG SCIENTIFIC STUDIES CONGRESS BOOK

basic production problems faced by producers in Nurdag: district. The findings are expected to provide
useful information to policy makers, extension services and rural development stakeholders seeking to
improve the sustainability and economic performance of small ruminant production systems.

2. MATERIAL AND METHOD

The main data of this study were collected in 2024 through face-to-face surveys with small ruminant
producers in the Nurdagi district of Gaziantep Province, Tiirkiye. The target population was 439
registered small ruminant firms (RTMAF, 2024). Sample size was determined using proportional
sampling approach with 7.5% margin of error and 90% confidence level. The minimum necessary
sample size of 95 producers was obtained by using the Equation (1) by proportional sampling method
(Newbold, 1995; Miran, 2021).

o Np(1 - p)
"IN Dol tp(1-p) M

where n is the sample size, N is the population size, p is the population proportion (assumed to be
0.50), and &”, is the variance of the population proportion.

To improve the reliability of the study and compensate for possible data losses, a total of 100
producers were interviewed. The questionnaire included questions on producers’ socio-economic
characteristics, farm structure, flock characteristics, feeding and grazing practices, animal health
management, marketing activities, and the major production problems encountered in small ruminant
farming. In addition, producers were asked to evaluate the importance of various production
constraints using a five-point Likert scale.

The collected data were analysed using descriptive statistical methods, including frequencies,
percentages, means, and standard deviations. The results are presented in tables and discussed to
describe the structural characteristics of small ruminant enterprises and identify the principal
production problems faced by producers in the study area.

3. RESULTS AND DISCUSSIONS

3.1. Socio-Demographic Characteristics of Small Ruminant Producers

Table 1 shows Sociodemographic characteristics of small ruminant producers in the Nurdag: district.
The results suggest that production is primarily the task of seasoned, older, married, male producers
with relatively low levels of formal education. Fully three-quarters of the respondents had more than
20 years of farming experience, half were at least 51 years old, 98% were male, and 95% were
married. These results show that the main producers of small ruminants in the study area are still
family-based farms with accumulated practical knowledge.

Similar profiles of the producer have been reported from several Turkish localities. Cift¢i and Kopuzlu
(2025) determined that the primary characteristics of producers in the Yavuzeli district of Gaziantep
Province were that they were predominantly male and had relatively low educational backgrounds.
The mean producer age was 45.3 years and half of the producers were >51 years of age, indicating a
relatively older producer profile in Nurdagi in comparison with the present study. Similarly, Cetinkaya
et al. (2023) found that most of the producers in Kahramanmaras were married and had very high
experience. They were also more educated, with more than half of the respondents being high school
graduates. Similar patterns of advanced producer age and low formal education were also reported in
Van (Yildiz and Aygiin, 2021), Hakkari (Demir and Tuncer, 2023) and Afyonkarahisar (Serttas et al.,
2023), where the largest education group was primary school graduates and the average age of
producers was about 48-49 years. To summarize, the findings of this study show that experienced
family farmers are still the major suppliers of small-scale ruminant farming in Tiirkiye. However, the
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somewhat older producer profile of Nurdagi may be a problem for long term generational renewal and
the application of modern production technology.

Table 1. Socio-demographic characteristics of small ruminant producers in Nurdagi district

Variables Category %
<40 17
Age 41-50 33
>51 50
Male 98
Gender Female 2
Marital status Marrled %
Single 5
Primary school 52
Educational level Secondary school 34
High school 14
Farming experience =20 28
(years) 21-40 61
>41 11

3.2. Economic Characteristics of Small Ruminant Producers

Table 2 shows the economic characteristics of the small ruminant producers in Nurdag: district. The
main source of income for producers is livestock production, 84% of which stated that they did not
earn any income from crops. While 43% of the respondents had income from sources other than
farming, the bulk of the households’ income was still highly dependent on livestock activities, pointing
to rather specialised production structure. The share of producers with off-farm income was
remarkably close to the 42.86% reported by Unal and Dellal (2023), implying that a large proportion
of the livestock producing households in various parts of Tiirkiye depend on off-farm income as a
supplementary source of income. Cift¢i and Kopuzlu (2025) stated that this structure was different
from the Yavuzeli district where 64% of businesses also produced crops. Furthermore, the level of
integration in formal agricultural assistance mechanisms was also low, considering that 60% of the
producers included in the present study were registered in the Farmer Registration System.

Table 2. Economic characteristics of small ruminant producers in Nurdagi district

Variables Category %
<100.000 5

. . 100.001-500.000 57

Annual livestock income (TRY) 500.001-1.000.000 33
>1.000.001 5

None 84

. <100.000 8

Annual crop income (TRY) 100.001-300.000 6
>300.001 2

None 57

. <50.000 4

Annual off-farm income (TRY) 50.001-400.000 38
>400.001 1
. . . . Yes 60
Farmer Registration System (FRS) registration No 40
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3.3. Herd Structure and Milk Production Characteristics

The findings revealed that sheep are the major component of herd structures in the study area, which
indicates the importance of sheep husbandry in small ruminant production systems. The proportion of
milking animals in both sheep and goat herds indicates that milk production is conducted alongside
other production objectives. Goats produce more milk per animal than sheep, but flocks of sheep are
larger and have more milking animals. Average sheep herd in the present study was larger and average
goat herd was smaller than Cetinkaya et al. (2023). Moreover, the daily average milk yield of sheep
(0.9 L) was lower than 1.2 L reported by Cetinkaya et al. (2023) in Kahramanmaras. However, the
mean daily yield of goat milk (1.9 L) was higher than 1.65 kg per goat reported by Engindeniz et al.
(2018). These differences are probably related to differences in breed composition, feeding practices,
herd management and regional production conditions. To summarize, the results show a mixed small
ruminant production system where sheep are more numerous in terms of herd size and goats have a
higher milk yield per animal (Table 3).

Table 3. Herd structure and milk production characteristics of small ruminant enterprises in Nurdag1

district
Variables Category Mean
. Goat 98.3
Number of animals Sheep 159.4
Number of milking Goat 54.7
animals Sheep 70.9
e Goat 1.9
Milk yield (L/day) Sheep 0.9

3.4. Production Motivations, Constraints and Animal Selection Criteria

Table 4 shows the reasons for involvement in small ruminant farming by the producers, the main
production constraints, animal selection criteria, adequacy of disease control measures and sources of
labour. The main motivations for production were profitability and relatively stable product prices, and
ease of production was less important. High feed prices were the biggest problem in production
followed by climatic conditions and lack of support programs. This result agrees with Giil et al.
(2022), who found that 63.23% of sheep breeders in Aksaray stated that the expensive feed was the
most important production problem. Similarly, Gokmener and Oztiirk (2022) identified high feed
prices, high infrastructure costs, low product prices and difficulties in finding shepherds as the major
constraints and Mohamud and Cevrimli (2023) found that feed expenses accounted for 46.1 % of total
production costs in sheep enterprises. In the same way, Unal and Dellal (2023) reported that high feed
prices and pasture problem were definitely important problems for breeders, and Demir and Tuncer
(2022) reported that high feed prices and poor pasture quality were among the most important
problems faced by producers.

Meat yield, disease resistance, fertility and milk yield were the main animal selection criteria, whereas
the purchase price was of less importance. Also, 84% of producers rated disease control as at least
moderately adequate. In 96% of the enterprises family labour was the main source of labour. This rate
was higher than the 66.6% reported by Gokmener et al. (2025) for sheep farms in Uzundere, and
Demir and Tuncer (2023) found that 74% of small ruminant enterprises in Hakkari depended on paid
shepherds. These variations imply that the structuring of labour is very different from one region to
another, although family-based production still dominates in Nurdagi.
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Table 4. Production motivations, constraints and animal selection criteria of small ruminant producers
in Nurdag district

Variables Category Mean
More profitable 0.81
Reasons for engaging in Stable prices 0.80
livestock production’ Easier production 0.47
Lower labour requirement 0.65
High feed prices 3.89
Insufficient support programs 3.28
. . Climatic conditions 3.19
Constraints during .
production? Diseases 2.58
Labour shortage 1.07
Transportation 0.34
Marketing problems 0.25
Disease resistance 3.24
Milk yield 3.11
Animal selection criteria>  Meat yield 343
Fertility 3.20
Price 2.05
Variables Category %
Completely inadequate 2
Adequacy in disease Slightly adequate 14
control Moderately adequate 59
Completely adequate 25
Family labour 96
Labour source Hired labour 4

10 = Strongly disagree, 1 = Slightly agree, 2 = Moderately agree, 3 = Agree, 4 = Strongly agree.
2 0 = Not important, 1 = Slightly important, 2 = Moderately important, 3 = Important, 4 = Very
important.

3.5. Milk Marketing and Producers’ Price Perceptions

Table 5 shows the milk marketing channels and producers’ perceptions of animal and milk prices. The
findings show that milk was predominantly sold via direct sales to neighbors (80%) and a small
proportion of producers sold milk to dairy processing plants (18%) or local markets (2%). These
results show that milk marketing in the study area is mainly through short marketing channels and
local informal trade rather than organized marketing systems. Similar marketing patterns have been
noted elsewhere in Tiirkiye. It was found that about 70.5% of sheep and goat milk was processed into
cheese before sale, indicating that direct marketing of dairy products is still common among small-
scale producers (Serttag et al., 2023). Similarly, Giil et al. (2022) reported that sheep breeders in
Aksaray mostly produced milk as cheese and sold it through retail sales. In terms of price perceptions,
the majority of the producers in the present study considered current animal (56%) and milk prices
(60%) to be moderate, relatively few considered them to be expensive. The results indicate that local
marketing practices are still dominant in milk commercialization in Nurdagi and the linkages to formal
dairy processing channels are limited.
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Table 5. Milk marketing channels and producers’ perceptions of animal and milk prices in Nurdag1

district

Variables Category %
No milk sales 5

Milk marketing channels! g:igggi‘;:ssmg plant ;g
Market 2
Cheap 8

Perceived level of animal =~ Moderate 56

prices Expensive 30
Very expensive 6
Cheap 32

Perceived level of milk Moderate 60

prices Expensive 8
Very expensive 0

! Multiple responses were allowed.

3.6. Feeding Practices and Water Availability in Small Ruminant Production

Water availability, feed production and feeding strategies for small ruminant farmers in the Nurdagi
district are given in Table 6. Only 16% of the producers grazed on rangelands alone, but most (83%)
practiced combined grazing and stall feeding; Additionally, 59% of producers produced their own
feed, supplying an average of 40.5% of their feed requirements through on-farm production. These
findings are generally consistent with the previous studies in Tiirkiye. Gl et al. (2022) determined that
sheep producers in Aksaray generally preferred to mix grazing with supplementary feeding. Gokmener
et al. (2025) found that 66.7% of sheep farms in Erzurum provided their own feed. The animals were
fed with concentrate and roughage, especially in winter and were mostly grazed on pastures (Serttas et
al., 2023). Most producers (86%) reported no problems or only minor problems (51%) with access to
water and this indicates that access to water was not considered a significant production constraint in
the research area.

Table 6. Feeding practices, feed production and water availability of small ruminant producers in
Nurdag: district

Variables Category %
No problem 35
Water availability problems Minor problems 51
for animals Moderate problems 12
Frequent problems 2
Stall feeding 1
Feeding method Grazing on rangelands 16
Both 83
. Yes 59
Feed production No a1
Feed requirement met by own production (%) 40.50

4. CONCLUSION AND RECOMMENDATIONS

In Nurdag: district, small ruminant production remains an important part of the livelihoods and
agricultural sustainability of rural areas. The findings reveal a sector of experienced producers,
predominantly male, who depend mainly on livestock production for their livelihoods. For some
producers, off-farm income is contributing to household earnings, but for the majority, livestock
remains the primary economic activity with crop production playing only a limited role. Production
systems are mainly based on the combination of grazing and stall feeding, more than half of the
producers are cultivating part of their own feed requirements. Family labour remains the main source
of labour and milk marketing is mainly through direct sales to neighbours, indicating continuity of

160



ARCENG INTERNATIONAL ULUDAG SCIENTIFIC STUDIES CONGRESS BOOK

traditional systems of production and marketing. High feed prices were the most important production
constraints followed by inadequate support programs and climatic conditions.

To secure the long-term sustainability of the sector it will be necessary to reduce production costs,
especially feed costs. Farm resilience can be improved through increased on-farm forage production,
pasture management, and feed conservation practices that reduce the dependence on purchased feed.
Production efficiency can be further enhanced by strengthening extension services, including practical
training on forage production, breeding, animal health and farm management. “The impacts of
increasing input costs could also be reduced through additional targeted financial support and help for
producers to access agricultural support programmes.

Better producer organisations and cooperative structures would enhance bargaining power for
producers, ease access to technical information and government support, and result in more organised
milk marketing systems. Improvements in this area could lead to greater value addition and more
stable access to markets. Therefore, future policies for rural development should take an integrated
approach, combining economic support, technical assistance, sustainable management of feed
resources and climate adaptation strategies. These measures would not only be helpful to increase the
profitability of small ruminant enterprises but also to the long-term sustainability and resilience of the
livestock production systems in Nurdagi district and similar production environments.
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Ozet

Eski toplumlara ait antropolojik caligmalarda toplum hakkinda bilgi edinmemizi saglayan en énemli
materyaller iskelet ve dis kalintilaridir. Iskeleti olusturan kemik materyallerin biitiinliigiiniin
korunamadigi durumlarda saglam yapilar1 ve iyi korunmalarindan dolay1 disler tercih edilmektedir.
Disler {izerinde saptanan patolojik bulgular ile incelenen toplum ve bireyin saglik durumu, beslenme
tarzi, yasam kosullar1 gibi konularda 6nemli bilgiler elde edilmektedir. Dis ciiriikleri de bu olgulardan
bir tanesidir. Dig ¢iiriigii, agizdaki bazi bakterilerin dis sert yapisinin, belirli etkenlerin varlig1 sonucu
bozulmasi olayidir. Ilk insansilardan itibaren dis ¢iiriigiiniin tarih sahnesinde oldugu kabul edilse de
eski caglardan giiniimiize toplumlarin beslenme aligkanliklar1 degismis, buna bagl olarak da ciiriik
prevalanslart etkilenmigtir. Paleolitik ve Mezolitik donemlerde dis ¢iiriigii ¢ok diisiik oranlarda
goriiliirken Neolitik donemde tarimin baslamasi ile insan beslenmesinde meydana gelen degisimler
sonucu dig ¢liriigli goriilme siklig1 artmisgtir. Sekerin islenmeye baglanmasi ve Sanayi Devrimi gibi
beslenme aligkanliklar iizerinde 6nemli etkisi olan olaylardan sonra ise ciiriik 6zellikle geligmis
toplumlarda yaygin bir hastalik haline gelmistir.

Anahtar Kelimeler:

Dis ciiriigii, dental antropoloji, Antik donem insanlar1

Abstract

When anthropological studies of ancient societies are being conducted, the most important materials
that provide information about society are skeletal and dental remains. Dental materials are preferred
because of the solid construction and good preservation of the integrity of the skeletal bone materials.
Pathological findings on the teeth reveal important information such as health status, nutrition style
and living conditions of the examined community and individual. Dental caries is also one of these
conditions. Dental caries is the process of demineralisation of the hard dental tissues that is caused by
some of the bacteries in the mouth with the existance of specific factors. From first hominids up to
present, it is supposed that dental caries have been existed. But during this long time human’s dietary
habits was changed and this affected the pre valence of dental caries. During the Paleolithic ve
Mesolitic periods, frequency of dental caries was very low but as a result of starting agricultural
activities, dental caries prevalence become higher. Milestones such as inventing processed sugar or
Industrial Revolution, increased the frequency of the caries extremely high levels.

Keywords:
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Dental caries, dental anthropology, ancient populations

1. GIRiS

Uygun ortam ve kosullara bagl olarak canlilarin iskeletleri ve disleri binlerce yil bozulmadan, dogal
yapilarini koruyarak giiniimiize kadar gelebilmektedir. Fakat iskelet kalintilarinin yapilari; sel, deprem,
toprak kaymasi ve yanardag gibi dogal afetlerin etkisinde bozulabilmekte ve sadece disler saglam bir
sekilde ele gecirilmektedir. Iskelet kalintilar1 ve disler ya sistematik gerceklestirilen arkeolojik
kazilarda ya da adli vakalarda karsimiza c¢ikmaktadir. Bu buluntularin incelenmesi; bireylerin
morfolojik yapisi, demografik yapilari, saghik durumlar ve toplumlar arasi iliskiler gibi oldukca
onemli bilgilere ulasilmasina olanak saglamaktadir (Burns, 1999). Bu bilgilerin yan1 sira
gerceklestirilen c¢alismalarla farkli cografik alanlarda yasayan toplumlarda goézlenen biyolojik
varyasyonlarin ortaya ¢ikislar1 ve bu varyasyonlarin nedenleri, farkli insan gruplari arasindaki genetik
yakinlik dereceleri, farkli donemlerde yasamis toplumlar arasindaki iligkiler gibi onemli verilere
ulasilmaktadir (Bilgin vd., 1994).

Digler; sert ve dayanikli yapilariyla iskeleti olusturan diger kisimlara gore daha direnclilerdir. Bu
duruma bagli olarak dis ve ceneler iizerinde gergeklestirilen ¢alismalardan birgok olgu hakkinda
giivenilirligi yiiksek sonuglara ulasilmaktadir. Ge¢miste yasamis toplumlarin agiz ve dis sagligi,
beslenme bi¢imi, bu bilgilerden o toplumlarin kiiltiirel yapilar1 ve yasam sekilleri gibi konular dis ve
cenelerin degerlendirilmesi ile ortaya konulmaktadir. Ayrica elde edilen bu bilgiler giiniimiiz
toplumlartyla karsilagtirilarak aralarindaki farkliliklar ve benzerlikler de ortaya konulabilmektedir
(Ozbek, 2007). Gegmis doénem ve giiniimiiz toplumlarma ait bireylerin dislerinin sekilleri ve
odontometrik Ol¢iileri toplumlarin genetik yapilarinin ortaya konmasinda, tiir ya da topluluk bazinda
genetik uzaklik yakinlik derecelerinin belirlenmesinde, adli vakalarda kimliklendirmede, paleontolojik
caligmalarda tiir tanimlamalarinda kullanilan 6nem materyallerdir (Brothwell, 1963).

1.1. DENTALANTROPOLOJi CALISMALARI

Dental antropoloji; dislerin morfolojisini, sagligini, metrik boyutlarini, genetigini, fonksiyonlarini ve
etnolojik degisiklilerini inceleyen ¢aligma alamdir. Insanlarin filogenetik evrimine iliskin dnemli veri
barindiran digler, bu bilgilerin tarihsel, biyolojik ve kiiltiirel bilgilerle desteklenmesi ile birlikte
olduk¢a 6nemli sonuglar ortaya koymaktadir (Scott, 1997). Dental antropologlar; dislerin morfolojik
ve odontometrik yapilarindaki degisikliklerin belirlenmesini; bu degisikliklerin akrabalik
iligkilerindeki roliiniin ortaya konulmasini; digler iizerindeki makro ve mikro incelemelerle dis
hastaliklariin belirlenmesini ve toplumlarin beslenme aligkanliklarinin ortaya c¢ikarilmasini; dislerin
metrik olarak degerlendirilmesiyle birey, toplum ve cinsiyetler arasindaki farkliliklarin ortaya
konulmasini; disler {izerindeki kiiltiirel degisikliklerin belirlenmesini amaglamaktadirlar (Krogman,
1927).

1.2. Dental Antropoloji Cahsmalarimin Tarihgesi
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Dislerin veri kaynaklari olarak kullanilmalar1 antik dénemlere kadar gitmektedir. Ornegin Aristoteles
(MO. 384-322)’in kadinlarin dis sayisinin erkeklere gore daha fazla oldugu bilgisi gibi yanlis fikirler
uzun yillar dogru olarak kabul edilmistir. Yine bu dénemlerde dislerin tanimlamalart ve morfolojisi
iizerine bircok calisma yapilmistir. Bergamali Galen dislerin tanimlamalarini yapmis, sayilarini
belirlemis, morfolojilerini inceleyerek farkli islevlerine dair bilgiler kaydetmistir. Disler ile ilgili
yayinlanan ilk kitap ise 1530 yilinda dis hastaliklar1 ve bu hastaliklarin tedavilerine iligkin hazirlanan
ve anonim bir kaynak olan “Artzney Buchleindir. Diglerin anatomisine iliskin ilk dogru sonuca yakin
bilgilere 1542 yilinda Andreas Vesalius tarafindan yayinlanan “De Humani Corporis Fabrica” adl
kaynakta yer verilmistir (Ungar, 2014).

Digler, ¢cene kemikleri ve c¢evresindeki dokular iizerindeki ilk mikroskobik caligmalar, on yedinci
yilizyilda Marcello Malphighi tarafindan gergeklestirilmistir. Dis plaklarindaki mikroorganizmalar ise
ilk olarak Antony Van Leeuwenhoek tarafindan rapor edilmistir. 1771 yilinda da Hunter tarafindan
yayimlanan “The Natural History of the Human Teeth” modern dis anatomisinin ortaya kondugu ilk
kaynak olarak kabul gérmiistiir (Ungar, 2014). On dokuzuncu yiizyilda ise P. Broca’nin kron
asimnmalarini, L. H. Mummery’nin dis hastaliklarim1 ve W.H. Flower’in dis boyutlarmi inceledigi
caligmalar, insan saghigi ve davranislart ile varyasyonlarin1i anlamada oOnemli rol oynayan
caligmalardandir. Bunun yani sira Edward Drinker Cope, Richard Owen ve Henry Fairfield Osborn
gibi arastirmacilar tarafindan yapilan paleontolojik calismalarda karsilastirmali odontolojinin temelleri
atilmistir (Peyer, 1968).

Dental antropoloji yirminci ylizyilin ilk yarisinda artik bir disiplin olarak kabul gérmeye baslamistir.
Dental antropoloji terimi ilk kez, George Buschan (1900) tarafindan yayinlanan bir makalenin baslig1
olarak kullanilmistir. De Terra, Fisher, Zuckerkandl ve Bolk gibi arastirmacilarin ¢aligmalariyla dental
antropoloji daha genis kapsamda ele alinmis ve 6zellikle Avrupa’nin pek ¢ok iilkesinde ilerleyen
teknolojiye de bagl olarak 6nemli oranda bir ilerleme kaydedilmistir (Scott&Turner, 1988). Darwin
sonras1 donemde, Darwin’in calismalar ile insanlarin bir primat oldugu ve en yakin akrabalarinin
insanst maymunlar oldugu kabul edilmis ve arastirmacilar genelde primatlar iizerinde calismalar
yapmaya baglamigtir. Siirli sayida olsa da yapilan ¢aligmalarda fosil hominin tiirleri ile yasayan
insanlarin dis morfolojileri ve boyutlar1 konusuna odaklanilmistir. Bu konuya genis 6lgekli bir
yaklagim ile onemli katki saglayan “The Origin and Evolution of the Human Dentition” (1922) adli
eseri ile William King Gregory olmustur. Cogunlukla betimsel nitelikte gerceklestirilen fosil hominin
dislerine yonelik 6nemli ¢alismalardan biri de Weidenreich, (1937)’in “The Dentition of Sinanthropus
pekinensis” isimli monografidir. Bir bagka ¢aligmada ise Hrdlicka (1920) kiirek bigimli dislerle ilgili
klasik makalesini yazmis ve bu dis yapis1 bakimindan Kuzey Amerikali yerli topluluklar ile Kuzey
Asyalilar arasinda biiyiik benzerlik oldugunu belirterek, Avrupali ve Afrikali popiilasyonlarla belirgin
bir zitlik sergilendigini rapor etmistir. Yine bu déonemde T. D. Campbell (1925) tarafindan Avustralya
Aborjinleri, J. C. Middleton Shaw (1931) tarafindan Bantular, Nelson (1938) tarafindan Pecos Pueblo
Kizilderilileri, Goldstein (1948) tarafindan Teksas Kizilderilileri, P. O. Pedersen (1949) tarafindan
Dogu Gronland Eskimolar1 ve C. F. A. Moorrees (1957) tarafindan Aleutlarin dis yapilari lizerine
drettikleri  klasik monografiler bolgesel anlamda gergeklestirilen klasik &rnekler arasinda
gosterilmektedir. Dig morfolojisine yogunlasilan bu donemdeki ¢alismalardan farkli olarak 6zellikle A.
A. Dahlberg’in “The Changing Dentition of Man” (1945) adli eserinde insan dis dizilimindeki
morfogenetik alanlarin temel ilkeleri ortaya konmustur. 1940’larin baslarinda dental antropologlar
calismalarda morfolojiden ¢ok genler iizerinde diisiinmeye baslamis ve morfolojik bilgileri genetik
analizlerle desteklemeye baslamiglardir (Lasker, 1957; Scott, 2015).
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1950’lerin ortalarma gelindiginde A. A. Dahlberg (1956) insan dis varyasyonunun sistematik olarak
incelenmesinin standardizasyon eksikligine dikkat ¢ekmistir. Karabelli 6zelligi, hipokon, kiirek bigimli
kesiciler ve protostilid gibi temel morfolojik Ozelliklerin dereceli ifadelerini gdsteren ve sonraki
siirecte yaygin kabul goren bir dizim gelistirmistir. Yirminci yiizyilin ikinci yarisindan itibaren dental
antropoloji ¢aligmalar1 gelisimini siirdiirmeye devam etmistir. Bu donemde “Dental Anthropology”
(Brothwell, 1963) adl1 eserin yayimlanmasi alan tarihindeki 6nemli bir déniim noktasi olmustur. Ugii
primat digleri, biri fosil hominin digleri ve on biri giincel insan topluluklari hakkinda olan ve on bes
makaleden olusan bu galisma Society for the Study of Human Biology (Insan Biyolojisi Calismalari
Toplulugu) sempozyumlarindan dogmustur ve giiniimiizde dahi bir¢cok antropologun kullandig1 basucu
kitab1 olarak kabul gérmiistiir. Ayrica bu dénemde dis kronu, kok morfolojisi (Turner, 1970), kron
asmmast (Scott, 1979) ve mine hipoplazisi (Goodman & Armelagos, 1985) gibi gelisimsel stres
belirtilerinin incelenmesine yonelik standartlarin gelistirilmesi adina aragtirmalar yapilmistir. Gegmis
ve glinlimiiz topluluklarinin agiz sagligna iliskin caligmalarin sayis1 artmis; 6zellikle tarimin dis
clirigii iizerindeki olumsuz etkilerine yonelik arastirmalara yogunlasilmistir (Scott, 2015).

1985 yilinda Tennessee eyaletinin Knoxville sehrinde diizenlenen Amerikan Fizik Antropologlar
Birligi (AAPA)’nin yillik toplantisinda, dis konusuna odaklanan yiiz elliden fazla antropolog ve dis
hekimi bir araya gelerek Dental Antropoloji Grubu (DAG)’nu kurmuslardir. 1986’da New Mexico
eyaletinin Albuquerque sehrinde diizenlenen AAPA toplantisinda ise Dental Antropoloji Birligi (DAA)
olusturulmustur. Ayn1 yil dernek, “Dental Anthropology Newsletter” (Dental Antropoloji Biilteni) adli
yaymi ¢ikarmaya baglamistir. Sonraki siire¢lerde DAA c¢aligmalarini biiyliyerek devam ettirmis ve
AAPA’nin yillik toplantisiyla eszamanli resmi toplantilar diizenlemeye baslamistir. 1991 yilinda
yayinlanan “Advances in Dental Anthropology” (Kelley & Larsen, 1991) adl1 eser dental antropolojide
kullanilan yontemlerdeki degisimlere vurgu yapan, giiniimiizde dahi bir¢ok arastirmacinin bagvurdugu
onemli bir kaynak olmustur. 1990°da “Dental Anthropology Newsletter” daha resmi bir yayin organi
olarak “Dental Anthropology” dergisine doniismiis ve yeni bir editdr kurulu yonetiminde {i¢ ayda bir
yayimlanmaya devam etmistir. 1999 yilina gelindiginde dergi dijital ortama aktarilmis, kiitiiphane
aboneliklerinin yerine DAA web sitesi iizerinden ticretsiz PDF formatlar1 sunularak makalelerin
uluslararasi diizeyde yayilimi kolaylastirilmistir (Scott, 2015).

Dental antropolojik arastirmalar gelisen teknolojinin de katkisiyla son elli yillik siiregte
gergeklestirilen caligmalarla, yayimnlanan kitaplar ve makalelerle, diizenlenen bilimsel toplantilarla
gelismeye devam etmektedir. Dis ontogenisinde genlerin roliine dair deneysel arastirmalar, insan
genomik verilerinin goriiniir dis fenotipleriyle biitiinlestirilmesi, odontometrik Sl¢iimlerin de Gtesinde
gergeklestirilen geometrik morfometri analizleri, 6zellikle nadir fosil hominin diglerini incelemeye
yonelik mine-dentin birlesimini ayrintili sekilde ti¢ boyutlu olarak goriintiilemeye imkan taniyan
mikro-CT analizleri, dis kronu asmmmasimi mikroskobik diizeyde incelemeye yonelik gelismis
yontemler dental antropolojik arastirmalarin gelisimine katki saglayan 6nemli arastirma alanlaridir. Bu
arastirma alanlari, fosil ve yasayan primatlar, fosil homininler, arkeolojik kazilarla elde edilmis iskelet
kalintilar1 ve modern insan topluluklar1 olmak iizere genis 6rneklem ¢esitliligine uygulanabilmektedir.
Ayrica nicel analizlerin ve ii¢ boyutlu taramalar gibi gorsellestirmeye yonelik yontemlerin gelismesi,
arastirmacilara eski aragtirma konularmi ¢ok daha iyi araglarla siirdiirme olanag: saglarken, heniiz
Ongoriilmemis yeni aragtirma yontemlerine de kapi aralamaktadir (Scott, 2015).
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1.3. Disler ve Yapisal Ozellikleri

Genellikle ¢eneli omurgalilarda goriilen dermal iskelet unsurlari disler; saglam yapilar1 ve korunma
durumlari ile 6nemli evrimsel bilgiler icermeleri ve paradigmatik bir statiiye sahip olmalar1 nedeniyle
birgok paleontolojik ve antropolojik ¢alismalarin konusunu olusturmuslardir. Bu nedenle, omurgali dis
diziliminin gelisimine ve evrimine yonelik ¢ok sayida kitap ve derleme makaleleri yayinlanmis ve
dislerin evrimsel kokenine iliskin farkli kuramlar rapor edilmistir (Reif, 1982; Teaford vd., 2000).

Antropolojik ve paleontolojik ¢alismalarda 6nemli veri kaynaklar1 olarak kabul goren disler, sindirim
sisteminin baglangicinda yer alan, alt ¢enenin hareketleri ve ¢igneme kaslarinin vasitasiyla agizda
besinlerin parcalanmasini ve Ogiitiilmesini saglayan yapilardir. Ayrica disler ¢ene icerisinde yer
aldiklar1 bolgeye gore beslenme ya da savunma islevlerine ek olarak estetik ve fonasyona da katki
saglayan unsurlardir. Ust ve alt cenede “alveolus dentales” olarak isimlendirilen bosluklara yerlesen
disler “paradontium” ile de desteklenmektedir. Bir disin; ¢ene icinde gdomiilii olan bolimii kdk,
disetinin disinda agiz boslugunda kalan boliimii kron, kokle kronun birlestigi yer de dis boynu (kole)
olarak tanimlanmaktadir (Ata, 1971).

Digler; sert ve yumusak olmak iizere iki doku yapisindan olusmaktadir. Sert dis dokular1 dentin,
sement ve enamel; yumusak dis dokular1 ise periodontal membran ve pulpa olarak bilinmektedir
(Yavuzyilmaz, 2001).

1.3.1. Enamel (Dis Minesi): insan viicudunun en sert ve en mineralli maddesidir. Dis kronunu
cevreleyen ve koruyucu tabaka olan enamelin rengi grimsi beyazdan sarimsi renge kadar
degisebilmektedir. Enamel c¢igneme kuvvetine dayaniklilik ve sertlik saglayan hidroksiapatit
kristallerinden olusmaktadir. Bu dayaniklilik ve sertlik 6zelligi de iskelet kalintilarinin hasar gordiigi
durumlarda dahi diglerin korunmasina olanak saglamaktadir. Iskelet pargalarmin hasarli, yumusak
dokularin ¢lirlimiis olmasi durumunda ayrismaya dayanikli mine tabakasiyla disler yapilarini
korumaktadir (Ata, 1971).

Dis minesi dental antropoloji ve kimliklendirme ¢aligmalarina bilgi saglar nitelikte bir yapiya
sahiptir. Mine iizerinde yer alan ve biiyiime modelini yansitan retzius ¢izgileri, ilerleyen yasla birlikte
artmakta ve yas tahmini ile dis gelisim siirecindeki fizyolojik stres donemlerine dair bilgi
barindirmaktadir (FitzGerald, 1998). Dis yiizeylerinde dik olarak konumlanan mine ¢ubuklari ise
karakteristik yapilar ile dis tipini ve yoniinii tanimlamak i¢in kullanilmaktadir. Kisiden kisiye hatta
aymi kisinin diger digleri arasinda bile farklilik gosteren dis mine kalinligir ve bu yapida gdézlenen
asmmalar da arastirmalara veri saglayan yapilardir (Macho & Berner, 1993).

1.3.2. Dentin: Dis yapisinin biiyiikk kismini olusturan dentin canli bir yapi olup, kokte
sementin tagta minenin altinda yer almaktadir. Dentin, i¢inde sinir lifler iceren ve onu dis uyaranlara
kargi duyarli hale getiren mikroskobik tiibiillerden olugmaktadir (Nanci, 2017). Dis canli kaldigi
siirece dentinin olusumunun da devam etmesine bagli olarak bu yapinin yenilenme 6zelligi
bulunmaktadir (Ata, 1971). Dentinin iizerinde yer alan Von Ebner ¢izgileri dislerin gelisim hizinin
belirlenmesinde ve yas tahmininde kullanilirken (Smith vd., 1994); yine dentinin yapisinda gdzlenen
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tiibiiller kanallarin yogunluklan ve renkleri disin tiirii ve yonelimine iliskin bilgiler barindirmaktadir.
Ayrica varligi dis hastaliklarina isaret eden ve seffaf bir yapiya sahip sklerotik dentin ile ilerleyen yasla
boyutunda azalmayla karakterize ikincil dentin yaslandirmada kullanilan kriterlerdendir. (Miles, 2001).

1.3.3. Pulpa: Pulpa odas1 denilen boslugun i¢inde yer alan pulpa disin merkezi odasi ve
kanallar1 i¢inde yer alan yumusak dokudur. Sinirler, bag dokusu, kan damarlar1 ve hiicrelerden
olugsmaktadir (Nanci, 2017). Dentinin olusumunda 6nemli isleve sahip pulpa, ¢evre dokunun besin ve
nem ihtiyacin1 karsilamaktadir (Ata,1971; Alt & Tiirp, 1998). ilerleyen yas ile birlikte meydana gelen
ikincil dentin, pulpa boslugunun boyutunun azalmasina sebep olmakta, bu durum da arastirmalarda
yas tahmininde kullanilan bir kriter olarak kullanilmaktadir. Ayrica pulpa, yapisi geregi DNA igin
koruyucu bir ortam sagladig: i¢in galigmalarda cok degerli bilgiler barindiran bir yap1 olarak kabul
gormektedir (Seweet & Sweet, 1995).

1.3.4. Semenet: Dis kokiinii saran mineralize bir bag dokudur. Sement kiiciik lifler araciligryla
disin ¢eneye tutunmasima olanak saglamaktadir. Ayrica disin asinmasina engel olur ve dislerin
siirmesine katkida bulunur (Ata, 1971). Sement yapisinin iizerinde yer alan ve ilerleyen yasla birlikte
artan ¢izgiler de siirmemis gomiili dislerde yas tahmininde kullanilmaktadir. Ayrica sementin asiri
birikmesine bagli olarak bazi kemik hastaliklarinda ve idiyopatik durumlarda gbéz Oniinde
bulundurulmaktadir (Naylor vd, 1985).

1.3.5. Kok: Disi ¢ene kemigine baglayan boliimii kok sement yapi ile kaplidir. Cenede
alveolar bosluga yerlesen dis kokleri, farkli dis tiplerinde karakteristik olarak farkli sayidadir ve bu
durum da dislerin tanimlanmasinda belirleyici bir 6zellik tagimaktadir. Koklerin morfolojisi, gelisimi,
varyasyonlart ve rezorpsiyon modelleri 6zellikle kimliklendirme ¢aligmalarinda yas tahmininde
kullanilan parametrelerdendir (Nambiar vd., 1996).

Bazi canlilarda ayn1 yap1 ve fonksiyona sahip dislenme (homodont) sdz konusu iken memelilerde yap1
ve fonksiyon bakimindan farkli dislenme (heterodont) goriilmektedir. Heterodont dislenme gdsteren
insanlarda; kesici dis, kopek disi, kiiglik az1 disi ve biiyilk az1 disi olmak iizere dort dis tipi
goriilmektedir. Ust genede yer alan disler iist cene arkini, alt genede yer alan disler ise alt cene arkini
olusturmaktadir ve bu arklar sag ve sol olarak ayrilarak kadran olarak adlandirilmaktadir (Ata, 1971;
Yavuzyilmaz, 2001). Yapilarina ve fonksiyonlarina gore disler;

Dis arkinin 6n kisminda yer alan kesici disler (incisive), besinlerin koparilmasi, pargalanmasi ve
kesilmesi fonksiyonlariyla sindirim sisteminin baglangic asamasinda Onemli isleve sahiplerdir.
Fonasyon iglevine de katkisi olan kesici disler; keskin ve kesici kenarlara, tek koke ve spatula benzeri
bir yapiya sahiplerdir. Alt ve {ist cene arkinda dorder tane olmak iizere sekiz kesici dis bulunmaktadir
(Ash & Nelson, 2003). Kopek disleri (canine) ise kesici digler ile kiigiik az1 dislerin arasinda yer alan,
tek uzun bir koke ve konik bir sekle sahip dislerdir. Kopek disleri besinlerin kesilmesi ve par¢alanmasi
gorevlerinin yani sira fonasyonda kesici dislere de yardimci olmaktadir. Ayrica kdpek dislerinin
yapilar1 ve konumlari, 1sirma islemi esnasinda alt c¢enenin hareketini ydnlendirmelerine olanak
saglamaktadir. Daimi dislenmede ikisi iist ¢cene arkinda ikisi alt ¢ene arkinda olmak dort tane kdpek
disi bulunmaktadir (Nanci, 2017). Kopek disleri ile biiylik az1 disleri arasinda yer alan kiiciik azi
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disleri (premolar), tipik olarak iki tiiberkiile sahip olduklart i¢in bicuspids olarak da
adlandirilmaktadir. Her bir ¢enede dort adet olan kiiclik az1 disleri yiyecekleri ¢ignemede ve 6giitmede
¢ok onemli bir rol oynamaktadir. Ayrica kopek dislerinin kesme-pargalama ve biiyiik az1 diglerinin
oglitme iglevlerine katki saglamaktadir (Yavuzyilmaz, 2001). Diger dislere gére daha genis bir yapiya
ve ¢igneme ylizeyine sahip olan biiyiik az1 disleri (molar) ise dis arkinin arka tarafinda yer
almaktadir. Yiyeceklerin pargalanmasi ve ogiitiilmesine yardimci olmaktadir. En biiyiik disler olan
biiylik az1 disleri, karakterize genis ¢igneme ylizeylerine sahiptir. Daimi dislenmede alt1 iist arkta, alt1
alt arkta olmak tizere on iki biiylik az1 disi bulunmaktadir. Kiigiik az1 disler ile {i¢iincii biiylik az1 disleri
stit dislenmesinde bulunmazlar, sadece daimi dislenmede bulunmaktadir. Genel olarak yapilarinda ve
iistlendikleri gorevlerde benzer olsalar da iist ve alt az1 disleri arasinda farkliliklar bulunmaktadir
(Ozan, 2014).

Insanlarin yasam siirecinde siit ve daimi dislenme olmak iizere iki dislenme modeli s6z konusudur ve
bu stireclerde mevcut dis sayilart farklidir. Gebelikte anne karnindaki dénemin (intrauterin) dort ile
altinc1 aylar1 arasinda kalsifikasyonu tamamlanan siit disleri, dogumdan sonra genellikle alti ay
icerisinde siirmeye baslamaktadir. Siit digleri; biiylime ve gelisim siirecinde dokiilmekte ve yerini
daimi digler almaktadir. Bu nedenle siit dislenme donemi “gegici dislenme” olarak da
adlandiriimaktadir. Ust gene ile alt ¢enede onar adet olmak iizere toplamda yirmi adet olan siit
dislerinin, 24 ile 30. aylarda siirme siireci tamamlanmaktadir. Siit dislenmede her bir kadranda bir orta
kesici, bir yan kesici, bir kopek disi ve iki adet az1 disi olmak iizere toplam bes dis bulunmaktadir. Siit
disleri hayatin ilk doénemlerinde beslenmeye katki saglamasi, daimi dislerin uygun hizalanmasi,
yumusak dokulara destek olmasi gibi gorevlerinin yan sira fonasyona da katki saglamaktadir. Daimi
disler alt1 yas ile birlikte siirmeye baglamaktadir ve alt1 yas ile on iki yas araliginda ¢enelerde hem siit
hem de daimi disler birlikte yer almaktadir. Bu dénem “karisik dislenme” siireci olarak kabul
edilmektedir. Daimi dislenmede her bir kadranda bir orta bir yan kesici (incisive), bir kopek disi
(canine), iki kiiciik az1 (premolar), {i¢ biiylik az1 (molar) olmak iizere otuz iki dis bulunmaktadir (Ata,
1971; Yavuzyilmaz, 2001).

2. DiS VE CENE PATOLOJILERI:

Dislerde ve ¢enelerde karsilagilan patolojik bulgular; bireylerin agiz ve dis sagliklari, genetik yapilari,
beslenme sekilleri, besin hazirlama yontemleri ve kiiltiirel aliskanliklar1 gibi bircok konuya iliskin
bilgi barindirmaktadir. Dis saglig1 {izerinde yapilan aragtirmalar, giiniimiizde dis ve c¢enelerde tespit
edilen hastaliklarin eski dénem topluluklarinda da oldugunu ortaya koymustur. (Ozbek, 2007:50). Bu
kapsamda dislerde gozlenen ciiriikler, periapikal lezyonlar (apse), asinmalar, hypoplasia, dis taslar
hem klinik aragtirmalar hem de dental antropolojik ¢aligmalarda degerlendirilen olgulardandir.

2.1. Dis Ciiriigii Nedir?

Uzun yillardir her yas grubundaki bireylerde goriilen dis ¢iirtikleri, 6dnemli bir saglik sorunu olup en
sik karsilagilan dental patolojilerden biridir. Ciiriikler diger dislere de bulasan bir hastaliktir. Cliriik;
kalsifiye dokularin yikimiyla baslayip ardindan lokalize ¢oziinme ile sonu¢lanmaktadir (Diehnelt &
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Kiyak, 2001). Bu siirecte dis ve dis eti {izerinde biriken bakteriler bakteri plagi olusturarak agiz
iceresindeki dayaniksiz organik asit iiretimini gerceklestirirler. Bakterilerin iirettigi bu asit, agiz i¢i pH
seviyesinin diismesine ve agiz i¢indeki asit miktarinin artmasina sebep olmaktadir. Boylece diisen pH
seviyesi ve artan asit miktari ¢iirimeye neden olmaktadir (Waldron, 2009).

Dis ciiriikleri goriildiikleri bolgeye gore ii¢ tipte siniflandirilmaktadir. Bunlardan ilki “okliizyal yiizey
ciiriikleri”dir. Bu tip ciiriikler premolar (kiigiik azi) ve molar (biiylik azi) dislerin okliizyal
yiizeylerinde bulunan fissurlarda baglamaktadir. Ciiriik olgulari, ilk olusmaya basladiklarinda disin
minesinde yalnizca kiiciik bir delik olarak gozlenmektedir. Okliizal ¢iiriiklere iligkin hem glinlimiiz
insanlarinda hem de antik dénem topluluklarinda bir¢ok 6rnek bulunmaktadir (Brohtwell, 1981:153;
Ortner, 2003:591). Dis ciiriikleri dislerin boyun kisminda ya da ara yiizlerinde de gozlenmektedir.
“Ara (interproksimal) yiizey ciiriik”leri olarak tanimlanan bu c¢iiriikler, premolar (kiiciik az1) ve
molar (biiylik az1) dislerde daha yiiksek oranda goriildiigii gibi incisive (kesici) dislerin interproksimal
ylizeylerinde de gozlenebilmektedir (Brothwell, 1981:153; Ortner, 2003:592). Bir diger ¢iiriik tipi de
“kok ciiriikleri”dir. Ilerleyen yas ile birlikte periyodontal doku kaybindan kaynakli, kok ¢iiriiklerinin
de goriilme oranlarinin artis gosterdigi epidemiyolojik galigmalar ile ortaya konmustur. Dis kokleri,
yapisinda bulunan sement ve dentinin 6zellikleri nedeniyle dis kronlarina kiyasla mekanik etkilere
kars1 daha disiik dirence sahiptir. Aktif kok ciiriikleri genellikle sar1 veya acik kahverengi renkte
gorilmektedir. Bu ciiriikler yumusak yapida olup {izerleri kalin bir plak tabakasiyla kaplidir. Aktif
olmayan kok ciiriikleri ise dis yiizeyinde koyu kahverengi veya siyah renklenmelere neden olmaktadir.
Bu bolgeler sert ve parlak bir goriiniime sahiptir. Kok ¢iiriikleri, dis kokiinii cevreleyerek bant seklinde
ilerleyebilecegi gibi, dentin dokularmin derinlerine dogru yayilarak dis yapisinin zayiflamasina, hatta
kiriklara neden olabilmektedir. Dis kronunun kaybolmasiyla, geriye kalan kdk ucunda genellikle kist
veya graniilom olusumu goézlenebilmektedir. Kokler, alveol kemigi igerisinde uzun siire herhangi bir
belirti gdstermeden kalabilmektedir ve bu durumdaki kokler potansiyel bir enfeksiyon kaynagidir
(Brothwell, 1981; Ortner, 2003).

2.2. Dis Ciiriikleri ve Ciiriik Olusumunu Etkileyen Faktorler

Dis ciirtiklerinin etiyoloji ¢ok genis olmakla birlikte, olusumunda bakteriyel floradan genetige,
beslenme aligkanliklarindan yiyeceklerin hazirlama teknikleri gibi kiiltiirel faktorlere, agiz hijyeninden
disin yapisi ve sekline kadar bir¢cok etken etkili olmaktadir (Caglar vd., 2007). Dis ¢iiriigi, dis
hastaliklar1 arasinda en sik karsilasilan sorunlardan biridir (Hillson, 2005). Ciiriik olusumu, disin tag
kisminda demineralize olmus mine bolgelerine asit iireten bakterilerin tutunmasiyla baglamaktadir.
Zamanla bu bakteriler, mineyi asarak dentine kadar ilerleyerek her iki dokuda da yikima sebebiyet
vermektedir. Dis kokiinde olusan ciiriikkler genellikle periodontal rahatsizliklar sonucunda kok
yilizeyinin agiga ¢ikmasiyla olusmaktadir. Kemik dokusundan farkli olarak sert dokulara sahip olan
disler, bakterilerin dogrudan etkisine maruz kalmaktadir. Dis ¢iirligliniin olusumunda bir¢ok bakteri
tiiri etkili olsa da en 6nemli etkenler Streptococcus mutans, Lactobacillus acidophilus ve Actinomyces
tiirleri olarak kabul edilmektedir (Ash vd., 1992: 167-187; Erkman, 2008).

Disin her ylizeyi ¢iirlik olusumu agisindan ayni risk diizeyine sahip degildir. Saglikli bir diste bulunan
cukurlar ve fissiirler, ¢iliriglin basladigi bolgeler arasinda yer almaktadir. Bu alanlar baslangigta
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disaridan fark edilmeyebilir; ancak ¢iiriik mineyi asarak dentine ulastiginda daha belirgin hile gelir.
Ciirlikler o6zellikle mine ylizeyindeki genis fissiirlerde gelisme egilimindedir (Hillson, 2005). Geng
bireylerde goriilen ilerlemis kronik dis ¢iiriiklerinin incendigi bir ¢aligmada, ¢lirligiin baglangigta beyaz
tebesir goriiniimiinde oldugunu, zamanla ilerleyerek disin interproksimal yiizeylerini de etkisi altina
aldigimi ve sonunda dis kaybina neden oldugu bildirilmistir (Pindborg, 1970: 256-258). Yine baska bir
arastirmada, kronik ¢iiriikklerde doku renginin zamanla koyulastigi ve saridan kahverengiye kadar
degisen renklenmeler goriildiigli ortaya konmustur (Erkman, 2008; Ortner, 2003:590)

Digin dentin yapist; sinir ve kan damarlarin1 barindiran pulpayr ¢evrelemektedir. Bu yapi, 1s1
degisimine ve dokunmaya kars1 duyarhidir. Kemige benzeyen bir maddeden yapilan dentin, yaklasik
%67 inorganik madde, %23 organik madde ve %10 sudan olusmaktadir. Normalde soluk sari-beyaz
renkte olan dentin, pulpanin enfekte olmasi durumunda canliligini ve normal goriiniimiinii
kaybetmektedir. Enfeksiyonun ilerlemesiyle birlikte rengi gri ile siyah arasinda degismekte ve
canliligmi yitirmektedir. Mezoderm kokenli pulpa ise disin beslenmesini saglayan kilcal kan
damarlari, odontoblastlar ve sinir dokusunu igermektedir. Pulpanin saglikli yapisim1 koruyabilmesi,
mikroorganizmalarin bu dokuya ulagsmamasina baglidir. Pulpanin bir boliimii disin ta¢ kisminda, diger
boliimii ise kok icerisinde yer almaktadir. Dis 6zii kokler igerisinde daralarak kanal yada kanallara
doniismekte ve kok ucuna kadar gitmektedir. Geng bireylerde pulpa odasi ve kok kanallar1 daha
genistir. Ilerleyen yas ile pulpa odas1 daralarak kok ucu acgikhig: kiigiilmektedir. Buna bagli olarak
pulpanin duyarlili§1 azalmaktadir. Ayrica, pulpa odasinin daralmasi sirasinda olusan ikincil bir dentin
yapist da disin hassasiyetinin azalmasina sebep olmaktadir (Canay vd., 2003: 105; Erkman, 2008;
Ozbek, 2007: 15).

Dis ¢iiriigiiniin olusumunda bakteriyel etkenlerden 6ncelikli faktorler olsa da disin anatomik 6zellikleri
de ciiriik gelisimini etkileyen 6nemli nedenler arasinda yer almaktadir. Mine dokusunun yapisi ve
kalitesi ¢liriglin etiyolojisinde 6nemli bir etkendir. Biiyiik 6l¢iide kalsiyum tuzlarinin kristallerinden
olusan ve insan viicudundaki en sert doku olarak kabul edilen mine tabakasi, kalsiyum, fosfat ve flor
gibi minerallerden olusmaktadir. Bu mineraller minenin sertligi ve c¢iirlige karsi dayanikliliginda
belirleyici rol oynamaktadir (Ortner, 2003: 590).

Agiz sagligindaki bozulmalar, yaglanmanin dogal bir sonucu olmaktan c¢ok, yetersiz beslenme ve
yetersiz agiz bakimi gibi faktorlerle iliskilidir. Dis kayb, tiikiiriik akis hizinda azalma, oral mukoza ve
kas dokularinda atrofi yaslanmayla birlikte goriilen baslica agiz ici degisikliklerdendir. Yagh bireylerde
goriilen dis kayiplarinda, kok ciiriiklerine gdre periodontal hastaliklarin daha etkili bir faktor oldugu
belirtilmektedir. Bu degisiklikler, yash bireylerde ¢igneme fonksiyonunun azalmasina ve buna bagh
olarak beslenme sorunlarmin ortaya c¢ikmasina neden olabilmektedir (Erkman, 2008; Nazliel,
1999:14).

Plak birikimini artiran faktorler, dis ¢liriigli goriilme oraninin yiikselmesine neden olmaktadir. Asinmis
dentin ylizeyleri ve periodontal hastaliklar da bu lezyonun olusumuna neden olan etkenlerdendir.
Bunun yaninda; tiikiiriik miktarinin azalmasi, agiz igindeki mekanik temizleme etkisini azaltarak plak
olusumunu artirmaktadir. Tikiiriikte bulunan pityalin enzimi ve ¢liriik olusumunu engelleyen tampon
sistemlerin diizeyindeki azalma da dislerin ¢iirtige karsi duyarliligini artirmaktadir (Nazliel, 1999:17).
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Yash bireylerde dis sayisinin azalmasiyla birlikte temporomandibular eklem sorunlarinda da artig
goriilebilmektedir. Bunun yani sira ¢igneme kaslarindaki asir1 gerilme, gevseme ve bruksizm gibi
faktorler, dislerin okliizal yiizeylerinde degisikliklere neden olarak alt ve iist ¢ene disleri arasindaki
kapanis hizasin1 bozabilmektedir. Beslenmenin, agiz ve dis sagligini etkileyen 6nemli faktdrlerden biri
oldugu bilinmektedir. Tiiketilen besinlerin icerigi, ag1z boslugundaki mikroorganizmalarin yerlesimini,
metabolik faaliyetlerini ve hastalik olusturma potansiyellerini etkileyerek agiz hastaliklarinin
gelisiminde 6nemli bir rol oynamaktadir. Dis ciiriikleri ve periodontal hastaliklarin olusumunda
bireylerin beslenme aligkanliklarinin 6nemli bir etkisi bulunmaktadir. Bu aligkanliklar ise dis
kayiplarina bagli olarak zaman i¢inde degisim gostermektedir. Yash bireylerde tat duyusunun
azalmasi, tuz ve seker tiikketiminin artmasina ve bu durum cesitli sorunlarin gelismesine neden
olmaktadir. Ayrica tiikiiriik akis hizinin azalmasi, sekerin agiz ortamindan uzaklastirilmasini
zorlastirarak ciiriige neden olan bakterilerin artmasina uygun bir ortam olusturmaktadir. Ayrica bu
siirecte, cigneme fonksiyonunun azalmasiyla birlikte yumusak gidalara yonelim artmaktadir. Bu
durum, plak ve dis tas1 birikimini kolaylastirarak dis ¢iiriikleri ve periodontal hastaliklarin goriilme
sikliginda artisa neden olmaktadir (Celenligil, 1997:815-837).

Bireyler arasinda dis giiriigiine yatkinlik agisindan farkliliklar oldugu bilinmektedir. Yapilan
caligmalarda, bu farkliliklara neden olabilecek ¢esitli faktorler bulunmasma ragmen, kesin olarak
belirleyici bir sebep ortaya konulamamustir. Dental patoloji {izerine literatiirde kapsamli caligmalar
bulunmakla birlikte, farkli insan topluluklar1 arasindaki ekonomik ve sosyal kosullarin dis sagligi
iizerinde etkili olabilecegi belirtilmektedir. Beslenme aliskanliklari, biyolojik stres faktorleri, mine
hipoplazileri gibi birgok faktor, mine gelisimini ve dis sagligin etkileyen onemli etkenler arasinda
siralanabilmektedir (Ortner, 2003:589).

3. ANTiK DONEMLERDEN GUNUMUZE DiS CURUGU

Dis ciirligli, tarih oncesi toplumlardan giiniimiiz modern toplumlarina kadar insanlik tarihinde en
yaygin goriilen hastaliklardan biri olarak kabul edilmektedir. Eski toplumlarda dis ¢iiriigliniin goriilme
sikligi, bireylerin ve toplumlarin beslenme aliskanliklari, agiz ve dis saghgi diizeyleri ile
sosyoekonomik yapilar1 hakkinda énemli bilgiler sunan veri kaynaklaridir. Insanlik tarihinin en erken
donemlerinden itibaren goriilen bu olgunun goriilme siklig1 zaman igerisinde dnemli degisiklikler
gostermistir (Limbo, 2013:121-132). Tarih 6ncesi ilkel topluluklarda dis ¢iirigli prevalansinin modern
toplumlara kiyasla oldukca diisiik oldugu ortaya konmustur. Bu durum, séz konusu topluluklarin
agirlikli olarak protein agirlikli beslenmelerine ve tiiketilen sert, lifli besinlerin ¢igneme fonksiyonuyla
dis yiizeylerinde dogal mekanik temizlik saglanmasina baglanmaktadir. Paleolitik Dénem'de avci-
toplayici yasam bicimini benimseyen topluluklarin beslenmesi biiylik 6lgiide hayvansal protein
kaynaklarina dayanirken, Mezolitik Donem'de de benzer yasam bicimi ve beslenme aliskanliklarinin
devam ettigi bilinmektedir. Bu nedenle her iki donemde de dis ¢iliriigii lezyonlarina oldukg¢a seyrek
oldugu bildirilmistir (Hillson, 2005; Ozbek, 2007; Scott, 1997).

Pleistosen Donem insanlarinda dis ¢iiriigli prevalansinin, giiniimiiz modern insanlarina kiyasla oldukca
diisiik oldugu bildirilmektedir (Brothwell, 1959). Ispanya'da ele gegirilen ve Paleolitik Donem'e
tarihlenen Neandertal fosillerinde yalnizca birkag bireyde ¢iiriik lezyonunun tespit edildigi ¢aligma bu
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bilgiyi destekler niteliktedir (Walker vd., 2011). Benzer sekilde, diinyanin farkli bolgelerinden elde
edilen toplam 1250 Neandertal disinin yalnizca altisinda ¢iiriik lezyonu tespit edilmis ve buna baglh
olarak c¢iiriik goriillme oran1 %0,48 olarak hesaplanmigtir. Bu diisiik deger, Neandertal topluluklarinin
avci-toplayict yagam bigimi, diisiik karbonhidrat tiiketimi ve yogun ¢igneme gerektiren beslenme
aligkanliklariyla iliskilendirilmistir (Lanfranco ve Eggers, 2010).

Avrupa'daki Ust Paleolitik ve Mezolitik Dénem buluntularina iliskin gerceklestirilen dental
antropolojik calismada, dis ¢liriigii goriilme oraninin zaman igerisinde artig gosterdigi ortaya konmus
ve bu artig tarihsel siiregte meydana gelen gevresel degisimlere ile buna bagli olarak beslenme
aligkanliklarinda yasanan degisikliklere baglanmistir. Erken Ust Paleolitik Donem'de insanlarin
beslenmesi biiyiik 6l¢iide hayvansal kaynakli gidalara dayandigi belirtilerek, bu beslenme modelinin
diisiik dis ¢iiriigii prevalansiyla iliskilendirilmistir. Ge¢ Ust Paleolitik Dénem'de ise Avrupa'nin giiney
kesimlerinde az da olsa dis ¢iiriigii vakalar1 rapor edilmistir. Bu durum da isinan iklime bagl olarak
bitkisel kaynaklarin cesitlenmesine, gelisen tarimsal faaliyetlerle karbonhidrat agisindan zengin
besinlerin tiikketimindeki artisa baglanmistir (Frayer, 1989:255-281). Mezolitik Déonem'de de bolgesel
farkliliklar bildirilmistir. Portekiz ve Sicilya topluluklarinda dis c¢iiriigii prevalansi, aynt déonemde
yasamis Kuzey Hindistan, Iskandinavya ve Nubia topluluklarina gore daha yiiksek bulunmus ve bu
farklilik seker bakimindan zengin yabani meyveler ve bal gibi besinlerin tiikketimine dayandirilmistir.
Neolitik Donem'de tarima gecisle birlikte karbonhidrat tiiketiminin artmasi, 6zellikle Portekiz
toplumlarinda dis ¢iiriigli goriilme oranlarmin belirgin sekilde yiikselmesine neden olmustur (Erkman,
2008; Larsen, 2003:71).

Neolitik Donem'de avci-toplayici yasam bigiminden tarima dayali tiretim ekonomisine gegisle birlikte,
karbonhidrat bakimindan zengin besinlerin tiikketiminin artmasina bagli olarak dis ciirliklerinde
belirgin bir artis gézlenmistir. Bu dogrultuda; karbonhidrat ve protein tiikketim oranlarinin dis ¢lriigii
siklig1 ile yakindan iligkili oldugu, dolayisiyla dis ¢iirtigli prevalansinin gegmis toplumlarin beslenme
bicimleri ve ekonomik faaliyetlerinin degerlendirilmesinde Onemli bir gosterge olarak
kullanilabilecegi ileri siirtilmiistiir (Liebe Harkot, 2012:168-184). Literatiirde, avci-toplayici ve balik¢i
topluluklarda dis c¢iirtigli sikliginin tarimla ugrasan topluluklara kiyasla daha diisik oldugu
bildirilirken, avcilik ile tarimin birlikte siirdiiriildiigii karma ekonomiye sahip toplumlarda ise
cliriikklerin orta diizeylerde seyrettigi belirtilmektedir (Mays, 1998). Nitekim yapilan ¢alismalar, dig
cliriigii goriilme oranlarmin ekonomik modele gore farklilik gdsterdigini ortaya koymaktadir. Buna
gore, avci-toplayict toplumlarda dis ¢iiriigli oran1 %0-%35,3, karma ekonomiye sahip toplumlarda
%0,44-%10,3 ve tarim toplumlarinda ise %2,2—%26,9 arasinda degismektedir (Lanfranco, vd.,
2010:75-91).

Beslenme bi¢imindeki farkliliklarin dis ¢liriigii iizerindeki etkisi, farkli donemlere ait toplumlar
arasindaki karsilastirmali ¢aligmalarla ortaya konmustur. Japonya'daki prehistorik Yayoi Donemi tarim
toplumlarinda dis ¢iirigli sikliginin, avci-toplayict yasam bi¢imine sahip Jomon Doénemi
topluluklarina kiyasla daha yiiksek gozlendigi bildirilmistir (Temple ve Larsen, 2007:501-512). Ay
sekilde Kuzey ve Orta Patagonya'daki avci-toplayici topluluklarda [188], Kuzey Sili'deki Morro—1 ve
El Laucho yerlesimlerinde yasamig prehistorik balik¢i, yari tarimecir ve balikegilikla geginen
topluluklarda (Mays, 1998) ve Giineydogu Asya'ya ait Neolitik 6ncesi donem topluluklarinda benzer
sonugclar rapor edilmistir (Wills ve Oxenham, 2012:197-208).
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Yapilan aragtirmalar, yas ilerledikce dis ¢liriigii goriilme sikliginin, dislerin zaman iginde ¢iiriige neden
olan etkenlere daha uzun siire maruz kalmasina bagli olarak artis gosterdigini ortaya koymustur
(Lingstrom ve Bormann, 1999). Farkli donemlere ait toplumlarda, bireylerin yasi arttikca dis ¢liriigi
goriilme oranlariin da artti§1 goriilmiistiir. Avusturya'da yasamis Erken Orta Cag Avar toplumuna ait
iskeletler iizerinde yapilan c¢alismada; gen¢ bireylerde dis clriigii goriilme orant %9,4 olarak
belirlenirken, yasli bireylerde bu oranin %19,5'e yiikseldigi saptanmistir. Bu bulgular, yasin
ilerlemesiyle birlikte dis cliriigii sikliginin artti§1 goriisiinii desteklemektedir (Meinl vd., 2010:108-
116). Dis ciiriigii prevalansinda yas faktoriinlin yani1 sira cinsiyetler arasindaki farkliliklar da bir
gostergedir. Literatiirde, dis ¢iiriigiiniin kadin bireylerde erkek bireylere gore daha yiiksek oranlarda
goriildiigli bildirilmektedir (Temple ve Larsen, 2007:501-512). Bu farklilik; toplumsal is boliimii,
beslenme aligkanliklar1 ve kadinlarda gebelik siirecinde olusan fizyolojik degisiklikler gibi ¢esitli
nedenlerle aciklanmaktadir. Modern Maya toplumlar {izerinde yapilan calismada, kadin bireylerde dis
clriigii goriilme oranimnin erkeklere gore daha yiikksek oldugu belirtilerek; bu durum, kadinlarin
beslenme aligkanliklarindaki farkliliklara ve gebelik donemine bagli fizyolojik degisimlere
baglanmigtir (Lizama ve Cucina, 2014:190-202). Dis ciiriigli prevalansindaki cinsiyet farkliliklar
arkeolojik toplumlarda da rapor edilmistir. Yayoi toplulugunda kadin bireylerde dis ¢iiriigi sikliginin
erkeklere gore daha yiliksek oldugu saptanmistir. Bu farklilik, cinsiyetler arasindaki beslenme
aligkanliklarina baglanmistir. Bu sonug izotop analizlerinde elde edilen, erkek bireylerin daha fazla
denizel kaynakli besin tiikettigini, kadin bireylerin ise agirlikli olarak bitkisel kaynakli besinlerle
beslendigi bilgileri ile desteklenmistir (Temple ve Larsen, 2007:501-512).

Antik Misir Uygarligi’na ait insan kalintilari, uygun iklim kosullar1 ve gémiilme gelenekleri sayesinde
giiniimiize kadar iyi korunmus ve mumyalasmistir. Incelenen 4800 diste en dikkat cekici bulgu,
beslenme bicimi ve ¢evresel kosullara bagli olarak olusan dis asinmalaridir. Bu aginmalar ve seker
acisindan fakir beslenme nedeniyle, agiz hijyeni ve genel agiz sagligi yeterli diizeyde olmasa da Antik
Misir mumyalarinda dis ¢lriigii goriilme sikligmin diisiik oldugu belirlenmistir. Ancak Helenistik
Donem’de beslenme aligkanliklarinin degismesiyle birlikte dis ¢liriigli goriillme orani artmigtir
(Forshaw, 2009).

Insanlarin beslenme aliskanliklarinda tarih boyunca yasanan degisimler, dis ciiriiklerinin hem
prevalansinda hem de dis yiizeylerindeki lokalizasyonunda 6nemli degisikliklere yol agmistir. Diglerin
okliizallerinde (cigneme yiizeyi) bulunan ve fissiir olarak adlandirilan dogal girintiler, besin
artiklarinin ve ¢iiriige neden olan bakterilerin birikmesine uygun alanlardir. Tikiriigin kimyasal
temizleyici etkisi ve ¢igneme sirasinda olugan mekanik temizlenmeyle, bu bdlgelerde biriken bakteri
ve besin artiklar1 kismen de olsa temizlenmektedir. Ancak; eski toplumlarda islenmemis ve sert
besinlerin tiiketilmesi, diglerin ¢igneyici yiizeylerinde belirgin asinmalara neden olmus ve fissiirlerin
zamanla diizlesmesini saglamisti. Bu durum, besin artiklarinin ve bakterilerin tutunmasini
zorlagtirarak okliizal ¢iiriik olusumunu smirlandirmistir. Buna kargin, agiz hijyeni uygulamalarinin
bulunmamasi nedeniyle dis ile dis eti birlesim bolgesinde gelisen servikal ¢iiriikler daha yaygin olarak
gorilmiistiir. Besinlerin islenmesiyle birlikte diyetin daha yumusak ve daha az asindirici hale gelmesi,
fissiir yapilarimin korunmasina neden olmustur. Ayrica seker liretimi ve tiikketiminin artmasiyla birlikte
yapigskan karbonhidratlarin fissiirlerde ve dislerin ara ylizeylerinde birikmesi kolaylasmistir. Bunun
sonucunda, eski toplumlarda yaygin olarak goriilen servikal ¢iiriiklerin yerini zamanla okliizal ve
interproksimal (ara yiiz) cliriikler almigtir (Brothwell, 1959; Klatsky ve Klatell, 1943; Lanfranco ve
Eggers, 2010; Scott, 1997).
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Italya'nin giineyinde yer alan ve MO 700-200 yillar1 arasina tarihlenen, zengin bir Yunan kolonisinin
iiyelerine ait oldugu diisiiniilen iskeletlerde dis ¢iiriigii prevalanst %73 olarak belirlenmistir. Bu dikkat
¢ekici yiliksek oranin, karbonhidrat ve seker agisindan zengin bir beslenme diizeniyle iliskili oldugu
ileri siiriilmektedir (Ozbek, 2007).

4. ESKi ANADOLU TOPLUMLARINDA CURUK

Eski Anadolu toplumlarinda goriilen dis ¢iiriigii caligmalari kronolojik agidan siralandiginda:

Avci-toplayicr toplumlarda %1-%2 oranlarinda ciiriik olgusu rapor edilmistir (Koca vd., 2006).
Neolitik Cag topluluklarindan; Kértik Tepe toplulugunda %0 (Ozbek, 2004), Musular toplulugunda
%0,9 (Ozbek, 2006), Hasakeyf toplulugunda %0 (Sevim Erol vd., 2011), Asikl1 Hoyiik toplulugunda
%2,9 (Ozbek, 2007), Cayénii toplulugunda %3,4 (Ozbek, 1997), Catalhdyiik toplulugunda %6,6
(Molleson vd., 2006), Ilipinar toplulugunda %5,3 (Alpaslan-Roodenberg, 2008), Hakemi Use
toplulugunda %1,84 (Erdal, 2013) ve Bademagaci toplulugunda %11,6 (Erdal, 2009) oranlarinda
cliriik tespit edilmistir. Kalkolitik Cag topluluklarindan; Norsuntepe toplulugunda %11,7 (Koca vd.,
2006) ve Ikiztepe toplulugunda %6,8 (Koruyucu, 2019) oraninda bu olgu bildirilmistir. Bronz Cag
topluluklarindan; Agizoren toplulugunda %0 (Yilmaz ve Agikkol, 2003), Kiigiik Hoyiik toplulugunda
%2,92 (Agikkol, 2000), Hayaz Hoyiik toplulugunda %3.,93 (Ozbek, 1994), Panaztepe toplulugunda
%3,01 (Giile¢ ve Duyar, 1998), Salur Hoyiik toplulugunda % 2,08 (Yigit vd., 2011), Karatag
toplulugunda %5,6 (Angel ve Bisel, 1986), Bagazkale/Hattusa toplulugunda %18,2 (Koca vd., 2006),
Resuloglu toplulugunda %3,74 (Atamtiirk ve Duyar, 2010) ¢iiriik gézlenmistir.

Erken Demir Cag ve Demir Cag topluluklarindan; Karagiindiiz toplulugunda %3,2 (Erkman vd.,
2008), Kalecik toplulugunda %3.,6 (Yilmaz vd., 2010), Dilkaya toplulugunda %2,6 (Erkman, 2008),
Altintepe toplulugunda %2,8 (Yigit vd., 2005), Hakkari toplulugunda %5,6 (Gozlik vd., 2002) ve
Norsuntepe toplulugunda %11,3 (Korkmaz, 1993) ¢iiriik gozlenmistir. Helenistik Doénem
topluluklarindan; Klazomenai toplulugunda %5,4 (Giile¢ vd., 1998), Antandros toplulugunda %9,8
(Erdal, 2000), Glimisliik-Milas toplulugunda %10,4 (Sagir vd., 2010), Harekattepe toplulugunda
%13,8 (Koca vd., 2006) bu olgu goriilmiistir. Roma Doénemi topluluklarindan; Kyzikos
toplulugunda %7,8 (Kirmizioglu Gozliik vd., 2009), Arslantepe toplulugunda %9,5 (Uzel vd., 1987),
Panaztepe toplulugunda %11,1 (Giileg ve Duyar, 1998), Dat¢a toplulugunda %20,8 (Arthan vd.,
2010); Ge¢ Roma-Erken Bizans-Bizans Donemi topluluklarindan; Symrna Agorasi toplulugunda
%4,5 (Yasar vd., 2008), Iasos toplulugunda %5,4 (Usta, 2013), Sardis toplulugunda %38,7 (Eroglu,
1998), Tlos toplulugunda %8,9 (Atamtiirk vd., 2017), Eski Cezaevi toplulugunda %9,6 (Erdal, 2003),
Iznik toplulugunda %10,9 (Erdal, 1996) giiriik bildirilmistir. Orta Cag topluluklarindan;
Karagiindiiz toplulugunda %6,4 (Gozlik, 2018), Minnetpinar1 toplulugunda %7,2 (Yasar ve Sevim
Erol, 2009), Tepecik toplulugunda %10,9 (Koca vd., 2006), Van Kalesi Eski Van Sehri toplulugunda
%11,7 (Gozliik vd., 2004); islam Dénemi topluluklarindan; Panaztepe toplulugunda %7,3 (Giileg,
1989), Asvankale toplulugunda %15,2 (Koca vd., 2006); Yakin Cag topluluklarindan; Kizlar
Manastir1 toplulugunda %16,9 (Gozlik Kirmizioglu vd., 2010), Kelenderis toplulugunda %10,3 (Cirak
vd., 2013) ¢iiriik rapor edilmistir. Bu ¢aligmalarin ortaya koydugu veriler dogrultusunda, Anadolu’da
ilk kdy topluluklarindan yakin ¢ag sehir toplumlarina kadar gecen tarihsel siire¢ igerisinde dis ¢iirigii
goriilme oranlarinda belirgin bir artis oldugu goriilmektedir.
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5. GUNUMUZ TOPLUMLARINDA DiS CUORUKLERI

Insanlik tarihinin erken dénemlerinden giiniimiiz modern toplumlarma kadar goriilen dis iiriikleri en
yaygin goriilen kronik hastaliklardan biri olarak kabul edilmektedir (Langsjoen, 1998:402-404).
Glinlimiizde de toplumlarin 6nemli bir saglik sorunu olmaya devam eden dis ¢iiriikleri, 6zellikle
cocukluk doéneminde yiiksek prevalans gostermektedir. 2—11 yas araligindaki ¢ocuklarda dis ¢lirligii
gorilme sikligmin %60-90 arasinda degistigi bildirilmektedir (Boyce vd., 2010). Dis ¢iiriigiiniin
olusumunda rol oynayan birgok faktor bulunmakla birlikte, en 6nemli etkenlerden biri rafine edilmis
karbonhidrat ve seker igeren besinlerin tiiketimidir. Bu iliski, yapilan arastirmalarda o6zellikle erken
cocukluk donemi ¢iiriik oranlariyla da ortaya konulmaktadir. Bu siirecte; sekerli yiyecek, icecek ve
atistirmaliklarin stk tiiketilmesi, ¢ocuklarda ¢liriik riskini artirmaktadir. Amerika Birlesik
Devletleri'nde 2—5 yas arasindaki cocuklarin yaklagik %28'inin dis c¢lirii§iine maruz kaldiklar
bildirilmektedir (Samnaliev vd., 2014:1-10).

Modern toplumlar iizerinde gerceklestirilen calismalar da karbonhidratlar, sekerler ve nisasta
bakimindan zengin besinlerin diizenli tiiketiminin dis ¢liriigii goriilme sikliklarindaki artisla iliskili
oldugunu gostermektedir. Bu nedenle beslenme aliskanliklarindaki degisimler, tarihsel siire¢ boyunca
dis clriigiiniin yaygmhigm belirleyen temel g¢evresel ve kiiltiirel faktorlerden biri olarak
degerlendirilmektedir (Campain vd., 2003).

Dis ciriigii ve diger agiz ve dis hastaliklarinin olusmadan Onlenmesini amaglayan koruyucu dis
hekimligi kavrami oldukca yeni bir kavramdir. Koruyucu dis hekimliginin temelinde bireylerin dis
hastaliklariin sebeplerini bilerek bunlar1 6nlemek igin giinliikk hayatlarinda gerekli 6nemleri almalari
yatmaktadir. Dis macunu kullanimi, sularin florlanmasi, dis macunu ve gargaralar gibi dis bakim
iirtinlerinin igerigine flor eklenmesi, 6zellikle ¢ocukluk ¢agindan baslayarak bireylere agiz bakimi
aligkanliginin kazandirilmasi ve bu konuya iliskin egitimler verilmesi gibi uygulamalar koruyucu dis
hekimligi uygulamalar1 olarak bilinmektedir (Pinkham vd., 2009).

Dig ¢iiriiklerinin azaltilmasma iligkin {lilkemizde de c¢alismalar yapilmaktadir. Diinya Saglik
Orgiitii’niin 1988 yilinda yaymladig1 Tiirkiye Agiz Dis Sagligi Durum Analizi Raporu’na gore 6 yas
grubunda %84, tiim daimi diglerin agizda mevcut oldugu kabul edilen 12 yas grubunda %81, 30- 35
yas grubunda ise %97 oraninda ¢iiriikk olgusu rapor edilmistir (Saydam ve ark., 1990). 2004 yilinda
Tiirkiye’nin 68 ilini kapsayan ve hem kirsal hem kentsel ozellikler tagiyan 250 yerlesim yerinde
yapilan arastirmada; kron ¢iirigli prevalansi, 5 yas grubunda %69,8, 12 yas grubunda %61,1 ve 15 yas
grubunda %61,2; 35-44 yas grubunda %73,8 ve 65-74 yas aras1 grubunda %59,3 olarak bildirilmistir
(Gokalp vd., 2007a). Dis kaybi oran1 35-44 yas arast %90 civarinda, 65-74 yas arasinda %99 olarak
rapor edilmistir. Ayrica; kron ¢iiriikleri goriilme oranlarinin kirsal kesimlere gore kentsel bolgelerde
daha az oldugu, ayni1 yas gruplarinda kadinlarda erkeklerden daha sik gozlendigi ortaya konmustur
(Gokalp ve ark., 2007b).
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Anadolu toplumlarinda bireylerin yaslarina, cografi bolgelerine ve sosyoekonomik diizeylerine gore
cliriik diizeylerinin 6lgiildiigii calismalar da yapilmustir. 1972 yilinda Ankara’da, 6-14 yas aras1 5684
cocukta yapilmig bir arastirmada sonuglar sosyoekonomik ve cografi duruma gore gruplandiriimais;
sehirde yasayan sosyoekonomik diizeyi yliksek cocuklarda %43,1, kirsal kesimde 9%50,5 oraninda
clriik tespit edilmistir (Usmen, 1972). 2003 yilinda yine Ankara’da 3-8 yas arasi ¢ocuklarda yapilan
bir aragtirmada; 6 yas grubunda %58; 8 yas grubunda %73,8 oraninda ciiriik olgusu bildirilmistir. Bu
rakamlarin diger iilkelerle paralellik gosterdigi belirtilmistir (Tulunoglu vd., 2003). Konya’da 18
yasindaki 360 bireyde yapilan bir arastirmada da bireylerin %76,3’linlin daimi birinci biiylik azi
disinde ¢iiriik ya da dolgu rapor edilmistir (Unlii vd., 2014).

6. SONUC

Dental antropolojik g¢aligmalarin temel materyali olan disler, iskeletlerin diger parcalarina gore
durumunu muhafaza eden daha dayanikli parcalardir. Disler gerek bireysel gerekse toplumsal
ozellikleri yansitir nitelikte morfolojiye sahiplerdir. Bu kapsamda gergeklestirilen dental antropolojik
caligmalarla gegmis donemlerde yasamis toplumlara iligkin veri elde edilebildigi gibi bu bilgilerin
giinlimiiz toplumlariyla karsilastirilmasi miimkiin olmaktadir. Genetiksel aktarimimn izlerine sahip
disler bireylerin beslenmeleri, davranislari ve ¢evrelerine iliskin bilgi barindirmaktadir. Digler evrimsel
stire¢ igerisinde meydana gelebilecek degisikliklere karsi oOzelliklerini korudugu gibi adaptasyon
yetenegine de sahiptir. Dislerden elde edilecek bu verilerin 6nemi dental antropolojik ¢alismalarin
sayilarinin ¢ok yonlii olarak artmasina olanak saglamaktadir. Bu caligmalar yapilirken farkli
disiplinlerle is birligi halinde bir¢ok yontem ve teknikler gelistirilmistir. Dis 6rnekleri bireylerin;
morfolojik farliliklarinin belirlenmesine, cinsiyet ve yas gibi demografik bilgilerinin ortaya
konulmasina, beslenme sekillerine, dis ve gene hastaliklarina, yasadiklart ddnem ve sosyal yapilarina
dair veriler barindirmaktadir. Digler tiirler veya topluluklar arasindaki biyolojik yakinlik/uzaklik
derecesinin saptanmasi, evrim tarihi ve uyum konularina da 6nemli bilgiler saglamaktadir. Ayrica
dental antropoloji alanindaki klasik yontemlerin haricinde eser element analizleri, kimyasal izotop
caligmalart ve DNA analizleri de o©nemli veriler sunmaktadir. Dental antropoloji g¢aligmalari
kapsaminda siralanan tiim bu arastirmalarda, fosil ve yasayan insan dis1 primatlar, fosil homininler,
arkeolojik kazilarla elde edilmis iskelet kalintilar1 ve modern insan topluluklari materyal olarak
kullanilmaktadir. Nicel analiz ve gorsellestirme yontemlerine iliskin gelisen teknoloji ve gelistirilen
yeni teknikler, eski arastirma konularina ¢ok daha iyi araglarla siirdiirme olanagi saglamaktadir. Bu
siire¢ yeni arastirma yontem ve tekniklerine de kap1 aralamaktadir.

Antik donem insanlarinda dis ¢iiriigiiniin degerlendirilmesi, yalnizca agiz sagligi konusunda degil,
ayn1 zamanda beslenme aligkanliklari, yasam bi¢imi ve sosyoekonomik kosullara iliskin 6nemli
bilgiler barindirmaktadir. Dental antropolojik veriler, dis c¢lirigli prevalansinin toplumlarin gegim
ekonomileri ve tiikettikleri besinlerin niteligi ile yakindan iliskili oldugunu ortaya koymaktadir.
Ozellikle avci-toplayict yasam bigiminden tarima dayali yerlesik yasama gegisle birlikte karbonhidrat
bakimindan zengin besinlerin tiikketiminin artmasi, dis ¢ilirligli goriilme oranlarinda belirgin artislara
yol agmustir. Antik donem topluluklarinda gézlenen c¢iiriikk 6rnekleri; yas, cinsiyet, dis aginmasi, agiz
hijyeni, c¢evresel kosullar ve kiiltiirel uygulamalar gibi ¢ok sayida faktoriin etkilesimi sonucunda
sekillenmistir. Bu nedenle dis ciiriigii, tek basina bir hastalik gostergesi olmanin Otesinde, ge¢cmis
toplumlarin yasam kosullarim1 ve biyokiiltiirel 6zelliklerini ortaya koyan onemli bir paleopatolojik
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belirteg olarak degerlendirilmelidir. Sonu¢ olarak, antik donem insanlarinda dis c¢iiriigiine iligkin
caligmalar, gecmis toplumlarin beslenme bigimlerinin, saglik durumlarinin ve yasam tarzlarinin
yeniden yapilandirilmasina katki saglamaktadir. Gelecekte; farkli bolgelerde, farkli zamanlarda
yasamig insanlara ait dislere iliskin bulgularin biyomolekiiler verilerle birlikte degerlendirildigi
disiplinler arasi ¢caligmalarin, dis ¢liriigiiniin etiyolojisi ve tarihsel degisiminin daha kapsamli bigimde
anlagilmasina olanak saglayacagi diisiiniilmektedir.
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SELF-ASSESSMENT IN FOREIGN LANGUAGE LEARNING

Abstract

Self-assessment has become an increasingly valuable component of modern foreign language
education. As teaching approaches continue to shift from teacher-centered instruction to learner-
centered practices, students are encouraged to take greater responsibility for their own learning. Self-
assessment enables learners to evaluate their progress, identify their strengths and weaknesses, set
realistic learning goals, and monitor their improvement over time. Rather than relying solely on
teachers' evaluations, students actively participate in the assessment process, which contributes to
more meaningful and independent learning.

The purpose of this study is to examine the role of self-assessment in foreign language learning,
particularly in English as a Foreign Language (EFL) classrooms. Self-assessment encourages learners
to reflect on their language performance in areas such as vocabulary, grammar, pronunciation, reading,
writing, listening, and speaking. Through regular reflection, students become more aware of their
learning strategies and develop the ability to recognize the areas that require further practice. This
awareness increases motivation and helps learners become more confident in using English in
academic and real-life situations.

The study is based on a review of recent literature on formative assessment, learner autonomy, and
reflective learning in foreign language education. Research findings indicate that self-assessment
positively influences language achievement by improving learners' metacognitive awareness, critical
thinking, and self-regulation skills. Students who regularly evaluate their own learning tend to become
more engaged in classroom activities, demonstrate higher levels of responsibility, and show greater
confidence in completing language tasks.

Successful implementation of self-assessment requires careful guidance from teachers. Clear
assessment criteria, structured reflection activities, checklists, learning journals, and rubrics help
students assess their performance objectively. Combining teacher assessment with self-assessment
creates a balanced approach that enhances both academic achievement and personal development.

In conclusion, self-assessment is an effective strategy for improving foreign language learning. It
supports learner autonomy, increases motivation, strengthens reflective thinking, and encourages
lifelong learning habits.

Keywords: Self-assessment, learner autonomy, EFL, foreign language learning, formative
assessment, reflective learning, metacognitive skills.

FORM OF PARTICIPATION: ONLINE
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TURKIYE'NIN NATO UYELIGININ AVRUPA BiRLIiGIi iLE
TLISKILERINE ETKIiSi: GUVENLIK, GOC VE DOGU AKDENIZ
EKSENINDE BiR ANALIZ

Mehmet EMIR!
'Dr., Bagimsiz Arastirmaci, Uluslararasi iliskiler; ORCID: 0000-0003-3143-1439
Ozet

Tiirkiye'nin 1952'den bu yana siirdiirdiigli NATO {iyeliginin, aday iilke statiisiine ragmen fiilen durma
noktasina gelen Avrupa Birligi (AB) katilim siirecini ve genel olarak Tiirkiye-AB iligkilerini nasil
etkiledigi bu ¢alismada incelenmektedir. Tiirkiye'nin Avrupa giivenligine sagladigi katkinin, AB ile
iligkilerindeki is birligini hangi mekanizmalarla derinlestirdigi ve bu "giivenlik¢i giiciiniin" neden
iiyelik bakis agisina doniismedigi, bu arastirmanin temel sorusudur. Arastirmada nitel arastirma deseni
cergevesinde; asimetrik karsilikli bagimlilik ve islemselcilik (transactionalism) kavramlarina
odaklanilirken bunun yani sira dokiiman analizi ve silire¢ izleme yontemleri uygulanmistir. Bu
baglamda AB ilerleme raporlari, NATO zirve bildirileri, resmi agiklamalar ve ikincil akademik
literatiir analiz edilmistir. Degerlendirmelerde bes farkli olaya agirlik verilmistir. Bunlar; Ukrayna-
Rusya Savasi baglaminda Karadeniz giivenligi, Montrd rejimi ve Tiirkiye'nin arabuluculuk roli,
Suriye'deki gegis siirecinin kirtlganligi, simr giivenligi ve siginmaci meselesi, Iran'a yonelik askerd
saldirilarin tirettigi bolgesel tirmanma, enerji glivenligi ve yeni gog riskleri, diizensiz go¢ akinlari, 18
Mart 2016 Mutabakat1 ve Geri Kabul Anlagmasi ekseninde go¢ yonetiminin digsallastirilmasi, Kibris
sorunu, Yunanistan'la deniz yetki alani ihtilaflar1 ve Dogu Akdeniz'de i¢ ice gegen uyusmazliklardir.
Aragtirmanin bulgulan g¢er¢evesinde, Ukrayna-Rusya Savasi sonrasinda Avrupa giivenlik yapisindaki
doniisiimiin (ReArm Europe, SAFE) Tiirkiye'nin stratejik vazgegilmezligini pekistirdigi; ancak Giiney
Kibris Rum Yonetimi ve Yunanistan kaynakli vetolar nedeniyle normatif uyum sorunlarinin oldugu ve
NATO i¢i is birligiyle AB entegrasyonunun yapisal olarak ayristigi goriilmiistir. SAFE
mekanizmasinda Tiirkiye'nin tiglincii {ilke statiisiinde tutulmasi ve proje maliyetlerine katilimin yiizde
35 ile sinirlandirilmasi, bu ayrigmanin giincel bir gdstergesi olmustur. Sonug¢ olarak Tiirkiye-AB
iligkileri, deger temelli iiyelik perspektifinden giivenlik, gé¢ ve ticaret pazarliklarina dayali islemsel
bir modele evrilmis; NATO {iyeligi ise is birligini derinlestiren, ancak entegrasyona doniismeyen
asimetrik bir karsilikli bagimlilik {iretmistir. Arastirma, giivenlik temelli is birliginin demokrasi ve
hukuk devleti 6l¢iitlerinin yerini alamayacagini vurgularken, Dogu Akdeniz uyusmazliginin ¢éziimiinii
NATO-AB-Tiirkiye tiggeninin kilit degiskeni olarak tanimlamustir.

Anahtar Kelimeler: Tiirkiye, NATO, Avrupa Birligi, Dogu Akdeniz, Giivenlik.

THE IMPACT OF TURKIYE'S NATO MEMBERSHIP ON ITS RELATIONS WITH THE
EUROPEAN UNION: AN ANALYSIS ON THE AXES OF SECURITY, MIGRATION, AND
THE EASTERN MEDITERRANEAN

'Dr., Freelance Researcher, International Relations; ORCID: 0000-0003-3143-1439
Abstract

This research examines how Turkey’s NATO membership, which has continued since 1952, has
affected its European Union (EU) accession process—which has effectively come to a standstill
despite its candidate country status—and Turkey-EU relations in general. The central question of this
research is: Through which mechanisms has Turkey’s contribution to European security deepened
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cooperation in its relations with the EU, and why has this “security-oriented strength” not translated
into a perspective on membership? Within a qualitative research design, the research focuses on the
concepts of asymmetric interdependence and transactionalism and employs document analysis and
process-tracking methods. In this context, EU progress reports, NATO summit communiqués, official
statements, and secondary academic literature were analyzed. The assessments focused on five distinct
issues. These include: Black Sea security in the context of the Russia-Ukraine War, the Montreux
regime, and Turkey’s role as a mediator; the fragility of the transition process in Syria; border security
and the refugee issue; regional escalation resulting from military attacks on Iran; energy security and
new migration risks; irregular migration flows; the externalization of migration management within
the framework of the March 18, 2016 Agreement and the Readmission Agreement, the Cyprus issue,
maritime jurisdiction disputes with Greece, and the intertwined conflicts in the Eastern Mediterranean.
Based on the research’s findings, it has been observed that the transformation in the European security
architecture following the Ukraine-Russia War (ReArm Europe, SAFE) has reinforced Turkey’s
strategic indispensability; however, there are issues regarding normative compliance due to vetoes by
the Government of the Republic of Cyprus and Greece, and there is a structural divergence between
cooperation within NATO and integration into the EU. Turkey’s retention of third-country status
within the SAFE mechanism and the limitation of its contribution to project costs to 35 percent have
served as current indicators of this divergence. Consequently, Turkey-EU relations have evolved from
a values-based membership perspective to a transactional model based on security, migration, and
trade negotiations; NATO membership, meanwhile, has produced an asymmetric interdependence that
deepens cooperation but does not lead to integration. The research emphasizes that security-based
cooperation cannot replace the criteria of democracy and the rule of law, while identifying the
resolution of the Eastern Mediterranean dispute as a key variable in the NATO-EU-Turkey triangle.

Keywords: Tirkiye, NATO, the European Union, the Eastern Mediterranean, Security.
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XARICI MUHITIN CANLI ORQANIZMLOR®O FiZiKi TOSIRI

PHYSICAL IMPACT OF THE EXTERNAL ENVIRONMENT ON
LIVING ORGANISMS

f.ii.f.d.Nailo Qardasbayoval, Adilo Quhiyeva?
ORCID ID: 0000-0002-0191-9428
ORCID ID: 0009-0004-7405-3049
Nakhchivan State University Nakhchivan, Azerbaijan
Abstract

The vital activity, development, reproduction, and adaptation of living organisms to the environment
are shaped under the influence of various physical factors of the external environment. Physical factors
such as temperature, light, electromagnetic radiation, sound, electric field, pressure, and ionizing
radiation significantly affect the biophysical and biochemical processes occurring at the cellular,
tissue, organ, and whole-organism levels. These factors rank among the primary ecological parameters
regulating metabolic rates, enzyme activity, membrane permeability, gene expression, nerve impulse
transmission, and the maintenance of homeostasis.

This article provides a biophysical analysis of the mechanisms through which major physical factors
of the external environment affect living systems, and summarizes the physiological, biochemical, and
molecular changes they induce in organisms. Based on modern scientific literature, the study interprets
the effects of temperature on metabolic processes and enzyme systems; light on photosynthesis and
vision; electromagnetic radiation on cell membranes and nervous system activity; sound waves on the
auditory organ and nervous system; and ionizing radiation on DNA structure and cell division.
Concurrently, the application areas of these factors in medicine, biology, and biotechnology are
reviewed.

A comparative analysis of literature sources demonstrates that the impact of physical factors on living
organisms varies depending on their type, intensity, duration of exposure, frequency, and energy level,
as well as the species, age, physiological state, and adaptive capacity of the organism. While these
factors support the normal development and physiological functions of the organism within certain
thresholds, exceeding critical limits can result in cellular damage, oxidative stress, genetic mutations,
tissue destruction, and the development of various pathological processes.

The conducted analyses indicate that studying the biophysical action mechanisms of external physical
factors remains one of the current frontiers in ecology, biophysics, molecular biology, medicine, and
environmental sciences. Research in this direction contributes significantly, both scientifically and
practically, to a deeper understanding of the adaptation mechanisms of living organisms, the
assessment of environmental risks, the development of new preventive and therapeutic methods, and
the protection of human health.

Keywords: external environment, physical factors, biophysics, temperature, light, electromagnetic
radiation, electric field, ionizing radiation, living organisms.
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Xiilasa

Canli orqanizmlarin hayat faaliyyati, inkisafi, coxalmasi vo otraf miihito uygunlasmasi xarici miihitin
miixtolif fiziki amillorinin tasiri altinda formalagir. Temperatur, isiq, elektromaqnit siialanma, sas,
elektrik sahasi, tozyiq vo ionlagdirict radiasiya kimi fiziki amillor hiiceyrs, toxuma, orqan vo biitov
orqanizm saviyyasindo bas veron biofiziki vo biokimyavi proseslora ohomiyyatli deracads tosir
gostorir. Bu amillor maddslor miibadilesinin siiratini, fermentlorin aktivliyini, membran kegiriciliyini,
gen ekspressiyasini, sinir impulslarmin otiiriilmasini vo homeostazin qorunmasini tonzimloyon osas
ekoloji faktorlar sirasinda yer alir.

Mogqalodo xarici miihitin asas fiziki amillorinin canli sistemlors tosir mexanizmlori biofiziki baximdan
tohlil edilmis, onlarin orqanizmlorde yaratdigi fizioloji, biokimyovi vo molekulyar doyisikliklor
imumilogdirilmigdir. Temperaturun metabolik prosesloro vo ferment sistemloring, isigin fotosintez,
gormo vo elektromaqnit slialanmanin hiiceyro membranlar1 vo sinir sistemi foaliyyotino, sos
dalgalarinin esitmo orqanina vo sinir sistemino, ionlagdirici radiasiyanin iss DNT molekulunun
qurulusuna vo hiiceyro boliinmesine tesiri miiasir elmi adabiyyat osasinda sorh edilmisdir. Eyni
zamanda, bu amillorin tibbds, biologiyada vo biotexnologiyada totbiq sahalori do nazorden
kecirilmisdir.

Odobiyyat monbalorinin miiqayisali tohlili gostorir ki, fiziki amillorin canli orqanizmlors tosiri onlarin
ndviinden, intensivliyinden, tosir miiddotinden, tezliyindon, enerji soviyyesindon vo orqganizmin
noviine, yasina, fizioloji voziyyotino vo adaptasiya qabiliyyatino goro doyigir. Miioyyon hadlor
daxilinde bu amillor orqanizmin normal inkisafin1 vo fizioloji funksiyalarini dostoklose da, kritik
hadlorin agilmasi hiiceyra zodslonmasi, oksidlosdirici stress, genetik mutasiyalar, toxuma destruksiyasi
vo miixtalif patoloji proseslerin yaranmasi ilo naticalons bilar.

Aparilan tohlillor gostorir ki, xarici mihitin fiziki amillerinin biofiziki tesir mexanizmlsrinin
Oyronilmasi ekologiya, biofizika, molekulyar biologiya, tibb vo otraf miihit elmlorinin aktual
istiqamotlorindon biridir. Bu istigamotdo aparilan todqigatlar canli organizmlorin adaptasiya
mexanizmlorinin daha dorindon anlagilmasina, ekoloji risklorin qiymstlondirilmasing, yeni profilaktik
vo miialico iisullarinin hazirlanmasina, eloco do insan saglamliginin qorunmasina miihiim elmi va
praktiki tohfs verir.

Acar sozlor: xarici miihit, fiziki amillor, biofizika, temperatur, igiq, elektromaqnit siialanma, elektrik
sahosi, ionlagdiric radiasiya, canli orqanizmlor.

1.Giris

Canli maddslor daim xarici miihitlo olagods olur vo bu onlarin fizioloji veziyyatini tosir edon
amillordon biridir. Xarici miihitin fiziki tesirlorine, metabolik proseslors, yliksok membranlarin
keciriciliyine vo genetik materialin sabitliyino tosir gostorir. Miiasir biofizika vo ekologiya
tadqiqatlarinda fiziki amillarin bazilorine tesirinin dyranilmasi, ham ds praktiki baximdan bdyiik zerar
kasb edir.

Canli orqanizmlar daim xarici miihitlo qarsiliqlt slagads olur vo bu slags onlarin fizioloji voziyyatini
miloyyon edon osas amillorden biridir. Xarici miihitin fiziki amillori enerji miibadilesina, metabolik
proseslors, hiiceyro membranlariin kegiriciliyina vo genetik materialin sabitliyina tosir gosterir.
Miiasir biofizika vo ekologiya tadqiqatlarinda fiziki amillorin orqanizmlars tosirinin dyronilmasi ham
fundamental, ham ds praktiki baximdan boyiik shemiyyast kasb edir.

Xarici mihitin orqanizma gosterdiyi fiziki tesirlora misal olaraq Yerin cazibs sahasinin, iqlimin,
elektrik vo magqnit saholorinin, kosmik siialarin, miixtslif tezlikli radio dalgalarinin va s. tasirini
gostormak olar. Kosmik uguslar asrinda, bu amillarin tosirini géstormok daha vacibdir. Alimlarin
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apardiglar tadqiqatlar siibut edir ki, bu amillorin tasirini insanlara lazim olan istigamatdo dayisdirmak
vo ondan miioyyan mogqsadlor iiciin istifads etmok olar. Indi fiziki amillorin miialico mogsadilo istifada
edilmasi vo bu sahodoki miivaffoqiyyatlorimiz hamiya molumdur. Fiziki amillor vasitasilo bitki va
heyvanlarin mohsuldarligini artirmaq togobbiislori do son zamanlar siiratls inkigaf edir.

Elmin inkisaf tarixi gostorir ki,yeni kasflorin bir coxu miixtalif elm sahalori iizra biliklarin intellektual
sintezi naticosindo miimkiin olmusdur. Masalon, Faradeyin elektromaqnit induksiyasi ganunlari,
Maksvellin elektro-maqnit dalgalar1 nazeriyyesi, Eynsteynin nisbilik nezariyyesi vo s. miixtalif
dovrlards, miixtalif elm sahalarinds toplanmais biliklarin tohlili va sintezi sayasinds kosf edilmisdir.

Temperatur bioloji sistemlors tosir edon on miihiim fiziki amillorden biridir. Fermentativ reaksiyalarin
stiroti temperaturun doayismosi ilo birbaga olagodardir. Optimal temperatur diapazonundan konara
cixma ziilallarin denaturasiyasina, membran strukturlarmin pozulmasina vo metabolik proseslorin
zoiflomasina sabab ola biler.

Mosalon, yiiksok temperatur istilik soku ziilallarinin sintezini stimullasdirir, agsagi temperatur iso
hiiceyradaxili reaksiyalarin kinetikasini longidir. Bazi heyvanlarda badon temperaturu miihitdon asili
oldugu iiciin temperatur dayismalari onlarin aktivliyine daha giiclii tosir edir.

Isiq canl organizmlor {i¢iin osas enerji monboalorindon biridir. Bitkilorda fotosintez prosesinin bas
vermasi is1gin intensivliyindan va spektral tarkibindon asilidir

Insan vo heyvan orqanizmlorindo iso isiq bioloji ritmlorin tonzimlonmosinda miihiim rol oynayir.
Qirmizi vo mavi spektrli isiq bitkilarin inkisafini siiratlondirir, ultrabondvsayi siialar ise yiiksok dozada
hiiceyra zodolonmasinag sabab ola bilar.

Elektromaqnit saholori vo slialanmalar miiasir texnogen miihitin mithim komponentidir. Asagi
intensivlikli elektromaqnit sahalari bozi fizioloji proseslors zaif tosir gostorse do, yiiksok intensivlikli

siialanma toxumalarda istilik effekti yarada biler.

Xiisusilo mobil rabite sistemlori, yiiksok gorginlikli xatlor vo sonaye avadanliqlar torafindon yaradilan
elektromaqnit saholorinin uzunmiiddatli tasiri biofiziki todqiqatlarin aktual mévzularindan biridir.
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2. Sas vo mexaniki tasirlor

Sas (kily) vo mexaniki tesirlor (vibrasiya, zarba va tozyiq doyisikliklori) giindalik hoyatimizda va is
miihitinde tez-tez qarsilasdigimiz fiziki amillordir. Bu tesirlor miioyyan hoddi asdiqda insan
orqanizminds hom spesifik (birbasa tesiro meruz qalan orqanlarda), hom ds geyri-spesifik (iimumi
sistemlordo) ciddi fosadlar yaradir.

Sesin intensivliyi desibel (dB) ilo dlgiiliir. Insan qulag: iiciin rahat miihit 30-40 dB hesab olunur. 85
dB-don yuxari saslor iso artiq zororli kily kateqoriyasina aid edilir.

Birdon-bire bas veron cox giiclii sos (masolon, partlayis, 130-140 dB-den yuxar1) qulaq pasrdesinin
cirilmasina vo ya daxili qulagdaki esitmo siimiiklorinin zodslonmosina sabab ola bilor.Bu akustik
travma adlanur.

Uzun miiddst (aylar va ya illorlo) 85 dB-don yiiksok kiiys meruz qalmaq daxili qulagdaki tiikciiklii
hiiceyralori (reseptorlar1) todricon mohv edir. Bu hiiceyrolor borpa olunmadigi iigiin geri dénmoyon
esitmo itkisi yaranir. Bu iso peso karliglaridir.

Kiiy tokca qulaglart zodslomir, hom do markazi sinir sistemini daimi gorginlikdes saxlayir:

Osab sistemi- Xroniki kily bag agrilari, yorgunluq, qiciglanma, yuxu pozgunlugu vo depressiyaya yol
acir. Diqqgat yayinir vo is mohsuldarligi asag: diistir.

Urok-damar sistemi- Kiiy stress hormonu olan adrenalin ifrazini artirir. Bu iso damarlarin daralmasina,
arterial tozyiqin yiiksalmasina (hipertoniya) vo iirok ddyiintiilorinin tezliyinin artmasina sabab olur.

Hozm sistemi- Stress fonunda mods sirssinin tursulugu doyise bilir, bu da qastrit vo ya xora
xastoliyinin yaranma riskini artirir.

3. Mexaniki Tasirlorin Orqanizma Tasiri

Mexaniki tesirlor dedikde badena birbasa otiiriilon fiziki qiivvelor — vibrasiya (titroyis), zorbolor vo
stirtinmolar nazards tutulur. Bunlar arasinda on genis yayilam vo tohliikalisi vibrasiyadir[2]. Vibrasiya
tosir xarakterino gors iki yero boliiniir: Lokal (Yerli) Vibrasiya vo Umumi Vibrasiya.

Lokal (Yerli) Vibrasiya asason ol alatlori ilo (masolon, drel, perforator, zoncirli misar) isloyanlorde
miisahido olunur.Umumi Vibrasiya- siiriiciilor (traktor, agir yiik maginlar1) vo ya zavodlarda bdyiik
dozgahlarin {izorindo dayanan soxslor biitév badonlo vibrasiyaya meruz qalirlar.Daimi titroyis
fogoraarast disklerin yeyilmasina, yirtiqlara (qrija) va bel agrilarina sabab olur.Uzunmiiddstli vibrasiya
qarin boslugundaki organlarin normal foaliyystini vo daxili tozyiqi poza bilor, iirokbulanma va
basgicallonmo yaradir.

Sos dalgalar1 mexaniki enerji dasiyicisidir. Giiclii ses-kiiy sinir sisteminde gorginlik yaradir, esitmo
qabiliyyatinin zaiflomasins va stress hormonlarinin artmasina sobab olur.

4. ionlasdiric1 radiasiyanin tosiri

Rentgen, gamma vo yiiksak enerjili hissociklorden ibarst ionlasdirict radiasiya hiiceyralorde sarbast
radikallarin omoalo golmosino sobob olur. Bu radikallar DNT zoncirindo qirilmalar yarada vo hiiceyra
boliinmosini poza bilor.lonlasdirict radiasiya (mosalon, rentgen siialari, gamma siialari, alfa va beta
zarraciklori) yiliksok enerjiyo malikdir. Bu silialar canli orqanizmdon kecgorkon atom vo molekullarla
qarsiligh tosiro girorok onlar1 ionlasdirir, yoni elektronlar1 orbitlorindon qoparir. Bu fiziki proses
hiiceyra soviyyasinda ciddi zadslanmalars yol acir.
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[onlagdirict radiasiyanin canli orqanizmo fiziki tosir mexanizmi iki osas yolla bas verir: Birbasa tosir
va Dolayi tosir.

1. Birbasa Tesir -Bu zaman radiasiya enerjisi hiiceyra iiclin hoyati ohamiyyet dasiyan bioloji
makromolekullara — ilk novbado DNT, homginin RNT, fermentlor vo struktur ziilallarina birbasa
otiiriilir. [5].

Yiiksok enerjili zorrocik DNT molekuluna toxunaraq onun tok vo ya ciit zencirindo qirilmalar
yaradir.Clit zoncirli qirilmalarin barpasi hiiceyrs iiclin ¢ox c¢otindir. Bu, mutasiyalara, hiiceyronin

funksiyasimin pozulmasina vo ya onun birbasa 6liimiinoe (apoptoz) sabob olur.

2. Dolayi Tosir (Indirekt mexanizm vo Suyun Radiolizi)

Canl1 orqanizmlorin toxminon 70-80%-i sudan ibarstdir. Buna gors do radiasiya stialarinin hiiceyradaki
su molekullar ilo toqqusma ehtimali daha yiiksokdir. Bu proses suyun radiolizi adlanir.

Radiasiya su molekulunu (H,O) ionlasdiraraq onu ¢ox aktiv vo aqressiv olan sorbast radikallara
parcalayir.Bu sorbost radikallar saniyonin mindo biri godor qisa miiddotdo yaxinligdaki DNT-ya,
hiiceyro membraninin lipidine vo ziilallara hiicum edorok onlar1 kimyavi cohotdon zadsloyir.

Radiasiyanm hiiceyrays vurdugu timumi zararin toxminan 70%-i mohz bu dolay1 tesirin payina diistir.

Fiziki vo kimyovi saviyyads baglayan bu zadslonmaler sonradan bioloji fasadlara gevrilir vo iki qrupa
boliintir:

A) Deterministik effektlor (Hiiceyra 6liimii ilo bagli)

Miiayyan bir doza haddi (baryer) kegildikda miitloq bas veran tasirlordir. Doza artdiqca zarorin agirligi
da artir:Yiiksok dozada radiasiya qisa miiddotds qanyaratma sistemini (stimiik iliyini) vo mado-
bagirsaq traktini siradan ¢ixarir. [1-3].

Dori hiiceyralorinin mohv olmasi noticesindo sagalmayan nekrotik yaralar yaranir.Bu radiasiya
yaniqlar1 adlanir.

B) Stoxastik effektlor (Ehtimal olunan tosirlor)

Bu tosirlor {igiin miioyyon bir alt doza hoddi yoxdur. Alinan doza sadocoe xastoliye yaxalanma
ehtimalii (riskini) artirir:

DNT-si zodolonmis, lakin 6lmomis hiiceyrolor nozarotsiz bdliinmoyo baslayaraq bodxassoli sislora
(masalan, leykoz, qalxanabanzor vazin xar¢angi) ¢evrila bilar.

Cinsiyyst hiiceyralorinin DNT-sindoki doyisikliklor golocok nosillords anadangslme qiisurlar va
genetik xastaliklor soklindo dziinii gostarir.
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Ionlagdiric1 radiasiya canlini "yandirmaqdan" daha ¢ox, onun mikroskopik soviyyado molekulyar
arxitekturasini — genetik kodunu fiziki olaraq parcalayir vo hiiceyroni daxilden kimyovi xaosa
siiriiklayir. [7].

Fiziki amillorin canli orqanizmlors tesiri kompleks xarakter dasiyir. Eyni amil miixtslif orqanizmlordes
forqli noticolor yarada bilor. Masalon, miioyyon elektromagnit siialanma diapazonlar1 bitkilords
fotosintezi stimullagdirdigi halda, heyvan hiiceyrolorindo oksidlosdirici stress yarada bilor. Bu
sababdon fiziki amillerin tesirinin qiymatlondirilmasi zamani orqanizmin novii, inkisaf marhslasi vo
miihit goraiti nazors alinmalidir.

5.Natico

Aparilmig kompleks tohlillor vo elmi monbalorin miiqayissli dyrenilmasi gosterir ki, xarici mihitin
fiziki amillori canli orqganizmlorin hom struktur biitovliyiina, hom do funksional dinamikasina
fundamental soviyyado tosir gostarir. Temperatur, isiq, sas dalgalari, mexaniki tazyiq, elektrik sahalori
vo ionlagdiric1 radiasiya hiiceyro membranlarinin kegiriciliyindon tutmus, fermentativ kaskadlarin
aktivlosmasinae, gen ekspressiyasina vo makromolekulyar konformasiya doyisikliklorine qodar genis
bir spektrdo bioloji cavab reaksiyalari formalasdirir. Todqiqat noticesinds aydin olmusdur ki, bu
amillorin tosiri xatti xarakter dasimir; miioyyon edilmis sub-kritik (optimal) hoadlor daxilindo onlar
homeostazi vo adaptasiya potensialini stimullagdirdig1 halda, kritik baryerlorin asilmasi geridonmaz
hiiceyra destruksiyasina, oksidlosdirici stressa, DNT zancirinin qirilmalarina va patoloji mutasiyalara
yol agir.

Bu amillorin biofiziki tesir mexanizmlarinin, xiisusilo molekulyar saviyyadaki ilkin hadoflarinin doqiq
milayyonlosdirilmasi miiasir biofizika, ekologiya, fundamental tibb vo biotexnologiya sahslori {i¢iin
yeni ifliglor agir. Otraf miihitin fiziki parametrlorinin canli sistemlorlo garsiligl slagasinin doarinden
dork edilmosi, tokca ekoloji risklorin prognozlasdirilmasi vo insan saglamliginin qorunmasi ii¢iin
deyil, hamginin tibde innovativ fizioterapevtik, diaqnostik va radioloji iisullarin iglonib hazirlanmasi,
biotexnologiyada ise idarsolunan bioloji proseslorin yaradilmasi {i¢iin fundamental elmi asas toskil
edir.
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Xiilasa

Moagalodo F.M. Dostoyevskinin "Yoxsul insanlar" romanmin badii va psixoloji xiisusiyyastlori
aragdirilir. Todgiqatin asas moaqgsodi asords insan miinasibatlorinin, qarsilighh anlasmanin ve daxili
alomin tosvirinin romanin ideya-mozmun sisteminds tutdugu yeri miioyyanlosdirmakdir. Tohlil zamam
romanin moktub formasinin badii funksiyasi, Makar Devuskin vo Varvara Dobroselovanin
moktublarinda oks olunan forgli diislince vo hisslor kimi badii tasvir nazordon kegirilmigdir. Miioyyan
edilmisdir ki, asordo bas veran facionin osas sobobi yalniz goshromanlarin sosial vaziyyati deyil, onlarin
bir-birini tam anlaya bilmemasidir. Dostoyevski obrazlarin daxili diinyasini giindslik hoyat hadisalori
vasitosilo acaraq insan miinasibotlorinin miirokkaebliyini va psixoloji darinliyini gosterir. Naticado
"Yoxsul insanlar" romaninin insan psixologiyasini va garsiligli miinasibatlorin dorin magamlarint oks

etdiron doyorli psixoloji roman oldugu qonastino golinmisdir.
Acar sozlor: comiyyat, badii detal, insan miinasibatlori, sosial mazmun

Abstract

The article examines the artistic and psychological characteristics of F.M. Dostoevsky's novel "Poor
People". The main purpose of the study is to determine the place occupied by the description of human
relationships, mutual understanding and the inner world in the novel's ideological-content system.
During the analysis, the artistic function of the letter form of the novel, as well as the different
thoughts and feelings reflected in the letters of Makar Devushkin and Varvara Dobroselova, as well as
artistic description, were considered. It was determined that the main reason for the tragedy in the
work is not only the social situation of the heroes, but also their inability to fully understand each
other. Dostoevsky reveals the inner world of the characters through everyday life events, showing the
complexity and psychological depth of human relationships. As a result, it was concluded that the
novel "Poor People" is a valuable psychological novel reflecting human psychology and the deep

moments of mutual relationships.

Keywords: society, artistic detail, human relationships, social content
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Giris
XIX asr rus adobiyyati insanin daxili alomini, monavi axtariglarini vo comiyyatlo miinasibatlorini yeni
badii diislinco miistovisine gotirmigdir. Bu dovriin an gdrkemli niimayandslorindsn biri olan Fyodor
Mixaylovi¢ Dostoyevski yaradiciligi boyu insan saxsiyystinin miirakkob psixoloji toraflorini, zongin
monavi hisslor diinyasin1 dorin badii timumilogdirmalorlo oks etdirmisdir. Yaziginin sonraki
romanlarinda genis inkisaf etdiracayi bir ¢ox ideya vo badii prinsiplorin baglangici onun ilk romam
olan "Yoxsul insanlar" osorinde 06ziinii aydin gokildo gostorir. 1846-c1 ildo nosr olunan "Yoxsul
insanlar" romani rus realist nosrindo insanin daxili alominin tosvirino yeni baxigin formalagmasinda
Oziinomoxsus yer tutdu. Roman c¢ap olundugu dovrds osason sosial mozmunlu oasor kimi
qiymatlondirilse do, sonraki tadqiqatlar gostormisdir ki, burada diqget yalniz yoxsullugun tesviri ilo
bitmir, hom do insanin monoavi diinyasina, onun monavi tonhaligia vo bagqasini anlamaq qabiliyyatino
yonolmisdir. Tosadiifi deyildir ki, Dostoyevski artiq ilk romaninda insanin taleyi ilo yanasi, onun daxili

faciosini do badii toadqgiqat obyektina gevirir.

Romanin moktublar formasinda qurulmasi yazigiya gohromanlarin psixoloji vaziyyatini birbaga toqdim
etmok imkan1 verir. Makar Devuskin vo Varvara Dobroselovanin moktublar1 hadisolori naql etmoklo
yanasi, hom do onlarin diisiinco torzini, hisslorini vo hoyata miinasibatlorini acir. Bununla yanas,
maktublar gohromanlarin bir-birine na qodor yaxin goriinsslor do, oslinds daxilon no goder uzaq
olduqglarini da iizo ¢ixarir. Els buna goro do romanin asas facissi sosial yoxsullugla moahdudlagmur.
Osarin dorin qatlarinda insanin 6z daxili alomine qapanmasi va qarsisindaki insani oldugu kimi dork

edo bilmamasi problemi dayanir.

"Yoxsul insanlar" romaninin diqqgesti calb edon xiisusiyystlorinden biri hadisolorin miisllif noqli ils
deyil, gohromanlarin maktublari vasitasilo taqdim edilmasidir. Bu forma oxucuya Makar Devugkin va
Varvara Dobroselovanin daxili alomini birbasa izlomaya imkan yaradir. ilk baxisda onlarin moktublart
iki yaxin insanin samimi {insiyyati tosiri bagiglayir. Lakin moktublar ardicil oxundugca aydin olur ki,
gehromanlar eyni hadisolor haqqinda yazsalar da, onlar forqli sokilde goabul edir, cox vaxt iso bir-
birinin demsak istodiyini anlamirlar. Romanin ilk moktublarinda Makar Devugkin yasadigi kigik
hadisolori belo boyiik sevinc va hayacanla qarsilayir. Pancaranin pardssinin torpanmasini Varvaranin
ona gondordiyi isaro kimi qobul edir, onun giiliimsadiyini, 6zii haqqinda diisiindiiyiinii xoyal edir.
Halbuki Varvara sonraki moktubunda bunu sads sokilds izah edir: pards sadaco giildanlan yerini
doyisarken tosadiifon iligdiyi {igiin torpanir. Miisllif bu kigik epizod tesadiifon yazmir. Yazigi ilk
moktublardan etibaron gostorir ki, Makar ¢ox vaxt ger¢oklikdon daha ¢ox 6z tasavviirlorinin yaratdigi

diinyada yasayr.

I

Tadqiqatct N.A. Kladova bu moaqami bels izah edir: "...qahramanlar bir-birini esitmirlor..” [1, s.
337]. Bu fikir romanin miihiim xiisusiyyatini acir. Lakin fikrimizcs, mosalo yalniz qgohromanlarin bir-

birini egitmomasinds deyil. Makar Varvaranin maktublarini oxuyur, lakin onlar1 daha ¢ox 6z arzular
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vo gozlontileri prizmasindan dork edir. Buna gors do Varvaranin narahatliqlari, qorxu ve komok
cagiriglart ¢ox vaxt onun moktublarinda oks-sada tapmir. Diqqot ¢okon basqa bir cohat do Makarin
moktublarinda tez-tez islonon "xayal”, "xos diisiincalor” motivlaridir. O, Varvarani oldugu kimi gabul
etmokdonso, onu 0z tosovviiriindo yaratdigi ideal obraz kimi gérmoye iistiinliik verir. Varvara iso
oksina, moktublarinda xastelikden, kegmis hoyatindan, golocoyi ilo bagli narahatlhiqlarindan danisir.
Belaliklo, romanin avvalindan etibaron iki miixtslif baxis formalasir: biri ger¢ok hayati oldugu kimi
gobul edir, digori iso homin gergokliyi arzular vasitosilo doyisdirmoya g¢alisir. Mohz buna goéro osordo
moktublar sadoco iinsiyyat vasitosi kimi gobul edilmir. Onlar gohromanlarin daxili diinyasin1 agan
badii vasitoyo ¢evrilir. Oxucu hadisoalori yalniz onlarin dediklori ilo deyil, demodiklori, cavabsiz
goyduglar1 va ya yanlis bagsa diisdiiklori moqamlar vasitasilo do dork edir. Dostoyevski ilk romaninda
gostarir ki, insan bazon qarsisindaki adami deyil, onun haqqinda yaratdigi tosavviirii sevir. Romanin

sonraki faciasinin asas1 da mohz bu ilk moktublarda qoyulur.

Tadgiqatgt N.A. Kladova bu xiisusiyyoti belo ifado edir: "Dostoyevskinin ilk romaninin
gahromanlarimin asas faciasi... Makarin Varenkaya olan sevgisina va Varenkanin Makara olan somimi
rogbatina baxmayaraq, onlar bir-birini esitmamoaloridir.”" [1, s. 337]. Bu gonaot romanin osas
problemlarindon birini doqiq ifade edir. Bununla yanasi, asorin motni gostorir ki, Makarin faciasi
qarsisindaki insani1 6z tosovviiriindo yaratdigi ideal obrazla ovoz etmosidir. Buna gbéro do Varvaranin
hor moktubu Makar {igiin yeni bir gercokliyi deyil, artiq avvelcodon qurdugu xoyal diinyasin
tosdigloyon vasitoyo ¢evrilir. Yazigt gohromanini goti sokildo miithakimo etmir. ©ksino, oxucu Makarin
somimiyyotino inanir, ona rogbot bosloyir. Lakin moktublar ardicil oxundugca molum olur ki,
samimiyyast insani homiss garsisindaki soxsi anlamaga gotirib ¢ixarmir. Bazon insan 6z hisslorine o
gadar gapilir ki, on yaxin adamin dediklorini belo tam dork eds bilmir. Romanin sonraki hadisolori da
gostarir ki, Makar vo Varvara arasindaki uzaqlagsmanin sababi maddi ¢atinliklorden ¢ox, onlarin eyni

hadisslers forgli baxmalaridir.

Romanin inkisafi boyu Varvara Dobroselova kegmisini xatirlayir, xastaliyindon yazir, golocayi barada
narahatligini gizlotmir. Moktublarinda hadisslori bazomoys ¢alismir, oksina, onlart oldugu kimi gabul
edir. Makar Devugkin iss eyni hadisolora tamam bagqa prizmadan yanasir. O, Varvaranin maktublarina
cavab verir, lakin bu cavablar ¢ox vaxt onun qaldirdigi mosalolorlo soslogsmir. Bunu Varvaranin usaqliq
xatiralari ilo bagli moktublarinda da gérmok miimkiindiir. O, ke¢misini yada salarken itirdiyi ailo
istiliyini, valideynlorini vo dayosini xatirlayir, homin giinlorin artiq geri gqayitmayacagini dork etdikco
kodorini gizlodo bilmir. Makar iso 6z keg¢misindon damisarkon eyni hadisoloro tamamilo bagqa
miinasibat gostorir. O, avval narazi qaldig: giinlori belo sonradan xos xatire kimi togdim edir. Beloliklo,
eyni movzu haqqinda yazsalar da, onlarin moktublarinda iki forqli psixoloji veziyyst oks olunur.
Varvara ke¢misi itki kimi yasayir, Makar isa onu xayalinda yenidon quraraq tesslli tapmaga calisir. Bu
forq xiisusilo Varvaranin xastslondiyi epizodda daha aydin goriiniir. Varvara 6ziinii pis hiss etdiyini

yazir vo maktubunda ham fiziki zsifliyini, hom do golocoklo bagli narahatligini ifads edir. Makar iso
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onun moktubuna cavabinda ilk névbade 6z kodorindon danigir, Varvaranin onu narahat etmomasini
istayir vo sdhbati yenidon giindslik hayatina yonsldir. Burada Dostoyevski gahromanini lageyd insan
kimi toqdim etmir, oksino Makar samimi sokilde qayg1 gostermak istoyir. Lakin onun digqgsti ¢ox vaxt

qarsisindak1 insanin yasadiglarindan daha ¢ox 6z hissleri iizorinde comlanir.

Roman boyunca biz bu hallara rast golirik. Varvara galacayi ilo bagh qorxularini boliisdilkco Makar
onu sakitlogdirmoyo ¢alisir, lakin tohliikonin mahiyyatini tam dork etmir. O, hadisolorin sobabini
aragdirmaqdan daha ¢ox Varvaranin yaninda oldugunu gostormoys ¢alisir. Buna gore do moktublar
arasinda zahiron dialoq yaransa da, daxilde homin dialoq ¢ox vaxt bag tutmur. Qahromanlar bir-birino
yazirlar, lakin eyni hiss va diislincalari boliige bilmirlor. Bu xiisusiyyat romanin kompozisiyasinda da
Oziinli gostorir. Maktublar bir-birini tamamlamir, cox vaxt yanas1t mdévecud olan iki forqli baxis1 oks
etdirir. Oxucu hadissleri yalniz deyilonlor asasinda forq etmir, hamginin cavabsiz qalan fikirlordon vo
diqgatdon konarda galan mogamlardan anlayir. Mohz buna goéro moktub formasi osorin badii

tislubundan basqa gohromanlarin daxili alomini agan asas kompozisiyaya cevrilir.

Bu baximdan N.A. Kladovanin asagidaki fikri diqqgeti colb edir: ""Yoxsul insanlar” da nogletmo
formast - iki personaj arasindaki yazigsma - asarin badii diinyasun struktur toskili rolunu oynayrr..."
[1. s, 94]. Toadgigatginin bu gonasti romanin qurulusunu diizgilin izah edir. Bununla belo, moktublarin
ohomiyyati yalniz hadisalori ¢atdirmaqdan ibarat deyil, onlar gohromanlarin monavi diinyasi arasindaki
mosafoni do gostorir. Dostoyevski hadisalori miisllif gorhlorinde izah etmir. O, gohromanlarin

maktublari, onlarin bir-birino miinasibati, dediklori vo demadiklori vasitosilo oxucuya hadisolorin

mahiyyatini 6zii anlamaq imkan1 yaradir.

Romanimn gediginde Makar Devuskin Varvaraya dofolorlo kdmok etmoya c¢alisir. O, cigoklor alir,
sirniyyat gondarir, miixtolif hadiyyalorlo onu sevindirmok istayir. ilk baxisdan bunlar somimi qaygmnin
ifadasi tosiri bagislayir. Lakin moktublarin ardicilligi gostorir ki, Varvaranin yasadigi ceotinliklor bu
hodiyyalordon daha ciddi xarakter dasiyir. Onu narahat edon asas mosolo giindolik ehtiyaclar, golocok
taleyi vo tohliikosizliyi ilo baglidir. Buna baxmayaraq, Makar ¢ox vaxt homin problemlorin hallindon
daha cox Varvarani sevindirmoyo calisir. Dostoyevski bu ziddiyyoti agiq sokildo izah etmir, onu
hadisslerin gedisinds hiss etdirir. Makar hor dofs Varvaraya nase géndorands 6ziinii xosbaxt hiss edir.
Varvara iso togokkiir etsa do, onu lazimsiz xarc ¢cokmomaya c¢agirir vo maddi vaziyyetini diisiinmasini
xahis edir. Bu moktublar gdsterir ki, gohromanlar eyni hadisoys miixtslif gézlo baxirlar. Makar {igiin
hadiyys sevginin ifadesidir, Varvara {iglin iso homin pulun daha vacib ehtiyaclara sorf olunmasi
miimkiindiir. 9sarin bu hissasinds yazi¢inin digqsti hadiyyslorin 6ziine deyil, onlarin arxasinda duran
diislincs torzine yonslir. Makar yaxsiliq etmak istoyir, lakin ¢ox vaxt qarsisindaki insanin nays ehtiyac
duydugunu tam miisyyanlosdire bilmir. Buna géra do onun gaygisi somimi olsa da, hamigo magsadine
catmir. Roman oxucuya gostorir ki, insan1 sevmok va onu anlamaq eyni mona dasimir. Qars1 terafin

haqiqi ehtiyacin1 duymaq bozon maddi komokden vo xos niyyotdon daha shomiyyatli olur. Bu
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xiisusiyyst xiisusilo Varvaranin cenab Bikovun toklifindon narahat oldugu moktublarda daha aydin
goriiniir. Varvara golacayi ilo bagl ciddi narahatliq kegirdiyi halda, Makar uzun miiddst vaziyystin
agirligimi tam dork etmir. O, hadisalorin qarsisim1 almaq {iglin real ¢ixis yolu axtarmaqdan ¢ox,
Varvaranin yaninda oldugunu gostormoys ¢aligir. Noticodo onun somimi miinasiboti facionin qarsisini
almaga kifayot etmir. Dostoyevski bununla gdostorir ki, somimi miinasibot qars1 torofi anlamaq {igiin
homisa kifayot etmir. Insan bozon yaxs1 niyyatlo horokot etso do, qarsisindaki adamin osl ehtiyacini

g0ra bilmir.

"Yoxsul insanlar" romaninda pul daim hadisslerin i¢inds olsa da, Dostoyevski onun maddi dsyasrinden
daha ¢ox insanlar arasindaki miinasibatlors tosirini gostormaya g¢alisir. Osorde miixtalif obrazlar pul
verir, bore alir, komok edir vo ya komok gdzloyirler. Lakin bu miinasibatlor eyni mona dagimir. Bazon
pul qarst torofi Oziinden asili vaziyyoto salmaq vasitosine c¢evrilir, bozon iso he¢ bir qarsiliq
gbzlomadon edilon somimi yardimin ifadasi olur. Bu forq xiisusilo Makar Devuskinin vo Varvaranin
davraniglarinda nozora ¢arpir. Makar uzun miiddst komok edon torof olmaga calisir, ¢linki bu, ona
0ziinii faydali vo lazim olan insan kimi hiss etdirir. Lakin hadisslorin inkisafi gdstarir ki, insanin doyari
yalniz komok edon toraf olmasinda deyil. Makar 6zii ¢otin vaziyyato diisdiikde Varvaranin yardimini
gobul etmali olur. Dostoyevski gdstorir ki, somimi miinasibot yalniz xeyirxah niyyatlo dlgiilmiir. Insan
qarsisindaki soxsin hisslorini vo vaziyyatini anlaya bilmadikds, an yaxin miinasibatlor belo facis ilo
noticolona bilor. Osorin sonlarina yaxin Qorskov ailasi ilo bagli epizod bu baximdan xiisusi shomiyyat
dastyir. Makarin olindo olan az moblogi homin ailo ilo bdliismosi romanin avvalindoki davranigindan
forqli tosir bagislayir. Bu dofo o, 6ziinii géstormok vo ya minnotdarliq qazanmaq haqqinda diisiinmiir.
0, sadacs ¢atin vaziyyotds olan insanin dordins sorik olur. Dostoyevski mohz belo mogamlarda insan

miinasibatilorinds derinliyi 6n plana gakir.

Belolikls, F.M. Dostoyevskinin "Yoxsul insanlar" romani yazigmin ilk bdyiik nasr asari olmaqla
yanasi, onun psixoloji tasvir ustaliginin da baslangicin1 gostorir. Yazigi gohromanlarin hoyatini sosial
sorait fonunda toqdim etmir, onlarin daxili alomini, diigiincolarini vo bir-biri ilo miinasibatlorini digqat
morkozino gotirir. Buna goro do asorin asas mozmunu yoxsullugun tesvirindon daha genis mona
dasiyir. Aparilan tohlil gostorir ki, romanin faciosi qohromanlarin maddi ¢atinliklori ilo bagli deyil.
Makar Devuskin vo Varvara Dobroselova bir-birlorine somimi miinasibat baslasalor do, onlarin
moktublarinda tez-tez forqli diisiinco vo hisslor iizo ¢ixir. Dostoyevski bu yolla gostarir ki, insanin
qarsisindaki adami sevmosi onu homigo tam basa diismosi demok deyildir. Osorin dramatizmi do mohz
bu anlasilmazligdan dogur. Romanin kompozisiyasi, maktub formasi, ayri-ayri bodii detallar vo
obrazlarin davranig1 yaziginin osas fikrini ardicil sokildo tamamlayir. Roman insanin daxili alomini,
insan miinasibatlorinin dorin torsflorini oks etdiron psixoloji romandir. Mohz bu xiisusiyyst asarin
badii doyerini miisyyanlosdirir vo yaziginin sonraki yaradiciliginda daha da deorinlogacok psixoloji

axtarislarin ilk niimunslarinden biri kimi digqati calb edir.
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